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Abstract; In his seminal paper, Holling coined the term resilience as the ability of ecosystems to absorb changes without a
major transformation of system dynamics and feedbacks. This concept is becoming increasingly significant in many
interdisciplinary studies, such as ecology, economics, environmental studies, sociology and political science. These studies
deal with the interactions between humans and nature, providing a fresh and useful way to explore sustainable development.
However, different interpretations of what is meant by resilience can cause confusion. Hence, the resilience of a system
needs to be considered in terms of the attributes that govern system dynamic, based on a uniform scientific foundation. This
paper first provides an overview of the related theories of adaptive cycle and of panarchy, which are newer developments
drawing on the earlier work on resilience, and then traces the evolution of the concept of resilience. The meaning of
resilience has evolved and expanded greatly since the 1970s, with some new insights gained during the last decade.
Nowadays, the study of resilience has been incorporated into the framework of linked social-ecological systems. Resilience,
for social-ecological systems, is related to (a) the magnitude of shock that the system can absorb and remain within a given
state, (b) the degree to which the system is capable of self-organization, and (c) the degree to which the system can build

capacity for learning and adaptation. A growing number of case studies have revealed the close connection between

ESWE: BRK B AP GBI A (30500077) ; BRFTE 5 ARG IR H (2006D02)

U548 B 31 :2006-10-27 ; 4&iT B #4:2007-04-29

EEBEA IR (1982~ ), B, REA, BiLd, TENSEHS-ESRERE S FREERIBTS. E-mail : sunjingchanges@ yahoo. com. cn

# EINAVEE Corresponding author. E-mail ; wangj@ nwu. edu. cn

Foundation item ; The project was financially supported by the National Natural Science Foundation of China (No.30500077) and Science Foundation of
Shannxi Province, China ( No. 2006D02)

Received date.2006-10-27; Accepted date.2007-04-29

Biography . SUN Jing, Master candidate, mainly engaged in the resilience of social-ecologial system and tourism planning. E-mail; sunjingchanges @

yahoo. com. cn

http://www. ecologica. cn



5372 £ K5 % K 27 4%

resilience, diversity and sustainability of social-ecological systems. Finally, we suggest some future areas of study for a
better understanding of the resilience of social-ecological systems. There are still critical questions to be solved in the
future, to build resilience and increase the capacity of social-ecological systems to cope with surprise in today’s changing

world.

Key Words: social-ecological systems ( SES) ; disturbance; resilience; adaptive cycle; panarchy
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Yot MU 24 TR BOHER AJR R R EI B H B B A 5 5. SRS R%A
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Fig.2 Adaptive cycle (A) & its three-dimensional views (B) ']
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TREMAERERBITEI. RMUUT Logistic H £k,
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FEER,

HBAFTHIMME ZER T KENZAERX RR . T2%) , FEERE B R A PHRBER LG UR
W BRGEAF R ESHIN RN TR, ARAFEEA AN, Y IBMATET EHS A AAE A EHE
WERED G FEN, FRARSERARSTEAMREHYET R , BEARMKE ), %
BFIR (B E— BN ER) SHEA B RRERER S, MATHBEURGE T — b TR ENEEE D
KT E FEGES R BRAH "™ . BREMEAERF T T E— BN R A= s
i), Nystrom 2 % 20T AT SIS P MBI A9 E 48 i, M2 MR E L MR SRR A Y
B RAE N A SRS RITI BT EAMER . Adger & EMREREH S -ERREHI K HH
AR B, 184 T AR AR, FE 200 X + 2 8 R R G B E R RRR,

BRI, PR ER S, T ARG A RIS 4 ] (1) BB ) B AR, 7R R s 7 BRI AT B ET
SER AR 7RIS HE TR RBE R X £ K& R # AT IR, B, Pk BE R Bl L RA R
T
1.2 JRE SRR

PRI 77 resilience P8 H $7 T 3L resilio (re =back [A]%, silio =to leap Bk) , BBk BIH /e, 35 K7 M6 Hig
BN IR IR 2RI N AT R WA LR T AR B s AR SR L PR E BB BE N ™ o AL

hitp : //www. ecologica. cn



12 4 M F M EBTREREHTIRGR 5375

W IR SR, IRE I RISV BHER A WR B ZE 2B T, B2 A £ BB IR E 26
HoBE A . 20 tib4R 70 ARG R N T BORARZ IR S M R GWRE A E B i RS I BE S o
1.2.1 #AERRSG

