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Abstract; Ecosystem services are the baseline of regional ecological security. Scientific assessment of their value changes is
a basis for rationally planning of the regional land use and constructing ecological security pattern. The existing studies did
not comprehensively evaluate various ecosystem services to determine regional ecological basements. The current static
assessments failed to reflect the dynamic process of regional ecological security patterns. Hence, using CASA, RUSLE, and
other models, as well as the ecological economic method, we evaluated the ecosystem service value in Wafangdian County,
Liaoning coastal area in 2000—2014. Then, the two —stage ecological security pattern was constructed based on the
scientific assessment. The results are as follows: (Dduring the 14 years, except for the inconspicuous change of nutrient

recycling value, the other ecosystem service values have showed different degrees of loss, especially for water source
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conservation value with the worst decline of 44%. In terms of land use type, the value of forestland ecosystem services lost
874 million Yuan, up to 40% of the total loss. @ For the ecosystem services per unit value of the study area in the two
periods, water area (including sea) was higher than land, but mountain was higher than flatlands. This uneven spatial
distribution was more obvious in 2014. 3 The ecological source areas in 2000 and 2014 were 1111.40 km” and 356.96 km’ .
respectively. The total length of the corridors were 136.63 km and 231.43 km. The ring—like corridors were distributed in
the high value valley of ecosystem service value among the source areas. The profit and loss of ecosystem service value have
an impact on the construction of the regional ecological security pattern. The results can provide a scientific guideline for the

delineation of urban development boundary and ecological protection red line in Wafangdian.

Key Words: ecosystem service value; evolution of ecological security pattern; NPP; Wafangdian County
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Table 1 Indicators and Methods of Wafangdian County’s ecosystem services valuation
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RS V, = 3 NPP(x) + P, : NPP(x) H{RIC » AbER4EL P2 I DL R, o/
. IRy ey NPP )

Supply services AR (m?- a); P, N 2014 SEFRIEMAR (J0/g) B 854 TN

P R 4 R V, = 2 L2XNPP(x) - €y : Co N 2014 4E T HIENA (56/g) , T
. . AARTET NPP 2 2
Regulating services 1624 JT/t( AT M5 www.moh.gov.cn H1 2014 4R S E 4104 )

V; = 2 L.62XNPP(x) - C,, : C,, 2014 FERRIBBLE o CO, A

SV NPP 7
(Ji/g) , B 406.8 Ji./11%0)
Vy = Z V(x) + Py : V() WG TT x KPR FEE (m®/m?) P, g
AN K AR (J8/m® ) B 8.3 J0/m* 17
Hodp 4R R Rk Vi(x) = z P(x) K, R, :V, (x) HF
RIS x AR TCAR K TR 57 2 (m®/m? 3 P & = ( mm/
KIS K TR KR x AR TT AR F 7K R 7 1 ) % A K (

m?) ; K, i o R BB R R, B 0.4 R, MR
T F R B ST A R K, V(0 = Y P () -
E,(x) :Vy(x) NI A KIRAHEIT « 2 57K B SE 5 (m®/m?) ;
E,(x) WRIC x A9 SEBR AR (mm/m?)

Vs =V, + V. o V,, S URUH R V., R 3
1,76/ (m? - a) s i, v, = Y A, (x) x 0.24 x P, =D x 1074,
A (x) FGRTOAE x PR IR AR v (m? - 0 ) s DA HIERE (V
m? )PV, = Y A (x) xPy DT x107* . Py 92014 4E FLBE A
N N MRBO R FEE(JT0) L 216.9 A2I0 (( RIEG TR 2015)) s T h+
e + I HET IR (m) B 0.5m( %),
IR YR RUSLE 865 Bl. A =R-K-LS-C-P: ANt
HERL R (vm?) 5 R WBFAR M K o H3Enl k75 LS Rk
KAPEH F 5 € HIEBEBE T Py HIEGSFER 754 C = 1,
P =174, =R-K- LS W EHEGFREN A0 = D (4, -4) .4, K
WHE H IR (v/m?)

