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Abstract; Ecological security is a crucial component of the national security system, directly influencing resource security ,
food security, and climate security. As a key concept linking ecosystem stability with human sustainable development, its
connotation has evolved from static structural representation to dynamic spatial processes characterized by multi-scale
coupling. This study systematically reviews the conceptual connotation and developmental trajectory of ecological security in
China. From the perspectives of externalities and ecosystem services, the study analyzes the spatial spillover effects and
transmission mechanisms of ecological security, emphasizing that ecological security issues are essentially the cross-scale
mismatch and transfer of ecological impacts. Based on these multi-scale characteristics, this paper adopts the watershed as
the spatial analysis unit to investigate the spatial associations and spillover effects of key ecosystem services, including water

retention and soil conservation, under watershed-scale analysis. Using the Poyang Lake Basin as a case study, the paper
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reveals the multi-level coupling characteristics of ecological security needs, demonstrating how lakes, watersheds, and river-
lake systems interact to maintain regional ecological security while supporting biodiversity conservation. The study further
emphasizes that effective ecological security governance must transcend single-scale thinking to develop a cross-scale
collaborative governance framework. By coordinating ecological function zones, watershed units, and administrative
boundaries, and utilizing tools such as ecological compensation and policy integration, it is possible to enhance the systemic
and adaptive capacity of ecological security governance. Additionally, it argues that watershed-based governance is becoming
an effective approach for ecological security management due to its natural boundaries, systematic structure, and the
capacity to reflect interactions between ecological processes and human activities. This research provides theoretical support
and practical guidance for advancing systematic ecological security governance and policy management in China and offers

insights for global regions facing similar cross-scale ecological security challenges.
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1 EFREWBWESRER

1.1 ARSI

RGN — BB R RN FRE S, D) T MR —4E T 1) R L5 A IYa BT, ST
BT g SR G B E IR A S R G SR sE v BT T LR ) 5 B R KU B
UL | 22 TP R T A SR EE X B s R Gk e MR AL R AE A 21 285 iR e s
B SRR 5 A SRS R M RIMEZR O FE R AR S R G R A SRS L B SR X A
DGR RGN L IERRE

AT R E R 2R S B LG R (K 1), AR R EFIR T AR REARENERE
fiE, H 05 G R Gu e e e vk TR SE B vk BN T fastk ) AR TR AR S R 0 L R AEFFRE T RAE, | X
ARG AR5 B8R, A R EERE L = 4L 5. (1) AR RR MRS FrEe it
BT 5 (2) #h A0 R Gt A ARG A 3 7 1 5 (3) ARBRAN 15 X ek by ) & SR ok O sk ol s o 25 1F
FEAOLA N A G 32 SO ) AN P R 7 s | i R AR AR R RGN AR AR EME | 5 W s AR 2 R G IR
%5 NZFEAL TR sh AR VC AL, 558 0 T X nl R & J AR Y SCEE AR e, Hodb A 25 R Gu iR 55 10 vl et
el et & RGP L LRI E BN,

TR E M AR S

?

Fig.1 Conceptual framework of ecological security
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Fig.2

The evolution diagram of china’s ecological security concept
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Fig.3 Diagram of externality transmission and internalization pathways of ecological security
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Fig.5 Illustration of multi-scale linkages of ecological security: a case study of a typical river basin
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Fig.6 Illustration of multi-scale characteristics of ecological security: a case study of the poyang lake basin

0 FH W5 A T A R AR RO DX 2522 4 BAT FR 52 0, 780 FH I8 o 4 VR S AR 9% |, S T 4 2 110
PEIBSWINA . VL) RUEE b 780 BH 1308 5 OFE R A P, 3o AT B A VT b R 2 AR R 18 5 R 5

http ; //www.ecologica.cn



24 14 WER 5 ARSI A NI e TR O R T 12507

B8 7K S R S 1 0 2 0B B A 2 VL R it DX K 22 221 JE ARk, =i 55 R ALKOR) T
FEAE TRV U B 2K SO TR U 2%, B S ok 335 TOUHE A0 £ T, 29 30 A 780 B 9 8 b, At 7K S0 4 i
T, DA KL REAR

