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The transport planning is essential to meeting passengers’ needs for fast, safe, and reliable transport. The research goals of this
study are to determine the most suitable mode of transport between predetermined alternatives according the criteria related to
the transport planning. The research method combines GIS analysis, SWOT analysis, BEM method, and PROMETHEE II method
in an integrated approach for decision-making. The methodology is applied to the city of Peshawar city. It includes six steps. First,
a passenger questionnaire is used to establish passenger preferences when making a trip in the city. Secondly, alternative modes of
urban transportation are defined. In the case of Peshawar, the following alternatives are considered: a new BRT service, BRT with
five additional stops, old bus service, wagon, carpooling, and Careem/Uber. Thirdly, there is GIS analysis to investigate the stops of
the BRT alternative transportation. GIS and satellite analysis have been completed for each stop. Fourthly, criteria for the
assessment of urban transport modes are determined based on SWOT analysis. A total of twenty four subcriteria are proposed.
Fifthly, the best-worst method (BWM) which is based on linear programming method is applied to determine the weightings that
should be given to the main criteria and subcriteria. Sixthly, alternative modes of transportation are ranked by applying preference
ranking organization method for enrichment evaluations’ (PROMETHEE II) method. The results show that the main important
criteria greater than 5% are small movement interval: S4 (6%), security: S7 (13%), reliability: S8 (8%), accessibility:01 (15%),
possibility of special services: O2 (5%), possibility of including insurance in the travel tariff: O3 (8%), possibility of the
modernization of the infrastructure: O4 (7%), and environmental pollution: T3 (5%). The implications of this study propose a BRT
service with five additional stops is the best urban transport plan for Peshawar. The originality of this research consists in
integration of a strategic planning technique SWOT analysis, GIS analysis, and multicriteria analysis in complete methodology to
evaluate traveler’s modes priority. The methodology used in this research can be applied to evaluate different transport alternatives
for transport networks worldwide.
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1. Introduction

Transportation planning is essential for meeting passengers’
needs for fast, safe, and reliable transport. It is necessary to
provide good public transport infrastructure for comfortable
journeys, punctuality, and safety. The choice of efficient
transport depends on economic, technological, social, and
other factors. Therefore, the efficiency of different modes of
urban transport should be investigated taking these various
factors into account. The purpose of this study is to evaluate
different modes of urban transport based on passengers’
preferences using research based on a questionnaire and
applying multicriteria analysis, SWOT, and GIS analysis.

The hypothesis of this research is that the passenger
preferences established by survey, the strategic planning
technique criteria to identify strengths, weaknesses, op-
portunities, and threats related to transport process, and the
multicriteria methods have to be taken into account to
evaluate traveler modes priority in urban transport. The
research questions are addressed to the following issues: how
the decision maker to select the appropriate alternative; how
to increase the adequacy of the results.

The methodology is applied to the city of Peshawar.

The urbanization leads to increase in traffic congestion
throughout the world, and it is a fact that expansion in road
capacity cannot keep pace with the rapid growth in travel
demand resulting from increases in population and vehicle
ownership. Hence, some form of regulatory control is
necessary to curtail traffic congestion. In general, whenever
road capacity is increased in urban areas, traffic grows
rapidly due to the release of previously suppressed trips
which are regenerated because motorists now choose to use
private transport at the desired time of travel. The standard
response to solving traffic congestion in the long run is by
increasing road capacity, but the problem is still unsolved
[1]. The expansion of roads will severely affect the travel
reliability, reduce the level of comfort due to congestion, and
reduce safety. Developing countries such as Pakistan are
growing moderately, and many people around the country
are migrating towards cites. Accommodating the increasing
demand of the people is quite challenging for urban planners
and transportation expert. The rapid raising of urban
population upsurges the attraction of car ownership, while
the travel mode is shifting towards collective and sustainable
modes [2].

Peshawar is the provisional capital of Khyber Pak-
htunkhwa, with a population of 2 billion, and 6th largest city
of the country. Due to the safety condition across the region,
the central city of the province has recently seen surge almost
2.5 times in it migrate population, as compare to 2000,
partially due to migration from the remote regions. The
transportation department of the city is in fragile mode,
while the population already menaces the tough challenges
to the city administration [3]. Due to lack of planning de-
velopment, the city is bleeding from many serious issues
such as congestion, traffic delays, longer travel time, and
dependency on private vehicle. Road blockage due to pro-
tocol is a daily routine for the city inhabitants, which destroy
the sake to the historical city. In the current situation, urban
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transport is still served by obsolete modes of transport, such
as those with little transport capacity, which cause con-
gestion in the big city and pollute the environment. The
motivation of this research is to prove that the Peshawar city
has a need to reorganize public transport by introducing
modern fast and convenient modes transport, such as BRT,
the introduction of new stops for BRT to meet the needs of
transport services.

The questions put during the survey were designed to
evaluate the following:

(i) How did passengers’ rate the BRT service with
regards to reliability, comfort, and safety and what
did they regard as an affordable price per stop?

