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Abstract— Jakarta, Bogor, Depok, Tangerang, and Bekasi (Jabodetabek or Greater Jakarta) is the greater capital region in
Indonesia. Unfortunately, the fast growth of the population in Jabodetabek was not supported by a good growth or improvement of
public transportation. The transportation network was predicted and evaluated to suffer considerable congestion by 2020. The
current presence of Bus Rapid Transit and Commuter Line were insufficient to accommodate the current demand for the total
number of trips in urban and suburban areas. Additionally, land availability and cost budgeting condition extend this issue to be
more challenging. Thus, civil engineers and the government’s decision and collaboration contribute a significant role in solving and
suggesting an optimal decision to strengthening transportation in Jabodetabek. Light Rail Transit (LRT) becomes a prominent
answer to solve this problem, integrating the suburban to an urban area and reduce the traveling time. This paper evaluates the
impact of LRT Jabodetabek in improving the capacity of traffic for the Greater Jakarta area and measure the effectiveness of LRT
Jabodetabek. From this study, the analysis showed the positive contribution of LRT Jabodetabek in improving the longing dilemma
by 2025. The paper also suggested future development of LRT Jabodetabek in optimizing the effectiveness through expanding its
routes.

Keywords— public transportation; Light Rail Transit (LRT); greater Jakarta; trip generation; transportation capacity.

vehicles per day initiated from sub-urban over the overall
gross 2.464 billion trips each day in Greater Jakarta’s
In 2014 the number of vehicles on the Jakarta roads wasighways and roads [3]. To support social and economic
17.523 million, with annual growth of 10.5% for cars, 10.9% activities, Jakarta and its sub-urban need a new public
for motorcycles, and about 1% for buses [1] while the road transportation system to anticipate a big traffic jam in the
network length grew only 0.01%. The travel demand in the future. Light Rail Transit (LRT) becomes a prominent
Greater Jakarta (Jakarta, Bogor, Depok, Tangerang, anchnswer to solve this problem, integrating the suburban to the
Bekasi) is expected to increase by 40% in 2020 compared tarban area and reduce the traveling time.
2002, and if there is no improvement made on the existing Light Rail Transit (LRT) systems have become a popular
transportation system, total congestion will occur by 2020 decision to support transportation sustainability and urban
[2]. quality. These systems have the potential to address
Nowadays, there are Bus Rapid Transit (BRT), 375,000 congestion, environmental, and connectivity issues at the
passenger/day, and Commuter Line, 800,000-900,00regional level [4], [5]. Additionally, LRT stimulates the
passengers/day, as public transportation in Jakartagrowth of economic activity in stations and transit-oriented
Considering the need for transport capacity of massdevelopment (TOD) areas [5]. This paper evaluates the
transportation reached 17.29 million trips per day, the impact of LRT Jabodebek in improving the capacity of
existing public transportation operation is not able to cover traffic for the Greater Jakarta area and measure the
all demand from the inner and the outer city and even effectiveness of LRT Jabodebek. The analysis of network
vulnerable to be damaged and collapsed due to overloadapability was performed to determine the effectiveness of
traffic demand. LRT Jabodebek in reducing the volume-to-capacity ratio
Interestingly, traffic demands in the Greater Jakarta area(vVC Ratio) of roads and highways traffic in the Greater
are dominated by suburban users. There are 1.47 millionjakarta area. This study only considered the improvement of

I. INTRODUCTION

828



traffic capability and neglected the possibility of significant ﬁ,f [ -, s i AT
changes in land uses and social-behavior near stations an{~= - |7 PrbumsiDkiacis 1, BRSNS
TOD areas. Therefore, the paper is intended to evaluate anw;'_—? B - 3 ' 3 ok
appreciate the direct benefit of LRT Jabodebek in reducing k

congestion in the Greater Jakarta area.

II. MATERIALS AND METHOD
A. Study Area

The Jakarta Government’s spatial planning RTHR&rcana
Tata Ruang Wilaygh2030 in Local Regulation No 1, 2012
[6] and The West Java Government’s spatial planning 2009-
2029 in Local Regulation No 22, 2010 [7] has stated the
development of railways transportation systems and
networks in the form of rail-based mass transportation -
including the LRT network. 7 d O Sta. Cibinong
In the design and planning process, there are some !
highlighted aspects in choosing LRT as solutions to serve

