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Preface

Coasts are fascinating places that are both beautiful and dynamic. They 
attract great numbers of people in any country that faces the sea because they 
have provided a variety of benefits to humankind. In the Asia-Pacific region, 
coasts stretch from the Arctic to the tropics, and therefore represent a diverse 
environment. This rich diversity is a source utilized by the region’s coasts to 
support a range of human activities such as fisheries, use of marine resources, 
transport and trade, marine sports, recreation and everyday life. As a result, 
coasts have today become home to about half  of the region’s population.

The benefits that coasts provide are not limited to economic goods and 
services, but extend to cultural and artistic values. There is a nursery tale in 
Japan of a small princess who sailed from a country far off  to the south in 
a small coconut boat and arrived on the coast of Japan, which suggests that 
a connection between Japan and far off  countries existed from long ago. We 
can find similar stories in many countries. This indicates that the sea has been 
a medium for cultural exchange and the coast acts as the gateway for such 
exchange. All the environmental, economic and cultural functions are what 
attract so many people to the coasts, regardless of whether there have also 
been dangerous natural disasters originating from the sea.

In the latter half  of the 20th century, however, adverse phenomena have 
spread, such as water pollution, the disappearance of mangroves, degradation 
of coral reefs and coastal erosion, which are the result of coastal development 
and an increase in the discharge of land-based pollutants. These problems have 
become increasingly serious, particularly during the past 30 years. Further-
more, the Asia-Pacific region is expected to undergo more intensive urbani-
zation and development. For example, the trend for population growth will 
continue, and the number of megacities will increase in the region to more 
than 25 by the middle of this century, which will further increase the destruc-
tive pressures along the coasts in the coming decades. In addition, the effects 
of global environmental change, such as climate change and sea-level rise 
caused by global warming, are becoming increasingly apparent. To achieve 
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sustainable development in the coastal zones against such multiple stresses, it 
is fundamentally essential to observe, monitor, and understand the status of 
the environment.

The International EMECS Center was established in 1994 to promote 
coastal studies and exchange practices in coastal management among 
researchers, government officials and citizens, focusing on the environmental 
protection of semi-enclosed seas and coastal waters. The International 
EMECS Center organizes international EMECS conferences every two to 
three years to promote such activities on both a regional and global scale. 
Since the 5th conference held in 2001 in Kobe, Japan, the EMECS conference 
has hosted special sessions for the Asia-Pacific region because of the urgent 
need to find a way to ensure a sustainable future for the region’s coasts. The 
idea of editing a book showing the present status of the environment and 
costal management was born out of discussions held at these sessions. This 
book is designed to form the basis upon which to plan a sustainable future for 
coastal zones in the Asia-Pacific region through summarizing the present status 
of the coastal environment. During the preparation of the manuscript, we 
reconfirmed that the region’s coasts were vast, and that we still lack sufficient 
real data on the coastal environment and management practices. However, we 
believe that this book is a starting point from which to provide an integrated 
picture of the present status. I shall be more than happy if  this book is able 
to contribute to the improvement of people’s understanding of the region’s 
coastal environment.

This book is the fruit of tireless work by a group of some 36 authors and 
7 reviewers. As Editor, I would like to express my sincere appreciation to all 
the authors for their tremendous effort in completing their manuscripts. I 
also thank Dr. Yoichi Kaya, President, and Mr. Toshizo Ido, Chair, Board of 
Directors of the International EMECS Center for their continued support of 
this work and for the great patience they have shown. I am also very grateful 
to Prof. John Hay for his dedicated work in checking the English and editing 
the manuscript.

August 1, 2007

Nobuo Mimura
Editor
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1
Introduction: Scope and Objectives 
of This Book

Nobuo Mimura1 and Sombo Yamamura2

1 Institute for Global Change Adaptation Science, Ibaraki University,
2-1-2 Bunkyo, Mito-shi, Ibaraki Prefecture, 210 8512 Japan
2 The former Director of APN Center,
1-5-1 Wakinohamakaigandori, Chuo-ku, Kobe 651-0073 Japan

1.1 Interaction of the Natural Environment and Human 
Activities in the Coastal Zones

Coastal zones in Asia and the Pacific are extremely diverse in their characteristics. 
They range from polar to tropical regions, large areas of which are under 
the strong influence of Asian monsoons, tropical cyclones, and interannual
 variability imposed by the El Niño–Southern Oscillation (ENSO). Various 
geomorphologic features also occur, including deltas formed by large 
rivers, islands, and rocky coasts. These are often accompanied by valuable ecosystems 
of mangroves, coral reefs, and sea grass beds. Numerous large rivers in Asia 
discharge large amounts of  freshwater and sediments to the sea, with such 
sediments accounting for about 70% of the world freshwater flow. Coastal 
ecosystems are home to a rich biodiversity and a wealth of biological resources 
that include abundant fishery resources for commercial and subsistence fisheries.

Another distinguishing characteristic of the region’s coastal zones is its 
extremely high degree of interaction with human activities. The Asia and 
Pacific region accommodates half  of the world’s population, about 60% of 
which live on or near the coast. Migration of people from inland areas to the 
coast is a key factor in this increase because this coastal zone has shown the 
highest rate of economic growth of any region in the world. Because of such 
a trend, the majority of the world’s largest cities are located on the coast, and 
most coastal megacities are located in Southeast Asia.

The concentration of population, economic development and related 
changes in land use has two major effects; one is increased pressure of human 
activities on the coastal and marine environment. Coastal societies in Asia 
and the Pacific have been highly dependent on coastal resources in many 
ways. However, in the last 30 years coastal resources such as mangroves, coral 
reefs, and fishery resources have become depleted on a large scale. This depletion
has become a critical issue for the region. For example, more than 60% of 
Asia’s mangroves have already been converted to aquaculture farms (ESCAP 

N. Mimura (ed.), Asia-Pacific Coasts and Their Management: States of Environment. 1
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2 N. Mimura and S. Yamamura

and ADB 2000), while coral reefs are threatened by the combined effects of 
higher temperatures and pollution of sea water. In reality more than 80–90% 
of coral reefs are threatened in many areas in the region (Burke et al. 2002). 
The Asia Pacific region is losing its resource bases to support people’s everyday 
lives and future economic development as well as the rich biodiversity in the 
coastal zones, though this book mainly focuses on East, and Southeast Asia. 
If such human-induced pressures are exacerbated by, and superposed on global
changes, the effects will be devastating for the sustainability of the coastal 
environment. There is a pressing need to find ways to alter these trends, to 
protect the coastal ecosystem and return it to a healthy condition.

Populations of human beings and their society are being exposed to natural 
and human-induced hazards. Global environmental changes, particularly cli-
mate change induced by increased atmospheric concentrations of greenhouse 
gases, will increase threats to the coasts on a wide scale. Higher air and seawater 
temperatures, and changes in precipitation, tropical cyclones, marine condi-
tions, along with sea-level rise, all exert a variety of pressures on the region’s 
coastal communities. Countries surrounding the Indian Ocean were hit hard by 
the Indian Ocean Tsunami resulting from the massive earthquake off the island 
of Sumatra on December 26, 2004. More than 220,000 people died and several 
million lost their homes, personal assets, and the basis of their socioeconomic 
livelihoods. Coastal infrastructures were also heavily damaged in these coun-
tries. Although the tsunami was too overwhelming for the systems protecting 
coastal communities, the tragedy symbolically illustrated a number of aspects 
related to coastal zone management, such as the level of disaster prevention, the 
preparedness of coastal societies to tackle disasters, the relationship between 
coastal protection and economic development and land use planning. The 
coastal zones in the Asia Pacific region have faced, and will continue to face, 
a variety of natural forces including climate change and variability and other 
natural hazards. These powerful natural forces, with their high variability, are a 
major factor in the vulnerability of the coastal zones in the region.

These and other changes in the coastal environment are derived from 
natural and socioeconomic influences. Past and ongoing changes should be 
understood by analyzing the changes in those influences. Such knowledge can 
provide a basis for estimating future trends in the coastal environment. It is a 
challenge to understand past and ongoing changes, to identify the driving fac-
tors of those changes, and to integrate such knowledge in order to provide the 
necessary information for finding a way to ensure sustainable development of 
the coastal zone in the region.

1.2 Background and Objectives

This book is an attempt to respond to the above challenges. Its creation 
was proposed through discussions at the International Conference on the 
Environmental Management of  Enclosed Coastal Seas (EMECS), which 
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is supported by the International EMECS Center. As the EMECS Confer-
ences now boast a history of  more than 15 years, it is useful to review this 
brief  history of  the Conference in this way provide further background to 
this book.

Semi-enclosed coastal seas such as bays, inland seas and river estuaries comprise
a rich natural environment that has long provided people with space and 
resources for their livelihood and socioeconomic activities. They have been 
used for fishing, industrial activity, maritime transport, tourism, and recrea-
tion, as well as academic and aesthetic activities. However, as the exchange 
of seawater in semi-enclosed coastal seas is sluggish, these environments have 
also been adversely affected by human pressures. As a result, enclosed coastal 
seas around the world currently suffer from water pollution, reduction in 
habitats, and declining fish catches. This is especially the case for the Asia and 
Pacific region, as mentioned above.

Based on recognition of such serious problems, the first International Con-
ference on the EMECS (EMECS ‘90) was held in 1990 in Kobe, Japan. The 
conference was attended by over 1,200 people from 42 countries, regions, and 
international organizations such as the United Nations Environment Program 
(UNEP), the Organization for Economic Cooperation and Development 
(OECD) and the Food and Agriculture Organization of the United Nations 
(FAO). Following the success of the first conference and its subsequent activi-
ties, the Second EMECS Conference was held in 1993 in Baltimore, USA, and 
thereafter the conference has been held every 2 or 3 years, and in locations 
such as Sweden, Turkey, and Thailand. The most recent conference was held in 
2006, in France. In order to support such activities, the International EMECS 
Center was established in 1994. The Secretariat is located in Kobe, Japan.

In 2001, to celebrate its 10th Anniversary, the 5th ECEMS Conference 
was again held in Kobe. An Asia Forum was arranged under the joint aus-
pices of  the Asia-Pacific Network for Global Change Research (APN), as a 
special opportunity to discuss the status of  the coastal environment, focusing 
on Asia. The Forum reported that human pressures have been increasing in 
many respects, mainly due to rapid, major economic development in the 
developing countries of  the region. Those who attended the Forum shared 
a common concern that threats to the environment would be further exacer-
bated by the combined effects of  human activities and global environmental 
changes, such as climate change. Following the recognition of  a shared need 
to assess the state of  the environment and its changes on a scientific basis, 
the International EMECS Center commenced a project to undertake such 
a comprehensive assessment. This included establishing the Editorial Com-
mittee for this book. The assessment was based around a framework that 
comprises three aspects; drivers to environmental change; the state of, and 
changes in, the environment; and responses to these challenges. Through 
this framework it is possible to provide a comprehensive overview of  the 
ongoing processes in the Asia and Pacific coastal zones. The objectives of 
this book are as follows:
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1. To summarize the present status of the coastal environment in the Asia and 
Pacific Region, including its changes

2. To obtain a systematic understanding of the causes and consequences of 
pressures affecting the coastal environment, and responses of  human 
society to them.

3. To prepare suggestions for future efforts aimed at monitoring, research, 
and management of the coastal environment.

1.3 Structure of this Book

This book consists of six chapters reflecting the above objectives.
Chapter 1 is an introductory chapter.
Chapter 2 presents an overview of the drivers of environmental changes in 

the region. First, it looks at the characteristics of natural environments, such 
as climate and marine conditions, and then summarizes human activities as a 
major driver of such changes. As population and economic growth is remarkable in 
the Asia and Pacific Region, trends in population growth, migration of people 
to the coastal zones, development of both river basins and coastal zones, and 
pollutant discharge from the land to the sea are highlighted. This chapter also 
identifies climate change and natural hazards as major drivers.

Chapter 3 is concerned with environmental problems in coastal zones. It 
presents the current status of the environment and related activities, focusing 
on the changes in the physical environment and coastal features, beach 
erosion, water pollution, ecological changes such as those related to man-
groves, coral reefs and sea grass, fisheries and tourism. The chapter describes 
how the coastal environment in the Asia and Pacific Region has been changing 
rapidly, and on a large scale. This chapter will also provide a comprehensive 
picture of the strong interactions between the coastal environment and human 
activities. The potential impacts of  global environmental changes, such as 
climate change and sea-level rise, are also discussed.

Chapter 4 describes responses to these and related changes, focusing on the 
policy framework provided by integrated coastal management. As a policy 
response, the importance of integrated coastal management has been widely 
emphasized. At the same time, an integrated approach always faces challenges 
of reaching compromises with regard to the interests of different stakeholders 
as well as with the trade-offs between the different objectives of related policies. 
This chapter looks at the recent evolution of integrated coastal management 
in the region, including the lessons already learned.

Chapter 5 provides a summary of  the state of  the environment for the 
subregions of East Asia, Southeast Asia, and South Asia. Reports for countries
of these subregions give additional details..

Chapter 6 presents conclusions regarding the various themes covered in 
the book and also proposes future directions regarding the actions needed to 
ensure sustainable development in coastal zones.
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The authors for these chapters are scientists and other experts in coastal 
issues. They were selected from countries in the Asia and Pacific region, including 
China, Korea, Japan, Chinese Taiwan, the Philippines, Malaysia, Indonesia, 
Thailand, Singapore, Bangladesh, India, Pakistan, Sri Lanka, and Fiji.

The book is based on a comprehensive framework of drivers, states and 
changes in the environment, and responses to these. For these reasons we 
hope this book not only presents valuable information to all relevant readers 
but also acts as a trigger to promote further efforts in monitoring, research, 
management and preservation, leading to improved use of coastal environ-
ments in the Asia and Pacific region.
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2
Drivers for Changes in the Coastal 
Zone

Chairs: Tetsuo Yanagi and Kwangwoo Cho

2.1 Physical Environment of the Coastal Zone

Tetsuo Yanagi
Research Institute for Applied Mechanics, Kyushu University,
6-1 Kasuga-Koen, Kasuga-shi, Fukuoka prefecture,
816 8580 Japan

The land area of this region is characterized by rain forests, paddy fields, 
and countless islands, while the coastal area is characterized by its bio-
 geomorphology such as mangrove forests and coral reefs. Numerous large 
and small islands subdivide the region into different seas, which are connected 
with each other by a large number of passages and channels. Deep trenches, 
high mountain chains, many volcanoes, deep sea basins, and innumerable 
coral islands form a complexity of phenomena that are not found over such 
an extended area in any other part of the world.

2.1.1 Monsoon, River Discharge, and Sediment
Monsoon and Surface Currents

The countries in this area are substantially affected by the Asian monsoon 
climate because they are situated between the land masses of Asia and Australia
and the Southeast Asian Waters. The equatorial pressure trough moves 
according to the position of the sun, crossing the equator twice each year. In 
the summer hemisphere, a low develops over the continent as a prolongation 
of the equatorial pressure trough, while in the winter hemisphere a high is 
formed over the continent, forming part of the subtropical high. Between 
the high and the low, the monsoons develop. In the boreal summer, hot and 
humid winds blow from the sea to the continent (Southwest Monsoon), while 
in the boreal winter cold and dry winds blow from the continent to the sea 
(Northeast Monsoon) (Fig. 2.1.1.1).

N. Mimura (ed.), Asia-Pacific Coasts and Their Management: States of Environment. 7
© Springer 2008
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The monsoon system in this area modulates interannual variability imposed 
by ENSO events. The monsoon in the South China Sea is weak during the period 
of El Niño, while it is strong during the period of La Niña (Wu et al. 1998).

The sea surface currents in the South China Sea reverse in phase with the 
Northeast Monsoon and Southwest Monsoon as shown in Fig. 2.1.1.1.

In the boreal summer, there is a northeastward current along the coast of 
Vietnam and the continental shelf south of China. The speed of this current 
is about 20 cm s−1 in the southern part of the South China Sea and about 5 cm 
s−1 in the northern part. An anticyclonic basin-wide circulation with speeds of 
5–10 cm s−1 develops in the central part of the South China Sea and there is an 
anticyclonic circulation with speeds of 10 cm s−1 to the southeast of Vietnam.

In the boreal winter, there is a southwestward current along the continental 
shelf  south of China and the coast of Vietnam. The speed of this current is 
5 cm s−1 in the northern part of the South China Sea and 15–20 cm s−1 in the 
southern part. A cyclonic circulation develops in the central part of the South 
China Sea (Morimoto et al. 2000).

FIG. 2.1.1.1. Sea surface currents in August and February in the South China Sea. 
Insets show sea surface winds. (From Wyrtki 1961.)
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River Discharge

The dry season and wet season are associated with the monsoons, that is, the wet 
season along the Vietnam coast, the eastern coast of Peninsula Malaysia and 
the northern coast of Indonesia occurs during the Northeast Monsoon (from 
November to March) while the dry season in the area occurs during the South-
east Monsoon (from June to September) (Fig. 2.1.1.2). On the other hand, the 
wet season along the southern coast of Thailand is during the Southeast Mon-
soon (from July to October) while the dry season there is during the Northeast 
Monsoon (from December to March) and results in the seasonal variation in 
river discharge along the southern coast of Thailand (Fig. 2.1.1.3).

Large rivers such as the Irawaji, Sarwin, Chaopraya, Red River, Changjiang, 
and Yellow River discharge into shelf  waters, supplying large amounts of 
suspended sediment, causing delta to form and grow at the river mouths.

Annual river discharge throughout the world is shown in Fig. 2.1.1.4. In terms of 
worldwide water discharge, the world’s ten largest rivers account for about 38% of 
the total fluvial water entering the ocean, slightly greater than the combined percent-
age of their drainage area. The Amazon River alone contributes over 15% of the 
world total (about 8,300 km3/year), more than the combined total of the next 8 larg-
est rivers. Tropical areas with heavy rainfall – specifically, Southern Asia, Oceania, 
and northern South America – are the prime contributors, about 65% of the global 
total. Five of the world’s largest rivers drain Asia: two in the Eurasian Arctic (Lena 
and Yenissei) and three in southern Asia (Changjiang, Ganges-Brahmaputra, and 
Mekong). However, in terms of specific discharge (discharge/drainage basin area), 
the northern rivers are small, generally less than 0.2 m/year, in accordance with the 
low net precipitation. In contrast, most rivers in southern Asia drain small basins 
but reflect very high rainfalls. Several Asian rivers have specific discharge values in 
excess of 1 m/year, while rivers in Taiwan (whose individual discharges are small) 
exceed 2 m/year. This is a result of high rainfall, the mountainous terrain and the 
small river basin area.
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FIG. 2.1.1.2. Seasonal variation in rainfall along the northern coast of Java. (From 
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Sediment Flux

The present fluvial suspended sediment flux to the world oceans is approxi-
mately 13.5 × 109 t/year, with an additional 1–2 × 109 t/year coming from 
flood discharge and bed load sediment. Thus 15 × 109 t/year is a reasonable 
estimate. With a total drainage basin area accessible to the ocean of about 
108 km2, the average sediment yield (sediment discharge/unit area of drainage 
basin) is 150 t/km2/year. Southern Asia and Oceania contribute about 70% of 
the world flux, although they account for only 15% of the land area draining 
into the oceans. Northeastern South America contributes another 11%. In 
contrast, rivers draining the Eurasian Arctic, whose basin area is similar in 
size to southern Asia and Oceania (combined), contribute about two orders 
of magnitude less sediment (Fig. 2.1.1.5).
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FIG. 2.1.1.3. Seasonal variation in river discharge into the Gulf of Thailand. (From 
Yanagi et al. 2001.)

FIG. 2.1.1.4. Annual discharge of fluvial water into the oceans. Numbers in km3/year; 
arrows proportional to the numbers. (From Milliman 1991.)
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The Yellow River drains relatively low-lying terrain with low rainfall. The 
Pleistocene loess hills in northern China provide most of the sediment, with a 
yield of 1,400 t/year. High values have been documented in rivers in New Guinea, 
and similarly high values are assumed for many of the high-standing islands in 
Oceania. Taiwan is perhaps the ultimate example of high sediment yield (greater 
than 14,000 t/km2/year, two orders of magnitude greater than the world mean) 
due to its intensely cultivated lands. The reason for these very high yields also 
relates directly to the mountainous terrain, heavy rainfall and very small drain-
age basins. These conditions prevent the accumulation of river-borne sediment.

References
Milliman JD, and Meade RH (1983) World-wide delivery of river sediment to the 

oceans. J Geol 91:1–21
Milliman JD (1991) Flux and fate of fluvial sediment and water in coastal seas. In: Man-

toura RFC et al. (ed) Ocean margin processes in global change. Wiley, pp 69–89
Morimoto A, Yoshimoto K, Yanagi T (2000) Characteristics of sea surface circulation 

and eddy field in the South China Sea revealed by satellite altimetric data. J Oceanogr 
56:331–344

Sachoemar SI, Yanagi T (1999) Seasonal variation in water quality at the northern 
coast of Karawang-West Java, Indonesia. La mer 37:91–101

Wyrtki K (1961) Naga report, vol. 2. Scripps Institute of Oceanography, The University 
of California

Yanagi T, Sachoemar SI, Takao T, Fujiwara S (2001) Seasonal variation of stratification
in the Gulf of Thailand. J Oceanogr 57:461–470

FIG. 2.1.1.5. Annual fluvial sediment flux from large drainage basin areas to the oceans. 
Numbers represent millions of tons per year; arrows proportional to the numbers. 
(From Milliman and Meade 1983.)
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2.1.2 Coastal Zone, Biodiversity, and Hazards
Mangrove Forest

The coastal ecosystems of Asia and the Pacific, such as mangrove forest and 
coral reefs, face a grim situation. While 20–30% of coastal areas in Africa, 
Latin America, and Oceania are under serious potential threat from develop-
ments such as port and harbor construction, the figure for Asia is very high 
at 52% (Burke et al. 2002).

Mangrove forests occupy one fourth of the world’s tropical coasts, but they 
are concentrated in just a few countries. Asian countries in the top ten are 
Indonesia, Malaysia, and Myanmar (Fig. 2.1.2.1). Mangrove forests from 
the Indian Ocean to the West Pacific are in crisis as they are being cut down 
for fuelwood, conversion to shrimp farming, and other purposes. The Philippines
has already lost 70% of its old-growth mangrove forests (Burke et al. 2002).

The intensive farming of shrimp in Indonesia, Vietnam, and other coun-
tries, mostly for export to Japan, also results in eutrophication from heavy 
feeding as well as water contamination from antibiotics.

In the seven countries surrounding the South China Sea there has been 
a recent shift in common coastal land use from mangrove forests to shrimp 
ponds and other purposes (Table 2.1.2.1).

Coral Reefs

Coral reefs are one of the most diverse ecosystems, and are said to harbor 
one fourth of all marine species. Fifteen percent of the world’s coral reefs are 
concentrated in the region from the Indian Ocean to the West Pacific. But 
this coral faces a grim future owing to red soil runoff, the digging of coral for 
building materials, the catching of fish using dynamite and cyanide, and other 
causes. Coral bleaching, a phenomenon observed worldwide in recent years, 

FIG. 2.1.2.1. Top 10 countries for mangrove forests. (From World Resources Institute 1996.)
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is said to occur because of a 1°C rise in seawater temperature and crossing the 
critical threshold water temperature, and it is likely that coral will face a still 
bleaker future as global warming continues.

Scientists have found more coral species around a single island in Southeast 
Asia than have been identified in the entire Caribbean. Figure 2.1.2.2 (Veron 
and Smith 2000), which shows coral reef diversity world wide, illustrates the 
high concentration of species in the region, particularly in the broad Indo-
Malayan Triangle, stretching from the Philippines to the southern islands of 
Indonesia and encompassing all of Java east to New Guinea. The region con-
tains more than 600 of the nearly 800 reef-building coral species (Scleractinia) 
found worldwide (Burke et al. 2002).

The reefs of the Philippines, Vietnam, Singapore, Cambodia, and Taiwan are 
some of the most threatened in the region, each with over 95% threatened. 
The reefs of the Nusa Tenggara chain in Indonesia, Okinawa in Japan and 
Sabah of East Malaysia are also highly threatened (Fig. 2.1.2.3). Malaysia 
and Indonesia each have over 85% of their coral reefs threatened (Burke et 
al. 2002).

Biodiversity

Asia has some of the richest biodiversity in the world. East Asia, for example, 
has 14% of the world’s mammal, bird and fish species, about 26% of the ferns, 
and 40% of conifer species (Birke et al. 2002). Indonesia can boast the world’s 
largest number of mammal species, Malaysia has two of the world’s tropical 
forest hotspots (the Malay Peninsula and Northern Borneo), and the marine 
region from the Indian Ocean to the West Pacific has the world’s most abundant 
coral reefs and mangrove forests. But Asia also surpasses other world regions in 
its spiraling population and its economic growth. China, Indonesia, and Malaysia 

TABLE 2.1.2.1. Change of mangrove forests in countries surrounding the South China 
Sea. (From Talaue-MacManus 2000.)

Causes of mangrove destruction

Country

Original
mangrove 

area 
(1,000 ha)

Present 
mangrove 

area 
(1,000 ha)

Area 
lost (%)

Shrimp
culture

Wood 
chip, pulp, 
charcoal

Urban
develop-

ment,
Hhuman

settlement
Domestic

use

Cambodia 170 85 50 • •
China 42 15 65 • •
Indonesia N/A 936 N/A • • •
Malaysia 505 446 12 • • •
Philippines 400 160 60 • • •
Thailand 280 160 57 •
Vietnam 400 253 37 • •
Total 1,852
Global total 18,108
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are known for their biological mega-diversity, but at the same time they also have 
very high population densities. People overuse nature there, including the biota 
for their life (e.g., overfishing). This is why Asia is fast losing its biodiversity.

Marine Protected Areas

Marine Protected Areas (MPAs) are designated for a number of  reasons, 
including fisheries management, tourism promotion, and the maintenance 

FIG. 2.1.2.2. Patterns of diversity in reef-building scleractinian corals. (From Veron 
and Smith 2000.)

FIG. 2.1.2.3. Coral reefs threatened by human activities. (From Burke et al. 2002.)
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of  biodiversity. Local, provincial, national, and international agreements 
have established hundreds of  MPAs in the Southeast Asia region 
(Fig. 2.1.2.4, Burke et al. 2002). Most MPAs are managed through central 
government programs. However, local conflicts and a low capacity for 
enforcement have made it difficult to manage MPAs in some places, creating a 
situation in which hundreds of  MPAs exist though only a fraction operate 
in ways that meet their objectives. In some countries, such as the Philip-
pines and Indonesia, governments have been moving toward community-
managed MPAs to enhance local support, reduce resource conflict, and 
bolster enforcement.

Increasing Fish Catch

A rapid increasing fish catch is one of the problems facing the coastal zone of 
East Asia because it destroys the ecosystem in the coastal sea.  The world fish 
catch in 2004 was about 140 million tons and is approaching nature’s produc-
tion limit (Fig. 2.1.2.5).

China has rapidly increasing fish catch and becomes the largest fish catch 
country over the world (Fig. 2.1.2.6).

Its share of the total world catch rose from 4% in 1970 to 17% in 2004.  
Other than China, Indonesia, Japan and Thailand are among the top ten 
countries with the highest catches (Fig. 2.1.2.6).  Reasons for the rising catch 
of these four countries are increased effort and more efficient fishing practices 
in their coastal and inshore fisheries, and expanding aquaculture production.  
From 1970 to 2004 marine aquaculture production in China surged 18-fold 
and increased the aquaculture share of their total catch (Fig. 2.1.2.7).

FIG. 2.1.2.4. Marine Protected Areas rated by management effectiveness. (From Burke 
et al. 2002.)
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FIG. 2.1.2.5. World fish catch from 1950 to 2004. (From FAO 2006.)

FIG. 2.1.2.6. Top ten fish catch countries in 2004. (From FAO 2006.)

A number of problems are brought about due to such a rapid increase in 
the fish catch.  First, Asia’s coastal fishery resources are suffering from over-
fishing.  Second, aquaculture results in problems such as environmental dam-
age caused by cutting mangrove forests when building aquaculture ponds and 
polluting water.  Especially in the Asia-Pacific, the growth of aquaculture is 
said to be the largest cause of mangrove forest destruction.  There are adverse 
effects on biodiversity due to introduction of exotic species, as well as com-
petition with other sectors for land and water and a waste of food resources 
through heavy fish feeding. 
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FIG. 2.1.2.7. Aquaculture production in inland and marine waters. (From FAO 2006.)

FIG. 2.1.2.8. Center of the massive earthquake on 26 December 2004, and the number 
of dead and missing following the tsunami disaster. (From Mainichi Newspaper, 14 
June 2005.)

Dead and missed prople by the
earthquake and tsunami on 26 Dec. 2004

Bangladesh 2

Indonesia
166. 023

Srilanka
36, 522

Moldiv
108

India
16, 389

source

Myanmer
61

Other countries
Somaria 298
Tanzania 10
Kenia         1
Seshel        1

Thailand 8, 327

Malaysia 74

from mainichi press
on 14 June 2005



18 T. Yanagi and K. Cho

Reclamation

Reclamation for waste disposal and other aims has increased in recent years. 
This results in the loss of areas with considerable water purification capabilities, 
and therefore worsens water quality. Moreover the shallow seas, which are lost 
by such reclamation, play a very important role as nursery grounds for juve-
niles. This means that reclamation may result in a decrease in fish resources.

Natural Disasters

Natural disasters, such as typhoons, volcanic eruptions, earthquakes,  tsunami, 
floods, storm surges, drought are common in this region. The natural disas-
ters are associated with severe damage to the coastal environment in the East 
and South Asia. For example, more than 220,000 people died or went miss-
ing, 50 million people were injured, and 5 million people lost their homes as a 
result of the tsunami disaster following the massive earthquake of M 9.0 that 
occurred on 26 December 2004 off  Sumatra, Indonesia (Fig. 2.1.2.8).
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2.2 Natural Environment Change

2.2.1 Climate Change
Akio Kitoh
Climate Research Department,
Meteorological Research Institute,
1-1 Nagamine, Tsukuba-shi, Ibaraki Prefecture,
305 0052, Japan

It is expected that anthropogenic global warming due to increasing atmospheric 
concentrations of greenhouse gases will result in large changes in Asia’s climate, 
including changes in surface temperature and changes in monsoon intensity and 
duration over South Asia, Southeast Asia, and East Asia. An increase in green-
house gases will lead to increased surface air temperature and precipitation in 
the global mean sense, but its geographical distribution is not easy to project, 
in particular with respect to precipitation. IPCC (2001) projects that the glo-
bally averaged, annual mean surface air temperature will increase by 1.4–5.8°C 
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over the period 1990–2100. In the atmosphere–ocean general circulation model 
(AOGCM) projections, six marker scenarios (A1B, A1T, A1FI, A2, B1, B2) 
described in the Special Report on Emission Scenarios (SRES) (IPCC 2000) 
are widely used. In these scenerios atmospheric CO2 concentrations for 2100 
are estimated at about 717, 582, 970, 856, 549, and 621 ppm, respectively. These 
values can be compared to a value of 369 ppm for the year 2000. The global 
average annual mean surface air temperature is expected to rise by 3.0°C at the 
end of the 21st century (2071–2100) compared to 1961–1990. This is for the A2 
scenario. The range in projected temperature increase is from +1.3 to +4.5°C. 
For the B2 scenario the mean temperature change is +2.2°C, with a range of 
+0.9 to +3.4°C. It is also considered very likely that nearly all land areas will 
warm more rapidly than the global average, particularly those in northern, high 
latitudes in the winter season. IPCC (2001) also assessed regional and seasonal 
mean precipitation changes due to global warming, using several models. Most 
tropical areas will have increased mean precipitation while most of the sub-
tropical areas will have decreased mean precipitation by the end of the 21st 
century. This is due to anthropogenic influence. Also noted were an increase in 
summertime precipitation in East Asia and South Asia, and a mean El Niño-
like response in the tropical Pacific, with a corresponding eastward shift of pre-
cipitation.

Since the IPCC report various modeling groups have performed new simu-
lations, including the 20th century historical runs and future climate simula-
tions based on a diverse set of scenarios. These model data are collected and 
archived by the Program for Climate Model Diagnosis and Intercomparison 
(PCMDI), and have been analyzed from various aspects by many scientists. 
Here, we summarize the results in terms of seasonal mean changes in surface 
air temperature, mean sea-level pressure and total precipitation.

Surface Air Temperature

Figure 2.2.1.1 shows the changes in 14 model averaged December–February 
(DJF) and June–August (JJA) mean surface air temperatures between the 
1981–2000 averages of the respective 20th century history runs (20C 3M) and 
the period 2081–2100, The results are for the A1B scenario experiments. The 
models used are listed in Table 2.2.1.1. It can be seen that the higher latitudes 
have greater warming than the lower latitudes, and the land surface warms 
more than over the oceans. These findings are thus consistent with those 
reported in IPCC (2001). In the northern winter, greater warming is found 
over the Arctic Ocean and the eastern parts of Eurasian and North American 
continents. In summer, on the other hand, greater warming occurs over semi-
arid regions of Middle East, western China, and western USA, where drier 
conditions are projected (see below). Annual, JJA and DJF mean changes 
in surface air temperature averaged for the world as a whole, East Asia 
(20° –50° N, 100°–145° E), and Japan (30–45° N, 130–145° E) are shown 
in Table 2.2.1.2a for the A1B and B1 scenarios. Projected annual mean tem-
perature changes over East Asia are around 3°C and 2°C for the A1B and B1 
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FIG. 2.2.1.1. (left top) Multi-model ensemble mean DJF (December–February) 
surface air temperature in the present-day model climate (1981–2000) (contours) and 
its changes for 2081–2100 compared to 1981–2000 (shading). (left bottom) Model 
consistency as calculated by the ratio of (left top) to inter-model standard deviations. 
(right) As for (left) except for JJA (June–August) season.

TABLE 2.2.1.1. List of AOGCM experiments based on the IPCC SRES A1B and 
20C3M. (See http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php for more details.)
Model name Originating group

CNRM-CM3 Meteo-France/Centre National de Recherches Météorologiques, France
CSIRO-Mk3.0 CSIRO Atmospheric Research, Australia
GFDL-CM2.1 US Department. of Commerce / NOAA / Geophysical Fluid Dynamics 
  Laboratory, USA
GISS-AOM NASA / Goddard Institute for Space Studies, USA
GISS-EH NASA/Goddard Institute for Space Studies, USA
GISS-ER NASA/Goddard Institute for Space Studies, USA
INM-CM3.0 Institute for Numerical Mathematics, Russia
MIROC3.2(hires) Center for Climate System Research (The University of Tokyo), National 
  Institute for Environmental Studies, and Frontier Research Center for 
  Global Change (JAMSTEC), Japan
MIROC3.2(medres) Center for Climate System Research (The University of Tokyo), National  
  Institute for Environmental Studies, and Frontier Research 
  Center for Global Change (JAMSTEC), Japan
ECHAM5/MPI-OM Max Planck Institute for Meteorology, Germany
MRI-CGCM2.3.2 Meteorological Research Institute, Japan
NCAR-CCSM3 National Center for Atmospheric Research, USA
NCAR-PCM National Center for Atmospheric Research, USA
UKMO-HadCM3 Hadley Centre for Climate Prediction and Research / Met Office, UK
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TABLE 2.2.1.2. Annual/JJA/DJF mean (a) surface air temperature (°C) and (b) 
precipitation (mm/day) changes between 2081–2100 and 1981–2000 for global, East 
Asia (20°–50° N, 100°–145° E), and Japan (30°–45° N, 130°–145° E). Multi-model 
ensemble mean and range among models are shown.
Scenario Season Global East Asia Japan

(a) Surface air temperature (°C)

A1B Annual 2.60 (1.80~4.17) 3.07 (2.01~4.55) 2.99 (1.86~4.45)
 JJA 2.49 (1.71~4.17) 2.95 (1.67~4.40) 2.83 (1.44~4.62)
 DJF 2.72 (1.91~4.27) 3.36 (1.74~4.82) 3.27 (1.70~4.63)
B1 Annual 1.75 (1.07~3.07) 2.05 (1.24~3.33) 2.01 (1.18~3.21)
 JJA 1.68 (1.05~3.05) 2.00 (1.00~3.20) 1.97 (1.00~3.27)
 DJF 1.83 (1.09~3.15) 2.22 (1.34~3.55) 2.13 (1.25~3.36)

(b) Precipitation (mm/day)

A1B Annual 0.121 (0.045~0.197) 0.195 (0.023~0.403) 0.154 (−0.364~0.564)
 JJA 0.118 (0.035~0.198) 0.424 (0.076~0.935) 0.456 (−0.358~1.266)
 DJF 0.126 (0.070~0.200) 0.048 (−0.127~0.411) −0.057 (−0.778~0.457)

B1 Annual 0.093 (0.046~0.158) 0.133 (0.008~0.302) 0.121 (−0.012~0.457)
 JJA 0.092 (0.041~0.162) 0.278 (0.027~0.644) 0.293 (−0.048~1.139)
 DJF 0.130 (0.070~0.200) 0.051 (−0.127~0.411) −0.026 (−0.305~0.457)

scenarios, respectively, and are about 20% higher than the respective global 
average values.

Model consistency can be seen in the bottom panels of Fig. 2.2.1.1, which 
shows the ratio of the ensemble mean temperature difference to the inter-
model standard deviations of temperature changes. The fact that the value is 
greater than 2 almost everywhere in these diagrams means that these temperature 
increases are robust among all models. Relatively larger values in low latitudes 
and smaller values in high latitudes suggest that quantitative projection of 
temperature is more difficult in high latitudes. However, as is shown in 
Table 2.2.1.2a, the projected absolute value of the temperature increase is large.

Mean Sea-Level Pressure

Figure 2.2.1.2 shows the changes in multi-model averaged DJF and JJA 
mean sea-level pressure (SLP) for 2081–2100 for the A1B scenario, relative 
to 1981–2000 averages. Generally in both seasons SLP falls over land and 
rises over the ocean. In DJF, SLP falls in northern high latitudes and rises 
in the subtropics. The cold anticyclone over the eastern Eurasian continent 
becomes weaker, which is consistent with greater warming there. Large falls in 
SLP occur over the Bering Sea area while the increases over the central north 
Pacific indicate a northward shift of the Aleutian cyclone. In the southern 
hemisphere a poleward shift of the subtropical anticyclone belt and surface 
westerly zone is noted. Based on the normalized SLP field, the increases in 
SLP south of Japan and over the Mediterranean region, and the decreases 
over Arctic North America are significant.

In JJA, the models are consistent in indicating that SLP falls over the Canadian
Archipelago and over and around the Mediterranean region. A lowering of 
pressure over the Sahara was noted in IPCC (2001). Centers of the subtropical
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anticyclones over the North Pacific and North Atlantic tend to shift northward, 
while southwestward extension of the North Pacific high is also seen. Over 
Central America, an extension of subtropical highs from both the Pacific and 
the Caribbean Sea is significant.

Precipitation

As stated earlier, models exhibit larger uncertainties in the projections of pre-
cipitation, particularly in the regional patterns. Generally models are consistent 
in projecting increased precipitation in the tropics and in mid- and high-latitudes, 
and decreased precipitation in the subtropics (IPCC 2001). With respect to 
model consistency, Giorgi et al. (2001) found that models run with an SRES-
A2 scenario are consistent with respect to increased precipitation over the 
South Asia and East Asia region in JJA, but are inconsistent in DJF. Lal and 
Harasawa (2001), based on the results of four relatively skillful models, show 
a general increase in precipitation over most of Asia except for a decrease in 
summertime precipitation over Central Asia. Min et al. (2004) reported that 
in East Asia precipitation increases in the warmer season (April–September) 
while it decreases in the colder season (November–February). They also note 
that wintertime inter-model uncertainty is larger than the signal.

Figure 2.2.1.3 shows the changes in averaged DJF and JJA mean total 
precipitation for 2081–2100 for the A1B scenario, relative to 1981–2000 
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FIG. 2.2.1.2. As in Fig. 2.2.1.1 except for mean sea-level pressure.
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averages. The results are based on new 14-model analyses. In DJF the overall 
pattern of precipitation change is similar to that of ensemble means of several 
models, as reported in IPCC (2001). There is a large increase in the tropics, 
an increase in the mid- and high-latitudes and a decrease in the subtropics, 
particularly over the north Pacific subtropical region and the Mediterranean 
region. These features are generally found in each model, as seen from 
normalized values exceeding one. Over the North Pacific, a poleward shift in 
the precipitation zone is clearly seen. This is associated with a northward shift 
of SLP fields in that area. Model consistency is relatively small in the tropics, 
but there is indication of a positive precipitation anomaly to the east of the 
present-day precipitation area, that is, a mean El Niño-like response in the 
tropical climate.

In JJA the model ensemble mean shows a large increase in precipitation 
over Asia and the western Pacific region, an increase in high latitudes and a 
decrease over Central America and the Mediterranean region. There are many 
studies of the South Asian monsoon showing that a moisture buildup due to 
a global-scale temperature increase is responsible for increasing moisture flux 
convergence. This is the case even if  dynamical convergence becomes weaker 
(e.g., Kitoh et al. 1997; Ashrit et al. 2005). It is interesting to note that the models are 
generally consistent in simulating an increased precipitation around Japan. 
This implies a more active or more prolonged Baiu rainy season (Uchiyama 
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and Kitoh 2004). Decreased precipitation over western coastal North Amer-
ica is noted where increased winter precipitation is projected, resulting in a 
larger seasonal contrast in precipitation. On the other hand, an all-year-round 
decline in precipitation is projected over southwest USA and Mexico.

Annual, JJA and DJF mean changes in precipitation averaged for the world 
as a whole, East Asia, and Japan are shown in Table 2.2.1.2b for the A1B and B1 
scenarios. Projected annual precipitation changes over East Asia are around 
70 mm and 50 mm for the A1B and B1 scenarios, respectively. The change is 
dominated by an increase in summertime precipitation. Wintertime precipi-
tation changes are more model dependent, and even the signs of the change 
are not certain. When the spatial average is taken in smaller domains, such as 
Japan, model-to-model inconsistency becomes even larger, with the projected 
range of precipitation change spanning negative to positive values.

Global warming would result not only in changes in mean precipitation but 
also increases in the amplitude and frequency of extreme precipitation events 
(e.g., Zwiers and Kharin 1998; Kharin and Zwiers 2000; Semenov and Bengtsson
2002; Watterson and Dix 2003). This would lead to more frequent floods and 
landslides, with enormous socioeconomic consequences. On the other hand, 
a general drying of  the mid-continental areas would lead to increases in 
summer droughts. Kitoh et al. (2005) found from the MRI CGCM results 
that, for one third of the globe the number of rain days has decreased while 
the intensity of precipitation has increased. This suggests a shift of precipitation
distribution by global warming toward more intense events. They also showed 
that South China is an example of a region where the summertime frequency 
of wet-days is decreasing while precipitation intensity is increasing. Further 
studies of extreme rainfall events and temperatures are required, including 
using estimates based on multi-model projections.

Summary

Projected temperature changes over the next 100 years for East Asia are around 
3°C and 2°C for the A1B and B1 scenario, respectively. These increases are 
about 20% higher than the respective globally averaged increases for the same 
time period. An increase in summertime precipitation is projected over East 
Asia by all models, but precipitation change in winter is more model-depend-
ent, and even the sign of the change is uncertain.
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Sea levels fluctuate on a variety of spatial and temporal scales. Long-term 
changes in sea level in the coastal zone is due to vertical land movement 
and changes in the level of the ocean’s surface, as shown in Fig. 2.2.2.1. The 
changes in the level of the ocean’s surface can further be divided into factors 
affecting seawater volume, such as thermal expansion, and sea surface shape, 
such as ocean currents.

Recent global warming is known to induce sea level rise. The Intergov-
ernmental Panel on Climate Change (IPCC) reported that global mean sea 
level rose in the range of 10–20 cm during the 20th century, based on tide 
gauge data. Analysis of several long tide gauge datasets indicates that the sea 
level rose faster in the 20th century than in the 19th century. Within the 20th 
century, an acceleration in sea-level rise was not reported in tide gauge data. 
However, recent satellite altimeter observations suggest that the sea-level rise 
during the 1990s was higher than the mean sea-level rise in the 20th century 
(Nerem 1999). It is unclear whether this discrepancy is the result of recent 
acceleration, the difference in the two observational methods, or the short 
duration of the satellite observation (IPCC WGI 2001).

The sea-level rise in the 20th century is affected by many factors, including 
thermal expansion of the ocean, melting of glaciers and ice caps on land, 
melting and limited disintegration of glaciers and ice sheets in Greenland and 
Antarctica, thawing of permafrost, sediment deposition on the sea floor, and 
terrestrial water storage by dams and reservoirs. Details are listed in Table 
2.2.2.1 (IPCC WGI 2001). This table suggests that global warming in the 20th 
century has contributed significantly to the global mean sea-level rise, mainly 
through thermal expansion of seawater and widespread loss of land ice. The 
contribution of other factors is either small or unclear.

CAUSES OF RELATIVE SEA-LEVEL CHANGE

Fixed point on land

RSL

Changes in level of Ocean Surface
• glaciers, ice sheets
• ocean currents, tides
• hydrologic cycle changes
• expansion or conttraction
 (steric effects)

Vertical Land Movement
• isostatic adjustments
• itectonic effects
• sedimentation
• human factors (groundwater)
 and oil extraction)

FIG. 2.2.2.1. Causes of relative sea-level changes. (From Warrick 1993.)
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Studies on the regional distribution of sea-level rise due to global warming 
are very limited due to the sampling problem of tide gauge data (Douglas et al. 
2001). In spite of this, Douglas (1997) attempted to determine a 20th-century 
rate of sea-level rise based on tide gauge records with several restrictions. The 
criteria imposed on the tide gauge records were that the records must be longer 
than 60 years, free of vertical crustal movements due to plate tectonics, correct-
able for glacial isostatic adjustment, and have trends insensitive to small changes 
in their record length. Only 21 usable records complied with these criteria. They 
were divided into 9 groups worldwide. The data indicated a mean trend for a 
global sea-level rise of 1.8 mm/year +/−0.1, with a postglacial rebound correc-
tion (ICE-3G). In the Asia-Pacific region, the only record that meets the criteria 
is for Honolulu (1905–1997). The trend shown by this record is 1.9 mm/year.

In the 21st century, the global mean sea-level rise is expected to accelerate 
due to the acceleration of global warming. Based on the 35 SRES scenarios 
(IPCC 2000), IPCC estimated that the sea level rise in the 21st century would 
be in the range of 9–88 cm, with a median value of 48 cm (Fig. 2.2.2.2). The 
projected range of the sea-level rise is 2.2–4.4 times higher than that of the 
20th century. The regional distribution of future sea-level change will be com-
plex because of factors such as the regional distribution of thermal expan-
sion, heat transport into ocean interiors, ocean circulation changes caused 
by the change of density structure with temperature and salinity changes, 
horizontal heat transport changes due to the ocean circulation changes, and 
wind field changes due to climate change. It is projected that the regional vari-
ation will be large when compared to the global mean value. Climate model 
predictions in the regional distribution of the 21st sea-level change show little 
similarity between models except for the maximum sea level rise in the Arctic 
Ocean and the minimum rise in the Southern Ocean. This implies that con-
fidence is low with regard to predicting the regional distribution of sea-level 
change (Gregory et al. 2001).

Table 2.2.2.1. Estimated rates of change in sea level rise components from observations 
and models (mm/yr) averaged over the period 1910 to 1990 (IPCC WGI 2001).
 Minimum  Central value  
 (mm/year) (mm/year) Maximum (mm/year)

Thermal expansion 0.3 0.5 0.7
Glaciers and ice caps 0.2 0.3 0.4
Greenland – 20th century effects 0.0 0.05 0.1
Antarctica – 20th century effects −0.2 −0.1 0.0
Ice sheets – adjustment since LGM 0.0 0.25 0.5
Permafrost 0.00 0.025 0.05
Sediment deposition 0.00 0.025 0.05
Terrestrial storage −1.1 −0.35 0.4
Total −0.8 0.7 2.2
Estimated from observations 1.0 1.5 2.0
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In spite of this low level of confidence in the regional projections of sea-
level rise, one GCM (HadCM3, Hadley Centre, UK) is used here to estimate 
future sea-level trends near the Asian region and compare these with the 
global trend. HadCM3 includes components of  sea-level change due to 
thermal expansion, ice melting and the mass balance of  the Greenland/
Antarctica ice sheet (Gregory and Lowe 2000). Table 2.2.2.2 represents the 
projections for sea-level change in Asian waters relative to the global mean in 
2030, 2060, and 2090 for the A2 and B2 emission scenarios (IPCC 2000). The 
estimated sea-level changes represent 10-year averages relative to 1990. As 
seen in Table 2.2.2.2, sea-level rise near Asia in 2060, and 2090, and for both 
scenarios, is likely to be higher than the global average. In the northwestern 
Pacific, the HadCM3 model indicates that a large rise in sea level occurs in the 
region of  Kuroshio. This same large increase in sea level also appears in 
other climate models such as NCAR CSM (Choi et al. 2001). The indication 
that sea level will undergo large increases in the 21st century suggests serious 
impacts on the region.
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FIG. 2.2.2.2. Global sea-level rise from 1990 to 2100 for SRES scenarios. (From IPCC 
WGI 2001.)

TABLE 2.2.2.2. Predictions of sea level rise due to global warming in 
the 21st century by HadCM3 climate model for A2 and B2 emission 
scenarios. Asia covers 100º – 160º E longitude 0º – 60º N latitude.
Region/Year 2030 2060 2090

Global–A2 7.0 17.0 34.0
Asia– A2 6.0 17.9 39.8
Global–B2 7.1 20.5 45.7
Asia– B2 5.3 18.4 43.2
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The impacts of sea-level rise are widespread in the coastal environment. 
Biophysical impacts can include increased coastal erosion, more extensive 
coastal inundation, higher storm-surge flooding, and landward intrusion 
of seawater in estuaries and aquifers (IPCC WGII 2001). These biophysical 
impacts will in turn induce a variety of socioeconomic impacts. These can 
include increased loss of property and coastal habitats, increased flood risk 
and potential loss of life, damage to coastal protection and other infrastruc-
ture, loss of tourism and transportation functions, and impacts on agriculture 
and aquaculture through a decline in soil and water quality. However, the impacts
of sea-level rise will be highly variable in time and space due to the wide 
variety of coastal environments, such as regional differences in sea-level rise, 
the resilience of the coastal system, and the adaptive capacity of natural and 
socioeconomic systems (Klein and Nicholls 1999).

There are about 10 deltas with an area of more than 10,000 km2 in the 
coastal zone of Asia (Coleman and Wright 1975). Sea-level rise will have an 
impact on the deltas through inundation, erosion, increased wave action, saltwater
intrusion, and ground subsidence. Low-lying deltas, in particular, are more 
vulnerable to sea-level rise (Walker 1998). In the case of China, low-lying 
deltas occupy 22% of the total coast. Coral reefs are more vulnerable to an 
increase in atmospheric CO2 concentration and water temperature than to 
sea-level rise. Indeed, a moderate rate of sea-level rise can actually stimulate 
the growth of coral reef.

Mangrove forests exhibit high biological productivity and form a coastal 
buffer zone. The world’s largest mangrove forest exists in the Asia-Pacific 
region at the Sundarbans in Bangladesh and adjacent areas in India, which 
covers 6,000 km2 (Allison 1998). The depletion of mangrove forest has already 
occurred in countries such as Thailand, Philippines, and Indonesia. Sea-level 
rise will change the salinity distribution in the coastal zone and hence the 
productivity of mangrove forests in the region. A lack of sediment supply and 
discontinuation of alongshore sediment transport already means that beach 
erosion is widespread along the coasts of Asia in countries such as China, 
Japan, Indonesia, Korea, Sri Lanka, Thailand, Bangladesh, and Malay-
sia (IPCC WGII 2001). When coupled with sea-level rise, the situation will 
lead to accelerated erosion along such coasts. As one example, Mimura et al. 
(1995) estimated the future erosion rate of Japanese sandy beaches using the 
Bruun rule (Bruun 1962). The study revealed that 57%, 82%, and 90% of the 
areas of existing sandy beaches in Japan would be eroded due to a sea-level 
rise of 30, 65 and 100 cm, respectively. As noted earlier,

Asia-Pacific coasts are undergoing high socioeconomic development in 
 parallel with global trends such as urbanization, industrial development, 
trade and transport demands, and lifestyle changes. Currently, more than half  
of Asia’s population (1.7 billion) lives in the coastal zone. It is expected that 
the future sea-level rise will have a great impact on the socioeconomic activities 
of  Asia-Pacific coasts. IPCC WGI (2001) issued a vulnerability assess-
ment for Asian countries, as shown in Table 2.2.2.3, which represents the 
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potential land loss and population exposure in Asian countries as a result 
of a given rise in sea level, and without a rise under no adaptation measures 
(IPCC WGII 2001). In general, Asian countries will be vulnerable to future 
sea-level rises. Among the countries listed, the vulnerability of Bangladesh 
and Vietnam is particularly high. In a scenario where there is a 1-m sea-level 
rise, about one fifth of Bangladesh’s land will be inundated, and 15 million 
people will be vulnerable. This represents around 13% of the nation’s popula-
tion. In Vietnam, land loss will be 12% of the total area while the population 
exposed will amount to 23% (17.1 million) of the total population.

In order to develop a more comprehensive understanding of the vulnerabil-
ity to sea level rise in the Asia and Pacific region, Mimura (2000) performed a 
region-wide assessment of sea-level rise and storm surges, using global data-
sets of climatic, environmental, and societal information. The Asia-Pacific 
region considered in the analysis covers an area from 30° E to 165° E, and 90° 
N to 60° S. The population in 1994 was about 3.8 billion, but is estimated to 
increase to 7.6 billion by 2100. Results of the study are summarized in Fig. 
2.2.2.3. Even today, the areas below the high tide level and storm surge level, 
i.e., inundated and flooded areas, amount to 311,000 km2 or 0.48% of the 
total area and 611,000 km2 or 0.94%, respectively. These increase to 618,000 
and 858,000 km2 (0.98% and 1.3%) with a 1 m sea-level rise. The area flooded 
by sea-level rise would therefore increase by 247,000 km2. With regard to the 
people affected, today, about 47 million, or 1.2% of the total population, live 
in the area below the high tide level, while 270 million people or 5.3% live 
below the storm surge level. These figures show that the Asia-Pacific region 
is already vulnerable to flooding by storm surge. If  the mean sea level rises by 
1 m and the population growth by 2100 is taken into account, the numbers 
of people affected increase and the above populations come to about 200 
and 450 million people, respectively. The number of people in the popula-
tion in the flooded areas rises to some 249 million. The areas that may be 
seriously affected are distributed in the deltas of the Mekong, Ganges and 
Brahmaputra Rivers, the Yangtze River, and the southern part of Papua New 
Guinea. Countries and areas where more than 10% of the national population 

TABLE 2.2.2.3. Potential land loss and population exposed in Asian coun-
tries to sea -level rise under no adaptation measures. (From IPCC WGII 
2001.)
 Sea-level rise Potential land loss Population exposed

Country (cm) (km2) (%) (millions) (%)

Bangladesh 45 15,668 10.9 5.5 5.0
Bangladesh 100 29,846 20.7 14.8 13.5
India 100 5,763 0.4 7.1 0.8
Indonesia 60 34,000 1.9 2.0 1.1
Japan 50 1,412 0.4 2.9 2.3
Malaysia 100 7,000 2.1 >0.05 >0.3
Pakistan 20 1,700 0.2 n.a. n.a.
Vietnam 100 40,000 12.1 17.1 23.1
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is affected include Vietnam, Taiwan, Cambodia, Brunei, Bangladesh, and 
Guam.
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2.3 Human Activities

2.3.1 Population and Economic Growth
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Population

Human activities within the coastal zone are diverse and include industry, 
urban and residential development, tourism and recreation, transport, fisher-
ies/aquaculture and agriculture (Rigg et al. 1997). Because they are a center of 
various human and other urban economic activities, coastal areas are among 
the most crowded and developed in the world. Recent studies have shown that 
the overwhelming bulk of humanity is concentrated along or near coasts on 
just 10% of the earth’s land surface (Hinrichsen 1998). Recent data (Popula-
tion Reference Bureau 2004) show that the Asia-Pacific region has half  of the 
world’s largest countries in terms of population, and this situation will con-
tinue in the 21st century (Table 2.3.1.1). In fact, more than half  of all Asian 
people live in the coastal zone. Close to 60% of China’s 1.3 billion people live 
in coastal provinces.

In Asia-Pacific countries, populations in coastal areas are growing faster 
than those in non-coastal areas. Migration is a key factor affecting population 
growth in coastal zones. Indonesia and Vietnam are two typical examples of 
Asia’s population shift from the hinterlands to coastal areas. In Indonesia, 
65% of people live on the main island of Java, on just 7% of country’s land 
area. Similarly in Vietnam, coastal populations are growing two tenths of a 
percentage point faster than the rest of the country. Around 1,000 people 
arrive in China’s large coastal cities each day, and similar numbers move to 
the coasts in Vietnam and the Philippines (Hinrichsen 1998). Many of the 
world’s coasts are becoming increasingly urbanized. In fact, 14 of the world’s 
17 largest cities are located along coasts, and 11 of these cities, including 
Bangkok, Jakarta, and Shanghai, are in the Asia-Pacific region (John 2002, 
Fig. 2.3.1.1).
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FIG. 2.3.1.1. Main cities and their population in Asian-Pacific area.

TABLE 2.3.1.1. The world’s 10 largest countries.
 2004 2050

  Population   Population
Rank Country (millions) Country (millions)

1 China 1,300 India 1,628
2 India 1,087 China 1,437
3 United States 294 USA 420
4 Indonesia 219 Indonesia 308
5 Brazil 179 Nigeria 307
6 Pakistan 159 Pakistan 295
7 Russia 144 Bangladesh 280
8 Bangladesh 141 Brazil 221
9 Nigeria 137 Congo, Dem. Rep. of 181
10 Japan 128 Ethiopia 173
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Fertility levels globally are expected to decline and the world population 
will stabilize in 40 years. In the 1960s many newly independent countries 
believed their large and growing population was a major asset. However, 
over the last 50 years, the world has slowed population growth, raised life 
expectancy, lowered mortality and improved quality of  life. The last century 
saw the total population more than triple to 6.1 billion in 2000, growing 
annually at 1.2% – lower than the 2% in the late 1960s. The number of  chil-
dren per woman has reduced from 5 in the 1950s to less than 3 currently, 
and the annual increase in the population fell from 87 million in 1987 to 77 
million in 2004. The increase has been falling since the 1980s and is expected 
to fall to 29 million by 2050, when there will be stabilization, attributed to 
lower fertility.

China has 21% of the world’s population and has been working to curb 
the rise in its population. Lower population growth remains a top priority for 
the Chinese government. Its policy of controlling population and improving 
quality of life has made outstanding progress.

Japan is undergoing a redefinition of gender roles as women enter the 
workforce. The change is cited as a factor for the birthrate declining to 1.29 
children, which is among the lowest rates in the world. Japan’s population is 
expected to peak at 128 million in 2 years and then decrease to 120 million by 
2026 and 100 million by 2050 (Washington Post 2004).

In Korea, to end the poverty and the baby boom that followed the 1950–
1953 Korean War, a family planning program was instituted in 1961. This was 
aimed at persuading Koreans to “stop at two children”. In the 1960s, the aver-
age Korean woman gave birth to six children. By 1970, the number dropped 
to four. The number of children continued to decrease and eventually reached 
its current level of 1.42 births per woman. Within four decades, Korea has 
transformed itself  to a country with a very low birth rate.

Vietnam has reduced its population growth. Its baby-boom generation is 
approaching the peak of its child-bearing years. The country has managed to 
bring the birth rate down from 3.8 children in 1989 to 2.28 children in 2003 
(Vietnam News Agency 2003).If  the country keeps following the voluntary 
two-child policy, the population will reach 100 million people by 2025, 
15 years later than past estimates.

In Bangladesh, family planning was launched in 1962. The total fertility 
rate was brought down from 6.3 in 1976 to 3.3 in 1996. The current popula-
tion of 140 million has doubled from 75 million in 1971. The Bangladeshi 
Cabinet has approved the draft of Policy 2004 (NPP 2004) that focuses on 
reducing the population growth rate to 1% by 2010 from the present 1.54%. 
It also aims to stabilize Bangladesh’s population at 216 million by 2060.

While education, economic development, and government support for 
family planning programs are all important, there is not a single “silver bullet 
solution” that triggers rapid and sustained fertility decline in every country, 
every time. According to Amartya Sen, author of “Development as Freedom,” 
and recipient of the Nobel Memorial Prize in Economic Science in 1998, 
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women’s empowerment, through such initiatives as employment, education, 
and property rights, can lead to a reduction in the fertility rate. The Indian 
states of Kerala, Tamil Nadu, or Himachal Pradesh have experienced speedy 
fertility declines that can be linked to the rapid enhancement of female educa-
tion, employment opportunities, and other forms of empowerment of young 
women. The states of Uttar Pradesh, Bihar, and Rajasthan, on the other 
hand, provide few economic and educational opportunities to young women 
and experience high fertility rates. It is notable that China, where coercive 
one-child policies were employed, fertility rates fell from 2.8 to 2.0 from 1979 
to 1991, while in Kerala, where fertility decline was freely chosen, fertility 
rates fell much faster, from 3 to 1.8 in the same period.

Economic Growth

There is uneven economic growth among the world’s major regions resulting 
from global restructuring. The Asia-Pacific area has come out strongly as a lead-
ing growth region. The ASEAN countries and coastal areas of China are experi-
encing rapid economic growth, and are forming the focus of the world’s current 
economic growth. This rapid economic growth is bringing about increased 
mutual dependence between the countries of the region in terms of resources, 
trade and so on. Over the last 30 years the region has gradually moved from a 
subsistence lifestyle towards a consumer society, with rapid rates of urbaniza-
tion and westernization, as well as population increases. Some scholars suggest 
that the 21st century will be the Pacific Century (e.g., Linder 1986). In China’s 
push for modernization and economic reforms, its coastal cities are assigned vital 
catalytic roles. These include Special Economic Zones and Open Coastal Areas 
that have special incentives for international investors. These areas are scattered 
along China’s coast and now include Hong Kong and also China’s largest city, 
Shanghai (Fig. 2.3.1.2). By 1996, with  economic growth averaging 8% for over a 
decade, a number of countries in the Asia-Pacific region – in particular the newly 
industrialized economies such as Hong Kong, the Republic of Korea, Singapore, 
Taiwan and China – had been able to reduce poverty to nonexistent levels, while 
Indonesia, Malaysia, and Thailand also had made impressive strides.

With the financial and economic crisis starting in Asia in 1997, annual GDP 
growth rates decreased from a high of 9.76% in 1970 to 2.54% in 1999, with a 
negative growth of −1.04% in 1998. Overall, however, between 1972 and 1999 
real per-capita income nearly doubled in Northwest Pacific and East Asia, 
growing by an average of 2.4% annually (Fig. 2.3.1.3). In South Asia, the 
growth rate also exceeded 2%. However, growth was very low in the Pacific 
Islands (World Bank 2001).

Impact of Population and Economic Growth on Coastal Environments

The high concentration of people combined with rapid economic growth in 
coastal regions has produced many economic benefits, including improved 
transportation links, industrial and urban development, revenue from tourism,
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FIG. 2.3.1.2. Developed areas in China.(From Yeung and Hu 1992.)
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FIG. 2.3.1.3. GDP per capita (US $1995) by region in Asian-Pacific area.

and food production. However, the combined effects of a booming popu-
lation growth and economic and technological development are threatening 
the ecosystems that are critical to providing these economic benefits. Coastal 
regions are undergoing environmental decline. The problem is particularly 
acute in Asia-Pacific countries (Table 2.3.1.2).
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The reasons for environmental decline are complex, but population fac-
tors play a significant role. Changes in the size, composition, and distribution 
of human populations affect coastal regions by changing land use and land 
cover. Fishing or harvesting, the destruction of mangroves, and pollution and 
sedimentation from human activities can all affect the coastal environment.

Managing population pressures in coastal zones is difficult because these 
regions encompass many physical, social and regulatory divisions. Govern-
ments usually manage each sector separately. Consequently, many coastal 
nations have experienced rapid uncontrolled development along their coast-
lines. Integrated coastal management (ICM), an internationally accepted 
approach to managing resources that is based on the United States’ 1972 
Coastal Zone Management Act, allows policymakers and planners to take 
population issues into account when looking at the pressures, threats, and 
opportunities facing coastal areas. ICM attempts to forge a balance between 
users of water and natural resources while ensuring that long-term environmental
health and productivity are not compromised (NOAA 2003). Countries may 
use ICM to address the depletion of coastal and ocean resources, deal with 
pollution that endangers public health, distribute the economic benefits of 
using the coast and ocean, and develop and manage coastal and marine areas 
that are not yet being exploited. At least 107 of the world’s 134 coastal developing
nations are involved in some type of ICM effort at the national or subnational 
level (Jens 2003). In general, the most successful ICM efforts share several 
characteristics:

1. Multiple stakeholders, including representatives from all levels of government,
NGOs, indigenous groups, communities, and the private sector.

2. A strong scientific foundation to inform the management process.
3. A formalized mandate and funding mechanism.

TABLE 2.3.1.2. Relative significance of resource and environmental issues in selected 
Asian-Pacific countries. (From ADB data.)

Bangladesh
China
India
Myanmar
Nepal
Pakistan
Sri Lanka
Cambodia
Indonesia
Lao PDR
Malaysia
Philippines
Thailand
Vietnam
Pacific Islands

High priority
Meduim Priority
Low Priority

n.a. not applicable

Land & soil
resources

Pesicide &
fertilizer Deforestation

water
resources

Industrial
pollution Acid rain

Marine &
coastal

degradation
Sea level

rise

n.a.

n.a. n.a.

n.a.

urban
congestion
& pollution

waste
disposal
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4. Formal decision-making that incorporates social, environmental, and 
economic data.

5. Public participation starting at the initial stages of policy formulation and 
program development.

6. Community-based management initiatives to develop community experi-
ence, build support, and provide information about regional or national 
programs.

7. Capacity building of local experts through training, education, and applied 
research.

8. Strong outreach services that provide information and education to all 
levels of management.

9. Regular collection of reliable data to measure the success of management 
initiatives (Biliana and Robert 1998).
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Accelerated Industrialization

The first characteristic of the recent rapid economic growth in East Asia is 
that it involved a dramatic transformation of the industrial structure that 
could be called “accelerated industrialization” (industrialization that took 
several generations in the developed nations was achieved in just one generation).
For example, Taiwan began as an agricultural society, but the proportion of 
the total population engaged in its industrial sector grew rapidly from 29% in 
1965 to 48% in 2000. On the other hand, its agricultural sector decreased from 
27% in 1965 to 5% in 2000. Even in countries such as Thailand and Indonesia, 
which are still basically agricultural societies, their respective industrial sec-
tors have risen quickly from 23% and 13% in 1965 to 41% and 42% in 2000, 
respectively. Meanwhile their agricultural sectors fell from 43% and 50% in 
1965 to 10% and 11% in 2000, respectively.

Explosive Urban Growth

The second characteristic of rapid economic growth in East Asia is the explo-
sive urban growth. This was magnified by the impoverishment of rural areas 
suffering under the burden of huge populations. For example, in Japan, over 
a period of two decades from 1950 to 1970, the urbanization ratio jumped 
from 50% to 71%. From then the increase slowed somewhat (Table 2.3.2.1, 
United Nations 1995). But urbanization in South Korea has proceeded even 
faster than in Japan, increasing from 21% in 1950 to 41% in 1970, and then 
after another two decades to 90% in 2000. Thailand and Indonesia are on the 
whole still at relatively low levels of urbanization. But even in these countries 
the rates of urbanization are truly explosive. There are major concentrations 
of population in urban centers such as Bangkok and Jakarta (Table 2.3.2.1).

Accelerated industrialization is another major factor triggering Asia’s rapid 
urbanization.

TABLE 2.3.2.1. Urbanization ratios in seven East Asia economies. (From 
United Nations 1995.)
 Japan South Korea Taiwan Thailand Malaysia Indonesia China

1950 50.3 21.4 – 10.5 20.4 12.4 11.0
1970 71.2 40.7 – 13.3 33.5 17.1 17.5
1990 77.2 73.8 (75.9) 18.7 49.8 30.6 26.2
1994 77.5 80.0 (76.6) 19.7 52.9 34.4 29.4
2010  80.6 91.0 – 27.4 64.4 49.7 43.0
(predicted)

Notes: Owing to differing conceptions of cities depending on country, urbanization
ratio (i.e., urban population/total population) here is based on urban population
estimates (prepared by the UN Population Bureau with the cooperation of the 
UN Statistics Bureau) in urban agglomerations instead of urban areas proper. 
Thus there are no figures for Taiwan, whose parenthetical values are taken from 
Statistics Yearbook of the Republic of China.
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FIG. 2.3.2.2. Average annual rates of increase in total and urban populations from 
1970 to 1994. (From United Nations 1995.)
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FIG. 2.3.2.1. Urbanization from 1950 to 2025. (From United Nations 1995.)

Asian countries with urbanization levels of 60% or more are, presently, 
Japan and the Newly Industrializing Economies (NIEs) of Hong Kong, South 
Korea, Singapore, Taiwan-China, Indonesia, Malaysia and Thailand. These 
have all experienced rapid economic growth and industrialization. There is 
a clear connection between economic level and urbanization whereby, gen-
erally speaking, countries that are highly developed economically also have 
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FIG. 2.3.2.4. Types of land use. (From FAO 1995.)

FIG. 2.3.2.3. The 20 largest urban agglomerations in 1990 (thousands). (From United 
Nations 1995.)

high urban population percentages. Malaysia and the Philippines are promot-
ing economic growth and urbanization in an attempt to emulate Japan and 
South Korea. The urban population levels in the populous Asian countries of 
China, India and Indonesia in 1994 were relatively low at 29%, 27%, and 34%, 
respectively, but from now on, they will probably surge in conjunction with 
economic growth (Figs. 2.3.2.1 and 2.3.2.2, United Nations 1995).

Asia’s pace of urbanization is far faster than that in developed Western 
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years, 100 years, and 60 years, respectively, to raise their urbanization percent-
ages from 20% to 50%. A further increase from 50% to 70% took 35, 28, and 
40 years, respectively. In Japan, however, the increase from 20% to 50% took 31 
years, and from 50% to 70% only 15 years, or about half the time. Urbanization 
occurred even faster in South Korea, which required 30 years to go from 20% to 
50%, and a mere decade from 50% to 70% (Fig. 2.3.2.2, United Nations 1995).

In Asia the formation of megacities is also very pronounced. Cities defined 
by the UN as “mega-cities”, i.e., those with populations of at least 10 million, 
are growing in number, especially in Asia. In 1950 the only megacities were 
New York and London. These had populations of only 10.2 million and 8.7 
million, respectively. But as of 1990, 12 of the world’s 20 biggest cities were 
in Asia, and the largest of  them – Tokyo – had a population of  25 million 
(Fig. 2.3.2.3, United Nation 1995). Predictions say that in 2015 the world will 
have 33 megacities, 22 of which will be in Asia.

Mass Consumption Society

Japan joined the mass consumption society (where people buy, use and abandon 
too many goods) at the end of  the 1950s and was close behind the US a 
decade later. Other economies made their entries at a later date: Hong Kong 
at the beginning of the 1960s, Taiwan at the end of the 1960s, South Korea 
in the early 1970s, and China’s major coastal cities at the beginning of the 
1980s. This means that many Asians have become fully fledged members of 
the energy-intensive, mass-consumption, mass-refuse society. This will place 
great stress on the coastal area, for example, by reclaiming land as a dumping 
site for wastes.

Deforestation

In East Asia, the ratio of  forest in land use is rather high (Fig. 2.3.2.4, 
FAO 1995). Therefore, deforestation is becoming a big problem both for 

FIG. 2.3.2.5. Per-capita forested and protected land. (From FAO 1990.)
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changes in sand transport and also for the coast. Deforestation is believed 
to be caused by nontraditional rough agriculture, by people who make their 
way into the forests along logging roads, and by conversion of  forestland, 
especially for the development of  farmland and pastureland. Compared 
with Indonesia and Malaysia, which have high proportions of  forested 
land, the high proportions of  tilled land in China, the Philippines, and 
Thailand make for low proportions of  forestland (Fig. 2.3.2.4). Since the 
1970s protected areas, including national parks, have increased quickly in 
terms of  number and size. In Asia the number and total area of  protected 
regions are large, especially in China and Indonesia. However, even if  pro-
tected marine areas are included, the per-capita size of  protected areas is 
still far below the forested land (Fig. 2.3.2.5, FAO 1990). In Asia, there are 
both aforestation projects carried out by Asian governments and through 
aid provided by other governments, although at present they cannot keep 
up with deforestation.

During the decade from 1980 to 1990, Asia lost its rainforests at a 
rate of  11%. This is much higher than the rate of  about seven percent in 
Africa and Latin America (Fig. 2.3.2.6, World Resources Institute 1996). 
Although the Philippines and Thailand were once the main exporters of 
tropical timber, they are now wood importers because of  their depleted 
forests.

FIG. 2.3.2.6. Rate of tropical forest loss between 1960 and 1990. (From World 
Resources Institute 1996.)
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Dam Construction

Many countries try to meet the growing demand for water by building dams 
or pumping more ground water. Currently under construction on China’s 
Changjiang River is the huge Three Gorges Dam. This will be 185 m high, 
have a reservoir of 1,084 km2, and impound 39.3 billion tons of water. On the 
upper reaches of the Mekong River, 14 dams are under construction or have 
been completed. The first of these, the Manwan Dam (132 m high, 23.9 km2

reservoir, 920 million tons impounded), was completed in 1996. Most devel-
opment on the upper reaches of the Mekong is for hydropower.

Dam development causes a number of problems, the first of which is the 
relocation of people living in areas that will be inundated. The Three Gorges 
Dam, for example, will displace over 1.1 million people. Such relocation, in 
turn, causes problems of increased stress on the displaced people and on the 
communities that take them in, as well as the burden of compensation. Dam 
construction also strains public finances.

Building dams brings about considerable change in a river’s aquatic 
environment, and sometimes triggers changes in their biota. There are concerns
that construction of the Three Gorges Dam will lead to the extinction of the 
Chinese river dolphin, for example.

Stagnant water bodies generated by dams let freshwater diatoms take up 
Dissolved Silicate (DSi) fuelled by loaded nitrogen (N) and phosphorus (P). 
The diatoms then sink to the sediment. Consequently, non-diatom algal species
(non-siliceous and potentially harmful) increase in place of diatoms (siliceous 
and mostly benign, forming the basis of a healthy marine ecosystem) in the 
coastal seas downstream because diatoms need DSi in addition to carbon 
(C), N and P, nominally in the ratio of C:N:P:Si = 106:16:1:[16–50]. Evidence 
of this process has been illustrated in typical cases such as the system of the 
Danube – Iron Gate Dam – Black Sea (Humborg et al. 1998).
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Coastal zones are unique. Special features such as daily tides, storm waves, 
tidal flats, mangrove forests, coral reefs, and vast sandy beaches exist only 
on the coast. On the other hand, the coastal zones are used for human settle-
ment, agriculture, trade, industry, and amenity and as shore bases for maritime 
activities such as shipping, fishing, aquaculture, and sea mining. In the same 
coastal zones, destructive natural disasters take place, killing tens of thousands 
of peoples and destroying upland properties, as demonstrated by the tsunami 
disaster due to the big Sumatra earthquake of 2004.

Sustainable development and utilization of coastal zones, such as develop-
ment of industrial areas and living activities, stabilization of fishery resources, 
development of seabed oil, natural gas and mineral resources, and utiliza-
tion of ocean energy, are essential to the sustainable development of human 
society. Economic activities of many of the Asian countries heavily depend 
on development in the coastal zones. This section considers trends in coastal 
development in two of the most influential countries among the Asian nations, 
Japan and China. This is followed by consideration of coastal development 
at the sector level, with special emphasis on environmental issues related to 
development of the Asian coastal zone.

In Japan, the majority of  the population and economic activities are 
concentrated in coastal zones. As shown in Fig. 2.3.3.1, the area of coastal 
municipalities occupies only about 32% of the total area of 370,000 km2. They 
home for about 46% of the total population of approximately 120 million. 
They produce about 47% of the industrial output. Amazingly, 77% of the total 
expenditure for retail business or market goods is spent in coastal munici-
palities (Kojima 2000). Marine transportation and fisheries infrastructure are 
highly developed in Japan, with 1,094 commercial and industrial ports and 
2,950 fishing ports. These numbers are quite large as compared with those 
of the US and the UK. Environmental Agency of Japan (1992) conducted a 
study of the ratio of three types of coastal features, namely natural beaches, 
artificial beaches and semi-natural beaches. In the entire country, the natural 
beaches cover about 57% of the total length of the coastline, about 35,000 km, 
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FIG. 2.3.3.1. Basic statistics of Japanese Coastal Zone. (From Kojima 2000.)
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TABLE 2.3.3.1. Economic value of Marine sectors in China in 2001 and 
2004 (108Yuana). (From: China’s Ocean Yearbook 2002 & 2005, the State 
of Oceanic Administration, China.)
 Total output Percent increase

Marine sectors/industry 2001 2004 2001–2004

Total 7233.8 12841.0 177.5

Marine fishery 2256.6 3795.0 168.2
Marine oil and gas 320.7 595.0 185.5
Marine sand mining 3.2 5.1 162.1
Marine salt industry 91.0 69.3 76.2
Marine chemical industry 76.3 319.7 419.1
Marine pharmacy 20.9 64.0 306.7
Marine electronic power 421.3 844.9 200.5
Ship and boat building 292.7 740.0 252.8
Marine construction 17.8 151.5 850.8
Marine transportation 788.9 2434.0 308.5
Coastal tourism 2502.9 3369.0 134.6
Marine information service 13.1 – –
Other marine-related industriesb 428.5 453.4 105.8

a $1.00 = 8.16 Yuan
b including marine equipment, public service, seawater-use industry, etc.

with 29% for the artificial beaches and 14% for the semi-natural beaches. Land 
reclamation and artificial islands, amounting to 1,357 km2, have contributed 
to an increase in the percentage of the artificial beaches. They have been con-
structed to obtain land for industrial facilities, power plant facilities, farm-
ing ground, and other development. Land reclamation usually takes place 
in the shallow seas, such as a tidal flat. The loss of tidal flat is approximately 
288 km2 since 1945. The remaining area of tidal flat amounts to a little more 
than 540 km2.

China, even with its vast area, has also been conducting similar coastal-
oriented development: coastal municipalities, the area of which accounts for 
only 14% of the total land area of 9.6 million km2, have about 40% of the 
total population of approximately 1.32 billion. But they produce 60% of the 
industrial output. As shown in Table 2.3.3.1, the total output of marine-related 
industries is about 1,284.1 billion Yuan, equivalent to $US157.4 billion in 
2004. It increased by 177% from 2001. The most notable increase among 
marine industries is for marine construction. This sector had a 850% growth 
from 1.78 billon to 15.15 billion Yuan. All of the marine industries except 
marine salt industry have experienced economic growth.

Development of Human Settlement

In line with global trends, more than half  of Asia’s population – 1.7 billion 
people – presently reside in the coastal zone (Middleton 1999). Given the 
relentless and cumulative process of global environmental change driven 
by, among other factors, demographic changes, urbanization and industrial 
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development, trade and transport demands, and lifestyle changes, the coastal 
zones of Asia are under increasing anthropogenic pressures (Turner et al. 
1996). This trend is clearly indicated by the increased number of megacities 
(here defined as those with 10 million inhabitants or more), as shown in Table 
2.3.3.2. In 1950 New York was the only one megacity in the world. Two coun-
tries, Tokyo and Shanghai, in Asia became a megacity in 1975. The number of 
megacities rose from five in 1975 to 17 in 2001, among those cities nine urban 
agglomerations being located in the coastal zone of the Asian area. With 26.5 
million inhabitants, Tokyo was the most populous urban agglomeration in the 
world in 2001, followed by São Paulo (18.3), Mexico City (18.3), New York 
(16.8), and Mumbai (16.5). Among the Asian coastal megacities are Calcutta 
(13.3), Dhaka (13.2), Shanghai (12.8), Jakarta (11.4), Karachi (10.4), and 
Metro Manila (10.1) (Table 2.3.3.2). It is projected that the number of coastal 
megacities in Asia would grow at least 10 of the world’s 21 by the year 2015, 
added by Tianjin, China. Tokyo will remain the largest urban agglomeration 
with 27.2 million inhabitants, followed by Dhaka, Mumbai (Bombay), all 

TABLE 2.3.3.2. Population of cities with 10 million inhabitants or more, 1950, 1975, 
2001, and 2015 (millions). (From United Nations Population Division, World Urbani-
zation Prospects: The 2001 Revision.)

