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Abstract 

Creating suitable walking conditions is the primary objective of sustainable urban models such as Transit 
Oriented Development (TOD). Walkable built up area benefit cities economically, environmentally, socially 
and improving public health. This can be utilized by creating suitable streets that enable people to access 
their daily needs walking without relying on private cars. Therefore in planning TOD, the existing 
walkability of the areas around transit station should be investigated taking factors that encourage 
walking into consideration. The objective of this research is find spatial method to measure the existing 
circumstances that encourage walking around Addis Ababa LRT stations by integrating the Analytic 
Hierarchy Process (AHP) and Geographical Information System (GIS). The results clustered areas with 
similar levels of walkability in group and represent them with different colors. The finding the study 
revealed that the majority of the study areas (approximately 72.35%) were classified as fairly walkable, 
19.47% of the study area clustered as not walkable and only 8.15% clustered as walkable. This result is 
expected to offer valuable insights for urban planners and decision-makers to pass calculated decision to 
enhance walkability of the areas. As this method continues to advance with technologies it will play crucial 
role in planning TOD focusing on shaping the future of urban walkability and creating sustainable cities.  
 
Keywords: Addis Ababa; Analytic hierarchy process (AHP); Geographical information system (GIS); 
Transit oriented development (TOD); Walkability; Weighted overlay analysis. 
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1. Introduction 
Easy access of people to their daily needs by walk within a built-up environment is essential criteria of 
sustainable urban development (Distefano et al., 2023; Moayedi et al., 2013; Rafiemanzelat et al., 2017; 
Talen & Ellis, 2002) and it is the right of all walks of life including people with disabilities (Erçetin, 2024). In 
the research aims to highlight the potential of insight in terms of integrated approach towards urban mobility 
and accessibility through the adoption of user-centered paradigm (Costa & Delponte, 2024) stated 
contemporary individual needs certainly require to shape mobility in order to assure universal access to 
facilities and opportunities. Many researches such as (Fang et al., 2023; Lamour et al., 2019; Toralles, 2023) 
have stressed that creating walkable environments is essential components of Transit Oriented Development 
(TOD) that promote sustainable urban development. TOD emphasizes high density, diverse land use, and 
pedestrian-friendly design around transit stations (Berawi et al., 2020; Cervero & Kockelman, 1997; 
Distefano et al., 2023; Ganning & Miller, 2020; Kumar et al., 2020; Mirmoghtadaee, 2016). Despite walking 
being the most common, cost-effective, environmentally friendly, and healthy mode of transport (ITDP, 
2017; Loukaitou-Sideris, 2020; Schmeidler, 2014), recent urbanization trend focusing on motorized transport 
than walking. To address this issue, several sustainable urban development models have been proposed, 
including neo-traditional development, compact city, smart city, eco-city, and TOD (Jabareen, 2006; Rossetti 
et al., 2020). In all these sustainable development models, creating pedestrian friendly, walkable 
environment is considered crucial criteria. However this can be achieved through well-connected streets 
design, ensuring safety, promoting diverse land use, and increasing the number of commercial facades 
(Lamour et al., 2019) street amenities such as sitting areas and street lights along the walking street. 
Walkable conditions benefits a city in various ways such as reducing traffic congestion, reduction in traffic 
casualties, reducing greenhouse gas emissions, increasing economic vibrancy along the street and increasing 
social cohesion (Khare et al., 2021a; T. Litman, 2017; T. A. Litman, 2003). Moreover it benefits personal 
health since it encourages physical activity, thereby promoting fitness, combating chronic diseases, such as 
obesity (Baobeid et al., 2021; Boarnet et al., 2008; Ewing & Cervero, 2010; Hossein Pour et al., 2018; 
Zapata-Diomedi et al., 2019). In planning to implement TOD, the existing walkability of areas to access 
transit stations and other important destination need to be investigated. This requires rigorous assessment 
that considers multiple variables (Baobeid et al., 2021; Ha et al., 2015; Knapskog et al., 2019; Naharudin et 
al., 2020). Researchers have used different methods and considered different variables to measure the 
walkability of an area, depending on the objectives, availability of important data and local conditions 
(Knapskog et al., 2019; Lu et al., 2018; Pilgram & West, 2023). Some studies have attempted to measure 
walkability at various scales, including citywide (Jeong et al., 2023; Kim et al., 2019; Telega & Telega, 
2021), neighborhood (Ensari et al., 2023; Kim & Kim, 2020), and small areas around transit stations (Jeffrey 
et al., 2019; Naharudin et al., 2020; Pilgram & West, 2023; Shaaban et al., 2018). Regarding the type of 
data, some use subjective data, such as pedestrians' perception (Naharudin et al., 2020), whereas others 
use objective data. Spatial methods of measuring walkability of areas can provide valuable insights for urban 
planners and policymakers to identify which areas are suitable for walking or not. It would also help identify 
and prioritize the places that need intervention to improve walkability level. Therefore, the objective of this 
research is to find suitable spatial method to assess the walkability of an area, within an 800-meter radius 
around the Addis Ababa LRT stations by integrating the Analytic Hierarchy Process (AHP) and Geographic 
Information System (GIS). AHP enables the analysis of multiple variables in a hierarchical manner, whereas 
GIS allows visualization and analysis of spatial data and produces a thematic map. The result displays areas 
with the same level of walkability in clusters and represented them in different colors. Therefore, this study 
is guided by three research questions: 
1. What are the main variables (performance indicators) for walkability of area around transit stations in 

urban environment particularly Addis Ababa? 



