9 324 55 3 40 e [ 5 UCE 5 B IR A A Vol. 32 No. 3
2021 4F 6 H The Chinese Journal of Geological Hazard and Control Jun., 2021

DOI: 10.16031/j.cnki.issn.1003-8035.2021.00-15
ETHNSRZINEHBARMRERESKNERERR

ZmAL B E OFL M AL Kk 4!
(1. BN AERFIFZEMNIZ, M 5Tm 550001; 2. T A2 LS, M Fm  550001)

FEE: AE R G A S5 G, 5 G0 3 TR O R X6 T4y ok 2 W T R IR I 55 M R L LR IR T 4 4 4 A O
LSRR SYAE X MR, ET U, BT NN R EILNE TS k. MEERRE,
AR EE RY R . BB bR MR 5 &R SR, AR UL S N T4 2 R4 (0 5 AT R, IR
AR VB OCE s AR R A X, AR R R T R B R R A, A AT L R OCE R G OR R e
551 M, B0 S5 R U 4R R, R4 U GO, 6 O B L IR R E R R TR, SR g R, B Oy vk A
IRT = TR DU 2 T S R, SR T T TR A AL R B

KR MLARF ) b B0 WK E IR U E; KR KK T

RESES: TP69%4 XERPRARAD: A XEHE: 1003-8035(2021)03-0118-06

Exploring early warning and forecasting of meteorological risk of
landslide and rockfall induced by meteorological factors by the
approach of machine learning
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(1. Guizhou Geological Environment Monitoring Institue, Guiyang, Guizhou 550001, China; 2. Meteorological Observatory
of Guizhou, Guiyang, Guizhou 550001, China)

Abstract: In the traditional methods of meteorological risk early warning and forecasting, the vulnerability factors of disaster
bearing bodies are ignored when classifying the meteorological risk level, and the meteorological risk prediction level is
relatively high, which leads to the high air report rate in high-level risk areas. Based on this, a method of early warning and
forecasting of meteorological risk of landslide and collapse geological disasters based on machine learning is proposed. By
using the information quantity method, the influence degree of meteorological factors is analyzed, and the coordinate point,
rainfall and prone level are selected as input nodes of machine learning artificial neural network to judge whether geological
disaster occurs; for the area of ground damage, the meteorological cause sub index is calculated according to the influence
degree. Combined with the potential degree of geological disaster and vulnerability of disaster bearing body, the meteorological
risk warning index is determined, divide the warning and forecast level, and complete the forecast of geological disaster
meteorological risk. The experimental results show that the proposed method can effectively reduce the three-level forecast air
report rate and the fourth level air alarm rate, and improve the precision of the early warning forecast.
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Fig.3 Precipitation change in Guizhou Province

A5 XA 24 H il S A S H il PR R, HA R
LRI 4.

KEHEXE, — —H Y =% Uk

Aoy KX 922 55 37 28

04 e FE fie5 %X 110 67 45 34
/m H5 K IX. 132 79 53 40
R IX 254 151 101 76

NGy KX 223 133 89 67

S H I AL 55 K 1X 243 157 103 77
/m o KX 262 157 105 79

o RIX 304 181 121 91

GEitnl 5 2014—2020 4F 2 [8], 54N 4 5T o 3 St
KA 1204 4k, A T I EE HARRE UL FE 5.

x5 RMEHABRMRRESITHEE
Table 5 Statistical data of typical geological disasters in
Guizhou Province

=

RERIE FESLARA AT 5 IRE SR B/ %

W 1032 58 85.7%
fiikss! 111 19 9.2%
T 29 12 2.4%
BiNTapR]a 25 8 2.1%
Hh5dsE 7 3 0.5%

AU . AR O B 94.9%, — L TUE Y
03 AR E DL Dy sk B v v B IR U SR
A M TR G RS AT T, LA 2020 AF M5 K
VE RS B8, W LR 36 — 4 U452
22 SLEESR
221 MK FE A RIS,

2020 4F 1 35 0 B B s A 3k 29 b, A kY
VR T HE 2 2 T O, L AR LR 4,

15 [ Y
13 Mk
11 B #Hrike

R B R
O =N WAV O

—% g =% W%
U TR

B4 ERMELR

Fig. 4 Collapse forecast and early warning results



- 122 - Hh [ M KCE 5 B iR A 4R

H 1] 4 RR, 2L LT ok = R e DU 4
TR EW] D 2 TV, R AR S U B
JERAR G i o BE— LTI AR, A TSN ) 2
A, SRR A5 R I 6.

