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1. Introduction

Neighboring high-density satellite winds tend to be highly correlated
horizontally. Appropriately superobbing satellite winds can preserve most of the
variability present in these observations while reducing the degree of horizontal
correlation and reducing the number of single-level observations to process.
This paper discusses the manner in which satellite winds are averaged into
“superobs” in NAVDAS (NRL Atmospheric Variational Data Assimilation System).
Results from a series of tests of different aspects of the NAVDAS satellite wind
superobbing strategy are also presented, using data from the six-hour time
window centered on 1200 UTC 29 April 2002. The data and individual tests are
described in sections 2 and 3 of this paper, respectively, the results are
compared in section 4, and changes to NAVDAS and future work are proposed
in the final section.

2. Data

Two basic types of satellite wind data are currently used in NAVDAS-SSM/I
windspeeds and feature-track winds. Estimates of surface windspeed are
derived from the Special Sensor Microwave Imager (SSM/1) flown on the polar-
orbiting Defense Meteorological Satellite program (DMSP) satellites. These data
are processed at Fleet Numerical Meteorology and Oceanography Center
(FNMOC), with a typical data distribution shown in Fig. 1.

Feature-track winds are processed at the University of Wisconsin (UW)
Cooperative Institute for Meteorological Satellite Studies (CIMSS), the U.S. Air
Force Weather Agency (AFWA), the National Environmental Satellite, Data, and
Information Service (NESDIS), the European Meteorological Satellite Organization
(EUMETSAT), and the Japan Meteorological Agency (JMA). All five centers use a
similar technique based on geostationary satellite imagery in visible (VIS),
infrared (IR), or water-vapor (WV) channels. Figure 2 shows a typical data
distribution for UW winds, which are processed from five satellites—-GOES-8, GOES-

10, Meteosat-5, Meteosat-7, and GMS-5. AFWA feature-track winds are



generated using the UW software for Meteosat-5, Meteosat-7, and GMS-5 and
used in NAVDAS in place of the UW winds for these satellites; in the dataset used
for these tests, both AFWA and UW winds are labeled UW, a problem that has
since been corrected. Figure 3 shows a typical data distribution for NESDIS
winds, which are processed only from GOES-8 and GOES-10, and JMA winds,
which are processed only from GMS-5. Note that the UW (or AFWA) and NESDIS
winds are much denser than the JMA winds, as a result of the feature-selection
methodology used. Finally, a typical data distribution for EUMETSAT winds is
shown in Figure 4. The EUMETSAT winds are generated on a fixed grid and so are
also less dense than UW and NESDIS winds.

Several varieties of water vapor winds are available. UW produces water
vapor winds from three different channels. Winds from the 6.7 um channel are
simply labeled “WV” winds, while winds derived from sounder channels 10 and
11 are labeled “WV10" and “WV11", respectively. Since the number of WV10
and WV11 winds are small, they are not discussed in detail in this paper. NESDIS,
EUMETSAT, and JMA all produce water vapor winds labeled cloudy air
(“WVCLD”), while only EUMETSAT produces water vapor winds labeled clear air
(“WVCLR").

Prior to superobbing, satellite winds are decoded from the FNMOC
internal formats and placed in the NAVDAS innovation vector format. In
NAVDAS, innovations are defined as observation minus background values at
observation locations, so interpolating the time-interpolated background
forecast to observation locations is part of defining the innovation vector.

3. Superob tests

Details of the various tests in superob strategy are presented here. All tests
used the same vertical partitioning, namely fixed 50 mb layers centered on
pressure levels extending every 50 mb from 1000 mb to 100 mb for a total of 19
layers. A one-hour time constraint is placed on SSM/I observations, requiring

them to be from the same swath. However, no time constraint is placed on



feature-track winds in the initial tests; using such a time constraint is one of the
options tested.

