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Abstract: 

The output of five music streaming companies were analysed to ascertain the effectiveness of 

and correlation between the various loudness normalisation algorithms implemented to 

mediate loudness differentiation between music recordings. Results indicate a range of poor to 

excellent performance of the respective algorithms used.  
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Introduction 

Music streaming is rapidly becoming the preferred music delivery platform by consumers 

and described as the key driver of growth in global revenues (IFPI 2017, pp. 10-11). Loudness 

normalisation, which mediates the perceived loudness level of music recordings has been 

adopted by all the various streaming companies to regulate a vast discrepancy of levels between 

music of different decades. Of particular concern are those music recordings of the more recent 

hyper-compression era. Hyper-compression is an extreme method of reducing the dynamic 

variability of an audio signal which raises the average level and is therefore is perceived as 

being louder by the listener. The underlying principal behind hyper-compressions is a common 



audio process known as dynamic range compression (DRC). The specific DRC method to 

reduce dynamic variability is to achieve hyper-compression is achieved by using a digital 

“look-ahead” peak limiter. Modern recordings that have been subjected to hyper-compression 

can be as much as 20dB louder than recordings from the 1960s to 1980s (Katz 2015, p. 243). 

 

Methods and target levels adopted by streaming companies, however, vary considerably. The 

Audio Engineering Society has provided recommendations to address this issue in the form of 

an industry standard – AES TD1004.1.12-10 - “Recommendations for Loudness of Audio 

Streaming and Network File Playback”. This standard outlines a target level of between -16 

and -20LUFS (AES 2015). Currently, only two companies have confirmed adoption of these 

recommendations (Tidal and Pandora). Standardising the output of these platforms would 

present the opportunity to achieve best possible practice. In addition, by removing loudness 

bias in reproduction it is hoped that an environment would be created that would discourage 

the use of hyper-compression in the production of music, negating any advantage for having a 

louder recording (Robjohns 2014). The output of five streaming companies were analysed 

using an ITU BS.1770 loudness metering system. The results reported indicate a range of poor 

to excellent performance of the respective algorithms under analysis. 

 

Background 

Originating from television broadcast, loudness normalisation is a method for regulating the 

loudness of program content, prompting the development of a new set of guidelines for 

standardised loudness (Lund 2011). The introduction of such a system can be attributed to 

discrepancies in loudness between normal program material and advertising commercials; the 

large proportion of complaints worldwide in regard to television broadcast (Eggerton 2014). 



Audio levels in broadcast were previously regulated using peak normalisation in which the 

highest (peak) level of the signal, however, this does not correlate with the way we perceive 

loudness (Lund 2011, p. 1) (figure 1).  

 

Figure.1: Peak normalisation versus loudness normalisation. The red line indicates perceived loudness. This 
illustrates that the peak level of an audio signal does not correspond to perceived loudness and the traditional 

method of using peak meters to regulate the signal level created loudness discrepancies. Loudness normalisation 
which instead measures the long-term average of the entire audio signal provides a correlation with perceived 

loudness (Source: Lund 2011, p. 1). 
 

Loudness is perceived as an average over time and although hyper-compressed commercials 

technically adhered to the required peak level prescribed, they would, however, be perceived 

as much louder than more dynamic programs (ibid, pp. 2-3). In response to these viewer 

concerns, the International Telecommunication Union (ITU) instigated the ITU BS-1770 

loudness normalisation algorithm to standardise loudness in broadcasting (ITU 2012).  The BS 

1770 algorithm has the capacity to correlate audio signal levels with perceived loudness, 

incorporating features that correspond directly to the workings of the human hearing system 

(ibid). Therefore, audio signals of any type can be regulated to potentially yield the same 

perceived loudness by the listener (ibid). This technology has been recognised as having 



potential application for other platforms such as regulating discrepancies in loudness between 

music recordings with music streaming. 

 

Music streaming has created a new music reproduction platform. It provides an alternative to 

the traditional ownership of a physical musical artefact, where the audience instead leases 

music to be listened to on demand (Taylor 2017, p. 120). With a similar business model to 

companies such as Netflix and Stan, music streaming services provide on-demand access to a 

network database of music content either for free (with advertising) or as a subscription 

(without advertising) (ibid). Music streaming appears destined to be disruptive to the traditional 

method of physical sales. With over 400 companies operating now in 200 countries, streaming 

is the key driver of growth in global revenues of the music recording industry (IFPI 2017, pp. 

10-11). 

