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Executive summary
The Environment Protection Authority (EPA) conducted a long-term noise monitoring program in Adelaide Central
Business District (CBD). Data was acquired from May 2015 to May 2016. A network of six noise monitoring stations were
deployed, surrounding the northern section of Adelaide CBD on streetlights to evaluate cumulative noise impact of the
area.
The location of the six noise monitoring stations were at:
1

West Terrace

2

North Terrace (George Street)

3

King William Road

4

East Terrace

5

Hindmarsh Square

6

Victoria Square

These locations were selected based on the impact expected from major sources in the area such as road, rail and
entertainment noise. The data from the noise monitoring was then used to verify a noise model of the Adelaide CBD.
The modelled noise impact was compared to the recommendations in relevant standards and regulatory documents. The
noise model was also used to assess noise exposure of the population in the CBD and calculate long-term estimates on
noise exposure.
The EPA provided access to the data and audio records during the lifetime of the monitoring phase of the project via a
public access website. Real-time and historical data of up to a week was available to the general public.
Based on the monitoring data, road noise is expected to be the largest noise source detected in the CBD. Buildings in
areas adjacent to major arterial roads experience the highest overall noise levels. These buildings also normally act as
acoustic shielding to other buildings further away from the arterial roads.
Entertainment noise was another major noise source in the CBD during festival periods such as the Fringe. Locations
where large outdoor events are held in the CBD were modelled to forecast noise impact on the surrounding area.
Entertainment noise is generally localised and does not significantly affect areas further than 500m from the venues.
Rail and air traffic noise impact in Adelaide CBD can be considered as minor. Rail noise affects the northwest of the CBD
and the western borders of North Adelaide. Air traffic noise influences limited areas such as North Adelaide due to
designated air corridor above the area and generally low ambient noise.
The noise impact in particular parts of the CBD can be reduced significantly by implementing effective planning, design
and noise management solutions. Recommendations on noise mitigation measures are presented in the report.
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1

Introduction

1.1

Project background

The Environment Protection Authority (EPA) initiated a strategic noise monitoring project in partnership with Adelaide City
Council (ACC) in the Central Business District (CBD) of Adelaide. Planning by the ACC and South Australian
Government (30-Year Greater Adelaide Development Plan) envisage a rise in the population living in Adelaide CBD and
adjacent areas. It may lead to increase of traffic density, noise contribution from domestic machines and building
mechanical plants.
The monitoring project was intended to identify current noise levels on basis of long-term averages for day and night
times. Combined noise monitoring and modelling approach enabled analysis of major noise contributors and noise impact
in the CBD for future scenario planning.
The monitoring stations were fully deployed in May 2015 and operational until mid-May 2016. Data from the monitoring
stations were utilised to help validate the strategic noise mapping in SoundPlan 7.4 software.
Data from the monitoring stations and triggered audio records were available online via the EPA website. The public
access site was available to the public during the lifetime of the monitoring phase of the project.

1.2

Project aims

The strategic noise monitoring project aimed to achieve the following goals:
•

Assessment of data collected providing valuable insight into the ambient noise environment in the Adelaide CBD.

•

Develop a comprehensive database of noise data within the northern part of the CBD.

•

Identify major noise sources within the northern part of the CBD.

•

Identify areas within the CBD with the highest noise impact.

•

Produce noise maps describing the current noise environment within the northern part of the CBD.

•

Using collected data, model noise within the CBD for future development scenarios.

•

Develop recommendations for effective noise management in the CBD.

•

Inform the community on noise levels in the CBD during the monitoring period.

•

Explore the concept of acoustic amenity in the CBD.

1.3

Project scope

The scope of the project included:
•

Strategic noise mapping of the Adelaide CBD based on available data and modelling inputs.

•

Identification of major noise sources and their contribution to the noise impact.

•

Analysis of the suitability of the areas for particular land use.

•

Recommendations on managing the noise impact in the CBD.

•

Data analysis and reporting based on the data collected.

•

Real-time noise monitoring for public access established in the northern part of the CBD.

•

Noise maps for increased traffic volumes.

•

Estimates and maps for the noise population exposure (acoustic comfort).

3
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Not included in the scope were:
•

Health data or its analysis.

•

Social surveys on noise exposure.

•

Real-time noise monitoring network outside the northern part of the CBD.

1.4

Project links

The project supports the objectives of the following plans:
•

30-Year Plan for Greater Adelaide − the project aimed to investigate any emerging noise issues associated with the
objectives of the 30-Year Plan, in particular the policy of population densification

•

EPA Strategic Plan 2015–2018 − the project supports the EPA’s strategic plan by aiming for ‘protection from
unacceptable noise’ for the community, and addressing strategic objectives ‘safeguard communities’, ‘enable
sustainable urban developments’ and ‘sharing information and being transparent’.
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2

Noise monitoring sites and equipment

2.1

Noise monitoring equipment

The noise monitoring equipment was supplied by Brüel & Kjær Australia (B&K). Six noise monitoring stations B&K Type
3639 were used throughout the course of this project. Each noise monitor contained a B&K 2250 sound analyser with a
long-term noise monitoring option to operate within B&K Noise Sentinel data delivery network. Serial numbers and
calibration data are summarised in Table 1.
The instruments automatically undergo a daily charge calibration routine. A physical calibration using a 94dB acoustic
signal was performed monthly as well. Indications of the sound pressure levels (SPLs) were found to be consistent and
deviations from the previous sensitivities typically did not exceed 0.4dB. The B&K 2250 sound analysers were
permanently connected to the internet via a 3G modem which provided access and control to each unit via the internet.
Table 1

Equipment used and calibrator

Equipment description

Serial number

Due for calibration

Brüel & Kjær Type 2250 Sound Analyser

2750955

April 2017

Brüel & Kjær Type 2250 Sound Analyser

2750956

April 2017

Brüel & Kjær Type 2250 Sound Analyser

2763455

April 2017

Brüel & Kjær Type 2250 Sound Analyser

2763469

April 2017

Brüel & Kjær Type 2250 Sound Analyser

2763470

April 2017

Brüel & Kjær Type 2250 Sound Analyser

2763471

April 2017

Brüel & Kjær Type 4231 Calibrator

2010521

September 2016

2.2

Deployment method

Due to the space and visual intrusiveness constraints present within the CBD, deployment of large, bulky monitoring
stations was not ideal. It was decided that deploying the noise equipment on to existing street lights would be a more
convenient solution. This allowed the use of existing mounting equipment with minimal modifications required. This
method of deployment would also allow the monitoring stations to be powered by the same mains power source as the
street light. Having the equipment powered by mains power source was more reliable than solar panels and batteries,
allowing a more stable connection and uptime for the noise monitoring stations.
Figure 1 shows an example of the noise monitoring equipment deployed on to a street light within the Adelaide CBD. This
example has a weatherproof case containing the noise logger attached to the street light, and the microphone height is at
approximately 2.5m above the ground while the weather station is attached to a pole at approximately 3.05m height. One
of the issues of using current mounting equipment was that the microphone and the weather station were situated too
close to the street light pole. New mounting poles for the microphones and weather stations were designed and
manufactured. The new curved poles were able to offset the microphone and weather station by approximately 700 mm
from the light pole, decreasing potential effects for the noise and weather monitoring.
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Figure 1

2.3

Deployed noise monitoring station at Victoria Square

Noise monitoring sites chosen

The location of each noise monitoring station was strategically chosen to monitor the noise contribution from dominant
noise sources within the area. With only six noise monitoring stations, it was important that the stations be deployed to
areas with prominent noise sources.
The six locations selected are as below and are depicted in Figure 2:
1

West Terrace

2

North Terrace (George Street)

3

King William Road

4

Rundle Road

5

Hindmarsh Square

6

Victoria Square

6
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3

2

4
5

6
1

Figure 2

2.3.1

Locations of the monitoring stations

EPA1 – West Terrace

This noise monitoring station was deployed on a street light near the northeast corner of Grote Street and West Terrace
(Figure 3). It was deployed mainly to monitor traffic noise at high-density roads surrounding the city. The city ring route is
highly utilised to bypass travelling within the CBD.
As this monitoring location can be considered to be located at the most open area, it was fitted with a six parameter
weather station allowing it to monitor wind direction, wind speed, temperature, pressure, humidity and rain.
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Figure 3

2.3.2

Deployed noise monitoring station at West Terrace

EPA2 – North Terrace (George Street)

The second monitoring station was deployed on a street light at the crossing of North Terrace and George Street
(Figure 4). George Street has been converted into a pedestrian thoroughfare and does not carry any vehicular traffic.
Noise monitored at this location was mostly dominated by the traffic noise on North Terrace. Other noise that can be
detected at this location include noise from the city tram on North Terrace, and construction noise from the new Adelaide
University medical school building and occasionally from the new Royal Adelaide Hospital. Occasionally noise from the
rail hub was detected when there are lulls in the traffic noise.
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Figure 4

2.3.3

Deployed noise monitoring station at North Terrace (George Street)

EPA3 – King William Road

This noise monitoring station was deployed on the south eastern corner of King William Road and Victoria Drive, across
the road from Elder Park (Figure 5).
This station was primarily used to determine traffic noise levels from King William Road and during large events held at
Elder Park or Adelaide Oval. These can be categorised as entertainment noise within the city. The noise levels at this
monitoring station were normally controlled by the heavy traffic on King William Road. As King William Road has several
bus routes running through it, this monitoring location is also able to pick up the contribution of noise from heavy vehicles
such as buses.

