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1. | Judul artikel ilmiah Judul: J )
. - udul:
The Imp act of Congestion Pricing Scheme on the . The Effect of Congestion Pricing Scheme on the
Generalized Cost and Speed of Motorcycle to the City G .
. eneralized Cost and Speed of a Motorcycle
of Yogyakarta, Indonesia
2. | Pendekatan analisis Komponen biaya transportasi: 2 (dua) buah yaitu Biaya | Komponen biaya transportasi: 3 (tiga) buah yaitu Biaya
Operasional Kendaraan (BOK) dan Biaya Waktu | Operasional Kendaraan (BOK), Biaya Waktu Perjalanan
Perjalanan (BWP). (BWP) dan Biaya Polusi (BP).
Besarnya generalized cost dirumuskan sebagai: Besarnya generalized cost dirumuskan sebagai:
GCj = VOT (time ;) + VOC (dist. ;) GC; = VOT (time;; )+ VOC (dist. ;) + EC (dist. ;)
Ada tambahan satu parameter biaya transportasi yaitu
Externality Cost (EC).
3. | Data kecepatan sepeda motor Kecepatan sepeda motor diambil berdasarkan data waktu Kecepatan sepeda motor diaml?il berdasarkan 'data waktu
tempuh kendaraan. tempuh kendaraan dan survei kecepatan di lapangan
Hasil analisis nilai kecepatan kendaraan: dengan menggunakan alat Speed Gun.
a. Kondisi kecepatan arus bebas : 45,5 km/jam Hasil analisis nilai kecepatan kendaraan:
b. Kondisi aktual di lapangan: 12,50 km/jam. a. Kondisi firee-flow speed : 42,42 km/jam
b. Kondisi aktual saat terjadi kemacetan 10,77
km/jam.
4. | Komponen generalized cost | Generalized cost terdiri dari 2 (dua) komponen biaya | Generalized cost terdiri dari tiga komponen biaya yaitu:
yaitu: 1. Biaya operasi kendaraan (BOK) atau vehicle operating
1. Biaya operasi kendaraan (BOK) atau vehicle operating cost (VOC).
cost (VOC). 2. Biaya waktu perjalanan (BWP) atau travel time cost
2. Biaya waktu perjalanan (BWP) atau travel time cost (TTC)
(TTC) 3. Biaya ekternalitas (externality cost) berupa biaya
polusi (pollution cost).
5. | Persamaan hubungan antara | Tidak dianalisis. Dirumuskan sebagai: y = -0.008V?> + 0.7991V + 9.6933

konsumsi bahan bakar dan
kecepatan sepeda motor

dengan r’ = 0.8299
Dimana y adalah konsumsi bahan bakar (km/liter) dan
V adalah kecepatan sepeda motor (km/jam)
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6. | Nilai waktu pengguna sepeda | Berdasarkan nilai Gross Regional Domestic Product | Berdasarkan nilai Gross Regional Domestic Product
motor (GRDP) penduduk Kota Yogyakarta pada bulan | (GRDP) penduduk Kota Yogyakarta pada bulan Oktober
Desember 2009 sebesar Rp 3.367,55/jam (Sugiyanto, | 2012 sebesar Rp 14.526,42/jam.
2011).
7. | Biaya eksternalitas berupa Tidak dianalisis. Biaya polusi dirumuskan sebagai:
biaya polusi Pollution cost (PC) = Marginal Health-cost (MHC) x
Consumption of fuel (CF)
Pendekatan yang digunakan menggunakan hasil
studi World Bank dimana MHC dalam US cents per
liter dan cents/pass-kilometer.
8. | Besaran biaya generalized Generalized cost pada kondisi aktual sebesar Rp 1.746/trip | Generalized cost pada kondisi aktual (terjadi
cost (terdiri dari BOK sebesar Rp 738/trip dan BWP Rp | kemacetan) sebesar Rp 2.767/trip (terdiri dari BOK
1008/trip). sebesar Rp 669/trip, BWP Rp 1.907/trip dan BP sebesar
Rp 191/trip).
Generalized cost pada kondisi kecepatan arus bebas | Generalized cost pada kondisi free-flow speed sebesar
sebesar Rp 860/trip (terdiri dari BOK sebesar Rp 582 dan | Rp 1.098/trip (terdiri dari BOK sebesar Rp 499/trip,
BWP Rp 278 per trip) BWP Rp 485/trip dan BP sebesar Rp 114/trip).
9. | Besaran biaya kemacetan Biaya kemacetan (congestion cost) bagi pengguna Sepeda | Biaya kemacetan (congestion cost) bagi pengguna Sepeda
(congestion cost) Motor di Yogyakarta adalah Rp 886 per trip. Motor di Kawasan CBD Malioboro, Yogyakarta adalah
Rp 1.669 per #rip.
10. | Jumlah lokasi ruas jalan 12 (dua belas) ruas jalan. 16 (enam belas) ruas jalan (link)
(link) yang dianalisis
11. | Dampak penerapan Dampak penerapan congestion pricing diestimasi | Simulasi dilakukan dengan menggunakan software
Congestion Pricing berdasarkan perubahan kecepatan di setiap ruas jalan. pemodelan  transportasi  Equilibre =~ Multimodal,

Multimodal Equilibrium-2 (EMME-2) software: auto
speeds, auto times.
Seperti ditunjukkan pada Gambar di bawah ini.




mtoolw 2.4 - Copyright (C) INRO Consultants Inc. 1998,
Edt Options Show Help

AUTO SPEEDE (RH/H) em‘(@g

1737 1

R

TaET ERATT Dieerteai Gita oaliacs 1010 T [TRTETrY
HaIe 31 Simiasi rasdecpen 3ieys Kemacatas iz 81
S, gite

12.

Hasil analisis dampak
penerapan congestion pricing

Kecepatan di ruas jalan Malioboro bertambah 1,76
km/jam.

Efek penerapan congestion pricing pada 16 (enam
belas) link berdasarkan hasil simulasi EMME-2:

