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GMAO'’s core mission is to enhance the value of NASA’s
observations to understand, analyze and predict changes
in the physics, chemistry and biology of the Earth system
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https://modis.gsfc.nasa.gov/
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NASA GMAO global meteorology and chemistry products

GEOS

GEOS FP
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https://svs.gsfc.nasa.gov/30017
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GEOS Composition Forecast

GEOS - CF

Ir \

GEOS weatheFe
forecasting

GE&S-Chem
Version 12
Tropospheric and Stratospheric chemistry

« 250 Chemical Species
« 725 Chemical Reactions

GM Ao o e neung and Assimilation Office hitps://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/ G&DDARD .

k.e.knowland@nasa.gov EARTH SCIENCES



https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/

20180722_1507z

https://svs.gsfc.nasa.gov/4764

Global historical model
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Daily composition forecast

GEOS - CF

One 5-day forecast per day
» 1-day simulation of previous 24 hours
(‘replay”)
» 5-day forecast
» ¢360 (0.25°, ~25x25 km?) resolution, 72
model layers
» 15 minute “surface”
»1-hour average and instantaneous 2D & 3D
» Available since

]

| " 1 January 2018 (replay)
GEOS - Chem 1 January 2019 (forecast)
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GEOS-CF output is available online in near real-time

Fluid is a mobile-friendly website

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

https://portal.nccs.nasa.gov/datashare/gmao/geos-cf/v1/

+ NASA HomePage
‘ + NASA Center for Climate Simulation
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GEOS-CF output is available online in near real-time

Fluid is a mOb'Ie'f"endly website https://portal.nccs.nasa.gov/datashare/gmao/geos-cf/v1/
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GEOS-CF forecast imagery is available on-demand

https://fluid.nccs.nasa.gov/cf_map/
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Downloadable Data

Chemistry Data
(J NO, J 03 [J PM25

--Select File Format-- v

--Select Dataset-- v

Download Chem Data

GMAO GEOS CF Datagrams
NO, at (-4.0N, 39.75E)
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Other Data Sets
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Daily atmospheric composition forecast

A realistic stratosphere in GEOS-CF is essential to support a broad
range of NASA applications, including:

» Satellite retrievals of trace gases
» Airborne campaigns
» Stratosphere-troposphere exchange
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GEOS CF Forecast skill (GAW and OpenAQ)

Little variation in the skill scores out to 5
days

Correlation tends to decrease after day 2
and this is likely due to changes in the
meteorological forecast and biomass
burning emissions.

s O3 NO, PM5 5
1.0 4
Normalized s/
Mean Bias oo .....
(NMB)  -os-
-1.0 . 1 4 1 1
_1-5 T T T T T T _1-5 T T T T T T _2 T
1 41 42 +3 +4 +5 1 41 42 +3 +4 +5 1 +1 +2 +3 +4 +5
2.0 ; 2.0 4
1
Normalized 5|7 1s T ;)
Root Mean i
104! 1.0 2
Square Error ! J .
I
(NRMSE) 0.5 : 0.5 1
1
R T T oot+-r~tvr— 0 -—
-1 41 +2 +3 +4 +5 +2 +3 +4 45 +2 +3 +4 45
1.00 : 1.00 : —  1.00 :
1 1 1
Pearson 0.754 | ! 0754 | ! 0754 | !
. 0.50 [ 0.50 {I 050{ i
Correlation " | l s I I ll 025 Jot
. . . 1 . I . 1
Coefficient 0.00 - i 0.00 i 0.00 i
(FQ) -0.254 L i__ L 1L 1 ]]|-025 i —-0.251 L i__ 1 1
—-0.50 L -0.50 L+ =—=—1 —0.50 L ——

Keller, et al. (2021). Description of the
NASA GEOS composition forecast
modeling system GEOS-CF v1.0. JAMES
https://doi.org/10.1029/2020MS002413

-1 41 42 +3 44 45 -1

forecast day

+1 +2 +3 +4 +5
forecast day

-1 41 42 +3 +4 45
forecast day

Global Modeling and Assimilation Office
G MAO gmao.gsfc.nasa.gov

https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/ G&DDARD 14

k.e.knowland@nasa.gov

EARTH SCIENCES


https://doi.org/10.1029/2020MS002413
https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/

National Aeronautics and
Space Administration

]

