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Abstract

Noise monitoring and mapping is the critical processes to ensure that the noise level does

not reach the harmful levels and provides noise exposure level details. 2-D and 3-D noise

mapping has been carried out at pre-selected critical locations of major roads passing

through densely populated residential areas, namely, Mathura Road, Lodhi Road, Lala Laj-

pat Rai Road, and Ring road, along with significant intersections, viz. Moolchand, Ashram,

Sabz Burj, and Lodhi road. The monitoring has been performed during the day and night’s

peak traffic hours using Sound Level Meter (SLM) Larson & Davis 831as per standard pro-

cedure. Then after, 2-D and 3-D noise maps have been prepared, visualized, and analyzed

by soundPLAN (acoustic) and MapInfo Pro (Desktop GIS). The maximum noise level is

observed at Ashram Chowk [81.1 dB (A)] at 8 pm; however, the minimum noise level is

found to be at Lala Lajpat Rai Road [76.4dB (A)] at 7 pm. Monitoring results of noise level

show non-compliance of regulatory standards for day time and night time. 2-D noise maps

revealed that the noise level is maximum at the centerline of the road and decreases either

side with the distance, and remains above the permissible limits at all locations. However,

the 3-D noise maps show horizontal as well as vertical noise levels at all locations. The 3-D

noise maps also revealed a noise level of 70 dB (A) up to a height of 6.096m at the Ashram

Chowk and Moolchand intersection. However, a noise level of 65 dB (A) has been observed

at the height of 5.486m at Lala Lajpat Rai Marg and Sabz Burj. This study will explore noise

levels in both horizontal and vertical directions near roads surrounded by high-rise buildings.

It will help the decision-makers take remedial measures.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0248939 March 24, 2021 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Alam P, Ahmad K, Khan AH, Khan NA,

Dehghani MH (2021) 2D and 3D mapping of traffic

induced noise near major roads passing through

densely populated residential area of South Delhi,

India. PLoS ONE 16(3): e0248939. https://doi.org/

10.1371/journal.pone.0248939

Editor: Ahmed Mancy Mosa, Al Mansour

University College-Baghdad-Iraq, IRAQ

Received: December 6, 2020

Accepted: March 8, 2021

Published: March 24, 2021

Copyright: © 2021 Alam et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript.

Funding: The authors received no specific funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-7516-8885
https://doi.org/10.1371/journal.pone.0248939
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248939&domain=pdf&date_stamp=2021-03-24
https://doi.org/10.1371/journal.pone.0248939
https://doi.org/10.1371/journal.pone.0248939
http://creativecommons.org/licenses/by/4.0/


Introduction

In recent times, noise pollution has been recognized as one of the major apprehensions that

adversely impact the quality of life in urban areas across the globe [1]. With the hasty increase

in urbanization, industrialization, and other communication of transport systems, noise pollu-

tion has reached a distressing level over the years [2]. Before suggesting mitigative measures, it

is imperative to identify the source/sources of noise, its levels, and critical locations where

immediate remedial measures are required. Noise monitoring plays a vital role in finding criti-

cal noise exposure locations [3, 4]. It helps to identify work locations where there are noise

problems, people who may be affected, and where additional noise measurements need to be

made.

Noise mapping covers the entire mapping process from the collection of data, the storage

and retrieval of this data for modeling/computation to demonstrate information related to

outdoor sound levels, sound exposure, noise effects, or numbers of affected persons [5, 6].

Noise mapping is one of the best ways to understand environmental noise levels, origin,

sources, and distribution [7, 8]. Noise maps are the graphical presentation of noise levels

according to different color combinations [9, 10]. Contour lines are used to show the bound-

ary of varying noise levels in a particular area. Noise maps are also helpful in establishing the

existing baseline data to measure the effectiveness of future initiatives to control noise pollu-

tion [11]. It may use in understanding and visualizing the way noise spread from the roads to

residential areas and helps to see the effects of noise due to nearby buildings along the roads’

periphery.

In India, the environmentalists have raised their severe concern and resolved to move

towards pressing noise mapping methodology to identify and quantify the scale of noise affect-

ing the human population. Akhter et al., 2002 [12] revealed that the noise level of selected loca-

tions of Delhi had been observed in the range of 53 dB (A) to 83 dB (A). Many researchers

have revealed that noise mapping is one of the most effective and reliable tools for analyzing

noise in an urban environment [13–17]. Noise mapping ultimately gives a lucid image of traf-

fic movements at the specific locality and becomes helpful to traffic management [18, 19].

