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PREFACE

The idea for this manual has roots in more than 25 years of work
interpreting and transferring scientific and technical information for
use by pelicy and decision-makers. I was privileged to take part in
the formulation of the U.S. Mational Envirommental Policy Act of 1969
while Chief of the Environmental Policy Division of the Congressional
Research Service, Library of Congress. This law called for the
preparaticn of an environmental impact statement--an action-forcing
provision aimed at American government officials. But the concept of
a special analysis of the consequences to the environment of
technological change has spread around the world. The most important
result is the availabillity of information to the public and to
managers about natural systems and their behavior which would not
otherwise have been gathered and assessed. Now, with environmental
impact assessment, decisions about using and protecting the
environment are betier informed, and public participation is
facilitated.

Since 1977, I have worked at the East-West Center with many
¢olleagues in Asia and the Pacific on the adaptation and
implementation of EIA methods in developing countries. Often, the
suggestion has been made to refine and publish the various training
materials that have emerged from these collaborative studies. I have
been reluctant to do so because of a firm convietion that each
opportunity for assessment must be systematically and thoughtfully
designed to fit the circumstances--there is no "correct" method
generally applicable. Any format such as a checklist or matrix works
against the tailoring of the assessment. Nevertheless, the
opportunity developed with Paul Holthus of SPREP and Bindu Lohani of
the Asian Development Bank in planning a Regional Training Course
(held in June 1989 at the University of the South Pacific in Suva,
Fiji) persuaded me that a compilation of how-to-do-it methods and
techniques could be useful, if embedded in a systems approach. This
manual is the result.

Since 1967 Jim Maragos has had a distinguished career working in
environmental affairs in the Pacific, first with the University of
Hawaii, and then with the U.S. Army Corps of Engineers. He has also
been a frequent colleague in East-West Center programs and contributed
significantly to this manual as co-editor, author, and originator of
mary of the graphics.

Authors, other than the editors, are noted in the sections which
they prepared. We have drastically edited some contributions in order
to fit them together and thus, with appreciation to each author, take
full responsibility for the final manusecript.

A draft version of the manual was used in the Fiji training
course and revised on the basis of comments from the 25 participants
from 14 island nations. Other reviewers included Graham Baines,
Warren Evans, Arthur Dahl, and Tor Hundloe.
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The manual has benefited from an exceptional editorial support
group in the East-West Environment and Poliey Institute headed by
Helen Takeuchi. Her expertise and dedication show through on every
page. Laura Miho and Linda Shimabukuro processed words with skill and
patience, assisted by Joy Teraoka and Karen Hee. Laurel Lynn
Indalecic prepared graphics and art work. To all of them, to

co-editor Maragos, and to my author colleagues, I offer a heartfelt
mahalo.

Richard A. Carpenter

Environment and Policy Institute
East-West Center

Honolulu, Hawaii 96848

Cetober 1989



HOW TC USE THIS MANUAL. There is no best method for performing
envirconmental impact assessment (EIA). This marual contains many
examples of useful techniques for gathering, analyzing, and
communicating information about the consequences of development
activities. However, the overall method recommended here is to think
through each specific management question and to design an EIA process
to fit the need and the time and resources available for assessment.

This systematic approach requires scientific understanding to
predict the impacts of alternative development strategies and
practices. The most likely changes in the environment and consequent
impacts on human health and welfare are explained. Section V reviews
the basic relationships of ecology and related environmental sciences.
The sensitivity and vulnerability of different ecosystems are
explained so that the assessment may begin with these considerations
of siting, if that is the issue. Sections II and III present proven
techniques for organizing and analyzing the data that make up the
assessment. Section IV and the Appendix of Asian Development Bank
guidelines enable the reader to begin the assessment design from
experience with the type of development in question.

The theme of the manual is prediction of future environmental
conditions as a result of economic development and technological
change. Uncertainties and surprises are accepted a=z unavoidable.
However, this EIA method will help prevent and remedy many unwanted
adverse consequences and may also generate new alternatives for
achieving development goals, together with sustaining environmental
quality and renewable natural resources.

Intelligence and interest are the traits of a good assessor.
Environmental impact assessment does not necessarily require advanced
education, complicated models, or detailed data in order to help
managers and decision-makers. Qualitative assesament can be quite
useful (see Chapters II.B and III.A). Preliminary site and project
evaluations often lead to important changes that are relatively easy
to make at an early stage.
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Throughout the manual, the concept of sequential cause-effect
relationships is taught and illustrated:

—» Economic develcpment goals and objectives
lead to:
L » Project technological activities Rl
l lead to:
Changes in the environment -
$ lead to:
v g
¢ Impacts on human health and welfare and ecosystem - o 2
) o
b ¢ lead to: oan
@ I
“  preventive, mitigative, ameliorative measures -——» @ B
Balus]
l lead to:

| Continuous monitoring and management for sustainable development —

Some specific examples of sequence charts are shown on the next page.
Branches or cascades of effects must often be dealt with. The
economic valuation of impacts, including those external to the main
development objective, allows a more comprehensive benefit-cost
analysis. Uncertainties are quantified as probability distributions
to give a sense of comparative risks. The entire process is to assist
management in making better decisions and trade-offs for more
succesaful develorment.

The manual shows how to design an assessment and, when used with
suggested reference materials (e.g., Munn 1979; Dixon et al. 1988;
Carpenter 1983; ADB Guidelines, various years) also shows how to
perform a complete assessment. Two other important tasks can be
accomplished through using the manual. Review of EIAs is aided by
comparing a draft assessment with the suggested contents and
predictive techniques in the manual. Termsw-of-reference spelling out
the work to be done by consultants may be prepared by using the
framework in the manual for the particular type of development. These
examples also assist environmental officers in negotiating with
developers to produce a more useful EIA, rather than simply accepting
or rejecting what is provided.

The manual is also a desk reference with definitions of terms and
examples of many impacts and mitigative measures. It i1s, however, a
"1iving document™ and should be continuously augmented by the actual
experiences of assessors in each country as the use of this important
management tool grows.
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THREE EXAMPLES OF THE SYSTEMS APPROACH FOR EIA
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I. INTRODUCTION

ENVIRONMENTAL IMPACT ASSESSMENT
ASSISTS SUSTAIHABLE ECONOMIC DEVELOPMEET

Planning and managing economic development require a continuous
flow of informaticn to decision-makers. Environmental Impact
Assessment (EIA) has become a useful process, as well as format, for
acquiring, analyzing, and reporting the facts and understanding about
the natural environment. EIA complements and supplements the
knecwledge in economic and engineering studies of development projects
and strategies. The initial letters E, I, and A also represent three
essential characteristics of proper assessment (see Figure I.1):

Early: The EIA begins at the inception of development planning
in order to identify opportunities and constraints in
natural systems and thus guide the design cf projects;

Integrated: The EIA is linked directly to engineering and
economic studies, not performed separately or at a later
time;

Always: The EIA process continues to accumulate data throughout
the project cycle, monitoring the implementation of
environmental protection measures and suggesting mid-course
corrections to management.

I.A. MULTIPLE NATIONAL GOALS REQUIRE
TRADE~QFFS AND PRIORITIES

Most nations have many urgent needs and objectives, some of which
are mutually confiicting. Resources are always insufficient to do
everything at once. A clean, healthy environment and the conservation
of natural resources are goals of all societies. Jobs, foreign
exchange, national security, and improved living standards are other
goals that compete with the environment. In many projects, immediate
economic gains appear to require the degradation of environmental
quality; sometimes, ingenuity can achieve economic growth and protect
the environment but the conflict is often real. Some countries {e.g.,
Japan} have knowingly taken a development path of "grow rich dirty,
then clean up." Whether that was wise remains to be seen, but it
illustrates the need by development managers for information about the
impacts of projects on the enviromment and the use of environmental
resocurces in projects. That is what EIA is all about.

Because many environmental impacts are subtle and do not appear
immediately, the conventional project planning neglects these effects.
In the early 1970s, led by the United Nations Conference on the Human
Environment at Stockholm and the United States National Environmental
Poliey Act, many development agencies began to order special studies



ENVIRONMENTAL E EARLY

IMPACT I TNTEGRATED

ASSESSMENT A ALWAYS

Figure I.1. The meanings of EIA.

on environmental aspects of projects. A1l too often these reports
came along only after commitments were made as to site, design, and
technologies. Changes or additions to plans in order to avoid
environmental damage were disruptive, delaying, and were 3een to be
extra costs. The EIA concept got a bad name.

Projects that had proceeded without concern for the environment,
however, often resulted in unacceptable damage to air and water
quality, valuable plants and animals, and human health. In scme
instances, irreversible harm such as pollution of groundwater or gross
soil erosion has occurred. Some projects were suspended or terminated
on the basis of unforeseen adverse consequences.

1.B. PROBLEMS IN IMPLEMENTING ETA

While learning how to assess impacts, it is worthwhile to
congider some of the recognized problems in EIA almost 20 years after
its beginnings. The methods of this manual are intended to overcome
many of these shortcomings.

1. Lateness in the development sequence. If the EIA is begun
only after major decisions have been made, then it often is seen as
causing delays. This is not necessarily true, but the perception 1s
widely held. 1In any case, the EIA should begin early and, if
possible, should not lag behind other elements of the development
process.

2. Lack of follow up during development. As has been stated,
EIA should always be contributing information to management, not just
during the feasibility stage of projects. Otherwise, environmental
concerns may be forgotten and newly uncovered problems will not be
addressed. If there is no post~audit or monitoring, implementation of
mitigating measures and verification of predictions may not oceur.



3. Beneficial impacts are ignored. EIA should reveal
opportunities and benefits, not simply raise warnings. Design changes
on the basis of predicted environmental consequences may save the
success of a project (e.g., avoiding seawalls that would cause beach
erosion at a resort).

B. Lack of consideration of alternative sites, technologies,
designs, and strategies may weaken the effectiveness of EIA.

5. Bias in the tone and language of the EIA reports {either
toward the project or toward environmental values) will decrease their
credibility.

6. Participation of all interested and affected parties in the
ETA is essential. The political will to implement recommendations
comes from Informed participation from local residents,
non-governmental organizations, and mission agencies. The review
process 1s especially important for allowing participation. Ewven if
some parts of an EIA must remain confidential because of diplomatic or
proprietary sensitivities, a summary of these aspects should be made
public with an explanation for the lack of detail.

7. Mitigation measures are often not affordable, do not reflect
appropriate standards for the level of development, and are
unrealistic as to maintenance requirements or operating costs.

8. The private sector often resists EIA because it is viewed as
anti-development, a nuisance imposed by bureaucrats, and unnecessary
when good engineering-economic analyses have been prepared.

9. Communication of EIA findings is often awkward and unclear.
Voluminous reports cannot be read by many who should understand the
ETA. Reports may be too late to be on the table when decisions must
be made.

10. The ad hoe, project-by-project approach of EIA makes regional
and national environmental planning difficult. An increased attention
to land-use planning and economic-cum-environmental planning is a
trend to correct this deficiency.

11. EIAs should be managed by strengthened environmental
coordination units within mission agencies as contrasted with reliance
on central environmental agencies. The private sector developers
should also have independent environmental units. These measures help
integrate EIA into the planning process.

12. Economiec valuation of impacts is inadequate even though much
progress in identifying and including so-called offsite and future
"externalities™ has been made.

13. Modeling of ecosystems is inadequate for predictions because
ecological theory is still incomplete and prineciples are vague.



14 . Uncertainties are not treated explicitly and many assumptions
are hidden. Risk assessment built on EIA can do much to remedy this
problem.

Fortunately, adjustments in both EIA and development planning
have been made in the past few years. The benefits of Early,
Integrated, and Always-available information about the environment are
now equated with efficient project management. EIA need not delay
development, and the costs of prevention are usually less than those
of repair or damage sustained. The environment is never the
preeminent national goal, but it is one that must be adequately
represented in the balancing and trade~off processes. EIA helps to
make that happen.

I.C. WHY DO EIA?

The essence of EIA is a prediction of the future state of the
environment, with and without the development activity. All managers
and planners, whether in government agencies or the private sector,
should know the consequences of their actions. They are responsible
for their effects on society, environment, and other projects.

Nature is holistic-—complex, interconnected, and systematic.
Unfortunately, development projects are usually single events
undertaken in isolation. Natural systems must be understood in order
to predict the consequences of technological change. EIA is a form of
systems analysis--a procedure for studying complexX arrangements and
events in order to manipulate them to a desired goal.

The history of economic development contains more disappointments
and failures than successes, and the reasons for this are myriad. The
lack of understanding and appreciation of the envirorment and
renewable natural resources, however, is c¢learly to blame for many
instances of economic shortfalls, premature ending of projects,
depleted resources, degraded lands, and human misery. EIA is not only
a rational process to warn of unwanted adverse effects but also to
generate alternative approaches that improve the chances for
development success. EIA does not make decisions, but it is essential
for those who do.

Thus, we do EIA in order to predict the adverse consequences of
development on the environment.

I.D. ECONCMIC DEVELOPMENT BASED
ON RENEWABLE NATURAL RESOURCES

Much of the growth in developing countries comes from using
renewable natural resources (i.e., crops, forests, water, soils,
animals, fish). These natural systems also are affected by
development activities such as road building, pollution, dredging, and



filling. EIA points up both the dangers to envirconmental values and
the opportunities to use these resources. It is a constructive,

pro-development tool for management that improves the success of and
lengthens the life of projects. EIA addresses the follcowing issues:

1. Development that is sustainable is accepted as an essential
characteristiec of economic growth. Sustainable development is broadly
and vaguely defined (e.g., "[sustairnable development] meets the needs
of* the present without compromising the ability of future generations
to meet thelr own needs") (World Commission on Environment and
Development 1987:43). In this sense, development 1s to be sustained
and not any particular technology or resource. When development
strongly depends on renewable natural resources, however, the
definition must be more specific: a strategy to achieve immediate
economic gains while maintaining indefinitely the productive potential
of the resource base. For example, the traditional conservabion
practice called Raui is used in the northern Cook Islands to rotate
the use of atoll fisheries over time in order that they may replenish
themselves. The rate of regeneration, maintenance, or repair must,
over time, equal or exceed the rate of harvest, consumption, or
degradation. A report from the World Resources Institute (Dover and
Talbot 1987) states "productivity without sustainability is mining."
ETA quantifies the factors making up sustainability and predicts the
future productivity of the landscape.

2. Human health is directly dependent on a clean environment.
Health concerns also are the most powerful source of "political willh
needed to enforce regulations and to make necessary budget
comnitments. For example, safe drinking water supplies are threatened
not only by pathogenic organisms but inereasingly by toxic chemical
compounds such as heavy metals and chlorinated organic chemical
compounds. EIA specifically treats the risk to human health from
techneologies and urbanization accompanying development.

3. Ecosystem health includes the maintenance of habitat for
wildlife, fish, shellfish, and other commercially valuable animals as
well as the constant provision of the so-called "services" of nature
such as watershed protection forests, pollinating insects, and
soil-building organic matter. EIA is concerned with biological
diversity and the esthetic/recreational values of intact natural
systems.

4. Development opportunities in the landscape may be uncovered
during EIA. These include untapped water resources, forest products
such as medicinal plants, mineral deposits, rare wildlife species,
unique scenic and recreational sites, and archaeological or cultural
sites to be conserved. The surveys and inventories conducted as part
of EIA may reveal unexpected natural resource values.

5. Siting of needed facilities, roads, and human settlements is
often the subject of EIA. Alternative locations are judged against a
variety of technical and social criteria in order to pick the site
that will serve development and least disrupt other uses of the
landscape.



I.E. RESOURCE USE CONFLICTS

Economic development often involves using the same natural .
resource in several ways that may not be compatible. For example,
agricultural land is attractive for human settlements; waterways are
used to dilute and carry off sewage and for fishing. EIA, especially
when complemented with extended economic analysis, can point out these
conflicts and reveal the trade-offs necessary to maintain sustainable
development. See Section III.E for the techniques used.

An illustration is the conflict generated by logging, which
jnereases sedimentation of coastal areas and thus damages fisheries
and tourism. Countries in Oceania and the Pacifie Rim with marine
resources potentially at risk in this manner include Fiji, Papua New
Guinea, Samoa, Solomon Islands, Vanuatu, French Polynesia, Indonesia,
Malaysia, the Philippines, and Thailand. The following is excerpted
from Hodgson and Dixon (1988:xi-xii). '

In 1985 a logging operation was begun in the watershed
bordering Bacuilt Bay (E1 Nido), Palawan, Phiiippines.
Bacuit Bay is also an important resource for two other
foreign exchange earning industries--tourism and marine
fisheries. The effects of logging-induced sedimentation on
the bay's previously pristine marine environment were the
subject of a 1-year ecological study. By the end of the
study, only 11 percent of the available commercial forest
had been logged, but high rates of accelerated erosion due
to logging had already resulted in dramatic increases of
sediment transport and discharge into the bay.
Sedimentation damage to bay coral reefs and associated
fisheries was rapid and severe [see Figure I.2.].

In order to examine the economic effects of
sedimentation pollution on tourism and marine fisheries,
predictions of future revenue production based on two
developnent alternatives are presented. The development
options are (1) to ban logging in the bay's watershed or
(2) to allow logging to continue as planned. The first
option would prevent further damage to the bay's ecosystem
due to logging-induced sedimentation and thus the tourism
and marine fisheries dependent on it. The second option
would maximize logging revenue but reduce revenue from the
other industries.

The results of the economic analysis are striking and
project a reduction in gross revenuec of more than
$40 million over a 10-year period with continued logging of
the Bacuit Bay watershed as compared with gross revenue
given implementation of a logging ban [see Table I.1]. The
difference is due to projected losses from tourism and
fisheries. Present value analysis was performed using both
a 10 and 15 percent discount rate. Even with the higher
discount rate, the present value of lost revenue exceeds
$11 million under Opticn 2-—continued logging. Sensitivity
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Table I.1. Tourism, fisheries, and logging industries: Ten-year sum of
gross revenue, present value of gross revenue (x $1000) using 10 and 15%
discount rates

Option 1 Option 2 Option 1 minus 2
Gross Revenue
Tourism 47,415 8,178 39,237
Fisheries 28,070 a 12,844 15,226
(with tuna) (46,070) {(21,471) (24,599)
Logging 0 12,885 -12,885
Total 75,485 33,907 41,578
Present Value (10%)
Tourism 25,481 6,280 19,201
Fisheries 17,248 a 9,108 8,140
(with tuna) (28,308) (15,125) (13,183)
Logging 0 9,769 -9,769
Total 12,729 25,157 17,572
Present Value (15%)
Tourism 19,511 5,591 13,920
Fisheries 14,088 a 7,895 6,193
(with tuna) (23,122) (13,083) (10,039)
Logging 0 8,639 -8,639
Total 33,599 22,125 11,474

Source: Hodgson and Dixon (1988:58).
&runa revenues (in parentheses) are not used to calculate the totals.

analysis shows that significant deviation from predicted
effects of sedimentation damage do not alter the conclusien.
In addition to these quantitative results, consideration of
qualitative factors reveals that the social, economic, and
environmental benefits of fisheries and tourism outweigh
those of logging in this locatlion.

The study demonstrates that the combined use of
ecological and economic analyses can provide useful
information for government planners seeking to maximize net
economic benefits while minimizing social and environmental
costs.

A full EIA encompassing alternative sites and designs for logging
may have led to proposals that would have avoided or reduced impacts
to tourism and fisheries. In any case, the EIA would have predicted
the effects of logging, which, in turn, may have led to new or revised
decisions on logging.
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I.F. THE PLANNING PROCESS

1. The Project Sequence

EIA is useful at every level of planning from national to
regional (e.g., river basin or coastal zone) to lccal (e.g.,
industrial parks or cities). Land-use planning with an ecological
basis matches appropriate uses to the inherent capability of landscape
units. Sensitive areas such as steep slopes or wetlands are
identified by EIA and left undisturbed as much as possible.

The timetable of planning ranges from 5-year develcpment
strategies to project scenarios to the continuously adjusting plans
for long-term resource management. EIA serves all of these time
horizons. For example, Table 1.2 shows how EIA assists management in
the various steps of a development project.

It is now recognized that development planning should be flexible
with changes anticipated as the work goes forward. Adaptations to new
information and unexpected consequences of the project implementation
are aided by the always continuing EIA. Midecourse corrections thus
can be made to assure that the project meets environmental protection
standards and that measures undertaken to sustain renewable resources
are actually working.

2. Comprehensive Environmental Planning

A legislative base for EIA may not always be possible {(because of
instituticnal inertia, a nation's stage of development, or politiecal
antipathy). Much of the information and analysis may be acquired
through non-legislative approaches so that the same product is
obtained (i.e., a prediction of the conseguences of economic
development for the environment). Along with EIAs that are required
as a condition of lcans or grants from international aid agencies,
comprehensive envirommental planning generates information that, in
and of itself, becomes a force for the rational use of renewable
natural resources. A country can thus ease into environmental
planning without directly confronting entrenched bureaucracies!
Jurisdictions. Some of the assessment-like approaches are:

a. Regional Master Planning. BRegional master planning is an
innovation that provides siting information before implementation of
individual projects to steer the development of a naturally defined
region. A river basin, coastal zone, or an island may be the
geographical setting for a master plan. In this case an EIA looks at
past, present, and future developments and their interacticns in the
natural system. Cumulative effects in space and time are predicted.
When this is done, subsequent specific projects are essentially
already sited, and the EIA for them 1s simply an additional step of
considering the exact technology. In the future as more islands and
regions complete master plans with environmental components, the need
for ad hoe project EIAs will diminish. The Asian Development Bank has
pioneered in this approach which it calls "Guidelines for Integrated




Table I.2.

among projects)
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EIA in the project sequence (the exact correspondence varies

Stage of the project

EIA process

1.

2.

3.

Feasibility

Conception

Prefeasibility

Design and engineering

Implementation

Operation and maintenance

Completed project evaluationte

Screening for obvious environmental
problems based on previous experience
Scoping of significant issues for
possible ETA

Review of site for ecological
sensitivities

Application of findings of generic EIA
for the technologies intended

Initial assessment

Gathering of baseline environmental
data

Public participation in project
planning

Prediction and quantification of
impacts

Review of EIA by public and independent
experts

Interaction with engineering analysis
for propozing alternative technologies
Identification of needed prevention and
mitigation measures

Valuation of externalities

Benefit-cost analysis

Negotiation of environmental protection
covenants in financing agreements
Detailed design of mitigatlion measures,
refinement of lmpact predictions, and
economic analyses including cost
effectiveness

Monitoring program designed
Installation of mitigation measures
Mid-course correction based on actual
performance

Monitoring for compliance and testing for
accuracy of predictions

Post~-audit and lessons learned for
future EIAs
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Regional Economic-cum-Environmental Development Planning,™ ADB
Environment Paper No. 3 (1988e).

b. MNational Conservation Strategy. The International Union for
the Conservation of Nature and Natural Resources sponsors surveys and
inventories of wildlife, habitats, and other unique or rare natural
systems. A country undertaking such a study 1s assisted in planning
for the sustainable use of its natural endowment of biological
diversity. Much of the baseline information for EIA (especially the
identification of sensitive areas and endangered species) is thus
acquired.

¢. HNational Environmental Profile. The U.3. Agency for
International Development, the Asian Development Bank, and other aid
agencies sponsor the preparation (involving local professionals) of
comprehensive descriptions of a country's environment. Renewable and
non-renewable resources are surveyed, current land uses are mapped,
and trends in environmental quality are traced. These profiles are
updated frequently so that they can be used in economic development
planning at the earliest stages to examine for potential adverse
impacts.

d. Five-Year Plans or Forecasts. Many countries regularly
conduct comprehensive planning in the form of "Year 2000" or Five-Year
Plans. These studies should have a well-defined environmental
component and thus motivate the gathering of EIA-type information.
Although predominantly economic and political in content, such
national examinations can be the vehicle for improving data about land
and water resources.

e. Technical Assjstance Grants. Environmental concerns may be
the subject of special aid programs, the results of which are useful
to EIA. In Thailand, for example, USAID is sponsoring the Management
of Natural Resources and Environment for Sustainable Development
(MANRES) Project to strengthen the country's government and
non-governmental institutions. Coastal zone management programs may
be the focus of grants to gather data, train personnel, and set
boundaries for planning and management. The U.S. Trade and
Development Program has sponscored studies of hazardous waste and other
pollution problems that lead to a national strategy for coping with
these issues.

f. Special Development Authority. The fragmenting of the
environment by narrow mission agencies of government is a barrier to
proper planning for holistic nature. This can be overcome sometimes
by setting up a new agency with powers to control all activities in a
certain area {i.e., a port, a river basin, or a coastal zone}. Then
the authority can arrange for comprehensive surveys and nmonitoring of
all envirommental matters within its purview. EIA takes place as a
matter of course when the special development authority makes its
operational plans.
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I.G. WHAT IS EIA?

The formal document required by law or regulation (such as the
U.S. National Environmental Policy Act of 1969) may be called an
environmental impact statement, an environmental assessment, or an
EIA. More important, however, is to regard EIA as a process that
continuously generates reports, advisory opinions, and monitors
information. The written documents are most often the vehicles to
report on the progress of the EIA process. Although EIA wili report
the findings and recommendations, it does not make decisions, because
the balancing of environmental effects with the other consequences of
development is a political process. The ETA finding does not carry a
veto power over a project but should be "on the table"™ when decisions
are made. '

i. EIA As a Process

EIA predicts the future state of the environment as a consequence
of economic development activity. It is a management information
process that continuously gathers, analyzes, interprets, and presents
facts and knowledge for the decision-maker. It is a scientific study
(i.e., objective, treating uncertainties explicitly, and providing
advice, not advocacy). Prediction is intrinsically difficult, and
indeed many impacts are not even identified at the beginning of EIA.
That is why development must be adaptive, expect surprises, and have
the information flow upon which to make midcourse corrections.

The coverage of an EIA will vary in breadth but will always focus
on the natural environment or ecosystem of which human beings are a
part. Because engineering and economic analyses often ignore social
and cultural impacts, these concerns are also often part of an EIA.

EIA addresses the need for the project and alternative ways to
achieve the goal or purpose. It describes present environmental
conditions, the technology to be used, and then predicts the
consequences with and without the project. EIA finds ways to reduce
unacceptable impacts and evaluates the most cost~effective mitigation
measures. It compares the net present value of all the costs and all
the benefits associated with the project throughout its lifetime and
the distribution among societal groups of costs and benefits--who pays
and who gains.

Not every project should be subject to an EIA, although the
actual screening of all development activities to decide which to
study in detail is a form of assessment itself. The size and type of
projects are one test of how much environmental impact there might be.
As experience accumulates, the results of previous EIAs can be applied
to similar projects to lessen the need for completely new studies.
Developing countries just beginning EIL will often employ expatriate
assessors but, by using counterpart assistants, indigenous
capabilities can be built while getting on with needed assessments and
accunulating experience.
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A screening method identifies the major technological changes and
simply applies general findings from experience. For example, the WHO
Rapid Assessment Method gives expected air and water pollution
loadings from standard industrial processes.

In summary, EIA addresses the constraints and opportunities that
the natural environment brings to the success of development. Its aim
is to discover problems at an early stage and preovide for their
solution so that the benefits of economic growth can be achieved
without unacceptable damage to envirommental values. It specifies
monitoring and post-development audits to ensure that envircnmental
predictions are accurate and that implementation of measures and
precautions reduces or avoids adverse environmental effects.

2. Even Simplified EIA Is Useful

An elaborate, sophisticated EIA is not necessary in order to be
useful to management. Furthermore, all EIAs are estimates and
somewhat uncertain so that the value of more precise predictions is
always compared with the additional cost in time and money. This
manual not only presents the methods and techniques for a complete and
elaborate EIA but also emphasizes that much can be done with a simple
approach using the knowledge, common sense, and talent at hand. Four
levels of EIA are:

a. Preliminary EA or Initial Environmental Examination: The use
of similar project experience and "generic" EIAs for certain
technologies will allow a fair estimate of consequences. A walk
through the project area by an experienced assessor can provide a lot
of useful information. This simplified approach gives the obvious
characteristics of the site, identifies the probable impacts from past
experience, and prescribes a monitoring program to follow
environmental changes as the work goes forward. It is
semi-quantitative and may miss some important impacts, but it
encourages thinking about environmental values and helps to design a
more quantitative EIA to be conducted later that focuses on
significant issues and resources. The wisdom and judgment of
experienced persons can substitute to some extent for specific
biophysical data if these are not readily available.

b. Quantitative and Explanatory: Baseline data at candidate
sites are collected--surveys, inventories, status, and trend
information. The major natural systems (e.g., rivers, coastal waters,
mangrove forests) are deseribed. The flows of materials and energy
through the system are quantified, cause-effect relationships
established, and models are constructed to explain the consequences of
development activities and to make predictions. Several development
strategies, technologies, sites, and project designs are generated for
comparison and form the basis for informed decisions on the selected
project and appropriate measures to reduce or avoid adverse effects.

¢. Extended Benefit-Cost Analysis: A careful search for
externalities is made (i.e., the offsite, downstream, future, perhaps
secondary effects sometimes omitted by setting too narrow boundaries
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for the EIA). All impacts and development activities are given
monetary value--both negative (costs} and positive (benefits). The
time stream of when these costs and benefits occur is calculated and -
discounted tc net present value for comparison (see Section III.G).
The cost effectiveness of various mitigation measures and other
alternatives are calculated. Distributional effects (inequities) are
explored. All effects, whether or not they can be quantified or given
monetary value, are retained in the analysis for presentation with the
economic data. ‘

d. [Risk Assessment: Although uncertainties about environmental
information are recognized throughout EIA, they are seldom treated
explicitly (i.e., expressed as probabllity distributions). In scme
EIAs (certainly not all), it is worthwhile to study two kinds of
uncertainty: the frequency with which an adverse consequence will
oceur and the distribution of the magnitude of the impact. For
example, the likelihood that a rainstorm would exceed a certain
intensity and that the resulting sediment delivery, or flooding, would
vary over a given range with a 95 percent confidence interval are more
useful expressions than a single number {mean or central tendency).
Risk assessment finds the net of both risk-reducing and
risk-increasing actions. It is particularly useful in comparing two
alternatives, both of which contain uncertainties of data and
understanding (see Section III.H).

Whatever level is undertaken, the resulting EIA can become the
basis Ffor further studies in greater depth on specific issues or to
cbtain greater certainty. As noted earlier, EIA normally involves
written reports that document the progress and status of the EIA
process. EIA itself is not statie and undergeoes evolution as analyses
are completed and project features become defined. Very rarely is it
adequate to prepare only a single report. Often, public and peer
review of draft reports offer suggestions that substantially improve
the quality and scope of revised (or final) analyses and reports.
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II. FUNDAMENTAL EIX METRODS

Asgessment methods are usually taken to include the means of
gathering and analyzing data, the sequence of steps in preparing a
report and the procedure {who does what and when). The essential
ingredients of description, prediection, evaluation, mitigation, and
communication are universally agreed upon, but EIA techniques vary
widely. This manual takes the view that a "cookbook" is not the best
approach and that each development requires an EIA plan tailored to
the type, size, timetable, ete., of Lthe project and to the assessment
skills, money, and time available. Therefore, what is taught here are
the abilities to think in a systematic way, to understand the
interactions of the enviromment and technological change, to meet, in
a practical way, the needs of the development manager, and to follow
the fundamental process of preparing a preliminary EIA. Once these
skills are learned, many of the techniques recommended by various
publications can be useful. The danger of adopting a particular
checklist or matrix is that filling it out becomes more important than
thinking about the complex trade-offs between exploiting and
conserving nature. A duly completed format may even become the legal
test as to whether an EIA has occurred.

For almost 20 years (the Leopold Matrix was published in 1971),
attempts have been made to assess impacts by some sort of mechanistic
formula. Beginning with a checklist or matrix to identify a wide
number of possible impacts, a quasi-mathematical transformation is
used to quantify information about the effect and to weigh one effect
against others in terms of importance. Then another manipulation
converts all impacts to units on a common scale so that they can be
combined to produce a total impact index. This index is used to rank
one project alternative (a technology or site, for example) against
another (see Figure II.5).

These scaling index methods are popular with decision-makers
because they appear to identify the "best" alternative, and thus its
selection is a safe move. Technocrats find it easy to communicate
indices to politically responsible offiecials and to the publiec.

The authors of this manual object strongly to reliance on
scaling/index methods for EIA because they are actually unscientifiec
despite their appearance of mathematical rigor. Weights and scalars
hide substantial subjective judgments that often come from narrow
groups of experts who may be from a different culture. Index methods
are needlesasly complex and thereby inhibit partieipation of the publie
and nontechnical affected groups. They artificially fragment the
environment by quantifying each factor in isolation as if each was
independent. The emphasis on quantification leads to extremely
doubtful numbers for important factors such as aesthetics. Index
methods cannot represent the reality of complex environmental systenms
by merely summing up changes in the components. Tempting as they may
be, the assessor must resist indexing because it ultimately interferes
with thinking through the development activity.

21
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This section describes the elements of a preferred approach to
EIA that enables the practitioner to design an EIA that fits each
development project, decision on strategy, or management action.

II.A. THE SYSTEMS APPROACH

ETA is based on understanding how the natural world is
constructed and connected, how it funections, and how social,
technological, and economic forces interact with the environment and
resources. Understanding allows prediction of the consequences of
development--the essence of EIA and the desire of successful managers.

Development comes in project-sized packages that are set down
within an already functioning system and disrupt it. A cascade of
subsequent reactions and ad justments occurs, and finally impacts are
felt on human health and welfare. The natural system is never static
but always fluctuating with climatic and biological rhythms and
evolving toward some new quasi-stable situation. Furthermore,
measurement problems cause uncertainty in the value of environmental
quality parameters in which we are interested. A major task of ETA is
to sort out the changes caused by a proposed development activity from
those future changes that are a part of natural cycles. Figure IL.1
illustrates the necessary discrimination (see also Section III.C). A
controlled experiment compares the changes in a parameter of
environmental quality. One system is kept natural while another is
sub jected to treatment.

Although nature may be variable, it is not chaotic, and
cause—effect relationships hold true, once they are understood. Of
course, random (stochastic) events such as storms or volcanic
eruptions cannot be forecast, but their frequency can be described by
a probability distribution function. As complex as it may seemn,
nature can be studied and understood as a system; that is the only way
assessment of possible environmental impacts is possible.

Any fragmentation of the EIA investigation or neglect of a
component will lead to inaccurate prediction. For example, in
assessing a proposal to clear a wetland, consider that a mangrove
forest protects inland areas against storm surge as well as provides
fish spawning areas. Similarly, harbor pollution is worsened when
reduced circulation and flushing accompany construction of a new
jetty.

The beginning of any EIA is a thoughtful delineation of the
natural system and the technological system to be imposed on it. The
development project is a manifestation of the technology employed.
Again, a partial assessment must be avoided. For example, an
oil-fired electric-generating plant means alsoc oil transport and
storage. Sewage treatment means also sewage sludge disposal.
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Figure II.1. Diseriminating the behavior of natural
systems with and without the project.

1. Screening

Sereening is the decision as to whether or not to perform an EIA.
Some countries establish a list of types and sizes of projects that
must always have an EIA. Others apply guidelines on a case-by-case
basis. Over time, the following development activities have emerged
from both apprcaches as most usually justifying a full-scale
environmental assessment:

® large industrial and manufacturing plants;

® large construction projects--deep draft ports, highways,
airports;

® water resources structures--dams, irrigation systems;

# eleciric power plants;

¢ nining and minerals processing;

® hazardous chemicals manufacture, handling, storage;

® 3sewerage and sewage treatment plants;

¢ municipal wastes and hazardous wastes;

¢ new human settlements;

® large-scale intensified forestry, fisheries, or agriculture;

¢ tourism facilities;
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e military faecilities; and
e large-scale changes in land use.

Smaller projects may be analyzed by applying the findings of
ngeneric assessments."™ For example, rural roads and transmission
lines will usually follow a pattern that can be used to predict
impacts. The importance of an environmental consequénce may be out of
proportion to the size of a project, however. A road can make '
pristine forestland accessible. A small tannery or metal plating shop
can release a hazardous amount of toxic chemicals.

A public report should be made for all projects as to whether an
EIA is required or not, so that the sereening results can be reviewed.

Tt is not a good idea to place a quantitative limit of some
measure of project size below which no EIA is ever required. This
might provide an unreviewable exemption that could be taken advantage
of by unscrupulous developers. For example, in one country, hotels
with less than 80 rooms did not require an EIA; as a result, T9-room
units were constructed in sets and substantial environmental impacts
cecurred.

Some countries employ a finding-of-no-significant-impact {FCRSI)
as a screening mechanism. Such a finding usually requires that a
project is initially designed and sited to aveid or mitigate all of
the standard concerns. To merit a FONSI, the project will not involve
ecologically sensitive areas or cultural sites, will not irreparably
damage ecosystems or social systems, will not dislocate people or
disrupt economic stability, and is not located subject to natural
disasters. A FONSI is much to be desired since no full EI4 (or EIS)
is then necessary and it motivates the early consideration of
environmental problems.

In the final analysis, common sense and discretion must be
exercised in deciding whether the need for an EIA is triggered by a
proposal. Some small projects may have more adverse effects than scme
larger projects and the nthreshold" value judgment must always be
applied on a case-by-case basis.

II.B. PRELIMINARY SITE AND PROJECT EVALUATION

An early evaluation of the purpose, need, alternatives, and
assessment of a proposed project is extremely important to identify
resources, issues, other agencies, the affected public, and directions
to achieve the project purpose. Often, wise decisions made early,
particularly to move project planning in a feasible direction, can
help to avoid the need for expensive or time-consuming decisions to
drop, resite, redesign the project, and force the need to accomplish
more intensive studies or analysis. The project proponent should
first accomplish a preliminary environmental assessment (PEA) to lay
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out what needs to be done during the full environmental assessment.
In particular, this preliminary assessment should involve the
following steps:

1. review all written materials on the purpose, need, or
prospectus for the project;

2. perform field reconnaissance of the desired site or sites for
the project;

3. interview local residents and affected communities that use
resources;

4, consult with other agencies that have expertise,
Jurisdiction, or influence on the decision to approve,
design, or site a project;

5. consult with local or regional scientists at coclileges,
universities, institutes, or field stations; and

6. visit local political leaders where the project may be sited.

