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Abstract
Urban transportation is considered one of themain sources of Greenhouse Gas (GHG) emissions.
Therefore, there has been an essential need to develop a sustainable transportation system that could
mitigate the environmental impacts by using high-capacity transportationsmodes, such as public
buses. This study has aimed to assess the expected sustainability of the public bus sector inWestbank,
Palestine, in case of developing this sector and increasing the number of buses tomeet theminimum
global requirements (number of buses/1000 population), by developing predictionmodels for
number of buses and passenger cars. Then, the expected reduction in total travelled kilometers by
passenger cars has been quantified. After that, the expected reduction inGHGemissions has been
determined and the effects on traffic congestion have been investigated. After analyzing the results, the
study has concluded that the public bus transport sector in Palestine suffers from the lack of number
of buses compared to the number of population, with a value of 0.38 bus/1000 population, which is
considered one of the lowest values among theworld’s countries.Moreover, by increasing the number
of buses tomeet theminimumglobal requirement, there has been a significant expected reduction in
CO2 emissions (94,628.56 ton) compared to the total CO2 emissions fromother sectors in Palestine,
and there has been an expected reduction in traffic congestion up to 5.84%.

1. Introduction

Urban transport has played a key role in the proper functioning of the city, satisfying the communication needs
of city inhabitants, trading development, and enhancing societies in general. The rapid development of the
urban areas during the last two decades has led to a continuous increasing demand on public transportation
systems,more specifically the high-capacitymodes of transportation such as bus and subway [1].

As a result of the rapidurbanization,more energyhas been consumedby the transportation systems and
therefore, several environmental problemshave arisen, such as the continuous increasing ofGreenhouseGas
(GHG) emissions.Due to expected shortage of fossil fuel and the urgent need to reduceGHGemissions, huge
investments and intensive efforts have beenmade inorder to develop sustainable urban transportation systems [2].

Generally, there are several differentmodes of urban transportation. Someof themare environment friendly
and the othersmay contribute to environmental pollutions, noise, and life difficulties for residents due to
congestions.Usingnewvehicles technologies andhigh-capacitymodes of transport, such as subway andbuses have
beenwidely applied as a solution in order to reduce congestions, energy consumption, andGHGemissions [3].

In developing countries, public bus transportation system is considered one of themost preferable
sustainable systems that can provide service to a large number of users due to the high capacity of this system, less
GHGemissions, energy consumption compared to other alternative systems like taxis. However, the fuel
consumption of a public transport bus depends on several different factors, such as speed, acceleration and
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decelerationmodes, stopping times at bus stops, and number of passengers; the public bus transportation
systems is still relatively an efficient solution that is usedwidely in themost populated cities around the
world [4].

Despite of the expected environmental benefits of the public bus services, the number of passengers has
decreased in some regions, because private cars can provide a higher quality of transport.Moreover, the demand
for public bus services is not constant during the day or even theweek, which in turnmakes problems for
transport carriers because they have to decide for vehicles capacity planning [5]. Therefore,making public
transportation convenient can be a goodway for transportation planners to increase the ridership by applying
several techniques, such as dedicated lanes, reducing travel time, and fixed predictable schedules [6].

In Palestine, due to the years of Israeli occupation and unstable socio-economic status, the public bus sector
has not been developed for decades, and this can be recognized from the number of registered buses, which is
around 1100 buses inWestbank, Palestine, that has a population ofmore than 3million [7].Moreover, there has
been no noticeable increase in number of buses during the last 5 years, due to the lack of investments in this
sector, since it ismanaged by few companies, which aremainly family-owned companies. Therefore, currently,
there is an intensive effortmade by the government in order to restructure and rehabilitate this sector and to
increase the number of public buses to satisfy the demand tomatch theminimum local and global requirements.
Therefore, this study aims to assess the expected sustainability of the public bus sector in case of developing this
sector and increasing the number of buses tomeet theminimumglobal requirements (minimumnumber of
buses/1000 population), by quantifying the expected reduction inGHGemissions, total traveled kilometers by
passenger cars, and the expected effects on traffic congestion.

The rest of the article introduces the literature review section, which includes the relevant global studies.
Then themethodology section, which includes the applied processes and the developed predictionmodels, is
introduced. After that, the data have been analyzed and the results have been presented. Finally, the article ends
with a discussion of the results and the conclusions and recommendations.