All tests also used the same preliminary data quality screening. All
observations missing latitude, longitude, pressure, time, or a background value
are rejected, as are observations with pressures below 1025 mb or above 100
mb and wind vector observations missing either the u or v component. Limits
are also placed on the magnitude of the u and v innovations, with the threshold
varying as a function of pressure from 8 to 13 m/s for feature-track winds and
varying as a function of windspeed from 3 to 10 m/s for SSM/I windspeeds.
Feature-track winds with speeds less than 3 m/s are rejected here, as are SSM/I
observations at possible ice points and those with accuracy flags greater than
zero (possible rain points).

An underlying assumption in this code is that neighboring satellite winds
from a particular sensor and satellite are similar and so can be averaged
together without a significant loss of information. Conversely, different sensors,
satellites, and even processing centers may yield winds that have different
characteristics. Therefore, superobs are formed separately for different sensors,
satellites, and processing centers. Furthermore, observed windspeeds are
required to be within 5 m/s as are both the u and v components of the wind in
order for a superob to be formed. If three (five) or more observations are
present, one (two) may be rejected as an outlier in order to meet these criteria.
A minimum of two observations for feature-track winds (three for SSM/I
windspeeds) is also required to form a superob. An exception is made for
EUMETSAT feature-track winds, which are quality-controlled to ensure horizontal
and vertical consistency. Single EUMETSAT winds are passed through as
superobs.

While these criteria are imposed on the observed speed, u, and v, the
superob itself is defined in terms of the average u and v innovations for feature-

track winds and average speed innovation for SSM/I windspeeds. Other



quantities in the innovation vector such as pressure are also averaged, with
horizontal position being the exception. The location of the superob is defined
as the latitude and longitude that minimizes the great-circle distances to the
individual observations and is computed using an algorithm developed by Dr.

Roger Daley.

a) Test 1. Old superob code

The first version of the superob code (currently running in NAVDAS)
averages satellite winds on a 2E latitude-longitude grid. In order to mitigate
problems associated with the convergence of the meridians, the horizontal
averaging examines all observations in a given layer within 160 km of the center
of the 2E superob box. As a result of the overlap between neighboring superob
boxes, a given observation can be used in more than one superob. In order to
avoid needless duplication, superobs are required to include at least one
observation that has not been used previously. Furthermore, the position of the
superob is required to be within 110 km of the center of the 2E superob box to
be valid. It is assumed that the observations in superobs that violate this
constraint are better utilized in neighboring superobs, although some might not

be used at all.

b) Test 2: Prism superob code

An alternate strategy for distributing superobs horizontally was devised by
Dr. Edward Barker for ATOVS sounding data. In this strategy, 2E latitude bands
are divided into an integer number of “prisms” that are roughly square in terms
of distance along each side. Therefore, 2E latitude bands adjacent to the
equator have 180 prisms, while the latitude band centered at 89E has only 7
prisms. In this strategy, observations are not used in multiple superobs, and no
constraint is imposed on the position of the superob with respect to the center of

the prism.



C) Test 3: Alternate direction-based criterion

This test used the prism version of the code with a modified constraint on
which groups of observations qualify as superobs. Observed windspeeds are still
required to agree within 5 m/s to form a superob. However in this test, the u and
v components are allowed to vary by more than 5 m/s if the wind directions are
within 20E, excluding 1 or 2 outliers if necessary. This test allowed some higher-

speed superobs to be formed that were rejected by the 5 m/s u-v threshold.

d) Test 4. No time averaging

The previous tests applied a time criterion to SSM/I windspeeds, but did
not for feature-track winds. This test therefore only superobs feature-track winds
having the same time. It uses the prism version of the code that is otherwise the

same as in Test 3.

e) Test 5: Duplicate checking

In the course of checking the performance of the superob code, it was
found that duplicate observations are present, primarily in UW feature-track
winds. A duplicate checker was therefore implemented which searches for
exact duplicates only. An exact duplicate is found if the platform identifier,
time, pressure, location, and observation are identical. For feature-track winds,
both the u and v component winds must be identical; for SSM/I data, only the
windspeeds are required to be identical. The test of duplicate checking was

performed with the prism version of the code otherwise the same as in Test 4.

