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Abstract; Based on the Pressure-State-Response ( PSR) model framework, an indicator system was developed to assess
landscape ecological security. The indicators were divided into two groups. One group included indicators of the spatial
interpolation index. The other included indicators of non-spatial interpolation index which value was suggested by experts in
the field. In order to explore the spatial distribution of landscape ecological security, the landscape ecological security
individual index and comprehensive index for Ximen City between 2003 and 2006 were analyzed through spatial overlay with
the TM remote sensing images and GIS technique. The results indicated that; (1) the mean value of the landscape
ecological security in 2003 was 0. 586 which is within the fair level while in 2006 was 0. 650 which is within a better level ;
(2) the landscape ecological security levels within each districts of Ximen City in 2006 were better than the levels in 2003.

ESTH: BR BRREEEFBN A (40576024 ; {LIHREBIFEQIBHRIFEH E (2005 £8) ; LFRFREBMIB R RESSTE
L7 A A2 & BE BYIR H (2006 £ 1)

U545 B #4:2007-05-11; 4&iT B #4:2008-11-23

EEBEA:INE(1982~), B, TEETA, BLA, FEAERRAESEMN GIS B, E-mail: njusunxiang@ sina. com

# B INAMEE Corresponding author. E-mail; xdzhu@ nju. edu. cn

Bt MRS RIS BTE B0> Mei-Yin Wu BIBEE NS EA T8, S04,

Foundation item; The project was financially supported by National Natural Science Foundation of China( No. 40576024 ) ; Graduate Innovation Program
of Jiangsu Province of China in 2005 ; Shanghai Tongji Gao Tingyao Environmental Science &Technology Development Foundation in 2006

Received date:2007-05-11; Accepted date.2008-11-23

Biography :SUN Xiang, Ph. D. candidate, mainly engaged in landscape ecology and RS-GIS. E-mail ; njusunxiang@ sina. com

http://www. ecologica. cn



3564 £ K5 % K 28 %

Among the districts of Xiamen City the landscape ecological security levels ranked in decreasing order in 2003 as Tong’an
> Xiang'an > Siming > Haicang > Jimei > sea area > Huli, whereas the orders in 2006 wasTong’an > Siming > Haicang
and Xiang’an > Jimei > Hul > sea area; and (3) the landscape change pressure index in 2006 was higher than the index
in 2003. However, between 2003 and 2006, the landscape ecological security control was strengthened and resulted in a

rapid urbanization of the ecological system.

Key Words:; press-state-response model ; landscape ecological security; Xiamen City
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5, 54B B ILE LA A 25 % 278 A L AR F AL B R BURR 22 s AR LR 5 B BT AR A LR

XA RS RGN BRI 5 TR AR A AP AT AR FIAE A AR AR 2RI, 4T3 R RAR 43 (X 35
SRS 2 AR BLHATA I HLB A0 X 45 H) B A% T b , MUV SE R 7 5 A R 3 OB 5T ; IR, S S L 3h
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1 EWMESRSENF®
1.1 BWAESRATEN IS B RR

T RS-GIS HARME 1A SL LM R NE 1 Fim.
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AR RIS BTN AR R BB RAREN Y

(1) PIEERITE PRI 2 D BETE A PR TR VLA 7525 T B A SR TR I PO 2, I B 45149 L T B8 BB ER Bh A A4
BEE LRAES RGN ZREEMEEE TR MREEL ™,

(2) $EFRTTES ARk , Fo40 5 e IX S 0 WA S B 25

(3) JBARtR AR A Rtk REY S5 W o ST R T B

HAELL L EAEN, 2T P-S-R HLAHERR 18 I A 447 47 s 08 2 1 O R K I8 47 , B T 1%
WA RPN IR R , TR AR B AR LR B 1 BT HJZ (dimension) , B A R7S W 3L 3
ATH 5 2 B EIGHFE (index) . RIS SRR SRR IR (data sources) FIZFEHRLE (weights)
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Map digitizing and expert GRID making and spatial < Regional remote sensing images and
assignment interpolation basic map collecting
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The GRID database of landscape ecological The criterion and weights of landscape
security index in Xiamen city ecological security
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Spatial overlay of landscape ecological security index and GIS analysis between 2003 and 2006

Bl EIERESEEFNHRER

Fig. 1 The assessment procedure for landscape ecological security in Xiamen City
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Table1l The index system of landscape ecological security assessment for Xiamen City

WEEE) U (E) SRR IR

Dimension ( weights) Index( weights) Data sources
FWRAELES(0.3) Wiy R (3hA) (0.6) TM AR 1 R R IR A4
Landscape change press Urbanization intensity index Remote sensing images

