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PREFACE

The past two progress reports have discussed data through 31 May 1957.
The present report will add data up to 30 November 1957. For the sake of
continuity and ease of reference, it was decided to/ include a year of data in
this report. Therefore the data are presented by seasons and also in the form
of a yearly summary.

The past reports and the present one emphasize the special meteorological
features resulting from the proximity of the plate site to Lake Erie. The lake-
breeze circulation occurring at the plant site is discussed fully as is the ef-
fect of this circulation on the diffusion characteristics.

The authors gratefully acknowledge the aid given by Messrs. Donald A. Bles-
sing, Irwin Spickler, W. Gale Biggs, Merlin Zook, and Mrs. Katalin Racz in
preparation of the tables; Mrs. Dolores Wells, and Messrs. Surinder S. Sidhu
and Kuang T. Huang in abstraction of the data from the chart rolls; and Mr. No-
buhiro Yotsukura in drafting the figures.
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ABSTRACT

Temperature-lapse-rate data are classified according to their importance
in relation to air-pollution characteristics. The frequency of inversions,
seasonal trends, diurnal variation, and persistence of inversions are discussed.
Lapse rates and their assoclation with wind speed and wind direction are ex-
amined. Wind directions and wind speeds at the Enrico Fermi plant site are
analyzed so as to bring out the differences between them and those observed at
Detroit City Airport and Toledo Express Airport. A definite lake breeze at
Lagoona Beach is identified and characterized and its effects are shown. Sea-
sonal variations in the frequency of precipitation and the associatlion of wind
speed and direction with precipitation are discussed. A method for eliminating
the bias from wind-direction frequency statistics is presented in the Appendix
along with a discussion of the force which generates land and lake breezes,
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I. ANALYSIS OF TEMPERATURE-LAPSE-RATE DATA

1. CLASSIFICATION OF LAPSE-RATE DATA

Temperature-lapse rates at the plant site are obtained from the difference
between the temperatures at heights of 25 and 100 ft on the meteorological tow-
er, This represents a relatively thin slice of the layer that is important in
studies of turbulence and diffusion. Moreover, the lapse rate in this 75-Tt
slice is likely to differ substantially in magnitude if not in characteristic
from that of the lower few hundred feet, taken as a whole. For these reasons,
the practice initiated in the second progress report of simply classifying
lapse rates as strong, weak, or inversion has been continued. Strong lapse
rates are those which exceed the dry adiabatic lapse rate; weak lapse rates are
intermediate between dry adiabatic and isothermal lapse rates; all cases in
which temperatures increase with height are inversions.

The implications of each lapse-rate classification in diffusion were out-
lined in the second progress report and are repeated here. Generally speaking,
strong lapse rates, weak lapse rates, and inversions are associated with above
average, average, and below average diffusion conditions, respectively.

In the present report the investigation of the inversion climatology at
the plant site is extended through the summer and fall of 1957. Lapse-fate
data for the WJBK-TV tower continue to be available, so that comparisons be-
tween the two installations are again included. Annual summaries are included
with most of the tables and charts. The analysis continues to lay stress on
any evidence that there are lake influences present at the plant site which re-
sult in a climatology different from that of inland locations.

2. FREQUENCY OF INVERSIONS AND SEASONAL TRENDS

From the hourly record of lapse rates at the plant site it is possible to
compute the relative frequency of inversions, strong lapse, and weak lapse
rates in the layer of from 25 to 100 ft. This has been done for each season
of the first full year of operation at the plant site. The results are present-
ed in Table I together with an annual summary.

Although lapse-rate data at the WJBK-TV tower are abstracted and summarized
in a somewhat different manner, they still provide a seasonal breakdown of rela-
tive frequencies of inversion in the layer of from 20 to 300 ft. These are pre-
sented in Table II.



TABLE I

SUMMARY OF TEMPERATURE -LAPSE-RATE DATA 25 TO 100 FT AT THE ENRICO FERMI SITE
BY SEASONS AND ANNUAL SUMMARY

1 December 1956 - 30 November 1957

Total hours
Number missing hours
Number hourly observations

Percent missing data

Percent inversions
Percent strong lapse

Percent weak lapse

Winter  Spring  Summer Fall Annual
2160 2208 2208 218k 8760
Lok 70 715 681 1870
1756 2138 1493 1503 6890
18.7% 3.2% %2, 4% 31.2% 21. %%
2l.k 18.6 19.3 7.4 19.2
L6.3 T1.3 68.9 76.1 65.5
32.3% 10.1 11.8 6.5 15.3
100.0% 100. 0% 100. 0% 100. 0% 100. 0%
TABLE IT

SUMMARY OF TEMPERATURE-LAPSE-RATE DATA 20 TO 300 FT AT THE WJBK-TV TOWER,
DETROIT, MICHIGAN BY SEASONS AND ANNUAL SUMMARY

1 December 1956 - 30 November 1957

Total hours
Number missing hours
Number hourly observations

Percent missing data

Number hours inversion

Percent inversions

Winter  Spring  Summer Fall Annual
2160 2208 2208 2184 8760
66k L26 82k 112 2026
1496 1782 138k 2072 6734

30. 7% 19. %% 57. 5% 5.1% 23.1%
392 388 569 83k 2096

26.%% 21.8% h1.1% 38.1% 31.1%



The most striking difference between the two sites is the greater frequency
of inversions at the WJBK-TV tower, a feature that is present in each season,
but one which is particularly noticegble in the fall. The seasonal variation
of inversion frequency provides another basis for differentiation. From winter
through summer the seasonal variations at the two sites appear to be in phase;
then in the fall the frequency at WJBK-TV remains high whereas that at the plant
site falls to a minimum. Of the two records, that for WJBK-TV is more or less
consistent with what is usually considered to be the frequency and the seasonal
variation of inversion frequency in this area.

It will be well to await further data before attempting to account for or
interpret the differences that have appeared in the first year. Insofar as the
WJIBK-TV tower ‘is concerned, it is known that most of the inversion hours occur
at night (see Section 3) as the result of the cooling of the ground. The situa-
tion at the plant site is quite different since the lapse rates are measured
within a few feet of the lake surface which does not cool appreciably at night.
Hence, whenever winds are off the water, there will be little tendency for noc-
turnal inversions to form. This could lead to a greater frequency of inversions
at the WJBK-TV tower. The difference in the seasonal frequency of inversions
is less easy to account for and no attempt will be made to do so until the ap-
parent anomaly at the plant site is confirmed by additional data. However, the
following section sheds some additional light on the infrequency of inversions
at the plant site during the fall season.

%3, DIURNAL VARIATION OF INVERSIONS

The diurnal variation of inversionsg at inland stations is well documented.
Since inversions form readily at night, they are most frequent during the night
and least fregquent during the day. A study of radiosoundings taken at Mount
Clemens, Michigan, and Toledo, Ohio,l showed that inversions were much more fre-
quent at 10 p.m. than 10 a.m. Eastern Standard Time. Some of the results are
presented in Table III.

TABLE TITI
PERCENTAGE FREQUENCY OF SURFACE BASED INVERSIONS AT MOUNT CLEMENS, MICHIGAN,

FEBRUARY 1948 - DECEMBER 1950 AND AT TOLEDO, OHIO, JANUARY 1946 - DECEMBER
1950 AS OBSERVED AT 10 A M. AND 10 P.M. EASTERN STANDARD TIME

Station Time Winter Spring Summer Fall Annual
Mt. Clemens 10 a.m. 8.1 7.0 2.8 7.2 6.2
10 p.m. 25.5 L5,7 61.5 56 .3 L7.2

Toledo 10 a.m. 1%.8 3.7 0.5 h.6 5.6
10 p.m. 38.6 L4o.1 72.6 67.3 56.9




The diurnal variation of inversions at the WJBK-TV tower during the 12
months ending November 30, 1957, is in good agreement with the accepted diur-
nal variation. The diurnal variation of inversions at WJBK-TV is shown in
Table IV,

TABLE IV

DIURNAL VARTATION IN PERCENT OF INVERSION FREQUENCY AT WJBK-TV TOWER DURING
THE PERIOD 1 DECEMBER 1956 - 30 NOVEMBER 1957

6 hours

) Winter Spring Summer Fall Annual
ending at
0600 1.2 6.1 77.5 59.5 55.6
1200 22.3 15.% 33,0 33,9 26.2
1800 L.6 2.7 6.5 9.3 5.9
2400 36.5 2.9 45.9 58.2 L2,0

The diurnal variation of inversions at the plant site has now been exam-
ined for the first full year of operation. The results appear in Table V for
each of the seasons and an annual summary. The same data plus those of Table
IV are presented graphically in Figs. 1-5.

The difference between the two locations i1s quite striking. Instead of
the nighttime maximum and daytime minimum which characterizes the WJBK-TV tow-
er data, two maxima and two minima occur at the Enrico Fermi site. The night-
time maximum is still present, with a decreasing frequency in the early day-
light hours. About mid-afternoon the frequency rises to a second maximum of
the same order of magnitude as the first but of shorter duration. There is a
second minimum which occurs about the last hour of daylight, and then the fre-
quency starts to rise again as the effects of nighttime cooling begin to show
up. The afternoon maximum is evidence of a process or mechanism at the Enrico
Fermi site that is not present at the WJIBK-TV tower.

In an attempt to identify the mechanism causing these frequent afternoon
inversions, the data comprising Table V were examined month by month. On 15
afternoons in June and 10 in July, inversions occurred. Afternoon inversions
occurred in all months except Gctober. It is this complete absence of after-
noon inversions in October that is chiefly responsible for the infrequency of
inversions during the fall. The 23 summer occurrences of afternoon inversions
were examined in more detail and proved to be the result of the well-known lake-
breeze effect. With the identification of the lake breeze as a primary factor
in the inversion climatology of the Enrico Fermi site, an extensive investiga-
tion of the characteristics of the lake breeze has been undertaken and is de-
scribed separately in Part IIT of this report.



TABLE V

HOURLY PERCENTAGE FREQUENCY OF "INVER3TONS AT THE ENRICO.FERMI SITE
BY SEASONS AND ANNUAL SUMMARY

1 December 1956 - 30 November 1957

Hour

Ending Winter Spring Summer Fall Annual
0100 25.7 20.0 18.0 26.2 224
0200 24,3 20.0 19.7 31.3% 23,4
0300 23,0 20,0 2L, 6 23,1 2oL
0L00 23,3 25.8 21.7 17.2 o2,k
0500 24,7 20.2 25.0 22.6 22.9
0600 25.0 20.5 28.9 21.0 23.5
0700 22.5 19.5 19.6 25.8 21.7
0800 21.h 17.2 9.1 19.4 17.2
0900 22.2 11.1 6.5 16.9 17.6
1000 11.1 13.5 13. 4 10.6 12.2
1100 11.1 1h.6 14.9 9.1 12.6
1200 15.3 19.1 2L.6 9.0 17.1
1300 19.4 20.5 15. 4 10.6 16.8
1400 21.9 23.6 21.5 12.3 20.2
1500 22.5 21.3 2h.6 19.7 22.0
1600 19.2 20.5 35.9 16.7 22,7
1700 14.9 15.7 3.4 13.2 19.0
1800 13.3 16.7 25.0 k.7 17.2
1900 17.3 15.6 14,1 14.7 15.5
2000 24,0 16.7 9.7 20.6 18.0
2100 32.0 16.7 11.5 13.4 18.8
2200 29.% 16.7 16.1 1h.9 19.4
2300 25.3 20.0 16.1 19.7 20.4
2400 24 .3 20.2 11.5 13.2 19.0
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Fig. 1. Diurnal variation of inversions at the Enrico Fermi
site and at WJBK-TV tower: Winter, 1956-1957.
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L, THE PERSISTENCE OF INVERSIONS

The inversion climatology of any site can be characterized usefully by the
duration of inversions as was done in the first and second progress reports.
Inversion duration is determined as follows. Each occurrence of inversion con-
ditions which persists for a number of consecutive hours is considered to be a
single inversion. Its duration is simply the number of consecutive hours of in-
version, except that an occurrence of one hour of weak lapse rate within the se-
quence of inversion hours is not considered a break in the continuous inversion.
For example, six consecutive hours of inversion followed by a one-hour weak
lapse rate and then five more hours of inversions would be treated as an inver-
sion of 12 hours duration.

Many inversions occur as isolated 1-, 2-, or 3-hour events both at the
WJBK-TV tower and at the Enrico Fermi site. It is reported that at the WJBK-
TV tower "the highest duration frequency is in the 1 to 3-hour period,”2 In-
versions of short duration are quite frequent at the Enrico Fermi site also,
since most of the afternoon inversions associated with the lake-breeze effect
form after noon and disappear an hour or more before dark. However, in the
present analysis, attention is focused on inversions of 6 hours or more dura-
tion since these have somewhat different implications than shorter inversions
in problems of diffusion.

The substance of the difference between the Enrico Fermi and the WJBK-TV
sites can be described more clearly in words than graphically. In Section 2
it was stated that inversions occur 31.1% of the time at the WJBK-TV tower and
only 1930% of the time at the Enrico Fermi site. Although there are gaps in
the record at both stations due to equipment failure, the number of hours of
lapse-rate data available at the two stations is practically identical, 6734
at WJBK-TV and 6748 at the Enrico Fermi site. Hence it is not necessary to
present the comparison in terms of percentages. During the period of record
from December 1, 1956, to November 30, 1957, there were 141 occurrences of in-
versions at the WJBK-TV tower which exceeded 5 hours in duration, but only 7O
such occurrences at the Enrico Fermi site. Nevertheless, there were 5 inver-
sions lasting longer than 24 hours at the Enrico Fermi site but none of this
duration at the WJBK-TV tower. These 5 prolonged occurrences consisted of in-
versions of 43 and 50 hours in the winter, 26 and 3L hours in the spring, and
50 hours in the summer. The appearance of these very lengthy inversions at the
Enrico Fermi site is related to yet a third important mechanism, which results
from the adjacent lake surface.

Under certain meteorological conditions a broad southerly flow of air is
established over the eastern portion of the United States. When this happens,
unseasonably warm air from the Gulf of Mexico ranges far north of its normal
limits, moving out across Lake Erie where it is cooled by the surface of the
lake, thus forming an inversion. It is convenient to designate this type of
inversion as circulation inversions because of their means of formation. This
distinguishes them from nocturnal inversions formed by surface cooling, and the
afternoon inversions caused by the lake-breeze effect. The essential ingredi-
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ents of this circulation type of inversion are a southerly flow of air, and air
temperatures that are several degrees above the temperature of the lake.

A number of these circulation inversions were observed in the first year
of operation, and the question naturally arises of how often they are likely to
occur. The frequency of inversion is related both to the temperature of the
lake and the frequency and magnitude of positive departures from normal tempera-
ture. A very good estimate of lake temperatures near the Enrico Fermi site is
provided by water intake temperatures at the Monroe waterworks. Five years of
records from 1953 through 1957 of intake temperatures have been analyzed for
this purpose. A comprehensive analysis of the frequency and magnitude of posi-
tive departures from normal temperatures could constitute an extensive investi=-
gation in its own right. A less elaborate analysis that still gives useful re-
sults is described in the following paragraphs.

A study of positive temperature anomalies (i.e., departures from normal)
at Toledo was undertaken to learn something about the frequency and magnitude
of warm spells. Seven years of records were examined for occurrences of posi-
tive anomalies greater than or equal to 10°F. The results of this study are
presented in Table VI.

TABIE VI

FREQUENCY AND MAGNITUDE COF POSITIVE TEMPERATURE ANOMALIES BY MONTHS AT
TOLEDO, OHIO, DURING A PERIOD OF 7 YEARS

Number of Occurrences by Months

Anomaly, °F Jan. Feb. March Apr. May June July Aug. Sept. Oct., Nov. Dec.

