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1. Introduction 
This acoustic report documents a plant noise assessment for the ventilation fans on the 
proposed additional poultry units at Brynthomas, Penybont; Figures 1 and 2. 

The report is divided into the following sections: 

• Section 2: Overview of the Development 
• Section 3: BS4142 
• Section 4: Background Noise Survey 
• Section 5: Noise Impact Assessment 
• Section 6: Conclusion 
• Appendix A: Survey data 
• Appendix B: Calculations 
• Appendix C: Fan noise data 

2. Overview of the Development 
The existing poultry development at Brynthomas, Penybont consists of two sheds, labelled 1 
and 2 in Figure 2. The proposed scheme is for two additional sheds (3 and 4) to the south of the 
existing poultry units.  

The closest noise sensitive receptors, labelled A and B in Figure 2, are approximately 395m and 
355m respectively from the proposed additional poultry units. Receptor A is a single 2-storey 
house whereas Receptor B are three single storey holiday chalets.  

The new sheds will be ventilated by extract fans, consisting of: 

• Roof mounted fans: 15 x Fancom 3680 fans per shed, arranged along the ridge of the 
shed; Figure 2.  

• Gable end fans: 8 x Fancom 34130 fans, located on the west gable ends.  

The ridge extract fans will typically provide the ventilation requirements on their own; the gable 
end fans are only needed if the ridge fans are not able to provide the required ventilation due to 
failure or during periods of high external temperatures. 

There will be an unobstructed noise path between all the roof duct terminations/gable end grilles 
and Receptors A and B. Manufacturers’ data sheet for the fans are provided in Appendix B. 

The ventilation fan noise emissions from the proposed additional sheds are within context of the 
existing poultry development. 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Elevations of proposed additional poultry units 3 & 4 
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3. BS4142:2014 
The plant noise assessment detailed in this report has been conducted in accordance of 
BS4142:2014 ‘Methods for Rating and Assessing Industrial and Commercial Sound’. 

3.1 BS4142:2014 

BS4142:2014 provides a methodology to assess the impact of industrial and commercial noise 
affecting dwellings, whereby the ‘typical’ background noise level is deducted from the industrial 
noise Rating Level (industrial noise corrected to account for the ‘on-time’ and noise character of 
the noise source; see sections 3.2 and 3.3 below). The following guidance is given based on the 
established difference: 

Shed 4 

Shed 5 

Shed 3 

Shed 2 

Figure 2. Aerial view (source: www.google.com) showing footprint of existing and proposed 
additional poultry units, measurement locations and nearest noise sensitive receptors  
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• A difference of around +10dB or more is likely to be an indication of significant adverse 
impact, depending on context 

• A difference of +5dB is likely to be an indication of an adverse impact, depending on 
context 

• The lower the rating level is relative to the measured background sound level, the less 
likely it is that the specific sound source will have an adverse impact or a significant 
adverse impact. Where the rating level does not exceed the background sound level, 
this is an indication of the specific sound source having a low impact, depending on 
context 

Context, as defined in BS4142:2014, includes the consideration of the following factors: 

• The absolute level of the noise emissions 
• Character and level of the residual sound compared to the character and level of the 

Specific Level 
• Sensitivity of the receptor and any acoustic design measures (e.g. façade sound 

insulation, use of mechanical ventilation and acoustic screening) incorporated at 
premises used for residential purposes 

Where background noise and Rating Levels are low, BS4142:2014 states that ‘absolute levels 
might be as, or more, relevant than the margin by which the rating level exceeds the 
background. This is especially true at night’. Low background noise and rating levels are not 
defined. However, in BS4142:1997 it states that ‘background noise levels below 30dB and 
rating levels below about 35dB are considered to be very low’. 

3.2 On-time correction 

To take account of industrial/commercial noise sources that do not operate continually an ‘on-
time’ correction is applied using: 

- 10 log (r/rref) 
Where: 

rref. = reference time (1hr between 07:00 – 23:00hrs and 15 minutes between 23:00 – 
07:00hrs) 

r = total ‘on-time’ during the reference period  

Note that the shorter reference time interval between 23:00 – 07:00hrs is designed to penalise 
industrial/commercial noise events that occur during the night. 

