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A B S T R A K 

Curah hujan yang tinggi menyebabkan meluapnya sungai Wiroko sehingga 
menyebabkan banjir di Nguntoronadi. Penelitian ini bertujuan untuk menganalisis 
potensi banjir, memberikan evaluasi dan rekomendasi terhadap wilayah yang 
memiliki kerentanan banjir tinggi. Jenis penelitian yang digunakan adalah 
deskriptif kuantitatif dengan menggunakan metode overlay penilaian 
karakteristik lahan yang mempengaruhi kondisi lingkungan. Karakteristik lahan 
adalah curah hujan, ketinggian tempat, kemiringan lereng, jenis tanah dan 
penggunaan lahan. Karakteristik lahan dioverlay menggunakan aplikasi ArcGIS 
untuk menentukan peta indeks kerentanan banjir, dan data dianalisis 
menggunakan metode deskriptif. Hasilnya ditemukan tiga kategori indeks 
kerentanan banjir: rendah, sedang, dan tinggi. Hasil studi menunjukkan total 
wilayah rawan banjir adalah 6.566,52 ha, dimana 33,79% mempunyai kerentanan 
banjir tinggi. Potensi kerentanan banjir yang tinggi terdapat pada dataran rendah, 
curah hujan tinggi dan penggunaan lahan terbuka. Daerah yang mempunyai 
kerentanan banjir tinggi dapat dilakukan dengan memperbaiki aliran sungai, 
drainase dan pembuatan terasering pada persawahan. Kerentanan banjir yang 
tinggi disebabkan oleh curah hujan, dataran rendah dan rendahnya vegetasi serta 
tingginya populasi manusia. 
 

 
A B S T R A C T 

High rainfall caused the overflow of the Wiroko river, causing flooding in Nguntoronadi. This study aims to analyze 
flood potential, provide evaluation and recommendations on areas that have high flood suscetibility. Type of research 
is quantitative descriptive by using the overlay method of scoring land characteristics that affect environmental 
conditions.  Land characteristics are rainfall, altitude, slope, soil type and land use. The characteristics of the land  are 
overlayed using the ArcGIS application to determine a map of flood susceptibility index, and the data were analyzed 
using descriptive methods. The result found three categories of flood susceptibility indexes: low, medium, and high. The 
study revealed a total area flood susceptibility of 6566.52 ha, with 33.79% having high flood susceptibility. The potential 
for high flood vulnerability is found in lowland, high rainfall and open land use. Areas which has a high flood 
susceptibility by improving river flow, drainage and terraces in rice fields. The high flood susceptibiity caused by 
rainfall, lowland and low vegetation as well as high human populations. 
 

 
1. INTRODUCTION 

Wonogiri Regency has an area of 182,236.02 hectares with hilly contours and is dominated by karst 
rocks. Karst in Wonogiri has several types of fracturing, namely closed fracturing and open fracturing. 
Closed fracturing has a low water absorption power while open fracturing has a high water absorption 
capacity due to the formation of holes that function to escape surface water into groundwater (Milanovic, 
2002; Sun et al., 2018). Nguntoronadi District is one of the locations that have environmental conditions 
dominated by karst rocks and has a  altitude of approximately 600 masl of 6660.24 hectares, 13% or 888.99 
hectares of area are used as settlements (Azis et al., 2021; Tarkono et al., 2021). The environmental 
conditions of Nguntoronadi with slope contours, it should have a low potential for flood susceptibility index. 
However, in 2017, 2020 and 2021 several villages in Nguntoronadi always experienced floods caused by 
the runoff of the Wiroko river, resulting in the submergence of a number of residents' houses and the 
interruption of access to the highway. Flood disasters can be caused by low soil contours, high rainfall and 
close to river flows (Choubin et al., 2019; Vojtek & Vojteková, 2019). Flood disasters can cause damage to 
housing and infrastructure which can lead to a decline in the economy of an area for the improvement of 
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housing and infrastructure. Flood disasters can also cause high mortality rates caused by landslides in areas 
that have steep slopes (Bubeck et al., 2017; Khosravi et al., 2016). 

