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Alhamdulillah, all praises and thanks be to Allah, the Most Gracious
and the Most Merciful who have granted us the opportunity to organize the
International Conference of Afro-Asian University Forum (AAUF).

I would like to extend a warm welcome to the distinguished delegations
of AAUF, rectors, scholars, researchers, lecturers, experts, and participants
of the conference. I really appreciate your attendance and contribution to this
prestigious international conference.

Starting from the shared vision to enhance the quality of education at
Afro-Asian universities, AAUF has advanced collaborative works among its
members. One of those collaborative works is the international conference
which is conducted annually. This year, the conference focuses on exploring
the effort of AAUF members in advancing their role as the powerhouse of
world civilizations. This is a sensible choice due to the fact that Asia and
Africa were the center of civilization long before modern era. However,
in the context of contribution to current civilization, a study on the role of
Afro-Asian higher educational institutions has not been conducted. For that
reason, UNIDA Gontor believes that Afro-Asian Universities Forum should
enhance the role of Afro-Asian Universities in building world civilizations
through sharing the ideas and experiences during this conference. Moreover,
we do believe that this conference will contribute to the enhancement of col-
laborative works among AAUF members that will lead to advancement of
their role in building civilization.
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I would also like to express my gratitude to organizing committees for
their sincere hard work. May Allah bless your invaluable effort in this over-
arching event. For our overseas guests and participants, I hope you have a
productive discussion during the conference and memorable stay in UNIDA
Gontor.
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Prof. Dr. Amal Fathullah Zarkasyi, M.A.
Rector of UNIDA Gontor
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MEASUREMENT ACCURACY OF PAIMIN
FORMULA TO LANDSLIDE PREDICTION
IN PONOROGO EAST JAVA

! Sisca Mayang Phuspa, > Dihin Muriyatmoko
! Departement of Occupational Safety and Health
Universitas Darussalam Gontor, Indonesia
?Departement of Informatics, Universitas Darussalam Gontor, Indonesia
12 Siman Street Km.6 Siman, Ponorogo, East Java, Indonesia
e-mail: siscamayang@unida.gontor.ac.id '* , dihin@unida.gontor.ac.id 2

Abstract

Since 2012 to 2017, in Ponorogo East Java, Indonesia, suffered 53 times
the occurrence of landslides and caused 7 people died, 23 missing, 1 injured
and 996 people evacuated. There are several methods to know the parameters of
landslides vulnerability areas, one of them is the Paimin formula. The purpose
of this research is applied Paimin formula to predict landslides was occurred
in Ponorogo from 2012 to 2017 and measuring the accuracy of Paimin formula
using Linear Regression. The prediction result of Paimin formula proves that
Ponorogo has an average of landslides vulnerability area with five categories:
very low 0.5912%, low 52.4465%, medium 46.0119%, high 0.9503%, and
very high 0.0002%, while the average occurrence of landslides per year is
8.83 times with the percentage of landslides vulnerability areas of 16.4881 %.
The accuracy of Paimin formula using linear regression resulted in value of
Multiple R = 70.70%, it is including a high correlation and value of R Square
= 0.4999, indicates that the parameter and or percentage was used by Paimin
formula has accuracy 49.99%, while 50.01% is influenced by other percentage
and or parameters. The Paimin formula is ably applied to predict for possible
landslides occurrence elsewhere and the prediction of landslide not only used
linear regression but also for others algorithms.

Keywords: Paimin formula, linear regression, Ponorogo, landslide,
prediction
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1. Introduction

Landslide was one of the biggest disaster threats in Indonesia.
According to statistics from the National Disaster Management Agency
(BNPB), landslide was top three the highest occurrence frequency after flood
and tornado.

Landslide or landslide is the movement of slope material that descends
and exits due to the influence of gravity [1]. The thing that actually happens
is the loss of the initial balance and to achieve the balance of the new soil
structure then there is a landslide. Some researchers say landslides are not
the same as landslides, as are mass movement or slope failure. But Guzzetti
called these four terms / terminology a synonym [2].

