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Abstract

Coastal tourist cities are subject to considerable population fluctuations between the
winfter and the summer season, as well as between workdays, holidays or weekends.
Through the analysis of the data obtained by noise monitoring/samplings, or modelling
using prediction software, for winter and summer seasons it is demonstrated that the
environmental noise is directly related to the population behaviour, being the main
noise sources the road traffic on roads with the highest vehicle capacity.

The analysis and comparison of the sound evolution along both workday and holidays
showed very typical patterns, which can be used as keys for the forensic acoustics. By
analysing these patterns, this method can be applied to determine whether a certain
noise corresponds to a working day or to a holiday or weekend.

The conclusions of this chapter, with the specific characteristics of each coastal tourist
city, can support the development of smart and sustainable urban environments.
Understanding how these characteristics influence the city's soundscape is crucial for its
effective prediction and management. The aim is to assist decision-makers in
formulating urban design criteria that foster the sustainability of the tourism industry
while enhancing the quality of life for residents.

Keywords

Coastal Tourist Cities, Noise Pollution, Urban Noise, Traffic Noise, Weekend Effect, Noise
Characterization, Natural Reserve

1. Background
The primary attraction of Mediterranean coastal tourist cities, and the main foundation

of their economy, is sun, beach, and nature tourism. Most of these cities are in the
subtropical zone of the planet, characterized by the typical Mediterranean climate,
with warm summers where temperatures range from 14°C to 35°C, and mild winters

between 4°C and 16°C. This temperature variation causes the population of these cities
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to increase tenfold, or even fifteenfold, during the summer season compared to winter,
along with a corresponding rise in economic activity and, indirectly, noise levels.
Paradoxically, this increase in noise contrasts with the tranquility, rest, and calm sought
by tourists during their summer holidays [1, 2]. Various studies, such as the report [3].
have already noted that promoting tourism activities necessarily generates a certain
degree of conflict and displacement, with noise pollution being one of the factors
driving this. Recreational zones within protected natural environments also present
significant management challenges for those responsible for their oversight [4].

Several sociological studies published [5-7], conducted across various Greek islands
such as Rhodes, Mykonos, Santorini, Crete, etc., conclude that excessive noise
generated by the urgent needs of tourism leads to a degradation of the quality of life
for residents who remain throughout the year, as well as for visitors to these coastal
tourist cities.

Additionally, in [8], the author analyses the acoustic situation of the tourist city of Castro
(Chile), reaching several conclusions, including: 1) that the time period between 03:00
and 07:00 hours shows the greatest difference in LAeq between the high and low tourist
seasons, with a variation of 3.8 dBA; 2) that Sunday is the quietest day of the week; and
3) that the average difference in the equivalent level LAeqg of daytime noise between
the high and low tourist seasons in the city is 2.4 dBA, with the maximum difference
observed in the city centre.

2. Materials and Methods

To analyse the acoustic situation of this type of city, an urban centre on the Aflantic
coast of the province of Huelva (Spain) was selected.

2.1. Study Area

The coastal tourist city chosen as an example is the urban centre of El Portil, located in
the south-west of the lIberian Peninsula, within the municipality of Punta Umbria

(Huelva). See Figure 1.
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Figurel. Location of the study area

It is situated along the so-called Costa de la Luz. Due to its characteristics, it can be
considered an example of a small coastal tourist city. Its sole economic activity is
tourism, which is also the reason for its existence, with over 3 km of shoreline featuring
calm waters and fine, golden sands. Its population is highly seasonal, estimated at
around 1,200 inhabitants during winter and approximately 15,000 during the summer
season, most of whom are tourists from the province of Huelva, as well as from Seville,
Badajoz, Madrid, and even international visitors [9].

The urban centre of El Portil is primarily traversed by the regional road A-5052, which
runs east to west. This road also acts as a physical barrier, dividing the population into
two clearly differentiated zones: the northern zone (between the A-5052 and the pines
of the Natural Reserve), which is larger and characterised by taller buildings; and the
southern zone (between the A-5052 and the shoreline), which has a lower population

density and consists mainly of dispersed single-family homes of up to two storeys.
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This urban distribution can be observed in more detail in the following Figure 2.
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The regional road A-5052, which fraverses the entire centre as well as the Laguna del
Portil Natural Reserve (LPNR), an invaluable ecological natural area that surrounds this
urban centre from the west to the east and includes a coastal lagoon, and on the

other side, the maritime-coastal shoreline.
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2.2. General Methodology

To address the objectives of this chapter, four techniques or methodologies were
followed. These have also allowed for comparison and contrast of the results obtained
through each of them.

2.2.1. Weekly continuous monitoring with 5-minute recordings at two points within the
urban centre. One point is closer to the A-5052 road, and the other is farther away.
Point P-1 (the closest to the A-5052) and P-2 on Avoceta Street. The distance between
these two points is 133 metres in a straight line, and their locations can be seen in the
previous Figure 2.

2.2.2. 24-hour monitoring with T-second recordings. These measurements were carried
out only at point P-1, the closest to the A-5052 road.

2.2.3. Spatial sampling measurements at 43 widely distributed points within the LPNR. To
plan and prepare the spot measurements, both in winter and summer, the "grid"
technique was used. A grid of 40 x 40 metres was overlaid on the sampling area (LPNR)
using an aerial photograph of the zone obtained from Google Earth. This approach
helped distribute the measurement points as evenly as possible across the sampling
area [10].

2.2.4. Modelling using the CadnaA prediction software for the entire study area and
generating noise maps. For this modelling, vehicle counts on the main roads within the
urban centre were used, reflecting these counts through their ADT (Average Daily

Traffic in vehicles per day), as shown in Table 1.

Table 1. Capacity expressed in ADT (v/day) of the main streets of El Portil

Road Season Day (D) Evening (T) Night (N) Total
A-5052 Winter 2887 998 302 4188 [11]
A-5052 Summer 7151 3011 2066 12228 [11]
Avoceta St. Winter 37 20 3 60
Avoceta St. Summer 1043 523 165 1731
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Once the data were obtained through these four research methodologies, it was
possible to compare the results and draw conclusions about the evolution of noise

across the entire area. The entire methodological process is better understood through

the diagram in Figure 3.
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Figure 3. Outline of the methodologies followed in the research work
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2.3. Instrumentation

The main devices used in this study were:

* For weekly monitoring: Class 1 precision infegrating sound level meter, brand RION,
and model NL-31.

* For 24-hour monitoring and spatial sampling: Class 1 integrating-averaging sound
level meter, brand CESVA, model SC-20c.

* For noise mapping: Prediction software version 4.3 of CadnaA.

