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1. INTRODUCTION ;2
o
There are many reports in the literature concerning the vertical variation ﬁt'
of the horizontal wind (i.e., vertical windshear) in the boundary-layer. The .'
spatial variability of the wind structure below 1 km affects aeronautical ac- ¥
tivities such as aircraft takeoffs and landings [l], parachute deployment of Y
men and material [2], and missile launchings [3]. The knowledge is also re- ]
quired for prediction of air pollution dispersal [4]. 'a}
'f
The winds below 1 km have been analyzed using a variety of techniques e
including optical radar [5,6], acoustic radar [7,8], forward-scatter CW -
radar [9], single-theodolite pibals [4,10], double-theodolite pibals [1l1], ’“
cinetheodolite (12}, radiosondes and rawinsondes [l1], meteorological towers 4
instrumented with anemometers [13, 14, 15}, and rocketsondes [16]. Most of o
the investigators mentioned above monitored the wind for periods of a few 2§
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 concermned :p.
with windshears above 8 km in altitude [18]. For example, Johnson [18] com- sy
puted windshears in 1 km intervals, but only maximum windshears in the layer R'
10 to 17 km were listed. Grossman and Beran [l1] and Abramovic and Glazunov o,
[10] are the only references that provide a climatology of extreme low-level 6'
windshear for iocations in the U.S. and U.S.S.R., respectively. g
Y
The purpose of this report is to establish a long-term climatology of i:f
windspeed differences, wind direction differences, and vertical windshear ::t
within the layer from surface to 1 km. The discussion will focus on the i
seasonal variation of the. cumulative distribution function of vertical wind- ;‘
shears. Wind direction changes associated with extreme vertical windshears PL
will also be discussed. e
2
II. METHODS AND DATA N
ol "]
Two data sets were created for the purpose of analyzing vertical wind- 5'
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- e
speed and wind direction at the surface, 600 m, and 900 m for the period of :t;
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 :“‘
Technica®! Applications Center. "
oo
Windshear was computed utilizing both windspeed and wind direction jﬁ
differences as indicated by the following notation: -i}
?
Vg = Vg =V Scalar Shear o
r
48 = 05 - 8;, |48 |< 180° Angular Difference -
oy
¢ = 2VV1Vy sin( 48 |2) Angular Shear Magnitude ®
Total Vector Shear Q&
.
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where Vg 1s the difference in windspeed between two altitudes, and 40 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;

¢. 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.

ITII. WINDSHEAR CLIMATOLOGY

Windshear climatology has been established using low altitude winds
avallable 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 belng 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 ia mind when
evaluating the windshear climatology, although any system has error sources,
e.g., delay in antenna response, spurious balloon fluctuations, etc.

The cumulative probability (percent) of vertical windshear below 1 km
are presented as a set of figures (Figures 1 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 1 thru 9).
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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
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 aad
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 m (Figures 34
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
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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 10A and 10B). 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 11B). Windshear greater than 15 m/s
occurred with a frequency of less than 1 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 ~f 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 = 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.
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IV. SUMMARY AND CONCLUSIONS >
X
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 !‘
measurement technique is not sensitive to small-scale wind fluctuations, ex-— tﬁ
tracting the appropriate data from the upper-air soundings allowed us to hy
create the best available long-term record for winds at these heights. e
[
The major findings of this work are: A
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- ?9
mum shears. An exception was that above 99 percent probability, the value of uﬁ
shear in the spring usually exceeded the winter shear value. Ky
b. Windshear was shown to be a function of surface windspeed. The wind- !P
shear was found to increase with increasing surface windspeed up until 90 to .4
95 percent probability. The largest windshears were observed for surface b?
winds of 5-6 m/s. :.:
%
¢. Wind direction changes associated with extreme windshears are site- :‘
specific. For the layer surface to 600 m, windshear of greater than 10 m/s 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 1A. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between Surface and

