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Abstract
Cost and safety are two most important factors in the analysis
of road network. Most important considerations in selecting
the route for a highway are physical features of the area which
include topography, ground conditions, and surrounding land
use. In the present study Dahod district which is a fast
developing area of the Gujarat, India was selected for finding
the alternative path of the major road passing through this area.
GIS model builder tool was used for the selection of
alternative road alignment. This model was applied to find out
the alternative path based on the least cost analysis. In this
study topography (slope) and land use pattern of the area were
considered for the development of model. Weighted overlay
method was applied in the analysis. Application of the
developed model suggested significant reduction in the cost of
the alternative alignment.
Keywords: Geographic information system, GIS model
builder tool, least cost analysis, alternative alignment.
1.

INTRODUCTION

In any highway route design, the cost parameter and
protection of surrounding environment are two main issues
which are to be considered by planners. In the least cost path
analysis, cost can be a function of time, distance or other
criteria such as forest land, water bodies, constructed
structures and hilly areas. Topography is one of the major
factors which may control selection of the road alignment,
especially in hilly areas (Subramani and Kumar, [13], Li X et
al [7]). Thus, priorities of the highway routes should be
decided based on the site condition, cost and environment.
Therefore, Least Cost Path Analysis would be helpful in
investigating least cost path for highway routes.
The best route between two locations can be determined
using Geospatial technologies (Subramani and Kumar,
[13]).A GIS model tool for road network analysis was
developed using available tools in sequence with data chained
together. The output of one tool was fed to the input of
another for road network analysis. Hala A. Effat and Ossman
A. Hassan [4] used Geographic Information System (GIS)
tools to develop a least-cost path for a corridor to link three
cities in Sinai Peninsula desert environment using multicriteria Analytical Hierarchy Process (AHP). Stephan
Tischler [12] developed comprehensive approach for route
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selection procedures, combining elements of traditional costbenefit analysis, multi-criteria analysis, and public
consultation.
Mahavar et.al [14][15] Carried out optimum route planning of
a city using GIS technology. Imtiaz Ahmed et,al [5] used leastcost path analysis (LCPA) in a Geographic Information
System (GIS) by using slope and land use map as a cost
attributes. Alexandre and Alves [2] presented the wide path
model which was independent of the choice of least-cost
algorithms. Lasse Fristrup [6] Applied least-cost modelling as
a tool to map ecological corridors in Danish municipalities. He
investigated the impact of uncertainty in the parameters used
to generate the cost surface. Sar F and Şen M [10] investigated
a new highway routes for Konya city with economic,
environmentally and hybrid approaches using LCPA, three
different routes are calculated.
Like road in the design of a pipeline system, Chu Fei-xueand
Chen Shi-yi [3] used Dijkstra algorithm to design and analyse
shortest path for pipeline. Sani Suleiman et.al [9] Located an
optimum, economic short path, that path was supposed to
connect two towns in Kano state of Nigeria (Gaya and
Hamdullahi). They adopted, a grid (cell size30mx30m) based
approach of a least cost path analysis method using ArcGIS
software. Ranya Fadlalla and Wael Ali [8] illustrated how
Geographic Information Systems (GIS), Network and Multi
Criteria Analysis (MCA) can be utilized for determining
suitable location of routes for Khartoum city. Alex M et.al [1]
described a method for conducting Geographical Information
System (GIS) least-cost path and least-cost corridor analysis
for linear mining infrastructure, such as roads. Least-cost path
analysis identifies the optimal pathways between two
locations as a function of the cost of traveling through
different land use/cover types. Stefano Bagli et.al [11]
presented an approach based on the integration of MultiCriteria evaluation (MCE) and Least Cost Path Analysis
(LCPA) to identify the most suitable route for a 132 kV power
line. Cost attribute include cost, visibility, population density,
and ecosystem naturalness. Spatial MCE and LCPA were
combined to generate cost surfaces, and to identify alternative
paths. MCE was used to Compare the alternatives, and
ranking them according to their overall suitability.
In the present study Dahod district which is a fast developing
area of the Gujarat, India was selected for finding the
alternative path of the major road passing through the area
mainly based on two factors: topography and land-use.
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2.

STUDY AREA

3.