f) Test 6: Kinetic energy adjustment
Averaging u and v components to form a superob can result in the loss of
kinetic energy (KE) if the wind directions vary significantly. While the criteria

imposed on u, v, and direction mitigate this problem, they do not entirely



remove it. Therefore a test was made to restore the lost kinetic energy. In the
algorithm used, the average values of u and v are used to define the wind
direction for both the observation and background fields. This direction is
coupled with the average wind speed to define adjusted u and v values that
are consistent with the average speed. The adjusted innovation is then defined
as the difference between the adjusted observation and the adjusted
background. In most cases, the adjustment is less than 0.2 m/s, but it can
occasionally be larger. This test was performed with the prism version of the

code otherwise the same as in Test 5.

Q) Test 7: Prism quartering

At times, there is too much variability in the observations in a given prism
to meet the criteria to form a superob. In these cases, the prism is divided into
four sub-prisms according to the location of the center of the prism, and the
observations in each sub-prism are examined to see if they meet the criteria to
form a superob. This algorithm allows some smaller-scale features to be
captured by the superobs where the data are able to meet the criteria. Only
prisms with a minimum of five observations are allowed to be quartered. This

test was performed using the prism code.

h) Test 8: No two-outlier checking

Innovation statistics for superobs that were formed after two outliers were
rejected are similar to those for “bad” superobs-those that failed to meet the
criteria. This test omits checking for two outliers and instead tries prism quartering

for those cases.

) Test 9: Increased speed criterion
An inconsistency is present in requiring the speed, u, and v values of the

observations to all be within 5 m/s. If the u and v values both vary by exactly 5



m/s, the speed values could vary by as much as 7.1 m/s. Therefore a test was
made in which the speed criterion applied to feature-track winds was changed
to 7 m/s, while the 5 m/s (or 20E) criterion was still applied to u and v values (or
direction). This test was performed using the prism code otherwise the same as

in Test 8.

)] Test 10: Low-accuracy SSM/I observations

The final test admitted low-accuracy SSM/I windspeeds. This test used the
code that was otherwise the same as that used in Test 9. However, the
increased speed criterion and KE adjustment were not applied to SSM/I data,
and no SSM/I duplicates were present, so duplicate checking had no effect.
4. Results

The results from the tests are examined separately for each
sensor/channel, with data from the various satellites averaged together. In
order to avoid large fluctuations that obscure overall trends, statistics for fewer
than 50 superobs in a particular category are omitted from most of the figures.
In counting observations and superobs, a feature-track wind vector is counted

as one observation (or superob) as is an SSM/I windspeed.

a) Old superobbing strategy (Test 1)

Before examining the results from the various tests using the prism code,
the results from Test 1, which used the old superob code, are presented in detalil.

Table 1 gives an overview of the data for the 1200 UTC 29 April 2002
(2002042912) dataset, which includes the data for a six-hour window centered
on the specified time. The statistics are broken down by data type, with a listing
also given of the processing centers that produced each data type present in
the 2002042912 dataset. A total of 183,990 observations are present in this
dataset. Out of these, 115,808 (63%) are used to make 21,918 superobs in Test 1,

a reduction in the data volume of nearly 90%. The SSM/I data are the most



dense, with the SSM/I surface windspeeds comprising 40% of the observations
(and 28% of the superobs). Of the feature-track wind types, IR winds are the
most numerous at 28% of the observations (and 37% of the superobs). IR winds
make a larger percentage of the superobs than SSM/I windspeeds because
SSM/I windspeeds which are available only at the surface. The various types of
water vapor winds comprise 20% of the observations (and 24% of the superobs),
while VIS winds comprise 12% of the observations (and 11% of the superobs).

