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Considering the Concept of Resilience toward
Applying to System Dynamics Approach
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—| Abstract |

The concept of resilience in complex and adaptive socio-economic systems, has been
a buzz word in international societies and academies related to policy makers for
sustainable development since some years ago. This paper deals with an application
of the resilient concept, which has been told since the last some decades in the field
of ecology and applied system sciences, to social science especially in system
dynamics. First the author introduces the concept of equilibrium stability and
resilience in simple dynamic models, and moreover provides the behavioral
characteristics and examples of system resilience in terms of system dynamics. The
concept of resilience in structural perspectives are also discussed with the topics of

panarchy and adaptive renewal cycles, etc.
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(nonlinear & complex systems, dynamic equilibrium, stability,
resilience, adaptive renewal cycles)
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W= o] ofue} A ol st BAg fsiE 7FthA 8, 2013). #7] o)A
T7b S A shE & Aol ﬂﬂ*ﬂ%‘ﬂr Alz=glel] tigk SRR HFEHAT, 21
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el gigh galo] AXAA], 1 B G o] digh Adet glSHTo R AL EA Al~
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7F B AALs] gl g SHAE sejua, A4

Aoz BelHel wAle a2
2HY AL EA A5l kst o] ES) ols|PdAAE WEYA D FY, AHAAE
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(Wilding, 2011; Morrow, 2008; Willbanks, 2008). 7] 3}l th3t A ubgyte] o3} &
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AlA A EICLED, TolA F2dhe I 282 A QQ(UNISDR, 2012), theFsk A4 4
ol A7]#e] H A (Jha et al., 2013; WEF, 2013; Maguire & Cartwright, 2008)2} #|<7}
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(resilience) & 3| EA 02 Hslax} 3t
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A welEn RAH o 4Rl o Selfelel s el FEL
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(Gunderson & Holling, 2002)< ©]38|s}al A-&3}7]o+= W F87} &4 3}

whebA B A e A|aEle] SAdat o) 7)1 JEjH =of S ffsiM = AlaE o
ojyiel s AgatEe] Ao Fasith EHAOR 3|E *é(resilience)—% 54 7%(dynamic
equilibrium or steady states)S FAJ o= THSE Zgolu, & 9| F-uleKdisturbances)ol] 2]
df AAHom dHelA ojgd AlAFle] HPow In T2 FxFoR Hske W
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1. 3std 3|2M(Engineering Resilience)n} A|AE

AL H} 2ol 31849 A A AFAEANAN A
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TWAEol A Al e 71%—@ x1o}7} uugopﬂ €t} o= ﬂ%—g}t goj= o1
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ThBacek, 2008).
2~ tho]u|®) A(System Dynamics)®] WA o]2 Hopd oS 2-e djdlo] 7bs
Sx AxElo] ojWl T 84 El(dynamic equilibrium - an attractor)o] & uj,
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Aol - e o] opehd Al ol et vt Sl A A=A
Elo] o] H(migration)o] o) el FFYENR] 3Fo] Jhed Aok, HEE,
201D, wRk AbEe] MAMA = AR &2 5k 5 o] Adzny A

2715 AAshs ajle] "k o= AlLE el S5 HEF2rF AT
l

o,
fuj

= 1= A =2 v
o] &AL QR.=Ao] 3t ‘A& A(resistance) =22 ‘UF-Al(robustness)’ O & F S(WEF

2013)3}H, olgh A AlxaEl 354 st ld o R ofsd 4= k.
uh Al ~dlo] 2 A Wk uf) Yo #EAEE 2 (bouncing back)¥] A il Ho|g
o, o)== 733} ¥ =ulE X (reinforcing feedback loop)7} 2F-&-517] wjiolt}. oA, 73}
= 271208 UBE OB FEAA BolU  HE 2 AolE WANIIE A2
ath-dependency)©| L} UH] & K butterfly-effect) 9} 0] PO ZHE o|gA|7] 28-S
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280 QoA AspA-E(FE) BHop dFAE(FE)E0] 13t Al(dynamic phase)©] 717k
FoF ‘A3 #g T2 FI(dominant feedback loops) % ZHEsfof TKANL, AE=E,
2011). AN AEFY ‘TFFdiversity)’ I 2 HHES AU 2R 2G-S w7t
AA FB7FsA S Eo T wEbA Al2glo] 3 E7FS(ES AS7Fe)stE ™ AL A4
A28l S NE Aol R} uj$- FQEITKWEE, 2013).