W A R B (BR) (0.4)

City development intensity index

RMERRLRE(0.5) LB LNE(0.4) W Fragmentation TM AR 1 R R IR A4
Landscape ecological security state  Patter security indices of the landscape Remote sensing images
R A2E(0.4) EBREMSME
Functioning security Ecological service value
PREH(0.2) HDWRE 1 ()
Resilience Ecological resilience
EIHESYBANES ™
AR 0.2 . ; gEA
BWASHE IEJ'F_\L"( ) ' e AT BB K R A S ﬁ@#ﬂ‘l:’%i&ﬂ)ﬁﬁﬁ«n &
Landscape ecological regulation . ! ] Eco-functional Planning map for
Implement degree of ecological function zoning . ) )
response Xiamen City and remote sensing

images

1.2.1 FWEHEER

Wi REY R E SR PR EREENAESE, GREKIBAESRAR RN EEER, H2R

WY N KIBAESRAZ 2N MERERTESERTHRER, —RERAMA G KIS IREE 2 s,

KIBAERRGEZIRTY 7K B BB , DU T T & A Fi3 R 8 , HAZON R T R A AR = BB

M B R AR s — R AR SRR AR B AR K, XA R I 7K 89 B B, DU
BBk E, AN
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i,t~t+n

= [ (ULA,,,, - ULA, ,/n] x100/TLA,
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1.2.2 BWREZEEREIT

TR RO B A AN R A5 U (B A AR AR ok [ BRG5 1A SE B M AR 1 L D BB R 2RI . T RE DT
FIPREREST o

(1) EHWERMMREN  FHEE KRN = M ST s R R , S ER HRGW R B RTER
REFEFMPMBAGE SRR R , AT AL UL A SIS B AU R LR B S AR
& B ERAPEEN 10 NRWEHHE R EE BT i (RIS  FORE PP R Bk Pt
BRE B PR G R E A L AU ACF I RIS 5 B R SR R B R R P B
B O BREERRUER) , B e R W EERRRRARHRAN L 2, HERAFY:

PD = S/ 4,

R, PD R B BESAERE E (A~ km® ) 5, 53477 B0 Y — 3 P S B0 F BRI, A, 1 3 R I 26
B AR (k) o

(2) ThEERERPRA AEERERS EERRNSSTERRAIIRRIAMN, G5 TESREN ALR
B E BRI AT R TR S R AR A0 IR S5 ¢ (BB , A2 JLB9 JF KA A
MR EHRE . ASCRIE VR NS XA S R IR HE R BN SRR B KBS ALK, AR AR
BT R A S R GRS B R S R AT AU IE ™ IS IR T IR 11 253 AR B 3
WERBIA R R GRS I RS, R S BRZ) B R 2R ZRY i 1

(3) THMHFAMIKERES) FHASRG B RER | BRI XIS H S SYshRE S B/, wTE
WASTEER R, AR NIRRT E RS T KIBAERFSREZ b B RIATRIGES , 7E0EAT
SRR, AR GRS IR 8 o X A 2 B TR PR /) , HES R 3 PR S TR A T AR 2 SR A
1.2.3 RWATLR M (AE) 815

T AR AR DL A AR R AL Y AR s K I AR AR 2 S R B SR R B 5 S 16 it , POl AR AR T R X
RV ERER . AR R RARYE KA SR ER SRR S A SRS =R 57
AL KA RE ORI 3 A AR S HRE X B A o L B R Dy il S X S A AR IR ST AR 7 5 S BA A 9 X 3K
EREEUERRAEANSE TRV AR RE KIRAE SR AR A KIED, LSRR X 8L
BTG, DA TN RRSr K AR IR SEHE ] B AR N EATT ], B L E — RS R A RES TR, RBUGH 147 X 15,
ERZENEZRETE, B BRI SIR— MW r R, 4 — B B N —E R B, 1R
PRI A SRR R FTIRED , LRI T7 R B SLHROR #E17 & & 3T 0 RE, HARBIH SR I
=2,

£2 EINERVLESHERIFEZEHEEREE
Table 2 Scenario setting for implement degree of ecological function zoning in Xiamen City

J8# f1JE Implement degree*
ARy Year AREPK B b EAKE RREK/ Tk X
Nature reserve Wetland Forest Farmland Built-up area
2015 2~5 2~4 3 4-~5 2~4
2010 1~3 1~2 2 4-~5 1~2
2006 0~2 0~1 1 3~4 0~1
D2003 0~1 0~1 0 3~4 0

