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ABSTRACT
The absence of a direct and well-maintained road between Dembidollo and Mettu towns in the
Oromia Zones of Ethiopia resulted in prolonged travel times, increased costs, and hindered
movement. This study aimed to utilize geospatial technologies to select the best route alignment
that would efficiently connect the two towns. Through geospatial analysis, a suitable route
alignment was identified, and the economic, technical, and environmental aspects of the
proposed alignments were evaluated. High-resolution Digital Elevation Model (DEM) data and
Sentinel 24 imagery were employed for generating slope, elevation, drainage order, and land
use and land cover (LULC) classification. Data processing and analysis were conducted using
geospatial software such as ArcGIS, ENVI, Idrisi Selva, Global Mapper, and Google Earth. A
systematic method was followed, encompassing data collection and processing, criteria
prioritization using the Analytical Hierarchy Process, weighted overlay of thematic maps, least
cost path generation, and evaluation based on preferred theme maps. The analysis emphasized
the significance of economic factors in route selection, giving the highest weight to the
economically preferred least cost path. The findings demonstrated a substantial improvement
offered by the proposed route alignment, resulting in a remarkable distance reduction from 271
km to 96.46 km. The recommended route alignment proved to be cost-effective, safe, and resilient
by avoiding higher-order drainage and minimizing disruptions. Adoption of this route alignment
was recommended, as it would bring benefits such as reduced travel costs and time, improved
community services, enhanced economic opportunities, and affordable transportation of goods.
In conclusion, the effectiveness of geospatial technologies and multi-criteria evaluation
methods in selecting the optimal road route alignment is showed. The integration of remote
sensing and GIS proved highly efficient and cost-effective for large-area imaging. By
considering multiple parameters and incorporating multi-criteria evaluation, a comprehensive
assessment of the proposed alignments was achieved, highlighting the practicality and
effectiveness of geospatial technologies in road infrastructure development. These insights
provide valuable guidance for future studies and contribute to the development of economically

viable and sustainable transportation networks.

Keywords: Economic viability, Geospatial technologies, Multi-criteria evaluation, Road route

selection, Sustainable transportation networks
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CHAPTER I: INTRODUCTION

The development of efficient road infrastructure is vital for promoting economic growth and
enhancing connectivity between cities and towns. However, the selection of optimal road
alignments is a complex task influenced by various factors such as topography, soil composition,
distance from settlements, and environmental considerations. In Ethiopia, the need for well-
planned road networks is particularly critical for socioeconomic development. To address this
challenge, the integration of geospatial technologies and advanced data analysis techniques
offers new opportunities for effective road route selection. This study aims to identify and
analyze the factors influencing road alignment selection and propose alternative alignments
using geospatial technologies, thereby contributing to the enhancement of road infrastructure

planning in Ethiopia.

1.1. Background of the study

Road transport is a vital catalyst for economic development, facilitating the movement of people
and goods. Beyond its economic impact, well-developed road networks also serve various other
purposes. They play a crucial role in military operations, provide access to education and
essential services, promote tourism and recreation, foster social connectivity and community
development, and support sustainability efforts. By investing in road infrastructure and
considering these multifaceted applications, we can create a smart and efficient transportation
system that enhances accessibility, safety, and quality of life for all (Ivanova & Masarova, 2013;
Jana et al., 2017a). And in order to develop a high-quality road network, the selection of an
appropriate road path is of great significance. This process involves evaluating social, economic,
and technical factors to determine the optimal road alignment. During the planning phase of
highway expansion, careful evaluation and decision-making are essential (Tae-Ho et al., 2008).
However, road route selection is a complex task due to the multitude of variables that need to
be considered (Suleiman et al., 2015). Physical factors such as topography, soil characteristics,
and nearby land use play a role, along with technical, economic, environmental, and stakeholder

considerations (Poudel & Kumar, 2022).

Ethiopia's road network is a valuable national asset that requires joining to complete standards

in design, construction, and maintenance to ensure a high level of service. With the continued



expansion of the road network, the need for effective preservation methods becomes
increasingly crucial. Adhering to appropriate standards not only ensures road durability but also
minimizes the need for frequent repairs and replacements, optimizing resource allocation and
reducing maintenance costs. By making informed choices in road design, construction, and
maintenance, Ethiopia can safeguard the integrity of its road network and maximize its
contribution to economic development and social well-being. Implementing sound practices in
road infrastructure management is essential for the network's long-term sustainability and

continuous improvement (ERA Manual, 2013).

The selection of the optimal road route requires careful consideration of various criteria to
ensure direct connectivity between cities, towns, or villages while minimizing transport,
construction, and maintenance costs. In Ethiopia, the criteria for route selection include factors
such as minimum route length, construction and maintenance costs, cumulative rise and fall,
length of steep gradients, constraints due to topography, required bridges, ease of construction
and technology, environmental and social impacts, socio-economic benefits, geological

conditions, and availability of construction materials (ERA Manual, 2013).

Choosing the best route is a complex task that involves analyzing diverse data sets and
considering multiple variables. However, the integration of geospatial technologies, including
remote sensing, geographic information systems, and global positioning systems, has
significantly facilitated this process (Mondal et al., 2021). Geospatial technologies encompass
a range of mapping and surveying techniques, employing data from remote sensing platforms
and employing principles from disciplines such as digital cartography, photogrammetry,
surveying, and automated data capture systems. These technologies enable the acquisition,
processing, manipulation, and analysis of spatial data, empowering decision-makers to address
regional and environmental challenges effectively. By handling both spatial and non-spatial
data, geospatial technologies play a vital role in data acquisition, management, analysis, display,
and dissemination. The advancement of electronic networks has further amplified the potential
of geospatial technologies, attaching the vast amount of digital data and computational power

available (Reddy, 2018).

The information generated through conventional methods, remote sensing, and GPS techniques

could be used effectively to create database in GIS and perform variety of spatial analysis in



sustainable management of land resources and generate environment-friendly action plans.
Some of the applications of geospatial technologies are digital terrain modeling,
geomorphological mapping, soil resource inventory and mapping, soil-landscape modeling,
land use/land cover mapping, croplands mapping, spatial decision support systems, etc., which
have a far-reaching impact on mapping, monitoring, and management of land resources on
sustainable basis (Reddy, 2018). By incorporating Geographic Information Systems and Multi-
Criteria Decision Analysis, planners can enhance the precision and desirability of road route
selection outcomes. This integration reduces the elaboration of the planning process and
facilitates agreement among diverse stakeholders (Sameer et al., 2021). Multi-criteria evaluation
within GIS involves allocating land based on a set of attributes that selected areas should ideally
possess to fulfill specific objectives. However, it is worth noting that different approaches
employed in vector and raster systems often yield distinct solutions, as evidenced by studies

(Eastman, 1999).

1.2. Statement of the problem

The absence of a direct and well-maintained road between Dembidollo and Mettu towns in the
Oromia Zones of Ethiopia hampers socioeconomic integration and restricts access to essential
services. The local population is compelled to rely on alternative routes that require
rehabilitation and are affected by political conflicts. Consequently, individuals face prolonged
travel times and increased costs, hindering their ability to move conveniently and efficiently

between the two towns.

To further emphasize the problem, it is crucial to consider the significant socio-economic
integration between Dembidollo and Mettu. Residents frequently travel between the towns for
various purposes, including education, commerce, visiting relatives, military activities, and
entertainment. However, the lack of a direct road exacerbates travel challenges and adds to the
financial burden. Additionally, the inadequate transportation infrastructure impedes market
access, limiting the economic opportunities available to individuals and inhibiting regional
growth. Moreover, the existing road connections to other towns are in need of rehabilitation and
are subject to political conflicts. These conditions compromise the safety and reliability of travel
options, further impeding the ease of transportation. The inadequate road network also hampers

the provision of crucial government services, such as healthcare and education, leaving residents



with limited access to quality facilities and hindering their overall quality of life. Addressing
this problem is pivotal to foster socioeconomic development, improve community services, and
enhance the well-being of the population in Dembidollo and Mettu. By acknowledging the
specific travel patterns, purposes, and duration of travel between the towns, a comprehensive
road infrastructure plan can be formulated. This plan should prioritize the establishment of a
direct and efficient road, enabling seamless access to essential services, reducing travel costs,

and unlocking economic opportunities for the residents.

The problem at hand calls for urgent action to improve road connectivity and infrastructure,
thereby driving economic growth, enhancing community services, and elevating the overall

quality of life for the residents of Dembidollo and Mettu towns.

1.3. Objective of the study
1.3.1. General Objective
The aim of this research is to select the best route alignment location using geospatial

technologies to connect Dembidollo and Mettu town.

1.3.2. Specific objective

The particular objective of this research is to:

e Analyze factors affecting road alignment selection between Dembidollo and Mettu
towns.

e Formulate and present alternative road alignments, taking into account technical,
environmental, and economic criteria.

e Assess and compare the proposed alternative alignments using the defined criteria to
identify the most suitable route.

e Showecase the effectiveness and practicality of using geospatial technologies in the route

selection process for road infrastructure development in Ethiopia.

1.4. Research question

This research is hoped to answer the following question.

e What are the factors that significantly impact road alignment selection between

Dembidollo and Mettu towns?



e How can alternative road alignments be formulated, considering technical,
environmental, and economic criteria?

e How can the proposed alternative alignments be assessed and compared using defined
criteria to determine the most suitable route?

e What is the effectiveness and practicality of utilizing geospatial technologies in the route

selection process for road infrastructure development in Ethiopia?

1.5. Significance of the Study

Finding a new and optimized route alignment between Dembidollo and Mettu towns will have
significant benefits in terms of reducing travel costs and time for the local population. This
research highlights the crucial role of geospatial technologies in conducting route selection
analysis, enabling the identification of geographically suitable, shortest, safe, and cost-effective
paths. The chosen route will facilitate improved community services, such as enhanced
economic opportunities, time-efficient travel, and affordable transportation of goods between
the towns. The proposed road alignment, will benefit not only the local population but also the

broader region by improving connectivity and fostering socio-economic development.

1.6. Scope of the study

Geographically, this study is conducted in the Ethiopia Oromia region, specifically focusing on
the South-West area between the towns of Dembidollo and Mettu. The study involves the
analysis of factors that affect route selection, including the processing, preprocessing, and
interpretation of geospatial data. The ultimate goal is to select the shortest and lowest cost route

by employing a multicriteria approach with the use of geospatial technology for the case of

Dembidollo and Mettu.

1.7. Limitations

The absence of advanced imaging technologies, such as Lidar and UAVs, which could have
provided more detailed and precise data on the study area are considered as limitation for this
study. This constraint restricted the level of detail and accuracy that could be achieved in
mapping and evaluating the road route selection. Despite efforts to mitigate this limitation using
available data and geospatial technologies, the absence of advanced imaging technologies may

have impacted the comprehensiveness and accuracy of the analysis.



CHAPTER II: LITERATURE REVIEW

2.1. General overview

Roads play a vital role in the modern economy, and effective integration and planning are crucial
for their success (Sunusi et al., 2015). When choosing a highway route, the physical
characteristics of the area, such as topography, soil conditions, and surrounding land use, are
significant factors to consider (Isah O. Anavberokhai, 2008; Mahavar & Pham, 2019; Suleiman
et al., 2015). These factors encompass gradients, available land-use and soil type, construction
and maintenance costs, length, number of curves, user cost, connectivity, community or national

landmarks, and governmental interests.