Year of 1950 Year of 2001 Year of 2015

City Population City Population City Population

1 New York 12.3 1 Tokyo 26.5 1 Tokyo 27.2
2 Sao Paulo 18.3 2 Dhaka 22.8
3 Mexico City 18.3 3 Mumbai 

 (Bombay)
22.6

Year of 1975 4 New York 16.8 4 Sao Paulo 21.2
City Population

1 Tokyo 19.8 5 Mumbai (Bombay) 5 5 Delhi 20.9

2 New York 15.9 6 Los Angeles 6 6 Mexico City 20.4
3 Shanghai 11.4 7 Calcutta 7 7 New York 17.9
4 Mexico City 10.7 8 Dhaka 8 8 Jakarta 17.3
5 São Paulo 10.3 9 Delhi 9 9 Calcutta 16.7

10 Shanghai 10 10 Karachi 16.2
11 Buenos Aires 11 11 Lagos 16.0
12 Jakarta 12 12 Los Angeles 14.5

13 Osaka 13 13 Shanghai 13.6
14 Beijing 14 14 Buenos Aires 13.2

15 Rio de Janeiro 15 15 Metro Manila 12.6
16 Karachi 16 16 Beijing 11.7
17 Metro Manila 10.1 17 Rio de Janeiro 11.5

18 Cairo 11.5
19 Istanbul 11.4
20 Osaka 11.0
21 Tianjin 10.3

Note: Shaded indicates megacities located in the Asian coastal zones
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TABLE 2.3.3.3. Ranking of container throughput of ports in the world in 1980 and 
2002. (From Containerisation International Yearbook 1981, 2003.)

Year 1980 Country, 
Region

Through-
put (TEU)

Year 2002 Country, 
Region

Throughput 
(TEU)Rank Port  Rank Port

1 New York USA 1,947,000 1 Hong kong China 18,100,000
2 Rotterdam Netherlands 1,901,000 2 Singapore Singapore 17,040,000
3 Hong Kong China 1,456,000 3 Pusan South Korea 9,453,356
4 Kobe Japan 1,456,000 4 Shanghai China 8,610,000
5 Kaohsiung Taiwan 979,000 5 Kaohsiung Taiwan 8,493,000
6 Singapore Singapore 917,000 6 Shenzhen China 7,613,754
7 San Juan 852,000 7 Rotterdam Netherlands 6,515,449
8 Long Beach USA 825,000 8 Los Angeles USA 6,105,863
9 Hamburug Germany 783,000 9 Hamburug Germany 5,373,999
10 Oakland USA 782,000 10 Antwerp Belgium 4,777,387

11 Port Kelung Malaysia 4,533,212
12 Yokohama Japan 722,000 12 Long Beach USA 4,526,365

13 Dubai UAE 4,194,264
15 Pusan South 

 Korea
634,000 14 New York USA 3,050,036

15 Tokyo Japan 2,899,452
18 Tokyo Japan 632000

19 Yokohama Japan 2,317,489
22 Kobe Japan 2,265,991

of which are the Asian coastal cities. All are expected to have more than 20 
million inhabitants.

The consequences of this population growth, accompanied by a rapid 
expansion in urban areas, pose a significant threat to environmental and soci-
oeconomic systems located in the Asian coastal zones. All coastal areas are 
facing an increasing range of stresses and shocks, the scales of which now 
pose a threat to human and environmental coastal systems.

Port/Harbor Development

Most of the world’s megacities, like Tokyo, New York, and Shanghai, are situ-
ated in coastal zones. This is because of the benefits of harbor development 
that gives primary access to maritime transportation. The shipping world 
today is dominated by the container trade. Roughly 70% of general cargo 
is already containerized. It is expected that this figure will continue to grow 
to more than 90% by 2010. In the year 2000, the container trade recorded a 
massive 200 million TEUs (Twenty-feet Equivalent Units). The traffic is esti-
mated to grow at an average rate of 5% per annum over the next 10 years. It 
might even double by 2010 (Armadillo Marine Consultants, 2005). To a large 
extent this growth has been, and will continue to be, spurred by the growth 
of many Asian countries, most notable among them being China, Singapore, 
Korea, and Malaysia. Table 2.3.3.3 shows the ranking of container through-
put of various ports in 1980 and 2002. In 1980 the port of Hong Kong ranked 
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third in terms of container throughput after New York and Rotterdam. It was 
followed by Kobe, Kaohsiung, and Singapore. All of the top six in 2002 were 
Asian ports Hong Kong being in first place and Singapore in second place.

The broad expansion of APEC economics accelerated the trade growth. 
Aggregate APEC exports and imports grew at 20.1% and 20.6% in 2004, 
respectively (APEC 2005). Container carriers are looking at bigger and 
bigger vessels to improve their economies of scale. In order to accommodate 
these large ships some of the Asian ports are implementing massive expan-
sion plans, as shown in Table 2.3.3.4. Singapore port is now operating 11 
container terminals with a water depth of 15 m. It is planning to increase to 
31 terminals by 2009. Japan and South Korea almost doubled the number of 
such container berths. With ever increasing in trade, further development of 
ports and harbors among the major Asian countries is inevitable.

Oil and Natural Gas Development

Oil is perhaps the most important and attractive resource in the South China 
Sea. The hydrocarbon resources encouraged the littoral states to occupy 
islands in order to claim rights in future negotiations. Regional, as well as 
much of the international interest, centers primarily on these potential hydro-
carbon resources (Zhiguo and Mingjie 2003). Oil deposits have been found in 
most of the littoral countries of the South China Sea. As indicated in Table 
2.3.3.5, the South China Sea region has proven oil reserves estimated at about 
7.5 billion barrels, and oil production in the region is currently over 1.3 million
barrels per day. Malaysian production accounts for about one half  of the 
region’s total. Total South China Sea production has increased gradually over 
the past few years, primarily due to additional production by China, Malaysia, 
and Vietnam. Natural gas might be the most abundant hydrocarbon resource 
in the South China Sea. Most of the hydrocarbon fields explored in the South 
China Sea regions of Brunei, Indonesia, Malaysia, Thailand, Vietnam, and 
the Philippines contain natural gas, not oil. Estimates by the US Geological 
Survey, and others, indicate that some 60–70% of the region’s hydrocarbon 
resources are gas. Significantly, natural gas usage in the region is projected to 
grow by 5% per year over the next two decades. This is faster than any other 

TABLE 2.3.3.4. The number of container terminals with the 15 m depth in current and 
future operation.

Country
South
Korea Taiwan China Singapore Japan

No. of container 
terminals as of 
2000

8 3 4 11 10 (Tokyo3, Yokohama1, 
Kobe4, Nagoya2)

No. of container 
terminals in 
the future 
(year)

16 (2003) 3 10 (2004) 31 (2009) 19 (2003) (Tokyo7, 
Yokohama3, Kobe6, 
Nagoya2, Osaka1)
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TABLE 2.3.3.5. Petroleum and gas reserve and production in the South China Sea. 
(From United States Energy Information Administration, Country Analysis Briefs, 
August 1998.)
 Proven oil reserves  Proven gas reserves  Oil production  Gas production
 (billion barrels) (trillion cu. ft.) (barrels/day) (billion cu. ft.)

Brunei 1.4 14.1 145,000 340
Cambodia 0.0 0.0 0 0
China 1(est.) 3.5 290,000 141
Indonesia 0.2 29.7 46,000 0
Malaysia 3.9 79.8 645,000 1300
Philippines 0.2 2.7 <1,000 0
Singapore 0.0 0.0 0 0
Thailand 0.3 7.0 59,000 482
Vietnam 0.6 6.0 180,000 30
Total 7.5(est.) 145.5 1,367,000 2323

fuel, reaching as much as 20 trillion cu. ft./year. With increased consumption 
of oil and gas, hydrocarbon exploration activities in the region will inevitably 
increase and additional infrastructure will be built.

Development of Coastal Tourism

The World Tourism Organization (WTO) has reported that tourism, now 
the world third largest sector of income generation after oil and automobile 
industries, will continue to grow in the coming decade. Asia and Pacific will be 
outperforming many other regions of the world in tourism growth and devel-
opment. A major underlying factor, contributing to the high tourism potential 
of the region is its coastal tourism assets. If  the projections of WTO come 
true, it is quite certain that the coastal areas of the countries in the ESCAP 
region will have to shoulder a higher pressure from fast growing coastal tourism,
at least, in the coming decade or even longer (ESCAP 1996).

Table 2.3.3.6 presents gross earnings from tourism. Thailand had the greatest 
earnings in 1993. The lowest amount was recorded in Bangladesh where gross 
earnings from tourism had been declining over the years. However, the amount 
of earnings does not reflect the relative importance of the tourism sector in an 
economy. The contribution of tourism to GDP and its importance as compared 
to other sources of foreign exchange must be considered as well. In 1993, tourism 
accounted for 30% of total GDP in the Maldives. The situation in the other 
countries is different, with the contribution of tourism in many countries being 
less than 5% of GDP. Tourism accounted for less than one percent of GDP in 
Bangladesh, India, and Pakistan. As Table 2.3.3.6 shows, however, tourism is 
the biggest single source of foreign exchange for Maldives and is a major source 
for other countries of the region. Philippines (20.2%) and Thailand (15.7%) 
have a significant share from tourism in their total export earnings. Almost all 
developing countries face trade deficits, and tourism earnings appear to be one 
of the best means for correcting current account imbalances.



2. Drivers for Changes in the Coastal Zone 51

In coastal and marine areas, tourism impacts the coastal and marine environ-
ment in terms of land utilization for hotel and residential purposes, impact on 
coastal infrastructure (roads, energy production, etc.), production of wastes (sew-
age, garbage, etc.), water uses, whale/wildlife watching, and inshore water uses for 
water sports, diving and cruise ships. Sustainable management of coastal tourism 
is essential to maintaining the productivity of the tourism sector (APEC 2002).

Development of Coastal Aquaculture

Asia dominates world aquaculture, producing four fifths of all farmed fish, 
shrimp, and shellfish (FAO 1997). Farming of fish, shrimp, shellfish, and seaweed
has become a vital source of food supply in Asia in recent decades. Fishery 
products are staples for the Asian population and are embedded in its culture. 
Fish, an important source of food protein, is critical to food security in many 
countries of Asia, particularly among poor communities in coastal areas. The 
annual fish catch and aquaculture production in Asia reached a peak at about 
20.7 and 19.1 Mt, respectively, in the year 1998 (IPCC 2001).

Coastal aquaculture has been conducted in Thailand for more than 30 
years. Shrimp is the most important cultured resource because of  increases 
in national consumption and demand for frozen shrimp for export. Shrimp 
farming has rapidly increased from 24,000 t in 1987 to 162,000 t in 1991. 
Aquaculture operations, however, have brought about significant adverse 
effects on mangrove ecosystems. In 1989 the total mangrove area in Thai-
land was only about 180,560 ha. During 1979–1986, about 64% of  the man-
grove area has been exploited for aquaculture (Clark 1995). Thailand lost 
more than 15% of  its mangrove forests to shrimp ponds from 1987 to 1993 
(World Bank 1996). Destruction of  mangroves has left these coastal areas 
exposed to erosion and flooding, altered natural drainage patterns, and 
increased salt intrusion.

TABLE 2.3.3.6. Foreign exchange earnings from tourism in selected countries, 1993 
(in million $US). (From Country reports, and Economist Intelligence Unit country 
reports.)
      Tourism earnings
 Gross earnings from Merchandise Tourism earnings as percent of
 international tourism exports as percent of GDP export earnings

Bangladesh 8 2,138 0.0 0.4
India 1,401 22,500 0.6 6.2
Indonesia 3,600 36,600 2.5 9.8
Malaysia 1,910 46,000 3.0 4.2
Maldives 120 35 30.0 
Pakistan 115 6,760 0.2 1.7
Philippines 2,300 11,375 4.2 20.2
Republic
 of Korea 3,502 82,200 1.1 4.3
Sri Lanka 210 2,786 2.0 7.5
Thailand 5,719 36,400 4.6 15.7
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Mangroves in the seven countries of  the South China Sea region con-
stitute 10% of  the current global area of  slightly over 18 million ha (Table 
2.3.3.7). The total amount of  area lost over different time spans (70 years 
for the Philippines) is estimated to be 4.3 million ha, or 24% of  the cur-
rent global mangrove area. The causes for mangrove destruction include 
urban development and human settlements, woodchip and pulp produc-
tion, conversion to pond culture, and harvest of  products for domestic 
use. The precise impact of  these economic activities in each country is dif-
ficult to quantify. Nonetheless, shrimp culture across the region in recent 
years seems to be the most pervasive economic imperative for mangrove 
conversion.
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The pollutants discharged into Asia-Pacific coasts by human activities can 
be categorized into five groups, namely domestic wastes, agricultural wastes, 
industrial wastes, petroleum hydrocarbons and solid wastes.

Domestic Wastewater

Rapid population growth has brought about resource and environmental 
quality degradation. Water pollution is the most serious environmental prob-
lem for many countries in the East Asian seas region.

Sewage is the major source of organic pollution in various populous 
coastal areas in the region. While varying degrees of treatment are employed 
in some localities, disposal of untreated sewage directly or indirectly is the 
general practice. In Thailand, for instance, pollutants discharged from the 
Chao Phraya River are the major contributors to coastal water pollution in 
the Upper Gulf of Thailand. The estimated net Biological Oxygen Demand 
(BOD) reaching the Gulf of Thailand via this river alone is 114.7 t/day. The 
estimate for all the rivers emptying into the Gulf is 305.2 t/day (Thailand 1984).

BOD levels for selected East Asian seas countries are shown in Table 
2.3.4.1. Their distribution around the region is shown in Fig. 2.3.4.1. It has 
been estimated that 6 million tons of BOD are generated by the coastal popu-
lation in seven of the countries of the South China Sea, namely Cambodia, 
China, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam. Only 
about 11% of the BOD generated is removed by sewage treatment. There is 
clearly a need to raise the volume removed by sewage treatment, especially for 
coastal waters that receive pollutants from large urban cities.

Eutrophication in various coastal waters receiving high organic inputs 
from sewage is common in the region. Substantial information on the bio-
logical effects of  organic enrichment is available from a series of  studies in 
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Hong Kong. For example, Fig. 2.3.4.2 illustrates an 8-fold increase in the 
number of  red tides per year in Hong Kong harbor in the period 1976–1986 
(Lam and Ho 1989). This increase shows a striking correlation with the 
6-fold increase in human population in Hong Kong and the concurrent 2.5-
fold increase in nutrient loading, mainly contributed by untreated domestic 
and industrial waste.

Agricultural Waste

Pollutants contained in agricultural waste consist primarily of fertilizers, pes-
ticides, and animal waste. Land clearance for agricultural activities can lead to 
large quantities of silt entering stream channels, contribute to sediments in rivers 
discharged into the marine environment and make up the second most impor-
tant group of pollutants in the marine environment (Koe and Aziz 1995).

Data on pesticide use and its presence in the marine environment are scarce. 
Organochlorines such as DDTs, PCBs, CHLs, HCHs, HCB have been detected 
in green mussels in the tropical waters of  Asia, as shown in Fig. 2.3.4.3. 
Although the use of organochlorine pesticides such as DDT for agricultural 
purposes has been banned in many countries in the region, they still remain in 
the aquatic organisms and environments. Considerable residues of p, pp DDT 
in the DDTs found in green mussels from some locations may indicate the pres-
ence of significant current sources of DDT in this region (Tanabe et al. 2000). 
However, based on the results shown in studies by Menasveta and Cheevap-
aranapiwat (1981) and Cheevaporn et al. (2005) it appears that DDT concen-
trations have declined in Thailand’s coastal waters since restrictions on the use 
of DDT were introduced in 1983.

Of the seven South China Sea countries, China uses the greatest amount of 
fertilizers at about 1,000 ka/ha/year (Table 2.3.4.2). China reports more than 
89,000 t of pesticides used in its South China Sea areas in 1995 When leached 
to aquatic environments, fertilizers contribute to nutrient loading in addition 

TABLE 2.3.4.1. Population and Estimated BOD Generation and Removal in Selected 
East Asian Seas Countries. (From UNEP (2000) reprinted with the permission of 
UNEP)
     BOD removed by
 Population (‘000 Population BOD generated sewage treatment
Country persons)* growth rate (%) (103 t/year) (103 t/year)

Cambodia 1,985 2.7 36.2 n.a.
China 59,694 1.6 1,089.4 <109
Indonesia 105,217 2.9 1,920.2 364
Malaysia 10,336 3.3 188.6 53
Philippines 23,633 2.1 431.3 149
Thailand 37,142 1.4 677.8 89
Vietnam 75,124 1.6 1,371.0 n.a.
Total 313,131 1.4 5,714.5 655

* Only populations of subdivisions interacting with the South China Sea are included.
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FIG. 2.3.4.2. Correlation between the number of red-tide outbreaks per year in Tolo 
Harbor (continuous line) and the increase of human population in Hong Kong (bar 
diagram), in the period 1976–1986. (From Lam and Ho 1989, reprinted with the 
permission of Elsevier.)

FIG. 2.3.4.1. Biochemical Oxygen Demand (BOD) loading from domestic sources in 
East Asian seas. (From UNEP 2000, reprinted with the permission of UNEP.)
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to that generated by domestic sources. The total loading of nitrogen in the 
South China Sea area is shown in Fig. 2.3.4.4.

Industrial Waste

Data provided in Table 2.3.4.3 show that industry released a minimum of 
about 95,873 t of BOD into aquatic systems interacting with the South China 
Sea. Ninety percent of  the reported values come from the Philippines, 
Indonesia, and China, of which half  the total is attributable to river systems.

Considering the incomplete database, Vietnam reports an annual load of 
heavy metals of at least 13,000 t/year, 520 times more than those reported by 
China (25.4 t/year). Vietnam indicates that in the Northern Economic Zone, 
the amounts of Pb, Zn, and Cu are 7–10 times the allowable limits.

Organochlorines concentration in mussels (ng/g wet weight)

DDTs

PCBs

CHLs

HCHs

HCB

0.001 0.01 0.1 1 10 100 1000

East coast of Thailand Coastal waters in Asia

FIG. 2.3.4.3. Range and mean concentrations of persistent toxic contaminants in 
green mussel from the east coast of Thailand during the period 2002–2003 (from 
Cheevaporn 2005) compared with those from tropical coastal waters in Asia during 
the period 1994–1995. (From Tanabe et al. 2000, reprinted with the permission of the 
Pharmaceutical Society of Japan.)

TABLE 2.3.4.2. Use of fertilisers and pesticides in South China Sea countries. (From 
UNEP (2000) reprinted with the permission of UNEP.)
Country Paddy field area (103 ha) Fertilisers use (t/year) Pesticide use (t/year)

Cambodia 1,800 >40,000 n.a.
China 3,400 3,640,000 >89,000
Indonesia 5,000 >5,600,000 29,000
Malaysia n.a. n.a. n.a.
Philippines 1,200 181,000 n.a.
Thailand 8,600 n.a. 38,000
Vietnam 1,500 110,000 n.a.
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FIG. 2.3.4.4. Total nitrogen loading in East Asian Seas countries. From UNEP 2000, 
reprinted with the permission of UNEP.)

TABLE 2.3.4.3. Estimated industrial waste discharge from 
coastal and non-coastal installations. (From UNEP (2000) 
reprinted with the permission of UNEP.)
Country BOD (t/year) Heavy metals (t/year)

Cambodia n.a. n.a.
China 10,300 25.4
Indonesia 26,000 n.a.
Malaysia 430 n.a.
Philippines >49,000 n.a.
Thailand 5,643 n.a.
Vietnam >4500 >13,000
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TABLE 2.3.4.4. Total mercury in biota of the Gulf of Thailand.

Study 
period Location Type of biota

Total mer-
cury (µg/g

wet weight) Reference

1974 Bang Pra Coast 3rd trophic level fish 0.003–0.010 Menasveta (1976)
4th trophic level fish 0.002–0.057

1976 Chao Phraya Fish and shellfish 0.009–0.205 Menasveta (1978)
Estuary

1977–1980 Inner Gulf Fish and shellfish 0.002–0.206 Sivarak et al. (1981)
1978–1979 River estuaries Bivalves 0.013–0.120 Menasveta and Cheevap-

aranapiwat (1982)
1976–1977 Inner Gulf 3rd trophic level fish

4th trophic level fish
0.002–0.130
0.010–0.650

Cheevaparanapiwat and 
Menasveta (1979)

1979–1981 Inner Gulf Fish and shellfish 0.012–0.051 Sidhichaikasem and 
Chernbamrung (1983)

1980 Estuarine areas
Mae Klong Mullets 0.04±0.03 Menasveta and
Ta Chin Mullets 0.07±0.04 Cheevaparanapiwat

(1982)Chao Phraya Mullets 0.15±0.06
Bang Prakong Mullets 0.08±0.03

1980 Estuarine areas
Mae Klong Green mussels 0.07±0.04 Menasveta and
Ta Chin Green mussels 0.09±0.03 Cheevaparanapiwat

(1982)Chao Phraya Green mussels 0.21±0.06
Bang Prakon Green mussels 0.09±0.04
Hua Hin Green mussels 0.04±0.03

1982–1983 Inner Gulf Bivalves 0.001–0.041 Sivarak et al. (1984)
1982–1986 Inner Gulf Bivalves 0.001–0.153 Boonyachotmongkol 

et al. (1987)
1990 Sichang Island 

Mab
Fish 0.012–0.032 Menasveta (1990)

Tapud Fish 0.013–0.049
off-shore (Erawan) Fish 0.055–0.324

1997 Outer Gulf of 
Thailand

Demersal Fish 0.003–0.93 ARRI (1998)

In the Gulf of Thailand there is little evidence of significant metal contam-
ination of seawater, as the levels found are comparable to estuaries elsewhere 
in the world (Hungspreugs 1982). Investigation of selected metals in commercially 
popular bivalves was undertaken in the Gulf of Thailand. The metal levels 
appear quite low by comparison to the same species from elsewhere in the 
world (Hungspreugs and Yuangthong 1983).

Total mercury concentrations in biota in the Gulf of Thailand are shown in Table 
2.3.4.4. In the coastal area almost all mercury concentrations in fish were less than 
0.2µg/g wet weight. These concentrations can be regarded as a natural amount 
of mercury in fish in general. Nevertheless fish in the offshore area, in the vicin-
ity of natural gas platforms, exhibited higher mercury concentrations. Between 5% 
and10% of fish have mercury concentrations higher than 0.5 µg/g (ARRI 1998).

Widespread occurrence of tar balls was also noted on the beaches of the 
Pari Island Group, Jakarta Bay. Toro and Djamali (1982) reported seasonal 
variations ranging from 0.28–2101.4 g/m2.
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The concentration of heavy metals in some localized coastal waters of 
Indonesia has been reported to be very high. Among these are the coastal 
waters of Jakarta Bay, Surrabaya and the Straits of Malacca. Studies by Razak 
et al. (1984) revealed significant heavy metal pollution in Jakarta Bay. Copper, 
mercury, lead, and cadmium levels were found to be higher than the standard 
set by the Indonesia government. High levels of mercury, copper, manganese, 
zinc, iron, cadmium, nickel, cobalt, and chromium were found in sediments 
in Jakarta Bay, Indonesia (Martin et al. 1983).

The levels of copper and zinc in sediment in Victoria Harbor, Hong Kong were 
between 2.5 and 5 times higher than those in other areas of  Hong Kong. 
This can be attributed to urban and industrial discharges in Victoria Harbor. 
Contamination of sediment by copper, zinc, and lead was less marked in Deep 
Bay (Phillips and Yim 1981).

For peninsular Malaysia, metal concentrations in sediments from the South 
China Sea were found to be in the normal range for cadmium, copper, zinc, 
nickel, and lead. These metal levels indicate that this area is unpolluted (Noor 
Ahzar et al. 1986).

Aside from pesticides and heavy metals, hazardous and toxic materials pro-
duced from industrial manufacturing or processing are considered a major 
group of pollutants. Indicative estimates of the production rates of hazardous 
waste for a number of South China Sea countries are shown in Table 2.3.4.5.

The foregoing results highlight the need to monitor the production and dis-
posal of hazardous waste and to strategically control these wastes at source 
through the use of clean technologies.

Petroleum Hydrocarbons

Indonesia is an oil-producing nation and a major route for transporting 
petroleum products. As a result, hydrocarbon pollution in its waters, espe-
cially Jakarta Bay, has been critical. Samples taken around the harbor were 
recorded as having concentrations of  60–100 µg/l, whereas samples collected 
away from the harbor registered a concentration in the range of  0.5–4.0 µg/l 
(Martin et al. 1983). Hydrocarbon concentration in sediments from Jakarta 
Bay was found ranging from 9.0 to 331 µg/g. Highest concentration were 
found in samples outside Sunda Kelapa and in Tanjung Priok harbors.

TABLE 2.3.4.5. Estimated production of toxic sub-
stances in selected East Asian countries. (From UNEP 
(2000) Reprinted with the permission of UNEP.)

 Estimated production of hazardous
Country waste (106 t/year)

China (1987) 50
Indonesia (1986) 5
Japan (1988) 0.82
Malaysia (1987) 0.4
Philippines (1987) 0.08–0.15
Thailand (1986) 0.88
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TABLE 2.3.4.6. Hydrocarbon levels in Southeast Asian waters.(From 
Cheevaporn 1995.)
  Range of hydrocarbon
Location Date concentration (µg/l)

East Coast of Malaysia April–May 1979 0.130
Jakarta Bay – 0.5–46
Andaman Sea (Thai waters) 1985 0.04–1.21
Straits of Malacca (east of Sumatra) 1976–1978 0.1–7,200
Straits of Malacca (Penang) 1979 10–120

Widespread occurrence of tarballs was also noted on the beaches of the 
Pari Island Group, Jakarta Bay. Toro and Djamali (1982) reported seasonal 
variations ranging from 0.28–2101.4 g/m2.

A report on hydrocarbon contamination in the South China Sea off  the 
Terengganu coast of Malaysia showed very high overall mean dissolved 
hydrocarbon levels in the range of 960–990 µg/l. These high values were prob-
ably the result of offshore oil and gas exploration and exploitation in the area. 
Oil concentration in the sediments of offshore Terrangganu were found to be 
in the range of 6.43–1332 µg/g, while the surface sediment off  the Kuantan 
coast showed an average of 42.92 µg/g. The higher value areas indicate signifi-
cant contamination (Law and Mahmood 1987).

Information on the level of hydrocarbons in ASEAN waters is summarized 
in Table 2.3.4.5. In general the level of hydrocarbons in the water column 
of the Straits of Malacca is higher than in other areas. In some parts of the 
straits (e.g., the Riau Archipelago), dispersed or dissolved petroleum hydro-
carbon (DDPH) concentration is greater than 1,000 µg/l, sometimes reaching 
as much as 7,200 µg/l. In addition, results from studies on the distribution of 
oil in Port Dickson clearly indicate a trend toward increasing oil pollution in 
both water and sediments. The oil content of Port Dickson waters was about 
180µg/l in 1993 compared to less than 20 µg/l in 1986. On the other hand, oil 
in sediments increased from about 20 mg/kg dry weight to around 60 mg/kg 
dry weight from 1986 to 1990 (Cheevaporn 1995) (Table 2.3.4.6).

Numerous loading ports, production fields, and refineries line the coasts 
bordering the Straits of Malacca and Singapore. Twelve of the coastal refineries
have a total output of over 1.4 million barrels of refined oil per stream day. 
From 1983–1992 oil spills from oil industry operations in Malaysia alone 
were estimated to be about 20,641 barrels or an equivalent of 3,000 t (Rizali 
1993). The number of marine accidents resulting in oil and chemical spill-
age is shown in Fig. 2.3.4.5. These incidents further threaten the marine and 
coastal resources of the East Asian seas.

Solid Waste

In many of the region’s urban areas solid waste is commonly disposed of 
either by sanitary landfill or by incineration. However, direct dumping of garbage 
in many rural as well as urban areas is also widespread. While coastal landfills 
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FIG. 2.3.4.5. Marine accidents resulting in oil and chemical spillage in the South China 
Sea, 1974–1994. (From Olson 1996, reprinted with the permission of  the University
of Chicago Press.)

release sediment and organic materials into neighboring waters, direct dump-
ing of domestic refuse poses a greater threat. The increased use of plastic 
materials in recent years has substantially increased the load of nondegrada-
ble litter in the sea. This, more than any other refuse material, presents a 
potential detrimental impact. A considerable amount of the garbage from 
urban beaches can be observed in many East Asian countries such as Thai-
land, Indonesia, Philippines, Cambodia and Vietnam. However, information 
on this issue is scarce.

When solid waste reaches aquatic systems it reduces the aesthetic value of 
beach and underwater scenery for coastal tourism. Table 2.3.4.7 compares 
estimates of reported solid waste generated by domestic activities in selected 
South China Sea countries. The largest proportion of solid waste from domestic
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sources comprises, in order of amount, organic material, paper, plastic, metal, 
glass, and other forms of waste.
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Understanding coastal dynamics and natural history is important in developing
a better understanding of natural systems and human impacts in coastal 
zones. This chapter outlines the characteristics of sedimentary environments 
in coastal zones which must be understood in order to manage and preserve 
coastal environments.

3.1.1 Coastal Classification, Shoreline Migration, 
and Controlling Factors
The world’s coastal environments and topography are classified into two types 
on the basis of the changes which occurred during the Holocene when they 
were particularly influenced by millennial-scale sea-level changes. Transgres-
sive coastal environments, where shorelines migrate landward, are characterized 
by barriers, estuaries, and drowned valleys (Boyd et al., 1992). Regressive 
coastal environments, where shorelines migrated seaward, consist of deltas, 
strand plains, and chenier plains (Fig. 3.1.1).

Thus regressive shorelines at river mouths are called deltas, while trans-
gressive shorelines at river mouths are called estuaries. The latter consist of 
drowned, incised valleys. In regressive environments, coastal lagoons sepa-
rated from the open ocean by barriers are well developed alongshore, whereas 
estuaries cross the general coastline. A strand plain is a coastal system that 
develops along a wave-dominated coast; it is characterized by beach ridges, a 

N. Mimura (ed.), Asia-Pacific Coasts and Their Management: States of Environment. 65
© Springer 2008



66 H. Sekiguchi and S. Aksornkoae

foreshore, and a shoreface. A chenier plain is composed of muddy tidal flats 
with isolated sand or shelly ridges that form episodically.

The global distribution of these coastal systems is controlled mostly by relative 
sea-level changes, particularly eustatic sea-level changes and glacio- and 
hydro-isostasy. After the last glacial maximum (LGM), about 20,000 years 
ago, eustatic sea level (global sea-level changes) rose until 4,000 years ago, 
and since then the sea level has been comparatively stable. However, a relative 
(observed) sea-level change is locally determined by the combination of these 
eustatic sea-level changes, isostatic effects of  glaciers (glacio-isostasy) 
and meltwater (hydro-isostasy), and local factors (e.g., tectonics, human-
caused subsidence etc.). Glacio-isostasy and hydro-isostasy have strongly 
impacted Holocene sea-level changes on a global scale. In glacio-isostasy, 
areas surrounding regions glaciated during the LGM that bulged because 
of glacial loading, have since subsided; therefore, in such areas, the relative 
sea level has risen on a millennial timescale. Thus the mid to southern parts 
of North America, mid to southern Europe, and the Mediterranean region 
have experienced a rising sea level through the Holocene as a result of glacio-
isostasy. The relative sea level has risen in these regions at a rate of ca.1 m/ky 
for the last 7,000 years; therefore, transgressive systems are found in these 
areas. On the other hand, most of Asia, Oceania, central to southern Africa, 
and South America were far from glaciers during the LGM. Hence, although 

FIG. 3.1.1. Coastal depositional systems. (After Boyd et al., 1992.)
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direct influence from glaciers is less significant, the isostatic effects of melt-
water loads (the increased loading of seawater on the mantle) have also led to 
Holocene sea-level changes in these regions. As a result of movement of the 
mantle from beneath the ocean floor to under continental areas, land areas 
have uplifted on a millennial timescale, resulting in a relative sea-level fall of 
2–3 m during the last 6,000–7,000 years. Therefore, regressive coastal systems 
are well developed in these areas. Most lagoons and estuaries that formed in 
these regions during the early Holocene have been filled or abandoned during 
the subsequent sea-level fall.

Sediment supply is also a key factor controlling shoreline migration. Although 
the general distribution of coastal systems is controlled by relative sea-level 
changes, the amount of sediment supply also influences shoreline migration. 
Even when the relative sea level is rising, the shoreline may migrate seaward 
if  the sediment supply is high. The Mississippi and Nile deltas, both located 
where sea level rose through the Holocene, are good examples of regressive 
coastal systems developed during a sea-level rise. Conversely, along Australian 
coasts, estuaries are well developed even though the relative sea level has fallen 
over the last 6,000 years. The estuaries and lagoons that formed during the 
early Holocene have persisted, remaining unfilled because of the very low sedi-
ment supply from that dry and ancient continent (Saito 2001, 2005b).

Figure 3.1.2 summarizes the relationship between sediment supply and 
relative sea-level change with regard to shoreline migration. Barriers and 
estuaries are typical coastal features when the shoreline is migrating land-
ward. A rise in sea level causes marine inundation of the incised valleys that 
formed during the sea-level lowstand, resulting in the formation of drowned 
valleys and estuaries. The sand composing the barriers is supplied mostly 
from coastal erosion at headlands and by recycling marine sand, because river 
mouths are in retreat during transgressive periods. As a result the distribution 
of riverine sand is generally limited to within the estuarine head. The sea-level 
rise leads to an increase in wave energy along coasts because of the increase 

FIG. 3.1.2. Factors controlling shoreline migration. (Modified after Curray,1964.)
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in water depth, resulting in increases in both coastal erosion and the sediment 
supply to barriers.

Shoreline migration is controlled mostly by sea-level changes and sediment 
supply. However, even if sea level is stable or falling, a shoreline with little sediment
supply is likely to migrate landward. On a wave- or storm-dominated coast, 
the nearshore zone is typically erosional because of wave action. Transgres-
sion may thus occur along such coasts even during periods of falling sea level. 
Sea cliffs developed along some coasts during the Holocene illustrate this 
phenomenon.

In addition to sea-level changes and sediment supply, waves and tide are 
important controlling factors in coastal environments. This is because they 
move sediment particles, resulting in deposition or erosion. The main difference
between waves and tide in terms of general sediment movement normal to 
the shoreline is the direction of sediment movement. During storms, except 
for washover sediments deposited on the land, most sediments are moved 
seaward by offshore bottom currents. These, in combination with gravitational 
sediment movement in the nearshore zone (shoreface or delta front slope), 
result in an erosional environment. Energetic conditions affecting the bottom 
sediments increase landward. The foreshore (intertidal zone) experiences the 
highest wave energy (wave swash and backwash). The wave influence decreases 
offshore, resulting in offshore fining of the sediments.

On the other hand, tidal currents cause asymmetric sediment movements 
and tend to move sediments landward. Flood tidal currents result in more 
landward movement of sediment than do ebb tidal currents, a phenomenon 
known as tidal pumping. The amount of energy available for sediment movement
depends on the tidal current, particularly in terms of water depth. Energetic 
conditions increase offshore, resulting in onshore fining of the sediments. 
Therefore, on a tide-dominated coast, sediment is accreted onto coasts, and 
finer sediments are found landward and coarser sediments offshore.

3.1.2 Wave- or Storm-Dominated Coast
On a wave- or storm-dominated coast, the coastal zone from onshore to 
offshore consists of  dunes, backshore, foreshore, upper shoreface, lower 
shoreface and shelf. In general, the shoreface zones have the steepest gradi-
ent on the shelf, forming a step between the onshore plain and the shelfal 
platform.

Coastal Sediments and Their Succession

On accumulating or progradational beaches, the succession of coastal sedi-
ments consists, in ascending order, of  lower shoreface, upper shoreface, 
foreshore, backshore, and dunes (Saito 1989, 2005a, Fig. 3.1.3). This is the 
typical succession on a wave- or storm-dominated sandy coast. The shore-
face, located in the nearshore zone, has a concave topography created by 
wave action. The upper shoreface, also called the inshore, is characterized 
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by bar and trough topography as a result of  being constantly influenced by 
waves and wave-induced currents. Rip currents and the landward or sea-
ward migration of  bars result in the tabular and trough cross-stratification 
that characterize upper shoreface sediments. Two- and three-dimensional 
wave ripple structures are also commonly found. These sedimentary facies 
reflect mostly fair-weather wave conditions. The upper shoreface sediments 
overlie the lower shoreface sediments, which are characterized by swaley 
cross-stratification (SCS) or hummocky cross-stratification (HCS). HCS 
displays low-angle (less than 15°) erosional lower set boundaries with sub-
parallel and undulatory laminae that systematically thicken laterally, and 
scattered lamina dip directions (Harms et al., 1975). SCS is amalgamated 
HCS with abundant swaley erosional features. These sedimentary structures 
are thought to be formed by the oscillatory currents of  storm waves inter-
acting with offshore-directed currents.

During storms beaches are eroded and longshore bars migrate seaward. 
Strong (long-period) oscillatory currents caused by storm waves agitate 
sea-bottom sediments at the shoreface. Some of the sediments are transported 
offshore by bottom currents caused by coastal set up and gravity currents. 
Oscillatory currents related to calming storm waves produce HCS/SCS in the 
shoreface to inner shelf  region overlain by wave ripple lamination. HCS and 
SCS are found only in sediments composed of coarse silt to fine sand. Similar wave 
conditions form large dunes in coarse-grained sediments. As lower shoreface 
sediments are deposited mainly during storms, there is a sharp boundary 
between upper and lower shoreface sediments. This is formed by bar migration,

FIG. 3.1.3. Coastal features on a wave- and storm-dominated coast. (Modified after 
Saito, 1989.)
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The lower shoreface topography depends on the inner-shelf  topography. 
Because typical shoreface topography can form only on a gently sloping to 
flat basal surface, no clear shoreface topography can form in the steep shelf  
regions of active plate margins. Thus, sometimes only the upper shoreface is 
referred to as the shoreface. In middle latitudes, typical storms are summer 
typhoons and winter storms. However, tropical regions closer to the equator do 
not experience such storms. Therefore, wave conditions and sediment distribution
in tropical regions are different from those of middle latitudes. Development 
of bars and troughs is weak, and they are located at much shallower depth 
than storm-dominated coasts in middle latitudes.

The coastal succession and sedimentary facies reflect the current velocities 
under fair-weather and storm conditions as well as seaward-decreasing energy 
conditions. Under fair-weather conditions the bedforms (sedimentary struc-
tures) found from the foreshore to the upper and lower shoreface are upper plane 
beds (parallel lamination), 3D and 2D subaqueous dunes (trough and tabular 
cross-bedding, respectively), and 3D and 2D ripples (ripple lamination). On the 
other hand, under storm conditions, beaches are eroded and the lower shoreface 
resembles an upper flow regime characterized by long-period oscillatory waves, 
resulting in the formation of HCS and SCS. Ripples are formed in shelf regions. 
The preservation potential of storm deposits is higher than that of sediments 
deposited during fair weather, particularly in the lower shoreface and offshore 
areas. However, in tropical regions, sediments deposited under fair-weather con-
ditions are relatively well preserved because storms are infrequent.

Key Boundaries and the Mud Line

There are three important boundaries on storm- or wave-dominated coasts: one 
between the upper and lower shoreface, one between the lower shoreface and 
the inner shelf, and one at approximately 50–60 m water depth on the shelf.

The upper shoreface is characterized by longshore currents and along-
shore sediment movement. On the upper shoreface, longshore bars 
migrate frequently. They often move landward during fair weather, carried 
by breakers. The positions of  the outermost longshore bars are relatively 
stable. These bars are thought to be formed during storm waves. Sediments 
in the upper shoreface are relatively coarse grained, forming dunes and 2D 
and 3D ripples. Thus active morphological change and sediment movement 
are typical on the upper shoreface. However, they are not typical on the 
lower shoreface under fair-weather conditions. Small ripples are often 
found, but alongshore sediment movement is not active in the lower shore-
face. Most sediments are storm generated (HCS/SCS). These differences 
between the upper and lower shoreface result in a clear erosional bound-
ary and time gap. The water depth of this boundary ranges from 4 to 8 m, 
depending on wave conditions.

Under fair-weather conditions sediment movement and its budget form 
a closed system in the upper shoreface. The closure depth is located at the 
boundary between the upper and lower shoreface. However, during storms, 
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when some foreshore and upper shoreface sediments are transported offshore, 
the closure depth is deepened. Therefore, the sediment budget of the upper 
shoreface in a shore-normal section is fixed during fair weather, and negative 
during storms because of sediment loss due to offshore transport. If  the sedi-
ment supply to the upper shoreface is not enough to compensate for the 
sediment loss by alongshore sediment movement, coastal erosion will occur 
along such a coast. As alongshore sediment transport for sands and gravels 
occurs only in the upper shoreface zone, it is important that coastal structures 
such as groins and jetties do not cross the whole of the upper shoreface zone 
and cut off  alongshore sediment movement. If  the depth and length of such 
structures are such that the upper shoreface is blocked, sediments will not be 
transported downcurrent beyond the structures, resulting in coastal erosion 
in downcurrent areas. Most human-caused coastal erosion is the result of ces-
sation of alongshore sediment transport.

The second important boundary is between the lower shoreface and the 
shelf. Wave ripples are often found in a lower shoreface. These are composed 
of fine to very fine sand. Muddy sediments are rare in the lower shoreface. The 
mud line is usually defined as the most landward boundary of muddy areas. If  
it is between the shoreface and shelf  it is called the nearshore mud line. This 
depth is very important because it is regarded as the fair-weather wave base 
for sediment movement. This boundary is at about 15 m water depth on a 
storm-dominated coast in middle latitudes (coasts facing the Pacific Ocean or 
the Japan Sea) and at less than 10 m water depth on a wave-dominated coast 
at low tropical latitudes.

The last boundary is the storm wave base. There are two kinds of storm 
wave base. One is for sediment movement by storm waves, and the other is for 
bottom erosion. The erosional wave base is deeper than that for simple sediment
movement. The erosional wave base is regarded as the maximum depth 
of  bottom sediment movement of 0.5-mm sand grains caused by storm waves. 
It is thought to be at 50–60 m water depth in areas facing the open ocean. The 
storm wave base also coincides with the boundary between neritic sand 
and offshore mud when the inner shelf  is steep and shoreface topography is 
not clear. This mud line is known as an offshore mud line.

All of  the above characteristics apply to sandy coasts. However, on 
coasts that receive abundant mud, sediment distributions are different. In 
general, sediments from foreshore to shoreface are finer than on sandy 
coasts. A common characteristic of  both sandy and muddy coasts is that 
the coarsest sediments are found around the boundary between the upper 
and lower shoreface.

Sediment Sources

Understanding sediment sources is an important prerequisite to the devel-
opment of countermeasures against coastal erosion. There are three major 
sediment sources for coastal sediments: rivers, sediment supplied by coastal 
erosion from coastal cliffs or headlands, and recycled marine sediment. Most 
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sands and gravels supplied by rivers are deposited in the river-mouth area, 
except for hyperpycnal flows. Sands deposited in the upper shoreface or delta 
front platform are removed by waves and transported alongshore by long-
shore currents, forming bars and foreshore deposits, or offshore by storm 
waves and offshore-directed bottom currents. Sands supplied from sea cliffs 
and  headlands are also transported alongshore. These point-source sands are 
transported alongshore and accreted onto the foreshore (beaches), resulting in shore-
line migration seaward. However, intense storms pick up these sediments and 
transport them offshore. Thus, these coastal sediments are regarded as a line 
source of offshore sediments. Sediment recycling is very important on both 
wave-dominated and low-energy coasts. Barriers in the northeastern Gulf of 
Mexico and in the Wadden Sea of the North Sea are composed of recycled 
sands. Some barriers are maintained during transgression by the recycling of 
both overwash sediments and sediments of retreating barriers. However, at 
present, some beaches on barriers in the Wadden Sea are maintained by beach 
nourishment. Mud sediment sources are also from rivers and coastal erosion. 
Most mud is transported in suspension via various pathways to the offshore.

Coastal erosion occurs as a result of an imbalance between sediment supply and
removal. The construction of jetties, groins, and harbors interrupts along-
shore sediment transport, resulting in a decrease in the sediment supply. 
Seasonal wind changes (e.g., in a monsoon climate) cause the direction and 
strength of alongshore sediment transport to change. A decrease in the sedi-
ment discharge of rivers due to dam construction, irrigation, or sand mining 
in channels and river banks is also a cause of coastal erosion. An increase in 
water depth in nearshore zones induces an increase in wave energy, resulting 
in increased sediment transport offshore. A relative sea-level rise due to a 
eustatic sea-level rise or ground subsidence also accelerates coastal erosion. 
The specific causes of coastal erosion must thus be understood before coun-
termeasures can be developed.

3.1.3 Tide-dominated Coast
Tide-dominated coasts differ from storm- or wave-dominated coasts in terms 
of sediment transport and coastal morphology. Very wide, flat morphology 
that is well developed in the intertidal to subtidal zones is called a tidal flat. 
Bars and trough topography are also found in these zones. Two directional 
currents, the flood current and the ebb current, give the sediment transport 
a characteristic pattern. The capacity for sediment transport of flood and 
ebb currents is controlled by current velocity and duration. In general, sedi-
ment transport by flood currents exceeds that of ebb currents, resulting in a 
prevailing landward sediment transport. This phenomenon is called the tidal 
pump. Moreover, current velocity increases with water depth, resulting in 
more energetic conditions offshore. Therefore, sediment deposits on a tide-
dominated coast show a landward fining (seaward coarsening) distribution 
(Fig. 3.1.4). Typically, sandy sediments in subtidal zones change to muddier 
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sediments in the intertidal zone and in the vegetated supratidal zone. From 
the upper part of the intertidal zone to the supratidal zone salt marshes are 
well developed, particularly in coastal lagoons and estuaries. In tropical to 
subtropical regions, mangroves are found between the mean tide level and the 
high tide level. Vegetation effectively traps fine-grained sediments transported 
from offshore by the tidal pump. Fine-grained sediments supplied by rivers 
are transported alongshore and are trapped in tidal estuaries and tidal flats 
by tidal processes.

3.1.4 Impact of Sea-level Rise
Sea-level rise has affected coastal morphology and systems on a millennial 
timescale, but a short-term sea-level rise also affects coastal environments. 
The future sea-level rise due to global warming is expected to be 11–88 cm 
by the year 2100 (IPCC 2001). On a wave- and storm-dominated coast, the 
shoreface topography is thought to represent an equilibrium profile controlled 
by waves and sediments (sea level 1 in Fig. 3.1.5). When sea level rises, a new 
equilibrium profile is formed. As the sediment supply is generally not enough 
to fill all the accommodation space to maintain the shoreline position, the 
shoreline retreats and a new profile forms at the new shoreline position (sea 

FIG. 3.1.4. Coastal features of a tide-dominated coast. (After Semeniuk, 2005.)
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level 2 in Fig. 3.1.5). Some of the shoreface sediments are eroded in the process 
of forming the new equilibrium profile. This phenomenon is called shoreface 
erosion according to the Bruun principle or rule. It is important to note that 
erosion occurs not only at the shoreline but also in the shoreface region, at 
water depths of less than about 15 m. The sea-level rise leads to an increase 
of wave power caused by the increase in water depth. Coastal erosion of cliffs 
and strand plains will also be accelerated by a sea-level rise.

Mimura and Kawaguchi (1996) estimated that sand beach erosion will 
occur at all Japanese beaches when sea level rises. Their results show a 60% 
loss of beaches with a 30-cm sea-level rise, an 80% loss with a 65-cm rise, and 
a 90% loss with a 100-cm rise. Although a sea-level rise would also increase the 
sediment supply to beaches as a result of cliff  erosion, that was not considered 
in this estimate. Because most cliffs in the Japanese islands that used to supply 
sediments to beaches are now protected from wave action by concrete blocks, 
this additional supply is no longer overly large.

On the other hand, the impact of a sea-level rise on a tide-dominated coast 
is not modeled according to the Bruun rule. The increase in water depth 
causes more energetic conditions in such coastal zones. This changes the 
distribution of sand and mud and causes some shoreline erosion by increased 
wave action.

The northern coast of the Gulf of Thailand is a good example of the 
impact of a relative sea-level rise on a muddy coast. Subsidence due to ground-
water pumping has occurred not only in Bangkok but also in the coastal zone 
south of the city. The mouth of the Chao Phraya River is located south of 
these areas. At the river mouth, and in the neighboring coastal zones, more 
than 60 cm of subsidence occurred during the 1960s to 1980s, resulting in 
severe coastal erosion (Vongvisessomjai 1992; Vongvisessomjai et al., 1996). 
The shoreline retreat was 700 m in total up to the early 1990s. The main causes 
of this erosion and retreat are submergence and an increase of wave energy as 
a result of the nearshore zone being deepened by subsidence. As the nearshore 
zone has a very gentle slope of 1/1000, the more than 60 cm of subsidence 
(deepening) directly caused an increase in wave energy. Moreover, destruction 
of  mangroves in conjunction with shrimp pond farming has enhanced 

FIG. 3.1.5. Shoreface erosion due to a sea-level rise. (After Bruun 1962; Saito 1989.)
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shoreline retreat. Once frontal mangroves were destroyed, the shoreline 
retreated past the shrimp ponds to the next mangrove forest. Recently, coastal 
erosion continues to propagate along the coast, in addition to the river mouth, 
in response to widespread subsidence, with approximately 20 cm of  subsidence 
 occurring between 1992–2000. The reduced sediment supply from the Chao 
Phraya River caused by dam construction has also affected the coastal zone 
and its ecosystems (Winterwerp et al., 2005).

The total eroded area at the Chao Phraya river mouth and in its vicinity 
was 1.8 km2 during the initial phase of subsidence (1969–1973); therefore, a 
relative sea-level rise of only 10 cm induced substantial erosion on this muddy 
coast. The future sea-level rise predicted by the IPCC (2001) will inevitably 
influence this and other vulnerable muddy coasts. As the 700-m shoreline 
retreat experienced in this area is smaller than the shoreline retreat estimated 
for a 60-cm sea-level rise given the coastal topography, mangroves will play an 
important role in the adaptation and preservation of the shoreline.

3.1.5 Asian Coasts
Asian coasts are characterized by large river deltas: for example, the Indus, 
Narmada, Godavari, Ganges-Brahmaputra, Ayeyarwady (Irrawaddy), Chao 
Phraya, Mekong, Song Hong (Red River), Zhujiang (Pearl River), Changjiang 
(Yangtze River), and Huanghe (Yellow River) deltas. Nine of the world’s 16 
largest rivers (in terms of sediment discharge) are located in Asia – 10 if  the 
Fly River in Papua New Guinea is included. Rivers in Asia and Oceania 
contribute about 70% of the world’s sediment flux from the land to the ocean: 
large rivers in Asia contribute about 40%, and small rivers in mountainous 
Oceania contribute 30% of the world’s flux. This huge sediment supply causes 
the formation of large river deltas with a high progradation rate. During the 
last 2,000 years, the shoreline has migrated seaward about 80 km at the mouth 
of the Huanghe, 100–150 km at the mouth of the Changjiang, 20–30 km at the 
mouth of the Song Hong, 30–40 km at the mouth of the Mekong River, and 
10–25 km at the mouth of the Chao Phraya River (Table 3.1.1). Moreover, 
recently Asian deltas have suffered and undergone rapid change as a result of 
human activities, particularly the construction of dams.

TABLE 3.1.1. Shoreline migration of major Asian deltas during the last 2,000 years.
(Data from Saito et al., 2001; Hori et al., 2002; Ta et al., 2002; Tanabe et al., 2003a, b.)
 Shoreline migration during  
 the last 2,000 years Average rate (m/year)

Huanghe (Yellow River) About 80 km About 40 m
Changjiang (Yangtze River) 100–150 km 50–75 m
Song Hong (Red River) 20–30 km 10–15 m
Mekong River 30–40 km 15–20 m
Chao Phraya River 10–25 km 5–13 m
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After the construction of the Hoa Binh Dam on the middle reaches of the Song
Hong, completed in 1989, sediment delivery was decreased by more than 30% 
compared with its former level. Sediment supply to the mouth of the main 
distributary of the Song Hong changed from about 26 million tons/year in 
1949 to 11 million tons/year in 2000, resulting in coastal erosion. The Mekong 
River also has several dams in its drainage basin. After the Manwan Dam, 
in the upper reaches in China, began operating in 1993, it caused a reduction 
of the sediment load in Laos of approximately 35 million tons/year (MRC 
2003). More than 10 dams are planned or under construction in the drainage 
basin. The Chao Phraya River in Thailand has also been influenced by dam 
construction, resulting in decreased of discharge of sediment. The sediment 
load at Nakhon Sawan, about 300 km upstream of the river’s mouth, showed 
a clear reduction after the Bhumipol and the Sirikit Dams were completed in 
1965 and 1972, respectively. The sediment load of more than 30 million tons/
year before 1965 was reduced to less than 5 million tons/year by the 1990s 
(Winterwerp et al., 2005). The Huanghe, which was once the second largest 
river in the world in terms of sediment discharge, delivers less than 10% of 
its former discharge because of dam construction and irrigation, resulting in 
serious coastal erosion. The Changjiang has also experienced a sediment-load 
reduction of more than 40%.

Since a delta is defined as a convex coastal topographic feature formed by 
seaward shoreline migration, a stable shoreline is not a natural deltaic feature. In 
order to evaluate changes to deltas caused by human activities, it is important 
to understand that deltaic progradation is a natural state. Recently, Asian 
deltas have suffered as a result of human activities and have undergone rapid 
change. Moreover, the impacts of future global warming, notably sea-level 
rise, on deltaic coasts are of concern. Coastal erosion is a key issue. At a 
minimum, the evaluation of deltaic coasts and human impacts on the shoreline
requires knowledge of the natural state of deltas and the natural changes that 

FIG. 3.1.6. Shoreline migration/retreat in relation to sediment discharge from rivers. 
(After Saito 2005b.)



3. Environment Problems in the Coastal Zone 77

they undergo. To prevent the erosion of present shorelines, appropriate quantities
of sediments are needed, above a threshold value. If  the sediment supplied 
from rivers decreases below this value, which is different for each river and 
delta, deltaic coasts experience serious coastal erosion problems (Fig. 3.1.6). 
We must know these basic values to increase our understanding of delta envi-
ronments and to develop future measures against erosion.
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3.2 Water and Sediment Pollution

3.2.1 Eutrophication and its Causes/Consequences:
The Case of the Seto Inland Sea
Osamu Matsuda
Hiroshima University,
6-8-13, Hachihonmatsuminami, Higashihiroshima-shi,
Hiroshima Prefecture, 739 0144, Japan

Introduction

The Seto Inland Sea suffered from the most serious water pollution and nega-
tive effects of eutrophication about 30–40 years ago when the sea was called 
“the dying sea”. It has gradually recovered thanks to the strenuous efforts of 
a variety of groups and bodies, along with strong political and legal support. 
However, the Seto Inland Sea still has many eutrophication-related problems 
to be solved (Okaichi et al., 1997). The lessons learned from the Seto Inland 
Sea are a valuable example of a successful case of eutrophication control. The 
basic mechanism of the eutrophication system found there is also applicable 
to other areas.

In the face of urgent necessity due to rapid increases in water pollution, the 
Law on Temporary Measures for the Environmental Conservation of the Seto 
Inland Sea was enacted in 1973. This law was made permanent in 1978. It has 
played a very important role in the environmental conservation of the area 
ever since. Total pollution load control, in terms of COD load, is one of the 
major pollution control mechanisms of the law. COD discharged in the coastal 
zone of the Seto Inland Sea was, for example, 1,700 t/day in 1972. It was amazingly 
reduced to 718 t/day by 1996 (International EMECS Center 2003).

In order to prevent the negative effects of eutrophication in coastal areas, 
the national government established environmental standards for nitrogen 
and phosphorus. Further countermeasures against eutrophication in terms of 
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total phosphorus load control have also been applied to the Seto Inland Sea 
since 1980. As a result of these countermeasures, a reduction in total phos-
phorus load was achieved much faster than that of total nitrogen load, based 
on measurements starting from 1995. This is partly because of  the differing 
sources for nitrogen and phosphorus.

New environmental policies contributing to the recovery of a sound environ-
ment were initiated in the Seto Inland Sea in the late 1990s. Based on 
what the environment was like in the past, and what it should be like 
in the future, the cooperation of  a variety of  groups, including local 
and national governments, local citizens, nongovernmental organisations 
(NGOs), Knops (explain), scientists, and fishermen, was sought. They have 
been requested to play a leading role in promoting various projects. Recently, 
new environmental management systems, aimed at the restoration of  the 
damaged environment using environmentally friendly technologies, are 
being developed in this area.

As a result of more than 30 years of the “Biosphere Experiment”, in which 
control of eutrophication has been actively addressed, it is true to say that the 
case of the Seto Inland Sea is one of the best cases by which to study the proc-
ess of eutrophication and effective countermeasures against eutrophication as 
a social experiment.

Outline of the Seto Inland Sea

This summary is based primarily on International EMECS Center (1997). The 
Seto Inland Sea is the largest enclosed coastal sea in Japan. It is surrounded by 
three main islands, namely Honshu, Kyushu, and Shikoku. The sea covers an 
area of 23,000 km2. The area has a temperate climate with an average annual pre-
cipitation of 1,000–1,600 mm. The Sea has a coastline of approximately 6,900 km 
and is very shallow sea with an average depth of only 38 m. It is dotted with 
approximately 1,000 small islands and is connected with the outer ocean via the 
Kii Strait between Honshu and Shikoku, the Bungo Strait between Shikoku and 
Kyushu, and the Kanmon Strait between Honshu and Kyushu.

Since the coastal area of the Seto Inland Sea provides a suitable site for 
many kinds of human activities, in particular for chemical and heavy indus-
tries, the area is highly populated. The coastal regions of the Seto Inland 
Sea, including its watershed area, are home to 30 million people or 24% of 
the entire population of Japan (130 million). The population density in this 
area is significantly high. At 47,000 km2, the area represents a mere 12% of 
the entire land area of Japan (380,000 km2). This high population density, 
along with many industrial activities, has had a strong impact on the coastal 
environment in numerous ways.

The Sea is also a major fishing ground, with a yearly fish catch of approxi-
mately 270,000 t and a yearly harvest of 320,000 t of aquaculture in recent 
years. It should also be noted that reclamation for the construction of industrial
zones has significantly reduced the fishing area in the shallow waters, including 
tidal flats and seaweed beds along the coast.
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As mentioned above, the Seto Inland Sea has only three openings connecting 
it to the outer ocean. However, since water exchange through the Kanmon 
Strait is very restricted, the major portion of water exchange between the 
Inland Sea and the outer ocean is made through both the Kii and Bungo 
Straits. The Seto Inland Sea has many narrow straits also inside the sea that 
connect many open areas of the sea with each other. Since the term “Seto” 
means strait in Japanese, the name of the Seto Inland Sea originally indicates 
an enclosed inland sea with many straits. This highly complicated structure 
of the sea provides both high environmental and biological diversity and also 
high biological productivity. This is due to a significantly long residence time 
of inflowing nutrients and also to strong water mixing in the area of each 
strait (Hashimoto et al., 1997).

Major Problems on Environmental Conditions and Living Resources

During the period of the nation’s rapid economic growth in the mid-1960s to 
mid-1970s, the increase in industrial activity and the expansion of landfills 
along the waterfront caused a rapid increase in water pollution, a reduction 
in the shallow water area and the destruction of the marine environment and 
habitat in the Seto Inland Sea.

Red tides occurred very frequently all over the area in the mid-1970s. 
Around 300 occurrences of red tide were recorded in 1976. These caused mass 
mortality of fish, in particular cage-cultured fish. In 1972, for example, 14 
million cultured yellowtails were killed by red tides, resulting in economic 
losses of 7.1 billion yen. In recent years, as a result of various environmental 
conservation measures, the number of red tides has been reduced to around 
100/year (Okaichi 2003).

Deterioration of sediment quality and oxygen depletion in the bottom 
water, particularly in areas with stagnant water or weak tidal movement, are 
also critical problems for living resources by which benthic habitat and ben-
thic ecosystems have been seriously damaged.

Widespread dredging of sea sand dredging (i.e., sea sand mining) from the 
sea bottom to be used for construction and/or reclamation, seriously changed 
both the bottom topography and sediment quality. In some extreme cases, 
not only have depth, bottom topography and sediment quality been entirely 
changed, but the biomass and composition of benthic organisms have also 
been significantly affected.

In the shallow water areas, seaweed beds are important habitat, spawning and 
nursery grounds for many marine organisms. Tidal flats are the most important 
habitat for bivalves and they also play an important role in the decomposition of 
organic matter – in other words, the purification of organic pollutants. Both sea-
weed beds and tidal flats have long been significantly decreased in the Seto Inland 
Sea. During the period 1978–1991, 1,500 ha of seaweed beds and 800 ha of tidal 
flats were lost from the Seto Inland Sea (Figs. 3.2.1 and 3.2.2), mainly due to recla-
mation, dredging, and other human activities. Since shallow areas area also valu-
able recreational spaces, it is very important to restore these lost environments.
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FIG. 3.2.1. Changes of areas of Zosteria and seaweed zones in the Seto Inland Sea. 
(After Okaichi and Yanagi 1997.)

FIG. 3.2.2. Changes of areas tidal flats in the Seto Inland Sea. (After Okaichi and 
Yanagi 1997.)

A significant portion of the natural coastline has been converted to man-
made coastlines of upright concrete walls (Fig. 3.2.3) Those do not provide a 
 suitable habitat for many organisms and other living resources. The fact that a 
significant portion of the shallow water area has been lost indicates that there 
has also been a loss of the buffer action against the pollutant load due to the 
uptake of nutrients or organic matter by living filters such as seaweeds and 
bivalves. Hence, in the case of  artificial coastlines without shallow areas, 
terrestrial pollution load has a more direct impact on the coastal seawater. 
This is because of the lack of a bio-filter action, thereby enhancing the occurrence
of algal blooms. The disappearance of shallow water areas, in particular of 
shallow slopes, has a strong effect on tidal water movement. Horizontal tidal 
excursion has been minimized by upright concrete walls, which then enhance 
water stratification causing a stronger algal bloom in the upper layer and oxygen-
depleted water in the deeper layer, especially during the summer season.

The total fish catch increased until the mid-1980s during the increase 
in eutrophication. This was mainly due to an increase in the catch for the 
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sardine-anchovy group. However, the total fish catch constantly decreased 
thereafter, with a remarkable decrease in benthic organisms such as bivalves 
and sea cucumber in shallow areas. Without stock replenishment, the catch 
of  many benthic fish species has also gradually decreased. These substantial 
changes in fish catch statistics indicate a decrease in the stock level of  living 
resources, in particular of benthic animals. This is partly due to oxygen deple-
tion in bottom water, partly to a change in sediment quality and also to a 
decrease in spawning and nursery grounds in the shallow water areas (Nagai 
et al., 1997).

Environmental health is a new concept for the holistic evaluation of envi-
ronmental conditions and functions. In the same way that people try to have 
regular check-ups as a precaution or to diagnose an illness at an early stage, 
routine health examinations should also be applied to the marine environment 
and ecosystems. Hence, examinations of the health of coastal seas are essential 
not only for evaluation of the present status but also for planning remediation 
and restoration of the environment. Although examination of the health of 
the coastal marine environment is widely accepted as a concept analogous to 
human health check-ups, a definition of marine environmental health and a 
practical methodology for carrying out such examination has not yet been 
adequately developed. A new scheme for health examinations as a new 
ecosystem-based approach to environmental monitoring and management 
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was recently proposed, in which two major functions of the marine ecosystem 
are included. These two functions are ecosystem stability and smoothness of 
material cycling in the particular ecosystem under consideration. These func-
tions will be very important both in sustainable fisheries and also in other types 
of utilization of the coastal environment in future. Based on the  established 
“Master Plan and Guidelines”, a preliminary health examination was 
conducted in 88 officially recognized enclosed coastal seas in Japan, among 
which a health examination of the Seto Inland Sea was also performed. The 
results of this preliminary examination pointed out the deterioration of the 
habitat with regard to the extent of the stability of the ecosystem. The study 
also highlighted the affect of material cycling on the primary production and 
decomposition processes.

Cause and Effect Consequences Relating to Eutrophication

In order to clarify the cause and effect consequences of  eutrophication, this 
section describes the relationship between pollutant load and water quality 
in the Seto Inland Sea as well as for two other specific areas – Tokyo Bay and 
Ise Bay.

1. Area-wide total pollutant control system
An area-wide total pollutant control system has been implemented for every 
5 years since 1979 in order to prevent water pollution in the Seto Inland Sea, 
Tokyo Bay and Ise Bay (Fig. 3.2.4). Under the system, target reductions and 
years for chemical oxygen demand (COD), nitrogen, and phosphorus were 
established for each sea area. Recently, the 6th total pollutant load control 
program has been implemented with a target year of 2009. Substantive means 
to reach the targetted reductions include: (1) development of household sewage 
treatment facilities; (2) application of total amount control standards with 
regard to industrial wastewater (50 m3 or more per day on average); and 
(3) provision of guidance for small-scale and non-controlled industries 
and, farmers, stock raisers.

Osaka Bay

Seto Inland Sea

Ise Bay

Tokyo Bay

FIG. 3.2.4. Location of Tokyo Bay (right), Ise Bay (center), and Seto Inland Sea (left) 
in Japan. Arrow indicates Osaka City.
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2. Relationship between COD load and COD concentration
COD loads in 1979, the year that the area-wide total pollutant load control sys-
tem started, were 1,012 t/day in the Seto Inland Sea, 477 t/day in Tokyo Bay, and 
307 t/day in Ise Bay. Implementation of pollutant load control measures is expected 
to decrease these loads to 630 t/day, 228 t/day, and 203 t/day, respectively, by 
2004. This is the year targeted by the basic policy on the 5th total pollutant load 
control program. The ratios of reduction in the period between 1979 and 2004 
come to 38%, 52%, and 34%, respectively, for the Seto Inland Sea, Tokyo Bay, 
and Ise Bay, respectively. In accordance with the decrease in pollutant load, a 
generally proportional decrease in COD concentration was observed during 
the period, although the levels of load and concentration differ according to the 
area (Fig. 3.2.5). It is of note that the level for Osaka Bay in the Seto Inland Sea 
is very high compared with other areas of the Seto Inland Sea.

3. Relationship between load and concentration of nitrogen and phosphorus
In the prefectures concerned, the pollutant loads of nitrogen and phosphorus 
had been estimated before these two substances were added to the specified 
items under the area-wide total pollutant load control system. Nitrogen loads 
estimated for 1979 amounted to 666 t/day in the Seto Inland Sea, 364 t/day 
in Tokyo Bay, and 188 t/day in Ise Bay. Those for phosphorus were 62.91 t/
day, 41.2 t/day, and 24.4 t/day, respectively. When the pollutant loads of nitro-
gen and phosphorus in 1979 are compared to the reduction targets for 2004, 
expected decreases in nitrogen and phosphorus loads are estimated to be 15% 
and 39% in the Seto Inland Sea, 32% and 53% in Tokyo Bay, and 27% and 
43% in Ise Bay, respectively.
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Consistent with the decrease in nitrogen and phosphorus load, relatively 
proportional decreases of nitrogen and phosphorus concentration were 
observed during the period (Figs. 3.2.6 and 3.2.7 respectively). However, the 
relationships for nitrogen and phosphorus differ slightly. It is also of note that 
the level for Osaka Bay in the Seto Inland Sea is very high compared with 
other areas of the Seto Inland Sea.
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Control of Eutrophication and Countermeasures Taken

1. The Enactment of “the Seto Inland Sea Law”
Historically, the Seto Inland Sea has long been blessed with beautiful nature and 
valuable living resources. However, the rapid growth in population and indus-
trial development of the area seriously affected water quality in the late 1960s. 
In 1971, the 11 prefectures and 3 municipalities in the coastal regions of the 
Seto Inland Sea established the Governors and Mayors’ Conference on 
the Environmental Management of the Seto Inland Sea. As a result of subsequent 
calls for the national government to establish a special law, the Interim Law for 
Conservation of the Environment of the Seto Inland Sea was enacted in 1973. 
In order to reduce the damage to fisheries due to red tides this law was revised 
in 1978 to include new policies aimed at preventing eutrophication. The amend-
ment also made it a permanent law, and the law was renamed the Law Concern-
ing Special Measures for Conservation of the Environment of the Seto Inland 
Sea. This legal system played a valuable role in eutrophication control and also 
worked as an effective countermeasure against environmental deterioration. Com-
prehensive conservation measures have been promoted under this legal system.

To promote long-term policies relating to environmental management of 
the Seto Inland Sea in a comprehensive and systematic manner, the national 
government enacted the Basic Plan for the Environmental Management of 
the Seto Inland Sea, and the individual prefectures established their own 
prefectural plans for environmental management of the Seto Inland Sea. In 
2000, the Basic Plan established in 1978 was completely revised. The revised 
plan enhanced conservation policies and added new policies in order to restore 
lost environments and promote wide-ranging cooperation and participation 
among the national government, local public organizations, private citizens, 
companies, and other entities.

2. The effect of countermeasures
(a) Improvement of water quality
Total Pollutant Load Control in terms of COD
To improve water quality in the Seto Inland Sea a system of area-wide total 
pollutant load control has been established to restrict the quantity of organic 
pollutants flowing into rivers and the sea in coastal zones. Under this system 
chemical oxygen demand (COD) is used as an indicator for the establishment 
of reduction targets for the total quantity of organic pollutants discharged 
from factories, sewage treatment plants and domestic households. Effluent 
restrictions and guidance were also implemented.

As a result, the total quantity of COD produced in the coastal zones of the 
Seto Inland Sea, which was 1,700 t/day in 1972, was reduced to 672 t by 1998 
(Fig. 3.2.8).

Prevention of damage by eutrophication
Prevention of outbreaks of red tides due to eutrophication was identified as 
an urgent necessity. Measures to reduce levels of nutrients were put in place. 
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Under the system, guidance was given to reduce levels of phosphorus and 
its compounds from 1979. Based on this policy, prefectural governments 
instructed factories and other business entities with regard to such matters as 
the rectification of the use of raw materials and facilities management, and 
the incorporation of advanced treatment facilities. In order to further decrease 
eutrophication, the total pollutant control system was revised in 2001 to include 
restrictions on nitrogen and phosphorus, reflecting their impacts on COD.
Effects on the water environment
Strict legislation-based regulation of factory wastewater was implemented. 
Sewer systems were also constructed in the basin. As a result, the number of 
red tide occurrences has decreased (Fig. 3.2.9) and water quality in the river 
basin has been improved (Okaichi 1997).

However, the ratio of achievement ratio related to the environmental qual-
ity standard for COD indicates that water quality in the Seto Inland Sea has 
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not been totally improved overall by the total pollutant load control system. 
There has been no marked improvement in recent years. The reasons may be 
that the internal production of COD from inorganic nitrogen and phospho-
rus accounts for 40% of total COD and that organic compounds dissolved 
by deterioration on the bottom of the sea causes anoxia and decomposition 
resistant COD staying in the sea even after the introduction of wastewater 
treatment systems.

3. Environmental conservation on land reclamation
In the Seto Inland Sea numerous reclamation projects have been undertaken 
in a number of locations. A total man-made land area of about 450 km2 has 
been created between the end of 19th century and 2001 (Fig. 3.2.10). As a 
result, one half  of the coastline of the Seto Inland Sea is artificial, mostly in 
the form of vertical seawalls.

4. Natural environmental preserves
The Seto Inland Sea includes some of the most magnificent scenery in Japan. In 
1934 this vast region was declared one of  the first national parks in Japan. 
In addition to 834 wildlife protection areas, 27 locations have been designated 
as protected water surface areas suitable for aquatic animals to lay eggs and 
as habitats for young fish and so on. Moreover, 91 natural seashore conserva-
tion areas have been established so the sandy beaches, and other areas on the 
shores of the Seto Inland Sea will be preserved in their natural state and can 
be used for swimming and similar activities now and in the future.

New Environmental Conservation of the Seto Inland Sea

1. New Environmental Policy
New environmental policies contributing to the recovery of a sound environment
were officially introduced to the Seto Inland Sea in 2000. Based on past 
environmental conditions the main target of the policy was changed from 
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water-quality control to environmental remediation and restoration of habitat. 
Led by the new policy for the Seto Inland Sea, a new law on the restoration of 
natural environments was enacted in 2002. This applied not only to the Seto 
Inland Sea but all over Japan. Collaboration of various groups, such as local 
and national government, local residents, NGOs, not-for-profit organizations 
(NPOs), scientists, and fishermen is expected to play an important role in 
promoting individual restoration projects.

2. Possible improvement in habitat conditions and living resources
Four possible causes of the decrease in fish stocks in the Seto Inland Sea have 
been proposed, namely changes in the natural environment due to a regime 
shift (large-scale climatic and oceanographic changes), overfishing, destruction
of spawning, and nursery grounds or habitats, and long term changes in the 
ecosystem due to the effect of human activities. Decreases in sand eel stocks 
are more directly affected by habitat destruction due to large-scale sea-sand 
dredging for concrete construction industries.

Among the four possible causes identified above, countermeasures against 
regime shift and long-term ecosystem change are very difficult or almost 
impossible to be achieved in a relatively short period of time. Realistic coun-
termeasures can only be taken against overfishing and against destruction 
of spawning and nursery ground or habitat. Here lies the importance of habitat 
restoration – in particular of tidal flats and seaweed beds and of living 
resource management in shallow areas.

In the shallow coastal waters seaweed beds are important habitat and 
reproduction grounds for many marine organisms. Tidal flats are the most 
important production area of bivalves. They also play an important role in 
the decomposition of organic matter. Both of these important habitats have 
undergone long-term decreases in the Seto Inland Sea area. Between 1978 
and 1991, 1,500 ha of seaweed beds and 800 ha of tidal flats were lost from the 
Seto Inland Sea, mainly due to reclamation, dredging or other human activi-
ties. As a result, a significant portion of natural coastline has been converted 
to man-made coastline, consisting of upright concrete structures. These have 
not provided a good habitat for many organisms living along the seashore 
and have not provided the valuable functions of a natural coastline such as 
purification of organic pollution and denitrification.

3. Some cases of environmental restoration in the Seto Inland Sea
Among the many enclosed coastal seas of Japan, the Seto Inland Sea is one 
of the main sites of environmental remediation and restoration. Remediation 
and restoration carried out by different organizations in the Seto Inland Sea 
ranges over a variety of methods, depending on their objectives. Some examples 
include simple restoration of tidal flats or seaweed beds, or a combination of 
tidal flats and seaweed beds, artificial rocky shores, artificial lagoons, artificial 
submerged slopes, reuse of dredged sediment, and bird sanctuaries. Typical 
examples of such activities are introduced below.

In the port of Amagasaki, in Hyogo Prefecture, a unique environmental 
restoration project was undertaken. The best combinations of individual 
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remediation technologies were investigated. The main objectives of the inves-
tigation were to find out the best way of combining technologies for the most 
effective material recycling. Many groups and bodies firstly participated in the 
project to develop their own remediation technology, but finally they successfully 
found way to integrate individual technology to produce the best performance on 
the material recycling.

At the estuary of the Fushino River in Yamaguchi prefecture very compre-
hensive habitat restoration is being conducted, including the environmental 
remediation of the Fushino River watershed. Reforestation of the upstream 
area is included. A local currency, called Fushino, was also introduced to 
the area in order to promote the project supported by the wide variety of 
stakeholders.

In Etashima Bay, Hiroshima Prefecture, has a highly enclosed topography 
and is an important culture ground for oysters. Oxygen depletion in the bottom 
water in summer and a deterioration in sediment quality, have been serious 
problems. The local government of Hiroshima Prefecture initiated the resto-
ration of Etashima Bay using a multi-sectoral approach in which five prefectural 
research institutes participated in the development of efficient tidal flats and 
sea grass beds in order to activate local fisheries and oyster culture.

Along the coast of Kansai International Airport, which is located on an 
artificial island in Osaka Bay, a gentle slope of natural rocks and stones rather 
than a vertical concrete wall was used for the airport construction. The envi-
ronmentally friendly gentle slope provided an appropriate site for seaweed 
beds and a suitable habitat for many kinds of organisms. As a result, the 
artificial structure is now working as a new seaweed bed and habitat. This 
is a good example of environmentally friendly, creative regeneration of the 
environment as the original site on which the airport was constructed was an 
area of muddy sea bottom. Although the effect of the artificial island should 
be correctly evaluated, the effect of a more natural gentle slope itself  should 
also be evaluated since the newly created seaweed bed plays a mitigating role 
in the widely lost seaweed bed in Osaka Bay.

As to restoration of the effects of large-scale sea-sand dredging, environmen-
tal change is being monitored and the basic design for a restoration plan has 
been discussed but practical restoration activities have not yet been achieved.

4. Future directions
As has already been stated, the results of the preliminary examination of the 
environmental health of the Seto Inland Sea made clear the deterioration 
in habitat conditions. Hence, restoration of such habitats in shallow water, 
including tidal flats and seaweed beds, is one of the most pressing actions that 
needs to be taken in the Seto Inland Sea. Therefore, one of the major directions
in future should be creative restoration, and possibly creative regeneration of 
a new Seto Inland Sea.

A new creation, “Sato Umi”, was proposed by the Research Institute for 
the Seto Inland Sea. “Sato Umi” means, in Japanese, a coastal sea under the 
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 harmonization of sustainable, wise use with conservation of an appropriate 
natural environment and habitat. Compared with a deteriorated coastal environ-
ment, “Sato Umi” is able to provide a higher biological diversity as habitat, and 
higher biological production as fishing grounds. These characteristics of “Sato 
Umi” are also suitable for demonstrating the multi-functional roles of fisheries.

Development of a new holistic approach for sustainable biological 
 production and control of eutrophic levels is a prerequisite to establishing 
functionally efficient “Sato Umi” in each local coastal area. Promotion of 
 integrated environmental management towards environmental  remediation 
and restoration of a wide variety of habitats are recommended to be 
 undertaken in the near future. This should involve the international exchange 
of information, ideas and methodologies.

With respect to the future direction of habitat conservation and resource man-
agement, top priority should be given to the original objective. In the case of 
 seaweed bed restoration this includes the high performance restoration of seaweed 
beds. However, other viewpoints are also important. Future methods of habitat 
restoration and resource management should be examined from the viewpoint of 
low environmental impact, high recycling of material used, low-cost with  high-cost 
performance, energy saving technology, and applicability of  adaptive  manage-
ment. Continuous monitoring after restoration activities is also very important in 
evaluating the effectiveness of the restoration methods that have been used.

Important and yet practical future directions are itemized below:

Active creation of a new environment in the Seto Inland Sea

• Preferable habitat environments and recreational spaces to recover seaweed 
beds, tidal flats and other shallow water areas

• The strict control of reclamation and excavation
• Promoting fisheries from the view point of the multifunctional role of fisheries

Regeneration of forests, rivers and sea, with effective participation and partner-
ships among the various stakeholders

• Preferable water and material cycle, recognizing the interactions between 
forests, river basins and coastal seas

Establishment of mitigation systems

• Minimizing waste dumping in the area
• The wise and efficient use of vacant land along the coast
• Securing new environments in historically disappearing areas

Comprehensive management

• Wide-ranging cooperation among the national government, local govern-
ments, local citizens, companies and other entities

• A unified authority to be organized with all rights on management of the 
Seto Inland Sea
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In conclusion, the development of a new holistic approach for sustainable 
biological production and control of eutrophic levels, or a kind of new creative 
restoration, is a priority. Promotion of integrated environmental management, 
including watershed management, should be adopted from the viewpoint of 
interrelated water and material cycling in the river basin, forest and coastal 
seas. The concept of “Sato Umi”, originating from the traditional ideas of the 
local people for wise and sustainable use of coastal areas, can support the new 
creative restoration of the environment and habitat in the Seto Inland Sea.
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3.2.2 Eutrophication and its Cause/Consequences: 
The Case of the Philippines
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In the Philippines, the inseparable relationship between land use and water quality 
has become a major issue in the coastal zone. One of the alarming concerns 
related to the country’s coastal waters is increased nutrient loading associated 
with domestic, agriculture, and aquaculture activities. These have been linked 
to problems such as eutrophication, contaminants, and harmful algal blooms.
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Eutrophication from sewage, agriculture, and aquaculture inputs can 
result in algal blooms, which at times lead to fish kills and paralytic shellfish 
poisoning. In the Philippines there have been reports on the outbreaks of 
toxic and harmful algal blooms associated with deteriorating water quality. 
From 1983 to 1994 there were 16 areas country-wide that were affected by 
red tide and shellfish poisoning (Deocadiz 1997). The major fish kill that 
occurred in Bolinao, Pangasinan in February 2002, was principally attributed 
to the increased mariculture activity in the area. It also coincided with a 
bloom of  a dinoflagellate identified as Prorocentrum minimum, an organism 
associated with eutrophied waters (Azanza et al., 2005). The decomposition 
of  the high organic load contributed by the die-off  of  the bloom, and a 
large amount of  unconsumed fish feed material, were considered significant 
factors as these used up oxygen in the water column and subsequently led 
to the fish kill.