BEiITHHREGEPR. BEITTHASHEX BB 4, 2005 Xiamen environmental protection bureau. Ecological functional zoning report on
Xiamen City, 2005

O BEHEAEGFPER. E5MEXREHITHE SEPA. Ecological function regionalization criteria. http://www. sepa. gov. cn/natu/stbh/stglq/
200308/t20030815_90755. htm, 2003
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1.3 FUAESRZETN R brE

R ER—ANHITHME S, T AR LN RES B WM TG — AR, 7 LB TAES @ H
SR PR E P B VB B AR R RAE ¥k o BT LAARSCSE 48 2003 4EF1 2006 42 R THE S5 R, SRR R A EHN &
REBUERE R B/ME, B R B/MEZ BRA R EF SR HEIT AR, AR RGP ERK—K N 0.4, BRI
mo. 1 #HATHER G, HEBRBESR, BESRRERRILE 3,

£3 EITRVESRLIMEFIE
Table 3 The ranking of landscape ecological security assessment in Xiamen City

RS IE R % Ranking
Index f( 1) Worst (1) Worse #i(Il)Fair i (IV)Better  #(V)Best
WY IR E Urbanization intensity index <3 3~6 6~9 9~12 >12
3T I & F 58 & City development intensity index <0.2 0.2~0.4 0.4~0.6 0.6~0.8 >0.8
WAL E 135 ¥ Landscape change pressure index <0.2 0.2~0.4 0.4~0.6 0.6~0.8 >0.8
B Fragmentation indices of the landscape <15 15 ~30 30 ~45 45 ~60 >60
EBRGIREHHE Ecological service value <17128 17128 ~33815 33815 ~50502 50502 ~67189 >67189
HEZMRE 77 Ecological resilience <2.2 2.2~4.4 4.4~6.6 6.6~8.8 >8.8
BURAZ 235 ¥ Landscape state safety index 0.4~0.5 0.5~0.6 0.6~0.7 0.7~0.8 0.8~0.9
N i /i
i;;zfi%f;ﬁ%fﬁﬁfﬁﬁﬁond zoning 0-~1 1-2 2-3 3~4 4-3
RULESRE WY <0.4 0.4~0.5 0.5~0.6 0.6~0.7 >0.7

landscape ecological security index

1.4 BWARZSFNIHTRE

FEGA PR Z B, AU A [ B RHEPR W I B ER AEAT R AL AL B, 3 TR 2891845 X, = (X, -
X o )/ (Ke = X i) s T B NERL ST X, = (Xpe = X) /(Xe = X i) o FHF XN SME, X AR
JE B EAEL, X e M1 X i 73 5 R B KA BR/IMEL

BAHNREWESLELE 5554488 LES(landscape ecological security ) FTTE AR N : LES = 2 W, xX,, &
=

W, LES AR MASE 2G5, BT 0 ~ 1 Z 8] X 45 j MEREAE, W, 558 j MR IR IE,
n R FEAR N
2 EIIHERNESRETEG
2.1 B XA SR IR

BT AL TFRE 118°04'04" JL4: 24°26'46" AL B E AR BV R 88 AREER- JLUBTLAGAL , BREEHI B
R BUHR BHER EEXR ALK LR (B2 FRD), MEH 390km’,2006 4E4FE K 8 X @Rk 2
158km” , F 4 A 35 233 5 A MR L 234km, # X BOK R4 27km, RN UG 31 4>, 2001 4E 8 [ #77 BL
JE B B R MG PY R 2 B X, 4 T S M0 5% BRI 1o 98 VB B A IR T IR BE 5 78, T BRI E R EN S
WM S SNEEX , B S ISR R, FERKI R AT XIS R B RS M S5 AR
BT R Y 2, BT K ASE B H G E ., FEEEPLREAR . TLRAMR . EEMSKEE
TE g 32 B AR T B IO A B /AR Tl 7= el X P 0300 S, DX AR S WA JRf R A B A R e, IR I A AR %%
2EIEESTNES . 7T BB N B RS T b 2 , A8 308 A i 3B R HE 9 2003 4E 1 5 29 HIY
Landsat TM #4711 2006 42 12 H Landsat TM (i , B E) 85 B HhA0E , DA S B 1 AR 3 T AL R b 72
2.2 WHMER

R4 LA IR BB 2 B An i, L ACGISO. 0 A F- & , 15 B AR (L 383 DR L 248

@ BEIHHERPR. BEITHESHEXRPFEIR L, 2005 Xiamen environmental protection bureau. Ecological functional zoning report on
Xiamen City, 2005
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B2 EilihEaE

