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AIR POLLUTION FORECASTS

5-Day Forecasts

Spatial Resolution = 

25x25 km2

Surface Ozone (ppbv)

Beijing: PM2.5 (µg/m3)

https://fluid.nccs.nasa.gov/cf/



AIR POLLUTION FORECASTS

Surface Ozone (ppbv)

Beijing: PM2.5 (µg/m3)

Emma Knowland’s presentation:

Air Pollution Forecasts using the NASA GEOS Model: A Unified Tool 
from Local to Global Scales



AIR POLLUTION FORECASTS
GOALS

NASA Applications: Societal Benefit
• Use NASA resources to create free & publicly-available AQ forecasts 

that have global coverage and high spatial resolution (25x25 km2).

NASA Research & Development
• Use NASA computer models and satellite data assimilation techniques 

to enhance research and applications. 
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AIR POLLUTION FORECASTS
POTENTIAL APPLICATIONS

Health Risk Index: January 1st, 2017
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Index 

developed 
by Kevin 
Cromar 
(NYU)

Lower Health Risks Higher Health Risks

HRI=f(PM2.5, O3, NO2)

Health Risk 
Index

24-h avg PM2.5
& NO2

daily max  8-h 
O3



AIR POLLUTION FORECASTS
POTENTIAL APPLICATIONS

Health Risk Index: July 1st, 2017
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AIR POLLUTION FORECASTS
POTENTIAL USERS

City Partners
• Rio de Janeiro
• Jakarta
• Others?

Provide Input to NASA for 
Model Improvement
• Pollutant Emissions
• Surface AQ Data
• Local Expertise

AQ Forecasts
• Distribute Forecasts
• Handle Messaging

Other Partners
IBM, APHC, UNICEF, etc.



UNICEF asked, 
“When will the NASA
global AQ forecasts 

be ready?”

GEOS-CF global
AQ forecasts went 
live in November.

Timeline

Stakeholder 
Engagement

Stakeholder 
& End-User

Requirements

2016

2018

Now

NASA GMAO 
GEOS-CF  was 

launched in March.
2017



Current Challenge
Forecast Interface: One Size Does Not Fit All

We require a 
sophisticated, 

flexible 
interface to 

meet the 
wide range of 

user needs

General Public
Needs: Easy Access & Simple Message
(e.g., local air quality agency needs daily pollution and
Index values at the city level)

APHC
Needs: On-Demand Forecasts for Troops in Field 
(e.g., troops deployed in the field can access forecasts without 
a cyber trail of their location)

BOEM
Needs: Extract 3-D Fields
(e.g., personnel to use forecasts to help interpret satellite 
data, including 3-D structure, & identify pollution events)

IBM:
Needs: High speed, high volume access
(e.g., study forecasts in conjunction with other datasets for 
decision-making, etc.)



Strategies for Sustainability
Acknowledge the Likelihood of Failure

Lack of 
resources

Inadequate 
Authority

Change in 
priorities

Incompatible 
objectives

Change in 
leadership

Shift in 
resources

Sustainable
Adoption

Doesn’t 
meet 
expectations

Insufficient 
Expertise



Strategies for Sustainability
Active Recruitment of Cities as Stakeholders



Strategies for Sustainability
Sustainable Intermediary Partnerships



Strategies for Sustainability
Validation with Local Health Data

“As air monitoring information is increasingly accessible for LMIC 
it is important that health studies in these locations are pursued 
rather than only relying on concentration response functions 
from wealthier countries to assess risks and health impacts.  The 
key challenge for health research in these locations moving 
forward may be the availability and accessibility of health data 
for use in these studies.”  

(Cromar, Duncan, et al., 2019)

Air Pollution Monitoring for Health Research and Patient Care: An American 
Thoracic Society Workshop Report



AIR POLLUTION FORECASTS
FUNDING SOURCES

NASA GMAO personnel (e.g., Keller, Knowland) gratefully 
acknowledge support by the NASA Modeling, Analysis & 
Prediction (MAP) Program

Duncan & Cromar gratefully acknowledge support by the 
NASA Applied Sciences Program (ASP) via the Health & 
AQ Applied Sciences Team (HAQAST)



A Satellite-Based Global Health Air Quality Index 
(HAQI): Development and Assessment
• Black bullets=milestones; red = accomplishments
• Dept. of Interior Bureau of Ocean Energy Management (BOEM; 

Holli Ensz POC)
– NASA field campaign in May 2019 in support of NASA-

BOEM project (Duncan PI) to scope the feasibility of using 
satellite data to monitor off-shore AQ.

• Work with NASA GMAO (Christoph Keller, Emma Knowland) to 
develop and evaluate global AQ forecast system 
(https://airquality.gsfc.nasa.gov/forecast) & to develop stakeholder 
relationships, including with Kevin Cromar (NYU)
• Went “Live” on November 2, 2018!
• Evaluation & subsequent model debugging ongoing, but lack 

AQ data in most world cities. 
• Developing relationships with several partner cities: Rio de 

Janeiro, Jakarta, Quito.
• Working with stakeholders, including IBM, U.S. Army Public 

Health Center, to facilitate access to forecasts.
• Writing global AQ forecast system description paper.

• Novel applications of satellite data
• Working to infer CO2 emissions from Co-emitted NO2

estimated from satellite data (3 papers submitted)
• Working with NASA GSFC’s new Food Security Office to 

develop a theme on the impact of air pollution on crop yields. 
Completed website and factsheet: 
https://airquality.gsfc.nasa.gov/food-security

• 1 invited talk; 1 academic talk; 4 stakeholder or public talks

Tiger Team Participation
• Duncan & West:  Efficacy of Environmental Regulations on AQ & Health 

• Completed development of materials (https://airquality.gsfc.nasa.gov/us-
air-quality-trends) for stakeholders to demonstrate that air quality 
regulations are working in the eastern U.S.

• Fiore: Supporting the use of satellite data in regional haze planning
– Contributing trends in Asian & U.S. NO2 and SO2 (e.g., 

https://airquality.gsfc.nasa.gov/particulate-matter ; 
https://airquality.gsfc.nasa.gov/surface-level-ozone )

– Exploring TROPOMI data of NO2, SO2, & HCHO 
• Anenberg: Using Satellite Remote Sensing to Derive Global Climate and Air 

Pollution Indicators
• Exploring TROPOMI data of NO2, SO2, & HCHO 
• Contributing surface concentrations in global NO2

Year 3 Progress Update, Bryan Duncan

2 papers published
5 papers submitted 

See Ryan 
Stauffer’s 
Poster Paper copies of 

factsheets available 
here.

https://airquality.gsfc.nasa.gov/forecast
https://airquality.gsfc.nasa.gov/food-security
https://airquality.gsfc.nasa.gov/us-air-quality-trends
https://airquality.gsfc.nasa.gov/particulate-matter
https://airquality.gsfc.nasa.gov/surface-level-ozone