Water Quality

San Diego-McGlone et al. (2004) made an initial assessment of the water-
quality status of  12 bays in the Philippines. The assessment included 11 
priority fishing areas identified by the Fisheries Sector Programme (FSP) of 
the Bureau of Fisheries and Aquatic Resources (BFAR) namely: Manila Bay, 
Calauag Bay, San Miguel Bay, Ragay Gulf, Lagonoy Gulf, Sorsogon Bay, Carigara 
Bay, San Pedro Bay, Ormoc Bay, Sogod Bay, and Panguil Bay. Data on 
Lingayen Gulf, the Pacific seaboard of the Philippines and the South China 
Sea (SCS) were also included in the assessment (Fig. 3.2.11). The status of 
each of the bays was evaluated with respect to water quality parameters such 
as nutrients (NO3, NO2, NH3 and PO4), dissolved oxygen (DO), chlorophyll-a 
(Chl-a), pH, total suspended solids (TSS), fecal coliform, heavy metals and 
pesticides. Criteria values used included those set by the Department of Envi-
ronment and Natural Resources (DENR) [Department Administrative Order 
(DAO) No. 34 (Series of 1990)], the proposed marine environmental quality 
criteria of the Association of Southeast Asian Nations (ASEAN) (McPher-
son et al., 1999), and the Malaysian water quality standard (PEMSEA and 
MBEMP TWG-RRA 2004).

In most of the bays coastal pollution due to increased nutrient and pesticide 
concentrations is usually brought about by intensification of agri-aquaculture 
activities. The obvious increase in human population in the coastal areas also 
causes a consequent increase in domestic sewage. Other issues identified were 
siltation and contamination brought about by heavy metals from industries 
and mining related activities.

The mean and range of nutrient levels were determined for the 12 bays, 
the Pacific seaboard, and the SCS. These were plotted relative to the criteria 
value or allowable limit set for each nutrient. Some interesting observations 
emerged (Fig. 3.2.12a). For NO2 the range of mean values (0.06–0.68 µM) for 
all of the bays did not exceed the criteria (3.95 µM) except for some high val-
ues in Lingayen Gulf and in Manila Bay. Data used for Lingayen Gulf include 
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those of the Bolinao and Dagupan areas. These are affected by mariculture 
(Bolinao), aquaculture activities and the contribution of several river systems 
(Dagupan). The mean value computed for Ragay Gulf (5.9 µM) exceeded 
the allowable limit set for NO3 (4.29 µM). The average NO3 concentrations 
in Lingayen Gulf, Manila Bay, Lagonoy Gulf, Sorsogon Bay, Carigara Bay, 
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FIG. 3.2.12. (Continued)
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FIG. 3.2.12. The mean and range of nutrient levels at study sites identified by the 
UNEP SCS Project as pollution hotspots in the Philippines.
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and Sogod Bay were below the criteria. However, some measured NO3 values 
exceeded the criteria. For NH3 the mean value of Panguil Bay (39.81 µM) was very 
high compared to the other bays, and seven times higher than the criteria 
value of 5 µM. San Pedro Bay (5.56 µM) also exceeded the criteria for NH3 as 
did some values in Lingayen Gulf, Manila Bay, Carigara Bay, and Sogod Bay. 
Phosphate values were found to be high in six bays, namely Lingayen Gulf, 
Manila Bay, Ragay Gulf, San Pedro Bay, Sogod Bay, and Panguil Bay.

Fig. 3.2.12b shows the mean and range of values of the other water-quality 
parameters DO, Chl-a, TSS, and pH. These are plotted relative to the criteria 
value for each of these parameters. Based on the criteria, DO values should 
not be below 5mg/L. Mean DO concentrations in San Miguel Bay (4.9 mg/L) 
and Ormoc Bay (4.72 mg/L) were below the criteria. The mean values of Chl-a and
pH for all the sites were within the allowable limit. The mean value for TSS 
in San Miguel Bay exceeded the criteria (50 mg/L). This may be attributed to 
river discharges in the bay.

Based on the initial assessment undertaken by San Diego-McGlone et al. 
(2004), the mean concentration of the different water quality parameters were, 
in general, still within the allowable limit (criteria value) set for each parameter 
(Fig. 3.2.12). However the data used in the assessment have wide concen-
tration ranges; thus standard deviations from the mean were large. Hence, a 
simulation tool (Monte Carlo, Crystal Ball, Descioneering, Inc.) was used to 
assess and predict the probable status of a bay using the data obtained from 
the different sources. The purpose of the analysis was to forecast the likeli-
hood that the ambient concentration will exceed the criteria value. The annual 
mean concentrations that passed the criteria, and their standard deviations, 
and the risk quotient (RQ = ambient concentration divided by the environ-
mental criteria) were used in the simulation. Monte Carlo simulation determines
the probability (with >10% certainty) of exceeding an RQ of 1 or the mean 
concentration exceeding the criteria value.

Given the current water-quality status, and assuming continuous increase 
in population and anthropogenic activities, the simulation results suggest that 
there is high probability that the criteria will be exceeded. In the case of NO3,
there is 24% certainty for Lingayen Gulf, 15% for Lagonoy Gulf, 42% for San 
Pedro Bay, and 20% for Sogod Bay. For NH3, the certainty of exceeding the 
criteria is 42% and 12% for Ragay Gulf and Sogod Bay, respectively. Accord-
ing to the assessment undertaken by San Diego-McGlone et al. (2004), PO4

is the parameter of concern. Based on the Monte Carlo simulation, two out 
of the seven bays with low PO4 showed a probability of surpassing the PO4

criteria, namely Carigara Bay (17%) and San Miguel Bay (26%). In the case 
of DO, Lingayen Gulf (25%), Ragay Gulf (46%), and Sogod Bay (22%) showed 
certainty of reaching values below 5 mg/L.

DO values in Manila Bay were acceptable relative to the criteria value. DO 
distribution in this bay is affected by seasonal variations, with vertical strati-
fication of the water column observed during the rainy season. From 1985 
to the present, the bottom waters of the bay show continued deterioration 
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in water quality, especially within thevicinity of Pasig River and Port Area, 
Manila (Acorda 1985; PRRP 1998; Jacinto 2000). The combined data of the 
Marine Science Institute-University of the Philippines (Jacinto 2000) and 
the Pasig River Rehabilitation Project (PRRP 1998) from different stations 
and several sampling periods showed a decreasing trend in the DO profiles 
(Fig. 3.2.13). The lowest values (<5.0 mg/L), from the surface to the bottom 
were recorded in 2000. The decrease in DO concentrations was consistently 
observed near the bottom of the water column.

Sediment Quality

Excess sediment damages the aquatic environments by smothering the organisms
that live on the bottom. In the water column, high-sediment content decreases 
water transparency, resulting in decreased phytoplankton productivity due to 
attenuation of the incoming light. Also, sediments are capable of transporting 
adsorbed nutrients, pesticides, heavy metals, and other toxins. The potential 
sources of excess sediments include siltation due to intensified agriculture 
activities and development, erosion due to the conversion of coastal areas 
into industrial or residential areas, and dredging. Although siltation and its 
associated problems are emerging concerns in various coastal areas in the 
Philippines, very few studies and monitoring efforts have included sediments 
because of costs and logistical difficulties. Among the 12 bays, sediment quality
monitoring was undertaken in Manila Bay, Lingayen Gulf, Lagonoy Gulf, 
San Miguel Bay, and Ragay Gulf.

In Manila Bay, estimates of sedimentation rates provided by different 
groups have consistently identified areas were rates are high. These areas are 
likely sinks of sediments and possibly of pollutants in the bay. The sediment 
in Manila Bay is predominantly grayish clayey-muddy substrate, which is soft, 
fine in texture, and with 5–19% organic matter content (PRRP 1998). Based 
on trace metal values, there is localized metal enrichment in the bay. Elevated 
levels of Pb and Zn in the sediments were consistently observed within the 
vicinity of Metro Manila. Based on the concentration of Cd, Hg, Zn, Pb, 
and Cr in the sediments from the mouths of major river systems in the bay 
(e.g., Malabon-Navotas, Paranaque, Pasig and Bulacan), the rivers are point 
sources of these metals (PEMSEA and MBEMP TWG-RRA 2004). Benthic 
fluxes of the nutrients NH3 and PO4 vary with the season and are higher near 
the rivers of  Pasig, Bulacan, and Pampanga (San Diego-McGlone et al.,
2004). Based on the Refined Risk Assessment (RRA) undertaken in 2004, 
there is intermediate risk for total polyaromatic hydrocarbon (TPAH) in 
Manila Bay (PEMSEA and MBEMP TWG-RRA 2004). Moreover, the RRA 
showed localized contamination in the eastern part of the bay, which is more 
commercialized and urbanized (PEMSEA and MBEMP TWGRRA 2004).

Since 1993, when Lingayen Gulf was officially declared as an “Environ-
mentally Critical Area” under Presidential Proclamation No. 156, efforts 
were undertaken to look into the economic viability and the environmental 
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sustainability of this coastal area (CZERM 2002). The identified issues and 
problems that may cause sediment pollution in the Gulf include siltation due 
to intensive agricultural activities and deposits from denuded watersheds; 
erosion of the eastern coast of the Gulf due to strong current and intensive 
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seashore mining. Mine tailings from upland mining have also affected the 
sediment quality, although there has been limited focus on studying this fac-
tor due to the more critical problems of fish kill and phytoplankton blooms.

In the absence of an allowable limit or criteria for sediments in the Philippines, 
sediment contamination in the bays were assessed by comparing the metal 
concentration with the low limit of  Hong Kong – ISQV Contamination 
Classification (HK-ISQV) (EVS 1996). Relative to the criteria, Cd concentration
in the sediments of Lagonoy and Ragay Gulf were higher than the allowable 
limit of  1.5 mg/kg. Mercury (Hg) in the sediments of  Lagonoy Gulf  was 
significantly higher than the limit of 0.28 mg/kg. The presence of elevated 
levels of Cd and Hg in these bodies of water may be due to effluent from 
industries draining into the rivers surrounding the bay.

Summary

Sediment quality in the Philippines has not been extensively examined. How-
ever, the available information in selected bays in the country consistently 
show localized contamination of sediments and continued deterioration in 
sediment quality.

The UNEP SCS project identified pollution hotspots in the Philippines. 
They include Lingayen Gulf, Manila Bay, San Miguel Bay, and Panguil Bay 
(UNEP 2000). This was based on an assessment of areas considered to be 
regional growth centers and where there have been incidences of red tide (e.g., 
in Manila Bay). Moreover, these bays are of primary importance to the South 
China Sea. Based on results of the assessment undertaken by San Diego-
McGlone et al. (2004), this study and of the Monte Carlo simulation, these 
bays have exceeded the criteria for nutrients (NO3, NH3, PO4) and DO. In 
Lagonoy Gulf, San Pedro Bay, Sogod Bay, Ragay Gulf, and Carigara Bay, 
simulation analyses indicate that there is more than a 10% probability that the 
ambient concentrations of NO3, NH3, and PO4 will be exceeded.
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3.2.3 Marine Pollution of Hazardous Chemicals 
in Asian Waters
Nobuyuki Miyazaki
Ocean Research Institute, The University of Tokyo,
1-15-1 Minamidai, Nakano-ku, Tokyo 164-8639, Japan

Introduction

The earth’s environment has worsened as the human population has increased 
and industrial activity develops without significant consideration of envi-
ronmental conservation. Economical and technological development has 
enhanced the production of chemicals since the Indu strial Revolution in 
the mid-18th century. Thoughtless use of  chemicals and incompetent 
management have led to local and/or global contamination by toxic chemicals, 
and imposed a serious threat to a wide range of ecosystems. In Asian waters, 
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the people have for several decades faced severe marine pollution from such 
sources and activities as hazardous chemicals, oil spills, garbage incineration, 
and sewage treatment. This section focuses on marine pollution from 
hazardous chemicals such as organochlorine compounds, organotin com-
pounds and heavy metals.

Hazardous Chemicals

1. Organochlorine compounds
In 2001 agreement was reached on the Stockholm Convention on persistent 
organic pollutants (POPs). It is a global treaty designed to protect human 
health and the environment from persistent organic pollutants. POPs remain 
in the environment for long periods of time, become widely distributed globally, 
accumulate in the fatty tissue of living organisms, and are toxic to humans 
and wildlife. In implementing the Convention, governments will take measures 
to eliminate or reduce the release of POPs into the environment.

Organochlorine compounds (OCs) have been recognized as endocrine 
disrupting chemicals. Bioaccumulation, metabolization and transfer of these 
chemicals has given rise to concern about long-term and global environmental 
contamination, and serious biological impacts on marine animals (Holden 
1978; O’Shea et al., 1980; Tanabe et al., 1983; Reijnders 1988; Tanabe and 
Tatsukawa 1991). For monitoring marine environmental conditions, marine 
mammals are considered to be one of the most important biological indicators 
because they have a long life and occupy the highest ecological niche. Since 
the latter half  of 1960s a mass die-off  of marine mammals has often occurred 
in the closed areas of the northern hemisphere. In particular, mass die-offs 
of grey and ringed seals in the Baltic Sea, California sealions, belugas in the 
St. Lawrence River, Baikal seals, and Caspian seals are known to be linked 
to biological impacts of organochlorine compounds (Helle et al., 1976; Helle 
1980; Bergman and Olsson 1986; DeLong et al., 1973; Reijnders 1980, 1986; 
Béland et al., 1987; Martineau et al., 1987; Grachev et al., 1989; Osterhaus 
et al., 1989; Forsyth et al., 1998; Kennedy et al., 2000; Miyazaki 2001). 
Biological impacts such as uterine occlusion, skull-bone lesions, and pathological
and immunological disorders have been observed in grey and ringed seals in 
the Baltic Sea. Distemper was considered to be the primary cause of a mass 
die-off  of Baikal seals in 1987–1988 and 1998, and Caspian seals in 1997 and 
2000. Influenza A virus was also detected in Baikal seals, Caspian seals, and 
ringed seals in the Arctic Ocean. (Ohishi et al., 2002–2004).

The levels of  DDTs and PCBs in dolphin blubber were considerably 
higher than those of  other OCs (e.g., CHLs, HCHs, HCB) since these com-
pounds are highly persistent, relative lipophilic and less biodegradable. 
They are therefore retained in an animal’s body for a long time (Tanabe 
and Tatsukawa 1991). The maximum level of  DDTs, ranging from 80–96 µg/
g wet weight, was found in northern right whale dolphins from temperate 
waters. However, a similar concentration of DDTs has also been observed in 
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animals from tropical waters. Higher concentration of  DDTs has also 
been reported in surface seawater samples from open oceans (Iwata et 
al., 1993). Probably the relatively higher levels of  DDT found in tropical 
odontoceti species appear to reflect DDTs originating in tropical countries 
where they are still used for protection against malaria. The highest level 
of  PCBs (76–130 µg/g wet wt) was recorded in Risso’s dolphins from the 
Pacific coast of Japan, followed by melon-headed whales (51–55 µg/ wet wt) and 
Fraser’s dolphin (38–76 µg/g). Odontoceti species from temperate and cold 
waters showed higher PCBs concentration than those from tropical waters. 
These elevated levels of  PCB seemingly imply the ongoing use by and disper-
sion from mid-latitude countries in the northern hemisphere.

A comparison of concentration of DDTs, PCBs, and HCHs in marine 
mammals and surface seawater was made in the Bering Sea, the western Pacific 
Ocean, and the Southern Ocean (Fig. 3.2.14). All odontoceti species taken 
from the northern hemisphere showed much higher values of DDT, PCB, and 
HCH than did those from the southern hemisphere (Tanabe et al., 1983). In 
particular, the concentrations found in odontoceti species were much higher 
in the mid-latitude waters of the Northern Hemisphere. In surface seawater, 
a higher concentration of  DDTs, PCBs, and HCHs was also found in the 
northern hemisphere than the southern hemisphere. In the northern hemi-
sphere the mid-latitude areas were much more polluted by OCs than other 
areas, reflecting the extensive use of OCs in countries of the mid-latitude areas
of the northern hemisphere. Thus, in Asian waters, it is very important to 
monitor pollution by organochlorine compounds, based on a well-organized, 
international research system.

FIG. 3.2.14. Concentration of DDTs, PCBs, and HCHs in marine organisms (including 
marine mammals) and sea surface in the Bering Sea, the western Pacific Ocean, and 
the Southern Ocean. (After Tanabe et al., 1983.)
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2. Organotin compounds
Since the 1960s, butyltin compounds (BTs) have been used worldwide for 
various purposes. These include tributyltin (TBT) as an antiflouling agent 
in paints used by boats and aquaculture nets, and monobutyltin (MBT), and 
dibutyltin (DBT) as stabilizers for chlorinated polymers or as catalysts for 
silicones and polyurethane foams (Evans and Karpel 1985). Widespread use 
of these compounds has caused severe environmental contamination and 
severe biological impacts. On 5 October 2001 the International Marinetime 
Organization (IMO) adopted the “International Convention on the Control 
of Harmful Anti-fouling Systems on Ships.” This agreement prohibited the 
use of harmful organotins in anti-ouling paints used on ships by 1 January 
2008. It also established a mechanism to prevent the potential future use of 
other harmful substances in antifouling systems.

The effect of BTs on animals in the lower tropical levels in the marine 
ecosystem has been studied in terms of physiological abnormalities such as 
growth reduction in marine microalgae (Maguire et al., 1984), shell thick-
ening and spat failure in oysters (Alzieu et al., 1986; Alzieu 1991), imposex 
in gastropods (Gibbs and Bryan 1996), and whelks (Gibbs and Bryan 1986; 
Gibbs et al., 1987), decreases in survival rate and growth rate, prolongation 
of maturation, abnormality of external formation, failure of reproduction 
by TBT exposure in the post-hatching stage of Caprella danileviskii, and a 
decrease in the ratio of males by exposure to TBT in the embryonic stage 
of C. danileviskii (Ohji et al., 2002–2004). In view of these investigations, 
control measures on the use of BTs have been adopted in several countries. 
However, such action has not appreciably reduced the consumption of orga-
notins on a global scale (Kannan et al., 1995). Environmental monitoring 
and  toxicological studies dealing with water (Fent et al., 1991; Maguire and 
Tkacz 1985), sediment (Quevauviller et al., 1994; Kan-atireklap et al., 1997; 
Maguire and Tkacz 1985), mussels (Kan-atireklap et al., 1997), and fish 
(Kannan et al., 1995; Fent 1992) imply that these compounds continue to 
pose a major ecotoxicological threat in the aquatic environment.

Tanabe et al. (1998) determined the levels of butyltin concentrations in the 
livers of marine mammals. They showed higher levels in animals inhabiting 
coastal waters than those inhabiting pelagic waters. A higher concentration 
of BTs was found in animals from the waters of developed countries com-
pared with those from developing ones, suggesting that waters in the devel-
oped countries have more serious BT contamination than those in developing 
ones (Fig. 3.2.15). Kannan et al. (1995) analyzed concentrations of butyl-
tin residues in the muscle tissue of fish collected from local markets and sea 
food shops in India, Bangladesh, Thailand, Indonesia, Vietnam, Taiwan, 
Australia, Papua New Guinea, and the Solomon Islands. They reported that 
intensive ship scrapping activities, sewage disposal and antifouling paints are 
considered the major sources of butyltins in these countries. The intake of 
butyltins by humans via consumption of fish in these countries was estimated 
at less than 25% of the tolerable daily intake of 250 ng/kg body weight/day. 
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Butyltin concentrations in fish from Asia and Oceania were lower than those 
reported for Japan, Canada, and the USA.

Nakata et al. (2002) studied biological effects using mitogen-induced 
responses in marine mammal and human lymphocytes by in vitro exposure to 
butyltins. Peripheral blood mono-nuclear cells isolated from Dall’s porpoises 
(Phocoenoides dalli), bottlenose dolphins (Tursiops truncatus), a California 
sealion (Zalophus californianus), a larga seal (Phoca largha), and humans 
(Homo sapiens) were exposed to varying concentrations of BTs. Concanava-
lin A-stimulated mitogenesis was found to be significantly suppressed 
(P < 0.01) when the cells were exposed to 300 nM (89 ng/ml) of TBT and 
330 nM of DBT (77 ng/ml), while MBT showed little cytotoxicity at treatment 
levels of up to 3,600 nM (620 ng/ml) in the above marine mammals as well 
as in humans. This suggests that BTs could pose a serious threat to immune 
functions, and both TBT and DBT are much more toxic than MBT.

To monitor organotin compounds in the ecosystem of Otsuchi Bay, Japan, 
Takahashi et al. (1999) reported clear evidence that BTs were accumulated in 
most of the organisms, in concentrations up to 50,000 times greater than in 
seawater (Fig. 3.2.16). However, there were no significant differences in the 
BT residue levels between the trophic levels. This means that there is no substan-
tial biomagnification of these compounds through the food chain. This indi-
cates that there is a big difference in the movement of organotin compounds 
in the ecosystem compared with organochlorine compounds. In particular, 
C. danilevskii is a highly sensitive animal to organotin compounds and is thus 
a most useful bio-indicator for ecotoxicological studies. A a three-generation 

FIG. 3.2.15. Global comparison of the concentration of PCBs, DDTs, and HCHs in 
marine mammals (bar) and in surface waters (solid circles). (After Tanabe et al., 1998.)
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experimental study can be done in a small glass beaker over a short period of 
time from June to September. Ohji et al. (2002–2004) implemented an experi-
mental study of the biological effects at five levels of TBT (0, 10, 100, 1,000, 
and 10,000 ng/l) in the Caprelid amphipod C. danilevskii. They obtained the 
following interesting scientific evidence.(a) Embryonic exposure to TBT indicated 
that the female ratio of 36% in the control group dramatically changed to 55.6% 
at 10 ng/l to more than 80% at 100 ng/l and 1,000 ng/l. All specimens died at 
10,000 ng/l (Fig. 3.2.17). However, in contrast, no significant difference was 
observed in the sex ratio in response to TBT exposure after hatching.

FIG. 3.2.16. Concentration of BTs of marine organisms of Otsuchi Bay along the 
Pacific coast of northern Japan. (After Takahashi et al., 1999.)

FIG. 3.2.17. Embryonic exposure to TBT for Caprella amphipods. (After Ohji et al., 
2002–2004.)
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(b) Survival rate decreased drastically as the TBT concentration of exposure 
increased from 10 ng/l to 1,000 ng/l in both the embryonic and the post-
hatching stages (Fig. 3.2.18).

(c) In both embryonic and post-hatching stages reproductive inhibitions such as 
brood loss and oogenensis inhibition occurred at even 10–100 ng/l exposure, 
a concentration which is often observed in more polluted coastal waters.

This evidence suggests nanogram concentrations of TBT similar to those 
encountered in coastal waters can directly affect the sex ratio, and reproductive 
and survival rates in caprellid animals, and that this phenomenon occurs at 
environmentally realistic concentrations in the coastal ecosystem. In particu-
lar, as C. danilevskii is the main food species of small fish, the above evidence 
confirms that use of  organotin compounds might cause an extraordinary 
disturbance in the coastal marine ecosystem.

3. Heavy metals
With regard to marine pollution from heavy metals, it is well known that 
Japanese people faced two severe environmental problems. These are known 
as “Minamata disease,” caused by mercury pollution, and “Itai-itai disease,” 
caused by cadmium pollution. The problems occurred in the highly industrially 
active period of the 1950s to 1970s. In the case of the “Minamata disease” 

FIG. 3.2.18. Changes of survival rates of Caprella amphipods exposured to different 
concentration of TBT. (After Ohji et al., 2002–2004.)
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there was a 22-year-controversy in Japan, culminating in a judicial decision 
in 2004. However, even after the decision human health problems still remain 
among the local people. Recently the problem of mercury pollution from gold 
mining was also raised in the city of Manado, Indonesia and along the Amazon
River, Brazil. Local people consuming fish and marine organisms as food are 
expected to face severe health problems (Kehring et al., 1997; Harada et al.,
2001; Limbong et al., 2003 and 2004).

According to Limbong et al. (2004), the Ratatok area of  North Sulawesi, 
Indonesia, has had a long history of  gold mining following the activity of 
a Dutch company, Nederland Mybouw Maschapai during the period from 
1887 to 1922. Artisanal or small groups of  local people started to seek their 
fortune in gold mining, using techniques learned from the Dutch com-
pany. These consisted of  excavating gold vein tunnels and using mercury 
amalgamation. In the Ratatotok artisanal gold mining area the concentra-
tion of  mercury in the surface soil decreases from 5 mg/kg in dry weight 
at a distance of  5 m from the gold mining unit to 2 mg/kg at 30 m. This 
suggests the concentration gradually decreases with increasing distance of 
the sampling location from the gold mining unit. About 40 artisanal gold 
mining units are worked, mainly by informal, illegal and small, less-organ-
ized groups. The total number of  local people living in coastal villages 
in this area is about 5,678, of  whom about 8% are fishermen. Total fish 
production in the area is about 150,000 kg/year. Thus, mercury pollution 
by gold mining has become a severe environmental issue. Corresponding 
to gold bullion production of  about 235 kg/year, total mercury emissions 
of  1,000 kg/year are spread through the amalgam-burning process. In the 
ecosystem, methylmercury is accumulated by biota and magnified through 
the food chain. Most of  the mercury in fish tissue is methylmercury. Fish 
are probably the most common indirect route of  exposure to humans. In 
humans, methylmercury can cause damage to the neurological, excretory 
and reproductive systems. Methylmercury is the form of  mercury of  great-
est toxicological concern. Limbong et al. (2004) recommended that the 
gold-processing practices themselves should be improved, or changed to 
clean technologies, in order to guarantee minimal risk of  poisoning the 
miners as well as the community, and that the Provincial Government of 
North Sulawesi should play a strong leadership role against the problem 
of  mercury pollution.

Future Directions

The present study has described the current environmental issues related to 
hazardous chemicals in Asian waters. People should face up to severe environ-
mental problems and put great effort into environmental conservation at both 
local and global scales, bringing together the best of human wisdom. As the 
most meaningful direction for the future, it is proposed that a more useful and 
constructive way of resolving pollution issues should be pursued, as follows:
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1. Stop the actual sources of pollution on a local and/or global scale under 
the strong leadership of local government and national government, as well 
as international organizations such as UNEP, UNESCO, and UNU.

2. Establish a social watching system to stop pollution, with cooperation 
between the general public and NGOs; these will actively work towards 
solutions to environmental issues.

3. Establish a well-organized system of research on environmental issues, 
which involves a system for a network of leading scientists on the study of 
pollution, a database for effective information for pollution surveys, and a 
system for banking specimens of important species.

4. Establish an active education system for resolving current environmental 
issues and implementing an effective strategy for future environmental 
 conservation.
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3.3 Ecological Changes

The Asian and Pacific coasts are characterized by the variety and richness of 
ecosystems such as mangroves, coral reefs, and sea grasses. These ecosystems 
are precious assets of the region’s coastal zones, which provide a variety of 
goods and services to the people and other natural organisms. They have been 
experiencing large changes in the face of huge pressures from human activities 
and global environmental changes. This trend has led to the complete loss 
and degradation of the ecosystem. In this section, we will review the past 
trends and present situation of these ecosystems in the region.
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3.3.1 Mangroves
Sanit Aksornkoae
Thailand Environment Institute Bangkok,
16/151 Muang Thong Thani, Bond Street Road,
Bangpood Pakkred, 11120 Nonthaburi, Thailand

Introduction

Mangrove forests of varying size are distributed in various countries in Asia, 
from the Arabian Peninsula in the west to Japan in the east. Large areas of 
mangrove forests can be found in India, Bangladesh, Myanmar, Thailand, 
Vietnam, Malaysia, the Philippines, and Indonesia. It has been suggested that 
Indonesia has the largest area of mangrove forest in the region. This is due 
to its long coastline and diverse coastal habitats. The Sundarbans, located in 
the Gangetic delta in India and Bangladesh, is the largest continuous area of 
mangrove forest in the world. Approximately 40% of all mangrove forests in 
the world are in Asia (Aksornkaoe 1993).

Mangroves are mainly found in tropical latitudes growing in intertidal 
zones along coasts and estuaries in areas sheltered from strong tidal action 
and wind/sea storms. The occurrence and distribution of mangrove species 
are governed by various parameters such as temperature, wind/tidal range 
and frequency, availability of freshwater, soil type, terrain and salinity. On a 
local scale, factors such as salinity, temperature, the frequency and duration 
of tides, topography, sedimentation, and freshwater influx and light regime 
interact to produce environmental settings for the growth, zonation, and sus-
tainability of different mangrove species.

Mangroves play a very important role, particularly in the lives and 
economies of  people living in the coastal regions of  different countries 
in Asia. They provide timber, fuelwood, poles, thatching material, honey, 
wax and industrial raw materials for cellulose-based industries. Mangroves 
are major sources of  employment and income generation. Many coastal 
communities are principally dependent on mangrove. Mangrove waters 
are also very rich in fishery resources and act as a nursery and spawning 
grounds for a large number of  species of  fish, crustaceans, molluscs, and 
reptiles. In addition, mangrove forests are also very rich in biodiversity in 
both flora and fauna.

Mangrove Biodiversity

Mangrove forests are very diverse at the ecosystem level. Mangroves can 
grow in a wide range of  geographical, climatic, hydrological and edaphic 
(soil) conditions. They cover the intertidal area and thus interact with 
aquatic, inshore, upstream, and terrestrial ecosystems. Mangrove forests 
support a diverse flora and fauna of  marine, freshwater, and also terres-
trial species.
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Flora

A list prepared by Santisuk (1983) shows 53 genera and 74 species 
 belonging to 35 families of  trees and shrubs in the mangrove forests. 
Tomlinson (1986) recorded 54 species of  true mangroves (34 major and 
20 minor) worldwide. Around 40 species belonging to 14 families were 
recorded in mangroves in the Philippines, with a high diversity of  about 
26 species found in the island province of  Bohol (Mapalo 1992). In India, 
mangrove comprises 35 species, of  which 33 (16 genera and 13 families) 
occur along the east coast (Kathiresan 1998). Hong (1991) recorded 74 
mangrove species in Vietnam, including 32 species of  true mangrove and 
42 species of  associated species.

Most of the dominant and important species are in the family Rhizophora-
ceae, genera Rhizophora, Bruguiera, and Ceriops and the family  Avicenniaceae, 
with many species of Avicennia.

The species diversity and distribution of  mangroves is variable on 
 different spatial scales: global, regional, estuarine and intertidal (Duke et al., 
1998). Duke (1993) divided the distribution of  mangroves into two global 
 hemispheres – the Atlantic East Pacific and the Indo-West Pacific. These 
areas have similar areal extents of  mangrove forests, but the Indo-West 
Pacific region is about five times more diverse. The Indo-Malesia region has 
the most species (Duke et al., 1998). Ricklefs and Latham (1993) provided 
an explanation for the high diversity in this region. Southeast Asia was the 
centre of  the origin of  mangrove speciation; the presence of  an adjacent 
diverse terrestrial flora, and a constant wet humid climate may also have 
been contributory factors. The continuous presence of  these factors since 
the end of  the Cretaceous may have enabled diversity to continue to increase 
when conditions were not ideal elsewhere, or prevented species extinctions. 
In the latter sense, the Southeast Asian mangroves today represent an impor-
tant refugium of mangrove biodiversity.

Mangrove pneumatophores and aerial roots are colonized by a film of 
diatoms and unicellular algae, as well as a turf of small red algae. Most 
characteristic is a mixed community of Bostrychia, Caloglossa, Murrayella,
and Catanella, which in various permutations of species, is found virtually 
throughout the tropics (Hogarth 1999). Photosynthetic algae also grow on 
the mud surface; most are unicellular diatoms, but blue-green cyanobacteria 
are also present. Unattached red algae (Rhodophyta) Gracilaria and Hormosira
can also be found in permanent patches.

Fungi are another much-ignored group of organisms. These are probably 
fundamental to many aspects of decomposition and energy flow in mangrove 
forests. Fungi occur on the vegetation, in the soil and in the water of mangrove 
swamps. They are also strongly associated with the rhizosphere, or root-association
of Rhizophora and other trees. The diversity of mangrove fungi is shown by 
a study in mangrove plantation and natural mangrove forest. It recorded 49 
species of 19 genera, with common genera of fungi belonging to Trichoderma,
Aspergillus, Penicillium, and Fusaruim (Kongamol 2001).
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Fauna

Mangroves support a high diversity of  wildlife - both micro-and macro-
scopic, terrestrial and aquatic (marine and freshwater), temporary and 
residential. Mangrove fauna have been poorly studied in comparison to 
mangrove flora, with the exception of  the most prominent groups, namely 
the large intertidal crustaceans and molluscs (e.g., Berry 1975; Jones 1984; 
Macintosh 1988).

Examples of residential organisms include vertebrates: kingfishers, mudskip-
pers, snakes and mangrove monitor lizard; terrestrial invertebrates: spiders, 
ants, termites, moths, and mosquitoes; aquatic invertebrates: molluscs, crustaceans
and polychaetes, and bacteria and meiofauna (Aksornkoae 1993).

The richness of fish species is generally high in the creeks, pools, and 
inlets of mangrove forests. Estimates of diversity depend heavily on catching 
 methods and intensity so the figures reported may not be directly comparable. 
However, the following data indicate the diversity of mangrove- associated 
fish species.

In Selangor, Malaysia, 119 species have been recorded. In Thai mangrove 
there are approximately 72 fish species (Monkolprasit et al., 1987), 30 species 
(Naiyanetr 1985), 26 species of mollusc (Isarankura 1976), and 15 species of 
shrimp (Chaitiamvong 1983). Anon (1987) reported that in the Pichavaram 
mangrove ecosystem in India there are 30 species of prawns, 30 species of 
crabs, 30 species of molluscs, and 200 species of fish.

A number of mangrove faunal species have been recognized as endangered, 
such as the milky stork (Mycteria cinerea), lesser adjuntant stork (Leptoptilos
javanicus), sunderbans tiger, manatee, estuarine crocodile (Crocodylus porosus),
and proboscis monkey (Nasalis larvatus).

Meiofauna

The meiofauna of mangrove soils (meiofauna are defined as organisms rang-
ing from 63–1,000 µm in size) are an important component in the mangrove 
benthic communities. Foraminiferans, nematodes, and copepods are widely 
distributed and abundant in mangroves. Other minor groups of meiofauna 
are turbellarians, polychaetes, oligochates, nemerteans, tanaidaceans, acarids, 
ostracods, kinorhynchs, bivalves, and sipunculids.

The major roles of these meiofaunal organisms in the mangrove forests are 
in decomposing organic matter and in regenerating nutrients. Most meiofauna 
are detritivores, such as copepods, tanaidaceans and sipunculids. Nematodes are 
widely distributed in the mangrove forests. They feed on detritus, microalgae 
and other meifauna. The meiofauna are also a potential source of food for 
other animals, such as some polychaetes, holothurians, sipunculids, crabs, 
other small crustaceans and fishes. Diversity and abundance of mangrove 
meiofauna varies with the type of forest and soil depth. The soil meiofauna also 
build up in density as the mangrove becomes more established (Sasekumar, 1984).
Mangrove vegetation helps to consolidate the sediment and generate litter as a 
substratum and food source for meiofauna in the system.
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Loss of Mangroves and its Effect

The total area of mangrove lost in Asian countries over different time spans 
has been estimated by FAO (2003) and Kashio (2004). They estimate that the 
area of mangroves has been reduced by approximately 26% during the 20 
years from 1980 to 2000 (Table 3.3.1). However, it should be noted that in the 
literature estimates of mangrove areas in each country vary greatly, reflecting 
differences in definition and mode of assessment.

As in other tropical countries in the world, mangrove forests in Asia are 
under threat of severe degradation. Various causes of mangrove destruction 
in this region include conversion to pond aquaculture (particularly of shrimp 
– Fig. 3.3.1), clear felling of  timber for charcoal, firewood, woodchip and 
pulp production, land clearance for development of urban areas, ports and 
harbors, agriculture, salt pans, industry and power plants, roads and transmis-
sion lines, excessive siltation and human settlements. Shrimp culture would 
appear to be the most serious cause for mangrove conversion, particularly 
in the Southeast Asian countries such as Indonesia, Vietnam, Philippines, 
Malaysia, and Thailand (Bhandari et al., 2004).

Clearance of mangrove forests has a serious, direct impact on the ecosystem 
as a whole and also causes socioeconomic problems, including the degraded 
environmental condition of adjoining ecosystems in the coastal areas, par-
ticularly sea grass beds and coral reefs. Research in Southeast Asia has 
revealed that the destruction of mangroves directly impacts on fish and prawn 

FIG. 3.3.1. Conversion of mangrove forests to shrimp ponds and resettlement areas in 
Southeast Asian countries. (Photograph courtesy of Professor Dr. Sanit Aksornkoae.)
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TABLE 3.3.1. Loss of mangrove forest in Asian countries. (From Forest Resources 
Assessment 2000 (for mangrove forests), FAO 2003; Kashio 2004.)

Region

Most reliable, 
recent mangrove 

area estimate
Mangrove 
area 1980

Mangrove 
area 1990

Annual change 
1980–1990

Man-
grove 

area 2000

Annual 
change

1990–2000

000 ha Ref Yr 000 ha 000 ha 0 ha % 000 ha 000 ha %

WEST ASIA
Bahrain 100 1992 100 100 n.s. 0.0 100 n.s. n.s.
Islam. Rep. 

of Iran
20,700 1994 25,000 21,000 −400 −1.7 20,000 −100 −0.5

Kuwait 2 2000 n.a. n.a. n.a. n.a. 2 n.a. n.a.
Oman 2,000 1992 2,000 2,000 n.s. n.s. 2,000 n.s. n.s.
Qatar 500 1992 500 500 n.s. n.s. 500 n.s. n.s.
Saudi Arabia 20,400 1985 20,400 20,400 n.s. n.s. 20,400 n.s. n.s.
United Arab 

Emirates
4,000 1999 3,300 3,600 30 0.9 4,000 40 1.1

Yemen 927 1993 1,100 980 −12 −1.1 800 −18 −2.0
Subtotal 48,629 – 52,400 48,580 −382 47,802 −78

SOUTH
ASIA

Bangladesh 622,482 1996 596,300 609,500 1,320 0.2 622,600 1,310 0.2
India 487,100 1997 506,000 492,600 −1,340 −0.3 479,000 −1,360 −0.3
Maldives n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Pakistan 207,000 1990 345,000 207,000 −13,800 −5.0 176,000 −3,100 −1.6
Sri Lanka 8,688 1992 9,400 8,800 −60 −0.7 7,600 −120 −1.5
Subtotal 1,325,270 1,456,700 1,317,900 −13,880 1,285,200 −3,270

SOUTH-
EAST
ASIA

Brunei
Darus-
salam

17,100 1992 18,300 17,300 −100 −0.6 16,300 −100 −0.6

Cambodia 72,835 1997 83,000 74,600 −840 −1.1 63,700 −1,090 −1.6
East Timor 3,035 2000 4,100 3,600 −50 −1.3 3,035 −57 −1.7
Indonesia 3,493,110 1988 4,254,000 3,530,700 −72,330 −1.8 2,930,000 −60,070 −1.8
Malaysia 587,269 1995 669,000 620,500 −4,850 −0.7 572,100 −4,840 −0.8
Myanmar 452,492 1996 531,000 480,000 −5,100 −1.0 432,300 −4,770 −1.0
Philippines 127,610 1990 206,500 123,400 −8,310 −5.0 109,700 −1,370 −1.2
Singapore 500 1990 2,700 500 −220 −15.5 500 n.s. n.s.
Thailand 244,085 2000 285,500 262,000 −2,350 −0.9 244,000 −1,800 −0.7
Vietnam 252,500 1983 227,000 165,000 −6,200 −3.1 104,000 −6,100 −4.5
Subtotal 5,250,536 - 6,281,100 5,277,600 −100,350 4,475,635 −80,197

EAST ASIA
China 36,882 1994 65,900 44,800 −2,100 −3.8 23,700 −2,110 −6.2
Japan 400 1980 400 400 n.s. n.s. 400 n.s. n.s.
Subtotal 37,282 3974 66,300 45,200 −2,100 −3.8 24,100 −2,110 −6.2
Grand total 

Asia
6,661,717 1991 7,856,500 6,689,280 −116,722 −1.6 5,832,737 −85,655 −1.4

Note: 1 n.a. = not available, n.s. = not significant.
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abundance and lowers productivity (Janekitkarn et al., 1999). Mangrove 
clearance also alters soils in many ways, including accelerating coastal soil 
erosion, increasing sedimentation transportation and reducing biodiversity 
of soil fauna. Other serious impacts caused by the destruction of mangroves 
are a reduction in biodiversity of both flora and fauna due to elimination of 
their habitats for shelter, spawning grounds, food and nurseries in the system, 
increasing levels of toxic chemicals causing an adverse effect on the quality 
of the surrounding water and depleting organic matter through leaching. All 
impacts caused by the clearance of mangroves will finally result in the loss 
of productivity of inshore and near shore fishery and have a serious adverse 
impact on coastal communities. In such communities large numbers of people 
are highly dependent on mangrove for food, income generation, protection 
from sea storms and other benefits.

Sustainable Management/Wise Use of Mangroves

The mangrove forests in Asia have been managed for several decades, particu-
larly in Southeast Asian countries, beginning with commercial exploitation 
for timber and charcoal products.

However, one major weakness of mangrove management in these countries is 
that, almost exclusively, management aims at the management of specific economi-
cally important species of plants. In fact, mangrove forest is not just a collection of 
trees. It is an ecosystem, which has a rich diversity of ecological resources. Man-
grove ecosystems differ completely from other ecosystems. Mangroves have special, 
highly complex characteristics. They are transitional ecosystems between land and 
sea and between fresh water and sea water. The sustainable management of these 
ecosystems, therefore, has to be treated as a special case.

The achievement of sustainable management of mangroves must be empha-
sized with regard to the following important issues:

1. Integrated mangrove resource management among wood, nonwood, 
aquatic resources, and coastal protection should be implemented; it should 
also meet local, national, and regional needs.

2. Mangrove resource sustainability should be given high priority; their man-
agement must be closely considered in terms of ecological carrying capacity.

3. Mangrove rehabilitation should be carried out in degraded mangrove for-
ests, such as abandoned shrimp ponds (Fig. 3.3.2), and also new mudflats; 
they should be managed on a long-term, sustainable basis.

4. Interaction among local communities, scientists, managers, and policy 
makers should be strengthened, particularly by exchanging of ideas on the 
management and conservation of mangrove ecosystems.

5. Local, national and regional databases should be developed and strength-
ened in order to support mangrove ecosystem research and sustainable 
management planning.

6. Mangrove forests should be protected by fully supporting local communities 
and by strict law enforcement and regulations to prevent illegal activities.
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FIG. 3.3.2. Mangrove rehabilitation in abandoned shrimp ponds in Southern Thailand.
(Photograph courtesy of Professor Dr. Sanit Aksornkoae.)

7. Education and public awareness on the conservation and sustainable man-
agement of mangrove ecosystems should be promoted by producing edu-
cational materials, video, CD-ROM, and other mass-media tools.

8. Finally, it is necessary to note that an immediate need is the incorporation 
of sustainable management interventions for other components of  man-
grove forests to ensure that the sustainability, which has been achieved at 
mangrove tree resource level, can also be achieved at an ecosystem level, 
following the “Ecosystem Management Approach”.
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Introduction

The Asia-Pacific marine environment comprises three major sea regions, namely 
the South Asian, the East Asian, and the Pacific Islands regions. The South 
Asian seas region includes Bangladesh, India, the Maldives, Pakistan and 
Sri Lanka, and Myanmar. The East Asian Seas region covers eight ASEAN 
countries, namely Brunei Darussalam, Cambodia, Indonesia, Malaysia, the 
Philippines, Singapore, Thailand and Vietnam, as well as other bordering 
countries, i.e., the People’s Republic of China, Taiwan, Korea, and Japan. 
The Pacific Island sea region, which has many coral reefs and lagoons, sea-
grass beds, and mangroves, is partially surrounded by the Asian, Indian, and 
Australian land masses.

The Indo-West Pacific marine biogeographic province has long been 
recognized as the global center of marine tropical biodiversity. Fifty of a 
global total of 70 coral genera occur in this marine basin. Compared to the 
Atlantic, the tropical Indo-West Pacific is very diverse (Fig. 3.3.3). Only some 
35 coral species are found in the Atlantic compared with over 450 coral species
recorded for the Philippines alone. Coral reefs in Southeast Asia are the most 
biologically diverse, both in terms of extent and species diversity. An esti-
mated 34% of the earth’s coral reefs are located in the seas of Southeast Asia 
(Burke et al., 2002), which occupies only 2.5% of the global sea surface. The 
region includes more than half  the coral reefs of the world.

Distribution, Status, and Change of Coral Reefs in Asia-Pacific 
Coastal Zone

Distribution of coral reefs in Asia-Pacific is shown in Figs. 3.3.4 and 3.3.5. 
The status of coral reefs in this region can be summarized as follows:

Number of species Less than 50
50-100

101-200
201-300

301-500
Over500

FIG. 3.3.3. Distribution and diversity of coral reef species worldwide. (From Veron 
JEN and Mary Stafford-Smith Corals of the World, Cape Ferguson, AIMS 2000.)
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FIG. 3.3.4. Map of coral reefs distribution in Asia-Pacific. (www.reefbase.org.)

South Asia

Coral bleaching has caused major damage to reefs around the oceanic islands 
of Lakshadweep, Maldives, and Chagos, and the mainland reefs of India 
(Gulf of Mannar and Gulf of Kutch) and Sri Lanka. Recovery of corals is 
generally poor because natural and human disturbances are impeding success-
ful new coral recruitment. However, some areas of the Maldives are recover-
ing well. The high islands of Andaman and Nicobar remain healthy having 
escaped bleaching damage. Capacity for monitoring coral reefs continues 
to improve with donor assistance; however, the monitoring data are largely 
ignored by resource managers, such that most MPAs in South Asia continue 
to be degraded. Several new protected areas have been declared (Maldives and 
Andaman-Nicobars) but will not succeed unless management and enforce-
ment are improved and local communities are included in the process.

Southeast Asia

The Reefs at Risk analysis in 2002 reported that 88% of these reefs are at 
medium to very high threat from human impacts. By far the most serious 



122 H. Sekiguchi and S. Aksornkoae

threats are destructive and over-fishing, followed by coastal development, 
increased sedimentation and pollution.

Monitoring capacity is relatively strong but is insufficient for a region that 
has the largest area of coral reefs in the world with the highest biodiver-
sity. (Figs. 3.3.6–3.3.8) Management capacity continues to be weak in most 
countries, with the drive for development taking priority over environmental 
conservation. There are, however, some excellent examples of effective man-
agement and successes in reef protection through community control.

East Asia

Most of the reefs in Japan and Taiwan that were damaged in 1998 (Fig. 3.3.9) are 
recovering. This may also apply to reefs in China. However, there was further bleach-
ing in Japan in 2001, with some reefs experiencing about 50% mortality. There appears 
to be a crown-of-thorns starfish (COTS) outbreak in southern Japan, but sediment 
runoff from coastal development and damaging and overfishing continue as the major 
threats. The Japanese government has established an international coral reef centre to 
facilitate coral reef monitoring for the GCRMN, and conservation in the region.

FIG. 3.3.5.Map of coral reefs distribution in Asia-Pacific (continued). (www.reefbase.org.)
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FIG. 3.3.6. A coral community at Mu Koh Chang – a newly developed area for ecot-
ourism in the eastern part of the Gulf of Thailand.

FIG. 3.3.7. An assemblage of branching Porites sp. at Anambus Island, Indonesia.
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FIG. 3.3.8. A coral community in Palawan, the Philippines.

FIG. 3.3.9. A large area of shallow reef at Ishigaki Island, Japan.
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Australia and Papua New Guinea

There was major coral bleaching in early 2002 on the Great Barrier Reef 
(GBR) of  Australia with almost 60% of  all reefs affected. Some inshore 
reefs suffered up to 90% coral death, and there was up to 95% mortality 
on the remote Flinders and Holmes Reefs in the Coral Sea. Otherwise the 
GBR and other reefs off  Western Australia remain in a predominantly 
good condition due to low human pressures and effective management. 
However, a major concern is an outbreak of  the COTS and coral disease 
in the central GBR. Management is supported by substantial research and 
monitoring.

In contrast, there is little monitoring of the coral reefs of Papua New Guinea 
(PNG).However, most are considered to be in relatively good condition. There 
are warning signs of increasing human pressures from fishing, deforestation 
and coral bleaching. Capacity within government is weak, but there has been 
a marked increase in involvement by large NGOs. These are strengthening 
community-based management.

Southwest Pacific

Coral bleaching has emerged as the major threat to the coral reefs of countries in 
this region. The reefs also continue to be degraded as human pressures increase. 
Most of these reefs escaped bleaching in 1998, but there was serious coral bleach-
ing and mortality in 2000 and 2002, especially in Fiji, and to a lesser extent in 
Tuvalu and Vanuatu. There has been an expansion of coral reef monitoring and 
capacity under the Global Coral Reef Monitoring Network (GCRMN) and 
Reef Check frameworks. Similarly, many local and international NGOs have 
assisted communities to establish their own MPAs to monitor and conserve their 
coral reef resources, particularly in Samoa and Fiji. Ethnic tensions in the Solo-
mon Islands have reversed much progress with communities in that country.

Southeast Pacific

The coral reefs of the countries and states of Polynesia have changed little 
since 2000 and predominantly remain in good condition. However, there are 
few monitoring data from the region, except for French Polynesia and, to a 
lesser extent, Wallis and Futuna. Tourism is important to the region, despite 
relatively remoteness from the market. Black pearl culture is important in 
the Cook Islands and French Polynesia. Coral reef conservation is generally 
poorly developed, with poor enforcement and a lack of political will, although 
all countries have considerable legislation. Encouragement of the traditional 
management systems of the recent past would assist in raising public awareness
and implementing conservation.

Micronesia and American Samoa

The coral reefs in this region are comparatively healthy, although the reefs 
in Palau suffered extensive damage from coral bleaching in 1998. Human 
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 pressures are also increasing. Most of the countries and territories in this 
region are now included in many of the coral reef initiatives of the USA, 
such as improved mapping, monitoring and training, and improved coral reef 
conservation. Reefs in American Samoa are recovering from COTS invasions, 
as well as tropic cyclones and coral bleaching, but fish populations are not 
recovering well. The export of “live rock” and scuba fishing were recently 
banned. There has been major progress in coral reef monitoring in the countries
of Micronesia and several new MPAs have been established. These are beginning
to show positive recovery of corals and fishes. The recently opened Palau Inter-
national Coral Reef Center is coordinating coral-reef monitoring in the region 
for the GCRMN.

Northeast (American) Pacific

There has been considerable monitoring and mapping of the reefs of the 
Hawaiian Archipelago and the Northwestern Hawaiian Islands. This followed 
a major injection of funds and expertise. The Northwestern Islands are close 
to pristine and are protected in a newly created reserve which includes large 
“no-take” zones. In contrast, reefs on the main Hawaiian Islands continue to 
suffer from over-fishing, sediment and tourism pressures. Fish populations 
are greater in reserves than in nearby, heavily fished areas, but efforts to create 
new no-take reserves are resisted. They are an urgent priority.

A prognosis of coral reef condition in Southeast Asia, based on percent live 
coral cover within each country, and the region as a whole, was made for four 
time periods – current 2004 condition; condition in 1994, when ICRI was formed 
followed by the formation of the GCRMN in 1995; estimated condition in 1904; 
and estimated optimistic and pessimistic conditions in 2014 (Table 3.3.1).

Among the countries considered in the study the greatest decline in 
reef condition between 1994 and 2004 was recorded for the Philippines, 
 Vietnam, Malaysia, and Singapore. Thailand showed a mixed pattern, with 
 improvements in some reefs and deterioration in many others within the Gulf 
of Thailand, while the Andaman Sea reefs showed relatively little change in 
their condition. Indonesia was the only country that showed improvement in 
reef conditions for all categories.

Threats to Coral Reefs in Asia-Pacific Coastal zone

There is a substantial loss of coastal habitats in the region. Certain activities 
affect, indirectly, commercial demersal fisheries that rely on the mangroves 
and coral reefs as nursery areas. Coastal construction, particularly for tourist 
facilities and inland mining, as well as poor land-use practices, have resulted 
in increased sediment loads in coastal waters in countries such as Fiji, Malaysia,
Indonesia, and Thailand. The increased sediment has adverse impacts on 
sensitive coral reef systems. However, in Thailand there has been a significant 
improvement in the condition of the reefs as a result of the efforts of non-
governmental organizations (NGOs) and local people.
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Tourism, tourism encroachment and recreational activities can themselves 
be a threat to coral reef biodiversity and environments. The construction 
activities that accompany most tourism developments, such as hotels, beach 
clubs and marinas, have a variety of direct and indirect impacts on coral 
reefs, through infilling, dredging and the resuspension of contaminated silts. 
Furthermore, pressure from large numbers of visitors can lead to continuing 
impacts, such as physical damage to reefs from trampling, boat abrasion and 
the removal of coral for “souvenirs”. In addition, the discharge of untreated 
or partially treated sewage, operational leaks, discharges of hydrocarbons and 
waste dumping also put pressure on coral ecosystems.

Coastal erosion, resulting from increased land subsidence from groundwater 
extraction, sediment starvation as a consequence of inland dam and irrigation 
barrage construction, and off-shore mining of sand are notable problems in some 
localities in the region. The high volume of maritime traffic, and increasing num-
bers of international tourist arrivals, pose additional threats to the marine and 
coastal environments of the region. Although the consequences of marine envi-
ronmental pollution are becoming increasingly evident, the level of pollution in 
most coastal waters is still manageable. The countries of the Asia-Pacific region 
have joined various international and regional agreements to resolve the problem. 
The situation in the coastal zone has improved in a few localities in the region. 

TABLE 3.3.2. Expert projections on possible changes in the 5 R@R threat indicators in 
SEA 10 years from now (2014) compared to the 2002 analysis. (From Wilkinson 2004.)

Coastal
develop-
ment Brunei Cambodia Indonesia Malaysia Myanmara

Philip-
pines

Singa-
poreb

Thai-
land

Viet-
nam

Û Ò Û Ò Unable to 
deter-
mine

Ò Û Û Û

Marine-
based
pollu-
tion

Û Ò Û Û Unable to 
deter-
mine

Ò Û Û Û

Sedimen-
tation

Û Ò Û Û Unable to 
deter-
mine

Û Û Û Û

Overfish-
ing

Û Unable to 
deter-
mine

Unable to 
deter-
mine

Û Unable to 
deter-
mine

Û Û Û Û

Destruc-
tive 
fishing

Û Unable to 
deter-
mine

Unable to 
deter-
mine

Û Unable to 
deter-
mine

Û Û Û Û

a R@R calculation for overfishing threat in Myanmar not reflective of actual condition; ranking 
reflected here are based on expert opinion
b Threat estimates for Singapore using R@R calculations not reflective of actual conditions; 
ranking reflected here are based in local expert opinion
Û No significant change expected
Ò Increase in threat likely, given current status of reefs, their management and projected coastal 
development over the next 10 years
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Moreover, there are other threats to coral reefs such as coral reef bleaching, over-
fishing, destructive fishing, use of poison, bomb fishing and the aquarium trade.

The snap-shot of expert estimates for the 2004 R@R threat indices for 
Southeast Asia (reference) reflects slight (1–5% increase from 2002) to moderate 
(5–15% increase) increases in all five key indices, mostly in coastal development,
marine-based pollution and sedimentation (Cambodia, Indonesia, Malaysia,
Philippines, Singapore, Thailand, Vietnam), with slightly fewer increases 
in over-fishing and destructive fishing (Cambodia, Indonesia, Philippines, 
Vietnam). As with the 2002 assessment, the leading threats in 2004 are still 
attributed to over-fishing and destructive fishing, with coastal development 
beginning to show increased impacts. The proportion of the projected five 
threat indices for each country in 2004 is illustrated in Table 3.3.2.
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3.3.3 Ecological Changes in Sea-Grass Ecosystems 
in Southeast Asia

Miguel D Fortes
Marine Science Institute CS, University of the Philippines,
Diliman, QC 1101, Philippines

Sea-grass Habitat Profile of Southeast Asia

Sea grass beds are a discrete community dominated by flowering plants with 
roots and rhizomes (underground stems), thriving in slightly reducing sedi-
ments and normally exhibiting maximum biomass under conditions of  com-
plete submergence (Fortes 1995). They grow best in estuaries and lagoons 
where they are often associated, physically and ecologically, with mangrove 
forests and coral reefs, often forming the ecotone between these two diver-
gent ecosystems. Sea-grass bed, as an ecotone, is an area of  tension between 
these two habitats. It mediates the structural and dynamic components of 
the neighboring ecosystems via control of  material, water, and energy flows 
between them. More importantly, sea-grass meadows support a rich diver-
sity of  species from adjacent systems and provide primary refugia for both 
economically and ecologically important organisms. As such, sea-grasses are 
sensitive to fluctuations because species coming from their neighboring sys-
tems encounter “marginal conditions” and are at the extremes of  their toler-
ance levels to environmental alterations. This sensitivity makes sea-grasses 
useful indicators of  changes not easily observable in either coral reefs or 
mangrove forests.

The centres of sea grass diversity have a clear focus in the seas of East Asia, 
reaching up to southern Japan, and a second focus of diversity in the Red Sea 
and East Africa. Fortes (1990, 1995) have reviewed the sea-grass resources of 
Southeast Asia, discussing their status and potential as a resource, as well as 
their environmental roles and prospects for management. So far 16 species of 
sea grasses have been identified in Philippine waters (Fortes 1989) while 14 
species have been reported from Indonesia (Kuriandewa, personal communi-
cation, 2004). Currently Australia has the highest number of sea grass species, 
with a total of 30 (Kuo and Larkum 1989). In other parts of the region, where 
conditions are favorable, sea-grass beds can also be extensive, though often 
less dense (ESCAP/ADB 1995). The boundaries of sea-grass bed distribution 
in East Asia are uncertain as there have been few detailed studies and only 
shallow beds can be seen in satellite and aerial images.

The uses of  sea-grass systems are well known. They support a rich diver-
sity of  species from adjacent systems and provide primary refugia for both 
economically and ecologically important organisms. Most of  the major 
commercial fisheries in the region occur immediately adjacent to sea-grass 
beds. Globally, sea-grass systems occupy an area of  about 600,000 km2, con-
tributing 12% of  the total carbon storage in the ocean (Duarte and Cebrian 
1996). The contribution of  sea-grass beds of  the East Asian seas to these 
figures is not known.
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Sea-grass Resource Status in Southeast Asia

For decades the main interests of marine scientists of Southeast Asia focused 
almost solely on the corals, seaweeds, animals or fish that either live in coastal 
habitats or are associated with them (Fortes 1989). On the other hand, the tra-
ditional orientation of the region’s marine science has been to view the ocean 
as a deep water mass, neglecting the shallow coastal fringes where sea grasses 
abound. Investigators with an interest in sea-grass research are few. Priorities 
for research and developmental activities are usually directed towards other 
resources with immediate economic impacts. Ironically in Southeast Asia, 
where the second highest sea-grass diversity in the world is found, the sea-
grass ecosystem has been a focus of scientific inquiry only in the last 15 years 
and, as an object of natural resource management, only in the last 8 years.

Particularly in terms of sea-grass resources, a large percentage of Southeast 
Asia’s coastline remains unstudied. Despite the high biodiversity and  abundance
of sea grasses in the region, there is still poor understanding of the habitat. 
Hence, it appears only marginally useful when, in fact, the  ecosystem plays 
significant economic and ecological roles. It is the high diversity and abun-
dance of sea grasses, however, which makes them highly vulnerable, especially 
to human perturbation. Since the early 1990s, the current rate at which we 
are gaining information on sea grasses is lower than the rate the resources are 
being lost and degraded.

Table 3.3.3 briefly describes the current status of sea grasses in Southeast 
Asian countries. The Philippines, Indonesia, Malaysia, Thailand, and Vietnam
have relatively large resources of sea grasses. The other countries may have 
sizeable beds but these are presently unknown. The areas of sea grasses 
reported are estimates from selected study sites, not reflecting the area for the 
country. The total area reported for Indonesia is as yet unconfirmed.

Sea Grass Decline in Southeast Asia: The Issues

In Southeast Asia sea grasses are under threat due to the loss of  man-
groves which act as a “filter” for sediment from land, coastal development, 
urban expansion and bucket dredging for tin (Lean et al., 1990). Other 
threats include, substrate disturbance, industrial and agricultural runoff, 
industrial wastes and sewage discharges. At the Seagrass Workshop held 
in Bangkok in December 1993, seagrass scientists of  the ASEAN-Aus-
tralia Living Coastal Resources (LCR) project indicated that sea-grass 
habitats in the region are rapidly being destroyed. In Indonesia about 
30–40% of  the sea-grass beds have been lost in the last 50 years, with as 
much as 60% being destroyed around Java. In  Singapore the patchy sea-
grass habitats have suffered severe damage largely through  burial under 
landfill operations. In Thailand losses of  the beds amount to about 
20–30%. Very little information on sea-grass loss is available from Malaysia. 
In the Philippines sea-grass loss amounts to about 30–50%.

In Southest Asia sea-grass beds are also under increasing threat of coastal 
pollution (Fortes and McManus 1994). Estuaries in most parts of  urbanized 
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coastal capital cities, in particular, are among the worst off. They suffer the 
added pressures of coastal development, loss of habitat and over-fishing. In 
most other places in the world, despite national and international agreements 
on priorities and frameworks for wetland conservation, many sea-grass beds, 
and the species that depend upon them, continue to be threatened, degraded, 
or lost through human action, both direct and indirect.

The major long-term threat to sea-grass ecosystems in Southeast Asia is 
derived from coastal eutrophication (Fortes 2001). A particular problem in 
embayments with reduced tidal flushing, nutrient loading or eutrophication 
results from wastewaters which reach the coasts from industrial, commercial 
and domestic facilities. In addition, inadequate septic systems, boat discharge 
of human and fish wastes, and storm drain run-off carrying organic waste and 
fertilizers add substantially to the load. Eutrophication-mediated enhance-
ment of growth in many plant forms results in reduction of light. Ultimately, 

TABLE 3.3.3. Current status of sea-grass habitats in Southeast Asia.

Country Area km2 Location of beds Causes of loss

Cambodia Unknown Mostly in Kampot and Sihanoukville Disturbance by local 
people and tourists

China Unknown Futien Nature Reserve and Oinzhou 
Bay (plants might have been con-
fused with seaweeds and freshwater 
weeds)

Pollution from  agricultural 
and  domestic wastes

Indonesia 30,000* Western and eastern sections 80% lost in Banten Bay 
due to industrial 
 activities; disturbance 
by fishing boats

Malaysia Unknown Sabah, Sarawak; muddy sediments of 
the west and sandy sediments of the 
east coasts

Trawling, dredging for 
port access, land 
 reclamation

Philippines 978 From 96 sites, mostly in northwestern, 
western, and southern sections, with 
outlying islands having sizeable beds

Eutrophication, siltation, 
pollution, dredging, 
unsustainable fishing 
methods

Singapore Unknown Used to have sizeable beds around the 
islands, now only at the southern 
coral islands

Land reclamation and 
dredging for port con-
struction, boat traffic 
and oil pollution from 
ships and industry

Thailand Unknown Gulf of Thailand to the east, Anda-
man Sea to the west

Trawlers, pollution and 
sediment from ponds, 
tourism industries

Vietnam Unknown All along its coasts, but mostly from 
the middle to the southern sections

Sedimentation, pollution 
from domestic and 
agricultural sources

*From partially verified satellite data
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the cause of nutrient loading along the region’s coasts is people - increased 
population density increases the problem.

The coastal environmental problems perceived as exerting the most severe 
impact on the coastal and marine environment in Southeast Asia in the last 
decade are given in Table 3.3.4.

Causal chain analysis (Fortes 2001) revealed that these problems arise not only 
from overpopulation but also as a result of the use of inappropriate  technology, 
people’s consummate attention to the material and political, and insensitivity 
to the cultural aspects of human life. It is the product of these 4 primary forces 
that is really responsible for the crises in our coastal and marine environment. 
With the growing complexity of the interrelationship between society and the 
oceans as a resource, marine science has emerged to have a very defined role. 
This role is likely to be even greater in the future. Interestingly, after a  decade, 
the priority coastal environmental problems in the region remain  basically the 
same and the perception is carried over into the year 2020.

Table 3.3.5 shows sea-grass habitats affected or associated with land-based 
activities and environmental problems in selected coastal areas in Southeast 
Asia. SPP – number of species; A – extent of the major beds that may be 
affected; B – status and uses of the beds; C – quantification of the loads of 
sediments, nutrients, organic materials and toxic chemicals affecting the beds; 
D – identification ofther related environmental problems; E – whether or not 
there is a cure for the problems in place, x – not studied/implemented plans 
exist; xx – moderately studied plans exist; xxx – well-studied plans exist.

TABLE 3.3.4. Coastal environmental problems in Southeast Asia. 
Ranked in order of priority and classified into urgency categories 
i.e., immediate, short-term or within the next 5 years, and long-term 
or within the next 10 years or more. (Modified from UNEP 1990.)
Problem Immediate Short-term Long-term

Habitat destructiona 1 1 1
Sewage pollutiona 2 2 3
Industrial pollutiona 3 3 2
Fisheries overexploitationa 4 4 6
Siltation/sedimentationa 5 5 4
Oil pollutionb 6 6 8
Hazardous wastec 7 7 7
Agricultural pollutionb 8 8 5
Red tidesc 9 9 11
Coastal erosionb 10 10 10
Natural hazardsc 11 12 12
Sea-level risec 12 11 9

Problems marked with superscript a, b, and c are those which are known to 
impact heavily on sea-grass beds:
a Indicating severe impact
b Moderate impact
c Slight or no impact



3. Environment Problems in the Coastal Zone 135

Impediments to Addressing the Issues

The major obstacles to solving the environmental problems and issues with 
regards to the sea grasses of Southeast Asia are as follows:

 1. Lack of trained sea grass researchers – scientists from only two countries 
produce half  of the scientific papers on sea grasses in primary literature.

 2. Limited scope of work – most of the studies are focused on only 10% of 
the sea grass flora and from only two biogeographic areas of the world.

 3. The works are largely descriptive – published works are largely qualitative 
and not synthetic; hence, they have low predictive value compared to what 
is required for resource management.

 4. There are gaps in basic knowledge – no information exists on the extent, 
status, and uses of  sea-grass beds that are affected by sedimentation, 
pollution, and unsustainable fishing practices.

 5. Lack of appreciation of sea grasses – the importance of sea grasses and 
of managing these resources is generally academic and peripheral.

 6. Limited and uncoordinated research - coordination in the region’s sea 
grass research is extremely limited and fragmented.

 7. Misguided management efforts – these have remained focused mainly 
on identifying the problems and planning remedial or curative, not preventive 
measures; such efforts do not solve the problems that the marine and 
coastal environments face.

 8. Lack of enforcement of legislation – simple rules and regulations protecting 
the coastal environment and resources are not implemented, or are often 
violated where such legislation exists. Marine policy in many member 
countries remains unenforced, for various reasons.

 9. Lack of effective linkages – this is especially between marine science insti-
tutions (scientific production) and the productive sector (application).

10. Failure to consider the social and cultural dimensions – the sociocultural 
aspects of the problems sea grasses are facing have either not yet been 
studied or not perceived to be an integral part of the process.

TABLE 3.3.5. Sea-grass habitats as these are affected or 
associated with land-based activities and environmental 
problems in selected coastal areas in Southeast Asia. 
(Modified after EAS/RCU 1995.)
Country SPP A B C D E

Cambodia 6 x x xx xx x
Indonesia 13 x xx xx xxx xxx
Malaysia 12 x x x xx xx
Philippines 16 xx xx xx xx xxx
Singapore 7 x x x xx xxx
Thailand 12 x x x x xx
Vietnam 15 x x xx xx xx
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The above barriers are directly or indirectly related to the improper or non-
use of scientific knowledge that has been generated, coupled with the small 
 importance (hence, support) governments in the region give to sea grasses. 
Addressing these barriers effectively would substantially reverse the trend in 
sea-grass ecosystem degradation in the region.

The sad state of  research on sea grasses is a reflection of  the dismal state 
of  marine science worldwide. In Southeast Asia the latter has been con-
fronted. This includes the greatest barrier to its development and diffusion, 
namely the lack of  effective linkages between science institutions (scien-
tific production) and the productive sector (application). With it comes the 
other obstacles which, in the next decade, would still be a shortage of  funds 
for research, low salaries for staff, lack of  access to needed technologies, 
weak technical support infrastructure, poor public appreciation of  coastal 
resources and environment, and the relatively small number of  research-
ers trained in promoting an integrated management approach. Unless there 
is a substantial change in the legislative agenda on marine science within 
the majority of  developing Southeast Asian countries, the lack of  national 
commitments to support and encourage the development of  the science will 
remain a major deterrent.
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3.4 Fisheries-Based Industries in the Asia-Pacific 
Region: Toward the Conservation and Sustainable 
Use of Marine Resources
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3.4.1 Fish as a “Global Commodity”
Fish is an Important Source of Human Nutrition

People in the Asia-Pacific region have always relied on fish and fishery products 
as their main source of animal protein intake more than in any other region. 
The average consumption of fish per capita outside PR China is 14 kg, while 
China alone shows a consumption of 25.6 kg per capita. The Japanese still 
consume 38.7 kg per capita. There is a large gap as regards the amount 
of  consumption per capita per year between countries in the region, but a 
number of nations show the highest per capita consumption of fish in the 
world (APFIC 2004a).

Local Product is Transformed into a Regional Commodity

Fish is regarded as a typical local commodity that has been marketed within 
a narrow locality. However, during the colonial period, some traditional com-
modities like dried, salted, fermented, and boiled fish were transported to 
neighboring countries, where plantation and mining industries employed a 
huge number of immigrant workers. They could afford to consume these 
imported fisheries products at cheaper prices, together with the rice that was 
also imported. The combination of rice and fish became the basic pattern of 
food intake throughout the Asia-Pacific region. Such an interregional trade 
in fisheries products and main crops gave a great impetus to improve fisheries 
technology and enhance productivity. In Southeast Asia, Chinese immigrants 
brought and extended relatively labor-intensive technologies like the purse 
seine and the large-scale set net. These urban-based fishing industries increas-
ingly provided a great number of job opportunities and means of income gen-
eration. A number of entrepreneurial fisher folk were engaged in large-scale 
commercial production, although the great majority of them persisted with a 
self-sufficient economy.

As a Global Commodity

After World War II a strong inducement to modernize fishing technolo-
gies came from consumer markets in developed nations, especially in 
Europe and Japan. Crustacean and mollusk production increased rapidly. 
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These became major export commodities instead of  the traditional fisher-
ies products. Trawl fisheries expanded throughout the region in the 1960s 
and 1970s, and targeted these highly valuable species. The mid-1980s was 
the decisive turning point whereby fisheries products were dealt with as 
a global commodity. With the liberalization of  the food trade, fisheries 
industries in the Asia-Pacific region have since evolved into a new phase 
of  development.

Three big consumer markets have increasingly imported a wide variety of 
fisheries commodities, namely the EU, North America and Japan. Hence, 
fisheries commodities moved from the South to these markets in the North. 
The importers’ consumption behavior influenced the production and distribution of 
fisheries in the developing world. The huge Japanese market, which accounts 
for 25% of world fish imports, plays a decisive role in fisheries trade and fisheries
development in the Asia-Pacific region.

Growth in New Seafood Businesses

New seafood business grows continuously to achieve lucrative overseas 
 markets. Shrimp culture is a typical example. Aquaculture today represents 
one of  the most lucrative food industries, with a noticeable ripple effect on 
the economics of  related business. A recent case is the technical innovation 
of  ready-to-eat and ready-to-cook commodities. Following the rapid change 
of  food intake habits among consumers, Japanese-based investors opened 
up processing factories abroad that produce labor intensive, but sophisti-
cated high value-added commodities. Japan and many developed nations 
rely upon an ever-increasing supply of  frozen, processed, and cooked fish 
products from countries such as China, India, Indonesia, Thailand, and 
Vietnam, to name a few.

New Trends in the Fisheries Trade

The Asia-Pacific region has grown as a huge center of the seafood-processing 
industry, having caused drastic changes in the inflow and outflow of fisheries 
commodities. Seafood processing that has to procure the bulk of standardized 
and graded raw materials strongly drives aquaculture development. Cultured 
shrimp and fish are cost-effective raw materials. Shrimp aquaculture provides 
the base of this industry. It is well known that aquaculture is primarily a 
developing-world industry. Asia accounts for 87% of global aquaculture pro-
duction by weight (IFPIC and WFC 2004). Aquaculture and seafood processing 
have developed side by side in the Asia-Pacific region.

The flow of fisheries trade from South to South and from North to South 
has increased. The seafood processing industry is likely to reduce its depend-
ence on wild fish as raw materials. Naturally, too, it is likely to procure 
imported materials to achieve further business efficiency and sustainability. 
Large exporters, whose seafood industry has suffered from the shortage of 
domestic raw materials, suddenly incline at the import of  standardized raw 
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materials. Thailand, China, and Vietnam are good examples. Within the 
Asia-Pacific region, new flows of  fisheries trade have emerged.

Under the WTO regime the liberalization and globalization of fisheries 
trade has pushed forward a challenging business model of export-oriented 
seafood production. A seafood company is dedicated to importing raw mate-
rials such as salmon, trout, cod, prawn and shrimp, squid and any other 
species that are available for processing. It produces high value-added products 
by adopting labor-intensive technology, and exports them to Japan, Korea, 
the USA, and EU. Fast-food and chain restaurants, take-out shops and big 
supermarkets are major customers of these products, purchasing the com-
modities through many different distribution channels.

The Appearance of East Asian Markets

As the Chinese economy shows a sharp rise in per capita income, the total 
per capita consumption of  food fish represents an annual growth rate of 
10.4% (1985–1997). Consumption per capita increased almost 5-fold from 
1997 to 2003. It increased almost 10-fold from 1981 to 1997. While import-
ing raw materials for export-oriented seafood business, China purchases a 
wide variety of  fish and ingredients from the Southeast Asian and Pacific 
islands. In East Asia, Japan, and Korea have just begun to export high value 
species to Chinese markets. The trade relation between China and these 
countries changes interactively (Fig. 3.4.1), as if  Japan, Korea, and China 
constitute the sole sphere of  consumption markets. Many Asian and Pacific 
nations are deeply connected with such enlargement of  consumer markets, 

FIG. 3.4.1. Trade flow of fisheries products (1999–2001).
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whereby they obtain the chance of  exporting any possible valuable product. 
Together with high value-added products, fresh and live fish and traditional 
processed commodities, aquarium fish are also being increasingly traded.

3.4.2 Development of Marine Capture Fisheries 
and Aquaculture Production Trends
Development Process of Marine Capture Fisheries

Starting with Full-scale Development

Marine capture fisheries in the Asia-Pacific region started full-scale develop-
ment in the 1960s. According to the FAO’s statistical data, the region produced 
44.7 million tonnes in 2002, accounting for 48.0% of the world total produc-
tion. Five countries are ranked in the top-ten, namely, PR China, Indonesia, 
Japan, India, and Thailand.

Figure 3.4.2 shows the long-term trends of fisheries production in Asia 
(excluding PR China). The period from the 1950s to the present may be 
divided into three development stages: rapid growth, extent of growth, and 
fluctuations. The first stage (the 1950s to the 1970s) represents a full-scale 
development with structural changes in production and utilization. Through 
the modernization of fishing technology and the use of engines in boats, 
traditional and self-sufficient fisheries evolved into the productive and mar-
ket-oriented ones. Lucrative marketing of crustaceans and mollusks greatly 
attracted new investors from both inside and outside fisheries. The total catch 
effort kept increasing until the 1970s.

The most striking changes in marine capture fisheries were landed species 
and their utilization. Especially in Southeast Asia, where trawl and trawl-
modified technologies were widely expanded, demersal species accounted for 

FIG. 3.4.2. Capture production in China and Asia excluding China between 1950 and 
2002. (From FAO Yearbooks of Fishery Statistics, APFIC Status and aquaculture in 
Asia and the Pacific.)
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the greatest majority of catch in volume, while crustaceans represented the 
larger portion in terms of value. As regards utilization, “trash fish” became 
one of the most important species, being defined as low-value fish in eco-
nomic terms. In Thailand this economic category represented more than 
half  the total catch. It was utilized as non-eligible fish, being processed into 
fish meal and oil. Yet another change was the destinations of export. Most 
countries much preferred to export high-value species, like crustaceans and 
mollusks to the developed world, particularly Japan, rather than sticking to 
traditional neighboring trade.

Dual Structure and the “Tragedy of Commons”

In the second stage, namely “extent of growth”, technological innovation 
rapidly advanced even in the small-scale fisheries sector. Coastal small-scale 
fishers were involved in commercial production on a very small scale. At this 
stage strong competition occurred, not only between commercial and small-
scale fishers, but also within the small-scale fisheries sector. Under the de 
facto open-access regime the principle of “first-come-first-served” became the 
watchword. The decrease and depletion of coastal marine resources became a 
social constraint. The “Tragedy of Commons” characterized the second stage 
of development. Moreover, the dual structure of fisheries production was 
firmly established: a small number of fisheries establishments (commercial 
fisheries sector) shared the greater majority of the catch, while a tremendous 
number of fisher folk (small-scale fisheries sector) had a much smaller por-
tion. There appeared a large difference with regard to productivity between 
the two sectors. Because of the scarcity of marine resources and the lack of 
job opportunities outside fisheries, the poor remained marginalized in the 
coastal community and tended to increase their catch efforts without com-
promise, leading to a “vicious circle of poverty” that accelerated over-fishing 
and overcapitalization of coastal fisheries, which, in turn, led to the collapse 
of coastal marine resources.

Falling into Stagnation

In the 1990s, fisheries production in the Asia-Pacific region fell into stagna-
tion. Production in Asia reached a peak of 24.7 million tons in 1989.

Figure 3.4.3 shows that the main species were pelagic marine fish from 1950 
to 2002. This fishery increased moderately from about 2 million tons in 1950 
to 5.5 million tons in 1973, and then grew rapidly and reached a peak of nearly 
11.7 million tons in 1988. Subsequently, there was a downward trend and 
by 2002 it fell to (9.4 million tons). The catch of demersal species increased 
gradually from about 1.5 million tons in 1950 to 5.2 million tons in 1974, 
and decreased to nearly 4 million tons in 1983 before it fluctuated in 2002. In 
Southeast Asia a rapid increase in the marine catch after the 1960s was attributed to 
the rapid development of trawl fisheries. Demersal fish, even today, account 
for the majority of fish landed. Other species like freshwater/diadromous fish, 
crustaceans and cephalopods grew stably.



142 H. Sekiguchi and S. Aksornkoae

Replacement of Position by other Asian Countries

Fisheries production in Southeast Asian nations increased dramatically dur-
ing these two decades (Fig. 3.4.4). Japan and Korea peaked in terms of fish-
eries development and carrying capacity in the 1970s. Their dominance has 
since declined. Nowadays, they are large importers of fisheries commodities, 
ranking in the top 10 among world importers. They had to undertake struc-
tural adjustment programs, including a reduction in the number of fishing 
boats and the creation of alternative job opportunities outside fisheries. Fish-
ing technology and accumulated capital in these countries have been trans-
ferred to Southeast Asia. This includes the tuna fisheries. Under the influence 
of the WTO and FTA, Japan and Korea may never recover their former posi-
tions in Asian fisheries.

Aquaculture Development and its Impact

While marine capture fisheries are on a downward trend, aquaculture has been 
expanded throughout the Asia-Pacific region. It has dramatically increased its 
share of the total marine production, which nowadays accounts for more than 
30%. The development of shrimp culture is the foundation of the aquaculture 
industry today. It is well known that aquaculture is primarily a developing-
world industry. Asia accounts for 87% of global aquaculture production by 
weight (IFPIC and WFC 2004). Freshwater, rather than marine, culture used 
to flourish, which is linked to agricultural production such as rice cultivation, 
livestock and poultry farming. Since the 1980s, technological innovation has 
advanced rapidly in marine and brackish water aquaculture. Many species 
of marine fish are produced and exported to neighboring countries. Stan-
ardization of aquaculture technology is the foundation for the rapid increase 
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in production through the Asia-Pacific region. Regardless of whether they 
are large or small scale, aquaculture-related companies that are involved in 
feeding, hatcheries, disease control, equipment, processing, and marketing, 
vigorously attempt to integrate any farmer into their business chains and net-
works. Supported by the growth of aquaculture-related industry, farmers can 
specialize in production by adopting highly productive technology that has 
grown in cost-effectiveness. Division of labor has been firmly established in 
this industry. Naturally, a number of Asian-based companies have grown to 
become mature as multinationals, conglomerate enterprises covering a wide 
variety of the food business. However, too rapid development in aquacul-
ture production has had a negative impact in various ways, which has caused 
environmental problems including mangrove destruction, water pollution, 
and the escape of genetically modified species that potentially have a negative 
effect on wild species. Such consequences of aquaculture development may 
not be calculated into the formulation of market prices. This is considered to 
be negative “externality”, which has increased tremendously.

3.4.3 Issues of Responsible Production in Marine 
Fisheries and Aquaculture
Emphasizing the Participatory Approach and Community-based Coastal 
Resource Management (CBRM)

The de facto open-access regime of utilizing marine resources is regarded as a 
great obstacle, as this tends to cause the “Tragedy of Commons” everywhere 
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in the Asia-Pacific region. In spite of  the enactment of  fisheries laws and 
regulations, local fisher folk still face illegal and unreported fishing opera-
tions that damage the coastal resources and the environment. It is not only 
commercial fishing vessels, but also the small-scale fisher folk themselves, who 
often adopt destructive fishing gear with which to satisfy their quality of life 
on a daily basis. In coastal communities, because of the scarcity of alternative 
livelihoods, the fisher folk tend to overfish and overinvest in cost-effective and 
productive, but destructive and nonselective technologies.

