, 2021, 36(2): 342-355 http://www.jnr.ac.cn
Journal of Natural Resources DOI: 10.31497/zrzyxb.20210206

ETESRGRSEHENEER X
ESME = B

1,2 1,2
WAEE ", BRARAR
(1. AR AT R, A Al W vy e R 5 3R 5T T S50 22, AR 350007
2. FE ARG A MBI SE BT , M 350007)

TR AR RGNS BRSO 352 hE 5, AR ST R b X A= 252 (| 254, Sk
My — IR 2 N 2% 2 [ A S B R . SR T AR S R GRS (LT HE , DR 45 pig VA o R IR
TR A, 256 A A R GRS e B KR A A LD 4k T AL e A TR, S5 AR 2 &
TR HE PR SR, N FH e/ BB BE AR R ST S A A e A R IR T R A X RS T
2% OCHEY Ry R A IR S NG A T b BV SR DX A AN N s ], S5 5R R : (1) BEZR U8
H GBI X TR AR 41.64% , A G 0P X AR S HURXCRIA: 72 A 16 X 43 31 Y 22.67% .31.58% A1
4.11% 5 (2) 425 5 Hb 4E v 1 rp P e g 1L X, FEFRARAEL X 5 (A 45 5 1 o A — 3850, i oo (i IX 22
I FIC A RAAE , 85 U 5 (3) A4 25 P03 3 DO DR AR AR A v, v P S S e AR
JIZ, 7 S T Ve DXl A K R R b R G SR 0 AR TR R L, 1K )y DR 3R 2 TR i g £ R
IS (B SR 5 (4 ) P e 0 ARl X JLIXC P 20 PH 35 JUJRRAE 22 vt ™ il A 25 I 2% 23 [l )
AT JRy , R DX A P A 0 AR S T RB & L S & i — A s T Rl R R

KR LR RGRSS s A A A A3 8] 5 e/ SR RH SRR ; 5 I8 SR X

PEREIREAL 0 S M, NI 3 S 23 R IR AR R B b IX 2 o A2
PP TR IAZ O T, R R RN 2 B i e i A AR X E R R G kS (Ecosystem Ser-
vices, ES) BURECAIINGRZL, 51 kAB RS A LI HeE A8 m A S RS0k 55 it
TR, ABRGMSS BT OCRZ ARG . Wi m . NG5 5% AR ASCAI R 1Y
LRGSR, PR SRR T S PR Do H R ITEE G VA . IRFERS FIGISHOR, %
JEF ARG TR At S IR aE AR A R G RN AN A S Al IR 55 Ut 5 ) B A TR IR 4%
T, B AES RGN S LTI A A S S B atg DRSS B AR
DEAEFE, 2K EE SR OCHR S, TRk R R . A S Ry e it
E EASBE, MM 5 s At A r | 25 W 248 )R, BEA &5 Tk
FETAESIRL IR T IX [ 423 MRIR R, a8 T RS R GRS e

BRGNS 54 A% SR R 2 T AR S R S R, E SR
T X RMEITABIRAY, ZHEED TSRS, MiAE XIS SE PR H i A fE e 3
RHANZERY A, ES T M2 N B . BE S i A A s S22 AE By, B s|

WimBH: 2019-05-30; EiTHE: 2019-07-24

EEWH: FRARPFIATH (41771136); fdERHEER LI (2012NZ0002)

EE®: WIHE (1993-), 5, WHIGARA, Bl FZNE WA IR I .
E-mail: zhongguo999long@qq.com

BIRAER: BRRAAR (1964- ), 5, tEEREZAN, WL, 2%, FENF TS 5T,
E-mail: slchen6@163.com



2 WILE A% BT AR RGNS U i B s X A A R 2 S TR 343

SRS [ SR TR, 5 BT ES 25 MRS B /A AR SR FE ™ AR 250 B A 5 ZH 7 8]
Y. RER . PIRRAYZSRIR S B XN RS R GEIRE . IS5 SO R
ISR MAES ARG TR MR O — LA™, JE At 5 AR R 1Y
Ay, FeHEHIS . AR NIEESIIERTE, K. R A ShEg S
[ AMERIR S, (U B, AR SEPRIE t (BURE, BEAE) BRI 2 (HfREs
AKSCPTTEE) W FAE SR RE e, JEE A AE S RIS A IE , SR E5E
HAEFIE BUREE XAk 25 (W] P 28 4544 H AT, RLA InVEST RS | DU 45204 . R
b B Ol ST R R A DA T IR R SR PSS, SR FIRAE S R GRS
s S PP IR 114 25 TR B B DR SR 2 i o B 2, sl (LA X e — A 1 il 55
IF, BRI KR o B 2 ) 23 A2 T d] A L A 25 AR Gl o5 1L il 11, 3R
0l ES AL i RE AN BR AR IO HE B BN 25, (EOF 5 SR DAl 1 o g ke e e XM &
ZRIF TR R T/ N R A 5 DX IR R AR A S, LA T B D A T T B
ZAALRTCNERZS [ 2558, ES TEMCTITHEZS A S AT 502 DA A 255 (RS SRy FgE Tt B R B¢
IR BUKFIOEERE™, B HATIEB ="

JEZ SR M XA T PR T AR DR IX 2 —, SRt Hosmsl, JE AN MZ i
I, HHMEZ N ki, SRR, BAFEh sk sk . s X Sk
A AR SIREE IR, SR AR Rt . B IRER I . R ZGTS P ). R DA S
25 A B EON R AAERS, RIS B R E A, MESREMS TR, HR
CEART s TAlE R A RS T DR IR R X ORI (U B T A X, B X XA R 5
WA ERE . ASCRL IS —Rsi—Rok” HUSHESE, LR AKiGsh . HHiEipl. M
AR L K B ORRFSFEIN R, T e/ SRBRBH R 5 R DA S e P St IX A 25 R
e 25 B RO RR Bh Es AR, F0 A 25 R SRR IX M S B 1Y A, PRI A 2 S Al X 7
N . MEER P A LA, R 2 BN AR AR I, MR R SR X
AR s a], et X 2 P —A AU R R, DA — 3 — A 2 s 1l A