2. Literature review

Despite the fact that public bus transport system is one of themain sustainable transportation systems that lead
to less traffic congestion andGHGemissions, in Palestine, the future of this sector has not yet been investigated
by any comprehensive study.However,many global studies have addressed the sustainability and the
implications of this sector.

One of these studies has been conducted in Sweden byAmmenberg and Sofia [8] in order to assess the
implications of different bus technologies. The study has introduced and developed amultiple-criteria
assessmentmethod, which consists of twelve indicators and 4 key areas. Thismethod can be used to select the
best transport or fuel technology that can be used in the future.Moreover, the study has indicated that there is a
need for a smart combination of technologies that could achieve the suitability in bus transport sector.

Another study has been conducted byNanaki et al [9] in order to assess the environmental impacts of nine
European public bus systems. The study has investigated the factors that affect the amounts of producedGHG
emissions by diesel andCNGbus fleets in the European cities under the study. As a result of this study, the
environmental benefits of using these different 9 systems have been determined in terms of CO2, CO,HC, PM,
andNOx emissions reductions.

In Japan, a study byAbe [10] has been conducted in order to quantify the potential benefits of autonomous
buses. The study has provided an overview of the impacts of introducing autonomous buses onmetropolitan
transport systems by determining the cost of travel. The study has investigated the factors that affect the vehicle
costs, the labor costs, and the stress reduction for private car users. The study has concluded that bus automation
ismore flexible and could benefitmetropolitan residents and transit industry.

In Shenzhen, China, a study byWang et al [11] has been conducted in order to assess the effects of the quality
of bus service on passengers’ taxi-hiring behavior based on the records fromGlobal Position Systems (GPS)
equipped taxis and buses. In this study, nonparametric, semiparametric, and parametricmodels have been
developed. The study has indicated that headway, bus speed, and stoppage time have been themain factors
affecting passengers’ taxi-hiring behavior.

In Brazil, a study has been conducted by Leichter et al [12] in order to determine the expected environmental
impact of the public bus transportation systembased on different scenarios. For this purpose, the current and
the future environmental profiles have been defined, by considering a case study of PortoAlegre public transport
system. The results of the study have indicated that, although the transportation systemmanagement relies on
themunicipalities, the significant environmental impacts dependmainly on the national policy for using
biodiesel, whichmay lead to an increase inCO2 emissions up to 9.4% in 2030.
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InMichigan, United States, a study byMerlin [13]has been conducted in order to investigate the cost and the
environmental implications of shared taxis and conventional bus transit. Three different scenarios have been
compared in this study. Thefirst one is the conventional bus transit, the second scenario consists of an
automated taxi system that allows only one passenger at a time, and the third scenario consists of an automated
tax systemwith up to four passengers. The results of the study have showed that the automated shared taxi
system could provide a higher level of service at lower cost.

In Europe, Iwan et al [14] investigated the status and attempts of improvement of electricmobility in urban
freight and logistics. The study presented the potential for the development and implementation of electric
vehicles in urban logistics, based on the realized activities by ElectricUrban Freight and Logistics (EUFAL).

Silvestri et al [15]has conducted a study in order to evaluate baseline values for the introducedKey
Performance Indicators (KPIs) in the electro-mobility sector. The suggested approachmakes use of data
acquired fromdifferent sources, such as questionnaires and surveys; comparing themwith existing data in
similar context to estimate KPIs baseline values.

In Rome, Italy, a study byCarrese et al [16]was conducted in order to analyze the accessibility of urban
freight transport with electric vehicles. In this study, an aggregate approach to the freight system, transport
supply, and transport demandwas introduced.

However, numerous studies have addressed the sustainability of the public buses systems around theworld
and have determined the cost and environmental implications of these systems compared to other transit and
taxis systems, but in Palestine this issue has not yet been addressed by any comprehensive study. Therefore, this
study has been conducted in order to assess the sustainability of public buses system and to determine towhat
extent the environmental implications of this system are significant. In this study, two predictionmodels have
been developed in order to determine the expected number of passenger cars and buses during the next 15 years.
Next, the expected total annual traveled distances by passenger cars and buses have been collected. After that, the
expectedGHGemissions for passenger cars and buses have been determined based on two factors. Finally, the
expected reduction inGHGemissions and the potential effects on traffic congestion have been determined
considering the normal growth rate for both passenger vehicles and buses and the increase in number of buses
due to the application of new government policies in order to reconstruct and develop the public bus transport
sector inWestbank, Palestine. Therefore, the results could be helpful for setting the future strategies and the
policies in this field, since the global results vary from region to region based on several factors such as number of
busfleets, type of fuels, and bus occupancy rate.

