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PREFACE

Following the El Nifio occurrence of 1982-83, the member states of the
Organization of American States (OAS) expressed the need for technical
cooperation in natural hazard management. In response, the Department of
Regional Developrnent and Environment (DRDE) initiated the Natural Hazard Project
with support from the Office of Foreign Disaster Assistance (OFDA) of the U.S.
Agency for International Development (AID). OAS by that time had been providing
services in regional development planning for over twenty years and in 1984
published Integrated Regional Development Planning: Guidelines and Case
Studies from OAS Experience. In keeping with the principles set forth in that book,
the OAS approach incorporates natural hazard management issues into the
development planning process.

The services of technical cooperation, training, and technology transfer focus
on hazard assessment and mitigation as elements of the processes of
environmental assessment, natural resource evaluation, and project formulation.
The technical cooperation concentrates on hazard and vulnerability assessments,
inclusion of hazard mitigation measures in the formulation of investment projects,
use of geographic information systems for mapping and analysis, and urban
watershed planning for hazard and resource management. Training includes
workshops and formal courses in a variety of aspects of disaster mitigation and
integrated development planning. Personnel from virtually every member state
have been trained in new hazard management skills. Technology transfer to date
has focused on the establishment of geographic information and emergency
information management systems, including provision of equipment and training of
personnel. The effectiveness of reducing the impact of disasters by including
-natural hazard management as an element of development planning has been
confirmed by the recipient countries and by other international organizations.

The need for this book became clear through field work and discussions with
planning agency counterparts and representatives of other development assistance
agencies. Great strides were made in the past two decades in emergency
preparedness and response, but up to now insufficient attention has been paid to
reducing the vulnerability of existing and planned development. After seven years
of field work, it is now possible to prepare this synthesis of OAS experience with
this neglected subject.

The material comes with a broad set of objectives, a reflection of the breadth
of the issues involved in hazard mitigation. At the policy level, it is hoped that
national planning ministries, development agencies, and international financing
institutions will be encouraged to systematically include analyses of natural hazards
in their economic development programs. Specifically, it is hoped that the
experience will persuade:

- development agencies in the member states to incorporate natural hazard
considerations into the process of integrated development planning;

- international technical cooperation and financing agencies to incorporate
hazard considerations into the formulation of investment projects at the earliest
stages;

- governments and financing agencies to place more emphasis on risk
awareness in evaluating investment projects, and to assume a stance of risk
avoidance rather than risk neutrality; and

- bilateral and multilateral aid donors to re-evaluate the distribution of their
disaster relief funds, increasing the proportion for prevention activities.
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At the operational level, it is hoped that development practitioners can be
provided with some of the tools for conducting natural hazard assessments and
implementing mitigation measures.

To reach both policy-makers and practitioners, the OAS has prepared
complementary documents, each for a distinct audience. The first, Disasters,
Planning, and Development: Managing Natural Hazards to Reduce Loss, is
directed at policy-level personnel in the member states, international development
banks, and development assistance agencies. The document in hand, Primer on
Natural Hazard Management in Integrated Regional Development Planning, is a
technical compendium directed at planners and other development practitioners.
Its main intent is to establish two ideas: (1) that the best way to reduce the growing
impact of natural hazard events is in the context of integrated development
planning; and (2) that there are means available to reduce economic loss caused
by disasters.

This document includes much of the material in Disasters, Planning, and
Development and provides much greater depth on the specific hazards and
assessment techniques. A compilation and analysis of experience not available
from other sources, it complements the 1984 case book on integrated regional
development planning. Its contents have been and will continue to be used as
training materials. The term “primer” in the title indicates that this book is meant to
be a first reader. Undoubtedly, many of the methods and much of the information
presented here will be improved upon, giving rise to subsequent editions and to the
preparation of similar documents for other regions and audiences.

The text is divided into three parts:

- Part lis an introduction to integrated development planning and natural hazard
management, showing how the impact of natural hazards can be reduced by
including hazard considerations in development planning and project
formulation.

- Part Il describes the technical tools used for hazard assessment, including
geographic information systems, remote sensing, and special mapping
techniques.

- Part lll consists of a series of chapters on the most significant natural hazards
in Latin America and the Caribbean, presenting new approaches to their
assessment and mitigation in the context of integrated development planning.

It is hoped that these principles, guidelines, and technical approaches will help
planners and decision-makers gain an understanding of the relationship between
natural hazard mitigation and the development planning process in Latin America
and the Caribbean. These publications come at a time when the region is facing
the challenge presented by the International Decade for Natural Disaster Reduction,
which was established by the United Nations General Assembly for the 1990s.
These documents demonstrate that reducing the impact of natural hazards can only
be done by changing the way development takes place. They have been prepared
to contribute in some small way to that change.

Kirk P. Rodgers

Department of Regional Development
and Environment

Organization of American States

Washington, D.C.

December, 1990
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HOW TO USE THIS PRIMER

This Primer has been prepared as reference document for practitioners in the
field, to guide integrated development planning teams in Latin America and the
Caribbean in the use of natural hazard information during the different stages of the
planning process. The information presented here is specifically oriented toward
regional planning studies, whether the area in question is a few hundred or a few
hundred thousand square kilometers, and complements other planning information
that is typically gathered and analyzed during the course of the study. The
methods have been selected for their utility in the regional planning process.

In some cases the information and methods are to be used "as is" during the
study; in other cases, the Primer offers guidance on the acquisition of information
or the selection of methods, presenting questions to be asked and decisions to be
made by the planning team.

The Primer is divided into three parts, each covering a specific subject area
and complementary to the others. Each part, with the chapters contained therein,
is meant to provide the planning team sufficient guidance in that subject area for
it to proceed with the task at hand. There is extensive cross referencing between
chapters. Since the book is intended for reference, each chapter is complete within

. itself (even though this results in some redundancy), with its own detailed table of
contents, a short summary, a statement of its objective, and complete references.

If there is an unevenness to the contents of the these parts, it is a reflection
of the incipient state of natural hazard assessment in the integrated development
planning process. In subject areas where assessment techniques, information,
and/or planning study methods are generally available, the Primer so informs the
user without necessarily presenting the technique, information, or method. In other
instances, the contribution of the Primer is to present to the planning team
heretofore unavailable elements, or to propose and explain the use of elements
specifically created for integrated regional planning purposes.

All readers should start with Part I. The core of Chapter 1 is the section
"Hazard Management and Development Planning,” which describes the process of
integrated development planning as practiced by the OAS and indicates the hazard
management activities associated with each stage of that process. A second
feature is the description of how to conduct natural hazard assessments for
selected economic sectors. The chapter ends with a set of strategies for
development assistance agencies interested in implementing the recommendations.
Chapter 2 is vital to all practitioners who formulate investment projects: it explains
how to include natural hazard risk consideration as an integral aspect of project
preparation. Taking as a point of departure that the most effective way to persuade
decision-makers to include hazard mitigation measures in a development project
is to demonstrate the cost-effectiveness of the proposal, the chapter briefly presents
principles of economic analysis, then provides guidelines for conducting various
kinds of economic analyses appropriate for different levels of available information.
While the rest of the book deals with the issue of how human activities can mitigate
or exacerbate the impact of natural hazards, Chapter 3 shows that one of the
services provided by ecosystems is the natural mitigation of hazards until that
service is undermined by environmental degradation.

The chapters of Part |l can be read when the need arises. Planners, particularly
those working in large study areas, should be aware of the great variety of remote
sensing devices, mounted in both airplanes and satellites. Chapter 4 gives a
general orientation on the applications, limitations, and costs of the main remote
sensing techniques and tells where to look for additional detail. Any modern
planner or development practitioner should be aware of the great power of
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geographic information systems (GIS) in storing and analyzing data. Chapter 5
explains the applications of a GIS for natural hazard management and development
planning in general. It also gives a brief orientation on how to decide if an agency
should invest in such a system and how to select one and put it into operation.
Chapters 6 and 7, on multiple hazard mapping and critical facilities mapping, are
more specialized, but any planner involved in natural hazard mitigation should be
aware of these techniques.

Part Ill gives detailed guidelines on how to conduct assessments of flood
hazards, desettification, landslides, geologic hazards (earthquakes, volcanic
eruptions, and tsunamis), and hurricanes. Previously it was thought that
conducting such assessments would be too expensive and time-consuming to be
accommodated in a development planning study, but these five chapters offer new
approaches that are compatible with development planning. They can be read in
any order. A specialist might be interested only in one particular hazard, but
planners and team leaders should be familiar with all the techniques. In the interest
of promoting interdisciplinary activity, it is useful for all the members of a planning
team to have at least a general idea of the work and information needs of the other
team members. In this sense it is useful for all prospective members of a planning
team to skim quickly the chapters of subordinate interest to them. Appendix A
offers a concise compendium of sources of information applicable to all these
chapters.
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EXECUTIVE SUMMARY

The United Nations declared the 1990s the International Decade for Natural
Disaster Reduction. The 1990s is also a time when for many developing countries
coping with disasters is becoming virtually synonymous with development: the cost
of rehabilitation and reconstruction in the wake of disasters is consuming available
capital, significantly reducing the resources for new investment.

The toll is appalling. Since 1960 earthquakes, hurricanes, floods, droughts,
desertification, and landslides in the Latin American and Caribbean region have
killed 180,000 people, disrupted the lives of 100 million more, and caused more
than US$54 billion in property damage. Rates of destruction increase decade after
decade. The adverse effects on employment, balance of trade, and foreign
indebtedness continue to be felt years after the occurrence of a disaster. Activities
intended to further development often exacerbate the impact of natural hazards.
Worst of all, the poorest countries and the poorest segments of their populations
feel the severest impact. International relief and rehabilitation compensates the
stricken countries for only a small part of their losses.

The good news is that, of all the global environmental problems, natural
hazards present the most manageable of situations: the risks are most readily
identified; effective mitigation measures are available; and the benefits of
vulnerability reduction may greatly outweigh the costs. Moreover, experience
shows that the impact of natural hazards can be reduced. Improved warning and
evacuation systems have cut the death toll of hurricanes dramatically.
Combinations of structural and non-structural mitigation measures have been
shown to alleviate the effects of earthquakes, landslides, floods, and droughts.

Yet the countries of the region are slow to undertake actions of vulnerability
reduction or to request financing for them, development financing and donor
agencies are reluctant to finance them, and most development cooperation
agencies provide little service in this subject area. Despite the cost-effectiveness
of preventive measures, more than 90 percent of international funding for natural
hazard management in the region is spent on disaster preparedness, relief,
rehabilitation, and reconstruction, leaving less than 10 percent for prevention before
a disaster.

There are reasons for this seemingly anomalous situation. More important,
actions can be taken to change it. This book, a synthesis of the natural hazard
experience of the Department of Regional Development and Environment of the
Organization of American States (OAS/DRDE), argues that the most effective
approach to reducing the long-term impact of natural hazards is to incorporate
natural hazard assessment and mitigation activities into the process of
integrated development planning and investment project formulation, and their
implementation.

Guidelines for incorporating natural hazard considerations into development
planning and project formulation can be summarized as follows:
HAZARD MITIGATION STRATEGIES FOR DEVELOPMENT PLANNING
Natural hazard management is often conducted independently of integrated
development planning. It isimportant to combine the two processes. Of the many

components of hazard management, the following techniques are the most
compatible with the planning process:
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- Natural hazard assessment: an evaluation of the location, severity, and
probable occurrence of a hazardous event in a given time period.

- Vulnerability assessment: an estimate of the degree of loss or damage that
could result from a hazardous event of given severity, including damage to
structures, personal injuries, and interruption of economic activities and the
normal functions of settlements.

- Risk assessment: an estimate of the probability of expected loss for a given
hazardous event.

Integrated development planning is a multidisciplinary, multisectoral process
that includes the establishment of development policies and strategies, the
identification of investment project ideas, the preparation of projects, and final
project approval, financing, and implementation. The OAS/DRDE version of this
project cycle consists of four stages: Preliminary Mission, Phase | (development
diagnosis), Phase Il (project formulation and preparation of an action plan), and
Project Implementation. The development planning and hazard management
activities in each of these stages are summarized in the diagram on the next page.

The advantages of incorporating hazard management into development
planning include the following:

- Vulnerability reduction measures are more likely to be implemented as part of
development projects than as stand-alone mitigation proposals.

- The cost of vulnerability reduction is less when the measure is a feature of the
original project formulation than when it is incorporated later.

- The planning community can help set the science and engineering research
agenda to focus more on the generation of data suitable for immediate use in
hazard mitigation.

- Building vulnerability reduction into development projects benefits the poorest
segments of the population.

HAZARD MITIGATION STRATEGIES FOR PROJECT FORMULATION

Examples of structural measures that can mitigate the effects of natural hazard
events include building codes and materials specifications, retrofitting of existing
structures to make them more hazard-resistant, and protective devices such as
dikes. Non-structural measures concentrate on identifying hazard-prone areas and
limiting their use. Examples include land-use zoning, tax incentives, insurance
programs, and the relocation of residents away from the path of an event. A strong
case can be made for emphasizing non-structural mitigation in developing
countries, since structural mitigation measures often have a high direct cost that
must be added to the costs of a project. Non-structural measures may have some
capital and/or operating costs but these are usually less than structural costs.

Several questions enter into the issue of risk vis-a-vis investment projects:

Should risk be considered in the evaluation of investment projects?
Governments may argue that they should be indifferent between high-risk and low-
risk public sector projects that have the same expected net present value because
the risks, being widely shared throughout the society, are negligible to each
individual. But this ignores governments’ obligation to consider the opportunity
cost of each investment. International financing agencies can be indifferent to risk
because the country will be obligated to repay the loan whether or not the structure
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is destroyed by an earthquake. But this ignores the agencies’ efforts to inculcate
fiscal responsibility. Economic arguments notwithstanding, it simply makes
common sense to include natural hazard risk in project evaluation just as the risk
of market loss is considered.

How should competing project objectives be evaluated? This question should
be addressed even before the search for project ideas begins. One approach to
incorporating societal goals and priorities into the selection of projects is
multicriteria analysis. This involves convening a meeting of a cross-section of a
society’s interest groups to array important social and economic objectives and
agree on discriminatory weights for each. Projects can then be evaluated in terms
of their capacity to fulfill the stated goals. Reducing vulnerability to natural hazards
can be established as one of the goals.

How can the conlflicting demands of different interest groups for the use of the
same natural good or service, such as naturally occurring mitigation, be
resolved? This is the classic problem that often goes under the misnomer
“environmental impact." A feature of good planning is the identification of potential
competition over the use of natural goods and services and seeking resolutions to
these conflicts that are reasonably satisfying to all parties.

What are objective measures for evaluating natural hazard risk as an element
of overall investment project evaluation? Two kinds of methods are available:
those based on the availability of limited information and those based on
probabilistic information. The application of the techniques in each category vary
with type of natural hazard and the conditions under which proposed project is
being evaluated.

STRATEGIES FOR SPECIFIC HAZARDS

How do planners incorporate natural hazards into an integrated study for the
development of an area? First, they must determine which hazards, if any, pose
a serious threat. Next, they must prepare an assessment of any threatening
hazards. Up to now planners have relied largely on existing information because
conducting hazard assessments was too costly and time-consuming to fit
comfortably into a development planning study. Using techniques developed by
the OAS, it is now possible to conduct assessments and introduce hazard
mitigation measures in the context of a development study.

Hurricanes

Hurricanes occur in well-defined belts in the Caribbean basin and on the west
coast of Central America. If a study area lies within these belts, the planner can
proceed to determine risks and seek mitigation measures. Since storm surge (a
rise in sea level due to the low barometric pressure of the storm) is by far the most
damaging hurricane hazard, lowland areas close to the sea are the most
jeopardized. Storm monitoring and improved warning and evacuation measures
are the most effective mechanisms for saving lives. Some low-cost structural
mitigation measures can reduce damage (e.g., ensuring that roofs are tied down,
covering large glass panels, and removing projections that can easily be blown off).
Small towns and villages must depend largely on their own resources to defend
against hurricanes. This requires preparing community leaders and establishing a
national program for training and maintaining communication with local persorinel.

Desertification

This human-induced hazard is defined as the creation or spread of desert-like
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conditions beyond desert margins. Desertification occurs in narrowly circumscribed
arid or semiarid areas; the text classifies the status of desertification for political
subdivisions of South America and Mexico. Development actions that could cause
or exacerbate desertification in these areas should be avoided. If a development
study covers an affected area a more detail hazard assessment can be prepared
quickly using four available parameters: precipitation, soil texture, slope, and the
ratio of precipitation to evapotranspiration. The technique defines 16 mappable
units, each with a set of characteristics that indicate preferred management
practices. Once the problem is identified, appropriate mitigation and rehabilitation
measures for animal husbandry, dry-land agriculture, soil erosion, and salinization
can be applied.

Geologic hazards

Enough scientific information exists to determine whether earthquakes, volcanic
eruptions, or tsunamis constitute a significant threat in virtually any area of Latin
America and the Caribbean. It was not readily accessible up to now, but this
document assembles the information and puts it into a form suitable for use in
planning. Areas that have a high probability of a large earthquake in the next 20
years are listed by political subdivision. All volcanoes that have erupted in Latin
America and the Caribbean in the last 10,000 years are categorized as having long-
or short-term eruption intervals: any study area within 30 km of a volcano having
short-term periodicity must be considered as being under threat of an eruption.
Large tsunamis strike only on the west coast of Latin America, and so rarely that
mitigation measures can be economically justified only for the most vulnerable large
urban concentrations. A list of all cities threatened shows the maximum likely
height of a tsunami.

Floods

The existing information is rarely sufficient for evaluating flood potential in a
study area, but using remote sensing interpretation, a flood hazard assessment can
be prepared that fits the time and budgetary constraints of a development planning
study. Such an assessment is useful for designing both new projects and
identifying mitigation measures for existing development threatened by floods.

Landslides

As with flooding, the existing information is rarely sufficient for evaluating
landslide potential in a study area, but new techniques make rapid analysis of the
potential possible. Past landslides can be located on aerial photographs or satellite
imagery, and a landslide zonation map can be compiled showing the relationship
of landslides to causative factors--bedrock, slope, and moisture conditions.

STRATEGIES FOR SELECTED ECONOMIC SECTORS

Economic sectors such as energy, tourism, agriculture, and transport can
benefit from an analysis to determine their vulnerability to natural hazards.
Conclusions synthesized from sector vulnerability studies to date include the
following:

- Vulnerability reduction measures can be cost-effective, either as stand-alone
projects or, more commonly, as components of overall sector development
programs.

- Sectoral studies reveal previously unrecognized linkages between disasters
and development.
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TOOLS AND TECHNIQUES FOR NATURAL HAZARD ASSESSMENTS
Geographic Information Systems (GIS)

A GIS, a systematic means of geographically referencing information about a
unit of space, can facilitate the storage, retrieval, and analysis of data in both map
form and tables. It can be a manual system, but most GIS are computerized, as
dictated by the overwhelming number of pieces of information needed for natural
hazard management, particularly in the context of development planning. A GIS
can be surprisingly inexpensive; it can multiply the productivity of a technician; its
use can give higher quality results than can be obtained manually regardless of the
costs.

Remote Sensing in Natural Hazard Assessments

Remote sensing refers to the process of recording information from sensors
mounted either on aircraft or on satellites. These techniques can be used to reveal
the location of past occurrences of natural events and/or to identify the conditions
under which they are likely to occur, so that areas of potential exposure can be
distinguished and applicable mitigation measures can be introduced into the
planning process. Aerial and satellite remote sensing techniques appropriate for
the preparation of assessments will vary with the type of natural hazard and the
stage of a development study under consideration.

Special Mapping Techniques

Multiple-hazard maps combine assessments of two or more natural hazards on
a single map. Such a product is excellent for analyzing vulnerability and risk since
the combined effects of natural phenomena on an area can be determined and
mitigation techniques suitable for all can be identified. Critical facilities--transport
and communication facilities, utilities, large auditoriums, hospitals, police and fire
stations, etc.--must also be mapped as a part of the process of emergency
planning. Combining critical facilities mapping with multiple hazard mapping
provides information to guide the identification of projects and mitigation measures.

STRATEGIES FOR DEVELOPMENT ASSISTANCE AGENCIES

Activities that technical cooperation agencies can undertake to promote natural
hazard assessment and rnitigation include:

- Strengthening planning institutions’ ability to incorporate natural hazard
considerations into the planning process.

- Supporting pilot projects of natural hazard assessments.

- During relief and reconstruction efforts in the aftermath of a disaster, stimulating
the interest of the government and development assistance agencies in natural
hazard assessment and mitigation.

- Building natural hazard assessments into sector planning.

- Including in the preparation and evaluation of investment projects the costs
and benefits of incurring vs. avoiding the impacts of natural hazards.

- Preparing case studies of noteworthy experiences that show how funding
activities can be made more responsive to natural hazards.
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A strategy to promote lending and donor agency interest in hazard assessment
and mitigation consists of three elements:

- Change the context in which the lenders and donors perceive
governments and technical cooperation agencies to be addressing natural
hazard issues. Recipient countries can show their capacity to deal with
natural hazards by focusing on priority hazards and sectors; by choosing
simple, practical information collection and analysis systems; and by
demonstrating a commitment to implementing study findings. Technical
cooperation agencies can make study outputs appeal to lenders and donors
by seeking practical and cost-effective solutions to recurrent problems and can
identify mechanisms of cooperation with financing agencies such as pooling
technical resources, exchanging experiences, and joint staff training in natural
hazard issues.

- Establish incentives for analysis. Development financing agencies will be
more willing to incorporate natural hazard considerations into project
preparation and evaluation if minimum change in existing procedures is
required. Ways to promote this include providing reusable information,
integrating hazard concerns into existing review mechanisms, promoting proven
mitigation measures in relation to specific types of projects, incorporating
appropriate costs and benefits of hazard mitigation into economic appraisal,
and sensitizing staff members.

- Assign accountability for loss. Bank directors and staff should be made
more aware that projects they plan or fund may suffer losses from natural
disasters. Losses from natural disasters should be evaluated in the context of
the lender’'s program area and its project design and repayment performance.
The inclusion of techniques to deal with natural hazards management issues
in the professional standards of bank staff should be promoted.
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INTRODUCTION

Natural hazards, like natural resources, are part of
the offering of our natural systems; they can be
considered negative resources. In every sense natural
hazards are an element of the "environmental
problems" currently capturing so much public
attention: they alter natural ecosystems, heighten the
impact of those ecosystems’ degradation, reflect the
damage done by humans to their environments, and
can affect large human populations.

While virtually every book about natural hazards
contains a chronicle of death and destruction, a similar
accounting of damage avoided is almost never
included. But the effects of the disasters caused by
natural hazards can be greatly reduced by action taken
in advance to reduce wvulnerabilty to them.
Industrialized countries have made progress at
reducing the impacts of hurricanes, floods,
earthquakes, volcanic eruptions, and landslides. For
example, Hurricane Gilbert, the most powerful
hurricane ever recorded in the Western Hemisphere,
was responsible for 316 fatalities, though less forceful
hurricanes killed thousands of people earlier in the
century. A combination of zoning restrictions and
improved structures together with new prediction,
monitoring, warning, and evacuation systems made the
difference. Latin American and Caribbean countries
have reduced loss of life from some hazards,
principally through disaster preparedness and
response; they now have the opportunity to reduce
economic losses through mitigation in the context of
development to a much greater extent than they have
to date.

The disasters caused by natural hazards generate
a demand for enormous amounts of capital to replace
what is destroyed and damaged. The development
community should address this issue because it
affords, among all environmental issues, the most
manageable of situations: the risks are readily
identified, mitigation measures are available, and the
benefits that accrue fromvulnerability reduction actions
are high in relation to costs.

THE TOLL

With depressing regularity, natural disasters
become international headlines. Each year one or
more hurricanes strike the Caribbean region.
Particularly destructive ones, such as Gilbert in 1988
and Hugo in 1989, can cause billions of dollars of
damage. Flooding, too, occurs annually, but no
reliable estimates are available of the cost in human
lives and property. Earthquakes and volcanic
eruptions occur unpredictably with disastrous effects:

the mudslide precipitated by the eruption of Volcan
Ruiz in Colombia in 1985 killed 21,800 people, and
earthquakes in Mexico (1985) and El Salvador (1986)
together killed more than 10,000. Landslides are
limited in area, but occur so frequently that they
account for hundreds of millions of dollars in damage
every year. While not as spectacular, drought can be
more harmful to agricultural production than
hurricanes. After the 1971 drought, for example,
banana production in Saint Lucia did not recover fully
until 1976. Disaster aid, however, is scarce in the
region for this type of pervasive, slow-onset hazard.

Over the past 30 years the average annual costs
of natural disasters to Latin America and the Caribbean
were 6,000 lives, adverse effects on 3 million people,
and US$1.8 billion in physical damage and economic
losses. Moreover, the impacts are increasing: during
the 1960s approximately 10 million people were killed,
injured, displaced, or otherwise affected; the number
for the 1970s was six times larger, and for the 1980s,
three times larger.

A conservative estimate of the impact of disasters
on the region from 1960 to 1989 is given in Figure 1.
It can be seen that droughts and floods affect the
largest number of people; earthquakes account forthe
most deaths; and earthquakes, floods, and hurricanes
cause the most financial damage. Hurricanes are the
most devastating natural hazard in the Caribbean
region, earthquakes in the Mexico-Central America
region. Floods, droughts, volcanic eruptions, and
earthquakes are all very destructive in South America.
Figure 2 summarizes the effects of some of the worst
disasters of the period.

In addition to the direct social and economic
impact, natural disasters can affect employment, the
balance of trade, and foreign indebtedness for years
after their occurrence. After Hurricane Fifi struck
Honduras in 1974, for example, employment in
agriculture decreased by 70 percent (World Bank,
1979). Funds intended for development are diverted
into costly relief efforts. These indirect but profound
economic effects and their drain on the limited funds
now available for new investment compound the
tragedy of a disaster in a developing country.
Furthermore, international relief and rehabilitation
assistance has been insufficient to compensate
countries for their losses; during the period 1983-1988,
reconstruction assistance amounted to only 13 percent
of the estimated value of losses.

Yet natural hazards appear to generate little
constituency for their prevention.
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Figure 1

IMPACT OF NATURAL DISASTERS IN LATIN AMERICA AND THE CARIBBEAN:
1960-1989

45
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Source: Office of Foreign Disaster Assistance/United States Agency for International Development. Disaster History. Significant Data on Major
Disasters Worldwide, 1900-Present. July, 1989 (Washington, D.C.: OFDA/USAID, 1989).

NATURAL HAZARDS AND DEVELOPMENT

The losses are a concern not only for the countries
in which they occur but also for international lending
agencies and the private sector which are interested in
protecting their loans and investments. The
investments are often at risk of both natural hazards
and the side effects of development projects that
exacerbate these hazards. For example, excessive
erosion and siltation reduces the useful life of large
multipurpose dams. Many smaller dams in the region
also experience this type of damage: accelerated
erosion caused by a hurricane filled half the storage
capacity of a reservoir in the Dominican Republic
virtually overnight. As a result of these concerns, one
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important lender, the Inter-American Development
Bank, is studying the process of evaluating dam
projects on the grounds that more realistic methods of
estimating life expectancy and cost-benefit ratios will
have to be introduced if the problem of erosion and
siltation cannot be resolved satisfactorily for any
project.

While the development efforts of the past have
brought economic advancement to many parts of the
world, they have also brought unwise or unsustainable
uses of the natural resource base. Indeed, in recent
years, the United Nations specialized conferences on
the human environment, desertification, water
management, deforestation, and human settlements all



Figure 2

LATIN AMERICA AND THE CARIBBEAN:

SELECTED NATURAL HAZARD EVENTS (1983-1989)¥

Affected Economic International
Event Number of populatio = losses assistance®
Country Year type fatalities (thousands) (million US$) (million US$)
Antigua & 83 Drought 0 75.0 - - 0.44
Barbuda
Ardgentina 83 Floods 0 5,580.0 1,000.0 1.74
Bolivia 83 Floods 250 50.0 48.4 1.85
83 Drought 0 1,583.0 417.2 71.41
84 Drought 0 1,500.0 500.0 0.53
Brazil 83 Floods 143 3,330.0 12.0 0.18
83 Drought 0 20,000.0 - - 9.48
84 Floods 27 250.0 1,000.0 0.10
85 Floods 100 600.0 200.0 - -
88 Floods 289 58.6 1,000.0 0.65
Chile 85 Earthquake 180 980.0 1,500.0 9.98
Colombia 83 Earthquake 250 35.0 410.9 3.76
85 Volcano 21,800 7.7 1,000.0 22.65
88 Hurricane Joan 26 100.0 50.0 - -
Ecuador 83 Floods 307 700.0 232.1 12.68
87 Earthquake 300 150.0 - - 11.30
El Salvador 86 Earthquake 1,100 500.0 1,030.0 308.68
Eastern Caribbean 89 Hurricane Hugo 21 50.0 - - 11.67
Islands ¢
Haiti 88 Hurricane Gilbert 54 870.0 91.3 3.32
Jamaica 86 Floods 54 40.0 76.0 3.41
88 Hurricane Gilbert 49 810.0 1,000.0 102.41
Mexico 85 Earthquake 8,776 100.0 4,000.0 21.70
Nicaragua 88 Hurricane Joan 120 300.0 400.0 - -
Paraguay 83 Floods 0 100.0 82.0 0.56
Peru 83 Floods 364 700.0 988.8 83.81
83 Drought 0 620.0 151.8 18.05
Venezuela 87 Landslide 96 15.0 0.8 0.03

b/
c/

Information for all columns but International assistance was obtained from the United States Agency for
International Development/Office of Foreign Disaster, Disaster History, Significant Data on Major Disasters
Worldwide, 1900-Present, August 1990 (Washington, D.C.: USAID/OFDA, 1990). Damage estimates may be
preliminary and therefore, other sources may show different figures.

Excluding fatalities.

Information obtained from United States Agency for International Development/Office of Foreign Disaster
Assistance, OFDA Annual Report FY 1983, 1984, 1985, 1986, 1987, 1988, and 1989 (Washington, D.C.:
USAID/OFDA, 1983-1989). Disaster assistance figures do not include contributions from international
reconstruction loans and grants.

Information obtained from a preliminary report- from the United States Agency for International
Development/Office of Foreign Disaster Assistance (USAID/OFDA), "After-Action Report of the Hurricane Hugo
OFDA Disaster Relief Team" (Washington, DC: OFDA, 1990).

Information not available.
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point to environmental degradation brought about by
development, and the corresponding reduction in the
capacity of an ecosystem to mitigate natural hazards.

Nevertheless, development agencies often continue
to operate as though their activities and natural
disasters were separate issues. As Gunnar Hagman
(1984) points out in Prevention Better than Cure:

When a disaster has occurred, development
agencies have regarded it as a nuisance and
tried to avoid becoming involved; or even
worse, the risk of existing or new potential
hazards has been over-looked in the planning
and implementation of some development
activities. It is now being observed that
intensive development may be the cause of
many new disasters in poor countries.

Until quite recently, in fact, many practitioners
believed that development efforts themselves would
spontaneously provide solutions to problems posed by
natural hazards. In 1972 the United Nations
Conference on the Human Environment in Stockholm
declared:

Environmental deficiencies generated by the
conditions of underdevelopment and natural
disasters pose grave problems and can best
be remedied by accelerated development
through the transfer of financial and
technological assistance as a supplement to
the domestic effort of the developing countries.

In the intervening eighteen years enormous
amounts of financial aid and sustained technical
assistance have been provided, but far from reducing
the effects of natural disasters, development has
contributed to disaster vulnerability in areas where the
presence of hazards was not properly assessed.

While the link between natural disasters and
development has been demonstrated repeatedly,
governments and lending agencies do not yet
systematically integrate the consideration of natural
hazards into project preparation. Past losses and the
vulnerability of infrastructure have reached such levels
that in some areas development assistance consists
almost entirely of disaster relief and rehabilitation.
When loan proceeds are routinely programmed for
reconstruction, little remains for investment in new
infrastructure or economic production. Thus, recurrent
disaster relief and reconstruction needs have brought
about a reassessment of economic development
programs in Bolivia, Colombia, Ecuador, El Salvador,
Guatemala, Honduras, Nicaragua, Peru, the Paraguay
River Basin, and several Caribbean island countries.

There is a growing awareness that natural hazard
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management is a pivotal issue of development theory
and practice. The United Nations has declared the
1990s the "International Decade for Natural Disaster
Reduction" (IDNDR) and calls on developing countries
to participate actively in reducing disaster vulnerability.
The OAS has endorsed the IDNDR and made natural
hazard management a priority technical assistance
area.

PREVENTION VERSUS RECONSTRUCTION

A key element to be addressed in this decade is
the distribution of resources between disaster
prevention and post-disaster efforts. Prevention, which
includes structural measures (e.g., making structures
more hazard-resistant) and non-structural measures
(e.g., land-use restrictions), is a cost-effective means
of reducing the toll on life and property. Post-disaster
relief and reconstruction measures are important for
humanitarian reasons, and may include improvements
that are designed to prevent or mitigate future
disasters. This is increasingly the case in projects
funded by development financing organizations.
Nevertheless, post-disaster measures are
disproportionately costly for each life saved and each
building reconstructed. Moreover, preventive
measures in developing countries can reduce the
human tragedy and the incalculable costs of lost jobs
and production associated with natural disasters.

It is useful in this regard to distinguish between
hazard management and disaster management. Both
include the complete array of pre-event and post-event
measures, but they differ in their focus. Disaster
management is concerned with specific events that
destroy lives and property to such an extent that
international assistance is often needed. Hazard
management addresses the potentially detrimental
effects of all natural hazardous events, whether or not
they result in a disaster; it is the more inclusive of the
two terms, seeking to incorporate consideration of
natural hazards in all development actions, regardless
of the severity of the impact. It thus concentrates
more on the analysis of hazards, the assessment of the
risk they present, and the prevention and mitigation
of their impact, while disaster management tends to
concentrate more on preparedness, alert, rescue, relief,
rehabilitation, and reconstruction.

Despite the clear economic and humanitarian
advantages of prevention, it is relief and reconstruction
measures that typically enjoy political appeal and
financial support. Donor nations quickly offer
sophisticated equipment and highly trained personnel
for search and rescue missions. Politicians of a
stricken nation gain more support from consoling
disaster victims than from requesting taxes for the
undramatic measures that would have avoided the
disaster. Short-term efforts to address immediate
needs usually take precedence over long-term disaster



recoveryand prevention activities, particularly giventhe
visibility attached to the relief phase of disaster by the
mass media. It is not surprising, therefore, to find that
of all funds spent on natural hazard management in the
region, more than 90 percent goes to saving lives
during disasters and replacing lost investment; less
than 10 percent goes to prevention before disasters.

The situation is similar with respect to science and
technology. Increasingly, investment is directed
toward prediction, monitoring, and alert technologies
as opposed to basic information on the location,
severity and probability of events--the data that provide
the basis for prevention measures. A sound balance
must be sought between obtaining additional scientific
information and applying existing information to
institute mitigation measures resting chiefly on
econormic and political organization and process.

THE MESSAGE OF THIS BOOK

From the seven years of experience the
Organization of American States through its
Department of Regional Development and Environment
(OAS/DRDE) has had in assisting its member states
with natural hazard management and reduction of
vulnerability to natural disasters, several related
principles have emerged:

The impact of natural hazards can be reduced. The
information and methods exist to minimize the effects
of even the most sudden and forceful of hazardous
events and prevent them from causing a disaster.
While in some cases the event itself cannot be
avoided, construction measures and location decisions
can save lives and prevent damage. In other cases,
such as flooding, the integration of hazard mitigation
measures into development planning and investment
projects may make it possible to avoid the event
altogether.

Hazard mitigation pays high social and economic
dividends in a region with a history of natural
disasters. Mitigation measures should be seen as a
basic investment, fundamental to all development
projects in high-risk areas, and not as a luxury that
may or may not be affordable. The vulnerability of
many areas of Latin America and the Caribbean to
hurricanes, earthquakes, volcanic eruptions, flooding,
or drought is widely recognized. Planners should not
ask themselves whether these events will occur, but
what may happen when they do.

Hazard management is most effective in the context of
integrated development planning. Traditional single-
sector planning cannot maximize the benefits of
mitigation techniques and may, in fact, increase the
risk exposure of people and their property. Because

the traditional development project often represents an
isolated intervention into complex and long-standing
natural and socioeconomic processes, an advance in
one sector may not be accompanied by needed
change in another. When natural events subsequently
exert pressure, the fruits of the project may be lost to
a disaster caused by the deterioration of the natural
and human environment related, in turn, to the project
itself.

Integrated development planning, in contrast,
means a multisectoral approach. It accounts both
for a change in associated sectors that share a defined
physical space and for the changing relationships
between sectors as the result of an intervention.
Underlying the integrated approach is the assumption
that change is organic and that an initiative in one
sector affects the region as a whole. In its
development work the OAS applies this philosophy by
preparing packages of interrelated projects that reflect
a balance between investment in infrastructure,
productive activities, service provision, and resource
management.

Natural hazard considerations should be introduced
at the earliest possible stage in the development
process. If a site lies in a fault zone subject to
earthquakes, that should be known before it is planned
for urban development. If an area considered for an
irrigation project is subject to flooding, that should be
taken into consideration in the formulation of the
project. As natural hazard risk is identified earier in
the planning process, fewer undesirable projects will
be carried forward simply on their own momentum.
Mitigation measures should be introduced early, and
non-structural mitigation, the most cost-effective
mechanism, requires particularly early recognition of
the need for land-use restrictions. Like an
environmental impact statement conducted on a
project already formulated, an after-the-fact natural
hazard evaluation has much less value than an
evaluation conducted in time to influence the original
formulation of the project.

One of the roles of technical cooperation agencies
such as the OAS is the identification and preliminary
formulation of investment projects which later may be
funded by international lending agencies for more
advanced study and implementation. It is important
thattechnical cooperation agencies incorporate hazard
considerations into their part of the development
process since it becomes progressively more difficult
to do so in later stages.

Use Common Sense. People know the kinds of
hazards that occur in their home areas. They may not
know how to quantify these dangers or the best ways
to mitigate them, but they understand something must
be done about them.
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This book is a guide to natural hazard
management in the context of integrated development
planning based on the accumulated experience of the
OAS. It is in no sense comprehensive, but rather is
confined to the experiences of the recent past in
development planning in this hemisphere. Readers
should also be aware that it focuses on broad
strategies and methodologies, rather than specific
- instructions for all possible particular cases. But it is
about what has proved useful in actual field work.

References

Hagman, G. Prevention Better than Cure (Stockholm:
Swedish Red Cross, 1984).

OAS/DRDE Natural Hazards Primer

Office of Foreign Disaster/United States Agency for
International Development.  Disaster History.
Significant Data on Major Disasters Worldwide,
1900-Present. July, 1989 (Washington, D.C.:
OFDA/USAID, 1989).

World Bank. Memorandum on Recent Economic
Development and Prospects of Honduras
(Washington, D.C.: World Bank, 1979).



PART |

INTEGRATED DEVELOPMENT PLANNING
AND NATURAL HAZARDS

Chapter 1
Incorporating Natural Hazard Management
Into the Development Planning Process

Chapter 2
Natural Hazard Risk Reduction in Project
Formulation and Evaluation

Chapter 3
Resource Evaluation and the Role of Ecosystems
in Mitigating Natural Hazards



CHAPTER 1

INCORPORATING NATURAL HAZARD MANAGEMENT
INTO THE DEVELOPMENT PLANNING PROCESS

1-1 Natural Hazards Primer/Part |



CHAPTER 1

INCORPORATING NATURAL HAZARD MANAGEMENT
INTO THE DEVELOPMENT PLANNING PROCESS

Contents
A. WHAT ARE NATURAL HAZARDS? . ... .ttt it it it e e e 1-4
1. How Natural Are Natural Hazards? ........................ 1-4

2. Environment, Natural Hazards and

Sustainable Development . ..............cciiiiiiiennnn 1-5
3. The Impact of Natural Hazards Can Be Reduced .............. 1-7
B. SUSCEPTIBILITY TO VULNERABILITY REDUCTION .............. 1-10
1. The Nature oftheHazard .................. ... ... ...... 1-10
a. Rapid Onsetvs.SlowOnset ......................... 1-10
b. Controllable Events vs. Immutable Events ............... 1-10
c. Frequencyvs.Severity ........... ..t 1-10
d. Mitigation Measures to Withstand Impact
vs. Mitigation Measures to Avoid Impact ................ 1-10
2. The Nature of the Study Area . ............ ... ... ... ... 1-10
3. The ParticipantsintheDrama ........................... 1-10
C. HAZARD MANAGEMENT AND
DEVELOPMENTPLANNING ............. ... ... . ... 1-12
1. Hazard Management Activities . .. .............. ... ... ..., 1-12
a. Disaster Mitigation ................ ... . .. 1-12
b. Natural Hazard Prediction ........................... 1-13
c. Emergency Preparedness ...............cc. ... 1-14
d. Disaster Rescueand Relief .......................... 1-14
e. Post-Disaster Rehabilitation
andReconstruction . . ............. .. ... 1-14
f. Education and Training Activities .. .................... 1-14
2. Incorporating Mitigation Measures into the Stages
of an Integrated Development Planning Study ............... 1-15
a. Preliminary Mission: Designingthe Study . ............... 1-17
b. Phase |: Development Diagnosis ...................... 1-19
c. Phase lI: Project Formulation
and Action Plan Preparation ......................... 1-20
d. Implementing the Study Recommendations .............. 1-21

3. Advantages of Integrated Development Planning
for Natural Hazard Management . ... ..................... 1-22

OAS/DRDE | 1-2


John M
Text Box


D. HAZARD MANAGEMENT IN SPECIFIC

ECONOMIC SECTORS ... ...ttt it i e, 1-23
1. EnergyinCostaRica .............. .., 1-23
2. TourisminJdamaica...........ovviiiiiiiii i, 1-25
3. Agriculturein Ecuador ........... ... i, 1-26
4. Strategies Derived from the Case Studies .................. 1-27
E. IMPLEMENTING THE RECOMMENDATIONS: STRATEGIES
FOR DEVELOPMENT ASSISTANCE AGENCIES ................. 1-27
1. Technical Cooperation Agencies ......................... 1-28
2. Convincing Financing Agencies . ... ........ccv .. 1-29
a. AChangeinContext............ ... iiiiiiinnnn. 1-29
b. Incentives for Analysis . .......... e eeieii e, 1-29
c. Assignment of Accountability for Losses ................ 1-30
REFERENCES . ... ... i i i 1-30

List of Figures

Figure 1-1  Potentially Hazardous Natural Phenomena .............. 1-5

Figure 1-2  Key Elements in the Process of OAS Assistance
for Integrated Regional Development Planning . .......... 1-15

Figure 1-3  Synthesis of the OAS Integrated Development
PlanningProcess .. ..........cciiiiiiiiiinnnnann. 1-16

Figure 1-4  Integrated Development Planning Process,
Natural Hazard Management, and
the ProjectCycle .......... . .. 1-18

Figure 1-5  Costa Rica: Energy Sector Vulnerability _ :
tolandslideHazards .............. ... .. ... ...... 1-24

Figure 16 Number of Confirmed Major Impacts of

Natural Hazards on Energy Facilities
inCostaRica ..............iiiiiiiiiiiininnnn. 1-25

1-3 Natural Hazards Primer/Part |



INCORPORATING NATURAL HAZARD MANAGEMENT INTO
THE DEVELOPMENT PLANNING PROCESS

The planning process in development areas does
not usually include measures to reduce hazards, and
as a consequence, natural disasters cause needless
human suffering and economic losses. From the early
stages, planners should assess natural hazards as they
prepare investment projects and should promote ways
of avoiding or mitigating damage caused by floods,
earthquakes, volcanic eruptions, and other natural
catastrophic events. Adequate planning can minimize
damage from these events. It is hoped that
familiarizing planners with an approach for
incorporating natural hazard management into
development planning can improve the planning
process in Latin America and the Caribbean and
thereby reduce the impact of natural hazards.

