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Fig.1 Location of study area
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Fig.2 Local zoomed-in image of the study area as well

comparison between images and realities
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Fig.4  Structure of landslide

TE ) Ty S MEBE 58 b, V158 1 o e 2 80
ER R R Z 0 30 m T BRI A R A v
WIERZ/NT 20 m(E 2), WRKHGE — M
30 mifs K i R T A S0 38 R A i A A R
TCI5 0 b A B9 S A TR R AE . AN IAT S I KR
30 mif iy A R I SR04 F A% 2 T 5 A A BE R
T 28, A, X FETH B Y 3 R A0 it 5y 1) 2
19 R AL A R AR R T 1), AT KT Rl B R, DGk
AR B T7 1 AR K V- Bl T 3 3, R R 2 5 R 3
S T K Al 1 VR 1

R2 AXBEEELSIT

Tab.2 Width statistic of landslides in this study
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Fig.5 Elevation matrix with a cell size of 30 m

compared with appropriate size evaluating landslides
with the width of (a)15 m and (b)10 m
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Fig. 6 Elevation matrix with cell size of 5m compared with appropriate

size evaluating landslides with the width of (a)10 m and (b)25 m
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Fig.7 Elavation matrix for topography calculating
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Fig.8 Landslide frequency and normalized frequency of causative factors:

(a) Slope; (b) Profile curvature; (c¢) Plan curvature; (d) Rockiness; (e)Proximaty to roads and buildings; ( f) Elevation
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Fig. 10 The result of single — point model evaluation
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Fig. 11 The results of 100 m x 100 m model evaluation compared with the actual numbers:

(a) Original grid; (b) Westward-offset grid; (c¢) Northward — offset grid; (d) Northwestward-offset grid
o4 SR T, A2 B FRR W SEBR R AT BL A B SRR BN 1 5 R PR SS A (1213 (14 [7])
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Fig. 12 The results of the 200 m x 200 m model evaluation compared with the actual numbers in:

(a) Original grid; (b) Westward-offset grid; (c) Northward-offset grid; (d) Northwestward-offset grid

13500 m x500 m WEEM B LML RS LRERR M PRI LL
(a) JHG WIS 5 (b) PHAS A% 5 (o) AERS P A% 5 (d) PHAE RS B WA

Fig. 13 The results of 500 m x 500 m model evaluation compared with the actual numbers in:

(a)Original grid; (b) Westward-offset grid; (c¢) Northward-offset grid; (d) Northwestward-offset grid

Gy K (B 13) ABAS 550 A 1 55 B T 3 Bt 3K, T
AE A R o A5 B A e R fm L DX b A T 2 5, 3
PEAN 25 5 5 S PR i B A AN T o
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B 14 1000 m x 1000 m #EEITM H R MK LR S KERERE W& P AT
Ca) JEIG PS5 (D) PYRS A% 5 (o) JERE A% 5 (d) PIE RS B M A%

Fig. 14  The results of 1000 m x 1000 m model evaluation compared with the actual numbers in:

(a)Original grid; (b) Westward-offset grid; (c¢) Northward-offset grid; (d) Northwestward-offset grid

£S5 TRREMRETMNXILEL

Tab.5 Evaluation of different models

LY o9 4% FEA R R /A BIER % HEH 2/ % EWET R/ % Al 3/ % Al 2/ %
JE G 2141 6.17 93.60 5.46 0.23 6.17
g2 2141 6.54 93.18 5.98 0.28 6.54
100 m x 100 m # %
B2 2141 6.40 93.37 5.74 0.23 6.40
ViR 3h 2141 6.59 93.13 5.74 0.28 6.59
G 552 17.57 75.54 19.38 12.32 12.14
£E% 552 17.03 72.28 21.38 17.03 10.69
200 m x 200 m 5%
% 552 18.48 74.64 16.38 11.59 13.77
[iEl%:25] 552 15.76 78.26 15.76 11.23 10.51
JEtG 85 45.88 40.00 42.35 32.94 27.06
[ig4 85 42.35 42.35 36.47 37.65 20.00
500 m x 500 m F5 A
B3 85 44.71 43.53 42.35 31.76 24.71
[l 25| 85 36.47 44.71 43.53 37.65 17.65
G 20 80 40.00 45.00 40.00 20. 00
[lig>2 20 70 55.00 10.00 10.00 35.00
1000 m x 1000 m £ 7
Itk 20 75 50.00 30.00 20.00 30.00
Vit R 3 20 60 30.00 55.00 30.00 40.00