The proponent should be able to accomplish these steps within a
week or two and certainly before deciding to fund studies or hire
outside consultants. The proponent of the project will then be
familiar with the scope of possible issues, problems, controversies,
and needs, which will help develop realistic schedules, budgsts,
sites, designs, and precautions for further analysis. The PEA is also
a useful reference document for inclusion in the terms-of-reference
for outside consultants to prepare a full EIA. The PEA helps the
proponent and consultants focus on significant issues which, in turn,
can save the proponent time and money allocated for consultant
contracts.

1. Purpose, Need, and Scope of the Proposal

The proponent needs to respond to the following questions which
we conveniently term the "seven Ws":

1. Why? Why is the project proposed?

2. What? What will the final project look like? the magnitude
of the project? What design options are available?

3. When? When is the proposal to be implemented? construction?
operation? decommissioning (if applicable)?

4. \Where? Where are the preferred sites for the proposal? What
are some possible alternative sites?

5. ¥Who? Who is the real advocate or proponent of the project?
Who will build it? operate it?
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6. Whom? Which publics or communities will be interested or
affected by the project?

7. How? How will the project be implemented? the phases or
stepsa?

Answers to the preceding questions will give the sponsor a clear idea
of where the project will be heading, and they can be used as
background information for the scoping meeting (see below).

2. Field Reconnaissance

A preliminary visit to the project site will help to identify
many of the important resources to be affected, relationship to the
nearest communities, public areas, soil and vegetation conditions, for
exanple. A site visit will uncover many unforeseen factors that
cannot otherwise be anticipated. Ideally the staff of the project
sponsor should participate, especially the project manager,
environmental scientist, and engineer, accompanied by specialists from
other agencies with relevant jurisdiction or expertise (e.g., historic
resources, fish, and wildlife). Resource users at the proposal sites
can also be observed and interviewed during field visits.

3. Interviews

Informal discussions with community group networks and leaders
should be accomplished to gauge reaction, possible support, or
opposition to the project and the reasons for such opinions. Most
important, the public should be asked how the proposal should be
revised to render it acceptable or supportable, and how they would
like to be involved during the planning and approval processes.

4., Consultation With Other Agencies

If other agencies are unable to participate during the initial
reconnaissance visit, they should still be queried by telephone or
visited at their offices to determine the presence of important
resources or issues and the need for approvals or permits for project
construction or operation.

5. Consultation With Other Specialists

If there is a local university, college, scientific institute,
museum, or research station on the island or in the region, the
project sponsor should consult with them. These contacts can identify
expertise that may be tapped during the study phase for the project
and identify problems, issues, or resources warranting special
attention.

6. Visits Or Contacts With Local Political Leaders

The views of elected officilals of the region with regard to
proposals are important. Political support may be voiced for some
sites or designs and opposed for others. Political views inconsistent
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with those of affected community views also raise possible "red
flags," necessitating immediate follow-up discussions. Political
leaders may also be the source of funds or other support tc assist the
project, such as for sewage, transportatiocn, power or water supply, if
the proposal is consistent with long-range political plans for the
affected areas.

Completion of the preceding steps will help to answer a number of
questions, such as those listed here, for establishing realistic
planning steps, schedules, and budgets.

¢ What special studies will be required?

e What are the preferred sites and other acceptable
(alternative) sites?

® What resources or issues should be accommodated or aveided?

e What permissions or approvals are needed? and at what project
phase?

e What are the roles of the politicians, and when should
officials and communities participate?

® VWhat technical assistance can be provided and possibly be
supported by other agencies and institutions?

® What will the project c¢ost? How will it be broken down for
the planning, construction, and operational phases? What are
the economic benefits (as well as costs)}? Is the project
economically feasible?

® How long will it take to implement the project?

e Yhat are the major environmental and socioceconomic
consequences of the project?

The answers and information can now be assembled and organized within
a preliminary environmental assessment (PEA) prepared by the project
proponents. Such an analysis will be invaluable during scoping. The
PEA can be distributed to other agencies, the public, and politicians
for review and comment. The PEA could then serve as the blueprint for
much of the complete environmental assessment to be accomplished
later. Most important, this analysis helps to track specific project
details through the assessment process to a preliminary appraisal of
impacts and mitigation. (See Section III.A, "Qualitative Evaluation
Procedures,” for more details.)

The format of the written findings of the PEA is flexible but can
include the following headings:

A. Purpose and need for the proposed action

B. Alternatives (including the preferred or proposed project)
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C. Environment without the proposed project (existing
enviromment)

D. Environment with the project (environmental impacts)

E. BRecommendations on future anralysis, mitigation, monitoring,
and coordination

II.C. SCOPING

Setting the boundaries of the assessment is the most important
step of the entire EIA. Too narrow a scope will likely leave out an
important factor or effect, but too broad a scope may make the
analysis unwieldy or take too long a time. Other aspects of scoping
are to choose the important issues to be resolved and to agree on
responsibilities for performing the EIA. Figure II.2 shows the
increasing difficulties of EIA as the scope is increased.

The elements of scoping include geographical boundary; time
horizon for analysis; alternative actions to be considered; affected
groups, institutions, agenciles; significant issues to be investigated;
and previously related EIAs.

1. QGeographic Scope

Setting the correct boundary for analyses is essential.
Consider, for example, a multipurpose dam and reservoir project in a
large upland watershed (Figure I1.3). A narrow financial analysis
might include just the costs of the dam and hydroelectric generator
and just the benefits of the power delivered to an electric grid.
From the standpoint of society, however, many related effects on
natural systems would be important. A cascade of consequences from
the construction of the dam can be imagined to include:

e A multipurpose reservoir is created.

e Valley dwellers are displaced to uplands or to the flood-
plains below the dam or begin a fishery in the lake or farm
the draw-down area. Wildlife habitat and cultural sites may
be inundated.

e Migrants from reservoir sites add to population pressure cn
marginal and steep sloping lands causing s0il erosion.

e Intensified upland activities (farming, forestry,
agroforestry, roads, and settlements) cause soil erosion,
silt, and chemical pollution of streams. Sediment 1s stored
in the stream banks and beds awaiting storm events to be moved
farther downstream.

e Sediment from eroded soil is deposited in headwaters of lake,
at first causing flooding of adjacent land.
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Figure I1.2. Gradients associated with analyzing impacts
(After Christensen et al. 1976).

Figure II.3. What are the correct boundaries for analysis
in this watershed system? (Source: Carpenter 1987:331)
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® Turbidity increases in the lake, interfering with fishery and
recreation.

@ MNutrients cause eutrophication and aquatic weed problems
(lowered dissolved oxygen, fouling of equipment, odors, ete.).

o Eventually, sedimentation displaces active storage capacity.

® Irrigation water i1s a primary benefit and dependence of
agriculture on that water grows. 3Silt in water requires
dredging of feeder canals.

® 3Salinization and waterlogging of soils occur from improper
contrel of irrigation.

® Electric-generating capacity and its longevity are lost
through sedimentation. Silt damage to turbines increases
maintenance expenses.

e Irrigation return flow to river may carry toxic agricultural
chemicals and salts, which affect downstream fisheries and
other water uses.

@ Severe storms require water release from flood plain damage
because of reduced reservoir capacity.

® Many dependencies (e.g., irrigation, flood protection) develop
upon a water management system which may be rather
short-lived.

Some of the interactions can be seen to bear directly on the
success of hydroelectricity generation (e.g., erosion in the uplands
can cause siltation of the reservoir and loss of storage capacity).
Transfer payments may be worthwhile to subsidize soil conservation
projects, thus avoiding the damage costs of siltation and also gaining
additional benefits such as less turbidity in the reservoir fishery
and sustained on~farm agricultural yields.

The fish catch in the Nam Pong Reservoir near Khon Kaen,
Thailand, is decreasing because soil eroded from upland forests that
have been clear-cut is causing turbidity and consequent low
survivability of fry. Since replanting the forests appears toc be less
costly than the reduced income from fishing, replanting is worthwhile.

Plant nutrients often appear in runoff water from fertilized
croplands when the fields are cultivated right to the edge of drainage
streams. When this water reaches the reservoir, aquatic weeds are
encouraged, and they may grow to such an extent that they foul
turbines, interfere with beat transportation, and upon decay lower the
dissolved oxygen to a point where fish die. Many reservoirs employ
mechanical harvesting of aquatic weeds, the costs of which could be
avoided if riparian vegetative sitrips were left along stream banks to
trap the nutrients (and also silt).
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The social costs of displaced people can be calculated in terms
of employment and human settlement investments with, and without, the
dam. In some cases the new opportunities such as a reservoir fishery
add up to a substantial and unexpected increase in total benefits over
the previous agricultural use of the flooded basin.

Engineering calculations must show a lifetime of the reservoir
long encugh to produce electricity sufficient to more than repay the
costs of construction and operation. Watershed protection programs
that ensure against siltation and loss of storage capacity can be
objectively evaluated over the expected reservoir lifetime and judged
as to their worth.

The advisory reports from a comprehensive analysis should suggest
alternatives to management including sites, designs, and scales. In
the extreme case, the externalities may be s0 great as to render the
dam at a particular site uneconomic as a project. More usually,
previously unrecognized economic justification for environmental
protection will be discovered. Other conservation measures may be
seen to be relatively inexpensive or even "free" (e.g., maintaining
biological diversity by patches of natural vegetation, riparian buffer
zones, and roadsides).

Thus, a systems approach would seek to understand thoroughly the
interacting factors in the river basin under consideration and to
present, insofar as possible, a comparison of management options in
terms of benefits and costs. The intangible consequences such as
flooding of cultural sites, threats to endangered species, and changes
(good or bad) in lifestyle, would alsoc be carefully described and
presented, alcng with the economics, to the decision-maker. Values
would still enter the decision but on a much expanded and documented
basis of objective knowledge.

In the case of industrial projects, the scope should include
reasonably important factors (e.g., transport of raw materials and
products, worker housing, and pollution or waste discharges) extending
beyond the site.

Highly imaginative indirect effects may be mentioned but need not
be evaluated (e.g., civil unrest, price fluctuations in distant
markets, rare natural calamities).

2. Time Horizon

All phases of the project (i.e., construction, operation, and
decommissioning maintenance) should be covered. The more important
question, however, is how far into the future predictions should be
taken. Although their accuracy falls off rapidly with time,
predictions of effects out to the expected lifetime of the project or
facilities should be attempted. Instances where some sort of
perpetual management is necessary (e.g., hazardous waste or
radicactive materials) should be noted. If dismantling of a facility
i3 necessary, the impacts of that activity at a future time are
covered.
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Figure II.4. A sustainable development plan for Palawan,
Philippines (Source: PIADP 1985:7).

3. The Scoping Meeting

An efficient way to plan an EIA is to meet with (1) officials
responsible for the project and the site, (2) experts in the
technology and environmental sciences, (3) affected groups such as
local residents and businesses, and (4) representatives of other
agencies with expertise or jurisdiction. Announce the meeting well
ahead of time and use the PEA to describe the development objective
and tentative project plan. The convenor of the scoping meeting can
be either the project proponent or environmental officer. Convene the
meeting and present more details. A sketch "map" of the project at
about 1:10,000 scale on a large piece of paper can be used to organize
the discussion (see Figure II.W). All participants are encouraged to
add items to the sketech and to propose alternatives and issues to be
assessed. Flows of materials, energy, and people are indicated on the
sketch map. Impacts are tentatively predicted. Ecologlcally
sensitive areas (e.g., steep slopes, flood plains, wetlands) are
located. Later, a fresh version of the sketch map may be prepared;
but for scoping, the purpose is to capture all reasonable ideas and
comments so that neatness is not required. Specific sites may be
sketched at a larger scale to allow portrayal of more detail.

The scoping meeting participants agree on responsibilities and
schedules for various parts of the EIA. How much money and time are
available? Where are existing data located? Who will collect what
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additional data? Who performs the EIA, prepares the report, pays the
bills, reviews the findings, impiements the recommendations?

In addition to geographic and time boundaries, the scoping group
agrees on the alternatives and major issues to be addressed. Others
may be added during the assessment; but by using tests of
gignificance, urgency, and irreversibility (see Section II.C.%), the
ETA is outlined.

Affected parties are identified (i.e., various users of the
rescurces, water, and landscape; suppliers and customers of the
development project; displaced people; and wildlife or recreational
interest groups). If these groups are not represented, surrogates are
appointed to place their concerns in the EIA planning. Confliets,
controversies, and incompatible obJectives are identified. Trade-offs
and compromises may be negotiated even at this early stage of
assessment. For example, religious sites may be declared inviolable,
or preservation status for a part of a wetland may be agreed to in
return for permission to develop another part. Where great
uncertainties exist, conflicting parties may agree as to the
scientific effort necessary to reduce them or simply stipulate that
decisions will have to be made without resolving the uncertainties.
The participation of diverse interest groups at this stage helps set
priorities for EIA and guards against future contenticus issues being
brought up, which might delay the assessment.

Finally, the scoping meeting compares the project under
discussion with past similar projects to take advantage of previous
EIA results. If the experience can be transferred, much time and
money may be saved. Furthermore, the previous projects provide an
actual history of cause-effect and success or failure of mitigating
measures rather than predictions.

The scoping meeting results in a design for the EIA with the
following elements:

® Environmental systems: brief description of the principal
environmental and socioeconomic resources in the proposed area
and at other feasible project sites, and how the systems
function and interact.

® Brief description of the expected or predicted environmental
changes from the project.

® Measures or procedures that could be implemented to aveid or
reduce the impacts on human health and welfare.

e Alternatives including the proposed action and no action.

® Study requirements, regulatory requirements, and other
coordination requirements for the proposed project.
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4. How to Rank Alternatives and Set Priorities

Environmental planning and management often involve words such as
"important®™ or "significant." These subjective, qualitative words are
difficult to deal with because their interpretation depends on
cultural values and specific circumstances. Even when quantitative
data are available, they must be gauged against some standard and
there often is none or at least none widely accepted. There are,
however, some useful guides for ranking impacts and for allocating EIA
resources to get more informaticon.

Significance of an impact depends on (1) the number of people
affected, (2} the duration of an effect {e.g., is it just during
construction or for the life of the project?), (3) the proportion of a
natural resource that is damaged or consumed, (4) the relationship to
other components of the project or other projects in the region, and
{5) intensity or severity of impact.

Urgency is a determinant of priorities (i.e., how fast are things
getting worse, and how much time is there for remedial action?)

Irreversibilities always command attention because they signal a
loss of future options. Species extinction, severe s0il erosion, and
habitat destruction are examples of irreversible changes. Pollution
of groundwater is often essentially irreversible because of its slow
movement. Urbanization of agricultural land is virtually impossible
to unde once the land use trend has begun.

5. Cumulative Effects

Individual projects interact to produce different and greater
impacts than are found by EIA for each one alone. The natural
assimilative capacity of the environment can be overwhelmed by impacts
too close together in space or too frequent in time. Table II.1 is
from a research prospectus prepared by the Canadian Environmental
Assessment Research Council titled "The Assessment of Cumulative
Effects."” A regional master plan may anticipate such combinations.
Each EIA for a major project, however, should consider these
interactions, and environmental managers should institute monitoring
in developing regions that will measure cumulative effects.

I1.D. BASELINE STUDIES

EIA predictions depend on understanding cause-effect
relationships and the status and trends of environmental
characteristics. Baseline studies establish the current (and
sometimes past) state of ecosystems. These records are built up
gradually and continuously grow in detail through systematic surveys
and monitoring. Most countries have some historical data on climate
and weather, soils, vegetétion, and land use. Each EIA can add to
this database while the "always" aspect of assessment (i.e.,
continuous monitoring and study) establishes time-series of
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A typology of cumulative environmental effects

Type

Main Chapracteristics

Examples

t. Time c¢rowding

2. Space crowding

3. Coapounding affacts

N, Tiwe iags

S. Extended boundaries

6. Triggers and
thresholda

7. Indirect effects

B. Patchineas effects

Frequant and repetitive impacts
on a single environmental medium

High density of impacts on a
single environmental medium

Synergistic effects arising fronm
multiple sources on a single
environmental medium

Long delays in experiencing lmpacta

Impacts resulting some distance
from source

Disruptiona to ecological processea
that fundamentally change aystem
benaviour

Secondary impacta resulting from a
primary activity

Fragmantation of ecoaystems

Wastes sequentially diascharged
into lakes, rivers or alraheds

Habitat fragmentation in
forests, eztuaries

Gaseous emission into the
atmosphere

Carcinogenic effects

Major dams: gasegus emissiona
into the atmomphere

The gresnhouae effect: affect
of riaing level of CU2 on
global climate

New road developments opening
frontier areas

Forest harvesting: port and
marina development on coastal
watlanda

Source: CEARC and U.S. NRC (1986:161).

measurements.

Environmental "profiles™ are the beginning of baseline

studies even if they are mostly qualitative descriptions.

The data should be compiled for naturally demarcated areas such

as watersheds, river basins, or coastal zones or islands (if not too
large). However, since they are often collected by areas of political
jurisdiection, they must be transferred and adapted for use. Where
possible, specially bounded regions corresponding to natural systems
may be set up for future extensions of the data {e.g., coastal zone
management district).

Detailed research is usually not possible for every area, but
transfer of data from a well~studied site fo another one of interest
that has not been studied may allow the EIA to proceed with a
reasonable degree of understanding. Areas that are already intensely
managed (e.g., agriculture, forestry, or fisheries) merit less study
than those that are sensitive to degradation, unique, or as yet
undeveloped.

A comprehensive format should be set up regardless of present
data limitations. Many years may elapse before baseline studies are
complete; thus, the following framework should guide the collection:

1. Ecological information to understand ecosystems.

a. Hydrologic cycles--a water budget

b. Biogeochemical cyecles for carbon, nitrogen, phosphorus,
potassium, and perhaps sulfur, calcium, and magnesium

¢. Energy flow patterns, food chains
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d. Functions that regulate ecosystems (e.g., succession,
predator/prey relations, other biotic interrelationships)

e. Destabilization trends or irreversible effects such as
severe s30il erosion, groundwater pollution, coral reef
sedimentation, salinigzation, apd waterlogging of soils

Soils

a. Structure, erodibility

b. Parent geology

¢. Chemistry

d. Fertility

Water

a. Runoff and infiltration

b; Quality, pollutants

¢. Water resources development

Vegetation

a. Organization, structure, function, stratification

b. Biomass, primary production, litter, growth rates

¢. Species diversity, endangered species

d. Successional processes

Animals

a. Food chains or webs

b. Species diversity

¢. Endangered species

Biological hazards

a. Weeds

b. Pests

¢. Parasites

d. Diseases
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7. Human activities
a. Settlements
b. Land use
¢. Demographics

This suggested framework for baseline study may be modified as
necessary to reflect local interests. These data are closely related
to land-use planning. ‘

II.E. EIA FORMATS

After a systematic design and scoping of each individual EIA have
taken place, there are a number of ways to format data and to proceed
with analyses. These techniques do not perform EIA, which requires
reasoning, understanding, wisdom, and synthesizing skills.

Mechanistic approaches are useful in putting data into order and
guiding the thinking process.

1. Checklists serve as a reminder of all possible relationships
and impacts, out of which a set tailored for the specific assignment
may be chosen. It is always possible that an important local factor
may be left out of the generic checklists that appear in EIA manuals.
The guidelines from the Asian Development Bank (various years) are a
good example because they stimulate investigation (see Appendix).
Beware of questionnaire-type checklists where the answers can be Tyes?
or "no." These discourage thinking and may provide a false sense of
assessment. If questions are asked, they should be phrased "to what
extent" and "under what conditions" and "in what ways" rather than
simply "Does A result in B2V

2. Matrices relate actions to environmental characteristies so
that the box at each intersection can be used to indicate a possible
impact. Figure II.5 shows a portion of the most famous matrix of all,
the "Leopold Matrix" named for Dr. Luna Leopold of the U.S. Geological
Survey who developed it in the early 1970s. All development
activities are listed across the top and all environmental components
that might be impacted are listed at the side. He attempted to assign
numerical ratings of magnitude and importance so that the completed
matrices for alternative sites or technologies could each be summed
and compared. Thousands of possible impacts can be postulated by such
a matrix. While useful as a concise identification aid, the matrix
¢an too easily be wrongfully employed to generate trivial questions
and to lose meaning through aggregation of the subjective ratings
agsigned. Filling out a matrix iz not equivalent to performing an
EIA.

A matrix analysis can systematically identify potentially
important effects warranting more careful attention or analysis or
focus attention on possible effects that might otherwise be
overlooked.
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3. Seqguence diagrams show cause-effect relationships and are
effective in explaining how the environment works. Usually four
stages are included: (1) beginning with the development activity or
human intervention and the technology employed, (2) changes in the
natural system and envirommental quality, (3) consequent impacts on
human health and welfare and ecosystem health, and (4) avoidance or
remedial actions, management alternatives, or mitigation for the
unacceptable impacts--these may result in revising the original
development activity or choosing different technology and thus the
sequence diagram is iterative or cyeclic (Figure II.6).

A similar flow chart or event chart (event tree in risk
assessment language) may reveal a cascade of effects and impacts
(Figure II.7).

4. The landscape map: Land-use planning is a form of EIA since
proposed uses of land are assessed as to whether they are appropriate
and sustainable. Predicting the suitability of landscape units for
sustainable uses is facilitated by a detailed map of environmental
features. A large scale (1:25,000) topographic map showing roads and
settlements 1s the base. Aerial photographs at the same scale or
larger, preferably as overlapping stereo pairs, are highly desirable.
A search of the available literature is made for information on
vegetation, water resources, soils, geology, and geomorphology. Past
and present land use is indicated. Weather and climate information
are used to make a climate diagram showing monthly variation in
temperature and rainfall. Seasonal variations in winds and ocean
currents are needed. A few profile diagrams along transects from sea
level to high inland points give a useful third dimension to the map
(see Carpenter 1981).

The objective of mapping these envirommental data is to separate
the region into recognizable landscape units that can be assigned
certain uses based on their inherent capability to sustain such uses.
Landscape units are roughly homogeneous as to soil, slope, rainfall,
elevation, water supply, and vegetation. They are differentiated by
margins at which these characteristics change abruptly, such as steep
8lope or water boundary. Similar landscape units often recur
throughout the region. Examples of discrete types of landscape units
include beach dunes, alluvial plains, lowland moist forests, mangrove
forests, grasslands, steep slopes, desert scrub, terraced farms,
eroded and degraded lands. A hypothetical map of differentiated
landscape units is shown in Figure II.8. A4 first broad level of unit
recognition is temperature and rainfall. Next, landforms are
delineated by topography. A& third level is soil type and naturally
ocourring vegetation. The overall criterion is the capacity of a
segment of land to support a certain community of plants and animals
on a sustainable basis.

The next step is to rate each landscape unit as to its
suitability for a given use. A list of probable uses is drawn up
(e.g., tourism, residential, industry, agriculture).
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Figure II.8. A hypothetical map showing differentiated
landscape units.

A rating system should employ several levels of suitability such

as:

N, =

no limitations to sustained use as proposed

limitations that require careful management if the use is %o
be sustained

marginally sustainable only if great care and maintenance
are accomplished

currently not suitable unless corrections are made

permanently not suitable for the proposed use

Table II.2 shows suitability or capability classes for
agricultural use.

The landscape units on the map are then rated for each use,
usually by a panel of experts familiar with the region. It is not
necessary to rate each landscape unit for each use since some
combinations may be clearly not relevant (NR). The result is Table
I7.3. The advent of Geocgraphic Information Systems using computers
makes preparing these maps easy, but they can be done effectively by

hand.
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Table 1II.2. 30il capability c¢lasses for agricultural use
according to the U.S5. Scil Conservation Service

Class I: Soils that have few limitations that restrict their use. Suitable for cultiva.
tion.

Unit [-4: Deep, well-drained, nearly level, upland soils.

Unit I-6: Nearly level, well-drained, silty soils on floodplains and low ter-
races.

Class Ii: Soils that have some limitations that reduce the choice of plants or re-
quire moderale conservation practices. Suitable for cultivation.

Subclass [la:2 Mearly level 10 gently sloping soils, subject to erosion if tilled.
Subciass [Tw:® Moderaiely wet soils.
Class [1I: Soils that have severe limitations that reduce the choice of plants, re-
quire special conservation practices, or both. Suitable for cultivation.
Subclass [1Iw: Wet soils that require artificial drainage if tilled.
Subclass [113:° Soils that are severely limited by stoniness.

Class 1¥: Soils that have very severe limilations that restrict the choice of plants,
require very careful management, or both. Marginal soils.

Subclass 1Ve: Soils severzly limited by risk of erosion if tilled.

Subclass IVw: Soils severely limited for use as cropland because of excess
water.

Class V: Soils that have little or no erosion hazard but have other limitations that
are impractical to remove and that limit their use largely to pasture, woodland, or
wildlife food and cover. Leve! but wet’
Subclass Yw: Soils limited in use to grazing or woodland because of poor in-
ternal drainage.

Class VI: Soils that have severe limitations that make them generally unsuitabte
for cultivation and limited by steepness. drought, or moisture. Suitable for grazing
and forestry uses.

Class VII: Soils with very severe limitations that restrict their use to pasture or
trees.

Subclass Vile: Hilly, steep, erosive.

Subclass VIIs: Stony, roiling, steep, shallow 10 bedrock.

Class VIII: Soils with no agricuitural use, mountains.

a The letter """’ indicates the soil is erodible.
& The letter *'w'' indicates wet.
€ The letter ‘*s" indicates extreme stoniness.

Source: Ecology, Impact Assessment, and Environmental
Planning, by Walter E. Westman. Copyright e 1985.
Reprinted by permission of John Wiley & Sons, Inc.
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Table II.3. Array of alternative uses and their suitability at various
sites in Figure II.8

Mapped

land scape

unit Tourism Residential Industry Agriculture
. 2 1

A Flcodplain S S

B Estuary N2 S1

C Beach 52 NR

D Beach S1 N}

E Mountain NR 83

F Slopes NR S3 52

G Upland. S1 S1

H Steep slopes N1 82 N2 83

NR = not relevant

I1.F. PREDICTION METHODS AND MODELS

The essence of EIA is predicting future environmental conditions:
one situation with the proposed development and one without. A
comparison of the two predicted situations is also often made with the
present. This section presents some proven approaches to forecasting
or prediction and suggests the most useful methods for various changes
in the environment.

1. Extrapolation, Interpolation, and Analogy

If the proposed development activity is an addition to an
existing situation, a correlation of impact may lead to a prediction.
For example, a resort doubles the number of guest rooms, and the
sanitary sewage output doubles also. But the impact on water quality
may be much greater if the sewage treatment system is already near
capacity. Trends and correlations may or may not be the linear and
continucus; thus, extrapolation must be done with care and
understanding. The shape of the dashed line in Figure II.9 determines
the extrapolated impact.

Interpolation may be used to estimate the impact of a new
development where the impacts of both larger and smaller similar
developments are known. The result is usually more accurate than
extrapolation if the assumptions of a linear correlation are true (see
Figure II.10).
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Figure II.10. Predictions by projection from past observations. The
solid line is a regression line through observed events of coral
death, y, under particular duration of exposure of oll, x
(hypothetical data). Point 1 is predicted by extrapolation, point 2
by interpolation; both are projections from past events {Source:
Ecology, Impact Assessment, and Environmental Planning, by Walter E.
Westman, Copyright © 1985. Reprinted by permission of John Wiley &
Sons, Inec.).
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Analogy between an existing development and a new project allows
prediction of impacts depending on the extent of similarity of the
sites in both cases. These prediction methods anchored in actual
experience are always preferred to estimates with no basis of direct
observations.

2. The World Health Organization Rapid Assessment

Waste discharges (gaseous, liquid, and solid) from various
industrial and municipal processes can be rapidly estimated from
knowledge of typical amounts of pollutant released per unit of
production or per unit of raw material. For example, a wood pulp mill
using the sulfate process will typically discharge 18 kz of suspended
solids for each tcon of production; thus, the daily production rate x
18 yields the amount of solids discharged to receiving waters.
Similarly, ecanning of fish will typically result in 280 kg of inedible
fish parts per ton of fish processed; the solid wasteload is
calculated by multiplying the daily processing rate by 280 (see WHO
1989). See also the typical effluent streams for island industries in
Section IV.H, p. 219.

Thus, a proposed new factory may be quickly assessed for
pellutant discharges by inquiring about its designed capacity and the
efficiency of any pollution control equipment to be installed.

3. Capacity and Threshold Conecepts

The environment has capabilities for earrying, withstanding,
absorbing, and assimilating various development activities and their
consequences without substantial adverse impacts. Xnowledge of these
capacities and their threshold limits is valuable for prediction.
Examples are:

e Tourism can be accommodated up to a point where one or more of
the following capacity limits are exceeded: crowding of beach
space, noise and congestion on access roads, sanitary sewage
disposal, or drinking water supplies. Quantitative per
tourist requirements can be derived for these environmental
values: the total available capacity can be measured and then
the maximim number of tourists can be calculated for the
threshold that is first exceeded.

e Wildlife habitat for some species must be a certain minimum
area or contain a minimum number of animals for the community
to be sustainable. If less is available, the entire area may
as well be developed because the wildlife will not be
preserved in any event.

o The percentage of area paved with an impervious cover is
important in setting the ratic of runoff vs. infiltration of
rainfall. After a certain definable level is reached,
underground water supplies will no longer be recharged.
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e Dissolved oxygen in a waterbody can oxidize organic matter in
sewage (the "biological oxygen demand"). Once all the oxygen
is expended, foul odors are detected and fish die. This
assimilative capacity can be measured and used to predict the
impact of fluctuations in sewage loading.

4. Limiting Factors

Similar to thresholds are those requirements for energy and
materials that limit the size of biological communities (i.e.,
nutrients, food and predator-prey relaticnships in the food web/chain,
light for photosynthesis, space, and water). A prediction of harvests
and standing stocks can be made from knowledge of which factor is in
least supply and what that supply level is.

5. Models

When structure and processes of ecosystems are understood,
equations can relate essential characteristics in a predictive model.

a. The Universal Soil Loss Equation predicts erosion rates from
knowledge about rainfall, slope, soil structure, vegetative
cover, and management practices (see Section V.B).

b. The water budget is essentially a materials-balance equation
among rainfall, evapotranspiration, runoff, infiltration, and
storage in a watershed or other hydrologic system {see Section
v.D).

e¢. The salt budget accounts for all sources of salt, movement by
solution, deposition (precipitation), uptake by plants, and
export by leaching.

d. Population dynamics predict the rise and fall of biological
organisms and communities from knowledge of lifecycles,
predator-prey relationships, food webs, and other factors
affecting the lives of various species.

Other models are noted in the following sections.

6. Toxicity Models

Human beings, animals, and plants respond to toxic materials in
the environment according to how large a dose they receive.
Prediction of impacts can be made if this relationship is understood
quantitatively. Figure II.11 shows human dose-response information in
terms of exposure time at various concentrations. The chart was
prepared from a variety of data including (1) tests with animals
assumed to respond similarly to humans, (2) studies of workers exposed
in industry where the toxic chemical may be encountered, (3
epidemiology that links health effecis in 2 population to measured
ambient levels of toxicant, and (4) studies of accidents where humans
are exposed to high concentrations. Since there is always uncertainty
in the response, a safety factor is used to set standards well below
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Figure II.11. Human dose-response information.

the dose where morbidity is actually detected. Recommended exposure
limits are available from the World Health Organization. For other
organisms, research studies are reported in scientific literature.
For fish and shellfish, tests can be run on the species in question,
although the response of an entire ecosystem is what actually should
be known.

Figure II.12 shows the pathways for human exposure to toxic
chemicals. Health effects are most directly related to dose, and then
to exposure. Quantification of these steps in the pathway may be
difficult. An EIA can make a useful estimate of possible adverse
health effects even if only the ambient concentration is known. And a
prediction of risk may be made from just the knowledge of inventory
and the probability of spills or leaks. The assessor should always
seek the most closely linked data (i.e., dose) but still make an
estimate from whatever information exists.

Direct dose assessment requires that the chemical, a specific
metabolite, or specific biologic marker be measured in the appropriate
body fluid or tissue. Organochlorines such as PCBs are a good
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Figure II.12. This figure shows the relationship between quantity,
emizsions, environmental concentrations, human exposures, doses, and
health effects--what 1s called an environmental pathway (Source: Smith
et al. 1988:36).

example. In areas where the PCB content of fish is high, there is a
strong association between the number of fish eaten, as determined by
dietary history, and the level of PCBs in human body fat or milk.
Negligible amounts of PCBs are found in the water itself.

Basically two approaches are used to ascertain the health impacts
of toxic chemlcals. The first reliles on extrapolation from laboratory
tests, such as conktrolled exposures to animals. The second approach
applies epidemiological investigation to human populations.

Eco sysatems provide direct support for human populations as well
as sustaining other species upon which society depends. For example,
a pesticide may have an unexpected toxic effect upon a ma jor predator
of the target pest. Pesticide use could result in an eventual
increase in abundance of the pest, leading to a detrimental economic
effect upon the human population depending on this crop, and possibly
a decrease in the nealth of people who depend on the crop as a food
source. As a second example, consider the case in which a toxicant is
released into the environment in diffuse low concentrations, but is
accumulated to higher econcentrations through the food chain. Humans
who eat animals higher in the food chain may be exposed to
econcentrations greatly in excess of what was anticipated from the
released quantities.

7. Predicting Air Pollution Effects

The Air Quality control District Conce t. Understanding the
geographical region that shares an alr mass can lead to a predictive
capability. The most important determinant of the poundaries is air
movement , and this will vary as to speed and direction with the
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seasons or even the time of day. A windrose is shown in Figure V.20,
and this is combined with the location of emission sources and
population concentrations to give an estimate of pollution problems.

Since terrain also affects air movement, a map of actual measured
pollutant concentrations is desirable (see Figure V.21).

To prediet poellution from a new or additional emissions source, a
model of the dispersion of pollutants is necessary. A simple "box"
model assumes that the wind blows through a rectangular area from a
source toc contact a constant speed, mixing the pollutant with the air
homogeneocusly. A more complicated model is the Gaussian plume
distribution type that considers stack height, release rate, and
ercsswinds (see Figure V.19). For additional discussion, see Section
IV.H, "Waste Management and Pcllution Control."

8. Predictions Relating to Water Quality Impairment

The uses of a body of water are often impaired by contamination,
and it is this loss of use that must be predicted. For example,
clarity (absence of turbidity) is essential for recreational divers
and snorkelers to view coral reefs with their assortment of fishes.
Turbidity may be predicted from knowledge of current patterns, sources
of' suspended material, and the physical characteristics of that
material.

Figure II.13 shows the "oxygen-sag" model which can predict the
recovery of a stream after discharge of oxygen-consuming organic
wastes.
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9., Prediction ¢of Ecosystem Response

The health of an ecosystem may be predicted from effects of
development activities on the major structural and functional
characteristics. Structurally, the ecosystem should contain many
species (diversity), have long and complex food chains/webs, not be
invaded by foreign species, have strong connections to neighboring
ecosystems, and have "keystone™ species in strength. The functions
may be evaluated as high primary productivity (energy fixation)} and
tight biogeochemical cycles (nutrient flow).

Stress indicators such as foliage drop, fin rot, and population
fluctuations are predictors that the ecosystem 1s not being sustained.
For example, the appearance of many marine worms indicates that the
sea bottom communities of plants and animals are under stress, perhaps
from sediments or toxic chemicals.

IT.G. POST-AUDIT, MONITORING, AND EVALUATION

The EIA procedures should ineclude a formal requirement to review
completed projects and judge the predictions and recommendations made
against actual experience. The purposes of the audit are (1) to
determine whether consequences were accurately predicted and to
identify additional significant effects warranting corrective action
and (2) to use the results to refine the impact predictions for future
project s of the same type and magnitude. In the few retrospective
studies made, the findings have been disconcerting. Forecasts are
admittedly difficult, but they are often sc imprecise and vague that
their accuracy cannot really be ascertained. Many impactis are
presented as unquantified assertions without any indication of their
likelihood or significance. Not surprisingly, physiograrhiec
information is usually more complete and precise than biological
impact prediction. Social considerations often occupy
disproportionate space {(in terms of what is actually known) in an EIA,
but that is a reflection of the essential political use of these
documents.

The post-audit can begin at once with existing EIAs on completed
projects. It is a valuable training device and also helps to find
empirical evidence for cause-effect relationships that is useful in
ongoing and future EIAs. Post-audit may be painful in that the
performers of past EIAs are being second guessed. Therefore, it
should be ecarried out by a group independent of the environmental
agencies, perhaps a panel drawn from the academic community.

Monitoring is essential for continuing EIA inputs to management
(i.e., mid-course corrections, compliance with mitigation actions, and
improvement of predietions). We have seen that predictive accuracy i=s
limited because of the scarcity of information on impacts and natural
variations in the environment. All development projects should be
managed with the expectation of surprising outcomes and the necessity
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to adapt and change implementation actions if the goals are to be met.
Monitoring provides an early warning that adverse impacts (predicted
or not) are occurring.

Measures recommended to mitigate the impacts of development must
be actually installed, operated, and maintained. Even so, their
efficacy is often uncertain; thus, monitoring is necessary to see how
well they work out and how cost-effective they are. As in the case of
post-audit, compliance monitoring should be scmewhat independent of
the project operator, or at least the data should be verified by an
inderpendent group.

The overall evaluation of EIA in a particular government should
be undertaken from time to time. All participants in the process
should contribute constructive criticism and judgment as to how well
EIA has helped achieve sustainable development.

IT.H. HOW TO REVIEW AN EIA

Review serves several purposes, each requiring somewhat different
review skills. Technical accuracy and completeness are assumed by
using independent experts who have no vested interest in promoting
development or withholding project approval. The following questions
are designed for use by high-level officials to judge the adequacy of
the EIA. They are adapted from draft materials of the Organization
for Economic Cooperation and Development (OECD).