A. What Are Natural Hazards?

A widely accepted definition characterizes natural
hazards as ‘those elements of the physical
environment, harmful to man and caused by forces
extraneous to him" (Burton, 1978). More specifically,
in this document, the term "natural hazard" refers to all
atmospheric, hydrologic, geologic (especially seismic
and volcanic), and wildfire phenomena that, because
of their location, severity, and frequency, have the
potential to affect humans, their structures, or their

OAS/DRDE

activities adversely. The qualifier "natural” eliminates
such exclusively manmade phenomena as war,
poliution, and chemical contamination. Hazards to
human beings not necessarily related to the physical
environment, such as infectious disease, are also
excluded from consideration here. Figure 1-1 presents
a simplified list of natural hazards, and the boxes on
the following pages briefly summarize the nature of
geologic hazards, flooding, tsunamis, hurricanes, and
hazards in arid and semi-arid areas.

1. HOW NATURAL ARE NATURAL HAZARDS?

Notwithstanding the term "natural," a natural
hazard has an element of human involvement. = A
physical event, such as a volcanic eruption, that does
not affect human beings is a natural phenomenon but
not a natural hazard. A natural phenomenon that
occurs in a populated area is a hazardous event. A
hazardous event that causes unacceptably large
numbers of fatalities and/or overwhelming property
damage is a natural disaster. In areas where there
are no human interests, natural phenomena do not
constitute hazards nor do they result in disasters. This
definition is thus at odds with the perception of natural
hazards as unavoidable havoc wreaked by the
unrestrained forces of nature. It shifts the burden of
cause from purely natural processes to the concurrent
presence of human activities and natural events.



Figure. 1-1

POTENTIALLY HAZARDOUS NATURAL PHENOMENA

ATMOSPHERIC
Hailstorms
Hurricanes
Lightning
Tornadoes
Tropical storms

SEISMIC

Fault ruptures
Ground shaking
Lateral spreading
Liquefaction
Tsunamis
Seiches

OTHER GEOLOGIC/HYDROLOGIC

Debris avalanches
Expansive soils
Landslides

Rock falls
Submarine slides
Subsidence

HYDROLOGIC
Coastal flooding
Desertification
Salinization
Drought
Erosion and sedimentation
River flooding
- Storm surges

VOLCANIC

Tephra (ash, cinders, lapilli)
Gases

Lava flows

Mudflows

Projectiles and lateral blasts
Pyroclastic flows

WILDFIRE
Brush
Forest
Grass
Savannah

Although humans can do little or nothing to
change the incidence or intensity of most natural
phenomena, they have an important role to play in
ensuring that natural events are not converted into
disasters by their own actions. It is important to
understand that human intervention can increase
the frequency and severity of natural hazards. For
example, when the toe of a.landslide is removed to
make room for a settlement, the earth can move again
and bury the settlement. Human intervention may
also cause natural hazards where none existed
before. Volcanoes erupt periodically, but it is not until
the rich soils formed on their ejecta are occupied by
farms and human settlements that they are considered
hazardous. Finally, human intervention reduces the
mitigating effect of natural ecosystems. Destruction
of coral reefs, which removes the shore’s first line of
defense against ocean currents and storm surges, is
a clear example of an intervention that diminishes the
ability of an ecosystem to protect itself. An extreme
case of destructive human intervention into an
ecosystem is desertification, which, by its very
definition, is a human-induced “natural" hazard.

All this is the key to developing -effective
vulnerability reduction measures: if human activities
can cause or aggravate the destructive effects of
natural phenomena, they can also eliminate or
reduce them.

2. ENVIRONMENT, NATURAL HAZARDS, AND
SUSTAINABLE DEVELOPMENT

The work of the OAS/DRDE is focused upon
helping countries plan spatial development and
prepare compatible investment projects at a
prefeasibility level. In a general sense, these tasks
may be called "environmental planning”; they consist
of diagnosing the needs of an area and identifying the
resources available to it, then using this information to
formulate an integrated development strategy
composed of sectoral investment projects. This
process uses methods of systems analysis and conflict
management to arrive at an equitable distribution of
costs and benefits, and in doing so it links the quality
of human life to environmental quality. In the planning
work, then, the environment--the structure and function
of the ecosystems that surround and support human
life--represents the conceptual framework. In the
context of economic development, the environment is
that composite of goods, services, and constraints
offered by surrounding ecosystems. An ecosystem is
a coherent set of interlocking relationships between
and among living things and their environments. For
example, a forest is an ecosystem that offers goods,
including trees that provide lumber, fuel, and fruit.
The forest may also provide services in the form of
water storage and flood control, wildlife habitat,
nutrient storage, and recreation. The forest, however,
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like any physical resource, also has its constraints. It
requires a fixed period of time in which to reproduce
itself, and it is vulnerable to wildfires and blights.
These vulnerabilities, or natural hazards, constrain the
development potential of the forest ecosystem.

A survey of environmental constraints, whether
focused on urban, rural, or wildland ecosystems,
includes (1) the nature and severity of resource
degradation; (2) the underlying causes of the
degradation, which include the impact of both natural
phenomena and human use; and (3) the range of
feasible economic, social, institutional, policy, and
financial interventions designed to retard or alleviate
degradation. In this sense, too, natural hazards must
be considered an integral aspect of the development
planning process.

Recent development literature sometimes makes
a distinction between “"environmental projects” and
“development projects." "Environmental projects”
include objectives such as sanitation, reforestation,
and flood control, while “development projects" may
focus on potable water supplies, forestry, and
irrigation.
clearly an ineffective means of promoting
socioeconomic well-being. Development projects, if
they are to be sustainable, must incorporate sound
environmental management. By definition, this means
that they must be designed to improve the quality of
life and to protect or restore environmental quality at
the same time and must also ensure that resources
will not be degraded and that the threat of natural
hazards will not be exacerbated. In short, good natural
hazard management is good development project
management.

Indeed, in high-riskareas, sustainable development
is only possible to the degree that development
planning decisions, in both the public and private
sectors, address the destructive potential of natural
hazards. This approach is particularly relevant in
post-disaster situations, when tremendous pressures
are brought to bear on local, national, and international
agencies to replace, frequently on the same site,
destroyed facilities. It is at such times that the
pressing need for natural hazard and risk assessment
information and its incorporation into the development
planning process become most evident.

To address hazard management, specific action
must be incorporated into the various stages of the
integrated development planning study: first, an
assessment of the presence and effect of natural
events on the goods and services provided by natural
resources in the plan area; second, estimates of the
potential impact of natural events on development
activities; and third, the inclusion of measures to
reduce vulnerability in the proposed development

But the project-by-project approach is .

activities. Within this framework, ‘lifeline" networks
should be identified: components or critical segments
of production facilities, infrastructure, and support
systems for human settlements, which should be as
nearly invulnerable as possible and be recognized as
priority elements for rehabilitation following a disaster.

3. THE IMPACT OF NATURAL
HAZARDS CAN BE REDUCED

Experiences both in and out of Latin American and
the Caribbean show that the record of hazard
mitigation is improving. The installation of warning
systems in several Caribbean countries has reduced
the loss of human life due to hurricanes. Prohibition
of permanent settlement in floodplains, enforced by
selective insurance coverage, has significantly reduced
flood damage in many vulnerable areas.

In the field of landslide mitigation, a study in the
State of New York (U.S.A)) showed that improved
procedures from 1969 to 1975 reduced the cost of
repairing landslide damage to highways by over 90
percent (Hays, 1981). Experience of the city of Los
Angeles, California, indicates that adequate grading
and soil analysis ordinances can reduce landslide
losses by 97 percent (Petak and Atkisson, 1982).

A study in the San Fernando Valley, California,
after the 1971 earthquake showed that of 568 older
school buildings that did not satisfy the requirements
of the Field Act (a law stipulating design standards), 50
were so badly damaged that they had to be
demolished. But all of the 500 school buildings that
met seismic-resistance standards suffered no structural
damage (Bolt, 1988). The Loma Prieta earthquake in
1989 was the costliest natural disaster in U.S. history,
but provisions in local zoning and building codes kept
it from being even worse. In the San Francisco Bay
area post-1960 structures swayed but stayed intact,
while older buildings did not fare nearly as well.
Unreinforced masonry structures suffered the worst
damage. Buildings on solid ground were less likely to
sustain damage than those constructed on landfill or
soft mountain slopes (King, 1989).

Mitigation techniques can also lengthen the
warning period before a volcanic eruption, making
possible the safe evacuation of the population at risk.
Sensitive monitoring devices can now detect increasing
volcanic activity months in advance of an eruption.
Still more sophisticated assessment, monitoring, and
alert systems are becoming available for volcanic
eruption, hurricane, tsunami, and earthquake hazards.

Sectoral hazard assessments conducted by the

OAS of, among others, energy in Costa Rica and
agriculture in Ecuador have demonstrated the savings
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in capital and continued production that can be
realized with very modest investments in the mitigation
of natural hazard threats through vulnerability reduction
and better sectoral planning.

However, much remains to be done. The overall
record of hazard management in Latin America and
the Caribbean is unimpressive for a number of
reasons--among them lack of awareness of the issue,
lack of political incentive, and a sense of fatalism about
"natural" disasters. But techniques are becoming
available, experiences are being analyzed and
transmitted, the developing countries have
demonstrated their interest, and the lending agencies
are discussing their support. If these favorable
tendencies can be encouraged, significant reduction
of the devastating effects of hazards on development
in Latin America and the Caribbean is within reach.

B. Susceptibility to Vulnerability
Reduction

1. THE NATURE OF THE HAZARD
a. Rapid Onset vs. Slow Onset

The speed of onset of a hazard is an important
variable since it conditions warning time. At one
extreme earthquakes, landslides, and flash floods give
virtually nowarning. Less extreme are tsunamis, which
typically have warning periods of minutes or hours,
and hurricanes and floods, where the likelihood of
occurrence is known for several hours or days in
advance. Volcanoes can erupt suddenly and
surprisingly, but usually give indications of an eruption
weeks or months in advance. (Colombia’s Volcan Ruiz
gave warnings for more than a year before its
destructive eruption in 1985.) Other hazards such as
drought, desertification, and subsidence act slowly
over a period of months or years. Hazards such as
erosion/sedimentation have varying lead times:
damage may occur suddenly as the result of a storm
or may develop over many years.

b. Controllable Events vs. Immutable Events

For some types of hazards the actual dimensions
of the occurrence may be altered if appropriate
measures are taken. For others, no known technology
can effectively alter the occurrence itself. For example,
channelizing a stream bed can reduce the areal extent
of inundations, but nothing will moderate the ground
shaking produced by an earthquake.

c. Frequency vs. Severity

Where flooding occurs every year or every few
years, the hazard becomes part of the landscape, and
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projects are sited and designed with this constraint in
mind. Conversely, in an area where a tsunami may
strike any time in the next 50 or 100 years, it is difficult
to stimulate interest in vulnerability reduction measures
even though the damage may be catastrophic. With
so long a time horizon, investment in capital intensive
measures may not be economically viable. Rare or
low-probability events of great severity are the most
difficult to mitigate, and vulnerability reduction may
demand risk-aversion measures beyond those justified
by economic analysis.

d. Mitigation Measures to Withstand Impact
vs. Mitigation Measures to Avoid Impact

Earthquake-resistant construction and
floodproofing of buildings are examples of measures
that can increase the capacity of facilities to withstand
the impact of a natural hazard. Measures such as
zoning ordinances, insurance, and tax incentives,
which direct uses away from hazard-prone areas, lead
to impact avoidance.

2. THE NATURE OF THE STUDY AREA

The high density of population and expensive
infrastructure of cities makes them more susceptible to
the impacts of natural events. Mitigation measures are
both more critically needed and more amenable to
economic justification than in less-developed areas.
Urban areas are likely to have or are able to establish
the institutional arrangements necessary for hazard
management.

For small towns and villages non-structural
mitigation measures may be the only affordable
alternative. Such settlements rely on the government
to only a limited extent for warning of an impending
hazard or assistance in dealing with it. Thus
organizing the local community to cope with hazards
is a special aspect of hazard management.

The physical characteristics of the land, land-use
patterns, susceptibility to particular hazards, income
level, and cultural characteristics similarly condition
the options of an area in dealing with natural hazards.

3. THE PARTICIPANTS IN THE DRAMA

Among the "actors" involved in the process of
hazard management are planning agencies, line
ministries, emergency preparedness and response
centers, the scientific and engineering community,
local communities, technical assistance agencies,
development finance agencies, and non-governmental
organizations, not to mention the equally diverse list of
private-sector players. Each has its own interests and



approach. These varied and sometimes conflicting
viewpoints can add to the constraints of planning and
putting into operation a hazard management program,
but having advance knowledge of the difficulties each
may present can help the practitioner deal with them.

Planning agencies are often unfamiliar with natural
hazard information, or how to use it in development
planning.

Line ministries similarly have little familiarity with
natural hazard information or with the techniques of
adapting it for use in planning. Projects for the
development of road, energy, telecommunications,
irrigation systems, etc., often lack hazard mitigation
consideration. Furthermore, ministries tend to have
little experience in collaborating with each other to
identify the interrelationships between projects or to
define common information requirements so that
information that suits the needs of many users can be
collected cooperatively.

The emergency preparedness community has tended
to view its role exclusively as preparing for and
reacting to emergencies and has therefore neglected
linking preparedness to long-term mitigation issues.
Furthermore, emergency centers have paid insufficient
attention to the vulnerability of their own infrastructure.
When these lifeline facilities are wiped out, disaster
victims have nowhere to turn. Emergency
preparedness policies are beginning to change. For
example, international emergency relief organizations
such as the International League of Red Cross and
Red Crescent Societies have stated that they will
devote more effort in developing countries to
prevention.

The scientific and engineering community often sets
its agenda for research and monitoring on the basis of
its own scientific interests without giving due
consideration to the needs of vulnerability reduction or
emergency preparedness. For example, a volcano
may be selected for monitoring because of its scientific
research value rather than its proximity to population
centers. Valuable information on hazards is often
published in scientific journals in abstruse language.
The scientific community should ensure that data are
translated into a form suitable for use by hazard
management practitioners.

Local communities are jarringly aware of the impact of
natural hazards. But they usually have little
opportunity to participate in the preparation of large
infrastructure and production projects that impinge on
them, and even less in setting agendas for natural
hazard assessment and vulnerability reduction.

Technical cooperation agencies do not normally
include natural hazard assessment and vulnerability
reduction activities as a standard part of their project

preparation process. "Hazard impact statements" that,
like environmental impact statements, are conducted
after the project is formulated, are not adequate.
Hazard considerations must be introduced earlier in
the process so that projects are prepared with these
constraints in mind.

Development financing agencies engage actively in
post-disaster reconstruction measures, yet do not insist
on hazard assessment, mitigation, and vulnerability
reduction measures in their ordinary (non-disaster-
related) development loans, and are reluctant to
incorporate such considerations into project
evaluation.

Other institutional considerations: Knowledge of and
experience with hazard management techniques are
rare commodities in most agencies in Latin America
and the Caribbean. Thus, if a technical cooperation
agency proposes to incorporate these ideas into
planning and project formulation, it invariably has to
overcome the skepticism of the relevant local
personnel. This adds to the cost of formulating a
project, but the extra cost can pay high dividends.

Greater consideration should be given to the
private sector, as is pointed out by Andrew Natsios
(1990) in ‘'Disaster Mitigation and Economic
Incentives." Natsios, following Charles Schultze, claims
that policy-makers can change social behavior more
effectively by changing the incentives of the
marketplace, i.e., the public use of private interest,

- than by regulation. For example, casualty insurance

companies could offer a large premium differential for
earthquake- and hurricane-resistant construction. He
suggests that governments should specify the desired
outcome of policy, but leave the method of achieving
that outcome to the economic actors.

At the national level, giving a single entity total
responsibility for hazard management tends to cause
other agencies to see it as an adversary. Instead,
each agency that formulates projects as part of its
standard activities should appreciate the importance of
introducing hazard considerations into the process of
project formulation. Planning agencies should take an
advocacy position on hazard management and on
introducing non-structural mitigation strategies early
in the planning process. Such agencies should have
personnel trained for these functions.

Similarly, at the project level responsibility for
mitigating the impact of natural hazards does not lie
with a single individual or component but is an overall
responsibility of the project, requiring the cooperation
of all components.

Post-disaster reconstruction activities often lack
support for hazard assessments intended to ensure

Natural Hazards Primer/Part |


John M
Text Box


that the impact of the next event is less destructive.
The problem lies with both the lender and the recipient:
the stricken country rarely includes this item in its
request, but when it does, the lending agencies often
reject it. Reconstruction projects, especially when they
are very large, are often managed by newly created
implementation agencies. This results in a drain of the
already limited supply of technical personnel from the
existing agencies and complicates coordination
between
rehabilitation.

C. Hazard Management and
Development Planning

For purposes of this discussion, development
planning is considered the process by which
governments produce plans--consisting of policies,
projects, and supporting actions--to guide economic,
social, and spatial development over a period of time.
The hazard management process consists of a number
of activities designed to reduce loss of life and
destruction of property. Natural hazard management
has often been conducted independently of
development planning. A distinctive feature of OAS
technical assistance is the integration of the two
processes. '

1. HAZARD MANAGEMENT ACTIVITIES

The natural hazard management process can be
divided into pre-event measures, actions during and
immediately following an event, and post-disaster
measures. In approximate chronological order these
are as follows: ’

1. Pre-event Measures:

a. Mitigation of Natural Hazards:
- Data Collection and Analysis
- Vulnerability Reduction

b. Preparation for Natural Disasters
- Prediction
- Emergency Preparedness (including

monitoring, alert, evacuation)

- Education and Training

2. Measures During and Immediately After
Natural Disasters:
a. Rescue
b. Relief

3. Post-disaster Measures:

a. Rehabilitation
b. Reconstruction

OAS/DRDE

long-term development and short-term

a. Disaster Mitigation

An accurate and timely prediction of a hazardous
event can save human lives but does little to reduce
economic losses or social disruption; that can only be
accomplished by measures taken longer in advance.
Included in the concept of disaster mitigation is the
basic assumption that the impact of disasters can be
avoided or reduced when they have been anticipated
during development planning. Mitigation of disasters
usually entails reducing the wvulnerability of the
elements at risk, modifying the hazard-proneness of
the site, or changing its function. Mitigation measures
can have a structural character, such as the inclusion
of specific safety or vulnerability reduction measures
in the design and construction of new facilities, the
retrofitting of existing facilities, or the building of
protective devices. Non-structural mitigation measures
typically concentrate on limiting land uses, use of tax
incentives and eminent domain, and risk underwriting
through insurance programs.

Many countries are making efforts to introduce
mitigation measures in hazard-prone areas. For
example, the coastal area of Ecuador and the northern
area of Peru are often affected by severe floods
caused by "El Nifno" or the El Nifio Southern
Oscillation (ENSO) phenomenon, which recurs
approximately every 3 to 16 years. Between
November 1982 and June 1983, heavy rains created
the most dramatic series of floods reported this
century, affecting 12,000 square kilometers in this
region, with total losses estimated at US$1,200 million.
Subsequently, Peru transferred six of the most affected
villages to higher elevations (a non-structural mitigation
measure), and introduced special adobe-building
techniques to strengthen new constructions against
earthquakes and floods (a structural mitigation
measure).

Disaster mitigation also includes the data collection
and analysis required to identify and evaluate
appropriate measures and include them in
development planning. The data collection involves
essentially three kinds of studies:

Natural Hazard Assessments

Studies that assess hazards provide information
on the probable location and severity of dangerous
natural phenomena and the likelihood of their
occurring within a specific time period in a given area.
These studies rely heavily on available scientific
information, including geologic, geomorphic, and soil
maps; climate and hydrological data; and topographic
maps, aerial photographs, and satellite imagery.
Historical information, both written reports and oral
accounts from long-term residents, also helps
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characterize potential hazardous events. Ideally, a
natural hazard assessment promotes an awareness of
the issue in a developing region, evaluates the threat
of natural hazards, identifies the additional information
needed for a definitive evaluation, and recommends
appropriate means of obtaining it.

Vulnerability Assessments

Vulnerability studies estimate the degree of loss or
damage that would result from the occurrence of a
natural phenomenon of given severity. The elements
analyzed include human population/capital facilities
and resources such as settlements, lifelines, production
facilities, public assembly facilities, and cultural
patrimony; and economic activities and the normal
functioning of settlements. Vulnerability can be
estimated for selected geographic areas, e.g., areas
with the greatest development potential or already
developed areas in hazardous zones. The techniques
employed include lifeline (or critical facilities)
mapping and sectoral vulnerability analyses for sectors
such as energy, transport, agriculture, tourism, and
housing. In Latin America and the Caribbean
vulnerability to natural hazards is rarely considered in
evaluating an investment even though vulnerability to
other risks,such as fluctuating market prices and raw-
material costs, is taken into account as standard
practice.

Risk Assessments

Information from the analysis of an area’s hazards
and its vulnerability to them is integrated in an analysis
of risk, which is -an estimate of the probability of
expected loss for a given hazardous event. Formal
risk analyses are time-consumingand costly, but short-
cut methods are available which give adequate results
for project evaluation. Once risks are assessed,
planners have the basis for incorporating mitigation
measures into the design of investment projects and
for comparing project versus no-project costs and
benefits.

b. Natural Hazard Prediction

Even'short notice of the probable occurrence and
effects of a natural phenomenon is of great importance
in reducing loss of life and property. The prediction of
a natural event is a direct outcome of scientific
investigation into its causes and is aimed at
establishing the probability of the next occurrence in
terms of time, place, and range of severity.
Increasingly sophisticated monitoring stations, both
manned and remote, collect information of potentially
hazardous events for more accurate prediction.

Some hazards, such as hurricanes and floods, can
be forecast with high accuracy, but most geologic
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events cannot. Alert systems for some kinds of
disasters suffer from a very short lead time. In the case
of tsunamis, for example, the Pacific Warning Center,
which constantly monitors the oceans, provides
advance notice that varies from ten minutes to a few
hours. At best, these warnings provide enough time
to withdraw the population, but not to take other
preventive measures.

Although world-wide efforts to anticipate
earthquakes persist, their prediction is still an incipient
science. Few forewarnings have been as successful
as the one made in February 1975 when the people of
Haicheng, China, were evacuated six hours before
a magnitude M.7 earthquake struck. Other predictions
have been disastrous, as was the case with the
erroneous warning of an imminent earthquake in Peru
in 1981. Thousands of people fled, causing some deaths
and long-term disruption of investment and tourism.

c. Emergency Preparedness

Emergency preparedness is aimed at minimizing
the loss of life and property during a natural event.
Preparedness includes actions taken In anticipation of
the event and special activities both during and
immediately after the event.

Two levels of preparedness can be identified:
public safety information and hazard awareness
planning. The first includes a number of efforts aimed
at increasing the amount of information disseminatedto
the public and at promoting cooperation between the
public and the authorities in case of an emergency. In
the course of an event, or in its aftermath, social and
public behavior undergoes important changes. This
results in new organizational responsibilities for the
public sector. Hazard information and education
programs can improve public preparedness and social
conduct during a disaster.

Hazard awareness planning is concerned about
improving the ability of a particular area, region, or
nation to respond to natural disasters. Disaster
preparedness promotes the development of a system
for monitoring known hazards, a warning system,
emergency and evacuation plans, emergency routes,
and the formulation of educational programs for public
officials and professionals. Many Latin America and
Caribbean countries are developing and adopting
emergency plans in order to identify and effectively
-mobilize human and national resources in case of a
disaster.

d. Disaster Rescue and Relief
After a natural calamity, local residents usually

undertake the first relief activities. However, their
efforts must usually be complemented with those of
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national or regional authorities. The keystones of post-
disaster relief are the preparation of lifelines or critical
facilities for emergency response, training, disaster
rehearsals, and the identification and allocation of local
and external resources.

Relief activities are affected by broad-scale
planning decisions, but they are not a part of the
mainstream national and regional planning processes.
Although relief and disaster preparedness receive the
most resources at the international, national, regional,
and local levels, cost-effective mitigation measures are
not adequately considered. This lack of forethought
exacerbates the effects of natural disasters in terms of
loss of life and property. Meanwhile, natural disasters
continue to occur worldwide, and the number of
people affected is increasing faster than the population
growth rate.

e. Post-Disaster Rehabilitation and Reconstruction

Concurrent with or immediately after relief
activities, post-disaster rehabilitation is carried out to
restore the normal functions of public services,
business, and commerce, to repair housing and other
structures, and to return production facilities to
operation. However, mitigation is often ignored in this
phase: rehabilitation proceeds without any measures
to reduce the chances of the same impact if the event
happens again. In developing countries, road systems
that are flooded or blocked by landslides year after
year are commonly rebuilt at the same site and with
similar design specifications.

In considering reconstruction costs, existing
development policies and sectoral projects need to be
reevaluated. In many cases, they are no longer
appropriate or do not coincide with the best use of
natural resources. For this reason, the natural hazard
management process must examine any changes in
the resources, goals, objectives, and products of
development plans and incorporate these factors into
subsequent planning activities.

f. Education and Training Activities

Education and training, both formal and informal,
prepare people at all levels to participate in hazard
management.  Universities, research centers, and
international development assistance agencies play the
leading formal role in preparing individuals in a variety
of skill levels such as natural hazards assessment, risk
reduction, and natural phenomena prediction. These
activities are also carried out by operational entities
such as ministries of agriculture, transportation, public
works, and defense.

Informal learning can be delivered through
brochures, booklets, and audio and video tapes



prepared by national and international agencies
involved in disaster preparedness and mitigation
programs, and through the national media. Additionally,
courses, workshops, conferences, and seminars
organized by national and international disaster
assistance agencies disseminate great amounts of
information on natural hazard management strategies.

Finally, direct observation after a disaster has
proved to be one of the most effective means of
learning. Post-disaster investigations describe the
qualitative and quantitative aspects of natural hazards,
often improving on information produced by modelling
and conjecture by indicating areas where development
should be extremely limited or should not take place.
A direct outcome of the learning process is (1) the
improvement of policies and program actions, building
codes, standards, construction and design skills; (2)
the development of legislation to mandate the adoption
of these policies and the strengthening or creation of
new disaster organizations; (3) the improvement of the
key logistical aspects of disaster prevention, such as
communication and warning systems; and (4) the
establishment of community and resource
organizations to confront future disasters.

2. INCORPORATING MITIGATION MEASURES
INTO THE STAGES OF AN INTEGRATED
DEVELOPMENT PLANNING STUDY

Integrated development planning is a
multidisciplinary, multisectoral approach to planning.

Issues in the relevant economic and social sectors are
brought together and analyzed vis-a-vis the needs of
the population and the problems and opportunities of
the associated natural resource base. A key element
of this process is the generation of investment projects,
defined as an investment of capital to create assets
capable of generating a stream of benefits over time.
A project may be independent or part of a package of
projects comprising an integrated development effort.
The process of generating projects is called the project
cycle. This process proceeds from the establishment
of development policies and strategies, the
identification of project ideas, and the preparation of
project profiles through prefeasibility and feasibility
analyses (and, for large projects, design studies) to
final project approval, financing, implementation, and
operation.

While the process is more or less standardized,
each agency develops its own version. The
development planning process evolved by the
OAS/DRDE consists of four stages: Preliminary
Mission, Phase | (development diagnosis), Phase Il
(project formulation and preparation of an action plan),
and Implementation. Because the process is cyclical,
activities relating to more than one stage can take
place at the same time. The main elements of the
process are shown in Figure 1-2, and a synthesis of
the activities and products of each stage is shown in
Figure 1-3. A comprehensive set of guidelines for
executing a study following this process is given in
Regional Development Planning: Guidelines and Case
Studies from QOAS Experience.

Figure 1-2

KEY ELEMENTS IN THE PROCESS OF OAS ASSISTANCE
FOR INTEGRATED REGIONAL DEVELOPMENT PLANNING

IMPLEMENTATION OF

STUDY DESIGN STUDY EXECUTION RECOMMENDAT IONS
Government Preliminary Phase 1 Government Phase 11 Government Follow-up
ACTION request mission Diagnosis approval [—| Action [—>| approval activities
Proposals
A A A
| ] | I—
v v v v
PRODUCT Signed Interim Final : Projects implemented
agreement report report Institutions strengthened

Source: OAS. Integrated Regional Development Planning: Guidelines and Case Studies from OAS Experience (Washington, D.C.: OAS, 1984).
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SYNTHESIS OF THE OAS INTEGRATED DEVELOPMENT PLANNING PROCESS

Figure 1-3

IMPLEMENTATION OF

- definition of the study
products

- financial commitments
of participants

- preliminary workplan

Time Frame: 3 to 6 months

- diagnosis of the region

- preliminary development
strategy

- identified projects

9 to 12 months

- development strategy
- action plan

- formulated projects
- supporting actions

12 to 18 months

COMPONENTS STUDY DESIGN STUDY EXECUTION THE RECOMMENDATIONS
PHASE 1 PHASE 11
Project Formulation and
Development Diagnosis Preparation of Action Plan
Activities: Receipt and analysis of Diagnosis of the region Project formulation (pre-feasibility Assistance for specific
request for cooperation - sectoral analysis or feasibility) and evaluation programs and projects
- spatial analysis - production sectors (agriculture,
Preliminary Mission - institutional analysis forestry, agroindustry, industry, Assistance in incorporating
- pre-diagnosis - environmental analysis fishing, mining) proposed investments into
- cooperation agreement - synthesis: needs, problems, - support services (marketing, the national budget
preparation potentials, constraints credit, extension)
- social development (housing, . Advisory services for private
Relation to national plans, education, labor training, sector actions
strategies and priorities health) .
- infrastructure (energy, Support to executing agencies
Development strategies transportation, communications)
- formulation and analysis - urban services Support in the inter-
of alternatives - natural resource management institutional coordination
- identification of project
ideas, preparation of Action plan preparation
project profiles - formulation of project packages
- determination of policies for
priority areas and sectors
- enabling and incentive actions
- investment timetable
- evaluation of funding sources
- institutional development
and training
- promotion
Products: Signed agreement Interim Report (Phase 1) Final Report Execution by government. of

- final design studies

- project implementation

- changes in legislation
and regulations

Improved operational
capability of institutions

vVariable



This presentation of the procedures of an
integrated study features the incorporation of hazard
management considerations at each stage. The
relationships of the integrated development planning
process, the hazard management process, and the
project cycle are summarized in Figure 1-4.

Generally, planners depend on the science and
engineering community to provide the required
information for natural hazard assessments. If the
information available is adequate, the planner may
decide to make an assessment. If it is not adequate,
the planner usually decides that the time and cost of
generating more would be excessive, and the
assessment is not made. While the information
available on hurricanes and geologic hazards is often
adequate for a preliminary evaluation, the information
on desertification, flooding, and landslide hazards
rarely is. The OAS has developed fast, low-cost
methodologies that make these evaluations possible in
the context of a development study. The differences
in treating the various hazards in each stage of the
process are highlighted in the following discussion.

a. Preliminary Mission: Designing the Study

Thefirst step in the process of technical assistance
for an integrated development planning study is to
send a "preliminary mission" to consult with officials in
the interested country. Experience has shown that this
joint effort of OAS staff and local planners and
decision-makers is frequently the most critical event in
the entire study. They take action to:

- Determine whether the study area is affected by
one or more natural hazards. For example, the
National Environmental Study of Uruguay
‘conducted by the OAS with financial support from
the Inter-American Development Bank determined
in the preliminary mission that natural hazards
were an important environmental problem, and
consequently an assessment of all significant
hazards, to be conducted by reviewing existing
information, was programmed for Phase |.

- Identify the information available for judging the
threat posed by -those hazards in the study area:
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Figure 1-4

INTEGRATED DEVELOPMENT PLANNING PROCESS, NATURAL HAZARD MANAGEMENT,
AND THE PROJECT CYCLE

NATURAL HAZARD MANAGEMENT

nunmzmo>» L r»—

I—zo-—-—c>n-——q-—-=

INFORMATION

INTEGRATED DEVELOPMENT PLANNING

PROCESS

HAZARD ASSESSMENTS

- Location, severity and

probability of occurrence
of a natural hazard
within a specific time in
a given area

Awareness of natural
hazards in the
study area
Understanding that
information

is missing or needed
Provision for
obtaining such
information

PRELIMINARY MISSION

- ldentification of target
areas for development

- Collection of basic information
including natural hazards data

- Determination of weight to be
assigned to natural hazards

- Preparation of project agreement

PROJECT PREPARATION
CYCLE

PROJECT IDEA

VULNERABILITY ASSESSMENTS

- ldentification of

vulnerable human
settlements, production
facilities and critical
facilities

Identification of
constraints posed by
natural hazards

in the study area

PHASE 1: DEVELOPMENT DIAGNOSIS

- Evaluation of natural resources
including natural hazards

- ldentification of critical
issues, project preparation

- Socioeconomic and institutional

- Project identification

diagnosis

- Collection of natural hazard
vulnerability and risk
information

- Generation of development
strategies

Identification of
vulnerability and -
risk in specific

site selection -

ldentification of

risk in existing -

support facilities

RISK ANALYSIS

Determination of
expected number of Llives
lost, persons injured,
damage to property, and
disruption of economic
activities

PHASE II: PROJECT FORMULATION

Formulation of multisectoral
development strategies
Production of hazard-multihazard

PROJECT PROFILE

- Generation of project issues
- Preparation of project profile

PRE-FEASIBILITY

maps
Preparation of vulnerability
and risk studies

Selection of best project
options and mitigation measures
Preparation of packages of
investment projects

- Project formulation
- Review of technical and
economic viability

FEASIBILITY

Adoption of
vulnerability
reduction strategies
Emergency preparedness [—
and response plans

IMPLEMENTATION PHASE

- Implementation of development
strategies: institutional,
financial, and technical

- Preparation of final report

- Preparation of procedures for
implementation of non-structural
and structural measures and
long-term monitoring

- Detailed formulation
- Final appraisal of
selected projects

IMPLEMENTATION

- Implementation of selected
investment projects




history of hazardous events; disaster and damage
reports; assessments of hazards, vulnerability,
risk; maps and reports on natural resources and
hazards; topographic maps, aerial photographs,
satellite imagery. :

Determine whether the available data are sufficient
to evaluate the threat of hazards. If they are not,
determine what additional data collection, hazard
assessment, remote sensing, or specialized
equipment will be needed for the next stage of the
study. For example, in preliminary missions in
Dominica, Saint Lucia, and St. Vincent and the
Grenadines, landslides were determined to be a
serious problem, and landslide assessments were
included in the work plan for Phase I.

Determine whether the studies required would
serve more than one sector or project. If so,
establish coordination.

Establish coordination with the national institution
responsible for disaster planning.
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- Prepare an integrated work plan for Phase | that
specifies the hazard work to be done, the expertise
needed, and the time and cost requirements.

b. Phase I: Development Diagnosis

In Phase |, the team analyzes the study region

.and arrives at detailed estimates of development

potentials and problems of the region and selected
target areas. From this analysis a multisectoral
development strategy and a set of project profiles are
prepared for review by government decision-makers.
Phase | also includes a detailed assessment of natural
hazards and the elements at risk in highly vulnerable
areas which facilitates the early introduction of non-
structural mitigation measures. During this phase the
team will:

- Prepare a base map.
- Determine the goods, services, and hazards of the

region’s ecosystems. Identify cause-and-effect
relationships between natural events and between
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"natural events and human activity. In the hilly
Chixoy region of Guatemala, for example, it was
found that inappropriate road construction
methods were causing landslides and that
landslides, in turn, were the main problem of road
maintenance. In Ecuador, the discovery that most
of the infrastructure planned for the Manabl Water
Development Project was located in one of the
country’s most active earthquake zones prompted
a major reorientation of the project.

- Evaluate socioeconomic conditions and
institutional capacity. Determine the important
linkages between the study region and neighboring
regions.

- Delineate target areas of high development
potential, followed by more detailed natural
resource and socioeconomic studies of these
areas.

- In planning the development of multinational river
basins or border areas where a natural disaster
could precipitate an international dispute, make an
overall hazard assessment as part of the resource
evaluation. Examples of such studies include
those for the development of the San Miguel-
Putumayo River Basin, conducted in support of
the Colombia-Ecuador Joint Commission of the

Amazon Cooperation Project, and for the
Dominican Republic and Haiti Frontier
Development Projects.

- Conduct assessments of natural hazards

determined to be a significant threat in the study
region. For hurricanes and geologic hazards, the
existing information will probably suffice; if the
information on geologic hazards is inadequate, an
outside agency should be asked to conduct an
analysis. -For flooding, landslides, and
desertification, the planning team itself should be
able to supplement the existing information and
prepare analyses. The studies of the Honduran
departments of Atlantida and Islas de la Bahia
included flood hazard assessment as part of the
coastal area development plan and landslide
hazard assessments for some of the inland areas.

- Conduct vulnerability studies for specific hazards
and economic sectors. Prepare lifeline maps,
hazard zoning studies, and multiple hazard maps
as required. The study of the vulnerability of the
Ecuadorian agriculture sector to natural hazards
and of ways to reduce the vulnerability of lifelines
in St. Kitts and Nevis, for example, both generated
project ideas which could be studied at the
prefeasibility level in Phase ll. The study of
the Paraguayan Chaco
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desertification assessments and multiple-hazard
zoning. The execution of these hazard-related
activities did not distort the time or cost of the
development diagnosis.

- ldentify hazard-prone areas where intensive use
should be avoided.

- Prepare a development strategy, including non-

structural mitigation measures as appropriate.

- Identify project ideas and prepare project profiles
that address the problems and opportunities and
that are compatible with political, economic, and
institutional constraints and with the resources and
time frame of the study.

- ldentify structural mitigation measures that should
be incorporated into existing facilities and
proposed projects.

- Prepare an integrated work plan for the next stage
that includes hazard considerations.

c. Phase ll: Project Formulation
and Action.Plan Preparation

At the end of Phase | a development strategy and
a set of project profies are submitted to the
government. Phase Il begins after the government
decides which projects merit further study. The team
now makes prefeasibility and feasibility analyses of the
projects selected. Refined estimates are made of
benefits (income stream, increases in production,
generation of employment, etc) and costs
(construction, operation and maintenance, depletion of
resources, pollution effects, etc.). Valuative criteria are
applied, including net present value, internal rate of
return, cost-benefit ratio, and repayment possibilities.
Finally, the team assembles packages of investment
projects for priority areas and prepares an action plan.
More detail on this phase is given in the section on
Hazard Mitigation Strategies for Development Projects,
but broadly speaking the team must:

- Examine the human activities that could contribute

to natural hazards (e.g., irrigation, plowing in

. the dry season, and animal husbandry could cause

or exacerbate desertification) and the social and

cultural factors that could influence project
vulnerability during and after implementation.

- Determine the levels of technology, credit,
knowledge, information, marketing, etc., that it is
realistic to expect will be available to the users of
the land, and ensure that the projects formulated
are based on these levels.



Prepare site-specific vulnerability and risk
assessmentsandappropriatevulnerability reduction
measures for all projects being formulated. For
example, the multimillion-dollar program for the
development of the metropolitan area of

Tegucigalpa, Honduras, featured Ilandslide
mitigation components. Flood alert and control
projects were central elements in the

comprehensive Water Resource Management and
Flood Disaster Reconstruction Project for Alagoas,
Brazil.

Mitigate the undesirable effects of the projects,
avoid development in susceptible areas,
recommend adjustments to existing land use and
restrictions for future land use.

Examine carefully the compatibility of all projects

and proposals. :

Define the specific instruments of policy and
management required for the implementation of the
overall strategy and the individual projects; design
appropriate monitoring programs.
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d.