®6 HEMETHRE
Table 6 Empty reporting rate of collapse early warning
and forecast

x7 BEMESHRE
Table 7 Empty reporting rate of landslide early warning
and forecast

Wk W1 W2
— TR/ % 0 0 0
ZRTHR % 0 0 121
R TR % 9.92 14.96 16.92
VUL T %% 6.12 14.63 17.29

Witk W HRT2
— R TR/ % 0 0 0
R THR% 0 0 0
=T % 8.27 14.92 17.92
VYR T /% 7.26 13.29 19.26

2 6 PN, AH LR B 1 AE R 2, DT
R B A =GP S R A IR T 6.65% F
9.65%, VU T 25 4 803 AR 1 6.03% F1 12.0%
2.2.2  WPHER E A ORI LS

2020 4F 1 3 0 Be s g 2t 33 b, A AR
YERA TN L 22K Ml o K 5, L g LA 5

15 W ik
13 ) w#rx
11 B #aioik2

SO —= N WA U

—2 =Y =% [UIE3
TR A

5 BEAELR
Fig. 5 Landslide forecast and early warning results

P &S AT, A X 3 I — b SO, AL R R
e D S TE % &I STE 3§ W IL = 2 A e g i)
2, BB R P Y e AR AT R A = o PG
A AR, A TR GO0 B 7S R, LG T L g R DL
#£7,

FH% 7 AIAL AH LG BT 1 AR RO 2, Bty
T 0T ) = I S R S BB T 5.04% FT 7%,
UL T2 IR AR T 8.519% FI 11.17%, HAF R4 2
) R TS

3 g

BT BT I L 5 K T B T vk TR AR Y

AN, ASCHE H R HIBILAS 27 2] B 0] i 35 R AU
AT IUE Tk

(1)3% 77 1538 13 2R FHMLAS 27 > PR 28 [ 26 R 35 A 19 %
N, A7 355 T i A

(2) SR BT 1 58 B okt v, AR SO vk %
FA B0 T ) = R S R o BRI T 5.04% F1 7%,
VY 9% T4 25 i R oy A BEAIR T 8.51% 1 11.17%; X 1 3
T () 25 e, = R A R AR T 5.04%
7%, VU T 25 Jig R o B T 8.51% F1 11.17%,
WUE T AR S VA T BN W L IR R E R A
I i

H R BFFRAAFAE— AL, TEA R IE & 4F
SLYGUF R AF SR A B M BT K B I A A, 2
ik v b TR

S % Hk ( References ) :

(1] WKElL, B X, sk #, % 3T ArcGISHY LU 75 44 58 7 K
TR A (0] . [ 2B R R T, 2020, 37(1): 61 -
73. [ SHEN Xinkai, LYU Yiqing, ZHANG Jing, et al. Risk
assessment of rainstorm disaster in Shanxi Province based on
ArcGIS [ J] . Scientific and Technological Management of
Land and Resources, 2020, 37(1): 61 —73. (in Chinese with
English abstract) |

(2] P BLAR, TATIR, sk S, kT HE 28 23 A 1 3 M 7l 4 BT K &
REBMWERERBERMRE [T] . WAL TR
2 4, 2020, 35(6): 697 —703. [ LUO Guidong, YU Zujuan,
ZHANG Ju. The relationship between the frequency of geological
disasters and the precipitation in Dazhou based on probability
distribution [ J ] . Journal of Chengdu University of Information
Technology, 2020, 35(6): 697 — 703. (in Chinese with English
abstract) |

