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Abstract: In order to more accurately capture the evolutionary patterns of disaster risks and facilitate
scientific risk assessment, this study innovatively integrated the dual natural and social attributes of
disasters. By leveraging the outcomes from event extraction, event relationship identification, and event
generalization, a method based on causal association strength was developed to mine event logic.
Subsequently, an emergency event evolutionary graph was constructed for assessing chain-reaction disaster
risks. Combined with a similarity matching method that incorporates the multi-dimensional attributes of
disaster events, an empirical study was conducted using earthquake disasters as a case study. The results
demonstrate that the proposed disaster risk assessment framework based on the event evolutionary graph can
rapidly identify historical earthquake events with high similarity to the Luding earthquake case.

Furthermore, by leveraging the intrinsic interconnections and evolutionary paths among risks revealed by
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the graph, the framework can predict secondary disasters (e. g. , landslide-dammed lakes) and derivative

social risks (e.g., rumor propagation).
Keywords: disaster risk assessment;

association; secondary disaster

0 3| &

AR £ 2RI F W Ak S v H g
HBEE(F B AR AR & FE | 4 2 AU T8 fh i i 1
e, A F R R e WA R E N S 14
IRV 55 S8 408 I, 445 v 5 7 Kk 26 IR 7 ok 7 0 Pk
i, FERCTTSER  IRFT R Sk B s A0 9 R
B A AL, ST 3 XU Rt G v 0 o i
I E R R A e A G

TE ¢ XU 45035, A% GE it 92 22 R HIME 3 43
Bt g E I S Y DL R A M A B A
DR 5 T I KU, X BB A K B AR
M7 EEAR S LGRS Xt L R AR, T3
FAFAE AN IRAE 2 WP N0k 5 4 Ty T AEAE
SRR, EIIR B REVE A —Fh B R A it RS Ak
BRI 7 4, 76 L 200 W BE A AR 1 K
R 7 50 42 1 A T AU A — 26 1 T AR
ST T 0T SRS AR TR A T R S S v
R, AR R A4 375 132 5 6 2 9 T 10 5
SAFFEA . IEAFR, DA %0 1 =5 2 R 35
PRI RE TR 221 1) <47 [B] 322 % OC 3R 5 e AR e | i T 1
T4 dE N A T AR A, A K
FREY AL T KA A T A5 A
U MAO Qianren %8 BEFE T 3 3 A 25 1 A (4
W HHLPEE | B 7E R GoVE 43 W O 100 b J5 ¢ % 45
BB R I Z A X e S R T
TR 5 ¢ e 14 2 F R R PR T A
TRB SRR B AR . X AR IR 92 7 A B AL AR Y
PRE G0 7 A R, A H 2 RET K
EH GRS s S AL R, X R R T RES | 2 R
HeAt 23 RV 1 2% o S HE R G DA 5 TR S AN A2
BLAN , BT RS AE 2 FH 2 T ] 33 i XU 73 1 i 12
B, K 22 5% G B B T B oK i 4 2 7 i) 1 S Bk
PR FEER AT I S AR 2 Uk R SR ML K H: B
AR A — R

KT, EH BN K F D AR E R 2 Jm
U AE i A e — 2 T i) 9 7 IR A7F 1 1 = 2
Pl | 30 0o 48 HH — o 5 T DR R O I A 1 1) = AR 5
R SR, SR FH T 7 o ARl AR DL DA AL 1

emergency event evolutionary graph;

risk evolution;  causal

XU T 7532 , TR AR TR 9 IRV, 5 A3 A 4
S Z RSO A 19 5 A AR B R R 12 4
DA DA B A5 L PP SO B 1 B 1 R
PN A P 34 B 0 285 T A S, Dol o 36 e R
e Qi Al

1 ETEEEIERRE XL HIESR

1.1 M2FEEIEHERE

I = PR 4 P S L R AR il
FAF R AP A BRI 4 PR (E 1) .

IR B SRR SR
.
BERT-BILSTM.
i i s E"‘f;
Bk E EiiL
BB Mij;w
oz y l
Beipse BT JE LR FEER

£ : BERT( Bidirectional Encoder Representations from Transformers )
A RUn] Gt 4% 2 AE 7  BILSTM ( Bidirectional Long Short-Term
Memory ) ¥ ja] £ S HATCAZ M 4% ; CRF( Conditional Random
Field) Jy & FBEHLI o
1 EEEEHERE

Fig.1 Construction process of event evolutionary graph
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Fig.4 Framework for disaster risk assessment
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Fig.5 [Example of event evolutionary graph of earthquake disasters
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Table 1 Key attributes of target case and some historical events

WE |y |y |EVOR | RS R RIET RS PR AREIE A
Ff ! T BE/km | EE/(0) | EE/(C) | H/C | E/C #/m | (A - km?) | GDP/JC
Pl
s 2022-06-01T17:00 6.1 17 102.94 30.37 17 29 1554 98 57 424
B )

Sz 2010-04-14T7.49| 7.1 14 96. 60 33.10 -3 18 4809 87 8 531

JLEEH
iz 2017-08-08T21:19 7.0 20 103. 82 33.20 16 30 3827 6 30 351
biis7g
s 2013-04-20T8:02| 7.0 13 103. 00 30. 30 14 24 2073 196 27 317
e
e P014-11-22T16:55 6.3 18 101. 70 30.20 -0.2 8.6 4200 9 37 678
AR
s 2021-09-16T4.33| 6.0 10 105. 34 29.20 19 26 310 499 51218
ViE
Sz 2022-09-05T12:52 6.8 16 102. 08 29.59 12 25 3266 32 39 195
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Table 2 Similarity between target case and some historical events across different attributes

Hi= K= %ﬁ';%m% miha | R | BARA | B | P | ADEE/ | Y | GEH
A H 11 E/km | BE/(°) | BE/(e) | #sC | s | H/m | (- km™) | GDP/UT | UE

Pl

f@% 0.983 | 0.678 | 0.905 0. 906 0.913 0.863 | 0.852 | 0.683 0.874 0. 689 0. 835
B )

i 0.452 | 0.846 | 0.819 0.534 0. 665 0.643 | 0.756 | 0.710 0. 895 0.534 0. 685

JLEEH
i 0.722 | 0.895 | 0.670 0.819 0. 657 0.889 | 0.819 | 0.883 0.949 0.835 0.814
b7
W 0.548 | 0.895 | 0.741 0. 900 0.921 0.943 | 0.961 | 0.767 0.717 0.784 0.818
e
. 0.607 | 0.722 | 0.800 0.957 0.932 0.698 | 0.519 | 0.714 0.954 0. 969 0.793
HAEES
S 0.940 | 0.641 | 0.549 0. 689 0. 956 0.814 | 0.961 | 0.518 0.388 0.782 0.724
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