3. Results and Discussion

3.1. Weekly Monitoring

Figure 4 below presents four graphs corresponding to measurements taken over a one-
week period at points P-1 and P-2, during winter and summer:

A) Point P-1 in winter

B) Point P-1 in summer

C) Point P-2 in winter

D) Point P-2 in summer

In each of the four graphs, the 2016 records of 5-minute intervals (LAeq, 5m) are shown
in white. The red line added represents the evolution of the LAeq, 1-hour index
throughout each week, highlighting the weekly sound footprints and smoothing out

fluctuations in the LAeq, 5m records.
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LAEQ, 5M /LAEQ, 1H(DBA)

C) P-2 (Winter) LAeq. 5 LAeq. 1h D) P-2 (Summer)

Figure 4. Sound footprints of weekly recordings. LAeq, 5m / LAeq,1-h indices, in dBA
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While the summary of statistical data, indices, and percentiles for the four samples is
provided in the following Table 2, the same statistical data have been added for each
of the periods info which a day is subdivided according to [12] Directive 2002/49/EC.:

daytime period; evening period; and night period.

Table 2. Summary of weekly monitoring values, indices and percentiles, in dBA

LAeqT LA1 LA5 [LA8 LA10 LA40 LA50 LA60 LA90 LA95 LA99

Weekly Global 560 622 600 592 589 563 556 543 446 390 31.7

P.1 Week: daytime period 577 630 61.0 60.0 59.6 574 57.0 56.6 546 53.4 50.1

_ Week: evening period 562 622 60.0 592 589 563 556 543 446 390 31.7
..“E’ Week: night period 493 56.6 542 532 529 487 475 460 358 332 29.7
S Weekly Global 31.6 40.8 36.7 354 349 30.6 294 274 151 126 9.4
P.2 Week: daytime period  33.6 42.1 384 37.1 36.6 326 31.6 307 257 230 17.2
Week: evening period 31.4 388 344 340 33.7 312 306 300 263 228 183

Week: night period 241 334 302 291 285 204 183 166 11.5 103 7.8
Weekly Global 594 640 61.7 613 61.1 59.6 592 585 532 512 473

P_1 Week: daytime period 602 640 620 61.5 61.3 602 59.9 595 57.6 56.6 547

5 Week: evening period  461.1 654 620 61.7 61.4 60.1 598 596 587 583 57.5
£ Week: night period 558 60.5 58.9 585 583 560 552 541 50.1 485 413
:E, Weekly Global 455 50.1 488 484 482 463 455 440 34,6 303 2046
2 P.2 Week: daytime period  47.1 50.9 49.1 48.8 48.7 473 46.9 46.6 444 429 390
Week: evening period  46.1 50.6 482 48.0 478 46.4 459 454 426 413 38.6

Week: night period 394 46.1 43.6 43.1 428 389 37.6 362 243 21.7 19.6

From the analysis of Figure 4 and Table 2, it can be deduced that P-2 is generally
subjected to lower sound pressure levels than P-1, both in winter and summer. This is
justified by the fact that P-2 is located further away from the A-5052 road compared to

P-1. These differences for each of the indices can be observed in Table 3.

Likewise, from that analysis, it can be inferred that the indices in the winter season are
lower than those in the summer season, regardless of the monitoring point. This can be
justified because the ADTs in summer, depending on the time of day, are between 7
and 70 times higher than those in winter. Additionally, the number of inhabitants is also

12 times higher. In Table 4, these differences for each of the indices can be observed.
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Table 3. Differences in index values between monitoring points P-1 and P-2 at each

season, in dBA

LAeqT LA1 LA5 LA8 LA10 LA40 LA50 LA60 LA90 LA95 LA99
_ Difference Weekly Global 244 21.4 233 238 24 257 262 269 295 264 223
-."c-’ between Week: daytime period 24.1 20.9 22.6 229 23 248 254 259 289 304 329
S P-land Week: evening period 248 23.4 256 252 252 251 25 243 183 162 134
P-2 Week: night period 252 232 24 241 244 283 292 294 243 229 21.9
5 Difference Weekly Global 13.9 13.9 129 129 129 133 13.7 145 18.6 20.9 26.7
£ between Week: daytime period 13.1 13.1 129 127 126 129 13 129 132 13.7 157
:E, P-1and Week: evening period 150 148 138 13.7 13.6 13.7 13.9 142 161 17 189
« P-2 Week: night period 164 144 153 154 155 171 17.6 17.9 258 268 21.7

Table 4. Differences in index values between winter and summer at each monitoring

point, in dBA

LAeqT LA1 LA5 LA8 LA10 LA40 LA50 LA60 LA90 LA95 LA99
Weekly Global 34 18 1.7 21 22 33 36 42 86 122 156
Week: daytime period 25 10 1.0 15 17 28 29 29 30 32 446
Difference P-1 \yoek: evening period 49 32 20 25 25 38 42 53 141 193 258
25:1";2? Week: night period 65 39 47 53 54 73 77 81 143 153 116
and Weekly Global 139 93 121 130 133 157 16.1 166 195 177 11.2
Winter  p.p Week: daytime period 13.5 88 10.7 11.7 12.1 147 153 159 187 199 218
Week: evening period 14.7 11.8 13.8 140 14.1 152 153 154 163 185 203
Week: night period 153 127 134 140 143 185 193 196 128 114 11.8

A global examination of Figure 4 reveals a clear similarity in the shapes of all the daily

sound footprints on workdays (WD), and another distinct similarity for holidays (HD),

irespective of whether they occur during the winter or summer monitoring periods. In

general, WDs are defined as Monday through Friday, while HDs correspond to

Saturdays and Sundays. However, it should be noted that during the summer monitoring

week at point P-1, Friday fell on August 3rd, a local holiday, and at point P-2,

Wednesday fell on August 15th, a national holiday.

Further analysis of Figure 4 indicates that at both monitoring locations and across both

seasons, the minimum hourly equivalent continuous sound levels (LAeq,1h) for all days

consistently occur during the night-time period, as expected. On WDs, the lowest levels

typically occur at 04:00, whereas on HDs, the minimum is generally observed at 05:00.

Moreover, in all four graphs, the minimum LAeq,1h values recorded on HD nights are
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higher than those on WD nights, with an average difference of 4.1 dBA between Friday

and Saturday night-time minima. The Friday of P-1 in summer has been excluded from

this comparison due to its classification as a local holiday.

Focusing now on the diurnal profiles, it is evident that they follow an inverted U-shape.
However, while the WD profiles exhibit steeper gradients, particularly on the ascending
(morning) side, the HD profiles are characterised by more gradual, curved slopes on
both sides. To examine this phenomenon in greater detail, the overall LAeq, 1h levels for
WDs and HDs were calculated for each season and monitoring location. These values

are presented in Table 5 and illustrated graphically in Figure 5.

