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This paper describes the long-term noise monitoring data for ten consecutive years (2011-2020) acquired
from the diversified National Ambient Noise Monitoring Network (NANMN) set up across 7 major cities of
India and consisting of 70 stations for continuous noise monitoring throughout the year. The annual average
ambient noise levels observed throughout these ten years in 70 locations under study, including 25 locations in
commercial zones, 12 in industrial, 16 in residential, and 17 in silence zones, are described. The noise scenario
in these ten years is compared and analyzed. It is observed that no site in residential or silence zones meets
the ambient noise limits for the past ten years. The study suggests guidelines for a policy framework for
environmental noise management and control to regulate noise pollution in Indian cities.
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1. Introduction

Environmental noise exposure and associated
health effects have become a serious concern globally.
The Guideline Development Group (World Health Or-
ganization [WHO], 2018) has enunciated to use the
term “environmental noise” and defined it as “noise
emitted from all sources except sources of occupational
noise exposure in workplaces” (WHO, 2018). The rec-
ommended limits for noise exposure from road traffic
noise are 53 dB Lycn and 45 dB Lygnt, and for noise ex-
posure from aircraft noise the recommended limits are
45 dB Lgen and 40 dB Lyjgns (WHO, 2018). Every na-
tion is concerned about the health effects of noise emit-
ted from the increasing number of vehicles on the roads
and aircraft noise in residential areas near the air-
ports (BABISCH et al., 2005; WHO, 2011; vAN KEMPEN

upon the material, the modified material must be licensed under identical terms.

et al., 2018; HANSELL et al., 2013; SCHMIDT et al.,
2015). Tt is thus imperative to adopt long-term noise
monitoring strategies to assess and control the accen-
tuated environmental noise levels and plan for suitable
noise abatement measures. The European Environ-
mental Noise Directive 2002/49/EC requires that the
values of acoustic parameters Lgen and Lyjghe are rep-
resentative of a year period (The European Parliament
and the Council of the European Union, 2002). The Di-
rective articulates the assessment methods for the pur-
pose of strategic noise mapping and the corresponding
action plans, which imply the use of harmonized indi-
cators and evaluation methods as well as criteria for
noise mapping. The noise maps should present noise
levels expressed in the harmonized indicators Lgen
and Lyight. The WHO estimates that, in Western Eu-
rope alone, 1 million healthy life years are lost annually
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to environmental noise (WHO, 2011). Other estimates
put the external cost of noise-related health issues in
the European Union between 0.3-0.4% of GDP (Eu-
ropean Conference of Ministers of Transport [EMCT],
1998) and 0.2% in Japan (MIZUTANI et al., 2011). Some
studies have correlated the relationship between envi-
ronmental noise and real estate markets, with housing
prices falling with the increase in noise levels (NELSON,
1982; THEEBE, 2004). Thus, it is imperative from an
Indian perspective to monitor the environmental noise
levels in citiesand devise Noise Action Plans (NAPs)
for abatement and control of noise pollution. The Cen-
tral Pollution Control Board (CPCB) in India initi-
ated the process of developing the National Ambient
Noise Monitoring Network (NANMN), through which
it was decided to include ambient noise as a regu-
lar parameter for monitoring in specified urban areas
(CPCB, 2011; 2012). The real-time noise monitoring
network, the NANMN program, was established with
the objective of getting real-time continuous noise mo-
nitoring data. The present work discusses the noise
monitoring data from 70 sites located in 7 major cities
for the past ten years (2011-2020) with the following
objectives:

— ascertain the noise scenario and the annual av-
erage ambient noise levels of 70 sites for the ten
years under study and compare them with ambi-
ent noise standards of India (Table 1 — Appendix);

— inculcate the awareness of the general public to-
wards the status of noise pollution and dissemina-
tion of information publicly through the website
(CPCB, n.d.);

— ascertain the Most Exposed Urban Sites (MEUS)
among the 70 sites and suggest the need for Noise
Action Plans required, if any;

— ascertain to what extent the residential and si-
lence zone sites meet the current ambient noise
standards;

— analyze the difference of Lgay and Lyignt levels to
ascertain the severity of night noise levels as com-
pared to the day levels;

— annual increment or decrement in the ambient
noise levels for each of these sites in the decade
under study for forecasting the future noise sce-
nario;

— recommendations on policy framework for reduc-
ing the noise pollution levels in Indian cities based
on the long-term evaluation and analysis of noise
monitoring data for the 70 sites of 7 metropolitan
cities.

It may be noted that although the installation of
10 noise monitoring stations for each city is insufficient
to represent the noise environment of the concerned
cities, yet the present study is focused on the evalua-
tion and analysis of continuous long-term noise levels

obtained from these 70 stations to ascertain and ana-
lyze the status of ambient noise levels and planning for
suitable measures to control them. The present study
shall be very helpful for understanding the noise sce-
nario, analyzing the status of compliance of sites in
each zone with the ambient noise standards, and plan-
ning for suitable measures and action plans for noise
abatement and control in metropolitan cities of India.
The study shall be helpful for pollution control bodies
and planning and development authorities in manag-
ing and controlling environmental noise levels in the
metropolitan cities of India.

2. Materials and methods

The diversified NANMN project was established in
2011 covering 70 stations in 7 major cities of the coun-
try, namely, Bengaluru, Chennai, Delhi, Hyderabad,
Kolkata, Lucknow, and Mumbai. The details of 70 lo-
cations under study established in 7 cities of India,
with each city having 10 noise monitoring stations, are
shown in Fig. 1. The 70 locations cover 25 commercial
sites, 16 residential sites, 17 sites in silence zones, and
12 sites in industrial zones. The Noise Monitoring Ter-
minals (NMTs) manufactured and installed by Geonica
Earth Sciences, Spain, have been discussed in detail
earlier (GARG et al., 2016; 2017b; 2017c; 2017d). In
addition, a website application (CPCB, n.d.) has been
developed to disseminate the data in real time to the
public to generate awareness. The Noise Monitoring
Network so established is unique and one of the largest
noise monitoring networks of its kind across the globe.

In the present study, day equivalent levels Lq,y, and
night equivalent levels Lyizne were acquired through
the CPCB website and analyzed for each year from
2011 to 2020. In order to compare the ambient noise
scenario of the noise monitoring locations with inter-
national guidelines and several studies reported so far
(WHO, 2009; BaBiscH, 2002), the study also reports
day-night average sound levels Lg,, and 24-hour equiv-
alent sound levels Lpcq,24n. The day equivalent levels
are the average equivalent sound levels of 16 hours du-
ration of the day from 06:00 AM to 10:00 PM and the
night equivalent levels are the average equivalent sound
levels of 8 hours duration from 10:00 PM to 06:00 AM
(Ministry of Environment & Forests, 2000).

The average day and night equivalent sound levels
for each year are calculated as (GARG et al. 2016):

12 ,
Laayn = 10log;, [n Z 100'1(Lday’7'):|a (1)
i=1

Lnight,n = 1010%10 [ Z 100.1(Lnight,i)], (2)

1

niz1
where 7 is the number of days in the year, and Lqay ;
and Lyight,; are the day and night equivalent sound
pressure levels of the i-th day of the year, respectively.