Tekolla A. et al. - Measuring the walkability of areas around Addis Ababa LRT Station by integrating Analytic Hierarchal 
Process (AHP) and GIS 
 

 
425 - TeMA Journal of Land Use Mobility and Environment 3 (2024) 

2. What is the significance of these performance indicators compared to each another?  
3. How the walkability level of areas around of Addis Ababa LRT stations could be spatial evaluated? 
To address these research questions, the study has the following specific objectives: 
− Identify the main performance indicators (variables) of walkability in the context of Addis Ababa; 
− Weight the significance of these variables among each other to impact walkability using the AHP; 
− Find suitable way to integrate AHP and GIS to measure the walkability level of the area around four 

Addis Ababa LRT stations. 
The remains of this paper are organized as follows: The next section provides a literature review on 
walkability, the main variables of walkability, methods used to measure walkability, and the integration of 
AHP with GIS. Section 3 describes the methodology employed in this research, focusing on weighting the 
significance of identified variables and the integration of AHP results in GIS through Weighted Overlay 
Analysis. Section 4 presents the results and finally section 5 summarizes the research, provides conclusions, 
and suggests future research areas. 

2. Literature review 
Walkable environment around transit station is the main prerequisite for TOD (Higgins & Kanaroglou, 2016; 
Jeffrey et al., 2019; Md. Kamruzzaman et al., 2014). In the research by (Pongprasert & Kubota, 2019) 
highlighted the significance of walkability by investigating the attitudes of TOD residents towards walking to 
transit stations. Measuring the walkability of the areas around transit stations is an important step (Khare et 
al., 2021a; Pilgram & West, 2023; Telega et al., 2021; van Nes, 2021) in advance of implementing TOD. 
Developing a method to measure walkability of urban areas for the purpose of improving its suitability to 
walk is utmost crucial (Hossein Pour et al., 2018).  

2.1 The benefit of walkability in TOD 
Walkable condition in TOD area reduce reliance on private cars, reduce traffic congestion, stimulate 
economic development, improve health outcomes, fostering a sense of community, and promoting 
environmental sustainability (Baobeid et al., 2021; Iamtrakul et al., 2021; Khare et al., 2021b; Wey & Chiu, 
2013). Since benefits of walkability are multifaceted the focus of researchers varies based on perspectives 
and objectives the research. For example, a study by (Wey & Chiu, 2013) highlights the significance of 
pedestrian-friendly design in reducing automobile use, while (Lamour et al., 2019) focuses on the safety and 
security. Another study by (Lu et al., 2018) underscores the importance of walkability in sustainable planning 
strategies, and (Pongprasert & Kubota, 2019) emphasizes its benefits in terms of convenience, safety, and 
environmental concerns. Improving accessibility to important destinations and supporting strategic economic 
and sustainable urban development is considered by (Schlossberg & Brown, 2004). It also fosters social 
cohesion by encouraging interaction among individuals and encourages buying daily needs from local store, 
thereby support the local economy and strengthen the sense of community. Economically, walkability 
increases transit ridership, reduces transportation costs, facilitates business growth, and lowers 
infrastructure expenses and reduce housing problem (Gerardo et al., 2019). Environmentally, walkability  
yield positive outcomes in terms of low-carbon emissions, which is crucial for climate change adaptation 
(Baobeid et al., 2021; Ewing & Cervero, 2010). Generally, walkability is the core component of contemporary 
sustainable urban development models’. 

2.2 Influencing variables (performance indicators) of walkability 
In order for pedestrians to choose walking for their daily trips, certain encouraging conditions should be in 
place. Various studies have proposed different criteria for walkability based on objectives, perceptions, and 
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the availability of important data for analysis. The most critical components of walkability are activities  
within the neighborhood, accessibility, structuring street network, safety, attractiveness and users density of 
streets (Batman et al., 2024). The Victoria Transport Planning Institute (VTPI, 2011) identifies pedestrian 
facilities, walkway condition, land use patterns, community support, security, and comfort as the main 
indicators (Rohana, 2015). The London Planning Advisory Committee takes a different approach and 
emphasizes connectivity, convenience, comfort, conviviality, and conspicuousness, calling them the '5C' 
features (Moura et al., 2017). Later on two more features such as coexistence and commitment, were 
added, making a total of '7C'. These seven features were measured using a set of 17 key indicators known 
as the Indicators of Accessibility and Attractiveness of Pedestrian Environment (IAAPE). In a research 
technique to quantitatively analyze walkability (Schlossberg, 2006) presented street network classification, 
pedestrian catchment areas and intersection density as the influencing variables. In the development of a 
conceptual framework to assess walkability in Malaysia, comfort, connectivity, convenience, conviviality, and 
conspicuousness were identified as the main indicators, endorsing the approach taken by Transport for 
London (Naharudin et al., 2020) . In another research by (Frank et al., 2005) identified building density, land 
use mix, and connectivity level. All the above literatures suggest different criteria that encourage walking 
within urban environment, however it is firm believer of the authors that it also depend on existing local 
condition of the city.  

2.3 Methods of measuring walkability 
There are numerous studies that have presented different methods for measuring the walkability of an area. 
The methods vary based on the objectives, perception, and scale of the study area. Additionally, the 
approaches used for analysis can differ depending on the type of data being used (subjective or objective). 
For measuring the walkability of an urban area (Telega et al., 2021), categorized the methods into four 
groups: (i) subjective methods based on surveys, interviews, and questionnaires; (ii) subjective methods 
using direct audit tools or stock-taking; (iii) objective methods utilizing GIS tools; and (iv) mixed methods. 
This approach they integrated open source spatial data and utilized the Kernel Density and Line Density tools 
in ArcGIS software to measure the walkability in Krakow, Poland. In measuring the walkability of a 
pedestrian street (Naharudin et al., 2020) combined ANP and GIS and integrated subjective and objective 
data. In a study conducted in Melbourne, Australia by (Cowie et al., 2016) , the walkability of areas around 
230 train stations was measured using road density to identify "sweet-spots" (high walkability-low weighted 
road density) and "sour-spots" (low walkability-high weighted road density). A study in assessing the most 
suitable walkable path in Shiraz city, Iran (Schlossberg, 2006), integrated GIS, remote sensing, and multi-
criteria evaluation (MCE). An objective walkability index was developed by (Frank et al., 2004) considering 
parameters related to people's health using GIS, which consisted of the sum of residential density, 
intersection density, and land use mix as indicators. In recent research aimed at promoting the 
environmental benefits of walkability (Jeong et al., 2023), combined a walkability index and transit 
accessibility index to create a walkable, transit-friendly metropolis. The potential of integrating AHP with GIS 
to measure walkability has been highlighted by studies such as (Gervasi et al., 2018; Lee et al., 2013; 
Rossetti et al., 2020; Schlossberg, 2006). AHP allows for assigning weights to each factor based on their 
relative importance, while the weighted overlay tool in GIS can calculate the walkability of areas. This index 
can then be used to identify areas with higher or lower walkability and prioritize interventions to improve 
walkability. 