In developing countries, a vigorous attempt has recently been made to 
explore the participatory approach and decentralized management. Taking 
the place of the top-down approach, citizens’ and stakeholders’ participa-
tion in the decision making of fisheries management is greatly emphasized, 
while enhancing awareness of the sustainable use of marine resources. In 
the 1980s and 1990s community-based resource management (CBRM) was 
widely accepted in the region, and a number of pilot projects were designed 
and implemented. Through the experiences and lessons gained in the projects, 
many nations started to enact new fisheries laws and regulations that would 
institutionalize decentralized and locally based coastal resource management.

Law Enforcement Through Establishing a Practical Framework of Locally 
Based Coastal Resource Management

Because of poor law enforcement, illegal, unreported and unregulated (IUU) 
fishing has extended throughout the Asia-Pacific region, together with com-
mercialization in fisheries production. Nationwide registration and licensing 
are composed of multiple administrative arrangements. It is unlikely that one 
sole entity can manage and control the different types of fisheries. Multiple 
administrative organizations undertake registration and grant permission for 
fishing according to the types of fisheries and the kind of resource management.

Especially in coastal fisheries, a locally based management body, with 
authority granted, should enhance the capability of monitoring, control, 
and surveillance. There should be an appropriate mechanism in the decen-
tralization that forces such a body to ensure resource users’ compliance in the 
coastal fisheries. However, as small-scale fisher folk have very few options for 
their livelihood other than fisheries, flexibility, and tolerance are substantial 
elements in drawing up a practical local registration and licensing system. A part
of coastal resources might be continuously under an open-access regime, so 
that local people can access a common-pool of resources for their livelihood 
and diet.

At this moment, the CBRM approach is at a watershed. Establishing local 
and nation-wide networks of CBRM, like bay-based management bodies, 
should be given a higher priority. While emphasizing citizens’ participation in 
the decision making process of resource management, and taking into account 
local realities, a CBRM approach evolves into comanagement (CM) that will 
share responsibility between stakeholders and government, and between local 
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and central bodies. More practical and sophisticated approaches should be 
developed, rather than stressing one sole approach. This is the latest challenge 
for coastal resource management programs in the Asia-Pacific region.

Integrated Approaches to “Responsible Fisheries”

The FAO has proposed the establishment of responsible fisheries at regional 
level. In conjunction with this initiative, many nations are establishing “codes 
of conduct for responsible production” in marine fisheries and aquaculture. 
The Southeast Asian nations form the codes for fishing operations, management,
aquaculture, and postharvest. They have come to realize that establishing 
ethics among resource users is a prerequisite for the implementation of 
responsible fisheries, besides preparing for the institutional arrangements 
of  MCS. Enhancing resource user’s awareness is a decisive tool to secure the 
sustainable use of resources.

In most developing countries over-fishing is a problem of poor law 
 enforcement – also the problems related to open-access fishing regimes, stagnation,
declining or booming economies, lack of any alternative income sources and 
poverty (White et al., 1998). Poverty alleviation and the sustainable use of 
coastal resource management are indispensable elements in the improvement 
of life in overpopulated coastal areas. Fisher folk and their family members 
must increase alternative sources of income inside and outside fisheries in 
order to reduce their heavy dependence on coastal resources. Without such 
an approach to their livelihood, they can hardly accept the ethics and spirit of 
the code for responsible fisheries.

International Cooperation and Transborder Management

There is a pressing need to organize a regional fisheries body (RFB) that is in 
charge of managing common fishing grounds among related nations and has 
a mandate for species groups that migrate across state boundaries (APFIC 
2004b). In the Asia-Pacific region a number of RFBs have appeared. They 
have different objectives, but all have a coordinating function among nations, 
share fish stocks and exchange information between members. In particular, 
collaborative efforts to control IUU fisheries are required for the sustainable 
use of common-pool resources.

Trans-boarder management is not such a new topic in the Asia-Pacific 
region. Fisheries conflicts between neighboring countries often occur. How-
ever, central governments have not solved these conflicts. Traditionally, 
fishing operations were carried out beyond the boarders everywhere. Even 
nowadays, fisher folk catch common-pool resources around or across the 
borders. Decentralized and local management bodies might take charge of 
coordinating IUU fishing operations, in collaboration with those local bodies 
in neighboring countries. A regional fisheries body and agreement are antici-
pated to support such locally based, transborder management, particularly in 
the East China Sea and South China Sea.
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Food Security and Multifunctions of Fisheries in the APFIC Region

Food security cannot be achieved simply by increasing food production. Acces-
sibility is one of the most essential elements of food security, while quality and 
variety should be acceptable within a given culture (Hotta 2003). Sustainability 
of marine resources must be secured for future generations. This is also related to 
the multifunctional nature of fisheries and coastal communities. However, under 
an expanding market economy, excessive demand for fisheries products leads to a 
rapid exploitation of valuable marine resources. With global free trade, the Asian 
and Pacific nations are under pressure to open domestic markets and import 
fisheries products freely. Some of the nations have great difficulty in protecting 
their domestic fishing industry that contributes to the growth of the national and 
local economy. As a result, multiple roles of fisheries and coastal communities 
are weakened, which will ruin various externalities with noncommodity outputs 
of fisheries (such as conservation of the environment, biological diversity, land-
scape, culture, and society) that cannot be calculated in monetary value.

How to sustain the multifunctional nature of  fisheries and coastal 
communities are regarded as non-trading concerns (NTC) in the WTO. 
Many developing countries stress that developed countries should remove 
all barriers for free trade. On the other hand, large importers like Japan and 
Korea insist on holding import barriers, to support domestic fisheries. This 
is a very controversial issue, which may affect the conservation of the coastal 
environment and the revitalization of fisheries-based society.

Conclusion

Fisheries and aquaculture in the Asia-Pacific region have grown to be highly 
commercialized and productive. A strong inducement to develop capital-
intensive fisheries comes from foreign demand for high-value species. Not 
only large-scale but also small-scale coastal fisheries are put into operation 
in cost-intensive and labor-intensive ways. Their fishing operations are also 
resource-exploitative in nature. Fisheries and aquaculture attract enormous 
amounts of capital inflow, providing employment opportunities and income 
sources to local society. Under the de facto open-access regime, little control 
over excessive investment in the means of production has been achieved so 
far. In most developing countries, fisheries and aquaculture have a funda-
mental role in sustaining the livelihood of the rural poor in the Asia-Pacific 
region. For their survival and food security, the fisheries sector brings flexible 
and diverse forms of income generation (FAO and NACA 2004).

However, the rural poor cannot keep pace with the recent development of 
commercial production by adopting highly productive technologies. Because 
of the lack of alternative livelihoods, they are likely to increase their catch 
efforts without any consideration of the maximum economic yield, or even 
beyond the maximum sustainable yield. Such short-sightedness aggravates 
the coastal environment and habitat problems. Depletion of renewable 
resources occurs everywhere in the Asia-Pacific region. Meanwhile, conflicts 
between the fisheries sector and other industrial purposes are increasing. The 
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livelihood of fisher folk is threatened by other industries. This also quickens 
enlargement and expands the vicious circle of rural poverty.

It is time for the Asia-Pacific nations to direct their attention toward realizing
“responsible fisheries” and “environmentally-friendly aquaculture” in order 
to achieve the sustainable use of renewable marine resources and improve the 
multi-functional nature of coastal communities.
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3.5.1 Introduction
Tourism, as defined by the World Tourism Organisation, ranges from an 
incipient to a highly established industry in the Asia-Pacific region. In this 
section, tourism will be considered only in the coastal countries of the Asia-
Pacific region. Except for the last few years, these countries have witnessed a 
healthy growth in the industry in the past two decades (Table 3.5.1).

Since the 1960s growth in tourism has been attributed to several factors: 
an increase in intraregional travel; high rates of economic growth; reduced 
travel costs; and increased leisure time (Mak and White 1992). Many destina-
tions had negative growth following the terrorist attacks of 11 September 2001 
in New York and Washington, the Bali bombing of 12 October 2002, and 
the Severe Acute Respiratory Syndrome (SARS) in early 2003. Generally, the 
region has recovered, but not uniformly. The recent Indian Ocean tsunami has 
also impacted negatively on the tourist industry of Thailand and Sri Lanka.



148 H. Sekiguchi and S. Aksornkoae

TABLE 3.5.1. Coastal Asia-Pacific tourist arrivals, 1980, 1990, 2000, and 2002.
 Tourist arrivals (thousands)
Countries 1980 1990 2000 2002

EAST ASIA

China 5,703.0 27,462.0 83,444.0 97,908.0
Hong Kong 2,801.0 6,581.0 13,059.0 16,566.0
Japan 1,317.0 3,236.0 4,757.0 5,239.0
Macao 641.0 5,942.0 9,162.0 11,531.0
Rep of Korea 976.0 2,959.0 5,322.0 5,347.0
Taiwan* NA NA 2,624.0 2,978.0

SOUTHEAST ASIA
Brunei 270.0 377.0 1,307.0 NA
Cambodia NA NA 466.0 786.0
Indonesia 561.0 2,173.0 5,064.0 5,033.0
Malaysia 2,105.0 7,446.0 10,222.0 NA
Myanmar 38.0 21.0 208.0 NA
PN Guinea 40.0 41.0 58.0 NA
Philippines 947.0 894.0 1,842.0 1,849.0
Singapore 2,562.0 5,320.0 7,691.0 7,567.0
Thailand 1,859.0 5,299.0 9,509.0 10,799.0
Vietnam NA 250.0 1,383.0 NA

SOUTH ASIA
Bangladesh 57.0 115.0 199.0 207.0
India 1,204.0 1,707.0 2,641.0 NA
Pakistan 299.0 424.0 557.0 498.0
Sri Lanka 322.0 298.0 400.0 393.0

OCEANIA
American Samoa 20.0 26.0 NA NA
Australia 950.0 2,215.0 4,931.0 4,841.0
Cook Islands 22.0 34.0 73.0 73.0
Fiji 185.0 279.0 294.0 NA
Fr Polynesia 89.0 132.0 252.0 189.0
Guam 301.0 780.0 1,287.0 NA
Kiribati 2.0 3.0 4.0 NA
Marshall Is NA 5.0 15.6 14.0
Micronesia 6.0 8.0 33.0 14.0
New Zealand 445.0 976.0 1,649.0 1,956.0
Niue 1.0 1.0 1.6 2.1
N Mariana Is 119.0 426.0 517.0 NA
Palau NA 33.0 58.0 NA
Samoa 45.0 48.0 88.0 NA
Solomon Islands 6.0 9.0 NA NA
Tonga 13.0 21.0 35.0 NA
Tuvalu 1.0 1.0 1.0 NA
Vanuatu 22.0 35.0 50.0 NA

*WTO 2004.
NA = not available.
Sources: UNESCAP Statistics Division 2004; WTO 2004
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The intraregional flows, especially in Northeast Asia, are an important 
factor to be considered for the future development of tourism in the region 
(Table 3.5.2). China is expected to be a major player by virtue of its population 
size, vast tourism resources, and positive government policies on development 
(Zhang and Lew 2003).

3.5.2 Development and Patterns
The traditional attraction of water in the Asia-Pacific region dates back before 
modern coastal tourism. Visiting spas was a traditional recreational activity 
in Japan and Korea. In East Asia, Lushan in China and Nagasaki in Japan 
were the first to be used as coastal retreats by foreign travellers. Southeast 
Asia’s first coastal resort is Hua Hin in southern Thailand (Franz 1985).

Modern coastal tourism in Southeast Asia developed after the War World 
II at Kuta, Batu Ferringhi, and Pattaya. With the setting up of many Asian 
airlines in the 1950s, and boosted by the founding of the Pacific Asia Travel 
Association (PATA) in 1951, tourism in the region developed rapidly. Except 
for the socialist countries, for many countries in the Asia-Pacific region tour-
ism came of age in the 1980s (Muqbil 1991).

Coastal tourism in the Asia-Pacific region has some distinctive features. 
East Asia and southern Australia and New Zealand have a distinctive tourist 
peak in summer, in contrast to the rest of Asia-Pacific which has virtually 
an all-year tourist season. Some significant patterns, features and factors of 
modern coastal tourism development will be highlighted for countries in dif-
ferent subregions.

Industrialization in Japan has blighted much of the country’s coastline. The 
best beaches are on the islands of Okinawa, and the Izu and Ogasawara islands 
south of Tokyo. Okinawa enjoys a subtropical climate and coastal resorts 

TABLE 3.5.2. First and second generating countries for tourists in selected Asia-Pacific 
countries, 2002.(Computed from data in World Tourism Organisation 2004.)

Country % total arrivals 1st country 2nd country

EAST ASIA
China 36.6 Japan (21.8) Korea (15.8)
Japan 40.1 Korea (24.3) Taiwan (16.8)
Korea 53.5 Japan (43.4) China (10.1)

SOUTHEAST ASIA
Indonesia 39.1 Singapore (25.6) Japan (13.5)
Malaysia 65.6 Singapore (56.8) Thailand (8.8)
Singapore 28.5 Indonesia (18.3) Japan (10.2)
Thailand 23.7 Malaysia (12.3) Japan (11.4)

SOUTH ASIA
India 34.5 Bangladesh (18.3) UK (16.2)

OCEANIA
Australia 31.1 New Zealand (16.3) Japan (14.8)
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were established during the 1970s. Several factors favored the development of 
coastal recreation and tourism in Japan. During the oil crisis in early 1970s 
economic restructuring was undertaken, with the policy of regional develop-
ment based on leisure and construction industries. The Tourism and Recreation 
Promotion Act of 1987, also known as the Resort Act, was a boost to coastal 
tourism development (Rimmer 1992). Working hours were reduced in 1988. 
This encouraged the development of holiday and leisure resorts, which saw an 
exponential growth in the 1990s (Harada 1994). In 1993 Japan built the only 
indoor-controlled beach environment in the Asia-Pacific region at Miyazaki.

In Korea rapid economic growth from the 1980s spurred tourism development 
and outbound travel was eased in 1989 (Kim and Kim 1996). Coastal resorts 
are insufficient on the mainland and those on Cheju Island are suitable for 
international tourists. The government has comprehensive plans to develop 
tourism belts in the east, west, and south coasts and favoured a three-party 
(central government, local government, and private sector) investment 
approach for tourism development (Jung 1999).

With its “open door policy” dating from 1978, China is a late entry in tourism
development in Asia-Pacific. It faces many problems, many of which are similar
to those of other developing countries in the region (Hall 1994). The government
has selected five pilot zones (the Bohai Bay Rim, the Yangtze River Estuary 
and the Hangzhou Bay Area, the southeastern offshore area of the Fujian 
Province, the Pearl River Estuary, and the Beibuwan Bay Area) for developing 
the oceanic economy with coastal tourism as part of the development. Half  
of the state-designated tourism resorts are at coastal sites: Beihai (Guangxi), 
Sanya (Hainan), Putian (Fujian), Dalian (Liaoning), Qingdao (Shandong), 
and Heng Sha Island (Shanghai) (Xiao 2003). Hainan is the most popular 
coastal resort with international tourists. Taiwan lacks beaches for the devel-
opment of seaside resorts except in the south at the Kenting National Park.

India’s international coastal resorts are at Goa and Kerala. Under the current 
10th Five Year Plan (2002–2007) a number of sites on the west coast of India 
are being developed as beach resorts by the private sector. Because of easier access 
by air, these sites will primarily be on the beaches of Goa, Kerala and North 
Karnataka. The Nicobar and Andaman islands are international diving sites. 
During the Tenth Plan, Kochi in Kerala and the Andaman and Nicobar Island 
will be developed as international cruise destinations because of their proximity 
to international cruise routes and their exotic appeal. In Sri Lanka, Hikkaduwa 
is the most popular coastal resort stretch, located 100 km south of Colombo.

Pattaya in Thailand is probably the best-known coastal resort in Southeast 
Asia. It is near Bangkok. It grew rapidly as a result of R&R (rest and rec-
reation) activities during the Vietnam conflict. In recent years Thai coastal 
tourism is spreading from Phuket to the Andaman Triangle, focusing on 
Krabi and Phang Nga. In the Gulf of Thailand, Ko Samui and Hua Hin 
are the major coastal resorts. Indonesia has a wide range of coastal resorts, 
with international resorts concentrated in Bali, Lombok, North Sulawesi, and 
other islands in Nusa Tenggara. In the Philippines the better-known coastal 
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resorts are in the provinces of Panay (e.g., Boracay), Cebu (e.g., Mactan 
Island), Palawan, and Bohol (e.g., Panglao Island). West Malaysia is noted 
for Penang and Pulau Langkawi on its west coast and a number of smaller 
resorts off  the east coast. Vietnam is actively developing its tourism infra-
structure, including coastal resorts in Nha Trang and Phan Thiet. Myanmar 
is beginning to develop its international coastal resorts.

The Pacific islands have the advantage of a distinctive “south Pacific” or 
“Polynesian” image, with good beaches as a basis for coastal tourism development.
It is also the principal geographic focus of the surf tourism industry. Surf and 
diving tourism are increasingly important, although air access is a critical 
constraint (Buckley 2002). The smaller Pacific island nations have had much 
less success in tourism than Australia and New Zealand. Fiji, Guam, Saipan, 
Cook Islands, New Caledonia, and French Polynesia are the major tourist 
destinations in the Pacific islands.

In Australia the major coastal resorts are on the Gold Coast of Queensland.
The Great Barrier Reef is the largest single attraction, with tourism starting 
in the 1930s. There was considerable increase in the 1970s and 1980s (Craik 
1991). Marine tourism is concentrated in two small areas, at Cairns and 
Whitsundays (Harriott 2002).

New Zealand’s coasts are more important as part of scenic landscapes 
rather than for coastal tourism. The wider based coastal infrastructure sup-
ports marine tourism and also cruises to the Antarctic. The coasts are used 
primarily in summer and autumn, when water visibility is better.

Apart from other factors, Horner and Swarbrooke (2004) have indicated 
that some of  the best beaches in the Asia-Pacific region have contributed 
to the region’s tourism development. Recently PATA identified several 
dominant forces that will affect Asia-Pacific travel and tourism over the 
next few years. These include the expanding East Asian and Indian mar-
kets, more airline seats, changing demographics and improving dispos-
able income (News@PATA 17.11.2004). Another feature to note is that 
coastal tourism is being widened by marine tourism and several niche 
coastal and marine-based activities, e.g., adventure and extreme sports, 
especially in Oceania. These are being emulated in other countries of  the 
Asia-Pacific region.

3.5.3 Environmental Impacts
The development of coastal tourism in the Asia-Pacific region has been 
unplanned to a large extent. This has resulted in negative impacts on both 
the natural and human environments. Pleumarom (1996) labeled this environ-
mental degradation as the costa disasta effect, reminiscent of the experience 
of many Mediterranean coastal resorts. The worst environmental damage 
occurs in the most sensitive areas such as coastal areas, small islands and 
coral reefs. These are the same the most attractive places, and are therefore 
intensively developed for tourism.
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A preliminary study of the environmental impacts of coastal tourism in 
Asia-Pacific was carried out by ESCAP (1992). The deteriorating environ-
mental conditions resulting from coastal tourism development were further 
highlighted in the 1995 UNEP Workshop on coastal tourism held in Cha-am 
(Inter Press Service 13.2.1995). The impacts on the coastal environment are 
usually classified as biophysical (e.g., congestion within resorts, pollution, lit-
ter, the removal of vegetation cover, soil erosion) and ecological (e.g., damage 
to fragile ecosystems such as coral reefs) (ESCAP 1995). In recent years, the 
ecological aspects are being emphasized in coastal tourism, as this is threaten-
ing the region’s marine biodiversity. In particular, the construction of hotels, 
beach clubs and marinas has degraded marine and coastal environments, 
particularly coral reefs through infilling, dredging and the resuspension of 
contaminated silt (UNEP 2001).

Pattaya is a typical example of the adverse consequences of unplanned 
coastal tourism development. Within two decades it grew from a coastal village, 
and a weekend retreat for Bangkok residents, to eventually become a coastal 
resort city (Smith 1992a). The unplanned growth resulted in water pollution 
and by 1989 it was not possible to swim in the sea (Charoenca 1993). The 
decline in environmental standards reached its lowest point towards the mid-
1990s. This has been attributed to the lack of clear policy guidelines on the 
part of the government, ignorance of the value of the environment on the part 
of local people for contributing to the degradation of the environment and 
government officials’ failure to enforce the law strictly.

Even in developed countries such as Australia, coastal tourism has caused 
many environmental problems, including pollution, algal blooms, destruction of 
coastal dunes and coastal erosion (Hall 1991). However, relative to many 
other countries in the Asia-Pacific region, Australia’s legislation and controls on 
development are more environment friendly, including legislation covering 
the likely impacts on the Great Barrier Reef Marine Park (Harriott 2002).

One of  the biggest problems has been the promotion of  golf  and the 
consequentlial impacts on coastal resorts, especially in Southeast Asian 
countries. Golf  courses use a large amount of  water, introduce non-native 
species, and the fertilizers and pesticides used on the greens not only 
threaten the coastal environment but also pose some health concerns. An 
average golf  course in Thailand uses nearly 6,500 m3 of  water per day, 
enough water for 60,000 rural villagers (Traisawasdichai 1995). China is 
seen as the next country for golf  course development, but if  she exercises 
“environmental authoritarianism” the negative impacts could be lessened 
(Hildebrandt 2003).

In many instances tourism development has also accelerated coastal ero-
sion. One common example is the removal of coral for construction purposes, 
thus removing the protection function of reefs, e.g., Candidasa in Bali. Sand 
is also mined for construction or for beach nourishment elsewhere, leading 
to coastal erosion and disappearance of small sandy islands. Inappropriate 
coastal protection structures, the most common being seawalls or groins, are 
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constructed by developers without adequate understanding of beach processes 
(Wong 1998). Seawalls constructed too close to the beach encourage erosion. 
The construction of groins leads to erosion on one side of the structure, e.g., 
the one-km extension of the airport in Bali affected 300 m of beach with erosion 
badly affecting the Pertamina cottages. These had to be subsequently 
protected by a series of minor groins and beach nourishment.

Inadequate understanding of the natural environment in coastal tourism 
development has also caused a number of problems (Wong 1990, 1998). For 
example, the unnecessary removal of rocks can lead to coastal erosion. At 
the same time, the rock coast can be adapted for resorts using various coastal 
structures as well as beach nourishment and selective removal of rocks, as in 
Mactan Island, in Cebu, Philippines (Wong 1999). Changing river mouths, 
particularly within monsoon Asia, are difficult to be incorporated into the 
landscape of coastal resorts. The river mouth normally opens during most 
of the year, but is closed by a sand bar during the onshore monsoon period, 
resulting in the retention of water that becomes putrid with time. Except for 
the Maldives and the countries in Oceania, few countries in the Asia-Pacific 
region have taken into consideration the potential impacts of  a future 
sea-level rise on their coastal resorts (Wong 2005). As a result of the recent 
Indian Ocean tsunami, Thailand and other countries are considering coastal 
hazards more seriously in their tourism development plans.

3.5.4 Towards Sustainable Development
Integrated resort development, first implemented in Hawaii, was touted as the 
answer to unplanned or sporadic development in Southeast Asia. Nusa Dua 
was the first integrated resort in Southeast Asia and this was meant to be the 
model for Indonesia. However, sporadic or ad-hoc development could still 
occur outside Nusa Dua (Smith 1992b). The 23,000-ha Bintan Beach International
Resort (BBIR), a joint development between Singapore and Indonesia, is cur-
rently the largest integrated resort in the region. Each hotel environmental 
management and monitoring plans must fall within the guidelines of regional 
environmental impact assessment for the integrated resort.  Available data 
show that the overall quality of coastal water has been  maintained within the 
guidelines since the coast was opened to resort development (Wong 2003)

Rehabilitation would be a logical step for coastal resorts with an already 
degraded environment. Pattaya started its rehabilitation programme in 1997. 
The wastewater treatment capacity of approximately 13,000 m3/day was inad-
equate to handle a daily wastewater output of 20,000 m3/day. The new system 
introduced in November 2000 processes up to 120,000 m3/day, well above the 
current levels produced by the city. The coastal water quality along Pattaya 
beach has been monitored since 1993. It has improved significantly. By 2002 
the water in Pattaya Bay was clean and safe for swimming (TAT no date).

The scale and type of operation are being realized as important factors in 
the success of coastal tourism development. Integrated tourism development 
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has not been completely successful, even in developed countries. For example, 
in the Queensland coast of Australia the Integrated Resort Development Act 
provided a mechanism which did not fast-track development but instead set 
up a cumbersome assessment process (Craik 1991). The integrated resort also 
entails large investment and a longer-term return period for investors. BBIR 
has now planned smaller lots for development (Business Times, 12.2.2005). 
Within Southeast Asia small-scale and community-based sustainable coastal 
ecotourism has been implemented (Wong 2001).

For the Asia-Pacific region, sustainable management of coastal tourism would 
be within an appropriate coastal management programme that takes into con-
sideration a wider range of coastal issues and the various coastal stakeholders.

For coastal tourism to be within a coastal policy framework, it is necessary to 
consider the problems that relate resource use conflicts and resource depletion to 
pollution or resource degradation (Noronha 2004). Coastal resources manage-
ment plans and environmental impact assessments should be the top priority, and 
implemented before development takes place. For example, environmental impacts 
of tourism in the Pacific islands have much wider consequences and thus require 
broader interdisciplinary and inter-sectoral coverage within the mandate of the 
South Pacific Applied Geoscience Commission (SOPAC) and the South Pacific 
Regional Environment Programme (SPREP), while the South Pacific Tourism 
Organisation (SPTO) aims to promote sustainable coastal tourism activities.

The participation of three prime stakeholders – the local community, the 
tourist industry and the government – is necessary to attain sustainable devel-
opment. The private sector is perhaps the most problematic. Often, it is difficult 
to convince private developers of the importance of preserving long-term envi-
ronmental values. Both environment impact assessment and regional planning 
can assist in setting guidelines. Local groups could also be encouraged to take 
community-level responsibility for the conservation of the coastal resources 
and also to act as pressure groups on commercial tourism activities to conform 
to long-term, sustainable development goals (ESCAP 1995).

Coastal tourism development in Asia-Pacific will also respond differently 
as ecolabeling makes headway in the region, an indication that the industry is 
moving in the direction of more sustainable practices. In 1994 the World Travel 
and Tourism Council (WTTC) initiated the “Green Globe,” an Agenda 21-
based industry improvement programme. Green Globle aims to be the primary 
global standard of environmental commitment by the global travel and tourism 
industry. Currently, Green Globe Asia-Pacific, based in Canberra, provides the 
environmental certification program for PATA. This would affect hotels, golf  
courses, marinas, and protected areas in the coastal areas of the Asia-Pacific 
region. PATA’s own Green Leaf programme merged with Green Globe in 2000. 
The Green Globe programme is active in Australia,New Zealand, China and 
Indonesia (Green Globe website). Countries with a higher percentage of tour-
ists interested in natural attractions are seeing the advantages of environmental 
certification programmes. Since 1987, a  certification scheme for beaches and 
marinas has been applied in Europe under the Blue Flag (an ecolabeling pro-
grame for beaches in Europe). UNEP supported a feasibility workshop on the 
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Blue Flag for Malaysia, Thailand and the Philippines in August 1999 but noth-
ing has yet been implemented in these countries.

3.5.5 Conclusion
Coastal tourism in the Asia-Pacific region will continue to remain popular and 
will expand with increasing demand, especially from East Asia. At the same 
time, there will be increasing specialization in niche activities that will benefit 
islands and countries with more than just beaches. Coastal resorts are also 
increasingly aware of the importance of preserving the coastal environment 
and practice a more sustainable development. Within the coastal management 
framework, there is scope for more small-scale projects and community-based 
coastal tourism. Ecolabeling is likely to become more prevalent, especially 
with pressure exerted from the tourism industry of the developed countries 
inside and outside this region. An important point is the political will of indi-
vidual countries to enforce laws and regulations to ensure sustainable coastal 
tourism development in the Asia-Pacific region.
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3.6 Oil Spills: Impacts and Responses

Nobuhiro Sawano
Seiryo Women’s Junior Colloge,
1 Tori Goshomachi, Kanazawa, Ishikawa Prefecture, 920 0813, Japan

3.6.1 The First “Shoreline Shock” in the World
Looking back on the history of oil spills, many countries started to develop 
their own response systems after they experienced large-scale accidents with 
serious environmental consequences. The world’s first such case was the sink-
ing of the Liberian supertanker, the Torry Canyon, at Lands End, off  the 
coast of southwest England in March 1967 (Fig. 3.6.1). As a result of the 
accident approximately 93,000 kl of crude oil on the ship spewed out, and 
contaminated a total distance of about 300 km along the southwestern coast-
line of England and the northwestern coastline of France.

FIG. 3.6.1. Image of Torrey Canyon in 1967. (From http://www.lboro.ac.uk/departments/
hu/ergsinhu/aboutergs/lasttrip.html)



158 H. Sekiguchi and S. Aksornkoae

It is well recognized that the accident triggered a reexamination of the 
direct application of the “polluters pay principle”. After the first attempt by 
a Dutch company to salvage the vessel failed, the tanker owner, Bermuda 
Tanker, abandoned its ownership. Nothing was done to the wrecked ship for 
about 10 days. Finally the UK government decided to bomb the ship using 
a Royal Navy fighter jet, as they realized the polluter showed no “good will” 
to clean up the wreckage and respond to the spill. Although the accident 
brought about enormous environmental damage, it also promoted the estab-
lishment of the Marine Pollution Control Unit (MPCU) in the UK, as well 
as the Fund Convention in 1971 and the International Convention for the 
Prevention of Pollution from Ships in 1973.

Oil Spills Around the Northwest Pacific Region

In general, people are likely to think that oil spills, such as the one caused by the 
huge wreckage of the Torrey Canyon, occur only rarely. But if small-scale spills 
are included, they are, in fact, quite frequent. Spills of over 2 kl occur 400 times or 
more a year in Japanese waters alone. Table 3.6.1 lists the large-scale accidents that 
occurred in Japan, South Korea, China, and Taiwan between 1992 and 2001.

TABLE 3.6.1. List of oil spills occurring around the Northwest Pacific region. (From 
Sawano 2003.)

Date (YMD) Country Location Vessel Amount Type of oil

1992.5.1 Japan Kushiro, Hokkaido Shell Oil base 246 kl Unknown
1993.9.27 South Korea Jeonnam Yeo-

cheonsi, east 
coast of Myo 
Island

Gumdong
No.5

1,228 kl Heavy B–C

1994.10.17 China Qinhuangdao, 
Hebei

Fwa Hai No.5 Unknown Unknown

1995.7.23 South Korea Jeonnam Yeo-
cheonsi Sori 
Island

Sea Prince 5,035 kl Crude/bunker

1995.9.20 South Korea Busan South Hoy-
ongie Island

No. 1 Yuilu Unknown Unknown

1995.11.17 South Korea Jeonnamyeosu 
Honam Oil 
Refinery berth

Honam Sap-
phire

1,402 kl Crude

1996.9.19 South Korea Nine miles from 
Jeonnam Yoso 
Island

Ocean Joedo 207 kl Heavy B–C

1997.1.2 Japan Near Oki Island, 
Shimane Pref.

Nakhodka 8,660kl* Heavy C

2001.1.17 Taiwan Kenting National 
Park

Amorgos 1,150 kl Bunker

2001.3.30 China Mouth of Yangtze 
River

Deiyong 700 kl Styrene

* This volume is based on Sao (1998), official value announced by Japan Coast Gourd was 
6,240 kl.
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Both Korea and Japan experienced “shoreline shocks” relatively recently. 
After the accidents they started to revise their spill response and disaster 
management systems. Before these shocks the two countries employed quite 
similar systems and legal provisions for oil spill accidents. But in the past few 
years the systems used by each country have become highly differentiated. 
Problems that are derived from the different approaches used by each coun-
try, and the possibility of a uniform approach to tackling oil contingencies, 
will be discussed in the following sections.

Sea Prince: A Case in Korea

Accident. On June 28, 1995 the oil tanker Sea Prince loaded 260,000 t of 
crude oil at Nastanu Port in Saudi Arabia. About 3 weeks later she arrived 
at the off-coast loading bridge of Kwan-Yang Port, South Korea, and started 
unloading her cargo. During this operation the tanker received an emergency 
message on 22 July warning her of a typhoon named “Fay.” She immediately 
tried to escape to the safe zone in the bay.

While trying to escape the typhoon, she first collided with a reef near Sori 
Island due to the extreme weather conditions (Fig. 3.6.2). After the collision a 
fire started in the engine room. This stopped her main engine. Weather conditions 
at that time were classified as “Class A (Maximum) Typhoon Warning” under 
the Korean system, with wind speeds of 40 m/s and a wave height of about 
8–10 m. The center of the typhoon registered an atmospheric pressure of 
940 hPa and the storm area occupied an area 890 km in diameter. The tanker 
lost control and finally grounded on submerged rocks 27 miles away from 

FIG. 3.6.2. Location of Sea Prince in 1995.
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FIG. 3.6.3. The Sea Prince on fire near Yosu, Sori Island. (From Korean Ministry of 
Maritime Affairs and Fishery 2002.)

Gwang-Yang near Sori Island Port on July 23. The incident resulted in an oil 
spill of 5,035 t of crude, including fuel oil.

Area of the Oil Spill. Oil spilt from the ship spread a little more than 200 km 
along the coasts of Geo-Je, Busan, Ulsan, and Po-Hang from 25 km off the 
coast of Sori Island. The oil slick was even found in the sea 32 km away from 
the west coast of Tsushima Island, Japan. Discharged oil polluted 73 km of 
shoreline along many islands along the south coast of Korea, including the 
coastlines of Jeon-Nam Province (47 km) and those of Busan and Gyung-
Nam Province (26 km). The most seriously affected area was along Sori Island. 
A large number of tar balls were beached on Busan and Ulsan (Lee 2001).

Success in Fighting the Fire. Fire first broke out in the engine room of the 
ship, as it lay on submerged rock. It was impossible to put out the fire, and 
it spread to the cargo tank. This could have resulted in the hull of the tanker 
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FIG. 3.6.4. Example of oil-covered shoreline. (From Korean Ministry of Maritime 
Affairs and Fishery 2002.)

FIG. 3.6.5. Oil-contaminated aquaculture facility in Yasu. (From Korean Ministry of 
Maritime Affairs and Fishery 2002.)

exploding. A salvage and patrol ship of the Busan Maritime Police Station, a 
3,000 t (G/T) class vessel, arrived at the site of the accident at 16:00 on July 24, 
and fought the fire magnificently for about 4 h. Thanks to their success, it was 
possible not only to prevent the fire from engulfing the cargo tanks but to also 
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successfully reload most of the tanker cargo to a barge, thus preventing a spill 
of as much as 88,000 t of oil.

In the evening of the same day an oil recovery vessel of the Korean National 
Maritime Police Agency (KNMPA) deployed an 864 m boom around the 
tanker to prevent oil from mobilizing. But by that time a considerable quan-
tity of oil had already discharged into the open sea. High waves hindered 
recovery work until July 25, 1995.

Oil Recovery Work. Although large-scale oil recovery work started on July 
25, the response to the spill was filled with difficulties because, as mentioned 
above, the oil had already spread to the open ocean. KNMPA had to call out 
ships, oil-combating equipment and materials from relevant governmental 
organizations, as well as private companies, from all over Korea. As many as 
500 ships each day, including fishing boats, were mobilized for the task.

According to Lee (1997), 1,390 kl of discharged oil was recovered by large 
sized “trawl skimmers” and “screw skimmers”. However, the main cleanup oper-
ation had to depend on sorbent and dispersant application. In fact, most ships 
mobilized by KNMPA had no equipment for recovering oil from the sea.

Along with KNMPA’s cleanup operation, aerial dispersant spray onto the 
open sea was carried out by a professional oil spillage company, EARL of 
Singapore. However, the dispersant application method became a hot issue in 
the media, and later with policy makers (Lee 2005). Marine cleanup opera-
tions were carried out for a period of 19 days from July 25 to August 11, 1995 
(Korean Ministry of Maritime and Fishery 2002).

Shoreline Cleanup. Discharged oil was stranded on the shorelines of 38 
coastal villages of Jeon-Nam Province and 13 coastal villages of Busan and 
Gyung-Nam Province (Lee 2001). Firstly, screw skimmers and portable high-
pressure pumps were used to recover thick, belt-like stranded oil on the shore-
line of Sori Island. After that, oily wastes were recovered by trucks, and the 
oily shorelines were swept by ships. Moreover, weathered oil and oily wastes 
were recovered manually with ladles and shovels, mainly by policemen and 
local residents. People even wiped off  oil adhering to the surface of rocks and 
stones, using rags and sorbent. Stranded oil penetrated into the subsurface 
of the beach so excavators for construction were used to recover oily sand 
gravel. This was washed by sorbent and dispersant. This mechanical removal 
was carried out mainly around Sori Island as the island was heavily contami-
nated. Other areas deluged by oil were cleaned largely by hand. Many people 
and a great deal of time were thus required for the cleanup. To make matters 
worse, the accident occurred in the summer season, so the high temperature 
made the stranded oil lose viscosity. Low viscosity oil was hard to recover, 
so cleanup operations along the shoreline had to be carried out for 5 months 
from July 25 to December 31, 1995 (Lee 2001).

Nakhodka: A Case in Japan

On January 2, 1997, the Russian tanker Nakhodka was navigating towards 
Petropavlovsk-Kamchatski in the Sea of Japan, carrying 19,221 kl of heavy 
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C oil. Approximately 100 km off Oki Island she broke into two sections 
in heavy seas with an 8-m effective wave height, and spilled approximately 
8,660 kl of oil. There are two estimations for the amount spilt: one is based 
on the Ishikawa Prefectural Government and other authorities – 6,240 kl (e.g., 
Ishikawa Prefectural Government 1998), while the other is Sao’s estimation 
of 8,660 kl (Sao 1998). The latter estimation should be more plausible because 
a “formal value” was obtained only from the capacity of her oil tanks and 
neglected loading manual violations as well as leakage while the tanker was 
drifting toward Mikuni Town.

The tanker could not resist the force of the bending moment raised by the 
wave action in the gale; she broke into two sections. The major section of the 
ship sank to the sea floor at 2,500 m, with about 10,000 kl of oil remaining 
in her tanks. The remaining bow section of the ship turned upside down and 
drifted for 5 days in the current, until waves and wind finally grounded it on 
the coast of Mikuni Town, Fukui Prefecture on January 7, 1997.

Cause of the Accident. The cause of the accident was investigated through an 
underwater survey of Nakhodka using an ROV (Remotely Operated Vehicle) 
as well as a comprehensive check of the grounded bow section. The survey 
concluded that the Nakhodka had been very poorly maintained and that her 
strength had decreased to two thirds of its original construction. Further-
more, the oil was not loaded properly and did not follow the loading manual 
of the tanker. The arrangement of cargo was so inadequate that the result-
ing longitudinal bending moment was twice the value of the normal cargo 
oil arrangement specified in the ship’s operation manual (Sao 1998). Besides 

FIG. 3.6.6. Location of the Nakhodka accident. (From Sawano 1998.)
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this, the severe winter weather finally triggered this accident. In this area, 
“typhoon-like weather” is common from December to mid-February.

Recovery Work with Five Casualties. The Sea Prince was a case of combating
“high temperatures” in summer, while the Nakhodka was a case of “low 
temperatures and snow” in winter. More than 270,000 volunteers (unit = 
person-days, this figure is quoted from http://www.city.inazawa.aichi.jp/
koho_back/2001_08_01/2001_08_01npo.html but there are some other 
estimations) were said to have joined the recovery works at various places 
along the oil-stranded beaches. Discharged oil affected more than 1,300 km 
of shoreline, including nine prefectures and 88 cities and towns.

The affected length of the shoreline is one of the most conspicuous charac-
teristics of this type of accident. The worst tanker accident, the Amoco Cadiz,
occurred in France in 1978, in which NOAA HAZAMT (1992) reported 
257,429 kl of crude (about 30 times as much as in the case of the Nakhodka)
was discharged and 320 km of shoreline was contaminated. An even worse 
accident occurred in the US waters with the Exxon Valdez in 1989, in which 
41,256 kl was spilt and 1,600 km of shoreline was contaminated (http://www.
facts.com/cd/v00034.htm). Yet, the Nakhodka polluted a far wider area when 
the specific discharged volume is compared.

Stranded oil was heavily emulsified (actual kinematic viscosity was over 
100,000 cSt) and thus jet pumps for drainage were used along some parts of 
the shoreline in Ishikawa Prefecture. Emulsified oil is extremely hard to treat, 
and most recovery work had to depend on manual removal in snowstorms. 
Recovery work on shorelines was carried out until the end of April. During 
these activities as many as five local volunteers died of fatigue.

FIG. 3.6.7. Contaminated shoreline. (From Sao 1998.)
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At that time, Japan did not have either national or regional contingency pro-
grams for such large-scale oil pollution. Countermeasures were taken only to 
meet immediate needs, with little formal planning. Volunteer efforts were not 
always effective because there were too many of them in the Mikuni area where 
the bow section was grounded while some other shorelines were left uncleaned.

So many inappropriate cleanup activities were also carried out here and 
there. Use of chemical solvents has to be a good example. Exxon’s chemical 
 solvent, ISOPAR H, was actually used not only for washing the cleanup crews’ 
property such as clothes and gloves, but also for wiping the oil off the rocks. 
An important fact is that Mikuni Town officials explained that ISOPAR H

FIG. 3.6.8.Volunteers and local people form a “Human Chain” to recover oil at Mikuni 
Town. (Courtesy of the Marine Disaster Prevention Center of Japan.)

FIG. 3.6.9. Local newspaper article reports the death of Shigeki Matsubara, a school 
teacher from Wajima City, who participated in the oil-recovery work along the Naga-
hashi Coast of Suzu City.
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FIG. 3.6.10. Recovery work was a fight against snow and stormy weather. (Photo 
taken at Nagahashi Coast, Ishikawa Prefecture, courtesy of Hokuriku Chunichi 
Shinbun Co. Ltd.)

was an “earth-friendly detergent” and they recommended volunteers use it 
for recovery work. Volunteers believed this “official information”, so some 
workers washed their hands and even their faces with it because public offi-
cials had said that ISOPAR H was “Senzai”, which means detergent or soap 
in Japanese (Sawano 1998).

Chinese characters on the container mean “detergent” or “soap” in  Japanese. Oil-
recovery works were maintained for about 3 months. Finally about 50,000 t 
of oil and oiled wastes were recovered. Most of the recovered materials were 
incinerated in industrial waste facilities. It took more than 2 years for final 
disposal.

Most local authorities made “declaration of safety” at the end of April 
1997. This declaration involved “political judgment” for prevention of harm-
ful rumors and other effects. Most of the oiled areas were located in good 
fishery and tourist resorts. This short-term activity caused insufficient cleanup 
and some part of the shoreline was left uncleaned. Consequently, heavy con-
tamination can be seen in some places of Noto Peninsular even 7 years after 
the accident.
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FIG. 3.6.11. Even a small child joins in the recovery work. (Photo taken at Kotobiki-
Hama, Kyoto Prefecture, courtesy of Hokuriku Chunichi Shinbun Co. Ltd.)

After the “Shoreline Shocks”

The Korean Situation. Through the response to the Sea Prince disaster a fun-
damental defect in the incident command system was revealed. Before the 
accident the responsibility for response to an oil spill had been distributed 
among the Marine Transport Bureau, prefectural and local governments and 
KNMPA. In this situation many ships were engaged in oil recovery, but their 
performance with regard to collection was very poor. Reflecting on the acci-
dent, the Korean government started working on changing the Marine Pol-
lution Prevention Law from November 1998. According to Mok (1990) their 
main revisions are quite similar to those of the US and Canada and can be 
summarized as follows:

• Centralize response authorities and their responsibilities in the hands of one 
on-the-scene coordinator.

• Adoption of a “tier” approach; each spill to be classified into three levels 
with regard to the anticipated volume of spill, such as large (tier-3), medium 
(tier-2) and small (tier-1).
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FIG. 3.6.12. A local volunteer tries to “cut” emulsified oil with a knife. High viscosity 
made recovery work extremely difficult. (Courtesy of Hokuriku Chunichi Shinbun 
Co. Ltd.)

FIG. 3.6.13. Containers of the chemical solvent ISOPAR H. (From Sawano 1998.)
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• Professional working groups for combating oil spills, called “scientific sup-
port coordinators” (SSCs), to be organized to support the on-the-scene 
coordinator for effective spill response.

• Levying defrayment for marine environment remediation; the defrayment is 
aimed at the restoration and remediation of fisheries.

• Setting up the Korean Marine Pollution Response Corp (KMPRC), a coop-
erative association funded by energy companies.

Before 1995, both the authorities and people in general had little interest in oil 
spills or marine environment pollution. The response capacities of national 
agencies was so poor that they kept only ten 140-t-class oil collection vessels, 
34 oil skimmers and little more than 7 km of oil boom (Lee 2001). As for oil 
spill-combating materials, such as dispersant and sorbent, their quantity was 
also very limited for an initial response. Since the Sea Prince accident the cen-
tral government has set 10,000 t of response capacity as the numerical target 
of the National Marine Police Agency, and they have started to improve their 
capabilities. Their final goal is to deploy 23 collection vessels, 84 skimmers, six 
“500-G/T-class” barges, and 220 response personnel by the end of 2004.

To improve the private sector response capability, KMPRC was established 
in November 1997. As of 2001, KMPRC was composed of four departments 
and 10 sections with 398 staff  involving five oil purification, seven oil storage 

FIG. 3.6.14. Heavy oil contamination can be seen at a few centimeters below the surface 
of the gravel beach. (This photo was taken on October 3, 2004 at Shakuzaki inlet in Suzu 
City where 150 km remote from the tanker grounded site. These heavy oil residues and 
contaminations can be observed here and there around Noto Peninsular even today.)



170 H. Sekiguchi and S. Aksornkoae

and 84 oil transport companies. The government has set 5,000 t of response 
capacity as the numerical target for KMPRC by the end of 2004. Other than 
KMPRC, 23 companies have been registered as oil spill response contractors 
and they had 36 oil collections vessels, 191 skimmers and 180 km of oil booms 
as of February 2001. The government also has set 5,000 tons of response 
capacity as their numerical target.

As of February 2005 more than 70% of the numerical targets had been 
achieved (Mr. Lee Bon-gil, Director General of the Marine Pollution Bureau 
of KNMPA, 2004)

A scheme for international cooperation for marine environmental protection, 
the North-West Pacific Action Programme (NOWPAP) is one of the regional 
action plans advocated by the United Nations Environmental Progamme. The 
programme consists of four member countries: Korea, China, Russia, and 
Japan. An environmental monitoring programme called “NOWPAP/4” has 
been focusing on oil spills. The Korean government established the “Marine 
Environmental Emergency Preparedness and Response Regional Activity Centre 
(MER/RAC)” in Taejon in March 2000 (http://merrac.nowpap.org/).

The Japanese Situation. The initial response to the Nakhodka disaster was 
delayed because the accident occurred outside Japanese waters. Another, but 
more important reason was that government authorities could not identify 
“who should bear the cost”. In view of this some provisions have been added 
to the Marine Pollution and Disaster Prevention Law. The following two points 
are the main revisions concerning response to oil spills (Sawano et al., 2005):

• The Director of the Japan Coast Guard (JCG) was enabled to “order” the 
relevant organizations to respond to a spill in the case of an accident outside 
Japanese waters. (Chapter 41 section 2, added in 1998)

• The Director of the JCG or other response directors (assumed to be local 
governors) can make advance payments for response to spills such as oil 
recovery and shoreline cleanup, and then ask the polluters to reimburse 
them. (Chapter 41 section 3, added in 1998)
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4.1 Trends and General Concepts in Integrated 
Coastal Management (ICM)

Nobuo Mimura
Institute for Global Change Adaptation Science, Ibaraki University, 2-1-2 
Bunkyo, Mito-shi, Ibaraki Prefecture, 210 8512 Japan

4.1.1 International Trends in ICM
Since the 1970s all countries have faced serious marine and coastal pollution,
and have been forced to resolve these problems. For instance, Japan has long 
suffered from frequent occurrences of “Red Tide” in semi-enclosed bays and 
inland seas. This is symbolic of widespread marine pollution. On the other 
hand, the USA was challenged by diminishing and degradation of coastal 
wetlands, and the decline of fishery resources. In parallel with these local 
problems, global environmental issues have emerged since the late 1980s, 
including global warming, ozone layer depletion and marine pollution.

In face of such an increase in both local and global environmental problems, 
Integrated Coastal Management (ICM) has received increasing attention 
globally as a policy tool that leads to a comprehensive framework to address 
multiple management issues in coastal areas. Major international organizations
such as World Bank (1993), The World Conservation Union (IUCN 1993), 
United Nations Environmental Programme (UNEP 1995), and OECD (1995) 
have published ICM guidelines. These initiatives were triggered by Agenda 21, 
the action plan for the protection and conservation of the global environment 
adopted at the Earth Summit (UNCED) held in 1992. Its Chapter 17, which 
has a long title “Protection of the oceans, all kinds of seas, including enclosed 
and semi-enclosed seas, and coastal areas and the protection, rational use 
and development of their living resources”, is devoted to the protection of 
marine and coastal environments. These guidelines and action plans contain 
some common concepts and methods, as summarized in Table 4.1.1 (Kojima 
et al., 1999).
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The common understanding behind such concepts is that coastal zones 
are a unique resource system which needs special management. Their charac-
teristics are highlighted by high-biological productivity, high environmental 
variability caused by dynamic physical forces such as waves and currents, and 
active interaction between land and ocean. Based on this spatial nature of the 
coastal zones, concepts emphasized for management are:

• To give priority to biological resources rather than nonbiological ones; also 
nonexclusive and renewable uses should be given higher priorities than 
exclusive and nonrenewable uses.

• Because of the public nature of marine resources, public management is 
needed for marine and coastal resources. Constraints between multiple 
stakeholders should be resolved on a public and equitable basis.

TABLE 4.1.1. Common elements of integrated coastal management in international 
guidelines.

Item Description

Purpose To harmonize use/development and environmental protection in the 
coastal zones, then to achieve sustainable coastal development

Philosophy To follow the principles confirmed in the UNCED, such as Intergeneration 
Equity Principle, Precautionary Principle, and Polluter-Pay Principle
ICM is an integrated and multisectoral policy based on assets of 
scientific knowledge and information

Functions To harmonize and strengthen the sectoral management
To conserve and protect biological diversity and productivity of the 
coastal zone, and to maintain its authentic and cultural values
To promote rational economic development and sustainable use of 
coastal/marine resources, and to help stakeholders to resolve con-
straints between them

Spatial integration ICM planning covers all areas associated with it, both land and ocean
Seaward boundary extends to the edge between coastal sea and ocean, 
covering all the areas of territorial seas and exclusive economic zones 
(EEZ). Each Government has responsibility to manage these areas 
according to UN Convention on the Law of the Sea and UNCED 
Action Plan

Horizontal and vertical 
integration

Major purpose of ICM is to remove obstacles such as competition 
among sectors and segmentalized management schemes in the coastal 
zones
ICM’s basic role is to coordinate, effectively and efficiently, conflicting 
planning and activities among sectors and among different adminis-
trative organizations
Such coordinating mechanisms should be designed based on the tradi-
tional background and characteristics of each country

Science and technology Future prediction of the coastal environment is uncertain to some 
extent, because the coastal zones consist of complex systems and proc-
esses. Therefore, ICM planning should use the latest scientific knowl-
edge, both natural and social. Implementation of ICM should be also 
based on appropriate techniques such as monitoring, risk assessment, 
vulnerability assessment, resource analysis, and cost–benefit analysis
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• Fair solution should be achieved for the competition around benefits among 
different users. In all processes of ICM, participation of the local communities 
and stakeholders should be promoted.

• International cooperation is needed to resolve trans-boundary issues.

These concepts reflect the multiple nature of the coastal zone; i.e., precious 
and vulnerable environment and at the same time a rich resource system. 
They recognize that the coastal zone is not merely passive environment which 
is subject to varying external forces, but is a space which provides human soci-
ety with a variety of benefits, such as space for development and economic 
resources. However, in order to continue such benefits into the future, wise 
use of coastal zones is essential, recognizing their fragile nature. ICM is thus 
necessary as a management framework.

In 2002 the World Summit on Sustainable Development (WSSD) was held 
in Johannesburg, South Africa, to follow up on developments since the 1992 
Earth Summit. This conference reviewed the implementation of Agenda 21, 
and future directions and action plans were contained in the Declaration on 
Sustainable Development and Plan of Implementation. The Plan of Imple-
mentation requests coastal countries to ratify the United Nations Convention 
on the Law of the Sea and to implement Chapter 17 of Agenda 21 to promote 
sustainable development in the coastal zones. These movements show that 
during the past decades the necessity for ICM has been widely recognized in 
the world, and its goals and concepts have been expanded.

4.1.2 Characteristics of Coastal Management 
in the Asia and Pacific Region
Consistent with the preceding global developments, Asian countries have 
also moved toward introducing and establishing ICM frameworks. In 
China, to respond to increasing pressures of  population and economic 
development on the coastal environment and resources, the Government 
has developed a framework for ICM. Chinese Ocean Agenda 21 was released 
in 1996, and the National Sea Area Use Management Law was enacted in 
2001. This is the basis of  today’s coastal zone management in China. At 
the same time, most of  coastal provinces and municipalities took the ini-
tiative to develop local regulations for sea area uses. In this way, China 
has incorporated the issues of  wise use and the protection of  coastal 
resources and environment into national and local coastal and marine 
policy (PEMSEA 2003a).

Korea also has developed the framework for ICM and coastal resource 
use. These efforts were accelerated by establishment of the Ministry of Mari-
time Affairs and Fisheries in 1996. This governmental agency took an initiative 
to establish an integrated coastal and ocean governance system, which was 
strengthened by legislative, such as the enactment and amendment of the 
Coastal Management Act, the Marine Pollution Prevention Act, and the Wetland 
Conservation Act in 1999 (PEMSEA 2003b).
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Japan’s major actions toward ICM were the amendments to the Coast Act 
in 1999, the enactment of the Fishery Basic Law, and amendments to other 
marine and coastal related laws. In spite of such progress, Japan is still seeking 
a way to develop a comprehensive framework for ICM.

As an initiative for collective international efforts in the East Asia region, 
Partnerships in Environmental Management for the Seas of East Asia (PEMSEA)
was established in 1994 with the support of the Global Environment Facil-
ity (GEF), the United Nations Development Programme (UNDP), and the 
International Maritime Organization (IMO). Currently twelve countries are 
PEMSEA members. Its activities cover a wide area of protecting life support 
systems and enabling the sustainable use and management of coastal and 
marine resources through intergovernmental and multisectoral partnerships. 
These activities mean that the concept of ICM has been widely accepted by 
governments and regional organizations. In some countries and areas it has 
already reached the implementation stage.

At the same time, today’s trend of coastal management is a recent devel-
opment in the region compared with long-established traditional practices. 
Moreover, approaches to coastal management in the Asia-Pacific region are 
quite diverse. In most countries, at a local level, there still exists a range of 
traditional customs and sometimes sea tenure systems that govern access to 
coastal resources. These practices underlie, and in many cases, coexist with 
recent forms of coastal management derived from western models of centralized 
environmental management (APN 2005).

These traditional approaches have shown remarkable resilience over time. 
They are flexible and responsive to local circumstances. The goal of these 
approaches is to sustain resources, such as fisheries, by modifying rates and patterns 
of harvest depending on local resource availability. This approach is entirely con-
sistent with modern concepts of sustainability, but it is seldom recognized and 
protected. In contrast, many countries in the region have adopted western models 
of coastal management, which have tended to be formalized and prescriptive, 
highly centralized, and hierarchical. There are fundamental difficulties applying 
this western model of coastal management in the region, where emphasis has 
been on conflict resolution between competing users of coastal resources, with 
few constraints on urbanization and other development.

In Southeast Asia there are many pressing problems related to the coastal 
environment and to development, including decrease and degradation of 
mangrove forests and wetlands, water pollution from land- and marine-based 
sources, destruction of coral reefs due to illegal fishing and uncontrolled tourism 
uses. Coral reefs are also victims of bleaching caused by increased sea surface 
temperatures, which are in turn a result of global environmental changes like 
El Nino and warming. On the other hand, as the coastal ecosystem is a 
resource base for the local economy and well-being of the local population, 
countries of this region tend to rely more and more on community-based 
management of  coastal zones. In many places good practices have been 
created in terms of  community-based management which involves local 
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government, local enterprises, self-employed individuals, and other inhabit-
ants. Coastal assets are important both for economic base and as environ-
mental heritage, and local organizations and inhabitants use coastal zones as 
users and  environmental managers. As a result, community-based manage-
ment will become more important and predominant in order to overcome the 
constraints of environmental protection and development in the Asia and 
Pacific region.

As mentioned above, different types of  coastal zone management with 
 different concepts and background are on-going in the region. The management
varies with target coastal systems and countries as well. This chapter will 
present an overview of the present situation, and lessons learnt focusing on 
the coastal systems and some countries.
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4.2 Management of Coastal Systems

The previous section has highlighted the need for an integrated approach to 
coastal management. The following sections describe the importance of key 
coastal systems in the Asia-Pacific region, and the issues related to their effec-
tive management as part of the integrated approach to coastal management.

4.2.1 Wetlands
Ren Kuwabara
Emeritus Professor, Faculty of Bio-Industry, Tokyo Univesity of Agriculture 
61-27, Shiomi, Abasiri, Hokkaido 093-0042, Japan

Functions of Wetlands

To need to adopt integrated coastal management approaches for wetland areas 
is generally well known. This is because there is considerable literature on the 
nature and properties of wetland ecosystems. However, how to undertake such 
integrated management is far less understood, due to the multiplicity and diver-
sity of processes and objectives that must be considered. The great importance 
of the subject has been summarized by describing wetlands as “the kidneys of 
the landscape” or “biological supermarkets” (Mitsch and Gosselink 2000).
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The former highlights the important regulative activities of the water 
regimes, as the downstream receivers of water and waste from natural and 
human sources, stabilizing water supply and ameliorating floods and drought. 
Such activities of wetlands result from their positioning at the interface of 
land and sea. At the same time, wetlands are biological filters, changing the 
quality of percolated water by adsorbing or releasing nutrients, decreasing 
suspended matter, and retaining many pollutants (Haslam et al., 1998). The 
activities are affected not only by the physical nature of the vegetation structure 
but are also dependent on the microbial synthesis in its surface and in water, 
conducted by plankton, metaphyton (plankton of interstitial water), and 
periphyton (attached algae and microorganisms).

The description of “biological supermarket” refers to the extensive food 
chain and rich diversity of wetlands, with their unique habitats for a vari-
ety of flora and fauna. Nevertheless, wetland vegetation is often considered 
to be a uniform field of a single plant species because of its dominancy. It 
can be referred to as a “biotope”, defined as the subdivision of a habitat, 
characterized by a high degree of uniformity in its environment (Burchfield 
1986). Therefore, habitats of the main components of the biotope ecosystem, 
which sometimes include dragonflies, must also be investigated in support 
of  management. Rice paddy can also be categorized as a biotope, based on 
several arguments (Kuwabara 2002).

The definition of wetlands in the Oxford English Dictionary is a simple 
sentence that defines wetlands to include marshes, bogs, swamps, and any still 
water less than 6 m deep (Burchfield 1986). But these isolated water bodies 
are not consistent with the uniformity of wetlands. Therefore several kinds 
of the definition, including hydrological, geomorphological, and biological 
elements, were proposed by Mitsch and Gosswelink (2000). The definitions 
covered most aspects except legal definitions related to conservation. 
Definitions are distinguished by regional properties, nature of the water bodies, 
seasonal changes and others, making it necessary to apply them on a case 
by case basis. Thus, choosing definitions becomes an important part of the 
management practices.

Classification of Wetlands and Their Characteristics

Here the types of wetlands are examined from the perspective of uniformity in 
the aquatic plant vegetation. The global-scale domains of plant  communities 
and geomorphologic patterns are fundamental to this approach. Water bodies 
found in wetlands are classified according to form. They are normally such as (i) 
mire: muddy soil sufficient to stop a car; (ii) bog: muddy but hosts mosses and 
low grasses; (iii) fen: a wet- and lowland of moderately big – size; (iv) marsh: 
grassy with sedge (Carex), cattail (Typha), and rush (Juncus), among others; 
(v) swamp: accompanying bush or trees; and (vi) any still water less than 6 m 
deep (Burchfield 1986; Kuwabara et al., 2003). Arctic tundra in the coast of the 
Eurasian Arctic is sometimes called the“tundra bog-belt” due to the presence 
of numerous bogs and mires of various sizes. This is due to less precipitation 
(1/5 of that in tropical forest areas) and evaporation (Chernov 1985).
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Sometimes marsh is the focus of wetland investigations. This is because 
large-sized salt marshes are frequently a target of ecological studies. As they 
are located mostly in the ocean coast the waters are filled with seawater or 
brackish water variously diluted, as in some estuarine areas. Plants of salt 
marshes are normally emergent macrophytes making up a uniform vegetation.
For example, reeds (Phragmites australis) have a worldwide distribution and 
are often surrounded by land and a few dominant species of  submerged 
macrophytes. When establishing objectives for the management of freshwater 
marshes Weller (1978) proposed firstly to preserve marshes in a natural and 
aesthetically pleasing state, as habitat for wildlife. The second objective was 
to maintain the high productivity of  the characteristic flora and fauna. This 
indicates the necessity of strict and high level efforts for conservation and 
restoration. Many available results of marshland exploitation suggest that it 
is easy and speedy to destroy such ecosystems. The fragility of  wetland 
ecosystems is likely due to the high diversity of the biota. It is well known 
that preservation of swamp areas has been undertaken by natural trusts, to 
return them to their natural state, as a haven not only for wetland flora but 
also for birds and animals. Some recent marsh management initiatives have 
started with proposals for new definitions that provide standards for the 
restoration, enhancement, creation and mitigation of marshes (Haddad and 
Joyce Jr. 1997).

The coastal geomorphologist, Zenkovich (1967), mentioned only tidal flats 
and marshes as wet forms of world coastal development. Mangrove swamp 
was noted as the main contributor to sediment deposition (Zenkovich 1967). 
Mangrove community (mangal), and intermingled zones of mangal and salt 
marsh, are found in the low-latitude regions of the both hemispheres. Mangal
reaches its optimum development in the tropics, rather than the subtropics. This
is because mangal flourishes where air temperatures in the coldest month do 
not fall below 20°C, and where the range is around 10°C (Chapman 1977). 
According to a summary prepared by the Tropical Agriculture Research 
Center, Japan (1986), Asian tropical wetlands are classified as mangal (being 
salty), freshwater wetland forest, and peat-land forest, according to the zonation
of the vegetation from ocean coast to inland areas. Thus the classes range 
between water and forest. In such cases the main management objectives 
are related to forest resources, with attention being given to various ways 
to reduce use and exploitation of mangroves (Hogarth 1999; Lacerda 2002; 
Saenger 2002). Similarly, management of mangals covers two opposing objectives, 
namely: (i) development of mangrove-wood industry and silvifisheries; and 
(ii) conservation of  mangrove forest for such uses as a bird sanctuary for 
feeding and resting.

Wetland areas often accompany an isolated, bigger-sized water body, 
referred to as a “lagoon”. These are in fact a type of coastal lake, often with 
diluted seawater. In the coast of Eastern Hokkaido, Japan, there are twenty-
two lagoons (Fig. 4.2.1). They are categorized by form, such as: (i) elongated 
lagoon, with the long axis parallel to the coastline and and elongated bar-
rier; (ii) perpendicular lagoon, with the long-axis perpendicular to the coast 
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line; (iii) semi-perpendicular lagoon; (iv) rounded lagoon, often filled with sea-
water; and (v) uncategorizable forms of  lagoon lakes (Kuwabara 1996). As 
the development of a lagoon barrier is very rapid in geological terms, the cycle of 
sedimentation and erosion needs monitoring, along with changes in the 
vegetation and associated biota in the surrounding salt marshes (Packham 
and Willis 1997). One of the biggest barriers globally has a length of 75 km. 
This is the Songkhla lagoon system in Thailand. In this system the partition 
of wetland is very restricted (Kuwabara 1996). Geomorphological analysis of 
each lagoon reveals a dependency with associated swamps or estuaries. The 
analysis uses morphometric parameters of general lakes (Kuwabara 2003).

Management of Wetland Environments

In wetland management the density of human habitants is always consid-
ered as it reflects the potential for human impacts. Analysis of the popula-
tion density must incorporate population size as this influences the kinds of 
human activities. Thus successful framing of wetland management systems 
may necessitate a distinction between processes related to natural impacts and 
human impacts.

Basic planning of wetland investigations for management purposes may 
need to be, framed in terms of general considerations similar to those proposed 

FIG. 4.2.1. Location of the coastal lakes including lagoons in Hokkaido Island, Japan 
(bold face indicates lagoon).
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by Morris (1985) in an estuarine survey. Based on that study, an appropriate 
approach is: (i) development of objectives following the legal and/or scientific 
definition, (ii) planning of sampling and analysis using in situ observation, 
GIS and satellite images, (iii) decision of location and frequency of sampling, 
and (iv) scale of survey and research. Even though these approaches are still 
too abstract, concerned parties will easily handle the practical details when 
undertaking the research.
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4.2.2 Mangrove Forests
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Miyagi Pref. 985-8537, Japan

Mangrove Habitat Dynamics in Natural Processes

Mangroves are precious ecosystems of the coastal environment in the tropical 
and subtropical regions. They provide important resources for local people. 
They grow in the upper and middle areas of tidal zones and are sensitive 
to the rate of sedimentation from terrestrial zones, to the rate of accumu-
lation of mangrove peat, and to tide level (Fig. 4.2.2). The distribution of 
mangrove habitat has dynamically changed in relation to the sea-level change 
(Fig. 4.2.2).

The age of the present-day mangrove habitats is less than 2,000 years. This 
is related to the change of global sea level. It rose gradually during the last 
10,000–2,000 years and became stabilized afterwards. If  the speed of a rise 
in the sea level is up to about 1 mm/year, mangrove peat accumulation and 
mud sedimentation are suitable terrain for forest and thus help it expand. In 
fact, the area of natural mangrove forest in Japan, Australia and the Pacific 
Islands has been sustained, or even expanded (ISME 2004). However, there 
has been concern that a rapid rise in the sea level caused by the global warm-
ing could reduce the area of mangrove forest. If  the sea level rises as rapidily 
as 5 mm/year (Fujimoto et al., 1999) there would not be sufficient time for 
mud sedimentation in many places.

Mangrove Forest Degradation in Southeast Asia

The mangrove forests of  Southeast Asia have been widely devastated and 
the area has decreased rapidly in recent years due to various human pressures. 
During the past decades, mangrove forests in Asia have suffered from most 
severe destruction to occur anywhere in the world. As the international 
demand for products such as shrimps, charcoal and wood chips for pulp 
has increased, mangrove forests in the area have been massively deforested, 
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and the coastal environment has been widely damaged (Fig. 4.2.3 and 
4.2.4). As a result, various problems have occurred, such as sulphuric acid 
affected soil caused by construction of  fish ponds, salt damage to adjacent 
paddy fields, huge coastal erosion, and exhaustion of  marine resources. 
There is still a huge demand for shrimps produced for cheaper prices. To 
fulfil this demand, there has been widespread construction of  shrimp farm-
ing ponds, often by clearing mangrove forests. However, generally a shrimp 
farming pond can function for no longer than for 10 years. This is because 
endemic organisms can emerge and infect the shrimps in the pond within 
a rather short period of  time. An old shrimp farming pond is usually dis-
carded, or turned into a fish faming pond. In order to keep shrimp farming 
construction of  shrimp ponds must continue as the demand for shrimp in 
the world market is quite strong. Countries such as Japan, USA, China, 
and EU are the big markets for those shrimps. In recent years, the main 
area in the Southeast Asia where shrimps are produced is the southern part 
of  Thailand and Vietnam and a part of  India.

Traditional Interaction of Mangrove Ecosystems and Local People

During the last 100 years mangrove forests in the Asia and the Pacific area 
were maintained as semi-natural forests. People living in the area used them 
for fuel. From ancient times mangrove forests had been recognized as a 

FIG. 4.2.2. Geo-ecological basic frame of the mangrove forest development. Above: 
Mangrove ecosystem development by the interaction of land, ocean, and vegetation 
(Miyagi 2002). Below: Holocene sea-level changes and mangrove habitat dynamics in 
the southwestern Thailand. (From Fujimoto et al., 1999.)

Biogenic materials

Mangrove deposit

Human
activities

Marine deposits
Marine sand
Tsunami dep.

14C yr BP
8000 7000 6000 5000 4000 3000

Mangrove habitat dynamics

Mangrove forest-floor deposit
Lower tidal-flat deposit

Mangrove peat accumulation
Advance to seaward
Retreat to landward

2000 1000 0
2

1

−1

−2

−3

−4

−5

0 m

Processes of the autonomous
habitat development

Suspension
Clay
POM

Sea−level change

Fluvial deposits

(Mature stage at M.H.W.L)
Land ward

Pioneer stage at M.W.L.
Sea ward



184 N. Mimura et al.

 natural resource that can be utilized in various ways, such as forestry, fisher-
ies and also environmental protection. People in the area used the ecosystem 
 effectively. They coexisted with the ecosystem and interacted mutually, without 
destroying the ecosystem.

The devastating destruction of forests in many countries in Asia in recent 
years has taken place since a commercial use for mangrove was found. The 
land has been used and developed in a very exclusive way, resulting in a new 
environment in the coastal area. However, faced by the negative effects of this 
devastation, many countries showed increasing interest in the restoration of 
mangrove forests.

FIG. 4.2.4. Large and intensive shrimp farming in southern Thailand. Sugar palms and 
the paddy fields died out by salt affection.

FIG. 4.2.3. Charcoal production in the mangrove forest in southern Thailand.
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New Wave of Mangrove Ecosystem Rehabilitation

In 1990 an international organization was established, with the objective of 
understanding the mangrove ecosystem and restoration of  forest environ-
ments. Around the time this organization started, many countries in South-
east Asia began to prohibit deforestation of mangrove areas and encourage 
afforestation (Fig. 4.2.5). This was also the time when the international 
community started to pay attention to global environmental problems. 
Many countries have recognized restoration of  mangrove ecosystems and 
forests as a major global task, and worked on it very hard. In addition to gov-
ernments, various private enterprises, associations such as NGOs, and inter-
national organizations such as UNESCO’s Man and the Biosphere Programme 
(BAM), International Tropical Timber Organization (ITTO), World Bank 
(WB), Food and  Agriculture Organization (FAO), and Japan International 
Cooperation Agency (JICA) have started to work on the restoration. Two 
examples are presented here.

UNESCO/MAB maintains Biosphere Reserves in various places in 
the world. The purpose is to protect the natural environment and to let people 
live and interact mutually with the nature in the area. These areas include 
Yaku Island in Japan, Ranong province in Thailand and the Can Gio area, a 
suburb of Ho Chi Minh city in Vietnam.

In Ranong a very rich mangrove forest that is very close to primordial 
is preserved. Mangrove trees more than 30 m high exist only in this area of 
Thailand. The Thai Government has appointed the Mangrove Ecosystem 
Research Center to play a key role in restoration of mangrove forests in the 
whole country. In Thailand destruction of forests for various reasons, such 

FIG. 4.2.5. Mangrove plantation at the Red River delta, Vietnam.
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as charcoal production, construction of shrimp farming ponds and illegal 
deforestation, has not occurred recently. Today, there is a major emphasis on 
restoration and afforestation of mangrove in Thailand.

Can Gio in Vietnam was affected by chemical bombs during the Vietnam 
war. The forests in the area were destroyed almost completely. However, con-
stant afforestation by the inhabitants, and a strong afforestation policy led by 
the government, has restored the forests. The forests have been designated as 
a Biosphere Reserve. This is a rare case since usually an artificial forest is not 
designated as a Biosphere Reserve. However, in Vietnam there has been severe 
deterioration of the coastal environment caused by the expansion of shrimp 
farming ponds. The area where restoration of the natural environment has 
been attempted is limited to areas such as Can Gio and the Red River Delta 
(Phan Nguyen Hong, 2004).

Through the 1970s Southeast Asia experienced huge devastation of  mangrove 
forests and the coastal environment. Today attempts to restore the environment 
are undermined by some continuing devastation of mangrove forests.

FIG. 4.2.6. Mangrove forest and the tsunami disaster by Sumatra earthquake 26th 
December 2004. Mangrove forest stopped the transported materials by tsunami at Phi 
Island southern Thailand (wave height 7–8 m).
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Tsunami and Mangrove Plantations

On December 26th, 2004, an earthquake in Sumatra caused serious damage 
to various coastal areas of the Indian Ocean. After the disaster studies on 
the Andaman Sea coasts in the southern part of Thailand investigated the 
relationship between presence of mangrove forests and damage caused by the 
tsunami waves. Inland movement of the rubble carried by the tsunami waves 
was reduced by the forest made up of Rhizophora apiculata (Fig. 4.2.6).

If  the height of a tsunami wave is 3–4 m it causes little harms to the 
 mangrove forest In the areas where the tsunami waves reached 7–8 m in 
height,  shallow-rooted plants such as Avicennia species, Aegiceras species, 
and Bruguiera  parviflora were ripped from the bottom by the waves. On the 
other hand,  forests made up of Rhizophora apiculata were destroyed at their 
margins. It is unlikely that Rhizophora apiculata can stand a tsunami wave 
with a height of more than 15 m. However, it appears that a forest consisting 
mainly of  Rhizophora is a certain deterrent to damage caused by tsunami 
waves.  Therefore, conservation and management of mangrove forests are also 
important as a countermeasure against coastal hazards such as tsunamis, 
storm surges and high waves.
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Distribution of Coral Reefs

Coral reefs are geological structures that occur along tropical and sub-tropical
coasts and are made of  living marine organisms, including scleractinian 
corals and calcareous algae. The biodiversity of coral reefs is high, equaling 
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that of rainforests. Scleractinian corals do not survive in water with tempera-
tures below 18°C, low salinity and insufficient light. Coral reefs are restricted 
to shallow waters between 30°N and 30°S (Table 4.2.1, Fig. 4.2.7). The total 
area of coral reefs is estimated to be 285,000 km2 (Table 4.2.1).

The Value of Coral Reefs

Coral reefs provide nearly 500 million people with food, coastal protection 
and a livelihood. It is likely that 30 million poor people are heavily dependent 
on the resources from coral reefs (Wilkinson 2004).

Today, coral reefs provide major protein sources to people, especially in 
the Pacific Islands. The consumption of fish is over 100 kg per capita in some 
countries, such as the Maldives, Kiribati, and Tuvalu. Both subsistence and 
commercial fishing, including live fish export, are based on reef resources. 
The fishing methods vary from gleaning, undertaken mostly by women and 
children on the reef flat, net fishing, including cast net, gill net and fixed net, 
fish trap, spear, to hook and line fishing, including trolling on the outer reef 
slope. Blast fishing and poison are still used in some areas. During the last 
decades the importance of aquaculture has been increasing. This includes 
food products such as shrimp (typically in mangrove areas), clams, algae, as 
well as high-value products such as pearl oysters and corals for aquaria.

TABLE 4.2.1. Size of  coral reefs in each region and the level of  threat to the reef 
ecosystems. (Data from Spalding et al., 2001.)
    Reefs at  Reefs at low 
 Coral reef Destroyed  Reefs at critical threatened  or no threat 
Region area (km2) reefs (%) stage (%) stage (%) level (%)

Red Sea 17,640 4 2 10 84
The Gulfs 3,800 65 15 15 5
East Africa 6,800 12 23 25 40
South Western  5,270 22 36 31 11

Indian Ocean
South Asia 19,210 45 10 25 20
South East Asia 91,700 38 28 29 5
Australia and  62,800 2 3 15 80

Papua New Guinea
South West Pacific 27,060 3 18 40 40
Polynesia 6,733 2 2 3 93
Micronesia 12,700 8 3 5 85
Hawaii Islands 1,180 1 2 5 93
US Caribbean 3,040 16 56 13 15
North Caribbean 9,800 5 9 30 56
Central America 4,630 10 24 19 47
East Antilles 1,920 12 67 17 4
South Tropical  5,120 15 36 13 36

America
Total 284,803 20 24 26 30
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Because of the high biodiversity of the coral reefs and the scarcity of earlier 
studies of the genetic resources, there is an immeasurable potential of bioprod-
ucts for new pharmaceuticals. In a large number of small island countries, 
tourism is the only driving force for economic development. SCUBA diving 
is a relatively new activity, but now is one of the most important industries in 
those countries. Marine-based tourism consists of a wide range of activities, 
including snorkeling, glass-bottomed boats and fishing. Other services the peo-
ple can enjoy from coral reefs include opportunities for education and construc-
tion and building materials. Coral reefs are the major provider of sand for the 
beaches that are an important attraction for tourists. Sandy beaches also help 
to purify waters rich in organic matter derived from this land.

Threats and Current Status

• As they are very finely balanced and sensitive ecosystems, coral reefs are 
probably one of the most endangered ecosystems in the world. A large pro-
portion of coral reefs worldwide are categorized as threatened (Fig. 4.2.8). 
The threats include:Physical destruction or loss of habitats, including landfill 
and reclamation, as well as damage caused by ship grounding, anchoring, 
reef walking and military activities, including nuclear-weapons testing

• Unsustainable fishing practices, including blast fishing and fishing with poisons. 
Various types of overfishing (economic-, growth-, recruitment-, ecosystem-, 
Malthusian-, and target species-overfishing) (Spalding 2001)

FIG. 4.2.7. Map showing distribution of coral reefs and marine protected areas in 
Southeast Asia. (Data from ReefBase World Fish Center, Malaysia.)
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• Nutrient enrichment due to sewage and fertilizers; these cause algae blooms 
that, in turn, overgrow and kill corals and prevent settlement of coral larvae. 
Algal blooms also reduce light penetration into seawater where coral grow

• Sedimentation due to coastal development, deforestation, inappropriate 
agriculture, dredging, and reclamation. Sediment and resuspension prevent 
growth of corals by reducing light penetration through the water column, 
smother corals and impede settlement of coral larvae

• Outbreaks of the crown-of-thorns starfish, which may be related to eutroph-
ication of reef waters

• Coral diseases
• Coral bleaching due to various types of stresses – corals expel their symbiotic

algae (zooxanthellae) or the zooxanthellae lose their chlorophyll, causing 
loss of color and their white skeletons can be seen. Types of stresses include 
extremely high and low water temperature and unusual salinity. In 1998, 
due to El Niño Southern Oscillation (ENSO), maximum seawater tempera-
ture rose higher than average by 1–2°C. Global climate change is believed 
to increase the frequency of bleaching events. Small island countries may be 
especially affected by coral mortality and sea-level rise.

The Responses

Agenda 21 recognizes the importance and vulnerability of coral reefs. It was 
approved during UNCED in 1992. It states the need for enhancement of 

FIG. 4.2.8. Map showing coral reefs with different levels of threat in Southeast Asia. 
(Data from Reef Base, World Fish Centre, Malaysia.)
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interregional and international collaboration for the sustainable development 
of small island countries. The need for this action was endorsed during the 
Global Conference on the Sustainable Development of Small Island Developing
States held in Barbados in 1994, in the Millennium Declaration approved in 
the Millennium Summit held in 2000, as well as at the 2002 World Summit 
on Sustainable Development held in Johannesburg. There have been various 
management measures for the sustainable use of the resources.

Traditional Management

People on the tropical and subtropical coasts have developed measures to 
control the use of coral reefs. Those include customary marine tenure systems, 
including temporary or permanent closure of fishing grounds for certain 
species (taboos). In many cases the introduction of Western lifestyles, and 
 government interventions as well as the cash economy, have eroded cultural 
and traditional values, including traditional management systems of coral 
reefs. However, in areas where these practices remain, there are efforts to recognize 
and incorporate customary marine tenure into formal management systems. 
If  this occurs, the number of locally managed marine areas will increase.

International Designations

In addition to the increase in small-scale village-based MPAs, there are protected
areas recognized internationally. These include the Convention on Wetlands 
of  International Importance especially as Waterfowl Habitat  (Ramsar 
Convention), the Convention Concerning the Protection of World Cultural 
and Natural Heritage (World Heritage Convention), and the UNESCO 
Man and the Biosphere (MAB) Programme. Listing protected areas in these 
 frameworks is an effective way to motivate the government’s appropriate 
management for conservation and sustainable use.

