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Abstract

This study aims to identify key factors and sensitive intervals affect the school road traffic characteristics. We collect traffic data from the
parking area and the school road (400-700 meters). The simulation is calibrated to ensure the error of outputs are within 1.5%. A sensitivity
analysis method is proposed, it makes the multifactor comparable. The sensitivity factors of vehicle delay, queue length, and average speed
are 1.44, 2.03, and 0.28 in school road, and the bottleneck road are 3.07, 4.44, and 0.65. The traffic indicators change more concentrated
in bottleneck road but greater in school road. 6 scenarios are created to analyze school road traffic characteristics. Traffic flow (TF), number
of parking spaces (NPS), and stopping time (ST) are selected as variables. Scenarios 1-3 are univariate, and scenarios 4-6 are bivariate. TF
is the key factor with a sensitivity interval of [1300,1700].

Keywords: urban traffic; traffic characteristic; simulation analysis; sensitivity analysis; school commuting.

Analisis de simulacidn de las caracteristicas del trafico escolar

Resumen

El objetivo de este estudio es identificar los factores clave y las zonas sensibles que afectan a las caracteristicas del trafico de las carreteras
escolares. Recogemos datos de trafico de la zona de aparcamiento y de la carretera escolar (400-700 metros). La simulacion se calibro y el
error de salida se situd dentro del 1,5%. Se propone un enfoque de analisis de sensibilidad multifactorial. Los coeficientes de sensibilidad
para el retraso de los vehiculos, la longitud de las colas y la velocidad media son 1,44, 2,03 y 0,28 para la seccion de los colegios y 3,07,
4,44 y 0,65 para la seccion de los cuellos de botella. Las variables son el flujo de trafico (TF), el nimero de plazas de aparcamiento (NPS)
y el tiempo de parada (ST). Los escenarios 1-3 y 4-6 se establecieron como univariantes y bivariantes. TF fue el factor clave con un intervalo
de sensibilidad de [1300,1700].

Palabras clave: trafico urbano; caracteristicas del trafico; analisis de simulacion; analisis de sensibilidad; transporte escolar.

serious need for research on the traffic characteristics of
school roads.

1 Introduction

An important part of urban traffic travel is school
commuting. The school has always been used as an important
traffic generator and attraction point, crowding effect caused
by private car pick-ups and drop-offs adds to school road
traffic problems [1]. The number of private cars has a serious
impact on the school road traffic status [2]. As the
requirements of on-street parking, the resulting drive-in and
drive-out process creates significant disruption to road traffic
flow. This has resulted in a reduction in the capacity and
worse evaluation indicators [2]. It also threatens student
travel safety [3]. Hence, school roads have become a pain
point for urban traffic during commuting hours. There is a

Traffic characteristics refer to the traffic system in traffic
flow under different conditions of the change law and the
interrelationship between the sum of the quantitative or
qualitative descriptions. Thus, the study of traffic flow
characteristics is the basis for an in-depth analysis of the
mechanism of traffic problems on road sections, which can
guide the proposal of improvement strategies and
optimization of traffic design. Several countries (regions)
have conducted early research on traffic flow characteristics
and prepared corresponding road access manuals for road
traffic conditions in their countries (regions), of which the
most widely used is the U.S. Highway Capacity Manual.
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Research experience has shown average speed is an effective
indicator of traffic characteristics. There is a positive
correlation between the road capacity (the maximum passing
rate) and average speed in urban traffic, and the increase in
input traffic volume will result in higher roadway density and
a significant decrease in vehicle speeds [4]. And the more on-
street parking behavior, the worse he maximum passing rate
is [2]. The velocity-flow relationship can be divided into two
parts. When the traffic flow is less than a certain value, the
speed is approximately equal to the free-flow speed (roadway
speed limit), while when the traffic flow is greater than a
certain value, the relationship between the speed and the
traffic flow is nonlinear [5]. And there are differences in the
speed-density relationship at different traffic flows [6].
Vehicle delay and queue length are the key indicators for
evaluating traffic efficiency and reflect stability of traffic
flow [7,8]. Vehicle delay and queue length always have
similar trends when traffic parameters are varied. And they
are heavily influenced by traffic flow [9]. Queuing tends to
occur when the first vehicle exhibits deceleration behavior
[8]. During commute hours, when queue length is greater
than a certain threshold, roadway capacity breaks down and
impacts travel time [10]. Vehicle delay is strongly correlated
with congestion zone length and congestion duration [11].
Therefore, when analyzing the vehicle delay and queue
length, it is necessary to identify the key factors that
contribute to the traffic problems of the study scenarios. This
is also the requirement for proposing targeted optimization
strategies.

