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Abstract: Flood disasters often occur in areas with certain geographical conditions, such as
proximity to rivers, high rainfall especially during the wetseason and soil types that contain clay
so that they are not good enough to absorb water. One of the cities in Indonesia whichhas fre-
quent floods. The planned mitigation strategy must be more targeted so that it is more effective
in tackling flood disasters. Therefore, mapping with Geographic Information Systems can be
used to map areas that are prone to flooding specifically by combining spatial data on each pre-
determined parameter. Not only that, the integration of Geographic Information Systems and
forecasting with multiple linear regression methods can predict the level of flood vulnerability
based on the parameters determined in the following year. Based on the analysis that has been
done, the areas in Pontianak City that are prone to flood disasters are spread over several sub-
districts, namely East Pontianak District, Pontianak City District and parts of North Pontianak
District.
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Abstrak: Bencana banjir seringkali terjadi di wilayah dengan kondisi geografis tertentu seperti-
jaraknya yang dekat dengan sungai, curah hujan cukup tinggi khususnya pada musim hujan
hingga mayoritas jenis tanah yang memiliki kandungan lempung sehingga tidak cukup baik-
dalam menyerap air. Kota Pontianak merupakan satu diantara kota di Indonesia yang sering
dilanda bencana banjir. Oleh karena itu, pemetaan dengan Sistem Informasi Geografis dapat
digunakan untuk memetakan wilayah-wilayah yang rawan bencana banjir secara spesifik
dengan menggabungkan data spasial pada setiap parameter yang sudah ditentukan. Tidak hanya
itu, integrasi sistem informasi geografis dan peramalan dengan metoderegresi linier berganda
dapatmemprediksi tingkat kerawanan banjir berdasarkan parameter yang ditentukan pada tahun
berikutnya. Berdasarkan analisis yang telah dilakukan, daerah di Kota Pontianak yang rawan
bencanabanjir tersebar di beberapa kecamatan yaitu Kecamatan Pontianak Timur, Kecamatan
Pontianak Kota dan sebagianKecamatan Pontianak Utara.

Kata kunci: Kerawanan Banjir; Regresi Linier Berganda; Sistem Informasi Geografis
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INTRODUCTION

Approximately 60% of Indonesia’s ter-
ritory is dominated by water areas and
rainfall with a fairly high intensity has a
variety of impacts, including the potential
for catastrophic flooding in several areas.
In addition, Indonesia has high rainfall so
that during the rainy season, floods often
occur in certain areas [1]. Stagnant water
on dry land is caused by water discharge
in rivers and drainage flows that are more
than their capacity to flow. Human activi-
ty can be disrupted because the inundation
is quite high and occurs over a long period
of time. These disturbances include diffi-
culties in terms of accessibility, damage to
infrastructure and the spread of disease
viruses[2]

One of the big cities in Indonesia that
is often hit by floods is Pontianak City.
Particularly during the rainy season, stag-
nant water and flooding have hit a number
of locations in Pontianak City from 2016
to 2020. Rain with high intensity and geo-
graphical conditions traversed by rivers
such as in Pontianak City will certainly
increase the possibility of flooding in the
area[3]. Several areas to a number of main
roads in the capital city of West Kaliman-
tan Province are also frequently inundated
by floods with varying heights, ranging
from 10 to 30 cm. This condition causes
various losses, ranging from traffic jams,
damage to infrastructure, to fatalities due
to accidents on slippery roads and so
on[4]

The problem of flood disasters that of-
ten occurs every year requires effective
and more targeted efforts. Not only in the
form of infrastructure improvements or
planning for the construction of embank-
ments, it is necessary to have a scale of
priorities in determining which areas
should be built first. Not only that, predic-
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tions of flood events in the following
year will facilitate the government in
formulating policies and solutions that
are more effective in reducing the im-
pact of losses due to flood disasters.

