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Abstract: Urban socio-ecological systems ( USES) that couple natural elements with human activities are critical for
understanding urban ecosystem services and managing ecosystems to meet the needs of growing and diverse urban
populations and sustainable development goals. However, the complexity of USES research topics and the comprehensiveness
of research methodologies have made it challenging to conduct research in this filed. The theoretical foundations, analytical
frameworks, and research paradigms are not yet unified. There is an urgent need to systematically review existing research
and explore the theoretical foundations, analytical frameworks, and the content of USES. This paper reviews the relevant
theoretical foundations of USES, mainly involving complex adaptive systems theory, coupled human and nature systems,
socio-ecological urbanism, and urban metabolism theory. Meanwhile, the paper summarizes the analysis framework of
USES, which mainly includes the multi-level analysis framework of social-ecological systems, the human ecological system
model, the conceptual framework of USES, the conceptual model of USES based on natural solutions, the framework of

urban social-ecological-technological systems, and the framework of socio-economic-natural composite ecological systems.
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Finally, the paper proposes a framework for analyzing sustainability of USES from an integrated perspective of vulnerability,
resilience, and adaptation. Vulnerability, resilience, and adaptation are core research themes in sustainability science. They
play a crucial role in integrating social and ecological elements, analyzing the intricate processes and mechanisms of social
system and ecosystem interactions, and guiding the management of USES towards sustainability. The paper also provides
methods for conducting research on the vulnerability, resilience, and adaptation of urban socio-ecological systems.
Constructing a vulnerability evaluation index system based on exposure, sensitivity, and coping capacity, and conducting
vulnerability assessments are crucial components for identifying disturbances in USES, evaluating the condition of USES,
and analyzing the characteristics of USES issues. Resilience not only helps diagnose the state of USES and assess their
ability to cope with disturbances, but also provides a framework for understanding the complex processes of interactions and
dynamic evolution mechanisms within USES. Based on the long-term state change of the system, exploring the key time
points of the system state change (regime shift) and its driving factors, and then revealing the evolution law of the USES is
the main research approach in the field of USES resilience. Adaptation refers to the adjustment and response of USES to
external disturbances. Adaptive management of USES is essential for integrating urban ecological resources and planning
management, mitigating the vulnerability of USES, and enhancing their resilience and sustainability. This study can offer

valuable lessons and insights for the study of USES in China, particularly for developing a framework for analyzing USES.
Key Words: social-ecological system; ecosystem services; vulnerability; resilience; adaptation

HE 2021 47, 2R LA 56% N AURAELEIRTT, Wit 2050 47, AR T K P8 T2 68% , kT
TTRURE SR E 120 J7 ko 3TN 1A R B SRR 43 TR UASE ) R 2 4 5K 45 R IR 5 A SR B R T R T
A E R BRI IR R TR 9% 5 2 BRAE TR TH 98 R 71% , I8 B S MHECE &7 76% 7 T AE AR
ACFNEREE 75 G 0] B H 2 ), 48 ) SR AR A R U2 AT 50T Slrio 2 N 5 s i AR S i R AR R A 1Y
S AR RN ) Sk SRR AT i A | A A I A A N PR S5 A S Ok T L, F
4 PRI AT RS T 5 A X A R AT S & i AR (SDGs ) Z—

TR A 3R AR A AP T A 5 A 18— R G T A= A5 R [P , AE47 308 T 26 28 R Gl e 5 ] Rk
PET T AR ZS RGN 55 e B EE AN SN . BT Sk, TR I AR AR AR AR R G, T T R AR
U7 EZEAPELS AT OIS BT A S R G SS AR SR T R AN BT T T AR S R GRS
DA BT A 252 T TR A A A 2 A I A ORI A A5 2 et g R, JLER R T 20 4 20 4FA02
IEF AR ZS 2R, B A T A 252 R TRl — S DXl A% G 1 A 28 W e S SNy i R A
FWE TP R S E BT N YA S (ecology in cities) , B G TESE T WG BB A AR 548 R Aot A7 R,
BB IRE WO R — N e R G, A SRR RIS S 52, AN BEAKEE 2lORE (%) A= A5 R 0 i, T A2
W5 NGNS , HH B R T 3T R G A2 (ecology of cities) , W5 F R IR R AEFI T RS PR
FoBEGARBERZ MMM EIENS | Ak, B nT RS Rl 00 240 5 B A B 0T F54L & R H AR 42
W TR S AR S RGN T M I R S T Rk v A 3 T AR AR AT AU B B TR O
FE R 0] 22 RHRIES 2= R 275 B 98 5, 00T A2 28 2 o I 0 2 Sy T 1) W] R ME R IR T 2R 282 (ecology

