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Abstract: Kenya is an important fulcrum of China's Belt and Road initiative in east Africa. However, due to its plateau rift
terrain and aboriginal rain and drought season, geological disasters occur frequently in Kenya. The study used historical
landslide data in Kenya as samples and selected several evaluation indexes, including elevation, slope, aspect, landform, plane
curvature, soil type, annual average rainfall, stream power index, terrain witness index, and land use type. The landslide risk in
Kenya was evaluated based on the information value model (IV), logistic regression model (LR), and extreme learning machine
model (ELM), with the ELM model considering SIG, SIN, and HARDLIM functions as activation functions for discussion. The

main findings are as follows: (1) The high-risk and above-grade areas of landslide disasters in Kenya are mainly concentrated in

WKfmBEHE: 2022-06-07; fEITHER: 2022-10-10 ML https://www.zgdzzhyfzxb.com/

E&WA: R AAR ST HEILEIH (51708199) 5t M AR ST H (2020-4Y047) ;581 4 32 1 12 i )T BHL 0 E (2017-
143-054 ) ;48 744 #0977 S 06 % RV (KLGHZ202104) 5 Q3 45 5 A 5091 55 )2 A B 4 TR -0 1 A
(2019RS1030); K Vb1 A RFFF# 4T H (kq2208031); HIEGA H AR 545 (20231130135)

F—1EE: FIRE(1987-), B, TLIRERIRN, RI#EZ, 4, NFa - TR M 5T . E-mail: zhousuhua@hnu.edu.cn


https://doi.org/10.16031/j.cnki.issn.1003-8035.202206006
https://www.zgdzzhyfzxb.com/

2023 4E

STt A FET AR GE R A 1 JE T 1 G R T <115 -

the plateau and plateau-rift transition zone in the southwest. (2) The ROC curve was used to evaluate the accuracy of the

models, and the AUC values of the 0.977(1V), 0.965(LR), 0.859(ELM-SIG), 0.900(ELM-SIN), and 0.941(ELM-HARDLIM)

models illustrate their validity. (3) Considering the PR curve results comprehensively, the recall rate and precision rate of the

LR model are at a high level, marking it better than other models. (4) Nairobi, Central, Nyanza and Western provinces in Kenya

account for a significant proportion of the high-risk and above-grade areas of landslide disasters.
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Fig. 1 Distribution map of geological hazards in Kenya
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W 12~ 14 —1423 ™™ 1600~2000  0.503
R 14-16 —2.041 2000 ~ 2 400 0.607
R 16 ~ 20 -1.785 >2 400 0.000
20~32 2319 2~5 ~2.889

A 0800 i 5~7 -1.562

Fie i -1.365 ey 7~9 0.972

i THEAR A -1.570 R 9~12 1.107
FIH M 2.043 12~23 0.250
e Ol 0.000 i -0.089
tahes 0.000 ;gg F -1.026

I 2.148 4] 0.187
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X 3k LA I S ) I S 5 39 1 e B A 5
FEARIAE R TT 7 (22.5° ~ 67.5°); IR g &
S8 25t - ISR 3R MR A, A ERHIE T CHENG 2521 fiff
FELEW AR REFR AR 1200 ~ 1 600 mm, HiHE I i 48
e 7~ 12, JK IR RE I8 BUAE 9 ~ 12 B 915 B i e v

x2 EZEOEEERY
Table 2 Summary table for coefficients of the LR model

R 1.683 T agER -0.048
e 0.754 HuJE R R AL -1.125
Wi -0.097 KL HE 1FEEL 1.481
HugR 0.229 AR EE A R 1.466
RS 0.047 R AT 0.026

XV 3B 1 55 ) 6 A — i 9 BN, (B DR T —
TR 00 IEAH DG M s A DR v, BB Dk Ll 4 L 1 T
ST A b ) FH 2 78 A Sl B B ) 2 3R R T R 3 A
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I IS 7 5 DR 225 e 2 B /N (R <0.05) o AH ISR
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4545 A H TAERHIE 26 (receiver operating chara-
cteristic, ROC) X &4 AU 153 25 R HEATRT B2 5k . ROC
i & LAABCBA 1 2R (false positive rate, FPR, X FR4F 57 PE)
kAR, DL B FH M 2R (true positive rate, TPR, X F A5
PE) 9\, Horh TPR S IEAEAS 00 TE A% ) L 38, FPR
R SAFEAS TR TN A R Y L3R . ROC 4 Rl el il i i)
i R 8 AUC(area under curve){H, AUC {H#% 5, ROC
2k U 25 X AR 2R, o AR (PR RER AT . Swets ZFPOIXT
AUCHRAE A BRI TP 8R4 T 1 343, A 2 AUC
HTE 0.5~ 0.7 WA PEMN ROCR BN AR, 4 AUC HTE
0.7 ~ 0.9 MHEEELFAN HORELLF, 24 AUC fHAE 0.9 DL L
VEAPPN R . A& ROC Zn &l 6(a) s o

w1 & 6(a) AT 1, AN [FRE TR B AUC 1 AR 235 4 -
0.965(LR). 0.977(1V). 0.859(ELM-SIG). 0.900(ELM-
SIN). 0.941(ELM-HARDLIM), [& T ELM-SIG J7 % DA
Gb, HABBEALR) AUC AR KT 0.9, & BEAI P4 25 1
A5, PR ZE BIRS #f-43 [ il & (precision recall, PR),
[ RS2 PR B AR 1 A SR A 2 — o PR 4R LA
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Fig. 5 Risk mapping evaluation results of the ELM model