Implementing the Study Recommendations

The fourth .stage of the development planning

process helps implement the proposals by preparing
the institutional, financial, and technical mechanisms
necessary for successful execution and operation.
Efforts made to consider hazards in previous stages

will

be lost unless mitigation measures are closely

adhered to during the projects’ execution. Either the
planning agency or the implementing agency
should:

Ensure that suitable hazard management
mechanisms have been included in all investment
projects; provide for monitoring of construction to
insure compliance with regulations, and for on-
going monitoring to ensure long-term compliance
with project design.

Ensure that national disaster management
organizations have access to the information
generated by the study. Point out hazardous
situations for which the study did not propose
vulnerability reduction measures.
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- Arrange for the continuing collection of hazard data

and the updating of information of planning and

emergency preparedness agencies.

- Prepare legislation mandating zoning codes and -

restrictions, building and grading regulations, and
any other legal mechanisms required.

- Include adequate financing for hazard mitigation
measures.

- Involve the private sector in the wvulnerability
reduction program.

- For community-based vulnerability reduction
programs, establish national training and hazard
awareness programs for town and village residents,
a feature of OAS technical assistance programs for
Saint Lucia and Grenada.

- Generate broad-based political support through the
media, training programs, and contacts with
community organizations. Use products of the
studies (photos, maps, charts, etc.) for mass
communication. Use personnel who participated
in the studies in public meetings to promote the
concept of vulnerability reduction.

- Accelerate the implementation of projects that
include hazard mitigation considerations; if budget
cutbacks occur, reduce the number of projects
rather than dropping the hazard mitigation
components.

3. ADVANTAGES OF INTEGRATED
DEVELOPMENT PLANNING FOR
HAZARD MANAGEMENT

Even though integrated development planning and
hazard management are usually treated in Latin
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America and the Caribbean as parallel processes that
intermix little with each other, it is clear that they
should be able to operate more effectively in
coordination, since their goals are the same--the
protection of investment and improved human well-
being--and they deal with similar units of space. Some
of the advantages of such coordination are the
following:

There is a greater possibility that vulnerability
reduction measures will be implemented if they are
part of a development package. The possibility
increases if they are part of specific development
projects rather than stand-alone disaster mitigation
proposals. Furthermore, including vulnerability
reduction components in a development project
can improve the cost-benefit of the overall project
if risk considerations are included in the evaluation.
A dramatic example is the case study on
vulnerability reduction for the energy sector in
Costa Rica.

Joint activities will result in a more efficient
generation and use of data. For example,
geographic information systems created for hazard
management purposes can serve more general
planning needs.

The cost of vulnerability reduction is less when it
is a feature of the original project formulation than
when it is incorporated later as a modification of
the project or an "add-on" in response to a "hazard
impact analysis." It is even more costly when it is
treated as a separate ‘“"hazard project,”
independent of the original development project,
because of the duplication in personnel,
information, and equipment.

Exchanging information between planning and
emergency preparedness agencies strengthens
the work of the former and alerts the latter to



elements whose vulnerability will not be reduced
by the proposed development activities. In the
Jamaica study of the vulnerability of the tourism
sector to natural hazards, for example, solutions
were proposed for most of the problems identified,
but no economically viable solutions were found
for others. The industry and the national
emergency preparedness agency were sowarned.

- With its comprehensive view of data needs and
availability, the planning community can help set
the research agenda of the science and
engineering community. For example, when a
planning team determines that a volcano with
short-term periodicity located close to a population
center is not being monitored, it can recommend a
change in the priorities of the agency responsible.

- Incorporating vulnerability reduction into
development projects builds in resiliency for the
segment of the population least able to demand
vulnerability reduction as an independent activity.
A clear example of this situation was the landslide
mitigation components of the metropolitan
Tegucigalpa study: the principal beneficiaries were
the thousands of the city’s poor living in the most
hazard-prone areas.

D. Hazard Management in
Selected Economic Sectors

The managers of public and private sectoral
agencies share a concern about the vulnerability of
their sectors to hazardous events: What hazards
threaten which services? Where are the weak links?
How much damage might be done? How would the
damageaffect sector investment, income, employment,
and foreign currency earnings? What is the impact of
losing x service in y city for z days? What investment
_ in mitigation would resolve that problem? What is the
cost/benefit of that investment? In the experience of
the OAS the sectors that can benefit most from
vulnerability assessments are energy, transport,
tourism, and agriculture, since these sectors typify
problems of disaster impact faced by developing
countries.

Presented below are case studies of hazard
assessments for the energy sector, the tourism sector,
and the agriculture sector. The section ends with
some strategies for conducting such assessments for
selected economic sectors.

1. ENERGY IN COSTA RICA

In 1989 the Costa Rican Sectoral Directorate of
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Energy asked the OAS to assist in analyzing the
vulnerability of the energy sector to natural hazards.
The study first defined the nature of possible impacts.
These included:

- Loss of infrastructure; associated investment
losses

- Loss of income to the sector from forgone energy
sales

- Effect on the production of goods and services;
associated losses of ernployment income

- Loss of foreign exchange

- Negative impact on the quality of life

It was clear that the study would have to cover not
only the energy subsectors, but also the service and
economic sectors that could affect or be affected by
energy supply. Thus it included the electric power
system, the hydrocarbon system, railroads, roads,
telecommunications, the metropolitan aqueduct, and
the major economic production sectors. Existing
information was analyzed for earthquakes, volcanic
eruptions, landslides, hurricanes, flooding, drought,
and erosion.

To evaluate the vulnerability of each facility, the
study used two methods simultaneously: field
examination and the preparation of a geographic
information system which could overlay each hazard
with each energy and service system. Figure 1-5
shows one of the GIS overlays: landslide threats to
transmission lines. Matrices prepared to show impacts
were rated as follows:

- No impact
- Potential threat, major or minor
- Confirmed threat, major or minor

A rapid examination of the threats yielded a
number of serious problems. The confirmed major
impacts caused by each hazard in each sector are
shown in Figure 1-6. The most important problems
were studied in greater detail and actions to deal with
them were recommended. Some examples follow.

- The worst event would be a strong earthquake or
volcanic eruption that breached Arenal dam
or crippled the Arenal and Corobici hydroelectric
plants, cutting off half of the hydropower in the
country. The probability of such an event is low,
but the magnitude of the catastrophe is so great
it has to be planned for. The report recommended
contingency plans for emergency generation and
the establishment of new power plants outside the
Arenal system.

- Two critical substations and two transmission lines
arethreatened by earthquakes, landslides, volcanic
eruptions, flooding, and severe windstorms. The
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Figure 1-5
COSTA RICA: ENERGY SECTOR VULNERABILITY TO LANDSLIDE HAZARDS

Nicaragua

Caribbean
Sea

Legend
== Central Ring
wew  Transmission Line: 138 KV
s#s¢  Transtnission Line: 230 KV
0  Substation

ﬁiﬁ% Areas of Landslide Potential

mm Transmission Lines in Areas
of Landslides

Source: Adapted from Departamento de Desarrollo Regional/Organizacién de los Estados Americanos (OEA) and Direccién Sectorial de
Energfa/Ministerio de Recursos Naturales, Energia y Minas de Costa Rica (MIRENEM). Amenazas Naturales y la Infraestructura
Energética de Costa Rica (San José, Costa Rica: unpublished report, 1989).
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Figure 1-6

NUMBER OF CONFIRMED MAJOR IMPACTS OF NATURAL HAZARDS
ON ENERGY FACILITIES IN COSTA RICA

Electric Power Subsector 0il and Gas Subsectorgl Transport Sector
Hydropower| Thermal |Transmission| Substations| Refinery | Pipelines |Railroads|Roads
plants plants lines
Earthquakes -- -- -- 15 -- 1 -- 3
b

Landslides-/ -- -- 15 8 -- 4 6 15
Hurricanes

Flooding -- 1 4 4 -- .- 4 -

Wind -- -- 4 2 1 -- 4 .-
River flooding 1 1 4 2 -- -- 7 1
Erosion -- -- -- - -- -- 2 --

&/ No confirmed major impacts on port or substations

Y Caused by earthquakes, volcanic eruptions, flooding, hurricanes

Source: Adapted from Departamento de Desarrollo Regional/Organizacién de los Estados Americanos (OEA) and Direccién Sectorial
de Energia/Ministerio de Recursos Naturales, Energia y Minas de Costa Rica (MIRENEM). Amenazas Naturales y la
Infraestructura Energética de Costa Rica. (San José, Costa Rica: unpublished report, 1989).

multiple hazards make the probability of
occurrence moderate, and the loss of any of these
components would cut off power from the Arenal
system to the central region. The report
recommended building an alternate transmission
line that would bypass the four components.

- Landslides periodically damage one segment of
the railroad that carries heavy petroleum
derivatives from the refinery on the Atlantic Coast
to a critical substation in San José. Since having
the substation out of commission for a long time
would be a major catastrophe for the region and
rerouting the railroad would be too expensive, the
report recommended equipping a West Coast port
with facilities for handling a substitute supply which
could be trucked to San José.

The Government found the recommendations valid
and is now seeking financing for feasibility studies of
the most critical ones. It is noteworthy that so many
serious problems could be identified in a three-month
study and, more importantly, that many were amenable
to mitigation by relatively modest investments.
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2. TOURISM IN JAMAICA

The geographic and climatic setting of the
Caribbean and the siting of tourism projects on or near
the beaches combine to make Caribbean tourism
especially vulnerable to disruption from natural
disasters. In the island countries hurricanes are the
most damaging hazard, but land-based flooding,
landslides, earthquakes, and wildfires also exact a
toll.

Direct damage caused by Hurricane Gilbert to
property and equipment of the tourism industry
amounted about US$85 miillion. The indirect damage
was much greater. In foreign exchange alone the cost
from September to December 1988 was US$390 million
--a particularly painful loss since the foreign exchange
was needed to finance recovery programs. The
temporary closing of hotels for repairs meant fewer
visitors to the island, causing other indirect effects
such as loss of income for the national airline and
reduction in employment and the purchase of local
goods and services.
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The vulnerability of the tourism industry is not
confined to its own capital stock, as was demonstrated
by the Jamaican experience. Damage to roads,
utilities, airports, harbors, and shopping centers also
affected the industry. Conscious of the need to
minimize damage from future events, the Government
of Jamaica requested OAS technical cooperation in
preparing an assessment of the vulnerability of the
tourism sector to natural hazards and recornmending
mitigation actions.

The assessment disclosed that much of the
damage to tourism facilities, as to other buildings, was
due to lack of attention to detail in construction and
maintenance, particularly in roof construction. Roof
sheeting was poorly interlocked. Tie-downs of roof
structures were inadequate. Nail heads were rusted
off. Timber strength was reduced by termites, and
metal strength by corrosion. Much glass was
needlessly blown out because of faulty installation and
poor design criteria, but also because windows were
not protected from flying debris. Drains clogged with
debris caused excessive surface runoff, resulting in
erosion and scouring around buildings. Local water
shortages developed because the lack of back-up
generators prevented pumping. Although a major
contributor to the damage, faulty building practices
and maintenance deficiencies are easy to correct: it
was calculated that proper attention to these matters
would have increased the cost of construction less
than 1 percent.

Long-term mitigation measures were also
identified. The study recommended the protection of
beach vegetation, sand dunes, mangroves, and coral
reefs, all of which help to protect the land from wave
and wind action. New construction sites should be
evaluated for susceptibility to hazards. Setback
distance from the shore should be enforced, and the
quality of sewage outfall should be maintained to
protect live coral formations.

In short, the preliminary study, conducted in one
month, identified a number of possible actions that
would substantially reduce the impact of future
hurricanes and other natural hazards. The preliminary
analysis indicated that many of these actions would
have a high cost-benefit ratio. Subsequently, Jamaica
requested IDB financing to undertake feasibility
analyses of these proposals and to implement them.
The ultimate objective of this work is for the tourism
sector to arrive at a “practical and effective loss
reduction strategy and program in response to the
risks posed by natural disasters to the industry."

3. AGRICULTURE IN ECUADOR

In Ecuador, as in most Latin American and
Caribbean countries, agriculture is one of the most
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important sources of income, employment,
investments, and foreign exchange earnings.
However, it is perhaps the most vulnerable and least
protected sector in terms of infrastructure and
institutional support to cope with natural hazards. In
the floods caused by the El Nifio phenomenon in 1982-
83, for example, the agricultural sector suffered 48
percent of the US$232 million in damage.
Furthermore, besides generating inflationary pressures
on domestic prices, the disaster had a significant
impact on the balance of payments due to the loss of
export crops and the need to import basic food
products to compensate for domestic production
losses (ECLAC, 1983).

In 1990, the Ministry of Agriculture asked the OAS
to assist in evaluating the wvulnerability of the
agricultural sector to natural hazards and identifying
appropriate mitigation strategies to reduce it to
acceptable levels. These strategies would be identified
as project ideas or project profiles, some of which
would be selected by local officials to be further
studied and evaluated to determine their economic
and technical viability.

The study, conducted at the national level, first
defined 14 of the most important crops, grouped in
three categories: basic food crops, strategic crops,
and export crops. Key infrastructure support elements
for the production, processing, storage, transportation,
and distribution of agricultural products were also
defined and geographically located. This information
was overlaid in a geographic information system (GIS;
see Chapter 5) with information on drought, erosion,
floods, landslides, volcanic eruptions, and seismic
hazards.

By relating province-level socioeconomic data to
potential affected areas, the study was able to
determine the impacts of natural events in terms of
sectoral income, employment, investments, foreign
exchange earnings, and national food security. On
the basis of these criteria, 49 different situations were
selected as the most critical. It was found, for
example, that erosion hazards in Carchi Province
would affect in the medium to long run 11,750 ha of
the potato-growing area, which accounts for more than
43 percent of the national production and for 40
percent and 80 percent, respectively, of the
employment and income produced by the sector in
the province.

The most serious problems according to each of
the five criteria were identified, and policy options that
would achieve the best gains were established. It was
determined, for example, that policies oriented to avoid
unemployment should seek to mitigate flood hazards
in Guayas Province and erosion hazards in
Tungurahua Province. To protect foreign exchange



earnings, the most effective actions would be to
protect banana production in El Oro Province against
drought hazards and to mitigate flood hazards in
Guayas Province, especially in areas used for coffee
and banana production.

Possible mitigation strategies were also identified
as part of the study and planned or on-going programs
and projects in the Ministry of Agriculture and other
institutions were identified as suitable for carrying
out some of these mitigation strategies and more
detailed studies. A report describing the major
findings and recommendations was prepared and
subrnitted to the government for review. Based on
these recommendations a US$317,000 technical
cooperation proposal for hazard mitigation activities
within the sector has been prepared by the
Government and is to be presented to outside
agencies for financing.

4. STRATEGIES DERIVED
FROM THE CASE STUDIES

The following observations are common to many
sectors. Of course, many additional strategies apply
to individual sector studies.

Sectors are useful units of analysis for examining
hazard assessment and vulnerability reduction issues.
Sectors are recognizable and legitimate program
subjects. Banks make loans on the basis of sectors.
A sectoral approach fits the organizational structure
of both international finance agencies and national
governments. The knowledge and experience of most
technical professionals is built around a sectoral
approach. Information for the development diagnosis
(Phase | of an integrated development planning study)
is collected and analyzed on a sectoral basis. Sectoral
studies need not be restricted to economic sectors:
urban and rural sectors and the poor also make valid
units of study.

Vuinerability reduction measures can be cost-effective,
either as stand-alone projects or, more commonly, as
component elements of overall sector development
programs. Including such measures can improve the
cost-benefit ratio of investment projects.

Sector vulnerability studies are a new approach which
can be considered for inclusion in development
diagnosis (Phase I) studies. Initial national-level
studies allow for a quick and low-cost assessment of
policies and projects at a profile level that can be
examined in greater detail later.

Sectoral studies reveal previously unrecognized
linkages between disasters and development. Often
a sector is unaware of its role in the lifeline or critical
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facilities network. In many cases it has no strategy
for dealing with abnormal situations resulting from any
exogenous event. The complex interrelationships
among the components of some sectors make it
difficult to cope with the impact of a natural event.
This is particularly true when the sector is more
concerned with one set of components, such as the
production or generation of power, than with another
set such as transmission, distribution, and storage.
Furthermore, sectors usually do not have an adequate
understanding of the effect a curtailment of service
can have on other sectors.

A sector may have to select between competing
objectives to arrive at a vulnerability reduction strategy.
Criteria that define those competing objectives include
investment in the sector, income stream, export
earnings, employment, and sector security. The cost
of a component may be disproportionate to the impact
of its loss as measured by one of these criteria.

E. Implementing the
Recommendations: Strategies
for Develyment Assistance
Agencies’

The different categories of development assistance
agencies (technical cooperationagencies, bilateral and
multilateral lending agencies) each have a potential
role in supporting the assessment and mitigation of
natural hazards. Technical cooperation agencies such
as the OAS support institution-building, research,
planning, and project formulation as requested. Their
financial impact and their political or technical leverage
are limited. But their contribution to natural hazard
assessment and mitigation in regional and sectoral
planning, project identification, and prefeasibility
studies is important.

Bilateral agencies such as AID, CIDA, and the
members of the OECD Development Assistance
Committee provide funds for projects as well as for
technical cooperation. Most bilateral funds are
concessional, and financial returns are less important
to these agencies than to the development banks.
They can exert considerable leverage over projects
they fund.

Y This section is largely extracted from a previous OAS
document, “Incorporating Natural Hazards Assessment and
Mitigation into Project Preparation,” published by the
Committee of International Development Institutions on the
Environment (CIDIE) in 19889.
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The multilateral development banks, mainly the
World Bank and the regional development banks, fund
development projects but are also increasingly
involved in sector policies, institutional strengthening,
program lending, and structural adjustment. The
domina nt factors that shape their lending programs
are the financial and economic soundness of an
investment and the creditworthiness of the borrowing
institutions.  Within these parameters they can
significantly influence hazard mitigation issues.

The conditions for increasing national and
international attention to disaster mitigation issues may
be stated as follows:

- The more developed a country's planning
institutions and processes, the more easily natural
hazards assessment and mitigation issues can be
adopted.

- The more experience a country has gained in
hazards assessment and mitigation issues can be
adopted.assessing  specific  hazards, often
following a major disaster, the more likely it will be
to request assistance for continuing such
assessments.

- The more scientific, engineering, and prevention-
related information available to countries and to
donors, the easier it will be to apply natural
hazards assessment and mitigation to individual
programs and projects.

- The more experience governments and donors
have concerning the kinds of mitigation measures
that are most cost-effective and implementable,
the less reluctant they are to include such
measures in projects.

- The more experience and confidence there is in
evaluating mitigation measures at various decision
points in the project cycle, the more likely it is that
the staffs of both the national and the assistance
agencies will be prepared to undertake the
analysis.

1. TECHNICAL COOPERATION AGENCIES

For technical cooperation agencies such as the
OAS, the activities that should be included in a
strategy for promoting natural hazards assessment
and mitigation are:

- Support for national planning institutions. Unless
they have the institutional capacity to incorporate
natural hazards information into the planning
process on an inter-sectoral basis, governments
are not likely to show any enthusiasm about
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looking at individual investment projects from this
perspective.

- Support for pilot projects. By initiating natural
hazards assessments on a pilot basis, it is possible
to demonstrate how to do them and what
mitigation measures can be proposed, and thereby
generate further demand when governments
request project funding from donors.

- Support for establishing an information base.
Once the information necessary for natural hazard
assessments is available, its implications for
individual investment projects become difficult to
ignore.

- Linkage with relief and reconstruction efforts. In
the aftermath of disasters it is easier than it would
otherwise be to interest governments and
development assistance agencies in natural
hazards assessment and mitigation.

- Hazards assessment in sector planning. By
building natural hazards assessment into the
planning of the agriculture, energy, housing,
tourism, transportation, and other sectors, it should
be possible to focus attention on hazards in
relation to various types of projects before specific
investments are identified.

- Inclusion of financial and economic aspects of
hazards in project preparation methods.
Estimating the benefits of avoiding direct losses
from natural hazards and the costs of appropriate
non-structural mitigation measures will make it
easier to examine their true importance in
individual investment projects. An awareness of
the investment losses and repair costs to
governments and the private sector, and the
distribution of these costs and damages, is likely
to increase sensitivity to the issue among all
concerned.

- Case studies of project design principles or
components aimed at natural hazard mitigation.
Examples of relevant experiences--liability and
insurance schemes forinvestments, property rights
designed to create incentives for hazard mitigation,
subsidies for mitigation measures, institutional
responsibility for coordinating disaster relief with
hazard assessment and mitigation, etc.--will show
how funding activities can be made more
responsive to natural hazards.

The OAS has initiated programs in all these
activity areas though direct technical cooperation,
training, applied research, and participation in
international conferences and workshops. But the
need for such activities is much greater than present



resources allow. Financing agencies must also
become more involved.

2. CONVINCING FINANCING AGENCIES

A strategy to promote natural hazards assessment
and mitigation must also find means of inducing the
cooperation of the agencies that actually fund the
investment projects. There are three elements that
may offer this inducement: (1) a change in the
context in which the donors perceive the
governments and collaborating technical
cooperation agencies to be addressing natural
hazard assessment and mitigation issues; (2)
incentives for analysis; and (3) the assignment of
accountability for losses.

a. A Change in Context

Changing the context in which lending and donor
agencies perceive natural hazard assessment and
mitigation to be taking place includes most of the
activities that the OAS is already promoting: assisting
governments in regional planning, pilot natural hazards
assessments, assistance for information systems,
increasing the quality of project identification, and
building the appropriate mitigation measures into pre-
investment activities. Further development of these
activities raises three strategic questions: What can
be done that is most cost-effective in terms of
improving both the commitment and the technical and
institutional capacity for hazard assessment in a
country? What outputs can be generated that are
most likely to appeal to donors and therefore bridge
the gap between hazard assessment and project
preparation? What cooperative mechanisms can be
developed between the technical assistance and donor
agencies that will help reach the first two goals?

In response to the first question, implementation
of the following ideas seems necessary:

- Focus on priority hazards. Efforts should be
concentrated on assessing hazards that are
sufficiently urgent to generate the necessary
cooperation. Trade-offs must be made between
the need for specific information and broad
research interests.

- Focus on priority sectors. Losses in some sectors
are likely to have greater immediate significance
to governments and economic interests than in
others, and it seems prudent to try to generate
institutional support for attention to these.

- Choose simple and practical information
collection and analysis systems. The burden of
data collection and management often consumes
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all available technical and institutional capacity and
resources, leaving none for decision-making and
implementation.  Information systems should
reflect realistic priorities for hazards and the
development activities that are affected.

As to the second question, the following guides
should be used:

- Early identification and integration of mitigation
issues. Mitigation measures built into projects
from the earliest preparation stages are more likely
to receive adequate review.

- Practical and cost-effective solutions to recurrent
problems. For certain types of projects such
solutions are less likely to be rejected if it can be
shown that situations to which they are applicable
are common.

- Commitment to implementation. Confidence in
hazard mitigation is higher if governments appear
committed to carrying it out.

As to the third question, the following ideas are
suggested:

- Pooling of resources. Donor and technical
assistance agencies should maketheir professional
staff available for joint missions at varying stages
of the project cycle.

- Exchange of experiences. Technical assistance
agency representatives should periodically present
case-study and other training material on the
design and implementation of natural hazard
assessment and mitigation techniques in project
formulation taken from real field experiences. In
turn, as their capability in this area improves, the
donor agency staffs should present their policies,
programs, and project evaluation criteria.

- Government institutional support. Natural hazard
assessment and mitigation should be routinely
included in staff development and training
programs in conjunction with project formulation
activities.

b. Incentives for Analysis

The project staff of a development financing
agency will resist any requirement to incorporate
natural hazards into project preparation and analysis
unless it fits into the existing review mechanisms and
appraisal methods. Various ways to promote this
consistency exist:

- Provide reusable information. Agencies should
set guidelines to alert their staffs to specific
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hazards, and give them examples of appropriate
mitigation measures and implementation
requirements. This approach depends on the
institution of mechanisms to ensure that the
guidelines are followed routinely.

- Integrate hazard concems into existing review
mechanisms such as programming missions,
project identification reports, reconnaissance
surveys, and project appraisal. Hazards will
inevitably be one of many factors to be taken into
account, and there is a danger that they will be
overlooked if they are not made part of the
standard format.

- Promote proven mitigation measures in relation
to specific types of projects. Design standards,
insurance schemes, diversification of crops,
feasibility of hazard-resistant crops or designs are
examples. Project staffs are more likely to become
enthusiastic about positive project opportunities
than about review mechanisms.

- Incorporate the costs and benefits of hazards
mitigation into economic appraisal. This makes
sense to the extent that decisions are made on
the basis of economic returns, that the information
on which to base the economic calculations is
available, and that the analysis is geared towards
improving project design. It is hard to generate
support for a new activity unless it can be justified
on the basis of financial and economic returns.
From this point of view, it is an advantage to be
able to show that hazard mitigation can save
financial and economic costs in the conventional
cost-benefit framework.

- Sensitize project staff members. This is especially
important for project staff responsible for hazard-
prone regions and sectoral advisers responsible
for hazard-sensitive sectors. Training, cooperation,
and publicity can contribute to making project staff
more aware of the issue. This, probably more than
any other factor, can offset the institutional and
financial resistance to hazard assessment and
mitigation on the part of governments and the
development financing agencies alike.

c. Assignment of Accountability for Losses

The concern of development financing agencies
for natural hazard assessment and mitigation depends
on the degree to which projects they help plan or fund
suffer losses from natural disasters. There are number
of ways to assign accountability:
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- Study,

- Evaluate losses from natural hazards not only in

the context of the ' creditworthiness of the
government or a particular sector, but also of the
donor’'s program area and its project design and
loan repayment performance.

discuss, and publish evaluations in
instances where losses have been incurred for
projects that failed to consider or evaluate hazard
mitigation measures.

- Promote professional standards on the part of the

engineers, agronomists, or others responsible for
planning and executing development projects that
include natural hazards assessmentand mitigation.
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NATURAL HAZARD RISK REDUCTION IN
PROJECT FORMULATION AND EVALUATION

A review of existing investment projects in Latin
America and the Caribbean indicates that those in the
agricultural sector are generally undertaken with little
or no consideration of natural hazards. Hazards affect
agricultural projects more than any other sector.
Considering the estimated US$670 billion in
investments that will be necessary in this sector
between 1980 and the year 2000 (FAO, 1981), there is
a great need for an improved understanding of natural
hazards, their assessment, and their management.

A combination of geographic location, climatic
conditions, and limited capabilities for natural hazard
assessment and disaster mitigation makes Third World
nations more susceptible to the disasters natural
hazard events pose than post-industrialized nations.
Furthermore, the agricultural sector in these countries
is often the most vulnerable and least able to cope with
natural hazards in terms of infrastructure and
institutional support.

In the following discussion, emphasis is placed on
the need to apply the methods described in the
formulation stage of new investment projects, rather
than in the review of already prepared projects.

A. Natural Hazards in Perspective

1. HISTORICAL DISASTERS AND
AGRICULTURAL LOSSES

Data from a variety of sources indicate that
approximately 90 percent of all natural disasters
worldwide occur in developing countries (Long, 1978).
Recent Latin American and Caribbean examples
illustrate the magnitude of the problem. When
Hurricanes David and Frederick struck the Dominican
Republic in 1979, they caused an estimated US$342

million in damage to the agricultural sector (UNDRO,
1980), destroying 80 percent of all crops and 100
percent of the banana crop. As a result, agricultural
production fell 26 percent in 1979 and continued to be
down 16 percent in 1980. Agriculture accounts for 37
percent of the country’s gross domestic product and
employs 40 percent of the labor force (USAID/OFDA,
1982). In 1984, the worst floods in Colombia in a
decade caused an estimated US$400 million. in
damage to crops and livestock, while floods in
Ecuador in 1982 and 1983 shrank the value of the
banana crop by US$4.3 million (UN/ECLA, 1983).

In short, from 1960 to 1989 natural disasters
caused over US$54 billion in physical damage in Latin
America and the Caribbean. While the information
available on the amount of national and international
funds committed to reconstruction in response to each
disaster is limited, the need to redirect funds to post-
disaster work curtailed the -availability of funds
otherwise targeted for new investment.

2. ECONOMY—WIDE EFFECTS OF DISASTERS

Besides the indirect social and economic impacts
on a given region or sector, disasters can affect
employment, the balance of trade, foreign
indebtedness, and competition for scarce development
investment funds. It has even been said that "the effect
of natural disasters in disaster prone developing
countries tends to cancel out real growth in the
countries” (Long, 1978).

Figure 2-1 shows, in simplified fashion, the impact
natural disasters in the agricultural sector can have on
the entire economy. Internally, farm products provide
food for the urban population and primary inputs to
industry. Externally, they are exported and earn
foreign exchange. Earnings from internal and external
markets provide capital for new investment in the
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Figure 2-1

POTENTIAL ECONOMY-WIDE IMPACTS OF NATURAL HAZARDS
IN THE AGRICULTURAL SECTOR IN LATIN AMERICA AND THE CARIBBEAN
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economy. Furthermore, the sector's operation interests, natural phenomena do not constitute hazards

generates an important demand for products from
other sectors (e.g., fertilizers, equipment, and
machinery). Finally, agricultural employment generates
an increased demand for consumption goods and
services from urban sectors. Urban growth and rural
exodus are important considerations in the
management of natural hazards, since they result in
overcrowding of peripheral urban areas and increase
the probability of disasters in these areas as a resuit of
floods, landslides, earthquakes, and other hazards.

3. NATURAL HAZARDS AND
DEVELOPMENT ISSUES

Notwithstanding theterm "natural," a natural hazard
has an element of human involvement. A physical
event, such as a volcanic eruption, that does not affect
human being is a natural phenomenon but not a
natural hazard. A natural phenomenon that occurs in
a populated are is a hazardous event. A hazardous
event that causes unacceptably large numbers of
fatalities and/or overwhelming property damage is a
natural disaster. In areas where there are no human
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nor do they result in disasters. This definition is thus
at odds with the perception of natural hazards as
unavoidable havoc wreaked by the unrestrained forces
of nature. It shifts the burden of cause from purely
natural processes to the concurrent presence of
human activities and natural events.

Figure 2-2 illustrates this approach incorporating
another argument into the discussion: the relationship
of human and economic losses to the severity of an
event and the degree of vulnerability (or survival
capability) of human and economic interests.

The survival capability of projects depends on
many factors. Losses from a severe event may be no
worse or even less than those from a milder event if
the former occurs in an area where both the population
is adequately prepared to respond and the physical
structures are designed and built to withstand its
impact. One of the main differences between losses
suffered by industrialized and less developed countries
is the extent to which natural hazards and mitigation
measures have been considered in the development
planning process.
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Planning systems and planners in developing
countries cannot always be held fully responsible for
the inadequacy of the natural hazard assessment and
mitigation measures implemented (see Chapter 1).
There are several reasons for this. First, much
developmentis based on already existing hazard-prone
scenarios. Second, planners depend on the availability
of hazard information. And last, the planning process
takes place within the prevailing econoniic, political,
social, technological, and cultural parameters of a
society. Mexico City’s vulnerability to earthquakes is
a good illustration. The sprawling city rests on
precarious and deteriorating geological foundations. In
spite of a well documented history of seismic activity,
economic and technological constraints and cornplex
political, social, cultural, and demographic elements
impede the introduction of non-structural mitigation
measures.

On the other hand, planning systems and planners
are responsible for some serious shortcomings of
investment projects in hazard-prone areas. Irrigation
systems, roads, reservoirs, dams, and other
infrastructure facilities are prime examples. In these
cases, where the system of constraints and parameters
is less complex than in urban planning, planners
should be able to incorporate more information and
have greater control over decision-making. But even
where sufficient hazard risk information was available,
projects have been undertaken without minimum
mitigation measures. It is not uncommon for an area
periodically devastated by hurricanes or earthquakes
to be rebuilt again and again in the same way. Other
disasters occur routinely as a direct consequence of
improper human intervention in areas with previously
stable ecosystems. The following box lists the key
elements for Incorporating natural hazards into
agricultural investment projects.

Survival capability depends on many factors, and
mitigation can make a substantial difference in
minimizing the effects of disasters. While planners and
planning systems are not responsible for some
problems associated with natural hazards, they can
exert influence Iin correcting some of the short-
comings. The following section discusses the process
of integrating natural hazard information into the
preparation of investment projects.

B. Basic Concepts: Natural Hazards
and Investment Projects

To facilitate the understanding of the subsequent
sections, several key concepts are defined and
explained below.
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1. PROBABILITY

Probability is the likelihood of occurrence of a
particular event. This is often based on historical
frequency. For example, the probability of a hurricane
in any given year could be 0.1, or 10 percent, if
hurricanes have struck in two of the past 20 years. For
the purpose of decision-making, however, probabilities
are rarely based strictly on historical information but
are usually adjusted to take account of currently
available information may be then referred to as
subjective probabilities. For example, the observation
that tropical storms have recently occurred in other
parts of the world can result in the assignment of a
higher subjective probability to a local storm than
would be indicated by the historical frequency.

2. RISK

Risk Is generally defined as the probability of loss.
In economic terms, this refers to a decline in income
due to losses resulting from a natural hazard. Here risk
will be used more generally to refer to uncertainty in
the variables used in economic planning. For instance,
in assessing the benefits and costs of a planned
irrigation project, prices and yields of agricultural crops
may fluctuate during the life of the project. These
fluctuations can be caused by natural hazard events,
but can also be caused by changing market conditions
and weather cycles.

3. RISK AVERSION

Risk aversion refers to an individual's attitude
toward risk. Most people are risk-averse; that Is, they
are willing to incur some cost to avoid risk. But there
is a wide range in degrees of risk aversion
(Binswanger, 1980, and Young, 1979). In other words,
to avoid a given level of risk, some people will pay
more than others.

4. RISK ASSESSMENT

Risk assessment refers to the quantification of a
risk. It requires a determination of both the
consequences of an event and the likelihood of its
occurrence. For example, a risk assessment of the
potential economic effects of an earthquake on an
agricultural project would require an estimate of its
impact onfarming activities and structural components,
and of the probability of earthquakes in the region
during the life of the project.

5. RISK MANAGEMENT

Risk management refers to actions taken to reduce
the consequences or probability of unfavorable events.
Similarly, natural hazard management refers to



activities undertaken to reduce the negative effects of
natural hazards. For example, a farmer may choose to
plant a windbreak along a field to reduce the chances
that wind will damage his sugar crops. While this may
reduce his average income if he has to remove land
from production, he may still do it to mitigate against
an uncertain but potentially damaging storm.

6. INVESTMENT PROJECT

An investment project is the use of capital to
create assets capable of generating a stream of
benefits over time. Agricultural investment projects
include land settlement, agricultural extension,
irrigation, and soil conservation. Projects can be
independent or part of an integrated regional
development package.

C. The Use of Natural Hazard
Information in Investment
Project Preparation

Minimizing the effects of natural hazards on the
agricultural sector, and on an entire economy, can
reduce the vulnerabilities and increase the ability to
survive natural disasters. This can be achieved by
incorporating natural hazard information into the
preparation of agricultural investment projects. How
it is done, and its relationship to an integrated
development study, are discussed in this section.
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Integrated development planning is a multisectoral
and multidisciplinary approach to generating plans and
proposals for economic and social development. |t
brings together issues concerning various sectors and
analyzes them in an integrated fashion vis-a-vis the
needs of the population and the characteristics of the
natural resource base. Appropriate natural resource
use along sound environmental management
guidelines seeks to maximize development
opportunities while minimizing environmental conflicts
(see Chapter 3). The creation of an integrated
development planning study is a complex process,
within which the preparation of investment projects is
only one step. The preparation of planning studies and
investment projects is very similar. That similarity is
often a source of confusion.

An integrated development planning study is
composed of four basic stages: the Preliminary
Mission, Phase | or the Development Diagnosis, Phase
Il or Project Formulation and Action Plan, and
Implementation. (See Chapter | for a detailed
discussion of the four stages of integrated
development planning.) The preparation of investment
projects within the development planning study also
entails four steps: Project Profile, Prefeasibility Analysis,
Feasibility Analysis, and Implementation. The
information needs of the four development planning
study stages are described in the box below.

Although most institutions do not require risk
information in project preparation guidelines except at
the engineering design stage, both integrated
development planning studies and investment project
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preparation are improved when analysts incorporate
natural hazard information into all stages of
development planning. Guidelines for the use of
natural hazard information in project preparation are
listed in Figure 2-3 and discussed below.

1. PRELIMINARY MISSION

Risk information should be introduced at the
earliest stages of project planning. (See Appendix A
for more details on the types of available natural
hazard information.) When this information is included
at the Preliminary Mission stage, the design of the
integrated study and the investment projects can
accommodate risk factors; if the risks are too great,
alternative overall development strategies can be
considered. When risk information is not included until
the feasibility analysis stage, it is usually too late for
anything but remedial actions.
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2. PHASE | - DEVELOPMENT DIAGNOSIS

Natural hazard issues should be considered further
in the development diagnosis stage. Risk maps and
hazard event frequencies should be consulted in order
to identify the area’s problems and opportunities. For
example, a floodplain map produced by remote
sensing techniques would depict areas that are prone
to severe flooding. From the start of the project
planning process, planners might want to avoid
designating these areas for agricultural activities
requiring extensive capital investment and propose
instead an alternative land use less sensitive to
flooding. Or planners might want to consider hazard
mitigation practices to reduce the risk to acceptable
levels. (See Chapter 8 for a discussion of flood hazard
assessments and remote sensing techniques.)

The design of investment projects begins at this
stage with the development of alternative project



profiles. A project profile should include project
objectives and principal characteristics, rough
estimates of costs and benefits, and a preliminary
identification of alternatives for design and
implementation. These activities should reflect the
natural hazard information collected between the
Preliminary Mission and the Development Diagnosis
stages of the integrated development planning study.
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3. PHASE Il - PROJECT FORMULATION AND
DEFINITION OF ACTION PLAN

In Phase [I, investment projects are generated and
selected. This phase includes prefeasibility and
feasibility analyses and is based on a standardized
project formulation methodology. The prefeasibility
analysis involves a preliminary evaluation of the
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Figure 2-3

THE USE OF NATURAL HAZARD INFORMATION IN INVESTMENT PROJECT PREPARATION
WITHIN THE CONTEXT OF INTEGRATED DEVELOPMENT PLANNING STUDIES

INTEGRATED DEVELOPMENT
PLANNING STUDY STAGES

INVESTMENT PROJECT
PREPARATION PROCESS

SPECIFIC NATURAL HAZARDS RELATED ACTIVITIES

PRELIMINARY MISSION

L

Determination of study

areas and interest. Generation of

[ 1

Collection of basic information
including natural hazards issues.
Determination of the weight to be
assigned to natural hazards within
the integrated development study.

Identification of natural hazards
situation in the project area.
Determination of socially acceptable
risk for each hazard.
Collection/preparation of specific
natural hazard risk and vulnerability
information.

Identification and technical analysis
of mitigation measures within the
formulation of projects.

* Appraisal of mitigation measures.

Project(s) appraisal at prefeasibility
level.

* Selection of best project options and

most suitable mitigation measures.

Final economic appraisal considering risk.
Final project(s) design including mitigation
measures (structural and non-structural).

Preparation of project | — - investment
agreement. project ideas
PHASE 1I:
DEVELOPMENT DIAGNOSIS
Regional needs and PROJECT PROFILE
resources diagnosis.
Identification of — Preparation of
critical issues and of project profiles
institutional settings.
PREFEASIBILITY
PHASE 11: PROJECT
FORMULATION & ACTION PLAN Project formulation.
Review of technical
Formulation of regional | —> & economic viability
development strategy -
including institutional,
legal & fiscal support FEASIBILITY
programs. Formulation of
investment projects. —_— Detailed formulation
and final appraisal
of selected projects
IMPLEMENTATION
IMPLEMENTATION
Implementation of the
integrated development Implementation of
strategy: institutional,| —» selected investment)
legal & fiscal programs, projects

& investment projects.

technical and economic viability of a proposed project:
alternative approaches to various elements of it are
compared, the best are recommended for further
analysis, and investment and operating costs are
estimated. The feasibility analysis constitutes the final
determination of the viabilty of the project,
reexamining every aspect of it and refining the estimate
of its benefits (income stream, increases in
production, generation of employment, etc.), costs
(construction, operation and maintenance, depletion of
resources, pollution effects, etc.), and valuative criteria
(net present value, internal rate of return, benefit-cost
ratio, and repayment probabilities).
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Monitoring of construction procedures and
compliance with engineering design of
buildings and structural mitigation measures.
Monitoring of implementation of non-structural
mitigation measures.

Design of long-term monitoring to guarantee
operation of mitigation measures implemented.

*

The design of individual investment projects
should, but in current practice ordinarily does not,
incorporate the following types of natural hazard
information:

- Incidence of hazard risks in the project area

- Incidence of hazard risks in the project’s market
areas and commercialization routes

- Vulnerability of the supply and/or cost of
production inputs (e.g., raw materials, equipment,
energy resources) to natural hazard events

- Vulnerability of the project’s output prices to
natural hazard events



- Vulnerability of physical structures and production
processes to natural hazard events

- Existence of current and/or proposed legislation
that establishes guidelines for natural hazard risk
mitigation in project design

-  Effectiveness and cost of alternative natural hazard
mitigation measures

The critical factor for the successful incorporation
of natural hazard considerations into the project
formulation phase is the ability of project planners to
use hazard information in the design. The identification
of cost-effective mitigation measures that will
significantly reduce risks is of crucial importance. Not
every mitigation measure should be implemented--only
those whose benefits exceed their costs.

