948 % 5N i EBR B2 Earth Science Vol.48 No.5
2023 451 http://www.earth-science.net May 2023

https://doi.org/10.3799/dqkx.2022.313

TE] [6) 2 35 B 2 M 7 Y 3t B 2R Sk AR BRI B 77 R

—H- 1 = = 1 W 2,3,4% > 1 %y 1
BEZ,R m'.3% SN B Y s

1. PEARFRFHENFR, AKX 430078

2.2 R FIHAMEEZEFR, AT 443002

3. R TREEAR BN ELLRET, HLETF 443002

4.8 G KmREBN TREFZRIRE P S, BT T 443002

WO HR RS R AR R SR e HOE BOC R AR R G, AR 2RI I 2s T e 5 A5 O R A AR L OH
N e 4T Sk T I 450 e 48 7 7 2 G R AL B = ) L, b DA A R 0BT ML R R R AR P OCIR T 2 R R T —F
B T8 1] A R T G R b T A R TR A R T e e B O B A T M T T ) 52 2 T ML B R i R A
15307, 76 O AT M 53 9 3 AN U SE Rl 1, 35 A T 5 v 57 T 58— A9 R 15 B A IR | T 9 3 0 AR (A SCR TR AE L | 450 4 i
T LR I AR AR A b T A AR R 2R R R A A R PR B AR S b A A X S AR A R i S
FAE T T PN TG B A o v 6 R Y I A T R A R B B T L A RO 2 e A U A
M S )5 8 e 2 2 R T OGO R B AT IR 5 i LA M7 A 49 O ok L PR % kA7 T AL ek L G5 IR R AR ke
S50l e D 2 8 8 T L 56 AR AT IR SR T B 1 B U A R e O I 0 A A TR B A R R S

SRR M T U B PR G s A A s B AR AL L 0 e N 5 U b T

FESES: P694 XEHS: 1000—2383(2023)05—1875—17 YR EH:2022—10—30

A Knowledge Graph Construction Method for
Geohazard Chain for Disaster Emergency Response

Qiu Qinjun', Wu Liang', Ma Kai***", Xie Zhong', Tao Liufeng'

1. School of Computer Science, China University of Geosciences, Wuhan 430078, China

2. College of Computer and Information Technology, China Three Gorges University, Yichang 443002, China

3. Hubei Key Laboratory of Intelligent Vision Based Monitoring for Hydroelectric Engineering, China Three Gorges
University, Yichang 443002, China

4. Hubei Engineering Technology Research Center for Farmland Environment Monitoring, China Three Gorges
University, Yichang 443002, China

Abstract: Knowledge graph is a knowledge system that formally describes entities and their interrelationships, and it plays an
important role in emergency disaster relief and spatio-temporal prediction and decision making. In order to obtain geological hazard

information implied in multi-source heterogeneous texts and investigate the impact caused by disasters, in this paper it analyzes
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many elements associated with the development process of geological hazards from the perspective of hazard chains, and
proposes a top-down and bottom-up method of constructing a knowledge graph of geological hazard chains.Firstly, the complex
formation mechanism and chain formation law among geohazards are analyzed from the perspective of hazard chain, and a
unified semantic expression framework of geohazard chain ontology for information extraction is established based on the top-
down method, including geohazard event ontology describing the geohazard knowledge system, geoenvironment ontology
carrying the occurrence of geohazards, geographic object ontology under the effect of geohazards, and geohazards in disaster.
Secondly, the data layer is constructed by combining the bottom-up method, and the concepts, instances and attributes and
their associated relations are identified through knowledge fusion and knowledge storage.The results show that this method can
effectively identify the four types of elements and their relationships, realize the conversion of data-information-knowledge, and
provide a technical reference for the construction of knowledge graphs in the field of geological disasters.

Key words: geohazard chain; knowledge graph; domain ontology; natural language processing; emergency response; hazard

geology.

