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I. INTRODUCTION

There are many reports in the literature concerning the vertical variation P

of the horizontal wind (i.e., vertical windshear) in the boundary-layer. The
spatial variability of the wind structure below I km affects aeronautical ac-
tivities such as aircraft takeoffs and landings [I], parachute deployment of
men and material [2], and missile launchings [3]. The knowledge is also re-
quired for prediction of air pollution dispersal [4].

The winds below 1 km have been analyzed using a variety of techniques
including optical radar [5,6], acoustic radar [7,8], forward-scatter CW
radar [9], single-theodolite pibals [4,10], double-theodolite pibals [11],
cinetheodolite [12], radiosondes and rawinsondes [I], meteorological towers
instrumented with anemometers [13, 14, 15], and rocketsondes [16]. Most ofa

the investigators mentioned above monitored the wind for periods of a few
days to a few weeks. Broadly speaking, most NASA reports that have wind cli-
matology (i.e., statistics based on a few thousand wind profiles) have re-
ported windspeed differences over 5 km intervals [17], or have been concerned
with windshears above 8 km in altitude [18]. For example, Johnson [18] com-
puted windshears in 1 km intervals, but only maximum windshears in the layer
10 to 17 km were listed. Grossman and Beran [] and Abramovic and Glazunov
[10] are the only references that provide a climatology of extreme low-level
windshear for locations in the U.S. and U.S.S.R., respectively.

The purpose of this report is to establish a long-term climatology of
windspeed differences, wind direction differences, and vertical windshear
within the layer from surface to 1 km. The discussion will focus on the
seasonal variation of the.cumulative distribution function of vertical wind-
shears. Wind direction changes associated with extreme vertical windshears
will also be discussed.

II. METHODS AND DATA

Two data sets were created for the purpose of analyzing vertical wind-

shear in the lower atmosphere. Each observation in the Centreville, Alabama
data set consists of windspeed and wind direction at the surface (approximately
10 m), 300 m, 600 m, and 900 m for the period of record 1975-1983. Due to in-
sufficient data at the 300 m level, the Berlin-Templehof data consist of wind-
speed and wind direction at the surface, 600 m, and 900 m for the period of
record 1976-1983. These data were extracted from the set of upper-air sound-
ings (radiosonde ascents) provided to us by the U.S. Air Force Environmental
Technical. Applications Center.

Windshear was computed utilizing both windspeed and wind direction
differences as indicated by the following notation:

Vs = V2 - V1  Scalar Shear

Ae8=2 - 61, A0 j< 1800 Angular Difference

s = 2/VIV2 sin( A6 2) Angular Shear Magnitude

S =- s + s2 Total Vector Shear

1 I1
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where Vs is the difference in windspeed between two altitudes, and A6 is the
difference in wind direction between two altitudes. See Essenwanger [19] for
a derivation of the equation for the total vector shear:

For both Centreville and Berlin, the cumulative probability of wind-
shear in the layers surface to 600 m and surface to 900 m are presented as a
set of figures which includes:

a. The seasonal variation of windshear;

b. Windshear as a function of surface windspeed;

c. Frequency distribution of wind direction change for extreme wind-
shear. For Centreville only, the cumulative probability of windshear in the
layers surface to 300 m, 300 m to 600 m, and 600 m to 900 m are also shown.

As a supplement, frequency distributions of.windspeed and wind direction
differences are listed for the layers surface to 600 m, 600 m to 900 m, and
surface to 900 m for both Centreville and Berlin, and surface to 300 m, 300 m
to 600 m, and 300 m to 900 m for Centreville only.

III. WINDSHEAR CLIMATOLOGY S

Windshear climatology has been established using low altitude winds
available from radiosonde upper-air soundings for both locations. In this
measurement system the wind data are determined at several points and sub-
sequently averaged over an altitude layer of approximately 600 m. Precision
optical radar is not used for tracking, which results in the small-scale fluc-
tuations not being detected. Radiosonde (or rawinsonde) winds have RMS vector
errors of a least 2 m/s [20], while errors of 15 m/s have been quoted for high
winds usually encountered at high altitudes which are not of interest to us in
this report. In contrast, the FPS-16/Jimsphere system and MSS Windsonde were
evaluated by NASA [20] to have vector errors of 0.5 m/s and 0.7 m/s, respec-
tively. Wind profiles obtained with such systems retain the small-scale fea-
tures of the wind field (neither the Jimsphere nor the Windsonde are currently
in daily operational use). These considerations should be kept La mind when
evaluating the windshear climatology, although any system has error sources,
e.g., delay in antenna response, spurious balloon fluctuations, etc. Cy

The cumulative probability (percent) of vertical windshear below 1 km •
are presented as a set of figures (Figures I thru 9) using the extreme-value
probability scale. The units of windshear are meters per second per shear
interval, with the shear interval indicated on each figure.

The data base used in this study consists of 4,482 observations for
Centreville and 6,167 observations for Berlin broken down according to sur- •
face windspeed differences and wind direction differences (Tables I thru 9).

2%
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Surface Windspeed Berlin (% of total) Centreville (% of total)

0-2 m/s 19.1% 22.5%

2-3 17.8 35.2 S

3-5 33.4 26.7

5-6 13.0 8.3

6-7 8.0 4.2

>7 8.7 3.1

The cumulative probability of windshear for the surface-600 m layer and
the surface - 900 m layer (annual summary) are shown for Centreville in Figure
1A and Berlin in Figure 1B. Note that two different shear intervals are plot-
ted in the same figure, i.e., that a 600 m shear interval is being compared to
a 900 m shear interval.

The seasonal variation of windshear for the layer surface to 600 m are
shown for Centreville and Berlin in Figures 2A and 2B, respectively. The
largest shear values are consistently observed during the winter, with the ex-
ception that the maximum value was often observed in the spring. This season-
al pattern also holds for the 300 m (Figures 6 and 7) and 900 la (Figures 3A
and 3B) shear intervals.

The seasonal variation of windshear for the layer surface to 900 m
are shown for Centreville and Berlin in Figures 3A and 3B, respectively.
For Berlin, the fall shear values are close to the winter shear values in
the range of 50 to 99 percent probability.