KABUPATEN BOGOR

’OSta. Sentul Sirkuit

and support the urban and the suburban area of Greate * KoTA BoGOR

Jakarta, i.e., o B Depo
+ Relativelydoes not require land acquisition —
- Large transport capacity Fig. 2 Layout of LRT Jabodebek
- Affordable investment value Cawang area becomes the intersection of all lines in the
+ On-time/travel time is guaranteed first phase. The second phase is Dukuh Atas-Palmerah-
+ No Crossing with other transport modes Senayan-Bogor, with 38.5km total length. (See Fig. 1)
- Safety In general, there are at grade and elevated structures on
- Environmentally Friendly this LRT Jabodebek. The elevated structure consists of
+ Service Quality bored/spun pile, pile cap, column, pier head, and U-Girder,
- Aesthetics as shown in Fig. 2. The selection of the type of structure
» Operating Cost and Effective Maintenance depends on the existing land condition and government
« Construction time is rapid regulation. The maximum operational velocity is 80km/hour.
- Ease of integration and expansion corridor The capacity of the train is 740 passengers under operational

The benefits of LRT incite the urgency in implementing pad and 1308 passengers under crush load. The train
LRT to provide an elevated infrastructure concept that altersconsists of two sets of trains, and each train set has six cars.
limited available problem in Jakarta compared to BRT and
expanding the commuter line.

The total length of the LRT Jabodebek is 82.93km. There
are six design service lines across the Greater Jakarta area:

« Cawang-Cibubur

« Cawang-Kuningan-Dukuh Atas
- Cawang- Bekasi Timur

« Dukuh Atas-Palmerah-Senayan
« Cibubur- Bogor

- Palmerah-Grogol

These service lines were built periodically into two stages.
The first phase is about 44.43km, which consists of three
service lines, i.e., Cibubur-Cawang, Cawang-Bekasi,
Cawang-Dukuh Atas.

i

6 SERVICE LINE LRT Jabodebek
st 1. Cawang - Cibubur :14.89 km
1~ Phase 2. Cawang - Kuningan - D.Atas :11.05 km
44.43 km 2 BRSSO

3. Cawang — Bekasi Timur :18.49 km
4. D.Atas - Palmerah — Senayan :7.8 km
5. Cibubur— Bogor :25.0 km
6. Palmerah — Grogol :5.7 km Recently in 2019, LRT Jabodebek is still under

construction by PT Adhi Karya (Persero) Tbk as design and
build contractor. PT Kereta Api Indonesia will operate this
Fig. 1 Total Length of LRT Jabodebek Light Rail Transit in the future.

Fig. 3 Typical structure of LRT Jabodebek

Total of Stations: 17
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B. Method this analysis is a binary answer (yes or no question/ 1 or 0).

The Four-Stage Model (FSM) is the most popular method Thus, the binomial logit model is the appropriate model for
in assessing the travel demand model for transportation andhis analysis. This model showed two alternative choices, i

urban planning in macroscale evaluation. and j.
(ui-uj)
P(i) =——7—5 (1)
Road Network Transit Network et 0
Inventory Trip Generation nventory P(j)=1-P@U) = 1 (2)
Trip Table e p—— - . .. . .
_l >|_Trip Distribution The probability choosing mode i is a utility function from
4 f‘b“‘*.' Y the deviation of the two alternatives. Assume that the utility
alibration Trip Interchange f ti is li th
Modal Split Model unction is linear, then
1 1
PT Trip Traffic e Ui-Uj= ag+ a4 (Xwi - X1U]-> + a (qui - quj) +
Assignment Assignment validation +a (X _x ) (3)
Future Land Use ; n nU; nt
Craharies R Future Road & Puphc ) ] ] ) ]
Future Transport Demand Transport Scenarios 4) Trip AssignmenfThe trip assignment is the fourth step
Fitethie s FSM. This stage determines the traffic vol igned
St T Parameter on . This stage determines the traffic volume assigne
—— Ve p—— 5*;“"5{ on the roads of the transportation network. In this stage, this
t rt - arn . .
pintismmons Trip Assignment - 100 paper used the result of the TC survey as the validation of
the assigned trip with a volume-based approach. There are
Fig. 4 Flowchart of the four-stage method (FSM) two standard methods for trip assignment analysis, as
follows:

In transportation planning, decision-making is essential to
be evaluated as a holistic model considering socioeconomics,
land use policy, and travel behavior of the studied
transportation modes and urban areas [8]. This method
provides four consecutive steps to account for those aspects,
i.e., trip generation, trip distribution, modal choice, and trip
assignment, as shown in Fig. 4.

