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ABSTRACT

This dissertation addresses the important utility of sea

use planning in dealing with transboundary marine issues such

as marine living and non-living resource management, marine

environmental protection, and maritime transportation safety

in semi-enclosed or enclosed seas. The study uses the Yellow

Sea as a special region for a detailed case study.

Theoretically, the study focuses on structuring a

framework for sea use planning. Practically, it focuses on

defining special marine policy and ocean zones for the Yellow

Sea to protect seriously-exhausted marine fishery resources

and the decreasing marine environmental quality, explore and

exploit offshore petroleum resources, and guarantee the safety

of maritime transportation. To avoid and reduce possible sea

use conflicts is of concern and approaches to a regional

cooperation are sought.

A geographical approach toward ocean management is used

in this study: a geographic grid system has been devised and

applied to the study for better managing the marine issues in

the Yellow Sea.
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PREFACE

It has been a challenge to my academic career to choose

"Sea use planning: a case study of the Yellow Sea" as the

topic of my dissertation. In general, sea use planning is the

work of a group of people (who make plans for the government) !

not of one single person. However, a strong interest in the

ocean management work and my personal character of being

willing to do something difficult rather than easy in graduate

study, encouraged me to choose this very complicated topic for

my dissertation.

The research is both theoretical and practical.

Theoretically, it involves basic principles as well as

approaches of sea use planning. Practically, it involves

knowing the Yellow Sea in all its aspects, physical,

ecological, economic, and social, and then drawing up a

comprehensive plan for future development at a regional level.

The study achieves its goal through an integration of the

data as well as research concepts produced by American,

Chinese, Japanese, and Korean marine scientists.

The study was primarily suggested by Dr. M. Valencia, my

advisor in the East-West Center, and supported by Professor J.

Morgan, my advisor and the chair of my dissertation committee

at the Department of Geography, University of Hawaii at Manoa,

Honolulu. Both are well-known international experts on marine
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policy studies. It is my good fortune to have both of them as

my advisors. without their advice and wholehearted support,

it would have been impossible for me to successfully complete

such a comprehensive study.

In addition, I also wish to thank the other members of my

committee. I have profited enormously from discussing my

academic work with Professor N. Ginsburg, Professor S. D.

Chang, and Professor N. Lewis in Geography, and Professor P.

F. Fan in the Geology Department.

Since June 26, 1988, when I first carne to the United

states as an East-West Center grantee to study at the

university of Hawaii at Manoa, I have been supported by the

East-West Center, both financially and academically. Indeed,

I cannot forget the kindness and contributions of the East

West Center to my graduate studies. Especially, I wish to

give heartfelt thanks to my program officer, Mrs. Mendl

Djunaidy.

Neither can I forget Professor L. Wester, the graduate

chair of the Department of Geography. I greatly appreciate

his kindness and help in my graduate studies.

I should also thank my schoolmat~. Professor Gen Xiushan

of the First Institute of Oceanography, and my classmate,

Professor Liu Xiqing of the Institute of Marine Geology,

Qingdao, China. without their academic support, I would have

had much difficulty in completing this study.
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Part I

SEA USE PLANNING: PRINCIPLES AND APPROACHES
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CHAPTER 1

INTRODUCTION TO SEA USE PLANNING

The ocean is the last great potential source of food,

energy, minerals, and space for the use of human beings.

However, the potential of marine resources and the ocean's

ability to absorb land-based and sea-based pollution is

limited. In other words, the ocean will provide us not only

with great future opportunities, but also with serious global

problems. It is now a necessary task, for both scientists and

planners, to formulate a comprehensive policy for managing

marine resources and protecting the marine environment. We

call such a task ocean management, or sea use planning.

Sea use planning tries to provide a directed balance

between and among the various uses of ocean space and

resources, and between the sea uses and the marine

environment. An integrated policy for managing marine

resources and the marine environment in a certain sea area, at

a regional or an international level, has been of maj or

interest to all involved.

Sea use planning as a scientific concept was first

implemented in the early 1970s by scientists and planners of

countries bordering the North Sea, especially those of Norway

and the Netherlands, and derived from the concept of land use

planning. It" is as val id a concept, we bel ieve, as the
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concept of land use planning, and the need for its application

in any particular sea is proportionate to the scale, the

multiplicity and the importance of the uses that are being

made of them" (Young and Fricke, 1975).

"Ocean management" is an idea similar to "sea use

planning". While ocean management is a rather broader concept

covering any water area of the oceans, sea use planning is

more often used than ocean management in the cases of semi

enclosed or enclosed seas. There are also arguments about the

term "ocean management" i tsel f . According to Juda and

Burroughs (1990), the term "ocean management" is somewhat

arrogant. At most we can attempt to manage the manner in

which we utilize the oceans, not the ocean itself. By

contrast, "sea use planning" is a proper term for a

comprehensive marine policy. According to Miles (1987), the

notion of planning is "the elaboration of a strategy for doing

something over some defined period of time". In other words,

sea use planning concerns marine strategy and proper policies

for the future uses of the seas, either in the short or long

term.

Sea use planning is one of the major focuses of marine

policy studies. Since the early 1970s, marine policy has

become an important topic. The first issue of the journal

Ocean Management was published in 1973, and the first issue of

the journal Marine Policy was published in 1977. Marine

policies deal with both ocean utilization as a development

3



issue, and ocean control as a management issue. There are

different emphases in marine policy. Some authors emphasize

the opportunities and uses of oceans (Ross, 1978), while

others emphasize the limits to such uses (Friedheim, 1979).

Other authors focus on the issues of marine law or government

administration, at the regional or national level (Brennan and

Takayama, 1987). The 1982 UN Convention of the Law of the Sea

and its effects on ocean management have been the focus since

1982. Some authors study marine policies related to risks and

security. They regard marine pollution as a marine security

problem, similar to the military security problems of the

seas. Marine policy became an area of increasing interest

during the 1970s and 1980s.

The purpose of sea use planning is to maximize profits

while minimizing the costs and risks, through an integrated

policy for sea use activities. There are five basic goals for

sea use planning: safety, efficiency, health, sustainability,

and harmony. In other words, the obj ectives of sea use

planning are: to guarantee security and safety for each kind

of sea use; to protect the marine environment from land-based

or sea-based pollution; to develop a sustainable and efficient

marine economy for marine resources and energy; and to produce

positive social impacts on human society. These objectives

interact and may sometimes conflict with each other. Sea use

planning will need to balance these basic objectives. Cost-

4



benefit analysis is one approach to dealing with the problem

of multiple use conflicts.

One major focus of sea use planning is the solution of

inter-use conflicts, either at national or international

levels. Inter-use conflicts may involve: port and shipping

activities vs. aquaculture and other sea uses; waste dumping

from the coastal zones and ships vs. fisheries; potential oil

spills from drilling activities vs. fisheries and marine

recreation sites; and shi.pping routes vs. offshore petroleum

exploitation installations. The uses-to-uses relationships

matrixes and the uses/environment matrixes by different

authors theoretically describe basic sea use conflicts.

Vallega's uses-uses-relationships matrix and uses/environment

matrix for the Mediterranean Sea are good examples (Vallega,

1988) •

Marine pollution is one of the major concerns of sea use

planning. oil spills from ships and their impacts on the

marine environment are a major concern. An important

overriding concern is the degree and extent of marine

pollution, both present and future. It is necessary to set up

different marine environmental levels and standards for areas

with different sea uses. For example, an area with high

petroleum prospects will have a relatively lower marine

environmental preservation level. On the contrary, an area

with abundant marine living resources will be set at a

relatively higher marine environmental level to protect them.
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To assign each special area with a code for its marine

environmental level, the following elements need to be

considered: the existing marine pollutant contents, ocean

currents, petroleum potential, marine living resource

distribution and movements, and special uses.

Marine ecosystems are another major concern of sea use

planning. Large marine ecosystems exist in semi-enclosed and

enclosed seas, as well as in the oceans. In addition to

natural changes, marine pollution and overfishing are two

major sectors that will seriously damage marine ecosystems,

especially those of coastal zones and semi-enclosed or

enclosed seas. This is already the case in the Yellow, the

East China, the North, the Baltic, and the Mediterranean Seas.

Marine transportation is also a major concern of sea use

planning. Peet (1986) examined sea use planning and

management in selected areas. He believes that on an

international level the most important ocean zoning plans that

have been, and are being developed, are ships' routing systems

aimed at safety of navigation or protection of other

legitimate uses of the sea. However, for the Yellow Sea and

some others, protection of marine fishery resources may be the

most important issue. other sea uses, such as offshore

petroleum exploitation, marine recreation, and special

military uses could also be major concerns of sea use

planning.

6



The necessary data for sea use planning include:

oceanographic data; the background level of marine pollutants;

the distribution of marine living and non-living resources;

the existing marine activities; and the demands of surrounding

countries for future sea uses. Based on relevant data,

research should be done on: the interactions between physical

elements and human activities; the transnational marine

phenomena and their spatial patterns, connections, and

processes; the identification of geographic areas where there

are existing or potential sea use conflicts; ocean zoning; and

the integration of each single sea use plan into a

comprehensive and balanced plan.

The following principles are used to identify proper sea

uses: (1) selection of the best locations for necessary future

sea uses; (2) choosing proper uses for each ocean zone based

on its best potential; (3) avoiding and/or reducing high

degree conflicts and serious natural hazards; (4) maintaining

fishery resources and other living resourC8S at a sustainable

level; and (5) controlling marine pollution, especially in

some sensitive areas and areas with very low self-purification

capabilities. In addition, studies of the mechanisms of

marine pollution and its spatial patterns are needed for the

solution of transnational marine issues.

It is important to understand that sea use planning is

based on both existing features and potential change. Future

human demands and future technical development should be taken

7



into consideration. The long term and short term objectives

should be balanced. Sea use planning should be flexible.

Plans for sea uses are both objective and subjective. They

are objective, because they are based on scientific processes

and hard data. They are sub] ective, because people with

different perspectives may have different ideas on sea use

plans. These must be balanced and integrated into a

comprehensive sea use plan and marine policy.

Obviously, one major focus of sea use planning is the

solution of sea use conflicts at the regional and

international levels. In general, sea use conflicts can be

divided into two categories: spatial conflicts and functional

conflicts. spatial conflicts of different sea uses in the

same place are exclusive, while functional conflicts of

different sea uses in the same area can be either exclusive or

non-exclusive. Sea use conflicts occur and vary in regions,

and different sea use approaches must be chosen for different

regions. There are usually several options for sea use

planning, each of which would have different results in terms

of economic and social benefits, costs, and marine environmen

tal risks.

When choosing options for sea areas, it is necessary to

make an advantage-disadvantage comparison, and it may be

necessary to apply cost-benefit analysis for a specific case.

However, cost-benefit analysis has weaknesses, which need to

be considered. First, in some cases, the environmental/social

8



costs and benefits cannot be measured and calculated in

monetary terms. In this case, we need qualitative analysis

instead of numerical calculation. Second, cost-benefit

analysis is not applicable in every area. It depends on the

data pattern and availabil i ty . Thus sometimes alternative

methods must be considered.

A comprehensive sea use plan consists of a number of

single sea use plans. This is particularly appropriate, in

the case of sea use planning for the North Sea (Smith and

Lalwani, 1984). Peet (1986) gives examples of the study

undertaken by the Dutch Government on sea use planning in the

North Sea. It includes two kinds of studies. The first kind

used a matrix-approach to identify all problem-areas related

to the various sea-related activities. The second kind

reviewed pollution problems, and used computer modelling

techniques to analyze these problems. Sea use planning for

the North Sea includes five specific plans: offshore oil and

gas development, fishery management, a water quality plan, a

shipping route plan, and a plan for special sea uses (Smith

and Lalwani, 1984). Chinese marine scientists and planners

divide the program of sea use planning (for the Bo Hai, the

Yellow, the East China, and the South China Seas) into two

steps: first, a natural-functional marine regionalization;

second, an economic and social plan for the optimum use of the

different sea areas, each for the short, medium, and long

terms.

9



Ocean zoning which focuses on spatial differentiation of

the sea and its uses is a basic part of the study. It is

based on spatial differences in physical features, the types

and abundance of marine resources, the situation of marine

pollution, the existing and potential sea uses and their

conflicts. The distribution of various marine resources and

their prospects for economic development, and the status of

marine pollution are important sectors to be considered for

decision making in ocean zoning. Armstrong and Ryner (1981)

considered ocean zoning as an appropriate way to solve sea use

conflicts. The basic patterns of ocean zones may include: (1)

areas of resource concentration; (2) areas of environmental

sensitivity; (3) ocean hazard areas; (4) areas of high human

activities; and (5) areas of special uses (modified from

Armstrong and Ryner, 1981).

Sea use planning and coastal zone management consist of

a combined approach to manage and control the seas. Domestic

sewage, industrial wastewater, and oil or oily mixtures from

oil exploitation installations pollute both coastal zones, and

open sea areas. In the case of the Yellow Sea, more than 100

million tons of domestic sewage, and about 530 million tons of

industrial wastewater from coastal urban and rural areas are

discharged into its west.ern areas (Valencia, 1987) .

Industrial wastewater and domestic sewage are also discharged

into the eastern area of the Yellow Sea from the Korean

Peninsula. To solve transnational marine pollution problems,
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not only the coastal zone management of each country, but also

an integrated marine policy for sea use planning at the

regional or international levels are necessary.

Sea use planning has legal and administrative aspects.

without laws, regulations and administrative instruments, it

can not work efficiently. On the other hand, laws and

regulations regarding sea uses will be much more effective if

they are set up through detailed research and sea use

planning. The 1982 united Nations Convention on the Law of

the Sea (UNCLOS), other relevant international corrverrtLons ,

and international treaties constitute a legal basis for sea

use planning.

Sea use planning in a semi-enclosed sea requires

international cooperation among countries surrounding the sea.

An appropriate marine policy to deal with sea use conflicts

would provide an opportunity for the ocean to become an area

for international cooperation on marine resources management

and marine environmental protection, thus enhancing regional

and global harmony and security. Hence, sea use planning at

the international level will improve and enhance inter

government cooperation among the relevant countries.

International cooperation among North Sea, Baltic, and

Mediterranean countries are good examples. One result of

international cooperation on sea use planning is the growth of

marine regionalism. Marine regionalism, as a regional

approach to sea use planning, developed rapidly in the 1970s
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and 1980s, and has made great progress in certain sea areas,

both in theory and practice. Currently there are more than

twenty regional fisheries organizations with three or more

states. Other examples of regionalism are the

Intergovernmental Oceanographic Commission (IOC) and the

Regional Seas efforts of the U.N. Environment Programme.

Sea use planning, which is the focus of this

dissertation, is applied marine geography. This idea is

clearly expressed by Smith (1991, p. 7), a British geographer

and sea use planner for the North Sea, in his paper "The

Application of Maritime Geography: a Technical and General

Management Approach." He pointed out that the social

relevance of geography, i.e., the applied tradition in

geography, "extends back to the early nineteenth-century

origins ... " while "much of the development of the relatively

new area of maritime geography has taken place in the past two

decades (Smith, 1991, pp. 7-8)."

Marine geography has roots in physical geography, human

geography, and cartography. Marine human geography is

concerned inter alia with the relations of humans and the

marine environment. As Vallega (1991, p. 258) has pointed

out, "the human geography of the sea is in the take-off

phase ... Research of this kind would promote knowledge of the

management of a category of seas involved in profound

interactions between man and the environment ... " According to

Vallega (1992, p. 178), the relations between the ocean
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environment and ocean uses can be clustered into three

categories: (1) inputs from the ocean environment to ocean

uses; (2) inputs from ocean uses to the ocean environment; and

(3) inputs moving in both directions.

The history of geographers' contribution to the work of

sea use planning is short. In the mid-19th century, marine

physical geography was the principal focus. The Physical

Geography of the Sea (Maury, 1855) is a classic example. From

the beginning of the twentieth century to the end of World War

II, the geopolitical significance and commercial uses of the

oceans became a maj or concern of geographers interested in the

oceans. Mahan, Ratzel, Mackinder, Whittlesey, Spykman and

Cohen were attracted by the role of the sea in global and

national strategies (Prescott, 1975). In the 1960s, research

on the natural and political features of marine areas

dominated marine regional studies although there were also

geographic studies on fishing, shipping" and coastal zone

management (Prescott, 1985, pp , 1-10). Since the 1970s,

concerns with environment, ecosystems, and resources have

greatly influenced the growth of marine regional studies and

sea use planning. Vallega (1991, p. 238) referred to such

regional cooperation in ocean management as a human

geographical approach to managing semi-enclosed seas.

An international conference on sea use management was

organized in August, 1987 by the International Geographical

Union (IGU) study Group on Marine Geography. A book entitled
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"The Development of Integrated Sea-Use Management" was

published after the conference (smith and Vallega, 1991).

Most contributors to the book are marine geographers,

including the co-editor Adalberto Vallega who is well known

for his sea use planning work in the Mediterranean Sea

(Vallega, 1988, pp. 272-93).

The concept of regions has been central to geographic

inquiry. The uniqueness and the differentiation of marine

regions have been central to marine geography. In the oceans

there are "marine natural regions" and "marine functional

regions (Morgan, 1984, 1987a, 1989)." For example, a high

frequency typhoon zone is a marine natural region, while a

high-density marine traffic zone is a marine functional

region. Sea use planners need to define both "marine natural

regions" and "marine functional regions" . Ocean zoning

depends on a recognition of marine areal differentiation. An

understanding of the geographic distribution of marine

resources and marine pollutants, areas of high-frequency

natural hazards, and areas of high-density human uses is a

significant input to sea use planning. Alexander, a prominent

marine and pol i tical geographer, has emphasized the close

connection between the natural characteristics of regions and

their sea use activities and he divided marine regions into

three principal forms: physical regions, management regions,

and operational regions (Alexander, 1982, pp. 4-5) .

Understanding the geographic differences among various semi-
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enclosed seas will help define unique marine strategies and

policies for them, the basic elements of sea use planning.

The physical and ecological elements of a marine region

interact with the economic and social elements and human uses

of the land interact with uses of the sea. There are also

user conflicts over sea uses. The above three

interactions/relations call for a comprehensive/integrative

stUdy. As smith (1991, p. 9) has said: lilt is the need for

integrated management of all of the uses which is providing an

opportunity for geography as a discipline to provide a

practical contribution."

The comprehensive study of regular patterns in the ocean

was first carried out by a German marine geographer, Gerhand

Schott. He worked in the Deutsche Seawarte in Humburg from

1894 to 1933. He described the hydrological conditions

(motion, temperature, salinity, color, and other elements),

the climates over the oceans, the configuration and geological

structure of the ocean basins, the marine organisms, the areas

that support fishing industries, the routes of ocean commerce,

and the air routes over the oceans. In 1935 he published

works on the natural regions of the Pacific and Indian Ocean,

and in 1936 he extended the regional system to the Atlantic.

Schott delineated marine regions based on "a synthesis of the

most i~portant characteristics and processes in the body of

water and in the air above it (Burke and Elliott, 1954).
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More recently, marine transportation planning is a good

example of a comprehensive marine geographic study. It

involves elements such as the industrial development and

transportation system in land, the location of sources of coal

and petroleum resources, the capacities and potential of

coastal ports, and the types, routes and traffic densities of

shipping. Sea use planning encompasses integrated analysis of

both natural and economic characteristics of the ocean and

necessarily considers geographic factors such as location and

scale.

An understanding of human impacts on the marine physical

and ecological environment, one of the major foci of marine

geography, provides basic knowledge for needed marine

environmental protection. One of the aims of sea use planning

is to minimize damage to the marine physical environment and

ecosystems. Some sea use policies, such as setting catch

quotas for different geographic areas and defining protected

zones for fishery production act as constraints to human

behavior for the purpose of achieving sustainable use of

marine resources.

In addition to the basic concepts of marine geography,

other geographic methods and techniques also play an important

role in the work of sea use planners. For example, as shown

in this dissertation, a geographic grid system is very useful,

either for storing data or for defining both favorable

conditions and areas of conflict. A geographic information
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system (GIS) that provides overlays of maps of geographic and

human-use factors at various scales is a useful tool for sea

use planning.
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CHAPTER 2

SEA USE TYPES AND CONFLICTS

Sea Use Types

In this paper, the term "sea uses" is defined as "the

uses of the space and marine resources of the ocean, except

the coastal zone waters."

Kenchington (1990) considers sea use structure as "a set

of natural and human elements, such as facilities and

activities at sea, and resource use, which are more closely

tied to each other than they are to other elements which

belong to the external environment."

Sea uses consist of two components, natural and social.

The natural components consist of the ecosystem and the

physical context, while the social components consist of the

human presence on the sea and the use of the sea. In general,

there are three kinds of sea uses: (1) consumption of matter

and energy; (2) use of the sea as a relational space; and (3)

simple presence on the sea. In detail, the categories of sea

uses include: shipping carriers, shipping routes, navigation

aids for shipping, sea pipelines, cables, biological

resources, hydrocarbons, metalliferous resources, renewable

energy sources, defence, recreation, waste disposal, research,
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and environmental protection and preservation (Vallega, 1992,

p. 245-249).

Three kinds of sea use interactions can be identified:

(1) interactions between oceanographic features and sea

uses;

(2) interactions between sea uses and the marine

environment; and

(3) interactions between different sea uses (use-to-use

interactions) .

As far as the results of use-to-use interactions are

concerned, the following types of situations can be

classified: (1) neutral relationships; (2) mutually

conflicting relatianships, harmful or potentially hazardous;

(3) mutually beneficial interactions; (4) harmful to one type

of sea use (modified from Vallega, 1992, p. 100-102).

The use-to-use interactions which are harmful or hazardous to

one type of sea use or tc both types of sea uses are defined

as sea use conflicts.

Sea Use Conflicts

Typical manifestations of conflicts among users involve:

(1) competition for ocean space, (2) operational impacts, (3)

ecosystem impacts, (4) onshore systems (Miles, 1987). Typical

conflicts involve: (1) ocean uses versus environmental

protection;

navigation;

(2) offshore oil and gas development

(3) navigation versus fisheries, etc.
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Some analysts divide sea use conflicts into two kinds:

"domestic" and" international". For "domestic" conflicts that

occur within national jurisdictions, the role of national or

local authorities is paramount in their solution (Cicin-sain,

1992, p . 281). Others divide sea use conflicts into the

following two major kinds: conflicts among users over the use

or non-use of particular ocean areas; and conflicts among

government agencies (Cicin-Sain, 1992, p. 281). Knecht (1992,

p. 197) examined the national ocean policy of the United

States, and listed five visible sea use conflicts of U.S.

marine pol icies, of which three are concerned with ocean

areas: (1) poLi.cy conflicts between offshore oil and gas

activities and fishing; (2) policy conflicts between offshore

oil and gas activities and marine mammals; and (3) pOlicy

conflicts between marine mammals and commercial fishing, etc.

(Knecht, 1992, p. 197).

Sea uses can confl ict over obj ectives. For example,

objectives to develop a marine fishery could be: to increase

fishermen's incomes, and to increase the employment of

fishermen and of people employed by fishery-related

businesses. However, obj ectives to develop offshore petroleum

exploitation can be: to increase oil workers' incomes, and to

increase the employment of oil workers and of people who work

for oil-related businesses. Hence, sea use conflicts will

exist if there are different objectives for different groups

of people whose interests clash. There may also be conflicts
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between government and a group of people. The individual

fishermen, for example, may be interested in more catch

without any concern for the existing low technology, while the

government may aim at developing a modern fishery industry.

Conflicts also exist between different agencies of the

government. A department of fisheries is interested in living

resources in the water column, but a department of petroleum

and mineral resources is interested in mineral and energy

resources on the sea floor. In addition, an environmental

protection department is interested in protecting the marine

environment and some rare species of sea animals. There are

also other kinds of conflicts, such as: (1) conflicts on the

profits and efficiency of different groups; (2) conflicts on

principles and approaches to managing the ocean; (3) conflicts

on marine laws and regulations; and (4) conflicts on marine

administration.

One of the major sea use conflicts is between oil

polluting industries, such as offshore petroleum exploitation

and oil tanker transportation, and marine-ecosystem-related

industries, such as fisheries and aquaculture.

According to Miles and Gesselbracht (1988), conflicts

between the fishing and oil and gas industries include: loss

of access to fishing grounds, gear damage from debris, removal

of obsolete installations, and reduced marketability of

products as a result of superficial contamination by spills

(Cicin-sain, 1992).
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concentration of petroleum hydrocarbons in organisms can

be in the parts per million range, in contrast to parts per

billion levels in sea water. Petroleum hydrocarbons can

directly affect the metabolism of organisms. In the case of

oil spills, mass mortalities of organisms have been observed

in all major accidents.

Fish often escape the toxicity of massive amounts of

petroleum by swimming away from the polluted area. Members of

the benthic community, being less mobile, can suffer high

mortalities as the oil sinks into the sediments. NAS (1975)

points out that in the highly oil-polluted areas of the Gulf

of Mexico near Louisiana, where many oilfield operations have

been unintentionally spilling materials, commercial fishing is

in a most unhealthy state. Tainting of oysters with oil

(levels sometimes reaching 500 p.p.m.) makes them unmarketable

because of bad taste, unless the oil is removed by taking them

to unpolluted areas for several months. Other activities,

such as dredging, have also caused damage to the coastal

ecosystem and fisheries (NAS, 1975).

Also, there are possible effects upon human health

through the ingestion of fish or shellfish contaminated with

petroleum, even though the levels are very low. consumption

of shellfish can add small amounts of such substances to those

already taken in through inhalation of cigarette smoke and of

the products of fossil fuel combustion. (Goldberg, 1976, p.

134-35).
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CHAPTER 3

IMPACTS OF SEA USES ON THE MARINE ENVIRONMENT

AND ECOSYSTEMS

Ocean-Based Marine Pollution

One possible effect of sea uses on the marine environment

and ecosystems is ocean-based pollution, such as pollution

caused by marine dumping and by offshore platforms or ships.

The most serious ocean-based pollution includes oil spills

from tankers and marine dumping of nuclear waste and other

harmful/toxic substances.

Marine dumping can have significant impacts on seawater

quality through increases in nutrient levels and turbidity and

in the concentration of heavy metals, oils, and other toxic

chemicals. Most toxic industrial wastes are banned from ocean

disposal by international conventions (Office of Technology

Assessment, Congress of the United states, 1987).

One of the pollutants released by offshure platforms or

by ships is petroleum hydrocarbons. Table 3.1 shows the

amount of the petroleum hydrocarbons introduced by various

sources. Toxic substances in antifouling paints also cause

marine pollution. Garbage from ships is another source of

marine pollution. The effects of offshore exploitation of

petroleum include regular pollution, blowout, and debris

(Andresen and Floistad, 1988).
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The fate of marine pollutants differs depending on their

location in coastal or open ocean waters. In general, coastal

waters have a much higher pollutant concentration than open

ocean waters because river runoff, domestic sewage, and in

dustrial effluent run directly into coastal waters. Coastal

currents may transport pollutants toward or along the

shoreline instead of out to sea. By contrast, the open ocean,

because of its large volume and free exchange of water and the

capacity of its currents, generally has a considerable

capacity to transport, disperse, and dilute wastes or

pollutants. Problems such as eutrophication and physical

burial of organisms are less likely to occur in open ocean

waters. However, some metals, organic chemicals, and

pathogens are reasons for concern, because they can: (1) cause

impacts at low concentration; (2) persist in the environment

(some impacts, such as contamination of sediments with toxic

pollutants, can be difficult or impossible to reverse); (3)

accumulate in organisms, and (4) increase in concentration in

successive levels of the marine food chain.

The weights and other characteristics of the pollutants

affect their fate. Lighter, floatable materials (e.g.,

plastics, oil, or grease) generally rise to the surface, while

heavier materials remain at lower depths. Sediment deposition

will bring the pollutants associated with particulate

materials to the bottom.
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In general, the fate of petroleum hydrocarbons is

influenced by various physical, chemical, and biological

processes: spreading, evaporation, solution, emulsification,

direct sea-air exchange, photochemical oxidation, tar lump

formation, and sedimentation (National Academy of Sciences,

1975).

Impacts of Pollutants on Marine Living Resources

Impacts of marine pollutants on living resources can be

very complex.

Changes in oxygen level, nutrients, suspended solids, and

pathogens can cause serious problems. Increase in nutrients

such as nitrogen and phosphorus can lead to increases in the

productivity of marine organisms, particularly some algae.

This can cause eutrophication. The increase of suspended

solids in seawater can increase turbidity and block out

sunlight, which can reduce the rate of photosynthesis and

damage submerged vegetation. In addition, suspended solids

can also bury or kill benthic organisms.

Heavy metals and organic chemicals, whether suspended or

dissolved in the water column or adsorbed into sediment

particles, can be taken up by an organism in several ways

through filtering water, sediment, or ingesting other

organisms. Birds (such as bald eagles and pel icans) and

mammals (such as seals and sea lions) that occupy higher

levels in the marine food chains usually have large amounts of
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fatty tissues, and are particularly likely to bioaccumulate

organic chemicals (Office of Technology Assessment, Congress

of the united states, 1987).

The ability of a metal to affect organisms depends

primarily on its form (e.g., dissolved or particulate, bound

to another substance or free), and this is greatly affected by

site-specific conditions. Some metals such as cadmium,

copper, nickel, and zinc, may dissolve and be slowly released

back into the water column, where they may be taken up by non

benthic organisms. zinc is soluble in an oxygen-rich

environment, while insoluble when combined with sulfide in an

oxyqon-poor environment. Metals can also be released as a

result of other changes, such as salinity fluctuations in

estuaries. Marine organisms can ingest metals, either

dissolved or particulate, which in some cases results in metal

accumulation in tissues. Mercury and cadmium tend to

bioaccumulate in marine organisms, while lead and arsenic do

not. Mercury in its methyl form is the only metal known to

biomagnify in successive levels of aquatic food chains.

Overall, marine pollutants can have effects on marine

living resources in reproduction, growth, metabolism,

behavior, and histological changes.

The Protection of Marine Ecosystem

On the global level, the near-surface layers of the world

oceans can be divided into 34 natural regions in terms of
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their physical and ecological characteristics (Bax, 1990, p.

190) .

The definition of LMEs is: "areas characterized by unique

hydrographic regimes, submarine topography, and trophically

linked popu lations" (Sherman & Alexander, 1986). Each LME has

its own pattern, process, and perturbation in biomass yield.

Natural environmental changes, such as circulation and

temperature, will cause perturbation of LMEs. Excessive

fishing mortality can also be a principal driving force for

long-term change in biomass yields of the LMEs.

Introduction of pollutants into the sea will also cause

changes in productivity and composition of the fish community,

as in the case of the Baltic ecosystem. Reproduction failures

in Baltic marine mammals have been caused by DDT and PCB

(Kullenberg, 1986, p. 25). There is potential damage to large

marine ecosystems from ocean waste disposal of municipal

sludges, radionuclides, petrogenic hydrocarbons,

organochlorine pesticides, and other hazardous substances.

Fish and shellfish can be killed in various ways, from the

depletion of oxygen to the crippling of an organism's nervous

system by certain toxic organic chemicals. other marine

living resources which can be affected seriously by marine

pollutants include: plankton, benthos, kelp, sea cucumber,

shrimp, crab, corals, and squids. To deal with the whole

issue requires a holistic approach to the management of LMEs,

rather than an approach of the sum of individual policies that
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focus each specific aspect separately (Sherman, K., 1986, p.

226) .

For the purpose of protecting marine ecosystems from oil

pollution by ships, the concept of special areas was

introduced by the 1973 MARPOL Convention. Its original

definition was: "special area means a sea area where for

recognized technical reasons in relation to its oceanographic

and ecological condition and to mandatory methods... the

prevention of sea pollution by oil is required" (Wonham, 1992,

p , 365).

Wonhan lists three criteria that should be applied in

deciding whether special area status should be granted:

oceanographic conditions, ecological conditions, and vessel

traffic characteristics. Special areas of oceanographic

conditions are areas of the concentration or retention of

harmful substances in the waters or sediments, such as

convergence zones, zones of temperature and salinity

stratification, zones of low flushing rates, etc. special

areas based on ecological conditions are areas for protection

and preservation of marine ecosystems from harmful substances,

such as areas of high natural productivity, spawning, breeding

and nursery areas for important marine species, areas of high

concentration of depleted, threatened o~ endangered marine

species, areas of rare or fragile ecosystems, areas of

critical importance for marine resources including fish stocks

and for the support of large marine ecosystems. Special areas

28



based on vessel traffic characteristics are the areas where

standards for discharge of harmful substances by ships should

be higher than the requirements of MARPOL 73/78 in the light

of the existing oceanographic and ecological conditions

(Wonham,1992). In these areas, the discharge of oil into the

sea is banned from all ships of 400 gross registered tons and

above, facilities for the reception of oily wastes in ports

must be provided, and solid wastes must be brought to port

(Van Dyke, 1992, p. 20).

In addition to "special areas", a concept of

"particularly sensitive sea areas" was defined by MEPC (the

Marine Environment Protection Committee) of IMO (International

Maritime organization). These are areas which meet one or

more of the following criteria: rare or fragile ecosystem,

dependence, representativeness, diversity, and productivity

(Van Dyke, 1992, p. 21). with regard to particularly

sensitive sea areas, IMO should consider what action would be

needed in order to enhance the protection of the mar ine

environment from pollution from ships and dumping of wastes.

Wonhan (1992, pp. 371-74) defines three kinds of criteria to

explicitly identify particularly sensitive sea areas: (1)

ecological criteria (uniqueness, dependency,

representativeness, diversity, productivity, naturalness,

integrity, and vulnerability) (2) social, cUltural, and

economic criteria (economic benefit, recreation, and human

dependency) and (3) other criteria (research, baseline and
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monitoring studies, education, and historical value) (Wonham,

1992, p. 371-74).

A regional approach to protecting marine ecosystems from

marine pollution is the UNEP's Regional Seas Programme which

has started in 1974. The Programme now works in ten regional

seas involving 120 States, one of which is the East Asian

region (Hayward, 1984, p. 117).

On the global level, many semi-enclosed and enclosed

seas, such as the Mediterranean and the Baltic, have been

defined as "special areas". However, at present none of the

East Asian seas has been legally defined as a "special area"

or "ecologically-sensitive area."

Therefore, it is necessary for sea use planners to

consider the use of the above regulatory measures to protect

marine ecosystems of semi-enclosed and/or enclosed seas from

marine pollution by ships. The application of such regulatory

measures to the Yellow Sea will be elaborated in Chapter 10.
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TABLE 3.1

BUdget of Petrolelm Hydrocarbons Introduced into the Oceans

Source
Input Rate (mta)*

Best Probable
Estimate Range

Reference

Natural seeps 0.6

Offshore production 0.08

Transportation

0.2-1.0 Wilson et al.,
1973

0.08-0.15 Wilson et al.,
1973

LOT tankers

Non-LOT tankers

Dry docking
Terminal operations
Bilges bunkering
Tanker accidents
Nontanker accidents

0.31

0.77

0.25
0.003
0.5
0.2
0.1

0.15-0.4 Result of Workshop@
panel deliberation

0.65-1.0

0.2-0.3
0.0015-0.005
0.4-0.7
0.12-0.25
0.02-0.15

Coastal refineries
Atmosphere
Municipal wastes
Coastal, Nonrefining
industrial wastes

Urban runoff

River runoff

Total

0.2
0.6
0.3

0.3
0.3

1.6

6.113

0.2-0.3
0.4-0.8

0.1-0.5

Brummage, 1973a
Feuerstein, 1973
storrs, 1973

storrs, 1973
Storrs, 1973
Hallhagen, 1973
same to above

Source: Petroleum in the Marine Environment (National
Academy of Sciences, 1975).

* mta, million metric tons
@A workship on Inputs, Fates, and Effects of Petroleum in the

Marine Environment, organized by the Ocean Affairs Board of
the National Research Council-National Academy of Sciences,
the united States in 1972.
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CHAPTER 4

SEA USE PLAnNING AND OCEAN ZONING

Planning for Sea Uses

objectives of Sea Use Planning

Marine policy makers of the Netherlands define five

general objectives for sea use planning: economic,

environmental, spatial, social/cultural, and

administrative/international. The general economic objective

of sea use planning, for example, is "the safe and efficient

use of the various opportunities offered by the sea, now and

in the future", including desired activities to "make the

greatest possible contribution to such aspects of the national

economy as employment and economic growth" (Second Chamber of

the States General, the Netherlands, 1989-1990, p. 32). A

general objective can be broken down into specific objectives

for each sea use, such as shipping, commercial fishing,

extraction of oil and gas, extraction of sea bed materials.

Sea use planning also has a general spatial objective: "a

careful balancing of potentially conflicting interests is

particularly important in connection with permanent and

localized uses of space II (Second Chamber of the States

general, the Netherlands, 1989-1990, p. 33). specifically, it

includes: (1) combining infrastructure facilities; and (2)

furthering multiple or shared use of particular areas and
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zones, i.e. preventing the exclusive use of space by

individual users.

The general environmental objective of sea use planning

is "to minimize marine pollution and avoid serious damage to

the marine environment". It is necessary to "obtain

indicators with which to determine the quality of marine

ecosystems" and to ensure "the responsible use of the physical

environment" (Second Chamber of the States general, the

Netherlands, 1989-1990, p. 35).

The general social/cultural objective of sea use planning

is "to maximize the contribution of the North Sea to the well

being of present and future generations, to increase our

scientific knowledge of the area, and to bring the social

security situation and working conditions of employees of the

companies exploiting the North Sea into line with those which

apply on land". The specific objectives include: (1) ensuring

the safety of employees; (2) contributing to outdoor leisure

activities; and (3) promoting the safety of persons in the

North Sea, etc. (Second Chamber of the States general, the

Netherlands, 1989-1990, p. 36).

The general administrativel international obj ective is

"working for the further development of a balanced and

effective battery of instruments, both national and

international, for administration and management" (Second

Chamber of the States general, the Netherlands, 1989-1990, p.

37) •
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A Framework for Sea Use Planning

In this dissertation, a framework for sea use planning is

proposed as consisting of four basic parts: (1) marine natural

characteristics: oceanographic features, marine natural

resources, and marine environment; (2) individual sea uses:

present status and potential for future development; (3)

multiple sea uses: conflicts and solutions (based on cost

benefit analysis in terms of environmental, social, and

economic effects and introducing legal and administrative

sectors in the policies for ocean management); and (4) ocean

zoning: dividing a whole sea area into smaller sea areas with

different characteristics for special ized individual policies.

For each special sea use, there are five constraints: (1)

the concerned physical conditions of the ocean; (2) future

economic and social demands for such sea use; (3) present sea

use status; (4) financial condition and relevant ocean

technology; and (5) existing and potential conflicts with

other sea uses. These constraints affect the decision-making

process of the sea use planning.

It is necessary to understand that sea use planning is

constrained by existing sea uses. Humankind has used the sea

for a long time. The present sea use status may not be proper

according to newly-developed technology and ocean knowledge.

Sea use planning should integrate existing and potential sea

uses together. On one hand, new plans need to be based on the

present sea use situation; on the other hand, present sea use
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patterns need to be adj usted to coincide with new

developments.

One important considera~ion involved in sea use planning

is human demands, a factor constrained by economic and social

development. Since sea use planning will work for a certain

period in the future, it is necessary to consider future

national or local demands for sea uses. The growth rate of

human demands can be defined through several possible

approaches, including analysing demographic data.

It is obvious that other factors which will constrain sea

use planning are financial conditions and present level of

ocean technology.

Sea uses also constrain each other. The ocean offers a

variety of uses for human beings. However, there are

sometimes conflicts between different sea uses. Solutions are

needed. Choosing the right areas for different kinds of sea

uses to avoid spatial conflicts, adjusting the time of the sea

uses to reduce or avoid conflicts, setting limitations or

prohibitions on certain kinds of sea use activities to reduce

or avoid conflicts with other sea uses, and regulating the

patterns and degrees of sea uses in a coordinated/cooperative

marine policy, are all ways to reduce or avoid sea use

conflicts.

Conflicts can be reduced by: (1) spatial avoidance; (2)

time adjustment; (3) coordinating the patterns and degrees of
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sea uses; and (4) limitation and prohibition of certain sea

uses.

There are at least three scales in sea use planning:

regional/local, national, and international. For sea use

planning on an international scale, transboundary issues need

to be considered. Furthermore, on an international scale,

maritime boundary disputes will make sea use planning more

difficult, and joint development may be considered as a

solution to the problem.

A comprehensive marine policy is based on plans for each

individual sea use. Each individual sea use has its own long

term and short-term objectives, general and specific policies

to reach the goals, possible conflicts with other sea uses,

and regulations or laws to coordinate these conflicts. It is

necessary to set optimum conditions and/or standards for each

specific sea use and to determine the priorities of the sea

uses in an ocean.

A comprehensive plan can be worked out by marine policy

makers after balancing and coordinating each individual sea

use plan. In most cases, sea use conflicts are bilateral.

Therefore, studies on bilateral sea use conflicts are

important for producing a multiple sea use plan.

Sea use planning also has a legal basis. According to

Vallega (1992, p. 188), the following articles of the 1982 UN
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convention of the Law of the Sea can be regarded as management

principles:

(i) archaeological and historical objects, art. 149;
(ii) pollution from land-based sources, art. 207 and

213;
(iii) pollution from activities on coastal seabeds,

art. 208 and 214;
(iv) pollution from ocean seabed and subsoil

activities, art. 145, 209 and 215;
(v) dumping, art. 210 and 216; navigation, art. 211

and 217-221; and
(vi) pollution through atmosphere, art. 212 and 222.

Most articles listed above concern marine environmental

pollution. In addition, the UNEP Regional Seas Program also

offers a legal base for ocean management at a regional level.

Exclusive Economic Zone (EEZ) Provisions of the 1982 UN

convention on the Law of the Sea also offer a legal basis for

ocean management. To protect marine resources and the

environment is an obligation of coastal states who have the

right to exploit the resources of the EEZ.

Decision-Making Process of Sea Use Planning

The decision-making process plays an important role in

defining an effective marine policy. All the steps of sea use

planning, such as prediction of future demands and

development, identification of areas of conflicts, selection

of appropriate sea uses for a special area, and formation of

a proper marine policy, rely upon making correct decisions,

based upon a detailed comparison of advantages and

disadvantages.
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Generally speaking, predicting future demand and

development of the sea uses depends on the previous growth

rate of development and possible future changes of the factors

affecting the growth rate. A demographic approach of

predicting is also very applicable, if a relationship between

the growth rate of future demand and the growth rate of

population can be established. A curve of the relationship

between future development and some relevant criterion is also

helpful for the prediction of future demands.

However, there is uncertainty in predicting future

development. Prediction cannot be very precise and certain.

Sometimes prediction is more a question of probability. This

makes decision-making very hard. For example, if policy A

will enable the fishermen to earn US $20 million per year,

with a probability of success of 50%, and policy B will help

the fishermen to earn US $15 million per year, with a

probability of success of 75%, what policy should we choose?

It will help decision-making, if policymakers can set up

a comparable level system for sea uses. Based on such level

system for example, if oil exploitation in a sea area can be

ranked at level 5 (high), while fishery activities can only be

ranked at level 4, then we can choose oil exploitation instead

of fisheries for this area, assuming that sea use conflicts

are exclusive and multiple sea uses are impossible. Another

approach is: to calculate net profits per unit of sea area for

each sea use, if the data are available. Policymakers cna
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choose the largest net profit use if these sea uses are

exclusive. However, not every criterion can be converted to

net profit in monetary terms. Also, the data will sometimes

be a problem. The original data could be expressed in

ordinals, intervals, and ratios. Sometimes conversion will be

difficult.

Even when the net profit is the same, the situation may

still not be so simple. It could at least present two cases.

One case could be high costs with high benefits, and the other

could be low costs with low benefits. Also, there may be high

environmental costs with high economic benefits, or low

environmental costs with low economic benefits. All these

situations are troublesome for decision making in sea use

planning.

In addition, environmental and social dimensions are

important. When marine environmental factors are strongly

involved, it is necessary to set up critical/dangerous levels

for each significant marine pollutant, and to know the

difference between such critical levels and existing

background values. Any input of permanent marine pollutants

into a special sea area should be calculated to see just how

seriously they will affect the environment, and what the cost

will be. However, it should be pointed out that the economic

loss due to the damage to marine living resources by marine

pollution may differ from the money of cleaning-up marine

pollutants from the sea. This makes decision-making
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difficult. It is also necessary to consider the term of sea

use planning (short or long), and the uncertainty or risks in

the future. Sometimes, it is necessary, based on the opinions

of experts or previous experience, to weight each item of the

sea uses. The way is: (1) to organize an expert group; (2) to

ask each expert to individually weight the ranking level of

each sea use in certain area; to statistically process their

weighting values (such as Analytic Hierarchy Process or

Cluster analysis).

Ocean Zoning

Classification of Ocean Zones

It is necessary to establish an ocean zone system for sea

use planning. The first-level ocean zones are defined based

on the relationship between environmental protection and

space/resource utilization as discussed in previous chapters.

In this chapter, two questions need to be answered: (1) is it

an area suitable for proper economic development and sea uses,

or an area which needs environmental protection? and (2) if

both are considered, then which one should receive more

emphasis and how can both objectives be reached? Based on

concerns of both sea uses and marine environmental protection,

four basic situations can be defined: (1) both sea use

potential and environmental concern are high; (2) the

potential of certain kind of sea uses is high, but the need

for environmental concern is low; (3) the potential of a
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certain kind of sea use is low, but the need for environmental

concern is high; and (4) both the potential of a certain kind

of sea use and the need for environmental concern are low.

