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Abstract

Background: Aggregated traffic data can obscure temporal and between-axis variation. Objective: To characterize multiscale
patterns in traffic volume, mean speed, and recorded violation rates, and to assess the contribution of temporal dimensions
to estimates of unsafe following-distance violation rates. Methods: All hourly records published by Iran’s Road Monitoring
System 141 for Razavi Khorasan during the 12 months of Iranian calendar year 1404 were considered. Of 1,166,102 raw
records, 1,143,169 observations from 136 directional axes remained after quality control. Violation rates were calculated per
1,000 vehicles as the ratio of aggregated violation counts to aggregated traffic exposure. Temporal differences were assessed
using the Friedman test, Kendall’s W, and Holm-adjusted Wilcoxon signed-rank comparisons. Unlike an axis-only or hourly
profile, the evaluated estimator jointly stratifies violation rates by axis, hour, day type, and season, reverting to simpler
profiles when the corresponding training cell is absent. Its contribution is the incremental evaluation of these temporal
distinctions; an additive weighted least-squares (WLS) regression provided an independent benchmark on identical monthly
folds and test cells. Blocked leave-one-month-out evaluation within the same province and year used exposure-weighted R?,
MAE, RMSE; and MSE. Stability checks comprised axis-block bootstrap resampling, minimum-volume sensitivity analysis,
and reconciliation of published axis-month totals and reconstruction of daily aggregates from valid hourly records. Results:
The hour-of-day effect on the unsafe following-distance violation rate was large (Kendall’s W=0.800). Network exposure-
weighted rates were 227.47 per 1,000 vehicles on Fridays and 194.53 on working days; rates in summer and winter were
214.91 and 182.68, respectively. The multiscale estimator achieved MAE=25.13, RMSE=35.09, mean MSE=1410.28, and
weighted R>=0.922. Relative to the axis-only profile, MAE and RMSE decreased by 53.35% and 53.83%, respectively. WLS
yielded MAE=42.08 and RMSE=56.85; P3 reduced these errors by 40.27% and 38.28%. Equal-axis bootstrap profiles
yielded a mean Spearman correlation of 0.997, with a 95% percentile interval of 0.991-1.000. Exposure-weighted profiles
yielded 0.990 (0.958-0.999). The exposure-weighted peak remained at 16:00 across the examined minimum-volume
thresholds. The directions of the day—night differences persisted across six alternative boundary definitions. Conclusion:
The observed patterns identify 15:00-18:00 and weekends as priority periods for monitoring. Temporal stratification
improved within-year estimation relative to the axis-only profile. These results do not establish causal effects, prospective
forecasting performance, or validity in other years or provinces.

Keywords: Road Monitoring System 141, Unsafe following-distance violation, Temporal traffic patterns,
Exposure-standardized violation rate, Hierarchical profile estimator
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Role in the study

Unit

Type Variable

Repeated-measures block;
each travel direction’is a
separate axis

Categorical identifier

Directional axis code

Descriptive outcome and
exposureymeasure

Vehicles per hour

Count Total traffic volume

Secondary outcome

km/h

Continuous Mean speed

Numerator,of the primary

Unsafe following-distance

Violations per hour Count S
outcome violations
. Violations per 1,000 . Following-distance violation
Primary outcome . Continuous
vehicles rate
Secondary outcome V101at10n§ per 1,000 Continuous Speeding violation rate
vehicles
Secondary outcome V101at10n§ per 1,000 Continuous Overtaking violation rate
vehicles
Vehlcle—corpp osition 0-1 Proportion Share of vehicle classes 2—5
covariate
Diurnal scale 0-23 Ordinal categorical Hour of day
Weekly scale Working day / Thursday / Nominal categorical Day type

Friday




Role in the study Unit Type Variable
Monthly scale 1-12 Ordinal categorical Month
Seasonal scale Spring to winter Nominal categorical Season

Supplementary analysis Day/night Binary categorical Day/night
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Raw hourly data: 12 months
1,166,102 records

