55 45 %55 18 1 S & 7 i Vol.45,No.18
2025 4F 9 H ACTA ECOLOGICA SINICA Sep.,2025

DOI: 10.20103/j.5txb.202410062416
BRI AR, TR AT AR T A S ARG SS A S SR AT R S o DX A 222 At SR M A AR A A4, 2025,45(18) ¢

Zhao Y T,Xu J G, Shen Z, Xu W. Construction of ecological security pattern in peri-urban areas based on ecosystem service supply and demand and

sensitivity analysis.Acta Ecologica Sinica,2025,45(18) .

EFESRGREUTSHBMESTHHBHR ES
Lok B

e 1, % o 1 =2
RARIE rERYT e /L iE &
1 MR RE @S S TR 2 58, B st 210008
2 W THTRLRIA B AR IR R S AR B st 211500

TR R 2 L A Sy AR T S 2 R DX I 75 R G IR 55 T RE AR IO A A A% | XM i DX 3 T 6 2 JRE R s A Sl LA o 2
SCo SR, A DR/ S 3 FH T W0l DX ) £E 25 48 s Sl i vk DU HORAE AR S R G I 55 b R Al 5 A S BUs AL Y 75 55
T, AT A EHE G X SR TR S NR IR R RS EZ IR, VRN KOG, WESREMRS T 5 Budit
SR AT 18 F InVEST BRI AE 25 RS 5 fiE75 Fe (ESDR) R Ab 40 M 05 i, SR B T 54 w55 A B R G MR 55 i 48 7K S Ak
T3 A S U s AR 25 KU 55 A TR A BE 25565 22 IR T4 b LA RAE AR S BUBME AT, 101 e BUdk FLRAT 58 3 R 5 T 1Y
SORERAE N AR, ZEUR MRS ARl b A g AR AR BE T, R /s SRR 7 A5 TR 1 e, i PO R B 2SR T AR AR I A
FRRERT L T T BT X SR X 09 A A AR A R R o S5 R IR W] 7300 X A A AR TR b SR B R v SR 58 40 7% I8 A A
EMEAR R IR 59.50% 19 HE S BRI 22 [ e B A3 A T MR U 1 3 B o BURRE (R AR IR B e e i A B T g, TR
I A FERIN Y 15 AN A A8, B AN 267.99km” | S AFSE KK 20.59% , HAM AR RRAE Ry < R pE IR AR EE A 4
FIH7 AR S b, [RIR, 30 2 A 24 R 18 2 A 430 T R SR AN AL 358 , J B R = Ao TG AR G 5, v 8 s Je 3 A 43 A7
TR, AT 48 BB A TFRFIT X SRACFR | AR A< 1) o B e SRR T 5 A S B ol S A0 TR R A K PR B AR, B, AR
FFHEH TR RN A X X PUERIE " 2R SR SIS 4 R R, 31 0 A SR % R A BNE 5 5 A R AE B |l X
8 o7 B AL T L

KEIR AEAR GG BT  BUBE T IRAE X R 2 2 Jr s B T R A X

Construction of ecological security pattern in peri-urban areas based on

ecosystem service supply and demand and sensitivity analysis
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Abstract: The construction of ecological security patterns constitutes an effective approach to maintaining regional
ecosystem service stability, which is of great significance to promote regional sustainable development and ensure human
well-being. However, the existing research pays less attention to the construction method of ecological security pattern
suitable for suburban areas, especially in the context of imbalance between supply and demand of ecosystem services and
ecological sensitivity, ignoring the comprehensive consideration of ecological protection needs and human settlements quality

