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Abstract

Rapid economic growth has resulted in significant ecological degradation in
many coastal areas in China. Control measures involving Marine Ecological Damage
Compensation (MEDC) have been introduced to curb unsustainable development. The
study presents a practical framework for developing the MEDC standard. The
standard considers spatial variation in ecological services and includes many different
types of ocean uses that are common in coastal waters around the world.We illustrate
the framework and specific procedures through a case study of Xiamen.Results of our
calculation show that damages from many ocean uses to the ecosystems are not
adequately compensatedunder current management regime, and a carefully designed

MEDC standard is crucial for sustainable development.

Keywords:Ecological damage, ecosystem evaluation, compensation,sea areause,

Xiamen
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1. Introduction

Rapiddevelopment of marine industries and the coastal economy in China has
resulted in the deterioration of coastal ecosystems and the environment
(CCICED,2012; Peng et al., 2009).Apart fromdirect economic values, such as seafood
production, the coastal and marine ecosystems provide various other services to the
society, such as nutrient recycling, shoreline protection, and climate regulation (de
Groot et al., 2002). These services are vital for human survival andwellbeing.
Unsustainable coastal development is diminishing the capability of marine
ecosystems to provide the services.To ensure sustainable development in China’s
coastal regions, government agencies, such as the State Oceanic Administration
(SOA), have introduced market-based control measures involvingMarine Ecological
Damage Compensation (MEDC). The basic idea is tomakedevelopers of ocean space
pay the full costs associated with their activities, including damages to the marine
ecosystems(SOA, 2009). Without MEDC, ocean users only pay private costs (e.g.,
construction and operating costs), the ecological compensation mechanism is
designed to internalize the externalities of different ocean usesso that excessive
development activities can be curbed (CCICED, 2007). The collected compensation
payments can be used to restore damaged marine ecosystems, as determined by local
governments.

There isa substantial literature on the assessment of and compensationfor
ecological damages. Most of thestudies focus on the ecological damages
associatedwith accidental spills of oil or other hazardous substances or waste
disposals (Ryan, 1994; NOAA, 1997; Mason, 2003; Kim, 2003; McCay et al., 2006).
Anotherset of studies examines the ecological damages related to coastal reclamation
or wetland drainage in China (Wang et al., 2010a, 2010b; Peng et al., 2011) and
around the world (Cendrero et al., 1981; De Mulder,1994; Hoeksema, 2007; Airoldi
and Beck, 2007; Halpern et al., 2008; Elliott,2004;FAO,1999; OSPAR,2008). In
contrast, little attention has been paid to the ecological damagesrelated tocoastal

development and ocean use activities that are consider regular or routine, such as
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aquaculture, sea bridges, and anchorage.

Although regular ocean space usesneed the approval fromrelevant government
agencies in China, under current management system, ecological damages associated
with these uses, especially at small scales, are often excluded from compensation
considerations. However, these damages are typically long lasting and have
considerable cumulative effects on marine habitats and the environment'.Under these
circumstances, there are continuous and uncompensated losses to the marine
ecosystems due to these “regular” uses. Thus, it is urgently needed to establish of
aMEDC system that covers a wide range of ocean uses and is easy for coastal
managers to implement.

In this paper, we describe a framework for the development of a MEDC standardwith
an application to Xiamen.The study area and general method to calculate the values of
MEDC are described in Sections 2 and 3, respectively. Estimation procedures are
detailed in Section 4. Results are summarized in Section 5. Discussions and

conclusions are presented in Sections6 and 7.

2. Study area

Located on the southeastern coast of China’s Fujian Province, to the west of
Taiwan Strait, Xiamen covers a land area of 1,565 km?and a sea area of 390 km?with
a coastline 0f234 km. Xiamen’s economy and its well-being depend heavily on its
surrounding seas for natural resources, goods and services. Rapidgrowth of local
economy, population and urbanization in past decades has resulted in more diversified
and intensified utilization of ocean space and resources, which significantly altered
the coastal environment. Marine pollution continues to increase. The frequency,
geographic coverage, and duration of harmful algae blooms (red tide) have
significantly increased since 2000 (Cai, 2008). In addition, large-scale coastal

reclamation has destroyed natural habitats of various living resources. These changes

! Marine aquaculture affectsthe marine ecosystem through biological, chemical, and organic pollutions, habitat
modification, as well as wild-caught fish as feed ingredients (Goldburg et al. 2001). Coastal recreation and tourism
may cause physical alteration or destruction of habitats (UNEP 2002). The anchors of recreational boats can cause
damages to marine habitats (Lloret et al. 2008).