(ii) Did different categories of people in Peshawar have
different preferences?

(iii) Are people willing to pay extra, and for what? With
regard to where the buses stop, what are the con-
cerns of homeowners with respect to privacy and
investors with respect to their businesses? (Pesha-
war is one of the leading cultural provinces of
Pakistan-even religion takes second place to cultural
norms).

Multicriteria analysis is an appropriate method for
taking decisions in transport planning. The present research
proposes an integrated approach based on a questionnaire
completed by passengers, multicriteria analysis, SWOT
analysis, and GIS analysis for selection of the best transport
mode for urban passenger transport. The GIS analysis is
applied to investigate the stops of the BRT service. The
SWOT analysis defines the criteria into the SWOT group’s
strengths, weaknesses, opportunities, and threats related to
different modes of transport in the city. The multicriteria
approach is used to determine the weight that should be
given to particular criteria and how to rank the alternatives.
The benefits of combination of GIS analysis, SWOT analysis,
and BWM method consists in taking into account criteria for
strategic planning, increasing the accuracy in defining the
criteria through GIS analysis, and selecting the most ap-
propriate alternative by taking into account a set of criteria
affecting the transport process.

The study is focused on travelers’ preferences among
different transportation systems, their attitudes to existing
services, to the newly built Bus Rapid transit (BRT) and car-
sharing (carpool) and (Careem). It aims to investigate the
punctuality, comfort, and safety of these services drawing on
the results of a questionnaire devised for that purpose.

It should be noted that some authors only define the
criteria in SWOT groups, while other authors additionally
determine the weights of the criteria using multicriteria
analysis methods. The novel contribution of this paper is the
elaboration of a methodology for assessing of transport
modes in urban area taking into account the SWOT criteria
and multicriteria analysis.

The structure of the paper is as follows. Section 2
presents a literature review. Section 3 constructs a research
methodology. Section 4 presents the results and discussion.
Finally, the conclusions are presented.
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2. Literature Review

Different multicriteria methods and criteria are used to
choose the mode for transportation. Different studies have
been conducted to analyze travel time reliability [4] comfort,
safety, and services [1]. Many studies have considered safety
[5, 6] to be the most important parameter for public
transportation in respect of willingness to travel. Others have
considered comfort [7].

Some new studies addressing the most suitable mode of
transport and multicriteria methods are elaborated by
[8-10]. Laberinti et al. [8] elaborated a novel approach for
solving fully intuitionistic fuzzy multiobjective fractional
transportation problem. In the proposed model, because of
the change of market policies, the authors used trapezoidal
intuitionistic fuzzy numbers for the transportation charge,
the shipped quantity, the supply, and the demand param-
eters. Mokhtari and Hasani [10] presented a multiobjective
optimization model for a cleaner production-transportation
planning problem in manufacturing plants. The fuzzy goal
programming has been adopted and heuristic algorithms
were designed. The model allows to determine cost-effective
production level, inventory level, back-order level, overtime
and subcontract productions, and transportation and pro-
duction modes, so as to reduce green-house gas emissions,
industrial wastes, noise pollutions, workers’ damage, and
energy consumption. Koohathongsumrit and Meethom [9]
proposed a novel integrated framework of fuzzy risk as-
sessment model, data envelopment analysis (DEA), and
multiple criteria decision-making approaches for route se-
lection in multimodal transportation networks. The fuzzy
analytic hierarchy process has been used to determine the
weights of three decision criteria of transportation cost,
transportation time, and overall risk magnitude. A zero-one
goal programming model was used to select the most ap-
propriate multimodal route. The integrated approach has
been tested for multimodal freight transportation route
selection between Thailand and Cambodia.

The best-worst method (BWM) is a multicriteria deci-
sion-making method developed by [11, 12]. It is used to
determine the respective weights of predefined criteria and
to evaluate alternatives to these criteria. BWM uses the most
important criterion called best, and the criterion with the
opposite role, called worst, is identified by the decision
maker to make a pairwise comparison of the decision cri-
teria. The method is based on linear programming to de-
termine the criteria weights. BWM is used in various
decision-making areas such as logistics [13-15], economics
[16], and transport and engineering [17, 18] due to its easy
applicability and reliable results.

SWOT analysis as a strategic planning technique is used
to determine strengths, weaknesses, opportunities, and
threats. Furthermore, a combination of both method-
s—SWOT analysis and AHP—has been used in other re-
search fields and decision-making activities [19, 20]. The
PROMERHEE II method is one of the most frequently used
multicriteria methods to rank alternatives [21, 22]. This
research adopts a combination of methodologies such as
GIS, BWM, PROMERHEE, and SWOT.

The combination of GIS and AHP has been used to
analyze transportation planning, and the connectivity of the
megacities model has been developed and analyzed [1].
Combinations of GIS, AHP, and BWM have also been used
in the field of strategy and management and susceptibility
[23, 24]. Combinations of AHP and BWM have been used by
many researchers to address different applied research
problems [23-25]. Different types of methodology have been
used to address different transportation issues such as MCA
with DEMATEL [26].