The complex environmental structure presents challenges in highway route design, particularly
due to topography and natural geographical obstacles (Sar1 & Sen, 2017). To overcome these
challenges, the availability of surface terrain information is crucial for economically siting new
road alignments. This information aids in identifying and evaluating alternative routes and
optimizing alignments and grades for the selected alternative (Veneziano et al., 2004). However,
there is a conflict between economic and environmental perspectives in road alignment
planning. Cost considerations can negatively impact the environment and habitats, leading to
deforestation, altered water resources, construction waste, air pollution, and noise. Conversely,
environmentally-focused highway projects can increase costs due to steeper slopes, increased

height, and longer routes (Sar1 & Sen, 2017).

To address the environmental and cost priorities of road projects, the most suitable road routes
should be determined using methodologies such as Analytical Hierarchy Process and Least-cost
path analysis (Effat & Hassan, 2013). AHP helps in determining suitable locations based on
various criteria, while LCPA aids in deciding the route by considering the weights of parameters
calculated through AHP. By integrating AHP and LCPA, cost surfaces and parameter-oriented

approaches can be utilized to determine the desired routes (Sar1 & Sen, 2017).

The complexity of route selection arises from various considerations and conflicting interests,
making the planning process challenging (Sameer et al., 2021). The use of Geographic
Information System and Multi-Criteria Decision Analysis assists planners in achieving detailed

and desirable results, reducing complexity, and enabling stakeholders to reach common



conclusions (Poudel & Kumar, 2022). GIS facilitates the incorporation of ground information

for spatial analysis, contributing to informed decision-making (Poudel & Kumar, 2022).

2.2. Road Alignment selection

Road route selection is a complex task that presents challenges to industry professionals. (Zhao
et al., 2019) highlight the need for an effective method to identify the optimal path connecting
specified points. Traditional approaches to road alignment selection are slow and error-prone,

leading to the development of new tools and algorithms (Bongiorno et al., 2019).

In the context of new highway planning,(Mondal et al., 2021) utilized GIS techniques for
connecting two cities. They considered various governing parameters such as land use, slope,
aspect, soil, geology, and drainage maps. By assigning scales to subunits and using weighted
cost distance and direction functions in ArcGIS, they successfully plotted the shortest path from

source to destination.

(Poudel & Kumar, 2022) incorporated remote sensing and ancillary data sources, including
USGS, Sentinel-2, and Copernicus, in the road alignment selection process. They employed the
Analytic Hierarchy Process (AHP) to determine criteria weights and generated theme maps
through weighted overlay in ArcGIS. Optimal alignments were derived from cost surfaces, with

the shortest route selected based on the technical theme.

(Sekulic et al., 2022) adopted a multi-Criteria Evaluation approach as part of an Environmental
Impact Assessment to identify optimal by-pass alignments in the Tlokweng Planning area of
Botswana. They classified thirteen criteria maps into economic, environmental, and social

themes, successfully finding optimal alignments using the MCE approach.

Overall, these studies highlight the importance of developing efficient methods and utilizing
GIS techniques, remote sensing data, and decision-making approaches such as AHP and MCE

for road route selection.

2.3. Road route selection approach in developing countries

In developing countries, the route selection process for linear engineering structures, such as
roads, often relies on classical methods based on medium-scale topographic maps, with slope
data being the primary consideration (Yildirim et al,, 2006). However, when it comes to

selecting road alignments, it is essential to align traffic flows within a road network and
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determine the locations of passage points along the way. This requires a comprehensive
evaluation of social, economic, and technical factors to identify the most suitable road

alignments based on the evaluation results.

In terms of social factors, it is crucial to recognize the significance of improving road traffic
networks within local societies and assess the social impacts on communities, taking into
account other development projects in the area. Economic factors play a role in assessing the
reasonableness of road plans in terms of investment considerations, such as construction costs,
maintenance, and management expenses, as well as the economic benefits associated with those
investments. Technical factors related to road plans encompass both traffic-technical and
structure-technical aspects, which are evaluated separately. Traffic-technical aspects focus on
managing the flow of automobile traffic, while structure-technical aspects involve adapting road

plans to natural conditions and ensuring structural stability (Tae-Ho et al., 2008).

By considering these multidimensional factors in the road alignment selection process, it
becomes possible to make informed decisions that contribute to the development and

sustainability of transportation networks in developing countries.

2.4. Geospatial technologies for route selection

The role of geospatial technology in route selection has been transformative, thanks to modern
technologies such as high-resolution satellite data, GPS, GIS, and information technology.
These advancements have revolutionized land resource inventory, monitoring, and management
processes. Satellite data, with its integrated information on land characteristics, has proven
invaluable in assessing and analyzing various factors that influence route selection(Poudel &

Kumar, 2022).

High-resolution satellite data offers a comprehensive view of the landscape, providing details
on landforms, geological structures, soil types, erosion patterns, land use/land cover, surface
water bodies, and even qualitative assessments of groundwater potential. These data sources,
when combined with information derived from conventional methods, remote sensing, and GPS
techniques, allow for the creation of a robust and accurate database within a Geographic
Information System (GIS) platform. The integration of these technologies facilitates
sophisticated spatial analysis for route selection. GIS enables the overlaying and analysis of

multiple datasets, providing insights into factors such as terrain conditions, environmental
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sensitivity, accessibility, and infrastructure availability. By considering these diverse variables
simultaneously, stakeholders can make informed decisions that optimize route selection based
on specific criteria, such as technical feasibility, economic efficiency, and environmental

compatibility (Reddy, 2018).

Geospatial technology also allows for dynamic monitoring and evaluation of selected routes.
By employing real-time or periodic data updates, changes in land characteristics, road
conditions, or environmental factors can be promptly identified and incorporated into decision-
making processes. This enables adaptive management strategies, ensuring that selected routes

remain optimized and responsive to evolving circumstances (Jana et al., 2017b).

Furthermore, geospatial technology facilitates effective communication and stakeholder
engagement. Visualizations and maps generated through GIS can enhance the understanding
and communication of complex spatial information, enabling stakeholders to actively participate
in the route selection process. This inclusivity promotes transparency, collaboration, and the
incorporation of diverse perspectives in decision-making (Caliskan et al., 2019; Mahavar &

Pham, 2019; Mondal et al., 2021).

Remote sensing technology enables the observation of Earth's features from space and offers
several techniques to differentiate the collected information on land, vegetation, water bodies,
and more (Reddy, 2018). And also GIS, on the other hand, is a computer-based system that
captures, organizes, stores, edits, analyzes, displays, and plots geographically referenced data
(Zhao et al., 2019). It serves as a powerful platform for integrating and managing spatial data,

enabling efficient data analysis and decision-making processes.

GPS technology plays a crucial role in mapping and monitoring by allowing precise locational
information to be collected during surveys (Reddy, 2018). This enhances the accuracy of

mapping and monitoring activities compared to conventional surveying techniques.

In summary, in addition to road route selection, the integrated approach of remote sensing, GPS,
and GIS has a wide range of applications in various fields, including digital terrain analysis,
geomorphological mapping, soil resource inventory and mapping, soil-landscape modeling,
land use/land cover mapping, cropland mapping and monitoring, assessment and monitoring of

droughts, soil erosion assessment, mapping and monitoring of land degradation, identification



and mapping of perspective groundwater potential zones, watershed management, and

development of agricultural land use plans at different scales.

Remote sensing and GIS technology in route selection: RS and GIS techniques play a crucial
role in addressing various challenges related to transportation engineering and terrain. Through
remote sensing observations, valuable spatial data on Earth resources can be obtained, enabling
the integration of different types of spatial data and characteristics for engineering purposes.
Remote sensing information allows for the derivation of important topics such as terrain,
geology, hydrological drainage, and land use. These thematic data can be combined and utilized
to effectively solve road alignment planning issues. The applications of GIS and remote sensing
extend to various engineering projects including housing, sanitation, energy, water systems,
effluent disposal, urban growth, irrigation project design, planning, and new road alignment. By
integrating information on natural resources, demographic and socioeconomic data with satellite
data in a GIS domain, development models can be generated. Additionally, remote sensing and
GIS technologies have proven effective in mapping landslides in mountainous areas and

identifying land-prone areas that are susceptible to significant losses (Wahdan et al., 2019).

(Yildirim et al., 2006)emphasize that determining the optimal route through an area has long
been a spatial problem, and recent advancements in GIS and remote sensing technologies have
effectively addressed this challenge. The GIS approach, utilizing ground/underground
parameters and raster network analysis, facilitates the identification of suitable routes between
two points. Furthermore, (Mahavar & Pham, 2019) demonstrate the application of developed
GIS models for selecting the least-cost path for road planning, considering topography and land
use/land cover patterns. This model can also account for other factors such as railway lines,
high-security areas, and national parks. (Sunusi et al., 2015) highlight the ability of GIS to easily
expand and accommodate additional data layers such as population, traffic, and geological
features, enabling a comprehensive representation of the real world where the highway will be
aligned. These studies collectively underscore the valuable contributions of remote sensing and

GIS technologies in route selection and planning.

2.5. Multi-Criteria GIS Analysis
Effective decision-making in environmental projects necessitates the careful consideration of

socio-political, environmental, and economic impacts, while also addressing diverse stakeholder
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perspectives. In this context, multi-criteria decision analysis has emerged as a valuable formal
methodology for integrating technical information and stakeholder values to support decision-
making processes across various fields, including environmental decision making (Huang et al.,
2011). Spatial decision problems present unique characteristics that require evaluation based on
multiple criteria. Spatial multi-criteria decision models involve the analysis of geographic
events supported by criterion values and the preferences of decision-makers with respect to a
set of analysis criteria. The complexity of spatial decision problems arises from the multitude
of factors involved, making data acquisition and processing challenging. However, the
integration of GIS and MCDM techniques offers enhanced effectiveness and efficiency in
addressing spatial decision problems, providing decision-makers with comprehensive support
throughout the intelligence, design, and choice phases of the decision-making process

(Gyabeng, 2020).

One of the key aspects in MCDM is determining the relative importance of criteria, which is
typically accomplished by assigning weights to each criterion. These weights reflect the
significance of each criterion compared to others under consideration, allowing decision-makers
to prioritize and evaluate alternatives accordingly (Wahdan et al., 2019). By employing MCDM
techniques coupled with GIS capabilities, decision-makers can effectively navigate the
complexities of multi-criteria decision problems and make informed choices that balance

various factors and stakeholder perspectives.

2.5.1. Analytical Hierarchy Process

The Analytic Hierarchy Process is a widely used tool in multiple criteria decision-making,
finding applications in various domains (Vaidya & Kumar, 2006). This mathematical method
allows for the determination of priorities among different decision alternatives. The popularity
of AHP stems from its simplicity, promising accuracy, theoretical robustness, ability to handle
both tangible and intangible criteria, and its capacity to measure the inconsistency of judgments

provided by respondents (Piantanakulchai & Saengkhao, 2003).

AHP captures both subjective and objective components of decision-making, as highlighted by
Poudel & Kumar (2022). Through the comparative matrix of criteria, weights are calculated for
each criterion. According to (Tae-Ho et al., 2008), the AHP enables the consideration of

multidimensional variables when evaluating alternatives for a specific purpose. It allows for the
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simultaneous utilization of qualitative and quantitative standards, providing a rational and
mathematical approach to decision-making. Essentially, the AHP functions as a decision-making
system structured in a tree-like fashion, progressively breaking down factors into smaller sub-
factors to achieve a final goal. The analytic hierarchy process follows three fundamental

principles that can be applied to decision-making scenarios.

