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Ecological damage assessment and compensation of marine engineering. case

study of Xinglin sea-crossing bridge Xiamen
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Abstract: With fast economic growth population increase and urbanization in coastal zones an increasing number of
marine engineering projects have diminished or are diminishing the capacity of ocean and coastal ecosystems to provide
goods and services for mankind threatening the health of local populations and the sustainable development of marine
economies. To prevent marine ecological damage and to ensure sustainable development in coastal regions market-based
incentives such as marine ecological damage compensation ( MEDC) have been introduced due to their high efficiency
and flexibility. The basic premise of this approach is to make the responsible parties pay the full costs associated with the
ocean space development activities 1. e. the ocean users should pay the private costs as well as the cost of marine
ecological damage so that excessive development activities can be curbed. While there are many studies about the
ecological damage and compensation of spills of oil or other hazardous substances coastal reclamation or wetland drainage

there have been few attempts in the academic community to research the ecological damage of marine engineering such as the
construction of a sea-erossing bridge and marine culture. In practice marine engineering gets approval from the relevant
government agencies and pays fees for the use of sea areas which may make them ignore ecological damage compensation.

However these damages are typically long lasting and have considerable cumulative effects on marine habitats and
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environment. Thus the development of a framework for ecological damage assessment caused by marine engineering is
urgently needed to ensure the marine ecosystems been compensated.

This paper presents a framework for ecological damage assessment and a model for the development of a MEDC
standard. The value of ecosystem services in the affected sea area and the severity of damage to various ecosystem services
in various sea area use patterns related to the marine engineering are systematically assembled in the established model. The
established framework and model are employed in the Xinglin sea-crossing bridge Xiamen. Results show that the ecological
damage and therefore the ecological damage compensation of Xinglin sea—erossing bridge is 17. 39 million yuan with the
discount rate 2% . The amount of ecological damage is 12.76 million yuan even with a high discount rate 4%  which is far
more than the amount of compensation 6 million yuan which was actually imposed by local government. Xiamen
municipality needs to re-examine its compensation standard to reflect the real damage of marine engineering and to ensure to

collect enough money to restore the damaged ecosystems.

Key Words: marine engineering; ecological compensation; damage assessment; Xinling sea-erossing bridge
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Fig.1 The framework of ecological damage assessment for marine engineering
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Fig.2 The affected sea area by the construction of Xinglin sea-crossing bridge

10 o

1
Table 1 The area of affected sea area
Operation period Construction period
Affected sea area
Length /m Width/m Affected area/m?> Affected area/m?
Gaoqi coastal zone 850 69 58650 64515
Gaopu coastal zone 400 69 27600 30360
Others 3650 69 251850 277035
Total 4900 338100 371910
2
Table 2 The affected marine ecosystems and ecosystem services caused by Xinglin sea-erossing bridge
Affected sea area
Gaoqi coastal zone Gaopu coastal zone Others
Identification of ecosystems
Mudflat and mangrove Mudflat and mangrove Coastal water
Identification of ecosystem services
! . . .

Climate regulation and air quality maintenance
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Affected sea area

Gaoqi coastal zone Gaopu coastal zone Others
/ Flood control and shoreline protection o . °
Nutrient regulation . ° .
Waste treatment . . °
/ Nursery /habitats o ° °
Fishery . . °
Biodiversity . . .
Recreation ° . °
Esthetic value . . .
Scientific research and education o . .
L]
2.3
( 3). 3
4 23
o 4,
3
Table 3 The approach and models of evaluating the marine ecosystem services
Applied valuati
Ecosystem services pphied vattation Model Parameters explanation
method
V(U
. . . Var = (1.73Cco, + ( m2a™h); Ceo, CO,
Climate regulation and air 1190 ) X x 10-5 ] o e
quality maintenance ’ 0y) X X ( 19:Co, 2 C 7
(tCm~2alh)
Ve N ( mZaly;B,
: .HOOd Vi = B, /S, i
control and shoreline protection ’ ( /a);8, N
(m?)
c Vi ( m2a’);Q
. . vV, = O," N.P (m’/a); C, N.P
Nutrient regulation S
( /m);s (m?)
Vi ( m~? d_]);H
V. = HZM,CL‘ (m); Mi i
Waste treatment “~ (gm2a™l);Ci i ( /9);
n
Von ( m2a');x
kgCm™2a ") E
ke, (leC m ™ a™)
Nursery /habitats h 5 P i
) (%) ; P,
( /kg):p, (%)
Boy* pur Vs ( mZa™)iB,
_ Zmf Pmy . P
Fishery Vm/ = 3 ( /a) s P (%);S
(m?)
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Applied valuation

Ecosystem services Model Parameters explanation
method
a; s
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2
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Ved ( m7Za™l); v,
Qo . Vi = Verr * a
Scientific research and education ) ) GDP.
4 /( m™%ah)

Table 4 The value of marine ecosystem services in affected sea area caused by Xinglin sea-crossing bridge

Ecosystem services Gaoqi coastal zone Gaopu coastal zone Others Data and sources
/ 2427 .
Climate regulation and air 0.28 0.28 0.06 o . CO ' 2829
quality maintenance 2 T2
/
Flood control and shoreline 1.04 1.04 0 0 3
protection
, _ 1.37 1.37 1.37 23 M
Nutrient regulation
3536
0.6 0.6 0.6 ’
Waste treatment 37
25 3839
2.01 2.01 1.48 ’ ’
Nursery/habitats 16
0.16 0.16 0.16 . . N 40
Fishery
2.07 2.07 2.07 . . 4
Biodiversity
. 0.43 0.43 0.43 . M
Recreation
0.91 0.91 0.91 . “
Esthetic value
0.05 0.05 0.05 44
Scientific research and education
Total 8.92 8.92 7.13
8.92 m7’a
7.13 ma', 4
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Table 5 Damage severity to Xiamen marine ecosystem by ocean uses

21

Ecosystem services

Temporary sea area use

Sea bridge

/ Climate regulation and air quality maintenance 0.12 0.00
/ Flood control and shoreline protection 0.12 0.09
Nutrient regulation 0.14 0.00
Waste treatment 0.24 0.00
Nursery/habitats 0.31 0.25
Fishery 0.3 0.22
Biodiversity 0.25 0.35
Recreation 0.35 0.12
Esthetic value 0.34 0.08
Scientific research and education 0.23 0.16
2.5
AY 1
2) 6.
6
Table 6 Ecological damage compensation of Xinglin sea-crossing bridge
Lump-sum payment/( /a)

Ecological damage per unit/

(m~a)

Annually compensation

standard / ( /a)

Discount rate 2%

Discount rate 4%

Affected sea area

Operation  Construction Operation  Construction Operation  Construction Construction
period period period period period” period ** period
. 1.49 2.15 8.73 13.90 274 66 62
Gaoqi coastal zone
1.49 2.15 4.11 6.54 129 31 29
Gaopu coastal zone
1.26 1.84 31.79 50.94 999 240 227
Others
Subtotal 4.24 6.15 44.62 71.38 1402 336 317
Total 1739 1276
* 50a; * * Sa
6 6.15 m7a’' 4.24
m’a ', 71.38 la  44.62
ao ( 5,
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