http ; //www.ecologica.cn



224 AR AR T AR R GRS I (B A AR S 2 A SR TS o 5

BRGNS TS WA A b
Ecosystem services Sub-services Indicators Model and data
A WA R SO, Vo= 2 Q" Cy+ 5, ;Qﬁﬁ&ﬁﬁqﬁ%%ﬁﬁ%%&%,gm*z a (2]
AR j 954 T
V, = Y NPP(x) - Ry - Ry« Py : Ry 9 i TEETEAMSEANIIT I
S FMEHR PP SER(%) B 5 Ry Wy i JEHRITHALIE 9 1 (%) )5 P, i e
Support services 2014 AEE XM AR (J8/t) , N B 3260 J0/t; P HL 5530 J0/t; K HX 3820
T/ ORIET (AT ) 2014 AE IR A4
Ve = DA+ S Ry« Py v Qo A, R i HOHRAE (0 o AR i 2 kR
2158, Ry i PSR (m?) 5 Ry WS RGURSS IHE 24 1 R4, MK
FE Y S RE PR LS TR 2 Ak PR 177040 Py oy 2014 4E B0 B IS TR E BT 58 (J0/kg) L B 2.49 JT/
kg CRIRT (2015 A A SRl BORHL ) ) 5 Q 2 2014 4 [LB5 S
FIR AT kg m™ a™' | B 0.405 kg m™ 2™, ORI T RIET 2014 4F
E RS RRETAR) )
Vo = X Ps+ Ry : Ps JIELHIE T 2014 4FHRIEMICA (JT) 17 427T
SCALRSF _ el WA CRIET(RIET 2014 FFER TSR IRGEITAM) ) 5 Ry 9 i 126
Cultural services R SCAL A (B 5 i S A H:{E(%) AL SRR S B L

Syl R b K R (B AR BR GREEKER) = 1:34:11502!)

23 AL Rk

RTIF T i S L 2 4 Jo < JHG T B - i ™ HE 5 S i AR 9T AR S T rh AR A VR R S L 2% b
DAL S AR L A A A R
231 AR

A ST AR Ry A 25 R G R 55 Uk 20 (R A e RISl | SR A DX ESV Y o (B AR SR 2, JHL 5 P R A M o)
KA BRELEES | ARHFITE M ArcGIS 10.2 1 Getis-Ord Gi " BEHXF 2000 4FHl 2014 4EH LA R 56
55 BN ATV S0 o Getis-Ord Gi ™ ASEHR T A3 DX sl s (I (#R0) FIMIRMEL (98 50) S [a) 3R 26, i
BT AR ESV BV H 90% B A5 B UL E I GTAE R IXAE R BL B IS A S L g R ny I, [FIEE,
TR UE A 25 U5 0 70 0 B M L B R A 2 U LE T R S DR AR IS SRR T AR /IS L A3 A R /N B
e SRS R X N EFAE 1 km? DL A BEHRAE by e 2 285
232 BB E

AHFEEFR Knaapen”’mf;‘?%ﬂ_}ﬂgﬁ-y{/h;%f‘ FH 7455 ( Minimum Cumulative Resistance , MCR)@J_EE S5
BElR 55 i S A B T T, MCR BEAYIE i 3134 DI 1 30 H 0% b iok 72 vb e AN SR B Rl (0 Bl % A%,
HRAAN:

MCR fmmZ(D X R.) (5)

j=n

o, MCR /N BRBE A ; £ i kb3 7 Ak fe s BRI 5438 R GRS T shad BRI IEAH G R4 D
FRPIFN AR H izzﬁu Huyth i (ERES, R, YRR 3] H iydh  (BH ) R4

