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ABSTRACT: Floods are one of hazards that periodically occur in Surakarta, Indonesia. This flooding has 
caused damage to road infrastructure, disrupted socioeconomic activities of the community, and disturbed road 
traffic. However, there is no ongoing disaster management to minimize the risk. Mitigation activity is an 
important component in the disaster management that is needed to minimize the impact of flooding. Spatial 
analysis and modelling is part of disaster mitigation as it can be used to predict the spatial extent of floods. The 
purpose of this study is to develop a spatial model of flooding using the rational modification method. The 
stages in this research include creating flood evaluation model, model validation, and model visualization. This 
study used secondary data accompanied by field observations. The datasets consist of rainfall data, slope, 
vegetation cover, soil type, area, surface storage, water infiltration volume, and drainage capacity. All data was 
then analysed by descriptive quantitative techniques. For the flood modelling, Geographic Information System 
(GIS) technology was used with two scenarios namely A and B. Based on the results of scenario A with a 
rainfall intensity of 93.2 mm/hour, and scenario B with a rainfall intensity of 136.6 mm/hour, the flooding 
occurred throughout Surakarta. In addition, the results of the Focus Group Discussion with the Public Works 
and Spatial Planning Office of Surakarta City found that hydrological data modelling had not been utilized in 
making drainage channels for flood prevention, which eventually resulted in floods still occurring during the 
rainy season. 
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1. INTRODUCTION 
 

Flood inundation in the city of Surakarta often 
occurs in the rainy season, due to the high volume 
and intensity of rainfall. The capacity of the 
drainage system is inadequate to deal with these 
high flows. This flooding was also triggered by 
community activities such as littering and land 
conversion [1]. Inundation floods occur because the 
high volume of water flowing in an area exceeds its 
capacity [2-7]. This phenomenon causes negative 
impacts, such as road damage, disrupted socio- 
economic community activities, and traffic 
congestion [8-11]. 

One of the efforts to minimize the impact of 
inundation is to perform disaster mitigation. 
Mitigation activities are one of the important 
components in dealing with inundation flood 
disasters as it is part of the early warning system. 
Indonesian Government Regulation Number 21 of 
2008 states that disaster mitigation is a series of 
efforts to reduce disaster risk, through physical 
development, awareness, and capacity building. 
Apart from flood vulnerability mapping [12] and 
risk assessment [13], therefore, modelling studies of 
inundation flooding is important part of efforts to 
deal with these disaster events.  

Inundation flood mitigation can be done by 
hydrological modeling. There are various types of 
modeling in hydrology that can be applied to 
inundation floods, including: stochastic models, 
probability models, conceptual models based on 
actual conditions, parametric models, and 
deterministic models [2]. This study will adopt a 
conceptual model based on the real situation using 
the rational method. This method was developed 
based on the specific assumption that the rain that 
occurs has a uniform and even intensity throughout 
the watershed for at least the same time of 
concentration (tc) as the watershed. 

One of the analytical techniques that can be used 
for inundation flood mitigation is to use spatial 
analysis, specifically by making spatial modeling of 
inundation floods [4]. The result of this modeling is 
a map of potential inundation floods [14-15]. This 
model is obtained from the calculation between 
runoff discharge minus the volume of infiltration 
and regional drainage capacity. Meanwhile, for the 
calculation of the runoff discharge, the runoff 
coefficient uses the Cooks method [16-19]. 
Therefore, flood inundation can occur if the 
discharge value is greater than the infiltration 
volume and drainage capacity. 

Spatial modeling of flood inundation in 
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Surakarta City can be done by utilizing Geographic 
Information System (GIS) technology. GIS is a 
technology for inputting, managing, manipulating, 
and analyzing spatial and non-spatial data 
originating from the real world [20]. In this study, 
GIS was used to process, analyze, and create a 
spatial model of flood inundation through overlay 
and measurement functions. 