The school and bottleneck roads are both similar and
different in traffic characteristics. This is because One of the
lanes in the school road is occupied due to on-street parking,
but it still has capacity due to the short parking time. In this
study, the bottleneck road is defined as a roadway with a
reduced number of lanes in the urban scenario. Currently, few
studies have compared the traffic characteristics between
them. But extensive research has been carried out on
bottleneck roads. Traffic efficiently of the bottleneck road is
seriously affected by traffic flow [12]. As traffic flow
increase, the evaluation indicators become terrible, e.g., the
queue length increases and average vehicle speed decreases
[13,14]. Traffic simulation is often used to develop further
analysis of bottleneck road traffic status [15]. The bottleneck
road traffic flow indicators can occur significant critical
eigenvalues. This always appears when during traffic state
transitions [16].

Acquisition of traffic data is the basis for the traffic
characteristics study. Because of the high cost, difficulty, and
low precision in actual data collection, traffic simulation is
always used to study traffic characteristics. The simulation
contains many parameters to describe traffic system
operations, traffic flow characteristics, and driver behavior.
The parameters directly affect the interaction between
vehicles and lead to a fundamental difference in simulation
results. Therefore, it is necessary to collect actual data to
calibrate the simulation parameters [17]. Because some of
them represent subtle features that are difficult to isolate, or
that would require extensive data collection. The calibration
problem for simulation is transformed into an optimization
problem [18,19]. To minimize the error between the
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simulated and actual values for evaluation indicators (e.g.,
queue length), the parameter values are continuously
adjusted during the calibration process [20]. The traffic and
geometric data used to develop and calibrate the simulation
are based on actual roads, e.g., Field Survey and
OpenStreetMap (OSM) [21]. Due to the obvious differences
in traffic parameters such as vehicle speed between the
upstream and downstream of the road, the locations of
change in parameter values should be identified in the actual
observation and a simulation detector should be set up [22].
The calibrated simulation outputs are reliable. This can
provide a realistic reflection of the actual road traffic
characteristics [23].

The study focuses on school road traffic characteristics by
simulation. In the part 2, simulation is constructed. To reflect
actual traffic characteristics, data observations are made at
the stopping zone and starting and ending points of the school
road. The simulation parameters are calibrated by collecting
observations. In the part 3, the differences in traffic
characteristics between the school and bottleneck roads are
analyzed by sensitivity analysis. In the part 4, the school road
traffic characteristics are analyzed in depth. Six scenarios are
set to qualitatively and quantitatively analyze the relationship
between variables (TF, NPS and ST) and evaluation
indicators (vehicle delay, queue length and average speed).
In parts 5 and 6, we discuss the reliability of the findings and
summarize the study.

2 Traffic simulation build and driving behavior
parameter calibration

For the reliability of the simulation output results, typical
scenarios of school roads are selected for the collection of
actual data. We describe the data collection process and
observation data characteristics. Then, a microsimulation
environment is built and driving behavior parameters are
calibrated.

2.1  Study area and data collection

The selected scenes should satisfy the following
requirements: (1) Number of road sections with two or more
lanes in one direction. (2) Short-term aggregation of traffic
flow (>1500 pcu/h). (3) Existence of on-street parking or
other factors that interfere with the stability of traffic flow.
We describe the data collection using the Northeast Normal
University Elementary School at Changchun, China, as an
example.

Rangefinders and unmanned aerial vehicle (UAV)
equipment are used to collect data. The selection of data
collection locations follows the principles: (1) No shooting
angle or blocking problem, and the scanning range is large
enough. (2) Significant changes in traffic status, e.g.,
upstream and downstream junctions with the school road. (3)
Worst traffic areas, e.g., parking concentration areas. Fig. 1
illustrates our selected data collection locations. And the
school road is the study area. The approximate length of the
road is 1,000 meters, ranging from 0-400 meters upstream,
400-700 meters for the school road, and 700-1,000 meters for
the downstream.
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Figuré 1 Data collection location.
Source: Own elaboration.

