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Susceptibility evaluation based on connection cloud model and improved

conflict evidence fusion method for debris flow disaster
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Abstract;  Debris flow, as a common geological disaster, has a complex formation mechanism with
numerous influencing factors and multiple uncertainties. To comprehensively consider the synergistic
effects of various influencing factors, based on information fusion and uncertainty analysis theory, this

paper proposed a debris flow susceptibility evaluation method based on evidence theory and cloud model.
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Firstly, the BPA function of key evaluation indicators for debris flow susceptibility was calculated using a
connection cloud model. Subsequently, the reliability and uncertainty of the indicators” BPA were modified
using Lance distance and DENG entropy, respectively, resulting in a corrected BPA. Finally, evidence
fusion was performed on the corrected BPA based on Dempster-Shafer ( D-S) evidence theory to achieve
debris flow susceptibility assessment, followed by a case validation. The resulis show that the connection
cloud model used in this paper overcomes the limitation that the normal cloud model requires indicators to
follow the normal distribution when calculating BPA, and it considers the randomness and uncertainty of
indicator distribution. The proposed method’s evaluation results are generally consistent with those of four
other commonly used evidence fusion methods, proving it to be effective and feasible for debris flow
susceptibility evaluation. The conflict evidence fusion method improved based on Lance distance and
DENG entropy can enhance the convergence speed and precision of evidence fusion, making the results

more accurate and reliable.

Keywords: connection cloud model ( CCM );  debris flow;  susceptibility evaluation;  basic
probability assignment ( BPA);  conflict evidence fusion; Lance distance; DENG
entropy; evidence fusion
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Table 1 Susceptibility evaluation results and comparison of debris flow

. BPA FARA 4R Fusy(A,) ] o o
FEA A5 | A5 (AT | AV | A/©) Ik | WERR-BRR Y | BIZE ST

1 0.000 0 0. 000 7 0.998 9 0.000 0 0. 000 4 m m v

2 0.000 5 0.000 0 0.999 9 0. 000 0.000 1 m m 11

3 0.000 0 0.000 0 1.000 O 0.000 0 0.000 0 m m v

4 0.000 0 0.000 0 1.000 O 0. 000 0 0.000 0 m m 111

5 0.000 0 0.000 0 1.000 O 0. 000 0 0.000 0 I m 111

6 0.000 1 0.000 0 0.992 9 0. 006 8 0.000 1 i 1 111

7 0.000 0 0.000 1 0.999 3 0. 000 6 0.000 0 11| 11| I

8 0.002 0 0.000 1 0.003 6 0.9853 0.0111 v v v

9 0.000 0 0.000 1 0.999 5 0.000 0 0. 000 4 m 1 v

10 0.000 1 0.000 0 1.000 O 0.000 O 0.000 0 m m I

11 0.000 0 0. 00 00 0.599 3 0.198 0 0.202 7 m v v
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Table 2 Evaluation results and comparison of different evidence fusion rules