The high number of floods caused by extreme weather changes and human activity. Flooding is a 
disaster that harms many parties, both in terms of economic, social, environment and health (Hirabayashi 
et al., 2013; Sofia et al., 2017; Yu et al., 2022). From the above problems, it attracted the attention of 
researchers to map the potential for flooding in Nguntoronadi because of the lack of information about the 
potential floods in Nguntoronadi. Nguntoronadi is one of the districts included in Keduang Sub-Watershed. 
Keduang Sub-Watershed is the largest sub-watershed in Wonogiri and also has a high sedimentation rate. 
High sedimentation rates can cause downstream areas to easily experience flooding during the rainy season 
due to the low capacity of rivers and reservoirs (Kastolani & Mainaki, 2018; Liu et al., 2021).  

Mapping flood potential in Nguntoronadi using spatial analysis with the ArcGis 10 application 
which aims to determine the flood vulnerability index in the study area. This mapping uses data from 
thematic maps of rainfall, altitude, slope, soil type and land use which is then carried out by overlaying or 
arranging several parameters that are factors of potential flood susceptibility (Choubin et al., 2019; Samanta 
et al., 2018; Tehrany et al., 2015). The mapping of the Nguntoronadi area aims to analyze a high flood 
susceptibility index in order to increase public awareness, to evaluated the causes of floods and provide 
information to the community, so that the community is able to prepare and mitigate flood disasters.  

 

2. METHOD 

This type of research is descriptive quantative research by collected secondary data in the 
Nguntoronadi area. Descriptive quantitative research aims to describe the characteristics of flood 
susceptibility index (Romadhon & Aziz, 2022). According to previous research on mapping flood 
susceptibility index has several stages, consisting of: a) initial survey, conducted to obtain preliminary 
studies on the research area, especially the environmental conditions of the research area, b) data collection 
is carried out by looking for information both through the internet and agencies that hold authority over 
the data needed in research, c) overlay, the collected parameters are then carried out the overlay method 
with the aim of obtaining a unit of land map which is then calculated score and weighting, d) scoring and 
weighting, the results of the overlay are then scoring and weighting to find the total score of potential flood 
susceptibility and d) intervals, intervals are given to make it easier to classify from low, medium and high 
flood potentials (Tarkono et al., 2021). 

This study used secondary data in the form of thematic maps of rainfall, elevation, slope, soil type 
and land use. Rainfall is a major factor that can cause flooding in various areas. The high rainfall in an area 
can increase the flood susceptibility index, so that in scoring in areas that have high rainfall, a high score 
will be given. Scoring on precipitation is presented in Table 1. 
 
Table 1. Rainfall scoring of Flood Susceptibility Parameters 

Map Parameters Classification Category Score 

Rainfall (mm/year) 

>2500 mm 
2001 – 2500 mm 
1501 – 2000 mm 
1000 – 1500 mm 

<1000 mm 

Very Wet 
Wet 

Medium 
Dry 

Very Dry 

9 
7 
5 
3 
1 

 
Elevation is one of the factors that can affect the flooded area. Areas that have a low altitude can 

increase the potential for high flooding because water flows from high places to low places. Thus, the higher 
the research area, the lower the score given. The height score of the place is presented in Table 2. 
 
Table 2. Elevation scoring of Flood Susceptibility Parameters 

Map Parameters Classification Category Score 

Elevation 

0 – 150 masl 
151 – 250 masl 
251 – 350 masl 
351 – 600 masl 

Low 
Medium 

High 
Very High 

7 
5 
3 
1 

 
The slope is the same as the height of the place, where the lower the level of slope, the higher the 

flood susceptibility index. Areas that have a slope of 0 - 8% have a higher flood susceptibility index so that 
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the highest score is given, while on slopes >45% has the lowest score. The slope score of the slope is 
presented in Table 3. 

