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PREFACE 

The United Nations (UN) Economic and 

Social Council has acknowledged* that the 

rational development of coastal areas--

capitalizing on the growth opportunities 
inherent in marine resources and ocean 
space--could add a new dimension to the 
development of many developing countries 
and thus constitutes an important factor 
in national development planning. 

Responding to the spccific concerts 
and directives of tiN Member .' ates for 
positive action ill this ftieid, tile 
lepartment of I:conomic :,,d Social Affairs, 
through its Occan Economics anid Technology 
Branch (O1'll), is inplementing a program 
of activities ai med at assisting 
devcloping coastal states to harness the 
potential of their coastal areas to the 
overall develop;ncnt effort, 

A large number of sigificant regional 
projects has followed this iitiative. 
Of primary importance is the Regional 
Seas Programme organized by" the United 
Nations Environment Programme (lNI:!'). 
Although this rcegional approach has 
emphasized environmen t concerns in 
areas such as tie Mediteriraean region, 
the Programme recogni .-es the primacy of 
rat i onm i development concern:s in tile 
Kuwait, West African, Greater Caribbean, 

iand Sout.iast Ai i re gions, aronog others. 

In 197(,, in West Berlin, the German 
Foundation for Internatioia1 lDevelopment 
(DSE) and 01411 cosponsored a major 
interrcgional semiiar on l)evelopment and 
Management of' Coastal Areas. Recommenda-

tions at that Workshop for regional
 
follow-up meetings prompted UN-assisted
 
Workshops in Mexico and iWc.;t Africa, and
 
in Manila. 

The Manila Workshop reported herein 
was a tribute to cooperation within the 
UN system and between UN specialized 
agencies and national and re:gional bodies. 
The UN (OETB), together with UNEP, ESCAP 
(the Economic and Social Commissicn for 
Asia and the Pacific), CCOP (the 
Committee for Co-ordination of Joint 
Prospecting for Mineral Resources in 
Asian Offshore Areas), and CCOP-SOPAC 
(the Committee for Co-ordination of 
Joint Prospecting for Mineral Resources 
in South Pacific Offshore Areas) 
co-sponsored this Workshop and supported 
the participation of consultants and 
national experts. ISI and EWC/EAPI (tile 
East-West Center's [invironment and Policy 
Institute) joined the UN in cosponsoring 
this Workshop and in supporting the 
participation of con.ultants and national 
experts. The Phi lippine Bureau of Mines 
and Geosciences under the Ministry of 
Natural Resources of the Government of 
tile Phillppiies served as host of tile 
Workshop suppl)ing a 1 meet in; facilities 
and logisticai support, as :;,11 as 
gracious hospitality. 

EWC/lEAPI was pleased to be able to 
cosponsor and cont ilbt e slibstant ively 
to this WorksThop anid to publish this 
Proceedings oil behlilf of t-lie other 
cosponsors. "b is Proceedings comprises 
the edited manuscripts of presentat ions 

*Economic and Social Council Resolutions 1802 (LV) and 1970 (LIX).
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made at the meeting. These papers have 

not been reviewed beyond the discussions 

at the Workshop, and the responsibility 

for their substantive content rests with 

each individual author, 


EWC/EAPI would like to acknowledge 

the financial contributions of the UNEP 


and DSE for publication of this
 
Proceedings. The L'litor would like to
 
acknowledge the EWC aod Dr. William II.
 
Matthews, Director, EAPI, for his
 
support of this work, as well as the
 
logistical support of EAPI's Publications
 

Office including specifically Sherry
 
Bryson and Ifelen Takeuchi. 

Mark J. Valencia
 
Environment and Policy Institute
 
East-West Center
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KEYNOTE ADDRESS 
- His Excellency 
Jose J. Leido, Jr. 

On behalf of tile Philippine Government, longer than that of the United States. 
and of the Ministry of Natural Resources 
in particular, I have tile honor again to Within the terrestrial, marine, brackish­
welcome most of you to our country. And water, and atmospheric confines of the 
as your humble host, we in the Ministry country's coastal zone, we aim to apply 
would like to express our sincere thanks more enlightened management schemes and 
to the distinguished organizers and co- better control measures. We are contem­
sponsors of this very imaportant workshop, plating, or otherwise already implementing, 
namely, the E~conomic and Social Commission some of these steps with due consideration 
for Asia and the Pacific, the United of course to possible effects and reper­
N.ations Office of 'lchn icll Coolperation for cussions on tile neighboring arch ipelagic 
Development, the Inited Nat ions Ocean and coastal countries. 
Economics :i1d lechl.ology Braich , tile 
(:ommittee for Coordinaltion of .Joint We deem this interna tional workshop as 
Prospecting for .Mineral Resources in Asian highly significant, therefore, because 
Offshore Areas (CCOI'), the Committee for here we may gain valuable insights into 
Coordination of .Joint Prospecting for the transnational character of space, 
Mineral Resources in South Pacific Offshore resources, and environmental facets of 
Areas (SOPAC), the United Nations each country's coastal zone management and 
Environment I'rg rogramme, an d tile lnvironment development program. l'hrough this work­
afnd Policy Institute of the East-West shop, perhaps we can evolve guidelines and 
Center. I woulld like to acknowledge their procedures on coastal zone management that 
efforts in hringin g to this gatlhering the are of mutual benefit to tile countries 
pre Sence of tIe i l1)" represented he re.a d i St ingui shed 
repr'2sentatives of the member countries 
of CCOP and SOPA(:. You could throw light and illumine such 

cases as the problems concerning migratory 
You ale gathcred here to discuss and species of fish (like tuna), offshore oil 

assess the basic guidelines and methodolo- exploration, mining of underwater nodules, 
gies for tile in:ageilieent and development of tile protection of mangrove and coral 
coastal areas in our respective countries. areas, and the strategies for controlling 
For the Philippines, tie task )yoil seek to oil spills and other pollutants of the 
delineate is of primordial interest and marine environment that we all share. 
collcern to our nat ional leadership. 
GeographiciI imperat ives lnecessitate it 'rhe marine space within our region 
since our extensive coastline is even should be of particular interest since it 

*Ilis lxcellency Jose J. Leido, Jr., is Minister of Natural Resources, Republic of 

the Philippines. 
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links the coastal zones of our individual 

countries. Hence, our coastal policies
 
are or should be intrinsically inter-

dependent and interwoven with each other. 

I am very confident that with the experts 

in attendance in this workshop, we can 

translate our interdependent coastal 

policies into common programs and projects
for our mutual advantage, 

Now, allow me to digress a little on 

the Philippine experience in coastal zone 

management, 

We are an archipelago and therefore our 
population and economic activities are 
highly concentrated in our coastal zones. 
Major human settlement areas in the 
country, like Metropolitan Manila and 

Cebu, thrive in their coastal locations 

because of the obvious economic advantages 
which the terrestrial and marine interface 
offers. 

Economic activities within our coastal 

zones include fisheries and aquatic 
resources exploitation, beach mining, 
offshore oil exploration, mangrove 
utilization, salt production, agriculture, 
and the like, which are not necessarily 
compatible with each other or suited for 
multiple use management. 

Other nonresource extractive activities, 
such as transportation, infrastructure 
development, recreation, waste and sewage 
disposal, and land reclamation also are 
exerting considerable impact on our 
coastal zones. This complicates the 
schemes for rational use and management 
of these areas, 

I am aware that the concentration of 

leople and human activities in coastal
 
areas is also true with respect to 

similar archipelagic or coastal countries 

like Indonesia, Malaysia, and Thailand. 

I suppose we can, for one tiling, credit 

this to the historical fact that our 
forefathers were seafarers and built their 
original settlements on the shores of our 
countries. 

Fnvironmental degradation and resource 

depletion can reult in our coastal zone 

if we cannot properly manage tile 

activities of people in these areas. 

Already, sign!; of environmental and 

resource stresses are evident in our 

dwindling mangrove and coral resources, 

which may directly affect the productivity 
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of our fishing grounds.
 

Pollution and sedimentation are like­
wise becoming serious environmental issues
 
in our major coastal human settlements,
 
like Metropolitan Manila. Here, although
 
coastal zones can be used as ecological
 
units for management purposes, this 
approach is still in its infancy. 
Management activities are still carried
 
out by many national and local agencies.
 
But in the future, an integrated approach
 
to the management of these zones should 
include a better management setup that
 
will coordinate and rationalize all 
activities in the coastal areas. 

For its part, our Ministry has started 
and is continuing with a package of 
development programs for improved manage­
ment of natural resources in the country's 
coastal zones. For the conservation and 
rational management of resources in these 
areas, the Ministry, through its bureaus 
and attached agencies, is at present
 
undertaking three major programs. These 
are the mangrove, coral, and marine park 
programs. 

Our manigrove programs accelerated with 
the creation of a National Mangrove 
Committee sometime in 1977, composed of 
representatives from the Ministry's 
bureaus and consultants of the Office of 
the Minister. Soon, the Natural Resources 
Management Center (NRMC) became the 
Secretariat of this committee. Using 
satellite remote sensing technology 
supported by ancillary data, the center 
allocated the country's total mangrove 
areas into forest preserves, forest 
conservation zones, and areas that can be 
converted into fishponds. 

Now, with mangrove areas and their 
associated fishing grounds already 
delineated using a set of ecological 
criteria, our Ministry is working on a 
proclamation regulating and controlling 
the exploitation activities within the 
identified forest preserve and conserva­
tion zones.
 

The coral management program is being 
done by the Ministry in cooperation with 
the Marine Science Center of the 
University of the Philippines. The 
program has finished intensive investiga­
tions on the state of coral resources in 
the country in about 370 sites. These 
sites showed signs of unwise use or over­



exploitation in spite of a standing ban 

on coral gathering which took effcct as 

early as 1973. The Ministry is now 

formulating stronger strategies to
 
implement the intent of Presidential 

Decree 1219, which prohilits the gathering, 
harvesting, collecting and/or exportation 
of ordinary corals. For the precious and 
semiprecious species, we want their 
utilization to be less destructive. We 
will not allow the tradi t iona I tangle net 
method of harvesting which is nonselective. 

The coral and mangrove managemcnt 
programs are geared toward increasing the 
productivity of our municipal fishermen, 
Of course, there are ecological and other 
economic reasons to be considered in 

conserving these invaluable marine areas. 

To protect And conserve the numerous 
habitats and ecosystems ili the marine 
environment without necessarily hindering 
the country's indrst rial izat ion, our 
Ministry has launthed a marine park and 
reserve rianagement program. The task 
force on marine p;rks implement ing this 
program ha:s prepared plans and projects 
for marine parks and reserve management. 
The task force has also identified possible 
marine park sites ill tile country whrich 
include Apo Island and Reef in Mindoro, 
SimmiIon Island in Ucbu, illgl ao-i1llicasag 
Area inrBohol, aind Sombrero in Bat argas. 

I wish to emlphasi:e that our Ministry, 
aside from irnplementing tie major programs 
on the coastal zones I have described, has 
also formulated policies expressed in 
various I.egislations, Administrative 
Orders, and thLe like, which seek to 
protect, conserve, and regul atc activitics 
related to theitt ili.-.ation of' natural 
resources arid tire ernvironment in these 
coastal arex;. 

Through the N:rtional lEnvironmrental 
Protection Council (NIH'C). tile Ninistry 
also started ertvirorimental programs in 
our coastal zones. The Cun'il ;s 
formerly :irr ;igenicy at taiched to tire Minis-
try when it w;rs created three years ago. 
However, it is now iund'r tire jurisdiction 
of the Ministry of ilnmanr Set t I'merits. 

One of tire first ineragecy programs 
implemcnted by tire N[IPC was ;ato;istal 
Zone Maragement Program. This program 
sought to rat ionialize tile uses and 
activities in these areas through inter-

agency efforts involving all government
 
institutions doing related work for our
 
coastal zores.
 

I am pleased to note that one of the 
topics to be discussed in this inter­
national workshop i:sthe methodological 
approaches to surveying and monitoring 
of our coastal resources. Indeed, a 
basic problem usually confronting 
planners and resource managers is the 
dearth of comprehensive baseline informa­
tion.
 

At this juncture, I am glad to mention 
that the Natural Resources Management 
Center (NRIC) of our Ministry has been 
using satellite remote sensing technology
 
for quite sometime now in surveying and 
monitoring the country's natural resources. 
The Center has facilities for computer­
assisted analysis of digital data being 
fed by I.ANI)SA'. 

In fact, a major ongoing project of 
the NRNIC is a coastal -esources and 
environment survey using MSS LANIDSAT data. 
This project is being supported by the 
National Science Developme, Bo;ar d and 
has as its main objective t.ic .'.-nduct and 
actual resource inventory, malipping, and 
multidisciplinary environmental analysis 
or a selected pilot ;are;r in northwestern 
Luzon, using computer processing of 
satellite images and ground surrveys. We 
aim to utilize our experience in the 
pursuit of this proj ect ill evolving an 
operational procedure for a nationwide 
satel 1itc-based monitoring of our coastal 
areas. 

In closing, I wish to corinend everyone 
in this hall for participating in a 
dialogue on coastal zone management. Our 
common task is urgrent, but it is certainly 
not too late for us to repair past damages 
or build or plan newlapproaches to our 
problems before the daeng-ers posed by 
increasing popul at ion arid industrial iza­
t ion become critical. I wniriheart erred 
that countries of A i~l :111rithe South 
Pacific ;are irc to eva llra t11each other's 
coastal zone p1ilc it's ind proj'rams, which 
definitely are linked to e:rci other by a 
common rn;rille e r 'oirinrln . 

Again, I welcom, you all. May your 
stay tic pleasant as well as productive. 

Thank you. 
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MESSAGE FROM J. B. P. MARAMIS"
 

Dr. Roque, Dr. Fernandez, Distinguished 

Participants, L.adies and Gentlemcn: 


It is with a great sense of trepidation 

that I venture to ,,ddrcss this important 
workshop on a subject on which considerable 
research is still needed and about which 
USCAP has no activity cotering the whole 
gamut of the problems involved, 

It is surpri sing that interest in 
coastaI area dcvl.clopiticnt .and management is 
relatively nv ., con:, idcring that since 
antiquity litinanm settlcment s, trade , and 

idchist ry hav floirishtd in coa-ital areas 
where at priccnt :pproximately two-thirds 
of the orld''. pe,ollc I vc. It was only 
as recent 'a:, 197.1 th-t a rcet ing of a 
group ofcexpe'rt on (:oast.l Area Dev'elop-
mcnt was hlId in "'c%, Vork. [hc conclusion 
of the subgroup dcaliiig %,ithI ;ast Asia 
included recomm'ndc.itions thit critcria be 
devcloped for om ccnt r )" use of land 
and neir--,horc rcourcc, and thit a 
regional j.cet inl.. he held to provide infor-

,mAt io 01 co.,.'..I r1. 3.niaridpL1 1 
resot i ces LeVC I pnvint . 1lhe intcrregional 
seminar on ('oa;tal Area I4sources Dcvcl-
opment held in hic,, Ie r l rccommended a 
focus oii spCi 'cI 1oC.11 piohcms. 

It is cncoiir. iun): to notc that the Ocean 
Economics anld I cclniolog.y Branch of the 
iiiitecd N.itions llac.dqiiArtt'r h.is been able 
to orgiii..c Ol,. l'ork-hiop on Co;istal Arca 
Development and Maii,.cment with tile 
co-sponsorship of scvcral other United 
Nations, intcrnational and national 

organizations, including ESCAP. I should
 
like to take this opportunity to thank all
 
the Governments and International Agencies
 
whose financial and other contributions
 
made this important workshop possible. 

Coastal areas have a number of favorable 
features and unique physical charactcris­
tics which have made them focal points for 
settlement and economic activities. 
Coastal climates are more moderate than 
those of the continenta l interiors and are 
usually associated with sufficicnt rainfall 
to susta in agriculirv'. large. meandering 
rivers and estiuaries deposit silt and mud 
in flood plains and deltas, producing 
fertile agricultural laod. It is believed 
that a large. pCreciitage of the world's 
recoverable hydrocarbon resourtces lie in 
coastal waters less than 20(0 meters deep. 
The handling of marine cargo is also an 
import ant activ'ity in coastal arcas. The 
coastal area is furthermore ai focal point 
for nat ional and intcrnia. ional totirism 
since swiriing. sailing, sport fishing, and 
sunbathing are important activitics in 
coastal areas. It may therefore be seen 
that coastal ar';is satisfy diverse human 
needs like food, cncrgy, transport, and 
rccrantion. 

Ilaving said this, it may be worth 
considering that, for the purpose of plan­
ning the use of coastal areas and develop­
went of its resourc--s, a thorough knowledge 
should be gathered of: coastal systems; 
their historical cvolution; and the 
components, processes, and functions of 

*J.3.I'. Maramis is Executive Secretary of the United Nations Economic and Social 
Commission for Asia and the Pacific. 
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natural coastal systems, such as the 

biological and geomorphological character-

istics of coastal areas, phenomena of 

erosion and deposition, floods, subsidence 

and uplift, seismic characteristics, etc.
 

We have to bear in mind that man's 

activities, especially in the light of the 

rapid advancement of technology, have a 

very great impact on coastal systems. If 

man formerly depended much more on 

biological resources, lately mineral 

resources such as offshore oil and gas, 

tin, and sand and gravel are increasingly 

becoming more important, a-d their 

exploitation could affect th.- coastal 

environment. 


Obviously coastal areas are not without 

disadvantages. They are hosts to a number 

of difficult problems: poor drainage due 

to their flat topography, frequent flooding 

because of their low elevation, salt-water 

intrusion, and prevalence of water-borne 
diseases and parasites. Man has also 
found the coastal zone a convenient place 

to dump both industrial and domestic wastes. 

The degradation of coastal areas through 
pollution by oil spills is becoming a 

serious problem. Coastal areas also are 

vulnerable to natural disasters like 

typhoons and accompanying storm surges as 

well as tsunamis. Some of the world's 

greatest tragedies have occurred along 

coastal areas as a result of such phenomena. 


Studies reveal that the global trend in 

the development and use of coastal areas 
is towards large-scale urbanization along 

coastal belts with attendant concentration 

of trade and industry around the major 

port cities, the concentration and inten­
sification of the extraction of marine
 
resources--both living and nonliving--in
 
shallow near-shore coastal areas, and 

increasing international tourism as well as 

domestic demand for recreation in these 

areas. These trends, however, will 

exacerbate the growing problems already 

being faced in these areas, if not properly 

planned and managed. 


Thus, the rapid growth of large-scale 

economic activities in the relatively 

narrow and limited coastal strip3 cannot 

continue indefinitely without some degree 

of control and management. Competition 

between industrial, residential, and 

recreational uses will intensify as the
 
available coastal space decreases. More-

over, the transformation of the coastal 


area resulting from man's activities may
 
adversely alter natural coastal processes
 
whose long-term effects cannot as yet be
 
determined.
 

For example, little is known about the
 
processes of transport of sand along
 
coastal areas. The construction of a
 
harbor without taking into account the
 
sand transport may result in failure or
 
excessive remedial measures. On the other
 
hand, some adverse effects can be pre­
dicted. For example, unregulated pumping
 
of groundwater supplies in coastal areas
 
will definitely cause the f--3sh and salt
 
water interface to move upstream and render
 
many wells useless.
 

In view, therefore, of the need for the
 
rational development and management of
 
coastal areas, the subject of this workshop
 
is a very important and topical one for the
 
countries of this region. The coastal
 

( environment constitutes a complex ecosystem:,
 
but is an important and unique resource
 
that must be maintained for the benefit and
 
gainful use of the countries in the region.
 
Neither complete destruction of the natural
 
environment nor complete prohibition of
 
development and exploitation are acceptable
 
goals as a national policy on coastal zone
 
management. A balance of use, conserva­
tion, and preservation of the coastal zone
 
should be maintained so as to optimize
 
man's use of coastal resources. Thus,
 
maximum rational use of coastal resources
 
consistent with the retention of life­
support systems and amenities of the
 
coastal zone for the enjoyment of future
 
generations should be the objectives of
 
coastal zone management.
 

Distinguished participants, it is not
 
usual for an opening address to end with a
 
problem. In this particular case, however,
 
it might be appropriate and useful to pose
 
to the workshop the question as to what
 
exactly constitutes the coastal zone.
 
While I stand to be corrected, I must admit
 
that I am not aware of a generally agreed
 
upon and acceptable definition, in a legal
 
sense. The seaward limits of the coastal
 
zone are particularly ambiguous or
 
arbitrary. It may, therefore, perhaps be
 
worthwhile for the workshop to start with
 
a precise definition of the coastal zone.
 

I wish you every success in the
 
workshop.
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STATEMENT FROM MARK J. VALENCIA*
 

The East-West Environment and Policy 

Institute (EAPI) is very pleased to be a 

co-sponsor of this workshop. EAPI was
 
organized in October 1977 to increase 

understanding about the vital relationship 
between the policies that direct a 
society's activities, and the physical 
environnnt within which these activities 
take place and upon which they depend. 
Without such uderstanding, policies 
developed within one sector of a society 
can have irnanticipated, tindesirable 
impacts in other sector; of the society. 
For example, a policy designed to increase 
foreign exchange through tile export of 
timber pr(Ahicts may adversely affect the 
society's a;gricultural productivity through 
erosion result ing from deforestation. 
Further, a policy designed to fill a 
critical short-range noed may inadver-
tently cre,;tc even more critic;tl problems 
in the lc;iger-term futorc. 

To assure that activities designed to 
meet human needs are not counter-productive 
among variots sectors and over time, 
consideration of environmental and natural 
resource factors should be integrated into 
the formuil ation and implementation of a 
broad range of policies. This must he 
achieved on an in ternationoI bas is when a 
common environment is involved or when 

*Mark J. Valencia is a Research Associate at 


interdependencies such as finance or
 
rcsource flows link nations.
 

EAPI contributes to the required
 
international undcrstanding of these 
issues through the study and synthesis 
of environmental knowledge from a 
perspective of policy concerns. Its 
efforts are undertaken through tile 
cooperation of competent and experienced 
scholars and professionals from many 
societies in the indepelent institutional 
setting provided by the East-West Center. 

Institute activities include staff 
studies, awards to scholars, experts, and 
advanced degree students in relevant 
fields; workshops ; and conferences that 
bring together professionals from different 
sectors and many countries to identify and 
examine important problems and to work 
toward their solutions. The products of 
these activities inclode issue papers, 
research reports, state-of-the-art surveys, 
policy aids, and instruictional materials. 

Two major five-year projects in EAPI 
are "Natural Systems Assessment for 
llevelopment" and "Marine Environment and 
Extended Ka rit ime Jurisdictions: Trans­
national Environment and Resource 
Management Issues." 

the East-West Environment and Policy
 

Institute, East-West Center, Ilonolulu, Hawaii, and Coordinator of the Institute's
 
project "Marine Environment and Extended Maritime Jurisdictions."
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The mandates and terms of reference of We extend our thanks to the Bureau of
 
the Environment and Policy Institute make Mines for their organization and
 
coastal zone management issues a particular hospitality.
 
area of interest for the Institute and we
 
are indeed pleased to co-sponsor this Thank you.
 
workshop.
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II. REGIONAL PERSPECTIVES
 



SOUTHEAST ASIA: AN OVERVIEW
 

This paper attempts to provide a 
general overview of the status and trends 
in use of the South China Sea's coastal 
area. As used here, the term coastal area 
includes the coastal w,,aters, the conti-
nental shelf, and tile watcrs above it, as 
well as tie adjacent shorclands and water 
bodies strongly influenccd by ech other 
and in proximity to the shoreline. For 
managemert purposes, tile arera can be 
considered as extending seaward to the 
limits of the exclusive economic :one and 
landward to the CxtL'Ilt neccssa ry to control 
uses and i ipact:; on shorelands which have 
a direct influence on coastal water quality 
and resources. 

NATURAL ENVIRONMIEN'AL SEI'INGI 

Geography and Climate 
6 2 

Ninety percent of the 3.5 x 10 km 
marine area- known as the South China Sea 
is bordered by land. The South China Sea 
is situated between the 'acific and Indian 
Oceans and separatcs the Asian mainland in 
the northwest from an a rchipelagic rim to 
the soitheast . 'l'here art two deep emba)'-
ments on it-, no rtitis'steVll ma rp in , tile Glulf 
of Tonkin and the (ulf of. Si am. The Sea 
is directly connectCd with the Andaman Sea 
and the Indian Occan to the southwest 
through the Singalo)re-Malacca Stiaits 
bordered by Indonesi a, Malaysia, and 
Singapore. "'htC direct connection with the 
Pacific Ocean in tile northeast is through 

- Mark J. Valencia
 

the Taiwan Strait and Bashi Channel and
 
several channels in the Batan and Babuyan
 
Islands of the Philippines. Numerous 
indirect interoceanic connection!- exist
 
via the archipelagic rim. The Philippines, 
Indonesia, Singapore, and the heavily 
populated area of Ilong Kong are island 
entities. Malaysia con.ists of a peninsula 
and a portion of a large island, separated 
from each other by the South China Sea. 
Thailand consists partially of a long 
isthmus truncated 1))' the international 
border with Malaysia. Cambodia, Vietnam, 
Laos, and part of Thai land together com­
prise a peninsula. 

The South China Sea itself is bathy­
metrically divided into the deep China 
Sea Basin in the northeastern portion 
extending over 52 percent of the total 
area, and extensive continental shelf 
areas comprising 48 percent of the total 
area. Tile China Sea Basin has a maximum 
depth of 5,016 m off Palawan and a central 
abyssal plain at about 4,,300 m.3 Within 
the deep basin area are suibmerged banks, 
e.g., Macclesfield Bank, and island groups, 
e.g. , the Paracels and the Dangerous 
Ground extending in the south to the 
Spratly Islands. The continental shelf 
areas include the Mainland Shelf extending 
from the Tai wan Strait through the Gulf of 
Tonkin, the great shallow Sunda Shelf 
underlying the southwestern South China 
Sea including the Gulf of Thailand, and 
the narrow shelves off western Palawan and 
Luzon.
 

*Ilark J. Valencia is a Research Associate at the East-West Environment and Policy
 

Institute, East-West Center, Horolulu, Hawaii, and Coordinator of the Institute's
 

project "Marine Environment and Extended Maritime Jurisdictions."
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The South China Sea region is situated 

almost entirely between the Equator and 

the Tropic of Cancer and is under the 

influence of a monsoonal climatic regime. 

North of the Equator, the dry monsoon with 
northeasterly winds extends from October 
to April, and the wet monsoon with south-
westerly winds lasts from May :o 
September. 4 Precipitation in the region 
varies with the distribution of land and 
sea and mountain chains, but 2,500 mm a 
year is common in the coastal area. 5 

Typhoons spained in the western Pacific 
frequently pass through the northeastern 
sector of the region. 

Surface currents in the South China Sea 
are greatly influenced by the monsoon 
regime. During the southwest monsoon, 

northeasterly currents, intensified in the 

western portion of the sea, dominate the 
surface flow. A weaker southwesterly 
return flow develops in the central 
eastern portion off Borneo, however, 
producing an anticyclonic circulation 
pattern. The northeast monsoon produces 
the iverse pattern.6 Since the surface 
flow reverses direction twice each year 

and there is a counter current producing 
a circulatory gyre even at the peak of 
each monsoon, it is possible that flushing 
rates of surfa,:c layer Pollutants deposited 
in the South China Sea are quite low. 
Surface water movement in the Gulf of 
Thailand is weakly anticyclonic during 
both monsoons. Here surface flushing 
rates are certainly low, and deeper 
horizontal circulation is retarded by a 
shallow sill across the mouth of the Gulf. 
In the Philippine and Indonesian 
archipelagoes, deep circulation is 
inhibited by sills dividing the numerous 
separate deep basins, thus retarding 
replenishment and ventilation. 

Salinities are generally less than 35 
percent throughout the region due to an 
excess of precipitation and runoff over 
evaporation, and nearshore or restricted 
areas can become brackish at times. The 
temperature structure of tie surface 
waters is fairly uniform, varying only
about 4C annually. 

Nutrient enrichment of the surface 
layers is through vertical mixing over the 
shelf, river discharge, and upwelling. 
Upwelling occurs during the southwest 
monsoon in the South China Sea northeast 

1H
 

of the Malay Peninsula, along the edge
 
of the shelf southeast of Vietnam, on
 
the edge of the Mainland Shelf, west of
 
Luzon and Palawan, and in the Timor and
 
Banda Seas. During the northeast monsoon, 
upwelling occurs along tile edge of the 
Mainland Shelf, east of Vietnam, and off 
Sarawak. Production is relatively high 
(l.Og C 1-2 day - 1 ) over the Sunda Shelf 
such as in the Gulf of Thailand, along
 
the east coast of the Malay Peninsula,
 
and between Sumat ra and Borneo, and low
 

- 2(<O.Sg C m day - ) over the deep ocean 
areas. 7 Production of fish, crustaceans, 
and molluscs is thus high in the shelf 
areas. Tropical marine ecosystems 
geneale oss flrenmesorally consist of large numbers of 
species with fewer individuals of shorterlife cycles, as compared with higher 
latitude ecosystems. Fisheries in the 
South China Sea are based on large numbers 
of short-lived species containing fewer 
individuals, and catches are thus 
,mixed.,,8 

Littoral Tpes 

Maximum tidal ranges are greater than
 
3 m along the coasts of the Andaman Sea
 
and Malacca Straits, as well as at the
 
head of the Gulf of Thailand, along
 
southern Sarawak, the head of the Gulf of
 
Tonkin, and farther east along the China
 
coast. Tidal ranges reach more than 6 m
 
in the Taiwan Straits and at the head of
 
the Gulf of Martaban. Coastal plains md
 
mountains and hills are predominant
 
coastal land types. Extensive coastal
 
plains are found along the Chinese
 
mainland opposite Hlainan, in central and
 
extreme southern Vietnam, the eastern and 
western Malay Peninsula, the entire 
northeast coast of Sumatra and north Java, 
tile southern Celebes, and almost all of 
Borneo. Deltas with mud flats and 
adjacent nutrient-rich, turbid coastal 
waters generally are located where the 
region's major rivers discharge into the 
sea, e.g., China's Si, Vietnam's Red and
 
Mekong, Thai land's Mae Klong-Chao Phya, 
Burma's Irrawaddy, and Indonesian Borneo's 
Kapuas. Mangrove forests are a predominant 
coastal feature in northern and extreme
southern Vietnam, Kampmchea, Thailand, 

Burma, tie Ma lay Pen i nsui a, Sumatra, 
north Java, Borneo, and the Phi I ippines. 
Although patches of F-inging coral occur 
along the land-watei (interface of virtually 
all the political entities of the region, 
extensive fringing reefs are limited to 
the eastern Indonesian archipelago and the 



Philippines. Coral fringed islands, 

atolls, and isolated reefs abound in the 

Gulf of Thailand, the eastern central 

South China Sea, and throughout the 

Indonesian and Philippine archipelagoes 

wherever sufficiently clear waters and 
geological factors permit growth. Sandy 
beach is not a common coastal type in 
Southeast Asia. Extensive stretches of 
sandy beach do occur in southwest and 
northeast Taiwan, central Vietnam, and 
along the east ccast of the 'lhai Isthmus 
and the Malay Peninsula; smaller stretches 
of sandy beach are scattered throughout 
the region. Earthqu,akes and volcanic 
eruptions are common throughout the 
Indonesian and Philippine island arcs 
and have generated destructive tsunamis. 

The coastal climates and hence the 
coastal landforms, biological systems, 
and the very way of life of the inhabitants 
are thus monsoonal tropical throughout 
most of the region. Tropical ecosystems 
have evolved and flourished under 
relatively stable environmental conditions 
as compared with temperate regions and 
are thus possibly more vulnerable to 
geologically abrupt, man-induced impacts, 
The rate of environmental degeneration due 
to human impact appears to be greater than 
the rate of natural recovery or readjust-
ment. 

Just as it is applrent that some 

coastal area uses are related to certain 

natural environmental associations, it 

is also apparent that these natural 

environmental associations are limited 

and unevenly distributed. This basic 

condition sets the numerical constraint 

and eventual limit on choices for 

compatible uses )y each national entity. 


PRFSENT AND POTENTIAL, COASTAL AREA 

RESOURCE USES AND (:ONFLICTS 


There are basically four categories of 

coastal area resource use conflicts: 

competition for coastal space itself, 

,synchronic competing uses of the same 
,resource, present dedicated use versus 
future use of the same resource, and uses 
at some distance away affected by uses 
that modify the coastal environment. 
These categories should be borne in mind 
during the following discussions of use 
status and trends in the region. 

More than a quarter of humanity resides 
in the political entities bordering the 


South China Sea, and 75 percent of
 
Southeast Asia's population lives on
 
islands. The average national rate of
 
population increase is 2.7 percent per 
year. 1 0 Due to infertile or rugged,
forested hinterlands, much of the popula­
tion is crowded into arable river valleys 
and available coastal plains. 

The population in the coastal area of 
the South China Sea is concentrated
 
around coastal cities such as Taipei,
 
Manila, Jakarta, Singapore, Bangkok, Ho
 
Chi Minh, ltanoi-Ilaiphong, and mongKong.
 
Population densities are greater than 
200 km2 and increasing as rural inhabitants 
migrate to these areas, placing severe 
strains upon facilities, services, and 
living space itself. With an increasing

population and the lack of success, so 
far, in attempts to stem coastal and 
urban immigration from rural areas, this 
demand upon coastal space, as well as 
attendant conflicts, will be intensified. 

Urbanization in the region also is 
accompanied by commercial/industrial
 
growth, which serves as an attractant 
for the employment-seeking populace.
 
Since most of the political entities of
 
the region are in a "developing" economic
 
status, industrial activity is not as
 
advanced or widespread as in the
 
"developed" world and is predominantly

confined to extraction and primary
 
processing of indigenous raw materials
 
prioi to export. Primary processing
 
industries in the region often are
 
established on the coast or adjacent to
 
rivers and estuaries due to the need for
 
a ready water supply and a ready waste­
disposal system; in any event, the waste
 
often eventually reaches the sea.
 

Many of the South China Sea's coastal 
urban concentrations are associated with 
major ports. Most of these ports are 
highly congested, have antiquated 
facilities, and are shallow and subject 
to heavy siltation. Moreover, those 
nations bordering on the shallow Sunda 
and Mainland Shelf have few naturally 
suitable areas available For port con­
struction. lxpansion of existing ports 
and construction of deep-water facilities 
are planned by many nations of the region. 
Port expansion and maintenance entails 
almost constant construct ion and dredging 
of channels and berths to meet the demands 
of increased and deeper draft traffic, 
while new port establishment is inevitably
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accompanied by, and indeed may be designed 

to attract, a concentration of coastal 

commercial and industrial activity, human 

habitation, and eventually, pollution, 


Because of the relative scarcity of 

permanently dry, level land in the South 

China Sea coastal region, and the ensuing 
conflicts over use of that resource, land 
reclamation is widely practiced and 
advocated as a short-term solution. It 
is usually achieved by infilling of 
mangrove dominated intertidal regions 
with sanitary and, occasionally, unsanitary 
fill. Reclamation projects have been 

or arc under way in many coastalcompleted 
areas, including [long Kong, Singapore, 
Java, Penang, Kota Kinabalu, and Manila; 
a large land reclamation project for 
agriculture also is ongoing in southeast 
Sumatra. With increasing pressure for 
suitable land for industrial and agri-
cultural development, land reclaniation 
will become an even more attractive option. 

Hydrocarbons 

Two major hydrocarbon-bearing 
sedimentary basins underlie a portion of 
the Gulf of Thailand and tile outer edge 
of the Sunda Shelf from northwest Borneo 
to Indochina. Smaller petroliferous 

basins are scattered along the Mainland 
Shelf and the coastal areas of the 
Indonesian and the Phil ippine archipel-
agoes. 11 

Probably all of the continental shelf 
has been explored by the oil and gas 

industry, and most of it has been leased, 

Important non-Indonesian producing areas 
include offshore the cast coast of West 
Malaysia, west Sabah (East Malaysia), 
and adjacent Sarawak waters.12 fhntortant 
offshore Indonesian producing areas 
include the Java Sea, east Kalimantan, and 
the Vogelkop. Two recent offshore dis-
coveries in the Philippines are Nido No. 1 
off northwest Palawan, and Sampaguita on 
the Reed Bank in the disputed l)angerous 
Ground. 13 Further, new discoveries have 

been reported off southern Vietnam, in 
the Gulf of Tonkin west and south of 
Hainan Island, in the Pearl,River estuary, 
and in the Paracel Islands. 

Continental shelf areas that appear to 

have the highest potential for new dis-

coveries or expansion of recent discov-

cries include the western Malacca 

Straits-Andaman Sea, the western and 


eastern Gulf of Thailand, the Sunda Shelf
 
north and northwest of the Natuna Islands,
 
the Gulf of Tonkin, the Mainland Shelf
 
area between Canton and Taiwan, northwest
 
and west of Palawan, the southern Sulu
 
Sea, the Kalimantan side of the Makassar
 
Straits, and the Vogelkop.
 

Deeper water, i.e., the continental
 
slope (including inter-arc troughs and
 
sediment-filled trenches), the continen­
tal rise, and small ocean basins, also
 
are receiving exploration and lease
 
attention although tile exploitation
 
technology is not yet available for these
 
water depths. IS
 

Examples of deep-water leases in
 
Southeast Asia include the southeastern 
Andaman Sea continental slope and rise,
 
the southeast Sumatra inter-arc trough 
and trench, the Makassar Straits 
continental slope and rise, and the east 
Timor trench. Although the geology of 
the seabed provinces beyond the upper 
continental slopes has been little 
investigated with respect to petroleum
 
potential, in general, tile small ocean 
basins such as tile Andaman, South China, 
Sulu, Celebes, and Banda Seas appear to 
be promising. In any event, long-range 
coastal area development planning should 
consider the probability of deeper-water 
hydrocarbon exploitation in the next 
decade. 

Bottom Mining
 

Bottom mining for tin or sand and 
gravel involves dredging and disposal of 
tailings. The Southeast Asian "tinbelt" 
extends southward from the Malay 
Peninsula to tile "tin islands" of 
Indonesia, i.e., Singkep, Bangka, and 
Billiton, and to the west and possibly 
east of the Peninsula. 16 Tin exploitation 
in Indonesian waters is concentrated in 
several localities around the "tin 
islands." 

An area enclosing these islands and
 
extending to the northwest to the inter­
national boundaries with Singapore and
 
Malaysia and including the islands of
 
Lingga, Karimun, Kundur, and Riau is 
considered of good potential. Although
 
no systematic exploitation of tin is
 
being undertaken in Malaysian waters,
 
small areas off Lumut and Malacca have
 
been systematically test-drilled, and the
 
entire west, south, and southeast West
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Malaysian state and federal territorial 

waters are considered as having potential, 

especially the Johore estuary.17 In Thai 

waters, mining is ongoing off southeast 

Phuket and in portions of a coastal strip 

extending from southwest of Phuket to the 
Thai-Burma border. Some tin is being won 
from beach deposits near Rayong in south-
cast Thailand, and there is good potential 
in Phang-nga Bay, and sonic offshore 
exploration interest north and south of 
Songkla, and west and east of Rayong. 
The southeast appendage of Burma, on the 
basis of geology and occasional indepen-
dent operators, has long been considered 
to harbor significant tin resources. 

The easy-to-find terrestrial tin 
deposits have already been discovered, 
particularly in Malaysia and Indonesia, 
and offshore possibilities and prospects 
are receiving increased interest. Maximumsterminalsistoragehtankseandtrefineries,
subsea ining depthof detrital inerals 
feasible with present conventional tech-
nology is approximately 50 in, although 
skin deposits might be mineable to depths 
of 65 m. The 50 in isobath includes a 
large portion of the continentl shelf in 
Southeast Asia. However, geologic 
considerait ions such as an 8 km maximum 
transport distance from source for 
economic deposits of placer tin, 18 the 
presence or absence of coastal or offshore 
granitic exposures, or shallowly buried 
granites or ultra-basic rocks, and the 
presence or absence of a large coastal 
plain significantly narrow the prospecting
 
area. The occurrence of basins containing 
hydrocarbons is also a general indication 

of low potential for tin and other 
detrital mineral deposits. 


Other principal coastal mining 

activities in the region include sand and 

gravel, silica sand, iron sands, and 

coral. 


Energy Material Transportation, 

Storage, and Refining 


The major transportation route for oil 

imported into the region is from the 

Middle East and Africa through the Straits 
of Malacca to Japan with offshoots to 
Thailand and the Phi lippines including 
transshipment in Singapore. 1 The 
920-km-long, 15- to 232-km-wide Straits 
of Malacca is the world's second most 
busiest seaway; more than 100 vessels 
transit the Straits every day, including 
six greater than 30 x 103 dtw (27.2-103 

metric tons), and 10 VLCC's per day are
 
expected in 1980. From within the region,
 
Indonesian production is exported to
 
Japan, the United States, the Philippines,
 
Thailand, and Australia, whereas Brunei's
 
production is exported to Japan and 
Thailand. Thailand and the Philippines 
also import oil from China. A recent 
tanker-safety s,1.heme proposed by Malaysia, 
Indonesia, and Singapore to regulate 
tanker traffic in the congested Malacca 
and Singapore Straits may encourage a 
detour by VLCC's over 220 x 103 dwt 
(227-10" metric tons) through the deeper 
Lombok and Makassar Straits and the Sulu 
or Celebes Seas to Japan. 2 0 

Petroleum discharge during tank clean­
ing and from transfer operations at wells, 
terminals, storage tanks and refineries, 
as well as from nonpoint sources, also
 
contributes significant petroleum to the 
region's coastal environment. Liquefied
natural gas (LNG) will soon start moving 
from Arun in Sumatra and Bintulu in 
Sarawak to Japan and the United States. 
Nuclear spent fuel is apparently now being 
transported from Japan through the South 
China Sea to the United Kingdom and France. 

Tourism/Recreation 

Tourism/recreation has two main 
components relevant to coastal resource
 
use conflicts; aesthetics and water con­
tact activities. The perception of
 
aesthetic beauty is a relative concept:
 
local, intra- and extraregional tourists
 
flock to such coastal resorts as Pattaya
 
in Thailand and Penang in Malaysia; others
 
consider these turbid and polluted waters
 
and debris-laden beaches unattractive.
 
Tourism/recreation is a rapidly growing
 
industry and source of foreign exchange
 
in the region, but extensive beach areas
 
suitable for tourism/recreation, especially
 
those readily accessible but not adversely
 
impacted by man, are rare commodities. 
Initial efforts have been made to establish 
coastal preserves, such as Pulau Gaya 
National Park in Sabah, Muka Head State 
Park in Penang, and several small areas in 
the Philippines. Other coastal areas in
 
the region have been nominated for conser­
vation status by indigenous environmental
 
organizations (Table 1).
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TABLE 1. 	Coastal areas suggested for 
preservation/conservation status 
in Thailand and Malaysia 

Thailanda 

Preservation areas 


Entire northern coastal arc of the upper 
Gulf from Petchaburi around to 
Chon Buri 

Areas of coral habitat off the coast at 
Bang Lamung 

Important coastal and estuarine sections 
and corals between Rayong and Trat 

Reefs off 'huket Island 
Northern section of Songkhla Lake 

Conservation areas 

off southern Vietnam, the Gulf of Tonkin, 
northwest of Palawan, and the north 
central South China Sea. 

It is interesting to note the corre­
spondence 	 of some major fishing grounds 
with areas of high petroleum exploration 
interest and/or recent discoveries. Such
 
areas of potential use conflict include 
that off northwest Palawan, the Gulf of 
Thailand, the northern Malacca Straits, 
and possibly the ';ulf of Tonkin and off 
southern Vietnam. Sonic of thesc fishing 
grounds also straddle major and minor 
petroleum tanker routes. Spatial inter­
ference of rigs with trawling runs, 
fouling of nets, and tainting of the 
catch ar- the major potential short-term 

C problems for the fishing industry. 

The sea area from [acm Chabang, out to 
Kho Pai, and back into Learn Kham 
above Sattahip 

The sea and islands of Sattahip 
The channel and coasts around Kho Samet 

in Rayong Province 
The area of Trat and the offshore 

is lands incltuding Kho Chang 
The coastal strip of l/ua Hlln as far 

south as Khao Krat [at 
Most of the coast and minor islands at 

Phuket 
Almost all of Songkhla Lake 

Ma lays ia
b 

Marine nature reserves 

Four islands off Kuala Kedah 
Pulau Lallang in the Sembilan Islands 
Pulau Lang Tengah 
Tanjong Genting 
Tanjong Tokong, Penango 

f). lichaels. Is tie water fit to drink? 
1ian.qkok Pat. ,ra are, 28 May 
1976, pp. 2-3. 
P.R. Wycherley. Conservation of coral 

reefs in West Malaysia, 1it0l.. Conserv., 

1:3, 1969, pp. 259-260. 

Ong Jin Eong. Personal comununication, 

1973. 


Commercial Fisheries 

Important fishing areas include the 
western Malacca Straits, the Gulf of 
Thailand, 	the southern South China Sea, 


Aquacalture, an ancient practice in 
the region, is being modernized and 
expanded through intensive national and 
international efforts with the hope of 
providing protein to Asia's expanding 
and increasingly undernourished ponulace. 
The developed and potential aquaculture 
areas in the region generally coincide 
with the extensive stretches of mangrove­
fringed coasts. Areas of expected major 
expansion include northwest Sumatra, both 
the Andaman Sea and (;ulf of Thailand 
coasts of Thailand, and Luzon, the Visayas, 
Palawan, and Mindanao in the Philippines. 

MARITIME JURISDICTIONS 
AND THEIR IMPLICATIONS FOR COASTAL AREA USE 

Most of the littoral countries in the 
South China Sea have extended their 
resource sovereignty in the marine sphere 
and the rest will eventually follow suit. 
Indonesia and the Philippines have 
promulgated the archipelagic principle 
that extends national resource sovereignty 
to include the marine area within straight 
baselines connecting the outermost points 
of the archipelagoes. Further, almost 
all the littoral states have laid claim 
to the resources of their respective 
continental shelves, which, by present 
legal definition, extend to the depth of 
exploitability. Burnm;,, Indonesia, Malaysia, 
Thailand, the Phi ilippines, Vietnam, and 
Kampuchea also have declared exclusive 
economic zones (lEZs) whi icl include, with 
minor exceptions, exclusive resource 
sovereignty in the nmarine sphere up to 
200 nmn from shore. China, Vietnam, 
Malaysia, and the Philippines also claim 
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small islands in the South China Sea, 

each of which may have its own continental 

shelf and EEZ. Given the eventual resolu­
tion of conflicting claims, the end result
 
will be the accrual of enormous marine 

areas and any contained resources to 

national control. 


Nations of the region have high 

expectations for the contribution of 

resources of these areas to national 

economic development. Indeed, this 

resurgence of "marine awareness" is 
beginning to be reflected in national 

economic development plans. Also, hydro-

carbon and fishing companies from the 
major resource consumer nations such as 
Japan and the United States are increasing 
their interest in "joint-venture" 
exploration and exploitation of marine 
resources in the region, providing added 
impetus to short-term extraction and 
profit objectives. Further, as marine 
''awareness" and the concomitant severity 
of environmental regulations increase in 
developed countries, shifts of pol lution 
intensive industries to less environmental-
ly strict developing countries may become 
attractive. Also, national action may not 
be sufficient because the ocean is a fluid 
meditun, and pollu t ion or its impacts may 
be carried across national boundaries. 

As the littoral South China Sea nations 
and their extraregional partners gear up 
their efforts to ex p loit this perceived 
windfall of resources, the numbers, as 
well as the placing, planning, and trans-
national impact of pre- and postharvest 
coastal bases may become significant. 

For example, support bases for offshore 
oil development have sprung tp in 'Trengganu 
on the east coast of P'eninsula Malaysia, 
on Hiainan, at Vung T"I in southern Vietnam, 
in Sabah, in eastern Kalimantan, and in 
northwest Palawan. The geographic location 
of these initial devclopments may be viewed 
as fortunate becauise of the economic 
infusion into rtiral, economi cally backward 
sectors. Ilowever, a rapid mncontrolled 
proliferat ion of such fac iit ies and their 
ancillary induhstries may quickly preclide 
other planning opt ions and bring new 
problems, soch as popi 1lation mi.gration and 
overcrowding. iecaulse the new areas of 
hydrocarbon interest, e.g., east coast 
Peninsula Ma] ays i a, northwest I'a lawan, and 
the Gulf of Tonkin, are also major fishing 
grounds for both art isanal and conunrcial 

fishermen, direct conflict between uses
 
and users is a possibility.
 

There are other indirec, implications
 
for coastal management of extended
 
maritime jurisdiction. Promulgation of
 
environmental or other regulations, in
 
claimed areas with respect to oil tankers,
 
may, as in the case of the Straits of
 
Malacca, result in a shift of transporta­
tion routes. If these new routes, or
 
increased frequencies of tanker traffic 
along formerly little-used routes, appear
 
to be stable, governments may soon perceive
 
that it would be to their economic 
advantage to tap these "energy pipelines" 
for economic stimulation of rural and 
remote border areas. This may result in 
major refineries and storage areas,
 
including floating storage and even
 
"superports" for developed country
 
interests, with concomitant industrial­
ization. Also, increased environmental 
awareness in developed countries may 
result in prohibition of tile landing of 
certain hazardous cargo shipments, e.g., 
LNG and nuclear spent fuel in certain 
ports, thus further affecting transporta­
tion routes in developing country marine 
areas as well. 

Some countries such as Thailand and 
others will find that their fishing grounds 
fall within the claims of other countries 
whose terms for foreign access are 
restrictive. One effect of this may be 
the forcing of large-scale and small-scale 
fishing and fishermen into competition and 
conflict over already stressed nearshore 
resources. Also, for some nations that 
will find their distant-water fleets 
banned from former fishing grounds, 
aquaculture would then no longer be a 
convenient minor s upplement to marinc 
fishing, but an imperative. Suitable sites 
for major aquaculture enterprises are not 
plentiful, and the pressure for this use 
of precious coastal areas will increase. 
Mariculture may remain a long-range dream, 
if suitable marine areas are allocated to 
other uncomplementary uses, including 
waste disposal from industrial development. 
Further, with the rcal i zation of the value 
of migratory, shared resources such as 
tuna, sardines, and mackerel in zones of 
newly extended jurisdictions, the attendant 
Value of coastal spawn i ng an0 nursery areas 
for these stocks takes on a new, trans­
national importance. 
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There are probably other indirect 

implications of extended jurisdictions for 

coastal area use conflicts that will become 

apparent as developments proceed. However, 

there may be a delay engendered by the 

conflicting jurisdictional claims and such 
delay could be a benefit if it is used for 
careful analysis of trade-offs in coastal 

area resource use. 

CONCLUSIONS 

Based on the foregoing survey of coastal 
area use and use trends in Southeast Asia, 
priority areas of concern may be delineated 
as urgently requiring coastal area planning 
for the most efficient utilization of the 
available resources. Certainly the 
coastal areas enveloping the region's major 
cities are of concern due to the concentra-
tion of many resource users in a small 
area: dense human habitation, commerce and 
industry, highways, airports, ports, land 
reclamation, unrestricted domestic and 
industrial waste disposal, power facilities, 
pest control, and logging, terrestrial 
mining, and agriculture in the h interland. 
Priority urban areas would include Manila, 
Jakarta and all of north Java, and Bangkok. 
Although controls on existing coastal 
resource uses may be difficult to implement 
due mainly to nontechnical reasons, new or 
additional uses might be rgulated or at 
least planned for, especial lV in new 
"development" areas. The upper Gulf of 
Thailand, particularly the Fight of 
Banpkok, is a case in point. Circulation 
is extremely weak, and Sattahip may be 
converted to a civilian deep-water port, 
with attendant domestic and industrial/ 
commercial activity, adding further stress 
to the coastal resources in this area. 
Areas of potential conflict in coastal and 
offshore resource use include northwest 
Palawan, where aquaculture, petroleum 
exploitation and offshore fisheries may 
coincide, and the greater (Gulf of Thai land. 

The constricted, shallow Malacca Straits 
is a priority area for a coordinated inter-
national approach by the four bordering 
nat ions: ThaiIlarid, Ma laysia, Irdones ia, 
and Singapore. This area is a microcosm 
of' tire coastal activities and confli cts of 
the region. The Straits are a nmajor 
transport route for petroleum tankers, 
Coastal petrolem exploitation is ongoing 
in north Sumatra, with exploration off 

southwest Thailand, and coastal depots and
 
refineries are situated in Port Dickson
 
and Singapore. Bottom mining is ongoing
 
from Phuket northward and exploration is
 
under way off Malacca and Penang.
 
Terrestrial tin mining is scattered 
throughout the Thai Isthmus and tile Malay 
Peninsula. Logging activity is significant
 
on Sumatra, generating much sediment and 
contributing to coastal accretion. In 
addition to Singapore, the west coast of 
the Malay Peninsula is rapidly becoming 
urbanized and much of Malaysia'a population 
and industrial/agricultural processing
activity is concentrated there, discharging 
wastes into the Straits, including those 
from pest control. The ports of Penang, 
Port Swettenham, Port Dickson, and Singapore 
are situated on the Straits. Aquaculture 
is being expanded in North Sumatra and may 
be expanded in suitable locations along 
Malaysia's west coast, and mangrove 
harvesting is locally significant throughout 
the coastal area of the Straits. Much of 
the West Malaysian coastal plain above the 
high-tide mark is under cultivation, and 
an agricultural scheme utilizing reclaimed 
land is planned for southeast Sumatra. 
Artisanal fishing including shellfish 
harvesting is widespread in the nearshore 
areas and significant offshore fishing is 
conducted in the northern Straits. 
Tourism/recreation centers bordering the 
Straits include Phuket, Penang, and 
Singapore. 

From a realistic politico-economic 
perspective, it is clear that certain 
activities in the region will have 
national economic priority, such as 
extraction of hydrocarbons and minerals. 
However, such activities might be planned 
and managed so as to minimize adverse 
impacts on other coastal resources and 
uses. Also other uses, such as tourism/ 
recreation may be geographically situated 
in areas less likely to be exploited for 
other uncomplementary purposes. TFhe name 
of the game is complementary Inultiple use 
where possible and judicious, far-sighted 
trade-offs where not. IHowever, it remains 
to be seen if and when governmental 
plannin g philosophic!;, so geared to growth 
development on tire Western model, also 
will incorporate the concept of long-term 
planned growth and optimum allocation of 
coastal resources, belatedly, and thus so 
painfully attempted by the West. 
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PREVIUUS p•Q
 

INVESTIGATION OF MINERAL POTENTIAL IN THE SOUTH
 
PACIFIC (CCOP/SOPAC)
 

The Committee for Coordination of Joint 
Prospecting for Mineral Resources in South 
Pacific Offshore Areas (CCOP/SOPAC, which 
was established under the aegis of ESCAI 
in 1972), Eighth Session at Suva, Fiji, in 
September 1979 was attended by representa-
tives from all the member countries--Cook 
Islands, Fii i, Ki ribat i, New Hebrides, 
New ZCi andl, P'apua New Ciii ica, Samoa, 
Solomon Islands, and the Kingdom of Tonga. 
Techn ical advise is fron th GCoverinents of 
Austral ia , France, Japan, tile United 
Kingdom of ;re;it Britain and Northern 
Ireland, the Union of Soviet Socialist 
Republics, and the United States of 
Ame rica a lso at tended. 