terhadap kecepatan Made . . ‘rchl.cl.e.speed Difference in  Difference in
N Origin- Nimme of link avud w}— vehicle speed  vehicle speed
kendaraan. Destination directlon aof movement Without  With (/) (%)
pricing  pricing
{1} i) (3) (4 (5) (6} =(5)-(4) (T} =(6)i4)
1 1.4 Pangeran Diponegoro Streer (W-E) 44,85 44 0.9% %
2 4-3 Pangeran Diponzgoro Steat (E-W) 44, B9 046 102 %,
3 6-8 Jenderal Spedirman Sireet (W-E) 4524 073 -1.61 %
4 -6 Jenderal Soedieman Straet (E-W) 45.00 .96 EREL™
5. 6-23 Pangeran Mangkubumi Street 16,16 1.39 3.79%
6. 4.2 Malichoro Streat 3784 226 210 %
7. 25-26  Ahmad Yani Street L9 125 402 %
g 26 - 22 Ahmad Dahlan Swreec (E-W) 4516 026 21,90 %,
@ 13-4 Ahmad Dahlan Street {W-E) 45,83 .58 1279
10 22.91 Bhayangkara Street 028 22TR O
1. 26.37  Pangeran Senopati Street (W-E) -0.40 -2.13
12. 17-26 Pangeran Senopati Street (E-W) 075 -1 1
13. 16 - 35 Mataram Street (3-N) 0.2 0.96 %
14 5. 3§ Mataram Sireet (N-8) 076 251 %,
15. 16 .37 Mayor Suryotomo Srear(W-8) oL ETTL S
16 17-3§ Mayor Suryotomo Streer(8-N) 0.29 072 %
Note: W s west, E i east, § & south, and N is north.
1 Q1 1 1 1 1 1 Generallzed cost
13. | Hasil analisis dampak Biaya transportasi di ruas jalan Malioboro turun sebesar | N of lik and Lengih otk ot \ Generatised A Generatised
penerapan COngQSllOl’t pl”lClng Rp 36 per tl"lp direction movement ikmj) \:::‘J:llln:: p::ltjlzg cost (IR tripy  cost (IDRtripy
; () 2) 4 (3} (8)={5) -{4) (Th=(80(4)
terhadap generahzed COSt . Malioboro Street (N-5) 20692 T33.40 -6.63 %
2. Ahmad Yani Street (N-5) 562.00 52766 A1 %
Sepeda mOtor 3. Jenderal Seedinmuan Street (W-E) 957.39 166
4. Jenderal Seedinman Street (E-W) 95REE iz
3. Pangeran Mangkubumi Street 638.20 -5.84 %
&, [Pangeran Diponegoro Sweet (W-E) 0.686 517.39 -3TE
7. Pangeran Diponegoro Sireet (E-W) 0.688 51738 282 %
& Ahmad Dahlan Street (E-W) 1022 ThE.64 878 114 %
9. Ahmad Dahlzan Street (W-E) 1022 T65.77 612
10. Bhayangkars Street 0.374 52742 -11.87
11. Pangeran Senopari Sireet (W-E) 0.715 55534 -10.17
12. Pangeran Senoparti Street (E-W) 0.715 35460 =112
13, Mataram Sreet (8-N) 0.364 53383 -24.84
14. Mataram Sereet (N-8) 0.364 53337 -13.03
15, Mayor Suryotome Street (N-8) 0.750 59586 530
16, Mayor Suryotome Sreet (8-N) 0.750 59637 -17.40

Nete: Wi west, E 3 east, 5 3 goath, and N i north,
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Abstract

Traffic congestion is one of the significant transport problems in many cities in developing
countries. Increased economic growth and motorization have created more traffic congestion. The
application of transportation demand management like congestion pricing can reduce congestion,
pollution and increase road safety. The aim of this research is to estimate the congestion pricing of
motorcycles and the effect of a congestion pricing scheme on the generalized cost and speed of a
motorcycle. The amount of congestion pricing is the difference between actual generalized cost in traffic
jams and in free-flow speed conditions. The analysis approach using 3 components of generalized costs of
motorcycle: vehicle operating, travel time and externality cost (pollution cost). The approach to analyze
the pollution cost is marginal-health cost and fuel consumption in traffic jams and free-flow speed
conditions. The value of time based on Gross Regional Domestic Product per capita in Yogyakarta City in
October 2012. The simulation to estimate the effect of congestion pricing using Equilibre Multimodal,
Multimodal Equilibrium-2 (EMME-2) software. The results of this study show that while the free-flow
speed of a motorcycle to the city of Yogyakarta is 42.42 km/h, with corresponding generalized cost of
IDR 1098 per trip, the actual speed in traffic jams is 10.77 km/h producing a generalized cost of IDR2767
per trip, giving a congestion pricing for a motorcycle of IDR1669 per trip. Based on the simulation by
using EMME-2, the effect of congestion pricing will increase on vehicle speed by 0.72 to 8.11 %. The
highest increase of vehicle speed occurred in Malioboro Street at 2.26 km/h, while the largest decrease
occurred in Mayor Suryotomo Street at north-south direction at 1.07 km/h. Another effect of this
application for motorcycles users will decrease the generalized cost by 1.09 to 6.63 %.

Keywords: Congestion pricing, motorcycle, marginal-health cost, generalized cost, EMME-2

Introduction

Cities in developing countries need innovative and effective solutions to solve their transportation
problems like the traffic congestion, accident and delays. The increase in car ownership, population
growth, and urbanization has increased traffic congestion in many cities in developing countries like in
Indonesia. Traffic congestion does not only occur in urban areas, but also in rural areas, especially during
peak hours. Transport problems become more complex and have more effects on society in areas with
high activities, such as in Yogyakarta, Indonesia. This situation happens because of the imbalance
between the number of vehicles and the length of the road [1]. Solutions to these problems are possible,
not only through improvement of public transport, increased pedestrians and bicycle users, but also in the
implementation of measures which promote a rational use of the automobile by means Transportation
Demand Management (TDM). TDM aims to maximize the efficiency of the urban transport system by
discouraging unnecessary private vehicle use and environmental-friendly modes of transport, in general
being public transport and non-motorized transport [2].

Walailak J Sci & Tech 2018; 15(1): 95-106.
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The costs incurred by society as a result of the effect of congestion on transportation include vehicle
operating, travel time and externality costs [3]. Externality costs are the congestion [4,5], environmental,
pollution, and traffic accident costs [6]. The internalization of transportation external costs is one of the
most relevant issues for policy makers in recent years. Congestion and air pollution are among the most
relevant sources of externalities in urban centers and they are increasingly tackled through the adoption of
road pricing schemes [7]. TDM, application of pricing policy in charging zone, congestion pricing, road
pricing, and traffic restraint are the alternatives to reduce the transportation cost [1,8]. TDM can provide
many benefits, for example congestion reduction, road cost savings, parking savings, transportation cost
savings to consumers, improved mobility options, increased road safety, reduced per capita energy
consumption, reduced per capita pollutions emissions, efficient land use and increased physical activity
and associated health benefits [2].

The congestion costs in France, United Kingdom, United States, and Japan are respectively 2.1, 3.2,
1.3 and 2.0 % of the respective Gross National Product (GNP) of the countries [9,10]. The congestion
cost for 85 cities in the United States was US$63.3 billion in 2002, for a value of time of US$13.45/hour
[11]. The economic loss caused by the traffic congestion in the Jabodetabek region could be as much as
US$68 million per year due to traffic congestion and this estimate excludes the impacts of traffic
congestion and pollution on human health [12]. Marginal congestion costs for different types of roads in
England, for the last update were around 45 pence per passenger car unit (pcu)-km for urban roads at peak
time [13]. The congestion cost in CBD Malioboro, Indonesia for private passenger car users are estimated
to be IDR2701 (US$0.257) per trip [1] and for motorcycle users IDR522.77 (US$0.05) per trip [14].

The effect of congestion pricing has been long studied in the transport policy area. In the cases of 4
European cities Paris, Brussels, Oslo and Helsinki can get a sizable amount of benefit from commuting
time reduction, cost saving in vehicle management, or enhanced quality of public transportation when
road pricing was introduced in each country [15]. Implementation of congestion charging for private
vehicle users in urban centers in London increased the use of urban bus transport by 18 %, taxi users by
17 % and decreased the use of private cars by 33 % [16]. Application of road pricing in other countries
has had a positive impact on reducing the use of private vehicle users and increased the use of public
transport. In Belgium, the use of public transport increased by 10 %. If there is application of road pricing
with improved public transportation service quality, the use of public transport will increase by 23 %
[17]. Based on the simulation, application of a congestion charge of IDR4000 per trip for motorcycle
users as through traffic in CBD Malioboro, Yogyakarta will shift 6.848 % motorcycle users to bus
TransJogja [18]. Among 15 - 20 %, reductions in generalized cost are surprisingly small for charge levels,
which have achieved 15 % reduction in overall trips [19]. Singapore's road pricing system reduced 20 to
30 % of the downtown passenger car traffic and Stockholm's traffic volume decreased by at least 20 %
[20]. Commuters switch to public bus services by 12 to 20 % in the morning hours after a S$1 increase
and by approximately 10 % in the evening after toll adjustment of S$0.50 to S$1.00 in the affected gantry
area compared to the counterfactual through difference-in-difference method [21]. The effect of
congestion cost in Stockholm, Sweden, a new Western bypass is estimated to reduce traffic across inner
city bridges by 11 % [22]. In New Zealand it was found that the 21 % of survey respondents were willing
to choose to walk and to use public transportation, while 67 % insisted that they would still drive cars
were congestion pricing to be introduced [23]. Almost 37 % of car users in Edinburgh were willing to
spend less or change the shopping destination if they had been asked to pay a congestion tax for their
shopping trip to the CBD [24].

