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Abstract. Vehicle speed plays an important role in the traffic flow and road
density. This parameter is often researched to obtain a model of the
characteristics of an existing road section. This study aims to analyze vehicle
speed on arterial roads using the Greenshield Model approach, which is a
fundamental traffic model that describes the relationship between traffic density
and vehicle speed. Through the collection of field data and statistical analysis,
vehicle speed patterns and factors influencing them can be identified. The method
used is t distribution analysis with the Greenshield Model approach to see the
comparison of vehicle speed values on the Kenjeran highway and Kertajaya Indah
road sections. The results show that the Greenshield Model can be effective in
predicting traffic speeds on arterial roads, providing insights for better
transportation planning and road design. Furthermore, the mathematical
equation that can be produced on arterial roads is with an average speed value of
26.9 km/h and a standard error of 0.504 and an R2 correlation of 0.658. The
conclusions of this study offer guidance for urban planners and transportation
engineers in optimizing traffic flow and improving road user safety y=32.282-
0.0347x.

1.Introduction

Arterial highways in big cities like Surabaya play a vital role in connecting various areas and
supporting high mobility. Traffic characteristics on arterial highways are often complex due to
the high volume of vehicles and the variability of travel patterns. The study of traffic behavior on
arterial roads provides important insights for transportation planning, congestion reduction, and
traffic safety improvement (1-3). This research was carried out in an effort to find an appropriate
mathematical model that can describe the traffic flow to the speed of vehicles and the density of
vehicles in the arterial road section, where the selected road section is an arterial road section
that has a sufficient road width for traffic that has a high degree of saturation but is still within
the limit where the congestion is not too significant because for a situation of total congestion,
the Greenshield theory model is not can be done (4-6). The Greenshield model is one of the
fundamental models in traffic flow theory that describes the relationship between vehicle speed
and density with linear assumptions. This model is useful for predicting traffic behavior and
planning traffic management (7,8). This model is believed to be an alternative in the completion
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of traffic speed and volume-based traffic models. This model prioritizes the development of
algorithms in traffic flow. In the context of traffic modeling, algorithms that use the Greenshield
model usually involve steps such as entering the speed, density, and flow data of the road network
to be modeled. Data is obtained from traffic monitoring systems using checkers, stopwatches and
others. Next, the model is calibrated, namely determining the model parameters, such as free
current velocity (Sff) and saturation density (Dj), based on the data collected. This involves fitting
existing data with model equations to get the most appropriate parameter values (9,10)). For
traffic simulation this research using the greenshield approximation where in using the
Greenshield model to simulate traffic flow based on various density and traffic flow scenarios.
These algorithms can help predict how changes in density will affect the speed and flow of traffic
(11-13).

This model can be used by traffic planners to optimize road networks, design traffic
management policies (14-17), and estimate the impact of changes in infrastructure or traffic
patterns, which with the speed of free flow known from the empirical formula can predict the
speed of vehicles in real time on the highway so that one of the efforts to minimize the impact of
congestion is to install speed signs that must be met by passing vehicles.

The novelty of this study is built on the basis of the awareness of the researcher that the road
section that is compared has not touched the analysis of vehicle speed between one road and
another which has a similar road situation so that a simple method such as Greenshield is to be
tried as a first step to predict the comparison of vehicle speed that occurs on both Kenjeran road
and Kertajaya Indah road section.

2. Materials and Method
2.1. Research Location

The location for vehicle measurements takes the Kertajaya Indah highway and the Kenjeran
Highway section, where these two road sections are the main roads in the city of Surabaya which
are congested with vehicle traffic. This road section during the morning and evening rush hours
often experiences congestion, but vehicles can still move slowly. In this study, to avoid congestion,
measurements were taken at 10 a.m. where vehicles passing on the road were not too crowded.

The research method involves collecting empirical data on the speed and density of vehicles
at the study site. Data is collected through field surveys and automated measuring devices during
peak traffic periods. Data analysis was carried out using the Greenshield model to estimate the
relationship between vehicle speed and density. Furthermore, model calibration is carried out to
adjust to the specific conditions of Kertajaya road. Key parameters such as free current velocity
and saturation density are determined through linear regression.

2.2. Volume Measurement

Traffic volume is measured by making observations every 15 minutes, where after the 15
minutes the total number of vehicles is recorded and collected until the total measurement time
is 4 hours so that later 16 traffic volume data will be obtained. The measurement results are
expressed in vehicles per hour which will be converted into passenger car units per hour.
Measurement aids are used by checkers that are used for passing vehicle units.

