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CANADA = DEPARTMENT OF TRANSPORT - METEOROLOGICAL BRANCH

THE DOUGLAS POINT PROJECT: - AN ANALYSIS OF SURFACE WIND DATA

by
To L. Richards

1. INTRODUCTION

A nuclear-=powered electric generating station, CANDU, is being
constructed at Douglas Point, Ontario on the east shore of Lake Huron between
the towns of Kincardine and Port Elgin, (Figure 1), At the request of Atomic
Energy of Canada Ltd. and the Hydro-=Electric Power Commission of Ontario the
Meteorological Branch has undertaken several studies involving the clima=-
tology and micrometeorclogy of the immediate area,

A climatological station was first installed at the reactor
'site in late June 1961, Preliminary studies were commenced at that time and
an analysis of data from a special five-day period has been published by
Munn (1). More detailed meteorological investigations began in May 1962 and
a' Progress Report describing some features of the 1962 program was published
by Munn and Richards (2). Several other studies based on Douglas Point data
have also been published as Meteorological Branch Circulars or as contri=
butions to the meteorologlcal journals., (Ferland and Leahey (3), Leahey (4), -
. Munn and Richards (5)). o -

This particular study involves the analysis of surface wind
data for the two year period from July 1961 to June 1963, Analyses of other
meteorological data collected during this period are in progress and will be
published as subsequent Progress Reports or as separate contributions,

2o S - METHOD

Four separate analyses of the wind data by machine methods
were requireds o '

A. A frequency analysis of wind directions grouped accordlng to
wind speeds and subdivided by seasons and times of day.

B. A frequency analys1s of wind directions durlng rain subdivided
by seasons,

Co Duration of calms and light winds (0=3 mph),
D. Duration of winds 10 mph and higher
(a) from all directions

(b) from the south.and southeast only,
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At the time the gtudy was initiated thereé were two years of wind
data from Douglas Point available on punched cards (July 1961 to June 1963), 1In
corder to ensure as sound climatological conclusions as possible from the avail-
able data it was deemed necessary to link the Douglas Point data to. those from a
nearby climatological station with a similar exposure but possessing a greater
length of record. Southampton, also located close to the Lake Huron shoreline
and only 15 miles north of Douglas Point, appeared to be the most suitable for
the purpose., For this reason, each study, with the exception of the frequency
analysis of wind during rain, includes an analysis of

(i) +two years of available data from Douglas Point
(ii) +the same two years from Southampton, for comparlson purposes,

(iii) flve years data from Southamptono

3. INSTRUMENTATION

Standard M.S.C, (Meteorological Service of Canada) Type 45B
threemcup anemometers were available at each site, The anemographs are twenty-
four hour step-recording instruments with the wind speed integrated over .the
whole hours Wind directions are recorded to eight points of the compass. Cup
heights were almost the same: - 33 feet at Douglas Point, 35 feet at. Southampton.

_ - An indication of the relative exposure of the two stations may be
obtained from the map (Figure 1), The exposure of the Douglas Point anemometer,
located some 300 yards from the shoreline, is considered only fair, There is
dense bush within one to two hundred yards to the north, east and south with
casual clumps of trees and some buildings much closer, To the west, between
the instrument site and the lake, the reactor and generator complex currently
under construction continue to rise, The Southampton site is located about 3/4
of a mile east of the shoreline near the south bank of the Saugeen River. The
instrument exposure is considered good, although the oyientation of the river |
valley may introduce some funnel effect inwinds from the north and northeast.

4, . ‘ INSTRUMENT DIRECTION BIAS

Unfortunately the frequency analyses exhibit a very noticeable
direction bias towards the between=, or non-cardinal points, i.e. NE, SE, SW,

and NW. A preliminary investigation of the MSC 45-B anemometer system conflrms -
that this bias does exist and that ‘it is inherent in the recording part of the "
instrument. A comprehEnsive'study of the problem has been startedo -

"A simple method to help ameliorate the bias, and yet not affect
the usefulness of the study, suggested itself in the combination of an equal
number of cardinal and between-cardinal directions into off-lake, off-land,
and shoreline segments, The location of the Douglas Point site (Figure 1) is
such that the four directions SW, W, NW and N are off-lake, E and SE are off-
land, and S and NE are parallel to the shoreline. Of the four directions
considered off-lake, two, W and NW, may also be defined as on-land, Fortunately
such a division evenly combines the cardinal and between-cardinal directions and
yot presents the data ina form suitable for the overall study. '
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A FRFQUENCY ANALYSIS OF SURFACE WIND DIRECTIONS

1. ff THE DATA *°

The initial analyses shcw1ng “the frequency of winds from eight
dlrectlons grouped accordlng to wind speed classes ‘are presented in Table I
through XXII., Thé data are presented ‘as an Annual Summary in Table I, and are
then divided into Seasonal Summariess: Winter, Table II; Spring, Table VI;
Summer, Table X; and Fail, Table XIV. To illustrate the diurnal character=
. istics of the wind the seasonal data are further subd1v1ded into three periods
of the day: 0200-0900 ‘EST, 1000-1700 EST, and  1800-0100 ESTs Winter, Tables
ITI, Iv, Vg Sprlng, Tables VII VIII IX, Summer, Tables XI, XII, XIII-'
and Fall Tables XV, XVI and XVII

T _ .To relate the data more dlrectlj to the Douglas Point shore=
11ne and to help reduce the dlrectlon bias dlscussed earlier, Table XVIII
-Qpresents the. Annual and Season Summaries by offolake, on-land, off=land and
shoreline - segmentso The ‘seasonal data show1ng diurnal variations are displayed
in.the next four tables~ Table XIV, Winter; Table XX, Springs Table XXI,
Summer° Table XXII Fall, Figures 2 to 7 illustrate the samé data superlmposed
on the Douglas Point shoreline and will’ be reférred to in discussions to
follow.

2. ANALYSIS

Annual Surmaries

A comparison of the annual summaries for Douglas Point and
Southampton, Tables I and XVIII and Figure 2, reveals a marked degree of
similarity particularly when considering wind directions as related to the
Douglas Point shoreline. Both stations show a slight tendency for more
frequent winds from the off-lake segment. Although the mean wind speed is
somewhat higher at Douglas Point (7.6 to 6.6 mph) the mean speeds from each
direction are reasonably comparable, The stronger wind from the northwest at
Douglas Point is presumably due to the open exposure to Lake Huron; the
stronger northeast wind at Southampton would appear to be due to the exposure
" to the Saugeen River valley (see Figure 1), Table I indicates fewer light
winds and calms (0=3 mph) at Douglas Point. Again this appears to be a mat-
ter of proximity to the lake. Wlnds of 25 mph and higher occur only 0.1% of
the time at each station.

Seasonal Summaries

A comparison of the Seasonal Summaries for the two stationms,
(Tables II, VI, X, XIV and XVIII, and Figures 3 and 4) reveals a fair degree
of similarity., The exceptions again point to the closer proximity of the
Douglas Point site to the lake, Apparent in Table XVIII and Figures 3 and 4
is the marked decrease in the off-lske winds and the corresponding increase in
off-land winds in the fall. This is physically consistent with a mean lake
temperature higher than the mean over-land air temperature, as is the case at
this time of year,
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—~Wind speeds are highest in the winter and lowest in the summer
and in all cases Douglas Point mean speeds exceed those of Southampton; winter
10.1 %o 8.9, fall 8,0 to 6.4, sprlhg 6.8 to 6.5, summer 5.8 to 4.0. Winds at
Douglas Point reached 25 mph and higher 0,3% of the time in winter, 0.1% in the
spring and not at all in the summer and fall, Conversely, calms and light winds
(0-3 mph)- are greatest in the summer. However, in this regard light winds are
much less prevalent at Douglas Poi:q.t° (24.8% to 51.3%)0

Diurnal Smmarie's

The diurnal variation in wind frequencies are tabulated in detail
for each station in Tables III, IV, V, Winter; VII, VIII, IX, Spring; XI, XII,
XIII, Summer; XV, XVI, XVII, Fall; and are 1llustrated more generally for . .
Douglas Point in Flgures 5 and 6.

In each season there is an increase in off-=lake winds during the
daytime = a function of daytime heating over land. As might be expected this
effect is much greater during the spring and summer, reaching a maximum of 79.8%
off=lake winds during the daytime in the summer as compared to only 4,1% off-
land winds., Conversély, off=-land winds are greatest during the night in the .
fall3 Calms are ‘most frequent durlng the evening in the spring (3 3% of the
time
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B. THE ASSOCIATION OF RAIN WITH WIND

1. - INTRODUCTION

In a study such as this, precipitation is of importance
because of its scavenglng effect upon gases and particles suspended in the
air, - This scavenging may be desirable or not dependlng upon ‘the direction
of the w1nd durlng perlods of preclpltatlon.