The aim of this paper is to estimate the congestion cost of motorcycle users and the effect of the
congestion pricing scheme on the generalized cost and speed of motorcycle to the city of Yogyakarta,
Indonesia.
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Materials and methods

Analysis approach

Generalized cost of travel can be calculated based on a combination of cost paid by the user, travel
time cost, vehicle-operating cost and externality cost. Externalities arise when the activity of a group
affects the welfare of the other groups without any compensation [25,26]. Externalities in transport
include: congestion, accidents, emissions, pollution and noise [2,27]. In this study, the externality cost
that was considered was the pollution cost. The approach that is used to analyze the pollution cost is
marginal-health cost per vehicle and fuel consumption of vehicle in actual conditions and free-flow speed
conditions. The generalized cost by mode m from the origin, zone i to the destination, zone j was
determined using Eq. (1).

GCj; = VOT (time; ) + VOC (dist. ;; ) + EC (dist. ;; ) 1)

In which GCZ.' is the generalized cost per Passenger Car Units (PCU) by mode m to go from the

origin, zone i (O,) to the destination, zone j (D,), VOT is the value of time per-PCU-min, time:; is the

time taken to complete the trip in minutes, VOC; the total vehicle operating cost per PCU-km, and

dist. :7 is the distance travelled to go from zone 7 to zone j, in km, EC is the externality cost per kilometer

while i is the origin zone and j the destination zone.

Data collection

In this paper, the speed of motorcycles was counted in 2 conditions, the first in free-flow speed
conditions and the second in actual conditions that potentially cause traffic jams. Traffic is congested if
there are so many vehicles that each one travels slower than it would do if the other vehicles were not
there and traffic is congested if there are so many vehicles that they are brought to a standstill or can only
crawl along [28]. Related with speed is traffic flow congestion which is defined as the impedance vehicles
imposed on each other, due to the speed-flow relationship, in conditions where the use of a transport
system approaches its capacity [29]. Motorcycle speed data was based on travel time of vehicles and a
speed survey using speed gun.

The travel time in free-flow conditions for motorcycles in CBD Malioboro, Yogyakarta is obtained
based on the formula in the Indonesian Highway Capacity Manual (IHCM) 1997 [30]. The actual travel
time cost conditions were obtained from a Moving Car Observer (MCO) survey in the Central Business
District (CBD) Malioboro, Yogyakarta. The CBD Malioboro consists of a 2 lane one-way direction
undivided road (2/1 UD) 1.414 kilometers long from Malioboro Street to Ahmad Yani Street. The width
of Malioboro Street is 7.00 m. The value of time data for motorcycle users is based on Gross Regional
Domestic Product (GRDP) per capita in Yogyakarta city. The fuel consumption was obtained from the
relationship between speed and dependent fuel consumption rates of motorcycles reported in the Study on
Integrated Transportation Master Plan (SITRAMP) for the Jakarta-Bogor-Depok-Tangerang-Bekasi or
Jabodetabek in 2004 [31]. The street where data was collected in the study area in CBD Malioboro,
Indonesia is shown in Figures 1 and 2.
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Figure 2 Street in the study area in CBD Malioboro.
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Results and discussion

The generalized cost of a motorcycle from origin to destination consists of 3 components of cost:
the first is the vehicle operating cost, the second is the travel time cost and the third is the pollution cost.

Vehicle operating cost

In this paper, the vehicle operating cost (VOC) of motorcycles was counted in 2 conditions, based
on travel cost in free-flow conditions and travel cost in actual conditions that potentially involved traffic
jams. There are 5 components of vehicle operating costs of motorcycles: (a) consumption of fuel, (b)
lubricating oil consumption, (c) tire consumption, (d) maintenance cost (spare parts and repair), and (e)
fixed cost. The fuel consumption was obtained from the relationship between speed and fuel consumption
rates of motorcycles reported in the Study on Integrated Transportation Master Plan (SITRAMP) for the
Jakarta-Bogor-Depok-Tangerang-Bekasi or Jabodetabek in 2004 [31]. Fuel economy improvement can be
implemented by raising traveling speed and replacing average vehicles with fuel saving ones like hybrid
cars. For instance, traveling speed was reported to have a significant effect on fuel consumption and the
lowest fuel consumption rates occur in a speed range of 40 km/h to 55 km/h [31,32].

Vehicle operating cost and speed relationship

Speed is the main factor to estimate the vehicle operating cost of motorcycles. The relationship
between vehicle operating cost and speed of motorcycles for CBD Malioboro, Yogyakarta is presented in
[14]. The optimum speed for motorcycles in CBD Malioboro along the 1.414 km is 47.20 km/h with
vehicle operating cost of IDR350.77 per km (IDR496 in CBD Malioboro). The vehicle-operating cost
model for motorcycles was determined using Eq. (2).

y=0.0921V? - 8.6847V + 555.51 with r* = 0.9686 )

in which V is the speed of the motorcycle (km per hour) and y is vehicle operating cost of motorcycles
(IDR per km).

Based on the survey and the analysis of Indonesian Highway Capacity Manual (IHCM) 1997 the
speed of motorcycles in free-flow conditions is 42.42 km/h so the vehicle operating cost is IDR352.84/km
(using Eq. (2)). Based on the Moving Car Observer (MCO) survey, the average speed of motorcycles
under actual conditions is 10.77 km/h, so the vehicle-operating cost is IDR472.66/km (using Eq. (2)). The
vehicle operating cost of motorcycles at CBD Malioboro, Yogyakarta in free-flow speed and actual
conditions was calculated by multiplying by 1.414 km, the length of CBD Malioboro, the vehicle
operating cost in free-flow speed condition is IDR499 per trip and the actual conditions were IDR669 per
trip.

Travel time cost

Gross Regional Domestic Product (GRDP) per capita in Yogyakarta city in October 2012 is
IDR51,649,500 [33]. The approach in this research was 25 workdays every month, 8 hours/day, a
motorcycle occupancy of 1.5 peoples per motorcycle and percentage of workers 45 %. The value of time
of motorcycle users in Yogyakarta city based on Gross Regional Domestic Product (GRDP) is
IDR14,526.42 per hour. Based on the survey and analysis of the speed of motorcycles in CBD Malioboro,
the travel time in free-flow conditions is 2 min. Based on the moving car observer (MCO) survey, the
average of travel time in actual conditions is 7 min 52.5 s. The travel time cost of motorcycles in CBD
Malioboro, Yogyakarta was calculated by multiplying the travel time with the value of time based on
GRDP is IDR14,526.42 per hour. The travel time cost (TTC) in free-flow conditions is IDR485 per trip
while the actual cost is IDR1,907 per trip.

