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Logistic Regression Prediction Model for Rainfall-Induced Landslide Disasters
in Yuanma Basin
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Abstract: The typical region of the Yuanma Basin ( covering Mayang, Luxi and Yuanling counties) was taken in the
research of landslide disaster. Based on the database of detailed survey of geological disasters from 2013 to 2022,
landslide events with complete rainfall records were selected for research. Then, significant rainfall factors for landslide,
including rainfall on the day of landslide occurrence and during those four days prior to it, and maximum rainfall rate on
the occurrence day were selected out by adopting logistic regression analysis, and a logistic regression prediction model
for rainfall-induced landslides in the Yuanma Basin was developed and validated by studying representative landslide
cases. The research results indicate that the rainfall-induced landslides in the Yuanma Basin is significantly correlated
with rainfall on the occurrence day and during those 4 days prior to the occurrence. This confirms that the period
including the occurrence day and those 4 days prior to the occurrence is critical for early warning of landslide in this
region. A combined rainfall factors, consisting of R( daily rainfall on the occurrence day) , R, (rainfall of 1 day before
occurrence ) , R,(rainfall of 2 days before occurrence) and R, ( maximum rainfall rate on the occurrence day) , present
optimal significance in statistical analysis. The practical cases have validated that this logistic regression model
constructed based on this factor combination has a prediction accuracy of 83%. It is concluded that this model can give
a prediction with high precision and is of practical value.

Key words: Yuanma Basin; geological disaster; landslide; rainfall threshold; logistic regression; early warning of
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Tablel Data of some rainfall-induced landslides in Yuanma Basin

W M W f2t/mm WK E W
s H R, R, R, R, R, R, w LS
P1297 2022-06-03 181.7 447 80.7 03 54 719 10 1
P4063 2022-06-03 57.0 874 317 06 07 559 1 1
P3755 2022-06-02 1622537 3. 1.1 73 553 3 1
P3759 2021-07-02 3.3 977 846 45.1 3.1 190 1 1
P3759 2021-07-01 97.7 8.6 451 3.1 0.1 194 2 1
P1333 2021-07-01 133.6 160.5 69.0 200 2.1 37.8 1 1
P4083 2020-07-09 3.5 362 308 07 0 140 1 1
P3767 2020-06-09 64 50 708 0 0 192 1 1
PI304 2020-06-12 0 02 62213125 0 0 0
P4082 2019-2-02 0 0.1 0.1 114 38 0 0 0
P3767 2018-07-13 215 94 0 0 03 164 1 1
P3719 2018-06-30 1233 0 0 0 0 615 1 1
P4076 2018-05-04 0 O O 64176 O 0 0
P4197 2018-05-30 165 41 0.1 0 189 97 1 1
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Table 2  Correlation analysis of landslide and cumulative rainfall

before landslide

BN R A REL r BT AHCREL r
P, 0.597 # = Py 0.513 = =
P, 0.632 # Py 0.510 =
P, 0.609 * = Py 0.507 # *
Py 0.590 = = Py, 0.490 =
Py 0.591 = = Py, 0.495 * =
Py 0.557 * = P, 0.484 * =*
Py 0.526 * = Py 0.483 =
P, 0.529 = = Py 0.490 = =
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Table 3 Correlation analysis with logistic regression model

FEMZER [MUAZRE ArdkiRas Wald KR MH A b B KF DR

Ry  0.142% = 0.040 12.993 1 0 1.153
R, 0.102% = 0.033 9.459 1 0.002 1.108
R,  0.023 0.014 2.585 1 0.108 1.023
R, 0.004 0.016 0.076 1 0.783 1.004
R,  0.03 0.021 2.097 1 0.148 1.030
RO -2.93 0.645 20.631 1 0 0.053
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Table 4  Correlation analysis with logistic regression model