=
Tt et

$ 600 Meters for Berlin, Germany 1976-1983.
8 DATE 0-2 3-5 68 9-11 12-14 21§ :
:
%3: Jan (570) 28608 62.11% 84.74% 9596% 99.658 100.00% '
. Feb (509) 3536 7407 9273 9804 10000 100.00 '
Mar (568) 2005 6056 8680 9771  99.47 100.00 '
: Apr (525) 4171 8057 9486 9924 9981 100.00 ]
i May (S62) 4751 8185 9626 9982 10000 100.00 :
_ Jun (490) 4898 8816 9755 9959 100.00 100.00
,; Jul (500) 43.40 8420 9800 9980 9980 100.00 3
b Aug (514) 39.11 8346 9767 9981 10000 100.00
¢ Sep (461) 3037 7050 9393 9957 10000 10000
; ’ Oct (502) 2430 6315 8725 3781 10000 10000 :
3 Nov (503) 2068 5487 8390 9642  99.40 100.00
;. Dec (463) 2138 5313 7754 9590 9957 100.00 _
5
g Winter (1542) 2866 6336 8521 9663 9974 10000 :
Spring (1655) 3934 7414 9257 9831 9976 10000 _
; Summer (1504) 4375 8524 9774 9973 9993  100.00 ]
Fall (1466) 2497 6262 8820 9789 9980 10000
g Annual (6167) 3433 7141 9095 9830 9981 10000

v s v e -

=
>

NOTE: Number of observations in parentheses.
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TABLE 1B. Cumulative Percent Occurrence of the Wind Direction
Differences (degrees) between Surface and 600 Meters ;

for Berlin, Germany, 1976-1983. A

¢
DATE 0-25  30-55 60-85 90-115 120-14S 150-180
Jen (570) 56.32%3 91.058 96.67% 98.258 98.95% 100.00% :":
Feb (509) 5305 9057 9666 97.64 9902 100.00
Mer (568) 5951 9208 97.18 98.77 9965 100.00
Apr (525) S8.86 9124 9638 98896 9962 100.00 :
May (562) S6.41 8879 9359 9662 9822 100.00 ‘f
Jun (490) 5592 8571 9286 9633 9796 100.00 .
Jul (500) 6560 89.40 9400 9600 98.00 100.00 * -
Aug (514) 58.17 8658 93.19 9630 9920 100.00
Sep (461) 57.70 8829 9436 9653 9783 100.00 2
Oct (502) 5040 87.45 9602 97.41 98.41 100.00 ;
Nov (503) 58.05 9443 9821 99.40 9980 100.00 "
Dec (463) §7.02 9287 9827 9935 9978 100.00 v
winter (1542) 5545 9144 97.15 9838 9922 100.00 ‘

Spring (16535) 58.25 90.69 9571 9807 99.15 100.00
Summer (1504) 59.91 87?23 9335 6621 9840 100.00

Fail (1466) 55.32 90.11 9625 9782 9870 100.00

Annualf (6167) 57.26 89.90 9562 9763 9888 100.00

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

TABLE 2A.

] DATE -2 =9 €8 9-1t 12-14 215

Jan (366) 27608 65573 B86.34% 95368 98.36%8 100.00% -

Feb (321) 4361 7259 8847 9782 99.69 100.00 .o

Mar (369) 38.21 66.12 8482 9566 99.19 100.00 !

Apr (367) 44.14 7003 8992 G700 99.18 100.00

May (381) S51.44 7874 9265 98.16 100.00 100,00

Jun (387) 60.47 8217 96.12 9871 10000 100.00 ¢

Jut (377) 62.33 8727 9708 9973 99?23 100.00 "

‘l

N

?:: Aug (400) 71.25 9450 99.00 9975 100.00 100.00 )
N A
W0

Y Sep (396) 59.09 86.36 9773 9975 9975 100.00

Oct (408) 44.36 7966 9240 9853 9975 100.00

AL AL

Nov (348) 32.47 68.10 8592 9713 99.14 100.00

Jec (362) 30.39 5967 8066 9254 9834 100.00 :

Winter (1049)

Spring (1117)

Summer (1164)

Fall (1152)

Annual (4482)

NOTE:

Number of observations {n 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.

