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Modeling the total allowable area for coastal reclamation:a case study of Xiamen,

China

LIN Chenchen', RAO Huanhuan', LIU Yan®, LI Jingmei’, JIANG Yuwu', PENG Benrong'
1 Joint Key Laboratory of Coastal Study, College of Environment and Ecology Xiamen University, Xiamen 361005, China

2 China Institute for Marine Affairs, State Oceanic Administration, Beijing 100860, China

3 College of Economics, Ocean University of China, Qingdao 266100, China

Abstract; While creating useful space for agriculture, industry, and urban development, coastal reclamation damages
considerably the marine ecosystems which human-kind depends on. How to control the large-scale coastal reclamation is a
great challenge in China. This paper presents an analytical framework and model to estimate the Total Allowable Area for
Coastal Reclamation ( TAACR) to provide scientific support for the implementation of a coastal reclamation restriction
mechanism. Various benefits and costs, including the ecological and environmental costs of coastal reclamation, are
systematically quantified in the framework. Model simulations are developed using data from West Sea of Xiamen. The
results show that the TAACR in West Sea is 89.44 hm” at a discount rate of 4.5%. Area of West Sea must be maintained at a
minimum of 44.52 km® so that the social well-being can be maximized. Under low discount rate, 2%, the TAACR is zero.

Even with high discount rate, 8%, the optimal reclamation area is 157.97 hm*, about 35.83% of the total planned area.

Key Words: total allowable reclamation; optimal reclamation area; benefit and cost analysis; Xiamen City

BEWE : HZMEEALTHITH (201105006) ; FIZA 2R HE G5BT H (12BJ064) ; fiEE A AR2ARE S BTBIIUH (No. 2010J01360)
Weis B #:2012-09-04; &1T B #1:2013-03-04
# WIRAE# Corresponding author.E-mail ; brpeng@ xmu.edu.cn

http ://www.ecologica.cn



34 MERBE A« FR R AT SR VR SR T AUl —— ST ] P TS S T 767

PR EG v 2B 0 A 7= 00 RRASE 1 1) 38 38 4% Vg I
X — R A st SRR 40% 19 A
F1 2 (0 25 7= R 2% 05 s AR A rh 7245 5 i 1 53 T
B 109 A9 R Mo IX > BT e N 15 3 AU
Hh DX AT I o R < 2 [B) AR 7 ), SECIE 2 1 p oy
T ey b DX N AT A e b e e e 9 S ) X, 7
Sy I Zan B A 6 G &5 e B B R a0 g 24
TR | 9 [ A 459 M UL 2 38 K AR SELIAT s o 3 3
I R R A TR 2 A0 Tl AU T &
JEEFH M, SR T 3K 3 S AR IR B AR AN 1 M
e 70 T ot el 45 YA 9 RV 2 ol b DX 1Y) 1 9K S vk R R
TN IR T N LA AE i 1 S T
RS RG

M 20 20 TP AT G ) KRR IEI 15 Hh, © 4e fif
FRE L 1.34 T7 ke FER ARG SR AR Eh 3
FRAE Tk A & e s X P EGE 50% YT
TR R 73 % (W 2T MRt 2K | 0F 1 5 | Ak A 2R P A
SR A W 22 R M 0 R R XA R
ok, JR Pl 2] TAE o e DX ] s e R

TR ) [ R AH S F2 il ST 1 b 1) 12 B v L 1% St
RCREBAS AR BRAR . 2001 4EA0UA Y ( R A AR 3 A
] g Sl At FH AP BRYE ) 56 33 25 IS A I Sul A 2 B
P ) LT i M B T 2 BRI T B, (R Y S
i bR SR fE P 4 o O (B M T LA A &
M5 35 250 36 4556 F I B V380 F 408 0 5%
PR T 28 5 I T B A il BORE JIT 512 it 1) K 7R 3
LI H AIIRE 5 18 AR A R AL I H Hh g
S A L ) R T AR 3 S50 28 MRV 0T H 020
S EIE 55 Be e, AE SE R, KISR0 3 1 5 H Y
TF R B AAAEA KT H 43 i T A/ NI A 3k
e R T AE R R, 1982 AEWIAE (1999 AEMEIT)
(A N R ILFNIE PRI R L ) 5 43 4501 47 S50
FE T e TR ANV T AR I I H A 4 6 1 1 T
H WA 7000 B BB R2 PR (EIA) , 35 H IR EE 5
M AN A 25 R —T00 H () B2 ) 1T 1% A 55 8
F A FHOCH H g REUREE R, B — 350 H X5
S A LU 35 /0N DR T 28 2 308 1o 3 35 52 Wi EAN 77 A
B E B R, R 2 B0 0 1S 0 H AR T
R ) R IR Fr LAJRUAE rp L IBORF FT — R T A
REL i SV 5 b, Y VR4 T TS SR AR T R Y I 1
HTRI,