(IR SS kAR S

1.1 ARXER

[ R SR X N HERR S R R4 AT, H
WA AR mvE (B 1), KRGS, B
SESTARENL LK, Kb T 23°48'~25°56'N, 1170~
119°05'EZ (0], W EEIT. WMAIRM NG
ITE) =Tl JRF WA 1 2 U e
KT, MR L0 61.22%., H#EA

R /m

P PIE 11 6 AR RV U, SO o
e RE, PR IR B AL BEPIR SR
WO, A BT, JURIT . BT L
JEL 5 5 Xl S T R 240 7 46 24 o e T L

20.4%, AN 5 4528%, GDP 544 1 BETER A

HB XA 7 R 47.87%. MR ALK Fle. 1 The location of

Xiamen-Zhangzhou-Quanzhou region



344 H % % | % i 36

Z—, BAFEEBANHBSCEE, XA AL R SR, ARG —EEK
RIGE PR R A ST B T A
1.2 #EskiR

P B G a0t Bl . A SR IRBE B AR G2 (1B 55 . R BAANEW R Fh
LRI ORI T (ETEURIX AL 2017) (FEINGEHHES2017) F1 CRINGE
THEY2017), FZAEY AN R RS (RIS ) B . 2016 4F 51 R i
[X Landsat 8 2 BGZ AR GURN L SR 2 . 3% T i) GDEMDEM %4 (30 mx30 m) >k
U5 FR 2 ()50 2= W3t o R ENVI 5.1 FAb B S E BB Google M]3 ok AALAE B F 2
PEHL X R 2R, JE575 2017 4F 10 m o3 BFR L 95 8] (hitp://data.ess.tsinghua.
edu.cn/) MUAEAHMEIE . AR AL A 4w A RSB T4t R IR IR T b
ERRGVAG SR L RBARE, W sCEEHE I8 T b R B SR A G B s =
FlOpen Street Map (OSM) V55, ZIEEIES —T ArcGIS 1025403, RATES%
RS (Albers Conic Equal Area), Jil43-4 500 mx500 m FEAih BAITREFFFAL
1.3 ARFZE

WTHE A SRIAEE . AZIE SR . AL 2= 501 R T AR R GRS i ATt
TR 2R INHERE SC R A B A b IX 50U 8 2 A R A HE SR, e AR R
Gl S5ASER . ARREE, AATHRESRERS . EASRGERS UL
U5 (Ecosystem Service Supply Source) $i§ 47 &R St Mk 55 IE WL AL 25 BE J7 05 ) 32 22 X
W, RN SRIUIR S 1 E R ER RGNS T KX (Ecosystem Service Benefit
Region) f8TH SRS B FE XL, B&RRFS W24 EBRGEMRGFEREX
(Ecosystem Service Flow Area) f8/ERRGHEET . Wi . PR AEA, UL IX
R XA EI R PR R A, T3 —5 B U A S R G55 IR b —JER 1 —
A SO S d oy, KPR 20 AR 2 R G MR 5 T 4, DT A5 22 52 ik [R) 2R S ) 3 17 A X
YA S I 2823 () 4% Jed
1.3.1 BRGNS LS IR

A2 25 RGN S5 B 45 5 A A B 1) 0 11 PN B A8 AR S LA 28 S8 R (A 45— B o o
HERRGRSS IR FYed i X A B R G L A S B R, RIS S A % et
JIE T, SHEMAMRY, EBESREMS M ERES  EEUEERR . EE
B YGHR SE B X A A B T

(1) ERRGMRSMEZRE

i BRI 2 M 5P IE Costanza S5 I AE B RGOS I EPERE AR, RN 23338
EIERAY , B IE SR T AR AE R RGNS B Y I 58 UM IPAG . 286 U T R b
AR AR . P i EBRAEY), SR 20164F | hm®FE4 . H 2. A6 g e ny-F
P BTN, K 4 FRARAED 048 10 17 4 bR i A 28 R GRS I (B 2 =
THMAEEDY, WMHEBR A THRAMNEmN . 315, mEESREW R B AES RS
MR 55 Ml >k 5871.72 70 - hm™, 456 R SR M X SEPRIG 0L, SR FH M X AR S oK = R 18
IERA IAVES RS E S L, BIERECN 1.90, W HARASRERBIMER
R BARAESRERMANERBORUILIA, RABRI WA, B <
PRVEAS . AT . KSCHEAY . RALBE . IR . A S RETEER . SEE RS,



2 WIILE S SR TR RGNS B i S R X A 2 R 4 s (Al 345

OFP ARG RS (SN . 38 H jenks R BRI S R GRS EEMESEG N S K,
R 55 B A R ) EE 2L

(2) e LR R

ZRIESRGEMS AR S RGN . ASHERUEYE, B EERRMS i
WEEXI (ESV>1850.83 J7J0), Z5a SR Xu, F M S hnit 8w ek
BRGIRS AL L, IEHIRTEFINT 100 hm? (4 4R BES LRI AR 25 2 40 0 58 3 M e
Sk,
1.3.2 BRGNS H A% S5 r ke

ARG5S I Dkt Jry RUR R oR X 23 () 4041, HE A4S U5t ) oA PR ocd sk, 241
FRAS . BRBERT . AT MESEAMED, ERRGEMRS AL . il B S 3Z 1, B
TETETH 92, DILS R b b sk o R A= 25 R B 55 3t 8 B 1 1 ) 5 4 S ok s 7 B g
VER NSt 2l AR S5 L B IR 54 sk ad FRFE B T 4% Jmy o KA AR S R GRS T = A=
B R 2R . ARSI IR, S ORI AR X HRETR
B, WESRHEE | AR | A S TEIR A = T IR e DN ZE A T SR AR R . B
R RE S T KA L E A S R GRS ™ KRR SE . BRI AR B AR A
RGSMEI . AW e RIS, AN D TR R A LU UG AR RS
RGBS T TS R Rl T8 B ASE A3 A 6 T XSk SR ol e v B o X A
TR NGB R AIL, BERA R AERRERS Mg E, R IRS 28k,