10 63 52 ho 41 29 37 21 19 24 50 L2 L4s
15 32 20 16 24 3 6 1 2 5 2L 17 23
20 15 6 7 7 0O O 0 0 0 L 5 9
25 6 1 0 0 0 0 0 0 0 0 1 3

It turns out that the magnitude of positive temperature anomalies is much
greater in the winter than the summer. However, insofar as the formation of
the inversions is concerned, greater temperature anomalies are needed in the
winter since the lake temperature is several degrees above the average air tem-
verature.,

The variables have been brought together in the following way. During the
two winter inversion occurrences, temperatures of 25°F and 27°F above normal
were recorded at Toledo Express Airport which corresponded to temperatures 16°F
and 19°F above the lake temperature at Monroe. During one of the spring oc-
currences, the temperature was 22°F above normal and above the lake temperature.
In addition, on one occasion in the summer, when except for two consecutive
hours of weak lapse rate an inversion persisted for 33 hours, the temperature
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was 15°F above normal and 20°F above the lake temperature. Based on these oc-
currences, a favorable thermal regime for the formation of prolonged inversions
has been set tentatively as an air temperature 15°F above the lake temperature.
Now considering the month of January, in which the average lake temperature is
35°F, an average air temperature of 5C°F at Toledo provides a favorable regime
for inversion formation. Since 26°F is the normal January temperature at
Toledo, 50°F corresponds to a temperature anomaly of 24°F, In the Toledo rec-
ords of T years, 8 occurrences in January of anomalies greater than or equal to
2L°F, or a little better than 1 per year, were recorded. Similar computations
have been made for each month of the year and are presented in Table VII.

Certain inferences may be drawn from Table VII. Clearly, thermal regimes
favorable for the formation of prolonged inversions occur most frequently in
the spring and through June, after which their frequency falls off abruptly.

On a seasonal basis a favorable regime occurs about 2 times per winter, 11
times per spring, 6 times per summer (5 of these in June ), and about once every
2 years in the fall. Since this analysis does not take wind direction into ac-
count, or the fact that some occurrences of the required temperature anomaly
were on consecutive days and would therefore initiate only one prolonged inver-
sion, the numbers obtained should not be taken literally. In addition, it is
by no means certain that prolonged inversions will not form when air tempera-
tures at Toledo are only 10°F above lake temperatures, However, it is com-
pletely warranted to assert that prolonged inversions at the Enrico Fermi site
are least probable in the fall and most probable in April, May, and June. No
doubt the absence of any lengthy inversions in the first fall of record, at the
Enrico Fermi site, and the infrequency of inversion conditions in the fall as
noted earlier in this report, reflect these findings.

5. THE ASSOCIATION OF LAPSE RATES WITH WIND SPEED

Inasmuch as an inversion is often a manifestation of stagnant air condi-
tions, it is usual to find that winds are lighter during inversions than at
other times. It is not simply an association of the two conditions; it is a
cause and effect relationship. Under steep lapse rates, vigorous mixing trans-
ports momentum from aloft to the surface layers, and wind speeds are high.

When inversions develop, vertical mixing is inhibited, the transport of momen-
tum from aloft diminishes, and surface winds decrease. To some extent this
pattern appears at the Enrico Fermi site. Once again, however, the presence
of the lake influences the association of wind speed and lapse rate.

For purposes of this analysis, two classes of lapse rates, inversion and
noninversion, have been used. The percentage occurrence of inversion and non-
inversion and the average wind speed for each class have been computed for each wind
direction. The results of this analysis are presented in Tables VIII through
XII for each of the seasons and for the entire year from 1 December 1956 to 30
November 1957. Figures 6-10 provide a graphical display of the same informa-
tion.
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TABLE VIII

MEAN WIND SPEEDS ASSOCIATED WITH INVERSIONS AND NONINVERSIONS
AT THE ENRICO FERMI SITE

1 December 1956 - 28 February 1957

(Winter)
Wind Inversion Noninversion
Direction Occurrence, Mean Speed, Occurgence, Mean Speed,

% mph % mph
N 0.7 6.7 2.6 16.6
NNE 0.7 7.0 3.0 17.3
NE 0.5 10.9 5.2 17.0
ENE 0.9 12.8 2.5 10.5
E 1.0 11.8 1.8 11.2
ESE 1.1 11.8 2.6 11.0
SE 1.9 10.0 1.7 11.2
SSE 1.1 10.7 1.2 9.9
s 1.1 11.6 3.1 12.8
SSW 3.0 4.2 6.9 16.3
SW 2.8 15.5 8.3 14,0
WSW 2.2 12.3 13k 15.1
W 1.5 10.7 7.4 12.1
WNW 0.9 8.1 7.4 11.6
NW 1.3 6.5 6.k 11.6
NNW 0.5 6.2 4.8 12.1
Calm 0.1 0.0 0.6 0.0
Totals 21.3 8.7
Average 11.4 15.2
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TABLE IX

MEAN WIND SPEEDS ASSOCIATED WITH INVERSIONS AND NONINVERSIONS
AT THE ENRICO FERMI SITE

1 March 1957 - 31 May 1957

(Spring)
Wind Inversion Noninversion
Direction Occurrence, Mean Speed, Occurgence, Mean Speed,

% mph % mph
N 0.3 6.9 2.7 13.1
NNE 0.7 7.7 6ﬂé 14,0
NE 0.5 8.1 6.8 16.0
ENE 0.4 8.9 9.5 15.6
E 0.8 12.6 6.8 18.5
ESE 1.5 1.9 5.2 12.8
SE 2.0 1h.6 2.6 12.6
SSE 2.9 12.3 2.k 8.5
S 2.6 10.9 2.0 9.8
SSW 2.2 10.7 3.1 11.8
SW 1.2 12.3 6.2 14,0
WSW 1.0 9.0 8.4 17.1
W 0.6 10.0 5.8 4.3
WNW 0.8 10.8 7.9 1h.7
W 0.3 7.0 b1 13.8
NNW 0.6 8.8 1.7 11.6
Calm 0.1 0.0 0.1 0.0
Totals 18.5 81.5
Average 11.3 14,7
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TABLE X

MEAN WIND SPEEDS ASSOCIATED WITH INVERSIONS AND NONINVERSIONS®
AT THE ENRICO FERMI SITE

1 June 1957 - 31 August 1957

(Summer)
Wind Inversion Noninversion
Direction Occurrence, Mean Speed, Occurrence, Mean Speed,

% mph % mph
N 0.9 7.0 2.5 T.b
NNE 2.1 10.7 2.5 8.5
NE 1.7 135.7 W0 4.0
ENE 0.5 8.k 5.k 12.0
E 0.4 2.3 3.8 11.6
ESE 0.7 12.5 4.8 10.9
SE 2.4 : 10.5 2.4 8.5
SSE 2.9 9.8 3.8 9.k
S 2.k 8.2 5.6 10.5
SSW 0.7 7.6 T 10.5
SwW 0.7 5.4 8.6 11.2
WSW 0.7 6.9 7.8 11.1
W 0.9 6.7 7.2 11.3
WNW 1.2 6.1 6.7 12.3
W 0.6 6.8 L.5 8.7
NNW 0.4 7.0 5.7 8.6
Calm 0.1 0.0 L 0.0
Totals 19.3 80.8
Average 9.0 10.7
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TABLE XTI

MEAN WIND SPEEDS ASSOCIATED WITH INVERSIONS AND NONINVERSIONS
AT THE ENRICO FERMI SITE

1 September 1957 - 30 November 1957

(Fall)
Wind Inversion Noninversion
Direction Occurrence, Mean Speed, Occurrence, Mean Speed,

%L mph % mph
N 0.5 8.4 6.0 10.0
NNE 0.9 8.9 2.1 9.4
NE 0.8 8.6 6.3 15.3
ENE 0.8 8.1 3.9 13.3
E 0.6 .0 1.kh 9.9
ESE 1.1 8.7 L.2 9.3
SE 0.8 17.8 2.h 9.9
SSE 1.6 13.6 L.5 10.5
S 0.8 9.6 h.9 10.9
SSW 1.7 11.7 8.6 12.3
Sw 1.7 .0 6.0 12.3
WSW 0.9 6.9 9.k 4.7
W 1.9 9.7 2.7 11.7
WNW 1.7 9.0 5.5 10.8
NW 0.6 7.3 6.k 10.9
NNwW 1.1 7.7 8.2 11.1
Coln 0.0 0.0 0.k 0.0
Totals 17.5 82.7
Average 10.3 11.8
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TABLE XIT

MEAN WIND SPEEDS ASSOCIATED WITH INVERSIONS AND NONINVERSIONS
AT THE ENRICO FERMI SITE

1 December 1956 - 30 November 1957
(Annual Summary)

Wind Inversion Noninversion
Direction Occurrence, Mean Speed, Occurgence, Mean Speed,
% mph % mph
N 0.6 6.8 3.3 11.6
NNE 1.1 9.1 3.7 13.5
NE 0.8 11.1 5.7 15.8
ENE 0.6 9.9 5.6 4.5
E 0.7 10.4 3.7 15.4
ESE 1.1 12.5 h.2 11.3
SE 1.9 12.h 2.3 10.8
SSE 2.1 11.7 2.8 9.6
S 1.8 10.1 3.7 11.0
SOW 2.0 12.0 6.2 12.9
SW 1.6 12.3 7.2 13.0
WSW 1.2 9.9 9.8 1.2
W 1.2 9.6 5.8 12.5
WNW 1.1 8.6 6.9 12.7
W 0.7 6.8 5.3 11.k4
NIW 0.6 7.7 h.3 11.0
Caln _0.1 0.0 0.2 _0.0
Totals 19.2 80.7
Average 10.5 12.8
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For each of the seasons, combining all wind directions, the average wind
speed is less for the inversion than for the noninversion class. However, for
winds from the ESE, SE, and SSE, the directions associated with the circulation
type of inversion discussed in the previous section, wind speeds are actually
somewhat higher for the inversion than for the noninversion class. Another rel-
evant aspect is displayed quite strikingly in the inversion windrose of Figs.
6-10, where it can be noticed that winds from the sector WNW clockwise through
NNE are quite light compared to the diametrically opposed sector ESE through S.
The contrast in wind speeds noted here is magnified by the fact that winds from
the WNW through N are over the land with its relatively high frictional effects,
whereas winds from the ESE through S cross the lake where frictional effects are
small., This does not account for the fact that winds from the ESE, SE, and SSE
are stronger during inversions than noninversions. One possible explanation
for this may be that the pressure gradient is usually stronger during the warm
outbreaks of air which feature circulation inversions than it is with other
winds from the same direction. Another curious feature of the data is that,
given calm conditions, inversions are less frequent than noninversions.

6. THE ASSOCIATION OF LAPSE RATES WITH WIND DIRECTION

Because winds from different directions occur with varying frequencies, a
simple table displaying the number of hours of inversion for each wind direc-
tion fails to show the association of lapse rate with wind direction. What is
needed is a summary of the data which indicates, for any given wind direction,
the relative frequency of inversion conditions and strong lapse-rate conditions.
For example, if there were 200 occurrences of SW winds during a season, and if
there were an inversion on 20 of those occurrences, one would compute the rela-
tive frequency of inversions to be 10% for SW winds. If during the same season
there were 30 occurrences of SE winds, and if there were an inversion on 20 of
those occurrences, one would compute the relative frequency of inversions to be
67% for SE winds. A reasonable conclusion would be that there was a marked as-
sociation or correlation between SE winds and inversions and little correlation
between SW winds and inversions. The data for the first year have been analyzed
in this way on a seasonal basis and on an annual basis so that the association
of lapse rate with wind direction is clearly revealed. The last 3 columns of
Tables XIII-XVII give frequencies for the three lapse-rate categories, strong,
weak, and inversion. These would be referred to by the statistician as condi-
tional frequencies, i.e., the frequency conditional on the wind being from the
given direction. Figure 11 displays the association of inversions with wind di-
rection by plotting from Tables XITI-XVII the frequency of inversions as ordi-
nate against wind direction as abscissa.

Interpretation of the data is aided by referring to the mean lake tempera-
tures and normal Toledo temperatures in Table VII, which show that the lake is
cold in comparison to air temperatures during the spring and early summer and
warm in comparison to air temperatures during the fall and winter. Recall also
that, as pointed out in the discussion of circulation-type inversions, positive
temperature departures large enough to cause inversions in S to SE winds are un-
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TABLE XIII

THE ASSOCIATION OF TEMPERATURE LAPSE RATES WITH WIND DIRECTION
AT THE ENRICO FERMI SITE

1 December 1956 - 28 February 1957

(Winter)
Direction S - . Totals Sa Given Wiq& Direction -
)| Ll 1 13 58 75.9 1.7 22. k4
NNE 36 17 12 65 55.4 26.2 18.5
NE T3 19 9 101 72.3 18.8 8.9
ENE 22 19 15 56 39.3 33.9 26.8
E 1k 17 18 L9 28.6 3h.7 36.7
ESE 2l 21 19 6l 37.5 32.8 29.7
SE 23 7 33 63 36.5 11.1 52.k4
SSE 14 7 20 L1 3.1 17.1 48.8
S 23 32 19 Th 31,1 hz.2 25.7
SSW 65 56 53 17k 37.4 32,2 30.5
SW 55 91 50 196 28.1 Le. L 25.5
WSW 111 123 39 273 ho.7 b5.1 14h.3
W T2 58 27 157 45,9 36.9 17.2
WIW 85 L5 16 146 58.2 30.8 11.0
NW 8L 28 o0 13k 62.7 20.9 16.4
NNW 6l 20 9 93 68.8 21.5 9.7
Calm L 6 2 12 33.3 50.0 16.7

Totals 813 567 376 1756

Code:
S = A lapse rate in excess of the dry adiabatic lapse rate.
W = A positive lapse rate that 1s less than the dry adiabatic lapse rate.
I = A temperature lncrease with height.
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TABLE XTIV

THE ASSOCIATION OF TEMPERATURE-LAPSE RATES WITH WIND DIRECTION
AT THE ENRICO FERMI SITE

1 March 1957 - 31 May 1957

(Spring)
Direction S - . Totals Sa Given Wig& Direction -
N 52 5 7 i 81.% 7.8 10.9
NNE 128 5 15 148 86.5 3.k 10.1
NE 141 5 11 157 89.8 3,2 7.0
ENE 196 8 9 213 92.8 3.8 L.2
E 136 9 17 162 8l..0 5.6 10.5
ESE 101 11 32 1hhy 70.1 7.6 22.2
SE L6 10 L3 99 L6.5 10.1 Lz L
SSE Lo 11 61 112 35.7 9.8 Sk.5
S 2k 18 56 98 2l.5 18.k 57.1.
SSW 52 1L L7 11% L6.0 12.3 Lo.6
SW 95 37 26 158 60.1 23.k 16.5
WSW 156 oL 20 202 77.2 11.9 10.9
W 101 o2 13 136 h.3 16.2 9.6
WNW 156 13 18 187 83. k4 7.0 9.6
NW 75 12 6 93 80.6 12.9 6.5
NNW 26 11 12 L9 53.1 e2.h 2.5
Calm 0 1 2 3 0.0 33.3 66.7

Totals 1525 216 397 2138

Code:
S = A lapse rate in excess of the dry adiabatic lapse rate.
W = A positive lapse rate that 1s less than the dry adiabatic lapse rate.
I = A temperature increase with height.
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TABLE XV