9

Adelaide CBD strategic noise monitoring report

Figure 5

2.3.4

Deployed noise monitoring station at King William Road

EPA4 – Rundle Road

This noise monitoring station was deployed on a street light at the south eastern corner of Rundle Road and East Terrace
(Figure 4).
The primary objective of this location was to monitor noise from entertainment events held at Rymill Park such as The
Fringe and other festivals held in the surrounding area. This monitoring location is also the closest monitoring station to
the Clipsal 500 track. It is approximately 300m from the closest corner of the track.
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Figure 6

2.3.5

Deployed noise monitoring station at Rundle Road

EPA5 – Hindmarsh Square

The fifth monitoring station was deployed in the pedestrian park on the northeastern quadrant of Hindmarsh Square
(Figure 7). This location was expected to be the quietest locality as it was positioned with the greatest offset from a road.
Even so, the main noise source contribution at this area is still traffic noise.
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Figure 7

2.3.6

Deployed noise monitoring station at Hindmarsh Square

EPA6 – Victoria Square

The final noise monitoring station was located to the eastern edge of Victoria Square (Figure 8). Similar to that of Rundle
Road, it was deployed to monitor noise activity on Victoria Square which hosts many entertainment events. It also
detected a significant contribution from road traffic noise along King William and Wakefield Streets.
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Figure 8

2.4

Deployed noise monitoring station at Victoria Square

Data acquisition system and B&K Noise Sentinel

Figure 9

Connectivity between EPA and Brüel & Kjær Noise Sentinel System

The figure above details the connectivity and data delivery within the EPA noise monitoring network. All monitoring
stations were equipped with a 3G modem which allowed connection to the internet at all times. This enabled all
monitoring stations to be controlled from any computer through a web browser after logging into the Noise Sentinel
13
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system. The noise monitoring stations also upload all data and audio recordings to B&K data collection server, where
B&K manages, stores and pre-process the data.
This B&K Sentinel system also allows live streaming of the noise data through proprietary software which can be
accessed via an internet browser. Reports containing data generated from the monitoring were customised to include
different noise parameters as required. Parameters used for this project are discussed in section 3.1.

2.5

Environmental factors

Weather condition observations are important in determining if data gathered by the stations were affected by rain or
wind during the monitoring period. Each noise monitoring station was equipped with its own weather station to record the
localised weather conditions of the area. The West Terrace location was the only monitoring station equipped with a sixparameter weather station (wind direction, wind speed, temperature, pressure, humidity and a rain gauge). All other noise
monitoring stations were equipped with a two-parameter weather station (wind direction and wind speed). All weather
data were processed by the utility board within the noise monitoring station and reported along with the noise data.
Wind speeds above 5m/s (18km/h) and rain may significantly affect the noise data collected. All microphones were fitted
with a manufacturer provided outdoor wind shield to help reduce wind-induced noise.

2.6

Public access to real time data and audio records

A public access website was available during the monitoring phase of the project. This website is accessible by the
general public via an internet browser at <epanoise.epa.noisesentinel.com>. Similar to the full application, monitoring
data and audio records were available. This allowed visitors of the public access website to quickly look at the noise
levels at the monitoring locations and identify the noise sources by listening to the audio records but not have full access
to the whole database and or settings of the monitoring stations.
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3

Results and data analysis

3.1

Data analysis

All data from each station was collected and analysed daily. The ‘F’ (fast) time weighting was applied as recommended
by the Environment Protection (Noise) Policy 2007. Data extracted from the stations are presented in Table 2.
Table 2

The different noise descriptors used

Data

Explanation

LAeq,15mins

The A-Weighted noise levels averaged over 15 minutes

LAeq,1hour

The A-Weighted noise levels averaged over 1 hour

LAeq,1second

The A-Weighted noise levels averaged over 1 second

LCeq, 15mins

The C-Weighted noise levels averaged over 15 minutes. Manually calculated from the spectra
data.

LCeq − LAeq

The difference between A and C-Weighted noise levels. Normally used to determine the
presence of low frequency noise. Calculated manually from data.

LAmax

The maximum A-Weighted noise level for the recording period

LA90

The A-Weighted noise levels that is equalled to or exceeded for 90% of the recording period

LA10

The A-Weighted noise levels that is equalled to or exceeded for 10% of the recording period

LAeq,DAY

The A-Weighted noise levels averaged through the day (7 am−10 pm)

LAeq,NIGHT

The A-Weighted noise levels averaged through the night (10 pm−7 am)

1/3 octave spectra

The 1/3 octave data from 12.5Hz to 20kHz

Weather data

Wind speed and direction, temperature, humidity, rain gauge, pressure

Data influenced by rain, high wind speeds (above 5m/s) and known extraneous noise events not typically relevant for the
area have been excluded from the analysis.
As there are no universal approaches to assessing contribution from different noise sources, standards and regulatory
documents recommend a variety of acoustical descriptors and reporting procedures for industrial, rail, road and aircraft
noise. Data analysis for this monitoring project is mostly focused on the LAeq and LAmax descriptors in context of the
Environment Protection (Noise) Policy 2007 and WHO Guidelines for Community Noise. Other acoustic descriptors are
reported if relevant for analysis of particular type of noise.
The monitoring equipment were withdrawn from each site on 17 May 2016. The following section will discuss specifically
noise levels at each of the monitoring sites.

3.1.1

West Terrace

The noise impact in the vicinity of this monitoring station was mostly dominated by traffic noise from West Terrace. This
location was ideal to determine the long-term averages that areas surrounding high-density ring routes would experience.
Other noise sources detected during the monitoring period were insignificant compared to that of the traffic noise.
Table 3 shows the overall long term averages recorded throughout the monitoring period. LAmax here is the energy
average of 15-minutes maximum SPLs throughout the monitoring period. It should be noted, that C-weighted levels
during the monitoring period were relatively high. However, the low frequency noise screening parameter LAeq − LCeq
15
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does not exceed the threshold value of 15−20dB. When audio records are referred to, the noise does not evoke the
sensation of a low frequency impact.
Table 3

Long-term averages of acoustic descriptors at West Terrace

Descriptor

LAeq

LAmax

LCeq

LCeq − LAeq

LA90

LA10

Day (7 am−10 pm)

68.4

87.4

78.3

9.9

60.2

71.4

Night (10 pm−7 am)

63.9

83.5

72.9

9.0

53.7

67.2

Figure 10 shows the average noise levels experienced throughout the day. As seen in Figure 10 there is a sharp increase
in noise levels between 4 am and 6 am which would probably coincide with the increase in traffic volume during the
morning peak hours. Noise levels then remain at approximately the same levels throughout the day, dipping a little in the
afternoon periods and increasing once again during the evening peak traffic. It is interesting that the reduction in noise
levels in the evening periods of the day is a lot more gradual when compared to the increase of noise levels in the early
morning periods.
The shape of this graph will very likely be repeated at other monitoring locations most influenced by road traffic noise. It is
highly likely to correlate to the daily traffic volumes where the peaks in noise levels correspond to the peaks of traffic
volumes. The noise levels drop substantially after around 10 pm.