Overall, to define a sea area for special future sea use

or uses, it is necessary to consider its physical

circumstances, resource availability, environmental pollution

status, present sea uses, potential use-to-use conflicts, and

other relevant economic, social, and administrative conditions

as well as technical feasibility. certain criteria will be

needed for the classification of sea use zones (Appendix I).

Sea Water Quality of Ocean Zones

Most countries divide sea water quality into three

levels, i. e., first class, second class, and third class,

although they may have different criteria and standards for

these classes. First-class sea water quality is required in

the ocean zones where marine environmental quality influences

the safety and health of human beings; natural marine parks,

zones for sea water desalinization, marine scientific research

zones, aquacultural zones, prohibited fishery zones, protected

spawning/breeding zones, and preserved marine rare resource

zones are examples. Second-class sea water quality is

required in marine sport zones (sea water swimming for

example), marine tourist zones (sightseeing for example).

Third-class sea water quality is set up as a minimum

requirement for certain ocean zones which have been chosen for
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industrial uses, ports, or places for the release of domestic

sewage, industrial waste, and dredged materials, such as

marine dumping zones, marine industrial zones, and certain

marine transportation zones.

Maps of Ocean Zones

There are two ways to illustrate the ocean zones: (1)

polygon/line/point maps; and (2) grid maps. Each kind of map

has its own advantages, and the two can be supplementary.

Polygon/line/point maps can show exactly the locations of sea

uses, the stages of planned proj ects, and the areas of

conflicts or interactions between various criteria. Grid maps

can show the values of any criterion in different grids, the

order/hierarchy of sea uses and their conflicts in each grid.

It has an advantage in terms of management.
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PART II

SEA USE PLANNING: THE CASE OF THE YELLOW SEA
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CHAPTER 5

INTRODUCTION TO SEA USE PLANNING IN THE YELLOW SEA

This study will not only contribute to a better

understanding of the basic framework of sea use planning, but

also to better management of marine environmental and resource

problems in the Yellow Sea. The idea of developing a sea use

plan for the Yellow Sea is derived primarily from the

excellent example of the North Sea. The Yellow Sea is also a

shallow semi-closed sea with abundant fishery and potential

petroleum resources. The potential conflicts between

shipping, petroleum development, fisheries, and dumping, and

the impacts of the sea use activities on marine environmental

protection need to be carefully considered. The quickening

pace of economic development in the countries bordering the

Yellow Sea foretells a new era of economic cooperation around

the Yellow Sea Rim. As a corollary, there will be more land

based industrial or domestic pollution as well as sea-based

pollution, produced by increasing commercial shipping

activities or by occasional accidental spills. The Yellow Sea

already has significant problems of pollution and overfishing.

These will increase and become serious if integrated planning

and policies are not developed and implemented.

There have been two major international meetings on

Yellow Sea marine resource development during the 1980s. The
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Workshop on Marine Resource Development in the Yellow and East

China Seas was held at the University of Southern California,

Los Angeles, December 19-20, 1983. Another was the

International Conference on the Yellow Sea, held at the East

West Center, Honolulu, Hawaii, June 23-27, 1987. These

international conferences focused on transnational ocean

resource management issues and options for cooperation. The

conferences showed that there is an increasing desire for

international cooperation in resource management and marine

environmental protection issues in the Yellow Sea.

Improvement in political relations makes such cooperation

possible. A study for sea use planning in the Yellow Sea

would provide the basis for such international cooperation and

encourage discussion of urgent marine issues by countries

surrounding the Yellow Sea. The Atlas for Marine Policy in

East Asian Seas (Morgan and Valencia, 1992) provides a

baseline for this study. The study by Chinese and Korean

marine scientists of the coastal zones and sea areas of the

Yellow Sea provides timely and relevant information.

Marine Issues in the Yellow Sea

The fast pace of industrial development in the coastal

zone has resulted in a rapid increase in pollution of the

Yellow Sea, threatening the marine ecosystem. Pollution

sources in the western part of the Yellow Sea include domestic

sewage, industrial wastewater, oil discharges from vessels and
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ports, oil and oily mixtures from oil exploration, and

chemicals. More than 100 million tons of domestic sewage and

about 530 million tons of industrial wastewater from coastal

urban and rural areas are discharged into the western area of

the Yellow Sea. Industrial wastewater and domestic sewage are

also discharged into the eastern area of the Yellow Sea from

the Korean Peninsula. More than 100 red tides occurred at

oyster growing areas and local fishing grounds around the

south coast of the Korean Peninsula between 1972 and 1979.

And chemical oxigen demand (COD) increased sixfold to 300,000

MT, from 1978 to 1987. In the western portion of the Yellow

Sea, 60% of all oil pollution comes from domestic sewage and

industrial wastewater; 39.7% comes from ships and coastal oil

fields, only 0.3% comes from offshore platform operations

(Valencia, 1987, p. 71). COD, heavy metals, and chemicals are

other major pollutants. In company with the development of

trade through direct shipping between the Republic of Korea

and China, and the possibil i ty of future petroleum

exploration, oil pollution in the next decade could be much

more serious than today. Potential marine pollution needs to

be carefully examined, because of increasing shipping and

petroleum exploration activities.

overfishing is also a significant problem in the Yellow

Sea. Since China, North Korea, and South Korea are coastal

nations with high population densities, fishing in the Yellow

Sea is an extremely important source of protein for their
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people. The total catch in the Yellow and East China Seas

increased from 2.7 million tones in the 1970s to more than 4

million tones in 1980s (Yang, 1989/90). But according to

Chinese estimates, the maximum sustainable yield may be only

2.55 million tons - 0.87 million tons in the Yellow Sea and

1.68 million tons in the East China Sea. Such overfishing

contributes to a qualitative decrease in yield. So while the

total catch continues to increase, its composition is

changing. Smaller, faster-growing, low-value fish have

replaced the larger, longer-lived, higher-quality fish. The

dominant species in the 1950s and 1960s was the little yellow

croaker, while Pacific herring, chub mackerel, and large

yellow croaker became more common during the 1970s (see

Appendix V for scientific names). The black scraper became

dominant during the 1980s. Chinese fisheries biologists fear

that Yellow Sea fisheries may become exhausted in the near

future, which could lead to international fisheries conflicts

(Yang, 1989/90).

There are also spatial conflicts of other sea use

activities. Planners need to choose a best use for a certain

area: marine dumping, military purposes, national marine park,

cable laying, and mining. There are now direct shipping

connections between Weihai in China and Inchon in the ROK, and

between Tianjin in China and Inchon in the ROK, respectively.

It is expected that the potential increase of direct shipping

47



activities between two countries will produce more marine

pollutants in the Yellow Sea.

Though there is less potential of oil and gas resources

in the Yellow Sea than in the East China Sea as shown by

Chinese studies (Guo, 1986, p. 84), it is reasonable to think

that oil exploration and exploitation in the Yellow Sea will

probably be developed in the future. At present, though only

0.3% of oil pollutants come from offshore platform operations

in the Yellow Sea, they will quickly increase after the

surrounding countries decide to develop offshore oil and gas

resources in the region. Offshore oil-and-gas production will

not only conflict with other sea use activities, such as

fisheries and marine parks, but may also cause very serious

marine pollution. Comprehensive sea use planning will avoid

or reduce such conflicts.

Previous Studies

Of all the East Asian countries China has conducted the

most research in the Yellow Sea on fisheries, marine

petroleum, and marine environmental protection, followed by

the Republic of Korea and Japan. At present, there are no

data available from the DPRK.

The ROK's marine policy was examined by Seo Hang Lee in

his dissertation, South Korean Marine Policy and the Law of

the Sea (1984). As he points out, offshore oil exploration

and shipping are receiving greater priority with the develop-
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w.ent of science and technology, and the rapid industrializa

tion of the ROK's economy. Oceanborne trade accounted for

more than 99% of total foreign trade of the Republic of Korea

in 1980. Fishery product exports constituted 5% of total ROK

exports in 1980. According to the 1981 surveys of coastal

pollution, the water bodies of Inchon, Ulsan, Pusan, Yeosu and

Masan in the western and southern coastal seas proved to be

highly polluted with toxic metals and other pollutants.

Though he separately examined marine policies for each kind of

marine issue, distinguishing issues without making linkages

among them, he considered the necessity of an integrated

marine policy for ROK.

Yann-huei Billy Song examined China's ocean policy with

regard to the EEZ and marine fisheries issues (Song, 1989).

The three key areas of the 1979 policy were (1) protection and

reasonable uses of resources; (2) making better and full-use

of the water surface and developing aquaculture; and (3)

maintaining fish at optimum freshness for processing. On

February 10, and 12, 1979 the State Council promulgated

"Regulations on Breeding and Protecting of Aquatic Resources"

and "Water Quality Standards for Fisheries". The same author

also examined China's shipping policy (Song, 1990). China's

shipping routes, both coastal and international, have expanded

rapidly since the late 1970s. As of 1985, there were 60 cargo

shipping routes in China's Northern Transport Area and as of

1986, about 27 international shipping routes were available.
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Yang Jinsen and Gao Zhiguo (1990), in The Marine Policies

of Asian and Pacific Regions (in Chinese), briefly summarized

the marine policies of Asian and Pacific countries, including

China, North Korea and South Korea. Luo Yuru et al. (1985)

addressed the contemporary marine issues of China, their

historic background, the present situation of sea use, and the

problems and policies for future development. John King

Gamble, Jr. (1977) explained his view of China's marine

policy, both from security and resource aspects.

Chinese scientists have recently completed studies on sea

use planning in the Bo Hai Sea and the Yellow Sea. However,

the scientific results have not been pUblished yet.

Livengood's (1990) thesis focuses on an integrated

approach to marine pollution and overfishing problems in the

North Pacific region. His study, at a general level, covers

the Yellow Sea, one of the semi-enclosed seas in the North

Pacific.

Fisheries studies of the Yellow Sea are quite detailed,

particularly by Chinese, Japanese, and Korean scientists.

Yamada et a l . (1986), quantitatively examined the fishery

resource distribution in the Yellow Sea by species in terms of

catch per unit effort (CPUE). Yu (1991) and Wang (1992)

examined China's law and marine policy relating to fisheries

in the Yellow Sea and other bordering seas. Kawasaki (1987)

analyzed the fisheries problems in the Yellow Sea and East

China Sea. Most demersal stocks in the Yellow and East China
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Seas have their spawning and nursery grounds along the Chinese

and western Korean coasts. As they develop and grow, the

preadults and adults migrate and winter on the continental

shelf offshore. According to his analysis, the demersal

stocks of the Yellow and East China Seas have been

overexploited, and some of them, for instance the Yellow

croakers, could become extinct. China has pUblished several

important fishery studies since 1989 (Chen, 1991; Tang et ai"

1990; Bureau of Aquaculture, Ministry of Agriculture, 1990;

Editorial Group for Marine Fishery Resource of China, 1990;

Editorial Group for Marine Fishery Regionalization of China,

1990) .

China published an atlas concerning the marine

environment of the Yellow Sea as well as a valuable book on

marine environmental pollution issues in the Yellow Sea

(National Bureau of Environmental Protection, China et al.,

1990), though it covers only the western part of the Yellow

Sea. Wan (1987) analyzed the major marine pollutant movements

in the Yellow Sea. He concluded that the pollutant concentra

tions decrease quickly with increasing distances following a

power series. Shi et ale (1982) examined Chinese nearshore

seawater samples of the Yellow Sea. They pointed out that of

366 seawater examples, about 88.1% had oil residuals, and

56.8% of them had concentrations higher than the maximum

allowed concentration standard (0.05 ppm). The most polluted

area is Laizhou Bay.
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Marine petroleum is an important resource in the Yellow

Sea. Peng and Zheng (1982) analyzed the marine geological

structure of the Yellow Sea and suggested that the North

Yellow Sea Basin has the possibility of oil-production,

especially in Depression No.8. Guo (1986) discussed the

geological differences between the Yellow Sea, the East China

Sea and the South China Sea. He concluded that the South

Yellow Sea Basin has less petroleum prospects than other

offshore oil-bearing basins. other analyses on the oil and

gas potential of the Yellow Sea include the studies done by

Chen (1986) and Peng (1986). Information on the geological

structure and the petroleum potential of the Yellow Sea also

was given by Valencia (1989) in Offshore North-East Asia. The

Economist Intelligence unit, London, Special Report No. 1139.

There are a few studies on shipping activities in the

Yellow Sea. Chen (1988) analyzed the marine traffic trends

between China and south Korea. He pointed out that there were

fewer lines linking south Korean and Chinese ports (direct

shipping) than those between the ROK and Hong Kong (indirect

shipping) before 1988. The Atlas for Marine Policy in East

Asian Seas (Morgan and Valencia, 1992) illustrates the spatial

distribution of marine traffic densities in the geographic

grids of the Yellow Sea, based on the data of Llord's Register

of British and Foreign Shipping from late 1970s to 1987.

Multinational interest in a comprehensive marine policy

to manage the natural resources and environment of the Yellow
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Sea has been increasing rapidly since the 1980s. American

scientists have contributed to this interest during the past

10 years. Fruitful research has been conducted at the East

West Center. International Conference on the Yellow Sea

(Valencia, 1987) covers most of the important issues,

including physical features, fisheries, pollution, petroleum,

and shipping in the Yellow Sea.

All the above-mentioned studies have constructed a strong

basis for our further study. They provide the basic concepts,

the foci, the necessary data, and the research methods.

However, it has to be pointed that there is contradiction in

the data from the Yellow Sea, especially in the data of the

distribution of living (fishery) and non-living (petroleum)

resources.

The Goal of this study

The ultimate goal of this study is to plan for the

comprehensive use of marine space and natural resources in the

Yellow Sea for the next decade, in a manner that minimizes

marine environmental degradation, reduces the existing and

potential sea use conflicts, and makes the most efficient use

of resources. It has four focus is : planning for sea uses;

planning for marine resource management; planning for marine

environmental protection; and planning for maritime services.

Transnational issues are of major concern and the work is at

a regional scale.
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Defining Sea Areas and ~ Geographical Grid System

In this paper, the coastal water is defined as the water

out to a depth of 15 meters. Between 15 and 40 meters is

called nearshore water, and more than 40 meters is called

offshore deeper water.

A geographic grid system is adopted in this paper for

locating precisely natural elements, marine resources, marine

environmental pollution, and sea uses in the Yellow Sea. Each

basic grid is one degree latitude wide and one degree

lon~itude long. The last number of the lowest latitude and

the last number of the lowest longitude of a grid are chosen

to name the grid. For example, grid 63 (G63) is the grid with

latitude 36°00'N-37°00'N and longitude 123000'E-124°00'E. For

the grid with latitudes from 40 000'N to 41°00'N, the number

chosen to represent such latitudes is 10. For example, G102

is the grid with latitudes from 40 000'N to 41°00'N and

longitUdes from 122°00'E to 123°00'E. For the grids with

longitudes less than 120000'E, Z, Y, X are used to represent

grids with longitudes from 119°00'E to 120000

'E, from 11So00'E

to 119°00'E, and from 117°00'E to 11So00'E, respectively. For

example, GSZ is the grid with latitudes from 3So00'N to 39°00'N

and longitudes from 119°00'E to 120
000'Ei and GSY is the grid

with latitudes from 3So00'N to 39 000'N and longitudes from

11So00'E to 119°00'E (Figure 5.1).

Furthermore, each basic grid is equally divided into four

small grids 0.5 latitude wide and 0.5 longitude long: a, b, c,
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and d. The "a" is the upper left square of a basic grid, "b"

is the upper right one, "c" is the bottom left one, and "d" is

the bottom right one. Therefore, G63a (Grid 63a) is a small

grid with latitude 36°30 'N-37°00'N and longitude 123°00!E

123°30'E, G63b is the small grid with latitude 36°30'N-37°00'N

and longitude 123°30'E-124°00'E, G63c is the small grid with

. ° ° . ° °La't i t.ude 36 00'N-36 OO'N and Lonq i tiude 123 OO'E-123 30'E, and

G63d is the small grid with latitude 36°00 'N-36°30 'N and

longitude 123°30'E-124°00 IE.

The areas of grids change with the latitudes and

longitudes (Tables 5.1, 5.2).

Regional Development of the Yellow Sea Rimland

The development of the Yellow Sea rimland has the

potential to affect the marine environment in coastal and the

offshore waters, and hence the marine resources of the Yellow

Sea. In the Yellow Sea, as elsewhere, coastal zone management

has implications for ocean management. The ROK's west coast

has a very long shorelines (2670 km) and vast areas of

tideland (the tidal range is about 8m at Inchon). In October

1989, the ROK has implemented the West Coast Development Plan,

which consists of 126 diverse projects to be completed by 2001

(Lee, 1991, p. 1). According to the plan, two thirds of the

planned 23 power stations fired by thermal and nuclear fuel

are supposed to be located in the west coast region of the

ROK. This has both positive and negative effects on the sea
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uses in the Yellow Sea and on the physical and ecological

environment. After the construction of the planned thermal

power stations, the ROK will need to import more mineral fuel,

i.e., petroleum and coal, from overseas countries, as the ROK

is not an energy-rich country. Acceleration of marine

transportation activities in the Yellow Sea can be expected.

On the other hand, the planned power stations will produce

more industrial waste, a significant source of land-based

marine pollution in the Yellow Sea. The dispose of the ROK's

nuclear waste is a serious problem. Those who live in the

west coast of the ROK strongly oppose the dumping of nuclear

waste in the Yellow Sea. In November 1990 about 20 i 000

residents of the ROK living in Anmyondo protested the reported

siting of the nuclear waste depository. This demonstration

was triggered by the report that the nuclear waste depository

would be located on a small island off the west coast (Lee,

1991, p. 11). As the ROK is a small country, nuclear waste

disposal is becoming a serious problem that can only be solved

through international cooperation.

The ROK government is currently paying more attention to

the construction of sewage treatment plants. It is predicted

that in 2001, 258 cities and towns of the ROK will have sewage

treatment plants and 75% of all domestic sewage generated will

be treated before entering the rivers and the sea. Of the 126

projects of the west Coast Development Plan, 21 projects are

for construction of sewage treatment plants for coastal and
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inland cities (Lee, 1991, p. 13). This certainly will reduce

land-based marine pollution caused by industrial waste and

domestic sewage. Also, planned de-sulfurization facilities

will reduce the sulfur content of petroleum. There are 11

sewage treatment plants on the west coast. Except for Seoul,

only six west coast cities have sewage treatment plants. The

ROK's sewage treatment rate was reported to be 28% nationwide

in 1989. However, the government plans to invest heavily in

sewage treatment plants. This will increase the sewage

treatment rate from 28% to 70% in 2001. About 33 new sewage

treatment plants will be located in the west coast area. This

will reduce the waste input to the Yellow Sea (Lee, 1991, p.

18). The concept of China's Bo Hai-Yellow Sea Economic Region

was formulated in 1984 as a part of China's open door Policy

for regional development (Yeung et al., 1992, p , 61). It

consists of three provinces (Hebei, Liaoning, and Shandong)

and two independent municipalities (Beij ing and Tianj in). The

total length of the coastline of the region is 5,800 km, about

31.2% of China's total. In 1988 the major ports of this

region handled 181.76 million tons of goods, about 40.8% of

the total amount handled by China's maj or coastal ports,

including 90.73 million tons of foreign trade goods, about

59.8% of the total foreign trade goods handled by China's

major coastal ports (Communication Study Group of "The Bo Hai

Yellow Sea Region Economic Development Plan", 1989, pp. 6,

11). Major coastal cities in this region are Tianjin, Dalian,
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Qinhuangdao, Yantai, Qingdao, Shijiushuo, and Lianyungang.

Most of these cities are well located for transportation links

with Europe and Northeast Asia, in particular Japan and the

ROK. For instance, Dal ian, Tianj in t and Lianyungang are three

of the four terminals of the four major Eurasian routes across

China. Their potential for port development to link East Asia

and West Europe through land-sea is great. Also, North and

Northeast China are rich in petroleum and coal resources.

Dalian, Tianjin, Qinhuangdao, Qingdao, and Lianyungang are

connected with large inland oilfields and coal mines of North

and/or Northeast China by railroads or pipelines. There are

12 oil pipelines in this region (Communication study Group of

"The Bo Hai-Yellow Sea Region Economic Development Plan",

1989, p. 7). These cities are important for China's exports

of energy resources (coal and petroleum) to the ROK, Japan, or

other countries. They are also important for China's

interregional transportation between north and south through

the Yellow Sea.

As the Bo Hai-Yellow Sea Economic Region is one of

China's major heavy industrial regions, land-based marine

pollution in this' region is serious. For example, it is

estimated that the annual discharge of wastewater into

Jiaozhou Bay is about 49 million tons, containing some 290,000

tons of heavy metals, petroleum, and other harmful substances

(Yeung, 1992, p. 104). Also, water and energy shortages are

serious problems in the region. Similar to the West Coast
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Region of the ROK, to solve the energy-shortage problem,

China I s Bo Hai-Yellow Sea Region needs more thermal and

nuclear power stations. This will certainly cause more land

based pollution. At present, China I s industrial waste

treatment rate is still low. In 1988, the rates of industrial

waste treatment of Shandong, Hebei, and Liaoning provinces

were 28.3%, 34.7%, and 31.5%, respectively. It is planned

that in the year 2000 the industrial waste treatment rate for

all three provinces will be 40% (Gao, 1991, pp. 37-39). On

the other hand, urban domestic sewage will increase greatly by

the year 2000. It was 4.77 million tons in 1988 in Shandong

province, while in 2000 it was estimated to be 8.06 million

tons. In 1988 it was 3.06 million tons in Hebei province,

while in 2000 it will be 5.48 million tons. In 1988 it was

6.99 million tons in Liaoning province, while in 2000 it will

be 9.85 million tons (Gao, 1991, pp. 35-36). Therefore, land

based marine pollution will be reduced and better managed if

the rate of industrial waste treatment could be increased. On

the other hand, pollution will be more serious if the amount

of urban domestic sewage increases without proper treatment.

Although there is a difference in the industrial waste

treatment rates between the ROK and China, the west coast of

the ROK and the Bo Hai-Yellow Sea Region of China have a great

deal of similarity: (1) both regions are expected to have a

rapid economic development in the next decade; (2) both

regions are short of energy, and the disposal of nuclear waste
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will be a serious problem; (3) both regions will increase

industrial waste treatment capacity (China, 40% and the ROK,

70%) and (4) domestic sewage is a major source of land-based

marine pollution, although in the ROK case, it will be reduced

significantly by 2001.

From the viewpoint of controlling land-based marine

environmental pollution, China's situation seems to be much

more serious than the ROK, although the Yellow Sea bordering

countries share the same basic marine environmental problems.

Thus, international cooperation among the ROK, DPRK, and China

on the issue of marine pollution caused by future coastal

development is necessary.

Defining An Area for International cooperation

The countries bordering the Yellow Sea have not yet

solved their marine boundary disputes.

Of the three bordering countries, only the DPRK declared

an exclusive 200-mile economic zone (EEZ) (Park, 1990, p. 46).

The ROK has persisted in the equidistance principle, adopting

an medium line, while China has insisted on the natural

prolongation of the land territory principle (Figure 5.2).

The disputes over marine boundaries are partially caused

by the nature of the seas. The ocean has a dual structure: it

is composed of both the water column and the sea-floor. The

living resources, including fishery resources, exist in water

column, while the non-living resources, including petroleum
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resources, exist under seafloor. Since 1950s, for the purpose

of dividing marine mineral and petroleum resources the

principle of the natural prolongation of continental shelf has

been well accepted. Since 1970s, for the sovereignty of

states over their coastal fishery resources, the principle of

200 nm EEZ has been broadly accepted. However, the

contradiction between the two principles has not been solved.

The 1982 united Nation Law of the Sea Convention also has

encouraged such marine boundary disputes. The Convention

produced an obvious controversy by introducing dual principles

regarding marine boundaries: the principle of the natural

prolongation of the continental shelf and the principle of the

200-mile nm Exclusive Economic Zone. Second, some articles of

the Convention are vague or too general, leaving the details

and their implementation to the bordering countries. Third,

the introduction of the 200-mile EEZ into the Yellow Sea, that

is a semi-enclosed sea with no width greater than 400 miles,

has created many overlapping boundary claims, making the issue

very complicated.

To solve the existing marine boundary disputes will

require a long-term process of bilateral and multilateral

negotiations among the bordering countries, involving both

scientists and policy makers in.

However, the bordering countries should not wait for the

ultimate settlement of marine boundary disputes to begin to

cooperate on managing marine resources and protecting the
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marine environment of the Yellow Sea. The problems of marine

resources and environmental issues in the Yellow Sea are

urgent and serious. To solve those problems, international

cooperation is necessary. The best area for international

cooperation seems to be the seawater area beyond the

territorial seas and contiguous waters of the bordering

countries. In other words, the area for international

cooperation is the offshore water more than 24 miles from the

coastline.

Since it is the area where marine boundary disputes exist

and transnational marine issues occur frequently, and each of

the bordering countries do not have the capability to monitor

and enforce their own marine laws and regulations on the

marine environment in such a large area, regional and/or

international cooperation are absolutely necessary.
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Table 5.1

Geographical Grids and Areas

Latitudes of grids Length of Length of Area of
One Degree One Degree the grids
of Longitude of Latitude (1, 900

at at km)
Different Different
Latitudes Latitudes

(km) (km)

31°00' - 32°00'N 95.001 110.874 10.533
32"00 ' - 33°00'N 93.975 110.892 10.421
33°00 ' - 34°00'N 92.921 110.910 10.306
34°00' - 35000'N 91.839 110.928 10.186
35°00 ' - 36°00'N 90.728 110.947 10.066
36°00 ' - 37°00'N 89.590 110.966 9.941
37°00' - 38°00'N 88.425 110.985 9.814
38°00 ' - 39°00'N 87.232 111.004 9.683
39°00 ' - 40000'N 86.013 111. 023 9.549

31°00' - 40000'N 90.636 110.948 10.055
(in average)

Source: Raisz, Erwin, 1962. principles of Cartography.
McGraw-Hill Book Company, Inc.: New York, pp. 148-149.

63



Table 5.2

Geographical Grid system and Relevant

Latitudes and Longitudes

Geographic grids

G81
G82
G83
G84
G71
G72
G73
G74
G61
G62
G63
G64
G65
G50
G51
G52
G53
G54
G55
G40
G41
G42
G43
G44
G45
G31
G32
G33
G34
G35
G21
G22
G23
G24
G25

Latitudes and longitudes

(38°00 I -39°00 IN; 121°00 I -122°00 I E)
(38°00 '-39°00 'N; 122°00 '-123°00 'E)
(38°00'-39°00'N; 123°00 '-124°00 'E)
(38°00 I -39°00 IN; 124°00 I -125°00 I E)
(37°00 I -38°00 IN; 121°00 I -122°00 I E)
(37°00 I -38°00 IN; 122°00 I -123°00 I E)
(37°00 '-38°00 'N; 123°00 '-124°00 'E)
(37°00 '-38°00 'N; 124°00 '-125°00 'E)
(36°00 '-37°00 'N; 121°00 '-122°00 'E)
(36°00 I -37°00 IN; 122°00 I -123°00 I E)
(36°00 1-37°00 IN; 123°00 1-124°00 1E)
(36°00'-37°00IN; 124°00 '-125

000

'E)
(36°00 '-37°00 'N; 125°00 '-126°00 'E)
(35°00'-36°00'N; 120

000

'-121°00 'E)
(35°00'-36°00'N; 121°00 '-122°00 'E)
(35°00 I -36°00 IN; 122°00 I -123°00 I E)
(35°00 '-36°00 'N; 123°00 '-124°00 'E)
(35°00 I -36°00 IN; 124°00 I -125°00 I E)
(35°00 I -36°00 IN; 125°00 1-126°00 I E)
(34°00 '-35

000

'N; 120
000

'-121°00 'E)
(34°00 I -35°00 IN; 121°00 1-122°00 IE)
(34°00 '-35

000
'N; 122°00 '-123°00 'E)

(34°00 I -35°00 IN; 123°00 I -124°00 I E)
(34 °0 0 1-35°00 IN; 124°00 I -125°00 I E)
(34°00 '-35

000

'Ni 125°00 '-126°00 'E)
(33°00'-34°00'N; 121°00 '-122°00 'E)
(33°00 I -34°00 IN; 122°00 I -123°00 I E)
(33°00 '-34°00 'N; 123°00 '-124°00 'E)
(33°00'-34°00'N; 124°00 '-125°00 'E)
(33°00'-34°00'N; 125°00 '-126°00 'E)
(32°00' -33°00 1N; 121°00 1-122°00 I E)
(32°00'-33°00'N; 122°00 '-123°00 'E)
(32°00 1-33°00 IN; 123°00 1-124°00 1E)
(32°00 '-33°00 ' N; 124°00 '-125°00'E)
(32°00 1-33°00 1N; 125°00 1-126°00 1E)
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FIGURE: 5.1
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CHAPTER 6

THE NATURAL SETTING

The Yellow Sea is one of a series of marginal seas off

the eastern coast of the Asian continent. It is surrounded to

the east by the Korean Peninsula; to the west by four coastal

regions, i.e., the Liaoning Peninsula, Bo Hai Sea, the

Shandong Peninsula, and the Jiangsu Plain of the Chinese

continent, and the East China Sea to the south. The Bo Hai

Sea, the Yellow Sea, and the East China Sea together form a

large sea unit which is similar to the Sea of Okhotsk, in

regard to submarine geomorphological features (continental

shelves occur over a large proportion, and each has a trough

and an island arc in the southeast), in contrast to the South

China Sea and the Sea of Japan, which have narrow continental

shelves and have oceanic crust in the center. The boundary

between the Bo Hai Sea and the Yellow Sea is a straight line

from Laotieshanxia of the Liaoning Peninsula to Penglai-Tou of

the Shandong Peninsula. The boundary between the Yellow Sea

and the East China Sea is a straight line from Qidongzui on

the north coast of the Yangtze River mouth, china to Cheju

Island, Korea. The boundary dividing the Northern Yellow Sea

and the Southern Yellow Sea is a straight line between

Chengshantou, China, and Bailing Island, Korea.

67



The total area of the Yellow Sea is 380,700 square

kilometers, of which the Northern Yellow Sea is 71,300 square

kilometers, and the Southern Yellow Sea is 309,400 square

kilometers (Qin, 1989, p. 1). No water depth exceeds 103

meters (Figure 6.1).

Geomorphology

The Yellow Sea has an average depth of 44 m with a

maximum depth of 144 m (Geng, 1981). Its shallow seafloor is

a part of the continental shelf that extends towards the

southeast to the Okinawa Trough in the East China Sea. The

seafloor slopes gently from the Chinese continent and more

rapidly from the Korean peninsula towards the center down to

a north-south trending submarine valley with its axis close to

the Korean peninsula (Figure 6.1). The average slopes of the

North Yellow Sea and the South Yellow Sea are 00°00' 44" and

00°00'50"-00°01 140", respectively (Geng, 1981, p. 423). 1.6

billion tons of sediments are derived annually from the

surrounding landmass of China and Korea, mostly from the

Yellow and the Yangtze Rivers (Valencia, 1987, p. 6). Except

offshore from the Old Yellow River Mouth, the bottom deposits

in the west part of the Yellow Sea are mainly silt and mud,

while those to the east are mainly relict sands, deposited

before glaciation. The fine-grained sediments of silty and

muddy layers that covered the sand layer were derived mainly

from the large rivers of China (the Yellow and the Yangtze)
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since the last glacial time. Offshore Jiangsu province there

are two ancient river deltas. The one occupying the southwest

part of the Yellow Sea was formed by the ancient Yellow River

during the Quaternary. On the top of that delta there is

another smaller delta formed by the ancient Yellow River in

historical times. In addition, there are tidal current sand

ridges offshore of the Yalu River, the southwestern Korean

peninsula, and Jiangsu province (Figure 6.2). On the edge of

the ancient Yellow River delta formed during Quaternary, there

are several inselbergs. Offshore Shandong province, there is

a submarine terrace with its outside cliff facing towards the

east (Figure 6.2).

Climate

Air Temperature

Since the Yellow Sea is a shallow continental sea, the

air temperature of the region strongly affects its sea water

temperature. In the nearshore shallow water area, changes of

sea water temperature correspond with that of air

temperatures. The only difference is a slight time delay.

For example, during years with colder winters, the spring

bottom water temperature of the fishery grounds in the

northern and central parts of the Yellow Sea, from March to

May, will be lower than that in normal years. This will

result in a delay of the northward migration of shrimp and

demersal fish and the fishery season. The air temperature of
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the Yellow Sea region is influenced by both the latitude and

the distribution of land and sea. The lowest annual mean

temperature is found in Dalu island. On the Chinese side,

most coastal areas of the Yellow Sea have a continental

cl imate. Only a few places, such as Chengshantou and Shi

Island, have a maritime climate (Bureau of Aquaculture,

Ministry of Agriculture, 1990, p. 12). According to

statistical data from 1971 to 1982, the lowest air temperature

on the Chinese side occurred mostly in January, followed by

February and December. The highest air temperature was over

30°C with a maximum of 38.3°C in Qinhuangdao on July 13, 1972

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p. 13).

Winds

The Yellow Sea is in the East Asian monsoon region.

Hence, wind directions experience seasonal changes. In

winter, the prevailing winds are north and northwest, while in

summer, especially from June to August, they are south and

southeast. In summer, the frequency of strong winds (force 6

or stronger, on the Beaufort scale) is about 10-20%. In

general, the winter monsoon is stronger than the summer one.

Annual mean wind speed is 4-7 m/s. In the North Yellow Sea,

the north wind is most frequ8nt, followed by the south wind.

In the South Yellow Sea, east or southeast winds dominate.

Second is the northwest wind (Bureau of Aquaculture, Ministry

of Agriculture, 1990, p. 8).
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precipitation

The annual mean precipitation in the Bo Hai Sea and the

Yellow Sea region is about 626 mm, and shows strong seasonal

changes. Rains are concentrated in the summer from June to

September. Rains in this period constitute about half of the

annual precipitation, greatly increasing the runoff and

bringing abundant nutrients into the waters. This is

significant for fish breeding and spawning (Bureau of

Aquaculture, Ministry of agriculture, 1990, pp. 14-15).

Foq

Fogs are common over the Yellow sea. They are mostly

advection fogs. Annual fog days are less in the South Yellow

Sea (13-15 days) than in the Central and North Yellow Sea (32

77 days). Fogs affect fishery production, especially the

production of chub mackerel. spring and summer, especially

from April to July, are fog seasons. They are also the

seasons of chub mackerel purse seine fishery production in the

Central and North Yellow Sea. Fog will affect visibility as

well as the ability of fishermen t.o see the fish school

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p. 16).

Severe Weather

Typhoons

Typhoons are the major severe weather conditions

occurring in the Yellow Sea. Summer, from June to September,
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is the typhoon season. There are three major typhoon paths:

(1) from near Taiwan, landing somewhere between Wenzhou and

Xiamen, then northward through between Shandong and Shanghai

to enter the Yellow Sea; (2) from between Taiwan and the

Ryukyu Islands, northward through the northern part of the

East China Sea to enter the Yellow Sea; and (3) from between

the Ryukyu Islands and western Japan westward to enter the

Yellow Sea. Typhoons can cause serious losses to fisheries

and marine navigation. The No.16 typhoon on August 29, 1974

was a typical example (Bureau of Aquaculture, Ministry of

Agriculture, 1990, p. 8).

Cold Waves

Cold waves are another severe weather pattern. They may

happen between October and May. During a cold wave, the

temperature drops sUddenly. The cold wave lasts about 10

days. It may also cause strong winds. For example, on May

24, 1975, the Huanghe Cyclone passed through the North Yellow

Sea, with force 10-11 north winds resulting in serious losses

to fisheries (Bureau of Aquaculture, Ministry of Agriculture,

1990, pp. 5-7).

Strong Winds

Strong winds affect the survival rates of shrimp eggs and

larva. They also affect fish eggs and larva. On March 21,

1963, in caijiazhuang, Rongcheng County, Shandong province,

72



force 7-8 north winds plus a force 10 blast with a maximum

speed of 27.7 mis, pushed the eggs of Pacific herring onto the

beaches, to accumulate up to 1/3 m in thickness. Days of

strong winds reached a maximum of 94 in Yantai in 1980, while

there were none in Qinhuangdao in 1977 (Bureau of Aquaculture,

Ministry of Agriculture, 1990, pp. 10-11).

Physical Oceanography

Tides

Except in a few places, e.g., offshore Haizhou, and the

nearshore area from Chengshantou to Changshanchuan where the

tides are mixed semi-diurnal tides, most of the Yellow Sea

region has regular semi-diurnal tides. The tidal heights

range from 0.8 m at low tide on the Chinese side to over 8 m

at high tide on the Korean side. For example, the high tides

are 3.0 m in Dalian, 2.0 m in Yantai, 3.5 m in Qingdao, 5.2 m

in Lianyungang, and over 8 m in the West Korean Bay (Bureau of

Aquaculture, Ministry of Agriculture, 1990, p. 27; Chen, 1991,

p. 20). Most tidal currents of the Yellow Sea are rotary,

generally clockwise (Seung and Park, 1990, p. 14). Velocity

is about 40 cmls in the central part of the South Yellow Sea,

110 cmls on the coast of Gaojiao, Shandong, China and 120 cm/s

on the coast of Jianghua Bay, the DPRK (Qin et al., 1989, p.

13) .
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Currents

In the central part of the Yellow Sea, there is a rotary

warm current, the Yellow Sea warm current, which is a branch

of the Tsushima warm current entering the Yellow Sea from

southwest of Cheju Island. The Yellow Sea warm current is a

principal aspect of the circular current of the Bo Hai and

Yellow Sea. Its direction is stable, from SSE to NNW, without

much seasonal change. Its average velocity is O. 1 knots, with

a maximum of 0.2 knots, less than the Kuroshio warm current

and Tsushima current. Influenced by this current, the sea

water forms a high temperature and high salinity water tongue,

stretching from the South Yellow Sea to the Bo Hai Sea. There

are several littoral currents in the Yellow Sea, e.g., the

Yellow Sea littoral current and the West Korean littoral

current. The Yellow Sea littoral current moves the less salty

water of the Yellow Sea to the East China Sea. Its direction

is stable, always from west to east. In winter, the current

is stronger than in summer. Its maximum velocity is 40 cm/s.

The West Korean current is a lower temperature littoral

current, moving from the west coast to the south coast of

Korea, entering the Sea of Japan through the Cheju Strait

( Le i , 198 8) •

Water Masses

The major components of the Yellow Sea water masses are

coastal fresh water, the Kuroshio-origin warm, saline water,
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and the Yellow Sea proper water. Low salinity waters develop

along the Chinese coast in summer due to the large river

discharge (Seung and Park, 1990, pp. 21-22). In the Southeast

Yellow Sea there is warm, saline water at 33000'-35030'N and

east to 123°00'E (Bureau of Aquaculture, Ministry of

Agriculture, 1990, p. 18). The warm, saline tongue of the

Yellow Sea warm current intrudes from the south in winter

(Valencia, 1987, p. 15), to form a mixed water body in the

central Yellow Sea which is cold in summer due to the

temperature difference between the littoral water and the

central water. (Bureau of Aquaculture, Ministry of

Agriculture, 1990, p. 23).

Surface Water Temperature

The Yellow Sea surface water temperature is influenced by

solar radiation, meteorological conditions, seawater current,

tides, etc. The Kuroshio current strongly influences the

thermo balance of the Yellow Sea in a positive way. Annual

mean sea surface temperatures range from 13°C in the north,

14.9°C in the central part, to 18.9°C in the south. There are

two apparent low-temperature water masses: the central Yellow

Sea cooling water mass and Offshore Qingdao cooling water

mass. The reasons for their formation are different: the

central Yellow Sea cooling water mass is formed by the

differences in temperature increases during the spring and

summer of littoral shallower water and central deeper water.
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Maximum temperatures reach 6-10oC in August, possibly 20°C

lower than that of the surrounding water. The Offshore

Qingdao cooling water mass is formed by the intrusion of the

southern Bo Hai littoral water, which is only 2°C in winter

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p. 23).

Sea Surface salinity

Yellow Sea surface water salinity shows no significant

seasonal changes. In winter it is 31.0-32.0 0/00 in the

northern part and 32.0-32.5 0/00 in the southern part, while

in summer it is 30.0-31.5 0/00, showing a slight reduction.

This implies that local fresh water input through

precipitation is negligible. There are two offshore high

salinity waterbodies in the Yellow Sea. One is the South

Yellow Sea high salinity waterbody, located at the east of

123°00'E, and between 33°00'-35030'N. Its salinity is 33.5

0/00 and temperature s'c. The other is a mixed waterbody

formed in the course of the Yellow Sea warm current moving

northward. Its average salinity is 30.0-33.5 00/0 (Bureau of

Aquaculture, Ministry of agriculture, 1990, p. 39).

Ecology

Marine physical and chemical features, i.e., sunshine,

sea water temperature, salinity, nutrients, dissolved oxygen,

pH, CO2 , and currents, strongly influence the marine large

ecosystem of the Yellow Sea. Periodic changes of the
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temperature may be related to the development and decline of

the Pacific herring, the rapid increase of Silvery pomfret,

and the appearance of sardines in the Yellow Sea region.

Environmental pollution can also affect the ecology of marine

living resources. The local fish species, such as long-tail

anchovy, sweetfish (ayu) , large whitebait (salangid), and red

eye mullet are vulnerable to marine pollution (see Appendix V

for scientific names of fish species).

Phytoplankton

There is distinctive seasonal variation of species

composition of the phytoplankton. Diatoms dominate during the

winter and spring when water columns are well mixed with

enriched nutrients from the bottom. In the summer and fall,

nano-size (20 urn) microflagellates and dinoflagellates

dominate over diatoms in the surface water, due to the

development of a seasonal thermocline hindering the nutrient

supply from the bottom water (Seung and Park, 1990, p. 27).

Also, the species composition of phytoplankton has marked

spatial variation. The dominant phytoplankton populations are

neritic diatoms, such as Skeletonema costatum, Melosira

sulcata, Chaetoceros ~, and Coscinodiscus (Valencia, 1987,

p. 22).

The central Yellow Sea water is cold and of high

salinity. The dominant phytoplankton are the mixed warm and

cold water species as well as amphi-Pacific ones.

77



Phytoplankton species occurring in the central Yellow Sea are

composed of 91 diatoms, 37 dinoflagellates, 7 euglenoids, 4

silicoflagellates, and 1 cryptomonads, totalling 140 species

(Seung and Park, 1990, p. 27). Major species include

Rhizosolenia styliformis and Hemiaulus membranacus (Chen,

1991, p . 30).

The species composition of phytoplankton in the northern

Yellow Sea is similar to that in the Bo Hai Sea. The species

are adjusted to warm temperature and low-salinity conditions.

The dominant species is Chaetoceros affinis (Chen, 1991,

p , 30).

The phytoplankton in the South Yellow Sea are mainly

tropical high-temperature, high-salinity species, such as

Chaetoceros diversus (Chen, 1991, p. 30).

Chlorophyll-a concentration varies seasonally and

spatially, from the lowest 0.55 ug/l in winter in the central

Yellow Sea, to 5.78 ug/l in summer in the eastern Yellow sea

(Seung and Park, 1990, p. 28).

Zooplankton

The average biomass of zooplankton in the Yellow Sea is

lower than that in the East China Sea, but higher than that in

the South China Sea. According to 1959 data, the annual mean

biomass of zooplankton was 96 mg/m3 in the north, 90 mg/m3 in

the central area and 112 mg/m3 in the southern part of the

Yellow Sea (Editorial Group for Marine Fishery Resources of
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China, 1990, p. 3). The annual biomass of zooplankton seems

to have decreased since 1959 (Valencia, 1987, p. 23). The

most abundant group is copepoda, occupying 60% of the total

species occurring in the Yellow Sea. The dominant species

include: Acarta clausii, oithona similis, Patacalanus parvus,

Noctiluca scintillans and Sagitta crassa (Seung and Park,

1990, p , 29).

The zooplankton in the nearshore of the Yellow Sea is

adjusted to the warm temperate and low-salinity hydrological

conditions of the littoral currents, and include Paracalanus

parvus, Labidocera euchaeta, Sagitta crassa, etc. The number

of species, however, declines from south to north.

The zooplankton in the central part of the Yellow Sea is

adjusted to cold and low-salinity hydrological conditions.

The dominant species include: Calanus sinicus, Euphausia

pacifica, Parathemisto gracilipes. They are important foods

for the Yellow Sea fishes. There is a seasonal fluctuation of

zooplankton abundance, with the maximum occurring in late

spring and early summer in the central Yellow Sea. Total

zooplankton biomass increases from 2680 inds/m3 to 7248 inds/m3

in early summer, and declines to 2784 inds/m3 in late summer,

2512 inds/m3 in the fall and to 756 inds/m3 in winter (Seung

and Park, 1990, p. 29).

The species of zooplankton show seasonal changes too. In

winter and spring, the dominant zooplankton are the warm

temperate, nearshore species, while in the summer there are
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also some high-temperature and high-salinity species, such as

the Indo-West Pacific tropical species of Euchaeta concinna,

Lucifer intermedius, sagitta enflata. However, 35 0N is the

limit for most tropical species. In most parts of the Yellow

Sea, the zooplankton belong to the sub-East Asia province of

the North Pacific Temperature Zone (Chen, 1991, p. 30).

Benthos

Mollusca are most important benthos, comprising about 50%

of total benthic biomass. Echinodermata come second, about

29%, Polychaeta third, about 11%, and Crustacea fourth, about

9% (Valencia, 1987, p. 23).