Three equal shear intervals (300 m) are shown for Centreville in Figure
4, surface-300 m, 300 m - 600 m, and 600 m - 900 m layer. The largest shear
values are associated with the surface - 300 m layer except above 98 percent
probability, in which the 600 m - 900 m layer revealed the highest shear. %

This may be attributed to higher mean horizontal windspeeds at the 900 m :
level.

Windshear in the layer 600 m - 900 m (annual summary) are compared for
Berlin and Centreville. The windshear in this layer was found to be consider-
ably larger at Centreville. This may be due to hilly terrain near Centreville
which causes a channeling of the winds, which serves to increase the windspeeds.

Figures 6 and 7 display the seasonal variation of windshear in the layers
300 m - 600 m and 600 m - 900 m respectively for Centreville (both are shear
intervals of 300 m). The seasonal patterns that are revealed in these two
graphs are nearly identical.

Windshear distribution was found to clearly be a function of surface
windspeed (m/s). Windshear in the layer surface - 600 m as a function of
surface windspeed for Centreville and Berlin are plotted in Figures 8A and S

3
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8B respectively. Note that in Figure 8A the curve corresponding to surface
windspeed greater than 7 m/s was omitted because it was nearly identical to
the curve for surface windspeed 6-7 m/s. Windshear in the layer surface -
900 m as a function of surface windspeed for Centreville and Berlin are plot-
ted in Figures 9A and 9B respectively. The windshear was found to increase
with increasing surface windspeed up until about 90 percent probability.
Above 90 percent this relationship breaks down, with the largest windshears
(above 98 percent probability) being observed for surface winds of 5-6 m/s.

The final set of figures (Figures 10 thru 13) consists of the frequency
distribution of wind direction change for extreme windshears in the layers
surface - 600 m and surface - 900 m for Berlin and Centreville.

Windshear greater than 10 m/s in the layer surface - 600 m occurred with
a frequency of 8.4 percent at Berlin and 9.3 percent at Centreville. The
wind direction changes were distributed over a much broader range for Centre-
ville (Figures IOA and lOB). However, for windshear greater than 15 m/s in
the surface - 600 m layer the wind direction changes showed similar distribu-
tions for both locations (Figures 11A and 1iB). Windshear greater than 15 m/s
occurred with a frequency of less than I percent in this layer.

The wind direction changes for windshear greater than 10 m/s in the
layer surface to 900 m were also more widely dispersed for Centreville than
for Berlin (Figures 12A and 12B). This pattern also emerges for windshear
greater than 15 m/s in this layer (Figures 13A and 13B). Windshear greater
than 10 m/s in the layer surface - 900 m occurred with a frequency of 14.3
percent at Centreville and 15.5 percent at Berlin. A noteworthy result is
that for windshear greater than 10 m/s in the layer surface - 900 m, wind
direction changes of 60 degrees or more occurred 38 percent of the time,
compared to only a 10 percent frequency for Berlin. Windshear of greater
than 15 m/s in this layer occurred with a frequency of 2.4 percent at Berlin
and 3.3 percent at Centreville. Wind direction changes of 60 degrees or more
for cases of windshear greater than 15 m/s in the layer surface - 900 m oc-
curred with a frequency of 8.2 percent at Berlin in contrast to 34 percent
for Centreville. It should be noted that all wind directions are reported in
multiples of 5 degrees.

There were a small number of cases in which windshear was greater than

20 m/s for the 900 m shear interval at both Centreville and Berlin. For the
18 cases at Berlin in which windshear exceeded 20 m/s in the surface - 900 m
layer, all wind direction changes were less than 50 degrees. For Centreville
25 cases were observed, but in 11 cases wind direction changes were equal to
or greater than 60 degrees.

In the layer surface - 600 m, windshear of greater than 10 m/s was ac-
companied by a wind direction change equal to or greater than 60 degrees for
2.6 percent of all observations at Centreville compared to 0.4 percent at
Berlin. For the thicker layer of surface - 900 m, windshear of greater than
10 m/s was accompanied by a wind direction change equal to or greater than
60 degrees for 5.4 percent of all observations at Centreville in contrast to
1.6 percent at Berlin.

4
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IV. SUMMARY AND CONCLUSIONS

The climatology of vertical windshear below 1 km for Centreville, Alabama -"
and Berlin, Germany has been discussed by analyzing available radiosonde as-
cents, with emphasis on the occurrence of windshear extremes. Although this 9

measurement technique is not sensitive to small-scale wind fluctuations, ex- a."

tracting the appropriate data from the upper-air soundings allowed us to
create the best available long-term record for winds at these heights.

The major findings of this work are:

a. The seasonal variation of windshear within the same layer was shown.
Overall, winter was the season for maximum shears, summer the season for mini-
mum shears. An exception was that above 99 percent probability, the value of
shear in the spring usually exceeded the winter shear value.

b. Windshear was shown to be a function of surface windspeed. The wind-
shear was found to increase with increasing surface windspeed up until 90 to
95 percent probability. The largest windshears were observed for surface
winds of 5-6 m/s.

c. Wind direction changes associated with extreme windshears are site- 0
specific. For the layer surface to 600 m, windshear of greater than 10 m/s
was accompanied by a wind direction of greater than 60 degrees six times as -

often at Centreville as compared with Berlin. %
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TABLE lA. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface and
600 Meters for Berlin, Germany 1976-1983.

DATE 0-2 3-5 6-8 9-11 12-14 215

Jan (570) 28.60% 62.11% 84.74X 95.96% 99.65% 100.00%

Feb (509) 35.36 74.07 92.73 98.04 100.00 100.00

Mar (566) 29.05 60.56 86.60 97.71 99.47 100.00

Apr (525) 41.71 80.57 94.86 99.24 99.81 100.00

May (562) 47.51 81.85 96.26 99.82 100.00 100.00

Jun (490) 48.98 88.16 97.55 99.59 100.00 100.00

Jul (500) 43.40 84.20 98.00 99.80 99.80 100.00

Aug (514) 39.11 83.46 97.67 99.81 100.00 100.00

Sep (46 1) 30.37 70.50 93.93 99.57 100.00 10000

Oct (502) 24.30 63.15 87.25 37.81 100.00 100.00

Nov (503) 20.68 54.87 83.90 96.42 99.40 100.00

Dec (463) 21.38 53.13 77.54 95.90 99.57 100.00

Winter (1542) 28.66 63.36 85.21 96.63 99.74 100.00

Spring (1655) 39.34 7414 92.57 96.91 9976 10000

Summer (1504) 43.75 85.24 97.74 99.73 99.93 100.00

Fall (1466) 24.97 62.62 88.20 97.89 99.80 10000

Annual (6167) 3433 71 41 90.95 98.30 99.81 10000

Ub

NOTE: Number of observations in parentheses.