Taking all the motivation above, this study aims 
to create a spatial model of inundation based on 
rainfall intensity scenarios using rational method in 
the city of Surakarta. This research is important 
because it can be used as consideration for spatial 
planning and the development of urban drainage 
systems for flood prevention. 

2. RESEARCH SIGNIFICANCE

Study of flood inundation potential is essential 
as a contribution to disaster mitigation. Because 
Surakarta city is located in an intermountain plain, 
where the region is prone to flood inundation. 
Therefore, this study intends to model the potential 
for flooding in Surakarta using a geospatial 
approach. Several physical parameters were 
integrated and used as inputs for the model, namely 
land use, rainfall, slope, soil, infiltration, and 
drainage capacity. The resulted model would 
provide information on location of flooded area 
which is helpful for local government and disaster 
management institution in tackling flood in 
Surakarta. 

3. METHODOLOGY

3.1 Study Area 

Surakarta City is located between 110o46'10" to 
110o51'25" East longitude and 7o32'13" to 7o35'12" 
North latitude, covering the area of 44.04 km2. It has 
certain characteristics including: (a) inundation 
floods in rainy season which bring negative impact 
on the community, (b) the basin morphology of 
Surakarta City makes it to be in a floodplain area, 
and (c) flood-prone area [21]. Surakarta City is in a 
depression zone and an intermountain plain 
surrounded by Lawu Volcano, Merapi Volcano, 
Merbabu Volcano, Kendeng Hills and Southern 
Mountains. The area is in the form of young 
volcanic deposits from the Lawu Volcano, Merapi 
Volcano and Merbabu Volcano as well as sediment 
from the Kendeng Hills and Southern Hills. The 
northern city of Surakarta is part of the Kendeng 
Hills. The area is a lowland area with an altitude of 
only 80-120 meters above sea level and categorized 
into type D (slightly wet) climate, giving 
implication to the potential of flooding. Soil types 
in Surakarta includes: (a) associations of dark gray 
grumusol and reddish brown mediterranean, (b) 

dark brown mediterranean, (c) grayish brown 
alluvial, and (d) gray regosol.  

Surakarta city has macro and micro drainage 
system. The macro system includes: (a) Kijing 
River, (b) Pelemwulung River (Wingko River and 
Tanggul River), (c) Pepe River, (d) Sumber River 
and (e) Anyar River which is a canal from Pepe 
River and Sumber River. The estuaries of these 
rivers are at Bengawan Solo River. The micro 
system includes: (a) secondary channels including 
the micro system, namely Kali Pepe Hilir and Kali 
Jenes.  

3.2 Spatial Modelling of Flood 

In this study, several data were used, including 
land use or vegetation cover, soil type, slope, 
surface storage, runoff coefficient (C), rainfall 
distribution (I), area, runoff discharge (Qp), 
infiltration capacity volume (R), and regional 
drainage capacity (D). Next, three flood parameters 
were extracted which are runoff discharge (Qp), 
infiltration volume (R), and drainage capacity (D). 
Those parameters were then integrated in ArcGIS to 
obtain the potential inundation flood (Fig.1). The 
potential flood was also classified using the scheme 
presented in Table 1. Figure 2 shows the all stages 
performed in this study.  

Fig.1 Research scheme 

Table 1 Classification of potential flood inundation in 
Surakarta 

Analysis Description 

Qp - (R + D) = (+) positive or Qp > (R + D) Potential to flood 

Qp - (R + D) = (-) negative or Qp < (R + D) 
Not potential to 
flood 

Qp - (R + D) = (0) or Qp = (R + D 
Small potential to 
flood 

Furthermore, the inundation flood modelling in 
Surakarta City was conducted in two scenarios (A 
and B). Scenario A used data of maximum rainfall 
intensity that occur in 2020, while scenario B used 
data of maximum rainfall intensity that occurs in 
2021. 
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Fig.2 Research workflow 

4. RESULT AND DISCUSSION

4.1 Runoff Coefficient (C) 

The parameters used to calculate the runoff 
coefficient with the Hassing model are topography, 
soil, vegetation, and surface storage parameters 
(Table 2). The highest runoff coefficient value 
based on Cook's model is in Jebres at 25.958, while 
the lowest score is in Banjarsari at 17.656. A high 
score indicates that the potential for runoff is high 
so that it will have an impact on the potential for 
puddles. The factors that have the most impact on 
the runoff coefficient in the research area are 
topography and vegetation.  