(3] ZFM, &8, ke, % & BT 9CH 5 XK 240
1 A% AR 7wk BB [J] . R4, 2020, 46(10)
1310—1319. [ LI Yumei, YANG Yin, DI Jingyue, et al.
Meteorological risk assessment method of geological disaster in
China and its mesh refinement application [ J ] . Meteorological
Monthly, 2020, 46(10): 1310 — 1319. (in Chinese with English

abstract) |


https://doi.org/10.7519/j.issn.1000-0526.2020.10.005
https://doi.org/10.7519/j.issn.1000-0526.2020.10.005
https://doi.org/10.7519/j.issn.1000-0526.2020.10.005
https://doi.org/10.7519/j.issn.1000-0526.2020.10.005
https://doi.org/10.7519/j.issn.1000-0526.2020.10.005
https://doi.org/10.7519/j.issn.1000-0526.2020.10.005

2021 4¢

A, 5 TP T BRI B K TR R BB AT ST - 123 -

[4]

[5]

(6]

(7]

[8]

9]

[10]

WA TAET M R FE AR N BB R S R
Wo[r) . 4E M B, 2020, 39(2): 155-160. [ LAN
Tengda. Application and prospect of early warning of
meteorological risk system for geological hazards, Ningde
City [ J] . Geology of Fujian, 2020, 39(2): 155—160. (in
Chinese with English abstract) ]
B R RL, S, Ik R, AR T A S T T BEOK B K
FARARREIEH AR [J]. %2585 T 7, 2020,
27(2): 168 —174. [ XUE Junzhuo, ZHAN Hui, ZHANG
Guoliang, et al. Meteorological risk assessment of river channel
washout disaster of long-distance oil and gas pipelines [ J] .
Safety and Environmental Engineering, 2020, 27(2): 168 — 174.
(in Chinese with English abstract) |
By, ROK S, BRSE, AT DRI BT R E KRR U
FIAATTE (1] . 2 @A B 27, 2019, 47(24) - 234 - 236.
[ LI Li, ZHU Yongliang, CHEN Liang, et al. Study on
geological hazard meteorological risk early warning in
Chongqing [ J] .
2019, 47(24) : 234 —236. (iin Chinese with English abstract) |
B IR, AN A, ik, L T Bk 0 R R
S U AR AL R A B R e X O ) [ 0] Hh S A
%, 2019, 26(6): 289 —297. [ LUO Hongdong, LI Ruidong,

Journal of Anhui Agricultural Sciences,

ZHANG Bo, et al. An early warning model system for predicting
meteorological risk associated with geological disasters in the
Longnan area, Gansu Province based on the information value
method [ J ] . Earth Science Frontiers, 2019, 26(6) : 289 —297.

(in Chinese with English abstract) |

BT =, 224 TR, A WG T b BT KRR AE R R

W BUE RGBT [T] . =B R 4Rk (A AR W),
2019, 41(4): 753 —-764. [ YANG Zuyun, LI Huahong, HU
Juan, et al. Research on features of geological hazard and
meteorological risk early-warning model in Zhaotong [ J] .
Journal of Yunnan University(Natural Sciences Edition), 2019,
41(4): 753 — 764. (in Chinese with English abstract) ]

T SR AL, XU, R oK R, A5 RE T I8 H ]S Ay 1] I

DB SRk E BUE AR [ 1] . ok SCH T AR 4
2021, 48(1): 181 —187. [ FANG Ranke, LIU Yanhui, SU
Yongchao, et al. A early warning model of regional landslide in
Qingchuan County, Sichuan Province based on logistic
regression [ J ] . Hydrogeology & Engineering Geology, 2021,
48(1): 181 — 187. (in Chinese with English abstract) ]

W, WAL, . A Kl 7 B K 51K Y B9

FEAZARBERR S0 [J] . W KF, 2019,
38(3):221-228. [ YANG Yin, BAO Hongjun, PENG Tao.
Verification and analysis of meteorological early warning of
geological  hazards

