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What Scientific Processes Control Air

Quality ?

1. Local Emissions

- (Sources-26 and counting)

2. Local Weather

F (T, H, wWs, WD, BL, RF)

3. Transport

- (LR to SR: Distant weather)
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SAFAR-India (10 AQMS and 20 AWS at Each City)
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TECHNOLOGY FRAMEWORK OF SAFAR

Modeling

52, GPRS
PARAMETERS: JM SCIENTIST
e PM10 Model Data 5
. PM2.5 DRSS |
. PM1 . |
* Ozone
* NOx :
* BTX
* Weather

SAFAR-
COMMUNICATION

SYSTEM DEVELOEPD BY
InT™m

AIR QUALITY INFORMATION FOR PUBLIC WITH HEALTH ADVISORIES
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SAFAR BENEFICIARIES

Commeon public, Mitigation

strategist, Researcher, Academician, Civic
authorities, Disaster Management, Health
Professionals, and Farmers.

SCIENCE & RESEARCH

Research based understanding of linkages
among emissions, weather, pollution and
Human Health leading to a Developing
framework of Decision Support System
for socio-economic benefits.
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SAFAR-FORECASTING MODEL FRAMEWORK

Real Time AQMS and AWS
Network Data

Real Time Satellite Data Forecasted -MACC-Chemical Forecasted -NCMRWE-
-A55|m|Iat|on IC & BC GFS-Met IC&BC

(macc
mmm_

MACC-II -

Stubble Bio-Mass Burning
Emission Products-SAFAR..

High Resolution Emission
Scenario —Regional-2018

Total PM2.5 Emission for Delhi-NCT Region 2015
(At 1.6Tkm Resolution)

Tml PMIE Emission
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Possible airsheds within India defined by possible dominant source

Airsheds
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SOUTH INDIA

MAPAN- Bangalore Station 2016 - PM2.5 MAPAN- Chennai Station 2016 - PM2.5

0% Moderate

10%

Moderate

% 10%

MAPAN-Vishakapatnam Station 2016 -
PM2.5

MAPAN-Trivendrum Station 2016 - PM2.5

Moderate
10%

Moderate
11%

MAPAN- Hyderabad Station 2016 - PM2.5

Severe



EAST INDIA

MAPAN- Aizwal MAPAN- Gwahati Station 2016 - PM2.5
Station 2016 - PM2.5

Moderate
20%

MAPAN-Tezpur Station 2016 - PM2.5

.Very Poor
L 3%




NORTH-WEST INDIA

MAPAN- Srinagar Station 2016 - PM2.5 MAPAN-Patiala Station 2016 - PM2.5

Severe
18% Very Poor
13% Very Poor 0 Moderate

31% 22%

Severe
3%

Moderate
13%

MAPAN-Udaipur Station 2016 - PM2.5 MAPAN- Jabalpur Station 2016 - PM2.5

Moderate Moderate
11% 10%




DELHI: ANNUAL PM2.5 TRENDS (2012-2018)

T
PM2.5 -TREND (ANNUAL AVG.) FOR DELHI: 2012 -2018 %%
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GUAGING THE TRENDS IN AIR QUALITY

[AQI -Scale]
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. Towards Better Air Quality ‘



DELHI ANNUAL (2012-18)

NUMBER OF DAYS (%)
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DELHI MONSOON (2012-18)

NUMBER OF DAYS (%)
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Issue ??

DELHI WINTER (2012-18)

NUMBER OF DAYS (%)
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Emission

DELHI SUMMER (2012_18) Control Meter?

NUMBER OF DAYS (%)

)]
o

ul
o
|

S
o
|

w
o
|

N
o
|

[T
o
1

o

AQl TRENDS OF PM2.5 (FMAM) )

—e—GOOD ~@~SATISFACTORY MODERATE =¢= POOR == VERY POOR =t= SEVERE

V 4 N\ V4 LY
‘,av \ . 8
<’ N /, DY b T
a : N °
(/ \ 7 . \\ °
Y N
o :, ‘----‘

2012 2013 2014 2015 2016 2017 2018

] 1 LI ! !




PM2.5 (ug/m3)

PM2.5 -Winter Months (2015-2019)
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THE BIG SMOG!!
AN UNUSUAL HAPPENING

WORST
AIR
y QUALITY
CRISIS
EVENT OF
ALL TIME

BUT SIGN
OF AIR

IS THERE
ANY

QUALITY

IMPROVMENT OTHER

FACTOR?




Understanding Severity of Pollution

T

W ‘ ‘ ‘ Discrete High Pollution -Alert

10 Oct. 210ct. 4Nov. 11Nov. 17 Nov. 7 Dec (7 Days in 3 months)

Emergency -DSS

November, 7-13 (7 Days in a row)



201 6 (25t October — 7t" November) -DELHI

BUILT-UP OF DEADLY °‘PM2.5°
“25th Oct 2016 DAT2 SET: PMZ5
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ANTI-CYCLONIC CIRCULATION AND CALM WIND VANTILATION

Mean wind speeds (m/s) (November 1-6) at about 1
km height (925mb) (NCEP/NCAR-Reanalysis)
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Because of the anti-cyclone was so
low, surface winds were very weak
and could not advect any local
pollutants outside with near zero
ventilation coefficient.