Ol

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

Yy

Jan {366) 57388 B61.153 898938 56.17% 97813 100.003 \_';
Feb (321) 61.99 81.62 89.72 6439 9720 10000 Y
~

Mar (369) 60.98 84.55 9051 96.21 9837 100.00 ,,
o

Apr {367) 55.31 80.65 §9.92 95.10 9837 100.00 "
May (381) 5486 76.64 8688 9160 9554 100.00 _‘(.
Jun (387} 50.13 70.00 §7.86 9587 97.93 100.00 :;
Jul (377) 45.39 70.03 8462 9284 9761 100.00 s
o

b

Aug (400) 41.25 62.25 8025 9125 9600 100.00 ".-
v

Sep (396) 41.67 68.69 8384 9015 9571 100.00 &
(.

Oct (408) 52.70 76.72 8578 9363 9828 100.00 "
Nov (348) 53.16 79.02 8822 9454 99.14 100.00 J\
Dec (362) 56.63 78.73 89.78 6448 9724 100.00 "
3

]

‘winter (1049) 58.52 80.46 8980 9504 9743 10000 '!:
Spring (1117) 57.03 80.57 89.08 9427 9740 10000 }-:
S

Summer (1164) 4570 69.67 84.18 9330 97.16 10000 ';:
Fail (1152) 49.05 7465 85.85 9271 9766 100.00 l-

v

Annual (4482) 52.39 ?6.19 8715 9380 9741 10000

NOTE: Number of observations in parentheseg.

&
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TABLE 3A. Cumulative Percent Occurrence of the Windspeed ;
Differences (meters/second) between Surface and g '
900 Meters for Berlin, Germany, 1976-1983. Lol
&
DATE 9-2 35 68 911 12-14 215 N
o
¢
Jan (570) 21.758 53.33% 76.14% 90.70% 97.19% 100.00% ,-&g'
il

Feb (S09) 2986 6660 87.43 9646 99.02 100.00
Yo
\]
Mar (568) 2518 5211 7746 9331 9842 100.00 0
Apr (525) 3581 7143 9162 9848 9943 100.00 X
[ ]
Mey (562) 4164 7829 9413 99.11 10000 100.00 o
B N
Jun (490) 4041 7878 95.10 9857 9980 100.00 !
By
W
Jul (500) 3400 7480 9620 9960 9980 100.00 »
Aug (514) 3424 7549 9494 9903 10000 100.00
3
s
Sep (461) 2256 5987 8460 97.18 10000 100.00 o
Oct (502) 1972 5637 7988 9522 9861 100.00 )
WY
N
Nov (S03) 1590 4453 7316 8986 9722 100.00 .
N'd
Dec (463) 1685 4687 7106 8769 9762 100.00 ®
W
x:
ot
winter (1542) 2296 5577 7834 9170 9792 100.00 a8
".'-:‘
Spring (1655) 3414  67.13 8761 9692 9927 10000 °
Summer (1504) 3617 7633 9541 9907 99.87 100.00 :

Fall (1466) 1930 5341 7906 9400 9557 100.00
NG
Annua! (6167) 2831 6327 8516 9544 9891 100.00 o,
o
I
[ g
NOTE: Number of observations in parentheses. i
[y
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Cumulative Percent Occurrence of the Wind

Direction Differences (degrees) between
Surface and 900 Meters for Berlin, Germany,

