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1. INTRODUCTION

his document presents the
Ttransboundary dagnostic analysis
(TDA) for the Yellow Seal arge Marine
Ecosystem (YSLME). It is a principal
output/deliverable of the UNDP/GEF
Project entitled“Reducing Environmental
Stress in the Yellow Sea Large Marine
Ecosystem”. The TDA was prepared
during the period August to Decembe
2006 and is based on studies and

evaluations conducted within the project the SAP.

to September 2006.

The TDA is used & abasis for focusing
on existing problems and impending
threats to the critical ecosystem of the
YSLME. It is intended to provide a sound
basis for the preparation of a Strategic
Action Programme (SAP) for the YSLME
in the next phase of project activities.
The project brief states: “The SAP wiill
identify priority actions to be taken by
the participating countries to restore
and preserve the YSLM E. The SAP will
adopt a compr ehensive approach and

of marine pollution, degradation of
critical habitats and over-fishing.”
Accordingly, the TDA must address all
major problems in the Y dlow Sea and
determine their immediate, intermediate
and root causes. This is done as a means
of identifying options for management
intervention by the riparian states acting
in concert and sets the stage for the
selection of interventions for inclusion in

The TDA process is predominantly a
scientific and technical exercise.
Necessarily, it does encroach upon the
socio-economic and political arenas to
the extent required to undertake the root
cause analyses and the identification and
analysis of options for intervention In
contrast, the formuation of the SAP is
primarily a socio-economic and political
process. It is one in which the social and
political adventages and disadvantages
of options for intervention are fully
considered and debated prior to the

will address land and sea-based sourcesconsensual adoption of a suite of




interventions for inclusion in the SAP.
Inevitably, the SAP formulation will
require some degree of technical and
scientific support to undertake an
assessment of the positive and negaive
consequences of al the options for
intervention. It is intended that much of
thisinformation be provided in the
technical analysis of the environmental
problems and options for intervention in
the TDA.



2. TRANSBOUNDARY
DIAGNOSTIC ANALYSIS

— THE GEF CONTEXT

he GEF advocates a process of
formal assessment of problems and

recognitionto the utility of TDA to
projectsin the International Waters

priorities referred to as a Transboundary Focal Area as follows:

Diagnostic Analysis (TDA). It was
referred to in the First Study of GEF’s
Overall Performance (GEF 1998) in the
following way:

“The centerpiece of the GEF strategy ....
isthe concept of ‘strategic joint fact
finding’ as a means of arriving at a

“GEF-supported activities under the
international waters foca area have
contributed significantly to the
implementation of existing gobal and
regional agreements that address
protection and restoration of freshwater
and marine ecosystems.”

consensus on what actions are needed to

egablish threats ... collaborating states
establish technical teams that work to
establish a common baseline of facts
and analysis of the problem in the form
of atransboundary diagnostic amalysis
(TDA), which is then used to set
(national) priorities for actions to
address threats to internationa waters

in the form of the SAP.”

The Second Overall Performance Study
(OPS2) (GEF 2002) gave particular

1 United Nations Framework Convention on Climate Change (FCCC,

2 Convention on Biological Diversity

the results of the
international waters portfolio, one
particular operational approach

demonstrates considerable merits: A

“ Examining

science-based Transboundary
Diagnostic Analysis (TDA) is conducted
at the preparatory stage, before a
strategic action program (SAP) is
elaborated. It has similaritiesto the
process embedded in enabling activities
in support of UNFCCC: or CBD=.

Furthermore, the GEF is one of very few

1992)



financial mechanisms available to
support compr ehensive analysis and
integrated planningin multinational
water bodies. The TDA-SAP process
provided a mechanism for the GEF to
contribute substantially to thein-
country strengthening of institutions
andto promote strategic alliances
in different
promoting the
development of effective monitoring

among institutions

countries, thus
systems and improved management
capacities.”

“The TDA-SAP process is a valuable
part of project preparation to build
capacity, receive scientific and technical
inputs, and encourage participation by
the political authorities involved and
other important institutional actors and
In addition, it
recognized as an essential process for

stakeholders. is
securing multicountry political
agr eement to focus on transboundary
environmental priorities. As stated by
the OPS1 team, ‘The centerpiece of the
GEF strategy on International Waters is
the concept of ‘strategic joint fact
finding’ in the form of a transboundary
diagnostic analysis (TDA), which is then
used to set national priorities for actions
to addressthreatsto international
waters in the form of a strategic action
program (SAP).” The OPS2 team

under scores this statement and

mobilize multidonor support for
remedying or preventing environmental
threats to international waters.”

has

OPS2 not only recommended that TDA
continue to be usad for the preparation

of SAPs in International Waters projects
but aso recommended that a similar
mechanism be used in the new focal area
of land degradation. The relevant
recommendation is as follows:

“The GEF should review and rationalize
the number and objectives
operational programsin light of the

of

lessons learned in order to ensure
consistency and a unified focus on
delivering global environmental
benefits. Furthermore, to ensure quality
outcomes that focus on global
benefits, OoPS2

recommends that GEF make a special

environmental

effort to use scientific analysis as a
constant foundation for the plaming
and implemenrtation of new projectsin
all focal areas. The science-based
Transboundary Diagnostic Analysis
(TDA) should continue to be the basis
for facilitating r egional agreements on
actions to address threats to
international waters and for developing
strategic action programs (SAPs). OPS2
further recommends the externsion of a
similar approachto land degradation,

as it is now becoming a new focal area.”

recommends that the science-based TDAThe Third Overall Performance Study

continueto be the basis for facilitating

country agreements on SAPs which can

(OPS3) (GEF, 2005) later observed:



“Institutional strengthening at the considered by the GEF as an effective
national and regional level resulting and appropriate approach to the
partly or totally from GEF projects has formulation of SAPs for inte national
proven useful in situations requiring an waters areas.

immediate response. The Transboundary

Diagnostic Analysis/Strategic Action

Program (TDA/SAP) process has

provided a mechanism for the GEF to

contribute substantially tothe in-

country strengthening of institutions

andto promote strategic alliances

among institutions in different

countries, thus promoting the

development of effective monitoring

systems and improved management

capacities. The TDA/ SAP tool is a good

mechanism for harmonizing the W

scientific approach with a policy

approach, and a positive by-product is

capacity building.”

OPS3 further noted that the Third
International Waters Program Study
(Mee et a., 2005) had found that the
TDA can be an effective tool if it “sets
appropriateboundaries, identifies all
relevant stakeholders, conducts sudies
by joint fact findng (without excluding

any relevant regional expertise),
includes an appropriate balance of
disciplines, idertifies the socioeconomic
causes of the transboundary problems
identified, evaluates theinstitutiona
capacity, and makes all the information
available to the stakeholdersin a
concise and non-jargonistic manner.”

The preparation of a TDA is therefore
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3. THE NATURE AND
OBJECTIVES OF

TRANSBOUNDARY
DIAGNOSTIC ANALYSIS

Transboundary Diagnostic Analysis

(TDA) is ascientific and technical
assessment of an intemational waters
area that identifies and quantifies the
environment d issues and problems in
the subject area and establishes their
immediate, intermediate and
fundamertal (root) causes. The analysis
involves an idertification of the causes

and impacts of environmenta

and/or preventative actions. A TDA
thus provides the basis for the
formulation of a Strategic Action
Programme (SAP) embodying
specific actions, or interventions,
that can be adopted multilaterally
to restore, or preserve from further
degradation, a

international waters area.

specific

A TDA should yield a list of priority

disturbances and/or threats and assessEgg jes affecting an international waters

thescale and distribution of impacts at
national, regional and global levels,

predominantly in socio-economic terms.
The identification of causes specifies the

practices, sour ces, locations and human
activity w hich
environmental degradation arisesoris
threatened.

sectors from

Thus, the purpose of a TDA is fo
assess the relative importance of
environmental disturbances and
threats to international waters and
their causes as a means of
identifying potential remedial

area, their causes and the origins of
those causes. Although TDAs can be
conducted by, and within, single
countries, the need to identify

transboundary effects and causes makes

it desirable that the TDA process be
conducted multilaterally with the
participation of all riparian states of an
international waterbody. Ideadlly, the
sequence of causes should be identifi ed
in a hierarchical manner from technicd
pe spectives, through management arnd
socio-economic perspectives to the
politicd (i.e., policy) levd. Accordngly,



the term ‘root causes’ should be reservedenvironmental threats. The most
for the most fundamenta in this effective of these options for intervention
hierarchy of causes. In GEF parlance, then constitute the basis of a Straegic
this sequential identification of the Action Programme (SAP) that can be
hierarchy of causes is conceptually formulated and applied in a coordinated
known as a “causal chain”. It is intended manner by all riparian countries.

to facilitate the specification of potential

interventions to d@ther remedy current

environmental problems or to obviate

3.1.The Components of Transboundary
Diagnostic Analyses

Mee (2002) and Pemetta (2002) have ~ Gomponent 1: Scope of the
outlined, in informal documents, the Transboundary Diagnostic Analysis

nature and components of TDAsin a _ _ N
This component contains a definition of

the subject areafor which the TDA is
conducted. Generally this is a
geographical definition of the areato

more detalled manner than that
available from contemporary GEF
documents. Pernetta specified the
principa components of a TDA while

) ) which the TDA applies. This component
Mee provided an abundance of ancillary

also defines the disciplinary scope of the
TDA, which specifies the topics or

_ subject areas that are to be covered.
level. Both of these authors’ outlines are

consistent with the more elementary ~ Component 2: Assessment of Problems
specificaions contaned in the report of
the Second International Waters
Program Study (Bewers and Uitto,
2001). The following explanation of TDA
components is based on materia from

detail in an attempt to assist those
involved in the process at the project

The second component in the conduct of
aTDA istheidentification of existing
problems. These problems relate to
compromises in the quality or

these sources as we | as other GEF abundance of resources and amenities of

. a specific international waters area such
documents. These elements are geneic

. as a freshwater course, a lake or a coastal
and apply to any TDA relating to a water

o . marine or regional sea area. Such
body whether provincial, national or

. . compromises can involve unsuitability of
international.

water for irrigation or animd or human



drinking purposes, poor qudity of fish
for human consumption, undue algal
growth resulting in oxygen deficiency
and adverse effects on organisms (e.g.,
fish kills), and/or unpleasant odours,
aesthetic effects or high turbidity
reducing therecreationd andtourism
value of an area There are many such
potential problems and the foregoing is

not intended to constitute an exhaustive

list. Frequently, the ‘problems’ are
merdy observations of peculiarities or
effects, for example frequent fishkills,
without the immediate cause being
known. Thus, characterization of
problems must be carried out by those
familiar with the subject area.

Component 3: Identification of Priorities

This constitutes an evauation of the
relative severity of the problems
identified in the previous componert.
This again must be based on local
knowledge. Thewider the body of locd
knowledge and experience involved in
the conduct of the TDA, the more
objective the specification of priorities is
likely to be. The evaluation of priorities

is based on the severity of the problem in
the context of its effects on those
drawing their livelihood from the water
area concerned, the reduction in
economic gains from the area in relation
to its potential (fisheries yield or tourism

Component 4: ldentification of Causes

Components 4 and 5 constitute the
Causa Chain Analysis. Component 4
involves the identification of causes for
each of theproblems identified and
prioritized in Components 2 and 3.
These causes should stem from the
immediate to the proximal causes to as
high aleve of hierarchy as possible,
extending up to the policy level wherever
feasible. It is best explained by example.
Let us say that one of the identified
problems is abundarnt algal growth that

is impeding navigation, causing odours
and interfering with the use of water for
irrigation (clogging of pumps), animal
watering and human consunption. The
most immediate causeis likely to be
excessive nutrient supply to the water
body. The cause of the excessive nutrient
supply is attributable to animal wastes or
fertilizer washoff from agricultural
activities on adjacent land and excessive
discharge of poorly treated human
sewage. Each of these secondary causes
will then have causes a& higher levds in
the hierarchy. The excessive discharge of
animal wastes may be dueto farm
management practices that have not
provided sufficient land to neutralize
nutrients in animal wastes. Excessive
fertilizer washoff can be due either to the
application of fertilizers beyond the

amounts needed for adequate

for example) and effects on other aspects

of life within the communities affected.

fertilization of crop growth or the use of
fertilizers on land immedately adjacent

The end result of Component 3 should be

a consensus list of prioritized ‘problems’.

to the water body concerned without




regard for washoff and runoff. Excessive also include alack of compliance with

inputs of inadequately treated human

wastes may be due to the type of practice
carried out in the immediate area such as

inadequate sewage collection and
treaament infrastructure for alarge
urban area or the mode of sewage
collection and discharge that is
incompatiblewith the other uses of the

water body concerned.

existing legislation and regulations.

The examination of the sequence of
causes should continue until the highest
possible level is reached. Usually, within
amationa corntext, this is & thefedera
policy level, although some problems will
arise from causes in other, generally
riparian, jurisdictions. These should be
specified. Indeed, there may be root

In turn, each of these causes will have acauses of a global naure especidly in

further level of more remote bu more
fundamental, causes. These might
include unjustifiably low prices for
fertilizers (e.g., as aresult of farm
subsidies), over-promotion of intensive
agriculture for animal husbandry and
crops, inadequate imposition and
regulation of boundary zones between
agricultural areas and water bodies, or
insufficient emphasis on adequate
human sewage management in the
vicinity of the water body.

The next level of cause might include
unreasonable and incauti ous incertives
for agricultura production at the policy
level, inadequate policies regarding

protection of water bodies from adjacent

relation to the symptoms of climatic
changé The causal chan analysis
should extend to such root causes if they
contribute to problems identified and
prioritized & the beginning of the TDA.
Most usually, the highest policy levels
that can be addressed in regiona TDAs
are national legislation and policies of
the riparian states concemed. However,
in cases where some of the countries are
party to larger multilaera community
agreements, such as that within the
Euopean Union, the policy level will
immediately extend to the multilateral

level.

Bopdooaytisc@adntifdationaitaustsy

This component is one of greater

activities such as agriculture, inadequate

policy atention to sewage management
and apredominance of sector-by-sector
regulation at the policy level. It might

complexity and dfficulty. The previous
component should have produced a
hi erarchy of causes of problems in
dendritic (branching) form. Causes at

3 The term “climatic change” is used in this document to avoid the implicit

zonnection with human influence that is assumed in the definition of

change” under the FCCC,
specific context of the FCCC,

Biological Diversity

10

“climate

1992. The term “climate change” is only used in the
1992, and the Kyoto Protocol,

1997.2 Convention on



each level can have multiple causes at Component 6: Discrimination between

higher levels as explained in the National and Transboundary/

. Incremental Gauses
description of Component 3.