b

r

Data quality control

Duration, volume,

speed; duplicates

A

r

Final valid dataset
1,143,169 axis-hour records

A

r

Temporal aggregation

Hour, day type,

month, season

|

Repeated-measures tests

and effect sizes
Friedman, Kendall W

Holm-adjusted Wilcoxon

N

Leave-one-month-out

validation

Temporal profiles PO-P3

i

Interpretation and operational

monitoring windows
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Maximum Q3 Median Ql Minimum SD Mean N Unit Variable
. Traffic
5638.000 | 457.000 | 202.000 | 75.000 | 1.000 | 502.692 | 373.996 | 1,143,169 | Vehiclesh | '
Mean
128.000 | 92.000 | 85.000 | 77.000 | 12.000 | 12.853 | 83.316 | 1,143,169 km/h pecd
Following-
1000.000 | 142.313 | 68.966 | 27.027 | 0.000 | 101.975 | 99.998 | 1,143,169 | i0lations/1,000) distance
vehicles violation
rate
D Speeding
1000.000 | 278.249 | 120.567 | 25.641 | 0.000 | 183.274 | 179905 | 1,143,169 Vlolj;ﬁﬁéls’ooo violation
rate
. . Overtaking
1000.000 | 4.386 | 0.000 | 0.000 | 0.000 | 48.886 | 12.876%} 1,143,169 V“’]j;‘hoi‘;?éls’ooo violation
rate
1.000 0240 | 0.139 | 0.072 0.000 0042 | 0.1944 1,143,169 | Proportion | Snareof
classes 25
Aden g dle (Sl Gl alold g e 0 Vel Ol 5 Ve ee e alols s £y il I Ja o

Ded e Gl |y oz 5 nl @je (o lEl
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Kendall W df Friedman 2 Groups Axes Outcome Te;g:l(; ral
0.850 <0.001 23 2657.939 24 136 Traffic Hour
volume
0.295 <0.001 23 922.320 24 136 Mean speed Hour
Following-
0.800 <0001 23 2503.805 24 136 distance Hour
violation rate
0.214 <0.001 23 667.853 24 136 Speeding Hour
violation rate
0.051 <0.001 23 158.316 24 136 Overtaking Hour
violation rate
0.285 <0.001 2 77.397 3 136 Traffic Day type
volume
Following-
0.349 <0.001 2 94.868 3 136 distance Day type
violation rate
0.097 <0.001 2 26.515 3 136 Speeding |y one
: : ’ violation rate yiyp

10




Kendall W p df Friedman y? Groups Axes Outcome Te;?g; e
Overtaking
0.010 0.256 2 2.724 3 136 violation rate Day type
0.474 <0.001 3 193.491 4 136 Traffic Season
volume
0.007 0.439 3 2.709 4 136 Mean speed Season
Following-
0.275 <0.001 3 112.262 4 136 distance Season
violation rate
Speeding
0.018 0.062 3 7.332 4 136 NN Season
violation rate
Following-
0.327 <0.001 11 485.443 12 135 distance Month
vielation rate
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Interpretation Mean MSE MAE RMSE Weighted R? Estimator
Between-axis 5803.655 53.877 75.988 0.680 PO: axis only
differences only
With hour 2662.902 36.291 51.314 0.853 P1: axis x hour
stratification
With hour and o
day-type 1856.267 30.298 41.961 0.896 P2: Z’SS: h;’“r )
stratification Yy typ
Lowest mean
error; best MAE 1410.277 25.134 35.085 0.922 P3: multiscale
in 9 of 12 months
Independent
_ benchmark; 3250.511 42.080 56.848 0.821 WIR additive
identical test cells I ssion
and weights

foYY e e PY o RMSE s MAE . S5ls o, +
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\ BN Mean absolute error
70 I Root mean squared error
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0.8 A

0.7 A

0.6 A

0.5 A

0.4

Kendall's W effect size

0.3 A

0.2

0.1 A

0.0 -

0.800

0.349

Hour of day Day type
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0.327

Month
Temporal dimension
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0.275
|

Season

9 olo 39, 89) el ‘Sl).l J‘\.\.}SW Y Jiw L

SYYY HYFA HA. ol

A §
Scope of validity
Within-
prospe

Quantitative result

Design and test data

Evaluation

MAE=25.13£11.19;
RMSE=35.09+13.99;
weighted R?=0.922+0.062

12 monthly folds within the
same province and year

Leave-one-month-out

Stability across axis
compositions; two distinct

Equal-axis weights:
p=0.997; interval 0.991—
1.000. Exposure weights:

1,000 resamples; random

Axis-block bootstrap

weighting schemes p=0.990; interval 0.958— seed 1404
0.999
Stability of hour ranking at p=1.000 at all thresholds; Thresholds of 1, 10, 25, 50 Minimum-volume
the examined thresholds peak hour 16:00 and 100 vehicles sensitivity
. 49,240 axis-days
Internal check; no Four counts matched for reconstructed from valid Daily aggregation and

independent verification of
daily-difference percentiles

1,630 monthly pairs; one
pair differed

hourly records; 1,631 raw
axis-month pairs

monthly reconciliation

External validity unknown

Not reported

Not available

Independent year or
province
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