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Ui K (Shi et al, 2010; Anonymous, 2011), I AE %
N R A By VNG % S N e = S
5%, s BRI B ITE AL 5 B IR B 3 1) Sl o

Wi BH:2014-07; /81T HHA . 2014-10,

HEHES P315

LEARIRAD: A

25 LG FERF AN A [R) 9 22 B) 2 [R]
LRk AHE ST, SR — I TR IR R AR
37.(Selva, 2013), 2 F % 3 AH HOCHKIE B Y K 3 &
G =M, B4R K ET S PR — . 21
T H A n] RS K 4R 5 (UNEP, 1992) , 3¢ 8 [ &
VI R S (FEMA, 1995) ., 24385 N 378847 31113l (UN,
2002) ., F JFE 47 B HEZE (UN-ISDR, 2005) . LA }2 IPCC
(IPCC, 2012) 5 ¥4 2 KA SCHR NG Wi 52/
BLNEY . E P AMIFGR SE T, U¢E ] 1A BOGIR 2
RIS Je i AR I B K I | 22 KR e
BE P[RR FH A5 (S K% 42, 1991; Kappes et al, 2012;
Shi, 2012; Xu et al, 2014), % [AIFFAE B A2
T FAGTEAT IEAS I TLA™ Bl o 3 1 3 B8, {2
FETCNG RS PPAl S5 52 8 v 9 T DI 114 52 i)
WHIFARA LS Gk, FERAE S | LT 2R
i) {7 5.8 N (Kappes et al, 2012),

I EHE TS BRI T 2Z [R5 | & A&

EE£WB : H R E Lo & BRI H (2012CB955403) ; 2 & #h—FE ZAME % 5 5 = S 2# A AT 1 R0 H (B08008)
BB RN AX(1983-), T, Bevg 538 N 078 48, EE I EHE #ARIT ST, B-mail: m05yuh@mail bnu.edu.cn,
WHESE  DRTZE(1959-), 5, Berasd i N, 380852, EBWF5E 7 ) R4 5 H SR JCE , E-mail: spj@bnu.edu.cn,

1498-1511 171



F 114

AR A RFEERNE BB 7 5 2 1499

T —Fhk EB K —RINKEIRG, BKERS
522 MR — P B ATE R B4, 1996; Shi, 2012).
I Bl HA W TR R — R e R KR AR
A K E T R AEAFAE—E BEDLYE  (H TR
[ HARRELER, Frh A RTE RIS . X
T 32 B 2 (R B AL 2377 A — T Do 288 Ak 1) RS fif
19K 3 R G A KK il (Helbing, 2013), —J&
G FEREAFAE 2 ] S A] L A9 S AR, i A 28 70
(18 ¢ 38 DRI M — Mt S WA R X b 1) 38 ol
(Shi, 2012).
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KSR T LB K FEERGE TS LR
KEZBER . M, K EREVFIERINIE , AN
BN I E AN AT S FhBRAR , AR I A A
SRS BRI HE bR B R 7 SR AR I
ZE 5, SRR R U E HE I BRG] , 75 B L5
B 8 L PR 5 iR R aE I . AR SOBE 1 e
PRI W R FE RS B R R R
IR, DA SR 25 R 0 (1) 28 50 M PR G AR AR
AR AT F P2 R AR D R I AL X 1S4
B o A I BRBURHLRIBR 5 7k 1R i 5
TS BRI FH b 038 PR SR, DI Sy 9¢ 3 B
5%, 1B K FEHENR B e S %,