Consequently, there can be branching ofthe next component of the TDA process
causes as one proceeds from the lower 195 the discrimination among causes of
the higher levels. However, at the highestn aional

levels, there frequently occurs some

origin and those of
transbounday or incrementd origin. In

common ality among the root causes, many cases, the sources of the

especially those of a policy nature. fundamental (root) causes will be
immediately evident and it will be a
simple matter to assign them to national,
regional or broader origins. Inevitably, in
some othe cases, there will be several
origins (nationa, multilateral,

Component 5 involves the quantification
of causes. It requires that the relative
significance of causes & each level be
guantified. Thus, in the examplegiven
above, if excessive algal growth is due to

the over-application of fertilizers in local international) of the root causes.

Partitioning among these origins is
: . essentid for determining the natioral
secondary cause might then be excessive c
. and transboundary contributions. Such
washoff of animal wastes. The discrimination is obviously of di
quantification required a& Component 5 'scrimination is obviously of direct

is to designate relative weightings to the relevance to the development of GEF
hprojectsfor which quantification of

Itransboundary or incremental causes,
and therefore costs, is essentiad.
However, there are concomitant benefits

agriculture, this is the dominant cause. A

causes at each level of hierarchy for eac
of the problems at the base of the causa
chain analysis. The dendritic diagram of
root causes therefore has the added

feature of relative weightings of causes to the countries concerned in addressing

environmental problems adversely
affecting their development. Clearly,
causes of nationa problems that have
origins within the same national

relating to a given problem at each level
of branching in the hierarchy. As stated,
this is a difficult thing to do. Frequently,
it may only be possibleto provide a

sermi-quantitative rating of causes based jurisdiction are tractableto national

action alone. Transboundary causes have
to be dealt with in a regional context and
sometimes in a global context and in the
absence of cooperative arrangem ents,

on local knowledge as represented by
those involved in the TDA. Nevertheless,
such semi-quantitative ratings are still
likely to constitute an effective approach

as long as they have been derived such as those promoted by the GEF,

cannot be addressed by individual

through a transparent and internally ] _
national actions alone.

consistent process.

11




Component 7: Identification and Analysis
of Options for Intervention

The penutimate component of the TDA

process is the identification and analysis

of options for intervention to rectify the
identified priority problems. The causa
chain provides thebasis for identifying
such options. Options for intervention to
remediate the original problem will exist
at al levels in the causal chain as
depicted inFigure 1. The higher inthe
causal chain that an intervention is
made, the greater will be the probability
of effectiveness and sustainability.
Neverthdess, options for intervention
will exist at each level in the causal chain
and the effectiveness and conseguences

of interventions at all levels of the causal
chain should be assessed in rdationto
each ervironmental problem or groups

of problens having s milar causal chain
entries and common root causes.

The analysis of options will include a
specification of the nature of the
potential intervention,

effectiveness in eradicating the problem

its likely

and all the other consequences of the
intervention, both positive and negative.
The negative aspects of interventions will
includetheir cost as well as any other
adverse effects on society of a socio-
economic or heritage nature. Asthe

4 This is a scientific term that in everyday

“interactions.”

12

potential interventions are analysed for a
variety of problems, it is likely that
crosstalk(i.e., interactions among
potential interventions) will be identified
in which an intervention to deal with one
problem has either positive or negative
effects on others. The analysis of options
can also bealengthy and controversia
stage in a TDA hut it is well worth the
investment of effort in preparing the
groundwork for the preparation of the
subsequent regional or multilateral SAP.

language is somewhat analogous to
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Summary of TDA Components

Components 1to 7 inclusive constitute

threats of future environmenta damege
or compromise.

the essential features of a Transboundarytn some cases, a TDA caninclude a

Diagnostic Analysis. It should be
stressed that a particular TDA will not
always be structured in the same
sequence as that presented above. It is
only essentia tha the activities covered

stakeholder
consideration of

anaysis and the
infrastructura
weaknesses. In other cases, such
analyses are included in the SAP
formulation process. In the TDA for the

by these components are included in theYellow Sea presentad here, these topics

TDA or SAP in an appropriate and
coherent manner. The TDA provides a

are intended to be included in the SAP
preparation process and are only

basis for the subsequent formulation of areferred to here to the extent that they

Strategic Action Programme (SAP) by
specifying the priority problems and
identifying and analysing options for
intervention. The hierarchy of causes
identified inthe TDA is essential for

maximizing the effectiveness of potential

intervertions. These interventions are
generaly best directed at the more
fundamental of the causes. Thisis
especidly true if there are common
higher-level causes of more than one
problem. Theanaysis of options for
intervention prepares theground both
for addressing problems that are
dominantly of national origin and for
dealing multilateral ly with
transboundary causes within a regiona

context. One final point is worth making.

relate to the causes of environmental
problems subjected to causal chain
analysis.

Throughout, there has been reference to

problems as being those involving
contemporary compromises to the
berefits obtained from a wate body. It
should be stressed, as implied a the
outset, that a TDA can also include the
evaluation of problems that constitute



4. SCOPE OF THE TDA

FOR THE YELLOW SEA
LME

4.1. Geographical Scope

he geographical scope of the TDA is (Huang He) whenit flowed across the
Tthat of the subject region defined for exposed shdf during lower ed sea level
the purposes of the project brief. The and enptied sediments into the
definitioninthe project brief isasfollows: Okinawa Trough The Sea annually

receives morethan 1.6 billion tons of
“ The Yellow Sea is the semi-enclosad

body of wate bounded by the Chinese
mainland to the west, the Kor ean

sediments, mostly from the Yellow River
(Huang He) and Yangtze River, which
have formed lar ge deltas. The Yellow

SRR, Gl IS Ly Sea is connected to the Bo Hai Sea in the
from the north bank of the mouth of the . /i1 2 nd to the East China Sea in the

Yangtze River (Chang Jiang) to the
south side of Jeju Idand. It covers an
area of about 400,000 km? and
measur es about 1,000 km (length) by

south, thus forming a continuous
circulation system. Major rivers
discharging directly into the Yellow Sea

include the Han, Yangtze, Datung, Yalu,
700 km (maximum width). The floor of Guang, and Sheyany.

the Yellow Sea is a geologically unique,

post-glacially submerged, and shallow Unfortunately, while the penultimate
portionof the continental shelf. The sentence of this definition indicates that
seafloor has an average depth of 44 m, athe Bohai Sea is not part of the project
maximum depth of about 100 m, and area, the definition in the first part of the
slopes gently from the Chinese continentparagraph does not specify a
and morerapidy from the Korean northweste n boundary for the project
Peninsulato a north-south trending area other than the coast of the People’ s
seafloor valley with its axis close to the Republic of China (PRC). Through
Korean Peninsula. This axis represents discussions with the Project
the path of the meandering Yellow River M anagement Office (PM O), however, it
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was established that the northwestern the subject area, should read:

boundary of the project areais aline
“The Yellow Sea is the semi-enclosed

body of water bounded as follows: to
the west by the Chinese mainland south
of Penglai and a line from Pengdai to

drawn in a northeasterly direction from
Penglai on the Shandong Peninsula to
Dalian as correctly stated in the
preliminary TDA (Annex E to the project

brief). To the west of this line is the Dalian; to the east by the Korean
Peninsula and Jeju Island and a line

cr awn from Jindo | sland off the south
coast of the Korean mainland to the
north coast of Jeju Island; and to the

Bohai Sea, which lies outside the project
area. A limit also needs to be drawn
between the north coast of Jeju Island

and the Korean mainland. All these
boundaries to the areacovered by the  SCuth by a line ruming fromthe rorth
bank of the mouth of the Yangtze River

(Chang Jiang) to the southwestern coast
of Jeju Island.”

YSLME project are depicted in Figure 2.
Accordingly, the first sentence of the
paragraph that constitutes a definition of

Figure 2. Boundaries of the Yellow Sea LME.
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The hydrographic properties and
circulation of the Yellow Sea are created

stronger currents are observed.

In summer, the circulation of the Yellow

predominantly by winter cooling and
summer heating, freshwater discharge
from rives and, arguably, the inflow of
warm sdine waters in a branch of the

Kuroshic . Wind-forcing and freshwater

runoff are aso influenced by the cold
and dry northerly winter monsoon and
the warm humid southerly summer
monsoon.

The major water masses of the Yellow
Sea aetheYelow Sea Cold Wate, the
Yellow Sea Warm Curent Water and
Yangtze River mixed water. Yellow Sea

Sea comprises southward flowing
Chinese coastal water,
flowing Yellow Sea Warm Current

northward

influenced by the Kuroshio to the east,
and the northeastward movement of
water from the East ChinaSea with a
central cyclonic gyre (See Figure 3 after

Su, 1998). In winter, the central cyclonic

gyreis not as pronounced but, apart
from the southward coastal flow aong
the Korean Peninsula, the overdl
circulation of the Yellow Sea remains
essentially cyclonic. This circulation

Cold Water is formed during winter pattern is reflected in the water velocities
across a zonal transect at 360N shown in

Figure 4 (after Qiao, 2006).

cooling and occupies the lower layer of
the basin. This water mass survives
throughout the summer. The Yellow Sea
Warm Current Water is relatively sdine
and flows northwestward between
SokotraRock and Xju Island, into Jeju
Strat andthe eastern Yellow Sea The
predominart direction of outflow from
the Yangtzeis to the sout h consistent
with geostrophy but, in the summer,
Yangtze River mixed water extends
northeasstward toward Jeju Island and
lowers the sdinity of the waters to the
west of Jeju Island. Current speeds in the

eastern part of the Yellow Sea are usually
less than 0.2 knots except for areas near
to Huksando and Jgu Islands where

5 The extent to which some Ruroshio water enters the southeastern Yellow Sea to
become part of the Yellow Sea Warm Current remains a matter of scientific debate.

6 Anticlockwise circular circulation of water in the horizontal
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Figure 3. Yellow Sea Circulation in: (a) Winter; and (b) Summer.

Cal

Key to acronyms: BCC = Bohai Coastal Current; CRP = Changjiang River Plume;

DC = Dongsha Current; ECSCC = East China Sea Coastal Current; KCC = Korean Coastal
Current; SCSCC = South China Sea Coastal Current; SCSWC = South China Sea Warm

Current; TC = Tsushima Current; TWC = Taiwan Warm Current;
YSCC = Yellow Sea Coastal Current; and YSWC = Yellow Sea Warm Current.
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Figure 4. Water Velocities in cm/s across a Zonal Section at 36°N

- T
!
- ey
2
] [ =]
20 S
/i
=t ¥
=
40 — & o
o
i Yo
Il
&
')
50— - -
. ) PosHive mesms
- L nerthwrard flow -
Ao | T | — I | [ | 1 I
120.5%F 121.8°E 122.5°C 123.5°E 12455 125 5% 126.5°E

The floor of the Yellow Sea is a
geologically unique, post-glacially
submerged and shallow portion of the
contirenta shelf. The sediments of the
Yelow Seaare mostly terrigenous,
carried by rivers andwinds from the
surrounding lands. The annual input of
fine-grained detritus to the Bohai Sea
was, until recently, approximately 1
billion tonnes per year. Over 90% of this
sediment load has been delivered
historicdly by the Yellow Rive but this
has aready been reduced and is
predcted to fall to about 300 million

Peninsula. However, these inputs are
probably dwafed by the portion of the
ca. 500 million tonnes per year of
alluvia sediment that is discharged by
the Changjiang that entes the Yellow
Sea. Terrigenous sediment is distributed
by tidal currents, longshore currents,
waves and the Yellow Sea Warm Current.
Fine sediment is deposited where
current and wave actions are lowest. As a
resut, finegrained surficial sediments
arefound in the centra region of the
Yellow Sea, on the Chinese coast and on
the southwest and southern coasts of

tonnes by 2019 as a result of engineeringKorea. Sandy sedimentary facies exist in

works on the Yellow River. Excluding the
Changjiang (Yangtze River), about 50

million tonnes of sediment are
discharged by rivers directly to the
Yellow Sea proper, including a
considerale anount of coarse-grained

material from rivers draining the Korean

19

the eastern central portion of the Yellow
Sea and central and northern coastal
areas of the Korean Peninsulaas shown

in Figure 5 taken from the Chinese PDF-
B national report (YSLME 1999).




Figure 5. Surficial Bottom Sediment Grain-Size Distribution in the
Yellow and Bohai Seas.
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4.2. Disciplinary Scope

The disciplinary scope of the TDA is the project. These cover the topics of
defined by the project brigf interms of pollution, biodiversity, fisheries and
the objectives and com ponents of the ecosystem dynamics. Collectively, these
YSLME project. The scientific and groups cover all the project and
technical scope of the project is reflected objectives summarized in Table 1of the
by the resporsibilities of the Regional Project Document. This table is
Working Groups established in relation reproduced below in a slightly amended
to each of thetechnical components of form.

Table 1. Project Objectives and Components.

Objective Component
| Develop Regional A. Stock Assessment
Strategies for B. Carrying Capacity in Fisheries and Mariculture
Sustainable C. Mariculture Production
Management of D. Disease in Mariculture
Fisheries and E. Regional Fisheries Agreements and National Laws
Mariculture F. Fisheries Management Plan
A. Habitat Conservation
Il Propose and B. Vulnerable Species
Implement Effective C. Genetic Diversity
Regional Initiatives D. Introduced Species
for Biodiversity E. Biodiversity Regulations
Protection F. Regional Biodiversity Assessment & Regional Biodiversity
Action Plan
A. Stressors to Ecosystem
Il Propose and B. Carrying Capacity of Ecosystem
Implement Actions C. Contaminant Inputs
to Reduce Stressto | p. Contaminant Levels
the Ecosystem, E. Harmful Algal Blooms and Emerging Disease
[uRicegiatch F. Hot Spot Analysis
Quality and Protect G. Emergency Planning and Preparedness
R (EEL H. Legal and Regulatory
I. Fate and Transport Analysis to Facilitate SAP Analysis
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The disciplinary scope of the TDA can be yields fivetopics, each of which is
further defined in terms of the primary assigned to a project regional working
environmental management issues group (RWG) as follows:

addressedin the project for which
1.Sustainable Management of

Fisheries and Mariculture = RWG on
Fisheries (RWG-F);

appropriateinterventions are to be
included in the SAP. These primary

issues are:
2. Biodiversity Protection —RWG on
1.Sustainable M anagement of Biodiversity (RWG-B);
Fisheries and Mariculture; 3. Ecosystem — Ecosystem RWG
2. Biodiversity Protection; (RWG-E);
3.Reductions in Stress on the 4. Pollution — RWG on Pollution
Ecosystem, | mprovement of Waer (RWG-P); and
Quality and the Protection of 5. Institutiona Development and
Human Health; and Capacity-Building — Invest ment
4. Institutiona Development and RWG (RWG-I).

