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Transport demand has been increasing in most third-world countries. However, 
poorly maintained facilities and poor planning exposed pedestrians to high-
traffic accidents. This paper aims to evaluate pedestrian facilities using the 
pedestrian level of service to enhance pedestrian safety in Addis Ababa. Relevant 
data was collected through field measurement and direct observation from 
13 purposively identified pedestrian sites across the Piyasa to Bole bridge and 
Megenagna to Torihayloch road corridors. Pedestrian level of service derivation 
considered capacity, traffic, comfort, safety, and security conditions and their 
sub-components. The weight of each criterion and sub-factor was decided 
according to the Saaty scale using the judgment of experts under the analytical 
hierarchical process. The result of the study strongly stipulates the presence of 
the problem of pedestrian facilities in Megenagna, Mexico, Urael Church, and 
Golagol which can affect the level of pedestrian safety. However, Denibel City, 
Legahare, Torhayloch, and National Theater sites have scored better Pedestrian 
level of service for the walking population. Finally, the study recommended the 
requirement of prior attention for the sites with very poor and poor pedestrian 
levels of service by the concerned sectors.
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1 Introduction

Transportation and its infrastructure are fundamental to people’s daily lives and have 
developed into the basic aspect of modernity in recent decades (Miller et al., 2018). The 
demand for mobility has risen significantly worldwide since the end of the Second World War 
due to rapid urbanization (Soathong et al., 2019). However, rapid urbanization and economic 
growth significantly increase urban transport crises in many countries (WHO, 2013; Pucher, 
2017). With the rapid growth of cities, the extent of road accidents has increased, posing a 
threat to the safety of citizens (Islam and Bhuiyan, 2024). Road traffic accidents are now a 
universal problem in the transportation system (Komol et al., 2021), resulting in an estimated 
1.35 million deaths and 50 million injuries per year (WHO, 2018; UNECA, 2020). It is the 
leading cause of death next to TB and malaria for individuals aged 15 to 29 and the second 
leading cause of death for children aged 5 to 14 (WHO, 2018).
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Unfortunately, among such deaths of accidents, pedestrians are 
becoming the most vulnerable road users (Bharathy and 
Karthigaipriya, 2017; Levulytė et al., 2017; Lulie, 2019; Golakiya et al., 
2022). A lack of planning for pedestrian facilities is reported to create 
vehicle-pedestrian conflicts that hinder pedestrians from co-existing 
with vehicles in urban settings (Rosario and Fillone, 2018). Moreover, 
the inadequate pedestrian facilities for the increasing number of 
pedestrians contribute to increased pedestrian accident problems 
(Rosario and Fillone, 2018; Reta and Jote, 2022). That is why, providing 
pedestrian facilities is essential to ensure vulnerable road users’ safety, 
security, and comfort (Tinumbia et  al., 2022). As a result, many 
countries constructed pedestrian facilities across roads to enhance the 
safe mobility of their pedestrian (Huber et al., 2013; Shafabakhsh and 
Mohammadi, 2014; Sulaksono and Nurhalima, 2018), to minimize 
pedestrian traffic problems and to promote sustainable transportation 
systems (Eboli et al., 2023). However, less attention given to pedestrian 
facilities significantly affects traffic problems (Ismael and Athab, 2023), 
and about 400,000 Pedestrian deaths are reported annually worldwide, 
with most (93%) of pedestrian deaths occurring in low-income 
countries (Tulu et  al., 2015b; Haile, 2018). Therefore, Pedestrian 
facilities play a paramount role in enhancing pedestrian safety.

Urban transport in third-world countries has shown huge traffic 
growth and is responsible for high-traffic incidents (WHO, 2018; 
UNECA, 2020). Conflicts between pedestrians and vehicles are often 
sensitive to pedestrian traffic accident events (Sulaksono and 
Nurhalima, 2018). It was indicated that most pedestrian-related traffic 
events in developing countries occur in urban road locations where 
high fleets’ volume prevail (Kitosi, 2023). In these countries, pedestrians 
are treated as second-class residents compared to vehicle owners, and 
most facilities consider only the context of vehicular flow (Sulaksono 
and Nurhalima, 2018). Regardless of the shortage of adequately 
maintained transport facilities and traffic system inefficiency (Erga, 
2019; Hussain et al., 2022), most of the urban road facilities are built 
without considering pedestrian road safety in mind (Tulu et al., 2013a; 
World Bank, 2020). Surprisingly, most pedestrian facilities (For 
example, sidewalks) serve as public areas with many social activities 
aside from serving pedestrian movement (Hidayat et al., 2022). As a 
result, pedestrian traffic problems are worse and resulted in the loss of 
millions of lives in developing countries (Tulu et al., 2015b; Lulie, 2019; 
Soathong et al., 2019; Nadrian et al., 2020; Sosik-Filipiak and Osypchuk, 
2023). Thus, pedestrian safety is a prime concern in designing and 
managing facilities to support pedestrian-friendly environments.

In Ethiopia, pedestrians are more vulnerable to traffic accidents 
than other modes of transport in urban areas (Tulu et  al., 2015a; 
Alemgena et al., 2018; UNECA, 2020; World Bank, 2020). However, 
Pedestrians are frequently neglected by policymakers and urban 
planners (Tulu et al., 2013b). Still, most of the urban road networks in 
the country are built by neglecting the safety of the walking 
population. This problem is aggravated in the CBDs of urban areas, 
where facilities are insufficient and increasingly occupied by 
non-pedestrian activities (Tulu et al., 2013a). Thus, the development 
of urban spaces lacks consideration of pedestrian facilities for the 
walking communities in stipulating the safe flow of pedestrians.

In Addis Ababa, walking is the main modal split at the expense of 
the city’s rapid car growth (Mohapatra, 2015; AACTMA, 2021). The 
rate of growth of mobility demand (10%) and interest in people’s car 
ownership (13.5%) is very high compared to the city’s annual road 
network expansion rate (4.1%; Asres, 2018). Thus, the city’s road 
network coverage fails to accommodate the increasing transport 
demand and vehicle fleets (Asres, 2018; Erga, 2019). This resulted in 
an imbalance between the growing demand for transport and 
transport services, creating pedestrian insecurity (Taddesse, 2011; 
Zewude, 2015; Erga, 2019). As the report of Addis Ababa City Road 
Transport Bureau (AARTB) (2016) cited in Haile (2018) pedestrian 
safety problems, high accident rates, and very limited pedestrian 
facilities were observed in the city (Haile, 2018). It was reported that 
the city takes 10% and 26% of the country’s traffic-based deaths and 
injuries, respectively (Vision Zero for Youth, 2021; AACTMA, 2022).

