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TECHNICAL MEMORANDUM 78170

AN ANALYSIS OF MAXIMUM HORIZONTAL WIND SPEEDS AND
ASSOCIATED PARAMETERS RECORDED AT NASA'S
150-METER GROUND WINDS TOWER FACILITY
AT KENNEDY SPACE CENTER, FLORIDA

INTRODUCTION

There are diverse requirements [or information describing wind condi-
tions in the lowest 150 meters of the atmosphere., Particular needs are related
to determining whether horizontal gusts have more significant effect on landing
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an aircraft than vertical gusts — although both have noticeable effects separately

and in combination [1]. It should be noted, however, that the opposite conclusion
is also held [(1]. Ineither case, the behavior of the wind in the last 30 meters of
descent, particularly between 30 and 15 meters during which some aircraft travel

approximately 300 meters in 4 to 5 seconds, is most important to a descending
aircraft {2]. A study providing daily maximum vertical gustc (i.e., updraft
and downdraft) has been published by the Atmospheric Sciences Division [3].
Detailed horizontal wind speced maxima s~d associated parameters presented in
this report may be useful in problems concerning ground wind environment at
the Kennedy Space Center (KSC) or areas with similar terrain and conditions,

DATA

Data for these summaries are from the National Aeronautics and Space
Administration's (NASA) lo0-Meter Ground Winds Tower Facility (Figure 1)
located on Merritt Island, Florida, approximately midway between Launch
Complex 398 and the Space Shuttle runway. Placement of the meteorological
sensors on the tower is shown in Figure 2, and a detailed description of the
facility is given in Reference i, The Automatic Data Acquisition System
samples at a rate of 10 samples per second, digitally records, and real-time
processes data from the sensors [5]. Six 10-minute computational sequences
of means, extremes, standard deviations, etc., are performed each hour and
listed by the system teleprinter. More than 50,000 samples of horizontal wind

CRe= i~ - Sy
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i

speed maxima for each of four levels (10, 18, 60, and 150 meters) were
examined for this study, representing 95 percent of the possible data for a year
(January 1973, February through October 1975, November 1974, and Decembe
1972). Specifically, the daily maximum horizontal wind speed and associated
parameters for a year at four levels were determined and tabulated according
to day, month, and season, Tabulations of the daily maximum horizontal wind
specd, flve associated parameters: mean wind speed, vertical gusts (updraft and
downdraft) , directions (mean and instantaneous), and time of occurrence at the
10-meter level are given with extremes, means, and standard deviations in
Tables 1 through 7. Associated is defined to be recorded in the 10-minute
period of occurrence of the daily maximum horizontal wind speed. Similar
tabulations for the 18-, 60-, and 150-meter levels are presented in Tables 8
through 28. All 18-meter level tabulations are measurements from the large
tuwer sensor

ANALYSES AND COMPARISONS

Analyses and comparisons derived from the daily maximum wind speed
values and associated parameters are also presented in tabular form. Tables
29 through 32 present by levels the gust factor as a function of the daily maximum
horizontal wind speed, season, and annual. The gust factor is defined to be
GF = u/u, where u is the daily maximum horizontal wind speed and u is the
associated 10-minute mean wind speed. Approximately 90 percent of the daily
maximum horizontal wind speed values occurred at the

10-meter level in the 6.5 < 13,5 m s
factor of 1.84

range with a mean st

18-meter level in the 6,5 < 16.5 m s~ range with a mean gust
factor of 1.78

60~-meter level in the 6.5 < 16.5 m s™! range with a mean gust
factor of 1. 54

150-meter level inthe 7.5 < 18,5 m s~' range with a mean gust
factor of 1.38.

Table 33 presents percentage frequency distributions of associated maxi-
mum updrafts (+) greater than, equal to, or less than the associated maximum
downdrafts (~) by months and levels. Updrafts were greater than downdrafts at
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the 18-meter level 87 to 100 percent of the time and at the 150-meter level 63
to 81 percent in September, December, and January, Cowndrafts were greater
than updrafts at the 10- and 60-meter levels and - "2 remeining nine months at
the 150-meter level, Updrafts and downdrafts were equal generally less than
10 percent of the ime for all lcvels and months, A previous study [3] revealed
that the coincidence of the daily maximum vertical gusts with the maximum
vertical gusts associated with the daily maximum horizontal w..id speed (aster-
isk values in tables) was 25 percent or less throughout the year at all levels,

Percentage frequency distributions of associated mean and instantaneous
directions by compass segments and months for eacl. level are presented in
Tables 34 through 37. Approximately 33 percent was the greatest frequency of
occurrence for mean and instantaneous directions and occurred from the east
at the 150-meter level in September and August, respectiveiy. Seasonally and
annually the mean and instantaneous directions occurred by levels from the
same compass segment as follows:

Percent

Level (m) Wirter Summer Annual

10 85 45 50
18 56 49 53
60 64 59 62
150 €5 67 66

Table 38 gives percentage frequency distributions of time of occurrence
of the daily maximum horizontal wind speed in four G-hour periode by months
and levels, Maxima occurred approximately 5 percent of the time from 0100 to
0700, 30 percent from 0700 to 1300, 50 percent from 1300 to 1900, 1nd 15 per-
cent from 1900 to 0100 EST for all levels,

Actual number of occurrences of the daily maximum horizontal wind
speed within the same minute and within one (plus or minus) minute at two,
three, or four levels is shown in Table 39, Coincidence of recorded precipita-
tion with the daily maximum horizontal wind speed is shown in Table 40 by
months, seasons, and levels,

The inevitable comparisons of the daily maximum horizontal wind speeds
determined in this year of data are with another comparable year (1967) and
with available all-time extremes. At NASA's 150-Mete Ground Winds Tower
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‘ Facility, the recorded extreme wind speeds occurred during six hurricanes
which affected the area from 1966 to 1972, It should be noted that 1967 was a
non-hurricane-occurrence year,

Maximum Horizontal Wind Speeds (m s~!)

Non-Hurricanes Hurricanes
Level (m) (1970's) 1967) (1966-1972)
10 21,5 No sensor Z258.1
18 25,0 25,1 32.0
60 28,1 27.9 37.6
150 27.3 29,7 as, s
REMARKS

The intent of these statistical summaries of the daily maxdmum horizontal
wind speed and five associated parametei s, together with a previous report on
daily maximum vertical gusts, is to provide information for the general descrip-
tion of wind flow in the lowe~t 150 meters of the atmosphere in the KSC 'Merritt
Island, Florida, area. These reports provide detailed wind speed data which
may be useful in wind sbear encounters reladve to ascent and descent of the
Space Shuttle and converitional aircraft «t K3C or areas with similar terrain
and conditions,
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ATLANTIC OCEAN

NASA's 150-METER
GROUND WINDS PADS
TOWER FACILITY

1’4

ARMING
TOWER
PARKING

SPACE h
SHUTTLE
RUNWAY \\

CANAL

D \
¢y

TURNING i

AREA

e

SCALE 1 in = 4000 f1

Figure 1. NASA's 150-Meter Ground Winds Tower Facility and Launch
Complex 39, Kennedy Space Center, Florida.
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BOOM HEIGHTS (m)
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Figure 2. Placement of sensors on NASA's 150 -Meter Ground
Winds Tower Facility at Kennedy Space Center, Florida.

7y
—

. e
DORLERC; 2 .