Table 5. LAeq,1h global levels of the WD and the HD in each season and measurement

point in dBA
TYPE OF
DAY WD WD WD WD HD HD HD HD
POINT P-1 P-1 P-2 P-2 P-1 P-1 P-2 P-2
SEASON W S W S W S W S
0:00 47.10 57.63 24.71 39.42 54.11 58.32 26.00 41.72
1:00 46.43 56.07 2431 34.53 52.43 57.35 25.36 39.99
2:00 4495 54.52 23.69 33.66 49.54 56.30 26.55 37.54
3:00 41.97 53.21 21.64 34.52 49 .49 54.89 26.85 37.15
4:00 4498 50.35 17.85 34.48 49.18 53.31 19.76 36.87
5.00 46.43 51.12 18.68 36.71 48.14 54.06 17.67 37.33
6:00 50.52 56.08 22.01 43.31 50.54 54.81 23.25 41.63
7:00 56.21 59.19 27.44 46.92 52.96 56.57 26.85 43.53
8:00 58.43 59.49 35.83 48.28 55.41 56.76 29.03 45.58
9:00 57.49 59.55 33.66 46.95 55.91 60.82 29.46 45.62
10:00 56.54 60.07 34.09 46.60 56.73 58.38 30.16 45.71
11:00 56.88 60.60 33.26 47.12 57.94 60.39 31.51 47.34
12:00 56.83 60.34 34.64 47.25 58.96 60.11 33.15 48.11
13:00 57.00 60.66 34.76 47 .97 58.59 60.21 33.18 48.70
14:00 57.48 61.47 34.49 47 91 59.12 62.13 32.45 48.09
15:00 57.24 60.81 35.93 47.19 56.31 60.20 32.92 46.86
16:00 56.44 60.61 34.86 46.44 56.52 60.02 33.32 47.00
17:00 56.56 61.45 34.60 47.16 57.44 60.35 31.44 47.65
18:00 56.41 60.26 31.46 46.85 57.23 60.75 30.51 47 .84
19:00 55.77 60.43 31.88 46.49 56.82 60.73 34.88 47 .89
20:00 55.93 60.20 31.42 46.61 55.93 60.76 31.42 47.35
21:00 54.86 60.05 31.18 45.44 55.45 59.89 31.40 46.03
22:00 52.87 64.36 28.96 43.49 53.53 59.22 30.22 43.84
23:00 49.78 57.75 27.36 42.23 51.87 58.67 28.62 42.25
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Figure 5. Comparison of sound footprint between a working day and a holiday [?]

By integrating the hourly LAeq,1h values from the four monitoring campaigns for both
workdays (WD) and holidays (HD), composite graphs were obtained for each type of

day. These represent the overall sound footprints of WDs and HDs, respectively, as

shown in Figure 6.
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Figure é: Comparison of sound footprint generic between a) workday b) holiday [9]

By comparing the generic temporal patterns of the sound footprints for workdays (WD)

and holidays (HD) shown in Figure 6, the following conclusions can be drawn:

1. The absolute maximum level (50.6 dBA) on a WD occurs at 08:00 and becomes a
much lower relative maximum (48 dBA) on an HD.

2. The peak level at 14:00 (50.5 dBA) on a WD also occurs on an HD; however, in this
case, it represents the absolute maximum for HDs.

3. The relative maximum level (50 dBA) at 17:00 on a WD is observed at 19:00 on an HD.
4. The absolute minimum level on a WD occurs at 04:00, with a value of 37 dBA,
whereas on an HD, it occurs at 05:00, with a value of 39 dBA. It can also be observed
that the decline in noise levels at the end of the day begins at 17:00 on WDs, while on
HDs, this decline starts later, at 19:00.
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5. Regarding the shape of the sound footprints in Figure 6 during the period between
04:00 and 08:00, it is evident that both WD and HD profiles follow an approximately
linear trend. This behaviour is also present in the individual sound profiles in Figure 4,
although there are notable differences in the slopes of these linear segments between
WDs and HDs. Calculating the slopes for Figure 6 yields global values of 3.40 dBA/h for
WDs and 1.73 dBA/h for HDs, indicating that the slope for HDs is approximately half that
of WDs. This represents a significant difference that enables a clear distinction between
the two types of days.

The frequency distributions of the LAeq.,5m time series from the four monitoring
campaigns, separately analysed for WDs and HDs, were also examined. These

distributions are presented graphically in Figure 7.
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Figure 7. Diagrams distribution of frequencies of the LAeq. 5m; WD vs. HD [?]
For each season and monitoring point, the distribution function of LAeq,5m shows the
relative maximum at the same noise level, regardless of the type of day (e.g., point P-1
in summer peaks at 59 dBA). This confirms that the main noise source—road traffic—
remains consistent across both types of days. The frequency distribution peaks are listed
in Table 6.
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Table 6. Situation of the peaks of the main source of noise

Point Season Level Peak
P-2 Winter LAeg, 5m 31
P-1 Winter LAeqg, 5m 55
P-2 Summer LAeqg, 5m 45
P-1 Summer LAeg, 5m 59

From Table 6, it can be observed that at point P-2, the peak increases by approximately
14 dBA in summer compared to winter, whereas at point P-1 the increase is only 4 dBA.
Furthermore, Figure 6 shows that in winter, at both P-1 and P-2, the peaks corresponding
to the main noise source (road traffic on the A-5052) are higher on HDs than on WDs. In
contrast, in summer, the opposite occurs: peak values on WDs exceed those on HDs.
This indicates that in winter, the primary noise source (A-5052) has a greater impact on
overall noise levels during HDs, whereas in summer, this influence shifts to WDs.

Figure 7 also reveals that, for any season and monitoring location, the peaks related to
the secondary source (background noise) are consistently higher on WDs than on HDs.
These five-minute equivalent level frequency distributions suggest that, in summer, there
is no significant difference in the distribution of acoustic events (i.e., human activities)
between WDs and HDs, as the maijority of the population is on holiday. However, clear
differences are observed in winter, due to a significant increase in population during
weekends. This is attributed to a rise in weekend tourism in winter, while weekday
population levels remain low (weekend effect). In contrast, during summer, the tourist
population increases by 1,150% and remains stable throughout the entire week
(seasonal effect), with only daily behavioral patterns varying. This explains the temporal
displacement of the background noise peaks.

3.1. 24-Hour Monitoring

In addition to the weekly monitoring campaigns conducted using five-minute intervals,
a full 24-hour monitoring session was carried out for a single WD in both winter and
summer. In this case, data were recorded at one-second intervals, yielding 86,400 data

points per seasonal sample. This allowed for a much higher temporal resolution in noise
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analysis around monitoring point P-1, enabling the identification of further details and
conclusions. Point P-1 is the most affected by traffic from the A-5052 road.

Figure 8 presents two graphs corresponding to the 24-hour monitoring results for winter
and summer WDs at point P-1. To prevent overcrowding of the graphs, LAeq,1s values
were not plotted directly. Instead, LAeq,5min values are shown (in white), along with a
red line representing the evolution of the LAeq,1min index over the course of the day.
This red line helps highlight the 24-hour acoustic footprint and smooths out the
fluctuations of the five-minute measurements.