0 515

HE R A B R E R E M E R
Hb T PR BE SR A, Hb BV B AR IR, AR R R 2K b
W VR AR L B A K M T A R (B K
FA L2013 X4, 2018 2= HR L 45, 2022 B W 4,
2022) , 45 N R A= A W 77 45 T O K B (3 5R
&5 20205 W3R 4F L 20205 F iz AR 45, 2022) . H 5K
TR A B Rk AT IF AR AR M A ST, A 4k K A A
JiT K AE B 25 AR AEAE — 2 ORI (FL 3 B AF, 20215
ZENH IR A, 2021 s RYEARAF 20215 AU AR 4E,2022).
H T — R F B kAT RSB AR EF R A,
il 45 9 1 & Az A e 2 URONE | SRR I B Rl K
FEE (S 54, 20025 w4 B AF, 2007 ;5 5K Ak OB
2013; F ®AE,2020) . Hb 5t ¢ 3565 14 A& A R B Rl OOUE
P I 5 OFf 35 50 F0 B BE B | 2016 ; B9 5] #2 55, 2022) ,
DRl I A B X B A 98 R M BB AIL P LB RN A
BF 25 G 6 1 ) b 5 9 B R AT B A, R S TR A
IV 2 A R 25 G Uk 7 I B A T R 2 AR

P Bifi 2 X i O 00 B AR P K R A U R R
J B Ok B, Hb T T B A G S R K R
LN IR E RV SR 6 SN R SN QTN ETE
A i R0 43 BT AR A ok B B AR . e T R BK
o A M EAE B I A 2 I K % 7E b B RN R R
Z R SR RSy B B RS M BT E SR R
IR 45 260 YU 7 1 SO Uk I M i 2k A AN (5K 5
45,2020 XN 42T 45, 2021 5 R 22 4%, 20215 J& 1%
A 2021 5 it Bk B A, 2022) , 31X FlIE U4 HE P N
b T AF BV AE G R A% T 0 AR il
JH RN J& 7R B2 46 7 07 1 O 22, AR RS 51 A B
T b J5T 9 T A S B0 PR R £ A R G B

ST PR A T R — b A RIS ROk S R B 24 1Y
ST PRURT A AL T W 2 ) R OE R R ik,
HME S h A mA R 201245 HIERE L, BEHE
73 G35 N R B A kR FILEE (Nickel ez al., 2015).
AP S RO B R R | 2 R SO T A Y A
SRz T SO R R RE ) R T IR 95 A
WEAE R G055 2 S (2508 F & 4% L 2017 5 B 8 7
85,2018 A i A5, 20185 18 1 I 45, 2021 5 E R i
%5,2020;Zu0, 2021) . RZ¥HE R B TR F AR L
b ffBE (4 9 TR RS, BT AE O TR 4R b T
AR R E AR AR S S R 2B R E
FA R B R AT R M RF BUK E Y A AR
PR TEON T B S AU oy At 9 ) 2 AR R ) (X)) i
2, 20185 BIAFIRAE, 2020 FE RS, 2021) 5 BB 4
I & SRR BN N S ) - NI NS 1S
AR A Ak Rk CE 08 A1 X NI, 2011 5 3
M 45, 20195 A B8 45, 2020) . H AT ML K E B
RUVE Tz, K FEI 2R A T 58 B = K
£ BE N b 0T U F B I A AR A R M EAT BT, Tk
JEL R Hb ST U E 5 M BT ER AR b X 5 N R 2 b
BAF 28R R B 43 AT, BOME TR Ak IR b i
I Bl AL R BRI AT IR R Be e 55 ]

BEXF 3 1) R, AR SC DL Ml R U BE N A% L T
2% Hb 0T U AR | Hb T B B A (A | Ml B G G A A K
N 2 Ah AR A DU R FR N M ST O TR R
R R HEZL B B 5 4 & b T ¢ 3 40 S ME 8 )2 IR
S 1a) B I s Rl SO R TR B A 2 B LSBT
F R8T AL HE R LA AR O R B S T K E
F R ES 0, o b SR E R R e L R 55 M
PR I 2 e 1 B A il R 55 5 B R Sy



%5

B A5 T ) 95K 20 I 4 S 9 B R PR A vk

1877

1 M5 ¢ 3 B R PR 1R 3 Ay ot

11 MRREHEMSRER

KFEFEAR — KR F AN GR G 2 — R
R FE G, NS F o Ry e R PR E S
It K& Pk K 3 4# (Peng et al., 2016; Zhang et al.,
2017; Liu and He, 2018; Han et al., 2021). i J5i %
R TR Sy R 0 — 2 A B ) SRR
by A A AR A DG & AT AR IR DS
HuAE S B S Ak S RR A B 3 = AR
P MYt — 0 S [A) U N A T R R R B
SEBRRNEM AR K L% HA A 2
SAE, B XAk 3R GE 0250 2SR (K 4275
2011 575 T 45, 2016) . PRtk £ Bl 1o o) 5 4 1) A< 4K
AR 5 U TE K E G Y R A A A R
2% o O HERAR RIE AL 5 B R AL RL K
1% 0> P25 N A A0 455 5 il 5 0 AT RR & [A]
AP ML BT 9 E VR TR (9 b BT R 8 R AR &R (n
P M AR 5 BT R s AR AR L Bl R Y
i3 G AR I s CAn ik ] 7 ) A& M (AR
) AR DL R R E KR TR N R 1 B B X
B A R e B NI N A R i R R
1.2 HMRREHEMREEHMEELRRE

