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 The Hydrology of a watershed, encapsulated within the biogeophysical characteristics of 

upstream, midstream, and downstream regions, governs the peak discharge. Notable 

flooding issues have been observed in the downstream region of the Buleleng Watershed, 

largely attributed to land use transitions from vegetative to built-up areas. This study seeks 

to delineate the flood overflow zone within the Buleleng River Basin, influenced by 

factors such as rainfall, land use, and soil texture. Data employed in this study encompass 

land use maps, an 8-meter resolution Digital Elevation Model, annual rainfall records, soil 

texture information, and river network maps. The adopted methodology involved field 

survey data collection, satellite image analysis, and hydrological approach computations. 

Peak discharge values for the Buleleng Watershed, derived for periods of 5, 10, 25, and 

5-100 years, were determined to be 426334.44, 568445.88, 603035.31, and 617379 m3/s 

respectively, set against a river capacity of 312748.13 m3/s. Given the substantial 

overflow discharge from the Buleleng River, the watershed is susceptible to flooding. The 

study findings indicate a progressive annual increase in flood overflow predictions, 

necessitating targeted interventions such as drainage management, surface runoff control, 

and a review of spatial permits for settlement usage, particularly within watershed 

conservation areas. 
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1. INTRODUCTION 

 

Floods present significant challenges globally, with 

particular prominence in numerous regions [1, 2], notably 

within tropical locales such as Indonesia [3, 4]. The 

susceptibility of Indonesia to floods is attributed primarily to 

its geographical positioning, which is exposed to extreme 

meteorological phenomena including intense rainfall and 

typhoons [5, 6]. Furthermore, the country's extensive river 

network, often subject to inadequate management, is liable to 

rapid overflow during heavy rainfall episodes [7, 8]. The 

ramifications of flood events in Indonesia are manifold and 

severe, encompassing loss of human life, extensive property 

and infrastructure damage, and substantial disruption to 

economic activities [9]. These effects are particularly 

pronounced in rural locales where the majority of inhabitants 

are dependent on agriculture and fishing for their livelihoods 

[10]. A recurrent cause of flood-related challenges is river 

overflow. This occurs when the river's capacity is 

overwhelmed by the volume of water it receives, leading to 

spillage beyond its banks. 

River overflow flooding, a form of natural disaster, ensues 

when the water level in a river exceeds its banks, leading to 

the inundation of surrounding areas [11]. This type of flooding 

is notably prevalent in regions experiencing heavy rainfall or 

snowmelt, and where river systems have been subject to poor 

management. The aftermath of river overflow flooding can be 

extensive, damaging infrastructure, residential properties, and 

agricultural land, while also disrupting transportation and 

commerce [12]. In densely populated urban settings, the 

consequences of river overflow flooding can be particularly 

catastrophic, with elevated risks of loss of life and significant 

property damage [13, 14]. To alleviate the impacts of such 

events, the implementation of effective flood management 

strategies is crucial. These may include the construction of 

levees and floodwalls, the development of early warning 

systems, and enhancements in land-use planning [15]. River 

overflow flooding poses a significant challenge to numerous 

global communities, necessitating proactive measures for its 

prevention and mitigation [16, 17]. Floods transpire when the 

discharge or volume of water coursing through a river or 

drainage channel surpasses its carrying capacity. Flooding is 

the result of water runoff exceeding the normal high water 

level, leading to an overflow from the riverbed and subsequent 

inundation of adjacent low-lying lands. Contributing factors to 

flooding encompass prolonged rainfall, soil erosion leading to 

rock exposure and reduced water absorption, waterway 

blockages due to improper waste management, illegal and 

unregulated logging, regional topology, and the conversion of 

land for settlement and office use [18, 19]. 

A watershed is delineated as an area confined by mountain 

ridges, wherein the rainwater that precipitates within this area 

is gathered by these ridges and is channeled through minor 

rivers to the principal river [20]. The hydrological state of a 

watershed can be substantially influenced by alterations in 

land use. Specifically, the transformation of land use from 

vegetation to built-up areas can escalate both peak discharge 

and surface runoff [21]. Such increases are attributed to a 
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decrease in water absorption capacity, and when this surpasses 

the river's capacity, the resultant runoff augments the potential 

for flooding [22, 23]. Peak discharge arises due to the 

amplification of surface runoff water, culminating in an 

increase in river water volume and subsequent flooding. 