 
Table 3. Slope Scoring of Flood Susceptibility Parameters 

Map Parameters Classification Category Score 

Slope 

0 – 8% 
8 – 15% 

15 – 25% 
25 – 40% 

>40% 

Flat 
Sloping 

Rather steep 
Steep 

Very steep 

9 
7 
5 
3 
1 

 
Soil types is a factor that can cause flooding because different soil types can cause pores in different 

soils, thus affecting the infiltration rate. Soil types that have a high clay content such as vertisol have a high 
score compared to sand soils such as entisol. The soil type score is presented in Table 4. 
 
Table 4. Soil Types Scoring of Flood Susceptibility Parameters 

Map Parameters Classification Category Score 

Soil Types 

Vertisol, Oxisol 
Alfisol, Ultisol, Molisol 

Inceptisol 
Entisol, Histosol 

Spodosol, Andisol 

No Infiltration 
Very Low 

Low 
Medium 

High 

9 
7 
5 
3 
1 

 
Land use can affect the rate of water infiltration so that it can affect the potential for flood 

insecurity. Areas that have land use with many trees have a greater infiltration rate compared to areas that 
have land use as settlements. Areas dominated by open land, water bodies and ponds have a high flood 
susceptibility index with a score of 9 (Kusumo & Nursari, 2016). The land use score is presented in Table 5. 
 
Table 5. Land use Scoring of Flood Susceptibility Parameters 

Map Parameters Classification Category Score 

Land Use 

Open Ground, Water Bodies, Ponds 
Settlements, Paddy Fields 

Plantations, Moor 
Mixed Garden, Shrubs 

Forest 

Very High 
High 

Medium 
Low 

Very Low 

9 
7 
5 
3 
1 

 
Secondary data that are parameters of flood susceptibility index are obtained from the internet and 

from relevant agencies. Data sources and how to obtain are presented in Table 6.  
 
Table 6. Secondary Data Sources of Flood Susceptibility Research 

No. Map Parameters Data Sources Analysis 

1 Rainfall (mm/year) BBWS Bengawan Solo 
Excel to Table -> Thiessen polygon -> 
Classification -> Scoring 

2 Elevation 
Digital Elevation National 

Model 
3D Analysis : Classification -> Scoring 

3 Slope 
Digital Elevation National 

Model 
3D Analys : Slope -> Classification -> Scoring 

4 Soil Types  
Geoprocessing Clip Kec. Nguntoronadi -> 
Classification -> Scoring 

5 Land Use Indonesia-geospasial.com 
Geoprocessing Clip Kec. Nguntoronadi -> 
Classification -> Scoring 

6 Nguntoronadi District Indonesia-geospasial.com Geoprocessing Clip Kec. Nguntoronadi 
 

The collected secondary data is processed using the Arcgis 10.8 application with the overlay 
method. The overlay method is an analysis that uses an overlay technique or stacks several mapping 
parameters that affect susceptibility by using scoring or weighting techniques after the classification of each 
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map is known (Adlyansah et al., 2019). Scoring was carried out by referring to the research and adjustment 
of field conditions using five map parameters that is rainfall, altitude, slope, soil type and land use. 

The analysis method used in this study is scoring on each parameter, weighting and then an overlay 
method to obtain a classification of potential flood susceptibility. Overlay is done by stacking rainfall data, 
soil type, slope slope, altitude of place and land use to obtain information from the merger of several 
thematic maps. Each parameter has an influence on the potential for flood insecurity so that weighting is 
carried out from parameters that have a very large influence to parameters that have a low influence on 
potential flood susceptibility (Aziza et al., 2021; Romadhon & Aziz, 2022). Land use parameters have a high 
level of weighting because the more open a land will result in high water runoff. Parameter weighting is 
presented in Table 7. 
 
Tabel 7. Parameters Weighting of Flood Susceptibility Index 

No. Map Parameters Weight (%) 
1 Rainfall (mm/year) 15 
2 Elevation (masl) 20 
3 Slope 10 
4 Soil Types 10 
5 Land Use 25 

 
The flood susceptibility score that has been obtained is then grouped by calculating the interval. 

This interval calculation aims to facilitate and divide into several classifications of flood susceptibility index. 
The classification of flood susceptibility index is useful for knowing areas that have low to high levels so 
that in map processing different colors are obtained according to classification. From the interval 
calculations that have been carried out, this research obtains three classifications of flood-prone areas as in 
Table 8. 

