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Abstract 

Selecting best route location and highway alignment process is a complicated one, due to 

the many variables that must be taken into consideration for achieving the best results. 

Geographic Information Systems (GIS) can easily model such variables, including 

topography, environment, built-up areas, and geology variables. This study took advantages 

of GIS capabilities that offer the ability to overlay maps, merge them, and perform spatial 

analysis on various layers of information in either two or three dimensions. In this study, a 

GIS model for route location and highway alignment was developed and used to generate 

alternate highway route applications. After these alternatives were preliminarily designed 

using CADD software (Softdesk 8.0), the model was used to analyze, evaluate, and then 

select the alternative with least impacts on environmental, economical, and political 

aspects.In this study, the GIS model was tested on an application that aims to select the 

best alternative of three suggested highway alignments. This selected highway is supposed 

to connect two major cities in the north of the West Bank (Nablus and Jenin). In this 

application, the advantages of the developed model were clear in the preliminary stage of 

alternatives generation where it was possible to avoid impacting of the different sensitive 

areas. In addition, a lot of information can be concluded once the user identifies a 

suggested route because the profile can be developed and drawn immediately. In final 

stages of analysis and evaluation, the model showed high capabilities in analyzing the 

impacts of each alternative, using buffering and spatial relations between the different 

features and the suggested alternatives, and then evaluating these impacts. The results of 

this study clearly showed the applicability and potential of using GIS as a tool in route 

location and highway alignment with least potential impacts. 

INTRODUCTION  

Geographic Information Systems (GIS) 

are increasingly used in civil engineering 

applications. Transportation and highway 

engineering is one field which has been 

affected by developments in GIS aspects, 

as spatial variables, including 

environmental, topography, built-up 

areas, and geology related variables, can 

be easily modeled. Such criteria are taken 

into consideration in the selection of route 

location and the design of highway 

alignment processes that are usually 

perceived as rather complicated. 

Therefore, this complexity motivates 

highway engineers to give more attention 

to GIS applications in route location and 

highway alignment, due to their ability to 

consider many spatial variables 

simultaneously.  

 

Objectives 

The task of selecting the optimal route 

alignment for highways is an application 

of transportation engineering that can 

benefit from GIS technology. The main 

objective of this study is to take 

advantage of this technology that offers 

an opportunity to overlay maps, merge 

them, and perform two and three-
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dimensional spatial analysis on various 

layers of information. Therefore, the 

procedure will be established to perform 

the analysis of the preliminary location of 

highway routes, this will be applied to a 

real world case study for a new route 

between Nablus and Jenin in the northern 

part of West Bank. 

Importance of the Study   

The importance of this study comes from 

the use of a developed GIS model in 

highway alignment preliminary selection, 

analysis, evaluation, and final selection. 

The developed GIS model and its different 

extensions, especially 3D Analyst, have 

many of advantages in highway alignment 

selection field. The following points show 

these advantages: In the preliminary 

stage of route selection, it is possible to 

avoid impacting the different sensitive 

environmental areas such as valuable 

agricultural and biodiversity areas, 

forests, and water resources, such as 

wells and springs. Such option remains 

possible because all layers can be shown 

simultaneously. 

• A lot of variable details can be 

reached once the user identifies a 

suggested route because the 

profile can be developed and drawn 

immediately. GIS provides 

preliminary dynamic evaluation of 

the suggested route:  

• It is easier to select the preliminary 

centerline when there is a 3D 

topography for the study area, 

which makes it possible to avoid 

any steep slope. 

• Using 3D model of the study area, 

the user can take a clear enough 

impression about the suggested 

center line by producing an 

immediate profile for the different 

segments of the center line. On the 

other hand, the length of each 

route is shown. 

• In final stages of analysis and 

evaluation, GIS has high 

capabilities in analyzing the 

impacts of the suggested highway, 

using buffering and spatial 

relations between the different 

features and the highway, and 

then evaluating the proposed road 

depending on its impacts. 

• Finally, the user can visually 

certain the chosen alignment as 

well as he/she can see the final 

designed highway in three 

dimensions and can simulate 

driving through the highway. 