Pedestrian accidents took the majority of road accidents (83%) in 
the city (UNECA, 2020; AACTMA, 2021). Recent evidence shows that 
most roads and associated facilities are designed to promote mobility 
while discouraging pedestrian safety. According to the Group of 
World Bank (2022) report in Addis Ababa, sidewalk and other road 
facilities are increasingly obstructed by non-pedestrian activities 
(AACTMA, 2022; World Bank, 2022). Similarly, problems with 
pedestrian facilities, such as the inconvenience of the facility, large 
spacing between crossing facilities, or insufficiency to satisfy crossing 
demand, safety and security highly debated the walking modality in 
the city (Haile, 2018; Gebresenbet and Aliyu, 2019). As a result, 
research that evaluates pedestrian facilities’ performances is important 
to improve the challenges of pedestrian safety problems.

Pedestrian infrastructures are critical to the sustainable 
transportation system (Bhaduri et al., 2019; Reta and Jote, 2022). One 
of these infrastructures is facilities for pedestrians. In a city layout, one 
critical element is all complete buildings provided for pedestrians to 
provide smoothness, security, comfort, and safety for pedestrians (Sun 
et al., 2021). Pedestrian facilities are all infrastructure and facilities 
provided for pedestrians to increase the smoothness, security, comfort, 
and safety of their users. According to Tinumbia et  al. (2022), 
Pedestrian facilities are divided into (i) Main facilities that hold 
pedestrian paths, such as sidewalks, walkways, pedestrian crossings 
(zebra crossings, bridges, tunnels), and pathways; (ii) Supporting 
facilities that hold all supporting facilities like signs, markings, speed 
controllers, information boards, lighting lamps, fences, shades, 
benches, bins, bus stops, drainage, bollards (Tinumbia et al., 2022). 
They are essential to ensure vulnerable road users’ safety, security, 
and comfort.

The quality or performance of pedestrian facilities can 
be evaluated to improve the problem of pedestrian affairs. Pedestrian 
level of service (PLOS) is the most commonly used technique to 
evaluate the quality, standard, or performance of service offered by 
pedestrian facilities (Sulaksono and Nurhalima, 2018; Frazila et al., 
2019; Nag and Goswami, 2019; Bhuiya et al., 2020; Nag et al., 2020; 
Paul et al., 2024). The HCM, Trip Quality, Gainesville, Australian, and 
analytic hierarchy process (AHP) methods are from the several 
methods developed for deriving pedestrian level of service in 
evaluating pedestrian facilities.

 1. The HCM method explains that the main performance to 
be  measured in assessing PLOS is the space available for 
walking; in other words, HCM primarily considers the capacity 

Abbreviations: AACRTB, Addis Ababa City Road Transport Bureau; AACTMA, Addis 

Ababa City Traffic Management Agency; UNECA, United Nations Economic 

Commission for Africa; WHO, World Health Organization.
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of pedestrian facilities. The parameters considered in the 
assessment were pedestrian space, average velocity, average 
flow rate, and volume-capacity ratio, with a level of service 
ranging from A to F (HCM, 2010).

 2. The Trip Quality method used nine qualitative PLOS evaluation 
steps to analyze pedestrians’ pleasures, safety, and comfort 
when traveling in a pedestrian facility (Jaskiewicz, 2000). The 
clarity of street boundaries, the complexity of path networks, 
building articulation, the complexity of public places, the 
presence of shelters, tents, and roof lines, the existence of buffer 
zones, the presence of trees, the accessibility of natural 
characteristics, and the condition of the sidewalk were the 
criteria used in the trip quality method. A score of 1 to 5 is 
applied to each parameter assessed, with a score of 5 reflecting 
excellent conditions and 1 reflecting poor conditions. The sum 
and average of each parameter score are used to get the PLOS 
value from A to F (Jaskiewicz, 2000).

 3. The Gainesville method was developed and applied in the city of 
Gainesville (Florida) as part of mobility plans for congestion 
management (Dixon, 1996). The basic criteria for PLOS 
assessment were the type of pedestrian facility, the pedestrians 
and vehicle incidents, supporting facilities to accommodate the 
movement of pedestrians, vehicular level of service, maintenance, 
maintenance, and demand for multimodal transport. The total 
score obtained from the sum of each category score determines 
the PLOS value with a score of 1 to 21 or A–F (Dixon, 1996).

 4. In the Australian method PLOS assessment is based on three 
factors, namely physical characteristics, location factor, and 
user factor. The condition of the pedestrian facility is explained 
by a PLOS scale ranging from ideal pedestrian condition (A) 
to unsuitable condition (E) (Gallin, 2001).

 5. Multi-criteria decision-making (MCDM) can be applied in 
evaluating transport facilities, including pedestrian facilities 
(Zainol et al., 2014; Bhuiya et al., 2020; Henke et al., 2020). The 
analytic hierarchy process (AHP) is one of the MCDM 
methods to evaluate road transport facilities (Shafabakhsh and 
Mohammadi, 2014; Baric and Zeljko, 2021). It employs a 
pairwise comparison procedure to arrive at a scale of 
preferences among sets of alternatives (Alonso and Lamata, 
2006; Saaty and Tran, 2007). In the AHP method, criteria and 
sub-criteria weights or relative importance are defined and 
ranked using the Saaty scale of pairwise comparison (Barić 
et al., 2016). The AHP method is preferable to the above four 
methods due to its inclusive advantage of microscopic elements 
in facility evaluation. Hence, this study follows the AHP 
method for evaluating pedestrian facilities.

