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Abstract To study the effects of land use pattern change on habitat quality in the background of urbanization,
InVEST model was applied to calculate the contributions of habitat threats (urban area, rural construction area,
main roads and agriculture land) to habitat degradation, and to assess habitat quality changes between 1990 and
2010 in Beijing. The results showed that the most severe habitat degradation problems occurred in Haidian,
Chaoyang, Shijingshan and Fengtai districts, Yongding River, Chaobai River, and the mountain-plain border area
(at an elevation about 75 — 100 m). Agriculture lands had the largest effect on habitat degradation, followed by

urban areas, rural construction areas and main roads. During these two decades, the contribution of agriculture
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lands decreased from 77.79% to 61.15%, but the contribution of urban areas increased from 18.10% to 31.54%.
Between 1990 and 2000, habitat quality declined dramatically in Haidian, Chaoyang, Shijingshan and Fengtai
districts, which were located at the rim of Dongcheng and Xicheng districts. The total habitat quality value
decreased by 2.3%. During 2000 and 2010, the deterioration of habitat quality expanded to most of the plain areas.
In the mountain area of Fangshan and the mountain-plain border area (at an elevation about 75-100 m) in Miyun,
Huairou, Changping and Fangshan, the value decreased significantly. However, habitat quality had been restored
notably in northern and western mountain areas. The total habitat quality value declined by 1.2%, which indicated
that habitat deterioration had been mitigated to some extent compared with the last decade. For habitat
conservation and urban planning in the future, more attention should be paid to mountain-plain border areas. The
current study played an active role in land use policy-making and biodiversity conservation.

Key words land use; InVEST model; habitat quality

YT FR K 28 R O s Ak A e sk, Rk
SERAEY ZREER R AR Z N [ SR
Govh, LAk s A i ek 2o AR 3 Y+ R O
3k AR 3k A W A B AR R LGB Ak ANt Ok
T3 — 3ok 7% 2 B IA N S A ) 22 R e 2 1Y) die KB 3
SO N, AR B RN X BT 5T A ) 2 R B AR
AR 2 OCEZEMEN .

HRT, A58 5 i PP 22 R T B5o0A ey i 4
P 22 05 RN R 4y k0 | S AR
T A Sk A= 355 43 A1 1P R A X g k(224 4 v 1
YERJU R o FETRIAY R 7 i 22 i A i
Sy AAE L SRS 45, DAk B UNE B A A A B
4 T B 5270 ST A SR B BIF 5T 2 A H B VR ) 4 A
WA AR SRR I OB B E TR . e
HrdH AR R A7 A A AR 2 4 2 (World Wildlife
Fund) fil K [ S 91 1lr 2> (Nature Conser-vancy) 4 [F]
¥ % B9 InVEST (Integrated Valua-tion of Environ-
mental Services and Tradeoffs)fi 728 ELA5 ¥k di o
SRARMI BN | S R AT L P30
A N T A O BIF 5 o R B U R AR B R A
(IR &S F i NG/ & o A N/ S NE
1 R 802 ok A A IS R SR 55 1 £ A A0
IS8 INVEST AU e 4 A B A B (Habitat
Quality model ¥ 4 kb | FH /75 55 1 5 o 105 72 57 B
2, MRYEASTE] A 355 W R 8 g O R B, TRAG AN TR
SO Jey T A B A AR S O, TR R A
5% Jo i RN R R B AT DA S i i IX I A ) 2 AR
T PRI 25 5 AR B, AT LA AR A A 5
ST, A B o i R AR AL AT PG PR
i PRI P B B, DRI s YR AE W b o3 A B8 i dik
Z RSB TN A o INVEST #8085 58 H A0 1 3
FET, ANEAT DL WA ] A 35 X8 T Jgl il I8 1) g iy o

554

B, W v EAR O R R AR B . H R, %R
A F Az 85 54 DA Y L R F 9 20 5% R H 45
ftb A 25 R GE R 55 11 (A 26 R B234 SR I T oE +
b ) FH AR Ak %k A B B R A R 0 B30 i, Leh
25 SOV 5 T - i ) A8 A 0 4 AR ik L
P~ E 24 2000, 2005 Fll 2009 4F i A= 58 Jit 2 A8 1k
T 0L, TR X ER T kA &, HF5ER
JERR, ki fat B R AT BRI, FERIRL Y ] i
PEPPAG 5 T, Terrado® K iz b ) v A 55 B Ak
(R 25 B 5 A ) 22 R L A 25 SR EA T X L, 4
SRR A Z R R W RO OE R, #EmER T %
2Ry DI