3. Methodology and data used 
The methodology entails identifying key factors that contribute to a pedestrian-friendly environment, 
gathering data to analyze each variable, prioritizing the variables based on their influence, and evaluating 
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the walkability of areas surrounding the stations. The research establishes six performance indicators, 
namely street network density, intersection density, land use diversity, business activities along the route, 
safety and security features, and comfort of street. AHP is then employed to determine the significance of 
these indicators. The walkability level of the areas around the four Addis Ababa LRT stations is finally 
measured by integrating the result of AHP into GIS using the weighted overlay tool. Spatial data for the 
areas around four selected stations is extracted from a geospatial database of the study areas. The vector 
layer is converted into a raster layer and reclassified to ensure easy integration into GIS. The weighted 
overlay analysis tool is utilized to combine the AHP results with the reclassified raster layer in the GIS 
software. Each indicator's percentage score from AHP is multiplied by the corresponding cell value in the 
reclassified raster layer. The sum of these results for each grid cell provides an overall value for the 
walkability level of the areas. The final outcome is then plotted on a spatial map. The methodology is 
illustrated in Fig.1. 

 
Fig.1 Schematic representation of methodology 

3.1 Study area 
Addis Ababa is the economic, political and diplomatic capital of Ethiopia with political boundary of 572 
square kilometers and located at the central core of Ethiopia at an average elevation of 2,400 meters above 
mean sea level. The population and housing census which has been scheduled for 2017 delayed due to 
domestic security concern to 2020. The delayed 2020 census was rescheduled again in response to COVID-
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19. Therefore according to 2007 population and housing census the population of Addis Ababa is more than 
2.7 million with an annual growth rate of 3.8% per year.  
The city has experienced unprecedented horizontal expansion and informal settlements that has caused 
political instability due to encroachment of surrounding farmland. It is also the main reason that has 
exacerbated the ousting of the central government from power in 2018. With the purpose to analyze the 
physical extent and proportion of population living in formal and informal settlements in Addis Ababa 
(Berhanu; et al., 2024) find out that informal area constituted 61% and 59% of the residential land use in 
2011 and 2022, respectively. 
To address long standing transportation problems in the city, the Federal Government, in collaboration with 
the Addis Ababa city administration, implemented the Light Rail Transit (LRT), connecting the four corners of 
the city to the central Business District (CBD). Ever since LRT’s commencement in September 2015, is has 
played a significant role in easing transportation problems. However LRT itself faced has faced financial 
challenges that would jeopardize its sustainability. In addition, the LRT system intended to resolve mitigate 
traffic congestion, air pollution and GHG emission the system’s impact on the environment is criticized due to 
lack of enough crossing points for cars to cross from one side to the other. TOD is considered as one of the 
remedial measures to address the financial shortage.  

 
Fig.2 Detail map of the study area 
 
Ethiopian Railways Corporation (ERC), in charge of LRT together with the Addis Ababa City Administration 
established a steering committee (Tekolla et al., 2021) to oversee the planning and implementation of TOD. 
The feasibility study has been conducted along the LRT route, focusing on 10 stations, and a detailed 
bankable feasibility study also been undertaken on four stations mainly located in the central Business 
District (CBD). These stations are Legare station, St. Lideta station, Autobus Tera station, and Menelik 2nd 
square station as shown in Fig.2. In order to understand if TOD would be a real solution for the problem, a 
rigorous investigations need to be performed. One of these investigations is measuring the existing 
walkability of built-up area around the transit station. Walkability is defined as a measure of how friendly an 
area is for walking (Westaby, 2019).  
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3.2 Identification of the indicators, data collection and preparation for the analysis 
The variables of walkability identified in this research are street network density; intersection density; land 
use diversity; safety of walkways and crossings; business activity and vibrancy along the streets and comfort 
and temperateness of the street. To analyze the variables primary and secondary data used. The primary 
data have been collected interviewing experts in the relevant field to weight the significance of multiple 
influencing variables using AHP. Secondary data is a spatial data extracted from Geospatial Database of the 
study area. The vector layer converted to raster layer and reclassified to fit for the analysis as shown in 
Fig.3. 

Street network density (SND) 
Presence of enough street networks invites pedestrian to walk than taking private car. Thus street network 
density considered as an influencing factor in most research regarding the assessment of walkability (Frank 
et al., 2005; Schlossberg, 2006). The data used to analyze street density extracted from Geospatial data of 
the study area. Vector layer of road network was converted to a raster using the line density tool in GIS and 
reclassified to the common range of (3, 2, and 1) representing higher, moderate and low street density 
respectively as shown in Fig.3A. 

Intersection density (ID) 
Road crossing provides shortcuts for pedestrians to overcome network barriers. Higher intersection density 
increases connectivity, accessibility and interconnected street network. To analyze intersection density point 
data was extracted from the geospatial data of the study area. The vector layer was converted to a raster 
layer using the point density tool in GIS software and reclassified common range 3, 2 and 1 representing 
higher moderate and low intersection density respectively as shown in Fig.3B. 

Land use diversity (LUD) 
Land use diversity determines access to various important destinations such as retail shops, public services, 
and recreational areas (Suminar & Kusumaningrum, 2022). However the interaction of transport and land 
use are complex and not widely analyzed (Carpentieri et al., 2019) and suggested new governance tools to 
support territorial transformations for sustainable use of land resources. In this research to analyze land use 
diversity, data was extracted from the Geospatial data of the study area in vector format and then converted 
into a raster layer. The raster layer reclassified to a common range (3, 2, and 1), as shown in Fig.3C. 