BA(:KGRI IND 

As tile South Pacific is dominated by 
the ocean, the peoples there have 
traditionally depended oil it as a means 
of communication ;ind food. Therefore, 
for a long time there has been an emphasis 
on, and an interest in, marine resources, 

IHowever, I imited financial resources 
coupled with tlie lack of facilities, 
equipment, aid trained lcirsonnel have 

p recluded tlie d.ve.I opel clt of' appropriate 
and necessairy c:pabilities to properly 
as,'c.ss those resolrcees without substantial 
sui)port from vxtcrnal S)11rcs,. 

Consequent ly, due to strong efforts by 
SCAI', a project was started on January 
1, 1979. This project, Investigation of 
Mineral Potential of the South Pacific, 
involved a commitment by UNDI)P of more than 

- Natural Resources 
Division, ESCAP 

US $2.5 million and member country
 
contributions in kind and cash of over
 
US $1.4 million for a three-year period.
 

As set out in the project document, the
 
long-term development objective is the
 
discovery and development of mineral and 
hydrocarbon deposits within offshore areas 
of interest to CCOI'/SOI',\C member states so 
that those states and their people can 
benefit from tile increased reventes, 
employment, industrial activity, and 
other dowlnstrcam activities that would 
attend their exploitation. 

WORK 	 PROGRAMI 

Tile major activities of tile UNDP 
Project are centered on a chartered, 

small, coastal-type vessel with which it
 
is planned to carry out coordinated 
geological/geophysical surveys of member 
country offshore and oceanic areas for six 
months of each year. CCOP/SOPAC's work 
program, which it should be pointed out is 
not synonymous with the work plan of the 
UNDP Project , is revi, cwed and formulated 
at annual sessions. "lie work program is 
designed, among other thing;, to foster 

teclhn zal cooperat ion among the member 
countries. There are 7.1 country projects 
and 20 regional projects in the current 
program.
 

Additionally, the UNI)h' staff undertake: 
(1) 	to train member country personnel 

in mineral exploration techniques 
through on-the-job and specialized 
training courses; 
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(2) 	to collate and reinterpret the. 

available, relevant data from
 
previous work; 


(3) 	to publish and disseminate the
 
results derived from these 

activities; 


(4) 	to coordinate all offshore mineral
 
resources surveys being carried 

out in the region; 


(S) 	to provide advice to member
 
governments on minerals exploration 

and exploi,-jtion; 


(6) 	to select areas of interest for
 
investigation; 


(7) 	to establish a data repository; 


(8) 	to provide equipment through loan 

and exchange; and 


(9) 	to strengthen existing marine 

science institutions of the region. 


GEOLOGY AND MINERAL RESOURCES OF CCOP/SOPAC
 

The principal geological f.catures of
 
the CCOP/SOPAC region include:
 

(1) 	active basins such as the Lau,
 
North Fiji, Woodlark, Bismarck,
 
and Solomon;
 

(2) 	inactive basins such as the Coral
 
Sea, New Caledonia, South Fiji and
 
Norfolk; and
 

(3) 	island arc systems such as the
 
Solomon, New Hebrides and Tonga.
 

Considering the offshore regions within 
200 miles from the coasts of the individual 

countries, the potential mineral resources
 
that 	might occur from shallow to inter­

mediate depths, e.g., from 0 to 2,000 m
 
are indicated in Table 1. Other
 
potential resources of the member countries
 

include geothermal and marine energy
 
sources, and lagoonal, freshwater springs.
 

TABLE 1. CCOP/SOPAC countries: potential marine mineral resources 

Precious HIeavy Pre-
Industrial Mountry/Metal Metal Phos- cious 

Mineral Minerals Placcrs Placers phates Coral 

Cook 
Islands X X X 

F:iji X gold titaniferous X X 

magnetite 

Kiribati X X X 

New X (also X X 
Hebrides bauxite) 

Papua New X gold X X 
Gti nea platinum 

S1amoa X X X 

Solomon X (also gold titaniferous X X 
Is1ands bauxite) imgnet ite; 

chromite 

Tonga X X 

Ferro-

Metal- man­
liferous ganese Hydro-

Muds Nodules carbons
 

X X 
X X
 

X
 

X X X
 

X 	 X 

X 	 X 

X 	 X
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COASTAL AND NEAR-SHORE SURVEYS 

Recognizing that coastal and offshore 

area dcvelopmct will become increasingly 

important to the island countries in the 

future, the project will pay special 

attention to the environment, particularly 
where near or onshore exploration work is 
concerned and, in general, will examine 
the ecoloigical consequences attending the 
ex)loitation of any mineral substance of 
potential found by its surveys. Provision 
ha. been made allso to render advice to 
member governments on ecological matters 
and to carry out surveys of onshore 
const ruct ion projects that may have 
ecological consequences for the offshore 
area. Oceanographic environmental baseline 
data and infonnation on the geology and 
characteristics of the sea floor will be 
collected during the course of the near-
shore surveys, 

CONCLUSIONS 

A considerable amount of on-the-job
 
(aboard ship) and shore-based training 
of member country technicians has been 
accomplished to date. This training has 
enabled offshore survey units to be set 
up in Fiji, Cook Islands, New Hebrides, 
Solomon Islands, Samoa, and Tonga. 

Furthermore, the data obtained by the 
project are contributing to a better 
understanding of the regional geological 
features and processes in the region. As 
those features and processes control the 
distribution of minerals and hydrocarbon 
resources on and below the surface of the 
seabed, it is hoped that the know ledge 
gained would in turn be used in local, 
more detailed geological exploration and 
provide a firin basis for the evaluation 
of the economic resources potential. 
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OFFSHORE AND ONSHORE MINING OVERVIEW
 

INTRODUCTION 


The following notes are intended to give 
a brief overview of the type of mining 
operations that might be expected to be 
located in the area of the coastal zone. 
Offshore and onshore mining activities 
should for the most part he considered 
scparately hecatise tihe techniques employed 
are generally different, 

OFFSIHORE MNI N, 

From a recovery perspective, there are 
basically three types of offshore mineral 
deposits: (1) those which are amenable 
to dredging methods for their recovery; 
(2) those which m:y be recovered through 
bore holes in a i:anner similar to the 
recovery of petroleum; and (3) those which 
may be recovered 1))' underground mining 
methods utilizing shaft or tunnel access 
from land. 

Only the first type will be considered 
here. These deposits are composed very 
gcnerally of t;,'o types of materials: 
(i) construction aterials such as sands, 
gravels, refractory muds, shells, and 
corals;, aill of which art bulk materials 
of generallly low vltic; and (2) heavy 
minera lIs, gems , ald :;:l aismetil ds stlch 
those contaiining t in, titaniiutn, iron and 
ch romit,1;i minerallI , di;imonds , gold, and 
p1lat i nur. lie:sc mltceriala; :are of high 
value hut consrtitute at the most only a 
few percent of the volume of the deposit. 

-Michael J. Cruickshank*
 

Mjost of these deposits are found in 
proximity to the coast within 100 m of 
water depth, whereas others such as nodules 
of phosphorite, metalliferous muds, or 
precious corals are found farther from the 
coast and in water depths up to 1,000 m. 

The most common of the deposits are 
the construction materials. For example, 
sand and gravel are mined very extensively 
in Japan, the United Kingdom, and northern 
Europe. 

Japan mines 60 to 70 million m3 of sand 
each year utilizing about 1,000 small 
dredges. Most of the operations take 
place in the Sea of Japan and in the 
Inland Sea near liroshima. Tlhese 
operations, which take place mostly within 
2 km of shore in water less than 20 m 
deep, supply almost. 20 percent of Japan's 
construct ion requi rements. In the North 
Sea area of northern Europe about 100 
dredges are operated by 10 different 
nations, particularly the United Kingdom, 
Sweden, and France, to mine about 30 
million tons each year of sand and gravel 
aggregates. 

Tin mining offshore has been a major 
industry for many years in "liailand and 
Indonesia. As many as 16 major dredges 
have operated in the coastal areas of 
islands, generally in water depths of less 
than 1S m with total digging depths of 
less than 30 m. In Thailand, small dredges 

*Michael .J.Cruickshank was a Technical Assistance Expert, UNDP, Rangoon, Burma, and 

is now with the United States Geological Survey, Reston, Virginia.
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operated by tin poachers have numbered as 
many as 3,000 at one time. 


Diamonds were mined for. several _years 

off southwestern Afri'ca, close to shore. 

Technical Problems due to rough sea %I 
conditions resulted in the closure of the 
operations pending further research on the 
problem, but much of the area is still of 
interest. Other operations for iron-sands 

and titanium sands are found in Japan near 
shore and in Australia and New Zealand in 
beach areas.
 

ONSHORE MINING 

Mining in the coastal zone onshore is 
quite common throughout the world, because 
historically there have been immediate 

advantages in such a location due to easy 

accessibility. Use of the coastal wetlands 


and waters has been made for disposal of 
mine waters and dumping of waste materials
 
from the mine and processing plants. With
 
large operations, significant adverse
 
effects may result.
 

SOUTHEAST ASIA AND THE PACIFIC REGION 

Present or potential offshore and 
coastal mineral activities in Southeast Asia 
and the Pacific are reviewed in Table 1. 

CHARACTERISTICS OF OFFSHORE 
MINING ACTIVITIES 

Some relevant characteristics of off­
shore mining activities for construction 
materials, tin and heavy minerals are
 
given in Table 2. Other notes on
 
limitations of mining depth and breakeven
 

TABLE 1. Overview of offshore mining and mineral deposits In Asia and the Pacific 

Country Active Mining 

China Sand, iron, nickel , titanitm & 

other detrital minerals, coral 

Fiji Coral sand 

Indonesia Tin, titanium, sand 

Malaysia Tin (onshore), iron, bauxite 

Papua New Guinea Limestone, gravel 

Philippines None 

Singapore None 

Solomon Islands Construction materials 

South Korea Silica sand (onshore) 

Thailand Tin 

Trust Territories Coral sand, basalt rock 

Vietnam Coal, silica sand, kaolin, 
limestone, gravel 

Western Samoa Coral sand 

Potential 

Gold, diamonds
 

Gold, iron, copper, phosphates
 

Tin
 

Tin (offshore)
 

Construction sands, chromite sand,
 
limestone for cement, precious coral,
 
gold, phosphate, corals
 
Gold, iron, chromite, silica sand,
 

precious coral, coral sand
 

Sand
 

Chromite, gold, bauxite, precious
 

coral
 

Titanium, thorium, garnet
 

Rock salt, coal, fluorite, limestone
 
for cement
 

Phosphates
 

Coal, iron, titanium, coral
 

Sand, precious coral
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TABLE 2. Some characteristics of offshore mining activities 

Construct ion 
Characteristic Materials Tin Heavy Minerals 

Ore mineral Rock, shells, Cassiterite Iron (Magnetite), tita­
silica, coral nium (Ilmenite, Rutile), 

Gold (Native Metal), 
Thorium (Monazite) 

Percentage ore 60%-100% depending 1/100 of 1% 3-5% or less 
mineral in deposit on sand/gravel ratio 

and local construc­
tion needs 

Normal annual Dependent on local Limited by dredge Limited by dredge 
through-put need; 30,000-

300,000 m 3 
capability; 2 
mni'llion m 3/yr 

capability; 1-3 million 
m3/y 

Average Iife of 10-100 yrs 70 yrs 10-50 yrs 
deposit or field 
Thickness of' typical 3-20 m 1-30 rn 1-15M 
deposit I 
Water depths 0-100 il 0-100 in 0-100 m 
Type of dredge Clamshell, plain Bucket ladder, Bucket ladder, suction 

suction, drag suction cutter cutter, bulkhead with 
suction dry loaders 

Amount of ore i,000-5,000 - 0.6 m 0.1-250 mJ 
mineral transported 
to shore per 5,000 
m3/da ' excavated 

grade are written specifically for tin 45 m. There are structural limitations
 
mining but are applicable also to other in going beyond this depth with a bucket­
heavy minerals, ladder dredge, although those limitations
 

may be overcome by new materials and
 

MINING METHODS modified design.
 

There are two basic methods of dredging: Iydraulic dredges utilize a much lighter 

mechanical dredging using a bucket-ladder ladder or lifting system than the bucket­

or clamshell dredge, and hydraulic dredging ladder dredge and are not so limited 

using a suction pipe which may be assisted structurally in their depth capabilities. 

by a mechanical cutting or digging device Extended-ladder hydraulic dredges have been 

at the intake. Dredges used for mining used for mining sand and gravel from depths 

construction materials may be quite of over 61 m in West Africa. Deep-seabed 

mobile, but generally the dredges for hydraulic dredges have been utilized at 

mining heavy minerals are large, more or depths of 5,486 in,a fact that indicates 
less stationary digging units with a no technical limits to the depth of 
complete processing plant for concentration hydraulic dredging. 
of the minerals on-board. 

Bucket-wheel excavators are widely used 
LIMITATIONS ON MINING DEPTH on land and provide a high torquc continuous 

bucket rotation similar to the bucket 
Bucket-ladder dredges are most commonly ladder but of much lighter and simpler 

used for tin mining. In the past their configuration. In coihination with a 
digging depth ha.- been generally limited suction dredge, the bucket-wheel dredge 
to less than 33 f, but in most cases this can be designed to give bucket-ladder 
limit has been governed by the depth of capabilities at depths to 65 in and beyond 
the deposits explored. leposits over 33 m depending ol the design capacity of the 
deep have been worked on land in many dredge. Both MC lolland in the Netherlands 
areas. In 1978, Billiton Corporation and llicot Machinery, Inc., in the United 
Maatschappj Indonesia B. V. commissioned States have designed bucket-wheel hydraulic 
a dredge to work offshore to a depth of dredges for mining deep alluvial deposits 
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TABLE 3. Offshore dredge operating statistics, Thailand, 1977- 78, 

Average Break-

Grade even
 

Operat-i Cubic 
 Excess of Original Dredied Grade
ing Meters Value 
 Costs Value Capital kg/m kg/m 3 
Company & Dredge. Da-s/' 1 Treated US $ US S Over Cost Costb (Sn Metal) (Sn Metal)
 

AOK.-l TIN
 

NO 2 (1-1cubic feet
 
capacity) 278 2,161,000 6,894,000 
 1,453,000 5,441,000 2,560,000 
 0.23 0.048
 

NO 3 (15 cubic feet
 
capacity) 304 2,853,000 9,101,000 
 1,523,000 7,578,000 Not known 0.23 
 0.048
 

SOUTHERN KINX'\ 

Tlakuapa 16 inch
 
suction 305 912,000 6,074,000 1,352,000 4,722,000 1,650,000 0.48 0.107
 

I'ONGKAJI }L\RBOR
 

NO 1 (15 cubic feet
 
capacity) 282 1,842,000 4,605,000 1,284,000 3,321,000 
 Not known 0.18 0.050
 

\VERAGE 292 1,942,000 6,669,000 1,403,000 5,266,000 0.2S 0.052 

aData adap-ed fron data given in World Mining (March 1979), 
p. 79.
 

bThe dredges listed were built in the 1960s or before. 
 Examples of new dredges, their cubic foot capacity and
 
their capital cost are:
 

1. Billiton International Metals 30 cubic feet capacity "BIMA" $25 million (1979)

2. P. T. Timah 
 24 cubic feet capacity "BELITUNG 1"
 
3. 0. M. 0. (Thailand) 16 cubic feet capacity $15 million (1980)

4. lleinze Basin Proposed 12 cubic feet capacity 
 $ 4.6 million (197S)
 



offshore. The Indonesian State Mining BREAK-EVEN GRADE AND DREDGE PERFORMANCE
 
Co., P. T. Timah, has explored and is
 
evaluating a tin deposit offshore of The data displayed in Table 3 emphasize
 
Bangka Island, at a depth of 70 m. the favorable economics of offshore tin 

mining at the present time. These are very 
It may be concluded that exploration for rough figures and do not take into account 

tin deposits offshore may usefully be various contingencies that might be 
carried out to water depths of 70 m and applicable to other areas, or any changes 
that there is no technical limitation to in the price of tin. It may be concluded, 
the mining of deposits at that depth if however, that values of 50 g/m 3 or higher 
evaluation shows them to be otherwise are of possible economic significance. 
economic. 
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ANALYZING THE IMPACT OF OFFSHORE MINING OF
 
CONSTRUCTION AGGREGATES 

INTRODUCTION 


Urbanization and industrialization create 

strong demands for mineral resources. The 
best known are those for metallic ores and 
petrochemical feedstocks. less publicized, 
but still very important for future growth 
and development, are the demands for 
construction minerals: sand, gravel, 
crushed stone, and fill.1 

As an illustration of the importance of 
these resources in the United States, 
construction of the concrete basement for 
a 10 by 15 m house requires 80 tons of 
aggregates; 1.6 km of four-lane highway 
requires from (1,000 to 100,000 tons ; and 
the Verranzano Na rrows Bridge connecting 
Brooklyn and Staten Island contains over 
1 million tons. 

Volume dc!uand for construction minerals 
in the United States is greater than that 
for all other nonfuel and nonmetal 
resources combined. In 1972, the United 
States consumed 913 million short tols of 
sand and gravel and 792 million tons of 
crushed stone, 

The mineral aggregates industry produces 
a product with a low intrinsic value and a 
relatively high unit weight. Dry gravel 

-Joseph A. Dehais and
 
William A. Wallace *
 

weighs 100-120 lb/ft 3, while bituminous 
coal weighs approximately 84 Ib/ft 3 and 
white pine 27 lb/ft3 . Both of these other 
materials have higher intrinsic values per 
ton than construction aggregates. Thus, 
even when hauled considerably farther, they 
can still be economically competitive. 
Current U.S. estimatcs indi cate that hauling 
aggregates 32 kin b), truck doubles delivered 
costs and that distances of 64 km to 96 km 
become prohibitive, longer distances are 
feasible by barge if a suitable route and 
docking and unloading facilities exist. 
Such routes and facilities are limited and 
often invovye un loading in congested urban 
areas which increases the time involved in 
subsequent movement of the product by truck 
to the eventual use site and hence increases 
overall costs. 

Construction aggregate resources are 
common and plentiful. The total onshore 
resource, however, is not available for 
exploitation. Reserves--rosources available 
for extraction--are severely limited by a 
number of economic and noneconomic factors. 
Some of these are Iil-aln sprawl, highway 
construction, land use regulation, 
restrictiye zoning, increased land values, 
and environmental regulation. These 
factors have forced producers to seek new 
extraction sites wdich are progressively 

*Joseph A. Dehais, Research Assistant, and William A. Wallace, Professor of Public
 
Management, are with the School of Management, Rensselaer Polytechnic Institute,
 
Troy, New York.
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farther from demand sites. The ultimate 

impact of this situation is in economic 

terms--increased delivered costs reflecting, 

most strongly, increases in hauling costs, 
This fact, coupled with tile economics of 
scale associated with dredging, indicates 
the possibility for economically viable 
offshore extraction where major sites of 
development are near shore. 

We have developed an analysis procedure 
by which we are able to consider the various 
parameters associated with the establishment 
of an offshore mining operation and to 
evaluate its economic viahility. The 
purpose of this paper is to describe the 
procedure we have deveIoped and to present, 
in summary, the rcsiits we have obtained in 
our study of the Greater New York 
etropolitan Areas. We believe that our 

procedture is portable; that it can be 
adapted to the analysis of offshore mineral 
aggregate mining in any part of tile world. 

THE ANALYSIS PROCESS 

The analysis process which we propose 
involves six steps and each will be 
considered ill turn. While the information 
developed at each step is essential to a 
viable development plan, we believe that 
tile process will be most fruitful if the 
order of steps presented here is followed. 
Our goal is to reduce significantly the 
number of alternatives to be considered as 
the process proceeds from one step to the 
next.2 

It should be noted that each step of the 
process we outlinc requires a different 
type of cxperti:.e. As such, the adminis-
trative resources required to conduct the 
analysis might best be organized as a task 
force. The temptation to split the 
analysis into a series of independent and 
simultaneous substiies should be avoided, 
however. 

Step 1: Market Analysis 

The first step of the proc.nss is to 
consider the current nature of the market­
place for construction aggregates. Of 
primary importance is the determination of 
tile market a rCa to he stUdied . While a 
cturrent threat of shortage nay seent to 
affect only a small (11ihan area or a single 
const ruction project , long range fuiture 
development oF adjacent areas may also be 
at stake. The ftmidanental gui delines should 
be this: all areas which are either 

presently supplying or have the potential
 
to economically supply the area or single
 
project under consideration should be
 
included in the study. 

The second consideration should be that 
of the material itself. The types of 
material which are or will be in demand 
should be surveyed. This involves the 
consideration of particle size and size 
distribution (sorting) needed to provide 
an acceptable finished product. Inherent 
in this is a realistic technical considera­
tion of material standards currently in 
force as these may be less a ftnction of 
technical requirements than of the types of 
material which have t r'li t ional ly been 
available. 

Past and current price data should then 
be gathered. This provides first, a means 
of viewing the dynamics of tile aggregate 
market and second, a benchmark against 
which to compare the results of an economic 
analysis of offshore mining. 

Finally it is imperative that some 
measure of past and current supply and 
demand be made. Since transportation costs 
are a key factor in the delivered price of 
aggregates, it is desirable to incorporate 
as much detail in these data as is 
pract icable. 

At this point, the region under study 
should begin to divide itself into zones 
which share or have shared some commonality 
of price, demand, or supply. The inter­
relationship between these zones can then 
be studied throtgh formal analysis, such 
as the transportation algorithm. In 
addition, relative inequities between 
zones can also be considered. 

Finally, some estimate of future trends 
in supply, demand, and price must be made. 
While this will of course involve the 
past and present data gathered, it should 
also consider potential new supplies, new 
demands, and externally motivated changes 
in price. 

Step 2: Geological Analysis 

Having obtained a knowledge of the types 
and amounts of material which will be 
needed, it is now necessary to determine 
where, and in what amounts, su i table 
offshore resources are to be found. This 
will generally involve ocean survey work 
of two types: first, seismic profiling to 
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determine the depth and extent of geologic 

layers beneath the ocean floor; and second, 

core sampling to determine the content of 

those layers.
 

IWhiile such surveys are generally quite 

expensive and it is certainly possible to 

begin mining more or less at random, moving 
from site to site, such preliminary work 
is desirable for two reasons. First, 
economical offshore mining of mineral 
aggregates is largely dependent upon 
economies of scale and thus the ability to 
locate a site or sites with enough reserves 
to maintain a production rate that minimizes 
idle time. Second, environmental analysis 
of even fairly small areas is both expensive 
and time consuming and limitation of the 
study area can achieve significant savings 
in research, 

Included in the geological analysis 
should also be a consideration of oceano-
graphic and meteorological conditions. Data 
on winds, storms, visibility, currents, 
tidal motion, and wave heights should be 
obtained in order to later assist in the 
determination of appropriate technological 
configurations for offshore mining equip-
Inont. Ii addition, seasonal factors which 
may make ri in inli', ha za rdoiis should be noted. 
Based upon thiis step of the analysis, the 
most likely sites for offshore mining 
should be dCte ri ned. 

Step 3: Environnental Analysis 

The analysis of potential environmental 
effects (tuie to offshore mininig must be 
considered hoth with regaird to onshore and 
offshore imipacts. Onshore i'eimpacts will 
most generally be evidenced in changes in 
tidal motion, wave heights, and wave 
refraction ptterns. The impact of these 
changes will be iln the form of increased or 
decreased erosion. The prediction of these 
effects is a fairly new scienceb,hut some 
assessment of their impact s should be made. 

Offshore impacts, too, have l'hysical 
aspects. The milling, aperat ion ill itself 
may involye the release and spread of fine 
materials ;nld anl illcruase in turbidit'. 
Pits in the ocean floor inav Cause the 
creation or erosion of underwater 
st ructures. Il addition, they may cause 
a concentration of undesirable materials 
or create local anoxic conditions. Adverse 
chemical effects may result from this 
concentration or creation of anoxic 
cond it ions. Also, material released during 

mining may in itself cause undesirable
 
concentrations of some substances in the
 
water.
 

These effects have tile potential to 
significantly alter the composition of 
undersea life, especially those species 
living on or near the sea floor. In 
particular, the quantity and quality of 
food resources may be affected and so 
particular attention must be paid to 
avoiding spawning areas. It should be 
noted that mining will, at least 
temporarily, destroy the habitat of the 
specific mining area. This is probably 
the single most important argument against 
unplanned or random mining. 

Part of the environmental analysis must 
concern itself with the impact of offshore 
mining on other human uses of the marine 
environment. Study in this area should 
consider, at least, the impacts on commer­
cial fishing, recreation, navigation, 
potential oil exploration or production, 
and waste disposal. 

Step 4 : Hazard Analysis 

At this step in the proce,s, a careful 
delineation is made of the hazards inherent 
in the mining operation. These hazards can 
be chronic or episodic in nature. Chronic 
hazards are typically due to the mining 
operations and are pervasive in their 
impact on the environment. Episodic events 
are accidental and intensive in their 
effects. 

Public policies can le designed to 
reduce the frequency of the hazardous 
events or their potential impact. Policies 
can focus on reducing the impact before the 
event or after it occurs. lFxamples are the 
requirement for safety equipment on the 
mining site or establishment of public 
programs to assist the fishing industry in 
the case of damage to their fishing 
grounds.
 

Step 5: Technological Analysis 

Having established a set of economically 
viable and otherwise acceptable sites for 
offshore mining, it is now necessary to 
letermine an appropriate technological 
configuration for mining at each site. We 
must emphasize that the technology suitable 
to one of a group of sites may be suitable 
to all, some, or none of the other sites. 
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The choice of technology will be a 
direct result of the parameters already 

established: amount of material needed 

(Step 1); characteristics of the site or 

sites considered (Step 2); environmental 

concerns (Step 3); and potential hazards 
(Step 4). 


'['here are many types of equipment 
available, each of which has its own unique 
and individual characteristics. Such 
equipment may be leased (with crew), 
bought, or purchascd new and designed to 
particular specifications. All of the 
avlilable alternatives, both as to type of 
equipment and as to lease or purchase, 

should be considered. 


Involved in tie choice of a technologi-
cal configurat ior are two components 
external to the mining operation itself, 
First, some means must be determined for 
moving the material mined to shore, and 
onshore surle sites will need to be 
established. Second, the material required 
may requi re washing, sorting, or blending 
with onshore ar other offshore material to 
produce an acceptablIe product. The result 
of thlis analysis should be a range of 
technological choices with associated 
costs, 

Step 6: Economic Inalysis 

Economic analysis of the various 
acceptable alternative locations and 

con figurat ions must be considered both
 
from the point of view of the economic 

success of the enteiprise itself and from 

consideration of the broader economic 

impacts of such an operation. 


'[ie viability of the enterprise can be 
measured )y its return on investment given 
certain price and/or profit levels. Thus 
it is necessary to again perform the market 
analysis of Step I incorporativg a site or 
group of' sites. By means of the transpor­
tation al gor itin , it is possible to 
cstilmate total sales from offshore 1)roduc-
tion as a function of the price of the 
product and thus to determine annual return 
and hence profitability. 

The probl iems of a biroader economic 
analysis can best be illustrated by two 
cont rast ing examples, each considered under 
the assumption of projected, or actual, 
shortage of' supply. If' it is found that 
onshore sources are and will be less 
expensive than offshore production, an 

essentially uneconomic offshore operation 
may require subsidies to provide for 
desired development. If onshore sources 
are more costly, onshore producers will 
quickly be forced out of the market unless 
countermeasures of an opposite effect are 
taken. 

CASE ANALYSIS: THE GREATER NEW YORK
 
METROPOLITAN AREA (GNYMA)
 

For the past three years, we have been 
engaged in a research project concerned 
with analyzing "The Impact of Offshore 
Mining on the Costs and Availability of 
Construction Mineral Aggregates in the 
Greater New York Metropolitan Area in the 
USA.'''i While our particular focus has 
been on the economic impacts of offshore 
mining, other researchers have been 
studying the environmental and geological 
aspects of offshore mining. The analysis 
procedure described above has been derived 
as a result of this work. As an illustra­
tion of this procedure, the results of the 
GNYNIA study are summarized below. It is 
considered that the general methodology 
may be applicable to similar situations in 
Asia and the Pacific. Ilowever, we must 
emphasize that while our conclusions, as 
presented in brief form, may appear 
unambiguous and definitive we are convinced 
that there are many questions still 
unanswered.
 

Market Analysis 

The GNYMA has been established as an 
area including twenty-five counties in the 
states of New York, Connecticut, and New 
Jersey centering around the city of New 
York, U.S.A. While the focus of any 
shortage will be upon the metropolis 
itself, the region as a whole is relatively 
selfsufficient in construction minerals 
with limited amounts of mnaterial crossing 
its bo-ders in either direction. 

The type of material most in demand, and 
in which a shortage is most imminent, is 
coarse sand. This is the type of material 
which makes up the majority of the sand 
used in concrete and in asphaltic paving 
mixtures. The price of this material has 
been rising rapi dly in recent years and 
averaged about IIS $2.10 per ton in 1978 at 
a mine, exclus iye of transportat ion to 
sites of demand. 

Available supplies are declining 
rapidly with some sections of the region 
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anticipating no production at all within 

two years. A study of production data for
 
the period 1970 to 1975 indicated that 

the area's maximum potential production of 

sand and gravel was 25 million tons per 

year; current estimates by producers 
indicate that only 16 million tons per 
year can be produced, and that rate is 
declining, 

Regional demand was estimated for the 
years 1970 to 1975 on the basis of end 
use, employing technical coefficients which 
have been derived on the basis of input-
output analysis to relate the dollar volume 
of construction activity to the amount of 
aggregate requi red. During that period, 
annual demand ranged from 7 million to 
16 million tons. On the basis of this 
data, annual demand for the period 1980 to 
2000 is projected to average 13 million 
tons per year. 

The region was divided into nine zones, 
each with an associated supply and demand. 
Transportation costs, both within and 
between zones, were estimated and the 
resulting figures incorporated into a 
transportation algorithm. Reserves were 
estimated in consultation with producers 
and incorporated into the transportation 
algorithm on an annual decremental basis. 
This analysis indicates that the region will 
experience critical shortages between 1982 
and 1986; that is, demand will exceed 
supply. 

Geological Analysis 


A survey of existing data was made which 

indicated a potentially large number of 
economically feasible sites. These include 
sites along the eastern shore of New 
Jersey, in New York Bay, along the south 
shore of Long Island, aind in Long Island 
Sound. The total imnber of such sites, all 
of which appear oceaogr:lphically and 
meteorologically suit iffle, is on the order 
of 100. It was noted that sites close to 
shore, in gene:ail, would require less 
seaworthy dredges. We have limited our-
selves to the st udy of five offshore 
"lareas" wh ich on the hasis of the data 
available appeared to offer the most 
commercially des irable material. One of 
these is off the coast of New Jersey, one 
in New York Bay, one off south shore Long 
Island, and two in Long Island Sound. 

Environmental Analysis
 

This substantive area poses the most
 
unanswered questions. Since offshore
 
mining of any duration has not been
 
performed, most environmental impacts 
remain unknown. An operation which was 
begun in Long Island Sound in the 1960s 
was halted because of inadequate 
environmental information. Significant 
research effort has been expended in trying 
to understand the physical effects of 
offshore mining, and it appears that mining 
may be able to prevent erosion in some 
cases. lye believe that a pilot operation, 
with coordinated monitoring and study, may 
pose the best means of obta:ining relevant 
information. 

Hazard Analysis 

Delineation of the hazards associated 
with offshore mining operations is just 
commencing. Initial work has focused on 
the environmental impacts of chronic 
turbidity in the area surrounding the 
mining operations. Data for episodic 
events, including barge accidents and 
on-site hazards, are being developed. This 
information will 1be used to develop a risk 
profile for each prospective site. 

Technological Analysis 

On the basis of public data on dredging 
bids maintained by the U.S. Army Corps of 
Engineers, and with significant assistance 
from their staff, we were able to establish 
representative costs and production rates 
for the various types of dredges which have 
been used for harbor activities, fill 
production, and beach replenishment in our 
study area.
 

W1hereas it is felt that sophisticated 
ocean-going dredges will probably be 
required off New Jersey and the south shore 
of Long Island, simpler or less expensive 
technologies should be appropriate for 
other si tes. We anticipate that hydraulic 
dredges, which pump material from the 
ocean floor, will be more environmentally 
acceptable for all sites than mechanical 
dredges whiich lift material in some 
configuration of open container. 

Wye anticipate that dredged material will 
be washed and sorted onboard or alongside 
the dredging vessel as a means of minimiz­
ing transportation costs to shore and 
eliminating the need for onshore disposal 
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of silt and fines. Transportation to shore 

may be either by a selfcontained dredge or 

by barge. The surge site will process the
 
material only to the extent of blending 

material from the mining operation with
 
other material to form illacceptable 

product. As such it will be a temporary 

storage facility of relative small size 
and cost. 


Economic Analysis 

Incorporating thc results of our 
technological analysis in the transporta-
tion formulation described above by 
allowing each offshore site to act as a 
supply zone, we have estimated total 
potential sales for each of the technolog­
ical configurations identified. We 
estimate that, depending upon configuration 
and permitting unlimited mining at all 

sites, offshore operations woulI provide 

70 to 90 percent of aIll fine aggregates 

cousumied in the (;NYMA. Allowing our 

highest estimated costs to double reduces 

this figure to approximately 5( percent. 

Similarly, the average delivered cost of 

material in the region would be reduced by 

approximately .l1), 25, and 20 percent 

respect ivel, 

We have undertaken a detailed rate of 
return analysis oil only ole site­
confi guration alternative to date. We have 
considered a large (27-inch hydraulic) 
sel fcontaied hopper (redge w,'ith an 
effective production rate of 4.5 million tons 
per year operating off the south shore of
 
Long Island. We assumed that the dredge 

would be pii rclia sed new il !978 with all 

necessary supplemental I equi tment at a cost 

of US $15.2 million. The anticipated price 

of Mined malterlal at slll'ge W.Is set at 

US $3.48 pC' ton, lie average of the 1978 

at mine prices in the four onshore zones 

where suci could located. On a
hisu'rgtes be 

20-year hasis this invest menit would yield 

a rate of return of 13 to H, percent. 


In ill of these ana lyses , a royalty of 

US $.25 per toii to Coverument was assumed, 

In addition, it wa!ss.illed that the 1978 

plroduict iol limit of' 10 mill ion tons from 
onshore producers. was:;'ailable, i.e., 
that no slhortai, had occu rred . We must 
also iot e Iha for the ia te of return 
analyski wec cho;e e ,:sentially the iiost 
expensive t echinologicaI con iguration 
Which we coiild contemplate with costs far 
hi gle r t han tlhose current Iy a ppl i cable to 
leases of' other configurations or to the 
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purchase of older equipment with the same
 
configuration.
 

Recommendations
 

Our analysis has indicated the follow­
ing: that offshore material will be 
needed to meet future demand; that suitable 
material exists offshore; and that such 
material can be mined economically subject 
to the satisfying of environmental 
concerns. We have recommended that at
 
least one pilot operation be established 
with rigorous monitoring for environmental
 
effects.
 

Conclusion
 

By means of the analysis procedure
 
outlined herein, it is possible to evaluate
 
the possibility of establishing an offshore
 
mineral aggregate mining operation to serve 
any area of demand. By means of this 
stepwise method, the number of alternati-ves 
is, or can arbitrarily be, limited for 
succeeding steps. In addition, and perhaps 
more importantly, the necessary policy 
and/or regulatory concerns associated with 
each alternative will be implicitly 
brought forward for consideration and a 
well-planned and coordinated result can 
be obtained.
 

Although we do not purport to have 
extensive expertise with developing
 
economic systems, we offer the following
 
considerations:
 

e Given the economies of scale 
associated with offshore mining of 
construction mineral aggregates, it 
is likely that any franchise tendered 
for offshore operations will even­
tually confer lponits holder some 
measure of market control within a 
free market system. l)ependi ng upon 
the amount of prodLuct ion desired or 
allowed, this power could range from 
market eadership to market dominance 
espec...,ly if onshore production is 
more costly. Therefore, the public 
value of such a franchise must be 
colsidered and appropriate taxation 
policies developed. 

0Modern dredging equipment ranges 
technologically from the simple to 
the exceedingly complex. For 
example, a clamshell dredge is 
little more than a crane with a 
bucket on a floating platform while 



a large hydrobarge may include 

sophisticated automatic process 

control equipment. Considerations 

of local employment goals or economic 

independence may indicate that a 

somewhat more expensive but simpler 

technology is more appropriate to 

broader developmental aims. 

* 	 Given the transportation costs of 
mineral aggregatce;, it is rarely 
possible to export the finished 
product although the possibility 
should be investigated.6 However, 
it may be possible to utilize mining 
equipment in various areas of a 
country or in other countries on a 
scheduled basis. This essentially 
requires a commitment to onboard 
processing of dredged material and 
an appropriate increase in the level 
of inventories maintained at each 
surge. Thus it may be appropriate 
to investigate more than one area 
of demand before considering 
technological configurations. 

NOTES
 

1. 	An extensive discussion of the industry 

can be found in F. Earney. Mining, 

planning, and the urban environment, 

CRC 	Critical Reviews in Environmental 

Context, April 1977, pp. 1-88. 


2. 	This process has been described in 
detail in 1). Bishko, J.R. Dunn, and 
W.A. Wallace. Ilanmingz for Non­
rencowab7' C0oi,'m1o 1,tiner7a Renources in 
Urban- "ubarly Euviron. u.s. 
Department of Interior, Bureau of 
Mines, Open File Report No. 25-69, 

1969; and L. Bronitsky. Tihe economics 

of construction mineral aggregates with 
an analysis of the industry in the 
Greater New York Metropolitan Area 
(Ph.D. thesis, Rensselaer Polytechnic 
Institute, Troy, New York, 1973).
 
Abridged versions of tihe above are 

D. Bishko and W.A. Wallace. A planning 
model for construction minerals, 
Manaqec.'mnt ,2ei'Lneo, no. 10 (1972), 

pp. 	502-518; and L. Bronitsky and
 
W.A. Wallace. The economic impact of 

urbanization on the mineral aggregate 

industry, Economic Geoqraphy, no. 2 

(1974), pp. 130-140. 


Mineral aggregate mining equipment,
 
i.e., dredges, can also be used to
 
provide fill. In addition, the
 
simpler technologies are often
 
appropriate for such tasks as harbor
 
or river channel maintenance and for
 
the redistribution of silts to aid
 
in agriculture. It may thus be
 
useful to consider such equipment for
 
multiple uses.
 

M 


Increasing attention is being paid 
to the multiple use of the resource 
site. Research is being conducted 
on the environmental feasibility of 
using the borrow pits resulting from 
these mining operations as sites for 
the disposal of wastes fro. channel 
maintenance. Economically, the 
concept of mining the aggregate, 
filling with dredge spoils, and 
capping with fine material is
 
extremely viable.
 

3. 	This mthodology is described in
 
F.S. Hillier and G.J. Lieberman.
 
Operations Research (2nd ed.) (San
 
Francisco, California: Hiolden-Day,
 
Inc., 1974). Its application to the
 
problem on hand is given in
 
L. Bronitsky and W.A. Wallace, supra
 
n. 2.
 

4. 	The following reports on this work are
 
available from New York Sea Grant
 
Institute, 411 State Street, Albany,
 
New York 12246:
 

D. Carlisle and W.A. Wallace. Sand
 
and gravel offshore in the Greater
 
New York Metropolitan Area.
 

K. Courtney, J. Dehais, and W.A.
 
Wallace. Tle demand for construction
 
minerals in the Greater New York
 
Metropolitan Area.
 

J. >ehais and W.A. Wallace. The 
economic viability of offshore mining 
of construction minerals in the Greater 
New York Metropolitan Area. 
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C.R. Jones, C.T. Fray, and J.R. 5. An excellent analysis of this problem 
Schubel. Textural prospects of for developing economic systems is 
surficial sediments of Lower Bay of found in MIalcolm Gillis. Taxation and 
New York Harbor. Mining: Nonfuel A..neraZo in Bolivia 

and Other Countrice (Cambridge,

P. Guyette and V.A. Wallace. A cost MIassachusetts: Ballinger Publishing
 
analysis of offshore mining operations Company, 1978).
 
of mineral aggregate in the Greater
 
New York ,Metrepolitan Arei.
 

K.A. Kastcns, C.T. Fray, and J.R. 6. We must remark that the possibility of 
Schubel. Environmental cffccts of one site serving more than one 
sand mining in the Lower Bay of New metropolitan area on the East Coast 
York Harbor: phase one. of the United States is being 

investigated. Tile ability of large
S.MI. Swartz and B.II. Brinkhuis. The hydrobargcs to mine extensive quanti­
impact of dredged holes on oxygen ties of material and the relatively
demand in the I.ow r Bay. cheaper costs of water transportation 

make the concept of a large regional
Kuo-Chuin Vong and R.E. Wilson. Gravel market being served 1by a single
mining on tidal circulation in the hydrobargc with multiple offshore 
Lower Bay of New York Harbor. mining sites worthy of study. 
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THE IMPACT OF OFFSHORE PETROLEUM EXPLOITATION 
ON THE COASTAL REGION: AN OVERVIEW 

INTRODUCTION 


An overview on offshore petroleum can
 
focus on a number of different problems 

and points of view, but because of time 

constraints one has to make choices, 

This paper will try to put offshore 

petroleum development in its wider 

economic context from a producer country's 

point of view. The paper will touch upon 

the problems that arise during the phases 
of offshore development, outline the 
impacts of these phases of development, 
and indicate how these impacts can be 
dealt with in terms of public policy, 

DEPLETION POLICY AND TIE ECONOMIC 
CONTEXT OF OFFSHORE DEVELOPMENT 


The central question for any natural 
resource development is the rate of use, 
be they minerals, fossil fuels or forests. 
For nonreproducible natural resources, it 
means that the amount used this year will 
not be available next year. For some 
natural resources, such as air and water 
(in some regions at least), we do not 
worry about this year's versus next year's 
use because they are not scarce. The 
concept of scarcity has a variety of 
meanings for different persons. Economists 
tend to define scarcity in relation to 
demand. in their thinking, the indicator 

-Volkmar J. Hartje*
 

for scarcity is the price of a natural
 
resource.
 

The economist's concern is the behavior
 
of privately owned companies and the
 
questions of whether and how their profit
 
motive in extracting resources coincides
 
with the public interest. Although the
 
days when private oil companies owned the
 
oil resources or hold oil licenses have
 
long since vanished for most of the 
countries in the Third World, the concept 
developed for analyzing the behavior of 
private companies can be useful for 
publicly owned oil companies and for
 
public policy as well.
 

An optimal oil depletion policy 
maximizes the net present value of profits
 
or some other indicator of surplus for
 
different exploitation paths. Critical
 
in this context are the costs that are
 
included in this net present value 
calculation. They consist not only of 
the capital and operating costs of finding
 
and producing the oil, but include the 
user cost as well. 1 These user costs are 
the opportunity cost for producing this 
year or for this generation instead of next 
year or for the next generation. 

The application of the user cost
 
principle implies that the price of natural
 

*Volkmar J. Hartjo is with the International Institute for Environment and Society,
 

Science Center Berlin, Berlin, Federal Republic of Germany.
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resources will rise, independent of actual 

extraction costs, as the stock of the 

resource becomes more and more depleted. 

The user cost, and thus the price, are 
assumed to be dependent upon the real 
interest rates or the time preference rate 
of a society. This concept can be broadened 
to look at natural resources as a capital 
asset with similar qualities as the man-made 
capital stocks of a society. The question 
of depletion policy thus becomes the 
question of: "That is the best composition 
of a capital (natural and man-made) stock 
that we should use and leave for the next 
generation?" The user costs are reflected 
in resource rents and these rents can be 
invested in man-made capital assets. Thus 
the depletion of natural resource stocks 
can be compensated by increasing the man-
made capital stock. 


If one country owns resource stocks and 

must make decisions concerning the deple-

tion of these stocks, it must first make 

decisions concerning the time preference 

rate, the use of the rents, the type of 

surplus to be maximized (taxes, company 

profits, or foreign exchange), and the 
alternative investment opportunities. 

The time preference rate will largely 

depend on the macroeconomic impact of the 

rents and the alternative investment 

opportunity. Since the small producer 

will most likely be a price-taker, 

relatively large rents will accrue due to 

OPEC prices, and these revenues will have 
a critical impact on a country's economy. 
For the macroeconomic impact, the balance 

of payments effect and the absorptive 
capacity of a country for capital projects 
are most important.2 Using North Sea 
examples, Great Britain decided on an 
expansionary development path for balance 
of payments reasons, 3 while Norway decided 
on a go-Ilow policy for absorptive capacity 
reasons. Such different depletion 
policies can be achieved by two 
mechanisms--licensing and regulation, 
and/or taxations--if one decides to work 
with private companies as Britain and 
Norway did. A restrictive licensing
 
policy and a severe tax policy will slow 
dowl the depletion process while generous 
licensing and tax policies will speed it 

up. 

A second question is: "What happens to 
the tax revenues?" The temptation to use 
these revenues for income transfer 
purposes seems to be very high. In the 

Netherlands, the government used a large
 
share of its revenues derived from the
 
offshore gag for income support for private
 
households. When the gas production
 
declines, the government will face the
 
problem of finding other revenues or
 
cutting these expenditures. In Britain,
 
the government is planning to invest the
 
revenues in capital improvements, but has
 
to make a series of decisions as to which
 
type of capital improvements. The private 
industrial capital stock needs the most
 
upgrading. Thus the question becomes:
 
"llow can we channel the money for these
 
purposes into the private sector?"
 

A third question is: "Who controls the 
exploration and production process?" In 
the Third World, the days of concessions 
are over and nationalization, participa­
tion, and sevice contracts have taken
 
their place. These contractual arrange­
ments mean a larger national and usually
 
governmental control over production.
 
However, control of exploration, process­
ing, and marketing is limited by the
 
advantages of the major oil companies in
 
these areas. 

The present dependence of any country
 
on the expert'.:e of the oil majors to
 
operate an oil industry, and the necessity
 
to maintain the oil pricing cartel, limit
 
the control of government and necessitate
 
arrangements that allow what is considered
 
a fair return by the major oil companies
 
whether the costs for their fair return 
are borne by producer or consumer
 
countries. Britain is as dependent as
 
any other country outside the United States
 
and centrally planned economies on the 
import of technology, thus also limiting 
national control. These factors--time 
preference rate, absorptive capacity of a 
country, and ability to control--will 
shape the overall depletion policy, but it 
might be modified by factors that are 
present on a microlevel during the various 
phases of offshore development. 

TIIE OFFSHORE I)EVILOPMENT PROCESS 

Tie offshore development process -onsists 
of four phases: exploration, field 
development and production, transport, and 
processing and refining (Table t). The 
geology of an area, licensing conditions, 
and information about the area determine 
how and where offshore exploratory drilling 
and subsequent production occur. Several 
activities take place onshore, however, 
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TABLE 1. The stages of offshore petroleum development 
National Regional Policy
 

Stages Issues Participation Aspects Environment Safety
 
I. Exploration
 

little negligible ­-surveys 	 quality low 

of data
 

-drilling 	 -licensing high for control of blow-out
 
-cost platform con- boomtown
 
-success struction and development,
 
rate services infrastructure 

II. 	Field de- -licensing 
velopment -platform 

type 
-construction -sites high transport wetlands 

- :ost bottlenecks workover 

-operation =r~c of medium chronic fire 
production discharges ramming 

-support 	 location high growth pole
 
concept
 

III. Transport mode
 

pipeline minimum low to medium little 
field breakage 
size; coating 
welding 
quality; accidents 
cost; 

tanker technical high none 
feasibility chronic 

discharges; 
terminals sites employment low harbor siting operational collision 

costs supply medium discharges ramming 

IV. Processing market medium growth pole water F,air fire 
sites I pollution explosion 

such as construction of equipment, servic- function of a producer country's government.
 
ing of offshore activities, storage,
 
processing, housing of manpower, and so Spatial planning onshore implies
 
forth. coordination with regional policy, in
 

particular with respect to the siting of 
The off- and onshore activities have the necessary infrastructure, transport, 

impact on other areas on land, on sea, and housing, othe:" services, energy, and 
on the sea floor. It should he ensured selection of sites for onshore support 
beforehand that these impacts are coordi- facilities for offshore development. 
nated with other goals of a society and Spatial Planning offshore might sound 
are compatible with other sectors of the far-fetched, but possible conflicts with 
economy. Tis coordination imist he timed other marine uses, mainly fisheries and 
so that the secqiience of steps in the shipping, may make planning necessary, 
development process i t self* avoids delays particularly in coastal areas where these 
when high capital costs are involved. The conflicts are most likely to be frequent. 
process of' panning the offshore develop­
nient itself* is rislaIly performed by the Coordination with other sectors of the 
contracting oil coml)any and involves economy will have to he undertaken to 
highly sophist ic;)ted plan inrg techniques ensure maxirutinm pairticipation of- the national 

such as PIERT[, model similiation and economy in the development process itself' 
'detailed engineciring arialyses. q Ilowever, and to avoid shortages in other sectors 

the coordination of these activities with that compete with the development project 
other coIr)et i ng uses of space, and With for goods, services, and manlpower. 
other sectors of an economy, remains the Increased participation in the national 
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economy can be required by contractual 

arrangements or by regulations. 
The extent 

of such participation will depend on the 

capacity and experience of the industries
 
concerned, if costs are not to increase
 
disproportionately.
 

Surveying the capacity and experience
of the national industry, planning for 

their improvement, and the promotion of 

these industries are instruments used to 

increase national participation. For 

example, the Department of Trade and 

Industry in Great Britain commissioned a 
study on the present status of the contract-
ing industry and on the need for the 

improvement of their market position, 

including training, education, and 

research. In addition to the involvementof the national supply industry, the 
training and recruitment of national labor 
should be studied and planned. 

The tige amount of supply necessary might 
create shortages in a small country or in 
a peripheral region in a larger country so 
that goods and manpower have to be imported,
creating bottlenecks in the transport sector 
and in storage facilities. Thu1s, the 
potential impact should be studied and plans
made to avoid or mitigate such shortages.
'The0size of these microimpacts will depend
mainly on the depletion policy but also on 
the capacity of a national economy and the 
region to handle these impacts. Here, on 
the impact level, might be the place for 

arguments for a slow depletion policy, 


Furthermore, the offshore development 

process must be coordinated with other 

societal goals, most important, safety and
 
environmental protection. tHere, the
 
development of regulations 
 and their 
enforcement are necessary. Offshore rigs,
pipelines, storage facilities, terminals, 

and tankers are accident prone. These 

accidents will involve a loss of 
capital, 

a loss of production and revenues, and of 

lives, as well as environmental quality. 

All offshore activities have a potential
for quite a sizeable operational discharge.
Today, a number of technologies are availa-
ble to reduce these discharges. However,
the application of these technologies has 
to be required and their proper use by
companies and their work force must be 
insured. Regulations must be developed, 
equipment certified, manpower trained, 


treatment facilities provided for,
 
contingency plans developed, and contin­
gency equipment deployed.
 

THE EXPLORATION PHASE
 

The exploration phase can be divided
 
into the survey chase and the exploratory 
drilling phase.1 The survey period
involves aerial magnetic and gravity 
surveys and shipborne seismic surveys.
The information generated by these activi­
ties is used to identify promising tracts 
and to bid for exploratory drilling. These 
surveys usually do not involve high onshore 
or offshore impact except for the use of 
explosives in seismic surveys. To avoidthis impact, the use of explosives has been 
abandoned and a propane oxygen gun is now 
in use. 

Exploratory drilling to determine if 
there is actually a reservoir present has 
a sizeable impact since it involves the 
construction and operation of platforms.
With a success rate varying fron 1 in 4 to 
1 in 20 in offshore wildcats, 1 1 the number 
of exploratory wells drilled can be quite
high before a field is found that is worth 
developing. Oil development in the North 
Sea under severe weather conditions con­
tributed to 
a number of innovations in 
platform technology so that an operator
 
now has a choice between a number of
 
platform types (Table 2). The cost of
 
drilling one exploration well varies between

US $3 and 15 million, 12 whereas the cost
 
of the drilling platform can be up to
 
US $80 million.
 

Drilling services, which include the
operation and buildinhof drilling platforms
and drilling vessels, provide an oppor­
tunity for participation by the national
 
economy. These 
 drilling activities need
 
onshore support structures for transport,
 
repair, housing, and health services, 
which must be planned and provided. hle 
drilling process always involves blow-out
risk. Although the industry has developed 
a number o technoloical devices to reduce 
this risk, there remains a blow-out risk 
due to human error. Thus, emergency plans
and equipment to protect tile crew and the 
environment are urgently needed. In the 
North Sea, both the governments involved 
and the oil companies developed plans and
 

15
deployed equipment.
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TABLE 2. Platforms In offshore development 

Fixed Floating 
Type Stationary Mobi1e Mobile 

Fixed Jack-up Semi-submers. Vessel 

Max. Conventional 
water anchoring 
depth Dynamic 
(m) positioning 

Construc ion 


Operating cost/day 

1000 $
 

300 300
 
130 100
 

600 600
 

up to 200 up to 40 up to 70 up to 40
 

25 - 50 45 - 85 35 - 50
 

Source: Commerzbank, Oil and Gas from the North Sea, supra n..12, p. 12.
 

FIELD DEVELOPMENT AND PRODUCTION 


When exploratory drilling is successful, 
it has to be decided whether the reservoir 
is economically viable and, if so, how it 
should he developed, how the oil should be 
transported, and where it should be 
marketea. To determine the size and extent 
of the field, further exploratory wells 
must be drilled while the preparation for 
development itself begins. If the field 
extends beyond a licensed block, arrange-
ments are necessary to avoid common pool 
problems. In the North Sea, one field, 
FRIGG, crosses national boundaries, and a 
special committee between No way and Great 
Britain was establi shed to deal with the 
common pool problems involved (Figure 1). 

The type of platform most appropriate 
for the field must be identified, con-
structed, assembled, put in place and 
erected. For deeper waters, the platforms 
are so large that normal shipyards are not 
adequate and special flatsites have to be 
identified and prepared. For example, the 
platform for the Thistle field is about 

17
 
295 m high and weighs about 30,000 tons.


The cost for such a platform varies between
 
US $150 and 300 million. 18 In the
 
North Sea, the investment costs per barrel 
daily capacity went up to US $6,000 and
 
$7,000 compared to US $200 in the Middle
 
East and US $1,800 in the Gulf of Mexico.19 
These figures indicate the size of the 
market for a national economy in offshore 
development supply ranging from drilling 
services to steel and cement production. 
In Britain, the value of orders by offshore 
operating companies was around US $2 
billion in 1976, with the British 
share at 57 percent. 2 0 T'le employment 
effect is not as impressive; e.g., for 
Scotland, 6?.000 jobs have been 
calculated.
 