Merchan and Diaz, 2013 [20] reported that noise mapping is an economic process that could

save them time and money for decision-makers to take remedial measures. Joshi et al., 2015

[21] observed through noise maps of Mumbai city that most of the areas had been exposed

with a very high intensity of noise range from 63.8dB (A) to 80.2 dB (A). In another study con-

ducted by Pinto and Mardones, 2008 [22] on Noise-mapping of Copacabana, Rio-de-Janeiro

(Brazil) shows that noise maps are a perfect approach to noise level distribution of any area.

Billah and Rahman, 2004 [23] developed noise maps for the Sahbagh area of Dhaka city, Ban-

gladesh, to know the real noise pollution situation. Results of noise maps point out the higher

sound pressure level during working days than in the holidays because of high traffic volume.

The noise maps have been prepared for Santiago, and Chile results revealed that the noise lev-

els were very high Suarez and Barros, 2011 [24]. Geymen and Bostanci, 2012 [25] carried out

their study to develop GIS aided noise maps using the Geostatistical Analyst module on arc

GIS. They found that noise was generally exceeding the permissible limit, which is regarded as

unsafe. Noise Mapping also helped urban planners to reduce the irritation experienced by big-

city residents, such as road traffic noise and industrial noise Gonzalez et al., 2015 [26]. In

another study done by Alam et al., 2019 [27] for city Delhi they investigate the temporal and

spatial distribution of noise level in the closed vicinity of urban roads. Literature review shows

that near peripheral roads of urban settings, 2-D and 3-D noise mapping studies are lacking.

Therefore, the present research focused on 2-D and 3-D noise mapping at pre-selected critical

locations of major roads passing through densely populated residential areas, namely, Mathura
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Road, Lodhi Road, Lala Lajpat Rai Road, and Ring road along with significant intersections,

viz. Moolchand, Ashram, Sabz Burj, and Lodhi road.

Methodology

Study area

Delhi is situated in northern India between the latitudes of 28˚-24’-17" and 28˚-53’-00" North

and longitudes of 76˚-50’-24" and 77˚-20’-37" East. The city is divided into eleven revenue dis-

tricts and has a population of 18.6 million. Delhi is the most populous city in India; that’s why

a residential area has been selected for the study. Fig 1 shows the geographical location of

Delhi and the study area.

Noise monitoring station

Thirteen temporary noise monitoring stations, i.e., Noise monitoring Station (NM1) to Noise

monitoring station (NM 13) shown in Fig 2 and Table 1, have been established for 24 hr noise

monitoring. To select the noise monitoring station, special care has been made to cope with

the different road conditions of the study area. All cross sections of the study area have been

covered for noise monitoring. Noise monitoring has been done in good weather conditions to

reduce the effects of wind and rain. Wind shield has been used to reduce the effect of wind and

rain.

Land use zoning of study area

The study area currently has four land use zones “(1) Densely populated residential area (2)

Public and semipublic area (3) Park, playground and street (4) Moderately populated area”.

Fig 1. Geographical location of New Delhi (India) and study area (Satellite imagery source: The National Map; http://viewer.

nationalmap.gov/viewer/).

https://doi.org/10.1371/journal.pone.0248939.g001
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Fig 3 shows the distribution of land-use patterns of the study area. It shows that 30% of the

study area is densely populated, 14% is Public and semipublic area, 26% Park, playground,

street, and the rest 30% is moderately populated. The regulatory organization Central Pollu-

tion Control Board (CPCB), India has divided any city or area into four zones, i.e., Residential,

Commercial, Industrial, and Silent zones, and prescribed ambient noise standards (Day time

and Night time) for respective zone.

Fig 2. Spatial distribution of noise monitoring station on satellite imagery of Delhi City, India. The red triangle

symbol indicates noise monitoring stations. (Satellite imagery source: The National Map; http://viewer.nationalmap.

gov/viewer/).

https://doi.org/10.1371/journal.pone.0248939.g002

Table 1. Description of noise monitoring stations.

