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Abstract. Traffic congestion is a problem for every city in Java Island, Indonesia, including Bogor City. Factors causing congestion in
Bogor City are thought to come from land use, the geometry and performance of road, and public transport routes (urban transport).
The change of urban transportation @ngkot) route carried out by Bogor City Government aims to reduce traffic density and
congestion, but it is not a guarantee that the main problem will be solved. This study aims to determine the spatial patterns of traffic
density and congestion with currentangkot routes and to construct a model to predict traffic density and congestion when neamgkot
routes are used. Variables in this research are land use (number of schools and markets/malls), geometry and performance of road
(vehicle volume, road capacity, average velocity, road type, number of lanes, number of signalled and non-signal intersection), and an
angkot route passing a road. The method used in modelling is multiple regression using one dummy variable and a stepwise
regression method. The result of modelling shows that the variables affecting traffic density are velocity, some signalled and non-
signal intersection, andangkot route with R? value 66.9%. At the same time, the influential variables in the traffic congestion model
are vehicle volume, road capacity, number of the signalled intersection, arahgkot route with R? value 81.4%. To see accuracy in
predicting model of traffic density and congestion, Mean Absolute Percentage Error (MAPE) validation is used. The results show a
value of 12.46% for traffic density, which means that the model has good prediction accuracy and 5.62% for traffic congestion, which
means the model has high prediction accuracy. Thus, in this study, the land use of school and market is not a factor causing traffic
density and congestion, while the geometry and performance of roads and public transportation routes as a factor causing congestion.
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carried out by the local government of Bogor City aims to
[. INTRODUCTION reduce traffic density and congestion, but it is not a
guarantee that the main problem will be solved. The number
of preliminary routes before the route change is 23 routes
faceted problem as a result of rapid urbanization [1]. Traffic after the local government publishes the rule§ then the most
congestion is a conditon on road networks that are recent route number becomes 37 routes. Until now, the route
characterized by slower speeds, longer trip times, andphange ha_s not been fully mplemented, one of which there
increased vehicular queueing [2]. Many critical congestion is a road infrastructure that is not yet available. The study

areas in developing regions have poor traffic managemen rea of this research can be seen in Figure 1.

systems, and the road network can result in a massive traffic This study ha_s topics towards the mtergctlor:j am(])cng land
jam for elongated periods [3]. Traffic congestion that US€: transportation system, geometry, and road performance

happened in urban area slows the road movementagainSt traffic density and congestion in Bogor City. Similar
furthermore affect the rapid activities in urban areas [4]. research_ has be_en con_du_cted m_South Kor_ea using weather
Traffic congestion is also a problem for every region in and traffic data in predicting traffic congestion [5], another

Indonesia, including Bogor City. Factors causing congestion StUdy was also conducted in Lagos, Nigeria to predict traffic

in Bogor City are considered as macro-level factors that arecongestion using traffic VO'U'T.‘e data [6]. . ,
thought to come from land use, the geometry and This study aims to determine the spatial pattern of traffic

performance of road, and public transport routes (urbandens'ty and congestion with the current route and construct a

transport) [5]. The change of urban transpargkot) route prediction model of traffic density and congestion when a
new angkot route is used. By using multiple regression

Traffic congestion is the most common issue that
happened in Asian countries which experiencing the multi-

2044



models can be known as the interaction between factors thatonducted in Japan considering traffic factor, weather, and
affect traffic congestion, as well as to prove mathematically snow removal to predict the speed of the trip [7].

whether these factors are the cause of traffic congestion or

not. The research using multiple regression model was
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Fig 1. Study area in Bogor City

and modern, was obtained from the identification of
Il. MATERIALS AND METHODS Topographic Map of Indonesia with scale of 1: 5,000 and
(gield survey.

The data are used as variables to determine spatial
patterns and construct a model to predict traffic density and
congestion. Road type variables (one way, divided and
undivided) are dummy variables because the data are
|categorical. In getting the number of schools and market
centres using buffering techniques to the road segment as far
jas 100 meters from the location of schools and market

Data used in this research are geometry data and roa
performance as well as the city transportation route, which is
part of the transportation system obtained from the
Department of Transportation in 2017. The data include road
capacity, vehicle volume, average velocity, road type,
number of lanes, number of signalled and non-signa
intersection, and aangkot route. Meanwhile, land use data
for a number of schools and market centres, both traditiona
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centres, and have an influence. The number of roadWhere n is the amount of data, i8 the actual value, and F

segments studied in this research is 175 road segments. the predicted value of the modelling result. The size of the
To measure the congestion level of a road segment is uset) APE value measures the accuracy of a model. The

the congestion index is based on the average velocity of thepredicted accuracy value based on the MAPE value can be

vehicle and the free flow velocity. The research that usesseen in Table 2.

