
Science Mission Directorate
National Aeronautics and Space Administration

transitioning unique NASA data and research technologies

Regional Data Assimilation of AIRS 

Observations at the SPoRT Center

Brad Zavodsky (UAH/MSFC)

Will McCarty (UMBC/GSFC)

Joint Center for Satellite Data Assimilation Seminar Series

February 18, 2009



Science Mission Directorate
National Aeronautics and Space Administration

transitioning unique NASA data and research technologies

The SPoRT Center

Infusing NASA Technology Into NWS WFOs

Mission of the SPoRT Center: Apply NASA 
measurement systems and unique Earth science 
research to improve the accuracy of short-term (0-
24 hr) weather prediction at the regional and local 
scale 

Åconduct focused research

Åevaluate in ñtestbedò mode

Åtransition priority products to WFOs

External Partners
NWS (Southern Region,  HQs), 
NESDIS (STAR, NDE), NCEP, JCSDA, 
JPL,  GSFC (GMAO) 

End users:
WFOs in Southern Region, other Govt 
organizations, and numerous private    
sector weather partners

Keys to success
Ålink data / products to forecast 

problems

ÅIntegrate capabilities into 
AWIPS

ÅProvide training / forecaster 
interaction & feedback
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Focused Research and its Transition  

Exploit use of satellite observations for diagnostic analysis and nowcasting 
(MODIS, AMSR-E, and AIRS, special GOES products)

Åtiming and location of thunderstorms, severe weather, and precipitation

Ådiagnostic analysis of current conditions, cloud cover, visibility, fog, etc. (esp. at night), 
morning minimum temperatures (and its local variations)

Åcoastal weather processes (sea breeze convection / temperatures), off-shore 
precipitation processes

Åweather in data void regions

Unique modeling configurations

Åcoupled WRF / LIS (satellite data to improve surface parameterizations) (Case 5/20)

Åuse of high resolution SST in regional models WRF, WRF-NMM (EMS) (Jedlovec 6/17)

ÅUse of CloudSat observations to improve parameterization                                   
schemes within WRF

Data assimilation studies

ÅAIRS radiances in                                                                                                          
GSI / WRF-NAM (McCarty 2/18)

ÅAIRS profiles in                                                                                                             
WRF-Var / WRF-ARW  (Zavodsky 2/18)

Data and 

Transition

Data 

Assimilation

Nowcasting
Short-Term 

Forecasting
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Data Assimilation and Modeling Transitions  

Unique datasets

High resolution MODIS / AMSR-E composite 
replaces RTG SST fields in regional forecast 
models leading to improved coastal weather 
forecasts ïimpact on tropical systems

12                        17                         22                           27

Single image MODIS Composite 

0-10 cm Soil Moisture Diff (%, LIS ïControl)
1200 UTC 6 May 2004

Improved description of soil 
moisture over Florida 

Data assimilation approaches

Assimilating AIRS radiances (GSI) and profiles 
(WRF-Var) into WRF leads to regional forecast 
model improvements
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Research model applications

Implement coupled WRF / LIS for better 
characterization of regional lands surface changes 
from climatology ïsnow cover, vegetation changes

cool 

SSTs

warm 

SSTs

sea 

breeze
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LAPS to initialize WRF but found it incorrectly handled moisture profiles

Transitioned work to ADAS

ÅPrevious experience with this system and easy to alter code to accept new observation types 

ÅAnalyses had long computation time

ÅForecast improvement at later hours but degradation at earlier hours, which didnôt make sense

ÅADAS does not dynamically adjust momentum fields leading to spin-up issues when inserted into WRF

ÅDecided to switch to variational scheme to overcome some of these issues

Brief History of AIRS Profile Assimilation at SPoRT

Tuned WRF-Var system to 

assimilate AIRS L2 T and q 

profiles

Ågenerated B matrix using control 

WRF forecasts and ñgen_beò 

software (NMC method) 

Åaltered source code to add AIRS 

profile data sets as separate land 

and water sounding data types with 

separate error characteristics
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AIRS QIôs for 19 Jan 2007
L2 Version 5 temperature and moisture profiles

Assimilate the 28-vertical-level standard product

Åproblematic vertical correlations in 100-level support product 

Data are quality controlled using Pbest value in 

each profile to ensure only highest quality data

Use of AIRS Profiles

Analysis Error Characteristics

ÅAssimilate land and water

soundings as separate 

observation types with 

separate error characteristics

Åinstrument specs over water

ÅTobin et al. (2004) errors over land

BKGD

AIRS LAND

AIRS WATER
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ÅWRF-ARW initialized with 40-km NAM at 0000 UTC each day

ÅWRF forecast run to average time of eastern and central AM AIRS 

overpasses for each particular day (between 0700 and 0900 UTC)

Å12-km analysis and model grid

ÅPerformed two sets of experiments:

ÅCNTL:  no data assimilation

ÅAIRS:  only assimilate AM overpass, highest-

quality AIRS profiles

Å48-hr forecasts each day for case                                                                          

study period 17 Jan - 22 Feb 2007

Analysis/Model Setup
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BKGD temperature AIRS temperature Analysis difference

BKGD mixing ratio AIRS mixing ratio Analysis difference

XX

X X

ÅInitial check on 2-D plane shows that analysis moves towards AIRS 

observations for T and q

warming

cooling

X
4oC

1-2oC

moistening

drying

X

5 g/kg

-5 g/kg

19 January 2007 0800 UTC 700 hPa Analysis Results
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BKGD

ALYS W/ AIRS

X=AIRS OB

X X

ÅSecond check in vertical shows that analysis moves towards AIRS                         

observations for T and Td

43.03oN, 94.80oW 34.61oN, 97.90oW
19 January 2007 0800 UTC 700 hPa Analysis Results
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700 hPa Temperature Forecast Validation

Results are ȹ|bias| (|AIRS-NAM|-|CNTL-NAM|) for entire 37 day case study 

period (17 January ï22 February 2007)
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AIRS Improves AIRS Degrades

Surprisingly, AIRS has wide-spread positive impact over much of US land area
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AIRS Improves AIRS Degrades

500 hPa Geopotential Height Forecast Validation

Results are ȹMSE (AIRS-CNTL) compared to NAM analyses for 17 January ï

22 February 2007 case study period

18h 24h 30h

48h42h36h

Heights also positively impacted by AIRS over substantial portion of US
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