Based on the classification of Cook's Model, the 
low runoff coefficients range is 0-25, moderate > 
25-50, and high > 50. Therefore, the runoff 
condition in Surakarta were categorized as low 
(Banjarsari, Pasar Kliwon, Laweyan, and Serengan) 
and moderate (Jebres).  

4.2 Rainfall Intensity (I) 

The intensity of rainfall was calculated using the 
Thiessen polygon method from two rainfall stations 
around the city of Surakarta (Pabelan Station and 
Jurug Station 2). Rainfall data at both stations is 
based on monthly average rainfall data in 2020. The 
average amount of rainfall at Pabelan Station in 
2020 is 45.41mm/hour. Meanwhile, the average 
monthly rainfall at Jurug 2 Station is 32.78 
mm/hour. In detail about the calculation results can 
be seen in Table 3. 

The results showed that the highest average 
rainfall intensity is in Pasar Kliwon and Jebres Sub-
districts at 32.78 mm/hour. Meanwhile, the lowest 
average rainfall intensity is in Serengan Sub-district 
at 17.73 mm/hour. The high and low intensity of the 
average rainfall is largely determined by the rainfall 
itself and also the coverage of the rainfall station. 
The implication of high rainfall will have an impact 
on increasing the potential for runoff and the 
potential for flooding. 

Coefficient Run Off Model Cook’s 

Drainage 
Area 

Polygon 
Thiessen 

Type of 
Soil 

Slope Class Surface Water 
Storage 

Landuse 
Classificatio

 

Landuse Map 

Drainage 
System 

Rainfall 
Data 

Soil Map DEM Sentinel -2 
Imagery 

Start 

Topography 
Data 

Rainfall 
Intensity 

Administration 
Map 

Administration 
Area 

Infiltration 
Area 

Qp = 0,278 x C A I 

Infiltration 
Capacity 

Debit Run 
Off 

Drainage 
Capacity 

Inundation 
Model 
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Table 2 Coefficient of runoff (C) 

Sub-district 
Runoff coefficient (C) Total 

slope soil Vegetation 
cover 

Surface 
storage 

Banjarsari 6.89 3.95 3.83 3.00 17.66 
Jebres 9.70 7.50 4.84 3.92 25.96 
Pasar Kliwon 6.04 3.60 4.83 3.75 18.23 
Laweyan 5.38 5.00 4.91 3.75 19.04 
Serengan 5.14 2.50 6.59 5.00 19.23 

Table 3 Rainfall intensity (I) 

Sub-district Station Area (km2) Percentage 
(%) 

Monthly average 
rainfall 

(mm/hour) 

Total monthly 
average rainfall 

(mm/hour) 

Final monthly 
average rainfall 

(mm/hour) 

Banjarsari Pabelan 6.68 0.44 45.41 20.17 19.19 Jurug 2 8.36 0.56 32.78 18.22 
Jebres Jurug 2 14.22 1.00 32.78 32.78 32.78 

Laweyan Pabelan 8.77 0.97 45.41 44.15 22.53 Jurug 2 0.25 0.03 32.78 0.91 
Pasar Kliwon Jurug 2 4.87 1.00 32.78 32.78 32.78 

Serengan Pabelan 0.65 0.21 45.41 9.61 17.73 Jurug 2 2.42 0.79 32.78 25.84 

4.3 Area (A) 

The area in this study was obtained from the 
Central Statistics Agency (BPS) for the City of 
Surakarta as stated in the Surakarta publication 
report in Figures 2021. The total area in Surakarta 
City is 44.04 km2 (Table 4). 