A few researches were found that targeted pedestrian facility 
evaluation in Addis Ababa. For example, Fikirtework (2020) examines 
the pedestrian level of service in the periphery of Addis Ababa using 
ordered Logit regression. However, PLOS scaling was derived from 
qualitative analysis of questionnaire responses only and did not apply 
AHP to integrate different factors to determine PLOS. Lulie (2019) 
estimated the level of service for walkway rehabilitation projects in 
Addis Ababa. However, his study employed the HCM method, which 
failed to investigate pedestrians’ security, comfort, and safety concerns 
and could not fit into the context of developing countries. Erga (2019) 
also examines Pedestrian facilities using HCM standards. However, it 

was not for pedestrian safety but for vehicular congestion and its 
impact on the road corridor. Furthermore, Haile (2018) examines 
pedestrian facilities by pedestrian level of service using HCM standards. 
However, its focus was only on pedestrian overpass facilities, which 
ignored sidewalk facilities that too many pedestrians usually used.

The review of the above studies indicates that pedestrian safety 
studies related to the evaluation of the performance of pedestrian 
facilities in Addis Ababa city in the case of the Piyasa to Bole bridge 
and Megenagna to Torihayloch road corridors are not well investigated 
using appropriate methods and inclusive parameters. Therefore, this 
study is proposed to fill the above-listed analysis gaps by integrating 
the different factors using the AHP-based PLOS estimation technique 
and these crucial issues instigated the researcher to answer the 
questions: (1) What magnitude of influences do the factors have in 
determining PLOS? (2) What is the performance of pedestrian facilities 
in the sites? (3) Which sites should have to get special prioritizing to 
enhance pedestrian safety? This study has practical contributions in 
ensuring sustainable urban mobility as it fills the existing knowledge 
gap in evaluating pedestrian facilities and enhances the direction of 
looking at improving pedestrian road safety in the city of Addis Ababa.

This study is organized into five main sections. The first section 
contains an introduction that covers the background of pedestrian 
events, the different methods used to evaluate pedestrian facilities, the 
research gaps, and the objective and significance of the study. The second 
section covers the methodological section of the study. The third section 
assesses the main results and discussion of the study, and the last part 
presents the conclusion, recommendations, and limitations of the study.

2 Materials and methods

2.1 Description of the study area

Geographically, the city is located between 8049′55.929″–90 
5′53.853″ North latitude and 38019.547″–380 38′16.555″ East longitudes 
(see Figure 1). It has an average elevation of 2,500 m above mean sea 
level and occupies a total area of 540 km2. It is Ethiopia’s capital city, the 
headquarters of the African Union and other global organizations. The 
Group of World Bank (2022) stated that Addis Ababa is home to 25% of 
the urban population in Ethiopia. The population is estimated to be 4.8 
million, growing at a 4.39% annual rate (World Bank, 2022). The city 
holds more than 60% of the country’s fleet and has a total of 2,561 km of 
asphalt road, 2,030 km of gravel road, and 1,850 km of cobblestone road, 
as well as over 621 km of pedestrian ways (AACTMA, 2021). The road 
corridors that extend from Bole Bridge to Mesqel Square and Torhayloch 
to Megenagna are selected for this study. These road corridors are 
chosen based on black spot concentrations and high pedestrian traffic 
flow, which the Addis Ababa Traffic Management Agency selects in a 
4-year non-motorized transport improvement strategy.

2.2 Tools and software

In the data collection stage, a video camera, meter, and GPS were 
used to harvest relevant data for the study. Google Earth and ArcGIS 
software were used to visualize the magnitude of PLOS in spatial form. 
Besides, Microsoft Excel 2016 software was employed to calculate 
statistical results related to capacity and traffic-based data (see Table 1).

https://doi.org/10.3389/frsc.2024.1412885
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


Walelign Bishaw et al. 10.3389/frsc.2024.1412885

Frontiers in Sustainable Cities 04 frontiersin.org

2.3 Research methods and data collection 
technique

A mixed (qualitative and quantitative) research approach is used 
due to its flexibility, which is well suited to support rigorous 
examinations of promising ideas. A descriptive research design is 
used to evaluate the existing nature of pedestrian facilities based on 
standards. A non-probabilistic sampling technique was used to 
select an appropriate and representative sample from all road 
corridors. Accordingly, two road corridors extending from Bole 
Bridge to Piassa and Torhayloch to Megenagna are chosen 
purposively. The selected road corridors are found within the central 
business district of the city of Addis Ababa and have a large volume 
of pedestrian population as well as a large size of traffic-based 
problems as compared to the other road corridors. Across these 

corridors, 13 sites are taken using purposive sampling to collect the 
required data that is used to evaluate the performance of 
pedestrian facilities.

This study used primary data sources, mainly observation and 
field surveys, to determine the existing pedestrian facility standards. 
The pedestrian data was counted manually during the peak hours 
every 15 min for each site from 7:00 a.m.–8:00 a.m. and 5:30 p.m.–
6:30 p.m. To avoid the impact of bad weather conditions, pedestrian 
data was taken during the first 6 days (Monday to Saturday) of January 
2023 (08 January 2023–13 January 2023). Thus, each of the selected 
sites was observed six times during the peak hour, both in the morning 
and in the afternoon. Pedestrian data was collected from the sites 
within 18 to 35 m horizontal distance from the origin of each site by 
considering the impact of nearby junctions and visibility to count 
pedestrian movement. Qualitative data on safety, security, and comfort 
factors were collected through observation and guidance of experts. 
Besides, quantitative-based data on safety, security, and comfort 
factors were collected through counting and direct measurement in 
the field. Secondary data gathered from websites and official statistical 
databases were used to support the result of the study.

2.4 Criterion for evaluating pedestrian 
facilities using PLOS

Level of Service (LOS) is a term used to describe the suitability of 
facilities for a mode of travel (Singh and Jain, 2011; Sulaksono and 
Nurhalima, 2018; Frazila et al., 2019; Bhuiya et al., 2020; Ahmed et al., 

FIGURE 1

Location map of the study area.

TABLE 1 Software and tools.

Tools Function

Meter To measure the length of pedestrian facilities

Video Camera To capture qualitative data on pedestrian facilities

GPS To record the latitude and longitude of the pedestrian sites

Software Function

ArcGIS 10.8 To process and visualize the level of service of the study sites

Excel, 2021 To process statistical calculation of traffic and capacity data.

Google Earth To identify the extension of the study corridors
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2021; Paul et al., 2024), and is mainly used to determine whether the 
facilities are enough for pedestrians to have a better trip across their 
flow (Singh and Jain, 2011; Kituku, 2017; Nag et al., 2020). The level 
of service (LOS) method is used for qualitative measurement and 
evaluation of a service to its user (Ujjwal and Bandyopadhyaya, 2021). 
According to Raad and Burke (2018) and Frazila et al. (2019), the level 
of service for pedestrians is strongly influenced by the capacity, 
comfort, safety, security, and traffic conditions of facilities. Therefore, 
the above-listed criteria are adapted and adopted to this study to 
evaluate pedestrian facilities, as shown in Table 2.