Major species of Gastropoda include abalone (Haliotis

§J2...:..) and spiral shell (Rapana pechiliensis). Major species of

Lamellibranchia include blood clam (Arca granosa), Oyster

(Ostrea denselamellosa), and mussel (Mytilus edutis).

Major species of Echinodermata include sea urchin

(Stronglocentrotus nudus), and sea cucumber (stichopus

iaponicus) (Chen, 1991, p. 27).

Major commercial species of Crustacea are shrimp (Acetes

chinensis, Crangon affinis), prawn (Penaeus orientalis,

Trachypenaeus curvirostris) , and crab (Portunus

trituderculats) (Chen, 1991, p. 26).

There are regional differentiations in the benthic

species. In nearshore shallow waters, the major species of

benthos belong to the Indo-West Pacific warm water fauna.

80



There are only a few cold temperate species in the Yellow Sea

(Chen, 1991, p. 30).

Water temperatures in the southern Yellow Sea in winter

are higher than that of the northern Yellow Sea. Therefore,

the southern Yellow Sea in winter has warm water species, and

in summer, there are tropical species (Chen, 1991, p. 31). In

the central Yellow Sea there is a deeper water area with an

average depth of 40-50 m. In summer, this is a cold water

o 0body, and bottom water temperatures range from 4 C to 12 C.

This favors the growth of cold temperate species. In terms

of quantity, Echinodermata dominate the benthos in the central

Yellow Sea, forming a cold water fauna (Chen, 1991, p. 31).

Cephalopoda

There are only 14 species of cephalopoda, including warm

water and warm temperate forms, accounting for 65% and 35%,

respectively (Editorial Group for Marine Fishery Resources of

China, 1990, p. 17). Squid fauna of the Yellow Sea belong to

the East Asian sUbregion of the North Pacific Temperate

region. Japanese squid (Loligo japonica) is a major

commercial species of Cephalopoda (Chen. 1991, p. 25).

Fishes

There are in total 289 fish species in the Yellow Sea, of

which ten, Chinese herring, Pacific herring, little yellow

croaker, large yellow croaker, Spanish mackerel, sharp-toothed

81



eel, white croaker, chub mackerel, silver pomfret, and

hairtail (Appendix V), are major commercial species (Chen,

1991, p. 27; Editorial Group for Marine Fishery Resources of

China, 1990, p. 15). Of the 289 species, 45% are warm water

forms, 47.8% warm temperate forms, and 7.2% cold temperate

forms (Editorial Group for Marine Fishery Resources of China,

1990, p. 7).

The warm temperate species can be grouped into two types.

Migratory species, such as red eye mullet, spotted maigre, and

red seabream, are distributed over a large area: from the Bo

Hai Sea, the Yellow Sea, the East China Sea, and the South

China Sea to the sea area offshore Southeast Japan. The other

is a group of local species (large yellow croaker, for

example) .

The warm water species, such as chub mackerel, Chinese

herring, and silvery pomfret, come second in number to warm

temperate species. They are distributed throughout coastal

waters. Cold temperate species, such as Pacific herring and

Pacific cod, occur only in a small proportion, but they have

high production, and are important fishery targets. Their

distribution is closely related to the existence and changes

of the Yellow Sea cold water body (Chen, 1991, p. 29).

Birds and Mammals

There are few birds in the Yellow Sea area. Lariformes

birds dominate. Others include Ciconiiformes, Anseriformes,
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and Gruiformes. Lariformes and Ciconiiformes eat large

amounts of fish and shrimp, and become a threat to aquaculture

in port areas.

Over 11 marine mammal species of Pinnipedia and Cetacea

are found in the Yellow Sea, such as Phoca vitulina,

Neophocaena phocaenoides, Delphinus delphis, Pseudorca

crassidens, Orcinus Orca, Balaenoptera acutorostrata,

B.physalus, and Megaptera glacial is (Chen, 1991, p. 28).

Reptilia

There are a few Reptilia in the Yellow Sea. They include

the green turtle (Chelonia mydas), and other marine turtles

(Caretta caretta olivacea and Dermochlys coriacea) (Chen,

1991, p. 27).

vertical community layers of the Ecosystem

There are four vertical community layers in the Yellow

Sea ecosystem. From the sea bottom to surface, the order is:

(1) shellfish; (2) crustacean; (3) demersal fishes, such as

flounder, hairtail, fishes of Sciaendae, and of Sepiidae; and

(4) fishes of the middle and upper layers, including anchovy,

chub mackerel, Pacific herring, sardine, and Spanish mackerel.

Fishes, Shrimps, crabs and shellfishes eat Ophiuroida and

Holothuroida, such as sea cucumber and plankton. Shrimps and

crabs eat shellfishes. Both Crustacean and Sepiidae animals

83



can be the bait for fishes, while large Crustacean and

Sepiidae animals also eat small fishes (Lin, 1991, pp. 18-22).

Primary Ecologic Production

Annual mean primary production in the Yellow Sea

decreases from east to west. It is 150-310 gC/m2/yr in the

east, 141 gC/m2/yr in the central part, and 68 gC/m2/yr in the

west. Overall primary production of the Yellow Sea can be

120-150 gC/m2/yr (Seung and Park, 1990, p. 29).

According to Seung and Park (1990, p. 30), potential fish

production of the Yellow Sea is estimated to be 480 mgC/m2/yr,

assuming 3 trophic levels and 15% ecological efficiency. This

is equivalent to about 10 metric tons of potential fish

production per km2 per year, and the potential fish production

in the Yellow Sea totals as much as 5 million metric tons per

year. Some Chinese marine scientists use Chlorophyl-a as a

criterion to calculate primary production in the Bo Hai Sea

and the Yellow Sea. They found that the results were similar

to the results using phytoplankton as a criterion. The

highest value is in the spring and fall, and the lowest in the

winter. The value in the summer is at the median level. They

use the same index introduced by Ryther, i . e., 3 trophic

levels and 15% efficiency. Based on their research, the

estimated annual fishery production in the Yellow Sea is 1.14

million tons (Chen, 1991, p. 116). According to estimates by

other Chinese marine scientists, the maximum sustainable yield
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of the fishery may be only 0.87 million tons (Yang, 1989/1990,

p. 61).
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a. Scouring slope
b. Submerged cliff
c. Abraded depression
d. Scouring trough
e. Beachy shore
f. Sand ridge
g. Neritic sedimentary plain
h. Deltaic plain of bay
i. Submerged river mouth delta
j. Subsidenced plain of estuary

Ie. Ancient delta (latest)
1. Ancient delta (mid-aged)
m. Ancient delta (oldest)
n. Ancient beach
o. Ancient river channel
p. Ancient limnetic & swampy depression

q 1. Ancient terrace (20 m deep)
q2. Ancient terrace OO-'to m deep)
q3. Ancient terrace (50 m deep)
q4. Ancient terrace (60-75 m deep)
qS. Ancient terrace (100-120 m deep)
r. Ancient hills made by denudation & sedimentation
Cliff
Sea hill
Rocley reef
Volcano
Comb-lilee ridge
Depression in valley bottom
Plate-like depression
Tidal trough
Sand bar
Sand ridge
Distributary network
Buried ancient shoreline 06,000 yrs ago)
Ancient shoreline (14,400 yrs ago)
Ancient shoreline (14,000 yrs ago)
Ancient shoreline (12.000 yrs ago)
Peat. >36.000 yrs (C-14 dating)
Clay, -35.000 yrs (C-14 dating)
Shell. 14.440 ../- 750 yrs (C-14 dating)
Other territorial deposits, 16.300 +/- 1,600 yrs

(C-14 dating)
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CHAPTER 7

FISHERIES: PLANNING FOR THE PROTECTION OF

VULNERABLE RESOURCES

The total fishery area of the Yellow Sea is 319,000 km2
,

about 83% of the whole region. The northern Yellow Sea

fishery areas covers 65,206 km2
, the central area, 153,265 km2

,

and the southern area, 2100,265 km. Coastal fishery areas

cover 77,000 2km , offshore fishery areas 242,000 km2

(Editorial Group for Marine Fishery Regionalization of China,

1990, p. 104). The coastal waters have low salinity, and are

spawning and breeding places for various fish and shrimp

species in the spring and summer, and concentration places of

many juvenile fishes in the summer and fall. In the offshore

water areas, fish density is higher in winter and spring than

in summer and fall. Due to the influence of the Yellow Sea

warm current, the southern part of the Yellow Sea has

wintering places for many fish and shrimp species.

In addition to 289 species of fishes, there are more than

41 of shrimps, about 10 of crabs and 20 of squids in the Bo

Hai and the Yellow Seas (Editorial Group for Marine Fishery

Resources of China, 1990, pp. 16-17). other commercial

species include spiral shell, abalone, blood clam, oyster,

mussel, sea urchin, sea cucumber, kelp, laver, agar, and

jellyfish (Chen, 1991, pp. 24-27).
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Major Fishery species

There are three major types of fish species: (1) warm

water, (2) warm temperate, and (3) cold temperate (Chen, 1991,

P. 29). In terms of vertical habitat, there are more demersal

species than pelagic species in the Yellow Sea.

High quality commercial fish species in the Yellow Sea

include little yellow croaker, left-eyed flounder, sharp

toothed eel, spotted maigre, and flathead. Common commercial

species include hairtail, Pacific cod, mul Le t , perch, and

lizardfish. Lower quality commercial species include black

scraper, sand borer, stingray, and skate. Low qual i ty species

include angler, baby croaker, cardinal fish, and small

hairtail (Tang et al., 1990, p. 18).

The large yellow croaker, little yellow croaker,

hairtail, sharp-toothed eel, black scraper, silvery pomfret,

chub mackerel, and scad are common fishery targets of Chinese,

Korean, and Japanese fishermen. In the 1950s they competed

for little yellow croaker. In the 1960s, they competed for

hairtail. In the 1970s, they competed for large yellow

croaker. Since the late 1970s, as the stocks of large yellow

croaker and little yellow croaker seriously declined, they

have competed for chub mackerel and scad. At present,

hairtail, silvery pomfret, black scraper, and white croaker

are major catches of the Chinese fishery, sharp-toothed eel,

white croaker, and silvery pomfret of the Japanese, and large
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yellow croaker, little yellow croaker, silvery pomfret,

1hairtail, and black scraper of the Korean.

Shrimp (Acetes chinensis) resources have declined, and

except in the Sheyang River mouth, no shrimp fishery exists in

the Yellow Sea. There are prawn resources in the east coast

of Liaodong Peninsula. A good prawn harvest in the Yanwei

fishery ground occurs whenever there is a good prawn harvest

in the Bo Hai Sea. Along the south coast of the Shandong

Peninsula, from Shidao island to Qingdao city, there is prawn

aquaculture. High prawn production is possible through

artificial propagation. For example, in 1984, through

artificial propagation the production of prawn reached 1,200

tons, five times more than the annual average catch of 200

tons. The wintering ground of southern rough shrimp is the

deeper water southeast to Shidao island at the depths of 60-80

m (Lin, 1991, p. 20).

Fishery Regions

Three fishery regions, i. e., the north, central, and

south are identified. Each fishery region is divided into the

coastal water and offshore water subregions (Figure 7.1).

The North Yellow Sea Fishery Region

This is the region located north to 37°30'-38°00'N in the

Yellow Sea, extending from the northern coast of Shandong

peninsula, China to the coast of West Korean Bay, the DPRK.
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The fishery production is the lowest of the three fishery

regions. However, aquaculture production is high. Recently,

Chinese aquaculture scientists have experimented in the Yanwei

fishery ground, where the water depth is about 20 meters, with

prawn and lefteye flounder.

Major commercial fishery species in this region are

lefteye flounder, righteye flounder, fugu, Spanish mackerel,

Pacific herring, chub mackerel, Japanese anchovy, black

scraper, fugu, little yellow croaker, globefish, southern

rough shrimp, swimming crab, mussel, abalone, and laver (Rei,

1988, Table 4.2-18, pp. 524-525; Bureau of Aquaculture,

Ministry of agriculture, China, 1990, p. 283; Editorial Group

for Fishery Regionalization of China, 1990, pp , 158-159).

Lefteye flounder and righteye flounder are caught in October

and November, near the Haiyangdao fishery ground (Bureau of

Aquaculture, Ministry of Agriculture, 1990, p. 283). The West

Korean Bay is a spawning ground for demersal fish species

(Morgan and Valencia, 1992).

The Central Yellow Sea Fishery Reqion

This region is located between 34°00'-37°30'N. There are

several fishing grounds in the region. Qinghai and Haizhouwan

are coastal water fishery grounds, while Shidao and Lianqinshi

are offshore ones. The area offshore Shijiusuo and Lanshantou

is an important spawning ground. On the Korean side, the

Jianghua Bay area is the spawning place for demersal species.
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Major fishery species are white croaker, Pacific cod, perch,

Pacific herring, flathead, spanish mackerel, chub mackerel,

sardine, black scraper, gurnard, southern rough shrimp,

Japanese squid, oyster, and laver (Rei, 1988, Table 4.2-18,

pp. 524-525).

In coastal waters, major catches are the middle and upper

layer fishes such as Spanish mackerel < Pacific herring and

chub mackerel have declined to a low level. Fishery

management is a problem. Juvenile and low quality fishes

comprise 60%, high quality fishes 20% and others 20 %.

There are relatively more cold temperate fish species,

such as Pacific herring, Pacific cod, and Japanese squid

(cephalopoda), in the offshore area. Japanese squid

(cephalopoda) is an important fishery (10,000-20,000 tons) in

offshore deeper waters. The wintering ground of Japanese

squid is located at the western margin of the Yellow Sea

° 0Trough between 34 00'-37 OOIN. Prawns are also caught. Chub

mackerel in the spring and summer and Spanish mackerel in the

spring and fall are caught. Since 1984, sardines have become

the targets of the drift net fishery. The area between

34°00' -37°00 IN and 123°00 1-124°00 'E once was a brisk fishery

ground for lefteye flounder and righteye flounder. However,

since 1979, the annual catch has declined to 10,000-20,000

tons. Major fishery species in offshore water now are Spanish

mackerel, sardine, and southern rough shrimp (Rei, 1988, Table
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4.2-18, pp. 524-525; Editorial Group for

Regionalization of China, 1990, pp. 158-162).

Fishery

The South Yellow Sea Fishery Region

This region is located between 32°00'-34°00'N, including

the Lusi and Dasha fishery grounds on the Chinese side, and

the fishery, spawning and wintering grounds offshore of the

southwestern coast of the Korean Peninsula. Major commercial

fishery species include red seabream, hairtail, silvery

pomfret, little yellow croaker, Chinese herring, yellow porgy,

sharp-toothed eel, round shad, chub mackerel, anchovy, Spanish

mackerels, black scraper, filefish, jack mackerels, shark, and

shrimps.

The Lusi fishery ground is located in coastal waters.

Recently, annual catches by Chinese fishermen have been

50,000-60,000 tons. Longlines and gill nets are used. In

February, 1982, the Jiangsu provincial government, China,

promulgated a fishery law to prohibit fishery activities from

April to July every year, when the yellow croakers spawn in

the region. In 1986, the Chinese government decided to

prohibit all fishery activities in the Lusi fishery ground for

five years. The Lusi fishery ground is an important spawning

ground of little yellow croaker and large yellow croaker

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p .

284) •
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In the vicinity of the Sheyang River mouth, there are

abundant shellfish resources.

The coastal waters of the southwest Korean Peninsula are

spawning grounds for demersal fishes, as well as important

fishery and wintering grounds of many fishery species.

In the offshore water, hairtail is one of the maj or

commercial species. The region is at the northern margin of

the spawning grounds of hairtail, and is a feeding ground of

hairtail in fall. In some years, the feeding community of

hairtail is in the area between 32°00'-34°00'N in August and

September, while other years, between 30000'-32°00'N. The area

is also a schooling place for Spanish mackerel during its

spawning migration. The only fishery resource which has not

been seriously exhausted is silvery pomfret, but the fish size

is becoming smaller. The area between Suyan rock and Cheju

island is from 80 to 200 meters deep, and is a fishery ground

for chub mackerel and scad in fall and winter (from September

to April). The sea areas between Cheju island and Tsushima

island, and along the southwest coast of Kyushu are fishery

grounds of black scraper in the winter and spring, and a

starting place for its southward spawning migration. Anchovy

is a potential fishery resource, roughly estimated to be

2,000,000 tons, and the possible catch could be about 800,000

to 1,000,000 tons (Editorial Group for Fishery Regionalization

of China, 1990, pp. 158-162; Rei, 1988, Table 4.2-18, pp. 524

525) .
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Catch: Historical and Present

Four factors affect obtaining accurate data of the total

catch in the Yellow Sea: first, information exchange among

China, the two Koreas, and Japan is not sufficient; second,

some statistics provide only combined data, either of the

Yellow and the Bo Hai Seas together, or of the Yellow and the

East China Seas together; third, the catch during the last

thirty years has changed rapidly in terms of amounts and

species. Finally, there are differences between the data of

different sources, or even between the data from a same

source.

Based on a calculation by Nakahara (1990, p. 175), in

1960 in the Yellow and East China Seas two thirds of the total

fish catch of bottom fish was by China while 20% was by Japan,

8% by the Republic of Korea and 6% by others. However, in

1980, the percentages were 51%, 10%, 34%, and 5% respectively.

Also, Japanese fish catches in the Yellow and East China Seas

have declined gradually from 200,000 tons in 1980 to 121,000

tons in 1985.

From 1979 to 1983, the annual average total fishery catch

of China in both the Bo Hai and the Yellow Seas was 844,400

tons, including pelagic fishes, 195,000 tons (23.1%); demersal

fishes, 130,000 tons (15.1%); cephalopod, 13,200 tons (1.32%);

shrimps and crabs 147,000 tons (17.4%); others, 359,200 tons

(42.5%), (Editorial Committee of Marine Fishery Resources of

China, 1990, P. 13). The annual total Chinese catch in the
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Yellow Sea was 468,177-603,501 tons between 1979 and 1982

(Table 7.1).

statistical data show that from 1970 to 1984, fisheries

production in the Yellow and East China Seas by China, the

Republic of Korea, and Japan increased by about 2 million

tons, from less than 3 million tons in 1970 to about 5 million

tons in 1984 (Figure 7.2).

Fishery catches of the DPRK in the Yellow Sea include

demersal and pelagic fishes, shrimps, crabs, clams, and

oysters, amounting to 20-30% of the total catch of the DPRK

(Morgan and Valencia, 1992).

However, stocks of high-quality commercial species in the

Yellow Sea have declined rapidly in the past 20-30 years. A

serious decline of fishery resources of eight fish species

from 1955 to 1981 is shown in Table 7.2. The study was done

by Japanese fishery scientists by examining fish mortality,

and growth rate.

Four fish species, i.e., hairtail, large yellow croaker,

little yellow croaker, and cuttlefish are favorite sea foods

in China. The catch of large and little yellow croakers have

declined rapidly over the past 30 years (Table 7.3). In 1955,

the total catches of large and little yellow croakers by China

in all four bordering seas, were 118,200 and 148,900 tons

respectively. In 1984, it dropped to 40,700 and 19,600 tons

respectively (Lin, 1987, p , 192). Cuttlefish has declined

sharply too.
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The maj or cause for such a decline is overfishing;

marine pollution and natural change of the physical

environment may also have contributed to the decline. As a

result of overfishing, the catch of high-quality commercial

fishes has declined, the age of the fishes has become younger,

and the size of fishes has become smaller. Based on the

Chinese catch in the 1950s the ratio of high-quality fishes to

low-quality fishes was 8:2, in the 1960s, 6:4, in the 1970s,

4:6, and in the 1980s, 2:8. The density of major commercial

fishes has also decreased greatly. In the 1960s it droped to

0.6-0.7 of the density in the 1950s, the 1970s 0.3-0.4, and

the 1980s 0.2 (Editorial Group for Marine Fishery

Regionalization of China, 1990, p , 22). The situation of

demersal fishes is more serious than that of fishes of the

middle and upper layers. The maintenance and increase of

catch in the 1980s depended on the catch of small-size fishes

of the middle and upper layers, such as gizzard shad and

sardine.

The major catch species changed with time. In the 1950

1960s, major fish species caught by China in the Yellow Sea

were small yellow croaker, cod, globefish, mullet, and shrimp

(each with maximum production of over 10,000 tons). In the

1970s these were large yellow croaker, flounder, skate,

spotted maigre, pacific herring, silvery pomfret, chub

mackerel, eel, white croaker, red gurnard, angler, blenny,

prawn, and Japanese inkfish. In the 1980s, these were
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hairtail, spanish

sardine, anchovy,

mackerel, baby croaker, crucian carp,

gizzard shad, and swimming crab (Jiang,

1990, p. 145).

Major commercial fishery resources can be divided into

the following four situations:

(1) seriously-exhausted/in danger: large yellow croaker,

hairtail, little yellow croaker, flounder, red gurnard,

angler, and seabream;

(2) over-exploited/in serious status: cod, skate, spotted

maigae, pacific herring, Chinese herring, white croaker, and

black scraper;

(3) fUlly-exploited/in optimum use: silvery pomfret,

spanish mackerel, chub mackerel, baby croaker, and sharp

toothed eel; and

(4) underexploited/insufficiently-used: sardines, gizzard

shad, anchovy, and squid (Editorial Group for Marine Fishery

Resources of China, 1990, p. 15).

Distribution of Fish Resources

There was contradictory data on the distribution of the

Yellow Sea fishery resources, due to lack of cooperative

studies and exchange of information among scientists of the

bordering states. Seikai Regional Fisheries Research

Laboratory (1986) provided data on the distribution of various

major fishery species of the Yellow and the East China Seas

before 1986, in terms of catch of per unit effort (CPUE).
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Tang et ale (1990) provided data on the distribution of fish

and invertebrata resources in 1982-83 and in 1985-86 offshore

Shandong Province, China. Twenty eight species, most of which

are demersal, were chosen from Fishes of the East China Sea

and the Yellow Sea (Seikai Regional Fisheries Research

Laboratory, 1986), for a study on the distribution of fishery

resources in terms of CPUE. The sum of CPUEs of the 28

species in the geographical grids of the Yellow Sea was

2 (Table 7 .4) . The grids with high percentages ofcalculated

the sum of CPUEs are G22, G23, G24, G25, G32, G33, G34, G35,

G42, G43, G44, G64, G73 (the sum of CPUE in these grids is

more than 3%). In other wards, these grids have high

concentrations of fishery resources, especially of demersal

fishes. Figure 7.3 is a three-dimension chart showing the

distribution of fishery resources of 44 selected fish species,

based on the Japanese data mentioned above.

Fish distribution data were collected by the Chinese

fishery scientists in four surveys from 1985 to 1986: (1)

June-July, 1985; (2) December, 1985-January, 1986; (3) March

April, 1986; and (4) September-October, 1986. Table 7.5 shows

the results.

According to data in Table 7.5, fishery resources are

relatively concentrated in grids G23, G24, G32, G33, G34, G41,

G42, G43, G52, G53, G54, G62, G63, G64, G73, G82, and G83

(over 3% each). Certainly, there are some differences between

data from Chinese sources and Japanese sources on fishery
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resources distribution. There is difference between Table 7.4

and Table 7.5 in regard to the grids with higher

concentrations of fishery resources (Table 7.6).

The reasons for such difference are: (1) Table 7.4

comprises only 28 fishery species while Table 7.5 includes all

fishery resources, fish and invertebrates; (2) the Japanese

data were collected in the years before 1986, while the

Chinese data were collected in 1985-1986; and (3) the Japanese

data refer to the CPUE by certain kinds of nets while the

Chinese data do not specify any special net types.

Figure 7.4 shows the spatial distribution of fishery

resources of five major fish species, little yellow croaker,

white croaker, sharp-toothed eel, red seabream, and hairtail,

in the Yellow Sea in 1982. The result was produced by the

author by using GIS methods to overlay the original

distribution data in Kawasaki's paper (1988). The most dense

areas are: Grids 22, 23a,c,d, 24c,d, 25c, 31d, 32, and 41b,d.

spawning, Breeding, and wintering Grounds

The coastal and nearshore waters of the Bo Hai and the

Yellow Seas are important spawning grounds for various species

of fishes and shrimps. The major fishery spawning period in

the Yellow Sea is from April to October, though a few species

of fishes spawn in winter or in early spring (from November to

March). Late spring and summer, from May to August, are the

most productive spawning seasons (especially May and June) .
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In general, the water depths of the spawning grounds in the

Yellow sea range from 5 to 20 meters. Some fish species need

deeper waters. For example, sardine spawns at depths from 20

to 60 meters. According to the study, 74 species of fishes

spawn in the coastal and nearshore waters of Shandong

Province, China, either in the Bo Hai Sea or in the Yellow

Sea. Of those 74 species 33.8% are local species, 64.9% are

migratory species, and 1.3% are anadromous species (Tang et

al., 1990, p. 46).

Table 7.7 shows the numbers of species that spawn in the

geographic grids in the Yellow Sea, out of a total of 20 fish

species selected and calculated. The areas of the spawning

grounds of pelagic species are much larger than those of

demersal species, covering a large expanse in the central and

south Yellow Sea. Figure 7.5 shows the spawning, breeding and

wintering grounds in the Yellow Sea of the five fish species

which are seriously exhausted in terms of fish stocks, large

yellow croaker, little yellow croaker, hairtail, flounder, and

porgy. All spawning grounds of these species are along the

coasts, and most are on the Chinese side. The breeding

grounds of the five fish species are located in the areas

south of Liaodong Peninsula, north and south of Shandong

Peninsula, east of Jiangsu province, and southwest of the ROK,

in Grids 92, 93, 71, 72, 61, 62, 41, 42, 32, 33, 22, 23. For

example, the sea areas west to Cheju Island of 33°30'-34°00'N

and 122°30'-123°00'E, and of 33°00'-33030'N and 123°30'-124°00'N
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were breeding grounds for hairtail in October, 1978 and

December 12, 1981 respectively (Bureau of Aquaculture,

Ministry of Agriculture, 1990, p , 225). The wintering grounds

of flounder and porgy are located in places east of the

Shandong Peninsula, and in the center of the south Yellow Sea,

in Grids 73, 62, 63, 52, 53, 42, 43, 32, 33, 34. The

wintering grounds of large yellow croaker, little ye l Low

croaker, and hairtail are located in the southeast Yellow Sea,

occurring in Grids 34, 35, 24, 25, 26. Figure 7.6 shows the

spawning, breeding and wintering grounds of seven over-fished

species in the Yellow Sea, including: Pacific herring, cod,

spotted maigre, white croaker, black scraper, and fugu. Their

major spawning grounds are along the Chinese coast. There are

two major wintering grounds: one between 35015'-37°30'N and

122°20'-124°55 IE, in Grids 73c,d, 62b,d, 63, 64, 52b,d, 53,

° ° ° °54a,b; the other between 31 30'-34 30'N and 123 40'-125 OO'E,

in Grids 44c,d, 33b, 34, 35a,c,d, 24, 25. The breeding

grounds cover a large expanse, 32°30' -39°30 'N and 120°00'

125010'E. Figure 7.7 shows spawning, breeding and wintering

grounds of fully-exploited fish species.

Maximum sustainable Yield (MSY)

There are several approaches to calculating maximum

sustainable yields. One approach is to estimate primary

production, either by calculating the Chlorophyll-a

concentration or the phytoplankton biomass.
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apprcach is to determine MSY based on the relation between

yields and catch force (horsepower). Two models, the Graham-

Schaefer and Gulland-Fox, were applied by fishery scientists

to calculate the MSY. A third approach can be applied to

calculate MSY only in some overfished areas, where the MSY

should be smaller than the actual catch. I f we know the

proportion/ratio of the catch weight of mature fishes to total

catch weight of fishes of all-size, the MSY then equals the

product of total catch and the ratio.

ratio is about 0.5.

In most cases, the

Table 7.8 lists the estimated MSY of the Yellow Sea from

the various sources. As shown, there are differences in

estimating annual fishery production of the Yellmv Sea.

According to Seung and Park (1990, p. 30), estimated maximum

attainable fishery production is about 5 million metric tons,

while Chen suggests that MSY is about 1.14 million tons (Chen,

1991, p. 186). Seung and Park calculate primary production by

calculating the Chlorophyll-a concentration, and the area of

2the Yellow Sea they use is 500,000 km. Chen also calculates

primary production based on Chlorophyll-a concentration.

According to Yang Jiming, estimated annual fishery production

is 1,744,000 tons, and MSY is 872,000 tons (assumed proportion

is 0.5) (Valencia, 1987, p. 22). His estimate is based on the

calculation of phytoplankton biomass. Tang calculates the MSY

for both the Bo Hai and the Yellow Seas, with the Gulland-Fox

model (Tang et al., 1990, pp. 142-144).
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calculates MSY of both the Bo Hai and the Yellow Seas based on

its relation to catch capacity. According to Li, the MSY for

both the Bo Hai and the Yellow Seas is only 658,900 tons

(Chen, 1991, p. 186). In addition, Chinese fishery scientists

have also calculated the MSY for selected species of all

China's bordering seas (Table 7.9). In this study, the MSY of

the Yellow Sea is considered as 0.87 million tons.

Existing Fishery Protection and Preservation Areas

There has been bilateral cooperation on limiting fishery

activities in the Yellow and East China Seas (Table 7.10).

Two major bilateral agreements are: (1) the China-Japan

Fisheries Agreement; and (2) the Japan-ROK Fisheries

Agreement. In addition, there are fisheries agreements and

cooperation between China and the DPRK.

Figure 7.8 and Table 7.11 show the locations and basic

contents of Japan-China fishery regulation zones.

Figure 7.9 and Table 7.12 show the locations and basic

contents of Japan-ROK fisheries regulation zones.

The existing fishery treaties on the Yellow Sea have

three basic objectives: (1) to limit the amount of catch; (2)

to protect certain fish species (shrimp, seabream, hairtail,

yellow croakers, mackerel); and (3) to reduce the incidental

catch of larva of certain species.
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Problems of Fisheries

As compared with other marginal seas of the world, the

annual biomass production of the Yellow Sea lies at the low or

medium level. For example, the annual biomass production is

about 11.8 tons/km2 in nearshore Japan and 3.1 tons/km2 in

nearshore Northeastern America, while that of the Yellow Sea

is only 2.25 tons/km2 (Editorial Group for Marine Fishery

Regionalization of China, 1990, p. 18). Major species in the

Yellow Sea are warm temperate species, which have low

capability to adapt to changes of the marine environment, as

compared with warm water or cold water species. Natural

changes in physical and ecological conditions have affected

the Yellow Sea fisheries. The drop in temperature during the

1960s, for example, caused a decrease of catch of warm

temperature and warm water species, and the increase of catch

of cold temperature species (Tang et aI" 1990, p. 25).

In addition to such physical and ecological

vUlnerability, the human sector plays an important role in

causing the deterioration of fishery resources. Overfishing

is a major problem in the Yellow Sea. For a long time there

has been strong competition among Chinese, Korean, and

Japanese fishery activities in the Yellow Sea. It is

necessary to solve the problem of overfishing through

international cooperation. Marine pollution in coastal and

nearshore waters over the past 20 to 30 years has also played
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a role in damaging fish resources. This cannot be ignored.

Major fishery problems are as follows.

Decline of Fishery Resources and Imbalance of Fish structura

For more than four decades, the fishery resources in the

Yellow Sea have continued to decline, mainly due to

overfishing, causing a series of changes in the structure of

fish communities:

(1) decrease in the proportion of demersal fishes, as

compared with fishes at the middle and upper layers;

(2) decrease in the proportion of high-value fishes as

compared with low-value fishes;

(3) decrease in the proportion of long-lived fishes as

compared with short-lived fishes;

(4) decrease in the average age of fishes caught;

(5) decrease in the average sizG of fishes caught;

(6) decrease in fish densities in many fishing grounds;

and

(7) decrease in littoral and nearshore fisheries.

The decline of fishery resources and the ecological

changes to fish communities have caused an increase in fishery

costs, and a decrease of fishing efficiency.

Damage to juvenile Fishes by Incidental Catch

Damage of juvenile fishes by incidental catch is a

serious fishery problem in the Yellow Sea. The use of small-
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mesh fishing nets, or the use of trawlnets to catch Chinese

shrimp, have seriously damaged juvenile fish resources.

Taking the Bo Hai Sea as an example, to catch 100 tons of

Chinese shrimp will, at the same time, catch 126 tons of

juvenile fishes (Bureau of Aquaculture, Ministry of

Agriculture, 1990, p. 266). Little yellow croakers, white

croakers, and Chinese herring are most seriously damaged by

trawlnets (Bureau of Aquaculture, Ministry of Agriculture,

1990, p . 277). Tables 7.13 and 7.14 show the catch of

juvenile fishes of little yellow croakers from 1957 to 1964 in

the Dasha fishery ground by the Chinese and fishery catch in

the Yellow Sea fishery grounds by the Japanese, respectively.

Damage to spawning, Breeding and wintering Grounds

Because of the decline of fishery resources, more fishing

activities have been in the breeding/nursing and wintering

grounds, where the proportion of juvenile fishes is high

(Figure 7.10). Consequently, there has been serious damage to

fishery recruitment, causing a decrease in the number and area

of spawning, breeding, and wintering grounds. Offshore Shidao

was once the largest spawning ground of white croakers, but

there is almost no fish spawning activities of white croakers

in this area now. Also, the traditional spawning grounds of

chub makerels offshore Shandong province disappeared. Now

only nearshore Shidao has a small spawning ground of shub

mackerels in May (Tang et al., 1990, p. 57).
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Deterioration of the Marine Ecological Environment

Marine pollution from land and ships has also damaged the

spawning and breeding grounds as well as aquacultural areas,

most of which are located in coastal and/or nearshore waters.

For example, in the past, the noodles fish, a high-value

species, was abundant in the mouth of the Yalu River. Now it

has disappeared due to pollution from a paper mill (Jiang,

1990, p. 239). There are no black seabream in Jiaozhou Bay

now, owing to the pollution from coastal industries and ships

(Tang et al" 1990, p. 204).

Planning for Protection of Fishery Resources

Sea use planning for fishery resources of the Yellow Sea

consists of two basic concerns: first, policies to deal with

existing fishery problems; and second, policies to search for

new approaches to developing fishery resources. However,

since fishery resources of the Yellow Sea have declined so

rapidly in the past forty years, more emphasis is placed on

control of existing problems and

recovery of fishery resources than on new approaches toward

future development.

To Control and Reduce Existing Fishery Problems

The policies to deal with fishery problems are of two

kinds. The first are applicable to all Yellow Sea areas. The
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second are area-specific policies, taking into account of

regional differentiation of the Yellow Sea.

Regulation of Fishing Activities

It is necessary to regulate fishery activities in the

whole Yellow Sea region.

First, regulation of fishing nets is needed. Trawlnets

are commonly used in the Yellow Sea for catching prawn, with

the incidental catch of a large number of juvenile fishes. In

the 1960s, the Chinese trawlnet fishery contributed about 60%

of total fishery catch in the Yellow Sea, and in the 1980s, it

still contributed 40% of total fishery catch (Editorial Group

for Marine Fishery Resources of China, 1990, p. 173). The use

of trawlnets causes overfishing of demersal fishes, but

underfishing of fishes in the upper and middle layers. The

breeding communities of hairtail, for example, are often

damaged by the trawlnet fishery. Chinese fishery scientists

suggest that driftnets should be used instead of trawlnets to

protect juvenile fishs, especially little yellow croaker,

Chinese herring, hairtail, and Spanish mackerel, and to

protect demersal fish species. Also, they suggest that the

fishing time should be scheduled after prawns and major

commercial fishes spawn (Tang et al., 1990, p. 150; Bureau of

Aquaculture, Ministry of Agriculture, 1990, pp. 277-78).

Fixed fishing nets also damage juvenile fishes, since

they are used in shallow waters where most spawning and
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breeding grounds are located. The most seriously-damaged

fishery grounds are those of Lusi, Yanwei, and Shidao.

Purse seines and drift nets are used mainly for catching

fishes in the upper and middle layers, such as chub mackerel,

spanish mackerel, and Pacific herring. In recent years the

mesh size has become smaller in response to the decline of

fishery resources. Consequently, they damage sexually

immature spanish mackerel and one-year-old chub mackerel. For

example, the mesh size of drift nets to catch Spanish mackerel

in the 1960s was 10.0-10.67 cm. In the 1970s, it was reduced

to 9.0-9.33 cm, and in recent years, it was dropped to 7.67-8

cm. It is necessary to regulate mesh size, since it directly

affects the minimum length of fishes which can be caught.

The minimum mesh size for major commercial fish species

should be established. According to the China-Japan fisheries

treaty, the mesh size (inside measure) of trawlnets is limited

to 54 mm for yellow croaker and hairtail. The size limits for

total lengths of yellow croaker and hairtail are 19 cm and 23

cm respectively. For purse seines, the mesh size is limited

to 35 mm. The size limits for fork lengths of mackerel, jack

mackerel, and maruali are 22, 20, 18 cm respectively.

To protect fishery resources, it is also necessary to set

established fishing periods for major fishery grounds,

especially during spring when many kinds of fishes spawn.

The following are suggested fishing periods proposed by
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Chinese fishery scientists for driftnet catch in some fishery

grounds on the Chinese side:

(1) Dasha, and Lianqingshi fishery grounds: April 20 to

May 10;

(2)

(3 )

166) .

Shidao fishery ground: May 1-20;

Yanwei fishery ground: May 10-25 (Tang, 1990, p ,

Quotas for Different Grids

Though the existing treaties do not directly set a

maximum fishery production for the Yellow Sea, they do have

regulations to control overfishing of certain species in

certain areas. For example, the China and Japan fishery

treaty has regulations: (1) to set up a horsepower restriction

area (closed to trawlers with 600 hp or above, and purse

seiners 660 hp or above); (2) to set limits to the numbers of

fishing boats. with regard to the control of incidental

catch, the treaties set limits to fish sizes of yellow croaker

and hairtail, the incidental catch percentage, and the mesh

size. The Japan-Korea fishery treaty has regulations: (1) to

limit the size of trawlers, and maximum catches (10,000 tons

for trawlers 0 f less than 50 tons, and 30, 000 tons for

trawlers of more than 50 tons), (2) to limit the maximum

fishing efforts, (3) to set up the closed areas of trawl or

purse seine fisheries, and (4) to limit the mesh size to

control the incidental catch of juvenile fishes.
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However, there are some weakness of the two treaties.

First, they were primarily based on the fishery resources in

the 1950s and 1960s. Thus, they may not cope with changes

since then. Second, they consider only certain species that

were abundant in the 1950s and 1960s, not the major species of

the present time. Third, since the 1970s, fishery activities

on spawning, breeding, and wintering grounds have increased

rapidly. Overfishing is a serious problem. However, because

there were no diplomatic relation between China and the ROK

and no official dialogue between the two Korean governments

until recently, the Yellow Sea bordering countries lack

regional cooperation on protecting fishery resources. It is

necessary now to set a limit to maximum fishery production in

the Yellow Sea, and distribute the quotas to each geographical

grid.

The number of 870,000 tons is chosen as the maximum

sustainable yield for the Yellow Sea. Then, the sum of the

CPUEs of all 28 selected species in each geographical grid is

calculated. Third, the sum of CPUEs of the whole Yellow Sea

is calculated. Fourth, the sum of the CPUE of each

geographical grid is divided by the sum of CPUEs of the whole

Yellow Sea to get a percentage for each geographical grid.

Finally we get the quotas which are products of MSY multiplied

by the percentages (Tables 7.15, 7.16, and 7.17).

There are differences between the quotas in the two

tables, due to difference between the Japanese and Chinese
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data. The quotas of G22 and G23 are obviously different. In

Table 7.16, the quota for all fish species in G22 is only

6,640 tons, while in Table 7.15 the quota for demersal fish

species in G22 is as high as 29,700 tons. In G23, the quota

for all species is 21,370 tons in Table 7.16, while the quota

for demersal fish species in Table 7.15 is 16,840 tons. The

quotas for these two geographical grids need further study.

The difference might be caused by the methods of measurement,

the time of the data collected, and the fish species

considered in the calculation.

Some fishery scientists suggest that species which have

good commercial value and have not yet been seriously

exhausted should be the most important objectives of

protection. In the Yellow Sea, Chinese shrimp, southern rough

shrimp, Spanish mackerel, and silver pomfret are species which

need to be protected immediately. Until the mid-1970S, the

total catch of Spanish mackerel by Chinese fishermen in spring

was about 30,000-40,000 tons. However, the catch of Spanish

mackerel in recent years was only 10,000-20,000 tons, and the

proportion of small fishes increased gradually. According to

the distribution of fishery densities, it is suggested that

grids 73c, 62b,d, and 44b should be defined as protection

areas for spanish mackerel. The catch of Spanish mackerel in

these grids from April 20 to May 20 (spawning season) and in

the fall should be prohibited and the total catch of spanish

mackerel in spring should be limited to less than 1,230 tons.
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Of the MSY of 870,000 tons, only 56%, 487,200 tons, are mature

demersal and pelagic fishes; others are shrimp, crab, squid,

juvenile fishes, and shellfish, and only 0.252% is Spanish

mackerel in terms of CPUEs (the percentage of 0.252% is

calculated based on the CPUE of Spanish mackerel by comparison

with those of other fish species). According to Chinese

fishery scientists, the MSY of Spanish mackerels in all

China's four bordering seas is 34,000 tons, and the optimum

fishery catch force (Fo) is 460,000 pieces of driftnets (using

the Schaefer and fox model). Based on production data, the

catch of Spanish mackerel in the Yellow Sea is about 25% of

China's total catch of spanish mackerel. Thus, the MSY of

spanish mackerels in the Yellow Sea should be 8,500 tons. It

is much larger than the number calculated in this study. The

total catch of Spanish mackerel by China, Japan, and ROK was

more than 62,787 tons in 1980. It is much larger than the

MSYs of spanish mackerel estimated. If the fishermen of

bordering countries maintain their present catches, the

fishery resources of Spanish mackerel will be exhausted.

Large yellow croaker, little yellow croaker, and hairtail

were major fishery resources in the 1950s, 1960s, and 1970s.

However, in the 1980s, the fishery resources of the three

species decreased quickly. Some fishery scientists now see no

hope of recovery of yellow croakers, while others are more

optimistic (Lin, 1987, p.191). According to Lin, the fishery

resources of the large yellow croakers, little yellow
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croakers, and hairtail which could be caught in China's

bordering seas are 1.5-2 million, 1-1.3 million, and 1-1.3

million tons, respectively. There are also 200,000, 300,000,

and 500,000 tons of juvenile fishes for each species. Lin

suggests that the annual optimum catch of the three fish

species should be one-third of the amounts mentioned above.

Therefore, the annual optimum catch of the large yellow

croaker, little yellow croaker, and hairtail are 300,000

500,000, 330,000-430,000, and 330,000-430;000 tons,

respectively. Cooperation among the bordering countries is

necessary. For example, though China had, since 1981, set

regulations to close the Lusi fishery ground for 6 years to

protect little yellow croaker, the fishery catch by ROK

fishermen in the wintering ground in the Yellow Sea and the

East China Sea continued to damage the little yellow croaker,

negating Chinese efforts.

The Protected/Prohibited Fishery Zones

These include protected spawning zones, wintering zones,

juvenile fish zones, and juvenile Chinese shrimp protected

zones.

I. Protected Spawning Grounds for FUlly-exploited Species

For many fish species, their spawning grounds are along

the coastline of China. Some are in the Korean coastal and

nearshore areas (offshore Jianghua island and offshore the
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southwest coast of the Korean Peninsula). Generally, there

are four ways to protect spawning: (1) delay the start of

fishery activities in spawning grounds; (2) set quotas or

require certificates for catches in seriously-damaged spawning

grounds; (3) close spawning grounds during certain periods;

and (4) reduce and/or control marine pollution in spawning

grounds. It is important to define spawning grounds of

fishery species that should be protected first. The hierarchy

of fish species, in consideration of the present fishery

production, is: (1) fully-exploited species; (2) over

exploited species; and (3) seriously-exhausted species. As

mentioned above, The fully-exploited species are: silvery

pomfret, chub mackerel, spanish mackerel, baby croaker, Indian

flathead, sillago, and daggertooth pike-conger (pike eel).

The maj or spawning period is from March to JUly. It is

suggested that the spawning grounds of fUlly-exploited species

should be protected immediately.

II. protected Zones for Juvenile Chinese Shrimp

Because the eggs and juveniles of Chinese shrimp are

vulnerable to marine pollution, regulations to control marine

pollution in Chinese shrimp spawning grounds are necessary.

A protected zone for juvenile Chinese Shrimp is suggested for

o 0 0 0the area 36 00'-37 OO'N and 122 00'-125 OO'E. From July to

September, catch of juvenile Chinese Shrimp in this area
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should be exhibited, and marine pollution from ships should be

prohibited.

III. Protected wintering Grounds for Fishes

Overfishing at the wintering grounds causes serious

problems for certain species, especially little yellow croaker

and large yellow croaker.

There are four major fish wintering areas in the Yellow

Sea: (1) the area at 35000'-37°30'N and 122°00'-124°30'E

(flounders, perch, Pacific cod, and red seabream); (2) the

° ° ° ° .area at 34 00'-36 OO'N and 122 30'-124 30'E (a i l.Laqo , eel-pout,

jewfish, and Pacific herring); (3) the area at 33 000'-35°00'N

and 122°00'-125°00'E (flounders and red seabream)i and (4) the

area at 32°00'-34°00'N and 124°00'-126°00'E (hairtail and other

fishery species) (Table 7.18). The last is the most important

wintering ground in the Yellow Sea. It is suggested that this

area be defined as the first protected fish wintering zone of

the Yellow Sea. From November to March, fishery activities

should be prohibited in this region.

