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GIS-based ecotourism potential assessment in Bahir Dar, and its surroundings, Ethiopia  

Tewodros Kassahun, MSc. Thesis 

Addis Ababa University, January 2023 

Abstract 
In Ethiopia, the population number was increasing continuously with agricultural land expansion 

and urbanization for the last five decades. The present study aimed to assess the changes in land 

Ecotourism has a strong connection with sustainable tourism. Sustainability depends on the 

relationship between tourism and environment. Ethiopia’s sustainable tourism master plan (2015), 

has set a high growth objective of 5 million foreign tourists in 2025. The aim of this study is to 

explore the capability of AHP and GIS technique for identify potential ecotourism sites in Bahir 

Dar and its surroundings, Ethiopia. This is also an additional benefit achieved by integrating geo-

scientific aspects in the land-use decision process and this area, having plenty of tourist attractions, 

could be a source for both domestic and foreign tourists. Thus, this is a crucial and pioneer work 

in this field of study, and it should be used as an ideal blueprint for ecotourism planner for 

ecotourism site development. a base map of the study area is constructed and used to generate a 

number of factor maps using various GIS approaches. In GIS, each factor is represented on a map 

as a layer. Each map reflects a single sub criterion and can be referred to as a theme layer or data 

layer. They represent how the traits are dispersed in space and how they help to achieve the goals. 

After creating a Digital Elevation Model map of the study region, elevation, slope, aspect, land 

use land cover class, and rainfall maps were created in GIS. an important factor has a greater 

impact on the outcome than other factors. Hence, the weight LULC map is 49 % and the remaining 

elevation map, slope map, aspect map, existing tourist destination sits and road network map are 

19 %, 15%, 11 %, and 10% and 5%, respectively. With approximately 2,065 hectares of land, 

Bahir Dar and its surroundings have the potential to be ecotourism sites. According to the 

characteristics and parameters we used, the majority of the study area, about 52 percent, is 

moderately suitable for ecotourism. The 35 percent of the study area is not suitable for ecotourism 

tourist destination site. The studied area has a strong potential for ecotourism development in 

general. Despite the presence of various problems in the area, there are great potentials and chances 

to maximize the advantages of ecotourism activity in order to improve the livelihoods of the 

inhabitants. 

 

 

Keywords: Ecotourism, GIS, Bahir Dar, AHP, Consistency, Weight factor 
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Chapter one 

Introduction 

1.1 Background of the study 

Ecotourism has a strong connection with sustainable tourism. Sustainability depends on the 

relationship between tourism and environment (Azam et al., 2018; Ghorbanzadeh et al., 2019). 

Suitable management for ecotourism development is essential in order to conserve and maintain 

the biological richness of the area as well as economic upliftment of the local people. In addition, 

ecotourism can be defined as an opportunity to promote the values in the protected areas and to 

finance related stakeholders (Suryabhagavan et al., 2015; Knox et al., 2020). Over the past six 

decades, tourism has been steadily increasing worldwide. Tourism in Ethiopia has been critical for 

the national economy, and the results obtained in recent years confirm the growth trend (Berhanu 

et al., 2017; WTTC, 2021). In this context, the different types of sustainable tourism play a decisive 

role in projecting local identities and underpinning the economic development of many regions, 

particularly in the context of natural and protected areas. 

 

Various researchers have attempted to draw a tourism business has a substantial impact on 

socioeconomic development and the growth of tourism-led economies from different study areas.  

(Berhanu et al., 2017; Azam et al., 2018; Ghorbanzadeh et al., 2019). Tourism contributes 

significantly by developing micro, small-scale, and medium-scale firms for the making of goods 

and services, creating significant employment opportunities, encouraging sustainable 

development, and alleviating poverty. Tourism has a significant role in accelerating development 

and reducing poverty, which is a major enemy of developing countries, and its impact is 

comparable to that of other major economic and social sectors. According to WTTC 2012, global 

tourism increased by 3.9% in 2018 and contributed $8.8 trillion to the global economy (Knox, 

Crawford, and Young 2020). In the first nine months of 2022, international tourism performed 

well, with arrivals reaching 63% of pre-pandemic levels (UNWTO, 2022). 

 

Ecotourism has recently emerged as a driving factor for economic progress all over the world. It 

makes a significant contribution to economic growth, the creation of skilled and semi-skilled jobs, 

higher export returns, foreign investment, and the economic well-being and social stability of the 

local population (Ceballos-Lascurain, 1996; World Tourism, 2000). Ecotourism has the potential 
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to combine environmental responsibility with economic gains. It can be viewed as both a 

foundation for economic development and a motivator for environmental protection (Daily, 1997; 

Wilkie and Carpenter, 1999; Wilks and Moore, 2004).  

 

Ecotourism, in addition to safeguarding the environment, can provide prospects for economic 

benefit to local communities (Gigovic et al., 2016). Local communities can increase their quality 

of life by engaging in various economic activities related to ecotourism (Hunt et al., 2015). As a 

result, some authors have proposed that ecotourism aims can only be met with effective planning 

and participation of the local population in management processes (Wishitemi et al., 2015; 

Ghorbanzadeh et al., 2019). 

 

The growth of the tourism industry has raised household income and foreign exchange income, as 

well as improved the rural economy's prosperity (WTTC, 2012).  Because the tourism sector is 

devoid of many limitations in various places of the world, it has been widely pursued globally 

(Telfer and Sharpley, 2015). According to STMP (2015), Ethiopia's tourism ambition of becoming 

one of Africa's top five tourist destinations by 2025. Ethiopia has experienced exceptional tourism 

growth in recent years as a result of major economic changes. Since the 1990s, international visitor 

visits have been steadily increasing, going from 64,000 in 1990 to 681,249 in 2013. This has been 

matched by an increase in the direct contribution of the travel and tourism sector to the country's 

GDP, which was 4.2% in 2013, equivalent to ETB 35,766.6m, and is predicted to expand by 4.8% 

per year, reaching ETB 59,495.2m (3.6% of GDP) by 2024. 

 

Ethiopia’s sustainable tourism master plan (2015), has set a high growth objective of 5 million 

foreign tourists in 2025. Based on this high growth scenario, international arrivals are expected to 

increase from ETB 14.197 billion in 2012 to ETB 180 billion in 2025, with a corresponding 

increase in tourism-related jobs from 985,500 to 4.8 million. The master plan comprises ten 

strategic pillars to ensure that this growth is competitive and sustainable. The three pillars namely 

Investment in Tourism Facilities and Services, Tourism Support Infrastructure and Services, and 

Conservation and Preservation of Natural and Cultural Resources. Are related to ecotourism 

potential.  
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The Geographical Information System (GIS) has emerged as one of the most significant 

technological advancements for the planning and decision-making process regarding a potential 

tourist destination. Effective ecotourism development needs the fulfilment of some requirements. 

The study area still does not benefit as it is expected from the sector because of factors that hinder 

the development of ecotourism as compared to its potential. To address the characteristics of 

ecotourism in a region and identify ideal ecotourism places, it is necessary to use location-based 

systems such as GIS, which is known as the most efficient technology for spatial modelling and 

analysis (Longley et al., 2015). Researchers have recently used GIS to combine multiple methods 

and strategies in the zoning of ecotourism potential (Gigovic et al., 2016). This capability enables 

GIS to be used as a fast tool for finding suitable zones for ecotourism development (Ronizi et al., 

2020). This capability leads to the application of GIS in ecotourism as a decision-making tool for 

planning sustainable tourism, enabling evaluation, managing tourist movement, and selecting 

appropriate tourism destinations. As a result, this technique has been widely used in the tourism 

sector. (Jokar et al., 2020). Furthermore, using a separate GIS-MCDA technique identifies places 

with potential for various environmental goals such as urban planning, susceptibility assessment 

for natural hazards, tourism sustainability study, and so on (Ronizi et al., 2020).  

 

The study on the potential ecotourism site is essential to identify the possible future tourism 

investment in Bahir Dar and its surrounding areas. The assessment of the sits can help to expand 

the tourism destination sites of Bahir Dar city and distribute the load of tourists at the outskirts of 

the city. It is evident from the recent review of literature that no research work has been directed 

towards the study of the ecotourism potential assessment in study areas. The aim of this study is 

to explore the capability of AHP and GIS technique for identify potential ecotourism sites in Bahir 

Dar and its surroundings, Ethiopia. This is also an additional benefit achieved by integrating geo-

scientific aspects in the land-use decision process and this area, having plenty of tourist attractions, 

could be a source for both domestic and foreign tourists. Thus, this is a crucial and pioneer work 

in this field of study, and it should be used as an ideal blueprint for ecotourism planner for 

ecotourism site development. 
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1.2 Statement of the problem 

When we think of tourism, we typically envision people visiting a certain location for the purpose 

of sightseeing, visiting friends and relatives, enjoying a holiday, and having a nice time. They may 

spend their free time participating in various sports, conversing, singing, riding, sightseeing, 

reading, or simply relaxing. If we think about it further, we may include in our definition of tourism 

individuals who attend a convention, a business conference, or some other type of commercial or 

professional activity, as well as those who go on a study tour with an experienced guide or do 

scientific research or study. Ecotourism probably had its foundations in the ethics of conservation, 

but its recent surge has certainly been due to its economic benefits as developing countries begin 

to recognize that nature-based tourism offers a means of earning money with relatively little 

exploitation or extraction of resources. 

 

Tourism can be the key to many worldwide solutions for challenges such as climate change, 

poverty reduction, and waste reduction, as well as protecting environment and transitioning the 

world to a more sustainable planet, which many individuals in the sector are unaware of. As a 

result, the concept of sustainable tourism has received more attention in recent years. (Safran, 

2015). According to UNWTO and the International Transport Forum (ITF) report issued in 

December 2019, the tourism sector is expected to raise CO2 emissions by at least 25% by 2030. 

(UNWTO and ITF, 2019). Aligning tourism operations with climate action is critical if the sector 

is to meet international goals (UNWTO, 2021). 

 

The tourism business is critical to the development of any country; it helps countries increase 

economic growth, attracts more visitors, increases foreign investment, and so on. However, 

tourism development has a severe impact on the environment, causing soil erosion, air and water 

pollution, deforestation, and other problems. Ecotourism, on the other hand, is a solution to these 

detrimental effects. For a long time, the locations around Lake Tana have been popular destinations 

for travellers visiting Bahir Dar. The tourism sector in Bahir Dar and its surrounding areas, as well 

as its impact on the environment and cultural components, as well as the benefits of eco-tourism, 

have not been thoroughly researched in order to build eco-friendly tourist destinations. There is a 

study concern in identifying other tourist destination places that are not typical tourism emphasis 

areas. That is what ecotourism is all about. As a result, there is a research gap in addressing the 

problem of ecotourism sits. This study attempts to assess the ecotourism potential of Bahir Dar 
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and its surrounding area by applying GIS using AHP method. Therefore, this is important for 

making well-informed choices on management regimes for planners and decision-makers that can 

ensure the sustainability of environment and develop ecotourism destination sites. 

 

1.3 Research objectives 

1.3.1 General objectives  

The main objective of this study is to explore the potential of ecotourism using Geographic 

Information Systems (GIS) and Analytical Hierarchy Process (AHP) methods for planning 

resources relevant to ecotourism development in Bahir Dar and its surroundings.  