The instrument that functions to
process and analyze spatial data into
new data is a Geographic Information
System[5] Determination of disaster-
prone zoning is one of the new data
that can be obtained through the use of
Geographic  Information  Systems.
Mapping of disaster-prone zoning in-
cluding floods in an area is processed
using spatial data from each predeter-
mined flood parameter. Utilization of
Geographic Information Systems in
combining spatial data on specified
flood parameters can identify and ana-
lyze areas that have the potential to
flood in an area such as Pontianak City.
By knowing areas that have a higher
potential for flooding compared to oth-
er regions, the government can formu-
late policies and strategies for flood
mitigation that are more effective and
on target[6]

In addition to knowing the flood-
prone zones or areas in Pontianak City,
it is also important to know the condi-
tions or levels of future flood-
proneness so that mitigation strategies
can be more relevant to the possibility
of a disaster occurring. The technique
used to predict a condition in the next
time based on current or past condi-
tions with a mathematical model is
Forecasting. Forecasting functions as a
basic action for a person or an institu-
tion to develop a strategy to deal with
future conditionsPrasetyo [7] et al.,.
There are several methods that can im-
plement forecasting in predicting cer-
tain conditions in the future. One of
them is the Multiple Linear Regression
method[8]
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The Multiple Linear Regression meth-
od can make predictions under specified
conditions over a period of months to
years. Integration between spatial data
processing with Geographic Information
Systems and flood-prone predictions by
forecasting using the Multiple Linear Re-
gression method can present data on
flood-prone areas in Pontianak as well as
predictions of flood-proneness in the com-
ing year. This aims to facilitate the gov-
ernment and related institutions in devel-
oping effective and targeted flood disaster
mitigation policies and strategies in Ponti-
anak City.

METHOD

The method in this research is qualita-
tive analysis in interpreting map results.
This analysis utilizes certain tools and ma-
terials in the form of software and hard-
ware, namely spatial data and attributes.
The overlay method and giving weights or
scores are used for each existing parame-
ter, namely Rainfall, Soil Height, River,
Land Use and Soil Type. The spatial data
and attributes will be processed using
ArcGIS 10.8 software.

The data used in this study are Shape-
file data of river maps, land elevation, and
rainfall in the city of Pontianak as map
analysis data and non-spatial data of Pon-
tianak city rainfall (2018-2020), humidity
data (2018-2020), and data temperature
(2018-2020) Pontianak City.

For forecasting or predicting flood
hazard in Pontianak City, the method used
is multiple linear regression method. The
multiple linear regression method is a re-
gression analysis which explains the cor-
relation between the variable to be pre-
dicted (the dependent variable) and more
than one influencing variable (the inde-
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pendent variable). The following is a
multiple linear regression formula.
Y =Bo + B1Xy +BXy + o+ BiXi

Y = dependent variable

Xi = independent variable (i +1,2,4,...,k)
B, = intersep

B. = regression coefficient

D
Analysis of the level of
vulnerability to flooding uses a
mathematical calculation with the
following formula:

Flood Vulnerability Formula

X = Z(WixXi)

X = Vulnerability value
Wi = Weight for parameter i
Xi = Class score for parameter |

()
RESULT AND DISCUSSION

Mechanism for Compiling a Flood
Vulnerability Map in Pontianak City

Overlay analysis is used by re-
searchers to determine the level of vul-
nerability to flooding from the speci-
fied parameters. The parameters that
can be used in determining flood vul-
nerability are rainfall intensity, land
cover and soil texture [9]. In addition,
the area's distance to the river affects
the level of flood vulnerability in the
area (Kusumo & ’Nursari, 2016). Giv-
ing a score to each parameter is done
before the overlay or overlay method.
The level of vulnerability to flooding is
determined by the greater the total
score for each parameter, the greater
the level of vulnerability to flooding in
the study area.
Pontianak City Administration

The location of this research
was conducted in Pontianak City, West
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Kalimantan. Pontianak City is the capital
of West Kalimantan Province. Pontianak
City has administrative boundaries which
are divided into 6 sub-districts, namely
West Pontianak District, Pontianak Kota
District, South Pontianak District, South-
east Pontianak District, East Pontianak
District, and North Pontianak District.
Furthermore, for administrative locations
can be seen in Image 1.

