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 This study was designed to calculate the morphometry along the SWISS rafting route, as well 

as map the whitewater and analyze the risk management of the rafting tourism at the Saba 

River in Buleleng Regency, Bali, Indonesia. The whitewater mapping was conducted using a 

river morphometry analysis, and the morphometry data was collected using field 

measurements, topographics, and a geographic information systems vector analysis. The river 

morphometry, which plays an important role in the rafting sport, was quantified using the 

spatial aspects, topography, length of the main river, and river flow. The results showed that 

the river had a slope of 14.2 m/km, a dam-regulated flow rate of up to 4.02 m3/s, and water 

levels of 0.4–0.7 m. These figures indicate that the river channel and its hydrological 

characteristics are suitable for rafting activities, and it has been categorized as grade 2–3 

rapids. Due to the improper risk management of whitewater rafting, this research recommends 

improving the skills of the tour guides or the members of the local tourism awareness group 

and preparing emergency response strategies that consider the site’s accessibility and the 

available medical services.  
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1. INTRODUCTION 

 

Ecosystems provide several benefits for humans, such as 

scenic beauty and recreational activities [1-4]. As an 

ecosystem that shares the same benefits [5], many rivers have 

been developed into tourist attractions, including rafting. 

Whitewater rafting is a natural attraction that stimulates 

adrenaline. According to the Indonesian Rafting Federation 

(FAJI), rafting is an activity that involves navigating rivers 

using either rubber boats or something similar, which is 

steered by a crew of two or more people who rely on the power 

of rowing. The rafting was first introduced in Indonesia in 

1970 and has been recognized as a sports activity since 1975. 

In 1994, the first National Rafting Championship was held in 

Ubud, Bali. Sobek Expedition first commercialized the rafting, 

and it continues to grow in popularity in Indonesia [6]. 

Rafting is nature-based tourism; therefore, it depends on the 

natural or morphometric conditions, especially of the river. 

The flow discharge, width, slope, and turbulence of the river 

are the main morphometric factors [7] that affect the formation 

of whitewater, both directly and indirectly [6, 8]. For example, 

the ideal river slope for whitewater rafting is 10–20 m/km [6]. 

A more complex morphometry analysis for the river tourism 

attraction has been conducted using the following parameters: 

stream order, stream length, mean stream length (Lsm), stream 

length ratio (RL), bifurcation ratio (Rb), drainage density (Dd), 

drainage frequency (Fs), texture ratio (T), form factor (Rf), 

circularity ratio (RC), maximum basin length (Lg), constant of 

channel maintenance (C), relief ratio (Rh), and ruggedness 

number (RN) [9]. 

Furthermore, the riverbed roughness determines the 

emergence of turbulence, while the cross-sectional width 

controls the lateral distribution of the river flow discharge. An 

analysis is used for a broader perspective to determine the 

route of water tourism by assessing the availability of the 

water quantity, as well as the measurements related to the 

possibility of navigational techniques [10]. In addition, the 

watercourse incline is a factor in determining the speed and 

considering the difficulty by looking at the river sinuosity. 

Although this research uses parameters that are not as complex 

as the previous studies [9, 10], this research is considered a 

pioneer, as it provides new insight and understanding of the 

use of morphometric data, topography, and its integration with 

spatial analysis in a geographic information systems (GIS) 

vector environment.  

Since safety is an unavoidable factor that must be 

considered during the development of rafting tourism, the river 

flood hazard analysis is essential. Flooding is a threat to 

whitewater rafting; in response to this, morphometry data can 

help to predict the river flood discharge [11-13]. The flood 

pattern is illustrated by a graph that shows the relation between 

the flow discharge and time and is called the flood hydrograph. 

