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Ecological damage assessment of jiaozhou bay reclamation based on habitat

equivalency analysis
LI Jingmei, LIU Tieying "
School of Economics, Ocean University of China, Qingdao 266100, China

Abstract; Assessing the extent of habitat damage resulting from sea reclamation could help policy makers meet the
necessary requirements for developing policies on marine ecological damage compensation and ecological restoration.
Recently in China, increasing research has been conducted to monetize the ecological damage resulting from reclamation by
using revealed and expressed preference techniques, such as travel cost and contingent valuation methods ( CVM). The
results provide new approaches to quantify ecological impacts, as well as socially and economically based management
suggestions to inform policy makers. But the use of CVM, or other revealed preference techniques, for estimating non-use
values remains controversial because these techniques tend to overstate actual losses. Habitat Equivalency Analysis (HEA)
is a tool for assessing natural resource damage, and has been used in the United States and Europe to identify replacement
habitats for a number of coastal habitats injured through oil spills, hazardous substance release, vessel groundings and other
anthropogenic actions. Termed “ service-to-service”, this habitat-based approach seeks to determine the amount of
restoration needed to compensate for natural resource losses. HEA is specifically used to find replacement habitats that can
provide ecologically equivalent services to those that are lost from the damaged habitat. Jiaozhou Bay, a semi-enclosed bay
supporting the coastal city of Qingdao, is undergoing rapid industrialization and urbanization, and facing huge pressure from
reclamation to expand its usable space. Data from previous research shows that during 1958—2006, the Jiaozhou Bay's sea

area was reduced by 33% , mainly as a result of reclamation. Focusing on the scale of reclamation of Jiaozhou Bay, and its
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ecological impact during 1988—2005, this paper assesses ecological damage using the HEA method. The results show that
approximately 35 km’ of Jiaozhou Bay has been reclaimed. The total damage to ecosystem services during 1988—2005 was
41.33% , which represented the combined damage to biological resources, tidal volume, environmental capacity, wetland
landscape, and biodiversity. For a restoration project that reclaims farmland into sea, the scale of restoration should be
22.47 km’ at the discount rate level of 5% to achieve the reclaimed sea’s initial ecological service level. HEA is based on
the provision of restoration services that are equivalent to the level of natural resource damage, and this method requires
discounting the future cost and benefit. Parameter sensitivities are analyzed showing that the two parameters of restoration
time and discount rate will affect the result significantly; the increased discount rate and restoration time will lead to a
reduction in the restoration project area. Following damage to a natural area, a restoration project is urgently needed to
reduce the resulting ecological damage. We conclude that HEA offers a viable alternative to traditional economic analysis
when potential injuries to ecological services resulting from reclamation are being evaluated. Furthermore, our results could
be used as a technical reference for local governments when conducting ecological restoration, as well as a tool for ecological
compensation management for the highly efficient allocation of marine resources. The HEA method is only beginning to be
applied in China, and theoretical discussions have not yet commenced. However, it provides promise for the continuation of

in-depth empirical research into the future.
Key Words: habitat equivalency analysis; reclamation; ecological damage; ecological restoration
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Fig.1 Estimation of Damage to the scale Fig.2 Estimation of repair scale

a (URBAI I LA b ARRSUE S HOE I B o (LRATT o RFRAER L TAEZ AT HIEATHO IS5 AT b AR FRBETE AV TR
LK S5 AP 3o QAR 95 RE ) I L s e B AR AL IR L% AN IS5 K T4 0 s o 1R MR 5 B (609 KK P G fRFetls
K- B IX LARE KT A7 TR KA B T

BV AR Y21 B PR S O TB0 Z0  LLZR P B B e R, PR TS Al R 7 B TR X, AR 2006 4F i BG4
PERE, BN 75 BT W R R B Sl 220. 02 ki, RV TRIFR A 352. 94 km® , HrP RS HIE K S AL 5 m SRR DL
AR 38 T R ORI R o P S A B T AR A 70% L) B