Fig. 2 Location map and study site

B A AT RE X RIS ) IR S R SR 25 AT E 3 ~ B 6 iR,
2.3 SRS

it GIS = E A G BB SER RN S A RN ST E B E 4,
2.3.1 BEWECEHIREEGATEE

2 4 KU IR RSR B AR A R A R EE P R KA 2 X 2006 4FE 2003 AEHME ARRE
BRI, A VT4 SR B SR T AL R A R A R R ZE K. o 2003 4RI 9 JR 98 B TR (8L X HH BRZE
£ X O R X G0 KGR, F R RILE AR BERIR; 2006 Fmiiy REBESHEX FRHRUELEX
EHE FAZRKFE ARRDEE ARSRIF RS (R rS) SMNE LA R DS IR ER, 1 V5 BT 6w
T S AR R % RO & B R B I KRS SN A B . TR T FF & FEGR BE 2003 4F 70 2006 4F B fH X 5 3%
MHERRER—H, BEF BT KEH

FRIBITIT Y™ RS B AR T TF & ) A B AR AT B8 B i BB 4L I S 38 8 (1 3 Ak 4) #RHA, 2003
4EF1 2006 4F BN GAEABERMER (RE. PREMPERX) R RFRE, MRS EX (PRE.RE
X)) A Bt 52006 47 R X 3848 2003 47 F o5 43 WA BTSN , iR si st A i , AR BRI 46 2 B
VA VS L X P B A B, 3K 5 0 VS BRI R IS B | A Y RV X T & T — B
2.3.2 BWRBSREWEEEGATEH

7 4 09,2003 4 B [ THOEIR T LT & 5 A A K WL etk R B A R R IX R L P AL
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Fig. 3 The spatial pattern of landscape change pressure index in Xiamen City
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7K channel 7K channel

15 Legend

XA
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B4 EIRRRSRERPERESFE

Fig. 4 The spatial pattern of landscape state security index in Xiamen City

B, R X T L, i X P ;2006 4F R {E X 34R tH BRAE 2003 4R f) 1 20 X, (H 38 B4 Brgis , BTe R EIX
H IR R X ALER B ERE N B SRR L X IR WA AR 5B B R (3% 4) 2006 R REKX
(FRHE P RE) 3 2003 4EIE ARG, XORB A SRS HHER TRAESE . XIRAREMEE (R 4) REREX
H1 2003 4E(¥) 74. 8% T 2006 4F 1) 66. 2% , 37 B X IS A AR 25 KUK B VR I HI 7RI
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" Dongjuharbor.
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FER 3
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B5 EITESTEEKREELE ) EE RS 5E

Fig. 5 The spatial pattern of implement degree of ecological functional zoning in Xiamen City
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3 5
I | s Hai
S LW 8
Maluan bay & Maluan bay

"E iy G
JuiTh - Xiamen harbor: jily Zansl Kiamen harb
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i
17.6‘3/60’2% 12.1% 0 5 km
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-
42.2%
B Legend
w1 (L2 Worst T k4l Worse 1770 1T ez /8 Fair W rhEe 4 Better B V H 4 Best

Bo6 EITERESESLESHP=RTFE

Fig. 6 The spatial pattern of landscape ecological security index in Xiamen City
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2006 4F[F] L& 1 JH % X AR RS R 5 P AL AR AU = A (R S X PG LA oy RS S B e RE
X, BRERAE 2 X 52006 4E LR ILIARHAR AR R 18 X 45 2003 44 sl n, R REB T E, WM % X fE ¥
X EXEE TR PER, RSB UBOVHE .

Fd 2003712006 EHITTRVESRENEENMERREABERITHITER
Table 4 The statistics analysis result of landscape ecological security indexes in Xiamen City between 2003 and 2006
T B4 (% ) Percentage

o A
?jgmﬂ% R TEMEKX Worst  IFMEMEK Worse  IIFMAK Fair IV RE AKX Better VR Best
ndex
2003 2006 2003 2006 2003 2006 2003 2006 2003 2006

ﬁﬁﬂf‘}ﬁﬁg . 93.3 91 5.1 6.4 1.3 2.2 0.2 0.4 0 0
Urbanization intensity index
ﬁﬂl‘ﬂ:ﬁfﬂﬁﬁﬁﬁ .. 69.8 65.5 18.5 16.5 6.7 8.2 3.4 6.9 1.7 2.9
City development intensity index
RV B
Fragmentation indices 42.2 4.9 24.1 24.4 23.0 21.9 9.4 8.2 1.2 0.5
of the landscape