It represents the product of the interaction between the climate 

and the physiographical condition of the river [14]. 
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Figure 1. The research location in the Saba Watershed, Bali 

 

The Saba watershed is in the Buleleng Regency in Bali 

Island, Indonesia. It covers a catchment area of 145.55 km2 

with the main river stretching along 35.73 km; therefore, it is 

categorized as a small watershed [15]. These conditions 

support the development of rafting tourism on this river. The 

Rafting Tourism Route on the Saba River, which is known as 

Route SWISS, was developed in 2017. In an attempt to support 

its sustainable development, a morphometric analysis has been 

carried out on several segments of the river. Morphometry 

analysis of the Saba River is essential to study its hydrological 

conditions, as it is a consideration when planning and 

implementing tourism and risk management. This study has 

been designed to quantitatively characterize the morphometry 

of the Saba River, map the whitewater, and analyze the risk 

management of rafting tourism in the Saba River (Figure 1). 

 

 

2. METHODS  

 

This research begins with building a digital elevation model 

(DEM) from satellite imagery of ALOS PALSAR, which is 

guided by the Indonesian topographic map in a GIS vector 

environment. The use of GIS technology here will help to 

conduct a spatial analysis. The next step is the identification 

and measurements of the flow discharges and velocity 

measurements, both of which are key factors in rafting sports, 

followed by field observations and measurements. Detailed 

portraits of the condition of the channel, identification of 

rapids, sinuosity, obstacles, and rock distributions were carried 

out during the field measurements. These results were used for 

the channel analysis and risk factors for the rafting route. The 

method that is depicted in Figure 2 provides a summary. 

 
 

Figure 2. The research flowchart 

 

2.1 Characteristics of the Saba River Channel 

 

The risk management study of the whitewater rafting 

tourism uses DEM, which is derived from ALOS PALSAR 

with a resolution of 12.5 m, and the 2017 Indonesian 

topographic map (scale 1: 25.000). The integration of the 

remote sensing technique and the topographic map gives this 

research an advantage compared to previous studies from [7-

9]. The integration of detailed data from ALOS PALSAR, 

which has a good resolution and is guided by the topographic 

map, leads to a detailed DEM for a further analysis, such as to 

discover the topographic and morphometry of the study area. 
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The DEM data has been built through a GIS vector 

environment using ArcGIS software and functioned from the 

line interpolation system of the counter from the topographic 

map. The altitude information from the ALOS PALSAR data 

is combined with the altitude data from a 1: 25.000 scale 

topographic map to produce a new DEM, and the visualization 

of the DEM data uses the hillshade formulation in ArcMap 

10.3. The hillshade formulation uses the neighborhood 

approach of each cell value. The DEM (Figure 3) will guide 

the description of the morphometry condition, route 

identification, and access point to determine the start and 

endpoints. 

 

 
 

Figure 3. The DEM data in the Saba Watershed, Bali 

 

Table 1. Manning’s roughness coefficients [20] 

 
Channel Conditions n-values 

Bed materials 

Earth 

n0 

0.020 

Rock cuts 0.025 

Fine gravel 0.024 

Coarse gravel 0.028 

Degree of channel 

irregularity 

Smooth 

n1 

0.000 

Minor 0.005 

Moderate 0.010 

Severe 0.020 

Variations of 

channel cross-

section 

Gradual 

n2 

0.000 

Alternating 

occasionally 
0.005 

Alternating 

frequently 
0.010 - 0.015 

The relative effect 

of structures and 

narrowing 

Negligible 

n3 

0.000 

Minor 0.010 - 0.015 

Appreciable 0.020 - 0.030 

Severe 0.040 - 0.060 

Vegetation 

Low 

n4 

0.005 - 0.010 

Medium 0.010 - 0.025 

High 0.025 - 0.050 

Very high 0.050 - 0.100 

Degree of 

meandering 

Low 

n5 

1.000 

Appreciable 1.150 

Severe 1.300 

 

This topographic map provides information about the river 

networks, elevations, and land use. Furthermore, a GIS 

analysis was used to support the approach in disaster 

mitigation planning. The DEM is the primary source of the 

data that is derived from satellite imagery, which, in this study, 

provides information on the morphometry of the Saba River. 