A summary of stafistical data, acoustic indices, and percentiles for both samples is
provided in Table 7. This table also includes the same statistical parameters calculated
for each of the time periods defined by [12]: Daytime period, Evening period, and Night

period.
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Figure 8. Sound footprints from 24-hour records of a WD, with LAeq, Tm / LAeq, 5m

indices, in dBA: a) winter, b) summer
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Table 7. Summary of 24-hour monitoring values. indices and percentiles, in dBA

LAeq LAmax LAmin LA1 LA5 LAO8 LA10 LA40 LA50 LA60 LA90 LA95 LA99

_ Global 24h 57.1 838 31.1 66.9 63.6 623 61.6 52.8 497 462 362 350 33.5
-."E’ 24h: daytime period 58.9 77.6 345 67.9 64.5 63.5 62.9 56.8 549 53.0 457 43.4 349
S 24h: evening period 57.9 838 352 67.1 64.1 63.0 623 54.1 51.8 493 422 40.9 390
24h: night period 488 73.5 31.1 628 53.6 49.5 470 384 37.6 37.0 348 343 33.5
g Global 24h 61.7 90.7 339 695 66.4 655 650 60.7 59.1 57.2 44.6 40.4 36.6
€ 24h: daytime period 62.6 81.1 403 704 672 66.4 659 620 608 593 51.9 48.9 444
:E, 24h: evening period 624 823 463 68.8 66.1 654 650 61.9 61.1 60.2 556 540 50.8
» 24h: night period 563 90.7 455 67.0 63.9 62.9 624 557 532 50.1 394 379 36.6
From the analysis of the acoustic footprints in Figure 8, the most immediate observation
is that noise levels during the summer are higher than those recorded in winter. The
differences across various indices and time periods are summarized in Table 8.
Table 8. Differences in dBA between summer and winter, based on 24-hour monitoring
values, indices, and percentiles.
LAeq LAmax LAmin LA1 LA5 LAO8 LA10 LA40 LA50 LA60 LA90 LA95 LA99
o Global 24h 46 6.9 2.8 26 28 32 34 79 94 110 84 54 3.1
N € § . 24h:daytime
o g o ..“E’ period 3.7 3.5 5.8 25 27 29 30 52 59 63 62 55 95
8 £ E'S$ 24h: evening
520 :E, period 45 -1.5 11.1 1.7 20 24 27 78 93 109 134 13.1 11.8
< 24h: night period 7.5 17.2 144 42 103 134 154 173 156 13.1 4.6 3.6 3.1

Another notable aspect is that in the winter footprint, the oscillation band of LAeq, Tmin
values between 08:00 and 22:00 is narrower (approximately 10 dBA) compared to that
of summer (approximately 25 dBA). This is attributable to the proximity of point P-1 to the
A-5052 road, meaning its acoustic environment is heavily influenced by traffic flow. This
suggests that the hourly traffic volume (ADT) at this location is lower in winter than in
summer.

By comparing the LAeq,5min plots (in red), it is evident that throughout the day, the
winter graph is less densely populated than that of summer. This again reflects the lower
vehicle flow rate per unit of time in winter.

Moreover, in summer, the band representing LAmax values remains relatively uniform

throughout the day—ranging approximately between 68 and 78 dBA—indicating that
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the recorded noise primarily originates from road fraffic. In contrast, LAmin values show
much greater variation across the day (roughly from 34 to 50 dBA), suggesting that
these lower levels are less influenced by fraffic and more affected by background noise
stemming from other sonic events related to resident activities.

Another striking feature appears in Figure 8 (winter): during night-time hours (01:00 to
07:00), the LAeq,1min values form a plateau, with minimum values fluctuating between
34 and 38 dBA.

Conversely, in Figure 8 (summer), this period is characterized by a V-shaped dip, with
minimum values of 35 dBA occurring only between 03:00 and 04:00. This pattern
indicates a more pronounced decline in nocturnal activity during winter nights
compared to summer, suggesting that in summer, residents both stay up later and rise
earlier.

Figure 8 also reveals, particularly through the LAeq,5min graphs, that in winter, rest hours
on WDs begin around 22:00, followed by a drop of approximately 10 dBA between
22:00 and 00:00. In summer, this decrease is much smaller—only around 3 dBA.

Finally, the frequency distributions of the data series from both 24-hour monitoring
campaigns (winter and summer) were also analysed. These are graphically represented

in Figure 9.

Frequencies (%)

Laeq, 1s (dBA)

s WAIMLET  — S0 e

Figure 9. Diagrams distribution of frequencies of the LAeq, 5m; winter and summer [1]
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Upon analysis of this figure, the most significant observation is that the frequency
distribution diagram for winter displays two relative maxima. This suggests the existence
of two distinct frequency distribution functions of acoustic events, each associated with
a different primary noise source. In contrast, the summer distribution shows only one
prominent peak, indicating the dominance of a single primary noise source.

The first peak in the winter data appears around 37 dBA and corresponds to nocturnal
acoustic events unrelated to road traffic—in other words, background night-time noise.
The second peak, centred around 58 dBA, is primarily attributable to road traffic from
the A-5052.

In contrast, the summer frequency distribution presents a single absolute maximum,
associated with road fraffic noise from the A-5052. This peak is located around 63 dBA
and encompasses approximately 98% of all measurements, which fall within the range
of 45 to 68 dBA. As expected, due to higher traffic volumes in summer, this maximum is
shifted approximately 5 dBA to the right compared to the winter season. Additionally, a
slight bulge can be observed in the lower-level range (around 38 dBA), which accounts
for only 2% of the one-second measurements. This minor secondary peak is likely

attributable to the same background night-time noise source identified in winter.

Therefore, it can be concluded that in summer, there is effectively only one frequency
distribution in the one-second measurements, corresponding to noise from the A-5052.
This dominant source (98% of the measurements faling between 45 and 68 dBA)

effectively masks any other, less intense background noise sources.

3.2. Spatial Sampling Measurements in the LPNR

Following the spatial sampling methodology described in the General Methodology
section, data were collected in winter from the 43 selected points, the locations of

which are shown in Figure 10.

Scientific Knowledge Publisher (SciKnowPub), USA




% Acoustics - Science, Engineering and Applications

RN e
15
- RIS R N
20 1!
12
R T e LA
5
R N
M\Illlllﬂll

= Publisher
[ )

~

ERR AR
II"!IIIIIIIL°

Figure 10. "Grill" with the location of sampling points in the LPNR area [1]
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And whose results for both winter and summer are shown in Tables 9 and 10,

respectively.