2 5t S — A ST A AR RS R G RN TS b X dE S 4 U kR R 35 B A A SRS Thfig . (1) it
SRTIIRE SN T B I8 IR S A 7 4 v VS W AR R LR R A S T i a2 R B A
15, BT PRI A= s e i TS OB 2= 10 24065, SRS o 4 o P 3, Herh & 50 M (B A R 1l i
PP TS S IR AR TR TR | R SRR A ) B 0 2 7 B A 06 2R IRV | (S 2 7 B R T
R R AP s 58 ML (2) MR BRI  E— S R =G E R KK EARE T
IR S5 HH 432 1/a,864 1/a,3420 vVa, FE0T LIHEWT, 4 J5 BN VS 72 -5 — G /K K bR 45 14~ nl 7%
240 200 t AT A IR TS Y, T GO AKOK PR IE SR E T AT FHESH 600 + 2245 Arilidis e L (3) BT
TIIHE VS K R TR B RN LA T A NS | e rp = B 3 A 45 ) ) | vl AR
K A0TSR AT AN TR, T T AR I A TRT 11 38 bt e T, A T VT T 3 e 3 M T
HHE B G 3/4 , 108 AR 4 () B BRI AT R = A R b A0 2 2 ROK TR R BB S AR (4) B SRR
AE S VS LR o0 A 25 E B AT b, 1 S B ) /K A S b R A b, 7 s P A VA A A 2 T A ) 5 2 o
KL RIS I B AR R R Bk A X 2000 AERLRI R B GORE I T IE M 51 Sy [ B B
B

20 42 50 AEAR LA, 07 i b — B2 J5e N 125 A RRURI /K s T AR A /N B 50 AR DL B 4
AT R TR M TS R AT T Rt 0 R R iy, A i i sk (550 5 B R |k R S A (R M
VBT AR D . 1952 AEBE NS T AR 559 km?, 3] 1999 4E T A4 /NE 382 km? , ARSE /N T iE =432 — 4%
T A TE & 3G 3, B MY B4R 4R /N 3. 77 km® | J FH AR R0 210 152,
3.2 MV RS VAR s A A R U

W E AR R E AR R TR 2RSS R — A TR IR 5 A 5 A FRE Ze b —Fh Ty
PR I il R bR A S TR, RN, B 538 A8 bR JE HEA J7 3k s Ay G, 8 AR b
B ILLL ZPHUR A AMEAE BT PR A IR 55 1) o o RV AR X 25 S AR AR DG AR . AR I A M
T I STV i b VA S R R I 9T SR, AR SO DL T 8RR & A2 T 1988—2005 4 b Bl UV 3 i A 2B 25
P R A 0

http ; //www. ecologica. cn



7150 H

2
He

Eild 32 &

(1) A=Wl

i v R B2 e T T AF 5% T X VS PN St L B U 320 A I A 45 SR R B, 1980 & 1985 A St gk A FR 25 109
Fl2 90 4R LIRAL K faFh2E 58 Fh /D T 46. 13% , MR EEAL 5 80 4E1CHY 10% 247, 2003 4F 5 £ A 17
TR RN EE 1977—1978 4F A BN A FIEA BIrisk /b, i 175 Bl 3 Z5FPORT 6 RS RER 163 Fh, 1820 T 6. 86% ;
2004 A B B IEE S 81 Fl, 1T 1977—1978 AR BRI 116 s/ 1 35 Fh, 98 1 30.17%
1998—2001 4F-14 A5 1980 4F Y I8 28 AH b, 30T 7 15 1 R 37 18] 4 92 b 719 JEG VG 3 4 2 5 AR 57, 2003 —
2004 A3 A % B P T TS A b R [V M P AT DK AR P 58 A, 20 20 80 ARAR I A B A iF K AL A
118 Fift, FFE T 50.85% ', ARG L SCHHSCTA AR GORE, TRUFA 0 A A W Aok A= N 80 4R 3 20 20k
HA AR B (a0 3 L DI ™ R A5 R AR A 1988—2005 4 Ji M V25 [ B0 1l %) 44 Joi 2 48 o
Ji£ 4 50.85% .,

