
    
      Table 1. 

      Overview of the main differences between sonAIR and best-practice model FLULA2.

      
        


	Feature
	sonAIR
	Best-practice model FLULA2





	Model
	Semi-empirical time-step model, separate sound emission and propagation, spectral calculation
	Empirical time-step model, combined sound emission andpropagation, A-weighted sound level



	Emission model directivity
	3D (longitudinal and lateral)
	2D (longitudinal)



	Sound propagation
	Geometric divergence, atmospheric absorption, ground reflections according Maekawa [17] method, shielding by terrain, foliage attenuation; (shielding and reflections of buildings1, forest and cliff reflections2)
	Geometric divergence, atmospheric absorption, shielding by terrain, lateral attenuation (attenuation of the level of the sound propagating on the ground and to the side of flight path according [27])



	Flight trajectories
	3D position, speed, N1 (+ airplane configuration if information is available)2

	3D position, speed



	Terrain data
	Elevation and ground cover
	Elevation





      

      
Notes. (1)Shielding of buildings within airport premises applied here, but no reflections applied here. (2)Not applied here.



    

  
    
      Table 2. 

      Overview of the calculated versions in sonAIR within this study.

      
        


	sonAIR Version
	Calculation
	Description





	A
	GVA2017 BASIC with ground cover
	Direct sound propagation assuming a homogeneous atmosphere, with detailed ground cover.



	B
	GVA2017 BASIC with grassland
	Direct sound propagation assuming a homogeneous atmosphere, with uniform grassland.



	C
	GVA2017 BASIC with buildings
	Direct sound propagation assuming a homogeneous atmosphere, with detailed ground cover and shielding effects of buildings within airport premises.



	D
	GVA2017 METEO with ground cover
	Extension of the direct sound propagation (BASIC) considering acoustical shadow zones.





      

    

  
    
      Figure 2. 

      
        [image: thumbnail]
      

      
        Ground cover data and computation tiles displayed after importing the flight trajectories (left). Receiver point of interest (red point) shown after the cell grid point generation (right). The cell grid points indicate virtual source positions. For each source-receiver combination a sound propagation calculation is performed and stored in a database.

      

    

  
    
      Figure 3. 

      
        [image: thumbnail]
      

      
        Hybrid modeling approach with line of sight above horizon (obstacles, i.e., terrain and/or buildings) including a 15° off-set as criterion to distinguish between simple and complex propagation situations.

      

    

  
    
      Figure 5. 

      
        [image: thumbnail]
      

      
        Top left: Overview map showing the location of GVA in Switzerland. Large map: Detailed cartographic overview of the study area. Basemap: Swiss Map Raster 10, Federal Office of Topography swisstopo.

      

    

  
    
      Table 4. 

      Annual number of movements of large aircraft in 2017 for GVA for the calculated time periods.

      
        


	Time period
	Departures
	Approaches
	Total





	Day (06–22 h)
	83 525
	76 925
	160 450





      

    

  
    
      Figure 7. 
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        Statistical summary of differences for GVA2017 during 06–22 h time period, including mean and interpercentile range (IPR) – the range between the 2.5th and 97.5th percentiles, capturing 95% of the data –, as well as overall mean (μ), standard deviation (σ) and min/max values, across low, moderate, and high sound exposure levels.

      

    

  
    
      Table 5. 

      Statistical summary comparing the calculated sonAIR versions for GVA2017 and the best-practice model across all sound exposure levels (low, moderate, high) and time periods (06–22 h, 22–23 h, 23–05 h). Mean (μ), standard deviation (σ), minimum (min), and maximum (max) differences are presented.

      
        


	
	sonAIR with ground cover −
	sonAIR with grassland −
	sonAIR with buildings −
	sonAIR METEO −



	
	best-practice model
	best-practice model
	best-practice model
	best-practice model



	
	Low
	Moderate
	High
	Low
	Moderate
	High
	Low
	Moderate
	High
	Low
	Moderate
	High





	06–22 h
	
μ

	0.0
	−0.4
	−0.6
	0.1
	−0.1
	−0.6
	0.0
	−0.9
	−0.7
	−0.1
	−0.8
	−1.7



	
	