Typically, peak discharge is influenced by two overarching 

factors: Rain and watershed characteristics. The former 

encompasses the quantity of rainfall, its intensity, duration, 

and distribution, while the latter includes the watershed area, 

its shape, topography, soil type, geology, and land use [24, 25]. 

To date, the academic literature has not featured 

publications estimating river overflow floods specifically 

within the province of Bali. Prior research has been conducted, 

with a focus on Jakarta, the capital city of Indonesia, in 2017 

[26]. The research examined the damage resulting from river 

overflow floods utilizing a climate data approach, a case study 

centered on a specific river area was undertaken. The 

integration of field survey data with climate data was 

employed to estimate flood occurrences and associated 

damage in adjacent areas. It was posited that for larger river 

basin scales, this method may lack the necessary effectiveness. 

Consequently, it is argued that a hydrological approach 

incorporating geospatial data and river sampling surveys is 

requisite. The current study estimated river overflow floods, 

utilizing a scenario of projected rainfall for periods spanning 5 

to 100 years, in conjunction with supplementary geospatial 

data. The study's output predominantly delivered estimates of 

river overflow floods in relation to river capacity. In this 

context, river capacity was assumed to be static, suggesting 

that if the estimates indicate high levels of rainfall up to 100 

years into the future, river overflow floods will occur due to 

the volume of water surpassing the storage capacity. 

The Regional Disaster Management Agency of Buleleng 

Regency has reported a substantial incidence of flooding in the 

area, with 191 cases documented from January to May in 2012. 

Data from the Public Works and Spatial Planning Office of 

Buleleng Regency, detailing the flood characteristics in 

Singaraja City over the past five years (2015-2019), are 

indicative of the flood patterns within this city. Specifically, 

the total area of the flood region has been calculated to be 

17.39 ha, encompassing 2,789 ha, with an average flood height 

of 0.4 cm. The duration of flooding in Singaraja City varies 

between 1-4 hours, with a frequency of flooding that ranges 

from 2-7 times per year. Drainage issues in Singaraja City, 

such as unchecked land conversion, have contributed to an 

increase in surface runoff and heightened rates of erosion and 

canal sedimentation, thereby diminishing the capacity of the 

channel/drainage system. The lack of spatial data and future 

predictions of river overflow flooding motivated the conduct 

of this research. In this study, a hydrological approach and 

spatial analysis were employed to investigate overflow 

flooding. The primary objective of this research is to model 

inundation floods based on peak discharge values, river 

channel capacity, and estimated rainfall with return periods of 

5, 10, 25, 50, and 100 years. This research is structured as 

follows: (1) Introduction, (2) Research methodology, which is 

divided into several subsections including research area, field 

sample, and data analysis, (3) Results and discussion, further 

divided into thematic map parameters, estimated rainfall and 

rainfall intensity, river capacity, and flood overflow 

estimations, (4) Discussion, and (5) Conclusions. 

 

 

2. RESEARCH METHOD 
 

2.1 Research area and field sample 

 

Spatially, the Buleleng Watershed is located between 

8°63'0.324"-8°14'14.712" South Latitude and 115°09'23.112"-

115°04'55.416" East Longitude. Based on geographical 

location, the Buleleng Watershed is located in Sukasada 

District and Buleleng District, which Sawan District borders 

in the east, Banjar District in the west, and the Bali Sea in the 

north. 

The case study is dominated by the use of forest land 

associated with dry land agriculture [27]. The most commonly 

found agricultural commodities in the field are horticultural 

crops such as mustard greens, carrots, chili peppers [28], 

flowering plants such as chrysanthemums [29] and other 

seasonal crops. The most common plantation commodities are 

cloves, coffee, and cocoa. The upstream area of this region 

boasts two tourist attractions in the form of Buyan and 

Tamblingan lakes [30], which are surrounded by agro-tourism 

activities [31], with strawberries as the flagship commodity 

[32]. The region is relatively fertile, with Andosol soil types 

prevalent in the upstream area. However, from a different 

perspective, other researchers have stated that the upstream 

area is at a high risk of landslides. This high potential for 

landslides is caused by the biophysical conditions of the area, 

including high rainfall, a slope inclination of over 45%, 

volcanic upper slope forms, and some upstream areas having 

sparse vegetation with dry fields as the primary land cover [33]. 