20



TABLE IB. Cumulative Percent Occurrence of the Wind Direction
Differences (degrees) between Surface and 600 Meters
for Berlin, Germany, 1976-1983.

DATE 30-55 60-65 90-15 120-146 150-180

Jan (570) 56.32% 91.05% 96.67% 98.25% 98.95% 100.00%

Feb (509) 53.05 90.57 96.66 97.64 99.02 100.00

Mar (568) 59.51 92.06 97.16 98.77 99.65 100.00

Apr (525) 58.86 91.24 96.38 98.86 99.62 100.00

May (562) 56.41 88.79 93.59 96.62 96.22 100.00

Jun (490) 55.92 85.71 92.86 96.33 97.96 100.00

Jul (500) 65.60 89.40 94.00 96.00 98.00 100.00

Aug (514) 58.17 86.58 93.19 96.30 99.20 100.00

Sep (461) 57.70 88.29 94.36 96.53 97.83 100.00

Oct (502) 50.40 87.45 96.02 97.41 96.41 100.00

Nov (503) 56.05 94.43 98.21 99.40 99.80 100.00

Dec (463) 57.02 92.87 98.27 99.35 99.78 100.00

Winter (1542) 55.45 91.44 97.15 96.38 99.22 100.00

Spring (1655) 58.25 90.69 95.71 98.07 99.15 100.00

Summer (1504) 59.91 87.23 93.35 96.21 98.40 100.00

Fall (1466) 55.32 90.11 96.25 97.82 98.70 100.00

Annual (6167) 57.26 89.90 95.62 97.63 98.86 100.00

NOTE: Number of observations in parentheses.
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TABLE 2A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface
and 600 Meters for Centreville, AL, 1975-1983.

DATE 2= k L 9-11. 12-1A 1-

Jan (366) 27.60% 65.57% 86.34% 95.36% 98.36% 100.00%

Feb (321) 43.61 72.59 88.47 97.82 99.69 100.00

Mar (369) 38.21 66.12 84.82 95.66 99.19 100,00

Apr (367) 44.14 70.03 89.92 97.00 99.18 100,00

May (381) 51.44 78.74 92.65 98.16 100.00 100.00

Jun (387) 60.47 82.17 96.12 98.71 100.00 100,00

Jul (377) 62.33 87.27 97.08 99.73 99.73 100.00

Aug (400) 71.25 94.50 99.00 99.75 100.00 100.00

Sep (396) 59.09 86.36 97.73 99.75 99.75 100.00

Oct (408) 44.36 79.66 92.40 98.53 99.75 100.00

Nov (348) 32.47 68.10 85.92 97.13 99.14 100.00

3ec (362) 30.39 59.67 80.66 92.54 98.34 100.00

Winter (1049) 33.46 65.68 85.03 95.14 98.76 100.00

Spring (1117) 44.6? 71.71 89.17 96.96 99.46 100.00

* Summer (1164) 64.78 88.06 97.42 99.40 99.91 100.00

Fal (I 1152) 45.83 78.47 92.27 98.52 99.57 100.00

Annual (4482) 47.57 76.28 91. 14 97.57 99.44 100.00

NOTE: Number of observations in parentheses.
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TABLE 2B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
Surface and 600 Meters for Centreville, AL,
1975-1983.

DATE 0-25 30-55 60-85 90-115 120-145 150-180

Jan (366) 57.38% 81.15% 89.89% 96.17% 97.81% 100.00%

Feb (321) 61.99 81.62 89.72 94.39 97.20 10000

Mar (369) 60.98 84.55 90.51 96.21 96.37 100.00

Apr (367) 55.31 80.65 89.92 95.10 98.37 100.00

May (381) 54.86 76.64 86.88 91.60 95.54 100.00

Jun (387) 50.13 77.00 87.86 95.87 97.93 100.00

Jul (377) 45.89 70.03 84.62 92.84 97.61 100.00

Aug (400) 41.25 62.25 80.25 91.25 96.00 100.00

Sep (396) 41.67 66.69 83.84 90.15 95.71 100.00

Oct (406) 52.70 76.72 85.78 93.63 98.28 100.00

Nov (348) 53.16 79.02 88.22 94.54 99.14 100.00

Dec (362) 56.63 78.73 89.78 94.48 97.24 100.00

Winter (1049) 58.53 80.46 89.80 95.04 9743 10000

Spring (1117) 57.03 80.57 89.06 94.27 97.40 100.00

Summer (1164) 45.70 69.67 84.19 93.30 97.16 100.00

Fall (1 152) 49.05 74.65 85.65 92.71 97.66 100.00 I

Annual (4482) 52.39 76.19 87.15 93.80 97-41 100.00

NOTE: Number of observations in parentheses.
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TABLE 3A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface and
900 Meters for Berlin, Germany, 1976-1983.

DATE 2-2 1-5 6- 9-11 12-14 2 15

Jan (570) 21.75X 53.33X 76.14X 90.70X 97.19% 100.00%

Feb (509) 29.86 66.60 87.43 96.46 99.02 100.00

Mar (568) 25.18 52.11 77.46 93.31 98.42 100.00

Apr (525) 35.81 71.43 91.62 98.48 99.43 100.00

May (562) 41.64 78.29 94.13 99.11 100.00 100.00

Jun (490) 40.41 78.78 95.10 98.57 99.80 100.00

Jul (500) 34.00 74.80 96.20 99.60 99.80 100.00 p

Aug (514) 34.24 75.49 94.94 99.03 100.00 100.00

Sep (461) 22.56 59.87 84.60 97.18 100.00 100.00

Oct (502) 19.72 56.37 79.88 95.22 98.61 100.00

Nov (503) 15.90 44.53 73.16 89.86 97.22 100.00

Dec (463) 16.85 46.87 71.06 87.69 97.62 100.00 S

Winter ( 542) 22.96 55.77 78.34 91.70 97.92 100.00

Spring (1655) 34.14 67.13 87.61 96.92 99.27 10000

Summer (1504) 36.17 76.33 95.41 99.07 99.87 100.00

Fall (1466) 1930 53.41 79.06 94.00 93.57 100.00

Annual (6167) 26.31 63.27 85.16 95.44 98.91 100.00

NOTE: Number of observations in parentheses.
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TABLE 3B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
Surface and 900 Meters for Berlin, Germany,
1976-1983.