TABLE 3B.
1976~-1983.
DATE 0-25  30-55
Jen (570) 43.33% B4.56%
Feb (509) 39.69 82.71
Mar (568) 47.18 8768
Apr (525) 52.76 87.05
Moy (562) 5125 8381
Jun (490) 50.61 81.43
Jui (500) 96.00 86.00
Aug (S14) 5233 8268
Sep (461) 92.28 84.38
Oct (502) 38.45 81.08
Nov (S503) 41.95 88.27
Dec (463) 43.4% 83.80
Winter (1542) 4215 83.72
Spring (1655) 50.33 86.16
Summer (1504) 5299  83.38
Fall (1466) 44.00 84.58
Annuai (6167) 47.43 84.50

94398 98.07% 98.95%

92.93

95.42

95.24

91.81

89.59

92.60

91.83

94.14

94.02

98.01

96.98

9468

94.14

91.36

95.43

93.90

Number of observations in parentheses.

25

60-85 90-115 120-145 150-180

96.46
98.24
96.10
97.15
95.31
95.40
9591
96.10
96.81
99.01

99.35

9792
97.82
95.55

97.34

97.18

98.62

99.12

100.00

98.40

98.16

97.20

98.25

97.18

98.21

99.60

99.78

99.09

99.15

97.87

98.36

98.64

100.00%

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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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.

.‘::l: DATE 0-2 3=3 68 9-11 12-14 215
'E":: Jon (366) 24086% 54643 78.42% 90.71% 96.45% 100.00%
* Feb (321) 3925 . 6542 8442 9377 9751 100.00
::;; Mar (369) 3360 6098 7805 8889 9648 100.00
:},;e Apr (367) 4169 6948 8311 9373 9673 100.00
:3' May (381) 4567 7638 9055 9659 9869 100.00
i:i' Jun (387) 5788 8191 9638 9793 9974 100.00
3 Jul (377) 6260 8939 9523 9894 99.73 100,00
P
' Aug (400) 7050 9375 9900 9975 100.00 100.00
‘2':.: Sep (396) 5707 8409 9571 9924 9975 10000
Oct (408) 4167 7721 9069 9681 9877 100.00
.
.':é Nov (348) 3017 6121 8333 9339 97.99 100.00
3 Dec (362) 2376 5359 7293 8729 9420 10000
.
e
: Winter (1049) 2888 5758 7836 90.47 9600 100.00

Spring (1117) 40.38 69.02 8397 9311 9?31 10000

N
i; Summer (1164) 63.75 88.40 9691 9888 9983 10000
X
*I
:.; Fail (1152) 43.49 74?4 90.19 9661 9887 10000
;" Annuai (4482) 4456 0285 8762 9489 9806 100.00
[ ‘
f:‘:' NOTE: Number of observations in parentheses.
B
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TABLE 4B.

DATE

Jen (366)
Feb (321)
Mar (369)
Apr (367)
May (381)
Jun (387)
Jul (377)
Aug (400)
Sep (396)
Oct (408)
Nov (348)

Dec (362)

Winter (1049)
Spring (1117)

Summer (1164)

Fatl (1152)

Annual (4482)

e a ey gt

Cumulative Perceunt Occurrence of the Wind
Direction Differences (degrees) between
Surface and 900 Meters for Centreville, AL,

72,138 85528 90.71% 95.08%

1975-1983.
0-256  30-95
46.723

50.47 71.96
49.32 79.13
49.05 74.66
49.87 70.08
45.48 72.35
34.48 59.68
35.75 59.00
35.38 62.88
45.10 69.85
43.10 71.26
43.09 71.82
46.62 71.97
49.42 7457
38.57 63.66
41.15 67.88
43.82 69.41

83.80

86.99

85.56

81.63

83.72

77.45

74.50

77.02

80.68

83.91

8287

84.08

84.69

78.52

80.47

81.86

Number of observations in parentheses.