“Table XXIII shows the a33001at10n of rain w1th w1nd at Douglas
Point for the three seasons, sprlng, summer and fall.' The data are for the
two-year perlod of July 1961 to June 1963° the w1nd data from the standard
MSC Type 45=B" anemometer with cups at. 33 feet, the rain data as recorded by
a standard’ MSC Recording Rain Gauge (tlpplngnbucket) measuring increments of
1/100 inch, Since there was no recording snow gauge the study was limited
to cases of rain only, hence the winter season has been omitted. The table
shows, for each of 8 directions and for each of 3 seasons:

- the number of hours that measurable rain occurred,

= the hours of rain as a percentage of the total number of hours
of rain,

= the hours of rain as a percentage of the total number of hours
sach season,

“As in the earlier frequency study, because of the shoreline
location of the Douglas Point site and because of the direction bias of
the instrument, Table XXIV was produced to present the data in off-lake, offe
land and shoreline segments. Figure 7 illustrates the same data graphically.

2o " ANALYSIS

The Association of Wind Direction with Rain

The association of wind direction with rain is shown by
seasons in Table XXIII., A statistical study (outlined in Appendix I)
comparing these conditional frequencies to simple frequencies of the previous
study (Tables VI, X, XIV) indicates that in each season the occurrence of
rain is related to, or dependent upon, wind directions,

For reasons indicated earlier, the directions have again
been grouped in Table XXIV into off-lake, off=-land, and shoreline segments,
The noticeably greater frequency cf winds in the combined off-land and
shoreline directions (NE, E, SE and S) is presumably associated with the
fact that these are wind directions associated with pre-warm front, and
therefore rain-producing, situations. Appendix I also indicates more than
average rain associated with West winds in the Fall. These would be shower
conditions resulting from colder air passing over the relatively warm
water, = a fall and winter phenomenon.




CIR=4092 ‘,
TEC=534 - -6 -
20 Aug. 64, '

The .Association of*WindsSpeed with Rain

In general, rain-is.associated with above average wind speeds.
For the period of record the average w1nd speed 1n rain was 8,1 mph as compared
to the overall average of 7s6 ‘mph. -

Seasonal Varlatlon in the Frequenqy of Rain

"In both Tables XXIII and XXIV it may be seen that during the
spring it rained 3.3% of the time, during the summer 3.8%, and during the
fall 7.2%. Howsver, a much greater length of record would be required before
these figures could be considered significant., The record at the nearby
climatological station at Southampton for the same period showed precipitation
amounts 4,7% below normal in the. spring, 24. 5% below normal in the summer and
0,7% below normal in the fall,
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1;5‘Q@h DURATION OF. CALMS AND LIGHT WINDS (OmS mph

1, INTRODUCTION

. In order to estimate the frequency and duratlon of periods of
oalms &nQ'WIndS of 1 to 3. mph, (hereafter referred to " as llght winds (0=3
mph)), at DougIas Point. three separate machine analyses wore undertaken.
‘Fable XXV tabulates the average number of occurrences of 11ght Wlnds arrayed
by months and hour classes for -

Fe

(a) Douglas Point for 2 yeareN(July 1961=June 1963)
(b) Southampton for same 2 yeers
(¢} Southampton for 5 years

As in the previous studies this was done so that a comparison of Douglas
Point and Southampton winds during the same 2 year period would assist in the
1ntelllgent use of the greater depth of wecord of the Southampton datao

2. . AwALsTs'

A comparison of arrays (a)n (b) and (¢) in Table XXV and
reference to figures 8 and 9 reveals the same general pattern of occurrences
and duratlon of llght w1nds at both. statlons° In sach of thé three analyses

light w1nds are more frequent and of shortest duratlon durlng the w1nter
mcnthso,'

a “A Comparison of Douglas P01nt and Southampton for. the same 2
year perlod produces the definite indication that periods of light winds at
Douglas Point are fewer and of shorter duration than that at Southampton.
The longest duration of light winds at Douglas Point was one period in two
years that reached the 25530 hour.class (in June) as compared with two -
océurrences of llght w1nds during the sams tlme at Southampton End these
reached the 49-54 hour class (July, October). The difference is presumably:
due to the respectlve locations of the anemometerss i.e, Douglas P01nt only
300 yards from the shorellneg Southampton 3/4 of a mile.

A

It is apparent that the use of the 5 year record from Southe
ampton would represent the general seasonal pattern of light winds at
Douglas Point but would over-estimate the number of occurrences and the
length of duration.




s

_ CIR=4092
e 8 = TEC=534
20 Augo 64.

Do DURATION OF WINDS 10 M.P.H, OR GREATER . ALL DIRECTIONS

1, INTRODUCTION S

Essentially the same machlne methods were employed to analyse
the occurrences and duration of winds 10 ‘mph and greater hereafter reférred
to as strong winds, Tables XXVI tabulates the-average number of occurrences
of strong w1nds arrayed by months and hour classes for =

(a) Douglae Panu for‘2 years,
(b) Southampton for ﬁhe'same_z years, o .
(¢) Southampton for 5.yearso

2. ~ ANALYSIS |

A comparison of arrays (a)s (v) and (c) and reference to -
figures 10 and 11 reveals the same gereral pattern at both Douglas Point
and Southampton. 1In each case strong winds are least frequent and of shor=
test duration during the summer and most frequent and of longest durations
during the late fall and winter (November to February)o

A comparlson of Douglas Point and Southampton for the same
two years indicates somewhat longer durations of strong winds at Douglas
Point; once in two years strong winds persisted longer than 120 hours
(December) and twice in the same period the longest duration at Southampton
was in the 73-84 hour range, = three times in two years (December and Jan=
uary). This is presumably because the Douglas P01nt site is closer to the
lake and hence has a more open eXposure. :

It is apparent that the five year climatological record for
Southampton may be used as-an indication of the general monthly pattern of
duration of strong winds, However, at Douglas Point winds 10 mph and
higher tend to occur a little more frequently and persist a little longer
than at Southamptono

~

{
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E. DURATION OF WINDS 10 M.P. H. OR GREATER - SOUTH AND SOUTHEAST
t————————preiate m

1, gy . INTRODUCTION

s "\To as51st.1n“the;solution‘of>a\problemiunique'togthe Douglas
. Point site a similar analysis was.undertaken restricted to winds of 10 m.p.h.
or more from the South and Southeast.  Table XXVII tabulates the average' »
number of occurrences of winds at this strength from these directions agaln
arrayed by - month and ‘hour classes for'- PR

III (a) Douglas P01nt for 2 years_i
IIr (b) Southampton for the same 2. years
CIIT (c) Southampton for 5 years
2. ANALYSIS | '
There appears to be little similarity betwesn occurrences
and durations of South and Southeast winds at Douglas Point and South=
ampton., -However,.it may be concluded that occurrences of South.and

Southeast winds at either site are infrequent and of relatively short
durdtions, - not exceeding 24 hours during the period of study.
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5. - . . .GENERAL.SUMMARY

1. The annual, seasonal and diurnal variations in wind, and the
durations of light and strong winds at -Douglas Point and Southampton are
phys1cally con51stent with the location of the observing sites near the shore
of a large lake. The differencés that do occur between winds at the two
statlons may be explalned in terms of exposuree : : P

2o The'use of the longer record from Southampton as an indication of
the wind regime at Douglas Point appears justified particularily if due regard
is given to the difference in éxposures. A study is currently being undertaken
to produce a quantitative evaluation of the differences between Douglas Point
and Southampton winds employlng a technlque introduced by Unterstelner (6).

: 3. ‘A further study comparlng winds at a shoreline station (Douglas
Point) to winds at a station 12 miles inland (Paisley) will be commenced as
soon ‘as sufficient data from the inland station are available.
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APPENDIX 1

A Statlstlcal Comparison of Condltlonal Wind Frequencies
' jwlth raln) to Slmgle Frequencles

In order to show that the conditional wind frequencies with rain
(Table XXIII) are independent of the simple w1nd frequencles (Tables VI, X,
XIV) the follcw1ng analy81s was employed:

‘We assume that there is the sams probablllty of rain for
sach direction. :

An estimate of the common probability p is the number of observed
occurrences of raln divided by the total number of observations,

From the hypothesis the expected number of occurrences of rain in
a sample of n is n.p and the standard deviation of the number of occurrences in
the sample is n.pe. q° where q = l=p.