Legal Framework and MPAs

Modern legal systems are also being applied for conservation and  sustainable 
use of coral reef fisheries resources. These measures, in theory, include licensing,
gear restriction, species protection, catch restrictions (number, size), seasonal 
restrictions and area restrictions. All these measures require enforcement. 
Fisheries in coral reefs involve: (a) a large number of target species; (b) a variety 
of fishing methods, gear and fisher groups; and (c) innumerable remote land-
ing sites. These conditions make enforcement difficult and expensive. Many 
countries with coral reefs cannot afford such expensive enforcement. Therefore, 
there is increasing understanding of the usefulness of marine protected areas 
(MPAs) or no-take zones (NTZs) as these are comparatively easy to manage. 
The MPAs/NTZs resemble traditional management measures, such as closed 
areas and seasons for fishing. Especially in the Pacific island countries, they 
are comparatively well accepted by people.
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Another growing understanding is that participation of stakeholders in the 
process of establishing such MPAs/NTZs, especially those at village level, is 
critical for their success (LMMA 2003). In order to improve management it is 
now well understood that when management of resources in more remote areas 
is directed by central government (centralized management) it is not efficient. 
Neither is management where everything is planned and operated by commu-
nities (community-based management). Nowadays, co-management is seen the 
most successful system. This is where rural communities are given authority 
to govern their resources, and central government and the community share 
responsibility (King and Fa’asili 1999; Huber and McGregor 2002).

A study which compared the effectiveness of MPAs among five Pacific 
Island Countries suggested that public participation, along with the existence 
of customary marine tenure and active involvement of NGOs, are critical for 
success (Nakaya 2004, Table 4.2.2). In order to enhance public participation 
at village level from an early stage, the application of participatory learning 
and action (PLA) approaches is increasing.

Limitations of MPAs and Needs of ICZM

Experience with MPAs/NTZs has proved their effectiveness. However, their 
limitations have been shown as well. These include powerlessness against 
threats caused by remote activities. Examples include: (a) eutrophication 
due to sewage and fertilizer; (b) sedimentation due to construction and poor 
agricultural practices and deforestation; and (c) poaching by outsiders. To 
solve such problems, MPAs, especially those of small scale, should be man-
aged within a larger geographical scale. To maximize the effectiveness of each 
MPA, connectivity between MPAs and land areas, as well as among MPAs, 
should be considered. There is a tendency to establish protected areas, including 
terrestrial areas such as beaches, mangrove areas, grassland and forests, and 
to network a web of smaller MPAs.

TABLE 4.2.2. Comparison of factors that potentially affect the level of success of 
MPAs among Pacific Island countries. (From Nakaya 2004.)

Country
Legisla-

tion

Public 
Partici-
pation

Custom-
ary marine 

tenure
NGO

activities
MPAs 

size
GNP
(US$)

No. of 
MPAs MPA success

Tonga National 
law

Poor None Poor Large 1,300 7 Not effective

Fiji Fisheries 
law

Good Yes Active Small 2,300 >100 Many successful 
FLMMA* sites

Samoa Bylaws Good Yes Active Small 1,500 >70 Successful 
Comanagement

Vanuatu Custom-
ary
tabu

Good Yes Active Small 1,100 >50 Successful 
Comanagement

Tuvalu National 
law

Good None Active Large 1,200 1 Successful large 
Funafuti MPA

*FLMMA is Fiji Locally Managed Marine Area.
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Moreover, simply establishing MPAs is an ineffective solution of potential 
conflicts among different user groups, such as subsistence fishing, commercial 
fishing, leisure fishing, diving and boating, since these can occur simultane-
ously. It is also necessary to include programs of awareness enhancement and 
formal and public education. All these conditions strongly support the application
of integrated coastal management (ICM) to coral reef management.
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4.2.4 Fisheries and Aquaculture in the Asia-Pacific Region
Masahiro Yamao
Professor, Graduate School of Biosphere Science, Hiroshima University, 
1-4-1 Kagamiyama, Higashi-hiroshima,Hiroshima Pref. 739-8528, Japan

Conflicts Between Traditional and Industrial Sectors

In the traditional coastal society of the Asia-Pacific region, fisheries and aqua-
culture were the major sectors occupying coastal zones, not only for people’s 
livelihood activities but also for their daily life. Unlike the developed nations, 
where industrial and service sectors have rapidly expanded their businesses 
into coastal zones, fisheries and aquaculture still occupy a larger part of the 
coastal zones in the Asia-Pacific region. Along with economic development, 
however, these traditional sectors have increasingly faced severe conflicts with 
other growing economic sectors. People who are engaged in capture fisheries 
and aquaculture on a small scale are less competitive in economic terms. They 
are usually in a vulnerable position vis-à-vis the industrial and service sectors. 
They are often excluded from the decision-making processes of coastal zone 
planning and management. In particular, growing marine tourism tends to 
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have negative impacts on the sustainability of the fisheries sector, since both par-
ties utilize the local common resources and environments. Coordination and 
adjustment among all stakeholders are becoming a very challenging task.

Destructive Utilization of Coastal Resources in Fisheries Sector

A strong inducement to expand the production of market-oriented fisheries 
brings a sharp increase in the catch effort in coastal fisheries. Production 
exceeds a point of Maximum Sustainable Yield (MSY), with overexploitation 
of valuable resources. This leads to the decrease and/or depletion of coastal 
aquatic resources. In the fertile fishing grounds of coastal zones, trawl, purse 
seine, and the types of small-scale fishing gear that would destroy the sus-
tainability of coastal resources should be controlled. In some Asian countries, 
destructive fishing gear and methods, such as dynamite and cyanide fishing, still 
occur. Tremendous numbers of small-scale fishing gear, such as set nets, gill 
nets and traps, dominate the entire fishing grounds of semi-enclosed bays 
and coastal zones in tropical waters (Fig. 4.2.9). Without a clear-cut legal 
framework for coastal fisheries management, and under a de facto open 
access regime, the small-scale fishers living in overpopulated communities 
would increase their catch effort as much as possible, in order to catch scarce 
resources. It is very hard to manage the limited fishing grounds where a large 
number of fishers have already constructed various types of set nets and occu-
pied particular zones on a first-come-first-served basis. As Fig. 4.2.10 shows 
for a lake in Thailand, there is little space even for the passage of boats. The 
introduction of limited entry into fisheries, which is expected to control and 
reduce catch effort, would be useful in sustaining valuable target resources. 
However, people in fishing communities would then suffer from a shortage of 

FIG. 4.2.9. Excessive number of set nets and traps in Songla Lake, Thailand.
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livelihood; in reality they rarely cease the investment and operation of set nets 
and trap fisheries. In traditional coastal societies, community organizations 
and people’s groups monopolize considerable parts of  coastal zones and allo-
cate parcels of  fishing grounds to fishers on an informal basis. Of course, they 
should pay rent or tax for such fishing operations. These are examples of com-
munity-based, self-management approaches led by  influential leaders.

Aquaculture Development and its Impact on Coastal Zone Management

In the Asia-Pacific region, aquaculture and its related industries have 
largely contributed to the rapid growth of  the fisheries sector. Aquaculture 
production accounts for more than 30% of  total production in this region. 
Large-scale and capital-intensive aquaculture brings a higher level of  out-
put in a cost-intensive manner. However, capital-intensive and cost-effec-
tive aquaculture often damages the environment and coastal resources. 
Negative economic externalities are large. Small-scale conventional fish-
ing, as well as nature-based aquaculture, have negative effects on coastal 
environments. The demand for wild-caught feed stock increases with high 
stocking densities. Feed is small minced fish, and results in pollution of 
the water. Such nature-dependent aquaculture forces the exploitation of 
marine fish stocks. Target juvenile fish are caught mainly by effective traps 
with fine mesh nets. Pressure on wild-caught fish is ever increasing. This 
aquaculture system also encourages the expansion of  destructive fish-
ing devices for catching small fish, which are used as feed. Trawl and gill 
nets are commonly put into operation in coastal fishing grounds of  major 
aquaculture areas.

In some countries of  the Asia-Pacific region, the small-scale fishers who 
wish to invest in cage culture extend their territory, often illegally or  without 

FIG. 4.2.10. Congested fish cages in Songlha Lake, Thailand.
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any official permission. The first-come-first-served principle is followed; 
 pioneers and influential people are likely to monopolize a wider area of  sea 
for fish and shell fish culture. The unlimited expansion of  cage culture nat-
urally damages the coastal environment and resources, also causing severe 
conflicts between fishers, and between the fishery and non-fishery sectors. 
As Fig. 4.2.10 shows, congested cages and poles may increasingly damage 
coastal resources and prevent the appropriate allocation of  particular zones 
for aquaculture.

Aquaculture development should include water management, effluent 
control, disease control, and minimization of  land use. Responsible aquac-
ulture is essential not only for the sustainable growth of  this sector, but also 
for the preservation of  the coastal environment. Otherwise the “tragedy of 
the commons” will be widespread within the aquaculture zones.

Increase in Conflicts and Resolution Measures

Because of the various types of resource users in the fisheries sector, there 
is increasing incidence of conflicts related to resource utilization. Subsist-
ence fisheries are in a vulnerable position vis-à-vis commercial fisheries. In 
many developing countries small-scale and capital-intensive fisheries are often 
put into operation in the same fishing grounds, as a result of ineffective law 
enforcement. They compete each other. Small-scale capture fisheries are 
excluded from their fertile fishing grounds as a result of the rapid expan-
sion of marine fishing and shell culture. Land-based shrimp farms seriously 
impact mangrove forest resources and have degraded the coastal environment. 
Sport fishing, diving and marine tourism eliminates small-scale fishers from 
beaches, dive spots and landing sites. However, these businesses do provide 
alternative income sources for coastal communities.

A zoning plan should be set up in a certain demarcated coastal area, based 
on consultations with all stakeholders, including those inside and outside 
fisheries. Capture fisheries and aquaculture businesses have so far utilized 
the largest part of coastal zones. The overdependence of fishers on coastal 
aquatic resources has to be lightened in the process of setting up a zoning plan, 
 leading to the creation of alternative job opportunities and income sources. 
In order to address conflicts between the fisheries and non- fisheries sectors, 
an appropriate integrated coastal management plan should be designed by 
local management institutions, and involve consultation and the participation 
of all stakeholders in the decision-making process of planning. In Okinawa, 
Japan, as well as other parts of the Asia-Pacific region, the expansion of 
marine tourism used to cause conflicts between fishers and tourism businesses. 
Local governments normally make a concerted effort to intercede, and also 
to encourage all the sectors concerned to prepare an institutional framework 
for coastal management. Currently, a fishing ground management plan serves 
as an integrated coastal management plan. Supported by local government, 
a fishers’ organization has taken the effort to prepare an integrated coastal 
management plan.
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Zoning for Sustainable Use of Coastal Fisheries Resources

However, preparing a sustainable zoning plan by way of consensus among all 
stakeholders is hard work. This is due to the lack of institutional coordination 
and adjustment among stakeholders in a coastal society.

In the Asia-Pacific region, traditional community-based resource manage-
ment (CBRM) has undertaken various kinds of management measures in 
the immediate fishing grounds. Fishers used to adopt sustainable practices 
with which to continuously catch target species. However, growing economic 
incentives coming from domestic and foreign markets tend to break tradi-
tional rules and bury the ethics developed by people for the sustained use of 
fisheries resources. Under a de facto open access regime for coastal fisheries, 
traditional territorial boundaries might disappear. Local communities lose 
the power and authority to control illegal fishing operations and eliminate 
destructive fishing devices. This increases conflicts in coastal zones. By taking
the place of local communities and self-management arrangements, local 
governments and intermediary organizations are expected to take part of the 
responsibility for coastal management, in partnership with fishers and other 
stakeholders. Through a formal procedure for decision-making, an appropri-
ate allocation of the coastal area can be achieved. Without a legal framework 
of licensing and registration, such a zoning plan is difficult to make effective.

Figure 4.2.11 shows Japanese practice on the demarcation of fishing 
grounds for oyster, fish and seaweed culture. Under Japanese fisheries laws, 
both the fishery cooperative association (FCA) and individual fishers can 

FIG. 4.2.11. Demarcated rights for oyster and seaweed culture on Seto Inland Sea, Japan.
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FIG. 4.2.12. New challenge of zoning in demarcated areas in Thailand.

apply for demarcated rights for aquaculture. In reality, the provincial government
gives a FCA a higher priority to a demarcated rights application than is given 
to individuals. This is because the FCA has a mechanism for allocating the 
granted demarcated rights amongst its members on an equal basis. It has long 
been thought that common fishing grounds should not be occupied by any 
particular group of fish farmers. Only in cases where the FCA does not apply 
for grants are individual fishers given demarcated rights within common fish-
ing grounds.

Challenges in Establishing a Framework of CBFM

Japan has a long history in community-based fisheries management (CBFM), 
including territorial use rights in fisheries for common fishing grounds. The 
CBFM has at least three functions and aspects: i) ecological aspect of coastal 
fisheries resources for conservation; ii) economic aspect that fishers maximize 
their profit by catching particular target species and selling them to the market; 
and iii) the social and cultural background of the CBFM secures equality and 
equity among local fishers and people in a fishing community. Its mechanism 
includes an adjustment function to avoid conflicts, and to enhance social unity 
through achieving consensus on local rules and their enforcement.

Not many Asian developing countries have had the historical practices 
of CBFM, with zoning management in demarcated coastal areas. However, 
some countries have made considerable efforts to establish a new framework 
of zoning and demarcation under a decentralization scheme. As Fig. 4.2.12 
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 illustrates, local fishers, stakeholders, and local government units draw up a 
zoning plan within the demarcated coastal fishing grounds. They also pro-
pose to establish a management body whose functions are to generate the 
procedures for decision-making, build an effective organization, finding prob-
lems and solutions, making plans for management, announcing local rules, 
and enforcing them. It takes some time to achieve these purposes. It is obvi-
ous that a single fishing community can hardly manage such a demarcated 
coastal zone, since it cannot manage migratory species in appropriate ways. It 
is usual for several communities and local government units to create a part-
nership among themselves in order to manage the common pool of resources 
of a far wider area.

Integrated Approach with Improving Quality of Life 
in Fishing Communities

Since fishers and fish farmers wish to obtain better livelihoods from fisheries, 
they endeavour to sustain an economic maximum yield for the targeted 
resources. However, their short-term views often hinder the sustainability of 
the resources. Excessive self-motivation, based on economic interest, leads to 
a rapid increase in catch effort, which necessarily causes conflicts among fish-
ers, and between fisheries and non-fisheries sectors. To lessen the excess pres-
sure on scarce coastal resources, and overuse of coastal environments, a better 
quality of life should be secured by adopting alternative livelihood measures 
outside fisheries. These are less a problem if  there is poor law enforcement. 
A more holistic and integrated approach should be prepared, with the aim to 
utilize coastal zones in sustainable ways. On one side, if  there is a clear juris-
dictional mandate and stronger institutions for coastal management, such 
sustainable measures can be carried out. Increased participation of people 
in management bodies is a decisive factor to achieve effective coastal man-
agement. On the other side, improvement of alternative livelihoods helps to 
reduce fishing pressures. Fishers and family members have to obtain alter-
native income sources inside and outside the fishing communities. Both 
approaches are interlinked at the local level.

4.2.5 Management of Semi-enclosed Sea: 
Case of the Seto Inland Sea, Japan
Shinichi Ue
Faculty of Applied Biological Science, Hiroshima University, 
4-4 Kagamiyama 1 Chome, Higashi-Hiroshima 739-8528, Japan

Geographical Characteristics

The Seto Inland Sea is a semi-enclosed sea located in the western part of 
Japan, with an east–west length of ca. 450 km, north–south width of 
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15–55 km, an area of 23,203 km2 and an average depth of 38 m. The area is 
traditionally famous for its beautiful landscape, including ca. 1,000 islands, 
and hence was designated as Japan’s first national park in 1934. It is also a 
productive fisheries ground; the annual catch per unit area of 20.5 t km−2/year, 
is one of the world’s highest values (Fig. 4.2.13). However, due to relatively 
narrow mouths, the Kii and Bungo Channels both opening to the Pacific 
Ocean and the Kanmon Strait to the Sea of Japan, the displacement of the 
water within the Sea is slow; the average water residence time in the Seto 
Inland Sea is ca. 15 months. At present, 34 million people, about a quarter 
of total population of Japan, live on the adjacent coastal land. Therefore, the 
anthropogenic impact to the environment is significant and also to the Seto 
Inland Sea ecosystem.

Environmental Deterioration After World War II

After World War II, Japan was eager to industrialize. Many heavy indus-
trial factories were constructed along the coast of  the Seto Inland Sea, 
most intensively in the 1960s and 1970s. This area had great attraction 
for industrialization, such as good traffic conditions, less natural dis-
asters, a mild climate and ease of  land reclamation because of  its shal-
lowness. At the same time, there occurred a remarkable increase in the 
human population and associated urbanization. Consequently, pollu-
tion by industrial as well as household wastes increased. For example, 

FIG. 4.2.13. Comparison of annual fish catch per unit area among various enclosed or 
semi-enclosed seas. (From Takeoka 1997.)
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COD (chemical oxygen demand) load to the sea was 925 t/day in 1962. 
It increased to 1,900 t/day in 1989. Such an increase in eutrophication-
enhanced phytoplankton growth, to give rise to frequent occurrences of 
red tides (Fig. 4.2.14). The number of  the red tides reached a maximum 
in the mid 1970s, when the Seto Inland Sea was even referred to as a 
“dead sea” because of  severe environmental deterioration such as ben-
thic deoxygenation, oil spilling, and mass killing of  finfish, and of  shell 
fish, PCB/heavy metal contamination and deformed fish.

Promulgation of Laws and Other Countermeasures

In the light of  this situation, calls for action by the local communities, 
such as the Governors and Mayors’ Conference on the Environmental 
Protection of  the Seto Inland Sea, resulted in the enactment in 1973 
of  the Law Concerning Provisional Measures for Conservation of  the 
Environment of  the Seto Inland Sea. This was made permanent as the 
Law Concerning Special Measures for Conservation of  the Environment 
of  the Seto Inland Sea (referred to in brief  as “Seto Inland Sea Law”) 
in 1978. Among the special measures specified by this law, the following 
two were most important: (i) Restriction on the total load of  pollutants 
such as COD, P and N; and (ii) Special care with regard to reclama-
tion. By the former measure, the current COD load decreased to less 
than half  the peak value. The reduction of  P and N loads is continuing. 
In response to this water quality regulation, the number of  red tides 
decreased by half  (Fig. 4.2.9). The latter measure was also effective. The 
rate of  reclamation slowed down after the enactment. But on average, 4.4 

FIG. 4.2.14. Temporal variations in the annual occurrence of red tides in the Seto 
Inland Sea. (From the Setonaikai Fisheries Coordinate Office, Fisheries Agency.)
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hectares of  land is still being reclaimed annually for various purposes, 
including waste disposal (Fig. 4.2.15). The area of  the Seto Inland Sea is 
defined by the Seto Inland Sea Law (Fig. 4.2.16).

Efforts must be focused on effectively reducing the total loads of pollutants 
in enclosed water bodies in populated and industrialized regions, in order to 
improve the water quality. The Water Pollution Control Law was amended 
in 1978 to implement the “Areawide Total Pollutant Load Control System” 
for such large enclosed water bodies. This was to ensure that Environmental 
Quality Standards for Water Pollution were met.

The Areawide Total Pollutant Load Control targets regions where the cur-
rent effluent standards, including stringent effluent standards, are insufficient 
for meeting and maintaining the Environmental Quality Standards. Targeted 
regions are Tokyo Bay, Ise Bay, and the Seto Inland Sea. Additionally, specific 
regions contributing to water pollution are designated within each designated 
water body (designated water bodies). Every five years the Minister of the 
Environment sets COD pollutant load reduction targets for each designated 
water body, along with a target year by which they are to be met. Regula-
tions in accordance with the total pollutant load control standards are the 
core of load-reducing measures based on the Areawide Total Pollutant Load 
Reduction Plan. The total pollutant load control standards are applied to 
specified  commercial facilities with an effluent volume of 50 m3/day, or more. 
The  standards indicate the permissible limit for the discharge of  pollutant 
loads per commercial facility.

FIG. 4.2.15. Temporal variation in the area of reclamation in the Seto Inland Sea dur-
ing respective periods. (From the Ministry of Environment.)
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FIG. 4.2.16. Water body and watershed area defined by the law concerning special 
measures for conservation of the environment of the Seto Inland Sea.

COD is the major indicator of organic contamination. Although the 
Areawide Total Pollutant Load Control has been implemented and target-
ing COD since 1979, organic contamination is also caused by eutrophication. 
This is triggered by the influx of nitrogen and phosphorus. Thus while the 
levels of COD in designated water bodies have remained virtually unchanged, 
red tides have again become an issue.

For this reason, in December 2001 the fifth Areawide Total Pollutant Load 
Control (with the target year set at fiscal 2004) established the Basic Policy 
for Areawide Total Pollutant Load Control, adding nitrogen and phosphorus 
to the previous regulations for COD. In July 2002 concerned prefectural  governments 
created an Areawide Total Pollutant Load Reduction Plan in order to meet 
the reduction targets set out in this policy. The prefectures are currently 
 taking comprehensive action to meet these targets, including the implementation
of measures for household wastewater and industrial effluent, in addition to 
other measures.

With the cooperation of  national government, local public organiza-
tions, private companies, local residents, and other entities, the Association 
for the Environmental Conservation of  the Seto Inland Sea was established 
in 1976. For research purposes, the Research Institute for the Seto Inland 
Sea was set up in 1992 by researchers and university professors who were 
committed to the environmental preservation of  the Seto Inland Sea. To 
promote international collaboration toward the Environmental Management 
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of  Enclosed Coastal Seas (EMECS), five conferences have been held in 
various parts of  the world at 3-year intervals since 1990. The EMECS 
office was established in Kobe in 1994. These groups are collaborating and 
working together on various aspects of  the environmental management of 
the Seto Inland Sea.

The Research Institute for the Seto Inland Sea is endeavoring to estab-
lish the ideal way for the environmental preservation and other protec-
tion of  the Seto Inland Sea, and is aiming to encourage the spread of  the 
research and knowledge to contribute to the maintenance of  the overall 
environment of  the Seto Inland Sea and its proper use. The Institute is 
preparing the necessary proposals, and facilitating cooperation in the 
investigation, the research, and the educational activities concerning the 
Seto Inland Sea. As for the research conference, it is organized by an 
interdisciplinary group including researchers in government, companies, 
and academia and by people with interest in the natural sciences and 
social sciences. An activity such as the Seto Inland Sea research forum 
or a workshop is held every year. In addition, a member of  the research 
institute has introduced the results at the International Conference of 
Enclosed Coastal Sea (EMECS conference). Interdisciplinary research 
studies of  the Seto Inland Sea receive high acclaim as a worldwide 
research model for an enclosed coastal sea.

The Governors’ and Mayors’ Conference on the Environmental Protection 
of the Seto Inland Sea reports on the various investigations that the Environ-
ment Agency advances jointly after “ the Law Concerning Special Measures 
for Conservation of the Environment of the Seto Inland Sea “ was established 
in 1978. It also resolves various declarations, etc., involved in establishing the
necessary organizations and in spreading understanding. It has also enhanced 
information exchange concerning various problems. To advance the approach 
of environmental preservation smoothly, many organizations have thus been 
established. Moreover, the Conference endeavors to enlighten the environ-
mental preservation consideration in groups and residents in the coast region. 
For these organizations “The Seto Inland Sea Special Declaration” is adopted, 
and the slogan to advance the environmental preservation of the Seto Inland 
Sea is promoted.

Since the law was passed 30 years ago, The Governors’ and Mayors’ Conference 
on the Environmental Protection of the Seto Inland Sea has encouraged exami-
nation of a new subject. While performing information exchange about the envi-
ronment of the Seto Inland Sea, the Conference is also encouraging cooperation 
between prefectures and cities, in order to promote environmental preservation 
of the Seto Inland Sea. As a result, examination of the following four items was 
agreed in 1998.

(a) Plan of environment creation measures: The technology and the promotion 
methods for restoring the lost environment are examined.

(b) Prohibition of sea gravel collection: Collection of gravels on the sea floor is pro-
hibited and alternative materials for construction use should be investigated.
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(c) Simplification of permission application procedure: The procedural meth-
ods that relate to the Seto Inland Sea special measures are simplified.

(d) Prefecture plan concerning the environmental preservation of the Seto Inland 
Sea: This addresses the maintenance of water-quality control and the natural 
environment; the target is set at each administrative divisional level, and the 
measure to achieve the target is planned, and executed. As a result, the pro-
hibition of the collection of the sea gravel will start from 2006.

The prefecture plan concerning the maintenance of  the environment of  the 
Seto Inland Sea was reviewed by the Basic Plan for the Conservation of 
the Environment of  the Seto Inland Sea that the Ministry of  Environment 
changed in 2002. The measure to achieve the target was planned and made 
public, setting up the target concerning the maintenance of  a water quality 
conservation and a natural landscape in consideration of  the characteristics 
of  the region.

The document “Demand concerning the preservation and restoration of 
the environment of the Seto Inland Sea” was published in 2005. It highlighted
the need to protect the biodiversity of the Seto Inland Sea, considering it at 
as a rich sea and treating the recovery of fishery resources. A law to restore 
the beautiful nature of the Sea was also demanded. Thus, the Governors’ and 
Mayors’ Conference on the Environmental Protection of the Seto Inland Sea 
is intended to act as a form for negotiations on policy adjustments that exam-
ine how to restore the loss of nature, while also cooperating on the solution of 
large issues in the future.

Slow Recovery of the Environment

Although implementation of  the measures based on the Seto Inland Sea Law 
has achieved some success, particularly in reducing the loads of  pollutants, 
many problems still remain unsolved. One of  these problems is the decline 
in fish catch. The total annual catch increased gradually after World War II, 
until the mid-1970s, when the eutrophication was most significant. During the 
period between the early 1970s and mid-1980s, the catch was highest (mean: ca. 
4 × 105 t), followed by a significant decrease to ca. 2.5 × 105 t (Fig. 4.2.17).
A variety of  factors are thought to explain the decline in fish catch. But 
the loss of  tidal flats and grass beds by land filling is assumed to be most 
responsible. These areas are critical for the reproduction of  commercially 
important fish species. Fish catch can be an integrated indicator with which 
to assess the healthiness of  the environment and sea ecosystem. In this 
sense, the environment of  the Seto Inland Sea is far from recovery, in spite 
of  the previously described attempts related to pollution prevention and 
water quality improvement. New approaches, such as preserving biodiver-
sity, promoting the circulation of  water and other substances, remediation 
of  the tidal flats and grass beds, and integration of  natural, geographical, 
socioeconomic, and other conditions, are needed for the future recovery of 
the environment and ecosystem of  the Seto Inland Sea.
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4.2.6 Coastal Management in Developing Countries:
New Development in Coastal Management
Masahiro Yamao
Professor, Graduate School of Biosphere Science, Hiroshima University, 
1-4-1 Kagamiyama, Higashi-hiroshima,Hiroshima Pref. 739- 8528, Japan

Compromising Between Ecological and Economic Aspects

In the Asia-Pacific region there is great difference in regard to the level of 
development in coastal management. Government policy and people’s attitude 
toward conservation and utilization of coastal resources differ from country 
to country. As in developed countries, many of the developing countries in 
the region tend to proceed on the common process.

As Costanaza (1999) describes, six core principles necessary to achieve 
sustainable governance of the ocean and coastal areas. They are: (1) the 
responsibility principle; (2) the scale-matching principle; (3) the precaution-
ary principle; (4) the adaptive management principle; (5) the full cost allo-
cation principle; and (6) the participation principle. Developing countries 
rarely adopt and implement at one and the same time these six core principles 

FIG. 4.2.17. Historical trend of annual fish catch.



4. Policy for Conservation and Sustainable Development 207

in coastal management. Even though recognition of the necessity to adopt 
these principles is increasing, the countries tend to compromise, more or less, 
between the ecological and economic aspects.

Sustainable development is emphasized in various aspects like economics, society, 
ecology and the environment. It has becomes the dominant paradigm for coastal 
management, but the Asia-Pacific countries still suffer from the lack of a precise 
definition of sustainability. There is also disagreement between countries over the 
prioritized issues of sustainable development. Economic sustainability tends to be 
given a higher priority, rather than environmental and resource sustainability.

Towards an Integrated and Participatory Approach

Coastal management can only effectively be evaluated and managed in the total 
context of the social and cultural environment (Ehler 1995). It is very difficult 
to concede a unified objective or to best manage the coastal zone (Makhatar 
and Aziz 2003). The perceptions or approaches of management tend to focus 
on sectoral matters. However, it is gradually, and now generally accepted that 
the integrated approach aims for a multi-disciplinary and sustainable manage-
ment of coastal resources. Policy for coastal management increases the focus 
on comprehensive environmental and resource management.

Recent years have been seen a rapid development in the participatory 
approach. In the 1980s public interest in the participatory approach increased, 
since there was a pressing need for integration and coordination between 
sectors in coastal management. However, bureaucratic and administrative 
boundaries at central level blocked development of integrated coastal man-
agement at the local level. A number of pilot projects were started, with such 
purposes as accumulating experience and lessons on the integrated approach 
and creating a practical model for locally-based management. Through the 
implementation of pilot projects, the advantage of people’s participation in 
the decision making of coastal management has been widely acknowledged. 
Fitting in with local reality, and satisfying the people’s demands, are essential 
factors to success in coastal management.

Policy and Administrative Institutions

Policy for coastal management always fluctuates between a short-term and a 
long-term view. Both views are often in conflict in the Asia-Pacific. Resource 
users and stakeholders are likely to exploit coastal resources from a short-term 
viewpoint, while government pays less attention to the quality of their daily lives. 
It is obvious that ensuring the quality of human life of both current and future 
generations is the overall goal of coastal management. Pursuing this goal has led 
to the development of the concept and framework of environmental economic 
policy, considering how environmental quality and the output of economic goods 
are related in the short and long run (Field 1994). However, too much expectation 
from environmental economic analysis may result in a pessimistic appraisal, when 
local people and resource users regard “sustainability thinking” as dream-like. 
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Therefore, policies for coastal management often fluctuate between optimistic 
and pessimistic appraisal of the people’s behavior. Government attitudes towards 
coastal management are unsteady. As a result, both parties have reciprocal dis-
trust. Balancing and compromising are indispensable in any further development 
of coastal management.

How to build a more effective administrative organization is also still a key 
issue, along with a rapid increase in the number of participatory projects. 
Experience and lessons gained through implementing the projects provide a 
profound insight into the direction of policy for coastal management. Thus 
there is now substantial evidence and guidance regarding the most appro-
priate approach. However, central governments still find it difficult to build 
a well-structured organization that can secure people’s participation and 
respond to local concerns.

Balancing Between Livelihood Improvement and Environmental Issues

In some tropical countries of the Asia-Pacific region people consider that 
overfishing, the loss of marine diversity, coastal zone degradation and coral 
reef destruction are the major problems and are among the top priorities. 
They are encouraged to take action for the establishment of sustainable 
coastal management by both government and non-governmental agencies. 
However, resource users and local society make excuses to avoid controlling 
illegal and destructive exploitation of resources. This is because there are no 
alternative income and job opportunities. They are aware of the deteriorated 
coastal environment and depleted coastal resources. But without adequate 
alternative livelihood schemes they hesitate to join conservation programs. In 
overpopulated coastal areas a large part of the poor people might be alienated 
from the means of livelihood if  conservation programs are implemented. The 
success of the pilot projects suggests that alleviating poverty is an effective 
tool for establishing the sustainable use of coastal resources. Therefore, a balance 
between livelihood opportunities and conservation should be proposed as 
much as possible (see Fig. 4.2.18).

Moreover, resource users and local society consider that environmen-
tal conservation and resource management should be viewed in the com-
plex interaction of  livelihood, culture and society. This may be called the 
Asian-value. Focusing on the sole aspect of  conservation may lead to the 
 collapse of  fishing communities and local institutions that function in 
multiple roles.

Decentralization, People’s Participation, and Local Government

Decentralization of Coastal Management

In many of the Asia-Pacific countries a top–down approach has failed to man-
age local issues and take action against irresponsible and illegal activities. Law 
enforcement is a problem in this approach, because of the lack of personnel 
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and inadequate budget allocations. This may result in de facto open access 
to coastal resources. Decentralization is a strategic approach and has several 
advantages. The transaction cost of coastal management is much lower than 
the top-down approach, although the decision-making cost is more expensive. 
The transfer of technology and knowledge is useful at the local level. Resource 
users’ and local knowledge can be adopted in the decentralization of coastal 
management.

A decentralized system empowers local government and people to 
arrange self-regulated activities, while establishing locally based and 
 people’s organizations that take a part of  government’s responsibility. 
Community-based resource management (CBRM) and co-management 
(CM) are typical cases. CM is to share responsibility between govern-
ment and users. This improves coordination and communication between 
 central and local. It needs well-structured institutions that consist of 
management units at local level, intermediary coordinating bodies and a 
clearly defined legislative framework.

It takes much time to pass through sequential stages towards the overall 
objectives of CM. The task and responsibility delegated by the central government 
will gradually cover a wider scope of coastal management. Figure 4.2.19 shows 
a model for decentralization in resource utilization and conservation.

Public Participation in Coastal Management

Greater public participation in decision-making and implementation of 
coastal management is an essential factor to make locally-based coastal 
 management succeed. Many countries attempt to establish participatory 
organizations that will function as a local management unit. It is antici-
pated to have at least six roles: representatives, consensus, suggestion, 
implementation, enforcement and adjustment. Clearly a single management 

Alternative Livelihood

Sustainable Use of
Resource

Reduced Pressure on Environment

Workable Framework of Management:
Clear jurisdictional mandate and

Strengthening institution

Job Opportunities outside Capture
Fisheries, Local Business, Micro Credit,
Training, etc.

?

FIG. 4.2.18. Strategy of coastal resource management.
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unit can rarely achieve these substantial roles. There should be networks of 
management units, or intermediary organizations that will provide support. 
As the ideal of  comanagement indicates, good coordination between pri-
mary and intermediary levels will assist a management unit to have the 
above-mentioned roles in coastal management. There is much argument 
about what type of  management unit is appropriate – resource users’ (pro-
fessional) or residential groups, traditional communities, local government 
units (LGU), and so on.

An increasing number of participatory projects in coastal resource man-
agement (CRM) have succeeded due to adopting comprehensive approaches. 
As Fig. 4.2.20 shows, substantial external and internal factors determine 
the success or failure of CRM’s target activities. One is the level of public 
participation; another is the extent of legislative support from government. 
 Reducing conflicts among stakeholders is not an easy task, even for a locally-
based management unit. In CRM projects need a clear-cut legal framework 
defining the authority delegated.

A management unit is then empowered to develop its own procedures, 
including local rules, zoning, and marine protected areas (MPA). Without 
monitoring, control and surveillance (MCS) conducted by government, few 
management units would achieve their management objectives by encourag-
ing public participation. It is widely recognized that exercising strict control 
over illegal activities, such as employing unselective fishing gear and blatantly 
exploiting mangrove areas, is an indispensable factor for promoting participa-
tory and self-regulatory management activities. In other words, much atten-
tion should be given to understanding how to build a more sophisticated 
comanagement mechanism.

Successful
CRMPs

Target
activities

Legal
support

Level of
participation

Sustainable
management

Source: Chenkitkosol & Yamao (2004)

FIG. 4.2.19. Strategy of coastal resource management.
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Roles of Local Governments in Coastal Management

As shown by the recent experiences in some countries in Southeast Asia, 
including the Philippines, Indonesia and Thailand, local governments 
should be empowered to share a large portion of  government’s responsibil-
ity for coastal management. In Southeast Asia the local administrations will 
move quickly towards a process of  polarization. Although still uncertain, 
this movement may contribute to decentralization and less officialdom. 
Some roles and functions that intermediary government agencies hold will 
be delegated to primary levels; some functions undertaken by traditional 
communities will be absorbed into a local government unit. Local govern-
ment plays a very important role in community development, especially by 
having various sorts of  administrative works in which coastal management 
and environmental conservation are included. The local government unit can 
enact ordinances through coordination among stakeholders, take charge of 
registration and licensing, watch and control unreported and illegal activi-
ties, and promote human resource development for locally based coastal 
management.

In coastal resource management, traditional community rules and a local 
consensus are partly transformed into the formal proclamations and regulations
by a local government unit. These are put into legal effect inside and outside 
the community. This will overcome a weakness of traditional community-
based management, and stimulate a trend of public participation in decision 

Nationallevel
• Legislate legal
  right
• Delegate
  authority

Regional level
• Demarcation
 of areas

• Regional
  interaction

Local level
• Take decision on
  Ordinance
• Set up own
  management
  plan

Resource
management

Act

Regulation
and

activities

Ordinance
and

Activities

Delegation

Intermediary Arrangement
(Management Committee)

Govt.
Agency

LGUs &
Groups
Networks

CBMU

Legal Framework

CBMUCBMU

Internal agreement

LGU CBMU Networks

Delegation

FIG. 4.2.20. Mechanism of decentralization (coastal resource management).
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making and implementation of resource management and environmental 
conservation.

In the Asia-Pacific region, developing countries are searching for a variety 
of models of co-management, with a focus on the increasing role of the local 
government unit in coastal management while emphasizing the importance 
of public participation.

Important Issues for Coastal Management in the Asia-Pacific

Capacity Building

Capacity building is essential for integrated coastal management. In partic-
ular, community-based capacity building serves to enhance a moral sense of 
duty (Flether 2003). Decentralization and public participation are strongly 
supported in many countries. But poor awareness among people and weak 
incentives for stakeholders are great obstacles. A lack of  human resources 
and financial capacity at community level mitigates against sustainable 
coastal development. Brief  reports from selected countries described here-
after will give an insightful view of  how to enhance capacity building at 
local and national levels.

Regionalization of the “Code of Conduct for Sustainable 
Coastal Management”

In the Asia-Pacific region, environmental degradation and resource overexploi-
tation in the coastal zone affect neighboring countries directly. In semi-enclosed 
areas of East Asia and Southeast Asia, resource users and stakeholders are 
beyond states’ borders. Trans-boundary management between the states needs 
regional guidelines and principles that they should follow. Harmonization and 
standardization of policies for conservation of the coastal environment and 
for sustainable use of common-pool resources should be implemented. Tech-
nology transfer from developed countries may be a prerequisite to developing 
countries accepting the regional version of the code of conduct. Coastal man-
agement is an urgent field for stimulating international cooperation.
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4.2.7 Coastal Management in Urban Areas
Asami Shikida
Professor, Kanazawa Institute of Technology, 7-1 Ohgigaoka, Nonoichi, 
Ishikawa Pref. 921 - 8501, Japan

The Urban Coastal Zone, and its Definition

The coastal zone is a dynamic space where the terrestrial environment influences
coastal shallow water, and vice versa. Thus, the coastal zone cannot be divided 
into land and sea. The coastal zone encompasses the coastal ecosystem itself. 
Many coastal organisms living in the space do not distinguish its boundary. 
The zone can be thought of as an ecotone (transitional zone) where differ-
ent ecosystems encounter each other and a gradual transition of ecosystems 
occurs. However, land and sea have been treated separately for a long time. 
The seeming difference in both land and sea is apparent. Most urban areas 
and the surrounding shallow waters have been highly developed. Thus the 
management of the urban coastal zone clearly differs from that for undevel-
oped or less populated areas.

In this section we will consider the Japanese coastline as an example of the 
urban coastline. The coastal zone in Japan is especially important, as about 
a half  of the Japanese population lives there. It is also the focus of many 
economic and industrial activities. In the urban areas where industries and 
population concentrate, it is apparent that we have to consider the value of 
the coastal zone for society itself.

The first appearance of  the word coastal zone in Japanese society occurred 
in the third National Comprehensive Development Plan established in 1977. 
However, the word has not been commonly used. The definition of  coastal 
zone in Japan was tentatively released by the Japanese Association of  Coastal 
Studies as “coastal water can extend to the 12 nautical mile boundary of  the 
territorial waters and the terrestrial zone encompasses the administrative 
area of  the municipalities that have a coastline, subject to consideration of 
the river system to the space.” This definition refers to overseas examples 
such as the Coastal Zone Management Act (1972) of  the USA, which states 
that the “Coastal zone consists of  littoral water within the territorial waters 
and land that the utilization of  it has direct influence on that littoral water”. 
In fact, specification of  the coastal zone is desirable from the administra-
tive point of  view. However, lack of  an integrated management act for the 
coastal zone in Japan prevents sharing a clear definition. It is necessary to 
have a clear definition in order to develop the appropriate administrative 
arrangements.

Characteristics of Coastal Use and its Classification in Urban Areas

As often discussed, many different uses and users exist in urban coastal zones. 
Such a complicated utilization scheme is called multipurpose utilization or 
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multiple utilizations. It is defined as “polyphyletic utilization” from the stand-
point that the many kinds of utilization, although not mutually exclusive and 
independent, form the urban coastal zone utilization.

The coastal zone utilization is currently classified by form (e.g., OECD 
1993). Although this approach may be effective for solving individual problems 
among individual users, it is seen as ineffective in an integrated approach to 
coastal zone management, since this must control conflicting interests. The 
classification of use was made from three standpoints; industrial versus non-
industrial utilization; use by local residents versus non-local residents; and 
a small number of specific users versus large number of unidentified users. 
These standpoints represent a coastal utilization in terms of purpose, subject,
and form.

The first standpoint, industrial utilization versus nonindustrial utilization, 
addresses the purpose of utilization. Industrial utilization represents profit 
seeking activities, while nonindustrial utilization has nonprofit purposes, 
such as marine leisure and recreation. Features of the nonindustrial utiliza-
tion include difficulty in quantifying and monitoring utilization. The second 
standpoint, local resident users versus nonlocal resident users, categorizes the 
subject responsible for the utilization of the coast line. It is generally accepted 
that local residents should be the primary decision-makers. Indeed, the par-
ticipation of residents is a key element in achieving sustainable use of the 
environment. The third standpoint, large number of anonymous users versus 
small number of specific users, represents the utility form, Fig. 4.2.21.

Uses of Urban Coastal Zone and its Management

The three categories of coastal utilization are not mutually exclusive. Coastal 
recreation is often carried out by a large number of anonymous, nonindustrial 
users coming from outside the local area. For example, in the summertime in 
Japan, it is observed that 70% of the sea bathers visiting the local beach came 
from outside of the area (i.e., are nonlocal residents). By contrast, in the case 
of utilization by coastal fisheries, most employees are local residents belong-
ing to the fishery cooperative. It is industrial utilization by a small number of 
specific users living in the area.

Industrial utilization

Local residents

Anonymous large
number of users

Non-industrial use

Non-local residents

Small number specific
users

FIG. 4.2.21. Classification of the coastal utilization by nature and conflicting 
relationships between two user groups.
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The environmental protection of the coastal zone cannot be disregarded, 
even if the balance between the various user groups is kept steady. The utilization
of the coastal zone is heavily dependent on the coastal environment. A solution
devised by individual concerned parties typically lacks consideration for the 
environment and resources. It is frequently accompanied by the depletion of 
resources, and results in increased externalities. Therefore, it is strongly rec-
ommended that consideration be given to the environmental protection and 
resource management standpoint, in addition to the utilization standpoint. 
This relation is shown in Fig. 4.2.22. In this case, nonindustrial and industrial 
utilization and environmental protection form a triangle. Maintaining a bal-
ance between these three factors is critical.

Urban coastal zone management should endeavor to maintain the appropriate 
balance in these three triangles. To this end, it is necessary to consider the 
large number of anonymous versus small number of specific users, and local 
versus nonlocal residents, while taking account of the environmental sustain-
ability as well. A management factor should be added to the triangular model. 
The management factor is located at the top of the tetrahedron in the newly 
developed model shown in Fig. 4.2.23. The intent of this diagram is that a 

Environmental protection

Industrial
use

Non-industrial
use

Management

Industrial
use

Environmental protection

Non-industrial
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FIG. 4.2.22. Triangular model describing the relationship between user groups and the 
environmental protection (an example of industrial and nonindustrial use).

FIG. 4.2.23. Tetrahedron structural model of the coastal zone management (an exam-
ple of industrial and nonindustrial use).
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symbiosis among users and the environment is to be achieved when the shape 
of this tetrahedron is well balanced.

Issues for Future Urban Coastal Zone Management

As discussed, most urban coastal zones have been highly developed and 
utilized by both locals and visitors. The economic value of urban coastal 
zones has been rising because they have been redeveloped for the last 20 years, 
following the restructuring policy of large cities such as the Tokyo metropoli-
tan area. However, coastal zone management in urban areas uses a sectoral 
approach. This results in an ineffective and inefficient management exercise 
because many problems in the coastal zones are trans-boundary. They require 
a synthetic and integrated approach.

Today urban areas, including the developed coastal areas, need to achieve 
sustainable development in the whole city planning and management. 
In sustainable development, one of the main issues is to achieve a balance 
between coastal development and environmental conservation. Landscape 
conservation is a typical issue; economic efficiency-oriented development is 
not always supported because a large number of urban residents and visitors 
have an aesthetic preference.

Participation of  residents and nonresidents in urban coastal zone man-
agement is another important issue. Decision making around coastal zone 
management should be made based on the public participation princi-
ple. Thus, institutional and administrative processes need to be designed 
appropriately. Furthermore, decision making should be open not only to 
residents but also nonresidential visitors and interest groups. Their activi-
ties also have significant influences on the coastal zone. There would be 
better understanding of  the coastal zone and its management in the future 
if  the participation process is extended more widely from decision making 
to planning and the design processes.

Reference
OECD (1993) Coastal zone management-integrated policies, OECD, 126p

4.3 Policies and Practices in the Asia and Pacific 
Countries

We have seen that coastal zones in Asia and the Pacific region continue 
to experience unprecedented environmental changes that are driven both 
by pressures of  local human activities and global environmental changes. 
 Further growth in the population and economies of  the region, along 
with progressive global warming and climate change, will increasingly 
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affect the region’s coastal environment. Coastal zones provide a common 
foundation for economic, academic, cultural and aesthetic resources for 
local communities throughout the region. Therefore, relevant manage-
ment of  the coastal zones is of  great importance for the region’s sus-
tainable development. Many countries in the region have attempted to 
develop their own coastal management framework and practices. They 
are both national and community levels. Because the coastal resources 
are a base for the local economy, and the well- being of  the local popu-
lation, countries in this region tend to increasingly rely on community-
based management of  coastal zones. In this section, we will see the past 
and current coastal management (CM) practices in some countries in 
the region.

4.3.1 Effective Coastal Zone Management Practices 
in the Philippines
Porfirio M Aliño
Professor, Marine Science Institute, University of the Philippines, 
Diliman Quezon 1101, Philippines

Introduction

The Philippines is situated in the convergence areas of two major oceans found 
in the Indo-west Pacific Region, and bounds the eastern flank of the large 
marine ecosystem, the South China Sea (Aliño and Gomez 1995). Its position 
provides it a strategic and significant role in biodiversity conservation, fish-
eries management and environmental management (e.g., having particularly 
sensitive sealane areas [PSSAs] PEMSEA 2003). Its natural endowments are 
placed in dire straits due to the historical fetters it has experienced and its 
on-going social and economic constraints. Population growth is seen as one 
of the highest in Asia, and the number of fisher populations has led to highly 
overexploited fisheries (DA-BFAR 2004). Coastal degradation, as seen in the 
decline of its mangrove and coral reef areas, is one of the gravest conditions 
in the region (Burke et al., 2002). Degradation of coastal areas may have led 
to losses of at least $ 9B per year, based on replacement costs. It is projected 
that tremendous pressures on food and social security will result in the future 
(Bernascek 1996). Pollution and other trans-boundary concerns are starting 
to become recognized as emerging problems [Jacinto et al., 2000; McGlone 
et al., 2004], thus exacerbating the poverty, population and environment quan-
dary. Despite the seemingly formidable challenges, the Philippines has proven 
to be a great reservoir of strength and perseverance in the realm of coastal and 
ocean management. These attributes are seen in the many laudable efforts and 
experiences in relation to community-based coastal management and coastal 
governance, marine sanctuary stewardship and initiatives towards archipelagic 
integration. The following synopsis provides an overview of some of the 
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predominant effective practices that have been noted in the Philippines. This 
brief  review aims to:

1. Describe some effective practices, and the causes that these purport to 
address as they relate to prevalent issues and problems.

2. Characterize their objectives and the management and their development 
trajectories.

3. Identify the future steps, cognizant of the gaps, constraints, and opportuni-
ties to pursue improved management effectiveness.

Approaches: Pressures, States, and Responses

Consistent with the general approach of the chapters in this book, we present 
the pressures that are relevant to the environmental states of the coastal eco-
systems of the Philippine archipelago. The matrix in Table 4.3.1 provides the 
encompassing framework of this review, akin to the trans-boundary diagnostic 
analyses presented in UNEP-Philippines 2000. Using the pressure–state–
response model we derive the general categories for good practices of the 
on-going interventions in the Philippines.

Results and Discussion

Community-based Coastal Resources Management and Local Governance

Adoption by the Republic of the Philippines of the regalian doctrine during 
the Spanish period, its continuance with American colonial rule and up until 
the present Philippine 1987 Constitution, the coastal resources are owned by 
the State. But considerable developments have occurred in relation to the man-
agement of resources, especially in the late 1970s up until entry into the new mil-
lennium. Reports consider these under what might be a convergence of political 
assertion of many environmental efforts as a response to many interrelated devel-
opment issues. The environmental awakening, as brought about by the political 
militance under a dictatorial regime, found common cause in many environmental 
movements that have been awakened in the Philippines. This has been manifested 
in some of the early community-based marine reserve programs that have been 
developed in the early 1980s on Apo Island, after learning from the shortcomings 
of the Sumilon Island experience (Alcala and Russ 1990; Alcala 2001; Alcala et 
al., 2004). The desire for greater local governance and community participation 
has been facilitated with the enactment of the 1987 Constitution, and formally 
expounded in the local government code of 1991. This also afforded local gov-
ernment units (LGUs) jurisdiction of municipal waters to 15 km from shore. At 
about this time the emergence of the National Integrated Protected Areas System 
(NIPAS) Act also paved the way for a more holistic perspective for protected areas, 
including both land and sea. After this period (mid-1990s), around 250 Marine 
Protected Areas (MPAs) have been identified, with less than 15% being considered 
effective (Kelleher et al., 1995). After concerted efforts by local communities and 
civil society groups, the local fisheries code was enacted.
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This paved the way for local governments to establish marine sanctuaries 
through local ordinances. It encouraged that at least 15% of municipal waters 
should be allocated for marine fisheries reserves, sanctuaries, and refugias. 
These developments encouraged the proliferation of over 400 marine sanctuaries
around the country (Pajaro et al., 1999). Despite their usually small size (i.e., 
mostly less than 20 ha) and limited management effectiveness (i.e., less than 
20% effective), these have provided the stimulus for many coastal commu-
nities and local governments to establish their municipal marine sanctuaries 
(Arceo et al., 2004). These were very important empowering experiences for 
both local communities and LGUs, especially to have hand-son shared expe-
rience in the management of an area that is within their operational capabil-
ity and financial resources. Despite concerns in some areas where sustenance 
fishers resisted the MPA establishment due to the potential loss of their fish-
ing area, many of the areas have become learning areas to regulate fishing 
activities and start clarifying area-based access arrangements (e.g., especially 
the regulation of entry within the 10–15 km from shore municipal area). The 
development of more explicit tenurial instruments, vesting on communities 
the management of their coastal resources, is best exemplified in the com-
munity-based mangrove stewardship agreements. Presently, these instruments 
have allowed local communities to benefit from the local management of 
their areas (e.g., Olango Island). Some have even been afforded international 
recognition for such efforts.

Some coral reef  marine sanctuaries and reserves have been noteworthy. 
Aside from the learning experience, actual improvement in the fish stocks 
and fisheries yield has been demonstrated, especially for Apo Island. In 
addition, the development of  user fees (e.g., visitor fees) has provided sup-
plemental income to the locals, as demonstrated in the Gilutongan marine 
sanctuary, where the village earns at least $20,000 a year (Ross et al., 2004) 
and also on Apo Island. Other areas have utilized marine sanctuaries as 
reproductive reserves to reseed depleted stocks, to help regulate areas for 
grow-out (Arceo et al., 2002; Juinio-Meñez 2004). In addition, this has 
been an important entry point for many local governments to appreciate 
the need for a more integrated planning and management regime. To date, 
an increasing number of  local governments have developed coastal zoning 
management plans, with various participatory mechanisms incorporated 
into the process (Aliño et al., 2002).

Scaling up Local Governance to Provincial, Bay-wide, and Large Marine 
Ecosystem Management

The initial steps where local governments have undertaken coastal resource 
management (CRM) initiatives have paved the way for potential complementation
of efforts to foster inter-municipality cooperation. This can be seen in many 
areas where provincial support provided the sustaining mechanisms for project 
driven efforts at the municipal level. This effort is most developed in the case 
of  the Province of  Palawan where a republic act was enacted to establish the 
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Palawan Council for Sustainable Development (PCSD). The PCSD provided 
the political and financial leverage mechanisms for municipalities to work 
together. Previously these were not in place. On the other hand, other areas 
have started to develop their own coordinating mechanisms, such as seen in 
various bay management councils (e.g., LIPASECU and Illana Bay Regional 
Alliance 9 [IBRA 9]), area clusters around the Danahon Banks [CeLeBoSoLe] 
and the Bohol Marine Triangle and other provincial bodies (e.g., in Negros 
and Batangas). The larger political influence and areal coverage may facilitate 
a greater potential for complementation as well as capital buildup to deal with 
the transactional costs of a larger area and longer-term management. Simul-
taneously, the development at the local level bottom-up process has seen a 
convergence in national government initiatives (e.g., the Integrated Fisheries 
and Aquatic Management Councils [IFARMC] and Sulu-Sulawesi Commis-
sion (DeVantier et al., 2004). This top-down and bottom-up integration also 
facilitates both vertical and horizontal complementation. It remains to be 
seen whether these efforts will result in synergies, but the fact that these vari-
ous initiatives are being pursued provides hope that people will work together. 
Aside from the strict no-take areas and integrated coastal management, there 
are moves to improve the governance processes and thrusts to incorporate 
other development areas. The other emergent areas are those that address 
reproductive health and supplemental livelihood, linked to coastal resource 
management interventions such as seaweed culture and MPAs.

Next Steps Towards Sustainability: Network of MPAs and Philippine 
Archipelagic Development

Though the good practices noted here could be distinct and separate efforts, 
the development towards greater complementation and synergy may be 
considered a good networking effort. To date various networks have evolved, 
such as the Community-Based Coastal Resources Management Network 
[CBCRM Net], the network of MPA people’s organizations as embodied 
in Pambansang Alyansa ng Maliliit na Mangingisda at Komunidad na Nan-
gangalaga sa Sanktwaryo at Karagatan sa Pilipinas ([PAMANA] National 
Alliance of Small-Scale Fisherfolk Stewarding Sanctuaries and Seas of the 
Philippines [Filipino acronym when read as a word PAMANA means “herit-
age”]) have now been in existence for over 4 years. Site-based area manage-
ment networks, as mentioned earlier, are starting to develop capabilities in 
managing joint network funds. The development of these funds is the greater 
challenge that needs to be addressed in order to sustain financing for these 
areas. Some incipient developments can be seen in the Batangas Provincial 
Environment and Resources Office. Together with private corporation locators, 
a foundation was established to help in the monitoring and coastal management
of the bay, thus fostering corporate social responsibility and partnerships 
with the public.

Now local governments are starting to allocate budgets for CRM, despite 
considerable budget constraints. Many coastal development plans have been 
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enacted through their local ordinances. These legitimization efforts are part 
of mainstreaming good coastal governance. But implementation of these 
plans needs to be practiced more effectively so that capabilities are developed 
at the LGUs and with the active participation of the civil society groups and 
other stakeholders in the community. Participatory coastal resources assessment 
and adaptive management processes are starting to take root in the marine 
sanctuaries. Synergy to work with local governments has to be further devel-
oped, together with performance-based incentive systems. In many cases 
there remain considerable unmet expectations in the delivery of basic CRM 
services (e.g., fishery registration and coastal regulation of  the foreshore 
areas). Cognizance of these problems has been taken head-on by many Non-
Governmental Organizations (NGOs), especially through the efforts of  public 
interest law groups like Tanggol Kalikasan (Environmental Defense) and 
Environmental Legal Assistance Center (ELAC). With all these efforts, hope 
springs eternal. The Philippine’s people power revolution has not only been 
manifested in the streets but also in a sea change of attitudes and its coastal 
people, albeit slowly, but perhaps surely.
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Introduction

With 4,675 km of coastline and 549,500 km2 of sea area (including the EEZ), 
the Malaysian marine environment is endowed with a variety of rich marine 
ecosystems. These include mangroves, mudflats, sea grasses, coral reefs, lagoons, 
and estuaries The coastal zone and its resources are central to the quality 
of life for the Malaysian people, supporting food production, agriculture, 
industry use, shipping, recreation, and tourism. However, the coastal zone is 
under pressure from a range of activities which threaten its health and in turn 
compromise its ability to support the numerous activities that depend on its 
health. Marine water quality off the mainland coast and developed islands is 
generally polluted. In 2002 almost 75% of the 1,063 samples of coastal water 
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monitored by the Department of Environment exceeded the interim standard 
for total suspended solids, 51% for oil and grease and 43% for E. coli (DoE 
2003). This has particularly affected poorer coastal communities, especially 
small-scale fishers, who are totally dependent on aquatic resources as their 
means of livelihood.

Characteristics of the Malaysian Coastal Zone

Shoreline

The shoreline character of the Malaysian coastal zone is highly variable. In 
the West Coast of Peninsular Malaysia the coastline is characterized by large 
stretches of mudflats, usually fringed by mangroves. These extend as far as 
1.5 km out to sea, interspersed by short stretches of sandy or rocky beach. 
The East Coast of Peninsular Malaysia, on the other hand, is largely sandy beaches, with
mud beaches found only in the estuaries. In Sarawak, muddy beaches dominate 
the southern coastline up to the Lassa delta, after which the shoreline is 
largely sand and rocky beach. A similar situation prevails in Sabah, with West 
Sabah largely of muddy beach while East Sabah is almost entirely dominated 
by sand beaches, with notable tracts of mangrove around Tawau. Human 
intervention in these shoreline processes of the Malaysian coastal zone, by 
the construction of hard structures and maintenance dredging for deep access 
or navigation channels, have in many places permanently changed the gen-
eral alignment of the coastline and caused serious erosion problems. Coastal 
erosion affects many locations to various degrees, in almost every state in 
Malaysia. A 1999 study indicated that 29% of coastline was undergoing 
severe erosion, of which 226km was in critical condition. This figure has since 
increased to 240 km. 

Coastal Ecosystems

Coastal Forests

Mangroves cover a total area of 6,410 km2, covering 52% of Malaysia’s coast-
line. Peninsular Malaysia has about 1,400 km2, Sabah 3,654 km2 and Sarawak, 
1,356 km2. Mangrove forests in Peninsular Malaysia have decreased by 
approximately 35%, especially in the west coast of Peninsular Malaysia. This 
is due to domestic, industrial and agricultural development. Other coastal 
forest types include beach forests, heath forests, Nipah forests and freshwater 
swamp forests. Knowledge of their ecological value is limited, though they are 
clearly a major part of the coastal habitats support system.

Mudflats

Mudflats are the dominant feature of the coastline on the west coast of 
Peninsular Malaysia, Sabah, and Sarawak. They are usually associated with 
mangrove forests, especially if  the mangrove areas are in the phase of active 
accretion. The mudflats of the west coast of Peninsular Malaysia are very 
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productive, producing 72,000 t of marketable cockles and 11,000 t of cockle 
seeds annually. However, they are not protected (except in conjunction with 
mangroves), and remain prime targets for reclamation and dumping of waste 
materials.

Coral Reefs

Corals are found along the coast of Kuala Terengganu to Chukai and around 
the offshore islands in the South China Sea, the Straits of Malacca, and the 
Sulu Sea. About 64% of the coral reefs surveyed since mid-1980s are in fair 
condition, with an average of 25–50% live coral cover. Though major hard 
reefs are protected through the Marine Park system, smaller reefs are not 
protected and have suffered from collection and pollution.

Sea Grasses

Sea grass beds are found along the coastal waters of the west and east coasts 
and the southern part of the Peninsular Malaysia, west and southeastern 
coasts of Sabah and near reef atolls of the South China Sea. There is no 
organized monitoring mechanism for sea grass health. However, preliminary 
studies indicate that trawling, sedimentation, and dredging have destroyed 
many of the sea grass beds.

Marine Mammals

A total of nine species of dolphins, two species of whales and one sirenid 
(the dugong (Dugong dugon) ) have been reported in Malaysian waters. Four 
of the seven species of marine turtles in the world are also found in Malaysian
waters. In addition, the estuarine turtle is represented by one species, the 
painted terrapin. All five species are listed in the IUCN (International Union 
for the Conservation of Nature, now the World Conservation Union) Red 
Data Book as Endangered or listed in Schedule 1 of CITES (the Convention 
on International Trade in Endangered Species of Wild Fauna and Flora). 
Turtle populations have declined, due to loss of nesting sites following coastal 
development, the collection of eggs for consumption and accidental capture 
and drowning by fishing nets. Drift/gill nets have also been known to have 
accidentally caught dugongs.

Major Pressures

Fisheries

Annual fish production, per capita fish consumption, and fisheries sector employ-
ment have increased over the past decade. However, sustainability is a key issue. 
Many Malaysian fishing grounds are fully or overexploited. The level of uncer-
tainty in scientific assessments of the status of fisheries remains relatively high, 
due to the sporadic nature of stock assessment studies and the unrecorded levels 
of fishing effort by illegal fishing and poaching by foreign fishermen.
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Aquaculture

Coastal aquaculture has expanded rapidly in recent years, growing by 150% 
in volume and 1200% in value over the 1991–2002 period. The increase has 
come mainly from shrimp, which has been the fastest growing sector of  the 
aquaculture industry over the past several decades. Though the industry 
has a bright future, the tendency for farms to be located in state mangrove 
forests has met with considerable criticism. Though farms are better located 
behind the mangroves, such lands are not readily allocated to the industry.

Land Reclamation

Reclamation of land from the sea has resulted in sedimentation of beaches, 
and alteration of natural ecosystems. About 700,000 ha of these wetlands 
have been converted to agriculture, and more are likely to be drained given 
growing population pressures. The present system of planning, employing 
structure and local plans, does not take the marine environment into account. 
The result is a considerable degree of conflict or overlap with activity and 
development within the coastal zone.

Mining

Offshore mining is largely focused on sand mining, to meet the growing demand 
for fill material for land reclamation and beach nourishment. Sand mining has 
the potential to destroy and pollute the seabed. It can also lead to sedimenta-
tion, smothering of benthic habitats such as corals and sea grasses, release toxic 
substances, nutrients, and heavy metal ions into the water column and to delete-
rious shifts in littoral patterns, causing the shoreline to erode excessively.

Solid Waste Disposal and Sewerage

With the increase of urban population and rapid economic development, 
waste disposal is becoming a serious environmental issue, requiring immediate 
attention. Currently sewage forms a major pollutant in the aquatic environment
of Malaysia, especially in the rivers and coastal waters. Malaysia produces 
more than 5 million tons of sewage each year.

Recreation and Tourism

Increased tourism related traffic in ecosystems that are supportive of inland 
marine fisheries (coral reefs and mangrove belts) tend to have a negative impact 
on catch sustainability, in terms of both species and volume. The environment 
and fishing habitats are adversely affected by indiscriminate removal of young 
fish, rocks, and coral formations, to be sold as souvenirs to tourists.

Current Initiatives in the Coastal Zone Management

Integrated Coastal Zone Management

Much of  the coastal zone in Malaysia is under state jurisdiction. It is the 
responsibility of  the various state governments to development Integrated 
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Coastal Zone Management (ICZM) plans. At present, 3 states (Sabah, 
Sarawak, and Penang) have already developed their own ICZM plans.

Turtle Sanctuaries

Efforts have been made to conserve and protect marine turtles, through the 
establishment of sanctuaries and hatcheries. At present there are 15 turtle 
hatcheries in Peninsular Malaysia, of which 10 are located in Terengganu. In 
Sabah, the Turtle Islands Park (constituting 8 islands) was established by the 
State, to conserve and protect marine turtles.

Marine Parks

Marine parks or reserves have been established under Federal and State 
legislation to protect habitats such as coral reefs. At present there are 11 
marine parks in the country covering a total of 588,490ha as well as 5 smaller 
fisheries protected areas. A further two (both in Sabah), covering a further 
325,000 ha, have been identified as potential park areas and are expected to be 
fully protected by end of 2005.

Establishment of Fishing Zones

Management zones have been established to prevent overfishing, ensure equitable 
allocation of the fishery resources among different sizes of fishing vessels and 
types of fishing gear, and to reduce the conflict between traditional and com-
mercial fishers. Four fishing zones have been established through a licensing 
scheme whereby the country’s maritime waters were delineated and desig-
nated for specific fishing gear, class/size of fishing vessel, and ownership. The 
fishing zones established are: Zone A, 5 nautical miles or less from the coast, 
reserved solely for small-scale fishermen operating traditional fishing gear 
and owner-operated vessels; Zone B, beyond 5 nautical miles from the coast, 
for fishing vessels of less than 40 GRT using commercial fishing gear, such 
as trawl net and purse seine net; Zone C1, beyond 12 nautical miles from the 
coast, for commercial fishing vessels of 40 GRT; and Management Zone C2, 
beyond 30 nautical miles from the coast for commercial fishing vessels of 70 
GRT and above.

Forest Reserves

Substantial tracts of mangrove forest are protected within reserves, where 
felling and clearing are strictly controlled. The largest mangrove reserve, the 
Matang mangrove forest, is considered one of the best managed in the world.

Future Directions in ICZM

Planning for the Coastal Zone

Management planning for most states in Malaysia is nonexistent. However, 
to address this, the Federal government is currently developing a National 
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Integrated Coastal Zone Management (NICZM) Policy framework on which 
the individual states can base their planning framework. The NICZM policy 
is also expected to influence the development of a National Physical Planning 
Framework. This is expected to set the pace for all urban planning regimes 
throughout the country.

Aquaculture Industry Zones

Aquaculture Industry Zones are expected to be established throughout the 
country, to enable the sustainable growth and development of coastal aquac-
ulture. These zones are expected to be equipped with the necessary infrastruc-
ture to treat effluent discharge to acceptable standards.

Concluding Remarks

Malaysia is endowed with rich aquatic resources. However, these ecosystems 
are currently threatened by the rapid economic development that has taken 
place since the early 1970s. Adverse environmental changes, such as habitat 
destruction, pollution, decline in marine resources, and loss of biodiversity 
have seriously impacted on ecosystems. These include coral reefs, sea grass 
beds, beaches, mangroves, estuaries, and other coastal environments. To 
address these problems, and ensure that the coastal zone continues to sustain 
the country’s much needed living marine resources, the Malaysian Government 
has initiated a comprehensive plan for the integrated coastal zone management
for the country. The plan is expected to be fully implemented during the 9th 
Malaysian Plan period from 2006–2010.
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Indonesia’s coastal area is a productive system in supporting economic activ-
ity of coastal communities, therefore the sustainability of the environment of 
coastal and marine ecosystem is paramount to the interest of the largest archi-
pelagic country in the world. Degradation of coastal environment of Indonesia 
has been alarming which include the destruction of coral, sea-grass and man-
grove ecosystems, decreasing coastal biodiversity and  polluted coastal area. 
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These phenomena are found in several areas of the country’s 81,000 km length 
and more than 17,000 islands. The consequences are impoverishment of coastal 
communities especially small scale fishermen and fish farmers, lowering quality 
of life of coastal inhabitants and deterioration of coastal environment espe-
cially on most populated island of Northern Java Island, but other islands are 
considered in good condition (Kusumastanto, 2005).

In the development of coastal and marine management, several government 
institutions, universities, international donor have put an effort in develop-
ing policy and implementation of Integrated Coastal Management (ICM) 
towards sustainable coastal and marine development. These efforts include 
conceptualizing and implementing integrated coastal management projects 
(see Table 4.3.2). After more than 20 years of endeavors, it is recognized that 
implementation of ICM in the government policy (local and central) and 
through ICM projects have limited impact because of lack support of strong 
national and local government policies, complex institutional arrangement, 
and limited adoption of stakeholders. Strategic actions have to be done to 
achieve the sustainable development coastal and marine development while 
improving quality of life of Indonesian people. Based on those conditions 
several lesson learned can be drawn include:

1. Improve quality of the formulation of policies and strategies option, ICM 
program must to employ best strategy in formulating management and policy 
given the condition of resources, political setting, cultural, and socioeconomic. 
In this situation ICM should facilitates optimization of the economic, social 
benefit and environmental sustainability from the use of coastal and marine 
resources. Especially when development dealing with multiple use resources 
and sector economy, the renewable resource must be considered as an indicator 
of sustainable coastal and marine management and development which main-
tains integrity of constant flow resources. The quality of environment and 
sustainability of renewable natural resources is important in sustaining food 
supply and food security for the human population while supporting other 
economic activities without adverse effect to quality of the life.

2. Developing best ICM planning using participation management process, ICM 
planning will be effective as participation, proactive planning, and quality man-
agement mechanism, since ICM planning is a dynamic and subject to periodic 
improvement. Therefore, ICM planning should involve increase awareness the 
value of coastal resources within social, economic and environmental context; 
cooperation of stakeholders to achieve common objectives; coordination of  
policies, strategies, institutional, and administrative arrangement; integration
of implementation and monitoring policies in order to meet the stated objec-
tives (Chua and Scura, 1992). In the era of decentralization in Indonesia, the 
coordination of planning between national and local is very important so that 
programs and projects can be integrated to tackle a certain issues completely. 
Review and evaluation of alternative management plan should be done that 
include an extended benefit-cost analysis and sensitivity analysis, then there-
fore, the best alternatives selected for consideration of adoption.
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TABLE 4.3.2. List of ICM programs and projects in Indonesia, 1987–2005.

Donor Program/project

Asian Development Bank 
(ADB)

• Marine Resource Evaluation Project (MREP)

• Marine Sciences and Education Project (MSEP)

• Coastal Environmental Management Project (CEMP)

• Coral Reef Rehabilitation and Management Project 
(COREMAP)

• BAPEDAL Regional Network Development Project

• Sulawesi Mangrove Management and Rehabilitation 
Project

• Segara Anakan Project

• Marine and Coastal Resource Management Project
United Nation Environmental 

Program/UNEP
• Regional Seas Program-Coordinating Body on the Seas of 

East Asia (COBSEA)

• Conference of Parties II on the Convention Biological 
Diversity (Jakarta – November 1995).

UN/FAO • Cendrawasih Bay Coastal Area Development Project

UNDP • Marine Pollution, Monitoring, and Training Program

• Riau Zone Land Use Management Project

• Reforestation in critical watersheds

• Watershed Rehabilitation in Nusa Tenggara Timur Project

• Research and Application to Mangrove Ecosystems

• GEF/UNDP/IMO Regional Program for the Prevention 
and Management of Marine Pollution in the East Asian 
Seas

World Bank • Environmental Management Technical Assistance Project

• BAPEDAL Development Project

• Coral Reef Rehabilitation and Management Project

USAID • ASEAN-US Cooperative Coastal Resources Management 
Project (co-funded by ASEAN)

• Natural Resources Management Project (NRMP) 
(Bunaken National Marine Park)

• Coastal Resources Management Project
USA • Columbia University – Indonesia Project on Marine 

Tracers
CIDA • Environmental Management Development in Indonesia 

Project (EMDI)

• Collaborative Environmental Project in Indonesia (CEPI)

• ASEAN – Canada Cooperative Program on Marine 
Science

• ASEAN – Canada Marine Pollution Criteria
Norway Agency for Develop-

ment (NORAD)
• Integrated Marine and Coastal Biodivesity Management 

Project

• Sea Watch
USAID • ASEAN-Australia Living Coastal Resources Program

(continued)
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3. Best practice in implementation of ICM program which consider an integration
of important and essential issues of  special importance for implementation 
of relevant actors; national and local participation in implementation; and 
mechanism for monitoring, evaluation and updating of the plan (IWICM, 
1996). The good practices of the implementation of ICM should:

– Adopt a systematic approach in implementing ICM programs and 
projects which include apply ICM framework for sectoral manage-
ment, use a combination of management actions, adopt precautionary 
approaches, and strictly follow the ICM procedure.

– Involve the public in the ICM process, the involvement of stakeholders at 
all phases and levels of ICM program development and implementation 
will enhance the cohesion of community in the implementation of ICM.

– Integrate environmental, economic, and social information from the 
beginning and due to the complex and dynamic nature of the coastal 
systems, it is important to have good scientific information.

– Establish mechanism for integration and coordination, the development 
of institutional mechanism will bring the harmonization of policies and 
legislation between national, provincial and local government.

– Establish sustainable financing mechanisms in order to ensure imple-
mentation and also the continuity of ICM program.

– Develop ICM capacity at all levels, in the case of Indonesia, a major 
constraint is the lack of technical and management capacities, especially 
at local level. Therefore ICM program need to employ strategies aimed at 
strengthening human resources and institutional capacities.

TABLE 4.3.2. (continued)

Donor Program/project

• ASEAN-Australia Regional Ocean Dynamics

• ASEAN-Australia Coastal Resources Management Project

• ASEAN-Australia Economic Cooperation Program
JICA • Coastal Resources Inventory Project

• Urban Drainage and Waste Water Disposal
Japan-Overseas Economic 

Cooperation Fund
• Environmental Study Center Development (PSLs)

Japan • ASEAn-Japan Management of Multi-species and 
Multi-gear Fisheries Project

• Japan-Indonesia JAMSTEC Project in Indonesia Through 
Flows

Republic of South Korea • ASEAN-ROK Industrial Use of Marine Biological 
Resources

Multi-national, Multi-agency • International Coral Reef Initiative (ICRI)
WWF • Strategi on Coral Reef Ecosystem Consrvation and Man-

agement (with MLH and EMDI)

Asian Wetland Bureau • Bintuni Bay & Pulau Dolok Reserves, Wasur National Park 
(Irian Jaya)

The Nature Conservancy • Komodo National Park (Marine Component)
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4. Monitoring and evaluation, a feedback mechanism is necessary to monitor, 
validate and reassess the efficacy of the plan during and after implemen-
tation. Many of ICM programs and projects do not consider monitoring 
and evaluation as important, this condition explain unsustainability of ICM 
programs in Indonesia. Monitoring of environmental, social, and economic 
impacts throughout the life of the ICM program because of the complex and 
dynamic nature of coastal and marine systems, is not always feasible to accu-
rately predict the economic effectiveness and environmental performance of 
ICM programs and projects. This situation is especially true for Indonesia’s 
coastal and marine systems where scientific knowledge is limited. Monitor-
ing and evaluation, in addition to importance to provide means of assess-
ing the effectiveness of ICM programs and projects in meeting the establish 
goals and objectives, it is also provides a powerful tool for assessing the per-
formance of ICM programs and projects and gives an early warning system 
of adverse effects, therefore, a corrective action can be done to modify the 
design and management in order to avoid irreversible impacts.

In the end of December, 2004, as a tsunami hit Aceh, North Sumatra and Nias, Indo-
nesia became aware of the importance ICM approach in prevention and mitigation 
of such a coastal disaster, especially in planning, providing guideline, and practical 
implementation for the local people and the government. With the development of 
enhanced skills and experiences, every country could develop their specific approach 
to address new coastal and marine management problems and also expand the ICM 
programs by integrating the river basin and ocean (Integrated River Basin Coastal 
and Ocean Management–IRCOM) as one large ecosystem to be considered in inte-
gration of national sustainable development agenda (Kusumastanto 2005).
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4.3.4 Best Practices in Thailand: Example of Erosion 
and Sedimentation in Songkla Lake Basin
Charlchai Tanavud
Faculty of Natural Resources, Prince of Songkla University, 
Thailand, Hat Yai, Songkla Province 90110, Thailand

Background

Songkla Lake Basin is situated on the eastern side of the Southern Thai 
Peninsula (latitudes N 6° 27/ and 8° 12/ and longitudes E 99° 44/ and 100° 
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41/). The basin stretches 150 km from Nakhon Sri Thammarat Province to 
the State of Kedah in Malaysia, and varies in width from 50 to 65 km in the 
east–west direction (Fig. 4.3.1). The lake basin covers an area of approximately 
8,463 km2, of which 1,043 km2, or 12%, comprises water bodies in the form of 
three interconnected lakes: Thale Noi, Thale Luang, and Thale Sap Songkla. 
The lake basin consists of three main topographic units: the mountains form-
ing the western boundary, a band of foothills, and terraces along the east side 
of the mountain range, and lowlands to the east and west of the lake. More 
than 100 streams of all sizes drain the basin from the western mountain range 
into the lakes, but there is one narrow outlet to the sea.

The economy of the basin is predominantly agriculture in nature. The most 
common soils in the Songkla Lake Basin are Ultisols, Alfisols, and Entisols. 
The principal crop is rubber, which is grown mostly on sloping land with good 
drainage. The cultivation of fruit trees is mainly restricted to the deep and 
well-drained soils on the foothills and terraces to the west of the basin. The 
most important crop of the lowlands is rice. Recently an increasing coastal 
area has been devoted to shrimp farming. Mean annual precipitation across 
the basin averages 2,000 mm, with over 60% of the rain falling between Octo-
ber and January. About 2% of Thailand’s population resides in the basin. 
The lake system is a resilient and productive ecosystem, containing rich fish-
ing grounds, productive brackish culture systems, and natural attractions for 
tourism.

Land Use Changes

As in other parts of Thailand, forest resources in the Songkla Lake Basin have 
been drastically destroyed to a considerable extent. Between 1982 and 1996, 
the forest area in the basin declined by 51,881 ha, equivalent to a decrease 
of 35% (Table 4.3.3). This represents an annual loss of 3,705 ha. In Thai-
land, during the same period, deforestation was taking place at the rate of 
179,379 ha per annum, which was equivalent to a decrease of 16% (Charuppat 
1996). Thus, the pace of forest destruction in the basin was faster than that 
in Thailand as a whole. Deforestation in Thailand has been attributed to an 
increasing demand for agricultural land to meet the needs of the growing 
population, and to illegal timber harvesting. Of the remaining forest areas, 
most are now reserved as national parks and/or wildlife sanctuaries, but this 
does not prevent their steady attrition. The removal of vegetation and/or a 
change in the density of vegetation cover inevitably results in a disturbance in 
the basin’s hydrological functions, thereby creating erosion hazards.

Consequences of Land Use Changes

By using the Universal Soil Loss Equation (USLE) it was estimated that the 
total soil loss was 5,340,195 t/year in 1996 (Tanavud et al., 1999), representing 
an average soil loss of 7.2 t/ha//year (Table 4.3.4). This, it is worth pointing 
out, is nearly twice the amount of soil loss in 1982. The observed differences 
in soil losses between the two dates indicate the critical role which vegetation 
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TABLE 4.3.3. Land use changes between 1982 and 
1996.
 Area* (ha)

Land use types 1982 1996

1. Forest 146,568 94,687
2. Rubber 292,610 356,314
3. Rice 208,599 209,183
4. Orchards 21,412 12,359
5. Perennial crops 1,169 2,118
6. Aquaculture 3,491 6,148
7. Open land – 16,890
8. Urban and built up land 30,990 8,100
9. Miscellaneous land 35,796 34,551
10. Water body 1,334 1,591
Total 741,967 741,967

*Does not include lake surface.

STUDY AREA
SONGKLA LAKE BASIN

FIG. 4.3.1. Location map of Songkla Lake Basin.
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cover, in one form or another, plays in preventing soil erosion. It should be 
noted that in 1996 8,439 and 43 ha of the total land area of the basin were 
in the severe and very severe erosion classes, respectively (Table 4.3.4). Most 
of the severely and very severely eroded lands were found on the mountain 
terrain to the west and south of the basin.

Further, it was estimated that the total amount of sediment eroded from 
the basin catchment in 1996 was 5,340,195 t. In general, the amount of sediment 
leaving a drainage basin is less than that removed from the eroding portions 
of the upland watershed. This is because of deposition of material at the base 
of the slopes, on the flood plains and in the channel itself. A countrywide 
study of 105 agricultural production areas in the United States by Wade and 
Heady (1978) revealed that between 0.1% and 38% of the total amount of 
eroded sediment from the catchment reached the basin outlets.

If  the maximum figure of 38% was applied to the present study, the sedi-
ment reaching the basin outlets would be 2,029,274 t annually; an average of 
273 t/km2/year of the catchment. Assuming a sediment density of 1.5 g/cm3,
the sedimentation rate of approximately 1.2 mm/year would have occurred in 
the lake in 1996, provided the sediment was evenly deposit over the lake. As a 
substantial, albeit unknown, proportion of the lake sediment passed through 
a narrow outlet on the south of the lake to the sea, the value of 1.2 mm/
year may be an overestimate of the sedimentation rate. It is noteworthy that 
NESDB and NEB (1985) estimated the lake sediment rate to be 0.5 mm/year 
in 1985.

The occurrence of erosion and sedimentation in the basin had serious envi-
ronmental and economic implications. Sedimentation decreased the storage 
capacity of the lakes and choked irrigation canals and tributaries. In addition, 
sediment deposited in the lakes not only impaired its nursery and feeding func-
tions for many commercially important aquatic species, but also degraded the 
water quality of the lake, affecting irrigation, livestock raising, fish  farming, 

TABLE 4.3.4. Soil losses from different erosion classes for 1982 and 1996.

