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Co-1 Maryam Golbazi NCAR FFRDC
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NCAR: National Center for Atmospheric Research; [ITM: Indian Institute of Tropical Meteorology
IMD: India Meteorological Department; WRI: World Resource Institute; WMO: World Meteorological Organization
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Delhi faces severe air pollution episodes every
winter

Indian Express 01.04.2015

DEATH BY BREATH AN EXPRESS INVESTIGATION- PART TWO

Leave Delhi

That'’s what doctors are prescribing to a record surge of patients
with serious respiratory ailments triggered by the city’s toxic air

WHAT NO ONE CHARTED: 300% JUMPIN
CASES ATAIIMS OPD, RESPIRATORY WARD

10,296

AGE /
Ho a /
ilments: Suffers from allergies, chronic cough and breathing difficulty . /
i ed to skip school often, needed 3 hospital visits this winter y
£

Sri Lanka cricketer Lakmal vomits on
field, Delhi may lose winter tests

. REUTERS NEW DELHI:, DECEMBER 05, 2017 11:47 IST

UPDATED: DECEMBER 05, 2017 19:13 IST
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Government (Ministry of Earth Sciences), India Initiatives

Air Quality Monitoring Network (Delhi-NCR) Air Quality Forecasts
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Delhi Air Quality Forecasting System
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Earth Observations, ¥
Models, and/or Technologies

APPLIED SCIENCES

MODIS Terra NRT Level 2 AOD Daily, latency: 3-hours Currently assimilated

MODIS Aqua NRT Level 2 AOD Daily, latency: 3-hours Currently assimilated

VIIRS NRT Level 2 AOD Daily, latency: 3-hours Assimilation under testing

TROPOMI NRT Level 2 CO Daily, latency: 3-hours To be assimilated

Surface observations PM2.5 and PM10o Hourly; latency: 1-hour NRT evaluation and
assimilation in 400 m
domain

WRF-Chem Air quality simulations | Daily, 72-h forecasts Operational air quality
model
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Improvements in daily average PM, - Forecasts
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[Kumar et al., 2020]
NCAR

UCAR Enhancing air quality decision-making activity in India E-mail: rkumar@ucar.edu



Delhi air quality forecast evaluation (22 Nov 2022 — 21 Jan 2023)
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Our air quality forecasts constrained via assimilation of MODIS AOD observations reproduce the observed variability
very well during the last winter season in Delhi.

Bgﬁs Enhancing air quality decision-making activity in India

E-mail: rkumar@ucar.edu



Information Dissemination (https://ews.tropmet.res.in/)

AIR QUALITY EARLY WARNING SYSTEM FOR DELHI
MINISTRY OF EARTH SCIENCES, GOVT. OF INDIA

N et farsT HaTerd, WRd SRR
ESSO [T™M (Project By : Indian Institute of Tropical Meteorology, Pune)
Tuesday 28th Mar 2023 [IHGR, R0 AT, 2023 / T, 2B 2384
FOG FORECAST (WIiFEx) ANALYSIS ) DSS HOME ABOUT US PEOPLE EVENT CONTACT US

Air Quality Forecast (IST) Delhi Air Quality Forecast Observation

Bulletin & Message Air Quality Forecast Over India

2023-03-30 14

(27.03.2023)
et QeiteTR 3 forg vy TuremT S Hew geifed (27.03.2023

1. Air Quality Observation: The air quality over
Delhi remained in Moderate category with
AQI 164 on 26.03.2023. Winds were from
Northwest direction with wind speed 06-14
kmph on 26.03.2023. Current AQI - 109 Forecast AQI - 114

2.The air quality is likely to show gradual 2023-03-28 02 2023-03-28 08
deterioration but remain in Moderate category °
on 27.03.2023 to 29.03.2023. The air quality is

Air Quality and Weather Bulletin for Delhi NCR I
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A new website has been
developed to disseminate these
air quality information (both
observations and forecasts) to
the public.

This website has been launched
by the Ministry of Earth

Sciences.

The website also provides
information about fog forecasts.
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https://ews.tropmet.res.in/

. Air Quality Forecast Over India
Expansion of the 7 R e

10 km domain to
whole South Asia

* We have now expanded the
outermost domain of our air
quality forecasting system to entire
India at 10 km resolution.

« MODIS AOD retrievals are also
assimilated for entire India now.

