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Trucuk and Bojonegoro Districts in Bojonegoro Regency, East Java, are low-lying areas 
that experience recurring inundation whenever the Bengawan Solo River overflows 
during the rainy season. This study maps flood-prone zones across the two districts using 
a Geographic Information System (GIS) to more precisely guide flood risk reduction 
efforts. Four physical parameters known to influence flood occurrence- annual rainfall, 
slope gradient, soil type, and land use- were each reclassified and assigned a score and 
weight reflecting their relative contribution to flooding. The four parameter maps were 
combined through an Intersect overlay in ArcGIS Pro, and the resulting composite scores 
were divided into five hazard classes using the equal-interval method. The analysis shows 
that the low hazard class dominates the study area with 2,873 ha (43%), followed by the 
very high class at 1,557 ha (23%), the high class at 1,141 ha (17%), the very low class at 
1,053 ha (16%), and the moderate class at only 81 ha (1%). Slope emerged as the most 
influential parameter: because flat terrain (0–8%) covers 99% of the study area, this class 
produced the highest rating value of 27 in the overlay calculation. Interviews conducted 
in ten villages confirmed that the mapped hazard classes correspond with residents’ actual 
flooding experience, particularly among settlements located within one kilometre of the 
Bengawan Solo River. The resulting map is intended to help the Bojonegoro Regional 
Disaster Management Agency (BPBD) prioritize flood mitigation measures. 
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1. INTRODUCTION 

1.1. Research Background 

Flooding is among the hydrometeorological disasters that 
occur most frequently in Indonesia; national disaster records 
attribute roughly 1,420 flood events to 2024 alone, more than any 
other disaster type, affecting tens of thousands of buildings and 
displacing thousands of residents [1]. In Bojonegoro Regency, 
East Java, flooding is recorded regularly in the district’s disaster 
incident data, with around 63% of the regency’s population 
considered exposed to flood risk [2]. The regency’s low-lying 
terrain and its location along the Bengawan Solo River, the 

longest river on Java, leave surrounding settlements prone to 
inundation whenever river discharge rises sharply after intense 
rainfall [3]. 

Within Trucuk and Bojonegoro Districts specifically, 
flooding is typically triggered by a combination of high-intensity 
rainfall and limited river channel capacity; during peak rainy 
months, rising discharge causes water to spread beyond paddy 
fields into roads and residential areas. Earlier studies note that 
flood susceptibility around the Bengawan Solo watershed varies 
according to topography, land cover, and other hydrological 
characteristics [3], making spatial identification of flood-prone 
zones an essential first step toward more effective mitigation 
planning. Geographic Information System (GIS) technology has 
made it possible to combine such spatial and non-spatial variables 
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rainfall, elevation, land use, and hydrological factors into a single 
analytical framework that produces an interpretable flood hazard 
map [4]; this scoring-and-weighting approach has been applied 
successfully in numerous Indonesian watersheds to distinguish 
hazard classes ranging from very low to very high [5]. Building 
on this approach, the present study maps flood-prone areas in 
Trucuk and Bojonegoro Districts using a structured scoring and 
weighting method processed through GIS software, providing 
local authorities with a spatial basis for prioritizing flood risk 
reduction measures [6]. 

1.2. Literature Review 

Under Law No. 24 of 2007 concerning Disaster Management, a 
disaster is defined as an event or series of events that threatens 
and disrupts community life due to natural, non-natural, or human 
factors, resulting in loss of life, environmental damage, and 
material loss. Beyond its physical dimension, the magnitude of a 
disaster’s impact also depends on how well a community and its 
surrounding physical environment can respond to and absorb the 
event [7]. Flooding remains one of the most frequent natural 
hazards worldwide, and among all disaster types it accounts for 
one of the highest historical death tolls, with the majority of 
recorded flood fatalities occurring in Asia [8]. Four physical 
parameters are commonly used to characterize flood 
susceptibility: rainfall intensity, land use pattern, slope gradient, 
and river or drainage capacity, each contributing differently to 
how quickly surface runoff accumulates or dissipates within a 
catchment. 