Mitigation measures may be structural or non-
structural.  Structural mitigation includes physical
measures or standards such as building codes,
materials specifications, and performance standards for
new buildings; the retrofitting of existing structures to
make them more hazard-resistant; and protective
devices such as dikes. Non-structural measures
typically concentrate on identifying hazard-prone areas
and limiting their use. Examples include land-use
zoning, the selection of building sites, tax incentives,
insurance programs, relocation of residents to remove
them from the path of a hazard, and the establishment
of forecasting and warning systems. Figure 2-4
presents some examples of structural and
non-structural mitigation measures relevant to the
agricultural sector. For a more detailed discussion of
mitigation measures related to specific hazards, see
Chapters 8 through 12,
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A strong case can be made for emphasizing
non-structural measures in developing countries.
Essentially, all structural mitigation measures have a
direct cost that must be added to the project under
consideration. Given the prevailing lack of awareness
of risks from natural hazards, additional costs will
appear unjustified vis-a-vis expected costs and
benefits. This does not mean that non-structural
mitigation measures will add no cost to projects or
society, but that in an area subject to flooding, for
example, the economic and social costs of measures
such as zoning policies and crop insurance are likely
to be much lower than those of large-scale flood
control systems in terms of initial cost, operation, and
maintenance. Furthermore, the agricultural activities
that have been the most affected by natural hazards
are large-scale agricultural development projects.

When project characteristics impede the adoption
of non-structural mitigation. measures, more costly
structural mitigation systems should be explored as a
way to reduce risks to a socially acceptable and
economically feasible level.

4. PROJECT IMPLEMENTATION

The Implementation stage begins once the
investment projects and the action plan of a
development planning study have been determined.
Depending on the nature and scope of the overall
study and of the individual projects selected,
implementation can be simultaneous with or preceded
by the implementation of sectoral and regional support
programs and the development of legal and
institutional frameworks.
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Figure 2-4
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MITIGATION MEASURES FOR THE AGRICULTURAL SECTOR
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The implementation of investment projects is a
critical phase in the successful incorporation of natural
hazard considerations into the development planning
process. All the efforts made in the previous stages
will be lost unless the projects are carefully monitored
throughout the implementation process to ensure that
structural mitigation measures are adhered to and
non-structural mitigation measures have been selected
and adopted.

D. Incorporating Natural Hazards
into Planning and Decision-
Making in the Public Sector

1. ATTITUDES TOWARD THE RISKS
FROM NATURAL HAZARDS

While risk aversion at the individual level is well
documented, the question of whether or not
government institutions should be risk-neutral has been
the subject of controversy. Should risk be considered
in the analysis of public sector projects?

It has been argued that although individuals are
risk-averse, governments should take a risk-neutral
stance because, given that project benefits and costs
are spread over a large number of individuals in the
society, the risk faced by each one is negligible. This
implies that governments should be indifferent between
a high-risk and a low-risk project provided that the two
have the same expected net present value (NPV)
(Arrow and Lind, 1970).

This argument is valid only up to a point. The reality
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" of

developing countries suggests otherwise.
Governmental decisions should be based on the
opportunity cost to society of the resources invested
in the project and on the loss of economic assets,
functions, and products. In view of the responsibility
vested in the public sector for the administration of
scarce resources, and considering issues such as
fiscal debt, trade balances, income distribution, and a
wide range of other economic, social, and political
concerns, governments should must not be risk-
neutral.

Suppose there are two projects under
consideration in a coastal area of a developing
country. The NPV of Project A is US$2 million, and of
Project B US$1.5 million. Because Project A has the
higher NPV, it would be selected if risks were ignored.
However, Project A is vulnerable to floods and its
actual NPV, depending on their frequency and severity,
could be between US$0.5 and US$2.5 million. Project
B is less susceptible to flood damage, and therefore
has an NPV range of US$1.3 to US$1.7 miillion. Since
the returns on Project B are more stable, the
participants directly involved might prefer the project
with the lower NPV. Furthermore, they would probably
be unimpressed by arguments about the merit of
societal risk sharing, since the risk (the variation in
NPV) that their community directly bears from these
projects is rather large.

In practice, most Latin America and Caribbean
governments and their planning agencies lack
awareness of the need to reduce the vulnerability of
investment projects to natural hazards, and tend to
disregard it in their evaluations. Some of the reasons
for this lack of awareness are listed in the following
box.
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National and international banking institutions also
tend toward neutrality in the treatment of risks from
natural hazards. They are generally more concerned
with how macroeconomic and political factors may
affect a government’s overall repayment ability than
with the effect of risk factors on cost recovery. As a
result, loans are routinely made with little or no risk
assessment. While this attitude makes sense for the
bank because it grants loans against overall
government credit worthiness and does not share the
risk of any individual project, it does not necessarily
make sense for borrowing nations.

2. ESTABLISHING EVALUATION
CRITERIA AND PRIORITIES

In dealing with governmental and societal attitudes

toward natural hazards, planners can benefit from
multicriteria analysis or, as it is sometimes called,
multiple conflicting objectives analysis. This method
has been used in environmental assessments and is
gaining increasing acceptance for the incorporation of
societal goals and priorities into the selection of
investment projects.

Multicriteria analysis entails the establishment of
a set of objectives. and a subset of attributes
representing alternative social, economic, political, and
environmental goals which are to be fulfilled by specific
projects. The relevant social groups (government,
interest groups, community leaders, etc.) participate in
establishing the objectives and attributes and placing
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discriminatory weights on them. Projects can then be
evaluated in terms of their capacity to fulfill the stated
goal. If the establishment of the objectives and
attributes is properly oriented, natural hazard
vulnerability criteria can be introduced into the analysis
along with the other goals (Vira and Haimes, 1983;
Haimes et al., 1978; Keeney and Raiffa, 1976).

It is important to remember that regardless of the
methods used in project evaluation, it is not planners .
but decision-makers who will ultimately rule on public
investment options.  Multicriteria analysis forces
decision-makers to state their evaluation criteria
explicitly. While most decision-makers will give low
vulnerability a high priority in project selection for
economic or political reasons, natural hazards will not
always be considered in the final decision.

Multicriteria analysis can be applied throughout the
project cycle, from the profile stage to the feasibility
study, but since it is effective in the early identification
of more desirable projects and project components, its
use at the beginning stages of project planning
maximizes its benefits.

E. Principles of Economic Analysis

Economic or cost-benefit analysis is a method that
evaluates the efficiency of public sector activities,
permitting a comparison of the merits of different
government projects over time. A number of



techniques are avallable, and analysts should choose
the one best suited to each case.

When private individuals consider whether or not
to make an investment, they consider only the benefits
that have a direct personal impact on them; this is
financial analysis. In economic analysis the societal
perspective is taken, incorporating all benefits and
costs affecting society.

Another important aspect of economic analysis is
the "with-and-without" criterion: what the state of affairs
would be with versus without the project in place. The
"with-and-without" analysis helps to sort out the
benefits and costs of a project. Suppose an irrigation
project is being considered for an area where crop
yields are increasing. The project will raise them even
more. The assessment of potential benefits would be
erroneous if it attributed all the increase to the project,
since some of it would have occurred anyway (Howe,
1971). In areas that are growing rapidly, it is
particularly important to ensure that benefits and costs
are properly accounted for and do not include changes
that would have taken place without the project.

The economic appraisal of projects can be
organized into four main steps:

- Identification and computation of all the costs of
the proposed projects;

- Identification and computation of all the benefits of
the proposed project;

- Discounting future net benefits and expressing
them in current dollar terms; and

- Evaluation of the net project flow of proposed
projects.

While these steps may appear simple, a thorough
analysis requires considerable effort. The economist
or planner carrying out the analysis should work with
other specialists such as agronomists, engineers, and
hydrologists to ensure that all relevant factors are
taken into account and that technical and institutional
relationships are properly reflected. This integrated,
interdisciplinary approach to planning has been
advocated by the OAS (OAS, 1984).

1. MEASURING COSTS

In measuring the costs of a project, it is important
that all of them be accurately reflected, including those
that may not be immediately apparent. There are, of
course, the direct costs. Materials and administration
are among these, as is the use of natural resources.
The costs of natural hazard vulnerability reduction,
both structural--canal systems, dams, dikes,
windbreaks--and in some cases non-structural are
direct costs. Additionally, there are indirect costs. For
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example, if a new project will draw water resources
from nearby farmland, any decline in agricultural
production in that area should be counted as a project
cost. And then there are the "opportunity costs"--the
loss of the benefits that would accrue from some
alternative use of the resources that are being devoted
to the project.

The analyst must also be aware that, owing to
market distortions, the prices of inputs may not reflect
their true valuation by society. In such cases, prices
should be adjusted to correct for these distortions. If
a government subsidy lowers the cost of the fertilizer
used in the project, the economic analysis must add
the amount of the subsidy to the market price of the
fertilizer to reflect its true cost to society. Adjusted
prices are referred to as "shadow prices."

2. MEASURING BENEFITS

Direct benefits of an agricultural project can result
from anincrease in the value or quantity of farm output
and from a lowering of production costs. The benefits
from natural hazard mitigation can be measured in
terms of income losses avoided. Projects generate
indirect benefits as well. For example, an irrigation
project might have the "spillover” benefit of increasing
the productivity of land adjacent to the land actually
being irrigated by the project.

An evaluation of the benefits of a project should
include only real increases in output. A flood control
project may raise the value of farmland in the
protected area, but since this higher value reflects the
increased output potential of the land, counting it as a
benefit would result in counting the benefits of the
project twice.

The consideration of natural hazard risks requires
differentiating between the concepts of income stream
and benefit stream of a project. While the income
generated by a project is a major component of the
benefits, it does not reflect certain essential variables.
For instance, income and job stability from the project
and associated enterprises might be severely affected
by a hazardous event, but merely adjusting the income
stream to the uncertainty associated with natural
hazard events will not reflect the economiic and social
losses that would accrue from income and job
disruption. The benefit stream reflects these losses.
In the case of a project that includes mitigation
measures, the economic analysis should include the
added benefit of avoiding losses. A proper
identification of the benefit stream of a project allows
analysts to evaluate the net effect of introducing
mitigation measures into the project design, since both
the direct cost of these measures and their expected
benefit will be included in the evaluation process.
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3. DISCOUNTING NET PROJECT FLOWS

The third step in project analysis is to discount
the future benefits and costs. This is done by using a
discount rate to convert future values into present
values. The need to discount future costs and benefits
arises because a given amount of money is worth
more today than in the future: money today can earn
interest between now and then. An investment of
US$100 at an annual interest rate of 10 percent will be
worth US$121 at the end of two years. Future benefits
and costs must be discounted in order to express
them with a common denominator--today’s dollars or
present value.

The project analyst must choose the discount rate,
and often more than one rate is used in a project. For
financial analysis, the discount rate is usually the rate
at which the firm for which the analysis is being done
is able to borrow money. In economic analysis, three
alternatives for the discount rate are suggested: the
opportunity cost of capital, the borrowing rate, and the
social time preference rate (Gittinger, 1982). Probably
the best is the opportunity cost of capital, which is the
rate that will result in the utilization of all the capital in
the economy if all possible investments that yield as
much or more in return are undertaken. The
opportunity cost of capital cannot be known with
certainty, but in most developing countries is
considered to be between 8 and 15 percent in real
terms.

The borrowing rate is most commonly proposed
when the country expects to borrow from abroad for
investment projects.  Financial rates of interest,
however, are generally too low to justify their use in
economic analysis, and may even be negative in real
terms when the rate of inflation is high. The social time
preference rate differs from the opportunity cost of
capital in that it assigns a different (usually lower)
discount rate for public projects than for private ones,
given that society has a longer time horizon.

4. PROJECT EVALUATION

The discounted or net present value (NPV) of a
project is represented mathematically as:

B /1 +n - =C/01 + 1) fort=1.2...,n

where B = benefits, C = costs, r = discount rate, t =
time period, n = life of the project in years, and Z =
summation operator. After benefits and costs are
evaluated and a discount rate is selected, this equation
will indicate the NPV of the project under
consideration. The economic criteria used to determine
the value of a project are (a) whether the NPV is
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positive and (b) whether the NPV is higher than that of
alternative projects. Another way to compare benefits
and costs is to set the equation equal to zero and
solve for the value of r. This value is referred to as the
“internal rate of return” (IRR).

The equation is often rearranged as a benefit-cost
ratio in order to facilitate comparison of projects:

£B,/(1 +n'
fort=12,....,n

=C /01 + 0

The higher the NPV of the project, the higher the
ratio will be. A benefit-cost ratio greater than one
indicates that the discounted benefits exceed the
discounted costs.

F. Incorporating Natural Hazards

into the Economic Analysis of
Investment Projects

Several methods are available for evaluating the
natural hazard components in the economic analysis
of a project. Some can be applied when little hazard
information is available, others are appropriate when
information on probability distributions can be
obtained. All can be used to compare different
projects or alternatives within a project. The methods
used when limited information is available can be
applied at the project profile and prefeasibility levels of
analysis. Those using probabilistic information are
usually used in feasibility studies, but may also be used
at the prefeasibility stage. In all cases the methods
should be applied as early as possible in the project
cycle.

1. DECISION CRITERIA WITH
LIMITED INFORMATION

Four methods of risk evaluation compensate for a
lack of information: cut-off period, discount rate
adjustment, game theory, and sensitivity analysis.

a. Cut-off Period

The crudest procedure for incorporating risk into
economic analyses is the use of a cut-off period
(Mishan, 1982). It is primarily used by private
investment agencies interested in capital return rather
than in long-term development. Under this method,
economically feasible projects must accrue enough
benefits to surpass project costs in relatively few years.



For very risky projects, the cut-off period might be set
as low as two or three years, whereas for low-risk
projects it would be much longer, say 30 years. The
underlying logic is that the benefits and costs are so
uncertain beyond the cut-off date that they can be
ignored in determining project feasibility. The cut-off
period should be determined at the prefeasibility stage
of project preparation.

Some information is necessary to determine the
relative risk of the project. The most useful data are a
list of historical natural disasters or episodic
information, meteorological records, land-use maps,
. agricultural crop maps, . and -previous damage
assessments. This information provides economists
with a rough idea of the inherent risks. In addition,
satellite photography of the impacts of natural hazards
can be useful in deciding on a cut-off period. In many

cases it is not too difficult to obtain this type of
information for short periods of time.

A cut-off period should only be considered when
few records are available and the nature and
magnitude of the hazards can potentially pose a great
risk to development, e.g., severe storms and floods.
It is more difficult to establish a cut-off period in the
case of slow-onset hazards such as droughts or
desertification.

As an example, the cut-off period method could be
applied to a ten-year, large-scale vegetable and
livestock farming project. This project may have a
high risk if the area is subject to periodic flooding,
which would damage crops and destroy livestock. In
this case, a four- or six-year cut-off period might be
chosen. Figure 2-5 illustrates this example.

Figure 2-5
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While this approach considers the effects of risks,
it does have some limitations. Too short a cut-off date
canignore economic information associated with much
of the project’s life, since it discards all information
beyond the cut-off period. This may be particularly
important when considering the sustainability of
economic returns from a project as resources,
renewable or non-renewable, are depleted after the
cut-off period. If benefits and costs are highly variable
beyond the cut-off date, there are more appropriate
methods which can address the risk of benefit-cost
variability.

b. Discount Rate Adjustments

Another ad hoc way to reflect uncertainty in project .

analysis is to add a risk premium to the discount rate.
The effect of increasing the discount rate is to give less
weight to the increasingly uncertain costs and benefits
in future time periods (Anderson et al., 1977). This is
consistent with what has been observed in the private
sector: managers generally require higher internal
rates of return for riskier investments. A variation of
this is to add a premium to the discount rate for the

benefits and subtract a premium for the costs, a
procedure consistent with the fact that hazards
decrease benefits and increase costs.

This technique is based on a subjective decision
as to the risk premium to be added to and/or
subtracted from the discount rate. The same type of
information that is useful for a cut-off period can be
used to determine the discount rate. This information
should be available by the prefeasibility stage of
project planning.

A subjective decision on the discount rate can
incorporate the information available on the possibility
of a slow-onset hazard in addition to short-term,
immediate impact hazards such as severe storms and
flash floods. Once again, this method should be
employed when the information is limited.

In the previous farming example, any indication of
flooding increases the risk of the project. If normally
a discount rate of 10 percent for benefits is used, the
discount rate might be increased to 12 or 15 percent,
as shown in Figure 2-6.

Figure 2-6
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This approach is preferable to the cut-off-period
method because it includes information about the
future benefits and costs.  However, the risk
adjustment of the discount rate is arbitrary, and the
approach does not recognize risk differences across
project components. More rigorous and defensible
approaches which are capable of quantitatively
assessing the uncertainty of benefits and costs over
time are discussed below.

¢c. Game Theory Approaches

When there is no reliable information on probability
distributions of hazards, two strategies from game
theory can be useful: the maximin-gain strategy and
minimax-regret strategy. Both can be applied in the
early stages of project formulation as the necessary
minimum of information--records of historical events,
climatological and meteorological data, and previous
natural hazard damage records--becomes available.
From this information it is possible to estimate the
comparative benefits of equivalent alternatives under
varying degrees of natural hazard severity. Game
theory approaches are better suited for short-term,

immediate-impact hazards which can be easily divided
into least/most-damage scenarios.

Maximin-Gain Strategy

To illustrate the maximin-gain approach, which
derives its name from maximizing the minimum,
suppose that a decision has been made to augment
the previously discussed farming project with a
structural mitigation measure aimed at reducing the
effects of potential flooding. Three alternative flood
control projects, Projects A, B, and C, equal in cost,
are under consideration (Anderson and Settle, 1977).
For convenience, it is assumed that there are two
possible scenarios--heavy rainfall and normal rainfall.
If heavy rainfall occurs, the NPV of benefits from the
three projects are: Project A = $100 million, Project B
= $120 million, and Project C = $150 million. If the
rainfall is normal, the projects will provide irrigation and
other discounted benefits of $30 million, $60 million,
and $20 million, respectively. The benefits will be
greater in the case of heavy rainfall, because the
primary benefit is the prevention of flood damage. The
different outcomes are summarized below and shown
in Figure 2-7.

Figure 2-7
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Benefits
Heavy rainfall Normal rainfall
Project A $100 million $30 million
Project B $120 million $60 million
Project C  $150 million $20 million

The maximin-gain strategy would result in choosing
Project B, since its minimum benefit is $60 million, as
compared to $30 million for Project A and $20 million
for Project C. The maximin-gain strategy is based
entirely on security and has the drawback of being
very conservative: even if the benefits of A and C were
10 times larger than those of B under heavy rainfall
conditions, Project B would still be selected. Thus, it
can lead to the selection of. projects which most
people would agree are inferior.

Minimax-Regret Strategy

An alternative approach is the minimax-regret
strategy. This consists in minimizing the maximum
regret or loss that could be realized. Using the same
example as above, if heavy rainfall does occur Project
C would result in the greatest benefit, $150 million. If
Project A was selected, the regret or forgone benefits
from not selecting C would be $50 million ($150 million
minus $100 million) and from not selecting B would be
$30 million ($150 million minus $120 million). If the

rainfall is normal instead of heavy, Project B would
produce the most benefits, $60 million. . In that case
the forgone benefits would be $40 million for Project
C and $30 million for Project A. Now considering both
possible weather conditions, heavy and normal rainfall,
the maximum regret would be $50 million, $30 million,
and $40 million respectively for Projects A, B, and C.
Therefore, the minimax-regret strategy would lead to
a choice of B since it has the smallest maximum
regret, as is shown in Figure 2-8.

d. Sensitivity Analysis

In a sensitivity analysis, the analyst changes the
value of key parameters that are subject to risk to
determine the effects on the NPV of a project. Usually,
the values are changed one at a time, but sometimes
they are changed in combination with one another.
This can be useful when the available information
indicates how much each parameter should be
changed (Irwin, 1978). Typically, values are changed
by an arbitrary amount, say five percent.

Sensitivity analyses can help to identify project
elements that need further consideration and thus can
be used at the project profile stage before a more
sophisticated risk analysis is completed. They can also
be used to test the effect of mitigation measures. They

Figure 2-8
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are suited to all types of hazards, even when the
information available is minimal.

The types of information that are useful for this
analysis are event histories, climatological and
meteorological data, and previous damage reports.
These data assist economists in estimating percentage
variations in parameters from previous hazard
information.

The example of the farming project can be used
here to demonstrate this method. With the aid of a
personal computer or even a hand calculator, a
sensitivity analysis can be performed on each cost and
benefit to determine their effects on the rest of the
project. For example, a sensitivity analysis performed
on crop yields may demonstrate that if production falls
by 40 percent in the first year as the result of an
intermediate-level flood, the overall project benefits
may be greatly decreased, or it would take much
longer to recover the costs.

The best way to report the results of sensitivity
analysis is by means of "switching values" (Baum,
1980). These are the values of the key variables at
which the NPV of the project becomes zero or the
benefit-cost ratio falls below one. Switching values can
be presented as shown below and in Figure 2-9.

Variable Switching Value
Corn price -40%
Corn yield .-20%
Construction costs  +35%
Fertilizer price +50%
Labor cost +60%

In this example, corn yields would only have to
decline from their expected value by 20 percent to
make the project NPV equal zero. On the other hand,
labor costs could increase up to 60 percent before the
NPV falls to zero.

2. DECISION CRITERIA WITH
PROBABILISTIC INFORMATION

If probability distributions for key economic
variables are available, a more rigorous evaluation of
risk can be carried out. The probability distributions
may be based on the subjective assessments of
experts or on historical information such as episodic,
climatologic, meteorologic, and agronomic data. For
example, if adequate data are available, the probability
distribution for crop yields can be estimated from
historical farm or experiment station records. Where
these data are not available, as is often the case,

Figure 2-9
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subjective probabilities can be elicited from farmers,
extension agents, or agronomists.

One relatively simple way to obtain subjective
probabilities is the triangular distribution method.
Analysts can estimate the most likely, the best, and the
worst possible yields. The mean and variance of the
probability distribution can then be estimated
(Anderson et al., 1977). Subjective distributions of
yields can be provided for projects with or without
natural hazard mitigation measures.

Since natural hazards can affect both the benefits
of a project (for example, by destroying crops) and the
costs (for example, by damaging irrigation systems),
in some cases it will be desirable to obtain probability
distributions of natural hazard events. Probabilistic
information can be obtained for any type of natural
hazard with measurable magnitude and frequency, but
of course the quality of the information can vary widely.

In estimating the probability distribution of
economic feasibility measures, such as NPV, only a
limited number of variables are considered random or
subject to fluctuations; others are considered fixed for
the purposes of the analysis. The variables that are
allowed to fluctuate can be determined either by
making a sensitivity analysis to identify those that are

important or by observing those that fluctuate widely.
Various probability distributions can be combined
mathematically or with computer simulation methods
to form a probability distribution of NPV. The
distribution conveniently conveys information about
the risks of a project.

After the probability distributions have been
calculated, the mean or average values of each
distribution can be compared to make a selection
between projects, or between alternatives within a
project. But using averages alone ignores the relative
risks of the projects, even though this information is
available from the already prepared probability
distributions. = Two methods are suggested to
compensate for this: mean-variance analysis and
safety-first analysis.

a. Mean-Variance Analysis

With mean-variance analysis, which can be applied
in the prefeasibility stage of project development,
projects can be compared by graphing the NPV
probability functions. In Figure 2-10, Project A and
Project B have similar probability distributions--that is,
they have the same risk--but the distribution for Project
B is further to the right, indicating that the average NPV
is greater. Project B, then, is preferable to A.

Figure 2-10
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In Figure 2-11 Projects C and D have the same
mean, but Project D has a greater dispersion around
the mean, and thus is riskier. If only the mean values
of the projects’ NPV are considered, society will be
indifferent between Projects C and D. However, if
society considers this a critical project and cannot
afford to have it give low yields, Project C will be
preferred, since there is less chance that the NPV will
fall below the mean. The comparison of Project C with
Project E is less clear-cut: Project E has a much higher
mean than Project C, but its variance is also greater.
Clearly, there is a trade-off between a higher expected
NPV and the acceptance of greater risk. The
decision-maker, not the analyst, will have to decide
what weights to apply to higher mean NPV versus
greater risk.

A mean-variance analysis can be easily applied to
the example of the flood control projects presented
earlier. The information needed includes historical data
on past flood events--magnitudes and frequency of
occurrence--fromwhich statistical means and variances
can be calculated to provide sufficient data for
determining the probability of flooding. This
information can be used by planners in making a
decision. It can also be used to calculate the
probability distribution of the NPV of alternative flood
control projects and, in turn, the means and the
variances of the projects’ NPV. This analysis enables

the project planner to view the variance, or the risk, of
the NPV resulting from flood events.

b. Safety-First Analysis

Since risk management is concerned primarily with
reducing losses, the left-hand side of a probability
distribution is of more interest to an analyst than the
right-hand side. If the distribution is symmetrical, as is
normal, decisions based on the variance will be
suitable for risk management because negative and
positive fluctuations around the mean are equally likely.
However, some real-world phenomena of interest to
risk analysts appear to follow distributions that are
skewed in one direction or the other. For example,
corn yields may average 100 bushels per acre, and a
drought that occurs every five years could cause yields
to fall to zero, but there will probably never be yields

. fluctuating as far above the mean as 200 bushels.

Thus, analysts may want to choose a decision criterion
that focuses on the lower tail of a distribution. An
additional advantage of such an approach is that it
lends itself more easily to discussions of minimizing
losses, which can be useful when considering hazard
mitigation measures. Safety-first criteria can be applied
to relatively frequent natural hazards, such as floods
and severe storms, but they are not as useful for low-
frequency catastrophic events such as volcanic
eruptions and tsunamis.

Figure 2-11
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The box above shows the following values: NPV =
net present value, P = probability, C = critical
threshold value, and a = small probability value. The
decision criterion is to maximize expected NPV subject
to a constraint that there is only a small probability that
it will fall below some constant value. For example, the
decision-maker might choose the project. with the
highest expected NPV as long as the probability of its
falling below zero is less than 5 percent (Pandey,
1983). :

Suppose the safety-first criterion is established as
follows: maximize NPV subject to no more than a 20
percent chance that NPV will fall below $20,000. The
cumulative probability of the NPV for two different
projects is shown in Figure 2-12.  As the graph
indicates, the probability is 40 percent for Project A
and 15 percent for Project B. The safety-first criterion -
would eliminate A from further consideration. If there
were other projects with less than a 20 percent chance
of having an NPV smaller than $20,000, then the one

with the highest NPV would be recommended for
implementation.

A safety-first approach can be applied to the flood
control example. The project planner can decide what
level of NPV is the absolute minimum for the project to
continue. If the minimum acceptable NPV is $1 million
and the probability of falling below that is 40 percent,
20 percent, and 70 percent, respectively, for the
different flood control projects, the one with' the
smallest probability might be preferred.

With the methods described in this section, projects
can reflect the additional costs that natural hazards
pose and the additional benefits resulting from
mitigation measures. Figure -2-13 summarizes the
relationships between these methods and the
investment preparation process. Some of the key
considerations for incorporating natural hazards into
the evaluation of investment projects are listed in the
following box.

Figure 2-12

SAFETY-FIRST APPROACH

A Project A
. ‘-J

CUMMULATIVE PROBABILITY
’ o

-« Critical Value

® Project B

| o
e % % “

% w W% 9w

NET PRESENT VALUE (US$1000)
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Figure 2-13

APPLICABILITY OF ECONOMIC APPRAISAL METHODS FOR INCORPORATING _
NATURAL HAZARD CONSIDERATIONS INTO THE EVALUATION OF INVESTMENT PROJECTS

INTEGRATED DEVELOPMENT
PLANNING STUDY STAGES

I

NVESTMENT PROJECT

PREPARATION PROCESS

ECONOMIC APPRAISAL METHODS AND THEIR PRINCIPAL USES

I — =T —
PRELIMINARY MISSION
Determination of study * Multicriteria Analysis:
areas and interest; Generation of - Can be used to establish societal goals
preparation of project investment —_— and priorities with respect to investment
agreement project ideas projects and to natural hazard issues.
- Makes decision process more explicit in

PHASE 1:
DEVELOPMENT DIAGNOSIS

Regional needs and
resources diagnosis;
identification of
critical issues and of
institutional settings

PHASE II: PROJECT
FORMULATION & ACTION PLAN

Formulation of regional
development strategy
including institutional,
legal & fiscal support
programs; formulation of

PROJECT PROFILE

Preparation of _—

project profiles

PREFEASIBILITY

Project formulation;
review of technical
& economic viability

FEASIBILITY

*###l

terms of the evaluation criteria used for
the selection of programs and projects.

Multicriteria Analysis (see above)

Cut-0ff-Period Method:

Discount Rate Adjustments Method:

Maximin-Gain / Minimax-Regret Methods:

- When no probabilistic information is available
these methods use on historical data to make
a preliminary appra1sal of projects.

- These methods mostly avoid considering uncertain

data rather than directly incorporating natural
hazard risk information into the appraisal
process.

* Cut-Off-Period Method:
* Discount Rate Adjustments Method:
Maximin-Gain / Minimax-Regret Methods:
- At the prefeasibility and feasibility stages,

when more information on a project exists, these

methods can be used more effectively; cost of
generating more specific natural hazard infor-
mation can be shared by other data research

investment projects —_ activities.
Detailed formulation

& final appraisal of|—>| * Sensitivity Analysis:

selected projects - This method can be used to identify project
components which are vulnerable to natural
hazard events. This can orient research and
the design of mitigation measures.

* Mean-variance Analysis:
* Safety First Analysis:

- When probabilistic information is available or
can be generated, these methods provide a good
measure for the consideration of hazard risks
within the economic evaluation process.

IMPLEMENTATION
IMPLEMENTATION
Implementation of the
integrated development Implementation of
strategy: institutional,| —> |selected investment
legal & fiscal programs, projects
& investment projects
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G. Concluding Remarks

Natural hazards can have considerable human and
economic impacts on the agricultural sector in
developing countries. Since these and other forms of
risk can make the outcome of development projects
uncertain, they need to be considered early in the
development process. For this to happen, a large
effort will be required to modify current project
formulation and evaluation practices. But the changes
should not be limited to project planning. If natural
disasters are to be reduced significantly and
consistently, not just in isolated projects, changes will
also have to come about in government agencies,
development assistance agencies, banking institutions,
scientific communities, and attitudes toward natural
hazards. Without a doubt, the availability of timely and
adequate information will be a key factor in making
these groups aware of the human and economic
significance of disasters and of the necessity to
support hazard mitigation at different levels. As
intermediaries, development assistance agencies
should take advantage of their inherent capabilities and
assume a leading role in this process.

Because resources are scarce and costly, hazard
mitigation actions should be focused and well
articulated. Natural hazard mitigation actions should
reflect legitimate social, economic, and political
priorities, and new investment projects in key
economic sectors, such as agriculture, should be given
preference over retrofitting mitigation measures into
already existing projects.

References
Anderson, J.R., Dillon, J.L., and Hardaker, J.B.

Agricultural Decision Analysis (Ames, lowa: lowa
State University Press, 1977).

OAS/DRDE

2-28

Anderson, L.G., and Settle, R.F. Benefit-Cost Analysis:
A Practical Guide (Lexington, Massachusetts:
1977).

Arrow, KJ., and Lind, R.C. "Uncertainty and the
Evaluation of Public Investment Decisions" in
American Economic Review, vol. 60 (1970).

Baum, W.C. Risk and Sensitivity Analysis in the
Economic Analysis of Projects. World Bank
Central Projects, Note 2.02 (July 1980).

Binswanger, H.P. "Attitudes Toward Risk:
Experimentai Measures in Rural India" in American
Journal of Agricultural Economics, vol. 62 (1980),
pp. 395-407.

Food and Agriculture Organization (FAQ). Agriculture:
Toward 2000 (Rome: United Nations, 1981).

Gittinger, J.P. Economic Analysis of Agricultural
Projects, 2nd ed. (Baltimore, Maryland: Johns
Hopkins University Press, 1982).

Haimes, Y.Y., et al. Multi-objective Optimization in
Water Resources Systems (New York: E.S.P.
Corp., 1978).

Howe, CW. Benefit-Cost Analysis for Water Systems
Planning, Water Resources Monograph 2
(Washington, D.C.: American Geophysical Union,
1971).

Hyman, D.N. The Economics of Governmental Activity
(New York: Holt, Rinehart, and Winston,
1973).

Irwin, G. Modern Cost-Benefit Methods (London:
Macmillan, 1978).



Keeney, R.C., and Raiffa, H. Decision Analysis with
Multiple Conflicting Objectives: Preferences and
Value Trade-Offs (New York: John Wiley and
Sons, 1976).

Long, F. “The Impact of Natural Disasters on Third
World Agriculture® in American Journal of
Economics and Sociology, vol. 37, no. 2 (April
1978).

Mishan, E.J. Cost-Benefit Analysis: An Informal
Introduction, 3rd ed. (Boston: George Allen and
Unwin, 1982). :

Organization of American States. Integrated Regional
Development Planning: Guidelines and Case
Studies from OAS Experience (Washington, D.C.:
Organization of American States, 1984)

Pandey, S. Incorporating Risk in Project Appraisal:
A Case Study of a Nepalese Irrigation Project,
A/D/C - APROSC, Research Paper Series #18
(Kathmandu, Nepal: March 1983).

United Nations Economic Commission for Latin
America (UN/ECLA). Ecuador: Evaluation of the
Effect of the 1982/83 Floods on Economic and
Social Development (May 1983).

2-29

United Nations Disaster Relief Organization. Case
Report on Hurricanes David and Frederick in the
Dominican Republic (Geneva: UNDRO, 1980).

U.S. Agency for International Development, Office of
Foreign Disaster Assistance. Countries of the
Caribbean Community (Washington, D.C.:
USAID/OFDA, 1982).

-- Disaster History. Significant Data on Major
Disasters Worldwide, 1990-Present. (Washington,
DC: USAID/OFDA, 1989).

Vira, C., and Haimes, Y.Y. Multi-objectives Decision
Making: Theory and Methodology (New York:
North Holland, 1983).

World Bank. Memorandum on Recent Economic
Development and Prospects of Honduras
(Washington, D.C.: World Bank, 1979).

Young, D.L. "Risk Preferences of Agricultural
Producers: Their Use in Extension and Research"
in American Journal of Agricultural Economics, vol.
61 (1979), pp. 1063-1070.

Natural Hazards Primer/Part |



CHAPTER 3

RESOURCE EVALUATION AND THE ROLE
OF ECOSYSTEMS IN MITIGATING NATURAL HAZARDS

3-1 Natural Hazards Primer/Part |



OAS/DRDE

CHAPTER 3
RESOURCE EVALUATIONS AND THE ROLE

OF ECOSYSTEMS IN MITIGATING NATURAL HAZARDS

Contents

LAND-USE EVALUATIONS IN LATIN AMERICA .................. 34
LIMITATIONS OF LAND-USE EVALUATIONS . ..............cvvun 35
1. Limited Emphasis on Cultural Components .................. 3-5

2. Lack of Standard Procedures to Incorporate
Information about Risk from NaturalHazards ................. 3-6
. LAND-USE EVALUATIONS BASED ON A SYSTEMS VIEW .......... 3-6
1. ASystems View .. .......ciiii ittt 3-6
2. SystemsAttributes .......... ... i 39
a. Linkages and SystemFunction ........................ 39
b. LimitingFactors ........ ..., 3-11
c. Buffering ....... ... . i 3-12
d Thresholds ........ ... ... i, 3-12

. ASSESSING NATURAL HAZARDS IN LAND-USE
EVALUATIONS ... it ittt it ittt ettt i ei i eaeann 3-12
1. Preliminary Mission .. ........ ... i i i 3-12
2. PhaselActivities . .........cciiii it 3-12
3. Phasell Activities . ......... .ottt 3-15
4. General Recommendations .................. ... 3-15

NATURAL SERVICES IN SUPPORT OF HAZARD

MITIGATION . .. i et e et e e 3-15

1. Ecosystem Boundaries, Watersheds, and :
River Basins ...........cuuiuiiiiiiiiniiiiinnnnennenn 3-15

2. Ecosystems and Associated Hazards . .. ................... 3-16
a. Uplands and Volcanic Activity (U1) . ................... 3-18
b. Uplands and Earthquakes (U2) ....................... 3-18
c. UplandsandLandslides (U3) ............ccciiinnenn. 3-19
d. Uplands and Hurricanes (U4) ............. ... .. ...... 3-19
e. Uplands and Land/Sea-Borne Floods (U5) . .............. 3-19
f. Uplands and Desertification (U) . ..................... 3-21
g. Lowlands and Land/Sea-Borne Floods (L5) .............. 3-21
h. Lowlands and Desertification (L6) ..................... 3-21
i Estuaryand Hurricanes (E4) ............ ..., 3-21

3-2



j. Estuary and Land/Sea-Borne Floods (E5) .
k. Reef and Hurricanes (R4) .............
. Reef and Land/Sea-Borne Floods (R5) ...
m. Open Sea and Hurricanes (S4) .........
n. Open Sea and Land/Sea-Borne Floods (S5)
REFERENCES ......... ...ttt
List of Figures
Figure 3-1  An Environmental Complex . ..........
Figure 3-2  Landscape Attributes and Elements
Relatedtoland Use . ...............
Figure 3-3  Regional Model Showing Examples of
Internal and External Linkages ........
Figure 3-4  Ecosystem Goods and Services .......
Figure 3-5  Ecosystem Attributes as Natural Hazards
Figure 3-6  Examples of Positive and Negative Effects
of Selected Natural Phenomena for
Development Activities ..............
Figure 3-7  Orders and Types of Soil Surveys, Their
Characteristics, Data Sources and Uses .
Figure 3-8  Map Showing Differences in Complexity
between a River Basin and its Watersheds
Figure 3-9 Hypothetical Watershed on a Small
Volcaniclsland ...................
Figure 3-10 Ecosystems and the Natural Hazardous
Events They can Mitigate or Intensify . ..
Figure 3-11 Attributes Which Can Influence
the Effects of Natural Hazards ........
Figure 3-12 Beneficial Roles of Mangrove
Forest in Coastal Ecosystem .........
Figure 3-13 Beneficial Roles of Coral

Reefs in Coastal Ecosystem

.............
..............

Natural Hazards Primer/Part |



| RESOURCE EVALUATION AND THE ROLE
OF ECOSYSTEMS IN MITIGATING NATURAL HAZARDS

During the initial stages of a regional development
study, a region’s problems and potentials are
diagnosed. An assessment of the natural resource
base is fundamental to any development planning and
project formulation effort. This provides baseline
information that will help in formulating a strategy and
identifying projects. Land-use studies, including
present land use and land capability, are part of these
evaluations and require mapped information on
resources and natural hazards. The planning process
should identify all assumptions and reveal potential
conflicts between current and proposed development
activities and natural hazards. For example,
deforestation on unstable soils may increase landslide
activity upstream of a reservoir, resulting in high
siitation, and shorten the life of the reservoir.
Execution of an agricultural scheme in a flood plain
may result in flooding of the project or in excessive
expenditures to mitigate the effects of the flood.
Although hazard assessments should take place
throughout the planning process--especially during
land-use evaluations--the evaluation of natural hazards
generally receives minimal attention.

Natural hazards influence the security and viability
of projects and communities. Furthermore, because
they influence land use, they should also influence
land-use decisions. The first objective of this chapter
is to provide guidance for integrating natural hazard
assessments into land-use evaluations. Among the
many natural services provided by ecosystems is the
mitigation of natural -hazards. For example, a coral
reef causes large waves to break some distance from
the shoreline, reducing the impact of tropical storms;
but if harbor development breaks down the coral, the
natural protection is lost. This chapter examines the
mitigating effects of ecosystems and the precautions
necessary to ensure that unsound development does
not undermine that effect.

OAS/DRDE

A second objective of the chapter is to provide a
synthetic view of the natural mitigation of natural
hazards. By way of introduction to the detailed
material on individual hazards and their assessment in
Part Ill, it briefly examines the implications of
development for the natural mitigation of all major
hazards by setting them in a realistic, albeit
hypothetical, landscape. This composite system
examines the implications for volcanic activity,
earthquakes, landslides, hurricanes, flooding, and
desertification of upland (highlands, piedmont), coastal
or lowland, near-shore (reefs and estuarine) and
marine (open sea) ecosystem. Thus a second
objective of the chapter is to provide a synthetic view
of the natural mitigation of natural hazards.

Both objectives contribute to an overriding
objective of promoting the consideration of natural
hazards in the context of the system in which they
occeur.

A. Land-Use Evaluations in
Latin America

The methods of land-use evaluation used in Latin
America and the Caribbean demonstrate the difficulties
in understanding nature and the limitations the
planner’s training, experience, and interests bring to
decisions concerning land use. Land-use evaluation
methods are always subjective, as can be observed
by comparing the results of the application of a
number of methods currently in use. Several of these
methods were reviewed by Posner et al. (1982) in their
preparation of a land classification system for the
steep lands of the northern Andes. With notable
exceptions, the methods reviewed emphasized soil



analysis. Since most soils specialists are also
agronomists, the results are skewed towards
agriculture.

The land-use evaluation methods generally used
in Venezuela, Nicaragua, and Mexico are based on the
methods of the Soil Conservation Service of the U.S.
Department of Agriculture (USDA, 1938). These
methods are widely accepted, but they have been
criticized as inappropriate for developing countries.
Also included in the review cited above was an
evaluation method developed in'Central America in the
1960s by the UN Food and Agriculture Organization
(FAQ). This method was also extensively criticized, as
having "a flatland bias," and was replaced by a method
developed in Africa that was based on the number of
growing days for several crops. These two and the
“Integrated Ecological Land Capability Classification"
(IELCC) method developed in Latin America are major
examples of methods that are not based solely on soil
analysis and slope characteristics.

- The IELCC method is based on the World Life
Zone System of Ecological Classification by Holdridge
(1967). It has been adopted as the official land
classification system in Peru and has been used to
map virtually all Central and South American countries.
Of all the land-use evaluation systems in use in Latin
America, this one is perhaps the most "complete” (Tosi,
1988) in that it includes bio-climate, land gradient, and
micro-relief observations as well as alternative levels of
technology that could be used in land management.
Factors that influence social and economic risk as well
as soil depth and texture, stoniness, soil permeability,
fertility and pH, accelerated soil erosion, salinity, and
flood hazards are then analyzed to suggest land use
at a local level.