Image 1. Administrative Map of Pontianak
City
Rainfall Intensity
The triggering factor for the flood

of money affecting the amount of river
flow discharge is rainfall. In this study,
only Pontianak City rainfall data was
used. There is only one class of rainfall,
namely 1000 mm-1500 mm/month. Scor-
ing is done to give a level value of the
amount of rainfall that falls affecting the
flow rate of the Kapuas River. Further-
more, the scoring steps can be seen in Ta-
ble 1.

Table 1. Scoring of Rainfall Parameters

No. Class Score
1 >2500(Very Heavy) 5
2 2001-2500(Heavy) 4
3 1501- 3
2000(Moderate)
4 1000-1500(Mild) 2
5 <1000(Very Mild) 1

Based on data from the Badan
Pusat Statistik, the intensity of rainfall in
Pontianak City in 2020 is 1000-1500
mm/year which is included in the dry cat-
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egory. From the results of adjustments
to the scoring, a map of rainfall intensi-
ty in Pontianak City is obtained in Im-
age 2.

Image 2. Map of Rainfall Intensity in Pon-
tianak City

Based on the Pontianak City
Rainfall Map above, the location of this
research was Pontianak City, West Ka-
limantan. Pontianak City has a dry
rainfall intensity, reaching from 1000
mm-1500 mm/month. The distribution
of rainfall on the map tends to be even-
ly distributed in all sub-districts in Pon-
tianak City.

Distance to River

To determine the distance of the
area to the river specifically, a buffer-
ing process is carried out. Buffering
function to form new spatial data in the
form of circles or polygon lines at cer-
tain points or lines. Each polygon gen-
erated from the buffering process will
be weighted according to its level. The
process of buffering the proximity of
the river, because the river becomes the
flattest area before the sea becomes a
channel for flowing water as well as a
natural reservoir for water. Areas adja-
cent to rivers with distances below 50
m from the river are very vulnerable,
50 m-100 m are still vulnerable and
above 100 m can be said to be safe
from flooding. The next scoring step
can be seen in Table 2.
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Table 2. Scoring Parameter of Distance to tion of land cover in Pontianak City is

River shown in Image 4.
Distance Score Status T PETA FINGGUNAAN LATAN
<50m 3 Very Vulnerable . ‘
50 m —100 m 2 Vulnerable ® S —
>100m 1 Low Vulnerable

From the buffering process that
has been carried out, the results are in the
form of a River Buffer Map in Pontianak
City which can be seen in Image 3.

PETA BLYFER SUNGA
KOTA TONTIANAK

Image 3. Map of the Pontianak City River
Buffer

Land Cover

The parameter that contributes to
the absorption of surface runoff water is
land cover. In this research area areas with
land cover such as settlements have the
highest score level, namely a score of 5.
Residential land does not have a good
ability to absorb water. Then, the area
with the lowest score is vegetation, name-
ly a score of 1. Land with a sufficient
amount of vegetation is very good for car-
rying out the in-filtration process. Next,
the scoring step is carried out, which can
be seen in Table 3.

Table 3. Land Cover Parameter Scoring

Class Score
Vegetation 1
Water Body 2
Open Field 3
Rice fields/Grass 4
Settlement 5

Based on data obtained from the
Central Bureau of Statistics, the distribu-
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Ifnage-4. Lénd éovef Map in Pontianak
City

Soil Texture

Soil texture is the basis for de-
termining the bocobenbot or score on
soil type parameters. In the study area
there are two types of soil, namely al-
luvial soil and entisol (peat) soil type
based on the equivalent of the National
Soil Classification (BBSDLP) with the
2014 Soil Taxonomy (Subardja et al,
2014). Next is the classification of soil
type classes and scores in Table 4.

Table 4. Soil Texture Parameter Scor-

ing
Class Score
Sand 1
Loamy Sand 2
Clay 3

From the results of the scoring,
a Map of Soil Texture Distribution in
Pontianak City was obtained which can
be seen in Image 5.

