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Predictive valuation of ecosystem services losses from sea reclamation planning

projects in Tong'an Bay
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Abstract; Coastal zones cover only 10% of the earth’s surface but are inhabited by over 50% of the world’s population and
become regions with diverse, essential, and extensive economic activities. In China, to resolve the conflict between
economic development and land shortage, reclaiming land from sea has become increasingly intense in many coastal cities
from the 1980s. While expanding land areas for economic production of various types, construction of factories and
dwellings, and increasing economic benefits, sea reclamation activities have nevertheless caused a series of negative effects
on coastal ecosystems by either displacing or destroying them. Unfortunately, some decision-makers and others, such as
developers, often pay more attention to short-term direct economic benefits while ignoring ecological damages and
environmental degradation from sea reclamation projects. To account for those damages, therefore, it is necessary to
monetarily evaluate the losses of coastal ecosystem services induced by sea reclamation activities and to integrate that
information into the planning, exploitation and management decisions affecting coastal zones. Tong'an Bay, located to the
north of Xiamen Island, has a sea area of 89.9 km’, featuring a half-closed sea bay with a narrow entrance exemplifies the
assessment of those damages. Since 1950, the reclamation projects in Tong’an Bay have added 33. 65 km’ of land. As a
result of the urbanization of Tong’an district and the development of the West Side Economic Zone of the Taiwan Strait, the
sea reclamation demand in Tong’an Bay continues to exist. This paper focuses on the four sea reclamation planning projects
to be developed in Tong’an Bay, Xiamen. Based on the analysis of the adverse effects of sea reclamation projects on coastal

ecosystems, and considering the characteristics of coastal ecosystem services, the paper establishes the monetary valuation
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models to estimate the losses of coastal ecosystem services associated with sea reclamation projects. The methods for building
these models include: Conventional Market Approach, Replacement Value Approach, Experimental Market ( Pseudo-
Market) Approach, and the Benefit Transfer Approach. These models are applied to the case study of Tong’an Bay, and are
used to quantify the losses of coastal ecosystem services likely to be associated with each of four planning projects. The
estimated results show that the ecological losses from four planned projects would be: 1.36 x 10°yuan/a, 5.44 x 10° yuan/
a, 6.79 x 10°yuan/a and 1.48 x 10’ yuan/a, respectively, and the ecological losses per unit area would be 68.65 yuan/
(m™a), 70.36 yuan/(m™a), 72.43 yuan/(m™a) and 76.84 yuan/(m™a) , respectively. The ecological costs are larger
than the project costs and they increase with the sea reclamation area. Based on the valuation results, the relevant
recommendations about sea reclamation in Xiamen's bays are also provided. The conclusions are that, on the one hand,
Strategic Environmental Assessment should be carried out within sea reclamation planning in order to minimize the damage
on coastal ecosystem. On the other hand, the standard user fee for sea reclamation should be adjusted so that the
government can optimally regulate the level of reclamation while safeguarding the sustainable development of the coastal

zone.

Key Words: sea reclamation; ecosystem services losses; predictive valuation; Tong’an Bay
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Table 1 Classification of coastal ecosystem services
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Table 2 Location and areas of sea reclamation schemes in Tong’an Bay

{37 & 437 J2 1 X Locations and areas /km?

ES

Schemes ZS il XIELE X Rbk-15 &t
Port Logistics Park Wutong Liuwudian Dongkeng Fenglin-Pantu Total