The application of FSM is still a credible method for
assessing the new plan and changes in mass public
transportation in a specific region and social behavior.
Several extensive studies showed that conventional FSM has
sufficient and accepted accuracy in forecasting the traffic
volume of the new plan transportation network at the
regional level [9]-[11].

« Trip assignment on the Principle All-or-Nothing: The
All-or-Nothing method allows the flow assignments to
all possible links using designed impedance attributes
without considering the capacity restraint. This model
allows the flow to prioritize the shortest path in every
iteration of scenarios. This method does not consider
congestion effects, and road capacity does not affect
their routes [18]. This method is suitable for applying
to low-density areas.

« Trip assignment on Capacity Restraint Method: The
capacity restraint method is also known as user
equilibrium. In contrast to the All-or-Nothing model,
this method considers the capacity restraint on each
link in the network. This model is appropriate to

1) Trip Generation The first step of the Four-Stage illustrate the congestion condition. In the assignment
Model simulates the number of trip production and trip process, the flow will not move at the same time, but
attractions for each zone. The analysis considers the number incrementally and stop until the capacity has reached.

of trips generated according to socioeconomic, population, Based on the characteristics in each method, this paper
household income level, private car ownership, connectivity, performed the trip assignment stage using the Capacity
and land use policy in each zone [12]-[14]. In this paper, theRestraint Method. Hence, the study performed FSM to
calculation of the total generated trip was assessed usingvaluate the improvement of traffic demand in the Greater
direct dataset traffic volume and survey traffic counting in Jakarta area due to the operation of LRT Jabodebek using
selected zones. These methods implicitly capture theTRANPLAN Software.
variation of all socioeconomic aspects in developing the trip  In addition, the traffic capacity model was performed on
generation model of the Greater Jakarta area. this paper. It is commonly constructed through the geometric
attributes of the road sections. These attributes, then, would
be converted into the maximum vehicle density on the roads.
The model considers several geometric attributes, e.g., the
width of lane, design speed, the total width of the road
section, the junction position, the road alignment, the space
between vehicles, and the land use policy. In Indonesia, the
traffic capacity model practically follows MKJI 1997 [20].
This paper constructed the traffic capacity model using
MKJI 1997 and enhancing the model with Highway
3) Modal Choice: The Mode Choice aims to get the type Capacity Manual (HCM) 2010 [21]. Based on these two
of transportation mode used for the trip that has been definednodel references, the geometry data collection and traffic
in the previous step. In this paper, the used mode choicecounting surveys were performed in supporting the model.
model is a trip end model. The survey stated preference for

2) Trip Distribution: This step matches the trip makers’
origins and destinations to develop a trip table (origin-
destination matrix). The analysis is using the Gravity Model
with balancing factors [8], [17] corresponding to the total
generated trips from data collecting and TC survey. Gravity
Model allows the splitting flow in desired zones and
distributes the flow in the network links connecting all the
zones in gravity interaction analogy.
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This paper constructed one traffic capacity model based on
the road condition in the pre-construction stage of LRT

TABLE Il
TRAFFIC VOLUMES IN URBAN STREET SEGMENTS

Jabodebek. According to the design plan of LRT Jabodebek Street Name Total Trip

in expanding traffic capacity without reducing the existing Morning Evening
road’s geometry, this paper assumes that there would not b#T Haryono 3,196 2,282
significant changes in the traffic capacity model representing(Gatot Subroto 19,575 9,718
the fully operated LRT Jabodebek in 2020. Therefore, the|Rasuna Said (fast lane) 6,463 7,504
evaluation of transportation network capability in the next [Rasuna Said (slow lane) 4,656 6,530
five years considers the same capacity as the pre{Rasuna Said (North Junction) 2,681 3128
construction stage of the traffic capacity model. Rasuna Said (South Junction) 5,055 3,641
Rasuna Said (East Junction) 4,438 2,887

[Il. RESULT AND DISCUSSION Rasuna Said (West Junction) 3,770 4,426
Pancoran 10,087 13,586

A. Trip Generation Tendean 1,081 696

The data collection considers three types of traffic’'s [Cikoko Barat 762 648
infrastructure, i.e., freeway (intercity toll road and intraurban [QiSta-Dewi Sartika 2,739 3,914

toll road), urban streets, and commuter lines’ railways.

These types of infrastructures are selected to represent all
possible instruments in generating movement in the Greater

=

The total trips have to consider all possible directions of traffic, including the U-turn in junction segments.