Image 5. Soil Texture Map of Pontianak
City
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Based on the Pontianak City soil
texture map above, the location of this re-
search was Pontianak City, West Kali-
mantan. Based on the soil texture on the
map above, it is known that most of the
soil texture in Pontianak City, namely al-
luvial, is clay in nature and the least is lit-
toral (Peat) which is sandy in nature.

Map of Flood Vulnerability in Pontia-
nak City with the Overlay Method

Through an analysis of the pa-
rameters that have been described and
their distribution, it is possible to identify
flood-prone areas in Pontianak City. Mod-
ification of flood hazard class is based on
the highest total score for each parameter.
In this study, flood-prone areas are classi-
fied into 3 classes. Next, the following is a
classification of flood hazard in Table 5.

Table 5. Classification of Flood Vulnera-
bility in Pontianak City

far from the river but most of them are
covered by settlements with alluvial
clay soil types that are not good enough
to absorb water. Meanwhile, in the
vulnerable category, it is found in parts
of the North Pontianak District, to be
precise in the Batulayang District. The
area is adjacent to a river, but part of
the area is covered by plantations with
littoral soil types that tend to have a
sandy texture, so they absorb water
quite well. The categories are very vul-
nerable to spread in several areas, es-
pecially those on the banks of rivers.
These areas are part of North Pontianak
District, namely in SiantanHilir Village
and Central Siantan Village, parts of
West Pontianak District, namely in
Sungai Beliung Village and Sungai
JawiDalam Village, parts of East Pon-
tianak District, namely a small part of
Saigon Village and Parit Mayor Village

and parts of the Southeast Pontianak

Class Score
<8 Low Vulnerable
8-11 Vulnerable
>11 High Vulnerable

District, namely in parts of the Bangka
Belitung Laut Village.

From the results of the overlay
process and scoring for each parameter, a
Flood Hazard Map in Pontianak City is
obtained which can be seen in Image 6.

PETA KEERAWANAN BAN
KOTA PONTIANAK
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Image 6. Flbod I.-Iaza;d Mép in—Pontianak City

Based on the Flood Vulnerability
Map in Pontianak City, most areas in Pon-
tianak City are categorized as somewhat
prone to flooding. These areas are quite
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Flood Disaster Prediction Mecha-
nism in Pontianak City

Rainfall prediction analysis is carried
out to determine the amount of rainfall
in the next few years. This analysis us-
es SPSS software to obtain modeling
from multiple linear regression analy-
sis. The parameters used for prediction
of rainfall are temperature and humidi-
ty parameters with a range of 2018-
2020.

By including temperature and humidity
variables as parameters and rainfall as
outcome variables, the results of multi-
ple linear regression analysis with
SPSS are presented in Image 7, 8 and
9.
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Model Summary
Adjusted R Std. Error ofthe

Table 8. River Buffer Parameters

Model R R Square Square Estimate NO. ClaSS Score

1 2527 064 - 144 2067 16651 1 61,5%'100%(Very 5

a. Predictors: (Constant), V3, Rata-rata Kelembaban (Persen) Vulnerable)
Image 7. Model summary of multiple lin- 2 50,1%- 4

ear regression analysis of rainfal 51,4%(Vulnerable)
M 3 32,1%- 3
50%(Moderate)

L : 4 17,7%-32%(Low 2

Vulnerable)
T e ottt P 5  0%-17,6%(Very 1

Image 8. ANOVA of multiple linear re-

Low Vulnerable)

gression analysis of rainfall

Goefticienes”

Then each parameter is weighted with
the weight table in Table 9

Table 9. Parameter weights

Image 9. Coefficients of multiple linear
regression analysis of rainfall

No. Class Weight
1 Rainfall 0.4
2 Soil Height 0.35
3 River Buffer 0.25

Based on the results of the analy-
sis, the rainfall parameters can be project-
ed using the model that has been obtained.
The parameters used in the analysis of the
level of flood vulnerability are the annual
rainfall level, the height of the soil and the
river buffer in the following scoring table
6,7,8.