Externality Cost: Pollution Cost

The marginal health-cost (MHC) approach is used to calculate the pollution cost per motorcycle.
This approach was the result of a World Bank study in Jakarta in 1990. MHC is value expressed in US
cents per litre and cents/pass-kilometer [14]. In this study, we used MHC in cents per litre, then converted
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into IDR per litre using an exchange rate of 1 US$ = IDR10,500. The pollution cost for motorcycles was
determined using Eq. (3).

Pollution cost (PC) = Marginal Health-cost (MHC) x Consumption of fuel (CF) 3)

In which PC is pollution cost (IDR/km), MHC is marginal health-cost of motorcycle (IDR/litre) and
CF is the fuel consumption (litre/km).

The relationship between fuel consumption and the speed of the motorcycle is based on the result of
the SITRAMP study by [31] and measurements in the field is formulated in the quadratic function of Eq.

4).
= _0.008V2+0.7991V +9.6933 with r* = 0.8299 @)

In which y is fuel consumption (km/litre) and V is speed of motorcycle (km/h). The coefficient
determination (r*) value 0.8299, indicated that there was a strong correlation between motorcycle speed
and fuel consumption. Fuel consumption using Eq. (4), was 17.37 km/litre in actual conditions with a
speed 10.77 km/h and 29.20 km/litre in free-flow conditions with a speed 42.42 km/h. Speed and fuel
consumption are the main factors in determining pollution cost. The pollution cost of motorcycle in free-
flow conditions was IDR 80 and IDR135 in actual conditions. The pollution cost of motorcycles in
Malioboro along 1.414 km in actual conditions at 10.77 km/h is IDR 191 and in free-flow conditions at
42.42 km/h is IDR 114.

Generalized cost

The generalized cost of motorcycles consists of vehicle operating cost, travel time cost and
externality cost. From the results above, the generalized cost of motorcycles in actual conditions is
IDR2767/trip and generalized cost in free-flow conditions is IDR1098/trip. The generalized cost of
motorcycles in actual conditions is more expensive (152 %) than in free-flow conditions. The value of
travel time cost in actual conditions is 69 % of the generalized cost but in free-flow conditions is only 44
%. The generalized cost of the motorcycle in CBD Malioboro is shown in Table 1.

Table 1 Generalized cost of motorcycle in CBD Malioboro.

Tvpe of condition vOoC Pollution cost TTC Generalized cost
yp (IDR/trip) (IDR/trip) (IDR/trip) (IDR/trip)

Free-flow speed 499 114 485 1,098

Actual cost 669 191 1,907 2,767

Congestion cost

The approach to estimate congestion cost in this study is similar to the approach of Dodgson and
Lane [34] in their study on the costs of road congestion in Great Britain. Congestion costs as the
difference between the level of costs in actual and the level of costs in free-flow conditions [34]. The
amount of congestion cost of motorcycles is the difference between the generalized cost in actual
conditions at 10.77 km/h and a travel time of 7 min 52.5 s, and the generalized cost in free-flow
conditions at 42.42 km/h and a travel time of 2 min. From above, the generalized cost of motorcycles in
actual conditions is IDR2,767 per trip, and the generalized cost in free-flow conditions is IDR1,098 per
trip, thus the congestion cost of motorcycles in CBD Malioboro, Yogyakarta is IDR1,669 per trip.
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Effect of congestion pricing

The simulation to estimate the effect of congestion pricing in CBD Malioboro using Equilibre
Multimodal, Multimodal Equilibrium-2 (EMME-2) software. Distribution of traffic zones, nodes and
links in EMME-2 to simulate the application of congestion pricing in CBD Malioboro can be seen in
Figure 3. The result of the simulation of congestion cost for motorcycle users in CBD Malioboro includes
Malioboro Street (along 809 m) and Ahmad Yani Street (along 605 m) using EMME-2 software as
presented on auto speed can be seen in Figure 4.
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Figure 3 Distribution of traffic zones, nodes and links in EMME-2 software.
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Figure 4 Auto speeds from simulation results_using EMME-2 in CBD Malioboro, Yogyakarta.

Implementation of congestion pricing for motorcycles users at Malioboro Street and Ahmad Yani
Street in Yogyakarta resulted in a change in vehicle speed of 0.72 to 8.11 % (Table 2). The speed in some
roads increased like at Pangeran Diponegoro Street (W-E), Pangeran Mangkubumi Street, Malioboro
Street, Ahmad Yani Street, Mataram Street (S-N) and Mayor Suryotomo Street (S-N), while in Jenderal
Sudirman Street, Pangeran Diponegoro Street (E-W), Ahmad Dahlan Street, Pangeran Senopati Street and
Mayor Suryotomo Street (N-S) the speed decreased. The highest increase of vehicle speed occurred in
Malioboro Street at 2.26 km/h (8.11 %) while the largest decrease occurred in Mayor Suryotomo Street in
the north-south direction at 1.07 km/h (2.64 %) and in Bhayangkara Street at 0.88 km/h (2.78 %). These
results are similar with the research of [35] which examined the implementation of Electronic Road
Pricing (ERP) in Paris, ERP increased the vehicle speed from 44.80 to 45.40 km/h. Based on the results
of the simulation of application of congestion pricing for motorcycles users in Malioboro, there was an
improvement in the road network performance. Application of congestion pricing increased the vehicle
speed and decreased the generalized cost. These results are similar to the study of [36] that examined the
application of congestion charging in central London that can increase the average speed of vehicle by +4
km/h. Within the Charging Zone (CZ), the Wilcoxon test has shown that the difference in speed between
pre and post London(s Congestion Charging Scheme (CCS) periods has increased on average of 2.1 km/h
and that these changes are significant at the p = 0.05 level [36]. This result is in line with the findings of
Percoco [7], the road pricing scheme in Milan has had limited impact in terms of congestion and
environmental quality because of the behavioral response of road users. In fact, we have found that the
policy did not produce a reduction in the number of vehicles entering the city center, while it did lead to
an increase in the number of motorbikes and, in part, LPG, bi-fuel and hybrid cars [7]. The effect of
congestion pricing of motorcycles users on vehicle speed in 16 links can be seen in Table 2.
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Table 2 Effect of congestion pricing of motorcycles users on vehicle speed.

Node . Vehicle speed Difference in  Difference in
. . Name of link and (km/h) . .
No. Origin- . . - . vehicle speed vehicle speed
e . direction of movement Without With
Destination . . - (km/h) (%)
pricing  pricing
(1) (2) (3) 4) (5) ©®=05)-4 (D=(0)4
1. 3.4 Pangeran Diponegoro Street (W-E) 44.85 45.29 0.44 0.98 %
2. 4.3 Pangeran Diponegoro Street (E-W) 44.89 44.43 -0.46 -1.02 %
3. 6-8 Jenderal Soedirman Street (W-E) 45.24 44.51 -0.73 -1.61 %
4. 8.6 Jenderal Soedirman Street (E-W) 45.09 44.13 -0.96 213 %
5. 6-23 Pangeran Mangkubumi Street 36.16 37.53 1.37 379 %
6. 24-25  Malioboro Street 2785  30.11 2.26 8.11 %
7. 25-26  Ahmad Yani Street 31.09  32.34 1.25 4.02 %
8. 26-22  Ahmad Dahlan Street (E-W) 4516 4430 -0.86 -1.90 %
9. 22-26  Ahmad Dahlan Street (W-E) 4553 4495 -0.58 127 %
10. 22-21  Bhayangkara Street 31.63  30.75 -0.88 -2.78 %
11. 26-37  Pangeran Senopati Street (W-E) 4227 4137 -0.90 2.13%
12. 37-26  Pangeran Senopati Street (E-W) 4238  41.63 -0.75 177 %
13. 36-35  Mataram Street (S-N) 30.19 30.48 0.29 0.96 %
14. 35-36  Mataram Street (N-S) 3023 29.47 -0.76 2.51%
15. 36-37  Mayor Suryotomo Street (N-S) 40.48  39.41 -1.07 -2.64 %
16. 37-36  Mayor Suryotomo Street (S-N) 4039  40.68 0.29 0.72 %

Note: W is west, E is east, S is south, and N is north.