 

Study Area  

The study area is located in the northern 

part of West Bank. The area is part 

of two main districts, Nablus and Jenin,. 

There are two main reasons behind 

selecting this area for the application of 

this study. First is the variety of land use 

and topography of the study area that 

extends from Nablus in the south to Jenin 

in the North. Such variety shows the 

capabilities of GIS in spatial analysis in 

two or three dimensions. Second is the 

availability of environmental and 

socioeconomic information necessary for 

the analysis and evaluation phases of the 

intended model. 

LITERATURE REVIEW 

GIS Applications in Transportation 

Planning 

Introduction 

GIS can have a significant role in 

transportation planning because GIS can 

help capture, store, analyze, and display 

geographical information based on its 

location character and link it with 

transportation planning variables. The use 

of GIS is particularly useful in 

transportation since it is an effective way 

to integrate the information needed to 

support many criteria for transportation 

planning, evaluation, and analysis. GIS 

play a main role in transportation 

application planning. It is useful to 

address complex tasks in policymaking, 

planning, analysis, evaluation, design, 

construction, and maintenance of different 

types of transportation facilities. In 
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addition, it provides database 

management for extending human 

memory, spatial analysis for rigorous 

computation, and map display for 

visualization of large amounts of 

information about transportation 

networks. 

 

Worldwide GIS Application in 

Transportation Planning  

A large number of studies regarding use 

of GIS in transportation planning were 

prepared around the world. One of these 

studies was titled ‘A Methodology Using 

Geographic Information Systems to 

Evaluate Socioeconomic Data Concerning 

Impacts of Highway Bypasses in 

Oklahoma’ was prepared by Jonathan, 

Allen, and Amanda (2000). This study 

focused on developing a methodology for 

selecting and aggregating 9 

socioeconomic data that will be useful in 

assessing the impacts of highway 

bypasses on towns in Oklahoma. GIS 

technology was used in this study to 

develop a comprehensive modeling 

framework that will allow the users to 

assess quantitatively the potential 

economic impacts bypasses may cause. 

Within this framework, bypass alternatives 

were selected and evaluated via five 

primary factors: total cost, ability to serve 

traffic, number of residential and 

commercial displacements, effect on the 

local businesses, and environmental 

considerations along the route. Alternative 

routes could be easily derived and 

compared to find the best one, including 

the possibility of not constructing a new 

bypass but widening and improving the 

existing route instead.  

 

This aspect of the project set it apart from 

other studies of highway impacts 

analyses. As part of this study an 

automatically updated GIS database for 

Oklahoma highway network was 

constructed to keep the planners and 

engineers well informed to the activities 

and needs of communities throughout 

Oklahoma. By properly developing and 

maintaining the GIS database and using 

the developed model, users would be able 

to identify a proposed new bypass route 

graphically on a map, identify the 

bypassed highway section, and quickly 

calculate estimates of affected businesses 

and other economic activities within a 

specified distance of these routes. This 

identification, combined with the impact 

models developed by using past bypass 

experiences in Oklahoma, provides the 

users with a reasonable estimate of 

changes that could be expected for the 

proposed bypass route and replaced 

highway section.  

 

Local GIS Applications in 

Transportation Planning and Traffic 

 

There is a limited number of studies 

regarding use of GIS in transportation 

planning in Palestine. Transportation 

planning was part of study that was 

prepared by Abu Gharbiyyeh (2001). One 

objective of this study was to describe the 

capabilities of GIS in transportation 

planning, and on the other hand to study 

the role of GIS and how it could play a 

role in Palestine by developing this 

system.  

 

The study introduced a general 

background of the planning situation in 

Palestine. The reasons for introducing GIS 

at Palestine were described, as well as the 

obstacles that face the application of GIS 

in regional planning in Palestine. The need 

of a GIS system for Palestinian Planning 

was described and the current situation of 

the Palestinian information system was 

discussed. The study also contained a 

practical application of GIS by viewing 

techniques that could be used to upgrade 

the master plan of Bethlehem City. 

History and the predominant situation in 

Bethlehem were outlined. The use of GIS 

in the maps production process was 

presented by discussing how GIS could be 

used to upgrade the exiting land use road 

networks of Bethlehem. 