3.3 Noise character correction 

BS4142 provides four noise character correction categories with associated penalties that must 
be applied when determining the Rating Level, namely: 

• Tonality:  

o Not perceptible = 0dB 
o Just perceptible = +2dB 

o Clearly perceptible = +4dB 

o Highly perceptible = +6dB  
• Impulsivity:  

o Not perceptible = 0dB 
o Just perceptible = +3dB 
o Clearly perceptible = +6dB 
o Highly perceptible = +9dB  
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• Intermittency: +3dB if the intermittency of operation is readily distinctive against the 
residual noise environment 

• Other: +3dB applied if the specific sound is neither tonal or impulsive but features noise 
characteristics that are readily distinctive against the residual noise environment 

4. Background Noise Survey 
A 24hr noise survey has been conducted in order to determine the typical background noise 
levels at the two nearest noise sensitive receptors to the proposed additional poultry units.  

During the survey the existing poultry units were operational. The surveyed noise levels will 
therefore have included the contribution of noise emissions from the existing sheds. In 
accordance with BS4142 this is considered acceptable as it represents the existing noise 
environment. 

• Survey dates: 8th – 9th July 2021 
• Weather; Table A2, Appendix A: 

o Precipitation: Dry 
o Wind Speed: Highest recorded wind speed of 4.4m/sec, with a median of 

0.7m/s 
o Wind direction:   

§ 10:00 – 11:00hrs: SW 
§ 11:00 - 18:00hrs: W 
§ 18:00 – 05:00hrs: NW 
§ 05:00 – 13:00hrs: SW 

o The weather conditions will not have adversely affected the noise 
measurements.  

• Noise monitor locations: With the microphones attached to tripod the noise monitors 
were located at Positions 1 and 2 as shown in Figure 2 

• Weather station location: Weather station, mounted on a tripod, located at Position 1; 
Figure 2 

• Equipment:  

o Weather Station: Kestrel type 4500 
o Noise monitors: Brüel & Kjær Type 2238 (Positions 1 & 2) 

• Monitor configuration: 

o Weather station: Configured to measure the average wind speed and 
temperature over consecutive 10-minute periods 

o Noise Monitors: configured to measure consecutive 15-minute samples of noise. 
• Calibration: Noise monitors calibrated before and after the survey using a Brüel & Kjær 

Type 4231 calibrator with no deviations found 

All noise measurements are free-field. Full tabulated results are given in Tables A1 and A2, 
Appendix A. 

4.1 Typical background noise levels 

Figures 3 and 4 show the variation in the measured noise levels over the survey period at 
Positions 1 and 2 respectively.  

As can be seen, with the exception of the elevated levels between 01:30 – 08:00hrs at Position 
1, the variation in the background noise levels at both measurement positions follow the same 
pattern with comparable levels being returned. This indicates that the general underlying noise 
environment is the same at both Positions 1 and 2. 
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Reviewing the survey data typical background noise levels have been established at Positions 1 
and 2; Figures 3 and 4: 

• Position 1:  
o Day (07:00 – 20:00hrs): LA90 31dB 
o Evening & night (20:00 – 07:00hrs): LA90 29dB 

• Position 2: 
o Day (07:00 – 20:00hrs): LA90 31dB 
o Evening & night (20:00 – 07:00hrs): LA90 28dB 

The above values are very low, with the day values being equal at both measurement positions 
and an imperceptible 1dB difference during the evening and night periods.  
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Figure 3. Position 1 noise monitor data (free-field)
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Figure 4. Position 2 noise monitor data (free-field)
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For the assessment the typical background noise levels determined at Position 2 have been 
taken to be representative to those that will occur at both Receptors A and B. 

5. Noise Impact Assessment 

5.1 Calculation of aggregate extract fan noise at Receptors A and B 
The full calculations of the extract fan noise emissions are provided in Tables A1 and A2, 
Appendix A. The resultant aggregate BS4142 Rating and Assessment Levels at Receptors A 
and B are given in Table 2.  

For the calculations attenuators that achieve the minimum insertion losses given in Table 1 
have been included for each extract fan (ridge and gable end) on the proposed additional 
poultry units 3 and 4; Figures 1 and 2. 