2.5 Capacity and traffic data measurement 
and standardization

2.5.1 Effective sidewalk width
It is the portion of a sidewalk that pedestrians can use 

effectively (HCM, 2010). The effective sidewalk width (WE) was 
computed by subtracting the total sidewalk width (WT) from the 
sum of fixed object effective widths (WO) and linear feature shy 
distances at a given point along the facility (Sahani and Bhuyan, 
2015). According to Bhuiya et al. (2020), as sidewalk path width 
increases, there will be more space for pedestrian flow, avoiding 
congestion and better accessibility for sidewalk users to move 
freely (Bhuiya et al., 2020). Based on the physical survey and the 
literature recommendation, a value range of 0–1.5, 1.5–2, 2–2.5, 
2.5–3, and >3 meters is given for 1, 2, 3, 4, and 5 scales, 
respectively.

2.5.2 Pedestrian flow rate
Pedestrian flow rate (VP) is the number of pedestrians passing 

a point per unit of time, expressed as pedestrians per 15 min or 
minute (HCM, 2010). Dividing the peak 15-min count (V15) by the 
effective sidewalk width is used to compute the pedestrian unit flow 
rate in pedestrians/min/meter (Sahani and Bhuyan, 2015; 
Kituku, 2017).

 V V Wp E= ∗( )15 15/  (1)

2.5.3 Average pedestrian space
Pedestrian space is a more practical unit for evaluating pedestrian 

facilities and is defined as the average area for each pedestrian in a 
facility (Sahani and Bhuyan, 2015) expressed in terms of square meters 
per pedestrian (m2/ped). The average area occupied by the pedestrian 
can be calculated by dividing the area of the adequate sidewalk by the 
maximum pedestrian volume (HCM, 2010; Kituku, 2017; Banerjee 
et al., 2018).

 A AWE Vp p= ( ) ( )/  (2)

Where: Ap is the average pedestrian space, and AWE is the area of 
adequate sidewalk.

2.5.4 Pedestrian speed
According to Mohammed and Mashros (2015), pedestrian speed 

has a strong inverse relation with pedestrian density. As the density 
and volume of pedestrians increase, pedestrian speed decreases, and 
the space occupied by each pedestrian decreases (Singh and Jain, 
2011). Thus, the degree of mobility of each pedestrian and the mean 
speed of the pedestrian flow decreases (Mathew, 2014). Unlike 
Mathew, Al-Mukaram and Musa (2020) explain pedestrian speed as 
the product of peak hour pedestrian flow rate and average 
pedestrian space.

 Sp Ap Vp= ∗
 (3)

2.5.5 Volume to capacity ratio
It was computed by dividing the demand (peak flow rate) by 75 

ped/min/m as recommended by Sahani and Bhuyan (2015) and HCM 
(2010). The highway capacity manual advised to compute the v/c ratio 
by assuming 75ped/min/m for capacity analysis of sidewalks and 
walkways when local data is unavailable.

 
V C

Flow rate p m

capacity p m
/

/ min/

/ min/
=

( )
( )  

(4)

After the computation of the capacity-related data, data 
standardizing was given to each component. The classes given are 
based on the HCM procedure with a little modification as presented 
in Table 3.

2.6 Comfort, security, and safety data 
standardization

According to Banerjee et  al. (2018), Frazila et  al. (2019), and 
Bhuiya et al. (2020), the comfort of facilities enhances the performance 
of facilities in improving pedestrian safety. Besides, Bivina et al. (2018) 
approved the importance of the security of facilities for better 
pedestrian safety. Bhuiya et al. (2020) also investigated the role of 
safety-related factors along with the comfort of facilities. Thus, the 
researcher critically observed and surveyed all the selected sites and 

TABLE 2 Factors for evaluating facilities [Adapted from Frazila et al., 
2019].

Criteria Sub criteria

Capacity Effective sidewalk width

Traffic Pedestrian speed, pedestrian flow rate, pedestrian space, 

volume-to-capacity ratio

Comfort Surface quality of pedestrian facilities, walking 

environment, presence of landscaping feature, number of 

transport routes

Security Availability of traffic signs, presence of traffic lights, 

number of crime records, and distance to vehicle’s path

Safety Appropriate placement of road-side features, presence of 

crossing opportunity, crossing space, presence of buffer
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standardized the sub-factors of each criterion into five classes as 
presented in Table 4.

2.6.1 Comfort of pedestrian facilities

2.6.1.1 Surface quality
A crack-free, well-textured surface without undulation enhances 

the level of pedestrian walking environment (Banerjee et al., 2018). 
Through the guidance of road facility expert and observation, the 
rating values of 1, 2, 3, and 5 were given for very poor (A1), poor (A2), 
moderate (A3), good (A4), and very good (A5) quality of surfaces (see 
Figure 2).

2.6.1.2 Landscaping features
In this research, landscaping features indicate the existence 

of different landscaping elements placed along the walking path, 
like benches and another attractive feature, as recommended by 
Banerjee et  al. (2018). Based on the result of the expert’s 
observation, the value of this factor was indexed as 1, 2, 3, 4, and 

5 for very poor, poor, moderate, good, and very good scales 
of landscapes.

2.6.1.3 Walking environment
A neat and clean footpath with an esthetically pleasing look 

encourages people to use the footpath. Besides, the existence of trees 
or other plants keeps the temperature of the atmosphere of the 
footpath at a pleasant level (Bhuiya et al., 2020). According to the 
guidance of the expert, points 1, 2, 3, 4, and 5 have been assigned to 
a very poor, poor, moderate, satisfactory, and highly satisfactory 
walking environment.

2.6.1.4 Number of transport routes
According to Frazila et al. (2019), as the number of transport 

routes at the pedestrian sites increases, the density of the population 
will be  shared, and the free flow of the walking population will 
be enhanced across the pedestrian facilities. By counting the number 
of routes, points 1, 2, 3, 4, and 5 were given for 1, 2–3, 3–4, 4–5, and 
five and above transport routes.

TABLE 3 Summary of pedestrian traffic factor standards [Adapted from HCM (2010)].