 

Music recordings from the decades since the 1950s vary greatly in their overall level and 

loudness (Vickers 2010a, p. 3).  The reasoning behind the use of hyper-compression is to make 

recordings perceived as loud or louder than competitors (Vickers 2010, p. 1). Due to what has 

been dubbed the “louder is better” paradigm which takes advantage of the non-linearity of the 

human hearing mechanism. The ‘varying sensitivities… throughout the audio range’ of critical 

bands as Fielder suggests (1995, p. 326), accounts for the non-linear frequency response of the 

hearing mechanism; a ‘fundamental property of the human auditory system and… of basic 

importance in the field of psychoacoustics’ (ISO, 2003, p. v). First discovered by researchers 

Fletcher and Munson of Bell Labs (1933), the perception of loudness is not equal across the 

frequency spectrum; ‘we are more sensitive to frequencies in the range 1000-5000Hz, while 

thresholds increase rapidly at very high and low frequencies’ (Moore, 1989, p.49). For 



example, to achieve the same perception of loudness as 4kHz at 40dB, 100Hz would require 

an additional increase in intensity of c. 30dB, and 8kHz, c. 10dB. As the overall intensity of 

loudness increases, the frequency response becomes more linear, hence the disparity between 

the perception of frequencies decreases.  

 

This non-linearity of frequency response of the human auditory system forms the basis of the 

“louder is better paradigm” and as Moore asserts, this phenomenon has ‘certain implications 

for the reproduction of sound; the relative loudness of the different frequency components in a 

sound will change as a function of the overall level, so that unless the sounds are reproduced 

at the same level as the original, the ‘tonal balance’ will be altered’ (ibid, p. 53). At particularly 

low playback levels the tonal balance that Moore describes, is undeniably perceived as 

balanced differently as compared to higher levels. As the playback level is decreased even 

further, the very low and high frequencies rapidly attenuate leaving predominately only the 

mid frequencies audible (Luce, 1993, p. 131). As a consequence, loudness has been used as a 

mechanism to positively influence listener preferences, not only with music, but audio 

programs in general (Ronan et al., 2014, p. 2). This discrepancy in the level between music 

recordings presents a similar problem to loud commercials (Vickers 2010, p. 3). The change in 

perceived loudness from song to song can be substantial and bothersome to the listener.  

 

Loudness normalisation therefore has been adopted by most digital platforms that facilitate 

file-based reproduction of audio. Several loudness normalisation systems other than the ITU 

BS.1770 were developed prior such as Replay Gain and Apple’s Soundcheck. Most streaming 

platforms such as YouTube, Spotify, Pandora, Tidal and other DAB radio stations implemented 

some form of loudness normalisation application whether it be the ITU standard or their own 



undisclosed proprietary system. An ensuing problem became evident; no one standard was 

applied to all platforms and target loudness levels, one of the key issues in the loudness 

normalisation process, differed from service to service (AES 2015). The Audio Engineering 

Society’s (AES) technical committee on “Transmission and Broadcast” commissioned a sub-

committee to investigate target levels specifically for audio on-line streaming services. The 

technical document, AES TD1004.1.12-10 - “Recommendations for Loudness of Audio 

Streaming and Network File Playback,” outlines a target level of between -16 and -20LUFS, 

taking into consideration many factors such as content type and playback device specifications 

(ibid). Considering that these recommendations are not enforceable and up to the individual 

company to adopt, many large corporations such as Apple and Spotify have been unwilling to 

adopt the ITU standard and the AES target loudness levels. 

 

The benefits of a standardised loudness normalisation system are two-fold. Firstly, a 

standardised system would ensure best possible practice across all platforms supporting the 

highest quality output. Secondly, with the removal of loudness bias in reproduction due to the 

mediation of the levels of music recordings, it has been hypothesised that it would also 

discourage the use of hyper-compression which is seen as a major problem in music production 

practice. 

 

Methodology 

Method - System 

To conduct the analysis of the output of the music streaming services and measure loudness 

levels, a system was devised to replay the output of the streaming platforms at default level 

and simultaneously record this output into a digital audio workstation for analysis. The 



streamed music is output and returned as a digital loop (no DAC or ADC is involved in the 

signal path) utilising the same audio driver for both output of the streaming service and input 

into DAW as illustrated in figure 2. 

 

 

Figure.2: An illustration of the system used to conduct the analysis.  