Dahod city is located between 20° 30' and 23° 30'Latitude
North, 73° 15' and 74° 30'East Longitude in the Gujarat state,
India. This city has been selected by the Government of India
to be developed as smart city. Dahod is connected to all major
cities of Gujarat by road and rail network. However, road
network of the city is not well planned. Population of city is
1,30,503 and of the district 21,27,086 (Census 2011). The city
is developing fast and require more and better infrastructure
facilities.
Geologically the area is covered with metamorphic rocks of
Aravalli Super Group, Deccan volcanic rocks and alluvium.
During monsoon season (June to September) the area receives
good amount of rainfall while summers (March to May) are
generally hot and dry. The higher areas of this region are
covered with forests.

TOPOGRAPHY

The Dahod district is a part of Eastern Hilly Region of Gujarat.
The district is sub-divided into two sub-micro regions namely,
Dahod Upland and Forested and Scrub Zone on the basis of
topography, climate, geology, soils and natural vegetation.
Dahod Upland region forms a part of the eastern hilly tract
topographically, this region is the highest part of the district
and its average elevation is 300 meters above mean sea level
(msl) with isolated peaks at 400 meters elevation. Forested
and Scrub Zone region makes its boundaries with Rajasthan
State in the north and north-east, Dahod Upland in the east,
Panchmahals district in the south and Mahi plain in the west.
Topographically, this region is relatively higher in elevation
than Mahi plain. The general elevation of this region is 150
meters above msl. Topography of the area is partly hilly and
partly plain.

Figure 1: Study area location map
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Figure 2: Land use map of the Dahod District
4.

METHODOLOGY

In the present study, GIS model builder was used for the least
cost analysis for the selection of road alignment considering:

3415

1. Slope of the ground and 2. Combination of slope and land
use pattern.
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Figure 3: Slope map of the Dahod District
4.1 Model based on the slope Factor

which represent an elevation. Output slope raster file can be
generated either in degree or percentage slope. Each cell of
the output raster generated from DEM has slope value. The
low value of the slope suggest flatter slope, and vice versa.
Fig. 5, shows three classes of slopes: 1 Gentle (0 to 50), 2
Moderate (50 to 100) and 3 Steep (100 to 41.810). Travelling
cost through low slope ground would be less in comparison
to higher slopes.

The slope map (Fig.3) of the area was prepared from the
DEM (Fig. 4). The model study considering slope factor was
done in four main steps: 1. Calculation of optimum slope
path, 2. Cost forward link analysis, 3. Cost Back Link
analysis and 4. Cost path tool.
Step1.Calculation of optimum slope path:
DEM was used to calculate least cost path based on the
slope characteristics of the area. DEM contains several cells
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Figure 4: Raster DEM of the Dahod district
Step2.Cost forward link analysis:

An output of cost distance represents accumulated value
getting from each cell to reach the destination. It is a total
value of the all cells from origin to destination. In the model,
optimum cost path has been calculated based on the
availability of gentle slopes in between the origin (P1) and
destination (P2) points (Fig.6).

Cost has been considered here in terms of distance of the
path travelled .Less distance path means less cost and more
distance greater cost. In the GIS model cost distance gives
value to each cell as the distance attribute from the source to
each cell in raster. It is based on the lowest-cumulative cost
over a cost surface.
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Figure 5: Slope raster of Dahod District

Figure 6: Diagram shows the input locations

Figure 7: Diagram shows the output of cost distance

As shown in Fig. 7 the accumulated least cost path of
getting from orange cell to the destination is having a value
10.5. Fig 7 shows the cumulative least cost value from each
cell to reach source (temple).
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Figure 8 Cost distance zone map (raster) showing origin and destination.
Step 3.Cost Back Link analysis:

the value 0 represents the source location where, code
number is given in clockwise direction from right direction
of the source. Here, 1-8 code numbers are given which will
give the direction from origin to destination. This Back-link
analysis helps in the cost path model to develop an optimum
road path.

This analysis provides direction to cost path model, the
value of each cell represent the direction to reach destination.
The Fig.9 indicates code number of the direction,
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Figure 9: Diagram of code number and direction

Fig.10 show the least cost path which is to get cell value of
10.5 to the destination as we move diagonally through the
cell with a value of 5.7. This path would be shortest in term
of number of cells. Here, the output of back-link raster
shows the travel direction from each cell to the nearest
origin.

The cell 10.5 assign as a value 4 because code number
represent the direction as shown in Fig.10

Cost-weighted distance

Output of backlink

Figure 10: Cost weighted distance and backlink output
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Figure 11: Raster of cost backlink showing the given direction to reach source location from any destination
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Step 4.Cost path tool- Once the cost distance and back-link
raster are created, least-cost path routes can be derived from
any destination location. The Cost Path tool retraces the

destination cells through the back-link raster to an origin.
This tool was used in the determination of least cost path
considering slopes.

