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Abstract 

Planning for road network development in swampy areas is inseparable from determining road trace to obtain a 
suitable road network layout.  The suitability of geological, topographic, soil, hydrological and land use conditions is a 
matter that must be considered, coupled with other issues such as land value, land ownership, social and economic 
impacts, and identification of environmentally sensitive areas. There are nine components that are considered in 
determining road trace in swamp areas in order to obtain environmentally sound road construction, namely: soil 
texture, puddle, CBR value, peat soil, land use, average daily traffic, tonnage, accessibility, and sociogeography.  This 
study aims to obtain a road trace in an environmentally friendly swamp area using a road trace model in swamp areas 
developed by Indrayani, et al in 2019. The application was carried out in the swamp area of Banyuasin district, South 
Sumatra province, by taking the 9 components in the recommendation. The method used in this research is remote 
sensing in the introduction of the physical environment, while the scoring and weighting methods use multicriteria 
spatial analysis in determining the suitability of the area..  From the modeling results, it is found that the suitable area 
for road alignment is 136.66 km2, which is quite suitable for 3151.66 km2, and which is very inappropriate is 39.71 
km2. Meanwhile, the road alignment that connects between districts in the study area is obtained in the form of a 
thematic map. 
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1. Introduction

The development of road alignment must pay attention to existing environmental conditions in order to achieve 
sustainability of development. Sustainable development will be difficult to achieve if development policies do not rely 
on the potential of human resources, natural resources, and artificial resources [1][2][3][20].  At present the 
development of swamp areas is increasingly being carried out considering the increasingly limited productive land and 
besides that the government continues to develop swamp areas in the agricultural, plantation, fishery sectors [4].  To 
support the development of swamp areas, road infrastructure is needed. The existence of road infrastructure must pay 
attention to the condition of the swamp area. For this reason, engineering is needed in determining the suitability of 
road alignments that are environmentally sound so that the function of the swamp area ecosystem is maintained 
without reducing the functions and benefits of the road network system to be built.  Conditions in the field indicate that 
road damage that occurs in swamp areas is in the form of subsidence, cracks and distortion of the road body. One of the 
contributing factors is the unstable soil conditions. This is because the soil constituents in swamp areas are finely 
textured soils containing clay minerals and organic matter [4][5]. Therefore, in planning the road alignment in swamp 
areas must take into account environmental factors.   
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Planning for road network development in swamp areas is inseparable from determining road alignment to obtain 
suitability in road network layout.  The suitability of soil conditions, geology, topography, hydrology, and land use are 
things that must be considered, coupled with other issues such as land value and ownership, social and economic 
impacts, and identification of environmentally sensitive areas. There are nine components that are considered in 
determining road alignment in swamp areas in order to obtain environmentally sound road construction, the nine 
components are: 1) soil texture, 2) inundation, 3) CBR value, 4) soil peat (physical environmental aspects), 5) land use 
aspects, 6) Average Daily Traffic, 7) vehicle tonnage, 8) accessibility, 9) sociogeography (socio-economic aspects) 
[7][8][9].  

Several studies on spatial have been carried out, including: Analysis in spatial planning as a support for spatial decisions 
can be carried out using the Spatial Multi Criteria Analysis (SMCA) where the results are presented spatially which 
shows the area of suitability which is very helpful in making decisions or policies [15][17].  Although many studies have 
used GIS methods based on spatial multicriteria to assess environmental impacts [16][19], the use of spatial techniques 
in determining initial alignment is still rarely used [13].  And research on the spatial model for determining road 
alignment in swamp areas has been carried out, the results show that there are 9 components that are considered by 
the model [7][8][9]. 

2. Methods 

2.1. Study area 

This research was conducted in daerah rawa Kabupaten Banyuasin, due the topography of the Banyuasin Regency area 
consists of 80% wet lowlands with a slope of 0 - 8% covering an area of 1,181,610 hectares and 8 - 15% covering an 
area of 1,689 hectares. The area of study can be seen in Figure 1. 