Table 1.
Basic data names and values.
Name Unit Value

Acceleration km/h? 4
Percentage of cars % 90
Percentage of buses % 10
Stopping vehicles pcu 500
Lane number - 3
Lane width m 3.25
Length of parking space m 6

Source: Own elaboration.
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Figure 2 Actual data characteristic: a) Vehicle Delay; b) Queue Length; ¢)
Average Speed.

Source: Own elaboration.
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We have mined the video data with Tracker software. Due
to the cold climate in Northeast China, the percentage of non-
motorized vehicles is very small. Hence, the study focuses on
motor vehicle flow. We categorize the collected data into
traffic data and basic data. And the basic data are listed in
Table 1.

Traffic data including vehicle delay, queue length,
average speed, travel time, TF, NPS and ST. We count the
observation data of evaluation indicators when TF varied
between 1750 and 2550 (in steps of 100). Fig. 2 shows their
changes. Vehicle delay and queue length increase quickly
with TF, and queue length rises more rapidly. Smaller change
range in average speed due to the road speed limit and traffic
status. In actual observations it was found that when TF is at
a low level, the vehicle speed is essentially equal to the
roadway speed limit, vehicle delay and queue length values
are small, and they have little variation, but when TF is
greater than 1700, the vehicle delay and queue length values
increase rapidly, and average speed maintained at low level.
2.2 Simulation build-up
PTV VISSIM 7.0 is used to build the traffic simulation,
the steps are as follows:

Step 1: Establishing road. The study area is erected one-
way three-lane. In China, the minimum distance between the
main roads of urban intersections are 600 meters, so the
length is set to 1000 meters. According to the regulatory
requirements, the road within 150 meters radius up and
downstream of the school entrance belong to the school road.
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Figure 3 School road simulation scene.
Source: Own elaboration.

Therefore, the study section is divided into upstream (the
range is 0-400 meters), school road (the range is 400-700
meters), and downstream (the range is 700-1000 meters).

Step 2: Upstream section settings. The speed limit value of the
school road should not exceed 30 km/h. Hence, a deceleration zone
is set up. It is located at 0-400 meters, and the deceleration is 4.

Step 3: School road settings. The expected speed decision
point is set at 400 meters. It ensures that the vehicle speed is
around 30km/h. Parking spaces are set at 400-700 meters,
they set up lane close to the school.

Step 4: Downstream section settings. The acceleration
zone is set at 700-1000 meters to simulate the vehicle speed
recovery after leaving the school road. The acceleration is 4,
and the desired speed is 60 km/h.

Step 5: Traffic parameter settings. We set TF, NPS and
ST to variable traffic parameters. They are used for
simulation analysis in different scenarios.

Step 6: Detector settings. The vehicle delay, queue length,
and average speed can reflect the traffic characteristics well, and
they are chosen as evaluation indicators. We set up the queue
counter, data collection point and travel time detector in the
simulation to obtain evaluation data. Queuing is considered to
occur when the vehicle speed is between 5-10km/h.

According to the above process, we have built the
simulation scenario, as shown in Fig. 3.

2.3 Driving behavior parameter calibration
In order to make the simulation output results reliable, we
calibrate the microscopic driving behavior parameters. This
work includes calibration parameter determination,
calibration algorithm design and result analysis.

Calibration parameters are driving behavior parameters that
are difficult to obtain from actual observations but have a
significant effect on the simulation results. In Vissim, they
usually refer to the max-forward-looking distance (MFLD),
average stopping distance (ASD), additional part of the safe
distance (APSD), multiplier part of the safe distance (MPSD),
max-deceleration (MD), waiting time before disappearing
(WTD), min-headspace (MH). We use the Pearson Correlation
Coefficient by eq. (1) and consider that the parameter has a
significant effect on the evaluation indicators when the
significance index is less than 0.05. The calibration process
requires repeated calls to the simulation. Filtering of calibration
parameters not only ensures calibration results but also improves
computational efficiency. Queue length and travel time are
selected because the evaluation indicators need to meet the
requirements of being easily accessible in real-world and directly
exportable by simulation and reflect well on traffic running
[8,24]. Table 2 demonstrates the correlation of driving behavior
parameters with queue length and travel time.
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Where P(X,Y) is Pearson Correlation Coefficient; X is
the driving behavior parameter; and Y is the evaluation
indicator.