LN

<
oy

R . I

FEIRC PN

kg




TABLE 1. DAILY MAXIMUM HORIZONTAL WIND SPEED (m s~!) ™~ "~
RECORDED AT 10-METER LEVEL

Winter Summer

Day Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept

1 s 11,0 12,7 6.1 10,4 10,3 8,6 10,8 13,4 1.0 3.4

2 16,5 8.9 6.5 1.9 6.9 12,2 9.7 8,6 13.1 1.5 8.2 8.9

3 1.6 6.8 9.6 1.5 12,7 18,4 11,0 9.2 T 7 %3 7.3

4 7.0 7.3 6,3 10,3 9,2 1.3 .0 77 3.9 9.6 6.1

5 7.0 9.2 S.% 9.9 16,3 10,4 8.6 3,3 9.9 9.4 9.7

6 8,6 6.3 9,2 8,6 19,8 11.7 11,5 Tl 3.9 12.8 8,7 10,4

1 8,9 1.3 9.9 8.6 9.4 9.6 6.9 9.6 13,9 9,7 110 9.4

8 8,3 8.3 12,1 12,0 8,2 1.2 11,1 8,3 1.7 4.4 11,0 9.9

9 7.2 1l.4 5,2 1158 6.2 14,4 8,7 7.9 10,4 15,2 10,1 12,4
10 3.4 12,0 S.0 8.6 8,3 10,4 5.7 14,6 10,3 187 9.7 8,2
11 7.9 6.8 6.8 13.9 6.5 9.0 13,8 12,1 9.0 20,3 9.4 8.2
12 8,7 10,4 10,3 20,0 10,0 12,8 8.7 7.6 .4 7.9 7.3
13 9.7 131 8,7 19,7 1.7 MW,.6 8.7 10,7 10,4 9.3 6.6
4 9.3 6.9 10,3 1.1.0 10,6 16,9 8,2 8.4 BT 8,6 8.0
15 9.0 11,0 12,1 10,0 10,38 8.6 14.8 T8 7.3 10.1 7.9 7.5
16 9.7 7.6 21.0 8.4 13,1 11.3 11.8 14.4 8.9 T7 7.8
17 .4 8.9 17,0 9.6 9.6 9.3 9.0 9.6 8,0 7.0 13.9
18 9.9 6.6 87 7.2 %9 115 13.9 7.6 10,0 7.5 10,86
19 6.9 5.3 8.4 12.2 1.7 10.0 13.9 8,4 8.4 9.0 7.7 12.0
20 11.7 14,2 6,2 6.6 111 8,2 12,2 9.2 7.7 10,8 7.6 10.7
21 8.2 12,4 12,5 8,7 1.9 8.9 11.4 10,0 12,7 9.2 9.7 B8
22 10,1 8,0 19,1 15.6 8,6 10.3 11,0 9,2 6.9 8.6 12,8
23 1,0 7.7 1.8 9.2 16.5 8,7 13.4 7.0 12,2 7.9 7.9 14,9
24 4,9 7.0 10,7 10,7 21.5 12.7 10.6 3,0 7.7 7.9 7.6 10,0
25 6.9 5.8 12,1 9.0 8,0 13.2 T 8,2 7.3 6,5 8.0 11.0
26 11,3 10,6 13,1 7.9 11.1 6.9 7.3 7.5 7.3 10,0 10,4
27 10,3 11.3 9.9 9.9 10,0 7.3 10,0 9.4 11.7 9.4 9.7
28 10,8 6.3 7.5 15,8 6.2 13.1 10,8 9.9 10.0 9.9 10,7 9.0
29 10.4 8.8 5.8 17.6 10,8 10,8 9.9 T.5 8.7 3,2 11.3
30 13. 4 8,6 11,4 11,3 144 10.4 12,4 9.2 9.4 10,4 9.7
3 13.7 9.6 8,2 8,4 11.7 11,7 11.8
Mean 10,08 8,92 10.29 10,82 10,27 11,42} 10,99 9,39 8.7¢ 10.48% 9,03 9,70
4 2,60 2,39 93,62 3,83 3.2 2,34 2,62 1,7% 2,60 2,95 1,28 2,10
Maximum
Month 16.5 14,2 21,0 20,0 21,56 16,9 18,4 14.6 18,9 20,3 11.8 14,9
Season 21.5 20,3
Annual 2.8
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TABLE 4. ASSOCIATED MAXIMUM DOWNDRAFT (m s~!) RECORDED
AT 10-METER LEVEL
Winter Summer
Day Oct Nov Dec Jan Feb Mar Apr May Jume July Aug Sept
1 1.4 2,0 1.8 2,06 1.9 1.3 3.5 1.8 1.8
2 2,3 2.1 0.6 1.2 3.1 2, 1.6 3.5 1.9 2,1*
3 1.6 0.4 1.7 2.1 3.5 2,1 2.9 1,6 1.2
‘ 1.4 o.c lla 2.4, 2.6 2.‘ 2‘4 1.3 l.? 1.6 106
5 1.6 2.2 3.0 2.4 1.6 1.6 .* 1,7
6 2,5 1.8 1.7 1.0 3. 24 1.7 1.8 1.3 1,90
7 .5 2,4 0,7 0,8 1.6 1.6 1.5 5.00 2,2 3,0
8 1.6 1.5 1.9 3,0 2.1 3.5 2. 1,9 1.8
9 1.6 2,5 1,3 1.2 1.3 2.4 1.8 1.8 2,0 3.0
10 2.9 0.5 1.6 1.9 1.7 1.5 1.3 2, 1.4 1.8
11 1.9 1.0 1.8¢ 1.4 1.7 1.8 2.0 1.7 1.8 1,3
12 1.8 2,2 2.2 1.8 1.6 3.4 1.4 1.6
13 1.7 2,1 2,2 2,7 2.5 2.4 4.5 3.1* 1.4
14 1.8 1.2 2,1 2.8 1.8 2.0 1.6 1.9 1.9
15 1.5 2.1 1.5 3.4* 2.6 2.4 1.5 1.8 1.1 1.3
16 1.3 1.6 1.1 1.9 3.0 3.3 1.8 1.2 1.5
17 2,0 1.6 2.0 2,3 1.7 2.1 1.0 1.4 2.9
18 2,64 1.9 1.2 2,0 2,3 1.6 1.6 2.2
19 1.6 1.7 1.0 2,9 2.0 2.1* 1.0 2, 1.7
20 2.% 3.6*¢ 1.7 1.7 1.9 2,00 1,9 1.0 2.0
21 1.8 2.3 2.0 1.9 1.9 2,.# 3,08 2,00 1,7 1.5
22 1.8 2.5 2.9 3.0¢ 1.8 1.7
23 2.6 1.4 1.0 1.7 3.0 2.1 2.1 1.7 1.8
24 2.9 1.4 3.5 2.8 2,4 1.9 1.4 1.9 2.0 3.»
25 1.3 1.6 1.7 2.2 1.8 2,3 1.8 1,2 1.8 2,2¢
26 3.3 1.9 1.6 1.9 1.9 1.9 1.8 1.7 1.7
27 2.2 1,7 1.7 1.7 2. ™ 1.7 2.0 1.7 2.7 2.2
28 1.5 1.0 2,5 1.5 2.1 1.8 1.6 2,0 1.2
29 1.5 0.7 1,0 1.7 1.5 1.6 2.1
30 1.5 1.9 2,3 2.1 1.3 1.6 1.4
31 1.6 1.4 3.™ 1.8 2.2
‘Daﬂyfla:dmum
Mean 1,76 1.96 1,18 1.45 2,00 2.40 2,30 2,00 2,26 1.87 1.84 1.83
a 0,50 0,61 0,44 0,55 0,60 0,72 0.57 0,38 11,00 0,53 0,88 0,62
Maximum
Month 2.9 3.6 1.9 2.5 3,5 5.0 3.5 3.0 5.0 3.4 3.3 3.1
Season 5,0 5.0
Annual 5.0
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TABLE 8. DAILY MAXIMUM HORIZONTAL WIND SPEED (m s™)
RECORDED AT 18-METER LEVEL