 

Figure 1 Map of the study area in the Banyuasin District 

To provide a clear representation of the geometric configuration used in the numerical simulations, the rotor design is 
illustrated in Figure 1. Figure 1 illustrates the three-dimensional geometry of the floating pico-hydro turbine used in 
the simulation. The rotor configuration was developed to operate at moderate river flow velocities, typically 1.0–1.5 
m/s. The design emphasizes compact dimensions suitable for floating deployment in shallow river environments. The 
geometric model defines the rotor diameter, blade arrangement, and submergence condition that directly influence flow 
interaction and torque generation. 

2.2. Research stage 

The research stages were started from (1) image interpretation to obtain a thematic map of the physical condition and 
land use in the study area using interpretation of Landsat 8 satellite imagery downloaded from United States Geological 
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Survey  [18],  December 5, 2016 on scene: path 124/ row 062. Satellite image analysis includes: landuse and land cover 
classification, inundation classification based on water level from the ground surface, soil texture classification, and CBR 
value based on soil texture conditions [9]; (2) preparation of thematic maps of all reviewed parameters, including  maps 
of land use classifications,  maps of inundation classifications,  maps of soil texture classifications,  maps of CBR value 
classification, maps of peat classification, maps of average daily traffic classification  compiled based on sub-district 
boundaries and potential study areas, maps of tonnage classification are arranged based on sub-district boundaries and 
potential  areas, maps of accessibility classifications are prepared based on the potential areas and the existing road 
network accessibility index, and maps of Sociogeographic classification is arranged based on the layout of the river in 
the study area and potential areas; (3) structuring the spatial database structure to store all information related to 
interconnected spatial data, so that it can be used quickly and easily in data access, includes land cover/landuse, 
puddles, soil texture, CBR, peat, average daily traffic, tonnage, accessibility, and sociogeography. and each parameter 
being reviewed is a criteria map in the data analysis process; (4) weighting each parameter reviewed; (5) standardize 
based on parameter weights; (6) Spatial Multi Criteria Analysis (SMCA) uses the following mathematical equations: 

W = Wa (Wb (Wc (...... + Wn (V1/V1max) + W1-n (1-V2max)) +....W1-c (....) + W1-b (....) * W1-a (....))  

Where: W = weight of suitability area; Wa, b, c, ...., n = weights for class a, b, c or factor n; W1-a, b, c, ...., n = weights per 
factor group (all of which are 1); V1,2 = factor value 1, 2 (indicator); V1,2 max = maximum value of the factor 1,2 used 
for standardization. 

Determination of the selected road alignment is carried out using equation (2), the higher the weight, the better the 
value and is the most appropriate location to be taken as a road alignment in swampy areas. 

Wx =  (V x / V x max)  

Where: Wx = weight of suitability area; Vx = factor value; Vxmax = maximum value. 

2.3. Classification of parameters 

The classification method for road alignment parameters in swamp areas, namely: (1) classification of land use using 
the supervised classification method on the composite band 654, (2) classification of puddle using the NDWI method, 
(3) classification of soil texture using the NDSI method, (4) classification of the CBR value is carried out based on an 
approach from soil texture, (5) classification of peat soil is carried out based on the Indonesian wetland peat map  and 
the Banyuasin peat area map,  (6) the classification of the type of road service, the average daily traffic is divided based 
on the function of the road, (7) the classification of the type of road service, the tonnage of the vehicle is classified by 
road class, (8) classification of road service types based on the value of the accessibility index is taken from the 
performance of the minimum service standards from the availability of a road network that is easily accessible to the 
public which is obtained from the comparison of road lengths to the area, and (9) the classification of road service types 
based on sociogeographic conditions is taken from the pattern of community settlements in swampy areas or lowland 
areas tend to follow river flow patterns [6]. Scoring is done for each classification based on the level of suitability of each 
criterion. The scoring of the level of suitability of inundation, soil texture, CBR value, and peat can be seen in Table 1 
and Table 2. 