2.5.2. Least Cost Path Method

Least-cost path analysis is a powerful approach that allows designers to determine the most cost-
effective route between two locations while considering various factors such as environmental
impact and economic investment. By combining multiple criteria and creating a cost surface,
LCPA calculates the "cheapest" path within a Geographic Information System framework (Bagli
et al., 2011). This method has been extensively utilized in the planning and design of different

linear infrastructures, including roads.

The implementation of the Least Cost Path Algorithm enables the investigation of the least cost
path for road alignment. The cost parameter assigned to LCPA represents the expenses
associated with construction, such as avoiding steep slopes and swampy areas, or the
consideration of environmental aspects, such as preserving forests and agricultural lands (Sar1
& Sen, 2017). Once the cost parameter is established, LCPA calculates the least cost path from
the origin point to the destination. This approach has demonstrated success in avoiding high
slopes, costly areas, ecologically significant zones, and achieving overall objectives within the
constraints of available data and criteria (Suleiman et al., 2015). By leveraging the capabilities
of modern GIS technologies, LCPA provides a valuable tool for optimizing road alignments and
considering various factors, ensuring the selection of routes that align with project goals and

requirements.

2.6. Criteria identification for route selection

In the "Criteria identification for route selection" step (Wahdan et al., 2019), the aim is to
identify the necessary data sets for accurate route selection. This involves evaluating user data
through expert questionnaires and a literature review to enhance current practices by automating
tasks and considering important factors that may be overlooked. The criteria for evaluation
include slope, land use, hydrology, geology, faults, natural protectorates, archaeological sites,

and sand dunes data. A Multi-Criteria Evaluation model is employed to develop the highway
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LCP, assigning weighted cost factors for various features and calculating a path of least

resistance across a cumulative weighted cost surface.

Furthermore, assigning specific weights to the criteria factors in each alternative is essential
(Sameer et al., 2021) due to their varying priorities aligned with specific goals and objectives.
Determining individual weights for these factors is necessary to appropriately reflect their

relative importance in the decision-making process.

2.7. Factor affecting road alignment selection

When selecting the alignment for a road project, it is important to consider various factors that
can significantly impact the success and sustainability of the project. The alignment should not
only meet technical requirements but also minimize adverse effects on the environment and
maximize socio-economic benefits. To ensure a comprehensive evaluation, the following factors

play a crucial role in the decision-making process:

Environment: Assessing the potential impacts of the proposed route on the surrounding
environment is essential. This includes evaluating factors such as built-up areas, existing
infrastructure, agriculture lands, forest areas, water bodies, local government boundaries,
elevation, and origin and destination coordinates (Sar1 & Sen, 2017). By understanding these
environmental criteria, it becomes possible to prioritize the protection of natural resources and

habitats during the road construction process.

Terrain: The elevation and topography of the terrain significantly influence road projects
(Ouma et al.,, 2014). Analyzing terrain information, particularly through digital elevation
models, helps identify suitable areas that meet technical requirements for road alignment.
Understanding the terrain can aid in determining the feasibility of construction and optimizing

the route design.

Slope: The slope of the land surface is another crucial factor in road alignment selection. Steep
slopes can present challenges in terms of construction, safety, and user comfort. Evaluating and
avoiding high slopes as much as possible can contribute to the overall success of the road project
(Mondal et al., 2021; Ouma et al., 2014; Poudel & Kumar, 2022; Sekulic et al., 2022; Sunusi et
al., 2015).
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Geology: Geology plays a vital role in route selection by affecting constructability, foundation
suitability, and the overall economic efficiency of the project (Tae-Ho et al., 2008; Taylor et al.,
2008; Usikov & Ozaryan, 2021). It influences aspects such as earthworks, excavation ease,
topographic features, potential geo-hazards (e.g., landslides), problematic soils, and availability
of suitable construction materials. Considering geology helps mitigate risks and ensures the

long-term stability and durability of the road (ERA Manual, 2013).

Land Use/Land Cover: Consideration of land use and land cover is essential to assess the
environmental and socio-economic impacts of a road project. Complex environmental studies
should be carried out to evaluate these impacts and determine the compensation required for any
acquired land. Historical and cultural resources in the area should be preserved or avoided

during corridor selection (ERA Manual, 2013; Sunusi et al., 2015).

Existing Road Network: The evaluation of the existing road network is important as it affects
the connectivity of the proposed route. Minimizing the need for roundabouts and related road
furniture can be achieved by avoiding crossing or closely passing existing major roads (Ouma

et al., 2014).

Drainage Pattern (Rivers and Streams Network): Understanding the drainage patterns,
including the presence of permanent rivers and streams, is crucial to avoid disruptions caused
by high floods. Incorporating appropriate drainage solutions into the road design can minimize
potential damages and ensure the road's resilience (Jana et al., 2017a; Mondal et al., 2021;

Poudel & Kumar, 2022).

Soils: Soil characteristics have a significant impact on construction feasibility and long-term
road performance. Considering soil types helps assess factors such as constructability, soft
ground relations, drainage conditions, and overall economic and technical feasibility (Poudel &
Kumar, 2022; Tae-Ho et al., 2008). By thoroughly considering these factors and incorporating
them into the decision-making process, a holistic evaluation of road alignment selection can be
achieved. This approach ensures that the chosen alignment balances technical requirements,
environmental considerations, and socio-economic factors, resulting in a sustainable and

successful road project.
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CHAPTER III: MATERIALS AND METHODOLOGY

3.1. Study area

3.1.1. Study area description

Location: the study area focuses on the route connecting Dembidollo town, the capital of Kelem
Wollega Zone in the Oromia Region, to Metu, the capital of Illubabor Zone. The study area is
extended between 8°32'N 34°48'E & 8°18'N 35°35'E and altitude 1701 to 1827 meters above
sea level. The study area covers the area of 23103 square kilometer. It has been mapped and can
be visualized in figure below. See fig 1 below for visual representation of the geographical

positions of Dembidollo and Metu within the Oromia Region of Ethiopia.
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Figure 1: Location map of study area (Source: ESSGI)

Population: in the study area, the total population amounts to 2,350,527 individuals, with
1,171,796 females and 1,178,731 males. Among the regions within the study area, Darimu

woreda stands out as having a particularly large population. The distribution of the population
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between males and females provides valuable insights into the gender demographics of the area.
Understanding these population characteristics is crucial for conducting various analyses, such
as socio-economic assessments, resource allocation, and infrastructure planning. This
knowledge allows planners to prioritize the provision of services to densely populated regions.
The map displays the population density across different areas of the study area, indicating

whether there are many people living closely together or if they are more spread out. See fig 2.
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Figure 2: Population density map of the study area (Source: humdata.org)

Topography: The study area features a diverse topography with elevations ranging from 403
meters to 3258 meters. It includes valleys, hills, and potentially mountains, offering a varied
landscape. The lower-lying regions display flat or gently sloping terrain, while the higher
elevations showcase steeper slopes and rugged surfaces. This wide range of elevations indicates
significant variations in the landscape, creating a diverse and dynamic topographic profile. The

topography of the study area, as depicted on the map, showcases these landforms and elevation
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changes. It provides valuable information to understand the spatial distribution and navigate
through the area. The valleys, hills, and mountains contribute to the visual appeal, ecological
diversity, and potential recreational opportunities of the study area. Elevation is supported with

contour. See appendix VI.
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Figure 3: Topography of the study area (Source: ALOS DEM)

Hydrology: the study area is abundant in both surface and underground water, hosting numerous
rivers within its boundaries. These water resources play a vital role in the hydrology of the
region. Among the major rivers that flow through the area, the Baro River stands out as a
prominent waterway. Originating from the Ethiopian Highlands, it traverses the study area,
defining part of the Ethiopian border with South Sudan. The Baro River ultimately joins the
Pibor River at their confluence, marking the beginning of the Sobat River, a significant tributary

of the White Nile. The study area falls within the Baro Akobo basin, contributing to the overall

17



hydrological dynamics and emphasizing the importance of understanding the water systems for

effective water resource management and environmental considerations.

3.2. Data source and material used

3.2.1. Data type and source

To choose the best road alignment, both geographical and socioeconomic data are considered.

This study combines information collected from different sources to achieve its goal. See table

1 below which clearly displays the data used, the source of data, and the purpose for what data

is needed for both geographical and socioeconomic factors.

Table 1: Data used and its source

S/IN Data Source Data type | Cell size Purpose
Road To acquire up-to-date
1 network | ERA Shapefile - road information
Sentinel | USGS (February 2, To create a map of land
2 2A 2023) Tiff 10m | use and land cover
Geologic To extract a geological
3 map USGS Shapefile - map of study Area
PLASAR https://searc To extract the drainage
h.asf. Alaska. pattern, aspect, and
4 DEM edu/#/USGS ALOIS Raster 12.5m | slope
To classify and map
5 Soil Map | FAO Shapefile - soils
To prepare a map
Populati displaying population
6 ondata | humdata.org Excel data - density
Administ
rative
7 boundary | ESSGI Shapefile - For mapping study area
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3.2.2. Software used

In this study, a suite of software tools was utilized to support various stages of the research
process. These software applications played a crucial role in data organization, analysis,
interpretation, and presentation. Through ArcGIS, ENVI, ERDAS IMAGINE, and IDRISI
Selva, spatial data was effectively managed, manipulated, and analyzed, enabling the
researchers to extract valuable insights and generate thematic maps. Global Mapper further
contributed to the visualization and analysis of elevation data. MS Word and Excel facilitated
the documentation and organization of research findings, allowing for efficient data
interpretation and presentation. While data collection was not directly conducted through these
software tools, their comprehensive functionalities greatly enhanced the research workflow,
contributing to the overall success of the study. The table below offers a comprehensive
summary of the different software applications employed in this study and their respective

purposes. See table 2.

Table 2: Software used and their use

S/N Software Use
For the preparation of all thematic layer for the
1 ArcGIS 10.4.1 research works
2 EEDAS, IMAGINE 2015 For image preprocessing
3 ENVI 5.3 For image classification
It is used to create maps that show drainage order,
4 Global mapper 24.1 slope, and aspect.
5 IDRISI Selva 17.0 Employed for decision making purposes.

Microsoft Word and Excel | Writing the report and document format and
6 2019 integrate data.

3.3.3. Criteria for road alignment selection

Slope : The most important and the almost unique criterion in highway alignment determination
process is slope (Yakar & Celik, 2014). Slope is considered as a factor that affects road
alignment selection because it impacts the safety, comfort, and cost of constructing and

maintaining roads. Roads with steep slopes require more engineering and construction effort,
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which translates into higher costs. They also pose a greater risk of accidents, especially during

adverse weather conditions, such as rain, snow, or ice.

Furthermore, steep slopes may lead to increased wear and tear on vehicles, as well as increased

fuel consumption. Therefore, it is considered as governing criteria in selecting a road alignment

to ensure that it provides a safe and efficient transportation route while minimizing the

construction and maintenance costs. The slope map is supported with contour. See appendix VI.

