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species survival, and information exchange, thereby providing strong support for sustainable development across natural, social,
and economic dimensions. [ Methods ] The InVEST model was employed to simulate various ecosystem services in Beijing, and
the simulation result were quantitatively analyzed. Additionally, Morphological Spatial Pattern Analysis ( MSPA) analysis, the
Minimum Cumulative Resistance (MCR) model, and circuit theory were integrated to develop an ecological security pattern for
Beijing, providing a scientific basis for policy making. [ Results]The result showed that high-value patches for water conservation,
soil retention, carbon storage, water purification, and habitat quality covered areas of 1 984.59 km®, 617. 61 km®, 8 041. 22 km’,
8 638. 69 km”, and 930. 70 km*, respectively, accounting for 12.09% , 3.76% , 49.00% , 52.64% , and 5. 67% of the study area.
These high-value patches were primarily located in the mountainous areas of western and northern Beijing. The ecological security
pattern of Beijing was composed of 21 ecological sources, 46 ecological corridors, and 1 ecological pinch point. The total area of
ecological sources covered 1 220.83 km’, accounting for 7.45% of Beijing’s total area, while the total length of ecological
corridors extended to 1 003.78 km. [ Conclusion |The ecological sources in Beijing are mainly distributed in the western and northern
mountainous areas. Future efforts of ecological conservation are essential to further expand the area of ecological sources and enhance
habitat quality.

Keywords : ecosystem services; ecological security pattern; InVEST model; MSPA analysis; MCR model; numerical simulation
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Fig. 2 Evaluation results of ecosystem service values

BB AR LG AR Fe MR 55 (L plg 1) AE B R AG A7 AE W] A 2 Ui ot
AT InVEST BORUAR K BT R BIOIEIX. &R, Eatl Rk R TR, Lk = 2
HKIRRFRPE AR, WA 2(e) Bron, URUHKIRE  ZRXARERG, SEob T30 X3 A1l DX R s T

6 KFIAKEBEA(PEL) F56%F 2025 FF 9 H



XX, PR S K R 7 IR 55 e T L X, 7K
Fem M BEH AL 198403 km?, (51 12.09%,
FEAE PG T L0 X AR % X SR, i IX
MR SR D SR AR o T, BRI R, B
HAbIX 5 T SRR PR, 77 7K i T AR {3 e i AR
4 478. 44 km*, (5 27.29% , % X A Hb A 25
DIARHB AR O 32, KR SR RE Ty, (H PR AR R R
ik, KIFEHFEBEAR,

fii 1 InVEST AR AE 5% it i A+ AR 2 i 53 IX
A R S, IR 2(6) Bk, db st AR BE R
T E PSR A 930. 48 km?®, 24 5 b5 T AR
5.67%, FEEHEF 4> 0T AY P8 L X AL R
X, XEE I At i AR SR gy, X&)
ET HARMY X, —a BB F R T I A SR
S BB R R it 1 St A5 R B 3 (IR (B B2 4
T4 XX, = b A 2 78 DUBE b A a3 R b oy

FHE, S/RTESRGERSITHEESZ 2R

F, ARPishnmzl, PR 3% s EAx,
2.2 ATEMHE

A AR SRR AR A A SR A R, AR A
FATF ARG S, B4 B A I AR S PR S
ARSI DIRe, B0 AW AAF IS S i 1E 5 317,
PRIHOR A= S R GRS PEM A R SERLE N, S — M
HANAN B EME L L, LSRG RS Dite, WK
MR AE R A AR bR B SRl SR )F 38 A MSPA 43
Br, B B A AR S TR

MSPA A1 S — b T35 R 53 B 2 (a1 4% SR oA
A 53 1 385 B R Gk, AR
HAMEITEE SEE B R Z S IR C R, Xl
HEZEEPEHATIRA ST . R MSPA 4301 144 e/ NGE
He AR R B 30 km® PEBUE S T, A H)
et AU, i 3 s, Jbatri ARSI
214, BEFRCH 1220083 km?, 5 b 5t 7 G i FR Y