THE ASSOCIATION OF TEMPERATURE-LAPSE RATES WITH WIND DIRECTION
AT THE ENRICO FERMI SITE

1 June 1957 - 31 August 1957
(Summer)

Wind Hourly Lapse Rates Compeass g:igzzchEOgoﬁggzz gii:isa;oi
Direction S 7 T Totals Sa Given Wiqg Direction -
N 31 T 13 51 60.8 13.7 25.5
NNE 3L 5 32 71 L7.9 7.0 hs5.1
NE 58 1 25 8ly 69.0 1.2 29.8
ENE 78 2 8 88 88.6 2.3 9.1
E 51 5 6 62 82.2 8.1 9.7
ESE 50 21 10 81 61.7 25.9 12.4
SE 22 1L 37 73 30.2 19.2 50.6
SSE 35 21 L2 98 35.7 21.h4 42,9
S 56 28 36 120 L6, 7 23.3 30.0
SSW 91 22 11 12k 73,4 17.7 8.9
SW 102 25 11 138 7%.9 18.1 8.0
WSW 108 6 10 12k 87.1 4.8 8.1
W 100 9 14 123 81.3 7.3 1.k
WNW 96 in 18 118 81.% 3.k 15.3
W 62 5 9 76 8la§ 6.6 11.8
NNW 5k 1 6 61 88.5 1.6 9.9
Calm 0 0 1 1 0.0 0.0 100.0

Totals 1028 176 289 1493

Code:
S = A lapse rate in excess of the dry adlabatic lapse rate.
W = A positive lapse rate that 1s less than the dry adiabatic lapse rate.
I = A temperature increase with height.
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TABLE XVI

THE ASSOCIATION OF TEMPERATURE -LAPSE RATES WITH WIND DIRECTION
AT THE ENRICO FERMI SITE

1 September 1957 - 30 November 1957

(Fall)
Wind Hourly Lapse Rates Compass i:EEZSECZngoggizz §§:Zisa;oi
Direction S - T Totals Sa Given Wiq& Direction -
N 82 8 T 97 8k.5 8.3 7.2
NNE 30 2 14 L6 65.3 L.h 30.3
NE ol 1 12 107 87.9 0.9 11.2
ENE 5k L 12 70 77.1 5.7 17.2
E 19 2 9 30 63.3 6.7 30,0
ESE 59 L 16 79 Th.6 5.1 20.3
SE 3% 3 12 L8 68.7 6.3 25.0
SSE 56 11 2l 91 61.5 12.1 26.k
S 68 6 12 86 79.0 7.0 14,0
SSW 118 12 25 155 76.2 7.7 16.1
SW 77 13 25 115 66.9 11.3 21.8
WSW 125 17 1k 156 80.1 10.9 9.0
W 37 3 28 68 5h. b e h1.2
WINW T4 5 25 104 71.2 4.8 2L.0
NW 90 6 9 105 85.7 5.7 8.6
NINW 122 1 17 140 87.2 0.7 12.1
Calm __ 6 o _o __ 6 100.0 0.0 0.0
Totals 11hk 98 261 1503
Code:
S = A lapse rate in excess of the dry adlabatic lapse rate.
W = A positive lapse rate that 1s less than the dry adiabatic lapse rate.
I = A temperature increase with height.
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TABLE XVIT

THE ASSOCIATION OF TEMPERATURE-LAPSE RATES WITH WIND DIRECTION
AT THE ENRICO FERMI SITE

1 December 1956 - 30 November 1957
(Annual Summary)

Wind Hourly Lapse Rates Compass £:§2:§30Z5020i;§:: ??2:§sa§oi
Direction S - . Totals Sa Given Wip% Direction -
N 209 21 Lo 270 TT. 4 7.8 14.8
NNE 228 29 T3 330 69.1 8.8 22,1
NE 366 26 57 L9 81.5 5.8 12,7
ENE 350 33 Ly Lot 82.0 7.7 10.53
E 220 33 50 30% 72.6 10.9 16.5
ESE 23h 57 7 368 63.6 15.5 20.9
SE 124 3h 125 28% 43.8 12,0 L, 2
SSE 145 50 17 3h2 Lo, L 1h.6 43,0
S 171 8L 123 378 45.2 22.2 32,5
SSW 326 104 136 566 57.6 18.L4 2k.o
SW 329 166 112 607 5h.2 27.3 18.5
WSW 500 170 85 755 66.2 22.5 11.3%
W 310 %9 82 L8k 64,0 19.0 16.9
WNW b1t 67 T7 555 Th.1 12.1 13,9
NW 311 51 L6 Lo8 76.2 12.5 11.3
NNW 266 33 Ly 3h3% 7705 9.6 12.8
Calm 10 7 5 22 45,5 31.8 22.7

Totals 4510 1057 1323 6890

Code:
S = A lapse rate in excess of the dry adiabatic lapse rate.
W = A positive lapse rate that is less than the dry adlabatic lapse rate.
I = A temperature increase with height.
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likely to occur in the fall.

The following features are evident from Fig. 11 and the five associated
tables. During the winter, inversions were relatively more frequent with SE
and SSE winds than with any other wind direction. This effect 1s present, de-
spite the relative warmth of the lake at this time, mainly because there were
two prolonged inversions due to warm spells 25°F and 27°F above normal tempera-
tures. During the spring the influence of the comparatively cold lake is very
pronounced with a high relative frequency of inversions when winds are from the
SE through SW. This effect ig less pronounced in summer since only in June is
the lake relatively cold, but the association of inversions with SE and SSE
winds is still present. During the fall, scarcely any pattern emerges, presum-
ably because the comparatively warm lake temperature does not promote the forma-
tion of inversions. The association of strong lapse rates with wind direction
is essentially a complementary picture to that of inversions. Strong lapse
rates occur least frequently with winds from the SE through S and most frequently
with winds from the W through N to NE. However, as in the case of the associa-
tion of inversions with wind direction, the pattern is not very evident during
the fall.

7. SUMMARY

The inversion climatology of the Enrico Fermi site apparently differs from
that of inland stations such as the WJBK-TV tower in a number of ways. The sa-
lient features of these differences are enumerated below.

a. Inversion conditions are more frequent at the WJBK-TV tower than at
the Enrico Fermi site. Although this difference appears at all seasons, it is
most noticeable in the fall when inversions are about twice as frequent at the
TV tower as at the plant site,

b. Most of the inversions that occur at the TV tower are of the nocturnal
type which is associated with light winds and poor diffusion conditions. On
the other hand, three distinct types of inversions occur at the Enrico Fermi
site, namely, nocturnal, circulation, and lake breeze. The latter two types of
inversions which represent more than half of all the inversions are associlated
with wind speeds greater than or equal to 10 mph, i.e., they do not necessarily
imply the poorest type of diffusion conditions.

¢. Circulation inversions at the plant site may persist for over two days
or as long as extremely warm air crosses Lake Erie from the south. Circulation
inversions are most probable in the months of April, May, aud June, and least
probable in the fall.
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IT. ANALYSIS OF WIND DATA

1. INTRODUCTION

The second progress report included a discussion of the winds observed at
the Enrico Fermi site during the winter and spring of 1956-57. The present re-
port extends this analysis through the summer and fall of 1957 with some remarks
about annual wind statistics and some inter-seasonal comparisons. The wind rec-
ords for the plant site are compared with current observations at Toledo and
Detroit, and to a 5-year record at Toledo Municipal Airport.

In earlier progress reports reference has been made to the unfortunate bias
which persists in the wind records for Detroit City Airport. This bias takes
the form of an apparently greater frequency of the winds from the 8 cardinal com=-
pass points than from the intermediate points. Although a bias of this type
does not generally appear in the record at Toledo,* it is all too common in wind
observations across the country. In the course of other research at the Meteor-
logical ILaboratory, a method has been developed for taking a biased wind record,
such as that at Detroit, and converting it into a good approximation of what the
unbiased record should be. This method is described in detail in Appendix A,
By means of this method, the reported wind occurrences at Detroit City Airport
which appear in Tables XX, XXV, XXX, XXXV, and XL for the period 1 December 1956
to 30 November 1957 have been converted into an unbiased record. The unbiased
record 1s presented in Tables XXI, XXVI XXXI, XXXVI, and XLI. Although the evi-
dence of bias was not great for the winter season, it was very strong for the
other three seasons and for the annual summary. In the discussion which follows,
the Detroit City Airport wind-direction frequencigg referred to will be the com-
puted unbiased record of Tables XXT, XXVI, XXXI, XXXVI, and XLI. -

2. WIND DIRECTIONS AT THE ENRICO FERMI SITE

The discussion of wind-direction statistics will be carried on in relation
to the population centers of interest in the manner of earlier progress reports.
For convenience in interpretation, a topographic map of the site and surround-
ings is reproduced in Fig. 12. The actual records of winds at the Enrico Fermi
site, Toledo Express Airport, Detroit City Airport, and the 5-year reference
record at Toledo Municipal Airport followed by a windrose presentation of the
same data appear on successive pages grouped according to seasons. These are
Tables XVIII - XLII, and Figs. 13-17. Although the records for winter and
spring are repeated in this report to provide a complete record for a year, the

*The Toledo record for the fall of 1957 appears to be bilased.
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TABLE XVIII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Enrico Fermi Site
(Aerovane at height of 102 ft)
1 December 1956 - 28 February 1957

(Winter)
Speed, mph Total
Wind 25 Total | Observations Mean Speeq
Direction | 0-3 L4-12 13-24 and L4 and % . b % of Over-
Qver Over o P all Mean

N 0.1 1.7 1.2 0.6 3.5 3.6 78 1k.5 111
NNE 0.2 1.2 1.7 655 3.4 3.6 76 15.k 118
NE 0.3 1.0 3.9 0.5 5.k 5.6 120 16.8 128
ENE 0.2 1.3 1.2 2.5 2.7 60 12.2 9%
E 0.3 1.0 1.2 2.2 2.5 54 12,0 92
ESE 0.1 1.9 1.0 2.9 3.0 6 11.5 88
SE 0.3 1.6 1.0 2.6 2.9 63 10.8 82
SSE 0.1 1.1 0.9 2.0 2.1 b6 12,1 92
S 0.2 1.8 2.1 0.1 L.o L.2 89 13.2 101
SsW 0.2 2.7 5.7 0.3 8.7 8.9 195 15.3 117
SW 0.3 3.7 7.0 0.1 10.8 11.1 240 12.9 98
WSW 0.2 7.5 6.9 b 14,6 315 1.6 111
W 0.5 5.k L.3 0.1 9.8 10.3 223 12,4 95
WNW 0.5 5.1 L4.1 0.1 9.3 9.8 213 12,3 ok
W 0.7 5.1 2.6 0.1 7.8 8.5 18; 10.9 83
NIW 0.1 3.6 2.k 6.0 6.1 131 12,0 93
Calm 0.6 0.6 12 0.0

Totals 4.8 45.7 k7.2 2.4k 95.3 100.1 2160

Mean 13.1 100
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TABLE XIX

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Express Airport
(Wind instruments at height of 72 ft)
1 December 1956 - 28 February 1957

(Winter)

Wind S mpg5 Total Obs§;32%ions Mean Speed
Direction | 0-3 -L-12 13-2k ggir gvzgd % No. | mph %aii ;Z:z-
N 0.3 3.1 2.0 5.2 5.5 118 10.8 10k
NNE 0.1 2.1 1.k 3.6 3.7 80 11.0 106
NE 0.2 2.6 1.1 3.7 3.9 85 10.0 96
ENE o4 2,0 0.7 2.7 3,1 68 9.0 86
E ok 2.4 0.8 3.2 3.6 T7 9.1 87
ESE 0.5 2.1 0.3 2.4 2.8 61 7.5 58
SE 0.% 1.9 1.9 2.3 50 6.0 58
SSE 0.6 2.5 0.2 2.7 3.3 71 7.k 71
S O.b k4.3 1.9 6.2 6.6 142 10.0 96
SSW 0.3 2.9 3.5 0.2 6.6 6.9 w8  12.6 121
SW 0.2 5.5 6.1 0.1 11.8 11.9 258  12.9 124
WSW 0.2 8.8 T.k 0.1 16.3 16.5 357 11.9 11k
W 0.1 5.3 2.7 8.0 8.1 175 10.8 10k
WNW L.h 2,0 6.5 6.5 141 10.k 100
W 0.3 4.8 1.7 6.5 6.9 148 9.9 95
NNW 0.5 3.8 1.k 5oé 5.7 12% 9, 91

Calm 2.7 2.7 58 0.0
Totals 7.6 58.5 33.2 0.4 92.5 100.0 2160
Mean 10.k 100
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TABLE XX

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Detroit City Airport

(Wind instruments at height of 81 ft)
1 December 1956 - 28 February 1957

(Winter)
Wind =peed, mp25 Total OszS::iions Mean Speed
Direction | 0-3 L4-12 13-24 and 4 and % of Over-
Over Over | © Moo Jmoh "oy peon

N 0.7 6.7 3.8 10.5 11.2 243 10.L4 ok
NNE 0.3 2.5 1.2 3.8 L.1 88 10.2 92
NE 0.6 1.3 0.k 1.7 2.3 h9 7.7 69
ENE 0.1 2.7 0.4 3.1 3.2 69 8.9 80
E 0.7 3.3 0.3 3.6 L.z 93 7.0 63
ESE 0.3 1.k 0.0 1.1l 1.7 37 6.9 62
SE 0.1 2.% 0.1 2.5 2.7 58 6.6 59
SSE 0.1 3.5 0.3 3.8 3.9 85 8.0 72
S 0.5 5.1 2.1 7.3 7.8 168 10.1 91
SSW 0.0 2.0 2.8 b9 k9 105 12.6 113
SW 0.1 L7 6.9 0.2 11..8 11.9 257  13.3 120
WSW 0.0 3.3 3.7 7.0 7.0 151 12.5 113
W 0.1 5.8 5.8 0.3 11.6 11.7 253 12,1 109
WINW 0.2 2.5 5.8 0.1 8.7 8.8 191 1h.0 126
W 0.5 bbb 3,6 8.1 8.6 186  11.6 10k
NIVW 0.2 2.2 2.8 5;0 5.2 112 12.6 113
Calm 0.7 0.7 15 0.0

Totals 5.2 53.9 40.0 0.6 9L.8 100.0 2160

Mean 11.1 100
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TABLE XXT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS,
BIASED AND UNBIASED

Detroit City Airport
1 December 1956 - 28 February 1957

(Winter)
Wind : Total Observations :

Direction No%lased Record% Ng?blased Recor%
N 2h3 11.2 190 8.8
NIE 88 L.l 108 5.0
NE L9 2.3 L 2.0
ENE 69 5.2 7L 3.3
E 93 h.3 81 3.8
ESE 37 1.7 te) 1.9
SE 58 2.7 W7 2.2
SSE 85 3.9 ol L.k
S 168 7.8 136 6.3
SsW 105 4.9 156 7.2
SW o57 11.9 199 9.2
WSW 151 7.0 o1bh 9.9
W 253 11.7 219 10.1
WINW 191 8.8 e2e 10.3
W 186 8.6 158 7.5
NNW 112 5.2 164 7.6
Calm 15 0.7 15 0.7
Totals 2160 100.0 2160 100.0
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TABLE XXIT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Municipal Airport
(Wind instruments at heignt of 47 ft)
1 January 1950 - 31 December 195k
(Winter Seasons)