3. Methodology

This study presents a new hybrid methodology based on the
combination of questionnaire method, GIS analysis, SWOT
analysis, and BWM and PROMETHEE methods for
selecting the most appropriate mode of urban transportation
for passengers.

The methodology includes the following steps:

(i) Step 1: conducting a passenger survey using a
questionnaire to establish passengers’ preferences
when making a trip to the city.

(ii) Step 2: selection of alternative modes of urban
transportation.

(iii) Step 3. GIS analysis for investigating the BRT al-
ternative stops.

(iv) Step 4: definition of quantitative and qualitative
criteria for the assessment of these alternatives.
This step of the methodology uses SWOT analysis
as a strategic planning technique to identify
strengths, weaknesses, opportunities, and threats
related to a different mode of transport in the city.
The subcriteria for each main criterion of a SWOT
group are defined so as to evaluate the
alternatives.

(v) Step 5: determination of the weight to be given to
each criterion by applying the BWM method.

(vi) Step 6: ranking alternative modes of transportation
by applying the PROMETHEE II method.

3.1. Conducting the Passenger Survey Using a Questionnaire in
Order to Establish Passengers’ Preferences When Making a Trip
in the City

(i) The transportation network of a country contributes
to the economy and stability of the country and
increases travel options for its people and goods. In
Pakistan, there is a dire need of transportation
networks. So, transportation planning must be ro-
bust. In Peshawar, no model public travel mode
exists. Most of the public transportation is moni-
tored, supervised, and run by private transporters.
Peshawar public transportation faces a heap of
problems such as unreliability, no fixed stops, no
time table, high floor mode, old vehicles, and low
travelling speed.



(ii) The questionnaire was devised to investigate demand
for transport in general and the requirements of
passengers in particular. The following target groups
were included in the survey: the business commu-
nity, labourers, engineers, doctors, teachers, and
students. The results for all the target groups are
presented in Table 1.

3.2. Determining Alternative Modes of Transportation.
Five different types of public travel options exist in
Peshawar: old buses (racket buses, wagon, carpooling,
rickshaws (tri-wheeler), Careem/Uber, and BRT [27].

Along the case study route, there are only 5 options,
while rickshaws (tri-wheeler) operate outside the city, which
is why we did not consider that in this research.

The second step includes the following alternative modes
of transportation for Peshawar City:

The service by old bus (racket buses) is the worst mode
of travel used by people who do not have other options. It
provides accessibility to all corners of the city of Peshawar
[27], but it is the least popular mode of transport according
to the questionnaire, and usually due to the traffic viola-
tions by wagons or old buses, there is a gridlock in the city
[28]. The wagon service is the second most used mode of
travel in Peshawar city [29] and is considered better than
the old bus service (racket system). Carpooling is a local
service, which operates on specified routes, where 3 to 4
passengers share their ride. The Careem/Uber service is a
modern way to travel, which can be used from the android
set, and is considered more attractive among those com-
pleting the questionnaire, as the prices are almost the same
as a local taxi, and it offers more security, reliability, and
privacy [30]. The BRT service is the first sustainable
transport project in Peshawar. It facilitates the travel of
around half a million people in the city and is especially
comfortable, safe, affordable, and environmentally friendly
[24].

3.3. GIS Analysis. The GIS analysis was undertaken to check
the planning of stations according to the settlement and
density of the population along with the main road network.
The 100 meter regular grid was generated within a 3 km bufter
area of BRT line to analyze the residential population. Satellite
image analysis was carried out in whole buffer area around
each station to determine the settlement, population density,
settlement hotspots, road density function, and priority graph
[31-33]. Studies use GIS as the best model for transportation
networking, accessibility analysis, and settlement density
[34, 35], spatial distribution and settlement analytics [36], and
the relation of transportation to the built environment [37].
Furthermore, GIS allows the researcher to analyze the spatial
and temporal distribution with respect to land cover and
population [38] and stilt relation with respect to population
and public transportation riders [39] and analyze social
pattern [40].
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3.4. SWOT Analysis. In the fourth step, SWOT analysis is
applied to define the criteria for assessing modes of trans-
portation. The criteria were chosen based on questionnaire
research and additional criteria that are important for
transportation such as security, reliability, environmental
pollution, and noise. These criteria are included as subcriteria
in the following SWOT main groups: strengths, weaknesses,
opportunities, and threats. The strengths and weaknesses are
internal criteria, while the opportunities and threats are ex-
ternal criteria for urban transport mode selection.

The subcriteria for internal strength factors are as
follows.

Internal strengths (IS):

(S1) Dedicated infrastructure, coeff.

(S2) Fixed stops, coeft.

(S3) Average distance between stops, m

(S3) Small movement interval, min

(S5) Stops near residential districts, coeft.

(S6) Stops near the central business district, coeff.
(S7) Security, coeft.