Erosion 
classes

Rating 
(t/ha)

Soil loss (t/year)

Area* (ha) Average 
(t/ha/year)1982 1996

1982 1996 ha % ha % 1982 1996

Very 
slight

<6.25 612,581 629,865 681,066 92.0 661,339 89.3 0.9 1.0

Slight 6.25–
31.25

382,684 470,370 25,343 3.4 30,828 4.2 15.1 15.3

Moderate 31.25–125 1,865,888 2,585,854 29,927 4.0 39,687 5.4 62.3 65.2

Severe 125–625 770,820 1,616,998 4,291 0.6 8,479 1.1 179.6 190.7
Very 

severe
>625 4,509 37,108 6 0.0 43 0.0 751.5 863.0

Total 3,636,482 5,340,195 740,633 100 740,376 100

*Does not include water body and lake surface.
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and rural domestic water supplies. Furthermore, nutrients, particularly nitro-
gen and phosphorus, carried by the sediment have led to eutrophication of 
the lake. These issues have inevitably had an adverse effect on the socioeco-
nomic advancement of the basin’s population.

Mitigation Options

To mitigate soil erosion hazards, and their adverse consequences, a watershed 
classification system has been practiced in the Songkla Lake Basin, as well as 
in other parts of the country (Tangtham 1997). The criteria for the classifica-
tion are based primarily on the physical characteristics of landscape units, 
namely slope, elevation, landform, soil, and geology. According to this sys-
tem, the watershed area is classified and mapped into five numerical classes. 
In each class, the potential uses of land are established for the prevention 
of land degradation and the achievement of sustainable land use across the 
basin. The watershed class and major land uses recommended for each class 
are shown in Table 4.3.5 and Fig. 4.3.2.

For successful mitigation of  soil erosion and sediment transport in the 
Songkla Lake Basin, the watershed classification system must be strictly 
applied and effectively enforced. In this respect, the remaining natural for-
ests in areas designated as watershed class 1 must be protected and enriched. 
The deforested portions should be reforested. Incentive packages should be 
offered to encourage farmers to abandon cultivation in areas designated 
as watershed classes 1 and 2. Agroforestry practices, which have both pro-
duction and conservation benefits, should be utilized by farmers cultivat-
ing in watershed class 2. Appropriate conservation measures to minimize 
soil losses, such as contour cultivation, bench terraces, hillside ditches and 

TABLE 4.3.5. Watershed classification and recommended land use in each class.

Watershed 
classes

Areas 
(ha) Characteristics and major land use recommended

Class 1 63,956 Protected forest and headwater source areas at higher elevations and 
steep slopes. This area is dedicated to the protection of biological 
diversity and no human interference with the environment is permit-
ted in this zone.

Class 2 44,355 Protected and/or commercial forests at higher elevations with steep 
slopes. Landforms less erosive than watershed class 1. This area may 
be used for grazing or certain crops with effective soil and water 
conservation measures.

Class 3 47,322 Uplands with steep slopes and less erosive landforms. These areas may 
be used for growing certain crops, grazing, and mining with appropri-
ate soil and water conservation measures.

Class 4 94,224 Gently sloping lands suitable for row crops, fruit trees, and grazing with 
moderate need for soil and water conservation measures.

Class 5 495,276 Gently rolling to flat areas used for paddy fields or other agricultural 
uses with few restrictions.
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FIG. 4.3.2. Watershed classification in Songkla Lake Basin.

vetiver grass barriers, should be integrated into the cultivation practices 
in watershed classes 3 and 4. Agricultural development opportunities in 
areas assigned as watershed class 5 should be enhanced to offer alterna-
tives to further encroachment of  areas assigned as watershed class 1. Suc-
cessful application of  the watershed classification system in the Songkla 
Lake Basin is the most critical element for longer-term sustainability of 
environmental quality and agricultural production for the Songkla Lake 
Basin and its people.
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4.3.5 Policy Direction of Integrated Coastal Zone 
Management in Korea
Shin, Young-Tae
Dr., Research fellow, Korea Maritime Institute, Soo Am Building, 
1027-4, Bang Bae 3-Dong, Seo Cho- Ku, Seoul, Korea

Introduction

Korea has 11,542 km of coast line, 51 harbors, 815 fishing ports, and 84 
industrial complexes on the coast. Nearly 30% of the total national popula-
tion live in the coastal areas. Attention has been given to the coastal zone 
since the mid-1980s. Broad investigations into the actual condition were 
accomplished over the period from 1987 to 1989 and the Ocean Develop-
ment Act was enacted in 1989. Furthermore, the plan for ocean development 
was established in 1990. However, the research and the plans were wholly 
aimed at developing marine areas, not for the conservation and management 
of  coastal zones.

It can be said that coastal zone management in Korea was started fun-
damentally after the UN Conference on Environment and Development 
held at Rio in 1992. Since then the Ministry of Marine Affairs and Fisheries
(MOMAF) was inaugurated in 1996. The Coastal Management Act, the Wet-
land Conservation Act were enacted, and the Ocean Pollution Prevention Act 
and the Public Waters Management Act were revised in 1999. Based on these 
initiatives, coastal zones in Korea could be conserved and managed, especially 
with an announcement of the plan for integrated coastal management as a 
priority.

Progress

According to the Coastal Management Act enacted in 1999, the plan for coastal
management is divided into two sub-plans: (i) the plan for integrated 
coastal management; and (ii) the plan for regional coastal management. The 
first is a higher-level plan made by the government and the other is a lower-
level plan established by local government. The plan for integrated coastal 
management was established and notified in August 2000. Its objective was 
to realize an integration of coastal utilization, cooperation between local and 
central governments, and finally to achieve sustainable development of the 
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coastal zone by integrating marine and land areas. Under this plan, the nation 
is divided into 10 areas (Table 4.3.6) and provided a basic goal of coastal utili-
zation and policy direction of integrated coastal management. In addition, it 
is prescribed that the plan can be changed every 5 years, after an investigation 
into the condition of coastal areas.

The areas of the plan for regional coastal management in Korea comprise 
78 cities and counties in which the central government assigned one, 3 areas 
are scheduled, and local governments are making plans for the others, as 
shown in Table 4.3.7.

However, the first ten-year coastal improvement plan was established in 
2000, in order to conserve national land from natural disasters and to improve 
coastal areas. Actually 99 areas were improved during 2000–2003, with a fund 
of 130 billion wons. However, it was inevitable to modify the plan for coastal 
improvement as conditions changed significantly. According to the modified 
plan for coastal improvement, it was scheduled that 981 billion wons would 
used to support 680 management initiatives, including 630 cases for coastal 
conservation and 30 for ocean improvement. It is especially worth noting that 
constructing coastal roads and constructing artificial lakes in white sands 
were excluded.

Another interesting thing in relation to the coastal zone management was 
to reclaim public waters in environment-friendly ways. Reclamation of public 
waters is enforced by the plan for public waters reclamation. This is developed 
every 10 years under the Public Waters Reclamation Act. The second plan 
for public waters reclamation was established and announced in July 2001. 
Unlike the first plan, the second plan required a preliminary analysis of envi-
ronmental impacts when making plans for reclamations. Large reclamations 

TABLE 4.3.7. Current situation of the Plan for Regional Coastal Management.

Completion Establishing Scheduled

Central government – Gulf of Gwangyang Mouth of Gum river, Gulf 
of Masam, Gulf of 
Garorim

Local government Seosan city Busan (10), Incheon (7), 
Kyounggi (1), Gwang-
won (2), Chungnam (2), 
Cheonbuk (1), Cheon-
nam(6), Kyoungnam(7), 
Kyoungbuk (2), Jeju (4)

Others

TABLE 4.3.6. Ten areas of the Plan for Integrated Coastal Management.
Coastal zone Areas

West sea area Middle of West Sea I, Middle of west Sea II, Southern West Sea I,
  Southern West Sea II

South sea area Western South Sea, Middle of South Sea, Eastern South Sea,
  Jeju island

East sea area Middle of East Sea, Southern East Sea
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were limited in number, and the use of an environmental-friendly method of 
construction was encouraged.

Construction of a database system for coastal zone management can also 
be noted as a successful initiative. It is aimed at managing coastal zones 
effectively, by collecting data on the utilization of coastal areas from central 
government, local governments, research institutions, and providing these to 
users. During the first step from 1999–2003, 400 maps were made and the 
database system for fish farms in 78 coastal cities and counties, islands, and 
reclamation of public waters was constructed. In addition, a web service for 
satellite images has been provided since February 2003.

Problems

Based on an evaluation of the policy of coastal zone management, the follow-
ing can be noted as problems.

First, although the Coastal Management Act includes general factors for 
coastal management, it leaves much to be desired in the integration of man-
agement plans and construction of mediating functions. That is, it does not 
clearly prescribe relationships among the plans for integrated coastal man-
agement, the plan for regional coastal management, and the plan for coastal 
improvement. Furthermore, relationships with acts made by other ministries 
for national lands management are very obscure.

Second, standards for the creation of coastal areas are not clear. For exam-
ple, a criterion for coastal land area is uniformly within 500 m. Moreover, 
although management areas of ocean by local governments are not clearly 
defined, local governments establish coastal management areas.

Third, methodologies for the evaluation of the effectiveness of the plan for 
integrated coastal management, and the plan for regional coastal manage-
ment, are not yet developed. This might be the result of the policy being in 
effect for only a short period. However, evaluation methods must be properly 
developed in order to maximize their effectiveness.

Fourth, there are no clear criteria for prescribing permitted and illegal 
behaviors in each coastal area. Therefore, local governments have difficulty in 
devising plans and, as a result, this becomes an obstacle to developing coastal 
areas in an efficient manner.

Finally, management of marine pollution is divided between two ministries. 
That is, while the MOMAF is in charge of preventing pollutants originating 
from the oceans, the Ministry of the Environment controls pollutants originat-
ing from the land. Therefore, considering almost all pollutants in oceans origi-
nally come from the land, it might be not possible to solve the problem of ocean 
pollution without cooperation with the Ministry of Environment.

Policy Direction of Coastal Management

In order to achieve sustainable development of  coastal zones, the coastal 
management policy must be strengthened in several ways.
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First, the legal contents in the Coastal Management Act must be clearly 
established. That is, it is necessary to make the Coastal Management Act 
regulate all coastal areas and integrate with the plan for national lands.

Second, a clear criterion for coastal areas must be established and coastal 
boundaries among areas must be created in a consistent manner. However, 
because this problem is very sensitive for local governments, it must be deter-
mined after discussions with experts and local people.

Third, in order to evaluate the effectiveness of coastal management policy, 
detailed indicators must be developed. Moreover, it is necessary to establish a 
coordinating committee in the MOMAF for deliberating permitted and illegal 
behaviors.

Fourth, central government should support local governments that 
conserve and manage coastal areas effectively. In addition to this, the plan for 
regional coastal management should be integrated with the database system 
for coastal management, to allow integrated management of wetlands, water 
quality, and marine ecosystems.

Fifth, the MOMAF should cooperate with the Ministry of the Environment 
in order to prevent marine pollution. For example, both ministries may con-
struct facilities for controlling pollutants through preliminary consultations 
and may expand activities for decreasing ocean pollution as a result of sea-bot-
tom dredging.

4.3.6 Integrated Coastal Zone Management of Small 
Islands in the Pacific: Example of Fiji
Paulo Vanualailai
Department of Geography, Faculty of Islands and Oceans The University 
of the South Pacific, Suva, Fiji Islands

Introduction

The Pacific region is home to 8 million people, 22 island countries, and 30,000 
islands (WWF SPP, 2004). Coastal zones in the small islands of the Pacific 
are very important, socially, politically, and economically. Increased coastal 
development due to social and economic needs have exerted pressures on the 
fragile island ecosystems. Uncontrolled expansion and reclamation of coastal 
areas to cater for increased population and urbanization have led to envi-
ronmental degradation of the rich coastal biodiversity and ecosystems. Even 
though numerous regional and national programes have targeted coastal 
resource management, the situation in regard to integrated coastal management
in many Pacific Island Countries is not encouraging (SPREP 2004). The aim 
of this section is twofold, first to identify important regional and national 
issues that are a priority concern for implementation of ICZM concepts and 
policies; and second to identify appropriate ICZM concepts and policies for 
the Pacific Islands.
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Nature of the Coastal Zone in the Pacific

In order to gauge the social, economic and environmental impacts of coastal 
zone development, the following regional and national issues conducive for 
implementing appropriate ICZM concepts and policies for small island countries
in the Pacific are highlighted.

Resource Tenure and Use

Indigenous people communally own most of the lands. This pattern of land 
tenureship is found across most of the indigenous communities in the Pacific. 
In Fiji, for example, the indigenous community owns 83% of the land, while 
the rest is state and freehold land (Table 4.3.8). As such, any form of  devel-
opment initiated by government and the private sector in the future would 
impinge on resources largely owned by indigenous people.

In Fiji the sea is also part of the marine tenure system. It falls under the 
Native Land Customary Fisheries Commission (NLC). The colonial govern-
ment put into place a legislative framework to safeguard the rights of the 
indigenous Fijian people to fish, and to have access to their traditional fishing 
grounds for cultural purposes besides fishing. The ownership of the coastal 
and foreshore resources rests with the state, but Fijian clans and tribes are 
allowed to use the fishing ground (I-qoliqoli). This is dual ownership, where 
the state owns resources beneath the sea and the Fijian clans own the right 
to fish for subsistence living. There are two political boundaries, one is the 
Inshore Demarcated Area (IDA) (13 miles = 21 km), which begins from the 
high water mark from onshore to the fringes of the barrier reefs. The second
is the Offshore Demarcated Area (ODA), which begins from the offshore 
fringes of the barrier reefs to the economic exclusive zone (EEZ), which is 200 
miles (322 km) offshore. In these demarcated zones, illegal and overfishing by 
local and foreign boats is increasing. Since commercial fishing is on the rise, 
both from the Industrial sector and also from within the Fijian communities, 
increased pressures are being exerted on marine resources. For example, Table 
4.3.9 shows the estimated annual fisheries production by volume and value 
for Fiji in the late 1990s.

Tuna is the key target species in the pelagic commercial fishery. The 
annual total allowable catch (TAC) for tuna in Fiji’s waters is currently set 

TABLE 4.3.8. Land tenure system in Fiji. (From Fiji Islands National 
Assessment Report to BPoA+10 2003.)
Tenure type Area (ha) Percentage of total land area

Native land 1,646,814 90.00
Freehold 147,448 8.06
State land 31,195 1.70
Rotuman Communal Land 4,452 0.24
Total 1,829,909 100.00
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at 15,000 t, according to the Department of  Fisheries. This target has not 
been achieved.

The number of  licenses issued currently stands at 90 per year, i.e., 
around 30 more than the sustainable limit proposed by the Secretariat of 
the Pacific Community (SPC). This has raised concerns within the indus-
try regarding excessive fleet sizes and the threat of  overfishing. Despite the 
fact that the number of licenses issued already exceeds the SPC-recommended 
level, Government stands by its estimated total allowable catch (TAC) of 
15,000 t, of  which it reports only 11,000 t are being harvested annually. 
It therefore would like to further increase the number of  fishing licenses 
granted, to the legally allowed maximum number of  110 (Fisheries Depart-
ment 2003).

WWF Fiji has spearheaded programes to mitigate problems of overfish-
ing on nearshore resources, including damage to coral reefs. The method is 
to integrate traditional systems with more modern ownership practices such 
as conservation of valuable fisheries resources. This includes establishment 
of networks of marine protected areas (MPAs) to protect breeding stocks 
from overharvesting These are undertaken by the adjacent communities and 
affected resource users, in order to manage their foreshore resources well.

Smallness

Geographically both atolls and high and rugged volcanic islands have limited 
land that is suitable for population expansion and increased urbanization. 
As such, a high concentration of  the population and civil infrastructures, 
such as roads, bridges, buildings, towns and cities, are located in low-lying 
coastal areas in volcanic islands. As for atolls, the lack of  land hinders 
development as such. In Fiji, for example, 90% of  public infrastructure is 
located in coastal areas.

Rich Biodiversity

Despite their small landmass compared to continents, Pacific islands gener-
ally have a very high concentration of terrestrial and marine biodiversity. The 
coastal habitats are home to some of the most unique varieties of coastal and 
marine species in the world. Approximately 90 of the 120 species of marine 
mammals live or pass through the Pacific Ocean. It also contains the world’s 
richest fishing grounds, including globally important stocks of tuna.

TABLE 4.3.9. From Gillet and Lightfoot 2001.
Fishing method Volume (metric tons) Value (in US $’000)

Subsistence Fishing 21,600 24,675
Coastal Commercial Fishing 9,320 15,232
Offshore fishing 5,500 25,640
Offshore foreign fishing 917 555
Total 37,337 66,102
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For example, the terrestrial flora and fauna of  Fiji demonstrate a high 
degree of  endemism (unique occurrence of  species within a limited geo-
graphic area) – over half  of  Fiji’s 1,594 known plant species are endemic, 
with some groups being completely or almost entirely endemic (e.g., all 
24 native species of  palms in Fiji are found nowhere else). More than 40 
percent of  the native forest cover of  the islands is still intact. Some islands, 
such as Taveuni, still have contiguous forest cover stretching from the 
mountain peaks to the coast. Forested areas provide habitat for a wide 
array of  unique birds, mammals, reptiles, amphibians, insects and other 
invertebrates. In the marine environment, areas such as the Vatu-I-Ra 
Channel that separates Viti Levu and Vanua Levu islands, harbor some 
of  the most unusual assemblages of  coral reefs in the world, comprising 
barrier, fringing, and lagoon reefs. These reefs support varied biodiversity, 
including large groupers and Napoleon wrasses, other coral reef  fishes and 
invertebrates, sharks, and cetaceans. The area is also of  ecological impor-
tance and of  great research interest because it is believed to show resilience 
toward large-scale climatic events, including coral bleaching. This has dev-
astated reefs in other areas (WWF 2002). The biodiversity resources of  Fiji 
are summarized in Table 4.3.10.
The marine biodiversity of inshore areas of selected Pacific Islands, in terms 
of inshore fish, hard coral, and marine algae, is shown in Table 4.3.11.

The largest concentrations of mangroves are found in deltaic formations of 
large river mouths, especially in the Ba, Rewa and Nadi Rivers on Viti Levu 
and the Labasa River on Vanua Levu. Climatic conditions are important 
for mangroves. In dry leeward areas (western shores), hypersaline mudflats 
characteristically occur in the mangrove areas, while these are virtually absent 
from the wetter, windward mangrove areas (eastern shores). It has been esti-
mated that of an original 41,000 ha of mangrove forest, 38,543 ha remain. 
The other 2,457 ha (6%) have been reclaimed for other uses (Watling, 1985). 
All but about 2,000 ha of the remaining mangrove are on the two large islands 
of Viti Levu and Vanua Levu, with the Rewa, Ba and Labasa deltas alone 
supporting a combined total of 10,683 ha, or 28% of the national resource 
(Woodroffe 1987).

In 1952 over 50,000 m3 of mangrove wood were harvested and processed by 
the Forestry Department. However, with the increased availability of fuel oil, 
the demand for mangroves dropped to less than 5,000 m3/ year after 1967, and 
is now negligible. A limited amount of mangrove is used for poles and char-
coal (DOE 2002). By far the greatest loss of mangroves in Fiji has been caused 
by reclamation for agriculture, e.g., in the Labasa River delta. However, about 
300 ha of mangroves have been converted for aquaculture of penaeid prawns, 
and in recent years the principal threat has been reclamation of mangroves 
for urban and industrial development.

There is also some overexploitation of mangroves to satisfy the demands 
for fuelwood, but this is localized. It has been estimated that more than 60% 
of Fiji’s commercially important food fishes utilize the mangrove resource at 
some stage of their life history. In 1983, the value of Fiji’s mangrove forests to 
the fisheries industry was estimated at over Fiji $20 million (DOE).
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TABLE 4.3.10. Native, endemic, extinct, threatened and introduced species in the Fiji Islands. 
(From Fiji Biodiversity Strategy and Action Plan FBSAP 1999.)

Group

Estimated total 
no. of living 

native species

Estimated no. 
(%) endemic 

(unique) to Fiji

Number
of 

extinct 
species

Number (%) of 
threatened 

species

Number of 
intro-
duced
species

TERRESTRIAL
Birds 56 27 (48%) 7 13 (23%) 11
Mammals 6 1 (17%) 1 2 (33%) 5
Amphibians 2 2 (100%) 1 2 (100%) 1
Reptiles 26 10 (38%) 1 8 (31%) 0
Invertebrates N/A N/A N/A N/A N/A
 Macrolepidop-

tera-butterflies, 
moths

400 17 (4%) 2 N/A N/A

 Cicadas 15 14 (93%) N/A N/A 0
Phasmids stick 

insects
19 12 (63%) N/A 10 (52%) 0

Odonata dragon-
flies, Dam-
selflies

33 22 (67%) N/A N/A ?

Plants – flora 1594 893 (56%) 1 281 (18%) 936
 Ferns 303 90 (30%) N/A 58 (19%) 7
 Palms 24 24 (100%) N/A 12 (50%) 6

Psychotria spp. 
Rubiaceae

76 72 (95%) N/A 21 (28%) 0

AQUATIC
Freshwater 

bivalves, 
Gastropods and 

Crustacea

61 7 (11%) N/A 1 (2%) 3

Fresh and brack-
ish water fish

91 Few if  any N/A N/A 10

Fish (freshwater 
and marine 
combined)

1930 1 (<1%) N/A N/A 10

Marine Inverte-
brates

 Echinoderms 240 0 (0%) N/A N/A N/A
 Crustaceans 262 1? (<1%) N/A N/A N/A
 Gastropods 

- Cones
99 0 (0%) 29 N/A N/A

 Gastropods 
– Cowries

71 0 (0%) 4 N/A N/A

 Insects 2 2 (100%) N/A N/A N/A
 Bivalves 382 0 (0%) 96 N/A N/A

Fiji is believed to harbor at least one thousand different reefs. These include 
the seven major types, namely fringing, platform, patch, barrier, oceanic rib-
bon, atolls, near atolls and drowned reefs (UNEP/ICUN 1998; Zann 1992). 
Fiji has about 3% (equivalent to 10.020 km2) of the world’s coral reefs, plac-
ing it in the top 10 of the 80 countries and geological locations with reefs 



246 N. Mimura et al.

(UNEP-WCMC 2001). Fiji reefs are recognized as being of high ecological 
significance from a biodiversity standpoint (Zann 1992; Zann et al., 1997). 
Studies have researched 198 species of scelractinians corals, 15 zoanthids, 123 
species of gastropods from 12 families and 1900 species of fish from 162 fami-
lies (Fiji Government 1999). Many more species are yet to be researched and 
the number of new species is likely to increase, especially given that the Great 
Astrolabe Reef is the third largest reef formation in the world.

However, biodiversity in Fiji is threatened due to a number of important 
factors, including: (i) cyclones and destructive waves, which cause physical 
damage to coral reefs; (ii) overfishing; (iii) pollution and deteriorating water 
quality; (iv) forest denudation; and (v) introduction of a wide range of exotic 
and invasive species of plants and animals that out-compete and displace 
native species. The factors are compounded by an increase in atmospheric 
temperature and by sea-level rise, due to global warming.

Cultural Links Naturally many Pacific Islanders are coastal dwellers, 
and their attachment to the sea is culturally strong. Most of their social 
and  cultural way of life is derived from their age-old interactions with the 
sea, such as reflected in their traditional dances, myths, gods, and lyrics in 
 traditional songs. Moreover most of their protein supplements come from 
surrounding inshore waters, in particular with fish being their staple diet. As a 
result, inshore fishing pressure is particularly high in peri-urban coastal areas. 
These are also under pressure from mangrove reclamation projects, housing 
 development, and pollution. For example, the island of Viti Levu, where 
77% of the people of Fiji live, has only 15% of the country’s reefs. But these 
 provide the major proportion of the artisanal fish catch. The concentration of 
population in Pacific urban centres can also be seen, for example, in Kiribati, 
where 45% of the population lives on the small atoll of Tarawa, and in Tuvalu, 
where 40% of the population is concentrated in Funafuti (MSP USP 2003)
Increased Economic Activity. As more small island countries are engaged 
in the regional and global economy, greater dependence on overseas econo-
mies is anticipated. National and private institutions that facilitate economic 
development follow a top-down approach, whereby decisions are made at the 
top and passed down through the management hierarchy (DOE 1999).

One area of development which is becoming a very fast growth sector in 
the Pacific is tourism. From 1999 to 2003 the increase in tourist arrivals has 
been phenomenal, especially for a country like Fiji. Fiji saw the percentage 

TABLE 4.3.11. Inshore marine biodiversity in the Pacific Islands. (From South 
Pacific Forum Secretariat 2001. Biodiversity Planning Support Programme.)
Area/Country Inshore Fish Hard Coral

Species Ref Species Ref Species Ref Marine Algae

Papua New Guinea 2146 1 350 2  
Micronesia 1681 1   550 3
Fiji 1400 4 160 4 310 3
Samoa 890 5 50 5 287 5
Cook Islands 492 6 58 7  
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increase change from 5.9 in 1997 to 13.0 in 2004 (Bureau of Statistics 2004). 
Table 4.3.12 shows the increased tourist arrivals into the Pacific between 1999 
and 2003 for each island country with the exception of Kiribati, Solomons, 
and New Caledonia. The general trend has been the increase for the islands 
listed in the table.

Tourism has also become the biggest foreign income earner in most of the 
Pacific countries and in particular for the Cook Islands, Vanuatu, and Fiji. 
Table 4.3.13 indicates the GDP and employment percentage in the tourism sector.

As a result, development of tourist hotels along coastal fringes is increas-
ing. Even though the economic benefit has been high, the effect of large-scale 
3- to 4-star hotels, along with smaller and medium-sized tourism business, has 
been devastating to the coastal marine ecosystem. A study for the Ministry 
of Tourism, conducted by the Asian Development Bank(ADB) and called 
the strategic environment assessment (SEA) of the tourism development plan 
(TDP), indicated that there are particular areas within Fiji where tourist devel-
opment is causing serious environmental degradation and where the situation 
is extremely precarious. Many environmental pressures, for example, on coral 
reefs, are close to levels at which irreversible damage could occur. Further 

TABLE 4.3.12. South and Central Pacific visitor arrivals: 1999–
2000. (From South Pacific Tourism Organization [SPTO].)
Country 1999 2000 2001 2002 2003

Fiji 409,995 294,070 348,014 397,859 430,800
French Polynesia 210,800 233,326 227,658 189,003 212,767
Kiribati 6,107 4,377 4,831 4,288 3,676
New Caledonia 83,016 109,587 100,515 103,933 101,983
Niue 1,778 2,010 2,069 1,632 2,758
PNG 67,368 58,429 54,280 53,482 56,185
Samoa 85,124 87,688 88,263 88,960 92,313
Solomon Islands 17,395 10,134 3,418 4,508 4,000
Tonga 30,883 34,694 32,386 36,585 40,110
Tuvalu 770 1,504 976 1,236 1,496
Vanuatu 50,746 57,591 53,300 49,463 50,400

NB: Figures for the Solomon Islands 2003 is from January–August only.

TABLE 4.3.13. Economic importance of tourism in countries within 
the region. (From SPTO 2004.)
Country Tourism GDP % Tourism % Employment

Cook Islands 47.0 –
Fiji 12.8 9.5
Kiribati 14.5 1.7
Niue 13.0 –
Papua New Guinea 6.3 3.2
Samoa 9.5 10.0
Solomon Islands 2.9 1.6
Tonga 14.7 3.2
Tuvalu 3.0 –
Vanuatu 16.6 12.0
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pressures could tip the balance, resulting in long-term environmental damage 
(ADB 2003). One reason why this has occurred is that many of  the coastal
infrastructural developments in Fiji have not been monitored well, due to 
the lack of environmental policies that govern coastal developments. While 
a lot of tourist developers and operators are following good practice, Fiji 
lacks the frameworks to ensure such practices are adopted across the industry. 
Much of the policy, legislation and regulation needed to ensure good practice 
already exists on paper. However, much of the necessary legislation has not 
been enacted, or has not been implemented or enforced (ADB 2003). Even 
the new Environment Management Legislation, which was passed in Parlia-
ment in February 2004, does not include ICM.

Environmental Impacts Increasing environmental pressures that are 
affecting coastal zones management include the effect of  global warming 
on sea level, weather systems, climate variability and change, land and sea 
earthquakes that induces tsunamis and the increasing frequency of  tropical 
cyclones.

ICZM Policies for Small Island Countries

There are two aspects of ICZM in the Pacific. One is traditional and the 
other is modern or western policy. The traditional ICZM is based on the cus-
tomary rights of the indigenous people to gather, utilize and fish coastal and 
marine areas, as explained in section 2, above. This is based on traditional 
community-based controls and on check systems on resource use, such as 
demarcation of marine protected areas to respect the death of a high chief  for 
a defined period of up to 2 years. Another example is intricate weather pat-
tern information held by elders. This was passed down from their forefathers 
through oral tradition. It includes such information as to which traditional 
crops are best used for coastal re-vegetation, when they should be planted, 
and the best land area to be cropped. One of the oral traditions is the Lunar 
Calendar, specifying the specific dates and months of monthly and yearly 
harvests of resources. As such, marine conservation methods, including tabu
(no fishing) sites for stock replenishment (Koshy 2001), are to be defined to 
allow breeding seasons for turtles, fish and other sea creatures. Others include 
preservation of coastal vegetation and their medicinal and herbal values, and 
demarcation of setback zones as windshields against coastal erosion and sea 
storms (Vanualailai 2001).

Other examples include the use of  fishing practices such as the “moka”. 
Stones are placed around deep water holes in shallow tidal flats to trap 
big fish and allow smaller fish to escape the trap. In Fiji the religious sig-
nificance of  having traditional totem regarding marine flora and fauna, 
whereby excess fishing of  different fish totems and fauna totems are a 
taboo, brings forth the principles of  sustainable development. Traditional 
demarcation of  coastal fringes as setback areas due to the herbal impor-
tance of  coastal vegetation also plays a major role as windshields and natu-
ral coastal protection systems. In today’s society the immense pressures 
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from the sociocultural and economic factors, such as increased  population, 
urbanization and developments of  tourism related infrastructure and 
activities, have restricted the flexibility of  traditional management  systems 
to cope with such developments. In fact, traditional management sys-
tems have difficulty coping with modernization. Therefore, western policy 
regarding ICZM should be streamlined and integrated into the traditional 
management systems.

The traditional system is also based on a communally-based intricate sys-
tem of interrelationships, where people traditionally inherited from birth 
their place in society. This is based on a hierarchical set-up of governance, 
beginning from the top and downward through the hierarchical pyramid. The 
Paramount chiefs for the clans come first, then the tribal chiefs, then their 
spokespeople. The next in line are the priests, then come the warriors, the fish-
ermen and the carpenters, and last are the common people. The communica-
tion channels are passed down from the top. However, power distribution is 
not wholly and totally concentrated at the top. The powers are shared among 
the different levels of the pyramid. For example, when it comes to coastal 
development or fishing, the tribe, clan or household that are traditional fisher-
men have total say and authority over the use of coastal and marine resources. 
As for chiefly initiation ceremonies, the warriors have a special place to bring 
order to the masses. In this way the rest of the people are included in the pyra-
mid. Therefore, only people who are traditionally fishermen are allowed to 
fish, whereas the rest are restricted to their own sphere of influence. As time 
evolved, the strict traditional system has been modified to suit the new devel-
opments. One in particular is the use of communal participation of gender for 
subsistence fishing. Nowadays women take over the task of traditional fish-
ermen, and men are more involved with the terrestrial subsistence farming. 
Non-governmental organizations, like the World Wildlife Fund (WWF), have 
been heavily involved with community-based organizations in Fiji, especially 
to integrate both the traditional and modern types of coastal management 
of resources. This programe is called Marine Protected Areas (MPAs). In 
Fiji alone there are about six programes. These are very successful, whereby 
they integrate modern planning with traditional planning and management, 
especially in the areas of restocking fish and marine resource management in 
depleted areas.

The concept of  ICZM in the Pacific Islands of  Tuvalu, Samoa, Fiji, 
Tonga, Cook Islands, Vanuatu, Kiribati, and Solomons regarding tradi-
tional knowledge in customary practices has been widely practiced for thou-
sands of  years. However in today’s world of  commerce and global trade, 
compounded by increasing environmental impacts from the effect of  global 
climate variability and change, traditional knowledge is insufficient to miti-
gate and adapt to the rapid social, economic and environmental changes in 
coastal areas. Therefore, appropriate ICZM concepts and policies, such as 
those mentioned above, are alternative adaptation tools for small islands in 
the Pacific.
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The modern management of coastal development in the Pacific by gov-
ernments has been mainly trying to encourage the industrial sector to grow. 
Most of the developments have disregarded the environmental importance 
for many years. Fiji, since its independence in 1970 and until 2003, did not put 
into place environmental legislation to safeguard its marine and terrestrial 
resources against economic developments. A makeshift environmental man-
agement regime, which lacks a major component of environmental planning 
such as the ICZM, was enacted in 2004. For example, most of the modern 
type of systems lack coastal setback strategies. Developments have always 
resulted in exclusion of the local people in the initial developmental plans. 
Consultations are only done at the higher levels of management and do not 
filter down to the local people. After the developments local people are left to 
fend for themselves. For example, in local villages where entire coastal areas 
are bulldozed, mangroves are cut down and heavy earthworks are carried out, 
high siltation damages pristine coastal areas, especially coral reefs. In Fiji 
about 70% or more of the coral reefs of the Coral Coast, the main tourist 
destination in Fiji, have undergone coral bleaching and coral death due to 
siltation and dumping of sewerage in these areas.

In addition, there is a lack of ICZM plans in other key stakeholders in 
governments beside the Department of Environment. This includes agencies 
responsible for fisheries, tourism, agriculture, public works and the indus-
trial sectors. There is no coordinated body to monitor coastal developments. 
The strength of modern ICZM plans is that they foster the integration of 
traditional management plans as part of the overall management plan. For 
example, the MPAs in Fiji are good indicators of modern plans to tackle 
existing problems. They encourage greater involvement of communal groups 
in villages in order to manage mangrove and coral reefs as protected areas. A 
village in Kadavu Island, called Ono, implemented its MPA program in 1998. 
It has noticed that fish stocks have been returned to their original state. Now 
the other 14 village communities living along the coast are benefiting from 
the fish stock. Moreover, greater care with development of coastal areas is a 
higher priority in these coastal communities. Now the 14 village communities 
are applying for similar MPA programes to be conducted in their villages.

Based on the above analysis, there is a strong traditional tenure and a fragmented
governance system coupled with poor legal and institutional frameworks for 
coastal management. In general the management responses from Pacific Island 
Countries have been hampered by an overall lack of appropriate legislation 
for ICZM and in many cases, insufficient capacity to implement sectoral man-
agement strategies (SPREP 1995). The UN Food and Agriculture Organization 
(FAO) also reported that “responsibility for management of human interac-
tion with the coastal environment is still predominantly sectorally based”. 
It suggested that there is not only a lack of cooperation between the agencies 
traditionally responsible for management of activities in the coastal areas, 
such as Fisheries, Environment, Board of Works and Planning Departments, 
but there is often active competition for both financial resources and management
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roles, complicated further by overlapping and sometimes conflicting legisla-
tion (FAO 1995).

Therefore, a three-track ICZM approach to coastal management is 
suggested in order to maintain and sustain a healthy coastal environment. 
The first is to establish locally-based management activities to address the 
issue of  capacity building and to achieve sustained progress in maintaining 
healthy coastal areas. This will require full participation by local communi-
ties and landowners to maintain healthy coastal areas. Therefore, policies 
for developing and maintaining public involvement and education pro-
grames to promote public awareness and public involvement are to be put 
into place. This would include requirements to disseminate information on 
different mass media channels, such as in written, audio and visual forms.

The second is to establish frameworks and a policy environment at the 
top level of  management, to forge links between local communities and the 
national government (SPREP 2004). This will address the issue of  frag-
mented governance, replacing it with a systematic framework for proper 
facilitation and implementation of  coastal programes. For example in Fiji 
the classical development model is mostly based on a “top - down approach”, 
whereby different government and private bodies have their own develop-
ment agendas to implement, Due to Fiji’s intricate land tenure system many 
problems have arisen from this development approach, in particular within 
and among the grassroots level, middle management and the top management 
(decision-making body) of  government and private sectors involved. This is 
where a clash of  ideals, fabrication, overlapping, and inconsistency in a lot 
of  developmental processes occurs, largely due to the lack of  consultation, 
communication, integration and monitoring between the specific bodies 
involved. Therefore the first step is establishment of  an ICZM national steer-
ing committee (NSC), to provide effective and cocoordinated decision mak-
ing on coastal resource planning, development and management. It should 
also ensure that activities within the coastal zones are undertaken in such a 
manner so as to not affect the carrying capacity of  coastal resources. Sec-
ond, there is a need to appointment senior NSC members from stakeholders 
in governments and statuary bodies to function as an interdisplinary CZM 
committee. This committee would be responsible for appointment of  new 
NSC members from the business communities, non-governmental organiza-
tions (NGOs), statuary bodies, academic institutions and the private sector. 
Third, the chair of  ICZM NSC is to be appointed on the advice and recom-
mendation of  the NSC.

In view of the above, the third track is to develop a top-down and bottom 
up approach. The aim would be to provide a mechanism for a more inte-
grated approach by all parties involved, whether government, nongovern-
ment, private, or rural community. The aim would be to facilitate any form 
of developmental process, and its implementation. The model integrates ver-
tical and horizontal consultation. For example, it has been seen that in Fiji’s 
case the traditional system cannot cope with coastal management. It needs 
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to promote integration at multidisciplinary, multi-sectoral and multi-levels 
(wide involvement of  community) in order to avoid the above and related 
problems associated with the top-down approach within the top, middle 
and lower management. Moreover, and more importantly, the integration 
needs to include the indigenous people who own the land. This will ensure 
that the people concerned are properly advised and consulted regarding the 
developments taking place, including the effects on their natural resources. 
Therefore, policies to actively involve them in the decision-making process 
and management in community-based coastal resource management are to 
be established. There is a need for policy that provides an bridge between 
government and communities, allowing them to be involved in a systematic 
analysis of  coastal management issues and as well as planning for implemen-
tation of  responsible action. Figure 4.3.3 describes an ICZM top-down and 
bottom-up approach.
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Regional Conditions

Chairs: Yoshiki Saito and Porfirio M. Alino

5.1 East Asia

In this chapter, we will see the geographic and societal situation of the coast 
and its management on a sub-regional basis. The subregion introduced first 
is East Asia, for which we will see China, Korea, Taiwan, and Japan. Coastal 
zones of East Asia are characterized by diversity of coastal morphology and 
strong oceanic and climatic activities. They have long suffered from natural 
hazards such as typhoons, storm surges, high waves, and tsunamis, resulting 
in huge damage to the human society. At the same time, concentration of 
large populations, economic activities, and development in the coastal zones 
are another feature in this region. Recent enormous economic development in 
the countries has accelerated the pressure to the region’s coastal environment 
together with global environmental changes such as sea-level rise and climate 
change. Therefore, the region has a strong need to develop a management 
framework for the coastal zones and its implementation. In this section, we 
will see the preset status of such efforts in this subregion.

5.1.1 The Coast of China
Zuosheng Yang and Houjie Wang
Ocean University of China, Qingdao 266003, China 

Basic Characteristics of the China Coast

China’s coastline is approximately 32,000 km long, 18,400 km of which encom-
passes the mainland from the Yalujiang river mouth at the China–Korea border 
to the China–Vietnam border. The remaining 13,600 km or so of coastline 
belongs to China’s offshore islands, of which there are more than 6,000. The 
Chinese coast can be classified into four categories, based on their mode of 
formation and characteristics (Table 5.1.1).

N. Mimura (ed.), Asia-Pacific Coasts and Their Management: States of Environment. 255
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Bedrock-embayed Coast

The bedrock-embayed coast is characterized by irregular headlands and concave 
bays, and forms where mountains meet the sea. The subaqueous slope of the 
coast is steep and exposed to high-wave energy. The dominant surface sediment 
types for this coast are coarse-sand and gravel. Evolution of the coastal morphology 
mainly depends on wave action, the gradient of the subaqueous slope, lithology 
of the bedrock and sediment source (Wang et al., 1986; Wang and Aubrey 1987). 
These coasts are mostly developed in the areas south of the Hangzhou Bay, 
i.e., in Zhejiang, Fujian and Guangdong provinces, and are also found in the 
Shandong peninsula and Liaodong peninsula in the north (Fig. 5.1.1).

Plain Coast

The plain coast of China is more than 2,000 km long, with a very gentle slope 
(generally it is 1/4000) and composed mainly of fine sand. These coastlines 
are quite unstable, due to rapid erosion and accumulation. Tidal marshes that 
can be up to tens of kilometers wide are usually located between the shallow 
shelf  seas and plains. Most plain coast is located in the west of Bohai Bay, the 
outer margin of the Songliao plain and the coastal area of the Huabei plain in 
the north. Another area is in the south of the Hangzhou Bay (Fig. 5.1.1). The 
progradation and retreat of the plain coast mainly depends on the balance 
of sediment supply and the coastal erosion induced by the coastal dynamics 
(Wang 1980; Wang and Zhu 1994).

Estuary Coast

The estuary coasts are most developed where the large rivers join the sea. The 
river–sea interaction results in a wide plain coast, including the delta coast 
and the coastal bays, due to the accumulation of the river-derived sediment. 
The Huanghe (Yellow River) mouth coast, the Yangtze estuary coast and the 
Hangzhou Bay are examples of this type (Fig. 5.1.1).

Biological Coast

The biological coast is mostly located in the inshore areas of south China 
and the South China Sea. It can be classified into two types: coral reef coast 
and mangrove coast. The coral reef coast is a particular kind of biological 

TABLE 5.1.1. Classification of the China Coast. (From Wang 1996.)
The coast of China Bedrock-embayed coast Marine erosional-embayed coast
  Marine erosional-deposition coast
  Marine depositional coast
  Tidal inlet-embayed coast
 Plain coast Alluvial plain coast
  Marine depositional plains coast
 Estuary coast Delta coast
  Estuary coast
 Biological coast Mangrove coast
  Coral reef coast
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one, and is usually found along the coast of the tropical seas of China, i.e., 
Taiwan, Hainan Island and some islets around them (Fig. 5.1.1). The coast 
of the Nansha archipelago is composed of coral reef, except for the Xisha 
islands, which are composed of tuff  (Wang and Zhu 1994). The floor of the 
coral reef coast includes Tertiary folded ridges with a coral reef layer 1,000 m 
deep due to tectonic subsidence of the floor (Wang PX 1985).

The mangrove coast is also a biological coast in tropical and subtropical 
areas. Mangroves mainly grow in areas south of latitude 27° N in China, and 
are scattered in the estuaries and the lagoons.

As for the entire coast of China, the Hangzhou Bay should be regarded 
as a borderline. To the, north the ascending bedrock-embayed coast and the 
descending plain coast intergrade due to tectonic differences. T the south 
the bedrock-embayed coast is dominant. Tectonics control the course of the 
 Chinese coast. N–NE and N–NW faults intersect with each other, forming a 
large and deep x-shaped fault structure that is very influential on the shape of 
the China coast. Some islands, such as the Zhoushan islands, are composed 

FIG. 5.1.1. The coast of China and its classification. (After Wang, 1996.)
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of bedrock extending north-northeastwards in general, while the principle 
axis extends west–northwestwards.

Transition of the Quaternary Paleo-coastline

The early Pleistocene strata of marine facies of the east of China coast are 
found only in a few areas in the west shore of the Bohai Sea (Wang 1964). The 
maximum transgression boundary of the early Pleistocene in the coasts of 
Jiangsu, Zhejiang and Fujian provinces is located outside the present coastline. 
The Leizhou Peninsula in south China was submerged during the maximum 
transgression, with a boundary reaching the present coastal areas of Guang-
dong and Guangxi provinces. The early Pleistocene lowest coastline is to the 
west of 125° N (Chen and Min 1985).

Based on comparisons of paleo-geomagnetism from a borehole in Haixing, 
Heibei province, Wang PX (1985) suggested that the Quaternary transgression layer 
in the east of China formed about 300 ka BP, during the Sangamon interglacial 
period. Wang also presented evidence of the largest transgression in this period. The 
middle Pleistocene paleo-coastline of the Bohai Sea was traced from a line through 
Nanbao, Baodi, Yongqing, Baxian, Yanshan and Wudi counties. From the South 
Yellow Sea to the East China Sea the transgression boundary reached Yancheng, 
Shanghai and Hangzhou during this period. In south China, the transgression only 
influenced some sunken basins, such as the Wenhuang plain in Zhejiang, Pingyang, 
Hanjiang deltas, and the Pearl delta (Huang and Li 1982; Li 1989; Li 1987).

In the late Pleistocene, there were two significant transgressions in the east 
coast of China, i.e., the Riss-Yurm Interglacial transgression of 100–70 ka BP 
and the sub-Yurm Interglacial transgression of 40–24 ka BP. Between the two 
transgressions there was a period in which the sea level fell.

The paleo-coastline during the transgression period of 70–100 ka BP is 
now distributed in Tianjin, Wen’an, Cangzhou, Wudi, Guangrao (Qin 1985). 
During the regression period of 40 ka BP the paleo-coastline retreated to the 
–80 m to –100 m isobaths. The Bohai Sea was land, and the continental shelf  
of the Yellow Sea was almost bare. By 32 ka BP there was a transgression in 
the east coast of  China and in the west coast of  the Bohai Sea, which was 
submerged. In the lower reaches of the Yangtze, the corresponding paleo-
coastline was in Yixing, Liyang counties (Wang PX 1985), and in Hua County 
and Sanshui out of the north of Guangdong Province (Li 1989).

In the Last Glacial Maximum (LGM) the sea level fell to 130–150 m below 
the present level in the East China Sea, and 100–120m lower than that in 
the South China Sea. The fall in sea level paused several times; this resulted 
in shell ridges being buried on the continental shelf  of the East China Sea. 
According to the buried depth and 14C dating, it was assumed that the paleo-
coastline was at −110 m isobath at 23 ka BP, −136 m isobath at 20 ka BP and 
−155 m isobath at 15 ka BP, the lowest coastline during the fall in sea level.

After the glacial period, the sea level started rising at 15 ka BP. In the beginning,
the sea level rose rapidly and the seawater reached the −110 m isobath at 12 ka 
BP. As the sea level rise paused, shell ridges were formed, at the age of 12,400 
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± 500 years by 14C dating. When the seawater reached −60 m isobath, at 11 ka 
BP, a paleo-coastal sand bar was formed, with an age of 11,340±550 years 
by 14C dating. The maximum transgression after the LGM in the coast of the 
Yellow Sea, the Bohai Sea and most of the East China Sea happened at 7–6 ka 
BP. The coastline pushed 100–200 m inland.

A small regression of the Chinese coast occurred after the Holocene maximum 
transgression and the coastline prograded to its present location. Transitional 
pauses of the regression resulted in the formation of several shell ridges in the 
west coast of the Bohai Sea (Wang 1964) and the North Jiangsu Plain (Yu 1982; 
Gu 1983). These are regarded as indicators of the coastline at different stages.

The Erosion of the China Coast

Coastal erosion is a common issue for the Chinese coast. Over the last 30 
years the coastlines of China have been eroded extensively. This has become 
an important problem for protection of the coast.

The main factor influencing coastal erosion is dam construction that facilitates
flood controls, agricultural irrigation and navigation. Dam construction is 
resulting in a decrease of most of the river-laden sediment and consequently 
sharp decreases in the sediment input to the sea, which cannot compensate 
for the eroded sediment by sea dynamics. The Huanghe (Yellow River) used 
to be second among the world’s largest rivers in terms of sediment load, with 
1.1 × 109t of sediment transported annually to the coastal sea. In recent years 
the large number of dams being built in the middle and the lower reaches 
has fragmented the river, and reduced sediment load to the sea sharply to 1/5 
of that before. This has consequently caused significant coastal erosion of 
the Huanghe delta. The coastline has been eroded at a rate of 1.0 km/yr on 
average in recent years (Fig. 5.1.2). The well-known Three Gorges Dam will 
directly decrease the sediment discharge to the Yangtze delta and cause more 
extensive coastal erosion than before (Yang ZS et al., 2005; Yang SL et al., 
2003). The coast of the Yangtze delta is also being eroded, threatening Shanghai,
the most developed and prosperous metropolitan area of China.

In addition, excavation of sand, exploitation of the coral reef and unreason-
able coastal engineering measures are other important factors responsible for 
coastal erosion. For example, on the eastern shore of Liaodong Bay, half of the 
more than 80 km coastline retreated at a rate of 5 m/year due to the excavation 
of sand. The coastal erosion induced by the excavation of sand is also serious 
in the Xiangshan County (Zhejiang Province) and the western area of Penglai 
(Shandong Province). In the Bangtang Bay of Hainan Province some villages 
that were far away from the coastline are now facing the danger of submer-
gence by seawater. The overexploitation of the coral reef has led to destruction 
of coastal buildings in recent years. In the meantime, a large amount of the 
sediment eroded from the coast has been transported to the main channel of 
 Qinglan port and deposited there, resulting in siltation of the navigation chan-
nel. Unreasonable construction along the coast has accelerated coastal erosion 
as well. For example, the low tidal line in the Lanshan port of Shijiusuo County 
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(Shandong Province) retreated landward by 100 m 4 years after its completion 
in 1970, while the beach above the high tide line has been eroded by coastal 
waves, and a considerable amount of bedrock beach has been exposed.

The storm surge and the sea-level rise are natural factors that cause coastal 
erosion, as well as waves, tides, coastal currents and river flows. On September 15,
1989, typhoon No. 23 induced a super storm surge in the area of Songmen-
Sanmen Bay, Zhejiang. This resulted in the complete destruction of more 
than one half  of the coastal dykes in this area. On August 31, 1992, a super 
storm surge induced by typhoon Sinlaku destroyed the coast from Fujian to 
Hebei (Fig. 5.1.3). The entire sandy coast in Shandong was damaged, with 
extreme erosion and land loss of 133.3 ha.

Reasonable regulations on the river dams and coastal engineering are 
necessary to protect the China coast, as well as effective countermeasures for 
natural hazards such as storm surges and strong waves.

Summary

The coast of China, connecting the largest Euro-Asian continent with the 
largest Pacific Ocean, is a typical area of intensive land–sea interaction. 

FIG. 5.1.2. Coastline retreat of  the Huanghe Delta. In the northern part of  the 
Huanghe delta, the coastline retreated continuously from 1976 due to cutoff  of fluvial 
sediment supply. The coastline in the southeastern part prograded seaward after 1976 
as the end river channel shifted to the present course. (By courtesy of G Li.)
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Approximately 45% of China’s population and 60% of its GDP are concen-
trated in this coastal area, which makes the Chinese coast essential for the 
social and economic development of the country. Due to tectonic differences, 
the coast of China illustrates diverse features. The relics of sandy bars and 
shell ridges buried under the continental shelf  of the China seas provide effec-
tive indicators for identifying the transition of the quaternary paleo-coastlines 
during periods of transgression and regression. A large proportion of the 
present coast of China is now facing serious erosion due to the combination 
of human activities and natural hazards. Extensive damming of the rivers, 
exploitation of the sands and unreasonable coastal construction have reduced 
the sediment supply to the coastal area and damaged the coastal environment. 
Natural hazards such as storm surges and strong coastal waves also change 
the coast and result in tremendous losses. Therefore, regulations on hydraulic 
engineering and coastal engineering, as well as effective countermeasures for 
the natural hazards, are necessary to protect the coast of China.
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5.1.2 The Coasts of the Korean Peninsula
Seung Soo Chun
Department of Geology, Chonnam National University,
Kwangju 500-757, Korea

The Korean seas are divided into three by their geomorphological and physi-
cal characteristics: West Sea (or Yellow Sea), South Sea and East Sea (or Sea 
of Japan) (Fig. 5.1.4). The coastal environments of the Korean Peninsula 
can be generally typified and classified by the physiography and tide/wave 
influence of the surrounding seas (Fig. 5.1.5).

Yellow Sea (West Sea) and its Korean Coast

The Yellow Sea (often called West Sea by Koreans) is a shallow, postgla-
cially submerged epicontinental sea with an area of about 500,000 km2. It 
is arbitrarily bordered to the northern East China Sea by a line connecting 
Jeju Island and the southern part of the Changjiang (Yangtze) River mouth 
(Fig. 5.1.4). The Yellow Sea is characterized by a flat, broad, and featureless 
seafloor with average water depth of about 55 m (maximum less than about 
100 m). The western part of the seafloor is bordered by the deltas of both the 
Huanghe and Changjiang rivers. The isobaths are approximately parallel to the 
coastline. The eastern Yellow Sea is fringed by numerous islands and a long 
stretch of tidal flat along the coast. Tidal sand ridges are ubiquitous in the 
eastern Yellow Sea, in water less than about 70 m deep, and trending slightly 
oblique to the coastline. The seafloor deepens progressively toward the axis 
that lies in roughly the eastern two thirds of the sea. The seafloor of the shelf  
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deepens progressively southeastward to form the northern extension of the 
Okinawa Trough. The seafloor around Jeju Island exceeds a depth of 100 m.

These western coasts of the Korean Peninsula, a ria-type coast bordering 
the Yellow Sea to the east, have extremely high tidal ranges (up to 10 m at 
spring tide), resulting in extensive development of tidal flats (Table 5.1.2). 
Most of the tidal flats extend seaward for several kilometers, without any 
prominent geomorphological elements such as offshore sand bars or barrier 
islands (Frey et al., 1989; Alexander et al., 1991; Chun et al., 1992). Various 
types of intertidal flats, such as embayed, estuarine, semi-enclosed and open-
coast tidal flats, drape almost all areas of the western coast. The extensive 
tidal flats are recognized worldwide as rivaling those of the North Sea. The 
tidal flats of the North Sea are approximately 9,000 km2 while those of South 
Korea are 2,550 km2. However, this would be more than 6,000 km2 if  the tidal 
flat of North Korea is included. Also, the tidal range of the coast is much 
higher than that of the North Sea.

The western tidal flats are mostly 4–10 km wide and face directly onto the 
Yellow Sea. They mostly correspond to the open-coast type, except for typical 
embayed muddy or estuarine tidal flats. They are generally bordered on the 
landward side by rocky coastal cliffs, or by artificial dykes that have been con-
structed to reclaim tidal marshes in a former embayment. These dykes inhibit 
the introduction of terrigenous sediment from landward sources. Tides are 
semi-diurnal (diurnal inequality of about 1 m), with a mean spring range of 
4.3–9.1 m. The maximum tidal-current velocity is mostly 0.9–3.8 kt during 
spring tides and 0.7–4.3 kt during neap tides, except for some tidal channels 
with especially strong flows. Actual speeds depend strongly on the wind 
magnitude and direction.

The wind in this coastal area shows a pronounced seasonality associated 
with the monsoon. During the winter winds blow mainly onshore from the 
NW to NNE, with a mean speed of ca. 5–6 m/s. In summer, by contrast, winds 
blow mainly from the south, in an obliquely offshore direction, with a mean 
speed of 2–3 m/s. Storms, defined as >13.9 m/s in wind speed, also display a 
pronounced seasonality, occurring less than 2–3 days/month during the summer, 
but more than 10 days/month during the winter, when waves with a height 
of 1.5–2.0 m are common. Typhoons (>17 m/s in wind speed) occur mainly 
during the summer season. There is an average of one to three typhoons each 

TABLE 5.1.2. Physiography and social use of marine and coastal areas of South 
Korea.
Total land area 99,461 km2 Tide of coast West: 4.3–9.1 m
    South: 1.8–3.9 m
   East: 0.2–0.9 m
Coastal area 31,641 km2 Wetland area 2,550 km2 (2.4% of land area)
Territorial sea 71,000 km2 Ocean-related industry US $2.6 billion (7% of
    national GDP)
Coastline 12,051 km Fisheries production 2.5 million M/T(2003)
No. of Islands 3,170 Shipping and transport 800 million M/T 10 million TEU
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year. Although some typhoons can produce waves up to 5 m high, the sum-
mer season is generally characterized by weak coastal waves with significant 
height of 0.5–1.0 m, resulting in the deposition of tide-dominated mud-rich 
sediment. However, in winter, the onshore-directed winds generate significant 
wave heights of 1.5–2.0 m on the flat, resulting in dominant deposition of 
wave-dominated sand-rich sediment. Some intertidal swash bars and/or 
cheniers are developed on the upper intertidal flats, which are 100–300 m wide 
and 0.5–1.5 m high. These migrate landward at various rates. These bars are 
formed and migrated mostly by storms and typhoons.

The winter storms and summer typhoons have caused severe erosion on 
the western coastal area. The long history of small-scale reclamation on the 
upper tidal flats and salt marshes over the past 1,500 years, as well as recent 
large-scale reclamation, mean there is no longer any natural coastal shape 
along these coasts, except for rocky coasts. For the last two decades the rap-
idly increased need for construction materials has expedited the destruction of 
subtidal sand ridges and the erosion of some coastal zones. These long-term 
changes in these western coastal areas highlight the need to keep in watching 
and monitoring the changes in these coastal environments.

South Sea and its Coast

The area south of  the peninsula between Jeju Island and Tsushima Island 
has been named the South Sea by Koreans, whereas the East China Sea is 
arbitrarily demarcated from the Yellow Sea by the Yangtze-Jeju line. The 
South Sea, bounding the southern coast of  the Korean Peninsula, is also 
shallow and flat, but characterized mostly by numerous postglacial rocky 
embayments and nearshore islands, forming a ria-type coast like that along 
the western coast. Sedimentation is controlled largely by moderate tidal 
currents and a mesotidal regime (1.8–3.9 m in spring tide), depositing fine-
grained sediments (Table 5.1.2. These sediments are either riverborne or 
transported from offshore. Only a few large rivers drain into the southern 
coast, such as the Somjin and Nakdong. These rivers deliver a substantial 
volume of  clastic sediments, forming estuarine environments. The Nakdong 
River, the biggest river along the southern coast, discharges approximately 
63 million tons of  water and delivers about 10 million tons of  sediment into 
the sea annually. The major portion of  the discharge (about 71%) occurs 
during the summer floods.

Muddy tidal flats, about 2–3 km wide, are developed in the embayed coasts 
and sheltered coasts by islands, whereas narrow wave-dominated coasts 
(beaches) are developed on the rocky coast facing directly to the open sea. 
During the winter, winds blow mainly onshore from the N to NNW with a 
mean speed of ca. 3–4 m/s. In summer, by contrast, winds blow mainly from 
the south or southeast, in an obliquely offshore direction, with a mean speed 
of 2–3 m/s. Storms are infrequent even during the winter. Typhoons attack 
the southern coast directly, mainly during the summer to fall season, with an 
average of one to three times each year.
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The East Sea and its Korean Coast

The East Sea (Sea of Japan) is a semi-enclosed marginal sea or back-arc basin 
surrounded by the east Asian continent and the islands of Japan. The aver-
age water depth is about 1,350 m, with a maximum depth of about 3,700 m 
in the northeastern part. The sea is connected to the Pacific Ocean through 
shallow straits. There are three deep basins (the Japan, Yamato and Ulleung 
basins), separated by submarine topographic highs such as the Korea Plateau, 
Oki Bank and the Yamato Ridge. These rise to within about 500 m of the sea 
surface. The western part of the East Sea (Sea of Japan) is characterized by a 
narrow shelf  with a straight coastline.

The eastern coasts show a relatively steep slope and a microtidal setting 
(0.2–0.9 m in spring tide), resulting in developing simple wave-dominated 
coastal environments that are represented by narrow sandy or rocky beaches 
and lagoons (Fig. 5.1.5). Many very small rivers drain into the eastern coast, 
but their discharges of water and sediment are not substantial as compared 
to wave energy. Their drainage areas are mostly mountainous, so that the 
pressures related to human use are generally low in relation to other coasts. 
However, the sediment transport is so fast as to be very vulnerable to environ-
mental damage, even under small changes in the coastal environment.

Holocene Relative Sea-level Change

A recent sea-level curve for the Korean coast has been constructed based 
on an integration of radiocarbon dates obtained from plant remains, peat 
and shells of intertidal flats and other coastal areas (Fig. 5.1.6B, Kim et al., 
1999; Chough et al., 2004). This reconstructed Holocene sea level generally 
shows a relatively rapid rise up to about 7 ka, followed by a gradual rise 
without discernable fluctuation. The sea level reached −5 m around 7 ka and 
approached its present level at about 3 ka. Based on shallow-marine, intertidal
and submerged terrestrial data from the East China Sea, Yellow Sea and 
Sunda shelf, Liu et al. (2004) suggested a step-wise Holocene sea-level curve 
for the western Pacific coast, showing a series of rapid flooding events (as fast
as 80 mm/year), separated by long-term slow rises (2–10 mm/year) (Fig. 5.1.7).

Coastal Management

For the last four decades intense socioeconomic activities in the coastal area 
of Korea have degraded and destroyed many coastal and marine ecosys-
tems. Recognition of the importance of these ecosystems has encouraged the 
Korean government to enact laws and to formulate policies to protect the 
various types of coastal environments.

Up to December 2003, a total of 428 sites (9,274 km2 in area) along the 
coasts of South Korea were designated as coastal and marine protected areas 
(MPA). They are managed under nine Acts (Table 5.1.3). The rapid increase 
in the number of MPAs since the mid-1990s was due to efforts by the public,
in addition to those of government. Both recognized the ecological/aesthetic
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value and economic contribution of coastal and marine ecosystems. Researchers, 
NGOs, and government officers have all been trying continuously to find a 
better way to protect and manage such valuable coastal zones. On the coastal 
management side, the most outstanding issue is still a lack of a comprehensive 
and integrated management system for coastal and marine protected areas. 
These should be managed in a holistic way through the cooperation and coor-
dination of all stakeholders involved.
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TABLE 5.1.3. Coastal and marine protected area (MPA) in South Korea.
Name Number Area(km2) Acts

Ecosystem reserves 5 104.6 Natural Environment Conservation
    Act (1997)
Wetland protected 7 175.0 Wetland Preservation Act (1999)
Bird habitats 86 149.6 Wildlife Protection Act (2003)
Uninhabited island 155 10.2 Special Act on the Ecosystem Preservation
    of Islands including Dokdo Island (1997)
National parks 4 3,348.4 Natural Park Act (1980, 2001)
Marine resources 4 2,192.8 Marine Pollution Prevention Act (1977, 2001)
Fisheries protected 10 2,556.0 Comprehensive National Territorial Development
    Planning Law (2002)
Natural heritage 152 737.7 Cultural Heritage Protection Act (1982)
Total 428 9,274 9
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5.1.3 Taiwan
Wang Shin
Department of Geography, National Taiwan University,
No.1, Sec. 4, Roosevelt Road, Taipei, Taiwan

Geographical Setting

Taiwan, an island with an area of 36,000 km2, is located at the southeast cor-
ner of mainland Asia and at the very western margin of the Pacific Ocean. It 
is situated between the latitudes of 20 degrees 53 min and 25 degrees 18 min 
north, and hence, crosses the Tropic of Cancer. The average annual tempera-
ture is above 22°C, and the average annual rainfall is more than 2,500 mm.

Corresponding to the varied topography are numerous climatic zones, 
including tropical, subtropical, warm temperate, and cold temperate zones. 
Atop the higher mountains the climate is comparable to that of the tundra. 
Coniferous and broadleaf forests, grassland, savanna, and alpine vegetation 
occur within these different zones. In all, 55% of the land is covered with forest 
rich in floral and faunal resources. Aquatic plants grow in localized areas.

Geology and Geomorphology

Taiwan is also unique with respect to her global tectonic setting. In the course 
of the geological evolution, the island probably did not emerge until late in 
the Paleozoic. However, denudation, uplifting and river cutting of the land 
mass made the Taiwan of today vastly different from that shortly after its first 
appearance. Taiwan is at the midway of the western Pacific ring of fire, which is 
a series of volcanic island arcs along the Pacific plate margin. As it is located at 
the boundary between the Pacific and Eurasia, Taiwan is marked by frequent 
earthquakes. One low angle thrust fault may create an uplift of up to 10 m.

Approximately 30% of the land area is lowland, with the remainder occupied 
by hills and mountains. These parallel the long north–south axis of the island. 
More than two hundred of the mountain peaks are over 3,000 m above sea level.

Taiwan also has many typhoons and heavy rainfall. Accompanied by a 
high average annual temperature and steep slopes, the island experiences a 
very high erosion rate and is represented by active denudation and heavy mass 
movement.

The major subdivisions of the island landform are the Coastal Mountain 
Range, the Hua-tung Longitudinal Valley, the Central Mountain Range, the 
Pin-tung Plain and the West Coast Plain (Fig. 5.1.8). Along the various parts 
of the coast many interesting landscapes have been incorporated in national 
parks and national scenic areas (Wang et al., 1994).

Coastal Areas and Their Subdivision

Geographically the coast of Taiwan can be divided to four zones, namely the 
northern rocky coast with abundant promontories and bays, the western sandy 
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and muddy coast with flat beaches and adjacent lowland, the southern reef-coast 
and the eastern rocky coast with uplifted marine terraces (Wang 2004a, b).

Coastal areas are highly dynamic. The west coast of Taiwan is marked by 
a sandy and muddy coast and depositional features such as alluvial plains. 

FIG. 5.1.8. Topography of Taiwan. (Frim Water Resource Agency http://eng.wra.gov.
tw/ct.asp)
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These originated from the deposition of transported sediments carried along 
by rivers from the mountainous areas, and reworked along the coast. The 
coast appears to be advancing. The west coast lies adjacent to the Taiwan 
Strait (between the Asian continent and Taiwan island-proper). Since the 
tide moves back and forth daily from both north and south of the strait, the 
central part of the west coast has a higher tidal range. The range decreases 
toward the north and south. Coastal landforms in the central part of the west 
coast are marked by very broad sand or muddy tidal flats. To the south there 
are more barrier islands, coastal sand dunes and lagoons.

West of the island is the Taiwan Strait, a shallow sea which is less than 100 
meters deep in most of the areas between Taiwan and the China mainland.

To the east of Taiwan is the Pacific Ocean – actually, the Philippine Sea, 
a marginal sea of  the Pacific Ocean. This reaches a depth of  4,000 m in a 
distance of 40 km.

The coast of eastern Taiwan is mostly rocky, as mountains approach the 
coast in most of the eastern areas. Only at the river mouths are there low 
and flat areas. The Ilan plain is exceptional; it is a subsiding area filled with 
alluvial deposits. North of Hualien the Central Range stretches to the sea. 
South of Hualien lie the eastern Coastal Ranges. To the far south of the east 
coast the Central Range again lies adjacent to the sea. Facing the Pacific, 
strong wave erosion often occurs, particularly when typhoons and the winter 
monsoon attack the east coast. Coastal retreat and slope failures are both 
very common.

The northern coast of Taiwan has many promontories and bays. This is 
because the regional strike of the strata is more or less perpendicular to the 
coast. In general, geomorphological landscapes in the northern coast are very 
scenic and of high value for scientific studies.

The south coast of  Taiwan is represented by reef  coast. There are both 
uplifted reef  limestone tableland and undersea living corals. Kengting 
National Park is located on the south coast. It manages to protect more 
of  the coastal environment. The tropical climate, its flora and fauna, and 
particularly its undersea coral world, are valuable tourist attractions. For-
tunately the north coast and the east coast are largely covered in national 
scenic areas managed by the Tourism Bureau. This protects the coast to a 
certain degree.

On the land the backbone ridges are situated on the eastern side of the 
island. Most long rivers discharge to the western lowland and discharge into 
the western Taiwan Strait. As a result the west coast is represented by lowland, 
broad beaches, mud flats, lagoons and offshore bars.

In between Taiwan and mainland Asia there is a group of small basaltic 
islands called the Penghu islands (or Pescadores). Columnar basalts are widely 
distributed. The scenic quality of the basalt columns is excellent. Some islets 
have been designated as strict nature reserves. Most of the Penghu Islands 
are zoned in a National Scenic Area. A few islets have been recommended for 
designation as geoparks.
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Environmental Issues

After relief  from the Marshall Law (1992), the everlasting development of 
the coastal zone for various purposes has changed the face of the natural 
coast. There are too many harbors; industrial complexes are increasing and 
they are always very large. Coastal highways, landfill sites, recreational parks, 
and residential development are common. Even if  there is no development 
there is a need for shore protection engineering works, such as dikes and other 
structures, in order to protect the coast. Reclamation of coastal wetland was 
popular for many years in Taiwan. This also destroyed many natural coasts.

All these developments have certain social and economical forces behind 
them. The increase in population and rise in GNP are two straightforward 
reasons for such controlled growth. The result is a fragmented coastal zone 
where nature has been lost, primary productivity has decreased and the clean 
sea is polluted.

Such problems and environmental issues are very well known and are being 
discussed at many conferences. A great deal of research has been commis-
sioned by government agencies and completed. Many government projects 
have been executed, but with very limited success. In general, the environmental
quality of the coastal zone is still declining. Warnings from academic groups 
and even citizen groups have not helped at all. Researchers and planners 
know of “Integrated Coastal Zone Management”, but for the administration 
and the decision-making authorities such an approach is not practical and 
possible at all. For government agencies that are used to working separately 
as independent and isolated units, integration is just too far away. There are 
no embedded structures or functions that allow government agencies to inte-
grate. Many academic research reports remain on the shelf  only. A separation 
between planning and decision-making is clearly shown.

Management Actions

During the past 50 years Taiwan’s population has increased dramatically, 
accompanied by a rapidly developing economy and expanding urban centers. 
Under such conditions the pressure for exploiting coastal resources has 
become urgent. However, owing to the lack of a profound understanding of 
coastal ecosystems, and the effects of  the misuse of  coastal resources, the 
natural environment of the coastal regions has been seriously threatened, to 
the point that many precious ecosystems and landscape resources have directly 
or indirectly suffered. Due to the great expectation of growth, the expansion 
of economic development to these regions is high on the government agenda. 
To ensure sustainability, the utmost importance and urgency at this time is to 
establish laws to systematically manage the coastal resources, including the 
preservation of those that are valuable and rare.

The government also has recognized that, with the rapidly developing 
economy, unending increases in the population, expanding urban centers and 
an increasingly advanced industry, the demand for land has become greater 
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than ever before. Accompanying the changes in economic structure and social 
needs, obtaining land for development has become very urgent. Many sectors
and local governments have, and still will, develop even marginal land for 
industrial and residential use, without considering land degradation and 
environmental problems.

The coastal lands, which were of low agricultural value in the past, have 
turned out to be the focus of keen land use competition. The multiple and 
mixed uses of Taiwan’s coastal areas have created the following problems:

1. Many types of land use have gradually come into conflict, and compete 
with one another

2. There is confusion in the specific scope of development and ownership 
rights along the coastal zone

3. There is a lack of specialized bodies to take responsibility and manage laws
4. There is lack of clarity in the concrete and direct economic value of the 

landscape and ecological resources.

In 1982 the government passed the “Taiwan Coastal Region Natural Landscape 
and Ecological Resources Protection Program” and directed the Ministry of 
the Interior to “rapidly survey and draw up a plan for the coastal regions.”

The Ministry of the Interior drew up a “Taiwan Coastal Environmental 
Protection Plan” and submitted it to the Executive Yuan. In the plan seven 
coastal nature reserves were designated. This became effective on February 
23, l984. In subsequent years five additional coastal reserves were added. This 
program was reviewed periodically and carried out. It was not a completely 
successful program, but it did open up a new way of coastal land management 
that slowed down uncontrolled development. The program was reviewed once 
more in 2004. Hopefully, it will become part of the new National Land Use 
Plan under the proposed National Land Planning Act.

The responsibility for, and supervision of, the Coastal Environmental 
Protection Program comes under the jurisdiction of the Ministry of Interior. In 
accordance with the stipulations of the program it was put into effect by local 
governments and other related organizations. These also examine and evaluate 
the effects of operation. The policies of the Coastal Environmental Protec-
tion Program are to be based on current laws that are provided by supervisory 
agencies or government bodies and which are in accordance with the directives 
of the Executive Yuan. In this way the reserves are managed in accordance 
with the Regional Planning Act and the zoning regulations, with ecological 
protection zone receiving the strictest level of protection in the plan.

The Coastal Environmental Protection Program is executed by order of 
the Executive Yuan. Although its power lies directly in established law, there 
have been no increases in manpower or in financial resources for the program. 
Also as a result of a lack of specialists, and the nonexistence of a  governing 
body, the operation of this program is far from effective. Furthermore, 
because local governments are engaged in pursuing economic development 
that overemphasizes local construction, they have failed to coordinate this 
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with the policies of protection and preservation. Therefore the protection of 
the natural environment in the coastal area in many respects is still in need of 
reinforcement.

The most important tasks that the Ministry of the Interior should take 
upon itself  to carry out are: (i) to immediately draw the attention of the public; 
(ii) to strengthen the concept of environmental protection in the minds of the 
citizenry; and (iii) to organize local conservationists to assist and guide the 
work of preservation.

Some of the important government actions and government-sponsored 
planning activities after 1982 are as follow:

1997 Ministry of the Interior: Draft of the Coastal Zone Act
2002 Ministry of the Interior: Taiwan’s Coastal Zone Natural Environmental 

Protection Program (Review of 1982 program)
2003–2004 Executive Yuan Taiwan Sustainable Development Action Plan 

IC: Enhancing Coastal Zone and Marine Conservation and Management
2003 Water Resource Agency: Program on Enhancing Coastal Environment 

and Landscape
2003 Water Resource Agency: Dikes and Sea walls Environmental recon-

struction program.
2004 Marine Corps, Executive Yuan: Guidelines for National Marine Policy 

(http://www.cga.gov.tw/index.asp)
2005 Ministry of the Interior: Taking marine, coastal and offshore island 

areas into the jurisdiction of a regional planning System

The actions for 2003–2005 will be supervised by the Water and Land Resources 
Working Group of the National Council for Sustainable Development. The 
Executive Yuan set up the National Council for Sustainable Development in 
order to enhance the protection of the environment and ecology, guarantee 
social fairness and justice, promote economic development and establish a green 
silicon island, so as to promote citizens’ living standards and pursue national 
sustainable development. The chairman of the Council is the Premier of Taiwan. 
For more details of NCSD please see http://ivy2.epa.gov.tw/ncdn).

In 1972, the government of Taiwan promulgated the National Park Law as 
the legislative basis for managing Taiwan’s National Parks. The first national 
park, the Kengting National Park, was established in l982. It is located on the 
southern tip of the island. The park has a terrestrial zone and an aquatic zone 
and lies within tropical latitudes. The park is characterized by a varied terrain, 
including isolated peaks, shell sand beaches, reefs, rocky coast and a limestone 
tableland. Flora and fauna in this area are a valuable asset to the country.

Recommendations

The above programs indicate not only the government efforts over the past 
few years, but also the difficulties that the government has faced. A will-
ingness to improve management effectiveness cannot be achieved by sim-
ply commissioning more research or even by supporting more action plans. 
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A fundamental change in the bureaucratic system is necessary. Changes 
include capacity building in legal systems, strengthened institutions, and 
training programs for government officers who take care of daily administra-
tive work. An environmental education program for stakeholders and citizens 
is also necessary for a significant period of time.
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5.1.4 The Coast of Japan

Asami Shikida
Kanazawa Institute of Technology,
7-1 Ohgigaoka Nonoichi Ishikawa, 921-8501 Japan

Japan is an archipelago located in the East Asian continent. It is surrounded by 
the Pacific Ocean and the East China Sea (Fig. 5.1.9). The territorial water of 
Japan is about 430,000 km2, which is larger than the mainland area of nearly 
380,000 km2. The size of the exclusive economic zone, which contains territorial 
water, is 4,470,000 km2. This is the sixth largest in the world, after Canada.

Japan is composed of four main islands – Honshu, Shikoku, Kyushu, and 
Hokkaido – and 6,800 other smaller islands, some of which are uninhabited 
(Bureau of Statistics, Ministry of Internal Affairs and Communications). 
This is a distinguishing feature between the four main islands and the numer-
ous small islands dispersed within the Japanese archipelago.

According to statistics produced by the Ministry of Land, Infrastructure and 
Transport, the total extent of the Japanese coastline was 34,812 km in 2003. 
It is increasing every year, due to land reclamation. In comparison with the 
377,907km2 of land area, the length of the coastline is about 91 km per 1,000 km2.
This high value is due to the irregularity of the coastline, which is far greater 
than other countries such as America with 2 km and England with 51 km.
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The coastline itself  comprises sandy coasts and rocky shores that are mixed 
together. From a regional aspect, the Pacific Ocean side of the central Tohoku 
district consists mainly of deeply indented coastlines, while the Sea of Japan 
side is rich in sandy coasts. The semi-closed Seto Inland Sea (approximately 
23,000km2) is located in the southern part of the main islands. There are many 
inlets and bays in the same area.

About 12% of the coastline comprises sandy coast, while the coastline that 
is covered by structures for shoreline protection amounts to 28%. There is a 
great deal of artificial seashore, with artificial structures such as coastal roads 
around the seashore and airport facilities. In all, the ratio of natural coast to 
the entire coastline of Japan is only 53% (Shikida and Koarai 1997).

The reason why the ratio of natural coast to the entire coastline is unusually 
low can be explained by the historical coastal utilization of Japan. Before the 
Edo period (approximately 1603–1867), Japanese coastal dwellers used the 
coast chiefly for coastal fisheries and salt production. These users had a 
relatively low impact and were small in scale. Therefore, the pressure from such 
utilization of the coast was not that intensive and there was no drastic change 
in the coastal zone at that time. However, after the Meiji era (1869–1912), 
industrial development in the coastal zone started. Intensive port and coastal 
area development commenced under the Japanese government’s influence, It 
encouraged economic development under the policy of a wealthy nation and 
strong army. It can be said that the prosperity of Japan today was achieved 
under this national doctrine. As a result, land reclamation and landfills were 
carried out mostly in shallow coastal waters for the creation of usable land. 
In fact, the size of reclaimed land reached 145,000 ha after the Second World 
War alone (Wakabayashi 2000). This tendency lasted during Japan’s era of 
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FIG. 5.1.9. The seas surrounding Japan.
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economic development and slowly decreased due to the limitation in coastal 
shallow waters and the economic benefit of the reclamation and landfill.

About half  of the Japanese population lives in coastal municipalities that 
have coastline within their area. This was accelerated by major population 
movements from inland areas to livable coastal lands, particularly in large 
cities such as Tokyo and Osaka. Large amounts of reclaimed land have been 
newly created for household and residential use. At the same time, the maturation
of Japanese society has dramatically changed the life style from one that is 
relatively low key and work-orientated to one with a preference for leisure 
time. This trend has caused changes in land use of the coastal zone.

The coastal environment has now been dramatically altered. Most of the 
shallow waters are affected by large-scale reclamation and landfills. This has 
caused the loss of important tideland and littoral zones. According to the 
Environmental Agency of Japan, 30,000 ha of a total 85,000 ha of wet land 
in Japan (as of 1945) were lost in the 13-year period from 1978 to 1991. In 
addition, 6,400 ha of seaweed beds were destroyed by coastal developments. 
This record of destruction can be shown by the change in the ratio of natural 
coast. Figure 5.1.10 shows major changes in the ratio of natural to entire 
shoreline, with a continued decrease from 78% in 1960 to 55% in 1995. A drastic
decline is observed in the 1960s. It is apparent that artificial modification in 
Japan has further progressed since the period of high economic growth in the 
1960s (Shikida and Koarai 1997).
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This alteration apparently correlates with the accumulation of landfills and 
reclaimed lands. However, at the same time, large-scale installation of artificial 
structures for shoreline protection and seashore preservation greatly affected 
the rate of modification. At the same time, construction of large ports for 
Japan’s improved trade induced the modification of natural coastlines. As of
1997 there were 1,094 ports for marine transportation in Japan (Ministry 
of Transportation 1997). These constructions, accompanied by the installation 
of related facilities, caused large-scale losses of coastal estuaries. In addition, 
construction of small, local fishing ports have resulted in incremental and 
piecemeal losses of important coastal wetlands. Approximately 2,500 fishing 
ports have been constructed and reconstructed since 1945 (National Fishing 
Port Association 1997).

On the other hand, the preservation of the natural environment in the 
coastal zones is one of the most important issues in Japan, not only because 
of its significance for coastal dependent development and industries such as fishing,
but also its recreational and tourism value. In fact, a large number of people 
take pleasure in staying in the coastal zone for tourism purposes, spending 
some of their leisure time there, enjoying swimming and recreational fishing. 
A national survey conducted in 1995 suggested that approximately 50% of 
people going to coastal areas use the coastal zone for recreational purposes 
(Prime Minister’s Office 1995). For example, more than 30 million people 
go to beaches for bathing, particularly in the summer season (National Leisure 
Center 1995). Another 30 million recreational fishermen enjoy saltwater fishing
throughout the year (Ministry of Agriculture, Forestry and Fisheries 1995). 
Furthermore, over 300,000 pleasure boats are currently operating in navi-
gable coastal waters around Japan, and the number is increasing every year 
(National Leisure Center 1995).

The current issues concerning the Japanese coastal zone can be summarized 
by the following four points. Firstly, as mentioned above, the environmental 
degradation of Japan’s coastal zone is serious. Also as mentioned previously, 
environmental degradation is a factor. Furthermore, damage from coastal 
and marine litter adds further pressure to the coastal environment and its 
aesthetic value (Japan Environmental Action Network 1999). The degree of 
environmental change is likely to approach an unacceptable level for use by 
future generations.

Secondly, coastal utilization, particularly nonindustrial use, has been growing,
due to the recent increase in leisure time. Simultaneously, the type of coastal 
users has diversified due to developments in technology and changes in 
individual values. This has resulted in increased conflicts over coastal use 
between new and old users.