Then- 95% limits are given by np i_z NoPeQo

If the observed occurrences of rain with some directions (first
column, Table 1) fall within the 95% limits (last column) and for other direcs’
tions fall outside the limits the hypothesis is not sustained and we conclude
that rain is more or less likely with some wind directions than others,

Table I (Appendix 1) shows the results of this test for the
Spring, Summer and Fall, The conditional wind frequencies (with rain) are taken
from Table XXIII the simple frequenc1es from Tables VI (Spring), X (Summer) and
XIV (Fall),

Durlng the Spring the number of observations with rain are sig-
nlflcantly larger than the 95% limits w1th w1nd directions NE and SE and less
for NW and Calm,

During the Summer the number of observations with rain are sig-
nificantly larger than the 957 limits with wind directions NE and SE and less
for NW, ’

During the Fall the number of observations with rain are sig-
nificantly larger than the 95% limits with wind directions E, SE and W,

Therefore for these directions the hypothesis is not sustained
and it must be concluded that rain is more likely with winds from certain
directions,
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TABLE 1

PERCEETAGE FREQUENCY OF OCCURRENCES OF WIRDS IN EIGH’I‘ DIRECTIONS
* GROUPED ACCORDING TO VIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

ANKUAL -SUMMARY .
Speed, mph Total
Wind Observations Mean Speed.
Direction 0-3  4<10 11-17 18<24 5 25 % No. mph "% of Over-
- ) . all Mean
(a) Douglas Point - 2 years ,
N 1.4 3.9 0.6 0,0 549 833 548 76
NE 1.9 7.5 ' 1.5 0.1 - 0.0 11.0 1560 7.0 . 92 -
B 33 3.6 0.6 0.1 7.6 1089 5.2 68
SE 2.6 9.6 1.4 0.0 13,6 1921 6.3 - 83
] 2,6 10,3 1.2 . .0.1 14,2 2019 6.2 82
SW 1.7 13.2 6.2 1.0 22,1 3111 9.1 120
A le2 4.3 1.5 0.3 0.0 7.3 1042 7.8 103
). 1.2 7.6 5.6 2.1 0.1 16.6 2346 - 1045 138
"Calm - 1.4 - L 1.4 199 —_
‘ Totals 17.3 60,0 18.6 3.7 0.1 99.7 14120 7.6 (Mean)
(v) Southampton - same 2 years oo - A
. § 2.1 3.5 0.7 0.1 6.6 1023 5.9 89
B 5.1 4,5 0.8 0.0 10,4 1673 - 4,6 70
SE 3.7 b,7 0.4 . 0,0 8.8 1411 4,8 V6 -
S 6.1 7.7 0.5 14,3 2281 bb 67
W 1.7 3.1 1.5 0.1 6.4 1025 7.0 106
W 2.9 9.8 3.9 ° 0.3 16,9 2695 7.6 115
Totals 28.9 52.8 16,4 2.0 0,1 100.2 16023 6.6 (Mean)
(¢) Southampton - 5 years _ .
¥ 1.7 3.3 0.8 0.1 5.9 2459 Gt 91
RE 1.2 6,2 3.4 0.4 . 0,0 11.2 4633 8.9 127.
E L,6 4,8 0.9 0.1 0.0 10,4 4284 5.0 71
_ SE 37 5.7 0.7 0.0 10.1 4180 561 3
S . 5.7 6.8 0.4 : 12,9 5302 b4 63
sw 3.2 14,1 6.5 1.3 0.1 25.2 10400 8.8 - 126
L 1.3, 2.4 1,2 0.2 S.1 2082 "l 106
W 2,4 10,1 5.1 0.4 18.0 7407 8.3 119
. Calm 1,3 - — 1.3 523
Totals 25.1 53.4 19,0 0.1 41269 . 7.0 (Mean)

N
.
n
B -~
)
-
]
o
L ]
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TABLE II

PERCENTABE FBBQDENCY OF OCCUBRENCES oP HIHDS IN EIGHT DIBEUTIOBS o
GROUPED. ACCORDING . T0 WIND SPEEDS

Donglas Point at 33 feet; Southanpton at 35 feet

WISTER (Dec., Jan.,, Peb,)s All Hours
' " Speed, mph ' " Total

: Vind’< : V " - — , Observations . Kean Speed
Direction» 0-3 4-10 11-17 18-24 525 %  No.  ~ mph % of Over-
: : : - all Hean
(a) Douglaa Point 2 years _ o B '
) 0.2 - 0.2 0.4 . 14 - 3.8 38
" NE 1.0 9.4 2.3 0.2 12,9 - 457 8.0 79
SE 1.9°11.9 2.7 0.1 16.6 586 . 7.1 70
Sw 0.5 11.6 13.2 3.2 oo 28.5 1006 L7117 - 116
W 0.3 5.2..10,1 5.6 0.3 21.5 760 13.9 138
Calm  0.7- ‘ . — 0.7 _26 C —— e
Totals 8.1 48, 6 32,9 10,3 0,3  100.2 3536 = Mean 10,1 - :
(b) Southampton - same 2 years- ' S - o
N 0.5 2.2 0.7 0.2 : 3.6 - 153 8.3 9 -
WB 0.8 6.5 5.0 0.4 12,7 550 9.8 110 .
E 33 A7 013 0,1 - L 9. KOG 5.9 66
BB 19 5.0 0.6 0.0 - 7.5 323 5.9 " 66
8 - 3.1 11.2 0.6 o 14,9 - 645 5.5 62
Sw "0.8 12,0 9.2 3.1 0.2 25,3 1096 11.3 127
v 1.0 4.1 4.6 0.3 .- . 10.0 k33 10.0 112
w 0.9 6.7 T4 0.7 15.7 - 679 10.6 119
Calm - 0.8 ' _— — _9.8 35 —_ —_
Totals 13 1 520“ 29. 08' 0.2 99.9 4320 ’ Mean 8.9
(o) Sonthamptoh =5 yearéb o . ' R zjl 1
¥ 0.4 2.1 1.4 0,2 b1 - W47 9.3. 103
NE 0.7 6.8. 5.4 0.7 13.6_ 1470 - 10.2 113 -
E 3.3 - 6537 1,6 0.1 . 11.3 1229 6.3 70 .
s ,3.3‘ 9.6 0.k ' ‘ 13.3  143b 563 59
sw 0.6 11,9 ~ 8.7 2,7 0.2 24,1 2606 ° - 11.1 123
W 0.6 2,8 3.3 0.5 ‘ 7.2 785 10,50 117,
. 0.6 6.3 8.7 0.9 o 16.5 1786 11,2 124
" 99.9 10824 Mean 9.0 -

Totals -12.2 52,3 30.1

N

L]
e
=3

L]
n
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PABLE III
" PERCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS
. GROUPED ACCORDING TO WIND SPEEDS
Douglas Point at 33 feet, Southampton at 35 feet

WINTER: 0200-0900 BST

Spead, mph » , - Total

Wind , , Observations

Direction 0-3° 4-10 11-17 18-24 >25 % ¥o.
(a) ‘Douglas Point 2 years

3 | 0.2 0.2 0.5 é

NE 1.3 8.1 2,5 11.9 140

B 2.0 1.9 1.2 003 '0‘+ : 63

SE 1.8 14,6 2,7 0.1 19.2 226

S 1.9 5.8 0.3 0.2 8.2 98

V o.h 3.5 4.1 0.“ 8.4 99

v 0.3 6.4 7.8 St 0.3 "20.2 239

Calm 1.4 . —_— 1k 26

Totals 9.7 49.8 31.7 8.5 0.3 100.0 1180

(b) Southampton - same 2 years : .

) § 0.6 1.5 0.5 - 0.4 3.0 42

B ~5.,1 4,9 1.0 11.0 159

SE - 2s3 5.1 0.6 0.1 . 8.1 116

8 3.9 11,9 0.8 : 16,6 238

v V 0.6 3.8 bo“ 006 B . 90“ 136

1) 0.8 5.8 6.7 0.7 ’ 14,0 202

Qaln 0.8 - —_— ’ __0.8 11

Totals 15.7 52,1 28,5 3,8 - . 100.1 1440
(e) Southampton - 5 years

¥ 0.4 1.4 1.5 0.2 3.5 126

B 4,6 7.1 1.1 0.1 13.0 k67

SE 2.9 6.7 0.5 0.0 10.1 367

s 4,0 10.0- 0.4 1k 519

SW ‘0,7 10.8 7.9 - 1.8 0.1 C 20,3 769

W 0.3 2.4 3.4 0.9 - 7.0 25k

Calm 0.5 _ S - 0.5 18

Potals 14,2 52,1 29.3 :4.1 0.1 " 99,8 3608




- PERCENTAGE' FREQUERCY OF OCCURRENCES OF WIKDS IN EIGHT DIRECTIOFS

WINTER: 1000-1700 EST

TABLE v

GROUPED ACCORDING TO WIND SPEEDS

Douglas Poix;t -at 33 feet, Southampton at 35 feet

Speed, mph Totva.l
Wind g Observations
Direction = 0-3 4=10 11-17 - 18-2k =25 Vo,
(a.) Douglae Point 2 years . .
N 0.3 .0.3 0.6 7
NE 0.9 11.8 23 0.3 1543 179
E 0.k 2,1 0.2 2.7 32
SE 0.9 11.1 1.4 0.1 13.5 158
s 0.6 - 3.2 0.1 3.9 ks
Sw 0.5 13.9 15.3 3.8 33.5 392
) W 005 5.2 . 3.2 °i9 001 909 116
Ca].m - 0.2 ) — —_— 002 2
Totals 4.4 52,6 3343 Do 0.1 100.2 1173
(b) Southampton - same 2 years
N 0.5 3.5 13 0.1 5.4 77
E 0.5 5¢3 2.2 8.0 115
SBE 1.3 l’.? 003 6.3 : 91
K 3.1 10.3- 0.3 13.7 198
swW 0.6 12,6 12.0 3.9 0.3 29.4 423
W 1.5 4.3 4,0 0.1 : 9.9 143
R} 1.4 7.6 6.9 0.8 16.7 241
~ Calm 0.6 . 0.6 8
Totals 9.9 53.7 31.0 5,1 - 0.3 °100,0  1bko
(¢) Southampton - 5 years
) § 0.5 3.4 1.7 0.2 5.8 206
"~ NB 0.4 6.1 4,8 0.9 12,2 by
B 00.7 602 205 . 001 905 BM
SE 1.5 6.9 . 0.6 9.0 325
-8 2,8 8.8 0,b 12,0 k31
swW 0.6 12,4 10,2 3.2 0.2 26,6 948
v 0.9 3.4 2.9 0.2 7.4 268
W 0.8 7.2 8.4 1.0 C 174 627
Calm 0.3 . 0,3 _1
Totals 8.5 544 31.5 5.6 0.2 100.2 3608