MR, LR MR HAT SR A PP AE I . il 18] 5
LR BRI PEA S5 2R i LU 5 8 fa Bk Bt e
6 B P DX F 23 A1 7 1 JE SIE PG g 0 ) g D D g Dt -2
AP, JUHOR ST AR AR R M, X 51 e
[ S22 SR ) A1 5 DA 55 85 L A 1)~ i 9 2o
B Ml DX P 6 P DX Il ) B P My s AR L R A X
D) AR A6 B P R AR B P DX 3

GETH 2 AT A B 7 DX TR BR o R 38 9
BN 3 s . Hoh, KFE WWE RS N AR E R
PR3 DU SRR & LR TR S LE Z R BU(E . #h
3 A, BERE > XAEGLR T, AR AR X 1K
FCH SR B G, H 3 AT i FE B 1 A s

16 18 P DX 3, 0 B 4% AR R0 A 4 IX B R R 4. EX T
ELM BRI 5, SIG BRELT 19 45 SR ARG Bl & i, K
SIS SRR A AT AE T RSB PE AR IX, 7R F L AR
“rR Al BRI, BLARH ROC HhZE AN PR R4k
ERBR AP, (RS AP A Rt ie
7E LR BAIPPA 45 SR SL A T, (K4 15 JE 4 AT
B X AR ARIPE M 25 SRk — 2000 43, G5 e A58 1y
4 fes oy P 43 D TRTRR 5 B, AL 7 T
AILUE 1, 5 e N N % R4S (Nairobi) Fl R4
(Central) 53 5 A 47.40% 1 49.90% 15 T 755 f [ Bz LA
X, HR R JE 4L 4 (Nyanzs) F1 75 8 44 (Western)
e fE Rt S L 43 X E 43 R 34.70% FiT 37.00%, Fe



<122 - wh ] b BT R 5 B A A i 55 440
1.0 — 1.0
= — 7
08" 0.8
3 0.6 3 0.6
& 0.4 & 041
0.2 02F
0 ofz 0i4 016 ois 1.0 0 02 04 0.6 08 1.0
TS PECIES
(a) ROCHiZ (b) PREHZ
AUC=0.965 (LR) — AUC=0.977 (1V ) LR — |V — EIM-SIG
— AUC=0.859 ( EIM-SIG ) AUC=0.900 ( ELM-SIN ) ELM-SIN —— ELM-HARDLIM
— AUC=0.941 (ELM-HARDLIM ) AUC=0.5 (XHfaZk)
E 6 AE#A ROC HiZH PR %
Fig. 6 Comparison of the ROC curves and PR curves for different models
x3 FAAEBRESHHITER
Table 3 Statistical results of disasters distribution for different models
GRS X A AR 1 ARG R sl P rh S = fa e fa
TR /% 72.700 11.900 5.500 4.400 5.400
LR B i /% 2.570 0.930 1.170 10.510 84.810
RKFEHE 0.035 0.078 0.213 2.389 15.705
TR /% 35.300 29.800 16.900 0 11.000 6.900
IV Kt 5 /% 0.930 0.930 2.8000 17.520 77.800
WEE 0.026 0.031 0.165 7 1.593 11.275
IR H/% 1.300 76.300 19.400 1.100 1.900
ELM-SIG H 5 H/% 1.870 8.410 88.080 1.170 0.470
KE L 1.438 0.110 4.540 1.064 0.247
TR /% 1.100 38.300 43.600 12.800 4.200
ELM-SIN i H/% 0.700 2.800 9.110 33.880 53.500
RKE 0.636 0.073 0.208 2.647 12.738
TR /% 5.200 34.300 34.500 18.000 8.000
ELM-HARDLIM Bt i /% 0.930 0.930 2.800 17.520 77.800
WEE 0.178 0.027 0.081 0.973 9.725
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67.5°) . HHEARRy i S BERE 4 S R M AR
IR R HEAE 1200 ~ 1 600 mm, HiJE I8 BEHE B07E 7 ~ 12,
Mo A LAY | KRB PR EAE 9 ~ 12, L HURIHIZE AL
I BRI 14 25 BT R B A AR DGk A s i AR L KR BE
FIFRE AR L IR R R A N X e
T I T R A R R B, T ST | Y1 i 2R A
R RS R S e A

(2) & BERLAY AUC T AR 5390 R 0.977(1V) . 0.965
(LR). 0.859(ELM-SIG) . 0.900( ELM-SIN) . 0.941(ELM-
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