Modern technology is also used in the evaluation
of land-use capability. The French Overseas Scientific
and Technical Research Organization has mapped a
large portion of the Andean highlands in Ecuador using
satellite imagery. This information is used in regional
development programs. A computerized mapping
system (1:1,000,000 scale) was designed by the
International Center for Tropical Agriculture in
Colombia to support land-use decisions in the lowland
tropics of Latin America.

The purpose of these methods is to assess the

characteristics of a site in order to make decisions’

concerning its capability and/or suitability for use.
Several conceptual problems add to the deficiencies
of current land-use evaluations, starting with the terms
"capability” and "suitability" themselves. Although they
are often used interchangeably, they do not mean the
same thing (AAAS, 1983). “Land-use capability” is the
more general term and makes reference to limitations
such as the degree of stoniness or slope that can

negatively affect use. “"Suitability” on the other hand,
refers to qualities that permit specific land uses such
as irrigation or the production of a certain crop. The
term "capability” is heavily identified with the U.S. Soil
Conservation Service method and its agricultural bias.
In order to avoid confusion in some contexts, the term
“suitability" may be preferable (FAO, 1976). A more
significant problem arises from the capacity of current
technology to render almost any land area “capable”
of almost any use if the necessary investment is made
(Hawes and Hamilton, 1980), although specific areas
are more physically "suitable” for a given use than
others. Land-use decisions are based on a number of
factors in addition to the physical landscape.

B. Limitations of Land-Use
Evaluations

Current land-use evaluation methods and their
application are extremely limited for two main reasons:
they show little interest in the cultural components of
the landscape, and they lack standardized procedures
that would make manifest the relationship between
proposed land uses and natural hazards.

1. LIMITED EMPHASIS ON CULTURAL
COMPONENTS '

Although land-use classification systems are still
generally based on physical data (Beek, 1978), most
writers and practitioners acknowledge the importance
of socioeconomic data in making land-use decisions.
Less emphasis is placed on cultural factors, which are
often more important than physical and even economic
and social characteristics in determining land-use
patterns.

For example, in Saint Lucia, areas that are
potentially productive according to soil and slope
parameters and to the prevailing social and economic
factors do not sustain the activities that a land-use
evaluation would assign to them. The reason these
areas are not used is the fear people have of the fer-
de-lance, which was introduced to the island and has
taken refuge in these areas. This fear is so great that
the national agricultural development plan had to
include a project to eradicate this viper so that the area
could be put into agriculture production.

A typical cultural bias which intensifies hazardous
phenomena in many parts of Latin America, favors
livestock ownership, because of the prestige and
authority it brings. People will own as many head of
livestock as they can afford, preferably cattle, even if
the biotic, climatic, edaphic, economiic, and social
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characteristics of the area are unfavorable for grazing
(Clausen and Crist, 1982). Poorly managed grazing
often results in the intensification of such natural
phenomena as erosion and mass movement of soil in
much of Latin America.

Cultural factors that affect land use include
information, technology, and any number of biases and
taboos. -Production of a given land unit depends on
the knowledge of the resource manager, local taboos,
the availability of appropriate technology, and the
willingness of the local culture to accept the proposed
technology and land use. Because cultures can be
remarkably different from one another, land-use
evaluations cannot be standardized for similar physical
conditions. People living and working in a given space
often disregard the proposals of studies on the
physical parameters of the area. Evaluations can only
suggest the potential for production and loss under a
specified land use; they cannot dictate a decision,
which depends on the characteristics of the
populations affected.

2. LACK OF STANDARD PROCEDURES TO
INCORPORATE INFORMATION ABOUT RISK
FROM NATURAL HAZARDS ‘

A significant limitation of all land-use capability
evaluation methods is that they do not adequately
portray the risks that natural hazards pose to
development activities. Yet reviews of resource
evaluation methods (McRae and Burnham, 1981;
AAAS, 1983) indicate that most do discuss natural
hazards briefly and that it should be easy to
incorporate information about them throughout the
planning process. Numerous studies have been made
on the assessment and display of specific hazards
such as landslides (Varnes, 1985; Brabb and Harrod,
1989), earthquakes (Blair and Spangle, 1979; Jaffe et
al., 1981; Brown and Kockelman, 1983; Kuroiwa, 1983),
flooding (U.S. Water Resources Council, 1972;
Waananer et al., 1977), tsunamis (Houston, 1980; URR,
1988), and volcanoes (Booth, 1979; Crandel et al.,
1984). However, there is no standard method for
assessing natural hazards in resource evaluations for
development planning. Different methods are a
response to specific concerns about individual
hazardous phenomena.

C. Land-use Evaluations Based on
a Systems View

Since approaches to the evolution of individual
natural hazards are detailed elsewhere, this section
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looks at them from the point of view of the system in
which they occur, within the context of land-use
evaluations. .

1. A SYSTEMS VIEW

The combination of attributes of a landscape and
the linkages between them can reinforce or restrict
possible uses of the landscape. Hence, landscapes
should be regarded and studied as systems
(Chapman, 1969; Steiner and Brooks, 1981; Rowe and
Sheard, 1981; Steiner, 1983). A systems view takes in
a broader array of attributes and linkages than is
normally considered in current land-use evaluation
methods (see Figure 3-1), including as it does the
relationships between natural phenomena,
development activities, and natural elements (Hawes
and Hamilton, 1980; FAO, 1976; Posner et al., 1982).
Merely listing the important natural elements--slope,
exposure, climate, evapotranspiration rates, surface
water availability, and others (see Figure 3-2)--though
helpful, is an incomplete approach that fails to
integrate natural hazards information into land-use
evaluations.

For purposes of land-use classification, all
landscapes must be thought of as systems which
provide goods and services for the satisfaction of
human needs. Any aspect of a system structure and
function that is of human interest can be classified as
a system good or service (OAS, 1987).
Photosynthesis, for example, produces biomass that
becomes wood and then, through human activity,
timber. If the system attribute is dangerous to human
activity (e.g, high wind or heavy precipitation), it is
considered a hazard. However, since the needs of
humans vary, individuals will value system attributes
and processes differently; goods and services valued
by some may have no meaning for others. For some,
the danger inherent in a specific system attribute
makes it a service (e.g., rapids to run, mountains to
climb). On the other hand, some phenomena are
always hazardous (e.g., lava flows). It is these that
must be considered in land-use evaluations.

The analysis of the goods, services, and hazards
of a system, together with the needs of its population,
permits the identification of alternatives not normally
defined in land-use evaluations. This is consistent with
the purpose of a systems analysis land-use evaluation,
which is to formulate a strategy that includes the use,
improvement, and conservation of the region’s
potential goods and services. Figure 3-3 is a regional
model with examples of internal and external linkages.

Human needs involve nutrition, shelter, and
personal or collective security. Landscapes contain
structures and elements that are hazardous and that



Figure 3-1

AN ENVIRONMENTAL COMPLEX

Source: Based on Billings, W.D. "Physiological Ecology" in Annual Review Plant Physiology, vol. 8 (1957), pp. 375-392.
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Figure 3-2

LANDSCAPE ATTRIBUTES AND ELEMENTS RELATED TO LAND USE

Characteristics

Related Land Qualities

Air temperature

Precipitation, including distribution
and intensity

Wind speed and direction
Net radiation

Hail and snow
Evaporation

Depth to water table
Frequency of flooding

Soil texture and stoniness

Visible boulders/rock/outcrops

Soil depth

Soil structure, including impermeable
layers, crusting, compaction

Organic matter and root distribution

pH (reaction)/CaCo2/gypsum
Clay mineralogy
Soil chemistry

Soil permeability

Available water capacity
Infiltration /runoff
Soil salinity

Soil parent material

Frost risk

Erosion, flooding, moisture availability

Evapotranspiration, storms, wind erosion
Evapotranspiration

Climatic hazards

Evapotranspiration

Drainage and aeration

Drainage and aeration

Ease of cultivation, moisture availability,
drainage, aeration, water/wind erosion,
permeability

Ease of cultivation, moisture availability

Moisture availability, rootability, ease of
cultivation

Water/wind erosion, rootability,
moisture availability

Moisture availability, water /wind erosion,
ease of cultivation

Soil fertility, soil alkalinity
Water erosion, ease of cultivation
Fertility, nutrient availability, toxicities

Drainage and aeration, moisture
availability

Moisture availability
Water erosion, flooding
Drainage, toxicity, flood

Fertility, nutrient availability, including
deficiencies and toxicities

Source: Adapted from McRae, S.G., and Burnham, C.P. Land Evaluation (Oxford: Clarendon Press, 1981).
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Figure 3-3

REGIONAL MODEL SHOWING EXAMPLES OF INTERNAL AND EXTERNAL LINKAGES

NATURAL
SYSTEMS

LAND, WASTE ASSIMILATION

PEST PREDATOR HABITAT
WINDBREAKS AND FOREST

PRODUCTS

/

SYSTEMS

NATURAL

can negatively influence the secure appropriation of the
goods and services indicated by a land-use evaluation.
Figure 3-4 lists attributes of ecosystem structure and
function that provide a wide array of goods and
services that satisfy human needs; Figure 3-5 identifies
other attributes that are hazardous.

2. SYSTEMS ATTRIBUTES
a. Linkages and System Function

It is not just the basic components, but the
linkages between them, that make a system. They are
the "tubes," "wires," and "connections" that relate one
component of a system to another. The "First Law of
Ecology" concerns linkages: "Everything is related to
everything else" (Commoner, 1971). The sheer number
of interconnections present in any given system makes
methods that can identify these linkages valuable tools
for planners (Steiner and Brooks, 1981).

A basic array of linkages can be identified for any
ecosystem: terrestrial, marine, or urban. In all cases,
these linkages have to do with the flow of material,
energy, or information between components. It is

LAND, WASTE ASSIMILATION,

FOREST PRODUCTS, FISH
WILDLIFE AND RECREATION
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PEOPLE ~
S A — =
o"@ v
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o
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1)
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HEAT
+' DEPRECIATION

important to identify and evaluate linkages between as
well as within ecosystems (Karr and Schlosser, 1978).
The characteristics of a lake ecosystem, for example,
depend on all the human activity around that lake,
including activities that take place in the rivers that feed
it and the chemical characteristics of the precipitation
in its watershed. Exchanges of material and energy
between ecosystems also influence the nature, timing,
and severity of hazardous events. Earth tremors
causing landslides many miles from the epicenter, and
heavy rainfall--or the thawing of snow and ice--
hundreds of miles upstream causing major flooding
downstream, are two examples of linkages between
seemingly unrelated ecosystems.

Most severe hazards involve the flow of energy
(ecosystem function) rather than its storage
(ecosystem structure). Despite this fact, structure and
function are often studied separately. Consequently,
land use is not studied in a system context, and the
hazard analysis suffers accordingly.

Of equal importance are linkages between physical
and biotic attributes of an ecosystem on one hand and
social, cultural, and political factors on the other. The
construction of a road or the urbanization of upstream
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Figure 3-4

ECOSYSTEM GOODS AND SERVICES

GOODS/PRODUCTS

. Potable water (surface and ground)

. Industrial water (surface and ground)

. lrrigation water (surface and ground)

Timber

. Firewood/charcoal

. Construction material from wood (posts, beams, etc.)

. Ornamental plants (indoor, landscaping, dry)

. Vegetable fibers (rope, cloth)

. Medicinal plants

. Food for humans (fruits, nuts, sap, shoots, seeds, gum, honey,

leaves)

11. Food for domestic animals

12, Food animals for human consumption

13. Aquatic plants for human consumption

14. Condiments (spices, salt)

15. Plant chemical substances (dyes, stains, waxes, latex, gums,
tannins, syrups, drugs, etc.)

16. Fertilizers

17. Aquatic precious/semiprecious materials (pearl, coral, conchs,
mother of pearl)

18. Materials for artisan work (rock, wood for carving, fibers for basket
making)

19. Metallic minerals (bauxite, ores, nuggets)

20. Non-metallic minerals (asbestos, clays, limestone)

21. Construction materials (sands, clay, cinders, cement, gravel, rocks,
marble)

22, Mineral nutrients

23. Mineral dyes and glazes

24, Hides, leather, skins

25. Other animal materials (bones, feathers, tusks, teeth, claws,
butterflies)

26. Other vegetative material (seeds, pods)

27. Live fish (ornamental)

28. Live animals for pets and zoos

29. Live animals for human work

30. Live animals for research

31. Fossil fuels (crude ail, natural gas, coal)

32. Other fuels (peat, other organic matter,

33. Livestock forage protection

QOUINOOMAWND=

-

dung, biomass)

ECOSYSTEM OPERATIONS, MAINTENANCE,
ADAPTATION AND EVOLUTION

. Nutrient cycling

. Nutrient storage

Nutrient distribution (floods, dust, sediment transport)

. Photosynthesis

Respiration

Oxidation

. Adaptation

. Self-regulation )
Competition testing and design (population control, evolution)
. Mineral cycling

COPNOOAWN =

—_

11. Habitat for local land, air and aquatic animals, insects, and other
life forms (feeding, breeding, nursery, shelter)

12. Habitat for migrating land, air, and other life forms (feeding,
breeding, nursery, shelter)

NON-TANGIBLE GOODS AND SERVICES

1. Windbreak

2. Shade

3. Recreational use of water (swimming,
waterskiing, sailing, surfing, snorkeling)

4. Recreational use of land (hiking, climbing, sports)

5. Recreational use of air (flying, gliding, parachuting, hang-gliding,
kiting)

6. Recreational use of animals (sport hunting, sport fishing,
horseback riding, insect collecting, photography, observation)

7. Recreational use of ecosystem (sightseeing, tourism)

8. Scientific tourism

9. Exploration

10. Wealth accumulation and speculation

11. Spiritual development

12. Historical values

13. Cultural values

14, Early warning system (weather, climate change, hazardous
events)

15. Moisture modification

16. Temperature modification

17. Light modification

18. Ultraviolet and other radiation filtration

19. Storage of life from adaptive (genetic) information

20. Other scientific values

boating, skating,

ECONOMIC SERVICES

1. Energy sources (wind, solar, hydro, tidal, biomass, geothermal)

2. Dilution of contaminants

3. Decomposition of contaminants
dissolution)

. Transport of contaminants (wind, water, animal consumption, air
and water dilution)

5. Storage of contaminants

6. Erosion control

7. Sediment control

8. Flood control

9

0

1

(oxidation, evaporation,

H

. Other control of water regime

. Ground water recharge

. Space for urban, industrial, agricultural occupation, roadways,
canals, airports

12. Physical sites for structures

13. Climate control and protection

14, Disease control and protection

15. Storm buffer

Source: Organization of American States (OAS). Minimum Conflict: Guidelines for Planning the Use of American Humid Environments

(Washington, D.C.: OAS General Secretariat, 1987).
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Figure 3-5
ECOSYSTEM ATTRIBUTES AS NATURAL HAZARDS

1. Diseases and plagues (viruses, bacteria, flukes, parasites, fungi)
2. High water
3. Avalanches (landslides, landslips, debris flows)
4. Wind (tornadoes, hurricanes, cyclones, dust storms)
5. Natural erosion and sedimentation
6. Temperature extremes
7. Extremes of humidity
8. Drought
9. Snow
10. lce
11. Halil
12. Fog, mist
13. Frost
14. Solar radiation
15. Lightning
16. Fire
17. Toxic chemicals, gas concentrations
18. Nuclear radiation
19. Volcanoes
20. Earthquakes
21. Tsunamis
22, Seiches
23. Subsidence
24, Expansive soils
25. Noxious vegetation {poisonous plants, invader species)
26. Poisonous animals (reptiles, insects)
27. Predators

Source: Organization of American States. Minimum Conflict: Guidelines for Planning the Use of American Humid Tropic Environments.

(Washington, D.C.: OAS General Secretariat, 1987).

areas will have a major influence on the flood hazard
for that watershed. Ecosystem dynamics include
human-induced and natural phenomena. Natural
hazards, such as an excess or scarcity of water, can
be intensified by human activity both inside and
outside the system being studied. Unfortunately, off-
site activities and events that can influence the project
area are seldom considered in land-use evaluations.

Furthermore, not enough attention is paid to a
number of natural impediments to development
beyond stoniness, slope and occasional flooding.
Structural components (soil texture, depth, and
distribution; slope; vegetation density and type; base
rock; and precipitation and temperature) are
emphasized at the expense of the functional processes
of the system (hydrological cycle, track and timing of
storms, photosynthesis and respiration, shear strength
of soil, rhythm, succession, and energy dissipation).
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b. Limiting Factors

Natural phenomena may have positive effects on
development or they may have negative effects and be
limiting factors (see Figure 3-5). Removing a limiting
factor--say, by reducing soil moisture through drainage
or adding to it through irrigation--allows further growth
and development. The action that removes a limiting
factor, called a "trigger factor," creates chain reactions
that can be far-reaching. For example, a landscape
that can sustain a specific number of livestock under
a given level of management may deteriorate or
improve as a result of fire or heavy rainfall. This event,
in turn, can initiate a chain of events leading to
overgrazing, erosion, sedimentation, and flooding, on
one hand, or to increased production of edible
vegetation, fewer insects, and control of both plant and
animal diseases on the other. Some natural
phenomena can be limiting factors because they occur
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infrequently or not at all; inadequate precipitation is a
good example.

Phenomena like high water are often considered
limiting factors and are classified as natural hazards,
but they can have positive effects on the proposed
land use. For example, the Necholandia rangelands of
the Pantanal area of Brazil have very sandy soils and
soil nutrients are rapidly depleted with infiltration of
precipitation. However, annual flooding of these soils
for lengthy periods replenishes nutrients in the soils
and sustains vegetation. Figure 3-6 lists other
examples of natural phenomena with positive and
negative attributes.

c. Buffering

Ecosystems are continually adaptive to change.
This adaptability is attributable to a number of
ecosystem characteristics such as species diversity
and physiological variability, storage capacity, and
cycling rates of nutrients and other materials. The
resistance of an ecosystem to outside perturbations
is high. Swamps, reservoirs, floodplains, and soil
absorb and slowly release water, reducing the
extremes of high and low water. Forests buffer high
winds and temperatures and reduce soil drying,
erosion, and slope failure. Buffering mechanisms are
important information for land use planners concerned
with natural hazards. Again, the Pantanal region of
Brazil provides an excellent example. This large area
of swamps and lakes absorbs the Upper Paraguay
River flood water and slows its arrival at the confluence
with the Parana some six months later. Were it not for
this buffering capacity, flood waters of the Parana and
the Paraguay Rivers would reach the lower sections of
the Parana River at the same time and cause
catastrophic flooding.

d. Thresholds

The point at which an effect is manifested is called
a threshold. Every system has limits, and despite
buffering mechanisms, the components and processes
of a system will eventually fail if pushed beyond the
threshold. For example, soils move despite being
covered by vegetation if rainfall is intense and the
slope steep, or they may remain stable under
increasing grazing pressure until vegetation cover is
reduced below a threshold level.

D. Assessing Natural Hazards
in Land-use Evaluations

As has been said, incorporating the consideration
of natural hazards early in the planning process can

OAS/DRDE
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minimize their negative effects on development
projects. A systems approach identifies hazards by
looking at limiting and trigger factors, thresholds,
buffers, and internal and external linkages.

Information about a study area’s natural hazards
needs to be examined during the various planning
stages (see Figure 3-7). The process of iteration
focuses the planning studies on important factors.

1. PRELIMINARY MISSION

The definition of the major land units (river basins,
sub-basins, watersheds, and life zones) is required at
this stage. Satellite imagery is particularly useful for
this activity. Time and money can be saved by using
lower resolution imagery because of the possibilities it
affords to identify potential off-site influences and
linkages to other systems.

Conceptual modeling of the region to evaluate
important internal and external linkages is also useful.
Data obtained through local informants and through
available literature are very important to the process.
Both upstream and downstream linkages (influence on
and influence from the study area) should be identified.
A team working at this level defines the work plan,
team makeup, and terms of reference for experts to
work in the next stage.

2. PHASE | ACTIVITIES

During the Phase | analysis, major ecosystems
should be defined in more detail. This will require, for
example, evaluations of flood frequencies and water
surface levels by a geomorphologist or
fluviomorphologist to look into the system’s buffering
mechanisms and to locate, identify, and quantify
factors that influence the water level. The nature and
extent of streams and river valleys should also be
evaluated in terms of flood hazard and flood control
possibilities. Other specialists should identify threshold
levels of system attributes that will ameliorate hazards
and man-made features that influence the frequency,
elevation, and duration of high water. Estimates of
stream channel filling should be made, and slope
stability and potential erosion under different scenarios
should be examined. A scale of 1:250,000 or larger for
maps will probably be required to outline floodplains
and identify problem areas where floods or other
hazards need to be studied in more detail (See
Chapter 8.)

Similar evaluation of geological hazards may be

‘necessary (see Chapter 11). The analysis of off-site

and on-site seismic-prone systems will involve the
identification of past earthquake intensities. The



Figure 3-6

EXAMPLES OF POSITIVE AND NEGATIVE EFFECTS OF SELECTED
NATURAL PHENOMENA FOR DEVELOPMENT ACTIVITIES

Natural Positive Negative
Phenomena Effects Effects
Hurricanes Bring water, nutrients, Remove structures.

Low temperature

High temperature

Heavy rains

Fire

Salinity

Volcanic eruptions

Flooding

Water flow

Tidal extremes

sediments and propagules.

By slowing down processes,
allows for conservation
and storage.

Accelerates processes,
particularly respiration
and recycling.

Trigger phenological
events in deserts;
relieve salinity in
coastal environments;
redistribute nutrients.

Makes nutrients and mois-
ture more available; re-
duces competition.

Allows higher gross pro-
ductivity in mangroves up
to seawater concentrations.

Allow for better nutrient,
moisture, and competitive
environments.

Removes competition;
triggers phenological
events.

Transports nutrients and
oxygen; removes toxics;
redistributes larvae.

Redistribute nutrients,
sediments, organic matter,
and organisms.

Freeze can be lethal.

Can be lethal; reduces species

_diversity.

Remove structures and can cause
other stresses such as flooding,
which affects gas exchange of
wetlands sediments and turbidity
in aquatic systems.

Removes structures.

At values higher than 35 parts per
1000, increases respiration rates
and decreases transpiration net
production rates.

Suffocate and kill plants and
animals.

Increases energy maintenance
costs; temporarily decreases the
number of taxa and individuals.

Removes structures; causes high
energy maintenance costs to biota.

Expose organisms to lethal
conditions.

Source: Adapted from Lugo, A. Stress and Ecosystems (1978).
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Figure 3-7

ORDERS AND TYPES OF SOIL SURVEYS, THEIR CHARACTERISTICS, DATA SOURCES AND USES

Order of Soil Survey

5th order 4th order 3rd order 2nd order 1st order
Survey type «———— Reconnaissance ———»| Semidetailed Detailed Intensive
Survey scale 1:300,000- 1:125,000- 1:32,000- 1:12,000- 1:1,000-1:12,000
1:1,000,000 1:300,000 -~ 1:125,000 1:32,000
Size of mapping unit 35-50 km2 500-500,000 ha 10-1000 ha 1.0-1.6 ha 0.5 ha or smaller

Kind of mapping unit

Associations of phases

Associations of Associations of | Consociations of Phases of soil

of subgroups/great families of soil phases of phases of soil series
groups, suborders, series soil series series
orders
Use in development
planning < Resource inventory >
<«—— Project location ——»
<« Feasibility surveys ———»
<«———— Management surveys —
Common in potential Landsat 1-5 MSS and TM (images) - >
remote sensing data «————  landsat 1-5 MSS + TM (digital) —»
sources <«— Landsat 4 and 5 TM (digital) —>
NOAA 6/7 >
« Aerial photography (high altitude) >
<« Aerial photography (low altitude) ——

Socioeconomic and land
use features

Broad land use
categories

Regional land use |Sets of villages |Villages pastures,| Villages fields,
open fields village residen-
tial areas

Source: Adapted from American Association for the Advancement of Science (AAAS). Resource Inventory and Baseline Study
Methods for Developing Countries (Washington, D.C.: AAAS, 1983).




geologist will need to study the location and direction
of active faults and identify probable fault ruptures.
Micro-zonation technique will identify the most
vulnerable areas. Similarly, a detailed study of volcanic
hazards should incorporate information on the extent
of previous ash falls, tephra falls, and lava flows. The
proximity of a volcano to the project area and to large
bodies of water must be considered because water
intensifies the violence of the eruption and accelerates
the velocity of lava or ash flows.

Planning is a dynamic process that responds to
the dynamics of local systems. Land-use mapping
should reflect this. Map overlay techniques are
appropriate, and special hazard maps can be
developed if they are not available (Giuesti, 1984;
Singer, 1985; see Chapters 4-6).

3. PHASE Il ACTIVITIES

The most appropriate scales for an action plan and
project formulation during Phase Il are between
1:20,000 and 1:60,000. In the case of floods, the
geomorphologist or fluviomorphologist would further
define thresholds for erosion and infiltration of
precipitation, and examine changes in floodplains and
peak discharge frequencies due to human intervention,
both on-site and in linked ecosystems. In the case of
seismic activity, development projects should be
steered away from the most vulnerable areas. A
typical recommendation in the development of new
areas would be to restrict uses in zones that have
exhibited significant ground movement to low-density
functions such as agriculture or parks. Additional
suggestions should be made for mitigation measures
in already developed areas.

4. GENERAL RECOMMENDATIONS

1. Include specific hazard-related terms of reference
for specialists working in the Preliminary Mission
and in Phase | (e.g., hydrologist, soils specialist,
environmental management adviser). These terms
of reference should include the need to develop
and analyze information at the points of interaction
between sectoral activities. Include hazard-related
terms of reference for technicians who will be
responsible for project formulation in Phase |l.

2. Add the short-term participation of a
geomorphologist, hydrologist, or geologist to look
into areas that have been shown to be problematic
during an earlier study phase.

3. Evaluate proposed uses of floodplains, with special
attention to downstream consequences that may
result from a loss of flood-water storage capacity

caused by development activities. Upstream
activities should be evaluated for the same reasons
even if they fall outside of the region being studied.

4. Look at the projects being considered under
different scenarios of potential development in
linked ecosystems.

5. Evaluate the influence of the projects being
considered on other activities of the ecosystem,
including buffering and threshold characteristics.

6. Account for changes in the hydrologic regime that
will be induced by the creation of impervious
surfaces (e.g., urbanization, road surfaces, soil
compaction from trampling by livestock, change
in vegetation cover).

7. Be explicit in all instructions concerning land-use
capability or suitability, including statements on the
technology requirementsfordevelopment projects.

E. Natural Services in Support of
Hazard Mitigation

1. ECOSYSTEM BOUNDARIES, WATERSHEDS,
AND RIVER BASINS

The discussions in Chapters 8 to 12, focusing on
man's relationship to each of the principal natural
hazards, demonstrate that actions taken in the name
of development often exacerbate hazard impact and
prescribe actions that can be taken to mitigate
damage. Here the focus is on the natural services of
ecosystems that serve to reduce the impact of
hazards. It follows logically that one strategy of hazard
mitigation is to maintain the natural capacity of
ecosystems to accomplish this. Secondly, in contrast
to Chapters 8 to 12, this section discusses all the
hazards simultaneously in the context of the natural
ecosystem in which they occur. Again, it follows that
the mitigation strategy is to maintain the natural
functions of the ecosystems intact.

To put the hazards in the context of ecosystems,
a hypothetical composite system has been imagined
which includes several ecosystems: uplands
(highlands, piedmont), lowlands, coastal lands, near-
shore waters (estuary and reef), and marine waters
(open sea) and the development activities
representative of each. Such a place would
approximate a small volcanic island, part at low
elevation and arid, and part at sufficient elevation to
catch moisture-laden winds from the sea. The island
would experience, if at a high enough latitude, that
given the variations in its elevation, both high and low
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temperatures extreme enough to influence
development activities would occur. It would be
located near an extensive fault zone and would contain
a variety of development possibilities and a number of
natural services that would help protect these
development activities from natural hazard events. It
should be added that there are real places very much
like this.

The hypothetical system is made up of "watershed"
or "catchment" subsystems and coastal subsystems.
The term "watershed" is variously defined, and is
sometimes used interchangeably with "river basin." As
used here, these terms refer to two entities that differ
significantly in complexity. A watershed is a system of
streams that discharge all their water through a single
outlet. Watersheds may range in size from a few
hectares up to thousands of square kilometers, but
each, whether large or small, is more or less
homogeneous with respect to its geology, soils,
physiography, vegetation type, and climate. A river
basin, on the other hand, is made up of a humber of
component watersheds, among which there may be
great variation (see Figure 3-8), and its hydrograph
responses is therefore complex.

In such systems, water and gravity are the two
major natural components that integrate system
structure and function (the specific combination of
components and processes that define a given
system). Their influence on development activities in
terms of the natural events they can present (seismic
forces, hurricanes, mass movements, etc.) is generally
forgotten by planners. Only when valuable downstream
development is threatened or damaged by landslides,
drought, floods, or sedimentation is attention shifted
upstream or uphill.

The hypothetical composite system also includes
the coastal zone where terrestrial, marine, and
atmospheric processes create a greater range of
hazards than in most other well-defined geographic
areas. Combined with the likely presence of
population centers, productive agricultural lands,
communication routes, buildings, etc., the risk in such
a zone for heavy losses in lives and infrastructure when
hazardous events occur is ever present.y

Watersheds and coastal systems, of course, do
not occur independently. By their very nature they are
integrated and must be seen as a whole. Indeed, the
concept of "expanded" watershed, which includes

37 Though not included in this discussion, significant development
activities and infrastructure also exist at sea (sea-bearing mining,
off-shore oil rigs and pipelines, shipping lanes, transoceanic
communication links, fishing and whaling activities, security patrols,
research and monitoring, refuse dumping, incineration at sea,
recreation and tourism, etc.), and these too should be seen in
terms of their vulnerability to hazardous events.
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upstream, coastal, and near-shore characteristics, is
relevant particularly where offshore hazards such as
hurricanes, tsunamis, and storm surges are modified
by near-shore bathymetry and coastal configuration
and where the effects of inland hazards such as flash
flooding and debris flows often reach coastal and near-
shore areas due to the presence of steep and relatively
short watersheds.

This concept of watershed can be used to illustrate
an area’s vulnerability to hazardous events caused by
human intervention in the system. Such interventions
may alter the landscape upstream, for example. But,
because of the integrating characteristics of water and
gravity, these alterations are not only important on-
site, but are also important downstream, including
near-shore areas where a sediment plume caused by
upstream erosion may cover and suffocate a reef or
sea-grass bed. Development activities of any kind (i.e.,
the use, improvement, or conservation of system
services, including those that mitigate hazardous
events) also require "integration." This kind of
integration implies planning and, as a result,
watersheds are often a basic unit of development
planning. Even more importantly, however, it is
necessary to understand the characteristics of
watersheds if a concern for natural hazards is to be
included in development planning.

Given the range of natural events affecting this
broadly defined hypothetical watershed, the "boundary"
of its coastal or lowlands portion should remain
flexible. Offshore, the boundaries can be placed at a
well-defined isobath located below the depth of any
bottom features capable of influencing seaborne
hazards. In contrast, the watershed’s uplands
boundaries are readily defined in physical terms
(drainage areas) but are often quite porous in biotic,
social, and economic terms.

2. ECOSYSTEMS AND ASSOCIATED HAZARDS

The subsystems of our imaginary expanded
watershed offer a surprisingly large number of natural
services which can mitigate the effects of many of
these natural hazards. Equally important, however, are
attributes of these subsystems which can intensify the
effects of natural hazard events.

Figures 3-10 and 3-11 indicate which subsystems
of the expanded watershed contain attributes that
influence the hazards summarized here. The
paragraphs below describe how the natural services of
these systems mitigate or intensify each natural hazard
risk; interestingly, they are not all intuitively obvious.
In the early planning phases these and other services
are looked at fairly broadly, and in later iterations their
roles are further and more explicitly defined. For
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Figure 3-8
MAP SHOWING DIFFERENCES IN COMPLEXITY BETWEEN A RIVER BASIN AND ITS WATERSHEDS
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Ecuador: OAS/INERHI/CONADE, 1979). '
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Figure 3-9

HYPOTHETICAL WATERSHED ON A SMALL VOLCANIC ISLAND

FAULT WINDWARD

ESTUARY

REEF

LEEWARD

Diagram of a small island showing various ecosystems (open sea, reef, estuary, lowlands, uplands) and indicators
of potential natural hazards (rain, wind, and waves indicate hurricanes and flooding; volcano indicates
eruptions; faults indicate earthquakes; faults and gullies indicate mass wasting).

example, the diagnosis may say only "The natural
structure and processes of the upland ecosystem in
this region play a role in the control of erosion and of
flooding." At later stages the specific ecosystem
function responsible for a given service would be cited
and discussed. These might be that the "high soil
water storage capacity of 'Uplands sandy loam’ soil
type, the transpiration from the deeply rooted species,
and the high infiltration rates due to the strongly
fractured structure of the sub-watershed’s parent rock
decrease the flood potential in storms of short
duration." This gives the planner a better idea of what
should be done in an ecosystem if natural flood control
services are to be used, improved, and/or conserved
rather than go unused or deteriorate or be destroyed.

a. Uplands and Volcanic Activity (U1)

The structures and functions of upland ecosystems
that can influence the effects of volcanic eruptions are
few. However, included in what does exist are:

- Relief (including valley depth, slope direction and
steepness), which may orient the flow of lava, ash,
mud, etc.

- Location and extent of the rift, which may absorb
volcanic material and move it away from (or
toward) populated areas.

OAS/DRDE
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These may either intensify or mitigate the effects
of a volcanic eruption depending on the location of the
development activity with reference to the event. In
terms of the services provided, "storage of volcanic
outflow material" could be possible depending on the
relief of the watershed. The "location and extent of the
rift" rnight intensify the hazard if development activities
were sited without considering the numerous hazards
that accompany volcanic activities.

b. Uplands and Earthquakes (U2)

Upland ecosystems do little to mitigate the
consequences of earthquakes. They may, however,
intensify the consequences because of landslides
caused by groundshaking. One of the more
dangerous aspects of this relationship occurs in areas
of current and past glacial activity and concerns the
natural damming of watercourses by terminal or lateral
moraines and the consequent creation of lakes. Such
dams are often quite weak and are easily breached if
landslide material fills the lake. An unfortunate
example of this phenomenon, of course, is the 1970
earthquake in Peru that jarred loose a large piece of
the Huascaran mountain, which fell into a natural lake
of this type. This material together with the water from
the lake covered several villages as it moved down the
narrow valley, causing the loss of over 10,000 lives.



Figure 3-10

ECOSYSTEMS AND THE NATURAL HAZARDOUS EVENTS THEY CAN
MITIGATE OR INTENSIFY

NATURAL HAZARDS
ECOSYSTEMS  VOLCANIC EARTHQUAKES LANDSLIDES HURRICANES LAND/SEA-BORNE? DESERTIFICATIONY/
ACTIVITY FLOODS

)] @ ()] ©] (6) (]
UPLANDS (U) Ui u2 us U4 us Us
LOWLANDS (L) - - - - Ls L6
ESTUARY (E)¢/ - - - E4 ES -
REEF (R) - - - R4 RS -
OPEN SEA (S) - — - S4 S5 -

&/ Land/sea-borne flood includes the hazards of tsunamis, storm surges, and storm water run-off.
Desertification in this discussion is concerned with erosion, sedimentation, and salinization in areas of dry-land farming and livestock

grazing.

¢/ Estuary consists of mangrove, salt-ponds, sea-grass beds, and beaches.

Because many upland areas do not have much level
space for construction, fill material is often used to
create some, and the buildings put up on this unstable
ground can be destroyed when the earth shakes.

¢. Uplands and Landslides (U3)

The structure and function of upland ecosystems
can both intensify and mitigate landslide hazards.
Landslides often occur naturally in these areas owing
to very steep slopes, the nature of the bedrock and
overburden, the amount and regimen of precipitation,
other disturbances such as natural fires which clear
soil-holding vegetation, and ground shaking. Any
vegetation on the slopes of the upland system is a
natural part of the soil stabilizing services, although this
can only ameliorate landslides and will not stop them
completely on the steeper slopes. If loose mantle
overlays rock (especially sedimentary rock) that has
been tilted off the horizontal plane, landslides will be
intensified on the slope parallel to the sediment plain.
On the other hand, there are fewer and less severe
landslides on the slope that runs across the
sedimentary strata. Landslides occur on the parallel
slopes especially if high rainfall saturates and increases
the weight of the soil and lubricates the interface
between mantle and base rock. In these cases even
vegetation may act as extra weight and intensify a
landslide.

d. Uplands and Hurricanes (U4)

Upland areas, if extensive, can serve to reduce the
energy level of hurricanes, since these storms receive
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their energy from warm open seas. On the other hand,
the heavy rainfall, in terms of both intensity and
amount, can cause high runoff levels from steeply
sloping landscapes. It can also saturate the soil mantle
and create conditions for substantial slope failure,
especially where the holding capacity of tree and shrub
roots has been disturbed. A major example of this
phenomenon occurred along the north coast of
Honduras in 1974 when landslides caused by
Hurricane Fifi killed thousands of people.

e. Uplands and Land/Sea-Borne Floods (U5)

Upland ecosystems can indeed help mitigate the
effects of "land-borne flooding" through the services of
storage and slow release of water. Water is stored in
lakes, ponds, streams, rivers, wetlands, soll, and snow
or ice, and in aquifers when the service of groundwater
recharge is also present. Further, there are services
(evaporation, transpiration) which reduce the total
amount of water available for flooding. The infiltration
rate also has an influence, and this can change
according to a number of physical, chemical, and
biotic characteristics of the soil. Even the physical
layout and size of the watershed or river basin can
make a difference. And, depending on the nature and
timing of each precipitation event, these also can
mitigate flooding.

Many of these same ecosystem attributes can
intensify land-borne flooding. If precipitation is heavy
and infiltration slow or if the soil is already saturated
because of previous storms, flooding can be more
frequent and its consequences more grave. Lack of
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Figure 3-11

ATTRIBUTES WHICH CAN INFLUENCE THE EFFECTS OF NATURAL HAZARDS

WIND

STORM SURGE

R4
R5
ESTUARY  REEF

E4

S5

FAULT WINDWARD
LEEWARD

Diagram of a small island showing major ecosystems and associated natural hazards. The'text explains the
potential impact of natural hazards on an ecosystem and how natural services of the ecosystem can mitigate the
effect of natural hazards.

LEGEND
ECOSYSTEM AND ASSOCIATED NATURAL HAZARDS

U1 Uplands and volcanic activity . L6 Lowlands and desertification

U2 Uplands and earthquakes E4 Estuary and hurricanes

U3 Uplands and landslides "E5 Estuary and land/sea-borne flooding
U4 Uplands and hurricanes R4 Reef and hurricanes

US Uplands and Land-borne flooding R5 Reef and land/sea-borne flooding

U6 Uplands and desertification . S4 Open sea and hurricanes
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storage capacity and the size and configuration of
drainage can combine to increase the speed and
amount of runoff. There are numerous combinations
of characteristics that can influence flooding, each of
which is further influenced by human activities.

f. Uplands and Desertification (U6)

Upland areas are related to desertification in both
positive and negative ways. Indeed, over much of the
earth’s surface, it is the presence of uplands that
create the conditions for deserts because of the rain-
shadow effect. That is, if upland areas force moisture-
laden winds upward, two important phenomena take
place: (a) the rising air mass cools and its moisture is
released on the windward side of the uplands; and (b)
on the leeward side the air mass loses altitude and
becomes warmer in the process, and this creates
desert conditions because the moisture is tightly held
and precipitation is reduced (Figure 3-11). In Latin
America the prevailing winds are generally from east
to west, so that the western slopes of mountains are
drier.  Exceptions occur, as in southern Chile,
Argentina, northern Ecuador and Columbia, where the
phenomenon is reversed: the western slopes of the
Andes receive higher precipitation and the eastern
slopes receive less, becoming drier as one moves
eastward. Often, the dry areas occur fairly close to
relatively wet areas, from which their populations and
development activities can be supplied with water.

g. Lowlands and Land/Sea-Borne Floods (L5)

Coastal areas receive the brunt of heavy seas and
high tides as well as tsunamis and storm surge. The
combined effect can be that high tides act as barriers
damming river and stream outlets to the sea, so that
any heavier than normal flow caused by upstream
runoff will overflow banks. The normal flow from
uplands tends to spread out upon reaching lowlands,
where slope is less pronounced and valleys are wider.
Furthermore, water flow from the uplands loses some
of its energy on reaching the lowlands, causing much
of the sediment load of the river or stream to be
dropped. This fills in the river bed with sediment and
may even raise its level above the surrounding lands.
If high water breaches the natural levees built up
through this process, extensive areas may be flooded.