 India-wide forecasts are also being
assimilated through the same
website as is used for Delhi
forecasts:
https://ews.tropmet.res.in/



https://ews.tropmet.res.in/

Initial evaluation in other megacities of India
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Project End-users & Stakeholders

List organization names and organization types

IITM Government Produces operational air quality forecasts for use by
the IMD to generate air quality bulletins

EARTH SCIENCE
APPLIED SCIENCES

IMD Government Generates air quality bulletins including information
about potential emission mitigation scenarios

Commission for Air Quality | Policy-making Uses the information from air quality forecasts to

Management determine when to activate and enforce temporary

emissions control measures

Stakeholder engagement

« I meet with the stakeholders every week. Over the last quarter, the discussion has mostly focused on developing a
computationally efficient physics-based decision support, and on replacing MODIS AOD retrievals with VIIRS AOD
retrievals for the assimilation.

« Sachin Ghude (IITM) visited NCAR from 14 Feb — 10 Mar 2023 to work on our project activities.
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Schedule & Milestones

PLIED SCIENCES

1 Set-up air quality forecasting system Ongoing
2 Set-up Chemical data assimilation system Ongoing
3 Developing machine learning based decision support Ongoing
system
Developing AQWES for urban areas of India Not started yet
5 Integrating new capabilities in the information Ongoing
dissemination system
6 Transition to operations of the new air quality forecasting Not started yet
capabilities
Task Year 1 Year 2 Year 3
Qi[Q2[a3]a4[atJa2]a3[ad[a1[@2]a3|a4
3
) ., (ARLE/7)
3
D e e
5 A
. (ARL9)
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ARL Performance

EARTH SCIENCE
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« Start-of-Project ARL = 6 (01 Aug 2022)

« Delhi AQEWS has already been running in the end
user’s operational environment and MODIS AOD is
currently being assimilation in the Delhi AQEWS.

« Goal ARL=9
« Current ARL =6 (10 Feb 2023)

Integration
into
Partner’s
System

PHASE Il

Development, « We are currently in the process of testing the
T o assimilation of VIIRS AOD retrievals and examine if
Validation similar improvements in the model performance can

be achieved as we saw with MODIS AOD assimilation.
(ARL 6)

iscovery « High-resolution emission inventories are being

& prepared for other cities in India. (ARL 6)
Feasibility

A physics-based decision support system has been
tested in end-user’s operational environment. (ARL 7)

aking activity in India E-mail: rkumar@ucar.edu



Current ARL-Supporting Evidence

Decision Support System — website integration ((https://ews.tropmet.res.in/dss/index.php)
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District-specific Fractional Contribution to Particulate Matter (PM, s) in Delhi Local and Non-Local Fractional Contribution to PM, 5 in Delhi for the next five days

[2023-02:07 10:00UTC | 7-12 Feb2023

Muzaffarnagar
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- Bagpat

Fractional Contribution (%)

Bulandshahr

| I
Feb 7 Feb8 Feb 9 Feb 10

Feb 11 Feb 12
Date (Time in UTC)
Note: Please use the checkboxes to select/deselect any particular source

Select All M Delhi Energy Delhi Transport M Delhi & peripheral Industries Delhi Waste burning

Ehoraipue Delhi Construction M Delhi Road dust M Delhi Residential M Delhi Other sectors Karnal
Other regions Biomass-burning Muzaffarnagar W Meerut W Ghaziabad m Bulandshahr W Gautam Buddha Nagar
(68.91%) (0.20%) Faridabad M Bharatpur 1 Alwar W Mahendergarh M |hajjar
B m Robtak = Sonipat = Panipat Bagpat Gurgaon

‘ 5 10 15 20 25 30 35 40 45 50 55 60 | M Rewari Bhiwani M Jind M Biomass Burning Others
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https://ews.tropmet.res.in/dss/index.php

Current ARL-Supporting Evidence

Decision Support System - Design

==
Delhi, Karnal, Muzzafarnagar, Meerut,
BC, OC, CO Gaziabad, Bulandshahr, Gautam
Buddha Nagar, Faridabad, Bharatpur,
and P25 ) Alwar, Mahendergarh, Jhajjar, Rohtak,
Sonipat,Panipat, Bagpat, Gurgaon,
Rewari, Bhiwani and Jind /
Districts
Tracers, s ol
Scenarios  Sectors
—— " Delhi: Transport, Industries,
Emission Energy, Waste-burning,
H . o — Residential, Construction,
reduction: 20% Road-dust, others and
and 40% Y, Biomass-burning )
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A total of 470 tracers
have been implemented
in the WRF-Chem model
to track the contribution
of different emission
sectors and regions in
the WRF-Chem model.

E-mail: rkimar@ucar.edu



Current ARL-Supporting Evidence

Decision Support System - Methodology

« (O, BCand OC, P, (BC1_tracer -> BC2_tracer in 2.5 days OC1_tracer -> OC2_tracer in 2.5 days) variables are tagged 500
to identify and quantify the emission sources and regional contributions.