B fe /NS 43 50K 2000 4F 5 2014 A4F PG A7 T AR ESV BUEIE, DUSUEI B0 1 5457 TH AR
ESV VERAESRGNRSS W sh iy soA™ , i~z BH i, BRRH 1 (B RE ESV FH&E /)
2.3.3  AEASJERIE A S B FEE

A 2R TE AT LA A 4 A S BB R ke o 0 R A VR ) B Bl A T AR A S R R 55 9 3
T, YU DG AR 2SR T I I LG G e A S B R IR H s B R X AWK /N BERE
BRI BH ) TR E , {5 Bl CIRCUITSCAPE SR AR 551 5 b 8] 114 e /NAE 9% B A% | 17 AR A5 A 25 B 3 1) 25 8] 43 A

http ; //www.ecologica.cn



6 S % 39 &

BEAh  HE T MCR BRI K d /s BRHELS TR G A AR A S A8 1 00, LAREL ) BRE A 2 AR 25 2 00 X P 5 IX
B A AR LA BT A DX SRy A A5 2 i X o DX AHCAB X3

3 EROH

3.1 NPP fHEZE RS
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Table 2 NPP and its changes of Wafangdian land use types in 2000 and 2014

FHE/ (g C/m?) Hi/(1x 108 C) Al

T+ b I A Average quantity Total quantity Variable quantity

band use 2000 2014 2000 2014 (33% ) a f‘%{g o
i Forest 555.18 653.32 6343.71 5619.07 98.14 -724.63
HiHh Grassland 467.60 485.39 565.94 844.09 17.79 278.16
Hi#h Farmland 445.85 456.48 6979.37 6800.27 10.63 -179.10
PIBfi 7K 3k Water area 279.69 325.28 126.48 170.54 45.59 44.07
UL Buildings 390.82 364.08 1819.97 2962.19 -26.74 1142.22
ﬁ:ﬁfﬁiﬁ%ﬁh pan 51.61 31.72 170.22 147.83 -19.89 -22.39
HoAtsJHHL Unused land 239.48 14.40 127.45 0.31 -225.08 -127.14
J3t Total 412.42 423.06 16156.95 16544.32 10.64 387.37

3.2 ESV iz a#r
3.2.1 ESV a4 {k

PLFE 1 Keal(4) IR fIAR RN FERE R AreGIS 10.2 M T 25 3 A5 2 FC B3 T 2000 4E5 2014 4R
ESV EHHERR (3% 3) LALAS I ESV AR (18] 3) o 2000 4R 2014 AR 0 ELE 23 52 117.38 4ZI0H1 95.
52 {070, M E S R RS, PR S RG0S5 A L, KRR IR BN (B 530 Ol 40.22 42T HN 22.48 42
JG, ST IR 34.26% F1 23.53% , AR5 BRI Z 1, HIROR I S E J K, STERRAN 4.21% F1 3.33%
LRI ESV AR LR T ,2000—2014 45 B T BR IR A G R AAS B Ah , AR 45 T iR 45 I (E 3 2RIk, FL
HKIRIR RIS R A K, IR 3 17.74 4270, BRI b 44.07%, KB AR 2RV, FEIE - 24.75%
HoAl 45 30 IR 55 M (E A O e /N T 1.2 420, B IRAR ETE 1%9—10% 2 [4]

2000—2014 4F-, BL57 )T 45 - b A PSS ARSI AR Ak 3 . 3R 4 o, bkt | SHC Al D b R0 B b T R 0
A A AR b T AR D R R R 3R 262.56 km® . MWASIE) A RE (E 4) |, 14 FEEFSE IX AR HL 20 A
OB 2 SRS A SRk TR Ak , DSV v R A R it (oAt P ) e B gl B 4R 5 L 2 UL R, B B
JETIARHL ESV 4512824 8.74 {¢TT (4 3) , 5 BIHK EUH (21.86 147T) 1 40% , Jy 25 M R Ml b dwe iy, Tk
I TR 7K 750 55 R T TRk S ) Dt R R TE FRAE BT 14 AF TR T 347.93 km®, L AR fE
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2 ERIETH 2000 £ 5 2014 £ NPP = 557 E
Fig.2 Spatial distribution of Wafangdian County’s NPP in 2000 and 2014