Rank Speed m/min Flow rate (p/min/m) Space (m2/ped) V/C ratio PLOS description

5 >76 ≤23 >3.7 ≤0.21–0.31 Free traffic flow

4 >73–76 >23–33 >2.2–3.7 >0.31–0.44 Reasonably free traffic flow

3 >68–73 >33–49 >1.4–2.2 >0.44–0.65 Stable traffic flow

2 >45–68 >49–75 >0.7–1.4 >0.65–1.00 Unstable traffic flow

1 ≤45 Variable ≤0.7 variable Forced/breakdown flow

TABLE 4 Comfort, security, and safety scales [Adapted from Jaskiewicz (2000), Frazila et al. (2019), and Bhuiya et al. (2020)].

Comfort factors Comfort scale of factors

1 2 3 4 5

Surface quality Very Poor Poor Moderate Good Very Good

Landscaping feature Very Poor Poor Moderate Good Very Good

Walking environment Very Poor Poor Moderate Satisfactory Best

No transport routes 1 2–3 3–4 4–5 ≥5

Security factors Security scale of factors

1 2 3 4 5

Traffic signs Very Poor Poor Moderate Satisfactory Best

Traffic lights Very Poor Poor Moderate Good Very Good

Crime records/week ≥7 5–7 3–5 2–3 <2

Distance to vehicle’s path 0–0.5 m 0.5–1 m 1–1.5 m 1.5–2 m ≥2 m

Safety factors Safety scale of factors

1 2 3 4 5

Appropriate placing of roadside 

features

Very poor Poor Moderate Good Very good

Crossing opportunity Almost non-exist Some exist Some well-located Reasonable, well-located Very adequate

Presence of buffers Very Poor Poor Moderate Strong Very Strong

Spacing of Crossing 60–100 m 50–60 m 40–50 m 30–40 m 20–30 m
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2.6.2 Security of pedestrian facilities

2.6.2.1 Traffic signs and lights
The availability of street lights and signs is necessary to ease the 

movement of pedestrians and ensure safety for them from being 
mugged or victims of other crimes at night (Bhuiya et al., 2020). In 
this study, the availability of street lights and signs has been evaluated 
based on the frequency of occurrence in the pedestrian environment. 
Accordingly, very poor, poor, moderate, satisfactory/good, best scales 
were given as these facilities did not exist, some exist, some exist but 
not at a reasonable distance, exist but still require further and fully 
exist in order 1, 2, 3, 4, and 5.

2.6.2.2 Crime records
Traffic signs and light criminal records like murder, theft, and 

other illegal activities increase stress on pedestrian during their 
walking (Frazila et al., 2019). By considering the report forwarded 
from the Addis Ababa city police commission, crime recorded in the 
week has been taken as one element and class values of 1, 2, 3, 4, and 
5 were given for those crime record values of 7 and above, 5–7, 3–5, 
2–3 and less than 2.

2.6.2.3 Distance to vehicle’s path
With the increase in distance from vehicular way, the possibility 

of a conflict between vehicles and pedestrians will increase, and safety 
will decrease (Singh and Jain, 2011; Bhuiya et al., 2020). In this study, 
the distance between the pedestrian path and the vehicle’s path was 
considered as the distance from the vehicular path. It has been indexed 
as less than 0.5 m, 0.5–1 m, 1–0.5 m, 1.5–2 m, and greater than 2 m 
distances for points 1, 2, 3, 4 and 5, respectively.

2.6.3 Safety of pedestrian facilities

2.6.3.1 Appropriate placing of roadside features
Appropriate location of roadside features like benches, trees, 

birdbaths, etc., on the walking facilities are necessary so that 
pedestrians can move on the walking facilities without receiving 
hindrances on their way (Bhuiya et  al., 2020). Based on the 
judgment of the expert, the value of this factor has been indexed as 
points 1,2,3,4 and 5 for very poor, poor, moderate, good, and very 
good, respectively.

2.6.3.2 Crossing opportunities
In this study, the availability of crossing opportunities has been 

referred to by the existence of foot-over bridges, zebra crossings, 
median refugees, and guard or police control crossings for pedestrians. 
Points 1, 2, 3, 4, and 5 have been allocated by the evaluation of the 
expert for the following situations: almost nonexistent, some provided 
but poorly located, some provided and are reasonably well located but 
more are needed, adequate crossing facilities, reasonably well located 
and dedicated pedestrian crossing facilities are provided at sufficient 
frequency in order.

2.6.3.3 Presence of buffers
Presence of Buffers like fences, bollards, and others are used 

to separate pedestrians from vehicular traffic for their safety 
(Bhuiya et al., 2020). According to the opinion of experts, points 
1,2,3,4 and 5 have been assigned to buffers providing very poor 
(B1), poor (B2), moderate (B3), satisfactory/strong (B4), and 
highly satisfactory/very strong (B5) protection by buffers (see 
Figure 2).

FIGURE 2

(A1–A5, B1–B5) Sample photos to show surface quality and buffer condition.
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2.6.3.4 Spacing of crossing opportunities
As crossing space increases, pedestrians are forced to cross the 

vehicle’s path illegally, and there is increased conflict between 
pedestrians and vehicles. Accordingly, values 5, 4, 3, 2, and 1 have 
been assigned for below 30 m, 30–40 m, 40–50 m, 50–60, and 
above 60 m distance between consecutive crossing facilities, 
respectively.

2.7 Derivation of pedestrian level of service 
using AHP

Analytical hierarchy process (AHP) is a multi-objective, multi-
criteria decision-making approach that employs a pairwise comparison 
procedure to arrive at a scale of preferences among sets of alternatives 
(Saaty, 1995, 2008; Alonso and Lamata, 2006; Saaty and Tran, 2007; 
Barić et al., 2016; Li et al., 2021). It is one of the MCDM methods to 
evaluate road transport facilities, including pedestrian facilities 
(Shafabakhsh and Mohammadi, 2014; Baric and Zeljko, 2021). The 
AHP method is used in this study to derivate the pedestrian level of 
service (PLOS) by integrating multi-factors from the perspective of 
pedestrian facilities. In determining the weights of preferences ratio 
scales, the most well-known—Saaty-scale is used based on the 
recommendation of Saaty and Tran (2007) and Baric and Zeljko (2021) 
as presented in Table 5.