 

1.3.2 Specific objectives  

The specific objectives of this research are as listed below: 

• To evaluate ecotourism resources including land-use/land-cover, natural and cultural 

resources and tourist’s facilities in and around Bahir Dar town and its surroundings, using 

GIS and AHP method. 

• To identify the main ecotourism sites and to map the area, that is attractive by its nature in 

relation to ecotourism resources in the study area. 

• To analyse changes in strategies could be used to strengthen the tourism-environment-

community relationships at the destination. 

 

1.4 Research questions 

Based on the stated objectives, the following questions were used to guide the research process 

and answer from the findings of the study.  

▪ Which areas are the possible ecotourism sites in and around Bahir Dar town?   

▪ Are they mapped well for decision making?  

▪ Are there any possible changes in strategies to strengthen tourism and community? 

 

1.5 Scope of the study  

The present study mainly deals with the ecotourism areas to map in Bahir Dar town and its 

surroundings. This study attempted to assess the ecotourism potential and map the potential sites. 

Ecotourism development is a broad topic, including every aspect of it in this thesis would be 

impossible. Therefore, the study was limited to assessment of ecotourism potential areas, mapping 
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the potential sites and contribution of ecotourism development planning in Bahir Dar town and its 

surrounding, Ethiopia. The result and the conclusion are drawn only form AHP and GIS methods 

used.  

 

1.6 Significance of the study  

The use of satellite data advanced techniques such as Remote sensing (RS) and Geographic 

Information System (GIS) can assist for ecotourism resources to map in detail in the study area. 

The finding of this study is expected to have contribution by showing ecotourism resources of the 

study area for all concerned bodies and stake holders. In addition to this the study bridges the gap 

which exists between the potential and actual ecotourism development in the study area by using 

GIS and AHP method. Furthermore, there are few researches in the area on tourism destination 

areas in general. Ecotourism potential assessment makes the study unique from other studies which 

are conducted in the area. Moreover, it may be helpful for researchers to support the effective 

participation and involvement of local communities in the development, operation and monitoring 

of ecotourism activities on natural resources. The methods and approaches developed will have 

wider application within and outside the country. 

 

1.7 Limitation 

The limitation of the study were Analytical Hierarchy Process (AHP) method is used for site 

selection, no comparison of other methods is used for the study and only one site selection criteria 

are applied.  

 

1.8 Organization of the thesis 

This study is organized into five chapters: chapter one is introduction, where the background, 

statement of the problem, objectives of the study, research questions, significance of the study a 

discussed. In the chapter two review of related literatures is presented. Chapter three provides an 

overall description of study area in terms of location, topography, and climate. This section also 

elaborates the source of data and software used and methodologies applied to achieve the desired 

objectives with details of the relevant parameters. In the fourth chapter, results and discussion are 

provided. Finally, in section; five, conclusion and recommendations and suggestions for further 

research work in the study area are provided.  
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Chapter two 

Literature Review 

2.1 Tourism 

Travel is as old as mankind. Man, first explored the earth's surface in search of food, housing, 

security, and a better place to live. World Tourism Organization defines, Tourism is a social, 

cultural, and economic phenomenon that involves individuals traveling to nations or locations 

beyond their typical environment for personal or business/professional reasons. These people are 

known as visitors (tourists or excursionists; residents or non-residents), and tourism refers to their 

activities, some of which entail tourism expenditure (UNWTO, 2022). 

 

2.1.1 Determinants of tourism destination 

The competitiveness of a destination is defined as a country's ability to create added value and thus 

increase national wealth by managing assets and processes, attractiveness, aggressiveness, and 

proximity, and thus integrating these relationships within an economic and social model that takes 

into account a destination's natural capital and its preservation for future generations (Ritchie & 

Crouch, 2003). According to Ritchie and Crouch, the competitiveness of a tourism destination is 

determined by two factors: its resource endowments (assets) and its resource deployment (ability 

to use them) and thus transform them into an offer of tourism goods and services. It is widely 

accepted that a destination is a complex adaptive system that may be understood as a network of 

connected stakeholders directly or indirectly associated to tourism, the activity of which is critical 

for the proper operation of the destination system (Boniface and Cooper, 2009; Baggio, 2008). 

 

2.1.2 Types of tourism 

The World Tourism Organization specifies three primary forms of tourism in its glossary, 

according to the UNWTO. 

Domestic Tourism: these are the activities carried out by a person within their country of 

residence as part of a touristic trip. 

Inbound Tourism: carried out by a non-resident tourist in the destination as part of a touristic trip. 

Outbound Tourism: tourism activities undertaken outside the country of residence. 

There are many different types of travel motives (the reasons why individuals travel), but for 

inclusion in this study, they are classified based on their purpose of excursion. Table 2.1 present 
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the types of tourism for different requirements and desires, implying that there is a specific type 

of tourism for a given market segment. 

 

Table 2.1 Types of tourism. 

Type of tourism Definition 

Adventure tourism Type of tourism, which is popular among those, who are 

looking for exciting activities 

Beach tourism A tourist travels to a beach for leisure, recreational or business 

purposes. 

Birth tourism Traveling to another country, in order to give a birth to a kid 

there. 

Business tourism Traveling to another place due to the business meeting, 

conference, training etc. 

Celebrity tourism Tourists visit places where a celebrity currently lives or has 

lived. 

Culinary tourism Traveling outside of your residence to another 

region/city/country, in order to taste local food. 

Cultural tourism Type of tourism, in which tourists visit cultural places of the 

specific place. 

Dark tourism Tourism, in which one visits places of dark past. 

Doom tourism Visiting the places, which are under the threat. 

Drug tourism Traveling to places, in order to purchase and consume drugs. 

Ecotourism Tourism, which attracts visitors with the beauty of nature, 

preservation of the environment and culture. 

Educational tourism It’s the journey undertaken by a person to leave his hometown 

or country for educational or learning purposes. 

Genealogy tourism One visits various countries, where his/her ancestors lived. 

Medical tourism Traveling to another city/country for medical purposes. 

Mountain tourism Activity which takes place in hills or mountains that are 

inherent to a specific landscape, topography, climate, 

biodiversity (flora and fauna) and local community. 

Nautical tourism Merging holidays with in-water activities. 

Religious tourism Type of tourism, where one visits various countries due to the 

religious reason. 

Rural tourism A tourist spends leisure time in rural areas or villages. 

Sex tourism Traveling to another destination, in order to purchase sex. 

Slum tourism Traveling to the places, where people live in poverty. 

Space tourism Traveling to space. 

Sports tourism Tourism, in which one travels to another destination due to the 

athletic reasons. 

Virtual tourism Traveling to various places through technology. 

War tourism Traveling to the former/current war cities or countries. 

Wellness tourism Type of tourism, in which one travels due to the recreational 

reasons. 

Source: Vacayholics, 2018, UNWTO, 2021 and Ruma, 2022 
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2.2 Ecotourism 

The International Society for Ecotourism (TIES) defines ecotourism as "responsible travel in 

natural environments that maintains the environment and promotes local communities, integrating 

interpretation and teaching" (What Is Ecotourism, 2022). Ecotourism allows visitors to learn about 

nature and local culture; it follows the principles of sustainable tourism in social, economic, and 

environmental aspects; and it stresses education and environmental stewardship (Pleșoianu et al., 

2018; Pavlidis et al., 2022).  

 

The World Tourism Organization defines ecotourism as "all forms of nature-based tourism in 

which the main activities refer to the observation of it and the local culture in the immediate 

vicinity of the protected areas; educational and nature interpretation activities; activities with 

minimal negative impact on the natural and sociocultural environment, carried out in small groups; 

and activities that support the conservation of biodiversity and the environment" (World Tourism 

Organization Ecotourism and Protected Areas, 2022). 

 

To safeguard ecosystems and biodiversity, as well as to conserve protected plant and animal 

species, tourism infrastructure and activities are essential. As a result, it is also vital to create nature 

tourism or ecotourism through activities that safeguard and regenerate natural functions, while also 

considering communities and local carrying capacity (Ardika, 2018). Ecotourism is a sort of 

environmentally friendly tourism whose major purpose is to recognize the importance of nature 

and its preservation through touristic socioeconomic activities (Ceballos, 1996). To get to the 

point, Ecotourism fosters moral responsibility for the environment and the well-being of local 

residents. Ecotourism is recognized to have several subtypes, including: 

 

2.2.1 Principles of Ecotourism 

Ecotourism, according to the International Ecotourism Society, is about bringing together 

conservation, communities, and sustainable travel. This means that those who implement, engage 

in, and sell ecotourism activities should adhere to the ecotourism principles outlined below. 

• Reduce the physical, social, behavioural, and psychological consequences. 

• Increase cultural and environmental knowledge and respect. 

• Ensure that both guests and hosts have a great experience. 

• Create, build, and operate low-impact facilities. 
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• Recognize the rights and spiritual beliefs of Indigenous Peoples in your community and 

engage with them to empower them. 

• Provide immediate monetary advantages to conservation. 

• Provide financial benefits to both local residents and private industry. 

• Provide guests with meaningful interpretive encounters that assist raise sensitivity to the 

host. countries’ political, environmental, and social climates. 

 

2.2.2 Ecotourism and sustainable development goals 

Boluk et al. 2017 advocated for a critical thinking system approach inside the global tourism 

system in order to assure sustainability. Tourism plays an important role in the economies of many 

developing nations, particularly in Africa; thus, any issues confronting the industry must be 

addressed in order for Africa to capitalize on the opportunities presented by the integration of 

SDGs (Dube and Nhamo, 2018). Trust, justice, social capital, power, and participation have not 

been fully instilled in sustainable tourist governance frameworks. (Siakwah et al., 2019). Tourism 

has been recognized for its potential to help accomplish many of the 17 Sustainable Development 

Goals (SDGs), particularly in the areas of employment creation, sustainable consumption and 

production, and natural resource protection. Three of the SDGs particularly reference and call on 

the tourism sector to deliver on: (Romeo et al., 2021) 

 

SDG 8, Promote sustained, inclusive and sustainable economic growth, full and productive 

employment and decent work for all.  

 “By 2030, devise and implement policies to promote sustainable tourism that creates jobs and 

promotes local culture and products”. Tourism is one of the driving forces behind global economic 

growth, accounting for one out of every eleven employments worldwide. Society, particularly 

youth and women, can achieve Target 8.9 by providing access to excellent employment 

opportunities in the tourism sector. 

 

SDG 12, Ensure sustainable consumption and production patterns 

“Develop and implement tools to monitor sustainable development impacts for sustainable tourism 

which creates jobs, promotes local culture and products”. A tourism sector that adopts sustainable 

consumption and production practices can play a significant role in accelerating the global shift 

towards sustainability. To do so, as set in Target 12.b. 
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SDG 14, Conserve and sustainably use the oceans, seas and marine resources for sustainable 

development.  

“By 2030 increase the economic benefits to SIDS and LDCs from the sustainable use of marine 

resources, including through sustainable management of fisheries, aquaculture and tourism”. 

Coastal and maritime tourism, tourism’s biggest segments, particularly for Small Island 

Developing States’ (SIDS), rely on healthy marine ecosystems. Tourism development must be a 

part of Integrated Coastal Zone Management in order to help conserve and preserve fragile marine 

ecosystems and serve as a vehicle to promote a blue economy, in line with Target 14.7. (Romeo, 

et al., 2021) 

Due to the scale of the work that must be completed by 2030 and the priority connected to 

achieving the SDGs, there has been an increase in calls from renowned academics for the tourist 

sector to take immediate action to address and embrace the SDGs. (Scheyvens, 2018; Hall, 2019). 