N. Garg et al. — FEwvaluation and Analysis of Long-term Environmental Noise Levels. .. 105

70 NOISE MONITORING
STATIONS ALL OVER INDIA:
SPREAD IN 7 MAJOR CITIES

Mumbai 10 Stations
ASHP (191" 15.83" N, 72°61' 33.24" E)
Bandra (19°3' 20.77" N, 72'49' 49.41" E)
MPCB HQ. (18°6" 42.73" N, 73°0' 43.80" E)
Thane MCQ (19°0" 57.38" N, 72°51" 29.24"E )
‘Vashi Hospital (19°4' 45.49" N, 73°0" 0.12" E)

M&M Kandivali (192" 3.87" N, 72°52" 12.14"E)
Ambassador Hotel (18°66" 0.67" N, 72°49" 29.61"

L&T Powai (19°7" 18.31" N, 72'63' 34.27"E )
Pepsico Chembur (19°2' 62.89" N, 72°64' 37.12"

Andheri (18°6" 44.49" N, 72°61' 20.71" E)

Bengaluru 10 Stations
BTM (12'54' 30.36" N, 77'35' 10.96" E)

4
Marathahalli (12'54" 45.45" N, 77'34' 34.58" E) (/*’J
Nisarga Bhawan (12'59' 0.54" N, 77'35' 40.15" Y T

E)
Paris ar Bhawan (12'58'32.18" N, 77'36" 12.38" \J §
E) &

Peeniya(13'1'4.28" N, 77°30" 11.45" E)
Yeshwantpur (13'1' 5.04" N, 77°33' 28.13" )
RM.C.E (12'55' 23.15" N, 77'29' 58.5" E)
Whitefield (1258 38.47" N, 77°45' 5.18" E)
Dolmur (12°57" 48.86" N, 77°38' 17.78" E)
Nihmans (12°56" 15.27"" N, 77°35° 32 95" E)

Delhi 10 Stations
Dilshad Garden (28°40" 53.76" N, 77°19' 62" E)
CPCB HQ. (26°39" 20.99" N, 77'17°39.91"E)
DTU, Bawana (28'44' 44.49" N, 77'5" 1.56" E)
ITO (28°37 414.24" N, T7°14' 27.22" )
NSIT Dwarka (28'36' 14.46" N, 77°2' 28.78" )
Civil Lines (26'40' 55.97" N, 77°13' 25.75" E)
R. K. Puram (28'33" 46.23" N, 77"11" 12.4" E)
Anand Vihar (28'38' 51.22" N, 77"18'67.02" E}
Mandir Marg (28'38' 141" N, 77°12' 2.36" E) Chinhat (26°'54' 17.08" N, 81°03' 13.08" E)
Punjabi Bagh (28°40" 12.83" N, 77°7" 54.14" E) IT College (26'52' 22.47" N, 80'56" 30.28" E)

Lucknow 10 Stations
Gomti Nagar (26°52' 58.02" N, 80'59' 58.02" E)
Hazrat Ganj (26°51' 0.66" N, 80'56' 51.59" E)
Indira Nagar (2653 25.08" N, 80'S9’ 57.29" E)

PGI Hospital (26°45' 17.68" N, 80°55" 50.53" E)
Talkatora Industrial Area (26'50° 2.44" N, 80°53"
30.25"E)

CSS Airport (26°45° 55.41" N, 80°53 10.91" E}
RSC Aliganj (26'53' 21.89" N, 80'56' 24.43" E)
E ! Vibhuti Khand (26'52" 6.75" N, 81'00' 12.54" E)

% REAL TIME NOISE E

Kolkata 10 Stations
Kasba Gole Park (22°31'1.2" N, 88°24' 15.8"E )
New Market (22°33" 41.4" N, 88°21" 10.4"E)
Patauli (22°28" 21.07" N, 88°23' 29.T1" E)
SSKM Hospital (22°32' 19.68" N, 88°20" 36.29"E)
WBPCB HQ (22°33' 42.67" N, 88°24' 32.46" E)
Birati N (22°40" 13.99" N, 88°26' 1.74"E)
R G Kar(22°36' 16.18" N, 88°22' 43.20"E)
Tollygunge (22°29' 56.48" N, 88'20" 43.79"E)
Bag Bazar (22°36' 4.61" N, 88°22' 1.01" E)
Tartala (22°30° 56" N, 88°18" 19.2"E)

Abids (17°23' 27.42" N, 76°28' 26.69" £}
Jeedimetia (17°30'44.12" N, 78°28" 10.43" E)
Jubilee Hills (17°26' 22.08" N, 78°23" 68.28" E)
Punjagutta (17°26' 27.77" N, 78°27" 3.74" E)
ZooPark (17°22'8.4" N, T8°28' 17.42"E)
Tamaka (17°25' 43.57" N, 7832' 15.83" €}
Gaddapothram (17°36' 4.1" N, 78°22' 19.8" E)
Gachibowdi (17°27" 36.4" N, 78°20' 3.3" E)
Paradise (17°26' 36.7" N, 78%29"15.9" E)
Kukatpalli (17°29" 45.3" N, 78°23' 39" €)

—H

Chennai 10 Stations
Eye Hospital (13°6' 16.13" N, 80°*17" 3.35" E)
Guindy (13°0" 42.79" N, 80°13' 9.46" E)
| Perambur (13°6' 43.46" N, 80'14" 16.85" E)
T.Nagar (13°2' 24.34" N, 80°13'67.44"E)
Triplicane (13'3' 17.91" N, 80'16' 28.44"E)
Pallikamai (12°56" 14.67"N, 80"12' 55.27" E)
Velachery (12°58' 35.09" N, 80°13' 15.27" E)
Washermanpet (13'7' 63.84" N, 80°16' 43.95" E
‘& Anna Nagar (13'5' 21.45" N, 803" 23.93"E)
Sowcarpet (13°5' 424" N, 80°16' 32.2" E)

MONITORING STATIONS

Fig. 1. Noise monitoring stations at 70 sites in 7 major cities of India installed by the CPCB, India for continuous noise
monitoring throughout the year.

The 24-hour equivalent sound pressure levels are
the average equivalent sound levels of 24 hours of a
single day. Also, the annually-averaged day-night av-
erage sound pressure levels of the 70 noise monitoring
sites are calculated (GARG et al., 2016):

16 - 10Laay/10 £ 8. 10(Lnignt+10)/10
24

Lan = 101ogy

where Lqay and Lyign are the day and night equivalent
noise levels per year, respectively.

The standard deviation associated with the day
equivalent sound levels of the noise monitoring sites
is calculated as:

Z:l (Lday,i - Lday)

o — (4)

where Kay is the average of the day equivalent sound
levels per year. The standard deviation for the average
night equivalent sound levels for each noise monitoring
site is also calculated in the same way.

The study also analyzes the noise exceedance fac-
tor (EF) calculated in each zone, as shown in Eq. (5)
(CHOWDHURY et al., 2016), in order to assess the en-
vironmental noise pollution scenario of different zones.
The noise EF of a site is defined as the ratio of the am-
bient noise level of the site and the permissible noise

level limit of the zone in which the site is located.
The average noise limit exceedance factor (NEF) for
all the sites lying in one zone is called the average ex-
ceedance factor (AEF):

_Lo

EF ,
LP

(5)
where Ly is the observed ambient noise level, and L,
is the legally permissible limit recommended by the
CPCB, India (Table 1 — Appendix).

The study undertakes a zone-wise and site-wise
analysis in order to analyze the noise scenario at var-
ious sites and a specific trend of noise scenario in the
past ten years.