Innovation statistics are also listed in Table 1 for each data type. The
average speed innovation (“AVG”) gives a measure of the relative bias in the
observations compared to the background field. Most types in the list have a
small bias in the observations. Notable exceptions are the VIS winds, which
have a bias of 0.6 m/s, and WVCLD winds, which have a bias of -0.5 m/s. This
reflects the tendency for feature-track winds to overestimate low-level
windspeeds, perhaps a result of either height assignment errors or cirrus
contamination, and to underestimate upper-level windspeeds, likely a result of
either height assignment errors or the relatively large time interval between
images that is typically used. The statistics for the WV10 and WV11 winds should
not be given much credence because of the small sample size for these two
types.

The average magnitude of the speed innovations (“MAG”) is listed in
Table 1 beneath the average innovation. These show that the low-level data
types (SSM/I and VIS) typically have small innovations, while the upper-level
data types (WV, WVCLD, WVCLR) typically have larger innovations, with
average magnitudes nearly twice as large as the low-level data types.

In general, the superob innovation statistics are smaller than or equal to
the observation statistics. For example, the average innovation for IR winds is 0.1
m/s for observations and 0.0 m/s for superobs, while the average innovation
magnitude is 2.3 m/s for observations and 2.1 m/s for superobs. This implies that

the data that are not used in the superobbing process are “worse” than the



data that are used, in terms of having a larger bias and larger innovation
magnitudes. The unused data include single-observation superobs (other than
EUMETSAT), observations rejected as outliers, and superobs with too much shear
to meet the criteria.

Figure 5 shows a breakdown of the counts, average speed innovations,
and average speed innovation magnitudes for both observations and superobs
as a function of pressure level. The counts in Fig. 5a portray two peaks in the
vertical. A low-level peak exists in both VIS and IR winds at 850 mb associated
with low-level cloud features. A second peak exists at upper levels associated
with jet-level clouds, with a maximum at 250 mb for IR winds. WV and WVCLD
winds have a broad maximum between 350 and 200 mb, while WVCLR winds
have a smaller maximum at 400 to 350 mb. Relatively few winds are present
from 650 to 500 mb, with only IR winds available in a significant quantity. This
figure also depicts the reduction in data volume associated with superobbing
the data. The peaks in the superob distribution generally agree in location with
the peaks in the observation distribution, but are much smaller in magnitude.

The quality of the superobs is summarized in Figs. 5b and 5c in terms of the
innovation statistics. Figure 5b depicts the average innovation, or bias, which
has a positive peak at 750 mb for both VIS and IR data that is slightly smaller for
the superobs than for the observations. Assuming that the background depicts
the winds reasonably well at these levels, the positive bias implies that the
observed wind is too strong. This could result from the feature-tracking algorithm
in some cases capturing the motion of thin cirrus aloft but seeing the warmer low
cloud through the cirrus and so using a low height assignment. At upper levels
from approximately 400 mb to 200 mb, the IR and WVCLD winds have a
negative bias, indicating that the observed winds are likely too weak, a known
problem with feature-track winds. The WVCLR winds have a similar negative
bias, but a bit lower-between 450 and 350 mb. Superobs have a larger

negative bias than observations in the 600 mb peak for IR winds, in the 300 mb



peak for IR winds, in the 400 mb peak for WVCLR winds, and at 300 mb for WV
winds. Thus, forming superobs appears to slightly increase the problem with
weak winds aloft.

Figure 5c portrays the average magnitude of the innovations. These
magnitudes increase overall, from just over 1 m/s for VIS and IR winds at low
levels to approximately 3 m/s for IR and WVCLD winds at upper levels. It is
interesting to note that the WV winds aloft have somewhat smaller average
magnitudes than the IR winds, while the WVCLR winds have a somewhat larger
average magnitude. Superobs have slightly smaller innovation magnitudes than
do observations.