5.2 Source noise data  
• Ridge extract fan type:  

o Type: Fancom 3680 
o Sound pressure level: 70dB(A) at 2m, 45° lateral; see Appendix C for 

manufacturers data sheet 
o Total number of fans: 15 on both Sheds 3 & 4, arranged along ridge of the poultry 

unit  
o Duct terminations: ridge mounted ducts, terminating 7.3m above local ground; 

Figure 2 

• Gable end extract fans: 
o Type: Fancom 34130 
o Sound pressure level: 75dB(A) at 2m, 45° lateral; see Appendix C for 

manufacturers data sheet 
o Total number of fans: 8 on both Sheds 3 & 4 
o Grille locations: West gable end 

5.3 Extract fan operation  
The temperature within the sheds is determined by a combination of the heat generated by the 
birds themselves, the external temperature and the ventilation provided by the extract fans.  

To provide sufficient ventilation of the bird generated heat, as required to maintain the ideal 
internal operating temperature of around 20°C, up to 25% of the roof extract fans will be 
required to operate (either intermittently or on variable speed).  

With the influence of the external temperature additional extract fans may be required in order to 
maintain the ideal operating internal temperature. Here the fans are operated in Stages, 
triggered with each 1°C rise above the ideal internal temperature. The highest Stage will 
typically only be triggered when the internal temperature rises above 23°. 

Normally the roof extract fans will provide sufficient extraction on their own; the gable end fans 
are only required during periods of extreme external temperatures or due to failure of the roof 
extract fans. 

The operation of 100% of the roof extract fans, and additionally the gable end fans if required, 
are only expected to occur during the day period when the external temperatures have the 
potential to be higher.  

During the evening and night, when the external temperature will fall, there will be a 
corresponding decrease in the number of roof extract fans needed above those for bird 
generated heat alone; the expected percentage of ridge extract fans required to maintain the set 
temperature are 50% and 25% for the evening and night periods respectively. 
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For the assessment the calculations have therefore reviewed the following scenarios: 

• Day (07:00 – 20:00hrs): 
o 100% roof and gable end extract fans operating (this is the worst-case scenario; 

typically, the gable end fans will not be required to operate) 
o 100% roof extract fans operating 

• Evening (20:00 – 23:00hrs): 50% roof extract fans operating 
• Night (23:00 – 07:00hrs): 25% roof extract fans operating 

5.4 Derivation of aggregate extract fan noise emissions 
The individual noise level of each noise source has been calculated at Receptors A and B; 
Figure 1. The following corrections have been applied to the source noise data: 

• Directivity correction:  
o Ridge fans: correction to convert the fan noise data from the manufacturers 

stated level at 45° lateral to 90° lateral (the propagation angle for the assessed 
dwellings), determined using the corrections given in Duct Directivity Index 
Applications (Day H. Hansen C & Bennett B, Acoustics Australia 96 Vol. 37 
December (2009) No. 3). �For the calculation a frequency spectra has been used  

o Gable end fans: correction to convert the fan noise data from the manufacturers 
stated level at 45° from the termination to the propagation angle for the assessed 
dwellings (ranges between 50° to 90°), determined using the corrections given in 
Figure 11.2, p322, Noise Control in Building Services, SRL Ltd. � For the 
calculation a frequency spectra has been used  

• Reflections: 3dB added to account for reflections off the poultry shed roof/façade 
• Attenuators: For the assessment the fitment of attenuators that meet the insertion 

losses given in Table 1 to the atmosphere side of each roof and gable end extract fan 
have been included. These values can be used by an attenuator supplier in order to 
select a suitable product. 
 
 
 
 
 

 
• Distance correction: 20 x log (d1/d0), where d1 = distance between receptor and the 

proposed extract fan and d0 = reference distance.  
• Ground absorption correction:  ISO 9613-2: Attenuation of sound during propagation  

Agr = 4.8 – (2hm/d)[17 + (300/d)]     
Where, 

hm = mean height of the propagation path above ground 
d = distance from source to receptor  

• Atmospheric attenuation: ISO 9613-2: Attenuation of sound during propagation 
outdoors, Formula 8: 

Aatm = αd/100 

Where, 
α = is the atmosphere attenuation coefficient for a temperature of 10°C and 

70% relative humidity  
d = distance from source to receptor 

In accordance with ISO 9613-2 the attenuation at 500Hz has been used as only the 
dB(A) value of the extract fans are known 

63Hz 125Hz 250Hz 500Hz
3 5 9 13

Octave Band Centre Frequency

Table 1. Insertion losses for atmosphere side attenuators on each 
roof and gable end extract fan; Figure 2
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• On-time correction: it has been assumed that the fans are operating continuously and 
consequently no ‘on-time’ correction has been applied 

The full calculations are provided in Appendix B. 

