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Tab.2 Weight assignment table for Luoyuan Bay ecosystem vulnerability assessment index
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Tab.3 Subordinate degree of subsystem vulnerability of Luoyuan Bay
IR/ %
A T&RY
ARG B — i B R
1986 ~ 1990 TR 8.70 42.55 16.29 32.44 0.00
A 18.40 46.31 10. 14 25.17 0.00
N HE T 11.25 59.78 28.96 0.00 0.00
2004 ~2006 TR 0.00 16.68 37.22 9.44 36. 66
A 11.00 33.24 21.11 23.92 10.74
N HE T 11.25 0.43 50.47 37.85 0.00
2010 ~2012 R 0.00 8.67 8.88 24.58 57.86
fFUE 18.87 22.83 1.03 39.02 18.25
SN V] 0.00 13.83 18.69 58.73 8.74

x4 FRELETREZTRGERBUBHREHEEEES

Tab.4  Scores of subsystem vulnerability and the total score of Luoyuan Bay

e TR LY U AE 1% N BE T We 55 2 A
}J 4 e e e
(Y 55 55 95

1986 ~ 1990 0.444 9 0.384 2 0.3354 0.457 6

2004 ~2006 0.6322 0.480 4 0.529 8 0.514 6

2010 ~2012 0.763 3 0.529 9 0.624 8 0.553 5

P M2 [30] -
3 FRENGESET M TAMR =ATRES
N Te

3.1 MATERERSEE

IS B R G TE PO e — N 2 R
S IR, AE S OAN J7 i, BOBIIT i DR B 13
W E R BT 5 S, G T HAt 7 kA e R AT I
X3  ABAESEE AT A BRI . AR RO 25
BVFIIEN B IR S A S R G VAT T 00 %%
PR AERAML TR 1A L LR S PR 4 R R — Wk
(9 BREE , 11 HRETHI th 2565 20, HEAT AN R A0y 18] 19
PUEL. AR LS R GENE S VE PP ik i 1 BB
HA—EMSEEXL

TRBOMIZE A VR RO AE BT VA 2 B B 2
PN B ERN, AR 22 AL AT VA A AN [
PP EE I (2007) 32 F AHP-BE 25 5 3T 4
BRI A R AT PO I, — RO 258 5 3 R
WY 5 — ORI 25 45 V4 M TR A9 D7 3k, B M
(o +) BT B R R SRR K T 7 A
AL 5. (2006 ) 763 BRIt A 45 AR 4
HESs PEREA T PR IS, R SR B I 5 3, ARG
ELEHIE TIWFHLIR 55 SRR SEL, s

i 55 PR OC R AN ], AN RE TSR, By LRI T S it 5
=T RGAS AMERTUME, PR LI AN G
AT O . AT S R BN, = BV RS
S AR RGN T PR IRE, X 5 HAh 2
HILE AV & 0, iR S (2013) S F 249
BOMI R LR [ 25 5L I s, 2007 ~ 2010 4% 75 A=
25 RS 2 2 A v S R g = )

T B4R R ASWESE TR B 5 2 oA ik
P A e A R AT e, AR T S0 TS A S R G M 55 4
2 Xof BB A — o ey , R 4B IE 7 B A T —
FEMIBIE. (H & Aol LU e 4R (Rl AR fh a3, T ey
IR FATI , AT B HATIEIE. AL, 7858 4 1 )
JEHEIER E I, AR B R B E S
5 RRAaEn. #£8010,0.2,0.4,0.6,0.8], ff
PR B SE  BL10.2,0.4,0.6,0.8,1.0} &%
b K.
3.2 EMFELSEEESRERBUEMNXERETF

BORIZE G PR IR I 45 5 B B RIS IS A 5 R
45 5L P WG 55 A R . X BRI IS AR B R AN
S P T C B A0 MT, 2 BV R B T AR Tk A



134 PR, A5 AR IR AR S R G T =21

77 H R MR 7K SR 5 4 3 S S B i B RS W LR S R
S5 M sk i R R T

B P VR BB T R 46 T 20 14D 60 4R AR,
80 AFAX LA G 2 U VS B SHIAE U s PR PG P A 78 4
Geit, B U R TR 17 b R A T2
71.96 km®** T K MU fi [B] S T A 4 X A W A
B AR, 5 A RS A M MR R, A ) 2 R
WA 2004 4F R 5 2 U5 B B K TR0 AEUB30 5 1 4 24
BRI S 3, (0555 — B 1 22 45 (i UM 22 5. 49
41,2004 ~ 2006 AF VAR Y) BT i 25 G HR AL B Bh
WIS REEE B 0 B ATHE £ B L 1) 45 R 2R 4
ZREMERE B U EPEM R, Y B & T
1986 ~ 1990 4.