NZER AT (AHP) B2 Tk 7 FEmn R 7 IR, 2456w A S DI RE X &)
RPN R F S5 I e B A (R 1), FAEE RN Y ke K, X
ZA/N, At ArcGIS 10.2 W6 Z TS, x40 R ESEA T IBCR AL, LAFRAEDF
X ARGS9

®1 FMBEFERRENRE

Table 1 Evaluation factors and resistance coefficients

PN T Hh AGE i
10 30 50 70 90
UNEE: i3 A - km? 0251 0~50 50~500 500~3000 3000~6000  >6000
b R — 0.251  FRAK. b, KB FEARMR. Fh o AR BubsFE i
BRAE M AR S m 0.027 >5000 2000~5000  1000~2000 500~1000 <500
PEKDEMFRIXEEES km 0.251 0~1 1~3 3~5 5~10 >10
£d)3 ©) 0.054 0~5 5~10 10~25 25~35 >35
[ m 0.054 0~200 200~400 400~600  600~1000 >1000
{2 i — 0.114 [BEs] R g SREE AR AR

TE: AR 5.

1.3.3 SO 2 A% SRy i ST

T H/NEFH AR (Minimum Cumulative Resistance, MCR) v Jf] Cost Dis-
tance S AR, AR A5 28 R GE IR 5 TH DA% i S5 AL 27 5 b 2 LA BR T Y B /N RERAE D
PUNER RGNS TR ARG FRSH . C07 S55 45y, Mmiie a5l A 2
& o



346 H % % | 2% i 36

WRISFTE XA SR GF A . FE TR, LR B /N SAREH R/
5RO AR - Z A R AL ZE TR, SR [l o Gk i N R AR . L &
KKV, RIS AU A AR X

SET A E P U SOURE, LI E A IR Y it . feh . {5 S A
NRREHIRAS XA N A2 o5 0, B PRIRAE S RGP E A PR R B 2R B
F ArcGIS 10.2 7K 3R BRI L A2 U5 rvoCo i) At 07 9 HIAE 25U A8 e/ N SR AR BE
NALIX, YOS MRS e “UR” R AE S R GRS 4R X, s SR
Se bR IR A A R SR S5 RESh A NAT I 142 X

A DA A0 Pt 20 50 M 1) 25 EL T U o A 257 S R L, PR AT I R AR A R T Y X
AR i, SRS S A B | PR S R GRS SR X il Y B 2T TE
1.3.4 FET MM ) R 252 [ A /e

T ZRRRA RN T ES L ERR R LSRG RGN R, i
ALY AR —Z—” AR, WAESRGIRES BN . KR IRER 2 &
JEBLRARL ARt A, o 2EINAS R, Ba i b RIS [ S8 — AL
S, AR A S AR . IR IR B IX AR S R, 45 e (R e
SUIREXRN), S ARG 0 X, HAB DO A= AL 5T 5 AT I IR K 2
RIEHIE, 2% (EHINREIXRI), LI A A% DX Sl B A S 4 A, 4 i o
FP s GEy 5k, PRERER A S () B Y0l R B R AIE B . AR R GRS R IX L
A SRR TE R 45, R AR B 1 AR DL S 3 T P AR AN B 4ty s LAOGBRE Y iAol
BEMIX | BRI RS RE PL, RAEA SR . I AR 25 R e I 55 i 3
XN REAL G, SRR AR X 0 AR S W 28 25 (107 et AR BRI 3h 9 A AR A2
TR IR

2 ZERAT

21 EERMRAETRSERSHLFEIZEE
&E

A, EERMXAESRGERS S
PEHb AR R R 10275.50 km?, 249 (ST X A
MR 41.64% (K2), H, AEBaLlE
X3 5 2 28 R G Mk 45 e o XA B AR
P ERTLUT T KERMREEEREER
R RO DXk, T AR A R G R 55 L X
e T B R B e A A A A Y, B 2 1]

- E

N A E R —EPE . P R B 1 T AR :ﬁﬁ%
s (] o0 A i B T, SR [R)IE o 1 SRl IX 4T TR TR
B RGERS UL R o L2 TR 3 E T 0  30km
25 L — TR 08 L ik 43 A T B 6 SR P Y

}Lq% % - % ﬁ:}' %ﬁ ii b ﬁ} X é)tb i+ % E».‘ ( Fﬁ ~ Fig. 2 Distribution of ecosystem service supply area



2 WILE A% BT AR RGNS U i B s X A A R 2 S TR 347

X) ASMAIE AR, B2 TLE. B, PR 4 5, 0GRS b L
B 11.99% . 11.99%. 11.24%. 9.75%, Fik44.97%, NJEZ TASFMEAR E X,

A FI A, (LA b 32 2 f b A B ELE R o0 A TR a3 s R BR A B0H
AT G, A TV - B AT 5 I TR Ay 2Kl YR AR rh A Y X
B, XF4PRLESTHEAAEERE L, NESRGERSEH, HATEENE, HiE
SR IX A R S5 TR BE T 455, 5 A AR 55 BT sk n A g, B Pl
FUR MR ERHE s 1P L5 XA Al R 55 (AL 25 Rl ) PR O At DCIAIG S 02 [ AU A o
22 EERMRETRGRSEEREZ BT

TEELT BTN IR F2etits & n fes A B g (K1 3a), RIEEBERRGIRS Wi
TGO, SRR, BHIIRE X5 (L8 b A BT — 30t URA I 3 P 46 Y5l %) DX 3
AR RGNS WS g, Bz BTN B e (B DX i S ARG BRI Xk, 4
H TR AR R A BRI e, BRI S, A P R R BE I, A S RGNS
WMAEIK, BT EX 2 I TR, VI T BRI X i E .
T ime/IN B BH A A g [ AL 265 U L A Y B U SR b X A S R SRS I 2 As R (K1 3b),
RRFFERIN 2, 8 R 1AL Z5 U5 M ) SN 5K s TG ) v PR T o BHL D e TR AR DU R
X SRMTARR (B, VL. A0 BT (., 36, FLRHENER
X3 . EEMTTHRES (ZAK R . WM (2% B ),

