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The present study compares the accuracy in short-term noise monitoring strategies in comparison to the long-term
monitoring strategies. The difference in short-term strategies from the annual average yearly sound levels is quantified as an
error. The study extends the previous work reported exclusively for silence, industrial, commercial and residential zones in
Indian scenario. The study re-affirms that random two months’ strategy is the Best Practicable and Economic Option
(BPEO), whereby an error of + 2 dB is observed with a probability of 95% approximately. Adopting long-term noise
monitoring strategy in larger parts of Indian cities is cumbersome and expensive process. Thus adoption of random two
months’ strategy adopted exclusively for silence, industrial, commercial and residential zones can be a practicable and
economical option for noise mapping of larger parts of Indian cities.
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1 Introduction

Noise pollution has become a serious concern
not only in the Indian scenario, but across the
globe. The alarming rate in the increase in vehicle
population has created a hazardous problem of
noise pollution. However, much research has
emerged over the last decades linking
environmental noise as a physiological and
psychological stressor and have a negative impact
on health such as annoyance, sleep disturbances,
mental health, anger, disappointments, and
anxiety' . Thus, there is a need for continuous
noise monitoring of urban environment to
understand the noise impact and take preventive
measures for noise control. There had been some
studies reported by researchers on the ambient
noise levels assessment across the globe”''. The
Central Pollution Control Board (CPCB) has
established a National Ambient Noise Monitoring
Network in year 2011 with an objective of
continuous long- term noise monitoring in 35
locations in seven major cities of India. The noise
monitoring data observed from the network
established has revealed that no site in residential
and silence zone meet the ambient noise standards
of India'*"’. However, the network established is
dedicated to only 10 sites in each city sites as such
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more noise monitoring stations are essentially
required to completely map the cities. Przysucha
and Batko'® raised some concerns on uncertainty in
noise measurements by focusing on the analysis of
equivalent noise level by wusing numerical
simulations.

The European Environmental Noise Directive,
2002/49/EC recommended all the member states to
develop noise maps of the urban agglomerations in
single noise parameters: Lgen and Lpign represented as
equivalent level over a year. Thus, it is imperative in
the Indian scenario to develop noise maps of cities
for devising suitable effective measures for
controlling the noise pollution. Following, the EU
directive'’, much research has been done by the
researcher’s community to analyze and propose action
plans for noise pollution in urban areas'*>' which are
road traffic ¥, airportl9, railway traffic®, as well as in
industrial plants®'. The availability of nationwide data
for the metropolitan cities facilitates a precise
understanding of the time-varying aspect of noise
exposure in high-density population areas. This has
some associated merits. Firstly, the statistical analysis
facilitates a critical evaluation and analysis of noise
exposure”. Secondly, a systematic approach across
the population in many cases reduces the risk of bias
and increases the generability”. A bootstrap approach
was used for the estimation of uncertainty and
determining the sound level pressure variability”*2°.
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There have been some studies repeated on long-
term versus short-term strategies across different parts
of the world. Gozalo et al?” studied about the
categorization method across different sampling
locations in the street of Plasencia, Spain using long-
term measurement. For the time-series approach,
DeVor et al®® used ARMA (auto regressive moving
average) model to assess the level of autocorrelation
through Dynamic Data System (DDS) approach in
time series analysis. These models are then used to
derive estimates of the sample mean variance and
therefore to establish sampling strategies to obtain an
estimate of the mean level within a 5 dB range. Gaza
et al.”’ analyzed 24-h noise levels in order to evaluate
the efficacy of random days strategy so as to represent
the annual average equivalent noise levels. Romeu
et al®® estimated the error using short-term noise
measurements as interval length measurement.
Morillas and Gajardo®’ measured the probability
success of a 90% confidence interval to calculate L.,
based on measurements for 9 days’ data randomly
throughout the year. Garg et al.** study revealed that
short-term noise monitoring strategy gives a reliable
accuracy levels with respect to continuous long-term
monitoring®. The analysis showed that the error of +3
dB(A) from annual equivalent level is calculated with
a probability of 95%, following one-month noise-
monitoring strategy. A recent study by Gerahty et al.**
examined the year-long data set from permanent noise
monitoring network in Dublin city, Ireland at different
temporal levels: hour, day, week, and month. The
study revealed long-term noise monitoring is
necessary to define it as long term indicators. Table 1

summarizes the previous research studies conducted
on long-term versus short-term noise monitoring
strategies.