Landslides are caused by a combination of 3 main factors, namely pre-
condition factor, preparatory factor and trigger factor [3]. Precondition factor
is an inherent static factor affecting not only the stability limit but also the
catalyst factor that reduces the stability more effectively. Preparatory factor
is a dynamic factor that changes the stable limit over time without initiating
the occurrence of slope glitch [4]. For example, weathering, deforestation, or
environmental change. While the triggering factor is a variable that directly
leads to slope failure [3]. For example, prolonged rain, earthquakes, slope
cuts and excessive load on the slopes.

The high number of landslide events in Indonesia is caused by the
high rainfall potential in some areas, the geological condition, the weathered
rock, the thick depth of the soil solum, the slope of the impermeable layers
in the soil, and a slope of more than 30 ° [5]. Particularly in Java, geological
conditions, topographic characteristics and climatic characteristics lead to
high landslide exposure [6].

BNPB has published predictions on landslide events in some parts of
Indonesia (Figure 1), but Kabupaten Ponorogo has not been a study of BNPB.
In fact, the district of Ponorogo is also vulnerable to landslides.
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Figure 1. Map of Landslide Prediction in Indonesia
Source : BNPB (2017)

The Ministry of Health of the Republic of Indonesia recorded 53
landslide incidents during 2012 to 2017 at Ponorogo. The landslide caused
7 people dead, 23 missing, 1 injured, 996 displaced [7]. One of the landslide
events that occurred on April 1, 2017. Landslide disaster occurred in the
Village Banaran, Pulung District, Ponorogo District with casualties of more
than 20 people. The area covered by the Banaran landslide covers 2 RW
(Figure 2). After a while, there were reports of landslides in different villages.
Judging from the topographic character of several places reported landslides
with casualties or not, it has similarities. Sehigga that is feared is Ponorogo
regency is an emergency landslide.
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LONGSOR BANARAN, PULUNG - KAB. PONOROGO
Bencana terjadi pada 1 April 2017.
Sumber : 1. CNES/Astrium (Google Earth), 2013

2. Mosaik Foto Udara Drone, 3 April 2017

Pusat Data, Informasi, dan Humas

Badan

JI. Pramuka Kav. 38 Jakarta Timur 13120 BNP B

Sebelum

Figure 2. Landslide Banaran, Ponorogo

According to the results of research, Ponorogo regency can be catego-

rized as a vulnerable area of landslide disaster rather vulnerable in hilly and
mountainous areas, in the lowlands can be categorized as an area where the
vulnerability of landslides is a bit vulnerable [8]. Other research indicates that
there is still land used not yet in accordance with the direction of its utiliza-
tion. Land use directives are intended to be compatible with land capability
and environmental strength [9].

Several factors that influence the occurrence of landslide in Banaran

Village, Pulung District, Ponorogo Regency from the results of rapid analysis
of the fingerprints, among others:

1.

o

the occurrence of extreme rain for five consecutive days before the
occurrence of landslides,

the topography of landslide generator is very steep with slope of more
than 40 degrees,

Litologi in the form of soil weathered quartz volcanic rock (andesite lava,
volcanic breccia) is very thick and water-absorbing, and

intensified land use (in the vicinity of landslide zones) with seasonal crops
that increase soil infiltration capacity, accelerate water accumulation and
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soil saturation (beyond the ability of soil to bind water) [10].

An area that has experienced landslide can then be projected to landslide
again. This is called a landslide vulnerability. The landslide vulnerability is a
field susceptibility to produce slope failure and is usually indicated through
cartographic paths [11]. Landslide vulnerability is a classification, volume
and spatial distribution that occurs and has the potential to re-occur in an area
[12]. Detection of landslide potential is important to be done to minimize loss
of loss of life, damage to public infrastructure and loss of property.

