
High Latitude 
Atmospheric Motion 
Vectors: 
Application of Antarctic 
and Arctic Composite 
Satellite Imagery
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GOES-West

GOES-East

GOES-South
America

MTSAT-1R

METEOSAT-9METEOSAT-7

FY-2C/FY-2D

Kalpana-1

NOAA

Aqua & Terra
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Take 3 consecutive 
hourly composites over 
the Antarctic and input 
into wind development 
algorithm (Windco)

Finding targets by 
calculating local 
brightness temperature 
gradients that exceed 
threshold; 15 (Default) 
versus 7

Determine height of 
target by comparing the 
average temperature of 
target pixels to the 
background field; GFS 
forecast of 6 to 12 hours

Use background wind 
field to create search 
box and find highest 
correlated gradient point 
between target and 
search box

Sub-vectors are generated 
between images in a triplet 
and acceleration check is 
performed to throw out bad 
vectors. 

Post-processing: With and 
Without Ckcirrus etc., 
Recursive Filtering (RF) to 
obtain the best possible 
height assignment and 
Quality Indicator (QI) values 
are calculated.  

Each vector is given a 
flag based on RF and 
QI values(60 vs. 70), 
and any vectors that 
surpass threshold are 
accepted. 

* CCMV are being run parallel on two machines with different settings
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Filling in the  
Observation  Gap
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Ckcirrus
Tot Vector RMS = 10.56

>=850 
hpa

850> to 
500 hpa

Above 
500 
hpa

Vector RMS 8.03 6.71 12.01
Vetor Diff. 6.70 5.70 8.83

Speed RMS 6.88 4.47 6.58

Speed Bias -3.51 -0.41 -0.79

AVHRR 
Speed

14.19 17.48 31.08

RAOB 
Speed

17.69 17.89 31.87

Sample Size 15 95 216

>=850 
hpa

850> to 
500 hpa

Above 
500 hpa

Vector RMS 4.89 6.48 9.46
Vetor Diff. 4.37 5.50 7.96

Speed RMS 2.80 4.87 6.49

Speed Bias -1.66 -0.35 +0.06

AVHRR 
Speed

15.49 18.88 33.98

RAOB 
Speed

17.15 19.23 33.92

Sample Size 21 135 207

Ckcirrus Removed
Tot Vector RMS = 8.33
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50-60� S

VEC RMS 11.79

VEC Diff 8.26

SPD RMS 6.40

SPD BAS -0.98

Cases 184

60-70� S 

VEC RMS 8.92

VEC Diff 7.44

SPD RMS 5.68

SPD BAS -0.80

Cases 127

<70� S

VEC RMS 7.31

VEC Diff 6.41

SPD RMS 5.05

SPD BAS +1.55

Cases 13

* Separate Statistics into Latitude bands

50-60� S

VEC RMS 7.95

VEC Diff 6.87

SPD RMS 5.78

SPD BAS +0.10

Cases 254

60-70� S

VEC RMS 9.78

VEC Diff 7.44

SPD RMS 6.13

SPD BAS -0.59

Cases 82

<70� S

VEC RMS 5.40

VEC Diff 4.69

SPD RMS 4.39

SPD BAS -1.72

Cases 27

Ckcirrus

Ckcirrus
Removed
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* Take a closer look into 60-70 latitude bands note that the 
majority of these are AIREP comparisons 

Ckcirrus Ckcirrus Removed
500 hpa 
and Below

Above 
500 hpa

Vector RMS 7.74 9.27
Vetor Diff. 6.21 7.84

Speed RMS 4.65 5.98

Speed Bias -0.96 -0.75

AVHRR 
Speed

12.45 29.42

RAOB 
Speed

13.41 30.18

Sample Size 31 96

500 hpa 
and 
Below

Above 
500 hpa

Vector RMS 6.33 11.51
Vetor Diff. 5.08 9.04

Speed RMS 3.02 7.53

Speed Bias -1.39 -0.05

AVHRR 
Speed

8.51 25.06

RAOB 
Speed

9.90 25.11

Sample Size 33 49
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DVAL=15 (Default)

QI=70 
DVAL=7
QI=60 (Default)
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MODIS Mixed (Terra and Aqua) winds with varying time stamps

CASE #1 (Aqua-Terra-Terra) CASE #2 (Aqua-Terra-Aqua)
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*Comparison made at 25 mb/10 km collocation distance
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Comparison to TERRA only winds

*Comparison made at 25 mb/10 km collocation distance

Vector Difference  between Uniform TERRA MODIS and Mixed 
MODIS is close to the magnitude of the time sensitivity differences 
for larger time increment differences between orbits.
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1)   Antarctic Composites are increased temporally from every 3 to 1 hour. This 

allows them to be used for the development of Motion Vectors 

2)   CCMV are validated versus RAOBS and AIREPS.

3)   CCMV have potential to fill in the observation network, the gap between 
60-70� S.

4) Validation indicates much improved quality (especially above 500 hPa) 
when the ckcirrus routine is removed. However, not seen at 60-70º S

5)   Additional validation and sensitivity testing is continuing (QI, DVAL,Target 
size etc.) 

6) Time stamping remains an issue to be resolved in the future. Comparison 
of MODIS MIX AMVs indicate significant sensitivity with changing cross-
time stamps

7) MODIS MIX AMVs and CCMVs are NOT yet ready to be used for model 
assimilation , but hopefully soon. Work in progress . 

8)   Future consideration and planning of modifying windco includes the 
tagging of individual targets with the true (pixel) time.
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Comparison to radiosondes
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