2004 4F S, FEE A K [ TV, b5 P I
FLE BB M2 B A+ A A HLRI (2011 ~
2015 4F) )i ASCHE I B, 2 TR A g T LAk
FLRE TR VB H i T Vs TR A o S5 o
(i Tk A 2R 2. Tl A 7 R 1 2 o 3 A A
4R IR SR E A, TR AR
A B0 AFHE AN, 76 A Ko T o 7k g R ™
A%, 0 FR I VI Sl B AURR, T 5 3% B Tl TS Y R S .
bl 1% F5 bs Tolk =8 di GDP EL(# 34,2010 ~ 2012
SRR W) 22 RV TS BRI F 0 | A FE f (R 8
JEE ) PR BRI A S 8 A ) T R 2R A Rl
R AR 5 A ST (8.

S 3k

RSN, Jipae PR %ok 2 A Y AR 25 R Gl e
MR LAY B, B0 2 T SO R AN
L MEBE AR AV N R DR RN R S AL Bl b3
KRS RE T B I35 TR, A B K S fig
B2, B B 2 S A, 0 L7 N AR A4 R
DEUEE N NP SR HR. [ 1998 4ELLS, B
AT EEF RS

MBESEPER =N RZ M CR AT LE .
TR R 125 20 25 AR U3 A R B LI s Ml I/ R
SHAE N TAET AR I U RS I, A S R 5
PRIt B A Oy A o < s b R A ) 2 R PR AT
S5 0, 117308 2o A O 32 O ) € 3 AT L 1 B85
AR, REAE—E R L L2 R GRS S (AL
RABR, RGEAIR BT KR,

P, B4R 2 S T LR S R SRR, B
FLE I S ARG BEARAS BB 1B P IR A 2
RGNass e — 0 K . B T 4R R AL PR AN
PR AT Ry Ab i TR T At -4 55- A R
HEFEBREPHFU 0 Z A E R, NS
TAT R DX A 2% e R R ) e TR A 4
FITHL R, s A 2 IR B 1) 7 SR A =) , ek
AR FEIEE 7 3, TR I s Tl B BT B R K
SIS R L, 5 AR (LT SO L , H i R
Fe i e 2 B A L [R] IR T AR S R G B
&, T SR A W) AR R R A A

(1] PRRwe, s, 3F, 4. H S E M. 30 deat: Blea sk, 2010.
(2] fithe, SM, TR, 4. SANREREA S RGNS IRE M EIFAS—— LAV N B [T ], H i sREipky:, 2008, 27

(2): 101-104.

[3] Timmerman P. Vulnerability, resilience and the collapse of society: a review of model and possible climatic applications[ M].

Toronto, Canada: Institute for Environmental Studies, University of Toronto, 1981.

(4] JKIH, ERHF, WSz ARG IENIELT]. EBZT, 2009(11) : 165-167.
[S] A30n. AESHEMESE Ecotone FUEEREFIE[J]. AR, 1989, 9(2): 97-105.

FRR, R, KK, A IR A S e v HAE N IR [T ], A SRRk, 2005, 24(10) <1 192-1 196.
JalsE it ML R AR S RN [T ], PG RIS PR A4, 2008, 3(3) : 25-31.

]
]
(6] ELR, AR HEmEASHEMSMETTRINRARITT]. KR, 1996(3) :32-36.
]
]
I R, BEREE, Mare M, 45, SRR AR S NES TEL T ] AR, 2012, 32(5) 11 643-1 653.

[10] Ao, 2Rk, skBn. A B R MM s SR a4 [J]. AR, 2014, 34(7) .1 870-1 879.

[11] Benjamin S H, Kimberly A S, Eiorenza M, et al. Evaluating and ranking the vulnerability of global marine ecosystems to an-
thropogenic threats[ J]. Conservation Biology, 2007, 21(5); 1 301-1 315.

[12] Boruff B J, Emrich C, Cutter S L. Erosion hazard vulnerability of US coastal counties[ J]. Journal of Coastal Research, 2005,

21(5) : 932-942.

[13] Perez RT, Feir R B, Carandang E, et al. Potential impacts of sea level rise on the coastal resources of Manila Bay; A prelimi-
nary vulnerability assessment[ J]. Water Air & Soil Pollution, 1996, 92(1/2) :137-147.
[14] Ford J D, Smit B, Wandel J. Vulnerability to climate change in the Arctic; A case study from Arctic Bay, Canada[ J]. Global

Environmental Change, 2006, 16(2) :145-160.



Y R ¥ ¥R 36 %

[15] David K, Elise V C, Christophe M, et al. Vulnerability of Mediterranean ecosystems to long-term changes along the coast of
Israel[ J]. Plos One, 2014, 9(7) :e102090.