The Buleleng Watershed is a part of the Saba Daya 

Watershed SWP with an area of 3,359 ha and has an elongated 

headwaters shape. The Buleleng Watershed is located in two 

sub-districts, namely Sukasada District and Buleleng District, 

through nine villages and ten sub-districts, namely: Wanagiri 

Village, Gitgit, Sukasada, Nagasepeha, Petandakan, 

Sarimekar, Beratan, Liligundi, Banyuning Village, Singaraja 

Village, Tegal Banjar, Astina, Banjarjawa, Banjarbali, 

Kampung Kajanan, Kampung Baru, Kampung Bugis, and 

Kampung Anyar. The slopes in the Buleleng Watershed are 

flat (0-5%), wavy (5-10%), hilly (10-30%), and steep (>30%). 

The hilly slope class dominates the Buleleng Watershed with 

an area percentage of 32.93% of the watershed area. The broad 

slope of hilly and steep slopes results in higher surface runoff 

rates and volumes. In addition, land use in the Buleleng 

Watershed is dominated by plantations, which is 54.09% of 

the watershed area. Land use with low vegetation cover causes 

water to fall to the ground directly and accelerates the soil 

saturation point. Annual rainfall in the Buleleng Watershed is 

more excellent than 2,750 mm/year with a very high category 

which affects the peak discharge value and causes flooding in 

the Buleleng Watershed. 

The field survey aims to check data obtained from maps 

with conditions in the field. The survey was carried out by 

measuring the width of the river and the height of the river 

body and documenting the location at each sampling point. 

Sampling points for morphometric measurements were carried 

out from upstream to downstream of the river. Samples 1 and 

2 are located upstream, 3 to 5 are in the middle, and 6 to 12 are 

downstream. The sample point distribution map is shown in 

Figure 1. 
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Figure 1. Research area and spatial distribution of field 

sample 

 

2.2 Data analysist  

 

Data analysis is a process of data into the latest information 

so that the data obtained becomes easier to understand and can 

be used to solve a research problem. 

 

1. Calculation of peak discharge (rational method) 

Calculation of peak discharge is carried out using the 

Rational method [34]. The parameters are surface runoff 

coefficient, rainfall intensity, and watershed area. The 

equation used is: 

 

𝑄𝑝 = 0.278 × 𝐶 × 𝐼 × 𝐴 (1) 

 

where: 

Qp: Peak discharge (m3/sec) 

C: Surface runoff coefficient 

I: Rain Intensity (mm/hour) 

A: Watershed area (km2) 

The amount of peak discharge is obtained through several 

stages, namely: 

a. The coefficient of surface runoff obtained from the overlay 

technique of slope maps, soil texture maps and land use 

maps using the method from [35]. 

b. Rain intensity based on maximum rainfall data (R24) and 

rain duration (t) [36]. Rain intensity is determined by the 

Mononobe equation, namely: 

 

I =
𝑅24
24

(
24

𝑡
)
2/3

 (2) 

 

where: 

I: rainfall intensity (mm/hour) 

R24: maximum rainfall (mm) 

t: rain duration (hours) 

with the maximum daily rainfall in 24 hours (R24) is 

determined using the equation: 

 

R24 = �̅� +
𝑆𝑥
𝑆𝑛

(𝑌𝑡 − 𝑌𝑛) (3) 

 

where: 

R24: Maximum daily rainfall for 24 hours (mm/24 hours) 

X: Average rainfall (mm) 

Sx: Standard Deviation 

Yn: Reduced mean 

Sn: Reduced standard deviation 

Yt: Reduced variation as return period 

 