In the case of rafting, the contributing morphometric 

parameters specifically refer to the characteristics of the river 

channel. The parameters that were measured in the study 

include the river slope, meandering aspects, river width, and 

riverbed roughness. The DEM data was integrated with the 

GIS analysis and field surveys to quantify the morphometric 

parameters [16-19]. The channel characteristics were 

determined based on Manning’s roughness coefficient, which 

was developed by Chow [20] and is shown in Table 1. 

 

2.2 Flow discharge and velocity measurement 

 

The velocity-area method was employed to measure the 

river flow discharge and velocity. This technique estimates the 

flow velocity (V) and wet cross-sectional area (A) [21, 22]. 

The flow velocity was calculated based on the constant of the 

current meter that was used during the field measurements, 

whereas the wet cross-sectional area was determined using the 

principle of the mean-section method. The mean-section 

method considers the average depth to obtain the wet cross-

sectional area of the channel. The discharge measurement is 

illustrated in Figure 4. 

 

 
 

Figure 4. Profile of the cross-sectional area measurement 

using the mean-section method [21] 

 

Afterward, the discharge of the channel was computed 

using the Eqns. (1), (2), and (3) below: 

 

Q= A*V  (1) 

 

V= an + b (2) 

 

A= (
𝑑0+𝑑1

2
 𝑥 𝑤0) + ⋯ + (

𝑑𝑛+𝑑(𝑛+1)

2
 𝑥 𝑤𝑛) (3) 

 

2.3 Simulation of the river flow velocity 

 

The river flow velocity was simulated through the slope area 

method. This approach estimates the maximum discharge [23, 

24] and incorporates the parameters that were used in the 

estimation to describe the characteristics of the channel based 

on Manning’s roughness coefficient. The equations that were 

used to calculate the flow velocity are Eqns. (4), (5), and (6), 

as follows: 

 

Q = A*V  (4) 

 

V = (1
𝑛⁄ )𝑅2/3𝑆1/2 (5) 

 

A= (n0 + n1 + n2 + n3 + n4)m (6) 

 

2.4 Whitewater mapping and field survey 

 

The whitewater on the Saba River was mapped by walking 

along Route SWISS. This trail has been planned for a future 

rafting tourism site. The first condition to consider when 

determining whether a stretch of river is suitable for rafting is 
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the slope. Route SWISS has a slope of 10–20 m/km, which is 

ideal for rafting. The whitewater features were identified 

through professional judgment and mapped using a global 

positioning system (GPS). During the walks, the physical 

appearances of the river and any potential rafting obstacles 

were documented to provide an overview of the overall 

condition of the rafting route. 

 

 

3. RESULTS 
 

Whitewater rafting is included in the category of nature-

based tourism, ecotourism, and adventure tourism (NEAT). 

NEAT is tourism that is based on the diversity of the 

attractions that are offered by nature [25]. In the case of the 

Saba River, the types of attractions are the whitewater features 

that are spread out along the rafting route. The starting point 

of the whitewater rafting route is located nine to 12 km (± 30 

minutes) from downtown Seririt District or 30 km (± one hour) 

from the capital of Buleleng Regency, Singaraja City. From 

the topographic analysis, the starting point is located on the 

elevation of 129 m above mean sea level (AMSL) with 2.5 m 

of the riparian and surrounded by a relatively undulating 

topography with a complex of hills (Figure 5).  

The rafting tourism site can be accessed by concrete (Figure 

6a) and asphalt roads (Figure 6b). Figure 6a shows that the 

access road around the start point has a width of 4 m, and the 

road conditions are reinforced with concrete and generally 

relatively sloped. At the endpoint, the topography is relatively 

gentler with an elevation of 87 m AMSL, where the 

surrounding conditions are filled with dry fields and mixed 

gardens. This convenient land location is easily accessed, and 

it would be strategic to use it for the endpoints and logistic 

transfers. From the topographic analysis, this site would be 

suitable for collecting the rafting athletes and tourists. The 

access road in Figure 6b illustrates the road conditions near the 

endpoint towards the starting point with a width of 3.5 m with 

mixed gardens on its sides, and, at several points, there are 

steep cliffs and v-shaped valleys. 