On the positive side, coastal areas, especially
those having substantial estuaries, reefs, or wetlands,
can absorb significant quantities of water and the wave
energy accompanying sea-borne events which cause
flooding (see below E4, E5, R4, and R5).

h. Lowlands and Desertification (L6)

As was noted in U6 above, lowland areas are often
in a rain shadow of an upland area, which means that
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they can easily succumb to desertification. However,
being downstream from areas that will normally have
much higher precipitation rates, they potentially have
a large degree of control over the distribution of water,
both in space and in time, because they receive it from
only a few sources of accumulation, whereas the more
dispersed form in which upland areas receive water
makes its control for potable, irrigation, and industrial
purposes much harder. On the other hand, since
water in lowland areas within a rain shadow is not
generally dispersed, areas having less frequent and
less sure access to a water source will generally suffer
most from desertification processes (except for
salinization).

i. Estuary and Hurricanes (E4)

Estuaries in their natural state are well known for
their capacity to mitigate the effects of hurricanes.
They can absorb the energy front of the storm with
little damage, and to a large degree they can control
or at least slow beach and sand erosion and distribute
the effects of the accompanying storm surge over a
wide area. Indeed, in some ways, such as through the
flushing action of the storm, hurricanes are necessary
for estuarine operations. Likewise, storm water runoff
from upstream can be buffered by estuarine systems
without damage if the general increase in fresh water

is not too long-lasting.

j.- Estuary and Land/Sea-Borne Floods (E5)

Estuaries over much of the tropics and sub-tropics
are also important for buffering storm water runoff from
the upland areas and the high water resulting from
tsunamis and storm surges. The orientation and
configuration of the estuary influence the amount and
extent of flooding. The natural defenses of estuarine
vegetation such as mangroves and sea grass beds
(see Figure 3-12) can absorb much of the energy
associated with storm surge and tsunamis. [f the
estuary is shallow and extensive, these characteristics
can reduce wave height, and therefore can also reduce
flooding.

k. Reef and Hurricanes (R4)

Many of the characteristics of estuaries that
ameliorate the effects of hurricanes are shared by
reefs. They can absorb much of the wave energy (see
Figure 3-13), and coasts that are surrounded by barrier
reefs suffer significantly less damage to beaches and
shoreline infrastructure than do coastal areas that are
exposed to the open sea without reefs. Again, the
damage done to shore areas and infrastructure by
wave energy will depend on the shape, depth,
extension, width, and distance from shore of the reef
system.
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Figure 3-12

BENEFICIAL ROLES OF MANGROVE FOREST IN COASTAL ECOSYSTEM

High Tide p A\
Low Tide Q\‘!‘!‘r"\\\h XIS l\v._—-
Coral Reef Sourceg of Nutrients

Seagrass Bed
_ Marine Grass Beds

Mangrove forests can serve as a buffer against storm waves and thus protect human lives and man-made
infrastructure in coastal regions.

Figure 3-13

BENEFICIAL ROLES OF CORAL REEFS IN COASTAL ECOSYSTEM

Lagoon

Fore Reef

Coral reefs can serve as a buffer against storm waves thus protecting the shoreline and coastal lands, crops,
houses and human life.

Source: Both figures adapted from Snedaker, S.C., and Getter, C.D. Coasts: Coastal Resources Management
Guidelines. Coastal Publication No. 2, Renewable Resources Information Series. (Washington, D.C.: U.S. Agency
for International Development, 1985).
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I. Reef and Land/Sea-Borne Floods (R5)

Since the major problems suffered from hurricanes
result from flooding, the same characteristics of reefs
that help mitigate damage from a hurricane also
mitigate sea-borne flooding. Land-borne flooding,
however, may be a bit different in that, if the reef acts
as a dam restricting the outflow of fresh water, it may
intensify lowland floods. These effects, however, will
not be as severe as in the case of estuary
configurations that impede river outlets to the sea.

m. Open Sea and Hurricanes (S4)

Hurricanes are spawned in the open sea, and their
energy is gained by passing over open seas of
relatively high temperatures. Although the
configuration of the sea bottom at some distance from
a coast will not necessarily influence the height of the
accompanying storm surge, bottom configurations
nearer the coast will significantly affect the height and
energy of the surge and can direct it either away from
the shore or toward the shore.

n. Open Sea and Land/Sea-Borne Floods (S5)

The influence here is generally to cause rather than
- to mitigate flooding. Tsunamis may be generated by
large undersea mass movements of "land," underwater
eruptions of volcanoes, and earthquakes in the open
sea. And storms other than hurricane-force winds are
born at sea. Global phenomena like "El Nifio" can
change weather patterns over lengthy periods from
little precipitation to heavy precipitation, as in the
desert areas of northern Peru, which were severely
flooded in 1982-1983 as a result of the related ENSO
phenomenon.
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REMOTE SENSING IN NATURAL HAZARD ASSESSMENTS

N

One of the most important tools available to the
regional planner is the remote sensing of the
environment. Not only is it very useful in the planning
process in general, but it is also valuable in detecting
and mapping many types of natural hazards when, as
is often the case, detailed descriptions of their effects
do not exist. If susceptibility to natural hazards can be
identified in the early stages of an integrated
development planning study, measures can be
introduced to reduce the social and economic Impacts
of potential disasters.

All natural hazards are amenable in some degree
to study by remote sensing because nearly all
geologic, hydrologic, and atmospheric phenomena
that create hazardous situations are recurring events
or processes that leave evidence of their previous
occurrence. This evidence can be recorded, analyzed,
and integrated into the planning process.

Most remote sensing studies concerned with
natural hazards have been about an area’s vulnerability
to a disaster, the monitoring of events which could
precipitate a disaster, and the magnitude, extent and
duration of a disaster. This chapter tells planners what
types of remote sensing information are suitable for
identifying and assessing particular natural hazards and
where to look for it.

Since the existing remote sensing information may
be inadequate for a planning task or phase, this
chapter also provides guidelines on selecting and
acquiring the appropriate data. Only those sensor
systems that are deemed capable of making a
insignificant contribution to the development planning
process are discussed, with their specific applications
to the assessment of each of several natural hazards.
It is assumed that planners and other readers are
already familiar with basic remote sensing technology
and vocabulary. [f further details of techniques and/or
applications are required, near state-of-the-art
information is available in Sabins (1986), Lillesand and
Kiefer (1987), and ASP (1983). An excellent overview
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of satellite imaging systems and disaster management
can be found in Richards (1982).

While both aerial and satellite remote sensing
techniques are presented, emphasis is placed on
satellite-derived sensing because the data provide the
synoptic view required by the broad scale of integrated
development planning studies. Aerial remote sensing
data are useful to natural hazard management for
focusing on priority areas, verifying small-scale data
interpretations, and providing information about
features that are too small for detection by satellite
imagery, but extensive aerial surveys commonly
exceed the budget constraints of a planning study and
may also provide more information than is necessary,
particularly during the early stages of the study.

A. Overview of Important Remote
Sensing Attributes

Effective utilization of remote sensing data
depends on the ability of the user to be accurate and
consistent when interpreting photographs, images,
graphs, or statistics derived from remote sensing
sources. While most planners have been introduced
to photo and image interpretation in their formal
training, the best use of the data usually requires
analysis by people with experience in landform
analysis, such as geologists, physical geographers,
foresters, etc. A relatively small investment in the
services of an experienced interpreter may avoid
needless delays and inappropriate use of remote
sensing data. Whether or not the planner does his
own interpretation, he should have a working
knowledge of remote sensing techniques and the
capability to assess the validity of an interpretation, as
well as the ability to use the derived information.

The factors that determine the utility of remote
sensing data in natural hazard assessments are scale,
resolution, and tonal or color contrast. Other factors



include area of coverage, frequency, and data cost
and availability.

1. SCALE

The scale to which a photograph or image can be
enlarged, with or without optical or computer
enhancement, determines in what phase of the
development planning study this information should be
used. Presentations at scales of 1:500,000 or smaller
are useful during the Preliminary Mission and certainly
in Phase |, Development Diagnosis, when more detail

.is not necessary. Imagery at a scale of 1:250,000 or
larger is required during the project formulation and
feasibility study activities of Phase Il when detall is
more important and where certain, but less obvious,
aspects of natural hazards must be defined.
Frequently it is possible to detect natural hazard
phenomena on a small scale photograph or image,
but it is impossible to annotate it without enlargement
to larger scales. Thus, it is necessary to use imagery
at scales commensurate with the levels of detail
required for the particular stage of the study, as well
as the size of the study area itself. In addition, the
larger the areal extent of change associated with a
natural event, the more useful satellite imagery
becomes.

2. RESOLUTION

Scale is meaningless in the absence of adequate
spatial resolution, the capability of distinguishing
closely spaced objects on an image or a photograph.
Image resolution is determined by the size and number
of picture elements or pixels used to form an image.
The smaller the pixel size, the greater the resolution.
In photography, resolution Is limited primarily by the
film grain size, but lenses and other technical
considerations play important roles.

{

4-5

In both cases, imagery and photography,
separability between adjacent features plays a very
important part in the identification process.
Enlargements of photography or imagery cannot
improve resolution but only the working space for the
interpretation.

Spectral resolution also needs to be taken into
consideration when selecting the type of data since
different sensors are designed to cover different
spectral regions. Spectral resolution refers to the band
range or band width offered by the sensor. Figure 4-
1 shows the spectral regions most commonly used in
remote sensing. Most natural disasters involve spectral
changes. Floods lead to significant spectral changes
whereas earthquakes lead to little spectral variation
due to less spectral contrast in relation to non-affected
areas.

3. IMAGE CONTRAST

The contrast between features on an image or
photograph is a function of the sensor's ability to
record the tonal or spectral content of the scene.
Different spectral bands of sensing systems may
exhibit strong or weak contrasts depending on the
regions covered on the electro-magnetic spectrum and
the surface viewed. For example, a given band may
show little contrast between vegetation types in a
forest environment but may show strong contrasts
between rock types in an arid area. Hazardous areas
such as earthquake fault zones or areas susceptible to
landslides may be too small for some sensors, e.g.,
Advanced Very High Resolution Radiometer (AVHRR)
imagery, but may be readily visible on imagery
produced by other sensor systems, e.g., Landsat
Thematic Mapper (TM). The heavily vegetated and
cloud-covered terrain of tropical Latin America and the
Caribbean is among the most difficult to interpret
geologically, but expert interpreters can detect many

Natural Hazards Primer/Part Ii



Figure 4-1
ELECTROMAGNETIC REGIONS MOST COMMONLY USED IN REMOTE SENSING
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natural hazards through physiographic analysis of
radar data which can penetrate clouds.

When an image does not provide the detalil,
resolution, or contrast that is needed, there are several
options available. Since the identification of all desired
features by interpretation from one sensor is not
always possible, a second, completely different type of
sensor, or even a combination of sensors, may be
needed. Digital data can be enhanced and/or
manipulated by using techniques such as contrast
stretching, false color composites, principal component
analysis, filtering, and supervised and unsupervised
classifications.

4. TIME FRAME

The temporal occurrences of natural events will
also affect the utility of remotely sensed data. Certain
sensors can detect a phenomenon quite readily
although their repeat coverage is every 16 days
(Landsat). A flood could easily occur and recede
within this time frame. On the other hand,
desertification of an area can be a long process and
the utility of remotely sensed data could be great for
monitoring these changes. Events which are seasonal,
predictable, or highly correlated with other events are
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more likely to benefit from imagery than events which
occur randomly such as earthquakes or tsunamis (see
Chapters 8-12). <

5. REMOTE SENSING IMAGES AND MAPS

To derive the most benefit from the use of
available remote sensing data, the planners should use
all supporting information on the study area (see
Appendix A). Maps are particularly helpful in
interpreting remote sensing data. Topographic maps
are foremost among maps which help clarify many
terrain recognition ambiguities found on remote
sensing images. Geological maps bring attention to
formations conducive to particular types of hazards.
This knowledge can assist in localization and the
systematic search for these hazards. Soils maps can
serve a similar purpose, but to a lesser extent. Finally,
vegetation and land-use maps can provide information
on the moisture content, underlying geologic
formations, and types of soils present.

In summary, remote sensing imagery should be
regarded as data available to assist the planner in the
assessment of natural resource and natural hazard
information throughout the development of a planning
study. The meaning and value of remote sensing data



is enhanced through skilled interpretation used in
conjunction with conventionally mapped information
and ground-collected data.

6. OUTPUT FORMATS

Output formats consist of different ways in which
remote sensing data can be presented. Photographic
data are usually used in a film positive format or as a
photographic print. Film data and photographic prints
can be scanned and converted into digital data by
being recorded on a computer compatible tape (CCT).
The main advantage of digital data is the fact that they
can be quantified and manipulated using various image
processing techniques. Satellite or other images
recorded on a CCT can be presented in a film positive
format or photographed directly from the display
monitor.

B. Aerial Remote Sensing

Aerial remote sensing is the process of recording
information, such as photographs and images, from
sensors on aircraft. Available airborne systems include
aerial cameras, multispectral scanners, thermal infrared
(IR) scanners, passive microwave imaging radiometers,
and side-looking airborne radars (SLAR). The systems
offering the most practical and useful data in the
context of integrated development planning and natural
hazard assessments are aerial cameras, multispectral
scanners, and thermal IR scanners and SLAR. This
section describes the characteristics of the
photography or imagery obtained from these three
systems.

Availability of aerial remote sensing imagery varies
for the type of data required. - Aerial photography is
readily available for many areas of study in most parts
of the world, although in some instances it must be
declassified for non-military use by the government of
the country involved in the study. Radar imagery is
also frequently classified.

Acquisition of infrared (IR) and radar data is more
complex than aerial photography, although for a large
area, radar may be less expensive than photography.
Due to the specialized systems and operators required
to produce IR and SLAR imagery, such data are
usually available only from a limited number of
organizations which either own or lease the systems.
The cost to mobilize aircraft, equipment, and crews is
high, but the cost of data coverage per line kilometer
or per unit area can be reasonable if the area to be
flown is large.

In addition to the type, availability, and cost of
data, the planner should consider the conditions under
which the acquisition of the appropriate data is taking

_ place. Each sensor type has an optimum time of day,
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season, and/or table of appropriate conditions under
which the best results are obtained. Also, to establish
the current status of a hazard such as a volcano’s
activity, the interpretation of thermal IR imagery must
be made close to the time .of acquisition, and
anomalies should be checked out immediately to
determine the magnitude of temperatures that correlate
with them. Currently obtained data, flown under similar
instrument, weather, and terrain conditions, may be
used to compare temporal variations of the hazard. In
this way thermal pattern changes may be determined.

Thermal IR imagery information is the most
transitory of any sensor data. There is a procession of
changes in the thermal contrasts between the different
materials on the ground, both terrain and vegetation.
The transitions occur over daily and seasonal cycles
and are modified considerably by the weather, sail,
climate, relief, slope direction, and land-use practices.
In spite of these masking variations, the thermal
contrasts resulting from volcanic and geothermal
activity can be interpreted by an experienced thermal
IR interpreter.

The primary utility of SLAR imagery is in the
interpretation of the relatively unchangeable elements
of basic geologic structure and geomorphologic
conditions. As a result, it is useful in studying many
features related to natural hazards. Special SLAR
image data acquisition is not normally feasible in a
planning study budget, but previous coverage of the
study area may be available. If it does exist, it should
be sought and used to its fullest extent.

Both IR and SLAR imagery can be used in a
stereoscopic mode but only where adjacent flight lines
overlay. Since distortion due to air turbulence and/or
differential altitude occurs during the raster-like
development of each image as the aircraft moves
forward, the stereoscopic model is imperfect. Despite
these distortions the stereoscopic dimension - is
definitely an asset in helping to define natural hazards.

1. AERIAL PHOTOGRAPHY

Of all the sensors, aerial photography gives the
closest representation to what the human eye sees in
terms of wavelength response, resolution, perspective,
stereoscopic viewing, and tonal or color values. The
interpreter familiar with photographs can easily
interpret these scenes, whereas other sensors, such as
thermal IR scanners and SLAR systems, produce
imagery whose appearance and physical basis is
completely foreign to the inexperienced eye. Aerial
photographs are probably the remote sensing data
source with which the planner is most familiar (OAS
1969).
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a. Scales and Wavelengths

The most useful scales for aerial photographs
range from 1:5,000 to 1:120,000. The need for
reconnaissance type of information over large areas
limits the use of photographs to the scales of 1:40,000
or less. :

Photography is limited to the optical wavelengths
which are composed of ultraviolet (UV), visible, and
near-IR portions of the electromagnetic spectrum (see
Figure 4-1). The first and last of these portions are
recoverable on film under special film-filter conditions.
The near-IR wavelengths are the reflective part of the
larger infrared portion, which also includes emitted or
thermal wavelengths.

b. Type of Film

Aerial photography may be obtained using black
and white film, the least expensive medium, or with
conventional color or color IR film. The type of fim
that should be used depends on its utility for a
particular terrain being studied and the cost of the film.
The speed of the film is also an important factor: the
slower color films may not be used where the terrain
is too dark, such as areas of ubiquitous heavy
vegetation or predominantly dark rocks.

The two general types of black and white films
used most frequently are the panchromatic and
IR-sensitive films. Panchromatic films, which are
negative materials having the same approximate range
of light sensitivity as the human eye, are regarded as
the standard film for aerial photography. It is the least
expensive medium for aerial mapping and photo
interpretation, but it may not be the logical choice for
a given study area.

Black and white IR-sensitive film, although not
commonly used, is a better choice for the penetration
of strong haze and/or lush vegetation in humid tropical
areas. It renders surface water, moisture, and
vegetation contrasts much better than the standard
film, and, as a result, can be an effective tool in
regional planning and natural hazard assessments in
humid tropical areas. There is, however, a diminution
of detail in shadowed areas since scattered cooler
light (blue end) s filtered out.

In high relief areas, it is best to shoot close to mid-
day using IR films. In areas of low relief, photographs
should be taken when the sun is low on the horizon
(10° to 30°), causing shadows on the fine-textured
surface. Low-sun-angle - photography (LSAP)

emphasizes textural characteristics of particular rock

types, discontinuities, and the linear topographic
features associated with faults and fractures.
Vegetation types, both natural and cultivated, can also
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be defined to a large extent on a textural basis, and
this may provide further information on the terrain.
Almost any state-of-the-art aerial camera can capture
LSAP using panchromatic or red-filtered infrared film.

The use of color films for natural hazard
assessment takes various forms: negative film from
which positive color prints are made, and positive
transparencies, including color slides. To a limited
extent, the negative films can be printed to emphasize
certain colors and offer the ease of handling of prints.
They do not have, however, the. sharpness and
dynamic color range of the positive transparencies,
which are significantly better for interpretation
purposes.

There are two major spectral types of color film:
the natural or conventional color film, which covers the
visible spectrum, and color IR film (green through near
IR). The former is available as a negative (print) film
and positive transparency, and the latter is available
only as a positive transparency.

The IR color film response is superior to that of
natural color films for a number of reasons. First, the
yellow filter required for its proper use eliminates blue
light that is preferentially scattered by the atmosphere.
Eliminating much of the scattering greatly improves
the contrast. Second, the differences in reflectance
within vegetation types, soils, and rocks are commonly
greater in the photographic IR component of this film.
Third, the absorption of infrared and much of the red
wavelengths by water enables a clearer definition of
bodies of water and areas of moisture content. And
fourth, the diminution of scattered light in shadowed
areas enhances relief detail, thus improving the
interpretation of the geomorphology. In view of these
attributes, color IR film is preferred if color aerial
photography is desired for humid tropical climates.

2. RADAR

Radar differs from aerial photography as an aerial
remote sensor. Unlike photography, which is a passive
sensor system using the natural reflection from the
sun, radar is an active sensor that produces its own
illumination. Radar illuminates the terrain and then
receives and arranges these reflective signals into an
image that can be evaluated. These images appear
similar to black and white photographs. The best use
of airborne radar imagery in the development planning
process and natural hazard assessments is the
identification of geologic and geomorphologic
characteristics. Radar imagery, like photography,
presents variations in tone, texture, shape, and pattern
that signify variations in surface features and
structures. Of these elements, tonal variations which
occur in conventional aerial photographs are the same



as the eye sees. The tonal variations, which occur in
radar images and appear as unfamiliar properties, are
the result of the interaction of the radar signal with the
terrain and vegetation. Just as it is not essential to
fully understand the optical theory and processes
involved with photography to be able to use aerial
photographs, it is also possible to use radar images
without a thorough understanding of electromagnetic
radiation.

However, an interpreter needs to know something
about how the image Is formed in order to interpret it
correctly and to appreciate fully the potential and
limitations of radar. A skilled interpreter need only
become familiar with the parameters that control radar
return, understand their effect on the return signal, and
recognize the effect of the side-looking configuration
of the sensor on the geometry of the return signal.

Many useful radar images have been acquired in
X-band, K-band, and Ka-band wavelengths (see Figure
4-2). However, X-band airborne radar systems are
currently the most commonly offered by commercial
contractors. In this band-width there are two basic
types of systems: real aperture radar (RAR) and
synthetic aperture radar (SAR). Real aperture or "brute
force" radar uses an antenna of the maximum practical
length to produce a narrow angular beam width in the

azimuth (flight line) direction. The longer the antenna,
the narrower the azimuth beam. A typical length is
4.5m, which approaches a maximum practical size for
aircraft. For this reason the SAR was developed. The
SAR is capable of achieving higher resolution without
a physically large antenna through complex electronic
processing of the radar signal.

The resulting resolution, coupled with the small
scales at which images can be acquired, makes radar
more suitable than photographic surveys for covering
large areas. While RAR has a simple design and does
not require sophisticated data recording and
processing, its resolution in the range direction is
relatively limited in comparison with the SAR of the
same waveband. SAR maintains its high resolution in
the range direction at long distances as well as its
azimuth resolution. Resolution with SAR approaches
10m in azimuth and range.

5. THERMAL INFRARED SCANNERS

An airborne electro-optical scanner using a
semiconductor detector sensitive to the thermal IR part
of the spectrum is the best way to produce imagery
that defines the thermal - pattern of the terrain.
Alternative methods using a television-like presentation
have inadequate spatial resolution and thus cannot be

Figure 4-2

RADAR WAVELENGTH AND FREQUENCIES USED IN REMOTE SENSING
FOR AIRCRAFT RADAR SYSTEMS

Band Designation® Wavelength Frequency (v), GHz
(cm) (10° cycles/sec™)

Ka (0.86cm) 0.8to 1.1 40.0 to 26.5

K | 1.1101.7 26.5 10 18.0

Ku 1.7t0 24 18.0to 12.5

X (3.0cm, 3.2cm) 2410 3.8 12.5 10 8.0

C '3.8t07.5 8.0to0 4.0

S 7.51t0 15.0 40t0 20

L (23.5¢m, 25.0cm) 15.0 to 30.0 2.01t01.0

P 30.0 to 100.0 1.0t0 0.3

y Wavelengths commonly used in imaging radars are shown in parentheses.

Source: Sabins, Floyd F., Jr. Remote Sensing: Principles and Interpretation

(New York: W.H. Freeman, 1986).
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used effectively from aircraft altitudes. They also lack
adequate thermal resolution.

- Spatial resolution in scanners decreases with
altitude above the terrain. Most commercial thermal
infrared systems have spatial resolutions which provide
for 2m to 2.5m resolution per 1,000m altitude at the
nadir point (the point in the ground vertically below
the camera) of the scan. Increasing the altitude above
terrain to 2,000m would produce 4m to 5m spatial
resolution. o

Commonly, the 3.0um to 5.5zm band provides the
best information for "hot" objects (active volcanic vents,
hot springs, etc.), while the 8.0sm to 14.0um band
provides the best information for features that are at
ambient or cooler temperatures (flooding streams
under canopies, warm springs, etc.).. Frequently in
studies involving IR surveys both bands are used to
provide simultaneous imagery.

Properties of the airborne IR scanner system
indicate that its practical use is restricted to the lower
altitudes (under 3,000m) and, consequently, to
relatively smaller areas than either radar or aerial
photography. In natural hazard assessments, its best
use would be in areas that are known or suspected to
be areas of volcanism or where abnormal moisture

conditions indicate dangerous situations. The latter "

may Include, for example, trapping of water along
active faults, or in back of landslide slumps, or
moisture conditions associated with karst terrain.

IR scanning systems have drawbacks, but their
unique capability of thermal imaging is unsurpassed.
In addition, they can provide critical information for
relatively small areas once specific hazard-prone areas
have been identified.

4. ADVANTAGES AND LIMITATIONS OF
PHOTOGRAPHY, RADAR, AND THERMAL
IR SCANNERS

a. Photography and Radar

Both aerial photography and radar have
advantages and limitations. Photography cannot be
used at any time in any weather as can radar. Radar
can map thousands of square miles per hour at
geometric accuracies conforming to national mapping
standards. An area can be surveyed much more
rapidly by radar than by aerial photography, and the
final product provides an excellent synoptic view.
Distance can be measured more accurately on radar
than photography, and maps as large as 1:24,000
scale have been produced experimentally. The
RADAM project of Brazil covered the country
completely at a scale of 1:250,000. On the other hand,
photography at the same scale shows considerably
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more detall, and it provides an excellent stereoscopic
model for interpretation purposes in contrast to a more
limited, but still useful, model obtained from radar."
Aerial photography has the advantage of offering
instantaneous scene exposures, superior resolution,
ease.of handling, and stereoscopic capability.

b. Thermal IR Scanners

Airborne electro-optical scanners, in general, can
cover the electromagnetic spectrum using
semiconductor electronic sensors from the UV through
the visible and near IR into the thermal IR range of the
spectrum. The utility of the UV spectrum in natural
hazard and resource investigations has yet to be
demonstrated, particularly when the image is degraded
due to intense scattering of its-rays. Scanners in the
visible range are useful, especially when two or more -
wavebands are algebraically combined or manipulated.

Scanning imagery, because of its technique of
recording a raster on film or tape, produces inherent
distortions in the final built-up image scene. The lateral
distortion from the flight line is reasonably corrected in
the scanner system. Along the flight line, however, the
rapid changes of altitude above the terrain during the
formation of one scene from many scan lines produces
many distortions. The persistent movement of the
aircraft on three axes with limited stabilization presents
the same problem. These distortions result in images
that are difficult to interpret and whose location is
difficult to identify, especially in mountainous and/or
forested terrains. Despite these deficiencies, scanning
from aircraft continues to be a very valuable method
of obtaining thermal infrared imagery with reasonable
spatial and thermal resolution.

In summary, aerial remote sensing provides
information from aerial photographic cameras,
side-looking radar, and thermal imaging scanners that
is unsurpassed in resolution in their respective
coverage within the electromagnetic spectrum. These
systems produce imagery that ranges from the familiar
visible spectrum to the unfamiliar infrared and
microwave radar (short radio) spectra.  This
infformation can be used in conjunction with
conventional maps of all kinds to enhance the data
available to the planner.

C. Satellite Remote Sensing

This section describes several satellite remote
sensing systems which can be used to integrate
natural hazard assessments into development plarining
studies. These systems are: Landsat, SPOT satellite
(Systéme Probatoire pour I'Observation dela Terre),
satellite radar systems, Advanced Very High Resolution
Radiometer (AVHRR) on NOAA-10 and 11 satellites,



metric camera, large format camera (LFC), and
Sojuzkarta. Remote sensing from satellite vehicles
has become increasingly important following the
successful launch of the Landsat 1 satellite (formerly
ERTS-1) in 1972. Since then many satellites with
remote sensing capabilities have been developed and
used successfully.

The Landsat multispectral scanner (MSS) provided
the first practical imagery in four different spectral
bands from space. The characteristics of this and
other Landsat sensors are summarized in Figure 4-3.
The accompanying return beam vidicon (RBV) sensor
on this and subsequent satellites of this series were
never noticed by scientists and planners like the MSS.
The broad areal coverage of the Landsat sensors and
the others that have followed, together with the
capability to process the sensor data digitally, has
made the satellite-derived data useful to regional
planners and others interested in natural hazard
assessments. The synoptic view of lands targeted for
development can be imaged in an instant of time.
Satellite imagery can provide a continuity of viewing
conditions for large areas that is not possible on aerial
photographic mosaics.

In addition to MSS, other satellite-borne sensors
warrant discussion since they are potential tools for
assessing natural hazards. Each sensor has its
advantages and limitations in coverage of areas of
interest and its resolution capability to define certain
types of hazards. Some sensors are experimental,
and provide limited areal coverage and lack temporal
continuity. However, where coverage is available for
a study area, the sensor data should be used in
conjunction with existing data derived from Landsat
or SPOT. The data derived can produce an
inexpensive synergistic effect by combining data from
more than one part of the spectrum, and are well worth
the relatively small expense.

Ideally, it would be desirable to use a "multi-stage”
approach to the natural resource and natural hazard
assessments.  This would Iinvolve using aerial
photography and ground checks to establish more
detailed knowledge of sample or representational sites.
This may then be extrapolated over a larger area using
Landsat or other satellite-derived data. Figure 4-3
shows the needed imagery characteristics for the
‘assessment of various natural hazards--earthquakes,
volcanic eruptions, landslides, tsunamis, desertificatlon,
floods, and hurricanes--for purposes of planning and
mitigation. The characteristics of applicable satellite
sensing technologies are described below.

1. LANDSAT

Since the Landsat series of satellites have been
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operational for a long period of time, there is a very
large data base available, both in areal coverage and
in repetitive coverage, through different seasons and
during periods of natural disasters. Landsat MSS
coverage exists from 1972 to the present in four
spectral bands at 80m resolution. The thematic
mapper (TM) was introduced on Landsat 4 in 1982,
with seven spectral bands, six of them with 30m
resolution and one in the thermal IR range with 120m
resolution (see Figure 4-3).

Sensor data are digitally transmitted to ground
stations in various parts of the world where they are
recorded on magnetic tapes and preprocessed to
improve their radiometric, atmospheric, and geometric
fidelity. Ground receiving stations that cover Latin
America and the Caribbean are in California, Maryland,
Brazil, and Argentina. Distribution centers for Landsat
sensor imagery are listed in the box below.

Although none of the existing satellites and their
sensors has been designed solely for the purpose of
observing natural hazards, the variety of spectral bands
in visible and near IR range of the Landsat MSS, and
TM and the SPOT HRV sensors provide adequate
spectral coverage and allow computer enhancement
of the data for this purpose. Repetitive or
multitemporal coverage is justified on the basis of the
need to study various dynamic phenomena whose
changes can be identified over time. These include
natural hazard events, changing land use-patterns, and
hydrologic and geologic aspects of a study area.

The use of Landsat MSS and TM imagery in
natural resource evaluations and natural hazard
assessments is facilitated by the temporal aspect of
available imagery. Temporal composites from two or
more different image dates allow the recognition of
hazard-related features that have changed, such as
alteration of floodplains or stream channels and large
debris slides, and to some extent, early recognition of
disasters that evolve over time, such as drought or
desertification. Chapter 8 has a detailed discussion of
the use of Landsat sensors in flood hazard
assessments. Specific manipulation and combination
of the MSS or TM tape data of various bands of the
same scene can increase the utility of the data.

Three-dimensional analysis, or stereoscopy, is
essentially missing on the MSS and TM data. With
MSS on Landsat 1, 2, and 3, there Is an 18-day cycle,
and sidelap is 14 percent at the equator, increasing
poleward to 34 percent at latitude 40 and to 70 percent
at polar latitudes. (Sidelap is the amount of
overlapping of adjacentimage coverage.) On Landsat
4 and 5, a lower altitude and a 16-day cyde with wider
spacing results in only 7.6 percent sidelap at the
equator and negligible increase toward the poles for
both MSS and TM data. Unfortunately, the areas at
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Figure 4-3

CHARACTERISTICS OF LANDSAT SENSORS

SENSORY LANDSAT SPECTRAL BANDS AND RANGE  ALTITUDE RESOLUTION IMAGE SIZE COVERAGE REPEAT
PLATFORM (micrometers) (km) (m) (km)

RBV 1,2,3 PAN 0.505-0.750 920 79x59 g 185x185 ) every 18 days
1Y 0.475-0.575 30x30 ¢/ 99x99 ¥/
2¢ 0.580-0.680
3¢ 0.690-0.830

MSS 1,2,34,5 4 (green) 0.5-061/ 920 ¢/ 79x57 &/ 185x185 ¥ every 18 days &/
5 (red) 0.6- 0.7 705 %/ 60x60 &/ 185x170 &/ every 16 days &/
6 (nearIR) 0.7-0.8 237x237 Y
7 (near IR) 0.8 1.1
8 (thermal) 10.4-12.6 &/

™ 45 1 0.45-0.52 705 285x285%  85x170 every 16 days
2 0.52-0.60 120x120
3 0.63-0.69
4 0.76-0.90
5 1.56-1.75
6 10.40-12.50 V
7 2.08-2.35

8/ RVB, Return Beam Vidicon; MSS, Multispectral Scanner; TM, Thematic Mapper; IR, Infrared.

b/ Panchromatic and Landsat 3 only

g Bands 1,2,3 on Landsat 1 and 2 only

g/ Landsat 1 and 2

¢ Landsat 3

Y Also called bands 1 to 4 on Landsat 4 and 5

2/ Landsat1to 3

L Landsat 4 and §

y Band 8 on Landsat 3

v Thermal

LY Bands 1to 5and 7

Y Band 6 only

Source:  Adapted from Budge, T. A Directory of Major Sensors and Their Parameters (Albuquerque, New Mexico:

Technology Application Center, University of New Mexico, 1988).

the lower latitudes where our interests lie have the
minimal stereoscopic coverage.

If the terrain is flat with little relief, the little
stereoscopic sidelap present would not be effective.
In areas of rugged terrain, any small stereoscopic
coverage would be welcome, especially if it fell within
a critical part of a project area.

The return beam vidicon (RBV} is a framing camera
system that operates as an instant television camera.
It has not enjoyed the same popularity as the MSS,
even though it provides useful information. Landsat 1
and 2 carried three RBVs that recorded green, red, and
solar IR images of the same scene as the MSS did.
They were capable of producing color IR images of
80m resolution, the same as the MSS, but were
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decidedly inferior due to technical problems. Landsat
3 carried an RBV system that acquired single black
and white images in quadrants of the MSS scene inthe
0.50um to 0.754m waveband, a spectral response from
the green through red. The ground resolution was
40m, much better than the existing MSS and the earlier
RBV resolution, enabling the recognition of natural
hazard evidence of smaller scale.

The broad response of the RBV, however, did not
enhance any particular feature or differentiate
vegetation or rocks as well as the MSS bands. Its
advantage lay primarily in providing higher spatial
resolution for larger scale mapping of spectrally
detectable features. In this regard it complemented
the lower resolution MSS data which covered the same
area. The RBV system was dispensed with entirely on



Landsat 4 and 5, leaving only the MSS and ™
sensors. The former was included to continue the
temporal library with that type of sensor data and their
80m spatial resolution. The TM, with a 30m resolution,
negated any requirement for the ineffective and
little-used RBV system. Despite its absence on
Landsat 4 and 5, RBV data of certain heavily vegetated
tropical areas may be the only available source of data
with adequate resolution for temporal comparison with
later TM data.

The thermal IR portion of the TM was originally
placed in the 10.4um to 12.5:m spectral window where
the earth’s radiant energy is so low that a large
detector is required. This resulted in a 120m ground
resolution cell which generalized thermal detail, limiting
its value for detecting the subtle and finely detailed
geothermal changes associated with volcanic activity.
The thermal resolution is 0.5° K (degrees Kelvin), which
by airborne IR scanner standards (0.1° K or smaller),is
poor. The best possible application in natural hazard
assessments may be in active floodplain delineation
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and perhaps as a crude index to regional volcanic
activity. The thermal infrared band (band 8) in Landsat
3 (10.4um - 12.5um with 240m spatial resolution) never
worked properly and is, therefore, of no consequence
for the applications discussed here. The blue-green
band (0.45um - 0.52xm) in the TM system (band 1) is
unique among sensors aboard natural/resource-
oriented satellites. The reason that this band has not
been a part of the spectrum sought from satellites is
the severe scattering of the blue light, which can badly
degrade the image contrast where there is high
humidity and/or high aerosol content in the
atmosphere. However, in water, blue light has the best
penetration capability in the visible spectrum.

In clear, sediment-free waters it can define sea
bottoms to depths of 30 or more meters, depending
primarily on the angle of incidence of the sun's
ilumination and the reflectance of the bottom. This
property is useful for determining offshore slope
conditions relevant to potential tsunami run-up.
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Figure 4-4

CHARACTERISTICS OF SPOT SENSORS

SPOT SENSOR: MULTISPECTRAL HIGH-RESOLUTION VISIBLE (HRV)

Resolution Image Format
(m)
20 60km swath with
20 vertical viewing angle
20 and up to 80km with

+ /- 27° viewing
angle from vertical

SPOT SENSOR: PANCHROMATIC HIGH-RESOLUTION VISIBLE (HRV-P)

Band Wavelength
(um)

XS1 0.50-0.59

XS2 0.61-0.68

XS3 0.79-0.89

Band Wavelength
(xm)

P 0.51-0.73

Resolution

(m)
10

Image Format

60km swath with
vertical viewing angle
and up to 80km with
+ /- 27° viewing
angle from vertical

2, SPOT

The SPOT satellite with its High Resolution Visible
(HRV) sensors is similar in many respects to the
Landsat satellite with its MSS and TM sensors. The
HRV multispectral sensor (XS) ranges from the green
wavelength into the near IR. The HRV-XS coverage is
in three spectral bands rather than the four found in
the MSS, but with much higher spatial resolution (20m
versus 80m), although it covers only about 1/9 of the
area covered by a Landsat scene. Additionally, SPOT
carries a panchromatic sensor (HRV-P) which covers
the green through red portions of the visible spectrum
in a single band with 10m resolution. Both HRV
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sensors cover a 60km swath along the orbit path. It is
possible to obtain simultaneous side-by-side coverage
from each sensor, producing a 117km swath width,
although this capability has not been frequently used.
Figure 4-4 above summarizes the characteristics of
SPOT sensors and their image formats.

The SPOT sensors have the unique capability of
being pointable, 27 degrees to the left or right of the
orbital track. This feature allows for repeated off-nadir
viewing of the same ground swath, producing image
stereopairs. The base-height ratios range from 0.75 at
the equator to 0.50 at the mid-latitudes. This provides
a strong vertical exaggeration. This third dimension,



if it is available for a particular study area, together with
the higher image resolution, can make SPOT'’s sensors
superior to those of Landsat if greater spectral
resolution is not required. The sources for SPOT data
are listed in the box above.

3. SATELLITE RADAR SYSTEMS

There is considerable radar cbverage throughout
the world, and more space-derived radar data can be
expected in the future.

The family of space radars stems from the Seasat
(U.S.A)) radar, which was a synthetic aperture system
that was especially designed for studying the ocean
surface. In this capacity it had a large (70° average)
depression angle to study the relatively flat ocean
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surface. For this reason Seasat's usefulness for
imaging land extended to those land areas of low
relief. During its short life in 1978, it managed to
acquire a large amount of data from Western Europe,
North and Central America, and the Caribbean.

Seasat was followed by Space Shuttle imaging
radars SIR-A and SIR-B. Data from these radars was
obtained from Space Shuttle flights in-1981 and 1984.
Their characteristics along with those of Seasat are
shown in Figure 4-5. SIR-A and SIR-B provided greater
worldwide coverage, including large parts of Latin
America, because the image data were recorded on
board the Space Shuttle rather than telemetered to a
limited number of receiving stations within range of the
spacecraft, as was the case with the unmanned Seasat
radar satellite.
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Figure 4-5

CHARACTERISTICS OF SEASAT, SIR-A, AND SIR-B SYSTEMS

Characteristics Seasat(1978)
Repeat Coverage irregular,

northem hemisphere

Resolution 25x25m
Wavelength (23.5cm) L-band
Latitude coverage 72°N-72°S
Altitude 790km
Image-swath width 100km

SIR-A(1981) SIR-B(1984)
little to little to

none none
40x40m 25x(17-58)m
L-band L-band
50°N-35°S 58°N-58°S
250km 225km
50km 40km

Source:
Technology Application Center, 1988).

Adapted from Budge, T A Directory of Major Sensors and Their Parameters (Albuquerque, New Mexico:

The long wavelengths of these radar systems
permit potential subsurface penetration between 2m
and 3m in extremely dry sand (Schaber et al., 1986).
There may be areas of hyperaridity in South America
that may permit this type of penetration. This property
may have some application to natural hazard
assessment that is not readily apparent, as well as to
integrated development planning studies. The problem
seems to be that while significant amount of radar
coverage is available, much has yet to be acquired
where needed.
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The SIR series of radar data acquisition is
expected to continue with SIR-C in the future. Other
radar sensors will be placed into orbit soon: Canada’s
Radarsat, a C-band (6.0cm) radar designed to provide
worldwide stereoscopic coverage, is planned for the
1990s; the European Space Agency expects to launch
a C-band synthetic aperture radar aboard the Earth
Resources Satellite (ERS) in 1990; and Japan will
launch an L-band imaging radar satellite in 1991.
Thus, it can be expected that more radar imagery is
forthcoming which will provide additional tools for
natural hazard assessment.



4. AVHRR

The Advanced Very High Resolution Radiometer
(AVHRR) on board the NOAA-7 through 11 satellites
would not normally be considered useful for natural
hazard assessments on the basis of its low resolution
(1.1km at nadir) alone. However, its large swath width
of 2253km provides daily (day and night) coverage of
the inhabited parts of the earth (see Figure 4-6). The
near-nadir viewing repeat cycle is nine days, but the
same area is still viewable from different angles within
the swath from space. This results in complicated
radiometric and geometric comparisons between
different dates of data acquisition.

This scanning radiometer has 5 bands, which
include band 1 (green to red), band 2 (red to reflected
IR), band 3 (middle IR), band 4 (thermal IR), and band
5. The most useful bands are the thermal IR bands 4
and 5 particularly where moisture or ice is involved.

These have been successfully used to delineate
flooded areas using temporal analysis techniques
within 48 hours following a major flood event (Wiesnet
and Deutsch, 1986). The thermal resolution in these
bands is better than the Landsat TM thermal band 6
but with a significant trade-off loss in spatial resolution
(1.1km versus 120m, respectively).