3. Results and discussion

Tables 2 and 3 (Appendix) show the details of the
annual average ambient day and night equivalent lev-
els monitored for the 35 stations installed in 7 cities
from 2011 to 2020 (CPCB, 2015a; 2015b; 2016; 2018;
GARG, 2022). Table 4 (Appendix) shows the details
of the annual average day and night equivalent sound
levels for the past five years (2015-2020) for the ad-
ditional 35 noise monitoring stations in 7 cities, which
were installed in November 2014 (CPCB, 2015a; 2015b;
2016; 2018; GARG, 2022). Figures 2 and 3 show the
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I

Fig. 2. Annual night equivalent average sound levels Lyign: [dB

(GAara

for 7 major cities

than 60 dB(A) (WHO, 2009; BABISCH, 2002). It can

annual average day and night equivalent noise lev-
els for the past three years (2018-2020) for the 70,
sites in the 7 major cities of India (GARG, 2022). The

60 dB(A) Lgay limit can be seen as NOAEL (no ob-

limit was met by only

4 sites in 2020, while 7 sites met the limit in 2019,
and 9 sites in 2018. The Interim Target (IT) of 55 dB
Lyjgne, as recommended in the EU Night Noise Guide-

lines report (WHO, 2009), was met by only 4 sites in

be observed that the 60 dB Lgay

served adverse effect level) for the correlation between

2020, 7 sites in 2019, and 8 sites in 2018. The major-

road traffic noise and myocardial infarction (MI); the
risk of MI increases incessantly for noise levels higher
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observed for the three years (2018-2020)

for 7 major cities (GARG, 2022).

ity of sites (7 out of 10) in Chennai city showed day
sound levels above 70 dB(A) and 6 sites showed night
equivalent sound levels above 70 dB(A). However, in
Delhi, only 2 sites showed day and night equivalent
levels >70 dB(A). Also, in Mumbai and Hyderabad,
6 sites showed day equivalent levels >70 dB(A) and
5 sites showed night equivalent levels >70 dB(A). Over-
all, 32 sites (45.7%) comprising of 12 commercial, 5 in-
dustrial, 7 in silence zone, and 8 residential were ob-
served to be the MEUS with day equivalent sound
levels >70 dB(A). Thirty sites (42.9%) comprising of

9 commercial, 4 industrial, 11 in silence zone, and
6 residential were observed to be the MEUS with night
equivalent sound levels >70 dB(A). Table 5 (Appendix)
shows the frequency distribution of the noise descrip-
tors: annual average day equivalent levels Lgay, an-
nual average night equivalent levels Lyjgnt, annual ave-
rage 24-hour equivalent sound level Leq 241, and an-
nual day-night average sound level Lq, for the 70 sites
for the past four years (2017-2020). It was observed
that the majority of the sites (75.7%) registered day
equivalent noise levels between 60 to 75 dB(A), while
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64.3% of the sites registered night equivalent noise lev-
els between 60 to 75 dB(A). Also, the majority of sites
(69.5%) showed Lg, values between 65 to 80 dB(A),
and 77.6% of the sites showed Laeq,24n values between
60 to 75 dB(A). Figures 4 and 5 show the 24-hour
equivalent average annual sound levels Lacq24n and
annual day-night average sound levels Lq, observed for
the past three years (2018-2020) in the 7 major cities
of India (GARG, 2022). It can be observed that the ma-
jority of Laeq,24n values range from 60 to 75 dB(A) for
commercial (83%) and industrial zone sites (65.9%),
while for the residential (75%) and silence zone sites
(76.9%), the majority of Laeq,24n values range from 55
to 70 dB(A). The majority of L4, values range from
65 to 80 dB(A) for commercial (66%), residential (69%),

95

and industrial zone sites (67%), while for the silence
zone sites, the majority (80.5%) of Lq, values range
from 60 to 75 dB(A).

The zone-wise analysis was also conducted as
shown in Table 6 (Appendix) in order to ascertain the
range of day and night equivalent noise levels in all
4 zones (GARG, 2022). The analysis of the 2020 noise
monitoring data shows that 88% of the commercial
sites, 62.6% of the residential sites, 70.5% of the si-
lence zone sites, and 74.9% of the industrial zone sites
registered day equivalent sound levels between 60 to
75 dB(A). Furthermore, 76% of the sites registered
night equivalent sound levels between 60 to 75 dB(A),
while 56.4% of the residential sites, 70.6% of the silence
zone sites, and 66.7% of the industrial sites registered
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Fig. 5. Annual 24-hour equivalent

average sound levels Laeq,24n in dB(A) observed for the past three years (2018-2020)

for 7 major cities (GARG, 2022).

night equivalent noise levels between 55 to 70 dB(A).
Thus, it is evident that the majority of the sites in all
4 zones registered day equivalent sound levels in the
range of 60 to 75 dB(A), while the majority of sites
in all zones except the commercial zone showed night
equivalent sound levels between 55 to 70 dB(A). The
analysis of (Lday—Lnignt) for the 70 sites was conducted
to analyze the severity of day equivalent noise levels
compared to night equivalent noise levels. Table 7 (Ap-
pendix) shows the frequency distribution (in %) of the
difference of annual average (Lqay—Lnight) values ob-
served in dB for the 70 sites spread across the 7 major
cities of India (GARG, 2022). It is revealed that the
majority of observations (75.7% for 2020 to 88.6% for
2014) showed a difference between 0 to 10 dB(A) and

less than or equal to 5 dB(A) in the past ten years from
2011 to 2020 (31.4% in 2012 to 58.6% in 2020). These
observations thus suggest that the night equivalent
noise levels are comparable to the day equivalent levels
for the majority of sites. The 10 dB night-time adjust-
ment in day-night average sound level is not appro-
priate in such a scenario. On a similar analogy, these
observations also suggest that the 5 dB evening time
correction in the day-evening-night average sound level
descriptor is not justified as the evening noise levels are
similar to the day equivalent noise levels. Thus, the 24-
hour equivalent continuous sound level L zcq,24n Would
be more suitable as it is a common way of expressing
day-night average sound level without the 10 dB night-
time adjustment (GARG, 2019). It may be noted that
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these results are observed for the case of metropolitan
cities only, and the environmental noise scenario for
other cities, especially tier 2 cities, shall be helpful to
conclude a generic trend about the suitability of day-
night average sound levels with the 10 dB night-time
adjustment in India.

The comparison of the environmental noise levels
in the 70 sites in comparison to the previous years was
ascertained to understand the change in noise scenario
in the past decade. Figure 6a shows the difference in
day and night equivalent sound levels in 2020 sound
levels for the 35 sites in which the NMTs were installed

in 2011. It can be observed that 19 sites (54.3%)
showed an increment in day and night equivalent
sound levels of more than 5 dB(A) in these ten years,
9 sites (25.7%) showed an increment in day equivalent
sound levels up to 10 dB(A), and 19 sites (54.3%)
showed an increment in night equivalent sound levels
up to 10 dB(A). Only 3 sites showed a decrement in
day equivalent sound levels up to 5 dB(A) and 1 site
showed a decrement in night equivalent sound levels
by more than 5 dB(A). Figure 6b shows the difference
in day and night equivalent sound levels in 2020
sound levels for the 35 sites in which the NMTs were
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Fig. 6. Difference in equivalent sound levels: a) difference in day and night equivalent noise levels w.r.t. 2020 sound levels
for 35 sites in which the NMTs were installed in 2011; b) difference in day and night equivalent sound levels w.r.t. 2020
sound levels for 35 sites in which the NMTs were installed in 2015.
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installed in 2015. It can be observed that 8 sites
(22.9%) showed an increment in day and night equiva-
lent sound levels of more than 5 dB(A) in these five
years, 5 sites (14.3%) showed an increment in day
equivalent sound levels >10 dB(A) and 9 sites (25.7%)
showed an increment in night equivalent sound levels
>10 dB(A). Also, 4 sites (11.4%) showed a decrement
in day equivalent sound levels >5 dB(A), while 6 sites
(17.1%) showed a decrement in night equivalent sound
levels >5 dB(A).