(S RSN R ] N i i [ A S e =
WA E R B . o XL, B A3
MR TG BE A BB ROk T B RIE ), (A HATZ
G A ST N TS . A S I 44T 1990—2010
AEJb T R AR R AR 4k, IR B InVEST A
BRI, PEAS T 1990, 2000 Fi 2010 4F/: 45 iH
AR RN A B i ARG O, SRR T AR B AP
BT B BB IX B, DA Sy A R A 1A FH ) R ) 4
HEEEYL,

1 AR K

At 5047 T A Jb F J P b &8 (115.7— 117.4°E,
39.4—41.6°N), [ifH 16410.54 km?, HiFPHILE 4,
AREEARGE: VU TE L AN LR A AR 1 7R e I
S, R S — 98 9% ) i T A AR 1 °F- Dt (1 1)
SR 43.5 m, SR AR = B 20~60 m,
L1 — 4k 1000~1500 m., b 50 @ BB b v
PR B PR R, RSy, BRGEAR, &
B K, FEREKRZ 600 mm, FEKZEEARY
5], AAEREK K 80%E T TE 6—8 H .



PRIFSE AR T InVEST LR 1ty b b ) JTI RS J=) 22 A X6 I3 RUE AR 353 5 42 11 S0 F 58 —— LA AL 50 S 41

XEZBH [

2/ m
e 52287
g0

B1 #HRRTBLARSEER"

Fig. 1 Administrative boundary and elevation of study area”

2 MRFBE
2.1 TP AR

+ 1 A B HESEE 1990, 2000 FT 2010 4FH [
B2 e 8 IR AR BE B B o0 1:10 J7 Y 1A
Bt o ARGEHIFIT X SEPRIE DL ST MR a2
WAR(F 1), 8 ArcGIS /44 1990 F1 2000 4E LA
J 2000 F1 2010 AF G ZHEAE 7350 & 0, 345 £ Hb A
FHE BRI RE I
22 HEEREEGE

iz JH InVEST #58 #Y rb (%) 25 55 57 & 45 B (Habitat
Quality Model)xf 4t 5t 4= 58 Bt & #4770 M o 1715
FAZ O A A5 35 T i 5 S D R ST B 2R, B
AR X A B 0 R TR R, A5 B AE SR AR LR,
T 38 2 A 5 0 3 B O R b R B R A AR B R
o BALEITHT, FrA At R B DL R
B AR T ZEAMAR TR A B

InVEST # 8 o A= 85, 8 W) Fh BT o A 1y ]
DAH H PR AL R R AR A B B SR s |, H
FAR] A = Hi R 28 B e BT R B S AL e O R
Beo NFTE S A 587 A 52wl ok 2 B3R Ak B A

®1 THAASEER

Table 1 Land use classification scheme

— gk Yk

7K H

L1 X 4

EBEIX

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, FEXRS
FEAM S
Hibkits

______________________________________ M
B R A

R T R R

T 5 BB 4

AN R Hi
T

=R A

@ B F 55 E STRM M (http://srtm.csi.cgiar.org/) 5L 7 = PR RIS

555



R (ARBI¥AR) 524 % 3W 20164 5H

B, BI85 i A B . ARSI TR I
BRI, AR R R Al T E Mk E
TR IR . AEBGRALEE R 5 A ERIE: A
JE DAL (o)« RPN DGR EE ()« BRI DA A S5 )
BEAMAR H LE BRI (i)« 2 DL T K (BY)
DA B s Aof A 358 368 AN (7 IRl T8 A AR ) BB JRRRR E (S30) o
5 NS AR B IUE B TR 0~1 Z ], ARHE e j o
Wb x BB A BE AT il (D) () A E, Hp
A TR 9057 A 1 5 T B K A 2 M 5 O
FER N

oo
xj r=1 y=1 Z,‘:la)r

S 2
iy =1 = |, 2

r max

} r:virxyIBijr ! (1)

b, r N ESER B, y BN - R B, d
IS x(HE5E) SIS (R )RR B, d, max AR
IR - BRI

A 358 IR AR R N IR R A 2R A7 S IS
(A= 2R AR BE ST o AR R BSR4 A B B
PIANHRRE: 1) H SR NS IS BAE O, RIAE
B EEE, WUEVEE A T 0~1 2], 1 RRiZA5
HA Rl B, MRARESIHE N 0; 2) (D)
R A ASTRLE . ABg B iR A h