Regression modeling can be applied to detect landslides by synthe-
sizing contextual, spectral and geometric features. Among the test images,
the F-measure of landslide detection has a range between 0.771 and 0.998,
validating high resistance and efficiency [13]. The predicted results are then
compared with those obtained by stability analys based on infiltration results
from numerical analysis. The results show that the proposed method can be
used to predict landslides due to efficient infiltration of rainfall by consider-
ing the movement of saturated regions with shallow shallow basalt rocks [14].

There are several methods to detect the causes of landslides. The first
method refers to PU NO.22 / PRT /M /2007 Permen PU, there are 14 causes
of landslide parameter [15], where the weakness of this method is not giving
value. The second method mentioned there are four factors causing landslides
including geological factors, morphological factors, physical factors and
factors associated with human activities. The disadvantage of this method also
does not provide a percentage value [16]. The third method is the determin-
istic method of landslide hazard, landslide factor caused by DEM, geology,
soil, hydrology [17]. This method provides a percentage but in the rainfall
parameter uses the annual number. Fourth, Paimin Formula, the parameters
used in Paimin Formula are cumulative 3-day daily rainfall (25%), slope of
land (15%), geology (10%), depth of soil to layer of impermeable (5%), 5%),
land use (20%), infrastructure (15%), and settlement density (5%) [18]. These
values make Paimin a more applicable formula used in landslide prediction
modeling.

The introduction above served as the basis for the purpose of this
research which is to predict the landslide with Paimin Formula by data in
Ponorogo regency from 2012 to 2017 and measure the accuracy of the formula
with linear regression.
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2. Research Method

2.1. Paimin Formula Identification

Table 1. Paimin Formula [18]

Parameter
Inventory . . .
No. (% . Explanation | Classification | Category | Score
. Technique
Weight)
A NATURE (60 %)
Cumulative |* Daily rainfall « The Jast 10 th|® <50 e Verylow |e 1
daily rain 3 dataof stations in data. . 50-99 . Low . 2
consecutive the watershed.
a. «.Calculated|® 100-199 e Moderate |o 3
days (mm/ [+ The selected- .
] average, if>1]e 200 - 300 e High o 4
3 days) highest  3-day
st rain. .
(25%) rainfall e >300 e Very High |e 5
e Manually-
contour map
. . e h = total
delineation
(RBI)with| ™o
uniform distance | height ¢ <25 o Verylow |e 1
between contour | difference il 55 44 e Low . 2
Slope (%) lines -> polygon map unit.
b. ° o 45-64 e Moderate o 3
(15 %) map unit. Slope
©) =h /x|, | :-65-85 e High o 4
100% . e >85 e Very High|e 5
horizontal
e Automatically distance of
with digital RBI map unit.
maps & ArcView
programs.
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e Alluvial
plain
* Very low
+ Lime hills 1
* Low
Geology * The granite 2
Type of rock / Watershed ) *Moderate
(Rocks) . hills 3
. main rock. geology map. * High
(10%) * Sedimentary 4
rock-hill  |* Ve Y,
. High
* Basal hill -
Clay shale
+ Watershed
The I eolo - N
] Identification geology one
existence ) * Low 1
of faults on the map. » Exist
of a fault logical | + High 5
eological map. |- Fij
(5%) geolog p ield
survey.
The depth | Identification of . - * Very low
« Land type 1 L 1
i * Low
of the soil | the depth of the map. .« 1.2 2
(regolit) regolit (m) on | Land . o3 * Moderate 3
toimper the type of soil + Hig
. profile. e« 3.5 4
meable present in the “Very
0 e Landdrill. |« >3 5
layer (5 %) watershed. High
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LAND MANAGEMENT (40 %)