450+
« Inthe model, each of the tracers is considered as an individual transported species. E.g.
400
. Resolved-scale transport Interaction with Radiation Dry and wet deposition 380}
Regular Species | l &
! ' S 300t
I 3 T T %
Emissions Convective Transport Chemistry/Ageing Eﬁ 2307
iR
200 f
Tracer Species -
HﬂSG'VEd‘SCElE tranSPDrt XX }: Df‘," and wet IjEFlCISItIDI'I

¥ + ) 100
T i k

50
Emissions Convective Transport Chemistry/Ageing that does not feed back into the model

«  Non-interactive chemistry/ageing:
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PM, . and OC+EC relationship

over Delhi region in the simulations
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Challenges and Risks

| lost a NCAR staff member in

Opened a new staff position in July 2023
and hired a new staff member. The new

IENCES

_NCE

Date noted: July 2022

different institutions.

| al\rf g J\ljvgszgr??h\i,\éhOrzl)\'/:(s:’ta‘?ﬁgtn:tigfo staff started their position in mid
5 moved to a dligffejren t institution November 2022. The new member is Date resolved:
last vear now spun up on the project and is ready | November 2022
year to work efficiently.
. . . We attempted to hire the new staff as
S V\2/r01|£% tr\:\?e%?ézseséiﬁzdbhn dM;y quickly as possible but it still took 3-4
2 | and late an, d 2 spending accoun tgke months. With this new staff ready now, | Date noted: July 2023
B was set up i Aug Ust 2023 Y | our spending rate is going to increase
P J ' significantly in the next quarter.
We are working with the WRI Co-PI
Both of our WRI collaborators (listed on the proposal) and the current | Date noted: October
3 M have left WRI and moved to

WRI colleagues to figure out the best way
to set up a subcontract.

2023
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Accomplishments
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* Include a brief summary of major accomplishments and results during the reporting period

e TrETAT v ST Rt a= ‘_
T AT TEHEA AT — k
Commiission for Air Quality Management in L *
National Capital Region and A

Ko Adjoining Areas cAOM
No0.120017/27/GRAP/2021/CAQM Dated: 15t January, 2023 e This image shows an order issued by the
ORDER Commission for Air Quality Management to

Sub.: Revocation of actions under Stage III ('Severe' Air Quality) of GRAP 1 1
and intensifying actions under Stage-I & II of revised Graded Response lmplement Stage III Of Graded. ReSp(?nse ACtlon Plan
Action Plan. on 15 Jan 2023 based on the air quality forecasts

Based on the decision of the Sub- itt, GRAP, acti t : :
Stage-IIl of the GRAP were invoked on 06.01.2023 in the NCR, pursuant to generated by our end user organizations (IITM and

prediction of a significant deterioration in the aver : IMD)
to calm wind and stable atmospheric conditions@s per forecast of IITM/IMD. :

» The forecasts generated by II'TM and IMD are

2. The Sub-committee in its meeting held on January 15, 2023 further

reviewed the air quality scenario in the region as well as the IMD/IITM lnltlahzed Wlth the assimilation ()f MODIS AOD
forecasts for meteorological conditions and air quality index of Delhi and .
observed as under: retrievals from both Terra and Aqua.

3: AQI of Delhi has since improved from the level of 353 (Very Poor) on
14t January, 2023 and exhibiting a decreasing trend since last three days,
and has been recorded as 213 (Poor) on 15.01.2023. Preventive/restrictive
GRAP-III measures invoked on 06.01.2023 seems to have helped the AQI
levels and forecast by IMD also predicts that the AQI will remain largely in
'Poor /Very Poor' category in coming days.
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Presentations/Publications

Kumar, R., S. D. Ghude, G. Govardhan, C. Jena, V. K. Soni, P. Yadav, and S. Debnath, Enhancing Air Quality Decision-Making
Activity in Indian Megacities through Assimilation of NASA Earth Observations, AMS 103rd Annual Meeting, 8-12 Jan 2023,

Denver and online.

Gaurav Govardhan , Sachin Ghude, Rajesh Kumar , Sumit Sharma, Preeti Gunwani , Chinmay Jena, Prafull Yadav, Shubhangi
Ingle, Sreyashi Debnath, Pooja Pawar, Prodip Acharja , Rajmal Jat , Gayatry Kalita, Rupal Ambulkar , Santosh Kulkarni,
Akshara Kaginalkar, Vijay Soni , Ravi Nanjundiah, and Madhavan Rajeevan, Decision Support System version 1.0 (DSS v1.0)
for air quality management in Delhi, India, under review, Geoscientific Model Development.
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