During the development phase, onshore 
impact will speed up as a construction 
site and service centers are built and 
become operational. Unplanned, this 
process will result in a boomtown pheno­
menon with all its undesirable consequences. 
The Scottish Development Department issued 
guidelines for the planning of onshore 
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activities, emphasizing a growth pole type 

of approach, with the following 

advantages: 22 avoidance of scatter develop-

ment, fuller use of existing support 

services, economic provision of additional 

services, and greater likelihood of 

diversification after decline of offshore 

activities. 


As far as the major service centers are 
concerned, the clustering of activities is 
desired by the oil companies because they 
require a sizeable manufacturing base, a 
diversified labor market, certain trans-
portation facilities, a large housing stock, 
and the provision of other services. In 
Britain, Great Yarmouth and Aberdeen--both 
medium-sized towns with an occan-related but 
declining economy23--developed into the 

major service centers, 


If such towns do not exist in the area to 
be developed, they will have to be con-
structed with the necessary infrastructure, 
housing, and other community services. The 

time horizon for offshore development from 

first exploration to production is between 

five and eight years, quite long for a 

private investment, but not so long for 

the building of a new town, particularly if 

the development exceeds the capacity of the 

local construction industry. InAberdeen, 

it has been calculated that offshore 

development has provided about 4,000 

employment opportunities. 2 4 If one assumes 

a multiplier of 1.5, about 6,000 jobs could 

be created and, with a dependence rate of 3, 
there would be an influx of a new population 
of about 24,000. 

During production, oily water discharges 
occur including production water, displace-

ment water, and water run-off. Before 
treatment, production water contains up to 
3,000 parts per million (ppm) of oil. 
Unless treatment is required, pollution 
will be significant. For example, for 100 
million tons of production per year, 66,000 
tons of oil will be discharged, assuming 
10 percent displacement water. If maximum 
oil content is 50 ppm, discharge of oil will 
be reduced to 1,100 tons annually. In 
Britain, the discharge standard is 50 ppm, 
an attainable standard, g Iyen present 
treatment technologies.25 

In addition, the plat forms have an 
associated accident risk due to, e.g., 
fire, explosion, blow-out (during workover) 
and ramming.2 6 To reduce these risks, 

traffic regulations should be devised, and 


the platform should be inspected and
 
licensed for safety aspects by classifica­
tion societies, including, e.g.,

operational plans and alarm plans.
 
Furthermore, prior to production, oil spill
 
contingency plans should be developed and
 
the requisite equipment should be purchased
 
and strategically situated.
 

THE TRANSPORT PHASE
 

The next phase is the construction and
 
operation of the transport system. For
 
oil, there is a choice between pipelines
 
and tanker systems. Although there are
 
safety problems in handling of liquefied
 
gas at sea in rough weather, handling and
 
loading systems have already been developed. 
The alternative mode of transport is chosen 
depending on costs, safety, and environ­
mental conditions such as the water depth,
characterisTics of the sea floor, and wind 
conditions. 

The use of tankers makes offshore
 
storage necessary as a buffer between the
 
continuous process of production and the 
discontinuities of tanker operations. 
Pipelines are generally preferable to a 
tanker system because of tanker vulner­
ability in adverse weather. However, if 
a tanker transport system is cheaper than 
a pipeline, tile tanker system will 
prevail. In the British sector, 
approximately 60 percent of production 
is transported by pipeline28 while this
 
method services 98 percent of US offshore
 
production.29 

The cost of a pipeline is a function of 
distance, volume transported, water depth, 
and bottom characteristics. In the North 
Sea, 1 km of offshore pipeline costs 
between US $2 and 3 million. 3 0 The size 
of the investments and tile economy of 
scale make the pipeline mode uneconomical 
for small outlying fields. 'The length of 
a pipeline depends on the market that tile 
oil will serve, which also determines if a 
terminal on the nearest suitable point on 
land is sufficient, or if the pipeline must 
be connected to the next refinery. 

These marketing consi derations iniolve 
the overall depletion policy as well and 
choices have to be made between an emphasis 
on the national market, e.g., such as the 
servicing of a petrochemical industry, and 
the international export market. In 
Britain, marketing was planned to meet
 
domestic consumption, but tile low sulphur 
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TABLE 3. North Sea reserves and production 

Oil 	 Gas 

Countries Reserves 	 Production Reserves Production
 
3
109 m
106 tons 109 m3 
106 tons 


1976: 0.2 	 1976: ­
1980: 1.5 	 1980: 1 to 1.5
 

West Germany
 

Great Britain 2,308 1976: 	 10.6 850 1976: 40.0
1980: 100.0 	 1980: 45 to 50
 

13 1976: - 300 1976: 2.0Netherlands 

1980: 2.0 	 1980: 24.0
 

1976:
760 1976: 13.7 525

Norway 


1980: 50.0 	 1980: 35.0
 

1976: 24.5 	 1976: 42.0 
Total North Sea ca. 3,120 1980: 	 15 2,550 1980: 10
 

1980: 150.0 1980: 105 	to 110
 

Source: Commerzbank, Oil and Gas from 	the North Sea, supra n. 12.
 

TABLE 4. Impact on the British economy 	 loading terminal will be adequate, providing
the flexibility to serve both the national
 

6 and the international markets. Once the
 
Oil production in 1978 ...... 53 X 10 tons transport mode is chosen, regulations and
 

regional planning for the transport phase
 
Domestic oil consumption 6 can be implemented.
 

in 1978 ................... 59 X 10 tons
 
The siting of the pipeline, although
 

Investments in 1977 ......... US $3,450X10 6 usually a straight line between the field
 
and land terminals, has to be made
 

Balance of payments compatible with existing and potential
 
contribution in 1977 ...... US $3,450X10 6 fishing grounds, particularly if bottom­

feeding fish or spawning grounds are 
Taxes 1977 .................. US $89,672X106 involved. Usually, this is not accomplished 

by routing the pipeline around the fisheries 
Taxes (estimated) 1980 ...... US $9,706X10 6 area, but by burying the pipeline with a 

from and to
6 cement coat to prevent damagesGross National Product 1976.. US $21,890X10 	 trawl nets and so trawling will not be
 
interrupted.3 1 If the bottom is sandy,
 

Source: United Kingdom Department of the sea floor usually will not be stable 
Energy, Development of Oil and Gas and the pipeline may move, thus introducing

in the U.K. 1978, supra a risk of breakage. To avoid such anResources 	 accident, permanent surveillance is 
necessary. Present surveillance and 
monitoring techniques are not adequate
 
since they cannot detect the outflow of 

content of the oil commands a premium of 5,000 to 10,000 tons of oil along a 100 km 
approximately US $1 per barrel so that pipeline. 
abeut 40 percent of production is exported.
 
The export market will usually be served by Other than accidents, the pollution risks
 
crude oil since product marketing without with a pipeline are comparatively small.
 
the distribution systems of the oil majors Pipolaying is performed by specially
 
is rather difficult. In this case, a equipped ships and the sections of the
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pipes are welded onboard. The weld is 

tested by ultrasound and X-ray methods.3 2  


Debris from the construction of platforms 

and pipelines may be left on the ocean 

floor causing damage to fishing nets and 

raising issues concerning compensation. 

Aside from the actual pipelaying and 

construction of pipe sections, the market 

and employment opportunities for this type 

of transportation are not very significant. 


For a tanker-based transport system, 
offshore storage tanks and mooring systems 
are required. The transfer of oil involves 
accident aad pollution risks, particularly 
in adverse weather conditions. Very often, 
the storage tanks are integrated into the 
platform structure, but separate systems 
have also been developed and used. There 
are obviously accident risks with tankers, 
Given the experience of' the last 12 years, 
such accidents not only result in loss of 
vessel, life, and cargo, but they cause 
significant environmental damage as well. 
To reduce these risks, IMCO has organized 
a series of international agreements 

concerning ship safety. 33  In addition, 

traffic safety schemes with traffic separa-
tion and radar control can be introduced, 
There is chronic pollution from tankers in 
the form of discharged ballast water. The 
present standard treatment methods--load on 
top and segregated ballast tanks--are not 
universally employed. Short haul voyages 
do not technically allow for load on top, 
and segregated ballast tanks are required 
only for vessels above 40,000 dtw. Smaller 
vessels might be economical for th'; 
platform-Iland-terminal voyages. Thus, tile 
insta 1lat ion of recept ion faci lit ies and 
regulation of their use are necessary to 
avoid this source of pollution. These 
facilities should be available before 
production and transport begins. The lack 
of such a facility in the Shetland Isles 
at one terminal caused considerable harm 
to the environment during a six-month 
period. 

The tanker operations provide an 
excellent opportunity for national partici-
pation in this part of the offshore 
development process. The terminal usually 
consists of treatment facilities, gas 
separators, storage tanks, mooring and 

loading facilities, and the ancillary
 
support system. One terminal in the North
 
Sea, Sullum Voe on the Shetland Isles, is
 
capable of handling 70 million tons of oil
 
per year from pipelines and vessels, and
 

34 
costs US $1.4 billion. On the other
 
hand, another terminal, at Cruden Bay,
 
consists only of a pumping station because
 
the pipeline continues to a refinery on
 
land at Grangemouth.
 

The economic impact of terminals, even
 
for one such as that in Sullum Voe, is,
 
aside from the construction period, quite
 
small, particularly in terms of employment.
 
The visual impact of the terminal in Sullum
 
Voe was considered very significant, given
 
the pristine characteristics of the Shetland
 
Isles, and a special commission was set up
 
to minimize the visual impact.3 5
 

THE PROCESSING PHASE
 

From a regional point of view, refining, 
the final phase of offshore petroleum 
development, is only loosely connected to 
the offshore areas. The location of 
refineries was, at least in the past, 
determined by market proximity.30 The 
attempts of producer countries to increase 
the value-added of oil exports by refining 
have so far been successful to a limited 
extent because of the marketing advantages 
of the oil majors. The surplus capacity 
of refineries in northwestern Europe 
prevented the construction of additional 
refineries around the onshore terminals in 
the North Sea.37
 

The economics of market proximity 
probably work in Southeast Asia as well, 
but regional development objectives might 
override economics, particularly if there 
is no surplus refining capacity. The 
extent of refining and processing there 
will depend on the national market and 
export opportunities for refined products 
and chemicals. Refining tends to be 
capital intensive and not very employment 
intensive so that investment in this 
sector for export purposes will involve a 
trade-off between balance of payments 
considerations and employment objectives.
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BLANR~~ii~1~PAUL 

SUMMARY OF DISCUSSION ON REGIONAL PERSPECTIVES
 

The Secretary reviewed the preceding 

day's presentations, which included 

overviews of coastal activities in the 

South China Sea, tile southwest Pacific, 
and the North Sea. The North Sea situation 
was viewed as a useful example of manage-
ment techniques. For example, when 
fishermen opposed the siting of an oil 
pipeline, an opportunity was provided for 
representatives of the fishing community 
to participate in tile site surveys and 
analysis of the data. Consequently, the 
relprsentat ives chose the same site for 
the pipeline as the companies' technical 
personnel. Further, when fishermen 
complained that it was exceedingly diffi-
cult under tile existing legal regime to 
obtain compensation for damage to nets 
by oil company debris left on the sea 
bottom, several techniques were employed 
to solve the problem. First, the oil 
companies were required to undertake a 
side-scan sonar survey to prove that no 
debris had been left on the sea bottom. 
Second, special changes in the legal 
regime were introduced, making it easier 
to prove that a net was damaged by metal 
left on the seafloor and, finally, 
regulations were promulgated requiring 
oil companies to label all equipment used 
in the fields so that responsibility for 
abandoned debris could be more easily 
demonstrated. 

It was considered that these management 
techniques might be relevant to parts of 
the Southeast Asian region where trawling 
grounds and oil explorat ion/exploitation 
coincide, such as in the shallow bays jf 
the Philippines, the Gulf of Thailand, 
and the Java Sea. 

A discussion ensued concerning the
 
influences of oil platforms and activities
 
on productivity of fish stocks and on
 
fishing itself. It was noted that 
platforms may only increase the physical 
concentration of fish by providing shelter 
but that long-term effects on productivity 
itself were unknown. Oil the other hand, 
evidence was presented that productivity 
of benthic foraminifera increased in the 
vicinity of a1pipeline in Indonesia. It 
was considered that a major problem of 
platforms was the resultant navigational 
conflicts when platforms were situated in 
the path of vsual trawling runs. In 
additior., wor. boats moving to and from 
oil platforms often stir up tile bottom 
and alsc physically interfere with trawling 
runs. 

The discussion of onshore impacts of 
offshore petroleum development focused 
on the examples of development of large 
hydrocarbon resources in Alaska and near 
the Shetland Islands in the North Sea. 
The attendant social and economic problems 
due to the influx of large numbers of 
workers were reviewed. It was noted that 
although it was di fficult to assess these 
problems in advance, it was important for 
public officials to recognize their 
existence and to study similar situations 
in order to gain a better understanding of 
their complexity. It was recognized that 
local authori:-ies must become intimately 
involved in resolving these problems, and 
that the national governments should take 
into consideration the needs and particular 
requirements of local officials.
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III. NATIONAL PERSPECTIVES
 



CHINA: BRIEF COMMENTS 

The workshop was informed of the 
development of cxploration programs for 
offshore and onshore hydrocarbon and other 
mineral resources in China since the 1950s. 
Many basins with good petroleum potential 
had been discovered, as weil as a niunber 
of heavy detrital and other rinicral 
resources. Stcps were heing taken to 
prevent coastal pollution and to pass 
;ppro)riate laws and regulaltions. It was 
considered, however, that the government 
agencies lacked experience and in this 
context the opportunity to learn from this 
Workshop was appreciated. 

In regard to coastal area development 
and management on the national level, it 
was felt that an organization should be 
established to deal exclusively with the 
coastal areas, and that a comprehensive 

-Wang Daxiong and 
Chen Degong * 

study should be made of natural resource 
uses in the coastal area and of priorities 
for their development and management. 

Regarding coastal area management and 
development on the international level, it 
was suggested that the United Nations 
should organize workshops on more specific 
subjects such as remote sensing techniques, 
protection from pollution of the coastal 
area, and mineral resources. Further, the 
relevant United Nations a,encies should 
provide experts as requested by, the 
countries, organize extended training 
courses to be held both in-country and 
in the United Nations University or other 
international organizations, and publish 
a newsletter which would disseminate 
relevant information and experiences of 
various countries.
 

*lVang Daxiong is Division Chief and Chen Degong is Deputy Principal Engineor,
 

Department of Marine Geology, Ministry of Geology, Beijing, China.
 

57 



FIJI 
-Ronald N. Richmond ° 

COASTAL ACTIVITIES AND EFFECTS IN FIJI Earthquakes and related tsunamis are 

natural hazards along two active seismic 

The Fiji Islands are subjected to a zones which have been delineated in the 
number of natural and man-made events coastal areas of the two largest islands 
which can have significant effects on in Fiji. Earthquakes in these zones 
coastal areas. The most important of occasionally result in landslides and 
these are described below, slumping which can damage jetties. In 

1953 an earthquake of 6.7 magnitude 
Natural Effects resulted in a tsunami well over 10 m high 

which affected a wide area in the Fiji 
Hurricanes are regular events and group. Fortunately in many areas the 

particularly severe hurricanes occur about force of the wave was broken by the barrier 
three times in a decade. Apart from and fringing reefs so that only a weaker 
normal wind waves and resultant damage 1-2 m wave traveled across the lagoon to 
along the coastline, the occasional the coasts. 
passage of the very low pressure hurricane 
center coincident with high tides has Man-madc Effects 
resulted in waves in excess of 10 m 
sweeping destructively over small islands. Mangrove reclamation for public use 
This phenomenon can be particularly has recently been the focus of government 
difficult to combat where the islands attention because of the complex land 
are low-lying, tenure system in Fiji and the need for 

more farmland. This practice has now 
Lokas are the Fijian term for a series been suspended--not because of environ­

of persistent high waves emanating from mental issues--but because no reasonable 
oceanic storms thousands of kilometers approach has been found so far for fair 
away to the south in the Tasman Sea area. and just compensation for loss of 
These waves affect southern coastlines for fishing to the owners of native fishing 
a few days damaging jetties and beach rights. 
property.
 

Dredging of coral sand in the barrier 
Heavy rainfall introduces much silt reef lagoon is the sole method of supply 

and clay into the major rivers, and the for the cement industry because of the 
resultant turbidity is clearly visible in lack of suitable limestone deposits
 
the barrier reef lagoons for several days close Lo the cement factory. This
 
afterwards. practice has been going on for some years
 

*Ronald N. Richmond is Director of Mineral Development, Mineral Resources Department,
 

Private Mail Bag, Suva, Fiji. 
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with the company moving from site to 

site after exhausting each one. Only 

recently has the company been required 

to carry out baseline studies to 

determine the sediment transport within 

the lagoon and the rate of recharge to 
areas already mined. 


Tourism is the second largest foreign 

exchange earner in Fiji next to sugar. 

This has resulted in many hotel 

developments along tile coasts, many of 

which desire their own jetties and 
marinas. Early developments of jetties
 
were done in a haphazard manner with no 

requirements for coastal studies. This 
has now been corrected with a 

requirement for detailed studies of 

coastal currents, sediment transport, 

and prediction of the effects of 
structures on these systems.
 

The method of disposal of tailings is 

one of the problems facing a large 

low-grade porphyry copper prospect that 
is undergoing a pre-feasibility study, 
Because of a seismicity hazard and heavy 
rainfall on land, the possibility of 

offshore disposal of tailings is being 

seriously considered. The site would 

have to be in deep water beyond the reefs 

and below the thermocline. Marine 
baseline data are being gathered at 
present in an area which is also near a 
major tourist resort area. Other 

disposal site alternatives that can also be 
considered are the reclamation of mangrove 
areas and the infilling of swampy coastal 
lowlands, 

Wildcat petroleum exploration drilling 

will begin in March 1980 in the Bligh 
Water area north of the largest island, 

Viti Levu. Prior to drilling, the company 


will have to gather baseline marine data
 
and submit contingency plans to combat
 
possible oil spills. The drilling area
 
is expected to be surrounded by coral
 
reefs and be within 20 km of major
 
mangrove forests and some of the best
 
tourist beach resorts in Fiji. One
 
problem that could be critical would be
 
the great distance to the nearest dense 
exploration area in Australia and
 
therefore the distance from readily
 
available oil-spill combatting equipment.
 

Data are also presently being gathered
 
to locate areas where OTEC and "Blue Wave"
 
energy systems might be feasible. Likely
 
sites tppear to be concentrated along the
 
southein coast of Viti Levu.
 

In general, while there is no
 
dedicated coastal zone management
 
authority, powers for various coastal
 
zone controls are provided for in the 
Lands Act, Town and Country Planning Act, 
Marine Act, Fisheries Act, Mines Act, 
and tha Petroleum (Exploration and
 
Exploitation) Act. Thus activities
 
concerning mining and petroleum
 
development come under the control of 
tile Director of Mineral Development whose 
powers also include the ability to 
require Comprehensive Environmental 
Impact Studies for activities in these 
fields. This is the only activity area
 
where environmental impact studies are 
required in Fiji at present. One major 
present problem is the total lack of a
 
responsible authority to collect these
 
data. With the recent formation of an
 
offshore section, the Mineral Resources 
Department plans to take on these
 
activities in tile near future.
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CURRENT ACTIVITIES IN COASTAL AREA DEVELOPMENT 
AND MANAGEMENT IN THE REPUBLIC OF KOREA 

The Korean Peninsula is about 220,000 

km2 in area with a total coastline length 

of about 17,361 km. The eastern shoreline 

is about 1,823 km; the western, 8,950 km; 

and the southern, 6,588 km. The western 

and southern coastl ines are of the ria 
type with more than 3,000 islands dotting 
the southern and western offshore. The 
southern and western intertidal zone is 
wide, having been expanded by land reclama-

km2tion to approximately 480 between 
1946 and 1978. 


Resorts and regions of cultural assets 

established by the government include 
32 regions of historical remains and 
cultural assets, 59 temple sites, 70 areas 

of swimming beaches, 60 natural monument 
sites, 100 fishing areas, and various 
parks. The government has also established 
12 reservations for marine products. The 
total area comprises 4,597 km2 with 1,834 
km 2 on land and 2,763 km2 offshore. The 
marine area under aquacul ture is about 820 
km2 . The il,,)rt ant organisms being 
cultured are oysters, clams, and seaweed. 
Salt ponds are found mainly along the 
western coastline, occupying an area of 
12,861 ha and producing about 794,710 tons 
of salt in 1978. 

There are 14 coastal industrial complexes 
with 521 factories comprising 83 percent of 
the entire industrial component of Korea. 

- Sung-Woo Kim *
 

There are two areas delineated on the
 
western coast for future tidal power
 
plants--the Garorim Bay and the Cheonsoo
 
Bay. The mean tidal range in the Garorim
 
Bay, apparently the more economically
 
profitable region, is 4.7 m and the 
theoretical latent tidal power is 7,487 
gigawatts per hour, and the technical latent 
tidal power is 1,572 gigawatts per hcmr. 
The mean tidal range in the Cheonsoo Bay 
is 4.5 m with a theoretical latent tidal 
power of 4,829 gigawatts per hour, and a
 
technical latent tidal power of 5,214
 
gigawatts per hour.
 

About ten regions have been selected for 
steam power plants and four steam power 
plants are under construction (three on 
the western coast and one on the southern 
coast). On the eastern coast of Korea, a 
nuclear power plant is already :in operation 
and another plant has almost been completed, 
while another plant is under construction 
on the western coast. In addition, several 
sites on the southwestern coast are being 
investigated for their suitability for 
nuclear plants. 

Recently, the Korea Research Institute 
of Human Settlements completed a planning 
map and a general plan for use of the west 

coast of South Korea. The investigation 
delineated possible areas for land expansion 
by reclamation. Such reclamation is needed 

*Sung-Woo Kim is Head of the Marine Geology Division, Korea Research Institute of
 

Geoscience and Mineral Resources (KIGAM), Seoul, Republic of Korea.
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FIGURE 1. Current activities In the coastal area of the Republic of Korea 



to satisfy the increase in demand for land 

resulting from population growth. The 

investigation also delineated future land 

demand and appropriate land use with a view 
to minimizing land use conflicts. In this 
manner, some of the resources may be used 
effectively and gradually while those 
resources requiring preservation are 
maintained. Specifically, in addition to 
a focus on areas for land reclamation, the 
study delineates tidal power plant sites, 
areas for aquaculture, nature reservations, 
coastal industrial complexes, harbor and 
harbor estates, agriculture, atomic power 
and steam power plants, and a tourist 
resort. 


Marine geological investigations in the 

nearshore area of the Yellow Sea, especially 


in the major bays and estuaries along the
 
coast have been conducted over the last
 
ten years by the Korea Research Institute
 
of Geoscience and Mineral Resources. These 
investigations are particularly aimed at 
making base maps of subsea geology on a 
scale of 1:250,000. A small quantity of 
sand and gravel is being exploited on the 
southern coast as is silica sand in 
beaches. 

An Office of Environment will begin 
functioning in 1980. It will have air 
pollution and water pollution bureaus and
 
is expected to play an important role in
 
protecting the environment of the coastal
 
areas from pollution.
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COASTAL ZONE MANAGEMENT IN INDONESIA
 

Coastlines experi ence frequent physicaI 
changes. hlese changes may be caused by 
both natural and hmtan factors. Nat ura I 
factors include sedinientation, erosion, 
tectonism, voleranisni, and tsnnamis, whereas 
human factors comprise such activities as 

wastc disposal , brackish watCr fish 

culture, and n.tural salt extraction. 
Since hoth natural ;,nd li iitna factors may 
bring about significant alterations of 
the coastal area, the inanagement of 
coastal resources dCr'.serves special 
attention. 

With a coastline of ;pproximltely 
81,000 km (Table 1) and with 75 percent of 
the cities greater than 100,000 people 
located in coastal arcis, th(" role of 
coastal resources in Indonesi a is clearly 
important . [Ihere is i snibst ant ia I amount 
of act i vi t ic's a,1d resources with in the 
IndonC Si;ln coast lI ;.r';I.Such act ivit i es 
and resource ' comopri' se,, amoln, others , tile 
settlements, br;cki.di wter fis1iaonds, 
natural coa,;ta l tmr'-t"s, paddy fieids, 
salt extract ion, i lI t I'iLs, r'creat ion 
and totni :;i,hl tior,; , CIlIIeIi'c', 
cominti.icait itti/'li; pi n)g, lae, fi:,I, 
minerals, aind .olist r ioion n t eria ls. 
Also, 90 )rck'n'llt1 I it illIndoucsia(f iOl 

waters is derived from land-Ibased sourccs. 
Only a sin:all portion i.;derived fromt the 
air, dircec otitfallN, tor donipin . lie 
po1 l titalt; con.;i ()I' .vd intent , rulbi sli , 
oil ;n1d it, dr ivat cIV.;, Iest ici des and 
fert Il izet. Inl thW I'lit'C there Will b' 

pollitalits from indluisty anid pow¢Cr plants, 

-P. E. 	Hehanussa° 

TABLE 1. 	The Indonesian coastal zone:
 
some statistics
 

'Total islands: 13,667 
Land area: 2,027,083 km

2 

Land area + 12 n. mile sea: 3,166,163 km
2 

Shelf area: 210,000,000 km
2 

Length of coastline: 80,791 km 
Area of brackish forest: 10,000,000 ha 
Area of mangrove forest: 3,100,000 ha 
Tambak area: 133,000 ha 
Fishponds: 40,000 ha 

The Indonesian Constitution, which is 
the basis for the management and utiliza­
tion of Indonesia's natural resources, 
provides that the: 

. . . land and water, and the 
natural resources contained 
therein, shall be controlled by 
the state and utilized for the 
greatest feasihl e prosperity 
of tile people. 

The most challenging problem for Indonesia 
is the nced to stillport its rapidly 
growi ng poptlliat iota. This is a strong 
incentive to rmlia;nne its limited inatural 
resources effi ci ctl. Ii t his regard, 
a comprehens i ye yet rci I i st ic plan for 

intCgr;ted 1I|,itan. rlnlnt and titi izit ion of 
coastal -zone resources i:;required. For 
this pIrpose ait inleltory of basic data 
should be made at the ye ry out set. A 

*P.E. Ilehanussa is with the National Institute of Geology and Mining, Indonesian 
Institute of Sciences, Jalan Sangkurinng, Bandung, Indonesia.
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series of special training courses would 
undoubtedly help to enhance the achievement 
of these objectives. Also of importance 
would be efforts to create a greater public 
awareness of, and interest in, problems of 
coastal resources ma1nagement. 

A five-year prograin for coastal area 
lresource L Iscilltlragec'eln t Shou ld have' among 
its objectives the est ablishment of: 

quality standards;* 	 environmental 

* 	 national laws implementing inter-
national convent ions for the 
protection of the environment; 

e 	marine parks;
 

s 	 a national contingency plan for 
oil spill cleanup; 

* 	a research program on maximum 
sustainable yield of mangrove 
forests; 

9 	 a monitoring program for environ­
mental quality; and 

* 	 more employment possibilities in 
the coastal zone. 
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HUMAN ACTIVITIES AND THEIR ENVIRONMENTAL 
IMPACTS ON THE COASTS OF INDONESIA 

INTRODUCTION 


Indonesia is an archipelagic country 

whose geographic extent is embodied in the 


national state concept of Wawasan 

Nusantara. It has more than 13,000 

islands and 81,000 km of coastline, and 
more than 1,10 million people. More than 
75 percent of towns of 100,000 people or 
more are located in the coastal area. 1 

This paper discusses those prominent 
aspects of human activities in the coastal 
area which need more attention for better 
utilization, management and development of 
coastal area resources. 

The western part of Indonesia was 
separated into islands by the rise in 
sealevel after the last glacial advance 
of the Pleistocene. Homto ocy,'tun has 

lived in .Java for about 2 million years, 
and there is some indication that man 
began to live on the coast about 1.2 

2 ' 3million years ago. 'Tools and ceramics 
are scattered along the coast at Jakarta 
and other coastal areas in Indonesia. 
These arti facts not only reveal the human 
culture at that time, but also the 
possible impacts of their activities. 
For example, a rock inscription at Tugu, 
Jakarta, describes the making of a water 
canal by Puirnawarman, a king of the fifth 
century Tarumanegara period, to connect 
his palace and the sea. Reliefs of sea 
ships are portrayed on the famous eighth 

-Otto S. R. Ongkosongo * 

century Borobudur temple in central Java,
 
and old seaports have recently been found
 
by an Indonesian archeological expedition
 
team at Gresik, Lamongan, and Sedayu.
 
Historical data also recorded the sea trade
 

and expeditions in the middle centuries.
 
Medan, Jakarta, lndramayu, Semarang, and
 

Surabaya, for example, were embryonic
 
towns 390, 453, 453, 465 and 687 years 
ago respectively. Thus man began to use 
and influence the coast directly many 
centuries ago. 

RESULTS OF HUMAN ACTIVITIES 

Coastal Erosion
 

Coastal changes in Indonesia as well as 
the factors influencing these changes have 

4 ' 5 ' 6
been described elsewhere. Most of 

the erosion caused by human activities is 
due to river mouth changes with new canal 
construction, or vo coastal deforestation. 

All rivers flowing into the Straits of 
Malacca, the Java Sea, and the South China 
Sea form deltas. However, only big rivers 
form lobate or even elongate deltas which 
jut far out into the sea. Shoaling, river 
mouth closing, and river mouth changes are 
very frequent in these types of deltas due 
to the high silt content of the river 
water, flooding, and ocean tides, waves and 
currents. To alleviate problems from 
flooding and to regulate river flow, flood 

*Otto S.R. Ongkosongo is Head of the Marine Geological Laboratory, National Institute
 

of Oceanology, Jakarta, Indonesia.
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canals are dug. The usual end result is 

sedimentation in the new canal and erosion 

at the abandoned natural river mouth or its 

adjacent coastal sectors; almost all deltas 

in Java show this pattern. For example, 

after the digging of an irrigation canal 
in 1927, the new Cidurian delta 4.5 km west 
of the old river mouth grew 2.5 km in 18 
years, while the shoreline 2 km east of the 
former mouth was eroded." This phenomenon 
also occurred on the Padang coast at the 
Cimanuk and Kedung-Semat deltas.8 

Population pressure produces very 
significant coastal impacts in Indonesia, 
especially in Java. In big cities this 
impact is even more pronounced due not 
only to the greater number of people but 
also to ;ore advanced technology. Coastal 
deforestation has occurred in many places, 
e.g., in Jakarta, Cinanuk Delta, and 
Segara Anakan, and the lor.d has been used 
for fish ponds, rice fie1,.,;, settlement, 
industry, or other human activity. Man-
grove deforestation has increased tile 
rate of erosion along the eastern coast of 
Jakarta at l-retan and at Balongan in the 
north coast of west Java and at many other 
places. 

Coastal erosion may also result from the 
dredging of fringing or barrier reef 
corals. This phenomenon has been recorded 
at Sengkidu,) Sanur and Kuta,10 and in 
Bal i kpapan. 11 The coral islands Ubi Besar 
and Nirwana have been decreased to about 
half their original size by coral mining. 
Although there are now regulations to 
forbid any kind of mining of coastal sands 
and corals in the ,Jakart a area, similar 
activities still occur in many other 
places, e.g., in tHie Seribu coral island 
area and ill the Komodo Islands. Some 
mining occurs ill proposed nature reserves 
at Pombo and Papagaran Islands in eastern 
Indonesia, where about 30 percent and 
80 percent of these islands respectively 
have been destroyed by irresons ible 
fishermen using dyniali te. 

luring the period 1873 to 1938, 
Cilincing Beach in Jakarta retreated about 
50 Il at an ave rage annual rate of 0.76 m. 
From 1951 to 1975 the retreat of tile 
st randlinle totaled (00 l, or an average of 
24 m per annum. The changes were 
especially obvions ill the period 1972 to 
1975, with a tota l retrea t of albout 260 m, 
or an annual recession rate of about 87 m. 
The main cause of shoreline recession was 
mining of about 200 to 3010 truckloads of 
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sand per day by the local people, and
 
sedimentation from rivers was not suffi­
cient to balance this loss. 14 Local
 
people also mine mollusc shells, e.g.,
 
Ostrea sp. on the eastern coast of
 
Jakarta, and collect giant clam shells
 
Tridacna sp. in the Scribu Islands.
 
Although careful investigations are still 
needed, these activities probably have 
played a role in local coastal erosion. 
Such mining may have also influenced the 
fishery resources of that region. 

Since 1970 PN Aneka Tambang has been 
mining iron sands in beach ridges by 
removing the dune sand overburden along 
the coast from Cilacap to Selok Hill. The 
mined area is about 16 km long and averages 
about 200 m wide. By 1979, some 2,398,773 
tons of concentrate had been mined. In 
theory, the mining activiti .s would have 
lowered the coastal topography an average 
of about 0.28 m. However, the mining 
has lowered the topography by much more 
in some places and has left mining ponds 
which can be used directly by villagers for 
agriculture. On the other hand, the
 
topography has been raiscd above the
 
original level in some places due to
 
accumulation of the tailings and over­
burden.
 

Shore protection systems will usually 
stabilize a particular area of coast, but 
they call also affect the adjacent shore­
line by changing tile mode of longshore 
current and modi fying the sedimentation­
erosion balance. Improper shore protection 
systems at reclaimed land areas of Muara 
Karang and P1luit have generated scouring 
and great parts of the wall have been 
eroded. Construction of an oil seaport 
at Balongan was one of the main factors 
resulting in erosion of the surrounding 
coast. 15 

COASTAL ACCRETION 

As a result of coastal accretion during
the past 6,000 years and minor oscillations 
of sea level, coastal plains are well 
developed on Simatera, Kalimantan, Java, 
and Irian ,aya where there are Ia rge 
rivers. Human activities which directly 
or indirectly resu lt in coastal accretion 
include coastal recamat ion , shore 
protection, upstream deforestation, 
coastal afforestation and new canal 
construct ion. 



Coastal reclamation usually occurs 

only in large towns or cities where there 

is more need for land and interest in 

better coastal area management and 

development. Coastal reclamation in 

remote areas is for special purposes such 
as the airport extension at Ngurah Rai in 
Bali. and at Arun gas field illNorth 
Sumatera. Former fi shponds at Ancol, 
,Jakarta, at Sunda Kelapa, and at Nluura 
Angke were reclaimed for a recreation 
park, industry and housing, and housing 
and a steam power electric plant 
respectively. At Pluitt, reclamation was 
also extended into the sea ahout 200 m 
from the former shorelines. In short, 
reclamation progrades the shoreline in 
a short time and reduces the rate of 
erosion hut does not prevent it. 

Shore protect ion can stabilize the 
coast and promote sedimentation. Tb" 
construction of Sinda Kelapa and Angke 
jetties in .Jakarta have increased 
accretion in the western coastal sector 
by I kin compared to 100 m in tile eastern 
sector. At present about half of tile 
.Jakarta coast is protected by seawalls, 
jetties, breakwaters, groins, and 
bulkheads. 

Indonesia has more than 3.6 million ha 
of mangrove forest. Coastal mangroves 
will at least redoc tile rate of erosion, 
Mangrove afforestation at tile coast from 
Angke to Kamal in ,Jakarta, for example, 
has not only protected the shoreline from 
the effects of surf erosion, but has also 
resulted in a progradation of several 
meters per annum. Mangroves also play an 
important role i n fisheries. For example, 
there appears to he a close relationship 
between tidal mangrove forests and 
commerc i a I shrim1 prodIc t ion in Indonesia. 

Ile forest at. ion along the drai nage system 
will iticrease sedi ment yield downstream. 
For example, girowth rates of some deltas 
in .Java have increased cons iderably ill 
the last decade due to deforestation 1 ' 

with increasing popultk ion pressure. Even 
in tile Barito iive drainlage system in 
Kalimantan, a reinote Iitn. le a rea witl few 
people, the r,te of sedinientation has been 
surprisingly vciry grea t . in 1974, the 
Barito Iixi wa; d redged to anl average of 
about 6 in for t l':llnspor'tat ioll pin rposes. 
:0111 yeai'sIlate nltlit ve rag epth Was 

only 2.9 in. it has been silggested that 
logging act i vi t it's lave colt ri bited to 
this increased sedimentation rate. In 

comparison, Mahakam delta in Kalimantan
 
has a width of about 67 km and protrudes
 
into the sea up to 42 kin. Increased
 
sedimentation may cause shoaling and
 
closing of river mouths resulting in
 
floods upstream as demonstrated annually
 
in Jakarta, Tndramayu, along the southern 
coast of central ,Java, and at Pekan Baru 
in Sumatera. lhousands of hectares 
between Cilacap and Karangbolong on the 
south coast of central ,Java are also 
subject to annual flooding. 

Sediment yield is greater in watersheds
 
underlain by sedimentary rocks than in
 
those underlain by volcanic rocks.18 

Areas underlain by sedimentary rocks may 
also be influenced more by human activi­
ties in comparison with volcanic regions. 
Births of new deltas like Cimanuk, 
Cipunegara and Wulan in Java, and the 
relatively extensive turbid water along 
the coast of northern Java and eastern 
Sumatera in general as viewed in air 
photographs or LANl)SVf images support the 
conclusion of intensive coastal dynamics 
in those regions. in general, land use, 
notably rice farming, plays great roles 
in these changes. 

In the period 1873 to 1938, the Citarum
 
River in its Tanjung Gembong estuary and 
the Pecah accreted about 45 m and 46 m per 
annum respectively. 19 After the Jatiluhur 
Dam was constructed upstream, the annual 
accretion rate from 1950 to 1975 decreased 
to 40 and 44 m respectively. 2 The silt­
ing of the dammed-up water in the 
reservoir is clearly visible on the 1976 
LANI)SAT photographs. In contrast, in the 
neighboringi Bekasi and Cil.'arang Rivers, 
catchments with no damn construction 
upstream, the annual accretion rate 
increased from 15 to 50 in drii ng the same 
period. 2 1 This comparison indicates that 
human act i vi t i es and hi gh technology 
upstream can influence and create con­
siderable changes on the coast. As an 
extreme example, tile edge of the coastal 
plain at Air Mel ik , Inlragiri on Sumatera 
was ori inally about 150 km fnrther 
inland.22 

To simmarize, the calculated annual 
changes of coast liile illIndonesia are 
on the order of +500 to -331 m and 
accretion is more prnevalent thafn erosion.23 
A portion of' these coastal morphological 
changes has been caused, directly or 
indirectly, by human activities. 

69 

http:erosion.23
http:inland.22
http:rocks.18


POLLUTION encroachment was only encountered at the
 
surface less than 60 m from the coast and
 

The interest of government in pollution at depth less than about 2 km from the
 
problems is increasing, particularly since present coastline, but in 1979 the
 
the establishment of a State Minister of piezometric surface was present up to
 
Development Supervision and Environment in 150 m from the shoreline and at depth as 
1978. The status of marine pollution and far as about 10 km inland. 28
 

marine pollution studies in Indonesia 
2 ', 2 5 2 6  have been summarized elsewherc. , Specific examples of marine pollution

Pollution is a problem in some coastal follow. The effluent of a petrochemical 
waters, including riverine and ground- fertilizer plant at Gresik, east Java, 
water, and on the shore in the form of coated the mud bottom of fishponds in 
garbage including nonbiodegradable wastes, the vicinity. Although the mangroves 
There is very little information on were alive and apparently not adhered to 
negative effects of such pollution by the sludge, the associated benthic 
regarding fishery or other environmental fauna was almost absent. During the early 
resources. Extensive and detailed studies stages of the plant operation, there was 
are still needed to learn the distribution mortality of fish in the ponds. 2 9 

of pollution and methods for its preven- Pollution of water wastes produced by a 
tion. It should be remembered that due sugar factory has been noted in Pati and 
to limited offshore technology, most hectares of fishponds and many of the 
fishery activities are concentrated at surrounding drinking water wells cannot 
the coast, be utilized. 

Oil pollution on the coast occurs In the rivers and streams of Jakarta, 
mostly in harbors and rivers adjacent to heavy metal and bacterial concentrations 
large cities and at sites of oil exploi- surpass tie water quality standards.30 
tation and transportation. The areas Wastes carried by rivers are deposited 
and resources in Indonesia vulnerable to in many coastal areas, especially around 
oil pollution include coastal, marine large towns and cities like Muara Karang
and estuarine zones, offshore marine in Jakarta. Beaches are traditionally 
fisheries, intertidal zones and reef used for waste disposal directly, or 
flats, bracki li fish ponds, fresh water, indirectly, through rivers. Bacteria has 
and tourism and recreational resources. 2 7  contaminated seawater, sediments and some 
Although, in general , pol lition by oil in fish, clams, and oysters in ,Jakarta 
offshore waters is not yet a serious Bay 3 1 ,32 and in Citarum watershed, 3 3 to 
problem in Indonesia, hydrocarbon such a degree as to endanger the consumers. 
concentrations of 100 ppm and 200 ppm Some fish and shrimp in both marine and 
have been detected locally at Tanjung brackish ponds on the north coast of Java 
Priok Harbor and in the Malacca Straits are contaminated by agricultural
respectively. On many of the coral pesticides.314 
islands of Serib,, tarballs are widely 
distributed. At the north coast of Thermal pollution from the steam power 
lancang Island, for example, mangroves electric project at Tanjung Priok has been 
cannot survive due to oil p)ollution. detected by the thermal infrared scanner 
Similar surveys are being carried out in technique. It has been reported that 
other areas, such as in the Ci lacap Ambassin gymocffl halu;, a species of fish, 
region. The status of t arball pollution was dying at a temperature of about 390C 
at Pari Island i: now being monitored by in the discharged water of the Tanjung 
the National Inst itute of Oceanology. Priok power plant. :5 Simi lar power 

plants have also been constructed at Nluara 
Sea water encroachment is a common Karang, Surabaya and others. 

feature in coastal lowlands. The saline 
water, however, only affect:; surface and In 1976 1,ANDSAT images, the turbid 
shallow subs ur face water. Intense water area along the north coast of west 
Xlo)0itation of surfalce and subsurface Java is mostly limited to about 4 km 

water stch as in Jakarta will lower the offshore, notably around big deltas. 
pie zomet ric Strfa ce. The number of people IHowever, these images were made in the 
in ,Jakarta has increased from about 1.4 dry season and t urbidity should extend 
mill ion in 1950 to about 6 iill ion in much farther offshore in the rainy season. 
1980. Before World War II, salt water About 80 to 90 percent of the river 
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sediment load is carried to the sea in Coastal land ownership and use manage­
this area during the rainy season. ment issues are still great problems to
 

There is no doubt that man has influenced be solved. For instance, certain coastal
 

the offshore extensions of coastal water areas at Anyer are owned by rich private
 

turbidity and that this turbidity companies and individuals, and such 
adversely impacts the coastal resources, ownership may present obstacles to plans 
notably fishery production, environmental for coastal area development for the 
quality, and mariculture. 36 -Only by welfare of the greater number of people. 
careful monitoring and great efforts of Regulations, customs, habits or traditional 
government, institutions, and people can laws for coastal area management do exist 
this problem he solved, but they are not very detailed, and due to 

demographic pressure and the social status 
SOCIOECONOMIC PROBLEMS of the people, have not been widely used. 

For example, in Jakarta where there are 
There are many conflicts of interests regulations to protect the environment 

and needs which occur during the utiliza- from sand and coral dredging in the 
tion, management, and development of coastal region, people still deliberately 
coastal regions. Coastal changes will violate the restrictions. 
create land tenure and economic problems. 
In many new deltas like Cipunegara, TOWARDS COASTAL PROBIE! SOLVING 
Cimanuk, W1,lan and Solo, the newly accreted 
land has created problems not only of Since small, isolated coastal problems 
land ownership, but also among the govern- accumulate and integrate to become bigger 
ment agencies over the right of management. and more serious problems, the human 
Such agencies include local government, response will usually also keep pace. 
the l)epartmnent of' Home Affai rs, the Since the establishment of a State 
Department of Agriculture, and the Ministry of Development Supervision and 
Department of Public Works. Land loss Environment, coastal resource utilization 
due to erosion as in Cidurian, eastern and coastal area management and develop-
Jakarta, and Kedung-Semat has affected ment has become more systematic and 
the fishpond areas and salt farms at integrated. 
Eretan, west Java. 

Establishment of new institutions and 
Conflicts between traditional fishermen activities to deal with coastal problems 

and trawlers over coastal fishery resource began in the 1960s. The government 
utilization have been noted in many institutions and universities involved in 
places. In Medan and Ci lacap, these coastal studies are the National Institute 
conflicts have led to physical violence. of Oceanology, the Marine Fisheries 
The government limits the operation area Resear-h Institute, tile Indone.;ian 
of trawlers larger than 25 gross tons to Petroleum Institute, the Naval Ilydrographic 
greater than seven miles offshore, and Office, the Directorate of Swamps, the 
limits the size of the trawl mesh to not Directorate of Rivers, the l)i rectorate 
less than 55 mm for the wing side and not of Environmental Geology, the Institute 
less than 25 mn for the bunt. 3 7  of Ilydraulic Engineering, and the Center 

for Natural Resources Management and 
Environmental Stud ies of Bogor Agri cul­
tural University. Subjects of interest 

Pollution by industry has also created include p)1oltition, envi ronmen t , resources, 
conflicts. In Pati, for example, waste management, inst i tut ional cooperation, 
water from a sugar pl1ant 1)0lluted fish- and legal aspects. A National Committee 
ponds, rice fields and drinking water on Marine Researcl (PPI1I) was establiished 
wells of the surrounding villages. In in 1978 to coordinate marine research 
Jakarta, many ijdmst rial wastes like activities, including coastal studes, in 
detergents, wast c wateir, garbage, Indonesia. 
pesticide:;, and solid wastes such as 
plastic:; am woods Iav polluted ri vers , Efforts have been made through 
beaches, amd coastal waters. Battery seminars, workshops , symposia, courses 
and dete rgenit industries, and shr imp and training to exclhange ideas, discuss 
process ing ha v pol luted the surrounding problems and increase inst i tut ional 
envirionmnent and created socioeconomic relations. Areas of' focus include marine 
problems. pollution, mangroves, corals, coastal 
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resources, ecology and management of 

tropical shallow water communities, 

management of coastal areas, laws and 

regulations, implementation of the Wawasan 

Nurantara concept, marine data management, 

and 	environmental protection and 

preservat ion. 

A data inventory and collection is one 

of the activities which will increase the 
knowledge of human activities and their 
negative impacts on the environment, 
Information on fisheries resources, marine 
environment and pollution, coastal 
geology, and marine law and regulations 
has been compiled through annotated 
bibliographies and a library for marine 
sciences. Monitoring in certain priority 
areas like Jakarta Bay has been initiated, 
and other coastal regions such as Segara 
Anakan in central Java are being 
investigated quarterly. Einvironmental 
assessments are now being carried out 
widely by several institutions and 

tniversities. 


In recent years, training courses such 
as a course on coastal sediinentation 
problems by the Institute of Hydraulic 
lEngincering have been initiated to increase 
technical capabilities for comprehensive 
coastal area research. In 1979, the United 
Nations University, in association with 
the 	 Indonesian Institute of Sciences, 
initiated a graduate training course in 
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MALAYSIA: BRIEF COMMENTS 

Malaysia produces over one-half of the 
world's supply of tin,which is one of that 
country's largest foreign currency 
earners. The tin is located mostly on the 
west coast in ;lluvium and is mincd by 
dredges and gravel pump methods. As the 
known deposits are depleted, exploration 
will be directed upstream for lodes, 
downstream for more deeply buried alluvial 
deposits and offshore. Exploration of a 
part of southern peninsular Malaysia's 

-Choong Tet Foong and
 
Khoo Han Pei'g* 

west coast by the Geological Survey of
 
Malaysia and the Federal Republic of
 
Germany, DGR, in 1979 discovered tin
 
resources near one of the best beach resort
 
areas. The use of pegmatite boulders on 
some beaches for the ceramic industry has 
been studied, and silica sand and heavy 
mineral deposits along the east coast of 
the Peninsula have been cvaluated. 
Production of petroleum resources off the
 
east coast is expected to start soon.
 

*Choong Tet Foong is a Mining Engineer with the Mines Departrent, Kuala Lumpur,
 

Malaysia. Khoo Ilan Peng is a Geologist with the Geological Survey of Malaysia,
 
lpoh, Malaysia.
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PREVIOUS PAGE BL2ARt 

COASTAL RESOURCES AND ENVIRONMENT: TRUST 
TERRITORY OF THE PACIFIC ISLANDS 

The Trust Territory of the Pacific 

Islands (1II'P)covers some 7.5 million 
km2 of tile western Pacific Ocean just 
above tile l1qoa tor, ranging from about 

'
 
I to 220 N latituode and 130 ) to 1720 E 
lonigitude. Tile l'erritory einhraces more 

r r1)( itremracs illTABLEthang t,000 saide moreg
than 2 , (111ti sl aids arid islIet s, lying in 

three major archipcilagoes: til Carolie s, 

tile MallrshIlll ald ,I Mhari ;as. Politically,
th12 Trust Ter-ritory ofIOhvI,cific Islands 

is composed of three cot it ics and the 
Northern Miri;ra I ''lThe Northernklnd . 
Mar iaU I s 1nd ,'; s(p;i rated adnini st ra-

tively in 1976 aind hccane knowin as the 
Gov rnrCnet Of' t he Northerni Mar i ;ias. 

Palau, Yap, "lrok, l'oirlp , and Kosrc lie 
within the Calolilles archipelago. The 

Marians and Ihe a;,rshallI islands lie in 
selparate ;aIcl,ipcl:Ianes of the saime names. 
The entire alea is called Micronesia, or 
"rin) Isiainds.'" (;,min in,tile Marianas, 
however, is iot part of tile Trust 
Tet- r ito ry. 

The Terri tory' s more tIan 2,000 islands 

'Mge from I.arge volcatic islands to tiny 

coral islets ilikiij!, the circnlar cirailr of 

rock and veget;at ioll whici fornis a coral 

,to]lI. Most i:I;ltrds il tire lastern 
Carolines arid tie ;a riaii;rs are coral
-itol is, aid tire IAr.rerr Carolites and all 

of tile NIIrsI; l lI ;iid rest ol :aseries 
of sibinariiee lev:rt iolr s. 'lle irg st 

isl;rnd-; ;ire Ilhaeltiiral, l';ilaru District, and 
'orapie islaind, I'onape Stat e. Ilevat ions 

- Division of Lands ° 

range from about 1.9 m on a coral atoll 
to 959 m on Agrihan Island, Northern 
Mariana Islands. L.and area for each 
island grouIp is given in lable1. 

1. Land area of Island groups 

Island (;roup 

Northern Marianas 
aI au 
Ponape

Marsha s 


yap 

Truk 

Kosrac 


Land Area (kW2)
 

454.8
 
444
 

363.8

33
150.8
 

117
 
113.5
 
102.5
 

All islands in the lrPI have a tropical 
marine climate characterized by uniform 

air pressure, temperature, and humidity. 
Average monthly temperattires range frcm 
790 to 830IF. 0swilly there is ;agreater 

range illdal I temperat ure (alpproximately 

(101:) thl in seasoir;il ;average t ernperatures. 
Relative iimidity is uisrilly abort 75 

Percent, but rainges fromt s:" to 101 percent 
Seasonal C11hiraires illwi id diree't ioll alld 

strength aird illprecilpit at ion are tileaiin 
variables ir climlte. Most of tie TTI 

lies within tile irortheast trade wind zone, 
with steady winds over 71 percent of tle 

time. These winds typically persist from 
October to .hrine with average speeds over 

*Bureau of Resource:,, !lepartment of Development Services, Trust Territory of the 

Pacific Islands, Saipan, Northern Marianas. 
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17 km per hour. The rest of the year, weaker 

trade winds, slight winds from the east, 

southeast, southwest, and west, and calm 

periods are frequent. 


The atolls of the northern Marshall 

Islands have the lowest rainfall of any

island in TTPI. For example, Enewetak 

averages only 138 cm of rain per year.

Iumidity, as well as precipitation, tends 


to be less on low atolls than on high 

islands. Low islands 
 have tile same 
climatic features as atolls except for the 
absence of lagoons and reefs which protect 
the backshore from waves and salt spray. 

The high islands of Palau, Yap and Truk 

do not have mountains tall enough to 

produce rain shadows or to generate

heavy cIlouds and rainfall. Nor are there 

noticeable temperature differences at 

different altitudes on these islands. Dry

seasons occur most commonly from January 

through April. Average yearly rainfall in 

centimeters is as follows: Palat, 365; 

Yap, 305; and Truk, 3,12.5. 

Extremely heavy rains are experienced 

on Ponape due to the high mountains. 

Rainfall at higher altitudes averages 750 

to !,000 cm per year, while in the low 

coastal area of Kolonia Town the average

is 180 cm per year. Kosrae also experiences 

heavy rain due to its mountains. Records 

of maxi mum and minimum annual rainfalls are 

590 and 305 cm on Kosrac's east coast, 

Inland areas woUld register much higher 

amounts of precipi tat ion, i f measured, 

Because of the extremely high rainfall and 

humidity in all months, cloud forest occurs 

on the peaks of l'onape and Kosrae. There 

a no
1e sign i icat dry areas resuIl t i ng 

fromn an oro,,raph ic ra in shadow on these 

two higI, islands. 


Any pa rt of the TTPI may experience

devastating typhoons with winds occasionally 

reaching over 250 km per hour, but Truk, 

Yap, and Pal au have the highest frequency 

of these storms, witI Im average of two 

passing sommemwhre throuph these entities 
each year. The ealsterl1 eutities only have 
a fml I y devc loped t yphon approximately 
once every 5 years. 

CENTER OF A(CIVITIIES 

Each entire island is considered to be 
part of the coastal zone. The islands of 
Koror, Yap, Moen, Ponape, Kosrac, and 
Majuro are the central loci of sea 
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communications, legislative seats, hospitals,
 
commerce, urbanization, etc. The limited
 
coastal l.and area has been developed
 
without adequate attention to either
 
appropriateness of location or related
 
uses.
 

The government should take steps to manage
this delicate and limited resource and 
develop guidelines for authorities managing
the property. Policies are necessary to 
resolve conflicts between land uses 
competing for the same area, to give 
orderly and prudent direction to development, 
and to protect coastal resources from 
degradation. The regulations must be
specific, comprehensive, and enforceable. 
Key elements of the program will be the
 
definition of its objectives and policies,

its geographic boundaries, and the
 
management system.
 

Perhaps one of the most significant 
administrative developments for coastal zone 
management in Micronesia .is tile creation of
 
the three new entities: Palau, Marshalls
 
and the Federated States of Micronesia

(States of Yap, Truk, Ponape, and Kosrae).

It is the hope of the "l"l'tI that these
 
respective governments will establish
 
mechanisms to consider coastal area aspects
 
in the early stages of their overall
 
development planning process, in order 
to:
 
1) enhance productive and enjoyable

relationships between the people of the
 
islands and their coastal zone, 2) to
 
promote efforts which will prevent or
 
eliminate damage to the terrestrial and
 
marine environment and stimulate its use
 
for the welfare of the people, 3) enrich
 
the understanding of the coastal resources
 
important to Micronesia, and 4) protect
 
the public trust for the benefit of all
 
Micronesians.
 