CIR-4092
TEC—53h :
20 Aug. 6k,

TABLE V

PI:{RCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

WINTER: 1800-0100 EST

A Speed, mph : . Total
, Wind ’ Observations
Direction 0-3 4-10 11-17 18-24 25 % No.
~ (a) Douglas Point 2 years .
3] — 0.1 0.1 1
NE 0.8 8.3 2.4 0.3 11,8 138
SE 3.0 10.1 3.8 062 17.1 202
8 1.2 5.0 043 605 77
W 0.7 11.5 11,2 3.7 27.1 321
w — 300 30"" . 100 7.4 88
N 0.4 4.2 11,7 6.8 0.4 23.5 279
Calm 0,7 —_— 0.7 __8
Totals 1003 '+302 3306 12.6 0.‘# 10001 1183
(b) Southampton - same 2 years ’
W 0.3 1.6 0.4 , 2.3 3%
¥E 1.5 6.2 4,8 0.7 13,2 190
E 4,2 4,0 0.8 0.3 ' 9.3 132
SE 2,0 51 0.9 8.0 116
8 2,4 114 0.7 1b,5 209
SW 0.7 12.3 7.6 3.6 0.3 24,5 353
) 0.8 k4,2 " 5.4 0.2 10,6 154 -
RW . 03 6.7 8.7 0.7 16.4 236
Calm 1.1 e 1.1 16
Totals ) 13 03 510 5 29 03 50 5 093 9909 1‘040
(¢) Southampton - 5 years
N 0.5 1.6 1,0 0.1 3,2 115
NE 103 507 500 006 12‘.6 ‘}56
B b6 5.8 1.0 0.2 11,6 422
SE 2,5 5.9 0.7 9.1 327
s 3.0 10.1 0.4 13.5 Ly
_ SW 0.5 12.3 8,1 3.2 0.3 b, 4 879
"B 0.7 2.6 3.6 oo‘* 7¢3 263
)} 0.5 6.5 9.8 1.1 17.9 643
Calm 0.5 . - — 0.5 19
Totals 14,1 50,5 29,6 5.6 0.3 100.1 3608




CIR-4092
TEC-534
20 Aug. 6.

TABIR VI -

PERCENTAGE FREQUENCY OF OCCURRENCES OF WIRDS IN EIGHT DIRECTIONS
: GROUPED ACCORDING TO WIND SPEEDS ’

Douglas Point at 33 feet, Southampton at 35 feet

SPRING (March, April, May): A1l Hours

. Speed, mph : ~ Total
Wind Observations - Mean Speed
Direction 0-3 4=10 11-17 18-24 525 % Fo. - mh % of Over-
o . all Mean
(a) Douglas Point 2 years S
KB 2,6 1’0.1 2.5 O 0,1 15,7 sho. 7.3 - 107
B 3.7 343 7.0 239 3.7 . g
SE - 1.7 8.3 1.5 11.5 394 6.9 101
T 8w 2.5 153 5.9 23,7 816 7.9 116
v 1,7 3.9 0.3 " 549 204 562 76
W 1.5 8.8 3.5 0.6 0.0 PR 495 8.5 125
‘Calm 2,1 —_— 2,1 72 —_
Totals 19.3 63.7 16.0 1.0 0.1 100.1- 3436 Mean 6.8
(v) Southampton - same 2 years -
NE 1.7 4.8 2,6 0.5 0.1 9.7 427 8.7 134
E 4,7 5.5 1.2 0.0 11.4 507 5.3 - 82
SE 1.9 6.0 0.8 0.0 8.7 . 383 6.1 13
Sw 2,4 12,1 6.5 0.8 21.8 961 8.9 137
v 2,3 5.3 0.2 7.8 345 5.0 77
Calm 1.7 - 1.7 _B e -
Totals 25.5 58,6 14,2 1.7 0.1 100.1 4416 Mean 6.5 )
(e) Southampton - 5 years
N 2,4 b.9 0.8 - 0.1 8.2 899 5.9 83
NE b 5.7 3.5 0.5 0.0 11,1 1233 9.2 130
- B 3.9 6,1 1.4 0.1 11.5 1277 6.0 85
.SE 2,2 7.2 1.5 0.0 10.9 1215 6.6 93
s 3.9 8.0 0,7 ° . 12,6 1399 542 73
Sw 2,1 11,3 6.7 0.9 0.1 21.1 2342 9.3 131
.0 2,9 1l.4 . 2,9 0.2 17.4 1910 7.1 100
Calm _0.9 o 0.9 _ 98 e

Totals 21.4 58.5 17.9- 1.8 0.1 9.7 11040 ‘Mean 7,1




CIR-4092
TEC-534
20 Aug. 6h.

© TABLE VII

PERCENTAGE FﬂEQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

SPRINGs 0200-0900 EST ~
Speed, mph . Total

.. Wind \ Cbservations
Direction 0-3 410 11-17 -18-24 =25 % No.,
‘(a) Douglas Point 2 years

. 1.0 1.9 0.3 3.2 35
NE 2.2 9.5 2,6 0.4 0.1 14,8 167
E 5.2 3.1 8.3 9k
SE 2.2 11,4 2,0 15,6 177
S 2,0 13,0 0.6 15.6 177
SW 3.1 150“ 5.3 2308 269
W 1.9 2,3 0.3 4.5 51
w 1.4 63 3.0 0.7 11,4 129
Ca.lm 207 ) 2-7 ’ 30
Totals 21,7 62.9 14.1 1.1 . 0,1 99.9 1129
(b) Southampton -same 2 years :
N 201 3.5 0.‘} 001 6.1 89
- KB 1.9 5.8 2.7 0.5 10.9 161
SE 300 804 1.1 1205 . 18‘&
S . 6.6 9.6 0.3 16.5 2l
Sw 2.9 12,6 5.1 0.4 21.0 309
W 2.6 4,6 0.1 73 108
W 2,1 5.9 1.0 0.1 9.1 134
Calm 1.8 1.8 27
Totals 30,2 57.1 11.6 1.1 100.0 1472
(c) Southampton - 5 years

N 2,1 3.6 0.5 0,0 6.2 229
NE 1.5 7.0 3.9 0.4 12.8 b7
E 5.8 6,6 1l 13.8 509
SE 3.6 10.1 1.3 0.0 15.0 552
] 5.1 10.1 0.5 15.7 576
swW 2,3 10.8 4.9 0.8 0.0 18.8 699
v 1.7 2.7 0.5 b9 179
¥ 2,0 7.4 2.1 0. 11.6 426
Calm 100 R . . loo A 37 -
Totals 25,1 58.3 151 1,3 0,0 - 99.8 3680



CIR-4092
TEC- 534
20 Aug. 6k..

TABLE VIII

' 'PERCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS :

. Douglas Point at 33 feet, Southampton at 35 feet

SPRING: 1000-1700 EST
- Speed, mph S Total
Wind : ; y 5 Observations
Direction 0-3 4-10 11-17 18-24 >25 % ~ Yo,
(A)'.Douglﬁs Point 2 years V .
N - 1e2 1l1.3 1.1 13,6 156
NE 0.2 10.0 3.4 03 0,2 14,1 161
SE 0.2 6.3 l.4 7.9 90
S 0.1 2.4 1.5 4,0 46
Sw 0.6 19.0 8.5 28,1 322
W 1.8 7.1 0,6 9.5 109
Calm 0.3 0.3 4
Totals 6.8 72,3 20,0 0.6 0,2 99.9 1145
(b) Southampton - same 2 years
N : 2.0 9.2 1.0 12,2 181
" NB 0-1 2.6 3.1 005 001 6.“’ 95
E 0.7 4,1 2,0 0.1 6.9 103.
SE 0.3 4.8 0.3 5.4 79
S 1.4 7e5 1.2 10.1 147 _
Sw 0.7 11.0 10.5 1.2 3.4 34
W 1.5 8.1 0.5 10.1 149
NW L,7 18.2 1.9 0.l 25.2 371
Calm 0.2 : : 0.2 3
Totals 11.6 65.5 20.5 2.2 0,1 99.9 1472
(¢) Southampton - 5 years
N ~'1'1'.4 ?‘o 102 ooo 906 . 353
NE 0.2 4,0 3.8 0.7 0.1 8.8 322
B 0.4 4,8 2,0 0,2 0,1 75 273
SE 0.3 5.7 1.8 0.0 ‘ 7.8 289
S 1.2 5.7 0.9 7.8 287
W 1.1 6.1 0.7 _ 7.9 290
Rv 3.7 19.0 3.3 0.2 26,2 966
Calm 0.1 - o 0.1 5
Totals 9.1 63.3 25,2 2,3 0.2 - 100.1 3680