Figure 10

Hourly average for West Terrace

Figure 11 depicts the average noise levels separated into individual monitoring months. Interestingly a noticeable dip in
noise levels occur during the spring and summer periods of the year. December and January shows to be the quietest
months during the monitoring period and gradually increases again after that part of the year. This is likely controlled by
the vacation patterns of the population, where December and January are generally considered holiday periods.
Figure 12 shows the average noise levels split into each day. Not surprisingly, for day time periods, weekdays showed
the highest noise levels. Noise during the weekends is approximately 1 to 2 dB lower on average. Night time periods
show similar noise levels throughout a week. Interestingly, Friday and Saturday nights had slightly higher noise levels
during this monitoring period.
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Figure 11

Monthly average for West Terrace

Figure 12

3.1.2

Daily average for West Terrace

North Terrace

This location was mostly dominated by road traffic noise. Noise from other sources was sometimes detected when the
traffic volumes were lower. As George Street was converted into a pedestrian roadway and has no vehicular excess,
small street events and parties are sometimes organised here.
Table 4

Long-term averages of acoustic descriptors at North Terrace

LAeq

LAmax

LCeq

Day (7am−10pm)

68.4

87.5

78.2

Night (10pm−7am)

64.7

83.4

75.3

Descriptor

LCeq − LAeq

LA90

LA10

9.8

59.8

71.4

10.6

56.5

68.2

Figure 13 shows the hourly average of the noise levels experienced at the monitoring location. Noise levels in the
morning hours increase steadily implying the increase of traffic in the general vicinity of the monitoring location to a peak
at approximately 8am. From then, there is a gradual reduction in noise levels throughout the day. Similar to Location 1,
there is a substantial drop in the noise levels after 10 pm.
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Figure 13

Hourly average for North Terrace

Monthly averages show a noticeable increase of SPLs for the months November and December 2015 as depicted in
Figure 14. There were several high-noise events that took place during this period in the vicinity of the monitoring station
such as street parties and events. Construction noise could be detected during the early hours of the morning when traffic
noise did not fully dominate the soundscape of the area. These include noise from trucks, reversing beepers and
hammering noise. Similar to the West Terrace location, January 2016 showed the lowest noise levels recorded during the
monitoring period.
It is interesting to note in Figure 15 that the night time noise levels during weekends, especially Saturday were higher
than the other days and exceed magnitudes on Friday nights. These values were likely influenced by the street events
during the weekends.

Figure 14

Monthly average for North Terrace
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Figure 15

3.1.3

Daily average for North Terrace

King William Road

EPA3 deployed on King William Road opposite Elder Park had the highest overall noise levels recorded throughout the
monitoring period. King William Road is one of the major roads within the Adelaide CBD with a relatively higher
percentage of heavy vehicle movements. It is a major bus route for several buses that travel towards the northern
suburbs. Also, several major events take place in the parklands at Elder Park.
Surprisingly, noise surrounding the monitoring area is not highly affected when events are held at the Adelaide Oval.
Table 5

Long-term averages of acoustic descriptors at King William Road

LCeq − LAeq

Descriptor

LAeq

LAmax

LCeq

Day (7 am−10 pm)

70.5

90.8

81.7

11.2

60.2

73.3

Night (10 pm−7 am)

64.9

85.7

76.0

11.1

53.6

68.1

LA90

LA10

The hourly average shown in Figure 16 is very similar to the one shown for the West Terrace Location (Figure 10). The
overall hourly average here clearly shows two maximums in the noise levels at approximately 8 am and 5 pm, likely due
to the peaks in traffic volumes during those hours.

Figure 16

Hourly average for King William Road
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The monthly averages for this location (Figure 17) show small variations in the noise levels across the months with the
quietest being January 2016. The last three monitoring locations show a trend, with January being the quietest month for
these sites.

Figure 17

Monthly average for King William Road

Day time noise levels at this location were highest during the week and slightly lower over the weekend. Fridays and
Saturdays showed the highest overall night time noise levels (Figure 18).

Figure 18

3.1.4

Daily average for King William Road

East Terrace

Noise monitoring station EPA4 located on East Terrace was the second quietest overall location during this monitoring
period. This is likely due to the road traffic adjacent to this monitoring station being less dense when compared to the
previous monitoring locations. The main source of interest for this site was entertainment noise, such as during the Fringe
Festival. This monitoring site captured noise from the Fringe and other community events that took place surrounding
Rymill Park.
Table 6

Long-term averages of acoustic descriptors at East Terrace

LCeq − LAeq

Descriptor

LAeq

LAmax

LCeq

Day (7 am−10 pm)

66.5

87.2

78.6

12.1

59.7

68.5

Night (10 pm−7 am)

61.5

82.2

73.4

11.9

54.5

63.7
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The hourly average for this monitoring location shows a standard shape apart from the spike in noise levels at
approximately 11am (Figure 19). Upon further investigation on what may have caused this large increase in the overall
average, it was found that this large peak was due to aircraft flyover events that were associated with the Clipsal 500 car
race. During that time, several air shows were organised where aircraft would perform fly-bys at relatively low heights.
These events generated high-noise levels sufficient to increase the overall long-term noise levels noticeably. Section 5.3
discusses these specific events.
Figure 20 shows the monthly average noise level of the monitoring location. February and March had significantly higher
average noise levels due to the festival events held in the Rymill Park area and the Clipsal 500 race. The average noise
levels of these two months were approximately 2.5dB higher than the quieter months. During these months, this
monitoring location became one of the noisiest despite being the quieter location for the other months.
Analysis of the daily average (Figure 21) reveals increased noise during the night for Friday and Saturday. This is
possibly due to the increase in activity in the surrounding area (dining areas in Rundle Street and the parklands).

Figure 19

Figure 20

Hourly average for East Terrace

Monthly average for East Terrace

21

Adelaide CBD strategic noise monitoring report

Figure 21

3.1.5

Daily average for East Terrace

Hindmarsh Square

This Hindmarsh Square (EPA5) monitoring location was the quietest monitoring location, due likely to having the largest
offset from the roads. Although this may be the case, noise levels of the area were still relatively high and it would not be
considered a quiet locality. Traffic noise still dominates the noise environment.
Table 7

Long-term averages of acoustic descriptors at Hindmarsh Square

Descriptor

LAeq

LAmax

LCeq

Day (7 am-10 pm)

65.2

84.6

78.4

Night (10 pm-7 am)

60.9

80.6

72.1

LCeq − LAeq

LA90

LA10

13.2

59.5

67.2

11.2

53.4

63.3

Hourly averages (Figure 22) for this monitoring location once again display the standard shape. Interestingly, the monthly
average (Figure 23) shows that the levels at this area were almost similar throughout the year apart from March, which is
most likely due to the presence of the Fringe Festival taking place and increasing the overall noise levels in the area. The
maximum monthly difference is about 2dB.

Figure 22

Hourly average for Hindmarsh Square
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Figure 23

Figure 24

Monthly average for Hindmarsh Square

Daily average for Hindmarsh Square

The daily averages pattern (Figure 24) resembles other locations with highest night time levels detected on Friday and
Saturday nights.

3.1.6

Victoria Square

EPA6 deployed to the east of Victoria Square was the second noisiest monitoring location. Situated in the centre of the
CBD, noise in the area was heavily dominated by traffic noise. Multiple bus routes pass by this monitoring location.
Also, throughout the year, large events have been organised in Victoria Square such as the Santos Down Under and the
Fringe Royal Croquet Club venue.
Table 8

Long-term averages of acoustic descriptors at Victoria Square

LCeq − LAeq

Descriptor

LAeq

LAmax

LCeq

Day (7 am−10 pm)

69.8

89.7

81.4

11.6

60.8

72.6

Night (10 pm−7 am)

64.0

84.6

76.6

12.6

55.9

66.6

LA90

LA10

Hourly averages (Figure 25) at this monitoring station were similar to the other sites mostly influenced by major roads.
Peaks in noise levels during the day normally took place at rush hours between 8 am and 5 pm.
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During the Fringe Festival in February and March, overall monthly averages were about 1.5dB higher than when
compared to the other months (Figure 26). It should be noted that absolute difference in the monthly levels is small and
does not exceed 2dB.

