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ABSTRACT 

Considering the actual “vertical” housing development in the last few decades, the number of people 

living in high-rise building is continuously increasing. At present in the city of Milanmore than 500 

(0.4% of total) buildings exceed the height of 50 m, with a number of residents of about 14000 (1% 

of total). For this reason, we planned an experimental campaign to study the vertical noise profile 

through air-balloon measurements in the city of Milan. Results show that the noise levels increase 

with the height with respect to ground-reference measurements, as a result of the contribution from 

an extended area. The highest levels are reached at about 90 m. Critical issues regarding this 

measurement technique are also outlined. 

 

1.    INTRODUCTION 

Traffic noise represents the major annoyance source in large cities as it has been well documented in 

a number of studies [1–6]. Prompted by EU directives, local administrations adopted strategic noise 

maps to determine the population exposure to environmental noise. A more realistic picture of the 

population exposure due to real traffic dynamics came from the introduction of dynamic noise 

mapping [7-9] and indication of speed-dependent vehicle spectra [10, 11]. Considering the actual 

“vertical” housing development in the last decade, the number of people living in high-rise building 

is increasing. At present in the city of Milan about 500 (0.4% of total) buildings exceed the height of 

50 m, with a number of residents of about 14000 (1% of total). Therefore, the evaluation of the 

population exposure to noise at different heights becomes crucial, as residents might undergo noise 

annoyance despite the distance from the source as highlighted in [12]. The aim of this study is to 

observe the acoustic propagation at heights greater than what it has been done till now and define a 

proper noise acquisition methodology. In this paper, we present the results of a traffic noise measuring 

campaign in the northern side of the metropolitan area of Milan performed with the aid of a Helium-

filled balloon, finalized to study the noise contribution at different heights from the surrounding area. 

 

2.    AIR BALLOON MEASUREMENTS 

In this section, we will describe the measurements of the vertical noise profile obtained with the aid 

of a Helium-filled tethered balloon (14 m long and diameter of 3 m) illustrated in Figure 1. The aim 
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is to observe how noise propagates vertically at heights greater than observed till now and define a 

proper sampling methodology. The balloon was equipped by a Class A phono meter and a 

meteorological station placed on a Plexiglas platform (see Figure 2), positioned at a distance of 7 m 

below the balloon. The meteorological station measured the main meteorological parameters 

(pressure, temperature, wind speed and relative humidity) every 6 s. Ascent and descent rates were 

controlled by an electric winch and could be varied from near zero to 50.0 ± 0.1 m/min. As a , of the 

drag force exerted by the wind on the tethered balloon, of the technical characteristics of the 

balloon/winch and the weight of the carried instrumentation, vertical profiles could be successfully 

and safely measured, in urban environment, when the wind speed was lower than about 5 m/s. To be 

noted that a wind speed < 5 m/s represents the threshold for validating the noise measurements in 

environmental contexts as reported in [13]. 

 

 
Figure 1: Helium-filled tethered balloon (14 m long and diameter of 3 m) with the equipped 

Plexiglas platform. 

 

 
Figure 2: Plexiglas box containing a meteorological station and a Class A phono meter. 



 

 

The measurements were carried out at U9 building roofing (see Figure 3) of the University of Milano-

Bicocca located in the northern side of Milan metropolitan area. To be noted that the near-by noise 

sources are represented by local roads and a railway facing U9 building. On the roof of U9 building 

we also placed two noise monitoring stations as a reference, as illustrated in Figures 3 - 4. The phono 

meter on the balloon and the monitoring stations were synchronized and the acquisition set at 1 s 

resolution. We performed three vertical noise profiles. In Table 1 the characteristics of each 

measurement are summarized. 

 

Table 1: Summary of performed measurement conditions. 

 

Flight number Direction Acquisition Mode 

1 

Ascent ↑ Continuous up to 500 m 

Descent ↓ 

Continuous down to 150 m 

5 min. stop at 150, 120, 90, 60, 40, 20 m 

Continuous down to roof height 

2 
Ascent ↑ Continuous up to 330 m 

Descent ↓ Continuous down to roof height 

3 

Ascent ↑ Continuous up to 355 m 

Descent ↓ 

Continuous down to 300 m 

10 min. stop at 300 and 100 m 

Continuous down to roof height 

 

 

 
Figure 3: Top view of the measurement location on the roof of U9 building of the University of 

Milano-Bicocca, showing the balloon take-off position (in “red”) and the two ground-reference 

points (yellow spot named street side, and the green spot named roof center). 

 

 

 



 

 

 
Figure 4: Noise monitoring station for ground-reference measurements (roof center). 

 

From the recorded time history, the non-traffic anomalous events (trains, airplanes fly-over, sirens 

construction yard noise, etc.) have been removed as described in [14,15]. As for the stops at different 

heights, the corresponding equivalent level has been extracted.  