In this study slope with 12.5m x 12.5m grids size is created from digital elevation model that

was prepared for the sturdy area. It is classified based on the degree of inclination. See fig 4.
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Figure 4: Slope map of the study area (Source: ALOS DEM)

Aspect: Aspect is a crucial environmental factor considered during route selection prior to

construction. It refers to the direction a slope faces and impacts sunlight exposure, precipitation,

and wind effects (Mondal et al., 2021).
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Considering aspect during route selection allows planners to evaluate the potential impact on
the surrounding environment. By understanding how aspects influence temperature, moisture
levels, and vegetation growth, planners can make informed choices to minimize environmental
disruption. Additionally, analyzing aspect helps identify areas prone to soil erosion and water
runoff, enabling the implementation of appropriate measures to mitigate erosion risks and
maintain road stability. Overall, aspect serves as an important criterion to ensure the sustainable
and environmentally responsible construction of roads. The aspect map is prepared from DEM

data of the study area.
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Figure 5: Aspect map of the study area (Source: ALOS DEM)

Elevation: Elevation is a significant factor that influences road projects, posing various
geotechnical challenges. It plays a crucial role in road construction and maintenance,
determining the suitability of areas based on technical requirements in optimal route design. To

fully model the land surface, elevation should be represented as a continuous phenomenon rather
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than discrete objects. This importance is further emphasized in the road route selection process,
where elevation analysis informs decisions on slope design, earthwork operations, and the road's
overall foundation. Proper assessment and understanding of elevation ensure the road's
structural integrity and long-term stability. (Jana et al., 2017a) and (Ouma et al., 2014)
considered elevation during road selection, to optimize design and construction, minimizing

risks and maximizing efficiency and safety in the road infrastructure.

Drainage order: During route alignment selection, drainage serves as a critical parameter that
directly impacts construction costs (Mondal et al., 2021) due to that it is essential to consider
drainage networks, which portray the distribution of major rivers in the study area. This factor
holds significant importance as it directly influences the expenses associated with bridge

construction (Ouma et al., 2014)

The proper consideration and design of drainage is a critical factor in the selection of road
alignment, as it plays a vital role in ensuring road safety, durability, cost-effectiveness,
environmental protection, and accessibility. Inadequate drainage can lead to the deterioration of
road surfaces, making them unsafe and costly to maintain, while proper drainage ensures that
roads remain accessible during and after heavy rainfall, reducing the risk of damage to the

surrounding environment.

In the study area, the proper consideration and design of drainage involve multiple orders to
ensure road safety, durability, cost-effectiveness, environmental protection, and accessibility.
The drainage system encompasses various features, including first-order channels to collect
surface water, second-order structures for efficient flow, third-order retention facilities to
manage peak flows, fourth-order systems for directing water to larger bodies, fifth-order
integration of natural drainage patterns, sixth-order sustainable stormwater management
techniques, and seventh-order maintenance programs. Understanding of this helps to establish
a comprehensive and resilient system that minimizes flooding risks, prevents road deterioration,

protects the environment, and promotes long-term sustainability.
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DRAINAGE PATTERN ORDER MAP
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Figure 6: Drainage pattern order map of the study area (Source ALOS DEM)

Geology: Geological data is very important for the identification of the alignment of a route,
especially in mountainous areas. Ignoring the geology in such regions may lead to disruptions
in the form of landslides (Mondal et al., 2021). The characteristics of geological features impact
the ease of construction on soft ground, the suitability of foundations, and the cost-effectiveness
of’blasting during construction (Tae-Ho et al., 2008). As a result, geology is considered a critical

factor that affects both the technical and economic aspects of a project.

A thorough understanding of the study area's geology is vital for selecting an optimal road route,
considering the presence of various rock types. The study area exhibits a diverse range of rock
types that contribute to its geological composition. These rock types include Quaternary

Alluvium, Tertiary Volcanics, Pre-Cambrian Metamorphic, and Quaternary Volcanics.
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Quaternary Alluvium refers to sediment deposits formed during the Quaternary period, often
consisting of sand, silt, clay, and gravel carried by rivers and streams. Tertiary Volcanics signify
volcanic rocks formed during the Tertiary period, which can encompass various types such as
lava flows, ash deposits, and volcanic breccias. Pre-Cambrian Metamorphic rocks have
undergone extensive changes due to high pressure and temperature over long periods, resulting
in altered mineral composition and distinct textures. Lastly, Quaternary Volcanics represent
volcanic activities occurring during the Quaternary period, encompassing lava flows,
pyroclastic deposits, and volcanic ash (Kazan-ankara, 2006; Lai et al., 2010; Sherrod & Smith,
1980).

Below is the geological map of the study area, displaying the distribution of rock types and
highlighting the region's geological composition. This map provides valuable information about
the area's geological characteristics and helps understand its geological history. It serves as a

useful tool for analyzing the study area's geological features and characteristics:

GEOLOGICAL MAP OF THE STUDY AREA
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Figure 7: Geological map of the study area (Source: USGS)
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The map provides a visual representation of the distribution of various rock types in the study
area. Analyzing this map allows to make informed decisions. Understanding the geological
composition is crucial for assessing the feasibility, stability, and cost-effectiveness of the chosen

route.

Land use land cover: LULC data are essential for assessing the environmental impacts of a
proposed highway, determining compensation for acquired land, and understanding the
economic, societal, and environmental aspects affected by different land uses. By considering
the classification of land use based on environmental effects and land prices, decision-makers
can make informed choices that promote sustainable land-use planning and minimize potential

negative consequences on the environment and society (Ouma et al., 2014; Tae-Ho et al., 2008).

The study area's land use land cover (LULC) classification process involved utilizing imagery
from Sentinel 2A, specifically the data acquired on February 2, 2023. These satellite images
offered a spatial resolution of 10 meters, allowing for detailed analysis of the land cover features
within the study area. In order to capture the entirety of the study area, a total of eight scene
images were carefully mosaicked together. This merging process seamlessly combined the

individual images into a comprehensive and continuous representation of the study area.

To derive the LULC classification, a supervised classification approach was employed. This
method involves training the classification algorithm using a set of pre-defined classes or
training samples. These training samples are selected based on known characteristics and
representative examples of each land cover type of interest. The algorithm then analyzes the
spectral information and other relevant features present in the satellite imagery to classify each

pixel into one of the predefined land cover classes.

To evaluate the accuracy of the LULC classification results, a satellite image retrieved from
Google Earth, featuring the research area, was used as a reference. The Google Earth image was
particularly useful for this purpose due to its minimal cloud cover, ensuring a clearer and more
accurate representation of the land cover in the study area. By comparing the classification
results with the reference image, the accuracy and reliability of the classification process were
assessed, providing confidence in the final classification outcome. See fig 8 below to understand

the LULC classification of the study area.
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LAND USE LAND COVER MAP
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Figure 8: Land use land cover map of the study area (Source: Sentinel 2A)

Existing road network: While the construction or extension of a road is crucial for improving
connectivity, it is equally important to consider the accessibility it provides to other existing
roads. Neglecting this aspect could result in isolated road networks and hinder overall
transportation efficiency and connectivity in the region. (Tae-Ho et al., 2008) therefore, this
study estimates the relative importance weights of road networks with respect to the accessibility

of'road by classifying roads into major roads, minor roads, and track road.

Existing roads in the study area serve as crucial criteria for route selection. They provide insights
into connectivity, traffic flow, infrastructure capacity, safety considerations, environmental
impact, cost-effectiveness, and land use. By utilizing the current road network, we can optimize
route selection in the study area, ensuring both efficiency and sustainability in transportation
planning. This approach capitalizes on existing infrastructure, minimizing the need for extensive

construction and reducing environmental impact.
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ROAD NETWORKS OF THE STUDY AREA
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Figure 9: Road network map of the study area (Source: ERA)

Soil: The study area encompasses a diverse range of soil types that significantly influence road
construction and its long-term feasibility. These soil types include Vertic Cambisol, Bathurst,
Anthrosol, Bedrock, and Neosol. Vertic Cambisol is prone to soil movement and instability,
requiring special attention during road construction. Bathurst, on the other hand, provides a
stable foundation for roads. Anthrosol, Bedrock, and Neosol necessitate assessment and
stabilization measures before road construction (Mck, 2010; Mohanty et al., 2020; Soil &
Reports, 2015; Stratigraphy & Zone, n.d.).

Each soil type exhibits specific characteristics such as clay movement, distinct color and texture,
human activity influence, and the presence of underlying rock formations. Furthermore, the
study area demonstrates various soil textures, including clay, clay-loam, and loam. Clay soils

have small particles and high water-holding capacity, while clay-loam soils strike a balance
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between water retention and drainage. Loam soils, composed of sand, silt, and clay, provide

favorable conditions for plant growth with good drainage and nutrient retention.

The composition of soil, including its type and properties, plays a significant role in construction
feasibility, ground stability, drainage management, and overall sustainability of road systems.
Evaluating soil data is a critical aspect of route selection in the engineering field as it provides
valuable insights into the soil's suitability for road construction, settlement potential, bearing
capacity, and drainage characteristics. This information guides engineers in choosing the least
costly path while ensuring the long-term performance and feasibility of the road infrastructure

(Jana et al., 2017a).

The consideration of soil composition is of utmost importance when designing road networks
that are not only safe and durable but also economically viable and sustainable. In the study, soil
is recognized as a critical factor in the selection of road routes, as it significantly influences the

feasibility, safety, and long-term performance of the road project.

Understanding the properties of the soil in the study area is crucial for making informed
decisions during the route selection process. Various soil characteristics, such as bearing
capacity, compaction ability, stability, permeability, and erosion potential, need to be thoroughly
evaluated to determine their suitability for road construction. Assessing these properties, helps
to identify the soil types that are most suitable for supporting road infrastructure and

withstanding the expected traffic loads and environmental conditions.

The study places a particular emphasis on selecting routes that have soil compositions capable
of providing a solid foundation for the road. Soils with good bearing capacity are desirable to
ensure that the road can support heavy vehicles and withstand the repetitive stresses caused by
traffic. Moreover, the compaction ability of the soil is evaluated to ensure proper compaction

during the construction phase, which contributes to the road's stability and longevity.

The permeability of the soil is also a critical consideration. It determines how well the soil can
drain excess water, preventing waterlogging and potential damage to the road structure. By
selecting routes with soils that have suitable permeability, the study aims to minimize the risk

of water accumulation, which can lead to pavement deterioration and decreased road safety.
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Furthermore, the potential for soil erosion is taken into account. Routes that traverse areas with
highly erodible soils may require additional erosion control measures to mitigate the negative
impact of water runoff and ensure the stability of embankments and slopes. By considering
erosion potential, the study seeks to prevent soil loss and preserve the integrity of the road

infrastructure.

By prioritizing soil considerations in the route selection process, the study aims to ensure the
long-term feasibility and performance of the road project. Designing roads that are compatible
with the soil conditions in the study area promotes sustainable construction practices, reduces
the risk of premature failures, and minimizes the need for costly maintenance and repairs.
Ultimately, by accounting for soil composition, the study aims to create road networks that are

not only safe and sustainable but also economically viable for the communities they serve.
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Figure 10: Soil map of the study area (Source: FAO Soil)
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3.3. Methods

The research methodology for this study involved the implementation of a systematic approach
to achieve the research objectives. It encompassed a series of general methods that were
carefully executed to ensure reliable and meaningful results. The step-by-step process of the
methodology was carefully designed and followed to maintain consistency and rigor throughout
the research. This systematic workflow served as a roadmap, guiding the researcher through the
various stages of data collection, processing, analysis, and interpretation. By adhering to this
well-defined methodology, the study was able to effectively address the research questions and
produce valuable insights. The workflow, which captured the sequential progression of the
methodology, is presented on flowchart of research methodology as a visual representation of

the research process.

