
Polar Satellite Composite 
Atmospheric Mo3on Vectors 

Ma#hew A. Lazzara1, Richard Dworak2, David A. Santek2, Nick A. Bearson2,  
Jeffrey R. Key3, and Chris S. Velden2 

1AntarcFc Meteorological Research Center 
2CooperaFve InsFtute Meteorological Satellite Studies 

Space Science and Engineering Center 
University of Wisconsin‐Madison 

3NOAA/NESDIS/STAR 



Outline: Polar Satellite Composite  
Atmospheric Mo3on Vectors (AMV) 

•  Phase I: TesFng 
•  Phase II: Refining 
•  Future 

– AMVs and Composites 

•  Thanks:  
– Rick Kohrs, Jerry Robaidek, Steve Wanzong, Sco# 
Lindstrom, Utkan Kolat, & Jamie Daniels  

– NaFonal Science FoundaFon/Office of Polar 
Programs 

– NOAA GOES‐R Risk ReducFon Program 



Original Polar Satellite Composites 
Antarc3c  Arc3c 

Combined via selecting the coldest pixel 
*Reduces limb darkening 
*Smooth transition between satellites 
*Intended for visualization 

Geostationary:  
 *GOES, Meteosat, FY-2, MTSAT  

Polar-orbiting:  
 *NOAA, MODIS, Metop  



Geosta3onary and 
Polar‐orbi3ng 

Atmospheric Mo3on 
Vectors 

Missing winds – gap in coverage 
•  NWP centers: the polar jet stream 

can be located in this gap; improper 
model iniFalizaFon can lead to errors 
in the forecasts. 

•  CIMSS research: the addiFon of the 
wind informaFon is important in this 
region. 



Phase I: Test 
Composite AMV 

Moderate RMS errors… 
(AntarcFc only…..) 

All Vector RMSE:      7.91 
All Vector Difference:   6.34 
Speed Bias:          0.15 

60‐70o Vector RMSE:   7.95 

60‐70o Vector Difference: 6.40 

Speed Bias:       0.08 

Need a new composite 
method to reduce error… 

Proof of concept study  – Fill the Gap!  



Why is it important to have accurate 3me stamps? 
Example: MODIS Mixed (Terra and Aqua) winds with varying time stamps (Dworak, 2009) 

CASE #1 (Aqua-Terra-Terra) CASE #2 (Aqua-Terra-Aqua) 



•  Generate Composite Atmospheric MoFon 
Vectors in the “gap”: 
– CorrecFng for parallax in viewing the cloud tracers 
from different satellites and instruments  

– Developing the logic for applying a common Fme‐
stamp to regions within the composite that 
correspond to the viewing by specified satellites 

Phase II: Project Goal 



Metadata •  Brightness values 
•  Time difference from nominal 
image 3me  

•  Distance from satellite sub point  
•  Pixel area   
•  Satellite sensor 
•  Wavelength 

•  Parallax distance  
•  Parallax direc3on 



Example Mix of Satellites 





Northern 
Hemisphere… 

Southern 
Hemisphere… 

Mul3ple Satellite Usage? 



14 April 09:45 Z 
ArcFc Composite 
53oN / 32oW 



14 April 10:30 Z 
ArcFc Composite 
53oN / 32oW 



14 April 11:15 Z 
ArcFc Composite 
53oN / 32oW 



Using AircraP of 
Valida3on… 

•  ValidaFon and trial 
tesFng of the 
composiFng and AMV 
generaFon process in 
real‐Fme using NESDIS 
methods with 
radiosondes and 
exploring verificaFon 
with aircram 
observaFons 

•  Hasler et al., 1977  



Northern Hemisphere Valida3on Sta3s3cs 
Phase I 
•  # Observations:   31,373

•  All Vector RMSE:  7.78
•  All Vector Difference: 6.16
•  Speed Bias:       -0.62

•  # Observations:   7250
•  60-70o Vector RMSE:  8.91

•  60-70o Vector Difference: 6.59

•  Speed Bias:   -0.33

Phase II 
•  # Observations:   6,246
•  All Vector RMSE:   7.20
•  All Vector Difference: 5.65
•  Speed Bias:       -0.98

•  # Observations:   1253
•  60-70o Vector RMSE:  7.43

•  60-70o Vector Difference: 6.15
•  Speed Bias:   -1.92

Southern Hemisphere Valida3on Sta3s3cs 
Phase I 
•  # Observations:  518

•  All Vector RMSE:  8.32
•  All Vector Difference: 6.97
•  Speed Bias:       -0.39

•  # Observations:   353
•  60-70o Vector RMSE:  7.83

•  60-70o Vector Difference: 6.57

•  Speed Bias:   -0.40

Phase II 
•  # Observations:   39
•  All Vector RMSE:   6.91
•  All Vector Difference: 6.12
•  Speed Bias:       0.57

•  # Observations:   NA
•  60-70o Vector RMSE:  NA

•  60-70o Vector Difference: NA
•  Speed Bias:   NA

Update!
Northern Hemisphere:  
POES #Obs =   357   Vrmse = 6.14  
GOES #Obs = 84570   Vrmse = 6.10  
MIX  #Obs = 11690   Vrmse = 6.83  

Southern Hemisphere:  
GOES #Obs =  1248   Vrmse = 8.05  
MIX  #Obs =    68   Vrmse = 7.85



Ac3vi3es in Progress… 

•  ConFnue the rouFne producFon of the 
composites and the winds product at CIMSS 

•  Create datasets for use in model forecast 
experiments in collaboraFon with NWP 
centers  

•  Evaluate the forecast impact of this blended 
wind product as compared to the impact from 
the individual geostaFonary and polar wind 
products 



Impact of LEO/GEO AMVs 
NOGAPS FNMOC/NRL 

  24-hr error reduction in 
the FNMOC model for 
various observation 
types. 

  The reduction in error 
resulting from the 
incorporation of the LEO-
GEO wind product is 
circled. 

  This wind product will be 
incorporated into 
FNMOCʼs operational 
system after further 
testing.



What’s Next? 
•  Formal request for ArcFc Composites to become 
operaFonal with NOAA/NESDIS  
•  Ocean PredicFon Center 

•  Hydrometeorological PredicFon Center 

•  NaFonal Weather Service (NWS) Alaska 

•  NaFonal Ice Center 

•  Composite winds become operaFonal… 
–  Interest in winds from NWS Alaska for GOES‐R Proving Ground 

–  Numerical Weather PredicFon: 

•  Nancy Baker & Randy Pauley – NRL (NOGAPS) 
–  JCSDA Partner 

•  Jordan Powers – NCAR (Polar WRF ‐ AMPS) 

•  Time stamp effort:  
–  Will help out another NESDIS product – the mixed Terra and Aqua 

AMV – being tested operaFonally 



Thank you! … Ques3ons? 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