1. To what extent are both the beneficial and adverse
environmental effects clearly explained?

2. How are the risks of adverse consequences evaluated and what
are they?

3. What is the scope of the EIA in terms of externalities and
time-lag effects?

4. What (if any) are the impacts on envirommentally sensitive
areas, endangered species and their habitats, and
recreational/aesthetic areas?

5. What alternatives are considered: no project? other sites?
other techneclogies?

6. What lessons from previous similar projects are incorporated?

7. How do the environmental effects change the costs and
benefits of the project?

8. What adverse effects are unavoidable?

9. What publiec participation and review of project plans or the
EIA have occurred?
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10. What mitigation measures are proposed, and who is responsibile
for implementing them?

11. What are the parameters to be monitored so that state of the
environment can be studied throughout the project?

II.I. PREPARING TERMS-OF-REFERENCE
FOR CONSULTANTS OR CONTRACTORS

Many EIAs are performed by consuliing firms under contract to
environmental agencies or project proponents. The c¢onsultant proposes
a statement of work in response to a request for proposal which
contains instructions or terms-of-reference (TOR). After negotiation
on the scope, schedules, and price, a contract is executed. A good
definition of a problem often provides much of its solution and
reduces the cost of contract services. It 1s essential that the major
environmental concerns be identified and a search for other likely
consequences of development be specifically requested in the TOR.

For competitively bid contracts, the consultant will seldom add tasks
for fear the resulting higher costs will keep the firm from being
awarded the job. During negotiations, however, additional studies may
be suggested. Hence, the buyer must have an understanding of just
what is needed in order to avoid paying for unnecessary services. It
is also important to request the form of analysis and presentation
appropriate to the use of the EIA (i.e., extended benefit-cost
analysis, comparative risk assessment, cost effectiveness).

The technical contents of a TOR typically include:

1. The objective of the EIA: What decisions will be made, by
whom, timetable, what kinds of advice are required, what is
the stage of the project?

2. Components of the project: Sites, technologies, inputs of
energy, and materials anticipated

3. Preliminary scope of EIA: geographic, region, lifetime of
project, externalities

4. Major anticipated concerns about envirommental changes and
consequences

5. Major anticipated impacts on human health and welfare; on
ecosystens

6. Mitigation measures possible. Reasonable alternative project
designs for achieving development objective

7. Estimated monitoring necessary for feedback to operations,
for detecting environmental consequences and judging whether
mitigation measures have been implemented
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8. Type of study required (e.g., benefit-cost analysis, land-use
plan, pollution control regulation, simulation nodel,
compariscn of sites or technologies, risk assessment )

9, Staff level of effort, skills required, cost estimste, and
deadlines for completion of tasks

The PEA prepared by the project proponent should have most of the
preceding information in qualitative form and may be appended to the
TOR for guidance.

Nontechnical requirements in the TOR include:

1. Stipulation of references and data to be provided by the
buyer,

2. Freguency and subject of meetings and progress reports,
3. Opportunities for review and comment on draft reports,
4. Prior approval of changes in contractor personnel,

5. Payment schedules,

6. Liability, insurance,

7. Printing, distribution of reports, and

8. Coordination requirements.

II.J. COMMUNICATION OF RESULTS

Communication of EIA findings to policy and decision-makers is
difficult because they are often not technically trained. The task is
one of translation and interpretation from the language of the
scientist into a clear and concise summary that matches the client's
constraints and timetables. Another preoblem in using research results
is the gap between the expectations of decision-makers for certainty
and the probabilistic realities of science. If a scientist reveals
this uncertainty, the client may reject the findings as unhelpful,
whereas disguising the uncertainty may cause the scientist to lose
eredibility when unpredictable results do occur.

Prediction should be straightforward, logical, and systematic
regardless of the completeness or accuracy of the data available. All
assumptions must be explicitly stated. The users of the assessment
can follow the predictive method and, if they wish, substitute
alternative assumptions where factual information is lacking. A
four-part format in reporting predietions is helpful in aveiding
misunderstanding by the users about the uncertainty that inevitably
accompanies EIA results. First, the prediction should state what is
krnown and with what confidence--a narrative statement of the
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Appendices
Data, Details

Body of the EIA Report —

Executive Summary

Abstract

Title

Figure II.14. Getting the message of the EIA into the minds
of decision-makers.

statistical reliability. For example, "With the chance of being wrong
one time out of ten, we believe that the increase in turbidity will
result in a 25 to 50 percent lower catch of fish." Second, state what
is not known and why; e.g., "Tests have been run only on species A and
B so we cannot be sure of the response of other organisms." Third,
explain what could be learned from further investigation if more time
and money were available. Finally, indicate what should be known to
proceed in a prudent manner (i.e., the risk of going ahead based on
present knowledge vs. the risk of delaying the project). To
summarize, the EIA predictions should state what we do know, don't
know, could know, and should know.

The users of EIA findings and advice also should be urged to (1)
understand the probabilistic nature of science and differences ameng
sciences, (2) accept uncertainty in environmental science and learn to
live with it, (3) manage adaptively and plan for surprise, (%) avoid
unnecessarily tight timetables, (5) participate with scientists in the
assessment process, and (6) find out the value and cost of better
information and agree to pay and wait for it. Since policy and
decision-makers have very little time to read, the title, abstract,
and executive summary of the EIA should each repeat the key message
for these individuals (Figure II.1H).
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JT.K. TYPICAL CONTENTS OF EIA

Periodic written progress reportz as the EIA process proceeds
are useful to decision-makers and the public. When consequences are
well developed, a draft report should be issued for comment from all
interested and affected parties. Although this manual teaches the
tailoring of each individual EIA to fit the circumstances of the
project, it 1s useful to review the essential components and how they
fit together to produce an advisory report helpful to the
decision-maker. The foliowing contents are typical:

1. Title, abstract, executive summary

2. Description of the purpcse and scope of the proposed
development activity

a. Purpose: What geals and objectives of society are
served? Why is the project needed? (See "seven Ws,"
Section II.3.1.)

b. Direct benefits expected: products, services, jobs,
return on investment

¢. Location and extent of site boundaries and associated
facilities at preferred site and other feasible sites

d. Technology to ke used

e. Local infrastructure required: roads, utilities
f. ZInputs of capital, labor, natural resources

g. Duraticn of construction period, operating life

3. Alternatives, including the proposed action, and mitigation
measures for the proposed development activity

a. Reasonable alternatives that might reduce environmental
degradation or use natural resources more efficiently and
still provide the same or similar benefits

b. Mitigation, environmental protection, avoidance of
adverse consequences associated with each alternative

¢. Various site and design options
d. Postponing action or abandonment of the proposed project

e. Compensatory actions to overcome damages to natural
systems and to people

f. Enhancement measures to improve present or future
environment
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Comparison among alternatives {including economic,
technical, and environmental aspects)

Existing conditicn and trends in the environment

=9

Activities in the same area that could lead to cumulative
effects or interaction of effects

Land use, zoning

Population density and location

Economic activities and conditions

Sociccultural characteristics

Baseline survey and inventory: geology and soils, climate
and weather, land forms and water resources, energy

supply and demand, vegetation, wildlife, and natural
hazards

Prediction of changes in natural resources and environmental

quality attributed to the project if implemented

2.

Sequence diagram linking develepment technology to
changes in the environment and then to impacts on human
health and welfare and ecosystems

Ecosystem model, biogeochemical cycles, primary
productivity, food web

Results of other predictive techniques (e.g.,
extrapolation, interpolation, analogy)

Prediction of direet impacts on human health and welfare

.

b.

Cc.

d.

Unavoidable adverse effect
Who cares and why?

Models linking environmental change to impact (e.g.,
exposure pathways)

Cunulative effects

Reasonably foreseeable indirect impacts or secondary effects

a.

b.

Socioeconomic changes resulting from impacts on natural
resources and the envirorment

Linkages and multiplier effects

Subsequent envirommental consequences of socloeconomic
changes
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11.

12.
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Sustainability

a.

b.

Trade-of fs between short-term impacts (both positive and
adverse) and long-term condition of resource base

Trade-offs between local and naticnal or regicnal
environmental consequences

Opticons maintained and how
Options foreclosed and why

Irreversible and irretrievable commitments of natural
resources

Benefit-cost analysis (summary)

a.

d.

Present value of all benefits and all costs compared in
benefit~cost ratic, internal rate of return on
investment, and net present value

Those effects that can be quantified only in nonmonetary
terms are retained

Effects unquantified (subjective values) are preserved
and presented in the analysis

Cost effectiveness of mitigating measures

Risk assessment

da.

Major uncertainties and their quantitative
estimation--how likely are adverse impacts, and what is
the range of magnitude of their consequences?
Quantitative expression of net risk

Distribution of risks among groups

Identification of risk reduction opportunities

Public involvement

Summary of scoping and public meetings, participation
List of persons receiving this and previous draft reports
Compliance with coordination and regulatory requirements

Publie hearings, press releases, notifications

Findings and recommendations

a.

What is known and with what certainty (statistical
reliability)?
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What is not yet known and why?

What could be known with more time and money?

What should be known in order to proceed?

Prudent course of action in the face of uncertainty

Monitoring necessary for adaptive management and
compliance

Preferred alternative to implement the proposed
development (including siting, design, timing)

Recommended mitigation assoclated with the proposed
action (preferred alternative)
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ITI. ARALYTICAL TECHNIQUES
ASSOCTATED WITH EIA

Qualitative Evaluation ProceduresS ..c.vsescceconssassnararanns
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IIT. ARNALYTICAL TECHNIQUES
ASSOCIATED WITE EIA

ITT.A. QUALITATIVE EVALUATION PROCEDURES

Data collection is a critical and potentially costly aspect of
environmental impact assessment. Collectiocn of quantitative data
requires careful planning and focused objectives to avoid needless
expense. As a consequence, gualitative data collection, which is
considerably less expensive, should pracede executicn of more detailed
quantitative studies, whether for long-range regicnal planrning or
project-specific evaluatiocns. It is essential that the scoping and
preliminary assessment steps successfully define the specific
resources and issues of concern which, in turn, define the specific
scope, magnitude, and purposes of data collection. BHRelevant
information means that the user understands what role the data will
play in the impact assessment. If the relevance or use of the data
cannot be established or tied to future impact analysis and decisions,
it may not be needed. Specialists and consuitants wheo make a living
by collecting data or conducting research are often not in a neutral
or unbiased position to identify relevant data requirements. The
pro ject sponsor or the technical staff must be in a position to
evaluate independently the opinions of ocutsiders to ensure that
infermation gathering will benefit the planning process and contribute
pesitively to the impact assessment and decision-making process. The
results of qualitative evaluation procedures can be incorporated into
PEAs (sce Section II.R).

1. Phasing of Studies

The phasing of studies is another way to cut down on unnecessary
data collection during preliminary stages and defer collection to
subsequent stages when decisions are made to proceed. Phasing should
start with extensive reconnaissance-level evaluations at the beginning
to help define the magnitude and type of possible impacts and the
scope of future studies to assess them. Studies then proceed to the
next echelon of detail and quantification after decisions are made and
project planning progresses. On the other hand, if a project is
dropped early during planning, down-scoped, or redirected, future
expensive studies may be avoided. The importance of qualitative/
reconnalssance~level investigation is to bring common sense and
efficiency to the total data collection procesa. As the studies
progress, they move from extensive to intensive, broad to focused,
qualitative to quantitative perspectives. Examples follow:

a. Example 1. A resort development is proposed along & sandy
beach. Consultation with the fisheries office and local residents
indicate that endangered species of sea turtles may use the beach for
neating. The project sponsor is faced with two options. One is
detailed tagging, recovery, egg translocation, and other measures to
document nesting and specify measures to avoid or reduce impacts. The
other is to confirm the use of the beaeh by turtles during several
nights of night-time observations of nesting activity and day-time
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shoreline walks along the beach to count tracks and nest pits. He
opts for the less expensive latter option, and the studies confirm
heavy nesting use at the beach. Similar qualitative observations are
collected at an alternative resort beach site at the same time, and no
nesting activity or related evidence is found. The project sponsor
elects to move the resort to the alternative site, thereby aveiding
more expensive studies, delays to the project, and possible impacts to
sea turtles. Data collection is integrated into the decision-making
process. Qualitative and extensive approaches, including evaluation
of alternative options early in the process, contribute positively to
the decision.

b. Example 2. A combination hotel and townhouse project is
proposed near the coast of a high island. Before site layout and
design efforts, the sponsor fields a team of scientists to conduct
qualitative reconnaissance-level envircnmental surveys of the project
site and adjacent coastal sites. The archaeologist team member learns
from interviews and a literature review that the coastal sand-dune
site for the hotel may be an aneient burial ground. The archaeologist
expands the scope of the survey to incorporate some test-pit
examination over a broader area and confirms the presence of graves
near the hotel site but an absence of graves and other cultural
resources 300 m down the coast. The project is faced with two
choices: (1) attempt to keep the site at the same place and sponsor
expensive data recovery surveys to clear the hotel site of burials and
other archaeological resources or (2) renegotiate a new site for the
hotel and move it to the ad jacent parcel. He opts for the latter
because he toock the step of accomplishing a more extensive survey that
identified favorable options. The sponscr avoids expensive studies,
impact to the burials, opposition to the project from resident
izlanders, and delays to the hotel project. Mission accomplished.

The preceding examples demonsirate the value of qualitative
preliminary steps to data collection, which are integrated with
decisions on a project. The following recommendations provide more
specific advice on the direction and approach for data collecting that
minimizes potential environmental and economic impacts:

1. Accomplish interviews, literature reviews, consultation with
other experts and a site visit first as part of the scoping
and preliminary environmental impact assessment process
described in Section II.

2. Always conduct scientific reconnaissance-level surveys before
designing and funding quantitative surveys and monitoring.

3. Always conduct qualitative reconnaissance-level surveys at
the proposed site and at least one or two other feasible
alternative project sites.

4. Avoid expensive data collection or monitoring until the
sponsor decides that the project shall proceed to the step
requiring the information.
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5. Formulate data collection studies to be .commensurate and
coincident with the level of detail of other technical design
and planning phases for the project. Detailed studies at one
gite may be wasted if the project design and location are
changed to another site later.

6. Consult aerial photographs and maps, if available, to design
sampling and survey strategies for both qualitative and
quantitative investigations.

T. Begin data ccllection from a broad, exiensive qualitative
perspective and then narrow data collection efforts to
address specific questions, issues, or concerns.

B. Consult with experts in other agencies and institutions for
unpublished socurces, new procedures, and free advice that may
avoid or redirect survey effort.

8. Never rely on any one approach cor analytical procedure. No
one technique is the "best™ or is the answer to all
questions. Each technique has strong and weak points; some
are better suited to answer some questions and others to
answer other questions. The answer is not right or wrong,
but which approach is appropriate for the specific needs.
Conparing techniques 1s misguided unless comparisons address
the specific purposes, needs, nature, and uses of the
expected data.

Table III.1 offers a list of various techniques and their various
attributes and advantages for collecting specific types of
inf'ormation.

IIT.B. SOCIAL SCIENCE TECHNIQUES
1. Overview (prepared by Lauren Wenzel)

Soclal science complements the knowledge of natural science
necessary to prepare EIAs: the former explains the impacts of a
project on people's lives and the latter on natural systems. At the
broadest level, sccial science methods help to specify the goals of a
development project so that progress toward them may be assessed. Is
the intention to create employment, stimulate regional development,
earn foreign exchange, or some mixture of these and other objectives?
These needs and the alternative ways of meeting them must be
determined by extensive analysis of social and economic conditions and
trends. Once a development project has been proposed, social science
techniques enable planners to identify potential, perhaps inadvertent,
impacts on an area's social, cultural, and economic fabric. How will
the physical impacts of the project affect the opportunities for work,
cultural values, settlement patterns, and ways of life?
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The relationship between methods to gather essential
ecological information and phase of development planning

Type and
Description of Technique

Study Objective and Purpose

Applicable Types
of DBevelopment

Phase of
Development

Applicable
Ecosvstem

Remote sensing surveys (satel-
lite or aerial photo imagery)

Map and describe major types
of ecosystems and resources in
order to base decision on future
data collection and develop-
meni alternatives

Comprehensive region-
ally planned devclop-
ment or ail specific types
of development

Earlicst

Coastal resources inventories
(field checks, interviews, litera-
ture reviews)'

Cualitative description of
resources characteristics and
uses in order to identify appro-
priate location for development

Same as above

Farliest

All

Quantitative ecological surveys
(to compare and describe eco-
systems to be affected by devel-
opment)

Provide valid basis for com-
paring ecosystems and the
impact of development at all
alternative sites

Same as above

After identification of
the feasible alternative
development sites

All significant ecosys-
tems within or adja-
cent to alternative
sites

Exposure-levet surveys (one-
time ecological st udies of com-
parable ecosysterns elsewhere
previously aftected by compara-
bie development)

Assess significance and zones of
ecosystem nnpacts and rates of
recavery in order to specify
minimum buffer zones and
other precautions

All types of development
causing impact in study
area that is comparable
10 proposed develop-
ment.

Early, during identifi-
cation of alternative
propect sites

All, provided that evo-
systems subjected 10
impact in study area
are comparable to
those 1o be affecied by
pruposed develop-
ment

Annual/scasonal habitat sur-
veys near propased project
development

[dendiy seasonat periods of sen-
sitive breeding, leeding and
migratory activity of important
species in order to specify time,
distance, and other controls o
limit development impacts

Alt development thar will
be sulliciently close to
vmportant coastal ecosys-
tem

Middle planning
phase: alter most fea-
sible project alterna-
tive identified

All that will likely be
affected by projects

Ambient water current, circula-
rion, and water quality studies

Assess circulation patterns and
water quality of adjacent eco-
systerns to predict future water
quality zones of inflluence and
treatment/dilution reguired 1o
control impacts

All development catego-
ries that directly affect or
are jocated adjacent to
aqualic ecosystems

Maddle planning
phase: after most lea-
sible alternative sttes
and designs have been
idenrified

All aquatic ecosystemns
adjacent 1w proposed
development

Environmental quality moni-
toring studies (water quality
and ecosystem monitoring of
important pollutants and indi-
cator species or habirats)

Document compliance with
standards or criteria and estab-
lish a rapid feedback mecha-
nism to contractors/operarors
take corrective action and climi-
nate impacts, when warranted

All development that wiil
generate pollutants that
can impact ecosystems if
not carcfully monitored

Construction and/or
operational phases

Sensitive or vulnera-
ble crosysrems adja-
cenr to development

Emergency action plans (for
control or contairument of acci-
dental fires and spills during
emergencies)

To prevent the spread of fire or
pollutant spills that can cause
catastrophic ecological damage

Develepment that runs
the sericus risk of fire,
fuel spills, or other acci-
dental hazards

During construction
and/or aperational
phases

Ecosystems vulnera-
ble 1o spills or fires

Post construction/operational
environmental surveys (specific
study methods are variable)

Refine the accuracy of future
impact assessments conducted
before development, identify
unforeseen impacts, and assess
magnitude of ecological dam-
ages for compensation/restora-
tion

All major development
likely to cause significant

‘and uncertain ecological

impacts

After construction
and/or operational
phase

Significant ecosystems
affected by the devel-
opmem

“These studies are also valuable for cumprehensive regional initiatives (coastal resource planning and management).
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{(Continued)

Tvpe and
Dreacriptian of Technique

Stuwldy Ohjective and Purpose

Appliabie Typrs
ol Pevelopment

Phace

evelopment

Applicable
Koverm

Habisat restorsnon and
enhancement analvies {d com-
binauon of scientiiic and engi+
neenn Measurcs 1o Laalitae
reestablishment of vaiusble
habitata)

Develop feasible and imple-
mentable programs 10 enhance
ccovsiem values oF (o COMpen-
iare lor the toss of ecological
reseurtes Irom dovelopment

Develupinest projedes
that result 1n signdicant
evuloyicad lases

Alfter cunstrucuon
aad/or pperuttond
phase

Ecosvstema aifecied
by development
andior that can be
enhanced ur restored
with human aasiiance

TifMme senes surveys (quantitas
tive evulovicul surveys belare,
durinyg, snd atter proposed
development ar {ixed startons
buth clese (0 and removed trom
prsect siee)

Quanntanvely document the
signilicant and geographic
extent of deveiopment impacts
in order (o apply o [uture
development of same tvpe ur ta
eatablish criteria for compensat-
iny loc ecological losscs

All tvpes vl major devel-
upment that i likely 1o
cause mapoe ecolovical
impaves or whert thore i3
uncertanty regaecding the
nature and signilicince of
immpacts

Beginmnyg siter proje
ect plan 1y selecred
and continuiny
hevond cunstrucniun
and operational
phuses

All ccasystemns likely
10 suller major
impacta

Tuxicity studies {hivassays,
bizccumulanien or tissue analy-
ses, microcosm, controlled field
unpact/spiil studies)

To azsign etflucni standards or
criteria to contrnl pollution or to
prescribe treatment or dilation
of poliurants to bring them inco
compliance with standards vr
criteria

All development rhar
generates poliutants or
cifluents that can
adverscly alfect evosys-
tems

Alter selection of proj-
ect site and during
advanced engineering
and design phuse

Ecosystems vulnera-
ble to pollutants and
ctfluents

Pollution ubatement plans(a
vombination of engincering and
scieniilic measurcs o control
soil erovion, sedimentation,
accidental spills, urban runoif,
wustew ater etiluents, contami-
Ratien and ocher pollutants)

Avoid, reduce, treat, dilute, or
coniine the generation of signil-
icant pellutanis

All Jevelopment that can
lead to the gencrution vl
signiticant potlutanes

Advanced engi-
neering and inwial
construciion siace

Ecodysiems vulngra-
bie to the pollutants

Source: Maragos et al. (1983).

Like the physical impacts of a project, the social impacts are

complex and intertwined.

But, because human behavior 1s not governed

by simple laws of cause and effect, social impacts are often more

difficult to predict.

For this reason, scoping--setting the limits of

the information needed for an EIA--is particularly important when

assessing socilal impacts.
impacts makes them no less important.

can shed light on the social impacts of development processes.

However, the difficulty in measuring social
Fortunately, many disciplines

The long-term economic viability of a project is one of the most
essential contributions of social science to ETA and will be treated
Cultural acceptability and social equity are also

in Section III.E.

essential components of project planning and hence of EIA.

For

instance, will the requirements of loan security for a land settlement
scneme conflict with sharing? Will women carry out the sowing and
harvesting of cash crops while their men collect the payments? B
Questions of this sort are subject to analysis by a variety of social
sclence techniques.
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Some social sciences, such as demography and sociology, depend on
official records, censuses, and surveys for information. A census, a
comprehensive collection of data about a country's population, obtains
factual information from people about their ages, family
relationships, residence, work, income, and land to assist
policymakers in social and econocmic planning. This information could
be uged, for example, to help determine how many people would be
displaced by a hydrocelectric project, or whether the work force needed
for a new factory is locally available. These data can also be
manipulated, using the statistical and modeling techniques described
here to predict the answers to more complicated questions.

In soccial science as in natural scilence, models seek to simplify
complex realities so that relationships between different factors can
be seen. The danger of models is that they will oversimplify human
actions to conform with preconceived assumptions or patterns. If
these pitfalls can be avoided, models can be extremely useful tools
for understanding the soccial impacts of the changes brought on by
development. Careful scoping can help identify the best indicators of
soeial change. Factors such as crime, unemployment, or family
dissolution might be analyzed using statistics on arrest rates,
joblessness and underemployment, or the number of households headed by
a single parent. Identifying trends is not an end in itself. Rather,
they mast be clearly linked to the development project, not to changes
already occurring or caused by other factors.

Surveys or guestionnaires may also be used to discover people's
attitudes toward a particular project or kind of development. Not
only does this technique enable policymakers to take these attitudes
into account in their projeet planning, but it alsc gives people a
sense of participation in the project. This combination is essential
if the project is to be successfully integrated into the life of the
community. People may choose to speak through their leaders or as
individuals. Where large numbers of people are affected, necessity
usually dictates obtaining information from a representative sample of
the people reflecting the economie, social, and cultural diversity of
the population.

Public participation may occur in other ways as well. Expert
opinions from the community may be solicited. O0Often, as noted
earlier, local people have detailed knowledge of their natural
surroundings born from centuries of living within the limited
resources of island environments. Outsiders with relevant expertise
may alsc provide useful contributions. Many countries have instituted
set periods for public comments during different phases of the
project 's evaluation. These comments can then be assessed and
integrated into the next stage of project planning.

Of'ten, surveys and similar techniques are inappropriate or
inadequate for predicting the impact of a project on a community.
Local people may lack the level of education or exposure to external
influences to respond adequately or accurately to written or formal
questions. Then, different approaches such as observation, reliance
on writ ten records, and informal personal interviews must be used.
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Such a combination of téchniques is oiten used in anthropology and
sociology, the studies of human culture and society. These
disciplines provide means of understanding a society's values--social
integration, religion, relations of respect or familiarity,
taboos-~assential for minimizing undesirable social disruptions. A
large luxury beach hotel, for example, could have unacceptable social
impacts on an isolated, traditional community. An aquaculture scheme
to culture tilapia for local consumptlon would be doomed to failure if
the fish was not suited to local tastes.

A historical perspective provides a unique opportunity to
circumvent one of the key constraints to EIAs--the difficulty of
accurately predicting impacts. By studying the past uses of land and
rasources, policymakers can learn from experience to avoid making the
same mistake twice. Historians may use written records (such as
agricultural deeds or censuses, trading records, and agricultural or
marine production data) or oral history, capturing knowledge of events
and practices from preliterate times. In January 1989, for example,
the Fiji Department of Fisheries banned exports of béche-de-mer,
fearing the species would become commercially extinct. Harvest levels
were approaching those that caused the collapse of the fishery--Fiji's
first commercial marine species--in the 1850s. Exports were
temporarily halted to allow recovery of the species.

History reveals more than cases of mismanagement. It can also
provide useful background on the past uses of an area, traditicnal
management practices, and ways in which potential problems have been
successfully circumvented in the past.

Once the predicted social and econcmic impacts of various
alternatives have been identified, they must be analyzed and weighed,
similar to physical impacts. Checklists of potential impacts are
commonly used to compile these predictions for analysis. Once they
have been compiled, drawing matrices of the impacts of various
alternatives is one way of visual comparison. Interactions between
different impacts may be illustrated through flow diagrams.
Furthermore, the link=s between predicted physical and social impacts
must be drawn.

Interpreting the mass of sccial and scientific data to select the
best alternative requires a return to the broader social and economic
context in which the project was conceived. The selected alternative
must not merely be better than the others but must meet the objectives
of the project, coming full circle back to the evaluation's initial
stages.
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2. Human Ecology in the Pre-Commercial Pacific:
An Application of Social Science Methods
(prepared by William Clarke)

a. EIA in Retrospect. Two contrasting points need to be made in
looking back at the relations between Pacific peoples and their
environments during pre-Buropean times or among pre-commeprcial people
in the modern Pacific.

First, those Pacific pecples--liiving as they did (or in some
cases as they still live) immediately dependent on land, forests,
reefs, and seas around them--possessed intimate and exact knowledge of
the uses, locations, and habits of an immense variety of plants and
animals (terrestrial and marine) and of the potential of their lands
for diverse kinds of agriculfural production. Based on their
knowledge, they worked out many effective forms of subsistence
production that possessed the quality of sustainability, now s¢ much
sought after.

Second, those same people--like all people--were always in
dynamic interaction with their environments. Some of their actions
were destructive in ways that would today arcuse great concern in an
EIA. That is, they "impacted"™ their environments and then had to
adjust to the environmental degradation or resource depletion that
their ocwn actions had initiated. No time can be found in the history
of Pacific peoples before which people were perfect conservationists
living in a steady-state of harmony with their environments. Early
Pacific Islanders or present-day noncommercial Pacific peoples shared
or share the universal human trait of altering environments, often
destructively, and then seeking to redress the disadvantages brought
by the change. Thus, though the modern world has much to learn from
the traditional resource manager, we need not romanticize the past as
a conservationist's Garden of Eden from which only the modern
commercial-industrial world has strayed. Present-~day technologiez and
population pressure do, of course, increase the magnitude of changes
in the environment from development.

b. Ethnescience and Traditional Resource Management., Mich has
been writien on the knowledge that pre-commercial Pacific peoples had
of their enviromment and resources and of their traditional techniques
of utilization and management. Such accounts began in the writings of
the First Buropean explorers and scientists and continue to this day
in the studies of anthropeclogists, geographers, biclogists, and other
scientists. All these records show how well the pre-modern
inhabitants of the Pacific knew the plant and animal life with which
they shared the islands (e.g., islanders used an immense diversity of
tree species for scores of different purposes) (Thaman and Clarke
1987). Or, turning to marine life, Johannes's book (1981} illustrates
the "encyclopedic reservoir of practical sea lore" possessed by
traditional fishermen in the Pacific. As Johannes (1984:258) has
written of traditional fishermen in a later paper:




71

Studying their knowledge during the past few years has
provided a host of valuable insights into the nature of
shallow-water tropical marine resources. Infermation gained
in this way is often superior in important respects to
information gained by conventional resource surveys
performed by imported consultants constrained by
insufficient time and money.

Perhaps the best general summary of traditional rescurce
management in the Pacific is the chapter on "Oceania" by Klee (1980).
In that chapter, geographer Klee refers to many of the written sources
on traditional resocurce management in the Pacific and deseribes many
of the deliberate or inadvertent conservation practices carried out
traditionally in the Pacific. For instance, he describes the unique
pit-excavation cultivation of babai (Cyrtosperma chamissonis) that
Pacific islanders developed in order to make use of the harsh
agricultural environment on atoll islets, where surface fresh water
and fertile soils are both absent (Figure III.1). Widely scattered in
the Pacific, this system is not only an efficient use of limited water
resources but also creates a soil capable of producing sustained
yields of ‘a staple crop by using only local and natural fertilizers.

Klee also notes the breakdown now occurring in traditional,
time-honored ways of conservation management and urges that the
reservoir of useful traditional knowledge be preserved.

¢. Environmental Problems in the Traditional Pacifie. In
evolving the knowledge and techniques that made conservationist
management possible, the Pacific islanders also took false steps that
severely affected their environments, sometimes irretrievably, as in
animal extinetions. Evidence for and descriptions of such problems
are reviewed in papers by Clarke (1986, 1988) and can only be briefly
sketched here.

There are now several islands in the Pacific where work by
prehistorians and other scientists has revealed a pattern of profound
landscape change, beginning shortly after the arrival of the first
inhabitants and long before any modern attempts at commercial
development. For instance, in the eastern South Pacific on remote
Easter Island, severe deforestation over the past 1,000 years could
have led to the decline of the Polynesian culture responsible for the
sculpting and erection of the island's famous giant stone figures.
For Samoa, there is evidence of extensive interference with
mid-elevation forests {300 to 600 m) over a long period. On Tikopia
in the Solomon Islands and on Aneityum (or Anatom) in Vanuatu, there
is evidence that during early settlement (1000 to 3000 years B.P.),
severe human-induced so0il erosion and vegetation impoverishment
oceurred on the slopes, presumably because of forest clearing and
burning for agriculture. In Micronesia, on Yap and Palau, large areas
of native rainforest replaced by "devastated grasslands™ is seen as
the result of agricultural activities. In Fiji, written accounts from
the nineteenth century describe the "brown, barren land™ on the drier
sides of Viti Levu and Vanua Levu. It is widely argued that this
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Zone of sunken
gardens

Salt groundwater

Figure III.1. , Cross-section of an atoll islet with pit cultivation of
babai. The pit allows the plants access to the freshwater lens near
the center of the islet. The bottomless baskets placed arocund the
plants are filled with miscellaneous organic matter, which acts as
natural fertilizers and so0il conditioners and sustains yields
permanently, (Adapted from Kiee 1980. Reprinted by permission of the
publisher)

degraded vegetation complex (talasiga in Fijian) of fern, Casuarina,
and Pandanus is the result of long human interference, particularly by
burning, which has led to the destruction of natural woodland or
forest and its replacement by talasiga, where the eroded soils are now
s0 degraded that agriculture is scarcely possible. A similar story is
described in one of the SPREP case studies for Wallis and Futuna,
where the degraded areas are known as toafa (Dupon 1986).

Island faunas were affected too. Oceanic islands are noted for
their endemic animal species. The extinction of the moa, a giant _
flightless bird, most probably at the hands of the first Polynesians
to enter New Zealand, is the best known of the early extirpations.
However, recent research indicates that much more is to be learned
about prehistoric human impacts on biota. For instance, on Tikopia in
the Solomon Islands, early settlers exterminated a megapode (another
type of large flightless bird), greatly reduced the numbers of
turtles, and diminished the size and quantity of shellfish {Kirch and
Yen 1982).

Extinctions are forever; but degraded land can be rehabilitated
or stable agricultural systems can be developed following a period of
catastrophes. Following the severe slope erosion already described,
stable farming systems, often based on irrigated taro, were developed
by Pacifiic islanders on the lowland, alluvial soils created by the
slope erosion. Even some of the degraded slope lands after the
erosion were made productive by the heavy labor inputs required for
terracing or by arboriculture--or in modern times by the plantations
of exotic pines.
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d. Learning from the Past. To return wholly to past ways of
production is not a feasible solution to today's environmental
problems, and as has been argued in this section, the past was not
always a happy place for conservationists in any case. But it can be
argued that certain traditional management approaches could be
advantagecusly applied today, perhaps in combination with modern
scientific knowledge. Klee (1980:276) stresses the value of the deep
knowledge of marine life possessed by ftraditionally trained "master
fishermen™ and suggests that they could work together with
Western-trained conservation officers: "ideally, both learning from
each other." He also suggests (Klee 1980:274) with regard to
agriculture that:

Almost all traditional so0il and water conservation
techniques that have been identified (e.g., terracing,
mulching, rotating fields, and so on) could be likely
revived without much difficulty. The practice of using
[natural] fertilizers to enrich the soil might be revived as
well as modified slightly to make it more productive. For
instance, after an analysis of the ingredients of a
particular fertilizer, modern soil scientists along with
tropical botanists might be able to improve on the original
mixture by only slightly modifying its contents with other
existing local vegetation. The whole idea would be to take
an existing culturally acceptable practice and modify it
only slightly to make it more productive or efficient, thus
hopefully avoiding any disruptive side effects.

This sort of "progressing with the past"™ seems feasible in the
Pacific where much traditional knowledge of resources remains (though
it is disappearing fast), where rural peoples are not generally 50
pressed against the edge of survival that they cannot risk innovation,
and where amall islands as well as small-scale tenure systems
encourags or make possible experimentation on a less than
agroindustrial scale. A%t the very least, traditional patterns of
management should be available for consideration for possible use in
the mitigation/ameliorative measures brought forward in EIA.

3. Archaeological Surveys and
Cultural Resource Management
(prepared by Philip J. Hughes)

a. Background. The Pacific region has a history of human
settlement extending back at least 2,000 years in most areas and to
more than 30,000 years in Melanesia. The physical traces left by
these past inhabitants are known as archaeological sites. These may
be prehistoric if they date to periods beyond the memory of local
communities, or historic if knowledge of them is retained in the oral
or written records of society. Prehistoric societies left no written
records, and consequenily it is through information obtained from



T4

archaeclegical sites that still survive that local and regional
prehistories must be constructed.

Archaeclogical sites are the scle remazining physical
manifestation of the diverse prehistory of the Pacific region, and as
such constitute a regionally and often internationally important
cultural resource. Such sites are, however, a non-renewable resource,
and already large numbers of sites in the Pacific regicen have
disappeared or have been damaged by natural causes or by human
impacts, especially construction activities.

b. Types of Site

e QOccupation Sites. These comprise mainly surface scatters of
stone artifacts with or without pottery and food remains such as burnt
bone and shell. Excavation may also reveal structures such as house
support posts and postholes, stone or earth walls, and hearths. Some
such sites may result from short periods of occupation by a very small
number of people, such as a hunting camp, whereas others may result
from long periods of occupation by large numbers of people, such as a
village site. Some occupation sites contain stratified deposits of
archaeological remains, either in the open or in rock shelters and
caves.

® Rock Art Sites. Paintings and engravings occur widely
throughout the Pacifiec region. Paintings are usually found on the
walls of rock shelters and caves where they are protected from the
weather. Engravings also occur in such locations, but they can also
be found on exposed boulders and rock cutcrops.

e Agricultural Sites. Agricultural systems involving drainage
or irrigation commonly left archaeological traces in the form of
terraces, stone and earth walls, and ditches (usually infilled with
sediment).

® DBurial Sites. Before the influence of Christianity, there
were many different ways of disposing of the dead besides burial in
the ground, and many of these have left distinet archaeclogical
traces. Some of these traditional methods are still used today.

® Sites of Traditional Significance. Some archaeclogical sites
of the types described here may have traditional as well as
archaeological importance. There are also other sites, mainly natural
features in the landscape, which are associated with origin stories,
myths, or particular cultural practices. These sites need not
necessarily have any archaeological manifestation.

¢. Survey Techniques. The likelihcod of archaeological sites
being detected is dependent on factors such as:
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¢ surface visibility, which is determined by the nature and
extent of the ground cover of grasses and shrubs, and of
organic litter such as leaves, bark, or twigs;

¢ burial of the original land surface on which the site occurred
by, for example, slope wash material, flood alluvium, or
windblown sand;

® exposure of the original land surface by erosion or by human
activities; and

® =site obtrusiveness--some sites, such as visually spectacular
paintings on a rock shelter wall, are easier to detect than
others, such as sparse surface scatters of stone artifacts and
pottery, especially in well-vegetated terrain.

Archaeological sites are normally located by survey techniques
that can range from a cursory inspection of the project area to an
intensive, systematic survey of the area. Some types of visually
prominent site {e.g., agricultural terraces) can be located using air
photo interpretation techniques. Sites that are now buried can only
be detected by excavation techniques. These can range from probing
the deposit with a steel rod or soﬁl augers, through the excavation of
test pits (each normally about 1 m“) into the deposit, to full-scale
excavations covering large areas.

d. Assessment of Significance. In discussing the significance
of individual archaeological sites and suites of sites, it is
important to realize that there are several, often interrelated, ways
of viewing significance.