Capacity-Building.
The Regional Scientific and Technical

The YSLME project planned to complete Panel (RSTP) is responsible for cross-
“regional syntheses” to outline the status disciplinary issues.
and circumstances pertaining to four

topics: (i) sustainable management of

fisheries and mariculture; (ii)

biodiversity protection; (iii) stress on the

ecosystem, water quaity and the

protection of human heath; and (iv)

institutional development and cgpecity-

building. The planned content of these

syntheses is shown in Box 1.

The organization of project activities has,
however, been broken downinto a
slightly revised set of components each

of which has been assigned to a Regional
Working Group (RWG). The primary
variarnce from the planrned structureis
thesplitting of the third topic in Box 1
into two sub-activities dealing separately
with pollution and the ecosysten. This
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BOX 1
YSLME Project Regional Syntheses

Sustainable Management of Fisheries and Mariculture

This synthesis covers the followi ng topics: stock assessment, carrying capacity in
fisheries and mariculture, maricultural production, diseases in mariculture,
regional fisheries agreements, national laws and fisheries management.
Biodiversity Protection

This synthesis addresses the following topics: habitat conservation, vunerable
species, genetic diversity, introduced species, biodiversity regulations and repgional
biodiversity assessment. Theregiona synthesis (Welands Internaiond 2006)
provides assessments of habitats and their status, the status of protected and
vulnerable species, habitats of global significance, biodiversity conservation issues
and biodiversity conservation actions in the region.

Reductions in Stress on the Ecosystem, Improvement of W ater Quality and
the Protection of Human Health

This synthesis addresses the following topics: stressors of the ecosystem, carrying
capacity of the ecosystem, contaminant inputs, contaminant levels, contaminant
fate and transport, harmful algal blooms and emerging disease, hot-spot analysis,
emergency planning and preparedness and related legal and regulatory issues.

Institutional Development and Capacity-Building

This synthesis covers thefollowing topics: stakeholder involvement, regional
coordination, mational institutions, financia instruments, data and information
management and public awareness and participation.

By September 2006, draft regional analysis. Table 2 summarizes relevant
assessments of the circumstancesin the subject areas and also shows which of
regions pertaning to each of the four the RWGs have an interest in the subject
technical components of the project had and which specific RWG has been
been completed in the form of “regional designated as having the lead
syntheses”. This TDA is concretely built responsibility.

upon these regional syntheses that

provide both the foundation and the bulk

of the information required to complete

the principal elements of the diagnostic
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Table 2. Project Subject Areas and Regional Working Group (RWG)
Responsibilities.

Regional Working Group

Subject Area” — - - - .
] Biodiversity| Ecosystem | Fisheries | Pollution
Decline in commercially important
. . X X X
fishery species
Mariculture X X X
Introduced species incl. mariculture
and ballast water X X X
Species loss X X
Changes in biodiversity X X
Benthic habitat modification incl. X
beach erosion X X X
Coastal habitat change and destructipn X X X
Ecosystem structure & productivity X X X
Water quality (rivers, lakes and sea) X X X X
Eutrophication X X X X
Risks to human health X

* The topic of biological carrying capacity of the Yellow Sea has been omitted

from the list

indicates that the RWG has an interest in the subject area.

X indicates that the designated RWG has primary or lead responsibility for the

subject area.

The regional working groups are charged of the responsible RWG.

with the identification of environmentd

problems, the charecteization of these
problems, including the estimation of the

Environmental Problems Relating to
Pollution (Responsibilities of the RWG-P)

scale of adverse effects, and the conductThefollowing topics or problems have

of causal chain analyses for each
problem intheir respective areas of
responsibility as depicted in Table 2.

Each of the Regional Working Groups
has identified a variety of specific
environmental problems within their
areas of responsibility and these are
identified and characterised in RWG
meeting and synthesis reports. These
problems are summarized in the

been identified as the responsibility of
the Regiona Working Group on
Pollution:

Eutrophication, includng the following
sub-topics:

« Nitrogen enrichment;

* Phosphorus enrichment;

« Silicate depletion;

e Changed Si:N:P ratios;

following sub-sections under the heading * Oxygen depletion; and
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» Phytoplankton blooms including red

tides.

Contamination and its effects (i.e,
pollution), including the following sub-
topics:

 Faecal contamination;

* Heavy metal contamination;

* POPs contamination;

* PAH contamination; and

 Marine litter.

Increased risks to human health

(a) through seafood contamination;
and

(b) through exposures to ontaminated
water.

Environmental Problems Relating to
Ecosystem (Responsibilities of the
RWG-E)

The following topics or probems have
been identified as the responsibility of
the Regional Working Group on
Ecosystem:

e Changes in ecosystem productivity

at primary and secondary levels
only; and

* Preservation of cold water habitat in

the central Yellow Sea.

Environmental Problems Relating to
Fisheres (Responsibilities of the RWG-F)

The following topics or problems have
been identified as the responsibility of
the Regional Working Group on
Fisheries:

Over-exploitation of target wildfish
species;

Unsustainable mariculture;

Risks to human health through the
consumption of mariculture and
aquacultureproducts; and

Environmenta contamination from
mariculture and aguaculture, including
the following sub-topics:

« Acidification of marine sediments;
* Nutrient releases;

* Pharmaceutica residue releases;
and

e Bacteriological contamination of
marine sediments.

Environmental Problems Relating to
Biodiversity (Responsibilities of the RWG-B)

The following topics or problems have
been identified as the responsibility of
the Regional Working Group on
Biodiversity:

* Reductions in benthic habitat in

terms of area, quaity and/or
structure;
habitat

«Changes in benthic

structure;

¢ Loss of coastal wetlands and bird
habitat

» Coverage of protected areas in the
land coastal zone;

« Coverage of protected marine areas;

 Loss of biodiversity; and

7 In this document, the terms “mariculture”, meaning the culturing of organisms in
seawater, and “aquaculture”, meaning the freshwater culturing of organisms, are
distinguished.
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« Effects on biodiversity caused by the Republic of China (PRC) and Republic of
introduction of xenobiotic species. Korea (ROK)). This work is at a more
Other YSLME Regional Working Group advanced stage of development.
Activities Although the combined assessment of
thegovernance regime in the area has
not yet been completed, the two national
reports (YSLME 2006 a, b) provide
sufficient background to be used for
examining the context within which root
causes identified through causa chain
analyses need to be evaluated.
Accordingly, these reports will be

There is one other Regional Working
Group under the YSLME project. This is
the Investment Regional Working Group
that is responsible for examining ways of
obtaining investments for remediation
activities in the Yellow Sea area in
preparation for the development of the

YSLME Strategic Action Programme.
g g pertinert to, and will be used for, the

analysis of options for intervention later
in this TDA.

There aretwo preparative activities
being conducted by this working group
that deserve mention hee as they bear
upon the quantification of benefits and
detriment (i.e., adverse effects) and on
the framework for governancein the
Yellow Sea.

First, the work on valuation of
ervironmental goods and services is in
its early stages and will not be
sufficiently advanced to be used for the
purposes of including in the TDA the
costs of adverse effects on the
environment associated with
contemporary problems in the Yellow
Sea. Nevertheless this work should stand
the project in good stead regarding the
estimation of costs and benefits of
potential interventions for inclusion in
the SAP.

Second, the Investment RWG has
undertaken studies of the governance
regimes in the two countries curertly
involved in the project (People's
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5. STATUS OF THE
YELLOW SEA AND

ENVIRONMENTAL
ISSUES/PROBLEMS

he following sub-sections 5.1 to 5.4 project (i.e.,, commonalities among the
Titemise the environmental problems issues considered by the individual
in each of the scientific project Working Groups).
components. In large part, the following Nevertheless, for consistency and clarity

Regional

summaries leading to the identification

of environmental problems in the Yellow

Sea are taken from the four syntheses
documents prepared by the Regiona
Working Groups on Pollution,
Ecosystem, Biodiversity and Fisheries
(YSLME 2006c, d, e, f). There is
i nevitably considerable crosstalk among
the natura science elements of the

5.1. Pollution

The Regional Working Group on

of presentation, the disciplinary
breakdown developed under the project
has largely been preserved in the
following summary of the status of the
Y ellow Sea and the identification of
environmental problems.

next section of thisreport under the

Pollution first established the nature and heading “pollution issues”. It is

priorities among the environmental
concerns within its sphere of reference.
Theseissues, their nature and their

relative priorities are shown in Table 3.

This set of ervironmental problemsis

subjected to causal chain analysis in the

necessary, however, to define the nature

and adverse effects and/or threats posed
by the perceived problemslisted in
Table 3.



Table 3. Types and Nature of Environmental Problems Relating to Pollution.

Environmental Issue Nature of Issue Priority of Issue®

ST Category of Environmental

Problems 1
Nitrogen (N) enrichment Immediate Cause 1/1
Phosphorus (P) enrichment Immediate Cause Low
Silicate (Si) depletion Immediate Cause 1/2
Changed Si:N:P ratios Immediate Cause 1/2
Oxygen depletion Consequence N/A
Phytoplankton blooms
including red tides Consequence N/A
2. Contaminants and their Category of Environmental
Effects Problems 2
Faecal contamination Environmental Problem 2/1
Heavy metal contamination Environmental Problem 2/5
POPS$ contamination Environmental Problem 2/4
PAH? contamination Environmental Problem 2/2
Marine litter Environmental Problem 2/3
3. Increased risks to human Category of Environmental
health Problems <
- through seafood contamination Environmental Problem 3/2
;:grl]rg:r?iz a?t);%o\?v;rtz? 0 Environmental Problem 3/1

Eutrophication constitutes enhan ced through riverine and wastewater
primary and/or secondary biological discharge.

production and results primarily from
the increased avail ability of dissolved
inorganic nitrogen and phosphorus. This

i ) i blooms that decrease water transparency
can arise as a result of increased delivery ] ) ) ]
and give rise to high concentrations of
organic matter in surface waters often
referred to as “red tides”. While it might
appear that increased primary
production would be beneficial to the
Yellow Sea systam, it resuits in reduced
divesity among algal and zooplarnkton

The adverse effects associated with
eutrophication are excessive algal

of nutrients in river flows or by the direct
dscharge of nurient rich wastewate at
the coast.

In the case of the Yellow Sea, the
primary cause of increased
eutrophication is an increased
supply of dissofved nitrogen

8 “1” signifies the highest priority; “1/1” signifies the highest priority in
category 1l; N/A = not applicable
9 Persistent Organic Pollutants as defined by the Stockholm Convention 2001

10 Polycyclic aromatic hydrocarbons
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species and some of the dominant algee
may be harmful to higher organisms
such as fish. Thisis often compounded
by substantia reductions in dissolved

matter can descend below the euphotic
zone before decaying. This, inturn,
places an increased demend for oxygen
to sustain the decay of the organic

silicate that is essential for the materia thereby reducing the levels of
production of silicious organisms such as dissolved oxygen available to sustain
diatoms. As dissolved silicate living aerobic organismsin deeper waters.
concentrations decrease there will be a
tendency for primary organisms not
dependent upon this nutrient, such as
dinofl agellates, to predominate. Among

the dinoflagellates, some organisms haveYS- ME (2006¢). This figure shows a
trend of increasing dissolved inorganic

Tempora trendsin dissolved nitrogen,
phosphate and silicate in the Yellow Sea
are depicted in Figure 6 as reproduced in

either toxic or other properties, such as
foaming, that can give rise to harmful
effects on higher organisms, including
humans, and cause foaming on beaches
respectively. Irrespective of the nature of resulting in an increasing N/P ratio and
the organisms involved in algal blooms, reduced silicate that would be consonant
unless the excess organic matter is
utilized in the euphotic zone (the surface dinoflagellates would be expected to
layer bounded by the limit to which solar become more frequent.

energy, or light, penetrates), the organic

nitrogen (DIN) and corresponding
declines in the concentrations of
phosphate and silicate in the Yellow Sea

with conditions under which blooms of

Figure 6. Temporal Trends in Annual Mean Nutrient Concentrations and
N/P Ratio in the Yellow Sea.

(As reproduced in YSLME 2006c¢)
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The topic contaminants and their effects biological effects as a function of
covers contamination of the marine exposure (or dose) are shown by a dose-
environment by substances of response curve that takes the general
anthropogenic (human and industrial) form shown in Box 2.

origin tha enter the marine
environment largely through the
disposa of household and industrial

Thelist of erwvironmental problems in
this categgory identified by the RWG-P
comprise faecal substances, heavy
met als, persistent organic pollutants
(i.e., POPs as defined under the
Stockholm Convention (UNEP, 2001)),
polycyclic aromatic hydrocarbons
(PAHs) and marine litter. Faecal

wastesto rivers and the sea Some
contaminants, especially the more
vol atile substances such as some
hydrocarbons, can also enter by way of
atmospheric transport andwe and dry
deposition. The presence of

. . . . athogens are contained in human
contaminants in the marine environment P 9 _
wastes that enter the marine

per se does not necessarily give rise to _ _ _
adverse effects. Such contaminants have "V '"O" ment primarily through sewage

been presert throughout the human era discharges. Morbidity in humans can
arise when exposures to faecal pathogens

occur, either through direct contact with
contaminated water or the consunmption
of contaminated seafood. Such morbidity

and it is only whenthey are present at
sufficiently high concentrations in the
marine environment tha they give rise
to advese effects. Nitrogen is one such

cortamirant that was discussed in the includes stomach ailments commonly

experienced by tourists. However, it can
also include much more serious ailments
such astyphoid and dysentery that can
be fatal. Thus, the presence of such

previous section. At normal
concentrations, this substance is
essentia for life; it is only when it is
[resent at excessve concentraions that

adverse effects ensue such as those substances in coastal waters constitutes

described above. Such a situation appliesa hazard to human health that can result

to most biologically essential elements in reduced tourism opportunities and
and compounds. For non-essential income as well as reduced value of
elements and compounds, there will

generally be a threshold for the onset of

seafood.

advese effects uness the chemicdl is
assumed to have stochastic effects in
which the probability of an effect is
proportional to exposure or dose. For
chemicds not giving rise to stochastic
effects, the changes in the nature of
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BOX 2
Generalized Dose-Response Relationship

In this diagram,
no effect is evident
when the quantity
of dose is between
zero and the
'threshold'. This is
because some
biochemical or

Threshold

Incrensing Effect —

physiological
defence system
within the body
helps prevent any
adverse effect

Increasing Dose —)

from occurring. In fact, many organisms show a benefit from exposure to sgme
chemicals at very low doses. This result may come from a'challenge' to the
organism from the chemical to which it responds positively, or may result
because thechemical may be important for its life's functions (endogenous
chemical). At the "threshold" line in the above diagram, the defence systemn is
fully utilised or saturated and may be starting to become overwhelmed, leading
to the beginning of adverse health effects.