4
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together with over fishing and illegal fishing have led to collapses of many fisheries
(Figure 1).

In order to protect its marine environment and ecosystems, the Xiamen People’s
Congress promulgatedSeveral Regulations of Marine Environmental Protection in
2010, which called for the implementation of a compensation regime for marine

ecological damages resulted from sea area uses.

3. Methods

Since different sea areas may have different ecosystems that provide different
ecosystem services, and the severity of damages to the marine ecosystems also vary
by the types of ocean uses, our framework to develop the ecological compensation
standard for a coastal region involves five steps (Figure 2). First, the study area is
divided into eco-zones according to natural conditions, key habitats, natural resources,
unique ecological components (e.g., endangeredand threatened species), and
management tradition (e.g., protected areas). Next, specific ecosystem services that
each eco-zone provides are identified. The ecosystem service values are then
estimated at the unit level for each zone. Also, the level of damages to each ecosystem
service is assessed for different types of ocean uses by a panel of experts. Finally, the
MEDC standard is developed as follows.

The annual ecological damage (ED) for a specific use in an eco-zone is

calculated as:

j=J
ED, =Y v;d, @)

j=1
wherei(= 1, 2, ..., 1) is the index for eco-zones; j (= 1, 2, ..., J)is the index for

ecosystem services; k (= 1, 2, ..., K) denotes each specific ocean use; vjjstands for the
annual value of service j provided by an unit area in zonei; and dyis an adjustment
factor representingthe severityof damage to ecosystem service jof ocean use k.

For a long-term use of a sea area (e.g., a bridge or a fixed structure), a lump-sum

payment for the ecological damage,ED"®, can be calculated as:
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wherer is the social discount rate?; and n is the number of years.For a permanent loss
of ecosystem services, such as in the case of coastal reclamation, the ecological

damage can be computed asED/r.

4. Estimation
4.1. Division of Sea Areas

As mentioned above, different sea areas have differentecosystems and natural
resources. In order to reflect these differences, we divide Xiamen’s coastal watersinto
six management areas, Western Sea, Jiulong River Estuary, Southern Sea, Eastern Sea,
Tongan Bay and Dadeng Sea, according to local marine function zoning scheme and
management traditions. Inthe six management areas, a total of 27eco-zones are
identified according to marine ecological and resource features (Figure3).Note that
Figure 3 shows only the primary ecosystem in each eco-zone, and there may be

multiple ecosystem types in a specific zone.
4.2 ldentification of Ecosys tem Services

Peng et al. (2006) developed aclassification of ecosystems in the Xiamen sea
areas (Table 1). The ecosystems in each of the 27 eco-zones are first identified
according to this classification, as shown in Column 3 of Table 2. The ecosystem
services provided by each eco-zone are then identified according to aclassification
system linking ecosystems and relevant services,established by the Millennium
Ecosystem Assessment (2003). The 27 eco-zones provide 10types of ecosystem
services: climate regulation and air quality maintenance, flood control and shoreline
protection, nutrient regulation, waste treatment and control, nursery/habitats, fishery
resources, maintenance of biodiversity, tourism/recreation, aesthetic/scenery, and

scientific research and education (headings of column 4-13in Table 2).

%This study takes the 2% as the social discount rate
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4.3.Ecosystem Valuation

We estimate the unit values of ecosystem services in the Xiamen region using the
methods detailed inPeng et al (2011) and new data.® The value components
associated with each service and data sources are summarized in Table 3. Results of
the estimation are shown in Table 4. Marine and coastal ecosystems provides climate
regulation and air quality maintenance services by capturing CO, storing biological
carbon, releasing O,, and accepting other gasesthrough photosynthesis in coastal
plants (e.g., mangroves) and phytoplankton. Using data onprimary productivityineach
zone, the cost of fixing CO,, RMB 270 yuan*/t (CO,) (Sumner et al., 2009), and
production cost of O,, 560 yuan/t>, we estimate the unit value for climate regulation
service in each eco-zone, and the results range from RMB 0.05 to 0.28 yuan/m?-yr by
location (Column 3 of Table 4).