Speed, mph Total

Wind 25 Total | Observations Mean Speed
Direction | 0-3 L-12 13-24 gggr gv:2d % No. | mph %aii ;;:i-
N 0.3 2.3 1.0 3.4 3.6 395  10.1 78
NNE 0.1 1.8 1.6 0.1 3.4 3.6 385  12.h 96
NE 0.2 1.9 1.8 0.1 38 Lko k32 12.3 95
ENE 0.2 2.1 2.8 0.k 5.3 3.5 501 1hk.3 111
E 0.3 2.6 1.k L.o k.3 LéT  10.1 78
ESE 0.2 2.0 0.6 2.5 2.8 301 9.1 yal
SE 0.3 2.3 0.7 3.0 3.3 32 8.9 69
SSE 0.2 2.2 1.3 3.6 3.8 b1 11.1 86
S 0.k 3.2 3L 0.2 6.8 7.2 777 12.9 100
SSW 0.2 4.8 6.5 0.8 12.1 12.3 1330 14.5 112
SwW 0.3 5.7 7.1 1.0 13.8 1k.1 152k 14,1 109
WSW 0.3 5.k 6.6 1.0 12.9 13.2 1k29 1h.0 109
W 0.3 3.6 2.9 0.2 6.8 7.2 T 12,1 ok
WNW 0.1 2.6 3.5 0.5 6.7 6.8 732 1k.3 111
NW 0.2 2.1 2.7 0.2 50 53 570 1%5 105
NIW 0.1 1.2 2.2 0.1 2.6 2.7 295 12.5 97
Calm 0.5 0.5 59 0.0
Totals 3.9 u45.8 h5.1 .7 95.6 100.0 1082k
Mean 12.9 100
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TABLE XXTIII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Enrico Fermi Site
(Aerovane at height of 102 ft)
1 March 1957 ~ 31 May 1957

(Spring)
Wind S mpg5 Total Obsz;EZiions Mean Speed
Direction | 0-3 L4-12 13-24 ggir gV:2d % No. | mph *%;ii ggzz_
N 0.1 1.4 1.5 2.9 3.0 67 13.2 92
NNE 0.1 2.7 3.8 0.1 6.6 6.7 149 1k.3 99
NE 0.1 2.1 k8 0.3 7.2 7.3 161 15.6 108
ENE 0.1 2.6 6.2 1.0 9.8 .9 220  16.6 115
E 0.2 2.0 3.7 1.5 7.2 7.k 162 18.6 129
ESE 0.1 2.8 3.5 0.1 6.4 6 L 13.9 97
SE 0.1 2.3 2.2 0.2 L.7 L, 105  13.7 95
SSE 0.2 Lo 1.2 0.1 5.3 55 120 10.3 72
S 0.3 2.8 1.k L2 k5 99  11.0 76
SSW 0.2 2.8 2.2 0.1 5.1 5.3 11k 12,4 87
SwW 0.1 2.6 L.5 7.1 7.2 159 1k.5 101
WSW 0.3 3.0 L.9 1.5 9.k 9.7 21k 16.3 113
W 0.1 3.7 2.5 0.5 6.7 6.8 151 13.4 93
WNW 0.1 3.1 5.6 8.7 8.8 195  1hk.6 101
W 0.2 1.6 2.k 0.1 k4.1 L. 3 ok 1k,0 97
NNW 0.1 1.7 0.5 2u2. 2.3 50  10.1 70
Calm 0.2 0.2 5 0.0
Totals 2.6 L4l.2 50.9 5.5 97.6 100.2 2207
Mean 1h.k 100
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TABLE XXIV

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Express Airport
(Wind instruments at height of 72 ft)

1 March 1957 - 31 May 1957

(Spring)

Wind S mp25 Total Obszst:%ions Mean Speed 4
Direction | 0-3 L4-12 13-24 g:ir gvzgd % No. | mph %aii §Z:§-
N 0.1 3.4 1.5 L.8 L.9 109 9.9 82
NE 0.2 3.3 2.3 5.6 5.8 129 11.2 92
NE 0.3 L.,0 1.7 5.7 5.9 131 10.0 83
ENE 0.1 L.6 4.3 0.1 9.0 9.1 202 12.2 101
E 0.3 5.0 L.,3 0.k 9.8 10.1 222 12.5 103
ESE o.b 3.2 0.6 3.8 L.2 92 8.6 71
SE 0.2 1.6 0.k 1.9 2.1 L7 9.0 Th
SSE 0.1 2.6 1.6 L3 L.h 97 11.5 95
S 3.8 2.2 6.0 6,0 133 10.9 90
SSW 2.2 2.0 0.1 L.3 L.3 ok 12.9 107
SW 2.5 5.4 0.6 8.5 8.6 189  15.k4 127
WSW 0.2 3.8 4.8 1.6 10.1 10.k4 229  16.3 135
W 0.1 4.9 2.8 0.2 8.0 8.1 178 11.9 98
WNW 0.2 k4.3 3.2 7.6 7.7 171 11.h ol
NW 0.2 2.7 1.9 L.6 L.8 106 11.0 91
NNW 0.2 1.9 1.0 209 3.1 69 9.7 80

Calm 0.5 0.5 10 0.0
Totals 3.1 53.8 L0.0 3.0 96.9 100.0 2208
Mean 12,1 100
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TABLE XXV

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Detroit City Airport
(Wind instruments at height of 81 ft)
1 March 1957 ~ 31 May 1957

(Spring)
Wind = mp25 Total Obszgzztions Mean Speed
Direction | 0-3 L-12 13-24 and 4 and % of Over-
Over Over % No. mph all Mean

N 0.6 6.2 3.5 9.7 10.k4 228  10.3 93
NNE 0.2 L.,3 1.5 5.8 6.0 132 10.2 92
NE 0.8 3,3 1.9 5.2 6.0 133 9.6 86
ENE 0.2 k.6 2.0 6.6 6.8 151 10.2 92
E 0.5 7.7 1.8 9.6 10.2 22l 9.5 86
ESE 0.2 2.9 0.9 3.8 L.o 88 9.9 89
SE 0.6 3.8 0.5 L.3 L.9 109 T.kh 67
SSE 0.1 2.k 0.9 3.k 3.4 76 9.3 8l
S 0.2 7.1 1.5 8.6 8.9 195 9.0 81
SSW 1.7 1.6 3,53 3.0 Th 10.3 93
SW 1.h 3.8 1.0 6.2 6.2 137 15.0 135
WSW 1.3 2.7 0.3 L.3 4.3 96 15.6 141
W 0.k 3.8 L.o 0.4 8.3 8.6 192 13.0 117
WIW 0.1 2.1 L7 0.5 7.1 7.2 158 14.8 133
W 0.2 3.2 3.,k 6.7 6.9 152 12.2 110
NNW 1.2 1.0 2.1 2.1 b7 12.1 109
Calm 0.7 0.7 16 0,0

Totals 4.8 57.1 35.7 2.1 95.0 100.0 2208

Mean 11.1 100
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TABIE XXVI

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS,
BIASED AND UNBIASED

Detroit City Airport
1 March 1957 - 31 May 1957

(Spring)
Wind : Total Observations :

Direction NO]'Blased Record% Nglilblased Recor%
N 228 10. k4 170 ‘ 7.7
NNE 132 6.0 180 8.2
NE 133 6.0 119 5.4
ENE 151 6.8 179 8.1
E 22k 10.2 189 8.6
ESE 88 4.0 118 5.3
SE 109 4.9 83 3.8
SSE 76 3.4 111 5.0
S 195 8.9 1hk 6.5
Ssw Th 3.4 115 5.2
SW 137 6.2 104 L.7
WSW 96 4.3 123 5.6
W 192 8.6 168 7.6
WINW 158 7.2 196 8.9
W 152 6.9 121 5.5
NIW L7 2.1 72 3.3
Calm 16 0.7 16 0.7
Totals 2208 100.0 2208 100.1
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TABLE XXVII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Municipal Airport
(Wind instruments at height of 47 ft)
1 January 1950 - 31 December 1954

(Spring Seasons)

Wind =S mp25 Total Obszgtziions Mean Speed
Direction | 0-3 L4-12 13-24 gzgr gvzgd % No. | mph %aii a;;i-
N 0.3 2.9 1.0 3.9 L2 L8 9.1 72
NNE 0.1 1.9 1.2 3.1 3.2 351 11.1 87
NE 0.2 3.0 2.7 5.8 6.0 667 11.8 93
ENE 0.2 k1 6.5 0.7 11.2 11.h 1258 14.6 115
E o.b 3.8 3.0 0.1 6.9 7.3 811  11.k 90
ESE 0.2 2.2 0.7 3.0 3.2 350 9.k Th
SE 0.3 2.3 0.5 2.7 3.0 332 8.4 66
SSE 0.2 1.8 0.9 0.1 2.7 2.9 323  11.0 87
S 0.3 2.9 1.8 0.2 Lh.,9 5.5 582 11.7 92
SSW 0.2 3.1 3.5 0.L 7.0 7.2 796 13.7 108
SW 0.4 L.8 L.k 0.7 9.8 10.2 1127 13.3 105
WSW 0.3 L.2 5.4 0.9 10.4 10.8 1189 1k.3 113
W 0.2 3.6 3.7 0.b 7.7 8.0 881  13.h 106
WNW 0.3 2.h L.7 0.k 7.6 7.8 865 1L.9 117
NW 0.1 2.2 3.1 0.3 5.6 5.8 636  14.0 110
NIW 0.2 1.7 0.8 0.1 2.6 2.8 307 1.0.6 83

Calm 0.9 0.9 97 0.0
Totals 3.9 U46.9 L3.9 L.3 95.2 100.0 11040
Mean 12.7 100
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Fig. 1h. Percentage frequency of occurrence of winds from 16 directions and
corresponding wind speed in mph at Toledo Municipal Airport, Spring Seasons,
1950-1954; Detroit 'City Airport, Toledo Express Airport, and Enrico Fermi
site, Spring, 1957.
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TABLE XXVIII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Enrico Fermi Site
(Aerovane at height of 102 ft)
1 June 1957 - 31 August 1957

(Summer)
Wind _—— mpg5 Total Osz;§Ziions Mean Speed
Direction | 0-3 L-12 13-24 gnd g and % No. | mph % ii ager—
ver ver a an
N 0.3 L.0 0.3 L.3 L.6 101 8.2 79
NNE 0.6 3.1 1.1 L.2 L.8 106 9.6 92
NE 0.1 1.8 2.8 L.6 L7 105 14,0 135
ENE 0.2 3.2 3.k 6.6 6.8 150 13.0 125
E 0.5 3.6 1.7 5.3 5.8 129  10.5 101
ESE 0.5 2.9 2.0 .9 5.4 120  11.h 110
SE 0.3 3.5 1.k 4.9 5.2 114 10.5 101
SSE 0.1 6.7 1.2 7.9 8.0 177 9.k 90
S 0.2 5.6 1.k 7.0 7.2 159 9.8 Ok
SSW 0.3 L.9 1.7 6.6 6.9 152  10.3 99
SW 0.k 5.2 2.0 7.2 7.6 167 10.h4 100
WSW 0.3 5.1 1.9 7.0 7.3 163 10.5 101
W 0.5 5.k 2.0 0.1 7.5 8.0 177 10.4 100
WNW 0.3 5.1 1.6 0.2 6.9 7.2 159  10.7 103
W 0.1 k.2 0.7 L.9 5.0 111 9.3 89
NNW 0.3 L.k 0.5 h.9 5.2 116 8.6 83
Calm 0.1 0.1 2 0.0
Totals 5.1 68.7 25.7 0.3 9k.7 99.8 2208
Mean 10.4 100
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TABLE XXIX

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Express Airport
(Wind instruments at height of 72 ft)
1 June 1957 - 31 August 1957

(Summer)
Wind S mpgs Total ObsngZtions Mean Speed
Direction | 0-3 L-12 13-24 gs:r gvzgd % No. | mph %aii g;:i-

N 0.6 5.8 1.2 7.0 7.6 167 9.1 oL
NNE 0. L7 0.8 5.5 6.1 136 8.7 90
NE 0.5 3.9 1.0 h.9 5.k 121 9.3 96
ENE 0.6 k4.8 1.5 6.3 6.9 152 9.7 100
E 0.6 L.,7 1.1 NS 6.4 L2 9.2 95
ESE 0.4 3.8 0.2 k.o bk 97 7.9 81
SE 0.5 2.4 0.1 2.5 3.0 67 7.1 73
SSE 0.2 2.3 0.2 2.5 2.7 61 8.3 86
S 0.3 4.9 1.1 6.0 6.3 140 9.6 99
SSW 0.4 L2 2,0 6.2 6.6 145 10.8 111
SW 0.3 5.7 3.1 0.1 8.9 9.2 205 11.5 119
WSW 0.6 6.6 3.8 0.1 10.5 1l.1 2k6  11.5 119
W 0.2 Lh.2 2.k 6.6 6.8 150 11.h 118
WINW 0.4 5.1 1.8 6.9 7.3 161 10.3 106
NW 0.7 2.7 0.6 3.3 k4.0 9 8.5 88
NNW o.b 3.7 0.5 uaé h.6 102 8.7 90
Calm 1.3 1.3 28 0.0

Totals 8.6 69.5 21.k 0.2 91.1 99.7 2208

Mean 9.7 100
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TABLE XXX

PERCENTAGE FREQUENCY OF OCCURRENCE COF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Detroit City Airport
(Wind instruments at height of 81 ft)
1 June 1957 - 31 August 1957

(Summer)

Wind Speea’vmp25 Total Obszg:Ziions Mean Speed
Direction | 0-3 L-12 13-2k gtzr gv:?d % No. | umph %aii §ZZ£-
N 1.6 6.6 1.6 8.2 9.8 216 8.6 8L
NNE 0.6 L.3 1.4k 5.7 . 6.3 142 9.7 95
NE 1.0 3.3 0.7 k.o 5.0 109 8.3 81
ENE 0.2 3.5 1.3 4.8 5.0 110 10.5 103
E 0.8 5.5 1.1 6.6 7.4 16k 8.8 86
ESE 0.1 3.7 0.5 h.2 L.3 ol 9.2 90
SE 0.9 3.8 0.3 L1 5.0 110 7.5 Th
SSE 0.2 1. 0.5 1.9 2.1 L6 9.6 ol
S 0.6 8.8 2.3 11.1 11.7 259 9.7 95
SSW 2.b 1.6 L.o L.o 88 12.3 121
SwW 0.5 3.6 2.6 6.2 6.7 19 11.6 11k
WSW 0.1 1.7 2.2 3.9 L.o 86 13.8 135
1 0.6 L, 7 L.2 0.2 9.1 9.7 212 12.4 122
WNW 0.1 2987 2.2 0.7 5.7 5.8 126 14.6 143
NW 0.6 L. 2.2 6.7 7.3 162  10.5 103
NINW 0.k 2.6 1.1 5;7 L1 91 10.1 99
Calm 2.0 2.0 Ly 0.0 L

Totals 10.3 63.2 25.8 0.9 89.9 100.2 2208
Mean 10.2 100
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TABLE XXXT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS,
BIASED AND UNBIASED

Detroit City Airport
1 June 1957 - 31 August 1957
(Summer)

Wind Total Observations .