Finally, the study provided a proposal to 

develop GIS in Palestine by outlining a 

framework for the establishment of 
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Mapping Authority of Palestine (MAP).The 

requirement to fulfill the functions of MAP 

and Implementation Strategy and 

program were given to assure the 

effective use of GIS in Palestine. Another 

study titled ‘The Use of Traffic Assessment 

Modeling Technique in Evaluating and 

Testing Transportation Policies and 

Projects Nablus City: Case Study’ was 

prepared by Douleh (2000).  

Since the scientific methods are the tools 

for proper planning, the estimation of 

origin-destination trip matrix and traffic 

assignment were the basic methods that 

were studied, discussed and. utilized in 

this study. Stochastic User Equilibrium 

assignment was the method used for 

traffic assignment processes, while the 

multiple path matrix estimation was used 

for the estimation of origin destination trip 

matrix. These methods gave acceptable 

simulation for the travel behavior and 

travel patterns, where an equilibrium 

condition in the traffic flow pattern over 

the street network was observed. GIS 

based computer software, TransCAD, was 

used in this study.  

Trans CAD is a powerful tool for 

transportation planners in terms of GIS 

support for planning GIS Studies in Route 

Location and Highway Alignment  Route 

location and highway alignment presents 

a highly complex decision environment in 

which a variety of social, environmental, 

and economic factors must be defined, 

analyzed, and evaluated. There are 

several studies that benefit from the GIS 

for this purpose; one of these studies was 

prepared by Bailey (2003). 

The design and development a GIS-based 

corridor route planning methodology 

called Analytic Minimum Impedance 

Surface (AMIS) was described in this 

paper. This methodology facilitated choice 

of a route corridor for a section of a 

proposed interstate highway connector in 

the southeastern U.S. Also it would both 

provide comparative information about 

pre-selected corridors and/or aid in the 

selection of corridors based on user-

defined path inputs or endpoint location 

specifications. 

The area of this study was located in a 

complex karst landscape possessing a 

variety of landforms and geologic 

characteristics. Much of the study area 

was dissected by a dense network of 

streams and steep gradients and cliffs 

were common. Although this area was 

mainly rural, containing large sections of a 

National Forest, several pockets of 

development were found in the study 

area. 

Five classes of data were defined in this 

study 

• Environmental: Unique habitat, 

archaeological feature and streams 

• Man-made public Features: Hospital, 

water tank, school and airport 

• Dirt and rock: Oil and gas wells, mine, 

quarry and 15-25% Slope 

• Socioeconomic: Land value, poverty rate 

and Population growth rate 

• Picnic area: Picnic area, national 

properties register, state park 

The study discussed how the various data 

inputs; including the classes above; 

elicited and aggregated into a decision 

support model. AMIS combined system 

priorities, such as economic development 

and connectivity improvement, with varied 

but specific features, such as wetlands, 

schools, median incomes or areas where 

endangered species were located. Both 

the system priorities and features could be 

user specified. Input was in both written 

and electronic data format, while the 

output was displayed on standard GIS 

software. AMIS was therefore built using 

iterative process that incorporated input 

from engineers, planners and 

environmental specialists. GIS database 

for AMIS was constructed to the same 

resolution as the underlying terrain data; 

30 meter digital elevation models (DEMs). 
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All of the vector data was converted to 

raster grids within ArcInfo. 

The integer value of each grid cell was 

taken directly from the calculated values 

for that data layer. Once all the raster 

layers were completed, ArcInfo then 

added the values of all cells in the corridor 

study area. The result was an impedance 

surface, representing the sum of all the 

calculated costs on a per-cell basis. Using 

Avenue scripts within ArcView, the routing 

function was invoked with a button which 

then allows the user to specify where the 

route should terminate.  

Finally ArcView determines the least cost 

route to that cell and drew it onscreen as 

a graphic element. Another study related 

to use of GIS in route location was 

prepared by Sadek, Kaysi and Bedran 

(1998). In this study, an integrated GIS 

framework was developed as a decision-

aid tool for a multi-criteria evaluation of 

route alignments. The framework 

integrated specialized slope stability and 

roadway design packages within the 

ArcView user friendly environment.  