Coastal wetland, such as mangroves, mudflats, sand beaches and coral reefs can
dissipate waves, control floods and protect the shoreline. Han et al (2000) have
estimatedthat the benefit of mangroves (with length 1 km and width 100m) for flood
and storm control is RMB 80,000yuan per year.Thus, we calculate the value of flood
control service as RMB 0.8 yuan/m?.yrin eco-zoneswith mangroves, and RMB
0.32yuan/m?.yrin eco-zones with mudflats and sand beaches(60% of that with
mangroves) (Column 4 of Table 4).

Nutrient regulation services provided by the marine and coastal ecosystems can
be broadly divided into two categories: providing the nutrients to marine species
through food webs and their role as N and P sinks (Peng et al., 2011). The value of the
former is reflected in services such as marine fishing and habitat. We only consider
the valueof the latter to avoid double counting.If the oceans were not there, we would
have to recreate this function by removing N and P from land runoffs(Costanza et

al.,1997).Thus, the value of nutrient regulation can be estimated by the cost of

% For a broader discussion on measuring non-market and indirect effects of ecological damages, see Polasky(2002),
NOAA (1997), and Mazzotta et al. (1994).

*RMB 1 yuan = 0.16 US Dollar.

® The average production cost of oxygen based on our survey of oxygen production factories in Xiamen.
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removing N and P. The volume of nutrient containing wastewater discharged into the
Xiamen sea area is 66.66 X 10 m*/yr (FJIODMLG and MEL, 2006), and the area is
390 km?. Using the average treatmentcost of nutrient wastewater, 0.8 yuan/t®, we
estimate the value of nutrient regulation is 1.37 yuan/m?-yr(Column 5 of Table 4).

The marine and coastal waters can clean many kinds of pollution, including N
and P as well as COD. We estimate the value of environmental carrying capacity of
COD in the Xiamen sea area as RMB 0.60 yuan/m?-yr (Peng et al, 2011). The value
of waste treatment in eco-zones with sand beach and resort is zero because the
wastewater discharge is prohibited in these areas (Column 6 of Table 4).

As noted, the different ecosystem services, such as habitats and fisheries,are
inter-connected. To avoid double counting, the value of nursery habitats in the study
only considerstheir functions to commercial shellfish. The values of habitats for
commercial fisheries and for endangered species are captured in other services
described below.Using data on primary productivity in each eco-zone and other
biological parameters describedPeng et al. (2011),we estimate the value of habitat
services in differenteco-zones ranging from RMB 1.14 to 2.51 yuan/m?®yr(Column 7
of Table 4).

The value of fisheries service is reflected by the profit of marine fishing. The
Oceans and Fisheries Bureau of Xiamen (XMOFB,2004) surveyed the revenues and
costs of marine fishing in differentsea areas. With the survey data, we estimate the
value of fisheries in differenteco-zonesranging from RMB 0 to
0.16yuan/m?-yr’ (Column 8 of Table 4).

The values of rare and endangered species can be used to represent the value of
biodiversity service. The Coastal and Ocean Management Institute (COMI, 2009)
estimated the value of endangered species, Chinese white dolphin, lancelet, and egret,
in the Xiamen sea area using the contingent value method (CVM).Consideringthe

contributions of different sea area to these species, we estimate the value of

®Based on data from sewage plants in Xiamen.

" Avalue of zero is assigned to zones with high-levels of pollution and no fishing activities.

8
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biodiversity in differenteco-zonesranging from RMB 1.08 to 2.78 yuan/m?.yr(Column
9 of Table 4).

Marine and coastal ecosystems provide important recreational services, such as
recreational fishing, swimming, and boating. Coastal waters, beaches, mangroves, and
coral reefs have considerable amenity value.According to Peng et al. (2004), the
willingness to pays (WTP) of Xiamen residents for fishable and boatable water are60
yuan/yrper person and 58.65 yuan/yr per person, respectively. COMI (2009)
calculated the WTP for sandy beach is 86 yuan/yr per person. With data on the total
population,’area of beaches,® and sea areas of Xiamen, we compute the value of
recreation service foreach eco-zone ranging from RMB0.43 to 4.80
yuan/m?.yr(Column 10 of Table 4). According to Hong et al (2004), the WTP of
Xiamen residents for coastal scenery (excludingDadeng Sea) is RMB 94.95
yuan/m?-yr. We calculate the value of scenic serviceas RMB 0.91 yuan/m?yr(Column
11 of Table 4).

