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NASA Weather and Composition Forecasts

• NASA’s global weather and 
atmospheric composition 
forecasts
– Weather: includes aerosols 

and CO
– CF (Composition Forecast): 

includes trace gases like 
ozone and NO2, as well as 
PM2.5

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

https://arset.gsfc.nasa.gov/
https://fluid.nccs.nasa.gov/about/


4NASA’s Applied Remote Sensing Training Program

NASA Forecasts: Datagrams

View plots for 
select cities, 

AERONET 
locations, and 

NASA field 
campaigns

https://arset.gsfc.nasa.gov/


5NASA’s Applied Remote Sensing Training Program

NASA Forecasts: Chem Maps

Select a 
map 

region

Select a 
variable

Select a 
forecast

Animate the mapNASA GMAO

https://arset.gsfc.nasa.gov/
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NASA Composition Forecasts (GEOS-CF)

GEOS
Meteorology

GEOS-Chem
Chemistry

GEOS-CF

https://arset.gsfc.nasa.gov/
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NASA GEOS-CF

• One 5-day forecast per day
• ~25x25km2 resolution
• O3, NO2, VOCs, PM ...
• 15 minute output for the surface
• One-hour average and 

instantaneous 2D and 3D fields 
• Available since Jan 2018

Christoph Keller, NASA GMAO

https://arset.gsfc.nasa.gov/
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Case Study: Agricultural Fires in India

Observation GEOS-CF0  +1 +2 +3 +4 +5

Christoph Keller, NASA GMAO

MODIS Fires Nov 1, 2017

https://arset.gsfc.nasa.gov/
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Air Quality and Health Applications

Global exposure assessment

- How bad is the air pollution?

Optimize model predictions

- How good is the model?

https://arset.gsfc.nasa.gov/
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Observe Ozone Levels Around the World

https://arset.gsfc.nasa.gov/
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Lower Health Risks Higher Health Risks

Health Risk Index = f ( PM2.5, O3, NO2 )

Translate Pollutant Concentrations into a Health Index

Lower Health Risks Higher Health Risks

Health Risk Index = f ( PM2.5, O3, NO2 )

https://arset.gsfc.nasa.gov/
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Where to Find GEOS-CF Forecasts

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

Datagrams
Surface Maps

Total Column Maps

https://arset.gsfc.nasa.gov/
https://fluid.nccs.nasa.gov/cf/
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Questions and/or suggestions about the GEOS-CF should be directed to:

Christoph Keller: christoph.a.keller@nasa.gov

Emma Knowland: k.e.knowland@nasa.gov

https://arset.gsfc.nasa.gov/
mailto:christoph.a.keller@nasa.gov
mailto:k.e.knowland@nasa.gov


Credit: TROPOMI, ESA, Copernicus, KNMI

MERRA-2 Reanalysis
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NASA GEOS Earth System Model

Earth System 
Modeling 

Framework
Chemistry

Ocean

Land

Ice Aerosols

Atmospheric 
General 

Circulation Model 
(GCM)

https://arset.gsfc.nasa.gov/
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Why data assimilation?

• Models are useful but have difficulty specifying emissions, resolving microphysical 
processes, and transport, leading to large uncertainties

• While there are a large number of aerosol sensors, there are still blind spots:
– Measurements are usually vertically integrated
– Diurnal cycle is not represented by polar orbiters

• Data assimilation can act as an integrator of model and observational information 
and a conveyor of past observations

https://arset.gsfc.nasa.gov/
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What is reanalysis, and why do we do it? 

What
• A consistent reprocessing of Earth system observations using a modern, 

unchanging data assimilation system
• Relies on models to interpret, relate, and combine different observations from 

multiple sources
• A successful reanalysis requires a good forecast model combined with bias-

corrected and quality controlled observations
Why
• Produces multi-decadal, gridded datasets that estimate a large variety of Earth 

system variables, including ones that are not directly observed
• Has become fundamental to research and education in the Earth sciences

https://arset.gsfc.nasa.gov/
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MERRA-2 Reanalysis 

• Long-term, model-based analyses of 
multiple datasets using a fixed assimilation 
system 
– GEOS (Goddard Earth Observing System 

Model)
• The Modern-Era Retrospective analysis for 

Research and Applications version 2 
(MERRA-2) provides data beginning in 1980 
and runs a few weeks behind real-time

• MERRA-2 includes meteorology, 
stratospheric ozone, and  aerosols at a 
spatial resolution of a 0.5° × 0.66° grid

https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/

Source: https://gmao.gsfc.nasa.gov/reanalysis/

https://arset.gsfc.nasa.gov/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/
https://gmao.gsfc.nasa.gov/reanalysis/
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MERRA-2 Reanalysis Example – August 10, 2017

MODIS – Terra

MERRA-2 – Black Carbon

https://arset.gsfc.nasa.gov/
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MERRA-2 Webpage Tour
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/

https://arset.gsfc.nasa.gov/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/


Credit: TROPOMI, ESA, Copernicus, KNMI

Evaluation & Inter-comparisons 
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MERRA-2 Aerosol Evaluation Highlights 
Using Independent Observations

https://arset.gsfc.nasa.gov/
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Vertical Structure
Comparison to CALIOP
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https://arset.gsfc.nasa.gov/
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Aerosol Absorption

• Comparison of MERRA-2 Absorption 
Optical Depth (AAOD) with OMI 
retrievals

• Good agreement for African dust 
and smoke

• North American biomass burning 
underestimated according to OMI

https://arset.gsfc.nasa.gov/
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PM2.5 (Total) Regional Climatology

Comparison with in-situ measurements

https://arset.gsfc.nasa.gov/
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PM2.5 by Species in the Northeast

• Relatively good agreement for sulfates
• MERRA-2 lacks nitrates altogether
• Underestimation of carbonaceous

near-urban areas
• Too much dust
• Too much sea salt at coastal stations

https://arset.gsfc.nasa.gov/
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MERRA-2 Status

• MERRA-2 has officially been released. Data access through the GES DISC:
– http://disc.sci.gsfc.nasa.gov/daac-bin/FTPSubset2.pl
– https://disc.gsfc.nasa.gov/datasets?keywords=merra-2&page=1

• The MERRA-2 file specification document is available at:
– http://gmao.gsfc.nasa.gov/pubs/ under the tab Office Notes (GMAO Office 

Note No. 9)
• NASA tech memos documenting the MERRA-2 meteorological and aerosol 

validation are available at:
– https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/docs/

• MERRA-2 Aerosol publications:
– Randles et al., Journal of Climate, 2017, DOI: 10.1175/JCLI-D-16-0609.1
– Buchard et al., Journal of Climate, 2017, DOI: 10.1175/JCLI-D-16-0613.1

https://arset.gsfc.nasa.gov/
http://disc.sci.gsfc.nasa.gov/daac-bin/FTPSubset2.pl
https://disc.gsfc.nasa.gov/datasets?keywords=merra-2&page=1
http://gmao.gsfc.nasa.gov/pubs/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/docs/