ik T4.71% , Q& 4 Fr7s AHEE T 2000 47,2014 45 FU 3 5 7 DCORIPY g A DR BT T AR S A 4 348, 5%
AR AN BT, 2o WFE XA B I ESV 30T 63.48% , 01 T3 b b R T T AR Ay 1G4 BB
WAL, R BESV BARBEIC A A P 0 1.57% BN AL 2 VR kbR AR S E no e . ml il
I DX TR T O, MRl BRI A0 I AP W s | & BLPS I T ESV it 8 i) 2 A

£3 2000 55204 FREEHS A ALRBVESREREMEZRE (1 x10757T)
Table 3 ESV total value of each Wafangdian land use in 2000 and 2014

ZEL L/ ER7EZi

T i ki S ’ﬂ%ﬂ%ﬁ% KIS i*%%% L0 a%‘ﬁéﬂ He g Eﬁﬁ?ﬁ% it
Land use Vear Material Gasl Cllma'te Waterl Soil ' Waste Nutrient Bidiversiy Toun?t Totl
production regulation  regulation  conservation conservation  yreatment cycle protection recreation
M Forest 2000 79.98 102.84 26.28 57.20 0.21 1.03 1.60 30.85 38.85 338.84
2014 62.51 80.64 20.20 26.92 0.08 0.68 126 20.56 38.54 251.40
3 Grassland 2000 7.14 9.20 2.30 421 0.01 0.06 0.44 2.18 145 26.99
2014 10.63 1371 3.43 5.14 0.01 0.09 0.66 3.18 0.53 37.38
B Farmland 2000 88.97 114.38 28.81 91.86 0.18 0.64 5.56 3.18 0.00 333.58
2014 79.86 103.02 25.81 68.38 0.11 0.59 4.94 2.60 0.00 285.30
Ptk 80 2000 1.58 2.03 0.50 19.11 0.01 0.20 0.03 1.67 10.45 35.59
Water area 2014 215 277 0.69 10.75 0.01 0.24 0.04 1.92 13.18 3175
e djikii 2000 0.8 29.34 7.45 0.00 0.06 0.00 141 0.14 0.00 61.21
Buildings 2014 37.29 48.10 12.05 0.00 0.10 0.00 2.29 0.24 0.00 100.07
[ SR ] 2000 1.98 2.64 0.69 143.79 0.02 1.48 0.04 8.11 76.19 234.94
Sea culure 2014 1.86 2.40 0.60 112.45 0.01 2.10 0.04 1145 117.15 248.06
Jeb 2000 1.60 2.08 0.53 3.13 0.00 0.00 0.10 0.02 0.00 7.45
Unused land 2014 0.04 0.05 0.01 111 0.00 0.00 0.00 0.01 0.00 1.2
i Total 2000 204.37 262.89 66.67 402.18 0.49 4.26 9.19 53.09 170.62 1173.76
2014 194.32 250.7 62.80 224.76 0.32 3.70 9.24 39.95 169.40 955.18
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Fig.3 Structure changes of ESV value of Wafangdian in 2000 and 2014
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Table 4 Land use change of Wafangdian from 2000 to 2014

. 2000 2014 2014—2000
- 2SR
Land use T km? 241l T/ km? a1l A km? 2817

Area Percentage Area Percentage Area Percentage

PR Forest 1122.64 0.30 860.08 0.22 -262.56 -23.39
HiHfh Grassland 121.03 0.03 173.90 0.04 52.87 43.68
Bt Farmland 1548.68 0.42 1489.72 0.38 -58.96 -3.81
PIBfi 7K 3k Water area 45.22 0.01 52.43 0.01 7.21 15.94
A% Buildings 465.68 0.13 813.61 0.21 347.93 74.71
¥ Hh
AR S8k 329.82 0.09 466.04 0.12 136.22 41.30
Sea culture and salt pan
HAJH Unused land 53.22 0.01 21.61 0.01 -31.61 ~59.39