3 BAS Aslr] F Az deollg e gE w2, dPEoRNYH Rk
SHA 7 Etrajecrory) 8t ©]& AR BT A xKtime delay)o|t}. T4 3} 75 A 8HE e 7
atal o] AL OR AAATIE BANAY Aake dEoR] IELLEE AA3E
THSternman, 2000: 114-118). = &A%} 7|5 A5k i3t =244 EYHEY

2
e Bpe e V15 FHoR Aua e Fh
webd Alzsle] B8RS SRR MY EAE BEe FANARY dde 7Y

3
o8 358k Alflreturn time) & S8 SA0] ZFssttk( 2 1] D). 7 547
Fdehs sHAAEES g dKmodularity) Sh= A& A|2F] F8H A1 A (reliability)
Folal, o]t EpAIAE IGAN FP oz Wi 35S Tlsst stk mdk Al
o] HAMA] H_Qthal AZ}E= Yo AFY(excess capacity) S5 97|43 o] o]}
& F 8l 7IsES dASR: del f&3tth webA o]#d ‘T dredundancy)’ &
‘7h9] 4 (excessiveness)” A Al2E1O] BEAS AASHE okl HHoEA A4S dn

(Martin-Breen & Anderies, 2011; WEF, 2013).
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(2] 1] 28X 5|=7ks4d(engineering resilience) 2l 7Hdant X
A& McDaniels et al. (2008) 2 #d3F(2012)
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S 20| 441 T S99 A ASEE Shen a4 3
SHA 3]H-A(engineering resilience)’©]2} & 3THFolke, 2006). T3 ]'EH(equlhbrlum or steady
state)ol] Y& A]2~Elo] AE(perturbations) &2 ﬂ—rﬂﬂfdisturbances)oﬂ o3 o] YA
Aoz A v ol gt 3EAIFOR 3E54S ok x7] AEetAE2] A ¢l(Holling,
1973)7F 2L 7]4oletk. old g W] 3uAL dwvlss T8k oud dA s
AAz g A5 olal7t golaith. AA= ¥dt
(single-function system) =& 7| Z|(object) 5] 7~ o|#|gt 3| EI}5d9 FAFre] &84
T AUk (2" 1] AdAdel tia] =A71se] FaE 715E 52 AAH R Bt
mo] 3]5As AR Aolth
270 o= % %6—}751 RS dAFIE AAE WA AE AladolA SR

1£]<P1mm 1991). = 2314 3B =

rlo
i

4y 1o ol on N o

AT AR FHAL A HBAL A

S S e s A9 ok HAED old vax Asdel s
Fetepetant 338 Q7 T 0431 7 ZA7E A7 9}E‘r. o il
el AN Az FAo] 3 A 20

U A #E o] AbEolx o ‘3‘51174]9}% i E%Qi —“57%% B og
& A7k 8 old B A% A A" IEAES 7RIta
(Peterson et al., 1998; Folke et al., 2004). v, =202 Q& oA 9]
Eﬂ_q] )\LEH{_ @y)r{_ o2 2 784S A A
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F H(single stability) ©. 2 A] G3Al(homeostasis)©] EA4|3T) 12y tha B3l nXE F

A8 A]~Hl(complex dynamic systems)o| = FA
7497} WA Grimm & Calabrese, 2011; Ludwig et al.,
71E #@AE oA FAS A" FHE 7€ #PoE HAATA

steady-states) 5}

THHOE o]t}
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=t AIAEAM2] erEY

gol ok
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o,

tlo
o

X/de < 0 o]lB® X&= =gzt

equilibrium) .24 34} o] & #3L 25

f‘sgsq oF A(stability)o] B o] glE 742}

#& At
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A, (29 2519} o] AR F)
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—1H
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o!
1o

Goal (Desired State

of'the System)
State of the 5 +
CLD System B) Discrepancy
+
+
Corrective Action
- ax
e 2 & —a-
dt
N ax
TATY —=0 where X =a
dt

[T 2a] S H2YE

Ab HIZE(oFaiR] A gE o ofol7l i HAE)S

TENE7E B4 EA(multiple
1997). o] 7%

Fohal A=

P i =l B8E olsiehe bl
2a] % [:LFA 2b]ell VERG Expzk Aol e
Gstability)oll  tHeh w=o]& AJAGORM  3|EA