Significance to the local community
Significance to the wider public
Educational significance

Scientific (or archaeological) significance

The various interest groups will normally have different views
about how significant a particular site might be. Surface scatters of
prehistoric stone artifacts and pottery containing examples of rare
types of artifact may be of considerable scientific importance, but
because they are not visually spectacular they are unlikely to be
considered important by educators and the wider public, nor are they
likely to have traditional significance for the community on whose
land they occur. Some sites have sacred or religious importance (such
as a cemetery or sacred reef) or depiet the location of an important
historical eveni, such as a major battleground or site of first
colonization of an island by a group of settlers. On the other hand,
a spectacular display of red ochre hand stencils in a rock shelter
close to a tourist resort and community school may be of considerable
interest to the wider public (especially tourists) and educators, as
it can be used to illustrate aspects of the local culture. If the
stencils were made recently by individuals known to the local
community, the site is likely to be of significance to that community
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also. If they are prehistoric, the site is likely to be less
significant to the local community. Hand stencils normally have
little scientific value and are therefore likely to be of little
scientifie significance. Hence all of these different viewpoints need
to be taken into account in devising a cultural resource management
strategy.

Two kinds of framework are most suitable for assessing scientific
significance (Bowdler 1983). The first of these involves assessing
the research potential of a site or suite of sites, and the second
involves assessing the representativeness of these sites. One aim of
any heritage conservation program should be to conserve for future
research repreasentative samples from different environments of all
classes of archaeoleogical sites. Such a strategy would alsc ensure
the conservation of a wide range of sites that have important values
to other groups besides archaeoclogists.

e. Management Strategies. When archaeological sites are
identified in an area of proposed development, and where they might be
affected by development, several options are possible. These might be
summarized as destruction, destruction with mitigation, or
preservation. Preservation is often made possible by modifying the
development slightly. If damage or destruction is inevitable and the
site iz deemed to be of value but not to be worthy of protection at
any cost, scme form of mitigation of its destruction may be warranted.
This might take the form of a detailed recordation of the site,
collection of artifacts exposed on the ground surface, or excavation
of structures or stratified archaeological deposits. If the site is
deemed "insignificant," it may simply be destroyed without further
action.

Detailed archaeological surveys can be expensive, particularly if
large areas, excavatilon, radio-isotope data, pollen analysis, midden
analysis, osteoclogical analysis, etc., are involved. If cost is a
major concern, archaeological surveys can be phased over time
beginning with relatively inexpensive reconnaissance level surveys
with limited subsurface testing. Such surveys can ldentify areas both
likely to include or exclude significant archaeological resources.
After such a survey is accomplished, decisions can be made early
during the planning process to move or redesign projects to avoid
potential significant adverse effects. In the process more expensive
archaeological surveys may no longer be needed in the same areas.

IIT1.C. QUANTITATIVE EVALUATION PROCEDURES:
STATISTICALLY RELIABLE MONITORING

This section is adapted from two 1987 East-West Environment and
Policy Institute publicaticns: Cost-Effective Data Acquigition by
Brian W. Mar, Wayne S. Mitter, Richard N. Palmer, and Richard A.
Carpenter; and Applying Ecology to Land Management in Southeast Asia
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by David E. Harper, Daniel B. Botkin, Richard A. Carpenter, and Brian
W. Mar.

Two common types of information used in environmental management
are (1) baseline information that estimates existing conditions or
abundance of resources and (2) monitoring information that estimates
that changes, if any, have occurred. In baseline information, a
common measure of worth of that information is the probability that
monitored (estimated) values of a parameter are within a given
percentage of that parameter's true value. This is dependent on the
number of observations and the variability of the observations.

In monitoring information that examines change, there are two
measures for evaluating the worth of that information: Type I and Type
II errors. A Type I error is to conclude that a change has occurred
when nothing has changed, while a2 Type II error is to conclude that
nothing has changed when change has in fact occurred. A Type I error
results in considering, or taking, corrective action when none is
needed; an error in favor of the enviromment, but costly. 4 Type II
error leads to failure to act when corrective action may be needed.
Type II errors may lead to serious environmental degradation or loss
of a resource and its associated value. It is important to know the
probabilities of making both types of errors.

TYPES OF ERRORS IN HYPOTHESES TESTING

TRUE STATE MONITORING CONCLUSION
OF NATURE
No change Change
No change CORRECT TYPE I ERROR
Change : TYPE II ERROR CORRECT

Most monitoring programs, however, exclude minimization of Type II
errors as part of their design.

Any quantitative information used in environmental impact
assessment should be evaluated in three steps. First, the error
bounds (or goodness-of-fit criteria) should be established, indicating
what tolerances are acceptable. Next, the probabilities that the
measured values will meet these bounds or criteria need to be
estimated. Finally, the risk to management associated with using
information of this quality needs to be recognized. Managers
typically are satisfied to avoid Type I errors 90 to 95 percent of the
time (i.e., a 5 to 10 percent probability of error). They often
igneore the probability of Type II errors.
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Statistical reliability
(confidence, power, precision)

Cost

Figure I1I.2. Relationship of statistieal
reliability to cost (Source: Mar et al. 1987:5).

1. How Much Will Better Information Cost?

Information is costly, and more data do not necessarily result in
better information. Figure III.2 illustrates a typical relationship
between the cost of more data and the probability that estimates from
that data meet the stated reliability criteria. The relationship is
far from linear and displays the characteristic "knee" or deflection
point where an increase in statistical reliability becomes small
compared to the added cost. As long as more data are obtained on the
steep part of this curve, the improvement (in information or in the
probability that the estimate is correct) is great relative to the
cost. To the right of the "knee"™ or deflection point, the improvement
in quality of information is much lower for each unit of cost. Since
information is costly, a manager must be informed of these cost curves
if trade-offas are to be made between the added investment in
collecting more data and the reduction of risk associated with
decisions based on these added data.

a. Cost Effectiveness. Cost-effective environmental baseline
surveys and monitoring are characterized by the following elements:

® Cooperative definition (by the manager with the assessor-
scientist-statistician) of the actual management problem,
specific objectives, decisions to be made, magnitude of change
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considered significant, and required reliability. Informaticn
that may be needed for assessment includes (1) baseline
conditions, (2) inventories, (3) discovery of cause/effect
relationships, (i) detection of violation of standards, (5)
evaluation of consequences of management action, or (6)
monitoring during operations.

® Generation of alternative monitoring program designs for
acquiring better information, including merely continuing the
existing programs.

e Detalled examination of promising alternatives in an iterative
interchange among the manager, menitor, and statistieian.
Each alternative design (for a program of data collection,
analysis, and presentation) is screened and assessed as to
feasibility, time and space constraints, understanding of
biophysical relationships, and various associated costs. The
most promising designs are optimized, using refined estimates
of costs and quality of output information.

This procedure can quickly rank monitoring program design
alternatives and, most important, can indicate when a design is far
off the optimim "knee" of cost effectiveness.

Figure I11.3 shows how monitoring is related to management
objectives. In collaboration with the resource manager, the designer
lists all reasonable alternatives for acquiring the data.

Objectives, indicators, parameters, and methods should be
defined. Objectives here are those that have been discussed by the
resource manager and the monitor-scientist. Specific indicators or
groups of indicators are chosen that can best lead to conclusions as
to whether objectives of a sampling or monitoring program are being
met. The indicators may be independent or may be functionally
related. The relationship bef{ween indicators should be described as
fully as possible. Parameters must be quantifiable measures that
efficiently describe their respective indicators. Relationships
between parallel (interdependent) parameters must be established, and
their degree of correlation calculated.

Criteria used to choose monitoring methods include probable
economic feasibility, availability of equipment and trained personnel,
credibility or public and pelitical acceptance, and time constraints
(see Mar et al. 1987).

There are separate goals for quantitative baseline surveys and
monitoring. One goal for the first type of sampling program is to
establish the mean value of a parameter with statistical reliability.
Other goals include qualitative assessment leading to early decisions
to relocate or redesign projects to avoid significant adverse effects.
Such aveoidance may eliminate the need for many quantitative data
gathering and monitoring programs. When needed, the goal for a
quantitative monitoring program is to detect, with statistical
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[Satellite imagery] [Aerial pholographyl [Ground survay]

Figure II1I1.3. Hierarchies of data acquisition concepts (design tree)
(Source: Mar et al. 1987:11).

reliability, whether a significant environmental change has occurred
before and after an act of intervention.

The separate goals for baseline surveys and monitoring can best
be illustrated with an example: Low levels of dissolved oxygen (D0Q) in
a reservoir are a suspected cause of fish kills, and it is felt that
mechanical aeration in one sector of the reservoir can bring the DO up
to satisfactory levels. In a proposed sampling program, DO
concentrations will be the measured parameter.

The goal of a baseline survey is to determine, at minimum cost, a
mean value of DO (i.e., a sample mean), which represents the mean
reservoir DO with a specified degree of statistical reliability. The
goal of a subsequent monitoring program, after mechanical aeration in
a sector of the lake, is to determine, through sampling "before" and
"after,” at minimum cost and with a specified degree of statistical
reliability, whether change has occurred in the reservoir with respect
to DO and, if so, how much.

b. Basic Statistical Conéegts. A simple statistical model can
be used to relate the number of observations taken to the difference
between the mean of the cobserved data set and the true mean of the
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population. To illustrate the use of this model, consider a baseline
survey for estimating average monthly rainfall in a watershed.
Usually, design of a sampling program proposes placing rain gauges
throughout the watershed and observing the rainfall in each gauge
monthly. An OBSERVATION is the observed rainfall in a gauge (e.g.,
inches of precipitation) and is represented by Xq1. VARIATION is a
general term characterizing the difference between each of the
observations in a set of ohservations. If all observations are
identical, there is no variation. If each observation is
significantly different from the others, the variation is said to be
great.

The SAMPLE MEAN (x) is the average of n observations:

The value of the real population mean () is unknown unless all
members of the population can be observed and correctly measured. In
most cases it can only be estimated from means of sample sets.

SAMPLE VARIANCE (82) is defined by the expression:

(x, - E)z e .+ (xn - f)z

n-1

STANDARD DEVIATION (S) for a sample set of observations 1s the square
root of the variance for that set of observations. Standard deviation
for an entire pogulation is usually designated as Greek sigma (0).
The variance ( ¢¢) of a population cannot be determined unless all
members of the population are known. The variance of a sample set may
not approach the variance of the population unless very large numbers
of' observations are available.

The term TOLERANCE is introduced to indicate the difference
between the real population mean and the mean computed from a set of n
observations. TOLERANCE is defined as (i - X). Sometimes tolerance
is expressed in terms of a confidence interval (a bound about M),
e.g., + 50 percent. Precision (P) of a set of observations is defined
as the tolerance divided by the standard deviation of that set of
observations:

Precision is a measure of the signal-to-noise ratic for the
populations being observed.
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The number of samples required to obtain a "good" estimate of the
mean and standard deviation of the variable of interest can be
calculated. If the standard deviation is zere, only one sample is
required to estimate the mean. As standard deviation increases, a
greater number of samples are required to provide the same level of
confidence for an estimated mean.

Few baseline surveys can afford as many observations as needed at
a given staticn to obtain accurate estimates of means and standard
deviations for use in designing sampling programs. Therefore, prior
knowled ge or experience must often be used to estimate the standard
deviation of the population or variable of interest. Approximations
of standard deviation provide adequate information for most sampling
program designs. Furthermore, it is often (but not always) more cost
effective to use literature values or expert judgment for estimating
means and standard deviations than to measure these values in field
predesign efforts. The money spent in predesign sampling can be
better allocated to sample collection for the actual baseline survey
or monitoring program.

Figure III.4 provides a basis for discussion of statistical
concept s in a baseline survey. Here G represents the probability that
X is within a specified bound of u (e.g, within two standard
deviations of M). Also @ represents significance level, and 1-a
represents confidence level.

If a sample of the population in Figure III.4 were taken, and if
the sample mean X were observed, a question arises: What is the
probability that X will be within a tolerance range of u, when a
sample of n observations is drawn from the population? If the
tolerance is specified in terms of a bound about g (the population
mean), then for a normally distributed population, the probability
that X falls within a specified bound (confidence interval) can be
computed. For example, if the confidence interval is specified as
approximately + twice the standard deviation, the significance level
can be stated as .05, and the confidence level as .95 or 95 percent.

A ™g-distribution model" is used to define confidence interval
for an estimate of the mean of a normal population. Given the
assumption that a population of interest is normally distributed, and
having calculated the mean and the standard deviation of this
population of interest, the t-distribution model can be used in a
trial-and-error solution to define the number of samples needed to
estimate a mean at a desired significance level. Figure III.5
present s results of using this type of model to compute curves for 80,
90, and 95 percent confidence levels. The curves show the number of
samples required as a function of precision. Figure III.5 is
particularly useful for preliminary judgmen:s a3 to the number of
samples necessary to establish values of pa-ameters of interest in a
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X = Observed mean
of a sample
(sample mean)

24

M = Population mean

& = Signiticance level
1— @ = Confidence level

Figure III.4. Significance and confidence (Source:
Mar et al. 1987:27).
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baseline survey. A value for precision appropriate for
decision-making in a specific situation should be selected.

In both baseline surveys and monitoring programs, if observation
costs are approximately equal for replicates taken at different times
and places, the strategy for design of a sampling program should be to
allocate more observations to periods or zones where the estimated
natural variation and measurement errors are the largest. If there
are differences in costs, then the observations with the lowest cost
and highest variation should be the most frequently measured.

The precision of an estimate improves with the square root of the
number of samples. Thus, ilnereasing the number of samples does not
give a linear increase in precision.

David (1985) reminds those designing monitoring programs that
precision increases directly with reduction in standard deviation.
Since the standard deviation of a population may be associated with
the differences in characteristics between members of different
subpopulations {(e.g., different forest canopies, soil types, or reef
zones) , stratifying a large population into subpopulations that have
some uniformity will yield a lower variation for each subpopulation.

Knowledge of natural variations in space and time for each
parameter of interest is a key element in designing a sampling
program. Qualitative surveys can often detect reasons or hypotheses
for observed predictable patterns of variation. In the case of
precipitation, there are usually wet periods and dry periods. With
climate, there are warmer and cooler months. Most biological
organisms have periods of rapid growth and periods of dormancy or
slower growth. Within a watershed, specific types of soil and
vegetation are not generally uniformly distributed. Within
waterbodies, layering and patchiness can occur. The common practice
of using monthly intervals between sample occasions should be
seriously challenged. In most cases, the phencmencn of interest does
not vary randomly during the year. All of the preceding situations
argue against uniform sampling in space and time and for
knowledge-based stratification of the population.

Another strategy used to reduce the variance of samples with time
is to composite samples. An example is the measurement of storm
runof f quality. If a flow-splitting device is constructed that allows
the accumulation of a fixed fraction of the storm runoff, analysis of
this composite sample will smooth out many of the short-term
variations present in samples collected at discrete intervals in time
(Clark and Mar 1980). Although less information is obtained, the
information does have much less variation. Thus, the sampling program
designer must consider a trade-off between a large number of samples
with a large variance and a smaller number of samples with less
variance.

Another source of variance is associated with experimental
techniques, equipment problems, and analytical errors. Replicates of
observations at the same place and time are often made to estimate
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this experimental error. Care mist be taken that selection of
replicates accounts for both analytical and collection errors.
Dividing a sample into two aliquots for replication only checks
analytical errors and does not reveal collection errors. Most
sampling collection errors can only be observed by obtaining several
samples at the same place and time. In practice, analytical errors
can be reduced more easily than collection errors.

Examination of the literature describing the collection of
watershed baseline or monitoring data suggests that typical
measurement errcrs for physical and chemical parameters are within 25
percent of mean observed values, while measurement errors associated
with observations of living organisms are 50 percent or more of mean
observed values (Mar et al. 1985). Natural variations due to temporal
or spatial factors appear to be much greater than collection or
analytical errors. Typical values of natural variations range from
100 to 400 percent of observed mean values for both physical and
biotic parameters.

2. Costs of Monitoring

A simple cost model for designing quantitative monitoring
programs is:

c=¢cC +(TxCT)+(SxTxCS)+(NxSxTxCN)

0
Where
c = Total annual costs to sample a target variable
CO = Annual overhead costs to sample
CT = Cost to locate team on site on each occasion
CS = Cost to move team to each station on any occasion
CN = Cost to collect, analyze, and process data for a
sample at any station
T = Number of sampling occasions each year
S = Number of stations sampled each occasion
N = Number of replicate samples taken at each station on

each occasion

Under this model, costs are divided into overhead costs, trip or
occasion costs, station costs, and sampling and analysis costs. The
total number of samples collected during a year or any other design
period is the product of the number of trips made to the watershed
(T), the number of stations visited on each trip (S), and the number
of replicates taken at each station (N). Increasing the number of
trips will add NS more samples each trip. Increasing the number of
stations adds TN samples per station, and increasing the number of
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replicates adds to the number of samples TS per replicate. Since NS
does not have to equal TN, nor does NS or TN need to equal TS, and the
cost of adding N, S, or T can be different, there will be trade-offs
in deciding on the value of information gained by adding one station,
one trip, or one replicate to the program design versus the added
cost.

a. Definitions. The cost of a replicate is the easiest cost to
define. It is the cost to c¢collect and analyze one more sample,
assuming that you are at the station. Even for this cost, there can
be wide variation in the reported cost due to the various methods used
to account for the cost of capital equipment used in the ccllection
and analysis of a sample. For example, if the sample is an aerial
photograph, the cost of the camera may or may not be included in the
sampling costs. If the sample requires chemical analysis, 1is
laboratory instrumentation included in the replicate cost? It is not
possible to adjust reported replicate costs for the many different
accounting schemes that are used to allocate capital costs, but the
general guldeline for replicate cost 1s that it should reflect the
costs the collector faces, once on station, to perform the collection
and analysis of the sample. A crude approximation of this cost, if
real cost data are unavailable, would be the cost for an independent
laboratory to perform these services.

Station costs are site-specific since they reflect the cost to
move from station to station on a given occasion. Station costs are a
function of the distance between stations, the time to travel this
distance, the mode of transportation used, and the size of crew needed
to perform the sampling. The cost for use of a vehicle, boat, or
plane varies with accounting practices. 1In some cases there is no
charge, and in cothers full cost recovery must be paid. Labor costs
vary from country to country and may not be included in some
estimates. If labor costs are included in station costs, they must
also be included in the other cost terms. One of the major accounting
issues is whether the cost of establishing a station is to be included
as a station cost or an overhead cost.

The trip (occasion) cost is difficult to estimate since it
represents the cost to assemble the sampling crew in the field but not
to travel to the stations or to collect any samples. Occasion cost is
incurred even if trips out to a sampling station are aborted.
Accounting practices again will control reported values. However,
costs such as travel from the office to the watershed, lodging costs,
and labor costs associated with the base operations at the watershed
are included in this term. Like station cost, this cost term is also
site=specifiec.

The overhead cost term accounts for all other sampling program
costs not allocated to the other terms. Capital costs can be
allocated to this term rather than to others. Suggested practice is
to allocate equipment capital costs to each of the other terms if the
equipment either is purchased solely for this program or will not be
used for other programs. When capital equipment is used for many
projects, it may be rented to this project and these costs allocated
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to the other cost terms. Since the overhead cost term is a constant,
allocating major cost items to the overhead term will make the
trade-offs less sensitive to the variable cost terms.

b. Typical Parameters to Sample. Watershed management usually
requires the collection of (1) data to classify land capability; (2)
inventories of natural resources such as vegetation and wildlife; (3)
census data on human populations and economic activities; (U4)
hydreologic data on rainfall, runoff, stream flow, and detention times
in lakes and impoundments; (5) data on erosion and sediment transport
rates; and (6) data on water quality, aquatic communities, and fish.

Before data acquisition cost estimates are presented for
different sampling scenarios, a brief discussion of alternative
methods for watershed survey and monitoring is presented here.

e Land Use and Related Data. Aerial and other remote sensing
methods constitute a significant breakthrough in land-related
observations. A single photograph or image can record land use,
surface water, vegetation, slope, and so0il characteristics of very
large regions. The higher the resolution used in the observation, the
greater can be the detail recorded for any area. Trade-offs in this
type of data collection involve the size of area contained in each
image, the number of spectral channels that are recorded, and the use
of photographic film versus the use of electreonic images. The larger
the number of images needed for a given area, the higher the replicate
costs (more images to collect and interpret) and the greater the
number of passes that will be required to collect these images.

Aerial photography and other forms of remote sensing are used to
def'ine vegetation patterns, wildlife populations, erosion patterns,
‘and even algal blooms in lakes and reservoirs. Costs for these
observations are similar to the other land-related parameters and will
be much lower per unit of land than on-site sampling.

Remote sensing tends to have high trip and station costs, and
relatively low replicate costs. If the sensing is performed from an
aircraft, the cost to fly to the site and to each station will be
hundreds of dollars per hour. Occasion costs will be high since plane
rental must be paid even if no pictures are obtained. Although the
cost of the photo and photo interpretation is small (tens of dollars),
if digital analysis of an image is required, analysis cost can
approach station or occasion ¢osts. High resolution sensors generate
very large streams of data and consequent costs for interpretation.

® Hydrologic and Water Hesource Data. Such data have very high
station costs because weirs, gauges, and flumes must be constructed at
each station. These costs are included in station costs rather than
in overhead if the trade~offs are to reflect real costs and value of
additional information. If extremes of flow and rainfall are of
interest, recording rain and flow gauges must be installed to provide
a continuous record of these events. If average values are
acceptable, splitting weirs and rain buckets with much lower
investment per station will suffice. Station cost for flow and
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rainfall measurements should include the cost to capture the sample
(weirs, recording gauges, and automatic samplers). Investments of
$10,000/station may be necessary to provide continuous data, while
only a few dollars may be needed for rain buckets and gauges.

Assuming that a $10,000 hydrologic station may last for 5 years
and that weekly observations are to be made, cost per station visit
will be about $40. Station and occasion costs can be much higher than
replicate costs for hydrologic data, since the cost to record
precipitation/flow data is very low. With automatic samplers or large
weirs, station costs can approach $100, while replicate costs are only
a few dollars.

Rainfall and runoff estimates in a watershed based on
observations at a single rainfall station are not precise. The
trade-off between the variance of the runcff estimates and the number
of rainfall stations is a common problem. If a single observation of
runoff or stream flow is used to estimate weekly or monthly flows, the
large variance in these types of observations leads to estimates with
large error bounds that can be reduced only by the availability of
more frequent observations.

e Water Quality Data. Spatial and temporal variability of water
quality observations is compounded by chemical, physical, and
biological reactions that magnify fluctuations in quality. The common
practice of using grab samples of water from large waterbodies creates
major errors in estimated concentrations of pellutants in lakes,
rivers, and estuaries. One method of reducing this variation 1s to
take many samples in either space or time and composite these into a
single sample that represents an average of the overall waterbody.
Compositing reduces replicate cost, since only one rather than many
samples must be analyzed. An innovation to obtain a betiter composite
sample is to use a power boat and collect samples by ramming a tube
through a long transect of water. The coat to traverse a few miles of
water is much less than the cost to analyze one sample of water.
Moreover, major cost savings and more precise estimates of water
quality result from use of such composite samples. This sampling
concept can be applied to flowing waters by diverting a small fraction
of flow for long periods into a collection container. This practice
will reduce the number of samples to analyze, since it provides a
time-integrated sample. The power boat ram provides a spatially
average sample. However, information concerning spatial or temporal
variation is lost when samples are composited; this variation often is
of primary interest in watershed management.

As many as 30 water quality parameters may be analyzed in each
sample. Typical analytical costs are:

Analyses requiring extensive $10-15/parameter
digestion or wet chemistry
such as BOD, COD, nutrients

Trace metals $50 for each metal
(including preparation for analysis)
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Suspended solids, volatile solids $10-15/parameter
Coliforms $10-15/sample
Oxygen, temperature, conductivity, $1-5/sample or

pH, oxidation/reduction $100/day to rent

a probe for field use

Trace organic compounds (gas $2,000-3,000/sample

chromatography/mass spectrometer)

Suite of common znalyses including $100-~150/sample
most of the above except trace
metals and organics

Since station costs depend on the size of the vessel needed to
reach a station, these costs can vary from a few to hundreds of
dollars per station. Occasion costs also include nonrefundable
charter costs of a boat, vehicle, and test gear, when an occasion must
be cancelled.

Water quality trade-offs depend upon the number of times each
parameter must be analyzed. Although the cost to obtain a sample of
water will be low, the cost to perform analyses on all possible
parameters can reach several hundreds of dollars. The number of times
each parameter needs to be analyzed is a critical sampling design
question. Just because a sample is available, it need not be analyzed
for all parameters.

¢. Biological Data. Virtually all 1life forms are not evenly
distributed in both space and time compared to water quality
parameters. Fish can avoid detection devices and nets, and so present
capture problems. Planktonic life forms are easy to capture and
concentrate at certain depths and boundary layers but require much
time and effort to identify. Benthic life forms are patchy and often
show zonation patterns. Extensive sampling is required to obtain
meaningful information.

Most life forms cannot be captured in a bottle like a water
sample. Expensive nets, acoustical gear, poisons, and electroshock
equipment all add to replicate gosts. If a sampling method requires
towing a large net over miles of water, replicate costs become much
larger than station or occasion costs. If the samples must be
collected or surveys conducted underwater by scuba diving, then data
collection costs are higher. Replicate costs are also increased if
large fractions of the population must be tagged, or when the captured
animal must be examined for toxic chemicals or physioclogical defects.
These same types of problems can also be encountered vwhen estimating
populations of terrestrial animals.

If the replicate sample is simply measured by number, mass, or
volume, costs may be as low as $10 a sample. Station and occasion
costs for ecological sampling are site-specific. Large waterbodies,
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remote watersheds, and natural forested areas require extensive effort
to establish base camps and expensive transportation modes to reach
the stations. Small rivers and local watersheds may be easily reached
and present only minor costs. Archaeological sampling is often
expensive since many cultural resocurces are embedded in subsurface
soll layers, which complicate siting, density, and other sampling
strategies.

d. Sampling Costs. When trade-offs are needed for sampling
program design and cost estimates are not available, the
approximations listed below are suggested. Local experts should be
consulted to modify these estimates to reflect local conditions and
costs. Absolute values of these cost factors are much less important
than the ratio of these factors in the sampling design trade-off

analysis.

Occasion Station Replicate
cost cost cost

Land use, remote $500 $200 $50-150
sensing, aerial
photos
Soil identification, $50 $20 $10-15
vegetation plots
Rainfall, runoff, $50 $50-100 $5-10
stream flow
Water quality $50 $20 $100-150 spectrum;

$10~15/vet chemical;
$1-5 temperature, pH,
conductivity; $25
oxidation/reduction;
$50/metal; $2,000
trace organics

Biological $50-500 $20-500 $10-20 biomass,

organisms weight, or volume;
$50-100 identifica-
tion of type and
condition

3. Making Sense_of Monitoring Data

Statistical analysis is now often performed by computers, using
common software packages. These programs can produce a confusing
array of test results and give the impression of great precision. The
ease of calculation has not, however, reduced the need to understand
the assumptions and limitations of statistical analysis and the proper
application of results.
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Figure I1I.6. Within-group and between-group variance. Assuming the
same number of samples, the large variance in the populations of
Groups A and B makes the difference between their means (a and b) not
significant. The mean values of Groups C and D are identical to those
of A and B, respectively, but the difference between ¢ and d is
significant because the within-group variance is small (Source: Harper
et al. 1987:53).

This section provides a brief overview of some important data
analysis techniques: analysis of variance (ANOVA), correlation, and
regression.

a. Analysis of Variance. ANOVA compares between-group variance
and within-group variance to determine if the two (or more)
distributions are significantly different. Hence, ANOVA helps to
distinguish whether experimental results are significant given the
amount of variation in the populations and phenomena under study
(Figure III.6).

The variance in monitored values can arise from natural variation
or from experimental errors {including measurement and analysis
errors). ANOVA aids assessors in diseriminating between random and
induced events. If the variance of more than two variables are to be
compared simultaneously, then the researcher may use multiple analysis
of variance (MANOVA). For the ANOVA or MANOVA results to be reliable,
the samples must be randomly selected, the variables must be
independent, and dependent variables must be normally distributed.

b. Correlation. A common measure of association between two
variables is correlation analysis. The numerical index of the
strength of correlation between two variables is the correlation
coefficient or the standard deviation of measured values arcund the
regression line. Correlation coefficients range from +1.00 to -1.00,
both representing perfect correlation. A coefficient of 0 indicates a
complete absence of association between variables. Figure III.7 shows
these relationships graphically. Correlation analysis requires that



92

r= 10 . . r= =10 r—0.0. r= 9.7 R
o- .. ..
* e 22 =1.0 . o« " .
K Y LITT Yy Y .
.. . L]
L ] - . * _
o. rz = 1.0 .I. o * o rz -
o R 'r2 =0
b 4 X X X

Figure III.7. Correlation coefficients (r) indicate the strength of
relationship between two vgriables, X and Y. The square of the
correlation coefficient (r”) gives rough estimates of the proportion
of total data explained by the interrelationship of the two variables
and is called the coefficient of determination (see text) (Source:
Harper et al. 1987:55).

the variables under study be independent (i.e., the value of one
variable has no effect on the value of the other).

¢. Regression. Regression analysis attempts to describe or
predict the behavior of one variable as a function of one or several
other variables. Bivariate, linear, or simple regression considers
two variables, and multiple regression correlates several independent
variables with a dependent variable. In Figure III.8, the rainfall
erogivity factor of the universal scoil loss equation is the dependent
variable (traditionally plotted on the Y-axis), and the average annual
rainfall is the independent variable. From a plotted "scattergram" of
measured data, a regression line (or line of "best fit") is fitted
manually or mathematically. The regression line minimizes the squared
deviations between the data points and the line. Once the
relationship between X and Y has been plotted, the regression line
permits estimation of unknown values of one variable from the known
values of the other variable.

The regression equation describes the regression line and conveys
informat ion about the relationship between the variables under study.
The equation is usually in the form of:

Y=al+Db+e

where Y = Value of the dependent variable
X = Value of the independent variable
a = Slope of the regression line
b = Intercept of the regression and the Y axis
e = The error term, or the unexplained variance

Simple regression analysis requires that the relationship between
dependent and independent variables be linear. In most cases in
nature, however, such relationships are not linear. The mathematical
process of converting nonlinear plots to linear relationships is by
data transformation. Although there are many methods of transforming
data, most of them involve converting standard plots of data te
logarithmic plots. The resulting log-transformed data can be

subjected to regression analysis in the same way as linear data. The
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exponential curve of human population growth shown in Figure III.9 can
be straightened by a log transformation.
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Figure III.8. Regression relationship between erosivity values and
average rainfall. The regression line represents the "best fit" of
the line to the data and is described by the equation ¥ = 3.48% +
38.48 (Source: Adapted from Lo et al. 1985:388. Reprinted with
permission).
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Figure III.9. Log transformation of the exponential growth curve in
"A™ creates a linear relationship in "B," capable of being analyzed
using regression analysis (Source: Harper et al. 1987:59).
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d. Spurious Correlation. Users and producers of statistical
information such as regression and correlation should be wary of the
so~called spurious correlation or the "post hoc fallacy." A
statistical relationship established between two (or more) variables
does not necessarily indicate a causal or real relationship. For
example, the length of women's skirts has been correlated with stock
market performance. Although the relationship may be statistically
strong, skirt length is clearly an inappropriate variable to use for
nodeling the behavior of the stock market, and the study has no
descriptive or predictive value. Good sense and a thorough
understanding of the phenomena under study are necessary preconditions
for using and interpreting correlation and regression. Suitability of
variables is a basic criterion for evaluating statistical information.

e. Significant Figures. The accuracy of experimental results is
reflected in the number of significant figures in data presentation.
To report more significant figures than are justified by the accuracy
of an experiment is misleading and should be scrupulously avoided.
Variance is intreduced into an experiment in three basic ways: natural
variance (in the environment), collection variance (the difference
between two samples collected at the same time and place), and
analysis variance (the difference between laboratory analysis of
identical samples)}. Controlling natural variance is the slowest and
often most difficult task. The range of natural variance may be
obtained by surveying the literature for relevant studies and variance
estimates. TRough estimates of the variance introduced from these
sources can be summarized as follows: :

Source Typical Variance % Remedies

Natural 100-1000 More monitoring
sites or occasions;
stratified sampling

Collection 10-50 Repetition of sampling
Analysis 10-20 Improved lab techniques
The cumulative variance in a study should be reflected in

published results. The following example indicates the effect of
total experimental variance on warranted significant figures.

Warranted Proper

Total Measured Unit Number of Signi- Published
Variance (%) Value Yariance ficant Figures Value
10 112.34 + 10 2 110
100 112.34 + 100 1 100

1000 112.34 + 1000 0 0
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This example reveals that despite the comforting precision of the
me asured values, the amount of variance in an experiment justifies
only a restricted number of significant figures for reporting the
results in order not to mislead the audience.

4., Non-parametric Statisties (Distribution-Free Methods)

Use of analysis of variance and other parametric tests may be
inappropriate in analyzing or comparing data sets due to
non-conformance of the data to reguired assumptions inecluding
distributions around the mean. For example, data transformations to
render a "normal"™ distribution of the data may not be possible, and
ANOVA in this instance could not be used. As an alternative,
distribution-free or non-parametric tests may be appropriate for use
to analyze for significance between two or more sets of data. They
are called non-parametric methods because their null hypothesis is not
concerned with specific parameters (such as the mean in ANOVA) but
only with the distribution of the variates {(data). Non-parametric
tests are popular because of the ease in computations and freedom from
worry about more rigid assumptions associated with ANOVA and other
parametric tests. However, ANOVA should be the preferred approach
where the required assumptions hold true due to greater efficiency in
detecting significant or non-significant departures from the null
hypothesis.

Non-parametric tests are particularly useful in comparing the
ranks or signs of two or more separate groups of data. In such
instances, the data are simply assigned ranks (e.g., on a scale of 1
to 10) or signs (+, -) on the basis of their magnitude and
associations. These assignments are then compared and analyzed to see
if the populations sampled are actually different or not using any one
or more of a number of available tests, such as the following:

Kruskal-Wallis test

Mann-Witney tests

Friedman's method for randomized blocks

Wilcoxon signed-rank test

Kendall's coefficient of rank correlation (see sample
calculation, this section)

Spearman's rank correlation coefficient

Olmestead and Tukey's corner test for assoccilation

The details and computed examples of such tests can be found in many
statistics books such as Sokal and Rohlf (1969) and others. The above
tests have been successfully used in a number of applications over the
years and require only simple computations. They offer an alternative
in situations and locations where computers and local statisticilans
are not available for detailed assistance or guidance.
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SAMPLE CALCULATION OF A NON-PARAMETRIC STATISTIC: THE XENDALL COEFFICIENT OF
RANE CORRELATICN (after Siegel 1956 and Kendall and Stuart 1961 in Sckal and
Rohlf 1969)

I, Purpose. At ten stations surrounding an embayment subject to riverine
sedimentation, data are collected on live coral coverage (percent cover) and
water turbidity (nephelometric turbidity units). The Kendall coefficient of
rank correlation is selected as the test to determine if there is statistically
significant correlation between coral coverage and turbidity.

ITI. Raw Data and Rankings. The following data are collected at 10
stations (A thru J): Coral coverage (71) and turbidity (Y>). The values of
each are then ranked as shown below from highest to lowest for coral coverage
(Rq) and from lowest to highest for turbidity (Ro). The hypothesis is that
turbidity negatively correlates with coral coverage.

Coral Turbidity

Station Coverage (‘71) Rani (R1) Value (72) Rank (Rz)
A 85 3 2.4 4
B 43 5 6.1 6
c Ly h 1.0 1
2] 22 6 7.3 7
E 93 1 1.2 2
F 17 T 9.0 8
G 91 2 1.3 3
H 10 8 3.5 5
I 7 9 17 9
J 0.1 10 24 10

n=10

III. Calculations: The first computation i1s to tally the sum of counts
between the two sets of rankings (ZCi). The counts give an approximation of
how well the two sets of rankings agree. There are several ways to obtain the
ECi value; one iIs simple counting as shown in the next paragraph. The computed
value of X Cy is 39.

A. Conventiocnal Counting Method

List subsequent ranks (of R»)

R1 R2 greater than pivotal rank Counts (Cy)
1 2 31416:7|8’539!10 8
2 3 4,6,7,8,5,9,10 7
3 ll 617:8;5!9,10 6
h 1 6,7,8,5,9,10 6
5 6 7,8,9,10 4
6 7 8,9,10 3
7 8 9,10 2
8 5 9,10 2
9 9 10 1
10 10 - 0

n
Xc, =139 39
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B. Caleculation of the Quantity N, the Critical Value

n
4 ECi-n(n-U

N =
N = 4(39} - 10(9)
N = 156 - 90

N = 66

€. Determination of Probability

To determine the probability (a) of a particular N value based on the
number of samples (n), a table is consulted. One table is based on n with
values of 10 or less. Another table and slightly modified procedures are used
to determine probability for n greater than 10. Since, in our example, nm = 130,
the first ‘table is consulted as shown:

n a= 0.05 a: 0.0t
5 20 -
6 26 30
7 30 38
8 36 ' 4y
9 40 52
10 46 58

The table shows the N values corresponding to probabilities of 5 and 1
percent (0.05 and 0.01) for specifie n values. We consult the last line (n =
10} and determine that our N value of 66 exceeds both the Na@ values for 0.05
and 0.01. Hence, we can conclude that negative correlation between turbidity
and live coral coverage is highly significant statistically, with a probability
of occurrence of lesa than 1 percent (< 0.01).

