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A b s t ¥ Sopetinstability associated with heavy rainfall or earthquake is a familiar geotechnical problem in the Philippines. This study
aims to perform a detailed landslide susceptibility assessment of Antipolo City using a statistical approach. In this study, morphologic
and non-morphologic factors contributing to landslide occurrence and their corresponding spatial relationships were considered. The
multivariate logistic regression was performed in randomly selected datasets based on the landslide inventory. These were divided into
training and test data sets based on K- cross fold validation scheme resulting to different models. The model selected for the final
implementation has an overall accuracy of 91.66%, AUROC of 0.908, standard error of 0.002 and RMSE of 0.2478. Cross validation
with deterministic approach using physically based slope stability models were performed, where there was no significant difference
between the two approaches in identifying areas of highly and very highly susceptible to landslide occurrence. The study also shows that
almost 40% of Antipolo City has been assessed to be potentially dangerous areas in terms of landslide occurrence. .
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. I NTRODUCTI ON

Landslide is defined as the downward move
triggered by gravity due to other natur al h a
This phenomenon is generally affected by sit:
few. Preparatory variables are site factors
include gradient, aspect, sl ope material s, d
without considering the I andslide initiating
rainfall, seismic activities, vol canic actiyv
marginally stable to unstable conditions.

There are diverse methods in | andslide su:¢
tendency of |l andslide occurrence in an area
probability of spati al occurrence o-&nviorcaummeea
conditions [ 1]

Il n recent year s, scientists al-dasoevde ra ptphreo a
susceptibility assessment Many have investi (
heuristic, statistical, or deterministic Ot h
hildl sl ope hydrology is the best approach fo
effective tool in | andslide susceptibility ma
gualitative approaches in the analysis One o
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28 MULTI VARI ATECLREGBESSI ON APPROACH

data analysis, which is particularly useful i n n

A validationddfaiseed ochhetaemwnmilhi stic stability m
of the reliability of the other model s This stu
Antipol o, Ri zal using |l ogistic regression, wi t |
approach

Landsl i des are significant geomor phol ogic th
phenomenon damages forests, agricultural | and, r
is a current estimation that 40% of the total a
steep slopes on mountainous regions, the develo
near by or distant, i's i-sspecitfaibd el addel igkeres as ¢ ®p
benefici al to identify potenti al |l andsl i de even:
zoning of the city may al so be accomplished.

1. METHODOLOGI CAL FRAMEWORK

2 . Diigital Elevation Model

The digital el evation model (DEM) wused in thi
and Exposure Assessment for Mitigatipopno(PREAM) b
the UP Training Center for ApJCA&6®) Gewdssygeaerdat
Synt hetic Aperture Rankdrer ( $AR)o.l uttit onhaanda 1100 1 (
mor phometric factors considered in this study ar

SYNTHETIC APERTURE RADAR (SAR) OF
ANTIPOLO CITY, RIZAL PROVINCE

Legend
: Provincial boundary
;_—_-‘n Municipal boundary
Elevation (m)

High : 111575

Low : .70
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R — K fometers WGS 1984 UTM Zone 51N

Fi gubDeglt al El evati on Model of Antipolo C
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2 . Landslide Causal Factors
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11 . RESULTS AND DI SCUSSI ONS

3 . Phrameter Maps

3 . Worphometric Preparatory Factors
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VI CTOR & ZARCO 35
3 . Sautistical Analysis — Logistic Regression
The estimated regression coefficients for
of mul ti collinearity tests show that there i
and topographic wetness index, as exhibited
summary shows only factors that were found to
positive coefficient indicates a positive rel
invol ved. Factors that were identified to be
val ues greater than O0.05. A coefficient of z
coefficient does not affect the odds of the ¢
the strongest contributor in | andslide occurr
Tabl®ummary of Regression Coefficients
1:1 (LS:NLS)
Paremeters/ Coef|fiMddenlt|slModel | 2Model | 3Model | 4Model |5
SPI 0.025 0.045 0.000 0.034 0.000
Fl at 2.854 -2.591 -4.457 2.890 -2.361
North -1.032 -0.803 -0.782 0.789 -0.736€
Northeast 0.991 -0.972 -0.903 0.831 -0.89¢C
East 0.700 -0.580 -0.520 -0.61Q0 -0.490
Sout heast 0.272 0.000 0.000 0.000 0.000
South 0.281 -0.281 0.000 0.263 0.000
We s t 0.860 -7.330 -0.686 0.79Q0 -0.671
Nort hwest 1.910 -1.950 -1.713 -1.885 -1.660¢
Ol i g oncieoncee n e 2. 393 -2.200 2. 317 2. 518 2. 226
Pal e oecoecneen e 2.268 -2.272 -2.086 2.235 2.30272
Ol igocene 2.68Q0 -3.103 -2.783 2.621 -2.524
Neogene 2.999 -2.766 -2.923 2.362 -2.7940
Upper mploiceaene 0. 702 0.000 -0. 803 -0. 9614 0. 713
Pl i ogeaternary 0.590 0.671 0.596 0.650 0.640
Pl i ople@aiest ocene -1. 976 2.121 2. 034 1,771 -1.949
Cret apabe®cene 0.705 0.782 0.681 0.823 0.806
Pl an convex 0.169 0.000 0.213 0.000 0.252
Antipolo soil 0.907 -0.923 -0.967 -1.115 -0.908
Antipolo clay -1.556 -1.668 -1.551 -1.721 -1.593
Bi nangonan cl ay -1. 950 2. 141 2. 0785 2. 2285 2. 0635
Bi nangonan clay (| ol aad) -3.69¢9 2. 749 -3.5272 -2.600
constant 9. 1485 9. 0286 -9.371 9. 076 9. 3572
Copyright 2018 | Philippine Engineering Journal Phil. Eng’g J. 2018, 39(2): 27-40