The marine and coastal ecosystems also provide fundamentals for formal or
informal education, as well as scientific research. Using the estimates of Costanza et
al. (1997), we assign the value of scientific research as RMB 0.05yuan/m?yr(Column
12 of Table 4). Aggregating across ecosystem services, we find that the highest total
ecosystem value (RMB 12.55 yuan/m?-yr) is associated with eco-zone, ES1, in the
Eastern Sea, while the lowest total ecosystem value (RMB 6.41 yuan/m?®yr) is

associated with other areas in the Dadeng Sea (Last Column of Table 4; Figure 3).
4.4.Damage Severity

The Delphi methodis used to solicit expert assessments on the severities of
damages to different ecosystem services by different ocean uses. A panel of 32 experts
is involved in the survey, and their field of expertise is shown in Table 5. These ocean
science and management experts are familiarwith Xiamen’s ocean environment and

economic activities, and they are affiliated with ocean management agencies,

8 The population is 2.42 million in 2009 (XSB, 2010).

® The area of sand beach is 42.8 km?.
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universities, oceanographic institutes, port authority, and an ocean engineering firm in
Xiamen.

The set of 14 ocean uses included in the survey is listedin the first column of
Table 6. The experts rank the damage severity on a scale of 0-100, and two rounds of
mail surveys were conducted to achieve consistent results. The final average scores
are rescaled to a factor of 0-1. The damage severity factors by ecosystem services and
by ocean uses are summarized in Table 6. The severity factor for land reclamation is
one because it is associated with a total destruction. Other ocean uses with high
ecological damages include impermeable structures (e.g., jetty or breakwater) and

mining.
5. Results

The MEDC standard can be calculated using methods and equationsdescribed in
Section 2 and data from Tables 4 and 6, and the results are shown in Table 7. All the
units are in annual value per unit area (RMB yuan/mZ.yr), except for four uses, land
reclamation, impermeable structure, sea bridge, and permeable structure. Land
reclamation leads to permanent losses to relevant ecosystem services.A lump-sum
payment is estimated as RMB 321-628 yuan per square meter depending on the
location. This figure is much higher than current sea area use charge which is RMB
180 yuan/m?. That is to say current sea areas use charge standard does not internalize
the externality of human activities, which is one of the causes of the marine
ecosystem damage.

Similarly, lump-sum compensations are computed for stationary structures
(assuming a 50-year life)’®. We see that the standard for impermeable structures
ranging RMB 98-166 yuan/m? is considerably higher than that for permeable
structures (e.g., dock on pilings), reflecting the differences in ecological damages. The
annual compensation for coastal aquaculture (RMB 0.62-1.31 yuan/mZyr) is also

greater than that for offshore aquaculture (RMB 0.44-1.01 yuan/m2.yr), because the

1%The statutory maximum life of stationary structures is 50 years according to Sea Area Use Management Law of
PRC (SAUML) promulgated in 2001 (Article 25)

10
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former typically causes more ecological alterations then the latter. In terms of spatial
variation, the ecologically more valuable Eastern Sea area is generally associates with

higher MEDC values.

6. Discussion

Under existing sea area use charge regime in China, ocean users must pay user
fees to local ocean management agencies for various operations (e.g., land
reclamation, aquaculture, and coastal construction). The fees collected are
distributed among the central, provincial, and local governments (30%, 30% and
40%). The user fees are designed to recover resource rents generated from sea area
usage (like a land rent) and do not reflect damages to the ecosystem. Thus, the user
fee is too low to regulate excessive development in many coastal areas. The newly
proposed MEDC standard is designed to address this issue.**

The MEDC program should be formulated and operated at the local level, so that
the local government collects the compensation payments which, in turn, will be used
for ecosystem restoration and protection in the same region. As noted in section 2, the
Xiamen People’s Congress promulgated Several Regulations of Marine
Environmental Protection in 2010, and Article 18 called for the implementation of a
compensation regime for marine ecological damages resulted from sea area uses.
The study reported here is developed to assist this effort.  Other studies are needed to
develop detailed rules implementing the compensation standard, including methods
on fee collection (annual vs. lump-sum payments) and on distribution(among different
ecological restoration options).