Table 9. Spatial sampling results in the LPNR in winter (dBA)

somping 4o 15 samping % 1o01*  somping 4o 0
points WINTER points WINTER points WINTER
1 46.3 55.4 16 29.1 34.4 31 447 50.0
2 41.0 51.2 17 28.9 31.0 32 452 51.1
3 37.5 48.5 18 28.7 31.1 33 459 51.5
4 33.6 35.9 19 30.5 35.4 34 492 56.1
5 36.1 36.1 20 31.6 348 35 47.7 52.8
6 32.9 36.9 21 31.2 36.7 36 47 .3 53.8
7 31.8 36.8 22 31.5 37.1 37 48.8 54.2
8 32.5 35.2 23 31.8 38.3 38 498 54.1
9 37.9 48.8 24 33.1 37.7 39 50.3 55.3
10 29.7 33.6 25 34.6 39.5 40 51.4 57.8
11 29.6 32.6 26 35.1 43.1 41 59.6 62.2
12 42 .4 51.9 27 34.6 41.7 42 62.7 65.4
13 30.3 36.6 28 33.6 37.9 43 63.9 64.8
14 30.7 37.8 29 34.9 39.8
15 29.3 33.7 30 35.1 37.7
Table 10. Spatial sampling results in the LPNR in summer(dBA)
. LAeq, Leqls . LAeq, Leqls . LAeq, Leqls
Samplin Samplin Samplin
poi‘: tsg 5m max. poi': tsg 5m max. poii isg 5m max.
SUMMER SUMMER SUMMER
1 51.1 59.9 16 34.1 39.9 31 447 50.0
2 492 57.6 17 34.4 40.3 32 452 51.1
3 44.6 522 18 33.9 39.7 33 459 51.5
4 41.7 48.8 19 34.9 40.2 34 492 56.1
5 422 49 4 20 35.7 40.6 35 47.7 52.8
6 37.3 43.7 2] 38.0 43.3 36 47.3 53.8
7 36.4 42.6 22 36.8 43.1 37 48.8 54.2
8 35.9 42.0 23 37.5 42.8 38 498 54.1
9 38.7 46.3 24 38.4 43.8 39 50.3 55.3
10 35.2 40.1 25 39.8 443 40 53.4 57.8
11 34.8 39.6 26 40.4 45.0 41 61.6 62.2
12 36.4 42.6 27 44.5 49.3 42 65.9 66.4
13 34.1 39.9 28 41.8 45.4 43 63.9 64.8
14 34.3 40.2 29 42.7 46.7
15 34.6 40.5 30 43.8 50.1

Scientific Knowledge Publisher (SciKnowPub), USA



% Acoustics - Science, Engineering and Applications
I,k.f'—:\‘[’ub]h.hhr

From the analysis of the data in Table 9, the remarkably high values observed at
measurement points 09 and 12 stand out in comparison to their adjacent points. These
elevated values are justified by the presence of swallows and swifts vocalising during
the nesting period at point 09, and croaking frogs during mating season at point 12.
Consequently, these measurements are significantly different from the rest. Applying the
Grubbs test [13] to these two points, in relation to their closest neighbouring values,
confirmed that they are outliers. This justified their exclusion from the interpolation

process used to generate the winter isoline maps of the LPNR, as illustrated in Figure 11.

T 20 dBA .

30d8A

31d8A

—urea_
\su du\

33.6c¢BA

Figure 11. Map of the LPNR isolines. in winter (LAeq, Tin dBA) [1]
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When analysing the data from the 43 spatial sampling points for the summer season in
Table 10, no similarly extreme values were identified. This is mainly due to the different
environmental conditions at the ftime of measurement, particularly the reduced
acoustic activity of animals, as the measurements did not coincide with nesting or
mating periods, unlike during the winter campaign.

As was done for the winter data, and after correcting the measurements at points 09,
12, 27, and 34, a summer-season isoline map of the LPNR was produced, as shown in

Figure 12.

34daAa

Figure 12. Map of the LPNR isolines. in summer (LAeq, Tin dBA) [1]
To examine how noise levels vary within the LPNR as a function of distance from the A-
5052 road, the distances from each of the 43 sampling points to the A-5052 were
calculated, and each was associated with its corresponding LAeq,5m value for both

the winter and summer seasons. This information is summarised in Table 11.

22

Scientific Knowledge Publisher (SciKnowPub), USA




% Acoustics - Science, Engineering and Applications
P F—ﬂ.\‘l ublisher

“

Table 11. Distance to the A-5052 road (m) and LAeq.5m (dBA) values in winter and

summer
. LAeq. LAeq. . LAeq. LAeq. . LAeq.
Sq:)?::‘ g Distance 5m 5m ng?:: g Distance 5m 5m Sa:)?:r g Distance 5m LAeq.
(w) (s) (w) (s) (w) 5m(s)
1 54.7 463 51.1 16 756.8 29.1  34.1 31 537.2 32.1 44.7
2 161.5 41.0 492 17 939.3 28.9 344 32 550.0 31.9 45.2
3 368.2 37.5 446 18 893.5 28.7 33.9 33 498.7 33.8 45.9
4 329.9 33.6 41.7 19 809.7 30.5 349 34 283.5 37.7  46.2
5 368.8 36.1 422 20 770.2 31.6 357 35 252.5 38.5 47.7
6 602.3 329 373 21 774.9 312 380 36 242.6 39.1 47.3
7 683.4 31.8 364 22 814.9 31.5 368 37 151.6 40.2 488
8 639.7 325 359 23 700.0 31.8 37.5 38 99.0 43.7 498
9 691.5 31.7 355 24 497.9 33.1 384 39 162.9 445  50.3
10 783.5 29.7 352 25 537.7 346 398 40 82.2 462 514
11 893.6 29.6 348 26 420.7 35.1 404 41 13.1 497  59.6
12 801.9 30.6 352 27 519.2 34.6 40.5 42 11.2 49.9 62.7
13 883.0 30.3 34.1 28 538.6 33.6 418 43 10.5 51.1 63.9
14 879.0 30.7 343 29 460.5 349 427
15 883.1 293 34.6 30 464.4 35.1 438

By plotting the LAeq.5m values against distance to the A-5052 for both the winter
and summer periods, Figures 13 and 14 were obtained, respectively. These figures

also include the linear regression lines.

F0
[=1=1
&0
55
g s 8
-;:_F_ 45 --!__'_. . .
Ty ' ''''''''''
5'_-._ El“:' ~--._ I n
T 39 * 9.
3 ® L e .
30 iv ~ >
25
20
0 200 400 &00 800 1000
Distance to the A-S5052 road (m)

Figure 13. LPNR noise level variation with distance from the A-5052 (winter)
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Examining Figure 13, which shows the linear variation of LAeq,bm during winter in
relation to the distance (d) in metres to the A-5052, the trend line reveals that as
LAeq,5m increases, distance from the A-5052 decreases. The linear regression equation,
fitted at a 95% confidence level, is:

Legr = (45.6 £0.7) — (0.0199 +0.0012) - d

Determination Coefficient: R? = 0.869
: R (S _Sy/ _ 6.1036 _
Standard error of the estimate: SE(¥) = Nl /\/E =0.9

From the above equation, it can be deduced that for every metre away from the A-
5052, there is an average decrease of (0.0199 £ 0.0012) dBA in noise level during the
winter period.