(2) g

Y i, i e AV B = TS T RE A AN K A IARTR . 9 & 0 /N 5 TS B K BRI BUBLE H B B
| MRS B B W R taE Y i AT B < R SN RE (3 A I o2 s W O 0 2 e RN AT AN (TR e € AR R 9T A
NV 7E 20 tH40 40 AR LA, H1 il 1 358 A MUY B () Tolk =R S8 5, 38 o ik v i K AR ss 46, LT 4
BPRHEAT R AN AHITAE AT N B, N 1988—2005 4F | 1 T Bl IR | M P 725 S 1y R A R g i 2> 6k Jse M
B 9.42x10°% m® YA 9. 02x10% m® , ZAHA R/ T 4.25% B AV RE ) RI% 4.25% 2 (% 1),

F1 1988—2005 ERIMEHNHET LS
Table 1 1988—2005 Jiaozhou Bay tidal volume variation statistics
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Table 2 The comparison of environmental capacity and sea area in Jiaozhou bay from 1992 to 2005
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4 100% .

3.3 MV A A A T

PEGETT,1988—2005 £ 5 M1 V25 RIS 1 H T AR 35 k2 ARHE DL b BE2R A2 4505 A6 B (14 5 f AR o2 4k
{5 8., BRI 1988—2005 4F:[1] , Jic M VA5 HELIAT i Hb 1 A ) D R0 3 A 0 T R BR A e TR M OO A
Y2 REVEAR A3 B2 50. 85% ,4.25% , 39.83% ,11.70% ,100% , LA T AR 3450 e N v 420045 s i A= S Th e A2
PARERE AN

>,
0=""—=41.33% (2)
2 X
K, 0 FoR BN A ST RE R i X, £R 3 1988—2005 4 e M VA5 il L v M TR A 5 D, 10324503 1 X &
TR n MBS VS A 25T REZ i Fp

0 T 2 — I 7 SR O Al 0 2 AT I B, T 220 0 PR 114 2 45 ¢ YR i A 35 194 IR 55 T RE i 2k

AR 3 Fis

BzZT,(1+r)"’xbfb_xJ' (3)
A, TR F A AN ] 5 o) 7E ¢ R, f B A2 400 B R AR R 1 IR 35 7K -5 b, B IR 32 105 4 AL 1 iR 95 Ak
2 r N 06 B 25 R A TR I R
3.4 WEBE TREARS ML

i FEAE B2 S5 M A i B A LB | X6 T 1 LV 3 M X A A R B B B3R, 7R B 8 — B M IE E TR,
FEIX B SR TR HA i TARME S 4t IF e 18 52 A= BE R n Ik 55 55 W) T 32 0 2R B 4R AL A il 55, 2B B8 i A3k 1Y)
MRk 55 5 R A B (B Z (B YOG R IR AR WK SR 2R 1Y, BRI IR 55 KT AR 1Y, 1988—2005 A4 [l
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TR Z 0 A 25 ThRE 518 MR TG 2 TRRAESENEE 4 IR, Hod  REK B 3L AE IR 55K F Fr s it 18] 4 8a,
BRI SS KR 0, FEHER 55 7KFA 100%
Wi B2 TR R IR S I AMEFEEE I A 3 (4) Ffs .
L= e x
A, TR TR R ARTE ; o NAE ¢ BHEAR e 2 TR RS AKE; o B R TR S IR
PRI S5 BRI IR K 5 r S DA 35 U B 52 235 o R 309 B 0 B %

R4 1988—2005 FEEBNESZNESHESCE IERBRSNIMEE

Table 4 Parameter comparison between damaged ecological function and return to sea engineering from1988 to 2005

(4)

Z 41 # Damage 42 & Restoration

i oss0s S e ;
FEAERY IR S5 7K Basic service level/% 100 WA RS 7K Initial service level/ % 0
M55 eI EFLE Service damage degree/% 41.33 FEHENR 55 7K Max service level/% 100
Z R Total damage area/km? 35 i B Discount rate/ % 5

3.5 HEBE TR

K NOAA HEFE M ARRL > BRI SR M AR L A RTHR T, BRI AE S B & o Bl 35 02
WA RA M ABE V, =V, BB E SR A R S5 5 IR T 2 U SRR AR A IR 55 B 1B S LA Y
HHRAKXWT .