DATE 0 30-55 60-85 90-115 120-145 150-180

Jon(570) 43.33% 84.56% 94.39% 98.07% 98.95% 100.00%

Feb (509) 39.69 62.71 92.93 96.46 98.62 100.00

Mar (568) 47.18 87.68 95.42 98.24 99.12 100.00 ,4

Apr (525) 52.76 87.05 95.24 98.10 100.00 100.00

May (562) 51.25 83.81 91.81 97.15 98.40 100.00

Jun (490) 50.61 81.43 89.59 95.31 98.16 100.00

Jul (500) 56.00 86.00 92.60 95.40 97.20 100.00 A.

Aug (514) 52.33 82.68 91.83 95.91 96.25 100.00 "V

Sep (461) 52.28 84.38 94.14 96.10 97.18 100.00

Oct (502) 38.45 81.08 94.02 96.81 98.21 100.00

Nov (503) 41.95 88.27 96.01 99.01 99.60 100.00

Dec (463) 43.41 83.80 96.98 99.35 99.78 100.00

Winter (1542) 42.15 83.72 94.68 97.92 99.09 100.00

Spring (1655) 50.33 86.16 94.14 97.82 99.15 100.00

Summer (1504) 52.99 83.38 91.36 95.55 97.87 100.00

Fall (1466) 44.00 84.56 95.43 97.34 98.36 100.00 •

Annual (6167) 47.43 84.50 93.90 97.18 98.64 100.00

NOTE: Number of observations In parentheses.

'1V
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TABLE 4A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface and
900 Meters for Centreville, AL, 1975-1983.

DATE 0-2 3-5 9-11 12-14 z15

Jan (366) 24.86% 54.641 78.421 90.711 96.451 100.00%

Feb (321) 39.25 . 65.42 84.42 93.77 97.51 100.00

Mar (369) 33.60 60.98 78.05 88.89 96.48 100.00

Apr (367) 41.69 69.48 83.11 93.73 96.73 100.00

May (381) 45.67 76.38 90.55 96.59 96.69 100.00

Jun (387) 57.88 81.91 96.38 97.93 99.74 100.00

Jul (377) 62.60 89.39 95.23 98.94 99.73 100,00

Aug (400) 70.50 93.75 99.00 99.75 100.00 100.00

Sep (396) 57.07 84.09 95.71 99.24 99.75 100.00

Oct (408) 41.67 77.21 90.69 96.81 96.77 100.00

Nov (348) 30.17 61.21 83.33 93.39 97.99 100.00

Dec (362) 23.76 53.59 72.93 87.29 94.20 100.00

Winter (1049) 26.88 57.58 78.36 90.47 96.00 100.00

Spring (1117) 40.38 69.02 63.97 93.11 97.31 100 00

Summer (1164) 63.75 88.40 96.91 98.88 99.83 100.00

Fall (1152) 43.49 74.74 90.19 96.61 98.87 100.00

Annual (4482) 44.56 72.85 87.62 9489 98.06 100.00

NOTE: Number of observations in parentheses.
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TABLE 4B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
Surface and 900 Meters for Centreville, AL,
1975-1983. 0

DATE 0-25 305 60-85 90-115 120-145 150-180

Jan (366) 46.72% 72.13% 85.52% 90.71X 95.08% 100.00%

Feb (321) 50.47 71.96 83.80 90.97 94.70 100.00

Mar (369) 49.32 79.13 86.99 92.95 96.48 100.00

Apr (367) 49.05 74.66 85.56 92.37 97.26 100.00

May (381) 49.87 70.08 81.63 89.76 94.49 100.00

Jun (387) 45.48 72.35 83.72 92.51 96.64 100.00
p

Jul (377) 34.48 59.68 77.45 87.80 93.37 100.00

Aug (400) 35.75 59.00 74.50 87.00 94.25 100.00

Sep (396) 35.35 62.88 77.02 85.10 92.17 100.00

Oct (408) 45.10 69.85 60.66 90.20 97.06 100.00

Nov (348) 43.10 71.26 83.91 90.52 96.55 100.00

Dec (362) 43.09 71.82 82.87 90.06 95.03 100.00

Winter (1049) 46.62 71.97 84.08 90.56 94.95 100.00

Spring (1117) 49.42 74.57 84.69 91.67 96.06 100.00

Summer (1164) 38.57 63.66 78.52 69.09 94.76 100.00

Fall (1152) 41.15 67.88 80.47 88.54 95.23 100.00

Annual (4482) 43.82 69.41 81.86 89.94 95.25 100.00

NOTE: Number of observations in parentheses.
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TABLE 5A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between 600 Meters
and 900 Meters for Berlin, Germany, 1976-1983.

DATE 0-2 3- - 9-i1 12-14 215

Jan (570) 90.00% 98.95% 99.65% 100.00% 100.00% 100.00%

Feb (509) 96.27 99.80 100.00 100.00 100.00 100.00

Mar (566) 91.73 99.82 100.00 100.00 100.00 100.00

Apr(525) 96.38 99.81 100.00 100.00 100.00 100.00

May (562) 98.04 100.00 100.00 100.00 100.00 100.00

Jun (490) 96.33 100.00 100.00 100.00 100.00 100.00

Jul (500) 99.20 100.00 100.00 100.00 100.00 100.00 0

Aug (514) 97.47 99.81 100.00 100.00 100.00 100.00

Sep (461) 93.71 99.78 100.00 100.00 100.00 100.00

Oct (502) 93.82 99.60 99.80 100.00 100.00 100.00

Nov (503) 91.45 100.00 100.00 100.00 100.00 100.00

Dec (463) 89.42 98.92 100.00 100.00 100.00 100.00 0
N,-

Winter(1542) 91.89 99.22 99.87 100.00 100.00 10000

Spring (1655) 95.35 99.88 100.00 100.00 100.00 100.00 I

Summer (1504) 97.67 99.93 100.00 100.00 100.00 100.00

Fall (1466) 92.97 99.80 100.00 100.00 100.00 10000

Annual (6167) 94.49 99.71 99.95 100.00 10000 100.00

NOTE: Number of observations in parentheses.
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TABLE 5B. Cumulative Percent Occurrence of the Wind Cl'
Direction Differences (degrees) between
600 Meters and 900 Meters for Berlin,
Germany, 1976-1983.