 

2.2.3 Sustainable ecotourism 

Sustainable development is defined as meeting current demands without damaging or jeopardizing 

future needs (Missimer, 2017; Koirala, et al., 2019). Elkington (1998) also introduced the notion 

of "triple bottom line" for the first time. According to this notion, a sustainable society should have 

measurable environmental, economic, and social impact goals.  

 

The tourism industry, and tourist behavior in particular, is extremely susceptible to disaster events, 

which can be divided into natural disasters, such as earthquakes, and manmade disasters for 

example, terrorist attacks (Ma et al., 2020). While pandemics such as COVID-19 can be 

considered natural disasters, they should be analyzed as a specific typology due to their dramatic 

impact on tourism activity (Moya Calderón et al., 2021; Villace -Molinero et al., 2021; Zenker et 

al., 2021), giving rise to many and relevant constraints in many countries, including mobility re- 

strictions, social distancing, and limited access to ser- vices and infrastructures. Under these 

circumstances, this paper considers it necessary to revisit the study of a topic that has received 

great attention in tourism research: tourist loyalty formation (Kim, 2018).  

 

In particular, together with the antecedents most widely examined in literature, several pandemic 

related risks are expected to play an important role in loyalty formation. Loyalty, generally   

defined   as   the   individual’s   commitment to a product or brand (Oliver, 1997), is usually 
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operationalized in tourism research as the intention to revisit a tourist destination in the future and 

the intention to recommend it to other people such as friends and relatives (Kim, 2018; Lee et al., 

2011; Prayag and Ryan, 2012). According to Keyser (2002), there are three significant features 

that characterize sustainable tourism: quality, continuity, and balance. 

▪ Balance - Sustainable tourism balances the demands of the tourism sector, environmental 

advocates, and the local population. It fosters cooperation among visitors, host 

communities, and destinations by emphasizing the achievement of shared goals. 

▪ Quality - Sustainable tourism provides guests with high-quality experiences while also 

increasing the host community's quality of life and conserving the environment's quality. 

▪ Continuity - Sustainable tourism ensures the survival of the natural resources on which 

it is founded, as well as the survival of the host people' cultures. 

 

2.3 Remote sensing and tourism 

The functionalities of GIS require inputs from different knowledge fields: computer engineering, 

network engineering, communication technology, application areas and methods, and end-product 

use (Burrough et al. 2015; Krumm et al., 2013). In a GIS system, the real-world features are 

represented using four cartographic data elements (Van Kreveld 2017; Yao and Li 2018) in two 

data models: vector data model representing Earth features as points, lines, and polygons and raster 

data model representing grid cell feature classes (Lena 2007; Lwin et al., 2012). The design of 

such data models supports thematic mapping, map analysis, tabular data processing, and automated 

cartography (Burrough 2001), all of which are represented in space as a set of features with 

locational and attribute data.  

 

Satellite images with high resolution provide great options for assessing landscape change patterns, 

such as forest cover change at a structural scale (Wulder et al. 2008). In urban setting, remote 

sensing image analysis is useful in planning new infrastructure based on current and predicted 

future land cover and land use change patterns (Mahmoud and Ahmad 2013). Remote sensing 

methods, on the other hand, have been used to categorize landscape component types at an 

ecological scale relevant for wildlife and tourism management. (Keller and Smith 2014). The 

technique of image analysis is used to extract meaningful information from satellite imagery, using 

two approaches: image processing and pattern recognition (Blaschke 2010; Koprowski 2017). 

Real-world objects and features are represented in satellite photos by radiometric signatures that 
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can be classified based on their digital value clusters (Lu and Weng, 2007). Land use is the most 

visible of all environmental changes, and the analysis can be used to analyze any changes in 

ecosystems. (Vinodhini et al., 2016) 

 

2.4 GIS and tourism 

Geographical Information System (GIS) could be effective for tourism information management 

systems, tourism decision support systems, visitor impact assessment, tourism facility inventory 

studies, and tourism-based land management, according to Giles (2004). GIS is widely used in the 

industrialized world, while its application is relatively uncommon in the developing world (Tim 

and Martin, 1999; Raghuvanshi et al., 2006; Gross and Brown, 2008; Kalavar et al., 2014). 

 

Tourism is becoming a frontline service sector that incorporates new technical expertise into 

strategic, marketing, and planning activities (Phillips and Moutinho, 2014; Buhalis, et al., 2019). 

GIS has been effectively used to handle the challenges of preconstruction planning and to enable 

a wide range of spatial analyses employed in the logistics viewpoint of construction activities. 

(Karan et al., 2016). GIS are distinct in that they emphasize providing users with a representation 

of objects in a cartographically accurate spatial system as well as aiding analysis and decision-

making (Mennecke and Brian, 2000). They are intended to collect data about the globe, to make 

that data easy to view, analyze, and distribute, and to support a wide range of modeling and theory-

building. (Longley et al., 2015).  

 

Geographic information systems (GIS) and remote sensing methods are frequently utilized for 

determining location suitability and resource inventories based on environmental, socioeconomic, 

and spatial planning considerations (Jankowski and Richard, 1994; Malczewski, 2006, Charabi 

and Gastli, 2011; Gigović et al., 2016). GIS suitability mapping requires the use of several data 

sources with weights assigned to assess the importance of specific criteria (Janke, 2010; 

Bunruamkaew and Murayam, 2011; Al-Yahyai et al., 2012). Many experts have used multicriteria 

decision analysis (MCDA) or multicriteria decision making approach (MCDMA) in recent years 

to comprehensively analyze the feasibility of a certain land location for various uses, e.g., flooding 

prevention (Fernández and Lutz, 2010), A few efforts were also made to assess the possibility of 

ecotourism. (Bunruamkaew and Murayam, 2011; Koschke et al., 2012; Gigović et al., 2016; Jeong 

et al., 2016; Fang, 2017; Çetinkaya et al., 2018). 
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Geographic information system (GIS) uses and utilization areas are expanding on a daily basis due 

to the ease of storing, updating, grouping, analysing, correlating, and mapping data about 

evaluation factors in planning studies, as well as having a relatively low error margin depending 

on the accuracy of data stored. In reality, GIS is employed in tourism terrain planning for 

visualization as well as numerous analyses (Aklıbaşında, 2013). Historical information and 

treasures concerning culture, landscape, customs and traditions, and architectural monuments 

provided by GIS applications are critical for municipalities' efficient management of planning 

procedures such as landscape planning, project planning, and regional development (Zgura et al, 

2012). That’s why GIS and management-based ecotourism planning for a sustainable future has 

been discussed in this paper. 

 

2.4.1 Site selection 

When doing site selection analysis for diverse application demands, numerous criteria are analysed 

in the GIS environment at the same time. The goal of GIS-based site selection study is to identify 

potential locations for various facility activities. These assessments indicate not only the suitability 

of the site, but also the degree of suitability level (Ustaoglu and Aydınoglu, 2020a). Any site 

selection study process utilizing GIS-based MCDA methodologies can be broken down into five 

interconnected parts. (Suleyman, et al., 2021) These are;  

First step, the criteria for the relevant site selection problem are established. The criteria are based 

on a review of the literature and expert opinion.  

Second step, geographic and non-geographical data for the required criteria are acquired from 

public and private-sector databases, as well as open data portals.  

Third step, criterion weights are determined, which represent the relative importance of the 

defined criteria. In GIS-based site selection studies, various MCDA approaches are frequently 

employed to derive criterion weights. 

Fourth step, a GIS-based analysis implementation model is designed for the relevant site selection 

study. 

Fifth step, the designed analysis models are run and a site selection suitability map is produced. 

Using the suitability maps produced, alternative areas are evaluated with a GIS perspective. 
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The employment of MCDA methodologies in conjunction with GIS can be viewed as a process 

that converts and associates geographical data and decision-makers' preferences to reach final 

knowledge in the decision-making process (Malczewski, 2007; Malczewski and Rinner, 2015). 

On the other hand, there are numerous MCDA methods available today., Analytic Hierarchy 

Process (AHP), Analytic Network Process (ANP), Best Worst Method (BWM), Preference 

Ranking Organization Method for Enrichment of Evaluations are some of the methods that are 

commonly used (PROMETHEE), Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS), and Weighted Linear Combination (WLC). 

 

 Because of its flexibility, Saaty's (1980) AHP technique has been the most used method for 

criterion weighting in site selection studies. The key challenge in applying the AHP approach is 

defining the main criteria groups that are consistent with a purpose, as well as the sub-criteria 

related to these categories in a hierarchical structure. The AHP approach is based on a pair-wise 

comparison process and certain mathematical computations to improve preference scales among 

alternative decisions (Ustaoglu and Aydinoglu, 2020b). The AHP method is applicable to many 

groups of decision characters and can also be used in stakeholder analysis (Ramanathan, 2001; 

Taibi and Atmani 2017). 

 

2.5 Ecotourism in Ethiopia 

Tourism also plays a significant role to the economic development of many developing countries 

including Ethiopia (Torres, et al., 2004). Ethiopia possesses unique and highly valuable ecotourism 

resources. The balance of historical, cultural, and environmental ecotourism attractions is essential 

to the country's future success. (Meseret, 2010; Israel et al., 2017). Ethiopia's travel and tourism 

industry has a bright future and has been steadily expanding in recent years. (Bayou et al., 2014 

and Israel et al., 2017). It can also contribute for socio-cultural development and sustainable use 

of the environmental sources (Aynalem, 2016). 

 

The country boasts beautiful landscapes and wildlife, a diverse culture and heritage, and ancient 

historical sites that are deteriorating. Ecotourism plays an important role in addressing 

conservation issues and providing alternative income sources for local populations (Lemenih, et 

al., 2009). Similarly, ecotourism development and significance in social, environmental and 

economic aspect is low compared to the neighbouring countries (Dejene et al., 2014). However, 
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Ethiopian ecotourism is still in its infancy, and the country has not reaped the greatest benefit from 

its resources (Eshetu, 2014). Ecotourism is underdeveloped due to a lack of infrastructure and 

service availability. The lack of proper research on ecotourism potentials, as well as the lack of 

diffusion of ecotourism concepts and practices, impede the effective and sustainable growth of 

ecotourism in Ethiopia (Gebreigziabiher, 2015; Birhan, et al., 2015). 

 

2.6 Analytical Hierarchy Process (AHP) 

Multi-Criteria Decision Making (MCDM) is a process that combines and transforms geographical 

data into a decision (Malczewski, 1999). When paired with GIS data, MCDM is a useful tool for 

systematically and thoroughly analysing a problem. Human value judgment, trade-off evaluations, 

and criterion importance assessments are the core components of a multi-criteria problem. 

However, criteria with GIS capabilities can be employed to reach a desired goal (Moldovanyi, 

2003). The primary purpose of multi-criteria evaluation techniques is to explore a variety of 

alternatives in light of various criteria and competing objectives (Voogd, 1983). 

 

AHP is a widely used method in MCDM and was introduced (Saaty, 1977; Saaty and Vargas, 

2001). It is simple to apply as one of the MCDM approaches. AHP is a decision support tool that 

can be used to address complex decision problems. It employs a multilevel hierarchical framework 

of objectives, criteria, sub-criteria, and options. AHP is based on three principles:  

• Decomposition of the overall goal (suitability), construction of a structural hierarchy 

consisting of a goal and subordinate features, 

• Evaluation of the criteria, establishment of pair-wise comparative judgments between 

elements at each level and   

• Synthesis of priorities through propagation of level-specific, local priorities to global 

priorities. (Arabinda, 2003; Baniya, 2008).  