DZ
Qx/:Hfll_(Dz_ikzj]' 3

o, HOMHE j WAESRIEERE; Dy b i b
& x AR BERACRE, kNP H 5k, RIR Ak B ek
ER—2F; z ARATERIA S

R h b 2 1) 32 B S U0 a5 5 e 1 Bl %
HRUCE | A 500 E R R A 35 0 A% gk W VR 1) Bl R
JE, ZHEES B TR 2/ 3, £ 2HSBHCRET
BRI N S %, 32 3 hSBENE S % T B
HEHE 0 2 %l ] SCHR[44, 46-51] .

F 3 AR BEIE R LA SRR B B4 S SR LA
R

1) (AL Tk T A AR (2004—2020 4F) ) Hok
ARl i SRR IX S X el Kl e A B A
Wi R A AR RS R G B M, FEWRAE A
WIERR . Kk, ARPFFORARHL . T A KoK

556

2 EBEMIEERENE
Table2 Maximum distance over which each threat
affects habitat quality and its weight

R SN /km [
Hih 8 0.7
M i B A 5 0.6
SREUTI 10 1.0
FEASE TIE 3 1.0

*3 EREEBERENAERBMHIENHENGEEE
Table3 Habitat types and sensitivity of habitat types

to each threat

+ | U AR
e R ;2; gi o
AR 1.00 0.80 0.85 1.00 0.60
A 1.00 0.40 0.45 0.60 0.20
Bk 1.00 0.85 0.90 1.00 0.65
Fofiuphct 1.00 0.90 0.95 1.00 0.70
TR 0.80 0.40 0.45 0.60 0.20
TR R R 0.75 0.45 0.50 0.65 0.25
7 55 R 0.70 0.50 0.55 0.70 0.30
FIES 1.00 0.65 0.70 0.85 0.45
JKEE . A 1.00 0.70 0.75 0.90 0.50
e 0.60 0.75 0.80 0.95 0.55
JRAH 0 \ \ \ \
RNERGHL 0 \ \ \ \
TS 0 \ \ \ \
[EBrN 0 \ \ \ \
B 0 \ \ \ \
K H 0.60 0.30 0.35 0.50 0.10
Ly X5 4 (1) 0.40 0.30 0.35 0.50 0.10
Fr B X A1 0.40 0.30 0.35 0.50 0.10
XK 0.40 0.30 0.35 0.50 0.10

PER AR B IE B E O 1o 2T HAMAELE, BT A
IR B ZR 48 A B0 LB R, ARG AR 2% B4 AR SR A A
XFRCR YIS BE, 20N TR B A Bl L
Kk, HHboA 0.7~0.8, HEHLFIZK N 0.6, 4 HH
0.4, HAHZEAN O,

2) LIBIRUMETE (R 6, bk . B, KR
A T U RS A B B URE IR . h TR A A3
ARG HA TR A RBERET), B LB XA R 8 o5



R

JLT InVEST B3 (14 - 3l ) T 53 722 A X Il N e A2 35 Jo i

189 0 W 78 ——LA b3t Ry 4]

AR . FEHE, Fi AR G A T AR R X AT
FAT i U A5 AR N T 8

3 HERHTSIR
31 THFATHSHR

AT 32 B = Hb R S B e 1 B R B/ IME IR
MCHL . BEHL . AR M S KR LR A
1990—2000 LA K2 2000—2010 4F- + 1l F1] %% 7 4 4
TRAZERINGE 4 PR,

% 4 TS EILL 2518

1) 5 M2 A+ b ) 28 950 1 K A 1
WA, 1990—2000 AF[H), B M 1) i H b
4.56% 19 TH B, EEEE 0.12% 14 2R AL 7% 30y 22158
Hiv, 0 R B I A ) A S R . 2000—
2010 AF[H], A H 1 o FH R Hb %) T B L 4 3% AL A
JIN, AR AT SR 2 A 1A FH b A A = R U

