5530 & 55 ) o I 5 R 5 B A Vol.30 No.5
2019 4£ 10 A The Chinese Journal of Geological Hazard and Control Oct. 2019

DOI:10. 16031/j. cnki. issn. 1003-8035.2019. 05. 09

BRIBERES AFERSRIEXR

WA B A TR RS R AR
(1. PROMmEHE—ZRZAMRNE, & M 510310, 2. A AkFLRIEFR,
M Kk 410082; 3. P HAFERIAEFR, MG ki 410075)

FE: B WA E" W — B B 7E R A 00 5 S, i T A R A A R R Y A M TR S, A JE I b B
V&4 V-35 -9, WIPN PN Y Vi 18 SN S L R D e Ui Dl T S VLR T € B R P S S ER B S S R N
SCESE LIS JEIE 1999—2013 AR i Ml 57 ¢ 3 B S H Al , o0 M A5t 1 17 e M0 32 8 00 Ml 5 O 3 2R R I S 0 A AR 5 AR i
WOt A, v A S S, e SR AR S T e, e P T S T DL R B R A DR SRS Y B S A I B e R 2L R T
JRUCOI TR IT R T 45 JE A BT A 1 S U AT A o SRR (D) THAAEW BT R (43 ~5 4,10~12 ), 8
b 5 K £ 5 SR AK A O, MK R BT 5 R A U A R Y M B KCE AL (2) 2 T R R A B M, kK
W IR 22 R AR TE TS JE LV g ¥ A 2448 L i I X, B 22 A AR TR AR RO T ZR A 5 (3) R VT R AR I S AR AR R
AT o Y M AT T W B R S X, 79 48% 1) [ S T Bl 3 23 AR T SO 3 X B IV 2 CRBURE) ANV 2 (AR R RO XKk AR
SCEAIT 5 45 2R d5 TR IR EE i 91 Y0 A1 3 S0 R 0T G [ — A — e I S A SR O R AR, I A B A 5 9 i R
RS %

KR B ;b T 9 F R ;A — B B2 KT IR B RS
FENES: P642.22 X ERFRIRAD: A XEHE: 1003-8035(2019)05-0065-10

Distribution patterns and susceptibility mapping of landslides in Kenya
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Abstract ; Kenya plays an important role in China’s “One Belt, One Road” strategy. As development expands
under pressures of increasing populations, geohazards are becoming more frequent and losses from them are
increasing in Kenya. The purpose of this study is to identify the distribution patterns of major geohazards and
zonate landslide susceptibility of Kenya. Firstly, an invenrory of historic geohazards in Kenya from 1999—
2013 was created and analyzed. By spatial overlay the geohazard inventory with the terrain and mena annual
precipitation ( MAP) in Kenya, we explore the spatial-temporal distribution patterns of geohazards. 8 landslide
contributing factors, including geomorphology, elevation, slope, slope aspect, soil type, MAP, land cover
and distance to the great lift valley, were collected to generate the landslide susceptibility maps of Kenya using

AHP (Analytical Hierarchy Process) method. The results showed that flood, extreme strom, rianfall-induced
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landslides and debris were the most common geohazard type in Kenya. Most of the geohazards occurred during

the rainy seasons ( March to May and October to December) and concentrated on the southwestern part of

Kenya. Validation of landslide susceptibility maps showed that 79. 48% of historic landslides falled within the

susceptible and very susceptible zones. The landslide susceptibility zonation map is useful for landslide hazard

prevention, mitigration, and improvement to society, and proper palnning for land use and construction in the

future.

Keywords : Kenya; susceptibility of geohazard; One Belt, One Road; analytical hierarchy process; GIS
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Fig.1 Location and natural hazards in Kenya
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Fig.3 Precipitation-induced ground incision in Kenya
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Table 1 Statistics of historic natural hazards in

Kenya (1999—2013)
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Fig.4 Annual and monthly distribution of major

disasters in Kenya
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Table 3 Random consistency index (RI) (Satty,1990)
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Table 4 Comparison matrix between landslide

contributing factors

Uy Uy U3 Uy Us Ug Uy Ug
u, 1 3 1/2 2 1/2 4 1/2 2
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u, 1/2 2 1/4 1 1/3 3 172 3
Us 2 4 1/3 3 1 4 1/3 1
ug 1/4 172 1/3 1/3 174 1 174 1/3
U, 2 4 1/2 2 3 4 1 3
ug 172 3 1/3 1/3 1 3 1/3 1
w=1[a, a, a, a;](i =1,2,3,--:n) (3)
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Table 5 Weights for landslide contributing factors
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Table 6 Comparison matrix and weights of

geomorphology factor

Uy Uy U3 Uy
wy, 1 1/3 1/5 172
Uy 3 1 1/3 2
U 5 3 1 4
Uy 2 2 1/4 1

Ay =4 0511  =[0.1362 0.3777 0.888 1 0.2239]CR=0.02<0.1
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Table 7 Comparison matrix and weights of elevation factor
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Table 8 Comparison matrix and weights of slope factor

U3y U3y Us3 U3y U3s

Uy, 1 1/5 1/3 172 1
Uz 5 1 3 4 5
Uss 3 1/3 1 3 4
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Table 9 Comparison matrix and weights of slope aspect factor