AHP also gives quantitative tools to evaluate judgment inconsistency to ensure the credibility of 

the relative significance utilized. Cheng and Li (2001) constructed a method of AHP with eight 

steps as the followings; 

1. Cleary define the decision problem. 

2. Defining the criteria relating to the decision problem: This is achieved through a number of 

literature reviews in the studied areas. 
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3. Setting up the decision hierarchy in which the first level of hierarchy represents goal in making 

decision: The second level displays main criteria. The third level are secondary criteria (optional 

as if the main criteria is not clear) and the last level are choices. 

4. Data collection from experts. 

5. Construct matrix to employ pair-wise comparison. 

To compare factors, intensity of importance of each factor is required since factors are not equally 

important. Saaty (1980) set up fundamental scale with 9 levels of intensity as shown in Table 2.2 

and Table 2.3.  

Pairwise comparisons of all factors are done in matrix. The intensity of importance of each factor 

can be compared only for a pair over diagonal line.  

6. Estimating relative weight of elements on each level in the hierarchy from model analysis. 

7. Calculating the consistency ratio (CR) to completely measure the consistency in the pair-wise 

comparison.  

8.List the rating results of each criterion to prioritize the criteria. 

 

Table 2.2.  Random Index. 

Matrix size Random consistency Index (RI) 

1 0.00 

2 0.00 

3 0.58 

4 0.90 

5 1.12 

6 1.24 

7 1.32 

8 1.41 

9 1.45 

10 1.49 

                                 Source: (Saaty 1980) 

To communicate individual preferences or judgments, AHP employs a fundamental scale of 

absolute numbers (Table 2.3). This scale has a total of nine points. In general, nine things are the 

maximum that an individual can compare and consistently rank at the same time. The differential 
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scoring score assumes that the row criterion is as important as or more important than the column 

criterion. Where the row criterion is less relevant than the column criterion, the reciprocal values 

(1/3, 1/5, 1/7, 1/9) have been used. 

Table 2.3. The preference scale for pair wise comparison. 

Scale Degree of preference Explanation 

1 Equal importance 
Two activities contribute equally to the 

objective 

3 
Moderate importance of one  

factor over another 

Experience and judgments slightly favour one 

activity over another 

5 
Strong or essential 

importance 

Experience and judgments strongly favour one 

activity over another. 

7 Very strong importance 

An activity is favoured very strongly over 

another and dominance is demonstrated in 

practice 

9 Extreme importance 

The evidence favouring one activity over 

another is of the highest possible order of 

affirmation 

2,4,6,8 
Intermediate values between  

the two adjacent judgments 

When compromise is needed 

Reciprocals Opposites Used for inverse comparison 

Source: Adopted from Saaty, 1980; Saaty, 1990. 

 

2.6.1 Assigning weight to factors 

AHP was used to determine the weight value for each criterion. It employed pairwise technique 

using consistency ratio index as a basis of acceptability (Saaty, 1980). In the study regions, the 

output of the pairwise comparison matrix and the computation of the consistency ratio are 

provided. The method used by numerous authors was used to construct the land suitability map for 

ecotourism (Bunruamkaew et al., 2011). Each factor was classified, and their suitability ratings 

were reported in a structured manner, namely four suitability classifications; Not suitable, less 

suitable, moderate suitable, and high suitable and 1 (Not suitable) to 4 (high appropriate). The 

entire compatibility score from each category was added together to create an ecotourism site 
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suitability map. The natural spectrum framework outlined below was used to divide the terrain into 

four appropriateness classes (Wu et al., 2015):  

• Not suitable class: It indicates a land relatively low landscape that is not suitable for 

developing ecotourism. Mostly agricultural and settlements areas.    

• Less suitable class: It is an intermediate level between the not suitable and moderate 

suitable classes.  

• Moderate suitable class: It indicates a land of moderate landscape that may optimize the 

existing ecotourism resources to properly develop ecotourism.  

• Highly suitable class: It denotes a high-landscape area appropriate for promoting 

ecotourism, which must conform to strong environmental restrictions. 

As tourism becomes an increasingly important sector of the world economy, tourism related 

research can be expected to expand in both magnitude and scope as a critical supporting function 

for tourism industry (Baker et al., 1993). 
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Chapter Three 

Material and Methods 

3.1 Description of Study Area 

3.1.1 Location and description 

Bahir Dar is located 563 km by Bure and 460 km via Motta from Addis Abeba, the capital city. 

Dejazmach Belay Zeleke Airport is 8 kms from Bahir Dar city. Since 1993, the city has served as 

the capital city of the Amhara National Regional State. The study area geographically its absolute 

location extends between the coordinates of 11o 30' 11" - 11o 58' 11" N latitude and 37o 2' 2" - 37o 

29' 4" E longitude. Lake Tana borders Bahir Dar to the north (Figure 3.1). It has a total area of 

1073.53 km2, of which 243.08 km2 island (215.57 km2 was an area of Bahir Dar city, whereas 

27.41 and 0.09 km2 was the area of Deq and Kibran Gebriel Islands, respectively).  

Figure 3.1. Location map of the study area. 

Bahir Dar and its surrounding area's altitude ranges from 1,717 m in the southeast to 2034 m in 

the city's eastern and western outskirts. The topography of Bahir Dar city and its surroundings is 



 

 
21 

relatively flat though some places in the southeast direction are characterized by deep river gorge 

and escarpment in northeast and west. Given the overall position of the city, it is now one of the 

safest, most beautiful, well-planned, and leading tourist destinations in Ethiopia. Because of its 

strategic geographic location, the city also acts as a transit to the old historical cities of Gondar, 

Lalibela, Axum, and the Semien mountains by road and air transportation. Since 2015, the Lake 

Tana region has been designated a UNESCO Biosphere Reserve. 

 

According to the Bahir Dar City Administration, Bahir Dar was established during the 13th century 

and, like the rest of Ethiopia, was ruled by representatives of the newly formed Solomonic dynasty 

from Lake Tana and its surrounds. The city's historical development began around the 14th century, 

with the establishment of Kidanemihret church on the current sites of St. Georegis church. Because 

of its proximity to Lake Tana and the Abay River, it was titled Bahir Dar, which means "near the 

sea," during the reign of Emperor Yikunoamlak. The city lies in the country's north western corner 

(Bahir Dar City Administration, 2021) 

 

3.1.2 Demography 

Regarding demography of Bahir Dar and its surroundings, Bahir Dar city administration official 

website states the population of the city is 356,757. According to the Ethiopian statistics service 

population projection the population of Bahir Dar zuriya is 214,691 (ESS, 2019). The population 

density is estimated at 0.12 per hectare. Ethiopian Orthodox Christianity is the most widely 

practiced religion in Bahir Dar, followed by Islam. Protestants and Catholics make up small 

proportion of the population. Other traditional religions, like as Judaism, are practiced by minority 

tribes surrounding Lake Tana. The Amhara are the majority ethnic group in Bahir Dar (96.23%). 

Tigrayans, Oromo, and various indigenous communities are among the other ethnic groupings 

(Typical Ethiopia, 2021). 

 

3.1.3 Climate 

Regarding rainfall the annual total rainfall amount for 2021 exceeded 1500 mm in the country's 

northwest, western, and southern regions. The yearly total rainfall quantity, on the other hand, was 

less than 500 mm over much of Afar and the southern and southeaster parts of Somalia. According 

to Ethiopian meteorological institute annual climate bulletin Bahir Dar has 1909.3 mm annual 

rainfall amount (EMI, 2021). 
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   Source: (EMI, 2021). 

Figure 3.2. Percent of normal rainfall for the year 2021. 

In most areas of the country, rainfall activity in 2021 was near normal. Northern Afar, Gambella 

and neighbouring Oromia locations, as well as other parts of Oromia and Amahara, saw above-

average rainfall. Rainfall is scarce in regions of south Oromia and Somali regions, as well as in 

other parts of Oromia (EMI, 2021). As illustrated above in figure 3.2 Bahir Dar and its surround 

fall under near normal and above normal rainfall the heavy fall was on July, 79.8 mm.  

 

About temperature Bahir Dar and its outskirts are warm all year, with hot temperatures even on 

rainy days. The hot season lasts from February through May, with temperatures reaching 38 

degrees Celsius in April and May. From July until September is the chilly season. Temperatures 

can drop as low as 5 degrees Celsius during this time of year, with August being the coldest month. 

Bahir Dar and its environs receive ample rainfall. May to September is the wet season. The rainiest 

months are July and August. (Typical Ethiopia, 2021; EMI, 2021). 
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3.1.4 Tourism 

Bahir Dar and its surroundings are blessed with beautiful natural attractions popular tourist 

destinations in Ethiopia. After Addis Ababa and Dire Dawa, Bahir Dar is Ethiopia's third largest 

city. This bustling city is well-kept and clean, with a friendly atmosphere. Bahir Dar and its 

surroundings are well-known for their historic monasteries, the Blue Nile Falls, endearing lodges 

and Lake Tana. The scenery is breath taking, and the weather is mild all year. As a well-known 

tourist destination, Bahir Dar and its surroundings offer a variety of activities to keep visitors 

entertained throughout their stay. Bahir Dar serves as a gateway to 30 centuries-old monasteries. 

(Typical Ethiopia, 2021) Bahir Dar is undoubtedly the cleanest Ethiopian city and is recognized 

as one of the most beautiful cities in the country, particularly for its magnificent palm tree-lined 

avenues. Among the best tourist sites found in and around Bahir Dar and its surrounding Lake 

Tana and Island monasteries are most visited. 

 

Lake Tana 

Lake Tana, Ethiopia's largest lake, is 84 kilometres long and 65 kilometres wide at its widest point. 

The lake's colour changes depending on the season, from muddy green to clear to copper tan. The 

slow-moving lake, which comprises 37 islands, is the main source of the Blue Nile. The majority 

of the islands have medieval monasteries and churches. The lake is home to a variety of fish 

species, over 200 bird species, and hippopotamuses. It has 20 endemic fish species that are 

threatened by the fishing industry. The lake is threatened by habitat loss, exotic plants, and 

deforestation. To meet these issues, many measures are being pursued, and this magnificent lake 

is protected by the Lake Tana Biosphere Reserve. 

 

Monasteries  

On Lake Tana's islands and peninsulas, there are approximately 30 historical and religiously 

significant monasteries and orthodox churches. These monasteries were founded during the period 

when Christianity was introduced to the area. They are typically O-shaped, with vibrant paintings 

depicting biblical histories on the walls. Some are linked to museums that exhibit spiritual writings, 

handcrafted products, and crowns. Some monasteries are gender-specific. This study area includes 

Kibran Gebreal Monastery and Entons Iyesus Andinet Monastery. 
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Emperor Haile Selassie palace 

Mount Bezawit is a forested peak located 7 kilometres from the city centre. Here is the former 

palace of Emperor Haile Selassie (Bezawit Haile Selassie palace). The mountain is covered in 

landscaped gardens. A panoramic view of Bahir Dar City may indeed be seen at the end of the 

mountain road. It is also an excellent chance to understand about the Blue Nile's origins in Lake 

Tana. 