The comparison of Lacq,24n and Ly levels for the
35 sites for the ten years under study, as shown in
Fig. Ta, also revealed that 8 sites (22.9%) showed an
increment in Laeq24n levels > 10 dB(A) and 14 sites
(40%) showed an increment in Lg, levels > 10 dB(A).
Only 1 site showed a decrement in Lpcq,24n and Lgn
levels of more than 5 dB(A). Overall, it was observed
that the commercial and silence zone sites exhibited
higher increment in the day and night equivalent sound
levels in the considered years.

45

The comparison of Lacg,24n and Ly levels for the
35 sites for the past five years, as shown in Fig. 7b,
also revealed that 5 sites (14.3%) showed an incre-
ment in Leq 24n levels >10 dB(A) and 8 sites (22.9%)
showed an increment in Lg, levels >10 dB(A). Ad-
ditionally, 5 sites (14.3%) showed a decrement in
Lpeq2an 25 dB(A), while 5 sites (14.3%) showed
a decrement in Lg, levels >5 dB(A). These observa-
tions also revealed that commercial and silence zone
sites exhibited higher increment in the 24-hour equiv-
alent sound levels and day-night average sound levels
in the considered years.

A piecewise linear regression analysis was also per-
formed to assess the approximate rate of variation of
day and night equivalent levels in the past ten and six
years, for the new addition in 2014, on an annual basis.
The slope of variation (in dB(A)/year) of day and
night equivalent levels and the corresponding Pearson’s
correlation coefficients for all the 70 sites in the 7 cities
of India were evaluated, as shown in Tables 8 and 9
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(Appendix). Table 8 shows the slope of variation of
ambient noise levels in the past ten years, 2011-2020,
and the corresponding correlation coefficient for the
35 sites where the noise monitoring stations were es-
tablished in 2011.

Table 9 presents the slope of variation of ambient
noise levels in the past six years, 2015-2020, and the
corresponding correlation coeflicient for the 35 sites
where the noise monitoring stations were established
in 2014. It is revealed in Table 8 that except for 1 com-
mercial, 2 residential, and 1 silence zone site, all other
sites showed positive slopes for day equivalent levels
and except for 1 commercial zone site, all other sites
reported positive slopes for night equivalent levels for
the past ten years (2011-2020), which indicates the in-
crement in the ambient noise levels in these ten years.
Also, for the variation of day equivalent levels, more
than 70% of the 35 sites exhibited a slope within the
range of 0 to 1.5 dB(A) /year, and almost 60% of the si-
tes exhibited a slope within 0 to 1 dB(A)/year, while
for the variation of night equivalent levels, nearly 77%
of the 35 sites reported the slope of variation within 0
to 2 dB(A)/year. It is observed in Table 9 that for the
past six years (2015-2020), 5 commercial, 3 industrial,
6 residential, and 4 silence zone sites exhibited a neg-
ative slope of variation of day equivalent levels and
4 commercial, 3 industrial, 4 residential, and 1 silence
zone site reported negative slope of variation of night
equivalent levels in the past six years (2015-2020), in-
dicating a decrement in the day and night equivalent
levels in these six years. Overall, 18 and 12 sites out
of 35 sites reported a negative slope of variation for
the day and night equivalent levels, respectively. Thus,
it can be deduced that more commercial, industrial,
and residential zone sites exhibited decrement in the
day and night equivalent sound levels than the silence
zone sites in the six years under study. Also, 21 out of
35 sites reported the slope of variation of day equiva-
lent levels within the range -1 to 1 dB(A)/year, and
17 out of 35 sites exhibited a slope of variation of night
equivalent levels within the range 0 to 2.5 dB(A)/year
for the past six years from 2015 to 2020.

Population growth, rising transportation needs, an
increase in vehicular density particularly heavy vehi-
cles and cars, etc., and road congestion are all factors
that are primarily attributed to the increased noise lev-
els in the ten years under study (JAMIR et al., 2014).
Also, the increased industrial activities account for the
elevated ambient noise levels of the noise monitoring
sites in ten years span of time. The increased encroach-
ment of vehicles alongside the main roads in silence,
residential, and commercial zones, congestion due to
heavy vehicles, and unnecessary honking events are
also associated with the elevated noise levels in these
zones. Furthermore, loud music from the various night
events (including marriage ceremonies and other con-
certs), noise from dog-barking at night at some sites,

and movement of heavy trucks at night-time are pri-
marily attributed to the higher noise levels at some
sites.

The present study is the first study to comprehen-
sively analyze the extensive noise monitoring data for
7 major cities of India for the past ten years from 2011
to 2020. Although the non-compliance of the silence
and residential zone sites with the ambient noise stan-
dards is supported by several studies for other cities in
India as well (DATTA et al., 2006; AGGARWAL, SWAMI,
2011; BHOSALE et al., 2010; GARG et al., 2016; 2017b;
2017c¢), a comprehensive study focussed in tier 2 and
tier 3 cities shall give a broader picture of noise sce-
nario in the country for the various zones.

4. Overall noise scenario and compliance
with ambient standards

Long-term noise monitoring for the past decade re-
vealed that the environmental noise levels were high
compared to the recommended limits for some of the
sites and thus noise control measures (or noise ac-
tion plans) are essentially required for controlling the
noise levels. It was observed that only 4 sites (5.7%)
met the target of 55 dB Lyignt. Table 10 (Appendix)
shows the status of compliance of the day and night
equivalent levels explicitly for the various sites with the
ambient noise limits. It can be observed that day-ti-
me compliance is observed in more sites than night-
time compliance. A minimum of 9 to a maximum of
14 sites out of 70 sites have shown day-time compli-
ance in the studied ten years, while a minimum of 5
to a maximum of 12 sites showed night-time compli-
ance. No silence zone site ever met the ambient noise
limits in the span of ten years under study, while only
2 residential sites showed compliance with the day am-
bient noise limits for 2011-2013, and 1 residential zone
site showed day-time compliance in 2014, 2018, and
2019. Table 11 (Appendix) enlists the status of overall
compliance of all the sites in 7 cities in the consid-
ered decade (GARG, 2022). It is evident that primar-
ily the industrial sites met the ambient noise limits
in these ten years. Also, in accordance with the U.S
Department of Housing and Urban Development cri-
teria (1984) that recommends the Laeq < 49 dB(A) as
clearly acceptable and 49 < Lpeq < 62 dB(A) as nor-
mally acceptable. In 2020, 15 sites (21.4%), including
3 industrial, 5 commercial, 4 residential, and 3 silence
zones, met these criteria. The level of significance for
assessing noise impacts has been identified as an Lgy,
of 65 dB(A), whereby an Lq, value of 65 dB(A) is de-
scribed as the onset of a normally unacceptable zone.
In accordance with these criteria, 9 sites (12.9%) in
2020, including 1 industrial, 3 commercial, 3 residen-
tial, and 2 silence zones, met these criteria. These ob-
servations thus suggest a retrospective and prospective
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view of ambient noise standards, particularly for the
residential areas and sites lying in the silence zones
and mixed zone prevalent at some sites. It is rightly
pointed out in the FEuropean Night Noise Guidelines
(WHO, 2009) report that limits could be reasonably
high but firmly imposed or very minimal with no legal
obligation whatsoever.