5.5 Rating Level 
To establish the Rating Level the following BS4142 character corrections have been applied to 
the Specific Level: 

• Tonality:  

o Correction: 0dB 
o Reason: the proposed units, like the majority of modern extract fans, are not 

expected to be tonal.  
• Impulsivity:  

o Correction: 0dB  
o Reason: The proposed extract fans will not contain an impulsive noise element 

such as bangs or a very sudden jump in sound output due to quick start-
up/change in fan speed.  

• Intermittency: 

o Correction: 0dB 
o Reason: It is possible on occasion that two or more extract fans will start/stop at 

the same time. However, the greatest expected increase/decrease in the 
aggregate fan noise is 3dB, which will only occur if the total number of fans 
operating doubles/halves. A 3dB increase/decrease is a just perceptible change 
in noise, which would not incur a BS4142 intermittency penalty (i.e. the change 
or ‘intermittency’ would not be ‘readily distinctive against the residual noise 
environment’).  

• Other 

o Correction: 3dB 
o Reason: the extract fans are not expected to have any ‘other’ adverse noise 

characteristics. However, as a precautionary measure a 3dB correction has 
been applied. 

The resultant aggregate Rating Levels are provided in Table 2. 

5.6 Assessment Level 
We define Assessment Level = RL – min LA90 dB, where: 

RL = aggregate Rating Level, dB(A) 

LA90 dB = the typical background noise level, LA90 (in the case of this assessment the 
values are assumed levels taking into account the rural location).  

Table 2 provides the resultant Assessment Levels at Receptors A and B for the proposed 
additional poultry units. 

With regard to noise impact, BS4142 states that where the Rating Level is at parity with the 
typical background noise level (Assessment Level = 0 dB) it indicates that the Specific Level will 
have a low impact depending on context; an adverse impact is indicated where the Rating Level 
is ≥ 5dB and <10dB above the typical background noise level   

With the ventilation system operating at normal capacity, i.e., only the roof extract fans running, 
the highest aggregate Assessment Level during the day, evening and night is -10dB. For this 
scenario we therefore conclude that the noise impact will be negligible. 
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With the contribution of the emergency gable end fans the Assessment Level increases to 1dB. 
Taking into consideration that a 1dB change in noise level is not perceptible (i.e., an 
Assessment Level of 1dB would be perceived as the same as 0dB), we conclude that with the 
operation of the gable end fans the noise impact will be low. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.7 Calculation uncertainty 
With all calculations there is a level of uncertainty, which in this case we do not expect to be 
greater than +/-3dB (3dB is a just perceptible change in noise level). This small level of 
uncertainty is not considered to have any significance to the outcome of the assessment.  

The difference between halving or doubling the number of fans operating (e.g. 50% to 100%) is 
3dB. With smaller changes in the number of fans operating, for example, 50% to 70%, the 
change in aggregate noise emissions will be less than 2dB; this represents an imperceptible 
change in noise. 

We therefore consider the used percentage of fans as suitably robust for the purpose of the 
assessment; it reflects the percentage of fans used in poultry units as advised by both operators 
and experts and would not result in a perceptible change in noise emissions with a 20 – 25% 
increase/decrease in the number of fans operating. 

6. Conclusion 
A noise survey has been conducted in order to establish representative typical background 
noise levels at the nearest noise sensitive receptors to the proposed additional poultry units at 
Brynthomas, Penybont; Figures 1 and 2.  

For the assessment the mitigation measure of attenuators fitted to both the roof and gable end 
extract fans on the proposed additional poultry units (Sheds 3 & 4) that meet the insertion 
losses given in Table 1 have been included 

Via calculation the aggregate ventilation extract fan noise emissions from the proposed poultry 
units and corresponding BS4142 Rating Levels have been determined by calculation; Appendix 
B and Table 2. 