 
Table 8. Classification of Flood Susceptibility Index 

No. Class Interval Class Description 
1 240 – 365 Low Vulnerable 
2 370 – 495 Moderate Vulnerable 
3 500 – 620 High Vulnerable 

 

3. RESULT AND DISCUSSION 

Result 
Mapping Parameters of Flood Susceptibility Index 

The results of the study were obtained from mapping each parameter, namely rainfall, altitude, 
slope, soil type and land use. This mapping aims to obtain information about parameters that are one of the 
factors of flood susceptibility index. Some of the mapping results of each parameter are presented in Figure 
1. 
 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Figure 1. a. Rainfall Map, b. Soil Type Map, c. Slope Map, d. Altitude Map and d. Land Use Map 
 
The results of this study found that the annual rainfall had the highest of 2832 mm/year in the 

northern and the lowest of 1368 mm/year in the southern of Nguntoronadi (Figure 1a). The soil type in this 
study has two types of soil, namely entisol and inceptisol (Figure 1b), but Nguntoronadi is dominated by 
inceptisol which has 87,5% while entisol is only 12.5% of the area of Nguntoronadi. Inceptisol soil types 
with high clay content can inhibit the infiltration rate, thus affecting flood susceptibility in the Nguntoronadi 
area. Nguntoronadi has five classifications of slopes, namely flat, sloping, rather steep, steep and very steep 
(Figure 1c). The steeper slope of a place, the stronger the water flow will be, so that in areas with low slopes 
the level of flood susceptibility is higher. Strengthened in the study areas that have a slope of 0-8% have a 
higher flood susceptibility score compared to areas with a slope of >45%.  A result of this study shows that 
a flat with an altitude of <300 masl has a high flood potential compared to areas that have an altitude of 
>500 masl. In this study, the area that has a flat slope classification of 1552.88  ha, sloping with an area of 
1637.83 ha, rather steep with an area of 1731.93 ha, steep with an area of 1251.28 ha and very steep has an 
area of 425.40 ha. The Nguntoronadi District, which is dominated by flat slopes, is found in the north, west 
and south, while areas with very steep are found in the middle areas to the east with an altitude of more 
than 300 masl. The height of the place in this study was divided into four classifications, namely 0-150 masl, 
151- 300 masl, 301- 450 masl and 451 - 600 masl (Figure 1d). The height of a place with a low classification 
of <300 masl has a high level of flood susceptibility supported by areas close to rivers. The results of the 
land use classification in Nguntoronadi obtained six land uses, namely pastures, plantations/gardens, 
settlements and places of activity, paddy fields, shrubs and moorings or fields (Figure 1e). The widest land 
use is paddy fields with an area of 6579.63 hectares, plantations/gardens with an area of 5553.15 hectares, 
moorings of 2841.66 hectares, shrubs of 889.74 hectares, settlements and places of activity of 888.99 
hectares and 103.36 hectares of grasslands.  Land use is very important to assess the flood susceptibility 
index because land use is related to water absorption power. Land use dominated by settlements and places 
of activity has a high flood susceptibility index. Land use in Nguntoronadi is dominated by paddy fields, the 
use of paddy fields is very vulnerable to flooding, especially in lowland areas because in paddy fields there 
is less vegetation and in general paddy fields are processed by flooding so that this reduces water 
absorption during the rainy season. 

 
Flood Susceptibility Index 

Mapping of flood susceptibility index using the overlay method from the parameters above which 
aims to obtain information about the potential class of flood susceptibility in Nguntoronasi. The potential 
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for low flood susceptibility is found in the middle to the southeast of the Nguntoronadi District which has a 
dry annual rainfall of 1500 mm/year is show in Figure 2.  
 