The interactions between coastal ecosystems and the human system are
extremely complex involving multiple pathways and feedbacks. Estimating the
impacts of different ocean uses on different ecosystem services can be very costly and

time consuming, and an accurate estimation may not always be feasible. To

1 In addition to Xiamen, Shangdong, a Yellow Sea coastal province in northern China, is also formulating a
MEDC program.
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implement MEDC for relatively small scale’? and common ocean uses, it makes
sense to develop a simplified approach for a rapid assessment for associated marine
ecosystem damages. This is in the same spirit of the Type A assessment for oil spill
damages using the natural resource damage assessment model (NRDAM) in the
United States (Grigalunas et al., 1988).

Although the MEDC standard developed in the study presents a potentially
effective way to control unsustainable development in Xiamen, our framework has
several limitations.First, several ecosystem damage costs are modeled as linear
functions in the study. However, many of these costs are nonlinear due to nonlinear
interactions in the natural systems (Barbier et al., 2008). In addition, we do not have
a good understanding of the ecological thresholds in the study area. When a system
crosses a threshold, a very small change in economic activity can have enormous
impacts and result in irreversible loss of critical natural capital (Farley, 2012).Finally,
the natural and socioeconomic systems are highly complex and dynamic. Our static
model cannot capture the full effects of the dynamic interactions in the coastal
systems. Sustainabledevelopment is an evolutionary process, and sustainability is not
a static objective. Thus, an adaptive management system must be in place to cope
with various uncertainties (Rammel et al.,2007). In fact, our estimation of the
MEDC standard for Xiamen should not be viewed as static, and it should be
reevaluated periodically so that new knowledge can be incorporated into the
compensation standard.The effectiveness of MEDC standard should be evaluated
based on regional performance indicators capturing changes in socioeconomic
well-being and ecosystem conditions (Yu e al., 2010; Seingier et al., 2011; Smith et al.,
2013).

The paper presents a general framework to develop MEDC standard for a coastal
location. The framework is transferable to other locations with different ecosystems.
Although the study focuses on the economic valuation of ecosystem services, there is

a close connection between an ecological compensation standard and corresponding

2 |n Xieman, small scale is defined as: <10 ha for land reclamation, <50 ha for exclusive uses (e.g., harbor,
aquaculture, and salt making), and <100 he for other uses.
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social setting. The MEDC standard is site specific and are affected a number of
social factors. In the study, the MEDC standard is developed for Xiamen using
different market and non-market valuation methods. Both market and non-market
valuation results are affected by local social and economic conditions (e.g., population,
income, education level,economic structure, and institutional and cultural factors).
Calculating the ecological compensation standards for different locations requires
a good understanding of economic valuation of ecological goods and services in
different social and economic settings as well as the strength and limitations of
different valuation methods (Whittington, 1998; Bishop, 1999; Boyd and Wainger,
2003; Swallow et al.,, 2009;Vo et al., 2012). In study, we use CVM studies
conducted in Xiamen for the MEDC standard calculation for the same location.
MEDC standards for other regions of China are typically based on CVM studies in
relevant locations to reflect local social and economic conditions. Generally, in
developing MEDC standard, local valuation data should be used, if available. The
local data can be supplemented with data from nearby region or countries with similar
social and economic conditions. International valuation data can be used with

appropriate benefit-transfer techniques, when local data are not available.

7. Conclusion
Coastal and marine ecosystems and the environment are vital to the well-being of

coastal communities. To achieve sustainability, coastal managers must control
excessive economic activities. A mechanism of marine ecological damage
compensation (MEDC) has been introduced in China. MEDC is designed to
implement the polluter pays principle through a market-based approach.

Almost all ocean uses will lead to some level of damages to the ecosystems.
Quantification of these damages, especially in monetary terms, is often difficult and
costly. However, the fact that ecological damages are unquantifiable should not result
in an exemption from compensation. On the other hand, the compensation should not
be exorbitant and punitive for regular and routine marine activities.

