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Landslide Susceptibility Assessment Using TPI-Slope Combination
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Abstract

TSI (TPI-Slope Index) which is the combination of TPI (Topographic Position Index) and slope was newly
proposed for landslide and applied to a landslide susceptibility model. To do this, we first compared the TPIs
with various scale factors and found that TPI350 was the best fit for the study area. TPI350 was combined with
slope to create TSI. TSI was evaluated using logistic regression. The evaluation showed that TSI can be used as a
landslide factor. Then a logistic regression model was developed to assess the landslide susceptibility by adding
other topographic factors, geological factors, and forestial factors. For this, landslide-related factors that can
be extracted from DEM (Digital Elevation Model), soil map, and forest type map were collected. We checked
these factors and excluded those that were highly correlated with other factors or not significant. After these
processes, 8 factors of TSI, elevation, slope length, slope aspect, effective soil depth, tree age, tree density, and
tree type were selected to be entered into the regression analysis as independent variables. Three models through
three variable selection methods of forward selection, backward elimination, and enter method were built and
evaluated. Selected variables in the three models were slightly different, but in common, effective soil depth,
tree density, and TSI was most significant.
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Fig. 1. Study area and landslide/non-landslide points
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Akaike Information Criterion)?} Bayesian %X X|4=(BIC:
Bayesian Information Criterion)S A8}t (Akaike,
1973; Raftery, 1995). o] 52 37| 2g 2| v|woj ge] AF-85]
= AR, BE 27 SEgE olgale] BYe] Agws
wredall A e vlx|4: e i fm S Tefstel 7
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Fig. 2. Flow chart
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#23HE Aolk A, oW 4] WEgo] TPIZF A thd A
o]l A7t dohf7] flsf 4 W8 150mefA] -l 500m
71, 50m 7¥Ae] TPIS A2t5}olck. TPI 91453 Aol At
Table 13} 2Fo] 57]19] G0 & Uro] HEg W= Helsl3l
Tk TPI Zre] —0.500141 0.50(c=3=HA}) Atojo]H HH E=
AFHE] SRR & 5 JITh(Weiss, 2001).

Table 1. TPI classification

Standardized | -~ | -1.5~ | -0.5~ | 0.5~ | 15~
TPI -1.5 -0.5 0.5 1.5 o

TPI class T1 T2 T3 T4 T5

chake .4 WPA0] 871 TP o]} 241258 313134l
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Fig. 3. -2Ln% of each logistic regression model
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Fig. 4. Variation of slope, TPI350, and elevation at a slope
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Fig. 5. Distribution of landslide/non-landslide points in
slope-TPI350 plane and TSI
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e X--& HH, TPI3500] 00]] 7H4A T AL 7} =&
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257) TRI-73 Ak 2} BelollA] Equ)ah o] Abbeh WY 2

T2 A

Number of landslide points
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o] ZHE2 7|&C & Fig. 52} Zo] TPI-Slope Index(TSHE
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| o] T A7 AR A2 19 A 0.2 16.7%2] WA
e Ko, whebA TSI TIO.2 E-F-¥th T3S49F A}
Ies 2ANE TPI3SO ghe ©f 2 T4S49] 79 F 68 A1 5 At
AFE Y A)Fo] 27 Al e 2, A BHE0] 39.7%0 2L, TSI
= IVE ERHc

2.3 TSIo| &

Zt A7dell F-ofEl TSIE AbATE ofl &2 913t 3] A0
AHE-8k= Ao AV Hekel] fisf TPI3S0 FAH:E,
283 TSIS Sa Abget 7 519 1 (22} Table 2
o} B A, B, E)Z v]ashlr). o] e tlerof Kot H3t 3
7S 18l TPI3503 A= S $A) AH8-2 (2 C), TSI
5 TEOHA] AL T3S1, T5S39h 22 TPI-GARE 29k vt
2 5 MR AR BY(HE D)= G| v}l vl
W] HEg WY 2Lny FH} AIC, BICS AH&3H3iTh
AIC, BIC= % Do} ERt ALFSIIT. A7k 71 S
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Table 2. Evaluation of the factors: TPI350, slope, and TSI

Model Independent variables Degreeof |, o AIC BIC™ Percentage correct(%o)
in the model freedom Precision | Recall | Overall
A TPI350 4 244.645 - - 66.3 64.9 66.5
B Slope 4 257.378 - - 55.1 773 579
C TPI350 and slope 8 231.245 - - 684 69.1 69.0
D TPI-slope combination 13 226.063 254.06 21.69 68.3 71.1 69.5
E TPI-slope index (TSI) 4 231.036 241.04 | -20.89 61.8 91.8 68.0

* AIC = -2In%+2q , where q : the number of parameters in the model (Akaike, 1973)
** BIC = -(22In.#0-(-22In¥M)) + df In N, where Z0: likelihood of the null model, #M: likelihood of the model, df = degree

of freedom, N : sample size (Raftery, 1995)
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Table 3. Evaluation of topographic factors

Degree of X Pvalue | -2In% AIC BIC
Elevation 1 22.038 0.000 251.016 255.016 -16.7548
Slope length 1 23.652 0.000 249.402 253.402 -18.3688
Curvature plan 1 1.061 0.303 271993 - -
Curvature profile 1 2.827 0.093 270.227 - -
Curvature general 1 2.577 0.108 270477 - -
Aspect(8 directions) 7 32.646 0.000 240.408 256.408 4.3364261