2.3. Vehicle Speed Measurement
The speed of the vehicle is measured with a stopwatch measuring device within a span of 50
meters that has been marked beforehand, so that the passing vehicle is measured by looking at
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the front and rear wheels of the vehicle that hit the limit of the sign, the speed observation value
is seconds per 50 meters and after that it is converted into units of km/h.

2.4. Comparative Analysis

The comparative analysis was carried out after obtaining descriptive data from the
Greenshield model on the Kertajaya road section and the Kenjeran road section. The data
compared here is the density data of vehicles on Kertajaya and Kenjeran roads. After that, the free
flow speed of the two road sections is compared by comparing the value of the free flow speed or
St

3. Results and Discussion

The results obtained from field observations for the Greenshield model obtained vehicle
density data obtained from traffic volume divided by vehicle speed at each observation time. The
results obtained are presented in Figure 1 for the Kenjeran Highway section.

Table 1. Vehicle density data on Kenjeran and Kertajaya Indah roads

Kenjeran Road Kertajaya Road
Density (pcu/km) Density (pcu/km)
143 240
128 182
178 165
218 202
220 101
120 122
126 173
95 192
140 237
162 181
169 174
118 186
120 236
157 197
212 225
167 137

From the results of the linear regression calculation for speed to density, a regression
equation model is obtained: y=32.282-0.0347x, where x is the density of vehicles per kilometer
of Kenjeran highway while y is the speed of vehicles on Kenjeran roads. From the regression
equation, the value of the free current velocity and the maximum current density value can be
calculated, namely for the free current velocity is Sff = 32,282 km/h while the saturated current
density Dj = 929.6 pcu/km
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Figure 1. Results of vehicle density measurements on the Kenjeran Highway section on April 14, 2024
For density data on the Kertajaya Indah road section, it can be seen in Figure 2, where in the

figure the measurements of the 1,9, 13 and 15 times have a high density value above the value of
200 pcu/km.
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Figure 2. Results of vehicle density measurements on the Kertajaya Indah road section on April 14,
2024

Measurements with linear regression for the greenshield model on the Kertajaya Indah road
section obtained an equation model: S=32,324-0,0391D, where D is the density of vehicles per
kilometer of the Kertajaya Indah road section and S is the speed of vehicles passing on the
highway section. From the results of the linear regression, it can be known that the value of the
free flow speed on the Kertajaya road section is Sff = 32.324 km/h while for the density at the
time of saturated flow is obtained Dj = 824 pcu/km.
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For the comparative analysis of vehicle speed values on the Kenjeran road and Kertajaya
Indah road sections, a t distribution is used where this distribution will compare the average
values and variances of both speed measurements for the optimal speed analysis, and the results
obtained from the calculation of the t distribution are obtained:

Table 2. Comparison of vehicle speed data on Kenjeran and Kertajaya Indah roads.

Kenjeran Road Kertajaya Indah Road
Speed (km/h) Speed (km/h)
Mean 26,91 25,10
Variance 4,0638 4,1053
Observations 16 16

By using the analysis of the t distribution, the value of t calculation or t-stat = 2.317 was
obtained, while the value of the T table or t-crit = 1.753 so that it can be said that the value of the
calculated T is greater than the value of the T table so that the hypothesis is rejected so that the
two speed measurements on different road sections have a difference in the average speed of the
vehicle

From the analysis of the t distribution, the value of t calculation or t-stat = 2.317 was
obtained, while the value of the T table or t-crit = 1.753 so that it can be said that the value of the
calculated T is greater than the value of the T table so that the hypothesis is rejected so that the
two speed measurements on different road sections have a difference in the average speed of the
vehicle.

4. Conclusion

An understanding of traffic flow theory, specifically the Greenshield model, and its
calibration using empirical data is essential for traffic analysis and management on arterial roads
in big cities like Surabaya. With an average speed of 26.9 km/h and a standard error of 0.504,
continuous efforts are needed to improve traffic performance through infrastructure
improvements and the implementation of smart technology. Further studies can provide specific
recommendations for more effective traffic planning and management. This research contributes
to the literature on traffic flow models by providing empirical data that supports the use of the
Greenshield model in arterial road conditions in large cities. These findings also offer a basis for
the development of better transportation policies to overcome the challenges of congestion in
urban areas, especially in big cities such as Surabaya.
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