DATE 0-25 30-55 60-85 90-115 120-145 150-180

Jan (570) 96.31% 99.47% 99.82% 100.00% 100.00% 100.00%

Feb (509) 92.53 98.43 99.41 99.80 100.00 100.00

Mar (568) 95.25 99.30 99.65 100.00 100.00 100.00

Apr (525) 95.81 99.24 100.00 100.00 100.00 100.00 S

May (562) 95.02 99.29 99.64 100.00 100.00 100.00

Jun (490) 94.49 98.98 99.80 100.00 100.00 100.00

Jul (500) 95.40 98.80 99.60 99.60 100.00 100.00

Aug (514) 95.33 99.03 99.81 100.00 100.00 100.00

Sep (461) 96.53 99.35 100.00 100.00 100.00 100.00

Oct (502) 95.82 99.20 99.60 100.00 100.00 100.00

Nov (503) 96.01 99.80 100.00 100.00 100.00 100.00

Dec (463) 96.54 100.00 100.00 100.00 100.00 100.00

Winter (1542) 95.14 99.29 99.74 99.94 100.00 100.00

Spring (1655) 95.35 99.27 99.76 100.00 100.00 100.00

Summer (1504) 95.08 98.94 99.73 99.87 100.00 100.00

Fall (1466) 96.79 99.45 99.86 100.00 100.00 100.00

Annual (6167) 95.57 99.24 99.77 99.95 100.00 100.00

NOTE: Number of observations in parentheses. V
S.
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TABLE 6A. Cumulati"'e Percent Occurrence of the Windspeed
Differences (meters/second) between 600 Meters
and 900 Meters for Centreville, AL, 1975-1983.

DATE QZ 3-5 6-6 9-11 12-14 _I5

Jan (366) 82.51% 97.27% 100.00% 100.00% 100.00% 100.00%

Feb (32 1) 86.92 98.44 99.69 100.00 100.00 100.00

Mar (369) 87.80 97.29 99.46 100.00 100.00 100.00

Apr (367) 87.19 98.09 99.46 99.73 100.00 100.00

May (381) 92.65 99.74 100.00 100.00 100.00 100.00

Jun (367) 95.09 99.22 100.00 100.00 100.00 100.00

Jul (377) 95.49 99.47 100.00 100.00 100.00 100.00

Aug (400) 98.00 100.00 100.00 100.00 100.00 100.00

Sep (396) 92.17 99.75 99.75 100.00 100.00 100.00

Oct (408) 93.38 99.51 100.00 100.00 100.00 100.00

Nov (348) 88.51 96.85 100.00 100.00 100.00 100.00

Dec (362) 63.70 98.90 99.72 100.00 100.00 100.00

Winter (1049) 84.27 98.19 99.81 100.00 100.00 100.00

Spring (1117) 89.26 98.39 99.64 99.91 100.00 100.00

Summer (1164) 96.22 99.57 100.00 100.00 100.00 100.00

Fall ( 152) 91.49 99.39 99.91 100.00 100.00 100.00

Annual (4482) 90.47 98.91 99.84 99.98 100.00 100.00

NOTE: Number of observations in parentheses.
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TABLE 6B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between

600 Meters and 900 Meters for Centreville,
AL, 1975-1983.

DATE 0-25 30-55 60-85 90-115 120-145 150-180

Jan (366) 80.59% 95.07% 98.90% 99.45% 100.00% 100.00%

Feb (32 1) 83.49 96.88 99.38 100.00 100.00 100.00

Mar (369) 86.08 96.48 99.19 100.00 100.00 100.00

Apr (367) 87.47 97.55 99.18 99.73 100.00 100.00

May (381) 83.20 95.80 98.69 99.74 100.00 100.00

Jun (387) 85.27 95.09 99.22 99.74 100.00 100.00

Jul (377) 80.90 94.69 98.14 99.73 100.00 100.00 0

Aug (400) 82.50 96.50 99.00 9975 99.75 100.00

Sep (396) 83.59 95.96 99.24 99.75 100.00 100.00

Oct (408) 87.99 96.32 98.53 99.75 99.75 100.00

Nov (348) 85.06 97.99 99.14 99.71 100.00 100.00

Dec (362) 83.70 96.69 98.07 99.45 100.00 100.00

Winter (1049) 82.55 96.19 98.76 99.62 100.00 100.00

Spring (1117) 86.21 96.60 9902 9982 10000 10000

Summer ( 164) 82.90 95.45 96.80 99.74 9991 100.00

Fall (1 152) 85.59 96.70 98.96 99.74 99.91 100.00

Annual (4482) 84.34 96.23 98.88 99.73 9996 10000

NOTE: Number of observations In parentheses.
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TABLE 7A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface and
300 Meters for Centreville, AL, 1975-1983.

DATE 5- 6-8 9-11 12-4 15

Jan (366) 43.72% 87.16% 98.63% 100.00% 100.00% 100 00% 

Feb (32 1) 56.70 85.6? 97.62 99.69 100.00 100.00

Mar(369) 50.41 82.93 98.64 100.00 100.00 100.00

Apr (367) 52.86 85.83 99.18 100.00 100.00 100.00

May (381) 60.89 90.81 99.21 100.00 100.00 100.00

Jun (387) 63.82 89.66 99.74 100.00 100.00 100.00

Jul (377) 69.23 92.57 100.00 100.00 100.00 100.00

Aug (400) 76.50 95.75 99.75 100.00 100.00 100.00

Sep (396) 67.42 91.67 100.00 100.00 100.00 100.00 e

Oct (408) 50.00 85.54 98.77 100.00 100.00 100.00

Nov (348) 44.54 87.64 97.99 100.00 10000 10000

Dec (362) 41.44 80.66 96.96 99.72 100.00 100.00

Winter (1049) 46.90 64.46 97681 9961 100.00 100.00

Spring (1117) 54.79 86.57 99.02 100 00 100 00 100.00

Summer (1164) 6993 92.70 99.83 30.00 100.00 100-00

FaIl (1152) 54.34 88.28 98.96 100.00 100.00 10000

Annual (4482) 56 76 88.11 9893 99.96 100 00 100 00

I

NOTE: Number of observations in parentheses.
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TABLE 7B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
Surface and 300 Meters for Centreville,
AL, 1975-1983.