(S8) Reliability, coeff.

The subcriteria for internal weakness factors are as
follows.

Internal weakness (IW):

(W1) High cost of travel for one person, $

(W2) Lack of connectivity to urban infrastructure,
coeft.

(W3) Small number of seats in one vehicle, number
(W4) Low operating speed, km/h

(W5) Long time for travel, min

(W6) Small comfort, coeff.

The subcriteria for external opportunities factors are as
follows.

External opportunities (EO):

(O1) Accessibility, coeft.

(O2) Possibility of special services, coeft.

(O3) Possibility of the inclusion of insurance in the
travel tariff, coeff.

(O4) Possibility of modernization of the infrastruc-
ture, coeff.

The subcriteria for external threats factors are as follows.
External threats (ET):

(T1) Increase in car traffic, coeff.

(T2) Possibilities of traffic congestion, coeft.

(T3) Environmental pollution, coeff.

(T4) Noise, coeft.

(T5) Dependence on mineral oil or imported gas,
coeff.

(T6) Increasing fuel costs, coeft.

The criteria S1, S2, S5, S6, S7, S8, W2, W6, O1, O2, O3,
04, T1, T2, T3, T4, T5, and T6 can take values of 0 or 1. The
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value of a criterion is 1 if the answer is “yes” and the value is 0
otherwise.

3.5. Best-Worst Method (BWM). 'The fifth step is designed to
decide how much weight to give to the different criteria. The
study proposes the BWM method for this purpose. The
methodology of BWM consists of the following steps
(11, 12]:

(i) Step 1: determination of the criteria for de-
cision-making

(ii) Step 2: determination of best and worst

criteria.
In this step, the expert identifies from his
point of view, based on his competence, the
most important, i.e., best criterion, and least
important, i.e., worst criterion.

(iii) Step 3: determination of which criterion
should be preferred over all the others.
Table 2 presents the linguistic scale for
pairwise comparison for BWM.

The scale of pairwise comparison uses
numbers between 1 and 9, where 1 shows that
the compared criteria have the same impor-
tance, while 9 presents extreme importance.

The results best-to-others vector is as follows:

Ap = (aBl’aBZ’ .- '>aBn)> (1)

where ag; is preference of the best criterion B
over criterion j. In this case, agp=1.

(iv) Step 4: determination of the order of
preference of each criterion.

For this purpose, the 1-10 scale of pairwise
comparison is used again. The resulting
Others-to-Worst vector is as follows:

A, = (alw’ Dows -+ > anw)T’ (2)

where a;yy is preference of the criterion j over
the worst criterion W . In this case,

awwayw = L.
(v) Step 5 : determination of the optimal weights.

For this purpose, the following min,,,, model is
formulated:

min m}ax“wB—aBj-wj',|wj—ajW~ww'}, (3)

(4)

M=
\\S
I

.
Il
—_

w; >0,

i forallj=1,...,n, (5)

where w; denotes weights of criteria, j=1,.. ,n.
The model given by formulas (3)-(5) can be solved by
transferring it to a linear optimization model as follows:
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TaBLE 2: Linguistic scale for pairwise comparison for BWM.

Scale Score
Equally important 1
Equal to moderately more important 2
Moderately more important 3
Moderately to strongly important 4
Strongly more important 5
Strongly to very strongly important 6
Very strongly more important 7
Very strongly to extremely more important 8
Extremely more important 9
miné", (6)
|wp - ag;-wj| <&, forallj, (7)
L .
'wj_ajw'ww|sg > fOraH], (8)
n
2wy, (©)
j=1
w; >0, forallj=1,...,n (10)

The model given by formulas (6)-(10) is linear and has a
unique solution. The optimal weights (w],wj3,...,w;) and
optimal value & are obtained. The value & is defined as the
consistency ratio of system. A value close to zero is desired
for consistency.

The received results of the weights can be used to de-
termine the score of the alternatives on the different criteria.

3.6. Ranking the Alternative Modes of Transportation by
Applyingthe PROMETHEE II Method. The weighting placed
on each criterion determined by BWM is used in the
PROMETHEE II method to evaluate the alternatives. This
method applies a comparison of pair per pair of possible
decisions along each criterion. The type of optimization of
criteria has to be set as minimum or maximum. The
PROMETHEE II method also uses a preference function
P (a,b) which depends on a pairwise difference between the
evaluations f j(a) and f j(b)of alternatives a and b for
criterion i. Six basic preference functions have been applied:
usual criterion, quasi criterion, criterion with linear pref-
erence, level criterion, criterion with linear preference and
indifference area, and Gaussian criterion. The main steps of
the PROMETHEE II method are summarised below.

(i) Step 1 : determination of each pair of possible
decisions, and for each criterion the value of
the preference degree.

(ii) Step 2 : determination for each pair of possible
decisions, a global preference index.

(iii) Step 3 : determination of the outranking flows for
each of the alternatives.