 

 

Method - Equipment 

Ø Subscriptions to Streaming Platforms for Premium Services 

Ø Apple MacPro Computer 

Ø Motu 1296 Audio System 

Ø Apogee Mini DAC 

Ø Genelec 1031A Monitors 

Ø Logic Pro X DAW 

Ø Nugen Audio LM-Correct 2  

Ø Microsoft Excel 

 



Method - Analysis 

Of particular importance was to ensure the integrity of signal path from playback to record and 

test for level or spectral changes in signal as it passes through the system. A 20 second 

broadband (white noise) test signal at -20LUFS (dBFS) was created. For level changes, the 

original test signal is compared to the recorded signal in loudness level (LU) using a loudness 

meter. For spectral changes, it was necessary to calculate FFTs of both the original and 

recorded signals, then subtract recorded signal from original signal to detect any changes in 

frequency. No significant changes were detected in either level or spectral qualities of the signal 

as it passed through the system. 

 

The output of the streaming service consisting of a playlist of selected music which was 

recorded into the DAW (Logic Pro X) as a single file at 44.1 kHz and 16bit resolution. The 

resulting audio file was then edited into separate sections that each contained a song and then 

saved as a separate file. Each individual file was then analysed for loudness level (or integrated 

loudness – IL) and true peak using the Nugen LM-Correct 2 application. The loudness level 

was then subtracted from the true peak to ascertain peak to loudness ratio (PLR). Result were 

then collated into an excel spreadsheet (Appendices 1-5) and graphed (figures 3-7). 

 

Method - Streaming Platforms and Playlists Under Analysis 

The following streaming platforms were selected and playlists constructed that included a wide 

variety of popular music from the pre-hyper-compression era to the present: 

Ø Apple iTunes with Sound Check activated in preferences. Constructed playlist of 20 

recordings from 1979 to 2011. 



Ø YouTube – loudness normalisation on by default. 27 video clips selected from 1956 to 

2017  

Ø Spotify Premium desktop version – loudness normalisation activated in preferences. 

Constructed playlist of 18 recordings from 1964 to 2016. 

Ø Tidal HIFI desktop version – loudness normalisation activated by default. Constructed 

playlist of 18 recordings from 1956 to 2016. 

Ø Pandora desktop version – loudness normalisation activated by default. Three radio 

channels; Today’s Hits, 60s, 70s & 80s, & K-POP. 10 recordings per channel. 

  



Results 

iTunes 

20 recordings from the period of 1979 to 2009 were analysed that included a range of both non-

hyper-compressed and hyper-compressed mastering; reported in Appendix 1 and figure 3. The 

recordings listed were placed in a playlist on an iTunes desktop application (12.6.2.18) on the 

11th of May 2017, with Sound Check activated in the preferences. We can ascertain from an 

average of loudness levels (IL – integrated loudness) that the target level Sound Check is trying 

to achieve is approximately -16LUFS. The total loudness differential identified was 6.6 LU. 

 

 

 

Figure.3: Analysis of iTunes (Sound Check) output using twenty recordings from 1979 to 2011. Blue line 
indicates integrated loudness (LUFS) and the red line, true peak (dBFS). 

 

  



Tidal (HIFI Premium Service) 
 

18 recordings from the period of 1956 to 2016 were analysed that included a range of both non-

hyper-compressed and hyper-compressed mastering; reported in Appendix 2 and figure 4. A 

paid subscription for the “HIFI” premium service was obtained which provided high quality 

FLAC files of CD resolution using the desktop application on the 11th of May 2017 (version: 

2.1.8.289 (W: 2.3.6--8) (NP: 2.4.0)). Tidal reportedly adopted the LU based ITU BS.1770 

loudness normalisation algorithm in 2016, however, no loudness normalisation was evident in 

the analysis. Results indicated a significant loudness differential of 12.7LU for the 18 

recordings analysed and a true peak differential of only 4.7dB.  

 

 

Figure 4: Analysis of Spotify Premium output using eighteen recordings from 1956 to 2016. Blue line indicates 
integrated loudness (LUFS) and the red line, true peak (dBFS). 

 
 
 
 
 
 
 
 
 
 



Spotify (Premium) 
 

18 recordings from the period of 1965 to 2016 were analysed that included a range of both non-

hyper-compressed and hyper-compressed mastering; reported in Appendix 3, figure 5 and 

figure 6. A paid subscription for the premium service was obtained and the analysis conducted 

using the desktop application on the 12th of May 2017. Ten days after the analysis was 

completed, Ian Shepherd announced on his blog Production Advice that Spotify had reduced 

the target loudness level ‘from approximately -11LUFS down to approximately -14, broadly 

in line with YouTube and Tidal’ (Shepherd 2017). Therefore, the analysis was repeated to 

reflect this change on the 2nd of June 2017. The results indicated that the algorithm employed 

by Spotify – which is of unknown type – correlates well to an LU based ITU BS.1770 algorithm 

and integrated loudness levels show consistency with a 4.2LU differential between the 18 

recordings.  