Winter Summer
Day Ot Nov Dec Jan Feb Mar Apr May June July Aug Sept
1 7.7 10.7 13.4 6.2 10,3 12,2 9.6 12,5 16,6 12,6 9.3
- 2 16,5 8.7 6.8 5.1 7.5 13.9 11.3 9.3 14,2 12,4 8.7 8.9
3 6.9 8.2 8,2 10,0 12.0 13.1 18.7 12,4 10,0 8.2 9.3 7.2
4 5,2 1.2 8,2 10,1 110 8.0 12,9 12,7 8.3 9.7 121 8.4
] 1.5 9.4 6,3 11.7 16.3 10.1 8,8 8.2 9.4 11.7 92 ’
8 T.2 8.5 9.8 8,6 21.1 12,7 12,2 8.2 9.3 4.2 11,0 8,7
1 9.3 12,0 10,1 8.9 9.9 10,0 7.3 9.7 25,0 8.2 1.1 10,1
8 8.2 9.6 12,4 12,2 90 12,0 11,3 8.7 12.5 16.9 11.8 10,6
9 6.6 12,2 8.2 12,9 6.3 15,6 8.3 7.9 11,3 14.2 11.7 12,8
10 8.4 12.7 5.5 11,0 9,0 12.8 9,7 14,9 11,1 18,3 10.4 9.3
1 8,7 7.5 7.6 15,5 7.5 9.4 14.5 12,9 8.9 20,5 10,1 11.1
12 %6 11,0 10,3 24,1 12,0 13.8 9.9 7.2 18,7 8,7 7.9
13 9.7 14.6 8,0 22,1 13.9 15.6 7.6 12,8 10.8 10,1 6.1
14 10,8 6.9 9.9 12,4 11.8 21.2 9.2 9.6 10,3 8.3 8.4
18 9.3 12,0 13,7 10,8 9.6 8.0 15.9 9.3 7.9 10.4 8.2 7.0
16 11,3 8.0 23,5 9.4 13.8 14,2 13.5 18,0 10,3 8.0 8.8
17 16,6 8.6 18,3 10,0 9.2 10.1 9.4 9.3 9.3 7.3 15.1
18 10.4 6.3 8.9 T.7 8.6 12,2 15,3 7.9 11,3 9.2 10,8
19 7.0 6.6 8.7 13,5 11,6 11.7 16,8 8,2 8.9 10.4 8.7 12.8
20 12,0 15.9 6.8 7.2 10,8 8,6 12,9 8.0 7.9 11,3 7.7 11,3
21 8.0 12,5 13.2 10,8 9.7 8.9 12,4 10,6 13.4 8,3 11.3 8.3
22 10,3 9.6 20,7 16,3 10.4 12.1 11,4 8,2 8.3 9.9 12.8
23 11,6 7.9 111 9.9 15,3 8.9 13.4 7.6 12,7 8.6 8.2 17,3
24 15.5 7.3 11.8 11l.1 18,6 14.4 11.4 1.5 7.5 8.2 7.7 11.4
25 7.6 5.6 13.4 9.3 9.6 15,9 8,3 8,2 8.2 6.3 9.2 10,8
26 12,1 19,0 12,8 8.2 11.7 7.6 1.8 8.6 7.2 11.0 11.0
27 11,5 11.8 11,7 10,6 10.0 7.9 10,3 8.3 12,4 10.1 10,3
28 11.1 7.0 7.6 16,3 7.0 12,9 11,0 10,1 11.1 10,3 13.9 9.3
29 11.7 6,9 5.9 18,7 10,7 10,3 10,8 8.2 8.3 8.3 1.7 :
30 18.1 9.7 12,1 12,2 15,6 10,7 13.5 10,0 10,7 8.9 9.4 ;'f.
k) 15.1 11,7 9.3 9.0 12,8 13,7 11.0
Mean 10,20 9.49 11.15 11,87 10,78 12,27 | 11,73 8.79 10.65 11.54 10,10 10,20 *}‘5‘"
o 2,96 2,68 4,32 4,28 3,41 2,96 2,76 2,08 3,56 3,61 2,07 2,38 E:?: ’
Maximum A
Month 15.5 15,9 23.5 24,1 2.1 21,2 18,7 14.9 25,0 20,5 17,0 17.3 b
Season 24.1 25,0 o
Anmal 25,0 o
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ASSOCIATED 10-MINUTE MEAN HORIZONTAL WIND

SPEED (m s™) RECORDED AT 18-METER LEVEL

TABLE 9.

N e L LS o0 S L IETRr 2 RO

oy

o W
- WPBep i ™A DMECENFNDTODINDONNADNOWDNDND & 13 o
B.] ¢ ¢ o o o o o e & & & ° e o6 e 8 6 s & e 6 6 e & O & & s & & . o °
& NT PPN VOXTVRODFTOAINFLPOEDOLPEECODDET O e S
-y
o o
I OB DT HNNITDDMO DO ND mt- 0 mM O DO N~ w M -
u ® ® e ¢ & 9 8 & @ B o & s B ¢ & o @ S+ B 5 S5 & & °© 2 & s & o . & -
< O PO BNE- DN OMIE DN PN WO PN O P @ w - o
0 -
Ml NN MNP RN AL OMNDEITMNODONLYLDH O NTNO T =D @ o =}
r ” ® @® & 8 e e ~ @& * ¢ e @ e & &5 & » & ¢ & & s & & » > s & = e o -
e.vmu 9346434686”9656557674555347445 © ~ ﬂ
& <
£ o
3 m o - -
[ DM PO DDHMONO DN LS N T - T R Y- - R € v o~
3 e % e s 8 e o o e s @ 8 % o s _® e o o o e o & e s e s o . .
[ W PN P DD DN D - o I~ W M3 w o -1
> ;M
o DA DH N DO N D WV W W rd 4 W DBNIW D MO o ™ o
-— ® & & ® & ® & O & & & & © 9 s e ® & e & ®» » ® e e v e = - s
) DU DT O W WV N DN PO TN PO O " - o —
%o [ Ex] &
Bl weoesrrrne moo AW P ONDO OOV NYEMYD o - - (&
® @& & & & e & ¢ 3 & 3 ® _® & @ ® a2 S * & & ¢ o 2 o o o * o N A
L4 O T OOV =~ U B W W~ Xt~ WO D © - -] . PU
.
& - g
o x - -
u WND R~ OO FTNANODCEFTNRODDWELDDNTODNDD NN o x ~ AR
s & 8 & O 9 6 & 4 & 2 4 & 3 & & a T S8 S S & 4+ 4 S 2 & 2 & o o . » L
S| ¥rddsrsrardYagrddrodsrntarwor Ty [~ =] mm
=z S A
o P OB DDA T LOIMM—OOD TN OD O - ©
® ® & & ® e & & & & e & " e e e s o e ® ® e ¢ & o o @ « o - RF
4 W O DD T MU P S LN OWOWONHO T T Mm™ o N o OO
b — =1
@€ -
NN UNHDDHNIDNDWY O DSHWOWNNLN~NDN D - @ ™ -
e @ o & @& & & 2 6 & & & 2 & T 9 4 & s O 6 & & & & & » & > o . e [
. m MO N T PP BV OLTNMELGINFECLFDOVOXD LSOO © N 1)
- — - 0
8 .
& = o <
AT DWW NNV NN NNDD T WD L REDHDIPONT MmO N < o ]
w c ® ® & & & & & & e & & S © ¥ S & & & = ¢ & O ° & 2 s & ° =8 @ > & i
m 845565G7534665GHW5537H677435376 E-J-1 (<)
"y
> )
2 N et NPT PO DO ONO FEWMNDI DL INN™NDO W ™D - =)
e #® & @ @ 8 ® 6 9 © S 2 ¥ e @ & 4 & S ¢+ & ° e * & » & 2 s o * o Ld
4 @D MY F- D DOXMIOAEXT DO DO PN D TV [ =)
oo
b1 N D W LT D NMDOBNPWOY DM OOON S O m [ ™
S|l sa<u B AT FBGSB B LS BSOS DD SELBR |3 e e
E
2 a
s g £33
W. MO PV O BRSO =NHMIPTIOE TN NN PIDOMDONO ™ ° .m Oum
el e e e M NN N NNNNNNNNTM '3
Q =6 2 ZEun<
» . -
' ¥ - gt o < rs e e

15

P

P

" |

-

-1

I

1T




-
L e s R g imrer-sr T s R —— . ‘ ’ —_—

B R O R ks

| & & - 2a
BloncnamavcovnwnlomsvounrnonanBSommbounauaonwrme 0 )
[ ) @ o © & ® 8 & ¢ @ 8 @ S & & S & 5 & 8 6 S 6 & & & S & & ° . e -
a D] N NPT PN N PN INANNNI P PP PO MON MDD ™o ©
(3} © O
w * corNvTaootrvovwobbordnemmO o M HNT M~ R} -
e @ ® ® » 8 e © s & & 6 o € S & & ¥ 2 S O O & 5 8 6 & = > & o . @ -
o) €] AAAB TN PPN NNDIFTNNNODOMNIOONOONOD NN P ~ o -
2 > ™o ohx & ) n & a
n wl gl e~ © X - D OW mi-O - MDNGD N N ™ M - =
e *® @ ® ® & e e e = & e & e o & S 8 8 B & & & & s S & 5 » o * o L
gl 7] v dbdonaornonananennndad TN o~ LI
.S 7 m TN D AN AN D D O NY D R R =
® @ ® @ e e e * 9 S e ¢ & o » o ® & » o * = o © & = ° . @ i
g S| U N ANNNEOOOINPTANNT AONS TNNODLOOM ™ c s
hed o= - =
] mmvvNcovwzoxoamd N THOOODRLOHDNN Y ~
T - ® ® ® & e ® e & & & 8+ & v o o ® ® 9 & 8 ® e 6 & 5 o & s o .
FL EZl ool NN N ® G G R ™o 1y
[t 4
RW bBlxmouavrencas DALDOMMIO-C D e MN S € T -
a A S A A A R A A A A e S S A :
PE <]l rmB M rNTr SOy R R R e T e A R T R B R ) “ o -

[ ©
fu ] &
=8 5 . ' .