We have developed a framework for formulatingthe MEDC standard and applied
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it to the Xiamen region. The standard providesa low-cost and convenient way to
implement MEDC. It is calculated using methods from resource and ecological
economics, and takes into account spatial variations in ecological conditions as well
as the knowledge of local marine science and management experts.The approach is
transferable to other locations, and the MEDC standard can be easily updated over

time as new estimation methods and data become available.
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580 Table 1. A Classification of Ecosystems in Coastal Xiamen

581
Ecosystems Index
Cliff 1
Rocky beach 2
Mudflat 3
Sand beach 4
Mangrove 5
Lagoon 6
Estuary 7
Coastal water 8

582
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585

Table 2.1dentification of Ecosystems and Ecosystem Services in Xiamen Sea Areas

Ecosystem Services

Managem
Eco- —
ent Ecosystems . Flood . Waste Scientific
zones Climate . Nutrient Nursery/ o S . )
Areas . control/shoreline ) treatment/ . Fisheries | Biodiversity | Recreation Aesthetic | research/
regulation ) regulation habitats .
protection control education
WS1 2,3,5,8 o o o o o o o o o o
WS2 3,5,8 o o o o o o o o o o
WS3 2,345.8 o o o o o o o o o
Western WS4 35,6 o o o o o o o o o
Sea WS5 3,5 o o o o o o o o o
WS6 2,58 o o o o o o o o o
WS7 3,5, 6 o o o o o o o o o
others o o o o o o o o o o
ET1 2,35,7,8 o o o o o o o o o o
Estuary
ET2 23,57 o o o o o o o o o o
Sea
others o o o o) o) o) o o o o
TAL 2,35 o o o o o o o o o o
TA2 3,4,5,8 o o o o o o o) o o o
Tongan TA3 3,8 o o o o o o o o o
Sea TA4 3,4 o o o o o o o o o
TAS5 6 o o o o o o o o o
others o o o o o o o o o
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Southern
Sea

SS1

1,2,3,4,8

SS2

2,4,8

others

Eastern
Sea

ES1

2,358

ES2

2,4,8

ES3

8

others

2,3,45,8

DadengSe
a

DD1

8

DD2

3,4

others

Note:A circle indicates that the eco-zone provides the service.
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590

Table 3.Ecosystem Valuation

Ecosystem Services

Value Components

Data Sources

Climate regulation and
air quality
maintenance

Costs of fixing CO, and
Oproduction

LGO (1996), Chen et al
(1994), He et al. (2007),
Sumner et al.(2009)

Flood Control and
shoreline protection

Value of mangroves for flood
control

Han et al. (2000)

Nutrient regulation

Cost of removing N and P in
wastewater

FJODMLG and
MEL( 2006),Xiamen
Sewage Plants

Waste treatment

Cost of COD treatment in
wastewater

Peng et al. (2011)

Nursery/ Habitats

Value of habitat to commercial
shellfish

LGO (1996), Chen et al
(2002),Peng et. al. (2011)

Fishery Value of marine fishing XMOFB (2004)
Biodiversity Value of endangered species COMI (2009)
Recreation Value of coastal recreation Peng et al. (2004), COMI

(2009)

Esthetic value

Value of coastal scenery

Hong et al. (2004)
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592

Table 4.Ecosystem Services and Their Values

Sea Eco- Climate Flood ) Nutrient Waste Nursery/ o o . ) Scentific
Areas sones | regulation control/sh(-)rellne regulation treatment/ habitats Fisheries | Biodiversity | Recreation | Aesthetic resear<-:h/ Total

protection control education
WS1 0.28 0.80 1.37 0.60 2.01 0.16 2.78 0.43 0.91 0.05 9.39
Ws2 0.28 0.32 1.37 0.60 1.48 0.16 2.07 0.43 0.91 0.05 7.67
Ws3 0.28 0.80 1.37 0.60 2.01 0.00 2.07 0.43 0.91 0.05 8.52
Western | WS4 0.06 0.00 1.37 0.60 2.01 0.00 1.08 0.43 0.91 0.05 6.51
Sea WS5 0.28 0.80 1.37 0.60 2.01 0.00 2.07 0.43 0.91 0.05 8.52
WS6 0.28 0.80 1.37 0.60 2.01 0.16 2.07 0.43 0.91 0.05 8.68
WS7 0.28 0.80 1.37 0.60 2.01 0.00 1.08 0.43 0.91 0.05 7.53
Others 0.06 0.00 1.37 0.60 148 0.16 2.07 0.43 0.91 0.00 7.08
Estuary ET1 0.28 0.80 1.37 0.60 1.69 0.13 2.54 0.44 0.91 0.05 8.81
Sea ET2 0.28 0.80 1.37 0.60 1.69 0.13 2.15 0.44 0.91 0.05 8.42
others 0.05 0.00 1.37 0.60 1.14 0.13 2.15 0.44 0.91 0.05 6.84
TAL 0.28 0.80 1.37 0.60 2.01 0.09 1.68 0.44 0.91 0.05 8.23
TA2 0.28 0.80 1.37 0.60 2.01 0.09 2.71 0.44 0.91 0.05 9.26
Tongan TA3 0.06 0.00 1.37 0.60 1.48 0.09 1.68 0.44 0.91 0.05 6.68
Sea TA4 0.06 0.32 1.37 0.60 1.48 0.09 1.68 0.44 0.91 0.05 7.00
TA5 0.06 0.80 1.37 0.60 1.48 0.09 1.68 0.44 0.91 0.05 7.48
Others 0.06 0.00 1.37 0.60 1.48 0.09 1.68 0.44 0.91 0.00 6.63
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593