with a combination of R, and R,

FEmiZEd: B REL ARiEDR2E Wald KEIRME A M BEKT W

R, 0.148 0.043 11.950 1 0 1.159
R, 0.107 0.031 10.120 1 0 1.107
WEIT -2.336 0.503 21.615 1 0 0.097
X (4) Fedih .
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e
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Table 5 Classification of prediction with a combination
of Ry and R,
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Table 6 Related statistics of logistic regression model

considering rainfall intensity index

FERIAS I [ RS AR 2E Wald K030(E A E BE/KT WIEE

R, 0.117 0.056 4.378 1 0.036 1.124
R, 0.094 0.034 7.678 1 0.006 1.098
R, 0.020 0.015 3.864 1 0.172 1.021
R, 0.008 0.015 0.243 1 0.622 1.008
Ry 0.031 0.021 2.268 1 0.132 1.032
R, 0.192 0.157 1.490 1 0.222 1.211
WEO -3.177 0.715 19.772 1 0 0.042
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Table 7  Classification of prediction using logistic regression model
with combined R, R, and R,
T AR 1]
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Table 8 Classification of prediction using logistic regression model

with combined R, R, \R, and R,

M 2% 5 AT FE S0 52 B A A TS Y R T AL
FEAS 0 AR A W O 6 38 ], LA R 12 B
FIXT R 76.0% . TE 50 4 K Az v 3 %) R W 21 5 R AR
Hh TN ABE AR ) R 6 258 F) 86.0% , AR LAY L H) XiF
HON81.0% , 1% B 7Y 78 W 3 700 Jy 1fn EL A 5K e 1
iR
2.3 BERETNEREIE
FERE BB T 5 T, 3R )2 AR Z) s AR A
AR L8 PR K N 7= A O 7, DI e 33 XU
DRI I , A RN 60 525 305 A SR 6% 7515 450 A e JRR b X
BTN S B IE W G RER 2, BE T, AR SR % 4 T
A5 B2 H SR R/INIT R o R, A S R T 3 1) 9
P, DA SECHE T b Ak oo R % T 30 0 Ml e VR

T, MWELI R, R, R, R, R, R, N 72
AR AR SO AR 6, AR Wald K2IR45 R,
Ry R, \R,MGETHEM L BIE 3.84, X &k HA B
FHRm, e Ry R, (R, IFBIA R MESE—4 5
Mo VAL R, AR AL b i STk O AR R N AL A

g el sl

S T L o N HXT A %
0 44 6 88
11 39 78

GERF RF R, R, R4 A AR ) X R
M 78% ;i3I A R, R, \R, \R, R, A4 BHIXF HAL T
2 83%., P, meZHfE R E Ry (R, (R, R B
T A AL R B TS

E— M2 8 I, #E 50 B S PR K A W b A
FAEAS B TE AU 39 1], 1R 11 B, v =R
PRI N T8% , X T & AL W B A 15 9 | A5
TR HI) X 2 2 Kk F) 88% , HEAA K F | WAy B
THOm X 2k 83% , e BEU B A&, AR FE 0T R R
Ve YRS 7 5 DO PR A N A RR PH B SR 3 L
JE I X X 7E TR M SRR R A AR — 2
S, AL A SO R A T AT 42 KT

L5 FRTIR BRI T Ry (R, R, (R, W G HI X
W HE R TR R WR, (R, (R, 1S BB SE
T, W& 9,



55 6 ]

SRABC, A5 + DO PR 3 A% TR 28 8 R 23 A [ ) T ) 37

RO R).R R, R, AEZIEEAERIEX ST
Table 9 Related statistics of logistic regression model

with combined R, R, R, and R,

FEmiZEd: [ REL ARiEDR2E Wald KEIRME M A BEKT W

R, 0.112 0.054 4311 1 0.038 1.118
R, 0.096 0.032 8.790 1 0.003  1.101
R, 0.018 0.014 1.705 1 0.192  1.019
R, 0.156 0.146 1.139 1 0.286  1.168
WEOI 2743 0.601 20.795 1 0 0.064