S. No Site ID Name of site GPS Coordinate of sampling locations

X (Easting) Y (Northing)

1 NM1 Ashram Chowk 77˚34’30” 28˚34’21.1”

2 NM 2 Ashram Bus stand (Hari Nagar) 77˚25’63” 28˚57’48”

3 NM 3 Jangpura 77˚25’09” 28˚58’33”

4 NM 4 Bhogal 77˚24’96” 28˚58’46”

5 NM 5 Nizammuddin 77˚24’51” 28˚59’11”

6 NM 6 Sabz Burg 77˚24’33” 28˚59’30”

7 NM 7 Lala Lajpat Rai Road (Below Fly over) 77˚23’99” 28˚59’27”

8 NM 8 Lala Lajpat Rai Road (Near HP Petrol 10 pump) 77˚24’08” 28˚58’58”

9 NM 9 Defence Colony Flyover (Near Block C) 77˚24’08” 28˚58’58”

10 NM 10 Lajpat Nagar II Defence Colony 77˚23’61” 28˚57’03”

11 NM 11 Below Moolchand Flyover 77˚23’41” 28˚56’53”

12 NM12 Lala Lajpat Rai Marg (Near IBS Hospital) 77˚24’43” 28˚56’52”

13 NM 13 Mahatma Gandhi Road (Nehru Nagar below Foot over Bridge) 77˚25’38” 28˚56’86”

https://doi.org/10.1371/journal.pone.0248939.t001
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Instrumentation

In Delhi, it has been observed that the traffic density in the morning remains more at one side

of the road, and density reverses in the evening. Fig 4 shows a four-lane city road; a four-lane

Fig 3. Spatial distribution of land use zones of study area. The colors of the area correspond to different land use

zones.Pink: Densely populated residential area;Red: Public and semipublic area; Green: Park, playground and street;

Grey: Moderately populated area. A version of this figure with the original imagery is available from the authors.

https://doi.org/10.1371/journal.pone.0248939.g003

Fig 4. Position of SLM from the median and end of the road.

https://doi.org/10.1371/journal.pone.0248939.g004
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highway is generally kept with a two-carriage way (CW) for both sides of the traffic movement.

Median way (MW) acts typically as the center of the road, and shoulder way (SW) is mainly

provided along both side of the road and some time with the median. Two sound level meters

Sound Level Meter (SLM) Larson & Davis 831 have been used at both sides of the road at 1 m

away from the road end. The average noise level of the two SLM has been used for noise map-

ping and analysis. According to Akhter et al., 2010 [28], the microphone location also influ-

ence the results of urban noise measurements.

Noise monitoring procedure

The ambient noise monitoring in Leq(A) is found to be suitable as per Central Pollution Con-

trol Board (CPCB, 2005) [29]. Later, the same has been confirmed by ISO 1996–1 in 2016 [30]

and recognition as an international standard. Therefore, Leq(A) noise level has been adopted

to monitor and analyze the environmental noise level. The noise monitoring has been done as

per the standard method recommended by the Central Pollution Control Board CPCB, 2005

and suggested by ISO 1996 part 1 and part 2. 2D and 3D noise maps of critical locations have

been developed to investigate the existing distribution of noise in these locations.The following

standard procedure has been adopted for noise monitoring:

• Tripod stand has been kept above the ground level of 1.5 m.

• Environment conditions: low relative humidity and low wind speed (less than 5 m/s).

• The instrument has been calibrated at every noise monitoring station.

• Noise monitoring has been done on working days only.

• Furthermore, special care has been taken to reduce the effect of wind.

As prescribed in the Table 2, 24 hr noise monitoring has been conducted from 18th of July

to 12th of August, 2016 as per standard procedure and result has been analyzed.

Noise mapping

Noise data has been collected for 13 locations of a residential area. After analysis, the maxi-

mum noise level had been found at four intersections, i.e., Ashram Chowk, Sabz Burj, Lala

Table 2. Noise monitoring location, date and time.