Institutionally, flood risk reduction in Indonesia is 
coordinated by the National Disaster Management Agency 
(BNPB) together with technical ministries responsible for water 
infrastructure, regional government capacity, and weather 
information. Mitigation measures are generally grouped into 
active measures, embankment construction, river normalization, 
drainage improvement, retention basins, and early-warning 
systems, and passive measures, which rely on hazard mapping to 
guide spatial planning and prioritize where active measures 
should be implemented. A scoring and weighting method is 
widely used to translate these physical parameters into a single 
flood hazard index: each parameter class is assigned a score 
reflecting its relative flood contribution, multiplied by a weight 
reflecting the parameter’s overall importance, and then all 
parameters are combined through map overlay [9]. This approach 
has been applied in several Indonesian cities, for example in Kota 
Tarakan [10], Kabupaten Sleman [11], and Kota Jambi [12], 
consistently showing that overlay-based scoring can differentiate 
hazard classes from very low to very high across a watershed 
using widely available secondary data such as rainfall records, 
digital elevation models, soil maps, and land-use maps [13]. 
Beyond Indonesia, comparable GIS-based multi-criteria scoring 
and weighting frameworks, often implemented through the 
Analytical Hierarchy Process, have been used to delineate flood 
hazard or susceptibility zones in diverse settings, including the 
Dhalai River basin in Tripura, India [14], the Mfoundi watershed 
in Yaoundé, Cameroon [15], the Haor wetlands of Bangladesh 
[16], the Kr. Keureuto watershed in Aceh, Indonesia [17], the 
urban Amazon of Ananindeua, Brazil [18], the Barzan area of 
Iraqi Kurdistan [19], and Pati Regency in Central Java, Indonesia 
[20], underscoring the method’s broad applicability across 
differing physiographic and climatic contexts. These precedents 

inform the parameter selection and scoring scheme applied in the 
present study. 

1.3. Research Objective 

This study aims to (1) map flood-prone areas in Trucuk and 
Bojonegoro Districts using GIS-based scoring and weighting, and 
(2) determine the extent and distribution of each flood hazard 
class across the study area based on the combined influence of 
rainfall, slope, soil type, and land use. 

2. MATERIALS AND METHODS 

This research was conducted in Trucuk and Bojonegoro Districts, 
Bojonegoro Regency, East Java Province, a low-lying area 
traversed by the Bengawan Solo River, located approximately 
6°59′–7°37′ S and 111°40′–112°18′ E, about 110 km west of 
Surabaya. Ten villages spread across the two districts were 
selected as sampling locations, with fifteen observation points 
established in each village to support spatial analysis and 
attribute-based verification of the resulting hazard map. 

Data processing was carried out in ArcGIS 10.8 and ArcGIS 
Pro. Rainfall data were obtained from BMKG Bojonegoro and 
cross-checked against satellite-based CHIRPS rainfall estimates 
for 2022–2026. Soil-type data were sourced from the Bojonegoro 
Central Statistics Agency (BPS) and the FAO-UNESCO Digital 
Soil Map of the World. Slope data were derived from a Digital 
Elevation Model (DEM) obtained from Ina-Geoportal, while 
land-use data were compiled from the Bojonegoro RBI map and 
BPS records, together with administrative boundary data from the 
Geospatial Information Agency (BIG). 

A qualitative method combined with spatial analysis was 
applied. Each of the four flood-causing parameters was 
reclassified, scored, and weighted according to its influence on 
flood occurrence, following the weighting scheme in Table 1 [9]. 
Field verification was carried out through structured interviews 
with fifteen respondents drawn from each hazard class, together 
with direct observation of slope condition and land use in the ten 
sample villages, to confirm that the mapped classification 
matched conditions on the ground. 

The four parameter maps were combined using the Intersect 
overlay tool in ArcGIS Pro, so that every resulting polygon 
carried the combined attribute values of all four input layers. The 
hazard value for each unit area was computed as: 

K = (Sc × Bc) + (Sk × Bk) + (Sj × Bj) + (Sp × Bp)  (1) 

where K is the hazard value, S is the score, B is the weight, 
and the subscripts c, k, j, and p denote rainfall, slope, soil type, 
and land use, respectively. After the total hazard value for every 
polygon was obtained, the results were sorted from highest to 
lowest to identify the maximum and minimum values, which 
were then used to determine the class interval: 

Ki = (Xt − Xr) / n  (2) 

where Ki is the class interval, Xt is the highest value, Xr is 
the lowest value, and n is the desired number of hazard classes, 
five in this study: very low, low, moderate, high, and very high. 
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Table 1. Scoring and weighting criteria for flood-causing parameters 

Parameter Class Score Wt 

Rainfall 
(mm/yr) 