2. River capacity calculation 

River capacity in the Buleleng Watershed was measured 

using the Manning method. River capacity describes the 

maximum discharge of a main river flow, which value is a 

threshold value to determine whether a peak discharge can 

cause flooding or not. The calculation of the maximum debit 

is calculated by the formula, namely: 

 

𝑄 =
1

𝑛
× 𝐴 × 𝑅2/3 × 𝑆1/2 (4) 

 

where: 

Q: Maximum discharge (m3/second) 

A: Cross-sectional area of the river at the former flood (m) 

R: Hydraulic radius of river cross section (m) 

S: The hydraulic slope of the river water level when the 

maximum flood occurs by looking at the signs at the time of 

maximum flooding (%). 

The amount of maximum discharge is obtained through 

several stages, namely the calculation of the cross-sectional 

area of the flooded river, hydraulic radius, wet perimeter, river 

bed width, hydraulic gradient and surface roughness 

coefficient shown in the Eq. (5). 

a. Calculation of the wet cross-sectional area using the Mean 

Section method, the width of one sub-section is determined 

by two adjacent vertical measurements (dn and dn+1). The 

width of the river is measured with a meter as shown in 

Figure 2, and the distance of each vertical section is 

measured by spatial analysis. 

 

 
 

Figure 2. Sketch of river cross-sectional area measurement 

with mean section method 

 

The cross-sectional area of the flooded river is calculated 

using the formula: 

 

𝐴 = (
𝑑1 + 𝑑2

2
) × 𝑏1 + ⋯+ [(𝑑𝑛 + 𝑑𝑛 + 1) × (𝑏𝑛)] (5) 

 

where: 

A: Cross-sectional area (m2) 

d: Depth of the riverbed from the maximum flood height 

(former flood/active flood) (m) 

b: The length of the interval at the maximum cross section of 

the river 

n: channel roughness value 

 

b. The hydraulic radius of the river has the following equation: 

 

𝑅 =
𝐴

𝑃
 (6) 
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where: 

R: Hydraulic radius (m) 

A: Cross-sectional area of the river at the former flood (m2) 

Q: Wet perimeter 

 

c. The wet perimeter is determined by the equation: 

 

P = b0 + b1 +b2 + ... + bn + k (7) 

 

where: 

P: Wet perimeter 

b: The length of the interval at the maximum cross section of 

the river 

k: The width of the river bed according to the cross section 

interval 

 

𝑆 =
𝐻

𝐿
 (8) 

 

where: 

S: River hydraulic gradient 

H: River level difference (m) 

L: Length measurement 

 

d. The surface roughness coefficient of the river channel 

whose magnitude is determined by the Manning roughness 

score based on Erena and Worku [37] and is calculated by 

the equation: 

 

n=(n0 + n1 + n2 + n3 + n4) × n5 (9) 

 

where:  

n: Channel roughness value 

n0: Basic materials 

n1: Level of channel non-uniformity 

n2: Variation of channel cross section 

n3: The effect of narrowing in the cross section 

n4: Plants 

n5: Meander level 

 

3. Determination of planned rain with Gumbel calculations 

The design flood discharge is calculated based on the 

calculation of return period rainfall of 5, 10, 25, 50, 100 years. 

The data required is the average maximum rainfall obtained 

from the 2009-2018 rainfall data. The equation used for the 

planned rainfall is [36]: 

 

𝑋𝑡 = 𝑋 + 𝑘 × 𝑆𝑥 (10) 

 

where: 

Xt: Rainfall estimation 

𝑋: Average maximum rainfall 

Sx: Standard deviation (√
1

𝑛−1
∑(𝑋1 − 𝑋)2)  

k: Frequency factor 

 

 

3. RESULT 
 

3.1 Thematic map parameters 

 

The thematic maps presented in the first sub-chapter are 

slope, land use, and soil texture. The three maps' spatial 

analysis results are surface runoff maps. Classification of 

slopes is flat (0%-5%), wavy (5%-10%), hilly (10%-30%), and 

steep (>30%), as indicated by surface runoff scores (10, 20, 30, 

and 40). The hilly slope class dominates the Buleleng 

Watershed with an area of 1,610.06 ha (47.93%), while the 

smallest area is the flat slope with an area of 403.25 ha (12%) 

which is located in the downstream part of the Buleleng 

Watershed (Figure 3(a)). 