IV. Protected wintering Grounds for Chinese Shrimp

A protected wintering ground for Chinese Shrimp is

° ° ° °suggested at 33 00'-36 OOIN and 122 00'-125 OO'E from December

to March. During the winter seasons, catch of Chinese Shrimp

should be controlled. The present Chinese catch in winter is

118



too high (2,500 tons) and damages the recruitment (Tang et

al., 1990, p , 176).

v. Protected Zones for Juvenile Fishes

There was already a hairtail juvenile fish protection

zone as promulgated by the Chinese government on April 28,

1981. The area is within the lines connecting the following

points: (1) 34°N, 121°23'Ei (2) 34°N, 121°53'Ei (3) 31°30'N,

123°27'Ei and (4) 37°30'N, 122°57'E. Every year from August to

October, trawlnet boats are prohibited from entering this area

(Jiang, 1990, p. 141).

There is also a suggestion to extend the regulation to

all motorized fishery boats in the area between 33 0-37°N up to

a depth of 40 meters. Motorized fishery boats should be

prohibited from catching the hairtai1 feeding community from

July to November (Tang et al., 1990, p. 150).

Except for hairtail juvenile fish protected zones, there

are other areas where certain juvenile fish species are

concentrated and need to be protected. One area is at 37°30'-

° ° ° . .38 30'N and 12100'-122 30'E (offshore Yarrta L) , The other 1S

at 34°00'-37°00'N and 122°00'-123000'E (Shidao and Lianqinshi

fishery grounds). The whole Bo Hai Sea also needs to be

considered as a protected juvenile fish zone (Tang et al.,

1990, p. 166). The will protect not only seriously-damaged

species such as hairtail, red seabream, and yellow croakers,

but also Spanish mackerel which is one of the major fishery
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resources in the Yellow Sea at present. Every year, from

August to November, catch of juvenile fishes of Spanish

mackerels in these protection areas should be prohibited, and

the incidental catch of juvenile fishes should be lower than

25% of the total catch.

Figure 7.10 shows the number of juvenile fish species

occurring in the geographic grids of the Yellow Sea out of 12

major species (little yellow croaker, hairtail, white croaker,

white Chinese croaker, red porgy, pacific cod, Spanish

mackerel, chub mackerel, Chinese herring, Pacific herring, and

silvery pomfret) (Figure 7.10; and Tables 7.19, 7.20, 7.21).

VI. Protected Zones for Juvenile Southern Rough Shrimp

It is suggested by some Chinese fishery scientists the

maximum amount (2,000 tons) be set for Southern Rough Shrimp

in winter (including catch from wintering ground), and to

• 0 0 0 0est.ab Lf.sh a protected area (37 30'-37 50'N; 12110'-122 30'E)

for Southern Rough Shrimp. From June 1 to September 10,

fishery activities should be prohibited in this area, and in

spring only 500 automatic two-boat trawlers should be allowed

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p , 124)

(Figure 7.11).

New Approaches to Increasing Fishery Production

There are two new approaches to increasing fishery

production. One is development of offshore aquaculture,
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including "ocean pastureland" through the construction of

artificial reefs and artificial propagation. The other is

development of new fishery technology for catching certain

fish species, such as anchovy, which are still available and

abundant in certain areas of the Yellow Sea.

Development of Coastal and Nearshore Aquaculture

The coastal zones and nearshore areas in the North Yellow

Sea (15 m and 40 m respectively) are good places for

aquaculture. One area is the northern coast of the Yellow

Sea, from offshore Jinxian county and Changhai county, via the

vicinity of Haiyang island, to the shallow water of the West

Korean Bay. This area has less sea use activities. There is

no serious oil pollution. Apart from Dalian there are no

other large ports in this area. Marine transportation is not

highly developed. The sea water has high transparency. The

sea floor is relatively flat. Major bottom sediments are

sands and silt, or rocks and reefs, which favor shellfish

aquacuLture (J iang , 1990, p. 86). The region experiences

fewer typhoons. Average sea water temperature is about a-1°c

in winter. In May, the temperature of surface water is about

la-12°C and the bottom water is 5-10oC (Bureau of Aquaculture,

Ministry of Agriculture, 199 0, p , 33). It is suitable for

cold water and cold-temperate fishery species. Chinese prawn

can be propagated in this region. But, there are a few

weaknesses for aquaculture in this region. Marine pollution
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in the Yalu River mouth is a problem, which, however, can be

solved through cooperation between China and the DPRK. Though

there are offshore petroleum resources in the north Yellow Sea

basin, the potential is less (than in the south Yellow Sea),

and the area is not large, as compared with the vast shallow

water of the South Yellow Sea. The sea water temperature is

relatively low as compared with those of other regions in the

Yellow Sea. Fish propagation of cold water or cold temperate

species is possible. In January, some places are temporarily

covered by sea ice, but only for a short time. Overall, it is

a good place to develop aquaculture within depths of 15 meters

for coastal zone aquaculture and 40 meters for nearshere

aquaculture.

At the region east to Changshan Islands, there are about

33,000 ha. of shallow water with a depth of 20 meters, with

unblocked water flows, low sea water temperature, abundant

nutrition and algae, and rocky sea bottom. The natural

conditions are suitable for aquaculture of scallop, sea

cucumber, abalone, kelp, and sea urchin (Jiang, 1990, p. 300).

The coastal and nearshore waters along the Shandong

Peninsula and offshore Jiangsu province are also good for

aquacul ture. In the case of the Shandong Peninsula, most

parts of the coast consist of rocks, and the coastline is

tortuous. There are many bays along the coast, which are

spawning places of Chinese prawn. In 1984, Chinese

aquacultural scientists did an experiment in five bays of
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southern Shandong Peninsula, including Jiaozhou Bay, for

Chinese shrimp propagation. They obtained a good harvest of

1,200 tons of Chinese prawn that year (Bureau of Aquaculture,

Ministry of Agriculture, 1990, p. 284). The coastline of

Jiangsu province is relatively straight, and its coast is

composed of mud and silt, much flatter than that of the

Shandong Peninsula. For the two regions, the surface water

temperatures are between I-2°C (winter) and 24-27°C (summer),

suitable to many warm temperate species and some warm water

species. However, the surface water is slightly polluted by

oil released by oilfields and moves from north to south along

the coast. Sometimes, typhoons may also cause a natural

disaster. Overall, these two regions have great potential for

fish propagation. Fish species that technically can be

propagated in this region are: redeye, left-eyed flounder, and

red seabream (Tang et al., 1990, p. 210). Left-eyed flounder

is a warm water demersal fish living in the North and Central

Yellow Sea. It can be propagated in nearshore Qingdao,

Yanwei, and Rongcheng, China. Red seabream can be propagated

at Haizhou Bay.

Apart from fish, there is also a possibility of

propagating shellfish, shrimp, and squid in this region. An

experiment done by Chinese fishery scientists showed that the

re-catch rate of propagated Chinese shrimp in the littoral

water of Shandong province, China, can be as high as 7-8%

(Tang et al., 1990, p . 210). The proper surface water
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temperature for wintering of Chinese shrimp is 8-12°C in

natural sea water and 7-11oC in experimental water. The

experiment proved that 11°C is an optimum temperature for

wintering of Chinese shrimp. If the temperature is too low,

(lower than 4.SoC for example), the Chinese shrimp will cease

to move and die at OoC. If the temperature is too high (more

than 11°C, especially more than 14°C), it will cause both a

bloom of algae which affects the water transparency and the

exuviation of Chinese shrimp, which affects its survival rate

(Zhang, 1984, pp. 268-271). The Yanwei fishery ground is also

a good place for the propagation of Chinese shrimp.

Exploitation of New Fishery Resources

Anchovy and sardine are still available and abundant in

the Yellow Sea. For the full use of these resources, it is

necessary to know more about their spatial distribution,

migratory time and routes, and to develop new types of fishing

tools to catch them efficiently.

I. Anchovy

Anchovy is broadly distributed in the areas of the Yellow

and East China Seas. It can be found throughout the year from

spring to winter. Total fishery resources of anchovy in the

two Seas are estimated at about 3 million tons, of which

SOO,OOO tons can be caught (Tang, 1990, p. 206). Because of

technical obstacles both in catch and in fish preservation,
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present anchovy production is still low, but there is great

potential for developing anchovy resources. For example, the

littoral waters of Shandong province, China, is one of the

important spawning grounds for anchovy. In spring and aunmer ,

they spawn and breed; in the fall and winter, it is their

wintering place. It is expected that the fishery production

of anchovy will rapidly increase in the future.

II. Sardines

Sardines are a new fishery resource in the Yellow Sea,

which has not been fully developed. For example, it is

estimated that offshore Shandong province there are 7,290 tons

of sardine, but only half of them have been caught. Though it

has long been an object for the Japanese fishery, there is

still potential to increase the fishery production of sardines

(Bureau of Aquaculture, Ministry of Agriculture, 1990, p ,

285) •
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TABLE 7.1

1979-1982 Chinese Fishery Catch*

Names of the Catches of China (in tons)
reqions 1979 1980 1981 1982

North Yellow Sea 97,163 53,052 66,949 81,433
Central Yellow Sea 252,867 188,515 172,289 135,713
South Yellow Sea 253,471 273,501 228,939 356,127

Total Yellow Sea 603,501 515,068 468,177 573,273

* Source: Editorial Group for Marine Fishery Regionalization
of China, 1990, P. 105-106.

TABLE 7.2

Decrease of Fishery Resources in the Yellow and

East China Seas from 1955 to 1981

Species Comparison Percentage
(1955=100)

Red Sea Bream 1.10% 1/100
Black Mouth Croaker 0.09% 1/1000
Yellow Croaker 1. 80% 1/50
Cutlass Fish 11.60% 1/9
Yellow Seabream 13.40% 1/7
pike Eels 17.60% 1/6
Greater Lizard Fish 24.90% 1/4
White Croaker 30.40% 1/3

Total 27.00% 1/4

Source: Nakahara, 1990, p. 179, Table 4, after Western
Regional Fisheries Research Institute, Fisheries
Agency, Japan, February, 1985.
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TABLE 7.3

Total Production of three Fish species in the Yellow,

East China, and South China Seas

~ Largo yellow "roaker LIUlo yellow rroak or Larttehea,II,alrtall

CountrY:ln,I .-- -- ---. __. ----- _... --_._-- ._--- -

I
r"Kion

('Iolna ~nllllo Totai Cloina JnpRn ~llIti, 'r"lal China Japan :;Ont" Tntal
yoa r

-~
Korea !\on'El Koma

----- ----- --- ---- --_.. -- -- ---- ------ ------- -
1955-1957 118.2 I4R.O 1l1l.1 27.fi 241.5 InS.1 21.2 ::t7.11 221.1il

----- ---- ---- --- ---- ._-- --- ----- -----
10l)ll-19ClO 71.9 112.11 77.0 23.7 ars.e 22lU 21!.1l M.B 21!9.0

--- ._---- ----- ---- ----- ----- -------
1961-11H13 108.1S 8.1 111.8 84.0 62.8 22.11 170.% 2158.8 ft2.1 BS.S 924.0

--- ----- - - --- ---- -----
19t1S-JIIM 101.7 8.4 lOIS. 1 49.11 63.7 49.7 1117.11 279.1 119.9 87.7 MIt.!

----- --- ----
1~-'11ilGU 187.0 J.Il( r) lM.1il 86.0 4/j.B 117.2 1t8.1S 347.11 112.0 118.4 497.9

IG70-1G72 160.8 20.11 171.11 28.S 26.4 27.9 82.0 4OIL 8 rz.2 87.4 /j2ll.9
-

IG78-197& 168•• 80.1 188.1S 44.4 16.5 lI1l.7 100.' 141.11 1',8 117.0 ..7

1978-1978 101.' lIlI.8 8.0 92.2 77.7 404.4 12.2 77.8 494.6

111711-11111 88.0 M.8 lS.l S9.4 80.1 488.8 J%.II 128.11 811.8

11182 68.8 !to.7 1.2 IR.S 50.! 4118.8 n.o 1%2.0 828.S

108S M.8 28.5 1.8 10.1 8lI.1il 4111.7 (n.o) 1152.' (8115.11)

'!IJol~ 40.7 10.6 ( 1.0) ( 10.0) (2Iil.7) 450.0 (n.o) (180.0) (81J.(1)

Source: Lin Xinzhuo, 1987, p.192



TABLE 7.4

Distribution of the CPUEs in Grids (unit: %)*

Grids Percent Grids Percent Grids Percent
(%) (%) (%)

73a 0.60 54a 1.08 35a 0.99
73b 0.84 54b 1.12 35b 0.97
73c 0.36 54c 0.84 35c 0.96
73d 0.37 54d 0.42 35d 0.95

74a 0.37 41a 0.17 22a 3.64
74b 0.00 41b 0.83 22b 4.26
74c 0.63 41c 0.26 22c 4.59
74d 0.56 41d 0.70 22d 3.31

62a 0.06 42a 1.15 23a 2.23
62b 0.22 42b 0.40 23b 2.13
62c 0.48 42c 1.22 23c 2.17
62d 0.53 42d 0.91 23d 2.42

63a 0.45 43a 0.72 24a 0.94
63b 0.53 43b 0.95 24b 0.65
63c 0.63 43c 0.71 24c 2.04
63d 0.49 43d 0.93 24d 1.11

64a 1. 30 44a 0.68 25a 1.19
64b 1.16 44b 0.50 25b 1. 35
64c 1.11 44c 0.96 25c 0.48
64d 1.16 44d 0.80 25d 1. 98

51a 0.01 32a 0.86 12a 0.00
51b 0.18 32b 1.18 12b 1. 35

51c 0.37 32c 2.85 12c 0.00
51d 0.76 32d 1.30 12d 0.14

52a 0.37 33a 1.05 13a 3.68
52b 0.42 33b 0.66 13b 4 .. 31
52c 0.73 33c 1.32 13c 1.88

52d 0.55 33d 1.02 13d 2.67

53a 0.51 34a 0.87
53b 0.65 34b 0.92
53c 0.52 34c 1.36
53d 0.49 34d 1.43

* Data of CPUEs were based on diagrams in Seikai Regional
Fisheries Research Laboratory, 1986; see Notes 2 for the
scientific names of 28 fishery species.
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TABLE 7.5

Distribution of Fishery Resources in the Yellow Sea

(based on Chinese source, in 1,000 tons)

Grids Jun- Dec/85- Mar- Sep- Total Percentage
,Jul/85 Jan/86 Apr/86 Oct/86 (%)

G93 0.752 0.752 0.17
G81 0.37G 5.036 1.198 6.610 1. 50
G82 0.878 9.352 4.073 14.303 3.39
G83 1.504 16.187 5.751 23.442 5.55
G71 5.036 5.036 1.19
G72 0.501 5.036 3.355 8.892 2.11
G73 2.507 3.427 16.187 7.188 29.309 6.95
G74 0.627 2.518 1. 677 4.822 1.14
G61 0.752 3.957 1.198 5.907 1.40
G62 1. 881 3.427 11. 870 5.990 23.168 5.49
G63 1.881 7.539 10.791 5.271 25.482 6.04
G64 1. 003 3.427 6.475 4.313 15.218 3.61
G50 1. 003 1.198 2.201 0.52
G51 1. 379 5.751 7.130 1.69
G52 1.504 4.797 5.036 6.230 17.567 4.16
G53 1. 630 9.595 8.633 4.792 24.650 5.84
G54 0.627 4.797 5.755 4.313 15.492 3.67
G40 0.878 0.878 0.21
G41 3.260 3.597 8.147 15.004 3.56
G42 2.257 3.427 10.072 6.230 21. 986 5.21
G43 1. 003 7.539 11.510 6.709 26.761 6.34
G44 0.501 3.427 5.036 3.355 12.319 2.92
G31 0.878 0.878 0.21
G32 3.009 6.834 6.230 16.073 3.81
G33 1. 504 6.853 15.827 6.230 30.414 7.21
G34 1. 881 3.427 12.949 5.032 23.289 5.52
G22 2.006 2.875 4.881 1.16
G23 2.758 1. 713 5.036 6.230 15.737 3.73
G24 2.758 1. 713 7.913 10.543 22.927 5.43

Total 41. 497 65.107 191.358 123.878 421. 840 100.00

129



TABLE 7.6

Comparison of the Data between

Table 7.4 and Table 7.5

Grids Percentage Percentage Grids with higher percen
(in Table 7.4) (in Table 7.5) tage in both Tables

G83+
G73+
G64*
G63+
G62+
G54*
G53+
G52+
G44*
G43
G42
G35*
G34
G33
G32*
G25*
G24
G23*

G22*

4.395

2.544

3.883
3.826
5.192
6.207
7.687
5.379
6.056
6.842
7.627
9.579

8.894

5.55
6.95

6.04
5.49

5.84
4.16

6.34 X
5.21 X

5.52 X
7.21 X

5.43 X

* grids with higher percentage only in Table 7.4.
+ grids with higher percentage only in Table 7.5.
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TABLE 7.7

Numbers of Fish species spawning

in Grids#

Numbers of fish species
that spawn in the grids

14
13
12
11
10

9
8
6
5

4

3
2
1
o

Grids

G7Z(*+)
G93(*+)
G61(*)
GI0l(*)
G9Z(*+), G5Z(*+), G50(*+)
G40(+)
G70(*+), G4Z(+)
G91(*), G94(*+), G8Y(*), G62
G90(+), G92(*+), G8Z(*),
G71(*+), G21
GI00(*), G82, G83, G7Y(*+),
G31
G9Y(*), G81(*+), G72(*+)
G80(+), G51, G41, G30
GI02, G9X(*), G8X(*), G63, G32
G95, G84, G85, G73, G74, G75,
G76, G64, G65, G66, G52, G53,
G54, G55, G56, G42, G43, G44,
G45, G46, G33, G34, G35, G36,
G23, G24, G25, G26

# total 20 fish species is selected: hairtail, flounder,
silvery pomfret, large yellow croaker, little yellow
croaker, Spanish mackerel, flathead, white chinese
croaker, spotted maigre, Pacific cod, fugu, chub
mackerel, red seabream, perch, black scraper, Pacific
herring, croaker (Johnius belengerii), blenny (Zoarces
elongatus), sand borer (Sillago sihama) , halfbeak
(Hyporhamphus sajori);

* also a spawning ground for Chinese shrimp (Penaeus
orientalis) and/or southern rough shrimp;

+ also a spawning ground for Japanese squid.
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TABLE 7.8

Fishery Production Indices of the Yellow Sea

Sources Primary Pfoduction
(gC/m Iyr)

Biomass MSY or
Annual Fishery

Production
(10,000 tons)

M. Valencia
1987, [a]

68 a.Phytoplankton:
950-2460 x 1000 cells/m

b. Zooplankton: 3
5-1000 mg/m

c.Benthos: 2
20-41 g/m

Annual fishery
production:

500

a.Chlorophyll-a:
0.55-5.78 ug/l

68-310Seung Y.R.
& Park Y.C.
1990 Fishery primary

productipn: b.Zooplankton: 3
480 mg/m Iyr 756-7248 Lndsym

Yang, Jiming 68
1985, [b]

Estimated annual
fishery production:
1,744,000 tons

MSY = 87.2
(demersal: 59.6;
middle & upper
layers: 27.6)

Tang, Qisheng
& Yi, Maozhong
1990

MSY = 103
(includes Bo hai)

Chen, Dagang
1991

90 Annual fishery
production:

114

Li, Shuqiang
1982, [c]

MSY = 65.89
(includes Bo Hai)

a. data come from different sources (Yang, 1985, &
Anonymous, 1987a);

b. see bibliography (M. Valencia, 1987, p. 22);
c. see bibliography (Chen, 1991, p. 186).
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TABLE 7.9

MSY of Some Fish species in China's Bordering Seas

Species

I. demersal
hairtail
black scraper
little yellow croaker
large yellow croaker
Bigeyes

II. middle & upper layers
Spanish mackerel
Round shad
Sardine

MSY of the four seas
(10,000 tons)

58
32
12
12
4-5

3.4
14.4
9-10

Source: Editorial Group for Marine Fishery Resources of
China, 1990; China's bordering seas are the Bo Hai
Sea, the Yellow Sea, the East China Sea, and the
South China Sea.
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TABLE 7.10

International Fishery Resources Agreements

in the Yellow Sea

BHatlral.

Yur Parth:s

Japaaue ti,bll"lllen pel"1ll1tted to live 1n
3 lorlan port,

Japaal:S1 ti:1b1ng regulated 1n Korean
watlr:s

1426. Japan/ltorea

1442 Japaa/ltorea

Trade agl.eDt ( rec1procal (1shery clau:se) 1882 Cb1aa/lorll

Trade alre_Dt ( Rec1procal r1~ery clau:Sl) 1883 Japan/lorea

F1:sblry treaty (:super:seded 1908) 1889 Japaa/Eoru

Nongo.lraaaDtal agrelm.nt on Japane:se 1955 Japan/PRC
f1:sber1e:s 10 PRC waters
(en.aeled 1956 aDd 1957i lap:sed 1958)

Sec:oDd oODloVlrlll:lental agreement

!bird nolllo'lrllllltnt al agreeunt
(exteDeled six t1m.s tbrough 1975)

fisberils asrlemont

Fi:sberils .V_eat

Nongovlraa.ntal agreement

NOIl4OVlrDM ntal sel ne r 1sb1ng regula tlon

Fisbery coopention

Flsberl., acroement

Nongoveraa.ntal agreement on lncreased
nsberils olaill:l C:OlllpelUatlon

Hult1laural

We:st Pacific P1:sb~r1es, OCeanology and
1.1l1l!101olD' Rueareb Cooperatlon
Agl"eellent

1963 Japan/PRC

1965 JapaaJPRC

1959 DPRX/PRC

1965 JapaaJROr:

1965 Japan/ROr:

1970 Japan/PRC

1972 DPRJ:/PRC

1975 Japan/PRC

1979 Japan/ROr::

1956 DPRIt/N.Vr.c/
PRC/USSR/
J01ned by
Outer Hongo
111 19s8/PRe
w/dl"ew 1967

Source: M. Valencia,
Yellow Sea.
No.3, P. 50.

1987. International conference on the
The east-West Center Occasional Paper
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TABLE 7.11

:Fisheries Regulations Qf_the Japan-China

Fisheries Treaty

Two-boat trawler

Horaepower re~tr1ct10n area Clolllld to trawhrll larger Ulan 600 hp

Trawl

Trawl

Slze liaH

Ha~h aha

Purae lIeine

1st 01oeed area

2nd OlOlllld area

let ooneervaUon area

2nd co~rvaUon area

3rd oonHrvaUon area

lell 011 croaker

Hairtall

INl do ....aura

fob 15-Apr 15 Clolllld Shrll1p protect! on

Sap I-Nov 30 Clo~d Seabrelll protection

Dec I-feb 26 or 29 Hax. effort Japan and Chlna, 120 boe t s

Avr I-Hay 31 Hex. effort Japan 60 bca t e, Chlna 1~0 boata

Har I-Apr 30 Hax. effort Japan 90 boa to, China 150 boata

Total 1ength 19 QI}
Incidental ca tch limH 2~

Anal length 23 CII

5q ...

Hor""power relltriction area Clolllld to pur,", aeinarll larger than 660 hp

Purae ",,1 na lilt oonll8rvaUon area

2nd con:>ervaUon area

Clo..d to Japa ....ae boatll

Aug I-Dec 31 Hax. effort Japan 25 natll, Ollne 70 netll

She of ona nat unit Net boat I, l.lg1lt boate 2, Llght 10,000 candalaa

She limit fork length Hllckerel 22 CII Jaok mackerel 20 Cll Ha....Jl 16 CD

Hoeh 1I1ze

Inci de ntal ca tch I a1t I 5J

35 IIIIl

Source: Same as Table 7.10, p.59
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TABLE 7.12

Fisheries Regulations inside the Joint Areas

Set by the Japan-ROX Fisheries Treaty

:lIn at boat Mu••rrlll"t c.teh
Type oC rtllh..tea (tOI\ll) (boata) Haah alza LI8ht power (rene)

-----------
tr.wl .... < 50 tona 115 33- -- 10,000

[ ",u, ~-'~J100-550

Tr.wl .... ~ 50 '~na Otller trawl era HO'I l-Apo 30

5__

-- 30,000

I-' 30-110 210
W MaJ I-Oct 31
0\ 100

R.arles

Foll(11tlll d...atte ar..
reatrtc:tto"" are to be
oba.ned bJ tile oUler
IartJ:

1) Clo_d ar.. to tr.wl
rtllherJ _t bJ Japen

2) ClellSd ar.. to trill I
rtllh ....J eat bJ IeI'''

Pur ... 3IIt na

Mackerel al1&l1"ll

~ 60 tona

_0-100

60-100

Jan 16-MaJ 15
60 nata

MaJ 16-Jan 15
120 nata

Jan l-Ma, 31
o

Jun 15-Oec 31

30 .. 10.0 !no " ..

1.5 !no " I
Total
Z7.5 !no

10.0 Irll

110,000

3l ClolISd area to pursa
aatna rlaherJ at bJ
Japen

AI''' Hatted

Source: Same as Table 7.10, p. 57



TABLE 7.13

1957-64 Chinese Catch of Little Yellow Croaker

Juvenile Fishes at the Dasha fishery ground

Years 1057 1958 1959 1960 1961 1962 1963 1964

Catch
Total 13322 12488 19223 26814 23777 17576 21974 11632

(tons)
Juvenile fish

Weight 3597 5851 4037 17429 2140 10370 7691 6630
(tons)
Numbers 7913 12872 8881 33343 4708 22814 16920 14586
Percent

(%) 27 47 21 65 9 59 35 57

Source: Liu, Xiaoshen et al., "The present status and
approaches of development and protection of fishery
resources in the Yellow Sea." in Bureau of
Aquaculture, Ministry of Agriculture, China, 1990

TABLE 7.14

1957-64 Japanese Catch of Little Yellow Croaker

Juvenile Fishes in the Yellow Sea

Years 1957 1958 1959 1960 1961 1962 1963 1964

Catch
Total 60193 52638 63229 75724 59907 48820 54145 37758

(tons)
Juvenile fish

Weight 30689 24635 28960 38988 35345 79683 33245 22655
(tons)
Numbers

67536 54197 63712 85774 77759 175303 33245 22655
Percent

(%) 47 47 40 55 45 60 50 59

Source: Ibid.
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TABLE 7.15

Quotas for Catch of Demersal Fishes*

(unit: tons/per year)

Grids Quota Grids Quota Grids Quota

G73a 1,130 G54a 2,030 G35a 1,870
G73b 1,580 G54b 2,100 G35b 1,830
G73c 670 G54c 1,580 G35c 1,800
G73d 700 G54d 790 G35d 1,'780
G74a 700 G41a 315 G22a 6,840
G74b 0 G41b 1,560 G22b 8,020
G74c 1,180 G41c 490 G22c 8,630
G74d 1,040 G41d 1,320 G22d 6,210
G62a 110 G42a 2,170 G23a 4,190
G62b 410 G42b 750 G23b 4,000
G62c 900 G42c 2,300 G23c 4,090
G62d 1,000 G42d 1,710 G23d 4,560
G63a 850 G43a 1,360 G24a 1,770
G63b 1,000 G43b 1,780 G24b 1,230
G63c 1,180 G43c 1,330 G24c 3,840
G63d 930 G43d 1,740 G24d 2,100
G64a 2,450 G44a 1,280 G25a 2,240
G64b 2,180 G44b 950 G25b 2,530
G64c 2,100 G44c 1,800 G25c 910
G64d 2,180 G44d 1,510 G25d 3,720
G51a 0 G32a 1,620 G12a 0
G51b 340 G32b 2,220 G12b 2,530
G51c 700 G32c 5,360 G12c 0
G51d 1,420 G32d 2,440 G12d 260
G52a 690 G33a 1,970 G13a 6,910
G52b 790 G33b 1,240 G13b 8,110
G52c 1,370 G33c 2,480 G13c 3,540
G52d 1,040 G33d 1,930 G13d 5,020
G53a 955 G34a 1,670
G53b 1,210 G34b 1,720
G53c 980 G34c 2,560
G53d 920 G34d 2,690

* Calculated by author based on the CPUE data in fishes of
the East China Sea and the Yellow Sea.
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TABLE 7.16

Quotas for Fishery Catch in Grids

(unit: tons)*

Grids Quota Grids Quota Grids Quota

G93 970 G63 34,620 G43 36,330
G81 8,600 G64 20,690 G44 16,730
G82 19,430 G50 2,980 G31 1,200
G83 31,810 G51 9,680 G32 21,830
G71 6,820 G52 23,840 G33 41,310
G72 12,090 G53 33,470 G34 31,630
G73 39,830 G54 21,030 G22 6,640
G74 6,530 G40 1,200 G23 21,370
G61 8,020 G41 20,400 G24 31,120
G62 31,460 G42 29,900

* Calculated by the author based on the data of the
distribution of fishery resources offshore Shandong
province, China.
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TABLE 7.17

Quotas for Catch of Selected Fish species

(unit: tons)*

Fish species

Daggertooth pike-conger

White croaker

Righteyed flounder spp.

Large yellow croaker

Soleidae spp.

Little yellow croaker

India flathead

Hairtail

White flower croaker

Slate cod croaker

Quota Concentrated qrids

25,990 G22, G23, G24, G32,
G42c, G12b, (;13

18,240 G12b, G13, G23a,c,d,
G24c,d, G25b,d, G35,
G33a, G42a,c, G43c,
G52c, G32a, G34c

15,920 G74c,d, G63a,b, G64,
G51d, G54a,b, G41b,
G42a, G44a,b,d, G34b,
G35, G25b

14,190 G73a,b, G55a, G54b,
G22a,b,d, G24c,d,
G32d, G14a,b, G13b

12,180 G74a, G45a, G25a,c,d
G33c,d, G34c,d, G12b,
G22c,d, G23b,c,
G13c,d, G24b,d

10,890 G32d, G34c,d, G22a,b,
G23a,b, G24a,b, G33d,
G25a,b,d, G14b,d

9,510 G63, G53b,c,d, G54b,
G50d, G43b,d, G33a,b,
G35a, G25a, G44, G34

8,630 G34c,d, G35d, G22b,
G23, G24c, G25d,
G13a,b,d

7,900 G64c, G65a, G51d,
G42d, G43, G33a, G35b,
G22c

4,550 G32b, G33c,d, G34c,d,
G24a

* The amounts of quotas are calculated by the author based
on the CPUE data in Seikai Regional Fisheries Research
Laboratory, 1986.
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TABLE 7.18

Geographic Grids of wintering Grounds*

Kinds of fish Grids of wintering grounds
species

l. Seriously- G73c,d, G62d, G63, G52b, G53a, G42d,
damaged G43, G32b, G33, G44c,d, G34, G35,

G36c, G24a,b,d, G25, G26a,c,d

2. Over-catching G73c,d, G62b,d, G63, G64a,c,d, G52b,
G53a,b, G54a,b, G44c,d, G34, G35a,c,
G24, G25, G14b

3. Full-catching G52b,d, G53, G54c, G42b,d, G43,
G44a,c, G33b,d, G34, G35, G36,
G23b,d, G24, G25a,b,c, G26a,b, G14

* see Major Fishery Species of this Chapter for the
categories of fish species.
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TABLE 7.19

Grids with High-concentration of Juvenile Fishes of

11 species (250 juvenile fishes per station or more) *

Juvenile fish species

little yellow croaker

hairtail

white flower croaker

white croaker

red seabream

Pacific cod

Spanish mackerel

chub mackerel

Chinese herring

buttlefish

Pacific herring

Period

Aug-Nov
Sep-Nov

Dec-Mar

Sep-Nov
Aug-Nov
Jul-Nov

Aug-Oct
Nov

Sep-Oct

Sep-Nov

Sep-Oct

Jan-Mar

Aug-Sep

Oct-Nov

Aug-Sep
&

Dec-Feb

Sep-Nov

Sep-Nov
Sep-Dec

Jul-Oct

Concentrated grids

G62b,c,d
G4la,b,d, G42a,c,
G52c
G22b,d, G23, G24,
G32d, G33c,d, G34c

G72a,
G4la, G40b, G50d,
G6la,d

G8lc, G61d
G50d, G51c, G50d

G71d, G72c, G73c,
G62d
G42c,d

G50d

G62b,d, G63a,c

G63, G52d, G53b,c,d,
G42a,b,d, G43a,c

G63d, G64c, G53b,d,
G54
G5lc,d, G41a,b,
G42a,d, G43c,d, G44c,
G32b,c,d, G33,
G34a,c,d, G22a,b,c,
G23, G24a,b

G4ld, G42c, G32d

G42b, G43a,c, G33a,b
G22a,b,d, G23a,c,d

G73a,b, G63, G53a,b

* The grids on the table are defined based on the figures in
Tang et al., 1990.
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TABLE 7.20

Number of Highly-concentrated Juvenile Fish species

(250 juvenile fishes per station or more)

Grids Number of iuvenile fish species

G81 1
G71 2
G72 3
G73 2
G61 2
G62* 4
G63* 4
G64 1
G50 2
G51 1
G52 2
G53* 3
G54 1
G41* 5
G42* 7
G43* 3
G44 1
G32* 3
G33* 3
G34 2
G22* 3
G23* 3
G24

2

* Grids with three fish species or more.
** The calculation was based on the data of 12 major fish

species in Tang et al., 1990.

143



TABLE 7.21

Number of Juvenile Fish species in Grids

(including both high and low densities)

Number of Juvenile Grids
fish species

9 or more G72a, G62d, G52b, G4la
8 G62b,c, G41b, G63a, G51c
7 G7lb, G73c, G52a, G53a, G42a,c, G71b
6 G8ld, G72b, g51b, G52d, G41d, G42b,d
5 G63d, G53b, G50d, G40b, G32b,d,

G33a, G23a,b,d
4 G82c,d, G72d, G73d, G53c, G41c,

G43a,c, G33c, G24c, G83c
3 or less G73a,b, G61d, G53d, G32a, G33d,

G22b,d, G23c, G24a

Source: The same with Table 7.20.
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TABLE 7.22

The Proposed protection Zones for Fisheries

Names of Zones

Protected spawning
Grounds for Fully
exploited Species

Protected Zones
for Juvenile
chinese Shrimp

Latitudes &
Lonqitudes

the Chinese &
Korean coasts

36°00' -37°30 'N
x

122°-123°E

Times

Mar.
Jul.

Jul.
Sep.

Policies for
Protection

1. Set quotas;
2. Closed in

March-July;
3. Control

pollution;
4. Delay the

start of
fishery

1. Control
fishing
activities;

2. Control
pollution

Protected
Wintering Zone for
Fishes

Protected
wintering Zone for
Chinese Shrimp

Protected Zones
for Juvenile
Fishes

Protected Zone for
Juvenile Southern
Rough Shrimp

32°00'-34°00'N Nov.- Prohibit
x Mar. winter catch

124°-126°E

33°00' -36°00 'N Dec.- Prohibit
x Mar. winter catch

122°-125°E

37°30' -38°30 'N Aug.- I. Catch of
x Nov. spanish

121°-122°30'E; mackerel

34°00' -37°00 'N
prohibited;

2. Incidental
x catch <25%

122°-123OE

37°30'-37°50'N Jun.- 1- Prohibit
x Sep. fisheries;

121°10'- 2. Maximum 500
122°30 'E two-boat

trawlers in
sprinq
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FIGURE: 7.10 Juvenile Fish Concentration Area
Derived from Tang et al., 1990, pp.S9-65
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CHAPTER 8

PLANNING FOR MARINE TRANSPORTATION:

SAFETY AND POLLUTION CONTROL

Seaports of the Region

There are a number of seaports along the Yellow sea

rimland. Major ports on the Chinese side are: Dalian,

Qingdao, Lianyungang, Yantai, Shijiusuo, and Dandong (in the

Yellow Sea); and Tianjin, Qinhuangdao, and Yingkou (in the Bo

Hai Sea). Major ports on the Korean side are: Nampo (DPRK);

Inchon, Kunsan, and Mokpo (ROK). Pusan, located on the

southeast coast of ROK, is considered by some as a port of the

Yellow Sea rimland. From 1986 to 1990, for the seven Chinese

ports of the Yellow Sea rimlands, every year 9 large berths

with capacities of more than 10,000 dwt were built, average

annual growth rate of 8.8%. In the case of the ROK, for the

four selected ports, from 1986 to 1989, 9 large berths at the

capacity level of 10,000 dwt also were built, with an average

annual growth rate of 12.8%. The lengths and numbers of

berths of the principal seaports at the Yellow Sea are listed

in Table 8.1.

Dalian is one of the largest ports in China. It is a hub

in Northeast China for land-and-water coordinated

transportation3
• It has a total of 58 berths, of which 29 are

for ships over 10,000 tons. It handled 43,140,000 tons of
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cargo in 1985, of which about two-thirds were for foreign

trade. In 1992, it handled 59,090,000 tons, of which

36,000,000 tons were for foreign trade (People's Daily,

February 18, 1993). The largest export item is petroleum.

Major import goods are grains, iron and steel, metallic ores,

and chemical fertilizer (Marine Transportation Bureau and

Inland-Water Transportation Bureau, Ministry of Communication,

China, 1985). Dayao Bay port construction is being continued.

After its completion, Dalian will become a port with a

handling capacity of over 100 million tons.

Qingdao is the largest commercial port of Shandong

province, China. It has 36 berths, including 21 deep-water

berths for ships of 10,000 dwt. The port allows bulk carriers

of 50,000 dwt and tankers of 200,000 dwt to berth. It handled

25,710,000 tons of cargo in 1985, of which nearly two-fifths

were for foreign trade. In 1990, it handled 30,340,000 tons4
•

Maj or export items are coal, crude oil, mine-construction

materials, and steel. Major import items are metallic ores,

timber, chemical fertilizer, and non-metallic ores. In

December 21, 1991, China opened a special transportation line

between Qingdao and the united states and Canada for container

traffic. In the Huangdao oil area it is building two coal

berths with handling capacities of 50,000 tons and 35,000 tons

respectively. A newly-built berth in the Huangdao area has an

oil handling capacity of 200,000 tons. Two berths have annual

oil handling capacities of 30,000,000 tons (People's Daily,
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April 8, 1993). It is the largest oil terminal in China

(People's Daily, December 26, 1992); Qingdao is the fourth

largest port in China, with a crude oil transportation

capacity of 30,000,000 tons.

Yantai is the second largest commercial port of Shandong

province, China. It handled 6,160,000 tons of cargo in 1982,

of which 18% was for foreign trade. Major export items are

coal, sand, fruit, and seafood. Major import items are

chemical fertilizer, steel, and grain. In 1989, it handled

over 7,000,000 tons of cargo, including the export of 1

million tons of coal, mainly to Japan and Brazil. At present

six deep-water berths for ships of 10,000 dwt are being

constructed (People's Daily, February 3, 1992). After their

completion, total handling capacity will reach 15,000,000 tons

each year.

Lianyungang is located on the coast of Jiangsu province,

China, and has great potential for becoming an important

international port in East Asia. It is at the east end of the

"Third Eurasian continental bridge (the Cross-Eurasian

continent Railway through central Asia and China)" (People's

Daily, January 30, 1992). At present, it has 15 berths,

including 11 deep-water berths for ships of 10,000 dwt. The

port is being extended. A recently-built berth 540 meter long

has the capacity to handle container traffic up to 200,000

TEUs. In 1985, Lianyungan handled 9,147,000 tons of cargo, of

which over two-fifths was for foreign trade. In 1989 it
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handled 10,000,000 tons of cargo. Major export items are

coal, petroleum, coke, tung wood, alumina, frozen foods.

Major import items are grains, chemical fertilizer, steel,

timber, sugar, and cotton. A dike 6,700 m long and 12 m wide

will be completed in 1993 to create a new port area (over 30

km2
) •

Tianjin (including Xingang) is one of the largest

commercial ports in China. It has 37 berths with a capacity

of 10,000 tons. Tianjin has the largest container berth in

China. Annually, it can handle container traffic up to

700,000 TEUs (People's Daily, April 1, 1992). In 1985,

Tianjin handled 18,230,000 tons of cargo, of which over three

fourths was for foreign trade. In 1992, its handling capacity

increased to 25,000,000 tons. Major export items are

groceries, salt, petroleum, and non-metallic minerals. Major

import i terns are grains, steel, groceries, chemical

fertilizer, cement, rubber, non-metallic minerals,

automobiles, cotton, copper, and sugar. China and Mongolia

have already signed a treaty to allow Mongolia, as a

landlocked state, to transport goods through Chinese territory

to Tianjin. There is periodic international transportation,

both of goods and passengers, between Tianj in and Inchon,

Pusan, and Yokohama.

Qinhuangdao is the largest coal-export port in China. It

is a hub in North China for land-and-water coordinated

transportation. It handled 44,190,000 tons of cargo in 1985,
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of which over one-fourth was for foreign trade. It handled

58,120,000 tons of cargo in 1988 and near 70,000,000 tons of

cargo in 1991 (People's Daily, February 21, 1991). Major

export items are coal, petroleum, and groceries. Maj or import

items are wheat, metallic minerals, timber, steel, chemical

fertilizer, and groceries. In 1989, it dealt with up to 5,000

TEll of containers as compared to 1,730 TElls in 1988. At

present, the total coal handling capacity of Qinhuangdao is

75,000,000 tons. It is planned that the total handling

capacity will be more than 100,000,000 tons by the year of

2000, after completion of a fourth coal-berth project.

Yingkou is a middle-scale commercial port in Liaoning

province, China. It handled 965,100 tons of cargo in 1985.

In addition, Shijushuo in Shandong province is a port

with handling capacity of 10 million tons. Also, new ports

are planned in Lusi, between Shanghai and Lianyungang, and in

Binzhou and Huanghua, on the coast of the Bo Hai Sea.

Nampo is the port serving the DPRK capital of Pyongyang.

The combined length of its total of nine large berths is 2 km.

Its river anchorage has depths to accommodate at least 15

ocean-going vessels at any time (Morgan, 1987b, p. 16).

However, the capacity is limited by a tidal range of more than

6 m, currents of up to 4.5 knots, and by drift ice for a few

weeks in the winter.

The Republic of Korea currently has 46 commercial ports

and 416 fishing ports (Hong, 1985), of which 11 commercial
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ports and 114 fishing ports are on the west coast of the ROK

(Hong, 1992). Maj or ports on the west coast are Inchon,

Kunsan, Mokpo, and Asan. According to the West Coast

Development Plan of the ROK, Kunsan will have a total of 67

berths, Mokpo will have a total handling capacity of 10-30

thousand tons, and Asan Industrial Port will have a total of

63 berths, after construction is completed.

Inchon is the second largest port of the ROK, serving the

capital of Seoul. It includes a large enclosed basin to

overcome the effects of the high tidal range of 9.1 m. The

port is capable of accommodating 35 oceangoing vessels

(Morgan, 1987b, p. 15). Its container and roll-onjroll-off

facilities can handle one 10, 000 ton, one 30,000 ton, one

40,000 ton, and two 50,000 ton ships simultaneously. The main

tanker terminal has a pier capable of handling ships up to

50,000 dwt. In 1984, 2,120 vessels used the port, and imports

totaled 17,414,102 tons, while exports amounted to 2,248,459

tons.

Kunsan had berthing capacity for 36 ships, and a cargo

handling capacity of 20.877 million tons in 1986 (before the

period of the West Coast Development Plan). Mokpo had

berthing capacity for 7 ships and a cargo handling capacity of

1. 762 million tons in 1986 (Office of Transportation, the

united States Department of Agriculture, 1988).

Pusan is the largest port of the ROK and the fourth

largest container port in the world. Its container facilities
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are rated at a capacity of 720,000 TEUs per year. The port

handled over 1.8 million TEUs in 1987. Traffic also includes

bulk cargo of grain, ore, coal, and scrap metal (Morgan and

Valencia, 1992).

Shipping Routes, Traffic Patterns and Density

The bottom topography, bottom sediments, climate, sea

ice, waves, tides, tidal currents, and oceanic currents are

physical elements which affect shipping activities.

Numerous submerged sand ridges run perpendicular to the coasts

of Korea and China. There are numerous islands, rocks and

shoal waters, especially on the southwest coasts of the

Republic of Korea. Bad weather also affects marine

transportation. Typhoons, storms, and fog may cause serious

marine traffic accidents. From late November to March, the

winter monsoon dominates the Yellow Sea region, while the

summer monsoon dominates from May to September. Typhoons

often happen from July to September (Figure 8.1). Sea ice may

be concentrated in some parts of the North Yellow Sea in the

very cold days of winter, especially in January. From the

Yalu River Mouth to the Northwest coast of the DPRK there is

scattered sea ice in January in nearshore areas (Figure 8.2).

Tidal ranges are variable in the Yellow Sea, 4-8 meters along

the coast of the Korean Peninsula, affecting ship operations

at the port of Inchon, and only 1-3 meters along the coast of

China. For the safety of marine transportation in the Yellow
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Sea, electronic navigation systems, communication networks,

traffic control systems, storm warnings, and search-and-rescue

services need to be improved. Among three bordering

countries, only China has the technology to use satellitic

system for navigation guidance. In the Yellow Sea region only

two ports (Shanghai and Inchon) have the Traffic separation

schemes (TSSs). By comparison, the North Sea region has over

13 TSSs and 4 Deep Water Routes (Peet, 1988, p. 150). The

search-and-rescue services in the Yellow Sea are at a low

level. For example, China has only three search-and-rescue

vessels.