>2,500 5 5 

 2,001–2,500 4  

 1,501–2,000 3  

 1,001–1,500 2  

 <1,000 1  

Slope (%) 0–8 9 3 

 >8–15 7  

 >15–25 5  

 >25–45 3  

 >45 1  

Soil 
texture 

Fine 9 2 

 Moderately fine 7  

 Medium 5  

 Coarse 3  

 Very coarse 1  

Land use Settlement, no vegetation 9 2 

 Settlement, with vegetation 7  

 Dry field (tegalan) 5  

 Plantation / shrub 3  

 Forest / paddy field 1  

Source: Abiharyo [9] 

3. RESULT AND DISCUSSION 

3.1. Rainfall Classification 

Annual rainfall across Trucuk and Bojonegoro Districts, 
based on CHIRPS satellite data cross-checked with BMKG 
ground records for 2022–2026, falls entirely within the 1,501–
2,000 mm/year class, categorized as a “moist” regime (Table 2, 
Figure 1). Ground data from BMKG show that Trucuk District 
recorded its highest annual total in 2022 at 2,824 mm, while 
Bojonegoro District recorded 2,450 mm in the same year. 
Because the entire study area falls into a single rainfall class, this 
parameter does not by itself differentiate hazard levels spatially; 
however, it establishes a uniformly elevated baseline of surface-
water input that interacts with the other three parameters in the 
overlay analysis. 

Table 2. Rainfall classification result 

Class (mm/yr) Score Rating Area (ha) % 

1,501–2,000 3 15 6,705 100 
Source: field data analysis 

 
Figure 1. Rainfall map of Trucuk and Bojonegoro Districts 

3.2. Slope Classification 

The slope map (Figure 2) shows that Trucuk and Bojonegoro 
Districts are dominated by flat terrain (0–8%), covering 6,638 ha 
or 99% of the study area, while undulating slopes (8–15%) cover 
only 65 ha (0.9%) and rolling slopes (15–25%) cover just 2 ha 
(0.1%), concentrated in the northwestern part of the study area 
(Table 3). On flat terrain, surface runoff moves slowly toward 
drainage channels and the river, increasing the likelihood of 
prolonged inundation once rainfall intensity rises, whereas the 
small rolling-slope area drains more quickly but can contribute to 
localized runoff downstream. Because flat terrain received the 
highest rating value in the scoring scheme (27) and covers almost 
the entire study area, slope is the single most influential parameter 
in the overlay analysis, consistent with the weight of 3 assigned 
to it, the largest of all four parameters. 

Table 3. Slope classification result 

Class Score Rating Area (ha) % 

0–8% (flat) 9 27 6,638 99 

8–15% (undulating) 7 21 65 0.9 

15–25% (rolling) 5 15 2 0.1 
Source: field data analysis 

 
Figure 2. Slope map of Trucuk and Bojonegoro Districts 

3.3. Soil Type Classification 

Two soil groups dominate the study area: Fluvisols and Vertisols 
(Figure 3, Table 4). Fluvisols, formed from alluvial deposits 
carried by the Bengawan Solo River, cover about 5,058 ha (75%) 
of the study area and are concentrated along the main river 
corridor. Their moderately fine texture allows substantial water 
retention, but infiltration capacity declines once the soil 



V.A. ALMAUSHILY/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL. XX (2026), NO. X 

https://doi.org/10.29165/ajarcde.v10i3.1242  Almaushily 391

approaches saturation during periods of high rainfall or elevated 
river discharge. Vertisols, covering the remaining 1,647 ha (25%) 
in the northern part of the study area, contain a high proportion of 
clay minerals that shrink and swell with moisture content; their 
fine texture gives them the lowest infiltration capacity of the two 
soil groups, so they saturate quickly and generate comparatively 
more surface runoff once rainfall persists. 

Table 4. Soil type classification result 

Soil group Score Rating Area (ha) % 

Vertisols (fine) 9 18 1,647 25 

Fluvisols (mod. fine) 7 14 5,058 75 
Source: field data analysis 

 
Figure 3. Soil type map of Trucuk and Bojonegoro Districts 

3.4. Land Use Classification 

Land use in the study area is dominated by paddy fields, covering 
3,299 ha or 49% of the total area, followed by settlement with 
vegetation cover (1,401 ha, 21%), plantation (935 ha, 14%), dry 
field (777 ha, 12%), and river channel (293 ha, 4%) (Figure 4, 
Table 5). Because paddy fields and vegetated settlement together 
dominate more than two-thirds of the study area, overall 
infiltration capacity remains relatively favourable; however, the 
ongoing conversion of open land into built-up settlement without 
vegetation, the highest-scoring class in this parameter, 
progressively reduces infiltration area and increases surface 
runoff during heavy rainfall. This conversion pattern is most 
visible around the urban core of Bojonegoro District and along 
the main transportation corridors, where settlement density has 
expanded closest to the Bengawan Solo riverbank. 
 