3.2 Data acquisition 

3.2.1 Satellite image 

Copernicus data hub was used to obtain a Sentinel 10 m resolution 12,2022 imagery. Using 

ERDAS Imagine 14, satellite image of the area was corrected and processed to create the thematic 

map, land-use and land-cover map for identifying ecotourism potential areas and attractive sites. 

As it shown in (Table 3.1) for this research the data sources are from opensource ALOSPALSAR, 

tourist maps, topographic map and orthophoto are obtained from organizations. The secondary 

sources of data were collected from different secondary data sources such as, report documents, 

various registers and publications like books, journals, research reports, papers, magazines, 

internet materials and official documents of the sector which is used to supplement the information 

gathered from many sources. Bahir Dar town and Bahir Dar Zuria wereda culture and tourism 

bureaus and Heritage Protection Authority is providing the researcher with broachers and maps 

which are important for the study. 

 

Table 3.1 List of data sources. 

Data Format Source Purpose 

Ortho-photo (25cm x 25cm  

resolution)  
.tif 

Space Science & 

Geospatial Institute  
Feature extraction   

Tourist/Topography map .tif 
Space Science & 

Geospatial Institute 
Data extraction 

Satellite image .tif Sentinel  
Land-use/land-

cover 

Ground Control Points .shp Field visit 
Accuracy 

assessment  

Digital Elevation Model .tif ALOSPALSAR 
Slope and 

Elevation 
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3.2.2 Image classification  

Image classification is a technique of extracting information from image based on the reflectance 

value of an object (Gao, 2009; Lillesand et al., 2004; Richards and Jia, 2006). The information 

class in the image can be grouped into a thematic layer of similar LULC. Despite the availability 

of automatic image classification algorithms, human or visual image interpretation procedures 

were employed. This is due to a pixel mixing issue, which has adversely impacted the study's land-

use and land-cover classification accuracy. Google Earth and aerial photographs were used to 

improve visual image interpretation and preserve classification accuracy. Thus, image 

digitalization and signature creation are carried out in the ERDAS Imagine environment to 

generate land-use and land-cover theme layers.    

 

3.2.3 Accuracy assessment  

Accuracy assessment is a comparison of image interpretation by a computer with the aid of ground 

truth data (Gao, 2009; Richards and Jia, 2006). Because the classified image is nearly thematically 

stratified, training sites for accuracy evaluation were found using the stratified method of sampling 

for this comparison. Stratified sampling ensures that a predetermined amount of assessment pixels 

is drawn from a given land cover, ensuring that all LULC classes are sufficiently represented in 

the evaluation samples. No matter how small a land cover is in size or limited in its spatial 

distribution, this specified number of evaluation pixels can always be selected, although not in a 

single pass (Gao, 2009). As a result, stratified training pixels were chosen for validation depending 

on the number of bands and LULC classes.  Based on the error matrix produced from each 

classification result, the overall accuracy, producer's and user's accuracy, and kappa coefficient 

were computed. The fraction of correctly classified pixels divided by the total number of classified 

pixels is used to calculate overall accuracy. 

 

3.3 Data analysis 

Following the completion of the data collection the information gathered from different sources 

have been compiled in the way that is easy to manage. The analysis was carried out by using 

qualitative description and descriptive statistics with the help of ERDAS, ArcGIS, Percentage, 

tables, maps were used to present the results of the study. Furthermore, Information obtained 

through personal observations was also included in the analysis. The fundamental rationale, in 

economic development and conservation policies, is ecotourism's projected potential as an 
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effective instrument for sustainable development. This can be assessed using the criteria and 

indicators approach, which is essentially a sustainable ecotourism management concept built in a 

set of principles, criteria, and indicators. However, one of the main problems of decision theory is 

determining how to obtain the relationship weights of the criterion. The Analytic Hierarchy 

Process is a popular weight evaluation approach.  

 

The AHP technique has been demonstrated to be a helpful and sensible method for determining 

weights for various destination criteria via prioritization utilizing pair wise comparisons. 

Specifying the hierarchical structure, finding the relative relevance weights of the criterion and 

sub-criteria, allocating preferred weights to each alternative, and determining the final score are 

all processes in this method. There were four critical steps in producing an ecotourism site 

suitability map: 1. finding suitable factors to use in the analysis, 2. assigning factor priority, weight, 

and class weight to the parameters involved, 3. generating an ecotourism land suitability map, and 

4. determining potential areas for ecotourism. Figures 3.3 provide the details of the conceptual 

framework and each processing phase. ArcGIS is used to combine the spatial data with suitability 

index so that a continuous land suitability map is generated.  The output is a suitability map for 

ecotourism development. The final part deals with the recommendations in order to determine the 

potential areas for ecotourism development. 

 

Using GIS, a map of each factor was created in this step. Factor maps provide a result for the stage 

of identifying evaluated criteria and sub-criteria. This occurs immediately after information is 

entered into GIS (collection, reformatting, geo-referencing, synthesizing, and recording associated 

data) and saved in graphical and tabular form, manipulated, and analysed to obtain useful 

information.  

 

In general, a base map of the study area is constructed and used to generate a number of factor 

maps using various GIS approaches. In GIS, each factor is represented on a map as a layer. Each 

map reflects a single sub criterion and can be referred to as a theme layer or data layer. They 

represent how the traits are dispersed in space and how they help to achieve the goals. After 

creating a Digital Elevation Model map of the study region, elevation, slope, aspect, land use land 

cover class, and rainfall maps were created in GIS. 
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3.3.1 Determination criteria and factor 

The decision criteria and considerations are based on socioeconomic factors and bio-physical 

aspects of the land suited for ecotourism. Based on the information gathered, for this study MCE 

is performed using three criteria as indicators of suitability within the terrestrial ecosystem: 

➢ landscape,  

➢ topography, and  

➢ accessibility characteristic.   

Likewise, the ecotourism site was evaluated based on six critical factors: (a) visibility, (b) land 

use/cover, (c) elevation, (d) slope, (e) proximity to cultural sites, and (f) distance from highways. 

Pairwise comparison is any method of comparing entities in pairs to determine whether entity is 

preferable, has more of some quantitative feature, or whether the two entities are same. The 

pairwise comparison approach is employed in the scientific investigation of preferences geospatial 

decisions, attitudes, voting systems, social choice, public choice, requirements engineering, and 

multi-agent intelligent information systems. These criteria and factors were chosen based on 

professional opinion, experience, and competence, as well as data from numerous sources. 

Discussions with specialists in related fields of study, a survey of authorized literature, and an 

analysis of historical facts were used to acquire knowledge. MCDM was used to incorporate 

decision makers' judgment and preferences into AHP approach evaluations. Each criterion was 

assigned a weight and a score based on its relative importance in the appropriateness evaluation. 

The overall results were presented in the form of a pairwise comparison matrix.  

 

The order n matrix's consistency is assessed. This method's comparisons are subjective, and the 

AHP tolerates inconsistency through the degree of redundancy in the technique (Saaty 1980). If 

this consistency index falls below a certain threshold, the answers to comparisons may be re-

examined. The consistency index (CI) is calculated. The consistency ratio (CR) can be determined 

using the properties of reciprocal matrices. CR 0.1 denotes an adequate level of consistency in the 

pairwise comparison. According to Saaty (1980), if CR is less than 0.10, the degree of consistency 

is adequate. The consistency of the matrix of order n is evaluated. Comparisons made by this 

method are subjective and the AHP tolerates inconsistency through the amount of redundancy in 

the approach. However, if it is greater than 0.10, there are discrepancies in the evaluation process, 

and the AHP approach may not produce relevant results. More information on the CR calculation 
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may be found in Ma et al. (2005) and Hossain et al. (2007). The main eigenvalue is used to assess 

the consistency of the obtained weights. The pair-wise matrix's primary eigenvalue and related 

normalized eigenvector indicate the relative importance of the various criteria being compared. 

The elements of the normalized eigen vector are referred to as weights for the criteria or sub-

criteria and ratings for the alternatives. 

 

3.4 Methodology 

As it is illustrated in (Figure 3.3), in order to achieve the objective of this study the following 

systematic step is proceeded; multi criteria was applied these criteria are land cover, accessibility 

and topography of the sites. Land use land cover is used to identify areas that has vegetation cover 

and settlement. Road and existing tourist destination site accessibility is used to evaluate the sites 

suitability for tourists or future developments for investors/local authorities. Euclidian distance 

was applied for the existing sits and for the road network. Topography has great impact on tourist 

preference specially for hiking and fresh air. AHP technique was applied to identify the suitable 

site. To do that weight of factor was assigned for each factor using pairwise comparison matrix 

and normalized pairwise comparison matrix is applied to give weight for the factors influence. 

 

The consistency of a systematic strategy and analytical means for designing the property of 

matrices is evaluated in this step to assure the ecotourism potential. Decision-makers' judgments 

are consistent. According to our goal, seven characteristics were utilized to assess the ecotourism 

potential of Bahir Dar and its surroundings. The Consistency Index (CI) assesses the potential of 

an ecotourism site. With calculated as: 

 

                                             𝐶𝐼 =
𝑚𝑎𝑥−𝑛 

n−1
                                             (1) 

 

 

The consistency index of a randomly generated reciprocal matrix was been called to the random 

index (RI), with reciprocals forced. The last ratio that has to be calculated is the Consistency Ratio 

(CR), which is a comparison between Consistency Index (CI) and Random Index (RI). The 

formulation of CR is: 
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                                                        𝐶𝑅 =
CI 

RI
                                                          (2) 

 

If the outcome is that factor A is twice as important as component B and factor B is twice as 

significant as factor C, then this comparison is inconsistent. This issue can be resolved by 

modifying the study and recalculating the results. Furthermore, the average of the random index 

(RI) value for matrices of order 1 to 10 (Saaty, 1980). The Weighted Overlay tool solves 

multicriteria problems such as site selection and appropriateness models by utilizing one of the 

most widely utilized methodologies for overlay analysis. Each value class in each input raster is 

assigned a new, reclassified value on a scale of 1 to 5, with 1 being the least suitable and 5 

representing the most suitable. Only discrete integer raster is supported. Before using weighted 

overlay, reclassify continuous raster (Esri, 2022). and weighted overlay then finally the ecotourism 

suitable sites was Identified.  
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Figure 3. 3 Ecotourism suitability site 
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Chapter Four 

Results and Discussion 

4.1 Results 

4.1.1 Land-use and land-cover 

In this study the classification system was created by referring to (Anderson et al., 1976) 

classification scheme and has been designed to be as compatible as possible with other 

classification systems currently used by various institutes in land use inventory and mapping. The 

land use and land cover map classes are farmland, open area, Built-up area, vegetation and water 

body. The land-cover maps generated after running a maximum likelihood supervised 

classification are presented in (Figure 4.1 and Table 4.1).  

Figure 4.1. Lan-use and land-cover map.  

Ethiopia has enormous ecotourism development potential. Because the country has a unique 

biodiversity, magnificent physical features, and rich cultural resources. Protected areas in Ethiopia, 

which include national parks, game reserves, animal sanctuaries, and other controlled hunting 
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grounds, cover around 14% of the country and are best suited for ecotourism development 

(Teressa, 2017). However, it is still in its early stages. For this study LULC studies (Lambin et al., 

2001) revealed that socioeconomic and biophysical characteristics are the main forces behind land 

use changes. Driving factors are classified into two categories: proximal causes and underlying 

causes. Proximate causes are activities and acts that have a direct impact on land usage, such as 

clearing of forests or road construction. Furthermore, research on LULC in Ethiopia has focused 

on the dynamics of cover changes and their causes, with little emphasis paid to the effects of such 

changes on ecosystem services (Tolessa, et al., 2017). As shown in the Table 4.1, Farmland 39.7 

percent, Open area 20.3 percent, Built-up area 9.4 percent, vegetation 18.8 percent and water body 

11.8 percent of the study area. 