The statistics also depend on the manner in which superobs are formed.
Figure 6 shows these same statistics for IR winds, broken down in terms of
superob type. IR winds were chosen for this comparison since they are available
at the most levels and in the greatest numbers of the available data types.
Simple superobs, those that meet the criteria without rejecting any outliers,
dominate the statistics, with values similar to those for all accepted superobs.
While some outliers are found at low levels, the superobs formed after rejecting
these outliers have nearly the same average innovation and average
innovation magnitude as the simple superobs. Outliers are more of a factor at
upper levels, where one-outlier superobs have a greater negative bias (Fig. 6b)
and a greater average innovation magnitude (Fig. 6c), which is especially
evident at 250 mb.

Isolated observations, defined when a prism has only one observation that
is not from EUMETSAT, are not used in NAVDAS and are available in significant
numbers at all levels. Note that at mid-levels, isolated observations are
available in roughly the same numbers as valid (“all”’) superobs (Fig. 6a). These
isolated observations have a bias that is similar to that for valid superobs, with
significant differences only at mid-levels (Fig. 6b). The average innovation

magnitude for isolated observations is slightly larger than that for valid superobs
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are nearly all levels (Fig. 6¢). So-called bad superobs are those that fail to meet
the superob criteria. They occur primarily aloft and have comparatively large
negative biases from 300 to 200 mb and a large positive bias at 150 mb (Fig. 6b).
The average innovation magnitudes for these bad superobs are similar to those
for valid superobs, except at 150 mb where the bad superobs have larger
average innovation magnitudes than do valid superobs (Fig. 6c).

The characteristics of the superobs are also a function of the number of
observations per superob. Figure 7 portrays the same statistics as Figure 6,
comparing the various types of superobs for IR feature-track winds. The top
panel shows that over 80% of IR superobs were formed from 6 or fewer
observations, with the majority being simple superobs. The center panel shows
that the speed bias does not appear to be a function of the number of
observations per superob. However, the one and two outlier superobs as well as
the bad superobs have a more negative bias than the simple superobs, which
have a slightly positive bias. This likely results from the fact that simple superobs
are available in the greatest numbers at lower levels, while the one- and two-
outlier superobs and bad superobs are available in the greatest numbers at
upper levels (Fig. 6a). The average speed innovation magnitude does appear
to be a function of the number of observations per superob, with one-ob
superobs having an average magnitude of nearly 3.0 m/s, decreasing to 1.5 m/s
or less for superobs having 7 or more observations per superob. In addition, the
one and two outlier superobs and the bad superobs also have larger average
magnitudes than the simple superobs, again likely a result from them portraying
the larger values that occur aloft. Itis also interesting to note that the EUMETSAT
one-ob superobs, which are accepted, have very similar average magnitudes
to the other one-ob superobs, which are rejected, suggesting that the handling
of one-ob superobs should be investigated further.

Finally, Figure 8 portrays these same statistics as a function of latitude. The

counts in Fig. 8a show that IR and WVCLD superobs have a maximum in the
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tropics, while SSM/I, VIS, WVCLR, and to some extent WV superobs have a
minimum in the tropics and maxima in the subtropics. The counts tail off at
higher latitudes in both the Northern and Southern Hemispheres. The average
innovations in Fig. 8b portray a positive bias for IR and WVCLD superobs in the
tropics, a positive bias for VIS superobs in the subtropics where the SSM/I speed
superobs also have a positive bias, and a negative bias for IR and SSM/I
superobs in mid-latitudes.

It is interesting to note that the negative bias for IR winds in mid-latitudes is
much stronger in the Northern Hemisphere. This may reflect the particular
synoptic situation in this dataset, but it is more likely a result of the greater
availability of high-quality rawinsonde and aircraft winds yielding a more
accurate background field in the Northern Hemisphere, which would make the
underestimation of the windspeeds aloft by the satellite winds more apparent.
A negative maximum in WV superobs is also seen in the Northern Hemisphere,
perhaps for the same reason.