N

A

MK
ER

B svon
[ Ix #

0 25 50 km

Fig. 3 Selection results of ecological sources

KFIZKEBEA(FEL) $565 2025 FLIH



THEEB, /IRTESRGRSITEEES LR

7.45%, AT TIERRIX , MEX | BuX | AKX, 1]
X AGFILIX, Hor, KB AU 120. 54 km®,
PETFIERIX, Fe/NERATHFUZ 30. 30 km®, 57 113k
WX, AR BE S 0] [ AR Th oA T ST X
VYR FRAIALES , AR EAUAELE b A A, ISR X
PR FIAR B S PR R R o0 I AR, N L
BB M EES RGNS, Sk LS,
A AR 55 A 45 S5 IR 55 v I (L BREH 1 225 ) 4 A 52 R
— i MARRIPE, F W A5G & IR 55 f 1 s i B, L
A7 R GRS AL TR R K,
2.3 AESHENTERESHERE

MR BT SCHE H 9 5 YR A 0 o X AR S B ) T
¥R A PEIEPKIE RS PEVTIREE S . R M
B 5 B RN R BEL ) T HEA T AR ME AL, AR AR A EE
T8GRI X 25 G A A By, S5 iEl 4 fr
o AR R R SR E A, SR

A6 TP FERIE S X A R 0 S SR X, A8 G T Y L
WX AIE R X3 X, AN ZRIE SR AR, L bR H 28
RIDLER G AR o 32, A PR ORE sS4, hl
B w RN, S BOZ X R T I X
AHI TP RERE S ARG AW A S5 10 T
ERE, fTFhHILX, Tk, ERX, HEX
M= X EX B X, % X R, W
B, AP S w, fE7E R MMM, &
FArh SR aOLEE, 2 NES TR E
I, B &R KR A SRR R AR B, B
BTN, EEYREREA .

e A AU b A A B ) 1, SR A Linkage
Mapper T B VEATASEIE IR, 458K 5 P,
RSB 46 A ASE , B 1003, 78 km, i/
FYJRRIE 0. 42 km, K AYERIE 150. 52 km, 5T XL
BB AP A AR A bR AR T, HARASBE AN, K

# 4

ERBEAE

Fig. 4 Ecological resistance surface

KFPREBEAR(PHEXL) $56E 2025 FF 9 H



JE R X

FHE, S/RTESRGERSITHEESZ 2R

¥
i I
L
AR sl i |

K g
A MK e
— =gt

[k ®
0 25 50 km

5 AEBEERRER

Fig. 5 Extraction results of ecological corridors

[TV TE R/ E A SR N [ /78 (el 21 N =) S Nl o N 5
I, VG R PR G AR U 1) S U T T4 X A T 2%
JERTE SR, BHA (AR X, (A SE R IX A — 4%
JERIEZERE, IR XA A — SR RE 2, ARSI
b5 VE ARG Y 5SS AR A GEA T 28 LR IR A e 3
IKVU RS IR M, XU R SE X N K 1y — SRR,
H Centrality Mapper - EAR 3 AR 18 /9 #8342
BN AE SR 430 =28, 18 Ak —4UUiRiE, 23 &
QRRIEFN 5 2% ZGRRIE , —PRUERTE B A TEAHFR AL
P Y b 22 1] 304 R T T A S AR )R b 2 ]
FEL T e/ N AS e, 2 fE B AU Y G BEaE , i an
HR R ) — 2% — GBI S R PS5 21 PG v U ) P — %
e, X T —GRJER T N IR AR AR, B LR AR R R
DN B 1 P S e /4 - 1 B 5235 o 4
BNV AT, PRPTEVE R . LSRR AR
Z [RI 58 it I 23 Pt S v — 0B 1 J 2 3 &3 43 IR b i