S. No Site ID Monitoring Date Monitoring Time Period

Day Time Night Time

1 NM1 18/07/2016 6 AM to 10 PM 10 PM t 6 AM

2 NM 2 20/07/2016 6 AM to 10 PM 10 PM t 6 AM

3 NM 3 21/07/2016 6 AM to 10 PM 10 PM t 6 AM

4 NM 4 24/07/2016 6 AM to 10 PM 10 PM t 6 AM

5 NM 5 26/07/2016 6 AM to 10 PM 10 PM t 6 AM

6 NM 6 27/07/2016 6 AM to 10 PM 10 PM t 6 AM

7 NM 7 28/07/2016 6 AM to 10 PM 10 PM t 6 AM

8 NM 8 31/07/2016 6 AM to 10 PM 10 PM t 6 AM

9 NM 9 03/08/2016 6 AM to 10 PM 10 PM t 6 AM

10 NM 10 07/08/2016 6 AM to 10 PM 10 PM t 6 AM

11 NM 11 09/08/2016 6 AM to 10 PM 10 PM t 6 AM

12 NM 12 10/08/2016 6 AM to 10 PM 10 PM t 6 AM

13 NM 13 12/08/2016 6 AM to 10 PM 10 PM t 6 AM

https://doi.org/10.1371/journal.pone.0248939.t002
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Lajpat Rai Marg, and Moolchand. Therefore, noise maps have been prepared only for these

critical locations using SoundPLAN and Mapinfo (Desktop GIS).

Software used

The noise monitoring results have been visualized and analyzed by the following software.

1. SoundPLAN (acoustic)

2. MapInfo Pro (Desktop GIS)

Digitalized maps are required for noise mapping that is fulfilled by MapInfo Pro. Noise

level and digitalized maps have been used for the development of noise maps using Sound-

PLAN (acoustic).

Noise mapping procedure

The following steps have been adopted for the development of noise maps of the pre-selected area.

• Digitalization of location map.

• Demarcation of noise monitoring station on the digitalized map.

• 24 hr noise monitoring data in excel sheet as per the noise monitoring station marked.

• Analysis of noise monitoring data and digitalized map for prediction.

• Development of noise maps using predicted data and digitalized maps using soundPLAN.

Results and discussion

Noise monitoring

The maximum, equivalent and minimum noise level in the day time and night time is shown

in Figs 5 and 6, respectively. The results revealed that the noise level exceeds the prescribed

acceptable standards for daytime and night time. The maximum value of Leq, 81.8dB (A) has

been found at Ashram Chowk, followed by 79.9dB (A) at Moolchand, 79.1dB (A) at Lala Lajpat

Rai Road, and Sabz Burj 78.3dB (A). These four locations have been observed to be critical in

terms of noise monitored data and heavy traffic volume. The results also show that the noise

Fig 5. Variation of maximum, equivalent and minimum noise level at noise monitoring site in day time.

https://doi.org/10.1371/journal.pone.0248939.g005
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level at noise monitoring stations NM3, NM4, NM9, and NM10 is safe at night because of sig-

nificantly less traffic volume.

Discussion on noise maps

The area with the higher noise level, i.e., Ashram Chowk, Sabz Burj, Lodhi Road Cross Section,

and Moolchand has been selected for 2D and 3D noise mapping as these locations are critical

in terms of noise and traffic volume.

Ashram Chowk

2D and 3D noise map of Ashram Chowk has been shown in Fig 7. The maximum noise level,

75-80dB (A) (Colour Code-Blue), has been observed at Ashram Chowk in peak hours. This

Fig 6. Variation of maximum, equivalent and minimum noise level at noise monitoring site in night time.

https://doi.org/10.1371/journal.pone.0248939.g006

Fig 7. 2D & 3D Noise mapping of Ashram chowk. The colors indicates the different noise zones.Blue: maximum noise level 75-80dB

(A); Red: maximum noise level 70-74dB (A); Yellow:maximum noise level 65-70dB (A); Green: maximum noise level 60-65dB (A).A

version of this figure with the original imagery is available from the authors.

https://doi.org/10.1371/journal.pone.0248939.g007
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may be due to eco produced by multiple obstructions like flyover, intersection, and nearby

high rise buildings. Furthermore, the noise level decreased with distance and has been

observed to be 70–74 dB (A) (Colour Code-Red) at 46.5m from the road’s median. Addition-

ally, it reaches upto 65–70 dB (A) (Colour Code-Yellow) at a distance of 63.5m from the

median. However, noise level around the intersection has been found to be in the range of 70–

74 dB (A) (Colour Code-Red) upto a distance of 83.5m. This may be due to high traffic volume

and the addition of reflective noise. The Leq obtained from the 3D map revealed that the fly-

over that passes over the intersection of Ashram Chowk receives a noise level of 75–80 dB (A)

(Colour Code- Blue) up to a height of 6.96m. This may be because of the high traffic volume

and honking noise at the intersection.