TABLE lll
TRAFFIC VOLUMES IN MINIBUS-SHARE TAXI STATIONS

Jakarta area.
The trip generated in freeway used an open-source datase
from Traffic Volume, JasaMarga, in 2016 [15]. This dataset

provides the monthly traffic volume in toll road segments. In

capturing the worst scenario of traffic volume, this paper

considered the maximum monthly traffic volume in the

whole of 2016. Then, the data collected from six considered

toll road sections that serve the Greater Jakarta area, agg

shown in Table I.
The generated trip in the urban street was approache

using traffic counting (TC) in selected zones near serving

lines of LRT Jabodebek. There are 12 street segments and

stations of the local minibus and share taxis. For the stree
segments survey, the traffic was counted allocating all
possible direction of movements in two window times, i.e.,

morning and evening times. For the station survey, the TC

. . Total Vehicles

MiniBus-Share Taxi - -

at Stations Morning Noon Evening
In Out In Out In Out

Sta. Harjamukti 12,471 4,687 6,24 6,241 7,491 9,669
Sta. Ciracas 5,132 1,935 2,571 2,572 3,088,981
Sta. Kampung Rambutan 26,160 19,979 39,245,493 33,860| 28,917,
Sta. Cawang 17,460 18,355 14,01814,919| 20,38218,115
Sta. Ciliwung 15,752 22,332 | 15,23216,485| 23,23118,584|

. Cikoko 14,509 24,095| 15,60917,032| 24,35%18,486
Sta. Pancoran 86,653 60,326 | 180,65406,517 5,945| 3,462
bta. Rasuna Said 3,176 8,111 5294 5,45 7,715 5,181
Sta. Setiabudi 1,216 3,114 1,79 2,001 2,9%9 1,974
Bta. Dukuh Atas 3,210 6,614 4,028 4,441 6,465 4,588
Sta. Jatimulya 10,932 20,155| 19,97616,730| 20,06814,503
Sta. Bekasi Barat 9,608 14,431 | 13,28p12,576| 25,50821,446|
Sta. Cikunir 2 3,865 10,977 | 6,20 6,92y 10,318,695
Sta. Cikunir 1 3,225 9,244 5221 5,83 8,684 5,638
St. Jatibening Baru 3,434 9,758 5511 6,157 9167 5,951

considered in and out local minibus and share taxi in thre
window times, i.e., morning, noon, and evening times. See
Table Il and Table IlI.

TABLE |
TRAFFICVOLUMES IN TOLL ROAD SECTIONS

The trip generated in commuter lines were collected open-
source dataset in ‘Statistik Komuter Jabodebek 2014’, Badan
Pusat Statistik[16]. The report provides the total number of
passengers monthly in a year and the operational schedule of
the commuter lines. The direct relation of these variables

831

Toll Road Sections | Vehicle/montt Vehicle/day| Trip/day could produce a direct generated trip/day from the Komuter
X 10° X 10° Jabodebek railway. Then, the summary of total trips
Intraurban Toll Road generated in the Greater Jakarta area is shown in Table IV.
g:\r/]vgcagr;ogmang 18,694,487.00 0.603 0.900 SUMMARY TRAFFlcVOLUI\-/lr?sBéFETLYE GREATERJAKARTA AREA
Intercity Toll Road Toll Road Sections Vehicle/day | Trip/day | 9% of Total
Jagorawi 18,142,160.00 0.585 0.778 X 10° X 10° Trips
Sedyatmo 7,024,496.00 0.227 0.306 Commuter Movement
Cikampek 19,437,800.00 0.627 0.807 Toll Road 1.94 2.46 14.25%
Ulujami 3,905,175.00]  0.126 0.125 Non-Toll Road 0.59 099 | 5.72%
Railway 0.49 0.49
Tangerang 11,490,200.00 0.371 0.448 Total Trips on Road 553 3.45
Total Toll Road Flow 78,694,318.00 2.539 3.364 Total Trips incl. Rail 3.02 3.94 22.81%
[Total Toll Road Flow DKI Jakarta Movement
Passing DKI Jakarta | 59,999,831.00 1.935 2.464 Total Trips on Road 13.350 77.19%
(infout) Commuter and DKI Jakarta Movement
Total Trips on Road 16.804
Total Trips incl. Rail 17.294 100.00%




B. Trip Distribution

In this paper, there were 415 selected zones around the
Greater Jakarta area to distribute the generated traffic flow.
Gravity Model allows the splitting flow in desired zones and
distributes the flow in the network links connecting all the
zones in gravity interaction analogy. The selected zones
represent the nodes of the network, and the interactions
represent the link. Figure 5 describes the Origin-Destination
Desire Line Network as a result of balancing and splitting
flow from the Gravity Model.