Holling" & VORI 1 BIME 5| AL S R A MBRIE b, HukE IRy e SO« e 2% R AR I 28 1k 3E RE 4k 4%
BRFHRE DB, BHPRSD KE N5 RERRE MR T INER R A CER B, T2 T A R AR, K
B Hredg TR AT R WK E 1 (engineer resilience) Fll4: 24K & F7 (ecological resilience) , HLIRIKE S1
I8 RAEZ BTG B E MK, RERCR FREEMT N, NN EX EHESRGFET
PERAHHE, EHKE h ERAZ THRERERANEHT Y, XMHTEMNEZRESHNEEERSFHE
WHFL?M  ERIKE R RAGREBUERRIK TSR, LR AR TR, BEXE
B E RS AR, SRR EW T U REBARLEITRH D B A B — i A (regime) ¥
XFBLT ,KE R R G BUB IR 1 KRG AT A HE B RS AIEXT H 5 B 5514 3E17 8 e SCai irke
B TR ER, EDKE N RETZRSN, MIBIKE 1 REE R RS (SEESE) , B RENR
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BT
1.3 JREIERNE
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THE; (2) REBALMRRN (5 RGERARRZIMFR BRI HRMAXN) ; (3) RAWEE 5EMN
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FIBTTH RAEL AL TR K5I ZH (basin of attraction) F1, I 5| F IR IR )7 B9HF 2 K8, AbFE A B
AEBTRE, BRALEANHS-ERRELHZIINR T BN REBEERRAER, U RE LR
FER— R B T A0 (e & EA AR B BB KA TAHS) %3l RETHEAR R Ko
B X oA MY A RO AR E PR WL (stability landscape , B 4, B RN RREHENE) o FREHERWAIRE
FHEHBOCRA 4 A JEE (latitude, L) : RGETEFERNK K BE 7 B AT B B9 B K& 5 Bt (resistance, R) (U
RGURAHIME R R ; A% E P (precariousness, Pr) : RELH BI{EAYEEES ; Pl (panarchy) : B F 85 R EAF
M, RERE ERGERIKE BEZ AR RE ERERS BN, fln. FEAR WHEE 23R
ST FE ) SRR IR BBUE RS

SMERER B T (R IE2R) R AR AR (R SER L BT 30 B SR ) R T B s M R LN 5 28,
FEAMBER L TR (FEE L, & 4A) IR E R AL (F IR R R AL R TR P RS Sh RO XE
HEE—REAERE T EE RN THBEEA RBCE RER SRR, iIpitk R, & 4A4) (B HIP AR
AGMNBEREN (LSRRG M BB BERGRER AT OME, B Pr, B 4A SBEABE
3, 4B) ", EFHEH BREERAER T HHEOA0 S, (Fl: KBYZEMAME SBER) B IE
REFAATFRN M (—BRAERERE) >,

B4 BEERRN=SLHE"")
Fig. 4 Three-dimensional views of stability landscape

[1,7]

2 RENHEHIRGIEREENE

WRE SR T H 25BN R AT AL I EE R AR A ER A R, 2 E
SPEFBITTIRER B P Xt - AR R GEKE ) B HIE HATHIIE

Adger % BRI R AL - AR RGN R BRI , 0 H RZ ARG RBUR B M T3, ik R et
K, AR AL SR RE ARG AR RBIA R EARRERIBE S My EETFERIZHE.
o BB RR, 07 LS AU AR O R stk i H AR K, T BT E R IR BN, 78 2004 4R A
AR MR TP, I )& BE VU EREY Simeulue B G MG B O AR, BILAA K BIR B A RBRER, R KRG
EEATHROMRR XIHIT L+ 2 i RERE C TR ER AR AR, i b2 RIEEF BN E
FEfE . XS RARIMER T 308 DIXTR FRIIKE ), Gt - A S RER URE R IR,