[&] Elevwoovnooocbhcocmarnroerromere-osons . =t~ -

T M e @ ® @ & ® 8 ® & & e P e e * S & e & 9 e * & 2 @ e o 2 & 2 o . e -

E SO MN TN MIM O TP TN OHIMMD N MDD e = v

M o B
m. Elrct-zvohabanrnnanhen o robhoxi-= = =

8 ® e+ & & @ » & © S 6 ¢ a 2 & & & & 2 ® @« © o » s & + e o Ld
= = B NN N NS LTRSS OPMANIITNN O NN NN O @M N L o

[ _—
mA c shbwuono~oro RO e mrr0Oo N~ iMoo ~ v ]

ra @ 8 ® 6 & ® & & & & 6 @ &4 % e 6 ® e 8 8 S 6 o e * s 2 & o @ . .
= hJ - W et O e DT NS0T O N e Ol e 0Ol NS N = o - T
©
~ g :
- - o *»
w Zlo9 |l coovmovoultuovrmramutrmovsmaosnobmrenonaow oo © * -
m e @& ® @ 6 e e ® & s @ & 4 & 6 e S » & " 8 & 2 & e B 2 & ° s L »
& NN NN NN N~ NN TON =N NNG NN —~ N NN N o ©
Pt
< 3 TL DD DN DD T O RN P T NI OD IO DO N D 2% 3
® @ & & 8 e e & @ 9 & & B S O ¢ » 4 & & e O & ¢ s 4 & * e o * .
. Z 1l AN ANNMOITND TGO T NPT NDNN T ™MD NN DN A ™o -
[~
-4 m r @
[ts
-« O ;MW ™M DX HADDMND D TPTOONRTON P St~y oo E m -]
m . & o & ® @ e e e § e & e & & & S 4 6 » © = s & . & o & s ® >
m BN MANFPTNNONANNMDM T NNN®M TGO O MmN .m N o -
=
m = m s
Z]l v rnorrco oM NN TOIER X RO MANDTVOET RO 4 b5y .m mun
a e et ot el et I NNNNANNNNNOD Q - - - & F
. LY < O < L U
5~
4t




i * . 3, 1.»4&4 T TR YAT Y
.amuﬂmwmsﬁm‘w«i.u. » E&A.h r?umﬂnso‘. .m.h
7
- N - -4
LB WM Y MNONBO M homt- 1D ~oanm~o D - ©
*® @ 9 & e ® & & & 8 5 & @ * & s s s O o e . . o £
v e rd O] v vt et I D v O et ol e DN - NN o ™
@ o
o woollaumsor~8conmoummovaor T rnOo DO N D 0 =
o~ ® ® ® & e 8 @& ¢ 6 & S 5 6 & e e s & B & s B e S O s 8 2 o O o > e 3
1.. < ot rd N O N et et 0D et et e D OO rd O ot et e O v et e N - o o
o
-* * © O
g r.m. ~em 0 H ne b B xoerncvnorr-mmacond & S = ~
e * o e & s o e © @& @& ® s @ S » e S & v & & 5 2 ¢ o o - . & i’ d
~ gl= ~ N AN NOCO O A mMO MmMOO MmO ~mNO N ~ -o ©
(2 £ <
.
= N e [
29 O] c b e PSS W R awwe oxlhearscol o )
3 ® o ® & o e _. & - @« ® e o o o o e ® = o e o & ©® & o e @ . o
ML -3 N CI O e ot vt 1) st ) vk =t e DO O o - P e ] -
g 2 3 bt 25
A F] NOMWOTOOLBNTO ~NC o~ ™o o - =% - w ©
E L g ®* & ® & 8 & s 9 9 e & * s 2 ® & e e 9 & & © ¢ » ° o » e o
WL P=3 et O O vt et et o S O e D et e - O et e et O] D s e ot e et - o
-
m Al cecrme-mao-o> D EC O DM T L AT D PTNDO o o a
E e o e * & ® o o ° o o e ® © 5 8 o e o & s * 5 e e e & -« o .
&) T < -t e N e D O N O O OO ey et et O et e O - O -*
< 5N = ®
[-» ) Hl e xvoomontbtaoasarcommnnnw omvuoasdtxrae & & o~
[ »] 1 4 8 ® e ® 6 e T @ e @ 6 & e o ° e @ ® @ o e @ e ® & e o o @ LK) .
= hart ] AN NN N e O NN e Nt et D IO N O N e - o -
< %y x ©
m L b moklrabhonanoc %o N O T M DO W LT ~ -
e ® ® 8 & & ¢ 9 e € o e O & S o & € s * & & o & o 5 2+ » * »
[do] o b R R R L L - ot e O (T e et e e -
Ll
x <]
o
0 a £ rorvvnorvrnonbaocmomonollramorroo oo S o =
R rn ¢ ® & o o o @ & & S & 6 B © 8 e & & @ o s s ® e ® 6 o e ® e o o -
o wJ QM OO O I " TN ool et rd e et 0NN O e e N e NP e e - -
S ]
= B -
MM Bl nmonuouvwodbberodboercdbrou~onr~no~rderd - - o
m ® & & & & O & ¢ & 2 S O 0 T * & & & S O ¢ T o » & * e ¢ o v o0 L -
C O MO mMONMOO ™ rdO ™ NN O NN N ™ O ot - o L)
o
4
- >| w & oo
-1 O A DD OO TN VO M EO DI PO rt-NDTN O ® o~
E ® & @ 5 ¢ ¢ S O @ e & & & S ° e © 2 8 6 P S ¢ & = B 9+ e s » L L]
| z O OO Mt NN AN ND P ittt =N N MO M ANANDOO ™ - o -
) E le o
o 21 v o~ O NOLTWMIE AN PH A DO ~OMD D=y E © - -
T m e o e o & 8 & 4 s © & & @ ° O & o S e 4 O ° s = e o o @ . @ -
- O o O el N e et DN O N DN e — D .m - o ™
Z _ m
2 |le £87%
| vt o r o NN TR O PO TN TNOE DO 4 H .mmam
a -t ot et v el AN NN NN NNNN DM a - - O
® “ O ” = <




A e gemwe e e S m = - Stm e e e | eeer srwe

T

K | Jss MS s ass 1¢
3N dss as MSS MN as MNN 0,
asd N as as 3sdq N as3 S 62
MS K | 3s3 dass i | M MNN 84 YA
ANSS dsd as3 and K | ass MANN 3NN LT
dsd dNJ 83 dsd MNN aSS A JINN 92
aN AN d K | MN MAN ass JINN (A
d dN 3 asd MSS NNN AN 3 e
asd aN 3ANN K | S MN MNN N3 %A
K { anN NG MSS ass 4ass MN 44
3N AN N MNN as aS S YN | &4
S aN - N das MNN MANN as N 04
4 aN N S S MSS dINd e | 61
aNz c | as 4 1 an as wI
ANd asd N e MNN 4sd Lt
a MN MN N MANA MNN N 91
K § as MSS AN ANN ANN MSS MNN (H
Jsd MS AN MSS MNN K 3. IANd rt
as MASH as das N as MANAM [ ¢
S MN and as NN asd MANA A
S AS N ANSS asd MN K| MANXN 11
as S MNN MSS ass MNN N N 0t
MN as aN dss “N\ N as AN 6
ASA MS he $ dsd N MS ds3 N %
MSS M 3s dN MS MNN MN I MANN .
WSS e § ana N MN an MSS asd )
MN K | s N MN MNN asd MSS S
ass MNM MSS MN ANN NS MAN K | t
3NN MSS 3s M MNN Jss NN 4. | £
an MN AN MN N AN AN AN rA
aANd ass aAN S MAN MNA ANN L
idag ny Ampe aunp Ael ady IRl qad uep 23Q AON 190 Aeq
JawuIng INUIWN
TIAAT HALANW-8T LV AZAYOOITH NOLLOIHIA NVIANW JILANIN-91 dILVIODOSSY 21 d'1dVL