The parameter calibration aims to minimize the error
between the output results of the simulation and actual
measured value. As shown in eq. (2), the root mean square
relative error is used to construct the objective function. We
used MATLAB R2016a and PTV Vissim 2021 to solve the
problem using a GA. The computer hardware device used
have an 11th Gen Intel (R) Core (TM) i7-11800H CPU,
where the number of cores and logical processors is 8 and 16,
respectively, and the RAM is 16 GB. The crossover
probability is considered 0.8, the variance probability is
considered 0.2, and the maximum number of iterations is 50.
The calibration process is illustrated in Fig. 4.

MinF (x) = \/(Qr - Qs)z + \/(Tr - Ts)z )

Where Q, and Qg are the observed and simulated values
of queue length; T, and Ty are the observed and simulated
values of travel time.

Table 2.

Basic data names and values.
Parameter Queue length Travel time Select

P S P S

MFLD 0.483 0.187 0.561 0.116 N
ASD -0.853 0.003 -0.902 0.001 Y
APSD 0.890 0.001 0.942 0.000 Y
MPSD 0.960 0.002 0.749 0.087 Y
MD 0.130 0.835 0.802 0.103 N
WTD 0.058 0.882 -0.055 0.888 N
MH -0.037 0.931 0.011 0.979 N

P: Pearson Correlation; S: Significance; N: Not selected; Y: Selected.
Source: Own elaboration.
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Figure 4 Parameter calibration flowchart.
Source: Own elaboration.
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Table 3.
Calibration results.
Parameter Result
MFLD 250
ASD 1.1
APSD 1.6
MPSD 3.5
MD 4
WTD 30
MH 0.5

Source: Own elaboration.

Table 4.

Comparison of simulation errors.
Evaluation indicator Pre-calibration
Queue length 7.2%
Travel time 5.4%

Post-calibration
1.3%
0.7%

Source: Own elaboration.

Based on the results of the Pearson analysis, ASD, APSD,
and MPSD are selected as parameters to be calibrated, the
remaining parameters are adopted as the software defaults.
The parameter calibration results are shown in Table 3.

To verify the reliability of the calibrated simulation
outputs, we analyze it in comparison to using the software
defaults, as shown in Table 4. The results show that the queue
length and travel time output errors after simulation
calibration are 1.3% and 0.7%, which are reduced by 5.9%
and 4.7% . The simulation outputs after calibration are closer
to the actual observed values.

3 Analysis of the school road and the bottleneck road
The most distinctive feature of traffic bottlenecks is the
tendency to create congestion. In this study, bottleneck road
is caused by the reduction of adjacent lanes. School road is
caused by a strong traffic attraction source. This section
focuses on the difference in traffic characteristics between
the two types of scenarios.

3.1  Scene settings

The bottleneck road is 1,000 meters in total length and is
divided into three parts: Upstream, mismatch section, and
downstream. The upstream and downstream sections are
three lanes. They are the same setting as the school road. The
mismatch section is set up as a two-lane road. We set TF as a
traffic variable. The range is [500-4500] and the step size is
400. The rest of the simulation settings are the same as the
school scene, as shown in Fig. 5.

Dottleneck road

Acceleration area

Figure 5 Simulation scene schematic: a) Bottleneck road, b) School road.
Source: Own elaboration.
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3.2 Sensitivity analysis method

To compare the changes in the sensitivity values under
the two scenarios, we propose a sensitivity analysis method
based on the elasticity coefficient. The sensitivity function
and the sensitivity factor are defined in dimensionless form,
which make the multifactor sensitivity analysis comparable.

First, we establish the evaluation indicator-variable
function relationship. Because cubic spline interpolation is
not only characterized by excellent stability, guaranteed
convergence, and smooth curves but also requires only
function value information.

Second, the sensitivity function is establish by eq. (3). By
setting the cubic spline interpolation function as p and the
variable as ay, the comparison between the amount of change
in the evaluation indicators and amount of change in the
variable is defined as the sensitivity function Sy (ay).

[Ap|

Se(an) = (—)/('A“k'

p | ay 3)

o
Finally, the sensitivity factor is calculated by eq. (4). The
nodes are selected to calculate the sensitivity function values

according to the needs of study. Averaging them is the
sensitivity factor.