The alternatives denoted by {A1, A2… An} (n is the number of 
compare alternatives), their current weights by {w1, w2… wn}, then the 
matrix of the ratios of all weights is computed by equation 5.
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The matrix of pairwise comparisons A = [aij] represents the 
intensities of the expert’s preference between individual pairs of 
alternatives (Ai vs. Aj, for all i, j = 1, 2… n). They are chosen from 
a given scale. Given n alternatives {A1, A2, …, An}, a decision 
maker compares pairs of alternatives for all the possible pairs, and 
a comparison matrix A is obtained, where the element aij shows 
the preference weight of Ai obtained by comparison with Aj 
as follows.
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(6)

Where: The aij elements estimate the ratios wi/wj where w is the 
vector of current weights.

The consistency index (CI) that indicates the deviation or degree 
of consistency was calculated by considering the number of sub-factors 
(n) and the corresponding Eigenvectors (λmax) value using equation 7.

 ( ) ( )maxCI – n / n 1= −λ  (7)

The CI was compared with the corresponding random index (RI; 
taken from Table 6) for better judgment using consistency ratio (CR) 
according to equation 8.

 CRCI RI/  (8)

Finally, a weighted linear combination was employed to decide the 
PLOS of the study area. All main and sub-factors were overlaid 
as per the formula of Frazila et al. (2019) using equation 9.
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Where: PLOS is the Pedestrian level of service, Ai is the weight 
value for main criteria-I, Bij is the performance level of indicator-j, 
which constructed sub-component criteria-I, and Cij is the weight 
value of indicator-j, which constructs sub-component criteria-i.

Finally, level of service (LOS) as a quantitative stratification of 
service quality was classified into five classes by adapting and adopting 
the class of Jaskiewicz (2000), Frazila et al. (2019), and Bhuiya et al. 
(2020) from A to E. The quantitative range <2.2, 2.2–2.7, 2.8–3.3, 
3.4–3.9, and 4–5 represent very poor/unpleasant (E), poor/
uncomfortable (D), moderate/acceptable (C), very good/comfortable 
(B) and excellent/very pleasant (A) rates orderly as proposed by 
Jaskiewicz (2000). The overall procedure followed in this study is 
generalized using the flow diagram presented in Figure 3.

3 Results and discussion

3.1 Capacity, traffic, safety, security, and 
comfort state of facilities

The portion of a sidewalk used effectively by pedestrians was 
calculated by reducing the portion not used by pedestrians from the 
total sidewalk width. Based on the survey result, a total of 36 m 
effective sidewalk width with a mean of 2.8 m, 332.5 m sidewalk 
length, and 902.5 m2 effective sidewalk area was measured in the field 

TABLE 5 Pairwise comparison scales.

Intensity Meaning Inverse Meaning

1 Equal importance 1 Equal importance

3 Moderate 

importance

1/3 Slightly weak

5 Strong importance 1/5 Fairly weak

7 Very strong 1/7 Very weak

9 Extreme 

importance

1/9 Absolutely weak

2,4,6,8 Intermediate 

influence

1/2, 1/4, 1/6, 1/8 Intermediate weak
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for this study. The broadest effective sidewalk width belongs to the 
Torhayloch site (3.8 m) and Piyasa (3.7 m), whereas the narrowest 
belongs to the Urael church site (2 m) and Wollo-Sefer site (2.1 m). 

Most road segments have more than 2.5 m effective sidewalk width 
(see Table 7). Research indicated that the greater the width of the 
sidewalk, the greater the level of safety being perceived by pedestrians 

FIGURE 3

Methodological flow chart of the study.

TABLE 6 Random index value (Alonso and Lamata, 2006; Saaty, 2008).

N 3 4 5 6 7 8 9 10 11 12

RI 0.5 0.88 1.1 1.25 1.34 1.41 1.45 1.49 1.51 1.54
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as they feel more comfortable which results in a higher LOS (Kim 
et al., 2011; Rahimi, 2019). Therefore, those sites endowed with wider 
effective sidewalk width will have a better level of service as long as 
other factors remain constant.

The level of service was computed by taking the volume of 
pedestrian traffic counted every 15 min during the peak hours across 
sidewalks as one criterion (HCM, 2010; Kituku, 2017; Al-Mukaram 
and Musa, 2020). In this study, a total of 16,485 pedestrians were 
counted manually during the peak hours. The average number of 
pedestrians counted from all sites was 1,268 pedestrians. Megenagna 
and Lideta site holds the highest and lowest number of pedestrians 
population in order (see Table  7). Studies indicate that when the 
number of pedestrians in the facilities increases, there is a potential 
for decreased pedestrian flow. Thus, a reduction of LOS at pedestrian 
facilities is seen (Holland and Hill, 2007). According to the result of 
the study, the pedestrian flow rate, average speed, pedestrian space, 
and volume-to-capacity ratio measured for Megenagna and Mexico 
sites indicate the presence of narrow pedestrian space, slowed 
pedestrian speed, high pedestrian flow rate, and forced pedestrian 
flow. This shows these sites can have a poor level of service and 
approves the findings of Holland and Hill (2007). However, the pattern 
was opposite in Lideta, National Theater, Dembele, and Torihayloch 
sites, indicating stable and free traffic flow and a better level of service 
(see Table 7).

It is indicated that capacity-based quantitative evaluation of 
pedestrian facilities fails to consider other elements (Christopoulou 
and Pitsiava-Latinopoulou, 2012; Banerjee et al., 2018). The value 
pedestrian level of service of a facility will change due to the inclusion 
of quality-based factors and other microscopic extraneous factors 
(Christopoulou and Pitsiava-Latinopoulou, 2012). Therefore, this 
study overlain micro-factors from the qualitative and quantitative 

perspectives using the AHP technique to evaluate the performance of 
facilities in addition to the capacity-based system devised by HCM 
(2010) and other point-based systems. In this regard, the comfort, 
safety, and security conditions are important (Raad and Burke, 2018; 
Frazila et al., 2019) and taken into balance to evaluate the pedestrian 
facilities qualitatively (see Supplementary Table 1).

