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ABSTRACT

Electric vehicles (EVs) are expected to reduce urban noise
pollution due to their quieter operation at low speeds.
However, research has shown that EVs produce significant
additional noise during acceleration, even at low speeds,
primarily due to tyre-road interaction under high torque
loads.

This study investigates the impact of acceleration noise
on two key exposure indicators—the equivalent continu-
ous sound level (L 4.4) and the number of noise events—
using microscopic traffic simulations coupled with noise
emission and propagation models.

Acceleration noise was modelled using correction terms
for both internal combustion engine (ICE) vehicles and
EVs, based on recent literature. Simulations were per-
formed on a real-world microscopic traffic model of Tartu
(Estonia), and the fraction of EVs in the fleet was varied.

Results show that neglecting acceleration noise can lead
to underestimating L s, by up to 4.3 dBA and missing
close to half of noise events, particularly in electric fleets.
The influence of acceleration noise is more pronounced
at louder locations and for high-exceedance noise events.
These findings highlight the need to integrate acceleration
noise into noise exposure assessments, especially as EV
penetration increases in urban traffic.
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1. INTRODUCTION

Environmental noise is a major public health concern in
Europe. According to the European Environment Agency
(EEA), at least 20% of the EU population was exposed to
harmful levels of environmental noise in 2019 [1], with
road traffic identified as the dominant source, affecting
more than 100 million people at levels exceeding World
Health Organization (WHO) recommendations [2]. In re-
sponse, the European Commission’s Zero Pollution Action
Plan sets a goal of reducing the number of people chron-
ically disturbed by transport noise by 30% by 2030 com-
pared to 2017 levels [3].

To support such objectives, accurate assessment of
population exposure to traffic noise is critical. In recent
years, microscopic traffic simulation models have become
increasingly popular in environmental acoustics [4-7].
These models simulate individual vehicle behaviour—
including position, speed and acceleration—at fine time
scales, and can be coupled with noise emission models to
evaluate dynamic and location-specific noise levels. This
level of detail enables the computation of traditional expo-
sure indicators, such as the equivalent continuous sound
level (L aeq), as well as advanced exposure indicators,
such as the number of noise events experienced by indi-
viduals [6-9], and vehicle-specific noise exposure costs
[10,11].

While electric vehicles (EVs) are often expected to
reduce urban noise at low speeds due to their quieter
engines [12, 13], several recent studies have shown that
their noise emissions increase significantly during accel-
eration, mainly due to increased tyre/road interaction un-
der torque [14, 15]. One contributing factor is that this
effect may be more pronounced in EVs than in internal
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combustion engine (ICE) vehicles, owing to their higher
curb weight and instantaneous torque delivery, which in-
crease dynamic loading at the tyre—road interface and may
enhance structure-borne noise transmission. Pass-by mea-
surements, carried out in projects such as LIFE E-VIA
[16,17], and other controlled experiments and data analy-
ses [18, 19] have reported noise increases of up to 5 dBA
during acceleration compared to constant-speed driving.

However, despite these findings, it remains unclear
how such acceleration-related noise affects population ex-
posure estimates when using microscopic traffic simula-
tions. Most existing EV noise emission models are lim-
ited to constant-speed conditions and do not account for
the dynamic effects of acceleration [20]. As a result, cur-
rent noise exposure assessments may underestimate the
impact of accelerating vehicles, particularly in urban con-
texts where acceleration is frequent.

This study investigates the influence of acceleration
noise on two key noise exposure indicators—L 4., and an
indicator reflecting the number of noise events—when us-
ing microscopic traffic simulations. Existing correction
models for the acceleration noise of ICE vehicles, as well
as a novel model for the acceleration noise of light EVs
[19] are applied to calibrated microscopic traffic simula-
tions, and the resulting exposure indicators are compared
to those obtained using constant-speed emission models
only.

2. METHODOLOGY
2.1 Microscopic traffic simulation

To evaluate the influence of acceleration noise on expo-
sure indicators, microscopic traffic simulations were car-
ried out using the open-source Simulation of Urban MO-
bility (SUMO) tool [21]. SUMO enables high-resolution
simulation of individual vehicle trajectories based on real-
istic traffic flow dynamics, including car-following, lane-
changing, and intersection behaviour.

The model was calibrated on the city of Tartu (Esto-
nia) from measurements carried out using a network of
30 traffic count sensors [6]. A time resolution of 1 sec-
ond was chosen, and the model was run for 24 hours on
a representative weekday. Each trajectory provided a time
series of vehicle position, speed, and acceleration, which
were subsequently used as input for noise emission and
propagation modelling.

An arbitrary portion of 10% of the vehicles were ran-
domly assigned as heavy-duty vehicles (HDVs), while the
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remaining 90% were considered to be light-duty passen-
ger vehicles (LDVs). The fraction of EVs among LDVs
and HDVs was varied simultaneously, from 0% to 30% to
100%.

2.2 CNOSSOS-EU emission model

Noise emissions for each vehicle were first estimated us-
ing the CNOSSOS-EU model [22], the official European
framework for environmental noise mapping. CNOSSOS-
EU computes the sound power level Ly of a moving ve-
hicle by combining the contributions of rolling noise and
propulsion noise.