The vehicle speed on Malioboro Street in existing conditions without pricing is 27.85 km/h. In these
conditions, the vehicle operating cost of motorcycles is IDR311.53 per trip, travel time cost is IDR421.97
per trip, pollution cost is IDR73.42 per trip and therefore the generalized cost without congestion pricing
is IDR806.92 per trip. Based on the simulation by using EMME-2, vehicle speed on Malioboro Street
with congestion pricing is 30.11 km/h. Under these conditions, the vehicle operating cost of motorcycles
is IDR305.41 per trip, travel time cost is IDR390.30 per trip, pollution cost is IDR71.32 per trip and
therefore the generalized cost with pricing is IDR753.40 per trip. The generalized cost in Malioboro
Street will decrease to IDR53.51 per trip (6.63 %). Vehicle speed on Ahmad Yani Street under existing
conditions without pricing is 31.09 km/h. Under these conditions, the vehicle operating cost of a
motorcycle is IDR226.59 per trip, travel time cost is IDR282.68 per trip, pollution cost is IDR52.73 per
trip and therefore the generalized cost without pricing is IDR562 per trip. Based on the results of the
simulation, vehicle speed on Ahmad Yani Street with congestion pricing would be 32.34 km/h. Under
these conditions, the vehicle operating cost of a motorcycle is IDR224.44 per trip, travel time cost is
IDR271.76 per trip, pollution cost is IDR52.03 per trip and therefore the generalized cost with pricing is
IDR527.66 per trip. The generalized cost in Ahmad Yani Street will decrease to IDR34.33 per trip (6.11
%). The effect of congestion pricing of motorcycles users on generalized cost in 16 links can be seen in
Table 3.
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Table 3 Effect of congestion pricing of motorcycles users on generalized cost.

Generalized cost

No Name of link and Length of link (IDR/trip) A Generalized A Generalized
: direction movement (km) Without With cost (IDR/trip) cost (IDR/trip)
pricing pricing
(M 2 3) 4) ®) ©=5-4 D=0/4
1. Malioboro Street (N-S) 0.809 806.92 753.40 -53.51 -6.63 %
2. Ahmad Yani Street (N-S) 0.605 562.00 527.66 -34.33 -6.11 %
3. Jenderal Soedirman Street (W-E) 1.274 957.39 992.42 35.03 3.66 %
4. Jenderal Soedirman Street (E-W) 1.274 958.86 996.40 37.54 392%
5. Pangeran Mangkubumi Street 0.814 689.20 662.01 -27.18 -3.94 %
6. Pangeran Diponegoro Street (W-E) 0.686 517.59 498.18 -19.41 -3.75%
7. Pangeran Diponegoro Street (E-W) 0.686 517.38 502.78 -14.60 -2.82 %
8. Ahmad Dahlan Street (E-W) 1.022 768.64 777.40 8.76 1.14 %
9. Ahmad Dahlan Street (W-E) 1.022 765.77 772.09 6.32 0.83 %
10. Bhayangkara Street 0.574 527.42 515.55 -11.87 -2.25%
11. Pangeran Senopati Street (W-E) 0.715 555.34 545.16 -10.17 -1.83 %
12. Pangeran Senopati Street (E-W) 0.715 554.60 543.35 -11.25 -2.03 %
13. Mataram Street (S-N) 0.564 533.83 508.98 -24.84 -4.65 %
14. Mataram Street (N-S) 0.564 533.37 520.34 -13.03 -2.44 %
15. Mayor Suryotomo Street (N-S) 0.750 595.86 589.36 -6.50 -1.09 %
16. Mayor Suryotomo Street (S-N) 0.750 596.57 579.16 -17.40 -2.92 %

Note: W is west, E is east, S is south, and N is north.

These results are in line with the findings of May and Milne [19] and Sugiyanto [37] that congestion

pricing will yield reductions in generalized cost. The generalized cost in Malioboro Street, Ahmad Yani
Street, Pangeran Mangkubuni Street, Pangeran Diponegoro Street, Bhayangkara Street, Pangeran
Senopati Street, Mataram Street and Mayor Suryotomo Street will decrease, while the generalized cost in
Jenderal Soedirman Street and Ahmad Dahlan Street will increase. The highest increase in generalized
cost occurred in Malioboro Street at IDR53.51 per trip (6.63 %) while the largest decrease occurs in
Jenderal Soedirman Street in the east-west direction at IDR37.54 per trip (3.92 %). Under these
conditions, there is a change of route from the commuter to the city of Yogyakarta.

Conclusions

The estimation of congestion cost for motorcycles users in CBD Malioboro, Yogyakarta and the
effect of a congestion pricing scheme on the generalized cost and speed of motorcycles to the city of
Yogyakarta is presented in this paper. From the analysis and results, it can be concluded that:

1. The generalized cost at CBD Malioboro, Yogyakarta for motorcycles in free-flow conditions is
IDR1,098 per trip and in actual conditions is IDR2,767 per trip, giving a congestion pricing for
motorcycles to the city of Yogyakarta of IDR1,669 per trip.

2. Based on the simulation by using EMME-2, the effect of the application of congestion pricing
will increase vehicle speed by 0.72 to 8.11 %. The highest increase of vehicle speed occurred in
Malioboro Street at 2.26 km/h (8.11 %) while the largest decrease occurred in Mayor Suryotomo Street at
north-south direction at 1.07 km/h (2.64 %) and in Bhayangkara Street at 0.88 km/h (2.78 %).

3. The effect of the congestion pricing scheme on the generalized cost for motorcycles will
decrease to IDR53.51 per trip (6.63 %) in Malioboro Street and IDR34.33 per trip (6.11 %) in Ahmad
Yani Street.
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1

The gsts incurred by society as a result of the effect of congestion on transportation include vehicle
operating, travel time, and externality costs [3]. Extemality costs are the congestion [4.5]. efffonmental,
pollution, and traffic accident cost [6]. The internalization of transportation external costs is one of the
most relevant issues policy makers in recent years. “Congestion and air pollution are among the most
relevant sources of externalities in urban centers and they are increasingly lckled through the adoption of
road pricing schemes” [7]. TDM can provide many benefits, for example congestion reduction, road cost
savings, parking savifEls. transportations cost savings to consumers, improved mobility options, increased
the road safety [8]. reduced per capita energy consumption. reduced per capita pollutions emissions.
efficient land use and increased physical activity and associated health benefits [2].