ssi | 028 0.80 137 0.00 201 0.06 163 4.80 091 | 005 | 1191
S:g::r ss2 | 028 0.32 1.37 0.00 2.01 0.06 1.63 4.80 091 | 005 | 1143
Others | 0.06 0.00 137 0.60 201 0.06 163 0.44 091 | 005 713
EST | 031 0.80 137 0.00 251 0.03 177 4.80 091 | 005 | 1255
Easten | ES2 | 031 0.32 1.37 0.00 251 0.03 177 0.44 091 | 005 771
sea | Ess | 031 0.00 137 0.00 251 0.03 2.32 4.80 091 | 005 | 1230
others | 0.10 0.00 137 0.60 251 0.03 177 0.44 091 | 005 7.78
DDI | 0.05 0.00 137 0.60 1.20 0.09 2.24 0.44 091 | 005 6.95
Dasdezng DD2 | 0.8 0.32 137 0.00 1.20 0.09 1.70 1.92 091 | 005 7.84
others | 0.05 0.00 1.37 0.60 1.20 0.09 1.70 0.44 091 | 005 6.41

Unit: RMB yuan/m?.yr.RMB 1 yuan = 0.16 US Dollar.
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Table 5.0cean Science and Management Expert Panel

Field of Expertise

Number of Experts

Environmental impact
assessment

Marine ecology

Marine economics

Marine environmental sciences

Marine fisheries

Ocean administration

Ocean engineering

Ocean management

Physical oceanography

NI fWWINDO|PS~

Total

w
N
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599

600 Table6.Damage Severityto Ecosystem Services by Different Ocean Uses
Ecosystem . Flood control/ . Waste Scientific
Services Climate shoreline Nutrient treatment/ Nursery/ha Fisheries Biodiversity Recreation Aesthetic research/
regulation ) regulation bitats .
Ocean Uses protection control education
Land reclamation 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Coastal aquaculture* 0.00 0.08 0.05 0.25 0.08 0.05 0.08 0.15 0.12 0.08
Offshore aguaculture 0.00 0.00 0.00 0.20 0.08 0.03 0.08 0.12 0.05 0.03
Impermeable
— 0.35 0.24 0.53 0.52 0.61 0.53 0.53 0.30 0.25 0.19
Sea bridge 0.00 0.09 0.00 0.00 0.25 0.22 0.35 0.12 0.08 0.16
Permeable structure*** 0.09 0.09 0.00 0.00 0.28 0.24 0.39 0.16 0.12 0.16
Harbor/anchorage 0.00 0.18 0.00 0.00 0.53 0.53 0.44 0.26 0.09 0.25
Shipping channel 0.00 0.00 0.00 0.00 0.41 0.40 0.34 0.26 0.09 0.16
Seaside resorts 0.06 0.00 0.10 0.26 0.41 0.35 0.20 0.00 0.00 0.00
Subsea pipeline 0.00 0.00 0.00 0.00 0.08 0.05 0.18 0.05 0.01 0.10
Mining 0.12 0.37 0.25 0.41 0.75 0.65 0.53 0.53 0.53 0.35
Intake/ outfall 0.13 0.13 0.26 0.33 0.46 0.23 0.26 0.15 0.00 0.12
Sewage discharge 0.00 0.00 0.00 0.00 0.36 0.38 0.32 0.00 0.00 0.21
Offshore dumping 0.18 0.01 0.00 0.00 0.63 0.54 0.49 0.53 0.00 0.30
601
602  Notes: 0 = No damage, 1 = Destruction.
603 *Aquaculture by enclosing the sea.
604 **Breakwater, jetty, pier, etc.
605 ***Dock and house on pilings.
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606

