SLU 4XD
7JDFNU ,QLW

5 HSRUWV






$LU 4XDOLW
/DFNU ,QLWLI

5 HSRUWV



Writers: Anumita Roychowdhury and Avikal Somvanshi

Data analytics: Avikal Somvanshi

© 2021 Centre for Science and Environment

Material from this publication can be used, but with acknowledgement.

Cover graphics is a heatmap (calendar) of daily PM2.5 levels at all air quality monitoring stations

in cities of Indo-Gangetic plains. Amritsar is at the top while Kolkata is at the bottom. Color signifies
sub-air quality index for PM2.5. Data is from 1 January 2020 to 28 February 2021.

Published by

Centre for Science and Environment
41, Tughlakabad Institutional Area
New Delhi 110 062

Phones: 91-11-40616000

Fax: 91-11-29955879

E-mail: cse@cseindia.org

Website: www.cseindia.org



&217(176

$ERXW $LU OWFEBNOLWYLWLDWLYH

' HFHP EHU
'"HFRGLQHULWVRMRI VRRHRV W QHHA B@WOKL 1&5

' HFHP EHU
LW DLU SRORXNOW [ K VAW N

' HFHP EHU
'"HFRGLQHDPDLDW SROOXWIHRQRMGO R WKMHWU UFLWIVHNW RI ODKDU

' HFHP EHU
'"HFRGLQHDLQW SROOXWHUR®QGQ RNLISKW RLWLHYV RI 5DMDVW

- DQXDY
'HFRGLQHDLDMW SROOXWLRQ3OD LRGBXWWIOQRG \VEHFRQG 1&5

- DQXDY
'HFRGLQHDLDMW SROOXWLRQWIKH B QW DIE\L R |

) HELXDU
$LU SROOXWLRQ DQHUS BI®GHRE® THQRV FULVLYV

) HEXDU
- LOIW SROOXWLRQ LQREHMKEUXEES 2FW

_XQ-|
3DQGHPLF DQG DLU SROOXWLRRQURUEBORQPEHWQULIKWV

- XO®
*IRXQG OHRYQID IR 'HOKL 1&5 8QKRMG\GH®M PIBHWKHDOWK ULV

/ MR &RQIDARXV $P EHYBILA XDMV0 RARIDY) 6\BRQY XVHG IQWWH AKGEY






Centre for Science and Environment Analysis

m About Air Quality Tracker Initiative

Air quality tracker initiative was started in 2020 by the Urban Data Analytics Lab of Centre for Science

and Environment (CSE) to understand the nature of air pollution in the cities and various regions of India
and how it has been impacted by the extraordinary pandemic year of 2020 that has witnessed one of the
biggest disruptions in the recent times. This is an inflexion point but also an indicator of what may change
and yet not changed despite the disruption. This initiative is designed to provide quick but empirically
robust analysis to address some of the basic public curiosities related to air pollution in cities.

The initiative leverages publicly available granular real time data (15-minute averages) from the Central
BROOXWLRQ &RQWURO %RDUGTV &3&% RIILFLDOAIrRQ@Iy NeHageRénMVD O &HQW L

The initiative put out eight reports in the 2020-21 winter. Two additional reports were released in the 2021
summer. The reports use data from 249 official stations under the Continuous Ambient Air Quality
Monitoring System (CAAQMS) and have covered 115 cities in 22 states and union territories.
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1 ® Decoding winter smog so far to expose new patterns

numita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, = New Delhi, December 2, 2020

New analysis of the winter pollution until November this year by the Centre for Science and Environment
(CSE) shows how clean air gains of the lockdown and monsoon period were lost with the reopening of
the economy and hostile winter weather. While this was expected, the deep dive analysis of the realtime
data from monitoring stations across Delhi NCR and Delhi expose the changing pattern of winter
pollution.

Even though the overall average level of PM, s for the 11 months in 2020 is considerably lower than the
previous year, the PM, 5 levels in winter spiked to very poor to severe levels across Delhi NCR. This is a
typical and predictable winter trend when continuous emissions from local sources and episodic pollution
from biomass burning get trapped due to meteorological changes. But this year there is a change in the
pattern that shows up in lesser number of smog episodes compared to last year, wider variation on
location-wise concentration with more lower bound ranges compared to last year, higher number of days
with greater contribution from the stubble burning among others. There are also days when pollution
levels have dropped to moderate level even without rains but better wind conditions.

This only indicates towards the fact that the deep dive reforms and action in key sectors of pollution +
vehicles, industry, power plants and waste management +will have to be scaled up at speed across the
region to further bend the annual air pollution curve.

Data used in the analysis

The analysis is based on publically available data from various government agencies. Most granular data

(15-minute averages) KDV EHHQ VRXUFHG IURP WKH &HQWUDO 3ROOXWLRQ &RQWL
portal Central Control Room for Air Quality Management - All India (https://app.cpcbccr.com/). This has

analysed data recorded by 79 air quality monitoring stations or cent per cent of the current NCR network

under the Continuous Ambient Air Quality Monitoring System (CAAQMS) of CPCB. Farm stubble fire data

has been sourced from System of Air Quality and Weather Forecasting and Research (SAFAR). Weather

data has been sourced from the Palam weather station of Indian Meteorological Department (IMD).
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Key highlights

Lower average level of PM ;s throughout the year due to the lockdown could not prevent the winter
spike : The overall PM, 5 average this year (until November) has been predictably lower compared to the
previous year largely because of the unprecedented economic disruption during the summer lockdown
and monsoon. But reopening of the economy coinciding with the onset of the winter trapping pollution
made PM; s levels spiral during October and November.

From the cleanest weeks of August (the cleanest month on record so far) the levels rose dramatically to
one of the dirtiest November in recent years. This rise varied from 9.5 times increase in Delhi to 11 times
in Ghaziabad; followed by Noida +9.2 times, Gurugram by 6.4 times and Faridabad by 6.2 times (See
Graph 1: Pollution build-up in 2020 winter (monthly averages)). The transient change of the lockdown
phases could not be sustained without the systemic changes needed to control pollution from vehicles,
industry, power plants, and waste.

Graph 1: Pollution build -up in 2020 winter (monthly averages)

Note: Worst 24hr average is based on mean of all CAAQM stations in the city, not including Diwali day. Average PM, s concentration
for a month is based on mean of all CAAQM stations in the city.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Even with comparatively cleaner air round the year other towns in the NCR have recorded
spikes as high a s those observed in Delhi and big four NCR cities : CSE has compared the annual
averages of the cities and towns of the larger NCR region with that of Delhi and the big four including
Gurugram, Faridabad, Noida and Gaziabad. This shows that even with much lower annual average level
of PM, s other smaller cities and towns in NCR experience almost same maximum levels during winter
when the entire region is in airlock (See Graph 2: Pollution among NCR cities and towns). In fact, even
Delhi that has in the recent times witnessed decline in annual average levels year-on-year basis have
experienced high pollution build up during winter. This brings out the deadly combination of regional
influence with local pollution when meteorology is adverse.

Graph 2: Pollut ion among NCR cities and towns

Note: 2020 numbers are based on data up to 30 Nov 2020. Data labels are for 2020 only.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Air quality gets more toxic with the onset of winter - share of tinier PM,5in the PM 4o increases : The
share of tinier and finer particles in the overall coarser PM;q concentration determines the toxicity of air.
Interestingly, during lockdown, when the overall suspended coarser particles had settled down reducing
the PMyq levels, the PM, s had also come down but its share was 47 per cent *higher than its usually
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noted during summer. But with the onset of winter the percentage share of PM, 5 in the overall PMyq
rose to over 70 per cent during the smog episodes in early November, and remained high at 50-60 per
cent during most of November (See Graph 3: Percentage of PM2.5 in Delhi (1 Mar £29 Nov, 2020)). The
share of PM, s in PM;q was highest on Diwali reaching over 80 per cent at many locations. Tinier particles
are more dangerous as they can penetrate deep inside the lungs and through blood barriers increasing
health risk.

Graph 3: Percentage of PM ,5in Delhi (1 Mar £29 Nov, 2020)

Data: CPCB (PM;o and PM,5), IMD (Temperature and rainfall)
Source: CSE analysis

Pattern of smog episode is different this year : Technically, smog episode is defined for the purpose of
emergency action under Graded Response Action Plan when the levels of PM,s remain in severe
category for three consecutive days. By that logic the region has experienced one severe smog episode
this year (7-10 Nov, 2020) compared to two episodes last year until November (31 Oct-3 Nov, 2019 and
12-15 Nov, 2019). This year the episode preceded Diwali that also much later in November compared to
end of October last year. In fact, last year Diwali had catalyzed the first big smog episode of the season.

But this year Diwali pollution from fire crackers combined with smoke from stubble burning and local
pollution to start a buildup of severe-plus and extremely hazardous level on day of Diwali itself (14 Nov
2020). But this did not last long to become another smog episode as meteorology along with short rain
spell helped to dissipate it quicker. The average PM, s level on Diwali day in Delhi was 404 J B and it
dropped to 308 J B the next day in contrast the trend in the previous years when the levels increased
next day. This year pollution was able to disperse faster due to meteorology. But like previous years,
there was dramatic change in hourly PM, s concentration between afternoon and night of Diwali due to
excessive firecracker busting (See Graph 4: Impact of Diwali on hourly pollution). The change in hourly
PM, 5 concentration between afternoon and night of Diwali was 370 J B, down from 480 J Pin 2019
and 698 Jm?®in 2018.
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Graph 4: Impact of Diwali on hourly pollution in Delhi

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM,s concentration of all CAAQM

stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in

PM,s FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXYV &%$%$40 VWDWLRQV % 3. WheSRe) W D O VLQFH
PM,s FRQFHQWUDWLRQ SHD N WeE/amrp6 on Diwdli Right) the portal data entry goes blank, therefore the broken

OLQH LQ WKH JUDSK DW 'LZDOL QLJKW VKRXOG E H?ihstdadsof Daing-gRig@iicHir@siny @i&.L RQ EH\RQG
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Levels are more volatile recording q uicker ups and down s and dispersal aided by overall

downward trend in annual trends  and meteorology : The cyclical ups and down of pollution this winter

is more volatile +showing quicker rise and fall than pervious winter (See *UD SK +HDWPDS RI "HOKL
daily PM, s level in winter (1 Sept +30 Nov) of 2018-20). This could also be a reflection of changes in

local pollution pattern and overall downward trend while aided by the meteorology.

*UDSK +HDWPDS RI 'HQKdvENh @imdr A\S&D +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on mean of 36 CAAQM stations of Delhi. Days are colored based on AQI
categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Firstly, an interesting observation is that there are days this November when air quality improved

substantially without the rains but with overall improvement in wind pattern. There are three days during

the second half of November in 2020 when the air quality improvedto S PRGHUDWHO\ SROOXWHG" ™ $4,

in Delhi. This is same as 2019 but the clean up in 2019 was induced by rains. In 2018, the citywide

DYHUDJH QHYHU GURSSHG EHORZ 3SRRU" $4, FDWHJRU\ LQ 1RYHPEHU 7K

dropped down even to J Pon November 27, without any rain to help aid in the cleaning process. In

IDFW ILYH VWDWLRQV LQ 'HOKL PHW WKH KU VWD GWUdGmM 168W K 6KDGL
JPB J)DULGDED G* DQ® 1RLGD 3) had dvdn lower citywide average than Delhi, in fact

YDULGDEDG PHW WKH VWDQGDUG *KD]L D E DG TKi®iSquite diffe@it wompared \ KL JKH U

to previous winter.

Graph 6: Rate of increase in PM ,5in Delhi a) 2019 vs 2020, b) 2018 vs 2020
a) 2019 vs 2020

b) 2018 vs 2020

Note: All values are rolling weekly average. Day O is the last day when the rolling weekly average was below the standard
(60ug/m3). Day 0 for each year is week ending on 30 Sept 2018, 9 Oct 2019, and 2 Oct 2020.

Data: CPCB (PM_s), SAFAR (Stubble fire contribution), IMD (Temperature and rainfall)

Source: CSE analysis

Secondly, this year local pollution across the monitoring locations of Delhi shows wider variation between
lower and upper range of pollution. This is in contrast to the range of variation noted last year that was
more upper bound. Even on the peak smog day in November this year, the PM2.5 levels in several
stations varied from a lower bound 108 J Bat NSIT to 699 J Bat Mundaka. But last year the
variation was noted at a higher range +between 351 J Pat Shadipur to 725 J Bat Alipur +while the
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overall level stayed above 374 J B. In fact, the standard deviation among the 36 stations of Delhi this
November on an average is 60 per cent higher compared to last year across. This indicates somewhat
clearing up of local pollution though meteorology plays a part.

Even the rolling weekly average rose slower this year compared to last year (See Graph 6: Rate of
increase in PM, 5 in Delhi a) 2019 vs 2020, b) 2018 vs 2020). It took 37 days to reach the severe category

(250 J B IURP WKH ZHHN WKDW ODVW P H\M eatlg Bctobarv@ek2hti@g Bri 2nd J P
October, 2020). This is considerably slower rise compared to 2019 when it took 23 days. In 2018, it took

40 days but weather was also about 3°C warmer compared to this November. This November is also
among the coldest in the recent years according to IMD.

Contribution of crop burning WR WKH UHJLRQ W&s ®RieO xnd/ higBh@r number of days

recorded higher share : CSE has analysed the data provided by SAFAR on daily percentage

contribution of the stubble burning to the PM, s concentration in Delhi-NCR depending on the direction

and speed of the wind. This shows that the smoke from crop stubble fire started impacting Delhi more

discerningly from 10, October 2020 onwards. This was a week earlier than last year when it started on 16

October, 2019 (See *UD SK SBHUFHQWDJH FRQWULEXWLR £ pRllutdNnk2®HPH ILUH WR

Graph 7: Percentage contributio Q RI VWXEEOH IL U H,\dRutidd©irK202¢/ 3 0

Note: Data up till 30 Nov 2020.
Source: CSE analysis of CPCB and SAFAR data

CSE analysed classified days (uptill 30 November) based on daily percentage contribution tless than 10

per cent, 10-20 per cent, 20-30 per cent and above 30 per cent. This shows there were 7 days this

year when the contribution of smoke to Delhi's PM, s concentration exceeded 30 per cent in contrast to 3

days in 2019 and 2018 (See Graph 8: Day-wise breakup of farm stubble ILUH FRQWULEXWLRQ WR 'HO
pollution load). There were 6 days when contribution was between 20-30 per cent, (up from 4 days in

2019) and 16 days of 10-20 per cent contribution (up from 15 days in 2019) and 23 days with less than 10

per cent contribution (down from 30 days in 2019). This year Diwali pollution was also compounded by

the heightened contribution of smoke from crop stubble fire as the contribution increased to 32 per cent.
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Graph 8: Day-wise breakup of farm stubble fire contribution W R 'H O K L:fpéll&iétn load

Note: For 10 Oct +30 Nov of 2018, 2019, and 2020.
Source: CSE analysis of SAFAR data

Need deep cuts

How the pollution level will play out during the rest of the winter remains to be seen. But it is clear that the
region cannot afford to lose the wins already made and at the same time, raise the level of ambition to
drive action across all key sectors of pollution and the entire region. Enforce power plant standards,
eliminate coal from the industry, scale up public transport and vehicle restraint measures and manage
waste to have a zero waste and zero landfill strategy.
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Additional graphs for NCR cities

Graph 4 .1: Impact of Diwali on hourly pollution in Gurugram

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all
CAAQM stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase
variation in PM,s FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXV &%$%$40 VW@YW,Li.Q/M?an&% SRUWDO KD

PM,s FRQFHQWUDWLRQ SH D N WweB/amRmo6 on Diwdli Right) the portal data entry goes blank, therefore the broken
OLQH LQ WKH JUDSK DW 'LZDOL QLJKW VKRXOG E H?®stdadsofDaing-gRi@iicHr@siny @a@.LRQ EH\RQG

6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Graph 4.2: Impact of Diwali on hourly pollution in Faridabad

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all

CAAQM stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase

variation in PM, s concentrations among cit \TfV QXPHURXV &%$%$40 VWDWLRQV &3&% S RUiw mienkeV D FDS RI
PM,s FRQFHQWUDWLRQ SH D N WweE/amRmo6 on Diwdli Rght) the portal data entry goes blank, therefore the broken
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line in the graph at Diwali night should bereaG DV FRQFHQW UDW L R Q * istadri @f®eing genelicPnissing data.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Graph 4 .3: Impact of Diwali on hourly pollution in Noida

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all

CAAQM stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase
variation in PM,s FRQFHQWUDWLRQV DPRQJ FLW\TWQ 2B &% RXR/U SS3$@ 0K W MWHLRSteh the JP
PM,s FRQFHQWUDWLRQ SH D N WweB/amRmo6 on Diwdli Right) the portal data entry goes blank, therefore the broken

line in the graph at Diwali night should be read as concentration beyond J Pinstead of being generic missing data.

6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Graph 4 .4: Impact of Diwali on hourly pollution in Ghaziabad

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all
CAAQM stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase
variation in PM,s FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXV &8RNV WDWUIRQNN®RE&% SRUWDO KD

PM,s FRQFHQWUDWLRQ SH D N WweE/amRmo6 on Diwdli Rght) the portal data entry goes blank, therefore the broken
OLQH LQ WKH JUDSK DW 'LZDOL QLJKW VKRXOG E H®instdadof baing-gei@iicHr@sihy @a.L RQ EH\RQG

6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD
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*UDSK +HDWPDS RI *XUXJiwreivwiateri(10Serd 0 +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on mean of Vikas Sadan and Gwal Pahari CAAQM stations in the city. Days
are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

*UDSK +HDWPDS RI )D UL G,pl&vBlGfnhtes (1ISEpt 3£80 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on Faridabad Sector 16A CAAQM station in the city. Days are colored based
on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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*UDSK +HDWPDS RI 1R LGdvd W vaniel (@ Sep0 +30 Nov) of 2018-20

Note: Average PM, s concentration for a day is based on mean of Sector 125 and Sector 62 CAAQM stations in the city. Days are
colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5.4: Heatmapof *KD]LDEDGTV &s2teDih v@iiter (1 Sept £30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on Varundhara CAAQM station in the city. Days are colored based on AQI
categories.
6RXUFH &6( DQDO\WVLV RI &3&%HataUHDOWLPH DLU TXDOLW
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Graph 5.5: Heatmap of Rohtak 1V G D L £ le\&Din winter (1 Sept  +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
Source: CSE analysis of CPCBYY UHDOWLPH DLU TXDOLW\ GDWD

Graph 5. 6: Heatmap of Muzaffarnagar 1V G D L £ lev&Din winter (1 Sept 30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 5.7: Heatmap of Hapur 1V G D L Qlev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5. 8: Heatmap of Bagpat TV G D L £ lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 5.9: Heatmap of Bulandshahr {1V G D L £ lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5.10: Heatmap of Bhiwadi TV G D L £ lev&Din winter (1 Sept 30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 5.11: Heatmap of Manesar 1V G D L £3lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5.12: Heatmap of Panipat 1V G D L 2 lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 5.13: Heatmap of Karnal 1V G D L £le\&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5.14: Heatmap of SonipatfV G D L Qlev&Din winter (1 Sept +£30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 5.15: Heatmap of Bahadurgarh 1V G D L 3 lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 5.16: Heatmap of Jind 1V G D L £ lev&Din winter (1 Sept +30 Nov) of 2018 -20

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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2 » Winter air pollution in Kolkata -Howrah spikes

Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delhi, December 7, 2020

New analysis of winter pollution until December first week this year, done by Centre for Science and
Environment (CSE), shows how clean air gains of the lockdown and monsoon period were lost with the
reopening of the economy and hostile winter weather. While this was expected, the analysis of the real-
time data from monitoring stations across Kolkata-Howrah as well as Asansol and Siliguri show the
changing pattern in winter pollution this year.

Even though the overall average level of PM, s for the 11 months in 2020 is considerably lower than the
previous year, the PM,s levels in winter spiked to 3YHU\ SRR Uinh teHwin €tids of Kolkata and
Howrah. This is a typical and predictable winter trend when continuous emissions from local sources
including vehicles, industry, construction, and episodic pollution from biomass burning get trapped due to
meteorological changes. But this year, there is higher pollution peak and substantial jump due to
reopening of the economy.

Reforms and action in key sectors of pollution +vehicles, industry, power plants and waste management
+will have to be scaled up at speed across the region to further bend the annual air pollution curve.

Data used in the analysis : The analysis is based on publicly available granular real time data (15-minute
averages) from the Central SAROOXWLRQ &RQWURO %RDUGYV &3&% RIILFLDO RQOLQEH
for Air Quality Management. Four cities *Kolkata, Howrah, Asansol and Siliguri have been selected for

this analysis because real time data is available for these cities. This has analysed data recorded by 7 air

guality monitoring stations at Kolkata, 3 stations in Howrah, one station each Asansol and Siliguri under

the Continuous Ambient Air Quality Monitoring System (CAAQMS) of CPCB. Weather data has been

sourced from the Dum Dum weather station of Indian Meteorological Department (IMD). The reason
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Key highlights

Average level of PM , 5 has been lower during this year due to the lockdown but could not prevent
the winter spike : The overall PM, s average this year (until first week of December) has been predictably
lower compared to the previous year largely because of the unprecedented economic disruption during
the summer lockdown and monsoon. But reopening of the economy coinciding with the onset of the
winter trapping pollution made PM, 5 levels spiral upward starting November hitting record high in early
December. From the respective cleanest week weekly average of PM,s in Kolkata rose 13 times, in
Howrah 11 times, Asanasol 7 times and in Siliguri 11 times (See Graph 1la: Pollution build-up in 2020
winter (monthly averages); and Graph 1b: Change in weekly PM, 5 levels). The transient change of the
lockdown phases could not be sustained without the systemic changes needed to control pollution from
vehicles, industry, power plants, and waste.

Graph 1 a: Pollution build -up in 2020 winter (monthly averages)

Note: Average PM, s concentration for a month is based on mean of all CAAQM stations in the city. Worst 24hr average at the
citywide level recorded between 1 March- 6 December, 2020.
6RXUFH &6( DQDO\VLVtiRe dr3dalitydated) HD O

Graph 1b: Change in weekly PM ;s levels 2020

Note: Average PM, s concentration for a week is based on mean of all CAAQM stations in the city. Dirtiest week for Kolkata, Howrah,
DQG $VDQVRO ZDV WKH ZHHN HQGLQJ RQ '"HFHPEHU 6LOLIJXULYY GLUWLHVW ZHHN ZDV
Source: CSE analysis of CPCBYVY UHDO WLPH DLU TXDOLW\ GDWD
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Air quality gets more toxic with the onset of winter - share of tinier PM 55 in the PM ;4 increases:
The share of tinier and finer particles in the overall coarser PM,o concentration determines the toxicity of
air. When the overall share of tinier PM, 5 in the overall coarser PMy, is higher, the air is more toxic as the
tiny particles penetrate deep inside the lungs and cut through the blood barrier increasing health risk.
Interestingly, during lockdown, when the overall suspended coarser particles had settled down reducing
the PMy, levels, the PM, s had also come down. But its share was 50 per cent xhigher than its usually
noted during summer. But with the onset of winter the overall level of both have gone up and also the
percentage share of PM,s in the overall PM,q This rose to over 60 per cent during the high pollution
episode following Diwali in mid November, and remained high over 50 per cent since (See Graph 2:
Percentage of PM, s in Kolkata (1 Mar 6 Dec, 2020)). The share of PM,sin PMyq is generally highest on
Diwali reaching over 80 per cent in 2019 but due to lesser busting of firecracker this year it remained in
mid 50s.

Graph 2: Percentage of PM ,5in Kolkata (1 Mar 6 Dec, 2020)

Lockdown -
Winter

Data: CPCB (PMjo and PM,5), IMD (Temperature and rainfall)
Source: CSE analysis

Cleaner Diwali in Kolkata this year:  This year Diwali pollution from firecrackers was considerably lower.
The average PM,s OHYHO RQ 'LZDOL GD\ LQ ‘R®RNDWDURBYV ° rectrd®d in 2019.
This year pollution did not GLVSHUVH EXW JU H @n W Rlovembér due to meteorology. Unlike
previous years, there was about 80 per cent lesser change in hourly PM,s concentration between
afternoon and night of Diwali that is mostly caused due to firecracker busting (See Graph 3: Impact of
Diwali on hourly pollution). The change in hourly PM, s concentration between afternoon and night of 2020
'LZDOL ZDV ® GREQ IURP *LQ P DQG ‘?inkms.
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Graph 3: Impact of Diwali on hourly pollution in Kolkata

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM; s concentration of all CAAQM
stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in
PM,s FRQFHQWUDWLRQV DPRQJ FLW\fV QXPHURXV &$$40 VWDWLRQV

6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Kolkata -- November 2020 cleaner but first week of December more poll uted: The rolling weekly
averageroseto 3YHU\ SRRU”’ R {bn Decemlfer 4, but it never did so last year (See Graph 4: Rate

of increase in PM, 5 in Kolkata: 2019 vs 2020). In fact, Rabindra Bharati 8 QLY H UV L W 244nsenage R Q 1V
VOLSSHG LQWR 3VHYHUH" FDWHJRU\ RQ 'HFHPEHU 7KLV LV TXLWH GLIIE
when therewas QR VLJQLILFDQW FKDQJH LQ FLW\YVY DYHUDJH WHPSHUDWXUH

Graph 4: Rate of increase in PM ,5in Kolkata: 2019 vs 2020

Note: All values are rolling weekly average.
Data: CPCB (PM_s), IMD (Temperature and rainfall)
Source: CSE analysis

Kolkata -- Number of days with PM , 5 concentration in good and satisfactory categories higher this

winter; but very poor days have also  increased a little: 7KHUH KDYH EHHQ GD\V RI 3JRRG’
WKLV ZLQWHU FRPSDUHG WR MXVW UHFRUGHG ODVW \HDU %XW WKH 3Ytl
days this year (See *UD SK 'LVWULEXWLRQ RI $4,,8evéMn widter RICODNE DY 30

2019 and 2020).
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Graph 5: Distribution of days with PM ;s concentration according to AQI category of PM >slevelin
Kolkata in winter (1 Oct £6 Dec) 2019 and 2020

Note: Average PM, s concentration for a day is based on mean of all 7 CAAQM stations of Kolkata.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Kolkata: The cyclical ups and down of pollution this winter is more volatile +showing quicker rise
and fall than pervious winter : This could also be a reflection of changes in local pollution pattern and
overall lower pollution load in the air-shed while aided by the meteorology. (See Graph 6: Heatmap of
.RONDWD TV, sGieLi® Wirgd) (1 Sept +6 Dec) of 2018-20).

Graph 6: HHDWPDS RI1 .RONDW D&Vl icvrited {1 $&pt +6 Dec) of 2019 and 2020

Note: Average PM, s concentration for a day is based on mean of RB University and Victoria CAAQM stations of Kolkata. Days are
colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Even with comparatively cleaner air  during this year, four cities recorded daily spikes even
higher than those observed in 2019: There is another interesting trend. CSE has compared the annual
averages and peak 24hr averages of in these cities of West Bengal between 2019 and 2020. This shows
that these cities even with much lower annual average levels of PM, s have experienced almost same or
higher maximum daily levels during winter when the entire region got air locked (See Graph 7: Pollution
among West Bengal cities and towns). This shows substantial reduction in longer term annual trends are
needed to eliminate winter smog.

Graph 7: Pollution among West Bengal cities and towns

Note: 2020 numbers are based on data up to 6 Dec 2020.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Kolkata 1V DLU FOHDQHU WKDQ 'HOKL EXW RQ D IHZ GD\V E®PHY FORVH DC
FRPSDUHG . RvDtRrpoliddidnvso far (until December 6) with that of Delhi and found both cities to

have a similar pollution buildup pattern but Kolkata and Howrah have considerably lower absolute

concentration. But as the weather gets colder and more adverse, the average pollution in Kolkata
FRQWLQXHVY WR FOLPE ZKHQ 'HOKLTV SROOXW ([(ROC@pthBHKDWKaty isSHPV WR K
"H O KL 1Y p8liition in 2020). This year on November 16, 17, and 18, Kolkata and Howrah have higher

PM, 5 levels than Delhi. On those days winter peak pollution in Delhi had got lower.

Graph 8: Kolkatavs 'H O KL 134 p8ltution in 2020

Note: Data up till 6 Dec 2020.
Source: &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Need deep cuts

It may be noted that these cities require deep cuts in the average PM, s levels. Kolkata has to reduce by
41 per cent from the base level of three year average, Howrah by 42 per cent, Asansol by 32 per cent
and Siliguri by 28 per cent to meet the national ambient air quality standards.