2019 09 18 11 00 local time

21.614°N s

o Improve local
25  forecasts using
w0  Statistical bias

21.364°N
“#5  correction
51.0; . . . .
2 3 monitoring stations in
21.114°N 47.5 o '
' ["”5 Leon, Mexico
= o
- 44.0 . .
» 1in one grid box
@ pSESGHEbOR
20.864°N
-37.0 » Difficult terrain within
- each grid box
20.614°N 30.0
102.168°W 101.918°W 101.668°W 101.418°W 101.168°W
Global Modeling and Assimilation Office  ittps://gmao.gsfc.nasa.qgov/weather_prediction/GEQS-CF/
GMAOQO = e e knowland@nasa.goy GODDARD



https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/

Space Administration

Improve local forecasts using statistical bias correction

Two observation sites in
the same grid box
» GEOS-CF
generally over-
estimates

GMAO

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

]

- obs = model

8
RZ =-0.90 \
70 4 NRMSE = 1.38
NMB = -0.64 ‘ A
6(
>

N

[ppbv]
g &
—

= =

ki

70 4 NRMSE = 1.52
NMB = -0.87

L H ! 1 |
PR VIRR VN

\ |) ' b ' B
0 T T l T T
N & A 0 %) © ) 2 S )
%0%0 60%0 %0%0 %0%\' %0%\' & > & > %0?’1 %0%1 %01
'LQ\' 1’0\' 10\‘ 10\‘ 10 10 10 10\' o> 1’0\'

Observations Model

https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/

k.e.knowland@nasa.gov

G®DDARD

EEEEEEEEEEEEE


https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/
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Use machine learning to correct for small scale
variability and/or model biases

Inputs

Output

Meteorology (10 vars)

Chemistry (42 vars)

al Aeronautics and
Space Administration

]

ML

GMAO

Emissions (not used)

)

Local concentration
adjustment

» Algorithm: gradient boosted decision trees (XGBoost)
» Train separate algorithm for each site

Keller et al., 2021 ACP
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Improve local forecasts using statlstlcal blas correction
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GEOS CF Forecast skill
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There are many different air quality data sources

National Aeronautics and
Space Administration
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|GMAO

OS CF Forecast Initialized on 12z 10/19/2022
Surface NO,

Global Data Sources

Copernicus TROPOMI Nitrogen Dioxide Product (Orbit #9397)

simulation models

+ global coverage

+ forecasting

- limited resolution
updated emissions
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satellite retrievals
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+ global coverage
- low time resolution
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Tropospheric vertical column of nitrogen dioxide (10~-4 mol m-2)
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requlatory monitoring
+ accurate

- expensive
representative

low-cost monitoring
+ relatively inexpensive

+ dense/remote deployment
- greater noise and bias
locally calibrated

Local Data Sources

GMAO

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

K. Emma Knowland

k.e.knowland@nasa.gov

G®ODDARD =

EARTH SCIENCES



National Aeronautics and
Space Administration

]

Our project’s objective is to...

Global Data Sources Local Data Sources

Satellite Regulatory Monitors Low-Cost Monitors

==\ more sites
—-

...Integrate diverse global and local
air quality data sources...

data quality

...using the cloud computing platform | Community Science
of Google Earth Engine...

intra-;Urb n
variations

...to provide synthesized estimates high T:Ift?ti I
and forecasts of air quality at a local reSC i
scale but with a global scope...

o

cugrent
...which will be freely accessible by air \\
quality managers worldwide, facilitating
their decision-making processes. AIr Quality Po Decisio aking

Global Modeling and Assimilation Office K. Emma Knowland
G MAO gmao.gsfc.nasa.gov ) DDARD e
k.e.knowland@nasa.gov
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Project Scheme and Partners

NASA GMAO: basic algorithm
development & refinement

Clarity: low-cost sensor integration

Sonoma Technologies: data fusion
system implementation & user interface

WUSTL.: air quality data integration
expertise (monthly/annual timescales)

Columbia LDEO: experience training
end-users in AQ data interpretation

UNEP: integration with global end-users
Dakar, Senegal
Rio de Janeiro, Brazil

US EPA: integration with US end-users
Portland, OR
Denver & Boulder, CO
Gulfport, MS
Charleston, WV

Global Modeling and Assimilation Office
G MAO gmao.gsfc.nasa.gov

National Aeronautics and
Space Administration
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*» GMAO has a state-of-the-science Earth
System model and data assimilation system

s GMAOQO products are available to the public
with file formats for both scientists and air
quality managerstouse. .
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s NASA products are research products

% Expanding our capability to provide e
downscaled bias-corrected and data-
constrained forecasts is a priority —
» We want to hear from you so we can make =
our products as useful as possible! cao

Thank you for listening!
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