velocity as an element in calculating the congestion index is TABLE Il

done by [8] and [9]. The detection and analysis from the MAPE VALUE TO EORECAST EVALUATION

congestion index can provide information to plan and

organize road traffic for traffic management. The congestion MAPE (%) Evaluation
index formula can be seen in Equation (1). MAPE < 10 % High Accuracy
10 % < MAPE< 20 % Good
L x 100, Jif V< Vepand Vep > 0 20 % < MAPE< 50 % Reasonable
CI'= 1 Ver @ MAPE > 50 % Inaccurate

100,  ;if V> Ve

Where Cl is the traffic congestion index of a road Il. RESULT AND DISCUSSION
segment, V is the average velocity, ang ¥ the maximum The result of model development shows that in predicting
velocity or free flow. According to the Minister of traffic density R value obtained is 66.9% with variables
Transportation Regulation [10], the maximum speed or free affecting traffic density are velocity, number of signalled
flow on urban roads is at most 50 km/h. The result of the and non-signal intersection, arahgkot route. Equation 3
congestion index is divided into 4 states as shown in Table 1shows the results of multiple regression models for traffic

density.
TABLE |

CONGESTIONINDEX Y = 322.362 — 4.836 + 6.754 + 17.273¢ + 2.08% (3)

Congestion Traffic State Description of Traffic
Index Level State where, x;, is velocity, x» is angkot route, x; is signalled

[0-25] Heavy Congestion The average speed is low, intersection, angy is non signal intersection.
road traffic state is poor

[25-50] Mild Congestion The average speed is lower, Meanwhile, the traffic congestion model obtalnea R
road traffic state is bit weak value of 81.4% with variables that affect traffic congestion is
The average speed is higher, ~ Vehicle volume, road capacity, number of the signalled

[50-75] Smooth road traffic state is better intersection, andngkot route. The Equation of the result of

The average speed is high. the traffic congestion model can be seen in Equation 4.

[75-100] Very Smooth road traffic state is good

Y = 322.362 — 4.83g + 6.754, + 17.273; + 2.089,(4)

The multiple regression model is used by a stepwise h . locit . kot ‘ is signalled
regression method to get variables that influence traffic WN€r€: x1 1S VEIOCIY, xo 1S angkol TOULE, x; IS Signalle

density and congestion. To find out the contribution of the intersection, ang, is non signal intersection.
independent variable to the dependent variable hence used
coefficient determination % R’ is also often called the
proportion of variation described by independent variables
[11]. However, although the value of B large, it does not
necessarily mean that the regression model will be accurat
in predicting. Therefore, model validation is required using : o
various methods. Besides, to see the effect of independenrt]']P:I_E]OdeI h?sla h'?th pred:cctltonff{;\ccgracyt[mg. d d
variables on the dependent variable is also used the value of € spatial paftern of trafic density based on-roa
significance or p-value. The value of the p-value used is Onosperfor_man_ce data describing the current _condmon can be
as the limit of an independent variable affects the dependentseen n F|gure 2.a. If the neangko_t route is us_ed to the .
variable. tr_aﬁlc density model, then the spa_t|al pattern will bg seen in

To see accuracy in predicting the model of traffic density Figure _2'b' The traffic congestion pattern obtame_d by
and congestion that has been constructed, Mean Absolut@""lcm.atlng the value of.the. congestion index, accord!ng to
Percentage Error (MAPE) is used. This approach is usefulequat'cén 1 can bhe seenffl_n Figure 3"”." I aala%kolt rmﬁte IS h
when the size of the prediction variable is important in epter? Into t s traffic Egngesélct))n model, then the
evaluating the prediction accuracy. Based on [12] and [13],\’Isua Ization can be seen in Figure 3.b.

In obtaining the accuracy of the model predictions, MAPE

validation is used with results show that the accuracy for the
traffic density model has a value of 12.46%, which means
éhat the model has good prediction accuracy. While the
traffic congestion model has a value of 5.62%, which means

the formula of MAPE is New angkot routes are used in_ the model to see if chal
government policies affect density and traffic congestion.
n The calculation shows that the change amigkot route
1 A — F impacts the decreasing density value as much as 119 road
MAPE = n A, ©) segments or 68%, while the density value which increases as
t=0 much as 56 road segment or 32%. The number of road

segments with a density value of more than 250 kihAlso
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went down from 23 to 22 road segments. Meanwhile, in show that the policies made by the local government

predicting traffic congestion using neamgkot routes, 9 road  influence the decrease in the value of traffic density,

segments were initially current status into mild congestion, although, in traffic congestion, there are 9 roads segment

so 13 road segments have mild congestion traffic status aftethat previously had traffic status smoothly into mild

the newangkot route is inserted. congestion, although the calculation shows that the overall
value of the congestion index decreased.
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