FEA (4,) 1 2 3 4 5 6 7 8 9 10 11
A (14%) 0.000 0]0.998 80.000 0]0.001 2|0.000 0[0.000 0|0.000 0|0.508 3|0.000 0[0.000 0|0.003 5
A,(ILZE) 10.003 4/0.001 210.000 0/0.002 7|1.000 0]0.001 0]0. 000 0[0.209 6|0.000 3|1.000 0|0.002 3
Demptser A;(IIITZ%) 0.994 0/0.000 0]0.999 3[0.995 50.000 0[0.965 8|0.990 6|0. 122 1|0.998 0[0.000 0|0. 865 3
A,(IV ) 0.002 7]0.000 0]0.000 6 0. 000 3|0.000 0|0.033 2|0.009 3|0.159 2|0.001 7|0.000 0|0. 126 2
A;(®) 10.000 0[0.000 00.000 0|0.000 2|0.000 0[0.000 0|0.000 0{0.000 7|0.000 0|0.000 0|0.002 7
RIEEES 111 I 11 11 1 11 11 I 111 11 11
A (T4%) 10.000 0[0.000 9[0.000 0|0.000 5 |0.000 4|0.004 9{0.001 0]0.002 8|0. 000 0|0.000 3 |0.000 0
A,(ILE%) 10.012 5[0.000 00. 000 0|0.000 9|0. 000 0]0.000 5|0.003 2|0.000 1|0.006 4|0.000 0|0.000 0
MURPHY ™ A;(IIT) 0.972 6]0.998 2/0.986 9[0.995 1|0.999 5[0.955 6|0.986 6]0.047 80.960 3|0.999 7|0. 466 0
A,(IV ) 0.000 1]0.000 0{0.000 2|0.000 0|0.000 0/0.029 1|0.009 1[0.824 7|0.000 4|0.000 0|0.129 6
A;(®)  0.014 9(0.000 9/0.012 9[0.003 6|0.000 1[0.009 9|0.000 1|0. 124 6|0.032 9[0.000 0|0. 404 3
TEM 45 5 11 111 111 111 11 111 111 v 11 111 11
A, (14%) 0.000 0]0.000 00.000 0|0.000 00.000 0[0.000 2|0.000 0|0.000 0[0.000 0|0.000 0|0.000 0
A,(ILZE)  10.002 1/0.000 0 (0. 000 0 0. 000 1|0.000 0]0.000 1|0.000 0]0.000 0[0. 000 4|0.000 0|0.000 0
DENGL A;(TITZR)  {0.981 6]0.999 0(0.994 3|0.998 2/0.999 9[0.989 2|0.999 3[0.001 5(0.944 1|1.000 0|0. 344 7
A,(IV ) 0.000 0]0.000 0|0.000 1[0.000 00.000 0[0.006 4 |0.000 7|0. 883 8|0.000 &|0.000 00. 101 6
A5(®)  10.016 2{0.001 0]0.005 5{0.001 7[0.000 1|0.004 1|0.000 00. 114 6|0.054 7/0.000 0| 0. 553 7
BRAESES 11 11 I 11 11 11 I v 11 11 0
A (1) {0.000 0/0.000 0|0.000 0[0.000 0|0.000 0|0.000 3|0.000 0[0.000 1|0.000 0[0.000 0|0.000 0
A,(ILEL) 10.004 2[0.000 0]0. 000 0|0.000 2|0. 000 0]0.000 1[0.000 1|0.000 0[0.001 4|0.000 0|0.000 0
WANGL! A;(IL %) 0.981 9/0.999 1/0.992 0[0.997 8/0.999 9(0.985 5|0.997 9|0.008 0/0.957 2|1.000 0|0.414 6
A,(IV ) 10.000 0]0.000 0]0.000 2[0.000 0[0.000 0]0.010 30.002 0|0. 869 8|0.000 5[0.000 0[0.118 4
A;(®)  10.013 9(0.000 9|0.007 9/0.001 9|0.000 1[0.003 8|0.000 0|0. 122 1[0.040 9|0.000 0|0. 467 0
R TS 111 11 111 111 111 111 111 v 111 111 Q]




% 8 PRI ST . FE T I R = RNl ph 2 TR SR Al & BBk i e A i & & M 227 -
1.0 \ : ) 1.0 . ¥ e i 1.0 . ; $ + . 1.0 P 4 * ool o
%08 = # %08 A %08 L
Rl oy Dempster {06 § Dempster iR'O 6 Dempster ﬁRO 6 Dempster
& 'y > DENG Loy > DENG £y > DENG £ > DENG
#0.6}« +~ MURPHY #& +- MURPHY @& +- MURPHY & ¢ +~MURPHY
« WANG 02 « WANG 0.4 « WANG 04 « WANG
04 ¢ e ORI ole. s ORI 02 s SORJT 02 a SOR T
' 1 2 3 4 5 0 1 2 3 4 5 S0 1 2 3 4 5 o0 1 2 3 4 5
A R RilE R A R IRV
(a) FEA1 (b) BEA2 (c) BEA3 (d) BEA4
1.0 g 1.0 gy 1.0 gt 10 e
0.8/ et 08f 4t 08 R
B¢ g . B0.8 o ) = yx 3 P
1 0.6/ Dempster & ¥ Dempster {oOrE” Dempster  $f 06 % ® Dempster
Eos > DENG o A » DENG L oqle » DENG  Coqls > DENG
e + MURPHY @06 " +~MURPHY #& +-MURPHY #& ' |* +~MURPHY
02 +~WANG_ e +~WANG_ 0.2 +WANG 0.2 +WANG_
0 e ORJTER 04l% " e X Jrvk o e XORJTER N X ik
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
A R RilE R A R IRV
(e) FEAS () HA6 (2) AT (h) BEAS
r B s B e S ) D it . *--
w08 7 B%0_8 o E%O'g ~+~MURPHY ¥
Cl e * WANG B 0.8 ’
ﬁRoéJ * Dempster oo Dempster KOO8 3T S s > @ Dempster
N I DENG T4 > DENG o4l oA e & > DENG
& |y +MURPHY & +-MURPHY @& [&- 0.6/ —+MURPHY
04} +~WANG 02 +~WANG 02 +WANG ‘
I XI5 oled X7 P e Xk .
“o 1 2 3 4 5 0 1 2 3 4 5 0o 1 2 3 4 5 AT 2345678091011
A RE A R EL A R AA R
(i) BEA9 () BEA10 (k) FEAT1 (m) REFEARLIEER AR
4 FAEBMEXBTEREHMUAE BPA BELER
Fig.4 BPA fusion results of different evidence fusion rules under different fusion times
2.2.1 FBRESEEXNL FEA 11 WA A5 /N T 0.9, 78 HiAY 10 MREA |