The resultant Rating Levels are: 

• Roof ventilation fans: at least 10dB below the typical background noise level during the 
day, evening and night, indicating a negligible noise impact 
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Table 2. Typical background and calculated  Rating and Assessment Levels at 
Receptors A and B; Figure 1
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• Emergency gable end fans: with the contribution of the gable end fans, which are only 
required during periods of hot weather or due to failure of the roof fans, the aggregate 
Rating Level is an imperceptible 1dB above the typical background noise level during 
the day. This indicates a low noise impact.  

On the basis that the ventilation extract fan noise emission from the proposed additional poultry 
units (with the fitment of attenuators; Table 1) will not result in an adverse noise impact at the 
nearest noise sensitive receptors, we conclude that on noise grounds the proposed scheme is 
acceptable.  
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LAmax,F 
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dB
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dB
LA90 

dB
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dB
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dB
LA90 

dB
10:15 75.4 45.7 31.0 22:45 37.9 31.3 29.5 46.9 30.8 27.5
10:30 70.5 48.6 32.5 59.0 42.7 37.0 23:00 76.0 46.6 30.5 47.4 34.6 29.5
10:45 69.7 43.5 31.5 53.6 40.1 34.0 23:15 49.5 34.3 30.0 43.3 35.0 31.5
11:00 66.3 43.1 31.5 60.3 44.4 35.0 23:30 54.5 34.6 31.5 59.0 32.2 28.5
11:15 69.8 46.4 31.0 59.7 43.0 34.0 23:45 39.1 31.2 27.0 49.4 31.5 28.0
11:30 71.4 43.7 33.5 59.0 41.6 34.0 00:00 43.2 30.0 27.5 42.5 31.8 28.5
11:45 66.0 44.8 30.0 56.9 38.2 30.0 00:15 45.3 32.2 29.5 47.9 33.5 30.0
12:00 71.5 48.9 29.0 55.2 36.9 29.5 00:30 35.0 31.5 30.0 41.7 30.8 29.5
12:15 76.2 47.9 31.0 66.6 49.2 33.0 00:45 39.4 32.3 30.0 41.7 29.5 27.5
12:30 70.5 42.1 31.0 60.3 49.0 32.5 01:00 43.2 31.6 29.0 42.8 29.7 27.0
12:45 71.2 46.2 31.5 62.1 43.4 30.5 01:15 42.2 36.4 29.5 42.5 36.5 28.0
13:00 69.1 42.6 30.0 65.2 48.7 32.0 01:30 46.0 36.8 30.0 42.2 33.1 27.5
13:15 68.0 42.9 31.0 74.2 58.0 31.0 01:45 46.2 42.7 37.5 48.4 31.3 28.0
13:30 69.9 43.9 30.0 53.3 35.8 30.5 02:00 44.8 41.7 36.5 51.5 31.8 26.5
13:45 74.8 45.8 30.5 61.5 41.2 31.0 02:15 78.7 48.9 36.0 49.9 29.5 25.5
14:00 56.4 38.1 31.0 54.4 37.8 32.0 02:30 47.6 44.4 38.0 43.9 29.2 27.5