FHZEA K 5500 m x 500 m A5 HYHER A 18 0], A48 AR 2 451000 mox 1000 m A5 FE AN HEAEL, i
FRIGBAE R /DA B PUA% O S it BRI B S5 R AR E .
By, H LUK 5 19 3 A 30 2 i FARAG =R 78 52 PRt SR BRI S T PR A5 2R A vE ST
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AR E T ,500 m x 500 m 3245 ] IS AL R0 A7 [X S T
W o) FANEROR AT, PR 25 R X 22 4 5 B AR A .
JURRE I AR IR 22 EJE R 25 2 AT HE Y, w] DLARE 9 P-4
3 Ty B M R BERY 5 JLY, 200 m x 200 m [ 3% 45 [1]
VST AE 250 00 45 SR AL, RE 6 HH X v b TN 45 2R L (H
JEAFTEARAG 3 55 T w5 Ak A A 15 B0, A [] o0 A 55 00 45
AT HE 2 Y BUAR N A2 i O

4 g4t

4.1 itig

A SR T ) e R AR T B S O =
B, v 5y S M TE A BRI TR AT S . R
JEAE AR WS CHRAE ) X IR 1 s 2 803 R, R
ATEBTER B DK, BRHBK RS m )5
R T L T 2 80, T 45 i 3 R0 Al o B X Bl & it
(10 kg B 91 T 23 R T g 350 RO NS — 2, S
P B O T 39 300 5 25 P RN 0, B 52 T M 3 Y
MO TE H6 R 2 B0 % T LA o 0 v e AR AR 22 A
Ko QnR I B i 0 RUBE 5 W A T B8 A i K RUBE AR
T, GETT A AR T R S 2 R S TR T B MR
T WR BRI B 2 6 L4 W vty , SRR R A W AT, X
ANV AR 5 B ST T AR R oK 1 AR T LSRAIE

E T8 45 [a] 3 A5 0 Hp | G S A e R /D AR ]
BB AR E  MRHAREKRZ, IREEITFT L
B4 BRI AG A 45 . A S0P 1000 m x
1000 m 500 m x 500 m.200 m x 200 m £l 100 m x
100 m R4A% R BE (4 32 4[] 59 455 80 4 B AR %0000 591 b
20,85 .,552 1 2141 (3R 5) , PEM 8800 40 ) 0 22 4
Wb 22, Uk W O 4R BE AR BUB 2 47 100 m x
100 m 5 4% ] BE f) 32 55 (0] 050 B 0 R4 AR A i AR
Z fHJEH R E S Z MG (KRR 6% K4 , TE
T8 2 B0t DR 3B SR S5 K ME 238 7 3008 0 45 i 1 A5
R ZFEARGALA , 3 BT BOR K 25 . AFEAR KD
(4n 20 ) PEM RO 22, 1 85 ANFEAS B ] 3k B 4 Y
PEA RO, R A 0 A A 3 i 28 D5 2 50 A A4
M B4 B o

65 1,100 m x 100 m [ R EE (1432 58 [0 19 A5
R LA R R 6% 247, H 5Kk 3R 58 2 %
DR G P A A 700 e B 43 A 2 AR A B IR A, o
W RAT IR AE 94% Lo Ay, HABL T &g 35200 m x 200 m
(AT R e R AE 17 % Jo A, VR 25 R 4847 5500 m x