Figure 25

Figure 26

Hourly average for Victoria Square

Monthly average for Victoria Square

There is qualitative similarity with other CBD locations for the daily day and night levels measured at this station
(Figure 27).
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Figure 27

3.1.7

Daily average for Victoria Square

Averages of the monitoring stations

The previous sections detailed acoustic descriptors based on the long-term data acquired at each individual monitoring
location. There is an apparent similarity of the noise impact measured at these monitoring points. Long-term descriptors
measured at the West Terrace and North Terrace monitoring stations were especially close to each other. Table 9
represents day and night time estimates of long term energy averages from all six stations. These levels may
characterise the long-term noise impact for the northern part of the Adelaide CBD.
The table shows that the statistical descriptors and equivalent levels differ substantially, which may be explained by
significant variations in the measured SPL. This is confirmed by high maximum levels and analysis of SPL time histories
with high time resolution (0.5 second).
Table 9

Long-term averages of acoustic descriptors acquired from all six stations

Descriptor

LAeq

LAmax

LCeq

LCeq − LAeq

LA90

LA10

Day (7 am−10 pm)

68.5

88.3

79.7

11.5

60.1

71.2

Night (10 pm−7 am)

63.6

83.6

74.7

11.2

54.8

66.6

Analysis of hourly data averaged across the locations (Figure 28) shows that the statistically noisiest hours coincide with
morning and afternoon (4−5 pm) rush hours. The average noise impact is generally high over the entire business hours
period.
Monthly averages do not show clear seasonable dependence of the SPLs. The quietest month (January) is characterised
by the average SPL which is less than 1.5dB below the noisiest monthly average (February). Most likely the Fringe
Festival events, together with slightly increased traffic flow after the vacation season, contributed to the marginal increase
in noise in the CBD in February 2016 (Figure 29).
Noise patterns, that are dependent on the weekdays, are compatible with changes in the traffic volumes and population
activities during weekend nights (Figure 30). It should be noted that day and night differences are more substantial than
seasonal (monthly) or even spatial (between locations) differences and reached 6dB (Thursday).
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Figure 28

Long-term hourly SPL averages, energy averages for six locations

Figure 29

Figure 30

Monthly SPL averages, energy averages for six locations

Long-term day of the week SPL averages, energy averages for six locations
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3.2

Strategic noise mapping

3.2.1

Areas within the CDB

To simplify the reference of particular areas within Adelaide CBD, the Adelaide City Council area was divided into
particular zones as shown in Figure 31 for the purpose of this report.

North Adelaide
Northern CBD

South Eastern
CBD

Southern CBD

Figure 31

Sections of the CBD based on average noise levels

This categorising of the council area is based on the overall noise levels modelled in the area. It is utilised for the purpose
of explaining the results of the noise modelling and data analysis for different areas and does not correspond to any
zoning within the official planning documents.

3.2.2

Noise maps using different acoustic descriptors

Day and night time noise levels from the data collected throughout the monitoring period were used to calibrate an
acoustic model of the Adelaide CBD. Long-term averages were used to compare and adjust acoustic inputs to
characterise the noise sources in the area. The software used for these simulations and modelling was SoundPLAN.
Several of these noise maps can be found within this section. The different noise maps generated normally depict
contributions from different noise sources such as rail, road or music venues. Some of the noise maps will also show
different averaging methods for comparison with different standards and regulatory documents.
Figures 32 and 33 show the overall day and night time noise levels of the Adelaide CBD respectively. These figures
indicate the cumulative noise impact to be expected within the Adelaide CBD for the specific time periods.
In the current noise environment of the Adelaide CBD, it can be said that the CBD can be separated into several distinct
areas by noise environment quality as defined in Figure 31.
In Figure 32, North Adelaide and the South Eastern CBD represent the quietest areas, while the Northern CBD is
generally the noisiest due to heavy traffic in the area. The Southern CBD is only moderately affected.
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The World Health Organization has established a night time interim goal of 55dB(A) for Europe (WHO 2009). It can be
seen that besides areas directly adjacent to heavy arterial city roads, most of the Adelaide CBD night time noise level is
able to meet the criterion (Figure 33).
Different standards use a variety of descriptors for assessing and averaging noise levels over day periods. Documents of
the European Union are often based on the day−evening−night A-weighted sound pressure levels. This descriptor (Lden)
adds a penalty to the measured evening and night time levels. Figure 34 shows the Lden levels of Adelaide CBD to allow
for a direct comparison with European quality targets and average level of existing impact.
A general consensus limit to a high quality acoustic environment is for the Lden descriptor to be not more than 50dB(A)
(European EPA 2010). With Figure 34 referenced, it can be seen that the majority of modelled Adelaide CBD area
exceeds the 50dB(A) limit. The quietest areas of the CBD (North Adelaide and Southeastern CBD) are generally
modelled to have a Lden of between 52 and 55dB(A). However, the average Lden of Adelaide CBD does not exceed the
current European average of 58dB(A) in areas away from major arterial roads.
Assessment of contributions and modelling of individual major noise sources can be found in section 5 where each of the
major sources is discussed in more depth.

28

Adelaide CBD strategic noise monitoring report

Figure 32

Day time noise levels for Adelaide CBD
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Figure 33

Night time noise levels for Adelaide CBD
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Figure 34

3.3

Lden levels of Adelaide CBD

Assessing population exposure

Environmental policies and other regulatory documents normally incorporate certain principles which establish noise
limits applicable to individual noise sources. However, having a particular noise source meet requirements does not
mean that the amenity in the area meets the expectations of residents or health recommendations. In very complex noise
environments, such as Adelaide CBD, the cumulative noise impact from multiple noise sources may be significantly
higher than levels applicable to individual noise sources. Therefore assessing the cumulative noise impact based on a
single acoustic descriptor may give a better representation regarding the possible adverse effect from noise.
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This can be done using the concept of acoustic amenity, which is similar to the concept of soundscape. This concept
adopts the idea that people expect the noise impact will be higher in busy areas such as the CBD. Defining acoustic
amenity as the difference between the expected comfortable noise level (LAeq,R) of noise in a particular area and the
actual long term estimates (LAeq), the following formula is utilised:
γ = LAeq,R − LAeq

(1)

where γ is the acoustic comfort indicator, LAeq,R is the acceptable SPL for the area, LAeq is the long-term measured or
predicted SPL for the area.
A negative value for the acoustic comfort parameter means that the acoustic amenity in the area is below expectations.
A separate parameter for LAeq,R can be used for day and night time periods to show the different expectations. For the
Adelaide CBD, the values determined suitable for LAeq,R for day and night time are 65dB(A) and 55dB(A). The night time
value of 55dB(A) was chosen because it is the interim night time noise goal in Europe to achieve at the moment and
65dB(A) is considered appropriate for frequent communications. Figures 35 and 36 shows the map for day and night time
acoustic amenity within Adelaide CBD.
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Figure 35

Acoustic comfort indicator for Adelaide CBD, day period
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Figure 36

Acoustic comfort indicator for Adelaide CBD, night period

Estimates for the percentage of the population that are exposed to negative amenity can be calculated using the formula:

Kp =

Nd
NTotal

× 100%.

(2)

Kp is used to estimate the percentage of the population living in zones with negative acoustic amenity, where the Nd is
the number of residents living in zones of the negative acoustic comfort and NTotal is the total number of residents living in
area of interest.
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With the same LAeq,R used in assessing the current acoustic comfort indicators [65dB(A) day, 55dB(A) night], the
approximate fraction of residents living in zones of discomfort is 34% during the day time hours. Population distribution
data available for the CBD was utilised to produce the estimates. In reality, the number of people actually affected may
be higher as there should be a greater number of people during the day coming to the CBD for work and leisure purposes
compared to the permanent residents recorded within the CBD. The night time hours show that 51% of the Adelaide CBD
residents exposed to levels above the expected comfortable noise levels.
It is possible to introduce another noise exposure descriptor:

Ks =

Sd
STotal

× 100%.

(3)

Similarly to Kp, Ks is an estimate of the amount of surface area exposed to negative acoustic comfort, where Sd is the
area where acoustic comfort parameter is negative. Estimated area of acoustic comfort indicators for day and night for
the Adelaide CBD gives 38.6% and 55.5% respectively. The percentages here only assesses building areas and does
not include communal areas such as the parklands.
It is interesting that for both parameters, the night time percentages were significantly higher than day time percentages.
This could be because the reduction in volumes of city traffic, which is the major source of noise in the CBD in the long
term, is balanced out by the expectation of greater amenity during the night time.

3.4

Long-term estimates

It is challenging to predict what the soundscape of Adelaide CBD will be like over the long term, as there are many
planned developments that would probably change the landscape of the city within a few years. The Adelaide City
Council website has several statistical estimates predicting population growth to take place within the next 20 years to
2036. It is anticipated that the population in the Adelaide CBD will increase by about 62% by the year 2036 (Adelaide City
Council 2016). Some long-term estimates show that the population exposure indices (from formula 2) do not change
under the current noise environment.
This method is likely to underestimate the percentage of the affected population. This is because the growth of the
population would probably also lead to an increase in the overall noise levels within the city.
Table 10

Year

Estimates of the fraction of the CBD population living in zones of acoustic discomfort

Population estimates

Population exposure (%)
Day

Night

2016

23,507

34.2

50.9

2026

31,904

36.9

54.5

2036

38,124

38.1

56.2

Table 10 shows the population exposure anticipated for years 2016, 2026 and 2036 and the percentage of the population
forecast to be exposed to higher noise levels if the noise environment does not change noticeably. The population
density in the Adelaide CBD is projected to become higher in future. It is expected that not only more people will be
exposed to higher noise levels, but also a higher percentage of the overall population will be exposed as well. This effect
is mostly because more residents are expected to move into the northern parts of the CBD with more high density
residential living made available. Such areas as North Adelaide with relatively low noise levels are not forecast to attract
more residents than it already has.
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4

Suitability of land use based on noise monitoring data

There are no official documents for the suitability of land use based on noise monitoring in South Australia.
Consequently, recommendations on land use are based on multiple relevant noise standards and policies.
Recommendations are also provided with support from the long-term noise monitoring conducted around the Adelaide
CBD and noise maps from noise modelling using SoundPLAN.