4

BNERER
e

™

4 TR IR

0 30 km
L

i
=AW= G
0  30km
[ E—|

K3 A RGMSs I S =

Fig. 3 Pattern of ecosystem service consumption

MPPH AT, EHA IR | NV | 0 % Sl o R A A R G 55 T B 52
Wi HA 2 (8] — 2k, SR X, RO X LA B (7 X)) SR
M55 i 325 1, b M IR AR | I 4 R S g o 3 PR A, R A P
55 KRR XIS BERELIX | o IRty BAr B — Bk, PR IOl , IRk 55 o)
BT, 22 5 38 (Y B S o Tl il 29 P8 AL B AR 55 i sh Y G 2R, i



348 H % % | 2% i 36

TEFAL X HOT A B A AR B% 5
PRI AT 25 8] — Eork IR A B R
B il 249 iz 55 i 2l , - 32 B BIR Al 76 45 R 1X
AT A A M 5 5| R LR S e s 5 4
R P AR50 ) X A &, 2K T
Rk, S2ilEk . SRR, A b AP R SE
B MY | R R AR 2 rp S R MY X i
55 i SRR o
23 EEFRMRKSVWESZERERESEN
FEAT
HTEBRG M T = mk R, d—
APUINES R GRS TR X A RT3 i
FAESS I . OCHETT AR SO A 7y, I A

[ ]

— " A E S X b DS E

TR (E4), A Y e
L 4 VS K SR L 4 A X - EIIATRE

(4544.91~20010.27) . AKX (2001027~ 4 SRR M X SO 2 A A )

Fig. 4 Landscape ecology security pattern in

105427.93) . 4 57 A4 i X (105427.93~
577203.17) = RABINRET R4 IX, 1WA
S 5593.17 km®, 7793.67 ko', 1013.67 km?, 24 b BF 5% X 1 AR HG A 49 530 A 22.67%
31.58%. 4.11%. AZ8Z2 opIX R HE LG IR LA, VR AELS TR SR A5y, SRR —Z
HEBRGMRFS AL IE L, NS 6% X I AT & 1 8 LAk G 1t i xfE DAYK B2 10 A A5 1
Wo AU X AL F N ZE Sl S I P 2 (B) W AR AR = ARG R R )
X, R A SR ERENOCHE X, B ERRSEIRS BRI S5 NI R dt ik b
JERCEE N DI, R IR, GEETT R, B AN BEY RAE S, AR AN X R
JE VIR M X AT N R LT IR EIR, J2 At Sx RS R GRS 75k
BRH X, (EAEENRE, o8B O XKIaFrit e kik, YHARESSH
SRIREE B AN DI T TR ISR AR AR T, OB X A 3R 1ok 48 [ 80 i A A it 8% it 2 142
MBS, BTG 254 . A Oy PR XS N 5% & R . N VRRIE . R
SEER, TR B R 5 AT R D A L Y SR,

WU N AE S R GRS X, MRIEIERT, KO ESRS ARG £S5
k55 tidIE 97 45, 44K 1523.32 km; HRIHAEIE 65 4%, B 5884.17 km. PRI IL[A] 4 iE
HRLA T ] (TR X 20, e R X A S R GRS AR aE T . HAT, b
KABRGERSINRERAT RiF, E8RGMsHA6Ee hem, HRSHY Bl i
B, R IXAEEBAIE S . NS TR, AL XA, A2 IRSS IiiE il £ 4
A TR, DB T PR A S B R A X, o R LV R R R T
BRI B 35 TR R = 0 R VES AR R R B 5 A ) R DX JBR S P 2% R
Gio DGEMRZER, &M EA & TAESRGERS B MRS, mA 0%

Xiamen-Zhangzhou-Quanzhou region



2 WILE A% BT AR RGNS U i B s X A A R 2 S TR 349

A DI UM LA 57 B 5 v PG B L A M DX R 55 At S 1 S MO T AR R ST
SEREAE, MRS X IR 55 e 3 2 B R 2R R R R, — R AR SN E R AT
TEHEHEH AN ANROK R, RN RS R ST (FER MR . B ), =
S AR (B SR A R F R S IR S5 Wi T 1 ) o WIBRES R,
AR5 R S 4 5 R 3T A 20 SO 28 S5 A RS LI [ 28 254y, ML e] s B
i BHWTETE AU s SR IR N — RO SR B I, 4L 1AL R E], sk TR S5
B RS EERABRE M, REEAE T2 BT, A TR eEEEN Y
FEERE . BEAh, Ry (BIIE . AR FIgemgEe ONEES . HHE-FES%E) W
HeAs P S MM AR S R G 55 TadaE , A i DI N T A5 8, B BRIt il A 25
WL, HERFAEPI AL,

SRHETY R AR S RGO S5 i A TR 0 B i 7 T SR M DX OB i i
A 24L, BRI HEIYS]. WERNERTR, BNV Tk, Sy S A
ZARH T LR ER A D, HR TR SSE o PT, FEAT X D, — IR T A
B AT, TR R R A A TR, A Y BHEREE SRR
N BEUSARBISARPE AR, =225 Y A A5 R G BRI 100 B0 SRR A 25 AT 2
8, MEEARNE. B, R SUTTEIE R ON AR ASSHT, BRI ERE IR R (W =
oA ) RIS LA, ARSI R B E AR R, S A I A A

TR ST S R DR E S 2 g SR A 1, 583 FARAESIRIE, RE AT —H
SRAZSERIE , TRl XA AT SR A X FIOCHE T i, RS ES—A 0 R YR
24 EERMEXERMETERUL