F Ao shgs) wah

wﬂ F3H X = a E%}%H e Al2d)

E%k% 4 2451 |
Poedth 5 BEge A Fsuble

= A5Eh, dX/de 2 dY/de of digt 3

3l ot

Time to adjust

I (Desi
Perceived State Goal (Desired State

of the System)
Perceived State of

+ the System
Discrepancy between the ®)
Real & Perceived States

Dlscrepancy

Real State of the +
System
\\_Cgecuve Action
ax _ Ay _X-v
dt Cdt b
dx _dy

—=—=0 where X=Y=a
dt dt

[32] 2b] AIZIX|d s} 2Eg) Fste)



AlAge] si=4of chet Ol2% HES AlAE colufeia wHEel B 13

—1 =

&o] okyAdS vlobst = 9)UKIzhikevich, 2007; Goncalves, 2009). °o]n] Axh= dz] LA
Aol AIAA T3 b 7t 2R A w ol sk & A TP 2N A Es)
A Ak 2AsAm, o)get #EHE A7 & IKtime delay parameter)7} A 9l
QFd H(stable) woln, 14| ¢hriH =M H(unstable) T3 ]tk H]O] A Y(beer game)©]
A FEA 2 ANAA G 2 A A A~ Bobg A o] tSenge, 1990). =
o] AL A7 A FI= dFe] FPOo T FHA -1t o WA | S AR s
JAAZL s, AR G3pF & A S| EEEE Faur) Hof sEssEA] gtk ol
gk @edt Al 2~Blsimple systems)®] wE ol tigh Qg stability)> 34 3] EA S %‘7@3}
T 71Ee] #rh

- _I

Aoz Al2dollM = o] Pl whet Algle] 3] EAd

2 2 3a] B [19 3b]of o] 7] Hbifurcation)S ©F7|
St FEj] AlaRloA 27]E BradEe] S =FoEM 35 o
3 =l wAL

[T29] 3a]ollA, Al 7He] #3HES & 5 vk o] T 2709 dFHS BA 73
™ 7k ?ﬁé 12 Qg Aot} o] A FH Ao Al2E <]
o= Qe A~ H
X7} 05T} 2ZHe W9lo] glom dX/de > 0 o|B& X7} F7bEH, wk & X7} oxT) 2
Aol o™ dX/de < 0 o|B &2 X7} ZAdth = HA3 77k (- a, ) B WA=

® Locally stable dX/dt
Unstable

Domain 2 of Attraction

Domain of Attraction Sepatrix
Locally stable Locally stable
but not globally stable but not globally stable
[32 3a] =+T&(Bifurcation) #1 [T 3p] Sa&(Bifurcation) #2

A29Y: Ludwig et al. (1997)
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AA o8 A (ocally stable)o]™], o] T HHOR FHAT|E IAFFEY] G
(bounded domain of attraction)®] CHLudwig et al., 1997). ©] % =
(unstable) 7 79 #HHO R, ANZF HAFHOZ HolA|A 3] &
AAAZ & 5 3

gk [2%] 3b]ell A o] T 7je] FA 2t
A5 788 B whek Alxgl e X7F B9Pg A A Al ool ivkar 78 E o, m|
Mg FAo] oA e X7t oIk EEEe =
stable)®] TFE A -a T& 42 7 ZEA =
AZ UFA =, o] W FHPAE E8 e 0% 22 AL 7] H(sepatrix)o] 2} 3}
H(Ludwig et al., 1997), FP7HAZ A2 dHOoE Ho| B A3 ES ErFsetl 8t
= o]ﬁ]j]i =R _/': o]

o8 et H|ME A ~dol| A= FekA FHA o IS A5}

o of tha: o] Atk
o] A&+ (bounded)o] il [LF 3b]ol] AA|E A]2El
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1. MEHR SISMOIMe] O[IHAT CIEOIHA

g Q7 PN PANLDEATC] DULL HAN A4 3%
(Folke et al., 2010, 2002)S =3}7] 9)ate], 27 o Ega A A28 o SojX
k. <o]% ¢FYA(bi-stabiliy) B}l B2 $-= 7HEH] #H | spruce budworm) AJE] 7] KLdle]
(Ludwig et al., 1978)2 ThedlA] 7] Al tholyu] s 818 5o )43l ejo] Alx
g0 g nit Ay (21 4]9 2k ol I)A % AA 2 (Holling’s Type 11T functional

response) & ADET} SobAs AHERAANE WESRE 07} BoIAE AP EAARY

e o



Al2glel 5|40 Chst 02X HEQ} A|AH! Clo|Lf2|A HES| ME 15
B S @9 S Qla dHEo] voAe 4S5 4T Zdo]thDawes & Souza,
2013).