Direction Noéiased Record% Ng?blased Recor%
N 216 9.8 181 8.2
NNE 142 6.3 166 7.5
NE 109 5.0 101 L.6
ENE 110 5.0 121 5.5
E 164 7.4 143 6.5
ESE ol L.3 120 5.k
SE 110 5.0 81 3.7
SSE L6 2.1 86 3.9
S 259 11.7 17h 7.9
SSW 88 L.o 169 7.7
SW 149 6.7 109 L.9
WSW 86 4.0 120 5.4
W 212 9.7 167 7.6
WNW 126 5.8 173 7.8
W 162 7.3 128 5.8
NNW 91 L1 125 5.7
Calm by 2.0 bk 2.0
Totals 2208 100.2 2208 100.1
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TABLE XXXII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Municipal Airport
(Wind instruments at height of 47 ft)
1 January 1950 - 31 December 1954

(Summer Seasons)

Wind Ppeeds mpg5 Total ObszitZ%ions Mean Speed
Direction | 0-3 L4-12 13-24 and L4 and % of Over-
: Over OQver % No. mph all Mean
il 0.7 3.3 0.6 3.9 L6 “09 91
NNE 0.3 2.4 0.8 3.2 3.5 391 9.1 106
NE 0.6 3.7 1.3 5.0 5.6 619 1 106
ENE 0.6 L9 2.2 7.1 7.7 89 9.9 115
E 0.7 L.1 0.6 L7 5.4 60/ 7.7 90
ESE 0.k, 2.5 0.1 2.6 3.0 330 6.4 Th
SE 0.7 3.3 0.1 3.5 b1 L56 6.0 70
SSE 0.6 2.9 0.3 3.2 3.8 L16 6.7 78
S 0.7 5.2 0.7 5.9 6.6 727 .6 88
SSW 0.7 6.6 2.k 0.1 9.1 9.8 1086 9.7 113
SW 1.1 9.0 3.1 0.1 12.2 13,3 1h63 9.1 106
WSW 0.7 5.5 2.6 0.1 82 89 973 9.7 11%
W 0.8 L.1 1.k 5.5 6.3 705 8.8 102
WNW 0.5 3.8 2.1 5.9 6.4 721 10.5 122
W 0.7 2.9 1.3 L.2 h.9 545 9.3 108
NNW 0.5 2.2 0.8 3.0 3.5 39h 8.8 102
Calm 2.3 2.3 252 0.0 L
Totals 12.6 66.4 20.k 0.3 87.1 99.7 110k0
Mean 8.6 100
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Fig. 15. Percentage frequency of occurrence of winds from 16 directions and
corresponding wind speed in mph at Toledo Municipal Airport, Summer Seasons,

1950-1954; Detroit City Airport, Toledo Express Alrport, and Enrico Fermi
site, Summer, 1957.
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TABLE XXXITI

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Enrico Fermi Site
(Aerovane at height of 102 ft)
1 September 1957 - 30 November 1957

(Fall)
Wind Speeds mp25 Total Osz;EZiions Mean Speed
Direction | 0-3 L-12 13-24 gzgr gviid % No. | mph %aii zgzz-
N 0.1 3.8 1.0 4.8 4.9 103 9.8 81
NNE 0.1 2.1 0.3 2.4 2.5 52 8.8 73
NE 0.0 2.1 3.6 5.7 5.7 121 1k4.5 120
ENE 0,1 2.6 3.1 5.7 5.8 121 13.5 112
E 0.0 2.0 0.9 0.1 3.0 5.0 6 11.6 96
ESE 0.2 3.8 1.0 L.8 5.0 105 9.7 80
SE 0.1 1.7 0.8 0.3 2.8 2.9 60 12.5 103
SSE 0.1 3.6 1.7 0.4 5.7 5.8 122 12.2 101
S 0.1 3. 1.6 5.0 5.1 108 11.1 92
SSW 0.3 5.2 3.2 0.0 8.4 8.7 186 13.5 112
SW 0.3 k4.8 3.8 0.2 8.8 9.1 195 12.7 105
WSW 0.4 4,7 5.4 2.3 12.4 12.8 267 16.0 132
W 0.2 3.1 2,0 5.1 5.3 112 11.6 96
WINW 0.1 5.1 1.5 6.6 6.7 140 10.2 84
W 0.2 4.8 1.9 6.7 6.9 47 10.6 88
NNW 0.1 7.2 1.9 9u24 9.3 196 10.0 83
Calm 0.3 0.3 7 0.0
Totals 2.7 60.1 33.7 3.3 97.0 99.8 210k
Mean 12.1 100
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TABLE XXXTIV

PERCENTAGE FREQUENCY OF OCCURRENCE COF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

‘ Toledo Express Airport
(Wind instruments at height of 72 ft)
1 September 1957 - 30 November 1957

(Fall)

Wind Zeeeds mp25 Total Obszgt:%ions Mean Speed
Direction | 0-3 L-12 13-24 gr;:r gv:;ld % No. | mph %azil‘ ﬁ;rzz-
N 0.8 8.2 0.5 8.7 9.5 208 8.0 81
NNE 0.3 3.8 0.4 L.2 L.5 98 8.5 86
NE 0.4 k4.5 0.5 5.0 5.k 118 8.k 85
ENE 0.3 3.1 0.8 3.9 Lo 91 9f5 96
E 0.3 L.3 0.8 5.1 5.4 117 9.2 93
ESE 0.k 1.6 1.6 2.0 L5 6;7 68
SE 0.2 2.4 0.0 2.h 2.6 57 7.7 78
SSE 0.0 3.0 0.9 3.9 3.9 86 10.h 105
S 0.7 5.8 1.6 T4 8.1 177 9.6 97
SSW 0.3 L5 1.5 0.1 6.1 6.4 139 10.5 106
SW 0.1 6.5 L.k 0.3 11.2 11.3 2h7  12.6 127
WSW 0.1 6.0 3.7 0.6 10.3 10.k 229 12.8 129
W 0.k k.3 2.5 0.3 7.1 7.5 16k 12,0 121
WNW .3 k.0 0.9 L.9 5.2 11k 9.5 96
W 0.6 6.3 0.6 6.9 7.5 16k 8.3 8l
NINW 0.2 L.6 0.6 5.2 5.4 118 8.9 90

Calm 0.5 0.5 12 0.0
Totals 5.9 72.9 19.7 1.3 93.9 99.8 218k
Mean 9.9 100




TABLE XXXV

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Detroit City Airport
(Wind instruments at height of 81 ft)
1 September 1957 - 30 November 1957

(Fall)
Wind 2Reets mpg5 Total Obszgiiiions Mean Speed
Direction | 0-3 k4-12 13-24 and 4 and % of Over-
QOver OQver % No. mph all Mean

N 1.7 7.7 2.7 10.4  12.1 26k 9.k 81
NNE 0.5 2.2 0.3 2.5 3.0 66 7.8 67
NE 1.0 2.9 0.8 3.7 L7 103 8.5 73
ENE 0.2 2.1 0.7 2.8 3.0 67  10.0 86
E 1.k 2.8 0.5 3.7 7 102 7.1 61
ESE 0.3 1.5 0.1 1.6 1.9 b1 7.6 66
SE 0.4 3.2 0.6 3.8 L.2 91 9.0 78
SSE 0.2 3.2 0.7 0.1 k.o L.2 90 9.8 85
S 0.3 6.0 2.4 0.1 8.5 8.8 191 10.8 93
SSW 0.2 1.6 2.5 L1 L.3 96  13.7 118
SW 0.3 L.6 6.9 1.5 13.0 13.3 287  15.7 135
WSW 0.1 2.7 L.2 0.3 7.2 7.3 159  14.8 128
W 0.2 3.2 3.1 0.1 6.4 6.6 13 12.9 111
WNW 0.2 2.1 2.9 0.3 5.5 5.5 120 1k4.3 12%
W 0.5 k.9 3.6 0.2 8.7 9.2 200 12,1 10k
NNW 0.5 2.6 3.1 0.1 5.8 6.3 137  12.7 110
Calm 1.2 1.2 27 0.0

Totals 9.2 53.3 35.1 2.7 91.1 100.3 2184

Mean 11.6 100




TABLE XXXVI

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS,
BIASED AND UNBIASED

Detroit City Airport
1 September 1957 - 30 November: 1957

(Fall)
Wind Total Observations
Direction Biased Record Unbiased Record
No. % No. %

N 264 ‘. 12.1 195 8.9
NNE 66 3.0 102 L.7
NE 103 L7 78 3.6
ENE 67 3.0 87 L.o
E 102 L.7 79 3.7
ESE L1 1.9 77 3.5
SE 91 L.2 70 5.2
SSE 90 L.2 92 L.2
S 191 8.8 1h5 6.6
SSW 96 L.3 160 7.3
sw 287 13.3 206 10.3
WSW 159 7.3 210 9.6
W 143 6.6 125 5.6
WNW 120 5.5 130 6.0
NW 200 9.2 165 7.6
NNW 137 6.3 218 10.0
Calm 27 1.2 27 1.2
Totals 218k 100.3 218 100.0
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TABLE XXXVII

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Municipal Airport

(Wind instruments at height of 47 ft)
1 January 1950 - 31 December 1954
(Fall Seasons)

Wind ~Rests mp25 Total Osz;zziions Mean Speed
Direction | 0-3 L-12 13-2L gszr gviid % No. | mph %aii ﬁZZi'
N 0.6 3.0 0.9 3.9 L.5 L9z 8.7 85
NNE 0.2 1.7 1.3 3.0 3.2 W7 11.3 110
NE 0.k 2.4 1.5 3.9 L.3 L78  10.4 100
ENE 0.b 2.1 1.2 3.3 3.7 Loz 10,0 97
E 0.6 2.6 0.5 3.1 3.7 Lo5 7.5 T3
ESE 0.2 1.6 0.1 1.7 1.9 221 7.1 69
SE 0.6 2.5 0.1 2.6 3.3 355 6.3 61
SSE 0.5 2.5 0.5 0.1 3.1 3.6 395 8.6 8l
S 0.7 5.8 2.0 0.1 7.9 8.6 9Lo 9.8 95
SSW 0.6 7.9 5.k 0.2 13%.5 1h.1 1556 11.k 111
SW 0.9 9.k 5.2 0.6 15.2 16.1 17h5 11.3 110
WSW 0.8 5.5 3.7 0.3 9.5 10.3 1122 1l1.2 109
W 0.5 3.6 1.6 0.1 5.3 5.8 630 10.0 97
WNW 0.3 3.2 2.8 0.1 6.1 6.4 703 12.1 118
W 0.6 2.3 2.6 0.1 5.0 5.5 606 12.1 118
NIW 0.2 1.7 1.3 3.0 3.2 362 11.2 109

Calm 1.5 1.5 159 0.0
Totals 9.6 57.8 30.7 1.6 90.1 99.7 10920
Mean 10.3 100
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Fig. 16. Percentage frequency of occurrence of winds from 16 directions and

corresponding wind speed in mph at Toledo Municipal Airport, Fall Seasons,

1950-1954; Detroit City Airport, Toledo Express Airport, and Enrico Fermi
site, Fall, 1957.
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TABLE XXXVIITI

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Enrico Fermi Site
(Aerovane at height of 102 ft)
1 December 1956 - 30 November 1957
(Annuval Summary)

Wind ===y mpg5 Total OsziSZiions Mean Speed
Direction | 0-3 L4-12 13-24 and L4 and % of Over-
Qver Over i No. mph all Mean
N 0.1 2.7 1.0 0.1 3.8 5.9 349 11.1 89
NNE 0.2 2.3 1.8 0.1 k.2 b 383  12.5 100
NE 0.1 1.8 3.8 0.3 5.9 6.0 507  15.3 122
ENE 0.2 2.4 3.5 0.3 6.2 6.4 551 1h.5 116
E 0.3 2.2 1.9 O.h kb5 L.8 hoo  1k.1 113
ESE 0.2 2.9 1.9 0.1 k4.9 5.1 L33 11.8 oL
SE 0.2 2.3 1.3 0.1 37 3.9 k2 11.9 95
SSE 0.1 3.9 1.2 0.1 5.2 5.3 Lés 10,6 85
S 0.2 3.k 1.6 0.1 5.1 5.3 55 11.0 88
SswW 0.2 3.9 3.2 0.2 7.3 7.5 6hs  12.6 101
SW 0.3 L.1 L.3 0.2 8.6 8.9 759  13.2 106
WSW 0.3 5.1 4.8 0.9 10.8 1L.1 959  1h.1 113
W 0.3 L.k 2.7 0.2 .3 7.6 663 11.9 95
WNW 0.2 k.6 3.2 0.1 7.9 8.1 705 12,2 98
W 0.3 3.9 1.0 0.1 5.9 6.2 535  11.0 88
NW 0.2 L2 1.3 5.5 5.7 493  10.2 82
Calm 0.3 0.3 26 0.0
Totals 3.7 54.1 39.k 3,3 96.8 100.5 8679
Mean 12.5 100
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TABLE XXXIX

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Toledo Express Airport
(Wind instruments at height of 72 ft)
1. December 1956 - 30 November 1957
(Annual Summary)

Wind ety mp25 Total Osz:::iions Mean Speed
Direction | 0-3 L4-12 13-24 gsgr gvzgd % No. | mph %aii g;:;-

N 0.5 5.1 1.3 0.0 6.4 6.9 602 9.6 88
NE 0.3 3.5 1.2 0.0 L7 5.0 4Lz 10.2 el
NE 0.k 3.8 1.1 L9 5.3 155 9.7 89
ENE ok 3.6 1.8 0.0 5.4 5.8 513 11.0 101
E O.b 4.1 1.8 0.1 6.0 6.4 558  10.9 100
ESE 0.k 2.7 0.3 3.0 3.k 295 8.1 Th
SE 0.3 2.1 0.1 2.2 2.5 222 7.7 71
SSE 0.2 2.6 0.7 0.0 3.3 3.5 315 9.9 91
S 0.3 L.7 1.7 0.0 6.k 6.7 592 10.3 95
SSW 0.2 3L 2.2 01 5.7 5.9 526 12,0 110
SW 0.2 5.0 4.8 0.3 10.1 10.3 897 13.3 122
WSW 0.3 6.3 k.9 0.6 11.8 12,1 1060 .13.1 120
W 0.2 L7 2.6 0.1 7.k 7.6 667 11.8 108
WNW 0.2 k5 2.0 6.5 6.7 587  10.9 100
W 0.5 Lk.1 1.2 0.0 5.3 5.8 508 9.7 89
W 0.3 3.5 0.9 Ll L.7 L1z 9.5 87
Calm 1.2 1.2 108 0.0

Totals 6.3 63.7 28.6 1.2 93.5 98.8 8760

Mean 10.9 100
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TABLE XL

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS
GROUPED ACCORDING TO WIND SPEEDS

Detroit City Airport

(Wind instruments at height of 81 ft)
1 December 1956 - 30 November 1957
(Annual Summary)

Wind —— mpg5 Total Osz§§:tions Mean Speed
Direction | 0-3 L4-12 13-2L gzgr gvggd % No. | mph %ai{ ;ZZE-
N 1.2 6.8 2.9 9.7 10.9 951 10.1 89
NNE 0.4 3.3 1.1 L.L 4.8 L28 9.9 87
NE 0.8 2.7 1.0 3.7 4.5 394 9.1 80
ENE 0.2 3.2 1.1 h.3 L.5 397 10.3 90
E 0.9 L4.9 0.9 5.8 6.7 583 8.7 76
ESE 0.2 2.4 0.4 2.8 3,0 260 8.9 78
SE 0.5 3.3 0.4 3.7 h,2 368 8.2 T2
SSE 0.2 2.6 0.6 3.2 3.4 297 9.6 8l
S 0.k 6.8 2.1 8.9 .3 813 10.1 89
SSW 0.1 2.1 2.0 h,1 k.2 363  12.9 11%
SW 0.2 3.7 5.1 0.5 9.3 9.5 830 1hk.5 127
WSW 0.1 2.2 32 0.2 5.6 57 ke 1k.5 127
W 0.3 kb 4.3 0.1 8.8 9.1 800 13.0 11k
WNW 0.1 2.b 3.9 0.h 6.7 6.8 595 15.1 133
W 0.5 k.2 3.2 0.1 7.5 8.0 700  12.0 105
NNW 0.3 2.1 2.0 bci L.L 387  12.3 108

Calm 1.2 1.2 102 0.0
Totals 7.6 57.1 3k.2 1.3 92.6 100.2 8760
Mean 11.4 100
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TABLE XLT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS,
BIASED AND UNBIASED

Detroit City Airport
1 December 1956 - 30 November 1957
(Annual Summary)

Total Observations

Diﬁigiion Biased Record Unbiased Record

No. % No. %
N 951 10.9 739 8.4
NNE L28 4.8 563 6.4
NE 394 L.5 310 5.9
ENE 397 L5 458 5.2
E 583 6.7 490 5.6
ESE 260 3.0 325 5.7
SE 368 L.2 281 5.2
SSE 297 3.h ulé L.8
S 813 9.2 599 6.8
SSW 363 L.2 597 6.8
SW 830 9.5 632 7.2
WSW Lo 5.7 671 .7
W 800 9.1 680 7.8
WINW 595 6.8 717 8.2
NW 700 8.0 571 6.5
NINW 387 L.k 576 6.6
Calm 102 1.2 102 1.2