2) B B L B 7E 20 AFH] 3 T R (35.8%—
30.3%—24.59%), Ak L TE A+ H R 2R R rh
o, PR AR — A 10 AEH B ET

] i M 5675, FESE A 10 AR BR ) d ik
R AN, L) BRMEE RS

3) AR AR T FRAE B 5 00 DY A5 L 3 i (44.39% —
45.11%—46.75%), HE5=A 10 AER IR & T4 —
A 10 AF, HEm i TR S ke R b ) F 4

4) b E RN R R, (ELESE T 10 A B M
UM AT W S AH B 4 P4

S) KA R Hi T B s B R A8 B

32 EERBUE
1990, 2000 Al 2010 4FE A= BB WA 2 fr
Ro LEAE L AH, AR XN, STk

OB f e I TR B AL, BIVARS L PR 1
WEE . IR, A FEAMX, Gl R R
AR 7B T, DA 285 2 . W SCAY T T . 1990
AR X 1B AR B, 2000 K2 2010 AFHLO 3k X
Jo 120 30 P A S 1 R B, AT D R H Al i X
B AR AR U, R IR 5t 1L X 5 5 X 38 B
b VLK B I X AR TR o BRAF X AR, 1 Tt — 1 X A8 3¢
AR A SRR AR FR R T4 28 . 1990 T 2000 41, 28

R4 Lt AERBIER

Table 4 Land use change matrix %
2000 4F
L HBFI IR - 1990 - &3t ik
Fiith b Fh PIIN A b A Hb
B 29.80 0.79 0.08 0.58 4.56 \ 35.80 6.01
Mot 0.11 44.08 0.08 0.00 0.12 \ 44.39 031
Eiifh 0.10 0.22 7.73 0.18 0.09 \ 8.32 0.59
1990 4F
IS 0.01 0.02 \ 235 0.02 \ 2.40 0.05
AL 0.00 0.00 0.00 0.00 9.08 \ 9.08 0.00
A FH b \ \ \ \ \ 0.01 0.01 0.00
2000 4F411 30.03 4511 7.89 3.10 13.87 0.01 100.00
Hm 0.23 1.03 0.16 0.75 479 0.00
) 2010 4F
F 3R - 2000 4FE&it ok
Bt B i PRI A I AH
B 20.76 3.11 1.07 0.40 4.66 0.03 30.02 927
Mol 1.65 38.35 430 0.16 0.62 0.02 45.11 6.76
- EH 0.65 478 2.13 0.15 0.12 0.06 7.89 5.76
2000 4F
N 031 0.18 0.06 235 0.21 0.00 3.10 0.76
AU b 1.22 0.32 0.12 0.10 12.09 0.00 13.87 1.77
At 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
2010 4E&3F 24.59 46.75 7.69 3.16 17.70 0.11 100.00
1 3.83 8.40 5.56 0.81 5.61 0.11

P <\ IR A KA = 1R 5 55 2, <0.00” F 7 = iR A% 4 L i/ 0.01%.

557



R (ARBI¥AR) 524 % 3W 20164 5H

FLAb ) A SR AL T B R AE BT FR R AN =
T2y 75~100 m Zc A7 i o B L IX AR AR AY AR 52 0
KB AR AL, B 2010 4 J7 1L X AR ER AR BE IR
FLEEW] L HE . 2010 4FLL €8 X (Fon AR BB 1k )
FEF -1 X A2 B A LT i O — 2k, B A LA
75~100 m = R FE N LT B AR AR G B

MR, FEREMZE . BF . AastiAE X,

UEAh, PUALFNAR TS A 2E PR N2 25t A A ) R B )
A BRIR AR . E PR BLTE 20 4 A) AR B IR 1 AR i B
SR, MR, B B AR AR R ) I R

T AN A RS B . B DL R A T
X FAESGRAEN T NE 3 s, 78 4
iy VR A, SR B M X R 8GR 1k B ARG BTk R
M 77.79% &% 61.15%, {HH— XA 55iE 1k
M B R SRR R 38T A P b R A R R
X AEBEIR AR DT AR N, ELT 0 sk B
Ft, M 1990 4F ) 18.10%#k: =5 & 2010 4F-[) 31.54%;
5 H A 3 AR AR EL, 3 A T A X AR SRR
UAT eI N TE
33 AERETHER

S T AR BT R A AR AR O, R 3 AN Y
A B P AR A 2 K] 4. B 4 rR g e iR Rk
Bl BT X, 20 o AR B R AL Y X
S, B (R A 5 T R R AR R I X