IApI IAakI n  |Ap |
TGS b | @
. _

n n

3.3  Data analysis

We analyze the traffic characteristics of two scenario
types based on the method established in the previous
section. The results are also compared with other methods to
prove the reliability. In Fig. 6, the functional relationship
between the evaluation indicator-variables is represented by
the solid line, and the sensitivity function curve represented
by the dotted line.

When TF changes, the changes in evaluation indicators of
the school road and bottleneck road are shown in Fig. 4. From
Fig. 6 (a)-(b), both scenarios show similar trends in delay and
queue length. When TF increases at 500-1700, vehicle delay
and queue length vary less, and the values of the sensitivity
function are not above 3. The TF increases from 1700-3300
with large changes in the evaluation indicators and the
maximum value of the sensitivity function is more than 10.
After the TF is greater than 3300, the traffic status reaches
the saturation state, and the value of the evaluation indicators
fluctuate.

B
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Figure 6 Comparatlve analysis of school road and bottleneck road: a)
Vehicle Delay; b) Queue Length; ¢) Average Speed.
Source: Own elaboration.
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Table 5.
Sensitivity factors under different methods.

Indicator Method of the study Common method
School Bottleneck School Bottleneck
Vehicle delay 1.44 3.07 1.70 2.61
Queue length 2.03 4.44 1.93 2.64
Average speed 0.28 0.65 0.32 0.85

Source: Own elaboration.

From Fig. 6 (¢), the average speed shows different trends
with increasing TF in two scenario types. On the bottleneck
road: When TF increases from 500-2000, the average speed
values vary insignificantly, and the sensitivity values do not
exceed 0.5. As TF increases from 2000-3300, average speed
values change significantly, with sensitivity maxima
exceeding 3, and then stabilizes. On the school road: As TF
increases at 500-2500, the average speed values vary
significantly, with sensitivity function values exceeding 0.5,
and then tends to stabilize.

Extreme difference in average ratio is a common method
for solving for sensitive values. Table 5 shows the sensitivity
factors solved under two different methods. The results of
both methods indicate a higher numerical sensitivity of the
bottleneck road evaluation indicators. Ranked in order of
indicator sensitivity: queue length, vehicle delay and average
speed.

Comparing the two scenarios, TF has a remarkable
impact on the evaluation indicators, and there are significant
differences in the traffic characteristics between them. (1)
Vehicle delay and queue length are experienced on the school
road at low TF. (2) The school road has worse indicator
values than the bottleneck road at same TF. (3) Significant
differences in the sensitivity values. The bottleneck road
evaluation indicators have a more concentrated change
interval, which results in smaller sensitivity factors, although
the school road evaluation indicators have wider change
ranges.

4  Analysis of traffic characteristics of school road

The actual research found that: traffic congestion on the
school road is mainly caused by changes in TF, NPS and ST.
To investigate the traffic characteristics on the school road,
this study analyses the impact of the individual and combined
effects on the evaluation indicators.

4.1  Simulation scenarios

To analyze the relationship between research variables
and evaluation indicators, 6 scenarios are created, as shown

Table 6.
Simulation scenario parameter setting.
Scenario TF NPS ST
1 [500-4500] * 15 14.8
2 1700 [10-507] * 14.8
3 1700 15 [10-70] *
4 [500-4500] * [10-507] * 14.8
5 [500-45007 * 15 [10-70] *
6 1700 [10-50] * [10-70] *

*: Variable for the scenario.
Source: Own elaboration.
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in Table 6. Scenarios 1-3 analyze the impact and sensitivity
of univariate on evaluation indicators. Step sizes are 400, 4,
and 6, respectively. The results of Scenario 1 have been
described in the previous section. Scenarios 4-6 focus on the
impact of bivariate on evaluation indicators.

4.2  Single-factor sensitivity analysis of school road

To analyze the impact of single variable on the evaluation
indicators, we have described the changes and performed
sensitivity analysis. In Fig. 7, 8, the solid line represents the
process of evaluating indicator changes and the dashed line
represents the sensitivity function.

Fig. 7 illustrates the changes in evaluation metrics as NPS
increases. Vehicle delay and queue length first increase and
then decrease. The change in average speed is reversed. The
inflection point of evaluation indicators is when NPS is 18.
When NPS varies from 10 to 18, the sensitivity means for
vehicle delay, queue length, and average speed are 0.40, 2.56,
and 0.18, respectively. While NPS varies from 18 to 50, the
sensitivity means for them are 0.97, 2.61, and 0.33,
respectively. Hence, less change in evaluation indicators at
lower levels of NPS compared to higher levels.

