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Abstract. Flood is a natural disaster that often occurs in Bone Bolango Regency, Gorontalo
Province during the rainy season. There are some areas always flooded but there are also new
arcas affected by floods so that citizens and local governments were unprepared for the
disaster. This caused a great impact and losses including flooded settlements, destruction of
agricultural land, damage to infrastructure, significantly disrupt economic activity, and the
impact on public health. This study aims to identify flood prone areas for natural disaster
mitigation using geospatial approach in Bone Bolango Regency, Gorontalo Province. This
research integrates geospatial data analysis including topography, rainfall data, mapping of
land cover and field survey. This research is very important for disaster risk reduction. The
results show that generally flood-prone areas are distributed in low land, around major river
flows both in the middle and downstream of rivers, landform of floodplains and alluvial plains,
and generally in areas with extensive settlements and farmland.

1. Introduction

Indonesia is prone to various natural disasters due to its geographic location and topographic
conditions. T@commen natural disasters in Indonesia include earthquake, flood, landslide, typhoon,
etc. Flood is the most frequent natural disaster in various parts of Indonesia. Flood can be defined as
inundation in areas near rivers or coastal a due to water discharge that exceeds the capacity of the
river and encroachment by the seawater [ﬁ?]. Floods are the most destructive natural hazard [3].
There are various damages and losses caused by floods both physical damage, environmental damage,
and socio-economic impacts in flooded areas. The impacts of floods do not only in the physical
damage but also in diseases and epidemics outburst [4].

Gorontalo Province consists of five regencies and one city, namely, Gorontalo Regency, Bone
Bolango Regency, Boalemo Regency, Pohuwato Regency, North Gorontalo Regency, and Gorontalo
City. Each regency and city in Gorontalo Province has areas often hit by floods during the rainy
season.

The research area is Bone Bolango Regency, where floods have enormous impacts such as damage
to agricultural land, infrastructure damage, water building damage, damage to residential areas, water
and sanitation problems, and disruption of economic activity during floods and after floods.

Several areas in Bone Bolango Regency are often flooded during high intensity rainfall and long
duration of rainfall. Based on released information from the Indonesian National Disaster
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Management Authority, 1247 people displaced due to flooding that caused a 50 - 100 cm inundation
[5]. Natural disaster risk reduction in Bone Bolango Regency is indeed very important to do. Flood-
prafe areas mentioned in Regional Regulations of Bone Bolango Regency Number 8 of 2012 [6]

fﬁood prone areas mapping is very important in decision making and watershed management for
suitable flood management and sustainable development [7] [8] [9]. The use of remote sensing data
tends to increase for flood area mapping, damage assessment, and analysing flood vulnerability [10].
This is because flood map in detailed scale and comprehensive is still limited [11]. Remote sensing
and GIS role in flood hazard mapping is very useful an efficient include relief and rescue stage, impact
assessment, early warning and decision support [12] [13].

The flood risk map should consider several factors including physical and social economic factor
[14] [15]. The flood risk map derived from GI$pand remote sensing used for relocation of
infrastructure and emergency planning. The detailed tlood hazard and vulnerability map is important
for regional flood management [16] [17]. The application of geographic information system for flood
risk mapping has some criterias and diificulties include need the appropriate decision rule, need
special software, and good knowledge in software operation [18].

This research applied geospatial approach to determine flood prone area. The indicators used in this
study include rainfall, distance to river, elevation, and land cover. Data processing was conducted
using geographic info ion system software. This research produces map of flood prone area in
Bone Bolango Regenc;.n%e results of this study are expected to be utilized for decision making and
planning for disaster risk reduction in Bone Bolango District.

2. Study Area

Bone Bolango Regency, Indonesia is located between 00018°26.916” — 00048°21.854” North Latitude
and between 12302°11.735” — 123033°7.891” East Longitude. Based on administrative boundary,
Bone Bolango Regency is bordered to the east with Bolaang Mongondow Selatan Regency, bordered
to the west with Gorontalo Regency and Gorontalo City, bordered the north with Bolaang
Mongondow Regency, and bordered to the south with Togini Bay. The area of Bone Bolango
Regency is 1,984.58 km2. Bone Bolango Regency area is 16.24 percent of] total area of the
Gorontalo Province. Bone Bolango Regency consist of 18 districts [19]. Map of study area is shown in
Figure 1.
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Figure 1. Map of Study Area
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3. Methodology

As mentioned in introduction, indicators used in this study include rainfall, distance to river, elevation,
and land cover. The data source in this research are Landsat 8 satellite image Shuttle Radar
Topography Mission TM) data, topography map and rainfall data. Landsat 8 satellite image is
utilized for mapping land cover. Shuttle Radar Topography Mission (SRTM) data is analyzed to get
elevation map and slope map. Rainfall data is represented using isohyet map. Distance to river map is
derived from topography data using buffer process. The indicator maps are scored based on their
influence on the flood phenomena, then the overlay process is carried out to obtain a map of the flood
prone areas in Bone Bolango regency.

4. Results and Discussion

In general, the factors considered for the identification of flood prone areas in Bone Bolango
Regency include topography condition, hydrology factor, and land cover. This research begins with
the collection, of data and data sources, namely, spatial data, remote sensing images and
meteorological data. Analysis and research results are presented in detail in the following sections.

4.1. Topography Condition

Topographic factors have a significant influence on flood disaster. The topogr‘aphicp ors considered
in the study of flood prone area identification are elevation and slope. The higher Ee elevation the
lower the flood risk, and the lower the elevation the higher the flood risk.

4.2. Hvdrology

The hydrological factor is the most important factor in the flood disaster. These factors determine
whether the flood occurred. The hydrological factor used in this research is rainfall and river buffer
zone map. Buffer zone map represents that the closer an area to the river the higher the risk of
flooding. Buffering is carried out by creating a buffer zone of 200 meters each.

4.3. Land Cover

Land cover mapping is conducted using visual interpretation in Arcgis 10.1. Type of land cover
include lake (water body), settlement area, bare land, paddy field, bush, cultivated area, and forest.
The vulnerability level of each land cover is determined by percent of covered land by vegetation. In
this case, the lowest risk of flood is forest and the highest flood risk is settlement and bare land.

4.4. Flood Prone Area

Flood prone area map is obtained by overlaid rainfall map, river buffer zone map, elevation map, slope
map, and land cover map. Each map is scored based on their level of influence on flood disaster. The
greater the effect on the flood the greater the score given. Based on the final analysis, the map of flood
prone areas is presented in Figure 1.
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Figure 2. Flood Prone Area Showed on Dark Blue Colour

Based on Figure 1, only 5 % of study area is flood prone area, and the rest is moderate and non-

ood prone area. The flood prone area is located along the river and in the lowland. Areas affected by

flooding will be very dependent on rainfall. The greater the rainfall, the intensity and duration of rain
then the affected area will be greater.

Based on the previous flood disaster, areas affected by flooding are settlement area and cultivated
area, so that the flood victim, damage and losses is very great. Figure 2 clearly shows that areas along
the river are flood-prone areas. Based on this, the local government can make various efforts to reduce
the flood risk. The government should explain the public about the dangers of flooding along the river.
In addition, the government can relocate community settlements in flood prone areas to non-prone
area.

Conclusions
%sed on the data analysis and research results, it can be concluded that five percent of study areas is
ood prone area. The fl prone area mostly is area along the big river with land covers are
settlement and cultivated area. The flood prone area map can be utilized for decision making in
disaster risk reduction, future plan about flood management, and planning to relocate settlement to
non-prone area.
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