Finally, Figure 8c shows a tendency for SSM/I speed superobs to have an
average innovation magnitude of roughly 1 m/s in the tropics, increasing to
roughly 1.5 m/s in midlatitudes. VIS winds have an average innovation
magnitude of 1 to 2 m/s in the subtropics, while IR winds have average
innovations that are generally less than 2 m/s in the Southern Hemisphere and
generally greater than 2 m/s in the Northern Hemisphere. WV and WVCLD
superobs have average innovation magnitudes that are somewhat larger than

the IR values at the same latitudes.

b) Prism superob code (Test 1 vs. Test 2)

This comparison focuses on the horizontal partitioning of the data. Test 1
uses overlapping 2E latitude-longitude boxes, while Test 2 uses non-overlapping
2E prisms. Of the 183,990 total observations, 115,808 (63%) are used to make
21,918 superobs in Test 1, and 130,548 (71%) are used to make 29,698 superobs in

12



Test 2. The superob counts for these two tests are detailed in Table 2 for the
various data types. The prism scheme led to 23% more SSM/I windspeed
superobs, 60% more VIS superobs, 27% more IR superobs, 38% more WV
superobs, 65% more WVCLD superobs, and 56% more WVCLR superobs. Only a
slight degradation in innovation statistics is seen, with average innovations and
average innovation magnitudes generally agreeing within 0.1 m/s. The most
notable exception is WV10, which has the fewest number of observations and
superobs.

The quantity and quality of the superobs in these two tests are summarized
as a function of pressure level in Fig. 9. The increase in the number of superobs
associated with the prism scheme can be seen in Fig. 9a for all levels and data
types except the IR winds at mid-levels. The SSM/I speed counts are too large to
appear on this scale. Figure 9b portrays little difference in average speed
innovation between the two tests for the IR data below 700 mb and for the VIS
data below 800 mb. However, Test 2 VIS superobs do have a slightly larger
positive bias above 800 mb. At mid-levels, Test 2 yields IR superobs with a small
positive bias at most levels, in contrast to the relatively large negative peak at
600 mb in Test 1. For the upper-level winds, the Test 2 innovations generally have
a smaller bias than the Test 1 innovations, with the exception of WVCLD and
WVCLR superobs.

Figure 9c portrays the average magnitude of the innovations. Below 700
mb and above 400 mb (except for WVCLD superobs), only small differences are
present between the two tests. Larger differences between the two tests are
present in the IR magnitudes between 500 and 400 mb and in the WVCLR
magnitudes between 300 and 150 mb, with Test 1 values being smaller by
roughly 0.25 m/s.

Figure 10 portrays statistics for the various types of superobs as a function
of pressure level. Comparing Figs. 6a and 10a shows that the number of valid

superobs (“all superobs”) is still dominated by simple superobs but with obvious
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increases at lower and upper levels in the two peaks. Using prisms leads to a
decrease in the number of one- and two-outlier superobs and in the number of
bad superobs, but a large increase in the number of isolated observations. In
fact between 750 and 350 mb, the number of isolated observations exceeds the
number of valid superobs. Note that the number of two-outlier superobs is too
small to give valid statistics and so is not plotted for Test 2.

Innovation statistics are also shown in Figs. 6 and 10 for Tests 1 and 2,
respectively. The average innovations for isolated superobs are nearly the same
as those for valid superobs in Test 2, with one-outlier and bad superobs having a
comparatively larger bias at both 850 mb and in the 350 to 250 mb layer (Fig.
10b). The valid superobs have a slightly lower bias at upper levels and at 600
mb in Test 2 compared to Test 1, at the expense of a slightly higher bias at mid-
levels. Average innovation magnitudes (Fig. 10c) are slightly larger for isolated
observations than for valid superobs at lower levels and at upper levels, with a
smaller difference than was present in Test 1 (Fig. 6¢). The differences in
average innovation magnitude between valid superobs and both one-outlier
and bad superobs are smaller in Test 2 than in Test 1.