3.Data andMethodology

In order to perform this study, data from several sources have been acquired. The data have included the annual
number of registered passenger cars for the period 2004–2020 [17], the annual number of registered buses for
the subject period, the average annual traveled distance by passenger cars [18], the average annual traveled
distance by buses [16], the average emissions factors for buses [19], and the average emission factors for
passenger cars inWestbank, Palestine [20].

Based on the historical data for annual number of registered passenger cars and buses inWestbank,
Palestine, two predictionmodels have been developed in order to determine the expected number of passenger
cars and buses during the next 15 years. Next, the expected total annual traveled distances by passenger cars and
buses have been collected. After that, the expectedGHGemissions for passenger cars and buses have been
determined based on two factors, considering the normal growth rate for both passenger vehicles and buses and
the increase in number of buses due to the application of new government policies in order to reconstruct and
develop the public bus transport sector inWestbank, Palestine. Finally, the expected reduction inGHG
emissions and the potential effects on traffic congestion have been determined, as shown infigure 1.

3.1. Buses andpassenger cars predictionmodels
Based on the collected data for number of passenger vehicles and buses for the period of (17 years) 2004–2020 in
Westbank, Palestine [17], two predictionmodels have been developed using Exponential Smoothingmethod in
order to determine the expected number of passenger cars and buses during the next 15 years. The computer
programused in developing the twomodels and obtaining the forecast values for the next 15 years has been the
Statistical Package for the Social Sciences (SPSS).

Exponential Smoothing is a technique used in time series in order to smooth exponentially the data over a
period by assigning either exponentially increasing or decreasingweight to the data values. In thismethod, the
recent time series datawill havemore effect on the predicted values than the farther back data in the prediction
process [1]. Exponential Smoothingmethods aremainly divided in three categories:Winters’Exponential
Smoothing,Holt’s Exponential Smoothing, and Simple Exponential smoothing. If data have no trend or
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seasonal patterns, then Simple Exponential SmoothingMethod is appropriate; if the data exhibit a linear trend,
Holt’s Exponential Smoothing is appropriate; and if the data are seasonal,Winters’Exponential Smoothing is
appropriate. Therefore,Holt’smethodwas used in this study, as illustrated in equation (1) [2, 21].

( )= ++F s mb 1t m t t

( )( )= a + - a +- -s x 1 s bt t t 1 t 1

( ) ( )b b= - + -- -b s s 1 bt t t 1 t 1

Where F is an estimate of the x value at time t+m, st is the smoothed value for year t,m is a value greater than
zero, bt is the best estimated trend at time-specific year t, ,α is the smoothing factor, (0<α< 1) , xt is the
sequence of data , andβ is the trend factor, (0<β< 1).

3.2. Expected total annual traveled distances by passenger cars and buses
By using the predicted future number of buses and passenger cars during the next 15 years (the results of the
predictionmodels) and the average traveled distance for passenger cars and buses inWestbank, the expected
total traveled distances for the next 15 years for passenger cars and buses have been determined by assuming that
the current situationwill continue for the next 15 years without applying any new developing polices and
strategies related to public bus transport sector.

Next, by assuming that the government restructuring and developing planswill be applied to the public
transport sector, and the number of buseswill be increased during the next 15 years in order tomeet the
minimumglobal requirements (minimumnumber of buses/1000 population), the expected total travelled
distances for passenger cars and buses have been determined by considering the expected average occupancy rate
(average number passengers in buses and passenger cars trips).

In order to determine the expected total travelled distances by buses in 2037 in case that the government
restructuring and developing plans are applied to the public bus transport sector, theminimumnumber of buses
required byWorld Bank (number of buses/1000 population) has been used [22]. After that, the increase in the
total travelled distances by buses has been converted to an equivalent reduction (based on number of passengers)
in total travelled distances by passenger cars using the average occupancy factors for buses and passenger cars (a
bus can carry passengersmore than a passenger car does), as shown infigure 2.