ol @, R = r-ab, Q = Ka = A3}, 54 i‘ﬁéﬁt—ég HEAS w7 SRk obd
A 7 TS (stability landscape)’dE T=3F ]
wH W7h S3she A8 7P e Aotk =
Slo] S7stell wet A&7 Ko} A wbEsks a7} AR 27} }L &,
oo, RS S7kItR= 7Hgolty Aol
2 Al Fre] Adee] AR E Xe] S wgRle Xﬂ/‘]ﬂﬂ Itk ofefel 9] = A
& SH8A FYGtable equilibrium)S oJn|stH, 7he-Ele] HA2 =QHHH 1P (unstable
equilibrium)-g 2wt}

SR 224 FEER 78R 4AAY R A A ad B S 2
o Ro| Reh SR e HolH 278 a2 oflEel ANL wek o %
ek ol A% 2hokel R 4215 TRAE ok Al el AHoE o
A7) S Ak Ry BRI, ] AR X7h B H e Soee Fol
EAR el ASE AZe) BE R BT R g AH Wl Rgto] Aashe
e ML Wt g0l A padtel R O] Rk H7 G| ofel%e
dggen Aolsl Atk o W e Frac

T3 A2 7 Ry, RN = S7HE o) Az A4 ) Frrh gavs ol
S R Welld Sk HEvhd, Siolde] wd A v d s 4446

sdle] B ow Qe 54 AlaE AEle] golA o]F HEEE e dd

N -
S 0]331 AHhysteresis)©|2}al 2 3FCKScheffer et al., 2001). 4.2004 T} W3k FEjo] 7]
AnR

)
=
o,

Ay Bof|A, eJF-F4 Fo= Qg getuEle] Hskd: a=0 — a>0)Z T ZFo] e}
A+ 7}~ & E(chaotic behavior)EA1 2] 7|3 A bifurcation)S ‘QHEA Q] ksl £2(soft

loss of stability)’ & ETIY, o9} 2& Alsw BipHow A TEAAL bR %

3l £=2(hard loss of stability)ol] 3]d3FCKLudwig et al., 1997).

oleIF WY AzEAN Y HEYE s A3 wrk HE A2d Y Bl
WakE ZPge) Bk 9 Rae W] AMEE Wste] ik Alzgelglont, 374
Ao ‘ﬂéﬂﬂ% RS B Il A2d Abne) Aske thest gk e 31

2 Ao VL RE AUA B 3243 2kl 9k 348 %7}
= o) el aE okIV) D, AR B8 Sl AHelA 4wt wes)

|

3) Peterson et al. (1998) X Folke et al. (2004) 2%
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adaptive systems) 4ol A]9] 3]

2. HM3H ZEA0IMS] 2= M(resilience in complex and adaptive systems)

o] 3ltkFolke et al., 2004). AAsto|L} FAT oA £3] 2ro]i= ‘Eﬂ’“(regime)’ 7} u}?}ﬂ-x}
o] omzA, Al2gla} tolie o] fAlel A ot ElR S
we] &4 #@S FAshe Alade e ey e o
BT 1 A A7)0l wEt A 7S A A&
fe] A3 gebd sehilE 5 8 ARe #YA0D Holss AL FHAL W
PR EF A

[ s]e} Zo] dFEFe Waksa—shES AWals FAA 7R Sistability
landscape)» & 7Hgal AL 94, 4 3EAJQ 3|5 S (return time)= [T19 Sa]oll A=

Al 7 gRlom AN ET HgHUR Wal o A2 Ao V|Ee] Yo HAshs
2

oA, o] AAs= 2902 1) S8 AHatitude: A, S FHANG HAE Hol}
SEa7bs A7 Al a9, 2) A dResistence: A AT WSS, SA4L
2HE & et 252 7HsA), 3) B9 A (Precariousness: TH G A 2] AAE Hod J)

X, AAZERE ] Ag))o|thWalker et al., 2004).
(718 sa]e] AMARE Fo2 v AYolgta AZs|nal A4 oz TAE el ¥
o] SRk ATk, o] BE 9.8% FHo WA Aol Age] Ay THe] A 7
& Hattracron)ol] FAZ Aotk 22t o] w o] &g A EEojHAk TEE 3§
27 4ehil REAT} o8 025 o] v WAl Aolt). v S o] vl$- 7

og% ol wWALsh 9% TR WAE deow ol oA, Jxjols

o] Ui AA Aol Mah= B 2d sa]ollA] [17 sb]= W )
Fanother equilibrium or attractor)ol] A&k Aolt}. o]#gt & F4 9]

KX
ofe7HA FEeHA X3 AM=E 2w A2 ddom fojet
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4) Mitleton-Kelly (2003) Z-Z.