500 m ML % 2 R AE 40% FE AT RO G R, A
LT B 330 = ol I A RLJE 5 A O 11 S A 4 SR 9
A () 5 PE F B E 30% LA b, AR 4 IR A 1
O, AR RO . R, 50 2 SRR Y
JEEA LG, BV B RO T 0 R
B B 2 A SR AR B Y R 3% 4 R TE T0% BLF,
IR R T IS A R e

R0 (] AR R A H, 500 m x 500 m 4%
RBE BT B W S M RO B I, 9 R RE UL
500 m x 500 m 2 e CE R KSR o TR ) RJE 1Y
BIF 5 DX AN [ 1 T 90 0 4 R, 3 T S A 250
{19 BT R T AR i A B 0 AR R AT R
WPRFEARSAE 50 UL b, H R A %8 30% ~70%
A 0] LLIK BB AT 19 P R .
4.2 #ig

(1) AR Ha 320 4 0 1) et i A s R o
AV S 3 TS B0 A, T LA A O e
{1 4 T AR AL

(2) 33 X 98 3 19 B 2k e 5 WD e G, e
e Sl 5T T A T 0 10 5 S A A AR B R

(3) Wl S V18 8 1] D 50 e g o A 2
1 B 2 R RE AR Sl BRE AR 19 30% ~ T0% , L, ik 4
B ARAL 5 Sl 5 BRE A BN i AE 50 DA b, DAk A
N

AXAERF SRR R T — SR 2 X4
J R FEBAIE T 7 T 9 P A TR ) e ke A
XF s AR D Ry T e [ A AR T A X
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A Grid-Scale Division Method Applicable to Logistic Regression
Models for Evaluating the Susceptibility of Shallow Landslides
——Taking the 2019 Cluster of Shallow Landslides in Sanming,
Fujian as Example

YU Congwei' ,LIU Kan®,YIN Jie' ,YU Bin®

(1. Department of Geography, East China Normal University, Shanghai 200241 ;
2. Key Laboratory of Geohazard Prevention of Hilly Mountains, Ministry of Land and Resources, Fuzhou 350002 ;

3. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059 )

Abstract: The susceptibility assessment is of great significance in landslides preventing studies, among which grids
are often used as assessing units because of simple division and high regression efficiency. However, simply taking
each raster as an assessing unit may cause problems, such as sample imbalance and the bias in landslides
topography parameter, resulting in insignificant assessment. This study began with examining 131 mass landslides
in Sanming recorded in 2019, using DEM data and aerial imagery to establish their extent, as well as their
elevation, rockiness and the proximity of roads and building. In addition, the study calculated a range of landslide
morphometric measures including slope, profile curvature and plan curvature after improving the elevation matrix
according to the topological feature of landslides. Normalized landslides frequency was used to calculate the
contribution of each causative factor to landslides occurrence, to establish logistic regression models of landslides
susceptibility on different scales. After comparing the p values in hypothesis tests and the result maps of 100 m,
200 m, 500 m and 1000 m regular grids, the model based on the 500 m grid was recognized as the most suitable
landslide susceptibility evaluation model, while the others models either underestimated or failed the hypothesis
test. It is particularly noticeable that the incidence rates of underestimated models (100 m and 200 m) were lower

than 30% , and the sample amount of the failed model (1000 m) was only 20. It was concluded that the improved
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elevation matrix represents the real morphometric features of landslides, reducing the error caused by experimental
data. Furthermore, the logical regression model was deficient, not only because the number of samples should
exceed more than 50 to prevent model from insignificant, but also the incidence rate should be between 30% ~
70% . These thresholds are considered important to avoid errors caused by the sample imbalance, resulting in too
many underestimated or overestimated samples. This paper proposes a grid partitioning method applicable to logistic
regression models to evaluate landslide susceptibility, expecting to provide a reference for landslide prevention and

mitigation research.

Key words: landslide; susceptibility; elevation matrix; logistic regression; gird scale; Fujian province