3.3.1. Data collection method

The data collection for the study area involved gathering spatial information in the form of
shapefiles and raster datasets. These datasets encompassed a wide range of geospatial
information that played a crucial role in the route selection analysis. Specifically, the digital
elevation model data was utilized to derive essential terrain attributes, including slope, aspect,
and drainage order. These attributes provided a comprehensive understanding of the topographic

characteristics within the study area.

Various ancillary datasets, including Land Use Land Cover, soil, road network, geological, and
population density maps, were incorporated into the analysis, providing insights into land cover,
soil types, road infrastructure, geological features, and population distribution. This diverse
dataset facilitated a thorough assessment of the study area and played a pivotal role in the

subsequent route selection process.

3.3.2. Data preparation and processing:

The collected data was cleaned, organized, and preprocessed to ensure consistency and
compatibility. This included data extract, clip, mosaicking, classification, data integration, and
data quality checks. The data was prepared in a format suitable for analysis. All the data
collected were analyzed through visual inspection and exploratory data analysis techniques.
High resolution google earth images were used to verify the actual data value on the field for

satellite image.
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Rasterization: The selection criteria maps, which were originally in a different format, were
changed to a grid-like format called raster. This conversion divided the maps into smaller cells
or pixels, where each cell represented a specific location. Rasterization made it easier to store
and analyze the maps, and also made them compatible with other data that uses the same grid

format.

Resampling: The vector-based selection criteria maps were first converted into a grid-like raster
format through a process called rasterization. This allowed the maps to be divided into smaller
cells or pixels, simplifying storage and analysis. However, after rasterization, the criteria maps
may have had different spatial resolutions or cell sizes. To ensure consistency and alignment
among the maps, a process called resampling was carried out. Resampling involved adjusting
the resolution or cell size of the raster data to a desired spatial resolution. In this case, all the
criteria maps were resampled to a resolution of 10 meters. This ensured that all the maps had

the same level of detail and allowed for proper integration and analysis of the criteria maps.

Reclassification: After converting the criteria maps into raster format and adjusting their cell
sizes, the next step was reclassification. In this step, the cells were assigned new values or
categories based on specific criteria. Cells with similar characteristics were grouped together
into distinct classes or categories. Reclassification simplified and standardized the criteria maps,
making them suitable for the overlay analysis that would follow. This process helped to organize
and categorize the data, facilitating effective comparison and analysis of all criteria. Different
criteria Maps are reclassified to the range accordingly and respective cost is assigned. See

appendix II, III, and V.

Accuracy assessment: Accuracy evaluation or validation plays a crucial role in the processing
of remote sensing data (Macarringue et al., 2022). It serves as a means to determine the degree
of "correctness" in a classification result. Prior to utilizing the classification outcome for data
analysis and scientific investigation, it is essential to assess the accuracy of a remote sensing
image classification (Brinkhoff et al., 2020). This evaluation ensures the reliability and validity
of the classification output, providing confidence in the subsequent analyses and applications of

the data.

The classified image was subjected to an accuracy assessment to evaluate its performance and

reliability. This involved comparing it with reference or ground truth data obtained from high-
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resolution Google Earth images, serving as an independent and reliable source for validation.

By comparing the classified image with the ground truth data, the study assessed agreement

levels, identified discrepancies or errors, and measured the overall classification accuracy. The

primary objective of the accuracy assessment was to select pixels based on identification from

Landsat, Google Earth, and Google Maps for land cover classification. Google Earth served as

the reference data and visual interpretation tool. The study area was divided into five major

classes: water body, bare land, built-up, agriculture, and forest.

Table 3: LULC accuracy assessment

Referenced data

LULC Water | Forest | Agricult | Built- Bare | Total | User Comm
class body ural land | up area | land accuracy | ission
error

o | Water 62 1 0 0 0 63 0.984 0.016
£ | body
E Forest 0 55 6 0 0 63 0.873 0.127
(‘—% Agricultu | 0 5 56 0 2 63 0.889 0.111

ral land

Built-up |0 0 0 58 5 63 0.921 0.079

area

Bare land | O 0 2 1 60 63 0.952 0.048

Total 64 61 64 59 67 315

Producer | 0.969 | 0.902 | 0.875 0.983 |[0.89

accuracy 6

Omission | 0.031 | 0.098 | 0.125 0.017 |0.10

error 4

Overall accuracy = 92.4%

Chance agreement = 18%

Kappa coefficient = 90.7%

The accuracy assessment results revealed varying levels of accuracy for different land cover

classes. The water body class exhibited the highest accuracy with a user's accuracy of 98.4%.

Conversely, the forest class had the lowest accuracy at 87.3%. The accuracies for the bare land,
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built-up, and agriculture classes were determined to be 95.2%, 92.1%, and 88.9%, respectively.
The lower accuracy values in certain classes can be attributed to misclassification caused by
spectral similarities among different land cover classes, making it challenging to distinguish
between them. The evaluation of classification performance utilized the producer's accuracy,
calculated as the ratio of correctly classified pixels to the total number of reference data pixels
in each class. These accuracy values were derived from the classification results presented. See
table 3.3 above, which provide a detailed overview of the accuracy assessment for the land use

and land cover classification.

The computed kappa coefficient for the classification results is 0.907, signifying a high level of
agreement between the classified and reference images. This demonstrates the effectiveness of
the classification method employed in this study. The chance agreement, which represents the
level of agreement expected by chance alone, stands at 18%. Consequently, the classification
results significantly surpass random chance, indicating the reliability of the classification
approach. The overall accuracy of the classification stands at 92.4%, exceeding the acceptable
threshold of 85%. Furthermore, non-diagonal elements in the error matrix highlight instances of
classification errors. A kappa coefficient above 0.8 indicates strong agreement, while values
between 0.4 and 0.8 suggest moderate agreement, and values below 0.4 signify poor agreement

(Congalton, 2001; Landis & Koch, 1977).

To ensure a representative assessment, the study employed an equalized stratified random
sampling strategy and utilized the ArcGIS toolbox. This approach minimized potential biases

and enabled a reliable evaluation of the classification results.
Preparation of cost distance raster

The cost weighted distance function was applied to the cost raster of preferred theme and the
source location, resulting in an output raster where each cell was assigned a value indicating the
least accumulated cost distance across the cost surface to the specified source locations. In the
cost weighted raster, each cell was assigned a value representing the total minimum travel cost

required to return to the nearest source location.

The cost distance analysis incorporated three preferred themes, namely Economic, Technical,

and Environmental. This resulted in the generation of three distinct cost distance maps each
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corresponding to one of the themes. These maps played a crucial role in identifying the least
cost path by taking into account the prioritized factors within each theme. The Economic theme
focused on financial considerations, evaluating the economic viability and potential benefits of
different route alignments. The Technical theme considered technical parameters such as slope
and existing infrastructure, ensuring the feasibility and efficiency of the chosen path. The
Environmental theme assessed environmental impacts and biodiversity significance, enabling
the selection of routes that minimize negative consequences. By integrating these themes into
the cost distance analysis, decision-makers were able to comprehensively evaluate and compare
the various route options, leading to an informed decision based on a holistic assessment of

economic, technical, and environmental factors.
Preparation of backlink raster

In the process of generating the cost weighted distance raster, an additional program, known as
the backlink raster, was introduced. This program utilized both the cost raster and the source
raster. The backlink raster consisted of values ranging from 0 to 8, indicating the direction to
follow from each cell in the cost distance raster to trace the cumulative cost path back to the
source point. The algorithm involved assigning each cell a value representing the direction

towards the nearest and most cost-effective cell.

Analytical Hierarchy Process

AHP offers a systematic framework for quantifying the comparison of decision elements and
criteria by considering them in pairs. This pairwise comparison greatly simplifies the complexity
involved in decision-making, making it more straightforward. The concept of AHP was first
introduced by Saaty in 1980, where the relative ratings of two criteria are measured on a scale

ranging from 1 to 9, as depicted. See table 4 below.

The AHP methodology facilitates the incorporation of both subjective and objective aspects into
the decision-making process. The weights assigned to each criterion are derived from the
comparative matrix of criteria. The calculation of a Consistency Index is then performed, and if
the calculated value falls within a weight range threshold of 10%, the assigned weight is
considered acceptable. This approach ensures a balanced consideration of various factors and

promotes consistency in decision-making.
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Table 4: Comparison scale for AHP rating

AHP scale of Importance for pairwise | Numeric rating Reciprocal

comparison

Extreme importance 9 1/9
Very strong to extremely 8 1/8
Very strong importance 7 1/7
Strongly to very strong 6 1/6
Strong importance 5 1/5
Moderately to Strong 4 1/4
Moderate importance 3 1/3
Equally to moderately 2 1/2
Equal importance 1 1

3.3.3. Method of data analysis

The process of analyzing the data and determining the optimal route alignment involves several
steps. It begins with data collection and preprocessing, which involves gathering remote sensing
data and maps and processing them using geospatial software. This ensures that accurate and
reliable data is available for analysis. The next step is criteria prioritization, where evaluation
criteria are identified and assigned weights using the Analytical Hierarchy Process. This step
helps prioritize the criteria based on their relative importance in the decision-making process.
Following criteria prioritization, the reclassification and weighted overlay step is performed.
Maps associated with the criteria are reclassified based on specific thresholds or classes. These
reclassified maps are then overlaid, considering their respective weights. This generates
preferred theme maps that highlight areas meeting the desired criteria.

Next, road alignment alternatives are assessed based on the preferred theme maps generated in
earlier steps. This assessment process takes into account the criteria and their corresponding
maps, enabling informed decisions to be made regarding the optimal route alignment. By
following this systematic approach, from data collection and preprocessing to the prioritization
of criteria, reclassification and weighted overlay of maps, and assessment of road alignment

alternatives based on preferred theme maps, a comprehensive analysis is conducted to determine
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the optimal route alignment based on the specified criteria and preferences

below shows the overall procedures followed in this study.
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Figure 11: Flowchart of research methodology
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3.4. Criteria determination and weight assignment

In criteria, mapping process weight was assigned for the factors to combine in the raster
calculator. If the study area has very steep slopes, a high weight will be set to the slope raster
value, giving it a higher weight, more attention is given to avoid a steep slope. To reduce the
effect of different technical, economic and environmental parameters on the road, three suitable
surfaces were prepared to define the least cost routes. All criteria were derived through literature
review, expert consultation (personal discussion), and ERA design and route selection manually

also used.

Technical theme

The technical theme, which encompasses the physical aspects and engineering considerations
of road construction, plays a vital role in route selection. It takes into account several factors,
including elevation, that have a significant influence on road construction and influences slope,

which directly impacts road stability.

Additionally, it affects geology, determining the appropriate construction techniques based on
the types of rocks and soil encountered. Soil, influenced by elevation, also plays a crucial role
as it determines the road's foundation and overall stability. By considering elevation alongside
other technical factors, such as slope, geology, and soil, road planners can ensure proper
construction, safety, and durability. This comprehensive approach enables -effective

management of water flow, stability, and overall functionality of the road.

To create the engineering suitability surface slope has been classified into four classes(ERA
Manual, 2013) to avoid the steep area for road alignment and the geology of the study area has
been classified based on the suitability of foundation and the soil has been classified as per
texture and suitability of dominant soil for the foundation since it controls the bearing capacity

of sub-grade material.