 

 

Figure 5: First analysis of Spotify Premium output using eighteen recordings from 1957 to 2017 performed on 
the 12th of May 2017. Blue line indicates integrated loudness (LUFS) and the red line, true peak (dBFS). 

 

 



 

 
Figure 6:  Second analysis of Spotify Premium output using eighteen recordings from 1957 to 2017 peformed 

on the 2nd of Jun 2017. Blue line indicates integrated loudness (LUFS) and the red line, true peak (dBFS). 
 
 
 
 
YouTube 
 

27 audio recordings associated with music videos from the period of 1957 to 2017 were 

analysed that included a range of both non-hyper-compressed and hyper-compressed 

mastering; reported in Appendix 4 and figure 7. From the analysis performed, the loudness 

normalisation algorithm utilised by YouTube is anything but consistent. Apart from Tidal 

which apparently has no loudness normalisation present, YouTube was the worst performer of 

all platforms analysed. An integrated loudness average of -15.1LU is reported, however, if the 

outliers that are >-17LU are excluded, the average IL is -14.6LU. It has been suggested that 

YouTube uses a method of loudness normalisation called ReplayGain1 which uses metadata to 

                                                
1 ReplayGain is a method of loudness normalisation in which a value is stored as metadata in the audio file which 
instructs the media player at what level the file should be reproduced, according to a desired target loudness level 
(Harris 2016). It predates the ITU BS1770 standard by almost a decade. How this loudness value is achieved is 
unclear, but is said that the ‘complete audio file is scanned by a psychoacoustic algorithm to determine the 
loudness of the audio data’ (ibid). Exactly what this psychoacoustic algorithm is, is not known. ReplayGain is 
used in a plethora of various digital audio media players and systems for loudness normalisation such as VLC, 
MediaMonkey, JRiver Media Center, Neutron Music Player and so on. 



regulate loudness output, however, this cannot be fully substantiated. The total loudness 

differential identified was 9.6 LU. 

 

 

Figure 7: Analysis of YouTube output of 27 music videos of music from 1957 to 2017. Blue line indicates 
integrated loudness (LUFS) and the red line, true peak (dBFS). 

 

 

Pandora 
 

30 audio recordings from three curated radio channels representing a period of 1964 to 2017 

were analysed that included a range of both non-hyper-compressed and hyper-compressed 

mastering; reported in Appendix 5 and figure 8. A paid subscription for the premium service 

was obtained and the analysis conducted using the desktop application on the 14th of May 

2017). Pandora was the best performing platform and the only platform that appears to use an 

LU based ITU BS.1770 algorithm – which was evident from the very consistent results 

reported and a target output level of -20LUFS. It is fully compliant with the AES TD1004.1.12-

10 which outlines a target level of between -16 and -20LUFS. Three channels were analysed; 

Todays’ Hits, 60s, 70s & 80s Hits, and K-Pop representing a range of dynamic variability from 



9.5 to 17LU PLR. A headroom of 20dB afforded by the target level of -20LUFS was more than 

adequate to accommodate the given PLR of the most dynamic recording – Phil Collins In the 

Air Tonight with a PLR of 17LU. From the results reported in this analysis, Pandora represents 

the “gold standard” of loudness normalisation that adheres to international standards. The total 

loudness differential identified was 1.1 LU (dB) for Todays’ Hits, 3.8 LU (dB) for 60s, 70s & 

80s Hits and 1LU for K-Pop (dB). 

 

i)  

ii)  



iii)  

Figure 8: Graph depicting analysis of Pandora output using thirty recordings, ten from each of three online radio 
channels: i) Todays’ Hits; ii) 60s, 70s & 80s Hits; iii) and K-Pop. Blue line indicates integrated loudness 

(LUFS) and the red line, true peak (dBFS); 

 

 
Conclusion 
 

There is currently no loudness uniformity between streaming platforms due to the many and 

varied algorithms used. This is according to the BS.1770 standard used for the measurement 

procedure in this analysis, which has been widely adopted by broadcast. The variation between 

loudness levels was reported between 12.7LU (Tidal) and 1LU (Pandora) with an average of 

5.38LU. Tidal performed the worst of all platforms and at the time of this analysis there was 

no evidence of any loudness normalisation employed despite claims made by the company. 