0 I 0 7 = 5 90 98 B A T8 TR U BB T AV BT BT | e TR AR R A D
o5 LS W VY 73% ; R BH ) 28 A 7 A T S A K A IR A TR R B E
T5 Y HEC 2 S BOIA A S T RER A AE 0 TR RBBH X ) oK A PR E R B, B AR
A, A FE A SR ISRURE , T 0 80 B 90 B0 7K P 2 4 | T PR AR A M A, B 2z, AR BHT I X i A By it 2 42
W 2P E

SR = O e N i 51 Y& B N1 = I T B 8 1 € R v RIS TET AR 52 1= P O N E W @
AR AR LT VL R A B R A S A R A gk LRI B T, T T3 1 1 S B A T AR
AR 95% LA T SF AT K A JE 8 KK AL AR A5 iR AR A, E— 200G AR B 5 28 AR S ) i S R, ALK
LEEY A BT R A B A AR AR B DX I RURE A= ) 2R i (1 ML R 22 0

2 BRTIAR RO EE Ay A 25 R G 55 AR S N B T S A TT, f R T AR S A A 2 RO
FHIE, AL A R EEREA R B A2 25 RGUMR 55 75 25 (B A O A S o vk, SR BN | R AR 25 22 4 Ry
S ARBEME LA ek S LR AR A T A oK TR RUBE (% R 2 W R A A S U, AR S
F G AR MR S5 R0 A e RE N 2 RS R A R e A R R . B TR E S R G S5 =5 18] SMa 1 5
TOMBIEA B RGN, A BEN AR T B A 254 P THR A BE S

4 AEEREEENELRTERE

4.1 R R R R AR A2 2f BEAE SR

A 2B A ALY R ARG S22 T AR DR B | 1 DB R 14 225 1) I8 558 2 25 i FG A 285 A 5 2 1)
KK, BT RGN ST 12 DI s AL A% T (LAl /KR XUSRAR ) SRl 2 25 XU YT il 15 52 i o 1
I Z REEE IR . I, A 282 I R ANA A BE R BR 15— DXCIURT RUEE | A s RUBE 15 X
SR R A B A BN 7R RO B DA S TR K R R DX, 2R OGBS R LR
FRXURSE , DU LA PR AR 25 A 55 68 v T 90 M X A 7 B L 2 22 4 RRBL 22 e 1 A 25 R ) ST AR B, L
AN, e RUEER I, B L DR A AR R DX B T B A BB AN K b 2R 25 ) M KU 0 [ R Ob 3 7R H
D ECHAR SR ISR (B KU v025 B2 AR 25 55 DB , AE aU S R R A A A5 bR B D RERE 7 . BT 5
FOEERE AN EIR S, v LI, JRy s RORE TR AR 25 A A A L, A 2 220 W HL A B DA T TN ) 2 2 R0 Rk
TEXR .

PR, A 25 5 A T AR B — JURE I B R SR PR, T UM 8 22 DX Sl P e ) A 28 7 AR A AR e 55 1) 25 T
KIRAEZ RBEIR BHEZE . FE R0 AR A8 RGUIR S5 T sl IR 55 U 56 R i) 2kl L, e AL B I REIX. sl oo Mgy
BUX SR Z G FAR 8 i BOR PR, 2 T 252 A PR A R A e S R GETE
4.2 JEGAHEIE H 450N AR A A B T BT