for sustainable cites) N

TESRTT AR 2527 s Rt v B9 2 AU S 2P W58 TT I ISR B PE C O A B TR TRl & A AR 2R
NG SR AL - LR S R G T T BRI T A2 A R GUMR A5 A B A 2 AR G LA AN W R Y 22 A4
PN SR AR R HAR O AR IR AT AL A S R G A AN R 5 O R R
PEAE A UM AT T I IR ME , A S BEIEHEAl) AT HE 2R ST JE s A G — | 75 X A WP AT R 48
B, IFIF R AL - RGBS IR ST HEZR S OF TS N AR . 2k b A SCEE BES SN A B SRR L
XA 2R S RGBS SR A BT RES AT T RGBS B4 IR I Tt - R Gl it

http ; //www.ecologica.cn



6894 xR 44 %

WESEHESL S 2 2R g B R R A 2 - AR S R G SR U 2 5 R
1 WHHS-ETRENEILEM

H T ATE G — AL - A A RGBS LA (AR RN (FE2) S (ES) EX R MRS R
2R A5 7 T DA Y S 2R N R GE B NS HARRR S AR G0 A - AR 2 32 S et A B e vl Oy B
M-SR AHIE S
1.1 BIRIEN R HIE

S8 N R G SR T — IR i (Rl — e R gk = HHE G Bk Mss ARS8 (RIAERLSS 1
W RN SR ) A B ARSI S AR GEE W 1 Holland T 1994 4R 4 1, 52 44 I AR G BB Y
SRR : RO — RGN HATE RLE R ZH R, PR 2 gl B A S SRy T R H B AR AR
B RENS S EMR LU R AR AT S, TR A T AR O W EA T I AL 2 T PR B R 22 50 U F B R EE A
FAT Ry 2, FERE B I (] B EAS BT 52 0 T U 35 R, 3 R 8 K e S AR £ 3, Holland
T T IS G IR AR R 2R AR N RS A PE AN T IR AL SR A T A
7T LR R DAL RIS — 09 5 A I R AT

T R — N T Y S ZRIE B R G AR A T R G, ik 2 (2T Uk BOA RS MRS, ST R
G 3 IR — R R G R B R, Y A R 2 G A B AR J2 HAT — e @ PR 1 IR R G
HREE AR I IRE , AR Z 1818 A 52 A% AP 5 | B f A LU S T A EL 52 M) AR EL AR TR I 26, A4
JEME R A A | AT RE S BUR G4 ) B RGER LA, S A I FR G e Ay BRI T A )3 A T A
ZIE ISR AR AR RGeS A PR AL 1 BB R e BT LA
1.2 A5 HARME RS

I [ 4 BOHR N 7 R X R [ S8 X N5 3 SR A R S8 (coupled human and natural systems, CHANS) #4971
RGUHRE I CHANS 248 N5 AR ZE M EAE IR RSE, IFm 78 CHANS RIOTSE A6 AR FI AR R GE
MRS A | R G A B R B i L S 2R 8 3R 22 M) 1y RUBE PN R s IRUBE I A AR ' . E CHANS
Pl BOZEF B AR R G0 AT LIS A AT B 2 RS R SR ENTTEA R AL ZUZ W EAEAE R T
MHEARARZ IR TERGUR S b, NERERZ i A ARBACRE AR, sz HS2 i AN [R] 9 B 5t (1E
AR A5 ) 2 R ER G E R N HA AR BR N2 7, XS R, b2 2 90\ sk e
S1E AR FIRIVESERRAE . AT B ORRRG AR GU ) 5 I IRk 8] 02 [A) AR 45, IS T) R 5 A B A [) s 38 2%
B8 AR ELAE Y R H BRI S 5 23 ()R 5 PR SUE R GE AR B AR FT T RE R AR TE IR E W 24> 23 (B RUEE | (ARl
H4K) .