Berkes %/ ZEM GBI ROAE 2 AE R RS E 1 BT, Lh Gunderson Al Holling 56 F 9K ) 9 5E S A EHH ,
WRIERAER R TIRE ST 4 AT (1) %3 5RUAAFEHIT; (2) AEHIET S (3) 8
AARFEZHIBHIR; (4) B LLBIREYIS o Bengtsson FEBFFE 3L MR BRI FIAMRE HIHA N4 Y 2
HHRESARERZNNEZMRAR . TGS TESREN SHENBERI, £ WL
REWENEETABEENEM. Kein " SIS RHERRENRE N N ARKE D AEBWRE A
HEBPIRE ) 3 #or , YO R REBA VIR BRSSP IR 7 R ¥ 2 7R W38 sl Kk SR 3
PSP IRIG IR FEE DI RERY AR BB . ZFRENIET BR AT EF NIRRT R, FZ B4
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BB RRE . Adam ' ZEBISTHIRRIN S FIRE HRBBHRE 158 XN R G B9 4% HEFIR 7 , T -5 9 Bl S8 e
BRI R NIT AR TR, A& LB 28 3 FEMNESFRE HHT TLR, Milestad FI
Hadatsch '’ %o B8 3 F) BT /R BLAT 1L Solktaler i 28 3 X ftt £-H 25 R BEATHIS 48 A HLAR AL S 24 424 T
SHRIE, AR ER RYEEE, HILA PR B B0 Z A SO 7=k, 3458 T Solktaler 31 X BIVE R 11,
Allison F1 Hobbs™ 3z I3 R 1447 35 3 18 3 WK I 76 b 4Rk X i 49K 5 7 #0538 7 BB h #5647 T 4047, THDP
Update' 85 —$AHiE R THE-E S REWRE NELRB LB KT BT, 7E R IR LA K | AR IS 551
MBRBARESREEESEE FENEEN, D EXBHRMEES-ERREN ST, KE i Bk
BHOAER, ZRREXEAMEE, B2 AT, BIEBIIRE W SR B g ME R
#Z5,

HTFHS-ERRAENEZREIH, EMINS TR T RSB RGNS R, HEA B EHE T AR EY
WA, B e RGEIRE 1 HE BOE— BRI E ) IR RS RE SN EES T . NS LR
MR ENRE I #T AR, B S-ERRENITAEER BN AR e &I F ke
gl B4 M= A R E BRI R, XEHE T —% TERREET
BENEWRE H-REAEN, BAFEN -4
BREBIMREVEABE., BRME NN EEHNREER -
Fork B, BT LA T B — ik s
RAERG PR S5YKE SHE X BT ANER B, A+
BEBUKE 11 098 R B FAE A B R (surrogate) ., #
“BRYZMARRFERESELEEERKRR VRSB SESWg
B F (indicator) 7, B B B Y R ML &-ERRAEWIT
fEEE PRI, 5B I BN  ERMEAN KR,
T BAYRE )W E IR TE BT 75 R A B RS L B5 REHEREBRYERREES
RGPSt T B RN Y4 B A BBEM: Y], Fig 5  Skeich of the relationship between resilience and its
YRR RN E R ARG S R B R ARG ursates'
JBHBE 1% (B 5) . Bennett 2 7R R HIBFST P E L
T RS- ARRGRE HBERYEE (£1),
3 HE-EBMENRARMITIEESRE
3.1 ESHS5kHH
Masii R 5 E ) B UM EN— S, T LRI E BXRERS TR . BEERE R
WA, B St I B 5 Z 3PN ARE . 24 XK E ) Al 5544 56 2 B B AR 7 78 B R LA : Folke
a8l e S ONWRE RIS S5 R R — A8 MBI : B S R s RK R h, PR — ARG R H R, T
YR SRR R2Z AR o LA Buckle™ SRz B9 222 T IMITA o 4k 5 ) 0 s 553 ek 1 56 2 a0 Rl — A VIR e
&5, EAFERMH S B E MRS RE R, FTLVENTRA T B, BEA BE & Sl 0 B8 M A IE R , A
BRI N — AN SRR I 8, DR AP A B B BB R IE A 5w DL B IE AR I E
B AR 5 B [R5k IR v s R B D A 557 itk R ) 2 SRR 6, 4R ) R RS ), S 55 Bl i A
K. BURESHITE SR T FHEMIKE AT 2B RER,
FEE P MEE ST SR AR A BT R A L, FTARHE Folke 45 M WLAR, , B &3 ME 55 M O BF 55 S 3 HH R .
FWFELGEAR , HEMXHRE S 3617 (F) € BIHTR . XBERAARARRRE T —Fgs, BRI EMER
FIME. #140:1992 4224 Andrew JER(GRIE 5 &) B X EHF AR, BB T 265 [2ETTaFH K, 23 A¥E
A, 1991 4E T hhr—5R B A F B XA B T 10 5 AB6T- R X B E T AR BRI, REFHHS-
A A RGAETE AR XA O ME 55 teAE B, (BAE B8 5 B3k, i F i@ 2 i PLH R B L B M AL