3.2.2 ESV zs[u)4riAEfk

AR5 DX 30 27 T B SV 235 (8] 43 A 34 36 IR ZR AL TG g v L H A, KR (B 15 it s ) v L o ARG 174 A
REAF(ELS) i E X 2 T AR R AR A I K PR A R R 7 R R A TR X
0] 55 8 FH LA A% R A — 3, HL 2000—2014 4 (8], B 2 300 1T 4k 5 R0 06 Sl 0 s, ARAE 0 A X 2 32
S s S R R T 1 A S R GRS RIS B AW, 2005 AR5, VU I I R 2% 5 RGOS 7
NGV HARTIT R IXAHLRBEST. , BLSZ I T 24— e A | 55 B A R 0328 By, 3ok Tl i SR Dk 3484 R v v
FETF R TSRS S B IE R B85  WEE R LR ZANESE .,
3.3 ARG R R AR b

FIF ArcGIS 10.2 FKFH Getis-Ord Gi ™ BLHXTELZIE 2000 4F5 2014 4FFi 3] ESV #E47748 #0015 2]
WFFE X P ESV B R(EAE R 251843 (1 6) . ML T 2000 4 ,2014 4EFLBIE T ESV o {885 58 X K 4i ik,
W AT Y K 75 B DX S AR R A /N 22 A B b v (B 3R DX R TR 2%, (SRR 3E K T B9 D B 2R A — S A
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Fig.4 Land use types of Wafangdian in 2000 and 2014
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Fig.5 Spatial Distribution of Wafangdian County’s per unit area ESV in 2000 and 2014
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Fig.6 The cold and hot spot distribution of ESV in 2000 and 2014
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Fig.7 Distribution of ecological sources in 2000 and 2014
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FE XA IRSS B ARBE A 4 B IF AN 5 R T H A S A AR R GRS etk B8 2 e, b
PR IR S = € UL 4 Ly A e e N ) 1) B b S e 3| D NS R s[5 B A SR 3y NI YRS B [ NS
P9 Fi R R RN A 2 IR 55 3 s BHL 0 A T R DXURS: DA, DA 2 JER I A AP S . 6 NS sl A
DK Sl 3 R R R 1 JER T ) kA8 A R S AR L Sl A T D RE . BhE A BN A B N
PR LR A1 N B O Y ) 8 2 AR T = v s [ 1 M DR /=W N ST

R 5 /)N SR FRH I A7 r B 55 i B 2R 2 AR I O, 38 3 T B A B s i ol T A A % o X i
PEX (K8, 5), EBZEMXEAS N 816.51 km®Fl 882.15 km”, T H AU 15 1575 13 | 1L M1 2k A\ T bk
i DA KGR 43I T b X = R R A AR ZS AR 3 B0 A8 AT T S & 16 B, A S0 U X T AR
S35 711.59 km* 1 1115.78 km* , B ARSI 58 LA SE AL X, 2% ORI XA BR i F & X, 1
TS TE B A A5 £ b, I AR B I & R 3 P 4 3 T ke A= 25 FH L) T8, TR B I 2 s iz X A
BEH A, L3 i A S VR b RS e /N R B

o ERA TGS AR ARG v X DL R A S X A BN, SRR B 1L I T AE S T AR R
SRR, 14 A [R3T f bR & Jr LA B i Vi b X vy i 2 PRSP0V 0% 20y, 5 35 R0 o i i AR A b AR AL B B 4
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Table 5 Statistics of various components of ecological security pattern of Wafangdian in 2000 and 2014