36 MULTI VARI ATECLREGBESSI ON APPROACH

The success rates of all model s are found to
accuracy is stildl expected even if there is no
independent factors. The chance accuracy rate i
| ands | i dleanadnsd indeen event s. Since the input -traini
|l andsl i de event s, and i mposing a 25% increase i
1.25*%+ (. % 0.625 or 62.5%. All model success ra
that the models are not based on random fi't

Tabl S&uczess Rate for Models 1 to 5
Mo d el 1 Model 2 Model |3 Model |4 Model |5
Success Ra8aDe7% 90.8 % 90. 7 % 91. 1 % 90. 7 0

The four cases considered in creating a conf
occurrence, correctly predicted | andslide preser
|l andslide absence is predicted but not observed.
to Model 1 is presented in Table 3.

Tabl €EonBusion Matrix For Model 1
PREDI CTED
Percent age Corr e

OBSERVED Absence Presence

Absence 1515 205 88.08

Presence 82 1638 95. 23

Overall Accuracy 91. 66 %

The results of analysis for overalmMmeasmguecareacy,
error ( RMSE) i's presented in Table 4 |t can b
accuracy and AUROC with <corresponding | owest R
estimator among the five trained model s.

TablumMmary of Model Performance Assessment
Mo d el 1Model 2Model | 3Model | 4Model | 5
AUROC 0.908 0.887 0.907 0.903 0.907

Standard Er0®.0002 0.0083 0.002 0.002 0.001

RMSE 0.2478 0.293/7 0.2540 0.265/0 0.2545

Overall AccBfilab6g®n 88. 49% 90. 20% 89.88% 90. 29%
The results of final run for training of Mode
in Tabl e 5. I can be ob$taeandsedi dhatatdasothaclaadssk

Copyright 2018 | Philippine Engineering Journal Phil. Eng’g J. 2018, 39(2): 27-40



VI CTOR & ZARCO 37

decreases This is also reflected by the dect
increase in RMSE. Hence,l anndcsrleiadsei nrga ttihoe ilna ntdhs
makes the generated model more unreliable.
Tablurmmary of Model Performance Assessmer
Based on the above performance assessment
generating a | andslide susceptibility map fo
probabilities were classified into four susce
natural breaks
Mo d el 6 Mo d el 7 Model 8
AUROC 0.889 0.881 0.877
Standard Error0.001 0.001 0.001
RMSE 0.3296 0.3278 0.4152
Overall Accuraé$. 18% 84. 26% 81. 26%
Based on the above performance assessment
generating a |l andslide susceptibility map fo
probabilities were classified into four susce
natur al breaks

Landslide Susceptibility -
Logistic Regression

B v [ Hion
- Moderate - Very High

FiguFéenal Landslide Susceptibility Map Us

Copyright 2018 | Philippine Engineering Journal Phil. Eng’g J. 2018, 39(2): 27-40
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3 . Multi Method Comparison

The distribution of the tot al area with resftg
met hods is presented in Table 6. It can be seen
hi ghly susceptible to | andslide occurrence with
hi ghly susceptible areas, there was no signific
37.94% and 37.65% of the total area for the stat

TablAer eea Distribution Among the Susceptihbi
Statistical ApproachDdtLeorgmisnii <t iRe gAmErso anh

Cl ass Tot al Cell 8 of Total Tot al Cel%w sof Tot al

Low 1,900, 847 53.89 1,465,90541.56

Moder at|e 288, 463 8. 18 799, 321 22.66

Hi gh 1,073,473 30.43 470, 882 13. 35

Very Hilgh 264, 752 7.51 791, 427 22. 414

The complete |l andslide inventory map was oV
classification of each |l andslide pixel with resp
The statistical mo d e | had a better performance i
tot al | andsl i des being assigned t o area of | o
deterministic model 20.76% for these cl asses.

Tabllearwdsl i de Distribution Among the Suscep
Statistical Approaxent ermini stic |Approac
(Logistic Regression) SI NMAP)

Cl ass LS Pixels% of TojtalLS Pixels% of Toft al

Low 305 2. 83 691 6. 41

Moder at/ e 901 8. 36 1,547 14. 35

Hi gh 5,640 52.31 5,123 47 .52

Very Hilgh 3, 935 36.50 3,420 31. 72

Copyright 2018 | Philippine Engineering Journal Phil. Eng’g J. 2018, 39(2): 27-40
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