WRABIIK . ARE B SRS REA IR, LUESRGURS IRE X AR dkat, LA
A7 A T A DX ORI R SRR AL AT, LR
il o T I T 2 A BG4 V2 A 2 T el R AT
Vi GEBRECE . ARG TS 1 DR A R
MR S AEARES ], DISCHETY
FONIIRESF X . SRR E Z [ AR AL, TR
JE R IX UK DU 2 P — i JUER I 2 o
A ML= R A R % (85),

HAATT T (£2):

WA S R G Mess e 225, K L

]

DX Rl 43 Sy AR 0 IX 45 K 3 2 UG = e
X S X . WRBELALLIX, 4 B AR
AL FHIKRPE . P, ARBE. DL R i T
KRR S AR X, Pk bk SR IX o T BALHUES
FEI A W— PSR A, LUK I A
F N IR A IR AR | K LR — R

P FMEMEE G RS REMS AR, Hs X A L5 A R 5
R PR & a5, IEFK g . el s Yess:  Fig. 5 Optimizing the spatial arrangement of ecological

networks in Xiamen-Zhangzhou-Quanzhou region



350 H % % | % i 36

®2 “NWEEAFA—FABESHL” EXME=E R
Table 2 Interpretation of "nine zones, four groups, one belt, nine corridors and multi-centers"
oS fil kUL
Jux EBREROKYE BESRE O XS K L AU R 7 A PO R IR 5 AR AR L Ak
K EPRFHEURRIX iR BURR . PR AR IR SR S RS R =KX
ARSI B AS—AO SR X A AR A A0 . BRI ALl PR AR A
A=K IX
WABEAAON X RIRAR LA X R 43 B AR LA RSN RO AR . AR
LA = RIX

men —% BT LRI

XU SR TR 7 0

— L ERARTITRE 3 GRNN
—Al U —il LR AP

JURRIE NT—FSRAESRRIE . FIRASIRIEIE LA TR A 25 R 9 2%
Ziuly L T DA L

B
LRSS N —

A, P XSRS, MesrfeESBE TR, hAbal, L&, hrE
SAO X FEH KGR L R INX 704, LB DI Rl & A A0™ hn it
I A S — A S HLIX R R AR AR LA 5 e, sl i T B DL (koK 3
K, FRPRBRMAESRG VAR EA RIS B 4s o ZRERER LAY A 7= DX A1 T T Sl A
IR A, RE S TN Z R S e Tr 4 e X, SRR
PABEZS A2 L AR i R 55 D A0 B TRT S L R AR T A 2SR 25 R A B &, HfEEIR £
() A 7 A 3 A S R K R

AR R SRR M X I S RE Ty, # “PUAR” RN NG —ELT 1)
SRBAIE S (] A5, o figp B R SRR T R B T RSB G, N T — [ SRR T8 il
LA A . BB T A I L, 30 POl DX L 1 9 1 R v A A
i, R WANETF— RS — i, ¥ REFIX AR st s UM RSE Tolk i
FAEN A2 25 A IC R DX K At s SR P rpC T D58 T A Dl DX s blp i
PEFEE Pl DOMAME TF & XA, I Tl —folh— £ 25— 2 & UL B
B, SR XCEER R AR AE S s I By D oo (5) ili—= () —
W () —R () XX AT, $T56E BRI M X 2 P — AR A5 PR A A DU A

WRIGIEE | 13 5 S R A X NS BT A, BRGSO . R, B
B A IURE” BRSPS R GE IR RE R PR AR A U U 2 BRI AR R B9 X
s, DRIAT A EAE PR SR A A RIS VRS SRy, EDPIRTRAE I AR, SETHE A B
PUIRE. OB TR INARARF 80, LURRE . B WilE . YA R E A
FOR . B B AR ERSFRESGE L. URTLAE EE R AT, BT —
FARESSCHIRRGE 3 LRSI . B R A AT RE o X, Yl 45 X Z R . fiE
i (FRACH, BB ARAESERE ; W SE TR IE 5 BRI A MRS, 5RE
ORI TR PUYN” AR SIERGE PSR R, B E SO — S A EE B RS SR, 2



2 WIILE S SR TR RGNS B i S R X A 2 R 4 s (Al 351

PENE FR . SRR ARESE—

PAINE | 25 RE R4 2R A SR O 0 508 A 25 R T P SR A S 22 B — 2R 25 Db IR
HERERCHE L, ENATT—AES “Zh0” KRR, Hb, AT IBed i Xk
ISR L, AR O B P, MR N T — 18 SRR I 8 (o 3l B AR 201 A1 i 2 A
Sl BB PO 1 AR S L RO R E IR A S s T AR SO R R L TR S R I
SOOI, BATHRASIIRE X . AR ASERE A AR, A A e S Y
SETEIX

3 ZheHihe

3.1 it

Jof FH S WA 2 e A SRR T R T 2R B AR S R G R S5 b TR X RI A R B,
EEMAZER, EEAESEE RGN R IR X A Mg 45 /], BEELEIE N

(1) NEEXRRFE, XSRS A T ALY 10275.50 km?, 2 5 0F52 X
R 41.64%; AERGRIX | ARBURX | AR X =R IRERT R 2 X X B
TR LB 5300 22.67% . 31.58% . 4.11%; LRSS MG 97 45, fESTIMEIA 654, &
117405.49 km; Jedy 1924k

(2) Mzsals A E, B aE b F g i Ll X, ROCH ES 45 a0 X 35,
WAL AR HURX s BEOIE A PG AR ma i, BB DX 5 B4 s o A — 3, T
HIXE I FIRAMEHE; AR X BIGEA IR T 4w B S R GRS, A8
UK X RS RGEYIREAE R 5 NTF R R IE R I, A= X BN SR
GRS TR E R KME; BB hAES RGNS EHEX, ERRS R ELE 010
TR, FESTRENE R FrhvaEs; SCHET SRR RIS eI, 2 FASE
B