Micronesia, like most developing 
countries, is experiencing coastal problems 
that reflect both a lack of development 
and the course of development. These 
problems are compomnded by rapid population 
growth in an area of low income. Examples
of mmislise of coastal area resources 
commonly experienced in Mi crones ia include: 
1) litter, e.g., tin cans and abandoned
 
vehicles, 2) reef damage from silt caused
by dredging or runoff from cartlh-moving 
activities, 3) use of dynamite, bleach,
and other destructive means to catch fish. 

At the same time, coastal lands are used 
for sightseeing, general recreation, 



construction of tourist facilities, as 

well as for seaports and industrial needs. 

Certain developments such as port facilities 

and industries often render these locations 

dangerous and unsuitable for recreation and 
tourism. In tile future, as economic 
development progresses along with the 
growing population, these uses and the 
demands for coastal area are expected 
to increase. The public is becoming aware 
of tie fact that there is not enough space 
to accommodate indefinite expansion, 

Until recently, little consideration 
has been given to tile preservation of 
the delicate seashore area, or to its 
potential for recreation, open-space 
or aesthetics. Unplanned landfill 
reclamation projects, unprotected fill, 
dredging activities and restriction of 
water circulation by alan-maie structures 
have resulted in heavy sedimentation of the 
immediate lagoon. Shorelines surrounding 
scenic bays and hillsides of the coastal 
area are resources of aesthetic, economic, 
and ecological importance. Past land use 
patterns have not emphasized preservation 
of these sensitive and scenic sites. Homes 
and businesses have been lIailt on landfill 
along shorel ines or over the water on 
p i ings. Improper dredging and landfill , 
allowing loose sediments to be exposed 
to waves and land runoff have resulted in 
unnecessaiy siltation of' bay water. Present 
dredging still does not provide sufficient 
means for sed imnentation control. This 
seashore, overgrown with mangrove, is a 
sanctuary and breeding ground for marine 
life. 

LAND TENUJREi 

Traditional Mi cronesian land tenure 
patterns present a significant problem 
for tie installation and improvement of 
public facilitics. To Mic rones ians in 
a subsistence economy, lail is not a 
corirmiodity to be t raded , hut is deeply linked 
to personal and family identity and social 
status. lald terii re patterns vary between 
entities, btt gene i'ally involve commimal 
owIershiip o a, si igle plot , single ownership 
of several sinaill arid separate plots, or 
commercial Ise righits to land owned by 
traditional IleNde rsh i p. 

Land records prior to and From tile 
,Japanese Admin i st rat ion have )een 
substan tially destroyed; however, most 
people know their traditional boundaries 
and these bouindaries do not always ogree 

with government surveys. While a land
 
cadastral program is currently being
 
carried out by the Division of Lands and
 
Surveys of the Trust Territory Government,
 
the program is regarded with suspicion by
 
some Micronesians and its progress has 
been delayed by many local disagreements. 

The communal land ownership and the 
ill-defined land status resulting from 
overlapping boundaries and disputed surveys 
have caused problems which have plagued 
past construction projects and will cause 
more difficulties in future projects. In 
some instances, the projects were built 
without easements; however, there are many 
projects for which the government has 
actually obtained the signatures of all the 
landowners involved in a land dispute in 
order to proceed legally. 

The Trust Territory Government is 
empowered with the right of eminent domain, 
but has encountered sizable resistance to 
a rumber of public facilities projects 
iniolving land condemnation. The former 
Congress of Micronesia has determined that 
decisions regarding land matters should 
be made at the state/entity level. 

ENVIRONMENTAL CONTROL ACTIVITIES 

Legislative Background 

TTPI Environmental Enabling Act and Policy 

In 1972 the former Congress of Micronesia 
enacted an act to provide for the protection 
and enhancement of environmental quality of 
the air, land and water of the TTPI, and 
to provide for establishment of a Trust 
Territory Environmental Protection Bohrd 
(TTEPB) . By amendment to this law, 
state/entity Environmental Protect ion 
Advisory Boards (EPABs) were established as 
agents of the TTEPIB. 

Under this law, the following public 
policy was promulgated: 

The people of tile Trust Territory 
of the Pacific Islands are 
dependent upon the air, land, and 
water reson rces of the islands 
for 111blic and private water 
supply, for agricultural,
industrial, and recreational 
uses, and as a ihas i s for tourism. 
Therefore, it is declared to be 
the purpose of this act to achieve 
and maintain such levels of air, 
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land and water quality as will 

protect human health, welfare 
and 	safety and to the greatest
 
degree practicable prevent injury 
to plant and animal life and 
property, as foster the comfort 

and 	 convenience of its people 
and 	 their enjoyment of health, 
life and property and will promote 
the 	economic and social development 
of the Trust Territory of the 
Pacific Islands and facilitate 
enjoyment of its attractions, 

Implementation of the policy is 
undertaken through: 

1. 	 Coordination and integration of TTPI 
development planning and environmental 
policy and laws with the TTPI 
Territorial, Federal, and local 
governments and agencies, and the 
general public; 

2. 	 Education by the 'lTlPB and their 
staff of both government agencies 
and the general public on environ-
mental problems, policies, and 
programs through such activities 
as village meetings, public hearings, 
and announcements through the local 
media; and 

3. 	 Participation of the people through 
public meetings on proposed 
development projects, and proposed 
environmental rules and regulations. 

More importantly, the TTEPB and other 
related agencies are making efforts to 
incorporate the environmental dimension 
into development planning at the 
Territorial, state, and local levels by 
policies requiring preparat ion of 
Environmental Impact Assessments and 
facility plans of new major development 
projects. 

It should be noted, however, that even 
with the above requirement, implementation 
is difficult because the decision makers 
are very reluctant to accept this concept. 
Like any other country's decision makers, 
they hold the view that incorporating 
environmental aspects in development 
planni ng wold raise tie cost of develop-
nient. This view arose out of identifying 
environment with "pollution control" and 
"conservat ion." Therefore, the Board's 
effort is to convince the decision makers 
that wise environmental use means concern 

for 	the totality of resource use over
 
time.
 

TTEPB Rules and Regulations
 

Public Water Supply Systems Regulations. 
This regulation requires any person 
planning to build or modify a public 
water supply system to submit a Notice of 
Intent to the 'FrEPB through the local EPA 
Board for the TTEPB's approval. It also 
requires the supplier of this water to 
perform routine bacterial and chemical 
analyses of the water and to report the 
results to the 'TIPB. If the bacterial 
or chemical standards are exceeded, the 
supplier (in the case of the TTPI, the 
local Department of Public Works) must 
also inform the public using the water, 
and explain how to make the water safe 
for 	drinking. 

This regulation has allowed the TTEPB 
the opportunity to assure that all public 
water supply systems are properly 
constructed and monitored. However, 
because of inadequately trained local 
Public Works manpower and inadequate 
funding, none of the public water supply 
systems in the TTPI are able to produce 
safe drinking water. The TTEPB is working 
with the '71PI Bureau of Public Works to 
obtain the necessary funds to improve 
these systems, and is assisting the Bureau 
of Public Works in training of the water 
operators through an EPA grant used to 
hire an operator trainer. 

Earth-moving and Sedimentation Control 
Regulation. This regulation requires 
ainyone doing any earth-moving activity 
(except small agricultural cfl'tivation 
and construction of a family home) to 
apply for a permit from the TTl'PB through 
the local EPA Board. The application 
includes an erosion and sedimentation 
control plan to minimize the environmental 
impact of the project. Public hearings 
are held on all significant earth-moving 
projects to obtain the public's comments. 

A US $100 application fee is required 
with applic-tions from private applicants 
(no fee is required from government 
agencies). This ha.s caused some complaints, 
but it is CxplIa ined that such projects can 
have a great impact on the environment and 
should be care fully planned and carried 
out. Some (juestions have also arisen as 
to why the TTHI'I should control earth 
moving activities on private lands. 
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It is explained that the impact of such 

project is not limited to the immediate 

area, but can affect areas far removed 
from the project site through runoff and 
other impacts. Through this permit system, 
the control of earth-moving activities in 
the VITT and the protection of tile 
environment are being carried out very 
effectively. 

The U.S. Army Corps of Engineers also 
requires a permit for any filling of water 
and wet-land areas in the liptI, under 
Section 4104 of the U.S. Federal Water 
Pollution Control Act (as anmend(cd). This 
permit is not issued mitil tile applicants 
have received a THTI1 I:arth-novinp Permit, 
and all otier locally required approvals. 
The aTInIIthe .A rmy work closel yand 
together ill adoai st ring t hese pe rm it 
progr;ims. The II ii' informs the Army of 
proposed proj ect s requi ri ng t he Army' s 
per-mit, and assist s the Army in follow-up 
inspections on these projects, as the Army 
has no staff assi gucd to the "rrlIT. 

Fish and Wildlife Coordinat ion Act 

As Amended (P.1,. 85-02-1) 


This laW, ;dini iiste red bhy theW U.S. Fish 
and Wiildlife Service, in tie Iepa rt meIt of 
Interior, provides inform:it i on anrd 
teclical assist;ince to public amnd private 
agencies and ovgani:at iols for the 
improvement of condit iot.s for the manage-
ment of wildlife resources, 

All Army Corps of Engineers Section 404
 
(U.S. Clean Water Act of 1977)
 
permit applications for a]l major rrpi 
projects, such as for docks, airports, 
etc., ,re reviewed 1by the Fish and iildlife 
Service for impact of the project on the 
marine environment. No permit can he 
issued )) the Army without the concurrence 
of the Fish and Wildlife Service. The 
Service also has conducted several marine 
surveys in the 'rl,1I to determine possible 
impacts of proposed projects on the marine 
environment. 

National lEnvironmental Policy Act 

This law requires all IU.S. Federal 
agencies, before reaching a decision on 
a proposed major action whiich may have 
a significant effect on tile human 
environment, to airl Iv:e ill detaii tile 
likely envi ronment a I consequences of the 
action, and make the ;ina lvsi s avai lable 
to tile public. All U.S. federally funded 
projects in the II lnmust comply with thiis 
law. Al IErnvi"onwint :tl Inpact Assessment 
(EIA) is first tleveloped on these projects, 
and a public heal-irig is t hen held. If the 
assessment and tOe re:rilt s of tire hiearing 
indicate that no major impact is expected, 
the requirement for aa more detailed 
Environrent Impact Statement (H! S) may 
not be necessary. Environmentala Impact 
Statements Ir e bceer mladc ol airport 
projects for Kosrac, Trlk, arid Yap. 
Environmental Impact As sessments on other 
construction projects ili the "IrrI have 
shown there is no necessity for ETSs. 
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PREVIOUS PAGE BLAI1K
 

PAPUA NEW GUINEA: BRIEF COMMENTS
 

Papua New Guinea's extensive potential 

offshore and onshore resources coupled with 

a small population are considered favorable 

for development. Nevertheless, minor 

conflicts betwen commercial and local
 
fisheries operations were being encountered 
as well as concern for possible environ-
mental effects on the (;ulf of Papua should 
development of the large Oktedi porphyry 
copper depo:sit and the Wahu hydroelectric 
scheme proceed. The Port Authority is the 
responsible agency controlling the 
developnent of' Port Moresby, but there 
is no agency responsible for the overall 
development of the country's coastal areas. 

On the national level, a coastal 

authority should he organized to be 

responsible for coastal management of 
specific areas where development is 
occurring. This authority could be 
incorporated int) the present govern-
mental system, or the atuthority could be 
composed of personnel from all governmental 
departments concerned with coastal develop-
ment . In the latter sit tat ion, these 
personnel would be responsible for inform-
ing their pa rernt (lepartments and making 
them aware of' planning requirements, 
Coordination and exchange of information 
between departments is lacking at present. 
Also, some provinces are attempting to 

- Greg Anderson
 

carry out general resource evaluation of
 
their particular province. This evalua­
tion should include a very general
 
management proposal for coastal resources.
 

On the regional level, interchange of 
personnel working on similar coastal 
developmcnt projects within the region 
would be helpful. Also, there should be 
cooperation between the Pacific nations 
to pool knowledge and expertise on coastal 
resources and management problems common 
to all or shared by all such as mnagement 
of migratory tuna. On the international 
level, the United Nations should provide 
appropriate consultant services for
 
extended periods for specific projects or
 
areas, and access to data when required on
 
a specific coastal development, particu­
larly when problems faced in new 
developments can be related to projects
 
already established in other nations. The 
United Nations should also assist in the 
dissemination of informat ion on available 
training programs at the IN University, 
East-West Center, and other institutions. 
Further workshops should also be organized 
to deal with hoth gencral and specific 
issues, and to include specific case 
studies from countries in the region
 
presented by teams representing several
 
disciplines.
 

*Grog Anderson is a Senior Geologist with the Geological Survey of Papua Now Guinea,
 

Port Moresby, Papua New Guinea.
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PREVIOUS PAGE
 

THE COASTAL ZONE MANAGEMENT PROGRAM OF THE 
PHILIPPINES 

-Prescillano M.Zamora 

BACKGROUND the Ministry of Natural Resources (NR) 
issued S£pcoia? Order 180 on .Jtme 6, 1977 

The coastal zone is of immense value creating a Coastal Zone Management 
3 


to the cconom ic and ecologic Ii fc of the CommitteC ((:7.MC) . (The NILI was under 
of itsPhilippines. The country's archipclagic the supervision the ItNl until 

configuration, its 18,117 kin of shoreline transfer to the Ministry of Human 

and the fact tihat 82 percent of the Scttlclacnts IMuS] hy vi rtle of 

country's p rovi nces have coastlincs S', ,,S .", .;.;': dated June 2, 

highlight tei coast, ; zon'; importance. 1978; 4 this transfcr automatically placed 

toweverr, dte to inc tea:iag demands for the CZMC Iunder the ,UIS.) 
fish production, rec ceat ioll, tiraisporta­
tion, and Wastc di .poslI sites, the The Committee is a technical group and 

problems of clv iroit a degradation the following functions specifiedlt1 has as 

and o'cre xp loitat iot of ntura! resources in Spctial (r,, " 
have hegun to posc , colsitdrlahle threat 
to the ecological integrit) of not a few a To conduct a nationwide survey, in 

co;ltt l area; , especciall )' in such urhan cooperation with the Natural 

ceti ters as ,ct 1o Mi i I, Cebt Ci ty , atild Resources Management (:enter, to 
othat'rs. The n OtiolI inta.c st requires identify and assess tihe existing 

soutd policies ;ild strat egies with regard status of resources, the manner of 

to the proper ir.:tmia.enit and protection utilization, and attendant 
of tile coastal 2.o2v. environmental problems in the 

coastal zone,
 

The .' ,' 'a. -,,t zo,: f4: da
dated 
.Jne 17, 1977 recogini.t'td the coastal a To formulate a master plan to 

zone as a viitir;ahlc ecosystem presently ensure optimal ut il ization of 

heing subjectLcd to tivironmental coastal areas with attention to 
wiLh th;e cotsiderat ionsdcgradat ion and, th ecological and covi ronmental
 

in mind, tatld;itAd ithie Nat ional conditions,
 
Environmenta l I'rotcct io ( Coatci 1 (NIIC)
 
to organize atd coo rdi mitc ;In interagency e To conceptuaIize anti initiate plans,
 
task force to Callhlct res; rCh on programs and projects to effect
 

vulnerabloe ecosystemN iclutI tie and utilization
diaing wise efficient of 

cotintry's coistat aireas.2 To that effect, tile coastal areas, and 

*prescillano M. Zamora is a Professor at the University of the Philippines and a 

Consultant to the Nat ional Environmental Protection Council, HItS, and Natural 
Resources Management (:enter, MNR, Quezon City, Philippines. 
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o To draft and recommend policies, 
based on the findings of the 
Committee, to Dr. Celso R. Roque,
 
Executive Director of the NEPC. 


Thus, in late 1978, a Coastal Zone 

Management Task Force (CZNTF) was formed 

through a 	Mfemorandw of Understanding 
among the 	member agencies to coordinate 
all 	activities on coastal management and 
to properly enforce all policies and
 
guidelines related to it. The CZNITF is
 
composed of 22 government apencies 

('able 1). 

Prior to the creation of the CZMC, 
several goals had been established for 
the 	protection and enhancement of the 
country's coastal area. These goals are 
expressed in various Decrees 
(PD) , L . tcl.- of ihwutrutio (LOT), 
1*30c1iai O Kc (SC)), and Avix/nitrative
&oriot,: (Ar). Some of the more important 
edicts are listed in Table 2. 

Recently, onl une 11, 1978, the 
President issued PD ],%' establishing an 
Elnvironmental Impact Statement (EIS) 
System f'ounded and based on the 
environmental impact statement required 
under Section 4 of HD 11,. Section 9 
of this new decree provides for the 
imposition of penalties for 
noncompliance with the HIS requirement. 

PROGRAM COMPONENTS AND PROJECTS 

The Philippine Coastal Zone Management 
Program is tentatively divided into five 
phases as follows:F 

1. 	 Gathering of baseline information 
on coastal zone resources and 
utilization,
 
Organization and coordination of 


2. 

an interagency task force on 
coastal zone management, 


3. 	 Survey of coastal zone resources 
and utilization, 

4. 	 Project implementation and policy 
formulation, and 

5. 	Monitoring of the coastal zone 
and enforcement of rules and 
regulations. 

Phases I and 4 are presently being 

TABLE 1. 	 Member agencies of the coastal 
zone management task force 

1 	 Bureau of Coast and Geodetic Survey
 

2 	 Bureau of Fisheries and Aquatic
 
Resources
 

S 	 Bureau of Mines
 

6 	 Bureau of Soils
 

7 	 Environmental Center of the 
Phinvines
 
Philippines 

8 Fertilizer and Pesticide Authority 

9 Fisheries Industries Development
Coucil 

10 Forest Research Institute
 

11 Ministry of Human Settlements
 

12 Ministry of Local Government and
 
Community Development 

13 Ministry of Tourism 

14 Ministry of Public Works 

15 National Pollution Control 

Commission 

16 Natural Resources Management Center 

17 Philippine Atomic Energy Commission 
18 Philippine Coast Guard 

19 University of the Philippines,

College of Fisheries 

20 Philippine Atmospheric Geophysical
 
and 	 Astronomical ServicesAdmnstron
 
Administration
 

21 National Water Resources Council
 

22 University of the Philippines,
 

Marine Sciences Center
 

NRMC 7 under its Director-General, Dr. 
implemented with the cooperation of the Celso R. Roque. Of particular interest 
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TABLE 2. 	Some importantpresidential 

decrees relevant to coastal zone 

management 


1 	 Presidential Deoree 463: Mineral 
Resources Development Decree of 1974, 
containing provisions regarding the 
control of pollution due to mine 

waste and tailings. 

2 	 PresidentialDecree 552: Mlarine 

Pollution Decree: Protection of 

Coastal Zones from Pollution. 


3 	 PresidentiaZ Decree 705: Forestry 

Reform Code of 1975: Management of 

Foreshore Areas. 


4 	 Presidential Decree ?04: Fisheries 

Decree of 1975: Regulation of 

Fishery Exploitation. 


5 	 Presidential Deeve 354: Preservation 
of Marine Parks, Sanctuaries, Natural 
Habitats and Wildlife Refuges, 
including a specific ban on beach
 
mining of magnetite and silica sand, 

and on coral exploitation and export. 


6 	 Presidti ....1151: Philippine 
Entironvm'iaZliolil dated 6 June 1977 
requiring "All agencies and * 

instrumentalities of the national 
government, including government­
owned and -controlled corporations, 

as well as private corporations, 

firms, and entities" to "prepare, 

file and include in every action,
 
project or undertaking which 

significantly affects the quality 

of the environment," an ENVIRONMENTAL 
IMlPACTr STATEMENT. 

is the ongoing project of the NRNC-
National Science Development Board (NSDB),

"Coastal Resource and Environment Survey 
Using LANDSAT Multispectral Scanner Data." 
,rhe project began on January I , 1979 and 
has as its objectives the actual resource 
inventories , maIppiin, arid multidisciplinary 
environmenta l analysis of' sclected areas 
for coastal zone manag;ement through 
computer-proicessi up of* seteliite (IANI)SAT) 
images and ,,round- t ruth surveys.' The 
project includes the following sectoral 
activities: (1) geological and 
hydrological studies, (2) botanical 
studies, (3) marine resource and 
oceanographic studies, (4) agricultural 

and land use studies, and (5)software
 
development. Ricardo T. Bifia is the
 
project director. Major completed and
 
proposed projects of the NRMC that have 
direct bearing on Philippine coastal
 
resource management and environmental
 
problems are reviewed in the Country
 
Renort, "Remote Sensing Program of the
 
Philippines."'
 

Phase 3 is being implemented through
 
the Coastal Zone Management Study Project.
 
This project consists of a nationwide
 
survey of the present status of
 
utilization of the coastal resources,
 
both extractive and nonextractive, and
 
associated environmental problcms as a
 
basis for the conceptualization,
 
formulation and implementation of a master
 
plan for management and protection of the
 
coastal zone. The output of the project
 
will include:
 

Volume 1: 	 Inventory of Philippine
 
Coastal Resources
 

Volume 2: 	 Coastal Zone Utilization
 
and Environmental Problems
 
in the Philippines
 

Volume 3: 	 Coastal Zone Manpower and
 
Institutional Resources in
 
the Philippines 

Volume 4: 	 Philippine Coastal Zone
 
Policies and Decision-Making
 
Processes
 

Volume I has been completed and is now in 
press; volumes 2, 3, and 4 are under 
preparation. Dr. Celso R. Roque is the 
Project Director; Dr. Prescillano M. 
Zamora is the Project Coordinator For 
Volume 2; Dr. Edgardo D. Gomez, Project 
Coordinator for Volume 3; and Dr. .orge 
de las Alas, Project Coordinator for 
Volume 4. 

As terms of reference for the foregoing 
undertaking, the CZMC adopted the
 
definition of the Philippine Coastal Zone 
as developed by an inte rdisc ip. inary group 
of experts.10 The definition is as 
follows: 

The Coastal Zone is the strip of land 
and adjacent lake or ocean space 
(water and submerged land) in which 
the land ecology and land use directly
 
affect lake and ocean space ecology
 
and vice versa. Functionally, it is
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a broad interface between land and 

water where production, consumption 

and exchange processes occur at high 

rates of intensity. Ecologically, it 

is an area of dynamic biochemical 

activity but with limited capacity of 

supporting various forms of human use. 
Geographically, the outermost boundary 
is defined as the extent to which 
land-based activities have a measurable 
influence on the chemistry of the water 
or on tile ecology of biota. 


In determining the geographic 
boundaries of the Philippine coastal zone, 
tile point of reference used is the zero 
mark or mean sea level on 1:50,000 
topographic maps and the following limits, 
The outermost limit is the 200 m (100 
fathom) isobath except at embayments in 

which case the 200 m isobath at the mouth 
of the bay, gulf or "nve is extended 


NOTES
 

1. 	Preeidential Decree 1121: Creating 

tile National Environmental Protection 

Council, 18 April 1977. 


2. 	Letter of fn.,truotioi "19: Mandating 
the NEPC to organize and coordinate 
an interagency task force to conduct 
research on vulnerable ecosystems 
such as the coastal areas, 17 ,June 
1977. 


3. 	 MNR Special Order 180: Creating the 
Coastal Zone Management Committee, 
6 ,June 1977. 


4. 	Presidentia )ecree 1396: Creating 

the Department of Human Settlements, 
2 .June 1978. 

5. 	PrenidntailDece 1586: 1stabl i sh­
ing a'i Enviromlnental Impact Statement 
System, 11 June 1978. 

6. 	NEPC Sulbgroup on Coastal Zone 

Management. of "
1',1li1j, 
Workirho1 u r,,lm t.;flet 1 a (I 
Pl.ann 1t, -uq ','Piilr')?trar Alanacmcnt, 
24-28 0,'(ea: l:( ? (Covelandia Resort 
Ilotel, Kawit, C{ovite, Philippines, 
1978) ; N-PC. Ireo,,'din!pi of' the 
(l'alipi l Wo ke.-rho, '.'o 	Coastal Zone 

across. Where the 200 m isobath is less
 
than 3 km from the shoreline, the
 
outermost limit is 3 km. The innermost
 
boundary is 1 km from the shoreline except
 
at places where recognizable indicators
 
for maritime influences exist like
 
mangroves, nipa swamps, beach vegetation, 
sand 	dunes, salt beds, marshlands, bayous,
 
recent marine deposits, beach sand 
deposits, and deltaic deposits. At such
 
places the 1 km distance will be reckoned
 
frcm the innermost edges of such features.
 

The foregoing definition will not 
always be adequate and will be revised 
when and if necessary. However, tile 
definition is practical and can serve 
present needs. Evolving a coastal zone 
management system for the Philippines will 
not be easy because, as in all countries, 
the coastal areas are used by everyone, 
yet owned by no one. 

Management, 7-10 December 1978
 
(1979); Center for Development Studies.
 
Initial Reports, Coastal Zone Manage­
ment in tile Philippines Project
 
(Quezon City, Philippines, 4 October
 
1979).
 

7. 	Preidential lh'er.'c 10,1: Creating 
the Natural Resources Management 
Center, 25 October 1976; Presidential 
Decree 1631: lDeclaring NIRMC as an 

autenomous agency, November 1978. 

8. 	NRMC. (oa.0,al and
 
Environmental :;uvveJ (l.in0 MSS 
LANDSAT Data: DhtaUed Projoct Plan 

and 	Aeeomp19k,1u(ieznt lcpoii, I anuary­
30 dune 1.V9 (Quezon City,
 
Philippines, 1979). 

9. 	Procecdi]./i of th.e 7'1olefth
 
Internatiouae I m;ympoc i um on Remote
 
Senving of tirAe rume t, "10-26
f" m 
April 197/8 (Philippine Plaza Ilotel, 
MI,,Manila, Philippines, 1979). 

10. 	 NEI'PC. t'Pof''dliqO,, of th Workshop 
to D('finc tin' hi t1/ippine ('oan'tat 
Zone, 13-14 1;eT1:cmt-r 1.79?(AIT 
louse, I)iliman, Quezon City,
 
Philippines, 1979). 
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COASTAL DEVELOPMENT IN SINGAPORE
 

THE COUNTRY 

Singapore consists of the island of 

Singapore and some fifty-odd islets within 

its territorial waters. It is situated 

between latitude 10 O9'N and 10 29'N and 
longitride 103" 38'l: and 10.10 O6'!
approximately 13.8 km north of t33e quator. 
The main island is about 41.84 km in length, 
22.53 km in breadth, and S71.6 kmi: in area. 
It has a coastline of 193.7 km. Total land 
area including the islets is now more than 
616.3 kin2 ; some of the islets are 

reclaimed land. The city, with an area of 

approximately 97.1 km', is situated in the 

southern 	 part of the island, at latitude 


18'N and long, ituc 10") SO'i. 


About two (dozeI of t hc is lets are 
iihabited arid econoinically important. The 

major ones are Purlan (1'.) "lz'kong Besar,
.792..4 ha; 11. Ilhin, 1 01.1. 1 ha; Sentosat, 
301 Ia; 1'. Bukom Blesar, 120 ha; P. Ayer 
.M'rl imai, 125 ha; and I'. Ayer Chawan, 223 
hil. P. Sihtirivl Ila;n and I.iar were 
merged by rel :imat ion with P1. Seraya 
which has a land area of 188 ha (Figure 1). 

PIIYSICAl. IATiRS 

The island is low-lying and flat, with 
an average elevation of 10 m above sea 
level. Only about 56 km2 , or roughly 9 
percent of the area of Singapore is over 
31 m above sea level. ;eologically, the 
island can be divided into three distinct 

-Lim Joo Ngee
 

parts. The central part is hilly with 
massive deposits of granite in Bukit Timah 
(height 166 m), Bukit Gombak (133 m), 
Bukit Panjang (166 m), and Bukit Mandai 
(88 m) . he western and southern part 
consists of sedimentary rocks forming a
 
succession of scarps and vales, and theeastern part consists of unconsolidated 

sand and gravcl, extending from Katong to 
Bedok and Changi. 

There are few rivers and these are
 
mostly short and sluggish. The longest
 
one, Sungei Seletar, is about 12 km from
 
its source through Seletar Reservoir to
 
the sea. The coasts are generally flat.
 
The coasts on the western part of tile
 
island extending from Changi to Pasir
 
Panjang are low. About 8 km west of
 
the city, the coa:st becomes more or less
 
regular with extensive sandy beaches and
 
some traces of mangrove.
 

The natural vegetation of the island is 
the dipterocarp type with patche; of 
mangrove forests inside tidal river mouths 
and occasionally along tile coast. The 
indigenous higher plants number over 2,000 
species. Although much of the primary 
forest has given way to massive housing 
development (Table I), some of the island's 
original vegetation survives in 
2,797 ha of nature reserves. The Bukit 
Timah Nature Reserve, occupying 66 ha 
is the only place in Singapore where many 
indigenous plant species can still be 

*Lim Joo Ngee is a Civil FEngineer with the Research and Development Dcpartment,
 
Civil and Structural Engineering Services Division, Port of Singapore Authority.
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found. The water catchment area, consisting 

of some 2,717 ha, has been protected 

since 1951. The Kranji Nature Reserve of 

14 ha contains remnants of secondary
 
mangrove forests. 


TABLE 1. Land use 1978 

km2
266.5
Built-uip area 

Farm holdings 100.6 km2 


Cultivatable waste 95.8 km2 


Forest 32.4 km2 


26.7 km2 
Marshes 


Other 94.3 km2 


The watcers surrounding Singapore and 

the islets teem with various species oF 
fish. The electric ray, ikan tamban bulat 
(sardine), Ikan tamban sisek (sprat), ikan 
terubok (shad), ikan bills (anchovy), pike 
eels, ikan alu-alu (barracuda), ikan 
renyau (silver-sides), ikan parang (dorab), 
ikan kerapu (groupers) and ikan selar 
(horse mackeral) are still plentiful. 

AGRICULTURE 


The major farming activities are 
livestock rearing, horticulture, and 

fishing. In 1978, there were 13,307 

licensed farms of all categories occupying 

a total of some 10,050 ha. The 
gross agriculture output for the .ear 
amounted to US $239.03 mill ion at ex-farm 
value. Pig rearing is the most important 
farmin: activity with an outnut of 
1,173,000 porkers in 1978 with an ex-farm 
value of 1US$97.92 mill ion. Poultry 
farming is next in importanice, attaining 
outputs valued at US $84.57 million in 
1978. Production of vegetahles in 1978 
was 10,605 t ns valued at about 11; 
$11.00 million, meetfini al)olt one -fifth 
of the local requirement. In 1978, 
2,084 1i censed fishermen nd 719 licensed 
fishing vessels caught a total of 15,634 
tons of fi sh worth approximately US 
$17.59 million, meeting about a quarter 
of the local demand for fish. 

, 

ORGANIZATIONAL STRUCTURE FOR
 
COASTAL DEVELOPMENT AND MANAGEMENT
 
IN SINGAPORE
 

Coastal development and management in
 
Singapore is undertaken mainly by the
 
Ministries of Communications, National
 
Development, and Trade and Industry. The 

inistry of Communications directs,
 
coordinates and promotes the communications
 
services both domestically and inter­
nationally. It exercises responsibilities
 
for the development of maritime and port
 
services and international air services,
 

telecommunications "nd postal services.
 
The Port of Singapore Authority (PSA) is
 

under this Ministry.
 

The Minist'-' of National Development
is responsible for public housing, public 

works, urban renewal, primary production, 
parks and recreation, state and city 
plannivg, middle-income housing, the 
control of land use and buildings, and 
car parks. Its other responsibilities 
include the maintenance and management of 
buildings and common properties, the 
control of private housing developers, 
and the development of public facilities 
in urban and rural areas. The Housing 
Development Board (Ill)B), the Public Works 
Department (PWD), and the Urban Renewal 
Autho-ity (URA) are under this linistry. 

The Ministry of Trade and Industry is 
responsible for economic and manpower 
planning, public sector development, 
regional and international economics, 
domestic and external trade policies, 
and supply and control of essential
 
commodities, export promotion, shipping
 
and freight, tariffs, industrial policies,
 
investment promotion, investment guarantee
 
agreements, and tourism and statistical 
development. The Departments and 
Statutory Boards under its direction 
include the Jurong Town Corporation (JTC), 
Singapore Tourist Promotion Board (STPB), 
and the Sentosa Develonment Corporation 
(SIJC) 

TRANSPORTATION (Figure 1) 

The Sea Port 

Singapore is the focal point of more 
than 150 major shipping lines covering 
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services to different parts of the world, 

Anchorage ficilities are available for 

supertankers, cargo freighters, bulk 

carriers and cargo boats. The Port of 

Singapore Authority (PSA) operates 6 

fully mechanized gates with a total of 

5 third-generation container berths, 44 

ocean berths and 26 coastal berths for a
 
total area of approximately 561,000 m2 


including warehouses and back-up 

facilities within the port. 


Reclamation of about 37 ha of land 

and construction of 1,360 in-long 

wharves consisting of both coastal and 

lighter berths was included under Phase I 

of the west coast development initiated in 

early 1972, and was completed in stages by 

1976. 'lhe Phase II expansion program 

consists of reclamation of another 

14 ha of foreshore land beginning in 

April 1977 and would include the construc-

tion of 540 m of deep-water berths, 250 m 

of coastal berths and 65,000 in: of covered 

warehousivg space. The whole project is 

due to be completed by mid-1981. 


Plans are now being prepared for the 
reclamation of "mother 20 ha of 
foreshore land, and construction of 1,100 m 
of wharves under the Phase III west coast 
developnent project. Lighter facilities 
are also being planned to accommodate the 
resettlement of lighters necessitated by 
the redevelopment programs of the Singapore 
River. Also, the planning of the sixth 
container berth is umderway and alternative 
sites in the coastal area are being studied 
in detail for the expansion of the container 
terminal, 


The Airport 


The PSA was the agent for the Government 
in the major reclamation of some 
650 ha of foreshore at Changi for the 
development of Singapore's new interna-
tional airport. The project commenced in
 
February 1976 and was completed in February 

1979 at a cost of around US $250 million. 

INDUSTRY (Figure 1) 

The development of the coastal region 
for industry is undertaken mainly by the 
Jurong Town Corporation (,JTC). In Jurong 
Town, development of seafront land 
continues at the western section of Jurong 
Town and at the eastern part abutting the 
Pandan River. This site is allocated to 
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high technology industries, e.g.,
 
manufacturing of high-precision milling
 
machines, plastic moulding machines,
 
patented oil field equipment, electronic
 
and electrical components and accessories
 
such as color TV tubes and miniature
 
batteries.
 

In Sungei Kadut, a total of 217.3 ha
 
of land houses the largest number
 
of wood product and rattan processing
 
establishments in the Republic. The strong
 
demand for sawn timber products has made
 
the development of sawmills in Sungei Kadut
 
very successful. Kranji Estate with a
 
total area of about 78 ha also
 
consists mainly of timber-based industries.
 
Woodlands East has a total area of about 
160 ha. flowever, there are at 
present only 13 factories there occupying 
a land area of 7.54 ha. This site 
is being actively promoted by relaxation 
of investment requirements. In addition, 
a "food zone" has also been created there. 
Planning for the development of Sembawang 
as the largest industrial estate in the
 
northern portion of the 4sland is in an 
advanced stage. Reclamation and 
construction of two channels in the estate 
produced more marine land with sea frontage 
for allocation to the shipbuilding/repairing 
and other marine industries. 

A total of 140 ha o( land has been 
prepared in Loyang and another 32 ha 
are under preparation. Earthwork at Loyang 
is expected to be completed by mid-1980. 
In view of its proximity to the new Changi
 
International Airport, part of the estate
 
has been earmarked for aircraft servicing
 
and related aviation industries. Land
 
sites are also earmarked for offshore 
exploration and marine-oriented industries. 
This will complete the services of the 
offshore marine base presently operated 
by the Singapore Offshore Petroleum 
Services Pte, Ltd.
 

Development of the major islands in the 
Southern Islands group continues with 
large-scale reclamation work being carried 
out on P. Merbau, marking the start of 
physical implementation of the US $2 
billion Sumitomo-Singapore petrochemical 
project. Reciamation work on 1). Damar Laut 
was also carried out during the preparation 
of 22.3 ha of industrial land on the 
island. This reclamation and preparation 
were Undertaken bearing in mind future 
expansion of Jurong Port. Similarly, 



development work on P. Pesek was undertaken 

considering the expected expansion of the 

storage and refining capacity of the 

existing petroleum refinery in P. Ayer 

Chawan. Work on P. Serayen was completed
 
in 1979 and the island will be allocated 
to the Public Utilities Board (PUB) for 

the development of a power station, 


Area around P. Sebarok was reclaimed and 
developed by PSA to provide a comprehensive 
range of slop reception and treatment 
facilities. P. Brani is earmarked for 
future port developmept. In late 1976, 
reclamation and shore protection works at 
P. Sudong began and were completed by the 

end of 1978. The reclamation yielded about 

24.3 ha of land for development 

purposes. In addition, Kuchin Creek and 

other parts of the northern foreshore of 
P. Sentosa were reclaimed providing an 

additional 17.3 ha of land for the 

development of a ferry terminal and central 

landing plaza. Tenders have been invited 
for the reclamation of some 760 ha 
of land around P. Tekong Besar; however, 
the project has been temporarily halted. 
P. Bukom is leased to Shell Oil Company 
as a refinery site while P. Pawai is 
reserved for military purposes. 

HOUSING AND URBAN REI)EVELOPMENT (Figure 1) 

The development of coastal areas for 
housing is undertaken mainly by the Iousing 
Development Board of Singapore. 'lThc Board 
has reclaimed a total of 1,165 ha of 
land under the first five phases of the 
East Coast Reclamation Scheme, and 66 hfa 
of land were reclaimed along the 
west coast for tl~e development of Clementi 
New Town and the coastal highway linking 
Jurong to the city. In 1978, the Board 

awarded its largest single contract
 
amounting to US $352 million to reclaim
 
360 ha of land under Phases VI and
 
VII of the East Coast Reclamation Scheme.
 

The Urban Redevelopment Authority (URA),
 
in cooperation with other authorities,
 
prepared land use and development plans for
 
Marina City. h'lle
area consists of about
 
640 ha of reclaimed land. The 
principal development objectives are to 
counterbalance deficient cultural/recrea­
tional and social facilities in the 
Central Area with the creation of public 
open spaces, parks, cultural and 
recreational facilities and schools. The
 
project will also provide complementary
 
development such as good quality housing
 
and commercial facilities, including
 
hotels, offices and shops. When fully 
developed, Marina City will form the
 
southern end of a 4.5 km tourist belt
 
stretching from Tanglin ircus to Orchard
 
Road, Bras Basah Road and Raffles City.
 

Many of the offshore islands are being 
developed into recreational resorts. The 
PSA, in undertaking development of 
recreational resorts in the Southern 
Islands on behalf of Sentosa Development 
Corporation (SDC), had, by 1976, reclaimed
 
a total of 75 ha forming 10 km of 
beaches in the Southern Islands from 
material obtained from the navigational 
channels and sealanes in the port. These 
developments include P. Ilantu, Sister 
Islands (P. Suban Darat and P. Suban Laut), 
Kusu Island, St. John's Islands (P. Sakijang 
Bendera and P. Sakijang Pelepah). To the 
north, Coney Island (P. Serangoon), owned 
and developed by PSA, and P. Seletar were 
enlarged to provide a total of 50 ha 
and 4.3 km of beaches. 
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geothermal power potential is sufficient, 

industrial development could take place in 

the area. Pulp or paper making, fish 

processing, cement manufacture, and 

aluminum smelting have been suggested as 

possible uses of the power. The population 

of Vella Lavella is small and development
 
of the field for domestic use would not be 

economically justified.
 

FISHERIES 


On January 1, 1978, Solomon Islands 

declared a 200-mile fishing limit. Within 

this limit there is a large and not yet 

fully exploited fish resource. 


Solomon Taiyo, a joint venture company 
between the Solomon Islands government aid 
Taiyo Fishing Company of Japan, is 
currently engaged in fishing for skipjack 
tuua using pole and line catching methods. 
Longline fishing is also under development, 
the target in this case being yellow-fin 
tuna. Two fish processing plants are run 
by Solomon Taiyo. At Tulagi in tile Florida 
Group (Figure 1), a cannery, freezing 
plant and smoke factory is in operation, 
and at Noro in the Western Solomons there 
is a freezing and smoking plant. A second 
canning factory is planned at Noro. 
Agreements have been made with the govern-
ments of the New lebrides and Japan to 
allow vessels from these countries to fish 
within the 200-mile limit. However, only 
Solomon Taiyo and local Solomon Islands 
ships are allowed to operate within the 
archipelagic and territorial waters. In 
order to reduce the revenue lost by 
Solomon Taiyo in charter charges for 
Okinawan fishing boats, another government 
Taiyo joint venture company, National 
Fisheries Development Ltd., has been set 
up to construct ferro-cement skipjack 
vessels. Tbhis company is also based in 
the Florida Group. 

Local fisheries development has been 
aided by a government-established fish 
collection and marketing scheme. Twelve 
ice-making plants--two in loniara, the 
capital, aLd ti rest in outstatiois--
suPply .-e to local fishermen who can then 
store their c s tch in ice boxes to await 
collection I)y refrigerated vessel. 'Ih is 
vessel provides a regurain eckly service 
between tile more product iwye fi sliing groups 
ill the islands and Iloniara, wiere tile fish 
are marleted chiefly tnrougi a public 
company, SIAC(O, formed under the direction 
of the Fisheries Division of the Ministry 

of Natural Resources. A number of private
 
collection and marketing schemes are also
 
functioning, although thcse schemes also
 
utilize the government ice plants. Cray­
fish, oysters, crabs, prawns, and fish
 
are now all exploited commercially.
 

FORESTRY
 

Forests cover the major part of the land 
surface of Solomon Islands. Logging
 
operations are carried out exclusively by
 
the private sector, the main areas worked
 
being in the New Georgia Group, Guadalcanal,
 
and the Shortland Islands (Figure 1). Logs
 
are exported in preference to sawn timber,
 
most of which is sold locally. The Forestry 
Division of the Ministry of Natural 
Resources has a substantial forest regenera­
tion program underway and planting is 
currently taking place in the New Georgia 
Group and Santa Cruz, and was previously 
undertaken on Santa Isabel (Figure 1). 

MINERALS AND P1ETROLIEUM 

Panning for gold on Guadalcanal is the 
only mining operation taking place at the 
moment. There are, however, a number of 
prospects which are attracting interest. 
A program of reconnaissance geological 
mapping and geochemical exploration aimed 
at completing a preliminary geological 
survey, of the Solomons is currently being 
carried out by the Institute of Geological 
Sciences supported by British Aid funds. 
Guadalcanal, Choiseul, the Shortland 
Islands, FIastern Outer Islands, the 
RUssel ls and Ill awa have all been mapped 
at reconnaissance level, and work on the 
New Georgia Group is in progress. Parts 
of other islands have also been surveyed. 

Gold panning is restricted to the rivers 
draining the Gold Ridge area of Guadalcanal. 
Tihe increase in the price of gold during 
1979 led to renewed interest in the Gold 
Ridge prospect and also in tile Suta go1( 
field eight miles farther inland 
(Figure 1). Aui offshore gold prospect 
has been Found where the rivers draining 
Gold Ridge enter the sea on tie north 
coist of Guadal1canal. The clief interest 
here is in a ;ubme iged Inried river 
cianne 1 , wi i cli was invest i gated under a 
CCOI'/Sol'AC project. 

(hiromitc-rici beaic'i sands oil San forge 
a-C be i l exmiined Is a possibl 11esmall-scale 
ininiil,i)rOspect and it is hoped that the 
bauxite deposits on Rennell, Waghena and 
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New Georgia will soon be the subject of 

further work. 'rests are being carried out 

to determine whiether the particular 
properties of the Solomons bauxites will 

allow them to be mixed with other major 
bauxites in the Bayer process. 

A number of other mineral prospects 
exist particularly for copper, nickel, 
phosphate, and manganese. Petroleum 
legislation is expected to he put before 
Parliament in the first quarter of 1980. 
It is hoped that this will stimulate 
prospecting in offshore areas. Complicated 
land ownership systems and resistance from 
landowners to prospecting could hinder tile 
development of mineral resources in some 
areas, 


URBAN, INDUSTRIAL, AND PORT DEVELOPMENT 

Iloniara, the capital of Solomon Islands 
on Guadalcanal, is the only center with a 
population of over 5,000, the latest figure 
being just under 15,000. New housing and 
light industrial deve lopments are taking 
place, but tile proliferation of large 
hotels usually associated !th the tourist 
industry has been resi.sted. Proposed 
extensions to tie wharf are at the tender 
stage. 

At Noro, in the Western Solomons, a new 
port is being developed. The previous main 
port for the west, at Gb;izo, had difficult 
access and the large internatiocnal shipping 
li-nes, which carry copra for export, have 
refused to call there. It is possible 
that the new port will become the adminis-
trative center for the Western Solomons 
and its population may eventually rise to 
the level of that of loniara. 

MANA(IMI N'[ PROBLI S 

Most of the developments in Solomon 
Islands' coastal zone give little cause 
for concern but prospective activities may 
produce probl)Iems, 

lloniara has a water supply problem and 
recent tests have shown evidence of sewage 
pollution in the coastal waters. Siii lar 
problems ar-e likely to exist at the new 
port site at Noro where investigation of 
tile water resoirces is taking place and 
the fi sh processing plant may give rise to 
some polhtion. Alternative sites foi the 
new port had to he ruled out for a variety 
of reasons, among which were poo access 
and conmmumnications, land tenure, and 

existing timber operations. Sources of
 
sand and gravel for construction purposes
 
are being sought and extraction will need
 
to be monitored if erosion problems are
 
to be avoided.
 

In the fisheries sector, one current 
problem is that of illegal fishing within 
the 200-mile limit. One patrol boat is 
already operating, another is needed, and 
an air surveillance program has been
 
allotted budget funds. 

Mining ventures invariably produce
 
environmental problems. If mir'ing were 
to take place in the Gold Ridge area of 
Guadalcanal, care %%ouldhave to be taken 
that waste material did not pollute rivers
 
flowing across the agricultural development 
area of the coastal plains because some of 
these rivers are used for irrigating rice 
paddies. Pollution effects in tie region 
of river mouths might also have a 
deleterious effect on fish stocks. The 
chief bauxite reserves lie on the islands 
of Rennell and Waghena (Figure 1) and the 
environmental impact of mining and the 
possible processing of bauxite on either 
island would be substantial. 

A dormant volcano, Savo, lies offshore 
some 22 miles to the northwest of lioniara. 
The last recorded eruption of this volcano, 
in the middle of the last century, was of 
Pelecan type. A teleseismic link between 
the island and Iloniara has been established 
to monitor earth motions which may heralh 
an eruption. The form the next volcanic 
activity will take cannot be predicted at 
this stage but, if sufficiently violent, 
loniara and the agricultural p l ains area 
could be affected by tidal wave and ash 
fa 11. An evactiation plan for the popula­
t ion of Savo has been prepared but no steps 
have been taken to protect IIoniara from 
the possible consequences of an eruption. 
It is in fact very difficult to say what 
could be done to protect the towni and also 
justify it economically. 

Finally it can be pointed out that all 
the activities mentioned affect shipping
and, as development goes ahead, the volume 
of sea traffic can be expected to increase. 
Shipping lanes are not crowded and port 
facilities not yet overloaded, but tile 
prospects of a collision, possibly 
involving an oil tanker, are not negligible 
and must lie planned for. 
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COASTAL AREA DEVELOPMENT AND MANAGEMENT IN
 
SOLOMON ISLANDS 

Solomon Islands is a recently independent 

(1978) developing nation comprised of six 

major and ntmerous smaller islands 

(Figure 1). Because of the relatively 

small size of even the major islands, the
 
whole of the Solomons can be regarded as 
"coastal area." Most major development is 
taking place in the immediate coastal zones, 
but inland projects inevitably have some 
impact at the coast, if only because of 
shipping, which is the chief form of 
transport between the islands. 

There is at present no specific body 
responsible for all aspects of coastal 
management, although the Central Planning 
Office, a unit within the Prime Minister's 
Office, acts . s an economic coordinator 
for the nation. Environmental problems, 
mining, forestry and fisheries are normally 
the responsibility of the Ministry of 
Natural Resources, while the Ministry of 
Agriculture and Lands takes care of 
agricultural developments and urban 
planning. Transport is the concern of 
the Ministry of Transport and Communica-
tions, and water supply that of the 
Ministry of Works and Public Utilities 
with some assi stance from the Ministry of 
Natural Resources. In order to facilitate 
better communications between the various 
Ministries, para-state bodies and private 
companies involved in coastal area 
developments, the Solomon islands govern-

- John Ridgway* 

ment is examining the possibility of
 
designating one office, or individual, to
 
act as a national coordinator and also as
 
a focal point for overseas communications.
 

Current and prospective developments are
 
shown on Figure 1 and can be summarized 
under a number of headings. 

AGRICULTURE 

The main agricultural developments are 
on the coastal plains of north Guadalcanal 
where extensive areas are given over to 
palm oil, rice, copra, and cocoa produc­
tion. The area tunder cultivation extends 
eastward away from the outlet port of 
Iloniara, which is situated at the extreme 
western end of the plains. One major road 
serves the plains area and increasing 
volumes of traffic have necessitated tar 
sealing of its surface. Coconut planta­
tions are found in coastal regions 
throughout the islands, and projects are 
under way to rear cattle under trees in 
both coconut aad forest areas. 

ENERGY 

The island of Vclla Lavella in the New 
Georgia Group of the Western Solomons has 
a geothermal field which has potential as 
an energy source (Figure 1). Investigation 
of the field is under way and, if the 

*John Ridgway was a Principal Geologist with the Geology Division, Ministry of 

Natural Resources, Solomon Islands. His present address is Institute of 
Geological Sciences, Keyworth, Nottingham, United Kingdom.
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A COASTAL LAND DEVELOPMENT PROJECT
 

HISTORICAL BACKGROUND 


In 1970, a team of economists and 

agronomists was sent by the Land Development 

Department to gather facts and figures on 
coastal land i>e, vacant land, and ways 
and means for development in seven provinces 
along the Gulf of Siam. From ground 
surveys and field interviews, the team 
determi ned that vast areas of coastal land 
were not uti iI :cd or were econo;nical Iy 
underutilizCd. This poor itilization was 
due to lack of techniical know-how, funds 
and, especially, to well-trained extension 
workers. 

At the same time, it was determined that 
research on agriculture, fisheries, ard 
mangrove forests had been undertaken by 
different departments, and that the rcsult s 
were scattered and tunused. For example, 
research on agricultuLre in saline soil had 
been carried otut for mn~iy years and, 
although a larige tim of nloncy had beell 
spent , tno posit i ve rc;ls1 ItI ad yet been 
con f irined. No centr.al organization 
existed where the restults of all fields 
of research on thbe coastal area were 
assembled and appl ied. 

Finally, a fndless, isolated project 
on coastal devc-lopmen t was established 
with ;a few irsoliiiel in tile Land Policy 

I)ivision. The project leader spent almost 
a year stidying ways and means to bring 
vacant coastal land into economic use. By 

-Tip Ruangchotivit
 

1976, it was determined that more than 28
 

species of fruit trees and vegetables
 

could be grown in saline soil. Other
 
activities were showm to have potential
 
high income, such as shrimp farming and 
animal husbandry. 'lhen a group of 
researchers consisting of economists, 
agronomists, and agricultunral engineers 
found a mut uaIl interest iln coastal area 
developmcnt. As more research was 
accomplished, the group began writ i ng an 
overall coastal development plan for 
submission to the Nat ional Economic and 
Social Ievelopment Board (NILSlil) and the 

government for approval. At the same time, 
this group prepared to establish a 
permanent office to execute the plan after 
approval . Thus oni Aigust 31, 1977, the 
Office of Coastal .and levelopment :as 
approved and recognized by the National 
Cabinet and also endorsed by tile National 
Social and Economic Plan (1977 to 1981). 
The Office started its operations with 
four staff members. 

OBJECTI VES 

The main objectivc of the Office is the 
full utilization of coastal land to create 
income and employment among the people who 
live in these areas. If this development 
project is well p l a nned and stcccssfily 
implemented, inigration of the population 
from rural to tirbin areas may he re(Iuced. 
In this manner, money that would have been 
spent on slum clearance, honsing projects, 

*Tip Ruangchotivit is Director of the Office of Coastal Land Development, Bangkok, 

Thai land. 
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an improved bus system, schools, and 
energy and water supply would be saved, 
Also, within the next four years, Thailand 
will experience a serious shortage of 
suitable land for agriculture, and the 
developmcnt of coastal land may reduce tile 
impact of this shurtagL in the short-term. 

Many countries are now extending their 
marine jurisdiction to 200 rim. Thail and 
Will thus lose fi shi ng groulds in a marine 

.area of approximately (00,000 km2


Unemployment of Fishermen will result. 
The rising priceof f'uel is also contri­
buting to uner.iploymnert a;mong fishermen, 
especially .artisanI. 1fisiereln. The costs 
of op':1t ion are ilcreasing with tile 
inc re;sC in1 the pricC of oil , and tie 
profit is dw indli ing to a point where 
government attention Will become necessary. 
A possil)le solnt ion to this problem is the 
provision of new occtrpa t ions in tie coastal 
area. This 1,ill bri n, ne, hope, 1nd new 
opporti ilit ic. to he ii'nlliipIoyed fishermen, 
At present, the total :crcagc of coastal 
land and its potet ti;aI arC unknown. The 
coastal I al'd sirveys ill provide the 
informat ion from which tihe master plan 

can be drawn. 

PRO.) [;(E ,AREAS 

The proj ect will cover the entire sea 

coast of 25 provinces; 19 on the Gulf of 

Siam and ( on the Andamar. Sea. The total 

area to he surveycl is approxima ely 

twelve million ra is or six million acres. 


STAGES 01:OIEV110PNI.. 

The Survey Stage 


To determine the potential of each 
province, surveys mu:;t he carried out in 
the followin, fields: sociology, economics, 
ecology, soil science, water resources, 
land tenure, la1d c:a)plbi lit iCs aMid physical 
land use. 


'aI _ nj!.s. .. 

The compilation of data from tire field 
surveys in each prov i nce will be accom-
plished within three years. Following 

the completion of field surveys and data
 
processing, the development plan will be
 
drawn. The finished plan will be presented
 
to the Coastal Land Development Corimittee
 
for final decisions and approval. The
 
Committee, usually appointed by the
 
Cabinet, will consist of director-level 
officers from the following specialized 
departments: Land Development, Fisheries, 
Forestry, Animal Husbandry, Cooperatives, 
Budget, and the NIISDB. 

At this stage all 25 provinces will be
 
grouped into six zones for the sake of
 
simplicity in administering the project.
 
Each zone will comprise four to five
 
provinces. Zone I will includc four
 
provinces on the cast coast--Trat, 
Chantaburi, (honburi, and Rayong--with a 
project office for Coastal Land Development 
in Chanttaburi. Zone II will cover the 
four provinces in the middle part of 
Thai landl--(h chengs ao, Samut-Prakarn,
 
Bangkok, arnd Sarmut-Sakorn-w-ith an office
 
iii Samut-Sakorn. :one Ill covers tile
 
four provinccs immediately south of
 
Bangkok- - Raj hor i , Samert -Songk ram,
 
Petchalulri , arid Praclirb--with arl office
 
in Petchaburi . Zone IV covers the four
 
provinces in southern 'llilard--Chumporn, 
Surattani, Nakorn Sritlam:arat, and 
Plattalung--wiith in office ilrSurattani. 
Zone V covetrs tile five provinces on the 
Andaman Sca-R-annng, IPrngna , Krabee, 
Phuket, and "rng. 'The project office 
will be ill rlukct province. 'one VI 
covers the four southernmost provinces inThailnd- - Songk Ia, Pat tan i , St ul , and 
Narathivat. The project office will be in 
Songkl ,. 