In this step, the positive outranking flow
9" (a;) and the negative outranking flow
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FIGURE 1: Peshawar City settlement overlaid with BRT station and route line.

¢~ (a;) are computed. The positive out-
ranking flow expresses by how much each
alternative is outranking all the others. The
negative outranking flow expresses by how
much each alternative is outranked by all the
others.

(iv) Step 4: determination of the ranking of the
criteria for each of the alternatives.

The alternatives are ranked according to the
values of the net outranking flows. The net
outranking flow ¢ (a;) of a; in the alternatives
set m of a possible decision is computed as
the difference between ¢* (a;) and

¢(a;) = 9" (@)= 9(a), (11)

where i=1,...,m denotes number of

alternatives.

For net outranking flow, the following conditions are
valid:

¢(a;) € [-1;1], (12)

> ¢(a;) =0. (13)
i=1

The highest value of the net outranking flow (formula
(13)) shows the best decision.

4. Results and Discussion

4.1. Peshawar City: Main Characteristics. Peshawar is bound
by Mohmand Agency towards Northwest, District Now-
shera towards East, District Charsadda towards North, and

Khyber Agency towards West and South. The Afghan border
is approximately 40 km to the West. Peshawar stands right at
the entrance of the world-famous Khyber Pass and lies
between 33”44 and 34° 15’ North latitudes and 71° 22" and 71°
42' East longitudes. The total area of the district is 1,216.17
square kilometres and comprises of 92 Union Councils and
346 village/neighbourhoods councils, as shown in Figure 1.

The city of Peshawar is not only the provincial capital but
also the mega city of the province. District Peshawar still has
predominantly rural characteristics, where agriculture and
allied sectors occupy around two third (64.42%) of the land
mass, followed by the vacant land (11%), rural settlements/
villages (9%), urban residentiary (5.73%), water bodies
(3.87%), and roads/railway/terminals (3.34%). The pop-
ulation of Peshawar is about 2 billion.

4.2. Passenger Survey Using a Questionnaire for Peshawar City.
The self-structured (specially devised) questionnaire was
filled in by travelers, as shown in Table 2 and Figures 2 and 3.

The following target groups were included in the survey:
the business community, labourers, engineers, doctors,
teachers, and students. 100 people were interviewed in each
group. The total number of interviewees was 600. The
questionnaire contained 15 questions related to the BRT
system, time, comfort, safety, special services, and stops. The
answers indicated that the following were the most im-
portant criteria: time (78% answer yes), reliability (69%
answer yes), comfort (88% answer yes), safety (84% answer
yes), and fares (59% of the passengers do not want fares to
increase). These results were used as a basis for defining the
criteria in the third step.

4.3. GIS Analysis for Peshawar. GIS analysis was done for the
city of Peshawar, taking into account settlement area,
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settlement density, vegetation, road line network with BRT
station and locations, and line density functions figures
generated while using road line data, as shown in Figures 1
and 4-7.

In this settlement mapping procedure, we have used
Sentinel-2 satellite images on 25th December 2019 and

downloaded them from the USGS website (https://
earthexplorer.usgs.gov/). We have layer stacked the blue
(B2), green (B3), red (B4), and near-infrared (B8) bands
which retain 10-meter resolution [41, 42]. The supervised
classifications were executed over the satellite data (Figure 1)
to highlight the settlement and finally used to evaluate the
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100 meter polygon vector grid. The mean settlement density
percent (100% means the grid is fully settlement whereas 0%
means there is no settlement) was brought into the polygon
vector grid, as shown in Figure 4. This polygon vector
settlement density percent grid was converted to point file to
create a settlement raster hotspot, as shown in Figure 5 by
Kernel density (spatial analysis) which calculates magnitude
per unit area. The road network data of Pakistan were
downloaded from the website (https://download.geofabrik.
de/asia.html). Road line data (Figure 6) were used to create a
road raster hotspot map (Figure 7) using line density (spatial
analysis) which calculates a magnitude per unit area from
road polyline features. The priority of the 31 BRT-stations

(point vector file) was evaluated based on the population
proxy raster hotspot of road and settlement. Two columns
were created in vector point file and the hotspot raster value
was extracted and rescaled. The final priorities of all points
were calculated as the average of the two column values for
each BRT-station given in Figures 8 and 9.

The study analyzes the BRT stations on the basis of the
settlement area and road density, through the ranking
system adopted to determine the expected passenger de-
mand on each station. The values received from road hotspot
(Figure 7) and settlement hotspot (Figure 5) show that BS-6,
BS-5, BS-7, BS-4, BS-8, BS-3, and BS-9 have higher ranking
in terms of settlement, as shown in Figures 8 and 9 and
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Table 3, while from Figures 1 and 4-7, it can be seen that
those stations currently have a higher settlement and that
there will be high passenger demand.