“The congestion costs in France. United Kingdom. United States, and Japan are respectively 2.1,
3.2, 1.3 and 2 % of the respective Gross National Product (GNP) of the countries” [9,10]. “The
congestion cost for 8{fkities in the United States was US$63.3 billion in 2002, for a value of time
USS$13.45/hour” [11]. The economic loss caused by the traffic congestion in the Jabodetabek region could
be as much as US$68 million per year due to traffic congestion and this estimate excludes the impacts of
traffic congestion and pollution on human health [12] “Marginal congestion costs for different types of
roads in England. for the last update were around 45 pence per passenger car unit (peu)-km for urban
roads at peak time” [13]. “T'he congestion cost in CBD Malioboro, Indonesia for private passenger car
users are estimated to be IDR2701 (US$0.257) per trip” [1] and for motorcyele users as IDR522.77
(US$0.05) per trip [ 14].

The effect of congestion pricing has been long studied in transport policy area. “In the cases of 4
European cities Paris, Brussels, Oslo and Helsinki can get a sizable amount of benefit from commuting
time reduction, cost saving in vehicle management, or enhanced quality of public transp(§fation when
road pricing was introduced in each country” [15]. Implementation of congestion cifffeing increased the
use of public transport [16]. Application of road pricing in other countries has had a positive impact on
reducing the use of private vehicle users and increasfl the use of public transport. In Belgium. the use of
public transport increased by 10 %. If there is application of road pricing with improved public
transportation service quality, the use of public %{;poﬂ will mcrease by 23 % [17]. Based on the
simulation, application of a congestion charge of IZIR 4000 per trip for motorcycle users as a through
traffic iffJCBD Malioboro. Yogyakarta will shift 6.848 % motorcycle users to bus TransJogja [18].
Among 15 - 20 %, reductions in generalized cost are surprisingly small for charge levels, which have
achieved 15 %o reduction in overall trips [19]. “Singapore's road pricing system reduced 20 to 30 % of the
dffmtown passenger car traffic and Stockholm's traffic volume decreased by at least 20 %™ [20].
“Commuters switch to public bus services by 12 to 20 %o in the moming hours after a 881 increase and by
approximately 10 % in the evening after toll adjustment of S$0.50 to S$1.00 in the affected gantry area
compared to the counterfactual through difference-in-difference method [21]. “The effect of congestion
cost in Stockholm. Sweden. a new Welm bypass is estimated to reduce traffic across inner city bridges
by 11 %™ [22]. In New Zealand it was found that the 21 %o of survey respondents were willing to choose
to walk and to use public transportation, while 67 % insisted that they would still drive cars when
congestion pricing were to be introduced [23]. “Almost 37 % of car users in Edinburg were willing to
spend less or change the shopping destination if they had been asked to pay a congestion tax for their
shopiffllg trip to the CBD” [24].

The aim of this paper is to estimate the congestion cost of motorcycle users and the effect of the
congestion pricing scheme on the generalized cost and speed of motoreyele to the city of Yogyakarta,
Indonesia.

Materials and methods

Analysis approach
Generalized cost of travel can be calculated based on the combination of cost paid by the user,
travel time cost, vehicle operating cost. and the externality cost. Externalities arise when the activity of a

2 Walailak J Sci & Tech 2018; 15(1)
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group affects the welfare of the other groups without any compensation [25.26]. Externalities in transport
include: congestion, accidents, emissions, pollution and noise [2.27]. In this study, the externality cost
that was considered was the pollution cost. The approach that fused to analyze the pollution cost is
marginal-health cost per vehicle and fuel consumptionfJf vehicle in actual conditions and free-flow speed
conditions. The generalized cost of transportation by mode m from the origin, zone i to the destination,
zone j was determined using Eq. (1).

GC!' = VOT (time J )+ VOC (dist. j;.‘ )+ EC (dist, ;;.’ ) (1)
In which GC :‘ is the generalized cost per Passenger Car Units (PCU) by mode m to go from the

m

origin, zone 7 (0;) to the destination, zone j (D;), VOT is the value of time per-PCU-min, time ; is the

time taken to complete the trip in minutes, VOC :; the total vehicle operating cost per PCU-km. and
ist.  is the distance travelled to go from zone i to zone j. in km. EC is extemality cost per kilometer

1
while 7 1s the origin zone, and j is the destination zone.

Data collection

In this paper, the speed of motorcyeles was counted in 2 conditions, the first is in free flow speed
conditions and the second in actual conditions that causes traffic jams. “Traffic is congested if many
vehicles travel slower” [28]. “Related with speed is traffic flow congestion which is defined as the
impedance vehicles imposed on each other. due to the speed-flow relationship. in conditions where the
use of a transport system approaches its capacity” [29]. Motorcycle speed data was based on travel time
of vehicles and a speed survey using speed gun.
The formula in the Indonesian Highway Capacity Manual (IHCM) 1997 is used to caleulated the
travel time in free-flow conffflions for motorcycles in CBD Malioboro. Yogyakarta [30]. The actual travel
time cost conditions were obtained from a Moving Car Observer (MCO) survey in Central Business
District (CBD) Malioboro, Yogyakarta. The CBD Malioboro consists of a 2 lane one-way direction
undivided road (2/1 UD) 1.414 kilometers long from Malioboro Street to Ahmad Yani Street. The width
of Malioboro Street is 7.00 meter. The value of time data for motorcycle users is based on Gross Regional
Domestic Product (GRDP) per capita in Yogyakarta City. The fuel consumption was obtained from the
relationship between speed and dependent fuel consumption rates of motoreycles reported in the “Study
on Integrated Transportation Master Plan (SITRAMP) for the Jakan-Bogor-Depok-'l’angerang-Bckasi or
Jabodetabek™ in 2004 [31]. The street where data was collected in the study area in CBD Malioboro,
Indonesia is shown in Figures 1 and 2.

Walailak J Sci & Tech 2018; 15(1) 3
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Figure 1 Study area in Central Business District (CBD) Malioboro, Indonesia [1.14.18].

Figure 2 Street in the study area in CBD Malioboro, Yogyakarta.
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Results and discussion

The generalized cost of a motorcycle from origflto destination consists of 3 components of cost:
the first is the vehicle operating cost. the second is the travel time cost and the third is the pollution cost.

\’ch& operafing cost

The vehicle operating cost (VOC) of motoreyeles was counted in 2 conditions. based on travel cost
in free-flow conditions and travel cost in actual conditions that potentially involved traffic jams. For
instance, “traveling speed was reported to have a significant effect on fuel consumption and the lowest
fuel consumption rates occur in a speed range of 40 to 55 km/h™ [31.32].

Vehn operating cost and speed relationship

The optimum speed for motorcycles in CBD Malioboro along the 1.414 1s 47.2 km/h with
vehicle operating cost of IDR350.77 per km (IDR496 in CBD Malioboro). The vehicle operating cost
model for motorcyeles was determined using Eq. (2).

y= uﬁz IV - 8.6847V +555.51 with = 0.9686 (2)

Based on the survey and the analysis of Indonesian Highway Capacity Manual (IHCM) 1997 the
speed of motoreyeles in free-flow conditions 15 42.42 km/h so the vehicle operating cost is IDR352.84/km
(using Eq. (2)). Based on tifffMoving Car Observer survey, the average speed of motorcyeles under actual
conditions 1s 10.77 km/h, so the vehicle-operating cost 1s IDR472.66/km (using Eq. (2)). The vehicle
operating cost of motorcycles at @BD Malioboro. Yogyakarta in free-flow speed and actual conditioff
was caleulated by multiplying by 1.414 km, the length of CBD Malioboro, the vehicle operating cost in
free-flow speed condition is IDR499 per trip and the actual conditions were IDR669 per trip.