Totals 8760 100.2 8760 100.0




TABLE XLIT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS IN VARIOUS DIRECTIONS

GROUPED ACCORDING TO WIND SPEEDS

Toledo Municipal Airport

(Wind instruments at height of 47 f1t)
1 Janvuary 1950 - 31 December 195k
(Five-Year Summary)

Wind Epeed, mpg5 Total ObsE:EZ%ions Mean Speed
Direction | 0-3 L-12 13-2L4 gzzr gviﬁd % No. | mph %aii ﬁ:;i-
N 0.5 2.9 0.9 5.8 L.3 1865 8.8 79
E 0.2 2.0 1.2 3,2 3.4 17k 10.9 98
NE 0.k 2.8 1.8 L.6 5.0 2196 10.8 97
ENE 0.3 3.3 3.2 0 6.7 7.0 3101 12.6 113
E 0.5 3.3 1.k L7 5.2 2287 9.5 86
ESE 0.3 2.1 0.k 2.5 2.8 1202 8.1 73
SE 0.5 2.6 0.3 2.9 3.0 1495 7.3 66
SSE 0.3 2.4 0.7 0 3.2 3.5 1515 9.2 83
S 0. L.e 2,0 0 6.3 6.8 3026 10.4 oL
SeW 0. 5.6 L4L.,5 0.4 10.5 10.9 L7688 12.3 111
SW 0.7 T.2 4.9 0.5 12.6 13.3 5859 11.9 107
WSW 0.5 5.1 L.6 0 10.2  10.7 k713 12.5 113
W 0.5 3.7 2.4 0. 6.3 6.8 2990 11.3 102
WNW 0.3 3.0 3.% 0 6.5 6,8 3021 13.1 118
W 0.k 2.4 2.4 0 L.9 5.3 2357 12.3 111
NNW 0.3 1.7 1.1 2.8 3.1 138  10.6 95

Calm 1.3 1.3 567 0.0
Totals 7.9 54.3 35.1 2.3 91.7 99.6 L3824
Mean 11.1 100

ON
N



N N

NW %NE

NE

0 15% & mph o 15% & mph
w 1.3 E w E
SwW SE
S S
TOLEDO MUNICIPAL AIRPORT DETROIT CITY AIRPORT
TOLEDO, OHIO DETROIT, MICHIGAN
Wind Instrument at Height of 47 ft. Wind Instrument at Height of 8Ift.
Five Year Summary 1950-1954 Annual Summary 1957
N

NW %NE NE
15% & mph 15% & mph
10
w 1.2 | E E
\SB\K SE
S S
TOLEDO EXPRESS$ AIRPORT ENRICO FERMI POWER PLANT SITE
TOLEDO, OHIO LAGOONA BEACH, MICHIGAN

Wind Instrument at Height of 72 ft. Aerovane at Height of 102 ft.
Annual Summary 1957 Annual Summary 1957

Fig. 17. Percentage frequency of occurrence of winds from 16 directions and
corresponding wind speed in mph at Toledo Municipal Airport, Five-Year Sum-
mary, 1950-1954; Detroit City Airport, Toledo Express Airport, and Enrico
Fermi site, Annual Summary, 1956-1957.
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discussion of these records in the second progress report is considered adequate.
Tt should be noted that the Detroit City Airport record which appears in the
windroses of Figs. 13%-17 is the record as it was reported and as it appears in
Tables XX, XXV, XXX, XXXV, and XL.

E, ESE, SE, SSE, and S combined-—In Table XLITII the percentage frequency
of these winds at the site from 1 December 1956 to 30 November 1957 is compared
to those for the same period at Toledo Express Airport, Detroit City Airport,
and to the S5-year period 1950-1954 at Toledo Municipal Airport. With the ex-
ception of summer when the influence of the lake breeze is strong (see Part I11)
the plant site is not unlike Toledo and Detroit. Judging from the annual sum-
mary in the last line of Table XLIII, it was a fairly typical year.

TABLE XLIIT

COMBINED PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS FROM THE E, ESE, SE, SSE,
AND S, 1 DECEMBER 1956 - 30 NOVEMBER 1957, AT THE ENRICO FERMI SITE, TOLEDO
EXPRESS AIRPORT, AND DETROIT CITY AIRPORT, AND 5-YEAR AVERAGE AT TOLEDO MUNICI-
PAL ATRPORT

Detroit City

Enrico Fermi Toledo Express Toledo Municipal

Site Airport Adrport Airport (5-yr. Avg.)
(approximation) ’
Winter 15.5 18.6 18.6 21,4
Spring 29.3% 26.8 29.2 21.7
Summer 31.6 22.8 27 .4 22.9
Fall 21.8 22.0 21.2 21.1
Annual ol L 22.5 2.1 21.7

W, WNW, NW, NNW, N, and NNE combined-Winds from these directions are sum=
marized in the same manner in Table XLIV. Here it appears as if Toledo is more
representative of the plant site than Detroit. Winds from this sector were more
frequent during this year than during the 5-year average and one may interpret
the departure from the 5-year means as a crude measure of the amount of varia-
tion one may expect above and below the mean.

QNE»«Mbnroem—Winds from this direction are summarized in Table XILV. Again
it appears as if Toledo is more representative of the plant site than Detroit.
It was a typical year even to the spring maximur .

SSW-~Detroit River communities-~-Winds from the SSW are summarized in Table
XIVI. For this wind direction, Detroit appears to be more representative of
the plant site than Toledo. Frequencies at Toledo Express Airport are less than
the 5-year average in each season which may indicate either an abnormal year or
some minor difference in winds at the two airports. Another year of data may
help to throw light on this feature.
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TABLE XLIV

COMBINED PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS FROM THE W, WNW, NwW, NNwW, N,
AND NNE, 1 DECEMBER 1956 - 30 NOVEMBER 1957, AT ENRICO FERMI SITE, TOLEDO EXPRESS
ATRPORT, AND DETROIT CITY AIRPORT, AND 5-YEAR AVERAGE AT TOLEDO MUNICIPAL AIRPORT.

Detroit City

Airport Toledo Municipal

Enrico Fermi Toledo Express

Site Airport (approximation) Airport (5f¥r.,Avg,)
“Winter 40.8 36 .4 Lho,1 29.2
Spring 30.7 3l L h1,2 31.8
Summer 34,8 36,4 Lo.2 29.2
Fall 35,6 39.6 Lo .8 28.6
Annual 35.9 36.7 43,9 29.7
TABLE XLV

PERCENTAGE FREQUENCY OF OCCURRENCE OF ENE WINDS, 1 DECEMBER 1956 - 30 NOVEMBER
1957, AT ENRICO FERMI SITE, TOLEDO EXPRESS AIRPORT, AND DETROIT CITY AIRPORT,
AND 5-YEAR AVERAGE AT TOLEDO MUNICIPAL AIRPORT.

Detrolt City

Enrico Fermi Toledo Express Toledo Municipal

Site Airport (appi;EEZEEion) Airport (5.yr. Avg.)
Winter 3.0 3,1 3.3 5.3
Spring 10.1 9.1 8.1 11.4
Summer 6.8 6.9 5.5 7.1
Fall 5.8 L.2 k.o 3.7
Annual 6.4 5.8 5.2 7.0

TABLE XLVI

PERCENTAGE FREQUENCY OF OCCURRENCE OF SSW WINDS, 1 DECEMBER 1956 - 30 NOVEMBER
1957, AT ENRICO FERMI SITE, TOLEDO EXPRESS AIRPORT, AND DETROIT CITY AIRPORT,
AND 5-YEAR AVERAGE AT TOLEDO MUNICIPAL ATIRPORT.

Detroit City

Enrico Fermi Toledo Express Airport Toledo Municipal
Site Airport (approximatiog ) Airport (5-yr. Avg.)
Winter 9.7 6.9 7.2 12.1
Spring 5.6 4.3 5.2 7.2
Summer 6.9 6.6 7.7 9.1
Fall 8.7 6.4 7.% 4.1
Annual 7.5 5.9 6.8 10.9
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oW and WSW--Ontario shores-—Winds from the SW and WSW are summarized in Ta-
ble XE%II. Toledo appears to be very representative of the plant site except
in summer when the lake-breeze effect apparently diverts some of the SW and WSW
winds to the quadrant E through S.

TABLE XLVIT

PERCENTAGE FREQUENCY OF OCCURRENCE OF WINDS FROM THE SW AND WSW, 1 DECEMBER
1956 - 30 NOVEMBER 1957, AT THE ENRICO FERMI SITE, TOLEDO EXPRESS AIRPORT,
AND 5-YEAR AVERAGE AT TOLEDO MUNICIPAL AIRPORT.

Detroit City

Enrico Fermi Toledo Express Toledo Municipal

; . Airport . }
Site Airport (approximation) Airport (5-yr. Avg.)
Winter 2L .8 28.4 19.1 26.7
Spring 17.2 19.0 10.3 21.0
Summer 14.9 20.3 10.% 20.k4
Fall 21.9 21.7 19.9 26 .4
Annual 20.0 22.4 1k .9 24 .0

3. WIND SPEED AT THE ENRICO FERMI SITE

The analysis of wind speeds has centered on obtaining evidence of special
effects due to the lake. These effects ars related to the relative smoothness
of the lake which reduces friction and to the temperature of the lake which re=-
sults sometimes in inversions and other times in strong lapse rates over the
lake, The following description of the analytical technique is taken directly
from the second progress report.

"Figure 12 indicates that winds from the sector bounded by NE through SSE
have a water trajectory prior to reaching the aerovane at the plant site, where-
as, for all other directions at the plant site, and without exception at Detroit
and Toledo, the winds experience a land trajectory. Direct comparisons between
wind speeds for corresponding directions at three stations are meaningless be-
cause of different heights of anemometer exposure and differences in instrumenta-
tion. However, if mean wind speeds for each direction are first expressed as a
percentage of the overall mean wind speeds for all directions, comparisons may
then be made. For example, during the spring of 1957 the mean wind speed at the
plant site was 14.4 mph. The mean wind speed for WNW winds was 14.6 mph or 101
percent of 1h.4. Computations of this sort have been made for all wind direc-
tions for the three stations." These appear as the last column of Tables XVIII -
XLIT except Tables XXI, XXVI, XXXI, XXXVI, and XLT.

The analysis is brought to a focus in Figs. 18=22. In these figures the
wind speed in percent at the Enrico Fermi site is compared to a combined wind
speed in percent for Detroit and Toledo, for each of the seasons and for the
year as a whole. The directions which represent a water trajectory are shown
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on the figures. It is evident that winds which are off the lake are relatively
stronger at the plant site than the same winds at Detroit and Toledo. This ef-
fect had been noted in winter and spring in the second progress report but there
was speculation as to whether the same effect would be noted in all seasons. In
general this appears to be the case except for SSE winds in spring and summer.

The factors underlying the effect have been referred to in the first para-
graph of this section. The reduced frictional drag on the air crossing the lake
will tend to make winds stronger. However, if the lake temperature is cold
enough relative to the air temperature to produce an inversion, the resultant
decreased downward transport of momentum will tend to make the winds weaker.
This will be recognized as the circulation inversion, discussed earlier in Sec-
tion 4 of Part I which, it was pointed out, is most likely to occur with SSE
winds and in the spring and early summer. It thus appears that the tendency of
inversions to_decrease wind speeds will dominate the tendency of reduced fric-
tional drag to increase winds when both factors operate as they frequently do
in spring and early summer,

A reasonable extrapolation of these results would be the expectation that
winds from land to water at the plant site will tend to accelerate as they move
across the lake except when one can predict the development of an inversion over
the lake.
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ITI. LAND- AND LAKE-BREEZE EFFECTS AT LAGOONA BEACH

1. INTRODUCTION

Lagoona Beach is situated at the western end of Lake Erie. The general
terrain, which is very flat in all directions, is overgrown by a mixture of
tall grass, low bushes, and occasional clumps of trees about 4o £t high. Fig-
ure 12 illustrates the general topography of the area. The general bearing
of the shoreline at this end of the lake is NE-SW but in the immediate vicini-
ty of the site southerly winds will cross a point of land. As aresult only those
winds which blow from the sector NE through SSE are considered to reach the
site directly from the lake.

Following a preliminary investigation into the air-pollution climatology
of the region,5 an investigation based on data from two first-order Weather Bu-
reau stations some 25 to 30 miles from the site, it was decided to conduct an
on-the-spot study of the local climatology. The possibility of finding special
lake effects not present at the abovementioned Weather Bureau stations was one
of the principal reasons for undertaking the local study.

Since hourly records of lapse rate between 25 and 100 ft are available for
the ILagoona Beach site, it was possible to compute the relative frequency of in-
versions for each hour of the day and then consider the diurnal variation of in=-
version frequency. A somewhat similar analysis, but for 6-hour intervals, was
undertaken of the lapse-rate data obtained on the WJBK-TV tower in Detroit. The
diurnal variation of inversion frequency at both sites was computed for each
season and for the year as a whole, as shown in Tables IV and V, and displayed
graphically in Figs. 1-5. The results at WJBK~TV were altogether typical of a
continental station with a pronounced nocturnal maximum. An interesting feature
at the Lagoona Beach site was a secondary maximum during the afternoon, a maxi-
mum as large as the nocturnal one but somewhat shorter in duration. The fea-
ture was most pronounced in the summer and least pronounced in the fall, but it
was discernible at all seasons.

A more detailed analysis of the data showed that there were 13 instances
of afternoon inversions in June and 10 in July, 1957. A preliminary scanning
of the 100-ft wind records at Lagoona Beach for these 23 days revealed a sys-
tematic backing of the wind around to the southeasterly quadrant, i.e., off the
lake during the daytime, followed by a gradual veering again during the evening
and night. Clearly a lake breeze bringing cool air off the lake was responsible
for the inversions. ILater sections of this report will present a detailed anal-
ysis of the land- and lake-breeze effect at Lagoona Beach as revealed by the
meteorological conditions on those 2% summer days in 1957.
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2, IDENTIFYING THE PHENOMENON

Land and lake breezes are localized shoreline wind circulations, the es-
gsential features of which are onshore winds during the daytime and offshore
winds at night. The onshore wind, designated the lake breeze, is usually bet-
ter defined than the offshore wind, in turn designated the land breeze, but
this difference might be less well marked if it were the custom to compare the
lake breeze measured at a shore installation with the land breeze measured some
distance off shore. The lake breeze is commonly associated with relief from
summer heat becsuse it is accompanied by local cooling along a narrow coastal
strip of land. As stated before, it is a local circulation, most evident right
at the shoreline where the full effect of wind speed and temperature contrast
is felt which fades out rather rapidly a few miles inland. The lake breeze has
been studied more than the land breeze because it is simpler to provide a close
network of observing stations over land than over water. Further details about
the mechanics of land and lake breezes appear in Appendix B.

3. CHARACTERISTICS OF LAND AND LAKE BREEZES

The bulk of observational data on local winds of this type applies to
shores of bodies of water larger than Lake Erie, so it would be a mistake to
expect an exact replica at the Lagoona Beach site. Nevertheless, the body of
observational dats permits a few generalizations which are summarized below.

(1) The phenomenon is most likely to be observed if the general pressure
gradient is very weak.

(2) The phenomenon requires the presence of strong sunlight; hence in
northern latitudes it is most likely to occur in the summer.

(3) The lake breeze usually starts 2 or 3 hdurs before noon, is most pro-
nounced about mid-afternoon, and subsides by sunset.