DA A SRS R G RSB ES PAIPE AY F AR B BT, P TR 5 L K bR I R b 2 2 2 A AR
RESRGEZMEAE MG EE BARRESREDREIE, DIRECY oot £ 52 ain B, e
0 G4 A B AR 5 e 0 R A 5 2 TR AR | sl A 7 B X R 20350 T A 2R B R A B Rl R, AR, R A
ALK W R [ RIS AR G R BB R CRITARIIE) (TR A S IR 5 ) 54
Ak & NIRRT BEE T SRS SR B, XA B2 ARG SR A RN
Gt WAREE TR BB A DR B ) RS BT, AR TR G AT BLIX O B 9 A AR BT 2 TR
SRRUBE b A A 3 2 A B RE SO b T e oA R R IR e 55 0L sl XU A 4, SE R (SR G L R 4
Bl A A AR P AR

http ; //www.ecologica.cn



12508 JAE = 45 4

2% 3L Hf ( References)

(1]
[2]
(3]

[4]
[5]

(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]
[35]

Rogers K S. Ecological security and multinational corporations. Environmental Change and secuirity project report, 1997.
FLenHy, BFH:, S, ok ¥F, WAk, XPais, BhJRAE. AR RGERIEM IR, BHA S, 2002, 13(4) : 486-490.
Riehl-Herwirsch G, St P, Hackenberg M. A new technology for old waste treatment diagenetic inertization-ecological security for geological times.
Contaminated Soil. 2000, 2; 1117-1118
Xler, TE, X REASL M I ETFARIT. B, 2005, 33(8) . 34-37.
Janssen K, Wit P. The ecosystem approach in military operations: no security without ecological security, no stability without sustainability. Forestry
Studies, 2011, 54(1) ; 48-53.
Fu X X, Wang X F, Zhou J T, Ma J H. Optimizing the production-living-ecological space for reducing the ecosystem services deficit. Land, 2021,
10(10) ; 1001.
BT, BRSCHE, TR0 R IR A ST AR A AT, SR, 2002, 13(3) ; 354-358.
TRIR, MO, RAEHE, FrH, ABKOE. hEA S K LTI IEE . AT S B . A S AR IR B4R, 2018, 34(12) .
1057-1063.
AT, ERACBHCIE R % 4. BRI, WIALEE AR, 2003.
TR BT A ABET ESWTEARH T, 2007, 39(7) : 5-11.
BEAEAE AR T AR SR A 5 T RS R R AR AL AR ST T R Rl S b2y 12024, 14(4) :43-56.
De Neve J E, Sachs J D. The SDGs and human well-being: a global analysis of synergies, trade-offs, and regional differences. Scientific Reports,
2020, 10 15113.
GG, WEE, BRBE, B, Hakk, SKSCHE, PNVREE, Tk, G P EA SO EOR &R DR RO ERRE. A3, 2021, 41
(4) :1656-1667.
% BRBURER, JWUIR BT, S (M) . IR, SRk duat. B EnRiE, 2011
Hanley N, Wright R E, Adamowicz V. Using choice experiments to value the environment. Environmental and Resource Economics, 1998, 11(3) .
413-428.
ZRIECE, ZRUE, NACEE. AR AME R BIRAR R SR AT, 85K, 2013(2) « 42-49.
XU, B, R0 N R R . NS IR A5 #2007, 36(3) : 36-42.
IPCC. Climate Change 2021 ; The Physical Science Basis. Cambridge University Press. 2021.
TR, MR, BWE. AR A SN P A SR A S AL G P EEREEATEE, 2020, 12(6) : 21-28.
Zhang W M, Xu D. Benefits evaluation of ecological restoration projects based on value realization of ecological products. Journal of Environmental
Management, 2024, 352; 120139.
Heller M A. The tragedy of the anticommons: property in the transition from Marx to markets. Harvard Law Review, 1998, 111(3); 621.
FHIGEH: , s, < AHuARR 5 o M AR i LU 5T W VAL 2582, 2019, (3) :4-13,38,155.
FREDHA, ZRmEF, 4R FBEB AT B HE Sl 8on o8, s B - BEE 53045, 2020, 30(7) : 89-97.
Millennium Ecosystem Assessment. Ecosystems and Human Well-being: Synthesis. Island Press. 2005
TIEfl, BT, R, X8, &, 558, EE. LT AR RGRS YR8 M BT S ek N AL 28 %2 % J5 UM K AR A6 5 ms—— DA FE
W B R, RS, 2022, 42(1) ; 91-104.
SORK, FAT, XIF. WA ARG W XA S L2 R Pt HESL. IR, 2018, 38(3) : 361-367.
TR, BT, AR, ERRGEMS SEEL S, ARIE, 2012, 34(5) ; 273-276,298.
A, FER, AR, RKE, XILE, SREE, B—0, BE, . P EEEEBES RS e SR % L. HiEkRlEit
J’&, 2009, 24(6) : 571-576.
AA, B3, moCR. hE R E S RGNS SRS Z LM E R, AR, 2012, 34(5) : 261-272.
TWEE, B, kB OE, A, BIEME, B0, RE%E A, BTABRERS NABZEU TR, EEREHR, 2023, 43(19) .
7821-7829.
B, FFE. 1981—2015 473k [ bl b X 50U A &S24 W5 SClR - #r. AE2S2440, 2016, 36(23) 7886-7896.
B, XA, R, FRE, BEEE. ARG GER RS RE MRSy, MR , 2018, 37(1); 139-151.
MR, SUPE, T3, KA. NBURTHE RS R EE . A REMSS DIk, HEI‘IM 2022, 29(10) ; 32-37.
T/, TR, R XEAESZ 2SN IR R FHIAR. EE5IR, 2007, 27(4) : 1627-1637.
PR, 257, T, IETAESRERSAE N ESL 2L FUIOR. T EIRERE, 2021, 41(8) : 3965-3968.