Bl 25 BT — e R VR T R R R 1) T R 1) 2020
AEFR A 5780 km? LI Hb T 5K | 3 JC BEH X i
PRSI AL SR T Y, NI e
PREZ ¥ S0 1 b () A RGE AR, LA R S5 1 b 75
KNP SR AESRERI IR, Hrhry—F
il TR Ty G 2 ST AR I SR b AR R 11 B s
“CHTLRRIRE TS B v b 21 2k ) i R % AR R
% R IEU i M 1) 22 ER 3R R AR ) SRR I B 2
— A LRI TS AR B 1 B /NI SR T AR, I DLk
R IE 2N X — fre /N WA 25 B 1) T Sk v R
Tk, AT AR T 2 A T 1R A 1 I A 1 S AR
7, AR BUR , DM B e sk A, B Ok X A
R S ¥ 177 S 1 e A T LA 00 4 o) R R AR S VA
i,

T TR VS TS i AL 3o L 2T 2 ) S B AR AL
i 2 0% & e AN R B R4 0 ity b A A TS A
KAT FeVF T 1 A TR, I8 S i T
A5 B K AT SR/ B4 SECIAE T AR A 43 AT E 4 RS A5 5
B4 I A ST ) VR AV R 1) G v S KT
FOVFIRIR AR BEAT 1 AR 4510 MRS 4G TE 18 3
AU

1 HARFGEFEER

1.1 JEAEIAR

S b A R R TT AR A RO X M A R
SR RO B, SED 3 T T B = T
TARMAE = DA T & S, ik n] DU HE 4 25 4 )
st Mkt S ligs o [RIE SR 18 b R 3 — R
GIAS A G IR A, AL 2 A R Ak, I
ARSI RO, B i b R 3 A E A e T vk
HCHR A ) HPCIAE i b A 8 A T RO e KA Ak 2l 35
RS EE IR BA ) |

FE 2 v S A R AR AL RT FH AT Sl 2 0 Ja
RUAIA .

Max. NB = 2 [pi X flx,) - C(xi>] - Z z Ck(xi)
ic1 i=1 k=1
(1)
@  http://news. xinhuanet. com/local/2009-06/24/ content _ 11573216.
htm

@ B BRHE IR LT i A R S A S B AAS I S
TR Fe R AT SRV T AR

http ; //www.ecologica.cn



768 VST

S

34 4

s.t.
h;(x;) < h,max (2)
KX, NB Fmifg 7 Bl s 320 (= 1, 2,
3,0, n) AR  p ARAE (ST Y L
o B PR R i B AR 5 f (o, ) S0 B 0 SECE IR Y
LA R e () R i SR R AR
FEM A RS k= (1, 2, 3, -, m) AR I 35 b AL
AT CF (w,) FRoRALE @ T & FRUA 1Y AR bR
B PRE h AL Y 29 SR AR, AN R 2
WOCH AR A%, ERXT v WL
PREL
DA b St R 1Rt i) e DG e, " (PR Y
TV T AR, 0 2003 2 Kuhn-Tucker 25 1F, {H &,
Kuhn-Tucker S5V 7E e LA 1) 06 BE55 1, AN S22
A2 Jry e A0 Ak 00 58 53 2 A o AR AR R0 28 O 2 — 3
W, SFU i b B AR PR R A B T AT B AR S eR AR
O eRER, SR TR S M A 2 oK KR [ pR KR, XA H A
PRECEILMIR . P, s B H & Hessian HiFF &
TE 1Y, BIAEAEME— S KA
JT R (3)—(6) F i T FF 5 1Y Kuhn-Tucker
M

f(x ) de(x) - 6Ck(xi* )
pox M) ) g 20
x; ox; = ox; (3)
oh(x;
A, ) =0
ox,
h;(x") < h;max (4)
Ahi(x7)=0 (5)

