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Project Partners/Collaborators
Role Name Affiliation Organization Type

Co-I John Schreck NSF NCAR FFRDC

Co-I Gabriele Pfister NSF NCAR FFRDC

Co-I David Edwards NSF NCAR FFRDC

Co-I Scott Meech NSF NCAR FFRDC

Collaborator Sachin Ghude IITM Government organization

Collaborator Vijay Soni IMD Government organization

Collaborator Helen Worden NSF NCAR FFRDC

Collaborator Alexander Baklanov WMO United Nations

Collaborator Prafull Yadav IITM Government organization

Collaborator Gaurav Govardhan IITM Government organization

Collaborator Rajmal Jat IITM Government organization

NSF NCAR: National Science Foundation (NSF) National Center for Atmospheric Research (NCAR); 
IITM: Indian Institute of Tropical Meteorology
IMD: India Meteorological Department; WMO: World Meteorological Organization 
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• Indian medical association declared a public health emergency and called conditions equivalent to smoking 50 
cigarettes a day.  

• Delhi Chief Minister called the city a “Gas-chamber”!

• Maximum PM2.5 concentration on 08 Nov 2017 reached 1500 µg/m3. WHO air quality guideline for 24-h 
average is 15 µg/m3. 

• A person on an average loses ~6.5 years of their life due to exposure to air pollution in Delhi. 

Air Pollution has become a severe issue in New Delhi
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Government (Ministry of Earth Sciences), India Initiatives
Air Quality Monitoring Network (Delhi-NCR)

Information Dissemination:
Digital boards
SMS
Mobile Apps
Websites

Air Quality Forecasts
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Earth Observations, Models, and/or Technologies

Satellite 
Sensor/Model/Tech. Product Used

Temporal Coverage and 
Latency required Comments

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: 6-hours Assimilation tested

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

Surface observations PM2.5 and PM10 Hourly; latency: 1-hour NRT evaluation and 
assimilation in 400 m 
domain 

WRF-Chem Air quality simulations Daily, 72-h forecasts Operational air quality 
forecasting model

Delayed availability of VIIRS AOD retrievals can delay the forecasts!



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

Improvements in daily average PM2.5 Forecasts

Daily averaged PM2.5 in Delhi from 10 Oct to 19 Nov 2017

Improvement of 

~200 µg/m3 

Mean bias reduction over the entire period: 86% [Kumar et al., 2020]
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Impact of assimilating VIIRS AOD retrievals

Assimilating VIIRS AOD provides nearly the same benefit as MODIS AOD assimilation. 
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[Govardhan et al., GMD, 2024]

Predicting source attribution 
information was the identified 
decision-making at the beginning of 
this project.   
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Information Dissemination (https://ews.tropmet.res.in/)

• 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. 

https://ews.tropmet.res.in/
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AQEWS for Mumbai, Jaipur, Pune, and Ahmedabad
• In addition to Delhi air quality forecasts, we have started providing air quality forecasts at 2 km resolution 

for Mumbai, Jaipur, Pune, and Ahmedabad. 
• High-resolution (2 km) emission inventories developed by our end-user organization (IITM) are integrated 

into these forecasts. A 72-h forecast is being generated every day. 

PM2.5 forecast (Jaipur) PM2.5 forecast (Ahmedabad) PM2.5 forecast (Mumbai) PM2.5 forecast (Pune)

Pins show the location of observation sites in each city. An observation network is being implemented in Jaipur.  
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NRT evaluation in other cities

Pune 

Mumbai

Ahmedabad
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Project End-users & Stakeholders

Organization Name Organization Type Decision Making Activity

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

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

Commission for Air Quality 
Management

Policy-making Uses the information from air quality forecasts to 
determine when to activate and enforce temporary 
emissions control measures

List organization names and organization types

Stakeholder engagement
• I meet with IITM team every week. 
• Sachin Ghude (IITM) visited NSF NCAR from 14 Feb – 10 Mar 2023 to work on our project activities.
• Prafull Yadav (IITM) will be visiting from 01 May – 01 July 2024 to transition VIIRS assimilation capability to 

IITM. 
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Schedule & Milestones

Task # Description Status

1 Set-up air quality forecasting system Completed

2 Set-up Chemical data assimilation system Completed

3 Developing machine learning based decision support 
system 

Ongoing (60%)

4 Developing AQWES for urban areas of India Completed

5 Integrating new capabilities in the information 
dissemination system

Ongoing (50%)

6 Transition to operations of the new air quality forecasting 
capabilities

Ongoing (50%)
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ARL Performance 

• 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 = 7.8 (20 Apr 2024)

• Assimilation of MODIS AOD implemented in the 
redesigned operational system with monthly varying 
background error covariances. (ARL 9). 

• A physics-based decision support system has been 
implemented operationally and provided important tested 
in end-user’s operational environment. (ARL9)

• VIIRS AOD assimilation framework is ready now and is 
under testing for implementation in operations (ARL 7).

• High-resolution emission inventories are completed and 
prototype operational forecasts started for Mumbai, Pune, 
Ahmedabad, and Jaipur. (ARL 8). With full automation in 
winter 2024, we will achieve ARL 9. 

• A machine-learning based decision support system is also 
under development (6). 



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

11 GRAP orders issued this season: https://caqm.nic.in/index1.aspx?lsid=4168&lev=2&lid=4171&langid=1

Current ARL-Supporting Evidence

https://caqm.nic.in/index1.aspx?lsid=4168&lev=2&lid=4171&langid=1
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Current ARL evidence: GRAP Order coverage in media

14 Jan 2024 19 Jan 2024
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Accomplishments
• Operationalization of 72-h air quality forecasts for four new cities of India namely Pune, Mumbai, 

Ahmedabad, and Jaipur. 
• Use of 72-h air quality forecasts in Delhi by the Commission for Air Quality Management.  
• Four Peer-reviewed paper and three conference presentations describing activities of this project. 
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Conference Presentations

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.

Maryam Golbazi, John Schreck, Scott Meech, Rajmal Jat, Prafull Yadav, Gaurav Govardhan, R. Kumar, Sachin D Ghude, Stefano 
Alessandrini and William Y Y Cheng, Enhancing the Development of an Air Quality Early Warning System for Indian Megacities 
through High-Resolution Forecasting and Machine Learning Techniques, AGU Fall Meeting, 11-15 Dec 2023, San Francisco, USA.

R. Kumar, M. Golbazi, J. Schreck, S. D. Ghude, G. Kalita, P. Yadav, R. Jat, G. Govardhan, C. Jena, V. K. Soni, and S. Debnath, 
Using NASA Earth Observations to Improve Air Quality Decision-Making Activity in Indian Subcontinent, AMS 104th Annual 
Meeting, 28 Jan - 1 Feb 2024, Baltimore, MD and online.
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