IV. Y¥ariations. For more complex examples where n > 10, Kendall's
coefficient T of rank correlation is computed from the following formula:

T=X
n(n - 1)

In cases where the same data values lead to tied rankings, different
equations are used to calculate T and determine possibilities.
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III.D. GEOGRAPHIC INFORMATION

Geographic data in the form of aerial photographs, other airborne
imagery, and maps are among the most important information for both
project-specific or long-range environmental planning. Such
information collected at the same place but at different times gives a
historic record of envirommental change, or stability. Geographic
data provide the basis to calculate the area of mappable resources and
impact s; to help site settlements, roads, ports, and agricultural
areas; to formulate land use and coastal zone plans; and to facilitate
impact analysis using overlay techniques. Photographs and maps are
easily read, interpreted, and transcend language or cultural barriers
to communication and analysis. Aerial photographs can also be used to
establish field surveys and sampling strategies to reduce cost,
improve efficiency, and ensure adequate sampling of all relevant
habitats and environments.

1. Aerial Photography

Most modern large-scale maps (those that show considerable detail
within small areas) now rely in part on aerial photography.
Photographic interpretation and ground-truthing {(spot checks in the
field to verify photo-interpretations) are alsc important components
of mapping. Great strides in both map making and aerial photography
were made during the World War II era as part of military intelligence
gathering. The standard aerial cameras of the time {(the Wild RC-10
and 11 with 9" x 9" negative format, for example) still provide among
the best quality photographs available, and capabilities have been
enhanced through decades of improvement in film quality and
processing. Film is readily available in black and white, visible
color, near infrared color, print negatives, and positive transparency
types.

-Vertical aerial photographs are needed for accurate map making
and are more useful than oblique aerial photographs. Cameras are
mounted in the floor of a plane or jet aircraft. The aircraft follows
predetermined flight lines, velocities, and altitudes, usually along
straight courses and constant altitude, and the camera takes a series
of overlapping frames of the land or seascape. Although the camera
faces straight down for vertical photographs, only the central part of
each photograph is truly vertical and free of distortion. At
increasing distances from the center (or vertical), distortion results
from increasing side angle and distance between the camera and the
sub ject (ground surface). This distortion is greater for wide-angle
photographs. Most distortion is predictable and can be optically
corrected to produce orthogonal aerial photographs. Other
calibrations involve locating =pecific surveyed landmarks on the photo
to establish distance scales and map coordinates (e.g., longitude and
latitude). Standard geodesic survey techniques are used to make and
calculate the exact locations of the ground control points. Although
corrected aerial photographs are needed for map making, uncorrected
photos can still provide many important types of environmental
information and serve as the basis for rough maps.
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2. Low-Altitude Aerial Photography

Low-altitude imagery offers the greatest resolution and detail
but has limited field of view {or swath). Hence more photographs and
flying time are needed per unit area. Common scales range from 1 inch
= 20 ft to 1 inch = 1,000 ft (or 1:240 to 1:12,000, respectively).
Common purposes for low-altitude photography include surveying
proposed road alignments, settlements, ports, coastal zone resources,
master planning, and facilities planning. Low-altitude photography is
also important for flooding or inundation analysis, for the monitoring
of beach or shoreline changes, the stability of stream courses, and
changes in agricultural or forest cover or conditions. Low- and
medium-altitude aerial photography is also important for accomplishing
coastal resource inventories as described later in this section.

3. High-Altitude Aerial Photography

This type of imagery is often collected using jet aircraft or
reconnaissance aircraft. Distant scales vary from 1:50,000 to
1:200,000 or more. Sophisticated military intelligence ("spy")
aircraft, cameras, and special high resolution film are used to obtain
multispectral imagery. Up to four different types of photographs are
simuiltaneously taken by a bank of cameras to collect several types of
imagery, each with unique properties or attributes (see Table III.Z2).

Special permission or arrangement with military or aerospace is
often needed to take advantage of high altitude aerial imagery (e.g.,
the U.S. NASA U-2 aircraft missions). On a daily basis, the cost of
the imagery is high but the coverage is so much greater (due to a
wider swath and greater speed of the aircraft) that the unit cost of
imagery can be low, especially when several users or clients Jjoin
forces to sponsor a mission to a particular region (e.g.,
"daisy-chaining"). Entire island nations can be covered in a few
hours to a few days.

Other advantages of high-altitude aerial photography include less
distortion and good to excellent resclution for most spectral
categories. Disadvantages include chromatic attenuation and fading at
high altitude; interference from smoke, dust, haze, and cloud cover;
and distortion from thermal anomalies in the atmosphere.

4. Satellite Imagery

Recent advances in the quality and resolution of satellite
imagery have improved its value for geographic data collection.
Although resolution (minimum resolution units or pixels) is not as
good as high-altitude or low-altitude photographic imagery,
discrimination has been lowered to 30 to 100 m for U.S. satellites
(EROS, LANDSAT) and 10 m for the new French SPOT satellite. Satellite
imagery can be commercially purchased as individual frames or imagery
and in a variety of spectral signatures. It is particularly well
suited for coverage of large areas, remote islands, and monitoring of
global atmospheric trends, and for tracking of tropical storms and
typhoons. OSome disadvantages include resolution limitations;
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photographic imagery

Comparisons among major spectral categories of aerial

Type

Advantages

Disadvantages

Narrow band
(black and white)

Near infrared
(false color
infrared)

Thermal
infrared

Radar
wavelength

Visible color

High resclution and good
water depth details (up to
50 ft)

Excellent discrimination
among vegetation, crops,
and other photosynthetic
organisms

Detects temperature anoma-
lies (especially in water
bodies), such as cold water
or warm water plumes and
discharges

Highest resolution due to
short wavelength

Great discrimination at
depth in the ocean; good
discrimination between most
land-cover categories

Discrimination between
different hues of sanme
shade is not possible

Poor depth penetration in
lakes, ocean waters
{maximum of 3 to 6 feet)

Poor resclution; normally
requires use of a scanner
(emitting device) to
bounce the thermal IR
waves off the land surface

Rapid atteruation; low
subsurface penetration
often requires use of
scanner

Some color attenuation at
high altitude; cloud and
haze interference

atmospheric haze, distortion, and cloud cover; and some color

attenuation in the visible range.

As with other imagery, satellite

imagery can be cclor-enhanced and digitized, and the many advances in
the use of satellite imagery is described later in this section.

5. Cartography or Map Making

Table III.3 suggests a choice of scales for environmental maps.

Production of detailed accurate maps generally follow the steps

listed below:

® establishing ground control points;

e planning and collecting aerial photography,

® correction and calibration of the photographs;

e transfer of imagery data to base maps;

® addition of coordinates and scales to maps;
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® addition of thematic (subject matter) information, usually on
separate film overlays;

e assembling all overlays to produce the composite print
negatives; and

¢ printing and publication of maps.

Because of the number of steps and sophisticated procedures and
equipment involved, map making is often slow and expensive following
conventional procedures. Recent advances in computer graphics and
digital cartography have served to accelerate some forms of map
making. However, collection of the base information for the maps--the
aerial photographs-~-is a significant benefit itself because of the
many uses of the imagery and can serve as the important first step
with preparation of maps deferred until funds and capability become
available.

6. Mapping Application: Coastal Resource
Inventories and Atlases

Since 1978 the U.S. Corps of Engineers has sponscred coral reef
and coastal resource inventories specifically designed for tropical
island and reef environments in Polynesia and Micronesia (Maragos and
Elliot 1985). Since 1985 the University of Hawaii Sea Grant Program
has also worked with the Corps on the Micronesian inventories. Each
project involves the production of an atlas and companion report that
map, describe, and evaluate the importance of rescurces along the
coastal zones of islands and reef areas. These documents are designed
and presented in a form useful for scientists, planners, and other
officials with management responsibilities over coastal resources. An
important component of the inventories includes the description and
siting of important coastal resources based on their existing and
potential uses, values, and function=. In order to improve
comprehension and utility of the atlases, a series of symbols are used
to depict the location of important resources (e.g., see Figure
I1I.10).

Data gathering for the inventories rely on field surveys,
interviews, interpretation of aerial photographs, and review of past
reports and maps. Interviews with local experts in fisheries,
cultural resources, land uses, and other subjects are particularly
important in identifying important resources or their functicns, since
brief scientific surveys covering large gecgraphical areas will likely
not detect all resource=s that should be described. The inventories
are qualitative and extensive in nature and can identify the area and
scope of more important detailed studies. Available information and
data are summarized in the companion narrative reports and cover
topiecs such as marine biology (fishes, corals, algae), oceanography,
geomorphology, water quality, fishing grounds, cultural resources,
coastal transportation and settlements, and potential parks,
sanctuary, and development sites.
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Bottom Type and
Land Cover Classification

OFFSHORE

Sediment

sc — Sand bottom in water depths less than
10 meters

sd — Sandbottom inwater depths greater than
10 meters

Reef Complex

re¢  — Mixed bottom types consisting of reef
rock {imestcne) associated with shaliow reef
formations

rel — Consaolidated limestone, lacking
sediment

rcp — Consolidated limesione with a smooth,
pavemenl like surface

rcs — Mostly consolidated limestone with some
{25-50%) sediment bottom

rct - Complex reef bottom type {rc, rcs, orrs)
with loose matenals formed into tracks by
waves or currents

rceg — Consolidated reef with well defined
groove-and spur system

rs — Complex reel bottom type consisting
mostly of sand, but with some mestone
outcrops or boulders

co  — Areas of greater than 50% live cotal cover

SHORELINE

rr — Riprap shoreline

bec — Concrete/cement masonry seawall and
shoreline

sb — White sand beach of predominately
calcareous material
sbe — Calcareous rubble and/or shingle beach

br — Beach rock, usually exposed along the
shoreline
VEGETATION COVER PACIFIC OCEAN

T= I't— Coconut Trees (circa 1946}
w7k — Woods or Scrub (eirca 1946}

Other Symbols BUKWONIN
KAPIN-AELON-IN
* . » Ohserved Range (DISTRICT)

(¥¥¥¥ 7113 Reel Edge
+ %" Submerged Reel
. Historic/Cultural Site
*  Shipwreck
*
H

Navigational Marker

Helicopter Pad

Figure III.10. Location of important rescurces (Source: U.S. Army
Corps of engineers, forthcoming).
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Coastal Resources

Conch, Turban, Helmet — Aorak,
Jidduul, Bukbuk

Giant Clam — Mejénwadd, Totwod,
Dimuuj, Kapwor

Lobster — Wor

Qctopus — Kweet

Squid — Nd¢

Topshell (Trochus) — Liképpejdat

Sea Turtle Capture Area — Wén

LAND BIOTA

€0

o

Caoconui Crab — Barulep

Land Crab — Baru, Atir,
Baru Waan

Seabird Site (rookery) — Ldroof

000000000 LODOOG)O

PELAGIC FISH REEF FISH
. 9 Barracuda — Jure, Jujukop, Niitwa Bigeved Scad — Luwadl
- 3 Billfish, Marlin, Swordfish, Sailfish Emperor — [}, Nat, Wee,
— Lojkaan, Wijinieep Mejme), Majani
?: Dogtooth Tuna — Loo/ Flagtail — Jerwat
22 Dolphinfish — Koko Goatfish — Jo, Jome
a 9 Flying Fish — Jojo Grouper — Adro, Lijepjep, Ofalp,
Jawe, Pooklirn
<D  Tuna — Bwebwe, Lojabuwil Jack — Ldne, Deltokrok. Tkbwij,
Dedep
~@ Wahoo — A/ Mackeral Scad — FPati
INVERTEBRATES Mullet — o/

Parrotfish — Merd, Elonouj

Rabbitfish — AMole

Rainbow Runner, Fusilier —
Thaidik. Bobed, Paloj

Rudderfish — Fdjrck

Snapper — Jato, fepjp, Jaj

Squirrelfish — Jera, Mon, Mdlif

Surgeonfish — Bwilak, Mone,
Kuwi, Ael. Kupan

Triggerfish — fmim, Bub. Liete

Wrasse — Lappo, Likob,
Dapifdekd

OTHER SYMBOLS

e

Harbor, Boat Ramp, Pier, Whari,
Channel

@ Marine Park/Tourism Site

Figure IIT.10. (continued)

The goals of the inventory program include several requirements
for effective coastal resource management.

e Accurate information on the abundance and distribution of
important resources;

® Accurate informatjion
on the resources;

on uses, functions, values, and demands

® FEstablishment of a planning and deéision-making process that
integrates the preceding two factors into a full evaluation of
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alternatives, including siting, to achieve future development
and conservation objectives; and

e Placement of priority attention on those areas, especially
population centers, where the resources are in greater
jeopardy or exposed to conflicting demands.

Integrating both scientific and socioeconomic information into the
texts and atlases of the inventories offers officials greater
functional and geographic perspective and help to identify specific
follow-up studies or analyses.

T. Map Analysis Technigue
(prepared by Daniel van R. Claasen)

Maps may be used to spatially analyze different components to
derive new parameters or select "least impact" alternatives. The
method is commonly referred to as "overlay" or "sieve" mapping and is
described in detail in Design With Nature (McHarg 1969).

A general base map is prepared at an appropriate scale.
Transparent overlay maps are prepared of each of the primary and
derived environmental factors and attributes. In the simple foregoing
example, maps of the terrain, slope, and so0il would be overlaid in
order to identify areas suitable for traffic under various
constraints: easily trafficable, some constraints, difficult, not
trafficable {(see Figure III.11). This overlay map in turn would be
combined with a soil erosion susceptibility map (soil type,
thickness). This procedure would potentially rule out more areas
where traffic should be prohibited.

One can add more constraints/attributes as required (e.g.,
critical habitat, endangered or rare plant communities, buildings on
the national heritage list) until satisfied that all essential aspects
have been covered and an optimum, least impact road alignment or a
number of alternative alignments have been identified. In the latter
case the differences would be listed, qualified, and presented for
final decision.

The result is a graphic representation of the type, area, and
location of impact. It permits a better than educated guess about the
intensity and risk of impact that may occur. It dces not make the
final decision but provides additional information in a readily
understood medium so that the decision can be made with a greater
degree of confidence.

The interpretation of the data is based on logical analysis of
the attributes and a definition of the threshold above or below which
an impact 1s known to occur. The known threshold of an environmental
attribute or factor to a specific activity or combination of
activities allows prediction of the prevalence of the impact. It also
allows qualitative and sometimes quantitative assessment of degree and
probability of direct impact.
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etc. Hy

Water Attribute E

Land and/or factor b=

overlays Y

Soils s

i

Vegetation =~
Base map

Figure III.11. Overlay mapping.

1

Indirect and distributed impacts can alsc be assessed. It is
difficult to determine the full impact of waste discharge into a
stream, for instance, if the spatial aspect is not explicit. The
downstream occurrence of recreational areas, fishing grounds, or water
intakes may not be fully evident if not mapped in relation to the
project activity.

The spatial and temporal aspect which maps give to environmental
impact assessment merges with integrated land use and regional
planning. Many projects affect present land use and may preclude
future uses of land. Permission for a project to proceed with waste
discharge, for instance, may not affect any current downstream uses
but may prevent the future use of a highly scenic area for future
recreational use.

8. Computerized Geographic Information Systems
{prepared by Daniel van R. Claasen)

It is often suggested that maps are manual geographic information
systems. The term "geographic information system" (GIS), however,
commonly refers to computerized geographic (mappable) data retrieval
and manipulation systems.

Environmental data can be analyzed in several ways. Each aspect
can be analyzed using only one characteristic {(i.e., single-factor
analysis by progressively adding factors or characteristics according
to potential or increasing limitations; added-factor analysis by
adding characteristics according to increasing limitations, risk,
potential); or sorted-factor analysis by using a stepped,
decision-tree approach similar to those used in taxonomic or
identification keys, to sort or classify groups of significant
characteristics) along the lines suggested; and/or weighted-factor
analysis by combining and weighting characteristics to reflect
relative importance.

Single-factor, added-factor, and =orted-factor analyses can be
readily accomplished using manual overlay techniques. As can be
appreciated, however, the overlay mapping system can quickly become
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cumbersome as the number of attributes, factors, and characteristics
increases. Where detailed field work has been completed on which
criteria for selecting and weighting can be developed, a
weighted-factor approach becomes feasible. Where large sets of data
exist, the number of maps can become unmanageable and computer
assistance to handle the data may be reguired.

It must be noted, however, that a GIS does not reduce the need to
gather information or to develop the maps for in-put into the digital
computer base. The use of the computer will not reduce the amount of
mapping work required in the first instance. It may also, unless the
computer hardware and software systems are well developed and running
without "bugs," delay the completion of the assessment.

It is also essential, a fact which can be time-consuming in
itself, that the factor analysis and weighting decision rules or
algorithms are very carefully defined and developed.

In general the use of a GIS in environmental impact assessment is
not recommended unless all of the logical relationships, attributes,
and map bases have been previously developed and are working, and data
entry is a routine matter.

Computerized GISs are warranted where long-term monitoring of the
effects of a project on the environment of a region is contemplated,
where data will add tc the ongoing maintenance and use of an existing
regional data base, or where it will be used as an ongoing resource
management or regional planning tool.

The latter situation may apply in regional surveys for
development, corridor planning and selection, and/or development of
regional or national land-use data bases for departmental (e.g.,
agriculture, forestry) program management.

9. Example of GIS Application
(adapted from Fingleton et al. 1989)

A computerized geographic information system was used to select
suitable areas in which to site an industrial waste landfill near
Bangkok, Thailand. Maps at the 1:50,000 scale showing topography,
land use, and highways were digitized. Criteria for acceptance were
defined to minimize the risk to nearby persons. The major hazard was
contamination of surface water or groundwater used for drinking,
irrigation of vegetable crops, or aguaculture. Table IIT.4 gives the
sereening criteria. With these instructions the computer quickly
generates a map of potentially suitable areas as shown for two
subdistricts in Figure III.12.
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Location of Goods and Services

On-site

Off-site

1

2

Marketed Usually included in an economic May be included (e.g., fishor
" analysis (e.g., poles, charcoal, shellfish caught in adjacent
2 woodchips, mangrove crabs) waters}
-
O
S&
® e 3 4
=
_>ﬁ 8 Seldom included (e.g., medicinal Usually ignored (e.g., nutrient
8 uses of mangrove, domestic fiows to estuaries, butfer to storm
] Nonmarketed fuelwood, food in times of famine, | damage)

nursery area for juvenile fish,
feeding ground for estuarine fish
and shrimp, viewing and studying
wildlife}

Figure III.13. Benefits and costs in a mangrove ecosystem (Source:
Hamiiton and Snedaker 1984:110).

acquired) is always valued higher at the present than in the future, a
discount rate must be applied in order to compare costs and benefits
correctly over the life of the project. The most widely used formula
in project analysis is net present value, which involves discounting
the time streams of benefits and costs back to the beginning.

n B B C c n B +B -C.-C
NPV = E d + € - d - € or d e d e

t=1 (1% ()b (et (et a1 (et
Where NPV = net present value

Bd = direct project benefits

Be = external and/or environmental benefits

Cd = direct project costs

Ce = external and/or environmental costs, including

environmental protection costs
r = discount rate

t = year in which costs or benefits occurred
number of years in economic time horizon or project
lifetime

summation sign
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Figure III.{l4. Project costs and benefits over
time (Source: Hufschmidt et al. 1983:37).

Other uses of the same present value information are the internal
rate of return (IRR) and the benefit-cost ratio (BCR). These are
related to NPV as follows:

NPV = Present wvalue - Present value
of benefits of costs
IRR = Discount rate that results in the present value of
benefits becoming equal to the present value of costs
BCR = Present value of benefits

Present value of costs

These measures are related in the following way:

NPV BCR IRR
If >0 then > 1 . and >r
IF <0 then <1 and <r
If =0 then S and = r

Table ITI.5 shows how measures were used for selecting or ranking
projects.
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Table III.S5.
present value

Comparison of the three measures of

NPV IRR BCR
Selection or
ranking rule for:
Independent pré&ects:
No conatraint Select all Select all Select all

on costs projects with projects with IRR projects with
NEV > 0; project greater than cut- B/C > 1; project
_ranking not off rate of ranking not
required return; project required
- ranking not
required

Not suitable for
ranking projects

Constraint on
costs

Ranking all pro-
Jects by IRR may
glve incorrect
ranking

Ranking all pro=-
Jects by B/C
where C 1
defined as con-
astrained cost
will always give
correct ranking

Mutually exelu-
silve projecta:

Select alterna~-
- tive with largest
NFY

No conatraint
on ¢osts

Selection of
alternative with
highest IRR may
give incorrect
result

Selection of
alternative with
highest B/C may
glve incorrect
result

Discount rate No discount rate
required, but
cut-off rate of
return must be
adopted

Appropriate dis-
count rate must
be adopted

Appropriate dis-
count rate must
be adopted

3. Discount Rate

At least three factors enter into the choice of a discount rate.
The opportunity cost of capital is related to the theory of capital
productivity. A dollar's worth of investment irn manufacturing
equipment should yield net benefits of goods produced to pay off the
costs. The discount rate reflects this rate of return on investment.
The cost of borrowing money is set in the market place by financial
institutions.

Governments, another source for the discount rate, usually have a
different (lower) coat of borrowing money because of the security of
such loans. A third approach is the socjial rate of time preference
indicating society's willingness to sacrifice present consumption for
the future. This rate will normally be lower than that of the money
market .
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Example of Net Present Value Calculation

A project involves the fellowing flows of money at the end of each
year. The discount rate is 10 percent. What is the net present value
of this Y-year economic development project?

Year
0 1 2 3 y
Costs $ 1000 100 160 100 100
Benefits none 600 T00 800 700
Net benefits & . =1000 500 600 700 600
Discount (1+r) 1 1.1 1.21 1.331 1.461
Present value -1000 455 496 526 410

NPV = ~1000 + 455 + 496 + 526 + 410 = 887

In a single economic analysis, the discount rate must remain
constant. 3Since no one actual numerical value is "correct," however,
the analysis should be repeated for two or three different rates to
test the sensitivity of the results. COCne of the rates used should be
approximately the cost of borrowing money for private projects in the
country of concern. Ignoring the discount rate {(or not performing the
discounting calculation) is, in effect, choosing a rate of zerc. This
may be an erroneous interpretation of society's preferences or
trade-offs between present and future consumption.

4, Time Horizon

Some cutoff point in the future must be chosen for an economic
analysis. One factor is the expected useful life of the project in
providing the benefits for which it was designed. Predicting benefits
and costs in the distant future may be so uncertain that they are
better ignored (e.g., obsolescence of equipment or changes in market
demand}. A second reason for limiting the time horizon is the
decreasing present value of future costs and benefits depending on the
discount rate. The typical opportunity cost of capital today is
between 10 and 15 percent so that benefits and costs occurring beyond
20 years in the future are insignificant (see Table III.6).

5. Valuation Techniques

Some envirommental effects are relatively easy to value in
monetary terms (e.g., changes in fish cateh or expenditures for
pollution control equipment). When market prices do not exist, a
substitute may be used (e.g., clean air is unpriced but air pollution
may affect the market value of a house near a coal-burning electric
power plant). More difficult, and less useful, are valuations based
on surveys or interviews of peoples' preferences, willingness to pay,
or compensation demanded. The analyst should start simply with the
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Table I1I.6. Present value of $100 in future years at various
discount rates

Discount ratez (%)

Time
(yr) 2 5 8 10 15
0 $100.00 £100.00 $100.00 $100.00 $100.00
10 82.03 61.39 415.32 38.55 24 .71
20 67.30 37.69 21.45 14,86 T.56
25 60.95 29.53 14.60 9.23 7.05
%0 45.29 14.20 4.60 2.21 0.57
650 30.48 5.35 0.99 0.33 0.04
100 13.80 0.76 0.05 C.01 -

.most obvious, easily valued envirommental effects. Table III.7
presents some typical impacts and the means for their monetary
valuation.

Finally, some economic values of intact ecosystems are real but
extremely difficult to quantify (Ehrenfeld 1978:210). They are:

® recreation, conservation, and esthetiec values,
® ecosystem stabilization values,

e value as examples of survival,

® environmental baseline and monitoring values,
#® habitat reconstruction values, and

e scientific research and teaching values.

6. Cost-Effectiveness Analysis

This technique is used to find the least costly way to achieve a
given environmental goal (e.g., water quality standard) or to get the
most benefits for a given amount of money.

Figure III1.15 illustrates the case of air pollution abatement
technology. With no control, the damage costs (e.g., lost work days
from respiratory illness could be used for valuation) are high.
Different pollution control equipment may be installed to reduce
emissions; but the greater the control, the higher the cost. Summing
the two cost curves reveals a minimum cost point (not necessarily
where the curves cross). The technology to control emissions as near
that point as possible will have the greatest net benefits.
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Figure III.15. Benefits (damage avoided) and cost (Source:
Carpenter and Sani 1983:372).

The cost effectiveness of different technologies is compared
based on the amount of pollutant removed per dollar. As the degree of
control increases, the cost effectiveness usually decreases.
Technology B in the figure would be most cost effective. Other
considerations, such as the ability of some technologies to remove
more than one pollutant, may affect the choice, however.

The proportion of capital (start-up) costs to operational and
maintenance costs may also be important. Citing a common example, the
capital cost to construct a secondary sewage treatment plant with a
short outfall may be less than the cost of constructing an advanced
primary plant with a long or deep ocean outfall. However, the
operating costs for the secondary plant are so much higher because of
high energy consumption and higher levels of technology and training
required to run the plant compared to the advanced primary plant.
Within a matter of years, the total cost of the latter may be less
than the former. Note that the same net environmental benefit may be
achieved because the longer, deeper outfall allows the sewage
subjected to less treatment to be disposed in an area where it will do
less harm.
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IIT.F. RISK ASSESSMENT

Al] data pertaining to EIA possess some degree of uncertainty and
many invelve random, stochastic processes such as rainfall events.
Thus, a cause for concern is that most EIAs present results without
reference to underlying uncertainties. For example, an EIA may warn
that an oil spill from a tank farm could damage nearby habiftat and
aquatic birds. Often, no information is given about the 1ikelihood of
the spill or the magnitude of the impacet on the bird population. Or
only a single number is given: "once a year" and "up to 25 percent of
the birds harmed.™ For significant impacts, the assessor should
attempt to provide a guantitative probabilistic risk assessment as a
complement to the EIA. This is particularly important when different
development coptions are being compared (see Figure ITII.16).

Some definitions of risk terminology are:
® A hazard is a danger, peril, or a source of harm.

® Risk is the chance, possibility, or probability of adverse
consequence, loss, or injury.

e JlUncertainty is lack of knowledge about an outcome or result.
e Assessment is appraisal or evaluation in order to judge.

® Analysis is detailed examination or thorough study in order to
understand.

Risk assessment need not and should not be viewed as a new and
different component of project planning. It can usually be built
based on the EIA and thus take advantage of the 20 years of growing
experience in both developed and developing countries. Risk
assessment addresses three questions:

e What can happen; what can go wrong?
® How likely is it that the event will actually occur?
e If it does happen, what is the range of consequences?

EIA and accompanying engineering and economic analyses will
generate most of the scenarios for the first question and alsc will
predict the nature of the consequences in question 3. What remains is
to answer questions about the likelihood of hazardous events and to
express the severity of impacts as a distribution of magnitudes.
Risks are measured in terms of both frequency and severity. Nuclear
power plants, for example, may present the risk of a catastrophic but
rare failure. Pollution discharges may present the risk of frequent
events but with minor damage. Highly sophisticated techniques have
been developed for quantifying risks of cancer from exposure to toxic
chemicals. It is possible, however, to estimate risks in a practical
way by using technical judgment and experience and thus to give
decision-makers mecre information about impacts.
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Figure IIT.16. Frequency of oil spills vs. degree of damage to
aquatic birds. This presentation of risk suggests that about every 10
years a spill will harm between 35 and 50% of the bird population, or
about once a year a spill will harm 10 to 25% of the birds. If it is
decided that this risk is too high, then measures can be taken to
reduce the number and size of spills or to improve emergency response
cleanup methods.

Figure I1I1.17 diagrams a risk assessment of exposure to toxie
chemicals in an ecosystem. The assessment traces the likelihood of
exposure for each receptor (fish, birds, mammals) and considers the
magnitude of the toxic effect (i.e., dose and response). The
uncertainties are noted in the questions asked, such as "How does
length of exposure affect toxieity?" Even a qualitative examination
may reveal which part(s) of this system present the largest risk
(e.g., juvenile fish might be affected by low concentrations of the
toxic agent).

Another example is given in Section III.D.9 where a geographic
information system was used to help pileck the site for a hazardous
waste landfill. The systematic examination of the movement of
electroplating wastes from the point of generation, through transport,
storage, treatment, and disposal, revealed that the biggest risk was
in contamination of surface water or groundwater. The risk could be
reduced by siting the landfill well away from any surface water,
irrigated fields, fishponds, or wetlands.

Figure III1.18 shows a rapid risk assessment method that employs
four levels each for frequency or probability of occurrence and
severity or magnitude of the impact. The severity is defined for each
level according to the specific hazard being studied. Some sample
definitions are shown for an industrial hazard, but the assessor
should construct a scale to fit the problem at hand. A group of

experts and officials familiar with the hazard can then judge where a
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specific development situation would be placed in the risk matrix.

Any risk that combines catastrophic or critical severity with frequent
or reasonably probable occurrence is rated high and must be reduced
before the development proceeds.

Just as in qualitative EIA, it is not necessary to have complete
probability distribution data in order to perform a useful risk
assessment. It is often helpful to the decision-maker to have some
idea of the frequency and relative severity of adverse consequences.
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IV. ASSESSMENT DESIGN
FOR MAJOR DEVELOPMENT SECTORS

IV.A. INCREASED AGRICULTURAL PRODUCTION, FORESTRY, AND AGROFORESTRY
(prepared by William Clarke)

1. Initial Scoping Considerations

It is an area's existing plant cover, or vegetation, that is most
immediately affected by development projects in agriculture, forestry,
and agroforestry. The extent to which the existing vegetation is
removed and what replaces it strongly influence the intensity and
character of environmental change and the impacts consequent upon
development. In the high islands of the Pacific, inland from
mangroves and beach strand forest, the most common natural vegetation
was tropical moist forest (TMF) with some lighter forest or woodland
in the drier areas. Alteration of these forests brings generic
environmental impacts, which will be considered briefly here, followed
by more specific considerations of increasing agricultural production,
forestry, and agroforestry as development activities.

a. Soil Erosion/Soil Compaction/Mass Wasting (see also Section
V.B). Soil erosion under a cover of mature TMF or drier zone natural
foreast is minimal. However, accelerated erosion may lncrease by
several orders of magnitude, from a level well below the tolerance
limit to disastrous =soil losses. Factors contributing to such erosion
depend on the kind and intensity of disturbance of TMF from activities
such as cautious selective logging, limited shifting cultivation, road
building, clear-cutting, and conversion to agriculture, together with
the degree of slope, rainfall, and soil type. The physiecal structure
of soil is also usually degraded by forest removal, which exposes the
soll to compaction by hammering raindrops and to leoss of
Soil-lightening humis. The result of these processes is an increase
in soil bulk density.

Landslips and slumping--although they may occur naturally under
Torest following some occasions of exceptionally high rainfall--are
increased by forest removal because tree roots counteract shearing
Stress and maintain slope stability on steep slopes prone to mass
wasting (O'Loughlin 1974).

b. HRunoff/Watershed Health. Similarly--acting together with
sSoil type, landform, and (in some cases) bedrock--runoff is controlled
by the vegetation cover. TMW intercepts a large proportion of the
rainfall, slowing or preventing its arrival on the ground {(through
evaporation from leaf and stem surfaces). Of the water that reaches
the soil, TMF transpires a further large proportion. The net effect
of TW compared with, say, grasslands or cultivated Tields is to
diminish the quantity of water delivered from a watershed but not
necessarily to give significant protection against flooding (Hamilton
1985). The great benefit of forest in watersheds is that its mere
presence protects the soil from compaction, which would increase
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flooding, and also from badly managed cultivation and grazing, which
would increase erosion and downstream sedimentation.

¢. Soil Fertility/Ecosystem Nutrients. TMF also holds essential
plant nutrients in the local ecosysiem, preventing or greatly slowing
their leaching from the soil.. Removal of TMF biomass through timber
harvests, burning, or decay after felling means loss of nutrients from
the ecosystem, which is in effect a decline in soil fertility.

d. Loss of Biodiversity and Minor Products. As the most
heterogeneous ecosystem on Earth, TMF possesses great scientifiec value
and potential economic worth because of the immense diversity of plant
and animal species found in undisturbed forest habitats. Because the
forests of many of the larger, high islands of the Pacific are rich in
endemic species (hundreds, if not more, still unknown scientifically),
the inevitable loss of biodiversity (decline in number of species--a
kind of genetic "erosion") that goes with removal of Pacific island
forest ecosystems is particularly to be lamented.

On a smaller scale, the loss of forest products gained by a
sustainable hunting and gathering of local inhabitants can be seen as
a cost of forest removal, although these products steadily diminish in
significance except within the context of agroforestry (Thaman 1988)}.

e. The Forest As Model for Sustainable Development. Important
though biodiversity and environmental maintenance may be, great areas
of once-forested land have already been deforested or degraded, and
rapid conversion of forestland to other uses is in progress, for land
remains the basic resource of most Pacific islands (and other tropical
areas). Development imperatives press strongly agalnst large-scale
preservation of natural forest which is economically unproductive.

So, despite various recent international calls to halt tropical
deforestation, forest depletion continues implacably: "obviously an
indicator of the common opinion that the TMF is less useful for
farmers, industrialists and governments than alternative land uses"
(Maydell 1989:14). It follows that saving forests, in the sense of
preserving all remaining forests from depletion, is a fruitless effort
almost anywhere in today's world--although strenuous efforts to
maintain forests in the "preservation" and "srotection® categories
should continue, as discussed here under "Forestry.® On the other
hand, the ecosystem conditions created by forests can be usefully seen
as a guide or ideal model in planning developmental alterations to
land under natural forest or in devising mitigating measures against
the impacts that inevitably result from forest removal. In other
words, efforts should be made to maintain the benefits conveyed by
forest s even in the absence of forest.

2. Increasing Agricultural Producticn

Two development modes are open to a country wishing to increase
its agricultural production: spatial expansion and intensification.
The first is simply an extension of agriculture onto previously unused
lands. Intensification, which tends to occur when there is no further
frontier of available unused land, implies increased inputs of labor
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or of fossil fuels, machinery, and chemicals into a fixed unit of land
in an attempt to increase the output of crop. M"Green Revolution™ is
the shorthand for the modern method of intensification. Both
processes may bring significant environmental impacts.

a. Spatial Expansion of Agriculture. Spatial expansion of
agriculture has been marked in some Pacific island countries in recent
years. For instance, in Fiji's main island of Viti Levu, Ward (1985)
calculates that the land in use or committed to use increased by 233
percent between 1958 and 1978, while rural population increased by
only about 30 percent. Muich of the expanding agricultural frontier in
Fiji can be accounted for by an increase in cattle raising, but the
spatial expansion of sugarcane (a growth of about 60 percent between
1972 and 1985) was economically the most important. Because much of
Fiji's limited supply of flat, alluvial land was already in use,
movenent of the agricultural frontier was of necessity mostly upslope
where the danger of soil erosion always increases.

The largest development project in the eXxpansion of sugarcane in
Fiji was the expensively funded (US$26 million) World Bank project at
Seaqaga.  The project was initiated in the mid-1970s on some 5000 ha
(eventually 18,000 ha) of little used, largely forested, rolling to
hilly land underlain by red latosols. At the inception of the
project, the soils were recognized as erodible, infertile, and of poor
water-retention capacity. Although careful soil management and
appropriate land uses were incorporated into the plans for the Seaqaqa
project, the realities of uneven topography, variable scils, careless
bulldozing of the forest by contractors, inadequate training of newly
settled farmers, and lack of attention to the particular requirements
of each farmer and each holding have led to a variety of problems.
These problems included underutilization of holdings, inefficiency in
fertilizer use, serious soil erosion (e.g., 3% t/ha/yr over a S-year
pericd), increasing soil bulk density, and a significant decline in
soil fertility that requires ever greater applications of fertilizer
to maintain production (Bayliss-Smith and Haynes 1988; Clarke and
Morrison 1987). See Table IV.1 for an overview of the impaects of a
spatial expansion of agriculture.

b. Agricultural Intensification. The case example of Seaqaqa

has been presented at some length to illustrate the nature of possible
impacts from spatial expansion of agriculture. The example also
suggests the alternative of agricultural intensification, which has
its own potential impacts but does lead to greater crop production
without more forest clearance or expansion of farming onto marginal
lands. Modern industrial "Green Revolution® style of agricultural
intensification is not as strongly developed in the Pacific as in some
other parts of the world. Traditional Asian, labor-intensive methods
(typified by traditional wet-rice production) are now less common in
the Pacific than in pre-European times when taro and the larger aroid
Cyrtosperma chamissonis (via kana in Fiji, babai in Kiribati) required
large labor inputs compared with tapioca (manioc, cassava), a

post —European introduction now widely grown.
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Table IV.1. Impacts of spatial expanzion of agriculture

Economic/ Increase crop production. Utilize undeveloped
develo pment land. Spread development more evenly on a
goals regional basis within a country. Increase

employment, economic opportunities. Increase
export crops. Import substitution (e.g., local
beef production).

Project technical Spatial expansion of agriculture activity

activity {land -development projects, resettlement
achemes).

Changes in the Clearing of natural vegetation. Road building

environment and other construction work. Movement of people.

Introduction of crops, livestock. Cultivation,
usually of marginal land {steep, infertile soils,

remote).
Environmental So0il erosion/compaction, off-site sedimentatiocn,
impact s decline in water quality. Loss of accumulated

bicmass and plant nutrients. Decline in natural
biodiversity. Hydrological changes.

Impact 8 on human Settlers must adjust to new enviromment

welfare (physical, social, economic). Farming and
transport costs may be high (fertilizer,
remoteness). Inadequate services. Off-site
health and economic impacts from sedimentation
and degraded water quality. Increased downstreanm
flooding possible.

Mitigation Agricultural intensification {with its own set of

measur es problems). Firmer land-use planning. Improved
erosion control. Better services,
infrastructure, and more extension agents.
Corridors or blocks of natural landscape left
intact.

