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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, i.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-crossing 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-crossing 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-crossing 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
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Table 1 The area of affected sea area

g jeisa:t]
FATNESL Operation period Construction period
Affected sea area K i S () T AR R F T AR

Length/m Width/m Affected area/m? Affected area/m?

BT Gaoqi coastal zone 850 69 58650 64515
TR R Gaopu coastal zone 400 69 27600 30360
PEIF ALK S8R, Others 3650 69 251850 277035
4T Total 4900 338100 371910

x2 BHRAMEWSHTEESREREIRS
Table 2 The affected marine ecosystems and ecosystem services caused by Xinglin sea-crossing bridge

S, Affected sea area

TR IR S o0 T S PO BRI A K d5k
Gaoqi coastal zone Gaopu coastal zone Others
B RGLHN 1dentification of ecosystems
Y LR Bk Y LI AR N/ €N
Mudflat and mangrove Mudflat and mangrove Coastal water
BRGNS RS dentification of ecosystem services
AR A R . ] .

Climate regulation and air quality maintenance
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Table 3 The approach and models of evaluating the marine ecosystem services
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Table 4 The value of marine ecosystem services in affected sea area caused by Xinglin sea-crossing bridge
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Table 5 Damage severity to Xiamen marine ecosystem by ocean uses
BRGNS R i ngAERE2 PSR
Ecosystem services Temporary sea area use Sea bridge
SR/ 4 F5 28 KPR Climate regulation and air quality maintenance 0.12 0.00
By it/ Fa % 4k Flood control and shoreline protection 0.12 0.09
F£43 175 Nutrient regulation 0.14 0.00
V5 YL Aih H K 15 1] Waste treatment 0.24 0.00
ZHH 54 5 H Nursery/ habitats 0.31 0.25
Wl R Fishery 0.3 0.22
W ZRERE Biodiversity 0.25 0.35
KRR R Recreation 0.35 0.12
SRS Esthetic value 0.34 0.08
BlEAF5E FZLE Scientific research and education 0.23 0.16
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Table 6 Ecological damage compensation of Xinglin sea-crossing bridge

B RS BUE N E MR —RAEAMEAARHE Lump-sum payment/ (J17C/a)
Ecological damage per unit/ Annually compensation T [IIp2
AN 3 (FEm?2al) standard/ ( 1 J6/a) Discount rate 2% Discount rate 4%
Affected sea area Hizll fesitall Higl B Hizll] B Hig B
Operation  Construction Operation ~ Construction Operation  Construction Operation Construction
period period period period period * period ** period period
mmﬁ@ﬁ?ﬁ' 1.49 2.15 8.73 13.90 274 66 188 62
Gaoqi coastal zone
'?(Fhﬁl#ﬁ’ 1.49 2.15 4.11 6.54 129 31 88 29
Gaopu coastal zone
LA

Pa AL 1.26 1.84 31.79 50.94 999 240 683 227
Others
/It Subtotal 4.24 6.15 44.62 71.38 1402 336 959 317
# 1t Total 1739 1276
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