 

Table 4.1. Extent of the land-use and land-cover classes 

LU/LC class Area (Ha) Area (%) 

Farmland 18,604.7 39.7 

Open area 9,505.8 20.3 

Built-up area 4,413.6 9.4 

Vegetation 8,806.9 18.8 

Waterbody 5,524.5 11.8 

 

As indicated above the Bahir Dar and its surrounding area is 39.7 percent farmland and 20.3 and 

18.8 percent area is covered with open area and vegetation respectively. 

 

4.1.2 Accuracy assessment 

Classified land-cover maps derived from remotely sensed images contain a variety of errors; it is 

the responsibility of the researcher to identify these errors so that the produced land cover maps 

are reliable and easily interpretable by users. Once the classified image has been integrated into a 

serve as an information source for urban planners and researchers, an accuracy assessment should 

be carried out because it limits the classification results of remotely sensed imagery data. To assess 

the classification's accuracy, the classification accuracy assessment land use land cover result was 

performed. The reference data were obtained from sample points that were prepared using random 

sampling from field observation, field observation information, aerial photograph and Google 

Earth. The accuracy assessment result is illustrated in (Table 4.2). 
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An accuracy evaluation is used to compare the findings of land cover classifications derived from 

remotely sensed data. An accuracy evaluation analysis was carried out by creating an error matrix 

that compared the interpreted land cover map to a map that contained the results of the ground 

truth investigation. 

 

Table 4.2. Accuracy assessment of the classification map. 

LU/LC 

Class 
Reference Classified No. accuracy Producer accuracy User accuracy 

Farmland 99 106 95 95.96% 89.62% 

Open area 41 50 39 95.12% 78.00% 

Built-up area 25 23 17 68.00% 73.91% 

Vegetation 47 49 43 91.49% 87.76% 

Water body 26 28 21 80.77% 75.00% 

Overall Classification accuracy is 83.98% 

 

4.1.3 Road Infrastructure 

According to Ethiopian Roads Administration data for 2021, there are four surface type roads 

available in Bahir Dar and its surrounding areas. As illustrated in Figure 4.2, Bahir Dar has a more 

extensive road network than its surroundings. This is due to its regional capital. To navigate 

through the surroundings of Bahir Dar the accessible road types are either asphalt or gravel roads. 

Bahir Dar is well connected to different cities and towns in Ethiopia by road trips. Minibus, Taxi 

and Tuk-tuk (Bajaj) provide transportation in the city. Cycling is popular in Bahir Dar. There are 

bike rentals accessible throughout the city, and the streets are tree-lined. You may take it a step 

further by riding to and from Bahir Dar and other adjacent towns. In figure 4.2 we look that forty 

percent of the study area is covered by farmland. These roads are built to connect the nine percent 

settlement area of the study area. So, form this we can understand that the area is not convenient 

for motorized mobility. For hiking lovers this is a wonderful situation to walk around the country 

side. 
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Figure 4.2. Road map. 

4.1.4 Access to road 

Self-drive tourist alternatives are frequently promoted as an economic development strategy in 

rural and regional communities. In many circumstances, providing iconic attractions, services, and 

infrastructure such as roads can improve an area's tourism appeal. Road infrastructure and tourism 

have both positive and negative implications for mutual relationships and limits. The effects of 

road infrastructure on tourism are more obvious today than ever before (Ramadan, 2020). Tourism 

has an impact on road infrastructure through the extensive construction and modernization of the 

road network, the expansion and modernization of modes of transportation, the increase in the 

number of passengers and commodities, and the introduction of new modes of transportation 

organization. The development of road infrastructure in tourism affects long-distance travel, 

lowering the duration of tourist journey.  

 

The location of commercial destinations is primarily determined by three basic factors: 

availability, appeal, and organization. In figure 4.3 the longest distance to get road is 6.4 km, and 
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the shortest is 1.3 km. In Bahir Dar city the road network is higher than the surrounding because 

it is the regional capital. In relation to ecotourism road is essential but it must not disturb the 

environment and cause to deforestation. In the absence of road access to the tourism destination 

walking or hiking is promoted. 

 

Figure 4.3. Distrance to reach a road 

According to British Heart Foundation, 2022 walking speed will depend on your level of fitness 

and walking experience. Difficult terrain or travelling uphill and downhill also affects your overall 

speed. For a person with excellent fitness, an approximate moderate walking pace: 9 minutes per 

kilometre (6.4 kilometres per hour) and an average walking pace on country and forestry footpaths 

is: 12 minutes per kilometre (5 kilometres per hour). In this case 4.7 kilometre from main road will 

take less than an hour. The surrounding of Bahir Dar will take 45 minutes of hiking/walking. South 

east and west of Bahir Dar especially south east of mount Bezawit, it only takes 20 minutes. Even 

if the density of the road network is concentrated in Bahir Dar city navigation surroundings of 

Bahir Dar is easy and it is not time taking it is less than an hour.  
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Road infrastructure is a prerequisite for the development of tourism in Ethiopia. However, road 

infrastructure does not always imply that there is an adequate disposal of the tourist attraction, 

because it is dependent on access and transportation organization. Investment in tourism 

infrastructure is frequently evaluated in terms of prospective tourism base expansion, tourism 

expenditure, and contribution to economic growth (Banerjee et al., 2017) So, without further road 

construction development the study area accessed. Road infrastructure and access to road will not 

hinder tourists to go and interact with the local community and enjoy the natural beauty and 

landscape of Bahir Dar and its surrounding. 

 

4.1.5 Health facility 

Ecotourism facilities means any activity(s) which is taken to promote ecotourism, that is inclusive 

of lodging, camping, trail/trek, machan, pagoda, safari, public amenities, sit out etc. Health facility 

access is also included in availability of ecotourism facility. But we did not see much in researches. 

The rearrest thing that can happen to a tourist is being seriously sick. Sometimes minor injury or 

headache may happen but it may not lead to go to see a doctor. But in case of emergency and other 

cases tourists may need health centres specially hospitals. As it is shown above in figure 4.4 health 

centres are distributed better than hotels and police stations. It is obvious that hospitals and clinics 

are concentrated in towns but thanks to health extension and other programs health centres and 

health posts are distributed good. According to Ethiopian Statistics Service 2020 data there are 

292 health centres in and around Bahir Dar. So, Bahir Dar and its surroundings may not be blamed 

by a tourist to get access to health centres in case of emergency. 
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Figure 4.4. Health facility access map. 

4.1.6 Topography 

The surface shape and relief of the land are described by topography. It refers to numerous 

landforms (physical features) that represent the earth's physical shape (Tewodros, 2010). 

Topography is an elevation measurement, and slope is the percentage change in elevation over a 

given distance.  Ecotourism is primarily concerned with experiencing and learning about nature, 

its landscape, flora, fauna, and their habitats, as well as local cultural artifacts (Rahman, 2010). 

Topography is the heart of this experience. Certain tourism activities, such as trekking, climbing, 

adventure, sports, and expeditions, rely heavily on altitude. Colder climates have a profound 

influence on mountain ecosystems, and different elevations have varied mountain ecosystems. 

High mountains are often less appropriate for agriculture and more suitable for forest exploitation 

and recreational activities such as hiking due to the less favourable terrain and temperature. 

 

Studies have shown that topography is one of the most important factors of attractiveness in 

landscape, scenic potential, or topographic attractiveness for tourism, because it determines 
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patterns and forms for many other landform and land cover features (Linton, 1968; Bishop and 

Hulse, 1994; Miller et al., 1994). As shown in figure 4.5 below average Bahir Dar and its 

surrounding has flat surface ranging from 1,712 up to 1,906 meters above sea level. Majority of 

the landscape ranges from 1,717-1,841 meters above sea level. In figure 3 land use and land cover 

map the farm land is 40 percent this is clearly understood that it is because of the flat ness of the 

area that is suitable for agricultural activities.  

 

For ecotourism perspective the topography of Bahir Dar and its surrounding is a dry land due to 

large area of farming land the vegetation cover is not convenient to keep the environment green 

and open to tourists. Altitude is the height of a location above or below a reference level such as 

mean sea level. To assess the character and elements of a landscape that are good for tourism, the 

position, angle, and stage must be considered. A Digital Elevation Model was used to generate the 

elevation factor in this analysis. 

 

Figure 4.5. Elevation map. 
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4.1.7 Slope  

Differences in temperature, humidity, heat, and daylight hours are linked to changes in latitude 

and altitude in mountain regions, all of which influence ecosystems, human communities, and, as 

a result, tourism attraction. In the above figure 4.6 the slope or the degree change of the elevation 

is clear that east of river Blue Nile is a place where there is a higher number of degree changes in 

slope ranging from 17.5 - 43.5 degree. In relation to elevation this area is also has higher altitude. 

The elevation changes and the angle of the topography contributes to a higher number of slope 

change. In relation to ecotourism a higher elevation and a higher slope change will benefit the 

perfect view of the surrounding land scape. Tourist’s eye may rest in lake tana and the beautiful 

city of Bahir Dar. Areas like these are also used to hike more often than plan areas. 

 
Figure 4.6. Slope map. 

The slope profile is visually appealing to onlookers from a wider geographical area. The intricacy 

of a place in terms of slope is an important aspect in determining its appropriateness for 

ecotourism. This component demonstrates a different degree, the complexity of the area, and the 

slope of the area, which has an effect on the selected area by specifying the percentage of slope 
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that is associated to a site ideal for ecotourism. Furthermore, slope is a safety indicator, which 

means that the gentler the slope, the higher the safety factor, and vice versa. The reclassified slope 

map from the degree measurement unit was provided in this section for the ecotourism need. The 

most level places in the area are farmland, and the flat surface of a mountain plate is excellent for 

the research area ecotourism. 

 

4.1.8 Existing Tourist destinations 

Bahir Dar, graced with Lake Tana and the Blue Nile, is a nice visit in and of itself. From a tourist 

standpoint, the following attractions within the lake, and its surrounding are as follows (Figure 

4.7): 

▪ Entos Iyesu and Kebran Gabriel Monastery are the closest islands with churches. 

▪ Blue Nile War Memorial,  

▪ Emperor Haile Selasi Palace, 

▪ Mango Park, 

▪ The origin of the Blue Nile River, 

▪ The Market  

▪ Traditional Church School St. Georgis Church  

Though it is frequently stated that the beauty of Lake Tana lies in traversing the lake. Lake Tana 

is the main attraction in Bahir Dar, according to the local tourism bureau. Almost all tourists have 

taken a boat trip to Lake Tana, visiting several locations on the lake. The War Memorial on the 

Nile's bank is another popular tourist destination. The third most visited site is the Blue Nile 

Waterfall. Other popular attractions include the open-air market, Haile Selassie place, galleries 

and the traditional church school. Boat Trip to Lake Tana, Blue Nile Waterfall, and Haile Selassie 

are the destinations for which tourists need have the courage and exert some effort to go out of 

Bahir Dar city, whilst rests are inside the town's premise. Regarding ecotourism sites there is not 

much places developed or under development for tourism destination. Currently the city 

administration is trying to develop lake side park development which is similar to Addis Ababa 

River side park development. 
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Figure 4.7. Existing tourist destination sites map. 