\ A SR Hb km? JAR I/ km HE S X/ km? A 25 PE X/ km? A X 58/ km?
E0) Year , . : . . .
Ecological sources Corridors Ecological relief area Ecological transition area Other area
2000 1111.4 136.63 816.51 711.59 1237.37
2014 356.96 231.43 882.15 1115.78 1519.1

—
ST

B8 T 2000 £5 2014 FATRLESE
Fig.8 Ecological security patterns of Wafangdian in 2000 and 2014

http ; //www.ecologica.cn



12 JAE = 39 %

4 Z5iie

4.1 %58

AR SCI 3 ST 1R A RN FU IR T ESV BEATAZ SR IE LAty S mh A AR AR e Ry, X L Ay
BT 2000 455 2014 4E0F 58 45 S48 /s Uil X7 £ bR AR AR S2 R ESV B30 25 LA B A2 3528 44 JRy AL
R

(1) ILRIETH 2000 4E5 2014 4F NPP 20518 1.61 Ji4Z g C F11.65 Ji1Z g C, ¥ 5 PRH A& = PE AR A0 4
AR, XM oA AR % 2014 A HE R . NPP S{E X 24 A A R &6 L0 ARE X0 242+
A T AR 15 FH M A VA T BB X R X,

(2)2000—2014 4, FLG7 ) ESV BMEIEA T 29 21.86 147, BEIRIA 18.12%, ESV 25 [6] 4341 30 K 7K 38 5
Tl L TP A 14 AETA] U5 I T A e (AL SR X RO B 4 /0N (B T FR A i K, DAV e
T X A AR L o 28 1

(3) A AR LS T80 2000—2014 47 ESV #5156 (19 = 22N BRs 3k i fh LA K% v 56 52 174 Pl SB35 BC
J DG TR Bt AR A AR R e AR B0/ R Sl R MR b 2 T 24 262.56 km® T R R b K 575 S R
FH AR A B TR FBGR B3 500 km?® 38T 120 SR RGA R RN I8 = 58 B T R s i T BL B IS T ESV Kt
7107 QS 1 15 S ) 08 S = W A V2 P i B R G b L a2 91 0 Y= I 8

(4)2000—2014 4, A= 25V T A/ T I 800 km® , 32 MR M A= 245 G KR hin 70 —1% . A5 IX ESV
PR 3 A AR RS L B L B B . KL T 2014 4E AT dE i Ak 52 88 )Ry, JE S gk k) T
Hh Ry YIS AR < T iR b ) A SR A b T R I E | s 9 AR AR, 7E AR AL 08
L o B L R e R S R L 5P R 322 L e L2 K VG 8 AR W g S5V Ve MR 418 Vi /K 37 80 -5 R P A 30 e T R Ak

BRI LT R S0 I B A |, G 5 R E a3 BT AR, DIZE S IR TR B IE T A S R GRS, PR
X I A 224,
42 PhHE

TIHIT AR 252 A SRy 23 Sl AT AE 0 B DX Al A AR A 5 ) RV (98 5 A 2SR R B AT EE R
P S A 2 2 A R IR B o A S AR AT R % BRSO AT AR A R S R U R R Y T A (AR AR
FIBGHE T 0 S A A2 AN (022 M R b i J T 7 A 25 R U 55 (b5 1) 22 ks SRty A L R IX Il
A LA R 1 B 35 AT R 9T A R SR R SRR A R T i A 2 R G I 55 i) 1 LA H AR
FHOCFR A2 AT i )5 ) RS AU 5 M) 56 ZR o A ROAHTR] , 1310 A 25 2 8 A 55 ) I T A8 K A A A
55 [ 1 [R] 80 DRI A OO S BRAE S R GE TS B OC T B SRTIE A 90 7 X IR 25 A )
eyt (RO AN TR A i e 2 AR LA, e Z RIS AE D Rl A G 2, (B s b ORR) A it R 2 ) A
TERE YW AH B AR AHESE R, A B A 25 T R A RS & DI T RE AR IR 517 DRI, A7 b ZE VR A S AT AN [+)
A Z A AR AR ST A A TR 1] LKA FE 980 A4 i ) A — AP PR ) DR AR 252 4% )