Many of the impacts of modern agricultural intensification result
from the misuse of the inputs intended to increase production--
specifically fertilizer, herbicides, and pesticides. Even if the
agrochemicals are applied using safe equipment and in recommended
amount s, their outflow from the agroecosystem can cause downstream
pollution. Another impact associated with the Green Revolution is the
loss of a range of varieties within each crop species, a process that
occurs as plant breeders and development promoters press for the use
of a variety that responds maximally to the inputs. See Table IV.2
for an overview of agricultural intensification.
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Impacts of agricultural intensification

Economie/
development
goals

Technical
activity

Changes in the
environment

Environmental

impacts

Impacts on human

health and welfare

Mitigation
measures

Increase crop yield to improve nutrition,
increase exports, increase national and
individual incomes, limit expansion onto marginal
lands.

Intensification of agriculture.

In TRADITIONAL SYSTEMS: Increased manual labor.

In AGROINDUSTRY (Green Revolution) SYSTEMS:
Inputs of agrochemicals, extra-somatic energy,
machinery, genetically standardized seeds.
Increased production costs.

LOCAL: Toxic outflow of agrochemicals from
agroecosystem, loss of organic matter in soil,
increased vulnerability of yield to climatie
variation, monocultural vulnerabilities to pests
and disease, antipathetie to polyculture, soil
erosion/compaction if no mulch, continucus
cultivation, and heavy machinery.

GLOBAL: Genetic "erosion" of seed variability,
contribution to increased atmospheric carbon
dioxide.

Immediate health menace from improper use of
agrochemicals, water contamination from outflow,
possible deterioration in local diet, possible
loss of equity among farmers (rich favored),
increased dependence, narrowed range of exports.
Labor involution if traditional intensification.

Two GENERAL PRINCIPLES of increased self-
sufficiency and diversity could include the
following measures: Education for use of agro-
chemicals, integrated pest control, incorporation
of nontillage and mulching to maintain humus
level, erosion control practices, stress on
eyeling (not throughput), agroforestry,
polyculture, increased biomass (agroforestry,
alley cropping).

3. Forestry

S0 great is awareness of the rapidity and of the serious
consequences of the loss of tropical forest from the Earth that little
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more needs to be said about it. In the Pacifiec, all SPREP country
reports from high-island countries list deforestation or forest loss
as a major concern. As the forests go, bicdiversity diminishes
greatly, endemic species become extinet, and the health of the whole
landscape from mountain peak to reef deteriorates as the ecological
services provided by forests disappear. It can even be argued that
deforestation brings an aesthetic impact as the integrity of island
landscapes is diminished by the loss of their crown of trees.

However, as noted near the beginning of this section, continued
forest loss or forest degradation is inevitable. Both the timber and
the land it stands on can be seen as assets that must be used for a
nation's development. High-quality tropical woods represent
accumulated biological "ecapital"™ that cannot be kept in a reserve bank
of natural forest, although selective logging of high-value trees can
be carried out in such a way that the TMF is not destroyed.
Furthermore, the devaluation of a forest brought by the withdrawal of
the best trees can be to some extent counterbalanced by enrichment
planting, as exemplified by Fiji's planting of mahogany.

In other words, TMF management (in its infancy compared with
temperate~latitude forest management) is in theory able to provide
sustainable production within a context of fairly limited degradation
and loss of natural diversity. The problem for tropical forestry has
less to do with how to develop techniques to manage TMF (or plantation
forests) on a sustainable basis than with how to prevent the
conversion of all forestland to nonforest uses--a process whereby the
one-time exploitation of accumulated biclogical "capital" of trees and
forest topsoil all too frequently is followed by degenerative forms of
agricultural land use.

Data on the rates of conversion in forested Pacific islands are
scarce. Careless logging and clear-cutting play a role, but much
forest conversion is the work of small-scale cultivators, who may gain
access to previously remote areas along logging roads. Forest
clearing is carried out in part under the simple demands of increasing
population densities but also arises in part from development
pressures such as the growth of the ginger-export market in Fiji or
the expansion of livestock, which may take over lowland garden areas
and push cultivation farther upslope.

It follows that the mitigation of environmental impacts caused by
bad logging practices and conversion of forestlands rests less on
technical ameliorative measures of the processes than on total
land-use planning or zoning that divides remaining forestlands into
classes that optimize their functions for society. Various terms are
used, but the classes generally include the following four functions:

® Preservation Forests (parks, reserves): Forests that should be
preserved because they are unique ecosystems containing rare
and endangered species; they are part of a nation's or of the
global "natural heritage." Biclogical inventoriles are
required as a basis for their establishment.
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® Protection Forests: These occupy lands where permanent forest
cover is necessary to provide ecological services of soil
protection and watershed maintenance and to retain aesthetic
quality. Any lands steeper than, say, 30 degrees would
certainly fall into this category as would hill lands on
highly erodible so0ils.

e Production Forests: Native or semi-native forests managed for
sustained production of one product or for multiple use.

e Conversion Forests: Native forests that are exploited prior to
their transformation to other land uses, which could include
plantation forests of exotic trees or secondary forest used
for subsistence agriculture and serving as buffer zones around
Preservation and Protection forests.

Establishing these categories of forests on a firm basis requires
legislation, forest inventories, monitoring, and control mechanisms,
none of which is adequate in the Pacific. Until they are, forestry
development projects involving extensive logging should be minimized,
and small-scale conversion of forestlands should be limited to the
extent that is technically and politically possible.

The following is excerpted and adapted from Hamilton (1988):

The complex, primary, humid tropical forest has been called
a nonrenewable resource, since human disturbances result in a
forest that differs from the original in species and structure.
Humid tropical forests regenerate, but the altered or secondary
forest that results is not the same kind of forest. The primary
humid tropical forest is "fragile™ in this sense.

Because of the great diversity of species characterizing
most of these forests, the number of individuals of each species
in any one area tends to be small. This suggests that a
disturbance such as tree harvesting can result in loss of species
in the area. If the area happens to be one of endemism (an only
occurrence of a species), then extinction of one or more species
is possible.

Harvesting of primary humid tropical forests must be done in
ways that assure the continuance of as much biological diversity
as possible, and with minimal species loss.

Yet the primary humid tropical forest is not disturbance
free. Natural windthrow and gaps created by death of large upper
canopy trees are a continuous feature of forest dynamics.
Moreover, many of these forests have experienced, and
periodically will continue to feel, the impact of more severe
disturbances such as cyclones, volecanic ash or lava deposits,
landslips, or unusual drought (perhaps coinciding with fire as in
the Great Fire in Indonesia in 1983).



136

In most parts of the world, the humid tropical forests are
not uninhabited or unaffected by humans. Even in those areas
that we think of as pristine rainforest, there has often been a
cont inuous but relatively low level of disturbance by primitive
forest dwellers, or dwellers adjacent to the forest, who hunt,
gather, and cut small amounts. In some cases, a low-disturbance
forest gardening has been practiced wherein useful plants (e.g.,
yams) have been planted in the forest. In other cases, a
sustainable, long, fallow shifting cultivation has produced a
secondary humid tropical forest. Forest farmers may have
occupied an area and then left so that the forest now appears
pristine.

Although many humid tropical forests have experienced
cont inucus or periodic disturbance, additional human impact
almost invariably will reduce the biological diversity and result
in loss of species from the area. The obvious answer to this
concern is to set aside preserves--substantial representative
samples of the various kinds of the world's humid tropical
forests and protect them as much as possible from major human
intervention. This should be done as part of a global network of
parks and preserves with humid tropical forests.

Aside from these preserves and parks, the need for forest
products in development and subsistence areas makes it operative
that forests be exploited. The subject of this section is how
sustainable forest-products harvesting can proceed in those
forests allocated to production. These forests will be allowed
to remain as forest only if they are useful. While some will be
valued sufficiently for their soil and water or wildlife
protection functions to merit continuance as forest, most will be
required to do more--to produce directly useful products that can
be valued in the marketplace or in the daily lives of people. In
this context (realizing that these will be altered forests), a
strategic development of sustainable use would involve keeping
the area in forest through repeated harvests, with little or no
decline in site productivity and with little or no adverse
impacts off-site,

To maintain forest productivity and minimize adverse
of f-site impacts in the humid tropics, the way in which the wood
products are removed is of greater importance than the amount cut
and the system of cutting. Of particular significance is
extraction with minimum erosion and minimum channeling of waler
of f-site. This "minimum," of course, has economic limits.
Prevailing logging practices in humid tropical forests, however,
pay little attention to measures for control of water and
erosion. Many useful practices can be implemented at little
additiconal cost to the logger; others will involve major
modi fications of the logging and will incur costs. In view of
the societal benefits of sustainability and of reducing
downstream costs, governments may either enforce better logging
practices {thereby reducing the profit to the concessionaire) or
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offer financial inducements for following conservation logging
guidelines.

Within a narrow financial analysis, the increased costs
incurred under such a scenario of sustainable harvesting may
suggest that there is no economic future in managing humid
tropical forests. Such analysis has sometimes led to
clear-cutting and conversion to planted forests of exotics.
However, extended economic evaluation that accounts for as many
of the indirect and nommarket values as possible, and which
internalizes the off-site externalities, may well show favorable
benefit -cost ratios from managing the natural forests along such
sustainable constraints.

One cannot adopt short-term and narrow accounting when
dealing with this many-valued forest biome, and until more is
known about the many potential and indirect benefits, harvesting
should conform to a conservative policy (definition: within safe
bounds; adhering to sound principles; involving iittle risk).

4. Agroforestry

Agroforestry is a new word for what is in the Pacific a very old
practice. Pacific island agriculture has traditicnally incorporated
trees into gardens of annuals or quasi-annual crops. What appear to
be spontaneous forests on atoll islets or the inhabited village and
garden areas of the high islands are often human-created forests.
They contain a great variety of trees that supply many useful products
and foods as well as provide ecological services such as stabilizing
soil and producing organic matter to enhance soil fertility and the
s0il's physical condition.

Thus, when agroforestry is recommended as part of a formal
development project (as it is very widely now), an EIA in the usual
sense is not required for the purposes of agroforestry projects are
generally those found in the "mitigation” section of an EIS, and the
environmental impact of agroforestry is generally ameliorative, not
deleterious. Further, as noted, the "development" is already widely
known and practiced in a variety of forms, using a wide range of tree
species in both traditional subsistence systems and commercial
production of, for example, coconuts, cacao, and coffee. Nonetheless,
formal agroforestry projects should not be dismissed, for the
monocultural emphasis of much commercial agriculture acts to eliminate
trees from modern agricultural landscapes, a process described as
"agrodeforestation” by Thaman (1988:145).

Agroforestry, now an "in" topic in international development
circles, has become the subject of an explosive growth in research
(e.g., at ICRAF [International Council for Research in Agroforestry]
in Kenya; IITA [International Institute of Tropical Agriculture] in
Nigeria; CATIE [Centro Agronomico Tropical de Investigacion y
Ensenanzal at Turrialba in Costa Rica). Because the growth of
literature on the suject has been equally great, it is impossible in
this section to discuss the many functions of agroforestry and the
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almost limitless mix of trees, crops, and livestock in time and =zpace
that can make up agroforestry systems. Instead, in this section with
its stress on s0il erosion, the focus will be placed on a single
agroforestry approach: alley cropping {e.g., see Kang et al. 1984;
Pacardoe 1985). :

Alley cropping is an agroforestry system in which food crops are
grown in alleys formed by rows of trees or shrubs, which are cut back
when the crops are planted and kept pruned to reduce competition with ’
crops. When no crops are growing, the trees and shrubs are allowed to
grow freely and cover the land. The system is designed to stabilize
on one piece of land the traditional shifting cultivation system,
which does not require extra-system inputs. Leguminous trees or
shrubs are often used in the system because of their nitrogen-~fixing
characteristices (e.g., Leucaena leucocephala, which is a common, small
leguminous tree in the Pacific). The benefits offered by trees in
alley cropping include:

# Green manure from tree prunings for the food crops, thus
adding plant nutrients from deeper soil layers.

e Mulch and shade suppress weeds during fallow.
e DBrowse for livestock, staking material, and firewood.
o Addition of biologically fixed nitrogen to the soil.

® Barriers to control scil erosion when planted along the
contours of sloping land.

Figure IV.1 illustrates the effectiveness of this last function,
as described by Vergara (1982) for the Philippines, where the Leucaena
are pruned about every 60 days and the cuttings chopped into smaller
pieces and returned to the soil to decompose. The space between the
double rows of Leucaena is plowed to prepare the land for corn.
Because of the trees, the plowing must be along the contour lines,
rather than up and down slope, which is the usual practice. Continual
plowing along the contour lines results in forming natural terraces
(Figure IV.1B). An unforeseen disadvantage of Leucaena was the
outbreak of psyllid insects that killed many trees and defoliated
others. This illustrates the risk of introducing a foreign species in
development projects.

IV.B. COMMERCIAL FISHERIES
(prepared by Paul Holthus)
(see also ADB Guidelines for Fisheries and Aquaculture in the

Appendix)

1. Development Objectives

Commercial fisheries development in Pacific island couniries has
a high priority in government development planning and among regional
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Vergara 1982:7).

Leucaena corn alley cropping in the Philippines (Source:

and international development aid and technical assistance
organizations. This section covers the following types of fisheries

development:
® =small-scale, in-country commercial fisheries;
® large-scale, export-oriented commercial fisheries;
® acquaculture and mariculture; and
® specialized fisheries (b&che-~de-mer, aquarium fish, precious

corals, stony corals).

The objectives of fishery development generally include:

development of fisheries toward optimum sustained production;
improved animal protein availability and diet;

increased employment, especially in remote rural areas where
alternatives are limited;

improved trade and foreign exchange;

increased economic independence; and
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e a more equitable lifestyle {improved well-being for rural
producer groups).

The rest of this section will deal cnly with the environmental
aspects of fisheries development which are particular to the
commercial fisheries sector, as summarized in Table IV.3. Impacts and
mitigation of many other fisheries development-related activities are
dealt with mere directly in the following sections of the manual:

PORTS AND HARBORS (includes fishing fleet state facilities)
ENERGY (includes oil storage and transfer)

COASTAL CONSTRUCTION (inciudes shore structures and facilities)
ADB GUIDELINES: FISHERIES AND AQUACULTURE in the Appendix

2. Development Activity (Technological
Change) and Environmental Consequences

a. Small-Scale, In-Country Commercial Fisheries. Small-scale
fisheries development objectives are often achieved by introducing or
expanding supplies of boats, motors, fuel, or gear technology and
techniques. To process the increased harvests obtained from these
infusion of materials and technology, various types of physical
facilities and infrastructure may also be required. These include (1)
the addition or expansicn of fish-processing facilities to eclean,
fillet, freeze, chill, salt, dry/smoke, pack or store the harvest, and
(2) the creation or expansion of port areas, shore facilities, and
infrastructure (roads, power, water supplies). The development of
facilities and infrastructure entails activities with potential
impacts during both the construction phase (e.g., land clearing, land
filling , habitat removal, dredging) and during operations {e.g.,
effluent discharge, power and water demands, solid waste disposal, and
boating activities).

The envircnmental consequences of small-scale fisheries
development include a general growth in fishing pressure in areas
which may be already heavily fished or an expansion of fishing
activities to areas previously not fished commercially. This can
result :in overexploitation of sought-after species and an increase in
incidental damage to habitat (e.g., anchor and diver damage to reef
corals). The availability of a sure cash return for consistent local
fish supplies may lead to, or add to, use of destructive fishing
practices, such as fishing with dynamite or polson, which cause
direct, long-term destruction of coral reef habitats. Increased
amounts of fuel and oil will be stored, transported, and used,
heightening the risk of pollution from major spill accidents or
chronic long-term pollution from numerous minor spills.

Introduced or subsidized gear includes metal fish traps and
monofilament gill nets which, when lost or abandoned, will not
deteriorate for many years. These "ghost nets" and "ghost traps"™ can
continue to catch fish or marine turtle and dugongs, uselessly
depleting these resources, and can create a navigation hazard for
boats. Gill nets with too small a mesh size will catch juvenile fish
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Figure IV.2. Basic tuna canning process: Water supply and
waste disposal. (Source: Hundloe and Miller n.d. Reprinted
with verbal permission from Hundloe.)

before they have grown to adult size of value for consumption, adding
to the problem of overexploitation.

b. Large-Scale, Export-Oriented Commercial Fisheries. This
development involves most of the preceding activities, but
particularly may include the construction and operation of large,
centralized, industrial fish-processing plants (usually
canneries/fish-meal plants). These plants require large supplies of
fresh water (600,000 to 2 million liters/day) for fish coocking and
cleaning, plant and equipment washing, steam generation, ccoling,
retorting, thawing, and transport of waste materials (Figure IV.2).
The wastewater is subsequently discharged as effluent containing
organic matter (offal and blood), oils, grease, bacteria, nitrogen,
and suspended solids. The consequences of these inputs depend on the
dilution and dispersion of the effluent and the quality of receiving
waters. If not sufficiently diluted and dispersed, fish-processing
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effluent and solid wastes affect receiving waters and their organisms
through (1) increased biological oxygen demand from organic matter
decomposition or eutrophication, which can result in anaerobic
conditions and fish kills; (2) turbidity, which reduces light
available for photosynthesis by algae, corals, seagrasses, and other
organisms; (3) settling out of solids, which can smother
botton-dwelling organisms; (4) oil and grease slicks, which create
aesthetic problems; and (5) contaminated shellfish, which are a health
hazard to human consumers of the shellfish.

Foreign companies are often licensed to harvest marine resources
for export. These may involve purse seining, long-lining, pole and
line fishing, or bottom trawling. Trawling is of special concern due
to the physical alteration of the benthic enviromment from the
dragging of trawl nets across the bottom which results in long-term
changes to fish community composition. Foreign licensing may lead to
significant increases in shipping activity and port operations (e.g.,
fuel storage and handling, bilge washing) with attendant problems (see
"Ports and Harborsa"™). In addition, development of pelagic fisheries
will usually require bait from inshore bait fisheriles,

Development of both small-scale and large-scale fisheries
activities creates job opportunities during the construction of ports,
plant facilities, and infrastructure. Large-scale fish processing
plants require an available work force for wage labor, often drawing
in labor from rural areas, adding to unplanned urban development and
it s consequences.

e. Aguaculture and Mariculture. Agquaculture development
involves construction of ponds and other shore facilities and effluent
discharge during operations. Some aquaculture and mariculture involve
the introduction of exotic species. Other schemes result in abnormal
concentrations of fish or shellfish either (1) in artificial habitats
{aquaculture ponds); (2) through modifications of natural areas
(addition of larval recruitment surfaces, enclosing natural
embayments); or (3) by addition of organisms to natural habitats
{seaweed farms, reef seeding, clam grow-out areas).

The direct environmental consequences of aquaculture development
are linked to the construction of faecilities, including the loss of
coastal habitat such as mangroves, seagrass beds, fringing reef flats,
and salt marshes (see "Coastal Construction™) and in nutrient-rich
effluent discharge (see "Waste Management™). The aceidental or
planned introduction of alien marine species for aquaculture or
mariculture can have disastrous, unforeseen impacts on marine
ecosystems. These include predation on, or replacement of , desired
species and introduction of disease, parasites, or associated pest
species . The concentration of large numbers of naturally occurring
exotic species through mariculture projects, reef=-seeding operations,
or aguaculture grow-out areas can facilitate the spread of disease in
the aquaculture populations and subsequently into natural stocks.
Concentrated aguaculture operations can also result in other
ecosystems imbalances (e.g., increase in organisms that prey on the
cultured species).
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d. Specialized Fisheries. A& number of specialized fishery
activities may be part of Pacific island development plans, including
béche-de-mer harvesting and processing; aquarium fish collecting and
export; harvesting of stony corals for tourist curio sale (either
in-country or overseas); export of specimens for medical uses; or
deep-water precious coral harvest for Jewelry making.

Béche-de-mer and other fish-smoking operations require a supply
of fuelwood which may not be available in large quantities on small
islands. The overexploitation of limited hardwood or mangrove stands
to supply fuel can deplete these habitats, especially in the case of
mangroves, which provide shelter and nursery for useful organisms.
The water remaining from béche-de-mer processing can be harmful to
marine organisms if dumped in shallow, near-shore waters, resulting in
fish kills due to the concentration of toxic substances.

The collection of aquarium fish can result in direct, long-term
destruction of the coral habitat of the fish if improper collection
techniques (e.g., use of sodium cyanide or other poisons that break
apart coral heads) are employed. The collection of stony corals
directly destroys coral reef habitat by removing coral colonies which
are the building blocks of the reef structure and a major component of
the reef community. Precious corals are extremely slow growing and
relatively aggregated in their distribution and are thus highly
susceptible to overexploiiation.

3. Impacts on Human Health and Welfare

The effects of fisheries development on human health and welfare
are not often obvious or acute. However, commercial fisheries
development projects do have long-term social and economic
implications which should be considered.

Human welfare is most directly affected by the environmental
consequences of commercial fisheries development activities which
reduce the quality or quantity of fish available for local
consumption. Serious consequences include overfishing by commercial
fisheries activities and destruction or degradation of fish habitat
(including water quality). In some instances (e.g., effluent
pollution from canneries), human health may be endangered by
contamination or spoilage of seafood.

Traditional lifestyles and subsistence economies may be disrupted
or subverted by the introduction of cash economies from rural
fisheries development schemes or from the employment available in
industrial scale fish=-processing plants or canneries.

Fisheries development projects often require substantial capital
input to acquire equipment, build facilities, or install
infrastructure. However, many fisheries development projects fail or
do not live up to expectations for a variety of environmental,
Social/cultural, or economic reasons. The capital is usually
irretrievably invested and is thus unavailable for other forms of
Sustainable development in the fisheries sector or elsewhere.
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4, Mitigation of Environmental Consequences
of Commercial Fisheries Development

a. Small-Scale, In-Country Commercizl Fisheries.
Overexploitation of fisheries stock and long-term depletion of the
resource base can be mitigated through fisheries management for
optimum sustained yield. This can only briefly be mentioned here and
includes restricted harvest (minimum size limits, catch quotas,
seasonal closures), gear restrictions (trawl bans, minimum gill net
mesh size), closed areas (permanent reserves, periodic closures),
limited entry systems (annual or permanent licensing, exclusive
access), and prohibited practices (use of explosives, drift netting).
It is ecritical that the role of traditional fishery management
practices be considered and incorporated as much as possible in modern
fisheries development as aspects of many of these practices can assist
to reduce the adverse environmental and social/cultural impacts of
fisheries development activities.

Destructive fishing practices must be strongly discouraged
through active education on the impacts of dynamiting, poisoning, and
drift netting. Strong application and enforcement of legislation at
both central and local government levels that prohibit such practices
are also required. Incidental anchor and diver damage from increased
fishing activities can be mitigated through programs to inform
fishermen of the effecta of the damage and by the installation of
mooring buoys and designation of mooring areas in heavily used areas.

The problem of "ghost fishing™ for fish, sea turtles, and dugongs
after nets or traps have been lost or abandoned can only be countered
by a program to educate fishermen against purposefully abandoning
gear.

b. Large-Scale, Export-Oriented Commercial Fisheries.
Mitigating impacts from the construction or expansion of ports and
harbors for in-country or foreign fishing fleets and measures to
reduce and avoid impacts from the transport, storage, and handling of
fuel oil are addressed elsewhere in this manual {see "Ports and
Harbors"). Reducing or avoiding adverse effects from the actual
construction of shore facilities for fisheries-related development,
including fish processing and aquaculture facilities, is also covered
(see "Coastal Construction™).

Mitigating the effects from the operation of fish processing
facilities depends on the size and location of the activity. Most
small, remote fish-processing operations discharge limited amounts of
wastewater into receiving waters with adequate assimilative
capabilities. For existing facilities, a program of (1) water quality
monitoring {for suspended solids, o0il and grease, dissolved oxygen,
nitrogen ammonia/total nitrogen and coliform); (2) marine ecological
surveys (especially of benthic organisms); and (3) analysis of edible
shellfish (if present) should be conducted to confirm that adverse
impact s are at acceptable levels. For proposed facilities, water
circulation studies should be carried out to determine if recelving
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waters are able to disperse and dilute the projected quantity and type
of effluent.

If receiving waters for existing or proposed large-scale
fish-processing facilities cannot assimilate the quantities of
wastewater generated, a number of mitigation measures can be employed.
Primary among these are (1) waste reduction by recycling offal into
usable products (e.g., fish meal); (2) water use reduction (i.e.,
minimizing water transport of fish and wastes); and (3) physical
separation of fish from sources of wastewater (e.g., keep fish
separate from ice, thaw frozen fish with air).

If effluent is unaveoidable in fish-processing facilities, the
simplest treatment method is grinding of solids. Grinding aids in
waste assimilation by facilitating the dispersel of solids and
accelerating decomposition. Further treatment methods include (1)
screening, {(2) biclogial systems, and (3) air flotation. All of these
methods create solid and sludge residues which are very difficult to
dispose of in 1andfills and must be barged to sea for dumping because
of their high water content. Screening involves passing wastewater
through statie, vibrating, or rotating screens of various mesh sizes.
Biologilcal treatment methods include (1) aerobic treatment by settling
pond, (2) activated sludge, (3) biological filter or disk, or (%)
trickling filter. Dissolved air flotation is a complex, expensive
process with high waste recovery rates, if the system is properly
maintained and cperated. It is used in industrial scale
tuna-processing plants, such as those in American Samoa.

¢. Aquaculture and Mariculture. Nutrient-rich effluent from
intensive aquaculture operations in the Pacific generally should he
able to be disposed of in receiving waters with adequate assimilative
capacities. If monitoring or preconstruction studies show that
adequate dilution and dispersion are not, or will not be possible,
aquaculture effluent can be treated by the bioclogical treatment
methods described for fish«procesasing plants.

Mitigating the often unforeseen consequences of the introduction
of alien species for mariculture or aquaculture requires that (1) the
biology and life history of the introduced species is known; (2) the
intreoduced speciea be assessed for overall ecological impacts,
cultural acceptance, edibility, catchability, and marketability; (3)
intrcduced specimens be regularly monitored for disease, parasites, or
associated organisms; (4) sterile hybrid organisms be considered; (5)
quarantine procedures and escape-proof facilities be developed for
initial introductions and experiments; and (6) the public be fully
informed before introductions take place.

The impacts associated with concentrating large numbers of
organisms in mariculture operations, grow-cut areas, or through
reef-seeding requires monitoring of the health of the introduced
organisms and the surrounding natural stocks. If disease or parasites
spread, reducing the artificial populations may be the only mitigation
measure possible,
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d. Specialized Fisheries. Damage from aquarium fish collecting
can be minimized by licensing and catch monitoring programs, with
associated training in acceptable harvesting techniques. Harvesting
of stony corals requires strict licensing with quotas, area
restrictions, and monitoring to ensure that removal of these important
components of the reef community occurs only at acceptable levels.

Adverse effects of béche-de-mer processing can be avoided by
determining if an adequate, sustainable source of fuelwood for
smoking/drying is available before operations commence. Wastewater
from sea-cucumber processing should be dumped away from lagoons,
lakes, rivers, or shallow groundwater sources.

5. Summary

The foregoing envirommental mitigation measures will reduce the
depletion of fish stocks which may result from commercial fisheries
development activities, lessening the impacts associated with
reduction of fish stoecks available for subsistence or artisanal
harvesting.

The social/cultural impacts of fisheries development activities
can beat be anticipated and mitigated through publie input into
development planning. Thorough analysis is also needed %to0 ensure the
economic viability of commercial fisheries projects to avoid the
depletion of limited financial resources.

Finally, it must be recognized that fisheries development is
dependent on the quality of the marine environment which supports the
fish. Thus, all development activities with effects on nearshore
waters and habitats need to be considered in the context of their
impacts on fisheriesz resources and activities.

IV.C. TOURISM
(prepared in part by John Harrison and Rory Frampton)

1. General Considerations

a. Development Objectives. Resorts are primarily developed for
their financial return. Economic benefits to local communities
through enhanced employment opportunities are cited most often as the
principal advantage of such projects. In fact, weighing costs and
benefits in resort assessments usually comes down to balancing jobs
against other impacts.

Tourism is the development sector where financial success and
environmental quality are most clearly aligned. The very features
that attract customers are those threatened by careless development.
The justification for expenditures to protect the environment should
be obvious. In fact, it may be necessary and profitable to do
considerable cleanup work in order to produce an attractive tourist
destination from a currently degraded site.
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b. Components. The central components of a resort are the
actual structures that house and support guests. Adjacent to rooms or
cabanas may be various service and recreational amenities such as
restaurants, golf courses, swimming pools, and tennis courts. The
resort will require the provisjon of basic utility and service
infrastructure such as water, waste disposal (sewage and solid),
power, and roads. Another vital component of a resort complex is
relatively efficient access to and from major tourist markets by major
airports, roads, or ports.

As noted earlier, the success or failure of a resort project
usually hinges on the natural amenities in the surrounding
environment, especially in tropical enviromments such as found
throughout the Pacific islands. Parks and natural resource areas,
scenic vistas, archaeological and historic sites, beaches, and coral
reefs are all potential attractions. Given the competitiveness of
tourism in the Pacific islands, successful resort development demands
that these natural amenities are maintained in a clean, pollution
free, and safe environment. Recent marketing strategies for tropileal
tourism promote the location of resorts at or near white sand beaches.
Placement of buildings and permanent structures near beaches often
aggravate beach erosion, construction of shore protection structures,
and property damage. Hence, resorts situated near beaches require
proper siting and setbacks to protect beaches and resort property.

¢. Environmental Factors Influencing, and Influenced by, Design
and Site Location. Because of the nature of tourism, soeciccultural
factors influence resort development more than port and harbor or
energy development. Certainly, aspects of the natural environment are
important; but because the primary activity involves human
interaction, the need for a good understanding of existing
sociocultural characteristics takes on greater significance. Some
important influencing factors are as follows:

e The guality of natural amenities in the area. A4s previocusly
mentioned, these are the attractions upon which much of the
success of tourism depends. The capacity of these amenities
to withstand the intrusion of large numbers of tourists should
be closely examined. The placement of permanent structures
close to sandy beaches should also be controlled.

o Public works and utilities infrastructure. Resorts are
dependent on infrastructure and services that closely resemble
those available in the visitors' home country. Potable water,
electrical power, and modern plumbing are virtual necessities.
Thus, information is needed on the availability and capacity
of existing infrastructure in and near the project area.

@ Labor supply. Because it is service based, resort development
is dependent on an adequate supply of labor. If local labor
pools are insufficient, where will immigrant workers come from
and where will they live? If labor is to be supplied loecally,
in what ways will this new type of work and associated living
patterms affect traditional customs and social patterns? What
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training opportunities for local residents will be provided to
allow them to assume higher pay and higher skilled jobs?

¢ Existing uses of the surrounding area, especially those to
which tourists will be attracted. For example, coral reefs,
which serve as traditional fishing grounds or natural scenic
areas and are of cultural or religious importance, may be
sub jected to heavy tourist use, disrupting traditional or
artisanal activities. Additional activities or entertainment
that tourists might pursue inelude traditional, religious,
sacred, or culturally important sites, loecal crafts, art,
music, and drama.

d. Impacts

Construction/short-term impacts. Activities ineclude overall
construction and residuals or waste disposal from these activities
(e.g., bulldozer operations, cranes, supply trucks, workers, which
generate minor o¢il spills, dust, sludge, and sewage). 0il spills and
other wastes may contaminate scils and water supply when rains come.
Runoff has the potential to contaminate ground, surface, and nearshore
marine waters. Sewage from workers also poses a substantial threat to
these waters. Contamination of water supplies could lead to human
health problems, especially bacterially related ones from sewage
3pills. Contamination of water supplies could be very serious if a
shortage of potable water occurs in the area. Therefore, there should
be strict controls on disposition and monitoring of oil and sludge.
Temporary lavatory facilities should be maintained for workers.

During construction, a large amount of labor will be necessary; if
this resource is not available locally, then workers must be brought
in and housed. However, an influx of immigrant labor has the
potential to introduce new diseases and different, conflicting morals
and lifestyles. The increase in population will also place an
additional demand on infrastructure and services. Temporary housing
structures and roads could lead to erosion problems. If supplied
locally, labor resources will likely be drawn away from primary
productive activities of either economic or subsistence significance
such as agriculture or fishing. Training and use of local residents
as laborers should be maximized.

Operations and associated leong-term impacts. Overall activities
of day-to-day operations of a resort complex will require a certain
level of infrastructure and public services. Demand will increase on
existing sewer, water, waste disposal, and power facilities. If these
facilities are not capable of handling this increase, sewer and waste
disposal facilities could overflow or water and power could be
diverted from existing uses. JSerious deterioration could occur in
either the physical or social envircnment. If local government is
faced with the costs for providing new services, given the almost
universal limited supply of government funds, the monies will have to
come from other programs or from the private/development sector.
Developers could contribute to or provide for their own services or
pay the incremental costs to upgrade existing municipal facilities.
However, caution must be taken to assure that private facilities are
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not substandard. Effective land-use planning could guide
infrastructure development compatibility with other large-scale
developments both sequentially and spatially.

Tourist activities will increase access to traditicnal
recreation, subsistence, or economic areas of importance. For
example, activities on coral reefs for souvenir collection or for reef
walks can significantly alter or destroy existing habitats unless
controlled. Litter could also become a substantial problem uniess
there are regularly scheduled cleanups. Loss of available habitats
could significantly reduce the local fish populaticn, which might
translate to a loss of an important economic or subsistance resource.
Increased access for local fishermen could also lead to overfishing in
an area. These negative impacts can be lessened through educational
and public awareness programs on the fragile nature of these systems
and of the potential damage that could be caused by certain
activities. Resource inventories could also be accomplished to
identify potential tourism attractions situated away from known
important subsistence sites, thereby avoiding any conflicts.

A resort complex will also generate an increase in service-based
employment, including a shift of resources, labor, and capital from
primary production to agriculture; around the clock work shifts
commonly filled with female workers; and an increasing reliance on
cash income and new opportunities for social mobility. Depending on
existing culture, the new employment and increase in cash income might
also result in less reliance and obligation on traditional kinship
ties. New work shifts will alter existing lifestyle patterns and
family relationships. A widening of social gaps is possible if
outsiders are given higher level jobs and leccals are hired only for
wage labor.

Table IV.4 summarizes the consequences to the environment of
tourism development.

2. Case Studies

a. Large-Scale Tourism Development on a River Delta Island, West
Viti Levu Island, Fiji

Background. The southwestern "Gold Coast" of Viti Levu has
emerged as the major tourism region of Fiji. The gateway for visitors
to the region is the Nadi International Airport near the northern end
of the Gold Coast. Although the region offers a number of visitor
amenities and attractions {shopping, condominiums, beaches, dunes,
rivers, rainforests, offshore islands, and resorts), there were no
luxury beach resorts in Nadi until recently. The town of Nadi is
situated near the mouth of the Nadi River, which terminates into a
large mangrove forest and delta system. White sand beaches are rare,
and one of the nearest beach systems is located off the ocean side of
Denarau Island, a large delta island off the northern fork of the Nadi
River (see Figure IV.3). It was here that Nadi's first two
luxury-class beach resorts were opened during the past 2 to 3 years.
The island is low lying and the delta serves as a broad natural
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Figure IV.3. Proposed large-scale resort development on Denarau, a river delta island west
of Viti Levu Island, Fiji. Map A is a vicinity map of the region where the proposed resort
would be located. Map B shows the existing land-use designations and major resource
categories including mangroves, lagoons, river, beaches, agricultural lands, and the
existing resorts. Map C shows how the proposed resort features would modify the existing
environment, The proposal includes three additional hotels, a protective dike, marina,
townhouses, shopping center, cultural center, and a golf course. The proponents’preferred
dredging area within the mangrove reserve is also shown.
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floodplain during intense rainstorms. The delta islands and offshore
coral islands in the lagoon are protected by a barrier reef system
about 10 to 20 km offshore to the west. Nevertheless, the delta
islands are vulnerable to typhoons approaching from the northwest and
riverine flood inundation from the river. The interior of Denrarau
consists of floodplains, bottom lands, salt marshes, mangrove
asscciations, and low lying dune systems closer to the beach. The
Fiji Government has zoned most of Denarau Island for tourlsm and has
approved additional proposed resort development for the island. To
the southeast of the island closer to the river mouth are several
hundred acres of prime mangrove forest designed as protected reserves
(see Figure IV.3). Several small Fijian villages are situated in the
delta, and many villagers claim fishery and foraging rights to the
mangroves. The villagers own the delta island and mangroves, and
reaort development requires compensation for lease of lands and loss
of fishery rights and other resources. A few of the villagers work at
the existing resorts that include tennis courts, a beach boat landing
to shuttle passengers to and from the offshore island resorts, and two
200-room hotels.

Proposed resort expansion. A major expansion of resort
development encompassing the remainder of Denarau Island is now being
proposed (as of June 1989), including three new 300-room hotels, a
cultural center, a golf course, a shopping center, townhouses, a boat
marina, utilities, drainage improvements, roadways, and shore
protection structures such as a large dike to protect proposed resort
improvements from storm surge and wave damage. The first phase of
construction involves dredging and filling to raise the entire island
(except for the existing resorts) by an average of 1 m. The
proponents propose dredging 130 ha of the mangrove forest reserve to
obtain most of the fill material to raise the island. The proposal
would convert the mangroves into a large lake with a water depth of
about 3 m. The propenents advocate the massive dredge-and-fill
operation to protect the new resort from inundation from storms and
posasible sea-level rise from global warming. Alternative sites to
obtain the fill material were only superficially examined. Large sand
deposits are known to exist in offshore lagoon waters, but dredging
operations would be less convenient and more expensive. The
protective dike would be built on reclaimed lands to the east of the
northern facing beach. The marina would be located to the south,
behind the dike, and much of the dredged material to excavate the
marina channel and boat basin would be used in the dike structure. No
improvements are proposed for the existing hotels, which eventually
would lie in depressions surrounded by higher elevated resort lands.