Contamination of the marine industrial discharge. However, currently,
ervironment with some heavy meals is the metals of most concern are lead (Pb),

of concern primarily because of copper (Cu) and mercury (Hg) primarily
increased risks to human health. derived from aggregate industria
However, there are relatively few metals activities. The primary human exposures
for which the primary pathway of to lead have historically been derived
exposure islikely to bethrough the from leaded fuel combustion and |ead-
marine ervironment. T here have been based paints. Blood lead level s are
exceptions to this generality in the past, usually assessed for human health
most notably the appearance of protection purposes, especially in
Minimata disease in Japan in the 1960s children ard preggnant women, andin
that was caused by mercury (HQ) most jurisdictions controls on lead, such
contamination associated with an as the transition to lead-free paints ard
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lead-free gasoline, have resulted in
reduced exposures. While mercury
contamination continuesto bean issue
of public health concern,itisonly
occasionaly onethat is connected to
marine pahways of exposure. In these
cases, primary concern is rdated to the
consumption of long-lived fish such as
swordfish that have high fatty tissue

concentrations of mercury in methylated

form. Concerns over copper
contamination differ from those of lead
and mercury. Copper is an essential
eement but can, in some ar eas, off
Taiwan for example, be found in
markedly elevated concentrationsin
seafoods due to metal mining and
refining ectivities. In general, however,
concerns about copper relate primarily
to the potential for adverse effects on

biological productivity.

the marine
environment withthe 12 classes of so-
called “Persistent Organic Pollutants”
(POPs) (see Box 3) covered by the

Stockholm Convention does not

Contamination of

generally entail severe local damage or

minimized or eliminated and human
exposures to these substances through
seafood consumption need to be
monitored to ensure adequate levds of
public hedath protection. Inlarge pat,
measu es to reduce the release of POPs
to the environment will be covered by
the National Action Plans prepared by
Contracting Parties to the Stockholm
Convention that include the PRC and
ROK (and, incidentally, the DPRK).

threat. The concerns regarding POPs are

global exposures to these substances that

involve increased health risks to humans

and/or animas. Nevertheless, the
incorporation of these persistent
lipophyllié'! substances in seafoods is a
matter of concern. Accordingly, the
dissemination of POPs needs to be

11 Lipophyllic substances have an affinity for fatty tissues.
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BOX 3

Persistent Organic Pollutants (POPs) Included Under Annexes to
the Stockholm Convention 2001

Annex A Elimination

Aldrin

Chlordane

Dieldrin

Endrin

Heptachlor

Hexachlorobenzene (HCB)

Mirex

Toxaphene

Polychlorinated Biphenyls (PCBSs)

Annex B Restriction
1,1,1-Trichloro-2,2-bis(4-Chlorophenyl)ethane (DDT)

Annex C Unintentional Production
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/PCDF)

Hexachlorobenzene (HCB)
Polychlorinated Biphenyls (PCBSs)

Contamination by polycyclic aromatic

The final environmental issue in the list
hydrocarbons (PAHS), by comparison, is identified by the RWG-P is marine litter.

likely to be a more localized issue. PAHs This is another global problem on

are deived primarily from petroleum
refinery operations, burning and
incineration of solid wastes and from
metallurgica refining activities. This
class of compounds is of concern
primarily from the perspectives of
human and animal heath becausethe
substances can be mutagenic (causing
he alitary mutations) and carcinogenic
(causing cancer).

33

account of thediversity of sources of

floating, stranded and submerged debris

in the global ocean. Marine litter
interferes with amenities, such as
beaches; mary courtries have to spernd
large amounts of effort and expendture
on cleaning to render beaches fit for
recreationa activities (See Figure 7).
Both floaing and submerged litter can
cause damage to fishing gear and boats




through the fouling of equipment and damage and costs in the Yellow Sea on
propellers. In rare cases, even structuralwhich to confirm the priority assignment
damage to small and medi um sized by the RWG-P.

coastal and recreational vessels can

occur.

There is a growing international
consensus that marine litter is a
major global problem worthy of
increased attention.

Unfortunately, thereis no concrete
information regarding such for ms of

Figure 7. Marine Litter.
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5.2. Ecosystem (primary and secondary
production and benthos)

At its third meeting, the Regional
Working Group on the Ecosystem
Component undertook an exerciseto

identify ervirormenta problems within

its area of responsibility. These problems

are itemized in Table 4.

Table 4. Types and Nature of Environmental Problems Relating
to the Ecosystem Component.

harmful algal blooms (HABS)

Environmental Issue Nature of Issue Priority
Change in biomass or abundance Environmental Problem 3
Change in species composition Environmental Problem 2
Increased frequency of .

9 y Environmental Problem 1

Loss of benthic habitat
in coastal areas

Environmental Problem

Referred to
RWG-B

This set of environmental problemsis

consequences of such changes in

subjected to causal chain analysis in thecommunity composition a e changes in

next main section of this report under
the heading &cosystem problefsThe
following text provides adescription of
the nature and adverse dfects and/or

the foodweb and threats to the food
supplies for living marine resources at
higher trophic levels. The decreases in
phytoplankton >77um in the Chinese

threats posed by the perceived problemsarea of the Yellow Sea could also result

listed in Table 4.

Under the heading “change in biomass
or abundance” the RWG-E has first
listed “Increase in zooplankton > 336n
zooplankton in the Korean area of the
Yellow Sea” and “Decrease in
zooplankton > 506umand p hytoplankton
> 77umin the Chinese area of the Yellow
Sed. The concern hereis that these
changes, although incoherent, are
evidence of changes in the composition
of both phytoplankton and zooplankton

communities inthe Yellow Sea The
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in a reduced capacity for carbon fixation

in the region and a change in carbon
fluxes over a large area. Smilaly, such
reductions coud also result inreduced
production of dimethyl sulphide t hat
plays a significant role in cloud
formaion, thus having an influence on
both regional and global climatic

conditions. Under the same category the

RWG-E has also defined &hift in peak
in seasonal pattern of zooplankton
biomass abundance in the Kor ean area
of the Yellow Sea”. This reflects similar
evidence of zooplanktonic community




changes that could have an adverse effeceffects on other marine organisms are in
on the food supplies for higher trophic the dinoflagellate class of phytoplankton.
level organisms. It must be rememberedThus, it is likely that the shift from
that phytoplankton and zooplankton diatoms to flagellates is a response to
constitute the foundation for the entire much reduced silicae concentrationsin
marine food web that ultimately provides relation to the other nutrients. This has

the basis for the sustenance of all marineoccurred elsewhere, in the eastern North
species, including commercia wildfish Sea for example, and has occasionaly
and othe exploited species. Changesin given rise to a preponderance of foaming
primary and secondary production, both algae that caused aesthetic problems for
in terms of the rates of production and beach users.

species diversity, will inevitably have There has been a significant

consequences at higher levelsin the increase in the abundance of
marine organism community but jellyfish within the Yellow Sea in
contemporary knowledge of food web recent years. Jellyfish cause
dynamics does not alow for reliable interference with fishing activities,
prediction of the consequences at higher the clogging of sea water intakes
trophic levels. and pose threats of stinging to sea

bathers. The increased presence

Urder the heading “Change in species of jellyfish is also a reflection of

compositiohthe RWG-E has listed changes in primary and secondary
“Change in dominant groups of productivity in the system and
zooplankton (Kored) “Changed ratio of alterations to the food web of the
diatoms to dinoflagellates (China)”, Yellow Sea.

“Jellyfish blooms” and “Change in

benthic species composition and 1he change in benthic species

dominant speciés The first two of these ~COMPposition and the dominant benthos

issues are of concern because they reflect? P& ts of the Yellow Seasignify a

changes in food web dynamics tha can reduction in berthic biodiversity. Such

changes will be a response both to
changesin the food web dynamics and

affect organisms at higher trophic levels.

The change in phytoplankton species
the composition of bottom sediments.

The concern here is that such changes
will reduce the availability of both
benthic and demersal fishing resources in
the Yellow Sea bu cumrently theeexis

from diatoms to dinoflagdlates could
either be acorresponding responseto
changes in predation or, morelikely, a
response to an abundance of dissolved
nitrogen and phosphorus accompanied
by dissolved silicate impoverishment. insufficient datato quentify such losses.
The concern here is that the majority of  Under the heading of the increased

toxic algae and those that cause adverse frequency of harmful algal blooms,
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the RWG-E has noted that there of wild fish thereby reducing fishery

has been a significant increase in yields, and increased risks fo
the annual incidence of intense seafood consumers through the
algal blooms (see Figure 8% ). incorporation of natural toxins into
Such blooms can cause increased exploited marine organisms.

mortality of mariculture stocks, kills

Figure 8. Frequency of Intense Algal Blooms.
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While the appearance of the various habitat in coastal areas, especially on the
problems listed above may occur in both Chinese side of the Y ellow Sea. This
national and internationa waters, results from the massive expansion of
concerns about changesin primary and mariculture and from the substantially
secondary production in areas of the increased discharges of wastes to coastal
Yellow Sea are intrinsically areas. This issue is, however, addr essed
transboundary because of the under habitat issues in the biodiversity
oceanographic continuity of the system. section, 5.4.

Finaly, the RWG-E hasindicated a
concern regarding the loss of benthic

12 Despite the label “HAB” (Harmful Algal Blooms) on the ordinate axis, this figure
depizcts intens= algal blooms d=fined as =2xces2ding a minimum z=211 density
(cells/cm3) or causing discoloration of water (i.e., red tides). The Rorean data

may partially reflect increased monitoring since 1995.
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5.3. Fisheries

The Regional Working Group on freshwater farming of organisms). Based
Fisheries (RWG-F) has the responsibility on the regional synthesis for fisheries

of addressing both capture fisheries, (YSLME 2006¢€), the problems listed in
mariculture (i.e., sea farming of Table 5 have been identified.

organisms) and inland aquacuture (i.e.,

Table 5. Types and Nature of Environmental Problems Relating to
the Fisheries Component.

Environmental Issue Nature of Issue Priority

Dedine in landings of many traditional
commercially-important species and Environmental problem 1
increased landing of low value species and threat
(including changes in dominant speciep)

Unsustainable maricultural practices Environmental problem and threa 2

The following text provides a description the Yellow Sea is provided by the
of the nature and adverse effects and/oincreasing scale of capture fisheries
threats posed by the perceived problemslandings in China and Korea as a
listed in Table 5. proportion of the global total as shown in

Figure 9.
A context for a discussion of fisheries in

Figure 9. Capture Fisheries Landings in China and Korea in
Relation to Global (tonnes).
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The first problem listed in Table 5 is “the initial framework for the analyss of the
decline in landings of many traditiond status of the Yellow Seafishery is
commercially-important species and provided by the regional catch statistics
increased landings of low value species”. for China and Korea shown in Tables 6
This trend is believed to relate directly to and 7 respectively (YSLME 2006¢&)
concerns about overfishing and the

effects of overexploitation of fish stocks

inthe Yellow Sea. There have been

conce ns about the overexploit&ion of

wildfish stocks in the Yellow Sea for

seva d years. The issue has been raised

in several assessments including the

preliminary TDA conducted in the PDF-

B stage of the YSLME project and the

Global | ntermational Waers Assessment

of the Yellow Sea (GIWA 2005). The

13 These catch statistics are based on landings in provinces bordering the Yellow
Sea. As the borders of two provinces extend to other sea coasts, some catches from

adjacent sea areas are included in these figures.
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Initial examination of the figures in abundance of this species and the

these tables reveals three expanded fishing effort. The annual
observations: the dominance of the landi ng of anchovy increased from
overall fisheries catch by China for 20,000 tonsin 1989 to 640,000 tonnes
all species, the apparent decline of in 1996. More than 1 million tonnes were
the Pacific herring and the rapid caught in 1997 and 198, making it the
growth of the anchovy fishery in highest landing sing e species fishery in

e
China in the 1990s. China However, these catches greatly

exceeded the 0.6 million tonnes
maximum sustainable yield (MSY)
(GIWA, 2005) and, based on acoustic
surveys, recruitment has sharply

In the early 1970s, the main target of the
pelagic fisheries was Pacific herring
(Clupea pallasi) with the peak catch of
180,000 tonres in 1972. The cach has
decreased continuouwsly since then and
overfishing of this species has
undoubtedly contributed to the decline
in this fishery with climatic change a so

declined to about 0.2-0.3 million tonnes.
The dominant Chinese anchovy catch
and biomass trends are shown in Figure
10 (YSLME 2006e).

playing a role.

Annua landings of anchovy have
increased due to the increased

Figure 10. Annual Japanese anchovy biomass (bars) and Chinese landings (line)
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The trends in Figure 10 tend to confirm Included as a parenthetic clause under

that overfishing has depleted the stock ofthe first problem listed by the RWG-F is
Japanese anchovy inthe Yellow Sea. “Changes in dominant species”. Thisis
However, in respect to the other marine also believed to reflect aresponse to
capturefisheries, thesituation appears overexploitation of the dominant stocks
roughly stable despite some short-term as a result of increased fishing effort. The
fluctuations that may reflect natura species diversity of the migratory
recruitment cycles and climatic changes. resources seems less than that of the
The Yellow Sea overall remains a locally resident resources but their
productive fisheies area yidding over biomasses are much more abundant. The
2.3 million tonnes, or over 2 tonnes per commercial catches in the Yellow Sea are
km2, of wildfish during the most recent mainly of migratory species and this
years. This productivity can be compared intrinsically makes the nature of the
with approximately 6 tonnes per kmz2 issue a transboundary one.

obtained through capture fisheries in the

North Sea that has comparable The other economically important
bathymetry and the vyield of species in the Yellow Seaand the Boha
approximately 1,000,000 tonnes over an Sea are small yellow croaker

area of 2.5 million km2 or 0.4 tonnes per Larimichthys polyactis, largehead
ahairtail Trichiur us lepturus and fleshy

prawn Fenneropenaeus chinensis. A

km2 in the Mediterranean Sea that has

far larger bathymetric range.

dramatic change has occurred in the
A further basis for analysis is the

catch per unit fishing effort
(CPUE). The CPUE on the basis of
total fishing vessels, including

fishery for pelagic fish with the growth in
the Japanese anchovy Engraulis
japonicusfishery in the Yellow Sea.

fishing efforts from powered and Up to the 1980s, there was no
non-powered vessels, increased anchovy fishery in the Yellow Sea
significantly from 3,900 kg in 1986 but, in 1997 and 1998, the anchovy
to 17,200 kg in 2004. The CPUE catch exceeded 1 million fonnes,
on the basis of total gross tonnage which was the largest landing forany
and kilowatt (kW) effort maintained singe species.

the same upward trend from 1992
to 1998. Recent values for CPUE
on any basis from 2001 fo 2004
remained essentially unchanged.
Thus, the primary fisheries

Inthe Korean fishery during the 1990s,
anchovy was the most dominant species,
representing 37.5% of the total catch
followed by largehead hairtail at 23.8%,

overexploitation issues are in acetes at 14.4%, small yellow crosker &
respect to Pacific herring and 9.2%, squid at 8.5%, chub mackerel at
Japanese anchovy' 47%, f|eShy pl’awn at 10)A) and a)aﬁSh
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mackerel at 0.7%. In the 2000s, anchovy
was again the most dominant species,
representing 61.6% of the tota catch
followed by acetes at 10.0%, squid at
8.6%, largehead hairtail a& 7.9%, small
yellow croaker at 5.5%, chub mackerel at
4.6%, Spanish mackerel at 1.3% and
fleshy prawn a 0.7%. Thus, in Korea,
there has been a shift in the dominant
species between the 1980s and the first
decade of 2000.