When parking supply is at a low level, stopping demand
cannot be met. As NPS is added, more vehicles can park. This
has resulted in an increase in vehicle delay and queue length,
and a drop in average speed. When parking supply is at a high
level, stopping demand can be better met, vehicle delay and
queue length begin to decline, as well as average speed
subsequently increase.

NPS has a significant impact on the school road traffic
operations. Rationalization of parking spaces can improve
the efficiency of vehicular traffic on roads.

Fig. 8 shows the change in evaluation indicators as ST
increases. Inflection points in rate of change for the
evaluation indicators occurred at 52 and 64. Overall, vehicle
delay and queue length continue to increase, and average
speed is reduced. When the ST varies from 10 to 52, the
indicators change greatly, and the sensitivity averages for
vehicle delay, queue length, and average speed are 0.98, 1.12,
and 0.29, respectively. The indicators tend to stabilize at

Koo o Pkl s Mt o kg o

Figure 7 Evaluatlon indicators change w1th NPS: a) Vehicle Delay, b)
Queuing Length; ¢) Average Speed.
Source: Own elaboration.

D g ) o
Figure 8 Evaluatlon indicators changes with ST: a) Vehicle Delay, b)
Queuing Length; ¢) Average Speed.
Source: Own elaboration.
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ST values between 52 and 64, with their sensitivity averages
0f 0.02, 0.78, and 0.04, respectively. When the ST is greater
than 64, the indicators show renewed trends.

ST is disruptive to the school road traffic situation. The
greater the stopping time, the worse the road traffic
conditions are. Hence, ST should be minimized in context.
4.3  Multi-factor sensitivity analysis of school road
Analyzing the process of change in evaluation indicators
from a multivariate perspective. We describe the process of
the changes by combining trends and sensitivity factors and
ranked the sensitivity magnitude of variables by comparing
the sensitivity factors.

Table 7 shows the sensitivity factors for different
variables. TF, NPS, and ST produce the greatest impact on
vehicle delay, queue length, and average speed, respectively.
In order of the impact on the evaluation indicators, from the
largest to smallest, they are TF, NPS, and ST. In order of the
sensitivity factors of the evaluation indicators, from the
largest to smallest, they are queue length, vehicle delay, and
average speed.

From Fig. 9, with changes in TF and NPS, vehicle delay
and queue length show Z-shaped changes. When TF is less
than 1700, little change in indicator values. This indicates
that when TF is low, changes in NPS have less impact on the
indicators. Once TF varies from 1700 to 2500, they increase
significantly with NPS. While TF is greater than 2900, the
change rate of the indicators starts to decrease. By the time
TF reaches 3300, the road traffic volume reaches saturation,
and these two indicators basically cease to change. Changes
in average speed differ from the first two indicators. The
inflection points are 1300, 1700, and 2100. When TF is less
than 1300, as NPS changing, it varies little. Once TF varies
from 1300 to 1700, regardless of NPS changes, it decreases
sharply. At TF changes from 1700 to 2100, it increases with
NPS. While TF exceeds 2100, it fluctuates.

In this scenario, vehicle delay and average speed are more
sensitive to TF, and queue length is more sensitive to NPS.
In general, a reduction in TF and an increase in NPS can
improve the efficiency of vehicular on the school road.

Table 7.
Sensitivity factors under different scenarios.
Variable Vehicle Queue Average Average
delay length speed

TF 1.70 1.93 0.32 1.32
NPS 0.80 2.60 0.29 1.23
ST 1.45 1.47 0.56 1.16
Average 1.32 2.00 0.39 1.24

Source: Own elaboration.

a)
Figure 9 Evaluatlon Indicators change with TF and NPS: a) Vehicle Delay;
b) Queue Length; b) Average Speed.
Source: Own elaboration.
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a}

: by
indicators changes with TF and ST: a) Vehicle Delay;
b) Queue Length; c) Average Speed.