Soil texture maps are obtained through the interpolation 

process of soil sampling points. Based on the analysis results, 

four kinds of soil texture are loamy sand, sandy loam, loam, 

and loamy clay. Data regarding soil texture is needed to 

determine the infiltration capacity of the soil and the value of 

the surface runoff coefficient. Clay texture is the dominant soil 

texture in the Buleleng Watershed, with an area percentage of 

46.37%, and clayey clay texture is the soil texture with the 

lowest percentage area, namely 7.54% (Figure 3(b)). 

The results of land use digitization based on the 2018 SPOT 

7 imagery show that there are four types of land use: Dense 

forest, mixed drylands, paddy fields, and settlements (Figure 

3(c)). Land use influences the size of the influence on surface 

runoff, as shown by scores 5, 10, 15, and 20. Mixed dryland 

farming is the land use that dominates the Buleleng Watershed, 

which is 1816.92 ha with an area percentage of 54.09% of the 

watershed area. In comparison, the dense forest is a land use 

class with the smallest area of 56.84 ha, which is 1.69% of the 

watershed area.  

The surface runoff coefficient is obtained through the 

overlapping process on the ArcGIS 10.4 application on slope 

maps, a soil texture map, and a land use map. Based on the 

results of the analysis that has been adjusted for the surface 

runoff coefficient score, four coefficient classes are obtained 

(low, normal, high, and extreme), as shown in Figure 3d. The 

slope, soil texture, and land use significantly affect the amount 

of water that becomes surface runoff. The results showed that 

the coefficient of surface runoff that dominates is a low class 

(0-25%) with an area of 1196.68 ha, while the normal class 

(25-50%) has the smallest area of 642.03 ha. 

Rainfall data were obtained from the Bali Province BMKG 

at the Gitgit, Sukasada, and Wanagiri stations in 2009-2018. 

Based on the data processing and interpolation results using 

the isohyet, the rainfall class is less than 1,550 mm/year to 

more than 2,750 mm/year. The value of rainfall significantly 

affects the calculation of planned rainfall and rainfall intensity. 

Rainfall in the study area is >2,750 mm/year, with the highest 

percentage of 52.43% of the catchment area, while the class of 

2,340-2,750 mm/year is the smallest area with a percentage of 

4.52% of the catchment area (Figure 3(e)). 

 

3.2 Estimated rainfall (Xt) and rainfall intensity (I) 

 

Estimated rainfall can be estimated/calculated based on 

existing rainfall data. The analysis was carried out by planning 

future annual rainfall (Table 1). Estimated rainfall is calculated 

using average maximum rainfall (Xr), frequency factor (k), 

and standard deviation (Sx). The planned rainfall in the next 5 

years is around 675.06 mm. In the next 10 years, it will be 

around 747.49 mm. In the next 25 years, it will be around 

839.02 mm, and in the next 50 years, it will be around 906.91 

mm. In the next 100 years, it will be around 974. 31mm. The 

rainfall intensity of the Buleleng Watershed is calculated 

based on rain thickness data (R24) and duration of rain (t) for 

24 hours and averaged from three stations Wanagiri, Sukasada, 

and Gitgit (Table 2). 

Based on the results of data processing for 2009-2018 from 
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3 rain stations with a duration of 24 hours, rain intensity data 

for the 5 years were 122.91 mm/hour, the 10-year period was 

125.93 mm/hour, the 25-year period was 129.74 mm/hour, 50 

year period of 132.57 mm/hour, and 100 year period of 135.38 

mm/hour.  