KFIZKEBEA(FEL) $565 2025 FLIH

%, RIGUTE —SURIETE ST Z RIS, =
AR W 32 O3 ATAE P ES AL AR RN AR, P (8]
ERE el
2.4 EFREEEHE

A VIR HAT B E SN E AV E S R G55 DhaE
FEHRM SR, YRR AR R, YA
Pk 1R BASH AR S T AR A AR S T
Z IRV Rh IR S AE 9 A SR AR A A 53l
Xt A 2 B T P BHL T2 P E R R AR SIS AR AR U
PRI AE A B SR AR A S RRIE H BB A, SRR
S B R FEL YR R e Y X O AR A A, AR A A,
R G I ROE e | 5 B e AR S IR %
WP RA RN AU A3 RRE A 2k
M, MR —EGE e R A S
KeJRr, WFE XA A PR BOR B i s SR A AR

R AES R e R A 6 s, w21 A&

9



THEEB, /IRTESRGRSITEEES LR

% , FigliX

BIFHIX
PR IX ARIRIX

— Bl
— K
— Sl
| EFI I
B s
[ Iz #

i X

Bl6 &£ERLER

Fig. 6 Ecological security pattern

T | 46 SAESERER 1 AR I A, AR
Mo AR 1220, 83 km®, A BT AGRERHE, FE5
ATEWFIE X ALTR . PEAS AN AR, AR SRR 1 1Y K
1003. 78 km, 5P 5E MR EE#, B) K
HAR T 1 A5 P kb 2z 18] ) A A el PR s 2R
AERIE B R Al, (kAR A b 2 R ) R e
B, J&TF Pinchpoint Mapper T H ) 1 A&
JRBEHL ARSI TUTE R B B S R R B e ) X
B dbmmi ARSI G T BV IX, AT AL
PRI B e, A 4 SRERIE S, AR S TER
1EA A A (AR AL A 7 T B S AR,
IR 25 R« — =X A" AER
BpEE RN (WK 7)), C—7 2R AR SR
Yo, X SUREY) S i i R, AT AP IX
AESPERIIX, N ARSI R AR A SR TR, WA

10

FAESR T, BRI A REIR, R T AKX
ARG, < =X RAETEAR . AL AAR AR AR S S T
DX, Kl DA BT o B =, R E Y 2,
e — VIR R B 5, FFE T K i R AR A T
YE, SRS, PRI RSB, D)
FARBEE AR A AT A, 2T WA, K
FEAPASIRE R < =7 e A AR SR 2 R
MINANEE, $ETH A S, RS
AR RIS, TR A R S AR R

3 HRHI

3.1 EBRGRSE

Wl AESRERS C BB REENN) Z %
T, RAIRE LA (0] 43 A4 Jay X3k v s & Jre Fnek
SRR B % R A B Y Bl D Xk

KFIZKEBEA(FEL) $565 2025 FLIH



FHE, S/RTESRGERSITHEESZ 2R

Bl

IR X L=y T
TESRIX AR

PSR B
AT X
— R

—

— S

| EZT IS

B s

[ Ix ®

0 25 50 km
| | ]

X

7 EFBERE

Fig. 7 Ecological restoration strategies

5T S OAS SR AR 2 R 40 R 55 28 BAE 1T 40 #r
SOULRE PR AL AR B X AR S R IR 55 HoA Tudis2 g, i
SO AR U LA TR T BT R SO R 4 A
A BT P i T 3 S e B s A AR, A ) Bl X
it e R 55 W 2 o T DR X3, A b ) S R
AL F R R, B L, B S AR R
PIE RS, WA R I, YANG 2607 X 15
T M DX 7= 7K R 55 DA A B0, A TR 2 B T K
MR 55 B ) A2 Ak B =22 R ZE, 10 a PN B RN & 3
46% , PRI 138%, BEAN, ARSI XTI E
KT VA IR 5 R A 95 o R 95 AT REAL, Ll IXAE K
JoT Ve A IR 55 R A 5 5T R 55 R B LS LU D IX
MRS E . AN RIRIFFE S5 SR W A bl
AREBRARET A, BEERY B, WKk EE
FACRREE , XK A A EEEN, M s