Lake Tana is Ethiopia's largest inland body of water, covering around 3,000 square kilometres. 

The lake is populated with numerous islands, twenty of which include churches and monasteries 

of historical significance. It is true that as the distance increases from the lake's, attractions 

increase, so does the number of visitors decrease. In figure 4.7 we have understood that the 

common tourist attraction sites or places of Bahir Dar and its surrounding is distributed throughout 

the study area. In figure 4.8 the density of destinations is purely intense inside Bahir Dar town. 

According to Dharmendra 2012, Tourists' visits to a location are heavily influenced by the 

preceding information someone gathers from many sources or the locations presented to him by 

tour operators, but after viewing the locations, a person develops his own impression based solely 

on his own like and disliking of the location. This tourist opinion provides planners with a big clue 

as to which site should be the top priority for that area's tourism development strategy and which 

spot is losing importance, and why. It is clear that the outskirt of Bahir Dar is prone to lesser 

visitors due to the congestion of most common tourist sites in Bahir Dar. 
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Figure 4.8. Existing tourist destinations density map. 

4.2 Reclassification 

In order to get the weighted overlay result for all the results except aspect map all are reclassified 

in to five classes. The aspect map was grouped by four classes. As illustrated in Figure 4.9. As 

indicated in Table 4.3 After the reclassification is done for land use land cover around 10,366.5 

hectare of land became farmland it is about 40.1 percent and open area 5,758 hectare and 22.6 

percent. The elevation values; from 1,777 to 1840 meter about 15,129.8 hectare of land 59.4 

percent which is the low and from 1841–1905-meter elevation is moderate 6,022-hectare 23.6 

percent suitable. Regarding slope 60.5 percent of the study area has low slope. Bahir Dar and its 

surroundings has about 5.6 percent high slope. 

 

Regarding existing tourist site proximity Bahir Dar and its surroundings within 0-2 km proximity 

66.6 percent of the existing tourist destinations are accessible. Road accessibility reclassification 

result shows that 74 percent area is accessible within 3-6 km distance to roads. 
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Figure 4.9 Reclassified factor maps. 

 

 



 

 
44 

Table 4.3 Reclassification factor maps of the ecotourism suitability. 

Factors Class 
Ecotourism 

Suitability 
Rating 

Class 

pixels 
Area (ha) Area (%) 

LULC Water body Very low  1 29,170 291.7 1.1 

Farmland Low 2 1,036,654 10,366.5 40.7 

Built-up Area Moderate 3 361,417 3,614.2 14.2 

Open Area High 4 575,799 5,758 22.6 

Vegetation Very high 5 546,204 5,462 21.4 

Elevation (m) 1712-1776 Very low  1 257,867 2,578.7 10.1 

1777-1840 Low 2 1,512,981 15,129.8 59.4 

1841-1905 Moderate 3 602,201 6,022 23.6 

1906-1969 High 4 157,375 1,573.8 6.2 

1970-2034 Very high 5 18,688 186.9 0.7 

Slope (degree) 0-23 Very low  1 656,018 6,560.2 25.8 

24-47 Low 2 1,536,589 15,365.9 60.5 

48-71 Moderate 3 203,088 2,030.9 8.1 

72-94 High 4 64,528 645.3 2.5 

95-118 Very high 5 78,567 785.7 3.1 

Aspect (degree) -1-81 Very low  1 265,775 2,657.8 10.5 

82-196 Low 2 611,709 6,117.1 24 

197-311 Moderate 3 704,978 7,049.8 27.8 

311-359 High 4 956,328 9,563.3 37.7 

Site proximity (km) 0-1 Very low  5 903,186 9,031.9 35.4 

1-2 Low 4 792,042 7,920.4 31.1 

2-3 Moderate 3 483,258 4,832.6 19 

3-4 High 2 247,876 2,478.8 9.7 

4-6.8 Very high 1 122,837 1,228.4 4.8 

Road accessibility 

(km) 

0-1 Very high 5 93,910 939.1 5.8 

1-2 High 4 118,409 1,184.1 7.2 

2-3 Moderate 3 200,435 2,004.4 12.3 

3-4 Low 2 375,489 3,754.9 23 

4-6.3 Very low 1 843,200 8,432 51.7 

 

4.3 Pairwise comparison 

The pairwise comparison matrix for the six criteria is set up to compute the importance of 

weightings using the AHP approach, as shown in (Table 4.4). AHP analysis was performed to 

assign relative weight or influence of ecotourism factors subject to weighted overlay. Using a 

numerical scale of 9 points (Table 2.3), the judgment contributed by choosing the importance 

intensity of one criterion over another. To determine the priority vector relative to criterion 

weights, each criterion's eigenvalue is normalized to 1. Weights were assigned to the elements 
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used for ecotourism potential area mapping using multi-criteria decision-making based on the 

physical characteristics of the study location and an assessment of prior studies.  

 
Table 4.4. Pair-wise comparison matrix. 

Factors LULC Elevation Slope Aspect 
Site 

proximity 

Road 

accessibility 

LULC 1 5 3 3 4 5 

Elevation 1/5 1 2 2 3 4 

Slope 1/3 1 1 2 2 3 

Aspect 1/3 1/2 1/2 1 2 2 

Site proximity 1/4 1/3 1/2 1/2 1 5 

Road accessibility 1/5 1/4 1/3 1/2 1/5 1 

 

The normalization of the pairwise comparison and the weight of each factor was computed 

(Table 4.5), and according to the procedures suggested by Saaty (1987). Table 4.4 shows the final 

criteria weight for each ecotourism mapping factor, which reflects the estimated relative influence 

of each factor on the study area. 

 

Table 4.5. Normalized Pair-wise comparison matrix. 

Factors LULC Elevation Slope Aspect 
Site -

proximity 

Road 

accessibility 

LULC 0.4317 0.6593 0.4091 0.3333 0.3279 0.2500 

Elevation 0.0863 0.1319 0.2727 0.2222 0.2459 0.2000 

Slope 0.1439 0.0659 0.1364 0.2222 0.1639 0.1500 

Aspect 0.1439 0.659 0.0682 0.1111 0.1639 0.1000 

Site proximity 0.1079 0.0440 0.0682 0.0556 0.0820 0.2500 

Road accessibility 0.0863 0.0330 0.0455 0.0556 0.0164 0.0500 

 

From the above comparison the criteria weight (CW) for each factor is calculated. Sum of the raw 

divided by the total of the factors it gives criteria weight. The results are as follows LULC 0.4019, 

elevation 0.1932, slope 0.1471, aspect 0.1088, destination site proximity 0.1013 and road 

accessibility 0.0478.  

 

Since Thurstone (1927) proposed the pairwise comparison method in the psychological review in 

1927, pairwise comparison matrices have become widely used in several well-known decision-

making systems (Jaroslav, 2020). The consistency check of the comparison was performed 

(Table 4.6) according to the procedures suggested by Saaty (1987). The final outcome of the 
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research is based on the level of potential for ecotourism. Therefore, an important factor has a 

greater impact on the outcome than other factors. Hence, the weight LULC map is 49 % and the 

remaining elevation map, slope map; aspect map, existing tourist destination sits and road network 

map are 19 %, 15%, 11 %, and 10% and 5% respectively. This research revealed that, the 

calculated consistency ratio (CR) from pairwise comparison matrix is 0.08 (less than 0.1), which 

indicates that a reasonable level of consistency in the pairwise comparisons and weights is 

acceptable. From the values of criteria weight each factor will get its weight in percent and the 

percent of influence is calculated (Table 4.6).  

Table 4.6. Criteria weight percent. 

 
LULC Elevation Slope Aspect 

Site 

proximity 

Road 

accessibility 

CW 0.4019 0.1932 0.1471 0.1088 0.1013 0.0478 

Percent 49 19 15 11 10 5 

 

The major eigenvector of the above pair-wise comparison matrix was computed using weights to 

produce the best fit set of weights. The relative relevance of each of the characteristics was 

calculated using the primary eigenvector computation; the larger the weight, the more influence a 

given component has on ecotourism potential. This means that half of the overlaying computation 

will be influenced by land use and land cover, the other half by elevation, and the third by slope. 

The AHP also includes mathematical metrics for determining judgment inconsistency. 

 

4.3.1 Checking Consistency 

According to our goal, six characteristics were utilized to assess the ecotourism potential of Bahir 

Dar and its surroundings. The Consistency Index (CI) assesses the potential of an ecotourism site. 

To calculate our Consistency Index, we used 6.50 the average of the consistency measure (Table 

4.6) and subtract the number of elements (n), which is 6, we get a value of 0.50. Then 6-1=5 The 

value for CI (0.50/5) is 0.10. After calculating the consistency index, we can now compute the 

consistency ratio. 
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Table 4.7 Factors consistency 

Factors LULC Elevation Slope Aspect 
Site 

Proximity 

Road 

Accessibility 

Consistency 

Measure 

LULC 0.4019 0.9659 0.4412 0.3265 0.4050 0.2389 6.92 

Elevation 0.0804 0.1932 0.2941 0.2177 0.3038 0.1911 6.63 

Slope 0.1340 0.0966 0.1471 0.2177 0.2025 0.1434 6.40 

Aspect 0.1340 0.0966 0.0735 0.1088 0.2025 0.0956 6.53 

Site Proximity 0.1005 0.0644 0.0735 0.0544 0.1013 0.2389 6.25 

Road Accessibility 0.0804 0.0483 0.0490 0.0544 0.0203 0.0478 6.28 

 

As shown in Table 2.3, It is generally suggested that the consistency ratio be smaller than 0.1, 

indicating that the assessments are consistent and that the resulting weights can be employed. if 

the value is higher than acceptable value then it is necessary to re-calculate or re-develop the 

assessment (Saaty, 1980). The CR for our ecotourism was evaluated and determined to be 0.08 in 

our case for this study, which is appropriate for utilization in the suitability analysis. 

 

4.4 Weighted overlay 

Based on its significance, each input raster might just be weighted or assigned a percentage effect. 

The overall influence for all raster’s must be 100%. As shown in table 4.5, we determined the 

percentage influence in the Normalized Pair-wise comparison matrix for our case. For Bahir Dar 

and its surrounding area land use land cover has 49 percent influence in the overlay analysis, slope, 

aspect, existing destination sites proximity and road accessibility (Table 4.5) respectively has their 

decreasing percentage. After applying the weight of influence, Figure 4.10 illustrates the weighted 

overlay result. 
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Figure 4.10. Ecotourism potential site map. 

 

With approximately 2,065 hectares of land, Bahir Dar and its surroundings have the potential to 

be ecotourism sites. According to the characteristics and parameters we used, the majority of the 

study area, about 52 percent, is moderately suitable for ecotourism. The 35 percent of the study 

area is not suitable for ecotourism tourist destination site (Table 4.8). 

 

Table 4.8. Statistical indications of the ecotourism suitability extent. 