Respondent Education

ntary School

—

Fig. 7 Respondents level of education

Figure 8 presents the scenario of LRT being able to cut
the travel time 5-10 minutes. Most of the respondent’s desire
to pay IDR 7,500. Figure 9 shows that by cutting travel time
11-15 minutes, 89 respondents desire to pay IDR 10,000,
and 87 respondents desire to pay IDR 7,500.

Survey of Cutting Travel Time

Dominant and
Desired Trip Line

Fig. 5 The trip desired line (origin-destination) in the Greater Jakarta area

C. Mode Choice

Stated Preference Survey conducted at some different
location to get the information from the society which use
private vehicles and public transport. The total number of
respondents is 200 respondents. The level of education is
classified as Elementary School (0%), Junior High School
(JHS) (4%), Senior High School (SHS) (48%), University
(48%). Figure 6 and Figure describe the categorical cluster
of respondents according to mode usage and the level of
education.

The survey intentionally was designed to capture the
preference of society to choose LRT Jabodebek as their
mode with several ranges of tickets fare and scenario of time
benefits. The survey brings results in several conditions, as
shown in Figure 7-11.

for 5 - 10 minutes

® Ticket Threshold Rate Rp.7.500,

B Ticket Threshold Rate Rp. 10.000,-
® Ticket Threshold Rate Rp. 12.500,-
m Ticket Threshold Rate Rp. 15.500,-
= Ticket Threshold Rate Rp. 17.500,-
= Ticket Threshold Rate Rp.20.000,-
™ Ticket Threshold Rate Rp. 25.000,-

Fig. 8 Respondent ticket preference by cutting travel time 5-10 minutes

Survey of Cutting Travel Time
for 11 - 15 minutes

® Ticket Threshold Rate Rp.7.500,-

B Ticket Threshold Rate Rp. 10.000,-
® Ticket Threshold Rate Rp. 12.500,-
® Ticket Threshold Rate Rp. 15.500,-
= Ticket Threshold Rate Rp. 17.500,-
= Ticket Threshold Rate Rp. 20.000,-
® Ticket Threshold Rate Rp. 25.000,-

Fig. 9 Respondent ticket preference by cutting travel time 11-15 minutes

Percentage of Mode Usage

BUS

8%

PRIVATE CAR &
PUBLIC TRANSPORT
21%

RAILWAY
1%

Fig. 6 Respondents transportation mode usage
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Survey of Cutting Travel Time
for 16 - 20 minutes

= Ticket Threshold Rate Rp.7.500,-

® Ticket Threshold Rate Rp. 10.000,-
® Ticket Threshold Rate Rp. 12.500,-
®m Ticket Threshold Rate Rp. 15.500,-
= Ticket Threshold Rate Rp. 17.500,-
= Ticket Threshold Rate Rp.20.000,-
“ Ticket Threshold Rate Rp. 25.000,-

Fig. 10 Respondent ticket preference by cutting travel time 16-20 minutes



Figure 10 presents the scenario of LRT being able to cut
the travel time 16-20 minutes. There were seventy-five or
most respondents, desire to pay IDR 10,000, as shown in
Figure 10. Figure 11 presents the scenario of LRT being able
to able to cut the travel time 21-25 minutes. There were
sixty-one or most respondents, desire to pay IDR 10,000, as
shown in Figure 11. Figure 12 presents the scenario of LRT
being able to able to cut the travel time 26-30 minutes—
most of the respondents or about fifty respondents desire to

TABLE VII
UTILITY FUNCTION FORBUS AND COMMUTER LINE TOLRT

pay IDR 10,000.

Survey of Cutting Travel Time
for 21 - 25 minutes

= Ticket Threshold Rate Rp.7.500,-

Fig. 11 Respondent ticket preference by cutting travel time 21-25

Survey of Cutting Travel Time
for 26 - 30 minutes

= Ticket Threshold Rate Rp.7.500,-

Fig. 12 Respondent ticket preference by cutting travel time 26-30

There are several types of transportation modes for Binomial
Logit Model analysis, such as buses to LRT, the commuter

® Ticket Threshold Rate Rp. 10.000,-
®m Ticket Threshold Rate Rp. 12.500,-
® Ticket Threshold Rate Rp. 15.500,-
= Ticket Threshold Rate Rp. 17.500,-
= Ticket Threshold Rate Rp. 20.000,-
™ Ticket Threshold Rate Rp. 25.000,-

minutes

B Ticket Threshold Rate Rp. 10.000,-
® Ticket Threshold Rate Rp. 12.500,-
® Ticket Threshold Rate Rp. 15.500,-
= Ticket Threshold Rate Rp. 17.500,-
= Ticket Threshold Rate Rp.20.000,-
™ Ticket Threshold Rate Rp. 25.000,-

minutes

line to LRT, public transport only (a combination of bus and
commuter line) LRT, private vehicles to LRT and p. Trip Assignment

combination of all non-LRT to LRT. See Table V — IX.