60-85 90-11S5 120-145 150-180

190.97

92.95
92.37
89.76
92.51
87.80
87.00
85.10
90.20
90.52

90.06

90.56
9167
89.09

88.54

89.94

94.70
96.48
97.28
94.49
96.64
93.37
94.25
92.17
97.06
96.55

95.03

9495
96.06
94.76

95.23

95.25

-:.'~. \f

100.00%

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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TABLE SA. Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between 600 Meters '
and 900 Meters for Berlin, Germany, 1976-1983. h
DATE 0-2 35 68 9-11 12-14 215
Jen (570) 90.008 98.958 99658 100.008 100.008 100.00%
Feb (509) 96.27 99.80 10000 100.00 100.00 100.00
Mar (568) 91.73 9982 10000 10000 100.00 100.00
Apr (525) 96.38 9981 10000 100.00 100.00 100.00
May (562) 98.04 100.00 100.00 100.00 100.00 100.00
Jun (490) 96.33 100.06  100.00 100.00 100.00 100.00
Jul (500) 99.20 100.00 100.00 100.00 100.00 100.00
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 9980 100.00 100.00 100.00 .
Nov (503) 9145 10000 10000 100.00 100.00 100.00
Dec (463) 89.42 98.92 100.00 100.00 100.00 100.00
Winter (1542) 91.89 9922 9987 100.00 10000 10000
Spring (1655) 95.35 99.88 100.00 100.00 100.00 100.00
Summer (1504) 97.67 99.93 100.00 100.00 100.00 100.00
Fali (1466) 92.97 99.80 100.00 100.00 100.00 10000
Annual (6167) 94.49 99.71 9995 100.00 10000 100.00
NOTE: Number of observations in parentheses.
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TABLE 5B. Cumulative Percent Occurrence of the Wind Nd:
Direction Differences (degrees) between }-‘f.

600 Meters and 900 Meters for Berlin, o
Germany, 1976-1983. ,.'
DATE 0-25 30-55 60-85 90-11S 120-145 150-180 Sf-
Jan (570) 96.318 99478 99.82% 100.00% 100.00% 100.00% “
XN
Feb (509) 9253 9843 99.41 g9.80 100.00 10000 1
:;;

Mar (568) 95.25 9930 9965 10000 100.00 100.00 N
o

Apr (525) 95.81 9924 100.00 100.00 100.00 100.00
oy

Mey (562) 9502 9929 9964 10000 100.00  100.00 5
) ety

Jun (490) 9449 9898 9980 10000 10000 100.00 .:
Ny

Jul {500) 9540 9880 9960 9960 10000 100.00 .2,)
3
Aug (S14) 95.33 99.03 9981 10000 10000 100.00 ﬁ
=

Sep (461) 96.53 9935 100.00 10000 100.00 100.00 >
Y
Oct (502) 95.82 9920 9960 100.00 10000 100.00 .'j
yte)
Nov (503) 98.01 9980 10000 10000 100.00 100.00 :
A

Dec (463) 96.54 10000 10000 10000 10000 100.00 2‘
S

o

winter (1542) 95.14 9929 9974 9994 10000 10000 29
e

Spring (1653) 9535 9927 99.76 10000 10000 10000 2
l“~

Summer (1504) 9508 9894 9973 9987 10000  100.00 2
Fall (1466) 96.79 9945 99386 10000 10000 100.00 i
1\ 9

Y

Annual (6167) 9557 9924 9977 9995 10000  100.00 3
»

n‘h‘

NOTE: Number of observations in parentheses. b
3
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'y TABLE 6A. Cumulative Percent Occurrence of the Windspeed
iy Differences (meters/second) between 600 Meters ;