The catch ratio of largehead hairtail,
which was thelargest in the 1980s,
decreased gradually after 1990 while the
catch ratio of anchovy became the largest
over the same period. In China, the catch
of anchovy increased massively from
zero prior to 1989 to more than 1 million
tonnes by 2001 Similarly, the catch of
small yellow croaker rose from about
15,000 tonnes per year in the 1980s to
more than 150,000 tonnes per year after
1999. Thecaches of acees, |agehead
hairtail, Spanish mackerel, chub
macke €, fleshy prawn and squid have
been relatively sable. The small Pacific
salmon catch ended in 2000 while the
sandlance catch has gone from zero
before 2002to0 195,000 and 179,000
tonnes in 2003 and 2004 respectively.

There is therefore evidence of
changes in catch species in the
entire Yellow Sea, such as the
growth of the anchovy catch and
the lowered catch of the largehead
hairtail. While the overall yield from
capture fisheries in the Yellow Sea
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as a whole appears to be fairly
constant (Figure 11), there is
evidence of change in the
comparative yields of different
species that warrant the concemn
expressed (Figure 12).



Figure 11. Temporal Trend for the Catch from the Yellow Sea of
10 Commercially-Important Species, 1986-2004.
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The second most important issue understanding of the consequences”.
identified by the RWG-F is the “Rapid Maiculturein China has a long history
expansion of mariculture (in some areasand dates back to the Song Dynasty
by a factor 7) without adequate about 1,000 years ago when a seaweed
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called glueweedGloiopeltis furcatawas
harvested by a simple rock-cleaning
method in Jinmen near Xiamen, Fujian
Province. Thegrowth in culturing of

aquatic organisms for food production in

the region is reflected in the scae of
combined mariculture and inland

agquaculture in China and Korea as a

proportion of globa production as
shown in Figure 13.

Figure 13. Growth of Gombined Mariculture and Aquaculture Production in China
and Korea in Comparison with Global (Millions of tonnes)
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Over the period 1995 to 1997, Yellow Sea production for the years 1995 to 2004

maricultural production increased
rapidly from 400 thousand tomes/year
to just less than 4 million tonnes/per
year. Subsequently, there has been
continued, but less spectacular, growth
to ove 6 million tomes in 2004. The
gross annua Yellow Sea mariculture
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and the annua breakdown among
finfish, crustaceans, molluscs and

seaweeds is shown in Table 8 (Note: the

numbers are taken directly from the
Fisheries Synthesis Report (YSLME
2006¢e) the
significance of the figures).

without regard to



Table 8. Total catch of commerciall vim portant species in RO Korea 1986-2004 tonnes)
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As can be seen from Table 8, the growt h of
mariculture has occurred for all classes of
product but shdlfish and seaweeds represent
the dominant proportions of the gross
production. This increased production needs
first to be examined in the context of the
increased maine area devoted to mariculture

to examine if, and how, farming densities have

changed.

Over the period 1995 fo 2004, the area
devoted to mariculture on the west coast
of Korea has increased from 32,000 ha to
56,000 ha while mariculture production
has remained essentially unchanged at
200,000 tonnes, apart from lowering to an
average of 150,000 tonnes in the period
1998 to 2002. This suggests that while
the farmed area off the west coast of
Korea has increased, the density of
cultured organisms has decreased.

Unfortunately, the necessary breakdown of
Chinese nationda statistics for the Yellow Sea

coast has not been made available. However, if

the national statistics are used as a guide to
farm densities, these show that the area
devoted to mariculture has increased from
400,000 hato 1,000,000 ha over the same
period. If thelow production year of 1995 is

excluded, the total mariculture production from

the Yellow Sea in China has increased by a
factor of 2.25, which is slightly less than the
increase in area devoted to mariculture. This
suggests that the farm density of cultured
organisms has probably not changed
substantialy. Thus, any problem associated

Seaweeds
it her

o rushac e
Tatal

Species
Firfizh
Shelfizh

with excessive maricultural production is likely
either due to the increased coastal area devoted
to mariculture or to the increased proximity of
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farms. In the former case, the concern
would relate to the capacity of coastal
based on their
characteristics and the effects on

areas, flushing
sediment in-fauna and epifauna of
increased organic matte sedimentation,
to accommodateincreased mariculture.
In the latter case, the concem would be

5.4. Biodiversity

The Regional Working Group on

Biodiversity (RWG-B) has the

related to the transmission of disease
among farms. However, in both cases,

the problem would be adomestic one.

The only case in which these problems
could become transboundary is if
diseases were spread to widely dispersed
or migratory wildfish.

stretches of tidal flats separated by the
rocky regions of the Shandong and

responsibility of addressing changes andLiaoning Peninsulas and north-west
threats to biodiversity in the Yellow Sea, Liaodong Wan. In addition, deltas occur

including habita change. Based on the
regional synthesis for biodiversity
(YSLM E 2006f), the problems listed in
Table 9 have been identified. The
following text provides a description of
the nature and adverse effects and/or
threats posed by the perceived

biodiversity problems listed in this table.

The first problem listed is “Coasta
habitat loss and degradation”. The
Chinese coast contains extensive

at the mouths of the Changjiang, Huang
He, Luan He and Liao He. The west coast
of the ROK consists of extensive tidal
flats in broad estuaries in the north and
surrounding islands in the southwest.
The south coast has deep bays with large
mudflats. The man tidal flat
digribution, with regional areas in km2

and average tidal ranges for a number of
coastal areas of the Yellow Sea, is shown
in Figure 14 (after Barter, 2002).

Table 9. Types and Nature of Environmental Problems Relating to
the Biodiversity Component

Environmental Issue Nature of Issue Priority
Habitat loss and degradation Biodiversity issue 1
Pollution Biodiversity issue 2
Changes in river discharge Biodiversity issue 3
Overexploitation of marine and - o
coastal living resources Biodiversity issue 4
Introduction of xenobiotic (alien) specigs Biodiversity issue
Decline of endemic species Biodiversity issue

48




Figure 14. Tidal Mudflats on the Periphery of the Yellow Sea.

Areas in kmand tidal ranges in metres

anh
28m

The total areaof intertidd flatsinthe onwards and the mudflats then become
Yellow Sea, including the Changjiang available to shorebirds during the

Estuary and the south coast of the ROK, northward migration period. The totd

is about 20,000 kfm This includes 1,350 area of the marshlands has decreased by
kn? in numerous bays and estuaries approximately 30% during the last 30
around the Shandong Peninsula. The years. The consequence has been
intetidal areas of thenorthern Ydlow reduced habitat for indigenous waterfowl
Sea are frozen during winter and are and migratory birds.

unlikely to support shorebirds at that
time of the year. Air and water
temperatures rise quickly from March

Heavy erosion has occurred to about
two-thirds of the sandy foreshores due
primarily to sand mining of beaches and
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extensive agricultural activities along Substantia changes have occurred in
coastal plains. Sand and gravel species composition and abundance of
substrates used to be important habitatdbenthic organisms in the muddy

for en endangered species, the lancelet foreshores, for example in the Changkou
(Branchiostoma belcherii). Currently, area. The benthos used to have about 170
lancelets coud not be found in such species in the 1950s but this was reduced
habitats that are losing their ecological to some 70 species inthe 1980s and to
function. Species community structure only a few in 1990s that were resistant to
and abundance of the aguatic life in the changed environment. The
these sendy shores have greatly altered. introduction of Spartinahad greatly
Species, such as Nereidae, that were alsaltered the ecology of the system, further
previowsly found inthese habitats, have reducing the biodiversity.

now become rare and, consequently,

biodiversity has been significantly An example of foreshore development is

reduced shownin Figure 15. This shows the
extension of agriculture on the foreshore
More than 30% of the mud

foreshores of the Yellow Sea have
also been lost over the past 30
years due to increased mariculture,

of Chongmin Dao on the south side of
the Changjiang estuary between 1990
and 2004.

opening up to salt-pans and
agriculture.

Figure 15. Example of Foreshore Development.
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From the perspective of biodiversity, the will have been reclaimed for land
main effect of habitat lossis on the development purposes within the next
composition of assemblages of organismdecade. This will have a most severe
communities in tidal mudflats, especially effect on tidal flat communities of
benthic organisms, waterbirds and organisms, including waterfowl, inthe
reduced resting and feeding grounds forregion and will much reduce the areas
migratory birds. At least 40 sites have suitable for resting and feeding of
been identified as globally, or potentially migratory birds.

globally, significant for waterbirds on the
Yellow Sea coast. The west coast of the
Republic of Korea has arather higher

Another example of habitat loss is the
reduction in the numbe of lagoons on

denrsity of globally significant sites for the border of the Yellow Sea. The

migratory waterbirds than the Chinese

coast of the Yellow Sea. has been reduced from the origina 29,

30 years ago, to only 3 or 4 today. During
the last 30 years, more than 30% of the

The main cause of habitat loss has

been land reclamation, especially lagoons in the edge of the Yellow Sea

have been lost. The production of sea
cucumbers around Yuehu Lake in

in estuaries and shallow bays.
Coastal mudfiat reclamation has
been mainly for expansion of
aquaculture and mariculture,
industrial development and
tourism.

Shangdong Province used to be

now been reduced to tens of kilograms
per year. Such alarge decrease in the
Approximately 880,000 ha of Yellow Sea production of sea cucumbers can be
mudflat areas have been reclaimed. Thisattributed to uncontrolled over-
comprises 37% of the inter-tidal areas of exploitation. Overgrowth and

number of lagoons in Shandong Province

thousands of kilograms per year but has

the Chinese portion of the Yellow Sea,
which have been reclamed since 1950,
and 43% of the mudflats on the ROK
coast, which have been reclaimed since

subsequent deterioration of the macro-
seaweeds has further modified the
remaining lagoons thereby reducing the
goods and services that they provide.

1917 (Barte 2002). It has been claimed
that China has plans to reclaim a further
45% of its existing mudflat in the Yellow

The second environmenta problem
listed by the RWG-B is “Pollution”.

Sea and the ROK plans to reclaim a Unfortunately, apart from oneor two

further 34% of its coastal margin (Barter
2002). The aggregate consequence of
these activities is that a majority of
coastal wetland areas and tidal mudflatsponu'[ion dfecting biodiversity has been

used genericaly and therefore only
limited specification of the kinds of
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instances, the term “pollution” has been




provided. It should be noted that the there a specific reference to the
term  “marine  pollution” is consequences on diversity, namely
internationally defined (GESAMP, 1969) drastic decreases in the production of

as an “adverse effect” rather than the penaeid shrimps (Penaeuspp.) and
mere introduction of maerial into the scallops Pectenspp). Nevertheless, all of
marine environment. Thus, pollution the forms of contamination and their
itself constitutes an adverse consequenceffects outlined in the biodiversity

of the release of material into the sea. Insynthesis are dealt with in the pollution

the context of biodiversity, the pollution sections of this document and are not
tha degrades habitats is anything that addressed further here because the
contaminates or changes the nature of specific nature of damage and threats to
the habitat in a way that makes it less biodiversity have not yet been
desirable to some organisms and, expounded sufficiently.

sometimes, more suitable for others. For

example, Yellow Sea salt marshes are theThe third environmental issue raised is
habitats of a number of endangered “Changes in river discharg€'. This is

species, such as the red-crown crane and €y relévant to biodversity as such
changes will alter both the sdinity and

éemperature(in summer and winter
primarily) regimes in coastal areas
influenced by major freshwater

reindeer. Measures to protect sal't
marshes have been taken by the Chines
Goveanment and this has reducad the

loss of sat marshes to less than 30%
discharges. In large part, this issue

would be most evident on the Chinese

during the last 30 years. Salt marshes in
the Chengshantou have been wdl

maintained with swans having returned. coast of the Yellow Sea where the earlier

influence of freshwate discharge to the
Bohai Sea from the Yellow River has

However, asign of some ecological
change has been evident in recent years

as a result of the indiscriminate been much reduced and in inshore areas

influenced by smaller rivers whose flow
has been modified by engineering works
in thar drainage basins. One corrdated
change will also be reductions in

discharge of sewage from the
surrounding urban centres. The main
pollutants referred to in the biodiversity

synthesis as of concern from a
sed ment discharge from these rivers as

aresult of the retention of suspended
sediment and bedload upstream of
impoundments. This can lead to
sadiment impoverishment in nearshore

biodversity perspective are dissolved
nitrogen, dissolved phosphorus, oil,
chemical oxygen demand (COD) and
sewage. Refer ences are also made to
heavy metals, specifically Pb and Hg, and

thethreat they pose to offshore water. ~ @1d deltaic areas that will inevitably

only in the case of sewage discharge is result in habitat change. It has already
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been noted that the deltaic sediments
offshore of the old mouth of the Ydlow
River in the western Yellow Sea are being
eroded through remobilisation.

Thefourth issue is “Ove exploitaion of
marine and coastdl living resources”.
This issue is addressed in the fisheries
sections of this document. The
concomitant &fects on biodiversity will
be evident from these sections.

The fifth issueidentified in respect to
biodiversity is the “I ntroduction of
xenobiotic (alien) species”. An integrated
investigation of exotic/introduced
species has not yet been conducted but
there are some examples. The issue has
two facets: first,
introduction of species primarily for
aquaculture and mariculture in the

the deliberate

Yellow Sea basin; and, second, the
inadvertent introduction of alien species
through ballast water and vessd hull
transport. Examples include: scallops
introduced from Japan and USA that
have become an important mariculture
species; kelp and Suringar (Undaria
pinnatifida) of Japanese origin that have
been growing widely along the coast of
Yellow Sea and have developed into
endemic communities; and Spartina
anglicafromthe UK and USA that has
been dispersed along the coast,
especially in Jiangsu Province.

Itisevident then that the habitats

bordering the Yellow Sea have been, and

continue to be, changed

by
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developmental activities. It is also
evident that both hahitat change and
other deliberate and inadvertent
activities have resulted in changes in the
biodiversity of the Yellow Sea system. It
is, however, not possible with currently
available information, either to provide a
comprehens ve gpraisal of the changes

in biodiversity that have occurred or to
quantify the socia and economic costs
associated with these changes.