Uyy Uy Uys Uyy Uys Uy Uy Uyg

Uy, 1 1/5 174 1/3 1/2 3 4 2

iy, 5 1 2 3 4 6 7 5

Uy 4 172 1 2 4 6 7 5

Uyy 3 1/3 172 1 3 5 6 4

Uys 2 174 174 1/3 1 3 4 2

Uye 1/3 1/6 1/6 1/5 1/3 1 3 172

Uy, 1/4 177 177 1/6 1/4 1/3 1 172

Uyg 1/2 1/5 1/5 174 172 2 2 1

w =[0.1600 0.7018 0.5331 0.3715 0.194 8

A =8.390 2
0.0836 0.0533 0.107 6]CR=0.04 <0. 1
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Table 10 Comparison matrix and weights of soil type factor

Us; Usy Us3
Usy 1 3 5
us, 1/3 1 3
Usy 1/5 1/3 1

Ny =3.0385 ©=[0.9161 0.3715 0.150 6]CR=0.03 <0. 1
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Table 11 Comparison matrix and weights of distance to

the great valley factor

Uy Uga U3

Ugy 1 3 4
Ugy 1/3 1 2
Ugs 1/4 172 1
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Fig. 6 Classification of landslide contributing factors
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Table 12 Comparison matrix and weights of distance to

the rainfall factor

U7y Ugp U3 Uy
Uy 1 1/2 1/3 172
U7, 2 1 1/3 1/2
Uy 3 3 1 2
Uy 2 2 1/2 1

Ay =4.0710 @ =[0.2122 0.3013 0.8047 0.4654]
CR=0.03 <0. 1
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Table 13 Comparison matrix and weights of distance to

the landcover factor

lg) lgy u3 lgy Ugs
ug, 1 1/3 1/3 1/4 1/5
ug, 3 1 172 1/3 1/5
Ugy 3 2 1 1/3 1/5
lg, 4 3 3 1 1/3
ugs 5 5 5 3 1
Apax =5.2710 © =[0.0949 0.1655 0.2175 0.4248 0.857 8]

CR=0.06<0.1
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WG — AR RS ZER A 3 PR AL ), R —
M2 AT 545 B R G UL, d Jim 7+ 310 4% 2 52
RPN E A 14,

15 ArcGIS R 28 A~ 2258 Ui Ml A% [ )2 H18 #% 3%
14 58 I G AE R BE 3 2 30 m x 30 m (5] 6) , F
FHMEAS T3 45 2EAT 2 0 G Z &, B AreGIS 25 1]
S BT H AR T 03 28 TSR BE AR 4 2R 0 — Bk i A AR
[F1) W7 A5 70 G o A B AR K X (1] 445 31 14 T 3 UK
PEAEGL, ™ A AR T 7 k3l 2o 47 1l 2 18] 5 25 79 /9 B
7 75 AR A5 A S 04 2 S DB e RS0k 4 1 A O
FERR AR AN BT 28 /N IX R A% A 28 22 [ 9 22 57 B
KA, e R 1 1) 2 S AR RS B R A 6 Ak 0 L 5
H Je B OBV B — b, A B JE 42 1 km
X6 55 T £ 9 33 (A 00 ) R SRR S G P LI T
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Table 14 Weight of factors and their subclasses

TR w, TN T w; ST (wy x w;)
SES,(0. 08) 0.009 6
W (0. 12) %iﬁ(o.z.@) 0.027 6
B3k (0. 55) 0. 066 0
HA (0. 14) 0.016 8
<1000 m(0.09) 0.004 5
HE(0.05) 1000 ~1 500 m(0.27) 0.013 5
1500 ~2 000 m(0.49) 0.024 5
>2 000 m(0.15) 0.007 5
<10°(0.08) 0.020 8
10° ~20°(0. 48) 0.124 8
i BE (0. 26) 20° ~30°(0.25) 0.065 0
30° ~45°(0.12) 0.031 2
>45°(0.07) 0.018 2
46.(0.07) 0.007 0
46745 (0.32) 0.0320
#:(0.24) 0.024 0
B8 (0. 10) ARE(0.17) 0.017 0
#(0.09) 0.009 0
TG (0.04) 0.004 0
7§ (0.02) 0.002 0
P (0.05) 0. 005 0
h+ (0. 64) 0.089 6
+2(0.14) #1(0.26) 0.036 4
Fi+(0.10) 0.014 0
0 ~5 km(0.63) 0.025 2
PR TR RS (0.04) 5~10 km(0.24) 0.009 6
>10 km(0. 13) 0. 005 2
<800 mm-yr~'(0.12) 0.0252
800 ~1 200 mm-yr~'(0.17) 0.0357

%R (0. 21)
1200 ~1 600 mm-yr~' (0.45) 0.094 5

>1 600 mm-yr~'(0.26) 0.054 6

R (0.05) 0.004 0

(0. 09) 0. 007 2

4 55 B2 (0. 08) 3 (0. 12) 0. 009 6
AT HE(0.24) 0.019 2

Jic i (0. 50) 0.040 0

x15 BEHBEZEFISFE

Table 15 Reclassification of landslide risk map

TR 2 I Il i \% \

U TEMAE 0 ~0.09 0.09 ~0.19 0.19 ~0.30 0.30 ~0.47 0.47 ~1

AR 7 AT LA IV 9 LA b 3 SRR X
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D SRV KV 9 U X0 4 v ity T AR AR
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DX o R R A 3 R A U T S K e U R
BB xS He (181 8) , 45 2R s 70 il 47 3.26 .5 4S9 i
(2T o e AR SR X, A S AN SR AT O3 A TR
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Fig.7 Landslide risk map of Kenya
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Fig.8 Validation result of landslide occurrence and risk map
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