Safety and Security of the Streets 
Safety and security play a significant role in the walkability of an area. The streets and crossings must 
provide encouraging environment for pedestrians, avoiding crime, robbery and traffic fatality (Jamal, 2017). 
For the analysis of safety and security, the study areas have been tessellated into a 400 by 400 meter vector 
map. Each cell has been filled with a value based on relative safety and security. If the area is believed to be 
safe and secure, the cell value is 3; if the area is fairly safe, the cell value would be 2; and if the area is not 
safe, the cell value would be 1. The vector file was converted to a raster with three cell values (3, 2, and 1) 
as shown in Fig.3D. 

Business activity and vibrancy of the streets 
The presence of business activity along the streets enhance walkability as it provides convenient access to a 
variety of retail shops (Knapskog et al., 2019; Batman et al., 2024). Walking in a city provides ample time to 
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experience everything the ground floors have to offer (Singh, 2016). To evaluate the presence of business 
activity on the streets, the study area has been divided into 400 by 400 meters grid cells and assigned cell 
values of 3, 2, and 1 based on the relative number of business on the streets. If business activities good, 
assign a cell value of 3; if there is a fair amount of business activities, assign a cell value of 2; and if there 
are less business activities along the streets, assign a cell value of 1. The vector layer then converted to a 
raster layer to common range 3, 2, and 1, as shown in Fig.3E. 

Comfort and temperateness of street 
Pleasant and comfortable streets encourage people to walk for more than just commuting such as for 
recreation. Elements such as street furniture, plantings, overhead lighting, and improved landscaping 
enhance the appeal of walking (Jamal, 2017). To assess the comfort and suitability of the streets, we divided 
the study area into grid cells measuring 400 by 400 meters. Each cell was assigned with cell value of 3, 2 
and 1 based on the comfort and temperateness of the cell. A value of 3 indicates a comfortable walking 
area, 2 indicate a fairly comfortable area, and 1 indicates an area that is not comfortable for walking. Then 
vector layer was converted to a raster layer with values (3, 2, and 1) as shown in Fig.3F.  
 

 
Fig.3 The reclassified data of the indicators 

3.3 Weighting significance of walkability indicators 
Analytic Hierarchy Process (AHP) technique has been utilized to weight the influence of variables according 
to their significance. A questionnaire survey was conducted among 30 experts in the relevant field. The 
experts are asked to rate the significance of the identified variables to influence walkability of areas. The 
expert judgments were then summarized into a single score, which was then used to create a pair-wise 
matrix.  



Tekolla A. et al. - Measuring the walkability of areas around Addis Ababa LRT Station by integrating Analytic Hierarchal 
Process (AHP) and GIS 
 

 
431 - TeMA Journal of Land Use Mobility and Environment 3 (2024) 

The critical steps in AHP are building hierarchy, establishing comparative pair-wise matrix, calculate the 
significance, and finally check the consistence of judgments. 
 
Step 1: Building hierarchy from the main goal to influencing variable: in the first step hierarchy is built from 
the intended goal to the main variables as shown in the Fig.4 below. 

 
Fig.4 Hierarchal arrangement of goal and criteria 
 
Step 2: By consulting 30 experts in relevant field, we established the comparative pair-wise matrix. 
Analytical Hierarchal process (AHP) adopts the 1 to 9 ranking methods. 
 

 SND AV TC SCA ID LUD 

SND 1 1 2 2 3 1 
AV 1 1 0.5 3 3 2 
TC 0.5 2 1 1 1 1 

SCA 0.5 0.33 1 1 1 1 
ID 0.33 0.33 1 1 1 1 

LUD 1 0.5 1 1 1 1 
SND=street network density 
AV= Economic Activity and vibrancy of street 
TC= Comfort and temperateness of the street 
SCA= Safety of street and crossing 
ID= Intersection density 
LUD=Land use diversity 

Tab.1 Pair-wise matrix of indicators for walkability 

 
Step 3: Calculate the significance of each indicator. Calculate Eigen value or Lambda 

! = #$%
∑ #$%!
"#$

 (1) 

 
Where 
 

#$% = '	(*11	,	*12	,	*13……*00)!  (2) 

 

ʎ3*, =4[67 ∗4*%7
%

"#$

!

&#$
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Step 4: Check the consistency of judgments.  

To calculate the consistency index CI of judgment matrix (Eq.4), and get the consistency ratio CR using the 
following (Eq.5). 
 

:; = (ʎ3*, − 0)
0 − 1  (4) 
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Where ʎmax is Eigen value or Lambda 

 n is the number of indicators 
 

:= = :;
=; 

(5) 

 
Where CR is consistency ratio and RI is the random index 
 

n 1 2 3 4 5 6 7 8 9 
RI 0 0 0.58 0.89 1.12 1.24 1.32 1.41 1.46 

Tab.2 Saaty's random ratio for different value of n 
 
Eigen value (Lambda max) is calculated to be 6.42, consistency index equals to 0.07 and consistency ratio 
equals to 0.068 which is 6.8%. Since the consistency ratio is less than 10% threshold the pair wise 
comparison is consistent.  

Indicators and Description Symbol Priority 
Street Network Density SND 0.24 

Economic Activity and vibrancy of street AV 0.23 
Comfort and temperateness of the street TC 0.16 

Safety of street and crossing SCA 0.12 
Intersection density ID 0.11 
Land use diversity LUD 0.14 

Tab.3 The weight of indicators to alter walkability of area around transit station 

3.4 Walkability using weighted overlay tool in GIS 

Weighted overlay analysis technique integrates AHP with GIS to create a consolidated result displayed on 
spatial map. It involves combining the result of AHP with reclassified raster data of influencing variables such 
as street network density, intersection density, land use diversity, safety and security, business activity along 
the street, and comfort and temperateness of the street for walking. 
Weighted overlay follows steps for the analysis: 
− Find suitable data for each indicator to analyze; 
− Vector layer have to be converted to raster layer and reclassified to suitable common scale; 
− New raster layer is generated multiplying each raster layer cell’s value with their corresponding weight 

resulted from AHP using equation 6 and totaling to derive walkability.  
 