Pressure data from on-board monitoring instruments were used to calculate the sampling height. In 

fact, although the balloon profiles were carried out at low wind speed (v < 5 m/s), the tether-line was 

not perfectly perpendicular to the ground. Thus, the geometric height of the balloon position was 

calculated (by means of pressure data) and considered as the real balloon height, AGL (Z). The 

ipsometric relation has been applied to derive the effective height: 

𝑍 = 𝑅𝑑 ∗ 𝑇𝑣 ∗
1

𝑔
∗ 𝐿𝑛(

𝑃𝑏𝑎𝑠𝑒

𝑃𝑡𝑜𝑝
) (1) 

where Z is the height variation (geopotential meters), Rd is the gas constant, Tv the mean temperature 

in Kelvin between the two levels of pressure, g the gravity acceleration, 
𝑃𝑏𝑎𝑠𝑒

𝑃𝑡𝑜𝑝
 the ratio between the 

atmospheric pressure at the ground level and at the considered height. 

 

3.    RESULTS AND DISCUSSION 

The results shown in Figure 5 refer to the noise levels recorded during the flight number 1 at different 

heights and compared with levels from the reference-ground monitoring stations placed on U9 

building roof. 

 

 

 



 

 

 
Figure 5: Noise levels measured during flight number 1 at different heights and compared with the 

reference-ground monitoring station (street-side) on U9 building roof. 

 

We can observe how the levels measured on the balloon are always higher than the ground reference. 

In particular, the monitoring station facing the road (street side) presents high variability, coherently 

with vehicle transits during the recording. This result can be explained by both the presence of wind 

and the possibility that sources coming from the surrounding areas contribute to the level increase. 

However, the wind speed is usually below the threshold value (< 5 m/s).  

In Figure 6 the variation of the noise levels, ΔL, recorded from the balloon phono meter at different 

height and corresponding values taken from the ground-reference monitoring station. We can observe 

a progressively increase of ΔL with the height. ΔL reaches a maximum at about 90 m followed by a 

decrease. The decrease is the consequence of both the noise attenuation due to the source-receptor 

distance and exhaustion of new intercepted sources. However, the wind speed during all the 

measurements remained within acceptable values, as it can be observed in Figure 7. Gusts of wind of 

about 5 m/s are recognized at the height of 60 and 120 m. The mean wind speed remained well below 

such value in agreement with D.M. 16/03/1998 [13]. The fluctuations of ΔL might be attributed to 

the variability induced by the presence of vehicle transits recorded by the ground-reference 

monitoring station. 

 

 
Figure 6: Variation of noise levels, ΔL, recorded from the balloon phono meter at different height 

with respect to the ground-reference monitoring station (street side). 
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Figure 7: Wind speed and noise levels as a function of height. The dashed line refers to the wind 

acceptable limit of 5 m/s. 

 

At a balloon height of 60 m, the transit of a train convoy was recorded. The event lasted about 30 s 

and its level together with the wind speed are illustrated in Figure 8. 

 

Figure 8: Recording of the transit of a train convoy from the ground-reference phono meter and at 

the height of 60 m. The wind speed is also displayed. 

 

The balloon phono meter and the ground-reference monitoring stations present a similar trend but 

differ significantly in terms of noise levels (the difference with roof center sensor is about 15 dB at 

the transit peak; the street side sensor shows also the superposition of vehicles transits). The 

exposition of the balloon instrument in open field to the surrounding area sources makes the recorded 
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noise levels always higher than at “ground level”, though the vicinity of this latter to local sources. 

Separating walls delimiting the railways path also contributes to the attenuation. 

In Figure 9 the equivalent noise levels time profile taken during the continuous ascent of flight n. 2 

are compared to the on-roof monitoring stations. The non-traffic noise anomalous events have been 

removed from the original recorded data. In the graph, it is also shown the balloon height with the 

dashed line indicating the wind threshold speed of 5 m/s. This limit is reached at a balloon height of 

about 100 m. 

 

 
Figure 9: Equivalent noise levels time profile taken during the continuous ascent of flight n. 2 compared to 

the on-roof monitoring stations. The dashed line indicates the wind threshold speed of 5 m/s. 

 

Indeed, we can observe a change of slope during the constant ascent rate, starting from the height of 

about 100 m when the wind threshold is reached. From such height the balloon starts deviating 

significantly from the perpendicular position, therefore, also intercepting different noise sources. To 

be noted also, how the noise levels of the balloon and the ground-reference phono meter present 

irregular patterns. In particular, the ground-reference phono meter records all the vehicular pass-bys 

coming from the adjacent roads. Flight n. 3 presents similar results. 

 

4.    CONCLUSIONS 

In this paper, we presented the results of a noise measurements campaign performed by means of a 

Helium-filled tethered balloon. In particular, we were able to take three ascent-descent measurements. 

All results show that the noise levels increase with the height as a result of the contribution coming 

from an extended area. The highest levels are reached at about 90 m. Critical issues regard the possible 

presence of high speed wind which for values greater than 5 m/s introduces a bias, besides the possible 

deviation from the perpendicular take-off position. 
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