Table 4 Area of sub-district in Surakarta 
Sub-district Area (km2) 
Laweyan 8.64 
Serengan 3.19 
Pasar Kliwon 4.82 
Jebres 12.58 
Banjarsari 14.81 
Total 44.04 

Source: BPS Surakarta, 2021 

4.4 Discharge Runoff 

 The runoff discharge is calculated by using the 
equation formula of the rational method. 
Meanwhile, the runoff coefficient used the Cook’s 
model. Equation (1) is used to calculate the runoff 
discharge with the rational method:  

𝑸𝑸𝑸𝑸 = 𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐. 𝑪𝑪. 𝑰𝑰. 𝑨𝑨  (1) 

Where,  
Qp : peak discharge (m3/sec) 
C : runoff coefficient 
I : rainfall intensity (mm/hour) 
A : area (km2) 

 Based on Table 5, it can be seen that the highest 
runoff discharge value based on the classification of 
the runoff coefficient of the Cook's model is in 
Jebres Sub-district of 2,975.81 m3/s.  

Meanwhile, the lowest runoff discharge value is in 
Serengan Sub-district at 299.37 m3/s. 

Table 5 Peak discharge from Cook’s Model 
Sub-

district 
C 

(m3/s) 
I 

(mm/hour) 
A 

(km2) 
Qp 

(m3/s) 
Banjarsari 

0.278 

17.656 19.19 14.81 1,394.98 
Jebres 25.958 32.78 12.58 2,975.81 
Pasar 
Kliwon 

18.225 32.78 4.82 
800.51 

Serengan 19.04 17.73 3.19 299.37 
Laweyan 19.233 22.53 8.64 1,040.80 

Areas that have a high runoff discharge indicate 
that the area has the potential for inundation to 
occur. One of the factors causing the high potential 
for runoff discharge is the high runoff coefficient 
value and the intensity of the rain that occurs. This 
is in line with the previous studies [22-23] which 
states that the intensity of rainfall and vegetation has 
an impact on the discharge conditions of an area. 
The higher the rainfall accompanied by the 
increased growth of the built-up area, the higher the 
potential for runoff discharge. 

4.5 Infiltration Volume Capacity (R) 

 The catchment area data can be obtained from 
the calculation of features of non-built land use 
types minus the area of water body features (rivers, 
reservoirs, and so on). Furthermore, to generate the 
infiltration capacity parameter feature, the 
infiltration volume data derived from secondary 
data, is inputted into the infiltration area feature that 
has been created. Thus, the feature of the infiltration 
area will represent the capacity of the existing 
infiltration volume. Details of the calculation results 
can be seen in Table 6. 
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Table 6 Infiltration volume capacity in Surakarta 

Sub-district 
Non 

built-up 
(km2) 

Water 
body 
(km2) 

Infiltration 
capacity 

(km2) 

Volume 
(m3) 

Banjarsari 0.706627 0.295221 0.41 41 

Jebres 0.770426 0.429375 0.34 34 

Pasar Kliwon 0.127816 0.07217 0.06 6 

Serengan 0.026254 0.015021 0.01 1 

Laweyan 0.297037 0.009915 0.29 29 

 Table 6 shows that the highest infiltration 
volume capacity is in Banjarsari Sub-district of 41 
m3 and the lowest capacity is in Serengan Sub-
district of 1 m3. The larger the infiltration volume, 
the smaller the inundation will occur. The small 
infiltration volume indicates that the area is an area 
that has a high built-up area so it is difficult to 
absorb water into the ground. 

4.6 Drainage Capacity (D) 

 First, drainage channel features are needed to 
produce regional drainage capacity data, drainage 
channels are obtained from digitizing the Surakarta 
drainage map. Then secondary data in the form of 
regional drainage channel capacity data is inputted 
into the attribute feature that has been created. 
Details of the drainage capacity of Surakarta City 
can be seen in Table 7. 