Figure 12: Output of cost path super imposed on the slope map
Note: Here in Fig.12 the least cost path shown in black line avoiding a steep slopes and red line shows the existing alignment.
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4.2 Model based on slope and land use
This model study is based on the weighted overlay
method. In the present study raster land use map was
generated. Similarly, raster map of slope was generated.
The value of each cell in the raster map represents the
suitability level to align the road through that cell, higher
the value of cell lesser will be the suitability and vice
versa. According to the study area characteristics, the
expenses are based on one or several variables. In the
present case variables considered are slope and land cover
of the area.

Step 1.Calculation of Slope value: Each raster file contains a
number of cells of specific value. In case of slope, each cell
is having slope value which is embedded in DEM
Step 2.Reclassify: Slope values are classified in different
classes by Quantile method in Arc GIS to obtain output as
Re-classed slope.
Step 3.Weighted Overlay: In the model, these re-classed
slope data and land-use data was used as a input of overlay
after giving appropriate weights to each land-use (Table 1).
Then process of running the model is done to get the
weighted overlay as weight re-classed output which may be
named as cost in the model.

Weights have been given to the factors combined in the
raster calculator. For example, if the study area has waterbodies, a high weight has been given to the water-bodies
raster value, giving it a higher weight, more attention is
given to avoid water-bodies as shown in Table.1

Step 4.Cost Distance: in this step we used destination and
cost as input in cost distance calculation. Then we run the
Cost Distance file data to obtain output of cost distance and
output of back-link.

Table 1: Weightage of Land-use map

4.2.1

Land Use

Suitability Level

Weight

Agriculture

Moderate to less
Suitable

8

Built-up

less Suitable

10

Forest

less Suitable

10

Wastelands

Highly Suitable

2

Water
bodies

Moderate to less
Suitable

9

other

Highly Suitable

5

Step 5.Cost Path: in the final step we used output cost
distance, output back-link and origin as input and obtained
least cost path as an output after running the model.
5.

RESULTS OF MODEL STUDY AND
CONCLUSIONS

Results of the model study considering slope and land use
pattern are presented in the Fig.14 and Table.2 The black
line indicate less weighted path that is less (least) cost
path whereas, red line is existing (original) alignment of
the road.
Results (Fig.14) show that the length of the path of
alternative alignment is reduced by 1.89% and 14.32 %
through built-up and Forest area, respectively and increase
in the path of the alignment passing through wasteland by
13.75%. Similarly reduction in the cost of alignment has
also been observed when only slope factor was considered
in the model study as shown in the Fig. 15.

Preparation of data and model running

Following is summary of data preparation for the GIS model
and process of running the model in five main steps: 1.
Calculation of Slope value, 2. Reclassify, 3. Weighted
Overlay, 4. Cost Distance and 5. Cost Path (shown in Fig.13)

The present study concluded that the application of
developed GIS models can be used for the selection of
least cost path road alignment not only for the Dahod
district but other areas also for proper planning of the road
network considering topography and land use land cover
pattern. Other factors such as restrictions by railway lines,
high security areas, national park etc. can also be
considered in this model.
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Slope
Identifies the slope
from each cell of
raster surface

Reclassification
A remap table that defines
how the values will be
reclassified.

Cost Path
Calculates the
least-cost path
from a source to a
destination.

Cost Distance
Calculates the
least
accumulative
cost distance for
each cell to the
nearest source
over a cost
surface

Figure 13: Model of least cost path determination using DEM and Land-use
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Weighted
Overlay
Overlay several
rasters using a
common
measurement scale
and weights each
according to its
importance.
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Figure 14: Showing alternative alignment in black line
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Figure 15: Comparison of 1st model and 2nd model
Note: blue line shows path avoiding high slopes based on slope factor model and red line shows path considering both factors
such as land use and slope factors.
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Table 2: Comparative study of length parameters of existing road alignment with alternative alignment
(based on 2nd model study).
Existing Road Alignment

Alternative Road Alignment

Land-Use

Length of
road
passing
through
land-use
(Meters)

% of total existing road

Land-Use

Length of
road
passing
through
land-use
(Meters)

% of total alternative road

Agriculture

39248

80.19

Agriculture

41963

81.82

Built-up

1037

2.12

Built-up

114

0.22

Forest

8237

16.83

Forest

1286

2.51

Water bodies

422

0.86

Water bodies

872

1.7

total

48944

100

Wastelands

7052

13.75

total

50415

100
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