5. METRIC CAMERA

The metric camera was an experiment on the
STS-9/Spacelab 1 Mission in 1983 to determine
whether topographic and thematic maps at medium
scales (1:50,000 to 1:250,000) could be compiled from
mapping camera images taken from orbital altitudes.
Due to a late November launch date, illumination
conditions were poor over many of the candidate
target areas. As a result, slower shutter speeds had to
be used than were planned, causing some image

Figure 4-6

AVHRR CHARACTERISTICS

Platform: NOAA satellites (formerly Tiros)

Spectral bands Tiros-N

1 0.55 - 0.90
2 0.725- 1.00
3 3.55 - 3.93
4 10.50 -11.50
5 none
Altitude: 833-870km

Resolution: Large Area Coverage (LAC): 1km
Global Area Coverage (GAC): 4km

Image size: 2253 km swath
Repeat coverage: Daily, worldwide

NOAA-6,8,10 NOAA-79.d.H.I.J
0.58-0.68 0.58 -0.68
0.725-1.00 0.725-1.00
3.565-3.93 3.55 -3.93
10.50-11.50 10.30-11.30
none 11.50-12.50
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smear. Nevertheless, high quality images with a
photographic ground resolution of about 20m were
obtained on a 23cm x 23cm format panchromatic and
color IR film. Analysis has shown that these images
may be used for mapping at a scale of 1:100,000. On
this mission, despite the fact that many problems were
encountered, an area of more than 11 million km® was
covered. Plans are now underway to modify the
camera to compensate for forward image motion and
to refly it. It is expected that a ground resolution of
about 10m would be obtained, permitting maps with a
scale as large as 1:50,000 (Schroeder, 1986).

Ground coverage of 190km x 190km per
‘photograph frame was obtained using a 305mm lens
from an altitude of 250km, yielding an image scale of

1:820,000. Overlap of 60 to 80 percent, obtained for

topographic mapping purposes, is of great value in
interpretation for natural hazards. The high resolution
and stereocoverage make this photographic sensor
system a potentially useful tool when sufficiently
enlarged.

Five lines of metric camera photography cover
parts of Latin America, and with resumption of the U.S.
Space Shuttle program, additional high quality space
photographs of areas of interest may become
available.

6. LARGE FORMAT CAMERA

The large format camera (LFC) photography
was obtained during a Space Shuttle flight in October
1984. The term "large format" refers to the 23cm by
46cm film size, which was oriented with the longer
dimension in the line of flight. LFC acquired 1,520
black and white, 320 normal color, and 320 IR color
photographs, covering many areas within Latin
America and the Caribbean. The scale of the
photographs ranges from 1:213,000 to 1:783,000
depending on the altitude of the Space Shuttle, which
varied between 239km and 370km. The swath covered
a range between 179km and 277km, and each frame
covered between 360km and 558km in the flight
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direction. Forward overlap up to 80 percent was
obtained, allowing vertical exaggerations of 2.0, 4.0,
6.0, and 7.8 times in the. stereomodels. Most
photographs were taken with 60 percent overlap, which
provided 4 times vertical exaggeration and an excellent
stereomodel. The spatial resolution was about 3m for
the black and white film and about 10m for the color
IR film.

Theavailability of this excellent stereophotography,
which can be enlarged ten times or more with little loss
of image quality, is limited to certain areas covered by
the ground track of the Space Shuttle. Some of this
coverage includes clouds or heavy haze, but despite
the limitations of coverage and occasional poor quality,
the existing photography should be examined for its
possible use in any regional natural hazards
assessment and planning study.

Given the range of tools available for aerial and
satellite remote sensing, their applications vary based
on the advantages and limitations of each. The
planner can regard each of these as a potential source
of information to enhance natural resource evaluation
and natural hazard assessment. The next section
covers some of the applications of photographs and
images in natural hazard assessments.

7. SOJUZKARTA

Sojuzkarta satellite data consist of photographs
taken with the KFA-1000 and KM-4 camera. Computer
compatible tapes (CCTs) for digital image processing
are not avalilable, although it is possible to convert the
data into digital format by using a scanner.
Photographs obtained through the KFK-1000 camera
have 5m resolution in the panchromatic mode and
10m resolution in the color mode; scales range from
1:220,000 to 1:280,000. KM-4 photography has a 6m
resolution and is available at scales of 1:650,000 and
1:1,500,000. Applications of this sensor to natural
hazard studies are likely to be in desertification
monitoring, flood hazard and floodplain, and landslides
studies.



D. Applications of Remote
Sensing Technology to
Natural Hazard Assessments

For purposes of assessing natural hazards in the
context of integrated development planning studies, it
is not necessary to have real-time or near real-time
remote sensing imagery. What is required is the ability
to define areas of potential exposure to natural hazards
by identifying their occurrence or conditions under
which they are likely to occur and to identify
mechanisms to prevent or mitigate the effects of those
hazards. This section considers the practical
detectabllity by remote sensing technology of the
potential for floods, hurricanes, earthquakes, volcanic
eruptions and related hazards, and landslides. It will
become evident that some of these hazards are
interrelated, e.g., floods and hurricanes; earthquakes,
volcanoes and landslides.

The ability to identify these natural hazards or their,

potential for occurring depends on the resolution of
the image, the acquisition scale of the sensor data,
the working scale, scenes free of clouds and heavy
haze, and adequate textural and tonal or color
contrast. The availability of stereomodels of the scene
being studied can greatly enhance the interpretation.
Figure 4-7 displays satellite remote sensing attributes
to be taken into consideration for the assessment of
various hazards.

After a hazard is identified, formulating appropriate
mitigation measures and developing response plans
may require different remote sensing data sets. This
additional remote sensing data needed are most likely
to include greater detail .of the infrastructure, e.g.,
roads and facilities. This may have to be derived from
aerial photography.
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1. FLOODS

Floods are the most common of natural hazards
that can affect people, infrastructure, and the natural
environment. They can occur in many ways and in
many environments. Riverine floods, the most
prevalent, are due to heavy, prolonged rainfall, rapid
snowmelt in upstream watersheds, or the regular
spring thaw. Other floods are caused by extremely
heavy rainfall occurring over a short period in relatively
flat terrain, the backup of estuaries due to high tides
coinciding with storm surges, dam failures, dam
overtopping due to landslides into a reservoir, and
seiche and wind tide effects "in large lakes.
Occasionally an eruption on a glacier or snow-covered
volcanic peak can cause a flood or a mudflow in which
the terrain is radically changed and any agrarian
development is totally destroyed, frequently with much
loss of life. See Chapter 8 for a more detailed
discussion of flood hazards and Chapter 11 for a
discussion of floods and mudflows associated with
volcanic eruptions.

It is impossible to define the entire flood potential
in a given area. However, given the best remote
sensing data for the situation and a competent
interpreter, the evidence for potential flood situations
can be found or inferred. The most obvious evidence
of a major flood potential, outside of historical
evidence, is identification of floodplain or flood-prone
areas which are generally recognizable on remote
sensing imagery. The most valuable application of
remote sensing to flood hazard assessments, then, is
in the mapping of areas susceptible to flooding.

Synoptic satellite sensor coverage of a planning
study area Is the practical alternative to aerial
photography because of cost and time factors. The
application of Landsat MSS imagery to floodplain or
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Figure 4-7

SATELLITE IMAGERY APPLIED TO NATURAL HAZARD ASSESSMENTS

VOLCANIC
EARTHQUAKES ERUPTION LANDSLIDES TSUNAMI DESERTIFICATION FLOODS HURRICANES
INFORMATION Land-use Maps of areas Slope maps, Bathymetric/ Land-use maps, Floodplain delinea- Land-use
TO BE OBTAINED maps, geolo- vulnerable to slopes stability, topographic soil moisture tion maps, land-use maps
gical maps lava flows, ash elevation, geolo- maps content, crop classification,
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(Washington, DC: Naval Research Laboratory, 1986).

Adapted from Richards, P.B. The Utility of Landsat-D and other Satellite Imaging Systems in Disaster Management




flood-prone area - delineation has already been
demonstrated by comparing pre-flood scenes with
scenes obtained at the height of the flood, using
Landsat MSS band 7 (near IR) images in a color
additive viewer (Deutsch et al., 1973). This temporal
comparison can now be done pixel by pixel in a
computer. Landsat TM, with its greater spatial
resolution than MSS data (30m versus 80m) and its
additional spectral coverage (7 bands versus 4 bands),
can be used for more detailed mapping of floodplains
and flood-prone areas on larger scale maps of
1:50,000 or greater. TM data have been used for
discriminating land cover classification (Kerber et al.,
1985) and to provide useful input to flood forecasting
and flood damage models for urban and agricultural
areas (Gervin et al., 1985).

This approach to floodplain delineation does have
its limitations. The area of potential flooding delineated
in this manner may represent a flood level that exceeds
an acceptable degree of loss. Also, no floods may
have occurred during the period of the sensor
operation. In this case, indirect indicators of flood
susceptibility are used. A more detailed discussion of
flood susceptibility and the use of Landsat imagery
can be found in Chapter 8. Landsat and presumably
similar satellite data floodplain indicators are listed in
Figure 4-8.

There are large parts of tropical humid ecosystems
where adequate Landsat or other similar imagery is
not available due to cloud coverage or heavy haze. In
some instances the heavy tropical vegetation masks

many geomorphic features so obvious in drier
climates. In this case the use of available radar
imagery from space or previously acquired from an
aircraft survey is desirable. The radar imagery, which
has a resolution comparable to Landsat TM and SPOT
from both space and sub-orbital altitudes, can
satisfactorily penetrate the clouded sky and define
many floodplain features. Moisture on the ground
noticeably affects the radar return and, together with
the textural variations emphasized by the sensor,
makes radar a potentially desirable tool for flood and
floodplain mapping.

2. HURRICANES

To mitigate the impact of hurricanes, the planner
needs to know the frequency of storms of given
intensity in the study area, to what extent these storms
could affect people and structures, and what sub-areas
would be most affected such as low-lying coastal,
estuarine, and riverine areas threatened by flooding
and storm surge. See Chapter 12 for a more detailed
discussion of hurricanes and coastal areas.

The determination of past hurricane paths for the
region can be derived from remote sensing data from
the U.S. National Oceanographic and Atmospheric
Administration (NOAA) satellite sensors designed and
operated for meteorological purposes. These data are
already plotted by meteorological organizations in the
U.S.A. and other countries where hurricanes are a
threat. For plotting new data, the best sensor is the

Figure 4-8

LANDSAT FLOODPLAIN INDICATORS

- Upland physiography

- Watershed characteristics, such as shape, drainage, and density
- Degree of abandonment of natural levees

- Occurrence of stabilized sand dunes on river terraces

- Channel configuration and fluvial geomorphic characteristics

- Backswamp areas

- Soil-moisture availability (also a short term indicator of flood susceptibility)

- Variations in soil characteristics

- Variations in vegetation characteristics

- Land use boundaries

- Flood alleviation measures for agricultural development on the floodplain

Source: Adapted from Rango, A. and Anderson, A.T. "Flood Hazard Studies in the Mississippi
River Basin Using Remote Sensing” in Water Resources Bulletin, vol. 10, 1974.
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AVHRR which, with its 2,700km swath, makes coverage
twice a day, and has appropriate resolution. The red
band is useful for defining daytime clouds and
vegetation, while the thermal IR band (10.50um to
11.50zm) is useful for both daytime and nighttime
cloud observations.

The AVHRR is not useful in other aspects of
hurricane contingency planning due to its limited
spatial resolution. These planning needs require higher
resolution available from other satellite sensors. If
imagery of areas inundated by floods, hurricane
storms, or other storms is obtained with any sensor
immediately after the event, it should be used, of
course, regardless of its resolution. Any such
information that is obtained in a timely fashion should
be used to delineate the problem areas since their
definition is more exact than can be interpreted from
higher resolution data obtained during a non-flood
period.

Predicting areas of potential inundation along
coasts and inland can be achieved using topographic
maps with scales as large as 1:12,500. When such
maps are not available, remote sensing techniques
can be used. In areas with a distinct wet and dry
season, it is desirable to obtain information for the wet
season from Landsat or comparable imagery in the
near IR bands, or use a color IR composite made from
Landsat MSS or TM imagery or from SPOT HRV
imagery. These image products can be used to
identify the moisture-saturated areas susceptible to
flooding as well as the higher and drier ground for
potential evacuation areas. Likewise, consideration of
development plans in view of this potential natural
hazard can proceed in a way similar to that for areas
prone to flood hazards. Forflood hazard assessments,
radar imagery from space or aircraft could be used (if
available) in lieu of the Landsat MSS imagery. Since
there is a general lack of relief in low-lying coastal
areas and estuarine areas, stereoscopy would not
normally play an important role in this situation.
However, stereoscopic viewing even without significant
relief enhancement can still reinforce the details of the
scene, although at considerably greater cost.

The development planner also needs to consider
the additional feature of a hurricane--its high winds. In
identifying measures to mitigate wind effects, the
planner may consider the type of crops grown, if an
agricultural development is being planned, and the
design and construction materials used in buildings.

3. EARTHQUAKES
The planning of development in earthquake-prone

areas is laden with problems. There are large human
settlements alreadylocated in earthquake /prone areas.
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As with other geologic hazards, the frequency of
occurrence can fall in cycles of decades or centuries.
Earthquakes are particularly difficult to predict at this
time. Thus, mitigation emphasis is on land use
planning (non-intensive uses in most hazardous areas),
on building strength and integrity, on response
planning, and on incorporating mitigation measures
into reconstruction efforts. ' The main problem is the
identification of the earthquake damage-prone zones
(see Chapter 11 for detailed discussion of earthquakes
and their assessment). While in most areas of great
earthquake activity some seismic information is
available, it may not be sufficient for planning
purposes. Remote sensing techniques and resulting
data interpretation can play a role in providing
additional information.

Tectonic activity is the main cause of destructive
earthquakes, followed by earthquakes associated with
volcanic activity. Where the history of earthquakes
due to seismic activity is present in an area, the faults
associated with the activity can frequently be identified
on satellite imagery. Where volcanic-related
earthquakes occur, the source is generally not as
obvious: it may be due to movement on a fault near
the surface or deep within the earth, to caldera
collapse, or to magma movement within the volcanic
conduit.

In order to identify earthquake hazards it is
necessary to have the expertise to recognize them and
then determine the correct remote sensing tools to
best delimit them. Landsat imagery has been
effectively and widely used for this purpose since it is
less expensive and more readily available than other
remote sensing data. Airborne radar mosaics have
been successfully used for the delineation of fault
zones. Generally, two mosaics can be made of an
area: one with the far range portion of the SLAR
and the other with the near range portion. The former
is best used in areas of low relief where the relief
needs to be enhanced, and the latter in areas of high
relief where the shadow effect is not needed or may be
detrimental to the image.

Radar is applicable to delineate unconsolidated
deposits sitting on fault zones--upon which most of the
destruction occurs--to identify areas where an
earthquake can trigger landslides. This is best
accomplished on stereomodels using adjoining and
overlapping radar flight lines. Conventional aerial
photography, in black and white or color, would also
work well for this purpose.

An alternative, which is adequate but not as good
as using radar and aerial photography, is to use
multispectral imagery obtained from the Landsat TM
and/or MSS or SPOT HRV sensors. Color IR
composites or straight near-IR imagery from these



sensors at scales up to about 1:100,000 can be used
to define active surface fault zones, but not as
efficiently as with the radar images. The distinction
between bedrock versus unconsolidated materials and
the areas of potential landslide hazards can be defined
but, again, only if stereocoverage is available. SPOT
sensors can provide this capability.

While radar imagery is an ideal data source,
available coverage is extremely limited, and contracting
airborne radar is usually prohibitively expensive.
Landsat TM and MSS are the most practical data
source, simply because of its availability, and both
provide sufficient resolution for regional planning
studies.

4. VOLCANIC ERUPTIONS AND
RELATED HAZARDS

Many hazards are associated with the conditions
brought about by volcanic activity. Active volcanoes
pose hazards which include the immediate release of
expelled ash, lava, pyroclastic flows, and/or poisonous
hot gases; volcanic earthquakes; and the danger of
mudflows and floods resulting from the rapid melting
of snow and ice surrounding the vent during eruption.
Some secondary hazards may threaten during volcanic
activity or during periods of dormancy. These include
landslides due to unstable accumulations of tephra,
which may be triggered by heavy rains or by
earthquakes. A more detailed discussion of volcanic
hazards and their assessment can be found in Chapter
11.

Eachvolcano has its own particular behavior within
a framework of given magmatic and tectonic settings.
Prediction of a volcano’s behavior is extremely difficult,
and the best evidence for the frequency of activity and
its severity is the recorded history of eruptions.
Imminent eruptions are now best recognized by on-
site seismic monitoring. Some classifications
distinguish between active, inactive, dormant, and
extinct volcanoes. But since some of the most
catastrophic eruptions have come from "extinct"
volcanoes, many volcanologists have abandoned such
a classification, settling for a simple distinction between
short-term and long-term periodicity.

Gawarecki et al. (1965) first detected volcanic heat
from satellite remote sensing using thermal IR imagery
from the high resolution IR radiometer (HRIR). Remote
sensing data interpretation can lead to the recognition
of past catastrophic events associated with recently
active volcanoes (recently in the geologic sense), as
in the Andes and the Lesser Antilles. This information
together with the available historical data can be used
as the basis of assessing the risks of an area with
potential volcano-related hazards.
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The varied nature and sizes of volcanic hazards
require the use of various types of sensors from both
satellites and aircraft. The relatively small area involved
with volcanoes should encourage the use of aerial
photography in their analysis. Panchromatic black and
white stereo aerial coverage at scales between
1:25,000 to 1:60,000 is usually adequate to recognize
and map geomorphic evidence of recent activity and
associated hazards. Color and color IR photography
may be useful in determining the possible effects of
volcanic activity on nearby vegetation, but the slower
film speed, lower resolution, and high cost diminish
much of any advantage they provide.

The airborne thermal IR scanner is probably the
most valuable tool in surveying the geothermal state of
a volcano. The heat within a volcano and underlying
it and its movement are amenable to detection.
Because of the rapid decrease in resolution with
increasing altitude (about 2m per 1,000m) the surveys
need to be made at low altitudes under 2,000m.

An IR pattern of geothermal heat in the vicinity of
a volcano is an indication of thermal activity which
many inactive volcanoes display. Many volcanoes
thought to be extinct may have to be reclassified if
aerial IR surveys discover any abnormally high IR
emissions from either the summit craters or the flanks.
Changes in thermal patterns can be obtained for a
volcano only through periodic aerial IR surveys taken
under similar conditions of data acquisition. The
temperature and gas emission changes, however, can
be monitored on the ground at ideal locations
identified on the thermal imagery, making periodic
overflights unnecessary. Continuous electronic
monitoring of these stations is possible by transmission
through a geostationary data relay satellite, another
phase of remote sensing.

The thermal IR bands of the satellite sensors now
available have inadequate spatial and thermal
resolution to be of any significant value to detect the
dynamic change in volcanic geothermal activity. In
addition to sensing geothermal heat, however, other
remote sensing techniques are useful in preparing
volcanic hazard zonation maps and in mitigating
volcanic hazards. Mitigationtechniques requiring photo
interpretation and topographic maps include predicting
the path of potential mudflows or lava flows and
restricting development in those areas.

5. LANDSLIDES

Landslides, or mass movements of rock and
unconsolidated materials such as soil, mud, and
volcanic debris, are much more common than is
generally perceived by the public. Many are aware of
the catastrophic landslides, but few are aware that

Natural Hazards Primer/Part I|



small slides are of continuous concern to those
involved in the design and construction business.
These professionals can often exacerbate the problem
of landsliding through poor planning, design, or
construction practices. Frequently, the engineer and
builder are also forced into difficult construction or
development situations as a result of ignoring the
potential landslide hazard. This can be avoided if there
is early recognition of the hazard and there is effective
consultation between planners and the construction
team prior to detailed development planning. See
Chapter'10 for a more detailed discussion of landslide
hazards and their assessment.

The mass movement of bedrock and
unconsolidated materials results in different types of
slides, magnitudes, and rates of movement. An area
with a potential landslide hazard usually has some
evidence of previous occurrences, if not some
historical record. Unfortunately, some types of
landslides, particularly those of small size, cannot be
delineated on remote sensing imagery or through aerial
photography. Usually the scars of the larger slides are
evident and, although the smaller slide features may
not be individually discerned, the overall rough
appearance of a particular slope can suggest that
mass movement occurred. If a fairly accurate geologic
map Is available at a reasonable scale (1:50,000 or
larger) rock types and/or formations susceptible to
landslides may be examined for evidence of
movement. An example of this would be finding a
shale in a steeper than usual slope environment,
implying the strong possibility of a landslide history.
An examination of stream traces frequently shows
deflections of the bed course due to landslides. If one
can separate out the tectonically controlled stream
segments, those deflections due to slides or slumps
often become evident. :

Typical features that signify the occurrence of
landslides include chactic blocks of bedrock whose
only source appears to be upslope; crescentic scarps
or scars whose horns point downward on a
normal-looking slope; abnormal bulges with disturbed
vegetation at the base of the slope; large intact beds
of competent sedimentary or other layered rock
displaced down dip with no obvious tectonic
relationship; and mudflow tongues stretching outward
from the base of an obviously eroded scar of relatively
unconsolidated material. A good understanding of the
structural geology of the study area frequently places
these superficial anomalies into perspective. As
discussed in Chapter 10, the susceptibility to landslides
is relative to the area. Landslides can occur on gerntle
slopes as well as on steep slopes, depending on
landscape characteristics.

Most landslide discussions do not address the
problem of sinkholes, which are a form of circular
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collapse landslides. The karstic areas in which they
occur are easy to Identify even on some satellite
imagery (MSS, TM, SPOT, etc.) due to their pitted
appearance and evidence of the essentially internal
drainage. Despite the obvious occurrence of many
sinkholes, many individual small sinkholes are subtle
and not easily recognized. These are frequently the
sites of collapse and subsequent damage to any
overlying structure when ground water is removed to
satisfy development needs, which results in lowering
the water table and undermining the stability of the
land.

The spatial resolution required for the recognition
of most large landslide features Is about 10m
(Richards, 1982). However, the recognition depends
to a great extent on the ability and experience of the
interpreter and is enhanced by the availability of
stereoscopic coverage, which can be expensive to
acquire. Stereoscopic coverage and the resolution
requirements preclude use of most satellite-borne
sensor imagery, although large block landslides can
be detected on Landsat MSS and TM imagery.

Given the spatial resolution requirement, SPOT
HRV-P (panchromatic mode) imagery can be useful
with its 10m resolution. lts broad band coverage,
however, is not conducive to providing adequate
contrast in scenes involving heavily vegetated tropics,
where most of the potential hazards occur.
Ameliorating this factor slightly is the availability of
stereocoverage. It is important to understand that this
is specifically programmed for the SPOT satellite and
that stereocoverage is not normally acquired during
sensor operation.

Detection of landslide features is more easily
achieved using airborne sensors. Aerial photography
with its normal stereoscopic coverage is the best
sensor system with which to define landslides, both
large and small. Aerial photographic scales as small
as 1:60,000 can be used. Black and white
panchromatic or IR films are adequate in most cases,
but color IR may prove better in some instances. The
IR-sensitive emulsions, as stated earlier, eliminate
much of the haze found in the humid tropics. The
open water or other moisture in back of recent slump
features stands out as an anomaly in the aerial IR
stereomodel, either in black and white or color. The
color IR photography might, in some rare cases, show
the stress on the vegetation caused by recent
movement. If the scales are large enough, tree
deformation caused by progressive tilting of the slope
of the soil might also be detected.

A more sensitive detector of moisture associated
with landslides is the thermal IR scanner. This sensor
is particularly useful in locating seepage areas that
lubricate slides. It is particularly effective during the



night, when there is a maximum temperature difference
between the terrain and the effluent ground water.
Despite its utility many factors rule out the widespread
use of the thermal IR scanner. These factors include
the low altitude required for reasonable spatial
resolution, the large number of flight lines required for
the large area involved, and the geometrical distortions
inherent in the system. If the terrain to be interpreted
has some relief and is nondescript, these distortions
become an even greater problem when the data are
interpreted by making the location of features very
difficult.

SLAR, especially the X-band synthetic aperture
radar with its nominal 10m resolution, can be
marginally useful in a stereo mode because of its
ability to define some larger textures related to
landslides. In some cloud-prone environments radar
may be the only sensor that can provide interpretable
information.

6. DESERTIFICATION

Desertification occurs when an ecosystem
experiences a diminution or loss of productivity. This
process can have a natural and an anthropic
component, which may reinforce each other, creating
a synergetic effect (see Chapter 9). The degree of
desertification risk is directly related to certain natural
conditions such as climate, topography, natural
vegetation, soil, and hydrology, as well as to the
intensity and type of anthropic activity in the area.
Desertification is among the most serious problems of
the region. This trend indicates the increasing need to
consider desertification processes in integrated
development planning studies. Remote sensing, both
spaceborne and airborne, provides valuable tools for
evaluating areas subject to desertification. Film
transparencies, photographs, and digital data can be
used for the purpose of locating, assessing, and
monitoring deterioration of natural conditionsina given
area. Information about these conditions can be
obtained from direct measurements or inferred from
indicators (keys to the recognition of a desertification
process).

In order to describe, evaluate, and decide about
the type of action to be taken, the following issues
should be addressed:

- Location: involves the identification of areas that
are currently undergoing desertification and areas
expected to be exposed to the forces that can
lead to deterioration.

- Assessment: involves the identification and
quantification of vegetative cover types, soils, land
forms, and land-use change patterns. Vulnerability
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to change, rate of change, and direction of change
in desertification patterns can be studied through
this assessment.

- Monitoring: accomplished by detecting and
measuring changes in landscape characteristics
over a period of time. Comparisons are made
between present conditions and previously
observed conditions for the purpose of recording
the reduction in biological productivity.

Chapter9 presents an initial assessment technique
utilizing information commonly available in the early
integrated development planning stages. For a more
detailed approach, four sets of data should be taken
into consideration for a desertification study of a given
area: a set taken at the end of the humid season, a set
taken at the end of the last dry season, and the same
two seasons taken five or ten years earlier (Lopez
Ocaiia, 1989). Data selection for a given area will be
directly related to the desired amount of detail, size of
the area, required degree of precision and accuracy,
and available time frame.

Large-scale aerial photography provides a great
amount of detail for this type of study. Systematic
reconnaissance flights can be used for environmental
monitoring and resource assessment. Radar sensors
and infrared scanners may be used to monitor soil
moisture and other desertificationindicators. However,
acquisition of this type of data is costly and time
consuming.

The use of satellite imagery is recommended
during the first stages of a detailed desertification study
since it offers an overview of the entire region.
Computer enhancements, false color composites, and
classifications can offer useful information. Optical
enhancements can be performed, but these lack the
quantitative control available through an automated
approach. Statistical data obtained from a quantitative
analysis through the use of a geographic information
system (GIS--see Chapter 5) can be expressed as a
histogram, a graph, a table, or a new image.

AVHRR imagery is commercially available and has
been used for vegetation change studies. Ground
resolution of 1 to 4 km represents some limitation in
making large continental area studies. Other studies
have used Nimbus data to delineate moisture patterns
and vegetation boundaries. Geostationary Operational
Environmental Satellite (GOES) data have been used
effectively to locate and measure dust plumes; and
Seasat SAR imagery has been applied in the
delineation of large dune morphology.

Landsat MSS and TM and SPOT data have proven

to be useful and cost effective for regional
assessments. Landsat transparencies of bands 5 and
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7 have been used to monitor superficial changes in
areas undergoing desertification, and to map present
water bodies and former drainage systems. Temporal
tonal variations on Landsat MSS have been correlated
with variations on the field. Movement of sand-dune
belts has been detected using Landsat with a
multitemporal approach. Albedo changes in arid
terrains have been calculated using Landsat digital
data: phenomena that tend to lower productivity
(increased erosion, loss of vegetation density,
deposition of eclic sedimentation) also tend to appear
brighter on the image. On the contrary, phenomena
that tend to increase productivity (increased
vegetation, soil moisture), tend to darken the land. In
this way, brightness variations can be detected in an
area over a period of time. These data can also be
calibrated with ground data collected from the areas
where change has occurred.

Aerial and space remote sensing provide valuable
tools for desertification studies, although, as for any
other natural hazard related study, they must be
combined with ground-collected data. The use of
remote sensing methods should minimize the need for
ground data, therefore saving time and resulting quite
inexpensive per unit of data. The combination of
remotely sensed and ground-collected data can then,
provide the basis for the assessment.

References

American Society of Photogrammetry (ASP). Manual
of Remote Sensing, 2nd ed. (Falls Church, Virginia:
ASP, 1983).

Bertaud, M.A. The Use of Satellite Images for Urban
Planning. A Case Study from Karachi, Pakistan.
The World Bank Technical Note (Washington, D.C.:
The World Bank, 1989).

Budge, T. A Directory of Major Sensors and Their
Parameters (Albuquerque, New Mexico:
Technology Application Center, University of New
Mexico, 1988).

Carter, D., et al. "Space Applications for Disaster
Mitigation and Management" in Acta Astronautica,
Vol. 19, No. 3 (Great Britain: Pergamon Press,
1989), pp. 229-249.

Deutsch, M., et al. "Mapping of the 1973 Mississippi
River Floods from the Earth Resources Satellite
(ERTS)" in Proceedings No. 17 - Remote Sensing
and Water Resources Management (Bethesda,
Maryland: American Water Resources Association,
1973), pp. 39-54.

OAS/DRDE

4-26

Deutsch, M., et al. "Quick Response Monitoring of
Flood Disasters from Satellite Imagery"  in
Proceedings of the Twentieth International
Symposium on Remote Sensing of the
Environment (Ann Arbor, Michigan, 1986).

Gawarecki, S.J., _et al. "Infrared Spectral Returns and
Imagery of the Earth from Space and Their
Applications to Geologic Problems" in Scientific
Experiments for Manned Orbital Flight. Science
and Technology Series, American Astronautical
Society. Vol. 4 (1965), pp. 13-33.

Gawarecki, S.J., Moxham, R.M., Morgan, J.Q., and
Parker, D.C. "An Infrared Survey of Irazu Volcano
and Vicinity, Costa Rica" in Proceedings of the
14th International Symposium on Remote Sensing
of the Environment (San Jose, Costa Rica, April
1980), pp. 1901-1912.

Gervin, J.C., et al. "The Effect of Thematic Mapper
Spectral Properties on Land Cover Mapping for
Hydrologic Modeling" in Proceedings of the U.S.
Army Corps of Engineers Fifth Remote Sensing
Symposium (Ft. Belvoir, Virginia: Water Resources
.Support Center, 1985), pp. 249-260.

Hassan, H., and Luscombe, W. “Disaster Information
and Technology Transfer in Developing Countries"
in Proceedings of the Colloquium on the
Environment and Natural Disaster Management
(Washington, D.C.: The World Bank, 1990).

Kerber, A.G., et al. "Floodplain Land Cover Mapping
Using Thematic Mapper Data" in Proceedings
of the U.S. Army Corps of Engineers Fifth Remote
Sensing Symposium (Ft. Belvoir, Virginia: Water
Resources Support Center, 1985), pp. 262-271.

Kruus, J.M., et al. “Flood Applications of Satellite
Imagery" in Deutsch, M., Wiesnet, D.R.,, and
Rango, A.R. (eds.), Satellite Hydrology (Bethesda,
Maryland: American Water Resources Association,
1981), pp. 292-301.

Lillesand, T.M., and Kiefer, R.W. Remote Sensing and
Image Interpretation (Somerset, New Jersey: John
Wiley and Sons, Inc., 1987).

Lépez Ocaiia, C. Desertification Risks Assessment in
Development Planning. Unpublished manuscript
(Washington, D.C.: World Resources Institute,
1989).

Morgan, G. Satellite Remote Sensing Technology for
Natural Hazards Preparedness and Emergency
Response Planning. World Bank, Environment
Operationand Strategy Division (Washington, D.C.:
World Bank, May 1989).



Nossin, J. "Aerospace Survey of Natural Hazards: the
New Possibilities”" in The International Institute for
Aerospace Survey and Earth Sciences (ITC)
Journal, 1989-3/4 (Enschede, The Netherlands:
ITC, 1989).

Rango, A., and Anderson, A.T. "Flood Hazard Studies
in the Mississippi River Basin Using Remote
Sensing" in Water Resources Bulletin, Vol. 10, No.
5 (1974), pp. 1060-1081.

Organization of American States. Physical Resource
Investigations for Economic Development
(Washington, D.C.: Organizaton of American
States, 1969).

Richards, P. B. The Utility of Landsat-D and Other
Satellite Imaging Systems in Disaster Management,
Final Report. NASA Goddard Space Flight Center
Disaster Management Workshop, NASA DPR
S§-70677 (Washington, D.C.: Naval Research
Laboratory, March 29-30, 1982).

Sabins, F. F., Jr. Remote Sensing: Principles and
Interpretation (New York: W.H. Freeman, 1986).

Schaber, G.G., et al. "Shuttle Imaging Radar: Physical
Controls on Signal Penetration and Subsurface
Scattering in the Eastern Sahara" in IEEE Trans.
Geoscience Remote Sensing, Vol. GE-24 (1986),
pp. 603-623.

Schroeder, M. "Spacelab Metric Camera Experiments"
in Satellite Remote Sensing for Resources
Development. (Gaithersburg, Maryland: Graham
and Trotman Ltd., 1986), pp. 81-92.

4-27

Schuster, R.L., and Krizek, R.J. (eds.). Landslides:
Analysis and Control. Transportation Research
Board Special Report 176 (Washington, D.C.:
National Academy of Sciences, 1978).

Sollers, S.C., Rango, A., and Henninger, D.L.
"Selecting Reconnaissance Strategies for
Floodplain Surveys" in Water Resources Bulletin,
Vol. 14, No. 2 (1978), pp. 359-373.

Water, L. "Uses of Satellite Technology in Disaster
Management" in Communication When It's Needed
the Most: How New Technology Could Help in
Sudden Disasters. Report of the International
Disaster Communications Project (Washington,
D.C.: The Annenberg Washington Program, 1990).

Weber, C. "Remote Sensing and Natural Hazards.
Contribution of Spatial Imagery to the Evaluation
and Mitigation of Geological Hazards" in
Proceedings of the 27th International Geological
Congress, Vol. 18 (Moscow: VNU Science Press,
1984), pp. 211-228.

Wiesnet, D.R., and Deutsch, M. "Flood Monitoring in
South America from the Landsat, NOAA and
Nimbus Satellites" in XXVI COSPAR 86 (Toulouse,
France, 1986).

Wiesnet, D.R., Scott, R.B.,' and Matson, M. "'The NOAA
Satellites: A Largely Neglected Tool in the Land
Sciences" in XXIV COSPAR 82 (Ottawa, 1982).

Zimmerman, P. "The Role of Remote Sensing in
Disaster Relief* in Communication When It's
Needed Most: How New Technology Could Help
in Sudden Disasters. Report of the International
Disaster Communications Project (Washington,
D.C.: The Annenberg Washington Program, 1990).

Natural Hazards Primer/Part I



CHAPTER 5

GEOGRAPHIC INFORMATION
SYSTEMS IN NATURAL
HAZARD MANAGEMENT

5-1 Natural Hazards Primer/Part Il



CHAPTER 5

GEOGRAPHIC INFORMATION SYSTEMS IN
NATURAL HAZARD MANAGEMENT

Contents

A. BASIC GIS CONCEPTS . . .+ e vt e et e e e 55
1. Whatisa GlIS? ... ... i it e it tii e e 5-5
2, GISOperationsandFunctions . ..............c0iiiiiinn... 5-6
a. Datalnput ......... ... i i i i e e 5-6

b. DataStorage ..........coiiiiiiiiinnneeennnneennnn 56

c. Data Manipulation and Processmg ...................... 56

d. DataOutput . ..... .0 it e et e e 56

3. ElementsofaGIS...................... P 5-7
a. Hardware and Software Components .................... 5-7

b. UsersandUsers’Needs ...............ciiiiiiininnn 5-7

c. Information and Information Sources .. ................... 5-7

B. USE OF GEOGRAPHIC INFORMATION SYSTEMS IN
NATURAL HAZARD ASSESSMENTS AND INTEGRATED

DEVELOPMENTPLANNING ..........c0iiiiiiiiiiiiinnnnnns 5-7
1. GIS Applications at the National Level ...................... 5-8
2. GIS Applications at the Subnational Level ................... 58
3. GIS Applications at the Local Level ....................... 5-10
4. Use of a Geo-referenced Database ...................... .. 511
C. GUIDELINES FOR PREPARINGAGIS ............... ... ... 5-14
1. Conduct a Needs Assessment, Define Proposed
Applications and Objectives . ............. ... ... .ttt 5-14
2. Execute an Economic Analysis for GIS Acquisition ............ 5-16
3. Select among Alternative Systems and Equipment . ........... 5-17
4, EstablishaDatabase ............ ..ottt 5-17
a. Determination of Proposed Applications
oftheSystem ........... . . i 5-17
b. Determination of Data Needs and Sources
for the Applications Selected . ........................ 5-17
c. DesignoftheDataFiles ................ ... .. ....... 5-21
CONCLUSIONS ... . i i e itneennnnannannnns 5-23
REFERENCES . ..... ..ttt ittt et iiinaieeennnn ... 524
OAS/DRDE 5-2



List of Figures

Figure 5-1  Overlay Characteristicsofa GIS ...................... 5-5

Figure 5-2  Examples of GIS Applications for Natural
Hazard Management at the National and
Subnational Level of Planning .. ...................... 59

Figure 5-3 ‘ Examples of GIS Applications for Natural
Hazards Management at the Local Level
of Planning ........... .. i 5-12

Figure 5-4 OAS/DRDE Examples of Applications of GIS
in Hazard Assessment and Development

Planning ....... ...ttt 5-13
Figure 5-5-  Criteria to be Considered When Planning ,

fora GIS Acquisition .. ............ ... . i i 5-18
Figure 56 GIS Software Review ..................ccou.. ‘. .. 519
Figure 5-7  GIS Deéign Procedure ........... ... ... . .. ... 5-20

Figure 5-8  Natural -Hazard Information to be _ : -
UsedinaGIS ............. S 5-21

5-3 Natural Hazards Primer/Part |l



GEOGRAPHIC INFORMATION SYSTEMS
IN NATURAL HAZARD MANAGEMENT

Natural events such as earthquakes and hurricanes
can be hazardous to man. The disasters that natural
hazards can cause are largely the result of actions by
man that increase vulnerability, or lack of action to
anticipate and mitigate the potential damage of these
events. Previous chapters make clear that this book

does more than describe hazards; it deals with how -

this information can be incorporated into development
planning to reduce the impact of natural hazards.
Planners are familiar with the bewildering array of
disparate pieces of information that have to be
analyzed and evaluated in the planning process. The
process is complicated, however, by entirely new data
sets on assessment of various natural hazards,
separately and in combination, and by the need to
analyze these hazards with respect to existing and
planned development, choose among means of
mitigating the damage the hazards can cause, carry
out an economic analysis of the alternatives of
mitigation versus no mitigation, and determine the
impact of these alternatives on the economic and
financial feasibility of the project.

Along with these added complications come
techniques for managing the information so that it
does not overwhelm the planner. Among these are
geographic information systems (GIS), a systematic
means of geographically referencing a number of
“layers” of information to facilitate the overlaying,
quantification, and synthesis of data in order to orient
decisions.

This chapter demonstrates the effectiveness of
geographic information systems, specifically personal-
computer-based systems, as a tool for natural hazard
management in the context of integrated development
planning. The chapter is directed towards two different
audiences. To planners it shows the utility of the tool
by giving a number of practical examples of
applications extracted directly from planners’
experiences. To the decision-makers of planning
agencies it sends the message that if their agency
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does not now have access to a GIS, they should
certainly be thinking about it. Technical subordinates
should find here the wherewithal to present the
appropriate arguments for GIS use to uninformed
decision-makers.

There are a number of reasons why planning
agencies in Latin American and Caribbean countries
would benefit from a GIS:

- It can be surprisingly cheap; very expensive
equipment and highly specialized technicians can
be avoided by proper selection of a system and its
application. The main constraint may not be lack
of funds but lack of appropriate personnel and
equipment;

- It can multiply the productivity of a technician; and

- It can give higher quality results than can be
obtained manually, regardless of the costs
involved. It can facilitate decision-making and
improve coordination among agencies when
efficiency is at a premium.

On the assumption that some readers are
unfamiliar with GIS, the chapter first reviews some
basic concepts covering the operations, functlons, and
elements of a system. Next come a number of
examples of applications for natural hazard
management at the national, subnational, and local
levels, to help the reader evaluate the benefits and
limitations of a GIS. A three-step process is presented
for reaching the decision to acquire or upgrade GIS
capability: (1) a needs assessment, determining the
agency's GIS applications and objectives and those of
possible joint users; (2) analysis of the costs and
benefits of the acquisition; (3) brief guidelines for the
selection of appropriate hardware and software
combinations. The chapter ends with a short
discussion of how to set up a system.



The chapter does not attempt to replace the many
technical manuals on how to select and operate a GIS.
Once the agency has decided to consider the
acquisition of a system, it will require more specific
guidance in the form of supplementary literature

_and/or technical assistance.

A. Basic GIS Concepts

1. WHAT IS A GIS?

The concept of geographic information systems
(GIS) is not new. It was first applied conceptually
when maps on the same topic made on different dates
were viewed together to identify changes. Similarly,
when maps showing different kinds of information for
the same area were overlaid to determine relationships,
the concept of GIS was actually in use. What is new
and progressing rapidly is advancing computer
technology, which allows the low-cost examination of
large areas frequently, and with an increasing amount
of data. Digitization, manipulation of information,
interpretation, and map reproduction are all steps in
generating a GIS that now can be achieved rapidly,
almost in real time.

The concept of a GIS is basically analogous to a
very large panel made up of similary shaped open
boxes, with each box representing a specified area on
the earth’s surface. As each element of information
about a particular attribute (soil, rainfall, population)
that applies to the area is identified, it can be placed
into the corresponding box. Sincethere is theoretically
no limit to the amount of information that can be
entered into each box, very large volumes of data can
be compiled in an orderly manner. After assigning
relatively few attributes to the box system, it becomes
obvious that a collection of mapped information has
been generated and can be overlaid to reveal spatial
relationships between the different attributes, i.e.,
hazardous events, natural resources, and socio-
economic phenomena (see Figure 5-1).