Shipping Routes

There are four kinds of major maritime traffic in the

Yellow Sea: bulk cargo carriers, container carriers, tankers,

and general cargo carriers (Li, 1988, 502). Figures 8.3, 8.4,

and 8.5 show major shipping routes, marine traffic density,

and oil tanker routes in the Yellow Sea.

Distances between ports are important for marine

transportation. Table 8.2 and Table 8.3 show the distances

between selected ports of the Yellow Sea rimland, and between

ports inside and outside the Yellow Sea, respectively. Dalian

is only 290 miles from Inchon, ROK. Another important Chinese

port, Qingdao (not on the table) is only 332 miles from

Inchon.
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The average distance among six selected ports of the

Yellow Sea is 446 nm, while the average distance from six

major Yellow Sea ports to Kobe is 777 nm. since the distances

between ports of the Yellow Sea rimlands are short, there is

possibility for a rapid development of direct marine

transportation between China and the ROK.

Traffic Patterns

Of all Chinese ports, Dalian was the only one that

received more than 1 million dwt of tanker traffic in 1987.

It is China's largest port for transporting crude oil to other

ports in China and for exporting it to Japan and other

countries. However, there are no LPG/LNG tankers arriving in

h
. 5

C aria • The Republic of Korea receives about 75% of its

energy supply of crude oil and natural gas from the Persian

Gulf and Indonesia, through tanker traffic to two ports, Pusan

and Yosu. Inchon also has oil tanker traffic.

Coal is a major export commodity of bulk traffic from

China to other East Asian countries. Qinhuangdao, in this

respect, ranks first among all Chinese ports in terms of cargo

shipment, followed by Shanghai, Dalian, Qingdao, Lianyungang,

and Xingang (Tianjin).

container traffic is developing rapidly in the world as

well as in the Yellow Sea region. The general notion is that

the number of large container carriers will increase, while

small and medium-sized ships will gradually decrease. Table
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8.4 shows the container traffic in selected ports of the

Yellow Sea rimlands.

Traffic Density

Traffic density is an important aspect affecting both the

safety of marine transportation and the intensity of marine

environmental pollution from ships. Traffic separation

schemes (TSSs) in the approaches to Inchon have been

established, because of the high traffic density. Beyond

these areas, vessels are free to choose their routes between

ports. However, vessels do not precisely follow the most

direct routes between ports for some of the following reasons:

avoidance of other traffic, natural hazards, obstructions,

6currents, or the master's preferences.

The Growth of Marine Transportation

Marine transportation has developed considerably in China

since 1949. Table 8.5 shows the increase in cargo handled

from 1952 to 1990 by the principal seaports in China. From

1980 to 1990, there was an average annual growth rate of 7.1%

for cargo handled by 8 principle ports in the Yellow Sea.

Table 8.6 shows the growth rates of cargo handled by six

major Chinese ports of the Yellow Sea from 1985 to 1990.

The average cargo growth rate of five major Chinese ports

in the Yellow Sea (except Qinhuangdao) from 1985 to 1990 was

2.6%, while the average cargo growth rate of six major ports
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(including Qinhuangdao) from 1985 to 1990 was 4.8%. In terms

of cargo growth rates, the highest port was Qinhuangdao (9.5%)

and the lowest was Yantai (-0.7%). Others were: Lianyungang

(4.1%), Qingdao (3.1%), Dalian (2.5%), Tianjin (2.1%).

China expected a 5.7 percent growth of cargo shipments

between 1991 to 1995, which is higher than the average of the

above-mentioned six major ports in the Yellow Sea. Chinese

marine transportation planners forecast an average annual

growth rate of 4.49% for the handling capacity of all Chinese

7ports and 6.23% for cargo turnover between 1985 and 2025 .

However, from 1985 to 2005 the average annual growth rate of

handling capacity for seven selected Yellow Sea ports is 6.3%

(Table 8.7).

International trade greatly affects the shipping

activities of both countries, as most imports and exports of

China and the ROK depend on maritime traffic for

transportation. Trade between China and the Republic of Korea

has been growing rapidly since the late 1980s (Table 8.8).

From 1982 to 1988, the annual mean growth rate of PRC-ROK

trade was 70%. In 1990, the ROK's total export to China

reached $1.58 billion, and China's total exports to the ROK

reached $2.268 billion8
• In September, 1992 the two countries

normalized their diplomatic relations, and in the same year,

the Republic of Korea became China's seventh largest partner

in foreign trade. Before diplomatic normalization, most trade

between the two countries was tran::;po:cted through IIong Kong
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(Table 8.9). From 1982 to 1987, the annual mean growth rates

of exports from the PRC to the ROK and from the ROK to the PRC

via Hong Kong were 53.2% and 56.5% respectively. It is

expected that direct shipping between the two countries will

grow rapidly and indirect shipping will decrease in the 1990s.

Table 8.10 shows direct shipping activities between China and

the ROK in the Yellow Sea in 1987. China and the Republic of

Korea have already established shipping transportation between

Tianjin and Inchon. There are now airline flights at regular

intervals between Shanghai and Seoul managed by a Chinese

airline company, and the two countries have also decided to

construct an oceanic cable across the Yellow Sea in the near

future, in response to the growing demand for communication.

There is great potential for China to export coal to the

ROK in the 1990s. Crude products, mineral fuels, and

manufactured goods are the three main commodity groups which

can be exported from China to the ROK. In reverse,

manufactured goods, including machinery and transport

equipment might be the most probable commodities flowing from

the ROK to China in the future (Chen, 1988, p. 483).

oil and coal are two major commodities exported by China

to the ROK. Though there is a prediction that China may stop

exporting oil in 1995 and will need to import crude oil in the

year 2000, China's coal production will continue to increase

rapidly. In 1986, the ROK imported 26,093,000 tons of coal

from other countries, while China exported 9,820,000 tons of
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coal to other countries. It is predicted by Korean scientists

that in the year 2000, the ROK will import 15.5 million tons

of coke coal to support steel production and more steam coal

for the 12 coal-fired power stations which will go into

operation in the 1990s. China can be a major coal supplier to

the Republic of Korea in the 1990s, due to the lower price of

Chinese coal and the short distance between two countries.

Qinhuangdao, Huanghua, Shijiusuo, and Lianyungang will be four

possible Chinese ports from which to export coal to the

Republic of Korea.

Qinhuangdao is China's largest coal export port in terms

of handling capacity and facilities. It has one 250,000-ton

coal-export berth and three coal export berths rated at 50,000

tons.

A coal export berth of 100,000 tons was built in

Shijiusuo in 1985, with a designed annual handling capacity of

15,000,000 tons.

In Lianyungang, two coal export berths were builtin

1986, with handling capacities of 35,000 and 16,000 tons each;

total designed annual handling capacity is about 9,000,000

10,000,000 tons.

Huanghua is a planned new port which is being constructed

on the Bo Hai Sea to export coal from the Shengfu Coal Mine,

northern Shaangxi province. It will be the second largest

energy (coal) export port in China in the future.

Construction during the n~:;:t three years will include four
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35,000-ton-coal-transport berths, and a railroad connecting

Huanghua with the Shengfu Coal Mine. Due to handling capacity

and facilities, distances to destination ports in the ROK, and

distances and land transportation facilities to coal mines

inland, Qinhuangdao will become the major port for exporting

coal to the ROK, followed by Huanghua, Lianyungang, and

Shijiusuo in the late 1990s. For container traffic, Tianjin

will be a major port for exports and imports to and from the

ROK, followed by Dalian and Qingdao. Fertilizer, TV sets,

refrigerators, and cars are possible commodities for the ROK

to export to China. This will increase both bulk traffic and

container traffic between two countries. Table 8. 11 and

Table 8.12 show direct ship movements between major ports of

China and the ROK before 1988. Table 8.13 combines the annual

mean growth rates of the handling capacity of the ports, cargo

shipment, and trade between China and the ROK.

Planning for Marine Transportation

Maritime transportation has now entered a new phase.

containerized transportation has resulted in a world-wide

network of deep sea routes for transportation of finished and

semi-finished goods (Vallega, 1992, p. 192). International

and regional trade will continue to strongly influence

maritime transportation, and there is a tendency for countries

who export or import commodities overseas to increase their

own proportion of shipping for these commodities.
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Undoubtedly, the shipping activities on the Yellow Sea will

increase rapidly in the next decade, simply because of: (1)

the rapid increase of China-ROK direct trade; (2) the rapid

increase of the shipping and port-handling capacities both of

China and the ROK in the ports of the Yellow Sea; and (3) the

rapid increase of international or regional trade between the

countries of the Yellow Sea rimland and other non-Yellow Sea

rimland countries. Hence, sea use planning in the Yellow Sea

for marine transportation is needed for the safety of

navigation and for protection of the marine environment from

pollution by ships.

controlling Marine Pollution from Ships

A major concern is the possibility of a catastrophic oil

spill. On the west Korean coast, Inchon and Kunsan have about

2-5 million dwt of crude oil tanker arrivals and Mokpo has 1-2

million dwt of crude oil tanker arrivals each year. On the

Chinese coast, Dalian has 1-2 million dwt of crude oil tanker

arrivals each year. China is also a crude oil exporting

country. In the late 1980s, China agreed to export 10 million

dwt of crude oil to Japan every year from 1991 to 1995.

Dalian, Qingdao, and Qinghuangdao are major Chinese ports for

transporting crude to other Chinese ports and for export. In

1980, there were 1,700 tanker arrivals in all Chinese ports,

about 8% of total ship arrivals.
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oil spills from tankers and other ships are a serious

concern of the countries of the Yellow Sea rimland. During

1981-1987, a total of 1,356 incidents of oil spills, totalling

6,899 kl (kilo liter), were reported in the ROK. Most of

these oil spills had been caused by fishing boat accidents

(53% of total accidents), not by tankers (8% of total

accidents). About 30 percent of the oil spills reported in

ROK waters over the period 1979-1986 occurred in the

Southeastern Yellow Sea. On March 2, 1987, near Inchon, there

was an oil spill (Bo Woon I spill) involving the loss of an

estimated 154 metric tons of diesel and bunker fuel. In 1990,

248 oil spills were reported in the ROK, totalling 2,421 kl

and causing $1 million worth of damage to fisheries and

mariculcure. In 1991, 240 spills were reported, discharging

a total of 1,257 kl of oil. In July, 1990, the collision of

a tanker, Korea Hope, in the coastal water off Inchon, spilled

1,500 kl of bunker-C oil, and caused serious damage to coastal

fisheries (Lee, 1992, p. 7).

In the case of China, there were a total of 18 tanker

accidents during the period 1979-1984, spilling nearly 21,000

metric tons of oil. Some of these spills occurred in the

Yellow Sea. On November 25, 1983, a Hong Kong oil tanker

struck a rock in Jiaozhou Bay, China, spilling over 3,343.6

tons of crude oil and causing heavy economic losses and

ecological damage. Later, on September 28, 1984 a Brazilian

tanker struck the same rock, spilling 757 tons of crude oil
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and seriously damaging the marine environment. On June 8,

1990, two foreign cargo ships collided in the area southwest

of Dalian. One ship sank, resulting in a large-area oil

spill. The oil moved from west to east, forming a belt 18 km

wide and 70 km long. On June 18, 1990, two Chinese ships

collided in Jiaozhou Bay. One ship of 4,000 tons sank. The

oil spill affected 25,000 square meters and seriously damaged

the aquaculture and salt industry in northern Jiaozhou Bay.

However, the Yellow Sea has thus far had no catastrophic

incident such as the Torrey Canyon, the Amoco Cadiz, or the

Exxon Valdez.

oil has been a major pollutant in the Yellow Sea since

the 1960s. Average oil concentration in nearshore waters of

the western side of the Yellow Sea is about 0.062 mg/l, with

the maximum of 0.91 mg/l. Pollution from ships partially

contributes to this. According to a study done by Chinese

scientists, oil on the surface water of the northern part of

the South Yellow Sea is caused mainly by industrial waste from

oil fields and seepage of oil equipment, deballasting, and

tank-washing water from oil tankers and other vessels which

travel from Qingdao to Shanghai, Qinghuangdao to Shanghai, and

Dalian to Shanghai. The study was done by Chinese scientists

in the period 1975-1977 (National Bureau of Environmental

Protection, China, 1990, p. 41-47).

The policy to control sea-based oil pollution from ships

should be concerned with two aspects: safety during bad
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weather and heavy shipping days of marine transportation of

oil tankers as the vessels enter or leave major ports; and the

control of marine oil pollution from regular operations by all

kinds of ships.

Consideration should be given to possible measures to

enhance overall maritime safety and environmental protection

beyond the IMO coordinated international conventions. These

include: the establishment of tanker exclusion zones or moving

safety zones, with escorts, around tankers. Regional

pollution response teams might initially be established for

the Yellow Sea for which the existing search and rescue

organizations and facilities could provide a nucleus.

Emergency response vessels, powerful tugs with pollution

control equipment, tanks, towing and other emergency gear,

would have to be available at all times (Valencia, 1991, p.

23). Most of these measures need regional cooperation.

Traffic separation Schemes

There are already Traffic separation schemes (TSSs) in

the approaches to the Changjiang estuaries in the East China

Sea and in the approaches to Inchon in the Yellow Sea. It is

suggested that TSS should also be established in the

approaches to Qingdao and Dalian. Also, ships which load oil

and easily-decayed goods should be required to inform port

managers 72 hours before their arrival.
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oil Tanker Routes

It is obvious that oil tankers and their routes in the

Yellow Sea are safety concerns, though at present the traffic

density of oil tankers in the Yellow Sea is still low. It is

possible that by the year 2000 China may become an oil

importing country instead of an oil exporting country.

Therefore, there is not much chance for China to export large

amounts of oil to the ROK or other countries in the late

1990s. By contrast, some Chinese coastal cities may need to

import oil from overseas. Thus, the number of oil tankers

importing oil to China may increase and the number exporting

oil from China may decrease. China will probably continue to

export oil to Japan for political and economic reasons, but

the amount of exports will decrease. Also, China's domestic

transportation of oil from the northern part to the southern

part through the Yellow Sea may decrease because in recent

years no large reserves of oil resources have been found in

Northeast and North China. As the Chinese on both sides of

the Taiwan Strait are increasing their economic cooperation,

it is possible that Taiwan may buy oil from mainland, China.

If so, oil transportation may pass through the Yellow Sea.

The existing important Chinese oil ports are Dalian,

Qinhuangdao, Tianjin, and Huangdao (Qingdao). However, since

China is going to develop its inland oil resources,

Lianyungang may become an important port for oil

transportation in the future. The present tendency of China's
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port construction policy focuses on the specialization of

ports and berths in terms of their functions. To specify

certain ports or berths for oil tanker transportation and

establish special tanker routes will be helpful for the safety

of tanker traffic in the Yellow Sea. The Atlas for Marine

Policy in East Asian Seas shows major maritime casualties in

the Yellow Sea as well as the East China Sea, in the period

from 1978 to 1988. During this period, collisions occurred in

the following places: the nearshore area of Inchon, the

nearshore areas of Yantai and Penglai on the northeastern

coast of Shandong Peninsula, grid 42a, and along the south

coast of the Korean Peninsula. However, these collisions did

not cause serious marine pollution. In the Yellow Sea case,

during the past ten years serious marine pollution was caused

by tanker accidents in Jiaozhou Bay, nearshore Inchon, and in

the offshore area of the southwestern coast of the ROK. All

three cases happened in high density maritime traffic areas.

Separate oil tanker routes in coastal and nearshore areas of

the ports and in high-density marine traffic zones are needed.

High-Frequency Natural Hazard Protection

I. Fog

Fog can affect the safety of marine transportation. The

high frequency fog areas in the Yellow Sea are: (1) the

nearshore area from Chengshandou to Qingdao, which has an

average of more than 32 fog days in a year, with a maximum of
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91 days; and (2) the nearshore area, south to Liaodong

peninsula, where there are about 33-53 fog days a year.

II. Typhoons

Table 8.14 gives the average times when typhoon centers

pass through the region from July to September. The highest

frequencies of typhoons exist at grids G24 (12), G44, G45, G35

(11), G34 (10), G55 (9), and G53, G23 (8). Most grids with

high frequencies are located in the southeast part of the

Yellow Sea.

Special service needs to be provided for prediction of

bad weather and for guidance of vessels navigating in these

high-frequency natural hazard zones.

High-Density Shipping

Most maritime accidents happened in areas of high-density

shipping. Based on estimates of traffic density for each

geographical grid, provided by the Atlas for Marine Policy in

East Asian Seas, and suggested annual average growth rate of

5.7% (Xie, 1992, p. 1), traffic densities of geographical

grids for the year 2000 have been calculated (see Appendix

III) .

Shipping routes in the Yellow Sea, based on the data from

1978 to 1987, can be summarized as follows.

(1) The main and highest-level (the fifth level) shipping

route of the yp.llow Sea is in a lane parallel to longitude
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123020'E. It starts from about 37°30'N and goes directly

southward, to enter the East China Sea after passing through

°3140'N. Every year, about 2,920-8,640 vessels travel along

it, most of them coming from or going to China.

(2) There are two fourth-level shipping routes: one is

from Dalian to Cheju Island, and the other is from Qingdao to

Cheju Island. Each is used by 1,460-2,920 vessels per year.

(3) The third-level shipping routes are: Dalian-Inchon,

Tianjin-Inchon, Qinghuangdao-Inchon, Qingdao-Inchon, Shanghai

Inchon, Dalian-Mokpo, Tianjin-Mokpo, Qingdao-Mokpo,

Liangyungang-Mokpo, Shanghai-north to Cheju Island, and

Liangyungang-north to cheju Island. Each is used by 365-1,460

vessels per year.

(4) Two shipping routes starting from Nampo, the DPRK are

low-level shipping routes in terms of number of vessels. One

of them is from Nampo to Dalian. Table 8.15 shows the

shipping routes and relevant geographical grids.

Dry bulk cargo transportation, container transportation,

and general cargo transportation between Dalian, Tianj in,

Qinhuangdao, Shanghai, and Inchon and Kunsan will increase

rapidly in the 1990s, as will the increase of marine

transportation between Chinese ports and other countries of

the world. Hence, marine transportation through third level

shipping routes may grow rapidly in the 1990s.
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Maritime Transportation Closure/Prohibition Zones

Commercial Maritime transportation might be prohibited

permanently or temporarily in certain special sea areas, such

as military zones, zones for special marine research, and

marine national parks. Also, it is suggested that no ship

should release any wastes in maj or spawning and breeding

grounds. High penalties should be given to those who fail to

follow the regulations and laws.

178



TABLE 8.1

Berths of Major seaports of the Yellow Sea

Ports Total berth Total number Total number
length (m) of berths of 10,000

dwt berths
------------- ------------- -------------
1986 1989/90 1986 1989/90 1986 1989/90*

China:
Dalian 15,033 14,192 100 75 25 28
Qinhuangdao 4,063 6,151 22 35 14 22
Tianjin 7,419 9,501 40 57 24 32
Yantai 2,052 3,324 17 24 3 9
Qingdao 8,328 7,500 44 40 16 16
Shijiusuo 1,141 1,987 5 13 3 5
Lianyungang 1,416 3,837 11 23 5 14

ROK:
Pusan 8,747 11,221 56 76 16 19
Inchon 6,818 7,986 36 48 19 25
Ulsan 1,808 5,134 16 53 6 23
Pohanq 7,686 8,491 36 38 21 22 -

* 1989 for data of Korean ports;
1990 for data of Chinese ports.

Sources: a. statistical Bureau of the PRC, 1991. China's
statistical Yearbook 1991, p.481; and

b. Yok-shiu F. Lee, 1991.

TABLE 8.2

Distances between Selected Ports (1) (unit: nm)

Nampa Inchon Pusan Dalian Xingang Shanghai

Nampa 216 496 180 365 561
Inchon 216 402 290 470 503
Pusan 496 402 543 704 491
Dalian 180 290 543 170 560
Xingang 365 470 704 170 740
Shanghai 561 503 491 560 740

Source: Morgan and Valencia, 1992, Atlas for Marine
Policy in East Asian Seas.
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TABLE 8.3

Distances between Selected Ports (2) (unit: nm)

Ports Yokohama Naqoya Kobe Keelunq Hong Kong

Nampo 1202 996 829 870 1263
Inchon 1103 997 733 795 1202
Pusan 665 559* 361 717 1144
Dalian 1235** 1129** 877 878 1270
Xingang 1396** 1290** 1038* 1039 1434
Shanghai 1040 934 826** 447 831

Average 1106 984 777 791 1191

* Via Kanmon strait and Inland Sea;
** Via osumi strait.
Source: same as Table 8.2.

TABLE 8.4

container Traffic in the Yellow Sea

China:
Tianjin*

Qingdao
Dalian
Lianyungang

the ROK:

Pusan**

Inchon

container
births

4

n.a.
n.a.
n.a.

4
4
4
4
2
2
2
2

containers
handled
(TEU)

n.a.
213,984
86,295
74,945
1,460

786,656
1,825,133
2,065,462
2,158,828

64,249
108,325
150,344
115,674

Year

1987
1988
1988
1988
1988

1982
1987
1988
1989
1982
1987
1988
1989

n.a. Not available
* Largest container port in China
** Largest container port in the Republic of Korea
Source: Yok-shiu F. Lee, 1991, p. 9 (reversed).
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TABLE 8.5

cargo Handled at China's Major seaports

(1,000,000 tons)

Seaports 1952 1957 1965 1978 1980 1985 1989 1990

Dalian 1. 51 5.88 10.57 28.64 32.63 43.81 50.92 49.52
Yingkou 0.18 0.32 0.29 0.33 0.24 0.98 2.00 2.37
Qinhuangdao1.81 2.83 4.79 22.19 26.41 44.19 65.65 69.l',5
Tianjin 0.74 2.84 5.49 11. 31 11.92 18.56 24.37 20.63
Yantai 0.26 0.48 0.98 4.58 5.06 6.89 7.03 6.65
Qingdao 1. 75 2.21 4.48 20.02 17.08 26.11 31.12 30.34
Shijiusuo 8.40 9.25
LianyungangO.46 1.05 2.65 5.94 7.39 9.29 11. 26 11.37

Total 6.71 15.61 29.25 92.0 100.7 149.83 200.8 199.6

Source: China statistical Yearbook, 1991/1992 (reversed).

TABLE 8.6

1985-90 Growth Rates of cargo Handled

by Selected Chinese Ports

Names of ports Cargo growth rates (1985-1990)

Dalian 2.5%
Tianjin 2.1%
Yantai -0.7%
Qingdao 3.1%
Lianyungang 4.1%
Qinhuanqdao 9.5%

Average (except Qinhuangdao) 2.6%

Average (including Qinhuangdao) 4.8%

181



TABLE 8.7

Planned Handling capacities of Selected

Chinese Ports to the Year 2005

Port 1985 2005 Average annual
Names (1000 tons) (1000 tons) growth rates (%)*

Dandong 532 1,831 6.4
Dalian 43,140 144,400 6.2
Qinhuangdao 43,520 137,400 5.9
Tianjin 18,230 71,150 7.0
Qingdao 25,710 87,890 6.3
Lianyungang 9,147 32,810 6.6
Shanghai 111,200 376,700 6.3

Total 251,479 852,181 6.3

* The calculation of average annual growth rates of handling
capacities was done by the author based on the data of
the first two columns listed in this table.

Source: Institute of Water Transportation, Ministry of
Communication, china, 1988. "Research Report on the
Strategy for Development of Marine Transportation by
the Year 2000."

TABLE 8.8

China-Republic of Korea Trade

PRC-ROK trade ROK-PRC trade as ROK-PRC trade as
(million US$) percent of China's percent of ROK's

total trade (%) total trade (%)

1979 18.8 0.06 0.05
1980 187.9 0.50 0.47
1981 52.7 0.13 0.11
1982 128.8 0.33 0.28
1983 133.9 0.33 0.26
1984 461.7 0.93 0.77
1985 1,291.8 2.14 2.10
1986 1,395.4 2.32 2.10
1987 1,486.6 2.18 1. 68
1988 3,087.0 3.84 2.74

Source: Same to Table 8.4 (Yok-shiu F. Lee, 1991)
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TABLE 8.9

Indirect Trade between China and the ROK via Hong Kong

from 1981 to 1987 (unit: million US$)

Indices 1981

PRC to ROK 74
ROK to PRC 145

1982

94
56

1983

115
45

1984

185
160

1985

249
355

1986

377
276

1987

793
525

Source: Business Asia, Oct. 12, 1987.

TABLE 8.10

Direct Shipping Activities between China and the ROK

in the Yellow Sea in 1987

Shipping routes Number of vessels Deadweight tons

From China to:*
Inchon 162 2,695,000
Pusan 128 2,286,000
Ulsan 32 711,000
Pohang 24 350,000

Total 346 6,042,000

From ROK to:**
Dalian 80 2,266,000
Qinhuangdao 67 1,437,000
Xingang (Tianjin) 78 1,057,000
Shanghai 57 1,002,000
Qingdao 35 833,000
Lianyungang 19 231,000
Yantai 4 16,000

Total 340 6,842,000

* Data include only ships that departed from tIle seven
Chinese ports listed.

** Data include only ships that departed from the four
Korean ports listed.

Source: Same as Table 8.4 (Yok-shiu F. Lee, 1991).
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TABLE 8.11

Ship Movements from China to the ROK

(unit: number/l,OOO dwt)

To Inchon Pusan Ulsan Pohang Total
From

Xingang 93/763 42/455 7/117 7/66 149/1401
(Tianj in)
Dalian 51/763 16/358 10/306 4/19 81/1446

Qinhuangdao 29/719 4/120 3/19 5/150 41/1008

Lianyungang 21/275 6/116 2/61 2/51 31/503

Qingdao 5/64 19/353 3/39 4/34 31/490

Yantai 1/62 2/45 3/107

Subtotal: 200/2646 89/1447 25/542 22/320 336/4955

Shanghai 17/220 39/843 7/97 3/40 66/1200

Total: 217/2866 128/2290 32/639 25/360 402/6155

-.

Source: Lloyd Register of British and Foreign Shipping

The calculations are done by the author.
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TABLE 8.12

Ship Movements from the ROK to China

(unit: numberj1,OOO dwt)

From Inchon Pusan Ulsan Pohang Total
To

Qinhuangdao 46/1185 14/162 3/46 3/88 66/1481

Dalian 41/710 21/492 17/1160 2/11 81/2373

Xingang 33/512 26/287 10/160 5/82 74/1041
(Tianjin)
Qingdao 17/323 11/141 5/363 1/6 34/833

Lianyungang 5/50 7/74 4/90 3/17 19/231

Yantai 2/8 2/8 4/16

Subtotal: 144/2788 79/1164 39/1819 14/204 278/5975

Shanghai 25/585 18/283 5/21 10/128 58/1017

Total: 169/3373 97/1447 44/1840 24/332 336/6992

Source: Lloyd Register of British and Foreign Shipping.

The calculations are done by the author.
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TABLE 8.13

Growth Rates of Handling capacity, Cargo

Shipments, and the PRe-ROX Trade

Years Items Average annual
Growth rates

Number of construction of deep berths
(10,000 dwt or more)

1986-1989 in 4 Korean ports (Table 8.1)
1986-1990 in 7 Chinese ports (Table 8.1)

Actual handling capacity (dwt)
1980-1990 cargo handled by 8 Chinese ports

(Table 8.6)
1985-1990 in 5 Chinese ports (Table 8.7)

(except Qinhuangdao)
1985-1990 in 6 Chinese ports (Table 8.7)

(including Qinhuangdao)

Expected handling capacity (dwt)
1985-2025 of all Chinese ports (Table 8.8)

(research by scientists)
1985-2005 of 7 Chinese ports (Table 8.8)

(research by scientists)

12.8%
8.8%

7.1%

2.6%

4.8%

4.49%

6.3%

Expected/planned cargo shipment of China (dwt,km)
1985-2025 expected by scientists 6.23%
1991-1995 Planned by the Chinese government 5.7%

Trade between China and the ROK (U8$)
1982-1988 China-ROK trade (Table 8.9)
1982-1987 Exports from China to the ROK

(Table 8.10)
1982-1987 Exports from the ROK to China

(Table 8.10)
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TABLE 8.14

Average Times of Typhoon Centers Passing

through Grids in Summer

Grids Times Grids Times Grids Times

G92 0 G64 3 G45 11
G93 0 G65 3 G46 3
G94 0 G66 3 G31 7
G81 2 G50 2 G32 6
G82 1 G51 3 G33 5
G83 1 G52 7 G34 10
G84 2 G53 8 G35 11
G71 0 G54 3 G36 3
G72 3 G55 9 G21 6
G73 6 G40 3 G22 4
G74 4 G41 4 G23 8
G75 4 G42 6 G24 12
G61 3 G43 6 G25 7
G62 5 G44 11 G26 5
G63 7

Source: Lei, Zhongyou, 1988. Manual of Marine Environment of
China's Bordering Seas. Shanghai Communication
University Press: Shanghai.
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TABLE 8.15

Geographic Grids of Shipping Routes

Shippinq Routes Grids which ships miqht pass throuqh

Dalian-Inchon 81b-82a-82d-83c-83d-73b-74a-74b-75c-
75d-76c-76d

Qinhuangdao-Inchon 81c-81d-82c-72b-73a-73b-74a-74b-75c-
75d-76c-76d

Tianjin-Inchon Same to above
Huanqhua-Inchon

Qingdao-Inchon 60d-61c-61d-62c-62d-63a-63b-64a-64b-
65a-65b-76c-76d

Liangyungang- 42b-40a-51c-51d-52a-52b-53a-63d-64c-
Inchon 64d-65a-65b-76c-76d

Shanghai-Inchon 12c-12a-22d-22b-23c-23a-44c-44a-54d-
55a-65c-65d-65a-76c-76d

Lianyungang-north 42b-40a-40b-41a-41b-42c-42d-43c-43d-
to Cheiu island 44c-44d-45c-45d-36a

Shanghai-north to 12c-12b-13a-23c-23d-24a-24b-35c-35b-
Cheiu Island 36a

Qingdao-north to 50a-50b-51a-51d-s2c-52d-53c-43b-44a-
Cheiu Island 44b-45c·-45d-36a

Dalian-north to 81b-82c-72b-72d-73c-63b-63d-53b-54c-
Cheiu island 44b-44d-45c-35a-35b-46a-46b

liangyungang-cheju 4Zb-40a-40b-41a-41d-42c-42d-43c-43d-
Island 44c-44d-45c-35b I-
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Derived from data in Lei, 1988, pp.3~8-336

189



ro::-:J
~

o <0.1 Cove'&Il~-Opt/'l

Approltllftlltf MalIi!l'lum £lfftfIt ofIe! ConJ:tiotl~

FIGURE: 8.2 Sea Ice in the Yellow Sea in Janucry

Derived from Morgan and Valencia, 1992

190



( 366

366-1460

1461-2920

2921-8640

FIGURE: 8.3 Marine Traffic Routes in the Yellow Sea

191



[...
... ~.• 5

• 4

mn 3

17'

Legend

Number of
vessels
per year
(1988)

level 5 =
2921-8640

level 3 =
366-1460

FIGURE: 8.4 Marine Traffic Density of the Yellc~ Sea

Derived from Morgan and Valencia, ~992

192



Legend

I:-- -: ITraffic Separate
Scheme

~ Oil tanker routes

Existing TSS

2 ProQOs&W TSS

FIGURE: 8.5 Traffic separation Schemes and oil

Tanker Routes in the Yellow Sea

193



CHAPTER 9

PETROLEUM RESOURCES: PLANNING FOR

EXPLORATION AND EXPLOITATION

Petroleum Geology

The sedimentary rocks in most cenozoic basins offshore

China are of terrestrial facies. The crude oil produced from

these basins has high or medium content of paraffin wax and

low content of sulphur. There are six Cenozoic oil-bearing

geological structures along the coast of Eastern China: the Bo

Hai, Yellow (Huanghai) Sea, East China Sea, Pearl (Zhujiang)

River mouth, Beibu GUlf, and Yinggehai. They are sedimentary

basins with lacustrine deposits, formed by faults around the

continent margin during the late Cretaceous and early

Tertiary. When some of these basins subsided, they were

covered by sea water in a short time and became semi-closed

seas or lagoons, which were favorable for hydrocarbon

formation and accumulation. Major source beds of the Cenozoic

basins in China offshore are Eocene-oligocene. Though

terrestrial sediments are predominant, a few marine

intercalated beds were discovered. Based on drilling data in

the basins, the late cretaceous and Tertiary transgressions

can be divided into five periods. The first transgression

occurred from the late cretaceous to Early Paleocene. The

second was from the late Paleocene to early Eocene. Both
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occurred in the South Yellow Sea Basin and the North and the

West Taiwan Depressions of the East China Sea Basin (Peng,

1986) .

As compared with other sedimentary basins in offshore

China, the sedimentary basins in the Yellow Sea have less

potential for commercial oil and gas resources. Tables 9.1,

9.2, and 9.3 show the abundance of organic matter in Tertiary

source rocks of the hydrocarbon basins in offshore China.

According to research by Chinese petroleum geologists, the

source rock of Beibu Gulf, the Pearl River mouth, and the Bo

Hai Sea favor the formation of oil; while the source rock of

the East China Sea and Yinggehai favor the formation of

natural gas. The source rock of the South Yellow Sea is

between the two, and favors the formation of the mixed type of

hydrocarbon resources. However, previous drilling in the

South Yellow Sea basin obtained only some oil shows. No

natural gas was found. According to Guo (1986), the

geological history of the formation of the South Yellow Sea

Basin was different from that of most Cenozoic basins offshore

China, such as those in the Bo Hai Sea, the East China Sea,

the Pearl River mouth, Beibu Gulf, and Yinggehai. The source

beds of most basins in offshore China were formed in the

depressions. These regions experienced tectonic movement in

the early Tertiary, and after the depressions were formed by

these movements, they continued to subside and were buried by

Tertiary sediments. These basins favor converting organic

195



matter into petroleum resources. However, the South Yellow

Sea Basin was influenced by tectonic events after formation of

the source beds. Oil-bearing layers were destroyed by the

tectonic movements. Only limited oil resources could remain.

Weathering and erosion also made preserving reserves of oil

and gas resources difficult. Tectonic movement also

interrupted the geothermal history of the South Yellow Sea

Basin. In addition, the geothermal gradient of the South

Yellow Sea Basin is low (2.6°Cj100 m), and the oil-generating

threshold is high (3200 m). The potential for oil and gas

resources, therefore, is much lower than that of other basins

in offshore China mentioned above.

Geological units of the Yellow Sea

There are nine first-order tectonic units in a linear NE

SW direction in the Yellow Sea, including three big Meso

Cenozoic partitive downfaulted basins, neighboring or

alternating with six uplifts: the Liaodong Uplift, the North

Yellow Sea Basin, the Jiaodong Uplift (including the offshore

Qian Li Yan Uplift), the Northern Basin of the South Yellow

Sea, the Central Uplift, the Southern Basin of the South

Yellow Sea, the WU Nan Sha Uplift; the Shanghai Uplift, and

the Minzhe Uplift (Tao, 1992, p. 96). The uplifts (or linear

basement ridges, as they are also called) consist of

Precambrian, Mesozoic, and Paleogene metamorphic and igneous

rocks. The rift-depression basins may be backarc basins, and
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the sedimentary thickness is greater than 2 km in the Yellow

Sea. The maximum thickness of Mesozoic sediments is more than

4,000 m, and maximum thickness of the Neogene sediments is

more than 1,500 m, The thick sequence of Paleogene and

Neogene sediments in the Yellow Sea basins was dammed by the

Fujian-Reinan massif which stretches from Fujian, China, to

Yeongnam, southern Korea (Valencia, 1987, p. 93). In general,

the sediments in the downfault basins are of the Jurassic

Cretaceous and late Cretaceous-Paleogene. Late Eocene

tectonic activities ended the development of downfault basins

with the absence of Oligocene deposition and upper Eocene

eroded. In the past years, exploration efforts were carried

out in the Paleogene downfault basins, while recently

attention has also turned to the Taizhou Formation, Mesozoic

and Paleozoic. The Paleozoic-Triassic are a potential

interval for oil and gas resources.

The geographic border line between the North Yellow Sea

and the South Yellow Sea stretches from Chengshantou, Shandong

province, to Bailing island, North Korea. There are two

sedimentary basins in the South Yellow Sea, the Northern Basin

of the South Yellow Sea (NSB) and the Southern Basin of the

South Yellow Sea (SSB), while there is only one sedimentary

basin in the North Yellow Sea (NB) (Figure 9.1). The two

basins in the South Yellow Sea seem to have better prospects

for petroleum resources than the North Yellow Sea Basin.
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North Yellow Sea Basin

The North Yellow Sea Basin is a Jurassic-cretaceous

downfault basin which developed along the linking line from

Lai Yang Basin, China, to An Zhou Basin, North Korea. The

2total area of its seg belt is over 10,000 kID, covered with

Mesozoic and Cenozoic sedimentary strata of 2,000 - 6,000 m in

thickness. According to geological surveys, there are oil

shows in the surrounding lands of the North Yellow Sea,

including Jiaolai, Dandong (China), and Anzhou (the DPRK).

The North Yellow Sea Basin, especially the No.8 seg which is

the largest of the segs and extends eastward with an

increasing thickness, may possibly be oil-bearing. The second

largest one is the No.2 seg. As far as oil and gas resources

are concerned, the focus is on the Mesozoic strata, while the

Paleogene strata should not be ignored (Peng and Zheng, 1982).

Australian oil companies drilled in the waters some 100 kID

offshore of Korea, and some of the wells found oil flows from

the Cretaceous sandstone. Seismic survey data made by Chinese

geologists delineated some 15 downfault segs of different

sizes. The largest one in the east covers an area of 2,500

2km. Mesozoic thickness is inferred to be near 5,000 m. The

best oil/gas prospects are in the eastern part. (Tao; 1992,

p. 99). Based on data from seismic and aeromagnetic surveys,

there are nine large or small segs, formed by faults in NNE-

SSW and E-W directions. These segs should favor the origin,

concentration, and covering-up of oil and gas.
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South Yellow Sea Basin

Both the Northern and Southern Basins of the South Yellow

Sea are Paleogene downfault basins. The total area of the two

basins plus three open spreading uplifts is 145,800 km2
• The

Upper cretaceous Taizhou formation is the earliest group of

depositionaI beds in the two basins, and is bel ieved to

possess the best hydrocarbon possibility. In the late 1970s,

Well H7 drilling recognized the Taizhou Formation as another

series of favorable strata under the Paleogene Funing

Formation. Well H7, Well ZC 7-2-1, and Well ZC 1-2-1 together

2cover an area of nearly 1,600 km. Well ZC 7-2-1 was drilled

on an upthrust anticline, and encountered the upper Taizhou

Formation with a thickness of 300-500 m. Its sedimentation

center is in the middle of the seg, and is of deep lacustrine

fa.cies. This kind of sedimentary facies made the upper

Taizhou an important hydrocarbon source bed, serving to

provide a hydrocarbon source for marginal fluvial facies and

del taic sands, together with the overlying Paleogene Sandstone

beds of Funing, Dainan and Sanduo Formations.

There is an obvious difference in the age of the lower

layers of sedimentary rocks between the North Basin and South

Basin of the South Yellow Sea (Table 9.4). In the North

Basin, they are of the lower Paleozoic, while in the South

Basin, they are Jurassic, Cretaceous, middle and lower

Triassic, and Paleozoic. The South Basin of the South Yellow

Sea (SSB) is a cenozoic basin with an area of 20,000 km2
• Its
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bottom deposits are Paleogene sedimentary rocks. The

Paleogene deposits on the South Basin are on average 3,000-

4,000 m thick, with a maximum of 6,000 m. They are reduzates

deposited under a lacustrine-swamp environment. In addition,

marine limestone and Mesozoic strata of certain thickness are

found in both the eastern and the southern sides of the South

Basin. On the land in Jiangsu province, such strata are oil-

bearing. Geologically, they are not different from the

sedimentary strata in Subei (Northern Jiangsu) Basin on land.

The two basins combine together forming a larger basin with an

2area of 50,000 km. The basement of the SSB is r i.q i.d , with a

number of faults as well as small segs as the center of

sedimentation. The basement of the North basin of the South

Yellow Sea is rather soft. It has four uplift zones

alternating with depression zones in the NEE-SWW direction,

intersected by several NWW and NNW structures. The main

uplift zone is along 123°E, and it separates the NSB into two

different structural parts. The western part has thick

Paleogene sedimentary rocks of a dark color. It has both NEE

and NWW structures, and there was no or only weak magma

activity. The eastern part is dominated by NEE structures.

There were frequent and strong Cenozoic magma activities. Its

Paleogene sedimentary rocks are terrestrial red beds with

interlayers of gypsum. The differences between the two

basins, SSB and NSB, are shown in Table 9.4.
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The average thickness of Paleogene deposits on the

Southern Basin of the South Yellow Sea is about 3,000-4,000 m,

with a maximum of 6,000 m. In addition, marine facies of

limestone were found at the east and south sides of the basin.

Since there are oil and gas shows when drilling in similar

deposits on land in Jiangsu province, it is possible there are

commercial oil and gas resources in the sea area. The

northern Basin is more open and broader than the southern

Basin. The Paleogene in the northern Basin is a thick

lacustrine deposit. The upper Cretaceous is a dark deposit

300 m thick. Its oil-generating indicator is at a good level.

Major oil-generating strata are the Taizhou (Wang) Formation,

the Funing Formation, and possibly the Laiyang Formation

(upper Jurassic). The Laiyang Formation may be an oil source

rock. Another oil-generating layer is the upper Cretaceous

Wang Formation. Starting from a depth of 1,328 m, Well 7 met

a layer over 1,000 m thick, of which the upper deposit is

black and the lower deposit red. Based on fossils, it seems

to belong to the upper Cretaceous. The dark mudstone of this

formation is 277 m thick. Its geochemical indices are:

organic carbon 0.52%, total hydrocarbon 165 ppm, chloroform

IIA" 567 ppm, Ro 0.43-0.5%, kerogen type II. The second and

third layers of the Funing Formation are dark mudstone 473 m

thick. Its geochemical indices are: organic carbon 0.6%,

total hydrocarbon 110 ppm, chloroform IIA" 181 ppm, Ro 0.44

0.86%, kerogen type II-III. Its potential is not as good as
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upper Cretaceous. The area saw a tectonic movement in the

early Tertiary. Both SSB and NSB have potential for oil and

gas resources.

Estimates of Petroleum

Petroleum geologists differ in their estimates of the

petroleum reserves of the Yellow Sea. Generally speaking, the

estimates by Western experts (except one done by the USGS)

tend to be much higher than that by Chinese experts. A

resource assessment by USGS as of Feb. 17, 1983 estimated that

the undiscovered conventionally recoverable crude oil and

natural gas resources in offshore Tertiary sedimentary basins,

both of the Yellow Sea and of the East China Sea, are 5.29

billion barrels, with a maximum of 12.23 billion barrels

(Robinson, 1984, p. 6). If the petroleum resources in the

Yellow Sea are about 1/39 of that in the East China Sea, as

some Chinese petroleum geologists have suggested, then the

estimated petroleum resources in the Yellow Sea by the USGS

should be only about 0.13225 billion barrels. Based on the

study by the USGS, adequate maturation may be a problem in the

Yellow Sea region, and the geothermal gradient appears to be

low (generally less than 2°F/I00 m). Valencia (1988) agreed

to the estimate that the potential petroleum resources of the

Yellow Sea and the East China Sea in total are about 1,000

10,000 million barrels. The probable reserve of petroleum
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resources of the Yellow Sea, as estimated by Chinese

geologists, is near 100 million tons9
•

Exploration Activities

Chinese Exploration

China began its own oil exploration in the Yellow Sea as

early as 1961, and joint oil exploration with foreign

companies in 1979 (Valencia, 1987). In 1961, the scientific

investigation vessel Jinxin (Mars), of the Institute of

Oceanology, the Chinese Academy of Sciences, Qingdao, did

seismic reflect point exploration in the central part of the

Yellow Sea. In 1968, the First Brigade of Marine Geological

Investigation, Ministry of Geology and Minerals of China,

began its geological and oil exploration in the Yellow Sea.

In 1974, it completed an aeromagnetic survey covering an area

of 173,000 km2
• In 1978, it completed an aeromagnetic survey

in the North Yellow Sea covering 80,000 km2
• By 1979, they

had finished geophysical surveys covering 166,000 km2 and

drilled 8 general survey wells (Jiang, 1990). Since 1979,

China has cooperated with foreign companies, British, French,

American, canadian, Australian, and Brazilian, to explore oil

and gas resources in the Yellow Sea. Two areas in the Yellow

Sea are open for joint exploration and exploitation by the

China National Offshore oil Company (CNOOC) and foreign

companies. One is in the Southwest region and another in the

Northwest region of the South Yellow Sea. In May 1983, CNOOC
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and B. P. Group signed a contract to jointly explore Area

23/06, covering 4,136 km2 in the Southwest region. In

December 1983, CNOOC and Chevron/Texaco signed a contract for

2joint exploration of Area 24/11, covering 2,001 km. Four

wells were drilled at the concession areas. In October 1983,

CNOOC and Cluff signed a contract for joint exploration of

2Area 10/36, covering 4,458 km. In June 1986, they signed

2another contract for Area 26/24, covering 6,449 km in the

Northwest region. This also includes an exploration

concession for a shallow water area. Total concession areas

2are about 16,739 km. Table 9.5 lists the dates the contracts

were signed and the sizes of five concession areas. Figure

9.2 shows the locations of the 18 wells drilled by China, the

ROK, and foreign companies which engaged in joint exploration.