in the identification of ecological sources. Taking Liuhe District of Nanjing as an example, from the aspects of supply and
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demand of ecosystem services and sensitivity analysis, the InVEST model and the Ecosystem Service Demand Ratio
(ESDR) quantitative analysis method were used to extract the ecological sources with high level and potential of ecosystem
service supply. Multi-factor indicators are integrated from the two dimensions of ecological risk and external interference to
characterize the level of ecological sensitivity, and landscape elements with high sensitivity but complete ecological functions
are identified as ecological sources. On the basis of source coupling, the ecological resistance surface is constructed, and
the ecological corridors, ecological pinch points and obstacle points are extracted by using the minimum cumulative
resistance model and circuit theory, and the ecological security pattern construction system for suburban areas is formed.
The results show that in the process of extracting ecological sources in suburban areas, insufficient integration of ecological
sensitivity indicators would omit 59.50% of functional ecological elements. These elements show sensitivity due to highly
dispersed interference sources, but still maintain complete ecological functions. A total of 15 ecological sources were
identified in the study area, with a total area of 267.99km2, accounting for 20.59% of the study area. Spatial distribution
exhibits “midwest-dense, east-sparse” clustering, and the main land use patterns are forest land and cultivated land. At the
same time, 30 ecological corridors are densely distributed in the east and north. The short-distance corridors are mainly
located in the north and west, while the medium-long-distance corridors are distributed in the east. The ecological pinch
points are mainly concentrated in the medium-long-distance corridors in the north, middle and east of the study area. The
ecological barrier points are mainly distributed in the long-distance corridors in the south. Based on this, this study puts
forward the proposes an “Five Districts and Four Corridors” ecological restoration framework in Liuhe District of Nanjing,

and provides a new idea for the application of the ecological security pattern planning methodology system in suburban areas.

Key Words: supply and demand of ecosystem services; sensitivity analysis; suburban areas; ecological security pattern;

Liuhe District; Nanjing City
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Table 1 Data sources and spatial scales
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Table 2 Methodology and calculation process for assessing the supply and demand of ecosystem services
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Ecosystem services Principles and methods Calculation process
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Table 3 Ecological sensitivity factors and weights
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Fig.3 Spatial distribution pattern of supply and demand of ecosystem services
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Fig.4 [Initial ecological source, high ecological sensitivity area and spatial distribution of ecological source
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Fig.5 Ecological resistance surface, ecological security pattern and ecological protection and restoration pattern

4 Wi5H®

41 iHg

ASCERA 5 T IR b DX NS P Tt 5 A SRR 5K BT R A R R G MR 55 T S AR A R
fabR, — BB LR T A TR R0 Ty i Bt T S T RB kL DX A A Ak R Al i R . A
BTOAM A CEA TAESAESE A RGN TS5 ANIETE S GE 7, R BIE5E X I8N 5 Ok
PRSI B TR TR BT HE AR A AR 25 R G0 AR 55 (T W 9 (0 JE Al 10 49—350 , e A4 25 05 i 14 15 531

http ; //www.ecologica.cn



18 41 RS A R T AR RGNS BT S HURE T W A X A 5 A S fy 11

N T AU IEAR . BIYRE T AS RGNS I 05 XU, (AA S — 2P T AR S R R g5 e 5
TR Z TR AR5 5 28, R e SR H S R 5 28 14 70 RO A 25 TRl 3K — T3 06 X SRR Ml X S B 2R A5 B 3
YU S B I, RIS, 8955 R At 7S5 DX b s TR R AR (2021—2035) ) A L, e 46 - L AR 2
T TR B TR AR AR S R B B OBy i, HUE SR HAT A A S 23 (R D BB, AT A 280 5 DX Il W3
PR, AP AR R B I AR S P, WSS D A A S R AP S B B SR nT DAy [ b s T AR AR A B
RS AL iR A — R AN TE S e

TESGR I XA S A R B RS AR B TSR T 25 T A S R G55 1w 5 U A il & 18
e A —E AR BRYE . BRI AR SO SRl B A AR B EAETR A RIS 7] AR5 A JE 36
BT RS ) T I S RRIBUE S RGO 55 B AR LA F AR A A5 A5 2 b e I 5 25 IS R SR 2R (L R
B AL B R 1925 1RO SO C & PEHE LS BRI LA O o) ) A 3 e Rl e, o,

23 (A3 A R RE RN AR o 55— T T, AR SCl a5 | AR S US4, ik 7 B 2 A S TIRE M A SR
SO Z U] AR Al LT B ) bn 2 AL T E AT P C AT HESE,