As soon as tire surveys and planning are 
completed, tire implelnentation stage will 
follow inrunediatt ly. Ilipart icrlar, 
programs for onies I to IV Will be 
implemented at t he begi rinli ng of fiscal 
year 1980 (October 1980), as tire surveys 
and plarrring conducted fry tire Institute of 
Sc i ent i fic" and "lcchinologi ca I Research are 
expected to Ile completed in June 1980. 
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ESTABLISHMENT OF A TECHNOLOGICAL RESEARCH 
CENTER FOR COASTAL LAND DEVELOPMENT AND 
MANAGEMENT IN THAILAND 

BACKGROUND INFORMATION AND PROJECT 

JUSTIFICATION 


Coastal Land and Rural People
 

About 35 percent of the total land area 
of Thailand i s coastal land. This coastal 
land comprises 1.6 million ha in 25 provinces 
along th Gulf of 'lhi:iland and the Andaman 
Sea. Of thi; total area, only 10 percent 
has been uttilized for, e.g., crop cult iva­
tion, fisheric., shrimp/salt farming, 
forestry, indwt;ial estates, .,*crca:ion, 
harbors and ; isha rho r.,-'t90 pe rccit 
unused. 

Alt ho'igh til.re soillc e potentiaI in 

coastal regions tetids to he higher than in 
other parts of Thailand, these resources 
are wasted and poorly ir;ed', nIltimately 
contributi ng to an inciyea.sc in rural 
poverty. Such prohlcr; arise from four 
main factors. 

1. 	Rural people 
cxperienced 
recent years 
have been s 

arc v;;o; 1y engaged and 
in agriciiittlre. In 
cos;t ; of production 

gui fic.,lntly increased 
and ruralI people li;ivc been tnable 
to make profits at their 
occupations. The growili rate of 
agricultural business is less than 

-Office of Coastal Land 
Development (OOCLD) 

S percent per annum, causing
 
substantial rural to urban migration
 
and career changing.
 

2. 	Rural people not only lack funds for
 
investment but also lack 
technological know-how. Therefore 
they are unaible to modify primitive 
practices and tools for more
 
efficient .ppl icat ions. 

3. 	 The administrative structure of 
most goverlnmelt institutions is 
highly centralized. There is also 
func t i ona 1 dup 1 i. t i on and 
inadc(Iuate coo rd i nat ion among 
government ;gencies, reficcting 

inadequate planning, implementation, 
and 	 monitor inig calacity for both 

development. projects and general 
supporting services. 

4. 	Rural people have not received 
:lear technological recommendat ions 
from government officials. 
Appropriate technology research 
and technology extension projects 
have rarely bcen carried out due 
either to a lack of experienced 
officials in such work or to a lack 
of funds. 

*Office of Coastal Land Development (OOCLD), Land Development Department, Ministry
 

of Agriculture and Cooperatives, Bangkok, Thailand.
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Government Policy 


The fourth National Economic and Social 

Development Plan, 1977-81, stated that
 
"several basic policy reforms are 

considered necessary for promoting greater 

economic security for the nation and 
creating a more equitable economic and 

social order which would mean an eventual 
eradication of poverty among large segments 
of the population." National development
objectives in the Plan include accelerated 
economic growth, reduced income disparities, 
reduced population growth, expanded 

employment, improved management of natural 
resources, greater national cohesion and
 
expanded decentralization of development 

management.
 

In order to achieve these objectives, 

the Office of Coastal Land Development 
(OOCLD) has designed decentralized systems 

of integrated development in coastal 

provinces with the initial effort focused 
on 	improving production technologies, 

implementation, and marketing. 

DETAILS OF TIlE PIROJECT 

Program goals are to: 


* 	Improve the living conditions of the 

poorer sectors of the coastal 

population by increasing and 

stabilizing local family income and 
providing minimal social services in 
coastal pool sectors; 

* 	Develop extensive use of local 

materials, energy sources and 
capabilities; 

e Raise the rural population's level of 
technical competence in order to 
familiarize coastal farmers with 
improved cultivation methods, 
machineries, and irrigation and 
drainage technolog ies; and 

* 	 Assist the government in its program 
to decentralic planning and imple-
mentation activities, and accelerate 
rural development. 

Project object'ves are to: 

* 	 Provide the guidance for overall
 
management of coastal land 

dev..lopment; 


* 	Strengthen environmental and
 
socioeconomic controls over coastal
 
land;
 

0 	Increase production through
 
mechanization;
 

0 	Recommend and assist on transferring
 
technical know-how to the coastal
 
poor; and
 

• 	Accelerate deveiipment and promotion
 
of appropriate technology for
 
coastal occupations such as coastal
 
agribusiness.
 

Anticipated End-of-Project Status
 

It is expected that at the end of the 
project, a regional research center will
 
be 	 a component of each zonal office for 
coastal land development. Each center
 
will consist of a laboratory, plant
 
nursery, machinery shop, and data base 
system. A schematic diagram of each zonal
 
office for coastal land development is 
shown in Figure 1.
 

The laboratory will provide qualitative 
and quantitative analysis for soil-plant­
water systems, production of mineral
 
resources, and pollution control. The
 
nursery will provide experiments for seed
 
production, plant growth, and coastal
 
aquaculture. The machinery shop will work 
to 	mechanize agriculture by developing 
and manufacturing motor-driven pumps for 
irrigation and drainage. 

A data base system wi ll provide services 
in processing economic and agricultural 
statistical data. Data will be organized 
into suitable record segments and sets of 
relationships for planning development in 
the coastal areas. 

As a unit of oper;,tional resear, , the 
center will organize research activities 
fovuncd on mutlt iple coastal area use and 
forward the results t o a committee which 
will be responsible fOr making decisions 
on 	 planning policy and devel opment that 
will meet the hasic needs of low-income 
groups in rural areas. In addition, the 
rural population in coi:' tal areas will be 
able to conveniently obtain assistance on 
the development of their technical skills 
for their business operations. 

it is expected that the number of rural 
people in coastal provinces whr use this 
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OOCLD 

I S rcUt Cente
 
ZonaComiee onal Techno'ogicai Zonal Re~earch 

For Planning Policy 
and Development
 

S",rvice Uni Advisory Unit System
 

Adiisory
 

MachineryLaboratpry 


FIGURE 1. Organization of zonal office for coastal land development 

center will increase becausc of its x,:ue will serve as the basis for advice given 
rrd convenience for technical tralniii and to various interested part .es and investors 
mul L:purpose advisory servicesi. il coastal agribtsine-s. '.hccnter will 

al:;o storc inform.* ion on a1r:supprt 
Projct l'ork Plan and Activities measures suc. as forti,izrs, in.ccticides, 

costs and price:;, ;,,ifrastructurc, and legal 
Buildirg Con;trtiction and iistitutiJoal relationships. 

For each zonail research centc:, The center will conduct research on its 
buildings 1nnst he constructed wi ti space own initiative bas ,:d on identified 
for offices, :raining halls, laboratories, lp:ort mities and problems. "le center 
nurseries, and shops well equipped with will also -espond to requests for research 
essential cq; ipmt'nt, tools and facilities by business partirs or will conduct joint 
for scientific and technological research with other institutiens. Such 
experiment ,. research would focus on preirvestment, 

prefea3ibility, and feasibility surveys 
Research 'Iraining aind Act ivities and on various development policy studies 

v:ith particular emphasis on coastal 
A search for reseairch offi-ers w'ill be agiibusiness and rural development. 

undertakrn, ;iund training programs for 
research staff bv requested experts will Finally, in its efforts to accelerate 
be implemeinted. Research activities and coast il agrihitsiness development, the 
services will h c.a rr ied out in a way that center will :lso :ooperate wit the Zonal 
develop lilrk' betwl, arlctlltural and Technological Service tnit in conducting 
nonagrictltural -.clor.; ',o that growth in technical training arid managerial courses, 
these sector:; will become riltual ly in performing adapt ive tests arnd demonstra­
reirnforc inig. tion plots, arid ill encouraging various 

socioeconomi c devel opment programs. 
The center wiwi collect and process 

relevant in format ion on farm conmnodities, INSTITUTIONAL I:HIII'iT'ORK AND LAND JSE! 
estate ard plant ation-.;calc farming and CIIARACrIiIiSI'iT(:S ANi 'ROBLtEMS 
biological , chino lo.icll and socio­
economic aspects of various stages of The Office of Coastal Land Development 
development from preinvestment to post is the component of the Land Development 
harvest, through its rcsearch activities Department that will carry out the Coastal 
and from other sources. This information Land Development Project. Structurally 
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TABLE 1. Schedule of project activities 

1981 1982 1983 

Ja b!MrAp y nlJlAg p c v c Ja Fb Mr Ap My Jn Ag Sp Oc Nv Dc Ja Fb Mr Ap My Jn Jl Ag Sp Oc Nv Dc 

1. Building I 

Construction for each Design
 
Zonal Research Center 
 Bids A 

2. installation of 
 I Construction 
laboratories, nurseries, 3esinI 
facilities, and equipment 

Bids
 

t Purchase? 

i Equ ipment 

3. Research, training, handling 
and activities Research staff 
 Installation
 

recru itmient 

Experts

alrri val1 

Research training
 
program
 

_ 
Series of research programs__-Experts 

withdrawal
 



the Office consists of two sectors--central 
and provincial. The central sector is 
responsible for general administration, 
including planning policy, communication, 
and coordination with other government 
agencies relating to coastal land develop-
ment and the rural sector. The provincial 
sector implements socioeconomic coastal 
land classification, conservation of 
coastal resources, land management, and 
development. 

Areas under provincial administration 
are divided into six zones and the utilized 
lands in these areas are classified as 
agricultural land, forest, nonagricultural 
activities, and grassland (narsh and 
swamp). Agricultural lands include those 
used for horticultural crops, perennial 
crops, field crops, and rice paddies. 
Horticultural crops incl ude all types of 
vegetables grown in minor pl antat ions in 
tie limited low-lying areas between rice 
fields. Perennial crops are scattered 
through the region and inclIuIde mixed 
orchard, coconuit, rtUbber tre' hanania 
tree, and sugar palin. Field rops include 
cassava, sugar Cllle, Castor be:in, and 
sorghum. Paddies are sititated in former 
tidal flats and in mere i' areasinland 
whereas forest is found in mountainous 
areas and in tidal lands. 

Important nonagricultural land use 
includes salt production in salt 
evaporating beds or "pans," fish-shrimp 
culture in ponds, inland fisheries, and 
tin mining. '[he salt farming and 
shrimp-fish farming operations are 
commonly located next to each other, and 
sometimes a farmer will shift from one 
type of use to tile other. Usually, these 
salt farms and shrimp ponds are operated 
only during the dry cycle extending from 
November/lecember th rough April. 

Tiln Mining is the ittai n i ndus try in tie 
southern coastal provinces. The 
productivity of the industry is relatively 
high. Ilistorically, tin production in 
Thailand rose from about 4,0(00 tons per 
year around tile year 1900 to 30,000 tons 
per year at present. lowever, it appears 
most of the riclier and more accessible 
land deposits have been or are being 
exploited, 

'[ile number and range of occupat ions in 
coastal provinces are 1 mi ted due to 
four ma in lprobleis: shortage of water 
supply, water pollution, pool, operational 

techniques, and lack of investment funds.
 
About 78 percent of salt-fish-shrimp farms
 
have experienced shortages of fresh
 
seawater supply and inability to retain 
water in the farms. In addition to the 
annual variability of water quality, 
cyclic intrusion of seawater results in 
salt-affected soils. 

The main contributors to water pollution 
at present are believed to be turbidity 
from tin mining and effluents from rubber 
and cassava processing factories, and 
other industries. In addition, effluents 
from palm oil processing are a potential 
pollution threat as is the increasing use 
of fertilizers, herbicides, and pesticides. 

Lack of technical know-how is a major 
problem in the coastal area. For example, 
shrimp farmers still use primitive farming 
techniques for production. Most farms use 
shrimp larvae naturally present in seawater 
drawn to the farms, not from hatcheries. 
Also, tile slhrimp ill some farms are not fed 
with supplementary food. Another example 
is the abandonmlient of croplands by many 

farmers because of salt-affected and 
water-logged soils. In order to increase 
production rates, farmers must buy 
essential inputs such as fertilizer, 
insecticidc, tools, machines, fuel, and 
repairs. But, ill general, these items are 
so expensive that they cannot be purchased. 

PROJECT STAGES 

The Coastal Land Development Project 
will be carried out in three stages in 
each zone. Stage I will consist of a 
land classification survey designed to 
divide the zones into regions suitable 
for agricultural management, mangrove 
forest reservation, industrial estates, 
and recreation. In addition, a socio­
economic survey will also be undertaken to 
identify Project beneficiaries and to 
generate baseli P data for the monitoring 
and evaluation activities. Stage 2 will 
focus on tile deve lopment of a land inap for 
utilizat on aid advisory services. 
Stage 3 .iill be the establishmlntent of the 
technological research center for coastal 
land develo nknt. Tlie first two stages 
of this Pro*iect will be undertaken by the 
Institute of National Applied Scientific 
Research under contract to 00CLI), whereas 
the last stage will be carried out by 
OOCLI) itself. 
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TABLE 2. Staff/personnel participatingin project Implementation 

Numbers
 
In Each 
Center Total Qualifications 
 Role
 

1 6 NI.S. (Systems Engineer) Project managers to carry out systems analysis of
 

multiobjective or conflicting uses.
 

2 12 M.S. (Computer Science) 	 Programers and operators for data base systems.
 

2 12 B.S. (Economics) 	 Economists to analyze farm economics, marketing
 
problems and funding. 

2 12 B.S. (Agricultural 
 Engineers to implement farm mechanization and
 
Engineering) agricultural design and drainage control projects
 

focusing on waterlogging, salinity and pollution
 
problems.
 

1 6 B.S. (General Science) 	 Technologists to undertake field experiments and
 
laboratory analyses. 

1 6 B.S. (Soils Science) 	 Technologists to undertake field experiments and
 
laboratory analyses. 

1 6 B.S. (Agronomics) 	 Technologists to undertake field :nd greenhouse
 
experiments relating to crop protection, plant
 
breeding and seed. 

1 6 B.S. (Animal Science) 	 Technologists to undertake farm experiments
 
relating to animal breeding. 

1 6 B.S. (Marine Science) 	 Technologists to undertake aquaculture experiments.
 

3 18 Certificate in Agricul- Technicians for agricultural mechanics' shops. 
tural Engineering 

10 60 
 Certificate in Applied Technicians for laboratories, nurseries and
 
Science field work.
 

8 18 Certificate in Typists and secretaries. 
Secretari al 
Skills and Typing 

TABLE 3. Assistance requested 

Fi el d TotalNo. m/m No. 
1981 

m/m 
1982 

No. mIn/m No. 
1983 
18m/m 

1. Project Manager 6 1,14 6 36 (6) 72 (6) 36 

2. Economics 6 144 6 36 (6) 72 (6) 36 

3. Agricultural Engineering 6 144 6 36 (6) 72 (6) 36 

TOTAL 118 432 18 108 - 216 - 108 



EXPERTISE, EQUIPMENT, AND FACILITIES 

REQUIRED FOR THE PROJECT 


There is a need for a project manager in 
each zonal center to train and supervise 
Thai counterparts in the establishment of 
research programs for multiobjective 
utility and development. Systems engineer-
ing has the appropriate methodology and 
applications for addressing conflicting 
uses and reaching optimum adjustments. 

Because Thai researchers dealing with 
these problems are in general not familiar 
with such techniques, their research is 
focused on sectoral problems rather than 
on aspects of sectoral integration. Hence 
the results are nearly inapplicable to 
rural conditions and socioeconomic 
development, 

Experts in economics are needed to train 

and supervise Thai counterparts in the 
promotion of opportunities for present and 
future agribusiness. Experts in 
agricultural engineering are needed to 
train and :upervise Thai counterparts in 
the development and promotion of appropriate 
technology for farm mechanization, 
irrigation and drainage systems and to 
raise the rural population's level of 
technical competence. 

The project manager will manage 
development research focused principally 
on the use of alternative renewable sources 
of energy and better use of agricultural 
raw and waste materials, improvement of 
living conditions, creation of jobs, and 
increasing of productivity in coastal poor 
sectors. 


The economists will research aspects of 
coastal agribusiness, particularly purchase, 

processing, storage, and marketing of 

agricultural products. Such research will 

TABLE 4. Equipment required 

Description of No. Re- Unit Price 

Equipment Items quested (US $) 

1. Spectroflame 2 10,000 


Photometer 

2. Kjeldahl Kits 4 2,000 


3. Minicomputer 1 10,000 

involve collection and compilation of
 
economic and agricultural data for planning
 
development in coastal poor areas.
 

The agricultural engineering experts 
will analyze and estimate the demand for 
tools and very simple power tools and will 
plan and implement resear'ch on the 
development, adaptation, transfer, and 
propagation of appropriate technology on 
environmental protection and on agricul­
tural technology such as irrigation and 
cultivation techniques. 

Eefore agricultural technologies can be 
improved, the nature of the soil-plant­
water systems and the productivity of 
natural resources must be analyzed. 
Laboratory work with the requested equip­
ment is an indispensable part of such 
analysis. For instance, a spectro-flame­
photometer is necessary for mineral and 
nutrient analysis, whereas Kjeldahl kits 
are required for sample digestion and 
distillation. 

Because each coastal research center 
must work with complex problems in 
agricultural production, agribusiness, and 
agricultural technologies, alternative 
development models have to be formulated. 
For systems analysis, data programing and 
processing, a minicomputer is necessary.
 

Both the laboratory and the nursery are 
structural components of the coastal 
research centers. Their function is to 
provide working space for analysis of 
agricultural raw and waste materials and 
for feasibility studies of production, 
environmental protection, and irrigation
 
control. As such, the structures are 
indispensable to the research effort. The 
OOCLD yearly budget is inadequate for new
 
construction; therefore, funds from other
 
sources are necessary. 

Total Cost 1981 1982 1983 
(US $) (US $) (US $) (US $) 

20,000 10,000 10,000 -

8,000 4,Ou0 4,000
 

10,000 10,000 - ­
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TABLE 5. Facilities required 

Total Cost
 
Item Requcsted (US $) 1981 1982 1983
 

1. 	 Laboratory 100,000 100,000
 
Construction Cost
 

2. 	 Nursery 50,000 50,000

Construct jolt Cost
 

TABLE 6. Thai governmnent counterpartcontribution to the project 

Government Colombo Plan Total
omponlct 	 Total Budget 


US $ Million Amt. Amt. %
 

1. 	 Experts 0.432 - 0.432 15.94 15.94
 

2. 	Salary of Staff 0.324 0.324 11.96 - - 11.96 

3. 	 Labor 0.054 0.054 1.99 - 1.99 

.1. Construction 0.35 0.20 7.38 0.15 5.54 
 12.92
 

5. 	 Eqtiipment 1.280 0.60 22.14 0.68 25.09 47.23 

0. 	Miscellancous 0.270 0.27 9.96 - 9.96-

TOTAl. 	 2.71 1.45 53.44 1.262 46.57 
 100.00
 

UFJRlE PLANS 	 production, and evaluation of cultivation
 
potential for coastal lands, 1upport for 

Plans for the "uture include a forest management and erosion control, 
continuation of development research in research on animal breeding and cattle 
the fields of shrimp-fish production, raising in coastal inlands, operational 

inmal bl'cCdi ng,, ,ad plant. i zmdloctiOnl research on coastal and inlIand fishcries, 
rclatcd to 'o::i;t ;Il agrihsiness in rural and research on integrated promotion of 
poor scctors. considcrcd rcIc\,ant coastal agrimarkcts and market organization.\lo 

Al're pllin ,g and e xeciI jolt ofr projects in rural poor sectors. 
to promote seed 111011 ill icat iol, seed 
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VIETNAM: BRIEF COMMENTS 
- Dar Duy Chu and 

Le Thac Xinh* 

The workshop was informed that no single 
institute was in charge of the development 
and management of coastal regions in 
Vietnam, although a nunhmer of institutes 
and ministry research units were carrying 
out activities in that ;a-'a. It was noted 
that Viet han h;,Ad il, en::st ;,area and 
was rich il d I.di cr;l1 deposits as well 
as oe'ci'.y .1,,ol1rc,mnd rcc e tiolal sites, 
Ilydrocarhutl, t'le"of 'i ic l; inport ance 
to t hi' eCeiio:V 'tlidillthIis coilt ext deVLelop-
ment of i sc vicc anld tiPaingi , 
fac Ilit L'sw;l, biiI'n ullde rt akin, 

It w;'s "elt thAt oil the ni.t ion;lil level, 
a stitc iIStifot ioII for coast ll .one 
dLeV'L' op)meimt :id niiau 'Cl'l-ilt S;Ilotllkd he 
org;ai:'ed t%ith oh jecti v's to include 
utilization of id;e land, coastal erosion 
and iz:ard preteet ion, and development of 

agriculture and fisheries.. Thc first step
 
should be the organization of a national
 
workshop to exchange information and ideas
 
and to determine further steps.
 

Regarding coastal area development and 
management on the regional and international 
levcl, it was suggested that a specific 
itcm focusing onl Southeast Asia be 
incorporated into the (COP program. It 
was also suggested that more workshops be 
organized and toeClSL'd o1 s pecific suhjccts 
relating to coastal area nlniagement and 
development such as miniin ;ll petroleum 
exploration, eco ystcnis, fisheries and 
protection fror. oil spills nld pollution 
itsSoutheast Asian seas. More United 
Nat ions- sponsored training courses on these 
subjects were requested. 

*Dao Duy Chu is with the Department of Oil and Gas, and Le Thac Xinh is with the
 

General Departmcnt of Geology in Hanoi, Vietnam.
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BEST AVA1LA L.iDULL5 


COASTAL AREA MANAGEMENT IN WESTERN SAMOA
 

GEOGRAPHY OF WESTERN SAMOA 


The independent State of Western Samoa 
consists of two major islands, Upolu 
(1,075 kM2) and Savaii (1,825 km'), and 
eight small adjacent islets. Western 
Samoa lies between 171 0 20'/1720 50'tV 
longitude and 130 20'/1l 10'S latitude, 
It is part of the S00-kin long Samoan 
archipelago, the other five islands being 
the Territory of American Samoa. Upolu 
is narrow and elliptical in outline (77 km 
by 27 kin) with a rugged chain of volcanic 
cones rising to 1,091 informing the crestal 
ridge. Savaii Island (78 km by 45 km) 
consists of broad coalescing domes topped 
by numerous cones, the highest of which 
rises to over 1,818 in. The climate is 
tropical with two distinct seasons, a wet 
summer and a drier winter. Temperature 
ranges are slight, both daily and 
seasonally, with the mean daily temperature 
remaining at about 80"F. Although Samoa 
lies outside the normal track of hurricanes, 
occasional severe storms are experienced. 
111e drier parts of the country receive an 
ani aal rainfall of 210 to 250 cm, the 
wetter parts more than 500 cm on Upolu, 
and more than 625 cm on Savali. 

Savaii and Upolu have a well-developed 
road system focused on the capital of Apia, 

-C. A. Y. Hewson, 
F. Malele, and 
P. D. Muller* 

the only cit, and main harbor, situated on
 
the north coast of central Upolu. On
 
Savaii, Asau is the main town and export
 
harbor for timber products. Physical
 
communication between the two islands is
 
by ferry which runs from Mulifanua (Upolu)
 
and Salelologa (Savaii), and local airlines
 
which service Apia via Faleolo (the
 
International Airport) on Upolu, and 
Salelologa and Asau on Savaii. 

The 1976 indigenous Polynesian population 
of 151,982 was divided geographically
 
between 109,764 living on Upolu and 42,218
 
on Savaii. Most villages are located on
 
the coastal strip and plantations of 
coconuts, cocoa, taro, bananas, coffee and 
other crops extend up the slopes of the 
high volcanic cone-studded, central 
ridges. Away from the cultivated coastal 
strip, the islands are covered with 
moderately dense tropical forest. 

The industries are few in number and 
mostly agriculturally based. The greatest 
number of people are employed onplantations. The chief exports in 1979
 
were copra (16,643 tons), cocoa (1,473
 

tons), bananas (34,343 cases), and timber 
(1,602,727 super feet). 

kC.A.Y. Hcwson is Superintendent of the Apia Observatory; F. Malele is with the 

Apia Observatory; P.D. Muller is a UNDP/OTC Hydrologist attached to the Apia 
Observatory, Apia, Western Samoa.
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EXISTING COASTAL FEATURES 


The major ports are Apia on Upolu and 

Asau on Savaii. The present port of Apia 

was constructed in 1964. The port is
 
located inside a gap in the island's 

fringing coral reef, which is maintained 

by tho freshwater flow from the Vaisigano 

River. The harbor is open to the north,
 
thus leaving the port area unprotected from 

weather from that direction; all shipments 

must leave the port prior to the onset of 

severe storms.
 

During the hurricane season (December 

to March), surges are frequently 

experienced by ships when berthed alongside
 
the wharf. Th1is phenomenon is a result of 
the lack of shelter from the adjoining 

reef when the wind and swell are from the 
northwest, and changes in the underwater 

contours created by the reclamation of 

areas to the cast and west of the port. 
As one direct result of these phenomena, 
tourist ships no longer call at Apia at 

the height of the southern hemisphere 
tourist season, and cargo ships are held 
up and sometimes have to bypass Apia. 

Asau Harbor is the main timber export 
port from which small interislaid vessels 
carry timber to other Pacific countries. 
However, the existing harbor facilities 
are too small and need to be upgraded to 

facilitate the handling of larger ships, 
if the timber export industry and the 
island of Savaii are to be developed. The 
long-shore current in the area is a major 
hazard for shipping and this current, 
together with the hard rocky nature of 
the present dredged channel, retards efforts 

to upgrade the port facilities. Formerly, 
Asau Harbor had a natural channel. 
However, because of coral heads within 
the channel, a new shorter channel was 
blasted and dredged when the harbor was 
first developed in the mid-1960s. The 
hardness of the rock and the long-shore 
current were not taken into consideration 
in this decision, 


LEGAL FRAMEWORK 
FOR COASTAl, AREA USE AND MANAGEMENT 

An exclusive economic zone was created 
by the Exclusive Economic Zone Act of 1977. 
This is "an act to establish an exclusive 
economic zone of Western Samoa adjacent to 
the territorial sea, and in the exercise 
of the sovereign rights of Western Samoa 

to make provision for the exploration and
 
exploitation, and conservation and manage­
ment, of the resources of the zone, and
 
for matters connected with these purposes."
 

The Head of State under the advice of
 
Cabinet may, from time to time, make
 
regulations for the following purposes:
 

.	 To regulate the conduct of scientific 
research within the exclusive 
economic zone; 

# 	To prescribe measures for the protection
 
and preservation of the marine
 
environment of the zone;
 

* 	To regulate the construction, operation 
and use of artificial islands 
(whether permanent or temporary) and 
of other installations and structures
 
within the zone; and
 

* To regulate the exploration and
 
exploitation of the zone for the
 
production of energ-y from the water,
 
currents, and winds and for any 
other economic purposes.
 

The Exclusive Economic Zone Act of 1977
 
is administered by the Department of
 
Agriculture, Forest and Fisheries, and the
 
Agriculture, Forest and Fisheries Ordinance
 
of 1959 is applicable to the zone.
 

COASTAL USE CONFLICTS
 

Present significant coastal uses and
 
their geographic locations include Apia,
 
Aleipata, Asau, Salelologa, and Mulifanua
 
wharfs; the proposed Salamumu-Matautu 
Seawave Energy Project; lagoonal and
 
near-shore fishing; manganese and precious
 
coral prospecting; lagoonal and near-shore
 
black sand and coral-fill mining; and land
 
reclamation near populated centers. 

Plans are being made for the future 
development of all the harbors listed. 
For example, the port of Apia is to be 
resited at Vaiusu Bay, the channel at Asau 
may be resited, and redredging and up­
grading of the interi sland wharfs at 
Alcipata, Salelologa and ul ifanua are 
envisioned. The present dredging of coral 
sand for roadfi 11 and building material 
at Vaiusu Bay i: dredging out an area of 
the proposed new port which will have to 
be refilled. The development of Vaiusu 
Bay will interrupt the tidal seawater 
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flow to mangrove swamps which are the 

breedihg ground for fish, the staple diet 

of a large proportion of the Upolu 

population. The mining of black beach 

sand for construction purposes has caused 

serious foreshore crosion. Although this 
practice has been stopped, future 
development pressure could result in its 
resumpt ion. l.redging of coral fill 
material is causing changes in the 
lagoonal currents and ecology, 

OPTI MA. l)EVEI.OT11NT AND 
WUNAGlCMEN 0!: COASTAl. ISOURCES 

Ihile there is an existing framework 
within the newly forumed Ministry of 
Transport for the development of harbor 
facilities, the comprehensive management 
of Western Si:,ioa's co;,st.al environment and 
resources may have to at.ait the formation 
of a department of natural resources. In 
the meantime, plans and planners should 
consider all impacts of new harbor 


development, e.g., the physical impact on
 
currents, thus avoiding the recurrence of
 
Apia's surge problem, ecological impact
 
on marine life within the reef, and
 
population shifts and resultant require­
ments such as housing and sewerage and 
their effect on the coastal environment. 

In summary, any new harbor improvement 
or coastal development should be planned 
not just as an engineering project, but 
as a project that embraces industry, town 
planning and social aspects. Any such 
development would have associated with it 
marine industries such as small shipways 
or dry-dock facilities with marine 
engineering facilities. We would envisage 
that the construction costs could be 
offset )) these smiall industries. Also, 
mining operat ions should be undertaken 
with regard for their environmental 
impacts and the recharge of the resource. 
The legal framework exists and needs to
 
be applied.
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IV. GENERAL INFORMATION PAPERS
 



POLICY ISSUES FOR COASTAL AREA DEVELOPMENT/
 
MANAGEMENT: LEGISLATION, AGENCIES, PROGRAMS
 

INTRODUCTION 


The objective of this paper is to 
explain the Coastal Zone Management (CZNI) 
program as it has developed in the United 
States and to indicate how some of the 
lessons learned in that program might be 
applicable to coastal development problems 
in this region. These observations, based 
on the author's experience as Director of 
the U.S. CZMkprogram since it began seven 
years ago, will be dirccted principally 
at three points: 

1. 	What is CZM and how does it work? 

2. 	 W at arguments can be used when 
discussing the desirability of 
implementing a CZMI program with a 
national government? 

3. 	 What are the major problems that 
have complicated implementation 
of the CZM program in the United 
States? 

MHAT IS CZM AND 1ION1DOELS IT WORK? 

Some papers have emphasi zed technical 
aspects of coastal management whereas the 
following observations pertain almost 
exclusively to such nootechnical issues 
as problem definition, policy formulation, 

- Robert W. Knecht* 

public participation, options for
 
implementation, and laws and regulations.
 
In this section, I will discuss the
 
coastal problems that gave rise to the
 
CZM 	 program in the United States, the 
principal characteristics of the U.S. 
program, and its current status, and the 
steps undertaken in the development of 
the 	 coastal management program. 

Problems ;ivinE Rise to the CZM Program 
in the United States 

The late 1950s and early 1960s saw 
increasing concern in the United States 
with regard to pollution of the nation's 
estuaries, shellfish beds, and coastal 
waters. By the mid-60s, for instance, 
one-fifth of the nation's shellfish beds 
were closed due to pollution. Similarly, 
more than one-tbird of the coastal 

rwetlands o the country had been 
"reclaimed" by dredge and fill operations, 
destroying their important contribution 
to the biological product'vIty of the 
estuaries. On the development side, 
needed coastal development often faced 
nearly endlcss delays as major 
disagreements on use of the coast moved 
from court to court. Such coastal 
development as did occur, often in 
connection with second-homae vacation 
needs, saw people locating in low-lying 

*Robert W. Knecht is the Assistant Administrator f-,r Coastal Zone Management, 
Department of Commerce, Washington, D.C. 
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coastal areas and on barrier islands, 

greatly increasing the risk of a large 

hurricane-related disaster. 


In addition to these conflicts in use, 

a second kind of conflict was emerging--

this involved a conflict in 
decision making. In the United States, 
the decisions of all three levels of 
government--local, state, and national--
often can have important implications 
on the use and conservation of coastal 
land and water. Local authorities 
typically have zonng and planning powers, 
and thus the most com)rehensive role with 
regard to land and water use in the 
coastal zone. State governments exercise 
control over air and water pollution and 
thus have an important impact on the 
location of major facilities or 
developments and the extent to which 
important natural systems such as 
wetlands are modi fied. State governments 
also have jurisdiction over tihe resources 
of the three-mile territorial sea. 
Finally, the national government controls 
the resources of the Outer Continental 
Shelf (heyond the three-mile territorial 
sea) and, as well, numnerous federal 
programs affect many aspects of the 
development of the coastal zone itself. 
For example, the location of federal 
interstate highways, federal grants for 
the water and sewer treatment plants, 
federal guarantees for home mortgages, 
and the Federal Flood Insurance Program 
all have a direct and immediatO impact 
on coastal development patterns. 

App rov ch Taken 

After receiving a report containing
 
recommendations for a national CZN1 
program in January of 1969, the U.S. 
Congress debated the matter for about 
three years. The debate centered around 
the desirability of a program 
concentrating only on the coastal areas 
of the nation versus one that dealt with 
1land-use prob lems Comlprehensively 
throtIghout the cuti re geography of the 
Inited States. in Octoher of 1972, the 
Congress decided on and enacted the 
Coastal Zone Management Act of 1972. To 
date, Congress has yet to enact the 
comprehensive national land-use program. 

The Coastal Zone Management Act called 
for a program that was voluntary in 
nature with the leadership at the state 
level of government. Federal incentives 

(funding) were provided to encourage
 
and assist states in developing and
 
implementing comprehensive coastal
 
management programs that would provide
 
a policy and procedural framework for
 
local, state, and national decisions
 
affecting coastal resources. The 
resulting state CZNI programs were to be 
balanced, that is, they were to be 
concerned with protecting the sensitive 
natural areas of the shoreline (beaches, 
dunes, wetlands), but also with 
accomlodating coastal facilities needed 
to meet requirements that were more 
than local in nature. 

In addition to the financial incentives 
provided in the Act (financial grants 
for both program development and 
implementation), the Act contained an 
important "federal consistency" provision 
which also was seen as an important 
incentive to coastal states. Under this 
provision, once the states had completed 
and implemented a coastal management 
program, actions by the national 
government (except those involving 
national security) were to be consistent 
with the policies of the state coastal 
program. 

States were promised up to four years 
of financial assistance to develop a 
coastal management program. Thereafter, 
federal financial assistance was limited 
to aiding those states whose coastal 
program had met the requirements of the 
CZNl Act and who had put their programs 
into operation.
 

Current Status
 

All 35 eligible coastal entities 
(22 ocean coastal states, 8 Great Lakes 
states, and 5 territories) applied for 
program development grants and initiated 
a CZN1 effort. To date, 19 states and 
territories have had their CZM programs 
approved by the federal government and 
are now receiving financial aid for 
operating those programs. It is expected 
that six to eight additional states and 
territories will receive federal program 
approval and implementation funding 
during the next twelve months. 

Currently, the nat ional CZM program 
within the United States is undergoing 
a period of evaluation and scrutiny 
because the initial legislation expires 
in 1979, and Congress is now considering 
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extending the lifetime of the program. 
As part of this consideration, both the 
administration and the lcgislative branch 
are undertaking a fairly cxtensive review 
of the achievemaents of the Cz. programs 
of the various states up to the present 
time. NVhilc substantial differences of 
opinion exist with regard to the relative 
effectiveness of the (:ZN in the United 
States, most iiterests seem to want the 
program to cont in ue. :Envi ronmental ists 
would prefor to see a more protectionist 
approach taken, and energy and 
development interests, of course, would 
like to see tie program facilitate
coastal deelopuent. Nonetheless, all 

seem to agree that the prograim is moving 
in tile right dircction and, ill balance, 
is aidinlgl ill tile Illore rational 
development and con-.ervation of tile 
coastal zones of this country. 

President Carter, in an environmental 
message ill Autgust of 1979, recommended 
that the lc-,,islation ai'iorizing the CZI 
p'rogran he extenided for au, additional 
five ycars but that, in the process, more 
definitive coastal policy gcls be 
written into the law and program. The 
coastal policy goals he recommended arc 
as follows: 

* 	 Protect signi ficant natural 

resources such as wetlands, 

estuaries, beaclies, dunes,
 
barrier islands, coral reefs, 

and fish and wi Idli fe; 


* 	 Manage co,:;t ;l development to 
minimize loss of life and property 
from floods, erosion, saltwater 
intrusion, and subsidence; 

* 	 Provide predict able siting processes 
for major defense, energy, 
recreat ion, and t ransportat ion 
facilities; 

* 	 Increase public access to the coast 
for recreation purposes; 

* 	 Preserve and restore historic, 
cultural and aesthetic coastal 
resources; and 

* 	 Coordinate and simplify government 
decision inaking to ensure proper 
and expedited management of the 
coastal zone. 

ELEMENTS OF CZM
 

CZNl Goal 

The overall goal of CZM is to obtain
 
maximum long-term benefits from coastal
 
resources. The key to the achievement
 
of this goal is tile recognition of the
 
"intcr-connectedness" of most coastal
 
uses, and hence the planning and
 
management of the coastal zone in as
 
comprvlhensive a fashion as possible.
 
Another way to state the CZNI goal would
 
be as follows:
 

The development of a management 

system permitting conscious
 
and informed choices among
 
development alternatives.
 

Principal Elements of CZMI 

CZMlhas three principal elements: 
problem definition, )olicy formulation, 
,and implerrentat ien. 

Problem Definition 

Obviously, to be successful, a CZil 
program must addres, the real coastal 
problems of a region. Hence, the initial 
task is to define tile coastal problems 
that exist or are expected to exist in 
the fuiture in a pa'nrt i cul Iar reg iOl or 
coastal jurisdiction. 

* 	IsWhat are the coastal problems and 
opportunities of a region? 

* 	 ihat isstes should a coastal
 
management prorain address?
 

Clearlv, there is a need to tailor the 
CZM programs to fit the particular 
situat ion. There is no cut -and-dried 
CZNI progran to fit all situations. 
lowever, most CZ progravms will be 
designed to address t lie following kinds 
of 1)rol)l i : 

Suibstant i r-- eiros i on, coastal
 
floodiig, deVClo PPl'it of offshore
 

oil and minerals, lack of 
recreationa:l access and facilities. 
low level of econom ic dvelopment, 
need for fisheries dt, velopment. 

Institutiona;l/i.e.;rIl---lack of
 
long-range plans, lack of
 
governmental atithority, lack of
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appropriate laws and regulations, 

lack of adequate enforcement. 


Technical--lack of data or
 
information on resource potential, 

lack of adequate know-how, lack 

of trained people. 


Economic--lack of funds to conduct 
studies to develop plans, etc. 


Certain types of coastal systems have 
common problems. Clearly, defining the 
prob'.em or prol)lems that a coastal 
management program is to address is a 
fundamentally important first step. In 
a generic and rather general sense, the 
probem will often be defined as follows: 

flow can we bring about increased 
economic deoelopn.i.nt of our 
coastal resources without 
jeopardizing the economic 
activities that depend upon 
biological productivity 
(fisheries), and physical 
attractivcness (tourism)? 


In many coastal regions, the goal is 
to maximize the long-term economic return 
from three sectors simultaneously--
fisheries, tourism, and industrial 
development. The extent to which this is 
possible will depend upon the potential 
for each sector (the resource base, the 
market, and other factors), the impacts 
of the development of one sector on the 
well-being of another', and a number of 
other factors. Developing the right mix 
in terms of devel opment emphasis is, 
there fore, a crmcially important element 
()f' 	 C:TN. 

Policy Formulation 

The second important element in CZNI 
involves the development of a policy 
framework to guide private and public 
decisions with respect to the use and 
conservation of, coastal zone resources. 
'Jbvi ously, the p0licy framework will 
closely parallel the problems delineated 
above. 'Iihis policy framework will 
generally involve determin inmg tile 
development potential of Variotls 
re!;ources, determining time impacts 
(envi ronment Il,a S0ocia, economic) of 
such developmen , determining the costs 
and bel'efit; of' development alternatives, 
and ultimately, determining the setting 
of priorities between development 

alternatives, and agreement on safeguards
 
to reduce adverse impacts of preferred
 
development.
 

Typically, three kinds of policies
 
seem to be needed in the typical 
coastal area: 

* 	Policies related to coastal
 
development;
 

e 	Policies related to marine resource
 
development; and
 

e 	 Policies related to natural systems 
protection. 

The kinds of individual policies and 
issues that will usually need to be dealt 
with under each major policy area are 
outlined below. 

Coastal Development (Shoreland and 
Nearshore) 

Natural hazards policies (coastal 
flooding, typhoon, tsunami, tide
 
action, erosion)
 

Tourism (hotel siting policy,
 
public facilities, aesthetic
 
policies)
 

Industrial siting (ports and 
harbors, aquaculture, water 
dependency policies) 

Marine Resource Development
 

Fisheries development
 

Offshore petroleum development
 

Hard minerals development
 

Ocean energy sources (OTEC, etc.) 

Natural Systems Protection 

Wetlands 

Coral reefs
 

Lagoons, estuaries, shellfish
 
beds
 

Beaches, dunes 

In addition to policies for 
development and protection, often 
policies are al.,o needed to deal with 

122 

http:deoelopn.i.nt
http:prob'.em


improved intergovernmental coordination, 

Such policies would encourage, 

facilitate, and streamline permit
 
processes and other governmental 

procedures in order to ensure that 

fragmented decision making of various 
levels of government does not frustrate 
the 	achievement of coastal policy goals. 


To be effective, coastal policy should
 

be as specific and as concrete as possible. 
It should provide a clear statement of 
what the future should hold for various 
portions of the region's shoreline and 
coastal waters. It should provide 
clear-cut information to all concerned 
as to what kinds of development will be 
approved, on what basis, and in what 
locations. It should also indicate 
clearly what areas of the coastal zone 
are "off limits" for developments of 
various kinds. 

Implementation Approaches 

The final element in CZM relates, 
of course, to implementation of these 
policies, flow can we enforce them? 
flow 	 do we make them stick? [low do we 
achieve tile policy goals we have 
developed to address the coastal problems
 
we have delimited? 

In general, the different 
implementation approaches listed below 
will be used in connection with each 
of the three sets of policies: 
protection, development, and improved 
governmental coordination. 


Implementation of Protected Policies 


Laws, regulations, and permits
 

Development of guidelines and
 
standards for coastal development 

near sensitive natural systems 


Tax policies giving relief for 

nondevelopment in sensitive area 

National government financial 
and technical help (leading to 
improved development policies,
 
nonpolluting facilities, etc.) 

Implementation of Development 
Policies
 

Laws and regulations regarding 

hazardous areas (e.g., building 

prohibition in flood or
 
tsunami zones)
 

Laws and regulations regarding
 
setback lines to deal with
 
eroding areas 

Laws and regulations regarding
 
preservation of scenic views
 

Technical assistance regarding 
aesthetics and design 

Laws and regulations giving
 
priority to water dependent uses 
of the shoreline 

Infrastructure funding policies 
of government which guide 
development into certain areas 
and/or away from other areas 

Taxing policies (e.g., which 
disallow writing off certain 
losses in hazardous areas) 

Laws and regulations regarding 
the siting of major facilities 
(e.g., regarding discharges, 
appearance, public access)
 

Licensing and leasing schemes
 
for shoreland and water areas for
 
resource extraction purposes
 
(e.g., oil, sand, and gravel)
 

Government support (loans,
 
guarantees, grants) for needed 
shoreside support facilities
 
(e.g., fish processing
 
facilities, storage, harbor
 
improvements)
 

ROLE OF NATIONAL GOVERNMENTS IN CZM
 
DEVELOPMENT
 

The national government role typically
 
has three aspects to it:
 

1. 	to provide general policy
 
direction;
 

2. 	to provide technical and financial
 
assistance to local jurisdictions;
 
and
 

3. 	to provide implementation help
 
(often shared with local
 
authorities). 
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In a typical situation, the national 
government would encourage a coastal 
area (either a governmental jurisdiction 
or 	iinatural coastal unit) to develop a 

coastal management program. The national 
govcrnment would be expected to provide
general policy direction, technical 
assistance and, if' possible, financial 
help to the local authority to assist in 
the planning and program development 
phase. In due Course, tile local and 
national government would agree on a final 
plan which meets both local and national
 
needs in terms of coastal development 

and protection. Furthermore, these 

entities would agree to use both local 

and federal authorities (in the lcgal 
sense) to achieve the policy goals agreed 
upon in the coastal plan. They might
also agree on dividing the costs of 

implementing and operating such a 

coastal program. 


In conclusion, I should like to 

address two final points: low do you 

convince your national government that
 
coastal zone management will be 

beneficial to your situation? And, what 

are tie principal problems in making a 

(r, program work? 


Convincing Your National (;overnment 
of the Merit of CZM 

The following five points would be 

useful in discussing the merits of CZH
 
with a national government: 


1. 	implhasizing the develo!pment aspects 
of coastal management is a positive
approach. Hence, the terminology 
"coastal area development" or 
"coastal resources development" 
are far preferable to "coastal 
zone management." 

2. 	The "balanced" nature of the 

coastal management approach 

should be emphasized. The
 
emphasis in the program also 
should he on management, that is, 
tile prudent use and development 
of resources, and not on 
preservaLtion ml se. Of course, 
protection of seisitive coastal 
areas is a key objective of CZM. 

3. Determine early who is potentially 
opposed to CZM and develop 
arguments particularly aimed at 
that sector. 


e 	Energy and industrial interests
 
can be convinced that CZMl will
 
facilitate rational development
 
and increase the predictability
 
of the coastal situation.
 

Local authorities should realize
 
that they cal increase their
 
impact on national government
 
coastal policies through a
 
partnership involving local CZl
 
programs.
 

e 	 Rival governmental agencies 
should be incorporated into 
the CZNt planning process early 
on and made partners in the 
program. 

4. Clearly, one needs to argue the 

logic and reasonableness of
 
rational coastal planning and
 
management and obtain a maximum
 
number of allies for this point
 
of 	view. 

S. 	Governments about to embark upon
 
the planning for new 200-mile
 
exclusive economic zones should
 
easily understand that this work
 
should be based on a foundation
 
of rational coastal planning and
 
management.
 

Some of the Problems in Making CZM Work 

Based on the U.S. experience, several
 
kinds of problems occur in the CZI
 
programs.
 

Initially, it was difficult to convince
 
the federal government to provide adequate

funding to get the program started on a 
proper basis. Similarly, a sustained
 
effort has been needed to keep enough
 
funding available during a 4- to 5-year

period so that adequately comprehensive
 
CZNl programs could be developed.
 

Another problem has to do with data 
and information. Clearly, the right 
information must be available at the right 
time if well-founded CZH programs are to 
be created and implemented. Certain kinds
of 	information are needed as input into 
the policy formulation phase. Di fferent 
kinds of information are needed later when 
laws and detailed regulations are 
developed to implement these policies.
 
It 	 is fundamentally important that data 
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and information collection programs 
produce the right kind of information at 
the right time in the program development 
process. 


Surprisingly enough, one problem has 
to do with the kinds of issues that CZNI 
programs sometimes try to avoid. Unless 
the work is carefully supervised, 
planners and others connected with the 
development of the CZM programs scmetimes, 
understandably, try to avoid the hard 
coastal l)roblems of a region, preferring 
to put them off to a later day. The 
benefits of coastal management will be 
lost unless the real and urgent problems 
of the region are faced honestly and 
openly. 

Unless public support and understanding 
exists for the coastal management program, 
the long-term goals of such an effort 
will not be achieved. Successful CZNl 
requires a long period of public education 
and awareness. This educational activity 
must continue throughout the lifetime 
of the effort. 

CONCLUSION 

This paper has reviewed the "essence" 
of coastal zone management, at least as 
it has developed in the United States. 
There has been an attempt to dissect 
CZM into its principal elements and to 
discuss how each would relate to the 
situation typically found in this region. 
The coastal management approacl has much 
to offer to coastal nations of Southeast 
Asia as they begin serious development 
of their coastal resources. 

SIIMARY OF DIISCUSSI(JN ON POLICY ISSUES FOR 
COASTAL AREA [EI:VI.:IOPMEIlN'I'/,IANAGIENFENT: 
LEGISLATION, A(GINCIIES, PROGRAMS 

A question was raised as to the role 
of economic and budget aspects in the 
planning process heing discussed in this 
Workshop. It was recognized that although 
the process being discussed was that of 
management of the natural environment 
after decisions on development projects 
had been made, fiscal matters and economic
and social trade-offs were indeed an 

important part of the coastal area use 
planning process. 

In response to a question regarding 
definition of the boundaries of the 
coastal area, and thus the relationship 

of inland environmental protection policy
 
and water quality control to coastal
 
area management, it was noted that
 
coordination of various national programs
 
is usually a problem because of
 
overlapping and conflicting agency 
jurisdictions. However, it was also 
noted that in the United States, water 
quality control laws had been incorporated 
into the coastal zone management programs 
as minimum standards with exceptions for 
special areas requiring higher standards. 
Whereas it was recognized that the 
definition of the coastal area will vary 
between and within countries depending on 
physica) geography, specific types of 
activities, an, planning objectives, it 
was considered that a general working 
definition, e.g., "coastal area," might 
include those areas on land and in the 
water which are sites of activities 
affecting the coastal area proper. 

The degree of detail contained in 
United States' state CZ1l programs was 
elaborated. The example used was the 
broad range of objectives and policies 
contained in the CZMNprogram developed 

by the island of Guam. Furthermore, it 
was indicated that state CZN programs 
typically set specific policy goals and 
directions for important geographic areas 
of their coastal zones. 

In elaborating tile need for policies 
to protect the important natural systems 
of the coastal area (e.g., coral reefs, 
wetlands, beaches, and dunes), the 
importance of focusing on the economic 
value of these protection policies was 
stressed. The example used was the once 
very beautiful lagoon in front of Guam's 
best tourist beach that is now filled 
with unsightly green algae due to neglect 
of the natural system, couled with 
inadequate pollution controls. Other 
examples served to illustrate the concept 
that by modifying tle development proposal 
slightly (e.g. , moving a hotel site back 
behind the front row of dunes), or 1)y 
adopting more environmentally sensitive 
techniques (e.g., laying oil pipelines in 
a wetland so as not to modify the 
circulation of the water), it was possible
to have both a new development project 

and retain the natural systems in 
functioning order. 

Several questions focused on the method 
of determining appropriate management 
strategies. It was suggested that the 
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actions taken should try to capitalize 

on the natural processes and not alter 

them. Where beach erosion is a problem, 

for 	example, a solution that uses sand 

instead of introducing foreign materials 

such as rock is preferred unless a crisis 
situation is present. If mining of the 
beach is required due to lack of other 
sources of sand, one should mine where 
there is excess sand or where the sand 
can 	be replaced, and in such a way that 

erosion will not be accelerated. The 

plant life in the dunes should be 

preserved since they act as sediment 
traps.
 

The topic of regulations oil setback
 
distance was discussed in detail. It 

was recognized that regulations should be 

designed with an understanding of the 
historical record on erosion. All 

pertinent data should be collected and 
reviewed. In this connection, it was
 
felt that mathematical models such as 
those describing flushing phenomenon 
were important lut did not provide 
guidance for beach erosion. An empirical 
approach on a site-by- site basis was 
considered more appropriate and useful. 

The discussion then turned to the 
relationship between a state CZM program
and environmental impact statements (EISs). 
It was indicated that in the linited States, 
an EIS was required in connection with 
the 	 national government's approval of a 
state CZ, program. For convenience, these 
documents are typi cally comb i ned into a 
single volume, as ill the case of (;am. 
Whereas individual FISs were Still 
iequii red ou specific projects even after 
the 	 state CZMl prog rai was fully approved
and implemented, it was noted that EISs 
on projects that were consistent with the 
state' s CZM program Could be cons iderably 
shorter and were likely to be less 
controversial as well. 

1The 	 (Iiscuss ion then Focused on the need 
for 	generaring public support for CZM if 
it is to .ucceed over the long termi. The 
meeting noted the di fficmlty of doing
this in countries where jobs, economic 
development , and improvements in living 
standards are the hi ghest priority. 
lowever, it was recogni.zed that good 
coastal mrnagement makes good economic 
sense as well, and that this message, in 
hard economic terms and with examples, 
must he communicated to the interested 
officials and the publ ic. For example, 

protected wetlands and mangroves have
 
been shown to mean more fish and, hence,
 
more money to the fishing industry. Also,
 
unspoiled beaches and clean coastal water
 
means more tourist dollars. It was noted
 
that Coastal Zone Management does not 
mean no use of the coastal zone--but 
prudent use in order to maximize benefits 
over the long term. 

In connection with this agenda item,
 
several additional documents* were
 
referred to or made available to the
 
meeting, viz.:
 

Coastal Zone Management (CZNl) 

1. 	Educational report on CZM by 
League of Women Voters. 

2. 	Excerpts from the Guam CZNI program 
document (policies only). 

3. 	 Coastal Mapping Handbook (general 
information and techniques for 
mapping the coastal zone).
 

4. 	"Our Nation's Wetlands" (an 
educational document dealing with 
the value of wetlands). 

5. 	"The Coastal Zone Development
Dilemma of Islands" (an article by 
E. Towle). 

6. 	Guam CZM Program (the full program 
document) 

7. 	Rules and Regulations of the U.S.
 
CZM program.
 

8. 	 Natural Hazard Management in 
Coastal areas (issued by U.S.
 
Department of Commerce, Office of
 
Coastal Zone Management). 

Onshore Impacts of Offshore Oil 

1. 	Educational report on onshore 
impacts of oil by League of 
Women Voters. 

2. 	"''The Shetlanders Accept the 
Challenge" (a report of how these 
remote islands in northern Scotland 
faced the onshore impacts of 
offshore oil) 

*Additional copies are available from the 
Office of Coastal Zone Management, NOAA, 
3300 Whitehaven St. , Wash. , D.C. 20235. 
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APPLICATION OF INFORMATION AND DATA TO COASTAL 
DEVELOPMENT AND MANAGEMENT 

Civilizations have been associated with 

coastal margins of the world since time 

immemorial. However, it is only in recent 

decades that mani has categorized and 
organized this part of his environment 
causing what appears to be a sudden awaken-
ing to the significance of this thin strip 
where land and sea merge at tile stvrclinc. 