(3) MIKSHEF, ML FE R M A AESIIRET R X SR GRS
B9 B o I (DA A N 7 P o i L DA E Y L = I NI B o BB - |
MR35 i hAEBR AR, R B 1) Ry X3S Al 2B 7= 0 sl s S AR S ME s R s IR gg
e A #5110 N F AR A W) 25 B AR AR 5 Dl 6 () £ 57, i DX P G 3 3 22 AR AR
PR, TR DX e R K RS R G . R AR A SCBESY a2 IR
THLFI T B S8 38 0 AT s R

(4) DASHRE . ARERE . WEDGE N EN, e A AT E 2 (a8 FIK R Ry
fE, $H “JUX DU — JUBRE 22 0™ 145 78 SR M X AR 25 X 45 23 [ A A sy i 8
P R DX i) 22 i — A S U R 2 e
3.2 i

HAT, 8 WARHE A= 2 R G0 MR S5 (b Te B b e I 1 IR b DX AR R 4 25 [ 9, AR SC
WA A RIS o) B R R AR A A R G IR 55 T N 48 S C R T O o 220 i L 5 245
FRVCHD . A2 R G0 AR S5 T U B A 25 h A AR I R R RRIR A, ek, Frdfife %
T Tl DR E AR SRy DA, TR 422 B I Rk T A DA B Rl Jry 8 IX Sl D g 2 i 5 ik — 20
WR. —Jm, ARFFHER T i A SRS 2T ot %, FiE AL AR



352 H % % | % i 36

g5 FBRINBEZ ML, PRLEANBRENES, BRI T AR S RGN S5 M (E A S R A3l i A
A 2SS TR D5 TR N 5 55— D5 1T, 24 IR 55 U 208 1) S B DR Ay o 288 B R A 7 5 J3E 4%
HAT W g 2 (8] 5 bk, AE3 s 1L DX A R ) 29 e 55 s R S B IR 7, e Jeile | T 28
AL SCHE TN L IR 1 MRS 5K R0, Fefede | RS SAL 45 LG BN 4% [A 1
ZRATEHIREER, NI E—E LT BRI, A7 Wb B X AN [ DX I 5t BR 1 1 4 [R5
e BAATT A3 H AR BIANGR L, [RIRHISREE SR BT, 255 A B2 TR HE
B N BT Hh AR AU X

AR X AR A AR AR A5 (8] Z BN RE A S H A3, A —Alk . Aelk—
SRBASZ A X IR AT AN R D RE S (] 9 2 o X, R AR Sl A AR p UK IX, Wi
ST B AP MR GOR B e s A R . B X B R e A, —
B G 58 IX L S 28 T R AR R IS Y X, A= S HMEE A T R, SR AME R X B
TE, WAE R 25— 2 W Rl B i R X

2 2% 3 ik (References):

(1] A, BRI, PhRGF. B T A A R GRS (s i Sl o B A= A5 22 i SRl EEHE . A= 252740, 2018, 38(12): 4121-
4131. [JING Y C, CHEN L D, SUN R H. A theoretical research framework for ecological security pattern construction
based on ecosystem services supply and demand. Acta Ecologica Sinica, 2018, 38(12): 4121-4131.]

[2] SCHIRPKE U, CANDIAGO S, VIGL L E, et al. Integrating supply, flow and demand to enhance the understanding of in-
teractions among multiple ecosystem services. Science of the Total Environment, 2019, 651(1): 928-941.

[3] HAO H, CHEN B, MA Z, et al. Assessing the ecological security of the estuary in view of the ecological services: A case
study of the Xiamen Estuary. Ocean & Coastal Management, 2017, 137: 12-23.

[4] SZARK, FBAT, X T2 HE A A R 55 10 XA 25 722 A JR S HE L. b 3127, 2018, 38(3): 361-367. [PENG B F,
ZHENG Y, LIU Y. Coupling ecosystem services and regional ecological security pattern. Scientia Geographica Sinica,
2018, 38(3): 361-367.]

[5] OUYANG Z, ZHENG H, XIAOY, et al. Improvements in ecosystem services from investments in natural capital. Sci-
ence, 2016, 352(6292): 1455-1459.

(6] ThHk, X%, Ak, 45 ARG S ey TR OF STk . P44, 2017, 72(7): 1277-1289. [MA L, LIU H, PENG
J, et al. A review of ecosystem services supply and demand. Acta Geographica Sinica, 2017, 72(7): 1277-1289.]

[71 KHAN I, ZHAO M, KHAN S U, et al. Spatial heterogeneity of preferences for improvements in river basin ecosystem
services and its validity for benefit transfer. Ecological Indicators, 2018, 93: 627-637.

[8] COSTANZA R. Ecosystem services: Multiple classification systems are needed. Biological Conservation, 2008, 141(2):
350-352.

[9] M E, e, 555, & KT XRNWERRGEMS 2 Motk . £, 2016, 36(10): 3096-3102.
[XIAO Y, XIE G D, LU C X, et al. Involvement of ecosystem service flows in human wellbeing based on the relation-
ship between supply and demand. Acta Ecologica Sinica, 2016, 36(10): 3096-3102.]

[10] B0, ST, T 2622, oA, dUat: M4 #E L, 2017: 107-132. [ZENG H, CHEN L D, DING S Y. Land-

scape Ecology. Beijing: Higher Education Press, 2017: 107-132.]

AR EIE, X £ JE T 1 10 DR A AT 7 AR ABKALRE IR IX Do 1], Hb BRI, 2013, 32(10): 1771-

1781. [REN Z Y, LIU Y X. Exploring the regional ecological security evaluation methods based on values: A case study

in the energy region of Northern Shaanxi. Geographical Research, 2013, 32(10): 1771-1781.]

[12] SERNA-CHAVEZ H M, SCHULP C J E, VAN BODEGOM P M, et al. A quantitative framework for assessing spatial

(1

—

flows of ecosystem services. Ecological Indicators, 2014, 39: 24-33.
[13] HHRR, XUTAK, B0, RS RGNS T S e JOHAS BIE SR 1. BEURURL272, 2008, 30(1): 100-106. [ZHEN L,



2 WIILE S SR TR RGNS B i S R X A 2 R 4 s (Al 353

LIU X L, WEI'Y J. Consumption of ecosystem services: Models, measurement and management framework. Resources
Science, 2008, 30(1): 100-106.]