σ

	0.9
	1.2
	0.4
	0.7
	0.8
	0.5
	0.9
	1.9
	0.4
	0.9
	1.1
	0.4



	
	min
	−13.9
	−10.0
	−3.2
	−12.0
	−3.8
	−3.2
	−13.7
	−21.3
	−3.2
	−14.0
	−10.5
	−3.9



	
	max
	5.2
	2.9
	1.7
	4.9
	4.9
	1.6
	5.2
	2.9
	1.7
	4.8
	2.5
	0.2



	22–23 h
	
μ

	0.9
	0.0
	−0.3
	1.1
	0.2
	0.1
	0.9
	−0.2
	−0.9
	0.8
	−0.1
	−0.6



	
	
σ

	1.1
	1.1
	1.4
	0.9
	0.8
	0.8
	1.1
	1.5
	2.8
	1.0
	1.1
	1.4



	
	min
	−11.9
	−12.0
	−9.8
	−10.7
	−5.5
	−4.4
	−11.8
	−20.9
	−20.5
	−11.9
	−12.6
	−10.4



	
	max
	6.2
	4.6
	1.9
	6.1
	6.0
	2.3
	6.2
	4.6
	1.9
	5.8
	3.4
	1.1



	23–05 h
	
μ

	1.4
	0.1
	−1.1
	1.6
	0.4
	0.6
	1.4
	−0.2
	−1.1
	1.4
	−0.1
	−1.6



	
	
σ

	1.5
	1.4
	1.2
	0.8
	2.0
	0.9
	1.0
	1.8
	1.1
	1.5
	1.4
	1.2



	
	min
	−12.6
	−12.6
	−4.3
	−10.9
	−6.3
	−4.0
	−12.6
	−21.0
	−4.3
	−12.6
	−13.3
	−4.4



	
	max
	6.0
	4.3
	0.9
	6.1
	6.2
	0.9
	6.0
	4.3
	0.9
	5.6
	3.4
	0.9





      

    

  
    
      Table 6. 

      Total areas of the resulting noise contours for the calculated sonAIR versions and the best-practice model (in km2) at considered sound exposure levels (Daytime period: 60–70 dBA, Nighttime periods: 50–60 dBA).

      
        


	
	sonAIR
	sonAIR
	sonAIR
	sonAIR
	Best-practice



	
	with ground cover
	with grassland
	with buildings
	METEO
	model





	06–22 h
	60 dBA
	13.37
	14.71
	12.23
	12.70
	14.24



	
	65 dBA
	5.08
	5.41
	4.56
	4.56
	5.3



	
	70 dBA
	2.01
	2.14
	1.98
	1.71
	2.17



	22–23 h
	50 dBA
	81.97
	83.48
	80.41
	81.10
	79.73



	
	55 dBA
	28.09
	30.43
	26.64
	27.46
	28.83



	
	60 dBA
	9.39
	10.01
	8.63
	9.00
	9.56



	23–05 h
	50 dBA
	31.56
	33.87
	30.11
	30.92
	30.53



	
	55 dBA
	10.04
	10.61
	9.34
	9.63
	10.14



	
	60 dBA
	3.40
	3.66
	3.33
	3.14
	3.69





      

    

  
    
      Table A.1. 

      Key figures of the setup of the sonAIR projects for GVA2017, GVA2019, ZRH2017 and ZRH2019.

      
        


	Aspect
	GVA2017
	GVA2019
	ZRH2017
	ZRH2019





	Calculation area (km2)
	3078
	3078
	7812
	7812



	Resolution of digital terrain/ground cover (m)
	25
	25
	25
	25



	Number of calculation tiles
	210
	210
	240
	240



	Tile dimensions (km)
	4 × 4
	4 × 4
	6 × 6
	6 × 6



	Number of receiver points
	136 800
	136 800
	347 200
	347 200



	Number of flight trajectories
	43 037
	44 138
	54 153
	49 971



	Number of movements during the day (06–22 h)
	160 450
	157 772
	240 652
	245 824



	Number of movements during the night (22–23 h)
	7247
	6738
	9761
	10 306



	Number of movements during the night (23–05 h)
	2950
	3134
	2624
	2565





      

    

  
    
      Table B.2. 