The objective was to allow for multi-

criteria analysis and evaluation of route 

alignments based on the integration of: 

topographic, geometric design, geologic 

and geotechnical slope stability analyses, 

environmental impact, and community 

disruption evaluation.  

MEHTODOLOGY 

Introduction 

This chapter explains how decisions to 

select a new highway alignment are made 

and highlights the major elements of the 

process. The process for highway 

alignment selection is a rational one that 

intends, among other aims, to furnish 

unbiased information about the effects 

that the proposed highway will have on 

the highway environment. The traditional 

highway selection process is modified here 

to reflect using GIS in an integrated 

model. The process therefore comprises 

five basic phases, which are interrelated. 

The information acquired in one phase of 

the  process will be helpful in the later 

phases. These phases are:  

• Data Collection and Variables 

Identifications Software Selection 

• Input of Existing Data 

• Defining Alternatives 

• Data Collection and Variables 

Identifications 

The Data Collection stage of the study 

involves the assembly of all relevant 

information to undertake the highway 

alignment selection. Highway alignment 

selection should be built on a 

comprehensive body of information. This 

information should be prepared in digital 

format, as a base model for the region of 

interest. The data collection process is a 

critical and time intensive stage. At the 

beginning of any project, the database 

requirements should be set as part of the 

objectives. These objectives include the 

required data layers, the features required 

in each layer, the attribute data needed 

for each feature type, and how to code 

and organize these attributes. For 

highway construction projects, all types of 

data about the suggested highway 

alignment should be collected. This data 

depends on the study area characteristics 

and the priorities of the designer.  

In general, the following data categories 

should be collected: 

1. Topographic Data: Usually contour 

maps are prepared for the study area 

which is very useful to avoid rough 

topography. Using GIS, three dimensional 

model of the study area can be built. This 

model is very useful in selecting a primary 

center line of the suggested highway 

because the user can see the topography 

of the study area as it is in reality and to 

show the final highway in three 

dimensions. On the other hand, it is very 

important from economic point of view to 

estimate the earthwork; cut and fill 

volumes and to reduce the operational 



GOPI K, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM 
Volume 2, Issue 18, PP: 114 - 121, APR - JUN’ 2017. 
 

 

 
 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (18), ISSN: 2319-6106, APR - JUN’ 2017.            PP: 114 - 121 

cost of the suggested highway by reducing 

the grades of designated highway. 

2. Environment Data: Environmental data 

is necessary to specify the impacts of the 

suggested highway on the surrounding 

environment where the highway will be 

laid down. This data is to be divided into 

several classes and each class of them is 

to be represented in a separate layer. 

Collected environmental data contains the 

following data: 

• Agriculture Lands: Constructing new 

highway will result in the direct and 

indirect loss of agricultural lands. This loss 

ranges from lost income from land and 

crop damage to yield reductions on fields 

adjacent to construction. The government 

in this case compensates farmers for the 

removed lands from agricultural 

production. Therefore, it is necessary to 

classify these areas according to their 

agricultural value. Natural Reserves, 

Biodiversity areas, and Forests: Data 

about these lands is very important due to 

their environmental role and due to its 

recreational role as well.  

• Water Resources: It is very important to 

collect data about water resources either 

ground or surface resources. These 

resources should be avoided by any 

highway project, because any serious 

source of pollution in the road will affect 

the water resources in the project area. 

Polluting these resources will, on one 

hand, destroy a main domestic water 

resource. On the other hand, it will 

destroy a major agricultural supply of 

water in the region. Therefore, the 

highway should be laid down without 

causing any significant harm to the exist 

water resources.  

3. Built-up Areas and Existing 

Infrastructures Data: To avoid 

demolishing of built up areas and available 

infrastructures. Also constructing a new 

highway could cause residential and 

commercial relocations and significantly 

disrupts traffic during the construction. In 

addition, distribution built-up areas' 

population is necessary, in highway 

location, to determine the population 

served by it.  