Travel time cost

Gross Regional Domestic Product (GRDP) per capita in Yogvakarta city in October 2012 is
IDR51,649,500 [33]. The approach in this research was 25 workdays every month, 8[flours/day, a
motorcyele occupancy of 1.5 peoples per motorcyele and percentage of workers 45%. The value of time
of motoreycle usﬂ in Yogyakarta city based on Gross Regional Domestic Product (GRDP) is
IDR14.526.42 per hour. Based on the field survey and afflysis of the speed of motorcyeles in CBD
Malioboro, the travel time in free-flow conditions is 2 min. Based on the moving car observer survey, the
average of travel time in actual conditions is 7 min 52.5 5. The travel time cost (TTC) in free-flow
conditions is IDR485 per trip while the actual cost 1s IDR1.907 per trip.

Externality Cost: Pollution Cost

The marginal health-cost (MHC) approach is used to calculate the pollution cost per motoreycle.
This approach was the result of a World Bank study in Jakarta in 1990. MHC is value expressed in US
cents per litre and cents/pass-kilometer [14]. In this study. we used MHC in cents per litre. then converted
mto IDR per litre using an exchange rate of 1 USS = [IDR10.500. The pollution cost for motoreycles was
determined using Eq. (3).

Pollution cost (PC) = Marginal Health-cost (MHC) x Consumption of fuel (CF) 3)

In which PC is pollution cost (IDR/km), MHC is marginal health-cost of motorcycle (IDR/litre) and
CF is the fuel consumption (litre/km).

The relationship between fuel consumption and the speed of the motorcycle based on the result of
SITRAMP study by [31] and measurement in the field is formulated in the quadratic function with Eq.
.

y=-0.008V2 + 0.7991V +9.6933 with r* = 0.8299 (€5}
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In which v is fuel consumption (km/litre) and V is speed of motorcycle (km/h). The coefficient
determination (°) value 0.8299, indicated that there was a strong correlation between motorcyele speed
and fuel consumption. Fuel consumption using Eq. (4). was 17.37 km/litre in actual conditions with a
speed 10.77 km/h and 29.20 km/litre in free-flow conditions with a speed 42.42 km/h. Speed and fuel
consumption are the main factors in determining pollution cost. The pollution cost of motoreycle in free-
flow conditions was IDR 80 and IDR135 in actual conditions. The pollution cost of motorcyeles in
Malioboro along 1.414 km in actual conditions at 10.77 km/h 1s IDR 191 and in free-flow conditions at
4242 km/h is IDR 114,

Generalized cost

The generalized cost of motoreyeles users consists of vehicle operating cost, travel time cost and
externality cost. From thdlesults above, the generalized cost of motorcycles users in actual that caffes
traffic jams is IDR2767/trip and generalized cost in free-flow speed condition is [DR1098/trip. The
generalized cost of motoreycles m actual conditions i1s more expensive (152%) than in free-flow
conditions. Travel time cost value in actual condition is 69 % of the generalized cost but in free-flow
conditions 1s only 44 %. The generalized cost of the motoreyele in CBD Malioboro 1s shown in Table 1.

Table 1 Generalized cost of motorcycle in CBD Malioboro, Yogyakarta.

Gondinonitye voc Pollution cost ITc Generalized cost
: (IDR per trip)  (IDR per trip)  (IDR per trip) (IDR per trip)

Free flow speed 499 114 485 1,098

Actual cost 669 191 1,907 2,767

Congestion cost

The approach to estimate congestion cost in this study is similar to the §proach of Dodgson and
Lane [34] in their “study on the costs of road congestion in Great Britain”. The amount of congestion cost
of motorcycles is the difference between the generalized cost in actual conditions at 10.77 km/h and a
travel time of 7 min 52.5 s. anfffihe generalized cost in free-flow conditions at 42.42 km/h and a travel
time of 2 min. From above, the generalized cost of motorcycles users in actual cn conditions is
IDR2.767 per trip, and the generalized cost in free flow speed conditions is IDR 1,098 per trip, thus the
congestion cost of motoreyeles in CBD Malioboro is IDR1.669 per trip.

Effect of the congestion pricing

The simulation to estimate effect of congestion pricing in CBD Malioboro using FEguilibre
Multimodal, Multimodal Equilibrium-2 (EMME-2) software. Distribution of the traffic zones, nodes, and
links in EMME-2 to simulate the application of congestion pricing in CBD Malioboro can be seen in
Figure 3. The result of the simulation of congestion pricing for motorcycle users in CBD Malioboro
includes Malioboro Street (along 809 m) and Ahmad Yani Street (along 605 m) using EMME-2 software
as presented on auto speed can be seen in Figure 4.

6 Walailak J Sci & Tech 2018; 15(1)
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Figure 3 Distribution of traffic zones. nodes and links in EMME-2 software.

='EmtoolW 2.4 - Copyright (C) INRO Consultants inc. 1998.
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Figure 4 Auto speeds fm;n- ;imu]atiun results_using EMME-2 in CBD Malioboro, Yogyakarta.
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Implementation of congestion pricing for motoreyeles users at Malioboro Street and Ahmad Yani
Street in Yogyakarta resulted in a change in vehicle speed 0.72 to 8.11 % (Table 2). The speed in some
roads increased like at Pangeran Diponegoro Street (W-E). Pangeran Mangkubumi Street, Malioboro
Street, Ahmad Yani Street. Mataram Street (S-N) and Mayor Suryotomo Street (S-N). while in Jenderal
Sudirman Street, Pangeran Diponegoro Street (E-W). Ahmad Dahlan Street. Pangeran Senopati Street and
Mayor Suryotomo Street (N-S) the speed decreased. The highest increase of vehicle speed occurred in
Malioboro Street at 2.26 km/h (8.11 %s) while the largest decrease oceurred in Mayor Suryotomo Street in
north-south direction at 1.07 km/h (2.64 %) and in Bhavangkara Street at 0.88 km/h (2.78 %). These
results are similar with the research of [35] which examined the implementation of Electronic Road
Pricing (ERP) in Paris, ERP incffljsed the vehicle speed from 44.8 to 45.4 km/h. Based on the results of
the simulation. the application of congestion cost for motorcycles users in Malioboro, there was an
improvement in the road network performance. Application of congestion pricing increased the vehicle
speed and decreased the generalized cost. These results are similar to the study of [36] that examined the
application of congestion charging in central London that can increase the average speed of vehicle by + 4
km/h. “Within the Charging Zone (CZ). the Wilcoxon test has shown that the difference in speed between
pre and post London’s Congestion Charging Scheme (CCS) periods has increased on averadgRBf 2.1 km/h
and that these changes are significant at the p = 0.05 level™ [36]. This result of this research is in line with
the findings of Percoco [7]. “the road pricing scheme in Milan has had limited impact in terms of
congestion and environmental quality because of the behavioral response of road users. In fact, we have
found that the policy did not produce a reduction in the number of vehicles entering the city center, while
it did lead to an increase in the number of motorbikes and. in part. LPG. bi-fiff] and hybrid cars” [7]. The
effect of congestion pricing of motorcycles users on vehicle speed in 16 links can be seen in Table 2.

Table 2 Effect of congestion pricing of motoreyeles users on vehicle speed.