4.4. Determination of the Weighting of Criteria Using BWM.
The group of seven experts gave an overall rating using the
scale of Table 2, who are specialists with long experience in
transport by academia (3 experts) and specialists by urban
transport administration (4 experts). First, a pairwise
comparison was made for the main criteria. The criterion
strengths (IS) were selected by the experts as the best criteria
and the criterion weaknesses (IW), respectively, as the worst
criteria. Table 4 presents a pairwise comparison for the best

and the worst criteria. The same procedure of assessment of
the criteria was applied to the subcriteria of each main
group. The criterion Security (S7) was determined as the best
and the criterion dedicated infrastructure (S1) as the worst
for the subcriteria of the main group costs. Table 5 shows the
assessment of the experts.

The criterion low operating speed (W4) was defined as the
best and small comfort (W6) as the worst for the subcriteria of
the main group internal weaknesses (IW). Table 6 presents the
assessment of the experts for this main group. The criterion
environmental pollution (T3) was defined as the best and
noise (T4) as the worst for the subcriteria of the main group
external threats (ET). Table 7 presents the results. The cri-
terion accessibility (O1) was defined as the best and the
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TaBLE 3: BRT stations ranking system.

BRT stations Hotspot raster value from road Hotspot raster value from settlement Priority (average of settlement and road) Ranking

BS-1 52.6 63.7 58.1 22
BS-2 56.7 70.9 63.8 17
BS-3 66.2 96.2 81.2 6
BS-4 77.0 93.7 85.4 4
BS-5 90.6 100 95.3 2
BS-6 100.0 97. 98.6 1
BS-7 98.8 97.2 93.6 3
BS-8 92.2 88.3 84.2 5
BS-9 85.2 76.1 78.3 7
BS-10 73.3 71.4 76.4 8
BS-11 68.5 72.9 70.7 14
BS-12 67.2 39.1 53.1 25
BS-13 66.1 334 49.7 27
BS-14 67.4 374 52.4 26
BS-15 69.1 76.1 72.6 10
BS-16 68.1 25.0 46.5 30
BS-17 64.9 29.0 46.9 29
BS-18 60.1 59.3 59.7 20
BS-19 50.4 65.0 57.7 23
BS-20 50.2 77.2 63.7 18
BS-21 58.8 79.4 69.1 16
BS-22 62.1 58.7 60.4 19
BS-23 65.4 42.7 54.0 24
BS-24 61.5 27.4 44.5 31
BS-25 63.5 54.7 59.1 21
BS-26 73.4 73.1 73.2 9
BS-27 82.8 61.4 72.1 12
BS-28 91.4 50.3 70.9 13
BS-29 99.2 45.9 72.5 11
BS-30 86.3 54.7 70.5 15
BS-31 67.7 30.2 49.0 28
TaBLE 4: Main criteria-pairwise comparison vector.

Criteria Best/worst criteria Strengths (IS) Weaknesses (IW) Opportunities (EO) Threats (ET)
Best to others Best: strengths (IS) 1 6 1 3
Others to the worst Worst: weaknesses (IW) 7 1 4 2

criterion possibility of modernization of the infrastructure
(0O4) as the worst for the subcriteria of the main group ex-
ternal opportunities (EO). Table 8 presents the results.

To solve the linear optimization given by formulas (3)-(10),
SOLVER in EXCEL was used. Table 9 presents the results. It
can be seen that the weightings of the main criteria internal
strengths (IS) and internal weaknesses (IW) are the greatest.
The local weightings for each group and the global weightings
of the criteria are determined. The local weightings show the
weighting of each subcriterion in the respective group of the
main criterion. The global weightings rank all the subcriteria
taking into account the weightings of the main criteria.

The values of consistency & for the main criteria and
subcriteria are shown in Table 10. It can be seen that these values
are close to zero, which shows a high degree of consistency.

4.5. Ranking the Alternative Modes of Transportation. The
PROMETHEE Method has been applied to choose the best
alternatives. Table 11 presents the values of the subcriteria
and the type of optimization for each criterion.

The visual PROMETHEE software was used [43]. Figure 10
presents the results in two parts. The first part shows the
ranking according to net outranking flows, and the second part
presents the values of the subcriteria. It can be seen that the best
alternative is a BRT with 5 new stops. The main important
criteria over 5% are small movement interval: S4 (6%), security:
S7 (13%), reliability: S8 (8%), accessibility: O1 (15%), possibility
of special services: O2 (5%), possibility of inclusion of insurance
in the travel tariff: O3 (8%), possibility of modernization of the
infrastructure: O4 (7%), and environmental pollution: T3 (5%).
The results are similar to those given by the answers in the
questionnaire, where passengers indicated that the most im-
portant criteria are reliability, comfort, safety, and fares.

Figure 10 shows that the main important criteria for
strengths’ group are the security and the reliability. The
criteria that are more important in the weaknesses’ group are
the operating speed and the time of travel. The criteria
accessibility and the possibility of inclusion of insurance in
the travel tariff are more important for the opportunities
group. The criterion environmental pollution is the more
important for the threats’ group.
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TaBLE 5: Internal strengths (IS)-pairwise comparison vector.