!*>?*@%>%AB =4!% ∗ C%
!

"'$
 (6) 

 
Where: Wi is weight assigned for each performance indicator, Xi is the cell value in raster file of spatial data. 
The spatial data used includes street network density, intersection density, land use diversity; safety and 
security of streets, business activities along the streets and comfort and temperateness of the streets. All 
spatial data extracted from Geospatial database of the study area, converted to raster data and reclassified 
to normalized common scale 3, 2 and 1. 
GIS model builder enabled the automation of workflow, making the process quick and repeated with 
appropriate data for other area by only change location of data as shown in Fig.5.  
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Fig.5 GIS model of the workflow of measuring walkability of area 

4. Findings 
The objective of this research was to find spatial method to measure the relative walkability level of areas 
around the Addis Ababa LRT stations by integrating the Analytical Hierarchy Process (AHP) and Geographic 
Information System (GIS). This integration allowed benefiting from the multiple criteria analysis power of 
AHP and the power of GIS in spatial data analysis. This approach helped to come up with comprehensive 
results that can be illustrated on thematic map. The method involves three main steps: identifying main 
performance indicators, weighting the significance of the indicators based on their influence to create a 
walkable environment in context of Addis Ababa combine the AHP and GIS to measuring walkability. The 
identified indicators include road network density, intersection density, land-use mix, safety and security of 
the streets, business activity along the streets, and the comfort and appeal of the streets.  
Since all performance indicators would not have equal impact, indicators were weighted according to their 
significance to influence the walkability of the area using AHP. The analysis results reveal that the road 
network density has the highest influence rate with 24%, Economic activity along the street ranked second 
with 23%, Comfort and temperateness of the street ranked third with 16%, Land use diversity ranked fourth 
with 14%, safety of street and crossing rated fifth 12% and Intersection density ranked last with 11% 
priority. The above result clearly displays the significance of street network density and business activity 
along the street in Addis Ababa Context taking up almost 47% priority compared to other four performance 
indicators. It also revealed that intersection density and safety of the street have less significance to 
encourage people to walk. 
The third step involves integrating the results of AHP into GIS software using the Weighted Overlay Analysis 
tool to measure walkability. The result clusters areas with similar levels of walkability into the same 
categories representing them with different colors; Green Yellow and Red represent high, moderate, and low 
walkability, respectively. The results revealed that the majority (about 72.35%) of the study areas were 
classified as moderately walkable, followed by lower walkability areas, making up 19.47% of the total, while 
walkable areas constituted about 8.16%.  

4.1 Walkable areas 

As it is shown in Fig.6, the walkability level varied among different stations in the study area. For example, 
the area surrounding the Autobus Tera station had a higher concentration of walkable areas. The area 
around this station has a well-organized street network, resulting in a more regular urban layout. 
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Additionally, the presence of Merkato, the largest marketplace in Addis Ababa, further enhanced the 
walkability of this area, as shown in Fig.6. Business activities increase walkability and thereby increase 
property value like real-estate (Carpentieri et al., 2019). Another LRT station that exhibits a relatively higher 
walkability is the area around St. Lideta station mainly located at the immediate north of the station. The 
main reason duet to the recent redevelopment of the area with mixed residential and commercial 
complexes. This particular area is characterized as a well-connected street, active business activities, 
presence public service within the area contributed to higher level of walkability. The walkable areas are 
mainly known for active business and vibrant nature. 

4.2 Lower walkable areas 

On the other hand, areas with lower walkability levels were mainly found around St. Lideta and Legare 
stations. These areas are characterized by larger block sizes, unplanned settlements (slums), and lower 
business activity. These areas are primarily occupied by industrial zones, warehouses, and government 
institutes surrounded by fences. Walking in an area is extremely difficult because lack of appropriate side 
walkways, lower land use mix, lesser comfort, lesser business activity etc. Any intervention to improve 
walkability of area should focus on those variables.  

 
Fig.6 The areas with better walkability 

5. Conclusion 
Establishing walkable conditions around transit stations is crucial to the success of TOD projects. The 
process should also focus on the factors that would encourage people to choose walking over using private 
cars for short trips to access their daily needs. Measuring walkability of area is crucial steps in planning to 
implement TOD projects around transit nodes considering the entire factors that influence the suitability of 
the areas to walk. However, this is a complex and multi-dimensional process. It involves physical 
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infrastructure, social concern, safety and security, environmental conditions, economic activity, and comfort. 
Thus, integrating AHP and GIS is a suitable method to analyze all in hierarchal manner. AHP allows the 
simultaneous analysis of multiple variables, whereas GIS enables the analysis and production of thematic 
maps that highlight walkable, fairly walkable, and non-walkable areas. The results revealed that the majority 
of the study areas (approximately 72.35%) fell under the fairly (moderately) walkable category (yellow), 
followed by non-walkable areas, accounting for 19.47% (red). The walkable area represents only 8.16% of 
the study area, represented in (green). As shown in Fig.6, walkable areas are concentrated at places where 
street networks are well connected, smaller block sizes, and vibrant business activities, such as the Autobus 
Tera station. On the contrary low walkable areas are concentrated at locations with bigger blocks size, less 
business activity, less safety, and uncomfortable walking conditions. This finding can assist urban planners 
and policymakers in locating walkable areas and identifying priority areas for intervention to improve 
walkability. The hybrid approach of integrating AHP and GIS enables the analysis of complex multi-criteria 
problems, resulting in a comprehensive result. As this method continues to advance and new data analysis 
methods emerge, the field of measuring walkability thereby planning successful TOD and shaping the future 
of urban mobility and creating more sustainable, vibrant, and resilient TOD cities.  