541 1 AT%, 1990—2000 4E ], AEBEF R T
o 118 0 T v 38 DX 470 T DX 3 DA B A PR B 1 °F- Ji
[X; 2000—2010 4F[1], A= 55 o7 f PR AT A IX Sl AR I
3R SR EPE R R L X, DA EE
F. Fxn . IR 75~100 m A9 E-1L X 57
b, B L LA BT S — 1 X 38 B Ak i A B T T R
PoRTE N

AR B B G LA, 1990—2000 4E[H], bR
W KR . 28 PR K BT 1T 5 L X AR B ik
Ab, Hgx XA 55 5 $2 TH AR B & 2000—2010 4F:
i), AEBEREACE I BT E— 10 4F, FEAEP
JEEBEERR . M. Bl XA R R E W
34 g

A 5% I e 27 1 5 3 R DA R R B A TR
FIFERIE T o 28 A A Bk 0 B DA R AR 85 o i 1
BLE RO, 1990—2000 4Ffu], A= i B Ak 3
B IR O 30k X 1R M 1 A LA R T 5K i R o
] 4 v R 2T o X3 L 4 SR A A B ke 1 P
B, BPAESEMTEe, 20 AR IR 0 X e 37 B 3k T

558

JE IR 1 5 e I O A A 8 . R B 2 T,
oM R %) 52 W) S ] 32 T S AR R S B P b S S B 1 F
JRIX, BRI, 25008 2 i X A B o o A9 Btk 356
T2 F B R R ) KA Y e i i, ORI S
AP i, J5# HA T m iR E ;KL
Je B S5 J5 55100 X 38 B s A B8 5 4 2
VK HiL 38 A ) BTER . 2000—2010 4], SFJRIX
A 358 I AR A ) 0 ph RO 0 X B S A
JRIX, AH R BE AT BT R R PRl R R T R H kA 1
JH b 5, A B9 53 B A B AR AR AR B,
AE AR 358 SCAE Ay SR D 5 ) A i i A 5 . Ry L
DX AR AN AZ Sl 0 5 ) 5 T, V0 B b L XA B
P2 RN 25 B8 N A B I o kA B S 4 T 1 i
Ly DX Hp R T AR R b R /N T R b 2 46 A AR ) BT
Mk, VG R B D L — Y 1L XA PRk b R AR A B
Mo, fEASA S R AR AL, 1K 5 A B AR Y
BT B M 2 P e T AR B A AR B B iR A, X2
FH 12 DX SRR AR fh A5 e, i Ay Pl R ) R
FH AR S5 X 0 B sk g R Y o 25 Bk, 7
DX FH M 5K B T BURCR AR B 2 R K
WerrAl, KARWUNT AW A2, [FE, HEbk
W5 K T DL R R A, g SR 0 Bl A ) 5
TR ST o I 5T, G L A 58 i T R Ry ik
O AR S R G 1k Sk A G ] R R M AR S R
45, HESECERPURFEIC, HXME, LK. B
N = BE N ORI AR T AR, AR T AR R
27t

HAGAEH 1L X A AR Ol O A5 2 ik &, 5
L X5 J5 A 28 B AETE R RS, R S 1L X [
T I ST, 2 A SR 3k T ) 7 2 o o 6 T i A B AR
P ROUR X, (G IR T B AR B Kl (2004—2020
4E) ) Bt TN R 100~300 m Y IX R A
WL, BIPR . o, BWE. B T Rb
ALl X = SR Ag Bk o 5T mt vl DX b mT
FRELFI I, AL AR, Bl T LR
AWK, LXK E LT RZ —E MRS, ik
A ] REAZ BB I . AR SCR SRR I EDUE T
X — W g o b Bk S R R (2004 — 2020
AF) ) SR AR B e Ll X R, (AR
SRR R E, P R X — 2 IR A
AR R I AESS . A A B, BRI
3 L DX BAACH A o b ) IR S, ERAA R S A
W TT & 3 R, AR AR EORE A N R,



PRIFSE AR T InVEST LR 1ty b b ) JTIAS J=) 22 A X6 I3 RUE AR 353 5 42 11 S F 58 —— LA 3L 50 S 41

(a) 19904F (b) 20004 (c) 20104

B2 1990, 2000 1 2010 &£ 4R E
Fig. 2 Habitat degradation in 1990, 2000 and 2010

£ 80 ZZ.;??J | O mARH Ot 'ﬁﬂ”ﬂ
% 70 o 66.80
T .
=2 ) [ o
2 401 o " Z
3 i o] 3154
2 101 e
g 523471 0.01 10.02 007
0