hitp : //www. ecologica. cn



5378

27 %

fiﬁaﬁﬂﬁiTéimiAi,u%%B‘Jn‘Wﬁﬁ B R ERR

Y] FR I B8/ 1NV BT Y 5 SRR SR B ez, 4

HESRGEIRE HRME, B BB TR T HM ™ 2l ™ I, BV BARTEEBA , MAR s — 1
R%’ R 1 SR iR - S R G XN TR IR, (B E Z B K RIFAHE , AR R

BEARHER,
£1 EEEE HERYNARGER
Table1 Models in identifying resilience surrogates!*!
I Steps [E]f® Questions 22 Answers

1. PRAE AR E X Assessment
and Problem Definition

RGP R X R A PKE 777 What aspect of the

system should be resilience?

BFREFRBERGE WL ELRFIKE S17 What
kind(s) of change would we like the system to be
resilient to?

REH A, B RS R AR #E System boundaries,

criteria for building system model

5"‘%{5%@\ :Fiﬂﬁ\ E %ﬁ% IR A External drivers,

disturbances, desired state of the system

2. RRATESHR Identifying

Feedback Processes

HL4ZEBAEZAL? What variables are changing?

Ao B FIEES) 15 X 638 k7 What processes and

drivers are producing these changes?

B AER =42 LK d 27 What forces control

the processes that are generating change?

REE R System elements
R 59X 3 System drivers

AR E] B R Connection among processes and

elements

3. RGEEIFIT Designing a
Systems Model

REEREF A, ENTWNIERR? What are the key

elements and how are they connected?

BERMSERARKE 25 £ Editing and refining

connections among elements and processes

4. MR N BRYPHR Identifying

Resilience Surrogates

R ARRE IE S0 R B, 3 S it P A S
H#FBLK? What positive and negative feedback loops exist
and which variables do they connect?

EAACIREERE) Bl — R EER R
GHE1 B —A R E? What (if anything) moves
the system from being controlled by one feedback loop
to another?

PR R A ) 5215 B Identifying loops in model

BHRUR 5 B AP B BB A0 32 #8843 Identifying threshold

and leverage points in loops

5. WRE BRI &4
Question on the selection of
resilience surrogates

BIER R, RAEZ B BIE? As indicated by the
feedback loops, what is the threshold value of the state
variable?

REEREREWIER? How far is the state
variable from the threshold value?

BRSO BEREE? How fast is the

variable moving toward or away from the threshold?

SEER S TREMMEMRETER? FWHE
%R 2 £ /1>? How do external controls and shocks
affect the state variable and how likely are those shocks
and controls?

B8P LA B DL A T SR W (R B 7
How are slow variables changing in ways that affect the
threshold location?

ALAERERZE LML EHRE? What facters

control the changing of these slow variables?

[B{E 4% 4 Threshold conditions

WHPRZASF BB L3 Compare current state to
threshold level

RERTHRIEHIERE AR PKE J) Whether system is

becoming more vulnerable or more resilient

RERBRABRENINBIEF RGBT HRES
B RE 71 Whether system is resilient is the system to

external shocks

FOHATHER T LETRIARRRARKE
77 Whether slow changes in the organization of system
decreasing or increasing the resilience of the system