3.3. ExpectedGHGemissions by buses andpassenger cars
By using the expected total annual traveled distances by passenger cars and buses during the next 15 years in case
that the current situationwill continue for the next 15 years without applying any newdeveloping polices and

Figure 1.Methodology applied process.
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the average emission factors (gmof emissions/km) for buses and passenger cars in Palestine, the total GHG
emissions have been determined.

Similarly, by using the expected total annual traveled distances by passenger cars and buses during the next
15 years in case that the government restructuring and developing plans are applied to the public transport
sector and the average emission factors (gmof emissions/km) for buses and passenger cars in Palestine, the
expectedGHGemissions have been determined. The emissions determined in this study are based on the
produced amounts of CO2, CO,HC, andNOx gases.

3.4. Sustainability assessment of public bus transport system
Based on the difference between the expectedGHGemissions in case that the current situationwill continue for
the next 15 years without applying any newdeveloping polices and the case that the government restructuring
and developing plans are applied to the public transport sector, the amounts of reduction inGHGemissions
have been determined.

Moreover, based on the expected increase in the total annual traveled distances by buses, the expected
reduction in the total annual travelled distances by passenger cars, and the average value of passenger car
equivalent of buses (the impact of a bus on a road by expressing it as the number of equivalent passenger vehicles
based on traffic density), the effects on the traffic congestion have been determined.

4.Data analysis and results

After analyzing the historical data of the registered passenger cars and buses, two predictionmodels have been
developed in order to predict the number of these vehicles during the next 15 years. Next, the expected total
traveled distances by these types of vehicles have been determined. After that, the expectedGHGemissions have
been determined based on the average emission factors (gmof emissions/km). Finally, the expected
sustainability of the public bus sector has been assessed in case that the government restructuring and
developing plans are applied to the public transport sector.

4.1. Buses andpassenger cars predictionmodels
In order to determine the expected number of passenger cars and buses during the next 15 years, two prediction
models have been developed by using the annual historical records acquired from the PalestinianCentral Bureau
of Statistics [17] for the period 2004–2020. Best-fitHolts Exponential SmoothingModels for predicting number
of buses and passenger cars have been developed using SPSS computer program as illustrated infigures 3 and 4,
respectively.

Based on the values of R-Squaredwhich is ameasure of how amodel fits a dataset andMeanAbsolute
Percentage Error (MAPE)which is the sumof the individual absolute errors divided by the demand for buses
predictionmodel, which are 0.932 (R-Squared greater than 90% indicates a good-fitmodel) and 3.482 (aMAPE
less than 5% is considered as an indication that the forecast is acceptably accurate. AMAPE greater than 10%but
less than 25% indicates low, but acceptable accuracy.Whereas,MAPE greater than 25% indicates very low

Figure 2.Converting traveled distances by buses to equivalent traveled distances by passenger cars.
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accuracy, so low that the forecast is not acceptable ) respectively, the developedmodel has showed an acceptable
prediction accuracy, and therefore, it can be usedwithout reservation, as shown in table 1.

Similarly, the passenger cars predictionmodel has showed an acceptable accuracy, based on the values of
R-Squared andMeanAbsolute Percentage Error (MAPE), which are 0.904 and 17.757, respectively, as shown in
table 2. Therefore, thismodel can be usedwithout reservation, as well.

In order to predict the number of passenger cars and buses after 15 years, the two developedmodels have
been applied and the expected number of vehicles has been determined.More specifically, the expected number
of buses and passenger cars inWestbank in 2037will be around 1637 and 494492, respectively, in case that the
current situationwill continue for the next 15 years without applying any new developing police in public bus
transport sector.

4.2. Expected total annual traveled distances by passenger cars and buses
Based on the results of the predictionmodels for the expected numbers of buses and passenger cars in 2037 and
by using the average annual traveled distances by buses and passenger cars, which are 57100 km/bus/year [18]

Figure 3.Observed and fit values for number of buses predictionmodel.

Figure 4.Observed and fit values for number of passenger cars predictionmodel.
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and 24200 km/passenger car/year [23], the expected total traveled distances by buses and passenger cars in 2037
have been determinedwith the expected values of 93.47 and 11,966.71million km, assuming that the current
situationwill continue for the next 15 years without applying any newdeveloping polices and strategies related
to public bus transport sector.