Also, in order to ascertain the most severely af-
fected zone, the NEF for each zone in the past four
years was analyzed, as shown in Table 12 (Appendix).
The NEF was calculated as the ratio of the ambi-
ent noise level (day/night) observed at the site to the
noise limit recommended by the ambient noise stan-
dards (CHOWDHURY et al., 2016). The analysis of NEF
and AEF revealed that the silence zone has the maxi-
mum AEF of 1.4 for day equivalent sound levels and 1.7
for night equivalent sound levels, followed by residen-
tial zones (AEF 1.3-1.5) and commercial zone (AEF
1.1-1.2) in the 2020 noise monitoring data. The ana-
lysis of the four years AEF values suggested that the
silence zone sites were the most affected sites, followed
by residential zone sites. A planned land-use pattern of
commercial, residential, silence, and industrial zones in
a city shall be thus pivotal in reducing environmental
noise levels. The numerical meta-analyses ascertain-
ing the exposure-response relationship between com-
munity noise and cardiovascular risk recommends an
empirical formulation as (WHO, 2011):

OR = 1.63-6.13-107"- L, 16, +7-36:10 - L3, 161, (6)

where Lgay 16n is 16 hours ambient day level and OR
is the odds ratio that is used to compare the rela-
tive odds of the occurrence of the outcome of disease,
given exposure to the variable of interest (noise expo-
sure level). Thus, for the Gunidy site in Chennai that
experienced the highest day equivalent sound levels of
82.8 dB(A) in 2020 and the Bag Bazar site in Kolata
that experienced the highest day equivalent sound lev-
els of 87.2 dB(A) in 2019, the ORs of 1.6 and 1.8 were
evaluated, respectively. The variation of OR was eval-
uated to be in the range of 1 to 1.6 for 2019 and 1 to
1.8 in 2020. Thus, epidemiological meta-analysis and
noise annoyance studies are essentially required from
an Indian perspectives to correlate noise exposure with
the health effects. The empirically described conver-
sion rules between the environmental noise exposure
metrics as that presented by BRINK et al. (2018) in
Switzerland shall facilitate the estimation of the value
of one (unknown) noise metric from the value of an-
other (known) metric, e.g., in the scope of epidemiolog-
ical meta-analyses or systematic reviews, when results
from different studies are pooled and need to be related
to one common exposure metric. Table 13 (Appendix)
shows the inter-conversion of the various noise descrip-
tors for the four zones based on the analysis of noise
monitoring data of the past three years. The intercon-
version rule shall facilitate the prediction of noise de-

scriptors eventually when short-term noise monitoring
studies are carried out (GARG et al., 2015a; TIWARI
et al., 2022).

5. Noise action plans and noise control policy

The undue violation of ambient noise limits for the
residential and silence zone sites is primarily due to
the mixed category zone prevalent for some of the
locations. Thus, these observations suggest a need for
the national policy framework for the management
and control of noise pollution in India (GARG, MAJI,
2016; GARG et al., 2022). Figure 8 shows the proposed
plan for management and control of noise pollution
and the noise action plans for controlling noise pollu-
tion in the urban cities of India. The major elements
of such a policy framework shall be: noise mapping,
monitoring and certification, enforcement of ambient
noise standards, selection and execution of appropria-
te noise action plans, traffic management policy, legal
measures and noise screening policy, and noise aware-
ness campaigns for inculcating awareness amongst the
community towards reducing the noise pollution. The
proposal in the master plan with major impetus on
traffic decongestion includes the following: Unified
Metro Transport Authority, synergy between land-use
and transport integrated multi-modal public transport
system for reducing the dependence on personalized
vehicles, road and rail-based mass transport system
recommended to be a major mode of public transport,
and optimal use of existing road network. National
Transport Oriented Development (TOD) policy can
serve as guidelines and play a catalytic role in formulat-
ing state/city-level policies to promote transit-oriented
development (CPCB, 2017). Decongestion plans for
busy road junctions, special drives for “no honking”,
promotion of carpooling policy, and “work from home”
culture for some of the offices (KUMAR et al., 2022)
for reducing road traffic, launching of odd-even traffic
measures for some time (GARG et al., 2017a), launch-
ing car-free day initiatives, installing synchronized
traffic signaling, constructing flyovers in metropolitan
cities for deflecting the traffic, easing the traffic den-
sity, and restricting entry of heavy vehicles are some
of the major administrative issues that should be im-
plemented for reducing the environmental noise lev-
els. Installation of noise barriers at hotspots in an
adequate manner is also a feasible option for noise
abatement in various zones of metropolitan cities of
India (LOKHANDE et al.,, 2021a). Demarcation of all
the silence zone and residential zone sites in cities, de-
marcation of no-honking zones, proper land-use plan-
ning, and inculcating awareness amongst the commu-
nity on associated health hazards due to noise ex-
posure shall be very effective steps to control noise
pollution. Periodic noise monitoring of sites in conjunc-
tion with noise mapping of cities and periodic review
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Noise mapping, monitoring

and certification:
Noise monitoring of noisy hot spots.
Noise mapping of urban
agglomerations, elevated transit train
corridors and airports.
Simulative studies for devising NAPs.
Type approval noise testing of
vehicles every year.
Short-term noise monitoring strategies
for covering larger areas.
Noise mapping mandatory for new train
transit projects and runways.
Use of smartphone for noise mapping.
Noise mapping of tier 1, 2, and 3 cities.

Enforcement of ambient

noise standards:
Acoustical zoning: specifying zone/area for
compliance of ambient standards.
Revision in ambient noise standards for
residential and silence zones.
Ambient noise standards for mixed land-use and
airport zones.
Strict enforcement of ambient noise standards.
Noise limits for metro train pass-by and aircrafts.
Retrospective view of Land Use Policy and
Management in Urban Development Plans.
Strengthening National Building Code for noise
control in buildings.

Legal measures:
Restriction on pressure horns.
Strict enforcement of noise ordinances
for loudspeakers, public processions, use
of sound limiters.
Restriction of bursting fire-crackers and
construction equipments at night- time in
residential and silence zones.
Removal of encroachment in terms of
illegal construction and parking.
Noise grievances cell to be
a proactive part of state police cell.
Polluter must install noise-monitoring
devices and provide the data to
authorities.
Special budgetary provisions for noise
management and control every year.

Management and control

of noise pollution
and noise action plans

.

.

.

Noise action plans (NAPs):
Building insulation.

Quiet road surfaces.

Low noise tires.

Land-use planning and management.
Traffic management.

Erection of noise barriers.

Vegetation and trees.

Horn noise control by imposing
restrictions.

Prohibition of use of music systems in
open without any mitigation measures
(in closed building) such as sound
proofing/acoustic planning, etc.
Selection and execution of the Best
Practicable and Economical Option
(BPEO).

Noise acreening policy and noise

awareness Campaigns:
Noise barriers should be created around
hospitals, schools, sensitive receptors, and
along the national highways.
Sound regulation requirements for buildings
near road, transit trains, industrial units,
airports, and national highways.
Vegetative barriers/earth berms/trees,
bushes, etc., for noisy areas.
Noise awareness campaigns/mass
awareness among community through
printed media, schools, colleges, etc.
Educating/training officials involved in
measuring and controlling noise pollution.

.

.

Traffic management policy:
Restricted entry of heavy vehicles to
residential areas.

Synchronized traffic signalling.

Speed limits for roads of different hierarchy:
arterial, sub-arterial, local, collector.
Traffic decongestion plans: flyovers,
roundabouts, etc.

Systematic parking plans in markets,
road, etc., to avoid decongestion

and honking.

No honking zone for hospitals, schools
and sensitive receptors.

Streamlining road and parking systems,
separate lane for heavy vehicles.