How the pollution level will play out during the rest of the winter remains to be seen. But it is clear that the
region cannot afford to lose the wins already made and at the same time, raise the level of ambition to
drive action across all key sectors of pollution and the entire region. Enforce power plant standards,
eliminate coal from the industry, scale up public transport and vehicle restraint measures and manage
waste to have a zero waste and zero landfill strategy. But this also brings out that in addition to the round
the year clean air action, cities also need Graded Response Action Plans for emergency response to slow
down the peaking of winter pollution.
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Additional graphs for West Bengal cities

Graph 3a: Impact of Diwali on hourly pollution in  Howrah

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM,s concentration of all CAAQM
stations operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in
PM,s FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXYV &%$%$40 VWDWLRQV

6RXUFH &6( DQDO\VLVtiRé¢ &r3dalitydata) H D

Graph 3b: Impact of Diwali on hourly pollution in Asansol

Note: Diwali dates are 7 Nov 2018, 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM, s concentration of one
CAAQM station operational in the city on a given day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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Graph 6 a: Heatmap of Howrah TV G D L £ lev&Din winter (1 Sept  +6 Dec) of 2019 and 2020

Note: Average PM, s concentration for a day is based on mean of two CAAQM stations of Howrah. Days are colored based on AQI

categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 6 b: Heatmap of Asansol 1V G DL £ lev&Din winter (1 Sept +6 Dec) of 2018, 2019 and 2020

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 6 b: Heatmap of Siliguri 1V G D L Qlev&Din winter (1 Sept +6 Dec) of 2018, 2019 and 2020

Note: Average PM, s concentration for a day is based on one CAAQM station in the city. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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m Decoding w inter air pollution in Mumbai region
and other cities of Maharashtra

Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delhi, December 10, 2020

New analysis of winter pollution until December first week this year, done by Centre for Science and
Environment (CSE), shows how clean air gains of the lockdown and monsoon period were lost with the
reopening of the economy and hostile winter weather. While this was expected, the analysis of the real-
time data from monitoring stations across Greater Mumbai Region as well as other major cities in
Maharashtra show the changing pattern in winter pollution this year. Even though trapping of winter
pollution in Greater Mumbai region is not as high as that of the Indo Gangetic Plain due to its proximity to
sea and improved ventilation, the levels increase despite the geographical advantages and favourable
meteorology.

Even though the overall average level of PM, s for the 11 months in 2020 is considerably lower than the
previous year due to the pandemic related to summer lockdown, the PM, 5 levels in winter rose beyond
the standard in Greater Mumbai Region and rest of Maharashtra. This is a typical and predictable winter
trend when continuous emissions from local sources including vehicles, industry, construction, and
episodic pollution from biomass burning get trapped due to meteorological changes. But this year, this
trend has set in almost two weeks earlier in the season and the average PM, 5 levels in October and
November have been 25-30 per cent higher in Greater Mumbai Region compared to previous October
and November. Combination of the reopening of the economy and changing meteorology is responsible.
But the region cannot rely only on its advantage of being close to the sea. This demands speed and scale
of action.

This detailed data analysis points to the fact that the air pollution is a more pervasive problem in the
Mumbai region and beyond and this requires quicker reforms and action in key sectors of pollution *
vehicles, industry, power plants and waste management to control winter pollution and further bend the
annual air pollution curve.

Data used in the analysis : The analysis is based on publicly available granular real time data (15-minute
DYHUDJHV IURP WKH &HQWUDO 3ROOXWLRQ &8RQWURO %RDUGYV &3&%
for Air Quality Management. Ten cities £Mumbai, Navi Mumbai, Thane, Kalyan, Pune, Nagpur, Nashik,
Aurabgabad, Solapur, and Chandrapur have been selected for this analysis because real time data is
available for these cities. This has analysed data recorded by 10 air quality monitoring stations at
Mumbai, 3 stations in Navi Mumbai, 2 stations in Chandrapur, one station each Thane, Kalyan, Pune,
Nagpur, Nashik, Aurangabad, and Solapuri under the Continuous Ambient Air Quality Monitoring System
(CAAQMS) of CPCB. Recently, new stations owned and operated by Indian Institute Of Tropical
Meteorology, Pune have been added to CAAQMS network but WK H\ GavQZequate data available
needed for this analysis therefore they have not been used. Weather data for Mumbai has been sourced
from the Santa Cruz weather station of Indian Meteorological Department (IMD).
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Key highlights

Average level of PM, s has been lower during this year due to the lockdown but could not prevent
the winter spike : The overall PM, s average this year (until first week of December) has been predictably
lower compared to the previous year largely because of the unprecedented economic disruption during
the summer lockdown and monsoon. But reopening of the economy coinciding with the onset of the
winter trapping pollution made PM, 5 levels rose starting October. From the respective cleanest week the
weekly average of PM,s in Mumbai rose 10 times, in Navi Mumbai 16 times, Kalyan 8 times, Pune 5
times, Nagpur 5 times, Nashik 6 times, Aurangabad 5 times, Chandrapur 8 times and Solapuri 9 times to
the dirtiest week.

Cleanest week for Mumbai, Navi Mumbai, Kalyan and Solapur was the week ending on 5 July, 2020.
Nagpur, Nashik, Pune, and Solapur had their cleanest week in August 2020. Aurangabad had its cleanest
week on the week ending 25 May 2020. The most polluted weeks this winter so far are week ending on
15 Nov, 2020 in Mumbai and Kalyan; week ending on 29 Nov, 2020 Navi Mumbai, Nagpur, Nashik, the
week ending on 8 Nov in Pune, week ending on 1 November in Chandrapur, week ending on 22
November in Aurangabad and week ending on 6 Dec Solapur (See Graph 1: Change in weekly PM2.5
levels 2020 = Difference between cleanest and most polluted week). The transient change of the
lockdown phases could not be sustained without the systemic changes needed to control pollution from
vehicles, industry, power plants, and waste.

Graph 1: Change in weekly PM ,slevels 2020 zDifference between cleanest and most polluted
week

Note: Average PM, s concentration for a week is based on mean of all CAAQM stations in the city. Dirtiest week for all cities were in
November except Solapur had its dirtiest week on the week ending on 6 December 2020. Cleanest week for Mumbai, Navi Mumbai,
Kalyan and Solapur was the week ending on 5 July, 2020. Nagpur, Nashik, Pune, and Solapur had their cleanest week in August
2020. Aurangabad had its cleanest week on the week ending 25 May 2020.

Source: CSE analysis Rl &3&% TV UHDO WLPH DLU TXDOLW\ GDWD

Average October -November PM , 5 level has been considerably higher this year: October this year

was dirtier across all cities in Maharashtra and it was worst among Greater Mumbai Region. The PM, 5
average this October was 25 per cent higher in Mumbai, 26 per cent in Navi Mumbai and 28 per cent in
Kalyan compared to corresponding time in 2019 7KDQH GRHVQYW KBMd nonidvR(SéeL QJ
Graph 2: Difference in winter pollution build-up: 2020 winter vs 2019 winter (monthly averages)).
November was also dirtier with monthly average higher by 7 per cent in Mumbai, 21 per cent in Navi
Mumbai, and 31 per cent in Kalyan. Cities outside Greater Mumbai Region had similar or lower November
average as last year.
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Graph 2: Diffe rence in winter p ollution build -up: 2020 winter vs 2019 winter (monthly averages)

Note: Average PM, s concentration for a month is based on mean of all CAAQM stations in the city.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Air quality gets more toxic with the onset of winter - share of tinier PM ,5in the PM 4q increases: The
share of tinier and finer particles in the overall coarser PM;q concentration determines the toxicity of air.
When the overall share of tinier PM, 5 in the overall coarser PMy is higher, the air is more toxic as the tiny
particles penetrate deep inside the lungs and cut through the blood barrier increasing health risk.
Interestingly, during lockdown, when the overall suspended coarser particles had settled down reducing
the PMy, levels, the PM, 5 had also come down. But its share was 36 per cent +higher than L Wi§udlly
noted during summer (below 30 per cent). But with the onset of winter the overall level of both have gone
up and also the percentage share of PM, 5 in the overall PMy This rose to high 40s during October and
remained high through November averaging at 46 per cent (See Graph 3: Changing share of percentage
share of PM,5in PMyg in Mumbai (1 Mar +8 Dec, 2020)). The share of PM,sin PMyq is generally highest
on Diwali and it reached 60 per cent this year.

Graph 3: Changing percentage share of PM,sin PMoin Mumbai (1 Mar 18 Dec, 2020)

Data: CPCB (PMyo and PM,5), IMD (Temperature and rainfall)
Source: CSE analysis

Dirtier Diwali in Mumbai this year: The average PM,s level on Diwali day in Mumbai was 76 J B up
from 5 J Precorded in 2019. This year there was about 75 per cent higher rise in hourly PM, s
concentration between afternoon and night of Diwali that is mostly caused due to firecracker busting (See
Graph 4: How hourly pollution changed on Diwali day in Mumbai). The change in hourly PM;s
concentration between afternoon and night of 2020 Diwali was 145 J B, up from 83 J B in 20109.
Diwali also occurred later in November than the previous year.
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Graph 4: How hourly pollution changed on  Diwali day in Mumbai

Note: Diwali dates are 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all CAAQM stations
operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in PM_s
FRQFHQWUDWLRQV DPRQJ FLW\YV QXPHURXV &$$40 VWDWLRQV

6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Mumbai #November 2020 dirtier but peak is low er: The rolling weekly average rose over the 24hr
standard or 6 J Pon November 2, but it did so on November 16 last year (See Graph 5: Rate of

increase in PM, s in Mumbai: 2019 vs 2020).

Graph 5: Rate of increase in PM ,5in Mumbai: 2019 vs 2020

Note: All values are rolling weekly average.
Data: CPCB (PM;s), IMD (Temperature and rainfall)
Source: CSE analysis

Variation within Mumbai shows some locations are highly polluted . In fact, Worli, Vile Parle, Kurla,

and CS,$ VWDWLRQVT KU DYHUDJH KDV VOLSSHG LQWR 3YHU\ SRRU"™ FDWL
even though citywide average remains moderately polluted category. This is quite different compared to
SUHYLRXV 1RYHPEHU ZKHQ QR VWDW LMY evdid Jhevi \thétd) WaS nd sigifitaht SRR U’
FKDQJH LQ FLW\YV DYHUDJH WHPSHUDWXUH RU UDLQIDOO LQ VHFRQG KD
PM,s OHYHOV ZLWKLQ WKH FLW\ VWDQGDUG GHYLDWLRQ DPRQJ FLW\TV
1RYHPEHU RQ DYHUDJH GLIIHUHQFH EHWZHHQ XSSHU DQU&romBZIHU ERXQC
J Blast November. Air quality in the city usually at its worst around Christmas and New Year, last year

LW JRW WR 3YHU\ SRRU" FDWHJRU\ DFURVY DOO VWDWLRQV JRLQJ E\ WK

this year.
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Kurla and Worli have the highest November average in the city, while Bandra, CSIA and Colaba have
the lowest. Nerul in Navi Mumbai is the most polluted in greater Mumbai region. CSIA despite one of the
lowest monthly concentration has the highest daily spikes (see Graph 6: Variation in local pollution build-
up in different locations of Mumbai during 2020 winter (monthly averages)).

Graph 6: Variation in local pollution build  -up in different locations of Mumbai during 2020 winter
(monthly averages)

Note: Worst 24hr average based on data upto 8 Dec, 2020
6RXUFH &6( DQDO\VLV Rla&GualtyfistaUHDOWLPH

Mumbai +City-wide n umber of days with PM ;5 concentration in good categor y was considerably

lower this winter; but no poor days : There have been7 GD\V Rl 3JRRG”™ DLU GD\V WKLV ZLQWH
just21reFRUGHG ODVW \BRWRIAYs XaVe Boiéiddwn to O days from 4 days last year (See

Graph 7: Distribution of days based on PM,s concentration and classified according to National Air

Quiality Index in Mumbai during winter (1 Oct £8 Dec) 2019 and 2020).

Graph 7: Distribution of days based on PM , 5 concentration and classified according to National
Air Quality Index in Mumbai during winte  r (1 Oct +8 Dec) 2019 and 2020 .

Note: Average PM, s concentration for a day is based on mean of all 10 CAAQM stations of Mumbai.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Mumbai : The cyclical ups and down of pollution this winter is less volatile +showing slower rise
and fall than pervious winter : This inelastic behavior of PM, s levels in Mumbai is in contrast to the trend
seen in Delhi-NCR and Kolkata-Howrah where the trend has been more volatile during winter with
frequent quicker rise and drop (See Graph8 +HDWPDS R1 0XP E D4 dovicehtiatiad \n vinter (1
Sept +8 Dec) of 2019-20). This can be the impact of changed meteorology but more investigation is
needed to understand the reasons for this.

Graph 8a: Heatmap of Mumbai TV G D L £ to8dentration in winter (1 Sept +8 Dec) of 2019 and
2020

Note: Average PM, s concentration for a day is based on mean of all CAAQM stations of Mumbai. Days are colored based on AQI
categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8b +HDWPDS RI :RUDO LJonhdgriration &0winter ( 1 Sept +8 Dec) of 2019 and 2020

Note: Average PM, s concentration for a day is based on Worli CAAQM station of Mumbai. Days are colored based on AQI
categories.
6RXUFH &6( DQDO\VLVtiRe¢ argdalitydatd) HD O
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Even with comparatively cleaner air  during this year, Greater Mumbai cities recorded daily
spikes similar to those observed in 2019: CSE has compared the annual averages and peak 24hr
averages in these cities of Maharashtra between 2019 and 2020. This shows that the Greater Mumbai
cities even with much lower annual average levels of PM,s have experienced almost same or higher
maximum daily levels during winter when the entire region got air locked (See Graph 9: How annual
average and maximum level changed in cities and towns of Maharashtra +comparison of 2019 and
2020). Cities outside Greater Mumbai region have registered much lower daily spikes.

Graph 9: How annual average and maximum level changed in cities and towns of Maharashtra +
comparison of 2019 and 2020

Note: 2020 numbers are based on data up to 8 Dec 2020.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Thane V Mittiest in the region : CSE has also compared PMy, levels during winter months (until

December 8) in cities of greater Mumbai region and found Thane (which does not have a working PM, 5

monitor) to have the highest levels of PM, (See Graph 10: PMy, pollution in the greater Mumbai region).

Other cities had similar curvature trend in PM, concentration as noted for PM,s levels.In IDFW 7KDQHTTV
DQQXDO DYHUDJH IRU X SWZIOIGF KHEV DIOWHD G\PKLJKHU WKD Q. DYHUD
This increase in PMyg levels from 2019 in Thane is driven by extraordinary dirtier October and November

this year (See *UD SK 7 KM iddheentration £2020 winter vs 2019 winter).

Graph 10: PMy, pollution in the greater Mumbai region

Note: Average PM;, concentration for a month is based on mean of all CAAQM stations in the city. Worst 24hr average at the
citywide level recorded between 1 March- 8 December, 2020.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Graph 11: Thane §V 3foncentratio n +2020 winter vs 2019 winter

Note: All values are rolling weekly average. Data: CPCB (PMyg), IMD (Temperature and rainfall)
Source: CSE analysis

Need deep cuts

To avoid winter pollution peaks all cities of Maharashtra will have to reduce the annual average level of
pollution to meet the national ambient air quality standards and even bring it further down to be closure to
health based guidelines of the World Health Organisation.

How the pollution level will play out during the rest of the winter remains to be seen. But it is clear that the
region has to take forward its wins so far and raise the level of ambition to drive action across all key
sectors of pollution and in the entire region. Enforce power plant standards across the state, minimise use
of coal and other dirt fuels in the industry while improving emissions control, scale up public transport and
vehicle restraint measures and manage waste to have a zero waste and zero landfill strategy.
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Additional graphs for Maharashtra cities

Graph 8c: Heatmap of Aurangabad V G D L £ toBdentration in winter (1 Sept +8 Dec) of 2018,
2019 and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.

6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
Graph 8d: Heatmap of Chandrapur 1V G D L £ toBdentration in winter (1 Sept +8 Dec) of 2018,
2019 and 2020

Note: Average PM,sconcentration for adayisin J Band is based on mean of two CAAQM stations in the city. Days are colored

based on AQI categories, grey cells represent no valid data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8e: Heatmap of Kalyan 1V G DL £ to8dentration inwinter (1 Sept +8 Dec) of 2019 and
2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid

data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8f: Heatmap of Nagpur 1V G D L 3 toBdentration inwinter (1 Sept 8 Dec) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8g: Heatmap of Nashik 1V G D L © toBdentration in winter (1 Sept +8 Dec) of 2018, 2019
and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8g: Heatmap of Navi Mumbai §V G D L Q toBdentration in winter (1 Sept +8 Dec) of 2019
and 2020

Note: Average PM,sconcentration for adayisin J B and based on mean of the two CAAQM stations in the city. Days are colored
based on AQI categories, grey cells represent no valid data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

46



Centre for Science and Environment Analysis

Graph 8h: Heatmap of Pune {1V G D L £ toBdentration inwinter (1 Sept +8 Dec) of 2018, 2019
and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid

data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8i: Heatmap of Solapur 1V G D L Q to8dentration in winter (1 Sept +8 Dec) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

4.

'"HFRGLQJ ZLQWHU DLU SROOXWLRQ LQ -DLSXU UHJLF
DQG RWKHU FLWLHV RI 5DMDVWKDQ

$QXPLWD 5R\FKRZGKXU\ DQG $YLNDO 6RPYDQVKL

&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW 1HZ 'HOKL 'HFHPEHU

1HZ DQDO\VLV RI ZLQWHU SROOXWLRQ XQWLO '"HFHPEHU RI WKLV \H
(QYLURQPHQW &6( VKRZV KRZ FOHDQ DLU JDLQV RI WKH ORFNGRZQ DQ
UHRSHQLQJ RI WKH HFRQRP\ DQG KRVWLOH ZLQWHU ZHDWKHU :KLOH WK
WLPH GDWD IURP PRQLWRULQJ VWDWLRQV DFURVV -DLSXU GLYLVLRQ DV
WKH FKDQJLQJ SDWWHUQ LQ ZLQWHU SROOXWLRQ WKLV \HDU (YHQ WKRX
QRW DV KLJK DV WKDW RI WKH ,QGR *DQJHWLF 30DLQ EXW LW VHHPV WR
LQ LGHQWLFDO IDVKLRQ GHVSLWH WKH JHRJUDSKLFDO DQG PHWHRURORJ

(YHQ WKRXJK WKH RYHUDOO IRYHWRBH OHXBWIRO®B0 'HF LV ORZHU WKDQ
GXH WR WKH SDQGHPLF UHODWHG WROWXPFPNWULQRHANGRZIY URKH BBI\RQG Wi
-DLSXU DQG UHVW RI 5DMDVWKDQ 7KLV LV D W\SLFDO DQG SUHGLFWDEOF
I[URP ORFDO VRXUFHV LQFOXGLQJ YHKLFOHV LQGXVWU\ FRQVWUXFWLRQ
JHW WUDSSHG GXH WR PHWHRURORJLFDO FKDQJHV %XW WKLV \HDU WKL
VHDVRQ DQG WKH DOYHHYUHDAW 1B3Q 1RYHPEHU KDYH EHHQ SHU FHQW KLJKI
FRPSDUHG WR SUHYLRXV 1RYHPEHU &RPELQDWLRQ RI WKH UHRSHQLQJ RI
PHWHRURORJ\ LV UHVSRQVLEOH %XW WKH UHJLRQ FDQQRW UHO\ RQO\ RQC
7KLV GHPDQGY VSHHG DQG VFDOH RI DFWLRQ

7KLY GHWDLOHG GDWD DQDO\VLV SRLQWYV WR WKH IDFW WKDW WKH DLU
-DLSXU UHJLRQ DQG EH\RQG DQG WKLV UHTXLUHV TXLFNHU UHIRUPV DC
YHKLFOHV LQGXVWU\ SRZHU SODQWV DQG ZDVWH PDQDJHPHQW WR FRQ
DQQXDO DLU SROOXWLRQ FXUYH

'DWD XVHG LQ WKHAKHHQDQDWLAVLY LV EDVHG RQ SXEOLFO\ DYDLODEOH JUDQ
DYHUDJHV IURP WKH &HQWUDO 3ROOXWLRQ &RQWURO %RDUGTV &3&% R
IRU $LU 4XDOLW\ ODQDJHPHQW (LJKW FLWLHV £ $MPHU -RGKSXU .RWD 3
KDYH EHHQ VHOHFWHG IRU WKLY DQDO\VLVY EHFDXVH UHDO WLPH GDWD L\
DQDO\WHG GDWD UHFRUGHG E\ WKUHH DLU TXDOLW\ PRQLWRULQJ VWDWLF
-RGKSXU .RWD 3DOL 8GDLSXU $0ZDU DQG %KLZDGL XQGHU WKH &RQWL
6\VWHP &%$$406 RI &3&% :HDWKHU GDWD IRU -DLSXU KDV EHHQ VRXUFHG
VWDWLRQ RI ,QGLDQ OHWHRURORJLFDO '"HSDUWPHQW ,0°'
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

.H\ KLIJIKOLJKWYV

$YHUDJH OHYHRDRI BIBHQ GXULQJ\WBUVGXH WR WK EXW FRXOG QRW SUHYH
WKH ZLQWHUKWSRMHU DYHUDJH WKLV \HDU XQW\W CEFS UMRHFEHIEOK ORZH
FRPSDUHG SWRHYWHRHXKYV \HDU ODUJHO\ EHFDXVHFRQRPLF GIGXULQJ WKH
VXPPHU ORFNGFRZINRRG %XW UHRSHQL(FRLQFLGLQJ ZLWK VZLQWHU
WUDSSLQJ SROOXVOHRYQ RPVIE N EDOUWLDQRRPWKREMHYSHFWLYWKH ZHHNO\
DYHUDJH RUBODLSXUWIRPHY LQ $MPHU WLPMKLZ WLPHV .RWD WLPH\
-RGKSXU WLPWMVPHBV8GDLSXU WLPHV WR WKH GLUWLHVW ZHHN

'LUWLHVW ZHHN IRU DOO FLWLHV ZDV RQ WKH ZHHN HQGLQJ RQ

ZHHN HDUOLHU &OHDQHVW ZZDV LQ WKH HDUO\ $SULO $M
FOHDQHVW ZHHN RQ WKH ZHHN HQGLQJ - X0\ 8GDLSXU -DlI
SXIXVW -RGKSXU KDG LWV KH ZHHN HQGLQJ 6HS 6HHUDSK

&KDQIK) ZHHNO\ 30 Ot 'LITHUHQFH EHWZHHQ FOHDQHVW 7KH
WUDQVLHQW FKDQJH RI WKH ORFNGRZQ SKDVIV\WWHPLF FKDQJH
FRQWURO SROOXWLRQ IURP YHKLFOHYV

*UDSK &KDQJH LQ Zt OHYHOV 'LITHUHQFH EHWZHHQ FOHDQHYV
ZHHN

I1RWH $YHUDRRIQFHQWUDWLRQ IRU D ZHHN LV EDVHG RQ PHDQ RI D' IRU DOO FLWLHV ZDV RQ
WKH ZHHN HQGLQJ RQ HRFHSMEHQ %KLZDGL ZKLFI &OHDQHVW $0ZDU DQG 3DOL ZDV LQ WKH
HDUO\ $SULO $ MKFCHAU WDIQHBL URMDR Q WKH ZHHN HQGLQ8GDLSAU -DLSXUKDG WKHLU
FOHDQHVW ZHHN LQ $XJXVW8 LWV-RCKBEHVW ZHHN 6HSWHPEHU

6RXUFH &6( DQDO\VLV RI &3&%TV

$YHUDJH 1RYHPEBHY3O KDV EHHQ FRQVLGHUD 1RYHP WKLV \HDU ZDV
GLUWLHU DFUR%D MO FLAVBENVYHQYDJH WKLV 1RYBREHAH@DW -DLSXU
SHU FHQW LQIO.ZDERPOBUHG WR 1RYHREMMREHU ZDV [LQ RWKHU FLWLH\
SHU FHRMOLQ SHU FH SHU FHQW LQ SE@DLBKOQW DQG SHU FHQW LQ
-RGKSEXJIXVW WKLV \  SHU FHQW FOHDQHU LQ WKHVH FLWI 6HH
*UDSKLIIHUHQFH LQ ZLQW XS ZLQWHU YV ZLQWHU
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK 'LITHUBIQERROOXWLRQ EXLOG XYV ZLOQWRQWKO\ DYHUDJHV

1RWH $YHUDIRIQFHQWUDWLRQ IRU D PRQ DOO &$$40 VWDWLRQV LQ WKH FLW\
6RXUFH &6( DQDO\VLV RI &3&%TV |

$LU TXDOLW\ MAR[LFPPRIUMK WKH R( VKDUH RI WLIQQ BWUK30LQFUH DWKHV

VKDUH RI WLQLHU DQG ILQHU SDUW FRQFHQWUDWLRQ GHWHUP

'KHQ WKH RYHUDOO V LQ WKH RYHUDOQOVFRDIKWHU BKH DLU LV F
SDUWLFOHYV SHQHWUDWH GHHFXWKURXJK WKH | LQFUHDVLQJ KHDOWK |
,QWHUHVWLQJO\ GXULQJ ORFNGRZQ ZKHQ WKH RYHWWOHG GRZQ UHGXF
WKH 3OHYHOV WK IOVR FRPH GRZQ % SHU FAHRW:+ KLJKHU WKDQ LW
XVXDOO\ QRWHG GESUDRO VXPPHUU FH@RXW ZLWK WKH RQVHW RI Z

ERWK KDYH JROB WS WK SHUFHQW LQ WKH RYHUCO.OWOUBDERYH  SHU
FHQW GXULQJ PR@G2EWREHWWKURXJK 1RYHPEHU D BHUDRB HQ NWIDEKH
&KDQJLQJ VKDUH RVISHIWEFHQVYDIM Q -DLSXU 'HPU + 7KH VKDUH RI 30

LQ 30LV JHQHUDOO\ KLIJDQG LW SHDNHG DW SHXWFHWW. DWKDV:\HDU
'LZDOL

*UDSK&KDQJLQJ SHUFHQW30 LQ 30LQ -DLSXU OBRE *

'‘DWD &3&% D3®PG 30 ,0' 7HPSHUDWXUH
6RXUFH &6( DQDO\VLV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

'LZDOL ZDV FOHDDGKU EQW GLUW WKLV \HKHUDYHUI OHYHO RQ GD\ DIWHU
'LZDOL LQ -DLSXU ZIR/ IURPP JWPHFRUGHG LQSHU FHQ\ 7KLV \HDU
WKHUH ZDV DERXWOR: SHWH HQWKR¥RQFHQWUDWLRQ EHWZHHQ

'LZDOL WKDW LV PRVWO\ FDXVHG GX *UDSK +RZ KRXUO\ SROOXW

'LZDOL GD\ LQ@bXD\L S/XMRU\ ZLLQ -RGKSXUKBEKFKMHQWH LQ FRQFHQWUDWLRQ

EHWZHHQ DIWHUQR 'LZDOL ZDV XISPIURP LD P 6HHDSK E
+RZ KRXUO\ SROOXWLRQ FKD-RGKSXUKH DYHUDDHB8BGD\ DIWHU 'LZDOL L
-RGKSXU ZDV XJUMR J P UHFRUGHG LQ LQFHU FKIOMW'LZDOL DOVR

RFFXUUHG ODWHU LQ 1RYHPEH!
*UDSK HRZ KRXUO\ SROOXWL 'LZDOL GD\ LQ -DLSXU

1RWH 'LZDOL GDWHV D  2IFRWY &LW\ZLGH LV EDVHG RQ DYHUDJH 30 F
RSHUDWLRQDO LQ WKH FLW\ RQ D JLYHQ GD\ 'RWWHG OLQHV UHSUHVHQW30
FRQFHQWUDWLRQV DIRRXY RLHYSYDVVQ X P

6RXUFH &6( DQDO\VLV RI &3&%fV |

*UDSK #HRZ KRXUO\ SROOXWL 'LZDOL GD\ LQ -RGKSXU

1RWH 'LZDOL GDWHV DUH 2FW DQG 1RY &LW\ZLGH LV E&$$40 VWDWLRQV
RSHUDWLRQDO LQ WKH FLW\ RQ D JLYHQ GD\ 'RWWHG OLQHV UHSUHVHQW30
FRQFHQWUDWLRQV DPRQJ FLW\(TV

6RXUFH &6( DQDO\VLV RI &3&%fV D
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

-DLSXWK+V ZLQWHU KDG WKH GLUW 7KH UROOLQJ ZHHNCRYHU WKH

KU VWDQGDUG RUPFWB P EXW LW GLG VR ROQ®VM WREHU\HDU WKH UROO
ZHHNO\ DYHUDJH FURVVHG 39H JPRQ 1RYHPEHU DQG UIWLOO
1RYHPEHU 5ROOLQJ ZHHNO\ DYHU J PLQ RU 6HMUDSK 5DWH

RI LQFUHDVH Q QD30 X UY V

*UDSK 5DWH RI LQFU LQ -DLSXU YV

I1RWH $00 YDOXHV DUH UI
'‘DWD &3&% 3®' 7HPSHUDWXUH
6RXUFH &6( DQDO\VLV

-DLSXU = &LWXREBWH Rl GD\V FRQFHQWUDSWRMR®Y RY FDWHJIRU\ ZDV
FRQVLGHUDEOMKAIVJEHIKHUH KDYH EHHQ GD\WIRU STHV\VWBRISIDUHG WR
MXVW UHFRUGBIGGOIHWWR \HDKH *SRRU’ GDOWRKDRYAWR GD\V IURP GD\V
ODVW \HD'WDGHKH LVWULE GD\V EDVHG F®R@PHQWUDWLRQ DQG FO
1IDWLRQDO $LU 4%XDOLWXUYUQGHEZLQWHU 2FW * DOQISF

*UDSK 'LVWULEXWLRQ RI GD' FRQFHQWUDWLRQ DQG FODVVLILH
$LU 4XDOLW\ ,QGHXIUQ QD UBSXU2FW = 'HF DQG

I1RWH $YHUDRIRIQFHQWUDWLRQ IRU D GD\ &$%$40 VWDWLRQV RI -DLSXU
6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

-DLSXSLVRGHV RI EDG DLEHFRPLQJ LQFUHDVLQJO\ ORQJHU DQG
ZLOQWHHKLY LQEHPBEMVWIRFL OHYHOV LQ LQLEBRK@WIWVW WRLQ 'HOKL 1&5
ZKHUH WKH WUHQG KDV EHHQ PRUH YRODWLOH GXULQ 6HH *UDSK
+HDWPDS RI -DLSXURR@GEAH@OWBDWLRQ LQ ZL1HPFW HRU 6HBM.* FDQ EH WKH
LPSDFW RI FKDQJHCGERWWHRRIHRDRYHVWL WR XQGHU UHDVRQV IRU WKLV