ANTI-CYCLON SO LOW

Normal Scenario:

Ac-circulation is art of winter circulations
and forms at ~“4km or more

Unusual (Oct’ last week —Nov’ 6):

* High pressure system formed at 1 km and
very deep m# |mpacted Lower atmosphere

* Air circulation coming down created a kind
of subsidence = Atmosphere became
very stable and prevented local convection

Week after 7t November:

* With local heating, convection took place
and air started to go-up and mix-up.




201 7 (7t November — 14t November) -DELHI

BUILT-UP OF DEADLY °'PM2.5°
Date ; 7—11-2017
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DELHI EMERGENCY EVENT -2017
LONG DISTANCE UPPER AIR TRASPORT

700

High Wind Speed @700hpa

Presure (hpa)

(7th— 14 November)

Stagnant Wind @1000hpa

Extre;me Air o 10
Nov17 Pollution Event Nov 17

Relative share of different sources in PM2.5 during peak day of AQE-2017

Dust Storm

40%

Stubble Burning

25%

Local Sources

35%




Development of Dynamic
Emission Inventory of Stubble Bio-

Mass and SAFAR Sensitivity Runs

to calculate % share during Kharif
Season of Oct-Nov’ 2018

SAFAR
\=



Spatial Hot Spots of Gridded PM2.5 Emission from Crop Residue

Burning Over Punjab in one single Winter Day (2018) N
(Date:16-11-2018)
lﬁn‘ s
Total PM2.5 Emission

= 0.71 Gg/day (Kharif Crops)
Total Emission= 42.82 Gg/per Kahrif Season

Emission in Kg/Grid/Day

A combination of INSAT-3D and
MODIS fire counts with Real field
incidences data, we identify the
actual stubble burn areas only and
filter out false signals.

Spatial Location of Crop-Residue Burning Area During Khariff Season (2018)
' ]

e

Total Geographécal Area:-501805q kom
) Tortal Cultivated Area : ~42000 S ki
.4 Crop-Residus Burning Area: ~8850 Sgkm

Punjab

Legend
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Spatial Hot Spots of Gridded PM2.5 Emission from Crop Residue
Burning Over Punjab-Haryana in one single Winter Day (2018) N
~ (Date:16-11-2018)

Total PM2.5 Emission
=1.15 Gg/day (Kharif Crops)
Total Emission= 68 Gg/per Kahrif Season

Punjab

Emission in Kg/Grid/Day
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10/10 17/10 24/10 31/10 7/11 14/11 21/11
DATE (dd/mm)

Take Away: Stubble burning almost remain continue with varying counts, there
are maximum fire counts on some days but Delhi air quality may not get affected

as it is based on sensitive combination of WS, WD, transport height at Stubble
site and local weather conditions.

28/11



PM2.5 CHEMICAL
SPECIATION (DELHI) TO
UNDERSTAND TOXICITY

(First Result in SAFAR)

METALS



EXPERIMENT

PM2.5 Sampling: Low volume sampler with Quartz /Teflon filters

Time period: (1) Daily two six hr samples in winter (Jan-Feb 2018) at 4
locations; (2) 18-24 hr in summer (May 2018) at 24 Locations
Methodology: Atomic Absorption spectrometer (elemental detection)

Marela

B vl Nl
&
Rarh e Boehini Morth
& &
'.":H“ Warih Last
P ' &
. » Eagh Shahdars
i JB i . Anand vinar
PusaMPL - - Central rn; )
. "ﬂb um! Mother dairy
s, EPCE- MEIT . .
13““ Eaut
Mirw Dl igin| road

e soe
Monitoring stations over Delhi region during Summer Campaign

ilﬁnm 1 amsn
e g Y O e
. ﬂﬂﬂﬂﬂ
Souts Laat ]
i Bauth T
'y SAFAR




Mass concentration in PM2.5 (%)

Metal: WINTER (Delhi)

24~ Delhi-Jan 2018
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Annual mean concentration (2017)
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Composition of particle plays a critical role in
Adverse Health Effect

PM2.5=120pg/m* PM2.5=150pg/m’
_ M@JT.MBAl =
Domain- 4 (1.67km) - | Domain- 4 (1.67 km)

Mumbai, at times, more toxic than Delhi

Mumbai: BC composition is more in PM2.5 as compared to Delhi



WORKING TOWARDS TRUE HEALTH
INDICATOR FOR SOCIETY

AQ-HEALTH INDEX (AQHI)
F (SIZE, VOLUME, TOXIN)