The long-term noise monitoring strategy is a
cumbersome and expensive exercise. It may not be
possible to install and establish 24 h noise monitoring
stations in each and every corners of metro-politician
cities due to economical and infrastructural
limitations. Thus, there is current need of devising
short-term noise monitoring strategies for noise
monitoring, assessment, identification of hotspots and
considering suitable preventive measures for noise
abetment and control. A recent study by Garg et al.*’
recommended random two months monitoring
strategy to be the best practicable and economical
option in Indian scenario based on the analysis of
noise monitoring data acquired from 35 stations in 7
major cities of India. The present study is an
extension to the previous work reported by Garg
et al®® focused on analysing the accuracy and
precision of short-term noise monitoring strategy with
respect to the long-term strategy exclusively for
silence, industrial, residential and commercial zones
in Indian scenario. The study shall be helpful in
devising short-term strategies of noise mapping of
larger parts of metropolitan cities of India for
controlling the noise pollution in Indian cities.

2 Methodology
2.1. Long-term noise monitoring strategy
The study utilizes the noise monitoring data

acquired from 35 noise monitoring stations established
by Central Pollution Control Board of India (CPCB)

Table 1 — Summary of previous research studies conducted on long- term versus short- term noise monitoring strategies.

Author Location

Data source

Gaja et al., 2003  Valencia, Spain  Journal article”

Romeu ef al.,2011 137 streets of nine Journal article®

cities, Spain
Morillas & Gajardo, Madrid, Spain Journal article®!
2014

Garg et al., Seven metropolitan Journal article®>
2015 cities of India
(35 locations)

Geraghty et al.,  Dublin, Ireland Journal article®®

2016

Statistical method

Evaluated Error

Evaluated Error

Evaluated standard
deviation

Evaluated error

ANOVA

Conclusions derived

Random days strategy is recommended with 99%
accuracy. The study recommends 9 random days strategy
for an error of =1 dB with a probability of 87%.

The study recommends 15 min.short- term measurement
for estimating Ly with an error of £2 dB(A) and %
population coverage of 90% for main street

The study recommended 32-35 random sampling days
throughout a year for achieving a probability of 95% in
estimation of Lden. For 90% confidence interval, it needs
to take measurement for 9 days spread randomly
throughout the year.

Random two months strategy

Long-term noise monitoring is necessary to accurately
characterize long-term indicators
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in seven major cities of India. The 35 noise
monitoring stations spread in the seven major cities of
India have been employed for round the clock
(24hrsx365days) noise monitoring and assessment as
discussed by Garg et al.*>. Table 2 shows the details
of 35 noise monitoring stations with the annual
average ambient noise levels and the monthly
standard deviation of day and night equivalent levels
for the past four years for 35 sites under
consideration. The average of Lgy and Ly value
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were the average of monthly values. These stations
have been deployed by Central Pollution Control
Board in year 2011 under a prestigious project
entitled as National Ambient Noise Monitoring
Network. The details of the project, instrumentation
and other infrastructural setup and analysis of
acquired noise monitoring data has been mentioned in
previous studies reported in references'>"* .

The noise monitoring data so acquired from these
stations is very helpful in understanding the noise

Table 2 — Annual average ambient levels, L4,y and Ly, for 35 noise monitoring stations installed across seven
major cities in India for past four years™.

Name of Location  City Area 2011
characteristics Lday Lnight

Dilshad Garden . Silence 524+ 0.9 50.8+1.4
CPCB HQ. Delhi ¢ mercial ~ 63.8+2.0 53.9+1.4
DTU, Bawana Silence 52.3+1.3 49.4+2.1
ITO Commercial 73.1£0.6 70.8+ 1.0
NSIT Dwarka Silence 56.6+ 1.3 54.0£0.8
Gomti Nagar Silence 61.3£0.8 53.7£ 1.5
HazratGanj Lucknow i mercial 72,0+ 0.9 61.8% 1.0
Indira Nagar Residential 542+ 1.2 48.8£2.9
PGI Hospital Silence 55.3£2.5 49.8+2.8
Talkatora Industrial Industrial 63.1+ 0.4 55.7+£ 1.6
Area