References  
Baobeid, A., Koç, M. & Al-Ghamdi, S. G. (2021). Walkability and its relationships with health, sustainability, and livability: 
Elements of physical environment and evaluation frameworks. Frontiers in Built Environment, 7 (September), 1-17. 
https://doi.org/10.3389/fbuil.2021.721218 

Batman, Z. P., Altay, E. E. & Şengül, S. (2024). The relationship between walkability and landscape values in 
transportation: Examination of landscape values in urban area transportation axes. TeMA - Journal of Land Use, Mobility 
and Environment, 17 (2), 286-308. https://doi.org/10.6093/1970-9870/10462 

Berawi, M. A., Saroji, G., Iskandar, F. A., Ibrahim, B. E., Miraj, P. & Sari, M. (2020). Optimizing land use allocation of 
transit-oriented development (TOD) to generate maximum ridership. Sustainability, 12 (9), 3798. https://doi.org/ 
10.3390/su12093798 

Boarnet, M. G., Greenwald, M. & McMillan, T. E. (2008). Walking, urban design, and health: Toward a cost-benefit 
analysis framework. Journal of Planning Education and Research, 27 (3), 341-358. https://doi.org/10.1177 
/0739456X07311073 

Cervero, R. & Kockelman, K. (1997). Travel demand and the 3Ds: Density, diversity, and design. Transportation Research 
Part D: Transport and Environment, 2 (3), 199-219. https://doi.org/10.1016/S1361-9209(97)00009-6 

Cowie, C. T., Ding, D., Rolfe, M. I., Mayne, D. J., Jalaludin, B., Bauman, A. & Morgan, G. G. (2016). Neighbourhood 
walkability, road density and socio-economic status in Sydney, Australia. Environmental Health, 15 (1), 1-12. 
https://doi.org/10.1186/s12940-016-0135-y 

Distefano, N., Leonardi, S. & Liotta, N. G. (2023). Walking for sustainable cities: Factors affecting users’ willingness to 
walk. Sustainability, 15 (7), 5684. https://doi.org/10.3390/su15075684 

Ensari, E., Beirão, J. & Özkar, M. (2023). Street voids: Analyzing street-level walkability based on 3D morphology and 
remotely accessible urban data. In Communications in Computer and Information Science: Vol. 1819 CCIS. Springer 
Nature Switzerland. https://doi.org/10.1007/978-3-031-37189-9_16 

Erçetin, C. (2024). Right-based approach to urban accessibility: Analysis of user perspective. TeMA - Journal of Land Use, 
Mobility and Environment, 17 (2), 250-264. https://doi.org/10.6093/1970-9870/10510 

Ewing, R. & Cervero, R. (2010). Travel and the built environment. Journal of the American Planning Association, 76 (3), 
265-294. https://doi.org/10.1080/01944361003766766 

Fang, Q., Inoue, T., Li, D., Liu, Q. & Ma, J. (2023). Transit-oriented development and sustainable cities: A visual analysis 
of the literature based on CiteSpace and VOSviewer. Sustainability, 15 (10), 8223. https://doi.org/10.3390/su15108223 

Frank, L. D., Schmid, T. L., Sallis, J. F., Chapman, J. & Saelens, B. E. (2005). Objectively measured urban form findings 
from SMARTRAQ. American Journal of Preventive Medicine, 28 (2), 117-125. https://doi.org/10.1016/ 
j.amepre.2004.11.001 

Ganning, J. & Miller, M. M. K. (2020). Transit oriented development and retail: Is variation in success explained by a gap 
between theory and practice? Transportation Research Part D: Transport and Environment, 85, 102357. https://doi.org/ 
10.1016/j.trd.2020.102357 

 



Tekolla A. et al. - Measuring the walkability of areas around Addis Ababa LRT Station by integrating Analytic Hierarchal 
Process (AHP) and GIS 
 

 
436 - TeMA Journal of Land Use Mobility and Environment 3 (2024) 

Carpentieri, G., Guida, C. & Choorus, P. (2019). Land-use and transport integration policies and real estate values. TeMA - 
Journal of Land Use Mobility and Environment, 12 (3), 313-330. https://doi.org/10.6092/1970-9870/6273 

Gervasi, O., Murgante, B., Misra, S., Stankova, E., Torre, C. M., Maria, A., Taniar, D., Apduhan, B. O. & Hutchison, D. 
(2018). A GIS-based method to assess the pedestrian accessibility to the railway stations. Springer International 
Publishing. https://doi.org/10.1007/978-3-319-95174-4 

Ha, E., Joo, Y. & Jun, C. (2015). An empirical study on sustainable walkability indices for transit-oriented development by 
using the analytic network process approach. International Journal of Urban Sciences, 19 (1), 37-41. https://doi.org/ 
10.1080/12265934.2011.615977 

Higgins, C. D. & Kanaroglou, P. S. (2016). A latent class method for classifying and evaluating the performance of station 
area transit-oriented development in the Toronto region. Journal of Transport Geography, 52, 61-72. 
https://doi.org/10.1016/j.jtrangeo.2016.02.012 

Hossein Pour, A., Sholeh, M. & Zare, M. (2018). The development of a walkability audit based on Iranian cities pedestrian 
environment. TeMA - Journal of Land Use, Mobility and Environment, 11 (1), 95-108. https://doi.org/10.6092/1970-
9870/5468 

Iamtrakul, P., Raungratanaamporn, I., Klaylee, J. & Chayphong, S. (2021). The walkability of transit oriented development 
(TOD): A case study of Bangkok Metropolitan, Thailand. Lowland Technology International, 22 (2), 181-192. 
https://cot.unhas.ac.id/journals/index.php/ialt_lti/article/view/772 

ITDP. (2017). Institute for Transportation and Development Policy TOD Standard, 3rd ed. New York: ITDP. 