A Sy PRt 5 u.\ﬂ,,,, k4

Pt Eeg S Y 3 o
¥ ST o i i e Py

gﬁiﬁoﬁltz: et e i N T T g
S LY. YO ) RV L i

 { ass MS as ass 1

aN S as MSS MN asd  MNN ot

s  ANN 3s ds dasda M asd 4sd 62
MS ass as as a M MN as 82
M c Fsa a as 4SS MNA AN L3

asa a 3sa asx MNN 4SS MNM aN 92
an ANN aNd d MN MNN M MNN 52
aNg aNd d as MSS MNN  MNM a ¥Z
d an ANN a s MNNT MNM 3NF €2
ANT anN anNg MSS dss S MN 32
M aN N  MNN asd as s MN 12
as a N as MN AN S M 02
A andg AN MNN s S MSM AN and st
nnm ang | as ' ANd  INd MS 8T
< aNd a MNN ana N K | A
&S and MN MN A MNN  MNN N 91
u.m a2 asda MSS  MNN ANN M MSS  MNN st
2 M asd MS 3 MSS MN s  aNd 134
& as A M as AN asd MN (4
& fe Mmss M a as MN  dsF MN A
(=R S MSS  MNN s asd MN d  MNN 141
MS S  MNN MS S MNN N and ot

MNM as INd ass MN MN as MN 6

MNN MSS dss dasa M MS 4sd  MNN 8

MSS  MNM as AN Mms MNN N MN L

s anNg AN  MNN MN MSM s a 9

MNM d MSM N MN MN asa MSS S

ass MN MSS MN N NI  MNN asda +

aN M as M MNN ass MN ana £

anN MN INN MN M aN aNg aN 2

ANZ MNM an MSS MN MNN AN I

ydeg Sny Amp aungp fe| xdy Jel qad uep sadg AON 100 £feq
Jauwiwung IUIM

MTIATT HALIAW-8T LV AIAYOD T NOLLOZYHIA SOOANVINVLISNI AILVIOOSSY °8T I1dVL




g RO g T BT
PE At Gl R

b

9410 244 80€2 8100 19 238 £eeTl £281 1
6191 p¥Gl 0gsST 6l 6¥12 6520 92LI T10¥0 £691 1021 0oLLY (119
£281 2991 9€81 LILT 2212 6312 1e12 oG8t 0102 6€T0 11£2 62
6002 0€80 0122 1§ 4¢4 r44{114 L1232 9gLI S061 G681 GE9T FAVA 0S€3 8%
[ § 240 LSLT 14142 ¥4 e112 6633 TPLT T06T 9¢eL1 Z0E0 LEPT #210 Le
L102 1161 0061 2002 622 9200 4844 9991 €ILT 6181 6G€32 92
9€81 2623 LZ8T voLT 2002 LEIT 80LT Gest ¥¥80 GoLT 1161 6520 14
140)) ¥4 rLl 2822 6020 8081 89T 1612 9691 T8¢t ¥sot €081 GzZsl ve
€e61T £291 qeet 62FT LSLI Port T2LT Tv02 26LT vo6T eILT 0t+61 144
0£02 LE6T 183, 1€02 vbLT yestT 1100 LIZT 8$€E0 G291 (17133 ¢ t44
¢t81 0261 LT00 6022 T¥81 LIT12 €261 1v€e L¥LT LOES £0L0 0261 1£4
12¢e1 ¥3o13 6S2¢ 2061 B6SLT 1100 £EST G3ggEe SpLY 6210 £0t3 03LT (174
8080 S€028 Ll qILT LSLT IGkT rAS )] S0F1 goRT 9102 L103 9291 61
411 0£91 €291 b6l 1¥22 8635t 068T LE9T 91 L¥LT 1€£60 81
6012 0061 0261 9000 3561 0581 L300 0051 1681 091 631 LT
[ &4 4 Or61 1212 114 &4 |8CGSGT YA ¢4 9061 SHFT £0LT 6100 GE03 9t
c102 ££02 £eLT ovee 22320 GostT 80GT LOBT 1861 9ELT FOST G091t (414
9PeT GI0d G061 Se0d €661 JE81 9600 oGLl 00&T L1023 1161 T
¢GLT 1¢12 LGLT +00 s0L1 1012 6112 0£00 +oRT ¢SO0 6091 el
Geor 6£03 £G61 8€00 T2RT 6161 96T 6£€3 03297 LeLT SOLT ol
9181 e161 9FLT 0100 PoLT rA 3118 9t+03 STFI LETO ¢00¢ oLt 8291 1T
Spee 0g81 8112 £¥3e 6GT0 LIGY 914Gt L691 00303 I3LT ot 1281 ot
€I61 T16T 11 ¢4 6122 LE0S €620 9210 9rLT 9603 £GLT STLO 9GLT 6
8E8T 8161 Sveed 0281 1824 1] 9¢02 LIFT 2oLl 9CRT £e10 8100 orel 8
s191 6500 ceLl 2102 [¢] 2 84 FELT 6SLT 9e¥1 |62 0s6T SHLT 638L L
9GLT LOLT L¥20 8161 €602 00RT 9200 S1€d 26RT LI91 FEST 28Il 9
se6l 1140 A £€02 9602 1eST 0291 ¥eL0 191 SOt FeLT STLT S
oT6T1 1622 [ 2 ¥ A L8230 9£91 ettt LI6T €100 SELT FEGST 8691 62FI 14
8202 6202 0esT 9gLT 012 92L1 LTILT | &4 ¥4 (111:¢ clee 6661 reol €
3022 6cLlI 1£91 IT8I €112 2€00 8102 0502 L3611 9091 GHLT LG03 A
1202 9TLT ¥212 2502 £I81 oLt €091 |E6T 60LI re6l L£03 T
ydag ny Amp aunp Aely ady Iely qod uep h¥-Tq{ AON 120 Aeq