[T : Excluded from regression

27} 7P 2 mEL D o]yl AIC, BICE E3) = 7194 98 E419] AIC, BIC7} 7}74 Ztt}, Fig. 82 HH
ny B ARkt 7P 22 AE 4 4 ek BICY| Aot EFEH EE E*é% 79 LT ZEE o, fE B
10 o]Ato]d mgo] Aolo] S 2 2pol7} Qrfar B 22 9)  ESF mA) wid S3-2 BokEo] vy & vt
ChRaftery, 1995). &5 He=s ARy, A4 4w 2  thols ?JXM Fh A A A e 2 A el o
% E7} 23 C, Dof| Hlgf| tha WAL HEES B E7F 7 b4 A BEAS ARl BY Ak 24004 Al stttk
& oyt

— - R
A~ Soil type

3. 7IEl APAEH 2 QIX}

3.1 7IEF XIH QIxt

TPISE A= S AQJ3t 718t X|GQIAkR L, Al Zo), =

EEULE HTE 218 AARKEYEHS 1Estt
ol5 tht 71z Table 33} 2k Al 714 HEL X* AF
oA folgtEol s%E dir, ol BAH o2 ofu)} gick

= solm 2 wgoll A A|2laigic). B Aol A FEo] 2

[soi srvcure ]
o] 452 ASFARICH: olf2 A9l %357t ekOthman e -
etal,2015). s
A =
L
3.2 EY QIxt =
EQFEo A ¢S 4 Gl BRI AR A, Eo A, =

[e]
NE A2 wA, e S 48 B4, B4 53 E

=, 1 A &4, £ E Fig. 7. Geological factors - Subsoil gravel content and soil structure

EA{)‘& EOO]:“;U EO()]:O]—_‘_E‘, EOO]:J_:):E_) E [e} %‘6(3) % DH_?_ r’]'oo S}q—'
o] % BEoFE Eofolk A S ALTAIR|Y HA|of A Table 4. Evaluation of geological factors
T 7] G 7RI B R Aol A A 9Jskn) A EAT & Degreeof| 51 0 | aqc BIC
FHY N AR D9 Mg RS s pEE R e
of(Fig. 6) 41 7107} Qicki BEshgo m R Aol A o S ' 2 o

SLOIC) Fig 7.0 oF T2l W=l CLOks aF ective sot 1 193.079 | 197.079 | -74.6918
9J5}9ich Fig. 72 B, BEF 2= Tﬂ' ChFEHA| Rt A depth
A Yol A= Al 71A] hat 7R, A& ARzl Fust rg:tr;‘ll;l 1 196.894 | 200.894 | -70.8778
T2 29k 999= Wlge] wa-S Snith FAT £ Topsol 2| 192875 | 198875 | -69.6126
T2 Ho|k = olx} & W0 &y} o whe EokizE of texture i ) i

v cTE Drainage 1 203992 | 207.992 | -63.7788

Tl Aetlek Subsoil gravel

A A ZSEeE EOFE, O EAL EOF BAL HE AL e 2 191.538 | 197.538 | -70.9506
T 5= B7Ie A= Table 49} 2t A2 F 2pol7h § 1 : Excluded from regression
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B . ;L_E"“"“‘"“"‘ de; [erent ver | T Table 5. Evaluation of forestial factors
Degreeof | g | AIC | BIC
Age 6 223.611 | 237611 | -17.7438
! ;«5 3 VW E i____, ‘. Diameter 4 232.419 | 242.419 | -19.5032
M 7’ 715 Density 3 244419 | 252.419 | -12.7854
il f Tree type 5 234.196 | 246.196 | -12.442
.,()j'u ,h{\ = 1 : Excluded from regression
B |
S 7t Q4 Qo] thet H7H= Table 59k 2 it A4S
Fig. 8. Geological factors — Soil series, effective soil depth, H|wsHH, AICE 7|&0 2 & 79 oJFo] Yl BICE 7|&2
parent material, topsoil texture, and drainage 2 grlshd Ao dth 2 AtoAe 23o] 7hgA )
2nY oz A= 23| ASES o Fast Ax= 7t
3 44 olxt Ftol B3 Aestelon FEnhARBATL S 2 7

3 =

A} IR 2= AFHage), A (diameter), D=, Y £27} .0 1] gabolA] A|eIEeT

o Fig. 90f1A] BZo] Gt AL BTt A2 Fsiu,

A A3} o] F o)) mloj At A== 0972 UERT 4. IA_|-AI_EH 01|§ Eag
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e

A AR eI AP R Ao R BFE I4E
2 Aola 874 AAHTSL, 1%, Aol AR, S B4, 9
B U U, S SPRSE Yistel ofg 212 8
AL S5 W 92 el ahet 3714 8 R
o] AHEISick
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rE
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janc}
ofN
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:?g
_‘\]_,
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=
1%
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flo
e
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A= mgol] kA7 ]= ARl ARl ofgh
WA A RE W4 E SRAY| TSR0 gk W
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Fig. 9. Forestial factors 2 235 Hok uiRet A HAal = 21 Q12 HHS AL-g-5)

o
=
B2 4 e

L

Table 6. Performance of 3 logistic regression models

Model Method 9 Percentage correct(%o)

2In% | x AIC | BIC

DoF* Variables Precision| Recall | Overall
M1 Forward

- - - 146.0 | 1271 91.2 753 84.3 162.0 | -90.1
7 Effective soil depth, tree density, TSI
M2 Backward

- - - - 142.2 | 130.8 89.9 72.3 82.7 160.2 | -88.6
8 Effective soil depth, tree density, TSI, elevation
M3 Enter

Effective soil depth, tree density, TSI, elevation, 18.1 | 1549 | 83.0 835 86.3 170.1 | -22.8

25 slope length, aspect, tree age, tree type

* DoF : Degree of Freedom
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