KFIZKEBEA(FEL) $565 2025 FLIH

YEH DA B A AR 2 0 18 A, AT DA &kt 20 7K+
R, S AR IR R AR A A R L X A
BRGNS M = 1) FEE R
3.2 EHREHEE

GG RAE I T A S P A 2 R R
B, BRUARFHIS HIEA, DRSS
Jay 5 R OC R R AR SRR AR A A TR LY
PEE b, SR T R RS R B AR AR
X, M SEBEHAE N AR S TR, X — 25 R
B8 T ARE S A SRS EAEM ., B
KFEFENMNFFHRBROCMAEETRGE WS L, 5
LV F A S R G IR 55 M (5 ( Ecosystem Service
Value, ESV){ERFEZEAGFRME, 1M IR )R
ETERBEA . B RKEMIE X =~ RAES RS
MRS . ABFFEAE AR S IR U ) BEml 1, AAMERR T

11



THEEB, /IRTESRGRSITEEES LR

A 58 B AR B A P S AR 2 R G R 55 (R VAl 45 A
SR, R A A R GRS M (R = 1 X
B, FFEEA MSPA S HT RS IR B AR S, 2580
AEEPETE— 2D R AR ASBE T B T XN A AS
TGS Z B ME RN, A58 S 2% 1 Nk i
DL BER aT A4S, SEIRCRTRE | R A 4 R 2
RIS 6 FRBH R, [RIEESR A AR 5 R B0 e 4B
HFRYRLER , DA A 5 00 R 28 X6 ) 2 B 1 4 3
S5m0 ER 38 R A 2 e A A TR o L o A
PRE A A Jay R 2 X iy =7 25 R ST TR ¢
VEEE A, AL S DR b U A 2 Ak SRR R A
PO b X AR A i AR SR, DAk
R MR RO DU A LB XL
UPRIAE W) Z PR S A S TR N SR, 455 30a H AR AR
PRI AR 2R, SRR, EREmE
SAPEAL BT PR A DI, rh A DX A AR R b 32 R
TP SR KR, AR IS R R AL B S I
A A AR 20 R LWL (2021 4F—2035 4) )
(LA fRIFRCELANY ) o LA ZE W 2 R Ry S miipl 2 1 2E
YRRV SR, Xt e, AW S R B
PR A 25 2 A S 7 LU XSS FRL N AR — 3, (HEF
CRLANY T B BB S F s, B T K E0R e, 7
Sk AT RARE S M SE 2, MR-
JE DR A B . AR AL T AR AR A SR g
SRHC 2 FBR . PRFRRY M4 KRR R, Ll X
e ARSI EX, BRI RASRI T/E, M
T ARSI s, BT AR 255 T BN A 25
o, RAAERZ S PR, PR AR
X, NE#RES, EHTEEEI, ZRIEABIR
A T AT | SRR KIS H AR, S
AR,
3.3 ARERRME

EIN A O FE L | A A oo 1 O D (0 S e el |
R EHE AR I SR B S SR, AR 25 SRATO A R AN R
ZAA Rk, ARFSRAGEIL 5 RAERRG M7
VEAS AR AE AR, st b, Wrpha A S IR b A
FEEATW LN R 2 | ARk 20 B £ 100
AR FE AR, InVEST BERL 1) s 2 02 kT 4
B ROBE I W i, s sl B R, HA
HREFESHNERFELESH UM, 6501
A, BV, AR EEAWE AL IREL, N
SRS LR, B PR B TR, DT A R AR 2
ARG,