Pandora was the best performing platform and it was clearly evident they employ loudness 

normalisation that conforms with the ITU BS.1770 international standard with a target level of 

-20LUFS.  This easily accommodates a very wide dynamic variability of recordings. YouTube 

being the most accessed site for music globally performed significantly worse than most other 

platforms (IFPI 2016, p. 3). There was a high degree of variation between the loudness level 

of recordings that may be unacceptable to the listener. It is evident that the different loudness 



normalisation algorithms employed by Apple iTunes/Music, Spotify and YouTube do not 

necessarily correlate with the ITU BS.1770 international standard.  

 

 
Discussion 
 

It is difficult to ascertain exactly what change in loudness level would cause annoyance to the 

listener due to a lack of specific research in this area. There have been studies, however, related 

to preferred listening levels and listener satisfaction that can be approximately linked to the 

study conducted herein and provide some clarity. Riedmiller et al. conducted an experiment 

that examined what they describe as the ‘comfort zone within which a listener will accept 

loudness changes within and between programs’ (2003, p. 3). Their results indicated ‘an 

increase of two to three dB in subjective loudness is enough to move a program out the typical 

listener’s comfort zone’, however, surprisingly, a decrease afforded ‘much more lattitude’ with 

6dB (ibid, p. 6). Benjamin on the other hand, states that from his experiments into preferred 

listening level that +6.22 to -9.22dB elicited ‘a reaction of too loud or too soft’ from the 

standard listening level adopted (2004, p. 9). This is a significantly wider range than Reidmiller 

et al. however, both studies are in agreeance that an increase in level requires less change to 

disturb the listener.  

 

Both studies also used broadcast material which included dialogue as the primary stimuli and 

not music which could be considered more perceptually stationary. Music may have a divergent 

influence on preferences due to this characteristic. Also, the fundamental aim of these 

experiments was to uncover preferences for overall listening level which in the case of 

Benjamin had a range of 20dB between subjects, suggesting a large degree of subjectivity (ibid, 

p. 9). Furthermore, both studies were conducted with little background ambience which was 



recognised as a potential variable that could influence preferences. Benjamin quotes a study by 

Pearsons et al. that suggests ‘the  effect  of background noise […] was shown to cause the 

listeners to raise their listening levels by about 0.7 dB per dB increase of background noise 

level above dB SPL’ (ibid). Therefore, background ambient noise may play a role in listener 

annoyance thresholds.   

 

In a study by Soulodre et al., listeners in general were able to detect changes in loudness (just 

noticeable differences – JND) of 1.24 dB ‘when comparing different versions of the same 

program material’ and ‘about 0.5dB’ for the same material (2003, p. 9). It is unclear, however, 

if the participants used in these experiments were trained or un-trained listeners which could 

significantly influence the result noted, for as Olive asserts, trained listeners are ‘the most 

discriminating and reliable listeners’ (2003, p. 1). A basic conclusion could be reached from 

the available information that listeners in general can just notice a change in loudness level at 

around 1dB, however it may not be until around 4-6dB that the listener will find the change 

bothersome to the listening experience and this also depends whether it is an increase or 

decrease in level. According to this assumption, the loudness level variation experienced with 

both Tidal and YouTube will cause some annoyance to the listener in contrast to all other 

platforms examines which are around or below threshold. However, this could also be 

dependent on the type of listener, the type of material, the type of reproduction system, the 

environment in which the material is assessed, and inherent subjectivity of the listening 

experience, which all may act as variables. Within the loudness normalisation criterion of the 

ITU BS.1770 algorithm, practical implementations have stipulated between +- 2LU and +- 

1LU depending upon the territory under question, which is far less that the thresholds 

mentioned above (see for example: ATSC 2013; EBU 2014). It is therefore suggested that due 

to the lack of research that is directly related to the issue of loudness level differential between 



music programs, it is unclear at the present time what changes in loudness level may interrupt 