TABLE V
UTILITY FUNCTION FORBUS TOLRT

. Regression .
Regression Model Coeff. Wald df Sig
Constant 6.061 98.613 1 0.001
Time Difference
with LRT (X1) 0.061 10.791 1 0
LRT's fare (X2) -0.621 159.21 1 0
Nagelkerke R 0.713
Square

U =6.061 + 0.061 X1 - 0.621 X2
TABLE VI
UTILITY FUNCTION FORCOMMUTER LINE TOLRT
. Regression .
Regression Model Coeff. Wald df Sig
Constant 5.075 721.964 1
Time Difference with
LRT (X1) 0.112 326.659 1
LRT's fare (X2) -0.634 1391.993 1 0
Nagelkerke R Square 0.722
U =5.075+0.112 X1 - 0.634 X2

833

. Regression .
Regression Model Coeff. Wald df Sig
Constant 5.241 629.8 1 0
Time Difference
with LRT (X1) 0.116 251.168 1 0
LRT's fare (X2) -0.631 1170.83% 0
Nagelkerke R 0.725
Square

U=5.241 +0.116 X1 - 0.631 X2
TABLE VIII

UTILITY FUNCTION FORPRIVATE VEHICLE TOLRT

. Regression .
Regression Model Coeff. Wald df Sig
Constant 5.048 193.38 1 0
Time Difference
with LRT (X1) 0.115 83.496 1 0
LRT's fare (X2) -0.648 377.309 1 0
Nagelkerke R
Square 0.712

U =5.048 + 0.115 X1 - 0.648 X2
TABLE IX
UTILITY FUNCTION FORBUS, COMMUTER LINE, AND PRIVATE VEHICLE TO
LRT

. Regression .

Regression Model Coeff. Wald df Sig

Constant 5.158 821.082 1 0
Time Difference
with LRT (X1) 0.115 333.425 1 0
LRT's fare (X2) -0.631 1,553.834 1 0
Nagelkerke R 0.72
Square

U =5.258 +0.115 X1 - 0.631 X2

In capturing the effectiveness of LRT Jabodebek, the
paper tried to measure the improvement of transportation
network capability in the Greater Jakarta area. The
assessment was conducted by presenting the reduced
volume-to-capacity ratio (VC Ratio) of roads and highways
traffic in the Greater Jakarta area. Thus, this paper
constructed three travel demand models to delineate the
reductions on the network. The models consider the demand
for the pre-construction phase, the demand for the post-
construction phase, and the demand in the next five years of
operation.

This paper assumes that the demand in different time
windows increases with the compound growth rate.
According to the theory of trip generation, socioeconomic
features represents the characteristic of the growth of travel
demand in the studied area [12]. The gross domestic product
is appropriate in illustrating the socioeconomic condition [8].
Thus, this paper constructed the travel demand model for
several time windows using the growth rate of Indonesia ON
2017 GDP, 5.1% annually [19].

Figure 13 shows the travel volume demand of the Great
Jakarta area in 2017. In general, the total traffic volume in



the intraurban area is around 70,000-90,000 vehicles/dayJabodebek. After being operated for five years, the model
However, there are significant travel demand (>90,000 indicates the significant reduction of the volume of

vehicles/day) around Tangerang, Bekasi, Taman Mini, andvehicles/day. The total traffic volume in the intraurban area
Kampung Rambutan. This condition indicates the high is reduced to <50,000 vehicles/day. The travel demand in
demand for passing infout to DKI Jakarta. This condition overall connection to pass in/out DKI Jakarta is reduced to
confirms the necessity of LRT Jabodebek in serving the 50,000-70,000 vehicles/day. Interestingly, the model

Greater Jakarta area. consistently indicates the high demand for passing in/out to
DKI Jakarta. The presence of LRT Jabodebek proves a
valuable improvement by reducing the total demand for
vehicles/day on road-based trips.