 

Table 1. Rainfall estimations in Buleleng Watershed 

 

Period 

(Year) 

Maximum 

Rainfall 

(Xr) 

Frequency 

Factor (K) 

Standard 

Deviation (Sx) 

Rainfall 

Estimation 

[Xt (mm)] 

5 578.08 1.06 91.66 675.06 

10 578.08 1.85 91.66 747.49 

25 578.08 2.85 91.66 839.02 

50 578.08 3.59 91.66 906.91 

100 578.08 4.32 91.66 974.31 
 

Table 2. Average rainfall intensity 

 

Period 

(Year) 

R24 

(mm) 

Rainfall Intensity 

(mm/hr) 

5 2949.89 122.91 

10 3022.33 125.93 

25 3113.85 129.74 

50 3181.75 132.57 

100 3249.14 135.38 

 

Calculating peak discharge using the rational method 

combines three parameters: The coefficient of surface runoff, 

rainfall intensity, and watershed area. The results of 

calculating the estimated peak discharge are presented in 

Table 3. Table 3 shows that the peak discharge in five years is 

283,665.65 m3/second with an area of 936.48 ha. A period of 

10 years of 426,334.41 m3/s with an area of 1,265.77 ha.  

A period of 25 years of 452,276.48 m3/s with an area of 

611.99 ha. A period of 50 years of 463,034.25 m3/s with an 

area of 601.82 ha. A period of 100 years of 473,680.03 m3/s 

with an area of 601.96 ha.  
 

Table 3. Peak discharge (Qp) of the Buleleng Watershed 
 

Period 
Qp Area Percentage 

(m3/s) (ha) (%) 

5 426334.43 936.48 27.88 

10 568445.87 1265.77 37.68 

25 603035.31 611.99 18.22 

50 617379.20 601.82 17.92 

100 631573.37 601.96 17.92 

Area 3359.13 100 
 

3.2 River capacity (Qmax) 

 

The river capacity (maximum discharge) was obtained by 

the Manning method using the parameters of the channel 

roughness, cross-sectional area, hydraulic radius, and 

hydraulic slope of the river. Data for calculating river capacity 

in the Buleleng Watershed is carried out in the upstream, 

middle, and downstream parts of the river. The calculation 

results can be seen in Table 4. 

The river capacity value in the upstream section is 

294,546.94 m3/s, the middle is 18,138.65 m3/s, and 

downstream of 62.54 m3/s, so the total Q value is 312,748.13 

m3/s. The maximum discharge value downstream is the 

smallest value when compared to other parts of the river. 

 

 
 

Figure 3. Spatial distribution of slope (a), Soil texture (b), Land covers (c), Surface runoff (d), and Annual rainfall (e) 

 

Table 4. River capacity (Qmax) 

 

No. Watershed Area Channel Roughness (n) 
Cross-Sectional Area  

(m2) 

Hydraulic Network 

(R) 
Hydraulic Tilt (S) 

Qmax 

(m3/s) 

1 Upstream 0.108 131202 0.50 0.15 294546.94 

2 Middle stream 0.143 22957.33 0.33 0.05 18138.65 

3 Downstream 0.155 232.14 0.14 0.02 62.54 

Average 27741.75 Total 312748.13 
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3.3 Flood overflow estimation 

 

Estimating flood overflow is obtained based on the 

difference between the peak discharge and the river's capacity. 

Estimated flood discharge for periods of 5, 10, 25, and 50-100 

years are 113,586.31 m3/s, 255.697,74 m3/s, 290.287,18 m3/s, 

304.630,87 m3/s, and 318.825,24 m3/s, respectively. The areas 

affected by flood overflows in 5, 10, 25, and 50-100 years is 

470 ha, 603.31 ha, 734.14 ha, and 785.34 ha, respectively 

(Table 5). 

 

Table 5. Flood overflow estimation 

 

Period 

Peak 

Discharge 

(Qp) 

(m3/s) 

River 

Capacity 

(Qmaks) 

(m3/s) 

Difference  

(Qp-Qmaks) 

Area 

(ha) 

5 426334.44 312748.13 113586.31 470.00 

10 568445.88 312748.13 255697.74 603.31 

25 603035.31 312748.13 290287.18 734.14 

50 617379.00 312748.13 304630.87 
785.34 

100 631573.38 312748.13 318825.24 

 

Spatial distribution of flood overflows for 5 years, spread 

only in the river network area. The 10 to 25-year period is 

increasingly widespread in community settlements. The 50-

100 year period spread throughout the downstream part of the 

Buleleng Watershed, which is spatially indicated by the 

maroon zone (Figure 4). 