the listener experience. Further research in this area is required.  
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APPENDIX 1 – ITUNES SOUND CHECK 
iTunes   Soundcheck         
Year Artist Title IL LUFS dBTP PLR 
2002 Avryl Lavigne Sk8er Boi -15.7 -3.5 12.2 
1992 The KLF Last Train to Trans central -17.7 -10 7.7 
1982 Psychedelic Furs Love My Way -16.4 -3.7 12.7 
2005 Moby It's Raining Again -17.6 -7.5 10.1 
1980 Devo Whip It -15.5 -3 12.5 
2000 Dandy Warhols Bohemian Like You -15.5 -6.8 8.7 
1989 Faith No More Epic -19.7 -6.3 13.4 
2000 Madonna Music -15.5 -2.5 13 
2011 Adelle Someone Like You -15.6 -5.3 10.3 
1979 Rickie Lee Jones Chuck E's in Love -18.1 -0.6 17.5 
2003 Linkin Park Don't Stay -17.6 -9.5 8.1 
1981 Kraftwerk Pocket Calculator -21.4 -1 20.4 
2006 Yeah Yeah Yeahs Gold Lion -16.7 -9 7.7 
1996 Oasis Roll with It -16.6 -11 5.6 
2000 Travis Trying to Reach You -14.8 -5.4 9.4 
1979 B52's Rock Lobster -18.1 -3.8 14.3 
1997 Chemical brothers Block Rockin’ Beats -15.7 -6.9 8.8 
1981 Kim Wilde Kids in America -17.5 -7.3 10.2 
1994 Alpha Team Speed Race -15.7 -1.2 14.5 
2009 The Prodigy Omen -15 -5.4 9.6 
  Min -21.4 -11 5.6 
  Max -14.8 -0.6 20.4 
  Differential 6.6 10.4 14.8 

 

Table 1: Analysis of iTunes (Soundcheck) output using twenty recordings from 1979 to 2011. Measurements 
procedures used: integrated loudness (LUFS); true peak (dBFS); and peak to loudness ratio (LU). The 

measurements highlighted in yellow represent outliers. Differential of range between minimum and maximum 
in each measurement illustrated in last line of the table. 

 



APPENDIX 2 – TIDAL (HIFI PREMIUM SERVICE) 
Tidal   Hifi         
Year Artist Title IL LUFS dBTP PLR 
1977 David Bowie Heroes -16.7 -6.7 10 
2016 Beyoncé Formation -15 -5.7 9.3 
2016 Metallica Moth into Flame -12.7 -5.3 7.4 
1956 Elvis Heartbreak Hotel -19.1 -5.7 13.4 
2014 Mark Ronson Uptown Funk -17.5 -6 11.5 
2011 Skrillex Bangarang -10.7 -3 7.7 
2009 Lady Gaga Bad Romance -13.3 -3.8 9.5 
1977 Sex Pistols God Save the Queen -16.4 -6 10.4 
1965 The Beatles Nowhere Man -17.7 -5.7 12 
1976 Abba Dancing Queen -16.3 -6.4 9.9 
1972 Stevie Wonder Superstition -20 -5.7 14.3 
1981 Simple Minds Love Song -23.2 -7.7 15.5 
2011 Adele Someone Like You -16.1 -5.9 10.2 
1982 Michael Jackson Billie Jean -20.2 -5.6 14.6 
1977 Jackson Browne Rosie -22.1 -6 16.1 
1969 Led Zeppelin Whole Lotta Love -19 -5.9 13.1 
1981 Kraftwerk Pocket Calculator -19.2 -5.9 13.3 
1995 Oasis Roll with It -10.5 -5.9 4.6 
  Min -23.2 -7.7 4.6 
  Max -10.5 -3 16.1 
  Differential 12.7 4.7 11.5 

 

Table 2: Analysis of Tidal Premium service (FLAC) output using eighteen recordings from 1956 to 2016. 
Measurements procedures used: integrated loudness (LUFS); true peak (dBFS); and peak to loudness ratio (LU). 

The measurements highlighted in yellow represent outliers. 

 

 



APPENDIX 3 – SPOTIFY (PREMIUM) 
Spotify Premium         
Year Artist Song IL LUFS dBTP PLR 
1971 The Doors Riders on the Storm -12.9 0.7 13.6 
2014 Mark Ronson /Bruno Mars Uptown Funk -12.3 -0.7 11.6 
1965 The Beatles Eleanor Rigby  -12.8 -1.6 11.2 
1995 Oasis  What's the Story, Morning Glory -11.1 -5.6 5.5 
1971 Helen Reddy I am Woman -13.4 -1.4 12 
2011 Adele Rollin in the Deep -11.9 -2.9 9 
2011 David Guetta /Sia Titanium -12.1 -4 8.1 
2016 The Weeknd /Daft Punk Starboy -10.1 -0.9 9.2 
2011 Skrillex Bangarang feat. Sirah -10.7 -3 7.7 
1991 Nirvana Smells Like Teen Spirit -11.8 -4.1 7.7 
1986 Prince Kiss -14.3 0.4 14.7 
1978 Blondie Heart of Glass -14.3 0.2 14.5 
2009 Lady Gaga, Beyonce Telephone -10.8 0.9 11.7 
1972 Stevie Wonder Superstition -12.4 0.1 12.5 
1969 Led Zepellin Whole Lotta Love -11.9 0.3 12.2 
1964 Simon & Garfunkel The Sound of Silence -12.1 -0.4 11.7 
2016 Metallica Moth Into Flame -10.5 -2.9 7.6 
1984 Madonna Material Girl -12.5 -3.9 8.6 