i3 2 MK 4m 7] L AR 48 Dempster HL 0 7E
Frém's 8 Fl 11 LAAMY 9 ASHEA Gl 5 WS SIOKS B2 3R R
X 0,95, HLRlGHE B ARG AR E TSRS T
Murphy FL0U \DENG HLIU AT WANG B, {HZEREAR
2.5.8 F1 10 AN _L, i FH Dempster HEIU 21 4 BL T
B, HAEREA 8 1 3L T SOk BEAR T 0. 55 %
ZERI ., IR PSS R R SRAGHEA 8
FRAR X, F1 X, BIESE PR R B K, =0. 012 2 #5335 T
0, BEHIFE bR Xg A X [AATE ik 48 v 58 5 [R) BEoR A5
FEA 2 h X, R X Z A1 P9 RER K =0. 054 5 HEA
50X, FLX, ZIE 9 FREL K, =0. 000 0 FIHEA 10
H X X ZIE) 58 R B Ky =0. 000 1, ¥ RIAER /N
HIErT 0, B, 589 Dempster KU 7 4L 3 &5
UEFE w2 (] RS 5 02 0% 0 I 25 28 5 T Murphy
LU DENG LT WANG #0028 3 46 56 ok ik 5 mf
A ROAb B R wh IR () R, AR TR SRR 4 T
G5 ADMIRAFAE B A BIREAS Bl GRS B2 AN 2 RN
SRR E S BIG , H DENG U WANG AU 78
FEA 11T BT O 5] JCIRARAT PPAN 25 2 5 1 2
FEE AT A5 BERUAS 2 BE 1 e o TE i 5 i AU

PIRGE R T 0. 95, B SC PRl & J7 1k e Rl 5 R B AR
B E LT HAD 4 FEa R

TEUESE FlE o AT RS DL (©) B ERS 45 R ad
AR ITH TC S B 78 S, 3023 % B s O Y 1E
PRI BT, R, B ASBA NS B0 BY BPA JS AT RE
SYEC g H AL AN B (A 1—1V 9% , JEIT S E) o
L i S N PERE A — D7, 18] Sm R T
5 PR LS R 11 MR BT ANE L (O)
RZ BPA Bl 45250 SR IR .5 Rl S0 o
A SCH 7 A Dempster ¥ AT {5 A HUR B0 1) 35
LR a a5 RIS ER T 0.25 BYELRK T, Hr,
Dempster 71538 ML i 4f , W SIOKG B S fa e PEAL T3
AR 4 FHESERES R
2.2.2 HERMSWEEREXLE

TEH il 5 WA B0 R A R AL UM RE A8 5 —
ANFEDR, 5 Bl FEAS 7] Fl 5 UCECT Y Rl 45 SR
AN AV DL Rl S 45 R AN da—I&] 4k AE] Sa—
Kl 5k s, ML 4f—I&] 4g 7] LIE ), Dempster $1L
WUTEAL FEAEAS 6 1 7 I, Rl WA SI T 2 7 27— U il
B E BT S R R 2 3k 9 D0, T AR A3



hoE e B o o

- 228 - China  Safety

Science

343
20244F

Journal

FEAS 1S SIGH R SR A BT (RSO AT
TCvE IR 2R 37 508 38 4 1 R 25 ; MURPHY KLU
DENG FLIFI WANG R FE 28 3:k el itk s, e S5 e
PERA 5 G T Dempster B, {78 U S B Ficsk
K B2 7 TS A &0 I 5 T Gk Rl & RRNFE 11
A b IS R WCSORS BE R SRR e Pk R
B AT LA 4 RS B, X R HUAR E I i TIE
s BA W R, R, K 5a—Kl 5k A
UGS BPA P4 BC R CSith 2, o serh o ik