Fig. 8. Proposed plan for management and control of noise pollution and noise action plans in Indian scenario to effectively
control noise pollution in urban cities.

of noise scenarios after fixed intervals shall be indis-
pensable to analyze, understand, and devise suitable
noise action plans (GARG et al., 2015a; 2020; 2021;
KUMAR et al., 2023; LOKHANDE et al., 2019). In addi-
tion, noise measurements with the help of smartphone
applications are also an effective, novel and econom-
ical way of disseminating awareness among the com-
munity, especially the young generations (LOKHANDE
et al., 2021b). It is recommended that a mixed zone
category should be specifically considered for the noise
abatement guidelines/ambient standards in the future
from an Indian perspective. Reduction at the source
(travel demand reduction, setting restrictive speed lim-
its in residential areas and sensitive sites, prohibition
of heavy vehicle traffic in residential areas and sensi-
tive sites, minimization of slopes in urban roads, con-

trol of acoustic emissions generated by vehicles with
sirens, strict enforcement of regulations governing the
emission limits and conditions of use of vehicles, etc.)
is the effective action plan for reducing the environ-
mental noise levels (TORIJA et al, 2021). The Eu-
ropean Union has recently reported the noise action
plans for major roads as the measures on the propaga-
tion path (40%) followed by the source-orientated mea-
sures (38%). Noise barriers and traffic management
measures were the most commonly reported, followed
by improving the road surface. However, the actions
related to urban planning only account for a small per-
centage (13%) and the ones related to education and
communication account for 6% (BLANES et al., 2019;
Conference of European Directors of Roads [CEDR],
2013; European Environment Agency, 2020). The cost-
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effectiveness of the noise action plans is very crucial for
selecting an optimal strategy (MUNZEL et al., 2018;
European Union, 2017; LOKHANDE et al., 2022; GARG
et al., 2012; 2022; TIWARI et al., 2021). Thus, an ef-
fective noise policy for a sustainable environment, in-
cluding noise action plans in urban planning, is es-
sential from an Indian perspective for accomplishing
the desired goals towards noise pollution control in
metropolitan cities. Thus, these measures have to be
implemented for metropolitan cities of India while con-
sidering the recent WHO (2018) guidelines such as
reducing noise exposure while conserving silence ar-
eas, promoting the interventions to reduce noise ex-
posure and improve health, coordinating the various
approaches to control noise source and other environ-
mental health risks and information and involvement
of the communities (WHO, 2018).

6. Conclusions and recommendations

This paper analyzed and reported the long-term
noise-monitoring data for 2011-2020 obtained from the
diversified NANMN set up across the 7 major cities
of India and covering 70 stations for continuous noise
monitoring throughout the year. The annual average
ambient noise levels observed in these years for these
70 locations under study, in which 25 locations were
in commercial zones, 12 in industrial, 16 in residen-
tial, and 17 in silence zones, were described. These ob-
servations were instrumental in ascertaining the noise
scenario, the status of compliance with the ambient
noise limits and planning a national policy framework
for reducing noise pollution in metropolitan cities of
India. Such a study shall be helpful for predicting and
forecasting future noise scenarios in the decade. The
following conclusions can be drawn from this study:

— the comparison of the ambient noise levels in the
studied decade revealed that the majority of sites
(19 out of 35) registered an increment in day
and night equivalent sound levels of more than
5dB(A) in this decade. Only 3 sites showed
a decrement in day equivalent sound levels by
5 dB(A) and 1 site showed a decrement in night
equivalent sound levels by 5 dB(A). Overall, it was
observed that the commercial and silence zone
sites exhibited a higher increment in the day and
night equivalent sound levels in the past few years;

— in the past three years, from 2018 to 2020, 7 out
of 10 sites in Chennai and Mumbai exhibited day
and night equivalent levels greater than 70 dB(A).
For Kolkata, 6 sites reported day and night equiv-
alent sound levels greater than 70 dB(A). Also,
4 out of 10 sites in Lucknow, Hyderabad, and Ben-
galuru exhibited day and night equivalent levels
greater than 70 dB(A). For Delhi, only 2 out of
10 sites showed day and night equivalent sound le-
vels greater than 70 dB(A). Forty-two sites (60%)

comprising of 18 commercial, 5 industrial, 9 in si-
lence zone, and 10 residential were observed to be
the most exposed urban sites with day equivalent
sound levels >70 dB(A);

the NOAEL limit of 60 dB(A) Lgay was met by
4 sites only for 2020, while 7 sites met this limit
in 2019 and 9 sites in 2018. The interim target
(IT) of 55 dB Lyight, as recommended in the EU
Night Noise Guidelines report, was met by 4 sites
in 2020, 7 sites in 2019, and 8 sites in 2018. Over-
all, 94.3% of the observations exceeded the interim
target recommended by the Night Noise Guide-
lines (NNG) report, which indicates that 55 dB
Lyignt is an ambitious target for all these sites un-
der consideration;

the zone-wise analysis of ambient noise levels
showed that the majority of sites registered day
equivalent sound levels in the range of 60 to
75 dB(A) in all 4 zones. Also, the majority of si-
tes registered night equivalent sound levels in the
range of 55 to 70 dB(A) for residential, silence,
and industrial zones, while the majority of the
sites (76%) in the commercial zones registered
night equivalent sound levels in the range of 60
to 75 dB(A);

the analysis of the noise monitoring data for the
70 sites for the year 2020 showed that the majori-
ty of Laeq24n values range from 60 to 75 dB(A)
for commercial (83%) and industrial zone sites
(65.9%), while for the residential (75%) and silen-
ce zone sites (76.9%), the Laeq24n values range
from 55 to 70 dB(A). Also, the analysis of Lqy, val-
ues revealed that the majority of these values
range from 65 to 80 dB(A) for commercial (66%),
residential (69%), and industrial zone sites (67%),
while for the silence zone sites, the majority
(80.5%) of Lan values range from 60 to 75 dB(A);
the analysis of compliance with the ambient stan-
dards showed that day-time compliance is shown
by more sites than the night-time. A minimum of
9 sites and a maximum of 14 sites out of 70 sites
showed day-time compliance from 2011 to 2020,
while only a minimum of 5 sites and a maximum
of 12 sites showed night-time compliance during
the past ten years. Primarily, only the commer-
cial and industrial zone sites complied with the
ambient noise standards from 2011 to 2020. No
silence zone site ever met the ambient noise lim-
its, while only 2 residential sites showed compli-
ance with the day ambient noise limits. No site
met the limits of 53 dB Lgen and 45 dB Lyighs Tec-
ommended by the Guidelines Development Group
of the WHO for road traffic noise. These observa-
tions suggest the need to reconsider ambient noise
standards, especially for residential and silence
zones. Also, the mixed category zone was avail-
able for some of these sites, however it was very
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difficult to exclusively classify them as either res-
idential or silence zones or commercial or indus-
trial zones. It is recommended that a mixed zone
category should be specifically considered for the
noise abatement guidelines/ambient standards in
the future from an Indian perspective;

the analysis of (Laay—Lnignt) for 70 sites revealed
that the majority of observations show a differ-
ence between 0 to 10 dB(A) and less than or equal
to 5 dB(A) in the decade under study. Therefore,
these observations suggest that the night equiva-
lent noise levels are comparable to the day equi-
valent levels for the majority of sites. Thus, the
10 dB night time adjustment in the day-night av-
erage sound level is not appropriate in such a sce-
nario. These observations also suggest that a 5 dB
evening time correction in the day-evening-night
average sound level descriptor is not justified in
the Indian context as the evening noise levels
are the same as the day equivalent noise levels.
Thus, the 24-hour equivalent continuous sound
level L peq,24n would be a more suitable descriptor
as it is a common way of expressing the day-night
average sound level without a 10 dB night-time
adjustment. It is thus recommended that for de-
veloping exposure-effect relationships and corre-
lating noise annoyance, and correlating noise ex-
posure with the health aspects, the single noise
descriptor, 24-hour equivalent continuous sound
level Lcq,24n, would be more suitable compared
to Lgn or Lgen descriptors;

