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Numerical Weather Prediction (NWP) and 
Data Assimilation (DA)
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Data Assimilation Weights
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Observing System Simulation Experiments 
(OSSEs)
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Why do an OSSE?

Evaluate 
proposed new 
instruments



Why do an OSSE?

Design 
decisions
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Why do an OSSE?

Data 
Assimilation 
Systems



7km G5NR snapshot of EPV, March

Nature Runs



DYAMOND 1.5 km simulated 
radiance

Nature Runs



Nature Run Validation



Nature Run Validation

Fields needed for 
simulating observations 
are especially important

Cloud top heights, G5NR

G5NR



Arctic Challenges:
Sea ice
Snow 
Melt
Boundary Layer
Clouds
Ocean Coupling
Cryosphere Coupling
Upper Atmosphere

Nature Runs: Arctic
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Synthetic Observations
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Simulated Observation Errors
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Obs Errors: Correlations
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New Observation Types

New instruments are hard

Images: NOAA



•Arctic clouds are hard
•Polar stratospheric clouds

•Thin ice clouds

Arctic Observations: Challenges

Image: NOAA
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•Ice is very hard
•Emissivity

•Melt over ice

•Sea ice

•Snow

Arctic Observations: Challenges

Images: NOAA



•MODIS-type winds are hard (orbit calculations)

Arctic Observations: Challenges

Image: NASA
Image: NOAA



Calibration: Forecast

500 hPa anomaly correlation of 
geopotential height at 120 hr



Why Believe OSSE Results?
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Some Examples



Control

•Atmospheric Motion Vectors

•Aircraft

•Surface types – land and 
marine

•Rawinsonde

•ScatWind

•GNSS-RO

•CrIS-FSR

Experiment

•All Control types

•New Instrument

Experiments

•AMSU-A

•AIRS AQUA

•ATMS 

• IASI

•MHS (allsky)

•GMI (allsky)

•AMSR-2 (allsky)

•SSMIS f17



GNSS (GPS) radio 
occultations generate 
soundings of temperature 
and humidity.

GNSS-RO OSSE



Experiments: 100k GNSS-RO

GNSS-RO OSSE

• Control 

• Control + 100k RO 
profiles/day 



Experiments: 100k GNSS-RO



Experiments: 100k GNSS-RO

GNSS-RO induces cold temperature bias over 
Arctic marine surfaces at lower levels



Experiment: Future Global Obs

Future Control:
Reduced LEO
GEO-IRS 3-Sat Ring

Analysis T: Future vs 2020 Forecast T: Future vs 2020



•Transition to JEDI-based architecture

•Higher horizontal and vertical 
resolution
•More sophisticated treatment of clouds

•More sophisticated treatment of observation 
errors

Future Directions



• Nature Run should have realistic arctic processes
• Coupled sea ice/ocean

• Arctic clouds 

• Boundary layer dynamics – ex. correct representation of inversions

• Snow and surface characteristics, including melt

Arctic OSSEs: Challenges

Image: NASA



• Simulated observations
• Surface emissivities over ice and snow

• Orography (Antarctica and Greenland)

• Data assimilation handling of arctic observations may need 
development

Arctic OSSEs: Challenges

Images: NASA



• Experiment forecast model needs to be sufficiently different from 
NR model, especially physics parametrizations

Arctic OSSEs: Challenges

Images: NOAA



Arctic OSSEs – lots of opportunity for 
development
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