AT LI, F TS RS RGNS 254 L7 L 2 I < U DU IR s mAaSs
OB DX S = A A 5T X VIS A3 T AL X, RTRIY F AR R St S R R 22 57, 30 T IRAR M X &
JR 7S [B) 5 S, Tk AR T AR S R GERSS IR TR S Y L IR IT 4 AN BERS I X H 25 3 4 19 AR skt
RS R TR PR, o A S R G R S P S I LR SR T S S Y TS K i b
Bilve HN D254 A AW IX P S5 9T e BB WA DG 1 A 78 R G IS5 (b A P4k, R e, BiF g i DGl it 22
te Al A PR bl R 0 SR, 42 THZ XA A S R GRS L4 . X T AR IX, R385 X
BB L HEE R T R RRRE ), DL AR B A A, X TR Y A A TR s X B Sl B R A £
1 AT A 2 YR V) 1 2 EE TN TS Yo B TR S A A, LA N S A A IR M T, AN A SRR
T 7 18 B2 AR TR T 83 3 8 AR AR el DX Sk B A o, DA RO AL, B o) A 2 A b 1 32 3
42 4Z5ig

G R R B T BB I X A AR 5 R TG SR A RGEAE . AR SCER A5 IR R b X A N & 3R
Bt 5 ARSI TR R E AR S R G IR SS T B S BUR AR AR, R T — B0 R A FH TRl X A
AUEH G 5 ARG 2 R E A, FRESenT .

(D) BRI IAE S R G MR 55 2 00 o 2 25 (0] 43 5, AU DRI 1 %85 B 5 v el e 7 o 2 B s AL 5 L, D e 3
Z R 5K 5 N AR s bR R, 7 IR i T AL A v s DR, AR AR AR A R 55 R
A AU, 5 VG e 4 oo R i P AR S OB &

(2) HARBIH 15 A ST (B RTR 267.99km? 15 20.59% ) , I R PEFRE KA B 3 S0 A
FEIE, 30 ZRAEAERIETE BT 4% AR 2R | o B JER 3 4 P T PR G, P KB B A A T AR, PRItdR i TS
A KBS S IE R 5, 8 1 X DU TR 0 A 25 00 5 1A 22 A I snl2als DX A 285 R G MR 55 B mT 36 45

(3) IASG X BGRB8 e T A5 504 A IR MR 51 0 1 o 25 B8 AR A SRR B K 200 59.5% 37 i ik 3 T4t
HABIRE BN AT ER, Mol a4 S RGNS LT A S 8UE AT, vl S O i X sk i A
AT AHE SRR BB UL AT AT AW | 5738 T B Hh DX AR SRR B AR R |

S 2% 30k ( References) ;

[ 1] Gonzilez-Garcia A, Palomo I, Gonzdlez J A, Lépez C A, Montes C. Quantifying spatial supply-demand mismatches in ecosystem services provides
insights for land-use planning. Land Use Policy, 2020, 94. 104493.

[ 2] Burkhard B, Kroll F, Nedkov S, Miiller F. Mapping ecosystem service supply, demand and budgets. Ecological Indicators, 2012, 21, 17-29.

[ 3] Cueva], Yakouchenkova I A, Frohlich K, Dermann A F, Dermann F, Kohler M, Grossmann J, Meier W, Bauhus J, Schroder D, Sardemann G,

Thomas C, Carnicero A R, Saha S. Synergies and trade-offs in ecosystem services from urban and peri-urban forests and their implication to

http ; //www.ecologica.cn



12

JAE = 45 %

(9]
[10]
(11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]
[32]

[33]
[34]

sustainable city design and planning. Sustainable Cities and Society, 2022, 82; 103903.

Guo Y M, Fu B, Wang Y K, Xu P, Liu Q. Identifying spatial mismatches between the supply and demand of recreation services for sustainable
urban river management ; a case study of Jinjiang River in Chengdu, China. Sustainable Cities and Society, 2022, 77 103547.

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

ya W, AR, BRI, OG0, XA A% )m MU S B EER. A0, 2004, 24(4) : 761-768.

W, RS, XA, FRBCRE. KUK s AL . WET R MRS HESL. AEASAEIR, 2016, 36(11) ; 3137-3145.

Jia Q Q, Jiao L M, Lian X H, Wang W L. Linking supply-demand balance of ecosystem services to identify ecological security patterns in urban
agglomerations. Sustainable Cities and Society, 2023, 92; 104497.

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson S J, Kubiszewski I, Farber S, Turner R K. Changes in the global value of ecosystem
services. Global Environmental Change, 2014, 26 152-158.