8 and 900 Meters for Centreville, AL, 1975-1983. i
. DATE 0-2 3-S 6-8 9-11 12-14 215
g ]
Jen (366) 82518 097.27% 100.00% 100.00%8 100.00%8 100.00% | .
W ]
" Feb (321) 8692 9844 9969 10000 10000  100.00 .
;.':: Mar (369) 6780 9729 9946 10000 10000  100.00 -
‘:: Apr (367) 87.19 9809 9946 9973 10000  100.00
‘ May (381) 9265 9974 10000 10000 100.00  100.00 '
. Jun (38?) 9509 9922 10000 10000 10000  100.00 §.
: Jul (377) 95.49 9947 10000 10000 100.00  100.00 |
1 Aug (400) 98.00 10000 10000 100.00 100.00  100.00 :
j Sep (396) 9217 9975 9975 10000 10000  100.00 ‘
@ Oct (408) 9338 9951 10000 10000 100.00  100.00 ;
‘ Nov (348) 8851 9885 10000 10000 10000  100.00
! Dec (362) §3.70 9890 9972 10000 100.00  100.00 '
y
A Winter (1049) 8427 9819 9981 10000 100.00  100.00 :A
¥ N
| Spring (1117) 8926 9833 9964 9991 100.00  100.00 |
E Summer (1164) 9622 9957 10000 10000 10000  100.00 ‘
33 Foll (1152) 9149 9939 9991 10000 10000  100.00
R :
. Annuel (4482) 90.47 9891 9984 9998 10000  100.00 :
3': NOTE: Number of observations in parentheses.
. 3
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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 90-11S5 120-145 150-180
Jen (366) 80.598% 95078 98908 99.45% 100.00% 100.00%
Feb (321) 8349 9688 9938 100.00 100.00 100.00
Mar (369) 8608 9648 99.19 100.00 100.00 100.00
Apr (367) 8747 9755 99.18 9973 100.00 100.00
May (381) 8320 9580 9869 99.74 100.00 100.00
Jun (387) 8527 9509 9922 9974 100.00 100.00
Jut (377) 8090 9469 98.14 99.73 10000 100.00
Aug (400) 8250 9650 9900 9975 99.75 100.00
Sep (396) 8359 9596 9924 9975 100.00 100.00
Oct (408) 8799 9632 9853 9995 9975 10000
Nov (348) 8506 9799 99.14 9971 100.00 100.00
Dec (362) 8370 9669 9807 9945 10000 100.00
winter (1049) 8255 96.19 9876 9962 100.00 100.00
Spring (1117) 86.21 9660 9902 9982 10000 100900
Summer (1164} 8290 9545 9680 9974 9991 10000
Fall (1152) 8539 9670 9896 9974 99931 100.00
Annusal| (4482) B434 9623 9888 9973 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 o
300 Meters for Centreville, AL, 1975-1983. >
DATE 0-2 35 68 9-11 12-14 215 L
!
Jan (266) 43.72% 87.16% 98.63% 100.00% 100.00% 100.00% <
g
Feb (321) §6.70 8567 9782 99.69 100.00 100.00 Eakt
Mar (369) 50.41 8293 9864 10000 100.00 100.00 o
)
Apr (367) 5286 8583 99.18 100.00 10000 100.00 '.'
May (381) 6089 9081 9921 10000 100.00 100.00 ::_'
O
e
Jun (387) 6382 8966 9574 100.00 100.00 100.00 :-.::
%
Jul (377) 69.23 9257 10000 10000 100.00 100.00 ;-
Aug (400) 7650 9575 9975 100.00 100.00 100.00 %
v
Sep (396) 67.42 9167 10000 10000 100.00 100.00 N
..J\
Oct (408) 50.00 8554 9877 100.00 100.00 100.00 '
Nov (348) 4454 8764 9799 10000 10000 10000 ;{
",
Dec (362) 41.44 8066 9696 9972 10000 100.00 b
l“
ot
3
winter (1049) 4690 8446 9781 9981 100.00 100.00 o
[ ]
Spring (1117) S479 8657 9902 10000 10000 100.00 o
-~
.\-
Summer (1164) 6993 9270 9983 000 100.00 10000 “
3
Fall (1152) S434 8828 9896 10000 100.00 100 00
A
Annual (4482) 5676 8811 9893 9996 10000 10000 :;:'
NOTE: Number of observations in parentheses. ::
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NOTE:

TLBLE 7B.