Jabareen, Y. R. (2006). Sustainable urban forms: Their typologies, models, and concepts. Journal of Planning Education 
and Research, 26(1), 38-52. https://doi.org/10.1177/0739456X05285119 

Jamal, M. & Rozhen, K. M.-A. (2017). Investigating and boosting walkability in Sulaimani’s mixed-use streets: Jamal Irfan 
street as a case study. Kurdistan Journal of Applied Research, 2 (3), 29. https://doi.org/10.24017/science.2017.3.29 

Jeffrey, D., Boulangé, C., Giles-Corti, B., Washington, S. & Gunn, L. (2019). Using walkability measures to identify train 
stations with the potential to become transit oriented developments located in walkable neighbourhoods. Journal of 
Transport Geography, 76, 221-231. https://doi.org/10.1016/j.jtrangeo.2019.03.009 

Jeong, I., Choi, M., Kwak, J., Ku, D. & Lee, S. (2023). A comprehensive walkability evaluation system for promoting 
environmental benefits. Scientific Reports, 13 (1), 43261. https://doi.org/10.1038/s41598-023-43261-0 

Khare, R., Govind, V., Villuri, K., Chaurasia, D. & Kumari, S. (2021). Measurement of transit-oriented development (TOD) 
using GIS technique: A case study. Arabian Journal of Geosciences, 14 (12), 1421. https://doi.org/10.1007/s12517-021-
07142-y 

Kim, E. J., Won, J. & Kim, J. (2019). Is Seoul walkable? Assessing a walkability score and examining its relationship with 
pedestrian satisfaction in Seoul, Korea. Sustainability, 11(24), 6915. https://doi.org/10.3390/su11246915 

Knapskog, M., Helen, O., Tennøy, A. & Karoline, M. (2019). Exploring ways of measuring walkability. Transportation 
Research Procedia, 41 (2016), 264-282. https://doi.org/10.1016/j.trpro.2019.09.047 

Kumar, P. P., Parida, M. & Sekhar, C. R. (2020). Developing context sensitive planning criteria for transit oriented 
development (TOD): A fuzzy-group decision approach. Transportation Research Procedia, 48 (2019), 2421-2434. 
https://doi.org/10.1016/j.trpro.2020.08.278 

Lamour, Q., Morelli, A. M. & Marins, K. R. d. C. (2019). Improving walkability in a TOD context: Spatial strategies that 
enhance walking in the Belém neighbourhood, in São Paulo, Brazil. Case Studies on Transport Policy, 7 (2), 280-292. 
https://doi.org/10.1016/j.cstp.2019.03.005 

Lee, S., Lee, S., Son, H. & Joo, Y. (2013). A new approach for the evaluation of the walking environment. International 
Journal of Sustainable Transportation, 7 (3), 238-260. https://doi.org/10.1080/15568318.2013.710146 

Litman, T. (2017). Economic value of walking. Transport and Sustainability, 9, 81-98. https://doi.org/10.1108/S2044-
994120170000009005 

Litman, T. A. (2003). Economic value of walkability. Transportation Research Record, 1828 (1), 3-11. https://doi.org/ 
10.3141/1828-01 

Loukaitou-Sideris, A. (2020). Special issue on walking. Transport Reviews, 40 (2), 131-134. https://doi.org/10.1080/ 
01441647.2020.1712044 

Lu, Y., Gou, Z., Xiao, Y., Sarkar, C. & Zacharias, J. (2018). Do transit-oriented developments (TODs) and established 
urban neighborhoods have similar walking levels in Hong Kong? International Journal of Environmental Research and 
Public Health, 15 (3), 555. https://doi.org/10.3390/ijerph15030555 

Kamruzzaman, M., Baker, D., Washington, S. & Turrell, G. (2014). Advance transit oriented development typology: Case 
study in Brisbane, Australia. Journal of Transport Geography, 34, 54-70. https://doi.org/10.1016/j.jtrangeo.2013.11.002 

Mirmoghtadaee, M. (2016). Challenges of transit oriented development (TOD) in Iran. TeMA - Journal of Land Use, 
Mobility and Environment, 35-46. https://doi.org/10.6092/1970-9870/3923 



Tekolla A. et al. - Measuring the walkability of areas around Addis Ababa LRT Station by integrating Analytic Hierarchal 
Process (AHP) and GIS 
 

 
437 - TeMA Journal of Land Use Mobility and Environment 3 (2024) 

Moayedi, F., Zakaria, R., Bigah, Y., Mustafar, M., Puan, O. C., Zin, I. S. & Klufallah, M. M. A. (2013). Conceptualising the 
indicators of walkability for sustainable transportation. Jurnal Teknologi (Sciences and Engineering), 65 (3), 85-90. 
https://doi.org/10.11113/jt.v65.2151 

Moura, F., Cambra, P. & Gonçalves, A. B. (2017). Measuring walkability for distinct pedestrian groups with a participatory 
assessment method: A case study in Lisbon. Landscape and Urban Planning, 157, 282-296. https://doi.org/10.1016 
/j.landurbplan.2016.07.002 

Naharudin, N., Salleh, A. H., Halim, M. A. & Latif, Z. A. (2020). Conceptual framework for walkability assessment for 
pedestrian access to rail transit services by using Spatial-MCDA. IOP Conference Series: Earth and Environmental Science, 
540 (1), 012023. https://doi.org/10.1088/1755-1315/540/1/012023 

Pilgram, C. A. & West, S. E. (2023). Transit station area walkability: Identifying impediments to walking using scalable, 
recomputable land-use measures. Journal of Transport and Land Use, 16 (1), 267-292. https://doi.org/10.5198 
/jtlu.2023.2303 

Pongprasert, P. & Kubota, H. (2019). TOD residents’ attitudes toward walking to transit station: A case study of transit-
oriented developments (TODs) in Bangkok, Thailand. Journal of Modern Transportation, 27 (1), 39-51. https://doi.org/ 
10.1007/s40534-018-0170-1 