Furthermore, in Figure 12, only points 11, 17, and 18 (among the furthest from the A-
5052), and points 41, 42, and 43 (among the closest), deviate from the overall linear
trend. The latter may be due to the breakdown of the linear source model at such close
distances, potentially related to geometric divergence and ground effect, as proposed
by [14].

Figure 13, by contrast, presents the linear variation of LAeq, 5m during the summer
period in relation to distance from the A-5052.
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E
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o 200 400 G600 800 1000

Distance tothe A-5052 road (m)

Figure 14. PNR noise level variation with distance from the A-5052 (summer)
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Analysing its tfrend line, it is observed that, as in winter, when the LAeq, 5m increases,
the distance to the A-5052 road decreases. The regression line, adjusted at the 95%
confidence level, is defined by the following equation:

Legr = (549 £0.9) — (0.0249 £ 0.0016) - d

With a coefficient of determination: R? = 0.851
: CCR (5 _Sy/ _ 7.7014 _
And a standard error of the estimate: SE(¥) = Nl /\/E =1.2

This regression equation describes the linear variation of the LAeq, 5m noise level during
the summer period as a function of the distance (d) in metres to the A-5052 road. It
indicates that for every meter one moves away from the A-5052, there is an average
decrease of (0.0249 + 0.0016) dBA in noise level during the summer.

In Figure 14, the same outliers are detected as in the winter analysis, specifically, points
11, 17, and 18, which are the furthest from the A-5052, and particularly points 41, 42,
and 43, which are the closest. Again, it is assumed that the linear noise source model
becomes invalid at such short distances from the road, because of geometrical
divergence and ground effect, as proposed by [14].

Next, when plotting LAeq, 5m winter values on the x-axis against the corresponding
LAeq, 5m summer values on the y-axis for each of the 43 spatial sampling points within
the LPNR, Figure 15 is obtained.

70
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60 ol
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m 55 "
- 50 - o®
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d" 0 '
[
S = X
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25 30 35 40 45 50 55
LAeq, 5m (W) (dBA)

Figure 15. LAeq, 5m (w) vs LAeq, 5m (s) at the 43 sampling points of the LPNR
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The regression line has been added to this graph fit, with a confidence level of 95%,
and whose equation responds to:
LeqT(s) = (1.20 £ 0.06) - LeqT(w) —(0.26 +2.22)

With a coefficient of determination: R? = 0.902
: CCR (S _Sy/ _ 7.7014 _
And a standard error of the estimate: SE(¥) = Nl /\/E =1.2

This equation implies that for every 1 dBA increase in the winter equivalent noise level,
there is a corresponding (1.20 + 0.06) dBA increase in summer. As the intercept is
virtually compatible with zero, the two variables are strongly correlated, suggesting that
for a given point (x), the noise level in one season (summer) is proportional to that of
winter, taken as the reference.

Furthermore, the R? and SE values indicate that the fit is very satisfactory. This confirms
that the behaviour pattern of the main noise source — road traffic along the A-5052
corridor — is almost identfical in both seasons, with the only difference being the

intensity of the traffic.

3.3. Modelling Using CadnaA Prediction Software
By modelling the entire study area with CadnaA, general noise maps were generated.

From these, predicted noise level data were extracted for the monitoring points P-1 and
P-2, as well as for the same 43 locations used in the spatial sampling within the LPNR. A
thorough comparison was then carried out between these predicted values and the
results obtained from the weekly monitoring campaigns, the 24-hour monitoring, and
the spatial sampling conducted in the LPNR. This comparison aimed to validate and
cross-check the results derived from the acoustic modelling noise maps generated with
CadnaoA.

For this modelling process, it was first necessary to gather all the relevant data and
parameters required to feed the model and accurately define the scenarios used for
the acoustic simulation. Among these were the vehicle speed on the A-5052 road—set
at 40 km ™', which is the maximum speed limit established for this section of the road
through El Portil by the Directorate-General for Traffic—as well as the subsequent
definition of the calculation grid (40 x 40 m), etc. Based on this input, general noise

maps for the entire study area were produced for both seasonal periods (winter and
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summer), and within each, for the day, evening, and night periods. Point receptors
were also placed on the facades of buildings at monitoring locations P-1 and P-2 to
estimate facade noise levels for each period.

This modelling process resulted in the following noise maps:
* WINTER daytime noise map

* WINTER evening noise map

* WINTER nighttime noise map

* SUMMER daytime noise map

* SUMMER evening noise map

* SUMMER nighttime noise map.

These are shown in Figures 16 to 21, respectively.
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Figure 16. Winter daytime noise map, with levels
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Figure 21. Summer nighttime noise map, with levels
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Each of the noise maps includes sound level labels at the 43 locations corresponding to

the spatial sampling points in the LPNR, enabling direct comparison between modelled

results and actual measured values.

From observing the above maps, the most notable findings are:

1.

That the most intense colours appear near the A-5052 road corridor—these
correspond to the highest noise levels—while moving away from the road, they
gradually shift to paler colours, representing more moderate noise levels. This
indicates that traffic on the A-5052 is the primary source of noise within the urban
areq.
In both winter and summer, noise levels during the daytime period are significantly
higher than during the night-time period. This was expected, as the CadnaA model
only included the A-5052 and Avoceta Street as noise sources, with the traffic flow
(ADT) being the parameter that changes between seasons. This parameter is
substantially higher during the day than at night, as shown in the traffic count data
in Table 1.
Noise levels in summer are approximately 4.6 dBA higher than in winter at locations
nearest to the A-5052, regardless of the time of day. At points farthest from the road,
the increase reaches about 6.0 dBA. This can again be explained by the model,
which only includes the A-5052 and Avoceta Street as linear sources of noise, and
where traffic volumes are significantly greater in summer. Furthermore, these results
align with those described by [14], who states that the noise level from a road can
be expressed as:

Leqg =L, +10-1logQ

where Q is the traffic flow (vehiclesh™), and L, is the reference level for Q = 1

vehicle ‘h™'. Therefore, the difference in noise levels between summer and winter is

given by:

Leq(s) — Log(w) = 10 - 1og(Qs/ Q) = 10 - log(509.7/174.4) = 4.65 dBA

a value that closely matches the model’s output.

4. The forested areas included in the model provide minimal acoustic attenuation,

particularly at low and mid-low frequencies, as supported by findings in [1, 15, 16],
and [17].
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To conduct a more in-depth analysis of the modelling results within the LPNR, see Table

12.