*UDSK +HDWPDSYRIGDLSX¥XWRQFHQWUDWLRQ LQ ZLOWHRI 6HSW +
DQG

I1RWH $YHUDIRIQFHQWUDWLRQ IRU D GCDOO &%$$40 VWDWLRDW RUBIFRARUHG
FDWHJRULHV

6RXUFH &6( DQDO\VLV RI &TXDOLW\ GDWD

(YHQ ZLWK FRPSDUDWLYIGXULQJ WKLV \HDUFLSWMUVBNRMK®HG GDLO\ VSLNF
VLPLODU WR WKRVH RE¥6UKBG ERPSDUHG WKH DQGX®HD N Y HKILNJHY
WKHVH FLWLHYV RHWBNBYWKD® 7KLV VKRZWDWWBWQ 5DMECHYHQ ZLWK
PXFK ORZHU DQQX®HV DRIHRIBDHH H[SHULHQFHG W KRWD [VPRP GDLO\
OHYHOV GXULQJ ZLOQWHU ZIJRW DLU ORFPNIDGK&6RA DQQXDO DY

PDI[LPXP OHYHO FKIDQUHG D QRI 5DMDVWRKP®DWLVRQ RI &LWLHV LQ
ZHVWHUQ DQG FHQWLYDHD BLIMIYWHKIHG P XFK
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK +RZ DQQXDO DYHUDJH DQG PD[LPXP OHYHO FK5DMDVWKDQ %
FRPSDULVRQ RI DQG

1RWH QXPEHUV DUHXDVHEBFRQ GDWD
6RXUFH &6( DQDO\VLV RI &3&%TV

-DLSXU DQG VKRZHGWREBOW RPRNH VP &6(WUDFNHG VWXE

PRYHPHQW GRZODOQKHWQERODLQ E\ ORRNLQJ OHYDW &$$40 VWDWLRQV
LQ WKH UHJLRQ /DVW \HKLW ,*3 LQ ILUVW ZHHN RI 1RYVKRZHG QR
XQXVXDO VSLNH HQFW8WLWKIZDGL ZKLFK LV YHU\ FORVF LQ -DLSXU
DQG -RGKSXU LQ KDSSHQHG EHIRUH VPRJ VWDUV LQ -DLSXU DQG
-RGKSXU DWPRDHGBIDN RI SHQHG RQ 1RYHPEHU LQDMOKL ZLRVK 30
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

LOQWHUHWOWWERUOUHFRU J PDGD\ ODWHRYRREHU DQG -RGK:

LWV SHDN RQ P1RYH 7KLV LV KLIJKO\ XQXVXDO DQG QHHGYV

EH\RQG WKH VFRSH RI WKLV DQDO\VLV DV WKH UHJXODU ZLQG

WRZDUGV 7KDU "HYHYWWEHEEOH VPRJTV LPSDFWi{RQ SMPROWWKDQ FLWLHYV
VPRJ

*UDSK6WXEEOH VPRJTV LPSDFW R % VPRJ YV \

I1RWH $YHUDIRIQFHQWUDWLRQ LV EDVHG RQ PHDQ RI
6RXUFH &6( DQDO\VLV RI &3&%TV

1HHG GHHS FXWV

7R DYRLG ZLQWHU SROOX'SDMDVWIK®® KDYH WR UHGXFH WKH

SROOXWLRQ WR PHHW WKH QDWLRQDO DPELHQW DLU WR EH FORVXUH WF
KHDOWK EDVHG JXLGHOLQHV RI WE

+RZ WKH SROOXWLRQ OHYHO ZLOO SOD\ RXW GXULQJ WKH UHVW
UHJLRQ KDV WR WDNH IRUZDUG LWV ZIl DPELWLRQ WR GULYH D
VHFWRUV Rl SROOXWLRQ DQG LQ WKH HQWLUH UHJLRQ (QIRUFH
RI FRDO DQG RWKHU GLUW IXHOV LQ WKH LQGXVWU\ ZKLOH LFDQG
YHKLFOH UHVWUDLQW PHDVXUHV DQG PDQDJH ZDVWH WF
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$GGLWLRQDO 5DMDVWKDQ FLWLHYV

*UDSK E +HDWPDIWRIGPMPHRQFHQWUDWLRQ LQ ZLQWHRI B6HSW =
DQG

1RWH $YHUDRIRQFH QQVUFDWDRG J P 'D\V DUH FRORUHG EDVHG RWQH$ 4 HKDOWHURSLHV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK F +HDWPDIWRGHPQZIFRQFHQWUDWLRQ LQ ZLQWHRBI 6HSW =
DQG

1RWH $YHUDIRIQFH QW UVFDWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKDOWHURBSLHV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%‘GDWD



&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK G +HDWHAOZRY GDLOFRQFHQWUDWLRQ LQI ZLCHFHRI 6HSW
DQG

1RWH $YHUDRIRQFH QQVUFDWDRG J P 'D\V DUH FRORUHG EDVHG RWQHS$ 4 HKDOWHURSLHYV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK H +HDWRDEB{RV GDLOFR@FHQWUDWLRQ LQIZLQWFHRI 6HSW
DQG

1RWH $YHUDIRIQFH QW UVFDWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKRDOWHURBSLHV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK | +HDWPDBVRGEDRWBRQFHQWUDWLRQ LQ ZLGIWHRI 6HSW =
DQG

1RWH $YHUDRIRQFH QQVUFDWDRG J P 'D\V DUH FRORUHG EDVHG RWQH$ 4 HKDOWHURSLHV

GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK J +HDWPDY RIDIDCARQFHQWUDWLRQ LQ ZL'®WHRI 6HSW PQG

1RWH $YHUDIRIQFH QW UFDWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKRDOWHURSLHV

GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

58



&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK K +HDWRDI RY GDLOFBRMFHQWUDWLRQ LQi ZLHFHRI 6HSW
DQG

1RWH $YHUDIRIQFH QW UVFDWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKDOWHURSLHV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV
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5 sDecoding w inter air pollution in Indo-Gangetic Plain: Pollution
beyond NCR

Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delhi, January, 2021

As part of its air quality tracker initiative the Centre for Science and Environment (CSE) has carried out a
series of air quality analysis for different regions of the country to get a deeper view of the changing
patterns of air quality trends. This seeks to understand the impact of the extraordinary year 2020 that has
witnessed one of the biggest disruptions in the recent times. This is an inflexion point but also an indicator
of what may change and yet not change despite the disruption. This helps to address some of the basic
curiosities related to how low the pollution can get with stopping of activities, regional influence on local
air quality, and deeper seasonal patterns that unmask the high local pollution despite the forced change
during the lockdown phases. After analyzing the changing trends in Delhi and National Capital region,
Rajasthan, Maharashtra, and West Bengal, this analysis unravels the pattern in the Indo-Gangetic Plain +
the most vulnerable and difficult region from air quality perspective.

New analysis of winter pollution until 11 January of this year, carried out shows how clean air gains of the
lockdown and monsoon period were lost with the reopening of the economy and hostile winter weather
like all other regions. While this was expected, the analysis of the real-time data from monitoring stations
outside NCR in the larger Indo-Gangetic Plain show newer pattern in winter pollution this year. Even
though trapping of winter pollution in the larger Indo Gangetic Plain is high compared to other regions, it
was not as high as that of the NCR but it was alarmingly high and synchronized despite large distances.
This is the challenge of this landlocked region.

Higher PM, 5 levels is a typical and predictable winter trend when continuous emissions from local
sources including vehicles, industry, construction, and episodic pollution from biomass burning get
trapped due to meteorological changes. But this year, this trend has set in almost two weeks earlier in the
season. There is clear difference in winter pollution pattern between IGP regions north and south of NCR.
Even though the average level of PM, s for the summer and monsoon months in 2020 is considerably
lower than the previous year due to the pandemic related to summer lockdown, the PM, 5 levels this
winter have risen beyond the 2019 in almost all monitored cities in Punjab and Haryana (region north of
NCR. Cities in central and eastern UP and Bihar (region south of NCR) also show high winter pollution
but levels are similar or lower compared to 2019. Combination of the reopening of the economy and
changing meteorology is responsible for high winter pollution but this regional variation calls out for more
nuanced and robust pollution control strategy. The region cannot rely only on action being taken in Delhi-
NCR. This demands speed and scale of action.

This detailed data analysis points to the fact that the air pollution is an IGP wide problem and this requires
quicker reforms and action in key sectors of pollution =+ vehicles, industry, power plants and waste
management to control winter pollution and further bend the annual air pollution curve.

Data used in the analysis : The analysis is based on publicly available granular real time data (15-minute
DYHUDJHV IURP WKH &HQWUDO 3ROOXWLRQ &8RQWURO %RDUGTV &3&%
for Air Quality Management. 26 cities *Amritsar, Bhatinda, Jalandhar, Khanna, Ludhiana, Mandi
Gobindgarh, Patiala, Rupnagar, Chandigarh, Ambala, Fatehabad, Hisar, Kaithal, Kurukshetra, Panchkula,
Sirsa, Yamuna Nagar, Agra, Kanpur, Moradabad, Varanasi, Lucknow, Patna, Gaya, Muzaffarpur, and
Hajipur have been selected for this analysis because real time data is available for these cities. This has
analysed data recorded by 6 air quality monitoring stations at Patna, 5 stations in Lucknow, 2 stations in
Gaya and Muzaffarpur, one station each rest of the cities under the Continuous Ambient Air Quality
Monitoring System (CAAQMS) of CPCB. Weather data for Amritsar, Ambala, Chandigarh, Lucknow, and
Patna has been sourced from the weather stations of Indian Meteorological Department (IMD) located at
the airport of each city.
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Key highlights

Annual average level of PM ,5 not lower in many cities this year despite the lockdown =+ while
several bigger cities have witnessed reduction, smaller towns and cities have experienced
increase : The 2020 average PM,s level in many cities in upper IGP has climbed up to breach the
average concentration recorded in 2019. Fatehabad in northern Haryana is the worst performer with 35
per cent increase from 2019 level. It is followed by Bhatinda at 14 per cent, Agra at 9 per cent, Khanna at
7 per cent, Mandi Gobindgarh at 6 per cent, Moradabad at 5.5 per cent and Kurukshetra at about 1 per
cent increase. Jalandhar registered less than one per cent change. Most improvement is noted in Sirsa
which is closing 2020 with a 44 per cent lower PM,s. Varanasi at 31 per cent, Gaya at 27 per cent,
Muzaffarpur at 15 per cent and Hisar at 12 per cent are other best performers in the pool. Rest of the
cities show improvement in range of 4-12 per cent (See Graphl: Percentage change in PM, s annual
average in IGP cities) )RU FRQWH[W 'HOKLT\3 per cebtYoér BhdrHtsL 2019 level.

Graphl: Percentage change in PM ,sannual average in IGP cities

Note: Annual average PM,sconcentration is based on mean of monthly averages. For cities with multiple stations average of only
those stations are used which were working in both 2019 and 2020 for all 12 months. Data uptill 31 December 2020.
Source: CSEaQDO\VLYVY RI &3&%9YV UHDO WLPH DLU TXDOLW\ GDWD

Bad November indicates influence of stubble burning: In must be noted that Fatehabad (the worst
performer) and Sirsa (the best performer) are neighboring towns; just 40 kms apart. Therefore, this

massive YDULDWLRQ FDQYW EH DWW Uhag }\WdH@h Wdal fRdtbW. I RelafnOaRalerdye G

of these towns along with other smaller towns like Hisar and Jind in the north-west are heavily influenced
episodic pollution caused burning of crop stubbles. Influence is so pronounced that it can elevate their
monthly PM,s OHYHO IRU 1RY HP EH WbuWRikeHDOIKi thise Ovihy dieddirectly exposed to the

VPRNH 7KH HOHYDWHG 1RYHPEHU OHYHOV GRQTW OLQJHUIMRD@hIRU UHVW

(See Graph 2: Smaller Haryana towns have bad November similarly as Delhi). Therefore, any change in
stubble burning pattern skews their annual average dramatically and which may possibly be the reason
for observed trend in data but further field investigation is needed to determine the real reasons.
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Graph 2: Smaller Haryana to wns have bad November similarly as Delhi

Note: Average PM, s concentration for a month is based on mean of all CAAQM stations in the city.
Source: CSE analysisof &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Average level of PM ;s has been lowe st during this summer and monsoon due to the lockdown but
could not prevent the winter spike: The overall PM, s average this summer and monsoon has been
predictably lower compared to the previous year largely because of the unprecedented economic
disruption during the summer lockdown and phased unlocking. But reopening of the economy coinciding
with the onset of the winter trapping pollution made PM,s levels rose starting October. From the
respective cleanest week the weekly average of PM,5 in Amritsar rose 10 times, in Ambala 9 times,
Chandigarh 6 times, Lucknow 11 times, and Patna 11 times to the dirtiest week. These major cities
recorded lesser deterioration than Delhi where weekly air quality worsened 14 times but smaller towns
beat the capital. Bhatinda deteriorated 23 times, Fatehabad 22 times, Muzaffarpur 19 times, Sirsa 17
times, and Kanpur 16 times. It deteriorated 15 times in Hisar and Kaithal.

There is marked difference between northern cities and eastern cities. The cities in northern recorded
their dirtiest week in first half of November same as Delhi-NCR, while eastern cities had their dirtiest week
in December.

Dirtiest week for Khanna, Mandi Gobindgarh, Patiala, Rupnagar, Chandigarh, Ambala, Kaithal,
Kurukshetra, Yamuna Nagar, Agra, and Moradabad was week ending on 8 November 2020. For Delhi,
Amritsar, Bhatinda, Jalandhar, Ludhiana, Fatehabad, Hisar, Panchkula, and Sirsa the dirtiest week on the
week ending on 15 November 2020. Hajipur, Patna, and Muzaffarpur the dirtiest week on the week
ending on 6 December 2020. Kanpur, Varanasi, and Lucknow the dirtiest week on the week ending on 27
December 2020. 'LUWLHVW ZHHN IRU *D\D ZDV @kdriesitQudek foHKh&NTiA, RUphEJAr,
Ludhiana, and Panchkula was the week ending on 29 March, 2020. Amritsar and Jalandhar had their
cleanest week in April. Patna had its cleanest week in June and July was the cleanest for Agra and
Moradabad. Patiala, Chandigarh, Ambala, Kaithal, Kurukshetra, Yamuna Nagar, Delhi, Hisar, Kanpur,
Varanasi, Lucknow, and Muzaffarpur had their cleanest week ending on 23 August 2020. Mandi
Gobindgarh and Fatehabad had its cleanest week on the week ending 30 August 2020. Bhatinda and
Sirsa had their cleanest week ending on 6 September 2020. Hajipur and Gaya had their cleanest week
ending on 27 September 2020 (See Graph 3: Change in weekly PM, s levels 2020 +Difference between
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cleanest and most polluted week). The transient change of the lockdown phases could not be sustained
without the systemic changes needed to control pollution from vehicles, industry, power plants, and
waste.

Graph 3: Change in weekly PM ,slevels 2020 zDifference between cleanest and most polluted
week

Note: Average PM, s concentration for a week is based on mean of all CAAQM stations in the city.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Average November PM , 5 level has been considerably higher  in northern cities this year. November
this year was dirtier across most cities in IGP. The PM, 5 average this November was 310 per cent higher
in Fatehabad, 104 per cent in Agra and 57 per cent in Kaithal compared to November 2019. November
was also same or dirtier in all Punjab and Haryana cities except Sirsa that registered 16 per cent cleaner
November. All cities in central and eastern UP and Bihar had a 4-48 per cent cleaner November. August
this year cleaner in all these cities compared to August 2019 except in Bhatinda, Mandi Gobindgarh,
Patiala, and Fatehabad (See Graph 4: Difference in winter pollution build-up: 2020 winter vs 2019 winter
(monthly averages).

Graph 4: Difference in winter p ollution build -up: 2020 winter vs 2019 winter (monthly averages)

Note: Average PM, s concentration for a month is based on mean of all CAAQM stations in the city.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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Air quality gets more toxic with the onset of winter - share of tinier PM ,5in the PM ;4 increases:
The share of tinier and finer particles in the overall coarser PM,o concentration determines the toxicity of
air. When the overall share of tinier PM, 5 in the overall coarser PMy, is higher, the air is more toxic as the
tiny particles penetrate deep inside the lungs and cut through the blood barrier increasing health risk.
Interestingly, during lockdown, when the overall suspended coarser particles had settled down reducing
the PMyq levels, the PM; s had also come down. But its share was 33 per cent in Amristsar, 39 per cent in
Chandigarh, 38 per cent in Patna +higher than L Wi§udlly noted during summer (low 30s). But with the
onset of winter the overall level of both have gone up and also the percentage share of PM,s in the
overall PMyq This rose to high 40s during October and remained high through November averaging at 55
per cent in Amritsar, 48 per cent in Chandigarh, 53 per cent in Patna (See Graph 5: Changing share of
percentage share of PM,s in PMyo in a) Amritsar b) Chandigarh c) Patna (1 Mar =8 Dec, 2020)). The
share of PM, 5 in PMy, is generally highest on Diwali and it reached 64 per cent in Amritsar, 69 per cent in
Chandigarh, and 62 per cent in Patna this year.

Graph 5a: Changing percentage share of PM;sin PMoin Amritsar (1 Mar +21 Dec, 2020)

Data: CPCB (PMy and PMy;s), IMD (Temperature and rainfall)
Source: CSE analysis

Graph 5b: Changing percentage share of PM,5in PMqin Chandigarh (1 Mar +21 Dec, 2020)

Data: CPCB (PMyo and PM,5), IMD (Temperature and rainfall)
Source: CSE analysis
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Graph 5c: Changing percentage share of PM,sin PMygin Patna (1 Mar +21 Dec, 2020)

Data: CPCB (PMy and PMy;s), IMD (Temperature and rainfall)
Source: CSE analysis

Dirtier Diwaliin Lucknow this year but Amritsar, Ambala, Chandigarh, and Patna were cleaner : The
average PM, s level on Diwali day at Talkatora in Lucknow was 434 J B up from 237 J B recorded in
2019. This year there was over 100 per cent higher rise in hourly PM, s concentration between afternoon
and night of Diwali that is mostly caused due to firecracker busting (See Graph 6: How hourly pollution
changed on Diwali day in Mumbai). Amritsar was 7 per cent, Chandigarh was 56 per cent, Ambala was
57 per cent, and Patna was 22 per cent cleaner. Diwali also occurred later in November than the previous
year.

Graph 6a: How hourly pollution changed on  Diwali day in Lucknow

Note: Diwali dates are 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all CAAQM stations
operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in PM, 5
FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXV &$$40 VWDWLRQV

Source: CSE analysis Rl &3&%fV UHDO WLPH DLU TXDOLW\ GDWD
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Graph 6b: How hourly pollution changed on  Diwali day in Amritsar

Note: Diwali dates are 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all CAAQM stations
operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in PM; 5
FRQFHQWUDWLRQV DPRQJ FLW\TV QXPHURXV &$$40 VWDWLRQV

6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Graph 6c: How hourly pollution changed  on Diwali day in Chandigarh

Note: Diwali dates are 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all CAAQM stations
operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in PM_s
FRQFHQWUDWLRQV DPRQJ FLW\JV QXPHURXV &%$%$40 VWDWLRQV

6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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Graph 6d: How hourly pollution changed on  Diwali day in Patna

Note: Diwali dates are 27 Oct 2019, and 14 Nov 2020. Citywide is based on average PM2.5 concentration of all CAAQM stations
operational in the city on a given day. Dotted lines represent a specific CAAQM station of the city to showcase variation in PM, 5
FRQFHQWUDWLRQV DPRQJ FLW\TW.QXPHURXV &%$%$40 VWDWLRQ

6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Bad air days started earlier in 2020 winter : The rolling weekly average rose over the 24hr standard or
6 J Pin Amritsar on October 6 (8 days earlier), Ambala on October 4 (8 days earlier), Lucknow on
September 10 (29 days earlier), and Patna on October 1 (14 days earlier). Overall the winter has been
dirtier across. Chandigarh has had a relatively cleaner November with bad air setting in later this year
compared to 2019 (See Graph 7: Rate of increase in PM,s in a) Amritsar, b) Ambala, c) Lucknow, d)
Patna, e) Chandigarh: 2019 vs 2020).

Graph 6a: Rate of increase in PM ,sin Amritsar : 2019 vs 2020

Note: All values are rolling weekly average. Data: CPCB (PM;s), IMD (Temperature and rainfall)
Source: CSE analysis
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Graph 6b: Rate of increase in PM ,5in Ambala: 2019 vs 2020

Note: All values are rolling weekly average. Data: CPCB (PM;s), IMD (Temperature and rainfall)
Source: CSE analysis

Graph 6c¢: Rate of i ncrease in PM ,5in Lucknow : 2019 vs 2020

Note: All values are rolling weekly average. Data: CPCB (PM;5s), IMD (Temperature and rainfall)
Source: CSE analysis

Graph 6d: Rate of increase in PM ,5in Patna: 2019 vs 2020

Note: All values are rolling weekly average. Data: CPCB (PM;;s), IMD (Temperature and rainfall)
Source: CSE analysis
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Graph 6e: Rate of increase in PM ,5in Chandigarh : 2019 vs 2020

Note: All values are rolling weekly average. Data: CPCB (PM;s), IMD (Temperature and rainfall)
Source: CSE analysis

Number of days with PM ,5 concentration meeting standard  was considerably lower this winter;

more poor or worse days: There have been 33 days of standard air days this winter compared to 41
recorded last year in Amritsar. Similarly standard days have been lesser by 11 days in Ambala, 4 days in
Lucknow and Patna (See Graph 7: Distribution of days based on PM,s concentration and classified
according to National Air Quality Index in a) Amritsar, b) Ambala, ¢) Lucknow, d) Patna, €) Chandigarh
during winter (1 Oct #0 Jan) 2019 and 2020). In fact, in Lucknow not a single day met the standard since
start of October this winter and 19 days of severe or worse air quality up from 5 days in last winter.
Chandigarh bucks the trend and recorded 18 more days this winter with air quality meeting the standard.

Graph 7 a: Distribution of days based on PM  , 5 concentration and classified according to National
Air Quality Index in  Amritsar during winte r (1 Oct +10 Jan) 2019 and 2020.

Note: Average PM, s concentration for a day is based on single CAAQM station.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 7 b: Distribution of days based on PM  , 5 concentration and classified according to
National Air Quality Index in ~ Ambala during winte r (1 Oct 10 Jan) 2019 and 2020.

Note: Average PM, s concentration for a day is based on single CAAQM station.
6RXUFH &6( DQDO\VLV RI &GualtyfistaUHDOWLPH DLU

Graph 7 c: Distribution of days based on PM 5 concentration and classified according to National
Air Quality Index in  Lucknow during winte r (1 Oct 10 Jan) 2019 and 2020.

Note: Average PM, s concentration for a day is based on mean of 3 CAAQM stations of Lucknow.
6RXUFH &6( DQDO\WLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 7d: Distribution of days based on PM ,5 concentration and classified according to National
Air Quality Index in  Patna during winte r (1 Oct +10 Jan) 2019 and 2020.

Note: Average PM, s concentration for a day is based on single CAAQM station at IGSC, Patna.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

70



Centre for Science and Environment Analysis

Graph 7 e: Distribution of days based on PM 5 concentration and classified according to
National Air Quality Index in  Chandigarh during winte r (1 Oct =10 Jan) 2019 and 2020.

Note: Average PM, s concentration for a day is based on single CAAQM station.
6RXUFH &6( DQDO\VLV RI &3uktyfstaUHDOWLPH DLU T

The cyclical ups and down of pollution this winter is less volatile *showing slower rise and fall

than pervious winter : This inelastic behavior of PM, s levels in IGP cities is in contrast to the trend seen
in Delhi-NCR where the trend has been more volatile during winter with frequent quicker rise and drop
(See Graph 8: Heatmap of daily PM, s concentration in winter a) Amritsar, b) Ambala, c¢) Lucknow, d)
Patna, e) Chandigarh (1 Sept +21 Dec) of 2018-20). This can ¥ the impact of meteorology as Delhi-
NCR is exhibiting different trend, therefore it might be due to poor pollution control action among these
cities but more investigation is needed to understand the reasons for this.

Graph 8a: Heatmap of Amritsar 1V G BNLgconcentration inwinter (1 Sept +10 Jan) of 2018, 2019 and 2020

Note: Average PM, s concentration for a day is based on a single CAAQM station. Days are colored based on AQI categories.
6RXUFH &6( DQDO\WLV RI &3&%fTV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8b: Heatmap of Ambala VvV G D Lygcor@éntration inwinter ( 1 Sept +10 Jan) of 2019 and 2020

Note: Average PM, s concentration for a day is based on a single CAAQM station. Days are colored based on AQI categories.
6RXUFH &6( DQD O\ ViealtirRd ait Gualty fista
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Graph 8c: Heatmap of Lucknow fV G D LygcorBéntration inwinter (1 Sept +10 Jan) of 2018, 2019 and
2020

Note: Average PM, s concentration for a day is based on mean of 3 CAAQM stations of Lucknow. Days are colored based on AQI

categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8d: Heatmap of Patna 1V G D Lygcon@éntration inwinter (1 Sept +10 Jan) of 2018, 2019 and 2020

Note: Average PM, s concentration for a day is based on a single CAAQM station. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8e: Heatmap of Chandigarh fV G D Lgcor@éntration inwinter (1 Sept +10 Jan) of 2019 and 2020

Note: Average PM, s concentration for a day is based on a single CAAQM station. Days are colored based on AQI categories.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Even with comparatively cleaner air  during this year, most cities recorded daily spikes similar to
those observed in 2019: CSE has compared the annual averages and peak 24hr averages in these
cities of IGP between 2019 and 2020. This shows that the smaller towns even with much lower annual
average levels of PM,s have experienced almost same or higher maximum daily levels during winter
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when the entire region got air locked (See Graph 9: How annual average and maximum level changed
in cities and towns of IGP outside NCR +comparison of 2019 and 2020). Punjab cities have relatively
lower daily peak compared to the rest.

Graph 9: How annual average and maximum level changed in cities and towns of IGP outside NCR
xcomparison of 2019 and 2020

Note: 2020 numbers are based on data up to 31 Dec 2020.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Need deep cuts

To avoid winter pollution peaks all cities of Maharashtra will have to reduce the annual average level of
pollution to meet the national ambient air quality standards and even bring it further down to be closure to
health based guidelines of the World Health Organisation.

How the pollution level will play out during the rest of the winter remains to be seen. But it is clear that the
region has to take forward its wins so far and raise the level of ambition to drive action across all key
sectors of pollution and in the entire region. Enforce power plant standards across the state, minimise use
of coal and other dirt fuels in the industry while improving emissions control, scale up public transport and
vehicle restraint measures and manage waste to have a zero waste and zero landfill strategy.
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Annexures: Heatmap of other cities

Graph 8f: Heatmap of Bhatinda TV G D L £ to8dentration in winter (1 Sept +10 Jan) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid

data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8g: Heatmap of Jalandhar fV G D L Q toBdentration in winter (1 Sept +10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for adayisin J Band is based on mean of two CAAQM stations in the city. Days are colored
based on AQI categories, grey cells represent no valid data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8h: Heatmap of Khanna {V G D L £ toBdentration in winter (1 Sept +10 Jan) of 2018,
2019 and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8i: Heatmap of Ludhiana TV G D L £ toBdentration in winter (1 Sept +£10 Jan) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8j: Heatmap of Mandi Gobindgarh fV G D L £ to8dentration in winter (1 Sept +10 Jan)
of 2018, 2019 and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\ViealtiRd ait: Gualtry fista

Graph 8k: Heatmap of Patiala 1V G D L £ to8dentration in winter (1 Sept +10 Jan) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

76



Centre for Science and Environment Analysis

Graph 8I: Heatmap of Rupnagar TV G D L QtoBdentration in winter (1 Sept +£10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8m: Heatmap of Fatehabad TV G D L toBdentration inwinter (1 Sept £10 Jan) of 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8n: Heatmap of Hisar 1V G D L £ to8dentration in winter (1 Sept +10 Jan) of 2019 and
2020

Note: Average PM,s concentration for aday isin J P. Days are colored based on AQI categories, grey cells represent no valid
data for that day.

6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
Graph 8o: Heatmap of Kaithal §V G D L £ toBdentration in winter (1 Sept £10 Jan) of 2019 and
2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.