      Statistical summary comparing sonAIR versions BASIC and METEO with the best-practice model for SANC-TE airport across sound exposure levels (low, moderate, high) and for 06–22 h time period. Mean (μ), standard deviation (σ), minimum (min), and maximum (max) differences are shown.

      
        


	
	SANC-TE
	SANC-TE



	
	sonAIR BASIC −
	sonAIR METEO −



	
	best-practice model
	best-practice model



	
	Low
	Moderate
	High
	Low
	Moderate
	High





	06–22 h
	
μ

	0.6
	0.1
	0.1
	0.2
	−0.5
	−2.0



	
	
σ

	1.8
	0.4
	0.2
	1.4
	1.1
	2.2



	
	min
	−10.4
	−4.9
	−0.4
	−10.5
	−8.9
	−8.9



	
	max
	7.2
	2.6
	0.8
	5.0
	1.6
	0.2





      

    

  
    
      Figure C.1. 

      
        [image: thumbnail]
      

      
        Ground attenuation for grassland and actual ground cover for an exemplary receiver point at GVA. Positive values indicate attenuation, while negative values indicate amplification of the sound exposure.

      

    

  
    
      Figure C.2. 

      
        [image: thumbnail]
      

      
        Situation of GVA with the buildings close to the runway, with the red points indicating the receiver grid and the line the resulting contours. Left: Overview, Right: Enlarged view of the same situation. The irregular patterns in the noise contours are due to some receiver points being completely shielded from the runway, while others are not shielded at all.

      

    

  OEBPS/aacus250029-fig9_small.jpg









OEBPS/aacus250029-fig5_small.jpg





OEBPS/aacus250029-fig2_small.jpg





OEBPS/aacus250029-fig8_small.jpg





OEBPS/aacus250029-fig3.jpg





OEBPS/aacus250029-fig4.jpg





OEBPS/aacus250029-fig5.jpg





OEBPS/aacus250029-fig6.jpg
Lacq (50 to 70 dB)

Noise Contours

sonAIR with ground cover

sonAIR with grassland

sonAlR with buildings
<onAIR Meteo

Differences
[<-05

[ <=05
o5

Ground cover

[0 rock grasslands

[0 settlement area | open forest / bushes
| unknown area [ forest

~ water bodies snow / moorland





OEBPS/aacus250029-fig7.jpg
o = 1w W &

oL

Difterences L,g (dB), time period: 06-22 h

Low sound exposure
(<50 dBA)

Moderate sound exposure
(50-70 dBA)

High sound exposure
(>70 dbA)

B-A:

SOnAIR with grassland — sonAIR with ground cover

L= N . .

min: 3.5
max: 9.3

JEREREREEE o e s — S SRS, SN

B
PR

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

717273 7475

C-A:

SOnAIR with buildings — sonAIR with ground cover

P
PR

w05
617
3

mi
max: 0.0

0.0

5:0.0
min: ~0.6.
max: 0.0

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

772737475

0.0

D-A:

SonAIR METEO — sonAIR with ground cover

B
PR

min: 1.6
max: 0.0

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

50 5152 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
Noise level classes (dBA)

772737475





OEBPS/aacus250029-fig8.jpg
Lacq (50 to 70 dB)

Noise Contours

best-practice model

sonAIR with buildings
sonAIR Meteo

sonAIR with ground cover

sonAIR with grassland





OEBPS/aacus250029-fig10_small.jpg





OEBPS/aacus250029-fig1_small.jpg





OEBPS/aacus250029-fig4_small.jpg





OEBPS/aacus250029-fig7_small.jpg





OEBPS/aacus250029-fig10.jpg
Differences L, (dB)

4
2

(SRR NN SR

Ground attenuation

‘2‘4' *2‘(" “2‘(" Q(\’ ‘2‘4) «23’ Q{\) Q(\) Q,’\) Qy Q{\) Q(\) Q;\) ‘2‘(‘) Q{\) Q{\) Q‘:‘) *2”(‘) ‘2'(‘) Q‘(‘/
ef;}n;io@(,?%QQ,ﬁ)QQQ'f)%\‘)@%QQ@Q%QQ N

&
S

—ground cover ——grassland

S

QQ(\) Q(\) *2”(‘) QQ{\/

NN
NGNS





OEBPS/aacus250029-fig11.jpg
N
0 50 100 200m