3 EBEIERREENEERKER
Fig. 3 Contribution of each threat to habitat degradation

]
k1

ERREEL (a) 1990—20004F ;\I\ *gf (b) 2000—20104F
’ i

B4 1990—2010 FEEEREBTLERL
Fig. 4 Change of habitat quality between 1990 and 2010

559



R (ARBI¥AR) 524 % 3W 20164 5H

FRAR BT R RRAR 28, PRI AR TE B Tk
L DCAS B 00 A X el W D AT ], R AR A &)
e BRI /S PR B T DX 2R LB Bl (E
B I 16 BEL B i D0 B P L XA S o 25
B, JERTI AR R AR B R B R AR RCR, 3
TEA 5 AR SR AR p, BT QRS AR R I i
L DA AR AR, 36 B 25 T RAR . PTas PR |
X T L DX R A58 T ek 3 B A T A B A1) 2 1 X 52
SRR, AR BRI L DX e B R, o S
JRIX A A 25 G o X

#L3E T Invest A58 14 AR 55 o g P A O K M
H o, AR LATT R B A % 05 0 S Bk B 5
FURT, 2T BB 5 P 532 0 0 BRI 568 188 DA % A 353 AU
PSSR BoE, WA —Ik, E—ERE L
25 AN [R) M DX BIF S R0 LR S IR XE o IR, 74 R Y
WFFEH, RGBSR i € 7 vk

4 g

1) 4t 5t 1990—2010 4 (1], FHE 5 FH b Al Ak b 52
BB S A v S S A, B L 53 5 8.62% A1
2.36%, #hth L FIE/N 11.21%, F—4 10 4, +
WA R AR L 5§ AR R 4 SHE 22 BN K, 2051
13.92%71 12.42%, 1B5 A 10 4F v Ay & et #EE
WO, BRI . RO LR R = Y R
Ay Ak F] 13.52%, 11.12%F1 7.66%.

2) A 8558 Ak i M R A X 3 A v A IR T R
WEETE . W, A5l FEMK, AOE. WE
Wi, DA iR 75~100 m 25 A A R -1 X 38 R
it . 2010 4F, 3T R iR Ak ) A4 1990 Fil 2000
SEAT TRt o S TR T A 5838 1k B 52 i) DA R E /N
RO . AR R M AR RN DA R R E S
T . 20 4E ], BRb A TTERR N 77.79% K [F &
61.15%, 3B H I A 18.10%42 &5 31.54%.

3) 1990—2000 4[], WEyE . . A5l .
FE XA R KR TR, K. B
S B A XY SR b X /0N R ARG, T A 5 2 K
. BT R GE P XN BE S B T, A YE FE N AR SR
T B R B 2.3%., 2000—2010 4F i), % {8 1
W, WL, B, ik 75~100 m A4 F
J— 10 X 38 S by LA B B L P R 1L X R 2 N R, T
R I S B BT R A, T PR A G 1 X
AR BV RS AR A . 10 4R TH], A= 58 BT & B
{H T R% 1.2%,

560

4) IWAEBECRE SR, BRAGESAYIE KL AR
xRS, ACRUEST A RS AR, KR
FRF A BT R PR, XA C g e it 2
D — 1 DX S S M, L DX AR 5 AR A ) R AT
FGEHE, PRHCAE ARSI T ML) 55 AR 35 PR A i A v
TR RORTE

£ % 3Lk

[1] Barnosky A D, Matzke N, Tomiya S, et a. Has the
earth’s sixth mass extinction already arrived?.
Nature, 2011, 471: 51-57

[2] Gordon A, Simondson D, White M. Integrating
conservation planning and landuse planning in urban
landscapes. Landscape and Urban Planning, 2009,
91(4): 183-194

[3] Stagoll K, Manning A D, Knight E, et al. Using bird-
habitat relationships to inform urban planning.
Landscape and Urban Planning, 2010, 98(1): 13-25

[4] Frondoni R, Mollo B, Capotorti G. A landscape
analysis of land cover change in the Municipality of
Rome (Italy): spatio-temporal characteristics and
ecological implications of land cover transitions
from 1954 to 2001. Landscape and Urban Planning,
2011, 100: 117-128