Likewise, the elevation is classified based on the required amount of cut and fill and also to give
good driving comfort. Medium elevation is chosen for road alignment due to its balanced
advantages, including improved safety with manageable gradients, cost-effectiveness through
reduced construction work, and minimized environmental impact by preserving the natural

terrain. The reclassified table for the technical theme factor is presented below. See table 5.
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Table 5: Reclassified technical theme factor

Criteria maps Class Suitability Cost
0-2 (Flat) Suitable 1
Slope 3-14 (Rolling) Moderately suitable 3
15-37 (Mountainous) Less suitable 5
>37 (Escarpment) Unsuitable 7
Pre-Cambrian Metamorphic | Suitable 1
Rock types Tertiary Volcanics Moderately suitable 2
Quaternary volcanics Less suitable 5
Quaternary Alluvium Unsuitable 7
Vertic Cambisol Suitable 1
Bathurst Moderately suitable 2
Dominant soil Anthrosol Less suitable 3
Bedrock Moderately unsuitable 5
Neosol Unsuitable 7
403 - 843 Moderately suitable 3
844 - 1,283 Suitable 1
Elevation 1,284 - 1,589 Less suitable 5
1,590 - 1,901 Moderately unsuitable 7
1,902 — 3,258 Unsuitable 9

The reclassified table of the technical theme factors offers a clear overview of the conditions
suitable for road alignment based on slope, geology suitability, soil suitability, and elevation.
By assigning appropriate classifications to each factor, the table allows for the identification of
areas that meet the necessary engineering requirements, ensuring safety and cost-effectiveness

in the road construction process.

This information is vital for making decision to select the most suitable route alignment that
minimizes engineering challenges and optimizes the overall technical feasibility of the road

project.
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Economical theme

The economic theme in route selection involves assessing the financial aspects of road
construction. The factors like existing road, drainage order, geology, and land use land cover
affect the economy of route selection (Poudel & Kumar, 2022). This includes compensating for
agricultural land and settlements affected by the project, considering the cost of constructing
bridges based on drainage order, evaluating the feasibility of upgrading existing roads to
minimize expenses, and determining the economic efficiency of blasting rock during
construction. By considering these economic factors, decision-makers can make informed
choices that optimize resources, reduce costs, and maximize the economic benefits of the road
project.

In economic suitability cost surface more attention was given to the existing road in the area
(Tae-Ho et al., 2008) and drainage order. The drainage of the study area has been classified as
per stream order to avoid bridge construction and the flood risk area. LULC is classified into
five classes based on study area characteristics (forest, agriculture, waterbody, built-up, and bare
land) to avoid high-cost land use land cover types (Wahdan et al.,, 2019). Likewise,
in this team, the geology of the study area is classified based on economic efficiency of blasting

hard rocks to reduce construction costs.

The existing road network, given the highest weight, is buffered by 15 meters, rasterized,
resampled, and reclassified to identify suitable areas for road development. Similarly, the
drainage order is buffered by 50 meters, and the same resampling and reclassification process
is applied to both the buffered drainage order and the existing road network to determine suitable
areas in relation to drainage patterns. Additionally, the classified image is reclassified based on
the assumed compensation cost for land use changes, providing insights into the cost
implications associated with different land cover classifications. The resulting reclassified map
represents the economic theme factor, offering a comprehensive overview of the suitability of
each grid cell, guiding the selection of areas that minimize construction costs and optimize route

efficiency.

The reclassified map of the economic theme factor, based on their suitability, is presented in the

table below showing the suitability and the cost assigned for each factor. See table 6 below.
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Table 6: Reclassified economical theme factor

Drainage order
(Mondal et al.,
2021)

Second order

Moderately suitable

Third order

Less suitable

Fourth order

Unsuitable

Fifth order and above

Highly unsuitable

Criteria maps Class Suitability Cost
Bare-land Highly suitable 1
Forest Moderately suitable 3
Land cover i i
Agriculture Less suitable 5
Built-up and water bodies Unsuitable 7
Major road Highly suitable 1
o Minor road Suitable 3
Existing road type i
Track road Moderately suitable 5
No road Less suitable 7
Quaternary Alluvium Highly suitable 1
Tertiary Volcanics Less suitable 5
Rock types i i :
Pre-Cambrian Metamorphic | Unsuitable 7
Quaternary Volcanics Suitable 3
No drainage Highly suitable 1
First order Suitable 2
3
5
7
9

The reclassified table of the economic theme factor, which combines all the mentioned criteria,
offers a comprehensive overview of the suitability of each grid cell within the study area. This
table facilitates the identification of areas that align with the economic objectives of minimizing

construction costs and optimizing route efficiency.

By assigning cost values to each cell, the table highlights areas with lower costs, indicating their
suitability for the economic criteria. This information can aid to identify the most cost-effective
route alignment that maximizes economic benefits while minimizing expenses, and this
information helps to know which class need high cost and low cost. The overall selection

depends on this assigned cost.
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Environmental theme

The environmental theme in route selection involves assessing the ecological and environmental
aspects of road construction. Specific factors considered in this theme include the distance from
settlements (built up areas), agricultural land, water bodies, and aspect in the study area. These
factors play a crucial role in determining the most suitable route that balances transportation
needs with environmental preservation. The distance from settlements is taken into account to

minimize disruptions to populated areas and ensure community well-being.

Preserving agricultural land is important for maintaining productive land. Careful consideration
of water body is necessary to prevent adverse impacts on aquatic habitats, water quality, and the
overall hydrological balance. Additionally, the aspect of the terrain is considered to evaluate its

influence on microclimates, solar exposure, and potential erosion or stability issues.

In this study, we combine different environmental factors when choosing routes. This helps
decision-makers make smart decisions that support sustainable development, protect

ecosystems, and preserve the natural beauty of the study area.

The distance from built-up areas, water bodies, and agricultural land as prioritized as important
factors in the route selection process. We consider specific distance thresholds to determine the
suitability of routes. For instance, distances less than 100 meters from built-up areas and water
bodies are deemed unsuitable, while distances greater than 1500 meters and 500 meters,
respectively, are considered suitable. Similarly, distances less than 100 meters from agricultural
land are considered unsuitable, while distances greater than 300 meters are deemed suitable.

This approach ensures optimal suitability in relation to these specific features.

To implement this methodology in ArcGIS, we begin by converting the classified land use/land
cover (LULC) data to polygons using the Conversion Toolbox. From these polygons, we extract
the agricultural land, water bodies, and built-up areas. Multi-buffering is then applied to create
buffers around these features, using buffer distances of 100-1500 meters for built-up areas, 100-

300 meters for agricultural land, and 100-500 meters for water bodies.

These buffered zones are subsequently rasterized, resampled, and reclassified, facilitating the
creation of thematic maps. The value of reclassified map for all criteria is presented. See table

7 below.
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Table 7: Reclassified environmental theme factor

Criteria maps Class Suitability Cost
<100 Unsuitable 9
100-300 Highly Suitable 2
Proximity to Built- _
300-500 Suitable 5
up area (Karna, i
2014) 500-1000 Moderately suitable 7
1000-1500 Less suitable 8
>1500 Unsuitable 9
0-100 Unsuitable 5
Proximity to stream i
) 100-200 Less suitable 4
and water bodies i
200-350 Moderately suitable 3
(Poudel & Kumar, _
350-500 Suitable 2
2022)
>500 Highly suitable 1
Proximity to <100 Less suitable 5
agricultural  land 100-200 Moderately suitable 3
(Wahdan et al, 200-300 Suitable 2
2019) >300 Highly suitable 1
North (337.5-360) Highly suitable 1
North west (292.5-337.5) | Moderate to high suitable 2
West (247.5-292.5) Suitable 3
South West (202.5-247.5) | Moderately suitable 4
Aspect (Mondal et i
South (157.5-202.5) Less suitable 5
al., 2021) :
South East (112.5-157.5) | Unsuitable 6
East (67.5-112.5) Moderately unsuitable 7
North East (22.5-67.5) Moderate to less suitable 8
North (0-22.5) Highly unsuitable 9

Low-cost values on the table indicate high suitability, while high-cost values indicate
unsuitability. This classification approach enables identification of areas with varying levels of

suitability and aids in route selection based on desired conditions and environmental factors.
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CHAPTR IV: RESULT AND DISCUSSION
4.1. Spatial data analysis
In the context of spatial data analysis, the reclassified raster assigns the least value to the most
desirable choice (least cost) and the highest value to the least desirable choice (highest cost). To
determine the weightage for the criteria maps corresponding to their respective themes
(engineering, economical, and technical), the AHP methodology is employed. This approach
allows for a comprehensive analysis and comparison of different criteria, facilitating informed

decision-making in spatial data analysis. Flowchart for carrying out AHP is as shown in below.

Factors of (technical, environmental and economic theme)

A 4

Construct pairwise comparison matrix

v
Calculate weightage

v
Check consistency

( ) ( )

CR<10% |« CR > 10%

7 . 7

—»[ Weighted criteria map ]

Figure 12: Weighted criteria map creation process

y

The weightage calculation using AHP was conducted using the IDRISI Selva software,
specifically designed for spatial data analysis. This software enables efficient calculations and
analysis of AHP, providing a comprehensive tool for decision-making processes. The weighted
criteria map is only generated by accepting the value if the consistency ratio calculated is less
than 10% unless the pairwise comparison matrix must be prepared again until it is less than

10%.

4.1.1. Weightage Assignment
In the criteria mapping process, weights were assigned to factors to combine them in the raster

calculator. For instance, if the study area had steep slopes, a higher weight was given to the slope
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raster value to prioritize avoiding such slopes. To account for the diverse engineering, economic,
and environmental parameters affecting road selection, three suitable surfaces were created to
define the least cost routes. These criteria were determined through literature review, expert
consultation, and the ERA design manual, ensuring a comprehensive approach. The consistency
ratio of each theme was found to be within the 0.1 limit, satisfying the condition of AHP. The
value from weight assignment is used as an input to generate weighted cost overlay map which
further combined to create preferred theme map. This is all done to get the suitable surface in

terms of cost, safety, accessibility and comfort.

Weight assigned for technical theme
To assess the technical aspects within the study area, factors relevant to the Technical Theme
were evaluated and assigned weights. The pairwise comparison matrix, presented below, was

utilized to determine the relative importance of each factor:

Table 8: Pairwise comparison matrix in technical theme

Pairwise comparison matrix
Factor Slope Elevation Soil Geology
Slope 1 2 3 4
Elevation 1/2 1 2 3
Soil 1/3 1/2 1 2
Geology 1/4 1/3 1/2 1

The table 8 above illustrates the pairwise comparison of the criteria, enabling the assessment of
their relative significance. The values in the table indicate the importance ratio between each

pair of criteria. To ensure consistency throughout the matrix, reciprocal values are employed.

The pairwise comparison matrix provides a quantitative basis for assigning weights to the
criteria and incorporating them into the decision-making process. These weights are crucial in
combining the factors and generating a comprehensive theme map that highlights areas with
higher and lower suitability based on the chosen criteria. This is done by inputting the reciprocal
value in to IDRISI selva software to calculate the percentage influence of each criterion in

respective theme.
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Based on the pairwise comparison matrix, the weights for each factor were calculated. The
resulting weights, displayed in the table below (see table 9), indicate the relative importance of

each factor within the Technical Theme:

Table 9: Weightage of criteria under technical theme

Criteria Weights CR
Maximize construction through flat and gentle slope 46.73%
Minimize construction through unsuitable rocks 9.54%
Maximize construction through favorable elevation conditions 27.72% oot
Maximize construction through suitable soils 16.01%

The weights indicate the relative importance of each factor within the technical theme. These
weights are derived from the pairwise comparison matrix, where higher values indicate greater
significance. The weights assigned to each factor are crucial in the subsequent analysis and
decision-making processes, as they determine the contribution of each factor towards the overall

assessment of road selection under the technical theme.