Of the 18 wells, 10 were drilled in the southern basin of the

South Yellow Sea (SSB), and 8 were drilled in the northern

basin of the South Yellow Sea (NSB), including 2 wells drilled

by ROK. Except CHZ 6-1-1 (in SSN), and ZC 1-2-1 (in NSB),

none of the wells had any oil and gas show (Wen and Zhang,

1989) . stripper oil flow was found in well CHZ 6-1-1 at a

depth of 3,100 m, though it had no commercial value. A good

Paleocene source bed (it may also includes a Cretaceous source

bed) was met in ZC 1-2-1 at a depth of 3,400 m, and good-

quality crevice-oil has been seen. Unfortunately, the

drilling did not go deeper, and thus no commercial oil was

found.
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Korean Exploration

The Gulf oil Company obtained two concession areas from

the ROK government in the early 1970s, covering some parts of

the disputed areas claimed by China. Two wells were drilled

by the Gulf oil Company between February and June, 1973 in the

concession areas, but no oil and gas show was found. The

contact ended in April, 1977. Kunsan Basin has 1,000-1,500

meters of deposits. The ROK has long explored in this area,

but no positive result has been reported yet. Recently, the

ROK has been conducting more oil exploration in the

sOuthwestern offshore areas and along its southern coast.

In the Northern Yellow Sea, most of the largest (No.8)

seg is on the DPRK side. The DPRK government cooperated with

foreign companies in the early 1980s to finish a seismic

survey in the area, and drilling has been scheduled since

1986. According to information from the agencies of some

Western countries, the DPRK government is willing to join with

ROK companies to explore the oil resources in this area

(Jiang, 1990).

Areas of Relatively High Petroleum Prospects

The northern basin of the South Yellow Sea (NSB) has been

considered by many petroleum geologists as the best

prospective area in the Yellow Sea. The southern basin of the

South Yellow Sea (SSB) ranks second, followed by the Northern

Yellow Sea basin (NB)10. The above consideration was mainly
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based on the thickness of the deposits, especially the

Paleogene source rocks, and the area of the basins. However,

after further studies, a number of arguments have been raised

by Chinese petroleum geologists:

(1) The oil and gas potential of the upper Mesozoic

sedimentary rocks in the Yellow Sea should not be ignored,

e.g., the Laiyang formation (lower Cretaceous) and the Wang

formation (Upper cretaceous) in NSB, the Taizhou formation

(Upper Cretaceous-early paleocene) in SSB, and the Longpanli

formation (lower Cretaceous) in NB. Most drills made in the

past by Chinese were designed for Paleogene rocks, not for

upper Mesozoic rocks, and might not be deep enough to find the

oil and gas resources.

(2) Tectonic and structural positions and distances from

depression centers are of significance. The best prospective

area is at the "deep depression belt" between the "transfer

belt" and the "fault-terrace belt" in a depression (Wen and

Zhang, 1989). Therefore, the prospective areas in the NSB

should be near its northern fault, i . e., the north and

northeast segs. The prospective areas in the SSB might be the

South-5, South-7, and South-4 segs (Xu, 1982). The

prospective areas in the NB are, obviously, the No.8, and No.2

segs. Well ZHC 6-1-1 in SSB is located at the center of the

source rock area. Well ZC 1-2-1 in NSB is located near the

source rock area. This explains why oil shows were found at

both.
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(3) There are great differences between the NSB and the

SSB, in terms of lithology, geological structures, and

geophysical features, while both possess good prospects of oil

and gas potential. The SSB has Paleogene deposits of 3,000

4,000 m with a maximum of 6,000 m, which were deposited under

reduction conditions of lake and swamp. It has good

conditions for oil-generation, formation of reserves, and

covering. At the southern and eastern sides of the NSB, there

are also Mesozoic marine limestone and other rocks. The same

layers on land have oil and gas shows. The NSB is much more

open and broader than the SSB. It has thick Paleogene layers,

as well as the upper Cretaceous of 300 m which is also an oil

source rock. The SSB is linked with the Subai basin on land.

Mesozoic and Paleozoic limestone on land had oil and gas

shows. It is possible oil and gas resources may be found in

these layers in the sea areas.

(4) The "Fu Nan Sha uplift" located on the southern

margin of the SSB is traditionally recognized as an uplift.

However, recent studies show that in some places its

sedimentary thickness reaches 8,000-9,000 m (including

Paleozoic, Mesozoic, and Cenozoic), and can hardly be

recognized as an uplift. It may have the 'thickest Mesozoic

and Cenozoic deposits. The oil and gas potential of the segs

on the Fu Nan Sha uplift and other shallow-buried areas should

not be ignored (Wang, 1989).
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Planning for Development of Offshore Petroleum Resources

No commercial oil has been found in the Yellow Sea. The

development of oil and gas resources in the Yellow Sea is

still at the exploration rather than exploitation stage.

Planning suggests further oil exploration, and several of the

best oil prospecting areas should be defined in advance as

areas of preservation, to avoid future conflicts with other

sea uses.

In the NSB, none of the previous 18 wells was drilled at

the northeastern seg. This is one of the areas with high

potential of petroleum resources, and further exploration by

drilling is needed. The Wang formation and Laiyang formation

are the major focuses. In the NB, the No.8 and No.2 segs are

prospective areas for further exploration by drilling. The

area of the segs in the SSB are relatively smaller than the

ones in the NSB, due mainly to the high density of faults.

Hence, the locations of drilling in the SSB should be

carefully chosen to guarantee that they are located at the

center of the segs. Seg 4 could be a first choice. In

addition, since some Chinese petroleum geologists emphasize

the potential of deeper deposits on the Fa Nan Sha "uplift",

one test well may be scheduled at the place with the deepest

deposits on the Fu Nan Sha uplift.

It is suggested that the Northeastern and northwestern

segs of the NSB, segs 4, 7, and 5 of the SSB, and segs 8 and

2 are the best prospective oil areas in the Yellow Sea. The
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relevant geographic grids of these relatively-high oil

prospecting areas are: 51a, 51b, 52a, 62d, and 63a,b,c,d for

NSB; 31b, and 32a,b for SSB; and 83b, 84a,b,c,d, and 81c,d for

NB.
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TABLE 9.1

Indices of organic Matter in Source Rock

II
Level

I
C%

I "A"%=:J Total Hydrocarbon I(ppm)

High >1 >0.1 >500
Median 0.6-1 0.05-0.1 200-500
Low 0.4-0.6 0.01-0.05 100-200

Source: Guo Zhenxuan, 1986. "Characteristics of Source Beds
for the Major Cenozoic Sedimentary Basin in China
Offshore." Marine Geology k Quaternary Geology,
Vol.6, No.4., in Chinese, p. 81.

TABLE 9.2

organic Matter in paleogene Source Rock

in Offshore China Hydrocarbon Basins*

Indices Area 1 Area 2 Area 3 Area 4 Area 5 Area 6

C% high- high high high high high
median

IIA"% high- median high- median high high-
median- median median

low

Hydrocar- high- median high- median high low-
bon (ppm) median- high

low

* Areal = Bo Hai, Area 2 = South Yellow Sea, Area 3 = Pearl
River mouth, Area 4 = Yinggehai, Area 5 = Beibu Gulf, and
Area 6 = East China Sea.

Source: same as Table 9.1.
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TABLE 9.3

Organic Matter in Neogene Source Rock in

Offshore China Hydrocarbon Basins*

Indices Area 1 Area 2 Area 3 Area 4 Area 5

C% 0.11- 0.36- 0.31- 0.34 0.20
0.42 1.4 0.85

"A"% 0.02- 0.02- 0.06 0.018 0.017
0.03 0.09

Hydrocar- 30-152 47-298 241 78 100
bon (ppm)

* Area 1 = South Yellow Sea, Area 2 = East China Sea, Area 3
= Pearl River mouth, Area 4 = Yinggehai, and Area 5 =
Beibu Gulf.

Source: same as Table 9.1.

TABLE 9.4

Differences between the Two Basins, SSB and NSB

Features Southern South Northern South
Yellow Sea basin Yellow Sea basin

(SSB) (NSB)

Geophysics
Magnetic massive, positive striped, negative

Gravity smooth and gentle bead-string-like
anomaly anomaly

Areal gravity with Subei to form independent
a negative anomaly negative anomaly
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TABLE 9.4 (Continued)

Features

Structure
Basement

Base rocks

Time of
formation

Directions of
structures

Characteristics
of structures

Tertiary deposits
1. Yancheng

formation
2. Huanghai

formation
a. thickness
b. lithology

c. phases
3. Funing

formation
a. lithology

b. phases

Magma activities

Southern South
Yellow Sea basin

(SSB)

strong magnetic,
old, and crystal

Mesozoic, low and
middle Triassic

early Paleogene

NWW-EW

south faults and
north overlap

complete and thick

948.2 m
dark layer with
coal

swamp

dark sandy
mudstone without
gypsum
deep lake

weaker

Northern South
Yellow Sea basin

(NSB)

weak magnetic,
metamorphic

Paleozoic

later Cretaceous
early Paleogene

NEE-NE-NWW-NNW

north faults and
south overlap

thin and
incomplete

522 m
red sandy
mudstone, with.
some charcoal
shallow lake

dark sandy
mudstone with
gypsum
semi-salty lake
in weak reduction

stronger

Source: XU, Weiling, 1982. "Discussion on the Two Cenozoic
Basins of the South Yellow Sea." Marine Geological
Research, Vol.2, No.1.
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TABLE 9.5

Concessions between China and Foreign Companies

Areas of contract Dates signed Sizes of areas
(km2)

B.P. 23/06 May 5, 1983 4,136

Cluff 10/36 October 29, 1983 4,458

Shevron/Texaco December 2, 1983 2,001
24/11
Cluff 26/24 February 5, 1986 6,449

B.P. 25/02 August 26, 1986 5,431

Source: Jiang Tierning (in chinese), 1990. p. 154.
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Legend

FIGURE: 9.1 Offshore Petroleum Resources and Zones for
Exploration and Exploitation

Derived from Xu, 1982:67: Peng, et al.,
1982:32; Wang, 1989:49
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FIGURE: 9.2 Distribution of Drilling Wells in
the Western Yellow Sea

Derived from Wang, 1989:49

1. Structural boundaries; 2. Boundary faults of depression; 3. Inferred faults; 4. The ROK
testing wells; S. China's own testing wells; 6 Cooperatively testing wells by China and
foreign companies
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CHAPTER 10

PLANNING FOR MARINE DUMPING AND POLLUTIO~r CONTROL

Marine pollutants in the Bo Hai Sea can enter the Yellow

Sea freely, and there is also an exchange of marine pollutants

between the Yellow Sea and the East China Sea. Current and

wind systems, and submarine topography are major factors

affecting the movement of marine pollutants.

In the Yellow Sea, located in the East Asian monsoon

region, the wind system plays a significant role in the

movement of marine pollutants. In summer, the wind direction

is the same as that of the Kuroshio Current, while in winter,

the direction of the strong, cold dry winds from the Asian

continent is opposed to current. This seasonal change in wind

direction has a significant influence on the movement of oil

spills in the Yellow Sea.

Strong tidal currents are also an important physical

phenomenon affecting the movement of marine pollutants in

coastal waters.

Another important physical feature is the large amount of

sediments and nutrients draining from the continent into the

Yellow Sea. Large rivers, such as the Changjiang and Huaihe,

bring abundant sediments and nutrition into the Yellow Sea

from the Chinese side. Consequently, there are many fish

spawning and breeding grounds on the Chinese coast. This
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should be taken into account when considering protection of

the marine environment.

Marine Pollution in the Yellow Sea

Marine Pollution on the Chinese side

Each year China's state Oceanic Administration (SOA)

makes an annual report on the state of Chinese nearshore

marine environment. The water quality of the Chinese offshore

areas in the Yellow Sea is generally good, but there is marine

environmental pollution in nearshore areas, especially in

Jiaozhou Bay. For example, the water quality of Jiaozhou Bay,

either in terms of its oil or nutritional content, is ranked

in the third class of Chinese seawater quality standards

(National Bureau of Environmental Protection, China, 1990, p.

122) •

Maj or marine pollutants in Chinese nearshore areas of the

Yellow Sea are, in descending order of both concentration and

distribution: oil, COD, heavy metals (Hg, Cd, Cr, Pb, As, Zn),

and organic chloride. The pH, and the amount of DO (dissolve

oxygen) are normal. So far there has been no apparent

artificial radioactive pollution. The concentration of

artificial radioactive nuclides is lower than the background

level or the level in the 1960s. The amounts and distribution

of marine pollutants in Chinese nearshore areas are heavily

determined by the sources of the marine pollution (Yin, 1985,

pp.15-16).
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Oil Pollution

Along the west coast of the Yellow Sea, oil is detectable

in many places, including: Dandong, Dalian, Jiaozhou Bay, and

Lianyungang. The total area of oil pollution detected in the

Yellow Sea is about 29,000 km2
• Table 10.1 shows oil

concentration in the seawater in different areas of the Yellow

Sea. oil pollutants in the western Yellow Sea come mainly

from the Bo Hai Sea (Figures 10.1-2). The average oil

concentration is high at Dalian Bay (0.185 mgjl) , which

inconcent.rationoilaverageThe

satisfies second class water quality according to China's

national standards. 11

Jiaozhou Bay is about 0.070 mgjl. As Table 10.1 shows, the

oil concentration of the North Yellow Sea is higher than that

of the South Yellow Sea, since there are only a few ports and

a few industries in the coastal zone of Northern Jiangsu

province.

organic Matter and COD

The average COD concentration in the western Yellow Sea

is 1.1 ppm, which satisfies first class seawater quality.

However, the COD of Dalian Bay is higher than the average.

Higher COD concentrations are also found in the mouth of the

Yalu River, the coastal zone of the Northern Yellow Sea, and

the nearshore area of Jiangsu province.

Inorganic nitrogen is already a problem for the Bo Hai

Sea, while in the Yellow Sea the situation is much better.
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The average concentration of inorganic nitrogen in both the Bo

Hai Sea and the Yellow Sea was 0.014-3.146% in the years 1979

1981. However, higher concentrations (more than 1 mg/l) of

inorganic nitrogen are found in the mouth of the Yalu River,

Dalian Bay, and Haizhou Bay.

Average inorganic phosphorous content in the western

Yellow sea was 0.25 ug/l in 1988, much better than the

requirement for first class seawater quality.

Heavy Metals

Heavy metal pollutants in the western Yellow Sea include

Hg, Cd, Pb, As; Cr, Zn. The concentration of heavy metals is

strongly related to their source. Consequently, Hg, Zn, Cd,

and As are found in Dalian B~y, while Cr is a major pollutant

in Jiaozhou Bay (National Bureau of Environmental Protection,

China, 1990, p. 75).

In general, Hg concentration of the western Yellow sea is

less than 0.01 mg/l. However, Hg concentration is relatively

high (0.01-0.1 ug/l) in Dalian Bay, the mouth of the Yalu

River, Jiaozhou Bay, and at Haizhou Bay (National Bureau of

Environmental Protection, China, 1990, p. 81). The Cd

concentration is relatively high in northern Dalian Bay (more

than 0.2 ug/l). In Jiaozhou Bay, Cd concentration is about

0.1-0.3 ug/l, while in Northeastern Jiaozhou Bay and Qingdao

city, Cd concentration is over 0.3 ug/l.
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Cr concentration is relatively high in Jiaozhou Bay, with

a maximum of more than 8 ug/l.

Average concentration of As in Dalian Bay is about 5-10

ug/l, one of the highest As concentrations on the Chinese

coast. The concentration of As in Jiaozholl Bay is also high

(1.2-11 ug/l in average). The highest As concentration of

bottom sediments is found in Haizhou Bay (10.23 mg/l) (Bureau

of Environmental Protection, china, 1990, p. 56).

Pb concentration in Jiaozhou Bay and western Dalian Bay

is more than 4 ug/l. Pb concentration in Haizhou Bay is also

relatively high (Bureau of Environmental Protection, China,

1990, p , 56).

The average Zn concentration in the western Yellow Sea is

less than 30 ug/l. It is lower than the Zn concentration in

the Bo Hai Sea. However, the Zn concentration at the Yalu

River mouth is relatively higher than the allowable level of

first class seawater quality.

Organic Chloride

The content of organic chloride is very low, as China has

now prohibited the use of 666 and DDT as pesticides.

According to statistics from 1976 to 1981, average organic

chloride concentration of the surface water in the western

Yellow Sea was about 0.116-0.137 ug/l(not including Jiangsu

province). The South Yellow Sea had more organic chloride

than the North Yellow Sea. The highest was found in Jiaozhou
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Bay and in the coastal zone of Jiangsu province, while the

lowest was in Dalian Bay.

Marine Pollution on the Korean Side

Information on marine pollution on the eastern side of

the Yellow Sea is limited. According to Seung and Park

(1990), average concentration of oil on the eastern Yellow Sea

coastal surface water increased from 1.9 mgjl in 1985 to 2.2

mgjl in 1987, higher than the first class seawater quality of

the ROK. Average COD values decreased from 4.20 in 1983 to

1.29 mgjl in 1987. COD concentration of the surface water

near the Banweol industrial complex, ROK, was 1.46 mg/l, that

is higher than the standard for first class seawater quality.

In the eastern Yellow Sea, mercury ranges from 0.032 ugjl in

Kunsan to 0.087 ugjl in Mokpo, close to the present limit of

detection for mercury analysis (Seung and Park, 1990).

Cadmium is about 0.2 to 1.4 ugjl in Korean coastal waters and

less than 0.05 ugjl in the central Yellow Sea, which is much

lower than the average concentration of 0.11 ugjl in the open

ocean. Lead is about 2.57 ugjl in Korean coastal waters and

less than 1 ugjl in the central Yellow Sea. Copper ranges

from 2.99 to 25.12 ugjl with an averaqe of 13.24 ugjl in

Korean coastal waters, 1 ugjl in surface water and less than

0.6 ugjl in bottom waters of the central Yellow Sea. Tables

10.2 and 10.3 show respectively the pollution in 1991 and COD
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levels in 1988-1991 in near coastal waters of major ROK ports

on the Yellow Sea.

Red tides, and oil spills are common marine pollution

problems in the ROK. The amount of oil spilled in Korean

waters by vessels and the resulting economic damages have

increased over time and are of growing concern (Grigalunas,

1991, p. 215). Total economic loss of the ROK resources due

to oil spilled from 1983 to 1987 was estimated at 17 million

Won. Red tides have been a constant threat to the ROK's

aquaculture in coastal waters. The annual mean value of COD

at Inchon from 1984 to 1989 was around 1.52 mg/l. In most ROK

coastal waters the value of COD is increasing with time.

Threat of Increasing Marine Pollution

There is a trend of increasing marine pollution, both on

the Chinese and Korean sides. Both land-based pollution and

pollution from ships will increase in the 1990s. The number

of petrochemical plants in Chinese coastal areas is

increasing. Obviously, land-based pollution will increase

with the population and economic development. In recent

years, the number of bulk chemical cargo shipments has also

been increasing at an annual rate of 10 per cent. According

to Yang Hongwen, a ministry environmentalist, "when we plan a

5.7 per cent growth of cargo shipment between 1991 and 1995,

it would be dangerous to ignore growing pollution from

vessels." Yang Hongwen says the ministry will build a pilot
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disposal center in the port of Dalian to treat bulk chemical

effluent (Xie, 1992, p. 1).

Clearly, marine pollution is becoming an increasing

threat to the states bordering the Yellow Sea.

Sources of Marine Pollution

River discharge is a major source of marine pollution

(accounting for 83.98% of the total). Others include:

directly or mixed-released industrial waste (12.16%), ports

and ships (2.83%), and oil fields (1.03%). The major

sources of organic matter are industrial waste (81%) and

domestic sewage (18%). Oil fields, ports, and ships only

account for the remaining 1%. In the case of oil pollution

in the coastal zone, ports and ships account for 52% of the

total. Second is industrial waste (40%). Third includes

oil fields and domestic sewage (8%). For organic chloride,

agricultural chemicals are the major source (95%). The

sources of heavy metals are quite complicated: river

discharges, industrial waste, waste from ports and ships,

bottom sediments, and the Kuroshio current which brings some

heavy metals into the Yellow Sea from the southeast. The

amounts of heavy metals and oil entering the Yellow Sea from

China are shown in Table 10.4.
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Marine Dumping Activities

The ROK government allows ocean dumping of excrement and

certain industrial wastes into designated areas of the Yellow

Sea. From 1988 to 1991, total marine dumping of waste by the

ROK into the Sea of Japan and the Yellow Sea was 3.8 million

tons.

China has assigned a total of 52 marine dumping areas,

some of which are located in the Yellow Sea. Table 10.5 gives

the locations of some of China's dumping areas in the Yellow

Sea.

There is serious conflict in nearshore waters between

marine dumping and aquaculture. Most industrial effluent and

domestic sewage of China are directly released into the sea

without any treatment. In addition, because some Chinese

ports have problems of sedimentation, dumping dredged

sediments into deeper sea waters is necessary.

Selection of marine dumping areas is a complex problem.

Aspects that need to be considered include: sea water self

purification capacity (related to the direction and speed of

the surface currents, sea water physical features, chemical

composition, submarine topography, etc.); background of marine

pollution of the sea water and bottom sediments; ecologic

system and possible impacts of marine dumping on it; and

economic efficiency which is related to the dumping distance

and quantities of dumping materials. For example, dredged

materials from Yantai contain many kinds of heavy metals which
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may damage the marine ecosystem and sea water quality, such as

Cu, Sn, Oil, Ca, Pb, and Zn. Therefore, a careful study is

needed for selecting marine dumping areas. In 1982-84 the

dumping of dredged materials from Yantai into the vicinity of

Danzhi island caused a decrease of 3 tons of sea cucumber

production. There are ways to manage marine dumping: (1)

define special marine dumping areas for certain kinds of

industrial wastes and dredged materials; (2) set up relevant

standards for different dumping materials; (3) set up the

maximum amount of and times for marine dumping in certain

periods; and (4) establish a certificate system to allow only

permitted marine dumping.

The dumping of dredged materials, which is necessary for

some Chinese ports, should be in areas of deeper sea water

(over 15 meters, for example) to avoid damaging coastal

aquaculture. The areas should have good hydrological exchange

between coastal water and deeper water. On the one hand,

dumping areas should be as far away as possible from

aquacultural areas. On the other hand, due to the cost of

marine transportation, the dumping areas should not be too far

from the coast. It is suggested that at least one special

marine dumping zone for each important port in the Yellow Sea

be defined.

On September 2, 1986 the Chinese government permitted the

use of a defined area in offshore Jiaozhou Bay for dumping

dredged materials classified as non-poisonous (the third type)
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substances. Later, on September 27, 1987, the Chinese

government permitted the use of a defined area offshore Yantai

for dumping dredged materials classified as non-poisonous

substances.

Efforts to Control Marine Pollution

China's Marine Environmental Laws and Regulations

Since the late 1970s, China has promulgated a number of

laws and regulations to protect the marine environment. The

marine environmental protection regulations and laws

promulgated by the Chinese government from the 1970s to 1990

are as follows:

1974: the "Provisional Regulations on Prevention of

Pollution in Coastal Waters ll ;

1979: "water Standards for Fisheries (WSF)"; the

"Provi.s LonaL Regulations for f-iarine Pollution Investigation

(PRMPI) II; the IILaw on Environmental Protection of the People's

Republic of China"; and the "Regulations on Management of

Foreign Vessels of the People's Republic of China";

1982: IIStandards on the Sea Water Quality of the People's

Republic of China"; II Discharge Standards on Vessels";

"Discharge Standards on Marine oil Exploitation"; and the IILaw

of Marine Environment Protection of the People's Republic of

China", which formally became effective on March 1, 1983.

1983: the "Regulations on Prevention of Marine Pollution

by Vessels at Sea"; and the "Regulations on Environmental

226



Protection in Offshore oil Exploration and Exploitation of the

People's Republic of China";

1984/1985: the"Regulations on Management and Protection

of Marine Environment from Pollution by Ships"; and the

"Regulations on Marine Dumping of the People's Republic of

China", and

1990: the "Regulations on Protection of Marine

Environment from Damage by Land-Based Pollutants of the

People's Republic of China Ii and the "Resulations on Protection

of Marine Environment from Pollution Introduced by Coastal

Engineering Construction Projects of the People's Republic of

China" (Shi, 1987, pp.3-4; DU, 1990, p.468).

China's Efforts in Protecting the Marine Environment

In 1983, the State Oceanographic Administration (SOA)

began to use aerial remote sensing techniques and patrol ships

for monitoring the marine environment of important bays,

shipping routes, offshore platforms, and fishery grounds of

neighboring seas, including the Yellow Sea. In May, 1984,

China established a "Nationwide Marine Pollution Monitoring

Network."

• oF
1S one o r

The Yellow Sea marine pollution monitoring network

four sub-networks of the nationwide network (Shi,

1987, p , 4).

In 1979, the Chinese Association on Marine Environmental

Sciences (CAMES) was established. The first academic

conference on marine environmental science was held in Dalian
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in October, 1981. The conference decided to organize a

special journal for marine environment studies: Marine

Environmental Science. The first issue was pUblished in 1982.

Studies on the marine environment are of two kinds:

theoretical studies, including models for prediction of marine

pollution, predicted marine pollution of neighboring Chinese

seas in the year 2,000, and policies to control marine

pollution, and applied techniques and methods, such as models

for control of water quality in nearshore areas, equipment to

control marine oil pollution, methods to identify oil spills,

non-polluting tools for seawater sample collection, and

techniques to identify the thickness of the oil on the sea

surface.

However, as pointed out by some scientists (Auer, 1991,

p. 171), China has only three vessels to monitor the polluting

activities of ships and land-based facilities, insufficient to

enforce regulations and laws on marine environmental

protection in its vast offshore area of neighboring seas.

The ROK's Efforts in Protecting Marine Pollution

Current treatment capacities of total industrial effluent

and municipal sewage of the ROK are 34% and 25%, respectively.

The ROK is better able to control land-based marine pollution

than China, in terms of treatment capacities of industrial

waste and domestic sewage. Since the mid-1980s, the ROK

government has been formulating a West Coastal Zone
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Development Policy. In 1989, the Standing committee for the

West Zone Development under the Prime Minister's Office was

established. It is predicted that land-based marine pollution

on the west coast of th8 ROK will increase if the present

treatment capacities of industrial effluent and municipal

sewage are not improved. Hence, the government has already

decided to build more facilities to treat industrial effluent

and municipal sewage.

Planning for Control of Marine Pollution:

~ cooperative Approach

Transnational Marine Pollution Issues

There is a need for cooperation on transnational marine

pollution issues between C~ina and the two Koreas, as the

movements of marine pollutants cannot "recognize" and do not

"respect" international maritime boundaries.

As has already been discussed in Chapter 8, oil spills

are a serious transnational marine pollution problem in the

Yellow Sea. Regional cooperation is essential for a solution.

In the summer, an oil spill originating from the Korean side

will spread to the Chinese side from the southeast to the

northwest, while in the winter an oil spill originating from

the Chinese side will spread on to the Korean side (Valencia,

1991). Research done by Chinese scientists in 1975-1977 shows

that in winter surface oil moves from the Bo Hai Sea to the
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Yellow Sea, while in spring the situation is much more

complicated (Figures 10.1 and 10.2)

Pollution from ships is another transnational marine

pollution issue which needs cooperation. China already uses

aerial remote sensing techniques and some patrol ships to

monitor marine pollution in the Yellow Sea, as well as other

neighboring seas. More than 3,000 employees under the State

Port Superintendence Bureau conduct annual pollution

prevention checks on 6,000 ships flying Chinese or foreign

flags. Such inspection capacity ranks China third among the

world's shipping nations, behind Japan and Germany. In 1990,

the Bureau handled 842 marine pollution accidents of which 162

occurred on foreign ships (Xie Yicheng, 1992, p. 1). However,

China herself cannot complete the task of monitoring and

checking marine environment of the whole Yellow Sea. In this

area, both China and the two Koreas have a great opportunity

to cooperate.

Protection of marine living resources from marine

pollution is also a transnational problem. Fish spawning,

breeding, and wintering grounds are distributed on both sides

of the Yellow Sea. Fishes migrate to any part of the Yellow

Sea. China, the DPRK, and the ROK should cooperate to set up

special regulations for protection of fishery resources from

marine pollution.

Marine pollution at the mouth of the Yalu River is also

a transnational problem. The Yalu River mouth has already
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been polluted by both oil and Hg concentrations. Without

cooperation between China and the DPRK, this problem cannot be

solved. In addition, some kinds of marine pollution may not

be transnational, but are still of common concern. For

example, the threat of red tides is one of the most serious

marine pollution issues of common concern in the Yellow Sea.

On the Chinese side, in 1990 there were five red tides at the

Changjiang River mouth. Dalian Bay, Jiaozhou Bay, and the

nearshore area of Changhai County had one red tide each. A

red tide in Jiaozhou Bay happened on June 26, 1990. Its

2polluted area was a total of 80,000 km. A red tide in Dalian

Bay was caused by an oil spill, and the affected region

2reached 1,000 km. Red tides happen when the COD is above 2.0

mg/l, and the water body tends to be eutrophic. Red tides

will become increasingly serious with the increase of

industrial waste and domestic sewage from the land into the

Yellow Sea. According to a study published in 1991, the COD

contents on the western coast of the ROK will increase from

1.1-3.7 mg/l in 1991 to 2.1-4.3 mg/l in 2001, with increased

amounts of industrial waste and domestic sewage.

The Legal Basis for Regional cooperation

Existing international conventions, treaties, or

guidelines such as UNCLOS III, the 1972 London Dumping

Convention (LDC), the International Convention for the

Prevention of Pollution from Ships, 1973, as modified by the
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Protocol of 1978 (MARPOL 73/78), and the IMO treaties, can

provide the legal basis for cooperation among the Yellow Sea

bordering states.

Article 123 of the LOS, errtLt.Led "Co-operation of states

bordering enclosed or semi-enclosed seas", says: "st.ates

bordering an enclosed or semi-enclosed sea should co-operate

with each other in the exercise of their rights and in the

performance of their duties under this Convention." Clause

(b) clearly defines cooperation on protection of the marine

environment: "to co-operate in the implementation of their

rights and duties with respect to the protection and

preservation of the marine environment." This clause sets a

legal basis for cooperation between China and Korea on the

protection and preservation of the Yellow Sea marine

environment. Furthermore, Article 197 of the LOS, entitled

IiCo-operation on a global or regional basis", says: "States

should co-operate on a global basis and, as appropriate, on a

regional basis, directly or through competent international

organizations, in formulating and elaborating international

rules, standards and recommended practices and procedures

consistent with this Convention, for the protection and

preservation of the marine environment, taking into account

characteristic regional features. II At present, there are no

legal treaties or agreements among China, the DPRK, and the

ROK. Also, the three bordering countries of the Yellow Sea

have signed or ratified only a few international conventions
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or treaties. China is a member of the London Dumping

Convention (LDC). The Republ ic of Korea recently amended the

marine pollution control law in 1988 to permit ocean dumping

in its territorial sea under a strict monitoring system

(Choon-ho Park et al., 1990). All three Yellow Sea states

have acceded to the International Convention for the

Prevention of Pollution from Ships, 1973, as modified by the

Protocol of 1978 (MARPOL 73/78)." "There are 13 IMO treaties

focused specifically on preventing pollution from ships.

China has ratified five of these treaties. South Korea has

ratified only two-the original civil Liability Convention and

the Convention for the Prevention of Pollution from ships.

North Korea has acceded to Annexes 3,4, and 5 of the

Prevention convention, and all but South Korea have signed the

civil Liability Convention. None has joined the 1973

Intervention Convention" (Valencia, 1991).

Approaches for cooperation

China, the ROK, and the DPRK could cooperate to control

marine pollution in the Yellow Sea by the following

approaches:

(1) Cooperation on setting unified standards for marine

environmental protection

According to Article 197 of UNCLOS III mentioned above,

the Yellow Sea bordering states need to set up unified

standards for seawater quality classification and regulations
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and standards for the effluent from ships. The PRe has set a

limit of 150 gross tons for oil tankers, and 400 gross tons

for non-oil tankers as the threshold for triggering

regulation. Vessels exceeding the threshold must be specially

equipped for oil pollution prevention. According to Chinese

standards, the maximum oil concentrations of oil-contained

sewage allowed to be released from land into the sea, are:

less than 45 mg/l for each instance and less than 30 mg/l as

a monthly average in first class water areas, and less than 75

mg/l for each instance and less than 50 mg/l as a monthly

average in second class water areas. The maximum oil

concentrations of oil-contained sewage allowed to be released

from ships into the sea, are: less than 15 mg/l in the

internal waters and territorial seas, and less than 100 mg/l

in the offshore area more than 12 miles from the baseline.

Table 10.6 shows the allowable maximum concentration set up by

China for daily sewage from ships. Tables 10.7 and 10.8 show

PRC standards on sea water quality and poison-contained

effluent released into the sea.

The seawater quality standards set by the ROK are

slightly different from those of China (Table 10.9). For

example, according to the ROK standards, Hg should not be

detectable for all class waters, while the Chinese standards

set certain limits for the existence of Hg in sea waters of

different classes.
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In general, there are slight differences between the

Korean and Chinese seawater qual i ty national standards, either

on the items concerned, or on the units and numbers set for

the standards.

The national standards, both of the ROK and of the DPRK,

for releasing industrial effluent into the sea from land or

from sea are unknown.

China, the ROK, and the DPRK should have unified

standards for classifying seawater quality, evaluating poison

contained effluent, and evaluating pollution of bottom

sediments in the Yellow Sea.

(2) Cooperation on protecting the Yalu River mouth, as

well as the northern Yellow Sea from marine pollution

According to Article 207 of UNCLOS III, "states shall

adopt laws and regulations to prevent, reduce and control

pollution of the marine environment from land-based sources,

including rivers, estuaries, pipelines and outfall structures,

taking into account internationally agreed rules, standards

and recommended practices and procedures." The Yalu River is

an international border river. There is already serious

pollution in the mouth of the River, in terms of the

concentration of oil and Hg. Cooperation is needed between

China and the DPRK to establish a bilateral agreement to

prevent, reduce and control land-based pollution.

Furthermore, there may be potential petroleum resources in the

Northern Yellcw Sea, especially in its eastern part. Since
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the physical conditions of the Northern Yellow Sea are good

for offshore aquaculture, there could be future sea use

conflict between oil exploitation and offshore aquaculture in

certain places of the North Yellow Sea. China and the DPRK

need to cooperate in a comprehensive marine policy in this

area.

(3) cooperation on marine environmental monitoring

through remote sensing and patrol ships

The number of oil tankers passing through the Yellow Sea

is increasing. According ·to a treaty between China and Japan,

each year from 1991 to 1995 China will export 10 million tons

of crude oil to Japan. Much of this crude oil is transported

through the Yellow Sea region. It will be appropriate to

consider establishment of tanker exclusion zones or maritime

transportation closure zones to protect the marine

environment. The control of pollution by noxious liquid

substances in bulk is of common concern. Average

concentration of benzene hexachloride in the western Yellow

Sea is 0.15 ug/l at the surface. Transportation of noxious

liquid chemicals in the ROK increased from 1.7 million tons in

1980 to 3.3 million tons in 1985.

China, the ROK, and the DPRK should cooperate to

establish a Yellow Sea marine pollution monitoring network.

In addition to information exchange, the Yellow Sea bordering

states can cooperate on establishing a remote sensing

monitoring system covering the whole Yellow Sea region. In
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the case of the ROK, the Ministry of Environment, the Korean

National Maritime Police (KNMP) , the Hydrographic Office, the

Maritime and Port Administration, and the Korea Ocean Research

and Development Institute are involved in monitoring coastal

areas. Since 1981, the KNMP has taken responsibility for

detecting, monitoring, and cleaning up ocean oil spills, and

has performed surveying of offshore water quality jointly with

other government agencies for the entire Korean coastline.

China, the DPRK, and the ROK need to establish a regional

monitoring network for the Yellow Sea marine environment,

composed both of remote sensing and patrol ships.

(4) Cooperation on examining and cleaning up

transnational oil spills

As discussed in Chapter 8, one possible appr-oach for

cooperation is the formation of a regional pollution response

team, equipped with emergency response vessels, powerful tugs

with pollution control equipment, tanks, towing and other

emergency gear, especially a team for examining and cleaning

up transnational oil spills. It is estimated that around the

year 2,000, each year there will be over 10,000 tons of oil

spilled on the Chinese side of the Yellow Sea. However, China

has not yet organized an oil spill clean up team. As in the

Korean case, the necessity of cleaning up oil spills and how

much it is going to cost are still under discussion.

Eventually, China, the DPRK, and the ROK need to consider

forming a regional team for cleaning up oil spills. The
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regional team will respond to and act on the oil spills if the

estimated economic losses due to oil spills are larger than

the costs of cleaning them up, or if the oil spills will

seriously damage marine ecosystems in the Yellow Sea.

(5) Cooperation on unified regional marine dumping policy

Only two small areas on the Yellow Sea, offshore Yantai

and Jiaozhou Bay, have been selected by the Chinese government

as marine dumping areas. The ROK amended its marine pollution

control law in 1988 to permit ocean dumping in its territorial

seas, but no exact dumping site and amount of waste disposal

has been given yet (Seung and Park, 1990). There is no

information about the DPRK's offshore marine dumping areas.

It is necessary for Yellow Sea bordering countries to have a

unified policy on marine dumping. The first step could be

information exchange on marine dumping activities. The second

step should establish a unified marine dumping policy for

whole Yellow Sea. The location of marine dumping should

follow the principle of avoiding or reducing damage to fishery

resources. The physical features of such marine dumping areas

should favor self-purification. The Yellow Sea bordering

states need to reach an agreement on formulating a marine

dumping policy.
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(6) Cooperation on protection of valuable fish spawning,

breeding, and wintering grounds for sustainable fishery

production

The Yellow Sea fishery resources have been declining over

the last thirty years. Overfishing is one maj or factor.

However, the impacts of increasing marine pollution during the

last thirty years should not be ignored. Research on the

distribution of fish spawning, breeding, and wintering

grounds, by the scientists of different countries (China,

Korea, Japan, and the USA), provide us with more or less

different results. It is necessary to categorize the above

mentioned fish grounds. Some scientists categorize them as

pelagic and demersal. Others categorize them into four types:

(1) seriously-exhausted species or species in danger; (2)

gradually-declining species; (3) species at optimum

production; and (4) species with potential to increase

production. It is necessary to use the same categories for

identifying the areas of protection. There are already

fishery treaties between China and Japan, the ROK and Japan,

and the DPRK and China. To take into account the protection

of fishery resources from marine pollution, it is necessary

to define protected spawning zones and juvenile fish zones.

(7) cooperation on research and information exchanges

Research on marine environmental pollution can be divided

as follows: marine pollution prediction (including prediction

models); pollutant types, behavior, and dynamics (including
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self-purification studies) ; regional differentiation of marine

pollution; the relationship of physical features, marine

pollution, and marine living resources; laws, conventions and

regulations to protect, reduce, and control marine pollution

at regional or international levels; and techniques to

examine, monitor, and clean up marine environmental pollution.

China completed a comprehensive study on protection and

control of marine pollution of the Bo Hai and Yellow Seas in

1983. The studies covered broad areas with 164 separate

topics, such as: origin of red tides and the methods to

predict them; the state and total amount of marine pollution

on the Yalu River mouth; application of infrared-ray remote

sensing technology for monitoring marine oil pollution;

methods to treat poisons in waste from DDT-production; impacts

of marine pollutants on distribution, species organization,

and community structures of plankton, fish eggs, and larval

fish; simulating-experimental study on dynamics of marine

pollution; and treatment of high-concentration organic waste

by using photosynthetic bacteria.

The ROK has also conducted a great deal of research on

marine policies for marine environmental protection. At the

Marine Environment Panel of the International Workshop on

Marine Pol icies toward the 21st Century: World Trends and

Korean Perspectives, held on November 1-3, 1990, Cheju Island,

seven broad issues for policy and research were identified.

These include: marine pollution by organic and inorganic waste
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discharges, and their impacts on fisheries and human health;

marine environmental problems posed by land reclamation;

marine environmental degradation caused by intensive

industrial and agricultural development of Korea's coastal

areas; identification of economic and environmental losses due

to oil spills, and prevention, control, response, and cleaning

up of such spills; marine environmental problems posed by

disposal of waste; marine pollution caused by maj or industrial

development in the coastal areas; and marine environmental

problems caused by global warming and sea level rise.

Cooperation among the Yellow Sea bordering states on

marine pollution research could be the first step in a broad

cooperation program, and would greatly improve research

ability through integration, as well as save money by reducing

or avoiding overlapping studies. Both China and the two

Koreas would benefit from such cooperation.

Forms of cooperation

The forms of cooperation between China, the DPRK, and the

ROK on Yellow Sea marine 9nvironmental protection could be

either bilateral or trilateral treaties or agreements based on

international conventions. It could take the form of a

comprehensive agreement on international cooperation on marine

environmental protection, or separate agreements on each

specific field, signed by different bureaus or institutions.
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The cooperation could also be a regional program as part

of UNEP's Regional Seas Program. UNEP's Regional Seas Program

has proven very successful, in the Mediterranean Sea, the

North Sea, the Baltic Sea, and the Southeast Asia.

The Yellow Sea bordering states may also have the

opportunity to sign an agreement on marine scientific and

technological cooperation. A recent example is the Agreement

on Marine Scientific and Technological Cooperation between

China and spain, which was signed on April 6, 1992 in Madrid,

Spain. It covers not only studies on protection from marine

pollution, but also basic studies in oceanography, and

development, use, and management of marine resources.

Ocean Zones for Control of Marine Pollution

The following zones are defined for marine dumping and

for protection of the marine environment.

Marine Dumping Zones

Marine dumping is an important sea use. As long as it

has no serious conflicts with other sea uses, and causes no

significant marine environmental changes and serious

pollution, marine dumping is encouraged, especially in areas

with a high capacity for self-purification. In the western

Yellow Sea, there already are three marine dumping zones

defined by the Chinese government. Lianyungang will become a

large port in the Yellow Sea after the new construction is

242



completed. The location of present marine dumping area needs

to be re-examined in accordance with the future development.

Zones of High Concentration of Pollutants

In these zones, concentrations of one or more kinds of

marine pollutants are high. In other words, sea water quality

is poorer, and does not satisfy the requirements. One type of

a lower environmental quality zone is the high-content surface

oil zones along the west coast of the Yellow Sea.

Ecologically-sensitive Zones/special Areas

The Annexes I, II, and V of MARPOL 73/78 encourage

countries to identify "special areas" and/or "ecologically-

sensitive zones" for the protection of marine living resources

and marine ecosystems. The Mediterranean, Baltic, Black, and

Red Seas, and the Persian, Oman, and Aden Gulf areas have been

designated as "special areas" for this purpose. The North Sea

countries and the United States have recently taken actions to

designate the North Sea and the Gulf of Mexico as an Annex V

, 1 t' 1 12specla area, respec lve y. In the case of the Yellow Sea,

it is suggested that at present some areas must be defined as

ecologically-sensitive zones for the purpose of controlling

pollution caused by marine dumping and waste from ships. In

general, one such area is in the coastal zones and nearshore

areas between 15 and 40-50 meters deep of both sides of the

Yellow Sea. These are fishery spawning, breeding, and
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wintering areas, or aquacultural areas, and thus very

sensitive to marine pollutants. On the Chinese side, this

zone overlaps somewhat with the zone of higher concentration

of oil in surface waters. Figure 10.3 shows the zones related

to marine dumping and marine environmental protection.
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Regions

TABLE 10.1

Surface Water oil Pollution

Average oil concentration

Northern Yellow Sea
Northern part of the Southern Yellow Sea
Southern part of the Southern Yellow Sea
Dalian Bay
Jiaozhou Bay

0.059 ppm
0.052 ppm
0.026 ppm
0.085 ppm
0.062 ppm

Source: Lei Zongyou, 1988, Manual of Marine Environment on
the Bordering Seas of China.

TABLE 10.2

Pollution in ROK Coastal Waters in 1991

(units: mg/1, except pH)

Ports PH DO SS T-N T-P cu Zn COD

Inchon 8.1 7.7 5.5 0.92 0.05 0.008 0.024 1.6
Asan 8.1 6.0 4.5 0.18 0.003 0.003 0.008 1.3
Kunsan 8.0 6.5 10.5 0.27 0.02 0.002 0.017 2.2
Mokpo 7.9 9.3 8.9 0.197 0.008 0.002 0.017 1.8

Source: Lee, Sang-Don, 1992.

TABLE 10.3

COD Levels in ROK Coastal Waters

in 1988-91 (unit: mg/1)

Years Inchon Banwol Asan Mokpo Kunsan

1988 1.9 2.6 1.2 2.7 2.6
1989 1.7 1.8 1.3 2.4 2.7
1990 1.9 2.7 1.1 2.4 2.5
1991 1.6 3.3 1.3 1.8 2.2

Source: Same as Table 10.2.
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TABLE 10.4

Pollutants Entering the Yellow Sea

from the Chinese Coasts (tons/yr)

oil

11,210

Hg

5.5

Cd

0.7

Pb

130

Zn

1,156

As

217

Cr
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TABLE 10.4 (continue)

Phenols

328

Cyanide

358

COD

383,850

Ammonium Nitroqen

29,551

Source: The same with Table 10.1.

TABLE 10.5

China's Marine Dumping Areas in the Yellow Sea*

Dumping areas

1. Air oil release area for
Dalian Zhoushueizhi airport

2. Marine dumping area
outside Jiaozhou Bay for
dumping of third kind of
dredged materials

3. Marine dumping area in
the vicinity of Yantai port
for dumping of third kind
of dredged materials

Locations

The area within the lines
connecting the four points:
38°15'N, 122°00'E;
38°40'N, 122°00'E;
38°15'N, 123°30'E;
38°40'N, 123°30'E.