  Min -14.3 -5.6 5.5 
  Max -10.1 0.9 14.7 
  Differential 4.2 6.5 9.2 

Table 3: First analysis of  Spotify Premium service output using eighteen recordings from 1964 to 2016 performed 
on the 12th of May 2017. Measurements procedures used: integrated loudness (LUFS); true peak (dBFS); and peak 

to loudness ratio (LU). 

 

 

 

 

 

 

 

 

 

 



 

Spotify Premium         
Year Artist Song IL LUFS dBTP PLR 
1971 The Doors Riders on the Storm -15.8 -1.2 13.6 
2014 Mark Ronson /Bruno Mars Uptown Funk -15.3 -3.7 11.6 
1965 The Beatles Eleanor Rigby  -15.8 -4.6 11.2 
1995 Oasis  What's the Story, Morning Glory -14.1 -8.6 5.5 
1971 Helen Reddy I am Woman -16.4 -4.4 12 
2011 Adele Rollin in the Deep -14.8 -5.9 9 
2011 David Guetta /Sia Titanium -15.1 -7 8.1 
2016 The Weeknd /Daft Punk Starboy -13.1 -3.9 9.2 
2011 Skrillex Bangarang feat. Sirah -13.7 -6 7.7 
1991 Nirvana Smells Like Teen Spirit -14.8 -7.1 7.7 
1986 Prince Kiss -17.2 -2 14.7 
1978 Blondie Heart of Glass -15.4 -0.6 14.5 
2009 Lady Gaga, Beyonce Telephone -13.8 -2.8 11.7 
1972 Stevie Wonder Superstition -15.2 -0.9 12.5 
1969 Led Zepellin Whole Lotta Love -14.9 -1.8 12.2 
1964 Simon & Garfunkel The Sound of Silence -15.1 -3.4 11.7 
2016 Metallica Moth Into Flame -13.5 -5.9 7.6 
1984 Madonna Material Girl -15.5 -6.9 8.6 

  Min -17.2 -8.6 5.5 
  Max -13.1 -0.6 15.2 
  Differential 4.1 8 9.7 

Table 4: Second analysis of Spotify Premium service output using eighteen recordings from 1964 to 2016 
peformed on the 2nd of June 2017. Measurements procedures used: integrated loudness (LUFS); true peak 

(dBFS); and peak to loudness ratio (LU). 



APPENDIX 4 – YOUTUBE 
YouTube           

Year Artist Song IL LUFS dBTP PLR 
2017 Ed Sheeran Galway Girl -12.8 -3.4 9.4 
1972 Lou Reed Walk on the Wild Side -14.4 0.1 14.5 
2012 PSY Gangnam Style -13.1 -4.1 9 
2015 Nathaniel Rateliff S.O.B. -14.2 -3.7 10.5 
1971 The Doors LA Woman -13.9 -2.5 11.4 
2002 Moby Extreme Ways -18.1 -5.5 12.6 
2016 Gooch Palms Ask Me Why -13.2 -4.8 8.4 
2016 Beyoncé Hold Up -15.4 -1 14.4 
2013 Violent Soho Covered in Chrome -16.8 -0.8 16 
2017 Depeche Mode Where's the Revolution -12.4 -2.1 10.3 
1957 Elvis Jail House Rock -14.9 -3 11.9 
1970 The Carpenters We've Only Just Begun -16.5 -1.8 14.7 
2010 Justin Bieber Baby feat. Ludacris -16.3 -5.4 10.9 
2010 Shakira Waka Waka -17.4 -6.5 10.9 
2003 OutKast Hey Ya! -12.8 -1.6 11.2 
1999 Red Hot Chili Peppers Californication -14.4 -3.1 11.3 
2015 Adele Hello -13 -5 8 
2007 Foo Fighters The Pretender -13.4 -3.7 9.7 
1991 Nirvana Smells Like Teen Spirit -18.7 -4.9 13.8 
1975 Queen Bohemian Rhapsody -16.5 -3.2 13.3 
1990 AC/DC Thunderstruck -13.9 -2.7 11.2 
2003 Linkin Park Numb -12.4 -3.8 8.6 
2004 Green Day Boulevard of Broken Dreams -12.5 -2.4 10.1 
1981 Duran Duran Girls On Film -22 -8 14 
1981 Human League Don't You Want Me -20.2 -7.5 12.7 
1984 Wham! Wake Me Up Before You Go-Go -15 -0.8 14.2 
2015 Madonna Bitch I'm Madonna  -13.2 -3.1 10.1 