2 REGEN TS H AL

RFEHEIETE 20 20 90 AE AT BEE 9 FH R4

FR 7T B A A A (SR Y R 4, 1987 sl 5 A,
1991), Fifid5 K ERHAFFRPIAWTRA , LLBGE AR
AT RN BT K FE TG, 2 FPHOBE 5 S
% AME R MBI EENZ(E D), Hheey
Py 3R A B 3 N i — 2 G 4 o o B
AR —OE A TR K ERE R R E
(Y IE L T Al e AR A 5 rh B e SC A b iy ok
R SO 25 TE VR Z WP 2408 S M B2 A 1 B 7
EA NI RO R R K FERE G . A X R E B
WESAFAE ZFhBRAR (eI 2R 1 T K 5
PG R PAFEAFRAE . — R F i vh 20 2 (1]
FEAEMIRAI G R e 2 s K e a] 5 23] b
FEEFELRY e RT3 1 1 BB

KER RN AR FEZRYG, HBUK 5
ZR g IR BE R IARGL K , A St BUK T e
PE R IREEANTRE VR R I R 58 1 LA R 55 1
SERFIEAE RS 0] 523 8] 152 2 R G4 R B (s
K%, 1996, 2005). UK FE#E P A KBS
K RANAS , Bl an s 5= X T 2 S50 BB Z P Bl
il 75 0 e 9 E A R A AN R PR R 5 (Xu et al,
2012), TR FEEE PSR R AP FT o AR AR
i 55 P | T AN — R BRI 2 S in DG 2R (Car-
pignano et al, 2009; Kappes et al, 2012), i 40 & 514
Bl A7 T I T A M R W O E B, A S
KV R 9 E ] 5 | & A R L Bk
T4 52 BN R IREE R LA, 1] e T J DX
R SE R Ak E ., I A

F1 FRAATRE &R HEE X

Tab. 1 General definition of disaster chains
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Fig. 1 General framework of disaster chains
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Fig. 2 Spatial relationships between disaster-chain affected

areas and the environment(Shi et al, 2010)
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LOSS=f(E,V,H,+H,+H.+H,+H,,+H,,+H,) (2)
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FEE B A T HE G ISP 22 TR AH LA FH Y s B0 X
FERINALF-347 , PRI 1 AN R 78 0l B O T ik R
SRR, f5 i — 2Pt
3.2 HEERRE

RFHEA R M2 AR ETIRCER
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WA A5 8 B R By AT BRI K A —E 51k
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PR R B H 5l K R AT g 23 5 kS 1 & Ak A K
T DL — SRR S AR K T A
AR, T R KN & A 5 48 R A S
B B SRR, SRR ST VR 1 22 5 U A
(A E AR A AL 1) 32 22 X1

L B AR T B Yy, — etk
FHEWE T B R ICH KA A AT BER A
FHHHIE , IR H AR 450 LB A 2 . bz
Al REZ 5 Z R0 AT B 1Y A FAF (R AR, 2010;

Wang et al, 2013), AR5 5 K 3 T4t 5 A
2, AT RERY J5 R A 24P B 5 (Khan et al, 2001), K
TR T T TR R 1K A (Kappes et
al, 2012), Wi E 5| & W3k (Keefer, 2002) M 3% 51 &
HEZEWIL /K (Perucca et al, 2009)55
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%5 0L (& % A%, 2009; 38 VIR 4%, 2012; Wang et al,
2013), Hb R —g I —HETE W — K I F i v K
B, WA FE AR AT REA e 25, AT LA H]
D1 eS0T IR 28 AR SR A T 0 e b <R ) R s B
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Fig. 3 Bayesian networks of earthquake-landslide-barrier lake-
flood disaster chain (modified from Wang et al, 2013)
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EATAE 2 i G Bk AL AT S R L LA K
AN W 5 P 3t 5 T 25 AT K (Gitis et al, 1994;
Badal et al, 2005; Chavoshi et al, 2008; Wang et al,
2010; 25545, 2010; Wang et al, 2013).