4.1

Land use in accordance with the Environment Protection (Noise) Policy 2007

The Environment Protection (Noise) Policy 2007 is primarily intended to determine the noise criteria for different noise
activities depending on what activities are principally promoted for a zone within a development plan. It is not directly
applicable to determine the suitability of land use of an area, but it serves as a guide for noise characteristics for the
expected amenity in particular zones. Table 2 (clause 5, subclause 9) in the policy is used to determine the noise criteria
for an area. It should be noted that the cumulative impact from all of the sources in the area is taken into account rather
than from particular sources.
Based on the Adelaide City Council Development Plan (consolidated 24 September 2015) the Adelaide CBD consists of
several different zones which help to determine the character and type of development that is envisioned in a locality.
The majority of zones within the city can be interpreted as a ‘Mixed use’, that is, a mix of ‘Residential’ and ‘Commercial’
uses. The noise criterion for each of the respective land uses is averaged to provide a mixed use criterion. Table 11
describes the indicative noise criterion that should be observed within these areas.
There are several areas under the Historic (Conservation) Zones. A large proportion of North Adelaide and a small
section of the South Eastern CBD is zoned in this way. In addition, the City living zone can be found within the Southern
CBD, and these zones can be interpreted as a Residential zone for the purposes of the Noise Policy.
When comparing the noise criteria to the noise map modelling within section 3.2, it can be seen that in the denser areas
of the CBD, it would be difficult to meet a 57dB(A) day time noise criterion due to the heavy road traffic in the area. Areas
not directly adjacent to major arterial roads have a better chance of achieving 57dB(A) during the day as the other
buildings act as a barrier to reduce noise levels in the area.
Table 11

Indicative noise criteria for the different zones in the CBD

Development plan zoning

Land classification

Noise criteria

Residential

Day: 52dB(A)

City living zone
City frame zone
Main street zones

Mixed use

Capital city zone

Night: 45dB(A)
Commercial

Day: 62dB(A)
Night: 55dB(A)

Mixed use zones
Average

Day: 57dB(A)
Night: 50dB(A)

North Adelaide Historic
(Conservation) Zone

Residential

Day: 52dB(A)
Night: 45dB(A)

Adelaide Historic
(Conservation) Zone
Similarly the SPLs at night time in the denser northern parts of the CBD were mostly higher than the night time indicative
noise criterion of 50dB(A).
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The areas of the CBD and North Adelaide that were intended as historic zones were also the quietest due to the lower
traffic volumes in the area. Referencing the night time noise maps, these areas are expected to meet the night time noise
levels of 45dB(A).

4.1

Land use in accordance to AS1055.2

AS1055 is the Australian Standard for description and measurement of environmental noise. Part 2 of this standard
discusses the acquisition of data pertinent to land use.
Informative Appendix A of the standard contains recommended average background A-weighted SPLs (L A90) for different
areas containing residences in Australia. This can be found in Table 12 (extracted from the standard). The original table
in the standard divides a day into three different periods (day, evening and night), however the standard series (AS1055)
allow for other time periods to be chosen as well. The Noise Policy only operates with day and night time limits, therefore
only the day and night time background noise levels as defined in the policy are considered for the purpose of this report
to keep it consistent with other relevant documents.
Table 12

Noise
area
category

Average background A-weighted sound pressure level (AS1055.2–1997)

Average LA90 [dB(A)]

Description of neighbourhood

Day

Night

R1

Areas with negligible transportation

40

30

R2

Areas with low density transportation

45

35

R3

Areas with medium density transportation or some commerce or industry

50

40

R4

Areas with dense transportation or with some commerce or industry

55

45

R5

Areas with very dense transportation or in commercial districts or bordering
industrial districts

60

50

R6

Areas with extremely dense transportation or within predominantly industrial
districts

65

55

Based on the monitoring data in section 2, a majority of the monitoring locations would be placed within R6 noise area
category being ‘areas with extremely dense transportation’. From Table 9, LA90 average for the six monitoring stations is
60dB(A) for day and 55dB(A) for night time hours.
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Figure 37

Figure 38

Day time LA90 estimates

Night time LA90 estimates

Noise maps estimating L A90 levels throughout Adelaide CBD can be found in Figures 37 and 38. LA90 noise data from the
monitoring stations were used as estimates to adjust inputs of the noise model to produce these maps. This method may
not be the most accurate model of LA90 noise levels, but can be taken as an approximation.
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Table 13 shows the estimated LA90 noise level in each of the CBD areas as defined in Figure 31. The areas are then
categorised based on the noise categories from Table 12. Most of the areas defined in the CBD are likely to be able to
meet the recommended LA90 levels unless it is directly adjacent to major arterial roads.
It is interesting to note that the day time levels were more likely to be categorised as a quieter noise area when compared
to the night time levels. This also supports the earlier calculations in sections 3.3 and 3.4 where a higher percentage of
the population is under acoustic discomfort during the night time hours.
Table 13

Categorising the CBD areas according to L A90 estimates

LA90 in the area [dB(A)]

Area

Noise area category

Day

Night

North Adelaide

38–41

35–38

R2

South Eastern CBD

38–41

35–38

R2

Southern CBD

44–47

38–41

R4

Northern CBD

53–56

44–47

R5

By arterial roads

59–62

53–56

R6

4.2

Land use in accordance to ANSI/ASA S12.9–2007/Part 5

ANSI/ASA S12.9-2007/Part 5 is the American National Standard for sound level descriptors for determination of
compatible land use. This standard provides guidance on the compatibility of various land uses with the acoustic
environment. It uses the annual average of the adjusted day−night average sound level (LDNL, where a 10dB penalty is
added to the night time SPL) to characterise the acoustic environment.
Table 14 is an extract from the Standard (Figure A.1). This figure describes the land-use compatibility with the annual
average of the total adjusted day−night sound level.
Table 14

Land-use compatibility with annual average adjusted day−night levels (ANSI/ASA S12.9−2007/Part 5)

Categories of land use

Adjusted annual average of the day–night level
(LDNL), dB(A)
Compatible

Marginally
compatible

Compatible with
sound insulation

Residential – urban/suburban use, single
family, extensive outdoor use

55

60

N/A

Residential – multiple family, moderate
outdoor use

60

65

N/A

Residential – multi-storey, limited outdoor
use

60

65

75

Neighbourhood parks

55

70

N/A
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Categories of land use

Adjusted annual average of the day–night level
(LDNL), dB(A)

Office buildings, personal services,
business and professionals

Compatible

Marginally
compatible

Compatible with
sound insulation

65

75

N/A

Commercial – retail, movie theatres
restaurants
Figure 39 shows noise levels in the Adelaide CBD calculated in accordance with the recommendations of the standard.
As expected, areas directly adjacent to heavy arterial roads have a LDNL of approximately 70dB(A). These areas would
be marginally compatible for commercial or office and services land use. They are also compatible for multi-story
residential with limited outdoor use if the residential developments incorporate noise mitigation measures.

Figure 39

LDNL noise levels of Adelaide CBD

Table 15 contains day and night levels typical for the city zones as shown in Figure 31. It gives a clear understanding
about acoustic amenity in particular parts of the city.
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Table 15

Typical day and night noise levels LDNL for sections of Adelaide CBD

LDNL in the area, dB(A)

Area
North Adelaide

52–55

South Eastern CBD

52–55

Southern CBD

58–61

Northern CBD

64–67

By arterial roads

67–70

The LDNL magnitudes can be compared to Table 14 to determine the most compatible land use of the area. Results of the
analysis are summarised in Table 16.
Table 16

Area and suitable land uses

Area name

Land use

Compatibility

North Adelaide

Residential – Urban/suburban use, single family, extensive
outdoor use

Compatible

South Eastern
CBD

Residential – Urban/suburban use, single family, extensive
outdoor use

Compatible

Southern CBD

Residential – Multiple family, moderate outdoor use

Compatible

Northern CBD

Residential – Multi-story limited outdoor use

Sound insulation required

Office buildings, personal services, business and professionals

Marginal

Commercial – Retail, movie theatres restaurants

Marginal

Residential – Multi-story limited outdoor use

Sound insulation required

Office buildings, personal services, business and professionals

Marginal

Commercial – Retail, movie theatres restaurants

Marginal

By arterial
roads
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5

Contribution of different noise sources

The data from the monitoring stations was further analysed to determine the individual contribution of different noise
sources. Different standards recommend a variety of acoustic descriptors to address noise from traffic, rail, aircraft and
industry.