12

4 45

AW AL BT oA BFFE X, i InVEST A5 78 Xf
IKIRMASR | BAAT . TIRIRET . AT B UK B ik
HR A RGNS A TEERIEAS , IR45G MSPA 4347
PN, J5 TS5/ NBEL T A AU R H B P S B
BEGEAAESI S, WEltE T ESZ e, 25
LR 458,

(D RHEARIBEE R, b i AE B RS =5
)5 A7 25 SRR AR B8 o A R s A (B BRE R %
A AR B S X LT AR Y 5. 67% F 3. 76% 5 7K
VETA TR 43 A7 2 5 b8 T R R 2R B R ), A
L P2 A S 1 P AL B AR A 25 RIS Ry 5 K v
AR A A7 D RE 2 8] 3 A PR 3F— 2, I IX B = ]
b T BRI IX RN R R ) 2 ) S 5 )
SERRGRS B B ERHE, BE L,
T A S R G U (B T PE AL 1L X
t b A B AR R R S, AR R
&, O XE Tl AR SO LG, RN
SEIT A SC TAE

(2) dbmt i A A e Hs i B AR 21 NMES IR
i, 46 FFASERE R 1A A, AR
Uk 1220. 83 km?, Akt BEARE 7.45%, F
TN A T PR AL X, AR 2SO GE A K
1003. 78 km, I 18 Z—JiiE | 23 4 —ZJEiE M
5 2 —HRE , AR IS RGE Y o AR SR K R ORAR
WAL E R, ARSI A, AT PEH IR R
ACER IR FEAL o bRt AR A B R X )
LU DX P S b X 23 DORS M SR, DT T3 B A AR e 1)
LA,

S % ik ( References) :

[1] WANG D C, CHEN J H, ZHANG L H, et al. Establishing an
ecological security pattern for urban agglomeration, taking ecosystem
services and human interference factors into consideration[ J]. Peer],
2019, 7. €7306.

[2] QIAN W Q, ZHAO Y, LI X Y. Construction of ecological security
pattern in coastal urban areas: A case study in Qingdao, China[J].
Ecological Indicators, 2023, 154: 110754.

[3] DUAN]J Q, CAO Y, LIU B, et al. Construction of an ecological
securily pattern in Yangtze River Delta based on circuit theory[J].
Sustainability, 2023, 15(16) : 12374.

(4] PIFEDN, ETERY, MM, BTABREMES M ERL L4 R E
LA EEA . DURBRIEIRTIT RN I T]. L4244, 2024, 44
(11) ; 4650-4661.

KFIZKEBEA(FEL) $565 2025 FLIH



[10]

[11]

[12]

[14]

[15]

IRRKEBRA (L)

SUN Z Y, WANG S G, CHEN B. Construction of ecological security
pattern and assessment of ecological resilience based on ecosystem
study of Changsha-Zhuzhou-Xiangtan urban
agglomeration[ J]. Acta Fcologica Sinica, 2024, 44 (11); 4650-
4661.

BB, D3, MAA, % KEAESELMKR. BT EN S
FEE[T]. A2, 2004, 24(5) ; 1055-1062.

LIX Y, MA KM, FU B, etal. The regional pattern for ecological

services; A case

security ( RPES ) : Designing principles and method [ J ]. Acta
Ecologica Sinica, 2004, 24(5) : 1055-1062.

oy, A, BRGEE, &F. KBUAESZeNR: a5
FERELT]. AR, 2004, 24(4) ; 761-768.

MA KM, FUBJ, LIX Y, etal. The regional pattern for ecological
security ( RPES): The concept and theoretical basis [ J]. Acta
Ecologica Sinica, 2004, 24(4) . 761-768.

RAPPORT D J. Ecosystems not optimized: a reply[J]. Journal of
Aquatic Ecosystem Health, 1993, 2(1): 57.
SUY X, CHEN X Z, LIAO J S, et al. Modeling the optimal
ecological security pattern for guiding the urban constructed land
expansions[ J]. Urban Forestry & Urban Greening, 2016, 19. 35-
46.