In order to determine the expected total traveled distances by buses in 2037 in case that the government
restructuring and developing plans are applied to the public bus transport sector, theminimumnumber of buses
required byWorld Bank, which is 1.2 buses/1000 population, has been used [22]. The expected number of
population in 2037 is around 4,100,000 [24]. Therefore, theminimum required number of buses should be
around 4920 buses in 2037. Thismeans an additional increase by 3283 buses (in addition to 1637 buses, which is
the number of buses in the first case in 2037). Therefore, the expected total traveled distances by buses in 2037
will be around 280.93million km.

Likewise, in order to determine the expected total traveled distances by passenger cars in 2037 in case that the
government restructuring and developing plans are applied to the public bus transport sector, the average
occupancy factors for buses and passenger cars with values of 1.7 and 10.7 passenger/vehicle, respectively [23],
have been used, whichmeans that a 1 kmbus trip is equivalent to 6.3 km trips done by passenger cars. Therefore,
the total traveled distances by passenger cars in 2037 should be decreased by 1180.99million km, so the expected
total traveled distances by passenger cars will be about 10,785.72million km. The total traveled distances by
passenger cars and buses in all cases are illustrated in table 3.

4.3. ExpectedGHGemissions by buses andpassenger cars
The expected emissions by buses and passenger cars in 2037 have been determined for the two different cases. In
thefirst case, the current situationwill continue for the next 15 years without applying any new developing
polices and strategies related to public bus transport sector, while, in the second case, the government
restructuring and developing plans are applied to the public bus transport sector).

Table 1.Buses predictionmodel fit statistics and
parameters.

Model
Model fit statistics

R-Squared MAE MAPE

Holt’sModel 0.932 30.622 3.482

PredictionModel Parameters

Parameters Estimate SE t

Alpha (Level) 1.0 0.278 3.603

Beta (Trend) 0.001 0.124 0.007

Table 2.Passenger cars predictionmodel fit statistics and
parameters.

Model
Model Fit Statistics

R-Squared MAE MAPE

Holt’sModel 0.904 19429.08 17.757

PredictionModel Parameters

Parameters Estimate SE t

Alpha (Level) 0.098 0.087 1.124

Beta (Trend) 0.001 0.067 0.001

Table 3.Total traveled distances by buses and passenger cars in 2037.

Case Type of vehicles Number of vehicles

Total traveled distances (million

km/year)

Natural IncreasewithNoApplied Plans Buses 1637 93.47

Passenger Cars 494492 11,966.71

Government Restructuring andDeveloping Plans are

Applied

Buses 4920 280.93

Passenger Cars — 10,785.72
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By using the determined total traveled distances by buses in 2037, and the average emissions factors of CO2,
CO,NOx, andHC for buses, which are 478 [19], 0.933, 1.447, and 0.091 gmkm−1 [20], respectively, the total
emissions by buses in 2037 have been determined.

Likewise, by using the determined total traveled distances by passenger cars in 2037, and the average
emissions factors of CO2, CO,NOx, andHC for passenger cars, which are 156 [19], 1.379, 0.028, and 0.077 gm
km−1 [20], respectively, as shown in table 4, the total emissions by passenger cars in 2037 have been determined,
as shown in table 5.More specifically, average value for buses CO2 emissions factors inNetherlands [19], and
average emissions factor for passenger cars whichwas determined byAmerican Bureau of Transportation
Statistics [20]were considered in this study due to the absence of related data in Palestine.

4.4. Expected sustainability of public bus transport system
The potential environmental benefits of applying the government restructuring and developing plans to the
public bus transport sector can be determined by calculating the difference between theGHGemissions before
and after applying the planned development.More specifically, the expected reduction inCO2, CO, andHC
emissions are 94,628.56, 1,453.68, and 73.89 ton, respectively. In other words, the expected percentages of
reductions are 4.95%, 8.76%, and 7.95%, respectively, whereas, there is an expected increase inNOx emissions
by 238.19 ton. In otherwords, the expected percentage of the increase is about 50.74%.

As a result, a significant reduction inCO2 emissions (94,628.56 ton) is expected compared to theCO2

emissions fromother sectors in Palestine. For example, themanufacturing industries and the construction
sectors produced 83,000 ton of CO2 emissions in 2018 [25].