14:15 50.0 36.9 31.5 66.9 42.8 30.5 02:45 46.8 43.7 38.0 47.2 30.6 28.5
14:30 69.0 46.2 31.5 54.4 36.9 31.0 03:00 46.7 43.4 37.5 51.3 28.8 26.5
14:45 72.1 46.4 31.5 62.8 42.5 31.5 03:15 45.9 41.7 36.0 36.2 28.3 27.0
15:00 65.7 40.1 30.5 60.6 39.3 30.5 03:30 50.9 38.0 34.0 46.6 30.5 27.0
15:15 69.8 44.4 31.5 63.8 40.2 31.0 03:45 48.6 40.8 35.5 51.0 29.7 27.5
15:30 68.4 44.1 32.5 56.0 38.6 31.0 04:00 48.9 43.4 38.0 50.7 31.8 27.5
15:45 71.3 44.4 32.5 56.8 37.8 31.5 04:15 72.4 47.5 38.5 58.7 41.4 30.0
16:00 60.4 38.4 30.5 54.2 35.0 31.0 04:30 76.6 56.2 40.5 63.1 42.9 33.0
16:15 70.8 46.0 32.0 55.0 36.4 31.5 04:45 62.7 45.6 39.5 56.7 38.1 32.0
16:30 55.2 39.6 32.0 55.7 38.3 32.0 05:00 67.1 47.6 39.5 58.8 40.5 31.5
16:45 74.9 52.4 34.5 50.6 35.5 31.0 05:15 65.7 51.9 40.0 67.1 43.7 31.0
17:00 69.0 48.9 34.5 50.4 34.8 31.0 05:30 75.4 53.5 40.5 59.6 41.4 30.5
17:15 43.9 34.3 30.0 52.7 34.1 30.5 05:45 54.0 44.3 40.0 54.3 38.2 33.0
17:30 74.1 49.0 32.0 49.2 34.5 29.5 06:00 72.9 47.7 39.5 50.8 39.9 35.5
17:45 48.2 36.0 31.0 49.6 34.5 30.0 06:15 60.9 44.0 39.0 56.5 41.4 32.5
18:00 73.4 50.9 32.0 55.6 37.1 30.0 06:30 53.4 42.9 38.0 58.0 41.0 32.0
18:15 74.6 51.9 31.5 53.5 36.0 30.0 06:45 68.0 56.2 40.0 57.2 40.9 31.5
18:30 70.3 44.0 30.0 56.1 38.3 29.5 07:00 70.1 55.5 38.5 55.0 39.5 31.0
18:45 56.7 33.9 29.5 58.5 37.2 29.0 07:15 50.9 41.8 37.5 57.9 40.5 31.0
19:00 67.4 38.8 29.5 60.6 36.9 31.5 07:30 50.6 40.9 37.0 56.5 42.1 31.5
19:15 71.3 51.6 34.0 52.0 36.9 31.0 07:45 78.5 51.4 35.0 66.2 45.6 33.0
19:30 63.6 45.0 30.5 57.8 37.0 30.0 08:00 56.8 37.7 35.0 61.6 40.9 32.0
19:45 75.8 48.0 30.5 51.2 35.5 30.0 08:15 70.2 44.2 32.0 56.9 37.3 30.5
20:00 64.7 40.0 29.5 57.5 37.9 28.5 08:30 77.9 51.1 31.0 59.9 39.2 29.5
20:15 72.5 46.0 29.0 50.7 35.3 28.5 08:45 75.2 45.0 31.5 56.0 42.8 35.0
20:30 73.6 44.3 29.0 50.6 34.4 28.0 09:00 65.0 38.7 29.5 59.8 45.3 35.5
20:45 71.5 44.9 29.5 61.2 41.4 27.5 09:15 58.1 37.3 32.0 66.9 45.3 39.0
21:00 69.3 44.9 29.0 47.0 34.6 28.5 09:30 61.6 41.5 32.5 54.6 43.3 38.5
21:15 73.2 49.5 30.0 52.3 35.0 28.5 09:45 75.0 48.1 34.0 56.7 44.2 37.5
21:30 68.0 41.3 29.0 59.0 38.5 31.0 10:00 76.5 47.6 34.0 69.7 52.0 35.0
21:45 68.3 41.0 27.5 57.8 38.0 28.5 10:15 69.3 44.1 34.0 65.8 54.1 37.0
22:00 46.5 32.7 30.0 62.6 40.2 29.0 10:30 64.9 37.9 32.5 63.7 49.3 34.5
22:15 40.8 30.8 28.5 63.8 39.2 26.5 10:45 73.5 46.6 31.5 59.8 47.4 36.5
22:30 38.6 30.8 29.0 57.4 34.2 26.5