6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
Graph 8p: Heatmap of Kurukshetra TV G D L £ toBdentration in winter (1 Sept =10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid

data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8q: Heatmap of Panchkula TV G D L QtoBdentration inwinter (1 Sept £10 Jan) of 2018,
2019 and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fHataUHDOWLPH DLU TXDOLW\

Graph 8r: Heatmap of Sirsa 1V G D L toBdentration in winter (1 Sept +10 Jan) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8s: Heatmap of Yamuna Nagar §V G D L ©toB8dentration in winter (1 Sept +10 Jan) of
2019 and 2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8t: Heatmap of Agra TV G DL £ toBdentration in winter (1 Sept +£10 Jan) of 2018, 2019 and
2020

Note: Average PM.sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8u: Heatmap of Kanpur TV G D L QtoBdentration inwinter (1 Sept £10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fHataUHDOWLPH DLU TXDOLW\

Graph 8v: Heatmap of Moradabad fV G D L £ toBdentration in winter (1 Sept +10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8w: Heatmap of Varanasi 1V G D L QtoBdentration inwinter (1 Sept £10 Jan) of 2018,
2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDOWLPH DLU TXDOLW\ GDWD

Graph 8x: Heatmap of Gaya 1V G D L £ to8dentration in winter (1 Sept £10 Jan) of 2018, 2019
and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\WLV RI &3&%TV UHDOWLPH DLU TXDOLW\ GDWD
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Graph 8y: Heatmap of Muzaffarpur 1V G D L QtoBdentration inwinter (1 Sept £10 Jan) of
2018, 2019 and 2020

Note: Average PM,sconcentration for aday isin J B. Days are colored based on AQI categories, grey cells represent no valid
data for that day.
6RXUFH &6( DQDO\VLV Rla&GualtyfistaUHDOWLPH
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

s HFRGLQJ ZLQWHU DLU SROORMWIEKRQQLQ@ALUDWLHYV

$QXPLWD 5R\FKRZGKXU\ DQG $YLNDO 6RPYDQVKL

&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW 1HZ 'HOKL -DQXDU\

7KLV DQDO\VLV LV SDUW RI WKH QH[W LQ WKH VHULHV RI DLU TXDOLW\
(QYLURQPHQW &6( WR IROORZ FKDQJLQJ SDWWHUQV RI DLU TXDOLW\ W
7KLV VHHNV WR XQGHUVWDQG WKH LPSDFW RI WKH H[WUDRUGLQDU\ \HDU
GLVUXSWLRQV LQ WKH UHFHQW WLPHV 7KLV LV DOVR DQ LQIOH[LRQ SF¥
DGGUHVVHV EDVLF FXULRVLWLHY DURXQG WKH LPSDFW RI WKH ORFNGRZ(
DLU TXDOLW\ DQG GHHSHU VHDVRQDO SDWWHUQV WKDW XQPDVN WKH X
SKDVHV $IWHU DQDO\]LQJ WKH FKDQJLQJ WUHQGV LQ WKH ,QGR *DQJHWL
5DMDVWKDQ ODKDUDVKWUD DQG :HVW %HQJDO WKLV DQDO\VLV XQUDYH
YXOQHUDEOH EXW SRRUO\ PRQLWRUHG UHJLRQ IURP DLU TXDOLW\ SHUVS|

1HZ DQDO\VLV RI ZLQWHU SROOXWLRQ XQWLO -DQXDU\ Rl WKLV \HDU
DQG PRQVRRQ SHULRG ZHUH ORVW ZLWK WKH UHRSHQLQJ Rl WKH HFRQRI
WKRXJK WKH DWPRVSKHULF FRQGLWLRQV GXULQJ ZLQWHU LQ WKLV UH
*DQJHWLF 30DLQ LQ WKH QRUWKHUQ UHJLRQ WUDSSLQJ RI ZLQWHU SRO(
LQODQG FLWLHV

+LJKHU 3®HYHOV LV D W\SLFDO DQG SUHGLFWDEOH ZLQWHU WUHQG ZKHQ
VRXUFHV LQFOXGLQJ YHKLFOHV LQGXVWU\ FRQVWUXFWLRQ DQG HSLVRC
WUDSSHG GXH WR PHWHRURORJLFDO FKDQJHV %XW ZLQWHU LV QRW DV K
LQYHUVLRQ LV H[SHFWHG WR EH OLPLWHG \HW SROOXWLRQ EXLOG XS KD
Rl1 30IRU WKH VXPPHU DQG PRQVRRQ PRQWKYV LQ LV FRQVLGHUDEO\ OF
WKH SDQGHPLF UHODWHG WR VXPH¥YUHORMNIKGRZDL QYKHU3KDYH ULVHQ EH\R
PRVW RI WKH PRQLWRUHG FLWLHV &KHQQDL DQG 7KLUXYDQDQWKDSXUDP
WKH UHRSHQLQJ RI WKH HFRQRP\ DQG FKDQJLQJ PHWHRURORJ\ LV UHVSR
UHJLRQDO YDULDWLRQ FDOOV RXW IRU PRUH QXDQFHG DQG UREXVW SROC(
RQO\ RQ QDWXUDO DGYDQWDJH RI ZDUPHU ZLQWHUY DQG VHD EUHH]H WR
VFDOH RI DFWLRQ

7KLY GHWDLOHG GDWD DQDO\VLV SRLQWV WR WKH IDFW WKDW WKH DLU S
UHTXLUHVY TXLFNHU UHIRUPVY DQG DFWLRQ LQ NH\ VHFWRUV RI SROOXW|
ZDVWH PDQDJHPHQW WR FRQWURO ZLQWHU SROOXWLRQ DQG IXUWKHU EH

'DWD XVHG LQ WKRKMQODQDWLVLY LV EDVHG RQ SXEOLFO\ DYDLODEOH JUDQG
DYHUDJHV IURP WKH &HQWUDO 3ROOXWLRQ &RQWURO %RDUGYV &3&% R
IRU $LU 4XDOLW\ ODQDJHPHQW 5HDO WLPH GDWD IURP FLWLHV ZDV DFF
$PDUDYDWL 5DMDPDKHQGUDYDUDP 7LUXSDWL 9LVDNKDSDWQDP %DJDOI
+XEEDOOL O0\WXUX 5DPQDJDUD 9LMD\SXUD <DGJLU %HQJDOXUX &RLPEL
.R]JIKLNRGH .RFKL DQG 7KLUXYDQDQWKDSXUDP KDYH EHHQ VHOHFWHG IR
LV DYDLODEOH IRU WKHVH FLWLHV IRU ZKROH RI 7KLV KDV DQDO\VHG
PRQLWRULQJ VWDWLRQV DW %HQJDOXUX VWDWLRQV LQ &KHQQDL  VWI
VWDWLRQV LQ 7KLUXYDQDQWKDSXUDP RQH VWDWLRQ HDFK UHVW RI WKH
4XDOLW\ ORQLWRULQJ 6\VWHP &$$406 RI &3&% :HDWKHU GDWD IRU %HQ.
7KLUXYDQDQWKDSXUDP DQG 9LVDNKDSDWQDP KDV EHHQ VRXUFHG IURP V
OHWHRURORJLFDO 'HSDUWPHQW ,0' ORFDWHG DW WKH DLUSRUW RI HDFK
QRW LQFOXGH LQYHVWLIJDWLRQ RI ORFDO VRXUFHV RI SROOXWLRQ

.H\ KLIKOLJKWYV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

: KLOH VHYHUDO ELJJHU FLWLHV K LQ DQQXDO WUH' VPDOOHU WRZQV
DQG FLKMMLYHY H[SHULHQFI 2Q0\ RXW RI WKH FLWLHV KDYH7KH
DYHUDJH GAYHO LLQODQG FLWLHV LQ WKV HF®DRE 3G DX\8H B X

DYHUDJH FRQFHQWUDWLR&KLNNDEDOODSXUDU® LV R¥WWKHQZRUVW SHUIRU
ZLWKSHU FHQW LQFUHDVH7LUXSDWL UHJLVWHDHG ORHW ERWRYHPHQW I
QRWHG LQ &KHQQDL ZKIRMK FORYHG QW OREPUDNDWEHRWFHQW %HQJDOXU>

SHU FHIOMDNKDSDW SHU FHQW +D®MUBDEMBPDKH(DW SHU FHQW DUH RW
EHVW SHUIRUPHUV7KRQUWXBQBRRKRZHG LPSURYHPHQW HQW U B SlK
3HUFHQWDJH FKDQOM)XRO3DYVRXWK ,QGLDRAERGWWHMW 'HOKLYV

SHU FHQW ORZHU WK

*UDSK 3HUFHQWDJH DOQQXDO DYHUDJH LQ VRXWK ,QGLDQ FLWLHYV

I1RWH $QQXDO DF¥RQFHOWIWUDWLRQ LV PRQWKO\ DYHUDJHV )RU VWDWLRQV DYHUDJH RI RQO
WKRVH VWDWLRQV DUH XVHG ZKLFK ZHUH ZRUNLQJ 'DWD XSWEBPEHU
6RXUFH &6( DQDO\VLV RI &3&%TV

$YHUDJH OHYHIODRIBHHCVW GXULQJ WKLV VXPPHGXH & P RQAVR EQW
FRXOG QRW WHKHYHYWLNHKH RYHUD @MY BODJN XPRIEW DQG KDV EHHQ
SUHGLFWDEPRPSRUHMIG SUHYLRXV \HDU ODUJHO\ EHFDXVIHFRQRPLF
GLVUXSWLRQVXPPHWI OREM GRZQ DQG % XW UHRSHQLQJ FFRLQFLGLQJ
ZLWK WKH RQYH@®WRISMXHRI SROOXWLRIHPDGW BBVHFWREHU )JURP WKH
UHVSHFWLYH FOHZMH\WO\ZBHMUWKH) +\GHUDEDW LPRIVIHHQJIDOXUX WLPHV
&KHQQDL ONVPHNKDS WLPHV DQG 7KLUXYDQD@\WKBEXUDIP 7WHFRHV
PDMRU FLWLHUYHYNFHRUGH®HULRUDWL ZHHNDLU TXDOLW\ ZRUVHC
VPDOOHU WRZQV EHDWDPOKHDPE GWMWMHULRUDW#®%GJID WLWHRHY $PUDYDWL
WLPHV +XEEDOMOMLQXWDPBV.R]JKLNRGH  WHPHSK KREBKQ JEHIHQ Z
OHYHOV 'LIIHUHQFH EHWZHHQ FOHDQHVV

$QGKUD 3UDGHVK PRVW SRQAQQXWHGE UHJLRQ ZLWK 9LVDNKD:
5DMDPDKHQGHHKYQUIRR O\ FLWLHV ZLWK ZHHNC J I O0\WXUX ZDV FOHDQHV\
FLW\ ZLWK LWV ZRUVWRQO\ ULVLQJ WR%HQJDR&XKHRY &KLNNDEDOODSXU
&KLNNDPDJDOXUX ERAPEDOWRUH +\GHUDEDG .D.ROXWDWP .RRYKLNRGH
5DMDPDKHQG UbLDYPQWDP 7KLUXYDQDQWKDSXUDRMDLUDXEHD RW KIHQUGFLWLHYV ZK
ZRUVW ZHHNO\ DYHUDJH ZDV IRXQG WR J P

'LUWLHVW ZNGIMUDEEWDDG $5DMDPDKHQGURKDNMPEDOODSXU DQG
HQGLQJ RQ -DOXDRYLUXSDWL O9LVDNKDSDWEQRPDLEXERRRODDW &
.R]JKL]JRGH .RFRKLUDQMQDQ WKH GLUWLHVW ZHHN RQ '"HFHPEHU
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

&KLNNDPDJD X WD \DWIGH GLUWLHVW ZHHN RQ 1RYHPEHU
%HQJDOXUX %DJDONRW O\WX.ROOWKH GLUWLHVW ZHHN RQ
1RYHPEHU &OHDQHVW Z5DMDPDKHQGUDYDUDPLVDONKRESDWIDIDONRW
&KLNNDED ®XDSXDPL +XEEDOOL O0\WXUX SGDWIRDJRDBJILU %HQJDOXUX
&RLPEDWRUH &KHQ@®DK .RIXKQXBRGH .RFKLUXYDXDQ'ZDV UHFRUGHG SUH
PRQVRRQ LQ PRQWK DQG HDUO\ -XQH 5HVW RI WKH UHJLRQ UH
PRQVRRQ -XO\ $XJXVW 7KWUDQVLHQW FKDQJH RI WKH ORFN
VXVWDLQHG 2LW WRDPWFWAKHD QJHY QHHGHG WR FRQWURO SROOXW
DQG ZDVWH

*UDSK &KDQJH LQ Zt OHYHOV 'LITHUHQFH EHWZHHQ FOHROOXWHG
ZHHN

I1RWH $YHUDRIRIQFHQWUDWLRQ IRU D ZHHN LV EDVHG RQ PF
6RXUFH &6( DQDO\VLV RI &3&%TV |

$YHUDJH 'HFHPEWW BBO KDV EHHQ FRQVLQ LQFRWEGKLV \HIFHPEHU

WKLV \HDU ZDV GRRWLGODRBURVWLHY LQ WKH BYHQULIM HFDI P EKK ZOV
ZRUVW LQ $QGKUD { SHU FHQW KLJKHU LQ 9%MDNHK 7S DWSDW L SHU FHQV
5DMDPDKHQGUDYDUHU DFMGSPUDYDWL FRPSDUHG WR BEBPBHIND FLWLH
UHFRUGHGHGHPWHHWY ZF SHU FHOW K LQIKIINNDEDC SHU FHQW LQ %HQJDO)
+\GHUDEDGYTV 'HFHPEHU ZDV SHU FHQW GLUWLH&KHQQDL DQG
7KLUXYDQDQWXKBDSXWPRR WUHQG UHFRUGHG UHJLVWHUHG SHU
UHVSHFWLYHO\ FRPSBUWHBSWR 'LIITHUHQFH LQ ZLQVBHU SREQQWWURYVEXLOC
ZLQWHU PRQWKO\ DYHUDJHV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK'LITHUHQFH LCROOXWLRQ EXLOG XwV ZLOQWRQWKO\ DYHUDJHV

1RWH $YHUDIRIQFHQWUDWLRQ IRU D PRQ DOO &$$40 VWDWLRQV LQ WKH FLW\
6RXUFH &6( DQDO\VLV RI &3&%fV |

$LUXDOLW\ JHWV PRUH WR[LF ZLV VKDUH RI WLIQQ WWK3O0LQFUHDKHV 7
VKDUH Rl WLQLHU DQG ILQHU SDUW FRQFHQWUDWLRQ GHWHUP

'KHQ WKH RYHUDOO V LQ WKH RYHUDOOQOVFRDIKWHU BWOKH DLU LV F
SDUWLFOHY SHQHWUDWH GHHFXWKURXJK WKH [ LQFUHDVLQJ KHDOWK |
,QWHUHVWLQJO\ GXULQJ ORFNGRZQ ZKHQ WKH RYHUIGRZQ UHGXFLQJ
WKH 3@HYHOV WKDHE 3MOVR FRI%HQJDOXUX D QG KD G UWIHEDDGN L
SHUFHQWDJH WKURXJKRXW WKH \HDU EXW WKHLU PRQWKO\ 6HH

*UDSK &KDQJLQJIHUKFMHDQH/ IRD UH RILZ0O 30DPRQJ PF 7KH VKDUH LRQ 30

30 D &KHQQDL KDV EHHQ LGHQWLFDO UDQ.WKRXJK RYHUDOO

*UDSK&KDQJLQJ SHUFHQW30 LQ 30DPRQJ PRQWKYV

I1RWH $YRUBRQH\ WKRVH VWDWLRQV KDV EHHQ XVHG 30 DQ®0
6RXUBRB( DQDO\VLYV RI &3&%TV UHD:
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

'LZDOL LV DQMVURXWHKHWQ FLV 7KLUXYDQDQWWBSEUDWLHU LQ

FRPSDUHG WR,Q WHUH ZDV SHU FHOW X LKIKXW BRQWHQWUDWLRQ D
30DPPRRGX VWHMWLR® ®DQ EHWZHHQ DIWHUQRRQ DQG QLJKW RI

GXH WR ILUHFUDFRNKU EXFRQABRHQWUDW J PLQ WKH HYHQLQJ RI

ZKLFK LV WKH KLJKHVW KRXUO\ FRQFHQWUDWLRQ UHFRUGHG LQ

LQ ODUFK WR HQGG6HH*UDSK +RZ KRXUO\ SROOXWLF'LZDOL GD\ LQ
7KLUXYDQDQWXBOIDRRHQQDL +\GHUDEDG DQG 9LVDNKDSDWQ

VSLNH LQ KRXUO\ SROOXWLRQ RQ 'LZDOL QLJKW EXW LV ZDV FF

'LZDOL

*UDSK HRZ KRXUO\ SROOXWL 'LZDOL GDKLUWXYDQDQV

1RAV 'LZDOL GDWHV DUH 2FW DQG 1RY &LW\ZLGH LV EDVHG RQ DY/
RSHUDWLRQDO LQ WKH FLW\ RQ D JLYHQ GD\ 'RWWHG OLQHV UHSUHVHQW30
FRQFHQWUDWLRQV DPRQJ FLW\TV

6RXUFH &6( DQDO\VLV RI &3&%fV |

*UDSK #HRZ KRXUO\ SROOXWL 'LZDOL GD\ LQ %HQJDDOXUX

1RWH 'LZDOL GDWHV DUH 2FW DQG 1 DYHUDJH 30 FRQFHQWUDWLRQ
RSHUDWLRQDO LQ WKH FLW\ RQ D JLYHQ GD\ 'RWWHG OLQHV UHSUHVHQW30
FRQFHQWUDWLRQV DPRQJ FLW\TV

6RXUFH &6( DRIDEB&BYY UHDO WLP
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK #HRZ KRXUO\ SROOXWL'LZDOL GD\ LQ &KHQQDL

1RWH 'LZDOL GDWHV DUH 2FW DQG 1RY &LW\ZLGH LV EDVHG RQ D
RSHUDWLRQDO LILYWKM GDW\ RQWHG OLQHV UHSUHVHQW D VSHFLILF &$$40 \
FRQFHQWUDWLRQV DPRQJ FLW\TV

6RXUFH &6( DQDO\VLV RI &3&%V |

*UDSK {RZ KRXUO\ SROOXWL 'LZDOL GD\ LQ +\GHUDEDG

1RWH 'LZDOL GDWHV DUH 2FW DQG 1RY &LW\ZLGH LV EDVHG RQ D
RSHUDWLRQDO LQ WKH FLW\ RQ D JLYHQ GD\ 'RWWHG OLQH VKRZFDVH YDUL
FRQFHQWUDWLRQV DPRQJ FLW\TV

6RXUFH &6( DQDO\VLV RI &3&%TV |
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK #HRZ KRXUO\ SROOXWL 'LZDOL GD\ LQ 9LVDNKDSDWQDP

1RWH 'LZDOL GDWHV DUH 2FW DQG 1RY &LW\ZLGH LVVLQJOH &%$$40 VWDWLRQ
RSHUDWLRQDO LQ WKH FLW\
6RXUFH &6( DQDO\VLV RI &3&%TV I

+\GHUDEDG DQG 9LVDNKHDUOLHU VWDUW R| ED@ILDQL U 7EBN\WRQOLQJ ZHHNC
DYHUDJH URVH RY MW RH JLR) 9LVDNKDSRPWPBP RQGD\V HDUOLHU DQ
+\GHUDEDG RQ 2FWRGBW HDUOLHU 7KLVKIZVQEVHUSRYHBEBQW GLUWLHU
9LVDDNKDSDWQDP SHU FHQW LQ +\(7KLUXYDQDQ %HQJDOXUX UHJLVWH
QR FKDQJH LQ WKH VHDVRQDO DYHUDJH ZKLOH7KH UROOLQJ ZH

GLGW EUHDFK WKH VWOXUX &KHQQDL DQG 7KL WBHHUDBEW KDEXWMD PR |
LQFUHDVH L@ 3®HQJ E &KHQQDL F +\GKIUDEODNDE HILVDNKDSDWQDP

YV
*UDSK ®BDWH RI LQFU LQ %HQJDOXUX YV
1RWH $00 YDOXHVHDNON ROWOIH 'D ,0'/ THPSHUDWXUH DQG UDLQIDOO

6RXUFH &6( DQDO\VLV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK &DWH RI LQFU LQ &KHQQDL YV

1RWH $00 YDOXHV DUH UROOLQJ ZH ,0'’ THPSHUDWXUH DQG UDLQIDOO
6RXUFH &6( DQDO\VLV

*UDSK &DWH RI LQFU LQ +\GHUDEDG YV

1RWH $00 YDOXHV DUH UROOLQJ ZH ,0'/ THPSHUDWXUH DQG UDLQIDOO
6RXUFH &6( DQDO\VLV

*UDSK BDWH RI LQFU LQ 7KLUXYDQDQWKDSXUDP YV

1RWH $00 YDOXHV DUH UROOLQJ ZH ,0'’ THPSHUDWXUH DQG UDLQIDOO
6RXUFH &6( DQDO\VLV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK &DWH RI LQFU LQ 9LVDNKDSDWQDP YV

1RWH $00 YDOXHV DUH UROOLQ.% 30 ,0' 7HPSHUDWXUH DQG UDLQIDOO
6RXUFH &6( DQDO\VLV

1XPEHU RI GD\V ZER®F3IOQWUDWLRQ PH ZDV FRQVLGHUI WKLV ZLQWHU LQ
+\GHUDEDG DQG 9LV %HQJDOXUX &KHQQDPRQDQWKLQ OHVVHU EDG DLU
GD\V7KHUH KDYH GBIW@GRRU RU ZRDWHWHKIW &LQWH UHFRUGHG ODVW \HI
LQ 9LVDNKDSIMQYDEDG UHJLVWHUHG D GD\ ZLOO SRRU DLU TXE
6LPLODUO\ VWDQGDUG GD\V KDYH E+\GHUDEDGD\V 9LVDNKDSDWQDP 6HH
*UDSK 'LVWULEXWLRDVRG FRQFHQWUDWLRQ DQG FODVVLILH
AXDOLW\ ,@GH{HIQIDOXUX E &KHQQDL7KLUXYDQDQ HO9LVDNKDSDWQDP
GXULQJ ZLQWHU 2FW@&G -DGKLUXYDQDQWKD®XUDPXPBW WKRHDOO WKH
GD\V Rl WKL&KHIQOQDHUDQG %HQJDOXUX VDZ UHGXFWLRQ LQ QXPE
VWDQGDUG EXW %HQJDOXUX DOVR VDZ GHFUHDVH

*UDSK M VWULEXWLRQ RI GD FRQFHQWUDWLRQ DQG FODVDWLRQDO
$LU 4XDOLW\%BGQHP L&XULQJ ZLQWHU 2FW + -DQ DQG

I1RWH $YHUDIRIQFHQWUDWLRQ IRUVLQJOH &$$40 VWDWLRQ
6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK E 'LVWULEXWLRMVRG FRQFHQWUDWLRQ DQG FOD'
1IDWLRQDO $LU 4XDSKH®D CXWHQUELQWHU 2FWRBQG-DQ

1RWH $YHUDIRIQFHQWUDWLRQ IRUVLQJOH &$$40 VWDWLRQ
6RXUFH &6( DO®OIRW%EY RHDOWLPH

*UDSK A VWULEXWLRQ RI GD FRQFHQWUDWLRQ DQG FODVVLILF
$LU 4XDOLW\+EBGHHU[CLEXULQJ ZLQWHU 2FW BQG-DQ

I1RWH $YHUDIRIQFHQWUDWLRQ IRU D GC &%$$40 VWDWLRQV RI /IXFNQRZ
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK Q@ VWULEXWLRQ RI GD FRQFHQWUDWLRQ DQG FODVVLILF
$LU 4XDOLW)\ ,QGH[DIQWRBLEU¥WDIRJI ZLQWHU 2FW BQG-DQ

I1RWH $YHUDIRIQFHQWUDWLRQ IRUVLQJOH &$%$40 VWDWLRQ DW ,*6& 3DWQD
6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK HVWULEXWLRQ RI GD FRQFHQWUDWLRQ DQG FOD'
1IDWLRQDO $LU 4XDIQMNKDBG BXUQQJ ZLQWHU 2FWBQG-DQ

I1RWH $YHUDIRIQFHQWUDWLRQ IRUVLQJOH &$%$40 VWDWLRQ
6RXUFH &6( DQDO\VLV RI &TXDOLW\ GDWD

7KH F\FOLFDO XSV DQG GRZQ RI SFOHVV YRODRRZANCGRZHU ULVH DQG IDC
WKDQ SHUYLRXYKLNMHWHHKDYLRU RBHIYBHOV LQ AMMRXWKEBRRNLQJ PRUH YROI
GXULQZMMXNNMU ZLWK IUHTXHQW 6HH *UDSKHDWPDS RI FROQFHQWUDWLRQ
LQ ZLOWHHQIDOXUX E &KHQQDI7KLUXYDQD QWHKDLIOUNIXMD ¢ 6HSW =+
-DQ RI DQG7KLY FDQ EH WKH LPSDFW RI PHWHRURORJ\

*UDSK D +HDWPRSIRV GDLORRBQFHQWUDWLRQ LQ ZDQWHU  6HSDQS

I1RWH $YHUDIRIQFHQWUDWLRQ IRUDYHUDJH RI DOO &%%$40 VWDW. PQWY FR OWRKUHHBL W\
FDWHJRULHV

6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK E +HDWPDSTRI GEHQERIIFHQWUDWLRQ LQ ZDQWHU 6HSHQSE

I1RWH $YHUDIRIQFHQWUDWLRQ IRUIRXU ROGHU &$$40 VWDWLRQIUHQFW®&R UFHL.GV \
FDWHJRULHV
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK F +HDWWIHURYV GDLOFRQFHQWUDWLRQ LQ ZDQWHU 6HSIQS

1IRWH $YHUDIRIQFHQWUDWLRQ IRU D GEC &$%$40 VWDWLRQV RDVXENQRERORUHG
FDWHJRULHV
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK G +HDWKIDBXRDQDQ TV GDLOKRQFHQWUDWLR®@H € Zl:Q@ HRI
DQG

I1RWH $YHUDIRIQFHQWUDWLRQ IRUD VLQJOH &$$40'VWDDWUHRGRORUHG EDVHC
6RXUFH &6( DQDO\VLV RI &3&%TV
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK H +HDWIPMISNRDS|V GDLOKRQFHQWUDWLRQ LQ ZIDIWIRU 6HSW
DQG

1RWH $YHUDIRIQFHQWUDWLRQ IRUD VLQJOH &$$40'VWDBWHRGRORUHG EDVHC
6RXUFH &6( DQDO\VUWIROWSEE % ML

(YHQ ZLWK FRPSDUDWLYGXULQJ WKLV \HDUURRRWGBLWLWSLNHYV VLPLODU
WKRVH REVHUYH&6[L XDV FRPSDUHG WKH CDQG SHDN KLV LQ WKHVH

VR XW K H U BHRMLIH HHQY 7KLV VKRZV WKDW W K RZRVGORDUF &V RRZWU DQ QX
DYHUDJH OHYHRBYRI[S3DULG DOPRVW VDPH RU KLGKHWHPHDOLMVP GKXULQJ ZLQV
ZKHQ WKH HQWLUHOBHGL BBIUIRIK+RIZUDQQXDO DYHUDJH DQG PDJ[L
VRXWKHUQ FLW L HR FSDG MWRARD R + $QGKUD 3PDWHNK KDYIKLIJKHVW
GDLO\ SHDN FRPSDL

*UDSK +RZ DQQXDO DYHUDJH DQG PD[IVRXWKHUQDQG WRZQV%
FRPSDULVRQ RI DQG
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

1RWH QXPEHUV DUHXDVHGBRQ GDWD
6RXUFH &6( DQDO\VLV RI &3&%TV

1HHG GHHS FXWYV

7KLY DQDO\VLV EHDUVGHHSHU FOHDQ DLU DFWLRQ LQ WKF
RWKHUZLVH LV FRQVLGHUHG OHVV SROOXWHG WKDQ WKH QRL
PHHW QRW RDWLRMXDO DPELHQW DEXW DOVR DVSLIKHDOWK EDVHG
JXLGHOLQHV RI WKH :RUO(C WR UHGXFH SXEOLF KHDOWK ULVN

W LV FOHDU WKDW WKH UHJLRQ KDV WR WDNH IRUZDUG LWV ZL!

DFURVYV DOO NH\ VHFWRUV RI SRORQ (QIRUFH SRZHU SODQW

VWDWH PLQLPLVH XVH R\ IXHOV LQ WKH LQGXVWQGX\HPLVVLRQYYHLR@WUR
VI\VWHPAFDOH XS SXEOLF WUDQVSRUW DQG YHKLFOH UHVWUDLC

ZDVWH DQG JHUR ODQGILOO VWUDWHJ\
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

$QQH[XUHVY +H RWKHU FLWLHYV

*UDSK | +HDWPLDRIV GDLOFBRMDFHQWUDWLRQ6HO:ZL QW@ URI
DQG

1RWH $YHUDRIRQFH QQVUFDWDRG J P 'D\V DUH FRORUHG EDVHG RWQHS$ 4 HKDOWHURSLHV
GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK J +HDWSTIMBDRDDDKHGCYV GDLOFB®@FHQWUQWLRQ6HSW = -DQ
RI DQG

I1RWH $YHUDRIRQFH QW UDWDRG J PDQG LV EDVHG RQ PHDQ RI WZR &% 'D\V DUH FRORUHG
EDVHG RQ $4, FDWHIRRHMYY UHSUHVHQW Q
6RXUFH &6( DQDO\VLV RI &TXDOLW\ GDWD
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&HQWUH IRU 6FLHQFH DQG (QYLURQPHQW $QDO\VLV

*UDSK K +HDWRDE R GDLOFB@MFHQWUDWLRQ LQ:ZLODWHWRI 6HSW
DQG

1RWH $YHUDRIRQFH QYU DWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKDOWHUR D OH @&

GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV

*UDSK L +HDVGRDSNOELCYV GDLOFBR®FHQWUDWLRQ6H®:ZL QWG URI
DQG

1RWH $YHUDIRIQFH QW UVFDWDRG J P 'D\V DUH FRORUHG EDVHG RWH$ 4 HKDOWHURSLHV

GDWD IRU WKDW GD\
6RXUFH &6( DQDO\VLV RI &3&%TV
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Centre for Science and Environment Analysis

7 » Air pollution and pandemicwinter: Spread and scale afrisis

(Andhra PradeshAssam, Bihar, ChandigaibelhiNCRGujarat, Haryan&arnatakaKerala Madhya PradeshylaharashtraMeghalaya,
Mizoram,NagalandQdishaPunjab,RajasthanTamil Nadu, Tetegana,Tripura,Uttar PradeshWWest Bengal)

-- Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delrgbruary,2021

As the winter season is nearing end and summer trends are setting in across most regions of the country,
understanding the changes in winter pollution trends across regions becomes necessary to know the challenge and
depth of action needed to meet the clean air benchmark. Centre for Science and Environment (CSE) has carried out
extensive analysis of real tintata from cities of different region to throw light on the difference between 2Q20

winter with the previous winters. This has been a special winter that coincides with the unlocking of the economy
post pandemic linked hard lockdown phases.