I nterestingly, in the context of
biodiversity protection in the Yellow Sea,
the World Wide Fund for Nature
(WWEF), in collaboration with the Korea
Ocean Research and Development
Institute (KORDI) and the Korea
Ervironment | nstitute, has produced a
map showing priority areas for
biodiversity conservation in the Bohai
Sea and the Yellow Sea from the
perspectives of birds, fish, molluscs,
plants and algae (WWF et a., 2006).
This map is reproduced here as Figure 16
while Table 10 shows the names of each
of the areas depicted. The original work
(WWF et al., 2006) specifies which
species and sub-areas have been
included in each of the areas shown in
Figure 16. This material can be used as a
guide to the most important areas of the
region deserving of protection from

biodiversity perspectives.




Table 10. Names of the Priority Areas for Biodiversity Protection in the Bohai and
Yellow Seas Shown in Figure 16.

No. Area Name No. Area Name No. Area Name No.| AreaName
1 Zhoushan 7 Yanwei 13 Changshandao s 19 Huksando
Archipelago Island Island
5 Yangtse 3 Huanghe- 14 Yalujiang 20 Yeongsangan
Estuary Wetland Leizhouwan Estuary Estuary
Baengnyeongdo Boseong-
3 | S.Jiangsu Coadt 9 | Bohaiwan 15 | — Yeonpyeongdo 21 | Yeoja Bays
Islands

4 | N Jiangsu Coast 10 | Qinghuangdao| 16 | Gyeonggi Bay 22 | Jeju Island

5 | Haizhou B 11 | Liaohe Est 17 | Ch B 23 vellow Sea
alznou bay laone Estuary, eonsu bay Cold Water
Haiyangdao - Geumgang-
6 | Qing-Shi 12 | Changxing 18 | Mangyeongang
Islands — Dongjungang
Estuaries
In conclusion, the foregoing d scussion immediate, proximal, distal and root
has established the nature of causes. The options for management
environmental problems in theregion intervertion are identified through the

that warrant being addressed in the results of causal chain analysis.
regional Strategic Action Programme

(SAP). These all need to be subjected to

causal chain anaysis to identify ther
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TRANSBOUNDARY DIAGNOSTIC ANALYSIS
forthe Yellow Sea LME

Figure 16. Priority Areas for Biodiversity Conservation in the Yellow Sea.
(After WWF et al., 2006)
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9. STATUS OF THE YELLOW SEA AND ENVIRONMENTAL

ISSUES/PROBLEMS
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6. CAUSAL CHAIN

ANALYSIS

his section contains the causal chaininstances in which the inclusion of an

analyses for the environmental entire set of intermediate causes was not
problems identified in each of the possible. In such cases, the root cause is
technical components of the project in entered as the fundamental cause of the
the preceding Section 5. Each category ofproblem concerned. There are also

problem is presented in the sequence: severa instances in which one RWG
pollution, ecosystem, fisheries and identified as the cause of a problem an
biodiversity. Colour coding has been issue that had been identified by another

used in the causa chains to show RWG. In such cases, the causal chain
primary chans and to provide makes a direct reference to the category
information regarding the relative and problem for which the causal chain
severity and trends of individual presented there is relevant.

problems in each of the project

components. This colour coding is shown

in Table 11 below.

In comple&ing the causd chains for the
problens identified in each of themain
project components an attempt has been
made to include three levels of
intermediate cause (2nd, 3rd and 4th
level causes) between the immediate and
root cause. Such alevel of detail is not,
however, possible in the case of all
identified problems. Therefore, gaps
among inter mediate causes indicate
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Table 11. Colour Coding Used in Causal Chain Analyses

Column Colour Code Meaning
I'morily Scvere problem
Pricwrily Sorous problem
I'morily Comparatively minor problem
Tremd Prohlem bocoming more sevens
‘T'rend Mo trend or trend indisecrmible
Trend Trend is towards improvement
Cuses Primary causal chain
Rt Causels) Advisony note

6.1. Pollution Problems

The causal chain analyses for in Table 12. These ae categorized in a
problems idertified in the pollution form consistent with the list of problems
component of the project are presented in Table 3.

6.2. Ecosystem Problems

The causal chain analyses for in Table13. These are catggorized in a
problems identified in the ecosystem form consistent with the list of problems
component of the project a e presented in Table 4.

6.3. Fisheries Problems

The causal chain analyses for in Table14. These a e categorized in a
problems identified in the fisheries form consistent with the list of problems
component of the project a e presented in Table 5.

6.4. Biodiversity Problems

The causal chain analyses for presented in Table 15. These are
problems identified in the categorized in a form consistent with the
biodiversity component of the project are list of problems in Table 9
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7. ANALYSIS OF

ROOT CAUSES

he causal chain amalysis provides a

basis for identifying options for
managemernt intervertion. Such options
for intevention, to reduce or rectify a
given problem, exist in relation to each
cause of the problem from immediate
cause through secondary, tertiary and
guaternary causes to the root cause as
shown in Figure 1. Asthere noted,
interventions primarily directed at

rectifying the root causes of problems are

generally to be preferred because they
often address the causes of severa
problems and are usually more cost
effective.

However, it generally takes longer
to develop a systematic and
commonly-agreed form  of
intervention to address a root
cause because it can only be
developed within a policy
framework. This is one of the
primary reasons why the
development of a Strategic Action
Programme is a process that must
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engage all stakeholders incduding
politicians.

The development of fundamental
solutions to problems frequently
involves reconsideration of existing
policies and legislation and requires a
thorough analysis of the benefits and
drawbacks of adopting particdar forms
of action to address environmental
compromise.

This section is devoted to identifying the

causes of environmental problems that
providethe bas s for identifying options
for intervention. In the next section of
the TDA these optiorns are analysedto
determine those most worthy of
consde aion in the development of the
SAP.
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7.1. Causes of Pollution Problems

hee are few commonalities among
Tthe immediate causes of pollution
problems (table 12). Thesecauses are
associated with releases from specific
industries, transport
agricultural activities, maricuture and

sources,

in the infrastructure for waste
management and control infrastructure
and rapid economic and social
development, especially in China.
Among quaternary causes there occurs

incressed emphasis on the lack, or poor

municipal sources, especially sewage andinmplemenrtation, of cortrols in the field

solid wastes. They also include the
construction of engineering works, such
as dams, on watercourses, particularly
major rivers. Among these causes, the
most frequent are releases from
industrial, agricultural and municipal
sources that cortribute to eutrophication,
faecal contamination and marire litter.
Much the same situaion applies at the
level of secondary causes where the
issues associated with inadequate
controls on agricultural and municipal
waste management practice are again

of waste management and an inadequate

balance in policies rdating to economic
expansion and environmenta protedion.
This latter cause becomes dominant in

the list of root causes although there are

instances in which it is noted that

improvements can be expected in respect

to some problems (particularly those
relating to maritimetransport and the
implementation of the Stockholm

Convention). Under root causes there are
also references to the limited influence of

the environmental constituency on

highlighted. Among tertiary causes there government and inadequacies in

exists greater emphasis on the lack of
controls in avariety of human and
industrial activities, limited investment

contemporary policy priorities that fail to
take sufficient account of environmental

threats and compromise.

7.2. Causes of Ecosystem Problems

n the case of the causal chain for
I ecosystemic problems, the first and
second levels of cause lie
predominantly in the scientific doman
where the causes of a paticular change
in condition generating concern has an
immediate and secondary causein the

redm of the natural sciences. This is a

E hasidentified and analysed problems

in the ecosystem (table 13) . It is only at

the tertiary level that

anthropogenic activities become

cause

identifiable and these include overfishing

and climatic change putativey
associated with an
corcentration of carbondioxide in the

increased

peculiarity of the way in which the RWG- atmosphere.




Anmong quate nary causes are globd of the 1997 Kyoto Protocol. Othe root
climatic change and rapid coastal zone causesnclude weak enforcement of
development combined with an controls on fishing activities and
inappropriate legislative or regul atory legislative and administrative
balance between economic devel opment weaknesses in facilitating adequate
ard ervironmental protection. As might protection of the coastal zoneinthe
be expected, the root causes most context of the pace of economic
commonly cited are limited progressin development in the region.

mitigating the releases of carbon dioxide

to the atmosphere and, specifically, the

limited expectations and achievements

7.3. Causes of Fisheries Problems

he causal chains for the two fisheries quater nary causesin this chainare
Tproblems identified by the RWG-F deficiencies in the management and

are analogous in the sense that they bottcontrol (regulation) of fisheries with the
include subordnae socio-economic and root causes being the lack of a
scientific causal chains (table 14). comprehensive and effective system of
fish stock managgement and the lack of

In the case of the decline in the landings compliance assurance infrastruct ure.

of commercially important species, the The other (scientific) causa chain
Immediate causes areidentified as assigns dertiary cause as a weakness
in the scientific knowledge of ecosystem
processes that places limits on the

degree to which comprehensive stock

overexploitation of target fish species
and climatic change respectively. The
ovaexploitation of target fish speciesis
attributed to both ovecapacity in the
fishing sector (e.g., too many fishing quaternary causes are essentially
vessels chasing a reduced stock of talrge\t/veaknesses in support for education and

research. The root cause in this chan

management can be developed. The

fish) and deficiencies in fish stock
management. These |atter two becomes poor recognition (in the policy
secondary causethen follow separate sector and among government agencies)

causal chains into tertiary causes, one of the limits to sustainable natura

socio-economic and the other scientific. o
resource exploitation.

The first tertiary cau serdatesto the
leck of aternative livelihoods and the
unchecked demand for seafood. The

In relation to unsustainable maricultural
practices, the primary causes are
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similarly split into socio-economic and
scientific causal chains. The socio-
economic primay causes include over-
intensive maricultural developmert, the

effects become the reason, or causes, of
the unsustainability. The scientific
causes, primarily the variability of
environmental conditions, again follow

over-exploitation of natural habitats, the into secondary and tertiary causes
consequences of the releases of materiabf limited scientific knowledge and
(nutrients, bacteria, viral and faeca limited application of science to the
matter, and food residues) having regulation of maricultural development.
adverse effects on the ervironment and
human health concerns. In reviewing the

causal chain in Table 14, it might appear

The root causedn all causal chains for
unsustanable mariculture appear as a
lack of comprehensive and coherent
legislative framework for coastal zone
and maritime resource development, a
lack of coordination among sectors, and
deficiencies in the application of sound

that the environmenta and human
health consequences of excessive
maricultural devdopment are effects
rather tharcauses However, it must be
remembe ed that the stated problemis

unsustainablanariculture and, coastal

science to susta nable

accordingly, these actual or potential ~ d€velopment

7.4. Causes of Biodiversity Problems

The biodiversity causal chains differ secondary causes include rapid economic

slightly from those for the other

project components (table 15). Several of seafood,
theimmediate cause®f problems are

identicd or similar to the problems in

other components such as

overexploitation of fisheries and loss of

habitat. Climatic change also appears as'inadequate

a contributory cause of the decline of
vulnerable species that are also
important components of Yellow Sea

development, increased demand for
engineering works on
watercourses and inappropriate fishing
practices. It is, however, at the level of

tertiary causesthat a reduced number

of causes become evident. The entry
balance between
developmentd aspirations and the need
for protection of the environment and

biodiversity” occurs frequently as does

biodiversity. In this latter case, and also “inadequat e controls on fishing and

where climatic change appears as a

naural resour ce exploitaion practices”,

secondary causgreference is made to which includes refeence to “traditional

the causa chains for the pollution
component of the project. Other

exploitation practices”. Other entries

include “poor compliance with




regulations” and “pressure for hinterland
development, powe production,
irrigation and water supplies”. These are
further narrowed at the leve of
gquater nary causes primarily into
deficiencies in comprehensive
development planning and deficiencies
management. The

biodiversity causal chan results in

in fisheries

several forms of theoot causesut all

contain asimilar message, namely tha
development is proceeding in the
absence of comprehensive and coherent
legislation to ensure concomitant
environmental and biodiversity
protection and that there also exists poor
enforcement of existing legislation and
inadequate provision of
information.

public

7.5. Commonalities Among Root Causes

able 17 lists the most common root
Tcauses in al technical comporents
of the project, the components and
problems with which they are associated
and their frequency of occurrence. This
provides a gude to the most common
causes for which intervention might be
warranted Furthermore, despite small
differences in wording that result from
the independent development of each of
the causal chans in each of the project
components, there is even greater
commonality among root causes than

this table immediately suggests.

The most frequent root cause
“Development being undertaken
with limited comprehensiveness
and coherence of the legislative
base for environmental and
biodiversity protection coupled with
poor enforcement and inadequate
public information” only differs from
the second most frequent entry by
the inclusion of the additional
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“©

words . and inadequate public
information”. Thus, the most
frequent root cause appears no
less than eighteen times as a root
cause for the environmental
problems in the Yellow Sea.
Furthermore, the rooft cause
“Inadequate balance between
development and environmental
protection policy” has much
similarity to this major root cause,
making the total entries for this
class of root cause no less than
twenty-one.
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Another root cause falling into the same This is similar to the entry “Deficiencies

caegory is “Weaknesses in legislation
and/or inadequate enforcement of
legislation relating to coastal zone
management and protection” that
results from probems associated with
land-based activities. Such activities are

covered by the UNEP Global Programme

of Action on the Protection of the Marine
Environment from Land-based Activities

(UNEP 1995). In fact, the instances in
which this latter root cause arises could
have been equally well expressed as
“Limited compliance with the UNEP
Globa Programme of Action onthe
Protection of the Marine Environment

from Land-based Activities”. Finally, the

root cause “Limited influence of
environmental
government policy” that appears three

times is also a contributor to this

constituency on

category of root causes. This provides a
partia explanation for the lack of
government
development of a more coherent and

action towards the

comprehensive system of legislation that

would provide a better bdance beween

economic development and
ervironmental protection. This, in tum,
parallels anothe of theroot causes —
that relating to an inadequate balance
between devel opment and

environmental protection policy.

Among other root causes, the most
frequent is “Weak enforcement of
controls on fishing activities including

illegal activities” that appears four times.
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in policy and regulation of traditional
natural resource exploitaion practices
and inadequate public information” that
appears in a further four instances. This
emphasises the problems associated with
poor management and regulation of
fishing activities including traditiona
(i.e., artisanal) fishing practices.

Among the other frequent root causes is
“Limited application of research
knowl edge to assimilative cgpacity and
coastd zore development” This reflects
the scientific opinion that it should be
possible to estimate conservatively the
cgpacity of the marine environment to
assimilate waste materias based on
contemporary knowledge of the physical,
chemical and biological conditions. Such
assimilative capacities should be
calculable for semi-enclosed coasta
areas of the Yellow Sea and the Y ellow
Sea as a whole. The approach could also
be used to define the density of
acceptable coastal development.
Addressing this root cause would require
the application of scientific knowledge to
ensure that the use of the Yellow Sea as a
receptacle for wastes and as a coastal
areafor development is carried out in a
man ner that minimises the adverse
consequences. This has clearly not been
done.