ARSCAEWITE I A2 8 SRy R B S AR A R b, X 22 4 Jy 19 2% 21 0 AR A RO MR AR TS A AN R i
G SR FHEE T8 SRR 19 A 2 AR GE IR 55 I (PP 7k B SRS 5 R PR TR RE T R (R T A0 2 7 3R
B BRI RE S8 S PR BUAE S 22 2 NIRRT 28 304 2 08 2R B 5 048 5 I X4 3t S 40 A i
BRI A BESRAFHLAL AT I X T PRACF AR S R G ST . XA A it — 2Pt S 05T

5% 3Lk ( References) :

[1]
[2] SR@AE, BRIk, 248 LT HES RGNS M EEA AR A R E— DA PO LR X R . HhBEHFSY, 2017, 36(3) : 429-440.
[ 3] Bloom D E, Canning D, Fink G. Urbanization and the wealth of nations. Science, 2008, 319(5864) . 772-775.

[ 4] BRr, s2d, XTF, B, 50 3T S M-l HE 2R Y = T A s A . JEATSY, 2017, 36(3) : 471-484.

Daily G C. Nature’s Services: Societal Dependence On Natural Ecosystems. Pacific Conservation Biology, 1997, 6(2) . 220-221.

http ; //www.ecologica.cn



224 BRIAK R B TE S RGNS O (B0 AR A AR A 28 A% SR T AR AT 13

[19]

[20]
[21]

[22]
(23]
[24]

[25]
[26]
[27]

[28
[29
[30
[31
[32

[T

[33]
[34]

[35]
[36]

[37]

[38]

[39]

[40]

MR, EICE, XTR, XIZH, Wk, JET AR L MR R SC IR B A2 [ 45 U0 A 5. HiBRBTFST, 2017, 36(3) : 441-452.
Warntz W. Geography and the properties of surfaces, spatial order-concepts and applications [ D]. Boston; Harvard University, 1967.

Yu K J. Security patterns and surface model in landscape ecological planning. Landscape and Urban Planning, 1996, 36(1): 1-17.

ATl ERUE, Zeihide ) Zeil. JntiiE G s R MR T K B, A 282441, 2009, 29(3) « 1189-1204.

A, B, XUERT, REA. XA ST M R AR T R S . s ST, 2017, 36(3) : 407-419.

MG, b, BE, XV Ty, 258, S5 QR 8 AR S ERAES T M RWE. I, 2017, 36(3) : 420-428.
R0, S, WOCER, FEBL, 2R AR, BT RO Ak R A BT BRI MR A SRR, 2011, 31(20) ; 5928-5936.
Sfir TRHEUE, SLH, Wbl XIEET, BRREM. BRI R A A D A SR IR LR AR AR AR, 2013, 33(13) ; 4125-4133.
e, B, GEE, HE, B - ETERMRNESRERS ME TR, AREIEEH, 2008, 23(5) : 911-919.

XUEEM, SRTE R, SR, & =M MR A B2 A A A8 R GRS M B MR . A 2524, 2014, 34(12) . 3311-3319.

BT, SRR, RO, B, SRR, B MRS RGNS M E VAN B A A — AW AL e B A . AR AR, 2016, 36
(23): 7768-7777.

e, SREE, KB, HE, BFE. PEASREMRS WME. BEERE, 2015, 37(9) : 1740-1746.

Wi, MEAAE, PNF0F, BINAE, K, EhbRE. BT SPOT BRI IR AR S R GRS DI RE AR R4, RS20, 2018, 34(2):
151-157.