In order to determine the expected effects on the traffic congestion, the passenger car equivalent for bus
(coefficient that shows howmany passenger cars can replace a bus in terms of traffic density, without any change
in road condition or trafficflow), which is 2.5 [26] for the rolling topography ofWestbank, has been used to
convert all the buses trips to passenger cars trips, as shown in table 5. The results have showed that the total
traveled distances in terms of passenger car equivalencywill decrease from12,200.39 to 11,488.05million km, as
shown in table 6, which is expected to lead to 5.84% reduction in traffic congestion.

Due to the old road infrastructures, narrow right of ways, and absence of the efficient urban planning for
decades of Israeli occupation, it has been difficult tofind any solutions ormeasures to solve the traffic congestion
problems. Therefore, the expected reduction value in traffic congestion is very valuable and it could contribute
with othermeasures to solve relatively the traffic congestion problems.

All the previous values were determined based on the assumption that sources of the increased number of
bus passengers are the passenger cars’ riders.Whereas, in some cases other sources for this increase should be
considered. Therefore, it is worthmentioning that reducing this percentage by 20%due to using buses by
bicyclists and other road users in addition to the passenger car riders could lead to expected reductions inCO2,
CO, andHC emissions by 3.96%, 7.01%, and 6.36%, respectively.Moreover, this could lead to 4.67% reduction
in traffic congestion.

5. Conclusions

The expected sustainability of the public bus transport sector has been assessed based on the government
planned strategies, and by considering the globalminimum required number of buses byWorld Bank
(minimum required number of buses/1000 population). In this study, the potential reduction inGHG
emissions and traffic congestion has been determined after increasing the number of buses tomeet the
minimumglobal requirement. The study has faced several limitations such as the absence of future data related
to new renewable energy technologies that could be used in buses and vehicles since this technology is still widely
unused in Palestine and there are still no any future clear plans related to this new technologymarket.Moreover,
using this technology in the future in both buses and passenger cars could improve the fuel efficiency of both

Table 4.Emissions factors for buses and passenger cars.

Type of

Vehicles
Emissions factors

CO2 (gm
km)−1

CO (gm
km)−1

NOx (gm
km)−1

HC (gm
km)−1

Buses 478 0.933 1.447 0.091

Passenger

Cars

156 1.379 0.028 0.077
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Table 5.Gas emissions by buses and passenger cars in 2037.

Case Type of Vehicles Total TraveledDistances (million kmyear)−1 CO2 (ton) CO (ton) NOx (ton) HC (ton)

Natural IncreasewithNoApplied Plans Buses 93.47 44,678.66 87.21 135.25 8.51

Passenger Cars 11,966.71 1,866,806.76 16,502.09 335.07 921.44

Government Restructuring andDeveloping Plans are Applied Buses 280.93 134,284.54 262.11 406.51 25.56

Passenger Cars 10,785.72 1,682,572.32 14,873.51 302.00 830.50
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Table 6.Total traveled distances by passenger car equivalent.

Case Type of Vehicles

Total TraveledDistances (million km

year)−1

Total Travel Distances (million km -Passenger car

equivalent)
Total (million km -Passenger car

equivalent)

Natural IncreasewithNoApplied Plans Buses 93.47 233.675 12,200.39

Passenger Cars 11,966.71 11,966.71

Government Restructuring andDeveloping Plans are

Applied

Buses 280.93 702.33

Passenger Cars 10,785.72 10,785.72 11,488.05
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buses and passenger cars and keep almost the same percentages of reductions inGHGemissions and potential
benefits regardless to the values. By analyzing the results of the study, the following conclusions could be offered:

• The public bus transport sector in Palestine suffers from the lack of number of buses compared to the number
of population, with a value of 0.38 bus/1000 population, which is considered one of the lowest values among
world’s countries in thisfield, due to the absence of any serious investments, since this sector is traditionally
controlled andmanagedmainly by family-owned companies.

• Due to the old infrastructures, poor urban planning during the decades of Israeli occupation, and the rapid
growth in number of vehicles during the last 10 years, it has become a big challenge tofind efficient solutions
andmeasures in order tomitigate the traffic congestion. Therefore, developing the public bus transport sector
has recently arisen as a reasonable and feasible solution that could contributewith othermeasures to reduce
the traffic congestion.

• The absence of subway and train network in Palestine due to the lack of expertise and poor investmentsmakes
the development of the public bus transport sector themost feasiblemeasure in order to increase the passenger
ridership capacity and to reduce the number of trips travelled by passenger cars and as a result, to reduce the
GHGemissions.