— T~
e S TAl .
Iy

e

50.001-70.000

70.001-90.000

— > 90.000 50.001-70.000

70.001-90.000

Fig. 13 The travel demand model for the Greater Jakarta area in the pre-
construction stage (2017)

> 90.000

Figure 14 shows the forecasted volume demand of therig. 15 The forecasted travel demand model for the Greater Jakarta area in
Great Jakarta area in 2020 at the post-construction phase dfill operation for five years (2025)
LRT Jabodebek (not fully operated). On average, the model . .
indicates a reduction of the total traffic volume in the T 'fansportaton Network C_apabﬂny o
intraurban area to around 50,000-70,000 vehicles/day. Furthermore, the analysis of network capability was
However, the predicted model shows several significant Performed to determine the effectiveness of LRT in reducing
travel demands (>90,000 vehicles/day) around the intraurbarfh® Vvolume-to-capacity ratio (VC Ratio) of roads and
roads, Tangerang, Bekasi, Taman Mini, and Kampung highways traffic in the Greater Jakarta area. Accordingly, the
Rambutan. The increasing demand on the intraurban road®fimary purpose of LRT is integrating accessibility and
illustrates the effect of the growth rates. However, the modelMobility of Greater Jakarta into Jakarta. For connecting the
consistently indicates the high demand for passing in/out tosuburban area, intercity public buses and personal cars
DKI Jakarta. In this stage, there is no significant Pecome the dominant transportation options to serve

improvement shown by the operation of LRT Jabodebek. suburban residents into the urban area. These types of
transportation interestingly are accommodated by roads and

highways, which have a fixed traffic capacity. This paper
strategically implements this characteristic of predicted daily
traffic and fixed capacity of roads and highways to
determine the LRT Jabodebek's effectiveness. Instead of
simulating the network generation of LRT Jabodebek, this
paper evaluated the efficacy of LRT Jabodebek by
measuring a reduction of VC ratio of roads and highways
traffic in Jakarta when LRT Jabodebek entirely operated.

This paper constructed three transportation network
capability models to delineate the reductions on the network.
The models consider the demand for the pre-construction
phase, the demand for the post-construction phase, and the
demand in the next five years of operation. These models are
constructed using three travel demand models and one traffic
capacity model.

Figure 16 shows the VC ratio across the Greater Jakarta
area in 2017 with the pre-construction phase. The model
Fig. 14 The fqrecasted travel demand model for the Greater Jakarta area ighows that the transportation capability inside DKI Jakarta is
post-construction stage (2020) almost reaching its limit. On average, the overall network in

Figure 15 shows the forecasted volume demand of theDKI Jakarta has a VC ratio of around 0.76-0.98. From this

Great Jakarta area in 2025 at the full performance of LRTCcondition, the model proves the necessity of expanding the

70.001-90.000

> 90.000
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traffic capacity inside DKI Jakarta. For the outer side of DKI IV. CONCLUSION
Jakarta and the Greater Jakarta area, the transportation pased on the analyses above, it can be concluded that:

network is insufficient to serve the traffic demand. This area LRT Jabodebek is planned and designed for integrating the

is dominated by the VC ratio >0.98. Interestingly, Figure 13 yafc that is linked and generated from suburban into an
only arguably indicates that the enormous demand occurrec{]rban area. The three service routes of LRT are strategically

only in several locations in the Greater Jakarta area. Th'sarranged to answer the dominant traffic desire from sub

condition conveys that the existing traffic capacity in the ,han pue to the limited available space in Jakarta and to

outer side of DKI Jakarta and Greater Jakarta area is loweniimize the budget, LRT Jabodebek provides an elevated
than the inside of DKI Jakarta and insufficient to serve the jygastrycture that intensifies the existing land use for
movement of commuter passing in/fout DKI Jakarta. This

. . ; ) .~ expanded transportation needs. The traffic capability
model precisely depicts the dilemma in the current condition analysis shows that LRT Jabodebek is improving the VC
in the Greater Jakarta area.

ratio of overall traffic in Jakarta and the Greater Jakarta area.

Figure 16 shows the estimated VC ratio across the Greateiryq optimal significance of improvement is estimated to be
Jakarta area in the post-construction phase, the year of 202Q,.hieved in 2025. Based on the current proposed LRT

and Figure 17 shows the estimated VC ratio across thejgpsdehek routes, Tangerang and Depok remain vulnerable
Greater Jakarta area with LRT entirely operated for five 1 congestion in the year 2025 because there is no direct
years operation. The result pointed out a significant ro,te that serves these areas. Inspired by the currently
reduction in the number of existing cars in roads and ggiimated effectiveness, future development to expand the

highways when LRT is operated in 2025. However, there is ., tes becomes a suggestion.

no substantial reduction in traffic volume in 2020. This
condition indicated that the effectiveness of LRT would not

o X . NOMENCLATURE
be significant in the first year . N ] ]
P(i) probability using mode i
U, utility in choosing mode i
U-Yy difference of utility of mode i and mode j
Q constant utility difference
ay, d, ..., & coefficient of each attribute from the least-

squares multiple linear regression vs. the
probability maximum

ACKNOWLEDGMENT

The authors are grateful to PT Adhi Karya (Persero) Thk
for the support of publishing this paper.