 

 
 

Figure 5. The starting point of Route SWISS in the UTM 

zone 50S, X: 273440, and Y: 9088781 (Courtesy: G.D. 

Jayanto, 2019) 

 

The main contributing factor to the formation of whitewater 

is the characteristics of the river’s cross-sections, namely the 

river slope, flow discharge, riverbed roughness, and the 

presence of meandering. 

 
 

Figure 6. The road conditions towards the whitewater rafting 

tourism site (Courtesy: G.D. Jayanto, 2019) 

 

3.1 Channel and hydrological characteristics of route 

SWISS 

 

A river is physically characterized by its area, linearity, and 

relief. In this study, morphometry plays a pivotal role in 

identifying and understanding the potential and the threats of 

the Saba River. Route SWISS is downstream of the Titab-

Ularan Dam in Bali, which significantly affects the flow rate 

and water level along this route. During the dry seasons, 

rafting activity is not possible unless the floodgates are opened, 

and the resulting water flow can raise the river discharge in the 

suggested range of 20–200 m3/s [8, 26]. Since Route SWISS 

has a minimal discharge during dry seasons of 1.979 m3/s, 

releasing the water from the dam would be necessary. 

Based on the measurement results, the ideal discharge for 

rafting is 4.02 m3/s, and the favorable water level is 0.4–0.7 m. 

Table 2 shows the physical characteristics of Route SWISS in 

the Saba River. The meandering features and riverbed 

roughness are additional conditions for the formation of 

whitewater. Water turbulence in the Saba River occurs due to 

irregularities in riverbeds [27]. During the field survey, several 

meandering features were identified on Route SWISS, as 

meandering is one of the determinants in Manning’s roughness 

coefficient. 

Table 2 confirms that Route SWISS in the Saba River is an 

adequate and advisable segment for rafting tourism. The river 

slope of 14.2 m/km, along with the characteristics of the 

volcanic rocks in the river, shape the variations in the 

whitewater that are formed along this route. The ideal flow 

velocity for rafting is 0.32 m/s, and there is a directly 

proportional correlation between the flow velocity and the 

discharge. The slope area method showed that the maximum 

discharge along the route was 6.94 m3/s with a flow velocity 

of 4.6 m/s. Based on these conditions, there is a potential for 

flooding to occur, especially during the rainy season. 
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Table 2. The physical parameters of the channel alongside 

the Route SWISS, Saba River, Bali 

 
Parameters Values 

Cross-sectional area 3.9 m2 

Wet perimeter 12.75 m 

Cross-sectional width 13 m 

Manning’s coefficient 0.034 

Water level slope 0.017 

Hydraulic radius 0.31 m 

Maximum discharge capacity 6.94 m3/s 

Measured discharge 4.02 m3/s 

River slope 14.2 m/km 

Measured flow velocity 0.32 m/s 

Maximum flow velocity 4.96 m/s 
Source: field measurements (2019). 

 

Consequently, the increased discharge and flow velocity 

may modify the whitewater features that are found on the route. 

In these situations, the water level and risk during the rafting 

activities will be elevated. Therefore, every river condition 

requires proper risk management. 

 

3.2 Rafting tourism potential of Saba River 

 

The river morphology, discharge, and water level determine 

the diversity of the whitewater. When the water level reaches 

40–70 cm, the rapids create varying types of whitewater. 

Route SWISS has at least five specific features of whitewater, 

which have the potential to be tourist attractions. These 

features are dams, bottlenecks, eddies, mainstream, and 

undercut rocks. 

In addition, the river fragments that have been selected in 

this research have great potential for water tourism in terms of 

their steepness. A more detailed topography analysis of the 

river channel fragments was identified through the field 

measurements and topographic map analysis, which included 

the land use around the rafting path, flow conditions, cliff 

conditions, channel conditions, rapids conditions, and rock 

distribution. These conditions are explained in Figure 7. 