HODSON M, MARVIN S. “Urban ecological security” : A new urban
paradigm? [ J ]. [International Journal of Urban and Regional
Research, 2009, 33(1): 193-215.

CHO S H, POUDYAL N, LAMBERT D M. Estimating spatially
varying effects of urban growth boundaries on land development and
land value[ J]. Land Use Policy, 2008, 25(3) ; 320-329.

LIN Q X, ELADAWY A, SHA J M, et al. Remotely sensed
ecological protection redline and security pattern construction; A
comparative analysis of Pingtan (China) and Durban ( south Africa)
[J]. Remote Sensing, 2021, 13(15) . 2865.

AL, AR SO AE S AR (1], RS, 1999
(1): 10-17.

YU Kongjian. The

security pattern of landscape ecology for

biodiversity protection [ J]. Acta Ecologica Sinica, 1999(1):. 10-
17.

EWeWE, REE, SRk, &5 BT < UH-PH - JERIE " 1 =00
RIXAESZ M RMELT]. AR, 2024, 44(11) : 4609-
4623.

WANG X F, ZHU M N, ZHANG X R, et al. Ecological security
pattern construction of the three-river source region based on source-
resistance-corridor[ J]. Acta Ecologica Sinica, 2024, 44(11) ; 4609-
4623.

KBS, ZBRAR, EEZVK. [R5 R K T R 28 15 53
PG R K 2 A R B i B [T, K AR JRBFSE, 2024, 24(6) .
20-25.

ZHU Fasheng, LI Changehun, HOU Yuanbing. Thought on water
security guarantees in the Hexi Corridor under the background of major
national strategies and water resource evolution[ J]. Water Resources
Development Research, 2024, 24(6) : 20-25.

WANG Y, ZHANG L, SONG Y H. Study on the construction of the

$£56%5 2025 FFE9H

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

FHE, S/RTESRGERSITHEESZ 2R

ecological security pattern of the Lancang River Basin ( Yunnan
section) based on InVEST-MSPA-circuit theory[ J]. Sustainability,
2023, 15(1): 477.

g, ARKOHT, XIEME, S AT R BN S
JE[T]. A&, 2018, 38(10) : 3382-3392.

YE X, ZOU C X, LIU G H, et al. Main research contents and
advances in the ecological security pattern [ J]. Acta Ecologica
Sinica, 2018, 38(10) : 3382-3392.

25t , L, ERAR, A BETIRA s MRS R 4 i Rl
SRR R AT A S A SR A LU T [ T]. A
B, 2024, 44(6) : 2284-2294.

LI Q Y, TANG L N, QIU Q Y, et al. Construction of urban
ecological security pattern based on MSPA and MCR Model: a case
study of Xiamen[J]. Acta Ecologica Sinica, 2024, 44(6); 2284-
2294.

B, U, T RGN EPEOT B AL T B Ak
BUER BRI, IR, 2024, 42(3) : 384-392.
LYU Jing, LI Mingyang. Construction of ecological security pattern in
jilin section of songhua river basin based on ecosystem service value
evaluation [J]. Henan Science, 2024, 42(3). 384-392.

TR, SEREEE. JET MCR ASUEL 5 ORS00 (1t Pk i 1l A 2542
SAEJRELT]. EBIEER, 2023, 32(3): 481-491.
ZHANG Pingjiang, DANG Guofeng. Construction of ecological
security pattern in taohe river basin based on mecr model and ant
colony algorithm [ J]. Ecology and Environmental Sciences, 2023,
32(3) . 481-491.

PNELS, FPIREE, AN, S XIREMEALA T B RS
S JBELT]. AR, 2024, 44(11) ; 4624-4636.

SUN B D, ZHONG C H, CUI D X, et al. Constructing ecological
security patterns through regional cooperation in the Yellow River
Basin[ J]. Acta Ecologica Sinica, 2024, 44(11) . 4624-4636.
R, ArfL%, AsmAe. SRR RS SR ]. A
24, 2005, 25(9) : 2406-2412.