LEVEL OF POLLUTION
+ CHEMICAL CHARACTERIZATION



IMPACTS:

DALYs attributable to air pollution in India in 2017

DALYs-2017: AIR POLLUTION v/s TABACCO DALYs attributable to air pollution
in India in 2017
i .20
1000~ 817 I Lower respiratory infections [ Diabetes mellitus | s el iOTy e
9004 81 I Chronic obstructive pulmonary disease [ Lung cancer -
. [ Ischaemic heart disease [ Cataract
2 800- 667 [ Stroke Chronic obstructive 29-2%
% 700 T 574 g7 pulmonary disease
& g I I : .
S I Ischaemic heart disease | 23-8%
O 500+
S l
g 400+
Stroke 7-59
% 200- inle: o | Diabetes 6:9% |
" L8 o Lung cancer 1.8%
10 .07/0
| w2l mEN
Air pollution Tobacco use Cataract 1.5%
e
SAFAR
Balakrishnan, K., et al. (Gufran Beig, one of authors), The Lancet, Dec 2018. (Impact Factor = 53) \ _—



HIGH RESOLUTION (0.4 X 0.4 km?)
EMISSION INVENTORY of 8 POLLUTANTS

FOR DELHI + FRINGE AREAS$-2018

» NUMBER OF POLLUTANTS =8
PM,,, PM, ., NOx, CO, SOz, BC, OC, VOCs

> Number of Volunteer: 140

» Number of hours of effort by
Volunteers: ~39,500+ Hours

» Source Sectors covered: 26
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RELATIVE SOURCE SHARE AND GROWTH FROM 2010 TO 2018

SOURCE 2018 2010 Growth /Decline in
SECTORS Relative Share Relative Share 2018 wrt 2010 (%)
(70x65 km?) (%) |(70x65 km?) (%)

Transport 39.1 32.1 +40 (Increase)
Industry 22.3 17.3 +48 (Increase)
Power 3.1 3.0 +16 (Increase)
Residential 5.7 18.5 -64 (Decline)
Suspended 18.1 27.8 -26 (Decline)
Dust

Rest Others 11.7 1.3 Additional New

TOTAL (All Sectors) GROWTH in 2018 wrt 2010 (8 years) =




8 Tons of Biomass (Tudi) + 5 tons of Rubber is being used as fuel to
generate 1 lakh Bricks semi-ZIGZAG technology as compared to 10
tons coal for producing same number of bricks.




New Initiatives: SAFAR-Modelling
strategy for predicting air quality
PAN-India

Set-up of Dust Model (WRF-Chem) with different Dust Schemes for
large scale dust storm and transport to predict extreme events.

Improvement of existing SAFAR-forecasting system for better
predictability, particularly for air pollution emergencies (New
emissions, assimilated satellite-ground data, stubble
emission, boundary layer scheme) -CITY

A moderate resolution air quality forecasting set-up for Indian
Domain with 25x25 km? resolution and 2 nested domain set-up
(National High resolution Emissions, MAPAN-Network) -INDIA

Develop the coupled local-urban-regional modelling system (street
level modelling) for predicting high resolution concentrations of
PM, ., PM,,, NO, with source attribution ~ADMS -STREET (APHH)
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SAHAS
Safar Air Health Alert

“SAHAS engineers awareness driv§ d§c£l§gljulﬂic, Medicos and Executives paving

path to develop mitigation strategies for NEW India”




2. Public Awareness And Community Outreach

« AMC website updated with AQl and AIR Plan
* Information, education and communication (IEC) materials developed

* Media engaged on AQl and AIR plan
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3. Focused Activities For Vulnerable Groups:
School Flags Program

* Launched in June 2017

* SAFAR AQI data being communicated to schools daily — emails, WhatsApp
* |EC materials distributed to schools — more IECs to be designed

* QOver 90 schools participating already
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SCHEMATIC OF HIGH AND LOW AIR POLLUTION HOURS

_=
E SAFAR@MoES
------------------- PEAK HOURS ---—---c-cmommeee
(Avoid Outdoor)
g
3
s N\ BETTERHOURS -
[~ W
5 TIME

22:00 0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00

When the sun sets, additional heating and mixing stops, dooming everything in the lower atmosphere to stay
there through the night. On the Diwali day, this means ~8pm mixing will stops. If there is firework, smoke will
suddenly get trapped forcing overnight levels of particles and smoke in the air to make significantly higher than
they would be naturally, and are stuck that way until sunrise or breeze mixes it away. Highest polluted hours in
the night of 7-8 Nov will be "11PM to 4AM" -SAFAR-Advisory







Five Key SAHAS Components

Health-Based
AQl Warning
and
Interagency
Coordination

Mitigation
Pathways

Public
Awareness
through
Community
Outreach

Capacity
Building of
officials and
medical
professionals

Focused
Activities for
Vulnerable
Groups




Increase your Handprint !

Decrease your Footprint!
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