il b, —«
N A
S=0Q x—+x-2 L =22, 47km’ (5)
L P P
P -t o % - b
Z(l +r)7t X ;
t=1 i

A, SOMBEE TR (km?) 5 o) FAE ¢ R, B0 2500 BEIRAR BERI IR S5 KK 5 &) D7 ¢ IRHBIAR , 00
PR TARSLME AR ST KF 5 o" FEMB S T RE s xSRI 55 ORI 8K F 5 b, BEIRZ BJm 4R (I A9 IR 55 J 4k
V, B (TR ) B2 IR AR BEIR 55 RO AN (B (FE 4R BEIRER IR 510 ) 5 v, Do sy (TR ) B 2 T AR S AR 55 19
B Q 24 1988—2005 FEIIFUHEE Mo BT AR (k) 5 r A AABEFE T AR B A2 45 IR0 A 5003 5 ¢ DA i 46 AR (4
B ) BYFEMERSE] ¢ S TR AR ] 1 OB S TR IR ) L 85 T AL o ]
3.5 HURHET

AEBE AR AT e DL — s MU S T AR S (I e 55 AN 32 38 T AR SR BHRUIR 55 /KA AR iTde , 7 2R
SR B R 5 AR HEAT I B, I B B R O AN E R B S TR RN (R 5) o SRR, TRk
B RN g A 3 AR S [8] A2 H X HE S T AR RIS A S, QPRI BRI 5% |, A B A Urb 2 H ik 1) 5 K i
55 7K (R IR TR] 2 R BB UL RN, Ik 6
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Table 5 Sensitivity analysis of ecological environmental damage based on different discount rate

BB/ % SR A% 5 5 K/ % 5 TR B
Discount rate Restoration service level Damaged service level Area of the project
3 6.65 9.22 25.25
4 5.94 8.74 23.79
5 5.33 8.30 22.47
7 4.32 7.49 20.17
9 3.54 6.78 18.25
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Table 6 Sensitivity analysis of repair project area changes based on repair time

B4 TR FIFEL K FAE R a ZARBIN ST K/ % BIZ I35 7K/ % BT km?
Period to reach the baseline level Damaged service level Restoration service level Restoration area
4 5.33 5.23 35.67
6 5.33 6.87 27.15
8 5.33 8.30 22.48
10 5.33 9.53 19.58
12 5.33 10. 58 17.63

4 HitHitie

(1) FEIBUE I Bl AN UK AN L BB 121 B DAY 1 9R Ja e, T L X I 08 ¥ 3ol ) A 2 3R 5 1 ™ F AR
1T 2B IR IR 55 A AFAE T S A% ol i i A 2 M (i, A SGE A S5 o i i, LASZ
Tt 4 A B R R A 40 S 2 i A S LR A A BB A2 D SO, e e A R0 B TR A USE 11 DA BT ST 1
A ZSAUE BTG LTI 15 A i b 1) A 240 3 B PG R T BRIE

(2) T 1988—2005 4F-F9 i 725 Pl SFCIAF i b MUAE B9 8 T B A 2530 3 I IR 2 30 1) J P 2 oL i s
SRR 35 km? | 38 A A W06 U5 b A 25 IR 55 DO RE R S AR HE Oy 41.33% , LIGR IR M 1852 J7 SR Az
155 B N5 2% 78 5% RO IRAOKF T BREAE Z IO 8a, 32 101 ¢ TRMI A= 5 REK 52 21 I A K F, B 2 T
AT AR 22.47 km® . SHCR B TR B, 52 40 35 A 90 52 I AN B 3 9 e 0 o 3 25 2R i 2, BT
ATE A0 5 A e ROPRAI A A2 A0 P58 28 T RS T LIS S Bt 3, PPAG S8 18 T A DA BURE Xob i 1 725 Pl 06 i
HoREAT A A S BB | IS P ARG AR B A8 2 A B A 25 IR 55 0 (DR B A S 4

(3) LA 1 AL i A 25450 3 DA (9 B 58 S5 3R AR EE T A SOl DA 3 1 9% T AR A o iF 58
i, TR A A B R T AR s B R ABRAE 3 T, —J7 i, S o 5 AR B B 5 R DR 119 5 5 — 7 i, &
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REMREAAAERF SAEA, ORI B (9 A9 JEE 02 BT IR ] e e A1) P 2 DA BRAY 6 1T EL 5% Th AN IR 2R
BRI —, PRI R MIZIS 25 AT O E 7S PRN el 25 5 T, AR08 T 2547t JBe H 12 PRl
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