[5] Collinge S K. Ecological consequences of habitat
fragmentation: implications for landscape archi-
tecture and planning. Landscape and Urban Planning,
1996, 36(1): 59-77

[6] Knight R L. Private lands: neglected geography.
Conservation Biology, 1999, 13(2): 223-224

[71 Roy P S, Tomar S. Biodiversity characterization at
landscape level using geospatial modelling tech-
nique. Biological Conservation, 2000, 95(1): 95-109

[8] Mckinney M L. Urbanization, biodiversity, and
conservation. BioScience, 2002, 52(10): 883—-890

[9] Sala O, Chapin F S III, Armesto J J, et al. Global
biodiversity scenarios for the year 2100. Science,
2000, 287: 1770-1774

[10] Falccucci A, Maiorano L, Boitani L. Changes in
land-use/land-cover patterns in Italy and their
implications for biodiversity conservation. Land-
scape Ecol, 2007, 22: 617-631

[11] JH . RAEEM AR IR R, dbat: b
AUk R, 2007

[12] Bru B, Z2BrF, M AR, 4. POl g 3 X8R bR
WS 5 0 A S BUREERE Y 50, RIL K= 44



BRUF% 3L T InVEST £

T (1 A b ) JTI A% g 722 Al % DX sl X £ 35 o ik (1 B2 ) BF 57 —— LA AL 3t S 491

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

HARFF 47, 2008, 5(2): 23-28

FAe, sy, VLR, AR, TR BRASCEE AL R
JE RAE AE BV, SRR =5, 2009, 23(9):
1128-1135

R, BRHE, B
R RN DA W G R 5 T B Kl PSR L
A, 2009, 32(5): 179-182

Fa, FRE. TR NS RSN EE
ARSI 22 AR BT, AUt R 23] AR R =
JiL, 2014, 50(2): 355-360

e B PR A B
FRHRF 2

g, ARk St, RICM, T T ARG AAE
FOL DA U U R ORA SN 2 1 Bt A/ A S o (1
2014, 34(1): 105-114

TREL AR, FRT SRR X R BE AN A2 B T T4 [D].
deat: Jeaipol K, 2014

Seoane J, Judtribé J H, Garcia F, et al. Habitat-

suitability modelling to assess the effects ofland-use
changes on Dupont’s lark Chersophilusduponti: a
case study in the Layna Important Bird Area.
Biological Conservation, 2006, 128: 241-252
Rittenhouse C D, Rissman A D. Forest cover, carbon
sequestration, and wildlife habitat: policy review and
modeling of tradeoffs among land-usechange scena-
rios. Biological Conservation, 2012, 21: 94-105
FA, kA, VRERIE, S L ORI fb X AR B 1
AR S THNYPIN RS S L R | R
%, 2015, 35(14): 1-13

Scolozzi R, Geneletti D. Spatial rule-based assess-
ment of habitat potential to predict impact of land
use changes on biodiversity at municipal scale.
Environmental Management, 2011, 47: 368-383
M, E5E, ZRmgE, 45 JE PR ARy
VA =R M DX AR X T B X R B e . AR A AR,
2011, 31(13): 3609-3620

RN, PhT AL, @2, . FEF C-Plan BRI
f A ) 22 R DR O e R R A A 2 AT
2012, 32(3): 715-722

LA, B, EE F T MARXAN fi

BY VR B v e T Bl R S AR,
2014,14(26)'3097315
gkSCrT, SHITE, SHAR AR, AE. WA O E

FI A2 ﬂcﬂhﬂ%%i@%iiﬁm S A AR
i, 2008, 27(11): 1985-1989

Brambilla M, Casale F, Bergero V, et al. Glorious
past, uncertain present, bad future? Assessing effects

of land-usechanges on habitat suitability for a

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

threatened farmland bird species. Biological Conser-
vation, 2010, 143: 2770-2778

RSP, BT U 4 22 M A 5 o 1) = b AR T AN 5 )
M. B mm &K, 2014
Tallis H T, Ricketts T, Guerry A D, et al. InVEST

2.4.4 user’s guide [EB/OL]. (2012—-10-24)[2013-03-25].
http://ncp-dev.stanford.edu/~dataportal/invest-release
s/documentation/InVEST 2.4.4 Documentation.pdf
RPT, BREK, XIUUDL, AF. InVEST B0 8 J How T Y
WroR dE e, $air Rl B2, 2013, 33(4): 58-62

Bl bd, HURE, AR JET InVEST BEAY YA 35
YR 5 D BE M AETPAG RS AE AL 5 R K 2=
W HARBIFR, 2012, 33(3): 41-47
R AU AAETT ST E T RS
[D]. B R T R, 2012
Bai Y, Zhuang C W, Ouyang Z Y, et al.

