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Several areas in Bengkulu City are affected by floods every year; one
of the worst is the Sungai Serut sub-district. The existence of a river
that stretches along Sungai Serut also plays a role in floods over the
Bengkulu area. Furthermore, this study to see the priority area over
this district is still limited. Mapping flood areas is one way to
provide information, especially for decision-makers in flood control
using geographic information systems. Our research aims to map
flood vulnerability areas based on land height, slope, and river buffer
by weighting these criteria. This thematic map is the result of
overlaying several maps according to the flood vulnerability criteria.
The results of this study indicate that Sungai Serut is an area with
"Very Vulnerable" and "Vulnerable" levels of flood vulnerability.
The story of flood vulnerability is dominated by gently sloping
contours, with land elevation levels mostly below 20 m above sea
level. In addition, the thing that exacerbates the potential for flood
vulnerability is the existence of the river that runs along the Sungai
Serut sub-district.
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1. INTRODUCTION

Sungai Serut is the sub-district area most severely affected by flooding in Bengkulu city.
This shows that every year during the rainy season, it is often affected by floods. This condition
can cause much damage to the land, road, and facilities in the area. Theoretically, the flood threat
level is equivalent to the height of land above sea level [1], [2]. This area has a reasonably low land
elevation. In addition, the characteristics of the flooding that occurs are around the river flow.
Floods that occur are caused by elevation and slope factors and often happen because of the
overflow of river water in the area [3]. Managing the risk of floods that occur among the vulnerable
area is vital to reduce further disasters. This is primarily because the floods that arise in this area
keep recurring every year, but most local people are reluctant to evacuate or move to safer places
[4]. Regional information can be more easily identified with a map. Mapping flood areas is a way
to provide information, especially for decision-makers in optimizing disaster anticipation steps [1].
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Making maps using tools based on Geographic Information System (GIS) [3], [5] can produce
thematic maps in mapping flood vulnerability areas. The mapping of flood vulnerability areas in
this study was developed using Quantum GIS [6]. Using the weighted overlay method [7], the
spatial data obtained can be given an appropriate weight based on related analysis and research to
determine an area against its disaster factors. This data can be used to assess flood vulnerability
areas, create evacuation routes in the event of a flood, and provide locations for gathering points
and the capacity to accommodate refugees[8], [9].

2. METHOD

The research methodology used is non-systematic, a way to use related mapping data that is
equipped with supporting maps. This research was carried out in several stages, namely
preparation, an implementation which consisted of overlaying the base map used, data processing
to calculate values and weights, analyzing the vulnerability class, and finally completing the final
map as shown in Figure 1. To conduct this research, it is necessary to prepare the criteria needed
and collect the data. Then the next stage is the implementation stage which contains activities to
collect data by preparing basic maps, namely administrative maps, land slope maps, land elevation
maps, and river distances in Sungai Serut Sub-district, then assigning a weighting to each criterion.
The next step is to overlay the base map that has been processed and given weights. After being
calculated and analyzed, the final result is a classification of flood vulnerability.
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|

Implementation

Sungai Serut Land elevation .
/ administrative map / / Land siopa map/ / map / /:"V‘-" buffer map/
Weighting
Overlay
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Figure 1. Research Flowchart

2.1. Data Collecting
Base maps are maps that become a component processed by specific methods to build a map.
The elemental maps that become components in mapping flood vulnerability areas in this study are:

1. Administrative map
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The administrative map of the Sungai Serut is the main base map used to determine
the administrative boundaries of the sub-district. This map provides information only on
the Sungai Serut sub-district so that the mapping can be focused only on this area [10].

2. Land slope map
The slope is a visualization of the Earth's surface caused by differences in altitude.
The difference in elevation on the slope map can be grouped based on the height value to
further contribute to flooding vulnerability. Thus, the gentler the slope, the more potential
for flooding, and vice versa. The steeper the hill, the safer it is from flooding [11].

3. Land elevation map

Land elevation maps provide information about land elevations and the shape of the
Earth's surface in an area. Land elevation maps are usually equipped with contour lines to
distinguish the peak of one place from another. The height of the land is, of course,
inversely proportional to the potential for flooding; the higher an area is, the less likely it is
to be affected by flooding. The site's altitude to sea level is determined from the derivation
of the Digital Elevation Model (DEM). The height of the land is then grouped and given a
weight value according to the criteria to determine flood vulnerability [12].

4. River buffer map
River buffer maps provide information about the coverage of a particular area of the
river. The buffer map mechanism provides a border-radius on the desired object (river) to
be more comprehensive with a specific value to determine the possibility of overflowing
river water, which has a flood impact. [11].