Suitability Area (ha) Area (%) 

Very Low (1) 3.7 0.02 

Low (2) 5709.1 35.14 

Moderate (3) 8471 52.13 

High (4) 2053.8 12.64 

Very high (5) 11 0.07 
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4.5 Discussion 

The major result of this study is suitable areas map for ecotourism (Figure 4.10) that classified in 

six categories. The main impact of this study was the identification criteria and factors of 

ecotourism by applying the AHP and GIS. Recently, the use of GIS in planning and managing the 

environment has been expanded to the tourism planning area. GIS has been useful in forming the 

tourism information systems (Vizi et al., 2008; Huang et al., 2010; Li and Duan, 2011; Fu, 2012), 

In this process, the research focuses to develop an integrated approach of ecotourism development 

by identification of ecotourism suitable sites. For ecotourism site selections, there is no uniform 

standard in the overall procedure of the operations; rather, it is applied based on nature, situation 

and available resource in a given geographic area. Therefore, in the case of this study, considering 

the nature of the study area and the available information, time and resource, the researcher tried 

to include three criteria and six-factor maps. Namely: land use land cover map, topography 

(elevation, slope and aspect map), existing tourist destination sits and road network. 

 

Farmland 18,604.7 (39.7 %), Open area 9,505.8 (20.3%) Built-up area 4,413.6 (9.4%), Vegetation 

8,806.9 (18.8%), and Waterbody 5,524.5 (11.8%) Bahir Dar and its surroundings has smaller area 

of potential sits farmland and built-up area has 49 percent coverage of the landscape. From this 

one can conclude that the vegetation covers around the hilly parts of the study areas are left for 

ecotourism activities. 

 

The second criteria topography is another influencer in tourism site selection. From the elevation 

data starting from 1906 to 2034 msl the study area has a high potential but it only accounts 7 

percent of the total area (Table 4.3). According to UNWTO, mountain tourism is a type of "tourism 

activity which takes place in a defined and limited geographical space such as hills or mountains 

with distinctive characteristics and attributes that are inherent to a specific landscape, topography, 

climate, biodiversity (flora and fauna) and local community. It comprises a broad range of 

activities associated to the need to be in open air areas and connect to nature in leisure time". 

Mountain ranges around the world provide opportunities for a diverse range of tourism activities, 

some of which are more established than others: winter and sports tourism, walking tourism and 

adventure and sports activities (Romeo, et al., 2021). In figure 4.10 “A” from the result river side 

and mountainous area has better vegetation cover than the plain area. In this regard Zenzelima 
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areas has a better vegetation cover with larger area coverage. The vegetation density of west of 

Zenzelima area as shown in Figure 4.11. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11. Forest cover of the Zenzelima area. 

According to UNWTO and the International Transport Forum (ITF) report issued in December 

2019, the tourism sector is expected to raise CO2 emissions by at least 25% by 2030. (UNWTO 

and ITF, 2019). Aligning tourism operations with climate action is critical if the sector is to meet 

international goals (UNWTO, 2021). Mountain ecosystems include a wide range of small and 

unique habitats, with sometimes very short growing and breeding seasons for fauna and flora, and 

can be particularly sensitive to alterations produced by human activity. In this study the assessment 

for potential ecotourism site should focus on future green investment of Bahir Dar and its 

surrounding. In saying this the elements to be involved in selection of the area was vegetation and 

mountainous areas.  

The establishment of ecotourism sites in this area will promote walking tourism. This allows 

tourists to enjoy mountain scenery, flora and animals, and local cultural heritage. It can provide a 

number of economic and social benefits to inhabitants and communities if properly designed and 

built. Walking tourism has the ability to highlight a destination as a whole, including its local 

culture and nature, as noted by UNWTO, given rising consumer demand for 'authentically 

experiencing' a site and the growing popularity of active travel (UNWTO, 2019a). In figure 4.10 

“A” the open areas from the land use land cover in the mountainous part of Emperor Hailesilase 

place and its surrounding area are covered with vegetation mainly shrub and the area and its 
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surroundings has 1,777 meter up to 2,034-meter range of altitude (Figure 4.5). Green investment 

uses existing natural gifts of the investment area. But mount Bezawit has relatively less vegetation. 

But the river side of the mountain has good vegetation cover. Summer green legacy movement of 

tree plantation program should include this area (Figure 4.). 

 

 

 

 

 

 

 

 

 

Figure 4.12 Emperor Hailesilase palace 

In west of Zenzelima area it is forestry. South-east of Bahir Dar has been identified as high 

mountainous area (Yibabe Iyesus) initially it can be a destination site for religious tourism. The 

area ranges from 1,842 meters of up to 2,034 meters of altitude above mean sea level (Fig 4.13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13. Yibabe Iyesus. 

As illustrated in the Figure 4.10. having higher altitude and have relative vegetation coverage from 

their surrounding “C” is at the edge of the study area which is south-west of Bahir Dar city. Site 

“D” is almost inside the city. it known as Dibanke. The site has two hills one is a quarry site and 

the other site has a church at its top St. John the Baptist church (Figure 4.14). These areas are better 
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invested for religious tourism. Spiritual tourism is becoming more popular as a kind of cultural 

travel. Spiritual tourism is based on a variety of motivations, ranging from conventional religious 

tourism to alternative medicine to forms of deep immersion in nature, according to the UNWTO 

(2019b). Religious pilgrimages, trips to holy places, travel for worship and religious missions, and 

spiritual visits to natural habitats such as forests, lakes, gardens, bird and animal parks, botanical 

gardens, caves, and rocks are examples of activities. Mountains are frequently used as pilgrimage 

sites or for alternative healing, particularly in underdeveloped countries. It is believed that Ethiopia 

is a religious country, local tourists are more interested in this kind of tourism. 

 

 

 

 

 

 

 

 

 

 

Figure 4.14. John the Baptist church. 

Green investments and institutions are rapidly gaining market traction, particularly in the mountain 

tourism sector, where they may aid in ensuring a low-carbon, resilient, resource-efficient, and 

socially inclusive development. Water management, energy efficiency, waste management, 

conservation, and the preservation of natural and cultural heritage are just a few of the green 

investment choices accessible to address improved sustainability in tourism. Mountain tourism is 

built on natural and cultural assets. Mountain film and literary festivals, exhibitions, rituals, food 

and agricultural product events, guided tours, and forest bathing are all examples of initiatives that 

promote this key sector. These two sites are good for mountain tourism and spiritual tourism. 

 

Generally, these mountainous locations can be used for adventure and sports activities both during 

and after the rainy season. They are affected by weather and site accessibility. Mountain biking, 

horseback riding, rock climbing, zorbing, and caving are examples of such activities. Freshwater 
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adventure and sports activities such as river and lake tours, canoeing, sailing, and freshwater 

fishing are also included.  

 

According to the UNWTO, tourism activity in which the visitor's experience is related to a wide 

range of items often associated with nature-based activities, agriculture, rural lifestyle/culture, 

fishing, and sightseeing. Mountains are an ideal venue for rural tourism since activities take place 

in low-density areas with spectacular scenery and land use dominated by agriculture and forestry, 

as well as traditional social structures and lifestyles in consideration of this Bahir Dar and its 

surroundings are suitable. Shared activities may include agriculture, handicrafts, cuisine 

activities/sampling typical foods, learning about medicinal and native plants, planting, harvesting, 

making food, handling animals, and other activities related to daily life in rural communities, such 

as traditional ceremonies, dancing, and festivals, depending on the local community and the 

traveller’s interests (Romeo, et al., 2021).  

 

Another tourism activity that seeks to improve and balance all aspects of human existence, 

including physical, mental, emotional, occupational, intellectual, and spiritual well-being is well 

ness tourism (UNWTO, 2019b). Bahir Dar city is best candidate as far as wellness tourism is 

concerned.  

 

4.6  Changes in strategies to strengthen ecotourism 

As part of Ethiopia and victim of COVID 19 and the war, tourism industry is not growing as it is 

planned. It is true for Bahir Dar and its surrounding area there is ecotourism potential not utilized. 

The future prospects of ecotourism for the study area can consider the following:  

• Local community concerns relating to livelihood and other related social problems may 

contribute to extreme poverty, which in turn contributes to the degradation of natural 

resources.  

• It is critical to raise the understanding of local residents in and around the tourist region 

about ecotourism.  

• Off-farm diversified livelihoods and introducing more alternative options is critical for 

sustainable natural resource management in Ethiopia.  

• Developing and creating diverse livelihoods, promoting the development of ecotourism, 

encouraging benefit sharing and conservation of the natural resources. 
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• Degradation of natural resources near tourist locations, such as hot springs, seasonality in 

tourism, and leakages in and around are evidence of tourism's adverse effects. As a result, 

it is the responsibility of the concerned stakeholders to develop alternative options for local 

communities, to develop appealing tourist facilities and services. 

According to Bekele and Tesfanesh 2017, Ethiopia has better future regarding ecotourism. 

Likewise, as part of Ethiopia Bahir Dar and its surroundings can benefits their residences and 

develop new tourist destinations that can go beyond visiting the usual destinations. Developing 

and creating diverse livelihoods, promoting the development of ecotourism, encouraging 

benefit sharing and conservation of the natural resources, and providing local people with a 

sense of ownership over ecotourism resources around them. 
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Chapter Five 

Conclusion and Recommendations 

The purpose of this research is to analyse the ecotourism potential of Bahir Dar and its 

surroundings. The studied area has a strong potential for ecotourism development in general. 

Despite the presence of various problems in the area, there are great potentials and chances to 

maximize the advantages of ecotourism activity in order to improve the livelihoods of the 

inhabitants. 

 

5.1 Conclusion 

The presence of natural and cultural resources in a given location does not imply that they will be 

used for the benefit of the community. All parties involved should commit to working together. 

The research area features unique tourism potentials, such as a lake, historic river, waterfall, 

attractive landscape, religious sites, and cultural practices, which will become a major tourist 

attraction. When properly planned and managed, the Bahir Dar and its surroundings area's 

ecotourism potential might be transformed into actual development. Ecotourism development is a 

complex activity that requires advance planning and fulfilment of preconditions. It is difficult to 

meet economic development and tourism development goals unless these conditions are addressed 

in considering environment protection and community participation. 

 

This study demonstrated that land use land cover, topography, and infrastructure elements all have 

an impact on ecotourism development. Applying GIS methods in potential site selections like 

ecotourism can benefit a lot for local governments.  AHP method has also plays significant role in 

giving ecotourism factors and be well utilized by researchers. Putting ecotourism on a really 

sustainable route is a significant issue that will require collaboration. Ecotourism is currently being 

used as a tool for generating green economy and environment protection. As a result, ecotourism 

development in Bahir Dar and its surrounding could help local community development and 

environmental protection if the community and other stakeholders play their respective roles 

appropriately and successfully. The selected potential sites can further be studied using geospatial 

technology to identify specific ecotourism activist that can be addressed in the study area. 
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5.2 Recommendations 

The following recommendations are made based on the results: 

• Awareness about the importance of ecotourism and collaborative approach and 

consultation among stakeholders; is needed in order to develop community sense of 

ownership over their resources. 

• Ecotourism development demands comprehensive planning and collaborative strategy that 

includes multiple actors, stakeholders, decision makers, and implementers. In formulating 

ecotourism planning, the local or regional government should link all ecotourism 

components and characteristics to biodiversity conservation.  

• The investor and localities in tourist areas should be encouraged to participate in 

ecotourism site developments. 

• Recognizing local communities' feelings, interests, and engagement is critical when 

building a destination as a tourism attraction. Locals' and biodiversity's advantages cannot 

be overlooked, hence proper techniques for integrating local people in the development of 

tourism attractions are essential. 

• Further studies should be made to identify which site suitable for specific tourism activity. 
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