KasbaGole Park Industrial 63.6+ 1.2 59.6+ 1.3
New Market Kolkata (. mercial 673+ 0.5 60.0+ 1.4
Patauli Residential 55.2+1.0 49.4+2.0
SSKM Hospital Silence 61.4+ 0.4 543+ 0.9
WBPCB HQ Commercial 61.9£0.6 55.7+ 1.3
AS HP . Silence 66.5£1.2 59.7£ 1.5
Bandra Mumbal o mercial  69.8+ 0.5 67.4+0.8
MPCB HQ. Commercial 66.7+ 0.6 62.8+0.5
Thane MCQ Commercial ~ 62.6+ 1.8 55.0£2.3
Vashi Hospital Silence 68.2+ 1.7 58.7+ 1.4
Abids Commercial 71.9£0.5 63.1£ 0.9
Jeedimetla Hyderabad 4 strial 62.3+0.5 56.2+ 1.4
Jubilee Hills Residential 57.4+ 1.0 50.7+ 1.7
Punjagutta Commercial ~ 75.7£ 0.6 71.0+ 1.0
Zoo Park Silence 53.8+ 1.5 50.5+2.8
BTM Residential 66.4+ 0.4 56.5+ 0.4
Marathahalli Bengaluru Commercial 56.9£ 1.9 54.1+ 1.8
NisargaBhawan Residential 58.1+ 3.0 48.4+£ 1.8
ParisarBhawan Commercial 66.5+ 1.1 58.2+0.7
Peeniya Industrial 56.5+ 1.6 55.0£ 2.6
Eye Hospital . Silence 64.2+0.6 51.7+ 1.2

. Chennai .

Guindy Industrial 76.1£0.6 71.8+ 1.1
Perambur Commercial 68.5£0.9 59.1+ 0.8
T. Nagar Commercial 724+ 0.5 61.9+ 1.1
Triplicane Residential 67.8£0.4 56.2£ 1.0

2012 2013
Lnight Lday Lnight

50.0£2.1 51.3+1.1 49.4+2.4
527+ 1.3 63.2+0.8 53.4+1.0
50.0£3.2 52.3+1.7 49.8+£3.0
70.6+ 5.3 73.6£0.7 73.0+£ 0.4
53.8£1.1 56.1£0.5 53.4+0.9
553+ 1.1 67.0£2.2 573+ 1.6
61.1£ 1.0 72.5£0.5 62.0£1.3
48.1£ 3.0 54.2+ 1.4 49.3+3.6
523+ 3.6 60.5+1.4 53.3+3.0
559+ 1.6 63.4+0.5 56.1+ 1.9

2014

Lday Lnight
51.7£0.9 48.7+1.6
65.9£1.7 54.4£1.6
51.8+1.1 49.1£2.5
74.2£1.0 72.9+14
56.6£1.4 53.3+1.8
69.5£1.4  61.2+2.0
72.5£0.5 61.7£1.5
57.0£0.9 50.6+4.7
62.4+13 558+3.5
64.1£1.2  57.3+2.0

Lday
51.9+1.1
62.2+ 1.0
51.3£0.9
72.0+ 4.0
56.6+ 0.7
62.9+0.9
72.4+ 0.5
53.6= 1.1
582+ 1.2
63.6+ 0.7

652+ 1.6
67.0+ 0.7
547+ 1.0
62.0+0.8
61.0£0.7
65.5+ 1.0
69.0+ 0.7
66.4+ 0.5
61.7+£0.7
68.8+ 0.9
724+ 0.9
63.0£1.2
56.2+ 0.7
75.5£0.5
542+ 1.8
66.1£ 0.5
545+ 0.7
56.6+2.0
64.9+ 0.3
55.7+£1.2
62.5+ 1.5
75.5+ 1.1
68.8+1.2
73.1+£ 0.3
67.6£0.5

62.0£2.6
59.6+ 1.4
50.2+ 3.2
56.6+ 1.8
545+ 1.1
58.7£0.3
67.9+1.9
63.1£0.7
549+ 1.9
59.3£2.7
63.7£1.9
56.8+ 2.1
48.6+ 0.5
70.3£0.5
48.7+£2.0
56.0+ 1.0
51.9£ 0.6
47.7£ 1.9
57.0
49.2+1.2
53.2+3.1
709+ 1.3
58.3£1.2
62.2+ 1.0
56.3£0.8