Table A1. Noise monitor data (free-field)
Position 2Position 1

Start 
Time

Start 
Time

Position 1 Position 2
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10:10 0.4 20.4 16:20 4.1 19.9 22:30 0.0 9.9 04:40 0.8 8.3
10:20 1.0 18.7 16:30 2.1 20.8 22:40 0.0 9.1 04:50 1.0 8.7
10:30 1.7 20.7 16:40 1.7 20.2 22:50 0.0 9.3 05:00 0.0 8.8
10:40 0.7 19.0 16:50 3.7 19.5 23:00 0.0 9.9 05:10 0.0 8.7
10:50 0.9 18.1 17:00 2.7 19.7 23:10 0.0 9.5 05:20 0.0 8.9
11:00 2.0 17.6 17:10 2.1 19.7 23:20 0.0 9.2 05:30 0.0 9.5
11:10 1.1 18.1 17:20 2.0 18.9 23:30 0.0 8.8 05:40 0.0 9.6
11:20 1.3 17.7 17:30 1.4 18.3 23:40 0.0 8.6 05:50 0.0 10.1
11:30 1.2 17.8 17:40 1.2 18.6 23:50 0.0 9.8 06:00 0.0 10.2
11:40 0.9 18.7 17:50 2.1 18.4 00:00 0.0 7.7 06:10 0.0 10.3
11:50 2.1 17.8 18:00 3.2 18.4 00:10 0.0 8.2 06:20 0.0 10.4
12:00 0.9 17.9 18:10 1.4 18.5 00:20 0.0 8.1 06:30 0.0 10.5
12:10 0.6 18.4 18:20 2.6 18.4 00:30 0.0 7.7 06:40 0.0 10.9
12:20 2.0 18.5 18:30 3.7 18.0 00:40 0.0 8.6 06:50 0.0 11.3
12:30 2.5 19.2 18:40 1.6 18.8 00:50 0.0 8.1 07:00 0.0 11.0
12:40 1.7 18.7 18:50 2.6 18.9 01:00 0.0 7.8 07:10 0.3 11.3
12:50 3.0 19.8 19:00 2.4 18.4 01:10 0.0 8.3 07:20 0.4 11.9
13:00 2.5 18.9 19:10 2.6 18.1 01:20 0.0 8.4 07:30 0.0 14.3
13:10 2.3 19.7 19:20 1.6 17.8 01:30 0.0 7.4 07:40 0.0 16.7
13:20 2.4 19.6 19:30 2.0 16.7 01:40 0.0 8.0 07:50 0.0 14.0
13:30 3.7 19.5 19:40 0.8 15.9 01:50 0.0 7.5 08:00 0.7 13.8
13:40 3.4 19.4 19:50 1.4 16.2 02:00 0.0 7.5 08:10 0.0 15.8
13:50 1.3 20.6 20:00 1.3 16.2 02:10 0.0 7.3 08:20 0.0 16.5
14:00 2.2 20.0 20:10 1.0 15.6 02:20 0.0 7.8 08:30 0.0 16.5
14:10 1.3 20.5 20:20 1.6 15.3 02:30 0.0 7.3 08:40 0.8 15.4
14:20 2.1 20.2 20:30 0.7 14.8 02:40 0.0 7.4 08:50 0.4 16.0
14:30 3.3 20.1 20:40 0.5 14.6 02:50 0.0 7.3 09:00 0.0 17.2
14:40 2.6 21.0 20:50 1.3 14.6 03:00 0.0 7.2 09:10 0.0 16.7
14:50 3.4 20.2 21:00 0.8 14.1 03:10 0.0 7.4 09:20 0.0 16.9
15:00 1.7 20.4 21:10 0.0 13.5 03:20 0.0 7.1 09:30 2.2 16.6
15:10 2.2 19.3 21:20 1.0 13.0 03:30 0.0 7.1 09:40 0.4 16.7
15:20 2.6 20.3 21:30 1.2 12.5 03:40 0.0 7.3 09:50 0.0 16.2
15:30 4.4 19.8 21:40 0.8 13.3 03:50 0.0 7.3 10:00 0.9 16.2
15:40 3.8 20.1 21:50 0.0 12.6 04:00 0.0 7.5 10:10 0.6 17.0
15:50 3.3 19.2 22:00 0.0 11.4 04:10 0.0 7.9 10:20 1.1 16.8
16:00 2.0 20.8 22:10 0.0 10.9 04:20 0.0 8.1 10:30 1.5 16.8
16:10 4.2 20.0 22:20 0.0 11.4 04:30 0.0 8.1 10:40 0.6 18.0

Table A2. Weather station data

Start       
Time

Wind 
Speed, 

m/s

Temp,        
°C

Start       
Time

Wind 
Speed, 

m/s

Temp,        
°C

Start       
Time

Wind 
Speed, 

m/s

Temp,        
°C

Start       
Time

Wind 
Speed, 

m/s

Temp,        
°C
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