FOKAT, BRRIT, IMARLE. JETAES R GRS B (i AL 2 g R HESR. A28, 2018, 38(12) : 4121-4131.

P, B, XA, RELE. KEESZ RIS RE. BEHTF, 2017, 36(3) : 407-419.

Wang Y, Pan J H. Building ecological security patterns based on ecosystem services value reconstruction in an arid inland basin: a case study in
Ganzhou District, NW China. Journal of Cleaner Production, 2019, 241, 118337.

R, MRYEES, R, XU, P, BT A=A R GUR S5 2 B A B R ORI X AR A i et SR . A= ST, 2020, 36(7) ¢ 189-196.
VPl FHEFS, FLEAE, AR BT MSPA Si/NEAR LI B rh TG E R A S A g, RS, 2015, 35(19) : 6425-6434.
WY, FHEM, FLEAE, AR, P, 2 AOMK. BT AR SR A A0 43 A 5 SRR TE AR UL A g s T R A R M A A R S . AR AR,
2024, 44(8) ; 3303-3316.

Zhou Y, Chang J, Chen Z C, Zhou S Y, Zheng G D. Construction of ecological security pattern based on ecological sensitivity assessment in Jining
City, China. Polish Journal of Environmental Studies, 2022, 31(6) : 5383-5404.

A s, FESTIR, BB, 2Rk, R BETIRAS A RS IR 4B A e /Iy SRR AR A 3 7 A 25 2 A Jm b e ——LAJEL 1D 7 Ry 491
AR, 2024, 44(6) ; 2284-2294.

Shi Y S, Shi D H, Zhou L L, Fang R B. Identification of ecosystem services supply and demand areas and simulation of ecosystem service flows in
Shanghai. Ecological Indicators, 2020, 115; 106418.

RO, TS . BET LTI A BB B S g R iR S0k, AR AR, 2022, 42(17) : 6973-6984.

SRS, WM, SREET. BT ST MM ES L2 E 5 A—PIR =M A6, A2, 2019, 39(20) : 7525-7537.
Gao M H, Li C, Zhao J, Zhao H. Identification of ecological security pattern based on ecosystem service supply and demand in the Yangtze River
Delta, China. Geocarto International, 2023, 38(1) : 2252787.

TIERAE, JRAEAL, RS, MBS, BT A 25 RGN 55 (L5 - (14 B U OV X A S 22 e SR . AR 24, 2024, 44(5) : 1765-1779.
Jiang H, Peng J, Dong J Q, Zhang Z M, Xu Z H, Meersmans J. Linking ecological background and demand to identify ecological security patterns
across the Guangdong-Hong Kong-Macao Greater Bay Area in China. Landscape Ecology, 2021, 36(7) : 2135-2150.

Rashidianfar N. Climate change mitigation and adaptation through suburban sustainable landscape; a case study of the City of Colwood [ D ].
Victoria: Royal Roads University, 2022.

Forman R T T, Godron M. Patches and structural components for a landscape ecology. BioScience, 1981, 31(10) ; 733-740.

Liu Y H, Zhong Y F, Ma A L, Zhao J, Zhang L P. Cross-resolution national-scale land-cover mapping based on noisy label learning: a case study
of China. International Journal of Applied Earth Observation and Geoinformation, 2023, 118 103265.

Hamel P, Valencia J, Schmitt R, Shrestha M, Piman T, Sharp R P, Francesconi W, Guswa A J. Modeling seasonal water yield for landscape
management; applications in Peru and Myanmar. Journal of Environmental Management, 2020, 270 110792.

BTFEE, BTN, BB, BRT, BB, R4 B TAEBRGMS MR IR RN A S 2 Rt . AR, 2022, 33
(9): 2475-2484.

JiaL, Deng YJ, Hu MY, Li Y Y, Ding Z M, Yao S B. Pathways from the payment for ecosystem services program to ecological and socio-
economic outcomes. Ecological Indicators, 2022, 144. 109534.

He Q, Wei F, Deng X, Kong I X, Li C, Yan Z C, Q1 Y B. Spatiotemporal pattern of carbon productivity and carbon offset potential in Chinese
counties. Science of the Total Environment, 2022, 846, 157153.