The area within the lines
connecting the four points:
35°58' 39!1N, 120°18 'E;
35059'24"N, 120018'E;

35058'39"N, 120020'E;

35°59'24"N, 120
020'E.

The area within the lines
connecting the four points:
37°37'12"N, 121°31'45"E;
37°38'06"N, 121°33'15"E;
37°37'12"N, 121°31'45"E;
37°38'06"N, 121°33'15"E.

* These marine dumping areas were determined by the Chinese
government prior to 1988; the data was sent by Chinese
scientists to Dr. M. Valencia, Research Associate, East
West Center.
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TABLE 10.6

Chinese Regulations on concentration of

Daily Sewage Released from Ships (mg/l)

Pollutants Sea areas
within 4 miles 4-12 miles

BOD < 50

Suspended < 150 no apparent
materials suspended solid

Coliform bacteria < 250/ml < 1,000/ml

Source: PRC National Regulation

TABLE 10.7

PRC Standards for Sea Water Quality (mq/l)

Class COD Hg Cu Pb Zn Cd oil organic
Chloride

I < 3 0.0005 0.01 0.05 0.1 0.005 0.05 0.001
II < 4 0.001 0.1 0.1 1.0 0.01 0.1 0.02
III < 5 0.001 0.1 0.1 1.0 0.01 0.5 0.04

Source: PRC National Standards for Sea Water Quality

TABLE 10.8

PRC Standards for Poison-contained Effluent (mq/l)

COD Hq Cu Pb Zn Cd oil Orqanic Chloride

10 0.001 0.03 0.1 1.0 0.01 0.5 0.02

Source: PRC's National Standards for Evaluating Poison
Contained Effluent
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TABLE 10.9

ROK Standards for Coastal Waters

Class* Items**
A B C D E F G

Cr:< 0.5mg/l
I 7.3-8.3 <1 >95 <10 <200 N.D As:< 0.005mg/1

Cd:< O.Olmg/l
Pb:< O.Olmg/l

II 6.5-8.5 <2 >85 <25 <1,000 N.D CN: N.D
Hg: N.D

III 6.5-8.5 <4 >80 PCB: N.D
Organic P:N.D

* class for DO: Class I >6 mg/l, and Class II & III >5
mg/l; class for other items: Class I, good for
aquaculture; Class II, good for swimming and leisure usei
and Class III, industrial water supply and port;
and N.D, not to be detectable.

** the items include A: pH; B: CODi C: DO saturation; D: SS
(mg/l); E: coliform bacteria (MPN/100ml); and F. oil &
grease (mg/l); and G: toxic substance.

Source: Seoung-Yong Hong (ed.), 1991, p.232
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FIGURE: 10.1 Surface oil Movements in Winter in 1975-77

Source: National Bureau of Environmental
Protection, 1990:46
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FIGURE: 10.2 surface oil Movements in spring in 1975-77

Source: National Bureau of Environmental
Protection, 1990:46
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CHAPTER 11

SUMMARY OF OCEAN ZONES

An Ocean Zone System of the Yellow Sea

Ocean zoning is a method for delineating marine regions

for appropriate sea uses. In general, the ocean zones can be

either natural regions or functional regions. The concept of

"natural region" can be explained as "a portion of the Earth IS

surface whose physical conditions are homogeneous." According

to Morgan (1991), it is possible to define natural regions

based on uniformity of sea surface temperature, salinity,

oxygen concentration, nutrient concentrations, circulation

patterns, and the presence of certain flora and fauna uniquely

adapted to the environment. On the other hand, sea use zones

are functional marine regions, which are defined based on the

t.ypas and intensity of existing or potential sea uses. Morgan

considers that such functional marine regions may include:

shipping regions, fishery regions, mineral exploitation

regions, defence regions, marine dumping regions, and marine

scientific res8arch regions. In this respect, the

establishment of a zoning system for sea use planning is based

on understanding of how human beings use and protect the ocean

and to what degree.

In the case of the Yellow Sea, it is necessary to

establish an ocean zoning system. Such a system should: (1)
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include all possible sea uses in the Yellow Sea; (2) consider

existing and/or potential areas for marine resources

preservation; (3) consider special areas for marine

environment and ecosystem protection; and (4) consider the

interaction among different sea use regions.

Based on the concepts of ocean zoning discussed in

Chapter 4 and the present state of the marine environment,

resources, and economic development in the Yellow Sea, the

following ocean zone system is proposed.

I. Sea-use zones of low environmental concern (I)

A. Oil exploration and exploitation zones (I.O)

Existing (I.Oe) or potential (I.Op)

B. Fishery grounds (I.F)

Existing (I. Fe) or planned (I.Fp)

C. Maritime transportation zones (I.T)

Existing (I.Te) or planned (I.Tp)

1. Zones of high density shipping routes (I.Thd)

2. Zones of oil tanker routes (I.Tot)

3. Traffic separation schemes (I.Tss)

D. Oceanic cable (I.C)

E. Marine dumping zones (I.D)

Existing (I.De) or planned (I.Dp)

1. Zones for dumping of dredged materials (I.Ddm)

2. Zones for dumping of aviation fuel in case of

emergency (I.Dao)
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F. Multiple sea use zones (10M)

Existing (I.Me) or Planned (I.Mp)

II. Sea use zones of high environmental concern (II)

A. Aquaculture zones (II.A)

(coastal and nearshore)

B. Zones of tourism (II.T)

C. Ecologically-sensitive zones (II.E)

D. Zones of high concentration of pollutants (II.P)

III. Zones of marine resources concern (III)

Existing (III.Re) or planned (III.Rp)

A. Marine fishery prohibition and preservation zones

(III.F)

1. Fishery prohibition zones (III.Fh)

2. Fishery preservation zones (III.Fp)

(preservation of certain kinds of species

during certain periods)

B. Protected wintering zones (III.Pw)

(for fish and prawn)

c. Protected spawning zones (III.Ps)

(for fish and prawn)

D. Protected juvenile fishery zones (III.Pj)

(for fish and prawn)

E. Marine mammals zones (III.Pm)

F. Coral reef preservation zones (III.Pc)

G. other rare marine living resource preservation

zones (III.Pr)
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IV. Marine natural parks (IV)

V. Zones of special sea uses (V)

A. Marine military zones (V.M)

B. Zones for special scientific studies (V.S)

VI. Zones which need maritime services (VI)

A. Zones of high frequency of typhoons (VI.T)

B. Zones of high frequency of fogs (VI.F)

C. Zones of high frequency of sea ice (VI.I)

D. Zones of rocks, reefs, and shores (VI.R)

A symbol system is designed for water quality status

(requirement and present status):

I. First class required, with present status of

first class (WI-I)i

II. First class required, with present status of

second class (Wl-2)i

III. First class required, with present status of

third class (Wl-3)i

IV. Second class required, with present status of

second class (W2-2);

V. Second class required, with present status of

third class (W2-3)i

VI. Third class required, with present status of third

class (W3-3) i

VII. Third class required, but present status not

satisfied (W3-4).
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Ocean Zones of the Yellow Sea

The following ocean zones (Figure 11.1) have been defined

in this study, based on the classification system and the

principles in Appendix I, and the present state of the marine

environment, resources, and economic development in the Yellow

Sea.

The fishery zones

(1) Protected spawning grounds for fully-exploited fish

species (March-July);

(2) Protected wintering ground for fishes (32°00 '-34°00 'N,

and 124°00 '-126°00 'E);

(3) Protected zones for juvenile fishes:

a. Yanwei fishery ground juvenile fish protection zone

(37°30 '-38°30 'N and 121°00 '-122°30 'E);

b. Shidao and Lianqinshi fishery ground juvenile fish

° ° ° °protection zone (34 00 1-37 OO'N and 122 00 1-123 OO'E);

(4) Protected wintering ground for Chinese shrimp

(33°00 I -36°00 I Nand 122°00 I -125°00 I E) ;

(5) Protected zones for juvenile Chinese Shrimp (36°00 1 

37°30 'N and 122°00-123000

'E);

(6) Protected spawning zones for Southern Rough Shrimp

(37°30 '-37°50 'N and 12°10 '-122°30 'E); and

(7) Coastal and nearshore aquaculture zones:

a. Aquaculture zone to the south of the Yalu River

mouth (15 and 40 m);
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b. Aquaculture zone to the east of the Changshan

islands (20 m) ;

c. Yanwei fishery ground prawn propagation zone;

d. Jiangsu nearshore aquaculture zone (15 and 40 m).

Zones for marine transportation

(1) Traffic separation schemes (TSS):

a. Suggested Qingdao TSS;

b. Suggested Dalian TSS;

(2) Zones of oil tanker routes:

Shipping routes of oil tankers from and/or arriving in

Dalian, Qinhuangdao, Huangdao (Qingdao), Lianyungang, China,

and Inchon, Kunsan, and Pusan, ROK;

Zones for offshore petroleum resources

(1) Suggested oil exploratiGr. zones:

a. The northeastern seg of NSB;

b. The No.8 and No.2 segs of NB;

c. The No.4 seg of SSB;

d. The depositing center of the "Fu Nan Sha uplift"

(2) Zones of the best prospective petroleum resources:

These include the Northeastern and north segs of the NSB,

segs 4, 7, and 5 of the SSB, and segs 8 and 2 of the NB.
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Zones for marine dumping and marine environmental protection

(1) Existing zoneS of marine dumping:

a. Dalian Zhoushueizhi Airport aviation fuel release

zone

b. Nearshore Jiaozhou Bay marine dumping zone

c. Yantai port marine dumping zone for dredged

material (38°15 1 N, 122°00 ' E ; 38°40 ' N, 122°00 ' E ;

38°15 1N, 123°30 'E; 38°40 'N, 123
030

'E).

(2) Planned zone for marine dumping:

A marine dumping area needs to be defined offshore

Lianyungang;

(3) Ecologically-sensitive zones

Coastal zones or nearshore areas within depths of 15 to

40-50 meters. In general, these are fishery spawning and

breeding areas a~d aquaculture areas very sensitive to marine

pollutants. The prawn spawning and breeding areas may also be

defined as ecologically-sensitive zones, as prawn eggs and

larva are vulnerable to marine pollution.

Regions of Existing and Potential Conflicts

Regions of potential sea use conflicts are of concern.

One region where sea use conflicts may possibly occur is in

the North Yellow Sea near G84 (38°00 I -39°00 IN and 124°00 1_

125°00" E) . There are potential sea use conflicts in this

region between possible future offshore oil exploitation and

nearshore aquaculture (between 15 and 40 m deep). Military
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use may also complicate the issue. As the DPRK is short of

petroleum resources, offshore oil exploitation is of special

concern. Therefore, the G84 region should be reserved as a

potential oil exploitation zone.

Offshore Yantai and Chengshantou, including grids G8l,

G82, G7l, and G72 are other areas of potential sea use

conflicts. Since this region is an entrance to the Bo Hai

Sea, marine traffic density is relatively high. Ships leaving

or arriving at Dalian, Qinghuangdao, Tianjin, and Huanghua

ports have to pass through this region. It is also a good

place for coastal and nearshore aquaculture and for marine

tourism. Some parts of the region are in the Chinese military

zone. China has also defined in this region an aviation fuel

emergent dumping area for an airport in Dalian. There is

potential of offshore oil resources in this region. It is

also an important region for juvenile fish and prawn

protection, a path for surface water oil slicks from the Bo

Hai Sea to enter the Yellow Sea, and there is a small dumping

place offshore Yantai. At present there is no possibility of

large scale military use of this region. As yet the offshore

petroleum resources have not been proved, and the aviation

fuel dumping is only for emergencies. Therefore, the major

conflict is coastal zone and nearshore fishery

resources/aquaculture vs. maritime transportation. TSS and

deep water routes for oil tankers and other vessels departing
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or entering the Bo Hai Sea may be needed in the future for

resolution of the problem.

The offshore sea area between Chengshantou and Qingdao,

which includes grids G61, G62, G63, G50a,b, G51, G53, and G54,

is another region of possible sea use conflicts. The coastal

zones of this region have a high frequency of fogs. The

region has traditionally been an important fishery ground of

the Yellow Sea and is now an important aquaculture area. Many

fish species spawn, breed, and migrate there. The surface oil

pollution is detectable in coastal zones and in some nearshore

areas. Qingdao and Shiqiusuo are developing rapidly and will

have more traffic in the near future. Bottom deposits in some

places have high contents of heavy metals Pb and Zn. There is

potential for offshore petroleum resources in some places.

Some areas have high shipping density. Therefore, it is

necessary to define different grids for different uses. The

nearshore areas with a depth of 40 meters or less are planned

for aquaculture. Grids G52 and G62 are defined as a juvenile

fish and hairtail protection zone. Grids G63 and G53 are

zones of high density shipping routes. Grid G51 is a

nearshore aquaculture and juvenile fish protection zone. As

grids G51, G52 and G63 have potential of offshore petroleum

resources, conflicts between possible future offshore

petroleum exploitation, fisheries and maritime transportation

are possible in the future. This will be determined by the
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results of further geological surveys and exploratory drilling

for oil.

The southeastern part of the Yellow Sea is an important

fishery and fish wintering ground. The marine traffic density

in the region is heavy. Because of its submarine topography,

and bad weather (particularly typhoons), there is also a high

potential of maritime casualties. The ROK recently conducted

exploration for offshore oil and natural gas. At present, the

major sea uses are fisheries and maritime transportation.

Regulating the shipping routes between cheju island and the

southwest coast of the Korean peninsula could reduce possible

maritime casualties. winter fish catches should be limited or

even stopped.
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a. Protected spawning zone for
sufficiently-used fish species

b. Hair tail protected zone
c. Protected fish wintering zone
d. Protected zone for Juvenile Chinese shrimp
e. Protected Chinese shrimp wintering zone
f. Juvenile fish protecting zone
g. Protected zone for juvenile Southern Rough shrim p
h.Zone of Traffic Separate Sche me
i. Oil tanker route
j. Existing marine dumping area
k.Proposed marine dumping area
I. Sedimentary basin of best oil potential
m.Airplane oil emergency dumping area of China
n. Boundary between coastal fishery and offshore fishery
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CHAPTER 12

CONCLUSION

As explained in the previous chapters, sea use planning

is: the elaboration of marine strategy and policies for sea

uses in certain sea areas over specified period of time at

local, national, or international levels, for the goals of

safety, efficiency, health, sustainability, and harmony.

Since the marine physical environment and ecosystem are

vulnerable to pollution, and certain kinds of marine resources

are nonrenewable, changes to the ocean induced by sea uses may

be costly or dangerous, and even irreversible. This becomes

one of the major concerns of sea use planning. To maintain

and develop efficient and sustainable uses of the sea and at

the same time slow the speed at which changes to marine

resources and the environment become irreversible, is a great

challenge to sea use planners.

There are five dimensions which need to be considered in

sea use planning: economic, environmental, social/cultural,

time scales, and uncertainty in prediction. Decision-making

of sea use planning is more a process of negotiation and

balance between the various sea uses rather than an "exclusive

selection".
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petroleum resources, but the

the bordering countries is

There are also five constraints on sea uses, which are

the basic reasons for decisions in sea use planning:

including:

(1) oceanographic conditions, resources availabil i ty, and

existing pollution status;

(2) present sea uses;

(3) future economic and/or social demands;

(4) financial conditions and ocean technology; and

(5) potential conflicts between and/or among sea uses.

Consequently, sea use planning is an integration of, as

well as a balance between, considerations of the five

constraints.

In the Yellow Sea, regional/international cooperation on

sea use planning is necessary, because:

(1) fishery resources have been seriously exhausted by

competition among the bordering countries and Japan;

(2) marine transportation is rapidly developing,

including direct shipping between China and the ROK; and the

safety of marine transportation, especially the safety of oil

tankers, is of great concern;

(3) there are potential

information exchange among

insufficient;

(4) the risk of marine environmental pollution is

increasing, and it is important to establish a framework for
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international cooperation on the control of transboundary

marine pollutants; and

(5) countries bordering the Yellow Sea need to exchange

information on the Yellow Sea in all its aspects to cooperate

for joint research.

Obviously, international cooperation is an important

premise for managing marine resources and the environment of

the Yellow Sea. To protect fishery resources, control oil

spills, guarantee the safety of maritime transportation, and

protect the marine environment from marine dumping and oil

exploitation, the bordering states need to cooperate. without

such international cooperation, the issue of transboundary

marine pollution can never be resolved.

The marine boundary disputes among the Yellow Sea

bordering countries can not be solved in a short period of

time. However, this should not affect cooperation among the

bordering countries with respect to managing marine resources

and protecting the marine environment of the Yellow Sea. As

suggested in this study, the bordering countries need to put

their disputes aside and cooperate on the offshore waters of

the Yellow Sea.

The economies of the countries of the Yellow Sea rimland

are developing rapidly. The ROK has a West Coast Development

Plan, and China plans a regional development for the Bo Hai

Yellow Sea Region. Such regional development will accelerate

the growing marine transportation in the Yellow Sea. However,
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its effects on the marine environmental pollution are

controversial. On one hand, development will cause more land

based marine pollution. On the other hand, the planned new

waste and sewage treatment plants will help reduce land-based

marine pollution.

In conclusion, this study has:

(1) provided a framework for sea use planning, which has

been applied to the Yellow Sea;

(2) examined and defined marine policy for countries

bordering the Yellow Sea to manage marine resources and the

marine environment, including policies and ocean zones for

fisheries, maritime transportation, offshore petroleum

exploration and exploitation, marine dumping, and marine

environmental protection; and

(3) introduced a geographic approach to sea use planning,

including the use of a geographic grid system to provide a

convenient technique for marine management and ndministration,

and for data management and processing in the future.

The dissertation has also contributed to further studies:

(1) on the basic theories and methods of sea use

planning;

(2) by suggesting a model on which similar studies in

other regions might be based.

267



APPENDIX I

PRINCIPLES FOR THE CLASSIFICATION OF OCEAN ZONES

I. Zones of oil and Gas Fields

An oil or gas field is identified if there is already oil

or gas production of commercial level, or there are over three

wells in one oil-bearing structure that have commercial oil or

gas shows.

II. oil and Gas Prospective Zones

One of the following conditions should be satisfied: (1)

there is a good oil and gas-bearing structure with oil

reserves of over 1 million tons, but less than three wells

have commercial oil shows; or (2) it is proven that the area

has oil and gas reserves for commercial production, but there

are economic or technical difficulties for exploitation at the

present time.

III. Marine Dumping Zones

To define offshore marine dumping zones, the following

basic conditions should be satisfied: (1) there are no

significant marine resources (living or non-living, such as

petroleum and fishery resources) in the area; (2) there are no

aquaculture areas or marine natural parks in the vicinity, and

the zone is far from major sea routes or industrial production

areas; (3) physical characteristics, particularly ocean

current systems, favor self-purification, e.g., open water,
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good water exchange conditions, no upwelling, no strong

vertical exchange of waters, no serious water turbulence, a

constant current to take substances quickly out to deeper sea

areas, etc.; (4) it is near the source of dumping materials.

IV. Zones of Offshore Aquaculture

To define zones of offshore aquaculture, the following

conditions are necessary~ (1) a good physical environment,

including a. salinity between 20-35 0/00; b. good hydrological

conditions (no strong winds, waves, and currents); c. good

water quality (first class); d. suitable sea floor topography,

bottom sediments, and water-depths (e.g. f sea cucumber: reef,

sand, or rock bottom; benthic shells: flat mUddy, or silty

bottom; box-raising scallop and algae: flat, soft bottom with

depth of 10-20 m); e. few ecological enemies and relatively

abundant bait; f. an a~ca of more than 2 square kilometers;

and (2) with good sources of fry and bait.

V. Marine Fishery Zones

Except fishery prohibition zones, marine natural parks,

marine tourist zones, marine military zones, marine dumping

zones, and offshore aquaculture zones, the remaining sea areas

can be generally recognized as marine fishery zones, if

serious use conflicts with other activities do not exist.
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VI. Marine Transportation and Communication Zones

One of the following conditions should be defined: (1)

areas with significant sea lanes or ocean facilities for

marine transportation; (2) areas with high marine traffic

density; (3) oceanic cable construction areas.

VII. Fishery Prohibition and Protection Zones

One of the following conditions should be defined: (1)

important spawning I breeding, and wintering grounds of fishes,

shells and shrimps, and/or larva-concentrated areas where

prohibited times are needed; (2) existing annual or seasonal

prohibition areas regulated by national or local governments;

(3) prohibition areas at certain times or for certain fish

species, as regulated by international treaties; (4)

prohibition areas for certain species during certain periods.

VIII. Zones of High Marine Environmental Concerns

These areas have one of the following situations: (1)

marine tourist zones and aquaculture zones where the sea water

quality is not at the required level; (2) normal sea areas

where sea water quality is worse than second level due to

marine pollution; (3) marine dumping areas where sea water

quality is worse than third level.
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IX. Zones of Serious Marine Disasters

These are areas with high frequency of fogs, typhoons,

and marine traffic accidents.

X. Marine National Parks

Two conditions must be satisfied for establishing a

marine national park: (1) it has values to be preserved and

protected, including a. scientific or social values and a

typical ecosystem identified by national or provincial

governments; b. numbers of first and/or second level

nationally protected animals or plants; c. natural or historic

artifacts identified by national or provincial governments

with scientific and social values to be preserved; d. special

or typical marine natural landscapes, which are well known at

least at the provincial level; e. areas which show important

evidence of a nation's sovereignty, or of special needs,

including international cooperation; f. areas which have

special economic and/or scientific values identified by

national or provincial governments; and (2) management is

possible; and there are few destructive human activities.

XI. Marine Military Zones

Areas needed for special military activities, with an

area of more than 2 square kilometers.
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XII. Zones of Uncertain Functions and/or for Future

Development

One of the f o.Llowi.nq conditions should be identified: (1)

they have resources which are difficult to exploited with the

present technology; (2) there are important resources, but

their qual i ty , amounts, and values are not clear; (3) the

resources are planned and/or reserved for future use; (4)

there are serious disputes over uses; (5) areas reserved for

future development (Translated and modified from the

unpublished Chinese data provided by Professor Xiqing Liu in

July 1991, at the Institute of Marine Geology, Ministry of

Geology and Minerals, Qingdao, China)
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APPENDIX II

NUMBERS OF FISHERY SPECIES SPAWNING (S), BREEDING (B),

WINTERING (W), AND MIGRATION (M) IN GEOGRAPHIC GRIDS

Grids Fishes Prawns Loligo japonicus

S B W M S B W M S B W M

G100 4 4 3 1 1
G101 11 5 10 1 1
G102 1
G9X 1 1
G9Y 3 1
G9Z 10 5 1 9 1 1 1
G90 5 9 1 14 1 2 1 1
G91 6 6 9 1 1 2
G92 5 7 2 2 1 1
G93 13 6 12 1 1 1 1 1
G94 6 3 5 1 1
G95
G8X 1 1 1
G8Y 6 2 1 6 1 1 1
G8Z 5 9 1 12 1 1 2
G80 2 9 1 17 1 2 1 1
G81 3 5 2 17 1 1 1 1 1
G82 4 10 2 15 1 2 1 1
G83 4 10 1 13 2 1 1
G84 2 1 2 1
G85
G7Y 4 1
G7Z 14 5 1 11 2 2 1
G70 8 5 1 11 1 1 1
G71 5 6 2 12 1 1 2 1 1
G72 3 9 3 17 1 1 2 1
G73 7 5 16 1 1 2 1
G74 2 3 4 1
G75 2
G76
G60 6 2 1 1
G61 12 5 14 2 1 2
G62 6 9 3 16 1 1 2 1
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APPENDIX II (CONTINUED)

Grids Fishes Prawns Loligo japonicus

S B W M S B W M S B W M

G63 1 9 5 14 1 1 2 1 1
G64 4 1 1 1
G65 1 2
G66 1
G5Z 10 2 3 1 1
G50 10 7 14 2 1 2 1 1
G51 2 7 1 14 2 1
G52 6 6 17 2 2 1
G53 5 7 13 2 2 1
G54 4 4 2 2
G55 1 2
G56
G4Z 8 1 1 1
G40 9 7 12 1 1
G41 2 8 15 1
G42 5 3 15 1 1 1
G43 4 8 10 1 1
G44 3 9 4 1
G45 3 1
G46 1
G30 2 2
G31 4 5 5
G32 1 6 2 10 1
G33 4 7 11 1
G34 1 9 6 1
G35 1 6 4
G36 1 4 1
G21 5 3 7
G22 3 6 11
G23 4 2 9
G24 2 7 3
G25 2 6 4
G26 1 4 3

* The total 20 selected fish species, include: Clupea pallasi,
Trichiurus haumela, Hemir hamphus sajori, Gadus
macrocephalus, Lateolsbrax japonicus, Sillago sihama,
Pseudosciaena crocea, Pseudosciaena polyactis, Argyrosomus
argentautus, Nibea albiflora, Johnius belengerii,
Pagrosomus major, Zoarces elongatus, Scomber japonicus,
Scombermorus niphonius, Stromateoides sinensis,
Platycephalus indicus, Cleisthenes herzensteini, Navodon
septentrionalis, and Fugu; 2 species of prawn are Chinese
prawn and southern rough shrimp; and 1 squid is Japanese
squid; the unit is the number of the species.
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APPENDIX III

ESTIMATED MARINE TRAFFIC DENSITY LEVELS AND VESSEL NUMBERS

IN GEOGRAPHIC GRIDS FOR THE YEAR 2000*

Grids Traffic Number of Traffic Number of
density vessels density vessels
levels** per year levels per year
(1988) (1988) (2000) (2000)

92c 1 <52 2 <101
92d 1 <52 2 <101

92 average 1 0-52 2 51-101
93a 1 <52 2 <101
93b 1 <52 2 <101
93c 1 <52 2 <101
93d 1 <52 2 <101

93 avearge 1 0-52 2 51-101
94a 1 <52 2 <101
94b 1 <52 2 <101
94c 1 <52 2 <101
94d 1 <52 2 <101

94 average 1 0-52 2 51-101
95c 1 <52 2 <101

95 average 1 <52 2 51-101
80d 4 <2920 5 <5679

80 avearge 4 1460-2920 5 2840-5679
81a 4 <2920 5 <5679
81b 4 <2920 5 <5679
81c 5 <8640 6 <16804
81d 5 <8640 6 <16804

81 average 5 2190-5780 5 4259-11242
82a 4 <2920 5 <5679
82b 2 <365 3 101-710
82c 5 <8640 6 <16804
82d 4 <2920 5 <5679

82 average 4 1473-3711 5 2865-7218
83a 1 <52 2 <101
83b 1 <52 2 <101
83c 2 <365 3 <710
83d 2 <365 3 <710

83 average 2 26-209 2 51-406
84a 1 <52 2 <101
84b 2 <355 3 <710
84c 2 <365 3 <710
84d 2 <365 3 <710

84 average 2 39-287 2 76-558
85a 2 <365 3 <710

85 average 2 52-365 3 101-710
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APPENDIX III (CONTINUED)

Grids Traffic Number of Traffic Number of
density vessels density vessels
levels per year levels per year
(1988) (1988) (2000) (2000)

71a 3 <1460 4 <2840
71b 4 <2920 5 <5679

71 average 4 912-2190 5- 1778-4259
72a 5 <8640 6 <16804
72b 5 <8640 6 <16804
72d 3 <1460 4 <2840

72 average 5 2068-6247 5+ 4022-12150
73a 5 <8640 6 <16804
73b 2 <365 3 <710
73c 5 <8640 6 <16804
73d 2 <365 3 <710

73 average 5- 1486-4503 5 2153-8758
74a 3 <1460 4 <2840
74b 2 <365 3 <710
74c 2 <365 3 <710
74d 3 <1460 4 <2840

74 average 3 209-913 3 406-1776
75a 1 <52 2 <101
75b 1 <52 2 <101
75c 2 <365 2 <710
75d 5 <8640 6 <16804

75 average 4 743-2277 5- 1445-4429
76a 1 <52 2 <101
76c 5 <8640 6 <16804
76d 5 <8640 6 <16804

76 average 5 1947-5777 5 3787-11236
60c 2 <365 3 <710
60d 2 <365 3 <710

60 average 2 52-365 3 101-710
61a 2 <365 3 <710
61b 2 <365 3 <710
61c 2 <365 3 <710
61d 2 <365 3 <710

61 average 2 52-365 3 101-710
62a 2 <365 3 <710
62b 3 <1460 4 <2840
62c 2 <365 3 <710
62d 3 <1460 4 <2840

62 average 3 209-913 3 406-1776
63a 5 <8640 6 <16804
63b 4 <2920 5 <5679
63c 5 <8640 6 <16804
63d 4 <2920 5 <5679

63 average 5 2190-5800 5 4259-11280
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APPENDIX III (CONTINUED)

Grids Traffic Number of Traffic Number of
density vessels density vessels
levels per year levels per year
(1988) (1988) (2000) (2000)

64a 2 <365 3 <710
64b 2 <365 3 <710
64c 4 <2920 5 <5679
64d 2 <365 3 <710

64 average 3 404-1004 3+ 786-1953
65a 4 <2920 5 <5679
65b 4 <2920 5 <5679
65c 4 <2920 5 <5679
65d 4 <2920 5 <5679

65 average 4 1460-2920 5 2840-5679
66c 1 <52 2 <101

66 average 1 0-52 2 0-101
5Zb 4 <2920 5 <5679
5Zc 2 <365 3 <710
5Zd 2 <365 3 <710

5Z average 3 521-1217 4 1013-2367
50a 4 <2920 5 <5679
50b 4 <2920 5 <5679
50c 2 <365 3 <710
50d 3 <1460 4 <2840

50 average 3 834-1916 4 1622-3726
51a 3 <1460 4 <2840
51b 3 <1460 4 <2840
51c 1 <52 2 <101
51d 3 <1460 4 <2840

51 average 3 274-1108 3 533-2155
52a 1 <52 2 <101
52b 3 <1460 4 <2840
52c 3 <1460 4 <2840
52d 3 <1460 4 <2840

52 average 3 274-1108 3 533-2155
53a 5 <8640 6 <16804
53b 1 <52 2 <101
53c 5 <8640 6 <16804
53d 2 <365 3 <710

53 average 5- 1473-4424 5 2865-8604
54a 4 <2920 5 <5679
54b 5 <8640 6 <16804
54c 2 <365 3 <710
54d 5 <8640 6 <16804

54 average 5 1838-5142 5 3575-10001
55a 4 <2920 5 <5679
55b 4 <2920 5 <5679
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APPENDIX III (CONTINUED)

Grids Traffic Number of Traffic Number of
density vessels density vessels
levels per year levels per year
(1988) (1988) (2000) (2000)

55c 1 <52 2 <101
55d 4 <2920 5 <5679

55 average 4 1095-2203 5 2130-4285
56a 1 <52 2 <101
56c 1 <52 2 <101

56 average 1 0-52 2- 0-101
4Za 3 <1460 4 <2840
4Zb 3 <1460 4 <2840

4Z average 3 365-1460 4 710-2840
40a 3 <1460 4 <2840
40b 3 <1460 4 <2840
40d 3 <1460 4 <2840

40 average 3 365-1460 4 710-2840
41a 3 <1460 4 <2840
41b 2 <365 3 <710
41c 3 <1460 4 <2840
41d 2 <365 3 <710

41 average 3 208-913 3 405-1776
42a 1 <52 2 <101
42b 3 <1460 4 <2840
42c 2 <365 3 <710
42d 3 <1460 4 <2840

42 average 3 196-834 3 381-1622
43a 5 <8640 6 <16804
43b 3 <1460 4 <2840
43c 5 <8640 6 <16804
43d 2 <365 3 <710

43 average 5 1564-4776 5 3041-9289
44a 3 <1460 4 <2840
440 5 <8640 6 <16804
44c 4 <2920 5 <5679
44d 4 <2920 5 <5679

44 average 5 1551-3985 5 3017-7750
45a 4 <2920 5 <5679
45b 4 <2920 5 <5679
45c 4 <2920 5 <5679
45d 5 <8640 6 <16804

45 average 5 1825-4350 5 3549-8460
46c 1 <52 2 <101

46 average 1 0-52 2 0-101
30b 3 <1460 4 <2840
30d 1 <52 2 <101

30 average 3 183-756 3 356-1470
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APPENDIX III (CONTINUED)

Grids Traffic Number of Traffic Number of I

density vessels density vessels
levels per year levels per year
(1988) (1988) (2000) (2000)

31a 4 <2920 5 <5679
31b 3 <1460 4 <2840
31c 3 <1460 4 <2840
31d 4 <2920 5 <5679

31 average 4 913-2190 5- 1776-4259
32a 3 <1460 4 <2840
32b 3 <1460 4 <2840
32c 3 <1460 4 <2840
32d 1 <52 2 <101

32 average 3 274-1108 3+ 533-2155
33a 5 <8640 6 <16804
33b 2 <365 3 <710
33c 5 <8640 6 <16804
33d 2 <365 3 <710

33 average 5- 1486-4503 5 2890-8758
34a 4 <2920 5 <5679
34b 1 <52 2 <101
34c 4 <2920 5 <5679
34d 1 <52 2 <101

34 average 3 730-1486 4 1419-2890
35a 2 <365 3 <710
35b 5 <8640 6 <16804
35c 2 <365 3 <710
35d 2 <365 3 <710

35 average 4 769-2434 5 1496-4734
36a 5 <8640 6 <16804
36b 5 <8640 6 <16804
36c 3 <1460 4 <2840
36d 3 <1460 4 <2840

36 average 5 1643-5050 5 3195-9822
21a 1 <52 2 <101
21b 4 <2920 5 <5679
21d 3 <1460 4 <2840

21 average 3 608-1477 4 1182-2873
22a 4 <2920 5 <5679
22b 1 <52 2 <101
22c 4 <2920 5 <5679
22d 1 <52 2 <101

22 average 3 730-1486 4 1419-2890
23a 5 <8640 6 <16804
23b 4 <2920 5 <5679
23c 5 <8640 6 <16804
23d 4 <2920 5 <5679

23 average 5 2190-5780 5 4259-11242
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APPENDIX III (CONTINUED)

Grids Traffic Number of Traffic Number of
density vessels density vessels
levels per year levels per year
(1988) (1988) (2000) (2000)

24a 4 <2920 5 <5679
24b 2 <365 3 <710
24c 3 <1460 4 <2840
24d 3 <1460 4 <2840

24 average 3 561-1551 4 1091-3017
25a 2 <365 3 <710
25b 3 <1460 4 <2840
25c 3 <1460 4 <2840
25d 3 <1460 4 <2840

25 average 3 287-1186 3+ 558-2307
11d 5 <8640 6 <16804

11 average 5 2920-8640 6 5679-16804
12a 4 <2920 5 <5679
12b 3 <1460 4 <2840
12c 5 <8640 6 <16804
12d 4 <2920 5 <5679

~

12 average 4 1551-3985 5 3017-7750
13a 5 <8640 6 <16804
13b 1 <52 2 <101
13c 6 >8640 6+ >16804
13d 3 <1460 4 <2840

13 average 5 2981-6571 6 5798-12780

* suppose that the shipping routes will have no significant
change by the year 2000, that annual growth rate of cargo
shipment is 5.7%, and that the average dead weight tonnage
per ship remains the same. Total growth rate of cargo
shipment from 1988 to 2000 for each grid is 94.49%.

** Levell = 1-52, level 2 = 53-365, level 3 = 366-1460,
level 4 = 1461-2920, level 5 = 2921-8640, and level 6

Data source: Morgan, J. and Valencia, M., 1992. Marine
policy Atlas of the East Asian Seas.

Calculation was done by the author based on the data.
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G100
G101
G102
G9X
G9Y
G9Z
G90
G91
G92
G93
G94
G8X
G8Y
G8Z
G80
G80d
G81
G81a
G81b
G81e
G81d
G82
G82a
G82b
G82e
G82d
G83
G83a
G83b
G83e
G83d
G84
G84a
G84b
G84e
G84d
G7Y
G7Z
G70
G71

G71a
G71b
G72
G72a
G72b
G72d

APPENDIX IV

GRID DATA OF THE YELLOW SEA

Fs4, Fb4, Fm3, PS1, Prn1,
Fs11, Fb5, Fm10, PS1, Pm1
Fs1
Fs1
Fs3, Ps1
Fs10, Fb5, FW1, Fm9, PS1, Pm1, Ls1
Fs5, Fb9, FW1, Frn14, Pb1, Pm2, LS1, Lrn1
Fs6, Fb6, Fm9, PS1, Pb1, Pm2, Ls1, Lrn1
Fs5, Fb7, Fm2, PS2, Pb1, Ls1, [B5],
Fs13, Fb6, Fm12, PS1, Pb1, Pm1, Ls1, Lrn1, [B5],
Fs6, Fb3, Fm5, PS1, Ls1
Fs1, Fb1, Ps1
Fs6, Fb2, FW1, Frn6, PS1, Pb1, Pm1,
Fs5, Fb9, FW1, Frn12, PS1, Pb1, Pm2
Fs2, Fb9, FW1, Frn17, Pb1, Pm2, Ls1, Lrn1, [T-4]
[T-4]
Fs3, Fb5, FW2, Frn17, PS1, Pb1, Pm1, Ls1, Pm1, [T-5]
[T-4]
IT-4], [Tanker]
[Lp], [T-5], [Oil]
[L6], [Lp], [T-5], [Oil]
[F], Fs4, Fb10, FW2, Fm15, Pb1, Pm2, LW1, Lm1, [T-4]
[T-4], [Airdump1/2]
[Airdurnp1/2]
[L4], [Lp], [T-5], [Tanker], [Airdump1/2]
[L4], [Airdump1/2]
0.538, [F], Fs4, Fb10, FW1, Frn13, Pm2, LW1, Lrn1, [Oil]
[Airdurnp]
[Oil]
[L4], [Airdump]
kb, [Oil]
0.465, Fb2, FW1, Fm2, Pm1, [Oil]
[Oil1/2]
[Oil1/2]
kb, [Oil]
[Oil1/2]
Fs4, PS1,
Fs14, Fb5, FW1, Fm11, PS2, Pm2, Ls1
Fs8, Fb5, FW1, Frn11, PS1, Pm1, Ls1
Fs5, Fb6, FW2, Fm12, PS1, Pb1, Pm2, Ls1, Lm1, [B5],
[T-4]
[Pte], [Lp]
[Pte], [ L7], [ Lp], [T-4 ], [ Dump]
Fs3, Fb9, FW3, Frn17, PS1, Pb1, Pm2, Ls1, [B5], [T-5],
[Pte], [L9] f [Lp], [T-5 ]
[L6], [T-5], [Tanker]
[Hp], [L4], [Tanker]
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G73

G73a
G73b
G73c
G73d
G74
G74a
G74c
G74d
G75
G76
G75d
G76c
G76d
G60
G61
G62

G62a
G62b
G62c
G62d
G63

G63a
G63b
G63c
G63d
G64
G64a
G64b
G64c
G64d
G65
G65a
G65b
G65c
G65d
G66
G5Z
G5Zb
G50
Gl'iOa
G50d
G50d
G51
G51a
G51b
G51c
G51d

3.482, [F], Fb7, FW5, Frn16, Pb1, PW1, Prn2, Lm1, [Wfp],
[T-5], [Typhoon 6],
pc, [T-5], [Tanker]
pc, kb, [0.84]
[SmP], [W7f], [Wd], [Wo], [L7], [T-5], [Tanker]
[W7f], kb, [Wd], [Wo), [L4], [Tanker]
2.493, Fb2, FW3, Fm4, Prn1
cr, kb
eg, ly, kb
eg, ly
[T-4]
[T-5]
[T-5]
[T-5], [Tanker]
[T-5]
Fs6, Fb2, Ps1, Pb1
0.143, Fs12, Fb5, Fm14, PS2, Pb1, Prn2, [B5]
1.052, [F], Fs6, Fb9, FW3, Fm16, Pb1, Pw1, Prn2, LW1,
[B5], [Wfp], [Typhoon 5]
[Lp]
[ SmP] , [W7 f], [Hp], [Wo], [ L8], [ Lp]
[Hp1/2], [L8], [Lp]
[SmP] , [W7f], [Hp], [Wd], [Wo], [L9], [Lp], [Oil]
2.420, [F], Fsl, Fb9, FW5, Fm14, Pb1, Pw1, Prn2, LW1,
[Wo], Lrn1, [Wfp], [W7f], pi, [Wd], [T-5], [Typhoon 7],
[oil]
eg, [L8], [T-5], [Tanker], [Oill/2]
eg, ly, [L4], [T-4], [Oil1/2]
[L7], [T-5], [Tanker], [Oil]
[L5], [T-4], [Tanker], [oil1/2]
4.395, [F], Fb4, FW1, Frn1, Pw1, [W7f], eg, ly, [4.73]
kb, [Wd], [1.3], [Tanker]
[1. 16]
na, tk, [Wo], [l.11], [Tanker]
[Wo], [1.16], [Tanker]
0.858, Fb1, Fm2, [T-4]
na, [T-4], [Tanker]
[T-4], [Tanker]
[T-4]
[T-4]
Fm1
Fs10, Fb2, Frn3, PS1, Ls1
[T-4]
0.212, Fs10, Fb7, Fm14, PS2, Pb1, Prn2, Ls1, Lm1,
[T-4], [Dump]
[T-4]
pi, [L5]
2.191, Fs2, Fb7, FW1, Fm14, Prn2, Lm1,
[Oil]
[L6], [Oil]
pc, [L8]
eg, na, pc, [ L7 ], [ 0 • 76]
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G52

G52a
G52b
G52e
G52d
G53

G53a
G53b
G53e
G53d
G54
G54a
G54b
G54e
G54d
G55
G55a
G55b
G55d
G56a
G4Z
G40
G40b
G41
G41a
G41b
G41e
G41d
G42

G42a
G42b
G42e
G42d
G43

G43a
G43b
G43e
G43d
G44

G44a
G44b
G44e
G44d
G45
G45a
G45b
G45e

2.099, [F], Fb6, FW6, Fm17, Pw2, Pm2, LWl, [Wfp] ,
[Hp], [Typhoon 7]
es, [L7], [Lp], [Oil]
[W7f], [Wd], [Wo], [Wf], [L9], [Lp], [Oil]
as, [L7], [Lp]
[W7f], [Wf], [L6], [Lp]
1.809, [F], Fb5, FW7, Fm13, ~w2, Pm2, LWl, [Wfp] ,
[W7f], [Wf], [T-5-], [Typhoon 8]
[Wd], [Wo], [L7], [T-5], [Tanker]
pi, [Wo], [L5], [Tanker]
pi, [L4], [T-5], [Tanker]
pi, [Tanker]
2.544, [F], Fb4, FW4, Fm2, Pw2, [T-5]
[W7f], eg, ly, [Wo], [T-4], [1.08], [tanker]
[W7f], eg, pc, pi, ly, [Wo], [5], r.1.12], [Tanker]
[Wf], [Tanker]
[T-5], [tanker]
0.643, FbI, Fm2, [T-4], [typhoon 9]
pc, [T-4], [Tanker]
[T-4], [Tanker]
[T-4]
[tanker]
Fs8, FbI, Fml, LsI
Fs9, Fb7, Fm12, Pml, LsI
[L5]
2.293, [F], Fs2, Fb8, Fm15, Pml, [B5],
[L9]
[y], eg, pc, es, [Hp], [ L8], [ 0 • 83 ]
[L4]
[y], es, [Hp], [L6]
5.192, [F], Fb5, FW3, Fm15, Pwl, Pml, LWl, [B5],
[Wfp], [Hp], [Typhoon 6]
me, eg, [L7], [Lp], [1.15], maritime casualty
[Wf], [L6], [Lp]
me, [L7], [Lp], [1. 22]
na, [Wd], [Wf], [L6], [Lp]
3.826, [F], Fb4, FW8, Fml0, Pwl, LWl, [Wfp] , na, tk,
[Wd], [Wf], [T-5], [Typhoon 6]
[L4], [T-5], [T-5], [Tanker]
pi, [0.95], [Tanker]
as, [L4], [T-5], [Tanker]
pi, [0.93], [Tanker]
3.883, Fb3, FW9, Fm4, Pwl, pi, tk, [T-5], [typhoon
11] ,
eg, [Wf], [T-4]
eg, ern, [T-5], [Tanker]
[W7f], em, [Wd], [Wo], [Wf], [T-4] , [0.96]
[W7f], eg, ern, [Wd], [Wo], [T-4], [0.8]
0.634, FW3, Fml, [T-5], [typhoon 11]
er, em, [T-4]
[T-4]
[T-4], [Tanker]
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G4Sd
G46
G30
G31
G31a
G31b
G31d
G32

G32a
G32b
G32c
G32d
G33

G33a
G33b
G33c
G33d
G34

G34a
G34b
G34c
G34d
G3S

G3Sa
G3Sb
G3Sc
G3Sd
G36
G36a
G36b
G36c
G21
G21b
G22
G22a
G22b
G22c
G22d
G23

G23a
G23b
G23c
G23d
G24

G24a
G24b

[T-S]
Fm1
Fs2, Fm2
0.428, Fs4, FbS, FmS, [T-4], [typhoon 7]
[T-4], [OiI1/2]
[OiI1/4]
[y], [T-4]
6.0S6, [F], [y], Fs1, Fb6, FW2, Fm10, P\.,r1, [BS],
[Wfp], mc, [6.19], [typhoon 6]
as, pc, [Hp], [0.86], [OiI1/4]
pc, rom, [Hp], [Nd], [LS], [1.18], [OiI1/4]
[Hp1/2], [2.8S], [OiI1/4]
pc , pp , [Hp], [ LS], [ 1. 3 ]
S.379, [F], Fb4, FW7, Fm11, Pw1, [BS], [Wfp] , [Wd],
[T-S-], [4.0S], [TyphoonS]
as, pi, na, [Hp1/2], [LS], [T-S], [1.05], [Tanker]
[W7f], pi, [Wf], [L4]
cr, pc, mm, ca, [Hp1/2], [L4], [T-S], [1.32], [Tanker]
cr, pp, pc, mm, [Wf], [1.02], [Tanker]
7.687, [F], Fb1, FW9, Fm6, Pw1, [Wfp] , [Wyh] , [W7f],
pi, [Wd], [Wo], [Wf], [4.S8], [Typhoon 10]
tk, cm, [T-4], [0.87]
eg, tk, cm, [0.92]
as, cr, pp, tl, pc, mm, ca, cs, [T-4], [1.36]
cr, pp, tl, mm, [1.43]
6.207, Fb1, FW6, Fm4, [Wyh] , as, eg, [Wd], [Wf], [T
4], [typhoon 11]
[W7f], pi, tk, [Wo], [0.99], [Tanker]
na, tk, [T-S], [0.97], [Tanker]
[W7f], tk, cm, [Wo], [0.96]
[W7f], tl, pc, cs, [0.9S]
Fb1, Fw4, Fm1, [Wf], [T-S]
[T-5], [Tanker]
[T-S], [Tanker]
[Wd]
FsS, Fb3, Fm7, [typhoon 6]
[T-4]
8.894, [Y], Fs3, Fb6, Fm11, [BS], mc, [lS.8]
pc, pp, [Hp], [T-4], [3.64]
pc, pp, tl, [ 4.26]
cr, na, [T-4], [4.S9]
pc, cr, [ 3 . 31 ]
9.S79, [F], Fb4, FW2, Fm9, [BS], mc, tl, ca, (T-S],
[8.9S], [Typhoon 8]
Iv l . as, pp, [Hp1/2], [LS], [T-S], [2.23], [Tanker]
cr, pp, [Wf], [LS], [T-4], [2.13], [Tanker]
[y], as, cr, [Hp1/2], [T-S], [2.17], [tanker]
[y], as, [Wf], [LS], [T-4], [2.42],
7.627, [F], Fb2, FW7, Fm3, [Wyh] , [W7f], mc, [Wo],
[Wf], [4.63], [Typhoon 12]
pp, mm, [Wd], [T-4], [0.94]
cr, pp, pc, [Wd ]
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G24c
G24d
G25

G25a
G25b
G25c
G25d
G26
G26a
G26b
G26c
G26d
G11
G11d
G12
G12a
G12b
G12c
G12d
G13
G13a
G13b
G13c
G13d
G14
G14a
G14b
G14d

[y], as, pc, tl, ca, [L4], [2.04]
[y], as, pc, cr, ca, [Wd], [1.11]
6.842, Fb2, FW6, Fm4, [Wyh] , [W7f], [Wd], [Wo], [5.0],
[Typhoon 7]
cr, pp, pi, cm, [Wf], [1.19]
as, eg, pp, [Wf], [1.35]
[y], Fb1, FW4, Fm3, cr, [Wf]
as, cr, pp, tl. [1.98]
[Wyh] , [Typhoon 5]
[Wd], [Wf]
[Wf]
[Wd]
[Wd]
[T-5]
[T-5]
[T-4]
[T-4]
mc, as, cr, ca, [ 1. 35 ]
[T-5]
[T-4]
mc, as, [T-5], [12.54]
tl, ca, [T-5], [3.68], [Tanker]
pc, tl, [4.31]
cr, [T-6], [1.88]
cr, tl, [2.67], [Tanker]
[Wf]
pc, ca
pc, pp, [Wo]
pp

[F]: Fishery resource concentrated grid of Table 7.7,
(G23, G24, G32, G33, G34, G41, G42, G43, G52, G53, G54, G62,
G63, G64, G73, G82, and G83 (over 3% each)).