Table 7 Drainage Capacity in Surakarta 
SubDistrict Drainage system 

(river) 
Area 
(km2) 

volume 
(m3) 

Banjarsari 

 Anyar 4.623 

147.28  Gajah Putih 3.031 
 Pepe Hilir 3.199 
 Pepe Hulu 3.875 

Jebres 
Bengawan Solo 4.343 

145.18  Anyar 8.314 
 Pepe Hilir 1.861 

Laweyan  Gajah Putih 1.588 158.8 

Pasar Kliwon 

Bengawan Solo 1.586 

916.5 
 Jenes 2.759 
 Pepe Hilir 1.691 
 Tanggul 3.122 
 Wingko 0.007 

Serengan 
 Jenes 1.594 

713.7  Tanggul 5.117 
 Wingko 0.426 

Source: Public Works and Spatial Planning Office of 
Surakarta, 2021 

Based on Table 7, it is observed that the highest 
drainage capacity in Surakarta City is in Pasar 
Kliwon of 916.5 m3. Meanwhile, the lowest 
drainage capacity is in Jebres, which is 145.18 m3. 
A high drainage capacity can minimize the 
occurrence of inundation floods and conversely a 
low drainage capacity causes an area to have the 
potential for inundation to occur. Based on the field 

survey, it is found that the drainage function in 
Surakarta is currently less than optimal. This is due 
to the lack of periodic maintenance activities carried 
out by the Surakarta Government. For example, the 
drainage conditions found a lot of garbage, both 
plastic and leaves that had piled up. If this is not 
addressed, the drainage capacity will certainly 
decrease. 

4.7 Flood Inundation Modelling (F) 

The flood inundation modeling in this study was 
calculated by referring to the calculation of three 
inundation flood parameters, namely runoff 
discharge (Qp), infiltration volume capacity (R), 
and regional drainage capacity (D). Furthermore, 
the potential for flood inundation is obtained 
through the overlay technique of the three 
parameters. Equation (2) is used to calculate the 
potential for flooding in the study area is as follows: 

𝑭𝑭 = 𝑸𝑸𝑸𝑸 − (𝑹𝑹 + 𝑫𝑫)  (2) 

where: 
F : Flood inundation (local flood) 
Qp : Surface runoff 
R : Infiltration capacity 
D : Drainage capacity 

 According to Table 8, the result of flood 
modelling using Cook's method in Surakarta City 
had a positive (+) and negative (-) values. The 
positive values indicate that the area is potentially 
flooded. The sub-districts that have the potential to 
be inundated under these conditions including 
Banjarsari (14.81 km2), Jebres (12.58 km2), and 
Laweyan (8.64 km2) (Fig. 3). The infiltration and 
drainage capacity in these regions are considered no 
longer able to accommodate the existing debit 
amount. Meanwhile, Pasar Kliwon sub-districts and 
Serengan were not flooded, indicating that the 
current condition of infiltration volume and 
drainage capacity is still able to accommodate the 
existing discharge.  
 The potential of inundation flooding that occurs 
in Surakarta City is currently caused by the high 
potential for discharge and the lack of water 
catchment areas. It is observed that the potential 
flood occurs in areas with the following 
characteristics: (a) high rainfall intensity (>60 
mm/hour), a slope of 5-10%, (b) built-up areas, (c) 
soil type of dark gray grumusol, Mediterranean, and 
dark brown Mediterranean, and (d) poor drainage 
system. These findings therefore support the prior 
study [24], who stated that the causes of inundation 
floods are generally high rainfall intensity, less 
optimal drainage capacity, and high levels of 
building density in areas prone to flooding. 
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Fig. 3 Potential Flood Inundation in Surakarta  

Table 8 Flood inundation model using Cook’s method 

Sub-district 
runoff 

discharge 
(Qp) 

infiltration 
volume 

(R) 

drainage 
capacity 

(D) 
[Qp-(R+D)] Description Area 

(km2) 

