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Introduction 

Many measurands of applied acoustics like sound power 

level, sound reduction index or impact noise level are 

expressed in dB. Consequently, also the uncertainties are 

given in dB. Acousticians therefore develop a sense of the 

uncertainty on a dB-scale. 

The situation is different for the absorption coefficient. It is a 

dimensionless number, and thus its uncertainty cannot easily 

be compared to these known uncertainties in dB. This 

contribution therefore provides a transformation of the 

uncertainties from ISO 12999-2 [1] to the dB scale and 

compares the results to other measurands of applied 

acoustics.  

Furthermore, reverberation times in rooms and their 

uncertainties are predicted from measured sound absorption 

coefficients and their uncertainties. This provides a 

possibility to get a feeling if the uncertainty of measured 

sound absorption is really as large as generally considered. 

Uncertainty of the sound absorption coefficient 

in dB 

ISO 12999-2 [1] gives the uncertainty of the sound 

absorption coefficient  𝛼𝒔 measured in a reverberation room 

according to ISO 354 [2]. The uncertainty is estimated from 

the standard deviation of reproducibility 𝜎𝑅 by 

𝜎𝑅 = 𝑚 𝛼𝒔 + n (1) 

Coefficients 𝑚 and n  are derived from many interlaboratory 

tests [3]. They represent smoothened and averaged values in 

one-third octave bands (Figure 1). Their values are 

standardised in ISO 12999-2. 

 

Figure 1: Coefficients 𝑚 and n to be used in eq. (1) 

Figure 2 shows calculated standard deviations of 

reproducibility calculated from eq. (1) with the coefficients 

𝑚 and n from Figure 1. Larger 𝜎𝑅-values correspond to 

larger 𝛼𝒔-values.  

 

Figure 2: Calculated uncertainties for different absorption 

coefficients 

To transform the absorption coefficient 𝛼𝒔 to the dB-scale, 

the equation 

𝐿𝛼𝑠 = 10 lg 𝛼𝒔 dB (2) 

is chosen since 𝛼𝒔 represents the ratio between absorbed and 

incident sound power or sound energy. For this contribution, 

the quantity 𝐿𝛼𝑠 is termed absorption index. The 

transformation is shown in Figure 3.  

 

Figure 3: Transformation of the absorption coefficient 𝛼𝒔 to the 

absorption index  𝐿𝛼𝑠 

The range between an upper limit of the confidence interval 

and the mean value of the absorption index can be 

interpreted as an uncertainty  𝑢(𝐿𝛼𝑠). It can be calculated by 
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𝑢(𝐿𝛼𝑠) = 10 lg (𝛼𝑠 + 𝜎𝑅) dB −  10 lg (𝛼𝑠) dB (3) 

which can be simplified to 

𝑢(𝐿𝛼𝑠) = 10 lg (1 +
𝜎𝑅

𝛼𝑠

) dB (4) 

The uncertainty of the absorption index is roughly between 

0,2 dB and 5 dB (Figure 4). The larger the absorption 

coefficient, the smaller the uncertainty of the absorption 

index in dB. The uncertainty is small at medium frequencies 

between 500 Hz and 2 kHz and increases towards lower and 

higher frequencies. 

 
Figure 4: Uncertainties of the absorption index (black) and other 

quantities (coloured) measured in approximated diffuse fields: 

LW,6926 sound power level according to ISO 6926 [4], LW,3741 sound 

power level according to ISO 3741 [5] and R12999-1 - sound 

reduction index according to ISO 12999-1 [6]  

 

It is now very interesting to compare these uncertainties to 

other quantities measured in approximated diffuse fields as 

shown in Figure 4.  

The procedure with the smallest uncertainty is the calibration 

of reference sound sources according to ISO 6926 [4]. Its 

uncertainty is 0,3 dB from 200 Hz on and increases towards 

lower frequencies. For absorption coefficients above 0,6, the 

uncertainty of the absorption index is about the same at 

medium frequencies (Figure 4). This means that measuring 

large absorption coefficients (above 0,6) according to ISO 

354 is about as accurate as the most accurate diffuse field 

method we have.  

A second method for comparison is the sound power level 

determination according to ISO 3741 [5] which is a 

precision grade method. It has an uncertainty of 1,5 dB at 

medium frequencies which increases towards lower and 

higher frequencies. The uncertainty of the absorption index 

is always smaller except for the low absorption coefficients 

at high frequencies (Figure 4). 

The sound reduction index is also measured in approximated 

difffuse fields. The uncertainty of these measurements is 

standardised in ISO 12999-1 [6]. This uncertainty is slightly 

higher than the uncertainty given in ISO 3741 (Figure 4).  

This makes sense since measurements are performed in 

considerably smaller rooms and the diffuse field assumption 

is applied twice, once in the sending and once in the 

receiving room. The uncertainty of the absorption index 

(Figure 4) is nearly always smaller than the uncertainty of 

the sound reduction index except for small absorption 

coefficients at high frequencies. 

 

Uncertainty of predicted reverberation times 

To investigate how the uncertainty of the absorption 

coefficent measurement effects predicted reverberation 

times, the very simple prediction method from EN 12354-6 

[7] is used. This method has the advantage that it is based on 

simple equations which can easily be used to propagate the 

uncertainties. 