Jowwng INUIT W

TIATT HILINW-8T LV AT A4S ANIM
TVINOZIMOH WANIXVIN XTIVA 40 (LIND) IONIHHNADIO0 40 ANIL °#1 ITAVL

20

oo g o® ) _ 7



TABLE 15. DAILY MAXIMUM HORIZONTAL WIND SPEED (m s"l)
RECORDED AT 60-METER LEVEL

Winter Summer
Day Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
. 1 7.6 12,0 14.1 7.2 11.0 3.1 9.6 14.6 17.6 12,4 10.7
2 17.9 10,6 9.0 6.8 5.8 15.9 11,38 9.6 15,5 13.4 9.9 9.9
! 3 8.6 10,7 11.1 13.5 13.9 21,1 13,1 12,2 8.6 10.0 7.7
4 7.5 8.4 9.2 12.2 9.7 12,9 13,7 10,0 11.4 12.5 9.3
. 5 7.7 11.5 7.0 12,9 14.3 12.1 10,0 9.2 11.1 15.9 9.9
6 7.9 3.0 10,6 3.9 24,3 14.4 12,9 7.3 9.9 16,9 12.8 9.2
7 9.9 12,7 11,1 8,3 11,1 11.7 3.0 10,1 26,6 10,8 13.9 10,1
1 8 10,3 11,0 14,4 13.7 9.0 13.8 11.7 10,0 14.8 15.6 12.83 10,6
9 7.6 14,1 8.4 13.9 7.0 17.6 11.4 3,6 12.2 15.1 12.2 14.6
10 9.2 13.9 7.0 12,4 9.4 13.3% 9.6 14.6 12,0 20.1 10.4 10.3
11 10,0 8.3 7.3 17.0 7.6 9.9 17.7 12,7 11l.4 25,6 11,7 10.1
12 10,3 12.2 10,1 24.6 14.1 14.8 9.6 9.9 21,8 10.1 7.9
13 10,4 17,7 10,0 24.3 13.5 16.7 8,4 15,9 12,1 13.2 7.0
14 10.3 7.5 11,0 12,5 13,5 19.8 9.0 11.3 10,6 9.4 8,6
H 15 10,3 12.7 14.5 11,0 10.3 10,7 16.2 10,6 9.4 11.3 8.7 8.2
16 12,0 9.4 24,9 10,8 14.9 13.3 13.2 19.3 11.1 8.7 8,0
17 15,1 19,3 19,0 12,0 13.1 11.0 10,1 10,8 9.7 7.0 17.0
18 11.7 9.6 10,4 10,7 10,4 15,2 16.7 3.9 12,4 3.6 11.5
19 8.4 6.6 9.3 14.1 14,4 12,5 17.2 10,1 9.3 10,1 3.4 14,6
20 12.9 18,9 9.3 9.7 12,5 8.3 14.9 8.0 8.4 12.9 3.2 13.2
21 9,2 15,3 16.3 12,0 10,6 9.7 12,4 11.5 15.6 10.6 10.6 8,9
22 12,0 13,4 23.2 19.0 11.1 12,7 12,4 9.6 9.2 10,4+ 13.9
23 12.0 8.0 13.2 11,1 15,6 10,4 14.4 9.0 13.5 9.0 11,1 15.8
24 16.3 8.4 12,1 11.7 25.1 15.6 11.4 3,3 9.6 3.6 9.0 13.7
25 9.9 6.6 14,8 11,1 10.3 17.0 8.9 8,7 9,2 6.6 9,6 12.4
26 13.4 12,1 14.2 9.2 12.4 8.6 3,3 R, 9 8.3 12.4 11.7
27 13.1 12,0 14,2 9.6 10,7 8.6 11.1 10,0 15.9 10.3 11.5
28 12.5 6.8 8,2 22.9 7.3 13.? 12,2 11,0 13.4 11.1 14.8 10,3
29 12,7 5.9 6.3 21,2 12,1 11.1 12,0 3.9 9,4 9,6 13.4
30 14,2 10,1 13.4 14,9 16,6 12.4 14,1 11,3 10,6 9.7 10,4
31 17.4 12,7 8,7 11.3 13.9 15.5 18,9
Mean 11,46 10,79 12,11 13.30 12,21 13.39 12,70 10,47 12.14 12,68 11.07 11.01
[} 2,84 3,24 4,27 4.81 4.90 2,86 3.08 2,02 3.8 4,289 2,53 2,56
Maximum
. Month 17.9 18,9 24,9 24,6 24,1 19.8 21,1 14,6 26,6 25.6 18,9 17.0
Season 28,1 26,6
Annual 28,1
|
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TABLE 22.. DAILY MAXIMUM HORIZONTAL WIND SPEED (m s™!)
RECORDED AT 150-METER LEVEL

Winter Summer
Day Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
1 8.2 12.2 16.2 8.3 14,5 13.9 9.7 14.2 17,2 11.4 11,7
2 19,0 11,3 9.0 6.3 7.9 17.2 11,8 %7 17.0 13.5 10,3 11.4
3 9.2 11.8 11,0 13,2 13.5 21,2 13,8 10.4 9,0 8.9 8.7
4 7.7 9.7 12,2 12.9 8.4 13.5 13.8 10,6 10,6 13.4 9.3
13 9.3 11.7 1.7 13.9 19,7 14,8 13.4 8.3 11.5 15.6 9,6
6 8.9 9,2 12.4 8.4 26,2 13.38 13,2 7.7 9.3 18,2 8.9 9,4
1 10,0 13.1 12,9 10,0 13.4 11.4 7.7 8,9 25.3 12.1 13,8 9.7
8 9.2 12.0 16,3 15,8 10,0 15,8 12,0 12,1 13,8 15,1 13.1 10.6
9 7.7 14.9 9.4 14.4 6.5 18,2 13.8 8,9 13.5 16,3 11,1 15.2
10 9.3 15,1 9.3 13,2 10,1 13,5 12,2 12,2 13.8 14.4 10,8 10,4
11 9.9 8.6 8.2 17.9 8.7 11,3 17.9 12.4 12.5 270 10,3 10,6
12 9.0 12.7 10,7 25,9 13.4 14,9 10,1 0.1 21,8 11.0 8.6
13 10,7 20,0 11.7 25.9 13.7 18.9 8.2 17.0 12.2 12,5 7.8
14 10,6 7,5 12,1 13.7 14.2 20,8 10,0 8.7 10,3 9.4 8.0
15 10,6 12,1 15,9 11.4 12,2 12,8 15,5 12,2 8.0 10.8 9.7 8,9
16 11,8 10,1 256.6 15.8 15.5 12,9 14,1 21.5 1.0 8,6 8,7
17 17,7 10,1 19.8 13.4 14,8 10,6 9,2 13.1 9,7 7.7 16,7
18 12,1 10,6 11.4 12,2 13.5 13,2 17.0 8,2 11,8 10.0 11,5
19 8,6 6.9 10,7 15.1 14.5 15,6 16,9 9.2 9.7 11,5 8,9 14,6
20 13.1 1%.4 115 13.9 12,9 8.2 16,5 9.3 8,9 12,2 7.7 12,5
21 9.3 17.7 18,4 15.2 12,1 14,6 12.9 11.7 14.6 12,7 10,3 9,9
22 1.4 17,7 27,3 22,7 13.2 13,7 12,4 10,3 8.2 10,3 1.7
23 12,8 8.2 13.2 12.0 21,1 12.4 14,8 8.7 13.8 10,3 8.2 17.9
24 17,4 9.3 12,5 12.4 26,2 15,9 12,5 8.3 9.6 8,4 7.6 15,1
25 12,7 .7 14,2 12,5 10,1 18,2 9.8 8,2 9.7 8.5 9.3 12,4
28 12,9 13,8 15,3 10,3 12.4 10,0 8,7 9.2 8.4 11.5 12,5
27 13,4 12,8 18,2 10,0 11,5 8.4 11,1 10,8 15.2 9.9 11,0
28 13,2 7.6 9.6 25,3 7.9 12,9 12,9 11.1 12.7 12,0 13.5 10,1
29 12.8 10,1 6.9 24,2 13.1 12,2 12.9 8.3 9,7 9.4 14.4
30 13.9 12,4 13,56 16.3 18,9 14,1 5.5 10,6 11,0 9.3 10,7
31 17,0 15,5 9.7 13,2 13.9 13,2 18,2
Mean 11.81 13,67 13,35 14,93 13,06 34,39 | 13,37 10.85 12,25 12,64 10.70 11.41
o 3,12 3,57 4,55 5,28 4.8 3,19 3,02 2,08 4,00 4,18 2,38 2,60
Maximum o
Month 19,0 20,0 27,3 25.9 26,2 20,8 21,2 15,5 25,3 27.0 18,2 17,9 .
Season 27.3 27.0 v
Annual 27,3
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TABLE 23, ASSOCIATED 10-MINUTE MEAN HORIZONTAL WIND
SPEED (m s~!) RECORDED AT 150-METER LEVEL