TABLE IX

CIR-4092
TEC- 534
20 Aug. 64,

PERCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS

GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

SPRING: 1800-0100 EST .-

Speed, mph Total
0 Wind - - — Obgervations
Direction 0-3 4-10 11-17 18-2% >25 %  Fo.
(a) Douglas Point 2 years .
e 2.5 3.4 0.3 6.2 71
NE 502 1009 . 1.5 004 002 18.2 212
E 5.2 4,0 9.2 107
SE 2.7 7.3 0.9 10.9 127
S 3.6 10.0° 2.8 16,4 191
SW 3.9 11.4° 4,0 19.3 225
v 10“ 2.2 0Q2 3.8 - M )
W 1.4 6.5 4,0 0.7 0.1 12.7 147
Calm. 343 , 3.3 _3_8
Totals 29.2 55.7. 13.7 1.1 0.3 100.0 1162
(b) Southampton - same 2 yearé '
‘N 504 5.0 0.5 0.1 11.0 163
NE 3.1 6,0 2,1 0.3 0.1 11,6 171
. SB 2,2 4,7 1.2 0.1 8.2 120
.8 5.0 8.0 0,5 - 13.5 199
sw 3.6 12,6 " 3.9 0.7 20.8 308
W 2.9 3.1 6.0 88
W 3,1 7.7 2.0 0.3 13.1 193
Calm 2.9 , 2.9 L3
Totals 34.5 5209 ) 1009 1.5 o.l 9909 1472 .
(e) Southaﬁxpton - 5 years -
N 3.6 4.1 0,7 0.2 8.6 317
NE 2.5 6.0 2.9 0.5 0,0 11.9 438
E 5.6 6.9 0.8 0.1 13"" ‘#95
. 8B 2.8 5.9 1.4 0.1 10s2 374
8 5.6 8.3 0.7 .6 536
SW J4 12,2 3.8 0.8 0.2 20.4 . 748
W 2.3 3.0 0.1 5.4 198
" NW 3.0 7.7 3.2 0.2 k.1 518
Calm 1.5 ' 3 1.5 56
Totals 30.3 54,1 13.6 . 1.9 0.2 100.1 3680




CIR-4092
TEC-53k
20 Aug. 64.

TABLE X

PERCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS .
- GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

SUMMER (June, July, Aug.): All Hours

. Speed, mph Total ' ' :
Wind - . ' " Observations ° Mean Speed

Direction 0-3 4-10 11-17 18-24 325 % Yo. mph % of Over-

' ' ‘all Mean

(a) Douglss Point 2 years
N 2,9 6.8 0.8 0.0 10,5 452 5.5 95
NE 2,9 ?09 06 11.“ u'91 5¢7 98
E 3.3 1.6 . 4,9 208 2,9 50
SE 3.2 6.9 0.3 10,4 L4 5.0 86
S 4,6 13.3 0.7 18,6 796 5.3 91
SwW 2.5 15.7 2.0 20.2 868 6.8 117
W 1.4 4,9 0.3 6.6 287 5.6 97
W 2.3 10,1 2.8 0.4 15.6 671 7.3 126
Calm _1.7 - 1.7 7 . __
Totals 24.8 67.2 7.5 0.4 99.9 4295 Mean 5.8

(b) Southampton - same 2 years
F 33 3.5 0.1 6.9 256 3.9 98
B 6.7 2.8 0.1 9.6 357 3.0 75
SE 7.1 2.3 0.0 9.4 352 2.9 B
S 9.6 1,1 10.7 Lo3 2,1 53
sw 9.2 16.2 1.0 0,0 26.4 9290 4,9 123
N 5.8 12,0 1,2 19.0 714 5.1 . 128
Calm 48 __  __ __ b8 178 _ _
Totals 51.3 U45.3 3.4 0.0 100.0 . 3744 Mean 4,0°

(¢) Southampton - 5 years
. 2.9 4,0 0.1 7.0 705 k2 89
KNE 1.8 5.6 1.0 8.4 845 6.4 136
E 6.5 2.4 0,1 9.0 906 3.0 64
S 9.2 1.1 . 10.3 1025 2.2 47
SW 7.7 19.6 3.3 0.0 30,6 3071 6.1 .. 130
W 2.0 1.0 3.0 304 2.9 T 62
W b9 12.8 1,7 19.4 1957 5.6 ."119
Caln 3.1 . 3.1 _ 313 e —_
Totals A 49,2 6.3 0.0 99.9 10032 Mean 4,7




""TABLE XI

CIR-4092

TEC-534

20 Aug. 6h.

) PEBCEMAGE PRBQUENCY OoF OCCURRENCES ‘OF WINDS IN EICHT DIRECTIONS
- GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

SUMMER: 0200~-0900 EST »
Speed-’ mph ‘ Tofal- '
Wind S Observations
Direction. .0-3 - 410 11-17 18-24 >25 % No.
(a) Douglas Point 2 years ' o
N 2;2 2.8 005 ’ 505 78
BB 2.4 7.2 0.4 10,0 143
E b2 2.k 6.6 9l
SB S.b 10,8 0.3 16.5 237
sw 3.1 10.3 1.2 W,6 209
W 1.3 3.1 L4 6+
Calm 207 X — —_— 20? 38
Totals 30.4 63.9 5.4 0.4 100.1 1432
(b) Southampton - same 2 years
N 1.8 2.2 0.2 4,2 53
NE 1.4 6.9 0,2 8.5 107
E 9.9 2.4 12,3 153
SE 12,7 2.6 15.3. 191
Sw 10.5 1l.1 1.3 22,9 285
w 3.3 0.3 3.6 4s
). 3.4 7.0 1.0 11.4 141
Totals 63.6 33.8 2.7 100.1 1248
(¢) Southampton - § years
X 1.7 2.2 0.2 4,1 140
¥E 14 5.6 0.4 7.4 248
E 8.5 2.4 0.1 11.0 367
SE 10,4 &,1 14,5 485
S 15,1 1.3 16,4 sb9
Sw 9,2 15.6 3.0 0.0 ° . 27.8 929
w 2.5 008 303 111
B 3.2 7.4 1.4 12,0 Los
Calmr 343 - - 3.3 110.
Totals 503 390" ) 5.1 0,0 9

9.8 . 3344
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20 Aug.. 64.

TABLE XII

: PERCEBTAGB FREQUEECY OP OCCURRENCES. OF- VIRDS m BIGH'P DIREC!IOFS
' . GROUPED AOCORDIHG TO WIND SPEEDS

.na'ngla- Point at 33 feet, Scuthampton at 35 feet

| SUMMERY 1000-1700 EST - : o
' Speed, mph S - Total

Wind - L ~ _Observations
Direction 0-3 u-1o 11-17 18-24 25 i Wo.

(a) Douglas Point 2 years )

§ -1e8 12.5
RE - 0.4 89 1.1 - .. - . 104 19
B 0.3 0.8 ' 1.1 16
.SE " 0.1, 2,6 0.3 3.0 5]
~S" o o 003 “’.79 007 : ’ 507 : 81 °
sw 0.7 27.7 2.9 : 31.3 448
W 007 9.2 008 10.7 154
W 1.9 17.0 2.9 0.5 : 22.3 318
Calm 0.1 - - ' 0.1 1
Totala 6.3 830“ 9.9 0.5 100.1 1"32
(b) Bouthampton - same 2 years
N 2.8 4,8 7.6 95
NE 0.5 6.7 2,2 9.4 118
B 0.6 3.2 0.2 k.o 51 -
SE 1.3 2,0 0.1 . 3.k 42
s 2.6 1.0 3.6 bs
SW 3.8 26.8 1.4 0.1 32.1 boo .
W l.4 1.8 : 3.2 39
R 8.7 23.1 1.3 33.1 413
Calm 3.6 . _ — 3.6 ks
Totals 25.3 69.4 5,2 0.1 100,0 1248
(¢) Southampton - 5 years
N 2.1 6.0 0.1 8.2 271
HE 0.4 5.8 2,0 8.2 272
B 0.6 2,0 0.1 2.7 90
SE 1.2 1.3 0.2 2,7 91
sw 3.0 29.5 5.2 0.1 37.8 1265
L 0.9 1.8 2.7 92
W 7.1 24,3 2,1 33.5 1120
1.9 1,9 65
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TABLE XIII

cm-‘ho‘92.
TEC-534 -
20 Aug.. 6k

PERCENTAGE 'FREQUENCY OF OCCURRENCES OF WINDS IN EIGET DIRECTIONS
- GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

SUMMER: 1800-0100 EST

Total

Speed, mph
Wind ' : ‘ — , Obgervations
Direction 0-3 4-10 11-17 18-24 25 % Fo.
(a) Douglas Point 2 years
x b.? 5.0 0.8 . 0.1 1006 152
KE 6.0 7.6 0.3 . 13.9 199
B 563 1.5 6.8 98
SE h,1 7.2 0.4 11,7 168
8 7.1 15.7 1.0 23.8 340
sw 3.7 9.2 1.9 14,8 211
v 2.3 23 0.2 4,8 69
N 243 5.7 2,8 0.3 11.1 159
Calm 2,4 ._' — 2. . 35
Totals 37.9 58.2 7.4 Oolt 99.9 1431
(b) Southampton - same 2 years
¥ 5¢1 . 3.5 8.6 108
E 9.5 2.7 12,2. 153
SE - T8 - 2,2 9.6 119
SW.- 1.4 10,7 0.3 2hh 305
W 3.2 0.2 v 3k 43
‘"W D503 6.1 1.4 12,8 160
calﬂ . 5.8 AR 568 72
Totals . 64,8 32,8 2,3. 99.9 . 1248.
(¢) Southampton - 5 years -
K 5.0 3.7 0.1 8.8 294
EE 3.7  S.4 - 0.6 9.7 325
E 10.5 2.9 0.0 13.4 b4
SE 73 2.5 9.8 - 330
8 10,8 1.1 11.9. . 398
Sw - 10,9 13.8 1.6 26,3, 877
v 2,7 0.3 3.0 101
Totals 364 4.0 99.9 - 334k -




