
Buoy Validations

The AMSR-E Ocean Wind Product
The Aqua mission includes the Advanced Microwave Scanning 
Radiometer for NASA's Earth Observation System (AMSR-E), a passive 
microwave radiometer that senses brightness temperatures at 12 
channels and 6 frequencies ranging from 6.9 to 89.0 GHz.  Remote 
Sensing Systems uses an empirically derived physically-based retrieval 
algorithm to produce a suite of geophysical ocean products from the 
AMSR-E brightness temperatures.  These products include sea surface 
temperatures, ocean surface wind speeds, atmospheric water vapor, 
cloud liquid water, and rain rates.  The semi-polar orbit of Aqua results 
in approximately 15 satellite orbits of data per day that we map onto two 
grids, one containing ascending orbit segments and the other 
descending orbit segments (Figure 1).  Initial validation of these ocean 
products was performed within months of data flow and assisted in 
refinement of the retrieval algorithm.  This poster describes the initial 
results of a more comprehensive 1-year wind speed validation as 
outlined in the AMSR-E validation plan (available at 
http://eospso.gsfc.nasa.gov/ftp_docs/validation/SDVPlanversion2.pdf).  
For this extended validation, AMSR-E 10-meter ocean wind speeds are 
compared to buoy, radiometer and scatterometer winds as well as 
NCEP FNL model winds.
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Ocean surface winds are most frequently validated with observations made by 
anemometers on moored ocean buoys.  We use data obtained from the NOAA National 
Data Buoy Center (NDBC), the NOAA Pacific Marine Environmental Lab (PMEL), and the 
Canadian Marine Environmental Data Service (MEDS).  We quality check, clean and 
process the data into a single format for use in radiometer and scatterometer validations.  
Anemometer heights for each buoy vary so winds are converted to 10-meters using a 
logarithmic wind profile.  Figure 2 shows the buoy locations.  Use of a collocation window of 
30 km and 60 minutes reduces the spatial-temporal mismatch that exists between the time-
averaged single point buoy observations and the instantaneous spatially averaged satellite 
wind product.  Approximately 18,000 matchups occurred within the June1, 2002 to July 31, 
2003 comparison time period.  The overall AMSR-E minus BUOY wind speed difference 
(0.03 m/s) and standard deviation (1.0 m/s) meets the quality standards expected for ocean 
winds.  The scatter of collocations is shown in Figure 3.  Mean errors for individual buoys 
are plotted in Figure 2 and range from -0.6 to 0.7 m/s with most standard deviations less 
than 1.2 m/s.  An exception to these results is buoy 46047 located offshore of southern 
California which has a larger -1.01 m/s bias (standard deviation of 0.85 m/s is within range).  
In general, standard deviations greater than 1.0 exist for MEDS buoys and standard 
deviations less than 0.7 m/s exist for most TAO and PIRATA buoys from PMEL.  Cross-talk 
plots, Figure 4, show the AMSR-E minus BUOY wind speed differences with respect to 
other retrieved geophysical parameters.  The slight increase at higher wind speeds in 
Figure 4a are likely due to a significantly reduced number of matchups at speeds greater 
than 17 m/s and that many of these higher speed matchups are from MEDS buoys which 
exhibit a higher variability.

Figure 2.  Individual buoy AMSR-E minus BUOY mean wind speed difference 
shown in color with standard deviation represented by rectangle size.

Figure 4.  Cross-talk plots of AMSR-E minus BUOY wind 
speed differences by a) buoy wind speed, b) AMSR-E water 
vapor, c) AMSR-E cloud water and d) AMSR-E sea surface 
temperatures for 1 year of collocations.

Figure 3.  Scatterplot of AMSR-E and BUOY wind 
speeds for collocations between June 1, 2002 and 
July 31, 2003.

Figure 1.  Example of AMSR-E daily wind speed map available online at 
www.remss.com.

NCEP Model Wind Speed Comparison 
A comparison of AMSR-E and QuikSCAT data for July 1, 2002 
to June 30, 2003 using a 30 km and 60 min collocation window 
is shown in Figure 5.  The near-polar orbits for each platform 
are set approximately 5 hours apart resulting in only high 
latitude collocations.  The mean bias and standard deviation of 
these collocations are given in the Figure.  Extending the 
collocation time window to 5 hours increases the area covered 
but results in noisy maps and much poorer statistics.  Instead 
we chose to produce monthly comparison maps such as the 
one shown in Figure 6 (top) for the month of June 2003.  In this 
figure, temporal differences are found in frontal zones as the 
AMSR-E monthly map represents a 0130/1330 local time 
monthly mean wind and the QuikSCAT map represents a 
0600/1800 local time monthly mean wind.  Frontal systems can 
move several pixels in this time difference and result in bands 
of positive and negative bias.  In addition, there is a constant 
negative bias (QuikSCAT higher winds) in persistent rain 
regions, as the monthly rain flag used from the QuikSCAT data 
does not remove all rain effects.  This results in higher 
scatterometer winds on average as rain increases retrieved 
scatterometer winds in low wind regions such as the tropics.  A 
1-year map of monthly averages, Figure 6 (bottom), shows 
agreement between these two wind products with the exception 
of the higher scatterometer winds in the rain regions.  A recent 
4-month analysis of the SeaWinds on Midori-II with AMSR-E 
showed very similar mapped results and a mean bias (-0.16 
m/s) and standard deviation (1.15 m/s) in line with these 
QuikSCAT results.