N
ét'm\?ﬂfﬁﬂﬁ%m‘ﬁ 38.7 41.7 38.7 36.9 5.0 4.9 4.6 4.6 13.0 11.9
Ecological service value

7=
&£ ﬁﬁj} . 2.5 4.3 6.2 11.7 16.5 17.8 36.5 29.2 38.5 36.9
Ecological resilience
AR KRR S B
$5 % Implement degree of 83.3 47.6 15.4 35.7 1.3 16.7 0 0 0 0
ecological functional zoning
RWEACIE Ty B Landscape ) 4 601 462 255 108 10.8 1.5 3.2 0.1 0.4
change pressure index

A

RURER 2N 1.0 1.9 26.0 22.0 28.2 24.2 21.4 26.3 23.5 25.6

Landscape state safety index

2.3.3 B WASXRIVERELE S ERE

FOWA: 7 X R L R B Rl 4y 4 R (B 53R 4 B ) S S50 B AR E X B B REAIR, IR
M EX BET R, = X I B2, BB BUR I KA TR R ) 379 S BAK , (BB 14 B = i ) B
W 22 D BB K Y B )

2.3.4 EIHEMAESREEATIEH

BN 8MAERREEEHREER (B 6) BR,2003 FETTRMAERK2FEFHEN0.586, 4 Fh 4%
H&IKF,2006 A FHEH 0. 650, 4b FH R EZ 2K AR B P B L 2E 0Tk G4 e 2006 4R 4 L F 2003
SEBIA AR, R A S L 2E B & B 43 e 2003 4R 12. 1% #2743 2006 4E19 37.7% , B KIS S AR L 2
ERAKFERBERR,

MR BT AT B X R 2 T 4 SRR, & X 2006 4235 2003 4E4{E A Tk, 2003
AT PR LKA BI(0.58) 1R (0.57) (E3K(0.57) F%E(0.59) MEEH(0.54) , 6 THEKE
2K FHAHE(0.49) AT HEELKFAFZ(0.63) , HEZ2E BRmmEHF KK RR%Z > A% > B
B > ¥9e =43 > Fi 18 > 118 ;2006 4 FHEE2/K A B 0.69) JHIHE (0.60) .7 (0.62) |
££3£(0.61) AR (0.62) AT H KA E1EH(0.59) , A TRAFHERZ(0.72) , HEZL2EHR
HERHEF KRR FIE > B >l = MK > £ >HE > B 18, 2006 435 2003 43 iE /M EF KK
EWE(22.5%) > BI(19.0%) > FH%(14.7%) > BEI1EH(9.2%) > % (8.8% ) >H£F(8.4%) > W%
(4.9%) o HEFFSIRFWIEZIXTE 2003 4571 2006 4R H R MAE S L 2B g m, HIREEZKHLORE I
FIIRT R R RS R MEE N, KB REE R ERKERSZ2KERU%ER, B«
BERBHAREERR, BRBFESEEDEIN, RNASKE2E R, WEFHPWSERENAES
ReFEHEEMN E 1R R NAERE 2B RN AL X RERXE, B IEERER%ZE.
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GV & DA B A R i B T & BRI A MR MAE S KRN Y M EEE X —E
5 ENAETE, BT 2003 ~2006 4F3R5E R & A 878, 2003 ZF 2006 4F45 =35 L) T /KK R L BI7E 2 4 £ 7+
(2003 ~2005 4F435 4 53.3% \76.4% \79. 8% ,2006 4F L. 2005 4F 5 1%) , 3+ HE 177 2003 ~2006 4FG M
REARICRBRIE 4a BREP X ASE AW S TR AEYEMXTT 20 H2 90 £ REHB(20 g
90 FEMF28 110 B/m®, 3T 4a 7324 50 F2/m” ,2003 SFHZ T 8 B/m’) ,iT 4a WIS EEAEYBERA
E , AT WUt Y5 RSN , LR M AR , KRS IR B R e B AL M BB A SRR R Bt — P R T
B A S L 2B RERNEIE WL X H 2003 4F M 2R X 50 B O ML FIA T X LA RS0 BT TR AR 3™
WA Bk, RIEE BN E N T BRSO ER, FEH Tl TR KR REE R X Y 8 IR E R B
BT R 3l , Rl B XBORFPUER T T BOREXT A /S , BR5EE BRNAE SR W R e 2B, 8 R X B R A
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