Figure 11 shows the same statistics as a function of the number of
observations per superob. Comparing the counts in Figs. 7 and 11 shows large
increases in the number of valid superobs for 1 to 3 observations per superob,
with decreases present at higher numbers of observations per superob. This
increase is almost entirely associated with an increase in the number of simple
superobs, as would be expected from the prior discussion. Over 9000 isolated
observations were present in Test 2; this value is off the scale used for this figure.

The innovation statistics in Fig. 11 are little different from those in Fig. 7 for
simple superobs and therefore for all valid superobs. The biases and average
innovation magnitudes for one- and two-outlier superobs and for bad superobs

are similar between the two tests.
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The statistics for the two tests are also presented in terms of data type as a
function of number of observations per superob (Fig. 12). Figure 12a shows that
the change in horizontal partitioning leads to dramatic changes in some data
types and much more modest changes in others. For example, the SSM/I winds
in Test 1 tend to have a large number of observations per superob, with 4,442 of
the 6,085 superobs using more than 15 observations per superob. However, the
prism strategy used in Test 2 yields only 967 superobs with more than 15
observations per superob, but has large increases in the other categories. In
contrast, the VIS winds have significant differences in only the 1, 2, and 3
observations per superob categories. The prism strategy admits more EUMETSAT
single-ob superobs, with the counts roughly doubling in the 1 observation per
superob category for VIS, IR, WVCLD, and WVCLR winds. While this increase
occurs in part at the expense of superobs using higher numbers of observations,
it also reflects the ability of the prism strategy to form superobs where the lat-lon
box strategy was unable to meet the criteria to make superobs, hence the
overall increase in the number of superobs (Table 2). A near doubling is also
seen in the 2 observations per superob category, even for the WV winds that do
not contain any EUMETSAT data. The number of IR winds with 2 observations per
superob was 1,904 in Test 1 and 3,717 for Test 2.

The average speed innovation as a function of number of observations
per superob is shown in Fig. 12b. While the prism strategy clearly improved the
bias in most categories, it led to an increase in bias for the VIS and WVCLD winds
in most categories. The bias does not appear to be an obvious function of
number of observations per superob.

The average innovation magnitudes generally decrease slightly in Test 2
compared to Test 1, although IR and WVCLD winds have values that increase
slightly in some categories (Fig. 12c). In addition, the decrease in the average
magnitude of the speed innovations as a function of the number of

observations per superob is also a function of data type. The average
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innovation magnitudes for SSM/I windspeeds and for VIS winds are only a weak
function of the number of observations per superob. IR winds have average
innovation magnitudes that are larger for small numbers of observations per
superob, but decrease to values similar to the VIS values at larger number of
observations per superob. The various types of water vapor winds have even
larger values for small nhumbers of observations per superob but have counts
that are too small at large numbers of observations per superob to draw a
conclusion about their variation.

Figure 13 portrays the counts and innovation statistics as a function of
latitude. Comparing Figs. 13a and 8a shows that roughly the same pattern is
present for both Tests 1 and 2, but with higher counts for Test 2. It is interesting to
note that the peak SSM/I counts in the two hemispheres are more symmetrical in
Test 2, compared to the much greater Southern Hemisphere peak in Test 1. The
counts do not appear to tail off with latitude any faster in Test 2 than Test 1,
indicating that varying the number of averaging volumes in a latitude band
(Test 2) does not produce a dramatic difference in the number of superobs per
latitude band compared to using a constant number of averaging volumes per
latitude band (Test 1).