DATE
Jon (366)
Feb (321)
Mar (369)
Apr (367)
Mey (381)
Jun (387)
Jul (377)
Aug (400)
Sep (396)
Oct (408)
Nov (348)

Dec (362)

Winter (1049)
Spring (1117)

Summer (1164)

Fall (1152)

Annugi (4482)

Cumulative Percent Occurrence of the Wind
Direction Differences (degrees) between
Surface and 300 Meters for Centreville,

AL,

0-25

76.50%

79.75

76.42

75.75

7113

68.48

67.90

59.00

60.86

6961

72.41

76.80

77.60

*74.40

65.03

67.45

70.93

1975-1983.
20-39

92.62% 98.09%

9128

93.77

88.83

88.45

87.86

86.21

84.00

85.10

85.54

89.37

91.16

9121

90.33

86.00

86.55

88.55

60-85

95.64
g7.29
95.64
95.54
86.38
94.43
95.75
94.70
93.63
96.84

95.03

96.28
96.15
95.53

9497

95.72

Number of observatlons in parentheses.

90-115 120-145 150-180

99.458% 99.73% 100.00%

99.38

98.92

96.94

98.95

99.74

98.14

9925

99.75

98.53

99.14

99.45

9543

98.84

9905

99.13

99.11

e
2

99 69
99.73
99.18
99.74
100.00
99.20
99 50
9975
100.00
99?1

100 00

9c¢ gt
9955
99.57

99.83

99.69

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

106.00

100.00

100.00

100 GO

100 00

100.00

100.00

100 00
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TABLE 8A.

DATE

Jen (366)
Feb (321)
Mar (369)
Apr (367)
May (381)
Jun (387)
Jut (377)
Aug (400)
Sep (396)
Oct (408)
Nov (348)

Dec (362)

4 !'l'!"“

Cumulative Percent Occurrence of the Windspeed
Differences (meters/second) between 300 Meters
and 600 Meters for Centreville, AL, 1975-1983.

winter (1048)

Spring {111

Summer (1164)

Fall {(1152)

7

Annual (4482)

.

..
R o

“ac

0-2 3-5 6-8  9-11  12-14 215
70.22% 93.44%3 98.093 99.45% 100.00% 100.00%
7227 9408 9969 10000 100.00 100.00
7127 9133 9837 9946 99.73 100.00
78.75 9482 9891 9973 100.00 100.00
82.15 97.11 9974 100.00 100.00 100.00
89.41  98.45 10000 10000 100.00 100.00
9337 9920 9973 100.00 100.06 100.00
96.25 9950 100.00 100.00 100.00 100.00
92.17 9899 10000 100.00 100.00 100.00
85.78 9706 9951 100.00 100.00 100.00
7270 9425 9971 10000 100.00 100.00
67.96 8350 $7.24 9972 10000 100.00
7007 9228 9828 9971 10000 100.00
7744 9445 9902 9973 9991 100.00
93.04 99.05 9991 100.00 10000 100.00
8403 9687 99.74 10000 100.00 100.00
81.46 9576 9926 9987 9998 10000

34
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:' TABLE 8B. Cumulative Percent Occurrence of the Wind -
;a Direction Differences (degrees) between 4
¢ 300 Meters and 600 Meters for Centreville, y
AL, 1975-1983. .
!'; DATE 0-25  30-55 60-85 90-115 120-145 150-180 |
. a
o ,
::' Jen (366) 8251% 93998 98.368 99.45% 100.00% 100.00% ‘
LA
. Feb (321) 7975 9346 9751 9969 100.00 100.00 q
& Mar {369) 8455 9404 9783 9946 10000 10000
¢ Apr (367) 8447 9646 9946 9973 100.00 100.00
P !
May (381) 7743 9108 9790 9974 10000 100.00
b Jun (387) 8062 9509 98.19 9948 10000 10000
% Jul (377) 7401 8992 9735 9973 100.00 100.00
E. Aug (400) 6900 8975 9850 9975 100.00 100.00 !
3
' Sep (396) 7424 9040 9697 9949 100.00 100.00 -
L] .
*: Oct (408) 8309 9485 9853 9951 10000 100.00 3
- Nov (348) 8276 9425 9943 9971 100.00 100.00
al Dec (362) 8370 9448 9834 9945 10000 100.00 :
x" '
winter (1049) 8208 9399 9800 9552 10000 100U )
,\ Sping (1117) 8209 9382 9839 9964 10000 10000 ':
‘=: y
o Summer (1164) 7448 9158 9802 9966 10000 10000 N
o Fall (1152) 7995 9314 9826 9957 10000 100.00 ]
Annual (4482) 7956 9311  98.19 9960 100.00 100.00 :
»
" .
:;. NOTE: Number of observations in parentheses.
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TABLE 9A. Cumulative Percent Occurrence of the Windspeed o