Table 12. Results extracted with CADNA-A from the evening noise maps at the 43 points

receivers of the LPNR

Laeqr Laeqr Laeqr Laeqr Laeqr Laeqr
Sampling  maps  maps Sampling  maps  maps Sampling  maps  maps
Point wiNTER SUMMER PO WINTER SUMMER Point \INTER SUMMER
1 498 58.6 16 28.9 34.1 31 38.9 44.8
2 46.2 58.1 17 28.7 33.6 32 39.1 449
3 38.1 46.2 18 29.4 33.9 33 40.2 46.8
4 36.7 449 19 29.7 34.0 34 40.1 47.5
5 35.2 42.6 20 29.9 35.3 35 40.5 48.3
6 33.0 39.4 21 30.7 35.5 36 42.8 48.8
7 32.0 38.4 22 33.2 35.1 37 44.0 49.3
8 31.2 37.6 23 30.3 35.9 38 44.7 49.2
9 30.5 36.6 24 30.1 35.7 39 44.5 49.1
10 29.9 35.7 25 33.5 38.2 40 46.2 51.4
11 29.2 35.0 26 36.6 39.3 41 49.6 54.6
12 29.6 35.0 27 374 43.1 42 51.9 56.6
13 29.1 34.7 28 36.6 42.0 43 59.2 63.9
14 28.9 34.5 29 37.5 43.0
15 29.0 34.3 30 38.7 440

When the data from the previous table are transferred to a comparative graph

showing the winter measurements against the summer measurements, at the same 43

points of the spatial sampling, the result is shown in Figure 22.
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Figure 22. Winter-summer comparison of noise levels obtained from noise maps at

the sampling measurement points in the LPNR

This figure reveals a very clear linear correlation between the noise levels recorded in

winter and those obtained in summer. Whose least squares fit is given by the equation:
Leg(w) = (4.3 £1.2) + (1.04 £ 0.03)

With a coefficient of determination of: R? = 0.961

And a standard error of the estimate: SE(¥) = 1.6

As expected, the slope of the linear fit is compatible with unity, and the intercept is

around 4.3 dBA. This latter value represents the increase in noise level during summer

compared to winter, assuming a slope equal to one.

Subsequently, and with the aim of contrasting and validating the results obtained

through the noise maps from the CadnaA acoustic modelling, a direct comparison was

made between the experimental measurements from the spatial sampling carried out

in the LPNP and the predicted noise levels for those same points in the noise maps for

the afternoon period (in both the winter and summer seasons), since the spatial

sampling was conducted during this time period. These values are shown in Table 13.

When plotted as two-entry graphs, they result in Figures 23 and 24, for winter and

summer, respectively.
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Table 13. Level values Eon maps and measured at 43 sampling points of the LPNP

Leq,T LAeqT(w) Leq, T LAeqT(s) Leq,T LAeqT(w) Leq, T LAeqT(s)

Sampling Sampling
point maps measured maps measured point maps measured maps measured
WINTER WINTER SUMMER SUMMER WINTER WINTER SUMMER SUMMER
1 498 46.3 58.6 51.1 23 30.3 31.8 35.9 37.5
2 46.2 41.0 58.1 492 24 30.1 33.1 35.7 38.4
3 38.1 37.5 46.2 44.6 25 33.5 34.6 38.2 39.8
4 36.7 33.6 44.9 41.7 26 36.6 35.1 39.3 40.4
5 35.2 36.1 42.6 422 27 37.4 34.6 43.1 445
6 33.0 32.9 39.4 37.3 28 36.6 33.6 42.0 418
7 32.0 31.8 38.4 36.4 29 37.5 34.9 43.0 42.7
8 31.2 32.5 37.6 35.9 30 38.7 35.1 440 43.8
9 30.5 31.7 36.6 38.7 31 38.9 32.1 448 44.7
10 29.9 29.7 35.7 35.2 32 39.1 31.9 449 452
11 29.2 29.6 35.0 34.8 33 40.2 33.8 46.8 45.9
12 29.6 30.6 35.0 36.4 34 40.1 37.7 47.5 492
13 29.1 30.3 34.7 34.1 35 40.5 38.5 48.3 47.7
14 28.9 30.7 34.5 34.3 36 42.8 39.1 48.8 47.3
15 29.0 29.3 34.3 34.6 37 440 40.2 493 48.8
16 28.9 29.1 34.1 34.1 38 447 43.7 492 498
17 28.7 28.9 33.6 34.4 39 44.5 445 49.1 50.3
18 29.4 28.7 33.9 33.9 40 46.2 46.2 51.4 51.4
19 29.7 30.5 34.0 34.9 41 49.6 49.7 54.6 59.6
20 29.9 31.6 35.3 35.7 42 51.9 49.9 56.6 62.7
2] 30.7 31.2 35.5 38.0 43 59.2 51.1 63.9 63.9
22 33.2 31.5 35.1 36.8
50 P
55 _
— .-
U o
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Figure 23. Comparison of sampling vs. noise maps (winter) in the LPNP
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Figure 24. Comparison of sampling vs. noise maps (summer) in the LPNP

Whose fits are given by the equations:

Winter:
Leg(maps) = (1.15 £ 0.06) - Lyeq(sampling) — (4.1 + 2.3)

(R? = 0.8915; standard error = 1.1 dBA).

Summer:
Leg(maps) = (0.97 +0.05) - Lgq(sampling) + (1.4 + 2.1)

(R?0.9037; standard error = 1.0 dBA).

From the above figures and R? values, it can be concluded that the summer fit is

notably better than the winter one. This may be due to the following reasons:

During the days when the sampling measurements in the LPNR were conducted
(April), there was significant faunal activity (swallows, swifts, ducks, frogs, etc., all in
their mating season). In contrast, during the summer sampling, this activity was
significantly lower.

Lower noise from the road in winter (a reduction of approximately 9 dBA in power

level due to reduced traffic flow), as shown in the analysis of measurements versus

distance to the A-5052 in both summer and winter.
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These two factors tend to cause greater variability in winter noise measurements, as
confirmed by the greater dispersion of data points observed in Figure 23.

Moreover, the fact that the spatial sampling measurements were taken during short
periods (5 minutes) means they are highly influenced by the vehicles present on the A-
5052 at that time. In contrast, the model assumes continuous fraffic flow.

Finally, to compare the noise maps with the monitoring results at points P-1 and P-2,
Table 14 was produced, matching the data from day, afternoon, and night monitoring

with the results from the noise maps.

Table 14. Monitoring results / noise maps. at points P-1 and P-3

. Day (D) Evening (T) Night (N)
Point  Season
monitoring maps monitoring maps monitoring maps
P.1 winter 57.7 56.0 56.2 55.0 49.3 46.0
summer 60.2 60.0 61.1 60.0 55.8 53.0
P-2 winter 33.6 41.0 31.4 40.0 24.1 26.0
summer 47.1 54.0 46.1 54.0 39.4 44.0

Once all this data was transferred to bar charts for better analysis and comparison, the
following graphs were obtained:

Figures 25 and 26 for the building at monitoring point P-1

Figures 27 and 28 for the building at monitoring point P-2

From the graphs in Figures 25 and 26, it can be observed that for building P-1, the noise
levels obtained from the noise maps are, on average, 2.1 dBA lower in winter and 1.4

dBA lower in summer than the levels obtained through monitoring.