REFERENCES

[1] P. A. K. (Persero) Tbk, “Studi Analisis Dampak Lalu Lintas LRT
Adhi Karya.”

[2] JICA, “Project for the Study on JABODETABEK Public
Transportation Policy Implementation Strategy (JAPTraPis) - Final

Fig.16 The VC Ratio Model for the Greater Jakarta area in the pre- Report,” 2012.

construction stage (2017) [3] Y. Ke and K. Gkritza, “Light rail transit and housing markets in
Charlotte-Mecklenburg County, North Carolina: Announcement and
operations effects using quasi-experimental methods,Transp.
Geogr, vol. 76, pp. 212-220, 2019.

[4] D. R. Johnson and J. Nicholas, “Light rail transit and property values
in Kitchener—Waterloo,'Can. Public Policy vol. 45, no. 1, pp. 32—
47, 2019.

[5] D. M. Baker and B. Lee, “How Does Light Rail Transit (LRT)
Impact Gentrification? Evidence from Fourteen US Urbanized Areas,”
J. Plan. Educ. Resvol. 39, no. 1, pp. 3549, 2019.

[6] Government of Jakarta, “Jakarta spatial plan/regional regulation
no.1/2012,” DKI Jakarta, 2012.

[7] Government of West Java, “West Java spatial plan/ regional
regulation no 22,” West Java, 2010.

[8] V. A. Profillidis and G. N. Botzoris, “Modeling of Transport Demand:
Analyzing, Calculating, and Forecasting Transport Demand,” pp.
Xxi—xxvi, 2018.

[9] M. Zhong, R. Shan, D. Du, and C. Lu, “A comparative analysis of
traditional four-step and activity-based travel demand modeling: a

50.001-70.000

70.001-90.000

> $0.000 case study of Tampa, Floridatansp. Plan. Technologyol. 38, no.
5, pp. 517-533, 2015.
[10] Cambridge Systematics Inc., Vanasse Hangen Brustlin Inc., Gallop
Fig. 17 The VC Ratio Model for the Greater Jakarta area in post- Corporation, C. R. Bhat, Shapiro Transportation Consulting LLC,
construction stage (2020). and Martin Alexiou Bryson PLLCNCHRP report 716. Travel

Demand Forecasting: Parameters and Techniqaés2.
[11] N. Ferdouset al, “Comparison of Four-Step versus Tour-Based
Models for Prediction of Travel Behavior before and after

835



[12]

[13]

[14]

[15]
[16]

Transportation System ChangeS3fansp. Res. Rec. J. Transp. Res. [17]
Board, vol. 2303, no. 1, pp. 46-60, 2012.

A. Jayasinghe, K. Sano, and K. Rattanaporn, “Application for
developing countries: Estimating trip attraction in urban zones based [18]
on centrality,”J. Traffic Transp. Eng. (English Ediol. 4, 2017.

“Analyzing of public transport trip generation in developing [19]
countries; a case study in Yogyakarta, Indoneshotld Acad. Sci.

Eng. Techno].vol. 42, no. 6, pp. 1407-1411, 2010. [20]
I. K. Takyi, “Trip Generation Analysis in a Developing Country
Context,”Transp. Res. Reqp. 9-21, 1990. [21]

PT Jasa Marga, “PT Jasa Margdasamarga.con2019.
N. N. Irawan, Heru; Pragesa8tatistik Komuter Jabodetabek, 2014

836

H. M. Celik, “Sample size needed for calibrating trip distribution and
behavior of the gravity modelJ. Transp. Geogr.vol. 18, no. 1, pp.
183-190, 2010.

D. Teodorowt and M. Jard, Transportation engineering: Theory,
practice, and modeling2016.

The World Bank Group, “GDP growth (annual %) | Data/brld
Bank open data2019.

D. G. of H. D. of U. R. Development, “Manual Kapasitas Jalan
Indonesia (MKJI),” vol. 1, no. |, p. 564, 2010.

R. G. Dowling and B. K. Ostrom, “Highway Capacity Manual 2010,”
2010.