© PERCENTAGE FREQUERCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS .
" GROUPED ACCORDING TO WIND SPEEDS , o

TABLE XIV

- Douglas Point at 33 feet, Southampton at 35 feet

FALL (Sept., Oct., Fov,): All Hours
Speed,-nph Total -
| : _Observations _Mean Speed
Direction 0-3 4-10 11-17 18-24 525 %  ¥o. " mph % of Over-
. . ‘ - all Mean
(a) Douglas Point 2 years ] _
NE 005 005 2.5“ 72 7007 88
B k.7 2.3 0.3 16,8 478 6.5 81
SE 3.5 1.2 0.1 17,3 93~ 549. ™
S 2:3 2,8 0.4 20,6 . 589 - 7.2 90
Sw 0.8 bt 0.7 14,7 W21 9.6 120
W 1.3 2,1 0.6 8.7 248 8.9 111
§W 0.6 6.7 2.1 14,7 420 12.0 150
0.9 - 0.9 27 : ___
. Totals 15.2 20,8 4,2 99.9 2853 '
(v) Southamptom - same 2 years |
‘ 1.4 1.4 5.1 181 7ok 116
1,2 k0 0.5 13,7 L86 8.8 138
6.0 0.4 11,4 403 3.9 61 -
4.6 0.2 10.0 353 k.2 66
843 0,6 18,2 64 . 4,1 64
2,9 b,2° 0.3 19.9 - 709 7.6 119
1,2 o 1.2 83 — —
Totalﬂ 28.0 1609 009 99.9 35‘*2 ; 6.“
(¢) Southampton - 5 years
1.0 2.2 1.1 - 0.1 bh 408 7.8 107
0.9 7.0 3.4 0.3 11.6 1085 8.7 119
4,8  b,2 0.4 9.4 872 4.1 56
6.9 8.0 0.5 15.4 1444 4.3 59
0.8 1.5 1.0 0.2 3.5 326 8.3 . 114
o 0.7 ' —_— 0.7 . 64 . . S .
Totals 23,2 53.3 . 209 2.6 100.3 © 9373 ‘Mean 7,3 -




CIR-4092 -
TEC-534 -
20 Aug. 6h.

TABLE XV

' PERCENTAGE FREQUENCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS -
" GROUPED ACCORDING TO WIND SPEEDS

‘Douglas Point at 33-feet, Soutbaﬁptdn at 35 feet

FALL:s ~ 0200-0900 EST

Speed, mph : Total

Wind : " Observations
Direction 0-3 4-10 11-17 18-24 525 _ % No.
(a) Douglas Point 2 years .

N 0.3 2.3 1.0 3.6 34
NE 0.2 0.5 0,2 0.8 8
E 502 10.2 2.2 17.6 ’ 166
SE 4,0 18.1 1.4 0.2 23.7 224
s 3.3 18.0 2.4 0.4 24,1 228
SW 0.3 3.4 2.4 0.5 6.6 63
W 0.8 2,1 3.3 0.3 6.5 62
W 0.4 5.5 7.6 2.5 16.0 152
Calm 0.8 — 0.8 _ 8
Totals 15.2 60.1 20.5 3.9 99.7 b5
(b) Southampton - same 2 years

| 0.2 1.4 2.0 3.6 43
KE 1.1 7.7 3.7 0.3 12.8 152
E 7.9 5.7 13.6 160
] 10.2 12,2 0.7 23.1 272
sw 2.7 8.3 2.7 13.7 . 162
v 0.3 1l.4 0.8 2.5 29
W 0.2 9.1 6.1 15.4 181
Calm 1.5 _ 1.5

Totals 30.8 52.2 16,4 0.3 99.7 1176

(¢) Southampton - 5 years
X 0.6 1.7 1.3 0.0 3.6 116
NE 1.2 6.8 13,2 0.3 11.5 359
E 6.3 4.9 0.2 1.4 357
SE 6.0 8.0 0.2 1,2 443
s 9.2 10,0 0.3 19.5 607
SwW 2.3 11.0 5.8 1.2 0.4 20,7 642
W 0.3 1.1 0.8 0.2 2.4 “7h
W 0.4 800 7.0 004 1508 ‘#94
Calm 0.9 - 0.9 28
Totals 27.2 51,5 . 18.8 2,1 0.4 100.0 3120




TABLE XVI

PERCENTAGE FREQUERCY OF OCCURRENCES OF WINDS IN EIGHT DIRECTIORS
GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Soufhampton at 35 feet

FALL: 1000-1700 EST

Total
Observations

Speed, mph

Direction 0-3 4310 11-17 18-24 525
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TABLB X¥II

PERCENTAGE FREQUENCY .OF OCCURRENCES OF WINDS IN EIGHT DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Douglas Point at 33 feet, Southampton at 35 feet

FALLs 1800-0100 EST

Speed, mph Total
Wind ; Obgervations
Direction 0-3 4-10 11-17 18-24 325 % Fo.
(a) Douglas Point 2 years o
N 1.0 108 loo 308 3?
NE 0.9 2,0 0.7 3.6 35
E 6.7 9.7 1.0 0.6 18.0 173
SE 4,6 11,7 0.8 0.1 17.2 165
s 2.6 18,4 2,0 0.4 23.4 224
sw 0.7 L.,k 4,2 1.6 10.9 104
. L 1.9 3.9 1.7 0.9 8.4 80
.1 0.5 3.0 6.8 2.3 12,6 121
Calm 1.7 —_ 1.7 _}_é
Totals 20.6 549 18.2 5.9 6 955
(b) Southampton - same 2 years , .
R N 1.1 20" 102 [‘07 55
NE 1.2 9.8 3,6 0.5 15.1 179
B 8.0 5.1 0.1 13,2 156
SE 5.2 4,7 ' 9.9 . 117
S 11.6 9.4 0.5 21.5 254
W 1.3 L4 1,2 3.9 4s
W 0.8 6.8 5.2 0.3 13.1 154
Calm 107 v — 1.7 20
Totals 34.9 47.9 16.0 1.4 100.2 1183
(¢) Southampton - 5 years
¥ 0.7 . 1.7 0.9 0.2 3.5 112
RE 1.0 7.7 2.8 0.3 11.8 370
E 6.8 4,0 0.4 11.2 347
SE 5.5 6.0 0.2 0.1 11,8 2367
5 9.3 8.3 0.5 18.1 567
Sw 3.8 10,2 6.3 1.7 0.2 22,2 689
W l.2 1.0 1.2 0.3 3.7 114
3% 0.6 8.1 7.4 0.7 0.1 16.9 529
Calm 1,0 —_— 1.0 30
9.9 47.0 19.7 3 0.3 100.2 3:_126
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TABLE-: XVIII

PERCENTAGE FREQUENCY OF WIND DIRECTIONS AT DOUGLAS- POINT AND SOUTEAMPTON
AS RELATED TO.THE SHORELIEE AT DOUGLAS POINT

Annual -and Season Smmries-

Location Period Off-lake. On-land Off-land  Shoreline Calm
.SW, W, W, ¥ W, W.. E,y SE "NBE, S~

Annual Summary

Douglas Point 2 years " 51,9 23,9 21,2 25,2 1.4

Southampton same 2 years. 53.1 23.3 19,2 - 25.8 2.1

Southampton 5 years 5k,2 . 23,1 T 20,85 . 24,1 1.3

Winter (Dec,, Jan,, Feb

Douglas Point 2 yearé _ ‘ 59,0 30,1 2143 19.2 (i /4
Southampton  same.2 years She6 25,7 16,9 27.6 0.8

Southempton - 5 years - 51.9 C23.7 20,7 26.9 0.4

T Mar,, Apr

Douglag Point 2 years 51.7. 20.3 - 18,5 - 27.8 2.1
Southampton same 2 years .- 55¢3 23,6 20.1 23.0 1.7
Southampton 5 years 527 . 234 22,k 23.7 0.9

'Summer June, Ju 'A

Douglas Point 2 years . 52,9 22.2 . 15.3 30,0 1.7
Southampton same 2 years 5547 22,4 19.0 20.5 4.8
Southampton 5 years 6'0.0 22.4 18.1 18,7 3.1
Fall (Sept,,Oct,, Nov.) .