Rafiemanzelat, R., Emadi, M. I. & Kamali, A. J. (2017). City sustainability: The influence of walkability on built 
environments. Transportation Research Procedia, 24, 97-104. https://doi.org/10.1016/j.trpro.2017.05.074 

Rohana, H. N. A. M. H. T. P. L. M. M. S. (2015). Towards predicting the walkability of pedestrian rail commuters in Kuala 
Lumpur conurbation. International Journal of Humanities, Arts and Social Sciences, 1 (2), 48-61. https://doi.org/ 
10.20469/ijhss.20001-2 

Rossetti, S., Tiboni, M., Vetturi, D., Zazzi, M. & Caselli, B. (2020). Measuring pedestrian accessibility to public transport in 
urban areas: A GIS-based discretisation approach. European Transport - Trasporti Europei, 76, 1-12. https://doi.org/ 
10.48295/ET.2020.76.1 

Schlossberg, M. (2006). From TIGER to audit instruments measuring neighborhood walkability with street data based on 
geographic information systems. Transportation Research Record, 1982, 48-56. https://doi.org/10.3141/1982-08 

Schlossberg, M. & Brown, N. (2004). Comparing transit-oriented development sites by walkability indicators. 
Transportation Research Record, 1887, 34-42. https://doi.org/10.3141/1887-05 

Schmeidler, K. R. (2014). Walking as a sustainable transport mode in cities. Univerzita Pardubice. https://doi.org/ 
10.1016/j.trpro.2019.09.047 

Shaaban, K., Siam, A., Badran, A. & Shamiyah, M. (2018). A simple method to assess walkability around metro 
stations. International Journal of Sustainable Society, 10 (1), 1-19. https://doi.org/10.1504/IJSSOC.2018.092651 

Singh, R. (2016). Factors affecting walkability of neighborhoods. Procedia - Social and Behavioral Sciences, 216(October 
2015), 643-654. https://doi.org/10.1016/j.sbspro.2015.12.048 

Suminar, L. & Kusumaningrum, L. (2022). Application of walkability principles of pedestrian path in supporting the green 
city concept (Case of Parasamya Street Corridor, Sleman Regency). INERSIA Lnformasi Dan Ekspose Hasil Riset Teknik 
Sipil Dan Arsitektur, 18 (2), 122-131. https://doi.org/10.21831/inersia.v18i2.49247 

Talen, E. & Ellis, C. (2002). Beyond relativism. Journal of Planning Education and Research, 22 (1), 36-49. 
https://doi.org/10.1177/0739456x0202200104 

Tekolla, A. W., Tulu, G. S. & Tarekegn, A. G. (2021). Evaluating the impact of Addis Ababa light rail transit on public 
transit system, its efficiency and eligibility for transit oriented development (TOD). American Journal of Traffic and 
Transportation Engineering, 6 (6), 160-168. https://doi.org/10.11648/j.ajtte.20210606.13 

Telega, A. & Telega, I. A. B. (2021). Measuring walkability with GIS: Methods overview and new approach proposal. 
Sustainability, 13 (4), 1883. https://doi.org/10.3390/su13041883 

Toralles, C. P. (2023). Relationships between walkable urban environments and the creative and knowledge economies: A 
review regarding impacts on contemporary city development. International Review for Spatial Planning and Sustainable 
Development, 11 (1), 104-121. https://doi.org/10.14246/irspsd.11.1_104 

van Nes, A. (2021). Spatial configurations and walkability potentials: Measuring urban compactness with space syntax. 
Sustainability, 13 (11), 5785. https://doi.org/10.3390/su13115785 

Westaby, K. A. (2019). Walkability means better business. Community Economic Development, 188. https://doi.org/ 
10.3141/1887-05 

Wey, W. M. & Chiu, Y. H. (2013). Assessing the walkability of pedestrian environment under the transit-oriented 
development. Habitat International, 38, 106-118. https://doi.org/10.1016/j.habitatint.2012.05.004 

Zapata-Diomedi, B., Boulangé, C., Giles-Corti, B., Phelan, K., Washington, S., Veerman, J. L. & Gunn, L. D. (2019). 
Physical activity-related health and economic benefits of building walkable neighbourhoods: A modelled comparison 
between brownfield and greenfield developments. International Journal of Behavioral Nutrition and Physical Activity, 16 
(1), 1-12. https://doi.org/10.1186/s12966-019-0775-8 



Tekolla A. et al. - Measuring the walkability of areas around Addis Ababa LRT Station by integrating Analytic Hierarchal 
Process (AHP) and GIS 
 

 
438 - TeMA Journal of Land Use Mobility and Environment 3 (2024) 

Image Sources  
Fig.1: Authors’ elaboration: 

Fig.2: Authors’ elaboration combines the city map and Google earth;  

Fig.3: Authors’ elaboration; 

Fig.4: Authors’ elaboration; 

Fig.5: Authors’ elaboration; 

Fig.6: Authors’ elaboration; 

Author’s profile  

Ashenafi Wondimu Tekolla  

He is PhD student in Addis Ababa University, African Railway Centre of Excellence (ARCE) in Railway Civil 
Infrastructures department. His thesis focuses on “How to Get the Best out of Transit Oriented Development 
around the Addis Ababa LRT stations”. The research based on the recent interest of Addis Ababa City 
administration to implement TOD LRT station along the route and mainly stresses on what need to be done, 
what kind of research need to undertake in advance of investing time and many on TOD. He worked as a 
project manager of Addis Ababa LRT Transit Oriented Development project of three years. Currently he is 
also working as Team leader of Quality Management System division in Ethiopian Railway Corporation (ERC). 

Abrham Gebre Tarekegn  

He is Associate professor in Addis Ababa University, Addis Ababa institute of Technology and Head of Civil 
and Environmental Engineering Department.  

Getu Segne Tulu 

He is lecturer in Addis Ababa University, Civil and Environmental Engineering Department. His research focus 
is Road and Traffic Accident, Road Safety and Pollution and Traffic Management.  