N5 ASRFEE RG R IG , Z AR FY 2 &, JUH R H o 8 i) A [8] RUBE 8 4 23 0 A 2850 78 K HAH
HAERIE U 54 R G R A 2524 R T A 35 R G ST 4R i T ARAF (s R o T A Sy — A deRR Y
CREEZSE])” N5 ARG FR G EE T N H TSR I A 25 B 3 T HE QR RN S35 WIS 7 R R SRR ST A 25 -2
BRGNS T 1 508%

1.3 Ao Al 32 X

S A AT X (social-ecological urbanism ) fiz 8- BT Stephan Barthel f ¢t 24 28307 3= SR Y
A5 O L AR A SR AR T A 25 T R 22 I A AR Y LUK 2B SR R AR A
ARGyt Tl A BT R v, A 285 G DA OS] 388 T ) 1y 8 1 A =2 T s o 0 B, BT Uy R 2 05 HEA T BR
BE VPG FCAESTIRA] v () DR (S 2 IR B e WSO 432 AR bk LAy R R AR SRR X
W, Fhge- AR 2T 3 SOSRIRITT A= S S IR LRI 4 S . BRI T R R Sy — A T A A S R B,
ARG —FRICHER H AR Fhar a0 OB IR R, 33 SE W I 0 Sl R A2 B AR S A 2 R ST (4G
HAR) WA RYIETY . #E2-A 2T 3 SRR ZEAR B OCIBR A I T At S A AR S R G vy, Gl i ok BT ) o

http ; //www.ecologica.cn



15 1 0 P Ak AR ST W B e 2 T ST T 6895

BRI T TE AR i e P (), — A DR S L IR A 1 A3 o i B A T A el 5 5 20 8L 3 i
RGAREE R, 0] LU B A S A5 A T 8 & B HARRIAE S A g 1

55 ONHDIE R B AN s N R Ge R AR L, s A AT 32 SO s R G S T R Y B e 4 S i ot
MR 2 R GV E S R Z A S A B C R - AT HESR A7 ik | 78 BRI ML 20t ) e & A 3R
BRGNS, IR A - A S I AR D SEAR T ke it v 2 A 3T 28 G B B0 PR T vl R e 1k
L4 Sl fCs S

T (urban metabolism ) #3542 Wolman #2 gL JHE SCOR ST R R A R At S 2 B AR
SR S BURERK BEIRAE PR AR MR O R R  — AN B R A ML 8] A SRR A AR AR AL, kT K&
Jr i R P L 2 FE BT IR RE R T v A PR PRSREHRTOR ), BIVSA T AR5B BARAa , Salrt AU B e s — bt i A o3
AT A ) B R R e U 2 1 B 38 A AL T A AR R, R B AE Y ) R (AR 2L ) JF kA T2 W, i
T 48 PR SR Atk 7 58 o T A BRIE | ARG 27 XA [ T O Ji 1 B 9L | £ A ) i 3 1 £ AL F
7T RE R A IR R | il Bt e Tt B 5 A SR S B EAE . BefE 0 Wi
3BT IR AR RCR SR AT R, DL SRARRERY S Y Az 25 2 AR A 2853 ) A AR R S5 T 1 A
G IR AR IR T I HRELE K R A B A

I AR RS 7 fE A T A A ELA (8 0 S5 R R S U 20 (0 Bty B T A S e B AR R A A R
B R T T AR RGN E RGN EAEOCRHELE . AR BB A B 5 35 , 8ok
SRR 2 RHIF AT RN LR I 00 R LR X AR AL S VR P s 0, ] S 309 U 1) A7
Be , A2 A 3O T PRI T SO R S AR R i 45 | LI I S8R 28~ i 3l i Gl

2 WiHES-ETRESITIESR

21 MHESAEBRRZZRAIHELR
2007 F1 2009 4E, Ostrom 4G5 7E PNAS F1 Science 4830 2 H TH# AL B RBE L B R HEZRP ]
ZHESRE 4 0 F RGN, AR RS (RS) VA (RU) IRERSE(GS) MHHA(U) (KBI1),

PRRS KBRS
[EQVARE S N BUFAIARBOF AL, [
BRUEH WU R
...... SRR A0
WHARR. ...

FAEAE
BEBEATED AT R
HAZITE M%7
N CE OIS B
LA Ry
R B EH BUS R

RN
Bk KR W5 FERE SRS KA Jik.
LS FEhE LR SSHAL
...... oA

%

R
LB G A
S ATRRSERE) A
5O (W) M
FE RS A
L-ERR G MNP

B1 #HE-£FREZESTER(SUE)

Fig.1 Multi-layer analysis framework of social-ecological system (redrawn )
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Fig.2 Human ecosystem model ( redrawn)
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Fig.3 Conceptual framework of urban social-ecological system (redrawn)
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Fig.5 Framework of urban social-ecological-technical system ( redrawn)
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Fig.6 Framework of social-economic-natural complex system (redrawn)
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