The average innovations in Fig. 13b are similar to those in Fig. 8b, but with
more points plotted as a result of the greater counts in Test2. The most striking
difference is the large negative bias for WVCLD winds in the subtropics. This was
not apparent in Fig. 8b because these latitude bands had small counts in Test 1
and so were not plotted. Likewise, the average innovation magnitudes in Fig.
13c are quite similar to those in Fig. 8c, except for the large innovation
magnitudes for WVCLD and WVCLR winds seen in the subtropics in Fig. 13c
where the counts were too small to plotin Fig. 8c.

To summarize, the comparison of results between Test 1 (overlapping 2E
latitude-longitude boxes) and Test 2 (non-overlapping 2E prisms) shows that Test

2 had more superobs but with slightly worse innovation statistics. The prism
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strategy yields approximately a 22% increase in the number of SSM/I windspeed
superobs and a 40% increase in the number of feature-track wind superobs (all
channels) while using approximately 15% more observations. However, these
increases are at the expense of increases of up to 0.1 m/s in the average speed
innovation and the average magnitude of the speed innovation for most data
types. This degradation in the statistics is associated primarily with an increase in
the number of superobs with 1-3 observation per superob and, for WWCLD and
WVCLR, with an increase in the number of mid-latitude superobs with larger
innovations. The increase in bias and innovation magnitude is deemed small
enough to make the increase in number of superobs associated with the prism
strategy worthwhile. The remaining tests are therefore performed with the prism

version of the code.

C) Alternate direction-based criterion (Test 2 vs. Test 3)

In Tests 1 and 2, a constraint was imposed on both u and v to limit the
variation among the observations to 5 m/s. However, when the windspeed is
large, a 5 m/s variation in one component can translate into a relatively small
variation in wind direction. This comparison examines an alternate strategy (Test
3) in which superobs are formed from observations that have u or v components
that vary by more than 5 m/s but have directions that agree within 20E. Since
this test was performed using the prism version of the code, its results are
compared with those from Test 2, which also used the prism version of the code.

Table 3 compares the overall statistics from Tests 2 and 3. Overall, using
the alternate direction-based criterion led to an increase in the number of
observations of 2.1%. Since the direction constraint is not applicable to SSM/I
data, this increase was entirely in the feature-track wind data. Furthermore, this
criterion acts to increase the number of high-speed superobs, most of which
occur aloft (Fig. 14). An increase of 0.3% was seen for VIS superobs, which occur

only at lower levels. An increase of 2.4% was seen for IR superobs, which occur
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at both upper and lower levels. However, increases of 5.3% and 5.7% were seen
for WV and WVCLD superobs, which occur only at upper levels. Average
innovations and average innovation magnitudes were essentially unchanged,
both overall (Table 3) and as a function of pressure level (not shown).

The results from this comparison show that the alternate direction-based
criterion increases the number of superobs aloft without a significant change in

innovation statistics. This criterion is therefore included in all further tests.

d) No time averaging (Test 3 vs. Test 4)

Time averaging was employed for feature-track winds in Tests 1-3.
However, time averaging can yield superobs that are offset from the analysis
time. A better strategy might be to form individual superobs for each available
time and then selecting the superob nearest the analysis time. This test
examines the effect of removing the time averaging without performing any
superob selection.

The results for this comparison are summarized in Table 4. No changes
were seen in the SSM/I windspeed superobs, which already used a time
constraint, and in the WV10 and WV11 data, which are produced less frequently
then other feature-track winds. The number of WV superobs, which are also
produced only by UW, increased by only 6%. In contrast, the number of WVCLR
superobs, which are produced only by EUMETSAT, increased by 81%. Other data
types had inter-mediate increases-the number of IR superobs increased by 21%,
WVCLD superobs increased by 40%, and VIS superobs increased by 53%.
Changes in average innovation and average innovation magnitude were again
0.1 m/s or less.

Figure 15 shows the superob count for this comparison as a function of the
number of observations per superob. The largest increases resulting from
constraining time in forming superobs occurred in the one observation per

superob category, which is allowed only for EUMETSAT data. Changes in
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categories of three observations per superob or greater were relatively small.
Chan