M) FH M A 220 ) T BE SRR K FE R 2
ANREFAE R —E SRR 25 5, R
ZRITIEHERR RS SR SRR R T E R
AR RME B AERIFGR I A R B A bk
AR EEE, EAEREE T RTA T RER R A —
HEYE (Kappes, 2011), 47K FHREDIFE Y, SFAHESR
FEAEPTEORA T 5L CR TR | A
TR 8 I I RO 8 b i R AR Sy
A ZERIABELH, LSBT 2 6] (R 25 G4
FHEERZR, PRI HGH Ty R A e R 2 53
AR AR I R A 22 RS 3R B R, DA SRS
b 220 8 5 AR OE AR
3.3 ERMEIEE

2 5= 2% (Complex Network) & — Ffi7E - 2%}
AR R ER A 2 S P A E R B T
I3 2R NS R RRIE ) ) 255, A5 HTE X BEAS &
SRR, WAL LT . S h &S R AR
PERGE, QN ELI R [ 2% hf 28 0 28 kL 23 ) 28548 5
HABVICR, BARMBHEAREE T EIS 5
P AL RS S U R AT RSN
(] 5T P R, 9 PN 28 2 AR v TR R 45 119 L
Al BT B BCHL A R SETE R, o 25 A5 A
[t S5 AR REE T Ak Bl g 2 L 4 ) (Wattts et
al, 1998; Barabasi et al, 1999),

BT AT 2% O 28 O R AE 2 — NS RS
S REAS ZR G0 Bl 28 JE A RO, T 3R &8
77 A I G TME Y S5 SR (Helbing et al, 2003; Weng
et al, 2007). HHIRILEN K E)E , B AW R GR
A x B [B] A2 A AT AR R S =3 22 R ((3)) - 4
S EAE K DI (45 SRR & AL AN SS S
AR (BN 45 5 R N TR R RLIGE ), 52 2% (9 2% B 1 it
PRI T I 28 DA A 25 R S5

de, __ = Mx,(t=t;) -0
= O E e

)
i ol BB A A B4 bR T s xR
RPRZS s 7 0 AEE N5 O IFRIA 5 1, S i 45 A
55 45 5 Z B S SR I [B] [R5 5 M, D3R i 45 i

255 j 45 S A B OCRIRBE(E s £(0) R i 4555
JEPRAR, M O, FHT31F i 45 5 B g i Hofh 2%
SURRRIE 5 &) FR 45 5 181 FRAF , BI&5 2 i P &8
MEFS (553CIE, 2007)
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PAANGE T A ] Fon R AR 2 I G i, K E S|
PO Z R B 4% P R ) 300, O R G T I 45 45
SRR LR BRI AAAEA T8 N 5 A58 4
BEAIL A RFAE , PRI T e 1 A2 2% P 2 B SR F 5T
KFEEK NG BRURK A 5) 71 %32 FE (Duenas-Osorio
et al, 2009; Li et al, 2014), 4 A, & 42 M 25 £ 1% N
UK VFRTN L RUEE U BE A R (R 3 4,
2008, 2009, 2012; AKAFEE, 2011), X FP 5 ka9 — %
AR (DA A 2% 245 3 3k 2491 ol 328 A 1) W 2
J7 kB 28 5 Kk K E AT R 5] R B IR ARK E (EE,
2010; 4545, 2011; BREHI4E, 2012; 5, 2012; %
6, 2013; Li et al, 2014), il 4 65 XU 3585 F 4 ] 4%
F5 0 B 4 v ) — ek 2 4 2508 2 SR L 5 R
JERCRET, A2 M4k R 45 S s 2 45 508
P 42 2% (Helbing, 2013), Q389 F 4% 4
LGS I R 3 A 1 K R G A 4]
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Fig. 4 The complex network of disaster chains of typhoon
"Morakot" (Chen et al, 2012)
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W SRR 05 5 A A Bl Fy 2 b AR
B (X 3)) B EARTIE 2, 40 Li 55 (2014)#4 22 A 5 17
% 14 S 4 I 245 oFe e 7 SRR I T 5 | R 3 i 4 L K
FERY AR T LS A A R e T S A
R 5 RE S RGN LA VR H K
RN AEEAT R I ((4)):
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- (4)
[L-0=P) 1= - PYO)+{0)

i

Krf:i o 70 B US4 I 28 235 557 TR 2%
IMERSEIR R 2R 2 tp,  tp,, 390 RIS ) (45 0 5 j
[i) 2B 3R ZRHEORN AN IR 28 5 485 550 i Ml AR R4 M,
M, 53 5 4 i 5 5 TR AN ANER N R 5 45 i i 18] 5%
WIS s p, « p, A0 R4S L5 RSN R 545
SR N SRR Vo K EAE R
D, Y1)\ T, L) AR R A RE T R
RN INEL /SRS @ T