1 1.98 1.98

2 1.98 1.32 4.43 7.73

3 3.37 1.32 4.43 0.26 9.38

4 3.37 1.32 4.43 0.26 9.86 19.24
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Table 3 Ecological damage caused by each sea reclamation scheme
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Items Present
1 2 3 4
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Eﬁﬁéﬂﬂ,ﬁﬁﬁﬂ“ m . , 1.98 7.73 9.38 19.24
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IR B R FL K km
Length of coastline destructed/km 5.7 15.87 17.13 30.86
A 43
i%'bﬂiﬁéfﬂﬁ.( x10 m {a) 0 0 0 1.0
Amount of silt deposit increased
WA KRR x10°m)
. 18.2 21.44 .
Water body volume decreased 3.96 8.28 33.97
= 6. 3
?ﬁmz( x10°m”) 333.8 328.4 313.65 308.15 278.8
Tidal influx volume
. ;
" ‘ﬁ%w&gﬁ/( me/1) L CcoD 0.2226 0.2225 0.2226 0.2228 0.2201
Concentration difference between high tide
and low tide TN 0.2052 0.205 0.2022 0.2016 0.1935
TP 0.0251 0.025 0.0249 0.0245 0.0244
YRh s TR FAE IR
Influence degree on endangered species Chinese white dolphin it ] B B
CE 1 Lancelet B B#E B# B
H% Egret B B B B
2
WAL AR hm , 0.2 0.2 0.2 14.0
Area of mangroves destroyed /hm
x4 BEFEEYEERR
Table 4 Evaluation methods and data sources
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Costal ecosystem services Methods or models Data and sources
LA RS £ Food AR(1) Ry - a=¥0.3179/(m?+a) ¥
Provisioning services ¥R Gene resources AR(2) V,=$ 59/( hm?a) [
TR I 3
=¥1
Maritime transport resources AR G3) Car 5/m
PRI AR(4) V, = ¥31783.35/(hm*a) [4!

intertidal zones and shallow seas

; Pio, =204.3 g/(m?-a) B, C = $ 15015705 ¢y =
ﬁﬁ!jﬂﬁ% . S fFPAFT Climate regulation AR(5) €02 4 €02 02
Regulating services ¥370/11%7]
TH 3845 Erosion control ARK(6) C, = ¥2 x10%/km;n =50
BEIAb P Waste treatment AR(T) M, =0.15 g(m*d) ¥ ;C, = ¥0.0576/g;:6=12 h
A ¥ 4 Biological control AR(8) V,, =( $ 38/(hm>a) ['?) + § 40/(hm>a) ["*1) 2
et y - 2, [42] 2, [43]
AR . ﬁﬁgkﬁfﬁ?ﬁ? . — V,=( ¥1.90/(m>a) 2] + ¥0.68/(m>a) ! + ¥0.70/
Cultural services Recreation and tourism (m*a) 1) /3
N
e . ARO) V.= § 62/(hma) 2
Science and education
TR % ) . P, =55.717 gC/(m>a) 13 ;E=10% [¥];5=8.33% (%],
: . W14 77 Prim: roduction AR(10
Supporting services P ) o=1:5.22 %l ;p=¥ 10/kg;p =25%
WTP, = ¥83.74 p.p. a (¥, WIP, = ¥73.83 p. p. al*;
JeiRs WTP, = ¥63.13 p. p. a 1), U, =2,000,000 p; S, =246
LSRR AR().(12) : e P
Biodiversity maintenance km?;S, = 152 km?; S; = 164 km?; Vm = ¥17. 33/( m?-

a) [47]
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3.4 GERGTE
T 3 A 4, W22 4 B (B0 WM S0 L 25 RGOS AT 5% T AL A0, B R T 5

*5 EFEH(HE)BARERNBEFESRERSRENETUIEMHER

Table 5 Loss of coastal ecosystem service caused by sea reclamation schemes

FCH) 7%
B ES RGNS Sea reclamation schemes
Costal Ecosystem Services ) ) 5 4

AR % & Food 62.94 245.74 298.19 611.64
Provisioning services FR% YR Gene resources 8.18 31.93 38.74 79. 46

WL % YK Maritime transport resources 0 0 0 15

WEVFIVR ¥ intertidal zones and shallow seas 629.31 2456. 85 2981.28 6115.12
P IRS K475 Climate regulation 26.44 103.21 125.24 256. 88
Regulating services T4t #8755 Erosion control 45.84 126.96 137.04 246. 88

S4B Waste treatment 12281.3 48418.6 60706. 6 132800. 1

H: W35 Biological control 5.41 21.11 25.61 52.53
AR S IR T Recreation and tourism 215.82 842.57 1022.42 2097. 16
Cultural services P} F Science and education 8.59 33.55 40.71 83.5
THRIRS% Y144 7= Primary production 182.76 713.52 865.82 1775.94
Supporting services H Y 2 FE: 4E4 Biodiversity maintenance 126.23 1397.96 1695. 62 3713.56
B Total losses/ (Ju/a) 13593 54392 67937 147848
AL B Losses of per unit area/ ( 56/ (m?+a) ) 68.65 70.36 72.43 76.84