Radiometer/Scatterometer Wind Analysis

Comparison of the TMI and AMSR-E 11 GHz Winds
The semi-equatorial orbit of the TRMM platform permits many more collocations 
between AMSR-E and the TRMM Microwave Imager (TMI) within a 30 km and 60 
minute collocation window.  Using the same 1-year period as in the QuikSCAT 
analysis, we produced wind speed comparison maps of the 11 GHz wind product 
from both the AMSR-E and TMI instruments.  The retrieval algorithms used to 
obtain the ocean surface wind speeds are nearly identical so we would expect an 
excellent agreement between these two products.  Overall, we find no detectable 
bias and a standard deviation of 0.47 m/s.  The maps in 
Figure 7 show the averaged collocations on a 0.25-degree 
grid for the month of April 2003 and the entire 1-year period.  
A few small regions with less than 0.75 m/s bias exist in the 
April 2003 map.  The 1-year map shows that these small 
random areas present in any given month average out to less 
than 0.5 m/s bias over the entire year.  A time series of the 
wind speed bias (solid line) and sea surface temperature bias 
(dotted line) with accompanying standard deviations is shown 
in Figure 8.  Small daily biases of +/- 0.2 m/s exist randomly 
throughout the year.

 Mean Bias 
(AMSR-E – NCEP) 

Standard 
Deviation 

Number of 
Collocations 

July .15 1.34 17232043 
August .15 1.34 15627455 
September .14 1.32 16523881 
October .13 1.32 15865817 
November .13 1.33 16204826 
December .10 1.31 15447225 
January .23 1.37 14783316 
February .19 1.35 12208188 
March .11 1.32 11607782 
April .12 1.30 15784517 
May .22 1.29 15155362 
June .17 1.33 16454727 
Full Year 
2002-2003 .15 1.33 182895139 

 
Table 1.  Global comparison statistics for July 1, 2002 to June 30, 2003

Figure 5.  Map of  AMSR-E and QuikSCAT wind speed differences 
using 60 min collocations occurring between  between June 1, 2002 
and July 31, 2003.  

Figure 6.  Map of difference between 
AMSR-E monthly map and QuikSCAT 
monthly map for June 2003 (top) and 
for July 1, 2002 and July 31, 2003 
(bottom).  

Figure 8.  Averaged wind speed differences (solid line) and sea surface 
temperature differences (dotted line) and standard deviations for one year.

Figure 7.  Maps of wind speed differences for April 2003 and a full 
year average, July 2002 to June 2003.

Figure 9 (left).  Two 
dimensional histogram of 
AMSR-E and NCEP wind 
speeds.

Figure 10 (right).  Time series 
of global wind speed 
difference and standard 
deviation for 1-year.

Figure 11. Wind speed difference maps for September 2002 (top,left), January 2003 (top, right), April 2003 (bottom,left) and the 1-year 
period of July 2002 - June 2003.  Large biases exist in specific locations, some throughout the year.

The National Center for Environmental Prediction (NCEP) releases global circulation model run 
products four times daily at 0, 6, 12 and 18 Z.  We use the final run output, referred to as FNL, in 
comparison with AMSR-E winds.  These 10-meter NCEP winds are adjusted upwards by about 3% as 
our previous studies have found NCEP winds to be lower than buoy, radiometer and scatterometer 
winds.  All figures shown here use these scaled NCEP winds that are tri-linearly interpolated to the 
AMSR-E data time.  Figure 9 shows a 2-dimensional histogram of AMSR-E and NCEP winds with 
color-coding representing 10, 100, 1000, 10000, 100000 and 1000000 collocations respectively.  
Global mean bias and standard deviations are shown in Table 1 for each month of the year (July 2002 
- June 2003) and for the entire year.  A time series of daily-averaged wind speed differences shown in 
Figure 10 suggests a slight variation in the bias over time.  Individual 0.25 degree grid point biases 
vary between -2.0/+2.0 but average to a bias of less than +/- 0.5 m/s for most areas.  Figure 11 shows 
averaged wind speed difference maps for September 2002, January 2003 and April 2003 and for the 
entire year.  Regions of larger bias are evident, especially in regions of warm and cold currents, the 
cold-tongue of the equatorial Pacific, and surrounding islands of volcanic origin.  These same types of 
biases are found in a QuikSCAT - NCEP comparison and we have no understanding yet of the 
reasons for these biases.  Some of the biases are persistent in all months while others have seasonal 
qualities.