0.20

Wi S B N WAL SSORG B2 A P T At 4 oI AT AR
2 WA URE P R AN R0 0 1 BPA SR RE 1Y 43
T 25 AR HE O, 2 T AN B I &0 BPA il 5 45
AR PO SR T 0 WY BAR A, 980/ D 1Y
T+, JUEAEREA 11 L, MURPH .DENG Fll WANG
X 3 FhALIIAAT B T A A R ) SR R M R 4 X
155 DENG il WANG 3% 2 F g ) 5 245 T A
HUE HLAT RS

025 LN Dempster : Dempster Dempster Dempster
020 DENG " DENG > DENG 04 DENG
~+MURPHY g015/ 1" ~+--MURPHY ~+--MURPHY ~~+--MURPHY
S ' = 0.4 =
O.I5t4 o WANG s | « WANG g «~WANG 03 WANG
5 S N N SRR 0100 L e S S S wobgE R bk
0.10 L bl 02+
& . ) &, o2 &
0.05 B e : A 3 0.1 %
T e : Y 3 SR
P ——— B PO 4 0 SR e S, 0 ML S 4 { ZEELEERIN 0 E s ====EE WY
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
A R AR Lid=gve: ¢ Lid=gve: ¢
(a) FEASI (b) FEA2 (c) FEA3 (d) HEA4
0.20 Dempster 0.20 Dempster 0.20 Dempster 03 2 3 Dempster
DENG Y DENG DENG N " DENG
0.15 ~+~MURPHY _ 015 . ~+~MURPHY 015 -+ MURPHY z <>+ MURPHY
B + WANG e +~WANG WANG ~ EK02} « WANG
ﬁlr‘[o 1004 & 137 5 ﬁRO 10 A L N S ir‘xo o A SO & A ke ey
4o i X Nk Y 4o SN
N\ X 0.1 S '
‘-@0.05 . E0.05 N R, ‘Eo.os b T
a T““f\‘ . - . " N . N "
o] — B =P Ole— e R 0 b . 0 4
0 1 2 3 4 ; 0 1 Z 3 4 5 0 1 2 3 4 5 0 1 2 3 4 &
R R R R LiE=gve ¢ il B
(e) FEAS () FEA6 (2) FEAT (h) FEAS
0.5 Dempster 0.10 Dempster 0.6 0.6 Dempster
> DENG > DENG - DENG
04 + MURPHY _ 008}: +~MURPHY — + MURPHY '
B o5 « WANG B 1" « WANG o4 Joot s ee BRO4L o WANG ’
&1y 4 1 S T w0y & a0 ‘
Loz * 20.04 & S &
& 3 3 0.2 Toe E02 .
0.1 . ¥ 0.02f ) N
. ! ] oy /L
0 SV [0 S SO . 0 Olt—actocn b gtaog
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 234567891011
[igegve: ¢ Rl RH A R A B
(i) 49 () BEA10 (k) FEA11 (m) AN 501(O) FRIE 5 A3 45 2R

5 AEEMAEXHTEMAEANAARTHAEDR(O)H BPA BEER

Fig.5 Uncertainty BPA fusion results of different evidence fusion rules under different fusion times

23 LA T 22 PR B X R ) e it i SR
Yl 705 C 0375 S8 T RS Y A (5 BE MR 52 S8 25
HER, REBORAR BE WA i SR H e i AN RS2 fiE
SEA ROt A BEIEE wh e ), O ELRE & B BOSOR
SEOHR R SR R S g A R P 4 SRt S AR R

3 &

=A

1) A A E N L RE ST = B AL IR 4 21
WS A N TV AT o VB AE b, R
itk RS R 5 T A AT IS R, AN (UBE S
EZLRIYEr ez Y 4 A S EN R G I R
e P TR 4 R 1 R A WL

i#

2) EEXFURA TP T8 AR HL A BE AL P 1) Ry
R ORH 3E F B R B S 2l FE 1) CCM K iR 45 A
BPA, Z 5B AMYBEE AL A1 i 5 & M 4R b
BEATUASTAS P A 4 A5, 38 1T LA 5 A% B8 2 A5 A0 LR 1T
W bRz e JCRR DX (] P 2 TE 2 534 B BB, A ik
aFLieHh BPA B 2%,

3) FFRHESE M SEUESE flA L Rk B, W
SR M R IR, 51 A 2 R M AR XS 0 R 43 i)
e N N IR P e e e
M TR RS R SN R S A SRR LA
T X L4 SRR B« ik i SRR Al G O g
5577 15 e TR A A IR vh o€, HLSCSIGH B TR, il