5.1

Contribution from traffic noise

As discussed before, traffic noise is the largest contributor to noise in the Adelaide CBD. It is difficult to determine the
actual noise contribution of traffic noise as this is not present at all times but has a relatively high impact to the
surrounding area. Unlike other noise sources considered, there is no specific ‘event’ for traffic noise. It has a relatively
random characteristic when the short-term noise levels are considered.
Section 2 of Australian Standard AS 3671−1989 (Acoustics – Road traffic noise intrusion – building siting and
construction) discusses the determination of road traffic noise exposure. According to the standard, the traffic noise
descriptor can be determined from equivalent or statistical percentile levels: LA%,T, LAeq,T . ‘T’ is determined by the land
usage. For commercial use, T may be restricted to the day time hours; while for residential use, a 24-hours estimate
would be a better descriptor to include night time noise levels as well. Several time periods (T) that will be considered for
traffic noise contribution are shown below in Table 17.
Table 17

T (Hours)

Time periods (T) considered for traffic noise

Period

Time

15

Day

7 am–10 pm

9

Night

10 pm–7 am

24 hours

Full day

24

Although all the monitoring locations were heavily impacted by traffic noise, the monitoring sites most affected are the
West Terrace, King William Road and Victoria Square. Monitoring equipment was deployed in areas with either high
traffic flow or areas with a significant proportion of heavy vehicles (such as buses). Figure 40 shows the overall noise
levels at these locations for the month of July 2015. As can be seen from the figure, overall noise levels at each location
demonstrate a similar pattern throughout the month.

Figure 40

A-Weighted noise levels over July 2015 (15-minute averages)
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From processing the data in section 2 of this report, this month was identified as a period when high noise levels were
recorded at these 3 locations with minimal influence from other major external events. However the similar pattern can be
traced down through the entire monitoring period. Table 18 shows the average LAeq and LA10 descriptor for these three
locations over the month of July.
Table 18

LAeq and LA10 descriptor for each location over the month of July, dB(A)

Day

Night

LAeq

LA10

LAeq

West Terrace

69.3

72.4

64.9

King William Road

71.0

73.9

Victoria Square

69.9

Average

70.1

LA10

24 hours
LAeq

LA10

68.3

68.1

71.2

65.6

68.9

69.6

72.6

72.9

63.8

66.8

68.5

71.4

73.1

64.8

68.1

68.8

71.8

According to the Department of Planning, Transport and Infrastructure (DPTI) Road Traffic Noise Guidelines 2014, night
time SPL for sensitive noise receivers should not exceed 50−55dB(A) depending on whether a new road or a
redeveloped road was built. As can be seen in Table 18, noise levels in the areas where the monitoring stations were
deployed are significantly higher than the recommended levels. Also, referring to Figure 41 for the day time noise, the
northern CBD areas would likely not be able to meet day time limits of 55−60dB(A) recommended by the DPTI Guidelines
unless significantly shielded from most major roads. The south eastern areas of the city and North Adelaide areas should
be able to meet this recommended day time level.

Figure 41

Results of modelling for Adelaide CBD, road noise during the day time hours, LAeq

Night time noise levels are approximately 5dB less when compared to the day time levels within the CBD at the
monitoring locations. One can see in Figure 42 that areas away from any major arterial roads are predicted to be able to
meet the DPTI recommended 50dB(A) night time noise levels.
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Minister’s Specification SA78B – Construction requirements for the control of external sound – suggests that buildings
within 100 m of a Type A road (speed limit 50–60 km/h) should be acoustically treated to achieve the recommended
internal levels. In highly dense areas within the CBD, this would include most buildings. It would be difficult to satisfy a
30–35dB(A) design criterion (standard AS/NZS 2107) for bedrooms inside the buildings without acoustic treatment to
facades even in areas where traffic noise is only moderate.

Figure 42

Results of modelling for Adelaide CBD, road noise during the night time hours, LAeq

Figure 13

Overall 1/3 frequency spectrum (unweighted) over July 2015

Road traffic noise is normally considered to be broadband in nature. This means that the noise does not possess obvious
noise characters such as low frequency or tonal attributes. Figure 43 shows the unweighted frequency spectrum at these
three locations over July 2015. The most influential frequencies for road traffic noise are between 50Hz and 80Hz. Even
though there is high energy within these frequency spans, it does not mean that it has a low frequency character.
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A potential low frequency problem may be highlighted by using the difference between C- and A-Weighted noise levels.
A difference of 15dB or greater may indicate the potential for low frequency character; while a difference of 20dB is
normally used to check for excessive low frequency noise. Table 19 shows that none of the time periods displayed a
difference of more than 15dB. Only at the King William Road location during the night time periods had LCeq – LAeq values
close to 15dB. This is likely due to the high number of buses in that location.
Table 19

Low-frequency noise in traffic noise

Victoria Square

King William Road

West Terrace

LCeq, dB(C)

5.2

LCeq − LAeq, dB

LAeq, dB(A)

Overall

77.5

68.1

9.4

Day

78.9

69.3

9.6

Night

73.3

64.9

8.4

Overall

82.3

69.6

12.7

Day

83.1

71.0

12.1

Night

80.4

65.6

14.8

Overall

79.5

68.5

11.0

Day

81.1

69.9

11.2

Night

73.6

63.8

9.8

Contribution by rail noise

Figure 44 shows the different rail lines that run through the Adelaide CBD. Freight and passenger rails are depicted in red
while tram lines within the CBD are depicted in blue.
Rail noise did not significantly influence noise at any of the noise monitoring stations deployed over the monitoring period.
The location closest to the rail was at North Terrace. Noise from the tram route could sometimes be heard when traffic
noise was not present but noise from trams was not prominent throughout the monitoring period.
Rail noise can be modelled with sufficient data. Using data from previous monitoring projects and publicly available data,
rail noise in the CBD was modelled. This result can be seen in Figure 45.
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Figure 44

Rail transport surrounding Adelaide CBD

Figure 45

Rail noise modelling within Adelaide CBD

Rail corridors leading to the central station on North Terrace circumvent the city and are separated from the CBD by the
parklands. Tram services through the city are performed by modern electric vehicles operated at low speed. The services
do not contribute noticeably to the long-term averages.
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The area most likely affected by the rail operations is the western boundary of North Adelaide. Even so, the expected day
time noise contribution in North Adelaide nearest to the rail is calculated to be approximately 53dB(A) at the worst. The
EPA Guidelines for the assessment of noise from rail infrastructure 2013 (Rail Noise Guidelines) for South Australia has
a day time criteria of 60−65dB(A) LAeq and night time noise criteria 55−60dB(A) depending on whether the noise source
represents new or upgraded railway or new houses are supposed to be built close to existing railways.
The Rail Noise Guidelines also contain a maximum noise (LAMax) criteria of 80−85dB(A) that depend on the situation,
similar to the LAeq criteria. It should be noted that the rail noise is assessed for pass-by events only in accordance with
methods in the Rail Noise Guidelines. These criteria would be met at most noise sensitive areas in North Adelaide. The
surrounding parklands around the CBD act as a buffer zone for noise from the rail.

Figure 46

Day period noise impact at the new Royal Adelaide Hospital and SAHMRI

Other areas that may be affected by rail operations would be the new Royal Adelaide Hospital, and the SA Health and
Medical Research Institute or SAHMRI (refer to Figure 46). The Rail Noise Guidelines have a noise criterion LAeq,1h for
hospitals of 60dB(A); while the noise criterion for educational institutions is 65dB(A) LAeq,1h. Looking at a zoomed area in
the model map, it can be seen that a small section of the hospital facade and the research institute will experience day
time noise levels above 60dB(A).