Winter Summer

Day Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept

1 3,7 9.0 12,0 7.5 9.4 | 10,3 58 11.1 12,4 7.7 4.2

2 13,7 7.3 6.6 58 7,0 13,1 | 10.0 6,5 10,8 9.7 59 6.3

3 5,8 10,8 8,7 11,4 10,3 | 153 10,7 6.1 4.5 6.3 4.4

4 6,6 8,6 11.4 10.8 4.5 9.0 9.7 8,6 8.6 82 5,9

5 7.9 97 68 10,1 16,2 | 13,4 1.1 6.1 10,3 9.3 55

6 8,3 11.5 6.9 17.2 12.1 9.2 54 4.2 151 5.1 5.9

7 7.2 94 10,6 8.3 10,6 8,7 2,8 5.9 10,3 10,3 9.6 7.5

8 6,2 9,4 12,7 1.1 90 110 | 10,1 10,6 10,3 8,6 9,0 6,9

9 4.8 1.7 6,2 3,7 14.2 J 11,1 7.6 11.3 83 6,9 "8

10 7.5 12,9 83 11.7 9.0 9.9 5,9 6.3 89 10,8 8,0 8,3

11 8.4 7.0 7,3 152 6.9 8.3 | 14,4 9.6 6.9 18,4 7.7 6.6

12 6.6 11.4 8,3 21.4 10.1 12.0 59 8.2 16,0 7.3 5.6

13 7.7 17.3 10,1 22,1 10,1 14,9 5.5 13.4 83 6.9 4.2 ;
14 8,2 4.8 10,7 12.4 11.8 16.3 6.9 7.9 80 6,8 6.9 »
15 6.5 9.9 12,2 10,4 7.7 1lL1 9.9 10,6 7.2 7.5 5.8 5.9
16 8.0 8,6 19,0 14.2 125 7.3 9.7 15.9 7,9 5.8 6.1 =
17 12,0 7.3 15,5 11L.7 11.0 7.2 7.6 8,7 5.9 13.4 RoR
18 10,6 9.6 9,9 11.1 12.2 9,7 | 13,1 6,9 9.9 9.3 9,3 1
19 7.2 6,5 87 11.3 11.3 12.7 | 13.7 80 6.3 8.3 8,0 8.4 L
20 9,2 11.8 9.9 12.4 10,7 4.2 { 13.5 59 5.8 10,6 4.9 8,4 £
21 7.7 14.4 14,1 13,5 9.3 2.3 9.9 82 11.4 83 6.9 8.2 e
22 8,9 15.9 19,8 17.3 11.0 9.2 9.0 6,6 7.6 7.7 11.3 -4
23 - 9.3 7.6 9.3 10,3 16,5 10,0 | 11.0 5,4 10.7 9.2 5.5 14.4
24 13.7 7.6 8,3 9,3 156 12.4 10,6 4.7 8.0 6.2 3.4 10,3
25 10,7 2,8 8.6 11,0 4.7 13,7 8.3 4,5 7.0 3.9 6,9 10,4
26 9.9 11.7 12.9 10,3 8.9 5.4 6,9 6,9 8.2 9.4 ey
27 11,1 9.2 12,9 3.8 7.6 4,2 9.4 56 114 7.2 8.6 F :
28 1,0 6,8 8.6 12,7 4,5 10,0 | 10.7 87 8.9 9.0 8.7 8.3 5
29 1.3 8.2 4.2 1.7 11.1 8,6 8,9 59 87 5.8 11,1 7 -
30 11,0 8,3 10,3 12,8 12.5 | 11,4 12,4 6.6 5,8 7.9 :zi
31 14.5 12,8 9,0 9.6 11.7 9.6 12.1 o
Mean 9,02 9,17 10,50 12,18 9,85 10,38 | 10,06 7,78 8,47 9,42 17.21 7,88 g’i*t
o 2,75 3,15 3.32 3,89 3,48 3.27| 2.89 2,33 2,67 3,02 1,69 2,53 -
Maximum h
Month 14,5 17,3 19.8 22,1 17,2 16,3 | 15,3 12,4 15,9 18.4 12.1 14.4 -
Scason 22,1 18,4 i
Annual 22,1 Y
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TABLE 34. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS
AND MONTHS FOR THE 10-METER LEVEL

i Oct Nov Dec Jan Feb Mar Apr  May June July Aug Sept
Mean
) NNE 3,23 6.67 3,23 3.23 3,23 3.23 6,67
NE 16,13 3,33 3.23 3.57 3.23 3.23 10,00 6.45
ENE 6,45 13,33 3.23 3,23 6.67 12,90 13,33 3.23 3.23 6,67
E 13,33 6,45 3,23 T.14 3.23 10.00 12,90 10,00
ESE 6,45 3.33 3.57 3.23 6.67 16.13 13,33 19,35 29,03 16,67
SE 6.45 10,00 6,45 6.45 6.45 6.67 9,68 3,33 6,45 9,68 16,67
SSE 3,23 10,00 12,90 3,23 3,57 9.68 | 13,33 9,68 10,00 9.68 12,90 10,00
p S 3.23 16,13 9,68 14,29 12.90 | 13.33 3.23 3.33 6.45 6.45 6,67 4
! SSW 3,33 6,45 3.23 7.14 3.33  3.23 12,90 N
SW 6,45 3.23 3,23 3.57 12.%0 6.67 6.45 9.68 3.33
WSW 3.23 3.57 6.45 3.33 6.67 9,68 S
w 6.45 10,00 6.45 16,13 10,71 12,90 | 10,00 6.45 13.33 9.68 12,90 3.33
ji WNW 3.57 6.45
B NW 3,23 6,67 6.45 9.68 3,57 3.23 3.33 10,00 3,23 3.33
NNW 9,68 16,67 12,90 25,81 17,86 19.35 | 13.33 2.23 3,33 3.33 -
N 9,68 3,33 9,68 12,90 14.29 6.45 3.33 9,68 3.23 13,33 oy
M 19,35 3.23 3,57 10.00 9.68 3.33 3,23 4
Instantaneous A
NNE  9.68 3.23  3.57 3.23 3.23 3,33 3.23 Kk
NE 9.68 6.67 3.23 3.33 3.23 6,67 3.23 3.33 A
ENE 6.45 13,33 3,23 3.23 12,90 10,00 6,45 3.33
E 3.23 10,00 6.45 3.57 3,23 6.67 19.35 13,33 3.23 22.58 6.67 -
ESE  9.68 6,67 3.23 3,57 3.23 | 10,00 3.23 3,33 12.90 19.35 13,33 /
SE 3.23 10,00 6.45 6,45 9,68 6,67 6.45 10,00 6.45 16,13 10.00 E R
SSE 10.00 16.13 3.23 3,57 9.68 6,67 9.68 10,00 9,68 3,23 23,33 :
s 3.23 3,33 9.68 6.45 10,71 3.23 6.67 6.45 3,33 9,88 6,45 6.67
ssw 6.45 7.14 6,45 | 10,00 6.45 3,33 9.68 3,23 3,33
SW 3.23 12,90 3,23 7.14 16,13 6,67 9,68
WSW 3,23 3.23 3,33 3,23 3.33
w 3,23 16,67 6.45 12.90 17,86 9,68 | 10,00 3,23 13,33 16,13 12.90 :
WNW  3.23 3.23 6,45 3,57 3,23 3.23 6,67 6,45 3,23 3,33 .
NW 3.23 10,00 3,23 9,68 7,14 6.45 | 10,00 3.23 ‘
NNW 12,90 13,33 19,35 29,03 21,43 22,58 | 10.00 6,67 3.23 3.23 6,67 )
N 9,68 6.45 3.23 10.71 3.23 3.33 9.68 3.33 16.67 . .
M 19.35 3.23 10,00 9,68 3,33 3,23
M missing :;
L4
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TABLE 35.. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED

MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS
AND MONTHS FOR THE 18-METER LEVEL

Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
Mean
NNE 13,33 3.23 6.45 3.23 3.23
NE 3.33 6,47 6.45 3.33 13,90 20,00 9,68
ENE 13.33 3.23 6.67 9,68 6,67 9.68
E 6.67 3.23 6,45 9.65 6,67 6,45 13.33 19,35
ESE 13.33 12,90 6.45 13.33 9.68 3,33 12.90
SE 3.33 12,90 6.45 9.68 13.33 12,90 6.67 9.68
SSE 12,90 12,90 3.23 6.67 9.68 3.33 3.23
] 3.33 3.23 6.45 6.67 3.33 6.45
SswW '3.33 6.45 3.23 12,90 6,67 6.45 3,33 9.68
sw 6.45 6.45 3.23 10,00 3,23
wWsw 3.33 3.23
w 3.33 3.23 3.23 3.23 3,33 3.33
WNW 10,00 3.33
NW 6.67 6,45 19,35 12,90 13,33 10,00 6,45
NNW 13,33 25.81 25.81 12,90 3.33 3.23
N 6,67 3.23 3.23 9.68 6,67 12,90 3,33
M 100,00 2,23 100,00 10,00 9.68 6.67 3.23 100,00 100,00
Instantaneous
NNE 3.23 6.45 6,67
NE 13,33 3.23 3,33 9,68 13,33 9,68
ENE 16,67 9.68 9,68 3.33 6,45 6,67 22,58
E 10,00 3.23 6,45 13.33 9.68 16,67 9,68
ESE 6.67 19.35 9.68 6,67 6.45 3.33 6.45
SE 3.33 6.45 6,45 9.68 20,00 12,90 3.33 9,68
SSE 3.23 12,90 3.33 6,45 3,33 3.23
S 12,90 9,63 6,67 3.23 3,33 6.45
SSwW 3.33 3.23 12,90 3,33 6,45 6.67 6,45
sw 3,33 3.23 6.45 3.33 3,33  6.45
WSW 6.45 3.23 3.33
w 3.33 3.23 9,68 9,68 3,33 3.23 10,00 6.45
WNW 12,90 25,81 3,33 6,45
NW 20,00 6,45 19.35 19,35 10,00 10,00
NNW 16,67 9,63 9,68 10,00 9,68 3.23
w 3,33 9,68 3.23 3.33 6,45
M 100,00 3.23 100,00 10,00 9,68 6,67 3,23 100,00 100,00
M missing
ORIGINAL PA%
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TABLE 36 PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS
AND MONTHS FOR THE 60~-METER LEVEL