0 A5 AR ] FH 1 0 BRI ST, AT R R A
WRGCE B PSR FE A B AT A AR R i A2
Z IO 245 1) R AIE T A5 1) 0 i v S R SE R RRAE .
R R A I F A I S 45 HLAT BRI (/N RURE
AP PRAR K g 3.2, o B 4 o5 a) i 3 AR /L
{E/DEES 55 2 S DR AR K S FR AT
DRI ik, ¢ B S 7 HL R ) S B K =5 (Lubos et al,
2006; FEAHAF, 2008), MATHFF A R Z AL
WFgE e rp T 4 2 S 45 45 i i A A, 6
FHEP S RIS RS, LR R K E
HEELZ MY A RRAE , PN RE S0 B R R A AT O
PE o LA A AT R X L in AR, i A s
ISR ORI 45 11 YA, 40 o 2 O ) e T
BIRIAE (24, 2008; 1 F#4F, 2013), HIL, &
=L N T 9 FERERT T, 255 25 R A I 4
BRI S 2 M 2 (AR TR Bz 3 S PR 10
3.4 REZRFIE

KEZRGHBEAEIR I — A bRk e Y
R GR35 AU A SR 430 K 11 3y
DAL, A K EREBERR AR EZA T
i B ShL . 2R RE IR R S B EER I R G AR (MEEA
4,2009), ZFAERGEIEHTMHRARRSTE
I E R ARSI SR, i R —
I I VA=Y A R R AR Y L W= R Ro) 81 N W, A =
MU TRLE A LSRR T 10 ] Be 5 sl A AR, 2

sl
TR
s |

H\ L

PRI

JHfl SRS 4B

Hb2FFRE

G

Hzs i) | |
/ 1 I I
ceEsEERE=

ST =1L I R

5 20 Y CA LS AL (R P-4, 2004)
Fig. 5 Conceptual model of cellular automata (CA)
applied to geoscience (Chen et al, 2004)
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ERAE—F A TR R A R G AT R
I3 RANTT o3 B /NI (T ), HLOTHDIRS A 32
1 J] 120 3 TC L A 52 e JRy 8 P B TR AR ELAVE R AT
R T &R R 22 R GRS (E 5) . JoHL A Bl
AR PR A0F 5 0L FH B A3 T — b DA b B 28 455 1) 00
R 8 H AR5 A SO — ) i B 2R et B B AL
5 HnEAJE RS, 2009),

KFEHEAFAEAS A S Ly R, o LUE
VESE—A> 22 0 o 22 0 308 2o Jeg 08 114) ] —2% () A
VEFRF= A, Hh SR e VR FH 1 B I 15 R 17
PR . JCH A S PR — B 4 A FEAREL R A
% TCH TEHLIRES AR TT LR AR . R
FH T 9 35 4 5 BB ADL 43 1) 5 KA G it B 00 LK
T TG A S AR B T AL AL A XS
N, PR TG A ShHUARE R AT Bl FH AR 9 T 6% 1) 3