S ST, BBl (J2) ¥ 5 — %8 D 0 A 2 75 TR IR 5 5055 £ 5 TR B M. 13593 79 /a 38 41131
147848 J575/a, B RS 68. 65 55/ (m™a) BANE] 76. 84 T5/ (m™a) o i 7 RUECHE 9 R R, 2B
YR IHRE T RE LB A R B A% . (BRI K IE (100) 3 , 3 I AR BRA T RAIZ I, 0l
FEl (J20) ¥ S B 25 0 5 e A3 7684 T5/m? , SR T AE TS H , B B0 4 4512 £ £k 2 WK, 17 3 AR Je S 281 T B

YRR JE TPl () ¥ BB TR A Ay 600 T6/m? %) | HAF )+ M 2 7 2 iV L 1A £
29% 45 70a J 4. 5% W B A B 1 26 R AR (H0) W9 TR AR BBy 865. 87 76/m?, TEARALES Dy 39. 08
T8/ (ma) o 52 A H L IR — T 7 58 DU A A TR 5k 5 TR AR 4F 4 1 EL 143 51K 176% (1809
185% 1 197% , Bt TAREHRAR , I 2E 4k b3 52 TR A FR (320 ¥ T B A TR B 48, B0 7% 1 28
BUEROY . A%, (B0 MR S e A B TR AR R I , t % B2 SN ER 2 FR B A S 3R . ol
k2 2 RS0 ER 2 RIRA A 2T 2 1, 2298 45 (0 ¥ 07 R UL & BT 42 910 107,73 56/ () |
109. 44 55/ (m™a) \111.51 55/ (m™a) F115.92 75/ (m™a) . TC5E , KIEHCEHA B T RA T R I,

AT R AT A P T MRCRE B (2006 ) ), TR 228 00 g SR PR A A AR M 7. 5—22. 5
55/m? , B BARIE , 35 4 T SR M O A R O 1 3 20 PR, TEpk R B4 ) B S0 3 0V 9 A 5 B
M PR I, RS XS0 TR0 A B ) 5 A e M P P A R LSO 2 AW 4 R (320 Y97
SR B T HE e R TR R T

TE 2T AT, BEANERE TLE , E 25 e A e oK 8 T AL A2 SRR A B/ , s e
B T ST R R T I SO I B 2 B () W 3 S B A 25 B SRR T A 1 S
e F R ROk T FEL (320) VIR — R A A o FRVEISRE 170 , BEP A A BR B AR , £ 2 R T 4
SRR, T, S T SN A 75 R 1 T 5 S PRI VE R0 B T 54 R 8, 16 7647 PR () Y ML R,
AR HLTT e A 1 75 RGBT 55 T AV, P AT AR S5 R A B TR s, B 0

SRR L, B2 A 07 R AT, e AR S
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BRI ESRERS RANNEE T ESREFRBRM G . ASCHERHES RGNS 0 vits
T SCAEH SR AR S5, XX DU AR 95 BT AR 55 AT IR o BHXS & 28R 55 B B W45 A, 2 BT 1k
BT gk A TR AR S R W T B 3R Wt B R i AR S R G RS540 O 3 T AL IR A A9 R
RAERAERL, 20 (R 4 /> B (3R 1 LRI 7 58 FT BB 3 A0 8 12 A2 25 R GE AR 95 400 AT B8 T AL PR A,
SR B, NITR—ZT7 R, B B R AR, B S R GRSk 2 3 Rk, B
W T TRERRA . BT HIPFAESREN 72 GR) RIS, BR T 5 I8 (35) %A st A1 E
BTREA A BEME RS IGRA , AU UL, 7 R85 vEmh 1T TR E S48 0, ER b
RFAR B, PRAUENE 7 IR RS AL TR R R

W& I TRt ST RE A R, 7T R s LR BB R, B (3R 1 R 3R 3 IR RSy
Ko BURNRX B () W2 RBOR , TR 5 BRI [0 S MR O F 8 D IR B B B M 5 N 3%
[ Sy AN 3 X, PR HOR SR BOR 9t & FISCA TR AN AT B S X i il AR S R e ™ AR, BRI B 2
R BEAT AR R BT M PRAYY , ] BRI BURZ T X SRR IR o [R] Ak R AL B A h AT Vi el 8 A
TR BE , 38 5 DA s o8 ) e A WSO , (o6 T ol o P e AR WAOH HE RS UG & B Bt S 2 B R R BUIR , D158 Sk
I N A PR R A E, A B R () 1.
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