VPR, dfn, 2R, XU, BRIHE B RS R GRS TR AL T T 6 SRR SR A B 5T R E AR, 2020, 36(9) : 104-109.
WuJ Y, Huang Y T, Jiang W K. Spatial matching and value transfer assessment of ecosystem services supply and demand in urban agglomerations ;
a case study of the Guangdong-Hong Kong-Macao Greater Bay area in China. Journal of Cleaner Production, 2022, 375 134081.

TR, GO TR S R GRS LT K m AR R LA oY PLRPY L XA BI[ D] P42 BEPGITE RS, 2020.

RFEL. LR AE SRR R 55 55k S5 HE A I ARE S5 B i [ D] BRI IRIHE TR, 2016.

http ; //www.ecologica.cn



18 41 BRI A T A 28 R G A5 (RGBT ) R0 3t XA 2522 At Jra by 13

[35]
[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

LBz, PR RSk S RS TR . i RS, 2020, 29(3) : 621-630.

West T O, Marland G. A synthesis of carbon sequestration, carbon emissions, and net carbon flux in agriculture; comparing tillage practices in the
United States. Agriculture, Ecosystems & Environment, 2002, 91(1/2/3) . 217-232.

Zawadzka ] E, Harris J A, Corstanje R. Assessment of heat mitigation capacity of urban greenspaces with the use of InVEST urban cooling model,
verified with day-time land surface temperature data. Landscape and Urban Planning, 2021, 214. 104163.

KB, SRR, AREME, BREE, EMEL, EI, X T2 RUE RS R GRS UL B AR T X A SR Ak R @ S k. A
2, 2024, 44(21) ; 9596-9609.

BRUT, 238, XY, B, 5. BT mE R E s ERN SR A ST e R IS, 2017, 36(3):
471-484.

Ei, DR, #5. BT AESRGMS BRI SR R ESZem R, LR, 2021, 41(5) : 1705-1715.

Duan Y Q, Zhang L D, Fan X Y, Hou Q H, Hou X M. Smart city oriented ecological sensitivity assessment and service value computing based on
intelligent sensing data processing. Computer Communications, 2020, 160: 263-273.

FuYJ, Shi XY, He J, Yuan Y, Qu L L. Identification and optimization strategy of county ecological security pattern: a case study in the Loess
Plateau, China. Ecological Indicators, 2020, 112: 106030.

BT, WET, MR, BB, R, B, IR, RIES. BT R R ST AR SRR AR ) M T A 2 T 2 A
il REHAEREAR, 2018, 29(10) : 3367-3376.

Ty, ARHT, IR A, Wi, IR BE T AR SR AR B E AR R E— LI A . AR ARA, 2016, 35(1)
250-258.

McRae B H, Beier P. Circuit theory predicts gene flow in plant and animal populations. Proceedings of the National Academy of Sciences of the
United States of America, 2007, 104(50) ;: 19885-19890.

McRae B H, Dickson B G, Keitt T H, Shah V B. Using circuit theory to model connectivity in ecology, evolution, and conservation. Ecology,
2008, 89(10) : 2712-2724.

BRI, BXON, e, W, ai, X EA 5T 2 R E U A BB A S R A R, AR, 2023, 43(21):
8948-8957.

FELE, N, BAEE, RYUE, RiER, XHEs. BT “HY-IM” MASERES5EST SGGHEMNR. £5%, 2022, 42(7) .
2995-3009.

XUSEAR, REDS, FNI, WA, 8k b KA R G5 (I DE AP R —— LI 2 M T A 1. SEEAHE, 2019, 74(9) : 1921-1937.
AW, U, BIRE, T, RIES, PR, KRR BT ASRGMES MR LR X A S M M 5 . A3 %4, 2020, 40
(20) : 7197-7206.

Maron M, Mitchell M G E, Runting R K, Rhodes ] R, Mace G M, Keith D A, Watson J E M. Towards a threat assessment framework for
ecosystem services. Trends in Ecology & Evolution, 2017, 32(4) . 240-248.

Cortinovis C, Geneletti D. A performance-based planning approach integrating supply and demand of urban ecosystem services. Landscape and

Urban Planning, 2020, 201; 103842.

http ; //www.ecologica.cn