Winter isa special challenge when inversion, and cool and calm weather traps and spikes daily pollution. While the
northern Indo Gangetic Plain is most affected, other regions also experience rise but with lesser intensity. But this
year even though the average Vel of PM.sduringsummer and monsoon monthgasconsiderably lower than the
previous year due to the summer lockdown, thinter PMe.sconcentrationhas risencompared to2019winter in

many citiesacross regions. Thisundng backof pollution postlockdown unmask the high impacts of local and
regional pollution. This demands quicker regional reforms to curb pollution from vehicles, industry, power plants
and waste burning taurb the winter pollution and also sustain annual improvement eggional salewith speed

This analysis has considered 99 cities where data availability for two consecutive winters meets the minimum criteria
of 75 per cent of data completeness requirement. This analysis has helped to understand the regional differences in
regional profile of winter pollutionEven though there is considerable regional variation, peak pollution episodes
increased and synchronized within the regions during winter. At the same time, uneven rise across monitoring
locations and contiguous cities bg out the impact of local pollution.

Thisanalysis igart of the air pollution tracker initiative of CSE. This round up analysis of winter pollutiases!

on publicly available granular real time data{bute averages) from the Central PollutiopvsE}o } & [« ~ W
official online portal Central Control Room for Air Quality Managem&he data is captured from 24official

stations underthe Continuous Ambient Air Quality Monitoring System (CAAQ&)ad across 115 cities in 22

states and uran territories. CAAQMS has many more cities in its network than included in the analysis.

Dataused in the analysisThe analysis is based on publicly availasknularreal timedata (15minute averages)
(E}u sz vEE o W}oous]}v }vdaffEidloonlinhedpoftal €eiiral Control Roofor Air Quality
ManagementThe data is captured fror49 official stations undethe Continuous Ambient Air Quality Monitoring
System (CAAQMSPread across 15 cities in22 states and union territories. Apafitom Delhi and Chandigarh, there
are 8 citiesn Punjab, 24 cities in Haryana, 13 cities in Uttar Pradesh, 4 cities in Bihar, 4 cities in hgaettBeities
in Rajasthanl5 cities in Madhya Pradesh cities in Gujara# cities in Andhra Pradesh, ifies in Karnataka, two in
Odisha, 6 citie Kerala, 7 cities in Maharashtragity each irmamil Nadu, TelanganAssam Meghalaya, Mizoram,
Nagaland and TripuraThese cities were selected as thavereakttime monitoring and have at least 92 validi
PMesaverages during 1 Oct 2021 Jan 2021 (75 per cent of the days in wint&@AAQMS has many more cities
in its network than included in thanalysis;they were left out as they failed to meet thé5 per centdata
completeness requirement.

Dehi (40),Mumbai (21), Bengaluru (10), Chennai (8), Pune K&)kata (7)Hyderabad (6)Patna (6)Lucknow (5),
Ghaziabad (4), Noida (4), Gurugram (4), Faridabatlédj,Mumbai (4Meerut (3), Jaipur (3), Howrah (¥ochi (3),
Thiruvananthapuran{2), Ahmedabad (2), Guwahati (Xgreater Noida (2)Kanpur (2)Gaya (2), Muzzafarpur (2),
Chandrapur (2andGwalior(2) have more than oneaktime station, therefore citywide average is used malysis
and it isdefined as average of all city stations tmaeet minimum?75 per centdatacompletenes<riteria.
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Key highlights

North India

Real time data is available fd® cities spread across Punjab, Haryana, Chandigarh-@Rj and UP. This also
includes union Alwar district of Rajasthan as is pANlGR. Geographically this region represents the North Central
Plains.

Cities with stable trend15 cities in the region show stable trend i.e. less than 8 per cent change from last winter.
These include almost all major cities in the region. Theseaiddbad, Varanasi, Jalandhar, Khanna, Noida, Ambala,
Patiala, Amritsar, Rupnagar, Ghaziabad, Narnaul, Delhi, Moradabad, Greater Noida, and {&spuGraph 1:
Trend in winter pollution among cities of North India).

Cities with increasing trend26 cities in the region show increasing trend, i.e. more than 8 per cent increase from

last winter. Fatehabad in Haryana saw a staggering jump of 228 per cent in the seasonal average. It was followed by
Agra that registered 87 per cent increase from last win@ther cities that show significant increase were Bagpat,
Ludhiana, Gurugram, Kurukshetra, Hisar, Meerut, Bhatinda, Yamuna Nagar, Jind, Manesar, Lucknow, Rohtak, Alwar,
Bhiwadi, Bulandshahr, Panchkula, Kaithal, Dharuhera, Bahadurgarh, and Sonipat.

Cities wth declining trend:12 cities in the region show declining trend, i.e. more than 8 per cent decrease from last
winter. Bhiwani and Palwal in Haryana saw a drop of over 60 per cent in their seasonal average. Other cities with
declining trend are Panipat, idar, Mandikhera, Karnal, Ballabgarh, Sirsa, Chandigarh, and Mandi Gobindgarh.

Most polluted city cluster. Most polluted cluster is the DelANCRregion with GhaziabadBulandshahr, Greater
Noida, Noida, and Delhi leading the pack. Kanpur and Lucknow odcsigie and ninth position on the chart.

Least polluted citiesBhiwani and Palwal in Haryana and Alwar in Rajasthan recorded the lowest seasonal average
during 202021 winter. Interestingly, Chandigarh is the only major city among the five least polNtedity had
seasonal average below the annual standard of.4(P3.u

Graph 1: Trend in winter pollutiorfl Oct 31 Jan)among cities of North India

Note: Seasonalzerageof a cityis based on mean afaily PM s values recorded aCAAQM stations in theity that have minimum 75 per cent data for this winter and previous wir@éies
§Z 8§ }v[3u $ulvlupu 3§ E <U]E u V3 (}JE % E Al}us A]Jv§ E E ]v op Jv $@chan@e vadue. us Z A v}s v ee]PvV % E Vv P
Source: CSE analysisof CPCERE o S]Ju ]JE <p 0]8C 8§
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Table 1: Peer comparison of winter pollution in cities of North India

Regional City Winter PMpsaverage (... P3u Winter PMpspeak (... Pu PM:s
Rank 202021 %age change from 20120 | 2020-21 %age change from 20180 | %age
1 Ghaziabad, UP 218 6% 529 -20% 61%
2 Bulandshahr, UP 195 32% 501 18% 61%
3 Greater Noida, UP | 194 8% 452 -19% 56%
4 Noida, UP 194 2% 506 -14% 61%
5 Delhi, DL 186 8% 520 -8% 60%
6 Kanpur, UP 183 8% 399 0% NA
7 Bagpat, UP 176 9% 428 -45% 56%
8 Moradabad, UP 175 8% 532 46% 65%
9 Lucknow, UP 168 19% 326 -15% 55%
10 Bhiwadi, RJ 167 31% 480 7% 53%
11 Meerut, UP 158 16% 334 -41% 52%
12 Jnd, HR 156 18% 519 -21% 70%
13 Dharuhera, HR 156 44% 500 63% 47%
14 Faridabad, HR 153 -8% 396 -14% 44%
15 Hisar, HR 152 16% 520 -35% 67%
16 Gurugram, HR 151 9% 481 8% 66%
17 Fatehabad, HR 149 228% 564 54% 66%
18 Rohtak, HR 149 28% 530 19% NA
19 Agra UP 148 87% 395 106% NA
20 Bahadurgarh, HR 146 49% 468 52% 69%
21 Muzaffarnagar, UP | 136 NA 305 NA 48%
22 Yamuna Nagar, HR| 134 17% 248 -11% 60%
23 Charkhi Dadri, HR | 129 NA 322 NA 49%
24 Manesar, HR 125 18% 418 20% 57%
25 Kurukshetra, HR 122 9% 279 -44% 61%
26 Varanasi, UP 117 -7% 239 -15% 46%
27 Ballabgarh, HR 109 -17% 278 -8% 47%
28 Kaithal, HR 100 43% 281 25% 50%
29 Karnal, HR 97 -17% 305 -43% 61%
30 Panipat, HR 97 -29% 246 -63% 31%
31 Narnaul, HR 95 7% 196 -10% 43%
32 Ambala, HR 94 2% 244 -14% 44%
33 Sonipat, HR 88 69% 308 101% 35%
34 Mandigobindgarh, PB | 85 -12% 184 -18% 47%
35 Mandikhera, HR 83 -17% 280 10% 60%
36 Sirsa, HR 81 -15% 306 -56% 45%
37 Panchkula, HR 77 37% 149 27% NA
38 Amritsar, PB 73 4% 208 -T1% 54%
39 Ludhiana, PB 72 9% 197 -8% 49%
40 Patiala, PB 72 3% 176 -21% 45%
41 Jalandhar, PB 70 -5% 164 -26% 45%
42 Rupnagar, PB 69 6% 159 22% NA
43 Bhatinda, PB 68 17% 186 -25% 48%
44 Khanna, PB 66 2% 153 -18% 47%
45 Hapur, UP 66 -24% 187 -711% 29%
46 Chandigarh, CH 56 -13% 110 -24% 47%
47 Alwar, RJ 55 29% 109 7% 53%
48 Palwal, HR 53 -60% 129 -66% 31%
49 Bhiwani, HR 44 -61% 192 -54% 23%
Note: Seasonal average of a city is based on mean of daily VWies recorded at CAAQM stations in the city that have minimum 75 pedaémfor this winter and previous winter.
Seasonal peak of a city is based on mean of the highest daily RMop & }E s YD ¢S §]}ve Jv §8Z ]8C 8Z S u S §Z § Ju%o0 S Vv e
minimum data requirement for prA]}pes AJvs & & ]v op Jv§8Z 8 o A]S8Z ZE []v (Joo 1v (}& % & v§ P Z vP X

ANMUE W A v oCele}((W [+ & o03Ju ]JE <uo]3C 3
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East India

Realtime data is available fdiO cities spread across Bihar, West Bengal and Odisha. Geograpttitaliegion
represents the Eastern Plains and Eastern Highlands.

Cities with stable trend:Asansol was the only city in the region show stable trend, i.e. less than 8 per cent change
from last winter(SeeGraph 2: Trend in winter pollution among citief East India

Cities with increasing trendSiliguri, Bajrangnagar, and Kolkata show increasing trend, i.e. more than 8 per cent
increase from last winter.

Cities with declining trendGaya, Muzzafarpur, Patna, and Howrah show declining trend, @ge than 8 per cent
decrease from last winter. All Bihar cities have shown decline.

Most polluted cities:Most polluted city in the region waRBatnawith seasonal average dfL9 ... P3.dHowrah and
Kolkata occupied third and fourth position on the chart. ($able 2: Peer comparison of winter pollution in cities of
East India Least polluted citiesTalcher in Odisha and Hajipur in Bihar recorded the lowest seasonal average in th
season. No city had seasonal average below the annual standard .of B8.u

Graph 2: Trend in winter pollutiorfl Oct 31 Janjamong cities of East India

Note: Seasonal zerageof a cityis based on mean afaily PMz s values recorded aEAAQM statios in the citythat have minimum 75 per cent data for this winter and previous wir@éties
§Z 8§ }v[su $ ulvlupu 3 € <U]E u v3 (}JE % E Al}us A]lv§ E & ]v op Jv $@&chan@e vadue. us Z A v}3 v ee]PvV % E Vv P

Source: CSE analygi¢ W [+ E o S]Ju ]J&E <p o]8C 8§
Table2: Peer comparison of winter pollution in cities dastindia
Regional City Winter PMpsaverage (... P3u Winter PMbspeak (... P3u PM2.5
Rank 202021 | %age change from 20120 | 202021 | %age change from 20120 | %age
1 Patna, BR 119 -26% 265 -25% 51%
2 Muzaffarpur, BR 112 -34% 231 -44% 30%
3 Howrah, WB 98 -11% 214 6% 53%
4 Kolkata, WB 94 13% 199 13% 55%
5 Siliguri,WB 93 22% 216 25% NA
6 Asansol, WB 92 1% 190 -10% 54%
7 Brajrajnagar, ® | 75 17% 130 -3% 54%
8 Gaya, BR 62 -36% 144 -39% 66%
9 Hajipur, BR 57 NA 108 NA 34%
10 Talcher, ®R 52 NA 91 NA 41%
Note: Seasonalgerageof a cityis based on meaaf dailyPMs values recorded aCAAQM stations in the cithat have minimum 75 per cent data for this winter and previous winter
Seasonal peatif a cityis based omean of thehighest dailyPM:svalue recorded aCAAQM stations in the cithat mee$ §Z § }Ju%o0 8§ v ee E <p]JE u v8X ]8]
ulvlupu 3§ & <u]E u v3 (}JE % E Al}ue Alvd E & ]v op v 8Z 8 o A]3Z ZE [ ]v (Joo Jv (J& % & v8 P Z vR
AMuUE W A v oCele }( W [+ E o S8Ju ]JE <po]SC 8
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Central and West Idia

Real time data is available f82 cities spread across Rajasthan (except Alwar district), Madhya Pradesh, Gujarat and
Maharashtra. Geographically this region represents the Arid west, Central Highlands, Northern Deccan plateau and
Konkan Coast.

Cities with stable trend:16 cities in the region show stable trend, i.e. less than 8 per cent change from last winter.
These include almost all major cities in the region. These are Chandrapur, Pune, Bhopal, Singrauli, Nashik, Maihar,
Ajmer, Satna, Ahmedaba®ewas, Aurangabad, Indore, Katni, Mumbai, Jabalpur, Ratlam, and PalGrépée3:

Trend in winter pollution among cities of Central and West )ndia

Cities with increasing trendi3 cities in the region show increasing trend, i.e. more than 8 perioentase from

last winter. Sagar in Madhya Pradesh saw a staggering jump of 112 per cent in the seasonal average. It was followed
by Kalyan in Maharashtra that registered 59 per cent increase from last winter. Other cities that show significant
increase were Pithampur, Damoh, Ankleshwar, Gandhinagar, Jodhpur, Udaipur, Jaipur, Ujjain, Navi Mumbai, Kota,
and Mandideep.

Cities with declining trendOnly Vapi in Gujarat showed declining trend, i.e. more than 8 per cent decrease from
last winter. It made it tdhe list only by a whisker as its seasonal improved by 10 per cent.

Most polluted cities:Most polluted city in the region wasv@lior with seasonal average d28 ... P3.INext two

spot were occupied by its felloBundelkhandcities of Singrauli and KatiBundelkhand abuts the southern border

of NCR. Vapi in Gujarat, Jodhpur in Rajasthan, and Navi Mumbai occupy next three spots on the most polluted chart.
(SeeTable 3: Peer comparison of winter pollution in cities of Central and Wesk. India

Least pollutal cities: Satna and Maihar in Bundelkhand region of MP recorded the lowest seasonal average in the
season. This coexistence of the most and the least polluted cities in close proximity noted in Bundelkhand is similar
phenomena as noted in NC&handrapuyrAurangabagdandGandhinagaround up the list of five least polluted.

Graph 3: Trend in winter pollutiorfl Oct 31 Janamong cities of Central and West India

Note: Seasonalzerageof a cityis based on mean afaily PM s values recorded aCAAQM sitions in the citythat have minimum 75 per cent data for this winter and previous wir@Géies
§Z 8§ }v[3 u $ ulvlupu 3§ E <U]E u V3 (}JE % E Al}us A]Jv§ E E ]v op Jv $@&chan@e vadue. us Z A v}3 v ee]PvV % E Vv P
Source: CSEameC ] }( W [« E o0 SJu ]JE& <p o]SC §
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Table3: Peer comparison of winter pollution in cities @entral and Westndia
Regional City Winter PMpsaverage (... P3u Winter PMpspeak (... Pu PM.s
Rank 202021 | %age change from 20120 | 202021 | %age change from 20120 | %age
1 Gwalior, MP 128 NA 292 NA 64%
2 Singrauli, MP 126 0% 286 -4% 49%
3 Katni, MP 106 6% 188 -4% 49%
4 Vapi, GJ 91 -10% 178 -10% 56%
5 Jodhpur, RJ 90 17% 156 -3% 48%
6 Navi Mumbai, MH | 89 28% 171 13% 50%
7 Jabalpur, MP 88 7% 201 17% 48%
8 Kalyan, MH 86 59% 172 65% 53%
9 Ankleshwar, GJ 82 13% 153 21% 45%
10 Kota, RJ 77 29% 167 42% 59%
11 Ujjain, MP 74 25% 145 11% 50%
12 Bhopal, MP 73 -2% 171 22% 46%
13 Jaipur, RJ 71 25% 211 0% 49%
14 Ahmedabad, GJ 71 3% 133 -24% 40%
15 Damoh, MP 70 10% 140 9% 56%
16 Pithampur, MP 68 10% 152 31% 56%
17 Indore, MP 68 4% 135 15% 48%
18 Mandideep, MP 67 52% 126 48% 43%
19 Mumbai, MH 66 6% 139 2% 53%
20 Udaipur, RJ 65 19% 131 10% 51%
21 Ratlam, MP 61 7% 133 19% 39%
22 Pali, RJ 59 8% 121 -2% 47%
23 Pune, MH 59 -7% 103 -3% 62%
24 Dewas, MP 58 4% 140 30% 50%
25 Ajmer, RJ 54 3% 111 -36% 50%
26 Sagar, MP 53 122% 135 293% 44%
27 Nashik, MH 51 2% 101 17% 67%
28 Gandhinagar, GJ | 45 15% 75 -1% 45%
29 Aurangabad, MH | 44 4% 82 14% 51%
30 Chandrapur, MH 43 -8% 70 -31% 36%
31 Maihar, MP 33 2% 93 -3% 53%
32 Satna, MP 21 3% 37 -47% 25%
Note: Seasonalzerageof a cityis based on mean afailyPM. 5 values recorded aCAAQM stations in the cithat have minimum 75 per cent data for this ntér and previous winter
Seasonal peatif a cityis based omean of thehighest dailyPM. svalue recorded aCAAQM stationsinthe cityZ § u  § $Z § Ju% o0 § v ee E <uJE u vsxX ]
minimum data requirement for previous winter ajev o p Jv§Z 8§ o A]JSZ ZE [ ]v (Joo ]Jv (}& % E vS P Z vP X
AMPE W A v oCe]e } (W [«E& o3S8Ju JE <po]SC §

South India

The region includes 19 cities spread across Andhra Pradesh, Karnataka, Kerala, Tamil Nadu and Telangana.
Geographially this region represents the southern Deccan plateau, Western Ghats, Malabar and Coramandal coasts.

Cities with stable trendBengaluru, Thiruvananthapuram, and Hyderabad in the region show stable trend, i.e. less
than 8 per cent change from last viém (SeeGraph 4: Trend in winter pollution among cities of South )ndia

Cities with increasing trend5 cities in the region show increasing trend, i.e. more than 8 per cent increase from last
winter. Tirupati in Andhra Pradesh saw a jump of 52 per danthe seasonal average. It was followed by
Visakhapatnam that registered 34 per cent increase from last winter. Other cities that show significant increase were
Rajamahendravaram, Amaravati, and Chikkaballapur.

Cities with declining trendMysuru, Kozhigde, Chennai, and Kochi showed declining trend, i.e. more than 8 per
cent decrease from last winter. The improvemémthese southern cities was18-28 per cent.
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Most polluted cities:Most polluted city in the region wagisakhapatnamvith seasonal aarage of75 ... P3.lNext

two spot were occupied by Hyderabad and Kollam in Kerala. {8ele 4: Peer comparison of winter pollution in

cities of South Indja

Least polluted citiesMysuru recorded the lowest seasonal average in the region. Kochi and Kozhikodalaf Ker
round up the list of three least pollutedKarnataka has the least polluted cities of the region followed by Kerala.

Graph 4: Trend in winter pollutiorfl Oct 31 Janlamong cities of South India

Note: Seasonalzerageof a cityis based on mean afaily PM s values recorded aCAAQM stations in the cithat have minimum 75 per cent data for this winter and previous wir@éies

§Z % }v[8u % ulvlupu § & <U]E u v8 (}E % E Al}pe A]Jv8§ & & ]v op rcentage char@e %lde. p3 Z A v}3 v ee¢]Pv %o
AHE W A v oGCele }( W [+ E o S8Ju ]JE <po]SC §
Table4: Peer comparison of winter pollution in cities @outhIndia
Regional City Winter PMysaverage (... Pu Winter PMps peak (... P3u PM; s
Rank 202021 %age bange from 20120 | 202021 %age change from 20180 %age
1 Visakhapatnam, AP 75 34% 179 2% 48%
2 Hyderabad, TS 60 7% 92 6% 48%
3 Kollam, KL 59 NA 141 NA 67%
4 Rajamahendravaram, AH 56 21% 133 18% 53%
5 Amaravati, AP 55 13% 134 47% 61%
6 Bagalkot, KA 41 NA 128 NA 58%
7 Chikkaballapur, KA 40 28% 84 2% 59%
8 Hubballi, KA 39 NA 81 NA 41%
9 Tirupati, AP 38 52% 97 7% 66%
10 Chennai, TN 37 -21% 98 -44% 55%
11 Kannur, KL 37 NA 96 NA 62%
12 Bengaluru, KA 37 1% 81 -11% 48%
13 Thrissur, KL 35 NA 75 NA 52%
14 Vijaypura, KA 32 NA 56 NA 56%
15 Thiruvananthapuram, KL| 31 3% 63 0% 51%
16 Chikkamagaluru, KA 27 NA 52 NA 55%
17 Kozhikode, KL 27 -27% 67 51% 40%
18 Kochi, KL 25 -19% 61 40% 47%
19 Mysuru, KA 21 -28% 41 -36% 42%
Note: Seasonal average of a city as&d on mean of daily PMvalues recorded at CAAQM stations in the city that have minimum 75 per cent data for this winter and previous wir
Seasonal peak of a city is based on mean of the highest dailyJ@Me recorded at CAAQM stations inthgSC $Z 5 u § §Z § }u%o0 § v ee E <p]JE u vs8X
u]lv]upu § E <U]E u vS (}E % E Al}lpe A]Jv§ E E ]v op Jv 8Z § o A]SZ ZE [ ]v (Joo v (}& % E vS P Z vH
AMuE W A v oCele }( W [+ & o038Ju ]JE <po]SC 8
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Northeast

Monitoring is very limited in this region. Data is available for @Guyvahati in Assam and Kohima in Nagaland.-Real
time monitoring has recently started in Shillong, Agartala, and AiBwlfor the purpose of this analysis they do
not meet the minmum data requirement. Geographically this region represents the Eastern Himalayas and
Brahmaputra plains.

Guwabhati has recordedworst levelsin the regionwith seasonal winter average of 103. P uThislarge and
populated city in the plains has a valleffect and ignarkedly differentfrom other cities in the region which are
located in the hills andre up Z *u 0o EX ][3C[+s Alvd E A HABout@30 kma@aySiligurEn v 3
West Bengal saw 22 per cent increase in seasonal pollatierege).

Kohimain Nagaland was the only other city which met the data completeness requirement in the region. With a
seasonal average of 38. Piitiis one of the cleanest city not just in the region but also amalhgthercities in the

V 0OCe]eX usS 8Z JE <p o]l]SC Jv S8Z 185C v E}% S} "%}}E_ Y/ S P}ECGC }v upc
(SeeTable 5: Peer comparison ofner pollution in cities of Northeast India

Agartala, Shillongand Aizwalalso have realime monitors that beeame operational onlynearthe end of 2020.
Dataavailability isnore than 50 per cent but less than 75 per cent of the study duration. Towexrgtheirprovisional

+ s}Jvo AEP ZA V Ju%ops U vis pue (JE Ju% E 3]Aof84 0.@IrX P ES
whichis more than doubl¢han the levels noted imther hilltowns of the region, in fact it is higher than all cities of

south India.In Agartala PMs73 per centof PMw. This indicates highlipxic air. Influence ofinert crustal dusts

much less Shillong and Aizwalso havehighshare ofPMa.sbut significantly lower concentration.

Table 5: Peer comparison of winter pollution in cities of Northeast India

Regional City Winter PMpsaverage (... P3u Winter PMpspeak (... Pu PM.s
Rank 202021 %age change from 20120 202021 %age change from 20120 %age

1 Guwahati, AS | 103 7% 273 -24% 58%

2 Kohima, NL 38 NA 109 NA 45%

- Agartala, TR* | 84 NA 184 NA 73%

- Aizwal, MZ* 32 NA 95 NA 2%

- Shillong, ML* | 19 NA 50 NA 79%
Note: Seasonalgerageof a cityis based on mean afailyPMz s values recorded aCAAQM stations in the cithat have minimum 75 per cent data for this winter and previous winter
Seasonal peafif a cityis based omean of thehighest dailyPMsvalue recorded aCAAQMstations inthe citySZ § u § §Z § Ju%o0 § v ee E <uJE& u vsXxX ]
ulvlupu 3§ & <u]E u v3 (JE % E Al}ue Alvd E & ]v op v 8Z 8 o A]8Z ZE [ ]v (Joo 1v (}E& % E& v§ P Z vH
* Provisional values based on less than 75 pet data.

AMUE W A v oCel e} (W [+E o03Ju ]JE <uo]3C &
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All India

Winter pollution across all regions: a mixed trend

The North and East regions have registered a collective decline in the intensity of peak smog episode. East was the
only region which saw a decline in collective average as well, even when the mega city of the region, Kolkata, saw
substantialrise inthe winter averageCentral and West region samaximumwaorsening of air quality at collective

level compared to previouwinter (SeeGraph5: Trend in winter pollution among regions of Indi®ollution is on

rise in South India as well even though it is curreatlgt cleaner than other regions

Thisanalysis of Phkdatashow that while some cities have witnessed atires or stabilization of trend with small
variation, others have experienced either increase or decrddegh Indian cities are on average the most polluted
in the country, over three times the average of South Indian cities. G3aph6: Winter polluton averageg1 Oct

31 Jan) among regions of Injlia

Overall winterPMes levels have worsened significantly 43 cities out of 99 cities that have valid daily P
concentration data for over 75 per cent of dégs thisand previous winter seasar{1-Oct to 31 Jan)This pool of
cities mostly consist of Tidr or even smaller cities. Most prominent among them are Gurugram, Lucknow, Jaipur,
Visakhapatnam, Agra, Navi Mumbai, and Jodhloikata is the only mega city in thisfortunate group.

Out of the 99 cities considered]9 citieshave experienced substantiahprovement in their winter air quality
compared to the previous wintelChennaisthe only mega cityncludedin this pool.

37 cities out of 99 cities, which include most of the mega citiase not experienced significant change in their
seasonal average compared to previous winter.

There is also wide variation in peak pollution level experienced during winter. It is noteworthy that in about 37 cities
that are otherwise showing stable or deting seasonal average their peak levels have risen significantly during
winter. These include Aurangabad, Indore, Nashik, Jabalpur, Rupnagar, Bhopal, Dewas, Kochi, and Kozhikode. On
the other hand, in North India, other cities including Delhi have erpegd the reverse, i.e. increase in seasonal
average but decline in seasonal peak. (Gegph7: Winter peak pollution (1 OeB1 Jan) among regions of Injlia

When put in an order the top 23 polluted cities are from North India. While Mysuru is thefdelisted, followed
by Satna in MP and Kochi in Kerala, Ghaziabad is the most polluted citycoutiitey. There are only 4 cities (Satna,
Mysuru, Vijaypura, an€hikkamagaluruthat haveseasonapeakbelow the 24hr standard 60 ... P3)wuring the
winter seasonThese four and 2 other cities have seasonal average below the annual standard. (4BJ)ySee
Table 6: All India peer comparison of winter pollution

It is important to note that mega cities are not the most polluted ity f the regions. It is the smaller and upcoming
cities that are the pollution hotspots. This is even more evident in the seasonal peaK Hastaeport findings make

it is amply clear that this winter pollution challenge is not limited to mega citiesner specific region; it is an
omnipresent problem and requires urgent and deliberate action everywhens requires quicker reforms and
action in key sectors of pollutiont vehicles, industry, power plants and waste management to control winter
pollution and bend the annual air pollution cuniost polluted cities this winter were located in DeMCR and UP.

In fact, eight of top ten were UP cities with Ghaziabad and Bulandshahr taking the top spots. Delhi at number five
and Bhiwadi, Rajasthan at numb®0 were the only exception.
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Graph5: Trend in winter pollution among regions of India

Note: RegionaAverage PlMsconcentration is based on mean sfasonal value determined feachcities in the region. Seasonalerageof a cityis based on man ofdaily PMs values
recorded atCAAQM stations in the cithat have minimum 75 per cent data for this winter and previous wirRegionaPM. speakis based on mean sfeasonal peak value determined for
eachcities in the region. Seasonal peafia cityis based omean of thehighest dailyPM s value recorded aCAAQM stations in the cithat have minimum 75 per cent data for this winter
and previous winter* Northeast had only one city (Guwahati) which had data for both winters.