4 8 4]

WO HE A5 « B T 2R 2 R i SR Bl 5 B O D84 TR S R VT - 229 -

N P e AR, AR TR
4) H5 ZBRFIUESE BIEARS H T Ve A0 i 0 E BN PEO H ATORFE A OCE Z R A ik — IR
AW RS, WU A S ING PR R R B4 46 BPA A7k TEIN& 3 Ie A1 i o Kk o B TESS:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

2 % x o

ERE, Te5x, E5B, 5 BETNeTHREST NERORBLMMNLI]. PEHERRESIIEZIR,
2019, 30(6) . 40-43.

CUI Chuanfeng, WANG Junhao, CUI Zhichao, et al. Evaluation of debris flow susceptibility in the lower reaches of
Taohe River based on grey extension model[ J]. The Chinese Journal of Geological Hazard and Control, 2019, 30(6) .
40-48.

ST, TER, FRu¥, & EFHEFEN K DENIRUX/NRSESSBENN[I]. TRIBARFR,
2015, 23(4) . 790-794.

SHI Mingyuan, DING Guiling, CHEN Jianping, et al. Game theory and K-means algorithm based comprehensive
susceptibility analysis of catchments for debris flows in mountainous area of Beijing[ JJ. Journal of Engineering Geology,
2015, 23(4) . 790-794.

ZHIE, WX, BGSHEAEERERERSBX G 2 RORCHRMINPaINAEI]. PEMRRESH
BFIR, 2020, 31(4) . 71-76.

LI Xiaoting, LIU Wenlong. Application of fuzzy comprehensive evaluation method to debris flow risk evaluation in Shimen
township in Wudu district of Longnan city, Gansu province[ J]. The Chinese Journal of Geological Hazard and Control,
2020, 31(4). 71-76.

BHF, £8, BRE. EFUHNXEOMERaREMMTNI]. BmXILESKARIE, 2015, 13(1):
91-94.

CAO Hongyang, WANG Yu, MAN Bing. Risk evaluation of potential debris flow based on the improved grey correlation
method[ J]. South-to-North Water Transfers and Water Science & Technology, 2015, 13(1) . 91-94.

DHEE, B, 9HE, & 2F cs IEREAROARBBKEMMENN[I]. PEZERZZIR,
2011, 21(11): 144-150.

LUO Zhenfu, PU Dacheng, XIE Hongbin, et al. Landslide hazard evaluation in debris flow catchment area based on GIS
and information method[ J]. China Safety Science Journal, 2011, 21(11). 144-150.

S, Z4AM, TN, F. NSZIDECBRSKENGENAE . B[], TASMRETESR. PR,
2022, 44(1) . 53-67.

MA Yanbin, LI Hongrui, WANG Lin, et al. Machine learning algorithms and techniques for landslide susceptibility
investigation ; a literature review[ J]. Journal of Civil and Environmental Engineering, 2022, 44(1) . 53-67.

XNTe, BEW, 11X, REFERAEMRNET 8PN BERRLI]. FHRBIRTIEZIR, 2021, 41(4):
710-722.

LIU Hanlong, MA Yanbin, ZHANG Wengang. Application of big data techniques in geological disaster analysis and
prevention: a systematic review [ J ]. Journal of Disaster Prevention and Mitigation Engineering, 2021, 41 (4):
710-722.

XS, BF%, 813, 5 BT XADXOBRBRENSEZIDN DA LERMEDENFILI]. IR
5, 2023, 48(5): 2024-2038.

ZHANG Wengang, HE Yuwei, WANG Luqi, et al. Machine learning solution for landslide susceptibility based on
hydrographic division: case study of Fengjie county in Chongqing( J]. Earth Science, 2023, 48(5) . 2024-2 038.

LIU Songlin, WANG Luqi, ZHANG Wengang, et al. A physics-informed data-driven model for landslide susceptibility
assessment in the three gorges reservoir area [ J]. Geoscience Frontiers, 2023, 14 (5):. DOI. 10.1016/J. GSF.
2023. 101621.

Rte, 22, X, 5. EF DS IHBERCHERNBMEZRR[I]). PERZERNZZR, 2020, 30(5):
163-168.

SONG Yinghua, WU Hao, LIU Dan, et al. Group decision-making for earthquake emergency rescue plan based on D-S



hoE e B o o $34%

- 230 - China  Safety Science Journal 20244
evidence theory[ J]. China Safety Science Journal, 2020, 30(5). 163-168.