The coastal area complex, an extremely 
important resource in Southeast Asia 
because of the archipielagic nations and 
extensive national coastlines, includes 
the coastal waters, the continental shelf, 
adjacent shorelands, and water bodies 
influenced by alnd in proximity to the 
.;horelinc. These coastal areas are 
recognized as the most productive ecological 
units in the world ill terms of hi omass (the 
amount of ext ant living matter) and are also 
one of t:he most desirable areas for human 
habitation. Inevitable conflicts will 
continue to arise in this area because of 
the competing uses for its resources, 
including space. 

Worldwide coastal areas can be classified 
according to the i r geomorphology or 
biological characteristics, e.g., mangroves, 
sandy beach, lagoon, rocky shore, embayment, 
delta, or estuary. These are all familiar 
classifications. Today, however, tile term 
coastal area or coastal zone is commonly 
used to imply that wiat was formerly tile 
simple shoreline area is now a complex 

-Ronald B. Linsky*
 

system frought with interactions that are 
difficult to comprehend. What at one time
 
was the province of biologists and 
geologists has now become the territory of 
the sociocconomists, politicians, and
 
lawyers.
 

With these changing perspectives has 
come a redefinition of the area now 
depicted as extending several kilometers 
landward and seaward of the shoreline 
itself. With this expanded view of the 
arca have come new requirements for data 
and information. Of equal significance 
has been tile problem of defining tile 
coastal area in m,ragement terms, of 
determining i f such an area is manageable, 
and, if so, what the management unit should 
ble. All these considerations and more have 
been tile focus of coastal management 
programs around the world. 

Coastal management involves the ability 
to make decisions based on tile best 
available infornination regarding resource 
allocations. These decisions are data and 
information dependent and require the input 
of scient i sts, planners, and administrators. 
Al though not particularly a new concept, 
the integration of these perspectives into 
a systems approach to decision making is 
new. This is not an ensy task as one can 
see by reviewing the many attempts through­
out the world in coastal management 
act iv ities. Some have been successful 

*Ronald B. Linsky is a Consultan' o the Committee for Co-ordination of Joint
 
Prospecting for Mineral Resour ; in Asian Offshore Areas (CCOP).
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while others have failed. Sometimes 

failure resulted when the popularity of 
coastal area management demanded adminis-
trative action before adequte descriptions 
of baseline conditions were detcrmnined. In 
many instances, it was determined that 
indeed a knowledge of has ic natural laws 
as well as principles of socioeconomics are 
prerequisites for coastal management. 

Coastal planning suggests a wide range 
of questions requiring scicntific and 
technical information and data. Development 
activity anywhere in the coastal area, 
offshore or onshore, is a potential source 
of stress to the coastal environment. There 
are many cri t ical natural components to 
this envi ronment: fringing wetlands, 
estuarine bottoms, shellfish beds, coral 
reefs, mangroves that provide important 
habitats for coastal species including 
nestilng and breediig areas. For purposes 
of planning and development , eich Sulch 
area should be analyzed and designated for 
protection or 1 liiT ted use. In addition, 
the basic enrvironien tal processes such as 
water c i rcuIat ion, nut ri cut i nput , and 
sunlight pelnetration of tile water coltimn 
must also he con';idered. 

Ill general , the paucity of systemati call y 
collected information anid data regarding 
either resources or the acta l and potential 
modifications tupon those resources iiiler 
the abi li ty of, ilist i tut ions to implement 
environment alI p01 IC i es . 'There i - not only 
a need for betEter ta anti intformation hut 

for a pplied research on specific environ-
ments and factors regardijlg their 
moid i f i cat ion potent ia Is. Mod i fi cat ion 
potentials ire al so re'erred to as impacts. 
Ilowever, tire term i ipaice t has a nega ttive 
corIlot at ion ant doe:; iot co rrect I y 
express w'hat some Cons ider as Clvir IonlmentalI 
en anlcenent . 'the alll0 ile lVi I'011lrWIlt Calll 
absorb cons i derab Ic ];,) i f'i cat i oils Without 
catusing negat ie iFmor."s. For examp le, 
il some highly developed coasta l :1'eas, tie 
only sou,roe oi nutrients for tire nearshore 
mai'ri ne ellv i l'Olinellt i s tie_ adjacerit Ilr'b;aii 
dischages th'It eiil;nltt frol primary or 
secontda ry sewerage t re:t il'll faciI i t i es. 
Data reri ig fish IMlINllat iOs ill such 
areas i diclic a very albiindaii aIni viable 
popll at ion. 

Tire ainouni t of tilamale thIat may result 
fromir any diStI ,rlmc)are tieperids on tile 
characteristics anti vulneribilities of tile 
specific ecosystem; this is where tire 
expertise of tire natunral scientist is so 

vitally needed. To use the term pollu­
tion, one must be able to define the term
 
damage, for that is what pollution should 
mean. Unfortunately, the term has come 
to mean practically anything found in the 
ocean or coastal waters that is normally 
not found there even though it may not 
be detrimental to tile ecosystem or 
physical integrity of tile environment. 
If the scientist call define damage, then 
he must also nave some way of measuring 
damage to human or marine life or 
aesthetics. Therefore, it is most 
important that coastal areas have some 
baseline information and data program 
established simuriltaneous ly with tile 
planning process. It i s unfortunate that 
these types of information and data are 
sorely lacking from the majority of 
coastal areas of the world. 

Potential euvironmen tal problems from
 
production activities at sea are of three
 
general types: alteration of the shape
 
of tile seafloor, interference with other
 
users of the area, and disturbance of
 
marine ecosystems.
 

Dredging, for instance, may change the
 
shape of the seabed sufficiently to alter
 
local wave and current patterns. This
 
could lead to changes in coastal erosion
 
or deposition and coultd cause destruction
 
of beaches, siltation of harbors, removal
 
of offshore banks, and disruption of
 
l ongshore and transport systems

Experience ill liurope and elsewhere has 

shown that mining operations can be 
hazardous to other marine activities or 
emplacements, causing collisions ill 
shipping channels, disturalnce of 
navigational Ibuoys or anchorages, and 
cutti ng or displacement of buried cables 
or pipelines. 

Tre potent ia 1 impact of marine mining 
on ecosystems is one of the least known 
areas of environ.m tal concern and one of 
the most diffictiit to assess. For tile 
most part, effects arc secondary and due 
to some alteration inr the existing 
physical , chei i cl , or t roph ic equi librum. 
Impacts o tihe coast teni to ibe more 
significant tha those on tile outer 
continental siel f becairse of the higher 
physical anld biological energy levels 
founId there aind because of the proximity 
of tire coast to poiur lation centers. 
I'htysical chainges that lay' iItduce biological 
effects include va riations ill temperature, 
current patterns, amount of suspended 
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particulates, nature of the seafloor and 

substrate, light penetration and photo-

synthesis, and the introduction of new 
habitats. Significant chemical changes 
may occur through the introduction of 
nutri.ents, trace elements, o" toxics. 
Possible changes include selective removal 
of, or influence on, existing species by 
their involvement in the operation, 

Criteria by which to judge pollution or 
significant environmental change are 
often arbitrary and, where given, may err 
on tile side oF safety, based mostly on 
tile assumipt ion that no change is tile 
preferred state. This assumption is open 
to argument, and much more data are 
required befoire gene rali zations can ble 
made--if, in fact, they ever can be made 
for such a varied and dyNnam ic environment, 
Eiffects of operations on living marine 
resources can i,- judged beneficial, 
insignifi cant, or adverse. To date, some 
beneficial effects have been recorded or 
discussed, such as the attraction of fish 
to offshore st ructres, the enhancement of 
substrate hab itits and hioriass producti vi ty 
by alteration of the texture of tile seabed, 
tile enhaimcernlet. of substrate lhabi tats due 
to introduction -.!" new nutrients through 
mixing and rellacement of the seabed 
material, theri-mal stimulation of plant and 
anilmal growth , introdiict iou of ntrients 
by mixing of water masses, and eniuancement 
of phytoplankton growth tirotrgh an increase 
in turidity in tiltraclear waters, 

The list of potentially adverse effects 
is much longer. For example, the direct 
effects of pollutants on individual 
organ isns incltde abnloi-lnal growth, 
decreased productivity, behavioral changes , 
accumulation effects in the trophic chain, 
restriction of' mtor functions. erosion 
of gill t'ilIaIerits, suffocation by b ril'I, 
retardation of metalbolic efficiency in 
filter-feeding anii m Ials, pressure shock, 
embolisin, and theriial siock. Changes in 
diver-sity and NIbrIrdarrce and other secondary 
effects on the CoIrrirrimlity ind ecosystemi 
structures rnav be causIe Iy disru'ption of 
food webs, cIhinees ill predator-prey 
relationships, reduced coiriirnity stabil ity 
in response to erici iroInei tal1 flumctuations, 
changes iii age struct ore of populations by 
selective mort al i ty, changes ill dynamic 
)ehavioral patterns, cornecentri-at ion of toxic 
fract i ons through food cl iii t rans fers, 
loss of botton habitat, provisiour of new 
habitat, mi grat ion of population, and 

introduction of dormant species from bottom
 
to surface waters.
 

Analyses of the potential impacts
 
require a knowledge of the undisturbed
 
populations and their natural cycles so
 
that changes can be predicted, verified,
 
and controlled. At the present time there
 
is little agreement within tile scientific
 
community about what constitutes an
 
adequate knowledge of' preoperating condi­
tions or baselines. Iifficulties arise
 
in the selection of indicator species
 
that will adequately represent the b iotic
 
community and its reaction to the
 
disturbances. The idea of measuring
 
basel ines is st ill so new that the effect
 
on local biological commliiti es of long­
term regional cycles, for wilicb there are
 
no data, maiy hi oveiooked or unsuspected.
 
Conversely, the effect of' local impacts
 
on regional or global communities may be
 
underes t imated or oveirestimat-d with no
 
change of' immediate verification of
 
disproof.
 

From the foregoint, considerations, it 
can be generally concluded that potential 
disturbances from mar ine offshore operations 
are dependent on both the methodology of 
the opeiat ion and the environmental 
conditions of the ara. Apart from some 
broad guidelines, concIisions oii potential 
impacts should be opurrtion- and site­
specific. "ost physical aid chemical 
changes Canii be mcasured, but assessment of 
the effects of hiioloical perturbat ions 
requires intensivc :ard Itig-tCril study. 

P1lanrilers aid scicrt i sts should 
concurrent ly parti c ipat c ill tile process of 
planlling for 1rV dcVCl opIrent.coastl ac l 

IWhether making recomendat ions or passively 
revieving thie docrIents generated )y 
nonscicutist.s, the r(l c of : scientist is 
not an easy one. le cecological conse­
qulences of coastal developIlmeirt are so 
complex and so imperfect Iynude rstood that 
it is often ext remcly di fficult to formulate 
specific developimernt s taladards for 
protection of iatmiil';I; ilnv rOiinerits and 
conservat i of . .cicutific0on rsrces 
research has pr'-oided a genei-al awareness 
of the vallieis of' at unl'al systelis and of 
tile effects tlill dcelopmcnt can have oil 
these valtes. Coast al aens call have either 
or- both a natirial and economic value placed 
upon them. 

A natural valie is determied after a 
substantial study accurately quantifies 
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an area's resources and their relative 

abundance. For example, after intensive 

study, i f a particular coastal estuarine 
environment facing potential modification 

is known to serve as a nursery for a 

particular coastal fishery, the area will 

gain a certain natural value. If the 
estuary is also the habitat of a rare 
species, its natural value will increase, 

The monetary economic value of an 
estuary can he derived from the estimated 
value of its harvestable shellfish or fish 
and other economic specie,;. Nonmonetary 
values may be derived from, e.g., the 
number of people deriving recreational value 
from the estuary or the innlite aesthetic 
qualities of the estuary. 

Once the value of the environment has 
been measurel, the next step is to estimate 
how the values may change under the 
influence of fttr'e development activity. 
If a potential offshore fishery has been 
estimated to be wvorth so :iny millions of 
dollars, what w 1ilbe the value impact if 
offshore liydroc lotli production or hard 
ineicral mining is undertaken? Will one 
operation reduce the ecoomic value of 
the fishery re,.olirce signi ficantly? Ni II 
the h)drocarhon exploration and potential 
recovery have a greater economic valtie 
than the fi shery and will ther:e be more 
socioeconomic benefits to people? A 
country should be able to determine these 
kinmIds of answers isn order to understand 
the relative value aml costs of managing 
coastal envirionments. 

Tit the aibsence of standards, analysis 
of area-speci fic scientific data for 
natural systems may he necessary for each 
pl aimliiig progrm inii order to determine the 
range of" environment modification poten-
ti al s. (,i iding principles such as 
'"protect wetiaids" or "preserve water 
quality" are me a i o,less terims iiiless 
translated into ;pecific deci sion-iaking 
strateg i es. Although scientists can state 
the opt ilumtoad it ion; for the fmalitenance 
of an ecosystem, witi few except ioiis they 
are not able to determine whlt colist itites 
sociall acceptahlle or un;cceptab le levels 
of resource protect:ion. Scientists can 
establish criteria upon whilch decisi on 
making cali proceed, but they are not 
qualified as scicutists5 to make those 
dec isions. 

The special role of science in coastal 
planning can be uncomfortable for a 

scientist. The role does not involve
 
basic research with which many scientists
 
are familiar, but information transfer,
 
including data interpretation, prediction,
 
and consultative services, a role which
2
 
many, if not most, scientists scorn.
 

Planners do not necessarily need new 
research results but often require more 
application of what scientists already 
know to the problems of planning and 
management. The collection of raw data 
is the beginning of the process of planning 
and management, lut if nothing is done with
 
the data, it is of little help to the 
planning process.
 

Without knowledge of the environmental
 
baseline conditions, prediction of how a
 
proj ect will interact with natural and 
socioeconomic systems is exceedingly
 
difficult. In general, thu commodity of 
time is the most critical element in
 
securing information and data prior to the 
decision-making process. For coastal area 
development, the period between planning 
and implementation is usually not adequate 
to gathe-,. sufficient baseline data and 
information. Neve rthel e.ss, data and 
information collection must be undertaken 
in order to provide deciCsion makers tie 
opportun i ty to gain some insight, even 
though limited, into the environmental 
modificati, n potentials of a project. In 
the final analysis, piecemeal data and 
information collection without an overall 
planning strategy are not adequate for 
coastal area planning purposes. Regional 
or national schemes, on the other hand, 
are longer in duration and can provide a 
synoptic view of conditions, trends, and 
potentials. 

The second most criti.al problem is 
cost. The cost of the information 
collection and research necessary to 
conduct a thorough analysis related to 
a particuiar project may well be greater 
than the potent ial costs of the adverse 
impacts idtntified .1 It is advantageous 
illcertain c irctlmstances to undertake a 
comparison of the cost' of impact analysis 
with the ant icipated societal costs of 
the adverse iupalcts. Obviously, the 
costs of dit ; and info rmation collection 
related to the project are justified iF 
they are less than the costs of tile socio­
environmenital impacts. It might be prudent 
for the technical anid professional strff 
to make an esti mate prior to undertaking 
projects that appear beforehand to meet 
this criterion. 
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Historically, coastal marine data and 

information have been accumulated by the 

standard practice of marine surveys. It
 
has also been standard practice as a part 
of the survey to list all the species 

collected; in some cases with 4,500 or 
more species, the skill of a highly 
trained taxonomist is required for 
identification. Generally, there are 
substantial numbers of a few species and 
one apiece of the rare kinds. The result 
of each survey station is a species list 
of Latin names several pages long. No 
person or computer, to my knowledge, makes 
very effective use of such a list at 
present. Because the list does not 
characterize the environment in terms of, 
e.g., trophic levels or population 
densities, the value of such data is 
doubtful at best to those whose responsi-
bility it is to interpret and make 
recommendations in the coastal planning 
and development process. And the costs 
involved in obtaining such information 
increase and thus become more prohibitive 
with time. 

As an alternative to the lengthy and 

expensive marine survey, the technique of 
the Infaunal Trophic Index (ITI) developed 
by Dr. Jack Q. Word of the Southern 
California Coastal Water Research Project 
(SCCWRIP) might be considered. 11w0 ITI 
utilizes a simple number, from 0-100, to 
describe tile mix of feeding strategies of 
tile anima1s on, in, an1d above the bottom. 

The high values represent regions where 
an immials feed on slsplnded material in tile 
water, the iutermediatec valties represent 
animals feeding on tile snrf;ce of the 
bottom, and low values indicate the areas 
where the animnals feed on subsurface 
materials. The IT[ indicates the condition 
of tile benthic animals. 

The virtues of the IT[ are numerous. 
Each sample can be assigned a value in a 
few hours, replicates are not required, 
and all species in a sample need not be 
ident if ied. In addition, equal results 
can be obtained by dif ferent biologists 
using a wide Variety of equipment. Old 
data can often be compared with new data, 
and the resul t:scan be read ily plottedI on 
a cha rt . The ITI method grme;atly reduces 
the effort that must he made at any one 
stat ion, thus permitt i ng m1ailly more stations 
to be covered with tihe same effort. 
Complex reports, involving ;ong lists of 
organisms and complicated analyses, can 

be replaced with simple numbers on a
 
synoptic chart.
 

As another alternative, it might be 
appropriate to consider a regional approach
 
strategy that will distribute tile cost 
among those entities in the public and 
private sectors responsible for planning, 
implementing, and monitoring a particular 
project. As an example, a joint effort 
may be formed between all interested 
parties to collect data and information 
common to all parties. Such a joint effort 
would dilute the cost burden to any single 
party and provide a mechanism for cost 
sharing the collection process. The 
result would be cost savings in ship time, 
equipment, and manpower. 

When one considers that the fisheries 
of Asia are a major and highly productive 
source of protein for the region's 
residents and that the annual consumption 
of fish in Southeast Asia is two to four 
times the world average, the maintenance 
of this resource takes on more significance 
in relation to the region's further 
development. 5 

The productivity of nearshore 'isheries 
has been threatened in many countries by 
overexploitation and environmental impacts 
of sewerage, chemical wastes, and 
siltation. Fishermen continue to use 
outmoded technology which limits them to 
intensive fishing ia shallow coastal 
waters. In addition to overfishing, coral 
reef environments, which are essential for 
the maintenance of coral reef" fisheries, 
aro: being destroyed by fishermen using 
not only dynamite 'ut toxic chemicals as 
well. For example, a recent survey in 
the Philippines indicated that more than 
three quarters of tile country's coral 
reef resources have been heavily damaged 
by such practices. 

Some offshore fisheries, on the other 
hand, have not yet been exploited nor 
fully utilized in Southeast Asia because 
of a lack of technology and equipment. 
This potentially important resource could 
be adversely affected by offshore -xplora­
tion for petroleum and hard mineral::. It 
i s imperat i ve, therefore, t hat natural and 
economic valtues of of fsho re fisheries be 
seriously considered as a major Management 
problem in coastal area development. 
These problems are not problems of one 
sector, but indeed are multisectoral. If 
all parties involved with fisheries 
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problems, both directly and indirectly, 

could coordinate their information and 

data requirements, the problems of 

information cost could be reduced, 


A coastal environment consists of 
fundamental natural processes and systems. 
Only when these processes are deciphered 
call management data and information 
requirements be formulated. A starting 
point as well as a primary focus for 
comprehensive understanding of coastal 
environments is an understanding of the 
physical processes; all other systems 
are cotingent upon these processes, 
Physical proccsses important to coastal 
systems include waves, tides, currents, 
temperatures, density, pressure, mixing, 
light and light t ransmi ss ion, and wind. 
Atmospheric condit ions produce large 
effects iii the coastal area through wind, 
rain, and storms. The wilnd-driven 
currents and waves arc all ever present 
factor modul atilng the other systems. 
lurricanes are effective agents of change, 
especiall when large storms are 
associated wi lh high tides it) the coastal 
a1reea 

Iiological systems, today often 
referred to as eco.'yst ems, have a funda-
mental quality of hail ance of "ecolibrium" 
ainoiig their componelit s. An minderstanding 
of the int eractions of* these components
is a miost important step in gain ing insight 
into the dviinmmics of in ecosystem,
Ixainples of some of, the inforiat ion 
requi red to ga in t hi s tn derst andinig would 
he species types and freqencCies, seasonal 
migrants and permanent residents, relative 
positions ill the food web (troph i c levels),
and physical location of the organism
(i.e., on the hottoi, sil-)otton, in 
mid-water, at the surface). 

Water chemistry of tile coastal area is 
the most complex of all major aquatic 
systems. It is here that the fresh water 
of tile rivers itixes with the saline water 
of tile sea yielding a r-ange of ciemi cal 
concentrations aLd c hemi cal Ieac tions, 
Also, waters of di fferent coastal environ-
ments slch ;IS alIgrove wamlps, mrslhes, 
or urban ares have Idifferi-citt chiemical 
charac t eis t ic;. Over t ime, tirhan coastal 
waters have ditfercutbcome111wvyl' thal 
iontirhan waters tnd arc often characterized 

by the orgaiic and chemical wastes from 
urban rtoff or effluent disposal. These 
variotis source lpathways can be predicted 
with sufficiCot data over time. Coastal 

waters, because of their proximity to
 
sources of natural and man-made nutrients,
 
are high in organic productivity,
 
especially planktonic species.
 

The chemical structure of coastal sea
 
is dependent upon the importance of various
 
sources such as rivers, local surface
 
runoff, ground water seenage, rain, wind­
borne materials, and coastal upwelling 
from deep nutrient rich oceanic waters. 

Coastal geologic systems can be
 
considered to be in a short-term state of 
dynamic equilibrium; changes in one part
of the system will cause an imbalance in 
another, requiring a new state of balance 
to be achieved. Nowhere has this been 
demonstrated more dramatically than in a 
coastal area which is undergoing beach or 
foresihure alterations. In many locations, 
the improper placement of groynes 
constructed for beach protection have 
caused major damage. These structures
 
were emplaced without the benefit of a
 
fundamental understanding of simple shore
 
processes such as littoral drift. 

Natural systems are not independent but 
are indeed interdependent. For example,
 
consider the town of Ilikkaduwa on tile
 
southwest coast of Sri Lanka where the
 
mining of the corail reef's for building
 
materials has gone on for decades. The
 
subsequent loss of beach from direct wave
 
action has been estimated at 300 11over
 
50 years with a net dollar loss of over
 
US $3 mi il ion. This cost might have been
 
avoided with a simple and fundamental
 
knowledge of the signifirance of reefs to
 
shoreline protection. 

With this brief background of physical, 
geological, and biological systems, it
 
becomes obvious that a thorough review of
 
the available information concerning the
 
marine and terrestrial environments must 
be made at aI very early stage in coastal 
planning. Following this review, a survey. 
should be unde rt akenI to define tIhe coastal 
area within a morie regional context. 
After conducting a comparative analysis, 
the resultant data and in fo-rtat ion gaps 
will indicate what kinds of' research and 
surveys should be tndertaken to SnlrJplement 
available information and data. 

Generally speaking, coastal and offshore 
planning focuses upon a grotip of activi­
ties, but each activity requires specific 
information and data regarding its 
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potential impact on the environment and 

natural systems. The identification of 

information gaps will require an inter-

action of engineers, scientists, and 

planners. A research program must be 

established to acquire the data and 
information required for determining the 
environmental modification potential of 
the project. Surveys will be required 
to delineate the resources n question. 
Applied research will have priority even 
though a well-thought out plan of research 
will have definite basic research 
components. In some countries where the 
knowledge base may be small, such research 
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NATURAL HAZARD MANAGEMENT IN THE COASTAL ZONE:
 
AN OVERVIEW 

Natural hazards are of increasing 

concern to coastal managers and industrial 

firms engaged in offshore continental 

shelf (OCS) development activities. 1 


For example, on July 1, 1979 an earthquake 

caused US $2 million in damages to 

petroleum loading facilities on the coast 

of Panama.2 Elsewhere, special precautions 
have been t'iken to insure the safety of 
seafloor pipelines and cables and coastal 
storage tanks against seismic shocks, 
Massive evacuation of workers from offshore 
oil and gas plat forms precedes the 
threatened arrival of hurricanes in the 
uGulf of Mexico, and many firms operate 

elaborate slutdown and evacuation plans for 
onshore support facilities. 3 These 
responses are but one part of the much 
larger pattern of adjustments made by 
coastal p lat i oils.,1 


TYPES OF IIAZARD IN COASTAL, AREAS OF THE 
SOU'IlwFIEST PACIF:IC AND AD.ACENT SEAS 

The shores of Southeast Asia and the 
islands of the southwest Pacific are beset 
by a variety of serios natural hazards 
(Table 1). It is estimated by some sources 
that the reg ion is the most naturally 
hazardous on earth." Two major sets of 
processes account for this situation. As 
a result of its location on the circum-
Pacific "ring of fire" and its associated 
tectonic plate convergence zones, the 
entire region is affected by serious 

- James K. Mitchell * 

earthquakes, tsunamis, volcanic eruptions,
 
and the secondary hazards which these
 
phenomena generate (e.g., landslides,
 
lahars). Much of the region also lies
 
in the path of tropical typhoons. These
 
bring storm surges, floods and high winds
 
to shore areas, and they trigger additional
 
problems such as hill slope failures and 
serious coastal erosion. In the western
 
Pacific tij, annual number of typhoons 
varies between 19 and 45.5 Ilowever, 
without the addition of typhoon generated
 
rains, many stmall low-lying Paci fic 
islands can also ex.erience serious 
droughts. Inasmuch as coastal deltas often 
tend to support heavy agricultural popula­
tion densities, their susceptibility to
 
riverine flooding also contributes to the
 
natural hazard burden. 

HAZARD TRENDS AND THEIR CAUSES 

The creation of hazard is a direct 
outgrowth of sueziety's attempts to inhabit 
or use areas affected by extreme natural 
processes. If such places remained empty 
or unused, no property damage or loss of 
human life would occur. However, hazardous 
areas frequently offer superior economic 
advantages over other locations. These may 
be in the form of fertile soi Is (e.g., 
volcano slopes), flat, easi Iy irrigated 
or developed land (e.g., flood plains), 
or scenic vistas and reci ational resources 
(e.g., steep slopes or sandy beaches). As
 

*.James K. Mitchell is a Professor in the Department of Environmental Resources,
 

Cook College, Rutgers University, New Brunswick, New Jersey.
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TABLE 1. Selected recent natural hazard events in coastal areas of Southeast Asia and the 
Western Pacific 

Location Year Event 


1) it.Lamington,* 1951 Volcanic 

New Guinea eruption 


2) Japanese coast 1959 Typhoon 


3) Bali, Indonesia 1963 Volcanic 

eruption 


4) Vietnam 1964 Typhoons 


5) Luzon, Philippines 1968 Earthquakes 


6) Shantung, China 1969 Coastal storm 


7) long Kong 1972 Typhoon and 

landslides
 

8) Bougainville, 1975 Earthquake 

Solomon Islands 


9) Luzon, Philippines 1976 Floods 


10) Bali, Indonesia 1976 Earthquake 


11) Mindanao, 1976 Earthquake/ 

Philippines tsunami 


12) East Java, 1976 Floods 

Indonesia
 

13) Lombok and Sumbawa, 1977 Tsunami 

Indonesia 


14) Vietnam 1977 Typhoons 


15) Karkar, Papua New 1979 Volcanic 

Guinea eruption
 

l6', Lomhok, Indonesia ;979 Earthquake 


17) Lomblein, Indonesia 1979 Tsunami 


*Believed extinct. 

new industries and development projects 
spring up in coastal areas, the attractions 
of shore zones increase. New paddy fields 
on reclaimed land and new OCS-related 
industrial shore faicilities bring mnore 
people. These influences help to account 
for the striking worldwide increase in 
coastal populat i ois. They al so result in 
major Vrowth of coastal hazard potential. 

Effects
 

3,000-5,000 dead; destruction of sugar
 
plantations
 

4,640 dead; 537 missing
 

1,500 dead; 85,000 homeless; one third
 
of agricultural land damaged
 

5,000 dead in Mekong Delta
 

500 dead or injured
 

Estimated several hundred thousand dead
 

130 dead
 

US $420,000 damage to roads, villages,
 
missions, and mining works
 

60 dead; 630,000 homeless
 

573 dead; 2,900 injured; 85,500 homeless
 

5,000 dead; heavy losses of houses, boats
 
and fishing equipment
 

136 dead
 

180 dead; 3,900 homeless; US $1.4 million
 
damage to houses, boats, and fishing
 
equipment
 

3.2 million people in need of assistance
 

Research volcanologists killed
 

22 dead; 100 buildings destroyed
 

150 dead; 350 missing; many landslides
 

On a world scale, natural hazards are
 
causing steadily increasing losses of life 
and property. Further, the number of very
large disasters appears to he increasing.6 
However, the worst pioblems occur in poorer, 
developing nations. I This is, in part, a 
function of agricultuira development, 
u'banization, and industrial i za t ion of 
hazard prone areas. For example, it is 
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estimated that approximately 21 percent of 

the Philippines' population and US $7.56 

billion worth of its roperty are located 

in flood prone areas. The greater part 
of these are to be found near the coast. 
In Singapore the figures are 15 percent and 
US $4.4 billion respectively, while in 
Fiji, approximately 9.4 percent of the 
population is so located, 

Population growth and the accompanying 
tendency to occupy hazardous areas when 
safe locations are fully developed account 
for much of the increase in natural hazard 
costs. However, it has also been observed 
that--especially among the poorer and more 
vulnerable nations--investment in 
appropriate hazard protection measures has 
failed to keep pace with growth in potential 
losses. For examllple, Malaysia, the 
Phil ippines, and Korea spend approximately 
10 percent of the value of flood losses 
for flood protection, whereas New Zealand, 
Singapore, .Japan, and Australia spend 
between 100 ;ind 200 percent of the value 
of flood losses for flood protection. 9 

Sometimes a SPCCi fic adjutrstI1ent is simply 
not known by those responsible for hazard 
mitigation. Sometimes the knowledge, 
skills and technology necessary to establish 
or manage pa rt icu1 ar protect ion systems 
are not avilali1e in a given nation. To 
some extent this may be a function of the 
heavy costs of such udertakings as 
weather modification. Often, however, 
the failure of governments to adopt 
appropriate protection strategie.s stems 
from other causes such as miisperception of 
their effectiveness, commitment to familiar 
"solutions," lack of enabling legislation 
or institutions to develop, supervise or 
regulate such activities, interagency 
competition, and many additional influences, 

Since rising hazard potential is both a 
function of increasinig occupancy of hazard 
areas and fai lure to make the best use of 
available adjustments, coastal management 
agencies which confront hazard constraints 
must direct their attentiont toward adjust-
ments which affect both of these causes. 
Before discussing such specific responses, 
-it is wortiwhile to establish sonte general 
principles of coastal hazard management. 

IRINCIPLES 01: HAZARD MANAGEMENT IN 
COASTAL AREAS 1 0 

Mapping Hazards 

If natural hazards are to be managed, 


the areas which they affect must be
 
identified and delineated and the risks
 
assessed. Thus hazard mapping forms a
 
first stage in most management programs. 
Alternative ways of measuring hazard produce 
different types of maps. For example, a 
map of earthquake frequency may be quite 
different from one which shows earthquake 
intensity or damage potential. The coastal 
manager must be aware of the advantages and 
limitations of each and must select the 
type of map which is most useful for his 
purposes. Thus, if the intent is to 
regulate the use of earthquake prone areas 
that are not presently built up, frequency 
and intensity maps may be helpful. A 
damage potential map may shed more light 
on the problems of managing already 
built-up areas. 

In similar fashion, there are contrasts 
between risk zone maps based on actual 
historic events (e.g., record floods or 
worst tstnami inundation zones), and those 
which describe the probability of expected 
future events (e.g., 100-year floods or 
landslide probability). Sometimes 
probabilities may he measured by directly 
projecting present trends (e.g., shoreline 
recessions) , but the choice of hazard 
index will in fluence the siz:e and 
configuration of the hazard zone, and may 
affect public coml)rehension of risk. 
Hence, it is easier for most people to 
appreciate that a specific tsunami reached 
a particular location than it is to realize 
the meaning of a probability statistic such 
as a "5 Ipercent chance" of flooding. 
However, the coastal manager may find that 
historic tsunamis are imperfect guides to 
likely consequences of future waves because 
of changes in land use, coastal defenses, 
or the possibility that a different type
of earthquake may generate a different type 
of event. 

ro be useful, hazard maps in the coastal 
zone must be kept up to date. 1 1  New 
information on natural processes or new 
types of data analyses may indicate the 
need to revise hazard zone delimitations. 
Changes in the form and use of such areas 
may also necessitate revisions. Thus, a 
map which shows flood plains before they-­
or the watershed of which they are a part-­
became urbanized is not a satisfactory 
management tool. Since new river basin 
development invariably affects hydrological 
characteristics, changes in flood potential 
must be reflected on new maps.
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Accepting Appropriate Levels of Risk 


Since natural hazards are an inevitable 
accompaniment of life on many coasts, 
society must decide what level of risk it 
is willing to accept and how much it wishes 
to invest in protection adjustments to 
offset excessive risks. This is essentially 
a political choice which involves balancing 
the benefits of hazard zone occupance 
against their attendant costs. If govern­
ments choose to ignore hazard mitigation 
as a public policy objective, individual 
citizens may have to make their own 

adjustments, and the nation as a whole may 
become the object of foreign disaster
assistance prorams sponsored by other 

countries. However, it needs to be 
remembered that so long as we continue to 
occupy hazard areas, no type of protection 
is entirely roliable. Even the best 

designed and operated warning networks or 
levee systems may fail and populations which 
believed they were "safe" can stiffer 
catastrophic losses. 12 

Choosing Among Alternative Strategies 

The central guidelines for coping with
 
natural haz'.ard, are to assess the full 

range of possible measures and to consider 

the possibilities of mixing several types 

of adjustments rather than relying on a 

single response. 

The range of choice includes warning 
systems, control and protection works, 
weather modification, modification of 
building construction practices (e.g., 
"floodproofing"), land use management, 
insurance, and disaster relief and 
rehabilitation. [he most generally 
compatible combinations of adjustments 
include warning and floodproofing or 
earthquake proofing, warning and land use 
controls, warning and insurance, insurance 
and land use controls, and protection 
works and disaster relief and rehabilita-
tion. 


Monitoring the Changing Consequences 
of Protection Strategies 


Many dustments to coastal hazards 
are best regarded as interim measures 
which require periodic review to avoid 
creating new and more complex problems 
than those they were designed to solve. 
For example, the natural protection 
afforded by iwide beaches can diminish 
when seawalls, groins and bulkheads are 

installed. As more people move into
 
exposed locations, evacuation plans and
 
routes which were designed for smaller
 
populations may become overburdened and
 
incapable of functioning. Habitually safe
 
"islands" of higher ground on coastal
 
flood plains may become heavily built up,
 
thus sowing the seeds of ever greater
 
disasters in the event of storm surges of
 
a magnitude never before recorded.
 

Further, adoption of one type of
 
adjustment affects tile likelihood that
 
others will also be adopted and directly
 
or indirectly influences the level of
 
protection which is made available to
populations at risk. If, for example, a 

community invests heavily in engineering
 
works to prevent tidal inundation, it is 
less likely to consider large scale land
 
use controls. Conversly, if hazard
 
insurance programs are developed, they may
 
promote consideration of supporting ltnd 
use controls.
 

RESPONSES TO HAZARD: A SIJIARY 

Preventing Occupance of Hazard Zones
 

Increased occupance of hazardous areas 
is a major fact r in the rising toll of 
losses. Hence, a primary function of
 
coastal management should be to discourage
 
occupance of exposed coasts by uses other
 
than those which require such a location. 
If alternative safe sites exist for manu­
facturing industries, utilities or 
residential developments, for example, such
 
areas should be pr,-ferred and those uses 
precluded from coastal zones. Conversely,
 
fishing harbors, commercial ports, coastal 
aquaculture, salt farms, coastal tourism 
and recreation, marine parks and offshore 
mineral mining are examples of uses whose 
existence depends on their ability to 
utilize shore areas. They exemplify, but 
do not exhaust, the range of coastal uses 
which may require protection against natural 
hazards. 

Coastal managers may draw on various 
techniques to discourage coastal occupance. 
Publication of information about hazards 
is sometimes sufficient to deter the unwary. 
Leaflets can be distributed, films screened, 
posters exhibited and school children 
educated about local hazard problems. 
Clearly visible markers indicating past 
flood heights or other indices of hazard 
can be erected. Thrcugh the medium of a 
land register, potential buyers of hazard 
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land can be contacted directly by public 	 process (e.g., control and protection
 
agencies and made aware of the dangers. works); and
 
Explicit recognition of hazards may be
 
written into mortgage documents or property 4. Attempts to affect the physical
 
titles. causes of hazard (e.g., weather
 

modification).
 

Beyond these measures, managers can
 
create disincentives for coastal occupance Six measures within these four groupings
 

and provide incentives for development to are described below.
 
move elsewhere. They may lobby for 
enactment of outright legislative prohibi- Disaster Relief 
tions on certain uses. All developers may 
be required to apply for permits to build Disaster relief is probably the most 
on coastal sites. These may be granted widely practiced response to serious 
only after potential users meet appropriate coastal hazards. A vast range of interna­
criteria for hazard mitigation. Variable tional, national, and local organizations 
property taxation rates can be used to stand ready to provide assistance to 
penalize hazard zone users and to provide disaster stricken communities. It includes 
revenue for public mitigation programs., the United Nations Disaster Relief Office 
Perhaps most important, public agencies (UNDRO), the International Red Cross, the 
can exert a strong influence on the future World Food Program, national emergency 
course of urban growth by approving the response groups ".g., civil defense 
construction of infrastructure in hazard agencies), and tl, 3 foreign disaster 

free locations (e.g., wells, water pipes, assistance institutions of major national 

sewers, electricity, gas, telephone lines, governments. In addition, a wealth of 

etc.). If this incentive is employed, care private nongovernmental groups also 

must be taken not to inadvertently provides relief supplies and services 
stimulate development in adjacent hazard (e.g., OXFAM., CARE, and various churches). 
zones. This can happen, for example, when 
utility lines cross flood plains to Obviously, it is important to rescue the 

service developments on higher ground. injured, fued the hungry and house the 
Admittedly, by themselves infrastructure homeless. Therefore, some measure of 

controls do little to affect the growth of relief will always be necessary. However, 
poor, squatter settlements. These are one relief cannot prevent disasters and, in 

of the worst casualties of natural hazards. some cases, maladministered relief may 
To be effective in this regard, infra- inadvertently make them worse. 13 There is 
structure policies must be integrated often a mismatch of relief supplies with 

within broad campaigns to provide adequate, community needs. There may be confusior, in 
low-income housing near appropriate the assessment of damages and inequities 
employment on safe sites elsewhere, in the allocation of resources. The influx 

of free relief goods may seriously disrupt 
the local economy. Donor nations may 

Hazard Adjustments for Developed Areas also try to exert political influence 
through the relief allocation system. In 

If a hazardous area is already exten- order to reduce the likelihood of such 
sively occupied, the preceding measures can problems arising, coastal managers should 
do relatively little to reduce potential encourage the adoption of predisaster or 
losses. Managers must turn to other emergency preparedness programs; these 
adjustments. These can be classified into set out procedures to be followed by 
four basic groupings: public officials and private citizens prior 

to, 	 during, and i mmediat.ely following a 

1. 	 Measures designed to cope with the major disaster. "' They may involve training 
consequences of hazard losses programs for emergency workers, construction 
(e.g., disaster relief or insurance); of emergency operations centers, stockpiling 

of communications equipment, rescue vehicles 

2. 	 Measures aimied at reducing potential and relief supplies., designation of 
losses (e.g., land use controls, evacuation routes, and preparation of 
prediction, or warning and emergency plans for closing roads and other 
evacuation programs); facilities and for evacuating and housing 

impacted populations. In low-lying coastal 

3. 	 Modifications of the natural hazard areas the existence of a known and practiced 
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emergency preparedness plan can signifi-

cantly reduce loss of life. It is estimated 

that if what is now known about emergency 

planning and other improved relief 

procedures were carefully and comprehen-

sively applied throughout the globe, a 
20 percent reduction in deaths and a 
5 percent reduction in property losses 
could be achieved. 15 

Insurance 


By itself, hazard ins r'ance provides a 
mechanism for spreading ij,:zard-related 
property losses incurred by victims among 
a much larger population that is potentially 
at risk. It has no direct effect on 
injuries or loss of life. Therefore, it 
may be useful only in substantially built-up 
shore5 containing high-value investments, 

Privately sponsored hazard insurance has 
not been successful because only those who 
are exposed to extreme hazard purchase 
protect ion,. GoVrnent subsidized coastal 
flood, Crosion , and landslide insurance is 
offered for sale in the United States. 
Through this scheme, the national population 
provides a subsidy to coastal residents and 
thus premium costs ;ire kep relatively low. 
However, thc program is t ed directly to 
mandatory Iadi use coat rol s in communities 
where flood iini:;arance is on sale. These 
regulations ar, designed to reduce new 
const ruction ilnthe hazard zone and to 
prevent reoccupation of sites which have 
been devastated by serious floods. Such 
a scheme theoretically offers ho1 of 
long-term reduc tions in hazard losses, 
but it depends for sucess onicareful 
monitoring of compliiance and ",igorous 
en forcement of pelialties. Poorly conceived 
coastal hazard insurance nay well attract 
more people to tile coast and increase 
eventual losses. 

Prediction, 'auiiig, and lcua tion Systems 

A warning system possesses several 
components. First, a hazard must he 
predictedl, forecast or detected. A warning
11uSt then be issued . Thi iessage has to 
be transmitted vi a a colInlmui i cat ions system. 
Molmbel's of the ge t plaillation 111)ist 
roceive tie lfles they interprets;ge, Intist 
its mlleaiil,, alld, finally, they must take 
approjriate plotective act iol (e.g.,
evacluat ion) . Itf ally of these components is 
missing or mnllf lic tions, the warning 
system may fail. , Nonetheless, effective 
warn ing systems probably hold the greatest 
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potential for reducing fatalities and
 
injuries caused by natural hazards. It
 
is estimated that 75 percent of the global
 
casualties and 10 percent of the damages
 
caused by hazards could be eliminated by
 
use of proper warning systems. 17 

Different type,, of hazard pose special
warning problems and separate systems may
 
be necessiry for each. We still lack the
 
capacity to predict and, therefore, to warn
 
of some events. For example, despite 
recent advances in China, .Japan, the United 
States, and the Soviet Union, earthquake 
prediction is far from perfected and it is 
doubtful that most nations are now in a 
position to develop effective earthquake 
warning programs. 1I However, earthquake 
prediction may become a viable prospect in 
the next decade. Likewise, predictions of
 
volcanic eruptions are confined to a few 
well researched areas and they too are 
still experimental for most nations. 19 

Landslide and coastal erosion predictions 
are also at a relatively primitive level. 
In contrast, there is now a high level of 
ability to predict, forecast and detect
 
typhoons, tsunamis and other types of 
weather systems. 

Nine western Pacific states now belong 
to the 18-member International Coordination
 
Group for tile Tsunami Warning System in 
tile Pacific.20 This system operates from 
a headquarters in lawaii and makes use of 
21 seismic stations, 51 tide gauges and 
55 warning dissemination points throughout 
the Pacific basin. Within one to two 
hours after a serious underwater earthquake 
is detected, warnings have been sent to 
all participating countries. is leaves 
some areas vulnerable to locally generated 
earthquakes in adjacent waters and regional 
warning systems may be established in those 
areas. The most sophisticated systems at 
present are ill Japan and Alaska. Ilowever, 
much of Southeast Asia still remains 
volnerable to local tstunam is, and coastal 
managers should be aware that improvement 
of the wai'1ning sys'em i s very desirable. 
The Pacific 'l'.sunam i Warili ig System is 
effective in the dissemilat ion of warnings 
but the affected pumblic', failure to heed 
such warnlings sometilmies causes casualties. 
Therefore, additional effort needs to be 
devoted to educating user poptilat ions. 

A similar situation exists with respect 
to typhoon warnings. Pacific tropical 
storms arc' usually first detecte d by space 
satellites, and this information is 

http:Pacific.20
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transmitted to the World Meteorological 

Organization's (iWMO) World Weather Watch 
system via a complex global telecommunica-

tions network. Thus there is ample 
warning of the existence of 
storm although the marginal 
predicted landfalls is still 
24 hours before the expected 
In 1968, the United Nations 
Commission for Asia and the 

an approaching 
error of 

167 to 250 km, 
impact. 

Economic 
Far East 

(ECAFE), in collaboration with 1MO, 
initiated a joint program for mitigating 
typhoon damage in the western Pacific. 
This program continues to improve fore-
casting and warning capabil ities. It also 
supports disaster preparedness planning 
and supplies data on potential typhoon 
losses to development agencies and 
governments. 2 1  

Land Use Regulation and Building Controls 

Land use and building controls are 
effective methods of reducing property 

damage. It is estimated that, if soundly
 
applied, such practices could reduce
 
global property losses by about 20 percent
 
and deaths by approximately 10 percent.


The array of possible controls is impressive
 
although little is known about the per­
formance of some of them (Table 2). 

Zoning controls are the most widely used 
adjustment. Areas exposed to high risk 
are delimited and uses specified. For 
example, a flood risk zone might be barred 
to further construction of buildings and 
provisions made for the removal of those 
damaged by future floods. Exceptions 
might be made for specific structures which 
utilized floodproofing design features 
such as elevated ground floors, localization 
of vital equipment on upper stories, 
watertight doors, movable machinery and 
automatic utility line shut-off valves. 
Low density uses like parks or recreational 
facilities could be permitted. Some forms 
of agriculture might also be allowed. 

TABLE 2. Land use regulations and building controls 

Legal 


Zoning 


Building codes 


Subdivision regulations 


Land registers 


Planned unit developments 


Open space controls 


Master plans
 

Setback or encroachment lines
 

Access controls
 

Environmental impact regulations
 

Permits
 

Licenses
 

Scheduled development programs
 

Preemption and expropriation rights
 

Utilities hook-up authorizations 

Economic
 

Taxes
 

Bonding requirements
 

Subsidies
 

Public purchase (fee simple)
 

Purchase of development rights
 

Matching funds for approved land use
 
practices
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In 1973, under the auspices of the 

United Nations Development Programme, a 

Regional Seismological Network was 

initiated among five cooperating countries 

in Southeast Asia (i.e., Indonesia, 

Malaysia, the Philippines, Thailand, and 
Ilong Kong). l)ata gathered by this network 
may make possible seismic regionalization 
for construction purposes. Thus seismic 
building zones and earthquake resistant 
construction standards could be established 
for prospective buildings. Sample maps of 
flood and earthquake hazard zones have 
recently been developed for the 
Metropolitan Manila area by UNDRO. 2 3  

Building codes and standards are as 
important as zoning regulations and the two 
should be closely coordinated. Codes 

prescribe how, rather than where, a 
development is built. iltis usually involves 
specification of minimum standards of 
design construction and materials to enable 
the structure to withstand hazard forces, 
In already built-up areas, codes should 
apply retroactively through the application 
of performance st andards for preexist ing 
structures. In North America and else-
where, the additional costs expended to 
bring houlses alnd other buildings up 1o 
Iazard-"'proof'" standards are relatively 
modcSt--perhapls Add S percent to total 
construction expen'es; . ]/owever', the liIght 
materials from whtich houses iii many Asian 
coastal areas are con:st ructed suggest tile 
need for developing low cost alternatives. 

The lnited States Ag'ency for international 

Development has sponSored resea rch on 

improved typhoon resistant desigi standards 

and construction piractices for low-rise
 
buildings in the P'hilippintes, Bangladesh, 

and Jamaica. '' 


Given the vast range of land use control 
choices potentially available to coastal 
managers , it, is impossible to treat each 
in detail. Their benefits are clearly 
large, especially in term,; of potential 
losses avoided and sari ngs in money that 
might have been spent oil more costly 
col t,.,, ,work. ItCCaii S egu at ions are 
ilitangible and ;bhst ract i'eSpollses to 
ha zali'd, they mny ;rppear less impressive 
than dIi rct Cn, i Lr i Ig a Idju;t men ts, and 
they may teqit i i'e noe di I igent appl ication 
of* iiwter i;aiski I I; to preveitI them from 
heilng t'l d i, Mut dated byalit 0tr IhCo 
eh;Itlgil g technology 01 Oither fIcto's. 

It has been widely observed that when
 
disasters strike, destroyed facilities 


1,12
 

are often reconstructed on the same hazard
 
prone sites that they previously occupied.
 
This merely recreates the conditions for
 
repeated, and larger, future disasters.
 
To avoid this vicious cycle, high priority
 
should be accorded to the early development
 
of post-disaster recovery plans before such
 
events occur. These should make it possible
 
to rebuild in a more orderly manner that 
reduces the future loss potential.
 

Coastal Hazard Control and Protection
 
Structures
 

Seawalls, dikes, levees, typhoon
 
shelters, breakwaters, beach nourishment
 
schemes, tunels for draining crater lakes
 
in volcanos and lava diversion barriers
 
are representative of engineering responses
 
to hazard. Where densely settled popula­
tions occupy hazard areas and have
 
established high value investments, such 
structures may afford some protection,
 
however at great cost. Massive coastal
 
walls, for example, are expensive to
 
design, build and maintain. They tend to
 
encourage still more development of
 
nominally protected areas. More important,
 
they are effective, at best, only up to
 
their design specifications. Events of an
 
unexpected type or an unanticipated scale
 
generally produce structural failure-.
 
Clearly, engineering protection schemes
 
are a mixed blessing. They have an unhappy
 
record of flil re duri ng extreme natural
 
events. Equally, for example, they make
 
possible the reclamatio-n of' high value land
 
or the occupation of steep slopes in places
 
where flat building land is scarce.
 

In general, the disadvantages of 
technological responses to hazard are in 
proportion to their scale. The use of 
small-scale technologies is thus to be 
preferred. Many societies make use of a 
number of such technologies but tend to 
ignore them if lresented with tile 
possibilit)' of "solving" all problems 
through a few large-scale projects. 
Nonetheless, the t rad i t i ona I technoljo!i es 
should not be ore -looked. lood refuge 
nounds, emergency dikes tItade of, local 
materials, vegetation sC'eens, houses on 
stiits or Oniboats, and tel'ra1ces on steep 
slopes are examples of relat i vely simple 
responses which aire often admirably suited 
to local needs. 

Weather and Earthquake Modi fication
 

Experimental data indicate that some
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geological faults may be mobilized by the 
injection of fluids at depth or stabilized 
by the withdrawal of such fluids. This has 
led to speculation that it may eventually 
be possible to reduce the frequency of some 
types of' earthquake or to release poten-
tially large tectonic forces in a series 
of small shocks. Such techniques are now 
at the outer limits of practicability and 
they are unlikely to prove useful on a 
large scale in the foreseeable future, 
However, the prospects of modifying tropical 
storms are somewhat greater.

# 

Experinents off the cast coast of the 
United St; tes indicate that peak hurricane 
wind speets may be reduced by seeding them 
with ice-forming nuclei. While complete 
dissipation of hurricanes or typhoons is 
probably impossible, a significant decrease 
in their destructive power may be possible. 
Whether that is des irable through seeding 
is difficult to an;swer. Quite apart from 
its technical aspects, tile subject of 
weather modi ficat ion raises vast social, 
economic, and political issues. For 
example, if'typhoons were reduced, would 
islands be deprived of necessary rainfall? 
iho would pay for losses if a seeded storm 

veered into a coastl ine which would not 
otherwise have been affected? HUntil the 
global society is better ;:0i e to answer 
such questions, typhoon iod i ficat ion seems 

best regarded as an adjustment to hazard 
which has some distant, future potential 
for real izat ion. 

CHOICES AND PROSPiECTS 

It would be unwise to set forth universal 
prescriptions f'or coastal protection 
against natural hazards. Each area 
presents unique problems wh i ch necessitate 
different mi xes of responses. Nonetheless, 
some general priorities can be suggested, 

The most direct and immediate steps for 
better hazard rimit i gation involve improved 
emergency pirepalredness plIanniing and 
super i or :appl i cat i )it of I ( it i omla local 
adjist men.ts. Whie comlbimmed with 
antic i pat ory, post -di sst e r reconstruct ion 
pl ann i ug, tic ;e 1ca sures pm'ide a bas ic 
level of ,'clat i ely inexpen,';ive responses 
and they jiccessiit no maior i nnovat ions, 
T'lherea"ter, i1provemet t zard warning 
systems wi I I probably yield tie greatest 
savings i n ivs . All components of warning 
sys t ems must le involved. It i';pointless 
to perfect predict ion capab)i Ii tics and 

leave warning dissemination or evacuation
 
to uninformed private initiative.
 

Strengthening buildings will help to
 
reduce property losses from wind storms
 
and earthquakes. Floodproofing can also
 
offset hazard losses. Each of these
 
adjustments requires an investment of
 
public funds and time for research and 
development of improved designs. Land use
 
regulations are potentially the most 
effective tools for holding down property
 
losses, but they are also likely to raise
 
administrative difficulties and to stimulate 
policy debates about a broad range of
 
associate( community issues. Nonetheless, 
they should be employed wherever possible. 

The remaining adjustments are best 
thought of as suitable for special selected 
use. Hazard insurance might be developed 
for built-up urban areas which have 
significant buildings in hazard zones. 
It seems best avoided, and is probably
 
unworkable, in rural areas with poor, 
uneducated populations. Control and 
protection works require such heavy 
financial investments and may produce such 
undesirable ecological, aesthetic, social 
and other consequences that they should 
only be considered after other alternatives
 
have been fully explored. Weather and 
earthquake modification are so experimental
 

that coastal managers should do no more 
than keep a watchfuj eye on their develop­
ment and await further information. 

There is no panacea for coping with 
natural hazards. As inevitable products 
of human occupance and natural processes, 
they will continue to persist. Each 
society must choose tile set of adjustments 
that best meets its needs. 1)ifferent 
combinations of adjustments will involve 
different groups of people and will have 
different results. The number of alter­
natives is large and expanding. The scope 
for creative use of various mixes of 
adjustments remains wide. 

SUN'.IARY OF DISCUSSION ON NATURAL, IHAZARD 
MANACEMEINT IN TII ZONE: OVERVIEWI:COASTAI, AN 

It was emphasized that natural hazards 
are only a problem i f humans inhabit a 
hazardous area. Conflicts arise because 
hazardous a ras such as volcanic soils and 
flood plains ore attractive to settlement. 
In this zegion natura ral causehZard s more 
important ,lirect hiuman losses than indirect 
material losses, and better comimun i cations 
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have 	resulted in better reporting of losses. 


Problems of hazard management were 

discussed in relation to examples drawn 
From the overlay mapping exercises. Seismic 

zones, landslides, flooding of coastal and 

riverine flood plains and forest fires were 
identified and analyzed. Filled coastal 
land was singled out as a high risk area 
for structures. Because earthquakes and 
volcanos are of general conce,n, it was 
suggested that monitoi ing programs should 
be encouraged. Participants reported that 
pumping of underground fluids such as gas 
and water can induce earthquakes and cause 
coastal subsidence. It was also noted that 
the 	release of volcanic gases from a drill 
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~iiEgOU~PAIGE BLAF41g 

ENERGY: NONCONVENTIONAL OCEAN SOURCES
 

OCEAN ENERGY 


Three primary sources of renewable 

energy from tile ocean have been identified 

and are currently in different stages of 

development, nanely, ocean thermal energy 

conversion (01I), waves, and tides. In 
addition, five other sources are also 
being iwvest igtcd--offshoe inds, ocean 
currents, m:arine b iomass, occan geothermal,
and salinity gradients. Of these five, 

onl:%- offshore inds aind maini te hiomass 
a rL,capable (if co::i:e rcial realization 

before the year 20(1). Concentrating on 
the primary sources;, the basic principles 
will he discul.;.td togethe'r w thelith 
potential for thri r applications in 
Southeast Asia And the Pacific. 