For an ICE vehicle of category m, in frequency band
1, the rolling and propulsion noise levels are respectively
calculated as

6]

)7 2)

where v is the instantaneous vehicle speed and v =
70 km/h. The total emission level is then obtained as

LwRim = AR,im + BR,im - 10g14(v),

UV — Uref
Lwpim=Aprim+ Bpim - (
Uref

Lw,im=10- logy, (10LWR,1:,m/10 4 10LWP,1‘.,m/10) .

3)

As no dedicated CNOSSOS-EU emission model cur-
rently exists for EVs, the Category 1 model (for ICE
LDVs) was used as a baseline for light EVs, and modified
with the correction model proposed by Pallas et al. [13].
For electric HDVs, another correction model was applied
to the Category 3 emission model from CNOSSOS-EU
(HDVs), based on noise measurements conducted close to

the engine of a hybrid truck driving in ICE vs. electric
mode [23].

2.3 Correction models for acceleration

To capture the impact of acceleration a on noise emis-
sions, a correction model was applied to the baseline
CNOSSOS-EU output:

¢ for ICE vehicles (LDVs and HDVs), the IMAGINE
correction model [24] was used:

“4)

corr
Lwpim=Lwpim+ci*a,
where the ¢; are coefficients for each octave band ;

e for light EVs, the newly developed correction
model [19], accounting for the increased tyre/road
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interaction noise observed during acceleration in
each octave band, was used:

Weim = Lw,im + AL;, Q)
with
a
ALi:max Aconi+Bconi’lO v ,O e,
(Acorr, i~ logio(v), 0) o (0)
(6)

where Acor,; and Beoy,; are coefficient for each oc-
tave band 7 and ap.x(v) is the maximum reachable
acceleration of the vehicle considered, at speed v;

¢ for electric HDVs, due to the lack of a better model,
the IMAGINE correction model for ICE HDVs was
used.

2.4 CNOSSOS-EU propagation model

The resulting corrected noise emissions were then propa-
gated to receiver positions using the CNOSSOS-EU prop-
agation model, implemented in the open-source software
NoiseModelling [25], accounting for geometric spread-
ing, ground effects, air absorption, diffraction and reflec-
tion, according to the implementation described in [22].

2.5 Simulation generation

Using this framework, two sets of simulations were con-
ducted:

* One using the uncorrected CNOSSOS-EU model
assuming constant-speed emissions;

* One using the corrected model including the accel-
eration noise correction term.

For each case, the equivalent continuous sound level
(L Aeq) and an indicator reflecting the number of noise
events exceeding a defined threshold were computed at
multiple receiver locations to quantify the impact of ac-
celeration noise on population exposure.

3. RESULTS

To test whether integrating acceleration noise into the
emission model of a vehicle fleet has a significant impact
on exposure indicators, a preliminary statistical analysis is
performed.

First, the number of noise events is measured using
the LSOEXXGO5CL indicator, defined as the number of
times the instantaneous noise level crosses a threshold of
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XX dBA above the median noise level L5, with a mini-
mum time gap of 5s between two successive events and a
closed window. The value of the threshold exceedance
EXX above Lgg is varied from 3 dBA (E03, moderate
noise event) to 15 dBA (E15, very loud noise event), as
recommended by [9]. The number of noise events over 24
hours is averaged over all receiver points, and the fraction
of EVs in the fleet is varied from 0.0 to 1.0. The results
are reported in Tab. 1.

Table 1: Average number of noise events detected
using various LSOEXXGOS5CL indicators varying the
exceedance EXX (1%! column), various fractions of
EVs (EV frac), while considering acceleration noise
(Yes) or not (No), and difference between the two
(Dift, %).

EV frac =0.0 EV frac =0.3 EV frac=1.0

No Yes Diff No Yes Diff No Yes Diff

E03 637 667 4.7% 580 641 10.6% 401 580 44.6%
EO5 435 462 6.2% 389 441 132% 249 392 57.1%
E10 160 175 9.7% 138 163 182% 70 135 92.6%
El15 43 51 173% 37 45 214% 17 29 758%

As may be observed in the table, the average number
of noise events detected increases when adding acceler-
ation noise, for all types of noise events (EO3 to E15).
Several other findings are notable:

* the impact of acceleration noise on the number of
noise events is generally larger for louder noise
events;

e as the fraction of EVs increases, acceleration
noise results in a larger increase in the number of
detected noise events, resulting in more than 40%
extra noise events with a fully electric fleet.

Then, the 24-hour L 4., is calculated for each receiver
point, and the 10t", 50*" and 90*" percentiles of the re-
ceiver points with the highest resulting noise levels were
extracted for each of the two simulation sets. The results
are compiled in Tab. 2 for various fractions of EVs.