 

 

 
 

Figure 7. The terrain and topography analysis 
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Figure 8. Spatial distribution of the whitewater alongside 

Route SWISS (Courtesy: G.D. Jayanto, 2019) 

 

The first whitewater is formed due to the dam-like 

structures. It occurs when water pours over the edge of a 

submerged obstruction, such as a dam, which creates a 

whitewater (Figure 8a and 8e). The Titab-Ularan Dam is one 

of the attractions alongside Route SWISS. The water release 

causes flow turbulence and forms a unique whitewater [28]. 

Aside from the dams, the route also has undercut rocks that are 

found in the meandering segment that meets the rocky river 

cliffs. Undercuts accumulate energy and produce a strong 

current that can trap boats in a danger zone [29]. Bottlenecks 

are constrictions that form a rapid at a narrower channel. This 

narrowing accumulates flow discharge and velocity in one 

cross-section. When water is flowing into a narrower cross-

section at the same discharge, it creates deeper water. 

Bottlenecks and undercuts (Figure 8b and 8c) are examples of 

obstacles that require special rafting techniques. The 

formation of mainstreams and eddies at the meanders offers 

another attraction alongside Route SWISS (Figure 8d). A 

mainstream is the product of rock configurations in the river 

channel, whereas eddies are calm spots that appear together 

with the mainstream [29]. Route SWISS also has eddies on the 

mainstream, as well as stoppers, which is a large stone that 

creates an obstacle or barrier (Figure 8f). 

Based on the characteristics of the channel and the different 

features of whitewater, Route SWISS on Saba River may be 

categorized as grade 2–3 rapids. Since Route SWISS in the 

Saba River has an ideal river slope and dominant waves among 

the other types of whitewater, rafting activities on this route 

are highly recommended for the people who have no 

experience of rafting, as well as for beginner whitewater 

rafters. Currently, Route SWISS is the only rafting trail that 

offers nature-based tourism at the Saba River. This route is 3 

km in length and requires approximately 1.5–2 hours for 

completion. The rest area is located 1.15 km from the starting 

point. 
 

 

4. DISCUSSION 
 

4.1 Risk management and awareness 
 

A risk is an unwanted event that results in physical and non-

physical losses. In rafting activities, risks can arise from 

natural and external factors. The internal risks include boat 

accidents, drifts, and changes in the terrain along the route, 

whereas the external risk is flooding. In an attempt to minimize 

the casualties in rafting tourism, the risk management needs to 

be established. Risk management can originate in the 

internalization of captains and tour service providers and the 

preparation of site accessibility and medical facilities.  

This internalization requires training in first aid and other 

procedures to overcome any problems and difficulties that 

could arise during rafting. Proficiency in controlling the boats 

and familiarity with the terrain is fundamental knowledge that 

every captain or tour service provider must acquire. 

Meanwhile, determining access and available health services 

is essential in the rescue plan of victims as a form of 

emergency response. 

The community along the route is welcoming the 

development of whitewater rafting tours on the Saba River. 

The friendly and open-minded village community offers an 

advantage to the development. Their support has been 

demonstrated by their active participation in establishing a 

tourism awareness group (Kelompok Sadar 

Wisata/POKDARWIS), which is named SWISS. This group 

consists of the local people who reside in the five villages that 

are traversed by Route SWISS and have been trained to run 

whitewater rafting tours as operators, tour guides, and 

administrators. 

During the field measurements, this group showed 

enthusiasm for developing whitewater rafting tours in the Saba 

River. However, preparing to deal with every obstacle and the 

captain’s skills still need improvement to keep the tourists on 

a safe route during the rafting activities. This development 
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needs to include basic rescue training and technical training in 

controlling the boats while dealing with a multitude of 

whitewater forms. Alongside Route SWISS, there are several 

accident-prone points (capsized boats), especially at the 

undercut rocks, bottlenecks, and dams. For this reason, the 

captain needs to clearly understand how to properly row and 

position the boats to prevent the chance of capsizing. The 

captain’s comprehension and proficiency to take action when 

a boat capsizes during the rafting activities is the primary 

emergency response to the inevitable risks in rafting tourism. 