Douglas Point 2 ‘years V 41,8 23.b4 34.1. _ 23.1 0.9
Southampton  same 2 years . 4s, b 20.4 21k 31.9 1.2

Southampton 5 years 52,2 . 22,3 2044 ‘ 27.0 0.7
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TABLE XIX

‘PERCENTAGE FREQUENCY OF WIND DIRECTIONS AT DOUGLAS POINT AND SOUTEAMPTON
AS RELATED TO SHORELIRE AT DOUGLAS POINT

Seasons . Winter

Location Period 0ff-lake On-Land Off-land Shoreline Calm
- ‘ SW, W, W, § W, B E, SE NE, S

Pime: Whole D

213 '19.2 0.7

‘Douglas Point 2 years 59.0 30.1

" Southampton  same 2 years 54e6 25.7 16,9 27,6 0,8
Southampton 5 years 51.9 23.7 20.7 26,9 Okt

 Times 0200-0900 EST ‘ |

Douglas Point 2 years | 539 28,6 24,6 20.1 14
Southampton  same 2 years 48,6 23,4 19,1 31.6 " 0.8
Southampton 5 years k6,1 21,3 23.1 © 30.1 0.5
Time: 1000-1700 EST

Douglas Point 2 years 6446 30.5 16,2 C19.2 0.2
Southampton  same 2 years 61,4 26,6 14,3 23.7 ' 0;6_
Southampton 5 years 57.2 24,8 18,5 24,2 T 043
Times 1800-0100 EST
Douglas Point. 2 years 58.1 30.9 23,0 - 18.3 0.7
Southampton  same 2 years 53.8 27.0 173 27.7 11
Southampton 5 years 52.8 25.2 20.7 26,1 0.5
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‘mamxx

PERCEFTAGE FREQUENCY OF WIND DIRECTIONS AT DOUGLAS POINT AND SOUTHAMPTON _
AS REI.ATED TO SHORELINE AT DOUGLAS POINT

Season: Spring

_ Location Perlod ~ Off-lake  On-land' Off-land = Shoreline Calm

Times -Wholé Day
Douglas Point 2 years 51,7 203 18,5 27.8 2.1

Southampton same 2 years 5543 23.6 20.1 23.0 1.7
Southampton 5 years - - 52,7 234 22.4 2.7 0.9
‘ Times 0209-02'00 BST

Douglas Point 2 years 42,9 15,9 - 23.9 30.4 2,7 .
Southampton  same 2 years k3,5 16,4 27.3 27.4 1.8
Southampton 5 years 41.5 16,5 28.8 28,5 - 1.0
Times 100-1700 EST '

Douglas Point 2 years . - 703 28,6 1.2 181 0.3
Southampton  same 2 years 70.9 3543 12,3 . 16,5 0.2
Southampton 5 years - 6841 34,1 153 _ 16,6 =~ 0.1

Time: 1800-0100 EST

Douglas Point 2 yéé,rs . 52,0 16,5 20,1 . 34,6 343
Southampton game 2 years 50,9 15.1 21.0 25.1 - 2,9
Southampton 5 years 48,5 19,5 23,6 2645 1.5
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TABLE XXI -

PEHCEE’IAGE FREQUENCY .OF WIND DIRECTIONS AT DOUGLAS POINT AND SOUTHAMPTON
'  AS" RELATED TO THE SHORELINE AT DOUGLAS POINT

Season: Summer

Location . Period | Off-lake On-land Off-land Shoreline  Calm
SW, W, W, ¥ W, W E, SE HE, S

Pime: Whole Day
Douglas Point 2 years 52,9 22,2 . 15,3 30.0 1.7

Southampton - same 2 years 55,7 22,4 19,0 20,5 4,8

Southampton 5 years : 60,0 22,4 18,1 18,7 T 3.1

Time: 0200-0900 EST

Douglas Point 2 years 38.1 : 18.07 23.1 ) 36.42. A 2.7

Southampton  same 2 years 42,1 15,0 27.6  25.5 k,9

Southampton = 5 years kop,2 . 15,3 25,6 23.8 3.3
Douglas Point 2 years 79.8 33.0 b1 16.2 0.1
Southampton same 2 years 76.0 - 3643 Y& 13.0 3.6

Southampton 5 years : 82,2 36.2 5.4 10.5 1.9

Time: 1800-0100 EST ' ' ‘

Douglas Point 2 years 41.3 15.9 18.5 ‘ 37.7 2.4

Southampton . same 2 years .2 16,2 21.8 - 23.1 - 5,8

Southampton 5 years _ 51.0 15.9 23.2 + 21.6 L2

»




PABLE XXII

PERCENTAGE FREQUENCY OF WIND DIRECTIONS AT DOUGLAS POINT AND SOUTHAMPTON
AS RELATED TO THE SHOB.ELINE AT DOUGLAS POIRT

Season: Fall

Location @~ Period 0ff-lake On-Land ' Off-land  ‘Shoreline  Calm
‘ SW, W, W, § W, W E, SE KE, S
Time: Whole Day
Douglas Point 2 years =~ . b1.8 3.4 © 34,1 23.1. 0.9
Southampton  same 2 years 45.4 20.4 21.4 . 31.9 1.2
Southampton 5 years 52,2 22.3 20,4 2 0.7
Times 0200-0900 EST '
Douglas Point 2 years 32,7 22,5 41,3 o 2h9 0.8
Southampton ~ ‘same 2 years 35,2 17.9 . 27.1 36.1 1.5
Southampton 5 years 42,5 18,2 25,6 31.0 0.9
Time: 1000-1700 EST ' |
Douglas Point 2 years 5649 26,7 25.6 S 17;3 0.3
Southampton . same 2 years 62,6 26,5 13.9 23.1 O.b
Southampton 5 years 67.1 27.8 - 12,7 20,0 0,2
Douglas Point 2 years ‘ 35.7 21.0 35,2 . 27,0 1.7
Southampton .same 2 years 38.8 17.0 23.1 36,6 1.7
1.0

Southamp ton 5 years k6.3 T 2046 23,0 29,9
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TABLE XXIII1
THE ASSOCIATION OF WIND WITH BRAIN AT
DOUGLAS POINT
(2 years, July 1961 - June 1963)
Average Average Wind Fo. of Hours of Rain as % of
. Wind Speed During  Observations
Direction. Speed, - Rain ) During - ‘Total Hours - Total
o - aph IRV . Rain . . of Rain Hours
(a) Spring (March, April, May)
¥ 6.0 4,0 : 3 2,6 0.1
NE 7.3 808 33 2807 100
E 3.7 5¢6 5 4.3 0.1
SE 6.9 8.5 29 2542 0.8
s 6.4 7.2 15 13.0 0.4
Sw 79 Tl 19 16,5 0.6
w 5.2 7.0 3 2.6 0.1
.4} 8.5 9.1 8 7.0 0.2
Calm 0.0 0.0 _9 0.0 0.0
Totals . 115 99.9 3.3
Averasges 6.8 8.0

(v) Summer'(June, J’uly,‘August)

| 55 4,5 ) 11 6.7 0.3
NE 5e¢7 5.7 34 20,9 0.8
E 2.9 5,0 8 4.9 0.2
S 53 6.3 31 19.0 0.7
Sw 6.8 7.8 29 17.8 0.7
W 5.6 6.9 7 4.3 0.2
Nw 73 7.9 15 9.2 0.3
Calnm 0.0 0:0 _o 0:0 0:0
Totals 163 100,0 3.8
Averages 5.8 - 6.3
(¢) Fall (Sept., Oct,, Nov.)

N 7.2 13.0 3 1.5 0.1
NE 7.0 14.0 1 0.5 0.0
B 6.5 8.5 LT 22.4 1.6
SE 5.9 5.4 37 18.0 1.3
S 702 7.9 - 40 19.5 1.4
sw 9.6 12.1 27 13.2 1.0
W 8.9 10.3 21 10.2 0.7
NW 12,0 13.0 27 13.2 1.0
Calm .0 0.0 3 1.5 0.1
Totals 205 100.0 7.2

Averages 8.0 9.0
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TABLE XXIV
THE ASSOCIATIOR OF WIND WITH RAIN AT DOUGLAS POINT
AS RELATED TO THE SHORELINE )
(2 years; July 1961 ~ Junme 1963)
_ Off-lake ‘ Off-land Shoreline
Season S, ¥, W, K . B, SB KB, 8~ Calm

Hours of Rain as % of "Eours of Bain as % of Hours of Rain as % of Hours of Rain as % of

-Total Total Hours

Total Total Hours

Total .

Total Hours Total ' Total Hours
‘of Bain Hours - of Ratin - Hours ~ of Rain Hours © of Rain Hours
Spring  28.7 1.0 . 29,7 0.9 41,7 1.h4 0 0
Summer  38.0 L5 221 0.8 399 LS 0 0

Fall  138.1° =~ 2,8
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Hour Classes
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TABIE XXV

17-20

1316

DURATION OF CALMS AND LIGHT WINDS (0-3 mph)
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TABLE XXYI
DURATION OF WINDS 10 MPE OR GREATER
. v ALY, DIRECTIONS ‘ .
Average Number of Occurrences Each Month Arrayed by Hour Classes
Months ' " Hour Classes . .