Recent observations and trends. As part of a June 1989 EIA
training course, the class and instructors visited the existing and
proposed resort complex at Denarau. The field trip revealed that the
two existing hotels were built too close to the beach shoreline and on
very low lying land. The beach system 1s not stable, and shortly
alf'ter construction of the second resort at the corner of the sand
bight, the beach retreated, causing shoreline erosicn and threatening
resort structures. In response, the resort management constructed a

Seawall along the west face of the beach and a massive groin off the
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corner of the sand bight. However, the seawall itself was built too
close to the ocean and is beginning to be undermined and damaged. The
groin, although arresting further erosion along the west facing beach,
has actually caused serious beach erosion along the north facing
beach. A 2-m high erosional scarp is now present, and palm trees are
now falling into the sea. During the day of the field trip, several
truckloads of sand were being placed along the eroding beach to
replace the sand constantly being lost to the sea.

In addition, new road grading and land raising at the proposed
hotel site along the west facing beach have deflected drainage and
floodwaters toward the existing resort during moderate rainstorms.
These waters approach from the landward (eastern) side and inundate
low lying resort areas, including underground parking and utilities.
Neither of the two existing hotels has been around long enough to
experience a heavy rainstorm or typhoon. It appears likely that both
would experience damage from floodwaters, storm surge, and large
waves. The existing resorts apparently are operating separately from
the development of the proposed resorts, and no measures to protect or
prevent damages to the existing resorts are being contemplated. Ewven
without the new resorts, the existing resorts are clearly vulnerable
to major damage from natural hazards.

Expected effects of the proposed resort. An environmental impact
assessment (EIA) is being prepared for the proposed resort expansion
by consultants for the developer. The EIA is not yet completed and
many impacts have not been addressed in the draft, nor have
alternative sites, designs, and mitigative measures yet been fully
treated. The proposed resort concept plan has already been given
tentative government approval. At issue is the ecological impact of
the proposed dredging of the mangrove forests and the approvals
required to dredge in a mangrove reserve, obtain leases, and calculate
compensation to the villagers who own or use the mangrove and other
island resources.

The proposed resort development provides a classic example of the
value of treating the entire resort complex, both the existing and
proposed resorts, as a system. There are clear interrelationships
between the existing and proposed facilities and some major
enviromnental effects on one component could be either reduced or
aggravated by actions involving the other component, and vice versa.
The training class and instructors raised the following questions
which might be considered as part of the EIA process for the proposed
resort expansion:

1. VWhy dredge the valuable mangrove areas rather than some other
less valuable alternative sites? What other land reclamation
options are available that involve less fill and the need for
much less dredging?

2. How would the loss of mangroves affect the way of life of the
Fijian village residents? What uses in terms of medicine,
firewood, fish, shellfish, lifestyle, and culture would be
lost?
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3. What are the characteristics of riverine and coastal flooding
for the delta region, and what are the contingency plans to
protect occupants and property?

4. What effects on the lagoon ecosystem would result from the
resort construction and operation, including possible use of
an of fshore dredging site in lieu of the mangrove site?

5. What effects would the proposed hotel development have on
ad jacent existing low lying resort properties and occupants,
particularly during flooding or storm surge inundation?

6. To what extent and in what ways will the predicted sea-level
rise affect the viability of Denarau as a tourism area--with
and without the proposed resort expansion?

7. What net benefits of the proposal will accrue to Fijian
society? How will local residents participate in decisions
and obtain training and employment?

8. Will a small-scale model of the existing and proposed resort
be constructed to better communicate to local residents the
extent of the anticipated changes?

9. What are the plans for public access to the beach including
parking and movemeni along the shoreline?

10. What are the construction stage impacts of the proposal, and
how will they be mitigated?

11. How have the economic analyses for the proposed resort
incorporated possible losses and damages from natural
hazards, including maintenance and repair?

12. What alternative designs will be considered to reduce
avoidable economic and environmental losses such as setting
back resort structures farther from the shoreline,
structurally raising the hotel's first-floor elevations, and
reducing the elevation of reclaimed land for nonstructural
amenities (e.g., golf courses)?

Although these questions reflect only some of the major issues raised
during class discussions, they clearly point cut the complexity of
planning, designing, constructing, operating, and maintaining a
large-scale resort in a river delta coastal area. Resort developers
often overlook other options and designs for proposals and advocate a
preferred plan. The preceding example points out the need to use a
systems approach for large-scale development that incorporates
alternatives, cumulative effects, indirect effects, and measures to
reduce or avoid adverse environmental and sociceconomic effects.

b. Palau Resort Hotel. An envirommental assessment was prepared
in 1981 for constructing a 100-room international resort on 17 acres
of a 63-acre parcel of privately owned land in Ngerakabesang Hamlet,
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* Arakabesan Island, Koror State, Republic of Palau. The prineipal
developer was a Japanese businessman who has built numerous resorts
throughout the world. A "Palauian motif™ was used in the design, with
the resort catering to international guests.

The project would include constructing two-story structures for
guest rooms, tennis courts; a swimming pool, a coral sand beach and
swimming area, jetties, and a seawall and pier to replace an eroding
shoreline and enhance recreational opportunities at the site. Since
public facilities are lacking in the area, the developer would provide
electrical, water, telephone, and sewage/sewage treatment systems.

The resort site is located on the western side of the island at
the head of a small embayment, referred to as Ngerdis Bay. The
original shoreline of the bay--rocky and bordered by a low, narrow
terrace--is characteristic of the island. The bay area has undergone
considerable disturbances by construction workers, mostly during the
war years between 1936 and 1943. Alterations included land filling
and construction of a seawall, a seaplane ramp, causeway, and other
related facilities at the head of the bay.

Dredging for the swimming area would involve removing about
11,700 m2 of ". . . refuse-littered, rock and rubble intertidal and
subtidal zone which is of only marginal use for any activity in its
present state." Adjacent to the intertidal zone is a rich reef and
marine environment in an expansive lagoon. As described in the EI4,
the loss of the intertidal zone and subtidal zone would appear to be
offset by the newly created swimming area. The creation of the sand
beach is also described as beneficial because of ongoing wave erosion
of the shoreline, which was filled land and causing high levels of
suspended silt and sediment throughout the bay.

The dredging process itself was sSeen as potentially damaging the
surrounding areas; however, it was stated that mitigation controls,
such as silt curtains, would be used during the activity. Acquisition
of sand for the beach could have had impacts similar to those of
dredging processes; but it was stipulated that sand removal would take
place at an expansive sand bar in the lagoon, where continual
movements and shifting of large quantities of sand were normal.

Land clearing activities for the project site had the potential
for coastal erosion problems and excess loss of vegetation. As part
of the local government's permit process, a number of conditions were
tied to an earth-moving permit in order to reduce the possibility for
adverse effects. These included revegetating exposed slopes as soon
as possible, no stockpiling in natural drainage areas, maintenance of
storm-water controls, requiring that waste oil and sludge be properly
disposed of, maintenance of natural vegetation downslope of all earth
moving , and maintenance of on-site drainage systems with silt and
sedimentation traps.

Construction workers, most of whom would be brought in to the
island , needed temporary housing. The construction of these temporary
houses and roads if not mitigated properly could have led to erosion
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problems. Health measures would alsoc have to be taken to prevent
introduction of infectious diseases by these workers. Depending on
their origin, contact with construction workers might also introduce
the island residents to different or conflicting morals.

As mentioned earlier, a "Palaulan motif"™ was used in designing
the resort. A conscious effort was made to have the resort's
structures blend in with the surrounding environment. This could be
seen in the actual design of the structures themselves, as well as in
the layout and landscaping of the site.

To ensure that the jobs provided by the resort would go to Palau
residents, the developers stipulated that 109 of the 114 Jjobs created
would be reserved for qualified local residents. Although this would
ensure increased job opportunities for local residents, these
opportunities could also come at some cost. The qualified applicants
for the more skilled jobs might be drawn away from jobs that provided
government services and operations. The lure of cash income could
also attraect people away from more traditional activities.

Traffic increases from the resort would overburden the few roads
leading to the resort and would increase traffic congestion in Koror,
a major town between the resort and airport. To help alleviate this
traffic problem, a ferry system was proposed that would bypass the
town. The ferry would be coordinated with airline arrivals and would
also provide guests with a ". . . breathtaking introduction to the
scenic wonders of Palau" (pp. 1-15).

¢. Saipan Marina Hotel Resort, Garapan, Guam. An assessment for
the Saipan Marina was completed in 1987. The project was a
large-scale resort that would be built in conjunction with a marina.
The hotel was considered dependent on the marina and other nearby
ocean recreational opportunities that would serve as its drawing
attractions.

Existing at the site was a fishing base used by local fishermen
for unloading and shipping. The fishing industry was local and
supplied fish for local consumption. Construction would displace this
complex, which the developers planned to relocate.

Marine water quality in the area had been degraded in preceding
Years due to discharges of untreated sewage into ocean waters and
cesspool overflow. Plans for disposal of the hotel's wastewater
involved tapping into an existing system in the area. Concern was
expressed about whether or not the worn-cut system could handle the
increase. An overloading of the system could increase sewage
contamination in nearby waters and degrade the very attraction upon
which the success of the hotel was dependent on.

Since the hotel would replace the existing ground cover with
impermeable materials, such as concrete or asphalt, it would alter
existing percolation and drainage patterns and dramatically increase
Surface runoff. Runoff from areas such as parking lets might contain

contaminants and present a threat to water quality. It could also
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lead to sedimentation or siltation problems. The developers proposed
a drainage system to divert runoff into green areas, which would serve
as natural filtering mechanisms.

A number of recommendations resulted from the assessment,
including the following:

® Establish water quality monitoring programs before
construction.

® Minimize pesticide and fertilizer use.

# Coordinate work shifts to avoid periods of high local use.
® Pump sewer-holding tank during low use.

o Allow local use of recreational facilities.

e Conduet educational programs for tourists on the history of
the site.

IV.D. ENERGY DEVELOPMENT
(Based on Guidelines for Environmental Assessment of Energy
Development Projects in Small Island Countries, prepared by
Graham Baines for the United Nations Pacific Energy Development
Programme [UNPEDP]. PEDP Report Reg 89-2, January 1989.
Excerpted by permission of G. Baines and UNPEDP.)

1. Introduction

Energy development projects are a critical component of national
economic development goals and plans. Power is required for growing
urban populations, industry, agriculture, and tourist resorts. In the
Pacifiec, electric power generation and fuel importation are the most
common answer to energy needs.

Electric power is usually generated by thermal power plants
(either diesel or oil-fired) or hydropower projects (either large or
small scale). In addition, solar energy systems (photovoltaic) are
increasingly used at a small scale and ocean thermal energy conversion
(OTEC) may have some future potential in the Pacific. The use of
bicmass fuels (e.g., fuelwood, charcoal) for energy production in the
Pacific will also be reviewed.

Energy to run diesel and oil-fired power plants and energy in the
form of gas for motor vehicles and aviation fuel for airplanes is an
imported commodity to the Pacific islands. The transport, storage,
and handling of diesel, oil, gas, aviation fuel, and other petroleum
products have serious potential environmental impacts which must be
asses=ed and planned for.
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Most energy development activities involve construction of
facilities and infrastructure. The impacts associated with the
construction phase of energy development projects is covered in
Section IV.F, "Coastal Construction." The remainder of this section
will focus on those impacts specific to the energy development sector
ineluding petroleum products, importation, and operations.

2. Electric Power

a. Thermal Power Plants. Thermal power plants in the Pacific
islands are often diesel fuel operated, with more-or-less closed cycle
(recirculating) cooling systems. Although there may be some problems
with noise from these plants (especially as they are often sited in
urban areas), the major problem concerns the diesel fuel transport and
storage, which will be considered in more detail later in this
section.

There are some oil-fired thermal plants in the Pacific, with
plans for more. These usually have open (non-recirculating) cooling
systems which require the construction of ocean intake and discharge
systems. The intake of large volumes of ocean waters for cooling
usually "entraps" and kills fish and other marine organisms which get
sucked into the system and caught on screens, which mst be
periodically cleared. Smaller organisms, primarily plankton (usually
inecluding fish larvae), are "entrained" in the system and killed as
part of the cooling process or by chemicals added to the water to
prevent fouling organisms from settling on the inside of pipes and
clogging the system.

After use, cooling water is hot and contaminated. Its dispersal
into the environment is the potential cause of serious problems by:

@ altering the salinity (saltiness) of seawater if freshwater
sources of cooling water are used;

® increasing the temperature of the stream or coastal water into
which thermal effluent is disposed; and

¢ introducing into those waters chemicals which can be poisoncus
for animals, plants, and humans.

Nearshore corals of the Pacific islands are widespread and hardy
marine species capable of withstanding some dilution of seawater from
freshwater sources. However, substantial dilution of seawater such as
from rainstorms and flooding can only be tolerated for short periods.
Where they are exposed to fresh water for extended pericds, corals
will die.

Corals are particularly vulnerable to the effects of heated
water. A rise of 2° ¢ (Celsius) above ambient seawater temperature is
as much as they can tolerate for long periods. Summer water
temperatures in many areas of the Pacific island regicn are close to
the upper lethal limits of many corals and other bottom reef life
already. Thus, only a small amount of heated waste cooling water is
required to increase the water temperature to a level which will kill
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corals or decrease their ability to tolerate other environmental
stresses. In addition, coral recruitment, reproduction, and
recolonization are affected by the thermal effluent, limiting the
potential for reef recovery.

Chemicals must be added to cooling water to inhibit corrosion and
to prevent contaminating growths of algae. A proportion of these
chemicals will be discharged into the receiving waters adjacent to a
thermal power plant, and these could include potentially dangerous
metals such as copper and chromium. In one of its chemical forms
(hexavalent), chromium is very toxic to animals, fish, and people.

b. Large-Scale Hydropower Projects (more than about 1 megawatt)
(see also ADB Guidelines, Appendix). Hydropower projects require a
natural and renewable resource, water, and need an assured supply of
that resource. Hence, facilities are often built as combined power
and water supply projects, which require protection of the water
catchment. Although hydropower projects do not have the pollution
problems associated with other forms of power generation, they can
bring a distinctive set of environmental problems--especially those
requiring water impoundments. These problems arise because dams and
reservoirs can cause extensive manipulation of the natural drainage
pattern with consequences for the natural environment and for those
who may depend on that environment in its natural form (Figure IV.4).
The environmental cost of a poorly planned hydro project can be
extremely severe.

Since run-of -the-river type hydropower schemes remove water from
a streambed, a portion of that streambed between the inlet and the
tailrace below the turbine will function with reduced or no water
flows unless designs incorporate low (conservation) flows and accept
surplus flows during high rainfall periods. Elimination of stream
flow will result in loss of stream habitat and conversion to
terrestrial habitat. Nevertheless, this is an environmental cost
which is usually accepted. Where an attractive waterfall of
recreational or tourism value may be affected, however, the
operational procedures may be defined to provide for a minimal
continuous flow.

In most run-of-the-river hydropower schemes, the water will be
returned to the same stream farther downstream. Total flow downstream
of the turbine remains much the same as upstream of the intake. For
impoundment hydro schemes in which water is stored behind a dam to
facilitate steady release of flow and power generation, however, the
natural flow pattern inevitably changes, since the primary determinant
of downstream flow will be the demand for water for power generation
and the corresponding rates and patterns of reservoir releases. This
overriding priority for power, unless curbed by other considerations,
can in some cases cause serious direct and indirect environmental
costs which must be borne by downstream users. For instance, a
coastal settlement that depends on groundwater for potable water
supplies may suffer from saltwater contamination of these supplies if
dry season stream flows are substantially reduced, groundwater
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human systems to dams (Source: Snedaker and Getter 1985).

recharge is slowed, or seawater infiltrates farther upstream and into
that groundwater.

Dry stretches of riverbed may isolate populations of fish and
shellfish in hot pools, where they die. Seawater advances into
estuaries may seriously disrupt the complex ecology of these areas and
associated mangroves and seagrasses. The close relationship of
mangroves with ad jacent lagoons and reefs, which are important
habitats for seafood species, may also be affected.

A hydropower dam will block the movement of almost all sediment
from the water catchment upstream of it. The waters of its reservoir
do not normally flow rapidly. Therefore, not only the heavy but also
the lighter sediment components fall from the incoming water to the
reservoir bottom, gradually making it shallower.

The effect of reduced sediment supply from streams and rivers to
beaches can be quite serious, particularly if these beaches are
frontage for an area in which there has been a great deal of
investment in infrastructure. A case in point is the Lungga River of
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the Solomon Islands from which sediment provides sand for the
maintenance of a beach fronting Honiara's industrial estate at
Ranandi. Some years ago proposals were afoot for a large hydropower
dam across the gorge of the lower Lungga. This would have
substantially reduced the supply of sediment to the Lungga estuary and
might well have resulted in erosion of Ranandi Beach and the loss of
industrial capacity.

¢. Small-Seale Hydropower Projects. Small-scale hydro (usually
not more than about 100 kw) implies a smaller alteration of the
environment. The environmental consequences of altered stream flow
and sedimentation, however, must still be addressed (Figure IV.5).

More often than not, a small-~scale hydropower scheme is intended
for a local community rather than a national grid. This is likely to
make that community more favorably disposed toward the project than
toward a large-scale scheme. Even 80, the customary and other
established rights to the water source and the water course must be
recognized, and any adverse environmental alterations minimized.

Schemes that involve only a small weir and which return flow
after a short diversion to the same Stream are not likely to give rise
to environmental difficulties. Local effects need to be borne in
wind, however, suech as scour in the stream at the outlet, and the
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effect that this might have on stream ecology through stirring up of
muddy sediments.

Where water is diverted into another water catchment or is used
for irrigation before being returned to its source stream, significant
downstream effects are possible (as explained in the preceding section
on large~scale projects).

d. Smali-Scale Solar Energy (Photovoltaic) Systems. Major
recent technological advances in photovoltaic research have led to the
commercial production of self-contained units for freezers, block ice
plants, refrigerated storage of milk and chilled fish, and other
applications such as for outer island communications facilities and
small-scale tourism (e.g., refrigeration and ice for food,
restaurants). Photovoltaic systems require only simple installation
and maintenance, are cost competitive, result in negligible
environmental effects, and have few if any moving parts (which
simplifies maintenance). They seem particularly suited to remote
outer islands where energy demand is low and needed primarily for
small-scale fisheries, tourism, and residential use (ice,
refrigeration, freezing, autoclaving).

e. Ocean Thermal Energy Conversion (OTEC) (prepared by John
Harrison). OTEC is not a commercial off-the-shelf option for
consideration and requires additional research, development, testing,
and feasibility analyses for applicability to the practical needs of
many island communities. The following aspects of OTEC need to be
considered:

® Quality of warm and cold water sources: Which sites have the
necessary temperature gradient nearby?

e Platform effects: Different types of containment structures
have been proposed for OTEC systems, including land-based
plants, tower-mounted facilities, and moored or mobile
plantships. Land-based shoreline applications are most likely
candidates for Pacific islands, for which major environmental
impact considerations include biota attraction, both to the
structure and to night lighting; facility, pipeline, and cable
emplacement; and effecis of the structure on nearshore
currents.

® Deep and surface water withdrawal: The OTEC process requires
huge volumes of water, and both swimming and drifting biota
may be drawn into the plant. Thus, plants must be sited
carefully to avoid spawning or nursery grounds of important
fishery species.

® Water discharge: Effluent from an OTEC plant will differ in
water quality from receiving waters. It will be colder, and
its nutrient content may be significantly higher. Thus,
biotic communities in the vicinity of the discharge must be
evaluated carefully to anticipate their response to the
effluent. Innovative applications of the OTEC discharge have
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been suggested, including lagoon fertilization for atolls and
various aquaculture applications. In addition, industrial
accidents involving OTEC technology (e.g., release of working
fluid or biocide) should be considered.

e Exposure to the elements: Maintaining operation and power
generation from OTEC plants during and after typhoons,
tsunamis, large storm waves, etc., have yet to be assessed in
the field for a full-scale plant.

3. Biomass Resource Development

The idea of power generation from biomass (fuelwood or charcoal)
is very attractive because the fuel is loecally produced, with all the
potential benefits of foreign exchange savings and employment of
people in the rural sector. BExpressed in simple terms, it seems
environmentally harmless and dependent on raw materials (sun, soil,
and water) readily avallable in several South Pacific islands.

a. Fuelwood. Biomass production reduces nutrient recyecling
between plants and soils in harvested areas. In natural forests, aged
trees die, fall, and decay, and their contained nutrients are returned
to the soil for the growth of younger trees. In fuelwood plantations,
however, the wood is removed. Ulitimately the soil becomes deficient
in nutrients and plant (and wood) growth slows. 30il fertility must
then be restored by applying fertilizers or allowing the lands to
remain unharvested during a longer period.

Furthermore, the nature and quality of the soil on which a
fuelwood crop is grown will change. Where the area is grassland
resulting from destruction of the original forest (e.g., parts of
western Viti Levu in Fiji and Rarotonga in the Cook Islands), the socil
change may largely be favorable. Where natural forest is being
displaced for fuelwood production, the change usually is not good. It
tends to become more compacted, for instance, reducing the soil's
ability to absorb water and support crop growth. Also soil erosion
and sedimentation in streams and coastal waters tend to increase.

A biomass tree plantation or woodlot is not a forest. It is not
adapted to the local soil and climatic conditions and does not provide
the wide variety of building and food materials that the natural
forest provides. It supports relatively little wildlife and may
encourage populations of aggressive pest plants and animals.

Another consequence of the reduced rainfall absorption in tree
plantation soils is that less groundwater will be held in the soil for
slow release during drier periods to natural and cultivated plants in
the area. The water table can be expected to drop and streams in the
area are likely to experience marked changes in flow.

Therefore, a bicmass plantation cannot be used as a supporting
environmental feature in a biomass energy proposal. Its net
environmental effect could constrain other development options through
soil erosion, water-table changes, and fertilizer pollution. Further,
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since tree plantations take up sizable areas of land, a fuelwood
plantation may seriously restrict other land-use options which are
perhaps economically and environmentally more attractive in land-short
countries.

A 3~Mw wood-fired steam power station requires up to 2,000
hectares of fuelwood plantation. Operation on this scale in Pacific
island countries thus ties up a great deal of land and potentially
threatens a vast area of natural forest.

b. Charcoal. The extraction and processing of wood from natural
or from plantation forests for use in the form of charcoal are often
promoted at the level of rural household or "cottage™ industry.
Charcoal production often makes good sense because local resources and
labor are used. and reduced transport costs are incurred with greater
energy value per kilogram of fuel for the user.

Nevertheless, it is important to think carefully about all
possible consequences of even small-scale projects. In the Solomon
I=slands, a community was encouraged to use charcoazl as a more
efficient fuel source and proceeded to use coconut plantation waste
for charcoal manufacture. Life in the kitchens was improved, but
workers in the copra plantations lost their fuel source. They then
used the nearby stands of mangrove, which produces a superior
fuelwood. The area is a fishing community, however, and a crucial
element in fisheries production in the area is the mangrove ecosystem.
The air in the kitchens may be cleaner, but it was attained at the
cost of possible declines in fisheries production, requiring more
effort to catch fish for home consumption and a reduced surplus for
sale.

4. Petroleum Transport, Storage, and Handling

An environmental assessment of the importation of petroleum
products must take account not only of the storage area itself, but
also of the offshore environment where problems may arise while
petroleun products are in transit (shipping accidents are one concern;
cleaning-out of tankers after fuel delivery is another) and at the
point of transfer from ship to shore.

The main environmental problems specific to energy development at
petroleum storage sites are (1) environmental features of the site;
(2) fuel oil transfer and storage leaks; (3) fuel oil tanker wastes;
and (4) wastes from fuel tank farms.

0il will spill! The first important point is that spillages will
happen! Chronic, operational small spills from shipping and handling
of o0il account for more than 70 percent of oil in the marine
environment, while dramatic, large accidental spills contribute less
than 10 percent. The best possible choices of location and of
engineering design can do much to minimize the chances of spillages
from storage facilities and the extent of the harm which they do, but
environmental assessment must realistically be based on minimization
of spillages and control of environmental damage--not on complete
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prevention. In other words, a decision to locate a storage facility
at the shore, and to effect ship-to-shore transfers, implies that a
"trade—of f" has been made--that some other actual or potential use of
the area (perhaps fisheries, public recreation) has been "traded offm
and fuel storage given priority. Petroleum companies should be
required to employ the latest spill prevention techndlogy (e.g.,
automatic shut-off devices) and have spill-response equipment
available. Even so when spills do ocecur, the agency concerned will
need to be well prepared to deal with them. .

To ensure that this preparation is thorough, each country should
have an 0il Spill Contingency Plan that is frequently tested and
updated. The plan should contain a complete list of oil-response
equipment (owned by private companies and government )}, trained
personnel, and a 24-hour pollution emergency alerting and response
network with designated authorities and their contact telephone
numbers. In addition, the plan should contain oil-sensitivity maps
that indicate important and sensitive resources at risk (e.g., coral
reefs, mangroves, beaches, port facilities) and preferred response
options under a variety of spill scenarios. Pacifie island
governments should also participate in the SPREP Regional 0il Spill
Contingency Plan, which provides an assistance network in the event of
a major accident, and participate in oil-spill response training
offered by SPREP.

a. Effects of 0il in the Marine Environment. The impacts of
spilled oil on the marine and coastal plants and animals of Pacific
Islands vary with the natural system involved (see Gilbert 1983). All
petroleum products biodegrade naturally. Thus, if a spill is being
carried out to sea and is not threatening important resources, it is
best to allow the oil to be broken down and dispersed naturally. When
0il does reach coastal areas, its effects depend on the coastal
ecosystem present. For example, 0il floating on the water surface
will not have a major impact on subtidal corals. Mangroves, however,
are particularly susceptible because of their intertidal location and
air breathing roots (Figure IV.6). Most shorelines can be ranked
according to a sensitivity and clean-ur index (e.g., exposed rocky
headlands and hard-packed mud flats are less sensitive and easier to
clean; medium-grained sand beaches and cobble beaches are moderately
sensitive; and estuaries, mangroves, and coral reefs are most
sensitive and practically impossible to clean when oliled).

The persistence of c¢il in the marine environment depends on the
amount and type of oil spilled and the wind, wave, current, and
weather conditions. Aviation fuel and gascline (petrol) are "lighter"
and vaporize quickly into the atmosphere, creating less of a pollution
and clean-up problem. However, because they are more toxie and highly
flammable, special care must be taken if a large amount is spilled in
shallow areas or is trapped under shore structures (e.g., piers, wharf
areas). Diesel, distillate, and refined oils are more of a problem.
Heavy crude oils and ship (bunker) fuel are especially persistent.

When oil is spilled, the response plan decision-making process
should be rapidly put into action to prevent the worst damage,
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Figure IV.6. 0il damage to mangroves
depends on forest types (Source: Snedaker
and Getter 1985).

facilitate clean-up, and to minimize envirommental degradation and
finanecial losses. Two decision areas are particularly important. The
first is whether to use chemical dispersants or to try and physically
contain and remove the oil from the water or shoreline. Some modern
dispersants can be used where fish, coral, seagrass, and other benthic
organisms are present without doing too much damage to these.
However, a trade-off is required between allowing oil to come ashore
where its impact depends on shoreline type, and dispersing oil

of fshore where its impact depends on bottom communities, depth, and
water movement.

A second important deecision in o0il spill response involves
disposal of collected oil and oily debris. After oil is physically
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contained, usually by floating booms on other barriers, it is
collected for re-refining or disposal. This collection process and
the shoreline clean-up of spilled oil are very messy operations. In
the end a decision must be made as to how and where to dispose of the
0il and oily debris. The relatively clean oill should be stored in
barrels for reshipment to refineries. The oily debris must be stored
and shipped, buried, or burned. Burial is not always a good solution,
as 0il can seep into groundwater or streams, and it may be difficult
to find available land on small Pacific islands with customary land
ownership. Burning can cause local air pollution problems, and there
will usually be leftover material that cannot be burned. Thus, some
oily debris may also need to be shipped for proper disposal.

b. Pipelines. The laying of buried pipelines on the seabed can
cause sediment disturbance during trench excavation. Some inshore
sediments are particularly fine (very small particle size) and are
ea3lly resuspended. Once disturbance stirs them up, sediments can
remain suspended in the water column for periods of days to months.

In well-mixed waters, where current and wave action quickly flushes

away sediment, environmental effects are minor or temporary. However,
the disruptive effect of such fine sediment om corals, seagrass, fish,
crabs, and shellfish in a sheltered body of water can be very marked.

The location and nature of all buried pipelines should be
carefully planned and mapped. Some years ago a chronic leak of
petroleum products into Walu Bay, Suva, polluted coastal waters for a
long period. Despite the existence of legislation to deal with the
problem and a willingness of the health authorities to take action,
the offender could not be identified. There was such a complicated,
unplanned network of pipelines to and from several oil companies and
users that it was not possible to determine the responsible party for
the faulty pipeline.

¢. Bilge and Tanker Washout. The bilges of most ships and tanks
of petroleum tankers need to be cleaned periodically. Emptied oil
compartments are also filled to adjust trim and ballast. Subsequent
discharge of ocil-contaminated ballast is therefore a source of oil
pellution. These were onee a major source of marine oil pollution as
tanker masters took the easy option and cleaned out tanks while
under-way and out of sight of land--whether in national or
interrnational watera. Strict regulations under the International
Marit ime Organization have curbed much of this abuse of the seas. It
still can be done, however, where surveillance of shipping is weak, as
in the South Pacific.

d. Tank Farm Wastes. Tanks used for storage of petroleum
products need to be cleaned occazionally. The sludges removed from
the bottoms of these tanks are always potential problems for the.
envirenment. Careful arrangements for their disposal must be decided
and included in the waste management procedures which should be part
of the ocutcome of the environmental assessment. The environmental
hazard posed by these wastes 1s worsened where the sludge containa
residues from leaded petrol. Close ccoperation with health .
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authorities is necessary to ensure that lead does not become an
envirommental contaminant. In the tropics, metal tanks (both above
ground and underground) undergo rapid weathering and deterioriation.
A constant program of maintenance, repair, and replacement is needed
to avoid accidental leaks.

5. Environmental Assessment of Energy

Development at the Pre-Feasibility Stage

a. Thermal Power Projects

Engineering and environmental consultants should work
together on environmental aspects of their preliminary
design for thermal power projects.

Prepare a preliminary map of water circulation and
sediment transport in the area of beach and coastal waters
considered by the consultant to be potentially subject to
disturbance by operations at the proposed power station.

Ensure an oil-spill contingency plan, including an
0il-spill sensitivity map for the development site area,
is in place.

Broadly characterize the coastal dynamics of the area
under different wind and tide conditions, particularly
with respect to hurricane/cyclone/typhoon events,
tsunamis, and the expected sea-level increase for the
duration of the project.

Describe the existing environmental circumstances at the
site and in the area subject to the proposed project's
influence, including coastal water quality, seagrass beds,
coral reefs, and mangroves, and water eirculation.

Investigate the possibility that sites of special
cultural, historical, and/or ecological significance may
occur in the area, which will be affected by the proposed
project, and indicate their nature and locations.

For fuel-fired power plants requiring use of once-through
cooling water systems (such as seawater), thermal
effluents and ocutfalls should be designed to minimize
thermal plume impingement on the bottom environment near
coral reefs and other sensitive areas.

b. Hydropower Projects

Engineering and environmental consultants should work
together on environmental aspects of their preliminary
design for a hydropower project.

Broadly characterize the environment and component
ecosystems of the area to be affected by the proposed
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project, with particular reference to current and
projected land use in the hydro water catchment and
downstream of the dam site.

Under a range of seasonal/rainfall conditions, report on
stream flow, water quality, and suspended sediment in at
least three locations--upstream of the proposed dam,

downstream of the tailrace, and between these two sites.

Examine the options for road access and for power
transmission line routes, and report on their relative
suitability for minimizing soil erosion and avoiding areas
of cultural, historical, and ecological significance.

Petroleum Product Storage Projects

Engineering and environmental consultants should work
together on environmental aspects of their preliminary
design for a fuel storage depot with all ancilliary
equipment and services.

Prepare a preliminary map of water eirculation and
Sediment transport in the area of beach and coastal waters
to be potentially subject to disturbance by operations at
the proposed depot (including ship-to-shore transfer of
fuel).

Ensure an oil~spill contingency plan, inecluding an
oil-sensitivity map for the development area, is in place.

Broadly characterize the coastal dynamics of the area
under different wind conditions, particularly with respect
to hurricane/cyclone/typhoon events, tsunamis and the
expected sea-level increase for the duration of the
project.

Give a preliminary estimate of -the costs for installation,
maintenance, and operation of pollution prevention and
control equipment and indicate the nature and level of
economic, soeial, and environmental costs in the absence
of such provisions.

Examine and comment on provisions for clearance distances
around fuel storage tanks in respect of fire and explosion
hazards.

Describe the existing enviromnmental ecircumstances at the
gite and in the area subject to the proposed project's
influence, including coastal water quality, seagrass beds,
coral reefs, and mangroves, and water circulation.
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6. Case Studies
(prepared by John Harrison and Rory Frampton)

a. Nanpil River Hydropower Project, Island of Pohnpei, Federated
States of Micronesia. Based on a U.S. Army Corps of Engineers report
(1985), "Nanpil River Hydropower Project, Island of Pohnpei, Federated
States of Micronesia™ by James Pennaz. The very high costs of
oil-fired electrical energy production led the government of Pohnpei
to seek alternative energy sources. Previous hydropower efforts in
Pohnpei during the Japanese era had been generally successful, and
high rainfall and topographic conditions appeared favorable. Studies
performed by the Army Corps indicated that the Nanpil River provided
the best overall conditicns for such a project because of its
closeness to the main urban and commercial center of Pohnpei, good
access to the proposed facility =site, and an existing water diversion
structure that could be utilized.

The completed project is a run-of-the-river 1600-kw hydropower
facility consisting of an intake at the existing water supply dam, a

4600-foot penstock (pipe) buriled under the access roadway, a
powerhouse, a switchyard, and a 2-mile power transmission line.

Decreased water flow due to the project's diversion occurred along a
1.2-mile stretch of river between the upstream intake and the
downstream outlet at the powerhouse. Downstream at the outlet, river
water flows return to normal for the remaining several kilometers to
the sea.

Pohnpei island is surrounded by a barrier reef and lagoon that
support a coastal fishery. The island's mountainous regions are
covered by rich tropical rainforests with mangrove forests and swamps
in abundance along the shorelines. The rugged terrain of the
mountains makes access to rivers extremely difficult. Nanpil River
contains an assemblage of aquatic life that supports subsistence
fisheries.

The 1.2-mile section of river that would experience a decrease in
water flow supports small-scale agricultural activities for some local
residents and has a scenic waterfall, which is a tourist attraction.

Construction activities posed significant threats of erosion from
land clearing and grading for the powerhouse, penstock, and access
road. In an effort to minimize disturbance, the access recad was
designed to be built over the penstock.

The creation of an intake structure could adversely affect stream
life, inhibifting migratory routes and diverting the minimal amount of
stream flow necessary for habitat maintenance. In this case, the
existing diversion dam was noted to have had an effect on migratory
routes of stream biota. As part of the project's design, a notch was
created in the existing dam to maintain a minimal flow for the
waterfall and in-stream biota, and to allow for migratory passage.
Additionally, the policy for water use from the river designated
hydropower as the lowest priority, below both water supply and
conservation flow. As such, the creation of the noteh in the
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diversion structure and the policy of maintaining a minimum
conservation flow constituted an environmental improvement. The
intact structure design incorporated boxes and wire mesh screens to
reduce entrainment of stream biota.

Another mitigative measure to offset impacts to downstream uses
along the affected 1.2-mile segment was the extension of a continuous
water supply to the affected homes.

Two other factors were considered in designing the project. The
first was the recognition of the cultural significance of land to the
local people. The importance of ancestral homelands and the values
attached to these lands are common attributes of Pacifie island
communities. The reluctance of the local population to give up their
lands was cited as an important factor in the decision to place the
access road over the penstock (to minimize land acquisition) and in
other land-use decisions. Archaeological surveys were also performed
to record cultural sites and document the historic significance of the
ruins of the earlier Japanese-built plant at the site.

The second consideration was maximizing overall operational
lifetime of the facility while minimizing the risk of adverse impacts
of a long-term power outage due to breakdown. To this end, local
integration with the project was given high priority. However, the
local public works department faced a shortage of individuals with
technical expertise. As such, the project was designed for simplicity
of operation and minimal maintenance. Bdditionally, the Army Corps
required the contractor to inelude a number of spare parts in the bid
package and also to operate and maintain the facility for 1 year while
training local operators. The training program has been extended to
ensure the plant is operated and maintained properly.

b. Assessing Energy Facility Expansion on Guam. In November
1978, the government of Guam completed an initial assessment of
potential impacts for expanding of energy facilities. Conventional
oil-fired plants were the only type gonsidered, due in part to the
presence of large oil refineries nearby on the island. The goal of
the assessment was to examine the various sites and alternatives for
energy expansion so that project development would come close to
reaching the often conflicting goals of enhancing economic growth and
preserving the environment. A major focus of the assessment was
examining the impacts of two existing plants, Tanguisgon and Cabras,
which had, since their construction, altered many aspects of the
environment.

The Cabras plant is located along the Piti Channel of Apra
Harbor. The intake pipes are situated across a peninsula outside Apra
Harbor while the discharge pipes for the cooling system are located
inside the enclosed waterbody of the harbor. Since the intake
structure is located in a sandy area, it continuously had to be
redredged to prevent clogging. The same problem was also encountered
at the Tanguisson plant. The dredging activity not only increased
turbidity and sedimentation problems but also was a significant drain
on capital.
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Impacts from the thermal plume of the output in Piti channel were
not considered extreme because of normal ambient conditions. Since
the shallow and enclosed nature of the waterbody resulted in natural
warming from insolation, the temperature increase from the discharge
did not represent a large change from ambient conditions.

Perhaps the most damaging impact of the whole project came from
construction activities. Most notable of these was the careless
operation of a bulldozer that destroyed reef areas during construction
of the intake pipe on the viable coral reefs immediately outside and
north of the harbor.