[y]: Abundant resources of 5 fish species, Le.,
yellow croakers, white croaker, sharp-toothed eel, red sea
bream, and hairtail, in the Yellow Sea in 1982, in Figure 7.6.
(The most dense areas are: Grids 22, 23a,c,d, 32b,d, 32, and
43b,d) .

[B5]~ The breeding grounds of the five fish species in
the Yellow Sea (Grids 92, 93, 71, 72, 61, 62, 41, 42, 32, 33,
22, 23, etc.)

[Wfp]: The wintering grounds of flounder and porgy
(Grids 73, 62, 63, 52, 53, 42, 43, 32, 33, 34, e t.c . )

[Wyh]: The wintering grounds of large yellow croaker,
little yellow croaker, and hairtail (Grids 34, 35, 24, 25, 26,
etc. )
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[W7f]: There are two major wintering grounds: one is
in 35 15 - 37 30 Nand 122 20 - 124 55 E, occurring Grids
73c,d, 62b,d, 63, 64, 52b,d, 53, 54a,b; the other is in 31 30
- 34 30 Nand 123 40 - 125 00 E, occurring Grids 44c,d, 33b,
34, 35a,c,d, 24, 25.

The names of fish species are simplified into two
characters: Muraenesox cinereus mc; Argrosomus srgentatus as;
Eopsetta grigorjewi eg; Pseudosciaena crocea pc;
Cynoglossus robustus cr; Pseudosciaena polyactis pp;
Platygephalus indicus pi; Trichiurus lepturus tl;
Nibea albiflora na; Tanakius kitaharae tk;
Limanda ygkohamae ly; Conger myriaster cm;
Pleuronichthys cornutus pc; Miichthy miiuy mm;
Cynoglossus abbreviatus ca; Chelidonichthys spinosus cs
Kareius bicoloratus kb.

[5.0]: The percentage of 28 fish species (demersal
species) in terms of CPUE

[SmP]: The protection areas of Spanish mackerels
(Grids 73c, 62b,d, and 44b).

[Hp]: Hairtail protection zone
There was already a hairtail larva fish protect~on

zone as promulgated by Chinese government on April 28, 1981.
The area is within the lines to connect the following points:
(i) 34 N, 121 23 E; (ii) 34 N, 121 53 E; (iii) 31 30 N, 123 27
E; and (iv) 37 30 N, 122 57 E. Every year from August to
October, the trawlnet fishery boats are prohibited to enter in
this area.

[ptc]: Trachypenaeus curvirostris protection area
(37 30 -37 50 N; 121 10 -122 30 E). From June 1 to September
10, fishery activities are prohibited in the area, and in
spring only 500 automatic two-boat trawlers are allowed to
catch in the area.

Wd: wintering grounds of seriously-damaged species;
Wo: wintering grounds of over-caught species;
Wf: wintering grounds of fully-caught species.

In sum, there are four major fish wintering areas in
the Yellow Sea with certain kind of overlay: (i) the area at
35 00-37 30 Nand 122 00-124 30 (flounders, perch, cod, red
sea bream etc.); (ii) the area at 122 30-124 30 E and 34 00-36
00 N (sillago sihama, zoarces elongatus, johnius belengeaii,
clupea pallasi, etc.); (iii) the area at 33 00-35 00 Nand 122
00-125 00 E (flounder, red sea bream, etc.); and (iv) the area
at south to 34 30 N and east to 124 00 E. The most important
wintering ground is the southeast part of the Yellow Sea
(south to 34 00 N and east to 124 00 E, southwest to Cheju
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island). It is suggest that this area is defined as the first
protected fish wintering zone of the Yellow Sea. In addition,
a protected prawn wintering zone is suggested to establish
at 33 00-37 00 Nand 122 00-125 00 E from January to March.

[Lp]: Larva fish protection zones
Based on the studies by Chinese fishery scientists, it

is needed to establish larva fish protection zones in the
Yellow Sea. One area is at 121 00 -122 30 E; and at 37 30 -38
30 N (Yanwei fishery ground). The other is at 122 00-123 00
E; and at 34 00-37 00 N (Shidao and Lianqinshi fishery
grounds). To establish such larva fish protection zones can
not only protect the seriously-damaged species i. e., hairtail,
red sea bream, yellow croaker, but also protect Spanish
mackerel which is one of major fishery species in the Yellow
Sea at the present time. Every year, from August to November,
any special catch of larva fishes of Spanish mackerels in
these protection areas should be prohibited, and the incident
catch of larva fishes should be lower than 25% of the total
catch of same kind of fishes in the larva fish protection
zones (Tables 7.22, 7.23, 7.24).

[Aq]: Aquacultural areas

[T-5]: Shipping density (level 4 = 1461-2920, level 5
= 2921-8640; and level 6 = over 8640 vessels per year passing
through) .

[Typhoon 5]: The annual average times of which typhoon
center passes through the area (The highest frequencies of
typhoon exist at the grids G24 (12), G44, G45, G35 (11), G34
(10), G55 (9), and G53, G23 (8); Most grids with highest
frequency are located in the southeast part of the Yellow
Sea) .

[Tanker]: oil Tankers pass through the area.

[Oil] the oil prospective areas.
The relevant geographic grids of these relatively

high oil prospective are: 51a, 51b, 52a, 62d, 63a,b,c,d, 31b,
32a,b, 83b, 84a,b,c,d, 81c,d.

[Dump]: Dumping areas for third kind of dredged
materials.

[Airdump]: Air oil dumping areas.

[Pb Zn]: Bottom sediments have heavy metal pollution
(G63c,d, G52, G53, and G42b for Zn, and grids G82c, G52b,d,
G53, and G63d for Pb).
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APPENDIX V

COMMON AND SCIENTIFIC NAMES OF SOME

FISHERY SPECIES IN THE YELLOW SEA

COMMON NAMES

Alaska pollack
Baby croaker
Black croaker
Black scraper
Butterfish

Cardinal fish
Chinese herring
Chub mackerel
Eel-pout
Filefish

Flatfish

Fugu
Grey mullet
Grunt
Hairtail
Horse mackerel
Indian flathead
Jack mackerel
Japanese anchovy
Japanese seaperch
Jewfish
Large yellow croaker
Left-eyed flounder
Little yellow croaker
Lizardfish

Long-tailed anchovy
Pacific cod
Pacific herring
Pagrus red porgy
Pomfret
Red barracuda
Red eye mullet
Red seabream
Round shad
Sand borer
Sardine

Saury
Scaled sardine

SCIENTIFIC NAMES

Theraqra chalcogrammus
Collichthys fragilis
Atrobucca nibe
Navodon modestus
Psennopsis anomala
Strometeides argenteus*
Apogon §mh
Ilisha elongata
Scomber japonicus
Zoarces elongatus
Thamnaconus modestus
Navodon septentrionalis*
Pleuronctidae cleisthenes-
herzensteini

Fugu
Liza haematocheila
Plectorhynchus cinctus
Trichiurus lepturus
Trachurus japonicus
Platygephalus indicus
Trachurus japonicus
Engraulis japonica
Lateolabrax japonicus
Johnius belengerii
Pseudosciaena crocea
Paralichthys olivaceus
pseudosciaena polyactis
Saurida wanieso
~ undosguamis
Coilia ectenes
Gadus macrocephalus
Clupea pallassi
Pagrus major
Pampus argenteus
Sphyraena pinquis
Mugil so-iuy
Pagrus major
Decapterus maruadsi
Sillago siharna
sardinops melanostictus
Sardinella~
Cololabis saira
Marengula zunasi
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APPENDIX V (CONTINUED)

Dentex tumifrons

Dasyatis laevigatus
Plecoglossus altivelis
Takifugu rubripes
Oncorhynchus masou
Argyrosomus argentatus

Sharp-toothed eel Muraenesox cinereus
(Daggertooth pike-conger*)
Skates Rajidae pulchua ~ ~ poraso

Raja porosa Gunther
Miichthy miiuy
Ilisha elongata
Scomberomorus niphonius
Scomber australasicus
Nibea albiflora

Slate cod croaker
Slender shad
Spanish mackerel
Spotted mackerel
Spotted maigre
(White flower croaker)
stingray
Sweetfish (ayu)
Tiger pUffer
Trout
White croaker
(White Chinese croaker)
Yellow porgy

* It is in Valencia, M. 1987. International Conference on the
Yellow Sea, Occasional paper No. ~, Honolulu: East-West
Center. p. 32, Table 3.

Note: Appendix V combines fishery names in Valencia
(1987, p. 32) and Kawasaki (1987, p. 101), and the
fish names I have checked.
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NOTES

1 Personal paper of Shen, Huiming, the East China Sea
Aquaculture Institute, the Chinese Academy of Aquacultural
Sciences: "The Status and Prospects of Fishery Resources in
the Yellow and East China Seas (in Chinese)." pp. 19-26.

2 The scientific names of these fishes are: pagrus
major, nibea albiflora, muraenesox cinereus, miichthy mllUY,
microstomus schne, gadus macrocephalus, conger myriaster,
chelidonichthys cornutus, eopsetta grigorjewi, verasper
variegatus, limanda yokohamae, kareius bicoloratus, argrosomus
argentatus, cleishenes pinetorum herzensteini, sillago
japonica, trichiurus lepturus, pseudosciaena polyactis,
pseudosciaena crocea, paralichthys olivaceus, tanakius
kitaharai, cynoglossus robustus, dasyatis akajei, takifugu
radiatus, cynoglossus abbreviatus, platygephalus indicus.

3 Unpublished paper of Shi, Cunlong at: Water
Transportation Institute, Beijing, China: "Port Construction
of China in the 1980s (in chinese)." pp. 28-32.

4 Unpublished paper of Liu, Hongbin at Institute of
Marine Economics, Qingdao, China: "A Survey of Shandong
Coastal Zone Development and View of Sino-Korea Cooperation."
1992, pp.104-105.

5 Olson, Hal F., 1991. Draft written for Atlas for
Marine Policy in East Asian Seas (Morgan and valencia, edi.,
1992). p. 6.

6 Ibid. pp. 4-5.

7 Unpublished paper of Cai, Qinlin et a1., the Institute
of Water Transportation, Ministry of Communication, China:
"Research Report on the Strategy for China's Development of
Maritime Transportation by the Year 2000 (in Chinese)." pp.
39-40.

8 Personal paper of Hong, Seoung-Yong, 1990: "Assessment
of Coastal Zone Issues in the Republic of Korea." p. 15.

9 Personal data (in Chinese) provided by Professor
Xiging Liu of Institute of Marine Geology, Qingdao, China in
1991.

10 See map in Valencia, M., 1988. "Troubled Waters." Far
Eastern Economic review, March 31, p. 28.
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11 Personal paper of Gao, Lin et al., 1990: "study on the
Environment of Coastal Zones in the Yellow Sea (in Chinese).11
p , 14.

12 Supra, Note 1, p. 20.

291



BIBLIOGRAPHY

Albaiges, J., ed., 1989. Marine Pollution. New York:
Hemisphere Publishing corporation.

Alexander, Lewis M., 1982. Marine Regionalism in the
Southeast Asian Seas. East-West Environment and Policy
Institute Research Report No.ll. Honolulu: East-West
Center.

Andresen, S. and Brit Flostad, 1988. "Sea Use Planning in
Norwegian Waters: National and International
Dimensions." Coastal management 16:183-200.

Armstrong, J. M. and P. C. Ryner, 1978. Coastal Waters~ A
Management Analysis. Michigan: Ann Arbor Science.

____ , 1981. Ocean Management: b. New Perspective. Michigan:
Ann Arbor Science.

Auer, Matthew R., 1991. "Prospects for Environmental
cooperation in the Yellow SE~a." EMORY International Law
Review, 5:1 (spring).

Baker, Ilyas and Pramuk Kaeoniam, eds., 1986. Manual of
Coastal Development Planning and Management for
Thailand. Bangkok: Thailand Institute of Scientific and
Technological Research.

Bax, Nicholas J. and Taivo Laevastu, 1990. "Biomass
Potential of Large Marine Ecosystems: A systems
Approach." in Kenneth Sherman, L. M. Alexander, and B.
D. Gold (eds.), Large Marine Ecosystems: Patterns,
Processes, and Yields. Washington, D.C.: American
Association for the Advancement of Science. 233 pp.

Blij, H. J. D., & P. O. Muller, 1987. Geography: Regions and
Concepts (fifth edition). New York: John Wiley & Sons.

Boxer, Baruch, 1978. "Mediterranean Action Plan: An Interim
Evaluation." Science, 202:10 (November) 585-590.

_, 1989. "China's Environmental Prospects." Asian Survey,
Vol.XXIX, No.7 (July) 669-686.

Brennan, Thomas S. and Ken H. Takayama, 1987. Compendium of
State Ocean and Marine Related Policies. Honolulu:
Hawaii Legislative Reference Bureau, State Capital.

292



Bureau of Aquaculture, Ministry of Agriculture, China, 1990.
Investigation and Regionalization for the Fishery
Resources in the Bo Hai Sea and the Yellow Sea (in
Chinese). Beijing: Ocean Press. 295 pp.

Bureau of Maritime Transportation and Bureau of Inland
waterway Transportation, Ministry of Communication,
China, 19H5. China's Open-Door Ports (in chinese).
Beijing: People's Communication Press.

Burke, C. J. and F. E. Elliott, 1954. "The Geographic
Study of the Oceans." in P. E. James and C. F. Jones,
(eds.), American Geography: Inventory ~ Prospect. AAG:
Syracuse University Press.

Burrough, P. A., 1986. Principles of Geographical
Information Systems for Land Resources Assessment.
Oxford: Clarendon Press.

Capuzzo, Judith M. and Dana R. Koster, 1937. "Biological
Processes and Wastes in the Ocean." III Duedall, Iver.
W. et al., eds., ocea~ic Processe~ in Marine Pollution
Ser., Vol.l: Krieger.

Center for Ocean Management Studies, University of Rhode
Island, 1981. Comparative Marine Policy. New York:
Praege Publishers.

Chang, Kunxiong and Songbin Wang, 1988. Studies on
Policies for Marine Environmental .:pJ::.otectiol} (in
chinese). Taibei: Zhi-Qiang Publishing Inc.

Chen, Dagang, 1991. The Fisheries Ecology of the Bohai and
Yellow Sea. Beijing: Ocean Prp.ss.

Chen Degong, 1989. "Coastal Zone Development, utilization,
Legislation, and Management in Chinn. II Coastal
Management, 17: 55-62.

Chen, Guowei, 1986. "Main Characteristics of Hydrocarbon
Bearing Basins in China Seas (in Chinese)." Marine
Geology ~ Quaternary Geology, 6:4 (December) 31-36.

Chen, Lisheng, 1988. "Marine Traffic between China and
Korea: Past trend and future prospects." Ocean Policy
Research, vol.3, No.4, Korea Oceanography Research and
Development Institute (KORDI), Seoul.

293



cicin-sain, Biliana, 1992. "Multiple Use Conflicts and
Their Resolution: Toward a comparative Research
Agenda." In Paolo Fabbri~ ed., Ocean Management in
Global Change. London & New York: Elsevier Applied
Science.

Cormack, D., 1983. Response to oil and Chemical Marine
Pollution. England: Elsevier Applied Science.

Cuyvers, Luc., 1984. Ocean Uses and their Regulation. New
York: John Wiley & Sons, Inc.

Davis, W. K.
Geography.

D., 1972. The ~onceptual Revolution in
Totowa, New Jersey: Rowman and Littlefield.

Dekker, L. et al., 1987. Management of Toxic Materials in
an International setting. Rotterdam: Delft Hydraulics.

Du, Bilan, 1990. "China's strategy for Development of its
Marine Living Resources in the EEZ." in Tadao
Kuriboyashi and Edward L. Miles (eds.), Proceedings of
The Law of the Sea Institute Twenty-fourth Annual
Conference, July 24-27, 1990 in Tokyo, Japan.
Honolulu: The Law of Sea Institute, William S.
Richardson School of Law, University of Hawaii at
Manoa.

Earney, Fillmore C. F., 1981. "China's Offshore Petroleum
Frontiers: Confrontation? Conflict? cooperation?"
Resources Policy, June, pp.118-128.

Eckert, Ross D., 1979. The Enclosure of Ocean Resources:
Economics and the Law of the Sea. Stanford University,
Stanford, California: Hoover Institution Press.

Editorial Group for Marine Fishery Regionalization of China,
1990. Marine Fishery regionalization of China (in
Chinese). Hongzhou: Zhejiang Science and Technology
Press. 234 pp.

Editorial Group for Marine Fishery resources of china, 1990.
Marine Fishery Resources of China (in Chinese).
Hongzhou: Zhejiang Science and Technology Press.
178 pp.

Eisma, D., 1978. "The Need for Sea-Use Planning in the
North Sea." In Jr. John King Gamble, ed., Law of the
Sea: Neglected Issues. Proceedings of the Law of the
Sea Institute Twelfth Annual Conference held on October
23-26, 1978 at The Hague, The Netherlands.

294



Entrikin, J. Nicholas, 1981. Philosophical Issues in the
Scientific ~tudy of Regions in Herbert, D. T., & R. J.
Johnston (eds.), Geography and the Urban Environment:
Progress in research and Applications, Vol. IV.

Fabbri, Paolo, ed., 1992. Ocean Management in Global
Change. New York: Elsevier Applied Science, p.621.

Fan, Zhijie and R. P. Cote, 1991. "Population, Development
and Marine Pollution in China." Marine policy, May.
pp.210-219.

Friedheim, Robert L., 1979. Managing Ocean Resources: ~

Primer. Boulder, Colorado: westview Press.

Gamble, Jr. John King, 1977. Marine Policy: ~ Comparative
Approach. Lexington, Massachusetts/Toronto: D.C. Heath
and Company.

Gao, Lin et al., 1991. "Basic Conditions of Social Environment
of the China's Yellow Sea Region (in Chinese) ." Attached
data for paper prepared for The International Conference
on Regional Development in the Yellow Sea, held in Seoul
on February 18-21, 1991.

Geng, Xiushan, 1981. "The Geomorphological Features and
Forming Factors of Submarine Relief in the Pohai Sea
and the Yellow Sea." Acta Geographica sinica, 36:4,
423-434.

Gerlach, Sebastian A., 1981. Marine Pollution. New York:
springer-Verlag.

Ginsburg, Norton, Sidney Holt and William Murdoch, eds.,
1972. The Mediterranean Marine Environment and the
Development of the Region. Pacem in Maribus III.
Proceedings of a Conference, Split, Yugoslavia, April
28-30, 1972. International Ocean Institute: Royal
University of Malta Press.

GESAMP, 1991. The State of the Marine Environment
(IMO/FAO/UNESCO/WMO/WHO/IAEA/UN/UNEP Joint Group of
Experts on the Scientific Aspects of Marine Pollution) .
London: Oxford Blackwell Scientific Publications.

Goldberg, Edward D., 1976. The Health of the Oceans. Paris:
The Unesco Press.

295



Grigalunas Thomas A., 1991. "Chairman's Report." in Seoung
Yong Hong (ed.), Marine Policies toward the 21st
Century: World Trends and Korean Perspectives.
occasional paper No.1. Seoul: Korea Ocean Research and
Development Institute. 389 pp.

GU, H. K., 1982. "Maximum Vertical Distribution of
Dissolved Oxygen in the Huanghai Sea and its Mechanism
(in Chinese)." Acta Oceanographica Sinica 1:1, 71-76.

GU, T., T. Zhang, Z. Hu and R. GUo, 1981. "The Source
Identification of Crude oil Pollution in the North of
Southern Yellow Sea (in Chinese)." Stud. Mar. Sin. 18,
pp.72-85.

Guo Zhenxuan, 1986. "Characteristics of Source Beds for the
Major Cenozoic Sedimentary Basin in China Offshore (in
Chinese)." Marine Geology k Quaternary Geology, 6:4
(December) 79-86.

Hartshorne, Richard, 1959. Perspective of the Nature of
Geography. Chicago: Rand McNally & Company.

Hayward, Peter, 1984. "Environmental Protection: Regional
Approaches." Marine Poligy, April 1984. pp. 106-113.

Holling C. S., ed., 1978. Adaptive Environmental Assessment
and Management. New York: John Wiley & Sons.

Holt-Jensen, Arild, 1980. Geography: Its History and
Concepts. Totowa, New Jersey: Barnes and Noble Books.

Holt, S. J.: 1974. "Mediterranean: International Cooperation
for a Sick Sea." Environment, 16:4 (May) 29-33.

Hong, Seoung-Yong, 1991. Marine Policies toward the 21st
Century: World Trends and Korean Perspectives. Ocean
Industry and Policy Division, Korea Ocean Research and
Development Institute, Occasional Paper No.1.

_, 1992. "Yellow Sea Economic Cooperation Strategy and
Implications." Presented at The International
Conference on Exploring Maritime Cooperation in
Northeast Asia: Possibility and Prospects, September 1
2, 1992, Co-Sponsored by The SLOC Study Group-Korea and
Institute of East and West Studies, yonsei University,
Seoul. p. 7.

et al., 1985.
Report to the
Korea. 477 pp.

11 Study on
Ministry of

296

the Coastal
Science and

Management.
Technology,



IMCO, 1976. Report of the symposium on Prevention of Marine
Pollution from Ships held in Acapulco, Mexico, March
22-31 London: Inter-governmental Maritime Consultative
Organization.

,James, Preston, E., & G. J. Martin, 1972.
Worlds: ~ History of Geographical Ideas;
Wiley & Sons.

Jansson, B. 0., 1978. "The Baltic--A Systems
Semi-enclosed Sea" in H. Charnock and G.
Advances in Oceanography. Oxford: Plenum
131-184.

All Possible
New York: John

Analysis of a
Deacon (eds.),
Press. pp.

Jiang, Tieming, 1990. ~ Study on China's Marine Regional
Economy (in Chinese). Beijing: Ocean Press. 558 pp.

Johnston, Douglas M., 1993. "Vulnerable Coastal and Marine
Areas: A Framework for the Planning of Environmental
security Zones in the Ocean." in Ocean Development and
International Law, Vol. 23, pp.63-79.

Johnston, R. J., 1983. Philosophy and Human Geography.
Lonton: Edward Arnold.

JUda, Lawrence and R. H. Burroughs, 1990. "The Prospects
for Comprehensive Ocean management." Marine Policy,
14:1 (January) 23-35.

Kawasaki, Tsuyoshi, 1987. Fisheries Problems in the Yellow
and East China Seas. Working Paper-88-2. Honolulu,
Hawaii: Environment and Policy Institute, East-West
Center, November.

Kenchington, R. A., 1990. Managing Marine Environments.
London: Taylor and Francis, pp. 28-59.

Knecht, Robert W., 1992. "National ocean policy in the
united States: Less than the sum of its parts." In
Paolo Fabbri, ed., Ocean management in global change.
London/New York: Elsevier Applied Science.

Kolde, Endel-Jakob, 1976. The Pacific Quest: the Concept and
Scope of an Oceanic community. Toronto: Lexington
Books.

Kondo, M., 1985. "Oceanographic Conditions of Fishing
Grounds in the East China Sea and the Yellow Sea 1.
Characteristics of the Mean Temperature and Salinity
Distributions Measured at 50m and near the Bottom."
Bulletin of Seikai Regional Fisheries Research
Laboratory, No.62, pp.19-66.

297



Koo, Jahak, 1980. "Marine Tectonics and Georesources
Potential of Korea." Acta Oceanographica Taiwanica, 11.

Kullenberg, Gunnar, 1986. "Long-term Changes in the Baltic
Ecosystem. II in K. Sherman and L, M. Alexander (eds.),
Variability and Management of Large Marine Ecosystems.
Washington, D.C.: American Association for the
Advancement of science. 319 pp.

Lawson, Rowena, 1984. Economics of Fisheries Development.
New York: Praeger Publishers.

Lee, Kwang Woo, 1991. "Korean Perspectives in Marine
Environmental Protection." in Seoung-Yong Hong (ed.),
Marine Policies toward th~ 21st century: World Trends
and Korean Perpectives Occasional Paper No.1. Seoul:
Korea Ocean Research and Development Institute.
389 pp.

Lee, Sang-Don, 1992. "A Framework for Cooperation for the
Protection of Marine Environment in the Yellow Sea; A
Korean View." Presented at The International Conference
on Exploring Maritime Cooperation in Northeast Asia:
Possibil i ty and Prospects, Co-Sponsored by the SLOC
Study Group-Korea and Institute of East and West
Studies, Yonsei University, Seoul. p. 7.

Lee, Sanghoon, 1991. "Population, Resources, and Environmental
Considerations in the Yellow Sea Rimland." Paper pesented
at The International Conference on Regional Development
in the Yellow Sea Rim, held in Seoul on February 18-21,
1991.

Lee, Jeong-Sik, and Yang-Soo Yun, 1991. "Spatial Distribution
of Regional Development and West Coastal Development in
Korea: Background, Impacts and Implications." Paper
presented at The International Conference on Regional
Development in the Yellow Sea Rim, held in Seoul on
February 18-21, 1991.

Lee, Yok-shiu F., 1991. "Transportation Planning for Regional
Development in the Yellow Sea Rimland." Paper for
International Conference on Regional Development in the
Yellow Sea Rim, February 18-21.

Lei, Zhongyou (ed.), 1988. China's Marine Environmental
Manual. Shanghai: Jiaotong University Press

Li, Desheng, 1984. "Geologic Evolution of Petrolifeous on
Continental Shelf of China." American Association of
Petroleum Geologists Bulletin, 68.

298



Lie, H. J., 1986. "Summer Time Hydrographic Features in the
Southeastern Hwanghae." Progress in Oceanography,
17:3-4, 229-242.

Lin, Xinzhuo, 1987. "Biological Characteristics and
Resources status of Three Commercial Fisher in Offshore
Waters of China (in Chinese)." In Shueichangxiubao,
vol.11, Vol.11, No.3.

Liu, Jinming, 1987. "A Preliminary Study on the Issue of
Controlling the Pollutant Amounts into the Sea (in
chinese)." Marine Environmental Science, May.

Lu, Keyi, 1990. "Marine and Coastal Management in China: A
Planning Approach." Coastal Management, Vol. 18 . pp.365
384.

Luo, Yuru et al., eds., 1985. Contemporary Marine
undertakings of China (in Chinese). Beijing: China
Social Science Press.

Mangone, G. J., 1988. Marine Policy for America. New York:
Taylor & Francis.

Marine Transportation Bureau and Inland-Water Transportation
Bureau, Ministry of Communication, China, 1985.
China's Open-to-Foreign-Ship Ports (in Chinese).
Beijing: People's Communication Press.

Maury, Matthew Fontaine, 1855. The Physical Geography of the
Sea. New York: Harper & brothers.

McAllister, Donald M., 1988. Evaluation in Environmental
Planning. Massachusetts: The MIT Press.

Miles, Edward L., 1987. "Concepts, Approaches and
Applications in Sea Use Planning and Management."
Lecture for Ocean Management Training Module in Sea Use
Planning and Management, November 4-13, Malmo, Sweden.

et al., 1988. The Management of Marine Regions: the
North Pacific. Berkeley, California: University of
California Press.

Milliman, J. D., Fan Li, Yiyang Zhao, Tiemin Zheng and R.
Limeburner, 1986. "Suspended Matter Regime in the
Yellow Sea. II Progress in Oceanography, 17:3-4, 215
228.

Morgan, Joseph, 1984.
Southeast Asia."

"Marine Regions and Regionalism in
Marine Policy, October.

299



_, 1987a. "Large Marine Ecosystems: An Emerging Concept of
Regional Management." Environment, Vol.29, No.10.

_, 1987b. "Some Characteristics of Shipping in the
Yellow Sea." Paper presented at the International
Conference on the Yellow Sea: Transnational Ocean
Resource Management Issues and Options for Cooperation,
June 23-26, 1987, Honolulu.

_, 1989. "Marine Regions: Myth or Reality."
Shoreline Management, 0951-8312/89.

Ocean and

~,1991. "Marine Regions and the Law of the Sea. II Ocean
and Shoreline Management, 15:261-271.

and Mark Valencia, 1992. Atlas for Marine Policy of
the East Asian Seas. Berkeley: University of California
Press: Berkeley.

Murton, Brian J., 1989. liThe Status of Regional Geography and
Area Studies in the United States: An Off-shore View from
Hawaii." Regional views, No.2; March 1989.

Nakahara, Hiroyuki, 1990. liThe Yellow Sea and the Third
State: Japanese Perspective." in Choon-ho Park et al.,
eds., The Regime of the Yellow Sea. Seoul: Institute of
East and West Studies, Yonsei University.

National Academy of Sciences, 1971. Marine Environmental
Quality. Washington, D.C.: NAS.

_, 1975. Petroleum in the Marine Environment.
Washington, D.C.: National Academy of Sciences.

National Bureau of Environmental Protection, China, 1990.
Atlas of Studies on Protection and control of Marine
Pollution in Bo Hai and the Yellow Sea (in
Chinese). Beijing: Science Press.

_, 1990. Studies on Protection ang Control of Marine
Pollution in Bo Hai and the Yellow Sea (in Chinese).

Beijing: Science Press.

Office of Technology Assessment, Congress of the U.S., 1987.
Wastes in Marine Environments. Washington, D.C.: Office
of Technology Assessment.

Office of Transportation, the US Department of Agriculture,
1988. Far East Port Survey: with Special Emphasis on
the Transportation and Handling of U.S. Agricultural
Exports. Washington, D.C.

300



Park, Choon-ho, Dalchoong Kim, and Seo-Hang Lee, 1990. The
Regime of the Yellow Sea, East and West Studies series

11. Seoul: Institute of East and West Studies, Yonsei
University. 227 pp.

Park, Choon-ho and Jae Kyu Park, eds., 1987. The Law of the
Sea: Problems fro~ the East Asian Perspective.
Proceedings of Two Workshops of The Law of the Sea
Institute held in Seoul, Korea. Honolulu, Hawaii: The
Law of the Sea Institute, University of Hawaii at
Manoa.

Park, Y. H., 1986. "Water Characteristics and Movements of
the Yellow Sea Warm Current in Summer." Progress in
Oceanography, 17:3-4, 243-254.

Peckham, Richard, 1988. "PRC Ports Develop to Serve Trade
Growth and Economic Expansion." International Bulk
Journal, May 1988, pp. 4-29.

Peet, Gerard, 1986. "Techniques and Methods for Sea Use
Planning and Management in Selected Areas." A report
of a literature study, Commissioned by directie
Noordzee, Rijkswaterstaat.

_, 1988. "Sea Use Planning and Management." Paper for a
course at the World Maritime University 11-15 JUly.

Peng, Shifu, 1986. "Preliminary Study on Relation between
Tertiary Transgression and Hydrocarbon in China
Offshore (in Chinese)." Marine Geology k Quaternary
Geology,6:4 (December) 67-78.

and Guangying Zheng, 1982. "Prospective Evaluation of
the North Yellow Sea as Viewed from the Genesis of
Anzhou Petroliferous Basin, Korea (in Chinese)."
Marine Geological Research, 2:1 (March) 24-34.

People's Daily, 1991 (overseas edition, in Chinese, February
21) .

People's Daily, 1992 (overseas edition, in Chinese, January
30) .

People's Daily, 1992 (overseas edition, in Chinese, February
3) .

People's daily, 1992 (overseas edition, in chinese; April l.

People's Daily, 1992 (overseas edition, in Chinese, December
26) .

301



People's Daily, 1993 (overseas edition, in Chinese, February
18) .

People's Daily, 1993 (overseas edition, in Chinese, April 8.

Prescott, J. R. V., 1975. The political Geography of the
Oceans. London: David and Charles limited.

____ , 1985. The Maritime Political Boundary of the World.
London: Methuen.

____ , 1987. Maritime Jurisdiction in East Asian Seas. EWC
Environment and Policy Institute Occasional Paper No.4.
Honolulu, Hawaii: the East-West Center.

Pudup, Mary Beth, 1988. "Arguments within Regional
Geography." Progress in Human Geography, 12:3.

Qin, Yunshan et al., 1989. Geology of the Yellow Sea (in
Chinese). Beijing: Ocean Press, 289 pp.

Richardson, Jacques G., ed., 1985. Managing The Ocean.
Maryland: Lomond publications, Inc.

Robinson, G. W. S., 1953. "The Geographical Region: Form and
Function." The Scottish Geographical Magazine, September
1953.

Robinson, Keith, 1984. Assessment of Undiscovered
conventionally Recoverable Petroleum Resources in
Offshore Tertiary Sedimentary Basins of The People's
Republic of China. Open-file Report of the Geological
Servey, the united States Department of the interior,
84-0329 (NC, Da, M.), 16 pp.

Ross, David A., 1978. opportunities and Uses of th~ Ocean.
New Yor/Heidelberg/berlin: Springer-Verlag New York
Inc.

Ruivo, Mario, ed., 1972. Marine Pollution and Sea Life
(FAO). West Byfleet, Surrey and London, England:
Fishing News (Books) LTD.

Second Chamber of the State General, the Netherlands, 1989
1990. Harmonization of Netherlands North Sea Policy
1989-1992. 17 408, No. 44-45, SDU uitgeverij.

seikai Regional Fisheries Research Laboratory, 1986. Fishes
of the East China Sea and the Yellow Sea (in Japanese).
Nagasaki: Nihon Shiko printing Co., Ltd. 498 pp.

302



Seung, Y. H. and Y.C. Park, 1990. "Physical and
Environmental Character of the Yellow Sea." In Choon-ho
Park, Dalchoong Kim and Seo-Hang Lee, eds., The Regime
of the Yellow Sea. Seoul: Institute of East and West
studies, Yonsei University.

Sherman, K. and L. M. Alexander, eds., 1986.
Variability and Management of large Marine Ecosystems.
Washington D.C.: westview Press Inc.

and B. D. Gold, 1990. Large Marine Ecosystems:
Patterns, Processes, and yields. Washington D.C.:
American Association for the Advancement of Science.
242 pp.

Shi, E-hou et al., 1982. "Seawater Pollution in the
Nearshore Areas of China (in Chinese)." Marine
Environmental Science 1:1, July, pp.14-26.

_, 1987. "Review on China's l'Iarine Environmental
Protection in the Past 15 Years and Future Prospects."
Marine Environmental Science, 6:2, 1-7.

Singer, S. Fred, ed., 1990. The Ocean in Human Affairs. New
York: Paragon House.

Smith, A. J., Elizabeth Kennet and M. B. F. Ranken, 1984.
Britain and the Sea: Further Dependence =Further
Opportunities. Edinburgh: Scottish Academic Press
Limited.

smith, H.D., 1991. "The Regional Bases of Sea Use
Management." In Ocean ~ Shoreline Management, 15,
pp.273-282.

and C. S. Lalwani, 1984. The North Sea: Sea Use
Management and Planning. cardiff, U. K.: University of
Wales Institute of Science and Technology.

and Adalberto Vallega (eds.), 1991. The Development of
Integrated Sea-Use Management. London and New York:
Routledge. pp.283.

Song, Yang-huei Billy, 1989. "China's Ocean Policy: EEZ and
Marine Fisheries." Asian Survey, xxix:10, October.

_, 1990. "Shipping and Shipbuilding Policies in PR China."
Ibid. 14:1 (January) 53-70.

303



steering committee for the Petroleum in the Marine
Environment Update, Board of Ocean Science and Policy,
Ocean science Board, Commission on Physical Sciences,
Mathematics, and Resources, National Research Council,
1985. oil in the Sea. Washington, D.C.: National
Academy Press.

Tang, Qisheng and Yi Maozhong, 1990. Development and
Protection of the Nearshore Fishery resources of
Shandong Province, Beijing: Agricl~'.ture Press. 214 pp ,

Tang, Yongluen, ed., 1989. Special Reports Qn the
comprehensive Investigation on the Resources in Coastal
Zones and Beaches of China (in Chinese). Beijing: Ocean
Press.

'l'ao Rui Ming, 1992. "Assessment on Hydrocarbon Potential of
Mesozoic and Paleozoic in Yellow Sea." In Korea
Petroleum Development Corp. and China National Offshore
oil Corp, eds., Proceedings of the Second Korea-China
International Symposium, September 21-26, Seoul.

The Chinese Academy of Urban Planning and Design Research et
al., 1985. Urban Planning for Modern Ports (in
Chinese). Harbin, China: Helongjiang People's Press.

Timagenis, Gregorios J., 1980. International Control of
Marine Pollution. New York: Ocean Publications, Ins.

Underdal, A., 1980. "Integrated Policy: what? why? how?"
Marine Policy, July, pp.159-69.

UNEP, 1988. oil Pollution and its Control in the East Asian
Sea Region. UNEP Regional Seas Reports and Studies
No.96. united Nations Environment Programme.

UN ESCAP, 1977. "The Offshore Hydrocarbon Potential of East
Asia: A Decade of Investigations (1966-75)." CCOP
Technical Bulletin, 11.

Valencia, M., 1987. International Conference on the Yellow
Sea. Occasional Papers of the East-West Environment
and Policy Institute. Paper No.3. Honolulu, Hawaii.

__ , 1988. "The Troubled Waters: Risk Lie in Unresolved
Claims to East Asia's Seabed." Far Eastern Economic
Review, 31 March. pp.22-30.

__, 1988. "The Yellow Sea: Transnational Marine Resource
Management Issues." Marine Policy, October.

304



_, 1989. "Northern Asia: Petroleum Potential
~urisdictional Claims and International Relations."
Ocean Development and International Law, 20, pp.35-61.

_, 1989. Offshore North-East Asia: The Economist
In"telligence unit, London, Special Report No. 1139

_, 1991. "Yellow Sea Marine and Air Pollution: Status,
Projection, transnational Dimensions and Possibilities of
Cooperation." Presented at the International Conference
on Regional Development in the Yellow Sea Rim, February
18-21, 1991, Organized by Korea Research institute for
human Settlements, Korea, State Science and Technology
commission, china, and East-west Center: USA. p. 23.

Vallega, Adalberto; 1988. "A Human Geographical Approach to
Semienclosed Seas: The Mediterranean case." in Borgese,
E. Mann, N. Ginsburg, and J. R. Morgan (eds.), Ocean
Yearbook 7. Chicago: University Chicago Press,

pp. 272-93.

____ , 1992. Sea Management: ~ theoretical ~proach. London
and New York: Elsevier Applied Science.

Van Dyke, Jon M., 1992. "Promoting Maritime Cooperation in
the Asia-Pacific Era." Presented at The International
Conference on Exploring Maritime Cooperation in
Northeast Asia: Possibility and Prospects, september 1
2, 1992, Co-Sponsored by The SLOC study Group-Korea and
Institute of East and West Studies, Yonsei University,
Seoul. p , 20.

Wan, Banghe, 1987. "Outline of a Study on the Prevention and
Cure of Pollution in Bohai Bay and the Yellow Sea (in
Chinese)." Marine Environmental Science, 6:4
(November) 1-10.

Wang, longwen, 1989. "Basic Characteristics of Geology and
Prospects of oil and Gas Production in the Southern
Huanghai Sea Basin" (in chinese). Marine Geology and
Quaternary Geology, 9:3, 41-50.

Wang, Stanley D.H. and Bing-yi Zhan, 1992. "Marine Fishery
Resource Management in PR China." Marine Policy"
Vol.16, No.3.

Wen, Zhenhe and Zhang Jinchuan, 1989. "A discussion about
New Directions for Oil Finding in southern Yellow Sea
Basin of China" (in chinese). Marine Geology and
Quaternary Geology, 9:2, 27-34.

305



Wolfe, D. A. et al., 1984. "Marine Pollution in China. II

Oceanus, 26:4.

Wonham, Jon, 1992. "Special Areas and Particularly
Sensitive Areas." In Paolo Fabbri, ed., Ocean
management in global change. London & New York:
Elsevier Applied Science.

Xie, Yicheng, 1992. "Efforts to Curb Sea Pollution Stepped
up." in China Daily, Friday, February 14, p. 1.

Xu, Weiling, 1982. "Discussion on the Two Cenozoic Basins of
the South Yellow Sea (in Chinese)." Marine Geological
Research, 2:1, 68-78.

__, 1987. "Geological Structural Characteristics of the
Southern Yellow Sea basin Offshore Northern Jiangsu
Province" (in chinese). Shanghai geology, No.23.
pp. 54-64.

Yamada, Umeyosi et al., 1986. Fishes of the East China Sea
and the Yellow Sea (in Japanese). Nagasaki: Seikai
Regional Fisheries Research laboratory.

Yang, Jinsen, 1989/90. "The Fisheries of the Yellow and East
China Seas." Oceanus, 32:4, winter.

and Gao Zhiguo, 1990. Marine Policies: The Asian
Pacific Regions (in Chinese). Beijing: Ocean Press.

Yeung, Yue-man, and Xu-wei Hu (eds.), 1992. China's Coastal
cities: Catalysts for Modernization. Honol.uLu e University
of Hawaii Press.

Yin, Yi, 1985. "A Study of the Total Beta Radioactivity in
Surface Layer Sediments and its Distribution in the
Huanghai Sea" (in Chinese). Oceanologia Et Liminologia
Sinica, 16:5, 371-379.

Young, Elizabeth, and Peter H. Fricke, eds., 1975. Sea Use
Planning. London: Fabian society.

Yu, Huming, 1991. "Marine Fishery Management in PR China."
Marine Policy, January. pp. 23-32.

Zhang, Jiazhen, 1987. "Huabei-Bohaiwan Basin: ESCAP Atlas of
stratigraphy IV., People's Republic of China." Energy
Asia, Mineral Resources Development Series: 52, May 30.

306



Zhang, Weiquan, 1984. "A Report on Wintering and Inducing
Maturation of the Chinese Shrimp (Penacus Orientalis
Kishinouye)" (in Chinese). Oceanologia Et Liminologia
sinica, 15:3, 268-271.

307