Source:CS v 0Ge]s }( W [+ E o SJu ]JE «u o]SC §

Graph6: Winter pollution averageg1 Oct 31 Jan) among regions of India

Note: RegionaAverage PMsconcentration is based on mean s#asonal value determined feachcities in the region. Seasonalexageof a cityis based on mean afaily PM s values
recorded atCAAQM stations in the cithat have minimum 75 per cent data for this winter and previous winter

"MHE W A v oCele }( W [« E o0 SJu ]JE <uo]SC S
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Graph7: Winter peak polution (1 Oct 31 Jan) among regions of India

Note: RegionaPM: speakis based on mean afeasonal peak value determined feachcities in the region. Seasonal peafka cityis based omean of thehighest dailyPM s value recorded

at CAAQM stationi the citythat have minimum 75 per cent data for this winter and previous winter
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Table 6: All India peer comparison of winter pollution
National City Winter PMysaverage (... PHu Winter PMpspeak (... PHu | PMzs
RANK 202021 %age change 202021 %age change %age
from 201920 from 201920
1 Ghaziabad, UP 218 6% 529 -20% 61%
2 Bulandshahr, UP 195 32% 501 18% 61%
3 Greater Noida, UP 194 8% 452 -19% 56%
4 Noida, UP 194 2% 506 -14% 61%
5 Delhi, DL 186 8% 520 -8% 60%
6 Kanpur, UP 183 8% 399 0% NA
7 Bagpat, UP 176 9% 428 -45% 56%
8 Moradabad, UP 175 8% 532 46% 65%
9 Lucknow, UP 168 19% 326 -15% 55%
10 Bhiwadi, RJ 167 31% 480 77% 53%
11 Meerut, UP 158 16% 334 -41% 52%
12 Jnd, HR 156 18% 519 -21% 70%
13 Dharuhera, HR 156 44% 500 63% A7%
14 Faridabad, HR 153 -8% 396 -14% 44%
15 Hisar, HR 152 16% 520 -35% 67%
16 Gurugram, HR 151 9% 481 8% 66%
17 Fatehabad, HR 149 228% 564 54% 66%
18 Rohtak, HR 149 28% 530 19% NA
19 Agra, UP 148 87% 395 106% NA
20 Bahadurgarh, HR 146 49% 468 52% 69%
21 Muzaffarnagar, UP 136 NA 305 NA 48%
22 Yamuna Nagar, HR 134 17% 248 -11% 60%
23 Charkhi Dadri, HR 129 NA 322 NA 49%
24 Gwalior, MP 128 NA 292 NA 64%
25 Singrauli, MP 126 0% 286 -4% 49%
26 Manesar, HR 125 18% 418 20% 57%
27 Kurukshetra, HR 122 9% 279 -44% 61%
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28 Patna, BR 119 -26% 265 -25% 51%
29 Varanasi, UP 117 -1% 239 -15% 46%
30 Muzaffarpur, BR 112 -34% 231 -44% 30%
31 Ballabgarh, HR 109 -17% 278 -8% 47%
32 Katni, MP 106 6% 188 -4% 49%
33 Guwahati, AS 103 7% 273 -24% 58%
34 Kaithal, HR 100 43% 281 25% 50%
35 Howrah, WB 98 -11% 214 6% 53%
36 Karnal, HR 97 -17% 305 -43% 61%
37 Panipat, HR 97 -29% 246 -63% 31%
38 Narnaul, HR 95 7% 196 -10% 43%
39 Ambala, HR 94 2% 244 -14% 44%
40 Kolkata, WB 94 13% 199 13% 55%
41 Siliguri, WB 93 22% 216 25% NA

42 Asansol, WB 92 1% 190 -10% 54%
43 Vapi, GJ 91 -10% 178 -10% 56%
44 Jodhpur, RJ 90 17% 156 -3% 48%
45 Navi Mumbai, MH 89 28% 171 13% 50%
46 Jabalpur, MP 88 7% 201 17% 48%
47 Sonipat, HR 88 69% 308 101% 35%
48 Kalyan, MH 86 59% 172 65% 53%
49 Mandi Gobindgarh, PB 85 -12% 184 -18% A47%
50 Mandikhera, HR 83 -17% 280 10% 60%
51 Ankleshwar, GJ 82 13% 153 21% 45%
52 Sirsa, HR 81 -15% 306 -56% 45%
53 Panchkula, HR 77 37% 149 27% NA

54 Kota, RJ 77 29% 167 42% 59%
55 Visakhapatnam, AP 75 34% 179 2% 48%
56 Brajrajnagar, ® 75 17% 130 -3% 54%
57 Ujjain, MP 74 25% 145 11% 50%
58 Amritsar, PB 73 4% 208 -71% 54%
59 Bhopal, MP 73 -2% 171 22% 46%
60 Ludhiana, PB 72 9% 197 -8% 49%
61 Patiala, PB 72 3% 176 -21% 45%
62 Jaipur, RJ 71 25% 211 0% 49%
63 Ahmedabad, GJ 71 3% 133 -24% 40%
64 Jalandhar, PB 70 -5% 164 -26% 45%
65 Damoh, MP 70 10% 140 9% 56%
66 Rupnagar, PB 69 6% 159 22% NA

67 Bhatinda, PB 68 17% 186 -25% 48%
68 Pithampur, MP 68 10% 152 31% 56%
69 Indore, MP 68 4% 135 15% 48%
70 Mandideep, MP 67 52% 126 48% 43%
71 Khanna, PB 66 2% 153 -18% 47%
72 Mumbai, MH 66 6% 139 2% 53%
73 Hapur, UP 66 -24% 187 -71% 29%
74 Udaipur, RJ 65 19% 131 10% 51%
75 Gaya, BR 62 -36% 144 -39% 66%
76 Ratlam, MP 61 7% 133 19% 39%
77 Hyderabad, TS 60 7% 92 6% 48%
78 Pali, RJ 59 8% 121 -2% 47%
79 Pune, MH 59 -71% 103 -3% 62%
80 Kollam, KL 59 NA 141 NA 67%
81 Dewas, MP 58 4% 140 30% 50%
82 Hajipur, BR 57 NA 108 NA 34%
83 Chandigarh, CH 56 -13% 110 -24% A7%
84 Rajamahendravaram, AP| 56 21% 133 18% 53%
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85 Alwar, RJ 55 29% 109 7% 53%
86 Amaravati, AP 55 13% 134 47% 61%
87 Ajmer, RJ 54 3% 111 -36% 50%
88 Sagar, MP 53 122% 135 293% 44%
89 Palwal, HR 53 -60% 129 -66% 31%
90 Talcher, ® 52 NA 91 NA 41%
91 Nashik, MH 51 2% 101 17% 67%
92 Gandhinagar, GJ 45 15% 75 -71% 45%
93 Bhiwani, HR 44 -61% 192 -54% 23%
94 Aurangabad, MH 44 4% 82 14% 51%
95 Chandrapur, MH 43 -8% 70 -31% 36%
96 Bagalkot, KA 41 NA 128 NA 58%
97 Chikkaballapur, KA 40 28% 84 2% 59%
98 Hubballi, KA 39 NA 81 NA 41%
99 Kohima, NL 38 NA 109 NA 45%
100 Tirupati, AP 38 52% 97 7% 66%
101 Chennai, TN 37 -21% 98 -44% 55%
102 Kannur, KL 37 NA 96 NA 62%
103 Bengaluru, KA 37 1% 81 -11% 48%
104 Thrissur, KL 35 NA 75 NA 52%
105 Maihar, MP 33 2% 93 -3% 53%
106 Vijaypura, KA 32 NA 56 NA 56%
107 Thiruvananthapuram, KL | 31 3% 63 0% 51%
108 Chikkamagaluru, KA 27 NA 52 NA 55%
109 Kozhikode, KL 27 -27% 67 51% 40%
110 Kochi, KL 25 -19% 61 40% 47%
111 Satna, MP 21 3% 37 -47% 25%
112 Mysuru, KA 21 -28% 41 -36% 42%
- Agartala, TR* 84 NA 184 NA 73%
- Aizwal, MZ* 32 NA 95 NA 72%
- Shillong, ML* 19 NA 50 NA 79%
Note: Seasonaleerageof a cityis based on mean afailyPM. s values recorded aCAAQM stations in the cithat haveminimum 75 per cent data for this winter and previous winter
Seasonal peatif a cityis based omean of thehighest dailyPMesvalue recorded aCAAQM stations inthe city Z § u § $Z § }Ju%o0 §vee & <uJE u vSX
minimum data® <u]E u v3 (JE % E Allps AlJvs E E ]v op Jv§8Z & o A]3Z ZE []v (Joo Jv (}@& % & v P Z vP X
* Provisional values based on less than 75 per cent data

AMpE W A v oCe]e }( W [« E o0 S8Ju JE <po]SC $
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a Winter pollution in Delhi-NCR: October -February, 2020 -21

Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delhi, February, 2021

The worst of winter in Delhi and National Capital Region (NCR) is over. For the purpose of
implementation of the Graded Response Action Plan (GRAP) winter in this region is officially defined as
from October 15 to February 1. There is a special interest in understanding the winter pollution trend
given the extraordinary situation due to the pandemic this year. Winter is the most difficult season in this
region due to the atmospheric conditions of inversion, calm wind, and cold conditions. Trapped winter air
traps local and regional pollution and creates deadly winter smog.

Winter after winter Delhi battles serious challenge of prolonged smoggy days. However, in the time
horizon of 2015-2020, several multi-sector action has been initiated as part of the comprehensive clean
air action plan as well as graded response action plan. Year-on-year basis annual average of PM, s levels
are declining in Delhi. Is this also moderating the impact on the pollution build up and severe peaks
during winter when pollution is trapped across the region? Therefore, this analysis of winter pollution
trend since 2018 helps to build the pattern of change.

Winter season is always a special challenge when inversion, and cool and calm weather traps and spikes
daily pollution. But this is also the bar to understand the effectiveness of round the year action in reducing
long term pollution in the region. Despite the declining trend (year-on-year basis) due action taken over
the last few years on clean fuels and technology for industry and transport, power plants, trucks, old
vehicles among others, the winter PM, s concentration has bounced back unmasking the impacts of local
and regional pollution. This demands quicker and more ambitious regional reforms to curb pollution from
all sources with scale and speed.

This analysis has helped to understand the regional pattern across Delhi-NCR as well as the local
variation pollution build up. Even though there is considerable regional variation, peak pollution episodes
have increased and synchronized within the region. But there is also an uneven pattern in rise in
concentration of PM2.5 across the monitoring locations - even if they are contiguous. This also brings out
the impact of local pollution.

The analysis is based on publically available data from various government agencies. Most granular data
(15-PLQXWH DYHUDJHVY KDV EHHQ VRXUFHG IURP WKH &HQWUDO 3ROOXWLR
portal Central Control Room for Air Quality Management - All India (https://app.cpcbccr.com/). This has
analysed data recorded by 81 air quality monitoring stations or cent per cent of the current NCR network
under the Continuous Ambient Air Quality Monitoring System (CAAQMS) of CPCB. Farm stubble fire data
has been sourced from System of Air Quality and Weather Forecasting and Research (SAFAR). Weather
data has been sourced from the Palam weather station of Indian Meteorological Department (IMD).There
is variation in the number of air quality monitoring stations -- Delhi (40), Ghaziabad (4), Noida (4),
Gurugram (4), Faridabad (4), Meerut (3) and Greater Noida (2). Therefore, citywide average is used for
comparative analysis and it is defined as average of all city stations that meet minimum 75 per cent data
availability criteria. PM, s concentration has been classified according to the principles of the National Air
Quality Index.
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Key highlights
Delhi

Severe intensity of 2020-21 winter smog is comparatively lower but seasonal average is
marginally higher : There is an interesting trend this winter. The number of days with severe and very
poor levels of PM2.5 concentration (as per the concentration classification of the national air quality index
- AQI) has been comparatively lower this winter. But the number of days with concentration level in poor
category has increased. At the same time, the overall the city-wide average for the season has been
comparatively higher this year. The citywide average for winter months in Delhi stood at 186 J Pwas 7
per cent higher than the seasonal average of 2019-20 winter.

Graph 1: Tren d on winter pollution in Delhi
a) Seasonal average

b) Seasonal peak

Note: Average PM, s concentration is based on mean of daily values recorded at 35 CAAQM stations in the city that have adequate
data for all three winters. Five stations excluded for this are Alipur, Burrari Crossing, East Arjun Nagar, Chandni Chowk, and Lodhi
Road-IITM.

6RXUFH &6( DQDO\VLV RI &3&%fMV UHDO WLPH DLU TXDOLW\ GDWD
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But, the seasonal peak has been about 8 per cent lower compared to last winter (See Graph 1: Trend
on winter pollution in Delhi a) seasonal average b) seasonal peak). Meteorologically +mainly from the
perspective of rainfall and temperature, this winter has been somewhat similar to 2018-19 winter and
seasonal average this winter has been 4 per cent lower than 2018-19 winter. But 2019-20 winter has
seen more rains.

Overall, higher seasonal average but lower peak can be attributed to meteorology and peaks due to
change in farm stubble burning pattern. But considerable variation has been noted among individual
stations in the city. This also indicates dominance of local pollution sources.

Number of days with severe concentration of PM2.5 declined and smog episodes were of  shorter
duration: This winter 23 days had citywide average of PM,s concentration LQ 3VHYHUHY RU ZRUVH ¢
category, this is down from 25 such days in pervious winter and 33 days in 2018-19 winter (See Graph 2:
'"HFOLQH LQ QXPEHU RI 3VHYHUH" D QTechhiraly & siddglépicada ¢ defihedHdD thd
purpose of implementing emergency action under the Graded Response Action Plan when the levels of
PM,s UHPDLQ LQ 3VHYH UHHred tovsetatvé) daykR From this perspective, this winter there
were two continuous smog episodes. The first episode was of longer duration as it started on 3" Nov and
lasted 7 days. The second started on 22" Dec and lasted for 3 days (See Graph 3: Map of smog episode
in Delhi). Thus the continuous smog episodes are fewer and shorter compared to previous winters. 2019-
20 winter had three smog episodes of 8 days, 6 days and 5 days durations. 2018-19 winter had four
smog episodes of 10 days, couple of 6 days and a 3 days durations.

Relatively faster dissipation of smog episodes without any major rainfall or pollution control-emergency
action this year points towards downward trend in the annual average concentration. This period also
coincide with the gradual unlocking of economy and travel in the air shed (perhaps residual impact of
lockdown). But still persistent high level suggest impact of local pollution.

*UDSK '"HFOLQH LQ QXPEHU RI 3VHYHUH DQG ZRUVH DLU GD\V LQ '"HOKL

Note: Average PM, s concentration is based on mean of daily values recorded at 35 CAAQM stations in the city that have adequate
data for all three winters. Four stations excluded for this are Alipur, Burrari Crossing, East Arjun Nagar, Chandni Chowk, and Lodhi
Road-IITM.

SourFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD
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Graph 3: Map of smog episode in Delhi

&= Smog episode

Note: Average PM,sconcentration is based on mean of daily values recorded at 35 CAAQM stations in the city that have adequate data for all 3
winters. 5 stations excluded for this are Alipur, Burrari Crossing, East Arjun Nagar, Chandni Chowk, and Lodhi Road-IITM.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

The difference between different  monitoring locations in the city more varied indicating

dominance of local pollution sources this winter: 12 stations saw improvement in their seasonal
average over last year. Improvement was noted at NSIT Dwarka, Wazirpur, and Shadipur. Increase was
noted at Patparganj, Vivek Vihar, and RK Puram which are residential areas. Stations in North and East
Delhi continued to exhibit highest PM, s levels, while west Delhi was relatively cleaner (See Graph 4:
PM, 5 variation among stations of Delhi). Bewildering aspect of the trend is that there is no clear clustering
of stations that show improvement or deterioration. In fact, many neighboring stations have shown
diverging trend. For instance station at Shadipur shows 34 per cent improvement while next door at
PUSA IMD station registered 13 per cent worsening from previous winter. This heterogeneous spatial
distribution further indicates impact of local sources and micro climate.

Graph 4: PM , 5 variation among stations of Delhi

Note: Five stations excluded for this are Alipur, Burrari Crossing, East Arjun Nagar, Chandni Chowk, and Lodhi Road-IITM for
inadequate data.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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16 of 18 recognized hotspot registered worsening of ai r: Except Wazirpur and Sahibabad, all the
locations on Delhi-NCR pollution hotspot list saw spike in the seasonal PM2.5 level compared to last
ZLQWHU -DKDQJLUSXUL ZLWK D VHDVWwa® (he dibiasH ahidddH th& recognized P
hotspots. Bahadurgarh that recorded almost 50 per cent jump in PM2.5 level was cleaner than other
hotspots. But heavier deterioration was noted in many other locations that are not yet designated as
hotspots. Originally, hotspots were defined as those with annual average levels higher than the mean
value of the city zthat is any case is much worse than the national ambient air quality standards.

However, during the winter months, at least 14 more locations registered higher seasonal average than
the mean of recognized hotspots, i.e. 197 J B (See Graph 5: Winter pollution at hotspots). These were
Alipur, DTU, ITO, Nehru Nagar, Patparganj, Sonia Vihar and Vivek Vihar in Delhi, Sector 1 and 116 in
Noida, Loni, Sanjay Vihar and Indirapuram in Ghaziabad, Knowledge Park V in Greater Noida and
Bulandshahr. This again points towards impact of local pollution.

Graph 5: Winter pollution at hotspots

Note: Average PM, s concentration is based on mean of daily values recorded at the CAAQM stations given it has adequate data for
the winter.. OD\DSXUL DQG 6DKLEDEDG GRQTW KDYH D &%$%$40 VWDWLRQ WKHUHIRUH QHDUHVW V\
respectively) is used to represent their air quality. Gurugram and Faridabad are represented by their oldest station- Vikas Sadan and

Sector 16A respectively.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Ghaziabad was the most polluted among the four major neighbouring towns of Delhi, and all o f
them registered increase in their seasonal average compared to last winter. Haryana cities are
relatively less polluted than the cities of Uttar Pradesh (See Graph 6: Winter pollution in main NCR cities
a) seasonal average b) seasonal peak). North Delhi was dirtiest place in the region with Jahangirpuri
recording the worst seasonal average and Mundkaa with the worst seasonal peak. In the larger NCR,
there is wide variation in trend among neighbouring towns.
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Graph 6: Winter pollution in  main NCR cities
a) Seasonal average NCR

b) Seasonal peak NCR

Note: Average PM, s concentration is based on mean of daily values recorded at CAAQM stations in the city that have adequate

data for the winter.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

25 out of 27 NCR towns have adequate data for previous winter that makes comparison possible. Eight
towns show improvement in sesonal average from last year with Bhiwani and Palwal in Haryana showing
the most improvement (exceeding 60 per cent). But Sonipat (69 per cent) and Bahadurgarh (49 per cent)
lead the pack of towns with maximum detoriation in seasonal average. It is noteworthy that Hapur and
Bulandshahr are neighbours but Hapur saw 24 per cent improvement while Bulandshahr deteriorated by
32 per cent. In fact, the seasonal average of Bulandshahr is three times that of Hapur. There are many
such pair of cities and towns in NCR and larger North India this year. This heterogeneous spatial
distribution further strengthens the observation that local pollution and micro climate has been driving
factor this winter. It must be noted that these pairs are mostly of smaller towns that have some higher
seasonal fluctuations compared to bigger cities of the region (See Graph 7: Winter pollution level aand
trend in NCR cities).
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Graph 7: Winter pollution level aand trend in NCR cities

Note: Average PM, s concentration is based on mean of daily values recorded at CAAQM stations in the city that have adequate
data for the winter.
6RXUFH &6( DQDO\Vies tiRé ar 3jdalityTdata

End note

The winter of 2020-21 coincided with the gradual unlocking of the economy after the hard lockdown
phases during summer. There were still some residual effect as all establishments had not fully opened.
While the entire region was affected by the winter inversion and trapping of the pollution at a regional
scale, the data indicates an interesting trend towards very wide variation across monitorong locations and
towns and cities of Delhi-NCR. There is no clear clustering of cities. This indicates impact of local
pollution while micro climates may have als played a role. This winter, other than the initial
implementation of the basic GRAP measures in October in terms of reinforcing enforcement of pollution
control measures, the additional measures for severely polluted days were not implemented.

At the same, lesser number of smog episodes and lesser number of days in severe categories is also a
reflection of the overall decline in year-on-year average levels due to the implementation of some of the
critical sectoral measures over the last five years. This includes closure of coal based power plants in
Delhi, expansion of CNG programm for public transport and commercial vehicles and use of natural gas
in industry, banning of dirty fuels like petcoke and furnace oil (and coal in Delhi), controls on truck entry
into Delhi, banning of old vehicles among others. The arresting of the trend is the cummulative impact of
all these measures. This however has not been uniformly implemented across the entire NCR.

This is clearly an inflexion point for Delhi-NCR. Urgent nexts steps are needed for scale and speed of
action across all sectors and across the entire NCR. The region needs massive clean fuel and
technology transition in industry setcor; time bound implementation of power plant standards, massive
mobility transition across Delhi and NCR; and paradigm shift in waste management with strong
compliance and accountability.
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s Pandemic and air pollution in Delhi-NCR: Insights on World Environment Day
Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment, New Delhi, June 4, 2021

On this World Environment Day, Centre for Science and Environment releases the latest results of air
guality analysis that shows how air quality trend has changed through the successive seasons during the
pandemic times in Delhi and National Capital Region (NCR). This assessment period is from September
2018 to May 2021 that captures three successive winter seasons, pre and pandemic era and also
different stages of lockdown in Delhi and the National Capital Region.

The key highlight this time is that the spring time *January to March, when pollution level begins to
subside after winter, PMzs this year has recorded highest seasonal levels compared to the corresponding
period in preceding years including the normal year of 2019.

This indicates that despite the partial restrictions the pollution level have increased. While the reason
needs investigation, it is important to underscore that there would be a rebound effect with full opening of
the economy and intensification of traffic. Pandemic management during the second wave may have
slowed down action but this has to speed up to prevent the rebound effect or retaliatory emissions to
ensure longer term air quality gains. This is particularly important given the new science on the linkage
between air quality and its effect on vulnerability to the pandemic.

This analysis is based on the real time data available from the current working air quality monitoring

stations in Delhi and NCR. However, even though '"HOKLfVY PRQLWRULQJ QHWZRUSN JUHZ WR
by the end of 2020 (24 of Delhi Pollution Control Committee or DPCC, 8 of IMD, 6 of Central Pollution

Control Board -CPCB and 2 of IITM), the number of active stations have reduced to 32 as all the IMD
VWDWLRQV KDYH JRQH RI10L Q 6rosshigfhés YearDotliheRsRcdd1\d/ Dée X202 Wrhile

Ayanagar, CRRI Mathura Road, IGI Airport, Lodi Road, North Campus DU, and PUSA stations went

offline on March 10, 2021. In fact, their two other stations (Gwal Pahari, Gurugram and Noida Sector 62)

have also gone offline.

As far as data availability is concerned there is a wide variation between monitoring locations. While over
90 per cent of hourly data is available for all DPCC and CPCB stations for the time period between 1
January to 31 May, 2021, data availability for two IITM stations is 75-86 per cent. HSPCB stations in
Gurugram shows over 90 per cent data availability, but the stations in Faridabad has only 70-89 per cent
data available. UPSPCB stations in Nodia, Ghaziabad and Greater Nodia have over 85 per cent data
available except the stations at Noida Sector 125 and Greater Noida Knowledge Park-Ill which have just
65 per cent data.

Overall, monitoring network strength in Delhi and big five NCR cities has come down from 58 stations to
48 stations now. This along with lower availability of data at many stations is a matter of concern as this
makes the investments in monitoring network sub-optimal.

Key highlights

The broad sweep trend in PM ;s levels from September 2018 to May 2021 : The overall annual trend is
arrested and is downward. But there is a variation in seasonal pattern. Normally, PMzs level have a
seasonal cycle with winter being the most polluted and monsoon being the cleanest. Spring (January to
March) acts as transitional period between the two extremes zwinter and summer. Significant drop in
PMzs levels happens as the weather warms up and wind picks up speed during spring. There was a 26
per cent drop between winter of 2018 and spring of 2019. In 2020 this drop increased to 36 per cent due
to pollution control measures in place and also imposition of partial lockdowns in March 2020. But this
downward trend in spring pollution did not continue this year, with seasonal drop limited to 18 per cent. In

120



Centre for Science and Environment Analysis

fact, spring this year has been 31 per cent dirtier than 2020 and 8 per cent dirtier than 2019 (See Graph
1: Daily and seasonal trend in PM_ s levels in Delhi).

Lockdown with a difference:  Lockdowns were effective in bringing down PM:s levels this year as well.
But given the shorter duration and lesser stringency of lockdowns this year PMz.s levels are not as low as
summer of 2020. The monthly average level of PMzsin April and May, 2021 *the hard lockdown phase,
was higher than the corresponding levels in April-May, 2020, *also a hard lockdown phase.

Meteorology would be part responsible for this elevated level but this could also be a reflection of
weakening of pollution control measures and efforts in the city and region during the pandemic phase.
Traffic intensity was also comparatively higher. Evening peak of hourly cycle of NO2 was 29 per cent
higher in 2021 hard-lockdown than observed in 2020 hard lockdown (See Graph 2: Hourly NO; cycle in
Delhi). But it was still 57 per cent lower than regular evening peak noted in May of 2019.

Graph 1: Daily and seasonal trend in PM  ,5levels in Delhi

Note: Average PM, s concentration is based on mean of daily values recorded at 26 CAAQM stations in the city that have adequate
data for all three years.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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Graph 2: Hourly NO ; cycle in Delhi

Note: Average NO, concentration is based on mean of hourly values recorded at all CAAQM stations in Delhi that have adequate
data for all three years.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

The month of May which was completely under lockdown saw Delhi and big four cities record identical
PMzs levels (See Graph 3: 2021 Lockdown PMz s levels in Delhi and big four NCR cities). Ghaziabad with
monthly average of 59 pug/m2 was the most polluted during the lockdown while Gurugram with 51 pg/m3
was the cleanest. Average for the year so far (January to May) shows similar spatial trend among the
cities.

Graph 3: 2021 Lockdown PM ;slevels in Delhi and big four NCR cities 2021

Note: Average PM, s concentration is based on mean of daily values recorded at CAAQM stations in each city that have adequate
data for this years.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD
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Varying pattern of hard lock down phase and semi -lockdown phase of 2 020 and 2021 : This year
restriction in form of night-curfews and weekend lockdowns started on April 6 with complete lockdown
being imposed on April 19. Imposition of partial-lockdown lowered PM:s levels by 20 per cent, the
complete lockdown brought the average down by further 12 per cent (See Graph 4: Comparison of
lockdown phases in Delhi).

In 2020, partial lockdown started 12 March, 2020 with hard lockdown kicking in on March 25, which was
lifted in phase-wise manner from May 18 onwards. Then the partial lockdown also brought PMzs levels
down by 20 per cent but the hard lockdown reduced it by another 35 per cent. Lifting of restriction from
May 18 led to 28 per cent rise in PM2s levels.

When compared to summer of 2019 which had no lockdowns, lockdown summers have been 25-40 per
cent cleaner.

Graph 4: Comparison of lockdown phases in Delhi

Note: Average PM, s concentration is based on mean of daily values recorded at 26 CAAQM stations in the city that have adequate
data for all three years.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Heat map of daily air quality pattern during 2019 to 2021 show the changing pattern of smog

episodes and cleaner days in  Delhi and NCR : Daily PM2zs levels have been further classified according

to the air quality index categories. The number of days in the very poor AQI PM:s sub-category

dramatically increased in Feb-March of 2021 (See Graph5 +HDWPDS RI 'HOKJAQVs@®D L O\ 30
category). There were 27 days R 3Y H U\ dayR Rid Feb-March compared to 17 in 2020 and 12 in

2019. Days meeting the standard also plummeted this spring with just two days recorded. 2020 had 16

and 2019 had 6 days when the standard was met. This red shift breaks the three year trend of

accelerated dissipation of bad winter air.
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Graph 5 +HDWPDS RI 'HOK bL4AQIGUD Loategary

Note: Average PM, s concentration is based on mean of daily values recorded at 26 CAAQM stations in the city that have adequate
data for all three years. Cell colors are based on AQI color scheme based on their 24-hourly averge.
6RXUFH &6( DQDO\VLV RI &3&%fV UHDO WLPH DLU TXDOLW\ GDWD

Number of days with severe concentration of PM ;s declined while duration of smog episodes were

shorter dur ing 2020 -21 winter : This winter 23 days had citywide average of PM2.s concentration in

S3VHYHUHY RU ZRdaddgong this ¥ Mdevn from 25 such days in pervious winter and 33 days in
2018-19 winter (See Graph6 'HFOLQH LQ QXPEHU RI 3VHYHUH D Qeshddeiy\aH DLU GD\V
smog episode is defined for the purpose of implementing emergency action under the Graded Response

Action Plan when the levels of PM2s UHPDLQ LQ 3 VHYHUH™ FDWHJRU\ IRU WKUHH FRQVHF
perspective, this winter there were two continuous smog episodes. The first episode was of longer

duration as it started on 3" November and lasted 7 days. The second started on 22" Dec and lasted for 3

days (See Graph 7: Map of smog episode in Delhi). Thus the continuous smog episodes are fewer and

shorter compared to previous winters. 2019-20 winter had three smog episodes of 8 days, 6 days and 5

days durations. 2018-19 winter had four smog episodes of 10 days, couple of 6 days and a 3 days

durations.