• There is a significant expected reduction inCO2 emissions (94,628.56 ton) compared to the total CO2

emissions fromother sectors in Palestine, such as themanufacturing industries and the construction sectors.

• The expected reduction in traffic congestion is about 5.84%,which is highly considerable in themain
congested cities such asHebron, Ramallah, andNablus.Whereas, it has less effects on the remaining smaller
cities that have less traffic congestion.

• Despite the fact that there are considerable reductions inCO2, CO, andHC emissionswith values up to
4.95%, 8.76%, and 7.95%, respectively, there is an expected increase inNOx emissions by 50.74%,which are
producedmainly by diesel engines and could react with ammonia and other compounds to formnitric acid
vapor and related particles.

• By considering that 20%of the increase in number of bus riders is coming frombicyclists and other road
users, the expected reductions inCO2, CO, andHC emissions could be 3.96%, 7.01%, and 6.36%,
respectively.It is recommended in the future to conduct a comprehensive study that investigates the expected
effects of the bus rapid transit networks on the environment and traffic congestion in themain cities such as
Nablus, Hebron, andRamallah.

• More gas emissions, such asN2O andCH4, are recommended to be addressed in futureworks, since these
gases contribute directly toGHGemissions.

• Life cycle analysis is recommended to be considered in the futurework in addition to the economic and
environmental issues at the operational level in order to present thewhole picture, that could not be addressed
in this study due to the lack of data.
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ORCID iDs

FadyMAHassouna https://orcid.org/0000-0002-7766-3238

References

[1] Hassouna FMAandAssadM2020Towards a sustainable public transportation: replacing the conventional taxis by a hybrid taxi fleet
in thewest bank, Palestine Int. J. Environ. Res. Public Health 17 1–11

[2] Hassouna FMA et al 2021 Energy and environmental implications of using energy-harvesting speed humps in nablus city, palestine
Atmosphere (Basel). 12

[3] Hassouna FMA2022Urban freight transport electrification inwestbank, palestine: environmental and economic benefitsEnergies
2022 15 4058

[4] ŚmieszekMandMateichykV 2021Determining the fuel consumption of a public city bus in urban traffic IOPConf. Ser.:Mater. Sci.
Eng. 1199 012080

[5] Medvid’P,GogolaM andKubaľák S 2020Occupancy of public transport vehicles in slovakiaTransp. Res. Procedia 44 153–9

11

Environ. Res. Commun. 5 (2023) 015001 FMAHassouna

https://orcid.org/0000-0002-7766-3238
https://orcid.org/0000-0002-7766-3238
https://orcid.org/0000-0002-7766-3238
https://orcid.org/0000-0002-7766-3238
https://doi.org/10.3390/ijerph17238940
https://doi.org/10.3390/ijerph17238940
https://doi.org/10.3390/ijerph17238940
https://doi.org/10.3390/atmos12080937
https://doi.org/10.3390/en15114058
https://doi.org/10.1088/1757-899X/1199/1/012080
https://doi.org/10.1016/j.trpro.2020.02.022
https://doi.org/10.1016/j.trpro.2020.02.022
https://doi.org/10.1016/j.trpro.2020.02.022


[6] U.S.Department of Energy 2021Public Transportation (Washington, D.C:U.S. Department of Energy)
[7] PalestinianCentral Bureau of statistics 2021Transport Sector Statistics (Washington,D.C:U.S. Department of Energy)
[8] Dahlgren S andAmmenberg J 2021 Sustainability assessment of public transport, part II -applying amulti-criteria assessmentmethod

to compare different bus technologies Sustain. 13 1–32
[9] Nanaki EA et al 2017 Environmental assessment of 9 European public bus transportation systems Sustain. Cities Soc. 28 42–52
[10] AbeR 2019 Introducing autonomous buses and taxis: Quantifying the potential benefits in Japanese transportation systemsTransp.