2.2. Theory
1. Weighted overlay
A weighted overlay is a method of spatial analysis by overlaying several base maps
with certain weights to affect specific vulnerabilities. This method allows solving problems
with many criteria to determine a location with a particular potential with digital mapping

[7].

2. Flood vulnerability analysis

The process of mapping flood vulnerability areas is carried out by preparing a base
map that has been downloaded from www.tanahair.indonesia.go.id and processed using
Quantum GIS software. After that, the three criteria are weighted. The weighting of the
land slope criteria is shown in Table 1.

Table 1. Weight score and classes of slope [13]

0 Slope classes Score Weight
Flat (0-4%)

Sloping (4-7,75%)

A bit steep (7,75-11,5%)
Steep (11,5-15,25%)
Very steep (15,25-19%)
High-pitched (>40%)

35
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Then give weight to the elevation criteria. The land elevation map is set to
differentiate the height every 5 meters, then in the height classification 5 classes are taken
as shown in Table 2.
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Table 2. Weight score and classes of elevation [13]

No. Elevation classes (meter) Score Weight
1. 0-10 5

2. 11- 20 4

3, 21-30 3 40
4. 31-40 2

5. > 40 1

River buffer classes are grouped by distance (in meters) namely 0-5, 6-10, 11-15, 16-
20 and > 20. This classification is shown in Table 3.

Table 3. Weight score and classes of river buffer [14]

No. River buffer (meter) Score Weight
1 0-5 5

2. 6-10 4

3. 11- 15 3 25
4. 16-20 2

5 >20 1

After that, the overlay stage of the three map layers is determined as a flood
parameter based on the weight and score values. The result of the overlay will be a new
parameter, which is calculated by equation (1) [15].

X = S0, (Wi Xi) 1)

Description:

X = Vulnerability value

Wi = Weight for parameter i
Xi = Class score on parameter i

From the results of these calculations, an expected value can be determined to give a
score to the new map. The vulnerability class in the new map is determined based on the
score. The higher the score, the higher the flood vulnerability. The score table for
determining the level of flood vulnerability is shown in Table 4.

Table 4. Flood vulnerability score [15]

No Vulnerable level Score
1. Safe <1

2. Vulnerable 3-4
3. Very vulnerable >4

3. RESULTS

1. Administrative map

The administrative map of the Sungai Serut sub-sub-district was obtained from the results of the
separation of Sungai Serut from the Bengkulu city map. By using the "select features” menu in QGIS, the
sub-district administration map can be selected, as shown in Figure 2. The yellow area is the administrative
area of Sungai Serut, while the green one is the Bengkulu city administrative area.
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Figure 2. Extraction of administrative map of Sungai Serut sub-district

2. Land slope map

The results of this study indicate that the Sungai Serut sub-district has various slopes.
However, the most dominant is the slope with a value of 4 to 11.5%, which means it is in the
"Sloping" and "A bit steep class". Based on the land slope map, there are areas with 213,300 m?
which are included in the "A bit steep" category, 177,930 m? in the "Sloping" category, 67,680 m?
in the "Steep" category, and 3,330 m? in the "Very steep" category. These areas are an
accumulation of pixels representing an area with each of 90 m2. Land slope classification in Sungai
Serut subdistrict can be shown in Figure 3 and tabularly in Table 5. To make a land slope
classification, the properties are set on the DEM map layer by giving a range of height values from
4 to 19 meters according to the classification in Table 1. The process of land slope classification is

shown in Figure 3.
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Figure 3. Land slope classification
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Table 5. The data of land slope of Sungai Serut

No Land slope classes Amount Pixel color Area (m?)
1. Flat (0-4%) 4« 360

2. Sloping (4-7,75%) 1977 177.930
3. Abitsteep (7,75-11,5%) 2370 213.300
4.  Steep (11,5-15,25%) 752 67.680
5

. Very steep (15,25-19%) 37 3.330
6. High-pitched (>40%) 0 0
The result obtained is a map layer of the land slope with a predetermined classification. This
map layer is shown in Figure 4.

Figure 4. Map of the land slope of Sungai Serut sub-district

3. Elevation map

Based on the results of research conducted, the level of land elevation in the Sungai Serut
sub-district is mostly at 10 meters. There are 8 areas with a height of 0 meters, 73 regions with a
height of 5 m, 161 areas with a height of 10 m, 52 areas with a height of 15 m, 30 areas with a
height of 20 m, and 1 area with a height of 25 m. To create a land elevation map layer, a clipping
process is carried out on the DEM raster on the administrative map of Sungai Serut District. This
layer is extracted by setting the interval based on the height line with a value of 5, meaning that an
area line will separate every 5 meters height. This process is shown in Figure 5.
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Figure 5. Setting the level of elevation