(1] BYR, BHR, ERN. £F DS IHEIRCHSARENRASHNTIEL]. WEAZZR . ERNZR,
2015, 42(5) . 86-91.

CAO Wengui, YANG Weikang, ZHAI Youcheng. Combination evaluation method for the classification of rock mass
quality based on D-S theory of evidence[ J]. Journal of Hunan University: Natural Science, 2015, 42(5) . 86-91.

[12] K&, BAE. BT EREESNMREEENSRRATIFRLI]. 51705, 2017, 38(J82): 257-265.
ZHANG Biao, DAI Xingguo. A cloud model for predicting rockburst intensity grade based on index distance and
uncertainty measure[ J]. Rock and Soil Mechanics, 2017, 38(S2). 257-265.

[13] AXE STSEEMRBREEODEANRNALN]. 8T TEFR, 2007, 29(12): 1772-1779.

SU Yonghua. Constructing method of fuzzy membership function of geotechnical parameters and its application [ J].
Chinese Journal of Geotechnical Engineering, 2007, 29(12) . 1772-1779.

[14] K&, Ton. 2F=EUANHERICBSESAGNITGLI]. REZIR, 2016, 38(1): 75-80.
ZHANG Youpeng, LI Yuanyuan. Risk assessment of railway signal system based on cloud model and evidence theory[ J].
Journal of the China Railway Society, 2016, 38(1). 75-80.

[15] FANG Ye, CHEN Jie, LI Yibing. Improvement of D-S evidence theory for multi-sensor conflicting information[ J]J.
Symmetry, 2017, 9(5) . 1-15.

[16] 088, MXER, KRB, —PERMEPRITENAESGTALI]. AIMS2XKRZIR, 2004,23(1): 27-32.
DENG Yong, SHI Wenkang, ZHU Zhenfu. Efficient combination approach of conflict evidence[ J]. Journal of Infrared
and Millimeter Waves, 2004,23(1). 27-32.

(17] ZBR, HBE, LB RESARBoARES]. ITEVHRSKRE, 1995, 32(6): 15-20.

LI Deyi, MENG Haijun, SHI Xuemei. Membership cloud and membership generators[ J]. Journal of Computer Research
and Development, 1995, 32(6). 15-20.

(18] XHE, ERR. KRAKBOCSMWAIM]. LR RS2WhRLt, 2017, 55-75.

WANG Mingwu, JIN Juliang. The theory and applications of connection numbers[ M]. Beijing: Science Press, 2017.
55-75.

[19] EZM, KSM, T8 ETECENMERPRESDALI]. EHISRR, 2017, 32(2): 293-298.

MAO Yifan, ZHANG Duolin, WANG Lu. Measurement of evidence conflict based on overlapping degree[ J]. Control and
Decision, 2017, 32(2). 293-298.

[20] DENG Yong. Deng entropy[ J]. Chaos, Solitons and Fractals: the Interdisciplinary Journal of Nonlinear Science, and
Nonequilibrium and Complex Phenomena, 2016, 91.549-553.

[21] EF=EN. BERRY URORAKBNERSMERN[M]. 8% . BIFBNZEAREBIREL, 2008 77-155.

[22] M, 2R, A, 5 EFHFFCRORNEZRERASITMERL)]. SIRTIWAZZIR . ERNZR,
2020, 43(10): 1357-1361.

SUN Xiang, WANG Mingwu, LI Jie, et al. Vulnerability evaluation of debris flow disaster based on game theory and
connection cloud model[ J7]. Journal of Hefei University of Technology : Natural Science, 2020, 43(10). 1357-1361.

(23] MURPHY C K. Combining belief functions when evidence conflicts[ J]. Decision Support Systems, 2000, 29(1) . 1-9.

[24] AR, &2, I1F, & EFRAZ-IIFERCHSE/NETNELR)]. NAHRZNDS, 2018, 39(9):
1 021-1 029.

WANG Mingwu, DONG Hao, YE Hui, et al. A connection cloud-evidence theory coupling model for prediction of
rockburst intensity[ J]. Applied Mathematics and Mechanics, 2018, 39(9) . 1021-1 029.
EE®E . MO (1996—) 5 ZRuEm N W-EASE AR, FE0F5ET5 10 AN PR o0 A Sl e L B

PEACFI BN AL A% . E-mail ;. chengy@ seu. edu. cn,