Also appearing as an intermediate
frequency root cause is “Limited

compliance assurance




infrastructure/l nadequa e compliance

assurance”. This is quite a serious issue.having similar

Even if thelegislaive base for activities
affecting the Yellow Sea was perfect in
the senses of both comprehensiveness
and coherence, the absence and/or
weakness in the mechanisms for
ensuring compliance with legislation
leaves open opportunities for eébuse and
ignoranceof the law. Such weaknesses
are not confined to the Yellow Sea

part, address small groups of problems
proximal causes.
Furthermore, in view of the dominance
of legislative deficiencies and poor
compliance with existing legislation,
such interventions will not only be
piecemeal but are dso unlikely to offer
sustainable benefits wit hout
improvements in the policy balance
between economic devel opment, on the

one hand, and environmental and

region; they are common failings in both biodiversity protection on the other.

developed and developing countries.

This root cause will be one that justifies

corrective intervention irrespective of
any requirement to re-examine policy
and legislative circumstances.

Many of the less frequent root
causes also have similarities,
particularly where they relate to
weakness in the regulation of
specific practices such as sewage
treatment and discharge, industrial
wastewater discharges and other
emissions from domestic and
industrial sources and activities.

This sets the framework for defining the

options for intervention to address the
environmental problems identified
within the YSLME project. As can be
gahered from the previous summary of
the results of causda chain aralysis for
the problems in each of the technical

components of the project, interventions

directed at the primary, seconday and
tertiary causes of the identified

Clearly, effective and lasting
interventions to address a large
proportion of the problems in the
Yellow Sea are those that directly
address the quaternary and root
causes of these problems.

problems, while legitimate, will, in large
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8. TRANSBOUNDARY
VERSUS DOMESTIC

PROBLEMS

n essential component of a TDA is a However, the fact that sewage
Areview of problems and their causes contributes to the overall adverse effects
to distinguish transboundary problems associated with nitrogen discharge,
from those of purely national (domestic) which is clearly a transboundary
concern. Therefore, having discussed theproblem, means that it camnot be dedt
environmental problems and their with purely as a domestic issue. Drawing
causes but before turning to the distinctions between instances i n which
identification and analysis of options for marine heavy metal contamination from
intervention, it is appropriate to local sources causes damage solely to
determine if any, and which, of these resources and amenities in the same
problems are strictly of domestic national jurisdiction, and instances in
concern only. which the very continuity of marine

circulation results in all discharges

contributing to the burden for the Yellow
there has been reference to one domestirSea as awhole, can be fraught with

problem. This is the case of the adverse
effects of mariculture assuming that the

Inthetext of the previous discussion

difficulty. Essertially, therefore, all the
environmental problems discussed in
this TDA, other than those associated
with interactions among maricultural

potential for disease transmission is
among adacent mariculture stocks and
not between mariculture stocks and
migratory wildfish. Problems of
decreased coastal water quality in some
coastal areas associated with the

developments, are inherently
transboundary. This is the case either
because the agent of adverse effect is one
contributed from multiple sources in

discharge of contaminants, particularly both jurisdictions or the causes of

sEwEyE ENEL Ry MEele mEy wEl problems are associated with activities in
constitute largely domestic problems.
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and around the Yellow Sea that liein both of the riparian
jurisdictions considered here. The fact that there exists a third

riparian jurisdiction (the DPRK) that now has indicated a desire to
participate in the YSLME project makes it preferablethat
contributions to the pollutant load on the entire Yellow Sea be
considered a transboundary issue except in cases where the causes

and consequences of pollutant releases are unambiguously within a
single jurisdiction.
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O. IDENTIFICATION AND
ANALYSIS OF OPTIONS

FOR INTERVENTION

his section of the document first legislative circumstances in each of the
Tidentifies the options for riparian countries (excluding the
management intervention inthe Yellow Democraic Peope’s Republic of Korea
Sea region based on the analysis of rootthat isnot yet a paty to the Yellow Sea
causes of contemporary environmental LME project) and associated socio-
problems. These options are then economic and technical capacity.
evaluated in the context of the policy and

0.1. Identification of the Options for
Intervention

The major options for intervention benefit of also offering, at the same time,
relate, first, to improving the cohe ence a means of addressing domestic
and comprehensiveness of legislation for problemsin both countries. Addressing

the protection of the environment and such legislative improvements, founded
biodiversity in the context of sustai ned on statements of national policy
economic development in both regarding the balance between economic
countries. This has not only the and social development and
advartage of addressing the root causes environmenta protection would

of transboundary problems in the region probably bethe best gproach to adopt.

but also dealing with similar problems in The regional YSLME project offers a
other coastal sea areas of China and theehicle for improving this balancein a
East and South Seacoastd areas of the manner that also improves the coherence
Republic of Korea It has the added of nationd legislationin China and the
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Republic of Korea.

Various United N&aions agencies have
long promoted the concept of multi-
sectoral management of the
environment, its resources and
amenities. This has led to, or been
founded on, other concepts like

“integrated coastal zone management”

important step in resolving within-sector
and cross-sectoral problems of this kind.

Lggislative improvements alone will not
solve the existing problems and forestall
impending threats if the law is not
observed. Accordingly, the second most
important intervertion in the region is
the improvement of the legislative

that endeavour to improve the coherencecompliance infrastructure in both

and comprehensiveness of
environmental management and
protection.

Full integration of the sectoral
aspects of environmental
management may be an unrealistic
goal because the conventional
structure of government
administration is dominantly
founded on sectorally-focussed
departments and agencies.
Nevertheless, making the
legislative basis of environmental
management a coherent one
constitutes a first step towards
such integration. In the Yellow Sea,
there are clearly deficiencies in
fisheries management and
regulation. Furthermore, these
deficiencies have contributed to
environmental impacts or threats to
biodiversity in sectors other than
fisheries management.

Coherence of governmental and
subordinate (i.e., regional*®, provincial

countries. Both countries need to make a
commitment to ensure that their
respective laws relating to marine and
coastal zone development are observed.
This can be done by devising and
implementing a compliance assurance
mechanism that monitors activities and
ensures that, where appropriate,
corrective measures are adopted in a
timely mannrer. While this issue is one
having wider connotations in respect to
the observance of the lawv in all public
and private endeavours, inthis instance
the purposeis to ensurethat the laws
created to protect the environment and
biodiversity are fully observed. The
creation of a compliance infrastructure
requires the devdopment of aroutine
surveillance and monitoring capacity
applied to coasta zone and maritime
activities that is based on sound science.
It also requires that the results of such
surveillance and monitoring activities
are analysed and interpreted in an
expedient manner to provide indications

and municipal) legislation constitutes an of actual or impending problems.

15 “Regional” in this context applies to regions within a country.



Once identified, these problems can thenproblems in the Ydlow Sea but would

befurther investigated to determine if
violations of lggislaion haveoccurred
and, if so, prompt corrective measures

are instituted. Finally, it requires a cadre

of professional staff with the ahility to
provide assistanceto the violators to
correct their activities and, inthe event
that
unresponsive,

the violators prove to be
can commence
appropriate legal action. For the
compliance sysem to become respected
as an authoritative and effective
representative of the government, fines
should be commensurate with the

damage caused rather than a trivial “slap

on the wrist”. Furthermore, in cases
where damage has been inflicted on
national or regional environments or
their resources or on other legitimate

users of the marine environment and its

resources and amenities, punitive
damages should be sought from
violators. Useful models for such a
compliance assurance system exist in
many countries.

There are also options at a lower level
tha woud be justified by several of the
individual root causes of problems.
These, for example, would involve
improving the reguation of particular
sectors, such as industry, energy
production, development,
aguaculture, mariculture and marine
fisheies. I ntervertions applied in each

land

of these sectors, and others, would
definitely contribute to mitigating
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not have the fundamental impact that
the previous two types of intervention
would have.

It is clear from these and other root
causes, such as the “absence of a
balanced energy policy based on the
need to mitigate climate change and

protect the environment”, that there is a

need for a fundamernta policy review in
the two countries. Indeed, such apolicy

review should be done as a precursor to

the consideration of legislative
amendments. The goda of such a policy
review would beto determine how
greater holisticism (i.e, coheence and
comprehensiveness) might be
engencered in theleagislation applicable
to differing sectors of the economy and

national aspirations. Policy reviews in

both countries could be augmented by a

mutual-conducted regional oveview to
determine the extent
harmonization of policies might be
achieved.

to which

Lest the preceding causal chain process
leading to the identification of the root
causes of problems be regarded as a
somewhat academic exercise reflecting
only the views of scientists,

there is useful confirnation in the
stakeholder opinion analysis
included in the national
governance review conducted by
China. The proportion of coastal
residents that took the view that




weak administration was a primary dominant placein public opinion as

cause of environmental problems reflected by the Chinese gover nance

in the Yellow Sea was 54% with review, there islittle substantiation for

the largest sub-cause being poor the attribution of problems by the public
cooperation among government to phosphorus-containing detergents. On

departments. This cleary reflects
the public view that there is both a
lack of holisticism and poor

the other hand, it is heartening to find a
dominant opinion among all stakeholder
group responses that 61% consider tha

enforcement of legislation. scientists constitute the major source of
influence on governments regar ding
policy and legislative development in

relation to the exploitation and

This is compounded by the fact that
mor e individua's would tend to report

legal violaionsto the press or to ignore
protection of the marine environment. In

g@a sense, this majority view suggests that
the public would be likely to have
confidence in the results of this TDA

them rather than report them to
government agencies. However, it shoul
be remembered tha public peceptions
of problems are often not very objective.
For example, while there may be
justification for litter occupying the

because it is based primarily on scientific
considerations.

0.2. Analysis of the Options for
Intervention

An analysis of the options for contemporary environmental and
intervention can only be carried out in biodiversity problems and threats in the
the context of the policy, legislative and region.

administrative circumstances prevailing

in the country parties to this project, i.e., Interventions directed at the lower levels

in the People’s Republic of China and the of cause, such as tightening the
regulation of particular user sectors (e.g.,
of the governance in these countries havefI sheries, land reclamation, coastal
construction, industrial discharges,

Republic of Korea. Fortunately, reviews

been carried out as part of the
§ sewage treatment, mariculture,

aquaculture, river catchment

preparative work for the development o
a Strategic Action Programme for the

Yellow Sea. These reviews can be used as _ _
clearly be easier to implement than

interventions addressing the most

ngineering and land reclamation) would

a basis for critically examining the
options for intervention to address
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common root causes. Thisis because
sectoral gpproaches to administration,
regulation and management are
in both

the
implementation of such interventions
would lie primarily with individual
government their
provincial courterparts or subordi nates.
This, however, would not excuse the
departments
undert&king detail ed consultations with

entrenched countries.

Accordingly, design and

agencies and

concerned from
other government departments and
other stakeholde s prior to any decision
to adopt aparnticular intervention. The
fact that cooperation among federa
departments and agencies is not dways
perfect (aview cleary expressed by the
scientists involved in this project and
those corsulted during the preparation
of the Chinese governance review,
including the public) constitutes a
drawback to these rather piecem eal
interventions. | nother words, they are
relatively simple interventions to
concedve and promulgate but would not

have the magnitude of benefit or degree

of public confidence that could be
obtaned through the adoption of more
fundamental interventions.

At the next highest level, the most
obvious intevention to be considered is
the improvement of the compliance
assurance mechanisms associated with
legislaion and regulation. Again, these
would have the advantage of lying
predominantly in the domains of

83

individua
departments. Adoption of interventions

federal government
to improve compliance assurance in all
sectors of coastal zone and marine
resource exploitation sectors would
constitute a much more fundamental

kind of intervention compared with that

discussed in the previous paragraph.
Furthermore, it is one in which all

stakeholder departments can play a role

ard it might dso havethe advantage of
promoting greater inter-depart mental
cooperation.

I nterventions aimed at addressing
predominant root causes of the
environmental problems in the Yellow
Seawill, as aready stated, offer the
greatest potential benefits to the
define

comprehensive, coherent and sersible

environ ment and a

framework for coastal and marine

exploitation activities. It is, however, the

most difficult of theinterventions to
design and implement. It inherently
full

cooperation among stakeholders in all

requires and constructive

sectors, including government, to devise

a consistent national legislative and
regulatory framework. The fact that
there aretwo countries involved, and

ideally a third, the DPRK, adds an extra

dimension of complexity. If this
fundamenta approach were to be
adopted for the preparation of the
Strategic Action Programme for the
Yellow Sea LME, it should be preceded
by comprehensive policy reviews in




China and the Republic of Korea
involving stakeholders at the highest
levels of government.

Interventions addressng lower levels in
the causal chains have also been
considered. There are two obvious
instances in which actions could be

adopted to address intermediate causes:

first, theintroduction of buffer zones
between agricultural activities and
freshwatersto reduce the runoff of
agricultura contaminants including
pesticide and fertilizer residues and
animal sewage; and, second, the
imposition of requirements for prior
ervironmental impact assessments for
coastal zone developments above a
certain scale that could be determined
during the consultations leading to SAP
development.

Finally, there are a number of
scientific activities that could be
undertaken to provide long-term
benefit to the management of the
region. These include the
harmonization of fish stock
management mechanisms
between China and Korea, the

84

wider adoption of the polyculture
approach to mariculture as a
means of reducing stress on
coastal areas, and practical
application of the assimilative
capacity concept to determining
the acceptable rates of aggregate
contaminant release to coastal
embayments and the Yellow Sea
as a whole.



10. OTHER ISSUES WORTHY OF
CONSIDERATION DURING THE

PREPARATION OF THE SAP FOR
THE YELLOW SEA LME

uring the process of preparing the considerations for Strategic Action
national reports and regional Programme development.
syntheses for each of thetechnical

components of the project (pollution, Theregional synthesis for pollution

(YSLME 2006¢) contains a number of
erecommendations in various categories.
Under the heading “Designation of
pollution hot spots and sensitive areas
for the SAP” the following
recommendation is made:

ecosystem, fisheries and biodiversity) a
number of observations have been mad
regarding various deficiencies in
environmental management and
biodiversity protection. Many of these
additional issues are of an administrative
and organizational nature but are WorthThe Strategic Action Programme (SAP)
recording to determine whether they are il be an action-oriented YSLME
inherently covered by the root causes
and/or the potential interventions for

initiative to tackle and eliminate

pollutants of terrestrial origin by
mitigating these causes that have already; . litating and accelerating the

been discussed. Some of the project
component syntheses include
recommendations relating to the need
for new approaches or the correction of

impl ementation of national
environmental goals. It needs to identify
pollution hot spots and sensitive areas
that are the sources of effluent that result
in the introduction of toxic, persistent

and bio-accumulative pollutants into the
the extent that they do not duplicate they || ow Sea. Based on the available

conclusions of the causal chain analyses,
are documented here as additional

various deficiencies'® . All such
observations and recommendations, to

pollution data and information

16 Subsequent quotations extracted from the four regional syntheses have been edited

for clarity.
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generated through the nationa and
cooperative study cruise reports,

pollution hot spots in the Yellow Sea can

be identified and ranked. This provides a
basis for identifying areas to be specially

managed and protected to preservethe
marine ecosystem and protect public hedlth.