BB B, T A ShHUE R FH T 3 1o R AR
I — A T T R UK A5 R ) 2 () e A R
(BEE A, 2007; XIfHF]SE, 2009; Li et al, 2013), 1fij i
FHF 9 F 4 B L B ST I te g b o L) SR FE 1)
Tt | e it AK Ay B it I S B iy FH i R (15 6), Y
FHFLIN 04 7 75 o A ] 43t Kz T XA SR o, —
AT H 5 I S BT 1 4 A4S T i & A BE &R (Neu-
mann ), FA RN E SR - TTif €, TR MONTER
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Fig. 6 Cellular automata (CA) model of barrier lake-flood
disaster chain (modified from Li, 2013)
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T 11 70 MRS R A 45 T AL e b T e R B o
PSP B R B RE A B 2 ik 1] (Crisci et al,
2004), FRMK I TTHL A UL ) ap
AR B e AU 265 2 Bh A ACERAE , AT 3508 i Mok
P BB IDURS B (Karafyllidis, 2004; 285 %%, 2007).,
T [0 2 R D) Py 3 BT 1 02 T e 1 S AL Y 11
By, — A BT 2 HE W | 5 5, I AR
A BRI gzl A, fs L5 S
AT (L et al, 2000; 2245, 2007).

I FH K 2 G o FRALALL 7 i i 9 A = A
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RIS S B A AR 1% W B R B A SR AT 2

JENE BRUE AL AR 10 P ADIRES | Bl Ay PR AR ¢ T % X
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T 2007; XPAFEE, 2011), 415 LA BB () b 22 55 3145
Mol Ak, R FEER ST 580045 it
27 DT IS G 5 Rk IOE R & R 4%
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Abstract: In recent years, the frequent catastrophic disasters have caused great losses of human lives and proper-
ties in the world. This indicates that disaster losses may be accumulated and amplified through disaster chains,
in which one disaster triggers another, and so forth. The losses are much heavier in disaster chains than in a sin-
gle disaster. Disaster chain is a typical complex form of regional disaster system. Understanding the amplifica-
tion mechanisms of disaster chains is very important in catastrophe risk governance. This review first focuses on
the concepts and understandings of disaster chain and summarizes a comprehensive definition from the geograph-
ic perspective through literature research. It is found that disaster chains have two common features, including
the casualty relationship between different disasters and the spatial and temporal expansion of disaster losses. On-
ly under a geographical framework, a sound and complete understanding of the disaster chain concept may be
possible. A regional disaster system includes the environment, hazards, and exposure units and the complex spa-
tial and temporal interactions of these elements. Second, considering the different research philosophies, five
method categories in recently disaster chain research are summarized and analyzed. The five categories include
empirical statistics methods, probabilistic models, complex network models, disaster system simulations, and
multidisciplinary theories. The appropriateness and disadvantages of each category of methods are discussed
with respect to their utility in describing disaster chain loss accumulation and amplification. Empirical statistics
methods are a classical one that often use weighted average of a series of indicators. They have great advantage
in taking into consideration various geographic factors and the modeling process is simple. But these methods
cannot reveal the disaster chain evolution and processes. Probabilistic models can generate an overview of all
possible events after a disaster have happened, as well as calculate the conditional probability. But they have the
same problem as the statistics models. Disaster chain is a typical complex network. So the complex network theo-
ry may be used to describe the evolution of disaster chain networks. Such method should consider the spatial and
temporal features of the disaster chain components in order to make the result more precise. Simulation methods
are a promising one that can support the understanding of disaster chains dynamics, as well as the mechanism of
the accumulation and amplification of disaster chain losses. However, simulation precision should be improved
by including the spatial and temporal features of disaster chains in the future. Two types of important disaster
chains, the seismic and typhoon disaster chains were used as examples to show the practical application of these
methods. Finally, this review shows that the main trend of disaster chain research is to build and improve the dy-
namical model of disaster chain loss accumulation and amplification processes. The key is to connect all the fac-
tors spatially and temporally in a disaster chain system. It is necessary to transform the research approaches from
"static-descriptive-explanatory” to "dynamic-process oriented-simulation" in order to understand the complexity
of a disaster system.

Key words: disaster chain; disaster loss assessment; disaster loss accumulation and amplification; disaster

system complexity