* Natural
forest
+ Land use /|. Bygh s+ Verylow [ i
 Data on the
RBI map. Grass * Low
type & extent ] 2
Land use .|+ Satellite o Forest /|* Moderate
of land cover in e 3
0 : .
(20%) the watershed. Imagery /| Plantation |+ High -
Aerial . .
+ Land Use Map. Garden  /1+ Ve ry .5
Photo. yard High
* Rice /
Settlement
Infrastruc Identification
* Landuse
ture (If fth &
re ( of the type * Noroad
slopes distribution map / RBL | * Low e 1
. + Cut
<25% of existing « Field ut - slope + High e 5
_ | nf . off road
=score 1) | infrastructure in survey.
(15%) the watershed.
e Landuse
. . map (RBI).
Density of Mapping  of Aetial . <2000 Very |
residential ¢ Afdna ¢ very low
settlement < 2000 - 5000 o 1
(person / areas. photo/ ¢ Low
km2) (If satellite " 5000 ) Moderate "2
m . i °
Population . 10000 . .3
slopes density data per| magery * High
<9504 = . o * 10000 - e 4
village / sub-|¢ Statistical 15000 * Very
e * 5
score 1) district in the| patq - 15000 High
0, o
(5%) watershed.
of Ponorogo
» Field survey
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2.2. Data Source and Paimin Formula Assesment
The model used to analize landslides vulnerability refer to
table 1
Total Score = 0,25A+ 0,10B + 0,10C + 0,05D + 0,05E + 0,20F
+0,15G + 0,05H (1) dengan:
A: Daily Daily Rain Factor maximum of 3 daily, data source [19],
[20]
B: Land Slope Factor, data source[20], [22]
C: Geological Factors, data source [20], [22]
D: Soil Type Factor, data source [20], [22]]
E: Fault Existance Factor, data source [20], [24]
F: Landuse Factor, data source [20], [25]
G: Infrastructure Factor, data source [20], [26]
H: Residential Density Factor, data source [20], [27]
From total score per item we can analize the result is catego-
rized in five type, refer to table 2.

Table 2. Assessment score of landslides vulnerability and categories [18]

No. Score Landslides Categories
Vulnerability
1 >43 Very High
2 3.543 High
3 2.6-3.4 Moderate
4 1.7-2.5 Low
5 <1.7 Very Low

The result assessment has total of landslides vulnerability area
per district on Ponorogo and a number of landslide per district on
Ponorogo

2. Predict landslide base on Paimin Formula Assessment Data using
Linear Regression

The data were analyzed using Microsoft Excel 2016 (Microsoft

Inc. USA). All collected data were tested using ANOVA for knowing

the differences between total of landslides vulnerability area and

number of landslide on 2012 to 2017. If there any significance

difference, it would be analyzed by regression linear. The data
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was analyzed based on confidence level 5%, which placed total of
landslides vulnerability area as X factor and a number of landslide on
2012 to 2017 as Y factor.

3. Results and Analysis

Paimin Formula Result refer to table 3

Table 3. Paimin Formula Resut of Ponorogo Regency per District [ 18], [20]