Impacts from the Tanguisson power plant have been observed since
operations commenced in 1971. The plant site is adjacent to a narrow
fringing reef and is in a beach strand environment. Because of the
location of the thermal discharge, it was concluded that the effluent
was responsible for destroying the flora and fauna of two hectares of
the fringing reef. Biofouling control additives had played a role,
but most of the damage was attributed to the thermal effluent.
Reef-building corals along the reef margin were killed, and fishes,
crustaceans, and echinoderms characteristic of the reef flat abandoned
the plume area. Studies had indicated that the upper thermal
tolerance level of reef species was generally between 30 and 33°C.
With a 4°C rise above thg ambient (28.5°C), 48 species died within 6
to 14 days; and with a 6 C rise, most species died within 6 days or
less.

Air emissions were assessed, particularly with regard to sulfur
dioxide contamination. Normal tradewinds in the area blow emissions
out to sea; but when wind patterns change, nearby towns are affected
by air pollution. The mitigation measure proposed for these days was
Lo burn low sulfur fuel, but this fuel is costly and hard to find.

IV.E. MINING AND MINERALS PROCESSING
{prepared by Philip J. Hughes)

1. Development 0Objectives

Mining and minerals processing has or is likely to become an
increasingly important component of the development strategies of many
South Pacific nations. Of particular importance is the gold~bearing
"pim of fire" that encompasses a zone extending from PNG (Figure IV.7)
through the Solomon Islands, Vanuatu, and Fiji to New Zealand. Other
important minerals are copper in PNG and nickel in New Caledonia.

Mines are primarily developed to exploii nonrenewable resources
(i.e., minerals) for their financial returns. The major benefits of
mining will accrue to the shareholders (in the form of dividends) and
to governments from company, income, and other taxes, royalties and
profits from equity holdings. Local communities will benefit from
their share of the royalties, compensation payments for loss of or
damage to land and other resources, and from wages. However, these
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Figure IV.7. Mines in PNG in operation or at advanced planning stage.

communities will also bear the brunt of the negative effects mining
inevitably brings intoc existence.

2 Project Components

Although mines vary greatly in size, output of ore, and mine life
(Table IV.5), their project components are essentially similar (Figure
IV.8). Most mines in the region are or will be open-cut rather than
underground operations. There are two phases-~construction and
operation--to any mine, and the infrastructure requirements and
impacts will differ in many ways. The main elements of the operations
phase are as follows:

The open-cut pit, from which the mineral-bearing ore is
extracted. In addition to ore, there is usually an equal, if not
greater, amount of waste rock to be removed. The rock is drilled and
blasted, dug out with heavy machinery, and transported to the
ore-processing plant or the waste rock dumps.

The ore-processing plant, where the ore is crushed, then milled
to a fine powder before being chemically and/or physically treated and
processed to extract the valuable minerals. In the case of gold and
silver, the end-product is normally impure metal produced by smelting;
whereas with copper, a concentrate of the ore is produced, which is




177

Table IV.5. Scale of mines in PNG

Tailing Mine Workforce
Mine (tonnes/day) 1life (no.)
Bougainville 135,000 30 4,000
Ok Tedi 60,000 30 2,500
Misima 15,000 10 350
Hidden Valley 10,000 10 300
Porgera 9,000 18 900
Wau 1,400 9 280
Mt Kare 3,000 3 100
Mt Victor 400 2 100

NOTE: Hidden Valley and Mt Kare are still at the planning stage, and
Misima is being constructed. The others are all operating mineés.

usually refined overseas. The nickel mined on New Caledonia is
smelted on the island.

Cyanide is often used to extract gold and other metals. The
transportation and handling of this extremely toxic chemical are
potentially hazardous to human health and other animals. Cyanide
complexes are also present in waste streams from ore processing.

In all cases, the tailing {or sludge)} left after the minerals
have been extracted will consist of a mixture of water, mud, and
chemicals used in the extraction process.

The waste disposal system consists of two components: waste rock
from the open pit and tailing from the ore treatment plant. Normally
the waste rock is stored in stable dumps close to the open pit or is
used partially to backfill the pit. Sometimes some of the waste rock
is too soft to be stored safely in this way and must be disposed of in
the same way as the tailing.

There are a variety of options for disposing of the tailing,
including impounding it behind a dam wall (a tailing dam), discharging
it into an adjacent river system (whereby most or all of it eventually
reaches the ocean), or dumping it directly into the ocean.

Infrastructure includes, for example, roads, water and electrical
power supply, office accommodations, workshops, storage facilities,
and workforce accommodations and services.
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Figure IV.8. Misima gold mine: Project components.

3. Environmental Factors Influencing,
and Influenced by, Design and Site Location

The location of any mining project is largely determined by the
location of the ore body, which is absolutely fixed. Because major
project components such as rock waste dumps, ore-processing plant (and
hence tailing disposal), and industrial infrastructure must be located
close to the mine pit, there are normally fewer locational options
than are available to other types of development project.

Furthermore, the nature and size of the ore body determine within a
narrow range of options the mining and ore-processing methods that
will be used.

Tn such circumstances, a thorough prior understanding of the
biophysical and social environment of the project area and its
surroundings is essential if optimal use is to be made of the limited
locations likely to be available for the project components and to
result in acceptable impacts. Such baseline biophysical and social
environmental data are not only vital to the initial aassessment but
alsc for monitoring effects once construction and operations have
begun.

Take, for example, the normally contentious issue of waste
disposal. In determining a suitable waste disposal strategy,
especially for tailing, the following sorts of questions need to be
addressed: Are there suitable sites for building a tailings dam? 1Is
the nearby river capable of transporting the increased lcad that would
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result from the discharge of tailings? What would be the impact of
such discharge on downstream users, especially villagers who may take
their drinking water from, or wash in, the river, or fish in the sea?
What would be the ecological impacts of tailings discharge? In
particular, would important species or communities be adversely
impacted?

In the case of the proposed Porgera gold mine in PNG (Natural
Systems Research 1988), for example, the answers to these questions
were, simply put: "No, there are no safe tailing dam sites; yes, the
nearby river can physically cope with the increased load; no, there
are virtually no downstream users vwho would be noticeably affected;
and, no, there are no major ecological impacts." Consequently the
project operators have been given permission t¢ discharge their
tailings into the river system, after appropriate detoxification
treatment.

In contrast, the answers to the same questions when asked of the
proposed Hidden Valley gold mine (Hidden Valley Gold 1989), which is
very similar in its operation and envirommental setting, were: "Yes,
building 'a tailing dam is technically and economically feasible; and
¥es, there are numerous downstream users of the river system who would
be very adversely affected by the discharge of tailing, even if it was
detoxified.™ In this case the option of river discharge of untreated
tailing (the cheapest option) was discarded, and the project proponent
proposes to build a dam to store the tailings.

4, Impacts

The major environmental impact issues raised by the development
of open-cut mines in the region can be considered in four related
categories (e.g., see Natural Systems Research 1987).

® The capacity of the project area and its surroundings to
accommodate the project physically.

® The capacity of the environment to assimilate wastes from the
project.

® The effects of the project's land requirements and discharges
on natural ecological values, and the subsistence and
commercial resources used by local people,

® The socioceconomic effects.

In most South Pacific nations the population is largely rural,
land is communally owned, and communities and individuals have a
strong attachment to their land. Thus, in almost all resource
development projects, including mines, there are actual or potential
land-use conflicts to be resolved in the planning process. Concerns
about possibie negative socioeconomic effects, alienation of land, and
impacts on resource used by local people invariably outweigh concerns
about possible adverse effects on natural ecological values.
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In PNG the basis for envirommental management of the project is
as follows (e.g., see Mt. Kare Mining 1988):

e Prediction of the project's potential impacts.

o Implementation of a hierachy of management measures, which are
determined by technical feasibility, costs, and benefits: (1)
pre-emption of the impact, (2) containment of the impact, and
(3) compensation for the impact that is unavoidable, where
appropriate.

e Monitoring of the management measures and of the validity of
the impact predictions on which the validity of the management
measures in turn depends.

e The undertaking of remedial actions, if necessary, to
counteract adverse environmental effects detected by the
monitoring program.

5. Case Studies

a. The Misima Island Gold Mine. A major feature of this
medium-sized mine (Figure IV.9), which was scheduled for production in
July 1989, is that it will be the first in PNG to use marine disposal
of soft rock waste and of tailing. This form of disposal has already
been proposed for two other high island gold mines in PNG and may be
widely implemented on high islands throughout the Pacific region if
experience shows that environmental impacts are acceptable.

The following summary is based on the project's Environmental
Plan, prepared under the requirements of the PNG Environmental
Planning Act 1978 (Natural Systems Research 1987; see also Hughes, in
press).

e Operation. The total ore to be extracted is 56 million tonnes
{Mt) at a stripping ration of 1.3 tonnes of waste for each tonne of
ore. This will allow the mine to operate for 10 years at 5.475 Mt/yr.
Three categories of material will be removed from the pit: ore (56
Mt), hard rock waste (35 Mt), and soft rock waste (35 Mt).

The ore will be delivered by trucks to the processing plant on
the coast. The hard rock waste will be delivered to dumps close to
the open pit. The soft waste, which cannot be stored safely in stable
dumps, will be hauled by trucks to the south coast and be dumped
directly into the ocean adjacent to the plant site.

The ore treatment will be a gold cyanidation plant with gold
recovery by the carbo-in-pulp process. The tailing left after the
gold and silver have been extracted will consist of a mixture of
water, mud, and chemical such as cyanide used in the extraction
process. This tailing will flow to a mixing tank where it will be
diluted with seawater to reduce the residual cyanide concentration to
a level acceptable for deep ocean discharge down a pipeline.
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Figure IV.9. Misima: Impacts of soft rock waste disposal.

e Land and land resource use impacts and migration. Land
alienation and the associated depletion of traditional resources were
ma jor issues. Local population densities are high. Although there is
no shortage of gardening land, the population is increasing rapidly,
raising concern that alienation of land for the mining project might
lead to land shortages. It was accepted from the ocutset that wherever
possible, project infrastructure should be placed on land of low
productivity for gardening use or for exploitation of bushland

resources.

The mine pit site and the hard rock waste dumps will be in hilly
ferrain on previously disturbed and largely unproductive land away
from populated and gardened land. The processing plant and
accommodat ion facilities are being located on freehold land currently
used (unproductively) as coconut plantations. Only the haul road and
the low-grade ore stockpile will be situated on productive
village-owned land. Much of this land will be rehabilitated when the
mine ceases production.

® Stream impacts and migration. During the 15-month
construction phase, about 200,000 m3 of sediment will find its way
into Cooktown Creek. A further 170,000 will reach the Creek during
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the 10-year life of the mine. Although meost of this sediment will
eventually be washed out to sea, there will be localized accumulation
of sediment in the valley that will affect a locally important sago
swamp. In addition, the Creek will be continuously muddy and
undrinkable.

This loss of sago resources will be small (and temporary), and
compensation will be made for these losses. The company has already
installed piped water supply systems for all affected villages
ad jacent to the Creek. (Compensation--how much and in what form--is a
difficult concept to implement and is often critical to acceptance of
a pro ject.)

® Waste disposal and mitigation. Waste disposal was the other
main issue. PBoth land and ocean disposal were considered for the soft
rock waste and tailing. Since the island is subject to seismic
activity and to periodic severe cyclones, land disposal of soft waste
and tailing behind one or more dams was rejected because of a high
risk of their failure due to such events.

® Hard rock waste. Most of this will be stored in stable dumps
in the largely unproductive hilly interior of the island, and the rest
will be used to back~fill one end of the open pit. Since the rocks
are nonacidic, the leachate from these dumps is not expected to be
acidic or to contain high concentrations of dissolved metals.

@ Soft waste. Two alternatives were considered. The first, and
envirommentally preferable, option would have been to mill the soft
waste and dispose of it, along with the tailing, down the submarine
pipeline. This option was rejected because of its excessive costs;
had this method been implemented, the mine would not have been
profitable.

The ocean surface disposal method was chosen because it was
cheap. The waste will be transported to the shoreline and dumped inte
the sea. The material will cascade down the steep slope as a density
current, but there will be localized increased turbidity at and around
the dump site. Soft waste will peak at 20,000 tonnes a day or 183
truckloads a day.

This aspect of the overall waste disposal strategy caused the
greatest concern. Thus, considerable effort was given to predicting
its physical and biological effects. In a zone 0.5 km either side of
the dump site, the effects were predicted to be severe (Figure IV.9).
The effects would be progressively less severe either side of this
central zone and would cease about 3 km to the west and 6 lkm to the
east of the dump site. The company will compensate the villagers for
losses of marine resources and amenities as a direct result of
discoloration of nearshore waters from soft waste disposal.

Recovery of the coral reef may occur once mining stops, as was
the case following an earlier phase of mining that ceased in 1942.
(Recovery of corals to a previous condition and productivity is
unusual, however.)
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e Tailing. The ocean Is very deep immediately offshcre from the
island, and submarine disposal of the tailing was the agreed-to
option. The tailing/seawater-mixed slurry will be discharged through
an outfall pipe to the ocean at a depth of between 75 and 100 m. The
slurry will be denser than the surrounding ocean water at the
discharge point and will flow down the steep submarine slope as a
density current and will not mix with, or pollute, the surface
seawater.

The tailings will smother the surrounding deep ocean flecor
habitants, either forcing away or killing those animals incapable of
adjusting to the new conditions. The Misima people do not fish at
such great depths, and there is little potential for commercial
deep-water fishing.

b. Hidden Valley Gold Mine. This mine, which is similar in size
and mode and length of operation to the Misima mine, is at an advanced
stage of planning. The following discussion iz based on information
in the project's Environmental Plan (Hidden Valley Gold 1989). A
number of important differences between the two projects warrant
emphasis as they have resulted in substantially different strategies
to manage predicted environmental impacts.

e Land and land resource use impacts. Hidden Valley differs
from Misima, where minimizing potential land-use conflict was an
important comporent of the project planning processing (including
environmental planning). But by careful siting of the project
components on unproductive or alienated land, the impact on
productive, village-owned land was eventually reduced to very low
levels.

The Hidden Valley mine site, in contrast, is located at high
altitude (2600 m above sea level) in rugged, forested, and unpopulated
land well away from the heavily populated grassland valleys to the
east and north (Figure IV.10). The ore-processing plant, industrial
plant, and waste disposal facilities will all be located in this
unpepulated terrain close to the mine site. The workforce will be
accommodated on already alienated land in nearby Wau, and a road will
be built connecting the mine site with Wau. Because of this, very
little agriculturally productive village-owned land will be affected.

Hence, because Hidden Valley is in a remote location, potential
land-use conflict was never the major issue it has been with other
mining projects in PNG.

® Waste disposal. Unlike at Misima, where damage from ocean
disposal of soft rock waste proved to be the major environmental
issue, at Hidden Valley almost all the rock waste will be hard, which
can be safely stored in stable dumps adjacent to the pit.

However, whereas at Misima leachate from the nonacidic dumps was
not expected to cause environmental problems, at Hidden Valley about
38 percent of the waste (the metasediment component) is either
acid-forming or potentially acid-~forming. Furthermore, acidic
leachate containing dissolved metals entering the stream system has
the potential to be environmentally damaging.
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A major environmental objective for designing the waste rock

dumps, therefore, is to minimize generation of acidic leachate (Figure

The following action must be taken to reach this objective:

e Locate the acid-forming dumps in the heads of valleys where
runoff from the catchment will be minimal.

e Restrict the amount of time that each dump will remain active.

e Divert surface runoff away from the dumped material.
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Figure IV.11. Hidden Valley rock waste dump design.

® Progressively seal the surface of the dump to restrict
oxidation and to minimize percolation of rainfall and surface
runoff.

® Rehabilitate the dump as scon as possible by sealing the
surface and facing it with nonacid-forming (granodiorite} rock
waste material.

The two main tailling disposal options considered were:

® Discharge of either untreated or detoxified tailing to the
Upper Watut River.

e Tailing impoundment behind a dam in a tributary valley of the
Upper Watut River.



186

Several hundred people live in at least nine villages along the
Upper Watut River. These people regularly use the river for drinking
and cooking, washing utensils and clothes, bathing, swimming, fishing,
and gold sluicing. The dumping of untreated, cyanide-rich waste would
be by far the cheapest option (about US$0.5 million in total over 10
years); but at times of low water flow, cyanide would be at levels
toxic to humans for some distance downstream. This would clearly be
unacceptable.

The tailing could be detoxified at about US$50 million to make it
chemically safe. However, the water would still be highly turbid due
to the very heavy sediment load, making the river water virtually
unusable for most domestic purposes.

An alternative would be to store the tailing in a permanent dam.
A suitable site in a stable valley with unproductive land has been
identified, with a preliminary cost estimate of US$15 million to
construct and operate. Thus, for both envirconmental and economie
reasons, impoundment of the tailing in this permanent dam is the
preferred option.

IV.F. COASTAL CONSTRUCTION ACTIVITY

1. Development Objectives

Tranaportation projects have accounted for most of the coastal
construction in Oceania. Obviously, navigation projects (docks,
ports) must be located at the shoreline, but many road, bridge, and
airfield projects are also near the coast where most of the people
live and desirable construction materials are found. Roads in Oceania
are, by necessity, mostly unpaved and capped with coral aggregate
which has the best available maintenance and drainage properties.
Because of the ready access and "free" sources of construction
aggregate on coral reef flats, most material for road construction and
maintenance is obtained from shallow lagoons, coral reefs, seagrass
beds, and mangrove flats overlying carbonate substrates.

Traditionally, many nearshore water areas were owned or policed
through native customs and tenure. However, centuries of colonial
dominance by foreign powers and decimation of island populations from
warfare and disease brought by the foreigners have destroyed,
weakened, or undermined these controls in most of Oceania.
Consequently, more and more reef, lagoon, seagrass, and mangrove flats
are being exploited for construction materials for roads and other
projects. The government official faced with the choice of buying
aggregate from upland private landowners or dredging it "free" from
accessible coastal areas will most often opt for the latter in the
absence of land use and other environmental controls.

For similar reasons, many airfields and roadways in Oceania are
located in what was previously marine habitat, and substantial
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landfills and causeways have been constructed, particularly near urban
centers. :

Harbors and the side slopes of coastal fill land require
structural reinforcement to protect the land and facilities from the
destructive effects of large waves and strong currents. A common
practice is to quarry large rocks {(armor stones) from offshore reef
flats and use them in shore protection structures.

Many other government, community, and private landholdings
(especially resorts, schools, churches, and meeting halls) are
situated on fill land. Decision-makers faced with purchasing limited
or expensive land from private owners will instead create new land on
nfree" reef and mangrove tracts. This is particularly evident in
crowded urban centers and capitals with access to heavy equipment.

The clearing and filling of mangroves in many areas of Southeast
Asia for mariculture is worthy of mention. Many thousands of hectares
are actively being converted to pond culture for milkfish and marine
shrimp (termed tambak extensification) in Indonesia, the Philippines,
Malaysia, and elsewhere.

2. Construction Practices Potentially
Damaging to Marine_ Ecosystems

a. Excavation and Dredging. The most common excavation
techniques include use of a crane for clamshell dragline (or bucket)
dredging, pipeline cutterhead or suction dredging from a floating
barge, and hopper dredging from a ship. Augering is a less common
technique with limited application due to the extreme hardness of
coral materials and the complex nature of the operations. Dragged
chains or cables to knock down or loosen coral heads have also been
used. Besides explosives for excavation, drilling and shooting
(quarrying) are often used with mechanical excavation and dredging to
facilitate removal of particularly hard materials.

b. Landfilling and Shore Protection Measures. Landfilling is
the placement of fill to convert aquatic habitat to dry land.
Dredging and filling sites are often located next to each other {such
as for harbor projects; see Section IV.G) so that dredging operations
can conveniently generate material required for landfilling.

Sides of landfills facing the ocean or exposed to other elements
require structural protection to minimize slumping and erosion of fill
from currents and wave action (U.S. Army Corps of Engineers 1979a,
1979b). Revetments are protective structures usually consisting of
sloping rocky walls. The outer basal extension of the rubblemound
revetment {the toe) takes the brunt of wave action striking the slope,
and the irregular surfaces and interstices between the stones are
effective in dissipating wave energy and minimizing reflected waves.
Reflected waves can carry sand and other bottom material seaward of
the shoreline and can undermine shore protection structures unless
they are properly designed or placed on a solid rock foundation.
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Seawalls, bulkheads, and sheet piling are functionally all the
same and consist of solid vertical walls (either metal, concrete, or
masonry) to protect shorelines or fill land. The main advantage of
vertical walls is that they require less material and take up less
space; also ships can convenlently berth next to docks with vertical
walls. However, reflected wave energy is maximized with a vertical
facing wall; hence, these are only normally constructed along calmer
shorelines such as within harbors, protected lagoons, or embayments.

Groins and breakwaters are rocky protective structures that
project or occur seaward of the shoreline. Groins function by
trapping sand on the updrift side, causing the shoreline to prograde.
However, the downdrift sides of groins can cause shoreline erosion
because longshore transport is interrupted. Unless groins are
properly designed and located, they can cause, more than solve,
shoreline erosion problems (Clark 1985). Other structures such as
harbers or landfills projecting offshore can inadvertently act as
groins, causing shoreline accretion and erosion on updrift and
downdrift sides of the structure, respectively.

Offshore breakwaters are aligned parallel to the shoreline but
are separated from the shoreline. The outer (seaward) face of the
breakwater absorbs wave energy and causes currents and wave action
shoreward of the structure to be diminished. As a consequence,
shorelines opposite properly located offshore breakwaters are less
prone to ercsion but still allow longshore transport to occur, thus
reducing the likelihood of erosion along adjacent shorelines to either
side of the breakwaters. Both groins and breakwaters are often
incorporated into harbor designs to minimize surge, wave action, and
sediment accumulation within harbor basins where ships are berthed.

¢. DOther Coastal Construction Activities. Clearing involves
removal of groundcover and vegetation, usually at the start of
construction, to facilitate compaction or other preparation of ground
surface for erecting buildings and foundations and to facilitate
excavation and filling.

Other activities include disposal of mine tailings, metallice
waste, and other construction debris into estuaries, shorelines, and
rivers. Disposal of solid waste including garbage is a common
practice in urban centers of Micronesia.

3. Physical Consequences of Coastal Construction

a. Excavation. Mechanical excavation and dredging physically
disturb or remove the bottom substrate including habitat for benthos
(bottom-dwelling organisms), deposit sediment on the substrate,
suspend sediment in the water column, reduce light penetration,
increase turbidity, change c¢irculation patterns, and can reduce
dissolved oxygen and increase nutrient levels in the water column.
Ecologically, substrate removal can have the most significant
ecological impact, although eventually at least some recclonization by
marine life is possible on the dredged surfaces after dredging is
completed. The accumulation of sediment on the bottom in ad jacent
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areas can also have a significant adverse effect on benthos. The most
widespread and visible consequence of dredging and excavation,
however, 1is the generation of suspended sediments and turbidity.

b. Explosives. Underwater explosions can cause considerable
physical disturbance to both water column and benthic habitats.
Impacts are proporticnately greater closer to the detonation sites,
particularly for open-water explosions. Organisms shallower or to the
side of explosions are more likely to be injured or killed compared to
organisms deeper than the explosions; hence, deeper water explosions
tend to generate higher mortality and casualties. However, explosions
in water that is too shallow are ineffective as an excavation method
and can generate large quantities of flyrock. Explosives packed into
holes or crevices, or covered by sandbags, for example, will cause
less damage from shock and concussion.

Y4, Ecological Consequences of Coastal
Construction: Documented Examples

a. Dredging. An unaveidable impact of any dredging operation is
the direct elimination of benthic habitat in the dredged area and
reduction in associated demersal species.

Although ecological recolonization is possible on dredged
surfaces, harbor bottom environments tend to accumulate fine sediments
and are most often colonized by soft-bottom or sand-dwelling
communities. Dredged surfaces that are not deep (greater than 10-m
depth) and expozed to waves and currents {such as quarry holes on
outer reef flats) can be extensively recolonized by reef life within a
decade or more following dredging. Also hard, elevated surfaces such
as revetments and seawalls can atiract greater numbers and types of
recolonizers, especially fish and corals, based on evidence collected
in Hawaii, Kosrae, and American Samoa.

Some of the most significant impacts of sedimentation associated
with dredging have occurred during open-water disposal of slurry from
pipeline dredging. Slurry from cutterhead dredging at Kwajalein
spilled out over a large reef tract, burying coral communities and
inhibiting recovery. At Okat Reef, Kosrae, the rate of slurry
discharged into a retention basin exceeded the basin's capacity,
causing slurry to overflow the walls and spill out over 10 ha of
seagrass and coral habitat (see Figure IV.12) and completely buried it
under 0.25 to 0.5 m of fine slurry muds (Maragos 1984). In this last
case, the impact could have been prevented by a reduced rate of slurry
discharges, but the construction contractor had a schedule to meet and
was unwilling to slow down operations.

Physical barriers such as silt screens and earthen berms can be
effective in reducing areas affected by dredging and filling
operations. &8ilt screens are curtains of plastie, fiberglass, or
other fabric that suspend from the surface using a system of floats
and anchors; normally, silt screens are effective where wave action is
low and water currents are 50 cm/sec or less.
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Figure IV.12. Adverse effects of dredge and fill for reef flat runway
and dock construction at Okat Harbor, Kosrae Island, Federated States
of Micronesia. Construction buried most of the seagrass beds and much
of the reef under fill land. Dredging further destroyed reef and
seagrass beds and greatly altered circulation in the harbor. The
stronger water currents have been implicated as causing shoreline
erosion near the airfield and Tafunsak Village, once Kosrae's most
important fishing ground. Okat reef yields have declined to halfl of
preconstruction levels (Adapted from Manca Mapworks 1987, U.S. Army
Corps of Engineers 1989).
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Indireact impacts of dredging include anchoring operations for
barges, ships, and pipelines. Placement and dragging of anchors over
sensitive ecosystems damaged fingercoral communities at Keauhou,
Hawaii. Conversely, careful anchoring at sand-mining sites in Pohnpei
Lagoon avoided damage to reef corals.

The potential synergistic effects of water pollution such as
sewage discharges can also inhibit coral recolonization on dredged
surfaces based on studies in Pala Lagoon (Helfrich 1975) (see Figure
IV.13) and Kaneche Bay (Maragos 1972; Maragos et al. 1985) (see Figure
IV.14), In the Kaneohe Bay example, recolonization of corals on
dredged surfaces was accelerated after removal of sewage outfalls in
nearby lagoon environments.

On the other hand, quarrying operations on outer shallow reef
flats for shore protection, harbor, and airfield projects in the
Marshalls and Carolines have improved the value of habitat for reef
fishes and reef corals. Quarry holes located too close to shoreline
or sandy environments tend to get filled with sediments or be less
favorable for coral recovery. Nevertheless corals, fish, and
associated reef invertebrates are capable of rapid recovery in holes
created from dredging and quarrying, particularly in clear waters
subject to flushing from wave acticn or currents, such as in Pala
Lagoon (Figure IV.13), Johnston Atoll, Kwajalein Atoll, Majuro Atoll,
and Honokohau Harbor in Hawaii. BReef flat filling and channel
dredging through the reefs at relatively closed atolls can lower sea
level in the lagoon, killing the reef tops such as may have occurred
at Canton Atoll and which may occur at other closed atolls (see Figure
IV.15 for Taongi Atoll) if proposed channel widening is implemented.

Less information is available on the impacts of dredging on other
important coastal tropical ecosystems in Oceania. Mangroves tend to
recolonize the shallower upper slopes of dredged holes near a previous
mangrove habitat but will not reestablish on surfaces of holes deeper
than 1 m.

b. Use of Explosives. Although information is limited in
Qceania on the impacts of explosives used directly for construction
projects, there is documentation on the destructive effects of
explosives used as a fishing technique, especially from Western Samoa,
Truk, and Sulawesi (Indonesia). Corals can be destroyed, shattered,
fractured, sheared, or dislodged at progressively greater distances up
to 100 m away. Furthermore, fish populations can suffer magsive
mortality or injury. Observations at Barbers Point indicate most fish
killed or stunned by explosives were not preferred edible species and
most did not float to the surface (Maragos and Moncrief 1982a, 1982b).
Thus, aside from the devastating effect on coral habitat, the use of
explosives for fishing is extremely wasteful. Alsc many corals
dislodged, sheared, or otherwise resting on the bottom undamaged were
later carried away by waves and surges from a typhoon, thereby
amplifying the impact of the explosives. Fish and small marine
reptiles or mammals with air cavities (e.g., bladders, lungs) may also
be more prone to injury. Explosives stolen or otherwise obtained from
construction companies and military sources are used extensively for
fishing.
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Figure IV.15. Adverse effects of cutting channels through
semi-enclosed lagoons. Many atolls (including Taongi above) have
elevated lagoon water levels because of wave action pumping water over
windward reefs and the lack of large, deep channels to drain the
excess water. The reefs grow above normal ocean sea level because of
constant water flow and in response to higher lagoon water level.
Cutting a deep channel through such an atoll reef would cause walers
to drain more quickly, lowering lagoon water level and killing
emergent reefs (After Maragos 1989).

On the other hand, drilling and shooting operations have caused
little noticeable or documented impact on reef environments, due to
the smaller charges and the buffering from shoek and concussion
afforded by their loading and tamping in predrilled holes. Also,
evidence suggests that operations involving staggered detonation times
or explosives with slower detonation speeds cause less impact.
‘Chemicals and turbidity generated during explosions appear to cause
negligible ecological consequences.
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c. Landfilling, Shore Protection, and Other Ceonstruction.
Landfills, particularly large fill projects such as airfields or other
landfills that block circulation and longshore transport, permanently
convert aquatic habitat to land and can destroy many hectares of
valuable ecological habitat. For example, reef runways at Keehi
(Hawaii), Moen (Truk), and Okat (Kosrae) (Figure IV.12) covered
hundreds of hectares of reef and seagrass habitat. In Okat, fish
catches in the region dropped tc one-half of their previous level due
to habitat reduction, based on interviews with village fishermen.

The edges of landfills are often the site of colonization by
mangroves and seagrasses in soft sediments and by corals on elevated
or rocky surfaces such as the revetments for airfields and harbors and
the temporary dikes or causeways for dragline dredging in Pohnpei.
Reefl fishes are often attracted to the interstitial crevices and holes
between the armor stone and riprap for the shelter they provide; thus,
these sites serve as popular recreational fishing grounds.

Indirect effects of landfills, particularly road causeways, can
be substantial if they block water eirculation to valuable aguatic
habitats or degrade water quality. At Palmyra Atoll (see Figure
IV.16), road causeways completely blocked exchange of lagoon waters to
the open ocean, causing the catastrophic collapse of lagoon
ecosystems; 20 to 30 years later, some recovery was reported in the
lagoon after waves and currents breached several sections of the
causeways. Ecclogical impacts included reduction of water exchange,
aggravated water pollution from sewage discharges, and blockage of
migratory pathways used by reef fishes. Additional causeways are now
being planned on Kwajalein Atoll to facilitate communication and
population redistribution, but measures such as adequate sideslope
protection, bridge openings, and culverts are being included to ensure
water quality and reduce ecological impacts (see Figure IV.17). Such
projects are extremely expensive and require considerable maintenance
and repair, however.

Road projects around the high islands of the Carolines and Samca
have also caused considerable concern (Figure IV.18). A large roadway
constructed across a reef flat at Moen, Truk, blocked off circulation
to Pou Bay (Figure IV.19), the most important estuary and subsistence
fishery habitat on the island. Raw sewage discharges from villages at
the shoreline of the bay aggravated water pollution, potentially
contaminating shellfish and generating public health hazards.
Improvements to the causeway in 1977 included much larger culverts
through the causeway, significantly improving water exchange and bay
water quality, but it took considerable effort to convince reluctant
engineers and government officials of the value of installing the
expensive culverts. Circumferential roadway construction around the
islands of Pohnpei and Kosrae required a number of "borrow" sites on
nearby reef flats to obtain fill and aggregate, and mangroves,
Seagrasses, and coral reefs were diked and dredged. In an effort to
reduce the length of roadways and their costs, "shortcuts" were
constructed across the mouths of small embayments, blocking
circulation on the landward side within mangroves and estuaries.

Also, road alignments were often located on the shoreline to avoid
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Figure IV.16. Adverse effects of dredge-and-fill operations at
Palmyra Atoll, U.S. Line Islands. Construction of road causeways
around East Lagoon by the U.S. Navy completely blocked circulation,
causing collapse of coral reef communities. Dredging of a channel
through the western reef and between the Central and East Lagoons
destroyed reefs and altered water circulation. Sediments drifting
west from the dredge-and-fill areas damaged reef communities off the
western end of the atoll. By 1979, some of the northern causeways had
breached restoring some exchange between the East Lagoon and the
ocean. Observations in 1987 reveal only partial recovery of the reefs
from military construction (After Dawson 1959; Maragos 1979b, 1987).

costly construction and roadeuts into steep erodible volcanic rock and
soils. The large causeway to connect the port and airfield to the
town of Kolonia, Pohnpei, has blocked circulation to much of Kolonia
Bay and has aggravated water quality and sedimentation and also choked
off a mangrove area. A similar causeway across Lelu Harbor to connect
Lelu and Kosrae islands reduced circulation water quality, fish
migrations, seagrass beds, and fishery catch rates (see Figure IV.20).
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Figure IV.18. Four different road construction
techniques, each with different environmental
effects (Source: Snedaker and Getter 1985:150).

Landfills that project offshore and lie upon or are adjacent to
sandy beaches coften function as large groins, causing beach and
shoreline erosion on the downdrift sides of the fill structures. At
Kualoa, Hawaii, groins constructed to protect waterfront houses
disrupted longshore transport of sand and caused many hectares of
public beach park erosion 1 to 2 km down the coast. A more dramatic
example occurs at Kuta beach on Bali, Indonesia, where the 1967
construction of a large alrfield at right angles to the beach and
projecting one-half km offshore created a giant groin and caused more
than 300 m of beach erosion up to 2 km downdrift from the airfield
(Figure IV.21). Not only has the beach berm and dune habitat been
lost, but millions of dollars of damage and destruction to
restaurants, hotels, and residences has occurred. Erosion continues
to this day and has prompted considerable investment in shore
protection structures, further degrading the remaining beach. ©On the
updrift side of the airfield, land is accreting and new resorts are
being established. Setting back the runway and damaging properties
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away from the shoreline could have avoided these economic and
environmental impacts (Burbridge and Maragos 1985). Road causeway and
airfield construction at Majuro Atoll in the Marshall Islands may have
been responsible for shoreline and beach erosion more than 20 miles
down the coast.

5. Ciguatera

Dredging, filling, and other physical changes to habitats in the
tropics have been implicated as causes for the increased incidence and
outbreaks of ciguatera fish poisoning. The poisoning is caused by a
toxic dinoflagellate Gambierdiscus toxicus growing on macroscopic
algae, which are eventually consumed by fish. The herbivores are
eaten by carnivercus fish with the toxin passed up the food chain.
Although mildly toxic to fish, ciguatera is much more toxic to
mammals, including humans. There is considerable circumstantial
evidence for a relationship between ciguatera and construction.
Ciguatera was absent on some atclls before construection; however,
heavy outbreaks occurred on Palmyra (see Figure IV.16), Johnston, and
Bikini atells during and after construction.

IV.G. PORTS AND EARBORS :
(prepared in part by John Harrison and Rory Frampton)

1. Development Objectiveé

Ports and harbors can range from small facilities such as ramps
to accommodate trailer boats. for local subsistence fishing to deep
draft ports capable of handling freighters, large passenger ships, and
supertankers. "Ports" refer to developments for larger deep draft
ships requiring basin and channel depths of 30 to 50 £t (9 to 15 m).
"Harbors"™ refer to facilities designed for medium and light draft
vessels needing basin and channel depths less than 30 ft (9 m). Light
draft harbors (less than 5-m depth) are designed for small boats such
as skifts, sailcrafts, and small fishing vessels. Most often medium
draft harbors (5- to 8-m depth) are used for field ships, tug and
barge operations, and larger fishing vessels. The basis of port or
harbor development is access to the ocean for econcmic, subsistence,
emergency, military, and recreational activities. Objectives are to
provide safe and efficient facilities for fishing, shipping, trade, or
transportation. Harbors or ports usually attract a variety of
dependent activities such as dive charters, commercial services, and
light industry. As a result, they are frequently envisioned as a
catalyst for further development.

2. Project Components

Whatever its size or configuration, a port or harbor will have
some common attributes. The most essential purpose is the provision
of a safe passage to a sheltered area for boating or shipping-related
activities. Thus, it must be free of strong surge or the potential
for wave damage. Necessary components to provide this shelter may
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include the following: (1) an access channel deep enough for desired
vessel size and designed to prevent waves from cresting, standing, and
preaking; (2) structures to protect the harbor area from waves and
surge, usually rock jetties, breakwaters, or moles; (3) a turning
basin, deep and wide enough to accommodate maneuvering of desired
vessel size; (4) a berthing or docking area; (5) shoreside facilities
for unloading, loading, storage, and refueling operations; (6) a
small-boat launching ramp; (7) aids to navigation such as channel
buoys, range markers, and mooring dolphins; and (8) various related
infrastructure to accommodate activities such as access fto water,
power, waste disposal facilities (especially for vessels), and land
access (e.g., roads). Most harbors also require periodic maintenance
to repair protective structures, service aids to navigation, and to
restore navigation depths (via maintenance dredging) within the
channel and basin.

3. Environmental Factors Influencing,
and Influenced By, Design and Site Location

The following are examples of important areas of concern for
consideration when assessing potential designs for ports or sites of
harbor developments:

a. Direction of waves at various times of the year and frequency
and direction of storm waves. Without this information, one would not
be able to predict if the harbor or port would provide a safe and
protected area for vessel operations. Harbors improperly designed and
unsafe will not be used by experienced navigators and encourage
‘accidents among inexperienced boaters.

b. Characteristics of the marine environme