4. Geopolitical Data: Geopolitical aspects 

play a main role in all infrastructures 

development, especially in highways 

development. For any proposed highway 

project, data about all political obstacles 

should be collected and these obstacles 

should be defined and classified. These 

obstacles could be special regulation on 

the study area or it could be found on the 

ground such as settlements, military 

areas, and the Separation Wall. 

CONCLUSIONS AND 

RECOMMENDATIONS 

Conclusions 

This study aimed to use GIS as a tool for 

route location and highway alignment 

application. There are several GIS 

packages available, but there is no one 

designed especially for this application. 

ArcView was customized for such 

application in this study, using external 

extensions. Applications were then tested 

the utility of the customized ArcView. This 

study was applied to find the location of a 

proposed highway that connects Nablus in 

the south with Jenin in the north of a 

selected study area, for which all relevant 

data was collected. Data included 

information about the study area, such as 

agricultural, forest, biodiversity areas, 

natural reserves, and water resources. 

This data also included information about 

the built-up areas either the Palestinian 

built-up areas or Israeli settlements in the 

study area. Other data was collected 

about the cultural sites, geological faults, 

Separation Wall, and the isolated areas. 

Based on the study results, the following 

conclusions are made: 

1. The developed GIS model has 

demonstrated the potential of using GIS 

technology as a tool to assist in route 

location and highway alignment 

applications.  
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2. It has been shown that using GIS in 

route location and highway alignment can 

be flexible and has the capability to 

expand easily and accommodate any 

additional required data layers, such as 

soil and geological features, to represent 

the real world, where the highway will be 

aligned. On the other hand, the model can 

take additional data and layers that comes 

from the future plans of the study area. 

3. The importance of the developed model 

came from the interaction between 3D-

Analyst and Spatial Analyst extensions 

when the slope of the topography was 

considered in selecting the best route. The 

division of the study area according to its 

slope and merging the different slope 

areas with the forbidden and permissible 

areas prove the importance.  

4. Interface with CADD software 

(Softdesk) allows interaction with the 

capabilities of GIS model, because 

ArcView is very limited in design features. 

This allows for the design of horizontal 

and vertical alignments. 

5. This study proved to be a good 

analytical tool in conducting the impacts 

of suggested highway on the environment 

elements such as agricultural areas, 

biodiversity areas, forest areas, and on 

water resources. This will help in reducing 

the negative effects on these areas and 

resources. 

6. The developed model showed high 

capabilities of dealing with 3D in two 

ways:  

a) determining the preliminary centerline 

and avoiding the topography with steep 

slopes using Profile Extractor Extension 

PE; showing the designed highway in 3D 

and simulating a driving experience, thus 

giving a trial simulation of the highway 

before it is constructed and visual 

checking the sight distance.  

Recommendations 

The application of GIS technology in the 

route selection and highway alignment is 

still in the development stage, where the 

developed model is not fully complete. It 

is hoped that with the continued process 

of usage, improvement, and 

modifications, will result in experience 

gaining in the use of the GIS technology, 

and will aid engineers and planners in all 

different stages of highway location and 

design project. This study has shown the 

potential of GIS as a tool for route 

location and highway alignment. 

Consequently, the development of a 

comprehensive GIS model for this 

application and other transportation 

applications should be pursued.  

Recommendations for further studies are 

presented below:  

1. It is recommended to concentrate the 

efforts to develop GIS extensions for the 

design of highway, so that the highways 

can be designed without using CADD 

software. Therefore, GIS will help 

engineers and planners in the suggestion, 

design, analysis, and evaluation of 

highway alignment.  

2. It is recommended to develop a GIS 

model to be a decision making tool. So 

that, this model can, on one hand, 

automatically analyze and calculate the 

earthworks volumes as well as the 

different impacted areas. On the other 

hand, the developed model can select the 

best alternative using an input impact 

weighting system. 

3. It is recommended to improve the 

weighting system so that it contains more 

detailed information about the geology of 

the study area and about noise pollution 

as well as air pollution.  

4. It is recommended that 3D Analyst and 

3D Incontrol extensions be used in 

calculating and determining the sight 

distance. This is because 3D Incontrol has 

the ability to show the real topography in 

3D as well as the ability to simulate 

driving in the designed highway. 
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