5.3

Contribution from aircraft flyover

The Adelaide International Airport is located approximately 4 km to the west of the Adelaide CBD. There are several air
traffic routes that fly by the CBD and a small section of North Adelaide is directly under a designated flight path. Noise
from flyover events could easily be heard in the quieter parts of the CBD, such as North Adelaide. Due to the nature of
flyover noise, it can normally be detected simultaneously at multiple monitoring location as the noise source from a
flyover takes place at significant height. Although this may be true, flyover noise was difficult to differentiate within the
data throughout the monitoring period due to the presence of other noise sources in the immediate vicinity. Noise from
flyovers mostly affect areas around North Adelaide. It is difficult to calculate and estimate the actual impact that may be
caused by these flyovers without a monitoring station being installed in North Adelaide.
During the Clipsal 500 car races in March 2016, there were several flyover events by jet planes that took place around
the Clipsal race site. These jets flew at a relatively low height and caused a substantial increase in overall noise levels in
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the area. As the Clipsal 500 event took place in the eastern side of the CBD, the closest available noise monitoring
locations were the Rundle Road (Location 4) and Hindmarsh Square (Location 5). These events are not representative of
normal flyover events as these jets are flying at low altitudes and contribute much higher noise levels. The referenced
events can be considered as a worst-case scenario for aircraft noise in the CBD.

Figure 47

Example of the noise from jet flyover

Figure 47 shows noise levels recorded at each monitoring location on 5 March 2016 between 11.26 am and 11.30 am.
Comparing the time history of all monitoring locations acquired with 1-second time resolution, there were several large
peaks detected at the East Terrace location. These can be used to identify each individual fly by event. It is interesting to
see that each flyover event represented in Figure 48 slightly increases the noise levels at the other monitoring locations
as well, this can be clearly seen at the Hindmarsh Square monitoring location. When the jet is at its closest location to the
stations, the maximum noise levels were above 100dB(A).

Figure 48

Higher resolution time history of the jet flyover

Figure 48 is zoomed in on to the 11.29 am fly-by event. The West Terrace location is more distant from the Clipsal 500
site and was not affected much by this flyover event however the other sites saw SPL increase between 20dB and 40dB
as compared to the regular noise levels.
Noise from regular flyover events to and from Adelaide Airport would share similar time history characteristics as these jet
flyovers, however at significantly lower noise levels. Detectable increase in the SPL from a flyover event would normally
last between 30–90 seconds. The overall noise levels in the area increase as an aircraft approaches, reach peak levels,
then slowly returns back to the normal ambient noise of the area.
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Figure 49 shows an approximate model simulating day time noise from airplane flyovers over North Adelaide. Night time
contribution of noise from air flyover events is normally not high because of the Adelaide Airport Curfew Act 2000. This
curfew is active between 11 pm to 6 am where only certain air vehicles are allowed to fly. Using data available from Air
Services Australia, this model incorporates the assumption that most of Adelaide Airport’s movements takes place over
the North Adelaide air path.

Figure 49

5.4

Aircraft noise from the air corridor above North Adelaide

Contribution from entertainment venues

Modern entertainment venues play loud dance music late into the night. This music normally consists of increased low
frequency noise energy due to the bass of the music. Low frequency noise is not as easily attenuated by building walls
which causes the low frequency component of the noise to be more perceivable when compared to the other frequencies.
Noise from entertainment venues is frequently excluded from general regulations. Impact from these entertainment
venues is normally localised to the area. Areas surrounding entertainment centres of Adelaide, such as Hindley Street or
Rundle Street, are most affected. During large outdoor events such as the Fringe, Victoria Square and Rymill Park are
also affected. During this monitoring project, noise from indoor entertainment venues, such as bars and dance clubs, did
not affect the monitoring stations due to their location. Music noise from these venues is not the only noise source in such
entertainment districts. People noise can also contribute to distress for residents living in close proximity to these areas,
but such sources will not be considered for the purposes of this report.
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Figure 50

Noise example for Victoria Square location during the Fringe Festival

Large-scale outdoor entertainment events such as the Fringe Festival were best monitored by the stations at Victoria
Square and East Terrace. Figure 50 is a representative time history of noise levels for the Victoria Square area recorded
on 13 February 2016. During this period, the Fringe Festival was underway and the Royal Croquet Club was taking place
on Victoria Square. This was a large outdoor event playing electronic dance music.
It can be seen that the A-weighted noise levels were not significantly affected with an increase of approximately 5dB over
the day time levels; while the C-weighted noise levels were much higher than the average numbers that were reported
earlier. The LCeq – LAeq values during this period hovered around 15−20dB. This shows that there may be noticeable low
frequency energy in the noise recorded, which is expected of modern music events. A significant drop in noise levels was
detected at 2 am as the music stopped when the event closed for the night.
A comparison between the overall average SPL and the average over the Fringe Festival period can be found in
Table 20.
Table 20

Comparison between normal periods and Fringe Festival for Victoria Square

LCeq, dB(C)

LAeq, dB(A)

Overall average (night)

76.6

64.0

12.6

Average over Fringe period

87.6

70.5

17.1
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Figure 51

One-third frequency spectrum (unweighted) over the Fringe Festival period,
9 pm–2 am only

Figure 51 shows the one-third frequency spectrum over the Fringe period from 12 February to 13 March 2016 for noise
measured between 9 pm and 2 am. During this period, it can be seen that there is high energy between 31.5Hz and
200Hz.
Table 21 shows the difference between the night time noise averages throughout the monitoring period and the noise
average during the Fringe Festival period between 9 pm and 2 am. One can see that the difference between C-weighted
and A-weighted levels experienced a 4.5dB increase during the Fringe Festival. Although the time periods compared
might not be identical, it can be seen that the overall noise levels and low frequency energy were significantly higher
during the festival.
Figure 52 shows an example of the noise at the Rundle Street monitoring location during the Fringe. The outdoor event
close to the monitoring location was the ‘Garden of Unearthly Delights’ and other Fringe shows. Similar to the Victoria
Square example, the A-weighted noise levels showed an approximate 5dB increase compared to the day time noise
levels during event periods. Surprisingly, the C-weighted levels during this period did not show such a large increase
when compared to the Victoria Square location.
Figure 53 represents the one third octave frequency spectrum over the Fringe period similar to Figure 51. The spectrum
shows a higher low frequency content between 31.5Hz and 125Hz.
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Figure 52

Example of SPL time history for Rundle Street location during the Fringe Festival

Figure 53

One-third frequency spectrum over the Fringe period, 9 pm–2 am

The comparison between the overall levels averaged over night time for the Fringe Festival and rest of the monitoring
period can be found in Table 21. Interestingly, even though the overall noise levels were higher, the LCeq – LAeq
differences were just marginally above when compared to the overall average. Low frequency noise at this venue was not
as much of an issue when compared to the Victoria Square location. This is likely because the performances held here
were not always musical ones that involve bass or drum noise.
Table 21

Comparison between normal periods and the Fringe Festival for East Terrace

Location

LCeq, dB(C)

LAeq, dB(A)

LAeq – LAeq (dB)

Overall average (night)

73.4

61.5

11.9

Average over Fringe period (night)

81.1

68.8

12.3

An example of the noise contribution of entertainment noise can be found in Figure 54. This noise model depicts an
estimate of noise levels during the Fringe Festival. It shows that entertainment noise is localised in the designated areas.
These noise models assume that the noise source at these outdoor music events are not focused on a single point but
spread throughout the entertainment area.
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Figure 54

Modelling of noise from entertainment venues during Fringe Festival

Using this data, music noise can be modelled at different locations to predict the noise impact in the surrounding area if a
music venue was to be organised. Other large outdoor sites normally utilised to host large events are Elder Park and
Bonython Park. These sites were modelled as an example to predict the noise impact in the surrounding area on the
assumption that the sound power from the entertainment events is similar to that recorded and calculated from Victoria
Square events (such as the Fringe).

Figure 55

Prediction of noise impact from entertainment events held at Elder Park
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Figure 55 shows the results if a large outdoor music event is held at Elder Park it is generally a suitable area to hold
outdoor events as not many residential buildings surround the area. It allows other buildings either for commercial use or
for other entertainment purposes to act as a barrier.
The most affected area when holding outdoor music events would be a small section of North Adelaide that is
approximately 500 m to the north of Elder Park. The first row of buildings would generally act as the barrier receiving the
higher noise contribution of approximately 44−47dB(A). This is not considered as significantly high noise levels and
approximately meets the night time criterion for residential zones of the Noise Policy. Buildings to the south of Elder Park,
such as the Festival Centre, help to mitigate much of the noise that would affect premises to the south. While noise from
entertainment events could be audible around North Terrace, it is highly likely that the noise is masked by traffic noise in
the area.