68.8+ 3.5
67.6+0.5
547+ 1.6
62.3+1.2
62.1+ 1.4
65.4+0.8
69.2+ 0.4
68.4+ 1.6
62.5+1.2
68.7+ 0.8
72.4+0.8
63.0+ 1.3
56.3£ 0.6
76.6+ 1.7
544+ 14
66.0
57.3+2.1
56.7£ 1.9
65.0£0.7
58.1+ 1.1
64.3+ 1.5
752+ 1.0
68.3+ 0.5
73.9+ 1.0
67.7£ 0.5

66.2+ 4.7
60.5£ 1.6
543+ 6.2
57.1+£1.9
555+ 1.4
60.6£ 1.5
66.5+0.5
65.3+2.0
554+ 1.4
57.0£0.8
64.0+2.1
56.5£ 1.6
48.9+ 1.2
71.1+ 1.3
48.7+ 1.1
56.3+0.8
55.3+2.8
48.0£ 1.6
57.3+0.8
53.1+£2.3
53.8+2.2
70.8+ 1.5
57.6+0.7
64.7+£2.0
56.2+ 0.7

70.3£2.5
70.2+£2.3
55.1£1.3
62.4+1.1
63.9+0.6
66.5+£2.0
69.9+0.5
71.0+0.6
64.5£1.0
69.0£1.5
74.1+1.9
65.0+0.6
57.3+41.6
78.5+0.7
56.1£1.2
66.4+0.7
59.5+¢0.7
55.7£1.5
64.8+0.8
58.1+0.8
61.74£3.9
76.9£1.9
69.1£1.3
75.0+£0.9
68.4+1.4

68.1£2.9
67.5£5.2
53.9+4.5
56.7+1.7
57.7£0.9
60.7+0.9
67+0.7
67.9£1.0
56.4+1.3
60.9£3.6
65.5+£2.5
58.6+0.8
49.2+1.2
73.4£0.5
51.0+£2.2
57.1£1.1
56.6£0.8
48.8+1.4
56.6+0.5
54.9+£2.0
53.5¢1.2
72.2+1.2
57.9+£0.8
66.9£1.6
57.6£2.0
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scenario, identifying the hotspots, and devising
suitable remedial measures. The present study is
primarily focused on utilizing this useful database to
ascertain the accuracy of various short-term strategies
in comparison to long-term strategies. Such an
analysis shall be very helpful in the Indian
perspectives to identify the optimized strategy. Four
years (2011-14)'*" noise monitoring data is
exclusively analyzed for 4 different zones i.e silence,
industrial, commercial and residential zones. For
instance, for the 14 sites lying in commercial zone, a
monthly noise monitoring database of 672 (14x12x4)
is utilized for present study. The day equivalent level
is measured from the average sound level
measurements acquired from 6.00 a.m to 10.00 p.m,
while night equivalent level is measured from the
average sound level measurement acquired from
10.00 p.m to 6.00 a.m.

The Lgaynand Lyign values is calculated:

1 n .
Lday,n:10 log |:—ZIOO'1(lday,t)} (1)

i=l

i=1

nght,n: 10 log |:l zl 00 l(lm.gh[j ):| (2)
n

where Laay,1 and Lyign; are the A- weighted monthly
averaged noise level while n represents the numbers
of months (n=12) in long-term noise monitoring
strategy.

The error is calculated as the difference of short-
term strategy (e.g one month or two consecutive
months or random two months) with the annual
average yearly value for a particular site for a
particular year. The error in short-term noise
monitoring strategies is calculated®*:

Lday, annual— Lday, monthly + Eday (3)

Lnight, annual™ Lnight, monthly + Enight (4)

where eday and enight is the error observed in
short-term monitoring strategy as compared to the
long-term strategy.

2.2. Short- term noise monitoringstrategies
The four years’ noise monitoring data from
2011-14 is exclusively analyzed for silence,

industrial, residential and commercial zone out of the
35 locations under study, 9 locations lie in silence
zone, 5 in industrial zone, 7 in residential zone and
14 in commercial zone. The following short-term
noise monitoring strategies are adopted as follows:

One-month strategy

Consecutive two months’ strategy
Random two months’ strategy
Consecutive three months’ strategy
Random three months’ strategy

The one-month strategy denotes the noise
monitoring carried out for a particular site for
continuous 30 or 31 days in a month consecutively.
The two months’ strategy denotes noise monitoring
carried out for consecutively two months in a year,
while random two months’ strategy denotes noise
monitoring conducted for any two months in a year
and the same methodology is adapted for three
months’ strategy (consecutive and random).