The next step is to process the contour with the attribute table. Set the elevation line at intervals of
5 to display the difference in height with a thicker line, and this is done with the IF formula (ELEV,

%5=0, 1, NULL). The data from this calculation is inputted into a new column called "Kontur," as
shown in Figure 6.
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|

|

Figure 6. Contour line creation process

To describe the height interval on the contour layer, it can be labeled in the properties section. The
values referenced to create the label are the values in the Kontur column. The process of making
contour labels is shown in Figure 7.
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Figure 7. Contour label creation

The land elevation map layer is shown in Figure 8 and presented tabularly in Table 6
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Fig 8. The land elevation map of Sungai Serut sub-district

Table 6. Sungai Serut land elevation classes data

No. Elevation classes (meter) Amount
1. 0-10 242
2. 11- 20 82
3. 21-30 1
4. 31-40 0
5. > 40 0

4. River Buffer map

The river buffer map is the coverage zone or the distance of the river from other areas, which
is determined by the distance value. The river buffer is set to a value of 20 meters from the river. In
this study, 5 distance classifications were made for river buffers, as shown in Table 7. To create a
river buffer map layer, clip the river map according to the administrative map of the Sungai Serut
sub-district. After that, buffering is done by giving 5 classifications set on the menu, as shown in
Figure 9.
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Figure 9. River buffer classification

Based on the data obtained, there is an area of 29,700 m? which is 6-10 meters from the river,
12,420 m? of the area with a distance of 11-15 m, 900 m? of the area is 0-5 m, and 270 m? of the
area is 16-20 m away from the river. The river buffer classification data based on Table 7 is
visualized through a layer shown in Figure 10.

Table 7. River buffer classes data of Sungai Serut sub-district

No. River buffer Amount Area (m?)
1 0-5m 10 900
2 6-10 m 330 29.700
3. 11-15m 138 12.420
4 16-20m 3 270
5 >20m 0 0

i

Figure 10. River buffer map
5. Overlay

The overlay is done to combine the four map layers that have been compiled in the previous
stage to show areas that have the potential for flooding. To overlay, use the intersection feature,
which is performed for every 2 map layers. So to be able to overlay the four map layers, 3
intersections were carried out, firstly the administrative map layer and the slope map which became
intersection 1, then the land elevation layer and river buffer which became intersection 2, then
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combined both intersections 1 and 2 at intersection 3. One intersection process can be shown in
Figure 10.
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Figure 10. Process of intersection 2 between the land elevation layer and the river buffer layer

Based on the most data from the three categories that determine flood vulnerability, the
results are shown in Table 8.

Table 8. The results of the calculation of scoring and weighting
Data amount Score Weight

Total Vulnerable
Slope  Elevation Buffer Slope Elevation Buffer Slope  Elevation Buffer class
2370 242 330 3 5 4 035 04 025 405 vul\rf oble
1977 82 138 4 4 3 0,35 0,4 0,25 3,75  Vulnerable
752 1 10 2 3 5 0,35 0,4 0,25 3,15  Vulnerable
37 1 0 2 0,35 0,4 0,25 0 -
4 5 0 0 0,35 0,4 0,25 0 -

Table 8 shows the data sorted by the highest number of each category. Then the data is given
a score based on a predetermined score table and weighting. After that, the weighting calculation is
carried out and produces a value adjusted to the vulnerability class table. The results are that most
of Sungai Serut sub-districts are classified as flood vulnerability areas with the vulnerability class
being very vulnerable and vulnerable. The vulnerability cannot be classified in the 4th and 5th data
because one of the data categories is worth 0.

6. Results

After weighting and overlaying, a flood vulnerability analysis map of Sungai Serut was
produced which is shown in Figure 11.

To create this map, a layout with adjusted scale and coordinates is required. The scale used is
35,000 with UTM/WSG 84 coordinates, and other map components such as legends, and cardinal
directions are added.
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Figure 11. Map of flood vulnerability of Sungai Serut sub-district

Based on Figure 11, it is known that most of the areas in the Serut River are areas in the flood
vulnerability category. This sub-district has a contour that tends to be sloping with an elevation level mostly
below 20 meters above sea level. In addition, the thing that exacerbates the potential for flood vulnerability is
the presence of rivers that run along the Sungai Serut sub-district.

4. CONCLUSION
The conclusion of this research are:

1. The condition of the Sungai Serut sub-district is an area with a flood vulnerability level of
"Very Vulnerable" and "Vulnerable".

2. This study succeeded in knowing the level of flood vulnerability based on land slope,
elevation, and distance from the river with Geographic Information Systems using the
weighted overlay method.

3. The level of flood vulnerability in this study can be a reference for the government to
determine steps and policies in overcoming the annual flood disaster in the Sungai Serut
sub-district.
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