Res. Part A Policy Pract. 126 94–113
[11] WangHW, PengZR, LuQC, SunD J andBai C 2018Assessing effects of bus service quality on passengers’ taxi-hiring behavior

Transport 33 1030–44
[12] LeichterM,Hackenhaar I and Passuello A 2021Projections RegardingDifferent Policy Scenarios—AnLCA Study Infrastructures 6 169
[13] Merlin LA 2017Comparing automated shared taxis and conventional bus transit for a small city J. Public Transp. 20 19–39
[14] Iwan S, Allesch J, CelebiD, KijewskaK,HoéM,Klauenberg J andZajicek J 2019 Electricmobility in European urban freight and

logistics—status and attempts of improvementTransportation Research Procedia 39 112–23
[15] Silvestri B, Rinaldi A, RoccotelliM and FantiMP Innovative baseline estimationmethodology for key performance indicators in the

electro-mobility sector 2019 6th Int. Conf. on Control, Decision and Information Technologies (CoDIT), 1367–1372, 2019
[16] Carrese F, Colombaroni C and FuscoG 2021Accessibility analysis for urban freight transport with electric vehiclesTransportation

Research Procedia 52 3–10
[17] PalestinianCentral Bureau of Statistics 2020Transportation Staistics in Palestine (Washington, D.C:U.S. Department of Energy)
[18] KaraeenM,HasanAA,HaniehAA, ZorbaMandAbuhomosMOn-RoadVehicular Emissions Case of Palestine 2021 12th Int. Renew.

Eng. Conf. IREC 2021, no. 2021
[19] LigterinkDNE, vanZyl I P S andHeijneDVAM2016DutchCO2 Emission Factors for RoadVehicles (TNOReport− 2016 R10449)
[20] Research and Innovative Technology Administration 2022Bureau of TransportationNational Transportation Statistics (Washington,

DC:U.S. Department of Transportation)
[21] Makridakis SG et al 2015 Forecasting:Methods andApplications. (NewDelhi:Wiley)
[22] World Bank 2021Number of Buses per 1,000 People (Washington, DC:U.S. Department of Energy)
[23] Hassouna FMAandAl-Sahili K 2020 Environmental impact assessment of the transportation sector and hybrid vehicle implications in

Palestine Sustain. 12 7878
[24] PalestinianCentral Bureau of Statistics 2022 Statistics of Palestine (Ramallah, Palestine: U.S.Department of Energy)
[25] U.S. Department of Transportation 2018Average Vehicle Occupancy Factors for Computing Travel TimeReliabilityMeasures andTotal

PeakHour Excessive DelayMetrics (Washington, DC:U.S.Department of Transportation)
[26] TransportationResearch Board 2010HighwayCapacityManual. (Washington,D.C: U.S.Department of Energy)

12

Environ. Res. Commun. 5 (2023) 015001 FMAHassouna

https://doi.org/10.3390/su13031273
https://doi.org/10.3390/su13031273
https://doi.org/10.3390/su13031273
https://doi.org/10.1016/j.scs.2016.08.025
https://doi.org/10.1016/j.scs.2016.08.025
https://doi.org/10.1016/j.scs.2016.08.025
https://doi.org/10.1016/j.tra.2019.06.003
https://doi.org/10.1016/j.tra.2019.06.003
https://doi.org/10.1016/j.tra.2019.06.003
https://doi.org/10.3846/16484142.2016.1275786
https://doi.org/10.3846/16484142.2016.1275786
https://doi.org/10.3846/16484142.2016.1275786
https://doi.org/10.3390/infrastructures6120169
https://doi.org/10.5038/2375-0901.20.2.2
https://doi.org/10.5038/2375-0901.20.2.2
https://doi.org/10.5038/2375-0901.20.2.2
https://doi.org/10.1016/j.trpro.2019.06.013
https://doi.org/10.1016/j.trpro.2019.06.013
https://doi.org/10.1016/j.trpro.2019.06.013
https://doi.org/10.1016/j.trpro.2021.01.002
https://doi.org/10.1016/j.trpro.2021.01.002
https://doi.org/10.1016/j.trpro.2021.01.002
https://doi.org/10.3390/su12197878

	1. Introduction
	2. Literature review
	3. Data and Methodology
	3.1. Buses and passenger cars prediction models
	3.2. Expected total annual traveled distances by passenger cars and buses
	3.3. Expected GHG emissions by buses and passenger cars
	3.4. Sustainability assessment of public bus transport system

	4. Data analysis and results
	4.1. Buses and passenger cars prediction models
	4.2. Expected total annual traveled distances by passenger cars and buses
	4.3. Expected GHG emissions by buses and passenger cars
	4.4. Expected sustainability of public bus transport system

	5. Conclusions
	Data availability statement
	References