5) 1AF} 22 331 oFFA AR =E 231 Al FTH2-dimensional state space: 2702] e R o] 2
o]zl AJxehe] FA H(atcractor or dynamic equilibrium) 20| FEA Ao FEt AFFHphase
portrait)®] YAZ FHo2A, o]2dt FHYWHE T8 FHYH(basins of attraction)©|V} 1 AAE A
golA 2 dthe AAle Adok
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(bay 4 o)A #HHUA. o7|A o wH
3 Aol 5o AF o TF o] u 354 d .
T He(L: & 73E TR & ¢ 92 g v $59 dd9L 45 e,
A), #Ho® Folirl= F(R: d3ol™el of Aoz w3ld & Ayt 34 o)At Rl sy
A4, A Aol AR TR ol Bk A - 59 ¥R 38|
A4 (Pr: B4 ol ofsl A4 FHZo| A2 TP R Ao

Az Walker et al. (2004)

[Tzl 5] & 71 “7& £=2P%(basins of attraction)' 2 X[ AAEIM 2oz Qlsl willsh=
HefRlel w5} (L =Latitude EA, R=Resistance M, Pr="Precariousness SQFAl)

do o of rfo

[2% 6]3 (G 1) “ApAAol] g 4714 Aeldt 414 myths of nature)’ &4, F=0]
A AZ=RO7IM = AA)S Bae] d@ o] EAchs Bl @A ol HEA B
(Nature Resilient & Evolving)Z <128t wj], A]~ele W3}l A-e AX|HA] oA #(threshold)
2 Wol FA% TIAE A9A - WA WS 2AFS AR ol Wb
el BuA 9a A& o MAHTE M08 A Gadapration)o] L7HM, o}
stz Qe Alx=gle] oY 7hA] S| 71Ee] A2EE AEAT)Y] offHuhd A2E
A|2~8lS ZEE= A 3SHeransformation)©] £ 7-F THGunderson et al., 2002).

w4719 ge Fodew AskeH Az Yo wskde 43d uib
(adaptive & complex systems)] BBAL, (E 1014 AAE 3t 2ol 2HHe 43
(adaptive capacity) 22 L QA] A3Hs(transformability)S 2] 7] 3FCKFolke et al., 2010,
2002). TEek Al 2=glo A WA o8-S Fe Hrel ko] 359 ARl vk, A
SA HBRANAE “A|2"o] dup} 2p7] 24 Skself-organization) & B3 o33 £ e
7V, & “Az=dlo] A7|2A8E F¢t Si(learning) ¥} E4l(innovation) S FE3tal, MEE
H3lo] tf3l A-3-2(adaptative capacity)¥} A fexibility)S 2l o]S Awrpi} Al AL
Sl Fo] 4§} Ak ol SBHO okt o]eld AL Osrom(2009)

el ARG PR A ANAE THS BF FRAC) welo] o o2 2
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Stability |Processes| Politics [Consequence

A. Nature

A none stochas-tic | random trial and error
at

optimizer

B. Nature | Globally | negative or return | pathology of

Balanced | stable feedback to equil- | surprise
ibrium
o Precaut-
C. Nature | Globally | positive ]
. ionary status quo
Anarchic | unstable | feedback o
principle
recovery at
2| e} D. N exogenous
(212! 6] RtdAlof CHEE 47HK] ':'1ture multiple .X 8 ud o local scales or
3 A-I (}_ = metaphor Resilient stable %nput zzn ma%n:xlm adapration;
interna variabilt
Aty R, states feedback Y structural
% phase Space i cedbac surprise
HES7E HEHHIA, . multiple flexible
o shifting ) )
< =trajectory bil scales and | and active learning
stabilit
AIZFS0||A AEjE = Y discon- actively and new
- D. Nature | land-
HIEA) tinuous adaptive, | institutions