Additionally, reflective noise due to flyover at the intersection is also added to the overall

noise of Ashram Chowk. However, the noise level at the road’s median is observed to be 70–74

dB(A) (Colour Code-Red), less than that on the shoulder. This may be due to the reflection of

noise from the shoulder and boundary wall. The 3D noise maps also show that nearby obstruc-

tions such as boundary walls and flyovers affect noise levels’ distribution pattern.

Sabz Burj

The maximum noise level at Sabz Burj has been found to be in the range of 70–74 dB (A) (Col-

our Code-Red) at the roundabout of Sabz Burj shown in Fig 8. This may be because Sabz Burj

is a roundabout, traffic flows from all directions, and drivers rapidly use horn due to less sight

distance. 2D noise map also reveals that the noise level at the median of the road observed to

be 65–70 dB (A) (Colour Code-Yellow), it reduces as we move away from the median and

reaches up to the permissible limit at a distance of 98m from the median. Whereas 3D noise

map reveals that the noise level is found to be in the range of 70–74 dB (A) (Colour Code-

Red) up to a height of 4.65m at Sabz Burj, it decreases with height and reaches up to 60–65 dB

(A)(Colour Code- yellow) at the height of 7.32m. It has also been observed from the 3D noise

map that the boundary wall and shoulder of the road is experiencing a noise level of 70–74 dB

Fig 8. 2D & 3D Noise mapping of Sabz Burj. The colors indicates the different noise zones.Blue: maximum noise level 75-80dB (A); Red:

maximum noise level 70-74dB (A); Yellow: maximum noise level 65-70dB (A); Green: maximum noise level 60-65dB (A).A version of this

figure with the original imagery is available from the authors.

https://doi.org/10.1371/journal.pone.0248939.g008
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(A) (Colour Code- Red). The median noise level is observed to be slightly less and found to be

in the range of (Colour Code- yellow). This may be due to the addition of reflective noise due

to shoulders and boundary walls. Although, results show that the noise level at Sabz Burj

remains less than that of Ashram Chowk.

Lodhi road

2D noise map of Lodhi road shows that the noise level at the median of the road remains maxi-

mum and found to be in the range of 75–80 dB (A) (Colour Code-Blue). As shown in Fig 9 the

Lodhi Road’s high noise level may be due to intersection and reflective noise, as a flyover is

passing over the selected road. Furthermore, it decreased on both sides of the road with the

increase in distance and has been observed to be 70–74 dB(A) (Colour Code-Red) at a distance

of 189.4m from the median, which is still more than the prescribed standard of CPCB. Addi-

tionally, the noise level is found to be in the range of 65–70 dB(A) (Colour Code-Yellow), at a

distance of 396.4m from the center of the intersection. The 3D noise map revealed that the fly-

over passing over Lodhi Road’s intersection is exposed to a noise level of 70–74 dB (A) (Color

Code-Blue) up to a height of 6.8 m. Noise level decreased on either side of the intersection and

has been observed to be 70–74 dB (A) (Color Code-Red) at the same height. It has also been

observed that the noise level reduces with distance from the intersection because less reflective

noise reaches upto a distance of 205m from the intersection. Similar findings have been

reported by Munzel.et. al.,(2017) [31], the nearby residential building of the study area has

been exposed to a noise level of 70–80 dB upto a height of 8.5m and 60–70 dB upto a height of

12.5m.

Moolchand cross section

The 2D and 3D noise map of the Moolchand Cross Section is shown in Fig 10. The maximum

noise level has been observed at the intersection and found to be 75-80dB (A) (Colour Code-

Blue). This may be due to echo produced by multiple obstructions like Flyover, the underpass,

and an elevated metro rail line simultaneously. Furthermore, intersection traffic always

Fig 9. 2D & 3D Noise mapping of Loadhi road. The colors indicates the different noise zones.Blue: maximum noise level 75-80dB (A);

Red: maximum noise level 70-74dB (A); Yellow: maximum noise level 65-70dB (A); Green: maximum noise level 60-65dB (A). A version

of this figure with the original imagery is available from the authors.