Under the heading “Baseline
contaminant levels essential to
protecting the safey of marinelife the
following recommendation is made:

Threshold concentrations for safe levels
of conservative pollutants should be
specified. Priority should be given to
those pollutants posing the greatest
threat to the marine erwvironment and
commercially important plants and
animals living there.

goods and services of the Yellow Sea;

Countries should wundertake
transboundary dagnostic analyses
(TDAS) to provide the science-based
assessments for priority setting in
respect to threats to the ecosystem
and their root causg&s and

Science-based assessments should
lead interested countries to advance
new policies and actions for
eliminating the root causes of
transboundary environmenta and
resource use practices leading to
serious degradation of coastal
environments and losses in
biodiversity and food security
resulting from theoverexploitation
of fish populationinthe Ydlow Sea

Large Marine Ecosystem.
Findly, thefollowing recommendations
are made and specifically directed to These recommendations raise two
stewardship agencies and organizations: subjects not covered by the previous root

cause analysis. These are “hot spots” and
* Develop management strategies

from smple to comprehensive and

“environmental quality standards
(EQSs)’. It woud appear that theterm

from short-term to long-term .., spots” is used to refer to intense

focusing on sistainable production sources of contaminant discharge at the
and the safety of marine products; coast. This same term is often used to

. Urgethe use of scientific findings refer to heavily contaminated sites in the

and assessments to identify and
evaluate management options in the

environment itself but this does not
correspondto the intent here. If a
coherent, comprehensive and bal anced

context of both scientifically

credibility and economic practicality system of regulation is applied to all

in relation to the use of ecosystem  [0rmMs of &ctivity tha potentially affect

the marine environment in responseto

17 This entry is assumed to be an exhortation to single countries to apply TDA to

national (i.e., domestic) problems.
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the results of root cause analysis, it
would automatically address the
problems associated with a combination
of contaminant discharges at the coast.

The issue of environmenta quality
standards is largely peipheral to the
kinds of problems identified in the
Yellow Sea They can be used as a
monitoring benchmark to identify

definition of acceptability from policy
perspectives.

The regional synthesis for
ecosystem$YSLME 2006d) includes a
list of major informaion deficiencies as
shown in Table 18. Its recommendations
are limited to providing guidance on the
means of overcoming such deficiencies
the of future

for imp rovement

instances in which the concentrations of assessments.

substances in water are sufficiently

abnormal either to warrant an
investigation of their cause or the
adoption of remedia action if the cause

is known. Such standards need not be
restricted to contaminant concentrations
but can be applied to a wide range of
water and sediment constituents as a
guide to conditions in a given area.
Depending on their purpose, however,
EQS values for contaminants can be
difficult to definein a manner that
intrinsically reflects some level of safety.
This is because current knowledge of
exposure and efects imposes limits on

the degree to which a particular

concentration can be regarded as “safe”.

Indeed, the term “safe” in respect to the
effects of exposure on non-human
organisms usually corresponds to a
judgement of “acceptability”. While this
can often be considered from
predominantly scientific pe spectives, it
invariably depends, as in the case of
human health protection, on aprior
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Table 18. Data and Information Gaps Relating to the Yellow Sea Ecosystem

Topic Data and Information Gaps

Species composition

- seasonal species composition except autumn

- detailed species composition for each taxonomic group
Abundance

Phytoplankton - winter data,

- detailed data on diverse taxonomic group such as picoplankton
- chlorophyll-a

Primary production

- winter and summer production

Detailed species composition for all zooplankton groups
Zooplankton Species composition in other seasons than May and December
Depth distribution of zooplankton

Species level identification for all taxonomic groups

Benthos Seasonal data except September

Species composition
HABs Detailed abundance on other taxonomic groups such as picoplankton
Detailed species composition of picoplankton groups

While these recommendations are to improve the understanding and
salient to the conduct of future scientific prediction of fish stocks. It also notes
activities inthe region, they are of that only general descriptions have been
limited relevance to policy and provided by China and Korea regarding
regulatory matters and therefore are notthe socio-economic aspects of fisheries
discussed further in this document. They without the detailed anayses required
could, however, be included in any for long-term data inter pretaion. There

future scientific activities conducted is therefore a need to collect long-term
within the YSLME project or under other data on fisheries economics and to
auspices. include additional expertise on economic

data analysis in future assessments.
Theregional synthesis for fisheries

(YSLME 2006¢€) also noted sonme issues Finaly, it is recommended that ajoint
of atechnical naturethat justified fisheries database be established, not
attention. In paticular, the assumption only for provision of historical fisheries
of different sizes of some fish at maturity data and information but also as a basis
by the two countries presents an obstaclgor future cooperative research studies in
to harmonized fisheries management. the Yellow Sea. Such a database would be
The synthesis contains of great asd sanceto sciertific activities
recommendations for systematic surveysfor collecting and retrieving research
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data and for monitoring the status of
fisheries resources. Thisis clearly an
issue that should be addressed in
devising and
harmonizing, fisheries management

improvements to,

procedures in the region.

The regional synthesis on
biodiversity (YSLME 2006f) makes no
specific recommendations. Nevertheless,
there are references inthe report to
concerns regarding the decline of
endeanic species and the loss of genetic
diversity although associated causal

important biodiversity of the Yellow Sea
be improved and the sustainable
development of society and the economy
in the ecoregion achieved.

This statement makes a plea for an
environmertal managemert plan to be
developed specifically for the Yellow Sea
because of its global and regiona
importancein a biodiversity context.
This may well be alaudable suggestion.
However, it can only be achieved on the
basis of a sound and coherent legislative
and regu atory system for resource and

chain analyses have not been conductedenvironmental management as argued in

These may well be topics worthy of

the identification and analysis of options

greater attention in the next phase of thefor intervention based on the results of

YSLME project.

The regional synthesis on biodiversity
contains the following concluding
statement that is worth reproducing
here.

The exceptional importance of the
biodiversity of the Yellow Sea, both on a
global scale and as a resource shared by
China, the DPRK and the ROK, makes it
highly desirable that conser vation be
implemented on an ecoregional basis.
The challenge is to facilitate a process in
which a Yellow Sea Ecoregion
management plan is adopted and
implemented by the three gove nments:.
Only then will the future of the globally

causal chain analysis in this TDA.

18 The term “three governments” is used to refer to the governments of the People’s

Republic of China, the Republic of Korea and the Democratic People’s Republic of

Korea.
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10. OTHER ISSUES WORTHY OF CONSIDERATION DURING

THE PREPARATION OF THE SAP FOR THE YELLOW SEA LME
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11. CONCLUSIONS

e

Transboundary Diagnostic Analysis Othe changes are merely worrying in
(TDA) is an intermediate vehicle for the sensethat their utimate cause ard

the preparation of a Strateggic Action long-term consejuences are not fully
Programme (SAP). This TDA has been unde stood from scientific pe spectives.
prepared to provide guidance for the Some of these may be warning signals of
development of a SAP for the Yellow Sea responsesto globd climatic change but
that constitutes the next stageof the this is not in all cases certain.

UNDP/GEF Yellow Sea LME project. I

This TDA shows that the most important
There is abundant evidence of changes ininterventions to incorporate into the
the condition of the Yellow Sea, some of Yellow Sea SAP are improvements to
which are the result of human activities legidation and associaed regulaions in

in the region. thePeopes Republic of China and the
While the Yellow Sea is far from Repubic of Korea Such improvements
“dead” as some authors have should be aimed at enhancing the
c!aimec; (Cha and Hwang, 2005), protection of marine and coastal
there are signs of change some of biodiversity and the marine environment
which can be directly attributed to of the Yellow Sea, its resources and
shortcomings in human behaviour, amenities. Specifically, efforts need to be
weaknesses in legislation and non- directed to improving both the
compliance with legal and comprehensiveness and coherence of
regulatory restrictions. These are legislation so that existing gaps and
all deficiencies that should be loopholes are closed Moreover, to the
addressed in the Yellow Sea extent possible, the legislative,
Strategic Action Programme. administrative and regulatory

frameworks in the Peop €'s Republic of
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China and Korea should be harmonized that similar problems of non-compliance
to provide a“level playing field” for with legal and regulatory provisions ae
human activities within, and on the occurring inothe sectors. The creation
borders of, the Yellow Sea. To this end, aof a comprehensive compliance
comprehensive and critical review of the assurance mechanism in both countries
existing legislative provisions in the two would clearly provide substantial
countries should be undertaken as a benefits to the environment and the
means of examining opportunities for protection of biodiversity.

improving the protection of the Ydlow
It should be noted, that full

implementation of the Ballast Water
Convention, the Stockhol m Convention,
and the new provisions (Annex V) of the
In this context, thetwo riparian states MARPOL Convention will provide

Sea environment and its biodiversity and
promoting the comparability of controls
on human activities in the two countries.

might wish to consider a bilateral increased protection of the Yellow Sea
agreement, either independently or from the perspectives of the introduction
under a regional umbrellaorganization, of aien species, the management of
to cooperate in the enhancement of theirpersistent organic pollutants and the
legid @ive and regulatory provisors for mitigation of solid wastes derived from
the protection of the Yellow Sea. Such an the maritime transport sector. The SAP
agreement could constitute a basis of a should concentrate on complementary
Strategic Action Programmethat would initiatives to these developments as a
include reviews of legislation and an means of reducing stress on the Yellow
agreement to foster the harmonization of Sea from other sources and activities.
laws and regulations, first domesticdly

and then bilaterally. There are two issues to which

interventions drected at lower levdsin
The second most important topic for the causal chains would be both
inclusion in the SAP would be an tractable, sensibl e and offer substartial
agreement to improve the level of bendits. The first of these addresses
compliance with laws and regulations in agricultura runoff from both arable
all sectors of human activity having the farming and anima husbandry.
potential to adversely affect the Yellow Fertilizers, animal sewage, pesticides
Sea. Currently, there exist deficiencies in and considerable quartities of nutrients
the extent of compiance with laws and are derived from agricultura ectivities
regulations. This is most evident in the and there would be considerable benefit
marine fisheries sector. The causal chainin reducing such runoff. This can be
analysis in this TDA shows, however, done by imposing buffe zones between
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farms and adjacent surface waters, such such as mariculture.

as streams lakes ard rivers, to absorb
The two countries should consider

making a stronger commitment to
improving solid waste management in all
sectors of human activity, especially the

some of the contaminants. The inclusion
of a programme to steadily introduce
additiond buffer zones between farms

and freshwater bodies could be included
construction and municipal sectors, as a

means of reducing the entry of floating

in the SAP. The second intervention that
might be considered is more generic —

the application of environmental impact and submerged solid waste into the
assessments (EIA) to future coastal zonemarine environment where it interferes
deve opments as a means of ensuring with both recreational and fishing

tha all potential irteractions with, and ~ activities and can present hazards to

effects on, existing activities, resources ~ avigation.

and amenities are considered prior to theHarmonization of the scientific basis for
endorsement new developments. The
scale of development for which EIA
woud be required could be determined

the management of individual fish stocks
would improve the consistency of
fisheries management in both China and
Korea. It would also provide a vehicle for
harmonizing the marine natural resource
management frameworks beween the

The TDA also reveals that there are some
two countries.

by the two riparian states during the
course of the SAP preparation process.

other largely technical, measures that
could be adopted to reduce stress on the-l-he polyculture approach to mariculture,
Yellow Sea. The fina paragraphs bdow
specify paticdar technical, engineering
and/or scientific activities that should be

in which pelagic fish, molluscs and
seaweeds are grown in sequence along
the prevailing current direction in

coastal areas, is worthy of wider
component of the Yellow Sea SAP. They 5, jication as a means of minimizing the
deal respectively with improved solid

waste management, harmonization of
fish stock assessment techniques, the

included as elements of a technical

adver se effects and maximizing the
benefits of mariculture. The polyculture
concept would appear to warrant testing
in coastal areas to determine the
optimum dersity and mix of organisms
that can becultured in sequence as a

wider application of the polyculture
concept in maricultural development,
and the application of the concept of
assimilative capacity to ensur e that
sensible limits are placed on riverine and
coastal discharges to the Yellow Sea andlt is abundantly clear from this TDA, and
on the scal e of coastal developments, other assessments of the reggion (e.g.,

function of water advection rates.
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GIWA 2005), that pollution (that is,
adverse effects associated with

One of the outstanding scientific and

management challenges is the protection

substances introduced to the Yellow Seaof biodiversity through the medium of

from municipal, i ndustrial, mariculturd
and agricultural activities) is a major
cause of environmental com pr omise,

habitat preservation. It would appear
that the World Wide Fund for Nature,
together with its Korean scientific

particularly in inshore and coastal areas.institute partners (WWF et al., 2006)

The concept of assimilative capacity

has made a commendable attempt to

applied to coastal embayments and otherdefine the areas, animals and plants

coastal aress of the Ydlow Seg and the
Yellow Seaitself, offers an ability to
determine acceptable limits for the
aggregate discharges of substances like
sewage and nitrogen that are clearly
having serious adverse effects on the
marine environment. The scientists
engaged in the UNDP/GEF Yellow Sea
project have both the expertise and
capacity to undertake calculations that
would provide dischargelimits for such
substances and others that have the
potential for similar adverse efects. It
should be possible to calculatethe
assimilative capacity of coastal
embayments and the Yellow Sea as a
whole. This can then be used to define
the rates and locations of contaminant

discharge and the scales and locations of!! S¢i plinary,

that
sustainable in the context of their

maricultural activities are

compatibility with other uses of the sea.

Such work would improve national
capacities in China and Koreafor the
implementation of the provisors of the
Global Programme of Action to Protect
the Marine Environment from Land-
based Activities (UNEP, 1995).
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worthy of primary protection. Future
work in the biodiversity componernt of
the project shoud consider building on
this work by devising ways to protect
these areas and resources. Such
measures, once devised, might also be

included among the interventions in the

Strategic Action Programme for the
Yellow Sea.

Finally, acomment needs to be made

about future scientific work conducted in

the YSLME project. There would be
berefit in revising the existing sciertific
working group structure, originally
created in aignment with the project

components, to one that allows issues to

be investigated more from multi-
rather than single
disciplinary, perspectives. The Project
Management Office might consider
consulting the Project Steering

Committee on this topic during the early

phases of the consultations on the
development of the Yellow Sea SAP.
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