REIRE 183 H| Controls of the resilience of
the system

3.2 E ) 5IREEH:

RAEWRE S R FrE R RITISREE T FRO0A B ESURR T A RrgEtE . R Tgetf i B 0L 55 7]
o B0 T5ELE A, BUE ERER AT RE RAREIKE . M RREWRENRANTHEHES AE
7;2% BRI BAR™ o BIRE D 0 BT R A RS- S REME GG 1IE1T, BH Vi

AR RGAE ISR BRG0P R g a7,

%Eiﬁmi&fbﬁﬁPiﬁ,%f'ﬁ_fﬁﬁkﬁo

3.3 RE R B

PRt , 35 R GER R i S R IR) T R G| A, &

MY R RGEENR KA, T R B S ER—AFAERY, BP AT 25 7 A I iy R B 3R 35 B il
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A RLAHEER b — BT R B e , TG A R L, TR E S FUINIRE HIRBNAESRAE
ZINRTIG , MEREWE, TEEL2EZE R TR RS Fib, i EIHRREKE T, FRIEE
REWMENNTB, NTTREREHEANTFTAFEXNRS(REXHRETRERTEEN) B, ERKE S
B B AR

3.4 MEHMREE

VAER“9 - 117 R0HiZ8h (SARS BN S PRI A4 2 4 , Z EE b X it &-E R REZ B E Kb, R
ML —RI|HBEMFETE, XEEZEHEKE I WRENEED T BEFER, BAREN, RHBRELET
R RENFTYE (FINERFESRENEHEYE) FREA FTRESNXINE T, KT X8 EE
X B, 2ot AR K B B BB G R BT G 7T BB R 23K, R OB B 1 . K
REEGIRBATH, CE5E T HirRBLRE BEHRZBE, XEREEHFRET FRENLE
WL AEHE T XS E N E R T, FRHA T TRE PR G, B B IR E ) T LA R R G AT
FHIRES) , RATE NG R R R 4E e T Re e R B ULER . 2002 4F78 55 M H P “ W] 38 & Rt g &
(World Summit on Sustainable Development) ” #& Hi f 5Pk &£ 1 B N B R B AT, FEDUCBYRE 189 W S 4/E
NAFERAE AL SRR B, SR, B E S EBRIEA RIRIE £, X105 50 3 2% A5 sk
EHHREMEMBEREEET TR, o T RERHESREWRE NN RR, BE TIRE M EE
B RURTHE AR, PR MR B X R F IR E S AR B BIR BT T R E,

B0, ZERE PR P BETINR T8 RS TT R R, X AR E HEY BB 2R TR S,
HE-EDRERE R E IR BOIARRER R BT 10, BB LAE, AR K E ) SR P RIBTE
B2, it S-ARRENHBERARZE HEREFBARE KEHRZREE—1EXFE, B
PR BRI s B B JOMSBURE R KB ) i € AL ), BRI H R A 4b TE DB I R A2 B , BE S 2R 40 1 It
BIE R , BB EE TR, RERENERY A ERURRE T RAMER, B REHBRGEHREH
TR BRI FEYER , Brl i B BUE & , 7 € 28 B AE , I FE R R LM R RE _EXH#ER
AL, TR I R REHIKE 7, B F) 28 BRI 345 — R 5 R 8 MFr ok, T L, MR SRR
IR 2 R TR, AN ER B T HET LR, BB HNSRESRNES-ERRET TER
i, X RENREEA P SRR RS RGNS, EEER NI H ORRAERA TR, EHit,4
JENABSETF R LB EIE BT, L B AR E AR E BB RNy 2, R AR AR R (B BURE S
W, KB RO LB T B RRTHEN T ik . BEENERS-ESREIKE S5, TR IERARE
HEBHS-ERREN EETBWERAE R, AR ERE T ETHRE FHER -, RABFEEANR R
HETE B R BT EMEE IS R RGEWRE /) BEA7 0007, TR &R E] BB S5 R AT, B
HEBUE HERE S WBOR , M E R A FE N R WA R R 18N () 2 B — 2R X DL SE LY , 3
BB SSUR 28 RN E “RE B MBS —, MESE R SR ¥R ISR BERFE
T RFHILESS S, REREEREBCE, W T & 2R TR0, X S e 5 | &2 [F]
BHIRERL T REWYIS  IKE ) B B 5T IRR AEREX S AR AL 46 T — R B3
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