Table 7.MEDC Standard for Sea Area Use in Xiamen
Land Coastal Offshore | Imperme- Sea Permeable o ]

Sea Eco- . Harbor/ Shipping | Seaside | Subsea . Intake/o Sewage Offshore
reclama- aquacul- | aquacul- | able struc- | bridge struc- o Mining . )

Areas zones tion* wre wre - . - anchorage channel resort pipeline utfall discharge | dumping
WS1 470 0.85 0.61 141 54 61 2.73 2.04 1.75 0.70 4.73 2.45 1.68 3.02
WS2 384 0.71 0.51 115 41 47 2.05 1.58 1.39 0.53 3.78 1.96 1.26 2.34
WS3 426 0.79 0.55 126 45 51 2.33 1.73 1.55 0.57 4.25 2.23 1.39 2.59
Western | WS4 326 0.64 0.47 101 32 37 1.75 1.40 1.34 0.39 3.41 1.84 1.08 2.05
Sea WS5 426 0.79 0.55 126 45 51 2.33 1.73 1.55 0.57 4.25 2.23 1.39 2.59
WS6 434 0.79 0.55 129 46 53 241 1.80 161 0.58 4.36 2.27 1.45 2.67
WS7 377 0.71 0.47 110 34 39 1.89 1.40 1.35 0.39 3.73 1.97 1.08 2.10
Others 354 0.68 0.51 110 40 45 1.98 1.57 1.38 0.53 3.62 1.89 1.25 2.28
Estuary ET1 441 0.81 0.56 130 49 55 2.44 181 1.56 0.63 4.35 2.24 1.47 2.69
Sea ET2 421 0.78 0.53 124 44 51 2.27 1.68 1.48 0.56 4.14 2.14 1.35 2.50
others 342 0.67 0.49 105 38 43 1.83 1.45 1.24 0.52 3.41 1.75 1.15 211
TAl 412 0.76 0.52 121 41 47 2.21 1.64 151 0.50 4.11 2.15 1.30 2.45
TA2 463 0.84 0.60 138 53 60 2.66 1.99 1.71 0.69 4.66 2.42 1.63 2.96
Tongan | TA3 334 0.66 0.48 103 35 40 1.79 142 1.28 0.46 3.39 1.78 111 2.07
Sea TA4 350 0.68 0.48 105 36 41 1.84 142 1.28 0.46 3.51 1.82 1.11 2.07
TA5 374 0.72 0.48 109 37 42 1.93 142 1.28 0.46 3.68 1.88 1.11 2.08
Others 332 0.65 0.47 102 35 40 1.77 141 1.28 0.45 3.37 1.77 1.10 2.05
South. SS1 596 1.26 0.92 152 57 68 3.29 2.73 1.33 0.72 6.12 2.60 1.28 4.74
ernSea SS2 572 1.22 0.92 148 56 67 3.21 2.73 1.33 0.72 5.94 2.53 1.28 4,73
Others 357 0.69 0.51 112 39 44 2.03 161 147 0.49 3.74 2.00 1.28 2.36
Eastern ES1 628 131 0.97 163 63 74 3.60 2.97 1.55 0.78 6.55 2.86 1.49 5.11
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Sea ES2 386 0.62 0.44 118 45 51 2.40 1.85 1.55 0.56 4.07 2.13 1.49 2.78
ES3 615 1.29 1.01 166 66 79 3.70 3.16 1.67 0.88 6.55 2.90 1.66 5.37

others 389 0.74 0.56 123 44 50 2.34 1.85 1.70 0.56 4.18 2.26 1.49 2.73

Dadeng DD1 348 0.68 0.50 107 39 44 1.88 1.49 1.27 0.54 3.48 1.79 1.19 2.17
Sea DD2 392 0.73 0.51 107 40 47 2.08 1.69 1.02 0.52 3.87 1.75 1.02 2.74
others 321 0.63 0.45 98 33 38 1.65 131 1.16 0.44 3.19 1.65 1.02 1.90

607
608
609
610
611
612

Notes: Units are in RMB yuan/m.yr, except for four uses (land reclamation, impermeable structure, sea bridge, and permeable structure).
RMB 1 yuan = 0.16 US Dollar..
* Lump-sum payment calculated as the annual value divided by discount rate (r=2%). Unit is in RMB yuan/mz.

** Lump-sum payment calculated using Equation (2) with r=2% and n=50 years. Unit is in RMB yuan/mz.

32