Relatively faster dissipation of smog episodes without any major rainfall or pollution control-emergency
action this year points towards downward trend in the annual average concentration. This period also
coincide with the gradual unlocking of economy and travel in the air shed (perhaps residual impact of
lockdown). But still persistent high level suggest impact of local pollution.
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Graph 6 'HFOLQH LQ QXPEHU RI 3VHYHUH” DQG ZRUW¥MHap)LU GD\V LQ "HOKL

Note: Average PM, s concentration is based on mean of daily values recorded at 35 CAAQM stations in the city that have adequate
data for all three winters.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Graph 7: Map of smog episode in Delhi

Note: Average PM, s concentration is based on mean of daily values recorded at 35 CAAQM stations in the city that have adequate
data for all three winters.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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Shifting position of city hotspots in relation to the city average over the three winters - 16 of 18
recognized hotspot registered worsening of air: There is a broad classification of hotspots. Originally,
hotspots were defined as those with annual average levels higher than the mean value of the city *that is
any case is much worse than the national ambient air quality standards. According to the original list,
except Wazirpur and Sahibabad, all the locations on Delhi-NCR pollution hotspot list saw spike in the
seasonal PMzs level compared to last winter. Jahangirpuri with a seasonal average of 256 pug/m? was the
dirtiest among the recognized hotspots. Bahadurgarh that recorded almost 50 per cent jump in PMzs level
was cleaner than other hotspots. But heavier deterioration was noted in many other locations that are not
yet designated as hotspots.

However, during the winter months, at least 14 more locations registered higher seasonal average than
the mean of recognized hotspots, i.e. 197 pg/m? (See Graph 8: Winter pollution at hotspots). These were
Alipur, DTU, ITO, Nehru Nagar, Patparganj, Sonia Vihar and Vivek Vihar in Delhi, Sector 1 and 116 in
Noida, Loni, Sanjay Vihar and Indirapuram in Ghaziabad, Knowledge Park V in Greater Noida and
Bulandshahr. This again points towards impact of local pollution.

Graph 8: Winter pollution at hotspots

Note: Average PM, s concentration is based on mean of daily values recorded at the CAAQM stations given it has adequate data for

the winter. . Mayapuri DQG 6DKLEDEDG GRQYfW KDYH D &$$40 VWDWLRQ WKHUHIRUH QHDUHVW VWDW|
respectively) is used to represent their air quality. Gurugram and Faridabad are represented by their oldest station- Vikas Sadan and

Sector 16A respectively.

6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Behavior of pollution hotspots during lockdowns: If we look at places that reported relatively higher
PMzs levels during the lockdown this year, the hotspots (old and new) occupy the top of the list without
exception (See Table 1: Location wise data for month of May, 2020). Further, 21 out of 43 stations that
have data for both this lockdown and 2020 lockdown show improvement in PMz.s levels. Among stations
that saw improvement Panjabi Bagh (-42 per cent) was the best followed by Rohini (-21 per cent) and
Dilshad Garden (-20 per cent). Almost all sites with improvement are primarily residential in nature.

Most significant increase is noted at RK Puram (51 per cent) followed by Patparganj (45 per cent),
Sadipur (36 per cent), and Mandir Marg (30 per cent). The increase in Mandir Marg and Sadipur can be
due to ongoing construction work at Central Vista as these stations are downwind of the construction.
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Highlights of key pollution episodes

Dust event in May 2021: In the morning of 234 0D\ 'HOKL ZRNH XS WR VWUDQJH \HOORZ KD’
monitors blinking red with PMzs levels in severe level. This haze appeared straight after the wettest week

with strong winds in May in Delhi that was affected by the cyclone Tauktae. PMio levels that is affected

more by coarse dust shot up 10-folds within 4 hours, while PM2s rose about 5-folds. At its peak PM1o was

beyond 1,000 pg/m?3while PM2swas 469 ug/m?, i.e. 47 percentage (See Graph 9: PM hourly peak during

cyclonic dust event in May 2021). Winter pollution at hotspots). The haze disappeared almost as quickly

as it had appeared. This was a rare meteorological phenomena in which cyclonic systems carried dust

along.

Graph 9: PM hourly peak during cyclonic dust event in May 2021

Note: PM, s concentration is based on mean of hourly values recorded at all CAAQM stations in the city that have adequate data for
the event.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD

Winter smog : During the dust event in May 2021, though the PM levels for those few hours were as high
as that noted during infamous Delhi smog but it was chemically and physically different. During the winter
smog episode that peaked on November 10, 2020 the PM2.swas almost 90 per cent of the PM10 in the
air. And this peak had built-up over two days (See Graph 10: PM hourly peak during smog event in
November 2020). This early November smog is also a result of winds transporting PM and smoke from
stubble burning in northern plains. SAFAR noted that over 20 per cent of PMzsin Delhi came from the
stubble fire smoke during this period.
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Graph 10: PM hourly peak during smog event in November 2020

Note: PM, s concentration is based on mean of hourly values recorded at all CAAQM stations in the city that have adequate data for
the event.
6RXUFH &6( DQDO\VLYV tiRe argsaitydated) HD O

Another high PM event happened in Delhi in January when cold weather and calm wind trapped local
pollution spiking PM concentration. Peak of this seasonal phenomena happened on January 15, 2021
when PMio URVH WR 2andlPMshLW 3 PRI25 was 67 per cent of the overall PM
concentration (See Graph 11: PM hourly peak during pollution inversion event in January 2021). This had
a diurnal cycle with peak almost always occurring late night, loosely linked to traffic rush hours.

Yet another PM event is associated with Diwali. It builds-up rapidly and is very toxic.

Graph 11: PM hourly peak during pollution inversion event in January 2021

Note: PM, s concentration is based on mean of hourly values recorded at all CAAQM stations in the city that have adequate data for
the event.
6RXUFH &6( DQDO\VLV RI &3&%TV UHDO WLPH DLU TXDOLW\ GDWD
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10 aGround -level ozone in Delhi -NCR: Unmasking the hidden
and growing health risk

Anumita Roychowdhury and Avikal Somvanshi

Centre for Science and Environment,  New Delhi, July, 2021

Centre for Science and Environment (CSE) has alerted from time to time about the growing problem of
ground level ozone in Indian cities. While policy and public attention is nearly fully drawn towards very high
level of particulate pollution, the challenge of this emerging toxic gas has not attracted adequate policy
attention for mitigation and prevention. Inadequate monitoring, limited data and inappropriate methods of
trend analysis have weakened the understanding of this growing toxic risk.

Yet the insidious link between ozone and premature deaths representing growing health risk is beginning
to get documented in health literature. The most recent 2020 State of Global Air report states that age-
standardized rates of death attributable to ozone is among the highest in India and the seasonal 8-hour
daily maximum concentrations have recorded one of the highest increases in India between 2010 and
2017 xabout 17 per cent. This requires deeper understanding of what is going on in different cities and
regions to inform mitigation.

City and region specific analysis remains a challenge as ozone monitoring is still very limited in India.
Therefore, some of the regions like Delhi-NCR that has relatively better network of monitoring, particularly
Delhi with 40 monitoring stations, is an opportunity to understand the ozone behavior. This is an emerging
concern in India and requires deeper assessment and insight.

Why ozone needs special attention?  Complex chemistry of ozone makes it a difficult pollutant to track
and mitigate. Ground level ambient ozone is not directly emitted from any source. It is produced from
complex interaction between nitrogen oxides (NOx) and volatile organic compounds (VOCs) that are
emitted from vehicles, power plants, factories, and other combustion sources and undergo cyclic reactions
in the presence of sunlight to generate ground level ozone. VOCs can also be emitted from natural sources,
such as plants. Ozone is also a heat trapping greenhouse gas. Ozone not only builds up in cities but also
drifts long distances to form a regional pollutant that makes both local and regional action necessary.
Mitigation demands stringent control of gases from all combustion sources. It is therefore necessary that
while designing mitigation of particulate matter the action strategy is also calibrated for reduction of ozone
precursors.

This highly reactive gas has serious health consequences. Those with respiratory conditions, asthma,
chronic obstructive pulmonary disease, and particularly children with premature lungs and older adults are
at serious risk. This can inflame and damage airways, make lungs susceptible to infection, aggravate
asthma, emphysema, and chronic bronchitis and increase the frequency of asthma attacks leading to
increased hospitalisation. This demands exposure management wherever ozone build up is happening.
This is the reason why the standard for ground level ozone have been set for hourly and eight-hourly
duration unlike 24-hourly and annual standard set for other pollutants.

The investigation: In view of this rising toxic threat and the past data on rising ozone levels, CSE has
therefore, embarked on this new assessment of the ozone trends in different regions to understand the
varying nature of this problem. The first in this series is the assessment of ozone behaviour over the past
three years (2018-2021) in Delhi and the National Capital Region (NCR) which is the hotbed of pollution
action.

As part of this air quality tracker initiative, the Urban Data Analytics of Centre for Science and Environment
(CSE) seeks to understand the nature of ozone pollution in the region over the last three years and how it
has been impacted by the extraordinary pandemic year of 2020 that has withessed one of the biggest
disruptions in the recent times. This is an inflexion point but also an indicator of what may change and yet
not changed despite the disruption. This helps to address some of the basic curiosities related to how ozone
pollution has persisted even with stopping of activities, and deeper seasonal patterns that unmask the high
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local pollution that may have been triggered due to the forced change during the lockdown phases. Also
if ozone trend analysis is appropriate to capture the growing risk.

Method and d ata: This assessment has traced trends during different seasons *summer (March-June),

winter (October-February) and monsoon (July-September), between 2018 to 2021 July (upto July 18th).

The analysis is based on publicly available granular real time data (15-minute averages) from the Central
BROOXWLRQ &RQWURO %RDUGTV &3&% nthl Roém iQAIRIp&ty Qléha§drieény DO & HQ W I
The data has been captured from 81 official stations under the Continuous Ambient Air Quality Monitoring

System (CAAQMS) spread across Delhi-NCR. Delhi (40), Gurugram (4), Faridabad (4), Noida (4),

Ghaziabad (4), Meerut (3), and Greater Noida (2) that have more than one real-time station. More than 55

million data points have been sourced and analysed from the CPCB portal for this analysis.

Given the volatile and highly localized nature of ozone pollution build-up and its variability across space,
and consistent with the global good practice, this analysis has considered station level trends in terms of
number of days exceeding the 8-hour standard over time. As ozone formation depends on complex
atmospheric chemistry and on photochemical reaction its level varies across time and space horizon.
Meteorological parameters such as sunny and warm weather, stagnant wind patterns etc have bearing on
its formation.

This has considered global good practice and taken on board the USEPA approach of computing eight-
hour averages for a day and then checking for the maximum value among them to capture the daily ozone
pollution level. USEPA assesses city-wide or regional AQI based on highest value recorded among all city
stations. Thus, trends have been calculated in terms of number of days when the daily level has exceeded
the 8-hr standard (referred as exceedance days hereafter). Being a highly reactive gas ozone does not
have a 24-hourly or annual standard. A simple city-wide spatial averaging has not been considered for the
trend analysis though it has been assessed. It is also not an adequate indicator to understand the health
risk from local build up and spatial variation.

While analysing the data it has also been noted that the ozone data available on CPCB portal never
exceeds 200 J P, while data for the corresponding time on Delhi Pollution Control Committee may show
higher levels. Therefore, due to this capping of data it is not possible to understand the nature of peaking
in the city. This needs to be addressed as there are two sets of standard for ozone +8-hourly standard of
100 J Pand one hourly standard at 180 J P. Capping can make assessment of one-hourly standard
challenging. This study has assessed trends only based on 8 hourly standard.

131



Centre for Science and Environment Analysis

Key highlights of the analysis

Citywide average s hide risk from ozone pollution . Need focus on the pollution build -up across the
city to communicate and reduce health risk

The current regulatory practice of computing average of all stations to derive the city-wide average for

ozone hugely underestimates the risk. This is also not consistent with the global good practice. The city-

wide average shows little exceedance of standards (See Graph 1: Citywide average of ozone in Delhi).

Even from that yardstick the good air days +that is 50 per cent below the daily 8-hr concentration

VWDQGDUG pJRWIRERMAF QUAlE Jidéx\- AQI) thas started to decline in the city. There were

115 good days in 2020 whLFK LV GD\V OHVV WKDQ EXW KLIKHU WKDQ ZKH(
were just 102. As ozone is an emerging problem it is important to adopt appropriate method of trend

analysis and risk assessment.

Graph 1: Citywide average of ozone pollution in  Delhi

Note: Citywide average was calculated as mean of all stations in the city.
Source: CSE analysis of CPCB real-time data

Globally regulators focus on capturing the worst levels recorded in a day in the city to communicate risk

and plan mitigation. USEPA for instance has moved away from spatial averaging even for reporting AQI.

According to 40 CFR Appendix G to Part 58 - Uniform Air Quality Index (AQI) and Daily Reporting, the

AQI for a region with multiple monitoring stations has to be calculated baVHG RQ 3*WKH KLJKHVW
FRQFHQWUDWLRQ DPRQJ DOO RI WKH PRQLWRUV ZLWKLQ HDFK UHSRUWLQ
to be based on most polluted or the worst station of the day and not the average of all stations (See

Graph 2: Ozone pollution in Delhi if calculated using USEPA method). This is needed to capture the

health risk from ozone.

&LW\ZLGH DYHUDJH LV QRW D JRRG PHDVXUH RI RIJRQH SROOXWLRQ DQG V
of providing health advisory to people sensitive to ozone pollution. Unlike PM2.5, ozone build-up is a

hyper-local phenomenon (there is recorded evidence of over 100 pug/m? difference in ozone level between

neighbouring stations) and health impact of it is almost immediate (reason why it has only 1-hourly and 8-

KRXUO\ VWDQGDUG *LYHQ WKH IDFW WKDW RQ PRVW GD\V PRUH WKDQ KI
standards, the citywide average systematically water-downs the health risk posed to public living around

ozone hotspots and denies them benefit of prevention and action under the AQI system.
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Graph 2: Ozone pollution in Delhi if calculated using USEPA method

Note: Daily max ozone for Delhi is calculated as the highest daily value recorded among city stations. The daily value is based on
the maximum 8-hr average recorded in a day at a station from a rolling 8-hr average.
Source: CSE analysis of CPCB real-time data using USEPA method

At this moment it is not possible to compute the peak pollution in the city as the data that is available from
CPCB portal is capped at 200 ug/m3for daily AQI reporting purpose. Ozone data available on CPCB
portal never exceeds 200 J P. But there are timestamps for corresponding time and date for which
Delhi Pollution Control Committee has reported values higher than 200 pg/m3. For instance, during last
week of April, 2021, DPCC has reported hourly concentrations exceeding 200 pg/m?3at Dr Karni Singh
Shooting Range AQM station for four continuous days i.e. 26-29 April 2021 that varied between 209
pg/meto 255.2 pg/m3. Considering the real time data on peak levels is particularly important in the case of
ozone pollution as this has immediate trigger effect on vulnerable population, real time data reporting has
to be more robust and transparent.

Frequency, distribution and  intensity of exceedance of ozone standard

It is the frequency of exceedance in any part of the city and intensity of the pollution that matters more from
health and mitigation perspective. Therefore, this analysis has tracked the individual stations and number
of days in each station that have exceeded the standard over the years. This has captured three prominent
trends i) exceedance at least in one stations per day over the years; ii) exceedance in multiple stations
changing over time - 0 station, 1-5, 6-10, 11-15, 16-20 and 20+ (Note that only Delhi has 40 stations; other
cities in NCR have only 1- 4 stations); and; iii) extreme events when all or more than 16 or 20 stations have
reported exceedance together on the same day.

X Exceedance at least in 0 ne station per day over the years : 8-hourly standard for ground-level
ozone exceeded at least in one station in Delhi on 290 days in 2020 (this also includes days with
multiple stations exceeding standard). It is up by 30 days compared to 2019 and 26 days more than
2018 (See Graph 3: Annual trend in Ozone pollution in Delhi and major NCR cities). This year has
already recorded 169 days of exceedance during the first six month (Jan-June), increase of 21
days for same period last year.

Among major cities of NCR, Gurugram saw maximum jump in number of exceedance days
between 2019 and 2020. Its tally of 201 days in 2020 was an increase by over 300 per cent from
previous year. Nodia also registered a jump but at a relatively moderate 54 per cent. Faridabad
recorded no change between 2019 and 2020. Ghaziabad and Greater Noida saw decline in number
of exceedance days. Ghaziabad registered 7 per cent lesser exceedance days in 2020 compared
to 2019. The drop was of 28 per cent for Greater Noida. Meerut does not have adequate data for
2019 to carry out comparative trend but with 109 days of exceedance in 2020, it was the least
polluted major city in NCR.

Data for 2021 so far shows that exceedance numbers for Ghaizabad, Greater Noida, and Meerut

have already crossed last year level in the first six months this year. Faridabad is showing no
change this year as well. Noida and Gurugram show drop in their numbers.
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Graph 3: Annual trend in exceedance in at least one station in Delhi and major NCR cities

Note: City level exceedance is based at least one station in the city exceeding the 8-hr ozone standard on a particular day.
Source: CSE analysis of CPCB real-time data

x Days with multiple stations exceeding the standard are on the rise: This is a worrying trend.
Not only some part of the city is breaching the standard daily, but now multiple locations have also
started to breach indicating wider distribution of the risk. Break-up of annual data by number of
stations reveals that there are more days when multiple stations exceed the standard. 2020 had
30 per cent more days when six or more stations exceeded the standard compared to 2019. This
year already in its first half has registered 108 days when six or more stations exceeded the
standard, higher than previous years (See Graph 4: Break-up of annual exceedance by number of
stations for Delhi).

Graph 4: Break -up of annual exceedance by number of stations for Delhi

Note: Break-up of city level exceedance is based on number of stations in the city exceeding the 8-hr ozone standard on a day.
Source: CSE analysis of CPCB real-time data

x Extreme events declining: Despite the overall increase and more distributed instances of
exceedance in the cities, extreme events (more than 20 stations exceeding the standard on a single
day) have declined. Most instances of extreme event was recorded during the summer of 2019.
This roughly coincided with one of the hottest and longest heat wave in North India since the
weather reporting started in the region. Both 2020 and 2021 summers have been lighter on heat
waves in comparison. Interestingly, even in 2019 the maximum ozone levels were not recorded on
the hottest days, in fact the peak of 28 stations exceeding the standard fell on 20th June, 2019, a
good week after the heat wave ended. Therefore, it is safe to say that ambient heat is not the
primary driver of ozone build-up as generally perceived.
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The summer of 2020 and 2021 have been unique due to pandemic lockdowns that drastically
reduced non-ozone pollution and also ozone precursors in the city that form ozone. Taking this into
account and considering that there were no major heat waves since 2019 in the city, the significant
increase in number of days with exceedance at six or more stations in 2020 and 2021 is a major
concern. It shows that ozone build-up in the city is happening at higher frequency with a wider
geographical spread even with considerably lower supply of anthropogenic and environmental
ingredients perceived to be necessary for ozone generation.

Daily levels vary widely cross the city
The ozone level can vary dramatically within the city on any given day. This needs to be tracked on a daily
basis.

lllustratively, on 27 April, 2021 Delhi saw high variation between locations +the difference could be as high
as 150 pg/m3 (See Map 1: Spatial variation in ozone pollution a given day). On this day while the areas
adjoining Yamuna, Lyuten § Delhi and west Delhi showed low ozone levels, the levels in south, central, and
north Delhi recorded substantially higher levels. South-east Delhi had the highest levels that day. While
some locations regularly appear as high ozone pollution zone in the city with high levels and prolonged
duration, several other locations experience sporadic instances of exceedance.

Map 1: Spatial variation in ozone pollution a given day (27 April 2021)

Source: CSE analysis of CPCB real-time data
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Cluster of o zone hotspots in South Delhi and Lutyen Delhi

If looked at from the perspective of the number of days exceeding the standard in a year, south, central and
north Delhi along with Ghaziabad have recorded higher number of exceedance days. Comparatively the
number of days in East Delhi, Nodia, and West Delhi have recorded lesser number of days. (See Map 2:
Annual spatial variation in ozone pollution).

In South Delhi Dr KS Shooting Range (233 days), Sirifort (150 days), Nehru Nagar (174 days), and Sri
Aurobindo Marg (126 days) have more than 120 exceedance days during 2020. They make up four of the
top 5 most polluted spots within Delhi. In Lyuten § Delhi JNL Stadium (116 days) and National Stadium (82
days) have relatively high numbers of exceedance days as well. Both have recorded over 80 days of
exceedance in 2020. North, East and West Delhi also have few stations recording high exceedance (Sonia
Vihar in east Delhi had 142 days of exceedance) but these are not closely clustered as seen in South Delhi-
Luyten Delhi region.

Map 2: Annual spati al variation in ozone pollution

Source: CSE analysis of CPCB real-time data
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Ground -level ozone is a year -round problem

This analysis has also bust the myth that ozone is only a summer problem and is not a concern during
colder months. It has come as a surprise how the number of days exceeding the standards across stations
are well distributed across the months and seasons. Days breaching the 8-hr standard is happening
throughout the year despite varying weather conditions. As the formation of ozone is highly dependent on
the local atmospheric chemistry the levels vary widely across the city. It may be more helpful to understand
the seasonal pattern of exceedance across monitoring locations. It has been found that there can be days
when even with fewer stations exceeding the standards, the city average can be higher than days when
more stations across the city exceed the standards. It is necessary to understand this daily spatial spread
as the local health impacts can be higher.

This analysis has captured nature and level of exceedance in different parts of the city while also noting the
city average level. Moreover, there is another limitation with regard to computing city average and peak
levels. As mentioned earlier, currently, in the CPCB portal ozone levels above 200 pg/m?3is not recorded.
This capping does not allow estimation of peak levels and real world maximum averages for cities. When
levels breach the standard in any monitoring location the levels reach nearly the same maximum 8-hr ozone
levels. This is certainly a side-effect of capping of maximum value reported by CPCB. Thus, the capping
stunts the reported peak level as 8-hr average cannot EUH D F K . J P

Ozone is a problem of all seasons  teven winter and monsoon

The stunning aspect of the ozone phenomenon is that this problem of ozone that is normally treated as a
sunny summer problem, is evidently a concern even during the winter. This has not been adequately
tracked and studied to inform policy. This analysis has found unsafe ozone levels during winter and
especially during smog episode making the smog more toxic. (See Graph 5: Ozone pollution is growing in
monsoon and winter).

Graph 5: Ozone pollution is growing in monsoon and winter

Source: CSE analysis of CPCB real-time data

Most of the shift in annual number are due to uncharacteristic increase in ozone during monsoon and winter.
Winter of 2020-21 shows a dramatic 84 per cent increase in number of days with six or more stations
exceeding the standard. In fact, there is a 32 per cent increase in number of days when more than 10
stations exceeded the standard during 2020-21 winter compared to previous two winters (See Graph 6:
Seasonal break-up of annual exceedance by number of stations: a) Summer, b) Monsoon, c) Winter).

In comparison, summer data looks quite stable over years. 2021 summer has had 90 days with six or more
stations exceeding the standard, which is identical to 2019 summer and 10 days more than 2020 summer.
This is despite the fact 2021 summer was one of the mildest in recent years with no severe heat waves
reported.

This shift in seasonal pattern is worrying given the fact that monsoon and the foggy-smoggy winters of Delhi
that are characterized by low sunshine are not expected to be conducive for ozone formation. This means
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the strategy for combating ozone in the city would have to be reworked and start looking beyond summer
action plan.

Monsoon data is another shocker. 2020 monsoon saw 140 per cent more days with six or more stations
exceeding the standard compared to 2019 monsoon. If looked from the perspective from days when no
exceedance was recorded in the city, 2020 monsoon had only 36 such days, while the number for 2019
monsoon was 45 days and for 2018 monsoon 60 days.

Graph 6: Seasonal break -up of annual exceedance by number of stations:
Summer Monsoon Winter

Note: Break-up of city level exceedance is based on number of stations in the city exceeding the 8-hr ozone standard on a
particular day. Summer is considered from March to June, monsoon from July to September, and winter from October to
February.

Source: CSE analysis of CPCB real-time data

Ozone during winter smog episodes

How ozone behaves during the winter smog episode is still the least understood phenomenon. To
understand this, data on Ozone, PM2s and NO: levels in RK Puram were analysed for the smog season of
2020. It is a matter of concern that ozone has remained high throughout the winter smog season. There is
minor drop noted on the peak smog day when the solar radiation was considerably lower, but as soon as
the wind improved and removed PM:s, ozone levels spiked up. During these few days, even high level of
NO: in the air did not seem to have considerable impact on reducing ozone levels (See Graph 7: Winter
Smog and ozone relationship).

This shows how dangerously elevated levels of ozone and NO2 remain masked by the big build-up of PM2s
levels and fails to draw public and policy attention. This neglect can increase health risk. Elevated level of
ozone and NO2 makes the smog more toxic. Further, ozone builds up again after thinning of the smog
episode means that the toxic treat persists during winter.

Graph 7: Wint er smog and ozone relationship (RK Puram, 15 Oct +30 Nov 2020)

Source: CSE analysis of CPCB real-time data
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Meteorology aids in ozone formation both during summer and winter

It is now well understood that sunshine plays a critical role in triggering photochemical reaction between
gases to form ozone and it is typically expected that ozone is a bigger problem in summer. But the problem
seems to be quite uniformly spread across seasons. To understand this phenomenon, ozone data from two
stations RK Puram and Sirifort were correlated with solar radiation, temperature, and NOz to understand
spatial differences and difference between summer and winter. It was noted that hourly peak ozone level
in the day perfectly corresponds with the peak solar radiation but it is not proportional. Quantum of ozone
generated at 600-700 W/mt? of solar radiation during summer was identical to ozone generated at 100-300
W/mt? of solar radiation during winter. However, temperature does not seem to have as much impact on
increasing the concentration. But night time ozone seems to have some relationship with higher night-time
temperature. This needs to be further investigated. Similarly, NO2 and ozone that has a very strong negative
relationship during summer somewhat weakens during winter. Winter ozone has a much defined diurnal
cycle compared to summer. This can also be further investigated.

In RK Puram, the rolling 8hr average remained above the standard for significant 31 hours between 5t and
6t of May, 2021 (See Graph 8: Trend in hourly ozone pollution at RK Puram). Drop in ozone level during
evening rush hours was noted but levels rapidly build-up post 10-11 PM indicating presence of low level
inversion in the neighbourhood. Similar summer trend was noted at Sirifort (See Graph 9: Trend in hourly
ozone pollution at Sirifort).

Graph 8: Trend in hourly ozone pollution at RK Puram
i) Summer (5 -10 May 2021) i) Winter (23 -29 Oct 2020)

Source: CSE analysis of CPCB real-time data

Graph 9: Trend in hourly ozone pollution a t Sirifort
i) Summer (5-10 May 2021) ii) Winter (23 -29 Oct 2020)

Source: CSE analysis of CPCB real-time data
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Pandemic effect +ozone problem persisted and duration of ozone exceedance also increased
Ozone behaved very differently from other pollutants during the lockdown phases. While particulate and
NOx levels dropped quite significantly and predictably, ozone levels recorded high levels in several
locations. During the pandemic year of 2020, days recording exceedance was also noted during monsoon
months.

Also the duration of high elevated levels for number of hours increased during the lockdown phases. For
instance, the stations noting exceedance of the 8-hr ozone standard during the summer of 2019 recorded
continuous elevation for about 5.3 hours during the day. But this duration jumped by 20 per cent during the
2020 summer lockdown due to the pandemic. This increase in duration of elevated levels was also noted
during monsoon and winter that followed in 2020 (See Graph 10: Average duration (in hours) of ozone
standard exceedance in a day).

This needs to be studied further in terms of how the ratio between NOx and VOC level behaved during
these phases to understand the deeper pattern that contributed to ozone formation. It is also quite possible
that with lower day time and night time NOx during this period (largely owing to reduced traffic) ozone had
less chance of further reacting to get mopped up. This might have slowed down the breaking process of
ozone leading to longer duration and elevation of heightened levels.

Graph 10: Average duration (in hours) of ozone standard exceedance in a day

Source: CSE analysis of CPCB real-time data

It is also notable that even though the regular ozone hotspots in the city registered prolonged duration of
elevated levels, several locations that otherwise recorded sporadic instances of exceedance before the
pandemic, did not experience any exceedance during the pandemic. For example, DU North Campus, Aya
Nagar, and Patparganj which had registered a 6-10 days of exceedance in summer of 2019 have not
registered a single day with exceedance during the summer of 2020 and 2021.

But there are also places that were not noted as ozone hotspots before the pandemic but registered
significant number of days with exceedances during the pandemic. Ananda Vihar is most striking among
such places. It had less than 5 days of exceedances during previous two summers (2018 and 2019) but
during the pandemic summer it registered 49 days of exceedances. It highlights the volatile nature of ozone
formation and build-up which is aided by calm environmental conditions which was made available by
lockdowns.

Night time ozone higher during pandemic lockdown and night curfews

Ozone generally disintegrates in the atmosphere after sunset as in the absence of sunlight NOx in the air
attacks and neutralizes it. But as evident from the data, elevated ozone level has been noticed during night
time. International scientific literature has also noted this phenomenon in other countries stating that this is
connected with persisting low level inversions, under which the photochemically generated ozone is trapped
during the day. With the gradual setting in of inversion towards the evening and reduced traffic, ozone levels
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rise, remaining above standard even after midnight. This uncommon phenomena seems to have become
common-place in Delhi during the pandemic when number of day with high night time levels have breached
J P after 10PM (See Graph 11: Night time ozone in Delhi).

Hourly ozone level were found to be in excess R J3Beyond 10PM at 18 Delhi stations during the
Pandemic summer of 2020. These stations on an average registered this unusually high levels on 19-20
nights during the summer. Dr Karni Singh Shooting Range with 54 nights was the most affected with
nighttime ozone, followed by Sirifort (44 nights) and Nehru Nagar (34 nights). Numbers are relatively lower
this summer.