The main results from this table are the following:

* acceleration noise increases L 4.4 at the median re-
ceiver point by 2.2 to 4.3 dBA depending on the
fraction of EVs;
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Table 2: 1-hour L ¢, (dBA) of the 10th, 50th and
90th percentile receiver point for various fractions of
EVs (EV frac), while considering acceleration noise
(Yes) or not (No), and difference between the two

20

(Diff, dBA). .
: v 15

EV frac = 0.0 EV frac = 0.3 EV frac = 1.0 * : %
No Yes Diff No Yes Diff No Yes Diff N “ . [ f
Lacgpoo 424 432 08 414 426 12 380 412 3.1 : o e .-
Laegpso 510 532 22 500 524 24 466 508 4.3 e §
Lacgrio 636 711 75 626 709 83 587 675 88 T -
e 2
: \ e 2
* the increase in L 4., due to acceleration noise is N A [
much higher for the loudest locations (L acq, P10 i, oo ol . 3
+7.5 dBA to +8.8 dBA) than the quietest ones N B §
(L Aeq, P90, +0.8 dBA to +3.1 dBA); . B

* as the fraction of EVs increases, the impact of

=15

acceleration noise on L 4., increases. -20
(a) Noise events (E10)
To observe the geographic spread of the impacts of
acceleration noise on exposure indicators, the increase 10.0
in the number of loud noise events, measured using the
L50E10GO5CL [8, 9] indicator (number of noise events .
crossing 10 dBA above the median noise level, with a 4 : :
minimum time gap of 5s and a closed window) and the 3 S s " L 50
increase in the average noise level L 4., are plotted for a ‘ 5 "’w:
I-hour time segment (16:00-17:00) in Figs. 1 and 2, re- -4 - 2.5
spectively, for a fleet of 100% ICE vehicles, and a fleet of 3 g
100% EVs. Loo
Multiple observations may be made from these plots: 3
e when acceleration noise is accounted for, the in- *2
crease in the number of noise events is mostly vis- e
ible in close proximity to primary or secondary
roads; i -75
]
* theincrease in L 44 is more uniform, with no clear
areas emerging as being more impacted by acceler- 100
ation noise; (b) LAeq

¢ in the case where the fleet is 100% electric, the im-

pact of acceleration noise is much larger than when
the fleet is 100% ICE.

4. DISCUSSION

From the results detailed in Section 3, it appears that ac-
celeration noise has a significant impact on noise exposure
indicators.

Figure 1: Increase in (a) the number of noise events
(L50E10GO5CL) and (b) the 1-hour L 4.4 due to ac-
celeration noise with a 100% ICE fleet at 16:00—
17:00.
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Figure 2: Increase in (a) the number of noise events
(L50E10GO5CL) and (b) the 1-hour L 4.4 due to ac-
celeration noise with a 100% electric fleet at 16:00—

17:00.
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For a fleet of vehicles powered by ICE, the modelled
impact of acceleration noise appears relatively limited on
the number of noise events (< 10%), except for very loud
noise events (E15, +17.3%). For noise levels (L g¢q), the
modelled impact seems slightly more marked, with a 2.2
dBA increase for the median receiver point, and especially
for the 10% loudest receiver point, where the increase
reaches 7.5 dBA.

With a mixed fleet of EVs and ICE vehicles, or a fully
electric fleet, the impacts of traffic noise generally de-
crease, with, expectedly, a lower number of noise events
and lower average noise levels. However, in this case, the
impact of acceleration noise is shown to be much more
significant for all indicators, with a considerable impact
on the number of noise events and on L 4.

These results suggest that accounting for acceleration
noise is already important when modelling noise exposure
from a fully ICE vehicle fleet, but may be critical with
vehicle fleets that include EVs.

Howeyver, it should be noted that the two correction
models for acceleration noise used in the present contri-
bution IMAGINE and the 2025 correction model for light
EVs [19]) have been established independently, using dif-
ferent methodologies, on fleets of vehicles from different
eras. The differences highlighted here, in particular be-
tween fleets of ICE vehicles and EVs, may be partly due
to imperfections in the models themselves rather than only
differences between actual noise emissions.

5. CONCLUSION

This study evaluates the impact of acceleration noise on
noise exposure indicators using microscopic traffic simu-
lations and the CNOSSOS-EU noise assessment frame-
work. By applying correction models for acceleration
noise to both ICE and electric vehicles, it was shown that
the inclusion of acceleration-related noise emissions has
a notable effect on both the equivalent continuous sound
level (L 4¢4) and the number of noise events.

For ICE fleets, the increase in exposure indicators due
to acceleration noise was shown to be moderate but non-
negligible, with L 4., increasing by over 2 dBA and no-
ticeable increases in the number of loud noise events. In
contrast, for fleets with high EV penetration, the impact of
acceleration noise was shown to be substantially greater,
with increases in L 4., of over 4 dBA at median locations
and more than 8 dBA at the loudest ones, along with up to
93% more high-exceedance noise events.

These results suggest that the role of acceleration
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noise may become increasingly important in the context of
EV adoption. Incorporating acceleration noise into road
traffic noise modelling is essential for accurately assessing
population exposure, especially when using microscopic
traffic simulations in urban environments where accelera-
tion events are frequent.

The findings made in this contribution are based on
correction models for acceleration noise, but future mea-
surement campaigns would be valuable to validate and
further support these results.
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