(4) In the absence of strong pressure gradients, onset is gradual. Noth-
ing striking occurs at the coast although the temperature usually be=-
comes steady. A pronounced gradient often leads to a delayed onset
which occurs as a sort of cold frontal passage, complete with squally
winds and temperature drop.

(5) The Coriolis effect, although measurable, is not great and is not

usually evident until some 5 or 6 hours after the onset of the lake
breeze.

L. LAKE BREEZE EFFECTS AT LAGOONA BEACH

Pressure Gradient During Lake Breeze.-—Although the use of mean pressure
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maps is a somewhat unrefined technique, in this case such maps help to throw
some light on the situation. Mean sea level pressures were obtained from the
U. 8. Weather Bureau Daily Weather Map for each of the 23 lake-breeze days for
22 weather stations around the Great ILakes and in neighboring areas. Thus it
was possible to construct a mean map representing the average synoptic situa-~
tion at Lagoona Beach for lake-breeze situations. This mean map is shown in
Fig. 23.

The first feature that is evident is the weakness of the gradient which
is, of course, favorable to the development of the lake-breeze effect. Sec-
ondly, it may be noted that the mean gradient is almost perpendicular to the
shoreline at Lagoona Beach causing little if any trans-shoreline flow with a
gradient wind. Therefore, any occurrences of onshore or offshore winds must
be attributed to the land- and lake-breeze effect. Finally, it may be observ-
ed that the synoptic situation is one which characteristically leads to high
temperatures in the region of the Great Lakes. Thus we may expect not only
that the temperature difference over land and lake may become extreme during
the afternoon, but also that a temperature inversion may be a semipermanent
feature of the meteorological situation over the lake.

Windrose Analysis.-—Separate windroses were prepared for eight 3-hour pe-
riods to display the diurnal shifting of the wind. These are presented in
Fig. 24, In the light of the available observational data on penetration of
lake breezes, it seems likely that Stoney Point to the south of Lagoona Beach
will have relatively little influence on the lake breeze and that for present
purposes, the predominant SW-NE shoreline will determine the local circulation.
This would require us to include S, SSE, SE, and ESE winds as lake breezes.

Tt is indicated from Fig. 24 that the onset of the lake breeze is rather
gradual. ©Since the windroses represent the integrated effect of 23 days, their
interpretation indicates that the onsel occasionally takes place before noon,
that the lake breeze is most generally realized during the 3 hours ending at
1500 EST, and that on many days it has disappeared by 2100 EST. The character=
istic direction sppears to be between SE and SSE or nearly at right angles to
the general shoreline. Since a backing of the wind precedes the full realiza-
tion of the lake breeze, it is difficult to detect any Coriolis effect.

Synoptic Study of Winds and Temperatures.--0ne of the aspects of the lake=
breeze effect at Lagoona Beach which was evident from the beginning of the in-
vestigation was the association of the phenomenon with unusually warm weather.
This directed attention to the temperatures at Toledo Express Airport as a sort
of control station where the modifying effect of the lake breeze would not be
felt. Mean hourly temperatures for the 23 days were computed for Toledo from
the monthly climatological summaries and for Lagoona Beach from the thermograph
records.

Taking a ‘somewhat more conservative view of the direction of lake breezes,
the frequencies of ESE, SE, and SSE winds were combined into a single class to
represent the lake breeze. The frequencies of winds from the opposite sector
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Fig. 24. Three hourly windroses for 23 selected
lake-breeze days at the Enrico Fermi site.

78



WNW, NW, and NNW were combined for evidence of the nocturnal land breeze. These
data and the temperature records discussed above have been plotted in Fig. 25
to permit comparisons.

The interval 1200 to 1800 EST is strikingly displayed as the characteris-
tic lake-breeze period. By referring to the bottom block of the figure, it
may be seen that during this 6-hour interval the temperature at Monroe remains
essentially constant at a temperature of 80°F, as we would expect it to do,
while that at Toledo rises to a maximum of 86°F. However, the interval within
which the temperature at Monroe is depressed in relation to that at Toledo is
somewhat longer, extending from about 1000 EST to 2000 EST. Combining the two
pieces of evidence, one may infer that the average time of development of the
lake breeze is about 1000 EST and that virtually 100% of all lake breezes have
formed by 1200 EST. We also may infer that the lake~breeze regime, in some in-
stances, terminates as early as 1800 EST and that half of it has terminated by
2000 EST.

Turning our attention to the land breeze from the middle chart of Fig. 25,
the evidence is clear that a land breeze regime is occasionally realized. The
frequency of winds from the W, WNW, and NW reaches a maximum during the last
hours of darkness. Further, reference to the second windrose of Fig. 24 indi-
cates that these are the prevailing winds for the hours ending 0OL00, 0500, and
0600. Returning to the mean map of Fig. 23 we see that these winds, blowing
from low to high pressure, are in no sense characteristic of the circulation
pattern. We may conclude that some form of local circulation from land to water
has developed on many of the 23 days studied, and tentatively identify this as
the nocturnal land breeze.

There remain some weaknesses in the evidence. For example, the average
lake temperature at the Monroe Waterworks intake for the 23 days was 67.1°F.
We observe that this is cooler, not warmer, than the average minimum observed
at Lagoona Beach. On the other hand, the elevation of the temperature at La-
goona Beach that occurs at night in comparison to Toledo may result from the
presence of a light circulation. Clearly the land breeze is less in evidence
than the lake breeze, which is consistent with theory and with observation
elsewhere.

5. CONCLUSIONS

a. A lake breeze develops at Lagoona Beach on warm summer days when the
pressure gradient is light.

b. About half of the lake breezes occurred from 1000 EST to 2000 EST and
virtually all of them persist from moon to 1800 EST.

c. The lake breeze is associated with a temperature inversion but wind
speeds are generally 10 mph throughout.
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d. The significance of this association of inversion and lake breeze in
relation to diffusion patterns at Lagoona Beach 1s not entirely obvious since
the trajectories of air after crossing the beach are unknown. However, it is
clear that inversions associlated with moderate winds and a meso-scale mixing
process, as these are, offer a better diffusion regime than is customary to as-
sociate with inversions.

e, Under the same meteorological situation, it appears that a nocturnal
land breeze often develops. The land breeze is evidently weaker and/or less
likely to occur than the lake breeze.
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IV. ANALYSIS OF PRECIPITATION DATA

1. INTRODUCTION

Precipitation is one of the weather elements requiring consideration be-
cause of its scavenging effect upon particulates and gases suspended in air.
From the standpoint of air pollution, the occurrence of rain may be either de-
sirable or undesirable depending upon whether the scavenging takes place over
an unpopulated area or a populated center. We observe that in the vicinity of
Lagoona Beach the heavily populated areas are less extensive than the thinly
populated areas. If we assume that the areas of rainfall occurrence are ran-
domly distributed, we must concede that rainfall will be desirable more often
than undesirable,

With these considerations in mind, we observe the frequency of rainfall
at Lagoona Beach, comparing its frequency to that at Toledo Express Airport
for the same period, and to the frequencies at Toledo Municipal Airport estab-
lished over a 5-year period for the same season. As a further refinement, the
analysis is undertaken separately for each wind direction. Thus we are able
to tell at a glance if there is an association of precipitation with wind di=-
rection. The manner in which this is done is described in Section 4 of this
part.

The frequency of measurable precipitation——i.e., .02 inch at Lagoona Beach
and .0l inch at Toledo-—-and the pertinent wind data are presented season by
season along with an annual summary for the above 3 stations in Tables XIVIII-
LXIT.

Figures 26 to 30 serve to illustrate graphically the association of winds
with precipitation.

2. SEASONAL VARIATIONS IN FREQUENCY OF PRECIPITATION

Referring to Tables XLVIII - ILXII, the entry at the bottom of the last
column indicates the relative frequency of measurable precipitation for the
station and season given. All these entries are summarized into Table IXIIT
for convenience. Precipitation is, of course, more frequent in winter and
gpring than in the other seasons. The 12 months under study are typical in
this regard. The indicated deficiency at the Enrico Fermi site can be attri-
buted to the different sensitivities of the two types of rain gages in use.
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TABLE XLVITI

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
ENRTCO FERMI SITE

1 December 1956 - 28 February 1957

(Winter)

Average  Average Wind No. of Hours of Precipitation

Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
5 , mph mph Precipitation Precipitation Hours
N 4.2 20.6 9 7.6 0.k
NNE 4.9 17.8 1h 11.9 0.6
NE 16.0 e2. L 17 1.k 0.8
ENE 12.2 9.1 8 6.8 O.h
E 12.0 7.1 7 5.9 0.3
ESE 11.7 10.8 L 3.4 0.2
SE 11.1 11.0 5 L.2 0.2
SSE 12.0 14.0 1 0.8 0.1
S 13.3 4.4 5 L.2 0.2
SsW 15.2 15.9 1h 11.9 0.6
SW 15.0 8.0 3 2.5 0.1
WSW 13.5 11.1 15 12.7 0.7
W 13.1 6.8 6 5.1 0.3
WNW 12.7 7.3 3 2.5 0.1
NW 11.2 12.7 3 2.5 0.1
NNW 11.6 18.5 L 3.4 0.2
Calm 0.0 0.0 _ 0 0.0 0.0
Totals 118 100.0 5.3

Average 13.3 14.5
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TABLE XLIX

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
TOLEDO EXPRESS AIRPORT

1 December 1956 - 28 February 1957

(Winter)
Average  Average Wind No., of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 10.8 13.3 22 12,5 1.0
NNE 11.0 12.2 20 11.k 0.9
NE 10.0 13.1 1k 8.0 0.6
ENE 9.0 11.0 9 5.1 0.k
E 9.1 7.6 8 L.5 0.4
ESE 7.5 4.8 3 1.7 0.1
SE 6.0 5.7 3 1.7 0.1
SSE 7.4 6.2 5 2.8 0.2
S - 10.0 11.3 11 6.3 0.5
SSW 12.6 12.8 21 11.9 1.0
SW 12.9 12,4 18 10.2 0.8
WSW 11.9 9.7 16 9.1 0.7
W 10.8 9.2 5 2.8 0.2
WNW 10.4 8.5 8 L.5 0. k4
NW 9.9 6.8 6 R 0.3
NNwW 9.5 10.5 5 2.8 0.2
Calm _0.0 _0.0 _2 1.1 0.1
Totals 176 100.0 7.9
Average 10.4 10.9
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TABLE L

THE ASSOCIATION OF PRECIPITATION WITH WIND
AT THE TOLEDO MUNICTPAL AIRPORT

1 January 1950 - 31 December 195k
(Winter Seasons)

. Average No. of Hours of Precipitation
Wind Wind Observations as Percentage of
Direction  Speed, During Total Hours of Total
mph Precipitation | Precipitation Hours
N 12.1 78 7.1 0.7
NNE 15.9 81 7.4 0.7
NE 13.6 75 6.8 0.7
ENE 16.7 136 12.4 1.3
E 12.0 73 6.7 0.7
ESE 11.9 L6 L.2 0.4
SE 11.1 57 5.2 0.5
SSE 1%3.9 60 5.5 0.6
S 14,6 116 10.6 1.1
SSW 15.2 11k 10.4 1.1
SW 16.9 7 7.0 0.7
WSW 15.7 L7 L.3 0.4
W 12.4 26 2.k 0.2
WINW 4.5 32 2.9 0.3
W 4.3 _ L7 L.3 0.4
NNW 13.5 29 2.6 0.3
Calm 0.0 2 0.2 0.0
Totals 1096 100.0 10.1

Average 14,3
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TOLEDO, OHIO TOLEDO, OHIO
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LAGOONA BEACH, MICHIGAN

Winter ( Dec., Jan., Feb.) 1957
Fig. 26. Percentage frequency of occurrence of winds from 16 directions
and corresponding wind speed with precipitation at Toledo Municipal Air-

port, Winter Seasons, 1950-195M, and at Toledo Express Airport and the
Enrico Fermi site, Winter, 1956-1957.
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TABLE LT

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
ENRICO FERMI SITE

1 March 1957 - 31 May 1957

(Spring)
Average Average Wind No. of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 10.2 5.3 3 1.6 0.1
NNE 4.4 4.3 9. L. 0.4
NE 15.9 15.3 9 L. 0.k
ENE 16.5 18.9 36 18.7 1.6
E 13.6 25.5 38 19.7 1.7
ESE 1h.2 15.7 8 h.1 0.b
SE 13.6 17.1 20 10.4 0.9
SSE 11.1 13.5 12 6.2 0.5
S 10.9 9.7 6 5.1 0.3
SSW 2.4 2.4 8 L.l 0.4
sw 1h.7 4.5 10 5.2 0.
WSW 16.1 14.8 9 L7 0.k
W 12.8 15.5 2 1.0 0.1
WITW 15.0 17.2 20 10.4 0.9
Nw 13.9 12.0 3 1.6 0.1
NNW 10.6 0.0 0 0.0 0.0
Calm _ 0.0 _0.0 _ 0 0.0 0.0
Totals | 193 100.0 8.7
Average 14,0 17.7
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TABLE LIT

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
TOLEDO EXPRESS AIRPORT

1 March 1957 - 31 May 1957

(Spring)
Average Average Wind No. of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 9.9 12.0 1 0.5 0.1
NNE 11.2 9.0 16 7.9 0.7
NE 10.0 9.5 16 7.9 0.7
ENE 12.2 11.k4 30 1.9 1.4
E 12.5 k.2 5k 26.7 2.4
ESE 8.6 8.6 6 3.0 0.3
SE 9.0 9.3 L 2.0 0.2
SSE 11.5 2.4 14 6.9 0.6
S 10.9 10.1 1k 6.9 0.6
SSW 12.9 4.3 12 5.9 0.5
SW 15.4 12.3 10 5.0 0.5
WSW 16.3 11.5 L 2.0 0.2
W 11.9 10.0 3 1.5 0.1
WNW 11.4 10.6 10 5.0 0.5
NW 11.0 11.5 8 L.o 0.4
NNwW 9.7 0.0 0 0.0 0.0
Caln _0.0 0.0 _o0 _0.0 0.0
Totals 202 100.0 9.2
Average 12.1 13.1
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TABLE LIII

THE ASSOCIATION OF PRECIPITATION WITH WIND
AT THE TOLEDO MUNICIPAL ATIRPORT

1 January 1950 - 31 December 1954
(Spring Seasons)

Average No. of Hours of Precipitation

Wind Wind Observations __as Percentage of
Direction  Speed, During Total Hours of Total
mph Precipitation | Precipitation Hours
N 13.3 26 2.7 0.2
NNE 14,0 3k 3.5 0.3
NE 13.9 69 7.1 0.6
ENE 16.3 193 19.8 1.7
E 13.4 98 10.1 0.9
ESE 1.5 Ll h.5 0.4
SE 11.6 Lo h.1 0.k
SSE 14.0 49 5.0 0.k
S 4.6 L9 5.0 0.h
SSW 15.4 73 7.5 0.7
SW 14.8 8l 8.6 0.8
WSW 16.4 L6 L.7 0.4
W 1k.3 L5 L.6 0.4
WINW 15.5 57 5.9 0.5
W 16.6 Lo L.1 0.k
NINW 11.5 23 2.k 0.2
Calm _0.0 _h 0.k 0.0
Totals Tk 100.0 8.8

Average 14,7
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Fig. 27. Percentage frequency of occurrence of winds from 16 directions
and corresponding wind speed with precipitation at Toledo Municipal Air-
port, Spring Seasons, 1950-1954, and at Toledo Express Airport and the
Enrico Fermi site, Spring, 1957.
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TABLE LIV