by T G B TR L Y AL DL b BT AR AR
BT S B BT X b 5T K E U A S g — A
BNEIE X R Z Rl AT TS
FI VS I LR 25 G 9 5 7 A o b 5T o 3 i TR %
(E 1) B2 A T T & 52K e H s

Y V)2 GRS R G AN A5 A e 25
JZ 0o BT BOE  R RH L BE = BT L, X
M JoH RN P SCER AR B R 32 A SO AR
N TR e e, Al S A A R B i COR R XA T o
PR HE AT XS 5 S LA OF s H B OCE L B X
G b ST ER 05 0N A Ak B Y H A SR R kAT
figt , 3 57 B MR BEE 5O SC M T A B e g, OB
B AE S B R R B e R 2R S A R R
S RS L I DL Neodj B804 JE 19 2 =X A7 1%

2 Hb TR T i R A R A

N R A R RE 7 AT A E o B, K AL
o B A AT B O AR — 5 W SRR B AL R
X G AE B AN K H A A R N 2 2R OR BB
7 89 52 W, B B 92 R Ak 1 R AL, 51 Kk — &R A
PE A B R Y A M K CE AL %
P KCH 28] 23 A7 AR A B AR, AT O A K
TR R JE AR B R B, B — Rl B BIF 5T ik
ENEN Wi X 0 Pon L UE A N

M J5 I i A R R M T K T
LS MM R R R RN, S BET RE S K
WL G R A B M BT i 1 AL G R v Y
JoR E FAE TR G M PR RN A 4R R
ENNSE R SR AP0 R 5 S T O R S
TE SRR K F 8 SO b 5T A B A A S8
REUR S 3t T B R R PR AR U M TR T BE AR
PR B U T 9 MR B2 18 Rk, B 7E T AE

J& 1 K 2 e X

& 2 R R

1 ] 1 1
! B i | | :
1 1 | 1
1 | 1 1
1 ] 1 1
! s s e — ! 1 1
E | e — wwmsr s | | i
: \ \ : : :
1 1 1 1
1 = = ] 1 1
D Lwmser]  [wmes) : :
H 5 i i 1 i =
] 1 1
Tt i U i Ji&
nan A g sni] | .
) 1 1 1 1 =]
] 1 1
I 1 1
I . — 1 H\'; 1 1
L : WK R X | B3 o | £
1 1 1
| BIE |
1 ] 1 1
1 1 1 1
] 1 1
| 1 1
1 1 1
| 1 1
1 I 1 1
1 1 1 1
1 1 1
1 1 1
1 1 1 1

BT b 0T TR R T i A AR
Fig.1 Constructing process of knowledge graph in geological hazard field
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Table 1 Classification of semantic relations of geohazard chains
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Table 2 Classification of time relationship
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Table 5 Results of different approaches
2 HER (%) Al (%%) FRER (%)
HL VL i 84.10 50.59 63.18
BILSTM 91.30 60.80 72.99
BIiLSTM-CRF 92.50 62.60 74.67
BILSTM-Attention-CRF 93.20 65.40 76.86
BERT-BILSTM-Attention-CRF 96.50 68.00 79.78
F6 AREBEEFELEXRIAFLEER
Table 6 Results of different approaches for entity relationship recognition
o HER (%) (%) FRERE(%)
BILSTM 75.12 45.10 56.36
BILSTM-CRF 79.11 58.45 67.23
BiLSTM-Attention-CRF 80.56 60.23 68.93
BERT-BILSTM-Attention-CRF 85.69 62.23 72.10
%7 % FBERT-BiLSTM-Attention-CRF 75k LB 45 R R )
Table 7 Example of entity extraction results of BERT-BILSTM-Attention-CRF method
JE3C it R
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Iy 2 EH)Z

REFR, HER, HUFR, i, milzi)

%8 X T BERT-BIiLSTM-Attention-CRF 77 3% 3£ % R 4 B4 R R I
Table 8 Example of relationship extraction results based on BERT-BILSTM-Attention-CRF model
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Fig.5 Geological hazard chain knowledge mapping pattern layer (partial)
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