Criteria Best/worst criteria S1 S2 S3 S4 S5 S6 S7 S8
Best to others Best: security (S7) 7 6 4 3 5 5 1 2
Others to the worst Worst: dedicated infrastructure (S1) 1 3 3 7 5 5 7 6

TaBLE 6: Internal weaknesses (IW)-pairwise comparison vector.

Criteria Best/worst criteria W1 W2 W3 W4 W5 W6
Best to others Best: low operating speed (W4) 4 3 5 1 1 3
Others to the worst Worst: small comfort (W6) 4 3 1 5 4 3

TaBLE 7: External threats (ET)-pairwise comparison vector.

Criteria Best/worst criteria T1 T2 T3 T4 T5 T6
Best to others Best-environmental pollution (T3) 3 2 1 3 2 2
Others to the worst Worst: noise (T4) 3 2 4 1 4 3

TaBLE 8: External opportunities (EO)-pairwise comparison vector.

Criteria Best/Worst criteria 01 02 03 04
Best to others Best: accessibility (O1) 1 3 2
Others to the worst Worst: possibility of modernization of the infrastructure (O4) 3 1 2 1

TaBLE 9: Weights of main criteria and subcriteria.

Main Criteria Weight Subcriteria Local weight Global weight
S1 Dedicated infrastructure, coeft. 0.03 0.013
S2 Fixed stops, coeff. 0.07 0.028
Average distance between stops, m 0.10 0.042
Small movement interval, min 0.13 0.056
Internal strengths (IS) 0.42 Stops near to residential districts, coeff. 0.08 0.033
Stops near to central business district, coeff. 0.08 0.033
Security, coeff. 0.31 0.130
Reliability, coeff. 0.20 0.083
W1 High cost for travel for one person, $ 0.10 0.007
Lack of connectivity to urban infrastructure, coeff. 0.13 0.009
Small number of seats in one vehicle, number 0.05 0.003
Internal weaknesses (IW) 0.07 Low operating speed, km/h 0.32 0.022
Long time for travel, min 0.27 0.019
Little comfort, coeff. 0.13 0.009
01 Accessibility, coeff. 0.43 0.150
. Possibility of special services, coeff. 0.14 0.050
External opportunities (EO) 0.3 Possibility of inclusion of insurance in the travel tariff, coeft. 0.24 0.083
Possibility of modernization of the infrastructure, coeff. 0.19 0.066
T1
Increase in car traffic, coeff. 0.12 0.019
Possibilities of traffic congestion, coef. 0.18 0.029
External threats (ET) 0.16 Environmental pollution, coeff. 0.28 0.045
Noise, coeff. 0.06 0.011
Dependence on mineral oil or imported gas, coeff. 0.18 0.029
Increasing fuel costs, coeff. 0.18 0.029

It could be seen that the BRT service is the more suitable ~ contribute to the improvement of the transport service in the
alternative. The first position has the BRT alternative with 5 city. The second position has the BRT system in current
new stops. The introduction of the proposed new stops will  situation. The both positions show that the BRT is the best
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TaBLE 10: Values of consistency for main criteria and subcriteria.

Criteria Main criteria IS W EO ET
& 0.069 0.089 0.085 0.047 0.079

TaBLE 11: Values of the criteria (type of optimization).

Alternatives
Al A2 A3 A4 A5 A6

Criteria Type of optimization

Internal strengths (IS)

S1 Dedicated infrastructure, coeff. 0 0 0 0 1 1 Max
S2 Fixed stops, coeff. 0 0 0 0 1 1 Max
S3 Average distance between stops, m 400 400 400 400 800 600 Min
S4 Small movement interval, min 10 3 3 7 3 3 Min
S5 Stops near to residential districts, coeff. 1 1 1 1 0 1 Max
S6 Stops near to the central business district, coeff. 1 1 1 1 0 1 Max
S7 Security, coeff. 0 0 0 1 1 1 Max
S8 Reliability, coeff. 0 0 0 1 1 1 Max
Internal weaknesses (IW)
W1 High cost for travel for one person, $ 0.2 0.3 0.4 2 0.2 0.2 Min
W2 Lack of connectivity to urban infrastructure, coeft. 0 0 0 0 1 0 Min
W3 Small number of seats in one vehicle, number 35 15 5 4 60 60 Max
W4 Low operating speed, km/h 18 32 40 50 55 55 Max
W5 Long-time of travel, min 109 72 60 47 51 53 Min
W6 Low comfort, coeff. 1 1 1 0 0 0 Min
External opportunities (EO)
01 Accessibility, coeff. 0 0 0 1 1 1 Max
02 Possibility of special services, coeft. 0 0 0 1 1 1 Max
03 Possibility of inclusion of insurance in the travel tariff, 0 0 0 1 1 1 Max
coeff.
04 Possibility of modernization of the infrastructure, 0 0 0 0 1 1 Max
coeff.
External threats (ET)
T1 Increase in car traffic, coeff. 1 1 1 1 0 0 Min
T2 Possibilities of traffic congestion, coeff. 1 1 1 1 0 0 Min
T3 Environmental pollution, coeft. 1 1 1 1 0 0 Min
T4 Noise, coeff. 1 1 1 1 0 0 Min
T5 Dependence on mineral oil or imported gas, coeft. 1 1 1 1 0 0 Min
Té6 Increasing fuel costs, coeff. 1 0 0 0 0 0 Min