it was observed that the approximate annual rate
of variation of ambient noise levels was positive for
31 out of 35 sites for the ten years, indicating an
increment in the ambient noise levels in the these
ten years. For the rest of the 35 sites where the
noise monitoring stations were installed in 2014,
the approximate annual rate of variation of day
equivalent levels of 18 out of 35 sites was negative
and for the night equivalent levels, the approxi-
mate annual rate of variation of 12 out of 35 sites
was negative, which indicates the decrement in
day and night equivalent levels of 18 and 12 sites,
respectively, in the past six years. Also, it was re-
vealed that relatively more commercial, industrial,
and residential zone sites exhibited a decrement in
the day and night equivalent sound levels in com-
parison to silence zones in the same six years;

the analysis of the NEF and AEF showed that the
silence zone has the maximum AEF of 1.4 for day
equivalent noise levels and 1.7 for night equiv-
alent noise levels, followed by residential zones
(AEF 1.3-1.5) and commercial zones (AEF 1.1-
1.2) in 2020 noise monitoring data. Thus, it sug-
gests that silence zone sites are the most affected
sites, followed by residential zone sites.

The present study considered the analysis of noise
monitoring data from 70 sites in 7 metropolitan cities.
Future studies focusing on long-term evaluation and
analysis of noise monitoring data of tier 2 and tier
3 cities shall be helpful in understanding the generic
noise scenario of the country and developing a national,
coherent noise policy from an Indian perspective. The
undue violation of ambient noise limits for the resi-
dential and silence zone sites is primarily due to the
mixed category zone prevalent for some of the loca-
tions. Figure 8 recommends the road map of national
policy on noise management and control for control-
ling the noise pollution in metropolitan cities of India.
Thus, the execution and implementation of the NAPs
and the administrative measures such as traffic mana-
gement policy, noise screening policy, legal measures,
and strict enforcement of ambient noise standards can
be very instrumental in reducing ambient noise lev-
els. Thus, the future developments and establishment
of “Smart Cities” should consider these aspects at the
designing stages for controlling noise pollution and de-
veloping sustainable cities promoting good health and
quality of life.
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Appendix

Table 1. Ambient noise standards of India
(Ministry of Environment & Forests, 2000).

Area code Category Limits in dB(A) Leq”
of area/zone Day-time | Night-time
A Industrial area 75 70
B Commercial area 65 55
C Residential area 55 45
D Silence zone 50 40

* Leq denotes the time-weighted average of the sound
level in decibels in A-weighting.
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Table 7. Frequency distribution [%] of difference of annual average (Lday—Lnight) values observed [dB]
for the 70 sites spread across the 7 major cities of India from 2011 to 2020 (GARG, 2022).

Variation of difference
(LaayLnight) values 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
[dB]

~15 < (LaayLnignt) < -10 0 0 0 0 0 0 1.4 1.4 0 1.4
-10 < (Laay Lnignt) < -5 0 0 0 0 0 0 1.4 2.9 1.4 2.9
-5 < (Laay Lnight) <0 0 0 0 0 0 20.0 10.0 14.3 13.0 18.6
0 < (Lgay—Lnight) <5 34.3 28.6 40.0 314 50.7 47.1 47.1 45.7 52.2 58.6
5 < (Laay—Lnight) < 10 54.3 57.1 48.6 57.1 35.0 30.0 37.1 35.7 31.9 17.1
10 < (Laay Lnignt) < 15 11.4 14.3 11.4 11.4 14.3 2.9 1.4 0 1.4 14

15 < (Lday Lnignt) < 20 0 0 0 0 0 0 1.4 0 0 0

Table 8. Slope and correlation coefficient of Lgay and Lyight levels with respect to the transition period
from 2011 to 2020 for the 35 sites in 7 major cities of India.

Area characteristics Name of location City Lday Lnight
Slope R Slope R
CPCB HQ Delhi 0.31 0.4654 1.14 0.7904
ITO Delhi 0.44 0.6006 0.24 0.2953
Hazrat Ganj Lucknow 0.15 0.1867 1.54 0.9561
New Market Kolkata 0.68 0.3108 1.82 0.5730
WBPCB HQ Kolkata 0.44 0.7374 0.90 0.7158
) Bandra Mumbai 0.08 0.0938 0.37 0.3874
Commercial MPCB HQ Mumbai 0.43 0.5622 0.39 0.2948
Thane MCQ Mumbai 0.59 0.4416 1.66 0.6626
Abids Hyderabad 0.01 0.0038 0.39 0.2269
Punjagutta Hyderabad -1.02 0.6629 -1.25 0.6604
Marathahalli Bengaluru 2.06 0.9016 2.37 0.9380
Parisar Bhawan Bengaluru 0.11 0.2956 0.48 0.6852
Perambur Chennai 0.31 0.2378 1.62 0.6087
T. Nagar Chennai 0.63 0.8749 1.40 0.9415
Talkatora Industrial Area Lucknow 0.40 0.5929 1.28 0.9274
Kasba Gole Park Kolkata 0.33 0.1598 0.66 0.2436
Industrial Jeedimetla Hyderabad | 155 | 0.6787 | 2.68 | 0.7408
Peeniya Bengaluru 1.02 0.8483 1.03 0.8391
Guindy Chennai 0.64 0.7353 1.11 0.8264
Indira Nagar Lucknow 1.27 0.3871 1.69 0.4280
Patauli Kolkata 2.21 0.7883 3.27 0.8415
Residential Jubilee Hills Hyderabad 1.28 0.7198 1.57 0.7931
BTM Bengaluru -0.23 0.5846 1.21 0.8633
Nisarga Bhawan Bengaluru 2.79 0.8405 3.71 0.8680
Triplicane Chennai -0.20 0.1795 1.16 0.5621
DTU, Bawana Delhi 0.92 0.6568 0.89 0.5614
NSIT Dwarka Delhi 0.21 0.4844 0.11 0.3219
Gomti Nagar Lucknow -0.19 0.2132 0.89 0.6300
PGI Hospital Lucknow 1.86 0.7797 2.44 0.8167
Silence SSKM Hospital Kolkata 0.96 0.7594 1.66 0.7824
AS HP Mumbai 0.97 0.6247 1.78 0.7320
Vashi Hospital Mumbai 0.63 0.5659 2.16 0.7474
Zoo Park Hyderabad 1.10 0.4516 1.83 0.6328
Eye Hospital Chennai 0.97 0.8430 1.73 0.9048
Dilshad Garden Delhi 2.12 0.8601 2.26 0.8430
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Table 9. Slope and correlation coefficient of Lgay and Lyighs levels with respect to the transition period
within the years 20152020 for the 35 sites in 7 major cities of India.