ZHU Q, YU K J, LI D H. The width of ecological corridor in
landscape planning[ J]. Acta Ecologica Sinica, 2005, 25(9) : 2406-
2412.

[, R, W, S A e b s A A A AR
FEXSWIRMB LRI )]. EEFR, 2023, 43(15) : 6143-6153.
XIANG A M, ZHAO X Q, HUANG P, et al. Diagnosis and
restoration of priority area of territorial ecological restoration in Plateau
Lake Watershed[ J]. Acta Ecologica Sinica, 2023, 43(15): 6143-
6153.

KONG F H, YIN H W, NAKAGOSHI N, et al. Urban green space
network development for biodiversity conservation: Identification based
on graph theory and gravity modeling [ J]. Landscape and Urban
Planning, 2010, 95(1/2): 16-27.

ANK, FIER, FA0ky, & BT IIREM KIS
S JREEE . LLENTT B[], U R4 (ARFE M)
2009, 45(4): 728-736.

ZHANG X F, 11 Z G, WANG R S, et al.

Research on urban

ecological security pattern based on functional network evaluation; A

13



B,

[26]

[27]

[28]

[29]

[30]

[31]

[33]

14

&/ R ESRGRSTHES £S5 L e EHR

case study of Changzhou City [ ] ].
(Natural Science Edition), 2009, 45(4); 728-736.

i, BSIE, Xk, & KA ST 2 R R iR S
JEE[]]. MY, 2017, 36(3); 407-419.

PENG J, ZHAO H J, LIU Y X,

Journal of Peking University

et al. Research progress and
prospect on regional ecological security pattern construction [ J ].
Geographical Research, 2017, 36(3) : 407-419.

XUETE, M, 2R, 4. JET ERA I MCR BERUAG 4= 254
LA R ARV S O [ 1], R ERE, 2024, 44
(2): 1053-1063.

LIUR K, YANG L P, LI T S, et al. Establishment of ecological
security pattern along the Yellow River in Shaanxi Province based on
ERA and MCR models[ J]. China Environmental Science, 2024, 44
(2): 1053-1063.

WRASAS, frsadty, RRASL, 45, URVIIRIA A E AR I 510
b EE TR/ R E SRR ()], A5, 2023, 43
(17) : 7083-7096.

YAO CY, HE Y M, CHENG J X, et al. Evaluation of ecological
security pattern and optimization suggestions in Minjiang River Basin
based on MCR model and gravity model[ J].
2023, 43(17) : 7083-7096.

ER, R, M, & AMILKE SR A ST 2R
SRR )]. TRIXBIFE, 2023, 40(7): 1172-1183.
BAO Yubin, WANG Yaozong, LU Feng, et al.

Acta Ecologica Sinica,

Construction and
zoning optimization of territorial spatial ecological security pattern in
Liupan Mountains Area [J]. Arid Zone Research, 2023, 40(7):
1172-1183.

YANG X, CHEN R S, MEADOWS M E, et al. Modelling water yield
with the InVEST model in a data scarce region of northwest China
[J]. Water Supply, 2020, 20(3): 1035-1045.

T, MNP, ATEL. T R AT A 2 AR G R A5 AU P ] e
NGB W SCHRERFTE ()], AKADK AR (R3E30)
2023, 54(7) . 171-182.

DING J, LIU X B, HE K. Trade off and synergy of ecosystem services
and their correlation with human activity intensity in the Yellow River
Basin of Ningxia[ J].
2023, 54(7): 171-182.

XIRer, B3Ok, ZEar, L Ui AR S R GRS A
Mrorpr[d]. Adaedeik, 2021, 40(1) : 209-219.
LIUH Y, XIAO W F, LI Q,

Water Resources and Hydropower Engineering,
SRS L
et al. Spatiotemporal variations and
trade-offs of ecosystem services in Beijing[ J]. Chinese Journal of
Ecology, 2021, 40(1): 209-219.