Banjarsari 1,394.98 41 147.28 1,206.70 Flooded 14.81 
Jebres 2,975.81 34 145.18 2,796.63 Flooded 12.58 
Pasar Kliwon 800.51 6 916.5 -121.99 Not flooded 4.82 
Serengan 299.37 1 713.7 -415.33 Not flooded 3.19 
Laweyan 1,040.80 29 158.8 853.00 Flooded 8.64 

4.8 Flood Inundation Model Scenarios 

In this study, the flood inundation model 
scenario is divided into two, scenario A and B, 
in which different in the rainfall intensity data. 
This is because rainfall is the main parameter 
that causes flooding in the area. Scenario A used 

maximum rainfall that occurred in 2020, which 
is 93.2 mm/hour. While scenario B used 
maximum rainfall in 2021, which is 136.6 
mm/hour. The coefficient value to create the 
scenario is from the Cook's model. In detail, the 
results of both scenarios can be seen in Table 9 
and Table 10. 

Table 9 Result of flood model in scenario A 
Sub-district constant C I A  Qp  R  D (R+D) [Qp-

(R+D) Description

Banjarsari 0.278 17.656 93.2 14.81 6,774.98 41 147.28 188.28 6,586.70 Flooded 
Jebres 0.278 25.958 93.2 12.58 8,460.82 34 145.18 179.18 8,281.64 Flooded 
Pasar Kliwon 0.278 18.225 93.2 4.82 2,276.02 6 916.5 922.50 1,353.52 Flooded 
Serengan 0.278 19.04 93.2 3.19 1,573.69 1 713.7 714.70 858.99 Flooded 
Laweyan 0.278 19.233 93.2 8.64 4,305.48 29 158.8 187.80 4,117.68 Flooded 
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Table 10 Result of flood model in scenario B 
Sub-district constant C I A  Qp R  D (R+D) [Qp-

(R+D) Description 

Banjarsari 0.278 17.656 136.6 14.81 9,929.85 41 147.28 188.28 9,741.57 Flooded 

Jebres 0.278 25.958 136.6 12.58 12,400.73 34 145.18 179.18 12,221.55 Flooded 

Pasar Kliwon 0.278 18.225 136.6 4.82 3,335.88 6 916.5 922.50 2,413.38 Flooded 

Serengan 0.278 19.04 136.6 3.19 2,306.50 1 713.7 714.70 1,591.80 Flooded 

Laweyan 0.278 19.233 136.6 8.64 6,310.39 29 158.8 187.80 6,122.59 Flooded 

 Based on Table 9 and Table 10, it can be seen 
from both scenarios, that Surakarta is flooded 
throughout the regions.  This is actually in line with 
the results of the Focus Group Discussion (FGD) 
activity that has also been carried out with 
stakeholders to confirm the findings. It was found 
that Surakarta has a flat topography, minimal water 
infiltration conditions, and non-optimal drainage. 
When the high rainfall intensity occurs (>60 
mm/hour), then the area will be flooded. The 
occurrence of inundation floods will occur evenly 
in all sub-districts, which are Banjarsari, Jebres, 
Pasar Kliwon, Serengan, and Laweyan. 

5. CONCLUSION

 In this study, flood modelling has been carried 
out in Surakarta. The results indicate that the area 
has the potential to inundate during the rainy season, 
especially in Banjarsari, Jebres, and Laweyan sub-
districts. Based on the results of scenario A with 
rainfall intensity of 93.2 mm/hour, and scenario B 
with rainfall intensity of 136.6 mm/hour, flood 
inundation can occur throughout Surakarta. The 
potential for inundation flooding occurs in areas 
with the following characteristics: (a) high rainfall 
intensity (>60 mm/hour), (b) slope of 5-10%, (c) 
built-up areas, (d) soil type in associations of dark 
gray grumusol, Mediterranean, and dark brown 
Mediterranean soil, and (e) poor drainage system. 
The findings of this study are also supported with 
the results of focus group discussion with the 
Surakarta City Public Works and Spatial Planning 
Office where the current inundation flooding was 
caused by factors of rainfall intensity, land use, and 
poor drainage system planning. 
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