[14] FANG X, ZHAO W, FU B, et al. Landscape service capability, landscape service flow and landscape service demand: A
new framework for landscape services and its use for landscape sustainability assessment. Progress in Physical Geogra-
phy, 2015, 39(6): 817-836.

[15] iREM, XL, Tk id, 48, s DO AR A AR G0 55 B A Jm I 23 BRI, 2R 28 5 AR BRE 241, 2018, 34
(11): 968-975. [WU A B, ZHAO Y X, SHEN H T, et al. Spatio-temporal pattern evolution of ecosystem service supply
and demand in Beijing-Tianjin-Hebei region. Journal of Ecology and Rural Environment, 2018, 34(11): 968-975.]

[16] MEHRING M, OTT E, HUMMEL D. Ecosystem services supply and demand assessment: Why social-ecological dy-
namics matter. Ecosystem Services, 2018, 30: 124-125.

[17] PULIGHE G, FAVA F, LUPIA F. Insights and opportunities from mapping ecosystem services of urban green spaces
and potentials in planning. Ecosystem Services, 2016, 22: 1-10.

[18] HEGETSCHWEILER K T, DE VRIES S, ARNBERGER A, et al. Linking demand and supply factors in identifying cul-
tural ecosystem services of urban green infrastructures: A review of European studies. Urban Forestry & Urban Green-
ing, 2017, 21: 48-59.

[19] BALZAN M V, CARUANA J, ZAMMIT A. Assessing the capacity and flow of ecosystem services in multifunctional
landscapes: Evidence of a rural-urban gradient in a Mediterranean small island state. Land Use Policy, 2018, 75: 711-
725.

[20] J5 BBk, JE RIS, BRI, 45, RO DML 5 A S FRE A HAS 5 AL AT ) B AR AR S HOR BRAR. R
2, 2016, 71(4): 531-550. [FANG C L, ZHOU C H, GU C L, et al. Theoretical analysis of interactive coupled effects be-
tween urbanization and eco-environment in mega-urban agglomerations. Acta Geographica Sinica, 2016, 71(4): 531-
550.]

[21] BARO F, PALOMO I, ZULIAN G, et al. Mapping ecosystem service capacity, flow and demand for landscape and ur-
ban planning: A case study in the Barcelona Metropolitan region. Land Use Policy, 2016, 57: 405-417.

[22] BAGSTAD K J, VILLA F, BATKER D, et al. From theoretical to actual ecosystem services: Mapping beneficiaries and
spatial flows in ecosystem service assessments. Ecology and Society, 2014, 19(2): 64, Dio: 10.5751/ES-06523-190264.

(23] A7 MHA, AR HHT, VOIE A7, 45, kT A A LL 2R 70 M A A8 2 i R M Al DIV 48 D 1], A2 2452 243K, 2016, 35(1):
250-258. [YANG S S, ZOU C X, SHEN W T, et al. Construction of ecological security patterns based on ecological red
line: A case study of Jiangxi province. Chinese Journal of Ecology, 2016, 35(1): 250-258.]

[24] Wb, SKOREL, K], 45 BT B AN (B S 7 R A S R GRS M (B A T s hite. FARBRIRA4R, 2015, 30
(8): 1243-1254. [XIE G D, ZHANG C X, ZHANG L M, et al. Improvement of the evaluation method for ecosystem ser-
vice value based on per unit area. Journal of Natural Resources, 2015, 30(8): 1243-1254.]

[25] w0, BAR, R E, DI T L RARN A S RGNS M E T 1R B, 2008, 23(5): 911-919.
[XIE G D, ZHEN L, LU C X, et al. Expert knowledge based valuation method of ecosystem services in China. Journal
of Natural Resources, 2008, 23(5): 911-919.]

[26] LOOMIS J, KENT P, STRANGE L, et al. Measuring the total economic value of restoring ecosystem services in an im-
paired river basin: Results from a contingent valuation survey. Ecological Economics, 2004, 33(1): 103-117.

[27] XEfg, XIgkta, T2, NS ad LB R GRS RS, £ 25244], 2017, 37(10): 3232-3242. [LIUH M, LIU L
Y, DING S Y. The impact of human activities on ecosystem services flow. Acta Ecologica Sinica, 2017, 37(10): 3232-
3242

[28] GEIJZENDORFFER I R, MARTIN-LOPEZ B, ROCHE P K. Improving the identification of mismatches in ecosystem
services assessments. Ecological Indicators, 2015, 52: 320-331.

[29] TEkER, XIS, Jrae, &5 ST Buht— XU — i R P HERL iU A3 e SR . A 35244, 2019, 30(2):
615-626. [HUANG LY, LIU S H, FANGYY, et al. Construction of Wuhan's ecological security pattern under the "quality-
risk-requirement" framework. Chinese Journal of Applied Ecology, 2019, 30(2): 615-626.]



354 H % % | % i 36

[30] ShIA, IR R, ZE0k. JE T4 32 A% J ik & AR 2523 1) A =y SO0 Ak LA 3RTT ). op [l B 5 X R, 2019,
40(4): 93-102. [MA M, GU K K, L1 Y. Urban and rural ecological space layout and optimization based on ecological se-
curity pattern: Taking Xuancheng city as an example. Chinese Journal of Agricultural Resources and Regional Planning,
2019, 40(4): 93-102.]

[31] S35 245, EME, EWEAR, 55 2T/ SRR BB 1 5 B i s WA A 22 A SR 2. VLI IR 5 #1458, 2016, 25
(7): 1052-1061. [MENG J J, WANG Y, WANG X D, et al. Construction of landscape ecological security pattern in Gui-
yang based on MCR model. Resources and Environment in the Yangtze Basin, 2016, 25(7): 1052-1061.]

[32] WEI W, CHEN D, WANG L, et al. Global synthesis of the classifications, distributions, benefits and issues of terracing.
Earth-Science Reviews, 2016, 159: 388-403.