Weight assigned for environmental theme
To evaluate the environmental aspects within the study area, factors relevant to the
Environmental Theme were assessed and assigned weights. The pairwise comparison matrix,

shown below (see table 10), was utilized to determine the relative importance of each factor:

Table 10: Pairwise comparison matrix in environmental theme

Pairwise comparison matrix
Factor Prox. to residential | Prox. to water | Prox. to agriculture | Aspect
Prox. to residential 1 2 4 6
Prox. to water 1/2 1 3 5
Prox. to agriculture 1/4 1/3 1 2
Aspect 1/6 1/5 1/2 1

In the above matrix, the values represent the relative importance or preference of one factor over
another in the context of the environmental impact on route selection. The diagonal elements

are always 1, indicating that each factor is equally important to itself. The values below the
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diagonal represent the reciprocal comparisons between factors, reflecting the relative
significance of one factor compared to another in terms of environmental considerations during

the route selection process.

Based on the pairwise comparison matrix, the weights for each factor within the Environmental
Theme were calculated. The resulting weights, displayed in the table below, indicate the relative

importance of each factor:

Table 11: Weightage of criteria under environmental theme

Criteria Weights CR
Minimize road crossing agricultural land 12.02%
Minimize Proximity to Stream and Water Bodies 31.29%
Minimize proximity to residential areas. 49.90% 008
Minimize north facing to avoid moist, cold and dampness 6.79%

These weight values represent the relative importance of each feature in the analysis, with higher

values indicating greater significance.

Weight assigned for economic theme
To evaluate the economic impact within the study area, factors relevant to the Economic Theme
were assessed and assigned weights. The pairwise comparison matrix, shown below (see table

12), was used to determine the relative importance of each factor:

Table 12: Pairwise comparison matrix in economical theme

Pairwise comparison matrix
Factor Existing road | Drainage order | LULC | Geology
Existing road 1 2 3 5
Drainage order 1/2 1 3 4
LULC 1/3 1/3 1 2
Geology 1/5 1/4 1/2 1

The table presents the pairwise comparison matrix, which is used to assess the relative
importance of the factors within the economic theme. Each cell in the table contains a value that

represents the ratio of importance between the corresponding factors. To maintain consistency,
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reciprocal values are used in the matrix. The weights for each factor within the Economic Theme
were derived by calculating the values from the pairwise comparison matrix. The table presented
below displays the resulting weights, which indicate the relative significance of each factor in

relation to the Economic Theme.

Table 13: Weightage of criteria under economical theme

Criteria Weights | CR
Maximize upgrading of already existing roads. 46.94%
Optimize alignment through areas with compatible LULC 13.71% 0.02
Minimize road crossing higher drainage order 31.46%
Minimize construction through hard and tough rocks 7.89%

The weights are derived by normalizing the values obtained from the pairwise comparison
matrix. These weights reflect the relative importance of each factor within the economic theme.
They guide subsequent analyses and decision-making processes in the road selection process,
ensuring a focus on factors that are essential in minimizing construction costs and optimizing

route efficiency.

4.1.2. Weighted Cost Overlay

The Weighted Cost Overlay method was employed to generate a theme map by combining
reclassified maps of criteria and their corresponding percentage influences. The criteria themes,
representing specific factors of interest, were reclassified into different classes. Each criterion

was assigned a percentage influence, indicating its relative importance.

The reclassified maps were multiplied by their respective weights to produce weighted maps.
These weighted maps were then aggregated, resulting in a theme map that depicted the
combined influence of all criteria. This approach facilitated the prioritization of factors and the
identification of areas with higher suitability or preference based on the chosen criteria. The

procedure for creating the weighted theme map is depicted in the accompanying flow chart.
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Figure 13: Procedure of weighted theme map creation

Technical Theme: For the Technical theme, the reclassified map is assigned the weightage

obtained from the Analytic Hierarchy Process (AHP), reflecting the relative importance of the

technical factors. Using the Weighted Overlay function, the reclassified map is overlaid with the

assigned weightage. This process generates the technical theme map, which represents the

combined influence of the technical factors. The resulting overlay map for the technical theme

is displayed. See fig 14 below.
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Figure 14: Technical overlaid theme map of the study area
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The map utilizes a color ramp to depict the distribution of high and low-cost surfaces. This map

provides an understanding of the technical considerations and their influence on the overall cost

analysis.

Environmental Theme: Similarly, for the Environmental theme, the reclassified map is

assigned the weightage derived from the Analytic Hierarchy Process (AHP) for the

environmental factors. By applying the Weighted Overlay function, the reclassified map is

combined with the assigned weightage. The resulting output is the Environmental theme map,

which portrays the integrated impact of the environmental factors.

See fig 15 below which illustrates the overlay map generated for the Environmental theme. This

map illustrates the combined influence of the reclassified maps and their assigned weightages,

providing a visual depiction of the integrated environmental factors within the theme.
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The resulting map highlights areas with varying economic potential. Darker shades indicate
regions with higher economic potential, while lighter shades represent areas with lower
economic opportunities. This map aids in identifying economically favorable locations and

making informed decisions based on economic considerations.

Economic Theme: In the case of the Economic theme, the reclassified map is allocated the
weightage obtained from the AHP for the economic factors. Utilizing the Weighted Overlay
function, the reclassified map is superimposed with the assigned weightage. This process yields

the Economic theme map, which represents the collective influence of the economic factors.

See fig 16 which displays the overlay map for the Economic theme. This map exhibits the
weighted overlay for the environmental theme. It demonstrates the amalgamation of different

environmental factors.

WEIGHTED ENVIRONMENTAL THEME

34“q’0'E 34"3?'0'E 35"(2'0"E 35°3?'0'E 36"[?'0"E

9°0'0"N
9°0'0"N

z z
F g

. E
@ £
) o]
- Legend z
:g- High cost -2
o - @

Low cost

Coordinate System: WGS 1984 UTM Zone 36N

Projection: Transverse Mercator
0-:-:—:—10 20 4 i 80KM . Damum: WGS 1984
T T 4 T T
34°00"E 34°30'0"E 35°0'0"E 35°30'0"E 36°0'0"E

Figure 16: Environmental overlaid theme map of the study area
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The resulting map provides an overview of the environmental characteristics and highlights
areas with varying levels of environmental suitability. This map helps in understanding the

environmental implications and assists in making environmentally conscious decisions.

4.1.3. Weighted Cost Overlay for Preferred Theme

The preferred theme map is assigned a weightage of 50%, while the remaining two themes each
have a weightage of 25%. Using the weighted overlay tool in ArcGIS, these maps are combined
to generate three maps: one for the preferred technical theme, another for the preferred

economical theme, and the third for the preferred environmental theme.

The concept of the preferred theme in this context refers to a specific theme or category that has
been given a higher weightage or priority in the analysis of selecting the least cost path. To
determine the best route, these themes are transformed into preferred themes. The preferred
theme is created through overlay analysis, where each theme is assigned weightages. In the case
of the technical preferred theme, it is generated by assigning a weightage of 50% to the technical
theme and 25% each to the other two themes. The same process is followed for generating the
preferred themes for the economic and environmental aspects. The resulting preferred themes
highlight areas or patterns that align with the prioritized criteria, aiding in the selection of the

most favorable route based on the assigned weightages.

Cost distance map for preferred theme

The cost distance maps for the preferred technical, economical, and environmental themes
provide a comprehensive representation of the analysis outcomes. They illustrate the relative
costs associated with traversing different locations within the study area, with lower cost values

indicating more favorable routes.

These cost distance maps are valuable tools for decision-making and planning purposes. They
aid in identifying the most favorable routes or locations that align with the desired theme,
whether it be technical feasibility, economic efficiency, or environmental compatibility.
Stakeholders can leverage these maps to make informed decisions, optimize resource allocation,

and prioritize interventions that align with the chosen preferred theme.
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Figure 18: Cost distance map of environmental preferred theme
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TECHNICAL PREFERRED THEME COST DISTANCE MAP
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Figure 19: Cost distance map of technical preferred theme

These maps provide a comprehensive visual representation of the relative costs associated with
traversing different locations within the study area. Lower cost values on the maps indicate more

favorable routes or locations aligned with the respective preferred themes.

The cost distance map reveals areas with lower costs, indicating economic efficiency and cost-

effectiveness, thus aiding in allocation of least cost path.

Cost backlink map for preferred theme

The cost backlink map for the preferred theme is a crucial component of the analysis, as it
identifies the optimal paths or links within the study area based on the assigned weightages for
each preferred theme (technical, economical, and environmental).

Using the weighted overlay analysis in ArcGIS, the individual theme maps are combined to
generate the cost backlink maps for each preferred theme. These maps indicate the backlink or
reverse direction from each cell or location to the adjacent cell or location that provides the

optimal path within the study area, considering the assigned weightages.
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Figure 20: Cost backlink map of environmental preferred theme
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Figure 21: Cost backlink map of economic preferred theme
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TECHNICAL PREFERRED THEME COST BACK LINK MAP
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Figure 22: Cost backlink map of technical preferred theme

The cost backlink analysis was performed using the three preferred themes: Economic,
Technical, and Environmental. Figure 20, 21, and 22 depict the cost backlink maps
corresponding to each theme, respectively. These maps provide valuable information on the
backward linkages from each grid cell to identify the most favorable routes based on the

prioritized factors within each theme.

Generating cost path

To generate the alignment from the origin to the destination based on the preferred theme, the
previously prepared cost distance maps and directional raster map were utilized. These cost
distance maps represented the accumulated cost distances for each preferred theme, highlighting
the least costly pathways across the study area. The directional raster map provided information
on the preferred direction of movement for the alignment.

These cost distance maps, directional raster map, and the destination raster were used as inputs
in the cost path analyst tool. This tool, available within spatial analysis software, takes into
account the cost surfaces and directional preferences to determine the optimal route from the
origin to the destination. Three alignments were derived as the least cost paths to determine the
most optimal paths based on the respective preferred themes as shown. See fig 19 below. Each

55



alignment corresponded to a specific preferred theme, taking into account the associated factors

and considerations.

MODELED LEAST COST PATH MAP
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Figure 23: Modeled alternative least cost paths

4.2. Optimal route alignment Selection

The research adopts the multi-criteria evaluation methodology within the MCDA framework for
the selection of the best alignment. MCE enables the assessment and comparison of alternative
alignments using a predefined set of criteria. The criteria are weighted, alternatives are scored,

and the scores are aggregated to derive a comprehensive evaluation and ranking.