Source: Own elaboration.
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Figure 10 Evaluation

Fig. 10 illustrates the variation of evaluation indicators
with TF and ST. Vehicle delays and queue lengths grow with
increasing TF and ST overall, and average speed is reversed.
When TF is less than 1700, the delay and queue length are
relatively stable. This means that when TF is at a low level,
ST increase has less impact on them. Once TF varies from
1700 to 2500, they increase dramatically as ST increases. By
the time TF is greater than 2900, regardless of the changes in
ST, they have changed very little. Average speed shows z-
shaped changes with the changes of TF and ST. When TF is
at a low level, ST has less effect on it. By the time TF is at
1700 to 2900, it decreases sharply as ST increases. While TF
is greater than 2900, it fluctuates.

In this scenario, except for average speed, vehicle delay
and queue length are more sensitive to the change of TF. In
general, a reduction in TF and an increase in NPS can
improve the efficiency of vehicular on the school road. The
ST modulation is evident when the TF is changed at 1700 to
2500. Hence, school road traffic flow should be controlled
within reasonable limits. The turnover efficiency of parking
spaces can then be ensured by regulating vehicle stopping
time.

Fig. 11 illustrates the variation of evaluation indicators
with NPS and ST. Vehicle delay and queue length rise with
increasing NPS and ST, and average speed is reversed. When
NPS is less than 28, ST increases cause smaller changes in
evaluation indicators. Once NPS is greater than 28, as ST
increases, vehicle delay and queue length rise significantly,
average speed decreases dramatically.

In this scenario, queue length is more sensitive to NPS,
vehicle delay and average speed are more sensitive to TF. For
NPS greater than 28, reasonable ST significantly improves
the efficiency of traffic status. Hence, NPS should be
rationalized according to parking demand. On this basis, ST
is carried out. This can improve the operational efficiency of
the traffic flow.

5  Results and discussions
To discuss the differences between simulated and
observed values, we analyze the characteristics of the

S a) by i [9)
Figure 11 Evaluation indicators change with NPS and ST: a) Vehicle Delay;
b) Queue Length; c) Average Speed.

Source: Own elaboration.
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observations measured and simulation errors and compare
the results with the relevant research.

The variables are factors that significantly interfere with
traffic flow stability in the study scenario. Contributing to the
traffic problems in the school scene are traffic volume short-
term concentrations and on-street parking [2]. Hence, we
select TF, NPS, and ST as variables. Increase in TF causes
roads to be congested and traffic indicators to be worse [12-
16]. The school roads are generally urban, with low vehicle
speeds, and as TF increases, vehicle delay and queue length
rise significantly and average speed drop or remain low.
Research has shown that on-street parking, while mitigating
the effects of insufficient off-street parking, has a significant
impact on dynamic urban traffic [25,26]. And variations in
NPS (parking area length) and ST are contributing to this
effect [27,28]. In the school scenario, on-street parking
behaviors are abundant. The large increase in NPS improves
the level of roadway access, and the increase in ST makes the
traffic indicators worse. The selection of evaluation
indicators should reflect the change process of road traffic
characteristics. We use vehicle delay, queue length, and
average speed as evaluation indicators. Travelers are
intuitively aware of the variation in vehicle speeds [5,6].
Even in school scenarios, average speed appears to vary,
especially when ST changes. Vehicle delay and queue length
are significantly correlated with traffic flow stability [7-11].
When the variables vary, they both change by a large amount.
Vehicle delay and queue length are more sensitive to TF and
NPS, respectively.

When the traffic flow is at a high level, vehicle delay and
queue length are maintained at a high level and average speed
is maintained at a low level [29-32]. Observational data
demonstrates that when the road is congested, the
relationship between speed and traffic flow is nonlinear and
the speed tends to a fluctuating value [33]. During the
observation and simulation of the school road, it is found that
when the TF is small, the road is smooth and the evaluation
indicators change little. When the TF increases to about 1700
pcu/h, the road is congested and the traffic indicators change
rapidly. As the TF continues to increase, the indicators
fluctuate and remain in poor shape.

Fig. 12 illustrates the simulation result errors under
different traffic volumes, where ABS is the discrepancy
between observed and actual values. The average errors in
vehicle delay, queue length, and average speed are 0.67%,
1.26%, and 0.63%, respectively. The results show that the
simulated output values after -calibration have few
discrepancies with the observed values.