The statistical data calculated is: mean error,
standard deviation, probability range for 95%. The
Histogram shows the frequency (in %) of the error
observed in short-term noise monitoring strategy in
comparison of long-term strategy. Fig. 1 shows the
standard deviation in dB(A) for Lgy and Lyign for
35 locations in India in year 2014. It is observed that
Ly levels had higher variability as compared to the
Lyaylevels for many sites.

2.3. Statistical Parameters used for error evaluation in short-
term strategy

Several statistical parameters like mean error,
standard deviation in dB(A), 95% probability range in
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Fig. 1 — Standard deviation in dB(A) for Lday and Lnight for 35
locations in India in year 2014.
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dB(A) are calculated to ascertain the performance of
short-term monthly noise monitoring strategy for
silence, industrial, commercial and residential zone.
The formula for the various parameter is given as
follows:

n

1
Mean Error= —Z
L=

x.—;‘ .. (5)

Standard Deviation=

(6)

where, x; is the noise level at a particular day and X is the
monthly average of the noise level at particular site.

Probability of 95% is calculated based on data
analysis for 95% of the data lying within a specified
error range.

3 Results and Discussion

3.1. Zone wise parametric analysis

The error in short-term noise monitoring strategy
for 9 sites out of 35 sites lying in silence zone, 5 sites
out of 35 sites lying in industrial zone, 14 sites out of
35 sites lying in commercial zone and 7 sites out of 35
sites lying in residential zone is evaluated.

Figure 1 shows the parametrical standard deviation
of all the 35 sites analyzed for short-term noise
monitoring strategy. In Indian scenario, the ambient
noise standards are recommended for four different
zones: silence, industrial, commercial and residential
zones. As such, a mixed type is observed for some
sites wherein it is very difficult to classify the zone
exclusively as silence, industrial, commercial and
residential zones. The error mentioned in the study is
basically the difference of annual average value and
the short-term strategy (one month, two months, three
months, both random and consecutive).

3.2. Statistical analysis of silence and industrial zone
the observations lying in a particular range of error.
As such, a similar approach has been presented earlier
32 Table 2 gives the detailed description of all the
35 sites. References mentioned in introduction part
discusses the details of these monitoring stations,
guiding principles, strategy adopted and results
obtained. It is difficult to explain the monthly
variation for the 35 noise monitoring stations round
the year in the present manuscript as different cities
have different topography, meteorological conditions,
traffic density etc. The following observations are as
shown in Table 3 in silence and industrial zone as
follows:

It was observed that adopting one-month strategy,
an error of +3 dB is evaluated with a probability

Table 3 — Statistics for short- term monthly noise monitoring strategy for silence and Industrial: one month, two and;
three consecutive and random monthly strategies.

Silence zone

Industrial Zone

Standard 95% Mean  Standard 95%

Parameter ~ Mean  deviation in Probability Probability dB(A)  deviation Probability Probability

dB(A) dB(A) [-1;1] [-2:2] range in in dB(A) [-1;1] [-2:2] range in

dB(A) dB(A)

One month monitoring strategy
Lday -0.2 1.3 79.9 92.2 [-1.7;2.9] -0.14 1.27 77.6 93.5 [-2.8;2.4]
Lnight -0.5 1.7 60.3 84.7 [-2.6;2.5] -0.20 1.62 66.7 84.5 [-2.4;3.3]
Consecutive two months monitoring strategy
Lday -0.1 0.9 85.1 97.5 [-1.7;1.6] -0.12 1.16 81.8 94.9 [-1.6;2.4]
Lnight -0.2 1.6 66.8 82.6 [-1.9;-4.0] -0.13 1.56 66.5 88.5 [-2.3;2.9]
Random two months monitoring strategy
Lday -0.1 0.9 86.6 99.0 [-1.0;2.0] -0.07 0.78 92.2 98.3 [-1.3;1.6]
Lnight -0.3 1.3 78.7 93.9 [-2.2;2.6] -0.13 1.08 84.6 96.4 [-2.1;1.7]
Consecutive three months monitoring strategy
Lday 0.1 0.8 87.9 97.6 [-1.2;1.7] -0.09 1.04 86.6 95.9 [-1.6;2.1]
Lnight 0.1 1.5 69.8 89.1 [-2.2;2.1] -0.02 1.33 72.4 91.2 [-1.7;2.8]
Random three months monitoring strategy
Lday 0.1 0.7 92.2 99.6 [-0.9;1.3] -0.09 0.86 93.5 98.1 [-1.1;1.6]
Lnight 0.2 1.2 71.4 95.4 [-1.0;3.4] 0.10 1.01 77.2 98.6 [-1.9;1.6]
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higher than 95% for both day and night equivalent
noise level. It was also observed that an error of £2
dB is evaluated with the probability more than 90%
for day equivalent noise level