[16] ik, Tuhrs, Bedk, 5. SRIEEESREMISTEVITET]. \EEEsE, 2009, 27(3) : 111-118.

(17] SifeEtk. dFm Ers R A RIESSIEPEN ——RIBRILEABILD]. 77 AR IiyE sy, 2003.

(18] Z=9b9b, wgEf, WiRNG, & -V LI ) PPN S L ARG 55 YE P [T ). A28 24ik, 2014, 34(10) .
27022 711.

[19] PSS B2 2. b IS AN L W CREE LA ) (M. dbst: e i i, 1994.

[20] EHEE, DM, S48, & IR EEENEERERZE S T]. PEAD SRS HE, 2013,23(11) :129-
133.

[21] BEEIGEEHT. BN SAEH L (2012) [EB]. [2016-05-09]. http://www. fijt. gov. cn/xxgk/ghjh/zxgh/201412/
120141210_100636. htm.

[22]  ffEkC. HREE A SR SRR SY . B M ] deat. Ve i, 2010.

[23] Turner B L, Kasperson R E, Matson P A, et al. A framework for vulnerability analysis in sustainability science[ J]. Proceed-
ings of the National Academy of Sciences, 2003, 100(14) . 8 074-8 079.

[24] Fankhauser S, Smith J B, Tol R S J. Weathering climate change; some simple rules to guide adaptation decisions[ J]. Ecolog-
ical Economics, 1999, 30. 67-78.

[25] Smit B, Wandel J. Adaptation, adaptive capacity and vulnerability[ J]. Global Environmental Change, 2006, 16; 282-292.

[26] Gallopin G C. Linkages between vulnerability, resilience, and adaptive capacity[ J]. Global Environmental Change, 2006, 16

(3) . 235-316.
[27] 7EeEHr, MR, BRIAEN, % MAEEEASRGERIEN[T]. EITRE¥M: AREI AR, 2012, 51(5):944-
950.

[28] Masero J A, Perezgonzales M, Basadre M, et al. Food supply for waders( Aves:Charadrii) in an estuarine area in the bay of
Cadiz (SW Iberian Peninsula) [ J]. Acta Oecologica, 1999, 20(4) ; 429-434.

[(29]  EREME PRI R bA R 5 AHP-BOIZESIFM BRI D] 7N AR, 2007.

[30] W58 B/PFHII AR AR SBR[ D], BB TEPYIIE R, 2006.

[31]  BREHE, 2206, Woese, 5. ST 290U BRI A B IR A S XS 2R G [T ] DT 224k, 2013, 32(4) .
568-576.

[32] ZHEHMITEmERN S PRBAEIM]. Jbnt: Jrdiitt, 1998.

[33]  ARAR. BRI ESmIE AN AT R AR B SROPFE[ D] % RiElEF Ry, 2013.

[34] 5k, SRS PREKFOF S EERPTTT]. FERERE RS2 A ARBLAAAR, 2011,41(S1) :398-402.

Assessment on the vulnerability of Luoyuan Bay ecosystem, Fujian

ZHONG Hui-gi', BAO Shan-shan', HAN Yu'”, YANG Lu'’, CHEN Ming-ru',
YANG Sheng-yun', XIAO Jia-mei'
(1. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China;
2. Zhejiang Institute of Hydraulics and Estuary, Hangzhou 310020, China;

3. Xiamen Ocean and Fisheries Administration, Xiamen 361105, China)

Abstract : Based on the “ Exposure- Sensitivity- Ability to adapt” framework , the vulnerability assessment index sys-
tem was established for Luoyuan Bay ecosystem. The ecosystem vulnerabilities in 3 periods (1986 ~ 1990, 2004 ~
2006, 2010 ~2012) were studied used the fuzzy comprehensive evaluation method. The results showed that all 3
periods were in “mild-vulnerability”. The scores increased in years and Luoyuan Bay ecosystem tended to be in-
creasingly vulnerable. The evaluate results of 3 subsystems showed that the exposure intensity of Luoyuan Bay eco-
system was increasing and the major artificial stress factors were reclamation areas, port industry developments and
aquaculture density. And the sensitivity of Luoyuan Bay ecosystem was obviously intense, the main sensitive factors

were comprehensive index of marine life quality, biological diversity indexes of zooplankton and intertidal benthic,
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and species and density of fish larvae and eggs. Meanwhile, the adaptive capacity of Luoyuan Bay ecosystem pres-
ented a good tendency. This research can provide a reference for the vulnerability assessment of bay ecosystem in
similar regions.

Key words : marine environmental science; bay ecosystem; ecosystem vulnerability assessment; fuzzy comprehen-
sive evaluation method; Luoyuan Bay
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