 

 
 

Figure 4. Spatial distribution of flood overflow estimation 

 

 

4. DISCUSSION  

 

The estimation of flood overflow is carried out in two stages, 

starting with the calculation of peak discharge estimation 

consisting of surface runoff coefficient (slope, soil texture, and 

land use), rainfall intensity, and watershed area. Furthermore, 

the river's capacity calculation is based on the parameters of 

surface roughness, depth, and hydraulic slope of the river. The 

results of the estimation of flood overflows spatially produce 

the area of affected villages with 5 periods, namely 5 years, 10 

years, 25 years, and 50-100 years. 

The surface runoff coefficient is a number that expresses the 

ratio between the amount of surface runoff to the amount of 

rainfall [38, 39]. The surface runoff coefficient with a low 

class (0-25%) covering an area of 1,196.68 ha is the 

dominating surface runoff in the Buleleng Watershed, spread 

in the upstream part of the Buleleng Watershed with slopes 

from hilly (10-30%) to steep (>30%) (Figure 3(a)). Sandy 

loam texture and slightly loamy sand texture in the upper 

reaches of the watershed (Figure 3(b)). The dominant land use 

is mixed gardens, and the highest regional rainfall is 

around >2,750 mm/year (Figure 3(c)). The type of land use 

dramatically affects the value of surface runoff. Namely, the 

lower the vegetation cover, the higher the value of surface 

runoff.  

Land use acts as a barrier and reduces surface runoff [40, 

41]. Based on the research results that support the low surface 

runoff coefficient is the use of mixed garden land because 

surface runoff is restrained by rapid soil infiltration and 

canopies that reduce raindrops. The canopy has an impact on 

the rainfall intercept effect, which will weaken the impact of 

splashing raindrops on the soil surface and allow the soil to 

maintain a fast infiltration rate for a long time, thereby 

delaying the surface runoff time [42-44]. 

The surface runoff coefficient with medium class (25-50%) 

covering an area of 642.03 ha is the surface runoff with the 

smallest area in the Buleleng Watershed, and mixed gardens 

dominate land use with regional rainfall of 1,700-2,750 

mm/year. The texture of loamy loam; and clay predominates 

in this area as well as wavy slopes (5-10%) to hilly (10-30%). 

The steep slope causes an increase in flow velocity, thus 

reducing the possibility of water penetrating the soil surface 

(infiltration) and water experiencing surface runoff. The flow 

pattern is affected by the slope, and the amount of surface 

runoff increases significantly due to the steeper slope 

compared to the gentle slope. Conversely, the smaller the slope, 

the greater the infiltration capacity, where the size of the runoff 

is affected by the infiltration capacity. 

The high surface runoff coefficient class (50-75%) covering 

an area of 684.01 ha has wavy slopes (5-10%) with regional 

rainfall of 1,550-2,340 mm/year. The soil texture in this class 

is clay and has land use that is dominated by rice fields and 

settlements. Slow infiltration conditions that affect the high 

surface runoff, namely clay texture caused by rainwater 

reaching the soil surface, will fill the micro pores of the soil. 

Recent study by Holman-Dodds et al. [45] and Du et al. [46] 

states that soils dominated by the sand fraction will have 

macro pores, and soils dominated by dust will have many 

mesopores. At the same time, soils with a clay fraction will 

have many micro (small) pores, so the available water pore 

space consists of macro pore spaces. Moreover, some 

micropore spaces can bind water tightly so that it can inhibit 

the movement of water. Then it can be concluded that the finer 

the texture of the soil (clay), the higher the value of the surface 

runoff coefficient. 

Extreme surface runoff coefficient (75-100%) covering an 

area of 836.41 ha has flat slopes (0-5%), hilly (5-10%), to hilly 

(10-30%) with land use dominated by settlements and rice 

fields. The scattered soil texture in this class is clay with an 

area rainfall of <1,550->2,750 mm/year. Land use, soil texture, 

and slope are closely related to rainfall intensity influencing 

surface runoff. Surface runoff occurs when the value of the 

rain intensity is greater than the infiltration capacity so that 

rainwater cannot infiltrate into the soil. In addition, the 

relationship between slope, soil texture (infiltration), land use, 

and rainfall intensity. The raindrops reaching the slope surface 

are prolonged with increased vegetation coverage. Soil 

infiltration time is also shortened, increasing runoff rate and 

runoff volume. The rain intensity is a source of surface runoff. 