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
ENRICO FERMI SITE

1 June 1957 - 31 August 1957

(Summer)
Average  Average Wind No. of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 8.2 7.0 1 2.2 0.1
NNE 9.6 6.7 3 6.7 0.1
NE 4.0 1.0 1 2.2 0.1
ENE 13.0 10.0 1 2.2 0.1
E 10.5 6.0 3 6.7 0.1
ESE 11.4 5.5 2 Lob 0.1
SE 10.5 0.0 0 0.0 0.0
SSE 9.4 5.5 2 Wk 0.1
S 9.8 11.8 8 17.8 0.k
SSW 10.3 13.5 L 8.9 0.2
W 10.4 12.0 6 13.3 0.3
WSW 10.5 10.5 6 13.3 0.3
W 10.4 7.0 2 bk 0.1
WNW 10.7 12.0 1 2.2 0.1
NW 9.3 12.0 1 2.2 0.1
NNW 8.6 11.5 L 8.9 0.2
Calm _0.0 _0.0 _0 _0.0 0.0
Totals L5 99.8 2.k
Average 10.4 9.9
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TABLE LV

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
TOLEDO EXPRESS AIRPORT

1 June 1957 - 31 August 1957

(Summer )
Average  Average Wind . No. of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 7.8 7.8 10 9.2 0.5
NNE 9.1 7.6 5 L.6 0.2
NE 9.1 10.8 L 1.8 0.1
ENE 9.9 5.0 2 1.8 0.1
E T.7 7.0 2 1.8 0.1
ESE 6.4 5.0 2 1.8 0.1
SE 6.0 8.0 b 3.7 0.2
SSE 6.7 8.2 10 11.0 0.5
S 7.6 8.6 21 19.3 1.0
SSW 9.7 10.3 12 11.9 0.6
SW 9.1 12.3 16 13.8 0.7
WSW 9.7 12.3 9 8.3 0.4
W 8.8 10.3 L 3.7 0.2
WIW 10.5 7.4 5 L.6 0.2
NW 9.3 0.0 0 0.0 0.0
NNW 8.8 10.3 3 2.8 0.1
Calm _0.0 _0.0 ' _ 0 0.0 0.0
Totals 109 100.1 5.0

Average 8.6 904
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TABLE LVI

THE ASSOCIATION OF PRECIPITATION WITH WIND
AT THE TOLEDO MUNICIPAL AIRPORT

1 January 1950 - 31 December 1954
(Summer Seasons)

Average No. of Hours of Precipitation

Wind Wind Observations as Percentage of
Direction  Speed, During Total Hours of Total
mph Precipitation | Precipitation Hours
N 11.2 18 3.8 0.2
NNE 11.5 2k 5.0 0.2
NE 11.0 Lo 8.8 0.k
ENE 10.2 25 5.2 0.2
E 11.3 28 5.9 0.3
ESE 7.6 8 1.7 0.1
SE 7.3 18 3.8 0.2
SSE 8.2 17 3.6 0.2
S 8.2 27 5.7 0.2
SSW 12.k 62 13.0 0.6
SW 10.8 82 17.2 0.7
WSW 11.k 38 8.0 0.3
W 9.8 21 L L 0.2
WNW 12.0 2L 5.0 0.2
NW 10.9 13 2.7 0.1
NNW 135.0 21 b L 0.2
Calm 0.0 9 1.9 0.1
Totals L7 100,0 L.3

Average 10.6
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Fig. 28. Percentage frequency of occurrence of winds from 16 directions
and corresponding wind speed with precipitation at Toledo Municipal Air-

port, Summer Seasons, 1950-1954, and at Toledo Express Airport and the
Enrico Fermi site, Summer, 1957.
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TABLE LVII

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
ENRICO FERMI SITE

1 September 1957 - 30 November 1957

(Fall)
Average  Average Wind - No. of Hours of Precipitation
Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 9.8 0.0 0 0.0 0.0
NNE 8.8 0.0 0 0.0 0.0
NE 1.5 1.0 1 1.2 0.1
ENE 13.5 9.5 2 2.k 0.1
E 11.6 13,0 2 2.4 0.1
ESE 9.7 9.0 1 1.2 0.1
SE 12.5 19.7 7 8.4 0.3
SSE 12.2 1L.8 18 21.7 0.9
S 11.1 13.5 11 13.3 ‘Oa5
SSW 13.5 4.2 16 19.3 0.8
SW 12.7 11.3 8 9.6 0.4
WSW 16.0 12.8 5 6.0 0.2
W 11.6 8.7 3 3.6 0.1
WINW 10.2 12.3 3 3.6 0.1
W 10.6 7.0 2 2.4 0.1
NNW 10.0 18.5 L 4.8 0.2
Calm _0.0 _0.0 0 _0.0 0.0
Totals 83 99.9 4.0
Average 12,1 11.8
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TABLE LVIIT

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
TOLEDO EXPRESS AIRPORT

1 September 1957 - 30 November 1957

(Fall)

Aversge  Average Wind No. of Hours of Precipitation

Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 8.0 17.0 1 0.7 0.0
NNE 8.5 0.0 0 0.0 0.0
NE 8.k 7.7 3 2.1 0.1
ENE 9.5 10.0 2 1.b 0.1
E 9.2 8.9 10 7.1 0.5
ESE 6.7 5.0 1 0.7 0.0
SE 7.7 10.5 6 k.3 0.3
SSE 10.4 15.0 21 15.0 1.0
S 9.6 12.7 36 25.7 1.6
SSwW 10.5 4.3 10 7.1 0.5
SwW 12.6 11.8 12 8.6 0.5
WSW 12.8 8.9 1L 10.0 0.6
W 12.0 13.5 6 4.3 0.3
WIW 9.5 7.5 6 L.3 0.3
NW 8.3 7.6 5 3.6 0.2
NIW 8.9 12.1 ! 5.0 0.3
Calm _0.0 _0.0 _o© _0.0 0.0
Totals 140 99.9 6.3

Average 9.9 11.8
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TABLE LIX

THE ASSOCIATION OF PRECIPITATION WITH WIND
AT THE TOLEDO MUNICIPAL ATIRPORT

1 January 1950 - 31 December 195k
(Fall Seasons)

Average No. of Hours of Precipitation

Wind Wind Observations _as Percentage of
Direction  Speed, During Total Hours of Total
mph Precipitation | Precipitation Hours
N 14.6 36 5.7 0.3
NNE 15.2 Lo 6.3 0.k
NE 11.5 27 .3 0.2
ENE 4.3 35 5.5 0.3
E 10.8 53 8.4 0.5
ESE 10.0 15 2.4 0.1
SE 9.4 14 2.2 0.1
SSE 13.6 35 5.5 0.3
S 4.3 69 10.9 0.6
SsW 13.6 T7 12.1 0.7
SW 12.4 79 12.5 0.7
WSW 12.2 L8 7.6 0.4
W 9.7 23 3.6 0.2
WNW 12.9 o7 4.3 0.2
NW 17.1 33 5.2 0.3
W 19.2 18 2.8 0.2
Calm _0.0 _5 0.8 0.0
Totals 63k 100.0 5.8

Average 13.2
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Fig. 29. Percentage frequency of occurrence of winds from 16 directions
and corresponding wind speed with precipitation at Toledo Municipal Air-
port, Fall Seasons, 1950-195k4, and at Toledo Express Airport and the
Enrico Fermi site, Fall, 1957.
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TABLE LX

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
ENRICO FERMI SITE

1 December 1956 - 30 November 1957

(Annual Summary)

Average  Average Wind No. of Hours of Precipitation

Wind Wind Speed During Observations as Percentage of
Direction  Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 10.9 16.2 13 3.0 0.2
NNE 12.1 15.3 26 5.9 0.3
NE 15.2 18.6 28 6.k 0.3
ENE 14.6 16.7 L7 10.8 0.6
E 13.7 21.6 L9 11.2 0.6
ESE 11.8 12.3 16 3.7 0.2
SE 11.9 16.7 32 7.3 0.4
SSE 10.8 13.9 32 7.3 0.4
S 11.1 12.k 30 6.9 0.k
SSW 12.8 14k L2 9.6 0.5
SW 13.3 12.3 27 6.2 0.3
WSW 13.9 12.5 32 7.3 0.k
W 12.2 8.0 14 3,2 0.2
WNW 12.4 4.1 28 6.4 0.3
W 11.1 11.1 9 2.1 0.1
NNW 10.1 16.2 12 2.7 0.1
Calm 0.0 0.0 0 0.0 0.0
Total 437 100.0 5.3

Average 12.5 1.5
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TABLE LXT

THE ASSOCIATION OF PRECIPITATION WITH WIND AT THE
TOLEDO EXPRESS AIRPORT

1 December 1956 - 30 November 1957
(Annual Summary)

Average  Average Wind No. of Hours of Precipitation

Wind Wind Speed During Observations as Percentage of
Direction Speed, Precipitation, During Total Hours of Total
mph mph Precipitation Precipitation Hours
N 9.6 11.8 35 5.6 0.k
NNE 10.2 10.5 b1 6.6 0.5
NE 9.7 10.7 35 5.6 0.k
ENE 11.0 11.0 L5 7.2 0.5
B 10.9 2.4 72 11.5 0.8
ESE 8.1 6.k 12 1.9 0.1
SE 7.7 8.8 17 2.7 0.2
SSE 9.9 12.0 50 8.0 0.6
S 10.3 11.0 8l 13,4 1.0
SSW 12.0 12.9 55 8.8 0.6
SW 13.3 12.2 55 8.8 0.6
WSW 13.1 10.2 Lo 6.k 0.5
W 11.8 11.0 18 2.9 0.2
WINW 10.9 8.8 29 4.6 0.3
NW 9.7 8.5 19 3.0 0.2
NNW 9.5 11.4 16 2.6 0.2
Caln _0.0 _0.0 _2 0.3 0.0
Totals 625 99.9 7.1

Average 10.9 11.1
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TABLE LXTT

THE ASSOCIATION OF PRECIPITATION WITH WIND
AT THE TOLEDO MUNICIPAL ATIRPORT

1 January 1950 - 31 December 1954
(Annual Summary)

Average No. of Hours of Precipitation

Wind Wind Observations as Percentage of
Direction  Speed, During Total Hours of Total
mph Precipitation | Precipitation Hours
N 12.7 158 5.0 0.k
NNE 14.8 179 5.6 0.k
NE 13.0 21% 6.7 0.5
ENE 15.9 389 12.2 0.9
E 12.2 252 7.9 0.6
ESE 12.3 113 3.6 0.3
SE 10.6 129 L1 0.3
SSE 13.2 161 5.1 0.4
S 13.8 261 8.2 0.6
SSW 14,3 326 10.2 0.7
SW 13.7 322 10.1 0.7
WSW 4.0 179 5.6 0.4
W 12.1 115 3.6 0.3
WINW 1.1 140 L.h 0.3
NW 15.4 133 k.2 0.3
NNW 14,0 91 2.9 0.2
Calm _0.0 20 0.6 0.0
Total 3181 100.0 7.3

Average 13.7
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Fig. 30. Percentage frequency of occurrence of winds from 16 directions
and corresponding wind speed with precipitation at Toledo Municipal Air-

port, Five-Year Summary, 1950-1954, and at Toledo Express Airport and the
Enrico Fermi site, Annual Summary, 1956-1957.

102



TABLE LXITI

A COMPARISON OF RELATIVE FREQUENCY OF MEASURABLE PRECIPITATION AT THE ENRICO
FERMI SITE, TOLEDO EXPRESS AIRPORT, 1 DECEMBER 1956 - 30 NOVEMBER 1957, AND
TOLEDO MUNICIPAL AIRPORT, 1 JANUARY 1950 =- 31 DECEMBER 195k (.02 IN,
MEASURABLE AT PLANT SITE, .0l IN. MEASURABLE AT TOLEDO)

Enrico Fermi Toledo Express Toledo Municipal
Site, % Airport, % Airport, %
Winter 5.5 7.9 10.1
Spring 8.7 9.2 8.8
Summer 2.4 5.0 4,3
Fall IN) 6.3 5.8
Annual 5.3 7.1 T3

3. THE ASSOCIATION OF WIND SPEED WITH PRECIPITATION

In general, precipitation is associated with above average wind speeds.
This is shown by the overall average wind speed, and the average during pre-
cipitation,which appear as the entries at the bottom of columns 1 and 2 of Ta=-
bles XLVIIT - LXII. However, during the summer and fall, when precipitation
is rather infrequent, there is essentially no difference between the overall
average wind speed and the average for periods of precipitation only.

L. THE ASSOCIATION OF WIND DIRECTION WITH PRECIPITATION

The notion of conditional frequency is helpful in discussing the associa-
tion of wind direction with precipitation. For example, we may consider the
frequency of the event, Heads, in tossing a coin. ILet us indicate this by F(H).
Let us also consider the conditional frequency of the event, Heads, given that
it is raining outside. The notation is F(H]R)° For an unbiased coin

F(H) = F(H|R) = 0.5 (approximately)

because the occurrence of heads when flipping a coin is in no way influenced by
rgin.

Now we may consider the analogous situation of conditional frequencies of
the event, winds from direction D, given that it is raining [the notation is
F(D[R)] and the simple frequency of the event, wind from direction D[notation
F(D)]. 1If the occurrence of winds from direction D is independent of the con-
dition of rain, we should observe that

F(D|R) = F(D).
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Further, if the occurrence of precipitation and the wind direction are complete-
ly independent, then this relationship must hold for all wind directions. The
entries of Tables XLVIII-LXII provide us with the values of F(D|R), i.e., the
conditional frequencies, which may be compared to the simple frequencies F(D)
from Tables XVIII-XLITI. We conclude that in each season the occurrence of pre-
cipitation is in fact dependent upon wind direction since the quantities are
generally not approximately equal.

Certain other features about the nature of precipitation are also revealed.
During the winter, it may be noted that precipitation is associated about equal-
ly with northeasterly and southwesterly winds. These may be characterized as
pre-warm-frontal and pre-cold-frontal, respectively. The emphasis definitely
shifts to the warm-frontal or pre-warm-frontal type of precipitation associated
with the easterly winds during the spring. This is seen most easily in the
windroses of Fig. 27. During the summer, pre-cold-frontal rain is the dominant
type as witnessed by the association of rain with southwesterly winds. Once
again this is well illustrated by the windroses in Fig. 28. The picture in the
fall does not differ significantly from that in summer.
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V. CONCLUSIONS

Throughout this report, conclusions have been inserted after each part.

The following list summarizes the facts presented in the report.

1.

10.

11.

Inversion conditions are more frequent at thw WJBK-TV tower than at the
Enrico Fermi site.

Three distinct types of inversions occur at the BEnrico Fermi site, namely,
nocturnal, circulation, and lake-breeze types.

The circulation and lake-breeze type of inversionswhich represent more than
half of all the inversions are associated with wind speeds greater than or
equal to 10 mph.

Inversions associated with moderate winds and a meso-mixing process offer
a better diffusion regime than is customary to associate with inversions.

Circulation inversions at the plant site may persist for over two days or
as long as air which is relatively much warmer than the underlying water
crosses Lake Erie from the south. Such inversions are most probable in
the late spring and least probable in the fall.

The year 1957 appears to be a typical year as concerns wind frequency dis-
tributions except for the summer season.

The frequency distributions of the wind indicate that Toledo Express Air-
port gives a closer approximation to the actual distribution at the Enrico
Fermi site than does Detroit City Airport.

Winds which are off the lake are relatively stronger at the plant site than
the same winds at Detroit and Toledo.

A lake breeze develops at Lagoona Beach on warm summer days when the pres-
sure gradient 1s light. Under the same meteorological situation a nocturnal
land breeze often develops which is weaker than the lake breeze.

Precipitation is generally associated with above average wind speeds at the
Enrico Fermi site except during the summer and fall when precipitation is
infrequent, and there is no difference between the overall average wind
speed and the average wind speed during precipitation.

The frequency distribution of precipitation is dependent upon wind direc-
tion in all seasons of the year.
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APPENDIX A

A METHOD FOR ELIMINATING THE BTAS FROM WIND~D