Totalof
Landslide Area Categories (km?) Number of
Vurnera
Landslide
No. | District Very Very | bility
Low Moderate | High on 2012 to
Low High |Landslide
(1.7-2.5) | (2.6-3.4) | (3.5-4.3) 2017
(<1.7) (>4.3) |Area
1 | Ngrayun | 0.0000 | 4.2502 | 91.8986 | 3.8489 | 0.0023 |19.97 11
2 Slahung | 0.4137 | 36.8601 | 60.0482 | 2.6779 | 0.0001 |17.67 6
3 | Bungkal | 0.1470 | 55.8656 | 43.2912 | 0.6960 | 0.0002 [16.30 2
4 Sambit | 0.1684 |39.7127 | 59.8811 | 0.2378 | 0.0000 | 17.35 1
5 Sawoo | 0.3351 | 16.5552| 81.6648 | 1.4448 | 0.0000 |18.95 3
6 Sooko 0.1792 [ 21.7835| 76.0362 | 1.9999 | 0.0012 | 18.66 2
7 Pudak 0.0000 | 9.0372 | 89.6612 | 1.3016 | 0.0000 |19.48 6
8 Pulung | 0.0158 | 32.8954 | 64.1932 | 2.8956 | 0.0000 |18.00 3
9 Mlarak | 0.0004 |44.0095| 55.7793 | 0.2107 | 0.0000 | 17.08 1
10 Siman 0.3304 | 78.0839 | 21.5852 | 0.0005 | 0.0000 | 14.75 1
11 Jetis 0.8713 [ 99.0913 | 0.0374 0.0000 | 0.0000 | 13.28 1
12 | Balong | 0.2955 | 70.7696 | 28.7986 | 0.1363 | 0.0000 |15.25 1
13 | Kauman | 0.7287 | 95.7784 | 3.4904 0.0026 | 0.0000 | 13.52 1
14 | Jambon | 0.1846 | 64.7283 | 35.0370 | 0.0502 | 0.0000 | 15.66 1
15 | Badegan | 1.4391 | 58.0475| 39.8621 | 0.6514 | 0.0000 |15.98 2
16 | Sampung | 2.2339 | 79.5250 | 18.1074 | 0.1338 | 0.0000 | 14.41 1
17 | Sukorejo | 0.8859 | 96.5629 | 2.5512 0.0000 | 0.0000 | 13.44 1
18 | Ponorogo | 0.9259 | 76.3148 | 22.7593 | 0.0000 | 0.0000 |14.79 1
19 | Babadan | 0.6122 | 78.6226 | 20.7653 | 0.0000 | 0.0000 |14.68 1
20 | Jenangan | 0.4219 | 32.1395| 66.8492 | 0.5894 | 0.0000 |17.84 1
21 | Ngebel | 2.2253 | 10.7440 | 83.9524 | 3.0783 | 0.0000 [19.19 6
Total Area
(k) 0.5912 | 52.4465 | 46.0119 | 0.9503 | 0.0002 | 16.4881 53
m
Landslide Per Year 8.83
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The prediction result of Paimin formula proves that Ponorogo regency
has an average of landslides vulnerability area with five categories: very low
0.5912%, low 52.4465%, medium 46.0119%, high 0.9503%, and very high
0.0002%, while the average occurrence of landslides per year is 8.83 times
with the percentage of landslides vulnerability areas of 16.4881 %.

Table 4. Regression statistics analyzed of landslide prediction in Ponorogo

Regency
Regression Statistics
Multiple R 0.7070
R Square 0.4999
Adjusted R Square 0.4736
Standard Error 1.900
Observations 21

Refer to table 4. Result showing any correlation between total of
landslides vulnerability area and number of landslide on 2014 to 2017 and
give Multiple R in 70.70% impact to landslide accured count. The impact
actually was going positively and high rate (Table 4). Following Guilford
[28], the Multiple R are high correlation, marked relationship. The value of
R Square = 0.4499 indicates that the parameter and percentage was used by
Paimin formula has accuracy 49.99% while 50.01% is influenced by other
percentage and parameters.

Paimin formula have able applied to predict vulnerability landslide for
possible landslides occurrence elsewhere, it proved by some research applied
by Paimin Formula [27]-[29]. The prediction of landslide not only used linear
regression but also for others algoritm [12], [13].

4. Conclusion

The prediction result of Paimin formula proves that Ponorogo regency
has an average of landslides vulnerability area with five categories: very low
0.5912%, low 52.4465%, medium 46.0119%, high 0.9503%, and very high
0.0002%. The average occurrence of landslides per year is 8.83 times with
the percentage of landslides vulnerability areas of 16.4881 %. The accuracy
of Paimin formula using linear regression resulted in value of Multiple R =
70.70%, it is including a high correlation and value of R Square = 0.4999,
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indicates that the parameter and percentage was used by Paimin formula has
accuracy 49.99% while 50.01% is influenced by other percentage and or
parameters.
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