  Min -22 -8 8 
  Max -12.4 0.1 16 
  Diff 9.6 8.1 8 

 
Table 5: Analysis of YouTube output using twenty seven music videos of music 1957 to 2017. Measurements 

procedures used: integrated loudness (LUFS); true peak (dBFS); and peak to loudness ratio (LU). The 
measurements highlighted in yellow represent outliers. Differential of range between minimum and maximum 

in each measurement illustrated in last line of the table 

 



APPENDIX 5 – PANDORA 
Pandora Premium - Today's Hits Channel       
Year Artist Title IL LUFS dBTP PLR 
 2017 Zedd & Alessia Cara Stay -20.4 -5.6 14.8 
 2015 Twenty One Pilots Stressed Out -20 -5.6 14.4 
 2017 Machine Gun Kelly At My Best -20 -7.3 12.7 
 2015 The Weeknd Can't Feel My Face -19.6 -8.9 10.7 
 2017 Flo Rida & 99 Percent Cake -20 -7.6 12.4 
 2015 Jason Derulo Want to Want Me -20.7 -6.1 14.6 
 2017 Ed Sheeran Castle on The Hill -19.9 -9.5 10.4 
 2016 Kyle I Spy -20 -4.7 15.3 
 2017 Julia Michaels Issues -19.9 -4.9 15 
 2015 Adele Hello -20 -10.5 9.5 
  Min -20.7 -10.5 9.5 
  Max -19.6 -4.7 15.3 
i)  Diff 1.1 5.8 5.8 
      
Pandora Premium - 60s, 70s & 80s Hits Channel    
Year Artist Title IL LUFS dBTP PLR 
 1965 Four Tops I Can't Help Myself -20.1 -10.1 10 
 1968 The Foundations Build Me Up Buttercup -21.3 -8.5 12.8 
 1969 Creedence Clearwater Bad Moon Rising -21.8 -6.5 15.3 
 1969 The Beatles Here Comes the Sun -19.6 -5.5 14.1 
 1967 Aretha Franklin Respect -21.5 -9.3 12.2 
 1977 Bee Gees Night Fever -20.7 -3.8 16.9 
 1962 Ben E. King Stand by Me -21.1 -10.5 10.6 
 1968 Steppenwolf Born to Be Wild -20.5 -7.3 13.2 
 1981 Phil Collins In the Air Tonight -23.4 -6.4 17 
 1975 Eagles  One of Those Nights -20 -7.1 12.9 
  Min -23.4 -10.5 10 
  Max -19.6 -3.8 17 
ii)  Diff 3.8 6.7 7 
      
Pandora Premium - K-Pop 
Channel      

Year Artist Title IL LUFS dBTP PLR 
 2014 BTS Danger -19.4 -8.6 10.8 
 2016 Seventeen Boom Boom -19.9 -7.9 12 
 2012 Big Bang Fantastic Baby -19.5 -7.6 11.9 
 2016 GOT7 Hard Carry -20.3 -8.1 12.2 
 2012 TVXQ Catch Me -19.3 -7.5 11.8 
 2016 BTS Blood Sweat & Tears -19.8 -6.9 12.9 
 2017 Winner Really Really -20.2 -9.4 10.8 
 2012 Block B Nillili Mambo -20.2 -9.7 10.5 
 2013 B.A.P One Shot -19.7 -9.3 10.4 
 2015 MONSTA X Hero -20 -9.4 10.6 
  Min -20.3 -9.7 10.4 
  Max -19.3 -6.9 12.9 
iii)  Diff 1 2.8 2.5 

Table 6: Analysis of Pandora output using thirty recordings, ten from each of three online radio channels: i) 
Todays’ Hits; ii) 60s, 70s & 80s Hits; iii) and K-Pop. Release year ranges from 1965 to 2017. Measurements 

procedures used: integrated loudness (LUFS); true peak (dBFS); and peak to loudness ratio (LU). The 
measurements highlighted in yellow represent outliers. Differential of range between minimum and maximum 

in each measurement illustrated in last line of each table. 