Figure 56

Prediction of noise impact from the entertainment events held at Bonython Park

Figure 56 shows an example of a noise model for an outdoor music event held at Bonython Park. This example is also
modelled using the sound power level of events from Victoria Square. Noise levels experienced at the nearest residential
locations around North Adelaide is predicted to be about 53−56dB(A).
The closest buildings to Bonython Park are approximately 450 m from the boundary. As there are no natural barriers
surrounding Bonython Park, unlike the previous example, the noise from the music event is able to travel unhindered
further, impacting on a larger area. It is difficult to verify the validity of this model as there were no monitoring stations
deployed in this general area. Unlike the other locations, traffic noise surrounding North Adelaide is not as high. This
would mean that traffic noise does not mask the entertainment noise and this would likely be the dominating noise source
in the area during these times.
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6

Recommendations for noise impact management

In 2004−06 the Adelaide City Council together with the EPA and acoustic consultants worked closely to compile a series
of new noise policies for noise sources and noise receivers within the Adelaide (City) Development Plan. This process
occurred in parallel, as at the time the EPA was also in the process of drafting the Environment Protection (Noise) Policy
2007. The process ensured that the noise emission policies within the Adelaide (City) Development Plan were consistent
with and aligned with the Noise Policy.
The current Adelaide (City) Development Plan contains policies that seek to minimise noise conflict between residential
and non-residential land use, particularly between new residential development and entertainment venues. The current
policy provisions:
•

require the incorporation of noise attenuation measures in new developments likely to generate significant noise
levels

•

include noise attenuation measures to a prescribed decibel level for licensed premises and entertainment venues

•

require noise attenuation measures to be incorporated into noise sensitive developments at the design and
construction phase, particularly new residential development within close proximity to a noise source such as a
licensed premise, entertainment venue, road, rail, tram and aircraft.

Using collected data and noise modelling, areas with significant noise impact can be identified. These areas are mainly
concentrated around the northern sections of the CBD. It is also forecast that these areas will also coincide with zones
with the highest population growth within the Adelaide City Council area. This trend raises concerns regarding exposure
of a greater percentage of the city population to high noise levels.

6.1

Road noise

As established in earlier sections, road traffic is the most significant contributor to noise within the Adelaide CBD. This is
most prominent in areas adjacent to roads with high traffic such as the Terrace roads or the arterial roads such as King
William Road. There is a long term strategic goal to reduce the amount of vehicle traffic within and through the city.
However, population forecasts for Greater Adelaide metropolitan area presume a gradual increase in number of the
residents and is difficult to envisage reduction of the traffic volume without changing commuting patterns in Adelaide
metropolitan area.
Development of typical residential housing in Adelaide CBD within 30 m from a main road is normally not advised for both
air quality and noise impact considerations. Unfortunately, in high density areas such as the CBD, this is difficult to
achieve. Acoustic treatment of the building facades should be considered to address the issue, if the building is used for
residential purposes. Different individual unit designs within the building should be considered, for example having
habitable rooms (such as living rooms and bedrooms) positioned away from noise sources to decrease noise impact.
Usage of commercial buildings as a front to arterial roads will also work as a noise barrier to buildings behind it, allowing
a quieter locality for these areas.
To manage the noise impact at these locations, the building design should take into account the modelled noise levels.
The Minister’s Specification SA78B should be used in the design of high density residential buildings to provide a
reasonable level of indoor amenity for residents.

6.2

Rail noise

Due to the railway layout within the Adelaide CBD, noise from rail activities is limited to a small area to the northwest of
the CBD and western border of North Adelaide. The rail noise in the North Terrace area is effectively screened by non
residential buildings minimising the impacted area. The connecting railways are separated from the CBD area by
parklands and noise from the rail transport does not contribute substantially to noise levels in the CBD.

55

Adelaide CBD strategic noise monitoring report

Trams operate within the north and central parts of the CBD. The modern electric vehicles at low operational speeds do
not generate significant noise levels and affect areas much further away from the source. Maintaining a fleet of electric
trams and railways in good condition will ensure absence of excessive noise impact from these rail operations in the
CBD.

6.3

Entertainment noise

Entertainment noise as previously stated is localised within the areas surrounding the entertainment districts. Most
entertainment noise only affects the night time levels and so may cause increased annoyance or adverse health effects
due to sleep disturbance if residential properties are planned close to areas where entertainment events often take place.
Residential buildings surrounding areas designated for entertainment events require acoustic treatment with a focus on
low frequency noise to reduce the impact from entertainment noise.
Large-scale outdoor music events should be planned to take place in areas of the CBD with the least impact on
residential buildings. If it is not possible to effectively control noise from an entertainment event in Bonython Park, they
should be restricted to day time only.
The city planning policies should encourage commercial usage buildings or developments surrounding entertainment
areas as they may act as noise barriers to sensitive receivers, reducing the overall noise impact. This would leave the
commercial/business buildings uninhabited during the night when entertainment noise is normally the most prominent.
Active noise monitoring during large outdoor entertainment noise events should continue to be undertaken to help
manage the noise during these events. Having a noise management plan during these events is highly recommended to
reduce the noise impact of residential areas near these events.
The entertainment noise issue was the subject of a separate investigation performed by the government and the council.
Additional recommendations on managing noise from music events and possible regulatory approaches can be found in
the report Streamlining live music regulations (SA Government 2016).
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7

Conclusion

The EPA conducted the long-term monitoring project over approximately 12 months. The data has been used to produce
strategic noise maps that characterise the current noise impact in the Adelaide CBD.
Analysis of the contribution from different noise sources indicates that road traffic on major roads is the dominant factor
influencing noise in the city. Rail and air transport does not significantly affect the noise levels. Noise from entertainment
events in the city is localised and not considered as a factor affecting a significant number of the city residents most of
the time.
The southern part of the CBD and most of North Adelaide have a significant fraction of the area which is suitable for
residential development from a noise perspective. Many zones in the northern CBD are suitable for residential
development with limited outdoor use if acoustic treatment is incorporated into the buildings design.
Noise impact in the city is also considered in terms of population exposure. The concept of acoustic amenity is suggested
to be commensurate with public expectations of a cumulative noise impact in the CBD. It shows that currently a
substantial proportion of Adelaide’s residents live in areas where noise mitigation would be beneficial.
The available information on the city population growth and future residential developments shows that the acoustic
amenity is not expected to improve in future and even may deteriorate. This is because many new residential
developments approved in the northern part of the CBD are adjacent to the major transport corridors.
It is suggested that relevant planning authorities and the council reconsider planning policies for residential and mixed
residential/commercial developments. It is recommended that residential buildings have an offset from major roads and
be separated from major roads by commercial developments. The council may consider reviewing planning policies to
redirect future population growth from zones with high acoustic discomfort to quieter areas in the CBD.
The council should keep maintaining effective noise management practices for major entertainment events held in the
city. The current procedures are proven to be effective and may be adopted for new entertainment activities if necessary.
It is also recommended that with the available long-term data, continued effort for noise monitoring and surveying should
be undertaken to better understand the impact of noise on residents of the CBD.
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Glossary of terms and acronyms
A-weighted

frequency weighted as specified in Australian Standard AS IEC 61672−2004
Electroacoustics – Sound level meters or its replacement

Ambient noise

noise in a given environment without contribution from noise source of interest

B&K

Brüel & Kjær, supplier of noise monitoring instruments used during the project

Decibel (dB or dB(Lin))

unit of sound pressure level, referenced to 20 µPa. Where dB is used in this report, it refers
to the level in decibels with no frequency weighting applied

dB(A)

unit of sound pressure levels which have had the A-weighting applied to them

dB(C)

unit of sound pressure levels which have had the C-weighting applied to them

DNL

annual average of the adjusted day−night adjusted average sound levels as defined in
ANSI/ASA S12.0-2007/Part 5

Frequency

rate of sound pressure variations – noise or sound is composed of energy across a wide
range of frequencies including 20Hz or lower (infrasound)

Hertz (Hz)

unit of frequency – one Hz is equivalent to one cycle per second

L10,T

noise level which equalled to or exceeded for 10% of the measurement period ‘T’

L90,T

noise level which equalled to or exceeded for 90% of measurement period ‘T’. Typically
used to represent the background noise level in an environment

Leq,T

equivalent noise level – energy averaged noise level over measurement period ‘T’. Most
common descriptor used to quantify noise sources

Leq,15min

equivalent noise level over a 15-minute measurement period

LAMax

maximum A-weighted sound pressure level during a measurement time interval

Low frequency noise

a noise with perceptible and definite content in the audible frequency range below 250Hz

Measurement location

location where one of the noise monitoring stations was installed

Modulating noise

noise which varies significantly and cyclical in frequency, character or amplitude

Sensitive receiver

premises that may be affected by noise source

SPL

sound pressure level

Tonal noise

noise with perceptible and definite pitch or tone
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