3.2 Reclassification of criteria and 
derivation of PLOS

Data standardization is a critical step in the analytical hierarchical 
process. Therefore, every factor of each main criterion was classified 
in its corresponding 5-point Likert scale range as decided in the 
literature of Jaskiewicz (2000) and Frazila et al. (2019). The value given 
for each factor for traffic volume was adapted from HCM (2010) 
standard, and the value given for other criterion sub-factors was given 
based on Jaskiewicz (2000), Frazila et al. (2019), Bhuiya et al. (2020), 
and personal observation of reality in the site. A higher value of a 
factor indicates better importance for pedestrian level of service (see 
Supplementary Table 2). AHP is used to combine these different types 
of factors and to turn them into a standardized numerical scale as 
recommended by Saaty (2008) and Stofkova et al. (2022).

A pairwise comparison matrix was prepared to calculate the 
potential contribution of each criterion and sub-factors (Saaty, 2008; 
Stofkova et al., 2022) for computing PLOS. Each criterion’s relative 
weight was given based on expert judgment and literature-based 
recommendations of Bhuiya et al. (2020), Li et al. (2021), and others. 
According to Alonso and Lamata (2006), Saaty (2008), and Baric and 
Zeljko (2021) the weights given in the pairwise comparison matrix are 
accepted if the consistency ratio (CR) calculated is below 10%. The 

TABLE 7 Summary of 15-minute peak hour pedestrian data (Field Survey, 2023).

Site WE (m) WL (m) AWE (m2) Ped. count Vp (p/min/m) Sp (m/min) Ap (M2/p) V/C

Megenagna 2.3 22 51 2,508 72.7 50.9 0.7 0.97

Mexico 2.7 22 59.4 1,995 49.3 57.6 1.2 0.66

Bole bridge 3.2 19 60.8 1,654 40.1 60.2 1.5 0.53

Meskel Square 2.75 18 49.5 1,804 37.6 48.9 1.3 0.51

Urael church 2 34 68 993 33.1 69.5 2.1 0.44

Legahare 2.7 28 76 1,276 31.5 75.6 2.4 0.42

Piyasa 3.7 20 74 1,504 27.1 72.8 2.7 0.36

Wollo-Sefer 2.1 35 73.5 742 23.6 75.5 3.1 0.32

Golagol 2.3 33 76 807 23.4 75.8 3.2 0.31

Torhayloch 3.8 21 79.8 1,102 19.3 78.8 4.1 0.26

Denibel 2.7 29 78.3 719 17.8 78.7 4.4 0.24

National Theater 2.8 27.5 77 703 16.7 76.8 4.6 0.22

Lideta 3.3 24 79.2 678 13.7 79.5 5.8 0.18

Statistics

Mean 2.80 25.58 69.42 1268.1 31.22 69.28 2.85 0.42

Std. Er. of Mean 0.16 1.63 2.97 162.5 4.49 3.04 0.43 0.06

Std. Deviation 0.57 5.89 10.71 585.91 16.19 10.98 1.53 0.21

Sum 36.35 332.5 902.5 16,485 - - - -
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result of CR derived in this study supports the recommendation of the 
above literature (see Table 8).

Based on the AHP result, traffic (35.1%), security (24.9%) and 
safety (21.8%) criteria share the highest contribution in order in this 
study. Comfort and capacity hold the lowest weight in the estimation 
of PLOS (see Table 8). The result was a little bit different from the 
findings of Frazila et al. (2019), who scored the highest weight for the 
security and safety criteria in determining PLOS. In addition to the 
major criterion, the sub-components were compared to assign relative 
weight. Accordingly, pedestrian space and pedestrian flow rate from 
traffic-based components; surface quality and walking environment 
from comfort-based factors; presence of traffic lights and traffic signs 
from security-based components and presence of crossing 
opportunities and availability of buffers from safety-based components 
have given the highest relative weight as compared to other 
components (see Table  8). As a result, those areas with those 
components of better quality will have a better pedestrian level of 
service and, thereby, better pedestrian safety.

PLOS was derived after the weights of each factor were identified 
using the AHP procedures. Finally, PLOS was calculated using 
equation 10 for each site.

Vp 0.2707 Sp 0.1927
PLOS of a site 0.0732 WE 0.3509

Ap 0.4565 V / C 0.0801

SQ 0.6023 PLSF 0.0549
0.1091

WAE 0.2168 NTR 0.126

TS 0.4547 TL 0.3205
0.2487

Crimr 0.0855 DFV 0.1393

A
0.2181

∗ ∗
∗

∗ ∗

∗ ∗

∗ ∗

∗ ∗

∗ ∗

 +
 = +
 + + 

 +
 +
 + + 
 +
 +
 + + 

+
PRF 0.1019 Crosop 0.4551

SPCross 0.183 Pbuf 0.26

∗ ∗

∗ ∗

 +
 
 + +   

(10)

The performance of each facility’s site was evaluated by classifying 
the PLOS classes into five scales ranging from “very poor (E)” to 
“excellent (A).” Gözenoğlu (2022) in his study compared the PLOS 
techniques employed by Highway Capacity Manual (HCM), 
SCI-Landis, Mozer, Tan Dandan, Disabled PLOS, Sarkar, Trip 
Quality, Gainesville, Conjoint Analysis, Gallin-Australian and 
Traffitec methods to determine the vehicle and pedestrian road 
service levels in Ankara province. Based on his findings the Trip 
Quality method developed by Jaskiewicz (2000) was recommended 

TABLE 8 Summary of analytical hierarchical process.

Comfort Traffic Capacity Security Safety Weight 
(ai)

Rank CR

Criterion Comfort 1 1/3 2 ½ 1/3 0.1091 4 0.049

Traffic 1 3 2 2 0.3509 1

Capacity 1 1/3 1/4 0.0732 5

Security 1 2 0.2487 2

Safety 1 0.2181 3

Capacity 1.00

Traffic factors SP V/C AP VP Weights (Cij) 3 0.057

SP 1 4 1/3 1/5 0.1927

V/C 1 1/4 1/3 0.0801 4

AP 1 2 0.4565 1

VP 1 0.2707 2

Comfort 

factors

SQ PLSF WAE NTR Weights (Cij) 1 0.0456

SQ 1 7 4 5 0.6023

PLSF 1 1/5 1/3 0.0549 4

WAE 1 2 0.2168 2

NTR 1 0.1260 3

Security 

factors

TS TL Crimr DFV Weights (Cij) 1 0.0301

TS 1 2 4 3 0.4547

TL 1 4 3 0.3205 2

Crimr 1 ½ 0.0855 4

DFV 1 0.1393 3

Safety factors APRF Crosopp SPCros Pbuf Weights (Cij) 4 0.0248

APRF 1 1/5 1/2 ½ 0.1019

Crosop 1 2 2 0.4551 1

SPCross 1 ½ 0.183 3

Pbuf 1 0.26 2
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to evaluate the performance of pedestrian facilities. As a result, this 
study adopted and adapted the classification scheme of Jaskiewicz 
(2000) to assign a PLOS class for each pedestrian facility site.