Figures 2(a-b) shows the histogram plot for
random two months’ strategy. The range of error
observed for L,y 1s [-1.0; 2.0] dB and that for Lyign
is [-2.2; 2.6] dB for random two months’ strategy
and for random three months’ strategy the range of
error observed for Lg,y is [-0.9; 1.3] dB and that for
Lyigne 1s [-1.0; 3.4] dB for 95% probability range. In
silence zone the error range of random three
months’ strategy is less than one month,
consecutive two and three months’ strategy. The
accuracy of random two months’ strategy is
observed to be less than random three months’
strategy. In case of industrial zone, the range of
error for random two months’ strategy observed for
Laay 1s [-1.3; 1.6] dB and that for Ly is [-2.1; 1.7]
dB for 95% probability range as shown in Figs. 3
(a-b). It is inferred from the observation that
accuracy of random two months’ strategy is
comparatively higher and thus serves as an optimal
approach in comparison to the other approaches
even though random three months’ strategy has
also higher probability with an error range for
Lgay is [-1.1; 1.6] dB and that for Ly is
[-1.9; 1.6] dB.

3.3. Statistical analysis of commercial and residential zone
Figures 4(a-b) shows the histogram plot for
random two months’ strategy for commercial zone.
The range of error observed for Ly, is [-0.9; 1.7]
dB and that for Ly is [-2.0; 1.6] dB while the
error range in random three months’ strategy is
observed for Lg,y is [-1.4; 1.0] dB and that for Lygn
is [-0.9; 1.5] dB for 95% probability range. It is
evident that random three months’ strategy
outperforms random two months’ strategy with
marginal error accuracy. In residential zone the
range of error for random two months’ strategy
observed for Lgay is [-1.6; 1.8] dB and that for Lyign
is [-1.4; 1.9] dB for 95% probability range as
shown in Figs. 5(a-b). The random three months’
strategy has also higher probability for an error
range for Ly, as [-1.0; 1.5] dB and that for Lyg as
[-1.1; 1.9] dB. The standard deviation is calculated
within a range of +2 dB(A) for silence and
industrial zones while it lies within £1 dB(A) for
commercial and residential zones in Table 4. It is
evident that the range of error for Lg,y and Lyign 1S

comparatively less in consecutive two months’
strategy in comparison to one-month strategy. Also, it
was observed that random two months’ strategy
shows higher probability for an error of =1, +2, +3 dB
as compared to the consecutive two months’ strategy.

40 %
Fal®
E 2 E
£ i

~

Lday, random two monlhs"-day, annual night, random two momhs'Lniqm, annual
Fig. 2 — (a) & (b): Frequency histogram of calculated error from
long- term annual average value for Lg,y and Lyg, for random two
months’ noise monitoring strategy for silence zone.
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Fig. 3 — (a) & (b): Frequency histogram of calculated error from
long- term annual average value for Lg,y and Lyg, for random two
months’ noise monitoring strategy for industrial zone.
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Fig. 4 — (a) & (b) Frequency histogram of calculated error from
long- term annual average value for Lg,y and Ly, for random two
months’ noise monitoring strategy for commercial zone.
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long- term annual average value for Lg,y and Ly, for random two
months’ noise monitoring strategy for residential zone.
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Table 4 — Statistics for short- term monthly noise monitoring strategy for Commercial and Residential zones: one month, two and; three
consecutive and random monthly strategies.