A =0 (=04 h,(x) < hmax) (6)

iR (3) ot Ltk 54, DR (4) Je il AT 4%
8,7 (5) A AR Or R (6) R ARTAURAE,
AJERiAg B H N7 25 BR B R
ERIKI
1.2 HusE b ilces

FEQLE i SRS AU R R BLAE T R (1) 1 [p,
X f(x;) —c(x,) ] T, ERBUEIE L b AR Y
7R R E S AR O P A AR Z 22, E A
IRGTIRATT b X — 22 U2 b O FH G 50 T3
S E R -t B RT3 e SBC L E E l ob W s 8
Y HEE RN, AT LA B A SR TE i 1) £ 20 4
AN IA LA O D SRR il 1 3
AU T A A S8 A | ) 28 B A - M 04 T 3 40 4% Ok

(e

n bk S 4 U BE A AN R B, AR
PR B L B A% AN TR A 0L, AN TR XY £ 3
AR AT A o QR SRR 8 4% b )
MR AL, 07 B 0 SEIRIE A s AT RO R (7) R
HATIHE

j=J
P =Y P, xs, (7)

Rift = (1,2, 3,0, ) For E AR i= (1,
2, 3, ,n) fRRIGA & P FoRENLE @ b i
JrAI L HANHS 55, 08 | BOEIE Rt b ;O =X
AL EE

1.3 JHIEE A

JECU 1 b A AR TT DL A3 4 A4 (1) TR AR
A (2) B RGN F A ; (3) Wil P EIE TP IR IR
FEA I RLAR ; (4) EOE S EUR DGR S A R
R P A R RAS TR AR 2 48 5 ol JEC A 3l 25 o T
DAy A %) A i A AR R A Rl o B A R A
oE TR HRAG L,

MRS RGN NFARAE T &M RS, b nde
BEEYIRIATRL, B IR AEAR TG B | ¥ ik o Bl 7K
ARG TG Y, PRI 1 26 Gt 2 Tk A XU T 3
PHAT A BROK SCRN A%, LA K 25 40 R AL I 3 9 5
SECV s b K  DY SR U Sul 4R 6 3 2 il 55 R T 1 T
I XA g 3 S i 1 A S R e R R AR S5 1
A1 A SR, AR 1 b X AR S R G RS
P i, WA 2 2 R G AR A5 I E A TR A

SEUVA i A TR VA TS UK Bl T AR, IR AR VS
T TR S SO0 U 70 TR A% 388 T, 338 o535 98 B
AR VWA T DR A 5 SR v S R AR =
AERAS T VS A ) R AT VS K AR I A
i e WS eI e T o A s A JBUR BRURS it 4 1
TGSy YL AR T BE N YT G A B A ET DL
DA 5 DR S 3 5 | S %) BB 2 i S RO 7 A Y
BAR
1.4 USRS FIRAS AR

FEE b A% S B T VR AR A b
AR BLE , Blan , 2 aRE folk A2 M Tl
JH M%) B e A FHARE R3304 40 70a 1 50a, HoAL )
A A= 28 R G F A 8 H LU & AR
R W TRENS HLAL W SO B T S
RS FISAS AR (. — WM A (T b fy

http ; //www.ecologica.cn



34 MERBE A« FR R AT SR VR SR T AUl —— ST ] P TS S T 769

) FIRA LR 28 U AL AT

_ (1+r)"r
A'_S(l +r)" -1 (%)

A, A s BlOAS AR M5 S A OG A9 — Uik
WA A BAS BB r JE B s n JEAR IR
— YR A BB Y TR A (C™N) TR
LT T BRIt 0 HURE A Rl g . AR T3 (8)
WY B IR TIET5 R, i DU I b TR A A 45
WA (C™N) TR AN
CIC\G/\

:CE\G X r (9)