3 Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
L]
a Mean .
4 NNE 3,28 6.¢7 7.4 3.33  3.23 3,33 3.33
g NE 3.23 13.33 3.23 12,90 13.33 16.13 9.68 10,00
. ENE 9.68 10,00 3.23 3.23 3,35 19.35 6,67 25,81 16.67 ,
E 9,68 3.23 17.14 6.45 13.33 3.23 13,33 16,13 22,58 20.00
q ESE 6,45 23,33 22,58 3,23 3,57 9.68 10,00 12.90 6,67 12,90 6.45 10,00
“1 SE 4.45 12,90 17.86 3.23 16.67 6.45 10,00 9,68 9.68 6,67
- SSE 3.23 9,68 12.%0 3,57 9.68 10.00 3.23 12,90
- s 0,67 G.45 6.45 T.14 G .47 3.23 3.33 6.45 3.23 3.33
1 SSW 3.33 3.23 3.23 16.13 3.33 6.45 3.33 9.68 3,23
4 SW 3.23 6,45 7.14 3.23 3.33 3,23 6.67 6.45 9,68
WSW 3.23 T.14 6. 67 3,23
w 6,450 3.33 3.23 J.33 3.23 10,00 3.23 6.67
WNW 3.23 3,33 3.23 3.23 10,71 6.45 3.33 3.23 3.33
¥ NwW 16,13 10,00 16,13 29,03 10,71 16.13 13.33 6,67 3.2 3.33
NNW 3.23 10,00 12,90 3.23 14,29 12,90 3,33 3.23 6,67 10,00
r 18,35 10,00 6.45 3.23 6,45 3.33 9.68 3.23 6.67
M 18,35 G.,45 3,57 10.00 9.68 3.33 3.23
{nstantaneous
NNE 6,45 3.33 3. 57 3.23 3.33 3.23 3.33
NE 3.23 10,00 3.43 3.33 22.58 10.00 16.13 9.68 10,00
ENE 9,68 16,67 3.23 3.23 9.68 3.33 3.23 16.13 10,00
E 12.90 3.23 6.45 13,33 3.23 16,67 12,90 29.03 26,67
ESE 6.45 20,00 16.13 3.23 3.57 9.64 10.00 12,90 3,33 12,90 6.45 10,00
SE 9,68 9,68 14.29 3,2 16,67 6,45 10,00 9,68 6.45 6.67
SSE 3.28 3,33 9.68 6,45 7.1t 06,45 10,00 3,23 12,90 3,23
S 3,33 3.23 3.23 3.57 9,068 3,23 3.33 3,23 3.23 3.33
SSW 9,698 3,33 3.23 13.33 6.45
SW 3,33 3.23 3.23 114.29 6.40 3,23 9,68 9,68
WSsSwW 3.23 3,28 3.507T  3.23 3.33 3,33 6.45 3.23
w 12,90 6,67 9.68 16,13 10,71 6, 1O 3.33  6.45 13,33 3.23 12,90 10,00
WNW 6.45 3,33 34.23 3,23 10,71 12,90 6.67 3,33 3.33
NW 12,90 16,67 12,90 22,58 10,71 16,13 13.33 3,33 3.23 3.33
NNW 3,23 3,33 12,90 12,90 14.29 6,15 3,33 6,45 3.33 6.67
N 12,90 10,00 3.23 3.77 3.20 3.33 6.45 6,67 6.67
M 19,35 6.45 10,00 9.68 3.33 3.23
M missing )
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TABLE 37.. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS
AND MONTHS FOR THE 150-METER LEVEL

Oct Nov Dec Jan Feb Mar Apr  May June July Aug Sept
Mean
NNE 1°.35 6.67 ’ 3.23 3.23 3,33
NE 10,00 1,57 9,68 6,67 3,23 6.45 10.00
ENE 3.23 13.33 3.23 3.23 3,23 9,68 10,00 3,23 16,13
E 3,23 6.67 6,45 7.14 6.45 10,00 16.13 13,33 25.81 19,35 33.33 P
ESE 6,45 10,00 12,90 3.57 3.23 6,67 3.23 6,67 9.68 12,90 13.33 PO
SE 3.23 6,57 25,81 3.23 7.14 12.90 13.33 6.45 10.00 12,90 9,68 6.67 )
SSE 3.23 10,00 12,90 19,35 17.86 6.45 16,67 12,90 6,45 6.67 i
S 6,45 3.33 3.23 6.45 3.57 3.23 3.33 9.68 3,33 6.45 9,68 D
SSW 3,23 3.23 3,57 16,13 10,00 3,23 6,45 9.68 ]
SwW 7.14 3,23 3.33 3.23 6.67 3.23 9,68 :
wWsw 3,23 3.23 14,29 6.45 6.67 9.68 3,23 3.33
w 3.33 9,68 9,68 3.33 9.63 10,00 3.23
WNW 3,23 3,33 9.68 9,68 3.57 3.23 6,67 6.45
NW 6.45 10,00 3.23 16,13 10,71 19,30 10,00 3.33 3.33 .
NNW 9,68 10,00 9,68 9,68 10,71 3.23 6,07 3.33 3.23 3.33 )
N 12.90 6.67 12.90 3,23 3,57 6.67 3.23 6,67 16.67 1
M 19,35 6,45 3,07 10.00 9.68 6,67 3,23
R 3
{nstantaneous k o
NNE 19,35 6,67 3,23 3,57 6,45 10,00 - ‘;“
NE 6,45 10,00 3.23 12,90 6,67 3,23 6.45 3.33 -
ENE 16,00 3.23 3.23 6.45 10,00 6.45 86.67
E 6.45 6,67 6.45 3.23 10,00 12,90 10,00 22,58 32,26 20,00
ESE 6.45 10,00 12,90 3.07 3.23 6.67 3.23 3.33 6.45 6,45 23,33
SE 6,45 10,00 22,58 3,23 10,71 16.13 20,00 9,68 10,00 12,90 3,23 6,67
SSE 10,00 12,90 19.35 14.29 3.23 10,00 12,90 6,45 6.45 6,67
S 3.23 3,23 3,23 3,57 3.23 6.67 6,45 6,67 6,45 9,68
SSsw 3.23 3,23 3.57 16.13 3.33 3.23 3.23 3.23
SwW 7.14 9.68 3,33 3.23 6,67 9,68 9,68
WSsw 3,23 3.23 3,57 6.45 3,33 3,23 13,33 9.68 6,45 .
w 10,00 3,23 9,68 17.86 6.45 3.33 6.45 13.33 9,68 9,68 3,33
WNW  6.45 3.33 6,45 12.90 3,57 6,45 3,33 3,23 6,67
NwW 6.45 10,00 6,45 12,90 3,57 14.90 6,67 3.33
NNW 9,68 6,67 12.90 16.13 17.86 3.23 10,00 3.33 3.23 6,67
N 6.45 6,67 6,45 3.23 3.57 G.45 6.67 3.23 3.33 6,67
M 19,35 6,45 3,57 10,00 9,68 6.67 3.23
M missing :
LT 2
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