After  carrying out the
weighting process, a flood vulnerability
level score is then made based on the
weighted attributes in Table 10.

Table 10. Flood Vulnerability Score

No. Flood Vulnerabil- Score
Table 6. Rainfall Parameters ity Class

1 Low Vulnerable <3
No. Class Score 2 Vulnerable 3-<3,4
1 >2500(Very Heavy) 5 3 High Vulnerable >3,4
2 2001-2500(Heavy) 4
3 1501-2000(Moderate) 3 Furthermore, an analysis of the

. rainfall prediction is carried out to

4 1000_1500(M'I.d ) 2 determine the amount of rainfall in
5 <1000(Very Mild) 1

Table 7. Soil Height

several years. This analysis uses SPSS
software to obtainmodeling from

multiple linear regression analysis. The
parameters used for rainfall prediction

No. Class Score
1 Om-20m 5
2 21m-50m 4
3 51 m-100 m 3
4 101 m—-300m 2
5 >300 m 1

are temperature and humidity, ranging
from 2018-2020.

Calculations are  made by
performing mathematical calculations
based on some of the data that has been
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obtained. Table 11,12,13 and 14 are
calculation of the flood vulnerability level

Table 11. Soil Height

ISSN 2407-1811 (Print)
ISSN 2550-0201 (Online)

parameter data.

No. District Height
1 Pontianak City 7 meters
2 West Pontianak 6 meters
3 East Pontianak 7 meters
4 North Pontianak 6 meters
5 South Pontianak 7 meters
Table 12. River Buffer
Length
L Wide of Riv- Persentage
No. Districs (kmz) er per (%) 9
District
1 Pontianak City 15,51 12,72 82,011
2 West Pontianak 16,71 5,99 35,85
3 East Pontianak 8,78 10,23 116,51
4 North Pontianak 37,22 10,91 29,31
5 South Pontianak 15,54 2,1 14,44

Table 13. Average Rainfall in Pontianak (2018-2020)

Average  Average Average Average
No. District Rainfall Rainfall Rainfall Annual
(2018) (2019) (2019) Rainfall
1 Pontianak City 234,65 112,56 225 190,7366667
2 West Pontianak 345,67 234,56 785,23 455,1533333
3 East Pontianak 457,45 234,34 123,56 271,7833333
4 North Pontianak 345,34 345,56 144,55 278,4833333
5 South Pontianak 123,45 454,34 512,34 363,3766667
Table 14. Prediction of Flood Vulnerability in Pontianak
N I Rain- Soil River To -
0. District fall Height Buffer tal Description
1  Pontianak City 0,4 1,75 1,25 3,4 Vulnerability
2 West Pontianak 0,4 1,75 0,75 2,9 Low Vulnerability
3  East Pontianak 0,4 1,75 1,25 3,4 Vulnerability
4 North Pontianak 0,4 1,75 0,5 2,5 Low Vulnerability
5  South Pontianak 0,4 1,75 0,25 2,4 Low Vulnerability

By using the model that has been
obtained, the analysis for the following

year can be carried out by predicting the
annual rainfall level, which is then car-
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ried out by calculating the existing pa-
rameters. Land height and river buffer
tend to be constant so that the forecasted
parameters are rainfall parameters with
dynamic data every year.

CONCLUSION

Pontianak City is one of Indone-
sia's major cities that is vulnerable to
flooding. This is because rivers go
through geographical conditions where
settlements predominate the land cover,
and the soil is primarily clay-textured,
which is poor at absorbing water

Based on the Flood Vulnerability
Map in Pontianak City and the results of
the analysis from the overlay and fore-
casting methods, several areas in Pontia-
nak City that are identified as prone to
flooding are spread across several sub-
districts, namely Pontianak Kota Dis-
trict, East Pontianak District and parts of
North Pontianak District. Even though
they have the same average rainfall, the
type of soil, the type of land cover and
the distance to the river are several pa-
rameters that differentiate the level of
vulnerability in each sub district.
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