2 ROTHR

JEITH TR 8 AR m, BB R, 1R
TR, BT A AT 2 2 T O SRR AT AR R B el
AP AL IR 7 RS . 20 fHad 50 4F
AR LASKE 1 R FA LI 1 b A 6] 125.74 ke H) 935
77 Bt b (#E B 2005 4F) o B 52 90% K
SRELRIMRIE R, Z2 i AR W BE IR 00 1 SR A S 1 3 3] 10
WE AR, S Y b S A NS B — i, A i
TEN BT i Ak KR B 8 IR A FIORE L 9 28 1
ool % 5 B FC Al v R A RO B, AR TE DR AR A
R U B TR RS R R

R AE X RRE B0, A 0 X 28 5 bk % e T
R IR T b R %) o R T A 2 ] e gl [
BB TSR AR T 20km?® B LV TR, o 7 T
B 7 AR X (N WST 3 WST7) B 0 T
a4l km® (DL 1,32 1552 81)) , PHIREIRA T 1]
W AR AL, KA LR S T T4 S A0 R TR
Fl, KM IO i M ) 28 {9 3 if A 108km?

DI A 5 ¥ 5 e R AT AoV S 3 o T AR N A
BRI L, SR RBOR AR IR 25 T el /N e
AEFFAO AR, AZESP e R A A R G IR T

Il
& AR X

B 1 EAEEE . BRERENL XIFEMER

Fig.1 location and area of planned reclamation in West Sea

and Tongan Bay of Xiamen
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Table 1 Revenue of reclaimed land
o P ARITCH N TR
Location hm? Share of different uses < Price of land®/(J0/m*) eighte aieragze price
il Commercial — Tl Industrial 7l Commercial Tl Industrial (P;)/(Jt/m ﬁz)
Ws1 48 0.2 0.8 2950 250 37.95
WSs2 147 0.35 0.65 2950 250 56.92
WS3 22 0.45 0.55 2950 250 69.57
Ws4 44 0.4 0.6 2950 250 63.25
WS5 114 0.35 0.65 2950 250 56.92
Ws6 39 0.4 0.6 2950 250 63.25
WS7 27 0.75 0.25 4150 700 155.66
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Table 2 Value of ecosystem services of planned reclamation area
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Location Value of ecosystem services ﬁﬁﬁ%\% 3 E’\] }J&‘Z’Kfﬁﬁ EI/\J Zﬁ% R Jéﬁﬁjaﬁ@ EyL/J\:
. o e xR A BRI T
z:z . R (1
WS5 9.46 dce
WS6 9.46 =0.288x + 2.91 (R*=0.97) (15)
WS7 9.62 o
SRR L B TR 5 U R RS e 5 (t=13.06 P<0.001) (1.71, P<0.1)
®3 FEEEBARNBERBAMRETENERMNE
Table 3 Dredging cost and value of carrying capacity of different reclamation scenarios
R R B, Wk mak o EEECRE
Scenarios  Schemes Reclaman(;n area Siltation/m? Dredgljgfcost Tidal Z()hime carrying capacity
/hm /10%J0 /10°m’ J10°5E
1 JoAfE 0 1528597 4540 416.5 8890.28
2 wWSs6 39 1534061 4556 414.7 8852.00
3 WS6+WS1 87 1540786 4576 412.5 8804.90
4 WS6+WS1+WS3 109 1543439 4584 411.3 8779.98
5 WS6+WS1+WS3+WS7 136 1546695 4594 409.9 8749.40
6 WS6+WS1+WS3+WS7+WS5 250 1559404 4631 404.1 8625.60
7 WS6+WS1+WS3+WS7+WS5+WSs4 294 1563642 4644 402.3 8587.17
8 WS6+WS1+WS3+WS7+WS5+WS4+WS2 441 1578295 4688 396.4 8460.38
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Table 4 Estimation results and sensitive analysis

[X J2f, R A AR/ hm? e K AT ARVFIEIE 1 B Optimal reclamation area /hm?
Location Planned area 4.5% 8% 2%
Ws1 48 0 0 0.00
WS2 147 8.6 23 0.00
WS3 22 19.07 22 0.00
Ws4 44 13.46 31.86 0.00
WSs 114 7.85 22.25 0.00
Ws6 39 13.46 31.86 0.00
WSs7 27 27 27 0.00
At 441 89.44 157.97 0.00
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