U VA T 5

Spatial
characteristics between biodiversity and ecosystem
services in a human-dominated watershed. Ecologi-
cal Complexity, 2011, 8(2): 177-183

2, R, Sk, A dbatil XA 2R
AHT S R AR AN . K RO ERE R, 2012, 32(3):
42-46
Baral H, Keenan R J, Sharma S K, et al. Spatial
assessment and mapping of biodiversity and conser-
vationpriorities in a heavily modified and fragmented
Victoria,

production north-central

Australia. Ecological Indicators, 2014, 36: 552-562

landscape in

Polasky S, Nelson E, Pennington D, et al. The impact
of land-use change on ecosystem services, biodi-
versity and returns to landowners: a case studyin the
State of Minnesota. Environ Resource Econ, 2011,
48:219-242

Leh M D K, Matlock M D, Cummings E C, et al.
Quantifying and mapping multiple ecosystem servi-
ces change in West Africa. Agriculture, Ecosystems
& Environment, 2013, 165: 618

Terrado M, Sabater S, Chaplin-Kramer B, et al.
Model development for the assessment of terrestrial
and aquatic habitatquality in conservation planning.
Science of the Total Environment, 2015, 540(1):
63-70

AR, M, DB, S RET
AT R ARK IR 57 D) BE VA
48(10): 1-5
Zhang C,

Xitiaoxi River Basin based on InVEST modeling.

InVEST #5#1 [
Mol Bl2=, 2012,

Li W, Zhang B, et al. Water yield of

561



LR A A (SR B2 )

52 43

2016 4F 5 H

[40]

[41]

[42]

[43]

[44]

[49]

562

Journal of Resources and Ecology, 2012, 31(1): 50—
54

WiE, RAUL, WURE, % BT InVEST HEIN
VLR XA S RGK IR HES IR 55 0 2 284k, B AR
24 4R, 2013, 24(1): 183-189

S, Brik, XL, AE. LT InVEST BEEIAYIE
A B AW E SR Bt I XU TR A . B MR 2R
2013, 34(9): 1791-1797

JAM, ABibE, Prmife, %, T INVEST FERLH)
dbmt il X+ g EMmBIEL. K 2R REIF 5T, 2010,
17(6): 9-13

Fisher B, Turner R K, Burgess N D, et al. Measuring,
modeling and mapping ecosystem services in the
Eastern Arc Mountains of Tanzania. Progress in
Physical Geography, 2011, 35(5): 595-611

Goldstein J H, Caldarone G, Duarte T K, et al.
Integrating ecosystem-service tradeoffs into land-use
decisions. Proceedings of the National Academy of
Sciences of the United States of America, 2012,
109(19): 7565—7570

ZElz v, BERAD, XU, 5. R AR AT AR A
RGNS DIREM 2R LA oK RO . A=A

[46]

[47]

(48]

[49]

(50]

[51]

[52]

2442, 2013, 33(3): 726736

Nelson E, Mendoza G, Regetz J, et a. Modeling
multiple ecosystem services, biodiversity conser-
vation, commodity production, and tradeoffs at
landscape scales. Front Ecol Environ, 2009, 7(1): 4—
11

Hall L S, Krausman P R, Morrison M L. The habitat
concept and a plea for standard terminology. Wildlife
Society Bulletin, 1997, 25(1): 173-182

iz, 4%, ERMA, % BFERBEAESRER
5 VPl Je Ho . A 24, 2013, 33(3): 711-717
JAME . FE T A MRS e 19k a0 il K AR AR SR Ak
WFFE[D]. dbat: dbatakill K2, 2011

MW, GIS 7Eu A4 &S I 5L B i PPN v i T DA
BALTL R R BI[D]. ¥ 1 R K, 2011
REFK. FET CA-Markov Hl INVEST # %! ()5
N WY AR BB TFM[D]. B H: R,
2012

ATl A, A, S5 dbnEk i X 4 )
e F R W R B8 5 . b E - HRk 2%, 2009, 23
(11): 3-8