"MEGI" [ J] . Torrential Rain and Disasters, 2019, 38(3):

during  precipitation of  Typhoon

[11]

[14]

221 —228. (iin Chinese with English abstract) |
L0 ZE 0T, AR, AF LIt R E R R BB 5 BOoR ik
J& LT] . b B B W BT R, 2020, 30(1): 40-47. [ BAO
Hongjun, CAO Yong, LIN Jian, et al. Operational technology
advances in meteorological early warning for flash flood
disasters [ J | . China Flood & Drought Management, 2020,
30(1): 40 —47. (in Chinese with English abstract) |
D7 R, B, T W AR, S WL T3 aR R R E T
fEEAEAE [ 1] . #TvLR L B2, 2020, 61(6) : 1246 — 1250.
[ FANG Nan, HUANG Qinghan, DING Yuxin, et al. The
characteristics of meteorological disaster early warning
information in Zhejiang Province in recent 3 years [ J | . Journal
of Zhejiang Agricultural Sciences, 2020, 61(6): 1246 — 1250.
(in Chinese with English abstract) ]
R, AR b, AR R R T HLG A ) Y B A T R
GRS [I] . 58P0 K, 2020, 37(2): 140 — 143,
[ GAO Shujing, DONG Tingkun, WANG Chenglong.
Simulation and optimization of lane detection system based on
machine learning [ J] . Computer Simulation, 2020, 37(2):
140 — 143. (in Chinese with English abstract) ]
2% 8 FE RS A0 A B TR I AR K XU T R G T kS
RO [T] W R % ,2020,41(3):29-35. [ LI
Shuangshuang. Development and application of refined rainstorm
monitoring and forecasting and risk early warning system [ J ] .
Journal of Zhejiang Meteorology, 2020, 41(3): 29 —35. (in
Chinese with English abstract) ]
Xz, FEJT R UL VY 4 T U8 A U R S (] 1] A
AR A [J] . M SR CE 5 BT iR A i, 2020,
31(4): 107 - 112. [ LIU Yun, KANG Huijun. Spatial-temporal
distribution of landslide, rockfall and debris flow hazards in
Jiangxi Province [ J | . The Chinese Journal of Geological
Hazard and Control, 2020, 31(4): 107 — 112. (in Chinese with
English abstract) |
BRY, B, BOBAE, 4. 2004—20184F b 5T %8 & Hu
JBE 9 B 5 43 A R ORI I U R L [T ] . b BT
K F 5 i ¥ 4 i, 2020, 31(6): 38 —46. [ CHENG Suzhen,
LU Lu, ZHAI Shuhua, et al. Temporal-spatial distribution and
monitoring and early warning of sudden geological disasters in
Beijing during the period of 2004 to 2018 [ J] . The Chinese
Journal of Geological Hazard and Control, 2020, 31(6): 38 —
46. (iin Chinese with English abstract) ]
AU, R, &, SE L VE R AT L DXOR B O O
G0 O B IR R[] . oK SC T TR M S, 2020, 27(4)
5—13. [ LI Bin, YIN Yueping, GAO Yang, et al. Critical issues
in rock avalanches in the karst mountain areas of southwest
China [ J] .
27(4): 5—13. (in Chinese with English abstract) ]

Hydrogeology & Engineering Geology, 2020,


https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029
https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029
https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.1001-3970.2020.02.008
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.0517-6611.2019.24.069
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029
https://doi.org/10.3969/j.issn.1006-9348.2020.02.029

	0 引言
	1 贵州省滑坡、崩塌灾害气象风险预警方法设计
	1.1 气象因素对滑坡、崩塌灾害影响程度计算
	1.2 地质灾害发生的判断
	1.3 滑坡、崩塌灾害气象风险等级划分

	2 实验分析
	2.1 实验准备
	2.2 实验结果
	2.2.1 崩塌灾害空报率测试结果
	2.2.2 滑坡灾害空报率测试结果


	3 结论