Table 1 Scoring of parameters maps of puddle,  soil texture, CBR values, and peat soil 

No Variable 

Conformity Criteria 

Very Insuitability   

(1) 

Quite Suitability  

(2) 

Suitability   

(3) 

1 Puddle 
> 50 cm  

(High Puddle) 

20 – 50 cm 

(Medium Puddle) 

0 – 20 cm 

(Low Puddle) 

2 Soil Texture 
< 0,002 mm 

(Clay) 

0,002 mm – 0,075 mm 

(Silt) 

0,075 mm – 0,425 mm (Fine Sand) 

3 CBR Value < 3 % (Bad) 3 – 5 % (Quite Good) 5 – 15 % (Good) 

4 Peat Soil 
100 – 200 cm (Medium Peat) 50 – 100 cm 

(Peat Shalllow) 

< 50 cm 

(Peat) 
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Table 2 Scoring of parameters maps of average daily traffic, tonnage, accessibility, and sociogeography 

No Variable Conformity Criteria 

Very Insuitability   (1) Quite Suitability  (2) Suitability  (3) 

1 Average Daily 
Traffic 

> 700 pcu/hour  

(Local Road) 

> 10.000 pcu/hour 
(Primary Collector Street) 

> 20.000 pcu/hour 

(Secondary Arterial Street) 

2 Tonnage 8 ton (Street of Class 

II / III) 

10 ton (Street of  

Class I) 

> 10 ton (Special Street) 

3 Accessibility Low area potential, medium 
accessibility index 

Medium area potential, low 
accessibility index 

High potential area, very 
low accessibility index 

4 Sociogeography 

 

> 2500 m from river (Far) 1500 – 2500 m from river 
(Quite Far)  

0 – 1500 m from river 
(Near) 

3. Results and discussion 

Classification of criteria map of road traces in swampy areas  

The map of the classification interpretation results of the road alignment parameters can be seen in Figure 2. 

 

Figure 2 Classification of road alignment parameters in swampy areas 
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From Figure 2 it can be seen that the land use map is divided into 6 classes, while the inundation classification, soil 
texture, CBR value, peat, road function, road class, accessibility index and road services are divided into 3 classes.  Most 
of the land use in the study area consists of plantations and rice fields, while for the built area it is still relatively small 
so that a road network is needed to support the development of the area [6][14].  Meanwhile, from the aspect of the 
physical environment (Figure 2b, 2c, 2d and 2e) indicates that the study area is a flooded area, mostly of fine-textured 
soil and in some areas consists of peat soil, and has a low CBR value. Physical environmental factors must be considered 
to maintain road sustainability in swampy areas.  The results showed that the current function of roads generally 
functions as secondary arterial roads and in some areas it functions as local and primary roads.  The class of roads in 
the area is dominated by special roads because they are intended for plantation areas with very low accessibility levels. 
Meanwhile, in terms of sociogeography, it can be seen that the road planning distance is based on the river buffer 
distance. 

3.1. Weighting of physical environmental  

Scoring on the map criteria for inundation, soil texture, CBR value, and peat based on applicable assessment standards 
and adjusted to the results of previous research [7].  The scoring and weighting results show that the most important 
criterion of physical components to consider in determining road trace decisions in swamp areas is the CBR value, this 
is because the CBR value of the soil will affect the construction above it, which is 38.73%, while the second factor need 
to be considered is inundation conditions, roads built in inundated areas will result in piling up in the inundated area 
so that it can damage the existing swamp environmental conditions, the percentage of weight is 24.52%, and then the 
soil texture and peat soil.  

Furthermore, the thematic map weights are combined  using the weighted overlay method. The results of the weighted 
overlay can be seen in Figure 3. 

 

Figure 3 Result of  Weighting Overlay Physical Components of Road Trace Suitability 

3.2. Weighting of land use parameters  

The land use component is divided into 6 classes including forest areas, plantations, settlements, rice fields, shrubs, and 
water bodies (Figure 6a).  The best area to be selected as a road trace is shrubs with a weight of  29.99%, due to the 
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economic considerations of taking shrubs as a more economical road trace, then plantation areas, rice fields, settlement, 
forests and finally water bodies (rivers) which is 7.22%.  The thematic map of land use does not need to be standardized 
because the weighting is already in the range of 0-1  [8][11][12]. 

3.3. Weighting of socio-economic parameter 

Weighting on the map the criteria for average daily traffic, tonnage, accessibility, and sociogeography based on 
applicable assessment standards and adjusted to the results of research conditions in swamp areas.  The highest weight 
that needs to be considered in selecting a road trace is the tonnage factor, which is equal to 36.65 %,  due the weight of 
the vehicle greatly affects road conditions and most of the natural resource products are in the form of plantations and 
agriculture which in distribution require road infrastructure.  Furthermore, accessibility is the second factor that needs 
to be considered in determining road trace, namely is equal 25.37%, due with the consideration that the road being 
built will provide easy access in achieving destination areas and subsequently sociogeographic factors and average daily 
traffic [8]. 