There are many kinds of GIS, some more suitable
for integrated development planning studies and
natural hazard management than others. At the most
elementary level, there are simple manual overay
techniques, such as the one proposed by McHarg in
Design with Nature, which have proven to be very
valuable tools. However, the information needed for
hazard management and development planning can
become so overwhelming that it is almost impossible
to cope with it manually. At the other extreme are

Figure 5-1
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highly sophisticated computerized systems that can
analyze baseline- scientific data such as satellite
imagery and can produce, by using plotters, large-
scale maps of excellent cartographic quality. - Such
systems are very expensive, difficult to operate, and
may exceed the needs of many planning offices.

Among computerized GIS, PC-based GIS are most
affordable and relatively simple to operate, capable of
generating maps of varying scales and tabular
information suitable for repeated analysis, project
design, and decision-making. Even though PC-based
GIS may not produce maps of cartographic quality or
sufficient detail for engineering design, they are most
viable for planning teams analyzing natural hazard
issues In integrated development projects.

Data manipulated by a computer-based GIS are
arranged in one of two ways: by raster or by vector.
The raster model uses grid cells to reference and store
information. An area for study is divided into a grid or
matrix of square (sometimes rectangular) cellsidentical
in size, and information--attributes represented as sets
of numbers--is stored in each cell for each layer or
attribute of . the database. A cell can display either
the dominant feature found in that cell or the
percentage distribution of all attributes found in the
same cell. Raster-based systems define spatial
relationships between variables more clearly than their
vector-based counterparts, but the coarser resolution
caused by using a cell structure reduces spatial
accuracy.

Vector data are a closer translation of the original
map. These systems reference all information as
points, lines or polygons, and assign a unique set of
X,Y coordinates to each attribute. Usually, vector
system software programs have the capability to
enlarge a small portion of a map to show greater detail
or to reduce an area and show it in the regional
context. Vector data can offer a larger number of
possible overlay inputs or layers of data with greater
ease. The vector model does represent the mapped
areas more accurately than a raster system, but
because each layer is defined uniquely, analyzing
information from different layers is considerably more
difficult.

The choice of raster or vector-based GIS depends
on the user's needs. Vector systems, however,
demand highly skilled operators and may also require
more time and more expensive equipment, particularly
for output procedures. Vector-based GIS software is
also much more complex than that for the raster
system and should be checked for performance in all
cases. It is up to the planner or decision-maker to
choose what system is most appropriate.
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2. GIS OPERATIONS AND FUNCTIONS
a. Data Input

Data input covers the range of operations by which
spatial data from maps, remote sensors, and other
sources are transformed into a digital format. Among
the different devices commonly used for this operation

are keyboards, digitizers, scanners, CCTS, and

interactive terminals or visual display units (VDU).
Given its relatively low cost, efficiency, and ease of
operation, digitizing constitutes the best data input
option for development planriing purposes.

Two different types of data must be entered into
the GIS: geographic references and attributes.
Geographic reference data are the coordinates (either
in terms of latitude and longitude or columns and
rows) which give the location of the information being
entered. Attribute data associate a numerical code to
each cell or set of coordinates and for each variable,
either to represent actual values (e.g., 200 mm of
precipitation, 1,250 meters elevation) or to connote
categorical data types (land uses, vegetation type,
etc.). Data input routines, whether through manual
keyboard entry, digitizing, or scanning, require a
considerable amount of time.

b. Data Storage

Data storage refers to the way in which spatial
data are structured and organized within the GIS
according to their location, interrelationship, and
attribute design. Computers permit large amounts of
data to be stored, either on the computer’s hard disk
or in portable diskettes.

c. Data Manipulation and Processing

Data manipulation and processing are performed
to obtain useful information from data previously
entered into the system. Data manipulation embraces
two types of operations: (1) operations needed to
remove errors and update current data sets (editing);
and (2) operations using analytical techniques to
answer specific questions formulated by the user. The
manipulation process can range from the simple
overlay of two or more maps to a complex extraction
of disparate pieces of information from a wide variety
of sources. ’ '

d. Data_ Output

Data output refers to the display or presentation of
data employing commonly used output formats that
include maps, graphs, reports, tables, and charts,
either as a hard-copy, as an image on the screen, or
as a text file that can be carried into other software
programs for further analysis.



3. ELEMENTS OF A GIS
a. Hardware and Software Components -

Hardware components of a basic GIS work station
consist of: (1) a central processing unit (CPU) where
all operations are performed; (2) a digitizer, which
consists of a tablet or table where analog data are
converted to digital format; (3) a keyboard by which
instructions and commands as well as data can be
entered; (4) a printer or plotter to produce hard copies
of the desired output; (5) a disk drive or tape drive
used to store data and programs, for reading in data
and for communicating with other systems; and (6) a
visual display unit (VDU) or monitor where information
is interactively -displayed. Several GIS software
packages are available representing a very broad
range of cost and capability. The selection of the
appropriate combination of hardware and GIS software
components to match the user’s needs is discussed in
Section C.

b. Users and Users’ Needs

Planners need to carefully evaluate their GIS needs

and proposed applications before taking the decision
to acquire an install a GIS. Once a positive conclusion
has been reached, its hardware-software configuration
should be designed based on those needs and
applications, and within the constraints posed by the
financial and human resources available to operate the
system.

"It is possible that the costs of establishing a GIS
exceed the benefits to a single agency. Under these
circumstances, it is worthwhile determining if several
agencies might share the GIS. Appendix A gives a list
of users of natural hazard data. The potential users
must agree on the data to be compiled, the data
formats, standards of accuracy, etc. As a resuilt, the
data requirements of a variety of users are made
compatible, and the value of the data increases
commensurately.

Sharing information has its costs as well as
benefits. Negotiating with other users can be a painful
task, and compromises inevitably ensure that no one
user will get the equipment most precisely suited to his
uses. In this regard, it is important to establish a
comfortable working relationship among sharers.

c. Information and Information Sources

General reference maps and information on natural
hazards and natural resources should form a "library
of knowledge" for any GIS. Most areas of Latin
America and the Caribbean have general background
sources of such data. Virtually all countries have
topographic maps, road maps, generalized soils maps,

some form of climate information, and at least the
locational component of natural hazards information
(e.g. location of active volcanoes, fault lines, potential
flood areas, areas .of common occurrence of
landslides, areas of past tsunami occurrence, etc.).
Natural hazards locational data can be made
compatible in a GIS with previously collected
information about natural resources, population, and
infrastructure; to provide planners with the wherewithal

‘for a preliminary evaluation of the possible impacts of

natural events.

Even though some of this information is available
in almost every country and can be supplemented with

. satellite data, the question remains, are there enough

data to justify a GIS? The principal value of the GIS is
in processing and analyzing masses of data that have
become overwhelming for manual handling. In
determining the applicability of a GIS, an agency must
decide if it is data handling or merely the lack of data
that is the main obstacle to hazard management.

" B. Use of Geographic Information
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Systems in Natural Hazard
Assessments and Integrated
Development Planning

GIS applications in natural hazard management
and development planning are limited only by the
amount of information available and by the imagination
of the analyst. Readily available information on natural
events (e.g., previous- disaster records), scientific
research (papers, articles, newsletters, etc.), and
hazard mapping (seismic fault and volcano location,
floodplains, erosion patterns, etc.) are usually enough
to conduct a GIS preliminary evaluation of the natural
hazard situation and guide development planning
activities. (See Chapters 4 through 12 and Appendlx
A for sources of information.)

At the national level, GIS can be used to provide
general familiarization with the study area, giving the
planner a reference to the overall hazard situation and

-helping to identify areas that need further studies to

assess the effect of natural hazards on natural
resource management and development potential.
Similarly, GIS can be used in hazard assessments at
the subnational level for resource analysis and project
identification. At the local level, planners can use a
GIS to formulate investment projects and. establish
specific mitigation strategies for disaster prevention
activities. The following examples of OAS applications
are intended to demonstrate the versatility of the tool
and suggest to planners applications that may fit their
agencies’ needs. .
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1. GIS APPLICATIONS AT THE NATIONAL LEVEL

Use of a GIS to combine information on natural
hazards, natural resources, population, and
infrastructure can help planners identify less hazard-
prone areas most apt for development activities, areas
where further hazard evaluations are required, and
areas where mitigation strategies should be prioritized.
A seismic hazard map for example, even at this level,
can give planners the location and extent of areas
where heavy capital investments should be avoided
and/or areas where activities less susceptible to
earthquakes, tsunamis, or volcanoes should be
considered.

Similarly, in hazard-prone areas, use of a GIS to
overlay hazard information with socio-economic or
infrastructure data can reveal the number of people
or type of infrastructure at risk. This sort of exercise
was done in 1989 by OAS/DRDE, for several OAS
member states. It was shown, for example, that in
Peru more than 15 million people were living in
earthquake-prone -areas with a seismic intensity
potential of VI or greater, that close to 930,000 people
were potentially at risk of a tsunami wave height of 5
meters or more, and that 650,000 people were living
within a 30 km.radius of active volcanoes. Overlaid
with infrastructure information, this same kind of
analysis identified lifelines or vital resources in high-
risk areas, and with adequate sectoral information, it
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can be further expanded to calculate potential losses
in capital investment, employment, income stream,
and foreign exchange earnings.

Little time was necessary to produce the maps:
two days were required to code, digitize, and edit the
maps, and only minutes were necessary to do the
analysis. Moreover, with the information in the system,
additional requests or changes in parameters (e.g., a
40 instead of a 30 km radius around a volcano) can be
processed in a few minutes, while an entirely new set
of drawings and calculations would be required if
manual techniques were used. Figure 5-2 gives some
examples of applications of GIS at the national and
subnational levels.

2. GIS APPLICATIONS AT THE SUBNATIONAL
LEVEL

At a subnational level of planning, GIS technology
can be used for natural hazard assessments to show
where hazardous natural phenomena are likely to
occur. This, combined with information on natural
resources, population, and infrastructure, can enable
planners to assess the risk posed by natural hazards
and to identify critical elements in high-risk areas. This
information can then be used to formulate less-
vulnerable development activities and/or mitigation
strategies to lessen vulnerability to acceptable levels.



Figure 5-2

EXAMPLES OF GIS APPLICATIONS FOR NATURAL HAZARD MANAGEMENT

FUNCTION

Assessment

Analysls

POTENTIAL APPLICATIONS

Information source, data display

Index of information

Status reporting

Monitoring change

Research support

Forecasting

Policy development

Aid allocation

Project evaluation

AT THE NATIONAL AND SUBNATIONAL LEVEL OF PLANNING

EXAMPLES

Considering land form, slope,
land use, vegetation cover,and
wind direction, what area is
likely to be affected if this.
volcano erupts? How many
people could be affected?

List all available hospitals
located not within 30 km radius
of the volcano

Periodic assessment of volcanic
activity

How has the savanna desert
boundary changed in the last
5 years? What changes in
climate and land use could
account for the on-going
desertification process?

What factors determine
landslide activity in this area?
According to these factors,
what zones are susceptible to
landslides?

What population centers are
likely to be affected by this
hurricane? What is the most
likely lava flow path in case a
volcanic eruption occurs?

What areas in this growing
urban region should be
restricted to low-density
development?

Where should mitigation
strategies be prioritized?

If erosion trends continue, what
will be the economic impact on
the project? What are the
costs and benefits of instituting
or not instituting erosion control
measures?

Source: Adapted from United Nations Environmental Program (UNEP). GRID (1985).
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In-a landslide study for-example, data on slope
steepness, rock composition, hydrology, and other
factors can be combined with data on past landslides
to determine the conditions under which landslides are
likely to occur (see Chapter 10). To analyze all
possible combinations- with manual techniques is a
virtually impossible task; thus, typically only two factors
are analyzed, and the composite units are combined
with the landslide inventory map. With GIS, however,
it is possible to analyze an almost unlimited number of
factors associated with historical events and present
conditions, including present land use, presence of
infrastructure, etc. = OAS/DRDE has used this
technology to overlay maps of geology, slope
steepness, slope orientation, hydrology, and
vegetation, and then overlaid the results with a
landslide inventory map to identify the factors
associated with past and present landslides. The
resultant landslide . hazard -zonation map provides
planners with a designation of the degree of landslide
propensity for any given area.

For floods, GIS and remotely-sensed data can be
used to identify flood-prone areas, map floods in
progress, delineate past floods, and predict future ones
(see Chapters 4 and 8). GIS can combine information
on slope, precipitation regimes, and river carrying
capacity to model flood levels. Synthesis information
obtained from such an integrated study can help

OAS/DRDE
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planners and decision-makers determine where to
construct a dam or reservoir in order to control
flooding.

Likewise, a map depicting volcano locations may
be entered into the GIS; volcano attributes such as
periodicity, explosivity index (VEI), past effects, and
other attributes may be ascribed to each volcano
record in a relational database. Combining these data
with information on human settlements or population
density, land. use, slope, presence of natural barriers,
and other natural resource or socio economic data,
the GIS can generate maps and/or tabular reports
depicting hazard-free areas (e.g., areas outside a
certain radius or impact area of an active volcano,
areas with less than 25% slope and high vegetation
cover, etc.). Finally, information on other hazards can
be combined to create new sub-sets of data, each one
complying with different. pre-established minimum

standards for development.

3. GIS APPLICATIONS AT THE LOCAL LEVEL

At this level, GIS can be used in prefeasibility and
feasibility sectoral project studies and natural resource
management activities to help planners identify specific
mitigation measures for high-risk investment projects
and locate vulnerable critical facilities for the
implementation of emergency preparedness and



response activities. In population centers, for example,
large scale GIS databases (resolutions of 100 m® per
cell or less) can display the location of high-rise
buildings, hospitals, police stations, shelters, fire
stations, and other lifeline elements. By combining
these data with the hazards assessment map--
previously collected or generated through GIS--
planners can identify critical resources in high-risk
areas and adequately formulate mitigation strategies.
(See Figure 5-3).

The decision on the type of information to be used
for depicting the variables included in the database--
whether real-scaled or symbolic dimensions--becomes
a critical decision at this level. Real-scaled data should
prevail over symbolic information, especially at this
level of planning, when precise information is required
to assess the risk posed to specific investment
projects. Floodplain elevations, for example,
represented in scales smaller than 1:50,000, will show
only approximate location. Any GIS calculations or
operations that include cell measurements  (area,
perimeter, distance, etc.) need to be accurate
enough to provide planners with a clear and precise
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illustration of the overall and project-to specific hazard
situation of the study area. Floodplain hazard
assessments combine thematic maps (e.g., soils,
geology, topography, population, infrastructure, etc.)
and need a precise cell representation of floodplain
elevation in order to indicate where the probable flood
areas are and what are the probable population,
natural resource and infrastructure components that

. might be affected by a flood event. Figure 5-4 gives

examples of GIS applications undertaken by the
OAS/DRDE.

- 4. USE OF A GEO-REFERENCED DATABASE

A geo-referenced database (GRDB) is a
microcomputer-based program that combines data
management with map display, allowing planners and
emergency managers to graphically display hazard
impact areas, and relate them to people and property
at risk. Although a GRDB also uses points, lines, and
polygonal symbols to represent data, it differs from a
GIS in that it does not have overlaying capabilities.
However, GRDB’s ability to manage and. combine
large databases with map display, text relating

Natural Hazards Primer/Part Il



Figure 5-3

EXAMPLES OF GIS APPLICATIONS FOR NATURAL HAZARDS MANAGEMENT

FUNCTION

Data display

Land
Information
Storage and
Retrieval

Zone and
District
Management

Site Selection

Hazard Impact
Assessment

Development/
Land
Suitability
Modelling

AT THE LOCAL LEVEL OF PLANNING

POTENTIAL APPLICATIONS

Aid inthe analysis of spatial distribution
of socio-economic infrastructure and
natural hazard phenomena

Use of thematic maps to enhance
reports and/or presentations

Link with other databases for more
specific information

Filing, maintaining, and updating land-
related data (land ownership, previous
records of natural events, permissible
uses, etc.)

Maintain and update district maps,
such as zoning maps or floodplain
maps

Determine and enforce adequate land-
use regulation and building codes

Identification of potential sites for
particular uses

Identification of geographically
determined hazard impacts

Analysis of the suitability of particular
parcels for development

~ EXAMPLES

What lifeline elements lie in
high-risk areas?

What population could be
affected?

Where are the closest
hospitals or rellef centers In
case of an event?

Display all parcels that have
had flood problems In the
past

Display all non-conforming
uses in this residential area

List the names of all parcel
owners of areas within 30
m of a river or fault line
What parcels lie in high and
extreme landslide hazard
areas?

Where are the hazard-free
vacant parcels of at least x
ha lying at least y m from a
major road, which have at
least z bed-hospitals within
10 km radius? ’

What units of this residential
area will be affected by a

. 20-year flood?

Considering slope, soil type,
altitude, drainage, and
proximity to development,
what areas are more likely
to be prioritized for
development? What
potential problems could
arise? :

Association (Spring, 1989), pp. 209-220.
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" Source: Adapted from Levine J., and Landis, J. "Geographic Information Systems for Local Planning" in Journal of the American Planning
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Figure 5-5

ORGANIZATION OF AMERICAN STATES/DEPARTMENT OF REGIONAL DEVELOPMENT AND ENVIRONMENT
EXAMPLES OF APPLICATIONS OF GIS IN HAZARD ASSESSMENT
AND DEVELOPMENT PLANNING

LOCATION

Colombia
Puerto Bogotd, Department
of Cundinamarca

Ecuador:
Agricultural Sector
Vulnerability Study

Honduras:
Jesis de Otoro Valley,
Department of Intibuca

Paraguay:
Southwestern section of
the Paraguayan Chaco

Saint Lucia
Mabouya Valley Project

SCALE

153,000 €16.81
m® per cell)

1:2,000,000 (1
km“ per cell)

1:50,000
(2.08 ha per
cell)

1:500,000
(208 ha per
cell)

1:10,000
(2.1 ha per
cell)

OBJECTIVES

Identification of hazard-free
urban areas suitable for the
relocation of 34 families
presently under high landslide
risk.

Determination of the
vulnerability of the
agricultural sector in terms
of income, employment, foreign
exchange earnings, and food
security. Identification of
possible mitigation strategies.

Identification of flood- and
erosion-prone areas for the
selection of agricultural
production projects.

Identification of hazardous
areas for landuse capability
definition and agricultural
project selection.

Identification of current and
proposed land uses in conflict
with land capabilities and/or
erosion risks; selection and
distribution of farming
resettlement sites.

DATA USED

Base map

Urban perimeter map
Urban census map
Geologic map

Natural hazards map
Risk zones map

Land use information
Population density

Political map

Road network and storage
facilities map

Flood, erosion, drought,
landslide, seismic, and
volcanic hazard map

Crop producing areas (26
cultivation systems)
Socio-economic data

Present land use
Projected land use
Soils

Human settlements
Floodplains

Soils map

Forest tipology
Alternative forest uses
Agricultural zones
Landuse capability

Human settlements
Land capability
Present land use
Erosion risk

Water resources

Life zones

Ecology

Development strategy

RESULTS

Identification of possible relocation
sites for 34 families. Sites in
question had to comply with the
following requirements: not in
hazardous zone, 100 m. away from the
river, within urban limits, and in
unoccupied areas or with Llow
population density.

49 possible critical events selected
for further study and/or profile level
mitigation strategy formulation.
Follow-up  institutional support
delineated.

66 percent of the Lland presently
occupied or planned for irrrigated
agriculture investment was found to
be in flood-susceptible areas.

Identification and quantification of
areas under varying degrees of
limitations or restrictions in areas
previously recognized as best suited
for their respective production
activity.

99 percent of the land occupied by
small farms was classified as severely
restricted or unsuited  for
cultivation. 2 percent of the land
for commercial agriculture vs. 30
percent of the land for small farms
was affected by severe or critical
erosion hazard.



displayed elements (hazard impact areas, location of
shelters, health centers, fire stations, police stations,
etc.) to their respective descriptive information, makes
it suitable for emergency planning and post-disaster
rehabilitation and reconstruction work.

Through a GRDB, information can be accessed for
data update and utilization by all involved agencies.
In this way, emergency management offices can have
almost immediate access to an updated inventory of
settlements, lifelines, hazard impact areas, and special
emergency needs, facilitating inventory and
deployment of emergency resources; sectoral
ministries and utility companies can prepare more
effective plans and projects by having access to
updated population and infrastructure data; and central
planning agéncies can use the system as a tool for
reconstruction planning coordination.

This kind of system was used in Jamaica after
Hurricane Gilbert as a mechanism for coordinating
disaster relief (see box above), and in Costa Rica, the
Ministry of Natural Resources and Mines requested
the OAS to provide a GRDB to monitor the
vulnerability of the country’s energy infrastructure to
natural events. Although there are clear benefits in
using a GRDB in emergency management, its
transformation as a tool in development planning will

OAS/DRDE
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need time, cooperation, and support from all agencies
involved. '

C. Guidelines for Preparing a GIS

Benefits of a GIS may be so compelling that the
decision to acquire a system can be made with little
hesitation. In most cases, however, the decision can
only be reached after a thorough analysis. The
following section introduces a systematic process for
reaching a decision about acquiring a GIS. Potential
users must remember that a GIS is not always the
right tool for a given situation, and it may not
necessarily pay for itself.

1. CONDUCT A NEEDS ASSESSMENT, DEFINE
PROPOSED APPLICATIONS AND OBJECTIVES

Before deciding to acquire or use a system,
planners need to make a meticulous evaluation of their
GIS needs. This must include a definition of how their
planning activities and decisions will be assisted by
using a GIS. Specific objectives and applications of
the GIS should be defined. Answers to the questions
outlined in the box below can help.



If this preliminary investigation indicates that
obtaining and using a GIS is a good option for an
agency, it should seek the most cost-effective method
of doing so. A frequently neglected option .is to
determine if an existing system is available. If the
existing GIS is underutilized, the current owner might
find a time-share offer attractive, particularly if the new
agency brings data and analyses to the partnership.
If no suitable GIS exists, another alternative is for a
group of agencies to establish a GIS that meets their
common needs. Obviously, the trade-off in both these
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options is lower cost vs. independence of action, but
if the partnership also brings improved working
relationships and compatible data to a group of
agencies that work on common problems, these
benefits may exceed the independence cost. The
questions in the box above offer planners some
guidance as to whether an existing system is suitable
to their needs.

Ancther opportunity for reducing investment cost
is the use of existing equipment. If a computeris

Natural Hazards Primer/Part 1i



available, is it compatible with the GIS envisioned?
What are the economic and institutional costs of time-
sharing and inconvenience?

Once an agency has reached tentative decisions
to acquire GIS capability, alone or in partnership, it
should undertake an economic analysis of the
proposition.

2. EXECUTE AN ECONOMIC ANALYSIS FOR
GIS ACQUISITION
Acquiring a GIS system is a capital investment that

may represent several thousand U.S. dollars. As
contended by Sullivan (1985), standard investment

OAS/DRDE
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appraisal methods can be applicable to information
technologies such as GIS. The questions in the box
above will help planners to roughly estimate and
compare the major cost and benefits associated with
a GIS acquisition.

The cost of maintenance and repair of all
components of a GIS must also be considered in the
investment analysis. The more sophisticated the
system, and the more remote the home base of
operation, the higher its maintenance cost. Software
demands maintenance too, and arrangements should
be made to subscribe to effective support from the
provider of the software. The hiring of expertise to
modify the software according to the project should be
expected. A GIS is a dynamic tool; there will always



be new data and new capabilities to be added,
requiring additional efforts and expenses.

3. SELECT AMONG ALTERNATIVE SYSTEMS
AND EQUIPMENT

When a new system must be established, planners
must carefully select the appropriate hardware and
software. The system should be simple and must, of
course, fit the budget and the technical constraints of
the agency. Large digitizers and plotters, which are
capable of producing maps of cartographic quality, are
expensive and difficult to maintain. Small equipment,
which can be as effective as the larger models for map
analysis, is becoming increasingly available at
affordable prices. Figure 5-5 presents some of the
criteria that should be considered in a GIS acquisition.

There are many GIS packages available, some
more expensive and more powerful than others.
Some cheaper softwares have good analytical
capabilities, but lack computer graphics. Based on
objectives, budget, and personnel constraints, planners
should investigate the alternatives for GIS software with
a simple interface, strong analytical and graphical
capabilities, and an affordable price. Regardless of the
selection, GIS software must be tested, and its claims
must be verified against the needs of the user. As
the software for GIS projects can cost more than the
hardware it is designed to run on, the testing
should be done on the hardware configuration to be
used. '

Figure 5-6 reviews most of the GIS software
currently available. The systems are ranked by cost,
and information Is provided on type of operating
system, type of output device supported (directly
related to the kind of output maps produced, raster or
vector), and other capabilities such as area
measurement, statistical analysis, and geo-referenced
overlaying.

4. ESTABLISH A DATABASE

Once the GIS has been acquired, an information
system must be designed. Typically, first-time GIS
users tend to put lots of seemingly appropriate data
into the system, trying to develop some application
immediately. Usually, systems designed on a data-
supply rather than on a information-demand basis
resuit in a disarray of data files and a chaotic and
inefficient database.

A systematic approach to building an efficient and
practical database includes i) a careful determination
of users’ needs, defining intended applications of the
needs, and, if possible, iii) a design evaluation and/or
testing in a piiot study (see the GIS design procedure
outlined in Figure 5-7).

a. Determination of Proposed Applications
of the System

Small planning agencies or specific hazard
mitigation projects may need a simple analysis of what
has worked elsewhere to define what the GIS will be
used for and what products it is expected to produce.
Large organizations or more comprehensive projects,
however, need to develop a standard and systematic
approach, - usually requiring interviews with
management, users, and existing system support staff.
Answers to the questions below can orient planners in
identifying potential applications.

b. Determination of Data Needs and Sources
for the Applications Selected

Data on natural hazards, demographic data, and
location of population, are the prime concern of
natural hazards management and should be defined
very early in the process. Infrastructure and
settlement sites provide the logical links that make a
GIS useful in identifying population locations. When
this information is combined with recent data detailing
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Figure 5-5
CRITERIA TO BE CONSIDERED WHEN PLANNING FOR A GIS ACQUISITION

HARDWARE SOFTWARE COST VENDOR SUPPORT
a. CPU/System Unit a. System Software - Initial hardware a. Maintenance
: price (CPU, :
- Microprocessor - Compatibility monitor, - Maintenance
- Compatibility with standards printer, etc.) staff (size,
with standards - Capability - Additional experience)
- Memory capacity - Flexibility components - Existing
(RAM) - Expandability (peripherals, customer base
- Disk drives - Special digitizers, - Service
- Backup system features adapters, etc.) facilities
- Expansion - Documentation - Availability of - Inventory of
capacity : duty-free components
- 1/0O channels components - Guaranteed
- Communication b. Utilities - Maintenance response time
ports Software agreement and - Capacity to
- Warranty terms other service deal with
- Ease of use - Transportation/ entire system
- Integration _ delivery :
b. Features and with total - Installation
Peripherals system - Software price b. Training
- Languages . - Updates/
- Keyboards available upgradings . - Range of
- Monitors ' - Diagnostics - Training courses
(terminals) - Peripheral offered
- Printers control - Staff
- Power supply experience
- Networking - Facilities
capacity ¢. Applications - Documentation/
Software aids
- Appropriateness
to needs -
- Performance ”
(capacity,
speed,
flexibllity)
- Interface
capability
- Support
- Upgrade
potential
- Documentation
- Trainingand
other user
services

Source: Adapted from USAID, Information Resources Management. Guidelines for Managing Automation Assistance in AID Development
Projects, Version 1 (1986).
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Figure 5-6

GIS SOFTWARE REVIEWY

——— OPERATING SYSTEM COMPATIBILITY — — OUTPUT COMPATIBILITY — OTHER
COST IBM (PC DOS) UNIX SYSTEM  OTHER SYSTEMS DOT MATRIX  PLOTTER CAPABILITIES
LESS IBIS(V) IBIS IBIS ACGS
THAN SAGIS SAGIS SAGIS AC S8
$500 OSU MAP OSU MAP AC S
IDRISI IDRISI AG S
Atlas Graphics Atlas Graphics A S
EPPL7 EPPL7 ACGS
GEOVISION GEOVISION  GEOVISION ACG
$500- SOLIR SOLIR
$1,000 Mapinfo Mapinfo A
GRASS GRASS GRASS ACGS
PMAP PMAP PMAP ACGS
$1,000- ETAK Geocoder ETAK Geocoder ETAK Geocoder (o]
$10,000 MIPS MIPS MIPS GS
FMS/AC FMS/AC FMS/AC ACGS
Landtrak Landtrak(V) Landtrak Landtrak ACG
GeoSight GeoSight GeoSight GS
Geopro Geopro Geopro ACGS
ILWIS ILWIS ILWIS ACGS
MOSS MOSS MOSS(AO, P) MOSS MOSS ACGS
MINUTP MINUTP Cc
MAPLE MAPLE MAPLE MAPLE ACGS
Mapgrafix(M)* Mapgrafix A G
Matchmaker Matchmaker
MORE ™ TIM TIM(X) TIM A G
THAN SPANS SPANS SPANS SPANS ACGS
$10,000 TerraPak TerraPak TerraPak(P) TerraPak CGS
System9 System9(SU) System9 ACGS
Geo-Graphics  Geo-Graphics Geo-Graphics(V) Geo-Graphics A GS
VIPERS VIPERS AC S
Infocam(V) Infocam ACGS
. UltiMap (AE) UltiMap UitiMap ACGS
Accugraph Accugraph AC
System600 System600(V) System600 System600 AC §
GeoVision GIS GeoVision GIS(V) GeoVision GIS ACG
KGIS(V)
DeltaMap DeltaMap DeltaMap ACGS
ERDAS ERDAS ERDAS(AV,P,V) ERDAS A GS
ARC/INFO ARC/INFO ARC/INFO(AO,P,V,VC) ARC/INFO ARC/INFO ACGS
— "OTHER SYSTEMS" KEY — — "OTHER CAPABILITIES" KEY —
AE-AEGIS M -MacOS V -VMS A - Area measurement
AO - AOS P -PRIMOS VC-VM/CMS C - Command language user interface

AV-AOSVS SU-SunOS X -XENIX G - Geo-referenced overlaying

S - Statistical analyses

2/ | each section software is listed in order of increasing cost.

Source: Adapted from “The 1988 GIS Software Survey" in GIS World, vol. 1, no. 1 (Fort Collins, Colorado: July, 1988).
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Figure 5-7
GIS DESIGN PROCEDURE

USER NEEDS ASSESSMENT

PROPOSED APPLICATIONS

DATA REQUIREMENTS
|
I [ I I

Natural Natural Population Infrastructure
Hazard Resource

DATA SOURCES
|

Field Remote
Maps Documents Observations Sensors

GIS DESIGN
I
I I

Cartographic Attribute
layers Designation

Detail Scale Resolution

PILOT STUDY

Database Procedure
Adjustments Guidelines

| |
|

IMPLEMENTATION

OPERATIONAL GIS

Source: Adapted from Chambers, Don. "Overview of GIS Database Design" in GIS Trends, ARC News Spring 1989. (Redlands, California:
Environmental Systems Research Institute, 1989).
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changes in land use, a clear understanding of where
the people are located and the kind of activities they
are undertaking and how they may be affected by
natural hazards can be obtained. With this information,
disaster prevention and preparedness actions can be
initiated.

Once the information requirements are identified,
sources that will provide this information should be
distinguished. Usually, a number of firsthand sources
of information already exist, including maps and other
documents (discussed in Appendix A), field
observations, and remote sensors (discussed in
Chapter 4). Figure 5-8 lists usually available natural
hazard information that can be incorporated, into a
GIS data file.

In concept, GIS programs should be developed to
accept all kinds of data that will eventually be needed.
Data may be available in the form of satellite images,
weather satellite data, aerial photographs, generalized
global or regional topographic or soils maps, or
population distribution maps. Data such as these are

sufficient to build an initial GIS. Once the framework
is developed, new items can be added at any time.

c. Design of the Data Files

The next step is to design the cartographic layers
to be entered into the system, and the spatial attributes
to be assigned to them. In this regard, detail of the
database, input scale, and resolution must be
considered.

Cartographic layers are the different "maps" or
"images" that will be read into the system and later
overlaid and analyzed to (generate synthesis
information. For example, cartographic layers
depicting past landslide events, geological
characteristics, slope steepness, hydrology, and
vegetation cover were entered and overlaid in a GIS to
create a landslide hazard map, as described in
Section B.

There are three basic types of layers, and many
different possible combinations amongthem: polygons

Figure 5-8

NATURAL HAZARD INFORMATION TO BE USED IN A GIS

BASELINE DATA
EARTHQUAKE Epicenters
Fault lines
Plate boundaries

INTERMEDIATE
THEMATIC INFORMATION SYNTHESIS INFORMATION

Maximum recorded intensity, Seismic zoning (strong

VOLCANO

HURRICANE

LANDSLIDE

FLOOD

DESERTIFICATION

Volcano location

Landfall map
Precipitation
Wind

Coastal
infrastructure

Bedrock geology
Slope

Vegetation
Precipitation

Precipitation
Stream flow
Floodplain

boundaries

Soils

Precipitation
Evapotranspiration
Biomass production
Vegetation cover

magnitude ground motion data,
Frequency distribution and maximum expected
gap data intensity or magnitude,

Previous event impact
History of eruptions

Previous event impact
Landfall frequency
distribution

Previous event impact
Landslide inventory

Previous event impact

Maximum stream elevation

Lifezones

Aridity

Erosion
Population density
Animal density
Land use
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recurrence interval)

Potential affected area
(ash, lava, pyroclastic
flow, lahar)

Design event (surge tide

elevation and flood
elevation

Hazard susceptibility

Design event (flood
elevation and
recurrence interval)

Hazard zonation
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(floodplains, landslide hazard areas), lines (fault lines,
rivers, electrical networks), and points (epicenters, well
locations, hydroelectric facilities). Selection of the
correct layer type for a database depends on
anticipated uses and on the scale and resolution of the
source data. A volcano, for example, may be
represented as a point at 1:250,000 scale, but it could
well be a polygon at 1:20,000. Similarly, flood-prone
areas may be represented as lines bordering rivers at
scales smaller than 1:50,000, but as polygons on
1:10,000 scale maps. Planners must keep in mind that
point and line representations may well be used for
depicting variable locations, but they are seldom used
for GIS operations involving cell measurement.

Spatial attributes are identifiable characteristics of
the resource information assembled for the GIS. For
example, attributes considered for infrastructure can
include roads, bridges, dams, etc. For land use, the
different land-use map units can identify the attributes.
All GIS input data are filed as attributes and can be
recovered as individual items or aggregated into
groups.

A solils map provides a good illustration of attribute
designation. One attribute in the soils "layer" of data
would be sand. All occurrences of sand would be
located on the map. Once the attribute has been
recorded, relevant descriptive material from the
accompanying text should be included inthe database,
not just the legend. This greatly expands the
usefulness of the information available to planners.

This same procedure, when used to prepare data
for more than one point in time, provides the user with
the information needed to measure changes over time.
The most frequent failure of time sequence data is due
to the lack of details on the description of the attribute
for the different time periods. Thus, it is important to
include that information in text form within the GIS
system.

Many attributes in some of the well known and
frequently used mapped information sources can
provide ample information for hazard management in
the typical GIS. Six particularly useful sources are:

- land-use and soil surveys

- climatic data

- location of volcanoes, landslide areas, and major
geological faults

- natural features (rivers, floodplains)

- human features (infrastructure, population), and

- topographic information (which provides elevation
data, terrain complexity, and watershed
information)

Natural hazard management decisions based only
on the above six sources of data can serve the GIS

OAS/DRDE

requirements in many situations. As an example, soils
information can provide saturation and runoff
characteristics; topography provides watershed area
and topographic relief, and combined with soils data
can help to identify floodplains; climatic records are
particularly useful when combined with run-off
characteristics from the soils survey to provide
information on flooding and erosion; and lifezone maps
are useful in assessing desertification hazards. The
number of people located on a floodplain, what urban
support centers exist, the location of roads, airports,
rail systems, etc., can all be put into the system and
analyzed in map form.  This information is also
useful in the preparation of emergency response
plans.

The correct combination of attributes for particular
decisions based on a GIS may call for a surprisingly
small number of data input sources. Almost all natural
hazard situations will be strongly influenced by one or
two combined features. Mud slides, for example,
usually occur in areas having steep terrain and soils
high in clay content. New volcanic eruptions are most
likely to occur in areas of historically high seismic
activity. Planners or GIS users must understand that
the purpose of a GIS is not to procure and incorporate
all possible data. That is costly, time consuming, and
provides users with an over abundance of mapped
data that can be counterproductive. What is
important is the acquisition of an appropriate amount
of data that provides the necessary information for
rapid, effective decision-making for natural hazard
management.

Too much detail may unnecessarily add to the
cost of the GIS. If a data source is detailed beyond
the point of usefulness, then generalized data should
be used. If, for example, topographic data are
mapped at 5m contours, but some basic decisions
will be reached using 50m contours, then input and

_ retrieval of topographic complexity can be reduced by
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a factor of ten. Careful study of the classification
systems of the input data, combined with analysis of
critical points of differentiation in the physical data
sources can reduce the volume of data input without
affecting the utility of the analysis.

Detalil of the database must be directly correlated
with the planning team’s needs and it should be
dynamic in nature. A planning team assigned to
assess vulnerability to natural hazards could begin by
looking at hazards at the national level, then shifting
to more detailed studies in local areas of high risk. On
the other hand, if an area is selected for regional
development planning, the study of hazards can begin
at the regional or local level. For example, if the
development study is concerned with the
transportation sector of a city and the area suffers



frequent losses to landslides, the database established
should obviously reflect this issue.

Regarding scale, planners or GIS users can take
advantage of the fiexibility some GIS offer by entering
data at various scales and later requesting the system
to adjust the scale to fit the particular purpose or stage
of planning: small to medium scales for resource
inventory and project identification; medium scales for
project profiles and pre feasibility studies; and large
scales for feasibility studies, hazard zone mapping,
and urban hazard mitigation studies.

Resolution or spatial accuracy of the database will
be reflected in the number of cells (columns and rows
or Xs and Ys) making up the database. The greater
the number of cells used to cover a given area, the
higher the resolution obtained.  However, high
resolution is not always necessary, and the tradeoff
between what is gained in terms of analytical capacity
and what is lost in terms of consumption of computer's
memory and input time must be considered. The type
of graphic adaptor, the size of computer's memory,
and the user's preference as to whether a full or
partitioned screen should be used, are determining
factors in this respect.

Finally, the design of the database should be
tested for performance. Following a pilot test, it is not
uncommon to obtain a sizable set of database design
rectifications. Guidelines are usually not only directed
at the spatial accuracy of data and layer design, but
~ also at the identification of possible obstacles for final
system implementation, and the development of
procedures or a methodology for performing tasks
under normal operational conditions.

Conclusions

The wide array of GIS applications presented in
this chapter illustrates the value of GIS as a tool for
natural hazards management and development
planning. As demonstrated, geographic information
systems can improve the quality and power of analysis
of natural hazard assessments, -guide development
activities, and assist planners in the selection of
mitigation measures and in the implementation of
emergency preparedness and response actions.

As enticing as GIS may look, it is not a suitable
tool for all planning applications. Much of the benefit
of such an automated system lie, in the ability to
perform repeated spatial calculations. Therefore,
before making the decision to acquire a GIS, planners
need to determine what planning activities could be
supported with the system and carefully assess if the
amount of spatial calculations and analysis to be
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performed justifies automating the process. If only a
few calculations are foreseen, it will probably be more
cost-effective to rely on local draftsmen to draw and
overlay maps and calculate the results.

PC-based GIS are the best option for a planning
team. Even so, planners will have to select between
scores of available hardware configurations and
software capabilities, prices, and compatibilities. Given
the typical financial and technical constraints that
prevail in Latin America and the Caribbean, the
hardware configuration must be simple and affordable.
For IBM-compatible systems, for example, a standard
central processing unit (CPU), a high-resolution
monitor, a small digitizer, and an optional color printer
are usually effective enough for a development
planning agency's needs, and can be easily purchased
at affordable prices in most countries of the region.
Large and sophisticated equipment requires more
technical skills, is difficult to maintain and repair locally,
and the added capabilities may not be significant for
the planning agency’s needs.

Similarly, there are many GIS software packages
to choose from and, accordingly, a wide variety of
capabilities and prices are available. Usually the more
expensive the software, the more powerful the
analytical capability and sophisticated the output
options. However, added capability, particularly in the
area of cartographic quality output, is not always
necessary, and may not pay for itself. Prices range
from one hundred to more than fifty thousand U.S.
dollars. Although inexpensive systems lack certain
features present in more expensive ones, they have
functional capabilities sufficient to meet the basic
analysis needs of natural hazard management
activities. It is wise to start with some of these modest
systems and later expand them according to the
agency's heeds.

Other aspects that should be considered are data
availability and institutional support. For a GIS to be
effective as a planning tool, any problems and
difficulties in obtaining data from institutions with
different mandates and interests must be resolved. A
good understanding for sharing information between
the different agencies involved in collecting, generating,
and using data must be established to insure the
dynamic nature of a GIS.

One last issue planners will have to face is the
difficulty they will encounter in implementing GIS
results. When it comes to translating GIS results into
planning guidelines or mandates, it is not uncommon
to see them rejected for political, economical, or other
reasons. This may become more complicated at the
local level. When local data needs are generalized
and included in a GIS for a larger area, conflicts due
to people’s detailed knowledge of the area may arise.
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Natural hazard management requires cooperation at
all levels to be successful. Convincing local staff and
decision makers that the GIS can provide timely, cost
effective, and correct information is a critical step that
needs support and attention for every program
addressing natural hazard management issues.
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