http ; //www.ecologica.cn



24 14 WER 5 ARSI A NI e TR O R T 12509

[36]

[37]

[38]

[39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]

[54]

[55]
[56]

[57]

[58]
[59]

[60]

[61]
[62]
[63]
[64]
[65]
[66]

R, A E, X4 de, RICH, DR, Trk. £ RGNS BT 5 Y R BF 5T 3E R K b 3 2% B 58 OB M35, 2013, 32(8):
1379-1390.

Uhde B, Hahn W A, Griess V C, Knoke T. Hybrid MCDA methods to integrate multiple ecosystem services in forest management planning: a
critical review. Environmental Management, 2015, 56(2) ; 373-388.

BASCH, BEEAR, IEIRER , BhAECRK. BT AR S RGNS 26 BT 0 A % A8 R —— AT B IS ). A SR BRI A= 4R, 2020,
35(3) : 546-562.

SR, AR, A, QAT . RS ARG AU IR . JOARIBIRAE. R, 2017, 72(6) : 960-973.

Czticz B, Haines-Young R, Kiss M, Bereczki K, Kertész M, Viri A, Potschin-Young M, Arany L. Ecosystem service indicators along the cascade ;
how do assessment and mapping studies position their indicators ~Ecological Indicators, 2020, 118; 106729.

Boerema A, Rebelo A J, Bodi M B, Esler K J, Meire P. Are ecosystem services adequately quantified. Journal of Applied Ecology, 2017, 54(2)
358-370.

Semmens D J, Diffendorfer J E, Lopez-Hoffman L, Shapiro C D. Accounting for the ecosystem services of migratory species: Quantifying migration
support and spatial subsidies. Ecological Economics, 2011, 70(12) ; 2236-2242.

ook, XUk, 2, S RS RGRS BRI RIS IR, SFEAEAR, 2017, 72(7) ¢ 1277-1289.

EFm, A, ASREMS WO IR, EE¥M, 2019, 39(12) : 4213-4222.

Wang L J, Zheng H, Chen Y Z, Ouyang Z Y, Hu X F. Systematic review of ecosystem services flow measurement: Main concepts, methods,
applications and future directions. Ecosystem Services, 2022, 58. 101479.