Differences (meters/second) between 300 Meters

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

’

DATE -2 38 6-8 9-11 12-14 215 :h
Jan (366) 50828 82.24% 042683 9754% 99453 100003 '.::

Feb (321) 59.19 85.96 95.95 9907 9989 10000

Al

I’

Mar (369) 59.35 82.11 9350 97.29 9973 100.00 e
Apr (367) 6594 8747 9619 9837 9946 100.00
)
May (381) 66.93 §2.39 98.16 9921 100.00 100.00 ‘
Jun (387) 79.07 8587 98.97 8943 10000 100.00 _
oy

Jul (377 84.08 g7.08 88.94 99.73 100.00 100.00 E
2

Aug (400) 8725 g9.S0 100.00 10000 100.00 100.00 S
<4

Sep (396) 7904 96.21 99.49 9975 100.00 100.00 I'
P

Oct (408) 6361 93.87 88.93 9926 10000 100.00 <
he,

LY

Nov (348) 57.18 87.07 96.26 98.85 89.71 100.00 E:‘
Dec (362) 4751 7983 9300 9830 9945 100.00 y
%]

o

Winter (1049) 52.24 8255 9428 98.47 8952 100.00 ',*-:.'-
Spring (1117) 64.10 8728 5597 98 30 g3 7?3 100.00 it

Summer (1164) 83.51 g7.51 99.31 98.74 100.00 10000

Faii (1152) 69.10 9262 98.18 99.31 9991 100.00

Annus! (4482) 6763 9023 9703 9897 9930 10000

NOTE: Number of observations in parentheses.
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NOTE:

TABLE 9B.

DATE
Jen (366)
Feb (321)
Mar (369)
Apr (367)
May (381)
Jun (387)
Jul (377)
Aug (400}
Sep (396)
Oct (408)
Nov (348)

Dec (362)

winter (1049)
Spring (1117)
Summer (1164)

Fail (1152)

Annual (4482) -

Cumulative Percent Occurrence of the Wind

Direction Differences (degrees) between

300 Meters and 900 Meters for Centreville,
AL, 1975-1383.

0-25
58.75%
60.12
67.21
69 21
63.25
64.60
53.85
54.50
89.34
66.42
57.76

57.46

58.72
66.52
57.65

61.37

61.07

30-55
84.16%
84.74
86.72
85.28
81.63
86.30
76.92
78.75
8081
85.78
86.78

85.91

84.94
85.50
80.67

84.37

83.82

92.083

93.15

94.04

95.10

91.60

93.60

9125

92.00

89.65

94.36

9425

9392

2304

9355

92.35

92.71

92.90

Number of observations in parentheses.

37

60-85 90-115 120-145 150-180

96.72% 98.36% 100.00%

9657

97.29

96.64

95.54

96.90

96.02

97.25

95.96

97.79

87.70

96.69

96.66

g7.14

96.74

g7v.14

96.92

98.75

98.92

99.18

98.95

98.19

98.41

99.00

96.74

99.51

99.14

98.24

98.47

99.02

98.54

99.13

98.30

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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