Carpooling Old bus service

BRT-5 new stops

13% 15%

8% 8% 79
19 3% b6 o 3% 3% . B 1% 1% 0% 2% 2% 1% l = -M 2% 3% 2% 1% 3% 3%
25 2%

S1 S2 S3 S4 S5 S6 S7 S8 W1 W2 W3 W4 W5 W6 01 02 03 04 T1 T2 T3 T4 T5 Té6

FiGUure 10: Range of alternative transport modes and weightings of criteria in the visual PROMETHEE software.
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TaBLE 12: Stability intervals.

o Lower Upper s Lower Upper s Lower Upper s Lower Upper
Criterion it (%) limit (%) SO Jimit 96)  limit %) SN Jimie %) limit (%) CTUO fimit (%) limit (%)
S1 0 100 W1 0 100 o1 0 100 T1 0 100
S2 0 100 W2 0 100 02 0 100 T2 0 100
S3 0 28.63 W3 0 100 03 0 100 T3 0 100
S3 0 100 W3 0 100 04 0 100 T3 0 100
S5 0 100 W5 0 46.14 T5 0 100
S6 0 100 W6 0 100 T6 0 100
S7 0 100
S8 0 100

mode of transport for Peshawar city. These results coincide
with the answers in the questioners, where passengers prefer
BRT mode of transport. The ranking shows that the service
by old bus is the worst mode of travel. In current situation,
this mode is used by people who do not have other options.
The service Careem/Uber is ranked third. This transport
mode is assessed also as more attractive since carpooling,
wagons, and old buses prices are almost the same as a local
taxi, and it offers more security, reliability, and privacy. The
wagon, carpooling, and old buses have negative outranking
flows according Figure 10. The wagon service is the second
mode to travel in Peshawar city and is considered better than
the old bus service and the carpooling. In current situation,
carpooling is a local service, which operates on specified
routes, where 3 to 4 passengers share their ride.

The stability intervals of changing the weightings of the
criteria in which the optimal solution is retained are shown
in Table 12. Most criteria have wide limits of variation. The
criteria average distance between stops (S3) and long time
for travel (W5) have relatively small limits of variation. This
means that both criteria affect the ranking. The criterion
average distance between stops has a stronger influence, as
its limits of change are smaller compared to the criterion
long time for travel.

5. Conclusion

This research uses a combination of GIS Analysis, SWOT
Analysis, BWM method, and PROMETHEE II method to
determine the most suitable mode of transport between
predetermined alternatives. A methodology that combines
SWOT analysis with BWM and PROMETHEE methods is
the main contribution of this paper. Using a survey con-
sisting of 15 questions related to the BRT system, six groups
and 600 participants demonstrated that time, comfort,
safety, special services, and stops are the main factors related
to transport preference. SWOT analysis is used to determine
the main factors such as strengths, weaknesses, opportu-
nities, and threats for the selection of the best mode of
transport for passenger city transport. The subcriteria for
each main criterion of each SWOT group are defined. The
proposed criteria are important for transport companies and
passenger requirements. The weightings of the main SWOT
criteria and subcriteria have been determined by applying
the BWM method. It is found that the main importance of
the SWOT group is that it has the strengths of group criteria

(0.42) and opportunities (0.35). It is found that the main
important features that over 5% of all the subcriteria have are
a small movement interval: S4 (6%), security: S7 (13%),
reliability: S8 (8%), accessibility: O1 (15%), the possibility of
special services: O2 (5%), the possibility of including in-
surance in the travel tariff: O3 (8%), the possibility of
modernization of the infrastructure: O4 (7%), and envi-
ronmental pollution: T3 (5%). Five alternatives for trans-
portation in Peshawar have been compared. GIS analysis has
been applied to investigate the stops for the BRT system. Five
new stops are proposed. The study produces a ranking of
alternative modes of transportation for Peshawar and shows
that the BRT system with five new stops is the best alter-
native. The application of the proposed transport plan with
five new stops for the BRT system will increase the satis-
faction of the transport needs of the urban passengers. This
research proves that the Peshawar city has a need to reor-
ganize public transport by introducing modern fast and
convenient modes transport, such as BRT, and also to
improve the transport services by introducing the new stops
for BRT system.

The originality of this research consists in integration of
a strategic planning technique SWOT analysis, GIS analysis,
and multicriteria analysis in complete methodology to
evaluate travelers’ modes priority. The methodology used in
this research can be applied to evaluate different transport
alternatives for transport networks worldwide. The meth-
odology developed in this study could be used to investigate
modes of transportation in other cities worldwide.
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