Table 8 compares the sensitivity factors of the simulated
and observed values. The ranking and trend of the evaluation
indicator observations according to the size of the sensitivity
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Table 8.
Comparison of observed and simulated sensitivity factor.
Type Vehicle Delay Queue Average speed
length
Observed value 3.38 491 0.25
Simulated value 3.36 4.89 0.22
Error 0.36% 0.39% 15.29%

Source: Own elaboration.

factor is consistent with the simulated values. The findings
for the observed and simulated sensitivity factors are
consistent: when traffic flow changes, queue length is the
most sensitive and average speed is the least. The errors in
vehicle delay, queue length, and average speed are 0.36%,
0.39%, and 15.26%, respectively. Because of the school road
speed limit (max 30km/h), the variation of the average speed
is small, and the sensitivity factor error is large. The results
show that the calibrated simulation outputs are basically
consistent with the observed values in terms of the change in
magnitude and the impact on the evaluation indicators.

Because traffic simulation can well reflect the actual
traffic characteristics, it is widely used in actual engineering
projects at present. The core task of simulation calibration is
to reduce the error with the observed values, which requires
that the simulation must be based on a realistic scenario [34].
The simulation parameter calibration process includes the
selection of evaluation indicators, collection of observation
data, determination of the parameters to be corrected, design
of the experimental protocol, conducting simulation tests,
determination of the intuitive function, determination of
alternative parameters, evaluation of the simulation results,
and testing the validity of the simulation. [34-37]. In this
study, the data required for simulation building and
calibration are collected in the field for the school scenario
and the simulation calibration process is followed. For traffic
efficiency simulation calibration, engineering practice often
requires data errors within 5%, e.g. measurement errors in
surveillance speed cameras [35]. This calibrated simulation
output errors within 1.5%. They can reflect the actual road
traffic  characteristics properly. Microscopic traffic
simulations (e.g., Vissim) also can be excellent for simulating
pollutant emissions and identifying traffic conflict points
[36,37].

This can be further studied from the following aspects:
(1) Considering more complicated heterogeneous traffic
flows. For example, the percentage of nonmotorized vehicles
and pedestrians. The effects of variables on the traffic
efficiency should be analyzed. (2) Based on the influence
mechanism between different traffic elements, building a
high-precision multiple regression model. (3) Proposing
more specific optimization measures. The optimization
effects should be verified.

6  Conclusions

This study focuses on the traffic characteristics of the school
road, and VISSIM simulation software is used for analysis. It is
found that there are significant differences in traffic
characteristics between the school road and bottleneck road. The
vehicle delay, queue length, and average speed reach fluctuating
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states faster in the school road, indicating that parking behavior
has a significant impact on road traffic. TF, NPS, and ST all have
great effects on roadway traffic, but the effects are different. TF
increase causes roadway congestion, NPS and ST affect the
stability of traffic flow. The analysis resulted in the magnitude of
the impact of each variable on roadway traffic indicators. That is,
TF >NPS > ST.

The sensitivity function and sensitivity factor in a
dimensionless form are proposed. They made the multifactor
sensitivity analysis comparable. The method is used to
describe the change process of school road traffic indicators
and determine the sensitivity of the variables, determining the
evaluation indicators most sensitive to that factor. In the
school scenario, the sensitive intervals for TF, NPS, and ST
are [1700,3300], [18,50], and [10,52] respectively. And in
order of the sensitive factors of the evaluation indicators,
from largest to smallest, they are the queue length, vehicle
delay, and average speed.

We have followed the traffic simulation calibration
process to calibrate the parameters of the school scenario
simulation environment. A parameter calibration method for
traffic simulation considering on-street parking is proposed.
This method automates the calibration process, and the
process is reasonable and actionable that can better reflect the
actual road traffic status and play a crucial role in practical
engineering. By comparing the observed data with the
simulated data, the calibrated simulation outputs of average
vehicle delay, queue length, and average speed have an error
0f 0.67%, 1.26%, and 0.63%, respectively, which reduce the
error by 4.73%, 5.9%, and 4.77%, respectively. When the
permissible errors in engineering practice are 1.5%, the
method can fulfill the requirements.

In summary, this method can identify the key factors
affecting the school road traffic status at a low cost. It also
determines to set a reasonable range of traffic parameters
based on the change process of the evaluation indicators and
the results of the sensitivity analysis. This method can be
extended to urban roadway on-street short parking scenarios,
such as hospitals, shopping malls, etc.
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