 

Figure 2. Flood Susceptibility Map 
 

Base on Figure 2 show the results of the map overlay show that the Nguntoronadi area has a 
potential flood susceptibility of 6566.52 ha which is divided into three levels, namely low, medium and high 
levels. Areas with high flood susceptibility potential have an area of 2219.12 ha / 33.79% of the total area 
located near the Northern and Southern river flows. The level of flood susceptibility with a moderate 
classification has an area of 3355.14 ha / 51.09% of the entire Nguntoronadi area. Areas with moderate 
flooding have sloping to steep slopes, with altitudes ranging from 300 - 450 masl. The potential level of low 
flood vulnrtability has an area of 992.26 ha / 15.11% of the area of Nguntoronadi. Land use in areas that 
have low flood susceptibility potential is paddy fields, settlements / and places of activity as well as 
plantations/gardens dominated by inceptisol soil types. Classification of Nguntoronadi flood susceptibility 
is show in Table 9. 

 
Table 9. Classification of Nguntoronadi flood susceptibility 

Flood Susceptibility Area (ha) Percentage (%) 
Low Vulnerable 992.26 ha 15.11 % 

Moderate Vulnerable 3355.14 ha 51.09 % 
High Vulnerable 2219.12 ha 33.79 % 

 
Discussion 
Flood Parameter Assessment  

The potential flood susceptibility in this study used rainfall data, soil type, land use, altitude and 
slope. The first factor that affects is rainfall, rainfall of more than 2500 mm/year has a high-class 
classification, this can cause some areas of Nguntoronadi to occur flooding. Flooding in Nguntoronadi can 
be affected by a lack of water infiltration and shallow river conditions and poor management (Sholihah et 
al., 2020; Suprayogo et al., 2020). According to previous study showed in months that have high rain 
intensity, namely December, January and February, the average flooding increased by 7.26% (Tabari, 2020). 
Very high rainfall is influenced by extreme weather changes so it can increase the potential for flooding of 
an area, supported by conditions of flat areas and soils that have a small water absorption capacity (Sofia et 
al., 2017; Tarkono et al., 2021).  

The type of soil that has low water absorption is that it has a high clay content. In this study, soil 
types are dominated by inceptisol, the characteristics of a developing soil having a depth of 40-50 cm from 
the surface of mineral soil. Some areas with inceptisol soils have a high level of flood susceptibility, this can 
be influenced by the type of material that forms inceptisol soils derived from mineral clay so that water 
absorption is less than optimal (Dalimunthe et al., 2019; Haghizadeh et al., 2017; Suprayogo et al., 2020). 
Study in the previous study state soils with clay content and soil management have an infiltration rate of 
1.6 cm/hour while soils dominated by sand have an infiltration rate of 8.53 cm/hour, this is influenced by 
soil dominated by sand has macro pores so that water easily escapes (Dagadu & Nimbalkar, 2012). Java 
island has several types of soil that also have different infiltration rates. The infiltration rate is influenced 
by soil physical properties such as texture, structure, organic matter and type of land use (Prakasa et al., 
2021;  Basri et al., 2022). Other study showed, the entisol soil type has a low water retention ability due to 
the sandy texture and is a soil that has a shallow depth (Hutauruk et al., 2020). 

In addition to soil type, land use can affect the rate of infiltration, land that has diverse vegetation 
has a higher infiltration rate than land without vegetation or land used as settlements explained that water 
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infiltration is influenced by the amount of vegetation in land use such as forest has the greatest infiltration 
compared to other land uses, this is because the roots that penetrate the soil can form pores so that the soil 
becomes loose and makes it easier for water to enter the soil (Dalimunthe et al., 2019; Sofia et al., 2017; 
Zaharia et al., 2017). Research conducted by previous study explained that land use in the form of grasslands 
has a relatively low flood susceptibility index, this is because the grassroots can suppress water rates 
(Romadhon & Aziz, 2022). Other researchs massive land conversion causes changes in soil properties that 
are unable to absorb water runoff, this can lead to a decrease in water infiltration power that is normally 
able to store more than 300 m3 ha-1 (Cazorzi et al., 2012; Rachmat & Pamungkas, 2014). 