Thirdly, even though 72% of the coastline is managed by a single author-
ity, the National Land and Transportation Ministry, the rest of the coastal 
zone is still under divisional management. Synthesized or integrated manage-
ment cannot be achieved today, and collaborative and comanagement has 
not been introduced at the national level. Consequently, finding solutions to 
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the problems of coastal issues, such as environmental disruption and user 
conflict, is unlikely to be easy. This also discourages the achievement of sus-
tainable development without environmental destruction in the coastal zone. 
On the other hand, there has been a recent transformation in the wave of 
revisions in major coastal acts in Japan. These acts have been revised in an 
environmentally-conscious way that has even led to establishing a network 
covering a wide variety of coastal zone issues. The revisions are expected to 
stimulate achievements in coastal zone management at the local level and it 
is likely that such efforts will build a robust coastal zone management frame-
work in the foreseeable future.

Fourthly, although much effort has been put into finding solutions to 
 conflicts resulting from coastal uses, it has not been enough to balance 
and manage industrial and nonindustrial use. Our major concern is how 
we can keep sustainable use of  the coastal environment, for both current 
and future generations. It is essential that the coastal community build a 
new balance between industrial use, nonindustrial use and environmental 
protection.

In conclusion, the coastal zone in Japan has been drastically altered  during 
the last 100 years by rapid and dramatic economic development. We now 
understand that the environmental status of the coastal zone is not at a suf-
ficient level for use by future generations. However, demands for use of the 
coast by the new users, mostly nonindustrial users, are growing. Thus, we now 
have to balance increasing coastal utilization and environmental sustainabil-
ity, yet at the same time under a sectoral and inefficient coastal zone manage-
ment system. In spite of these obstacles, the future coastal zone of Japan can 
be created due to the coastal zone management efforts being made at the local 
level. These have started by reconciling the sectoral approach and integrating 
the management system.
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5.2 Southeast Asian: The State of Marine Ecosystems

Porfirio M Alino and Joanne Tiquio
Marine Science Institute, University of the Philippines, Diliman, 
Quezon 1101, Phillippines

The Southeast Asian region is situated between latitudes 30° N and 11° S. It 
includes the Philippines, Indonesia, Malaysia, Thailand, Vietnam, Myanmar, 
Taiwan, Brunei Darussalam, Singapore, and Cambodia. Its coastlines have a 
total length of 175,258 kilometers. Recent estimates revealed a total population 
of more than 510 million, 69% of whom live within 50 km of the coast and rely 
heavily on marine resources (Table 5.2.1). The heavy dependence of the coastal 
population on marine resources, coupled with development along the coastal 
areas, has resulted in the overexploitation and degradation of important marine 
ecosystems, such as coral reefs, sea-grass beds, mangrove forests and wetlands.

5.2.1 Mangroves
Mangroves are highly productive and play a significant role in the health of 
some fisheries (UNEP 2004a). Mangrove forests support a high diversity of 
fauna, including juvenile fish and macro-crustaceans, some of which are com-
mercially important. Being in the transition between terrestrial and coastal 
areas, mangroves are important in protecting coastal communities by stabi-
lizing sediment and preventing erosion. Mangrove habitats are also critical 
staging posts for migratory species, including many shore birds that move sea-
sonally from the northern to the southern hemispheres. The two main cent-
ers of mangrove diversity in the world are the Indo-Pacific and the eastern 
seaboard of Africa. The Indo-Pacific has about five times the species diversity 
recorded in the Western Indian Ocean.

Southeast Asia has more than 61,000 km2 of mangroves, comprising 35% 
of the world’s total mangrove area (Burke et al., 2002; UNEP 2004a). There 
are 41 genera of true mangrove species found in the Indo-West Pacific, and 51 
species occur in the Southeast Asian region. The most extensive and diverse 

TABLE 5.2.1. Demographic and coastal profile of Southeast Asia.
 Population (2000)  
Country (thousands) Coastline

Brunei Darussalam 328 269
Cambodia 11,168 435
Indonesia 212,107 95,181
Malaysia 22,244 9,323
Myanmar 45,611 14,708
Philippines 75,967 36,289
Singapore 3,567 268
Thailand 61,399 2,614
Vietnam 79,832 11,409
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stand of mangroves can be found in Indonesia (Table 5.2.2). Animal diversity 
is also high. The numbers in Table 5.2.2 are underestimates since the fauna 
in most locations are not yet fully described. In addition, there is no avail-
able information as to the monetary value of the goods and services provided 
by mangroves. This is due to a lack of agreement concerning the techniques 
by which a value should be determined, as well as a lack of comparability 
between values across spatial boundaries.

It is estimated that over half of the region’s original mangrove area was lost 
during the last century. In fact, one species of mangrove, Bruguiera hainesii, and 
a mangrove-associated flora, Brownlowia tersa, are listed in the IUCN plant red 
data book as being endangered. Mangroves are being destroyed by many of the 
same activities that threaten coral reefs and sea-grass beds. Specifically, clear-
cutting for timber, fuel wood, conversion to aquaculture farms, land clearance 
for urban and port development and human settlements can destroy mangrove 
habitats. In the 1990s Malaysia and Myanmar lost almost 75% of their origi-
nal mangrove cover. Thailand lost 84%, while the Philippines and Vietnam lost 
37% and 36%, respectively. A recent report showed that Indonesia’s 80,000-
hectare of shrimp farming is the largest in the world and is constructed on land 
reclaimed from mangrove. In the Philippines about 279,000 ha of mangroves 
were lost from 1951 to 1988. These were developed into culture ponds. Fur-
thermore, 95% of brackish water ponds in the same period were derived from 
mangroves. In Guangxi, China, up to 75% of mangroves were removed due to 
coastal reclamation. Chamberlain (2001) reports that in twelve Asian countries 
more than 60% of shrimp farms are converted mangrove areas.

5.2.2 Sea Grasses
Sea-grass beds, like coral reefs and mangrove forests, form a highly productive 
ecosystem that supports an equally diverse flora and fauna. Some species of 

TABLE 5.2.2. Mangrove, sea grass and coral reef diversity in Southeast Asia. 
(From UNEP 2004a–c)

Country
Coral reef 
area (km2)

No. of reef-
associated 
fish genera

Mangrove 
area (km2)

No. of 
mangrove 

species
No. of sea-

grass species

Brunei
Darussalam

210  38 170 29  4

Cambodia <150  56 850  5  1
Indonesia 51,020 268 42,550 45 13
Malaysia 3,600 144 6,420 36 12
Myanmar 1,870  86 3,790 24  3
Philippines 25,060 307 1,610 30 19
Singapore <100  77 6 31 11
Thailand 2,130  77 2,640 35 15
Taiwan 700 – 340 23  5
Vietnam 1,270  83 2,530 29  9
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juvenile and small adult fish, reptiles, mammals, epibenthic invertebrates, and 
benthic seaweeds inhabit sea-grass beds (UNEP 2004b).

East Asia has the second highest sea-grass diversity in the world (Fortes 
1995). A total of 23 species of sea grass are found in the Southeast Asian 
region, the majority of which occur in the Philippines (Table 5.2.2). However, 
being the least studied among the ecosystems of the coastal environment in 
the region, there are no adequate maps and actual data to enable estimation 
of the total sea grass area and allow calculation of lost sea-grass cover in 
the entire region. Little attention has been focused on sea grasses since most 
people do not consider sea grasses as important as coral reefs and mangroves. 
Much of the information available is on a per country basis. For example, in 
the Philippines a total of 978 km2 of sea-grass beds have been measured for 
96 sites. These estimates are, however, from selected study sites and do not 
reflect the total area for the country. In addition, in the last 50 years between 
30% and 50% of Philippine sea-grass beds have been lost due to industrial 
development, ports and recreation. In Indonesia about 30–40% of sea-grass 
beds have been lost, with as much as 60% being destroyed around Java. Patchy 
sea-grass habitats in Singapore have suffered much damage, largely due to 
burial under landfill operations. Losses amounting to about 20–30% of total 
sea grass area have been reported for Thailand. In general, sea grasses in the 
region are being threatened largely from the loss of mangroves, coastal devel-
opment, mining and natural perturbations (Fortes 1989, 1991).

Sea-grass habitats are physically and functionally linked to mangroves 
and coral reefs, although the most important relationships lie in the sub-
stantial support to fisheries by providing spawning and nursery grounds to 
commercially important offshore fish species. Moreover, some endangered 
species of  reptiles and mammals are known to occur in sea-grass beds in 
the region. Six species of  marine turtles are reported from the region. The 
green sea turtle (Chelonia mydas), the olive ridley (Lepidochelys olivacea), 
the loggerhead (Caretta caretta) and the flatback (Chelonia depressa) are 
among these  species. Also, the sea cow, or dugong (Dugong dugon), has 
been reported in many areas of  the region. Large and common epibenthic 
invertebrates in sea-grass beds include shrimps, sea cucumbers, sea urchins, 
crabs, scallops, mussels, and snails. Some of  these commercially important 
species have been  unsustainably harvested. In the Philippines and Indonesia 
farms of  the red seaweed Eucheuma are established mostly in association 
with sea grasses.

5.2.3 Coral Reefs
Coral reefs, which are essentially distributed in warm tropical waters, are highly 
productive and extremely complex systems. The primary productivity of coral 
reefs is in the order of 1,500–3,500 g/cm. The large number of reef-associated 
species, many of  which are commercially important, makes coral reefs 
economically valuable resources, particularly in the Southeast Asian Region.
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Southeast Asia has the largest coral reef area of 100,000 km2, which comprise
34% of the world’s coral reefs (Table 5.2.2). The region has been known as the 
global center of coral reefs, not only for its extent but also in terms of species 
diversity. There are more than 600 species of scleractinian corals found in the 
region, the majority of which occur in the Indo-Malayan Triangle bounded 
by the Philippines, the southern islands of Indonesia and Papua New Guinea. 
Aside from corals, more than 1,650 species of fish have been recorded in east-
ern Indonesia alone. The majority of these are associated with reefs. The 
estimated annual contribution of sustainable coral reef fisheries alone to the 
region’s economy is US $2.4 billion, providing food security and employment 
to local communities. Coral reefs are also important to tourism, pharmaceutical
research and shoreline protection.

However, Southeast Asia is faced with an unprecedented decline in coral 
reef area. The report of the Global Coral Reef Monitoring Network in 2004 
showed that indirect pressure of global climate change and direct human 
pressures bring about the continuous decline of coral reefs worldwide (Tun 
et al., 2004). Other studies showed that sea-surface temperatures are reaching 
the thermal limits of coral tolerance (Hoegh-Guldberg 1999). Consequently, 
changes in water temperatures during natural climatic events, such as the El 
Nino Southern Oscillation, have caused massive coral bleaching. The 1997–
1998 El Nino event resulted in mortality of around 18% of reefs in Southeast 
Asia. Surveys also revealed evidence of subsequent coral recovery in Indone-
sia, Cambodia, Thailand, Vietnam, and the Philippines, although patterns of 
recovery are site specific. In most areas the rate of recovery may be affected by 
other factors, particularly the prevailing levels of human disturbance.

The increased demand on marine resources, as well as the need for economic 
development in most areas of the region, has resulted in the overexploitation 
and degradation of coral reefs, especially within major population and regional 
growth centers. Overfishing, destructive fishing activities, coastal development, 
sedimentation and pollution from land-based sources now threaten about 88% 
of the region’s coral reefs (Burke et al., 2002). Around 50% of these reefs regis-
tered a “high” or “very high” level of threat, while only 12% are at low risk. In 
Cambodia, the Philippines, Vietnam, Singapore, as well as the Spratly Islands 
in the South China Sea, more than 90% of reefs are threatened, while more 
than 85% of reefs in Malaysia and Indonesia are at risk.

Overfishing threatens the largest portion (64%) of the region’s coral reefs, 
followed by destructive fishing practices (56%) (Burke et al. 2002). Efforts to 
reduce fishing pressure in some areas have failed, due to the absence of alter-
native sources of income for fishers. There is also a growing concern over the 
loss of certain fish species (target species overfishing) due to the live reef food 
fish and aquarium trade. These activities use destructive fishing methods such 
as poison and blast fishing. If  not reduced, these may be detrimental to the 
fisheries resource base and may lead to irreparable damage to coral reefs. In 
the Philippines, overfishing and destructive fishing (blasting and poisoning) 
remain the primary cause of coral reef decline.
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Coastal development in Southeast Asia has been driven by rapid population 
growth, industrialization and growing tourism industry. Construction of a 
new coastal infrastructure, which, among others, involves land reclamation 
and dredging harbors and channels, has sometimes caused removal of reef 
substrate and increased sedimentation, resulting in outright obliteration of 
coral reefs. For instance, around 60% of coral reefs in Singapore were lost due 
to land reclamation. To date an estimated 25% of reefs in the region are at risk 
from coastal development.

Land-use changes and development in the coastal zone have increased sedi-
mentation and pollution of the region’s coastal areas. Sediment loads due 
to unregulated logging, for instance, may be 10 times higher than present. 
Moreover, the lack of adequate sewage treatment systems has sometimes 
caused increased nutrient loads. These can lead to eutrophication and toxic 
algal blooms. In Indonesia a 30–60% decline in coral diversity has resulted 
from pollution and sedimentation.

5.2.4 Management of Coastal Resources 
in South East Asia
Critical to the goal of sustainable development is the aim of protecting and 
effectively managing marine resources. The increasing consciousness among 
the different governments around the region gave birth to numerous policies, 
programs, and guidelines. For example, the ASEAN Strategic Plan of Action 
on the Environment (ASPAE) was formulated in response to the recommenda-
tions of Agenda 21. Since the early 1980s, policies and legal responses relat-
ing to protected areas have also been developed by ASEAN. These include: 
 Bangkok Declaration on ASEAN Environment 1984; Manila Declaration 1987; 
Jakarta Resolution on Sustainable Development 1987; Singapore Resolution on 
 Environment and Development 1992; Bandar Seri Begawan Resolution on Envi-
ronment and Development 1994; ASEAN Criteria for Marine Heritage Areas 
2002; ASEAN Agreement on Transboundary Haze Pollution 2002; Hanoi Plan 
of Action (1999–2004); and the most recent Putrajaya Declaration of Regional 
Cooperation for the Sustainable Strategy of the Seas of East Asia 2004.

The realization of the need to address the accelerating threats to the coastal 
and marine resources of the region is evident in the proliferation of marine 
protected areas (MPA) in the South East Asian region. These MPAs have been 
established in many areas, to serve as a tool to conserve important marine 
resources. At present there are over 300 MPAs around the region, and many 
more are still being proposed. The majority of these MPAs contain coral reefs 
but represent only 8% of the region’s total coral reef area (Table 5.2.3). Other 
habitats, like sea-grass beds, tidal mud flats and marshes, are even less repre-
sented. Among the nine ASEAN member countries, the Philippines has the 
highest number of MPAs, while countries like Brunei, Cambodia, Singapore, 
Myanmar and Vietnam have major gaps in terms of MPA establishment on 
a national level. In terms of management, around 90% of MPAs in East Asia 
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fail to achieve management objectives (Kelleher et al., 1995). A recent review of 
MPAs in South East Asia showed that the majority of the declared MPAs in the 
region have no or very little management, 28% are under moderate management 
and only 10–20% are effectively managed. In terms of coral reef protection, 
there are only a few instances of success. For example, improved reef health was 
reported for managed reefs in the Philippines, Thailand and Vietnam. The very 
low management success has been attributed to insufficient monitoring capac-
ity of some countries, including Myanmar and Brunei Darussalam. A complete 
regional assessment cannot be made unless information gaps are filled. Many 
monitoring programs have been initiated, yet some of these programs were only 
given short-term support. The information obtained was not sufficient to sup-
port good management decisions. Moreover, there is oftentimes non-uniform-
ity in reporting the data and, in some instances, analyses of these data are not 
done in a timely manner so as to be useful to management. Other common 
problems include inadequate legislation, poor implementation of laws, limited 
financial support and institutional conflicts. Based on the identified pressures 
on the marine environment, state of the habitats and MPA management needs, 
proposals have been made for a priority action agenda for the region and each 
country, as well as for a regional strategic MPA framework.

Current regional initiatives are viewed as possible venues for sustaining 
MPA implementation and further cooperation among the countries in the 
region. More recently, emphasis was given to the importance of establishing 
a network of MPAs in response to the call at the 2002 World Summit on Sus-
tainable Development and the 2003 World Parks Congress. Although such 
a network might be costly (Balmford et al., 2004), it was suggested that the 
return on such investment would be substantial. The transboundary nature of 
some important resources, as well as major threats like pollution, justify the 
move towards the setting up a regional MPA network. Priority areas for such 
a scheme are the South China Sea and the Sulu-Sulawesi Sea.

The South China Sea (SCS) lies within the global center of marine biodiver-
sity, where it forms a large marine ecosystem that is bordered by nine coastal 
states. In recent decades high rates of population and economic growth, as 

TABLE 5.2.3. Estimated number of established and pro-
posed marine protected areas I in the Southeast Asian 
region. (From Cheung et al., 2002.)
Country Declared MPAs Proposed MPAs

Brunei Darussalam 6 >2
Indonesia 29 >14
Malaysia >40 >3
Philippines >180 >100
Singapore 2 4
Thailand 23 0
Vietnam 22 7
Cambodia 4 1
Myanmar 4 1
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well as rapid coastal development, occurred in this region. This led to the over-
exploitation and degradation of coastal resources. As the countries bordering 
the South China Sea do not exist in isolation, and are unable to contain the 
impact of their activities within their national boundaries (Talaue-McManus 
2000), there is a great need to form coordinated efforts to protect and manage 
the deteriorating environment and dwindling resources in the South China 
Sea. One of the first significant initiatives to assess the status of coastal envi-
ronment and resources in the SCS was the transboundary diagnostic  analysis 
of the SCS and associated catchment areas. This analysis identified the water-
related problems and concerns, their socio-economic root causes and the sec-
toral implications of the required actions (Talaue-McManus 2000). The main 
goal of this effort was to provide the basis for a strategic action program that 
may be coordinated at the national and regional levels. This was followed 
by the implementation of the project “Reversing Environmental Degradation 
Trends in the South China Sea and Gulf of Thailand”. The major goals of the 
project are: (i) to foster regional collaboration and partnership in addressing 
environmental problems of the SCS; and (ii) to build the capacity of partici-
pating governments to incorporate environmental concerns into national level 
development planning. Seven countries participate in this project, namely: 
Cambodia, Vietnam, Indonesia, Malaysia, Philippines, China, and Thailand. 
Four subcomponents of  the project focus on the key marine and coastal 
habitats of mangroves, sea grass, coral reefs and wetlands, while another two 
components deal with fisheries overexploitation and land-based pollution.

The Sulu-Sulawesi Sea, bordered by Malaysia, Indonesia and the Philippines, 
is one of the global priority areas for immediate conservation initiatives 
owing to the enormous pressure from coastal development, overexploitation, 
destructive fishing, and pollution (DeVantier et al., 2004). It has suffered 
great loss of mangroves, sea grass, and coral reef habitats, but also a significant
reduction in fisheries resources (Rossiter 2002). The resulting changes in eco-
system productivity, and deterioration in ecosystem services, led to conflict 
among resource users (Sharma 2000 as cited in DeVantier et al., 2004). It was 
also suggested that a fully integrated network of protected areas can play 
a key role in minimizing future habitat loss and restoring harvested stocks 
in this area. However, forging cooperation at the local, national and inter-
national levels has slowed down the progress of such initiatives. Aside from 
the numerous transboundary concerns, one important issue is the trilateral 
nature of the Sulu-Sulawesi Sea, being bounded by three different national 
jurisdictions. These countries have enough legislation to deal with most of 
the issues, but trilateral coordination in implementing the laws is essential. 
In order to achieve this, several policy options have been put forward. Also, 
the WWF and its partners have developed an approach which created the 
Sulu-Sulawesi Marine Eco-region (SSME). It is hoped that this will provide 
a model for policy development and implementation. In 2001 a Biodiversity 
Vision was formulated. This focuses on biodiversity conservation, mainte-
nance of productivity to sustain human needs and stakeholder participation 
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in management across cultural and political boundaries (Tun et al., 2004). 
This was followed in 2003 by the development of the SSME conservation 
plan, which seeks to involve government, non-government organizations and 
other stakeholders in regional conservation activities.

In summary, the sustainable development of the marine ecosystems in 
South East Asia require the following integrated efforts at local, national and 
international levels:

• Fill gaps in priority information and research (e.g., ecosystem-based 
management) through the establishment of knowledge-based communities.

• Facilitate the feedback-response cycle to effectively deal with the pressures 
of the marine ecosystem through an adaptive management approach.;

• Harmonize complementation of various frameworks for action and strat-
egies to be mainstreamed through various regional and local bodies and 
networks.

• Utilize the existing initiatives to develop a common fund to support priority 
representative transboundary synergy and convergence areas, e.g., target a 
set of priority integrated demonstration sites in a network of marine pro-
tected areas in various large marine ecosystems (e.g., the SSME and the 
South China Sea).

• Institutionalize various hierarchical levels of effective coastal and ocean 
governance procedures at the local, national and international levels.
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5.3 South Asia

Coastal zones are quite important for countries in South Asia. In the follow-
ing section, we will see the conditions and problems for Bangladesh, Pakistan, 
India, and Sri Lanka. For these countries, the coastal zones are precious 
resource bases to support the lives of a huge population, coastal industries, 
and sea transportation. The coastal zones in the region also face severe natural dis-
asters such as tropical cyclones, storm surges, coastal erosion, and tsunamis. 
At the same time, anthropogenic activities in the river basin have had enor-
mous impacts on sediment supply to the coast, salinity intrusion to rivers, and 
coastal ecosystems such as mangroves. Sea-level rise and climate change will 
interact with these local human-induced problems resulting in further com-
plicated impacts on the coastal environment. Therefore, the management of 
the delta should become a part of an integrated coastal zone management 
approach in a holistic manner. The introduction to the current status of the 
coast in the region will lead to the necessity of comprehensive management, 
which is closely related to sustainable development of the countries.

5.3.1 Coastal Hazards and their Management 
in Bangladesh
Md. Badrul Islam1 and Sirajur Rahman Khan2

1Department of Geology and Mining, University of Rajshahi,
Rajshahi 6205, Bangladesh
2Geological Survey of Bangladesh, 153 Pioneer Road, Segunbagicha,
Dhaka 1000, Bangladesh
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Introduction

Bangladesh, with an area of about 144,000 km2 and with 130 million people 
(BBS 2001), lies on the Tropic of Cancer. It has a tropical monsoon type of 
climate. A major part of the coastal plains, with an area about 36,000 km2, is 
an active delta of the Ganges-Brahmaputra river systems. More than 85% of 
land is covered with Quaternary deposits. The rest is underlain by Tertiary 
sediments. The coastal plains, with 710 km of coastline, are characterized by 
three distinct morphometric and hydrodynamic characteristics (Fig. 5.3.1). A 
micro- to meso-tidal (low-energy) environment, which prevails in the Deltaic 
Coastal Plain, has created vast horizontal tidal mudflats, with a very gently 
sloping subaqueous delta extending towards the sea as far as about 85km 
from the coastline. On the other hand, a meso- to macro-tidal (high-energy) 
condition in the Estuarine Coastal Plain has developed estuarine plains 
composed of silts, sands, and their mixture, along with a subaqueous delta
even longer than the Deltaic Plain. The Intra-Deltaic Coastal Plain (Chittagong- 
Cox’s Bazar Coastal Plain) is characterized by a mainly meso-tidal (mixed-
energy) environment, with a narrow coastal plain that is muddy in the north 
and sandy in the south.
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The subaqueous part is also very narrow in this area of the coast, in comparison
to other parts. It is limited to about 25 km from the coastline. A number of 
natural hazards, of diversified nature and magnitude, have occurred along 
and across the coastal plains since prehistoric times.

Erosion has dominated deposition along major coastal parts in recent years 
when the length of coastline is considered, although overall coastal progra-
dation, especially in the estuaries, is still much higher than the total coastal 
retreat. Tropical cyclones are also a very common phenomenon in the 
Bangladesh coast. Water logging and coastal salinity in the coastal area also 
have become major threats in the last few decades. Conditions are deteriorating 
gradually. Arsenic contamination in groundwater has recently developed as a 
major threat to human health. Mangroves in the Sundarban forest are also 
under stress, as a result of several natural and man-made causes.

Environmental Degradation

Environmental degradation along some parts of the coast has also been occur-
ring due to increased industrial activities, ship-breaking, and spillage of oil from 
the ships. Different types of environmental hazards are occurring in the coastal 
plains of Bangladesh and are described briefly in the following paragraphs.

Cyclones

The coastal regions along the northern Bay of Bengal have the highest 
potential for massive loss of life from storm surges associated with a tropical 
cyclone. Over the last two centuries massive coastal changes due to accre-
tion and erosion have led to an enormous impact on the life style of more 
than 20 million people (Khalil 1992). Bangladesh has been hit by 60 severe 
cyclones from 1797 to 1991, of which 32 were accompanied by storm surge 
(Table 5.3.1). The frequency of wave heights of 12 m and 7 m are once per 20 
years and 5 years, respectively. Waves of 3m in height may occur under unfa-
vorable conditions in the coastal region (FEC and BWD 1989).

The phenomena of recurvature of tropical cyclones in the Bay of Bengal, 
a shallow continental shelf, high tidal range, a triangular shape at the head 
of the Bay, an almost sea-level topography, and a high density of population 
are prime factors in the large impact of cyclones and storm surges along the 
Bangladesh coast (Murty and El-Sabah 1992).

The intensity of cyclones on different coasts and their paths are shown in 
Fig. 5.3.2.

For a long time, construction of small dykes or embankments has been 
undertaken to protect life and properties from cyclones, but in most cases 
these measures proved useless. Planned settlements, public awareness, effec-
tive early warning systems and construction of adequate cyclone shelters may 
minimize the magnitude of loss due to cyclones and associated storm surges. 
The use of geomorphological maps in GIS-based surge modeling may provide 
new opportunities in the cyclone and storm surge management analysis in 
Bangladesh (Khan, 1995).
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TABLE 5.3.1. Few major cyclones and storm surges in Bangladesh. (Compiled from Murty et al., 
1986; Khalil 1992; and Murty and El-Sabh 1992.)

Date Coastal Area affected
Nature, wind speed, surge 
height, tide height Lives lost

May 1822 Barisal Cyclonic storm 40,000
October 27–November 

1, 1876
Patuakhali to Chittagong Storm surge of 12 m height 400,000

October 1897 Chittagong and Kutubdia 
Is.

Hurricane with surge 175,000

April 1911 Teknaf Cyclonic storm 120,000
May 1917 Sundarban Cyclonic storm 70,000
September 1919 Barisal Cyclonic storm 40,000
May 26, 1941 Eastern Meghna estuary Cyclonic storm 7,000
October 21–24, 1958 Noakhali and Meghna 

estuary
Cyclonic storm 12,000

October 10–11, 1960 Meghna estuary Cyclonic storm, 129 km/h, 
6.6 m, 1.5 m

> 6,000

May 27–30, 1961 Chittagong-Noakhali Cyclonic storm, 95–145 km/h 10,466
October 26–30, 1962 Feni-Chittagong Cyclonic storm, 200 km/h, 

5.8 m, 0.0 m
50,000

May 28–29, 1963 Noakhali-Cox’s Bazar Cyclonic storm, 201 km/h, 
5 m, 0.3 m

11,520

May 10–12, 1965 Barisal-Chittagong Cyclonic storm, 161 km/h, 
4.0 m, 1.2 m.

19,270

November 12–13, 1970 Khulna-Chittagong Cyclonic storm, 222 km/h, 
5.5m, 2.1m.

300,000

November 28–30, 1971 Sundarban Cyclonic storm, 110 km/h, 
1.0 m, 0.0 m.

11,000

May 24–25, 1985 Noakhali-Cox’s Bazar Cyclonic storm, 154 km/h, 
3.2 m, 1.8 m.

11,069

November 29, 1988, Sundarban Cyclonic storm, 160 km/h, 
3.5m, 1.5m.

5,708

April 29, 1991 Patuakhali-Cox’s Bazar Cyclonic storm, 235 km/h, 
4.5 m, 1.7 m

145,000

Coastal Erosion and Deposition

A major part of the Bangladesh coast is threatened by land erosion, due to sea 
level rise in recent years (Khan et al., 2001). On the other hand, the estuarine part 
of Meghna estuary (active river mouth and present delta lobe) is prograding 
at a considerable rate, overriding the balance of erosion with sedimentation. 
The land accretion in the Meghna Estuary during 1990–2001 has been esti-
mated as 523 km2, which is about 49 km2/year (Fig. 5.3.3).

The rate of subsidence in the middle-western part of the delta has been 
found to be 1.5–2.5 mm/year. This increases to about 4.5–5.5 mm/year near 
the present delta lobe at the mouth of the Meghna estuary (Khan et al., 2001). 
For some time the rate of sedimentation kept the plain stable to prograding 
in nature. However, the construction of embankments along the tidal channels
and rivers which started in 1960, has destroyed this balance. Very little or 
no sediment can deposit on the tidal flats nowadays. The coastal plains are 
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presently experiencing an adverse effect due to the mean annual rate of 3mm 
subsidence, and a 1.0–1.5 mm sea-level rise, with little to no sedimentation. 
This may be further aggravated in future.

Enormous socioeconomic problems have emerged in recent years. The 
northern and northwestern part of the offshore islands of Hatia and Sand-
wip, as well as the northeastern part of the coastal peninsula (Bhola) of the 
Meghna estuary, have been eroding rapidly due to frequent shifting of river 
courses, differential rates of sedimentation and neotectonic activities. Most 
parts of these coastal areas are not protected to withstand tidal surges. An 
exception is the Chittagong Metropolitan area, where most of the industries 
and overseas business centers of the country are located.
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Salinity

Saline water intrusion in groundwater and soil in the coastal areas of Bang-
ladesh directly influences the overall ecosystem in the coastal areas. Farming 
in the coastal areas is usually done once a year during the dry winter season 
when water from the wells is mainly used for irrigation. Incremental increases 
in the population have forced the locals to cultivate a high-yielding variety 
of rice, which requires more water. Extraction of excessive ground water and 
nonavailability of fresh surface water as a result of a reduced flow of the Gan-
ges river by commissioning the Farakka Barrage in 1976 located upstream 
in India, increased human interventions, siltation in different distributar-
ies, and construction of polders and embankments helped to intrude further 
inland between 1973 and 1997 (Fig. 5.3.4). Salinity intrusion has not only 
reduced the yield of agri-based products, but has also had a severe impact on 

BHOLA

NOAKHALI

Hatia

N

Meghna Estuary

BAY OF BENGAL

Sandw
ip

Eroded landmass
Landmass unaffected by active processes

Water

0 50 Km

Accreted landmass
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brick production. Bricks are the basic raw material for infrastructural devel-
opment. Bricks made of saline soil are not at all suitable for construction. No 
preventive measures have so far been taken to reduce salinity problems in the 
groundwater.

Arsenic Contamination

In recent years arsenic pollution of groundwater has turned into a problem of 
unprecedented proportions in Bangladesh. It has been statistically determined
that 25% of tube wells have arsenic contamination above the Bangladesh 
standard of 50 µg/L for drinking water, while 42% surpassed the WHO guideline
value of 10 µg/L (BGS and DPHE, 2001). The estimated population exposed 
to this pollution is now more than 30 million, out of a total population of 130 
million. It has been observed that shallow phreatic aquifers are responsible 
for the supply and mobilization of arsenic contaminated water, whereas the 
deeper wells are least affected. A natural geochemical process releases arsenic 
into groundwater from the Holocene alluvial sediments that make up almost 
80% of the total landmass of Bangladesh. Geological processes of sediment 
transportation and deposition are responsible for the spatial variation in 
arsenic concentration in groundwater.

Geomorphologically, high arsenic-contaminated groundwater has been 
found in the lower Ganges and Meghna floodplain and deltaic regions of 
the country (Fig. 5.3.5). Preventive measures against arsenic contamination 
have been taken in recent years, by sinking deep tube wells. Also government, 
nongovernment organizations and some donor agencies are addressing this 
problem so that the sources of arsenic can be detected and the people in those 
localities can be provided safe drinking water.

FIG. 5.3.4. Groundwater salinity in 1973 (left) and 1997 (right).
(From Soil Resource Development Institute [SRDI].)
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Waterlogging

The Ganges-Brahmaputra-Meghna river system carries about 1.4 billion 
tons of sediment each year, through Bangladesh to the bay (Milliman and 
Syvitski 1992). About one third of the sediments deposit in the subaerial part 
of the delta. The Ganges-Brahmaputra delta, especially the lower deltaic 
plain, is subsiding rapidly. This was usually compensated by the deposition 
of transported sediments that maintain a balance between sedimentation and 
subsidence (Ali et al., 2001). However, the construction of polders  disrupted 
this balance in the lower delta plain and resulted in rapid  sedimentation in 
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the channel beds and little to no sediments on the tidal flats. Thus, the chan-
nel beds are elevating more gradually than the adjacent tidal flats, causing 
waterlogging problems in the tidal flats inside the polders. If  this process 
continues, a major part of the land inside the polders will be converted into 
permanent brackish water lakes or marsh (Fig. 5.3.6) and normal cultivation 
will be severely hampered. Recently, the government took up the problem as 
a priority, and is trying to solve it through the re-excavation of silted channels 
and the redesign of polders.

Floods

River floods impact around 20–35% of Bangladesh almost every year. The 
area goes up to 60–70% in years of extreme flooding. Coastal areas usually 
do not experience river flooding, due to the presence of tidal activity, but 
flooding due to storm surges of different magnitudes is a major hazard for 
the country (MPO 1986; FEC 1989; Khalequzzaman 1994; Ahmed et al., 
1997; Mirza and Dixit 1997; Ahmed 2000; Islam and Islam 2000). During 
the months of April–June and September–November storm surges due to 
tropical cyclones in the Bay of Bengal cause severe flooding and disasters 
along the coastal areas. About a 12,000 km2 area of the coastal region is prone 
to cyclonic storm surge flood, of which 9,100 km2 (6% of the total area) is 

89�

23�

22�

89� 90�

90�

23�

22�

Gopalganj

LEGEND

Area under severe
waterlogging problem
(anthropogenic)
(9-12 months under
water)

Area under moderate
waterlogging
problem (natural)
(6-9 months under
water)

Area susceptible to
waterlogging
problem

Sundarban Forest

0

Pirojpur

Barguna

(Source: Ali et al., 2001)

BAY OF BENGAL

Bagehat

Satkhira

Jessor

1

2

2

1

1

2

3

33

3

Narail

Khulna

Sundarban Natural
Forest

25 Km

Scale
N

FIG. 5.3.6. Waterlogging in the southwestern part of Bangladesh.



5. Regional Conditions 297

inundated to a flood depth of 1 m. Tidal water due to storm surge rises up 
to 4.5–7.8 m and inundates about 15 km inland in the southeast region and 
55 km inland in the southwest region (Chowdhury 1994a, b). A network of 
advance warning systems, increased public awareness and coordinated post-
flood activities are necessary to minimize losses.

Earthquakes and Tsunamis

Bangladesh is surrounded by regions of high seismicity (Table 5.3.2). Although 
the epicenters of large earthquakes lie beyond the borders of the country, 
these equally affect the country due to its morphotectonic continuity. The 
seismicity of Bangladesh is deeply related to tectonic behavior in and around 
Bangladesh, namely the subduction of the Indian plate below the Eurasian 
plate in the north and the Burmese Plate in the east. Alam (1995) studied 
some suspected young faults in the eastern part of Bangladesh and found that 
most of these are still active.

Bangladesh narrowly escaped the recent devastating tsunami following the 
earthquake on December 26, 2004 in Sumatra. This had a magnitude of 8.9 
on the Richter scale and claimed 275,950 lives (according to USGS). How-
ever, the risk of tsunamis along the Bangladesh coast cannot be ruled out. 
Measures against tsunamis have become a new task for the government, as 
they were not well known before. Several international organizations, such as 
the World Bank and JICA, are assisting Bangladesh to create a tsunami early 
warning system.

TABLE 5.3.2. Major earthquakes that have affected Bangladesh since the middle of the 
19th century. (Modified after Khan AA and Chouhan RKS 1996.)
Date Name Epicenter Magnitude

January 10, 1869 Cachar earthquake Jainta Hill, Assam 7.5
July 14, 1885 Bengal earthquake Manikganj, Bangladesh 7.0
July 12, 1897 Great Assam earthquake Shillong Plateau, India 8.7
July 8, 1918 Srimangal earthquake Srimangal, Bangladesh 7.6
July 3, 1930 Dhubri earthquake Dhubri, Assam, India 7.1
January 15, 1934 Bihar-Nepal earthquake Bihar, India 8.3
August 15, 1950 Assam earthquake Assam, India 8.4

Reduction of Mangroves

The Sundarbans is a vast tract of mangrove forest situated on the southwest 
coast of Bangladesh and forming on the lower part of the Ganges Delta. The 
forest covers an area of approximately 577,000 ha within Bangladesh and is 
said to be named after “Sundari” (Heritiera fomes), a common large mangrove 
tree. In 1997 UNESCO designated Sundarbans as a world heritage site.

The area is one of the last reserves of the Royal Bengal tiger. The forest 
 supports many industries by supplying raw materials, as well as supporting 
the local economy and professional groups by providing subsistence and 
employing neighboring people for their survival and livelihood (Amin 2003). 
The nature of  exploitation is increasing day by day, affecting the delicate 
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ecosystem in a negative way. Increased salinity also destroys the ecosystem 
of this mangrove forest. Massive changes in both the adjacent lands and 
upstream areas, with the construction of polders, embankments or barrages, 
are feared to generate fundamental changes in the hydrologic regime of the 
Sundarbans. This noticeable change in salinity and tidal siltation has resulted 
in a hostile anaerobic condition in which the “Sundari” tree finds healthy res-
piration difficult and which causes the “top dying” disease that has threatened 
the species’ existence.

Due to the above socioeconomic and ecological conditions, the destruction 
of the forest will not only affect the ecology of the area but will have a far- 
reaching impact on the national economy, also causing immense damage to 
the marine resources of the Bay of Bengal. Also, the loss of mangrove trees in 
the Sundarbans will expose the entire southwestern region of the country to 
frequent cyclone and tidal surges. At present this is an area that acts as a vital 
barrier for southwestern coastal towns such as Khulna and Mongla Port. Pro-
tective measures are necessary for maintaining and regenerating high-quality 
mangrove forests within this site.

Marine Pollution

Disposal of waste into the sea has increased alarmingly in recent years. Indus-
tries such as tanneries, textile mills, oil refineries, TSP plants, DDT plants, 
chemical plants, steel mills, paper mills, soft drink factories, and pesticide man-
ufacturing plants are situated on the banks of the Karnaphuli River and 
in the Chittagong coastal area. None of these industries has any pollutant 
treatment facilities. They are discharging their toxic wastes directly into the 
Karnaphuli River or the Bay. Also, in the Khulna district, industries such 
as match factories, fish processing plants, jute mills, steel mills, the Khulna 
shipyard and newspaper mills discharge liquid or solid wastes directly into the 
Bhairab-Rupsha river system, or to the Bay of Bengal. Moreover, municipal 
and domestic wastes are also adding pollutants through the various rivers 
that flow into the Bay. These pollutants may threaten the aquatic life and the 
ecosystem of the area.

Importation and delivery of  crude oil, and its derivatives, is the most 
dominant source of  pollution in the vicinity of  the Chittagong port 
region. Moreover, thousands of  river craft, steamboats and steamers are 
operating on waterways. These discharge waste oil, spillage and bilge 
water into the Bay. Large-scale ship breaking activities are also going 
on along the lower tidal flats of  the Chittagong coast, where nearly 50 
ships/oil tankers are dismantled and broken up each year. The sludge, 
other lubricants and engine oil of  these ships constitute a considerable 
amount of  oil spillage directly to the seawater. Mongla, the second sea 
port in the Khulna district, and its associated marine traffic, are also a 
frequent source of  oil spills. There is a permanent risk of  accidents with 
chemicals near the Sundarban forest coast. Pollution due to oil spillage 
and sewage discharge is increasing because of  the lack of   enforcement 
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of  environmental rules and regulations. This may cause depletion of  fish 
resources, infectious diseases and a change in the aquatic ecosystem as a 
whole. Steps are required to conserve this coastal ecosystem from pollu-
tion before it gets out of  control.

Conclusion and Recommendations

The coastal plains of Bangladesh are susceptible to various hazards, both 
natural and anthropogenic. Hazards due to cyclones, water logging, and a 
reduction in mangroves can be rated as the number one problem when considering
their impact on life and property. Proper measures against these hazards can 
easily be taken beforehand. Other hazards, like coastal erosion and  salinity 
intrusion, are slow processes and have no immediate effect on the coastal 
 people. Earthquake and tsunami-related hazards, on the other hand, are sud-
den events. The people as well as the government at present are least prepared 
to cope with these events in Bangladesh.

The flat topography, unconsolidated nature of  sediments and complex 
tectonics have an impact on the recurrence and intensity of  natural haz-
ards. In the past, many protective and training measures against these 
natural hazards have been taken in Bangladesh, but have not turned out 
to be effective. In most cases geological aspects have not been taken into 
consideration. Therefore, geological factors need to be addressed, along 
with other socioeconomic parameters in management planning against 
natural hazards. Use of  remote sensing and Geographic Information Sys-
tems (GIS) would help in the integration, storage and analysis of  geosci-
entific data for understanding the causes of  these hazards. Regional and 
global cooperation is needed for the study and to take mitigating measures 
against natural hazards.

The following recommendations are made for the coastal areas:

1. Sluice gates on the mouth of tidal channels should be kept open during 
the monsoon period so that the depositional processes of sediments can 
continue through the flooding of the area. By this, the balance between 
subsidence of the area and deposition of sediments on the plain can be, 
more or less, restored.

2. Ponds, tanks, and artificial reservoirs can be extensively used for piscicul-
ture, by raising their banks to avoid overflooding.

3. Detailed hydrological studies of the region should be undertaken to pro-
vide data for planned development of water supply facilities for irrigational 
and domestic uses.

4. Tidal flats, especially lower tidal flats, should be avoided for any engineering 
construction, such as construction of roads and highways, as well as buildings.

5. Embankments at a height of about 10 meters from the MSL may protect 
offshore islands, such as Hatia, Sandwip, from being inundated by tidal 
surges. Geo-textiles may be used for the construction of embankments, 
because of their low cost and high durability.
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6. Cyclone-shelters in the area are inadequate in number and in most cases 
are not well maintained. As such, to fulfill long-term requirements and to 
avoid the problems mentioned above, mosques, schools and administra-
tive buildings are to be built in sufficient numbers and a few meters above 
ground level on pillars (preferably 4 to 6 meters above ground level), and 
only within the supratidal flats of the island.
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5.3.2 The State of the Environment of the Pakistan Coast
Ali Rashid Tabrez, Asif  Inam, and Mohammad Moazzam Rabbani
National Institute of Oceanography, ST 47, Block 1 Clifton,
Karachi-75600, Pakistan

Introduction

Pakistan has a coastline that stretches over 990 km along the Arabian Sea. 
It comprises two distinct units, the passive margin of Sindh, and the active 
margin of the Balochistan coast. The coastal and offshore geology of 
Pakistan tectonically exhibits both active and passive margin features. The 
Balochistan coast is active, whereas the Sindh coast and Indus deltaic area 
and offshore Indus basin is geologically passive. The Sindh and Balochistan 
coasts have differing climatic conditions, geographical location and socioeco-
nomic factors. The Sindh coast can be further divided into two parts, namely 
the Indus deltaic coast and the Karachi coast. The coast in the vicinity of 
Karachi, which is approximately a 70 km stretch, is relatively well developed, 
as compared to the rest of the Pakistan coast.

The Sindh coastal region is located between the Indian border, along Sir 
Creek on the east to the Hub River coast on the west (320 km). The Indus 
River drains into the entire lower plain of Sindh. The Indus delta is the most 
prominent feature of the Sindh coast. The sediments are subjected to coastal 
dynamic processes, such as tides, winds, waves and currents, leading to accretion 
and erosion of the Indus deltaic coast. The coastal morphology is character-
ized by a network of tidal creeks and a number of small islands, with sparse 
mangrove vegetation, mud banks, swamps, and lagoons formed as a result of 
changes in river courses. The present delta covers an area of about 600,000 ha 
and is characterized by 16 major creeks and innumerable minor creeks, mud 
flats and fringing mangroves. The delta supports wetlands rich in nature and 
culture, and also nurtures the largest area of arid climate mangroves. This 



302 Y. Saito and P. M. Alino

area is very arid with an average annual rainfall of about 200 mm. Some 27% 
of this land is under water in the form of creeks and water courses. These 
water courses intrude the island; they are calm and protected water, and are 
flushed daily by tides ranging up to 3 m.

The coast of Karachi is situated between Cape Monze, a high cliff projecting 
into the Arabian Sea, and the Korangi creek. The coastline of metropolitan 
Karachi is generally oriented NW–SE. On the western side it is bounded by 
the Hub River and on the east by the mangrove swamps and creeks of the 
Port Qasim area. The Layari and Malir river are seasonal streams that flow 
during the southwest monsoon. The rain water from Karachi and its adjoining
area drains into the Arabian Sea. The prominent features of the Karachi 
coast are shallow lagoons, raised beaches, marine terraces and dune fields 
and four major inlets: Manora Channel (Karachi harbour), Korangi creek, 
Phitti creek, and Khuddi creek. A small crescent shaped sand bar exists at the 
mouth of the Korangi creek. The shore terraces and sea cliffs are due west 
of the Hawks Bay area. Cape Monze beach is an example of raised beaches 
along the coast of Karachi. The eastern coast has tidal creeks with mangrove 
and mud flats. In this region, the seabed is generally smooth. The bed slope 
has a low gradient, in the order of 1/500–1/1000.

The coast west of Manora breakwater to Bulleji consists of sand beaches 
– Manora, Sands Pit and Hawks Bay. Rocky protruding points separate these 
beaches from each other. From Bulleji to Cape Monze the coast consists of 
hard conglomerate and shale cliffs. Beyond Hawks Bay, towards the west and 
up to the Cape Monze, the unconsolidated sandy clays are exposed to coastal 
weathering and erosion. Small rivers supply sediment to the coast during 
the rainy periods. The rivers are the predominant sources of sediment to the 
sandy beaches. The Layari delta is well protected from the direct influence of 
the ocean surf by a belt of sand, but the mouth of the river is more or less 
blocked and there is very little supply of water.

Clifton beach is largely composed of dark, grey silty materials with minute 
flakes of mica. The fine micaceous sand drifts from the mouth of the river 
Indus by the strong littoral currents. The sand, after it accumulates on the 
beach by the waves, is blown inland in large quantities.. Further east of Clifton 
there is the agglomeration of Ghizri hills. The coastal areas of Karachi are 
densely populated. The beaches of Karachi also attract large numbers of people. 
These beaches are a source of recreation for the local habitants.

The Balochistan coast extends from the mouth of the Hub River in the 
east to the middle of Gwatar Bay in the west, and stretches over a distance 
of about 670 km. The Balochistan coast consists of Makran and Lasbella 
districts; they are also an arid coast, owing to the scanty rainfall and highly 
saline soil. The Balochistan coast has an almost entirely desert-like condition. 
The entire coastal area is arid with only 150-mm/year of rainfall. The coast is 
drained by small rivers – the Hingol, Basol, Shadi Khor, and Dasht. Despite 
having large catchment areas, these rivers flow only during rainy season. Flash 
floods are frequent, and even during periods of scanty rain there is erosion of 
top soil from the uncovered hillsides and muddy banks. The eroded material is 
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deposited along the coast at the mouths of the rivers. The Balochistan coastal 
region has cliffs, occasionally with rocky headlands, and a number of sandy 
beaches with shifting sand dunes. The region of creeks and coastal lagoons is 
marshy, with scanty patches of mangroves.

The principal geomorphic features of the Balochistan/Makran coast are 
cliffs, headland, and mud volcanoes. Rocks exposed along the coast are the 
assemblages of sandstone, shale and mudstone. The mountains are composed 
of bare rocky limestone or conglomerate. With the exception of some upper 
highlands, there is little or no vegetation. The coastline faces considerable 
erosion. Owing to a shortage of promontories and sheltered areas, most of 
the littoral material is lost to the sea. Spectacular mud volcanoes, where 
gas-charged water escapes to the surface, are found in several locations along 
the Makran coast.

The Indus River, about 3,000 km long, is one of the largest and most impor-
tant river systems in the world. It predominantly flows through Pakistan 
towards the western margin of the India-Pakistan subcontinent (Fig. 5.3.7). 
It is not only one of the oldest rivers existing today, but has also cradled one 
of the oldest and historically most important civilizations (Moenjo Dharo 
and Harrapa) on earth. It is now a life-line for the human consumption and 
agriculture of Pakistan. The Indus River drains one of the highest and most 
tectonically dynamic regions of the world (i.e., western Tibet, the Himalayas 
and Karakoram), and is fed by the rains of the southwest Asian monsoon. 
The flux from this river has produced a vast sediment body, the ‘Indus Fan’, 
in the Arabian Sea (totalling ~5 × 106 km3) (Naini and Kolla 1982), second 
only to the Bengal Fan in size. The Indus river basin stretches from the Hima-
layan Mountains in the north to the dry alluvial plains of Sindh in the south. 
The area of the Indus basin is 944,574 km2 (Asianics Agro-Dev. International 
(Pvt) Ltd., 2000), making it the twelfth largest among the rivers of the world 
(Fig. 5.3.7). Its deltaic area is 3 × 104 km2, ranking it seventh in the world. 
The Indus ranks 4th among the world’s rivers in having a wave power at the 
delta shoreline of about 13 joules/s/unit crest width and 1st in having a wave 
power at a distance from the shoreline at which the water depth reaches 10 m, 
of about 950 joules/sec/unit crest width (Pakistan Water Gateway 2003). The 
Indus basin was one of the world’s premier water laboratories in the late twentieth
century. The water system of the Indus dates back six millennia to the Harappan
period and continues through Hindu, Buddhist, medieval, Islamic, and colonial
periods. However, the last six decades have seen the greatest developments 
and large scale management of the water system.

At the mouth of the Indus, east of Karachi, the modern Indus River Delta 
formed during the Holocene. Unlike deltas of many other rivers, the Indus 
Delta is composed of clay and infertile soils. Much of the modern delta plain is 
very arid, with swampy areas restricted to the immediate areas of tidal channels 
and the coastal tidal flood plains. Seasonal and annual river flows in the Indus 
River system are highly variable (Warsi 1991; Kijine et al., 1992; Ahmad 1993). 
The largest flow from the Indus occurs between June and late September, driven 
by the summer monsoon season and a peak in the flow from snow melt (from 
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the mountains) that increases the discharge of water, along with the eroded 
sediments. These waters are used primarily for irrigation of agricultural crops. 
Dams have been constructed to provide flood control and hydroelectricity.

Damming of the Indus River

Pakistan depends on irrigation and water resources for 90% of its food and crop 
production (World Bank 1992). The irrigation system in Pakistan comprises 

FIG. 5.3.7. Satellite image of Indus River and its delta. Major barrages over the Indus 
River are marked as K (Kotri), S (Sukkur), G (Guddu), T (Taunsa), C (Chashma), and 
J (Jinnah). (Satellite Image from NASA).
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three major storage reservoirs, 19 barrages or head works, and 43 main canals 
with a conveyance length of 57,000 km, and 89,000 water courses with a run-
ning length of more than 1.65 × 106 km (Table 5.3.3). It is estimated that up to 
60% of the Indus water is used to feed Pakistan’s irrigation networks, and that 
the Indus watershed irrigates up to 80% of Pakistan’s farmland (Iftikhar 2002). 
Pakistan’s vast irrigation system feeds more than 162,000 km2 of land in Paki-
stan, a country with the highest irrigated and rain-fed land ratio in the world, 
4:1. About 180,000 km2 (6.6% of the global irrigated area) is presently being 
irrigated in Pakistan. The contribution of rainwater to crops in the Indus Basin 
Irrigation System is estimated at about 16.5 billion m3/year (Ahmad 1993).

The development of infrastructure in the basin affected the sediment and 
water discharge downstream of Kotri Barrage (Fig. 5.3.8). Prior to the con-
struction of major dams and barrages on the Indus River the recorded average 
sediment and water discharge down stream of Kotri Barrage was 193 million 
ton/year and 107 billion m3/year, respectively (Table 5.3.4). As expected, the 
major decline in the sediment and water discharge occurred after the 1967 
commissioning of Mangla dam and 1976 commissioning of the Terbela dam. 
From 1998 onwards the sediment and water discharge below Kotri Barrage 
declined at an alarming pace, mainly due to low rain fall. The overall impacts 
of man-made changes in the Indus River system are best observed downstream 
of Kotri Barrage where prior to the construction of the barrage there were 
no days without water discharge (Fig. 5.3.9). Zero flow days were observed 
during the post-Kotri period (1962–1967).The occurrence of zero flow days 
progressively increased following the commissioning of the Kotri and Guddu 
barrages and the Mangla Dam (Asianics Agro-Dev. International (Pvt.) Ltd., 
2000). In the post-Kotri period (1961–1967) the maximum number of days 
with zero flows was 100. This increased to around 250 days in the post-Kotri
and post-Mangla period (1967–1975). The present situation is much 
more alarming because of below average rain fall in the Indus River  catchment 
area. Presently there are only two months (August–September) in a year when 
the Indus River flows downstream of Kotri Barrage.

TABLE 5.3.3. Major dams and barrages constructed on the Indus River system.
Structure Year of construction with maximum discharge capacity

Tarbela Dam Constructed in 1976
Mangla Dam Constructed in 1967
Ghazi Barotha Hydro Recently completed with a capacity of 500,000 cusec
 Power Project
Jinnah Barrage Constructed in 1946 with a design discharge capacity of 950,000 cusec
Chashma Barrage Chashma Barrage was constructed in 1971 with a design

discharge capacity of 1.1 million cusec
Taunsa Barrage Constructed in 1959 with a design discharge capacity of 750,000 cusec
Guddu Barrage Constructed in 1962 with a design discharge capacity
  of 1.2 million cusec
Sukkur Barrage Constructed in 1932 with a design discharge capacity
  of 1.5 million cusec
Kotri Barrage Constructed in 1955 with a design discharge capacity of 875,000 cusec
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The amount of water in the Indus River has decreased dramatically from around 
185,000 million m3 per annum in 1892 to 12,300 million m3 per annum in the 1990s 
(Iftikhar 2002). Little freshwater now reaches the lower Indus. As a result the flood-
plains and wetland ecosystems of the Delta have been severely degraded.

TABLE 5.3.4. Changes in the sediment and water discharge down-
stream of Kotri Barrage with time.(From Irrigation Department 
of Pakistan.)

Water discharge  Sediment discharge million
Peroid (billion m3/year) Average ton/year Average

1931–1954 107 193
1955–1962 126 149
1963–1967 72 85
1968–1976 47 82
1977–1997 45 51
1993–2003 10 13
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FIG. 5.3.8. Variation in the sediment and water discharge downstream of Kotri Bar-
rage since 1930. (Modified from Milliman et al., 1984.)
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Kotri Barrage with the construction of dams and barrages on the Indus River. (Modi-
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Indus Delta

There are 17 major creeks making up the original Indus delta, but due to 
reduced flows downstream of the Kotri barrage, only the Khobar Creek 
now receives water from the Indus (Fig. 5.3.7). Due to lack of environmental 
awareness any releases of water to the Indus Delta were considered as wasted. 
The Indus Delta itself  was seen as a wasteland of mudflats, creeks and man-
groves. The Indus Delta is subjected to the highest average wave energy of any 
major delta in the world (Wells and Coleman 1984). This is mainly due to the 
intense monsoonal winds, which produce high energy levels. The Indus River 
is currently contributing hardly any sediment to the delta, causing shrinkage 
as the active delta is now only 1,200 km2 in area compared to the 6,200 km2

before the construction of a series of dams and barrages on the Indus River 
(Asianics Agro-Dev. International (Pvt.) Ltd., 2000). Consequently, there has 
been an intrusion of seawater upstream of the delta, at places extending up 
to 75 km in the coastal areas of the Thatta, Hyderabad and Badin districts. 
The twin menace of an almost total absence of freshwater in the river down-
stream of Kotri, and heavy seawater intrusion from the delta, has destroyed 
large areas of prime agricultural land, including submersion of some villages 
in the coastal belt of these districts. In turn, this has caused desertification 
and displacement of several hundred thousand local residents who had been 
living there for many generations. An extreme level of wave energy, and little 
or no sediment contribution from the Indus River, is transforming the Indus 
Delta into a true wave-dominated delta. Development of sandy beaches and 
sand dunes along the former deltaic coastline is underway.

Agriculture Runoff, Water Logging, and Salinity

The topography of Sindh is more or less flat, so that the natural flow of the 
drainage is gradual, allowing a rapid increase in the groundwater table. The 
prevalent canal irrigation system has resulted in large scale water logging and 
salinity problems. Approximately 60% of the aquifer underlying the Indus 
Basin is of marginal to brackish quality. The problem of water logging and 
salinity became apparent in the late 1950s. In the lower Indus basin the area 
with a groundwater depth less than 3 m accounted for 57% of the total area.

To mitigate the menace of rising groundwater, and the associated problem 
of water logging and salinity, a network of drainage canals was constructed 
within the Indus Basin. This was designed to drain groundwater directly into 
the Arabian Sea. The drainage system has been less effective, due to low gra-
dient/flat topography and has, in fact, resulted in the intrusion of seawater 
to about 80 km upstream (Panhwar 1999). Seawater intrusion is much worse 
during the southwest monsoon (Fig. 5.3.10).

Sea-level Rise

The historical recorded data on sea-level rise at Karachi, and the adjoining 
Indus Deltaic area, is based on data collected over the last 100 years. Sea level 
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has rised by 1.1 mm/year over this time. But this is expected to more than 
double during the next 50 to 100 years, resulting in a 20–50 cm rise in sea level 
(UNESCAP 1996). The adverse effect of sea-level rise on the Pakistan coast 
is expected to be pronounced in the Indus Delta. A sea-level rise of about 
2 m is expected to submerge or sea encroach an area of about 7,500 km2 in 
the Indus Delta. There are no direct measurements available on subsidence 
rates in the Indus Delta. However, experience in other deltas indicates that 
subsidence rates at the delta must have increased due to the lack of sediment 
flux. The Indus Delta could experience a relative sea-level rise of up to 8 to 
10 mm/year, in light of the projected rate of the global component of sea-level 
rise of up to 6mm/year in the next century. If  the present trends continue 
the Indus Delta will ultimately establish a transgressive beach dominated by 
aeolian dunes, due to a lack of sediment inputs and presence of high energy 
waves (Haq 1999).

Impact of Water Shortage on Mangroves

The Indus delta has about 1,600 km2 of mangroves forests, of which about 
500 km2 can be classified as dense mangrove stands. The shortage of rainfall, 
the high evaporation rate and the decreasing flows of freshwater down the 
Indus as a result of dams and barrages means that salinity levels in the creeks 
often exceed that of seawater. Even though mangroves are generally able to 
survive in seawater without regular freshwater input, it is unlikely that they 
will able to survive. Apart from longer-term threats to the survival of Indus 
delta mangroves, there are pressures from over grazing and lopping for fuel 
wood, which result in stunted trees in some areas (Fig. 5.3.11). Because the 
lives of local people are closely linked to the natural resources of the Delta 
ecosystems, each environmental impact has a social impact. Local communities 

FIG. 5.3.10. Seawater intrusion through the network of canals constructed for the dis-
charge of saline groundwater to the sea.
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are dependent on natural resources for their livelihood, including floodplain 
forests, mangrove forests and fishes.

The human population in and around mangrove forests on the Sindh coast 
is estimated to total 1.2 million people, nearly 900,000 of whom reside in the 
Indus Delta (Salman 2002). Of these, a predominantly rural population of 
more than 135,000 depends on mangrove resources for their livelihoods (Shah 
1998). Reductions in freshwater inflows have had tangible impacts on man-
grove ecology, and on the fish populations that rely on them for breeding and 
habitat. At least three quarters of the delta’s rural population depend, directly 
or indirectly, on fishing as their main source of income. Most of Pakistan’s 
commercial marine fishery operates in and around the mangrove creeks on 
the coast of Sindh Province. A large proportion of fish and crustaceans spend 
at least part of their life cycle in the mangroves, or depend on food webs origi-
nating there (Meynell and Qureshi 1993).

High Water Turbidity

Reduction in sediment and water discharge is causing coastal erosion in the 
Indus deltaic and coastal areas and is resulting in significantly high levels of 
seawater turbidity, rendering the water quality of coastal waters unsuitable 
for a number of marine organisms. The turbidities of the seawater  influence 

FIG. 5.3.11. Destruction of mangrove forest in the deltaic area near Karachi.
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the bottom limit of light penetration in the sea, thus controlling the primary 
productivity in the coastal and creek waters. The higher turbidities also influence 
the distribution of marine organisms, particularly fish and shrimp, in the 
coastal waters. The higher turbidities are not tolerated by filter feeding benthic 
organisms and hence they are usually absent in the areas which are affected 
by coastal erosion. The major impacts of turbidities on the marine environ-
ment is smothering of benthic fauna particularly filter feeding organisms, 
and a reduction of the photic zone by limiting light penetration, resulting in 
reduced primary productivity. The lower visibility in the seawater also influ-
ences the feeding, and migration of fish and shellfish. It is generally believed 
that the higher turbidities in the coastal waters due to southwest monsoon 
winds during the June–September period induces fish and shrimp stocks of 
coastal waters to migrate into deeper waters. The extent of this problem is 
increasing due to the increase in the sea encroachment in the area. The turbidity
of the water in the Indus Delta varies spatially and seasonally. Turbidities are 
also influenced by the strong tidal flux, which reverses its direction during 
ebbing and flooding. Generally the turbidities are higher during ebb tides, 
particularly in the shallow creeks. The turbidities are also high within the 
delta area, and in the adjacent coastal waters, during river runoff after the 
rainy season of the southwest monsoon.

The turbidities in terms of transparency of seawater (Secchi disc disap-
pearence depth) can also provide insight into the extent of the turbidities in 
the Indus Delta. During the January–February period the maximum water 
transparency in the major creeks of the Indus Delta are 2.5–4.5 m in the 
Gharo creek, 3.0–5.0 m in the Phitti Creek and 7.0 m in offshore water. During 
the May–August period the minimum values are 0.5–1.0 m of seawater trans-
parency in the Gharo/Kadiro creek, <0.2m in the Phitti Creek and 0.2 m to > 
2.0m in the offshore area adjacent to the creeks. The turbidities in the offshore 
waters adjacent to the delta are higher during the southwest monsoon period 
than during the rest of the year.

Conclusion

The anthropogenic impact of  upstream water and sediment blockage has 
resulted in the shrinkage of  the active delta, and stunted the growth of 
the mangrove forest. The beleaguered delta has been forced to face severe 
problems of  coastal erosion due to unplanned coastal development in the 
area. The wellbeing of  the Indus Delta demands a realistic assessment of 
the minimum quantity of  freshwater and sediments required to prevent the 
total disappearance of  the delta. There is need for a certain amount of  water
and sediment to be discharged into the delta on a year-round basis. It is also 
important that the management of  the delta should become a part of  an 
integrated coastal zone management approach, in a holistic manner that 
considers not only the coast but the whole ecosystem, from the source in the 
catchment area to the delta.
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Introduction
The Indian coastline extends for 7,500 km, with nine coastal states and four 
Union Territories contributing 75% of the coastline (Fig. 5.3.12). The rest is 
associated with about 500 oceanic islands, including Andaman and Nicobar 
in the Bay of Bengal and Lakshadweep in the Arabian Sea. The maritime 
states are Tamil Nadu, Andhra Pradesh, Orissa, West Bengal, and Andaman 
and Nicobar islands on the east and Kerala, Karnataka, Goa, Maharashtra, 
Gujarat, and Lakshdweep islands on the west.

The Indian subcontinent is a tropical zone, with recurring drought–flood 
phenomena. The coastal climate is generally uniform, except in Gujarat on 
the west coast, which experiences drought conditions. The SW and NE mon-

FIG. 5.3.12. Map of the Indian coast.
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soon rainfall records its maximum of 3,600 mm along the Kerala coast, and 
decreases to a minimum of  400–600 mm near the Gujarat coast. Major 
precipitation is experienced from September to December along the east 
coast. The Gulf of Manner receives about 90 mm rainfall. Rainfall increases 
gradually towards the north of Porto Novo up to 1,500 mm and in the Sundar-
bans forest up to 1,908 mm. The Andaman and Nicobar Islands experience 
very high rainfall of up to 3,200 mm a year.

River basins of India are classified as major, medium and minor, based on 
their catchment areas, namely >20,000 km2, 20,000–2,000 km2; and <2,000 km2,
respectively. Ganga, Brahmaputra, Sabarmati, Mahi, Narmada, Tapti, Sub-
arnarekha, Brahmani, Mahanadi, Godavari, Krishna, Pennar, and Cauveri 
basins fall into the major category, while forty four rivers belong to the second 
category and as many as 200 rivers constitute the third category. In addition, 
numerous desert rivers flow for some distance and are lost in the deserts (Bhat-
tathiri 2001: Chandramohan et al., 2001). The rivers discharge about 12 × 
1012 kg of sediment into the seas annually. This is roughly 10% of the global 
sediment flux (Subramanian 1993) (Table 5.3.4). The average run off from the 
major, medium and minor rivers of India is 1,406 × 109 m3, 112 × 109 m3,
and 127 × 109 m3, respectively (Rao 1979). Most of the rivers in India flow 
to the east coast in the Bay of Bengal. They carry a tremendous amount of 
silt during monsoons. This is the main reason why coral reefs are absent, and 
mangroves are well developed on the east coast. The major deltas, viz. Ganga, 
Mahanadi, Godavari, Krishna, and Cauvery, are confined to the east coast, 
whereas estuaries (Narmada, Tapti) occur on the west coast. There are 11 
major and 130 minor seaports in India, and the coastal area can be regarded 
as mostly urban or semi-urban. Abiotic, namely cyclones, sea-level rise, flood, 
and biotic, namely overexploitation of groundwater, oil, and gas, pollution, 
deforestation, reclamation, factors are threats to the coastal population.

Coastal and Shelf  Morphology

Some Indian shorelines are almost straight, some are fairly indented, some are 
markedly crenulate (Honavar and Janjira) and some are wavy (Cambay region) 
with major protrusions and embayments (Balasore region, Palk straits, Gulf 
of Mannar, Cambay). The deltas of Ganga, Mahanadi, Godavari, Krishna, 
and Cauvery exhibit an emergent shoreline, while the Maharashtra, Gujarat, 
Andaman, and Nicobar shores are submergent – rocky indented. The Lac-
cadive Archipelago is a neutral shore, while the Kathiawar-Andaman and 
Nicobars have compound shores.

The Bay of Bengal and Arabian Sea together occupy only 3% of the world 
oceanic area, but receive 9% of the global river run off. The Bay of Bengal 
is an area of positive water balance that receives an annual precipitation of 
11,000 km3 and a run off  of about 2,600 km3. The Arabian Sea is an area of 
negative water balance, with run off  varying between 7 and 10 km3. These two 
seas together receive three times more river run off  per unit area than the rest 
of the world oceans (Sen Gupta and Qasim 2001).
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Coastal areas of  the Indian Ocean are mostly tide-dominated, with 
the tidal amplitudes varying from 1 to around 2 m. The longshore cur-
rents of  the east coast are towards NE during SW monsoon and SW 
during NE monsoon periods. On the west coast longshore currents move 
towards the north during pre- and post-monsoon periods, with a change 
towards the south during the monsoon period. The annual gross sedi-
ment transport along the coasts of  south Orissa, north Tamilnadu, south 
Kerala, north Karnataka and south Gujarat is high (1.5 × 106 m3 to 2.0 × 
106 m3). It is relatively low along the south Tamilnadu and Maharashtra 
coasts (0.5 × 106 m3) and almost negligible between the coasts of  Pon-
dicherry and Pt. Calimere. The net annual transport at the southernmost 
tip of  the Indian Peninsula is also negligible. The annual net transport 
along the east coast is northerly and along the west coast is southerly 
(Chandramohan et al., 2001).

TABLE 5.3.4. Annual sediment load by Indian rivers at termi-
nal points. (From Chandramohan et al., 2001.)
River Sediment load (×109 kg)

Brahmaputra 597.000
Indus 450.000
Ganga 329.000
Narmada 44.358
Godavari 38.839
Brahmani 13.277
Mahanadi 13.204
Tapti 10.522
Baitarni 5.954
Subarnarekha 5.911
Mahi 5.879
Vamsadhara 1.836
Netravathy 1.223
Chellar 0.613
Cauvery 0.471
Bharatpuzha 0.444
Bhadar 0.354
Banas 0.322
Krishna 0.320
Pennar 0.257
Purna 0.238
Periyar 0.199
Muvattupuzha 0.157
Gundlakamma 0.064
Kallada 0.058
Vamanapuram 0.053
Shatrunji 0.041
Achenkovil 0.036
Sabarmati 0.018
Tambraparni 0.011
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The continental shelf  has an aerial extent of  about 3,100,000 km2. Its 
width on the west varies widely (Saurashtra 70–110, Mumbai 260–300, Rat-
nagiri 100–128, Goa 60–185, Cochin 60 km) off  the river mouths, becoming 
 narrower South – eastwards and narrowest on the SW margin (Purnach-
andra Rao and Wagle 1997). The inner shelf  is smooth with a gentle slope. 
An uneven topography occurs down to 55–60 m depth in the north and is 
narrow down to a depth of  25 m off  Cochin. The middle shelf  shows uneven 
topographical features. Submerged sand ridges are found on the outer con-
tinental shelf. The shelf  break occurs at depths between 60 and 150 m. It is 
away from the coast in the northern part and close to the coast in the SW 
part of  India.

The east coast is flat. The continental shelf  is broad off  the Ganges 
(210 km), gradually tapers towards the southwest and is at its minimum off 
Kakinada (6 km). Further south the shelf  width increases to 43 km off Chen-
nai and reaches a minimum of 2.5 km at Karaikal, south of Chennai. The 
shelf  break occurs at depths between 50 and 300 m at a distance of about 10 
to 70 km from the shore and shows diverse shapes owing to different origins 
(Purnachandra Rao and Kessarkar 2001). Prograding, constructed, regrading 
and indented types of shelf  breaks have been reported, based on echo charac-
ters (Rajasekhara Reddy and Sreenivasa Rao 1997).

The Indian shore encompasses constructional features, viz. sea beach and beach 
ridges, offshore bars, spits, tombolos and barriers, lagoons, lakes, deltas, littoral 
concrete, coral reefs, and destructive/erosion features, namely cliffs, shoreline ter-
races. Beaches are more extensive on low coasts, like the east coast of India, but 
are relatively rare on the steeper or cliffed western shores of the country.

The east coast spits, like at Kakinada and Chilaka lagoon, are open in the 
NE and attached to the mainland on their SW or southern end. The west 
coast has numerous spits, particularly between Ratnagiri and Cape Comorin. 
The orientation of these spits indicates the direction of the long shore drift.

Coastal Geology

The geological formations comprising the Ganga Delta up to the western end 
of the Mahanadi River are Pleistocene to Recent alluvium. In the Mahanadi delta 
there are patches of older fossiliferous sedimentaries. In the coastal regions of 
northern Andhra Pradesh the geological formations are gneisses and granites, 
with frequent patches of charnockites and Khondalites. In the region of the 
Godavari and Krishna, between the crystalline and alluvium belt, there is a nar-
row belt of discontinuous rocks ranging from upper Gondwanas to Pleistocene. 
Between the Krishna delta and Cape Comorin there is a discontinuous belt 
of sedimentaries, ranging in age from the upper Gondwanas to Pleistocene. 
Near Cape Comorin the rock types are crystalline gneisses, granites and 
Tertiaries. North of Quilon a belt of alluvium adjoins the gneiss and granites 
of the Deccan massif, Warkale and Quilon beds. The coastal region of Goa is 
occupied by granites and gneisses (Ahmad 1972).
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Living Resources

The Indian coastline has several geomorphic units that are niches of rich and 
diversified fauna and flora. The Arabian Sea and Bay of Bengal, along with 
two major island groups, have rich marine biodiversity. India has 2.015 × 
106 km2 Exclusive Economic Zone (EEZ). The estimated potential of living 
resource of India’s EEZ is about 4 mt. of which 2.44 mt. is currently exploited, 
mostly from water depth of 50 m.

Marine Fishery

The fishing industry contributes 7% of the GDP to the national economy 
and the export of  fishery products amounts to about 0.44 million ton, which 
fetched about 1,280 million dollars in 2000–2001 (Gopala Krishnan 2002). 
India ranked fifth in fish productivity in Asia in 1996 (Grainger and Gra-
cia 1996), with half  of  its annual fish catch of  5.6 mt coming from marine 
fisheries (Anon 2001). This fishery has an estimated production potential 
of  2.8 mt. A major share of  this, i.e., 21.307 mt, comes from the south west 
coast, followed by 1.217 mt from the northwest, 0.544 mt from the south-
east coast and 0.321 mt from the northeast. The Andaman and Nicobar 
islands, and Lakshadweep, contribute 0.202 mt and oceanic/other deep sea 
resources 0.299 mt. Indian reefs, together with their shelves, lagoons and sub-
merged banks, have a potential yield of  10% of the total marine fish catch 
(Anon 2000; 2001). Of the fishery resources available, 1.933 mt are demersal, 
1.742 mt are neritic pelagic and 0.246 mt are oceanic pelagic. Depthwise, the 
0–50 m depth zone can give 58.1% of the resources, followed by the 50–200 m 
depth zone registering 34.9% and the oceanic 6.3% (Anonymous 2001). The 
oceanic resources have not yet been tapped to their full potential. Tuna, 
sharks, and billfishes are plentiful.

The Indian fishery resources are being depleted by over fishing, excessive 
use of pesticides, industrial pollution and construction of coastal structures. 
The loss of  inshore fish nursery habitat by coastal development, and pol-
lution from land-based activities, cause significant changes to ecosystems. 
Cyclones cause adverse weather, creating hostile conditions for fishing. 
The SW monsoon also contributes to rough seas, decreasing the fishing 
activity. Similarly, there was a perceptible drop in sea catches after the 
tsunami of  26 December, 2005. Proper cyclone warnings, availability of 
safety equipment, rescue operations and post-cyclone rehabilitation are a 
few measures that may reduce loss of  lives and resources available to the 
fisheries.

About 217 genera and 844 species of marine micro-algae, estimated to be 
more than 0.2 mt, have been reported from different maritime states of India, 
out of which only about 4,000 ton of seaweed resources are exploited annu-
ally by the agar and algin industries (Umamaheswara Rao 2005). Macro-algal 
resources can be used as food, feed supplements, health products and phar-
maceuticals (Nagamalleswara Rao et al., 2003).
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Non-living Resources

The important coastal resources include heavy mineral placer deposits,  calcareous 
sands, lime mud, phosphorite, oil and gas, methane hydrates, and tourism.

Under favorable conditions commercially exploitable placer minerals viz., 
ilmenite, rutile, zircon, garnet, monazite, and sillimanite, are deposited in beach 
and dune sands of India.. The Indian resources of placer minerals are: 348 mt of 
ilmenite, 107 mt of garnet, 21 mt of zircon, 18 mt of rutile, 8 mt of monazite and 
130 mt of sillimanite. Indian resources constitute about 35% of world resources 
of ilmenite, 10% of rutile, 14% of zircon and 71.4% of monazite. India accounts 
for about 10% of the world requirement for garnet (Ali et al., 2002).

The presence of  oil and gas in deltaic deposits is established in Jaisalmer, 
Cambay, Cauvery, and Krishna-Godavari basins. The world’s biggest dis-
covery of  natural gas occurred in the Krishna-Godavari basin, east coast 
of  India. So far exploration has established nearly 200 mmt, out of  an esti-
mated 1060 mmt of  resources (Rao 2002). Methane hydrates are considered 
to be a frontier gas resource in recent years. One estimate says that there 
could be 200 trillon cubic feet of  gas entrapped in gas hydrates along the 
Indian continental shelf/slope. The methane in the Arabian sea and the Bay 
of  Bengal of  Indian continental shelf  is estimated to be 14,572 trillion m3,
with a 5% probability in the water depth range of  600 to 3,500 m cover-
ing an area of  about 80,000 km2 (Subramanyam et al., 1998; Valsangkar 
2001). India provides great potential for renewable energy sources in the 
form of  Ocean Thermal Energy Conversion (OTEC), waves, tides etc. India 
has already established a wave energy plant of  150 kw capacity at Vizhinjam 
in Kerala (Qasim 1999).

Coastal Wetlands

Wetlands are very important in controlling floods, protecting the coastline, 
recharging groundwater and maintaining water quality. The Space Application 
Centre (SAC) of the Indian Space Research Organisation (ISRO) has studied 
several sites of coastal wetlands, covering a total area of 40,230 km2, distrib-
uted in nine states and four Union Territories. State-wise, Gujarat has about 
25,083 km2 (62.3%), Tamil Nadu about 3,987 km2, West Bengal about 3,604 km2,
Orissa about 1,854 km2, Andhra Pradesh about1855 km2 and Andaman and 
Nicobar about 1,078 km2 of coastal wetlands (Garg et al., 1998). Among 
the various types, tidal mudflats (23,621 km2) and mangroves (4,871 km2)
have the major share. Other categories are: estuaries (1,540 km2), lagoons 
(1,564 km2), sandy beach (4,210 km2), marsh (1,698 km2), other vegetated wetlands 
(1,391 km2), coral reefs (841 km2), creeks (192 km)2, back water (171 km2), rocky 
coast (177 km2), salt pan (655 km2), and aqua-culture ponds (769 km2) (Garg 
et al., 1998). Ecosystems such as mangroves, coral reefs, estuaries and deltas 
are rich in biodiversity. These play a crucial role in fishery production, besides 
protecting the coastal zones from natural  disasters. A variety of marine 
resources, like fish, prawn, lobster, crab, pearl oyster, shells, medicinal material and 
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algae, are directly or indirectly dependent on the wetland ecosystem. However, 
studies by the Salim Ali Centre for Ornithology and Natural History (SACON) 
revealed that the wetlands in 14 states are polluted and 1,249 species of fish 
drawn from 115 water bodies contain pesticides or heavy metals. India has 19 
wetlands of international importance listed under the Ramsar conservation of 
1971. To address the question of pollution, experts have suggested the crea-
tion of a buffer zone around wetlands where organic farming would be actively 
encouraged, banning all other activities such as conversion into real estate, 
waste dumping, and sewage disposal.

Corals

Coral reefs are the most diverse and complex ecosystem on earth. They are 
crucial to the health of  the entire marine ecosystem. Degradation of  reefs 
represents a threat to marine life in general. They serve as a guard against 
the powerful tidal waves/tsunami and thus prevent both erosion on land 
and casualties. A number of  species living around coral reefs have yielded 
a variety of  drugs that have been found effective against a host of  diseases. 
In India coral reefs were built up during the Tertiary and Quaternary peri-
ods. The most important sites include the Gulf  of  Kachchh, Malwan coast 
(Maharashtra), Lakshadweep Islands, Gulf  of  Mannar, Palk Bay, Anda-
man and Nicobar Islands (Table 5.3.5). The coral reefs of  Indian Ocean 

TABLE 5.3.5. Distribution and area estimates of coral reefs in India. (From Naik 
Shailesh (1997.)
 Coral Reef Area (km2)

Category Gujarat Tamil Nadu Lakshadweep Andaman & Nicobar

Reef flat 148.4 64.9 136.5 795.7
Sand over reef 11.8 12.0 7.3 73.3
Mud over reef 117.1 – – 8.4
Coraline shelf  – – 230.9 45.0
Coral heads – – 6.8 17.5
Live coral platform – – 43.3 –
Algae 53.8 0.4 0.4 –
Seaweeds – – 0.7 –
Sea grass – – 10.9 –
Reef vegetation 112.1 13.3 – 8.9
Vegetation over sand 17.0 3.6 0.4 10.5
Lagoon – 0.1 322.8 –
Sandy substrate – – (67.4) –
Reef patch – – (13.4) –
Deep – – (98.5) –
Uncertain – – (143.5) –
Total 460.2 94.3 816.1 959.3
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include fringing reefs (Gulf  of  Mannar and Palk Bay), Platform reefs (Gulf 
of  Kachchh), Atoll reefs (Lakshadweep archipelago), fringing and barrier 
reefs (Andaman and Nicobar Islands) (Anonymous 2000). Coral reefs in the 
Indian Ocean occur from tropical regions in the south to subtropical and 
semiarid regions in the Gulf  of  Kachchh. The Gulf  of  Katchchh reefs are 
the most degraded among the Indian reefs. They are home to a large bio-
mass of  fish of  great variety. This has led to large commercial exploitation 
of  these resources.

Community management and ownership by local people have been rec-
ommended to safeguard the coral reefs from over fishing and degradation. 
Such an arrangement should prevent destruction due to developmental 
activities, including tourism, involving motor boat movements leading to oil 
slick and digging of  large quantities of  coral lime stone for the manufacture 
of  cement, construction of  roads, building and artworks (Gupta 2001).