Hee 9 by [l )3 RA LA S AR A R (2) , 15
FIDTIRR 2 3 5 T 7% A 0 3 9 T 22 A (o ) 0 A 1
P

In 1 = - 2743 + 0.112R, + 0.096R, +
»-
0.018R, + 0.156R, (6)
A (6) FHHis .
o (~2743+0.112R0+0.096R  +0.018+0.156K,)
p= ~2.743+0.112Ry+0.096R | +0.018R,+0. 156K (7)
1 + el 0 1 2 W)

2.4 LHIKIE

SR T A [0 U 3000 A AR f74) S R AR v
TITEHR 20 L RETN R R ITE 1R 32 4 [a] U455 X6F R T
TRV 3 ) P RER

TG, B 50% R Y& A FRER A5 T AE
KT 50% , W0 H 187 4 i R W 4% 10 AT RE A 2R s I
Z DU A e A i 3, R T I ASE A5 1) 14 13
DNME 5 REAR SR 2 5 2 A W 30 0 500l A7 LR 2, TP
AR B 0 A5 R | 1 DL 26 10, (80 05 T AR L (R 5T A
R,) FABIE [ A T AL AL (51 A R,) 0 S50 25 5 %k L
UL 11, MRIGFR 11 0] LUA A& IE S5 A a1 ) 7500 45
TR TH0I0 ERA 2 7 1 S O T ML WO Y (645 1
B B IE B TN 25 R 5 SPSS 8105 43 4 Hh 4k
PR R R B R — ek, M IR T
LR f4 ) 6 SR B AIC T SPSS [l 9 43 A7 485 31 % — 25 5
AR SR AR A A G, B, AIRMEA
FRAR AT fig 5 35 Il VBT AE SO0 T RN IR0 14 e 1
I — R R 2

X6 I ] U TN AR AR 2 A T 2 D 8 481 1 A 7 4
3T, itk — 253 R ISR AN 2 . 556 ,2014 4F- 4
H5 H 3R o W 22 461 Sk 7, B AR 3 R 1Y
G B R Y H R S 5 — ) 1 2 6l
(2014 4F 6 H 1 HIESE) AT, (R K/ N5 R 5 A7 7E
A2 PR S 8] L A R R 0 A AN 2 (A5 T A 7Y
X LA 0 Bl A2 0 3 o1 P ST o o W IR 40, A TS S
Jesk, HUK,2014 457 H 1 H AT FI0m 2 N ZE 491 )y
T YRS PR T R M B R A Y

] R H 2 KB FEBOR AR 4, X e 1]
TR A e A AN RIS [ R R OC , ik 32 S BT ST P4 R ) 22
RO 5 FUCIASE Y 7 28 R iS00 2 T2 o ) 5 0 T, ML
YRRl TE 35 DRSS, DT S BRI M

R 10 TURRZ 4R B T F R B R U E
Table 10  Rainfall factors and prediction of landslides

in Yuanma Basin

i W it/ mm Wbk TR, %
U Ry Ry Ry Ry WHUK RISBUMBER B ER R
2014-405 155 0 0 33 1 48.95 37.90

48.58 71.10
100.00 99.90
21.28 28.10

2014-06-12 154 0 15.6 10.5 1

2014-06-20 0.8 1899 702 05 5

2014-07-01 6.8 02 420 17 2

2014-07-15 175.1 1213 6.3 324 4 100.00 100.00
2016-06-10 2.3 0 0 05 0 11.97 8.30
2017-06-24 114.1 121.7 63.7 36.3 3 100.00 100.00
2017-06-30 106.1 827 0.2 18.0 2 100.00 99.80
2018-03-17 8.7 02 0 06 0 26.37 16.00
2018-05-20 O 0 23 0 0 8.82 6.30
2021-07-01 133.6 1605 69.0 24.2 2 100.00 100.00
2022-06-03 181.7 447 80.7 55.3 10 100.00 100.00

F 11 BEELAEEIHNLE RXTLE
Comparison of prediction using logistic regression model
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