The next factors are the slope and elevation, the slopes and the elevation are one of the factors that 
can influence the high potential for flooding (Choudhury et al., 2022; Dung et al., 2020). The flat slope and 
the low height of the place can increase the potential for high flooding. In the study show areas with a slope 
of 0 - 8% with a flat category have a higher level of flooding compared to areas that have rather steep 
contours, this is because rainwater moves from high places to lower places (Hutauruk et al., 2020). In other 
research explained that, the flood that hit the city of Padang was caused by the altitude and the slope 0 – 50 
masl which has a high level of flood susceptibility (Ikhvan & Mera, 2021).  
 
Flood Susceptibility Index 

The results of this study overlay obtained three classifications of flood susceptibility index, namely 
high potential, medium potential and low potential. The potential for high-level flooding is caused by flat 
slopes, low altitudes and high rainfall (Choudhury et al., 2022; Romadhon & Aziz, 2022). In the northern, 
the average annual rainfall reaches >2,500 mm / year . Land use in high flood potentials is dominated by 
paddy fields. Paddy fields have a high flood potential due to low land cover, paddy fields are also dominated 
by high clay content, resulting in a low infiltration rate due to conventional processing (Khosravi et al., 2016; 
Rachmat & Pamungkas, 2014). The western of Nguntoronadi has a high level of flood susceptibility because 
it is caused by being close to the water source, namely the Gajah Mungkur Reservoir. Research by previous 
study showed that the distance from water sources such as rivers, reservoirs, dams and others greatly 
affects the flood susceptibility index, the location distance of 0-250 m is stated to have very high flood 
susceptibility, the safest distance is more than 975 m from the water source (Adlyansah et al., 2019).  

In this study, the potential for moderate-level flood susceptibility is in the middle of the 
Nguntoronadi area with an altitude of 350 - 450 masl, previous study declared a safe zone from flooding, 
namely with an altitude of >350 masl (Adlyansah et al., 2019). Land use in areas of medium potential is 
dominated by plantations.  The plantation has a high water suction power, in the study explained that 
plantations have diverse vegetation, this can reduce the potential for flooding because the infiltration rate 
in the plantation area is relatively high (Dalimunthe et al., 2019). The other one showed, massive land 
conversion from plantations to densely populated areas can result in soil damage due to soil hardening and 
inhibit the rate of infiltration so as to increase the potential for flooding (Rachmat & Pamungkas, 2014). 

Areas that have a very steep slope with an altitude of >450 masl in the study have a low flood 
susceptibility index. In areas with low potential of flood susceptibility, it has the use of paddy fields, 
settlements and places of activity and plantations. According to the research state areas with an altitude of 
>200 masl have a lower level of flood susceptibility compared to areas with a height of <10 masl such as in 
Palu City which is on the coast (Hutauruk et al., 2020). Areas that have a very high level in this study >450 
masl will have a lower potential for flooding compared to areas that have an altitude of <150 masl because 
the movement of water always follows gravity from high areas to lower areas (Arief et al., 2019; Hutauruk 
et al., 2020).  

The area has high potential flood susceptibility with low altitude and dominated paddy field could 
be recommendation to prevent flooded. The area with high potential of flood susceptibility could be water 
management with drainages, terraces in the paddy field, seattlement areas and improving hydrological 
networks to increase water capacity. Previous studies showed, to prevent high potential flooding by 
improving the drainage system and terraces, it also manages dams, deepens and expands shallow rivers 
(Hutauruk et al., 2020; Khosravi et al., 2016). Additionally, the land use could be changes with plantation or 
reforestation in near water sources because the plantation can be prevent flooded (Aziza et al., 2021; 
Khosravi et al., 2016). 

 

4. CONCLUSION 

The conclusion of the results of this study in the Nguntoronadi area has three classification flood 
susceptibility indexes, namely low, medium and high levels. Factors who have potensial high flood 
susceptibility in the Nguntoronadi area are caused by factors of high rainfall. The higher the rainfall will 
cause a high potential for flooding. The second factor is that areas that have lowlands, where the lower the 
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elevation maka will increase the high potential for flood susceptibility. The third factor is the use, the lower 
the vegetation of a land, feeding can increase the high potential for flood susceptibility due to low water 
infiltration. In addition, areas that have a high level of population density have a high potential for flood 
susceptibility index. 
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