DATE 0-25 30-55 60-5 90-115 120-145 150-180

Jan (366) 76.50% 92.62% 98.09% 99.45% 99.73% 100.00%

Feb (321) 79.75 91.28 95.64 99,38 99.69 100 00

Mar (369) 76.42 93.77 97.29 98.92 99.73 100.00

Apr (367) 75.75 88.83 95.64 98.94 99.18 100.00
I

May (381) 71.13 88.45 95.54 96.95 99.74 100.00

Jun (387) 68.48 87.86 96.38 99.74 100.00 100.00

Jul (377) 67.90 86.21 94.43 98.14 99.20 100.00

Aug (400) 59.00 84.00 95.75 99.25 9950 100.00

Sep (396) 60.86 85.10 94.70 99.75 99.75 10000 .

Oct (408) 69.61 85.54 93.63 98.53 100.00 100.00

Nov (348) 72.41 89.37 96.84 99.14 99.?1 100.00

Dec (362) 76.80 91.16 95.03 99.45 10000 100.00

Winter (1049) 77.60 91.71 96.28 99.43 9981 10000

Spring (1117) 74.40 90.33 96.15 98.84 9955 10000

Summer (1164) 65.03 86.00 95.53 99 05 99.57 100.00

Fall (1152) 67.45 86.55 94.97 99.13 99.83 100.00
I

Annual (4482) 70.93 88.55 95.72 99.11 99.69 10000 .

NOTE: Number of observations in parentheses.
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TABLE 8A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between 300 Meters
and 600 Meters for Centreville, AL, 1975-1983.

DATE 0-2 3-5 6-8 9-11 12-14 2 15

Jan (366) 70.22% 93.44% 98.09% 99.45% 100.00% 100.00%"

Feb (321) 72.27 94.08 99.69 100.00 100.00 100.00

Mar(369) 71.27 91.33 96.37 9946 99.73 100.00

Apr (367) 76.75 94.82 98.91 99.73 100.00 100.00

May (381) 82.15 97.11 99.74 tO0.00 100.00 100.00

Jun (387) 89.41 98.45 100.00 100.00 100.00 100.00

Jul (377) 93.37 99.20 99.73 100.00 100.00 100.00 S

Aug (400) 96.25 99.50 100.00 100.00 100.00 100.00

Sep (396) 92.17 98.99 100.00 100.00 100.00 100.00

Oct (408) 85.78 97.06 99.51 100.00 100.00 100.00

Nov (348) 72.70 94.25 99.71 100.00 100.00 100.00

Dec (362) 67.96 8950 97.24 99 2 10000 100.00

Winter (1049) 7007 92.28 98.28 9971 10000 10.00

Spring (1117) 77.44 94.45 99.02 99.73 99.91 100.00 •

Summer (1164) 93.04 99.05 99.91 100.00 100.00 100.00

Fal 1(1152) 84.03 96.87 99.74 100.00 100.00 100.00

,5-

Annual (4482) 81.46 95,76 99.26 99.87 99.96 10000
.

NOTE: Number of observations In parentheses.
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TABLE 8B. Cumulative Percent Occurrence of the Wind

Direction Differences (degrees) between
300 Meters and 600 Meters for Centreville,
AL, 1975-1983.

DATE 0-25 30-55 60-85 90-115 120-145 150-180

Jan (366) 82.51% 93.99% 98.36% 99,45% 100.00% 100.00%

Feb (32 1) 79.75 93.46 97.51 99.69 100.00 100.00

Mar (369) 84.55 94.04 97.83 99.46 100.00 100 00

Apr (367) 84.47 96.46 99.46 99.73 100.00 100.00

May (381) 77.43 91.08 97.90 99.74 100.00 100.00

Jun (387) 80.62 95.09 98.19 99.40 100.00 100-00
AL

Jul (377) 74.01 89.92 97.35 99.73 100.00 100.00

Aug (400) 69.00 89.75 98.50 99.75 100.00 100.00

Sep (396) 74.24 90.40 96.97 99.49 100.00 100.00

Oct (408) 83.09 94.85 98.53 99.51 100.00 100.00

Nov (348) 82.76 94.25 99.43 99.71 100.00 100.00

Dec (362) 83.70 94.48 98.34 99 45 100.00 100,00

Winter (1049) 82.08 93.99 98.09 99 52 100.00 10000

Sping (1117) 82.09 93.82 98.39 99.64 100.00 10000

Summer (1164) 74.48 91.5a 98.02 99.66 100.00 100.00

Fol (1152) 79.95 93.14 98.26 99.57 100.00 100.00

Annual (4482) 79.56 93.11 98.19 99.60 100,00 100.00

NOTE: Number of observations in parentheses.
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TABLE 9A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between 300 Meters
and 900 Meters for Centreville, AL, 1975-1983.

DATE-2 3-5 6- 9-11 12-14 z15

Jan (366) 50.82% 82.24% 94.26% 97.54% 99.45% 100.00%

Feb (32 1) 59.19 85.98 95.95 99.07 99.69 100.00

Mar (369) 59.35 82.11 93.50 97.29 99.73 100.00

Apr (367) 65.94 87.47 96.19 98.37 99.46 100.00

May (381) 66.93 92.39 98.16 99.21 100.00 100.00

Jun (387) 79.07 95.87 98.97 99.48 100.00 100.00

Jul (377) 84.08 97.08 98.94 99.73 100.00 100.00 _

Aug (400) 87 25 99.50 100.00 10000 100.00 100.00

Sep (396) 79.04 96.21 99.49 99.75 100.00 100.00
I

Oct (408) 69.61 93.87 98.53 99.26 100.00 100.00 %

Nov (348) 57.18 87.07 96.26 98.85 99.71 100.00 1%

Dec (362) 47.51 79.83 93.09 98.90 99.4, 100.00 P

Winter (1049) 52.24 82.55 94.38 98.47 99.52 100.00 .

5pring (111?) 64.10 87.38 95.97 9830 9973 100.00 I
.%

Summer (1164) 83.51 97.51 99.31 99.74 100.00 10000

Fail ( 152) 69.10 92.62 98.18 99.31 99.91 100.00
|I

Annual (4482) 67.65 90.23 97.03 98.97 99.80 100.00

NOTE: Number of observations in parentheses.
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TABLE 9B. Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
300 Meters and 900 Meters for Centreville,
AL, 1975-1i83.