YAN F P, SHANGGUAN W, ZHANG ],

et al. Depth-to-bedrock

map of China at a spatial resolution of 100 meters [ J ]. Scientific
Data, 2020, 7. 2.

CARROLL C, MCRAE B H, BROOKES A. Use of linkage mapping
and centrality analysis across habitat gradients to conserve connectivity
of gray wolf populations in western North America[ J]. Conservation
Biology, 2012, 26(1) ; 78-87.

FET5E, ®miE, P, . RBRA TR T ALRUT AT 5 4R

BRGNS Z AU [J]. ¥R, 2023, 43(9) : 3571-

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

3581.

WANG Z Y, MENG L, LI L, et al. Multi-scenario simulation of land
use and ecosystem services in Beijing under the background of low-
carbon development [ J ]. Acta Ecologica Sinica, 2023, 43 (9):
3571-3581.

Wi, g, Ihbe, S JURUT RIS JR I8 A8 KO 2 A AR 2
RGMAT WM [J]. AR, 2022, 42(16) : 6487-6498.
YANG W Q, YANG P, SUN X, et al. Changes of landscape pattern
and its impacts on multiple ecosystem services in Beijing[ J]. Acta
Ecologica Sinica, 2022, 42(16) : 6487-6498.

BETTR, ARIBVS, ARENA, 4. JET FLUS-InVEST A58 () 75 3]
TR R AR AR AT [ T]. KRR AR (P sl) | 2023,
54(9): 13-25.

XUE W L, ZHU S S, ZHU M X, et al. Carbon storage function in
Yongding River Basin based on the FLUS-InVEST model[J]. Water
Resources and Hydropower Engineering, 2023, 54(9) : 13-25.
YANG D, LIU W, TANG L Y, et al. Estimation of water provision

service for monsoon catchments of South China: Applicability of the

InVEST model [ J]. Landscape and Urban Planning, 2019, 182;
133-143.

SRIE. VAR R vh R 2 R 5 B e K B A A 2 Y R
[J]. BMREEZ, 2021, 44(13): 49-51.

WU Yao. Impact of vegetation type and width of riparian vegetation
buffer zone on water purification benefits [ J]. Modern Horticulture
2021, 44(13); 49-51.

ZE- I e E X R R A [ 0ok S RE S PL I
AU dEEMl R, 2020.

LI Ping. Soil Stabilization and Water Purification Functions and

[ D]. dt

Mechanisms of Typical Vegetation in Alpine Regions of Qinghai [ D].
Beijing: Beijing Forestry University, 2020.

W, MRE, STEIH, % BRITAESREMRS N EMNR
BHASZEMRMEL]]. HERE, 2024, 45(11): 6489-
6500.

CUI Song, DU Xianlei, JIA Zhaoyang, et al. Estimation of
ecosystem service value and construction of ecological security pattern
in Heilongjiang Province [ J]. Environmental Science, 2024, 45
(11): 6489-6500.

AL, TR, ZEte ) A JURUTi AR s R ol K
M{[J]. A, 2009, 29(3) ; 1189-1204.

YUK J, WANG S S, LI D H, et al. The function of ecological

securily patterns as an urban growth framework in Beijing[ J]. Acta

Ecologica Sinica, 2009, 29(3) . 1189-1204.

DURRSE, BUGEF, HRESC, % TR/ BPH ) 2 (EAE AL
HERE AR RMELT]. KLARRHER, 2022, 42(3): 95-
102.

HAN R Y, ZHAO Z P, XIAO N W, et al. Construction of ecological
security pattern in Beijing City based on minimum resistance model
[J]. 2022, 42(3): 95-
102.

Bulletin of Soil and Water Conservation,

(BERE = %)

KFIZKEBEA(FEL) $565 2025 FLIH