Field C B, Behrenfeld M J, Randerson J T, Falkowski P. Primary production of the biosphere: Integrating terrestrial and oceanic components.
Science, 1998, 281(5374) . 237-240.

Ruimy A, Saugier B, Dedieu G. Methodology for the estimation of terrestrial net primary production from remotely sensed data. Journal of
Geophysical Research, 1994, 99(D3) . 5263-5283.

RS, WL, SREK. h E R A RO A 7 B A B A AR AR, 2007, 31(3) ; 413-424.

Costanza R, d'Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Nacem S, O'Neill R V, Paruelo J, Raskin R G, Sutton P, Van
den Belt M. The value of the World’s ecosystem services and natural capital. Nature, 1997, 387(6630) : 253-260.

Millennium Ecosystem Assessment. Ecosystems and Human-Well-being: Biodiversity Synthesis. Washington, DC: World Resources Institute, 2005.
T, A0, BRIER, U, 25, BEK ETRESARR A SR GRS N ESEPFEERTI. IR, 2006, 28(5) : 739-747.
FLh, mAE, T, EEH, AR, FEE, RRE. BRABH M EIAET—LRIdLE T R A, 2012, 32(22) .
7156-7168.

AR, TR R K AT R R Tk R AR (2014) . dbat: Ak aBbaz SOk R, 2014

LT, XA AR 5 1 S 2 500 R eI 98— DAMRYT B i X A [ D], Rl sERER T k2%, 2016.

T, i, Tk, 207, T, DmET, AEhe, G4, LY/T 1721—2008 ZRAA 25 R GRS DI REITAGFTE. JbaT . AR R
i, 2008.

BT, BREGZ, SR, A, T E R AR GRS I RE MM (B, L5244, 2004, 24(6) : 1101-1110.

LU, BRFARE =, W, J84e, kg, HEKH, J7H. il A 28 RIS IIRE M (BT 4. 2RS4, 2011, 31(8) ; 2236-2244.
A AT X A A R GRS (B8 A B S SO R A B [ D], Jbat. Jbathkl k2, 2012.

ChEAEY Z R ETE O R ) S 4. R 2R R ORI, JEaT: SRR R, 1998.

e, SRR, R, BRSO, 23 LT AN (A Y R T I AR S R GRS M AT R k. AR, 2015, 30(8) -
1243-1254.

ATFLIR , ZRil e BEgka. A 2SRRI B I SO RIE . B 2R, 1998, 6(3) @ 205-212.

A, SN, SR, XA, BT E U Y (L A R R AR SR DL AR BRI N AE RS A, 2017, 28(2) .
627-635.

Knaapen J P, Scheffer M, Harms B. Estimating habitat isolation in landscape planning. Landscape and Urban Planning, 1992, 23(1) ; 1-16.
SO, BRRIT, IMREF. BT RS RGIRS BER i i AR S 2 i R ESL. AR5 23R, 2018, 38(12) : 4121-4131.

Brauman K A, Daily G C, Duarte T K, Mooney H A. The nature and value of ecosystem services: an overview highlighting hydrologic services.
Annual Review of Environment and Resources, 2007, 32, 67-98.

Barbier E B, Koch E W, Silliman B R, Hacker S D, Wolanski E, Primavera J, Granek E F, Polasky S, Aswani S, Cramer L A, Stoms D M,
Kennedy C J, Bael D, Kappel C V, Perillo G M, Reed D J. Coastal ecosystem-based management with nonlinear ecological functions and values.
Science, 2008, 319(5861) : 321-323.

Jopke C, Kreyling J, Maes J, Koellner T. Interactions among ecosystem services across Europe: bagplots and cumulative correlation coefficients

reveal synergies, trade-offs, and regional patterns. Ecological Indicators, 2015, 49 46-52.

A, BIGN, RELT, NIRRT, W RS RGN . MIARIBI PSR, AR, 2017, 72(6) : 960-973.

http ; //www.ecologica.cn