DATE 0-25 30-55 60-85 90-115 120-145 150-180

Jan (366) 58.75% 84.16% 92.08% 96.72% 98.36% 100.00%

Feb (321) 60.12 84.74 93.15 96 57 98.75 100.00

Mar (369) 67.21 86.72 94.04 97.29 98.92 100.00

Apr (367) 6921 88.28 95.10 98.64 99.18 100.00

May (381) 63.25 81.63 91.60 95.54 98.95 100.00

Jun (387) 64.60 86.30 93.80 96.90 98.19 100.00

Jul (377) 53.85 76.92 91.25 96.02 98.41 100.00

Aug (400) 54.50 78.75 92.00 97.25 99.00 100.00

Sep (396) 59.34 80.81 89.65 95.96 98.74 100.00

Oct (408) 66.42 85.78 94.36 97.79 99.51 100.00

Nov (348) 57.76 86.78 94.25 97.70 99.14 100.00

Dec (362) 57.46 85.91 93.92 96.69 98.34 100.00

Winter (1049) 58.72 84.94 9304 96.66 98.47 100.00

Spring (1117) 66.52 85.50 93.55 97.14 99.02 100.00

Summer (1164) 57.65 80.67 92.35 96.74 98.54 100.00

Fall (1152) 61.37 84.37 92.71 97.14 99.13 100.00

Annual (4482) 61.07 83.82 92.90 96.92 98.80 100.00

NOTE: Number of observations in parentheses.

37

A.A -N FXQ i



4 0 a

o m

0- "4 .4

uoc
0

V 00 5n

Q- 0

L)--

- S.

0

0 (10

0 00
CY 0 LN

o i

38 OA



00

0
-4

< 1

00-

L) W

--

o.1 -4 * S
0~ Aj

W ON

o H

0 0

d *I

39- -



-4

00F
'-44

-4 C

mw 0
GJO a.,

14- * 44

0 C

-44

oc

0 30

40*

COAMVN-C



0U

m0

LAI
'-cc

oc

ow

ca

cc:-4 -

t4D

a- a

00 01 -~

-41,-



<A.-- -- - ---0- L

Ulm.

0

0

cv UJ

00m

<ou= co

cr,,

0

I °0

ooo
ow

0 WW C)

V w

ooo o o o,-

CO 4.JO

o 0

0t

OH-4

0~p.

0~. 0

420



.16

.0

U,)

ow 0 m.
oo Z " 4

oc

7 0 %

o7 0

o( 9 ,

0 w

0

0 0 0

o ~ o 0 l

434

V. N %



'j,~

00

m0

00m

(-5M

00

161 -

U)-4
$W - 4-

6F) Z r_(

0
0- 0

-4 -

CNJO

__ a60

OD --j

44)



0 4.

to ON

0 .p1.

Q) cao
Q) .4.

Ojc

01P1

(14 . -%.
rX4 p

77~-

45 P



REFERENCES

1. Grossman, R.L., and Beran, D.W., 1975: An Investigation of Extreme Low- '

Level Windshear at Selected Stations in the Conterminous United States.
J. Appl. Meteor, 14,506-512.

2. Hadeen, K.A., and Friend, A.L., 1972: The AFGWC Operational Boundary-Layer
Model. Boundary Layer Meteor, 3, 98-112.

3. Levitt, L.J., and Essenwanger, O.M., Vertical Windshear Below 5.5 Kilo-
meters in the Vicinity of Berlin, Germany, U.S. Army Missile Command
Technical Report RD-RE-86-9, 1986.

4. Shreffler, J.H., 1982: Intercomparisons of Upper Air and Surface Winds
in an Urban Region, Boundary Layer Meteor., 24, 345-356.

5. Eloranta, E.W., King, J.M., and Weinman, J.A., 1975: The Determination
of Windspeeds in the Boundary Layer by Monostatic Lidar. J. Appl. Meteor,
8, 1485-1489.

6. Hall, F.F., Edinger, J.G., and Neff, W.D., 1975: Convective Plumes in the
Planetary Boundary-Layer Investigated with an Acoustic Echo Sounder.
J. Appl. Meteor, 14, 513-523. .

7. Balser, M., McNary, C.A., Nagy, A.E., Loveland, R., and Dickson, D., 1976:
Remote Wind Sensing by Acoustic Radar, J. Appl. Meteor, 15, 50-58.

8. Balser, M., McNary, C.A., and Anderson, D., 1976: A Remote Wind Sensor
for Airport Approaches, J. Appl. Meteor, 15, 665-668.

9. Birkemeier, W.P., Fontaine, A.B., Gage, K.S., Gronemeyer, S.A.,
Jasperson, W.H., and Sechrist, F.S., 1973: Wind Measurements Using W
Forward-Scatter CW Radar, J. Appl. Meteor, 12, 1044-1053.

10. Abramovic, K.G., and Glazunov, V.G., 1969: Wind Shear in the Lower h
Atmosphere. WMO Tech. Note No. 93, 195-202.

11. Rider, L.J., 1966: Low-Level Jet at White Sands Missile Range,
J. Appl. Meteor, 5, 283-287.

12. Armondariz, M. and Rider, L.J., 1966: Wind Shear for Small Thickness
Layers, J. Appl. Meteor, 5, 810-815.

13. Crawford, K.C., and Hudson, H.R., 1973: The Diurnal Wind Variation in
the Lowest 1500 Feet in Central Oklahoma, June 1966-May 1967. J. Appl.
Meteor, 12, 127-132. 0

14. Cormier, R.V., 1975: Behavior of Vertically Integrated Boundary-Layer

Winds. Boundary Layer Meteor, 9, 315-324. -

15. Izumi, Y., and Brown, H.A., 1966: Temperature, Humidity, and Wind
Variations During Dissipation of a Low-Level Jet. J. Appl. Meteor,
5, 36-42.

46

% 'IV 10



REFERENCES (Cont'd)

16. Csanady, G.T., and Pade, B., 1972: A Planetary Boundary-Layer Study in
the Mackenzie Valley, Canada. Boundary Layer Meteor, 3, 261-280.