[33] AREYE, /et AR A DI REIX RIS, JLat: i PR SR Attt 2007: 41-56. [ZHENG X D, TANG X H.
Eco-functional Regionalization of Fujian Province. Beijing: China Environmental Science Press, 2007: 41-56.]

[34] ZEGHAR, ZEBH I, FoicHh, 45 = X B R A 252 Atk SR U S5 D RE 231X DLZE 5 ELOR ). 2R 357K, 2015,
34(7): 1959-1967. [LI X R, L1 Y B, WANG Y Y, et al. Identification of ecological security patterns for county-level land-
scapes and function division of the Three Gorges Reservoir Area: A case in Fengjie. Chinese Journal of Ecology, 2015,
34(7): 1959-1967.]

[35] Z&3, WM, Abk, A5, & T AR BOl RETS 3k 00 A 25 s 1E UL b ERIF 5, 2012, 31(8): 1523-1534. [CAL Q,
ZENG G M, SHI L, et al. Identifying ecological corridors using shortest path algorithm based on raster data. Geographi-
cal Research, 2012, 31(8): 1523-1534.]

[36] XVEM, LT, TR AB RGNS TR, N A4, 2016, 27(7): 2161-2171. [LIU HM, FAN Y L,
DING S Y. Research progress of ecosystem service flow. Chinese Journal of Applied Ecology, 2016, 27(7): 2161-2171.]

[37] MR, S, X TAR, 45, BT AR A8 20 At R i G r ki b A A s (I 25 R A A ). MUERAIESE, 2017, 36(3): 441-
452. [YANG T R, KUANG W H, LIU W D, et al. Optimizing the layout of eco-spatial structure in Guanzhong Urban
Agglomeration based on the ecological security pattern. Geographical Research, 2017, 36(3): 441-452.]

[38] AR, T [E P AT L4t A 25 FR G NE 39 DX A AR A A RO JEUARL: T TTOK LRSS 1TARRTFE R, A AR BT IRA4R,
2013, 28(9): 1498-1506. [ZHU H J. Strategies on eco-restoration in the subtropical mountain ecosystem fragility areas,
China: Based on the achievement of eleven years' research in Changting county. Journal of Natural Resources, 2013, 28
(9): 1498-1506.]

[39] Wi, A3 AR, PSR TE, . SRBULE ST 8 SRR R ITAL. R FIRAHR, 2017, 32(8): 1374-1384. [CHI Y,
SHI H H, SUN J K, et al. Evaluation on island resources and environment carrying capacity under the background of ur-
banization. Journal of Natural Resources, 2017, 32(8): 1374-1384.]

[40] DUCHARDT C J, PORENSKY L M, AUGUSTINE D J, et al. Disturbance shapes avian communities on a grassland-
sagebrush ecotone. Ecosphere, 2018, 9(10): €02483, Doi: 10.1002/ecs2.2483.

[41] PR, 222005, ks, JET A R GRS 1 h FE G HbAE S KURE T, HHE=41, 2019, 74(3): 432-445. [CHEN F, LI
H B, ZHANG A L. Ecological risk assessment based on terrestrial ecosystem services in China. Acta Geographica Sini-
ca, 2019, 74(3): 432-445.]

[42] PR, 26 T 1) IR (1 B dalas (R S R 43 X S BRI 9E . DA 04 BN EL S 1), S i /A, 2016, 40(11): 101-
112. [TAO A J, WANG X P. Spatial function zoning practice at county level oriented at collaborative planning: A case
study of Langxi county, Anhui province. City Planning Review, 2016, 40(11): 101-112.]



2 WIILE S SR TR RGNS B i S R X A 2 R 4 s (Al 355

Optimizing the ecological networks based on the
supply and demand of ecosystem services in
Xiamen-Zhangzhou-Quanzhou region

HU Qi-yu"?, CHEN Song-lin"?
(1. Provincial Key Lab of Subtropical Resources and Environment of Fujian, Fujian Normal University,
Fuzhou 350007, China; 2. Institute of Geography, Fujian Normal University, Fuzhou 350007, China)

Abstract: Coupling the supply and demand of ecosystem service with the security pattern of
landscape ecology, and deconstructing the ecological space structure of urban agglomerations
are the basis for optimizing the spatial arrangement of agriculture- urban areas- ecology
networks. Based on the theory of supply and demand for ecosystem service, ecosystem service
supply area was determined by fusing the most important areas of the integrated ecosystem
services and the boundaries of the ecological red line, by taking Xiamen-Zhangzhou-Quanzhou
Urban Agglomeration in the southeast coast of Fujian province as an example. In combination
of natural and economic factors, the consumption pattern can be constructed. The minimum
cumulative resistance model was further applied to establish a landscape ecology security
pattern in order to identify landscape components, such as demand zones, network of
ecological flows, and key nodes. Furthermore, the ecological network space of Xiamen-
Zhangzhou- Quanzhou region was reconstructed by utilizing layered overlay analysis. The
results showed that: (1) The supply area occupied 41.64% of the study area, in addition,
ecological buffer zones, ecological sensitive zones, and production and living zones accounted
for 22.67%, 31.58%, and 4.11%, respectively. (2) The source of supply was mainly distributed
in the hilly and mountainous areas of the central and western regions, where the low-cost areas
of ecosystem service were located. The high-cost areas concentrated in the coastal regions were
characterized by an octothorpe shaped distribution pattern. (3) Ecological flow paths were
highly meshed. They were mainly composed of forests in the central and western regions, and
urban water system, green space systems and surrounding farmland in the eastern coastal areas.
Both the type and intensity of the driving factors suggested significant spatial heterogeneity.
(4) Constructing an ecological network space optimization layout of "nine zones, four groups,
one belt, nine corridors and multi- centers" in the study region was also proposed in this
research, so as to coordinate the production-living-ecological function among the region and
facilitate the synergetic development of the economic-ecological space.

Keywords: ecosystem services; ecological networks; MCR model; Xiamen-Zhangzhou- Quanzhou
region