Mangroves

Mangrove forests are essentially tidal and swampy. They are the most highly 
productive ecosystem next to the coral reefs, and provide energy to marine 
habitats through production and decomposition of plant detritus (Quasim 
and Wafer 1990). The rich diversity of migratory birds that frequently visit 
them every year is proof of their productivity. Mangroves provide nursery 
grounds for a number of commercially important fish, prawns and crabs. 
Some of these mangrove wetlands play an important role enhancing the fish-
ery production of the adjacent neritic water, by exporting organic and inor-
ganic nutrients.

India stands tenth in the 25 most plant-rich countries of the world (Nirupa 
Sen 2000). The total area of tidal forest in India is about 6,740 km2, constitut-
ing about 7% of the world’s area under mangroves (Anonymous 1987). About 
380 km of the mainland’s coast is covered by mangrove, and 260 km of Andaman
and Nicobar are lined with mangroves (Singh 2000). Out of 487,100 ha of 
mangrove wetlands in India, nearly 56.7% (275,800 ha) is along the east 
coast and 23.5% (1,14,700 ha) along the west coast, and the remaining 19.8% 
(96,600 ha) is found in the Andaman and Nicobar Islands (Table 5.3.6) (Selvan 
2003). This is because the terrain of the east coast has a gradual slope com-
pared with the steep gradient along the west coast. Nearly 70% of the species 
found in the world are found in India.

The Ganga, the Mahanadi, the Godavari, the Krishna, and the Cauvery deltas, 
and the Andaman and Nicobar groups of islands, contain some of the best man-
groves in the world. The largest stretch of mangroves is located in the Sundarbans 
in West Bengal. Eight states and union territories have mangrove forests. Man-
groves are classified as tide dominated (Sundarbans and Mahanadi), river domi-
nated (Godavari, Krishna, Pichavaram and Muthupet) and drowned bed rock 
type (Gujarat) (Selvan 2003). Mangroves have helped in the protection of coastal 
habitation from frequent cyclones and surges, as in the case of Sagar Island, from 
severe erosion (Paul and Bandyopadhya 1987), and from the 1999 super cyclone in 
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some of the coastal regions of Orissa state. Mangrove forests along the east coast 
of India also play an important role in coastal protection. During the onslaught 
of the tsunami of 26 December, 2005, the mangrove forests of Pitchavaram in 
the Cauvery delta acted like a biowalk, resulting in minimum casualties 
(Ratnakar and Kar 2005).

Logging operations in the And aman Islands, aquaculture, reclamation 
of  swamps, paddy cultivation on the east coast, and salt production on the 
west coast of  India, are the main reasons for the degradation of  mangroves. 
Reclamation of  backwaters/lagoons, mudflats, mangroves for various uses 
is common, viz. for agricultural purposes in Kerala and Tamil Nadu, for 
aquaculture in Andhra Pradesh and Orissa, and for residential and indus-
trial purposes in Maharashtra and Gujarat. To overcome these problems a 
series of  conservation measures were initiated in the late 1980s. Mangrove 
species were planted in intertidal mudflats in Gujarat, West Bengal, Tamil 
Nadu, Karnataka, and Andhra Pradesh (Singh 2000).

Coastal Tourism

Among the maritime states of India, Maharashtra, Karnataka, Kerala, Goa, 
Tamil Nadu, Andhra Pradesh, Orissa, and West Bengal have developed excel-
lent tourism facilities along the coast. Backwater tourism is equally important 
in states like Kerala. The coast of Goa has beautiful stretches of sandy shores 
and beaches. These attract large number of tourists from home and abroad. 
The Dakshina Kannada district of Karnataka has excellent recreational 
beaches. In Tamil Nadu tourist spots extend on the east from Pt Calimere 
to the Mudimalia wild life sanctuary in the west. The northern extreme is 
known for Pulicat Lake, while in the south lies Cape Comarin. The islands of 
Andaman and Nicobar are considered to be more attractive for eco-tourism. 

TABLE 5.3.6. Mangrove wetlands of India. (From Selvan 2003.)
  Total area of the  
State Mangrove Wetland Wetland (ha) Actual forest cover (ha)

East coast
West Bengal Sunderbans 4,26,000 2,12,500
Orissa Mahanadi 67,000 21,500
Andhra Pradesh Godavari 33,250 24,100
 Krishna 25,000 15,600
Tamil Nadu Pichavaram 1,300 900

West coast
Gujarat Gulf of Kutch 58,200 85,400
 Gulf of Khambat 53,123 17,700
Other mangroves – – 11,600
Andaman and  Andaman islands – 92,900
 Nicobar islands  Nicobar islands – 3,700
Total   4,87,100



5. Regional Conditions 321

Kerala is developing new beach resorts in the Bekal area and Maharashtra 
at Sindhu Durg is developing its tourism. Similar developments are also tak-
ing place in coastal areas of Tamil Nadu, Andhra Pradesh (Bheemunipat-
nam, Visakhapatnam, Perupalem) and Orissa. It is expected that there will 
be a 20% plus growth in tourism in all the developed coastal areas and beach 
resorts during the next five years.

Tourism is India’s largest employment generator and foreign exchange 
earner, after jewellery and textiles. The coastal areas of India have been on a 
high tourism growth curve during the last few years, especially the last two, 
i.e., 2003–2004 and 2004–2005. Foreign tourist arrivals to places like Kerala 
and Goa have boomed to unprecedented levels, showing a growth of 25–30% 
every year. These coastal states are the most sought after by foreign tourists; 
in Goa, in particular, a large number of chartered flights land every week, 
bringing foreign tourists to the state.

The Coringa wild life sanctuary (East Godavari district of Andhra Pradesh) 
and the Krishna sanctuary (Nagayalanka of Andhra Pradesh) are both covered 
by mangrove forests and close to estuaries. Pulicate Lake on the Andhra 
Pradesh-Tamil Nadu border, Muthukadu, Kovalam, Mamallapuram, 
Pondicherry, Pichavaram, Kodikarai Island, Trichlendur and Kanyakumari 
are very important from an eco-tourism point of view.

Uncontrolled tourism activities, however, unduly impose one more dimension 
of human pressure on the earth’s resources. The overexpanding tourism industry, 
along with urbanization in this coastal stretch, has contributed to an increase in 
the salinity of freshwater aquifers due to seawater intrusion, especially along the 
coast of Bardez taluk in north Goa and Udipi taluk in Karnataka.

Vulnerability

Besides physical exposure to sea-level rise, the socioeconomic development of the 
region is also important in increasing the vulnerability of the region to sea-level 
rise. From the physical point of view, Gujarat and West Bengal would be most 
affected since they stand to lose the maximum land area to a 1 m sea-level rise. In 
terms of population, West Bengal, Maharashtra, and Tamil Nadu would be worst 
affected because of their high population density. In terms of the fractional area, 
Goa would be most affected, as it would lose almost 4.34% of its total area.

Indian coasts are vulnerable to a rise in sea level, frequent occurrences of 
cyclones and storms, a high rate of coastal environmental alteration/degrada-
tion and nonsustainable development.

Any impact to the coastal ecosystem may affect the coastal population in 
almost every aspect of their lives. The problem of freshwater is already acute 
in coastal regions of Tamilnadu, Gujarat, West Bengal and Orissa. This is due 
to excessive extraction of groundwater, which has resulted in a lowering of 
groundwater and enhanced saltwater intrusion (Subramanian 2000; Mohanty 
1990; Saxena et al., 2004). The arsenic pollution crisis in West Bengal, Orissa 
and Andhra Pradesh is a disaster due to over extraction from tube wells. The 
number of people potentially impacted by this problem is far greater than 
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that for any of the individual problems facing humanity today (Saxena et al., 
2004). Over extraction of groundwater, oil and gas can lead to subsidence of 
coastal land, causing submergence (Krishna Rao 1998).

Sea-level Rise

India is one of the 27 countries most vulnerable to the impacts of global 
warming and accelerated sea-level rise (UNEP 1989).

The mean sea level observations indicate a long-term rise of about 1.0 mm/
year. However, recent observations show a rise of 2.5 mm/year along the Indian 
coast. These studies indicate that the oceanic region adjoining the Indian sub-
continent may warm up at its surface by about 1.5–2.0°C by the middle of this 
century and by about 2.5–3.5°C by the end of the century, when sea levels may 
rise by about 15–38 cm and 46–59 cm, respectively (Lal and Aggarwal 2000). 
The latter figure is comparable with the projected global mean sea-level rise 
of 50 cm by the end of this century. This may have significant impact on the 
coastal zones of India. With such a rise, the cultivated land would be drastically 
reduced, not only due to inundation but also due to saltwater intrusion. The 
sea-level variations affect port cities. Many of the ancient ports have already 
been submerged. Sea-level rise reduces transport of river-borne sediments into 
the sea, decelerating delta progradation and wetland renewal.

Studies on the potential impact of a 1 m rise in sea level along the Indian 
coast provide an idea about the land which could be inundated, and the popu-
lation that would be affected provided no protective measures are taken. It 
has been suggested that the total area of 5,763 km2 along the coastal states of 
India, i.e., 0.41% of India’s total land area, could be inundated and almost 7.1 
million, i.e., 4.6%, of the coastal population could be directly affected (Table 
5.3.7) (TERI 1996). The most vulnerable areas along the Indian coastline are 
the Kutch region of Gujarat, Mumbai, and South Kerala, deltas of the Gan-
ges (West Bengal), Cauvery (Tamil Nadu), Krishna and Godavari (Andhra 
Pradesh), Mahanadi (Orissa) and also the islands of Lakshadweep.

Cyclones and Storms

The cyclones occurring in the Bay of  Bengal and Arabian Sea form 6% of 
the global total. Cyclones and storms frequently affect the coastal states of 
India, causing much damage and loss of  lives. The immediate damage caused 
by a cyclone is due to wind, rain and associated flooding, erosion and the 
storm surge. The frequency of  the formation of  cyclones is 5–6 times more 
in the Bay of  Bengal than in the Arabian Sea (IMD 1979). More than 1,000 
cyclonic disturbances occurred in the Bay of  Bengal during the last cen-
tury, among which over 500 were either depressions or deep depressions and 
over 400 were either cyclonic storms or even storms (Mascarenhas 2004) 
(Table 5.3.8). The east coast of  India has been affected by a minimum of four 
high intensity cyclones every year for the last 100 years (Raghavan and Sen 
Sarma 2000). The Bay of  Bengal is one of  the six regions in the world where 
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severe tropical cyclones usually originate in the months of  May, November 
and December. They are well known for their extreme destructive potential 
and impact on human activities. The 1999 tropical super cyclone that hit the 
coast of  Orissa on 29 October, with wind speeds of  260 km/h, resulted in 
a death toll of  over 10,000. This demonstrates the extreme significance of 
impacts related to climate variability and extreme conditions. Historically, all 
the tropical cyclones crossing the east coast had their landfall near the major 
deltas, such as the Ganges, Mahanadi, Godavari, Krishna, Penner, Palar, 
and Cauvery. Limited studies have been undertaken worldwide regarding the 
influence of  coastal morphology on the cyclone track movement. Most of 
the severe cyclones crossing the Andhra coast had their landfall in Godavari, 
Krishna and Penner deltas. Very few severe cyclones have crossed the Ongole 
coast. The Visakhapatnam coast generally experiences storms and depres-
sions of  lesser magnitude and intensity.

TABLE 5.3.8. Details of various types of wind system that formed in the Bay of Bengal 
and affected the east coast of India during the period 1891–2000.
 Cyclonic  Depression/deep   Severe cyclonic
Type of disturbance disturbance depression Cyclonic storm storm

Number 1087 635 279 173
Maximum (1891–1991) 158 (August) 131 (August) 51 (October) 38 (November)
Minimum (1891–1991) 4 (February) 1 (March) 0 (February) 1 (January)
Yearly average 10 6 3 1.5
Per cent of total – 58 26 16
Wind speed (km/h) 31–118 31–61 61–88 88–118

TABLE 5.3.7. Potential effects of a one meter sea level rise on India’s coastal area and 
population. (From TERI 1996.)

State/Union 
territory

Coastal area (million hectares) Population (millions)

Total
Likely to be 
inundated Percentage Total

Likely to be 
affected Percentage

Andhra 
Pradesh

27.504 0.055 0.19 66.36 0.617 0.93

Goa 0.370 0.016 4.34 1.17 0.085 7.25
Gujarat 19.602 0.181 0.92 41.17 0.441 1.07
Karnataka 19.179 0.029 0.15 44.81 0.25 0.56
Kerala 3.886 0.012 0.30 29.08 0.454 1.56
Maharashtra 30.771 0.041 0.13 78.75 1.376 1.75
Orissa 15.571 0.048 0.31 31.51 0.555 1.76
Tamil Nadu 13.006 0.067 0.52 55.64 1.621 2.91
West Bengal 8.875 0.122 1.38 67.98 1.6 2.35
Andama and 

Nicobar
Islands

0.825 0.006 0.72 0 0 0

India 139.594 0.571 0.41 416.74 7.1 1.68



324 Y. Saito and P. M. Alino

Global warming will result in an increase in sea surface temperatures as 
a result of which changes in the frequency, intensity or tracks in cyclones 
hitting the coastal zones may take place. An increase in cyclone intensity of 
10–20% is expected with a rise in sea surface temperature of 2–4°C.

Coastal Erosion

Erosion is caused by natural forces such as cyclones and is accentuated by human 
activities. Coastal erosion is a major environmental concern in many parts of 
India, where rates of shoreline erosion or beach retreat average several meters 
per year. Cyclones hit the deltaic coasts, frequently causing severe erosion at 
many places. The situation worsens due to the construction of dams in the river 
basin that impede sediment supply at the river mouths as a result of which the 
rates of subsidence and sea level may exceed rates of vertical accretion, leading 
to erosion of coastal lands (Hemamalini and Nageswara Rao 2004).

However, in some areas, such as Digha to Haldia (West Bengal), Uppada, 
Antervedi, Chinamainavanilanka, Gollapalem, Nizampatnam in Andhra 
Pradesh and some parts of Goa state, the problem is even more severe as the 
coastline is highly prone to erosion due to natural processes (the scouring effect of 
high waves, strong littoral transport, subsiding coastal plates), as well as human 
activity (coastal structures, mining sand in the rivers/on the beach (Qasim 1999).

At Uppada, 64 ha of land was lost along the beach prior to 1975 and 46 ha 
between 1976 and 1980. The erosion in this area is still continuing, and is 
attributed to the northward growth of the Kakinada sand spit. Due to the 
sand spit, the sediment transport across the Bay and further northwards along 
the main coast is cut off, since the major portion of the sediment supply is 
being utilized for the growth of the sand spit (Sastry et al., 1991). Further, the 
breakwaters constructed for the development of a minor port at Kakinada 
resulted in large-scale changes in the coastal morphology. As a result, the 
northern shorelines near Uppada have been subjected to severe erosion.

Beaches are unstable since waves, tides, currents, and winds constantly shift them. 
Littoral drift plays an important role in deciding areas of coastal erosion and accre-
tion in shaping and orienting coastal land forms and finally in the evolution of the 
coast. There is a net littoral drift of about 1 mt/year from south to north, which is 
one of the largest along a world shoreline. To overcome shoaling problems, and to 
create navigable conditions, harbour breakwaters and other offshore installations 
have been created at various parts along this coast. As a result, sand is accumulated 
on the up-drift (south) side of the harbours, followed by erosion on the down-drift 
(northern) side (e.g., harbors at Chennai and Visakhapatnam).

Coastal Pollution

All developmental activities in the coastal zone use such natural resources 
as raw material, while the waste generated is disposed in different environ-
ments. The deleterious pollutants in the Indian ocean comprise heavy met-
als, oil, aquaculture residues, domestic and agricultural waste and untreated 
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toxic industrial liquid waste (Lal and Aggarwal 2000; Sen Gupta and Qasim 
2001) (Table 5.3.9). Heavy metals (Cd, Cu, Co, Pb, Hg, As) are beyond 
threshold limits in various coastal ecosystems and are thus of  great concern 
(Selvaraj 1999). They are regarded as serious pollutants of  the aquatic envi-
ronment because of  their conservation or nonbiodegradable nature and con-
centration in aquatic organisms. These elements are magnified in the food 
chain, causing deleterious effects (Mitra et al., 2000). It is well known that 
the intertidal ecosystem, where the residue may persist for a long time, may 
experience a great impact from such contamination (Ingole et al., 1995).

In natural disasters and calamities (cyclones, tsunamis, floods, etc.) aqua-toxic-
ity may result from contamination of animal corpses and waste, and human 
waste, as well as ecological dysfunctions.

Among the heavy metals, copper may be derived from antifouling paints 
used in trawlers, coal tar and copper sulphate used in aquafarms. Arsenic may 
be introduced into the environment from the combustion of coal, phosphate 
minerals and mining of gold and lead. Large-scale arsenic poisoning in many 
areas is mainly due to contaminated drinking water from wells. Nearly 5.3 
million people in West Bengal live in areas where arsenic concentration is 
above the permissible limit of 0.01 mg/l (Saxena, et al., 2004). It causes seri-
ous skin lesions. Mercury is derived from the discharge of power plants, and 
chlorine and cellulose industries. The Ennore Thermal Power Station may 
be the source of the mercury in the Pulicate Lake sediments, measured at 
9.60 mg/g (Periakali and Padma 1998). Electrolytic production of chlorine 
has been considered the most likely source of high values of mercury in inter-
tidal sediments of the southeast coast of India at Mahabalipuram near Chen-
nai. These contain 560 mg/kg. Another serious problem which came to light 
in a manner similar to that of mercury was cadmium toxicity, sourced from 
cadmium sulphide, the pigment used in paints. The use of lead is wide spread. 
It is employed in plumbing, building materials, plastics, ceramics, paints and 
antiknocking agents in petrol, etc. It is present in air mainly due to the incin-
eration of waste and automobile exhaust.

The Mumbai coast is vulnerable to contamination by petroleum hydro-
carbons originating from domestic and industrial waste water discharge, 

TABLE 5.3.9. Type and quantum of pollutants entering annually into the 
coastal waters of India. (From Lal and Aggarwal 2000.)
Input/Pollutant Quantum – Annual

Sediments 1600 million tons
Industrial effluents 50 × 106 m3

Sewage – largely untreated 0.41 × 109 m3

Garbage and other solids 34 × 106 t
Fertilizer – residue 5 × 106 t
Synthetic detergents –residue 1,30,000 t
Pesticides – residue 65,000 t
Petroleum hydrocarbons (Tar balls residue) 3,500 t
Mining rejects, dredged spoils and sand extractions 0.2. × 106 t
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port activities and marine operations including tanker and fishing trawlers, 
traffic, oil production and atmosphere fallout (Togi et al., 1981).

Oil pollution in the sea can also be caused by offshore oil exploration, 
tanker accidents, oil well blowouts (e.g., Pasarlapudi blowout on 8th January, 
1995 in the Godavari basin, Andhra Pradesh), and accidental and intentional 
release of bilge and ballast water from the ships. Discharged oil in the sea 
can exist as oil slicks, dissolved/dispersed petroleum hydrocarbons, floating 
petroleum residues and tar on the beaches.

Of all the types of contamination, oil pollution in the Indian Ocean is far more 
intensive than either in the Atlantic or Pacific Oceans. This is because at the north-
ern-end of the Arabian Sea, around the Persian Gulf, there is the highest concen-
tration of oil producing countries. Since the Persian Gulf is a semi-enclosed sea, 
the outlet of oil-carrying tankers is mainly through the Arabian Sea.

The marine environment of Tarapur, located 100 km north of Bombay on 
the west coast, receives low level liquid waste from the Tarapur Atomic Power 
Station and fuel reprocessing plant (Baburajan et al., 1999). Fish are found 
floating on the sea when there is a disposal of waste from the IRE plant of 
Neendakara (Chavara), Manavalakurchi (Tamilnadu), and Orissa sand com-
plex (OSC) at Chattarpur (Orissa).

Seawater intrusion is a common problem in coastal aquifers. A study of 
groundwater levels, and their chemical quality, along the Chennai and Krishna 
district coast (Saxena et al., 2004) showed that water levels are much below 
sea level – often as low as 3–6 m below msl. Establishment of big aquaculture 
farms along the coast caused groundwater salinization, due to large quantities 
of seawater being pumped into hinter land.

Coastal Radiation

The coastal population is affected by exposure to radiation from natural 
sources of radionuclides, such as 40K, 87Rb and the 238U and 232Th series, as well 
as human activities related to nuclear reactors, including release of radioactive 
effluents and nuclear tests. The magnitude of radiation varies from place to 
place due to differential proportions of heavy minerals like monazite, zircon, 
and rutile, which incorporate uranium and thorium within their crystal lattice.

Most important for such high radiation areas are Chavara (Kerala), Manavala 
Kurchi (Tamilnadu) (Paul et al., 1982), the Visakhapatnam-Bheeminipatnam 
region (0.15–1.50 m/Rh), and the delta regions (Krishna, Godavari) (0.01–0.12, 
0.04–0.060 m/Rh) of Andhra Pradesh (Nagamalleswara Rao and Kshira Sagar 
1992). The highest level of radiation, with an average value of 2.36 mSv/year, was 
recorded in the Erasama region (Mohanty et al., 2004) and Chattarpur (OSC), 
Ganjam district of Orissa. Ambient radiation levels ranging from 0.01 – 0.4 m/
Rh have been reported from Mahabalipuram-Pundapatnam (Kalpakam beach) 
Tamilnadu (Iyengar 1989). Background radiation levels and distribution of 
radionuclides have been reported in the environment of coastal areas as well as 
Kaiga of Karnataka and Trombay of Maharashtra nuclear power plants.
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Coal fired thermal power plants, such as Ennore (Tamilnadu), Simhadri 
(Visakhapatnam) located along the coastal tracts, also release radionuclides, 
since coal contains trace-level quantities of  primordial radionuclides and 
these go in to the fly ash. The radionuclides form part of  the atmospheric 
dust and are carried out several kilometers, reaching a maximum at about a 
kilometer (Ramachandran et al., 1990; Pushparaj et al., 1995).

Higher radiation levels are received by the fisher population inhabiting the 
beach, where monazite is disseminated, than by populations near nuclear power 
plants. The people residing on the coastal stretches are facing serious health 
problems, such as pains in the joints, oral cancer and blindness. A high incidence 
of Down syndrome (Mongolism), and other forms of mental retardation, chro-
mosomal abnormalities in the population exposed to high levels of background 
radiation, the lowest values on the fertility index and the highest values of infant 
mortality and cytological damage in plant cells have been reported. The fisher-
men population inhabiting the beach areas is therefore likely to receive compara-
tively high natural radiation exposure due to external and internal sources.

Policy for the Conservation and Sustainable Development of Coastal Zone

Over 140 million people live in coastal districts of India (Naik 1997) as these 
areas are endowed with a wide range of natural resources and provide numer-
ous benefits for human beings. Accelerated anthropogenic developmental 
activities associated with urbanization, industrialization and recreation have 
created intensive demographic pressure on the fragile coastal ecosystem, as 
seen in Kerala and Mumbai. Therefore, the Government of India has ini-
tiated measures to protect the coast from degradation. It has also allowed 
for the conservation and management of these rich areas of biodiversity, by 
declaring them ecologically sensitive areas, banning their exploitation and 
prohibiting development activities, and the disposal of wastes into them.

In this connection, the Ministry of Environment and Forest (MoEF) issued 
the Coastal Regulation Zone (CRZ) Notification in 1991 under the Environ-
ment Protection Act of 1986, to protect and conserve the coastal environment 
through regulated developmental activities within 500 m of the high-tide line 
by classifying the coastal area into four CRZ zones (Table 5.3.10). Marine pro-
ductivity in India, as in much of the tropics, is concentrated in coral reefs, man-
groves, estuaries, lagoons and sea grass beds, which also form the feeding and 
breeding ground for fish and other marine life (Phillips 1999). The govern ment 
also initiated action to create a network of Marine Protected Areas (MPAs), 
under the Wildlife (protection) Act of 1972, to provide protection to critical and 
important marine ecosystems. Twenty-six protected areas, comprising national 
parks and wildlife sanctuaries, have been identified, covering mangroves, coral 
reefs, sea turtles, whale sharks etc., and including areas in the Andaman, Nico-
bar, and Lakshadweep islands, the Gulf of Mannar and the Gulf of Kuchchh.

Since the existing legal Acts were not adequate to protect and conserve the 
Coastal Regulation Zones, in July 2004 the MoEF established a committee 
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to review the CRZ Notification of 1991. In its report of February 2005, the 
committee recommended dividing the coastal area into four Coastal Manage-
ment Zones as follows:

Coastal Management Zone – 1 (CMZ-1) consisting of  Ecologically Sensi-
tive Areas (ESA), which include mangroves, coral reefs, sand dunes, inland 
tide/water bodies such as estuaries, lakes, lagoons, creeks and straits, mud-
flats, marine parks and sanctuaries, coastal forests and wildlife, coastal 
freshwater lakes, salt marshes, turtle nesting grounds, horseshoe crabs habi-
tats, sea-grass beds, seaweed beds, and nesting grounds of  migratory birds.

Coastal Management Zone – II (CRZ-II) consisting of areas identified as 
Areas of Particular Concern (APC), such as coastal municipalities/corpora-
tions, coastal panchayats with a population density of more than 400/km2,
ports and harbours, Declared Tourism Areas, mining sites, approved indus-
trial estates, Special Economic Zone (SEZ), heritage areas, archaeological 
sites, defense areas/installations, atomic/thermal and other power plants.

Coastal Management Zone – III (CMZ-III) consisting of all open areas 
excluding those areas classified as CMZ-I, II, IV.

Coastal Management Zone – IV (CMZ – IV) consisting of the islands of 
Andaman and Nicobar and Lakshadweep (MoEF 2005).

The committee has also proposed establishing the National Board for 
Sustainable Coastal Zone Management. This would monitor implementation of 
the National Coastal Zone Management action plan, for timely execution and 
correction.
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5.3.4 The Coastal Zone of Sri Lanka
Upali de Silva Jayawardena
Department of Civil Engineering, Faculty of Engineering,
University of Peradeniya, Peradeniya, Sri Lanka

Introduction

The island of the Democratic Socialist Republic of Sri Lanka is located in the 
Indian Ocean (Fig. 5.3.13). There are also a few small islands scattered along 
its coast. From ancient times Sri Lanka was well known to travelers of many 
nationalities, because its coastline, with its numerous natural bays, anchor-
age and harbors, was able to provide adequate shelter for sailing ships. The 
coastal areas of Sri Lanka are shown on the first map of the island, drawn by 
Ptolemy in the AD 2nd century. The Portuguese, and then the Dutch, ruled 
the maritime areas of Sri Lanka after the beginning of 16th century. An accu-
rate boundary of Sri Lanka with a clear coastline was mapped by surveyors 
under colonial rule by the British in the first half  on the 19th century. Table 
5.3.11 gives some geographical details of the country and its coastal areas.

Features and Resources

Natural Features

The climate of Sri Lanka is hot. Weather patterns are influenced by the south-
west monsoon (May-early October) and northeast  monsoon (November–Feb-
ruary). Strong winds usually occur during the southest  monsoon.
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The length of the coastline open to the sea, including bays, is 1,639 km, 
while the coastline of the other small islands belonging to Sri Lanka is about 
281 km. Geomorphologically, two thirds of the coastline of Sri Lanka could 
be considered “straight coastline”. Some lagoons are wide open to the sea, 
though others are not. There are a very few cliffs along the coast, and deltas 
occur on only three rivers. About 5% of  the coastline is occupied by estu-
aries. Sandy beaches and spits, raised beaches, sand dune hills and barrier 
beaches are common in the NW and SE coastal areas of  the island. Coastal 
marshes, mangrove swamps, tidal flats, and shallow beds of coastal and 
 estuarine sea grass are also present.

Sri Lanka is separated from India by a shallow sea. During the Miocene 
period, the NW and SE corners of Sri Lanka were submerged and allowed 
sedimentary rocks such as sandstone and limestone to form above the Precam-
brian metamorphic rocks (Fig. 5.3.14). The uplift of these rocks during the 
Pliocene created new beaches and a shallow continental shelf. The southern 
tip of India and Sri Lanka stand upon the same continental shelf. Except for 
the in north, the shallow continental shelf, or the submerged plateau around 

FIG. 5.3.13. Coastal and maritime jurisdiction of Sri Lanka.
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TABLE 5.3.11. General information on Sri Lanka’s coastal region. Coast Conserva-
tion Deptartment (1991), Dayanande (1992), MaddumaBandara (1989), NARESA 
(1991)

Location Latitude from 5° 55~ to 9° 51~ N. Longitude from 79° 41~ to 81°53~ E
Area 65,610 km2; maximum length: 432 km from North to South; maximum 

width: 224 km from East to West
Coastline Length 1,639 km. Total number of lagoons and estuaries: 

45 (42,000 ha)
Climate Rainfall from less than 1,000 mm to more than 2,000mm; 70%-90% 

humidity; 27–30°C. Two monsoons: NE and SW, wind speed 
80–100 km/h

Coastal area Continental shelf: 2.5–23 km, 30–90 m depth variation; 26,000 km2 in 
area

Tidal range Maximum 0.85 m, more than 50% of water level goes up 0.53 m. The 
water level exceeds the mean sea level more than 65% of the time, 
general current speed 3–15 cm/s

Economic zone Over 230,000 km2 of the ocean
Vegetation 6,000–10,000 ha covered by mangroves (23 species), and 23,819 ha 

covered by salt marshes and 12 species of sea grasses.
Coastal land About 45% is urbanized and the rest is crop lands
Agriculture 17% of the country’s agriculture production
Live corals Coral reefs occur along the south-west, south and east coastal areas. 

At present, 171 species of stony coral have been recorded in the 
three major reef types

Sedimentation From the erosion of country rock and discharged by rivers (total 103)
Fish Annual production for food exceeds 200,000 metric ton/year. 

139 species are ornamental fish for export
Dune sands No accurate estimate of the rate of annual deposition.
Mineral resources Mineral sands, shell and coral limestone, silica sand, peat, salt, and 

alluvial sand
Tourism The average annual number of tourist arrivals is over 1 million. 

About 85% of tourist revenue comes from coastal areas. Over 75% 
of graded hotels are located along the coastal zone

FIG. 5.3.14. Geographical location of Sri Lanka showing major climatic and geomor-
phological zones and geological boundaries.
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Sri Lanka, reaches outward up to 20 km (Table 5.3.11). Trincomalee Bay is 
one of the finest natural harbours in the world.

Coastal Resources

The country’s principal coastal resources are coastal habitats/ecosystems, 
coastal fisheries, mineral deposits, coastal land and water resources.

Coastal Ecosystems

A characteristic feature of the coastal zone is the presence of a number of 
ecologically and economically important ecosystems characterized by high 
rates of  production, consumption, and exchange. These ecosystems serve 
as habitats for a wide diversity of  plant and animal life. They also act as 
buffers against ocean waves that cause coastal erosion. These natural coastal 
habitats include coral reefs, estuaries and lagoons, mangroves, seagrass beds, 
tidal flats or salt marshes and barrier beaches, spits and dunes (Fig. 5.3.15).

There are five major lagoons on the island, but these are really basin estuar-
ies. There are 103 rivers discharging water into the sea. About one third of these 
are riverine estuaries along the coastal line. The principal mangrove districts are 
Puttalam, Mannar, Jaffna, Trincomalee, and Batticaloa. Extensive seagrass beds 
occur in estuaries, lagoons and shallow seawaters along northeastern and north-
western coasts. Twelve species of seagrasses have been recorded. Salt marshes 
in sandy or muddy tidal flats occur in the arid areas in the north, northwest, 
northeast and southeast of Sri Lanka. Barrier beaches/spits and dunes mainly 
occur along the northwest, south and southeastern coasts.

The Coastal Fishery, Mineral Deposits, and Coastal Land

Some 80% of the country’s total fish production comes from the coastal fish-
ery industry (within 40km of the coast). The other 20% is from inland fishery 
and offshore fishery.

The important mineral resources of the coastal region in Sri Lanka are 
heavy mineral sands (ilmenite, rutile, monazite, garnet, and zircon), silica 
sands, sand from shallow seas, salt, Miocene limestone, coralline limestone, 
shell beds, brick and tile clays, laterite, iron ore, and peat (Cooray 1967).

About half  the coastal lands fall into the category of croplands, while about 
45% lie in urban areas. The soils are red earth, gravel deposits, regosols, solidized 
solonets, alluvial soils and bog and half  bog soils. Sedimentary limestone and 
sandstone and different metamorphic rocks are the bedrock underlying in the 
coastal land area.

Water Resources

Several coastal lands in the Wet Zone are severely affected by flooding and 
water logging. The Dry Zone experiences heavy rain during the northwest 
monsoon, but virtually none at other times. The northwest and southeast 
coastal stretches receive less rain than elsewhere in the Dry Zone. Coastal 
surface waters include the estuaries of the country’s 103 rivers. Some are 
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FIG. 5.3.15. State and features of the coastal zone: S: Stable zone; E: Erosion; 
A: Accretion; D: Dune coast; T: Tidal flats; C: Coral reefs.
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brackish waters. Groundwater is found at different depths, depending on the 
underlying geological formations. Fresh water lenses are often found in places 
close to the sea (Fig. 5.3.16).

Sedimentation

The main sources that nourish the beaches are the rivers. The major rivers 
that start from the central hills supply sediments to the coast. Sediments are 

FIG. 5.4.16. Mean annual rainfall, annual discharge of major rivers, climatic zones, 
basin estuaries and lagoons of Sri Lanka. (From NARESA 1991.)
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supplied in a cyclic manner, with maximum supply coinciding with the heavy 
rains and the stronger wave climates that occur during the southwest mon-
soon. Sediments supplied in this way are coarse and have typical grain diame-
ters in the range of around 1 mm. Smaller streams supply finer sediments. The 
other sources of sediments have marine origins. These consist of calcareous 
substances derived from live corals reefs and shells of marine organisms. In 
Sri Lanka this type of live reef is found in many areas. The reef that extends 
from Colombo northwards is dead.

Sand spit formation takes place at river outlets. Spit formation depends on 
the average littoral drift on the coast and the quantity of sediment discharged 
by the river to the coast. Owing to the varying sediment supply from rivers, 
the coastal dynamics at their outlets are unpredictable.

Waves are the main source of energy for sediment movement along Sri 
Lanka’s coasts. Waves that reach the coast of Sri Lanka originate from two 
main processes. Storms in the southern and mid-Indian Ocean produce waves 
that radiate from the generating area. They travel large distances and reach 
Sri Lanka from the south. These waves have long periods and are known 
as the southern swell. During winter in the southern hemisphere the larger 
swells generated by winter storms reach this coast. This period coincides with 
the southwest monsoon, when the wind also blows from that direction. The 
wind-generated local waves, along with the strong swells, cause severe erosion 
problems during this time.

During the northeast monsoon, the swell is small and wind waves from the 
northeast monsoon are dominant. This affects only the northeast and the east 
coasts of Sri Lanka. During this time waves on the east coast are produced by 
local winds that approach from east to northeast.

Along the west coast, southwest monsoon swells and waves move sediments 
northwards at a high rate. During this time, monsoon-fed rivers on the west coast 
also have large runoff and sediment discharge. The coastal dynamics are there-
fore complicated and very intense. The tidal currents then help a portion of the 
sediments to cross the inlets of the lagoons and estuaries. Similarly, sediments 
along the east coast move during the northeast monsoon period. The wave forces are 
generally dissipated by partially or fully submerged reefs. For various reasons, 
coastal areas are extremely variable and complicated. Figure 5.3.16 shows the 
annual river discharges. The sedimentation also varies accordingly.

Human Activities

Population and Economic Growth

Over the last five centuries, following foreign occupation, the country’s devel-
opment has been closely linked to maritime affairs. Expanding international 
trade and commerce accelerated population shifts to the coast. Since independ-
ence (1948), coastal settlements have grown in size and economic importance, 
particularly in the south, southwest and west. Over 30% of the country’s total 
population is living in 24% of the country’s total land areas that belong to the 
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coastal administrative divisions. Some 45% of this population is living in the 
urban areas. This includes the country’s principal city of Colombo, the six larg-
est of the twelve Municipal Councils, and 19 of the 39 Urban Councils.

Fishing, tourism, industry and agriculture sustain the growing economy of 
the coastal region. Fishing is the predominant coastal economic activity along 
the coasts. This marine industry provides full employment to more than 100,000 
persons. The export of fish and aquatic products earns foreign currency.

Tourism in Sri Lanka has primarily focused on its scenic sandy beaches, 
coastal estuaries and lagoons. The numerous foreign tourists are attracted by 
two national wildlife parks along the coast, and by bird sanctuaries along the 
lagoons and estuaries.

Coconut is the major plantation along the coastal region all over the coun-
try, except in certain parts of the North where palmyra takes its place. Paddy, 
rubber, cinnamon and tea are the other cultivations within the coastal region, 
but these are a little away from the beach area.

Some industries are located along the coastal zone. Some are relevant to the 
fishing, tourism and agriculture fields, while others have no relevance to the 
coastal zone development at all.

Development of River Basins and Coastal Zone

The 103 rivers of Sri Lanka discharge their flow into the sea from all around 
the country. A few of them are considered large rivers, which discharge surface 
water with a large amount of sediment into the sea. Some large rivers supply 
water for generating hydroelectric power and for major irrigation schemes.

In Sri Lanka, the control of erosion due to the action of waves is the most 
important activity under coastal zone development. The number of harbors has 
been increased for fish landing, boat repair works and commercial purposes and 
more bare land has been converted into residential and industrial areas. Some 
breakwaters have been constructed for fishing. New roads have been opened in 
and around the coastal zone. The railway lines parallel to the coast were con-
structed by the British, without considering their effect on the coastal environ-
ment. Drainage facilities, sewage disposal facilities, communication facilities, 
schools, places of religious worship etc. are being built within the coastal zone.

Environmental Problems in the Coastal Zone

General

There are numerous activities in the coastal strip of land and in the nearshore 
area. Activities at any coastal location may cause instabilities, either at that 
locality or sometimes in distant coastal areas. Under the action of natural 
processes, such as waves, currents and winds, sediment moves on, off  and 
along the beaches. If  the sand supplied to a particular coastal sector is less 
than what is carried away, the shoreline will erode. Natural processes cause 
most shoreline erosion, but various human activities contribute as well. The 
most significant of these include sand mining from river beds and beaches, 
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coral mining and destruction of reefs, removal of mangroves and other 
coastal vegetation and improper location or construction of maritime struc-
tures, such as shoreline protection works and fishery harbors.

There are also some environmental problems due to accretion. These 
include obstruction of outlets affecting the escape of flood waters, naviga-
tion, migration of fish and shellfish species between an estuary and a lagoon 
and the sea, silting of harbors, outlets for urban and industrial pollutants, 
intake sites for seawater required salterns and some fishery activities. Accre-
tion is also caused by wind and aggravated by the removal of dune vegetation. 
In certain areas, sand blown away during the dry season is deposited on paddy 
lands and coconut plantations.

Changes of Coastal Features and Coastal Erosion

Coastal erosion in Sri Lanka is not unusual in terms of world trends. The 
danger of erosion is greatest when the monsoons are onshore. The southwest 
monsoon, with its fetch extending over the breadth of the Indian Ocean, gen-
erates waves with high energy. This monsoon delivers its greatest energy to the 
areas in the west, south and southeast. The northeast monsoon blows over a 
more limited fetch of the Bay of Bengal and accordingly delivers somewhat 
less energy to the shore. Its effects are mainly felt along the north coast and on 
the east coast as far the south east. The spatial variation of erosion hazards 
depends on an area’s susceptibility to erosion, the ocean floor and coastal 
margin, and the supply and availability of beach material.

There are several natural defenses against erosion. Although annual mon-
soons regularly cause much damage in some locations, small waves and weak 
variable winds prevail most of time. Storms and cyclones (usually rare) affect 
only the sparsely populated coastal areas of the east and northwest. Corals 
and sandstone reefs that run parallel to most of Sri Lanka’s shoreline act as 
natural breakwaters. Although the beaches are receding in most parts of the 
island, the impact of coastal erosion is most severe along the western and 
southwestern coasts, where development and population are also most intense. 
The highway and railway are routed through most of these coastal sectors.

Erosion along Sri Lanka’s land beaches is highly localized, with wide variations
in erosion and accretion rates. Information based on qualitative estimates of 
coastal residents suggests that, on average, the coastline of Sri Lanka receded 
by about 1 m within a 3-year period (Table 5.3.12).

The littoral forces which are created by the actions of sea waves are high in 
the west coast. There is a strong net drift of sand from south to north. This 
has caused a net loss of coast over the last few decades. At some locations 
along the west coast, the erosion rate is slow due to the higher nourishment 
from rivers. On the northwest coast the points of erosion are isolated due to 
the natural reshaping of the coast by dune sand deposits. Generally no ero-
sion takes place along the northwest coast, which shows accretion. Nourish-
ment along the north-northeast coast is higher than erosion. On the east coast, 
the erosion is localized. Near Trincomalee the coast has very steep slopes and 
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over a short distance reaches a depth of 1,000 m. The wave climate in the east 
coast is generally mild. This stretch of coast shows signs of slow accretion, but 
it is a cyclone prone area. Due to the interaction of northeast waves and the 
southwest swell, the coast along the southeast shows oscillations of erosion and 
accretion. Accretion is due to dune formation. Human impacts on this coast 
are minimal, due to the very low population. The south-southeast coast is very 
stable, consisting of large wind deposits. The erosion of the south coast and 
southwest coast is very high (Fig. 5.3.16).

Sand Mining and Coral Mining

Of the human activities aggravating erosion, most widespread is sand mining 
in river mouths, estuaries, and beaches. Demands for sand are high in and 
around areas where development pressure is high. Sand mining reduces the 
supply of sand to the sea, which leads to serious salt water intrusion, and also 
damage to the flood protection bunds of the rivers (Table 5.3.12).

For years, coral reefs along Sri Lanka’s southwestern and east coats have 
been subject to large scale destruction from mining of coral for the lime 
required in the building construction industry. Mining reduces coral reef bar-
riers against wave erosion, destroys the habitat of large numbers of marine 
fauna and flora, including economically important fish species, and can 
eliminate the potential for sustainable tourism. Mining of corals also occurs 
inland, where large deposits can be found along the southwestern coastal belt. 
Coral mining provides considerable employment even though it is prohib-
ited by law. Although sand mining and coral mining are prohibited by law, 
the people continue doing them either because they have no other means of 
income or because they do not believe in or care about the adverse environ-
mental impacts such mining has.

Habitat Degradation and Overexploitation of Resources

Several lagoons and estuaries have gradually decreased in size. This is due 
to the high rate of siltation and sedimentation from rivers, human activities, 
land filling, garbage disposal etc. New piers, jetties and bridges restrict the 
flow of water and promote further siltation. On the one hand estuaries and 
lagoons act as harbours and anchorages, disposal sites for sewage and industrial
effluent. On the other, they invite recreation that requires clean water. Estuaries 
supply sand that significantly helps stabilize beaches, but they also supply 
sand for mining that can disrupt the beaches over time.

Coastal habitats (or the biological systems) are under enormous pres-
sure because many are small and especially vulnerable to degradation. The 
low tides along the coasts (about 75 cm) restrict most mangroves to nar-
row belts along the lower reaches of  rivers and narrow edges of  lagoons 
and estuaries, so there are no large mangrove forests. Those that exist have 
become severely reduced by overuse, abuse, and conversion to other uses. 
Mangroves are widely harvested for subsistence and commercial scale 
operations. The economic value of  such use of  the mangroves, though 



5. Regional Conditions 341

clearly high, has not been accurately estimated. Some species are com-
monly used as firewood. However, extraction of  firewood for domestic 
kilns and illicit distilleries reduces the capacity of  environment to meet 
future needs. Conversion of  mangrove areas to other uses is the greatest 
threat. Clearing vegetation and the changing topography and soil con-
dition cause permanent damage. Mangrove areas are also reclaimed for 
housing and urban expansion. Some mangrove areas have converted to 
aquaculture ponds, which create a worse environment for the mangroves 
due to major changes in drainage. Land reclamation for coastal coconut 
and paddy cultivation is another major problem. The drainage system kills 
the mangrove environment. Chena cultivation along some parts of  the 
east coast also damages the coastal habitats.

The coral reefs are being steadily destroyed and degraded. Most of this dam-
age has occurred over the last 30 years. Reef mining for manufacturing lime 
used by the building construction industry is the single most destructive action. 
It has been particularly intense in the tourist and fishing areas. Efforts to stop 
the destruction have been discussed for years, but action has been limited. 
Physically damaging fishing methods (explosives, Trammel nets, the practice 
of breaking coral to net tropical fish) also destroy coral. Careless glass-bottom 
boat use, and anchor chains, clearing of coral reefs for boat passage, trampling 
of coral at low tide, souvenir collection and sales of specimens, and the extrac-
tion of coral and sand for aquariums or fishes for exports are other ways in 
which coral is damaged. Coral also dies from less visible causes, including water 
pollution from deposition of coconut husks within the reef lagoon.

The next worst activity is the removal of dune sand deposits. People collect 
sand from dune hills for building construction, which completely destroys the 
protective environment of the coast and coastal habitats.

Fishing Industry

The coastal zone in Sri Lanka is used for several activities. Fishing is the 
dominant activity all around the coast, except along the coastlines border-
ing natural reserves. However, the construction of breakwaters for fishing or 
commercial harbors can cause instability over a large area adjacent to such 
constructions.

Urbanization

Another widespread use of  coastal land is for housing. This activity is 
directly related to population increases. Landlessness among fishermen 
leads to encroachment and the construction of  temporary housing on 
 state-owned land within the coastal zone. Settlements of  this type become 
 permanent over time. Privately owned lands in urban areas are also used 
for residential purposes. The erosion of  the coast is not directly related to 
 settlements on the land. However, these temporary and permanent build-
ings could result in altering the coastal equilibrium and long term instability 
in adjacent areas.
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Concentration of residential areas along the coast has resulted in the 
 construction of highways and railways connecting major cities. In the early 
stages these roads may have been located well away from the beaches. At 
present, however, the main roads are very close to the beach, due to the 
 erosion. The cost of maintaining these roads and railway lines already forms 
a considerable part of the expenditure.

Drainage

The drainage of runoff from the low-lying coastal areas to the sea, through 
streams or canals, nearly always causes problems due to sandbar formation 
across the outlet. The problem is more complicated when these outlets are 
open only during part of the year. Sandbar formation causes salt water inflow 
due to overtopping waves, and flooding as soon as the first rains come. It 
creates general instability on the coastline.

Tourism

Recreational uses of the coast are mainly linked to tourism. Construction of 
structures in the littoral zone almost always cause local changes in the coastal 
processes, which can cause instability over a large area. The construction of 
tourist facilities can lead to the indirect problems of  pollution and the 
ultimate depletion of resources.

Pollution

All the human activities within the coastal zone create various reasons to 
pollute its environment. People are performing various jobs to earn money 
because they do not have any alternatives. One problem due to the increase 
in population is untreated sewage. It pollutes the near shore areas and, as a 
result, it destroys the most desirable natural environment for the living coral 
reefs. Faecal pollution of  beaches and coastal waters comes from temporary 
housing settlements near the beach, or from hotels that illegally discharge 
raw sewage.

The construction of beach hotels completely destroys the natural beauty 
of the country. Some hotels have been constructed in ecologically sensitive 
sites. Many of these discharge their sewage and other unwanted materials into 
coastal waters. Some of them have enclosed sections of the beach opposite 
them and restricted public access to the beach and the sea.

Coastal industries, such as paint, pulp and paper, rubber, lime, textile, dis-
tilleries, cement and cement products, fibre, and coconut husks, contribute 
chemical, heavy metal and organic pollutants into the lagoons and estuar-
ies and to the beaches. These create many environmental problems for the 
affected areas. Oil spills from shipping and fishing craft, and cleaning of fuel 
tanks, are also causes of coastal pollution in Sri Lanka. A major international 
shipping route carries an estimated annual traffic load of over 5000 tankers 
about 8 km off the south and southwestern coasts.
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Coastal Zone Management: Some Proposals for the Future

The Act

Overall responsibility for coastal resources management rests with the Coast 
Conservation Department (CCD) under the Coast Conservation Act (CCA) 
No.57 of 1981. All implementation and research are carried out by this 
department, in cooperation with other agencies and institutions. The act was 
amended in 1988. According to the CCA, the limit of the coastal zone in the 
land is located at a distance of 300 m from the high water line of the sea level. 
It is also located at a distance of 2 km along the area of estuaries and rivers.

The act clearly describes the legal activities to be carried out, as well as the 
illegal activities that are prohibited within the coastal zone to protect it in 
various ways. For several years efforts have been made, without success, to 
discourage all illegal activities. All attempts have been unsuccessful because 
the CCD has been unable to obtain the necessary cooperation for enforcement 
from local/regional political and administrative leaders. Therefore, to implement
the Coastal Zone Development Plan, the leaders of the ruling government 
and the opposition parties, local political leaders and the administrative offic-
ers of the various departments and institutions should be of one opinion.

The Effect of Tsunami: Learning from the Recent Disaster

The worst ever natural disaster occurred in Sri Lanka in the early hours 
(00:58:50 hours GMT) of  26th December, 2004. The seismic sea waves, or 
tsunami, caused by a massive earthquake measuring 9.0 on the Richter Scale 
off  the west coast of  Northern Sumatra at 3.298N, 95.779E (at a depth of  6.2 
miles below sea level), devastated the whole coastal zone of  the island, except 
for only a few locations. It was the fourth strongest earthquake in the world. 
The waves travelled across the ocean at speeds as great as 960 km/h. Their 
height by the time they reached the shore was estimated at 20 m or more. An 
estimated 31,000 persons living in and around the coastal zone of  Sri Lanka 
were killed by the tsunami. India, the Maldives and Thailand were the worst 
affected countries in the region. The tsunami destroyed several thousand 
houses, numerous permanent buildings, schools, places of  religious worship, 
tourist hotels, highways, railways, major cities and towns, vehicles and trains, 
agriculture and all personal properties. Nearly 180,000 families, or approxi-
mately 800,000 persons, were displaced and homeless immediately after the 
disaster. The people of  Sri Lanka had had no experience of  earthquakes, 
tsunami and volcanoes because the country is not situated in and around 
the plate boundaries. This was the first-ever experience for the Sri Lankan 
people of  an earthquake-related event. It was not possible to implement the 
development plan for the coastal zone of  Sri Lanka due to the various objec-
tions of  the higher level administration, as mentioned above. This would 
have been the best time to remove all unauthorized structures, even large 
hotels and other illegal activities, from the defined coastal zone to places 
beyond the 300 m limit.
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6
Conclusions: The Rapidly Changing 
Environment of the Asia and Pacific 
Region and its Implications 
for Sustainability of the Coastal Zones
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2-1-2 Bunkyo, Mito-shi, Ibaraki Prefecture, 210 8512 Japan

6.1 Introduction

This book presents a broad assessment of the present status of the  environment 
in the Asia and Pacific coastal zones. Coastal zones are a precious environ-
ment, with diverse biogeochemical elements. They also represent a very 
important resource base for societal, economic, and cultural activities. As 
such, they have attracted huge movements of population and development 
activities, which in turn have imposed pressures on the coastal environment, 
inducing wide-ranging and rapid changes. The Asia and Pacific region is 
among those areas of the world where such changes are most active, which 
is why this book focuses on this particular region. In the present assessment a 
framework for analysis consisting of three viewpoints was used; the state of 
the environment, driving forces, and responses. This conclusion to the assessment
uses the same framework.

6.2 The State: Pictures of a Rapidly Changing 
Environment

6.2.1 Changes in Coastal Features
Erosion of Asian Deltas

A notable feature of ongoing environmental change can be found in coastal 
geomorphology. Many large deltas, which characterize Asian coasts, have 
suffered from coastal erosion for decades. Recent erosion is caused by a 
decrease in sediment supplied by rivers, which, in turn, is attributable to devel-
opment in river catchments, including dam construction. There are a number 
of examples of this tendency, such as the Song Hong River, Vietnam, where, 
after the Hoa Binh Dam was constructed in its upper reaches in 1989, sediment
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delivery was decreased dramatically. Sediment supply to the river mouth 
changed from about 26 million tons/year in 1949 to 11 million tons/year in 
2000, engendering severe coastal erosion. The Huanghe River in China, which 
was once the second largest river in the world in terms of sediment discharge, 
delivers less than 10% of its former discharge because of dam construction 
and irrigation in its upper reaches. This reduction has caused serious coastal 
erosion around the river mouth in the Bohai Sea. In many parts of the Asia 
and Pacific region, the combined effects of development in both coastal zones 
and river catchments have been changing coastal geomorphology remarkably.

From a global-change viewpoint, acceleration of beach erosion attrib-
utable to rising sea levels is a salient concern. Many places face a relative 
change in sea level, which combines global and local changes in mean sea 
level relative to the land, including land subsidence and crustal motion. The 
northern coast of the Gulf of Thailand is an example of the impact of a 
relative sea-level rise on a muddy coast. Extracting groundwater has caused 
land subsidence around the Bangkok area, including the river mouth of the 
Chao Phraya River, which underwent a more than 60 cm subsidence during 
the period from the 1960s to 1980s. This has resulted in severe coastal erosion; 
the shoreline retreat amounted to 700 m up to the early 1990s (Vongvises-
somjai et al., 1996), at which time the subsidence started to stabilize thanks to 
regulation of groundwater pumping. Because the sea level is estimated to rise 
between 9 and 88 cm globally by 2100, the highest value of which is over four 
times greater than past trends, Asian coasts will generally face further serious 
erosion in this century. This threat will be particularly severe on coasts where 
there is the combined effect of ground subsidence and decreased sediment 
supply from rivers.

Coasts of Small Islands

Many island coasts have natural protection against destructive wave forces, 
such as coral reefs, mangrove forests and beach rocks. Most of these coasts 
are surrounded by coral reefs known as “fringing” and barrier reefs. Reefs 
provide island coasts with physical protection from large waves. Atolls are 
rings of coral reefs that enclose a shallow lagoon. They comprise islands of 
largely unconsolidated calcareous sand and gravel. Mangrove forests fringe 
the shoreline; if  there is a broad mangrove forest, it can exert a powerful 
protective effect on the shoreline. However, many of these forests have been 
cleared over the past 150 years or so. Today, the shorelines of most low-lying 
coasts around the small islands are generally only lightly vegetated, in order 
to allow access to the shore (Nunn and Mimura 2005). Beach sediments are 
biological products, particularly for atolls; the sediment supply is extremely 
limited. In addition, changes in sea level, wave height, and incident direction 
caused by El Niño might seriously enhance erosion. Therefore, it is reason-
able to believe that the recent tendency for coastal erosion to increase results 
from the combined effects of a loss of natural protection and large-scale 
 environmental changes, such as El Niño and sea-level rise.
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6.2.2 Water and Sediment Pollution
Organic Pollution and Eutrophication

Water pollution is among the most serious problems facing many countries in 
the region. Whereas varying degrees of treatment are employed in some localities, 
untreated sewage is commonly disposed of either directly or indirectly into 
the sea. It has been estimated that 6 million tons of BOD are generated by 
coastal populations in countries surrounding the South China Sea, including 
Cambodia, China, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam.
Sewage treatment removes only about 10% of the BOD generated.

Eutrophication in various coastal waters that receive high organic input 
from domestic and industrial effluent is common in the region. This eventually 
engenders the red tide bloom phenomena. In particular, red tides have 
frequently been reported in Malaysia, the Philippines, Thailand, Hong Kong, 
and Japan. In Hong Kong, an eightfold increase was reported in the number 
of red tides per year in Hong Kong Harbor during the period 1976–1986. This 
change was attributed to the sixfold increase in population and a concurrent 2.5-
fold increase in nutrient loading (Lam and Ho 1989).

Japan’s Seto Inland Sea provides an example of how people have made 
efforts to overcome the problem of eutrophication. About 30–40 years ago, 
the Sea suffered from severe water pollution and the negative effects of 
eutrophication. During the period of  the nation’s rapid economic growth 
in the mid-1960s to mid-1970s, increased industrial activity and expansion 
of landfills along the waterfronts caused rapid increases in water pollution, a 
reduction in shallow water areas and degradation of the marine environment 
and habitat. In recent years, as a consequence of various environmental conser-
vation measures, incidents of red tide blooming have been reduced to around 
100 events annually, compared to around 300 such occurrences recorded in 
1976, with mass mortality of caged fish cultures.

During that period of heavy pollution, the Seto Inland Sea was called “the 
dying sea”, but it has slowly recovered thanks to the efforts of various groups 
and bodies, with the strong support of  a legal framework. The Law on 
Temporary Measures for the Environmental Conservation of the Seto Inland 
Sea was enacted in 1973. This law became permanent in 1978 and has played 
a very important role. As a result of enforcing total COD load control by law, 
the COD discharged in the coastal zone of the Seto Inland Sea was reduced 
dramatically from 1,700 t/day in 1972 to 718 t/day in 1996. Unfortunately, 
the achievements recorded in relation to the Seto Inland Sea are a rare case; 
the Asia and Pacific region needs greater efforts to reduce the discharge of 
organic pollutants and nutrients to control occurrences of red tide.

Hazardous Chemicals

The discharge of chemicals into the sea by industrial effluents, and enhanced 
use of agrochemicals on the land, are a common difficulty. Aquaculture has 
also contributed to the discharge of pesticides, antibiotics and hormones, 
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as well as nutrients (ESCAP and ADB 2000). In 2001, the Stockholm Con-
vention on Persistent Organic Pollutants (POPs) was adopted to safeguard 
human health and the environment. The acronym, POPs, is a collective term 
used to describe organic chemicals that remain in the environment for long 
periods, are widely distributed and that are toxic to animals and humans. 
Among such chemicals, organochlorine compounds (OCs) have been recog-
nized as endocrine disrupters, which pose a serious threat to marine animals 
through bioaccumulation. The levels of  DDT and PCBs in dolphins are 
considerably higher than other OCs because they are highly persistent, rela-
tively lipophilic, and less biodegradable (Tanabe and Tatsukawa 1991).

Butyltin compounds (BTs) are another typical hazardous chemical. Since the 
1960s BTs have been used worldwide, typically as antifouling agents in paints for 
boats and aquaculture nets. In 2001 the International Maritime Organization 
(IMO) prohibited the use of harmful organotins in antifouling paints used on ships. 
Marine animals in the waters of developed countries showed higher concentrations 
than those from waters surrounding developing countries, reflecting the retention 
of BTs used in the past in these countries. With regard to BT concentrations in fish, 
Asia and Oceania showed lower values than Japan, Canada, or the USA.

Marine pollution of heavy metals, such as mercury and lead, is also a 
concern for the region. Mercury contamination has been found in bottom 
sediments of many semi-enclosed bays surrounded by industrial bases and 
coastal waters, such as the Sea of Japan. From the 1950s to the 1970s the 
people around Minamata city, Japan, are known to have suffered from severe 
mercury pollution known as “Minamata Disease”. Recently, mercury pollu-
tion from gold mining processes was also found in the city of Manado and 
the Ratatok area of North Sulawesi, Indonesia. Local people face the risk of 
severe and irreversible health problems from eating fish and marine animals 
in these areas (Harada et al., 2001; Limbong et al., 2003 and 2004).

Oil Spills

Accidental oil spills have occurred frequently along oil transport routes from 
the Persian Gulf and at points of loading and discharge. Oil spills have been 
reported to cause severe pollution in ports in Bangladesh, Pakistan and coun-
tries in Southeast Asia. Sri Lanka has suffered from the frequent formation 
of tar-balls on its southeastern beaches (UNEP 2002). Countries in East Asia 
have also faced oil-spill problems. For example, accidents are quite frequent, 
if  small-scale spills are included; in Japanese waters alone, spills of over 2 kl 
occur 400 times or more annually.

A large-scale accident is not only devastating to a coastal environment, 
but requires a huge amount of recovery work. For example, in July, 1995, the 
oil tanker Sea Prince loaded with 260,000 t of crude oil from Saudi Arabia 
grounded on submerged rocks near Sori Island, Korea because of a typhoon. 
This incident created an oil spill of 5,035 t. Disgorged oil from the ship spread 
more than 200 km along coasts comprising rocky coastlines and sandy beaches. 
Nineteen days were required to recover 1,390 kl of the discharged oil. Police 
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and local residents cleaned contaminated areas, mostly manually. Cleanup 
operations along the shorelines continued for five months (Lee 2001).

6.2.3 Coastal Ecosystems
Mangroves

Mangrove forests are widely distributed throughout Asia and Pacific islands. 
Large areas of mangrove forests exist in India, Bangladesh, Myanmar, Thai-
land, Vietnam, Malaysia, the Philippines, and Indonesia. Of these, Indonesia 
has the largest area in the region, because of its long coastline, whereas the 
Sundarbans, located in India and Bangladesh, have the largest continuous area 
of mangrove forests in the world. Approximately 40% of the world’s mangrove 
forests are found in Asia. Mangrove forests are extremely biodiverse and act as 
a nursery and spawning ground for numerous species of fish, crustaceans, mol-
lusks and reptiles. They are also important for the daily lives and economies of 
local communities, providing a myriad of goods and services.

The total ratio of mangrove lost in Asian countries is estimated to be about 
26% during the 20 years from 1980 to 2000 (FAO 2003; Kashio 2004). The 
annual rates of decrease were 1.6% from 1980 to1990, and 1.4% from 1990 to 
2000. Causes of mangrove degradation include conversion to shrimp ponds, 
felling of timber, development of human settlements, ports, agriculture and 
industries, roads and other infrastructure, as well as excessive siltation. Shrimp 
culture has been the most serious cause of mangrove conversion, particularly 
in Southeast Asian countries such as Indonesia, Vietnam, the Philippines, 
Malaysia and Thailand. It is estimated that over 60% of mangrove forests 
have already been converted to aquaculture ponds (ESCAP and ADB 2000)

Clearance and degradation of mangrove forests have a serious impact on their 
ecosystems and neighboring coastal areas. Mangroves also play the role of a fil-
ter between land and ocean. Therefore, the disappearance of mangrove forests 
increases the discharge of land-based pollutants such as organic matter and toxic 
chemicals, thereby adversely affecting water quality. These impacts eventually result 
in the loss of productivity of inshore and near-shore fisheries and threaten coastal 
communities that depend on the fisheries for both commerce and subsistence.

Coral Reefs

Coral reefs are another precious ecosystem of coastal zones. They are sites of 
rich biodiversity, and provide resources for human use. Asia and the Pacific 
regions have been recognized as the global center of tropical marine biodi-
versity. About four fifths of the world’s coral reefs are in Asia and the Pacific 
region; about half  of these are in the Pacific, whereas one-third is in the Indian 
Ocean and the remainder in south Asia (ESCAP and ADB 2000). Fifty out 
of 70 coral genera found in the world occur in the Indian and western Pacific 
Oceans. Coral reefs in Southeast Asia are biologically diverse, holding an esti-
mated 34% of the earth’s coral reefs (Burke et al., 2002).
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In Asia and the Pacific Region, coral reefs are threatened by a range of 
human activities, including coastal development, exploitation and destructive 
fishing practices, as well as land-based and marine-based pollution. Coastal 
development, including tourism sites and facilities, often causes not only 
direct destruction but also indirect degrading factors such as discharge of 
sediments and nutrients, causing high turbidity in the sea. Destructive fishing 
practices, such as the use of explosives and cyanide, still constitute a major 
problem. Cyanide is widely used, and has a severe effect on juvenile fish and 
coral organisms. This use is because the live fish industry has grown in the 
region. In addition, coral reefs are often damaged physically by fishing equip-
ment, coral breakage and anchors. Dredging and reclamation for ports and 
fishery harbors are other causes.

In Southeast Asia 88% of the coral reefs face a medium to very high threat 
from the impact of human activities. In Indonesia and the Philippines only 
30% of the coral reefs are in good or excellent condition. The reefs of the 
South Pacific region are under less immediate threat than those of Southeast 
Asia. About 40% of the Pacific reefs are classified as threatened, while 10% 
face a high risk (WRI 1999).

Global environmental changes, particularly global warming, will increasingly 
threaten the coral reefs, as demonstrated by the spread of coral bleaching in 
1997–1998. Damage by coral bleaching continued even after the events of 1998. 
In Japan most reefs damaged in 1998 have been recovering, though bleaching 
occurred again in 2001 when some reefs experienced about 50% mortality. In 
the South Pacific severe coral bleaching occurred in 2000 and 2002, especially 
in Fiji, Tuvalu and Vanuatu. It has also been suggested that a rising sea level 
would inundate coral reefs if  the speed of the rising sea level was faster than 
the coral reefs’ upward growth rate. When coral reefs are healthy, they can 
more readily catch up with the rising sea level and can recover from damage 
caused by coral bleaching. Therefore, management should pay close attention 
to the combined stress of local human activities and global warming.

Sea-grass Beds

Globally, seagrass beds occupy an area of about 600,000 km2, contributing 
12% of the total carbon storage in the ocean (Duarte and Cebrian 1996). 
Seagrass diversity is highest in East Asia, reaching up as far as southern 
Japan; a second focus of diversity is in the Red Sea and East Africa. So far, 
16 species of seagrasses have been identified in Philippine waters, whereas 14 
species have been reported from Indonesia; Australia has the highest number, 
with 30 species of seagrass (Fortes 1989; Kuo and Larkum 1989). In other 
parts of the region seagrass beds can also exist, though they are often less 
dense. Because seagrass meadows support rich biodiversity, and provide pri-
mary refugia for marine organisms, most major commercial fisheries in the 
region are situated adjacent to seagrass beds.

In Southeast Asia seagrasses are under threat from the loss of mangroves, 
which act as a filter for discharged sediments. They are also threatened by 
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industrial and agricultural runoff, industrial wastes and sewage discharges. 
In Indonesia about 30–40% of the seagrass beds have been lost in the last 
50 years, with about 60% being destroyed around Java, while in Singapore, 
the patchy seagrass habitats have suffered severe damage, largely through 
burial under landfill operations. Losses of the beds amount to 20–30% and 
30–50% in Thailand and the Philippines, respectively. Coastal eutrophication 
is another major long-term threat to seagrass ecosystems in Southeast Asia. 
This entails reduction of light, thereby retarding the growth of many plants.

6.2.4 Fisheries and Aquaculture
Marine Fisheries

People in Asia and the Pacific region have long relied on fish and fishery prod-
ucts as a major source of protein. According to the FAO, in 2002 the region’s 
fish catch amounted to 44.7 million tons, or 48% of total global production. 
Five Asian countries are among the top-ten producers: China, Indonesia, 
Japan, India, and Thailand. Therefore, marine capture fishery and resources 
for it, are particularly important for the region. Potential resources for future 
landing vary among regions. Of the world’s fisheries, the Indian Ocean fishery 
might offer the greatest potential for future development (FAO 1997).

During the period from the 1950s to the 1970s, fisheries in the region showed 
rapid development through structural changes in production and technologies. 
But fishery production in the region stagnated in the 1990s, having recorded a 
peak of 24.7 million tons in 1989. The main landed species from 1950 to 2002 
were pelagic marine fish. The rapid increase in marine catches after the 1960s 
in Southeast Asia was attributed to the development of trawl fisheries. Fishery 
activities in Southeast Asia have increased dramatically during the past two 
decades, though the region now faces heavy overfishing, which has raised the 
question of how to maintain fishery resources for their future sustainable use.

Aquaculture Development

Aquaculture has spread throughout the Asia-Pacific region at a much higher 
rate than that of capture fishing production – more than four times faster 
than landings from capture fisheries. In addition, aquaculture’s share of all 
fish landings increased from 21% in 1984 to 38% in 1995 (FAO 1997). Shrimp 
culture is the most widely expanded practice. Today Asia accounts for 87% 
of global aquaculture production by weight (IFPRI and WFC 2004). Fresh-
water culture, rather than marine culture, used to dominate the industry, but 
since the 1980s technological innovation has advanced rapidly in marine and 
brackish water aquaculture, thereby contributing to the rapid increase in 
production throughout the Asia–Pacific region.

Such rapid development in aquacultural production has adversely affected 
the coastal environment, including mangrove clearance for shrimp culture, 
and water pollution. An additional environmental concern associated with 
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aquaculture is the potential hazard of the accidental release of exotic species 
and the spread of diseases from aquacultural facilities to the surrounding 
natural environment (ESCAP and ADB 2000).

6.3 The Drivers: Population Growth, Economic 
Development, and Global Change

6.3.1 Population Growth and Economic Development 
as Drivers of Environmental Change
Coastal zones in Asia and the Pacific region continue to experience tremendous 
and rapid changes, as described in the previous section. These have been driven 
by various factors, including: (i) natural forces of climatic and oceanographic 
phenomena; (ii) human activities, including the discharge of land-based and 
sea-based pollutants; and (iii) processes controlling the flow of material and 
energy within coastal ecosystems. Among the drivers of those changes, pres-
sures of human activities are apparently predominant.

Coastal areas are among the most crowded and developed in the world. The 
overwhelming bulk of humanity is concentrated along or near coasts, which 
comprise just 10% of the earth’s land surface. Recent data (Population Ref-
erence Bureau 2004) show that Asia-Pacific regions are home to half  of the 
world’s population; this ratio will remain at a similar level in the 21st century. 
More than half  of all Asian people reside in the coastal zone. For example, of 
China’s 1.3 billion people, close to 60% of the population live in coastal prov-
inces. Furthermore, the region’s coastal populations are growing faster than 
those of inland areas. Migration is a key factor affecting population growth 
in coastal zones. Indonesia and Vietnam are two typical examples of Asia’s 
population shift. In Indonesia, 65% of people live on the main island of Java, 
on just 7% of country’s land area. Similarly in Vietnam, where coastal popu-
lations are growing 20% faster than in the remainder of the country.

Population growth has exacerbated the trend towards an increasing number 
of megacities (those with 10 million inhabitants or more). In 1950, New York 
was the world’s sole megacity. Megacities multiplied from five in 1975 to 17 
in 2001, of which nine urban agglomerations were located in Asia’s coastal 
zones. With 26.5 million inhabitants, Tokyo was the most populous city in 
the world in 2001. It is projected that the number of coastal megacities in 
Asia will increase to at least 10 of the world’s top 21 by the year 2015. Tokyo, 
Dhaka, and Mumbai (Bombay) are all expected to hold more than 20 million 
inhabitants.

Asia and the Pacific regions have emerged strongly as a leading growth 
region. Economic activities within the region are becoming brisk, which is 
bringing about increased mutual dependence between the countries of the 
region in terms of resources and trade. Over the past 30 years the region has 
gradually moved from a subsistence lifestyle towards a consumer society, with 
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rapid rates of urbanization and westernization that have occurred concomi-
tantly with the increase in population. The ASEAN countries and coastal 
areas of China are undergoing rapid economic growth, and will continue to 
be a center of the world’s economic growth.

Given the relentless and cumulative process of global environmental change 
driven by demographic changes, urbanization and industrial development, 
trade and transport demands, and lifestyle changes, the coastal zones of Asia 
are under increasing anthropogenic pressures (Turner et al., 1996). High con-
centrations of people, together with rapid economic growth in coastal regions, 
have produced many economic benefits. However, the combined effects of 
booming growth in population, and economic and technological develop-
ment, are threatening the ecosystems that provide a basis for them. All coastal 
areas are facing an increasing range of stresses and shocks.

At the same time, human society will in turn be exposed to risks imposed 
by the natural environment. On December 26, 2004, the massive earthquake 
off  the coast of Sumatra triggered a giant tsunami. This brought about a tre-
mendous disaster in the coastal zones of countries in the Indian Ocean, with 
over 200,000 victims. This event revealed, in a symbolic way, just how vulner-
able the coastal zones in the region are to coastal disasters. Many population 
centers and tourist destinations lacked disaster prevention systems such as 
protective structures, early warning systems and evacuation guidelines. If  con-
centration of the population in the coastal zones proceeds without improving 
protection systems, the potential impacts of not only tsunami but also storm 
surges and high waves will be much more severe. These trends are expected to 
continue and intensify in the future.

6.3.2 Effects of Climate Changes and Sea-level Rise
Another major driving force in future changes in coastal environmental will 
be global environmental changes, in particular climate change induced by 
global warming. Certain effects of  global warming have already been felt, 
although it is very difficult to separate the effects from past and current 
variability. As warming progresses in this century, the effects will become 
more profound.

The IPCC WGI (2001) indicated that the global mean surface temperature 
had already risen by 0.6°C ± 0.2°C during the past century. The degree of 
future global warming varies with the emission of greenhouse gases (GHGs) 
such as CO2. Therefore, it ultimately depends on how human society and 
its economic activities evolve in the future. The IPCC has developed future 
socioeconomic scenarios called SRES scenarios, which give GHG emission 
conditions, allowing climate models to predict climate change in this century 
(Nakicenovic et al., 2000). The results of  those estimates are summarized 
in the IPCC Third Assessment Report (IPCC WG1 2001) and show that the 
global mean surface temperature will rise by 1.4–5.8°C by the year 2100. 
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It is noteworthy that the range of that estimate is wide because of the differ-
ent socioeconomic scenarios and climate models used.

Predictions of regional climate change show that higher latitudes have 
greater warming than lower ones, and that the surface of the land is warmed 
more than over the oceans. In northern winters, increased warming is pro-
jected over Eastern Asia, whereas in summer, stronger warming appears over 
the semi-arid Middle East and western China. Warming in the coastal zones is 
small compared with inland regions, because of the presence of the oceans.

Projections of precipitation derived by climate models show a large uncer-
tainty, particularly within the Asia-Pacific region. General trends show 
increased precipitation in the tropics and in the mid- and high-latitudes, and 
decreased precipitation in the subtropics. In East Asia precipitation might 
increase in the warmer season (April–September), whereas it might decrease 
in the colder season (November–February) (Min et al., 2004). Global  warming 
would also increase the intensity and frequency of strong rainfall.

Another concern is changes in tropical cyclones, specifically their frequency, 
intensity, seasonality, and geographical range. Maximum tropical cyclone intensi-
ties will increase 5–10% by around 2050 according to the global warming, which 
would be accompanied by increased higher storm surges and stronger winds. 
Peak precipitation rates are also estimated to increase by 25%. Although there 
will be no significant changes in regions of formation, the formation rate will 
change in some regions. This formation of tropical cyclones is strongly influenced 
by ENSO as well (Walsh 2004). These estimates indicate more-frequent floods 
and landslides, with damage to socioeconomic sectors, which will have potential 
impacts on the coastal zones in the region through various mechanisms.

Sea level is anticipated to rise between 9 and 88 cm by 2100 (IPCC WGI, 
2001). Because the past rate of mean sea-level rise is about 2 cm/decade in the 
Pacific, the estimated maximum increase is some four times greater. In addi-
tion, the changes in sea level in the coastal zone are attributable to vertical 
land movement as well; this relative change to the land elevation is the salient 
factor affecting the coastal environment. If  the relative sea-level rise is great, 
then it will have serious consequences, such as inundation of coastal low-
lying coastal plains and wetlands, exacerbation of flooding attributable to 
storm surges and river floods, accelerated coastal erosion and saltwater intru-
sion into rivers and aquifers. We should note that these adverse effects appear 
throughout the region, and will exacerbate existing environmental problems 
along each coast.

Mimura (2000) performed a region-wide assessment of coastal vulnerability 
to climate change and sea-level rise in Asia and the Pacific region, using global 
datasets on climatic, environmental, and societal information. The land area 
within the target area is about 6.5 million km2 and the population was 3.8 bil-
lion people in 1994; the latter is estimated to increase to 7.6 billion by 2100. 
This study has revealed that, even today, the areas below the high tide level and 
storm surge level, i.e., inundated and flooded areas, are 311,000 km2 (0.48%) 
and 611,000 km2 (0.94%) of the total land area of the region, respectively. These 
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figures increase to 618,000 km2 and 858,000 km2 (0.98% and 1.32%) with a 1 m 
sea-level rise; thus the flooded area that is increased by sea-level rise amounts 
to 247,000 km2. Regarding the people affected today, about 47 million (1.21%) 
of the total population lives in areas below the high tide level, while 270 mil-
lion people (5.33%) live below the storm surge level. These figures show that 
the Asia and the Pacific region is already threatened by storm surges. If  the 
mean sea-level rise of 1 m and the population growth by 2100 are taken into 
account, the above population comes to about 200 and 450 million people, 
respectively. The areas which would be most severely affected are distributed 
in the deltas of the Mekong River, the Ganges, and Brahmaputra Rivers, the 
Yangtze River, and the southern part of Papua New Guinea.

This assessment has several limitations; the base maps used have varying 
accuracy in land elevation, and the area below the storm surge level is taken 
uniformly to determine the flooded area, whereas flooding from storm surges 
seldom penetrates far inland. In addition, the study ignored future changes in 
tropical cyclones. In spite of such limitations, these results indicate the degree 
and scale of the possible impacts of future sea-level rise and climate change 
for the Asia and the Pacific region.

6.4 Responses Toward Sustainability 
of the Coastal Zones

We have seen that coastal zones in Asia and the Pacific region continue to 
experience unprecedented environmental changes that are driven both by 
pressures of local human activities and global environmental changes. Given 
the plausible estimates of further growth in the population and economies 
of the region, along with progressive global warming and climate change, 
increasingly ominous consequences loom ahead. The coastal environment 
of Asia and the Pacific is part of the global heritage, a home to the world’s 
richest biodiversity and vast assortments of biogeophysical activities. The 
environment also provides a common foundation for economic, academic, 
cultural, and aesthetic resources for local communities throughout the region. 
Therefore, relevant management of the coastal zones is of great importance 
for the region’s sustainable development.

In the face of the upsurge in local and global environmental problems, 
ICM has become a policy tool to address multiple management issues of the 
coastal zones. Following Agenda 21, which was adopted at the Earth Summit 
(UNCED) held in 1992, major international organizations, such as the World 
Bank, The World Conservation Union (IUCN), UNEP, and the OECD, 
successively published ICM guidelines. The common understanding behind 
them is that coastal zones are a unique resource system that demands special 
management measures.

Along with the global movement, Asian countries have moved toward intro-
ducing and establishing an ICM framework. For example, China responded to 
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increasing pressures of population and economic development on the coasts 
by developing a national framework for ICM. Chinese Ocean Agenda 21 was 
drawn up in 1996, and the National Sea Area Use Management Law was 
enacted in 2001. This is the basis of today’s coastal zone management. Korea 
also has developed a framework for ICM and coastal resource use, whereby 
they established an integrated coastal and ocean governance system, which 
was strengthened by legislation, such as the enactment and amendment of 
the Coastal Management Act, the Marine Pollution Prevention Act, and the 
Wetland Conservation Act of 1999. As an initiative for collective international 
efforts in the East Asia region, Partnerships in Environmental Management 
for the Seas of East Asia (PEMSEA) was established in 1994, with the support of 
governments in the region and international organizations such as the Global 
Environment Facility (GEF), UNDP, and IMO. These activities indicate that 
the concept of ICM has been widely accepted by governments and regional 
organizations.

At the same time, approaches to coastal management in Asia and the 
Pacific regions are quite diverse. In most countries, at a local level, there 
still exists a range of traditional customs and sometimes a sea tenure system 
that governs access to coastal resources. These traditional approaches have 
shown remarkable resilience over time. They are often flexible and responsive 
to local circumstances. The goal of these approaches is to sustain resources, 
such as fisheries, by modifying rates and patterns of harvest, depending on 
local resource availability. This approach is consistent with modern concepts 
of sustainability (Harvey et al., 2004). Because the coastal ecosystem is a 
resource base for the local economy, and the well being of the local popula-
tion, countries in this region tend to increasingly rely on community-based 
management of coastal zones. This involves local government, local enter-
prises, self-employed individuals, and inhabitants. Given the fact that coastal 
assets are important, both as an economic base and as an environmental her-
itage, and that local organizations and inhabitants use coastal zones as users 
and environmental managers, this tendency towards community-based man-
agement will become a more important, and ultimately predominant, device 
in overcoming constraints of environmental protection and economic devel-
opment in Asia and the Pacific region.

Faced with increasing pressures and threats to coastal societies and the 
environment, what, then, is an appropriate response? Though ICM is widely 
accepted as a major concept in management, we have not yet resolved this 
conundrum completely. The processes required to respond to this question 
might consist of several components. Primarily, we must understand both 
past and ongoing phenomena through observation, monitoring and scien-
tific studies on coastal processes. As a result, we will be able to predict future 
changes and their impacts. On the basis of the scientific understanding on the 
ongoing coastal changes and future prediction, we establish response strategies 
and options that include management policies, institutional arrangement and 
applicable technologies. Subsequently, we will need to implement them and 
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evaluate their effectiveness. To promote these steps, we must form a scientific 
consensus, which will need to be interpreted to foster practical policies and 
actions. At the same time, we must build the capacity to support these activi-
ties. A sister book titled New Directions in Global Change Coastal Research 
for the Asia-Pacific Region (Harvey 2006) also explores widely the emerging 
issues for future research, highlighting the understanding of coastal processes 
and change in the Asia-Pacific region, research related to global change, scien-
tific information for appropriate ICM methodologies, and education.

Such efforts are not the limited responsibility of the government; they 
should be pursued at the regional, national and even local levels of society. In 
order to ensure the sustainability of the coastal zones in the Asia and Pacific 
region all stakeholders should work together to further harmonize the above 
components.
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