Table 5. Land use classification result 

Class Score Rating Area (ha) % 

Settlement, w/ 
vegetation 

7 14 1,401 21 

Dry field 5 10 777 12 

Plantation 3 6 935 14 

Paddy field 1 2 3,299 49 

River 0 0 293 4 
Source: field data analysis 

 
Figure 4. Land use map of Trucuk and Bojonegoro Districts 

3.5. Flood Hazard Overlay and Classification 

Overlaying the four scored and weighted parameter layers 
through the Intersect tool in ArcGIS Pro produced composite 
hazard values ranging from 54 (lowest) to 74 (highest) across the 
study area. Applying Equation (2) with five desired classes yields 
an interval of four points per class: very low (54–58), low (59–
63), moderate (64–68), high (69–73), and very high (74–78). The 
resulting flood hazard map (Figure 5) shows that hazard levels are 
concentrated in specific parts of the study area, particularly the 
lower-lying settlement corridors closest to the Bengawan Solo 
River. 

As summarized in Table 6, the low hazard class covers the 
largest share of the study area at 2,873 ha (43%), followed by the 
very high class at 1,557 ha (23%), concentrated mainly around 
the northern part of Bojonegoro District and settlements 
bordering the river. The high class covers 1,141 ha (17%), the 
very low class 1,053 ha (16%), and the moderate class only 81 ha 
(1%), the smallest share, reflecting the narrow transition zone 
between the low and high classes given the study area’s fairly 
uniform rainfall and slope conditions. 

Twenty sample points, fifteen within the dominant Fluvisols 
area and five within the Vertisols area, were selected to verify the 
overlay result against field conditions. Elevation profiling using 
Google Earth Pro across these points showed relatively small 
variation, ranging from about 20 m to 32 m above sea level, 
consistent with the near-uniform flat topography identified in the 
slope analysis; the lowest points generally coincided with the 
higher hazard classes, since water draining from surrounding 
areas tends to accumulate there when river or drainage capacity 
is exceeded. Field observation across ten sample villages further 
confirmed that slope and land-use conditions recorded through 
GIS analysis matched conditions on the ground. 

 
Table 6. Flood hazard classification result 

Class Area (ha) % 

Very Low 1,053 16 

Low 2,873 43 

Moderate 81 1 

High 1,141 17 

Very High 1,557 23 

Total 6,705 100 
Source: field data analysis 
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Figure 5. Flood hazard map of Trucuk and Bojonegoro Districts 

Structured interviews with residents of the ten sample villages 
showed that flooding occurs most frequently between November 
and February, peaking in February, and typically lasts around one 
day per event, with inundation depths most commonly reported 
between 5–10 cm. Residents living within 1 km of the Bengawan 
Solo River, particularly in Padang, Guyangan, and Trucuk 
Villages, reported flooding more frequently than those living 
more than 1.5 km from the river, indicating that proximity to the 
river remains an influential factor beyond the four parameters 
used in the overlay analysis. This consistency between 
community-reported flood experience and the GIS-based hazard 
classification supports the reliability of the resulting map as a 
basis for flood mitigation planning in Trucuk and Bojonegoro 
Districts. 

4. CONCLUSION 

Flood-prone areas in Trucuk and Bojonegoro Districts were 
successfully mapped using a GIS-based scoring and weighting 
method, in which four parameter layers, rainfall, slope, soil type, 
and land use, were reclassified, scored, and combined through an 
Intersect overlay in ArcGIS Pro before being divided into five 
hazard classes using the equal-interval method. Among the four 
parameters, slope proved the most influential, since the near-total 
dominance of flat terrain (0–8%, covering 99% of the study area) 
produced the highest rating value of 27, consistent with slope 
carrying the largest weight (3) of all four parameters. The 
resulting hazard map shows that the low class covers the largest 
share of the study area at 2,873 ha (43%), followed by the very 
high class at 1,557 ha (23%), the high class at 1,141 ha (17%), the 
very low class at 1,053 ha (16%), and the moderate class at 81 ha 
(1%). Field observation and community interviews across the ten 
sample villages confirmed that the mapped hazard classes 
correspond with residents’ actual flooding experience, especially 
in settlements near the Bengawan Solo River, supporting the use 
of this map by the Bojonegoro Regional Disaster Management 
Agency (BPBD) in prioritizing flood mitigation and risk-
reduction measures. 
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