Ocean Thermal IEne rgy Conversion (OTIEC) 

The warm surface w¢atcrs of tropical 
and subtrop ical arereg iotrn. separated 
from the cold t,cop occan walters by a1 
thin bolundary, tile the':-mocline, at a 
depth of 500,-1 ,ton m. '1ihLe tempe raturc 
difference bCthicCn these, waters can be 
used to gencratc ijoWr. There is 
general Jg reerient t iat a temperature 
dilffertnce of at ltea:"t 17 (Cshould be 
available, :itd hoth ioutheast Asia and 
the Southwc;t 'acific are well endowed 
with this criteria. 

The concept of solar sea power dates 
back to 1881 when a French scientist, 
lacques d' Arsonval, suggested operating 

-Lawrence D. Neuman* 

a closed system in which a working fluid,
 
such as ammonia, would be vaporized by
 
warm water and then condensed by cold
 
water. Tile scheme was tested by a
 
student of d' Arsonval, Georges Claude,
 
in 1930 off the coast of Cuba and was
 
briefly successful but uneconomic. 

The next successful working system 
was installed on a barge 2 km off the 
coast of Ilawaii and dubbed "Mini-OTEC' 

because of the small size of the poiver
generatcd (about 50 kw of which I1 was 

net energy). This demonstration project 
underscored the conclusion that OTEC 
shows tile most promise for the early 
development of commercial quantities of 
power.
 

Several options are available for open 
or closed cycle operation, floating or 
shore-based plants, and end product. The 
open cycle uses water instead of ammonia 
and can produce fresh water as a normal 
part of its operation. Floating plants 
can follow the greatest gradients and 
might be designed as seagoing factories 
producing energy intensi ve product s such 
as allumint fromt altirina, and atrJnon ia, 
hydrogen or chcmicals from seawater. 
Shore- based plants cain be desi ,ed to use 
the upwe 1led, nut rient- rich seawater for 
mariculture whcreas the fresh water from 
an open cycle plant may be particularly 
valuable in many islands having small 
water supplies. 

*Lawrence I).Neurmn is Scientific Affairs Officer with the Ocean Economics and 

Technology Branch, United Nations, New York. 
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Recent French studies indicate that a 

5 Mw plant could be built now which would
 
be competitive with a diesel generator on 

a South Pacific island. Studies in the 

United States for a 10 Mlw plant confirm
 
this conclusion while others indicate 

that a 200 Mw plant would be competitive 

with coal or nuclear energy sources in
 
Puerto Rico by 1985. Cost ranges were 

US $1,650 to $2,420 per kilowatt and 

US $60 to $80 million per kilowatt hour.
 
As technology evolves and fossil fuel costs 

continue to rise, OTEC viability will 

increase. Such factors as financing, 

ownership, and taxation will greatly 
affect costs and it is necessary to 

consider social benefits and environmental
 
effects as well. 


Developing countries have large 

resources and may well take an active 

role in OTEC development. It is not too 

early to begin site identification studies 
and preliminary evaluations which could 
lead to financially viable OTEC projects. 
The priority needs of developing countries 
may in certain respects be different from 
those of developed countries and hence 
they should he involved from the beginning 
in such studies. The most useful approach 
would be to take baseline ref,'rence 
studies from countries developing the OTEC 
technology and adapt these to local needs. 

'File United Nations General Assembly in 
Resolution 33/1,18 has called for a 
Conference in New and Renewable Sources 
of Fnergy to be held in 1981. As part of 
tie preparatory activities, a Technical 
Panel on Ocean Energy has been organized 
and met for the first time from November 
5 to 9, 1979. The second and final 
meeting convened from Septemlh2r 22 to 26, 
1980. The panel will assist in creating 
guidelines to assist governments in the 
assessment of their resources and the 
evaluation of sites involving the following 
series of steps. 

1. 	 Establish criteria of evaluation, 
e.g.$ 

e 	 temperature differential greater 
than l8oC 

* 	 1,000 m isobath within 5 km of 
the coastline 

* 	 proximity to a coastal energy 
demand of 10 Nw or more. 
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2. 	Establish data needs.
 

3. 	Determine availability of archival
 
data.
 

4. 	Determine what data can be acquired
 
by computer simulation.
 

5. 	 Define the remaining data gaps 
after steps 3 and 4.
 

6. 	Specify the instrumentation and
 
field program to supply the missing
 
data.
 

7. 	Implement if appropriate.
 

Given the advantages of different
 
configurations, an initial determination
 
should be made of which option is
 
appropriate fo2 a particular set of
 
circumstances. Multiple-use benefits 
should be considered as should the base 
load electric production resulting from
 
the 	continuous nature of OTEC operation. 

Wave Energy 

The development of wave energy 
converters is still in the early stages. 
Finding ways to capture he enormous 
power of waves (5 to 200 kw per meter) 
has occupied the imaginations, efforts, 
and resources of inventors for many years. 
Though conversion systems are relatively 
simple "in concept," they are not always
 
straightforward in engineering design and 
implementation.
 

Converters may be activated by vertical 
movement, rolling, pitching or rearing, or 
focused waves, such as the U.S. Dam Atoll. 
Although only tested on a 1:100 diameter 
bench scale in a wave tank, there appears 
to be great promise for a 100 m diameter 
unit capable of operating at 25 percent 
efficiency and extracting 1 Mw of power 
from a standard 10 second, 2 m amplitude 
wave regime (10 kw per meter wave energy 
density). 'lhe cost was projected at 
US $5,000 per kilowatt which appeared to 
be marginally viable, and continuing work 
is concentrating on cost reduction. 

Energy storage is likely to be a major
problem in w;,ve energy converters. The 
economics of wave generators might be 
improved if they were used for coastal
defense and land reclamation taking 
advantage of the fact that they absorb 



wave energy in order to convert it. 

Economics may also be improved by 

combining wave energy to improve tidal
 
systems. The use of small wave generators 

in offshore oil drilling rigs and at 

isolated islands and coastal sites will
 
probably be the first applications to 


become economically viable, 

Tidal Energy 

The only major installation is the 
plant at La Rance, France, which has been 
operating since 1966 wit" a capacity of 
240 Mw. li the Soviet Uni)n a 400 kw 
plant is operating using a very low head. 
A 1,500 Mw plant has been proposed for 
South Korea. The major questions for 
tidal energy applications are economic 
in nature. Cost figures range from 
US $800 to 33,470 per kilowatt and US $25 
to $106 million per kilowatt hour, 
depending on site characteristics, 

Tidal plants have long lifetimes and 
low maintenance and can be constructed by 
traditional means. The application of 
small-scale tidal energy plants may be 
important in developing countries, 
especially if they could be combined with 
aquaculture possibilities. Tidal energy 
is an attractive technology which has 
proven its feasibility. Closely related 
to hydroelectric power generation, it 
poses no serious technical problems. 
Environmental effects may, however, be 
more significant, in part because the 
location of the installation would be in 
sensitive coastal areas such as estuaries 
and bays. 

CONCLUSION 

Ocean enerL r is still under development 
even in advanced countries, yet developing 
countries are likely to be the main 
beneficiaries of the technology, 
Developing countries 'iould participate 
in the early stages of its development 
and the FSCAP countries are well-endowed 
to benefit greatly. Although ocean 
energy technologies are, to some extent, 
advanced technologies, there are major 
segments that lie wit,-1in the capabilities 
of tile more industrially advanced 
developing countries. For example, much 
of OTEC technology is closely related to 

shipbuilding whereas tidal power is
 
similar in requirements to hydropower.
 

SUMMARY OF DISCUSSION ON ENERGY:
 
NONCONVENTIONAL OCEAN SOURCES
 

The initial discussion was mainly 
concerned with the practicality of the 
system. Questions concerned tile 
appropriateness of tile nutrients contrib­
uted to the surface water, whether food 
sources other than kelp could be raised, 
and the economics of the biomass system 
in general. It was noted that experiments 
have demonstrated that various food sources 
could be produced but that tile cost of 
raising the bottom water makes the system 
uneconomical at the present time. One 
suggestion was that the size of areas under 
cultivation could be increased. However, 
it was recognized that concentration of the 
nutrients was required for better control 
of kelp growth and management of urchin 
proli ferat ion. 

Details of the operating characteristics 
of OTEC were discussed. It was understood 
that an increase in the temperature 
difference (over the required minimum of 
180 C) does increase efficiency. Sugges­
tions as to how to increase this temperature 
difference and thus OTEC efficiency included 
using power plant effluent, cold water 
springs in lagoons and the water surrounding 
an iceberg (icebergs have been proposed as 
a source of fresh water in the Middle 
East) . The problcm of biofoul ing was 
raised and it was felt that progress was 
being made. Also the usefulness of OTEC 
in an area with a shallow shelf was 
questioned, and it was concluded that a 
decision of feasibility was partly a 
function of the distance from shore to the 
edge of the shelf. The possible impact of 
OTEC on fisheries resources was discussed, 
in particular the relative coolness of the 
discharge water. It was felt that the 
fish would prol1lly avoid the area, but 
that it was a subject for continued 
research. 

In regards to wave energy, it was noted 
that promising sites for such systems were 
to be found in Sri lanka, Fiji, Australia, 
and Oceania. It was reported that a 
French firm was considering the use of an 
atoll for a wave energy device. 
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MULTIPLE USE APPLICATIONS OF OTEC
 

The concept of Ocean Thermal Energy 
Conversion (OTEC) was conceived in 1880 by 
French scientist Jacques D'Arsonval. In 
1930, D'Arsonval's protege, George Claude, 
field tested the concept by building a 
successful plant off the coast of Cuba. 
Systems now hein, developed apply modern 
technology to the basic principles formu-
lated by the Frenchman. Briefly, warm 
surface water i-;ptmped through evaporators,
vaporizing a working fInid such as am)onia. 

The Vapor then powers a turline generator, 
passes iito -I condenser, and i:5cooled by 
near-free:ii, water pinped from depths as 
great as .1,0011 feet. The liquefied ammonia 
is retuirned to the evaporator, beginning 
the clo sed - loop c)'cIe again. 0IT: works 
most effectively when the tupper and lower 
water tempvrattores vary by It least .30(1F:. 

As , riorconvent iona l energy source, OTEC 
Irovides some iit? crest ilig, milt iple use 
applic:tions potentials. An OlHC feature 
that hir beenl examined for muIltiple ise 
;ipplication is tie cold water pipe (C(WP). 
Marilie Ihi ologist s have for miany years been 
AWar)e that the cold, deeP waters of the 
ocean are hiighi a nt tri cts;. "Iiis ;accouirnts 
forn the alblindzarl c of nn)iire life ilia reas 
of "lpwc IIlug" ;tich Is off tile west coasts 
of South Ar:cric and Africa. Since ;ii TI'[C: 
plant Create:; ji';t an bysrr,,ch lpw. llingi 

,,
Il in O d * Cr 111 its (IWel ) th ruiiih 
and then disch:arging it, sl ight ly warmed, 
at the sturface, it is logical to consider 

LIS iIg thi s available rit rierit resource for 

1 I. 'It 


-Ronald B. Linsky
 

commercial applications. Of singular
 
importance in this regard is mariculture/
 
aquaculture systems.
 

However, there are several problems
 
connected with this concept, particularly
 
as applied to maricoltr:re. A method for 
containing the cold water discharge in the 
desired arca without interfering with the 
operation of the 0"1IC power plant has not
been prov6en. Not until extensive experience 

with full-scale OtH: plants has been 
acquired will it become practical to examine 
the possibilities in any detail. Neverthe­
less, some prelimina ry an;lyses have 
indicated that the corversion of the 
upwelled nutrients into protein inrthe form 
c.f shellfish would be ; very efficient 
process. Indications are that it woLuld 
require only a few 0 il:C-rartcti I Litre plants 
to satuLrate the world markets for shellfish. 

On the 11,,trd, ofother tie cultivation 
kelp as;a connierci:l crop to hie osed Is a 
biomass eergy source i';qlite feasible. 
"lcre h;ve been a ,ltiltei of prolposals for 
floating "energy f:rntis" of kelp, siice kelp 
is relatively eff'icitcut art ;toring energy 
illa forni' that call he convert d to ftl'I 
(hiotnass coive'r;iot ) ;I,,
l Ia the aded
 
attraction of' u,.ing no I.ard .n-ca illdoinrig
 
50. It has becn ei:onst rat ed b) Dr. hecl er 
North of the (:alifornia Iristitite of 
lechno logy that cold, deep, nutrient-laden 
waters can accelerate growth of the kelp 
(Macrocjst is sp. 

*Roniald B. L.insky is a Consultant to the Committee for Co-ordination of Joint
 

Prospccting for Mineral Resources in Asian Offshore Areas (CCOP).
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Other applications of OTEC plants include 

energy-intr-nsive manufacturing processes, 

e.g., aluminum refining, ammonia manufacture, 

hydrogen product ion, and freshwater produc­
tion through desalination. Aluminum 
refining consuimes very large quantities of 
electrical power, and if' the process can be 
carried on at OlTEC plants far from shore, 
the power now used for that process can be 
released for other pu rposes. Tropical 
islands are special cases where O'I1A. mig.!,t 
he used for the product ion of fresh water. 
These islands f'requently lack sufficient 
freshwater suplpIi es hit ;ire situated in 
prime waters for O'1(CC. Global Marine 

eDevelopnrn t Inc. of Newlort Beach, 
Californi a, has calculaited that the 
economics of such an 01WC/desalination 
system are favorable. The resultant numbers 

indicate that for each net megawatt
 
generated. 1,100 m3/day of fresh water can
 
be produced.
 

Ammonia (NIl 3 ) production would require 
no extraneous raw materials at all, since 
it can be manufactured from the nitrogen 
in the air and the hydrogen in the water. 
Ammonia is now manufact tired from natural 
gas, a depletable and diminishing resource. 
IHydrogen can he produced from water by 
electrolysis, and if the hydrogen economy 
predicted by some futurists should some day 
come about , it may he attractive to use 
OTEC plants to produce hydrogen. Thus, 
multiple use depends upon human imagination, 
and it appears to this writer that concepts 
such as OTEC provide a fertile field for 
just such imagineering. 

152 



V. PLANNING TECHNIQUES 
AND EXERCISES 



METHODOLOGIES FOR COASTAL AREA MANAGEMENT:
 
MATRIX APPROACHES 

IATRIX METIlODS IN COASTAL AREA DEVELOPMENT 
AND MIANAGEUENT 

Introduction 


The purpose of ,n integrated coastal 
management approach to marine resource 
development is to derive the greatest 
benefit from the total range of activities 
in tile area. Since decisions will have to 
be made involving priorities for the 
allocation of scar rce resources , tile 
decision makaer should he presentied with 
the ful 1 rarige of possi hi lit i es as well 
as ',heir short-tet rem and long -term 
conllsequences . lhe process of coastal 
area deve lpler:Ut :rid 1l31an ilrg is 
mmlt idis cipli nary in nattire and should 
ibe designied as a1 Iar:; ic strategy for 
choosilig,ietweell alteriamt ives and reducing 
adverse envi rtininncltal and other effects. 
Althouigh the riced for a rationalm approach 
to (iveloint, incorporort ingrt environmental 
factors and assessirig their iinport ance 
can lie justified oi both ccononic and 
,I it i ca I grounds, st rung argmnients for 

preserv:mtion of coastal ecosyst errs need 
to he presented inI tile face of pressure 
for deve lopmnici . Preserxat ions an end 
i n it sel , whether for tie sake of 
acsthe tics or to maiirtrain existing 
amenitie s, is not nceessarily a compelling 
a rgunterit . ioweve r, short-term gains from 
development should al ways he weighed 

-Lawrence 	 D. Neuman* 

against the long-term value of renewable
 
resources as well as future development.
 

The tasks and methods presented for 
coastal area 1lanning and management 
should provide an indication of the 
consequences of Ia given action including 
assessment of tite particular coastal areas 
Which will Ile affCct'd and ina)' require 
protection or prst rv;rt ion. The aim of 
a hasic strate gy 	 ,hotlld be to supply 

ert', ItquantitatiV,e Cid, rd C;:.c,lat ion. 
For example, tile as sijgrrr;;nt of values to 
mangroves %,whi :l :a3V he ;ffected by a 
coastal a rca dvcxc'ojirenrt project may 
differ from cotitityi' to eoItry or 

locality to local it'. Yet , because the 
trees often sere :is: sotirce of 
renewahlc energy to local ilihahitants and 
provide such r't'ICucA bl lving resources 
as oysters, crust acca arnd fish for 
subsistence, th ese xa-lies shotuld ie 
carefully assessed in order to he 
adequately taken into account when 
Weigihing the losse- aainst tile hIenefits 
of devel pci t. 

The Place of' Matrices in Coastal Area 
Dexelopirerit P1 ;uiir 

"lIe proCCSS of COalSt:ll resource 
development plrniiing imcorpo ratcs an 
evaluation of rcsotlrce potential and 
methods of exploit ation together with 

*Lawrence . Neuman is Scientific Affairs Officer with the Ocean iconomics and 
Technology Branch, United Nations, New York. 
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conflict analysis and environmental impact 
assessment. *ihc matrix method is one of 
the techniques to be applied at an early 
stage in tile process of assessment and 
pIann ing. The en%I ronmenta 1 assessment 
is being increasingly recogn ized as a 
necessary Stage in development planning 
wiere such planning incorporates a 
determination of tire nature and degree of 
interaction betw'cen arl ecotomic activity 
and the physical environment. The 
asses smelt t exam ilL'e.U iutCact ionts5 in 
economic, social and ecological terms 
and is multitdist-i plinary inlnature. W1hen 
properly tnirrtrkerr. tile assessmicut 
should not unly indicate likely 
cr1vi rot:renta I coil sequences. I)tt ;also 
consider :ltern;tives and mitigating 
measures to climin;rte or minimize adverse 
effects. 

information g:rithering, coimlpilat ionand 
evarluation is art esseriti al cormponent of 
tile coast;l area dev'elopnierit ;nlrd 
cin i riOsntm :c s nsertiprogram. T1le 
dec i SiOtl- a k ilrig i, dependspl'ocess however, 
i:o'e Otl a car efil statement of tire 
objectives of tie particul ar planning 
process and tile p reblcI:,.; to ie addr'essed, 
than ott data acltri sition. 

The Coastal Plarring I1'ocess 

Figure 1 indicates the steps to be 
taken in reaching a decision otn project 
implementation inr ;a coastal area. Once 
the project ia.; beent conceived, the 
decision-matking procecs should include 
;,comparison of alte,'nrtivt ways of 
meet intg thie olj'cti 'es of th ipItoject. 
I'erfo riaLce .;tidh rd W,'ill vary according 
to local condti ien arid iqir i ireit s 
Itl ordcr to set perfttrirtie t;tndards, 
it i:ta beh1 ece..;sa ry to "eek tire opinions 
of ' t'e not directly enpaged ill tile 
proje'l !Wt i':tffctcd by it, itcludirng 
loc:,l ilirlal)t;trts of the ate,. For 

,xait)IC, i0 I [t d vIc'I el)iricitCe'.l tig,, tire 
of' a pi-'t i ciI t coa.,', ;1i e1" oI'f JLho e 
nliet.' ' I depo' it . aI t e r x; vit '.of; 

prodtc iri) , the miir r a ight illclt I' se 
oif otlen :.it -. ill'rtH,>(d pr'oduiction 
onshore or di fl'tr it c'.ioi I;t ion 
tecni iut.e. i1. at iner"if' a Ilteriat ive 
.at oiis ;:Rust IW c:lrt't td ormt iltI igirt of 
those e li pol it i c lI . f'i 11:rtc i ; I and 
cult tr'ail l t'cflo,'- whiich l'e external to 
he project but purt limits ott tire options 

avai labl Ic. 

1S6 

After possible sites and development 
methods have been proposed and adcquatc 
information has been gathered, it is 
possible to estimate tile potential impact 
of the development activity on the marine 
and coastal environment. To gain a 
preliminary appreciation of' these effects, 
a matrix method may licemployed. 

Once the consequences of each 
alternative have been identi fied, a 
point is reached whcre a decision can be 
taken ol tire acceptability of those 
impacts. The choice ranges from rejecting 
the project to impleniciting it with or 
without measures to ,liti gate the 
environment.aI effects or- modify other 
factors illtile dec Sio.,-ii;,kiIg process. 
The process is itcrative and several 
paths art- open for chang ing the elements 
in order- to prodiuce an aicceptaible project. 
The "trakde-offs" wiich tstially) ,:irst be 
made result fro.-r tire fact that ideal 
soluitions arIle iot obt;inable ;,nd that 
some adverse enrvi ronmrirerntala impacts cannot 
be avoided. 

The coastal planning process and 

ernvironmentala impact assessment should 
help tile decision aker appreciate the 
benefits aid costs of his actions both 
ill tire siot-te r'm arid ill the long-term. 

By avoiding irrevocaiie mistakes early 
in the planning stage, ftrttm, remedial 
actions will be fe;tsible anrd may be less 
costly. ihere furnds a;re insurfficient for 
immediate provision of' any or all 
measures to ,'edutce adverse effects, tile 
planning process mray still allow 
scheduling of futurre activities to 
minimize impacts. 

Matrix Teciniques 

Matrix methods are employed within the 
process of coastal plan inrtg ard assist in 
evaluating alternat i ves. The matrices 
described here1 lead logically from tire 
changes caursed by tire act i vi ty, to tire 
effects stich cil;rlrrge ii:eh oi tile rretrine 
enrvi roenvtriu t, to e ofi aind t i 111) i cAt ions 
these e1 vi i'eofiliet t a I aII I c rrt"i vt-Yfor' 
other uses of' the. cO;l.t.aI :ir.;,. rlie 
matrices were develol d to dirL'Ct 
attention to Ctll idt'r'l iorlrtt'. hich might 
otherwi.;e te ovc 'tooked. Tis "ciecklist" 
frnctior is vlltilhle hecrrrse it helps 
assri e tit;rt a t1111t i disc ipLi riIy approach 
is incorpor;ted in det',mirning 
environmental effects and potential 
confl iets. 

http:cO;l.t.aI
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The list of uses, residuals (wastes) 

and effects given in these matrices is 

not exhaustive. The effects listed are,
 
however, considered to be tile most 

important and, once they are identified, 

appropriate effort can be allocated to 
determine their quantitative significance. 
Matrix 1 (Table 1) relates selected 
coastal area activities to the residuals 

(wastes) they produce and to direct 
changes in the physical environment 
resulting from these activities. Matrix 2 
(Table 2) relates wastes to effects on 
tile marine environment, 

Matrix 3 (Table 3) relates effects to 

alternative uses and completes the 

cause-effect sequence. This matrix 

permits one to identify rapidly the 
sensitivity of "other uses" to effects 
commonly associated with residuals. The 
other uses selected cover a wide range 
of developments, but the list is not 
comprehensive. It does not include, for 
example, military activities, chemical 
manfact uring plants, wildlife 
conservation, coal mining or metal ore 
extraction and processing. The 
characteristics of particular uses and 
their scale may differ substantially from 
place to place and each example must be 
considered i ndi vi dual ly. 

In order to provide a convenient 
summary of the relationships represented
by the matrices, a matrix overview has 
been prepared (Table 1). It presents 
the three matrices in a combined format 
which allows the relationships to be 
followed moi'e easily. For example, 
mining for construction materials may 
produce industri;, waste water, dredge
SpOi l and affect water ci rcul at ion, 
among other restlIts. These wastes and 
changes in phys i ca I cond i t ions have a 
numnber of effects upon the marine 
environment including the six listed, 
These effects wi Iihave potential impacts 
uponl othe r uses of tIme coastal area such 
as the six selected. It is possible to 
select any group of activities and examine 
their impacts concurrently to determine 
potential use conflicts and environmental 
consequences. 

'llim evaluations of impacts of mining 
o. construction materials and of oil 
terminals are illustrations of the 
application of the matrices.2 

Example: Mining of Construction
 
Materials
 

Construction materials from marine
 
sources include sandls and gravel for
 
concrete buildings and structures, shell
 
sands for the production of Portland 
cement, and sand for beach replenishment
 
or land fill. 'licm of aselection site 
for mining is usually based on local 
need, that is, some development is being 
considered which will require construction 
materials. Exploration for a source of 
materials 3 may result in the discovery of 
a number of minable deposits from which 
a selection may be made. Assuming the 
presence of adequate reserves, tihe 
selection would be influenced very 
strongly by the distance of the deposit 
from shore, the depth of water and 
characteristics of the bottom. 
Transportation costs for bulk materials 
usually represerit a major p)ortion of the 
product cost whether the material is 
transported by pipeline or in the hopper 
of the dredge, and the cost of the 
delivered prodict is very .ensitive to 
changes in transport needs. Most 
standard dredges are limited in digging 
to a combi ned water depth and deposit 
thickness of about 33 m. Greater 
depths require commensurately greater 
capital expenditures or lease costs for 
the dredge. 

Bottom characteristics assume prime 
importance in the consideration of the 
deposit itself as well as in the 
consideration of the pollution 
implications of its removal. In all 
cases, but particularly where the sources 
of materials are limited or there are 
compel Iing pol it ical or other reasons 
influencing s lte selection, it is 
important to examine the potent i al 
environmental conflicts and determine the 
options applicable to the operation. 

In discussing the impl i cat i ons, it 
has been found convenient to use the 
following illistrative example. A sand 
and gravel deposit is being developed 
some 3.33 km off tile coast to supply
the construmction of a large port 
development in a West African state. The 
sand aid gravel is delivered by hopper 
dredge to time construction site ill a 
sheltered estuarine natural harbor. 'lim 
material is pumped ashore to the plant 
where it is washed with fresh water, 
screened, and graded, before being 
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stockpiled for delivery to nearby sites 

by road. The development of the port 

is necessary for the outward shipment of 
ore from an extensive deposit in the 
hinterland. No previous development has 
been carried out in the area which is 
tropi cal with a1 low rainfall and 
situiated ;ittire motith of a major river, 

Il 	iininrv Imvi ronnental Impact 
Asscssientt 

As indicated in Matrix 1, industrial 
waste water's , slidges and mud, and dredge 
spoi ls lmay i'sil t from the pllum of fine 
';cdi ment creiated b)'the overflow of the 
dredge hoplier dui ing the pick-up 
oe rat Ioii li t e ope'lr sea, 3.33 km 
f'rol, shore, tit' di :pervisioll of' the fines 
would Ihe such that re.deposition Would lie 
onlikely to re-llt ini airificant local 
ho i Idrp. lii cont owed, * measuredlI0WeveI b 

i' it were" c o-, to fleirlly fish .,l)wiing 
or 'lie 1fi '1 i iiit.lsfor exiiuiple, ),y 
Siirplce hot l ,;il ilir. tchnIiqutes. Oil 

shore., till ;i,,r i )Ilint would restilt in 
;iccillllatiol of mntud;ill( o)gnIllic debris. 

The dried stockpiles would enierate dust 
whre reas tie plant itsel f would le ;I source 

of noise. 

Significant cl':ingt il the physical 
environment may ;lso reic ilt as the 
oler;ition at :;a will altei' tire hottom 
chriractrie tic; by lowering tire seahed 
sever-al Ilcte r-,,ovte an area of a f'ew 

SqaI reiIi Ie; . [lie r -,some likeIi hood 
of aff'ec t iig %,-aVe' coiil(it ionis cntlyi,tilffici, 

to ;i ;i It ' itll ill il' l'f ili iium ofi t 
;Idjiccit hihCACIR- (',hore'lini) ' iicate slrhore 
hanl, (slo el tlle:mova theuilofilt.). Il oif 
gravel I e %.illttia il hottomi I ta 
Colia-iglte r i- i' ,,of" I r:iil t'd ;alca ;iiid 
Ilc,.) II Cl.i:C t lie'liluit;t Co'r Icintlic 

.riil.iI. h'0i'. no ,llhl i', Iri oved f'rom 
ofr I1l t i-t I I\ on\ t ilt be';Ich, tilr' 

littoilaI .Ind ].lth, t r';lyrout lie dil'tIctly 


AIfCLAIc .. i',rulo.tvd ,liotrward
I ,'lo",und 
Ol a1,,i.i I ilillitrr I '.oal. )I. illt'lci ,la 

(:h;llg(-, illc'il't'i lat i o hlr' t l rel('ild 

hIot to:irll; '.1.'It'l',l t. cco'uld f''It ra;Ich 

COrid itIM id icI' I I V al',0'ii 1d chl;iiics in 
r,;iv, r, fIm tI Ion. ()i1 ',-lore., ill 

Coll I 'ticI1 0o I C oMliIr id11iip'tlot., . d 

pl liit %,ill h , kI\i.it t '.e.inc iiit'by 


tlilc'nl, t i I i Ii h llikl cahl', indftire 
pllcicrl-ir t if If II. Ih I.. w I I I have a local 

et f c il h t lI Ioi ; rllhi l)I l' ii l ily 
t id l ;'Ill II ifte Ihu . iii order to determine 

tli',, )l'ecIr';n;tir'tiC 1101 iveys inL 

projections should be made based on simple
 
biological examinations.
 

Example: Ali Oil Tcrminal
 

Because of increased prices for oil, 
there is a wol'ldwide search for new 
reserves. The sli 1low seas and 
continental shelves arc being examined 
everytw'here and thoughts have even turned 
to the Ant;rct ic :onseqlient ly, the 
provision of Iaddit inall oil terminals 
may become liec'Ssa ry ill nily COllntries. 

Such coastal developmireit co:mllnds top 
priority so tie i .'portalice of being aware 
of its poss ible iol lut ion impl icat ions 
does not need to be Stressed. Pol lut ion 
may a rise from three m;in groups of causes: 

1. 	Conveyance of* oil to or from the 
terminal by tanker or plipeline or 
both, 

2. 	 Construction of' offshore moorings, 
jetties, quay:;, tank farms and 
other installation:;, and 

3. 	 Development of refineries and 

ancillary industries, e.g., for 
tire product ion and/or rt i Ii zat ion 

of pet roclheni ca Is. 

Because oil is such :Iconvenient energy 
source, its piesence imy lead ultimately 
to the development of a mi ltitude of 
industries and this po-;.ibility should le 
kept in mind ;it tite planniong level. fy 

itself, a1n oil t.1i1r;:i1 dot:., not ermploy 
many' [ieo It,-- tlie rt',:,,;c, of I;lillin,i 

storage aitl Ors id t iC.rllport at ionl can le 
largely aitowirat ed--,,ti that cxt ensivc 
hoius ing dh've ltlopr:eit to r oue rlt ing a 
terminal ilon i,,rot ii';ui, I . tie location 
of an oil t.l'i:ri lli I i I 'rtI;iI Iy ht, 

determn inied by it p:'t to tilieoil: r i itr 

fields. "lit' !).I 'ti('1111if 'c iiltirient s of a 

site are itdent ical to thlio,,e for I port 

and harlbor With ;idliti o ll attt lctioll to 

waste di ;p)oalI.
 

reIiminarv. Iiivilo'tirinC
. . . . t;l Iiiict
 

/\SS'sS I]I'IIt
 

[lie dve loflmient , 11 and (2) above are 

assoc iAt cd w it Iitwo Irlailnkitids of 

poIl lit ion ; -ini Ii) fi'or)tire puiIlIage of 

oi I and l t llit'co;i'tgl current 
:and serfitlierit t ransport rteg ine,; ti roulgh 
erect ion oI' mia,si ye ', titrT s OIl;iiId, i' 
Ileal" the 'hoe 'l''ecls of slichs lie 

striicturts will iot dil'elr f'rom those 
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associated with ports and harbors mechanical and electrical 
faults do occur, 
described in Matrix 1. occasionally resulting in oil spillages. 

It must also he admitted that human error 
Bringing oil ashore by pipeline is to of one kind or another is a frequent cause 

be preferred wherever practical, although of oil release, even illthe best managed

the pipeline may constitute a substantial installations. The inevitability of
 
interf'erence, with fishing. Even if spillages must be kept 
 ill mind during
 
buried initiallv (a1commrron requi remnent if initial planning and site selection. The
 
tihe sea')ed tr-aVerSed i suitable), such potential for d;'mage differs considerably
 
pipelines may enrerge albove the sea bottom according to tile type of crude oil being

duc to erosion ofnsedi menlt hy current and brought ashore, particularly according to
 
wave actioni. Ioi' t, Is ic:isoil a lone, tile its content of aromatic substances.4 
hanning of' ;II1trawling :cross tile 
pipel inc and ill;Idefined hand alongside If oil is brought ashore or distributed 
it is highly desi rlle . lredging of any from tile terminal by tankers, then the 
kind aind anchoring of any .ship ill this additional risks of pollu tion normally 
Ihand should aliso be prohil ited. For these associated with such sihilS, e.g., tank
 
r'C;isoils , the sitin, of :1 ci,inC and cleaning, discharge of waste oil, and
 
terminal itIL-; )toit,pl ticd so 
 as to sewage and garlage disposal, need to be 
iniimi::c ilrtcifcrci"cv with existing considered. Suitable reception facilities 
shipping anl fi:.hin alct iavities or any for ships' wastes need to Ie provided
such aictivitie; coiisideired likely to ashore. As indicated illMatrix 3, oil 
develop oI tlie h);i. of knowledge of terminals and refincries may produce 
tIiix loit ed I' , ';ich ;I' shel I1fish environment:i effects which haver'rt) 


I';lI
beds or' 1)ill of'o'; It., considerable im.la t oil other uses of the 
coastal area but no other activity

l,Iheiory , '-pilI ige.s ril occtur at any appreciably interferes with terminal and 
point along n pclit,i but illpractice, refinery operation.
 
fac ilit ic; iarc i',ia Il iico "porat d for
 
isolart ion of pal,:r ,.ect itols
ictlar which Of possible industri:l developments
 
thus rensti'it'tc ,In'.idcr:ih oinoiint of near an oil terminal, a refinery and the
Iv tire 
oil that c;Aibt relt,..Cd. Icgiolls of production of petrochemica ls ;ire tile most 
greatest vuiltrabilit ' oi'lioI('h ;ir' likely. Refineries may entail substantial 
r'r to t'l:r ter' ',.a leveling ald infilling of' coastaI areaslIt ed thr.' ra Of the 
hottor rid tIlie tlt' e' ' cNp 'Irlre t ('wave and will certa iily produce effluents that 
:Ictir i rin ,'in , ;riid toI cciilents are actually or potent ially darrmaging and 
li'v.ir rion. ').hip- rt-ill' of the add signi fic;intl\ to the riisks of spillage 

pipe Iii " s p, ,1iti-,1i )1. 1pi I es fr'onr of oil and oil produicts. Ill i:o;t cases,
pi jw li ire, O'yirri 0n I l ",,tut;ire most road, rail or ship ;,c..r;'; will irced to he 
Ii'(' ,litiiat t',iid., . C I lite developed for tlie d i t i hut ion of products.I lt , I 
ttliect I rrr %,IiI It IIt, prodlict ion plat form Add iti ona I dt l withti; ri t''oprneit 
or- its ;,rrcilIry ..trictri . mid with tire increased scwrtg' di:,chirge will be 

atS.h,)r, tciri: iii;il. lage', a se,. inevitable. Wc'I I - rir rr'fiieries release
 
cr ll" .I'.Yk i Ill'. Irt.r.tilt fe,'r hiazards 
 only small q irit int ics of oil and refined 

arid ; l'rc rIlic raId' I i 'd rh;iii product s it iirar'i of tilt latter areil " v'. Ij'r l oi I 

pi Ii iiil; h ocu:l'.it:1 :uIr . Ile;\C'y oils toxic to marin Iie aind Ini;iile to cause
 
If'trAll t, t'tOpliion it) thi.; Collt i lulcicy taint ing of i ;I, sh'llI 'i si , lld other
 

hc'.r ' Iiiice tdeali rig Ilre i.Il airs I ibe eI.ill .itd f'or seafood. coi.Ial :irc immediately
' 
Iithh O 'f'.htlr n .p11k,. :111d1tit ( >l t tOrs adj i-ent to cither a refinery or a 

'J im(Ilt, -" t o .' ;i ivail;leI petiochen iIal1 p1lIntRnIs t illpraCtiCC beI ticr'tredIr both 
trtlrirp:'itt Iiii.tnli I , p'),arid t ra ined regarded as sterilized so far ars fishing 

'io ' 
r a,Ica'.. ImiI I:rp of' oil ii,tiie 

coa ,tal : .t(ot.i-:1lYIc crv tr;i:nag ili.locally No .elle'r;I guialance can ie given as to 
for' hotl I i Viii' I' 'd'r ;iiitl :lr',ii ties. the extent of tnarire p1 lut ion risks from 

petrochemical plants since, iii theory at 
.:trii >..'r' i c''. :;rindicaitin of how least, tile list of pos;ibleIproducts is 

.iichr tdiimarc ri.i%a ri'e . ('olt ingelic)' plans extremely Iengthy ;ind cont;ins many 
rIholLI he prep:ired by t le local Iiuthority potent ial ly hrriful organic substances. 

for miniti,inr tire effects of such spills. .Judgments as to the likely hazar'ds can 
Iven with tire best will in the world, only lie reached on the hasis of knowledge 

I l". I ll iti pllrpol).c is ;Icondit ion is concerned. 
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of chemical substances to he produced or 

utilized and which may be discharged, 

local water movements, and distribution 
of harvestable resources. Each major 
group of chemical substances requires 
specialized production equipment and 
usually a new plant will be constructed 
if new products are to be made and 
marketed. For this reason, unheralded 
changes of any magnitutde in the character 
of effluents or the appearance of new 
substances in the effluents are unlikely. 5 

A Brief Note on Data Requirements 

A comprehensive program of coastal 
area development and mianaglement requires 
general and detailed inform:tion on the 
coastal environment as well as social, 
economi c and demollgraplic data ol coastal 
activities including huantn settlement and 
idus t ry. The objectivC of tihe data 
collection is to provide infor:iation ol 
the potent I i tfects of* coastal 
levelopment act vitier,, and limitations 
shoild he placed on *lie amount and kinds 
of dati requi red. A,,es:smernts ilst be 
based, however, upon adequate information 
regarding conditions in the marine 
environrienit and a i:nltidisciplinary 
approach to b'aseline studies is essential, 

As noted ecclitly,' "too :u11ch emphasis 
has been placed oi the data gathering 
functions" in existi:,g literature. Data 
collection can IIe\%'Zr he cons ide red 
finished or coi;;plete, but the major 
olbstacle to better rm.:1gcent ill 
developing countries i not lack of data 
or informat ion bit "the ability to analyze 
and process the data so that it yields 
the insi gh t required to make tile 
decision.' 

A fi rst step in all cases is the 
collection ;rrd ev:t|luation of pertinent 
existing information from hoth published 
aind local records. rhe bIasic data 
reqlirired for a lire] iminary evaluation of 
tire impl icat ions of coastal area 
develomnnCIt ;lt.L atlso related to assessing 
the potentia;l of* ant.ire;i for development, 
Categories Of ba';ic data include: 

1. 	 Physical occanography and 

meteorology, 


2. 	 Biological and chemical conditions, 

3. 	Seabed conditions (bathymetry,
 
sediment transport and bottom
 
deposits),
 

4. 	Living resources (particularly 
those already exploited), 

S. 	 Existing discharges of sewage and 
industrial .effluents, 

6. 	 Physical characteristics of the 
coast, including freshwater 
discharges. 

Giving special attention to likely
 
situations in developing countries, it is
 
possible to work at different levels of 
sophistication with respect to available 
methods and instrumentation. A basic 
program of ohservationsl requiring a 
minimu of trained manpower and technical 
facilities such as ships, instruments, 
and data-processing devices can produce 
the required hasic information for 
allowing a preliminary asscssment of the 
suitability of a site for a1given type 
of developmeint as well as its possible 
impact on the coastal aid marine 
envi ronment . These relatively simple 
observations may still be uised profitably 
when more sophi ticated technology becomes 
available and can form the basis for some 
decision making. 

Conclusions 

The matrix method was applied to 
specific examples in the workshop and this 
provided an opportunity to work through 
the sequence. this exercise assisted in 
demonstrating the import ance of 
information in reaching sound decisions 
as well is the complexity of' the process. 
Although iio data :re re(luired for the 
general case, actial evalnation of the 
degree of interact ion and tile nattre and 
extent of tile Li-y i ronrIerlt;aI effects does 
call for carefuIl tdy of local conditions. 
Indeed, matrices for a g.'rrer case must 
be regarded as i I lu;t rat i u' only and they 
should riot be taken a; more th.,it a guide 
for tire l)reparitin or matrices for actual 
projects. 

Furthermore, the evatiat ioti of 
individual effects may Ie wei ghted to 
indicate tire magirn itude of tire effect and 
its 	significance. The total effect of an 
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activity on the environment and on other 
uses is tie sum ef individual effects. 
The severity of the impact will be subject 
to different perceptions and evaluations 
and, consequently, the natrix method must 
he considered as;I tool, the use of' which 
m:y lead to decisions based on specific 

conditions, requirements, and goals. 


SUINARY OF DISCUSSION ON IMEIIODOLOGIES FOR 
COASTAL AREA MAINAGESII'NT: ,M\TRIX APPROACHES 

Matrix Methods 

It was enphasized that tie use of 
impact matrices (lables I to I) and 
overlay mapping Is tools for tie evalluation 
of offsiorl pet 1-ol cn development had to 
he vite, d iii tihe con tc\t of the whole 
evall;at ioil proce'O';.. lie imiapct matrix 

eI'VL'S IS :1 i''li i device to e,nsure 

colp Ic ten. s ill th checkiii, of ty'pes of 


., 
Ct It. It II dila indication of: piovidl
 
tli quet'st ionI. t lIt IICed tO b" inswered at 

th b i fill ill, of, ;ill ek ' ll tion. I ts 

Ise I'U IneSS 'luill . on, lLCree too' which 


the act i viiyi . di lt' r lit i:1t']. 


A;s ;111 exi:ipl ', it ,.is f'lt thlt ; first 
or'dt IIdi r y..I 1iii f liShore' petroleum0 s 
dkk VC IoIll)Ill onld :l d i Vi:; ion fi elIdIId i nto 
devIclopll;eull . p oil ioll, t riliis iort , and 

.prl'Oce*s: ;i c I vi t ic.S. TlI.e act ivit ies 
coildI c I'll rli r di. rg, Itr.;itcdinto , e.g. 

I:xt ra t io)- - goog I calI s1i rvey, 

exploratory dri I11i. 


F:ield!_LI('V('_Iuijet.--(rilling to 

(let ell n fi ld itc, construction 

alld erect i on of plat forms. 


Product ion.--ltimpil g repair and, 

service, .to,';,w. 


Tranpor- p IicneII (ay Iiig, 

opi' r;at i on); ;iik s ( Ioad i ng, voyages, 

fil Iaol i ng,. 


'_riet's~s i_. :- - fermi nalIs, rel'ining. 

it was recogli.-ed thfiat tle result of 
isi ig tIl. aiti rix approach for these 
act iv it.LS would lii an indicat ion of the 
type of ilnpitcts. lhe next step would be 
toohbt aiin in format i on rega rling the 

detailed characteristics and magnitudes
 
of the impacts. 

It was considered that the example of 
oily wastes as an impact of offshore 
development could he taken as an exercise. 
Accidental and operational discharges 
could be differentiated for the various 
sources--plat forms, tankers, pipelines, 
and terminals--and the quantity of 
Cxpe,(tc:' discharges estimat-I as base 
information for the eva ltinatior.. 

It was recogiiized tiit the matrices in 
the Neuman paper were developed by persons 
with experience in the substantive areas 
concerned, but witll experience mainly 
restricted geographically to temperate 
zones. IHoweve r, it was considered that 
for Southeast Asi a rifst of tile categories 
were rlevant but ma)" vary in their 
sign if i cance. Whereas it was inderstood 
that 11O olle persoll could LIe familiar with 
all the processes identified ill the Table, 
areas Suspected of receiving impact could 
be identified, however, and this suspicion 
could lie checked with specialists in other 
agencies. It was also sutggested that the 
mat rix coulI ihe organ ized di fferent ly to 
show primiia ry inld secontl;ry impacts. 

The use of mat'icc-; for identitifying 
waste IllllageIllelit :Spects of coast;i1 
resource dcvel )(ilIentw;is the sulbject of a 

i(IC rl;lig LIdi:;cussiol. lowever, it was 
emphi;isi zed thlt mat rices Ire tools for 
reve;l lul tIet COLISt'iqIeIces of reVleaising 
wastes and thit they do not prescrihe 

decisions. O)ther factLors tliat may 
in fluLeice dev, lIopcnnt otl cisions include 
the displatcement of"workers, facilities 
and industri s, and tile social impacts of 

offshore developmni'nt on onshorie 
comlnitics. 

A discussioil of alternat i ve ways of 
measuring social impact ensul tid. It was 
P1 uposCd thf;it impacts of waste management 
be rated or' ranked on mat riCe s to provide 
better ia idL'S for dcii on mking, but 
the Ilse fu I le s of, 1i t; t o l w; s ollest i oiled 
and otherli lte I i ii',li o.I ie use of 
mattrice s wer e propwi;eLd. Iliese included 
the need for el-';ir dleili, ion of' latrix 
categories, speci'icatioLi of imipicts at 
part icul;ir .;ites rat her t han in Cneiral 
and the importance of ide'nt i fying types 
of tec:hinology affectin g waste generation 
and mauageinent. 
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NOTES 

1. 	INtCO/FAO/UNESCO/WIMO/IAEA/UN/UNEP Joint 

Group of Experts on the Scientific 

Aspects of Marine Pollution (GESANIP). 

Marine pollution implications of 

coastal area development, Rcp. Stud. 

GESAM1P (11), 1980, pp. 109-112. 


2. 	The following discussion is excerpted 

from GESAM1I, supra n. 1. 


3. 	Exploration for a source of materials 

is described in GESAI'. Scientific 

aspects of pollution arising from the 

exploration and exploitation of the 

sea-bed, Pep. Stud. GESAMP (7), 1977, 
37 pp. 


4. 	 For further information on this 
subject, see GESAMP. Impact of oil 
on the marine environment, Rep. Stud. 
GESAAP (6), 1977, 250 pp. 

S. 	An initial appreciation of the potential
 
for harm of particular substances in
 
the marine environment can be obtained
 
from GESAN1P. Review of harmful
 
substances, Rep. Stud. GESAMP (2), 1976,
 
80 pp.
 

6. 	E. Chacko. Environmental assessment 
techniques: Their applicability to 
coastal management. Paper presented 
at the Workshop on Coastal Area 
Development and Management in the 
Caribbean Region held in Mexico City, 
Mexico, from 24 September to 5 October 
1979. 

7. 	GESAMP, supra n. 1.
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_____ 

TABLE 1. Matrix no. 1: wastes and directchanges in physical conditions resulting from coastal area developments 

Wastes and Dfirect/ 
Changes in 

Physical / " 
. 

Cnditions " /
.¢h Z>/ 


Coastal \ -" 'N ' - /]Activity "\ . /
 

rban development X j X (X) X () X(X) 
T7ourism C 

?orts harbors I____ j ~ XX XSS "rrS X X X,X X X "1 
___ 

X 
il terminal with - .reiner(X) X X X X X X X 

X 
X X X (X) 

X 
_____________-,7 X 

X-i I X X__;Metal lurgical 
-' 

Y I X (X) 

X I (Xplant trXxX I ) 

Fish processing X t (X) X (X)() 

construction 
 X XC X) X'i X X X*materials 


Power stations X\ _ (XX)X () X
 
taricuiture __ICX 
 X 
Intensiv.e [.4 M X 

Construction phase f X ~ X X X (X) X_____ 

;In immediate coastal zone, e.g., 
rice, sugarcane, halophytes, or stock farming or horticulture.
 
-If carried out on the beach or in shallow coastal water.
 
If using solid fuel, e.g., coal.
 



NOTES 
1. 	The residuals (wastes) identified are those associated with current practice in carrying out the activity.
 
2. 	 The symbol "X" placed at an intersection denotes a relationship with a pronounced effect. Minor effects are noted by the symbol "CX)" 

Such relationships may be either direct or secondary--or through the action of other items identified by "X" in other columns for
 
the same activity.
 

3. 	The matrix identifies the presence of interactions but not their relative importance. The development of tourism and recreational
 
activities, for example, gives rise to sewage and dredge spoil but no attempt is made to determine whether the effect of sewage is
 
worse than that of spoil. The precise significance of each effect lust be evaluated specifically for each site.
 



TABLE 2. Matrixno. 2: effects of wastes and physical changes on the marine environment 

Effects 0 u CU 

0 0 ( H 0 .:
 
Wastes U)OVoa) o >
 
and > 10 4J .,1Physical > M 0)k . 

1
 
4 04J 

k-- 0 0 *,q .4 4U) 0 WU Cd *H U)- P =Changes . o 91 - 00 F 0 . 0 ) oC +j
M 4J~ 4J~ X Z 0 -H.H 0 U)CU 0 a) H 4Jf *H 0 - : al)0U) U 0-oCo :2 z : 0 .2
 

Sewage X X X (X) (Xf X X X X X X X X X X
 

Urban runoff X X X (X) (X) (X) (X) X X (X) X
 

Garbage X X X (X) (X) (X) X X
 

Industrial waste waters X X X (X) (Xf X X X X X X X X X
 

'Cooling waters X X (X) (X) (X 
Organic solid wastes X X X X X
X X X X X
 

Inorganic solid wastes X X X X X
 

Sludges X X X X (X) X (X) X X (X) X (X) 

I)redge spoils X X X X X X XX (X) X (X) 

usts (X) (X) X (X) (X) (X) X
 

Floating solid wastes (X) (X) X
 

Scums X (X) (X) (X) (X) X
 

Oil & oily wastes (X) X (X) X (X) X (X) X X
 

Pesticides (X) X
 

Atmospheric contaminants X X (X) X
 

Odors (X) X
 

Noise (X) X
 

Water circulation X X X X X X X X X
 

Shoreline profile (X) (Xf' X X X X
 

Wave conditions X X X X X X 

Beach conditions X (X X X X X
 

Seahottom conditions X (X) (X) (X) X (X) X X X
 

Sediment transport X (X) (X) X X X X
 



aIn 	estuaries and other water bodies with restricted circulation.

bIf fresh water is used for cooling.
 
Substances introduced to combat fouling and corrosion, etc.
 
Close inshore.
 

NOTES
 
I. As with the first matrix, significant relationships are identified by "X" at the
 

appropriate intersections; minor relationships have "(X)" placed at the intersection.
 
2. In virtually every situation, the ecological equilibrium of an area may be
 

affected by one or more residuals in the form of a change in the character of the 
habitat or some aspect of the food web due to alterations in primary productivity, 
fauna, or flora. 

3. 	 As with the previous matrix, the fact that an effect is identified in a qualitative
 
assessncit does not imply that its relative importance is high.
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TABLE 3. Matrix no. 3: the potential Impact of marine environmental effects on selected uses 
of a coastal area 

0 0 .0 

Uses 

Marine 
E Ii!nvironmental 

.

Effects 

SaIin11i ty 

of Coastal 
Area-

f 

Ar e 0 
e oe . 

0 M0 
4 ~ 

0 
> 
V ~ 
0 E c 

Ci 5-. 
.0 Z -

5- 0 0 
I- CL 

X 

.-" 

$-

r i 

.4 

-
*. 
0 

.. 
S 

r 

C. 

C:5 
i 

Ci 
0.C-0 

-4 
9: 

C" 
U 

-

z 

+. 
52 
. 

W V 

0 U 
Ii) 

U 0.-
0 4-' M 
$ -. 4 

tr C~C" 
. * E 

L 

* 
0 U =: 

.4 0 

0 0 44 

4 (
VS Ci 
j > *.6-1 

0f .14 U 

() 
c-' V.i-' E 
:C '-' 
0 r- 0 

C - U 

X (XYX 

-X 
0 

-4 

*-
$5.I 

.. 

X 

. 

*-4 

s 
*'-
> 
C3 

r 
0.-
X 

' 
M 
C-' 

M 
0S 
Q)

0 

X 

-44­

0~ 

0 
1.C)0
0. 
+j 
-41 

V 
10 
ri 0 
) 

X 

'[urbidity 

Ctolor 

X 

X 
ZislerxgeQ $4CX eX X W X LX 

(X) 

Temperature X X X X X 

p1l 

Dissolved oxygen 

(Xf 

X 

(X) 

X 

BOE) X X X X X 

Nut r ient s X Xa X X X (X) 

Met als (X) X X0I X X X X 

Other dissolved 

Microorgan isms 

Faun,, ;Id flora 

substances 

X 

(X) 

X 

X X 

X 

X 

X 

X ( 

X 

(X) 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

IPrimai:rylprod!uct ivity X X X X X 

1os Aio.I X X X X X X 

l)epo,; it ion accretion X X X X X X 

,Nesthetic valuc X 

,;rowth of halophytes. 
"If sewage organisms are present 

X 

in significant quantities. 

I 



TABLE 4. Matrix overview0 

Urban development X -

Tourism & recreation ~ X 

Coastal 
Activity 

Ports & harbors X 1 X XV --
Oil terminal & refinery-7 X1 X 

Mining for construction I j
materials I(X 

X 

X X 

X 
I 

(X) 

Power station _ X] -

Wastes 
And 
Physical 
Changes 

f 

1 --
oI, 

CA 

x I(X) 

4 
o<. 

x 

0 : 

0 

r " 

rA-

x 

C. X 

L Y 

XX 

Effects 

Turbidity X X X X X 

X [(X)](XjMl)X XI X! TemperatureM1,etals X X
X 

X X
X 1 

X 
MI 

X 

X--

X X Xi XX Fauna &flora 

Erosion 

X X 

X 

X 

X 

X X 

X 

X 

X 

X.(X), X X Aesthetic value X 

(D 
tA 

0 0 
a 

0 
X:1 

0 
f 

0 

.The "other uses" shown are selected as 
I~f using solid fuel. 

-

examples. Ote se f-

Coastal Area 

- . -

o ra 

CA 0 
0 

--

-
( 
c 
'5 
C+ 

0 



SENSITIVITY RANKING OF ENERGY PORT SHORELINES"
 

INTRODUCTION 


According to U.S. Coast Guard statistics,
 
more than 50 percent of the oil spills 

that occur in U.S. waters take place in
 
ports and harbors. I In some cases, these 

spills cause extensive environmental11and 
property damage. Therefore, it is evident 
that sound energy port management requi res 
a cont ingency plan to deal with oil .pi lls. 
A wel l-conccived :ont iigencv plnm nsually 
includes: (1) idcntificat ion of possible 
s)i ll sources and -. l)scquent di:persal 
patterns; (2) s'lectioll and aicquisition of 
conta i nmcnt equipment ; (3) select ion of 
recovery ind disposal sites; (.4) determilna-
tion of" .lpropri:ltc spill cleanup and 
control IntethoLs; aid (5) a coordinated and 
wIell-org;iui-zcd syst em of rapid rcsLIonise to 
thL spi II. An cffcctive plan should also 
incltde a mappin: pro r:im that clearly
defines the semisitivity of tie coastal 
enivironmnenits of the :are;l to spilled oil 
so that the most sensitive environments 
may be protccted. The purpose of this 
piper is to outIline efforts m;ide by our 
group over the pa;t four yt-ars to provide 
shoreline sensitivity maps for a number 

- Miles 0. Hayes, 
Erich R. Gundlach, and 
Charles D. Gettert 

of agencies concerned with contingency
 
planning for oil spills.
 