The higher the rain intensity, the larger the average diameter 

of raindrops. 
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Surface runoff is very influential in the high peak discharge 

value. The parameters of slope and soil texture are static or do 

not change significantly within a certain period, while the 

parameters of land use are dynamic or easy to change. 

Changing land use conditions cause an increase in the peak 

discharge value for the period of 5 years to 10 years. Rain 

intensity could affect peak discharge, i.e., the more significant 

the intensity, the greater the peak discharge. The intensity of 

rain in the period of 25 years, 50 years to 100 years has 

increased, so the peak discharge value in that period will 

increase along with the increase in the value of the rain 

intensity. The increase in peak discharge due to rain intensity 

occurs because the flow of rainwater that is not infiltrated by 

the soil surface will directly flow into the flow system (rivers 

and lakes), and so the amount of peak discharge in the river 

also increases. 

River capacity describes the peak discharge of a main river 

flow, which is the threshold value for determining whether 

peak discharge can cause flooding [47-49]. The calculation 

results of the peak discharge and river capacity show that the 

Buleleng Watershed cannot accommodate the peak discharge, 

so the Buleleng Watershed has the potential to flood. Buleleng 

Watershed, which has a high peak discharge, can be 

categorized as a watershed with a high potential for flood 

overflow. This is because the Buleleng Watershed has 

narrowed rivers, many river gradients, changes in land use, 

and higher rainfall intensity.  

The area with the highest potential for flooding is the 

downstream part of the watershed. The overflow value 

increases due to the peak discharge value in each period and 

produces a different map of the affected area (Table 5). This is 

influenced by an increase in peak discharge to exceed the 

capacity of the river, and downstream, it is covered by 

buildings and paddy fields, which have a low infiltration value 

and causes higher surface runoff from the upstream part of the 

watershed. However, in the 50 and 100-year periods, there 

were no significant differences in spatial or calculation results, 

so the researchers combined flood overflow maps for the 50-

100 year period (Figure 4). Peak discharge can cause flooding 

because the flow velocity is high enough, so we have to ensure 

that the value is constant at all times and can prevent flooding 

due to excess peak discharge and experiencing drought if peak 

discharge occurs. This research can be used as a basis for river 

management in the future. On the other hand, it is also a basis 

for mitigating floods and overflows, which can be 

implemented through long-term regional spatial planning 

regulations. 

 

 

5. CONCLUSIONS 

 

The estimated peak discharge in the Tukad Buleleng 

Watershed has increased each period. A quite drastic increase 

occurred from 5 years to 25 years, namely 426,334.44 m3/s to 

603,035.31 m3/s with a river capacity of 312,748.13 m3/s. The 

difference in the value of difference between the peak 

discharge value and the capacity of the river is very high, so 

this indicates that the Buleleng Watershed has a high potential 

for overflow flooding. The planned rainfall has increased in 

each return period, from the 5 years of 669.35 mm to the 10 

years of 817.69 mm. The total area affected by planned flood 

overflow for 5 years covering an area of 470 ha; 10 years 

covering an area of 603.31 ha; 25 years surrounding an area of 

785.14 ha; period of 50 and 100 years covering an area of 

785.34 ha. This research can be redeveloped using more 

complete parameters to estimate the planned flood overflow in 

more detail. Generally, research on flood estimation using 

hydrological approaches is rarely conducted in Indonesia. 

There has been a relatively similar study conducted in Jakarta, 

but with different estimation approaches and methods. 

Previous studies tend to use rainfall data as a flood estimation 

model, while our study uses rainfall data, coefficient runoff 

from thematic map data, and field measurements to obtain 

river channel capacity. The contribution of this study to future 

development is as a guide for managing river basins, 

normalizing river channels, and mitigating future flood 

disasters. 
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