https://doi.org/10.1371/journal.pone.0248939.g009
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remains very high, and the metro also contributes to the overall noise. The noise level reaches

upto 65–70 dB(A) (Colour Code-Yellow), at a distance of 201.8 m. However, the noise level is

observed to be in the range of 70–74 dB(A) (Colour Code-Red) towards Lala Lajpat Rai Marg

upto a distance of 205m from the center of the intersection because of high rise building on

both sides. It can be observed from the Fig 10 that the noise level at the junction has been con-

tinuously more than 80dB (A)(Color Code-Blue) up to a height of 3.05m; it decreases with

height and reaches 65 dB (A)(Color Code-Green) at the height of 6.19m. 3D noise map also

shows that the nearby Moolchand hospital is also exposed to a high noise level of 56 dB (A) up

to a height of 9.34m. Since Moolchand Hospital comes under the silent zone, a noise barrier of

noise reduction coefficient 0.9 with height of 2.5m will be beneficial to reduce the noise level

up to the desired standard.

Validation of noise mapping results

2D and 3D noise mapping results have been compared by real-time noise monitoring at all

four critical locations. As shown in the Fig 11 validation of the 3D noise map at Sabz Burj, the

noise monitoring has been done at the height of 2, 4, 6, 8, and 10m. For validation of the 2D

noise map, the noise monitoring has been done up to 8m at an interval of 2m from the road’s

shoulder. Validation of results shown in Table 3, which indicates the maximum standard devi-

ation for 3D noise maps remains at the height of 6m, i.e., 3.95, and maximum Standard devia-

tion for 2D noise maps has been 2.40 at the height of 8m, which is significantly less. Data

validation indicates that the 2D and 3D noise mapping using SoundPLAN (acoustic) gives

very accurate results with very less standard deviation.

Conclusions

In this study, noise monitoring of 13 locations of south Delhi’s residential area has been car-

ried out. Based on noise monitoring results, critical locations have been identified. 2D and 3D

noise maps have been developed for the critical locations to find out the noise exposure levels

on the nearby residential buildings. The monitored results show that the selected areas of

Fig 10. 2D & 3D Noise mapping of Lodhi road. The colors indicates the different noise zones.Blue: maximum noise level 75-80dB (A); Red:

maximum noise level 70-74dB (A); Yellow: maximum noise level 65-70dB (A); Green: maximum noise level 60-65dB (A). A version of this

figure with the original imagery is available from the authors.

https://doi.org/10.1371/journal.pone.0248939.g010
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South Delhi have been continuously exposed to a very high sound pressure level. At day time,

the maximum noise level is observed at Ashram Chowk [81.1 dB (A)] at 8 pm. However, the

minimum noise level is found to be at Lala Lajpat Rai Marg [76.4dB (A)] at 7 pm. 2D noise

maps show the variation of noise level along both sides of the roads. The 3D noise maps revealed

a noise level of 55 dB (A) at the height of 12.45m, 11.39m, 10.52m, and 9.75m at Ashram

Chowk, Sabz Burj, Lala Lajpat Rai Marg, and Moolchand intersection, respectively. It has also

been concluded that the 2D and 3D noise mappings are instrumental approaches for under-

standing the noise level distribution of any area. The study indicates an urgent requirement of

strategies for the improvement of the noise level. 2D and 3D noise maps are also beneficial for

decision-makers to identify the critical locations that required urgent noise improvement.

Fig 11. Location of noise monitoring sensors for validation of 2D and 3D noise maps.

https://doi.org/10.1371/journal.pone.0248939.g011

Table 3. Validation of results for 2D and 3D noise mapping.

S. No Height/Distance Noise Level dB (A) SoundPLAN (acoustic) Noise Level dB (A) (Real time monitoring) Standard Deviation Variance

3D Noise Mapping
1. 2m 72.5 73.8 0.91 0.85

2. 4m 71.5 73.4 1.34 1.81

3. 6m 65.0 70.6 3.95 15.68

4. 8m 64.3 68.8 3.18 10.13

5. 10m 62.3 65.7 2.40 5.78

2D Noise Mapping
1. 2m 75.6 77.8 1.55 2.42

2. 4m 74.3 76.2 1.34 1.81

3. 6m 72.1 75.2 2.19 4.81

4. 8m 68.5 71.9 2.40 5.78

https://doi.org/10.1371/journal.pone.0248939.t003
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