 

4.2 Flood mitigation measures 

 

In 2011, the government of the Buleleng Regency and the 

Indonesian Ministry for Public Works and Human Settlements 

constructed the biggest dam in Bali Island, the Titab-Ularan 

Dam, in the middle of the Saba sub watershed as a flood 

mitigation measure. The dam controls the flow in the river 

channel in both the dry and rainy seasons, and, consequently, 

provides a sufficient water supply to the surroundings. The 

flood events upstream and downstream of the dam can be 

anticipated by analyzing the morphometric and hydrological 

characteristics of the river. The risk management plan needs to 

be continued with a detailed mapping of all forms of the 

potential risks of Route SWISS. Based on the results of the 

morphometry analysis and peak discharge measurements, 

Saba River can be identified as a river that is prone to flooding. 

The maximum peak discharge of 11.89 m3/s exceeds the 

fullest capacity of the channel, which is 6.94 m3/s (Table 3). 

Furthermore, the recent flood events in 2018 and 2019 in the 

Saba River confirm this finding. 

 

Table 3. The flood threats alongside Route SWISS. 

 
Parameters Values 

Time to peak 13.15 hours 

Time to base 24.1 hours 

Peak discharge 11.89 m3/s 

Maximum capacity 6.94 m3/s 

 

 

5. CONCLUSIONS 

 

The topography at the study site tends to be complex, as the 

mixture of hills and steep v-shaped valleys and the 

development of the valleys are not yet advanced. This natural 

condition is supportive of adventure activities, such as rafting. 

Channel characteristics with attractive variations can be 

developed as a spot for rafting sports; namely, the presence of 

eddie's current, undercut spots, straight tracks with variations 

in the distribution of rocks, rapids, and the surrounding 

beautiful scenery, such as the paddy fields and plantations. 

Based on the results of the field observations, the path and 

access to the start point and endpoint have potential for further 

development. An adequate road width and good road 

conditions are supportive of the logistics and participant 

transportation without many significant obstacles.  

The method that was used for the morphometric analysis 

used the DEM data from the integration of the ALOS 

PALSAR satellite imagery and topographic maps in the GIS 

vector, which are considered an appropriate method format. 

The same method can be applied to several other regions that 

have a similar potential in Indonesia. 

The characteristics of the channel and hydrology in the Saba 

River are suitable for rafting tourism. Saba River has grade 2–

3 rapids, with several features of whitewater, including 

undercut rocks, bottlenecks, mainstreams, eddies, stoppers, 

and waves. 

The development of a rafting tourism site requires an 

adequately planned risk management that incorporates the 

skills of the boat captains and the members of the tourism 

awareness group (POKDARWIS), as well as improved road 

access and mapping of the nearest health services. The 

advantages of this research is the detailed findings on the Saba 

river fragment that can be developed as a water tourism 

location. Furthermore, water tourism development can also 

have a significant impact on improving the lives of the local 

communities along the rafting tourism route. Accordingly, 

further detailed research on the physical characteristics of 

whitewater and its relation to the river hydraulics, risks, and 

risk management techniques in rafting tourism in the Saba 

River will be necessary. 
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NOMENCLATURE 

Q flow discharge (m3/s) 

A wet cross-sectional area (m2) 

V flow velocity (m/s) 

d water depth (m) 

w wet cross-sectional width (m) 

a current meter constant N⁰. 1 

b current meter constant N⁰. 2 

n number of rotations 

n Manning’s roughness coefficient 

R hydraulic radius (m) 

S the slope of the free-water surface (m/m) 

n0 the base value of n for a straight, uniform, 

smooth channel in natural materials 

n1 correction factor for the effect of surface 

irregularities 

n2 value for variations in the shape and size 

of the channel cross-section 

n3 value for obstructions  

n4 value for vegetation and flow conditions 

m correction factor for meandering of the 

channel 
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