Node Vehicle speed Difference ];Iilfere'nce

No. Origin- Nm‘ne of link and (km/h) in vehicle  in vehicle
Destination direction of movement Without  With speed speed

pricing pricing (km/h) (%)

) 3) @ 6 O DOOE
L. 3-4 Pangeran Diponegoro Street (W-E) 44.86 45.30 0.44 0.98%
2. 4-3 Pangeran Diponegoro Street (E-W) 44.90 44.44 -0.46 -1.02%
3. 6-8 Jenderal Soedirman Street (W-E) 45.23 44.50 -0.73 -1.61%
4. 8-6 Jenderal Soedirman Street (E-W) 45.10 44.14 -0.96 -2.13%
5. 6-23 Pangeran Mangkubumi Street 36.18 37.55 1.37 3.79%
6. 24-25 Malioboro Street 27.85 30.11 226 8.11%
7. 25-26 Ahmad Yani Street 31.09 32.34 1.25 4.02%
8. 26-22 Ahmad Dahlan Street (E-W) 45.16 4430 -0.86 -1.90%
9. 22-26 Ahmad Dahlan Sireet (W-E) 45.53 44.95 -0.58 -127%
10. 22-21 Bhayangkara Street 31.63 30.75 -0.88 -2.78%
11. 26-37 Pangeran Senopati Street (W-E) 42.27 41.37 -0.90 -2.13%
12. 37-26 Pangeran Senopati Street (E-W) 42.38 41.63 -0.75 -1.77%
13. 36-35 Mataram Street (S-N) 30.19 3048 0.29 0.96%
14. 35-36 Mataram Street (N-S) 30.23 2947 -0.76 -2.51%
15. 36-37 Mayor Suryotomo Street (N-S) 40.48 39.41 -1.07 -2.64%
37-36 Mayor Suryotomo Street (S-N) 40.39 40.68 0.29 0.72%

Mote: E is east, W is west, 8 is south, and N 1s north.

Vehicle speed on Malioboro Street in existing conditions without pricing is 27.85 km/h. In these
conditions, the vehicle operating cost of motorcycles is IDR311.53 per trip, travel time cost is [DR421.97
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per trip. pollution cost is IDR73.42 per trip and therefore the generalized cost without congestion pricing
is IDRB06.92 per trip. Based on the simulation by using EMME-2, vehicle speed on Malioboro Street
with congestion pricing is 30.11 km/h. Under these conditions, the vehicle operating cost of motorcycles
is IDR305.41 per trip. travel time cost is IDR390.30 per trip, pollution cost is IDR71.32 per trip and
therefore the generalized cost in with pricing is IDR753.40 per trip. The generalized cost in Malioboro
Street will decrease to IDR53.51 per trip (6.63 %). Vehicle speed on Ahmad Yani Street under existing
conditions without pricing i1s 31.09 km/h. Under these conditions, the vehicle operating cost of a
motorcycle is IDR226.59 per trip. travel time cost is IDR282.68 per trip, pollution cost 1s IDR52.73 per
trip and therefore the generalized cost without pricing is IDR562 per trip. Based on the results of the
simulation, vehicle speed on Ahmad Yani Street with congestion pricing would be 32.34 km/h. Under
these conditions, the vehicle operating cost of a motorcyele 1s IDR224.44 per trip. travel time cost is
IDR271.76 per trip, pollution cost is IDR52.03 per trip and therefore the generalized cost with pricing is
IDR527.66 per trip. The generalized cost in Ahmad Yani Street will decrease to IDR34.3%per trip (6.11
%). The effect of congestion pricing of motoreycles users on generalized cost in 16 links can be seen in
Table 3.

Table 3 Effect of congestion pricing of motorcyeles users on generalized cost.

Keniga ot Generalized cost A Gene- A Gene-
N Name of link and link (IDR/trip) ralized ralized
direction movement (km) Without With cost cost‘

pricing pricing  (IDR/trip)  (IDR/trip)

[€)) 2 3) “@) (5) (0)=G)-(4) _ (N=(6)/(4)
1. Malioboro Street (N-8) 0.809 806.92 753.40 -53.51 -0.63%
2. Ahmad Yani Street (N-S) 0.605 562.00 527.66 -34.33 -6.11%
3. Jenderal Soedirman Street (W-E) 1.274 957.39 992.42 35.03 3.66%
4. Jenderal Soedirman Street (E-W) 1.274 958.86 996 .40 37.54 3.92%
5. Pangeran Mangkubumi Street 0.814 689.20 662.01 -27.18 -3.94%
6. Pangeran Diponegoro Street (W-E) 0.686 517.59 498.18 -19.41 -3.75%
7. Pangeran Diponegoro Street (E-W) 0.686 517.38 502.78 -14.60 -2.82%
8. Ahmad Dahlan Street (E-W) 1.022 768.64 777.40 8.76 1.14%
9. Ahmad Dahlan Street (W-E) 1.022 765.77 772.09 6.32 0.83%
10. Bhavangkara Street 0.574 52742 515.55 -11.87 -2.25%
11. Pangeran Senopati Street (W-E) 0.715 555.34 545.16 -10.17 -1.83%
12. Pangeran Senopati Street (E-W) 0.715 554.60 543.35 -11.25 -2.03%
13. Mataram Street (S-N) 0.564 533.83 508.98 -24.84 -4.65%
14. Mataram Street (N-S) 0.564 533.37 520.34 -13.03 -2.44%
15. Mavor Survotomo Street (N-S) 0.750 595 86 589.36 -6.50 -1.09%
ﬁ Mayor Suryotomo Sireet (S-N) 0.750 596.57 379.16 -17.40 -2.92%

Note: E 1s east, W is west, 8 is south, and N 1s north.

These results of this research are in line with the findings of May and Milne [19] and Sugiyanto [37]
that congestion pricing will vield reductions in generalized cost. The generalized cost in Malioboro Street,
Ahmad Yani Street, Pangeran Mangkubuni Street. Pangeran Diponegore Street, Bhayangkara Street,
Pangeran Senopati Street, Mataram Street and Mayor Suryotomo Street will decrease. while the
generalized cost in Jenderal Soedirman Street and Ahmad Dahlan Street will increase. The highest
increase in generalized cost occurred in Malioboro Street at IDR53.51 per trip (6.63 %) while the largest
decrease occurs in Jenderal Soedirman Street in the east-west direction at IDR37.54 per trip (3.92 %)
Under these conditions, there is a change of route from the commuter to the city of Yogyakarta,
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(fonch:ion
Estimation of congestion pricing for{otorcycles users in CBD Malioboro and the effect of
congestion pricing is presented in this paper. From the analysis and results, 1t can be concluded that:

1. Generalized cost at CBD Malioboro, Yogyakarta for motorcycles in free flow speed conditions is
IDR1.098 per trip and in actual cost conditions is IDR2.767 per trip. giving a congestion pricing for
motoreyele 1o the city of Yogyakarta of IDR 1,669 per trip.

2. Based on the simulation by using EMME-2, the effect of application of congestion pricing will
mcrease the vehicle speed by 0.72 to 8.11 %u. The highest increase of vehicle speed oceurred in
Malioboro Street at 2.26 km/h (8.11 %) while the largest decrease occurred in Mayor Suryotomo
Street at north-south direction at 1,07 km/h (2.64 %) and in Bhayangkara Street at 0.88 km/h (2,78
%0).

3. Effect of the congestion pricing for motorcyeles will decrease to IDRS3.51 per trip (6.63 %) in
Malioboro Street and IDR34 .33 per trip (6.11 %) in Ahmad Yani Street.
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