Commercial Zone

Residential Zone

Mean Standard 95 % Mean Standard 95%

dB(A) deviation in Probability Probability range  dB(A) deviation in Probability Probability
dB(A) [-1;1] [-2:2] in dB(A) dB(A) [-1;1] [-2:2] range in dB(A)

One month monitoring strategy

-0.2 1.1 82.7 94.5 [-2.4;2.2] -0.2 1.2 78.3 94.6 [-1.9;2.4]

-0.2 1.3 76.6 91.7 [-2.4;2.2] -0.1 1.4 70.1 91.2 [-2.5;2.4]

Consecutive two months monitoring strategy

-0.1 0.9 87.9 97.5 [-1.6;1.8] -0.1 1.1 78.3 96.4 [-1.8;2.3]

-0.1 1.1 81.3 97.2 [-1.7;2.3] 0.1 1.3 71.1 93.2 [-1.8;2.4]

Random two months monitoring strategy

-0.1 0.7 91.9 98.7 [-0.9;1.7] -0.1 0.8 90.1 99.3 [-1.6;1.8]

-0.1 0.9 87.2 98.1 [-2.0;1.6] -0.1 0.9 85.9 98.7 [-1.4;1.9]

Consecutive three months monitoring strategy

-0.1 0.8 91.1 98.3 [-1.7;1.7] -0.1 0.9 83.2 98.4 [-2.3;1.6]

-0.1 0.9 84.6 98.2 [-1.8;1.9] 0.1 1.2 72.8 93.6 [-1.8;2.3]

Random three months monitoring strategy

-0.1 0.7 95.5 99.6 [-1.4;1.0] 0.1 0.8 92.1 99.8 [-1.0;1.5]

0.1 0.9 88.9 99.2 [-0.9;1.5] 0.1 1.3 82.7 99.0 [-1.1;1.9]

4 Conclusions . Random two months’ strategy offers an

The present study ascertains the accuracy of
short- term noise monitoring strategies in
comparison to the long-term noise monitoring. A
case study of all the silence, industrial, commercial
and residential zone sites out of the 35 sites
wherein noise monitoring stations have been
established under NANMN project is presented. The
noise monitoring data for the past four years (2011-
14) has been analyzed to quantify the error in short-
term strategy in comparison to the long-term as
previously reported by Garg et al.’>. However, the
present study differs on the aspect of analysis
reported exclusively for silence, industrial,
commercial and residential zones from the noise
monitoring data acquired from all the sites under
consideration for past four years. The following
conclusions are drawn from the present study:

e The one-month noise monitoring strategy
offers a reliable approach for achieving an error of £3
dB for all the four different zones. In case of sites
lying in residential zones, the probability of error of
+3 dB for Lgay and Lyign With respect to annual average
value is more than 95%. It is observed that probability
of error in night equivalent noise levels is less as
compared to the day equivalent noise levels. This may
be due to higher standard deviation values observed
for night equivalent noise levels as compared to day
equivalent noise levels as shown in Table 2.

optimized and cost-effective approach. An error of
+2 dB with a probability of 95% is observed for day
and night equivalent noise levels for all the four
zones.

. Adapting random three months’ strategy
shows higher probability of +2 dB error when
compared to random two months and consecutive
three months’ strategy. In case of sites lying in
commercial and residential zones, a probability of +2
dB error is 99%. The uncertainty in an error of +3 dB
in random three months’ strategy is almost negligible.
Thus, these observations suggest that random two
months’ strategy is an optimized approach and may
be employed for noise mapping of layer parts of
Indian cities. These observations are consistent with
previous research work reported by Gaza et al.”’ and
Morillas and Gajardo® studies pertaining to the
recommendation of random sampling, but differs on
the aspect of monthly strategy rather than temporal
sampling strategy. Future work shall focus on
analyzing the optimal temporal sampling strategies for
silence, industrial, commercial and residential zones
in Indian perspectives.

Acknowledgements

Authors are thankful to Director, CSIR-NPL, New
Delhi and Head, Physico-Mechanical Metrology
department, and Head Acoustics and Vibration



576 INDIAN J PURE APPL PHYS, VOL. 59, AUGUST 2021

standards for allowing to work in Acoustics and
Vibration Metrology division and the HOD of Mining
Machinery department IIT(ISM), Dhanbad for the
support throughout the study. Author would like to
acknowledge the online reports published by CPCB,
New Delhi whose valuable data has been used and
analyzed in the present paper. However, the opinions
and interpretations presented in the paper are Author’s
own and do not reflect the policy or the agenda of any
government body.