Area characteristics Name of location City Lday Luight
Slope R Slope R
Civil Lines Delhi -2.53 0.9471 -3.42 0.9610
Anand Vihar Delhi -0.89 0.9634 -1.47 0.9440
CSS Airport Lucknow -2.15 0.5321 -1.03 0.4865
RSC Aliganj Lucknow 1.74 0.6003 1.01 0.3723
Commercial Tollygunge Kolkata -0.20 0.6002 -0.16 0.3840
Ambassador Hotel Mumbai 0.30 0.5808 0.39 0.6069
Paradise Hyderabad 0.55 0.3085 1.81 0.4131
Kukatpalli Hyderabad 0.62 0.2536 1.07 0.3644
Yeshwantpur Bengaluru -0.26 0.6533 0.13 0.3419
Pallikarnai Chennai 0.22 0.0900 1.29 0.5863
‘Washermanpet Chennai 0.95 0.8718 1.77 0.8519
Chinhat Lucknow -0.23 0.3410 -1.05 0.6739
Tartala Kolkata 1.49 0.6815 1.57 0.6446
M&M Kandivali Mumbai -0.69 0.6343 -1.75 0.5474
Industrial - -
L&T Powai Mumbai 0.20 0.2866 0.17 0.1388
Andheri Mumbai 1.87 0.8398 2.65 0.8503
Gaddapothram Hyderabad 3.24 0.8157 3.14 0.8305
Whitefield Bengaluru -0.76 0.5313 -0.26 0.0985
R.K. Puram Delhi -0.21 0.2047 0.12 0.1007
Punjabi Bagh Delhi -4.02 0.7007 —4.48 0.7315
Vibhuti Khand Lucknow -0.04 0.0599 0.26 0.2523
Birati N. Kolkata 2.03 0.4982 2.07 0.3984
Residential Bag Bazar Kolkata 0.67 0.2788 2.54 0.5710
Pepsico Chembur Mumbai 1.79 0.7258 2.07 0.6183
Tarnaka Hyderabad 3.59 0.8948 3.56 0.7087
Dolmur Bengaluru -0.52 0.5386 -0.30 0.5666
Velachery Chennai -0.49 0.1793 -0.59 0.2077
Sowcarpet Chennai -0.91 0.6472 -0.71 0.3791
Mandir Marg Delhi -3.58 0.8996 -2.49 0.5682
IT College Lucknow -0.15 0.2148 2.29 0.7097
) R.G. Kar Kolkata -0.14 0.0967 1.20 0.5099
Silence Gachibowli Hyderabad ~0.74 0.4691 1.52 0.4300
R.V.C.E. Bengaluru 3.59 0.7913 4.73 0.8150
Nihmans Bengaluru 1.77 0.9084 2.87 0.9140
Anna Nagar Chennai 1.55 0.7624 2.45 0.6541

Table 10. Status of compliance of day and night equivalent levels explicitly for the various sites
with ambient noise standards of India.

Number of compliant stations: day and night time exclusively

Category 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
a* | b* | a* | b* | a* | b* | a* | b* | a* | b* | a* | b* | a* | b* | a* | b* | a* | b* | a* | b*
Silence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Residential 2 0 2 0 2 0 1 0 0 0 0 0 1 0 1 1 0 0
Commercial 4 3 5 4 5 4 5 1 4 4 3 0 4 0 3 0 5 0
Industrial 4 4 5 4 5 4 4 4 10 | 10 | 10 | 10 | 10 8 10 | 9 9 9 9 9
Total 10 7 12 8 12 8 10 5 14 | 10 | 14 | 12 | 13 8 131 9 13 8 14 1 9

a* — Day-time, b*

— Night-time.
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Table 11. Status of compliance of various sites in the NANMN project with ambient noise standards of India (GARG, 2022).

Year Number. of Site.s me‘?tin.g Name of the sites
the ambient noise criteria

2011 | 7 sites (3 commercial CPCB Headquarters, Thane, Marathali, Peeniya, Jeedimetla, Talkatora, and Kasba Gole Park
and 4 industrial)

2012 | 8 sites (4 commercial CPCB Headquarters, West Bengal Headquarters, Thane, Marathali, Peeniya, Jeedimetla,
and 4 industrial) Talkatora, and Kasba Gole Park

2013 | 8 sites (4 commercial CPCB Headquarters, West Bengal Headquarters, Thane, Marathali, Peeniya, Jeedimetla,
and 4 industrial) Talkatora, and Kasba Gole Park

2014 | 5 sites (1 commercial CPCB Headquarters, Peeniya, Jeedimetla, Talkatora, and Kasba Gole Park
and 4 industrial)

2015 | 10 industrial sites Talkatora, Jeedimetla, Peeniya, Chinhat, Tartala, M&M Kandivali, L&T Powai, Andheri,

Whitefield, and Gaddapothram

2016 | 12 sites (10 industrial Talkatora, Jeedimetla, Peeniya, Chinhat, Tartala, M&M Kandivali, L&T Powai, Andheri,
and 2 commercial) Whitefield, Gaddapothram, Kukatpalli, and Abids

2017 | 8 industrial sites Talkatora, Peeniya, Chinhat, Tartala, M&M Kandivali, L&T Powai, Andheri, and Whitefield

2018 | 9 industrial sites Peeniya, Gole Park, Tartala, Talkatora, Chinhat, M&M Kandivali, L&T Powai, Andheri, and

Gaddapothram

2019 | 8 sites (7 industrial Whitefield, Gole Park, Talkatora, Peeniya, Indira Nagar, Chinhat, Kandivali, and L&T Powai
and 1 residential)

2020 | 9 industrial sites Peeniya, Whitefield, Jeedimetla, Gole Park, Tartala, Talkatora, Chinhat, Kandivali, and L& T Powai

Table 12. AEF for different zones in 2017-2020.

Category of area/zone Lday Lnight
Maximum value [ Minimum value [ AEF Maximum value Minimum value AEF
2017 annual average values
Industrial area (n =12) 1.0 0.8 0.9 1.2 0.8 0.9
Commercial area (n = 25) 1.2 0.9 1.1 1.4 1.0 1.2
Residential area (n = 16) 1.4 1.0 1.2 1.5 1.1 1.3
Silence zone (n =17) 1.6 1.1 1.3 2.1 1.2 1.5
2018 annual average values
Industrial area (n =12) 1.1 0.8 0.9 1.1 0.8 0.9
Commercial area (n = 25) 1.3 0.9 1.1 1.6 1.0 1.2
Residential area (n = 16) 1.5 1.0 1.2 1.8 1.1 1.4
Silence zone (n =17) 1.4 1.1 1.3 1.8 1.3 1.5
2019 annual average values
Industrial area (n =12) 1.1 0.8 0.9 1.1 0.8 0.9
Commercial area (n = 25) 1.3 0.9 1.1 1.5 1.0 1.2
Residential area (n = 16) 1.6 0.9 1.2 2.0 1.0 1.4
Silence zone (n =17) 1.5 1.1 1.3 1.9 1.4 1.6
2020 annual average values
Industrial area (n =12) 1.1 0.8 0.9 1.2 0.8 0.9
Commercial area (n = 25) 1.2 0.9 1.1 1.4 1.0 1.2
Residential area (n = 16) 1.5 1.0 1.3 1.7 1.1 1.5
Silence zone (n =17) 1.6 1.1 1.4 2.0 1.4 1.7

Table 13. Inter-conversion of the various noise descriptors for the 4 zones.

Type of zone Lgay Lyight Lan Leq,24n

Laay ~ 140 | -33 0.7

Commercial Lnight —4.0 _ T4 34

Lan +3.3 ! - +4.0
Leqomn | 07 134 10 -

Lyay - +3.2 -3.9 +0.5

Lnight 32 - 72 27

Industrial Lan +3.9 +7.2 - +4.4
Leqoan | —05 27 | 44 -

Lyay - +3.9 -3.5 +0.5

Lnight 39 - 78 39

Residential Ln +3.5 +7.8 - +3.8
Leq2an | 05 +3.9 3.8 -

Laay - +2.3 3.5 +0.5

Lnight 39 - 78 39

Silence Lan +3.5 +7.8 - +3.8
Leq2an | 05 +3.9 3.8 -
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