The reverberation time 𝑇 is calculated from 

𝑇 =
55,3

𝑐0

 
𝑉 (1 − )

𝐴
 (5) 

with room volume 𝑉, equivalent absorption area 𝐴, volume 

of objects   and speed of sound 𝑐0. Under the assumption 

of negligible uncertainties for all quantities except the 

equivalent absorption area 

𝑢(𝑉) ≈ 𝑢(𝑐0) ≈ 𝑢() ≈ 0 (6) 

the relative uncertainty of the predicted reverberation time 

becomes 

𝑢(𝑇)

𝑇
=

𝑢(𝐴)

𝐴
 (7) 

The equivalent absorption area is calculated by 

𝐴 = ∑ 𝛼𝑠,𝑖 𝑆𝑖  

𝑛

𝑖=1

+ ∑ 𝐴𝑜𝑏𝑗,𝑗  

𝑜

𝑗=1

+ 𝐴𝑎𝑖𝑟  (8) 

with the partial surface 𝑆𝑖 , the absorption coefficient of the 

i-th partial surface 𝛼𝑠,𝑖 , the equivalent absorption area of 

object j 𝐴𝑜𝑏𝑗,𝑗  and the absorption of the air 𝐴𝑎𝑖𝑟 . The 

number of partial surfaces is n and the number of objects o. 

When the uncertainty of the absorption of the air is 

neglected, the uncertainty of the equivalent absorption area 

turns out to be 

𝑢(𝐴) = √∑ 𝑢2(𝛼𝑠,𝑖 ) 𝑆𝑖
2

𝑛

𝑖=1

+ ∑ 𝑢2(𝐴𝑜𝑏𝑗,𝑗 ) 

𝑜

𝑗=1

 (9) 

Reverberation time is usually predicted in octave bands. In 

ISO 12999-2, coefficients 𝑚 and n are given in one-third 

octave bands for 𝛼𝑠 . It is decided not to use the uncertainty 

of the practical absorption coefficient 𝛼𝑝  since this value is 

not realistic due to its calculation procedure. To get a first 

idea of the uncertainty of the predicted reverberation time, 

one-third octave band values at the octave band centre 

frequencies are used in this contribution.  
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The room described in annex E of EN 12354-6 is used. It has 

a volume of about 30 m³. The partial surfaces are floor and 

ceiling (12,4 m² each), side walls 1 and 2 (6,6 m² each), door 

(2,0 m²), facade (10,9 m²) and side wall 3 (8,9 m²).  

Altogether, three configurations are considered. The first is 

the empty room without further acoustic treatment. Input 

values for the absorption coefficients are shown in Figure 5. 

They are taken from DIN 18041 [8].  

 

Figure 5: Absorption coefficients for configuration 1 

The calculated reverberation time is then between 1,0 s and 

1,7 s. The relative uncertainty of the predicted reverberation 

time is between 0,15 and 0,29 and thus relatively large 

(Figure 6). The main reason is that the relative uncertainty of 

the small absorption coefficients from Figure 5 is large, see 

also Figure 4. 

 

Figure 6: Calculated reverberation time and its uncertainty for 

configuration 1 

In a second configuration, the ceiling is treated with a very 

efficient absorber (Figure 7). The prediction method is still 

applied even though it is known that it is not applicable for 

rooms with very different absorption in different dimensions. 

Nevertheless, to get an impression on the effect of the 

uncertainty this approach seems to be justified.  

The predicted reverberation time is then significantly 

reduced (Figure 8). Furthermore, the uncertainty is much 

smaller now because the relative uncertainty of the large 

absorption coefficient of the ceiling is small. Since this 

element dominates the overall behaviour, the relative 

uncertainty of the predicted reverberation time is now 

between 0,05 and 0,15. 

 

Figure 7: Absorption coefficients for configuration 2 

 

Figure 8: Calculated reverberation time and its uncertainty for 

configuration 2 

 

Figure 9: Input values for configuration 3 

 

Figure 10: Calculated reverberation time and its uncertainty for 

configuration 3 
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In a third configuration, 3 chairs and 2 cupboards are added 

to the otherwise untreated room. Their equivalent absorption 

area is depicted in Figure 9 on a second Y-axis. Their 

uncertainty can be estimated according to ISO 12999-2 by 

𝑢 (𝐴obj,𝑗 ) = 𝑚 𝛼𝒔 + n S ;   𝑆 =  10 m²    (10) 

with the coefficients 𝑚 and n from Figure 1. The resulting 

reverberation time is then about 0,5 s with a relative 

uncertainty between 0,07 and 0,16 (Figure 10). The 

uncertainty is reduced compared to the empty room due to 

the fact that more influencing quantities are considered in eq. 

(9). The uncorrelated superposition of their uncertainties 

leads to a compensation resulting in smaller uncertainties. 

 

Conclusions 

The uncertainty of the absorption coefficient measured in a 

diffuse field according to ISO 354 is mostly smaller than the 

uncertainty of the measured sound power level (ISO 3741) 

or the measured sound reduction index (ISO 12999-1). Even 

the uncertainties of the most accurate diffuse field 

measurement method available today (ISO 6926) are 

reached by todays ISO 354 for absorption coefficients above 

0,6 at medium frequencies. This is in contradiction to the 

widely spread feeling that the measurement of the absorption 

coefficient according to ISO 354 is very inaccurate.  

Uncertainties of the measured absorption (coefficient) lead 

to relative uncertainties of predicted reverberation times 

between 0,05 and 0,29 for the considered cases. The more 

partial surfaces are considered and the larger the absorption 

coefficient is, the smaller is the uncertainty of the predicted 

reverberation time.  

These results clearly show that a reduction of measurement 

uncertainty of the absorption coefficient is mostly needed for 

low absorption coefficients and at low and high frequencies. 
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