References

1 Carter N L, Environ Int J, 22 (1996) 105.

2 Fidell S, Barber D S & Schultz T J, J Acoust Soc Am,
89 (1991) 221.

3  Torre G L, Moscato U, Torre F L, Ballini P, Marchi S &
Ricciardi W, J Pub Health, 15 (2007) 339.

4  Miedema M E, In World Health Organisation and European
Centre for Environment and Health Report on the Technical
meeting of exposure-response relationships of noise on
health, Bonn Germany (2003).

5 Michaud D S, Keith S E & McMurchy D, Noise Health,
7 (2005) 39.

6  Ohrstrom E & Skanberg A, J Sound Vibrat, 271(2004) 279.

7  Agarwal S & Swami B L, Noise Health, 13 (2011) 272.

8 Banerjee D, Chakraborty S K, Bhattacharyya S &
Gangopadhyay A, Environ Monitor Assess, 151 (2009) 37.

9 Korfali S I & Massoud M, Environ Monitor Assess, 84
(2003) 218.

10 Mohan S, Dutta N & Sarin, S M, Pollut Res, 19 (2000) 353.

11  Czyzewski A, Kotus J & Szczodrak M, Noise Control Eng J,
60 (2012) 69.

12 Central Pollution Control Board, Annual Report, 2011-2012.
http://cpcb.nic.in/upload/AnnualReports/AnnualReport 43
AR 2011-12 English.pdf [access on 02.03.2016].

13 Central Pollution Control Board- Status of ambient noise
levels in India, NANMN/02/2015-16.

14 Garg N, Sinha A K, Sharma M K, Gandhi V, Bhardwaj R M,
Akolkar A B & Singh R K, Curr Sci, 113 (2017) 00113891.

15 Garg N, Sinha A K, Dahiya M, Gandhi V, Bhardwaj R M &
Akolkar A B, Arch Acoust, 42 (2017) 175.

16 Przysucha B, Batko W & Szelag A, Arch Acoust, 40 (2015)
183.

17 European Noise Directive, Assessment and Management of
Environmental Noise, 2002/49/EU, Official Journal of
European Communities, (2002). DIRECTIVE 2002/49/EC of
the European parliament and of the council of 25 June 2002
relating to the assessment and management of environmental
noise.

18 Ruiz-Padillo A, Ruiz D P, Torija A J & Ramos-Ridao A,
Environ Impact Assess Rev, 61 (2016) 8.

19 Gagliardi P, Fredianelli L, Simonetti D & Licitra G, Acta
Acoustica Unit Acoustica, 103 (2017) 543.

20 Bunn F & Zannin P H T, 4Appl Acoust, 104(2016) 16.

21 Kephalopoulos S, Paviotti M, Anfosso-Lédée F, Van
Maercke D, Shilton S & Jones N, Sci Total Environ,
482 (2014) 400.

22 Biau D J, Kernéis S & Porcher R, Clin Orthop Relat Res,
466 (2008) 2282.

23 Rothman K J, Greenland S & Lash T L, Modern
epidemiology, Lippincott Williams & Wilkins, (2008).

24 Liguori C, Ruggiero A, Russo D & Sommella P, App!
Acoust, 127 (2017) 126.

25 Liguori C, Ruggiero A, Russo D & Sommella P, In IEEE
International Instrumentation and Measurement Technology
Conference, (2018) 1.

26 Liguori C, Ruggiero A, Russo D, Sommella P & Lundgren J,
Measurement, (2020) 108534.

27 Gozalo G R, Morillas ] M B, Escobar V G, Vilchez-Gémez R,
Sierra J A M, del Rio F J C & Gajardo C P, Arch Acoust, 38
(2013) 397.

28 DeVor R E, Schomer P D, Kline W A & Neathamer R D,
J Acoust Soc Am, 66 (1979) 763.

29 Gaja E, Gimenez A, Sancho S & Reig A, Appl Acoust,
64 (2003) 43.

30 Romeu J, Genesca M, Pamies T & Jiménez S, Appl Acoust,
72 (2011) 569.

31 Morillas J B & Gajardo C P, Appl Acoust, 75 (2014) 27.

32 Garg N, Saxena T K & Maji S, Noise Control Eng J,
63 (2015) 26.

33 Garg N, Sinha A K, Gandhi V, Bhardwaj R M & Akolkar A B,
Appl Acoust, 103 (2016) 20.

34 Geraghty D & O’Mahony M, Int J Sustain Built Environ, 5
(2016) 34.