S 7-12 13-18 19-24 25-30 31-36 37-42 43-48 49-60 61-72 73-84 B85-96 97-120 >120

(a) Douglas Point 2 years

J&no 1.0 1.0 3.0 100 1.0 1.0 1.0 . 1.0 ' 1.0
Feb. S5 3.0 2,0 1.5 0.5 0.5 : . .
Mar, 3.0 1.0 :
Apr. . 3.5 1.0 3.5 2.5
Nay by5 3.5 0.5
June 1.5 005 005 0.5
July 3.0 1.0 : 0.5
Aug. 2,5 0.5 1.5
Septe 3.5 1.5 1.0 1.0 0.5 0.5 : 0.5
Oct. 500 2.0 R 2.0 . 1.0 toe v
HNov, 2,5 1.0 ) 0.5 0.5 0.5 1.0 0.5
Dec. 2.5 1.0 2.0 005 005 1.5 1.0 005 005
(b) Southampton ~ same 2 years
“Jan. 2,0 1#5 005 1.5 105 ) 005 2.5 ) . 1.0
Febdb, 5.0 3.0 2.0 005 ) °.5 .
Mar, 35 2,0 2.5 0.5
Apr. 6.5 3.0 1.0 2.0
May 4,0 0.5 1.0
June 3.0 :
Jnh 1.0 005 005
fug. 1.0 1.0 ;
sept. . 2.0 0.5 005 005
Oot. 3.5 105 005 100 . 005 .
Nov. 1.0 2.0 0.5 0.5 0.5 1.5
Dec. “05 205 200 0.5 1.0 ' 0.5 0.5
(¢) Southampton - 5 years _
Jan, 2,4 1.6 1.6 1,0 1.0 0.6 1.4 0.2 0,2 0.4 0.2
Feb, b6 2,2 2.2 1.0 0.4 0.8 0.2 . ’ o
Ha_r. “'.“ 1.6 200 0.8 002 0.2 - 0.6 0.2
Apr, 6.8 2,8 1,2 1,0 0.6 0,2 : '
: Hay h,2 1.“ 006 0.6 0.2 - -
June 2,5 0.8 0.8 043
July - 2.2 0.2 0.4
Aug, 2.8 0.8 0.2 :
Sept. 2.“ 0.“’ 0.2 0.2 0.“’ .
Oct. . 3.8 1.4 0.8 0.6 0.4 0.8
Nov, 3.4 2.6 1,0 1.0 0.2 0.2 1.0 0.8 ’ 0.2 0.4 ..
Deco 3.8 2.6 0.8 1.6 1,2 0,2 0.2 0.6 - 0.6 0.2 0,2
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R TABIE XOVII . |
: ‘DUBAEV.'IOKS OF WINDS 10 MPE OR GREATER -
SOUTH AND SOUTHEAST DIRECTIONS ONLY
 -Average Numbel; of Occurrenéeg Each Month Ar_rgyg(i by ﬁox_u-.CIasses _
.(a) -Douglas Point - (b) Southsmpton - . . _(-c.) Southami)ton -
: 2 years same 2 years 5 years
Months h: _:Eour Qll;saes'
| 7e12¢13-18 18-24 7-12 13-18 18-24 | 7-12 13-18 18-24
Jen, T 0.5 - 0.2
Peb, - - .. 045 _ 4 0.2
Mar. 0.5 0.5 . 0.6
Apr, '0.5 0.5 . 0.5 § i 0.2
May 0.5
June -
July
Aug. o
Septe 1.0 -°0.5.° 0u5 e R
Oct. - o ”
Nov, :1.0. - 0.5 I T 042
Dec. 0.5 0.3 s 0.2
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TABLE 1 (Appendix 1)

COMPARISON OF CONDITIONAL WIND FREQUENCIES (WITH RAIN)
© 70 SIMPLE 'FREQUENCI_ES '
Douglas Point;- 2 years, July 1961-June 1963

~ No. of Total ) o
Direction Observations Fo. of <955k limite
During Rain Observations (np ¥2 n.p.q.).

(la)A Spring (HQrCha Apﬁl, May)

N 3 262 3.0 to 14,6
EE 33 , _ s40 9.8 to 26.4 .
SE 29 394 6.1 to 20.3
s 15 14 6.5 to 21.1
Sw 19 816 14,9 to 39.7
v 3 204 1.7 to 11.9
L : 8 495 8.6 to 2.6
Calm _0 : _n 1.4 to 3.4
Totals - 115 3436 ‘

(0) Summer (June, July, August) ‘
. | 11 452 ' 9.0 to 25.3
NE. 3 bo1 10.2 to 27.2
E 8 208 2.4 to 13.4
SE 28 L4g 9.0 to 25.2
S 31 796 ‘ 20,1 to 42,0
sW 29 868 21,7 to 44,3
'8 15 . 6N 15,6 to 35.b4
Calm S , T ‘ 0 to 6.2
Totals 163 k295 '

(¢) Fall (Sept. Oct., Nov.)

' K 3 105 ' 1.0 to 10,2
NE 1 72 . 0 to 7.6

"B 46 , 478 15.6 to 35.2

SE 37 493 16.3 to 36.2°
s . 40 589 " 20.3 to 42,5
sw 27 421 " 13.2 to 31.6
W 21 248 6.1 to 20.3
N 27 420 13.2 to 31.5
Calm "3 ' 27 0 to 3.8 °

Totals _ 205 3853 -
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Douglas ‘Point
(2 yeors)

- Shoreline 2_5-2%
Calm 1-4%

Southompton
(some 2 years)

Shorolme 25-8 %
Culm 2 1%

A Percent _qe Freguency

..Southampton -
(5years) .

Calm

Shoreline 24-1%

-3% -

"B~ Wind_Speed gmp_h_)_

'Figure 2. Comparison of mean annual qud." :
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WINTER SPRING

Shoraeline 19:2% Shoreline 27-8 %
Calm 0-7% Calm 2-1%

_A - Percentage Frequency

B - Wind Speed (m.p.h)

Figure 3. Winds at Douglas Point (2 years) by Seasons.
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SUMMER

_Shorefine 30-0% " Shoreline 23-1%
Calm 1'7% : 0qlm 0-9%

A - Percentage Frequency_

| B - Wind Speed (m.p.h)

~_Figure 4. Winds at Douglos "Point-_('z years) by Season.
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WINTER SPRING

Shoreline 20:1% Shoreline 30-4%
Caolm -4% Calm 2:7%

) / 1000-1700E.S.T.
Shoreline 19-2% Shoreline 181 %
Calm 0-2% .. Calm 0-3%

I800 -0IO0E.S.T
Shoreline 18:3% Shoreline 34-6 %
Calm 0-7% Calm 3-3%

 Figure 5 Diurnal \./aria'fi;oh, of Wmd Fréqueﬁcies_,
at Douglas Point. -
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SUMMER FALL,. '

‘Shoreline  36-2%

roline. 362%  3500-0900 E.S.T.

Shoreline 24:9%
. Calm 0:8%,

1000- 1700 E.S.T.

Shoreline__16:2%_ S ———Shoreline _17:3%

Calm O1% ' . " Calm 03%

o 1800 - OIOO E.S.T. |
Shoreline . 37-7% . Shoreline 27-0%
Calm 2:4% e Calm I-7%

Flgure 6. Dlurnol Variation ot Wmd Frequencies
" at Douglos Pomt Lo
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SPRING SUMMER FALL

Shoreline 4l~7% ' Shoreline 39-9% Shoreline 20-0% .-
Calm 00% Calm 0-0% Calm . 1:5%
A - Percentage Frequency 15

B - Wind Speed (m.p.h.)

Figure 7. Association of Wind with Rain at_DdugIas Point.




[JoousLAS POINT (2 YEARS)

SOUTHAMPTON (SAME 2 YEARS)

i JANUARY
- & : ﬂ SOUTHAMPTON (5 YEARS)
= . .

9-12 13-16 17-20 21-24 25-30 31-36 37-42 43-48 49-54

. FEBRUARY

o

[§ APRIL -
] M -

MAY

AVERAGE NUMBER OF OCCURRENCES

1

JUNE

§

\g
\: :
§
.

|

|
17-20 21-24 25-30 31-36 37-42 43-48 49-54

DURATION BY HOUR CLASSES

Figure 8. Duration of calms and light winds (O- 3 M.P H.) ‘

Douglas Point and Southampton.
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[] DOUGLAS POINT (2 YEARS)

N SOUTHAMPTON (SAME 2 YEARS)

»
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[l soutHamMPTON (5 YEARS) -
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DURATION BY HOUR CLASSES
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Figure 9. Duration of calms and light winds (043 M.P H.)
Douglas Point

< N o.

S30ON3YHNIOD0 40 HIGWNAN IJOVHIAV

and Southampton.
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[[JoousLAs POINT (2 YEARS) -

- JANUARY: SOUTHAMPTON (SAME 2 YEARS)

- SOUTHAMPTON (5 YEARS)

7-I2 I3 18 I9-24 25 30 31-36 37-42 43- 43 49-60 6l-72 7 84 85-96 97-[20 >|20

3

M.

FEBRUARY

" APRIL

' AVERAGE ~ NUMBER OF ~ OCCURRENCES

7-12 13-18 _19-24 25-30 31~ 36 37-42 43-48 - 49-60 6l-72 73-84 - 85-96 97-IZO _>120
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At the request of Atomic Energy of Canada Ltd.,

and the Hydro-Electric Power Commission of |
Ontario, the Meteorological Branch has under-

taken several studies involving the climatology

and micrometeéorology of the Douglas Point,
Ontario area, This particular study 1nvolves
the analysis of surface wind data for the two-

year period from July 1961 to June 1963, using
machine methods.:.
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