In the selection process, a thorough analysis and comparison of the evaluated alternatives are
conducted. Factors such as safety, ease of use, economic viability, and environmental impacts
are carefully considered to determine the optimal route alignment. The ERA route alignment
selection process aims to find a balance between these factors. A multi-criteria evaluation

approach is employed, where the strengths and weaknesses of each alternative are weighed
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against the established criteria. The goal is to identify the alignment that maximizes overall
benefits while minimizing negative consequences. This selection process ensures that the
chosen route alignment serves the interests of the community and achieves the desired

objectives. Three alternatives were evaluated based on their impact factors. See table 14

Table 14: Evaluation results for three cost paths based on different criteria

Evaluation parameter Units Economic | Environment | Technical
alLCP al LCP LCP

Number of | Lower order Number 43 31 35
Drainage crossed | Higher order Number 2 6 4
Length of road crossing built up areas | km 2.89 3.46 4.54
Road crossing 500m from water body | km 1.23 7.72 6.08
Area of agriculture within 15 Buffer km? 0.12 0.05 0.04
Length of the road km 96.46 97.87 96.47
Road length crossing escarpment slope | km 0.372 0.605 0.341
Area of forest within 20 m buffer Km? 2.05 2.58 2.21
Area of bare land within 500m Km? 32.20 28.57 33.55
Length of the road crossing higher - 37.560 17.460 23.881
elevation
Number of Population within 5km
buffer Number 755988 677039 677039

4.2.1. The result of final route selection

The final route selection results, including the weight values assigned to each factor, are
presented in the following comprehensive table. This table not only highlights the chosen route
alignment but also provides valuable insights into the relative importance of each factor in the
evaluation process. By including the weight values, it is easy to understand the significance and
impact of each criterion in the final selection. This additional information enhances the
transparency and robustness of the decision-making process, facilitating a more informed and
confident implementation of the selected route alignment.

The result of the final route selection is presented showing the weight of each factor under the

theme and the sum of the weight. See table 15.
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Table 15: Weight of evaluated criteria

Evaluation parameter Econom-ical Environm-enta Technif:al

LCP weight | | LCP weight | LCP weight
Number of | Lower order 2.8 3.8 3.4
Drainage crossed | Higher order 55 1.8 2.7
Length of road passing through built up areas 4.0 3.4 2.6
Length of road passing 500m from water body 7.3 1.2 15
Area of agriculture within 15 Buffer 1.6 3.7 4.7
Total length of the road 3.4 3.3 3.3
Road length intersecting escarpment slope 3.7 2.3 4.0
Area of forest destroyed within 20 m buffer 2.9 2.3 2.7
Area of bare land within 500m 1.4 1.2 1.4
Length of the road passing higher elevation 2.1 4.6 3.3
Number of Population within 5km 2.9 2.6 2.6
Sum 37.5 30.2 32.3

After a comprehensive evaluation of the three alignments, it was found that the economical
preferred least cost path received the highest weight of 37.5%, signifying its primary importance
in the decision-making process. This outcome emphasizes the significance of considering
economic factors in route selection. The technical preferred theme followed with a weight of
32.3%, underlining its relevance in determining the optimal route. Additionally, the
environmental preferred theme closely obtained a weight 0f30.2%, highlighting the crucial need

to prioritize environmental considerations in the decision-making process.

The map presented below showcases the preferred least cost path, which represents the final
result of the study. See fig 17 below. The path is overlaid with the existing major road network
in the study area, serving as a crucial connection between the two locations. This visual
representation offers valuable insights into how the preferred route aligns with the existing
infrastructure, facilitating a comprehensive understanding of the proposed solution within the

context of the study area. By overlaying the preferred path with the existing major road, it
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becomes evident how the proposed route integrates with the established transportation network,

ensuring a seamless and efficient connection between the specified locations.

FINAL LEAST COST PATH MAP
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Figure 24: The chosen final least cost path

The existing road is quite long, covering a distance of 271 km. In contrast, the newly proposed
route is much shorter, measuring only 96.46 km. This means that the proposed route is
significantly shorter than the existing road. This difference brings several potential benefits. It
can make travel more efficient, reduce the time it takes to get from one place to another, and
potentially lower transportation costs. Moreover, the shorter length of the proposed route
provides an opportunity to plan and use resources more effectively, which can lead to better
overall transportation results. The considerable contrast in distance highlights the major

improvement offered by the proposed route compared to the existing road.
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4.3. Discussion

In the research on route alignment selection, the aim was to identify a preferable route that
fulfills several important criteria. Safety considerations were given utmost priority to minimize
potential hazards and risks, ensuring the safety of users. The chosen route was designed to be
easily navigable and convenient for drivers, pedestrians, and public transportation users, while
minimizing congestion and obstacles. Economic viability was also taken into account, ensuring
the route was cost-effective, financially sustainable, and contributed positively to the economy.
Additionally, the research emphasized the importance of minimizing the distance traveled to
reduce travel times, lower transportation costs, and improve overall efficiency. Geospatial
technologies played a crucial role in analyzing various factors and using advanced software
tools to determine the least cost path that met these criteria effectively which is also used in

(Mondal et al., 2021a; Poudel & Kumar, 2022; Sameer et al., 2021) and many other researches.

Route alignment selection in this study involved generating three main themes: technical,
economic, and environmental. Geospatial analysis and parameter overlay were used to create
these themes. To generate the technical theme, parameters such as slope, geology, elevation, and
soil characteristics were overlaid and analyzed. By assigning appropriate weights to each
parameter, the influence of factors like steep slopes, unfavorable geology, high elevation, and
unsuitable soil conditions on route feasibility and cost was determined. Notably, slope was given
the highest value in the technical theme generation process, as previous studies (Mondal et al.,
2021; Sekulic et al., 2022) have indicated its significant impact on transportation efficiency and
cost. For the economic theme, factors such as existing road infrastructure, drainage order, land
use and land cover were taken into account. Existing road networks were given the highest
value, reflecting the importance of utilizing and connecting to established transportation
infrastructure. Additionally, drainage order and land use information were considered as they
directly influence construction costs, accessibility, and potential disruptions during route
alignment. The environmental theme focused on factors related to the surrounding natural
environment. Proximity to water bodies, human settlements, agricultural land, and aspect
(orientation towards the sun) were taken into consideration. Proximity to residential areas and
streams and water bodies were assigned the largest value in the environmental theme generation
process, considering the need to minimize potential impacts on local communities and

ecological disruption. Preferred maps were generated for each theme, with a weight of 50% for
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the preferred theme and 25% for each of the other two themes. (Poudel & Kumar, 2022; Sekulic
et al., 2022) used this method to model the least cost path and get comparable result. This
approach ensured a comprehensive evaluation of safety, ease of use, economic viability, and

distance traveled in selecting the least cost path.

The analysis revealed that the Economic preferred cost path outperformed the Environmental
and Technical paths in terms of various factors. These factors make it a favorable choice for
infrastructure development, as it meets the needs of many while minimizing disruptions to urban

areas and reducing the impact on forests.

Moreover, the study emphasized the importance of considering multiple criteria and utilizing a
diverse range of software tools and technologies, including GIS, to determine the optimal route.
Unlike previous research that primarily focused on distance, this study utilized a multicriteria
approach, taking into account various factors for route selection. This highlights the significance

of a comprehensive analysis in decision-making processes for infrastructure development.

The discussion highlighted the significant difference between the existing road (271 km) and
the proposed route (96.46 km), emphasizing the major improvement offered by the shorter route
in terms of travel efficiency, reduced travel time, and potential cost savings. The study
showcased the advantages of the Economic preferred cost path and emphasized the importance
of a multicriteria approach in route selection. Overall, the proposed route demonstrated
substantial benefits compared to the existing road, highlighting its potential for improved

transportation outcomes.
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CHAPTER V: CONCLUSION AND RECOMMENDATION

This research aims to address several key questions related to road alignment selection between
Dembidollo and Mettu towns. It investigates the influential factors, such as safety, economic
viability, ease of use, and distance traveled. The study explores the utilization of geospatial
technologies and software tools to develop and propose alternative road alignments considering
technical, environmental, and economic criteria. It compares and evaluates these proposed

alignments based on the defined criteria to determine the optimal route.

5.1. Conclusion

In conclusion, this research successfully utilized geospatial technologies for road alignment
selection between Dembi Dollo and Mettu towns in Ethiopia. A comprehensive analysis of
various factors, including safety, economic viability, ease of use, and distance traveled, was

conducted to determine the optimal route alignment.

The integration of remote sensing and GIS proved to be highly efficient and cost-effective for
imaging large areas. The use of ENVI software for image classification and Idrisi for criteria

weighting in spatial multi-criteria evaluation yielded accurate and efficient results.

By incorporating multi-criteria evaluation, a balanced and comprehensive assessment of the
proposed alternative road alignments was achieved. The technical, environmental, and
economical themes considered various parameters, resulting in the identification of a
recommended route spanning 96.46 km. The proposed route offered a cost-effective and safe

solution, avoiding higher-order drainage and minimizing disruptions.

The research emphasized the significance of geospatial technologies in route selection,
providing up-to-date information on terrain and land cover. The integration of the analytical
hierarchy process and multi-criteria evaluation method enhanced decision-making by

considering multiple parameters, resulting in a more efficient process.

The practicality and effectiveness of geospatial technologies in route selection for road
infrastructure development were demonstrated. The findings contribute valuable insights for
future studies, enhancing route planning and decision-making processes and facilitating the

development of economically viable and sustainable transportation networks.
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5.2. Recommendation

The finding of this research shows successful application of geospatial technologies contribution

for the accurate analysis of factors influencing the route alignment. Following this;

1.

It is recommended that researchers, road designers, and local government planners embrace
geospatial technologies such as remote sensing, GIS, and related tools. By utilizing these
technologies, they can gather and analyze up-to-date spatial data on terrain, land cover, and

other relevant factors, benefiting from enhanced efficiency and accuracy.

To facilitate effective decision-making in route selection, it is recommended that researchers
and decision-makers adopt a multi-criteria evaluation approach. This approach involves
considering various factors simultaneously and employing methodologies like the analytical
hierarchy process. By doing so, factors such as safety, cost, and environmental impact can

be appropriately assessed, ensuring a well-rounded evaluation for informed route selection.

It is advised to promote the wider use of geospatial technologies in transportation and
infrastructure planning. Policymakers, transportation planners, and infrastructure developers
should be encouraged to embrace these tools to assess safety, cost, and environmental impact

more effectively.

Encourage researchers and academic institutions to conduct further research on geospatial
technologies in route planning, aiming to improve and expand their application by

considering additional parameters for more informed decision-making.

Further study is recommended to assess the potential advantages of integrating LIDAR and
UAV technologies in route selection for improved terrain and land cover data accuracy. This
research can provide valuable insights for enhancing the efficiency and effectiveness of

infrastructure planning decisions.

By following these recommendations, researchers, road designers, and local government

planners can make informed decisions in route selection processes, considering environmental,

engineering, social, and economic factors. These recommendations aim to improve decision-

making processes, enhance data availability, overcome challenges, promote collaboration, and

foster continuous improvement in sustainable transportation infrastructure development.
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APPENDIX
Appendix I: Multibuffered map of Built-up, agriculture and water body
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Figure 1: Multiring buffer map of Built-up, agriculture and Water bodies.

Appendix II: Reclassified map of slope, elevation, geology and soil.
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Figure 2: Reclassified technical theme parameters.



Appendix III: Reclassified map of proximity to agricultural, proximity to Built-up,

proximity to water body and aspect.
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Figure 3: Reclassified environmental theme parameters.

Appendix I'V: Reclassified map of drainage order, LULC, existing road and geology
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Figure 4: Reclassified economical theme parameters.
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Appendix V: Weighted map of preferred economic, environmental and technical theme.
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Figure 5:

weighted map of preferred themes.

Appendix VI: Contour map of the study area
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6: Contour map of the study area
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