17. Camp, D.W., and Susko, M., 1966: Percentage Levels of Windspeed
Differences Computed by Using Rawinsonde Wind Profile Data from Cape
Kennedy, Florida, NASA TM X-53461, George C. Marshall Space Flight

Center, Alabama.

18. Johnson, D.L., 1973: Summary of Atmospheric Data Observations for
155 Flights of MSFC/ABMA Related Aerospace Vehicles, NASA TM X-64796,
George C. Marshall Space Flight Center, Alabama.

19. Essenwanger, O.M., 1986: Elements of Statistical Analysis, World
Survey of Climatology, Volume IB, Elsevier, Amsterdam, p. 337.

20. Susko, M., 1987: Analysis of the Bivariate Parameter Wind Differences
Between Jimsphere and Windsonde, NASA TM-4014, George C. Marshall

Space Flight Center, Alabama.

47/(48 blank)



DISTRIBUTION

Copies

Commander r

U.S. Army Foreign Science and
Technology Center

ATTN: AIAST-RA
220 Seventh Street, NE
Charlottesville, VA 22901-5396

Headquarters

OUSDR&E
ATTN: Dr. Ted Berlincourt

The Pentagon
Washington, D.C. 20310-0632

Defense Advanced Research Projects Agency

Defense Sciences Office

Electronics Systems Division
ATTN: Dr. John Neff
1400 Wilson Boulevard
Arlington, VA 22209

Director

U.S. Army Research Office

ATTN: SLCRO-PH
P.O. Box 12211
Research Triangle Park, NC 27709-2211

Director
U.S. Army Research Office

ATTN: SLCRO-ZC
P.O. Box 12211

Research Triangle Park, NC 27709-2211

USAFETAC
ATTN: ECE/Ms. Snelling
Scott AFB, IL 62225

Commander
U.S. Army Communications Electronics

Command
ATTN: AMSEL-RD-EW-SP
Fort Monmouth, New Jersey 07703-5303

Direc , URI

Univer~ity of Rochester

College of Engineering and Applied Science

The Institute of Optics
Rochester, NY 14627

•

~DIS?-1.



-p-

DISTRIBUTION (Cont'd)

Copies

Director, JSOP "
University of Arizona
Optical Science Center

Tucson, AZ 85721

U.S. Department of Commerce/NOAA
National Weather Service

ATTN: Librarian
Silver Spring, MD 20910

Headquarters

Department of Army
ATTN: DAMA-ARR
Washington, DC 20310-0632

Director
Atmospheric Science Program
National Sciences Foundation
Washington, DC 20550

HQDA/OACSI ,
ATTN: DAMI-ISP/Mr. Lueck
Washington, DC 20310

U.S. Army Materiel Systems Analysis I

Activity

ATTN: AMXSY-MP

Aberdeen Proving Ground, MD 21005

lIT Research Institute 1

ATTN: GACIAC
10 W. 35th Street

Chicago, IL 60616

U.S. Army Engineering Topographic Lab 1
Earth Sciences Division
ATTN: ETL-GS-ES, Dr. Krause
Fort Belvoir, VA 22060

Air Force Geophysics Laboratories
ATTN: AFGL-OPA, Dr. Fenn 1 9

AFGL-LKI, Dr. Grantham i
AFGL-LYC, Dr. Arnold Barnes 1 -.

Hanscom AFB, MA 01731

Naval Surface Weapons Center 1
ATTN: Code K44, Ms. Kathleen Fairfax S
Dahlgren, VA 22448

DIST-2 A
S

-~~~~d r -AV %--s... . ~ - .-



DISTRIBUTION (Cont 'd)

ope_____s *1
Copies S

U.S. Army Electronics Command 1

Atmospheric Sciences Laboratory
ATTN: DELAS-EO-ME, Dr. Snider
White Sands Missile Range, NM 88002

Commander
Naval Oceanography Command K
ATTN: LT R. Weir
NSTL, MS 39529-5000

National Aeronautics and Space Administration 1 5

ATTN: R-AERO-Y
Marshall Space Flight Center, AL 35812

Commander/Director I

Corps of Engineers
Waterways Experiment Station S
ATTN: WESEN/Mr. Ludien
P.O. Box 231
Vicksburg, MS 39180

Commander I

U.S. Army Strategic Defense Command
ATTN: CSSD-H-V
P.O. Box 1500
Huntsville, AL 35807-3801

AMSMI-RD, Dr. McCorkle
AMSMI-RD, Dr. Rhoades I

AMSMI-RD-AC 1
AMSMI-RD-AS I %

AMSMI-RD-AS-MM i

AMSMI-RD-AS-SS i

AMSMI-RD-DE i

AMSMI-RD-DE-EL I

AMSMI-RD-DE-PA 1

AMSMI-RD-DE-SD I

AMSMI-RD-DE-UB I

AMSMI-RD-DP I
AMSMI-RD-GC 1

AMSMI-RD-PR 1
AMSMI-RD-PR-M 1
AMSMI-RD-RE, Dr. J. Bennett I

AMSMI-RD-RE, Dr. Blanding 1

AMSMI-RD-RE, Ms. Romine I J
AMSMI-RD-RE-AP, Dr. Essenwanger 15

AMSMI-RD-RE-AP, Dr. Stewart I
AMSMI-RD-RE-AP, Mr. Dudel 1

DIST-3



DISTRIBUTION (Cont 'd)

Copies

AMSMI-RD-RE-AP, Mr. Levitt 15
AMSMI-RD-RE-AP, Ms. Mims 1
AMSMI-RD-RE-OP 1
AMSMI-RD-RE-QP I.
AMSMI-RD-SD I.
AMSMI-RD-S I I
AMSMI-RD- SS 1
AMSMI-RD-SS-AT 1
AMSMI-RD-SS-SD I
AMSMI-RD-STI
AMSMI-RD-ST-DC 1
AMSMI-RD-TE 1
AMSMI-RD-TE-F 1
AMSMI-RD-TE-P 1
AMSMI-RD-TI I
AMSMI-RD-CS-R 15
AMSMI-RD-CS-T 1
AMSMI-GC-IP, Mr. Bush I
AMCPM-HD-T-T, Mr. H. Hinrichs I
AMCPM-ML-TM, Mr. B. Richardson 1
AMCPM-RO-E, Mr. Guthrie * I
AMCPM-TO-E, Mr. Jackson 1

IS.