Furthermore, the scoring results from the criteria map are overlaid to obtain a map of the suitability of the socio-
economic aspects using the weighted overlay method. The overlay results can be seen on the thematic map in Figure 4. 

 

Figure 4 Result of weight overlay of Socio-Economic Components 

From the results of the overlay of the socio-economic components, it shows that most of the study areas are suitable for 
road construction due to the ongoing development of the swampy areas so that they need to be supported by road 
infrastructure. 

3.4. Spatial model of road trace in swamp areas 

The model built in determining road alignment is a spatial analysis of the suitability of swamp areas based on 9 
components including land use, inundation, soil texture, CBR value, peat, average daily traffic, tonnage, accessibility, and 
sociogeography. The implementation of the spatial analysis model will be applied by drawing road trace from the 
activity center in each sub-district in the study area. 
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The spatial analysis model of the suitability of the area for this road trace focuses on physical environmental aspects 
(inundation, soil texture, CBR values and peat soil); socio-economic aspects (average daily traffic, tonnage, accessibility, 
and sociogeography), as well as land use. The results of spatial modeling of road trace suitability in swamp areas with 
comparisons of physical environment components: land use components: socio-economic environmental components 
(50%: 20%: 30%) can be seen in Figure 5. 

 

Figure 5 Result of Road Trace Development Modeling 

Figure 5 shows that the suitable area taken as a road alignment is 136.66 km2, quite suitable is 3151.66 km2, and the 
most inappropriate is 39.71 km2. The length of the road trace that connects the activity center in the Talang Kelapa sub-
district to the activity center in other sub-districts in the Banyuasin Regency area is shown in Table 3. 

Table 3 Road Length of Spatial Modeling Application Results 

No. Origin Destination Length (km) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Talang Kelapa Sub District 

Banyuasin I Sub District 

Rambutan Sub District 

Tanjung Lago Sub District 

Air Salek Sub District 

Muara Telang Sub District 

Sumber Marga Telang Sub District 

Banyuasin II Sub District 

Makarti Jaya Sub District 

17.00 

28.15 

20.84 

48.75 

43.35 

29.28 

62.22 

55.13 
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4. Discussion 

The fundamental difference in road planning in highlands and swamps is the consideration of land contour/elevation. 
In highlands, contour is necessary to determine vertical alignment to achieve ideal road surface elevations. In swamps, 
however, contour is not a primary consideration and can even be omitted because the land surface tends to be flat  
[5][12]. Based on the results of this study, the primary consideration in selecting roads in swampy areas is the existing 
inundation conditions, given that swampy areas are always flooded [7]. Based on the results of this study, the primary 
consideration in selecting roads in swampy areas is the existing inundation conditions, given that swampy areas are 
always flooded [7][10]. When designing roads, the road surface must be elevated above the floodwater level to avoid 
inundation. Roads that are easily flooded are susceptible to damage and instability, which will reduce sustainability. 

Environmental conditions that greatly influence planning in swamp areas include (i) soil conditions, soil in swamp areas 
tends to have low bearing capacity so that road construction is susceptible to deformation, (ii) flat topography and 
below the flood water level, causing the plains to be easily flooded, this causes road construction to be susceptible to 
damage, such as the release of asphalt bonds... 

5. Conclusion 

Nine components are considered in determining road alignment in swampy areas, namely: (a) land use; (b) puddle; (c) 
soil texture; (d) CBR value; (e) peat soil; (f) average daily traffic; (g) vehicle tonnage; (h) accessibility, and (i) 
sociogeography.  Comparison of the components of the physical environment: components of land use: components of 
the socio-economic environment in determining road alignment in swamp areas is 50% : 30% : 20%.  Environmental 
aspects have the highest weight in road construction in swamp areas because the characteristics of swampy areas are 
very complex where this area has a low carrying capacity but has a very important function in maintaining 
environmental balance. From the modeling results, it is found that the suitable area for road alignment is 136.66 km2, 
which is quite suitable for 3151.66 km2, and which is very inappropriate is 39.71 km2. Meanwhile, the road alignment 
that connects between districts in the study area is obtained in the form of a thematic map. 
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