ENVIRONMENTAL SENSITIVITY INDEX
 

Introduction
 

'The environmental sensitivity index 
(for oil spills) that we presently use has 
evolved considerably over the past four 
years. The concept is based on field
 
investigations of four fassive oil spills
 
(tctula, (',an",,., ,',,o& r'uh.: and 
IXTOC 1) and several smaller incidents 
(including spi l Is tinder tropical and ice 
conditions) , plus an extensive literature 
survey. A list of the studies of major 
oil spills that have provided the most 
information on this subject is presented 
in Tahle I.
 

Our first application of tile concept of 
a sensitivity index was during the mapping 
of the geological sensitivity of the 
coastline of l.ower Cook Inlet, Alasl.a.2,3 

That study defined ai oil spill
susceptibility index.. which was based 
primarily "on the physical longevity of 

*This paper was also presented at the Energy Ports Conference, American Society of
 
Civil Engineers, Norfolk, Virginia, in May 1980.
 

tMiles 0. Ilayes is with the Coastal Research Division, Department ot Geology,
 
University of S~uth Carolina, Columbia, South Carolina, and President, Research
 
Planning Institute, Inc., Columbia, South Carolina. Erich R. Gundlach and
 
Charles I).Getter are Research Scientists with the Research Planning Institute, Inc.
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TABLE 1. Oil spill studies containing details of oil impact on shoreline environments 

Study 


B. Campbell, E. Kern, 

and D. Horna 


J.E. Smithb 


H. Foster, A.C. Charters, 

and N. NeushulC 


E.H. Owensd 


R.W. Hanne; 

A. BlountJ 


E.R. Gundlach and M.O. 

Hayesa; E.R. Gundlach, 

C.H. Ruby, and A.E. Blounth 


E.R. Gundlach and N1.0. 

Ha)'es; M.O. Hayes, E.R. 

Gundlach, and L. 0'Ozouville 


Robinson, J.< 


Spill 


WWII tankers 

U.S. East Coast 


Torrcy Cc nyon 

Scilly Isles, U.K. 


Santa Barbara 

Blowout 


Arrow, Chedabucto 

Bay, Nova Scotia 


?fetuZa, Strait of 

Magellan, Chile 


UrquioZa, La Corufla, 

Spain 


Amoco Cadiz 

Brittany, France 


Peck Slip 

Eastern Puerto Rico
 

IXTOC 1 

Gulf of Mexico 


Date 


Jan. to June 

1942
 

Mar. 1967 


Jan. 1969 


Feb. 1970 


Aug. 1974 


May 1976 


Mar. 1978 


Dec. 1978 


June 1979 to 

present 


Type and Amount
 

Various; 533,740 tons
 

Arabian Gulf crude;
 
117,000 tons total;
 
18,000 on shore
 

California crude;
 
11,290 to 112,900 tons
 
total; 4,509 tons on
 
shore
 

Bunker C;
 
18,220 tons total
 

Saudi Arabian crude;
 
53,000 tons total;

40,000 tons on shore
 

Persian Gulf crude;
 
110,000 tons total;
 
25,000 to 30,000 on
 
shore
 

Arabian Gulf crude;
 
223,000 tons total;
 
60,000 on shore
 

1,500 tons, No. 6 oil
 

Several hundred thousand
 
tons; crude oil
 



aB. Campbell, E. Kern, and D. Horn. Impact of oil spillage from World War II tanker sinkings, Massachusetts Institute of
 

,Technolooi Sea Grant Report No. =-TSG 77-4 (1977), 85 pp. 
Smith.bJ.E. Canon, Pollution and Marine Life (Cambridge, England: University Printing House), 196 pp.0orre 

M. Foster, A.C. Charters, and N. Neushul. The Santa Barbara oil spill, part I, initial quantities and distribution
 
,of pollutant oil, Pollution, v. 2. 1971, pp. 97-113.crude D07vior"et 

"E.H. Owens. ra:icn 0-ecf 3eaches Contaminated b OiZ in Chedabucto Bay, ?ova Scotia, Marine Science Branch,
 
Manuscript Report Series, No. 19, Ottawa, Canada, 1971, 77 pp.

R.W. Hann. _i __',t i 'rcm the Tanker ,t?7uZa, Texas A& University, Civil Enginleering Department, Report to the 
,U.S. Coast Guard, 1974, 61 pp.


-A. Blount. Two years after the Netu. oil spill, Strait of Magellan, Chile--oil interaction with coastal environments, 
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oil in each environment in the absence 

of cleanup efforts.",4 This same principle 

was used by Nummedal and Ruby 5 to map the 

Alaskan coast of the Beaufort Sea. 

Gundlach and Ilayesf) expanded the concept 
to include some biological considerations, 

This expanded index, called the Oil Spill 
Vulnerability Index, was used to map 
several additional areas in Alaska.' 

At present, our major goal is to 
integrate biological features into the 
index. The purpose of this effort is to 
add living resource information to the 
index and yet retain its relative simpli-
city. This has been difficult in some 
cases, notably with migratory marine 
murnmals and birds. A workable solution 
has been to indicate (on the rnaps) the 
areas critical to these species for feeding 
and reproduction. Also delineated are the 
seasons in which these species use certain 
areas. This method has proveni suitable 
for the mapping of protected habitats and 
commercial species as well. The result is 
a color-coded symbol wh icli indicates on 
the maps the presence of' protected, 
commnercial, and ecologically important 
species and their habitast5. 

In the process of integrating biological 
and geological concepts, certain problems 
became apparent. For example, the large 
grain size of gravel beaches allows deep 
penetration and long-term persistence of 
oil (relatively high geological sensitiv-
ity) , whereas infaunail organisms find it 
difficult to colonize gravel (relatively 
low biological sensitivity). Th is 
contradiction has been handled by assigning 
an intermediate ranking (1SI-6) to gravel 
beaches. Also, some portions of exposed 
rocky headlands, which have low geological 
sens it ivity, have relatively large stand-
ing stock biomass. Ill sluch cases, a 
special symbol i used to inrdicate the 
presence of all especial ly pr'oductive 
biolog ical comImin ity. 

Methods of Study arid App I i cat ion 

The ultimate goal of' tlis work is to 
produce maps of coast al envit'onrmelntal 
sensitivity witi respect to oil spill 
ilipact. htese maps alie meant to provide 
informat ion thAt tile t1n-Scee Coordhiator 
(OSC) will tilt imately use ill directing 
response to oil spills. The areas under 
consideration are iistially lar-ge and diverse 
and funding levels relatively low. 
Therefore, a technique is required that 

can assess large sections of shoreline
 
rapidly and reduce the findings to usable
 
maps of a suitable scale (on the order of
 
1:40,000). The method we employ is called
 
the integrated zonal method, which has been 
adapted from the zonal method developed by
 
Hayes and others8 to classify large sections 
of the Alaskan coast for the Office of 
Naval Research. The addition of a 
biological component to these field 
studies, which were primarily geologically 
oriented at first, presents an integrated 
approach to determining environmental 
protection priorities. The method is 
briefly summarized as follows. 

Before fieldwork, available literature, 
aerial photographs, maps, charts, biological 
keys, and tidal data are collected and 
analyzed. Fieldwork begins with an aerial 
reconnaissance of the study site flown at 
low tide. Observations are recorded 
verbally on tape and photographically with 
a 35 mm camera. Ground stations are 
selected at regular intervals on the basis 
of geomorphic and biological variability, 
and the desired detaii of coverage of tle 
study area. Areas of particular economic 
or biological importanoe are selected for 
further study. Each :;ampling station 
includes a te'ographiic profile of the 
beach, three equal ly spaced sediment 
samples, a hand-drawn sketch (to force 
inspection of all aspects of the area), 
and photographs from various angles. 
Primary producers, dominant consumers, and 
standing stock biomass are assessed. 
Typically, this inciuides a census of 
intertidal organisms with emphasis on 
ecologically or economically important 
species. If available, field data are 
compared and analyzed with respect to other 
data (e.g., data of the Fish and Wildlife 
Service) from the study site. 

During and after fieldwork, the data 
are compiled and analyzed. Sed i ment 
samples are sieved and calculated for 
grain size and related statistical para­
meters. 9 Biological data are analyzed by 
application of standard statistical 
techniques. 

The last st age is the construction of 
detailed riaps wiicli indicate the determined 
index values for the entire coastal area 
mapped. Such lfeatures as areas of 
particular biological imliortance, major 
recreational centers, access roads f'or 
cleantup equipment, and mooring points for 
booms also are indicated. The map base 
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should be one that is familiar to the 

user, such as a NOAA coastal chart or a 

U.S. Geological Survey topographic map. 


An Example
 

In order to demonstrate some of the
 
details of the system, an example of one 

of the indexes we have used will be 

discussed. It is important to realize 

that a ranking system for any given locality 

may not be applied indiscriminantly to 

another locality, primarily for two 

reasons: 


1. 	 The coastal morphology may be 
different; therefore, basic 

habitats and substrate conditions 

may be different in the two areas 

under comparison; and 


2. 	 Biological comnunities may be 
different, depending upon 

differences in temperature, light, 

substrate, available nutrients,
 
and so forth. 


Therefore, it is usually necessary to 
conduct a thorough literature search and 
preliminary fieldwork before devising 

a sensitivity index for a new area. 

A ranking system for cold temperate 
coastal areas. Much of our mapping work 
to date has been in cold temperate regions 
such as southeastern Alaska. The system 
that we have worked out for part of the 
Alaskan coast provides an example that can 
be used to demonstrate the system. 

A ranking and discus;ion of the ten 
environments most commonly encountered in 
cold temperate regions is listed below. 
The environments are ranked so that the 
environment least sensitive to long-term 
oil spill damage is a "11," and the one most 
sensitive is a "10." 

1. 	Exposed, Steeply Dipping or Cliffed 

Rocky Headlands 

Observations during the UrquioZa 
and Amoco Cadi ; oil spills showed 
that oil was generally kept 5 to 
10 m offshore by waves reflecting 
off steel) rocky cliffs. Damage 
was 	 minimal, and oil that did strike 
the cliffs was removed rapidly by 
wave activity. Biomass is usually 
low on exposed shores of this type. 
Where organisms are present, they 

are usually kelp and their asso­
ciated subtidal communities which
 
are relatively unaffected by
 
floating oil.
 

2. 	Eroding Wave-Cut Platforms
 

Deposited oil is removed relatively
 
rapidly from this environment
 
because of its wave-swept condition.
 
This was observed to take less than
 
a few weeks at the MletuZa site. If
 
the platform is exceptionally wide
 
and supports a high biomass, such
 
sites are indicated by a special
 
notation on the maps because of 
potential biological impact. 
Residence time of oil would be very 
brief, however. Bird rookeries and 
mammal pupping areas are common on 
rocky headlands and cliffs 
associated with wave-cut platforms. 
Seasonal utilization is noted with
 
a special symbol.
 

3. 	Flat, Fine-Grained Sand Beaches
 

Compact, fine-sand beaches inhibit 
oil 	penetration and, as they 
generally accrete very slowly
 
between storms, the depth of oil 
burial is minimal. Cleanup is 
simplified by the presence of a 
hard substrate. Amphipod popula­
tions are likely to be destroyed, 
although, as we observed at the 
Urquiola and Amoco Cadia spills, 
recovery may occur after a few 
months. 

4. 	 Steeper, Medium- to Coarse-Grained 
Beaches 

As observed at the Urquiola spill 
site, oil burial and penetration 
may 	 be great on depositional, 
medium- to coarse-sand beaches. 
Cleanup tends to grind oil into the 
beach because of tile loose packing 
of the sediment. After a major 
spill, oil from the beach face is 
eliminated by natural wave activity, 
usually within months. 

S. 	 Mixed San. and G;ravel Beaches 

On mixed sand and gravel beaches in 
Spain, oil from the lUrquiola 
rapidly penetrated to depths of 
30 cm in the sediment. Cleanup of 
such beaches is difficult without 
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removing so much sediment that beach 1. Sheltcred Estuarine Tidal Flats 
erosion may result. 

Several sheltered tidal flats at 
6. Gravel Beaches the site of the Amoco Cadiz oil 

spill in France remained severely 
Investigation of the Urquiola site contaminated until at least 18 
revealed that oil pencetratcd most months after the spill. Even in 

deeply (60 cm) into well-sorted places where mechanical cleanup 
gravel beaches. Follow-up study of operations succeeded in removing 
a gravel beach at the AP':o..o cid: surface oil, the interstitial water 
site revealed that oil persisted as was still oiled. A high biomass 
fresh mousse eight months after the of deposit and filter feeders 
spill. Biomass i usually very low creates the potential for severe 
in this eoyi roumne t . This is due biological damagc. I.ong- term 
to tihe lot' Water conl eit of the biological changes may include 
substrate and its inwhi ilit)y to failure of some species to 
suipport :a iIIf.atunla comIninti ity. recolonize oiled substrate. 
Ilowever, the ohservation that it 

retains oil for months to years 10. Sheltered Salt Marshes 
with colicom:it alit pollution of 
ne ighborinig civiroonnen ts and tile Salt marshes are one of the most 
water col umni leads us to rank it productive portions of tie coastal 
relativcly high on the integrated zone. It has been shown that large 
scale. amounts of oil in the marsh 

environment can be devastating, 
7. Exposed, (omp:j ted Tidal Flats as at the Mcta Iand Av:ooo .adin 

spill sites. At West Falmouth, 
A:; observed at ' and Massachusett s, the effects of tie 
Urquioli spill sit-' oil does not 650-ton 'lor,,!,a spill (no. 2 oil) 
readily adhere it,, or penetrate were detectable for at least seven 
into, the compact sturface of these years after the spill." ;'ith 
sand or mnid fl.at-. Ihowever, lesser quantities, tile marsh may 
biological damage., c;I be very be able to recover (e.g., !nquiola 
extensive. At t ;."' ,:!':: spill site), although repeated spill 
site, mi 11 ions of h.art urchins incidents are usual ly damaging.II 

and clams thlat itniahlited the lower 
intert id;il anid shal low subt idal A Ilypothet ical Case 
zone of tlii s cuvirontent were 
killed. This civirionnient was In order to demonstrate how the index 
formerly ranked as a "5" on the would be applied to an eergy port. a 
geologi cal inide x becllse of tle simplified hypothetical example is shown 
short resiidece ti me of the oil , in Figure 1 . This nap shows tile location 
but it ha; beeni move'd to a "7" on of the different coastal environmerits of 
the iitegrarted index because of tile port area, plus reconniended boom 
high potential hiological impact. locations, swimming beaches, bird 
Areas with especially high rookeries, aind iirbaii areas. The index 
productivity are noted with special used is the oh'. developed for cold 
symbols. temperate areas. 

A hypothetical wreck site is indicated 
8. Sheltered Rocky Coasts just outside the harbor entrance. In this 

case, tie first liinc of defense would be 
Spilled oil teiids to coat the rough the iiarrow hrhor eitraiice because the 
surface of rocks within sheltered most sensitive areas are located inside 
en vi roinment. Ittcils e wave energy tie harh or. 'leref'ore, we have indicated 
is low, oil m:wy per; ist several the locat ion of booms at the ent raice (BI). 
months to y ' The In to posit ion the11C. resident order €'ffectively 
biological co|mlmiiii it ' li1a) he booms, detail' ;iouit tidal level fIluctua­
,htldilnrt aiid dive rse and Iikcly to tions, wave act ion, aldi idl cirrents 

be damaged or destroyed title to would have to le kiown. Whicre ava i I abl I 
long-term CxjIosuire to oil. this type of information is included in 
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ENVIRONMENTALSENSITIVITY ENVIRONMENTAL SENSITIVITYINDEX (FOR OIL SPILLS) MAP 
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FIGURE 1. Hypothetical energy port with superimposed environmental sensitivity index 
(for oil spills) 
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FIGURE 2. Construction of an environmental sensitivity Index for a hypothetical section of a tropical coast 



our sensitivity index atlases. The 

swimming beach south of the wreck site 

would also receive priority attention. 


If oil reached the inner harbor, 
secondary lines of defense would have to 
be established. The first area to be 
protected would he the extensive marsh 
area on the north side of the harbor (boom 
position B2). Other areas that would 
receive early attention would be tile marsh 
area on the sotuth side of the harbor and, 
perhal)s, the port area itself (boom 
locations B3 and 134). The swimming beach 
north of tile city would also be protected 
and/or cleaned as soon as possible after 
the spill . 

Tile presence of two bird rookeries is 
also shown on the map. These rookeries 
may harbor species which are legally 
mandated for protection during an oil 
spill . 

The Texas Experience 

hllen it became appairent that IXTOC 1 oil 
would impact the Texas coast during the 
summer of 1979, tile authors and several 
colleagues were contracte. by NOAA to 
constr.ct environmental sensitivity maps 
for the southern one-third of the Texas 
coast (Pio Grande to Aransas P~iss). 
Eventual ly, the enti re Texas coastline 
was mapped. The sensitivity index applied 
to tile Texas coast was an integrated index 
that consisted of the following classes: 

1. Erosional scarps in clay 

2. Not present 

3. Exposed fine-grained sand beaches 

4. Sheltered fine-grained sand beaches 

S. Exposed tidal flats 

6. Mixed sand and shell beaches 

7. Exposed tidal flats (moderate
 
biomass) 

8. Not present 


9. Sheltered tidal flats (high biomass) 

10. Salt marshes and mangroves 

Because of the semiarid climate of the 
region, this scale is considerably 

different from the one used in Alaska.
 
Some of the exposed tidal flats of southern
 
Laguna Madre, for example, contain high
 
salt and other evaporite concentrations.
 

The presence of a limited number of 
mangroves (10) was another climate-related 
addition to tile index. There is evidence 
that heavy oiling of mangroves can be 
severely damaging. The most notable 
case occurred in southwest Puerto Rico 
where the goe CoZootroni.'i spill caused 
tile defoliation and death of 1 ha of 
red and black mangroves." In another 
case (Florida Keys oil spill), Chan 1 3 

reported that mangroves were killed where 
the sediment or pneumatophores were oiled. 
Recently, the defoliation of 0.2 ha (0.5 
acres) has been documented by our research 
group at the site of the Pcck Slip oil 
spill in eastern Puerti, Rico. Defoliation 
and probable death seemed to occur where 
both sediment and prop roots were heavily 
oiled. Recovery of a mangrove ecosystem 
may take an estimated 20 years. I 

As tile mapping units were completed, 
the maps were presented to the Scientific 
Support Coordinator who passed them on to 
the OSC and the U.S. Coast Guard Strike 
Team. The sensitivity maps became an 
intcgral part of tile overall plan to 
protect tile Texas coast. 

With this and other background data, 
the lines of defense were set. Basically, 
the plan evolved into allowing tile oil to 
impact the outer beaches, which were 
mostly 1"3s" on the index, and to 
concentrate on keeping oil from passing 
through the tidal inlets,. Most of the 
sensitive coastal areas along tile Texas 
coast are located inside the bays and 
lagoons, landward of the harerier islands. 
Second lines of defense, aimed at 
protecting the marsh and mangrove areas 
("lOs"), were established inside the 
inlets. Fortunately, very little oil 
passed through the inlets during tile 1979 
onslaught of the oil. 

The following quote 1 
' attests to tile 

usefulness of the environmental sensitivity 
maps providedIb onr team in dealing with 
the IXTOC 1 oil in Tcxas: 

By ident i fy ing sens it i ve bays and 
inlets, and less sensitive barrier 
beaches, the study essentially 
directed Coast (;uard efforts in 
establishing booms across inlets 
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to protect tile most fragile 

areas. This is the first time 

that available information could 

be so effectively gathered and 

utilized in combatting an oil 

spill, 


SUMMARY OF DISCUSSION ON SENSITIVITY 

RANKING OF ENERGY PORT SIIORiILINF.S 


The presentation on environmental 
sensitivity indexes in relation to oil 
spill stimulated many specific and general 
quest ions. Considerable interest was 
shown in techniques used to measure the 
impact of oil spill oil organi sms in 
sediment. In the case of the IXTOC 1 spill 
on the Texas coast, voltimet ri c measurement 
of the organisms in the sediment were made 
before and a fter the spill impacted tile 
coast, and tulis a reduct ion of biomass, 
particularly amphipods, coolld be demon-
strated as being related to oil pollution. 
It was noted that the length of time oil 
remains buried in beach sediments depends 
on tile dui ratiOl) of tile beach cycIe, which 
involves the erosion :1J1d redeposit ion of 
sand on the beach. In some places, the 
beach cyc c lasts1 0 l a t1w' days, whereas 
in others, it lasts for moot hs. A beach 
cycle would have an average iitiiatiOnt of 
four to eight nontlhs. If tihe oil remaills 
buried for several ye a rs , tile resl lt may 
be long-term contallilnat ion of the 
interstitial waters illthe beach which 
can cause long-term impact Oil the biota, 
It was noted that this long-term effect 
had been locumented at the site of tile 

spill of the tanker ,m,,, in Nova Scotia. 


As regards the effect of chemical 
dispersants as it relates to sensitivity 
indexes, it was noted that in most spills 
studied, disper's:uts W1e'e used mostly in 
offshore waters and there were no apparent 
onshore biological effect; iOf diSpersants. 
In connection h with thewith Ilt clcern 
effect of oil(oi ming moves, a common 
coIs ta I v(c'tt at i VC t )'le i1 t he reg i on, the 
meet ilglwas info roctd that oil peletrat ion 
of mnlgrove alra hottOlI ;d inlllellt!was 
generally very ;light tllc to their fine-
graine d ch;l iacte r. I owecr, tihe 
hori ,(OmIt alI)elet rat ion int O hie mangrove 
forest was iltl( 2001 3000ti llit rtof to m. 
A secondal'y C'ftct (If oil sp ills is tile 
Ilooming of' thec greel alga A,/ s't, , m t 

which ocCulies n iclhes vacated by die-offs 
of organ isms vilin ralblI to oil. 

The use of the index was demonstrated
 
on a map (Figure 1) prepared for the
 
Workshop. It was noted that one defensive
 
method that could be applied to protect
 
sensitive ecosystems along the inner
 
coast of the bay from spilled oil was to
 
trap the oil in a pool with booms, and use
 
skimmers and sorbent pods to remove the
 
oil from the watcr surface. As regards 
the designation on the map of coral reef 
areas as of variable sensitivity, it was 
explained that contrary to expectation, 
coral reefs do not appear to be highly 
sensitive to oil spill as the oil seems
 
tu pass over the reef and on to the shore. 
This experience agreed with observations 
in Indonesia. Ilowever, it was noted that 
if the oil sinks onto the reef, there 
would be a greater possibl ity of impact. 

Ill tile case of the I XTOC 1 spill, the 
investigating team had ten days to make 
the baseline survey. In cases where there 
is no lead time, it was recognized that 
sensitivity judgments would have to be made 
on the basis of the maps and data at hand, 
and advice would be rendered to tile cleanup 
force on a day-to-day basis. In this 
connection, it was considered that 
particular sites such as coasts bordering 
major tanker routes and those adjacent to 
areas of offshore production were more 
susceptible to impact by spilled oil. Such 
areas could be delineated nid a strategy 
of environmental sensitivity index studies 
developed. ft was noted that tile indexes 
were usually modified to a minor extent 
for new sites to include environments not 
present in areas previously studied. The 
relative indexes would not be affected by 
tile type of oil spilled; however, the 
actual amount of damage for each index 
type would certainly depend oil the toxicity 
and half-life of the oil type. 

In regard to the manpower requirements 
and cost of environmental sensitivity 
index mapping, it was noted that in the 
south Texas coast study, two persons 
working in a helicopter and three on the 
ground completed the study in ten days. 
Normally, a crew of two geologists and two 
biologists ca-n map a 500 kim segment of 
coastline in approximately three weeks. 
The cost for such surveys to he undertaken 
by coinsul tants varies wi th the degree 
of sophistication of the hiological input. 
Tile meetini, was informed that a study 
being 1lanned for Alaska would cost 
approximately US $100/knt of coastline, 
including helicopter support for tile aerial 
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mapping. It was stressed that in any such 

study, it was important to use local maps 

and charts familiar to the authorities 

responsible for protection and cleanup. 


Acknowledgments 


Dave Maiero of SAI and Geoffrey Scott 

of RPI contributed significantly to the 

integration of biological concepts into 

the environmental sensitivity index, 

Funding for development and application 

of the index has been provided by NOAA, 

Office of Marine Pollution Assessment
 

NOTES
 

1. 	U.S. Coast Guard. Polluting Incidents 

in and Around U.S. Waters, Calendar 

Year 1977 (U.S. Government Printing 

Office, 1978-0-725-117-1324, 1978), 

30 pp. 


2. 	M.O. Hayes, P.J. Brown, and J. Hichel. 


Coastal morphology and sedimentation, 

Lower Cook Inlet, Alaska, with 

emphasis on potential oil spill 
impacts, '"(hn~e~i P~ort; No. 12-ORD, 

(Department of (cology, University 
of South Carolina, 1976), 107 pp. 

3. 	J. Mlichel, M.O. Iayes, and P.J. Brown. 

Application of an oil spill vulner-
ability index to the shoreline of 
Lower Cook Inlet, Alaska, Environmental 
Geology, v. 2, no. 2, 1978, pp. 
107-117. 

4. 	 Ibid., p. 100. 

5. 	Dag Numwedal and C.It. Ruby. Spilled 
oil retention potential--Beaufort Sea 

Coast of Alaska, POAC Meeting, 

Norwegian Institute Technology, 
13-18 Auuwrt 1977 (TroTIdheim, 1979), 

pp. 1-7. 

6. 	E.R. Gundlach and M.O. Hayes. 


Classification of coastal environments 

in terms of potential vulnerability 

to oil spill damage, Marine Technology 

Socwbty Jonal., v. 12, no. 4, 1978, 

pp. 	18-27. 


7. 	 C.II. Ruby anl M.O. Hlayes. Oil spill 

vulnerability index, Copper River
 
Delta, Procee(dinqo of Coa.stal Zone '73 

(1978), pp. 2204-2220. 


(John Robinson, Program Manager); NOAA,
 
Marine Ecosystems Analysis Program
 
(Howard Harris, Program Manager); Alaska
 
Department of Fish and Game; and NOAA,
 
Outer Continental Shelf Assessment Program
 
(Herb Bruce, Program Director). Funds for
 
field investigations of the Metula,
 

Urquiola, Amoco Cadi.;, Peck Slip and
 
IXTOC 1 oil spills were provided by
 
National Science Foundation; NOAA,
 
Environmental Research Laboratories; the
 
jointly Franco-American administered
 
AMOCO fund; and NOAA, Office of Marine
 
Pollution Assessment.
 

8. 	M.O. Hayes, E.H. Owens, D.K. Hubbard,
 
and R.W. Abele. Investigation of form
 
and processes in the coastal zone, in
 
D.R. Coates, ed., Coastal GeomorphoZogy.
 
Proceedings of the Third Annual
 

Geomorphology Symposium Series 

(Binghamton, New York, 1973), pp. 11-41.
 

9. R.L. Folk. Petroioy of Sedimentary 
Rocks (Austin, Texas: lemphil's 

Publishers, 1973), 170 pp. 

10. 	 C.T. Krebs and K.A. Burns. Long-term
 

effects of an oil spill on popultions

of the salt marsh crab, Uca Pugnax:
 
Science, v. 197, 1977, pp. 484-487.
 

11. 	 J.M. Baker. Successive spillages, in
 
E.B. Cowell, ed., The L'ceoical Effects 
of Oil Pollution of Littoral Communi­

ties. Symposium Proceedings, Institute
 

of Petroleum (London, 1971), pp. 21-32.
 

12. 	 R.J. Nadeau and l.T. Berquist. Effects 
of the March 18, 1973 oil spill near 
Cabo 	Rojo, Puerto Rico on tropical
 
mabne con n it ies, Oil Spi cal 
Conference, rrnican Plo len 

Institute (Washington, ).C., 1977), 

pp. 	535-538.
 

13. 	 E. I. Chan. Oil pollution and 
tropical littoral communities; 
biological effects of the 1975 
Florida Keys oil spill, Oil Spill 
Confereonc-, Amcrioan Petroleum 
Institute (Washingtbn , D.C., i977), 
pp. 	539-545.
 

14. 	 W.E. Odum and R.E. Johannes. The 
response of mangroves to man-induced 

181 



environmental stress, in E.J.F. Wood 15. Martin R. Lee. Bultetin of the 
and R.E. Johannes, eds., Tropical CoaBtal Society, October 1979, p. 12. 
Marine PoZZution (New York: Elsevier 
Scientific Publishing Company, 1971), 
pp. 52-62. 

182 



A BASIC TOOL FOR LAND USE PLANNING: GEOSCIENTIFIC 
MAPS OF THE NATURAL ENVIRONMENT'S POTENTIAL 

Coastal area development and management 
is first of all a matter of planning. 
It requires at tile very beginning a 
detailed knowledge of' the natural environ-
inent of tile pltnning arcl. Ilow to use 
naturall resources andl how to cope with 
natura] htt:ard. ;1-rc quetst iotIs answe ed b)' 
informition avail a b Ic only from ;pe'ci l!iSts. 
11owever, plI ;trs nd dcci Jesion makers are 
often overburtilecd with ;I flood of different 
information which i diffi,-lt It'm- them 
to digest and t rl,';lOSc into Ihit 
neces:sary for the ir ilinnin g )rojcct. "flat 
is why tit( ;Itpei.llikt -cic ntist wtenever 
involved il plainning. ah'tivities should 
tran:slate his ,]c'ia I knowledge into at 
I:ingnige vWhich it' eplainner is Able to 
understand. In this ,Ilty the planner may 
lchievC a ne;I StMtuS Of COll' c i OuSieSS 

Concerning C. ,, .Aki i roinlctnt:l p ro)lems 
in his region whiich he otherwise would not 
take into accollnt. 

For sever;al Vears, gCosC ielct ist.s of 
seve raIl cotI trie:, ha vC I- i cd t in1ut roduce 
al new type of geoscitc lific rla p wliclh has 
beetn 1,iven di ft'crent ninime, but Wlh i ch is 
;lw;a)'s IaMStd Onitit ,ll.e princ Iplc: to 
rdt'cc comlicat ed ).tnc i e ll i 'ic knowledge 
into smailler, i;ore ea-,i 1 iitt c?, t;indable 
port ioils. Of cotnic thi, pVoc'-,;s in1creT1SCS 
tle number of' marts proticctl because tile 
contecnt of tclit single m;ip is l ilited 
to a special type of iiforniat ion which tite 

-C. H. v. Daniels*
 

planner should be able to process. The 
planner can use this specific map much 
more easily than a geologic map produced 
in the traditional manner. The latter is 
difficult to read aid mi sinterpretat ion 
may resu lt i f used by noncxperts. Th i s 
new type of map was introduced in Germany 
by I tI(as "Geosc icnt;fic M'lap of the 
Natural Envi ronment 's Pot eot ial (GNI'P)." 
The need for the C.NLIT in addition to the 
conventional map system developed when 
geologists became increa:;ingly involved 
in plannin! concerning (liest ons of raw 
material resources, ground and surface 
waters, soils, foundation sites, etc. In 
such planning, a decision ol priorities 
may require direct input from geoscientists 
If tile planner does not know the properties 
and economic values of the geologic factors 
he will not be a)le to determine these 
priorities. 

Thus the (;XNI'P was designed to show from 
a geoseieot ific perspective what nature has 
provided in certain geographic areas for 
ut ili za t ion b) man . It must, however, be 
st ressed that the (MNIlP is not designed 
to replace decision inaking. It only 
displays proposalIs for itiii zat ion and 
there may exist other noig)eolog,ic factors 
of hl gher importance for llanning purposes. 

The (INEP was developed in different 
scales (I:51)0,000; 1:20) ,000; 1:25,000) 

*C.HI.v.lDaniels is a Geologist with the Lower Saxony 6eological Survey, Department 
of Regional Planning, Federal Republic of Germany. 
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according to th different size of the 

planning areas (state, region, or 

community). The procedure for constructing
 
the GNlNEP is as follows: the basic maps 
are the conventional geologic map and the 
conventional soil map. The "second 
generation" maps are derived partly from 
these maps. These new maps generally 
contain only one type of' information. 
There are two types of essentially 
different information with regard to the 
natural environment's potential. The 
first is that generally dealing with 
natural resources and leads to so-called 
''claim maps" displaying, e.g., important 
raw material deposits, high groundwater 
potential, soils of hi gh potential 
agricultural yield, and unique 
geoscientific sites for research and 
instruction. The second type of 
information concerns natural risks or 
hazards, e.g., areas with unsuitable 
fouIndation properties, salt water 
intrusion, seismic activity, erosion 
danger, and flood risk. The type of 
special inrmInation displayed on the maps 
depends on the geologic environment and 
the importance of single geologic features, 
Each country will have its own geologic 
eivi ronmen t and probIems. 

For the Lower Saxony state area, 
there is now in production a GMNE-P set 
of' 11 maps representing the special 
geologic conditions of' the country and 
meeting the geoscientific information 
requireinents of planners. A general 
legend is used on :all sheets covering 
both flat coastal and river plains and 
also mountainous areas. The first sheets 
were designedlby using conventional map 
product i on techniques , whe reas the latter 
will be l)rOd1ced by using a modern system 
of electroni c data proc essing wh i ch was 
especially developed fol geoscientific 
purposes by the Federal (;eological Survey. 

ihe Lower Saxony GMlNEI' set consists 
of the following maps: 

0 	 Agricultural yield potential: five 
quality stages of natural yield 
(without artificial influence) for 
arable land and grassland; 

• 	 Drought hazard: five quality stages 
(very high to very low) of the 
danger of desiccation of soils 

depending on climate, soil type, 
and groundwater in the region;
 

0 Foundation soil strength! numerous 
cohesive and noncohesive soils 
differentiated with regard to the 
bearing capacity of the subsurface; 

6 	Groundwater potential: the amount 
and quality of the groundwater, 
danger of contamination, drainage 
areas, salt-water intrusion lines, 
groundwater level lines, and 
groundwater flow direction lines; 

Groundwater protect ion areas: alread) 
existing (legally fixed) protection 
areas aad areas of groundwater 
extraction priority (for future
 
utilization); 

S Near-surface raw material deposits: 
sand and gravel, clay, limestone, 
sandstone, lignite, oil shale, etc.;
 

0 	 Raw material protection areas: 
the same areas as the 
foregoing map but divided into three 
categories of protection status; 

• Oil and gas: hydrocarbon deposits 
with rates of production and 
reserves for each oil and gas field; 

0 	 Salt deposits: all kinds of 
economically mineable salt deposit
 
types, existing and abandoned 
mines, and possibilities of waste 
and bulk storage; 

e Ore deposits, coal and industrial 
minerals: all other 
underground mining areas except 
hydrocarbons and salt; and 

• 	 Unique geological features and sites: 
famous outcrops, cliffs, caves, 
springs, dunes, etc., the protection 
of which is desi rable for research 
and instruction of students. 

The next step in (;NMNEP production should 
be the extraction of the most important 
information from all the different claim 
and risk maps, and its summarization in one 
final utilization map (G(MNEI'I) which can 
serve as a basis for planning. By this 
procedure, the GNEINIiPI produced from the 
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whole CHNEP set can indicate proposed 
specific land uses or even coexisting land 

uses in one area. 


Six man-years are required to produce a 
D INIP set of 22 maps. To avoid 
misunderstanding, it is worth repeating 
that the (MNIEPU is not desipned to replace 

decision making but only to provide 
alternative land utilization options from 
a geoscientific point of view. Of course 
an attempt should be made to invite other 
persons to produk- simi lar thematic maps 
suitable for I;and itse planning. 'rhe mtNEP, 
the map of the attura l environment's 
potential, co.lid he tho result of this 
attempt. 



rAVWIO PAGE BIMK
 

OVERLAY MAPPING 

A SUMMARY OF THE EXERCISES 


(Figures 1 to 11 in Pocket) 


Overlay mapping is a tool that can be 
used to determine the compatibility of 
possible coastal and marine uses with each 
other and with the natural characteristics 
of the environment. The degree of detail 
of the maps determines to what extent the 
degree of impact and the degree of 
compatibility between the proposed project 

and other uses can be estimated. After 

using overlay mapping, a next step is to
 
collect and evaluate information about the 

characteristics of the impact, its size, 

and regional effects. 


For Workshop exercises, 11 overlay maps 

were prepared by James K. Mitchell, a 
Professor in the Department of Environmental 

Resu-rces, Cook College, Rutgers University, 
New Brunswick, New .Jersey. These 

transparent maps, which represented a 

hypothetical coastal area in the region, 
consist,!d of Topography and Drainage 
(Figure 1), Water Depths (Figure 2), 
Surface Currents and Winds, Month A (Figure 
3), Surface Currents and Winds, Month B 
(Figure 4), Wave Action and Sediment 
Movemc, t (Figure 5), Landforms and Vegeta-
tion (Figure 6). Flood Prone Areas (Figure 

7), Geological Ih.7ards (Figure 8), Settle-
ment and Transportation (Figure 9), Mineral 

Resources (Figure 10), and a blank sheet 

for plotting alternatives (Figure 11). 


- James K. Mitchell* 

The exercises consisted of three parts.
 
The first (Table 1) was designed to inform
 
the participants of the major classes of
 
available data for evaluation of environ­
mental constraints on offshore mineral
 
development. The second was designed to
 
illustrate a technique for manipulating
 
these data to identify sites for resource
 
development. The third was designed to
 
practice the use of this technique in the
 
siting of a hypothetical oil tanker terminal 
to serve the development of an oil field
 
(Table 2).
 

In the latter exercise, seven separate
 
sites for the terminal were chosen by
 
fifteen working groups. Eleven of these
 
groups identified grid squares B-4, C-4, or
 
G-2 as preferred port development sites
 
although no ideal tanker terminal location 
was found to be possible for the given
 
physical conditions. The main criteria for 
selection were absence of major natural
 
hazards and the presence of existing
 
infrastructure.
 

Upon request, the participants were
 
supplied with information about the size 
of the offshore oil field, its production 
capacity, the socioeconomic character of 
adjacent areas, and the economic costs of 
basic oil field development facilities. 
Most groups attempted to include these 
variables in cost-benefit calculations, or
 
traded them off against other unknown
 
factors. The provision of additional data
 

*James K. Mitchell is a Professor in the Department of Environmental Resources,
 

Cook College, Rutgers University, New Brunswick, New Jersey.
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on environmental, social, and economic 

characteristics was shown to increase 

specification of data needs and their
 
linkages 	to development decisions were 

demonstrated. It was suggested that 
environmental science variables provided 
more 	 universally understood guides to 
resource 	dcvelopment than social and 
economic 	 planning variables, 

The discussion then focused on the 

purpose and applicability of the maps. 

Although it was recognized that the naps 

had been kept simple for instructional 

purposes, it was considered that mor. 

detail on inland uses that have ;n impact 

on the coastal area, such as land clearing 

or mining, might he included on such maps 

intended for actual use in coastal area
 

the 	overlayIt was noted thatplanning. 
mapping technique presented here could be 
used initially to prodlucc a general land 

TABLE 1. Scenario for sand mining 

1. 	 Approximately 10-80,000 m3/year of sand 
is required for urban development, 

2. 	 Sand deposits exist in grid squares 4-B 
and 3-F (Figure 10 in pocket). 

3. 	 The cost of' imported sand is apparently 
prohibitive not; and inay increase. 

4. 	 The (ovcrnment has paisscd a1 law to stop 
any more mining of the beaches. 

5. 	 The local fishermn object strongly to 
the mining of' offshore sand because 
they claim it will negatively affect 
their operations. 

Alternatives 


1. 	Employ a small dredge committed fully 

to the production on an as-needed basis. 


2. 	Employ a large dredge to remove a 

three-year supply and stockpile it on 

a beach. 

Questions
 

1. 	What serious conflicts exist? 

2. 	 What data are needed to help resolve 

these conflicts? 
3. 	 Will the cost of gathering and process-

ing the data and resolving the conflicts 
approach the ccosi utrimporting the sand? 

TABLE2. Data for the offshore oil field 
exercise
 

T
 
The Deposit and Existing 

Infrastructure 

1. 	The oil deposit to be developed is
 

situated 	 in grid squares S-A and S-B 
(Figure 10 in pocket).
 

2. 	The deposit is light, sweet crude with
 
a production capacity of 100,000 
barrels/day maximum pumping capacity 
over a 15 year production cycle. 

3. 	 Existing pipelines and storage capacity 
are fully utilized, and the existing 
refinery is capable of processing only 
heavy, sour crude. 

Financial Arrangements 

1. 	Joint-venture between country and
 

private multi-national oil company;
 
unlimited capital for investment at
 
favorable terms.
 

2. 	ADB and World Bank funds available to 
the country for the project. 

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

Economic Data 

1. 	 (a) Platform .:ost is US $35 million 
each. 

(b) 	 Pipeline cost is US $1 million per 
mile. 

(c) 	 Storage terminal cost is US $20 
million. 

Environmental Data
 

1. 	Fisheries produce 150,000 tons/year.
 
2. 	Tourism (recreational beach) receives
 

200 tourists per day.
 
3. 	Rare species of turtle.
 
4. 	 Mangroves. 
S. 	 The climate is not a major constraint to 

operation of production platforms, but 
may 	affect tanker operations.
 

Socioeconomic Data
 

1. 	 Present population is 3,000 persons. 
2. 	 Subsistence fishing of unknown yield 

(and human dependence). 
3. 	Tourist hotel with 5,000 visitors/year.
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use suitability map. If combined with a 

criteria list for development projects and 

updated to incorporate changes in 

technology and scientific and socioeconomic 

information, no new suitalbility inap for a 
specific site would be required. Wlereas 
it was recognized that such regional maps 
for a whole cotuntry would he useful for 
general deve l opmnl t p1 ann i ng i f prepa red 
prior to specific developnlen t project 
proposals, it was also recognized that the 
costs of preparing such regional maps must 
he balanccd ;ga inst the likelihood of 
certain areas coming under development 
stress. It. w;; noted that in the developed 
world, development strcs; had come before 
planning but that if such maps had been 
available first, they would have been very 

useful in development planning. 

It was also noted that parameters
 
depicted on the maps could be weighed by
 
constructing a table or matrix of criteria,
 
weighing these criteria, and then
 
transferring these weights or combinations 
thereof to the maps using shades of colors 
for different weightin, of parameters. In 
this way the suitahility of specific 
geograph i c reg i on s for pa;rt i cu 1ar uses 

could he delineated. It was noted that in 
employing this technique, it would be 
important to keep in mind the difference 
in types of values being employed, such as 
economic, socio-political, and natural 
environmental parameters. 
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PREV3IOUS PAG3Egf;t
 

FIELD TRIP TO THE PROJECT SITE FOR "COASTAL 
RESOURCES AND ENVIRONMENT SURVEY USING 
LANDSAT MULTI-SPECTRAL (MSS) SCANNER DATA" 
(DECEMBER 8 TO 9, 1979) 

-Prescillano M. Zamora 

Delegates to the International Workshop the University of the Philippines at 
on Coastal Management and Development Quezon City and a member of the Coastal 
participated in a two-day trip to the Zone Management Committee of the National 
coastal areas of Paingasinan and La Union Environmental Protect ion Council (NEPC). 
Provinces, Luzon. Philippines. The visit 
was org;ini.'d hy tlhe Nattural Resources Areas actually visited by the delegates 
,MnagoCl, t (e ut,tr (NI,N ), the country's included the I.ing ayen leach, the town of 

foremost arm I llotc o , i Sual, the Isl;ndsfror seli;ill. iwh at and lutndred illlucap, 
I)reseInt is 111t1t- k in. , toast a1 IC0ICcS all located in langas i nan P'rovi nce, and 
and envir ioent survey using IANI)SAT LSS the Baguio %itierailDistrict in Mountain 
data. the a1;l' f'o the t'lrt eI-'s study Province (FigurT 1). Thc;pirt icipants 
extenls from the Linga1yen ;ut f of also traveled along thtle coast from 

ll la1 Dagupan, LaPaIgasi na aong1 t lie co: areas of La Pangasinan to ttauang, Union 
Un ion and Il oco.' SI:. Provinces . on their way to laguio to provide them 

with a gI impsc of tile tand use patterns 
The ptrpo-.c of' ti visit was to provide along the coastal zone. 

' 
tile delC ,;atce; %,ith:a 0pl1ort ni it) to view 
firsthand the Phi lippint coast;I zone arid Prior to departure, the delegates were 
its uses. lic trip A-, providt'd a1n given printed naterials on the various 
opportunity toI .l.lI(- t0 I) stn some activities bei ug conduct.ed bty tie NRIIC 
of the projects ;nutdpr'gr,rtiis being relating to the coastal zone. "The group 
implemented by ;aglencies of the I'li lippine left Manil;a oil l)eceCmIteR- 8 fr1 D)iguptMI 
governml, it for the pwnt t'ct i on , deveIopmient, City and t rave'led through the provinces 

a1nd ;asessmnt of the count ry ' s coastal of Bul acan, t'nrp;inga, and Tarl ac, while 
zone. listening to ;ahriel" lectutre on tile 

gconiorpliologic;l ch;iract erist its and land 
One particl arly relevant project is use of certain portions of tte province;. 

the Ident i fi cat ion and As;sessmcnt of The NRMW staff trave ling with the delegi.tes 
Coastal Zone Iltil i.zait ion aind Environmental included Ihr. l'rescillano Z;ira, Mr. 
Problems inithe P1hi i ippiiies undertaken by Ricardo hifi a (a marine biologist and head 
Ir. Ilrescill ano Zamora , a hotanist from of the Iciriote Sensing Technology Applica­

'Prescillano NI.Zamora is a Professor at the University of the Philippines and a 
Consultant to the National Environmental Protection Council, JIIS, and Natural 
Resources Management Center, RNR, Quezon City, Philippines. 
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tions Division of tile NRC), two 
geologists, a zoologist, a biologist, 

and a geodetic engineer. 


Arriving ill lagupan City before noon, 
the delegates checked in at the McAdore 
International PalIace Hotel. In the 
afternoon, the coastal areas of l'angasinan 
were visited. First on the itinerary was 
tile Blue BLeaich ill .ig l)en (ll., west of 
Dagupan Cit y. While enroute to Blue Beach, 
the dCl eg~ltes Wcre" shown the extensiVe 
fishponds along, the coastal areas of 
Daupan and .ingt, ayen. These fishponds 
were formerly mangrove ;ind nipa palm 
stands WhiCh were illdiscrimi a tely logged 
to give way to salt beds and milkfish 
ra isi ig, 

The beach proper is located near the 
provincial calpital1, I.ingayen, and is abott 
4 km from one of the monuths of the Agno 
River. Here the deleg:ates were shown 
different coastl Iuses such as recreation, 
fishponds, and rice I:ads . Being very 
near Agno River, tie a rca is affected by 
Siltation, and the blach processes, such 
as receding shoreline,; and format ion of 
sand spits aiid laigoons, were viewed and 
explained. 

The gro,1ip lrocceded westward, passing 
through ext ensi ve arca,; of fishponds and 
nipa palm growth to 'ort Stiall and l.ucap. 
Thesc towns werc viited for a demonstra-
tiolt of variolls contfl icts in tile 
utili:at ion of e ill i'angasinall.co;lstal c.i 
The gov rn;ieit , for intust;inice, iad lplanned 
to convr't I'it Suill into an i itcrnational 

port to Leulce' ti" vol iit"ie oi sihips docking 
at the Manil, IiBa pByict ;. "hc plan was met 
by opposit iot ftro; fi:;hterm , n'ld by 
salt-hed iid 'idipoltd owite rs whose insllS 

of livelihood wonld h. displaced with the 
construct ionOf the port. 

hlle town of LoIc:,p is a tourist and 
recreat ion ;poti famotis for tie Hundred 
Islands. The hmd ted islinds is a grotip 
of riunuierots i sIe-ts largely composed of 
reef lime tott, formerly connected to tie 
mainland. Wve ltd Wziter at ion restilted 
ill the isol.at ion o1" thi li; formation 
from tlie m:inlnd .itd its di ;Iggiregat ion 
into nti:icrotv; i.;le',;. 'lhc ;irca is the 
foc;ll p)oint of ;1 cl;tl;siCtal c( tlllict in 
the utili,'.:atitiO of 'o;ast:l are';s. Ihe 
governnint had pilttd to cortl'lict a 
hotel oio one of the big''est islands ill 
the chain and to piipe fresh water from 
tile maiinland to this island. This proposal 

was opposed by marine conservationists 
because they feared destruction of sea life 
and disturbance of the marine ecosystem. 
Fishermen also opposed the idea because 
they feared the loss of their main source 
of income. These conflicts ill coastal land 
use underscored the necessity of developing 
government policies and laws regarding 
utilization of coastal zone features. 

In the evening, the delegates attended 
a reception hosted by tihle NI.C, accompanied 
by a slide presentat ion on tile latest 
results of the NI.lK: project being conducted 
by the Center. Among the items illustrated 
were land use maps of Ia)gupan and Alaminos, 
maps of flood prone areas, and localities 
with cases of erosion such ;is tile 
Urbiztondo and Mangataran ridge, al 1 in 

Pangasinan. These maps were the result of 
computer analysis of digital I.ANDSAT data 
carried out using the GcneraI Llectric 
Niulti-spectral Image Analyzer System 
installed at NRC. Also presented to 
the delegates were aicrial photos of 
Pangasinan aund L.a Un ion coastline showing 
various land uses such as fishponds, rice 
and coconut plantations, and areas of 
former beach mining for magnetite sand in 
Agoo, La Union, now banned by tie 
government. 

The fol lowing day, liecember 9, the 
delegates proceeded north towards Baguio 
passing through the N:tguillan Road. This 
particular route was selected since it 
proceeds along the coast for ipproximately 
60 km. T[raveling along the coast , the 
delegates had a leeti ug view of the 
different land ises ;td cover stch is nipa 
palm stands, grass and brlishlands, rice 
fields, and cocotit plantations. They 
also witnessed clltagcs in tie topography 
of the land. The l.ingy;ien , Itagtpan, and 
San Fabiian a reas , fior exalnuIe, are part 
of a vast plaiii of alluvial deposits from 

tile Agiio and tuied I Rivers which drain the 
level land. 

Farther north tie level land becomes 
narrower and is flanked to the east by 
hills of sedimentary rocks. This narrow 
zone extends from liamortis, L.a Jnion to 
Bauang, La lnion. Rain-fed rice in these 
areas is cultivtted till to the coastline. 
Land nearer the hills is covered hy hrush 
and grasscs toid occas ionially pla ted with 
rice irrigated by river water. 

Baguio was iticI tided itt the it inerary 
to afford the delegates the opportunity 

193 



to witness activities carried out about 

45 km north-northeast of Lingayen Gulf 

which directly affect the condition of 

this coastal area. The mountains of 

Baguio contain rich deposits of porphyry 
copper and gold which are being mined by 
private corporations near the Kennon 
zigzag road. Tailings from the mining 
operations are dumped in the headwaters of 
the Bued River which drains into the 
Lingayen Gulf. The tailings carried by 
the Bued River into the Gulf directly 
affect the quality of water in the Gulf 
and indirectly the marine life. Actually 
witnessing this phenomenon leads to a 

better appreciation of the necessity of
 
having a clear definition of the extent
 
of the coastal zone in terms of space or
 
activities affecting coastal areas so that
 
policies and laws for the protection and
 
development of these areas can be
 
rationally formulated. 

The group left Baguio for Manila in
 
the afternoon and traveled along the 
Kennon road, which parallels the Bued
 
River. Here they could view the mining 
centers and the effects of the mine 
tailings. 
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VI. RECOMMENDATIONS 
AND LIST OF PARTICIPANTS 



WORKSHOP RECOMMENDATIONS
 

S. 	In order to optimize the dcvclopment
The workshop after duc consideration 

of their coastal areas, close
strongly recommended that: 

commtunication, cooperation, and 

1. 	 Coastal Area levelopment and coordination he established among 

he included as an all organi:ations within cachManapgement (CAINI)
agend. itcera ill 11 future meetings 	 country involved directly or 

Of relcvan1t regionaI, intergovern- indirectly with CAI,
 

mlienital Ol'g'iilli :l I0oh. t
includ ing 
he mi de availableASENN, CCoi', (:/Sp(: [SCAP, 6. 	 A team experts((0' .V, of 

each neuilerm country uponSLAI:FI, SI'C, SIIC, IlP, OFB, to visit 

ot her request to ide,.ti fy the CAD&hMIo:/mIsI'IAC, and 	 relevant 
prohlems and to orgianize inter-UN hodies. 
organ i zat iena I semi nars, workshops, 

2. The agenda items on current and 	 and research and to develop and/or 

projected 	 activities of CAD&N1 review in-country ;ind regional 

of the programs as appropriate.include consideration 

fol lowing:
 

7. 	 Based ol the specific coistal area 
problemsa. 	 Major projects (level opmen t and malnaemU t 

in member countries, furtoer 

b. 	 Data rcqu rements and collection regional workshops he organized to 

apply the concepts of' coastal area 

c. 	 Research development and mai,.igeinent to topics 
such as, hut not lilbited to: 

d. 	Legislation
 
a. 	 Ports and harbors 

e. 	Policy and regulations
 
b. 	 Water resources 

f. 	 Training 
c. 	Mineral resources 

g. 	 Workshops 
d. Coral and mangrove 	ecology
 

h. 	 Public educat ion 
e. 	Fisheries
 

3. 	 One of the existing regional bodies
 
be re.;ponsihle for the collection, f. Animal husbandry
 

documentat ion, and dissemination of
 
infom ation perti nvnt 	 to Cl,. g. Agriculture 

4. 	 TO facilitat e col;unuiinic:it ions, olne h. Mariculture and aquaculturo 
individual bc dr;in:-.ited in each 
national ,ove rilnmelt and rej, iona I I. Recreation and tourism 

organ i za;it i ol to he lespos i h 1C for 

all matters dela Ii g wit h CAIflM. J. Marine transport 
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k. Ocean energy activities 
 9. Present national legislation of
 

the member countrics pertinent to 
1. Standardization of data CADUNI he reviewed to insure that it 

incorporates principles of good
m. Mapping resources managcmnt and, where 

legisl at ion is found to bc 
n. Environmental control 
 deficient, immediate stcns be taken 

to forntilite adequate rules and 
o. Coastal are;a protect ion regulat ions, appropriate inistitu­

tional arran geinen ts and i review
8. A directory of specialists, process of CAI)stf act ivit ics. 

agencies, ;ad inst itut ions listing 
their areas of competence in CAD&M 
be compiled by l li and the 10. An intergovernmental personnel
in foznat ion d i s.erminated to the exchange program be established or
countries. continued among member countries 

to improve CAlIhM methods and theand further recommended that: transfer of appropriate technology. 
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