Conversely, from Figures 27 and 28, it is evident that for building P-2, the noise levels
predicted by the CadnaA noise maps exceed the monitored levels by approximately

6.0 dBA on average in winter, and 6.4 dBA on average in summer.
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Figure 25. Point P-1: Comparison of Maps-Monitoring, in winter
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Figure 26. Point P-1: Comparison of Maps-Monitoring, in summer
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Figure 27. Point P-2: Comparison of Maps-Monitoring, in winter
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Figure 28. Point P-2: Comparison of Maps-Monitoring, in summer
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From the analysis of all four graphs, the following conclusions can be drawn:

1. In building P-2, which is further away from the main noise source, the levels predicted
by the maps exceed those measured through monitoring. It should be noted that no
official traffic count statistics were available for Avoceta Street, so the Average Daily
Traffic (ADT) figures were estimated through random and punctual surveys. This may
have infroduced some inaccuracies. Additionally, it is observed that in this building, the
discrepancies between map and monitoring values during the night-time period are
smaller than those during the daytime and evening.

2. In conftrast, for P-1, which is located closer to the main noise source, the monitored
values exceed those predicted by the maps. This can be considered reasonable, as the
CadnaA model accounts only for road traffic noise, omitting other human activities that
may confribute to the overall soundscape, and which are captured by the monitoring.
Furthermore, in this case, the ADT values for road A-5052 were derived from official
statistics, making the model’'s predictions more reliable. However, in this building, the
differences between map and monitoring values are greater during the night, which
may be due to increased leisure-related activity during summer nights, a factor that is
not included in the CadnaA model.

3. The model’'s approximation improves as the noise levels increase. This is particularly
evident in building P-1, especially during the summer. Similarly, in building P-2, the

agreement is also better in summer than in winter.

Conclusions
This study presents a comprehensive analysis of the acoustic environment in a coastal
tourist city, highlighting the influence of traffic, seasonal patterns, temporal variation,

and predictive modelling. The main findings are summarized as follows:

1. Traffic-related noise is the predominant source of environmental sound, with noise
levels closely linked to the Average Daily Traffic (ADT) volumes on main roads: the
higher the ADT, the higher the noise levels recorded in the city. As a result, proximity
to these roads significantly affects exposure: residents living in buildings nearest to
main roads experience substantially higher noise levels, with differences of up to 25

dBA in winter and 15 dBA in summer, compared to more distant points.
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2. Seasonal Variation. Noise levels during the summer season, both on weekdays (WD)

and holidays (HD), are clearly higher than those recorded in the winter season. The
differences amount to approximately 3.5 dBA at locations closest to roads and
main thoroughfares, compared to up to 15.5 dBA at more distant points. Similarly,
L90 percentile levels—regardless of location—are noticeably higher in the summer
than in the winter. These findings indicate a greater degree of acoustic activity
during the summer season, which can be attributed to increased tourist activity
during this period.
Variation According to the Type of Day. During the summer, LAeq.,T levels on
weekdays (WD) and holidays (HD) are generally very similar, with only minor
differences (less than 1 dBA), slightly higher on HD. However, L90 values for
background night-time noise are significantly higher on HD compared to WD.
In contrast, during the winter—particularly at night—HD levels are considerably
higher than those on WD, with differences in the range of 5-6 dBA. Similarly, L?0
values on WD are lower than those recorded on HD.
These findings suggest that night-time leisure activities increase acoustic levels on
HD in both summer and winter, with a more pronounced effect during the winter.
This increase is attributed to a higher volume of vehicular traffic on main roads
during winter HD nights compared to WD nights, as well as greater human
activity during summer HD nights. This is due to both a higher number of visitors in
the city on summer holidays and an increased number of leisure events taking

place during summer nights.

4. Daily temporal patterns have been identified for the hourly equivalent sound level

(LAeq.1h) on both WDs and HDs, with distinct evolutions that clearly differentiate
the sound footprint profile of a WD from that of an HD:

e One of these patterns occurs during the tfransitional period at the start of
the day (between 04:00 and 08:00). During this period, the slope of the line
representing the transition zone is 3.40 dBA/h on weekdays (WD), whereas
it is 1.73 dBA/h on holidays (HD). This indicates that the rate of noise
increase per unit of time during these hours is twice as high on WD

compared to HD.
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e Another pattern is that the absolute daily minimum noise level occurs at
04:00 on WD, while on HD it occurs at 05:00.
e Additionally, at the end of the day, the decline in noise levels begins at
17:00 on WD, whereas on HD it starts at 19:00.

Based on the frequency percentage diagrams derived from weekly monitoring, it
can be concluded that in winter, at any monitoring point, the peaks associated
with the main source of noise—road traffic—are higher on holidays (HD) than on
weekdays (WD). In contrast, the opposite trend is observed in summer: peak levels
on WD exceed those on HD. This indicates that, during the winter season, road
traffic has a greater influence on overall noise levels on HD, whereas in the summer,
this influence shifts to WD.
Based on the samplings carried out in the LPNR, it is inferred that the variation in
noise level with distance from the road follows a logarithmic linear function. The
average decrease is (0.0199 £ 0.0012) dBA/m in winter and (0.0249 + 0.0016) dBA/m
in summer. Although these values differ, they are sufficiently close to support the
conclusion that the primary source of noise affecting the natural soundscape in
both seasons is the same—iraffic on the A-5052 road—and that the propagation of
this noise occurs perpendicularly from the road.
Comparing the noise maps generated by the CadnaA model for winter and
summer, reveals that for every 1 dBA increase in predicted noise level in winter,
there is a corresponding 1 dBA increase in summer. The regression line has a slope
statistically compatible with 1 and an intercept around 4.3 dBA, indicating a
consistent seasonal increase in noise levels across the entire LPNR.
The model's predictions align more closely with measured data in summer than in
winter. This discrepancy is largely due to the heightened activity of local fauna (e.g.
birds, frogs) during the spring breeding season when winter measurements were
taken, contributing to greater variability.
Comparisons between CadnaA-predicted values and monitoring data at buildings
P-1 and P-2 indicate that the model performs better in areas with higher noise
levels, whether due to proximity to the road or to seasonal activity. The model

slightly underestimates noise at the building closer to the road (P-1), likely because
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it only considers fraffic noise and not additional human-generated sources.
Conversely, it overestimates noise at the more distant building (P-2), possibly due to

limitations in traffic data availability for nearby streets.

Overall, these conclusions highlight the importance of integrating seasonal, temporal,
and spatial variables when assessing urban acoustic environments. They also
underscore the value of predictive modelling for informed decision-making in urban
planning, especially in tourist destinations where population dynamics and acoustic

impacts vary significantly throughout the year.
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