Wedis, far4on, WREE. AEBRGMST MV ik mop k. RTA R4, 2018, 29(1) : 335-342.

HE, BE, 5&FE, Rl ETETXRNESRERS = Mt g, 4859k, 2016, 36(10) : 3096-3102.

B, S, R, RS, B ESREMRSS R SN RS BT, I, 2024, 79(3) : 584-599.

FRFITS, A, B SCa, <37 07 FolBg R AR m S A7, 2006, 26(5) @ 1444-1449.

TR, RAIE, TR, Domst, JEUkE, B, AIEIC, RN, SRS0E, DR, BT WRHb-PH - BRGE T 1 SR X A A A i
HEZSEAR, 2024, 44(11) ; 4609-4623.

EmE, IR, FFBE, Tk, BEEH, BF, TR, B T AR RGNS M REE S 2 s R —— DL TR 1D
Bl A2, 2020, 40(18) ; 6486-6494.

Li S C, Xiao W, Zhao Y L, Lv X J. Incorporating ecological risk index in the multi-process MCRE model to optimize the ecological security pattern
in a semi-arid area with intensive coal mining: a case study in northern China. Journal of Cleaner Production, 2020, 247 119143.

Ran Y J, Lei D M, Li J, Gao L P, Mo J X, Liu X. Identification of crucial areas of territorial ecological restoration based on ecological security
pattern; a case study of the central Yunnan urban agglomeration, China. Ecological Indicators, 2022, 143; 109318.

Li Y M, Zhao J Z, Yuan J, Ji P K, Deng X L, Yang Y M. Constructing the ecological security pattern of Nujiang prefecture based on the
framework of “importance-sensitivity-connectivity”. International Journal of Environmental Research and Public Health, 2022, 19(17) : 10869.
P, R XARIT, W, . MO XA A s BRI S O de . s BAEHR, 2018, 73(4) ¢ 701-710.

L, RS, M, BROKEE, i, EATAE. BT BB R AR B 25 25 2 Ao R R AR AT 2R AN S AR A IR A, 2021, 37
(5): 555-565.

Kang J M, Zhang X, Zhu X W, Zhang B L. Ecological security pattern; a new idea for balancing regional development and ecological protection. A
case study of the Jiaodong Peninsula, China. Global Ecology and Conservation, 2021, 26 e01472.

RAF, Z0] A B e B BRIR 00 A 25 BRI L F SO B AR S 240, 2016, 27(10) : 3344-3352.

A, STH, BRI, MRS, EARG, XHDE, BEELG, XIREAR. G SOM-MCR BT (1Y 2RI A 25 2 4 Jr il i —— DL iUt i el oy
B, A=ZF52E4R, 2023, 43(22) @ 9486-9499.

Wu Y D, Han Z Y, Meng J J, Zhu L K. Circuit theory-based ecological security pattern could promote ecological protection in the Heihe River
Basin of China. Environmental Science and Pollution Research, 2023, 30( 10) ; 27340-27356.

WIEIE, T, 5T CVOR FIH FEFIR I I T A S R 2T B A S R, 422824, 2021, 41(7) . 2582-2595.

NI, Sk, E RN, UERH LA AL BRMOK IR SR DR, AR, 2023, 43(1) : 9-25.

AR, TR, TR EVII AR R S R R L R EUKF, 2024, (7): 1-8.

FEW, W, BAGH, BEA. RS RITICR K =B K. KR4, 2012, 43(2) ; 175-181.

S, W, ZEBE ) BRATE, JESOR. HEBH I AR KT | T IR R A SRR R, IR IR 55, 2012, 21(3) : 268-275.
XN, 5aIKZE. 0 PH W & R S ST oC R AR L sg . IRBER %24, 2015, 35(5) : 1265-1273.

http ; //www.ecologica.cn