Accordingly, a PLOS value between 1.9 and 4.2 was scored in this 
study. Only one site (National Theater) has excellent class PLOS value 
(PLOS ≥ 4); Dembel City, Legahare, and Torhayloch sites have very 
good PLOS class (3.4 ≤ PLOS ≤ 3.9). A higher PLOS value indicates the 
presence of better pedestrian facilities across the selected sites and vice 
versa. Hence, they can make a positive contribution to better pedestrian 
safety. On the other hand, the Megenagna and Mexico sites have very 
poor PLOS value (PLOS < 2.2), and Urael church, and Golagol sites have 
a poor PLOS value (2.2 ≤ PLOS ≤ 2.7). These sites were grouped from 
those sites characterized by the deficiency of adequate pedestrian 
facilities and therefore, the lower pedestrian feeling of safety will 
be there. Bole bridge, Meskel square, Lideta, Piyasa, Wollo Sefer, and 
Golagol sites have moderate or acceptable PLOS (2.8 ≤ PLOS ≤ 3.3). 
These sites have acceptable pedestrian facilities. However, they need 
further provision of pedestrian facilities for better safety (see Figure 4). 
The average PLOS value of the study corridor belongs to the “C” class. 
Therefore, the study corridor has moderate Pedestrian facilities 
indicating the requirement of further provisions and improvements of 
pedestrian facilities to enhance the performance of facilities and to 
create a safe environment for pedestrians.

3.3 Comparison of PLOS scoring method 
of different studies in Ethiopia

This study primarily compares the result of PLOS derivated by AHP 
and HCM techniques. This is because almost all of the research works in 

Addis Ababa and Ethiopia were based on HCM-based techniques. 
Therefore, After PLOS scores were determined through AHP, the results 
were compared with those of the HCM scoring method. Based on 
Appendix 3, only the PLOS values of 4 sites have a similar PLOS class, 
and the scores of the remaining 9 sites were evaluated below the HCM 
score. Besides, the HCM-based evaluations of Golagol, Lideta, Piassa, 
Mexico, and Megenagna facility sites did not indicate the reality observed 
(see Supplementary Table 3). Thus, the scoring technique of HCM that 
considers the flow magnitude of traffic exaggerates the pedestrian level 
of service. It could be because of its negligence to include other variables 
that can affect the performance of pedestrian facilities. HCM advises that 
adopting facility evaluation may enlarge the score of PLOS, especially in 
developing countries. Therefore, this study strongly approved the 
recommendation of the HCM pedestrian facility’s evaluation method.

The PLOS value computed from the pedestrian facilities across the 
study sites was also compared with the PLOS value generated for other 
sites that employed different methods of PLOS scoring. The study 
conducted by Alemgena et al. (2018) in Nekemte City applied Gallin’s 
method and scored the PLOS of study sites from C to D. None of the 
facilities in the study corridors did not score PLOS of A and B classes. 
Similarly, studies conducted by Erga (2019) and Lulie (2019)in Addis 
Ababa found a PLOS value ranging from B to E and C to F classes. In 
the same fashion, Fikirtework (2020) in the surrounding area of Addis 
Ababa also adopted the PLOS class of HCM by applying an ordered 
logit model and getting a PLOS class ranging from D to F. However, 
this study did not get all PLOS classes across the selected study sites. 
The difference in the score of the PLOS class could arise from the 
variation of the criterion used in the PLOS scoring method and the 
existing condition of the pedestrian facilities during the study period. 
Therefore, for testing the validity and practicality of each method, 

FIGURE 4

Distribution of pedestrian level of service.
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concurrent comparison is important, and this study is able to hold for 
all classes (from the worst to the best classes) due to its possibility of 
considering microscopic factors in the facility evaluation process 
(Table 9).

4 Conclusion and recommendation

Rapid growth of vehicular volume at the expense of road facility 
problems and fast growth of

pedestrian population increased the vulnerability of road users 
to traffic problems in the city of Addis Ababa. This study is designed 
to examine the performance of pedestrian facilities to guarantee a 
safe system for the pedestrian population. To achieve the objectives 
of the study primary and secondary data collected from varieties of 
sources were integrated through AHP-based pedestrian level of 
service (PLOS). According to the findings obtained from the result 
of the study, the AHP method that can integrate multiple factors from 
traffic, capacity, safety, security, and comfort perspectives provides a 
reliable indication of PLOS for evaluating pedestrian facilities due to 
its strength in the inclusivity of varied parameters beyond the 
capacity of facilities. It predicts a level of service from very poor to 
excellent classes and approves the requirement of provision and 
improvement of pedestrian facilities in Megenagna, Mexico, Urael 
Church, and Golagol due to their lower pedestrian level of service. 
Therefore, these sites should get prior attention for better pedestrian 
safety. On the contrary, the better Pedestrian level of service identified 
in Denibel City, Legahare, Torhayloch, and National Theater sites 
approved the presence of better pedestrian facilities for the walking 
population. To improve the safety of the pedestrian, prior attention 
must be given to those sites that have very poor and poor pedestrian 
level of service by the local concerned bodies. Besides, further studies 
are important to evaluate the performance of pedestrian facilities in 
the study corridors and other road corridors.

5 Limitation of the study

The researcher finally identified limitations to be  avoided in 
future works. Primarily, due to the absence of cc cameras along roads 

with high traffic volume for the selected sites, long-term data that can 
help detect the condition of pedestrian facilities was not used. 
Instead, the analysis was based on 6 days peak peak-hour data due to 
a lack of financial and time matters. This study was mainly conducted 
in areas with high pedestrian flow, sidewalk qualities, safety, and 
security concerns, and it does not include overpass and multi-
highway areas. Besides, the perception of pedestrians when evaluating 
facilities was not considered. Therefore, the above gaps should 
be considered in the future studies.
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