Evolving | scape

structu-re | probing

A& Gunderson et al. (2002: 11-12)

obzo] AEigtAtet f\]i‘%i!%x} AL EAbE L] HA S oo AdEEd ds] A

gataa gtk §REAES IEAS AWshe AR RdRA A QAT
(adaptive renewal cycles)' & *71\‘%]’5‘]-1 glom, LA HaAe Yoo A7 B34 =2
A2 A A (Panarchy: pan+hierarchy)’ S AW}l QI THBerkes et al., 2003; Walker et
al, 2004). Z1efut A A5A AABFTIE, oA HSHE ol Eoleh] Hu=s A
e A Qstebga) S84 thet el AEheuristic) 3-& H-4 Rd(analogy)oll 7HTH
(A4, 2013). et B REle 232 B0l A o] ARSIl AT 554 €]
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M==7|(K-Phase)
L
7 81|71 (Q-Phase)
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&=

Z17|(a-Phase)

Ty

[ 7] & MEelAle] =stnfdo=zM XX x|M4F7|(adaptive renewal cycles)
A28l Peterson (2011)0lA xi7A

s sl AAetaL =3 FdAQl A
o

AL ASH AT (2" 713 2ol A HRAIEA AL SHAANEE
gahell B3t 5714 cddS gt o] AlaEle] 24 - oA B g
o)A Wb, AEAA %ol Aehbs 2719 3 A-phase: exploication phase
period of exponential change)ollX] 29 FUT oAUAE 27187 913 FEFIHE] AA
o] o]FofXith olejg AAe] Ax 5 AeFol £ AwA Fom A HUA
%9 AENA7} A4 A(K-phase: conservation phase, growing stasis and rigidity) 2 o] =T}

2ol oA Gkl Bd HY2A} 210 ERE AEE GRS 9 3
Aomwe WA 4% Wi, IS nToz Wuy Lol JUAdNE Goprel =
W3 s As) RFO) el GA0sHA Ao} e 5 9] 329 o)
A 1 B35 e} s34 7](Q-phase: release phase, re-adjustment and collapse periods)
M= eAE £ EFET oA A Bor EFoAA Ha, ARE uFel I
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AAHIO| 3|=4of CHE 0|24 AES AlAH Co[UA U#HES HE 21

renewal periods)S =T}

olg|3t ¢3S A3t FE(front loop)Q} T3 FZ(back loop)® T3}, ZAlA
(potential: 287153 tote] FH-gh o ?ié/‘é(connecwdnessz Alz=glo] 1 zpAle] WEE
A F A= A9 SolA AEd Zlo] 284 AAF7] Elo|thBerkes et al., 2003).
[29 8]ollA Aest T S 22 A% 7](r-phase) 9} /<5 7|(K-phase) S, <%+ F
EZi= S A71(Q-phase) 9k A Z£2]7|(a-phase) S oM Ae® FZol|l M= wEA st
FxAol Sk, #YAA &2 HYxAstR Qlato] thefde] FEHwA
Al o AR A ofeliA A ¥ A dfA

Be7loA BRI A FLo] A AHHY SRS Avs, 384, 44
T S v, SAVIRE ARATIMA Fedk PN AxHe YR
(creativeness)Z} 7] ¥(memory)o]2tal & = Tl A28 HAAE FEd= diek
A A" oo]HAEES] 27| FZ2 3Kself-organizing) S E3F  Sh(learning) I}
(novelty)?] =, T18]al #2724 3} (creative destruction)©| ™, FAlol| o|z|at Z=%
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-disturbance agents
(fire, storm, pest)
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- pioneer
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Q

7 7

little

weak ———  connectedness — strong

[13 8] MSX AMA7|(adaptive renewal cycles)
A5¢l: Berkes et al. (2003)
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71 (memory)©] UAS FAlo] o= s}
Al2Elo] 3] EAL o] 3l A4S

A
T ATHBerkes et al, 2003). g FZol|M o) w27 JAsetar ddio]l =gt

A
Aol ZAs7F WY, G40l SistEal fFAdet B, 7ol A E WA
a2 315 HAEHAl "k W $58 FX A= A7) o] F 3]RAo] FhH
A 52 357 Alaglol A A7z sker F2A gk FES B3 MEE FU1E
FEeE A5 E¥(Martin & Sunley, 2011)oX = A|2=glo] 3] Ed0] 284 A7
g Mg EZ A= % gk