Graph 11: Night time ozone pollution in Delhi
Average number of days with high night time ozone ! J PBafter 10PM) in Delhi

Source: CSE analysis of CPCB real-time data

Ozone pollution in  major NCR cities

Ozone is also an emerging problem in the NCR. After Delhi, Faridabad is next on the list with the station at
Sector 16A recording 152 days of exceedance during 2020. There is considerable spatial variation among
Faridabad stations. Station at New Industrial Town recorded just three instances of exceedance in 2020,
two of which happened during winter. Stations at Gurugram and Ghaziabad also have very high number of
days exceeding the standard. There are more exceedances recorded during summer than winter among
Ghaziabad stations.

All stations in Ghaziabad have very high exceedances while Gurugram is more like neighbouring Faridabad
with considerable spatial variation among its stations. Vikas Sadan with 139 days of exceedance was the
most polluted part of the city while Terigram recorded just 35 days of exceedances (mostly during winter).
Noida has shown the least number of days with exceedance among the big four cities in NCR, with three
of its four of its stations recording less than 20 days of exceedance in 2020. Neighbouring Greater Noida
has considerably higher number of exceedances, with majority happening during winters. (See Annexure
1: Number of days that exceeded the 8-hourly ozone standard in different locations of Delhi and NCR).

Top twenty locations in Delhi and NCR with higher number of days with exceedance shows o zone
is also a small town problem

When cities and towns in Delhi and NCR are ranked in terms of number of days exceeding the standards,
even smaller towns of NCR including Bulandshahr in Uttar Pradesh and Bhiwani in Haryana are next on
the list of ozone afflicted towns and cities. Dr Karni Singh Shooting Range, Bulandshahr, and Nehru Nagar
were the most polluted spots in Delhi-NCR in 2020. Bulandshahr at second spot is shockingly as smaller
cities are usually not seen as ozone hotspots. Bhiwani, HR is another small town that makes the list at 11t
spot, and its 2021 data so far is indicating it might move up the list this year. Stations from Gurugram,
Ghaziabad and Faridabad also feature among the top 10 (See Table 1: Top 20 locations with highest ozone
pollution in NCR).
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However, the small towns have only one monitoring station which is not adequate to capture the spatial
variation and its location may also not be optimum for capturing ozone pollution as it is highly localized.
Inadequate data reaffirms the fact that there is no room for complacency.

Table 1: Top 20 loca tions with highest ozone pollution in NCR

1 Dr KS Shooting Range, DL 233 135
2 Bulandshahr, UP 214 119
3 Nehru Nagar, DL 174 120
4 Sector 16A, Faridabad, HR 152 94
5 Sirifort, DL 150 119
6 Sonia Vihar, DL 142 57
7 Vikas Sadan, Gurugram, HR 139 19
8 Indirapuram, Ghaziabad, UP 129 83
9 Sri Aurobindo Marg, DL 126 134
10 DTU, DL 122 17
11 Bhiwani, HR 120 93
12 JLN Stadium, DL 116 33
13 Sector 51, Gurugram, HR 110 9
14 Jai Bhim Nagar, Meerut, UP 106 44
15 Knowledge Park Ill, Greater Noida, UP 104 38
16 Sector 1, Noida, UP 103 9
17 Dwarka Sector 8, DL 102 4
18 Bawana, DL 100 2
19 Knowledge Park V, Greater Noida, UP 89 50
20 RK Puram, DL 87 90
Note: Ranks are based on number of exceedance days recorded in 2020. Data for 2021 is up till 18 July, and is meant to provide
information about current year but has not been used for ranking calculation. Many locations lower in this list have recorded
exceptionally high rate of exceedances in 2021 compared to 2020 and are thus highlighted in yellow.

Source: CSE analysis of CPCB real-time data

Daily trend and Air Quality In dex bulletin must capture the intensity and spread of ozone pollution

across locations

The analysis has shown that the current method of spatial averaging of ozone for city-wide averages for

computing city-wide trend and AQI may not effectively capture the most polluted part of the day and

therefore the magnitude of the danger. Nature of ozone pollution is such that at any given day only a fraction

Rl FLW\fV PRQLWRULQJ VWDWLRQV ZRXOG H[FHHG WKH VWDQGDUG %\ D
severity of the localized impact of zone pollution gets masked.

Further, the CPCB AQI bulletin considers only an 8 AM-4 PM concentration average of ozone to compute

and compare with the eight-hour standard. But this analysis shows that this approach is not correct as it

may fail to include the hours with higher elevation. Ozone concentration generally peaks in the late

afternoon in Delhi and the usual peak hour is either 4-5 PM or 5-6 PM during summer. Therefore, exclusively

using 8 AM-4 PM averages leaves out the most polluted hours from the calculations. For instance, on July

16, 2021, the eight-hour average for RK Puram for8 AM- 30 VW RRG D Wjust belo® the standard.

But the eight-hour average for 10 AM- 30 URVH WR 3, above fhe standard. In fact, data shows that
eventhe 4 PM-PLGQLJKW DYHUDJH FDQ H[FHHG WKH VWDQGDUG VRPHWKLQJ &
to inform.

This approach has to change. For instance, the USEPA uses maximum 8-hr value recorded in a day to

report daily AQI. The AQI is also station based. They do not do spatial averaging. Additionally, they also do

real time AQI release under their AirNow program which is updated every hour for ozone.! Moreover,

86(3%$7V $4, UHODWHG KHDOWK ZDUQLQJVichidteHmagér! IHAddh®QgVthe [R@Q H DQG SI
pollutant of the day the warning will be more explicit as ozone is sensitive for more vulnerable groups.

L USEPA 2018, Technical Assistance Document for the Reporting of Daily Air Quality *the Air Quality Index (AQI).
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Need urgent response

Address health risk from ozone in national  clean air programme and in comprehensive clean air
action plan for Delhi NCR: This analysis has exposed that ground level ozone is emerging as a serious
health risk in the region. This highly reactive gas has serious health consequences for those suffering from
respiratory conditions and asthma. This needs refined action to reduce the risk.

Refine the comprehensive clean air action plan to include ozone mitigation strategies : The
comprehensive clean air action plan as well as graded response action plan that are being currently
implemented in Delhi and NCR need to be recalibrated to reduce the key precursor gases =*particularly
NOx and VOCs that come entirely from the combustion sources. Their changing ratio and local atmospheric
conditions need to be assessed to control and prevent ozone risk. Specific action is needed to control gases
from combustion sources. If action plan focuses only on controlling particulate pollution, ozone can grow
as a bigger threat that will be difficult to undo. Over emphasis on dust control to reduce particulate matter
and other particulate related action may increase the ozone problem. This demands integrated reduction
strategy for both the pollutants.

Take strong action on high emitter s of NOx and VOCs z*vehicles and industry : The recent source
inventory studies in Delhi have shown that the transport sector is the highest contributor of NOx and VOCs
in Delhi followed by industry and other sources. The SAFAR emission inventory of 2018 shows that
transport is responsible for 62.5 per cent of NOx load and industry 24 per cent. In the case of VOCs
transport is responsible for as much as 90.4 per cent followed by industry at 9 per cent. Similarly, the ARAI-
TERI inventory that has considered more pollution sources indicate that transport is responsible for 81.4
per cent of NOx load followed by power plant at 7.2 per cent. For VOCs transport is responsible for 80.1
per cent followed by solvents at 13.4 per cent. Other contributors are waste burning. This demands
immediate refinement of measures to target vehicles, transport and industrial sources in Delhi. Over
emphasis on dust control for particulate pollution can detract attention from the more toxic sources.

While scaling up public transport and vehicle electrification, also restrain vehicle numbers with parking
policy and pricing, congestion pricing and road design to promote walking cycling and use of public
transport. Industrial sector will require massive scaling up of clean fuels and control of dirty fuels especially
small scale units and strong controls on stack emissions. Also strengthen municipal systems for
decentralised systems for waste segregation, material recovery and reuse and move towards zero landfill
target.

Include ozone in winter smog mitigation plan: It is deeply worrying that the ozone levels have been
found to be exceeding the mark of 100 J Pduring both summer and winter and is highly sensitive to solar
radiation. In fact, not only the number of days exceeding the standard in different locations during winter is
high, it also spikes after the dimming effect of particulate matter is reduced after dissipation of the smog
episodes. Both NOx and VOCs will have to be effectively reduced to tame ozone. Also, the other benefit of
reducing gases includes reduction of particulate concentration as these gases also form secondary
particulate and contribute towards increase in particulate concentration. The [IT Kanpur source
apportionment study has shown that secondary particulate can be as high as 25 per cent of the particulate
concentration during the winter in Delhi.

Refine the approach to ozone trend analysis and AQI reporting to provide ozone appropriate
advisory on days when ozone is the lead pollutant : As ozone is a very harmful gas it is important to
calibrate AQI to report the most polluted 8 hr average of the day, ideally making it an hourly alert. Also the
current practice of only city averaging needs to change to include alerts based on the worst affected area
as is the global good practice. Moreover, any capping of data needs to be avoided for real time reporting
to enable assessment of peak levels and health risk in the city. Capping can hamper assessment of both
hourly trend and 8 hourly trend, as ozone standards are set for one hour (180 J P) average and 8 hour
average (100 J P). Such short term standards are needed to reduce the health risk from this extremely
reactive and harmful gas.
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Annexure 1: Number of days that exceeded the 8 -hourly ozone standard in different locations of
Delhi and NCR (2020 and 2021)

2020 exceedanc e Seasonal exceedance days*

) days 2021 2020-21 2020 2020
Station name summer winter monsoon summer
Dr KS Shooting Range, DL 233 103 87 43 105
Sirifort, DL 150 84 96 16 70
Nehru Nagar, DL 174 94 69 26 87
Sri Aurobindo Marg, DL 126 100 54 0 72
RK Puram, DL 87 83 56 14 20
Punjabi Bagh, DL 19 88 44 0 0
Sonia Vihar, DL 142 52 59 16 46
Ashok Vihar, DL 43 67 40 0 8
Najafgarh, DL 74 13 82 0 6
Narela, DL 87 49 39 0 43
Alipur, DL 58 45 32 0 27
JLN Stadium, DL 116 25 33 15 61
National Stadium, DL 82 3 34 26 26
Mundka, DL 78 23 28 0 39
Dwarka Sector 8, DL 102 2 36 10 56
DTU, DL 122 17 15 15 85
Jahangirpuri, DL 27 22 25 0 2
Okhla Phase 2, DL 18 27 9 7 1
East Arjun Nagar, DL 19 1 38 0 0
Bawana, DL 100 2 16 4 70
Anand Vihar, DL 64 6 2 13 49
Pusa DPCC, DL 35 11 0 4 29
IGI Airport T3, DL 5 0 3 2 0
Pusa IMD, DL 4 0 3 1 0
Shadipur, DL 22 3 0 0 22
Rohini, DL 0 3 0 0 0
Wagzirpur, DL 3 0 3 0 2
CRRI Mathura Road, DL 1 1 0 1 0
NSIT Dwarka, DL 34 1 1 0 33
Lodhi Road IMD, DL 2 0 0 2 0
Mandir Marg, DL 2 0 1 0 0
IHBAS Dilshad Garden, DL 0 0 0 0 0
ITO, DL 13 0 0 0 13
North Campus DU, DL 0 0 0 0 0
Aya Nagar, DL 0 0 0 0 0
Burari Crossing, DL 0 0 0 0 0
Chandni Chowk IITM, DL 0 0 0 0 0
Lodhi Road IITM, DL 0 0 0 0 0
Patparganj, DL 0 0 0 0 0
Vivek Vihar, DL 1 0 0 0 1

.- Hawyaa
Faridabad
Sector 16A, Faridabad, HR 152 82 32 24 77
New Industrial Town, Faridabad, HR 3 32 0 0 3
Sector 30, , Faridabad, HR 5 12 4 0 1
Sector 11, , Faridabad, HR 6 1 2 0 4
Gurugram
Gwal Pahari, Gurugram, HR 79 31 63 12 6
Vikas Sadan, Gurugram, HR 139 19 26 10 84
Sector 51, Gurugram, HR 110 9 8 9 93
TeriGram, Gurugram, HR 35 0 4 0 31
Other Haryana cities
Bhiwani, HR 120 77 82 14 23
Charkhi Dadri, HR 69 0 32 10 27
Bahadurgarh, HR 29 19 21 0 8
Manesar, HR 32 6 30 0 2
Ballabgarh, HR 37 1 0 31 6
Rohtak, HR 14 18 14 0 0
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Panipat, HR 46 0 28 0 17
Jind, HR 50 9 0 7 40
Karnal, HR 5 13 0 0 5
Dharuhera, HR 13 1 6 0 6
Mandikhera, HR 32 0 0 0 25
Narnaul, HR 0 0 0 0 0
Palwal, HR 0 0 0 0 0
Sonipat, HR 0 0 0 0 0
Ghaziabad
Indirapuram, Ghaziabad, UP 129 66 55 32 57
Vasundhara, Ghaziabad, UP 82 64 22 28 26
Sanjay Nagar, , Ghaziabad, UP 43 67 23 7 13
Loni, , Ghaziabad, UP 68 60 27 2 49
Greater Noida
Knowledge Park Ill, Greater Noida, UP | 104 30 62 7 37
Knowledge Park V, Greater Noida, UP 89 42 41 5 41
Meerut
Jaibhimnagar, Meerut, UP 106 36 63 9 26
Ganganagar, Meerut, UP 5 18 10 0 0
Pallavpuram, Meerut, UP 0 5 0 0 0
Noida
Sector 62, Noida, UP 19 24 2 0 16
Sector116, Noida, UP 6 18 7 1 1
Sector 1, Noida, UP 103 2 4 13 68
Sector 125, Noida, UP 1 0 1 0 0
Other UP cities
Bulandshahr , UP 214 92 80 16 93
Bagpat, UP 76 4 55 14 9
Hapur, UP 18 44 18 0 0
Muzaffarnagar, UP 0 0 0 0 0
Bhiwadi, RJ 7 4 4 0 2
Alwar, RJ 12 0 6 0 3

Note: Stations are arranged based geography and on any kind of ranking in this table.

* Seasonal data provided in the table will not add up to 2020 figure as 2020-21 winter includes data of Jan-Feb of 2021. Summer is
considered from March to June, monsoon from July to September, and winter from October to February.

Source: CSE analysis of CPCB real-time data
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Annexure: List of CAAQIMgtations used in the study

State City Station Name
1 Amaravati 1 Secretariat, AmaravatiAPPCB
1 | Andhra Pradesh 2 Rajamahendravaran 2 Anand Kala Kshetram, Rajamahendravars&&RPCB
3 Tirupati 3 Tirumala, Tirupati APPCB
4 Visakhapatnam 4 GVMCorporation, VisakhapathamnAPPCB
) 5 Railway Colony, GuwahathPCB
2 | Assam 5 Guwahati 6 Pan Bazaar, GuwahatAPCB
6 Gaya 7 Collectoratg, GayaBSPCB
8 SFTI Kusdihra, GayBSPCB
7 Hajipur 9 Industrial Area, HajipuwtBSPCB
8 Muzaffarpur 10 | Muzaffarpur Collectorate, MuzaffarpuBSPCB
11 | Buddha Colony, MuzaffarpuBSPCB
3 | Bihar 12 | IGSC Planetarium Complex, PatBSPCB
13 | Muradpur, Patha BSPCB
9 Patna 14 Safnanp‘ura, PatnaBSPCB
15 | Rajbansi Nagar, Patr8SPCB
16 | DRM Office Danapur, Patr8SPCB
17 Govt. High School Shikarpur, PatigSPCB
4 | Chandigarh 10 | Chandigarh 18 | Sector25, ChandigarhCPCC
19 | Alipur, Delhi DPCC
20 | Shadipur, DelhiCPCB
21 IHBAS, Dilshada@len, Delhi CPCB
22 NSIT Dwarka, DethCPCB
23 DTU, Delhi CPCB
24 ITO, Delhi CPCB
25 | Sirifort, Delhi CPCB
26 | Mandir Marg, Delhi DPCC
27 | Anand Vihar, DelhriDPCC
28 | R K Puram, DelhDPCC
29 | Punjabi Baly, Delhi- DPCC
30 | Aya Nagar, DelkilMD
31 | Lodhi Road, DelkilMD
32 | North Campus, DU, DethiMD
33 | Burari Crossing, DelhiMD
34 | CRRI Mathura Road, DeltiMD
35 | Pusa, DelhiIMD
36 IGI Airport (T3), DelkilMD
37 | East Arjun Nagar, DethCPCB
. . 38 | Ashok Vihar, DelRiDPCC
5 | Delni 11| Delhi 39 | Jawaharlal Nehru Stadium, DelfdPCC
40 | Nehru Nagar, DelhiDPCC
41 | DwarkaSector 8, DelhiDPCC
42 | Dr. Karni Singh Shooting Range, Dl#*CC
43 Patparganj, Delhi DPCC
44 Sonia Vihar, DelRiDPCC
45 | Jahangirpuri, DelhiDPCC
46 | Rohini, Delhi DPCC
47 | Najafgarh, DelhiDPCC
48 | Vivek Vihar, DelhiDPCC
49 | Major Dhyan Chand National Stadium, DelbPCC
50 | Narla, Delhi DPCC
51 | Okhla Phas®, Delhi- DPCC
52 Wazirpur, Delhi DPCC
53 | Bawana, DelhiDPCC
54 | Sri Aurobindo Marg, DelhDPCC
55 | Pusa, DelhiDPCC
56 | Mundka, Delhi DPCC
57 | Lodhi Road, DelRillTM
58 | Charni Chowk, DelhillTM
. 59 Maninagar, AhmedabadGPCB
6 | Guarat 12 | Ahmedabad 60 | Phases GIDC, VatvaGPCB
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13 | Ankleshwar 61 | GIDC, AnkleshwaiGPCB
14 | GandhiNagar 62 | Sectorl0, GandhinagarGPCB
15 | Vapi 63 | Phasel GIDC, VapiGPCB
16 | Ambala 64 Patti Mehar, AmbalaHSPCB
17 | Bahadurgarh 65 | Arya Nagar, BahadurgasiiSPCB
18 | Ballabgarh 66 | Nathu Colony, BallabgartHSPCB
19 Bhiwani 67 H.B. Colony, BhiwanHSPCB
20 Charkhi Dadri 68 Mini Secretariat, Charkhi DadiHSPCB
21 | Dharuhera 69 | Municipal Corporation Office, DharuherddSPCB
70 | Sector 16A, FaridabadHSPCB
22 Faridabad 71 New IndustriaI.Town, FaridabatHSPCB
72 Sector 11, FaridabadHSPCB
73 | Sector 30, FaridabacdHSPCB
23 | Fatehalad 74 | Huda Sector, FatehabatHSPCB
75 | Vikas Sadan, GurugrarhiSPCB
24 | Gurgaon 76 | NISE Gwal Pahari, GurugratviD
77 Sector51, Gurugram HSPCB
7 Hanena _ 78 | Teri Gram, GurugraﬁHSPCB
25 Hisar 79 Urban Estatdl, Hisar HSPCB
26 | Jind 80 | Police Lines, JintHSPCB
27 Kaithal 81 Rishi Nagar, KaithaHSPCB
28 | Karnal 82 | Sectorl2, Karnat HSPCB
29 | Kurukshetra 83 | Sector7, Kurukshetra HSPCB
30 | Mandikhera 84 | General Hospital, MandikherdHSPCB
31 Manesar 85 | Sector2 IMT, Manesar HSPCB
32 Narnaul 86 | Shastri Nagar, NarnauHSPCB
33 | Palwal 87 | Shyam Nagar, PalwaHSPCB
34 | Panchkula 88 | Sector6, PanchkulaHSPCB
35 Panipat 89 | Sectorl8, Panipat HSPCB
36 | Rohtak 90 | MD University, RohtakHSPCB
37 | Sirsa 91 | FBlock, SirsaHSPCB
38 | Sonipat 92 | Murthal, Sonipat HSPCB
39 | Yamunanagar 93 | Gobind Pura, Yamuna Nag&diSPCB
40 | Bagalkot 94 | Vidayagiri, BagalketKSPCB
95 | Sanegurava Halli, BengalurSPCB
96 | City Railwaytation, BengaluruKSPCB
97 | BWSSB Kadabesanahalli, Bengal@BCB
98 | Peenya, BengaluruCPCB
a1 Bangalore 99 BTM “Layout, BengalurCPCB
100 | Bapuji Nagar, BengaluriKSPCB
8 | Karnataka 101 | Silk Board, BengalurKSPCB
102 | Hebbal, BengaluruKSPCB
103 | Hombegowda Nagar, Bengalw{SPCB
104 | Jayanagar 5th Block, BengalukiSPCB
42 | Chikkaballarpur 105 | Chikkaballapur Rural, ChikkaballapgiSPCB
43 | Chikkamagaluru 106 | Kalyana Nagara, ChikkamagaluKSPCB
44 Hubballi 107 | Destpande Nagar, HubbalKSPCB
45 Mysuru 108 | Hebbal 1st Stage, MysurlKSPCB
46 | Vijayapura 109 | Ibrahimpur, VijayapuraK SPCB
110 | Udyogamandal, EloerKerala PCB
47 Kochi 111 | Kacheripady, ErnakulanKerala PCB
112 | Vyttila, Kocht Kerala PCB
48 Kannur 113 | Thavakkara, KannuiKerala PCB
9 Kerala 49 Kollam 114 | Polayathode, KollamKerala PCB
50 Kozhikode 115 | Palayam, KozhikodeKerala PCB
51 | Thiruvananthapuram 116 Plammoodu, Thiruvananthapuramﬁerala PCB
117 | Kariavattan, ThiruvananthapuramKerala PCB
52 | Thrissur 118 | Corporation Ground, Thrissukerala PCB
53 Bhopal 119 | T T Nagar, BhopaMPPCB
54 Damoh 120 | Shrivastav Colony, DameMPPCB
55 | Dewas 121 | Bhopal Chauraha, Dewa®PPCB
10 | Madhya Prades 56 | Gwalior 122 | City Center, GwaliocrMPPCB
123 | Phool Bagh, GwalietMondelez Ind. Food
57 Indore 124 | Chhoti Gwaltoli, IndoreMPPCB
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58 | Jabalpur 125 | Marhatal, Jabalpur MPPCB
59 | Katni 126 | Gole Bazar, KatrMPPCB
60 Maihar 127 | Sahilara, Mihar- KJS Cements
61 Mandideep 128 | SectorD Industrial Area, MandideefMPPCB
62 | Pithampur 129 | Sector2 Industrial Area, PithampuiMPPCB
63 | Ratlam 130 | Shasthri Nagar, RatlaniPCA Lab
64 Sagar 131 | Deen Dayal Nagar, SagafiPPCB
65 | Saha 132 | Bandhavgar Colony, SatnBirla Cement
66 | Singrauli 133 | Vindhyachal STPS, SingraMiPPCB
67 | Ujjain 134 | Mahakaleshwar Temple, UjjaitMPPCB
68 | Aurangabad 135 | More Chowk Waluj, Aurangaba®dPCB
136 | Chandrapr, Chandrapur MPCB
69 | Chandrapur 137 | MIDC Khutala, ChandrapuMPCB
70 | Kalyan 138 | Khadakpada, KalyartMPCB
139 | Bandra, Mumbai MPCB
140 | Chhatrapati Shivaji Intl. Airport (T2), MumbMPCB
141 | Powai, Mumbai MPCB
142 | Vasai Wets Mumbai- MPCB
143 | Vile Parle West, MumbaiMPCB
144 | Kurla, Mumbai MPCB
145 | Worli, Mumbai- MPCB
146 | Borivali East, MumbaiMPCB
147 | Sion, Mumbai MPCB
148 | Colaba, Mumbai MPCB
71 Mumbai 149 | Mazgaon, Mumbai lITM
150 | Bandra Kurla Complex, MumbdlTM
151 | Borivali East, MumbaillTM
152 | Deonar, Mumbai [ITM
153 | Malad West, Mumbai lITM
11 | Maharashtra 154 | Navy NagaColaba, Mumbai lITM
155 | ChakalaAndheri East, MumbaillTM
156 | KhindipadaBhandup Vést, Mumbat IITM
157 | Kandivali East, MumbaMPCB
158 | Mulund West, Mumbai MPCB
159 | Siddharth Nagaworli, Mumbai- IITM
72 | Nashik 160 | Gangapur Road, NashiMPCB
161 | Airoli, Navi Mumbai MPCB
. . 162 | Nerul, NavMumbai- MPCB
73 | Navi Mumbai 163 | Mahape, Navi MumbaiMPCB
164 | Sector19A Nerul, Navi MumbaillTM
165 | Karve Road, PuneMIiPCB
166 | Bhosari, PunellTM
167 | Mhada Colony, PundlTM
74 Pune 168 | Revenue Colonghivgjinagar, PundITM
169 | Transport NagaNigdi, Pune IITM
170 | Alandi, Pune lITM
171 | Hadapsar, PunellTM
172 | MIT-Kothrud, Pune IITM
12 | Meghalaya 75 | Shillong 173 | Lumpyngngad, ShillondMeghalaya PCB
13 | Mizoram 76 | Aizawl 174 | Sikulpuikawn, AizawlMizoramPCB
14 | Nagaland 77 Kohima 175 | PWD Juction, Kohima\PCB
15 | Odisha 78 Brajrajnagar 176 | GM Office, BrajrajnagaitOSPCB
79 | Talcher 177 | Talcher Coalfields, TalcheDSPCB
80 | Amritsar 178 | Golden Temple, AmritsaPPCB
81 Bathinda 179 | Hardev Nagar, BathindaPPCB
82 | Jalandhar 180 | Civil Line, JalandhaPPCB
16 | Punjab 83 Khanna 181 | Kalal Majra, KhannaPPCB
84 Ludhiana 182 | Punjab Agricultural University, LudhianaPCB
85 Mandigobindgarh 183 | RIMT University, Mandi GobindgarRPCB
86 | Patiala 184 | Model Town, PatialaPPCB
87 Rupnagar 185 | Ratanpura, RupnagaiAmbuja Cements
88 | Ajmer 186 | Civil Lines, AimeRSPCB
17 | Rajasthan 89 | Alwar 187 | Moti Doongri, Alwar RSPCB
90 | Bhiwadi 188 | RIICO Ind. Area Ill, BhiwadRSPCB

148



Centre for Science and Environment Analysis

91

Jaipur

189

Shastri Nagar, JaipuRSPCB

190

Adarsh Nagar, JaipuRSPCB

191

Police Commissionerate, JaiplRSPCB

92

Jodhpur

192

Collectorate, JodhpuwrRSPCB

93

Kota

193

Shrinath Puram, KotaRSPCB

94

Pali

194

Indira Colony VistaiPali- RSPCB

95

Udaipur

195

Ashok Nagar, UdaipuyRSPCB

18

Tamil Nadu

96

Chennai

196

Manali, Chennai CPCB

197

Velachery Res. Area, Chenn@PCB

198

Alandur Bus Depot, ChennaCPCB

199

Manali Village, Chennallf NPCB

200

Kodungaiyur, ChennaiTNPCB

201

Royapuram, ChennalfNPCB

202

Arumbakkam, ChennaiflNPCB

203

Perungudi, ChennaiTNPCB

19

Telangana

97

Hyderabad

204

Central University, Hyderabad SPCB

205

ICRISAT Patancheru, Hyderaba&PCB

206

Bollaram Industrial Area, Hyderaba@SPCB

207

IDA Pashamylaram, HyderabatiSPCB

208

Zoo Park, Hyderabadl SPCB

209

Sanathnagar, Hyderabad SPCB

20

Tripura

98

Agartala

210

Kunjaban, AgartalaTripura SPCB

21

Uttar Pradesh

99

Agra

211

Sanjay Palace, Agr&JPPCB

100

Baghpat

212

New Collectorate, Baghpat/PPCB

101

Bulandshahr

213

Yamunapuram, Bulandshaht PPCB

102

Ghaziabad

214

Vasundhara, GhaziabadlPPCB

215

Indirapuram, GhaziabadJPPCB

216

Loni, Ghaziadd - UPPCB

217

Sanjay Nagar, GhaziabadPPCB

103

Greater Noida

218

Knowledge Parklll, Greater NoidaUPPCB

219

Knowledge ParkV, Greater NoidaUPPCB

104

Hapur

220

Anand Vihar, HapurtUPPCB

105

Kanpur

221

Nehru Nagar, KanputUPPCB

222

IITK, Kanpw lITK

106

Lucknow

223

Talkatora District Industries Center, Luckno@GPCB

224

Central School, LucknowCPCB

225

Lalbagh, LucknowCPCB

226

Nishant Ganj, LucknowJPPCB

227

Gomti Nagar, LucknowJPPCB

107

Meerut

228

Jai Bhim Nagar, MeerutJPPCB

229

Ganga Nagar, MeerutUPPCB

230

Pallavpuram Phase 2, Meerut/ PPCB

108

Muradabad

231

Lajpat Nagar, MoradabadJPPCB

109

Muzaffarnagar

232

New Mandi, MuzaffarnagartUPPCB

110

Noida

233

Sector- 62, Noida- IMD

234

Sector- 125, Noida UPPCB

235

Sectorl, Noida- UPPCB

236

Sector116, Noidaa UPPCB

111

Varanasi

237

Ardhali Bazar, VaranasuyPPCB

22

West Bengal

112

Asansol

238

Asansol Court Area, AsanstVBPCB

113

Howrah

239

Ghusuri, Howrah WBPCB

240

Padmapukur, HowrahWBPCB

241

Belur Math, Howrah WBPCB

114

Kolkata

242

Rabindra Bharati University, Kolkat&/BPCB

243

Victoria, Kolkata WBPCB

244

Fort William, KolkataWBPCB

245

Jadavpur, KolkataWBPCB

246

Rabindra Sarobar, Kolkat&VBPCB

247

Ballygunge, KolkataWBPCB

248

Bidhannagar, KolkataWBPCB

115

Siliguri

249

Ward-32 Bapupara, SiligurtWBPCB
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