(29 9]+ oldst A4 AAF7I7F BAshH= YA AAIE Dnested model
across scales)= A|AISFAL Stk [17] 8] e AS-A A|AF7] Bdo], AAZ o] AUH
Al Z& AAANA A S Fahde] 71 717 B9k HAEhs vk, o] AEAE
TAshs Bk mAARl e sh9 AuiAldA = Bt g wEA FeEch £Ev 2
39 AejA A 9] Wt v R £ WistRt) v A3 o =g ek
et olegh AR FrIMsteE w2 Adekel o] Aol e HiAleke] dsAeS
3l S WS F oAk d7Ad &9 Al AV 3] 39 A $ed T
£3A7]E FW(revoley oL} W R 9] Ao Ad57] Ad3te] sk9l AlY Aed FIE

large and slow  —

intermediate
size and speed

ry

! /e small and fast

(=]

[z 9] XS %2 FeH(nested across scale)st MSX| RAIZ|
2739 Berkes et al. (2003)
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713171 A8 (remember)’ 59 28-S A7 AT EE-S AAR sl ERA Y A
SA ARF7IE olddd AASHAR] A (panarchy: pantarchy) ©] £4& AU 9l
om, HRAS 35 olHgt WAY HeAES HAARE FrkFolke et al, 2010, 2002;
Walker et al., 2004).

719 e ALA A7) Bele] XA, A A

olshahsl Hrks HolA oJmE Atk HEAe 484 ANF

% £24e y | A A
Rl 4718 B9 Hge AT B4, A8A BANN Aed TIg ek
HAE AN aAE B4 Anst Basihe A AAEE & 5 Qe o
g gaie Azge agFow odstn My APFEL FAATEE 7

w3l T2 thard management)’ Z2H-E HT} ‘B =22 2 (soft mangement)’ Z 3ok
TKGunderson et al., 2002; Peterson, 2011).
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N
a2
g Hew 237
ﬂ (adaptive and complex
e -]
3 SHRIAAR E2 FH0IXE ystemiol el
2 0|2 0jT YEkmQl AlAT 3127154
(general system with X 2 2i(adaptive capacity)
components)0f|A{2| T 22 (transformability)
CHekd (diversity)
52754
7414 (robustness)
L} & 4d(reponsiveness)

- EHOZHE ME 3|8 LA gjo|

2 Ooam=
(bounce back faster after Ol A|ARIZ|S

stress), °I| (mamtam
« O 2 =Zo| i3 ZHy system function
(endure greater stresses), in the event of a

-+ 1710] TH2 57| 5
Zuysta, S,

=k A [
IHKI.I I- °4!|_

== {ablllty to

withstand, recover
from & reorganize
in response to
crises)

« ZO{ZE =Ho| 37|0j|M disturbance)
7| RSP} 5 e
(disturbed less by a
given amount of stress)

NA”O| B2y
Complexity

[Tl 10] AlaRe| He ¥ 2o e s|l=71sAe Jido]| st &5
A5¢: Martin-Breen & Anderies (2011) 2 WEF(2013: 37)°l4 A7+4
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(E 2> Alagle] B9l U SR e 8]27ksAle| JHol chet
2ed7He E3Zl(characteristics) ZH(focus) Hi& (context)
257
; ;_;]l_ g go 79| 3EA|7Kreturn | THOZ BF(recovery) | T4 T 9]
h o- time) A e 7% oF& A (vicinity of a stable
(engineering o ) . '
.. & (efficiency) £+A](constancy) equil.)
resilience)
wgAelge | T Y FEAE AT | Behe) BH 2es
e (buffer capacity) (persistence) YA (multi-stability &
R F2] hg Wy A28l Am equilibria)
51 =7 ]’F ©

(ecological or

social resilience)

(withstand shock)
9471 7

(maintain function)

(robustness)
T 7] M3} (regime
shift of equilibrium)

54 #9959 4
73BA =
(stability landscapes)

A
RERLE
#57k54

(social -

)
)

ecological

resilience)

F73)e) 4aae
(interplay disturbance)
Az}
(reorganization)

A é?—i]—(sustaining) 2
Z3kdeveloping)

2 (adaptive capacity)
EL‘:]

o ol

(transformability)

o 2

F5(learning) 2}

& Al(innovation)
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(integrated system feedback),
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