PROCEEDINGS OF THE OKLAHOMA

Some Microclimates Produced by Lake Texoma

ELROY L. RICE, Unlversity of Oklashoma, Norman

Despite the many claimes and theories advanced by proponents of
lake bullding programs concerning the extensive microclimatic effects of
lakes and ponds, there ure extremely few data available either to support
or to discredit such clalms and theorles. Jensen (1. 2), during the dry
summers of 1935 and 1936, studied the effects of several small lakes
(largest, about 3'; miles by 10 miles) in Ottertail County, Minnesota, on
relative humidity and alr temperature. Alr temperatures, in the after-
noon, were shown to be somewhat lower and the relative humidities at the
same time higher on the leeward shore of a lake than on the windward,
the difference in temperature being as great as 8.6° F. and of relative
humidity as great as 19 percent.

The preaent Investigation wus carried out at the University of Okla-
homa Hiologleal Station from June 20 to August 2, 1951. Experiments
were designed to determine the influence of Lake Texoma on relative
humidity, nir temperature, and evaporation on its shores' and any modifica-
tions of these factors resulting from varfations in wind direction and in-
tensity. A determination of the distance from the water that any pro-
nounced effect could be detected was another goal of this investigation.

MATERIALN AND METHODS

By caretul reconnalssance, grassland areas essentially free of trees
tor about one-half mile from the water were located on the north and south
shores of Lake Texoma. The area on the north was located just west of
the University of Oklahoma Hiologica) Station, while that on the south was
located across the lake to the southwest of the station. The lake was
approximately three mies wide at the location of the study areas. Instru-
ment stations were located at 10, 60, 160, 360. 660. and 880 yards from the
water on the north shore. All stations were located at similar positions
on the south shore with one exception; one was located at 560 yards from
the water and none at 660 yards. The grasses were kept mowed or grazed
Quite short at each station with the exception of the one located 880 yards
from the water on the sonth shore and that located 660 yards from the water
on the north shore. At those atations the grasses were about two feet tall
during most of the perind of the investigation.

All measurenients were taken at four feet above ground to minimize
as much as possible any eftects due to the vegetation. Weksler maximum-
minimum thermometers were used for the spot checks of air temperature
and to determine the weekly maximum and minimum temperatures. Thes:
thermometers were mounted in small shelters to prevent the sun from
shining directly on them (Fig. 1). Two Taylor recording thermographs
Were used for a continuous comparison of air temperatures at 10 yards
and 440 yards from the water on the north shore. Friex aspirator type
psychrometers were used for the determination of relative humidities.
White Livingston atmometer spheres were used for the measurement of
evaporation.

1The lerm “shore” la uoed fn & broad sease ia this paper v
oue-Balf mile from the water’s odge. to refer to the area out
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FIGURE |I. Mazimum-Minimum Thermometer and Atmometer
Cup in Place in Fleld.

RESULTR AND DIsCUHRION

The influence of Lake Texoma on relative humidities on its shores
varied with wind velocity and direction (Tables 1 and 2 and Figs. 2 and 3).
Moderate to strong south winds resulted in fairly pronounced increases in
relative humidities on the north shore, the distance of the effect depending
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FIGURE 2. Relative Humidity at Four Feet Above Ground on North Shore
a3 Affected dy Wind Direction and Velocity and by Distance from Water.
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ve intensity of the wind. During such times the relative
:nmt‘::“:la:‘l' .tba oomlsy shore were not essentially affected by the lake
(Table 2). The reverse situation resulted when moderate to strong winds
blew from the north. During periods of calm or very slight winds, ve-
gardless of direction, the lake had very little effect on relative humidities
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FIQURE 3. Relative Humidity at Four Feet Abore Ground on South Short
aa Affected by Wind liirection and Velocity and by Distance from Water.
TABLE 1
Relative Humidity on North Shore at § Feet above Ground in Shade

BATK TIME WIND DIRFATION RELATIVE HUMIDITY (%)

(e & INTRNSITY 10* 6u* 160* 360* 660* 880°
June 26  1:35- 2:00 Strong. S. 75 73 75 72 62 81
June 27 12:30- 1:10  Strong. S. 63 65 65 62 59 52
July -9 2:45- 3:20 Falrly Strong, 8. 56 54 58 61 56 50
July 11 2:40- 3:18  Mod., S. 65 (3] 60 67 57 —
July 16  1:00- 1:20 Slight. S.E. 51 51 51 o 48 —
July 286  4:30- 5:00 Slight, NE. 61 62 53 55 68 -
July 80 3:15 4:00 Mod.. E. 46 41 38 37 37 —
Aug. 1 10:00-10:40t VerySlight.SE. 69 58 60 59 61 —

* Distance from Water in yards
tAM.



ACADEMY OF SCIENCE FOR 1951 @

TABLE 11
Relative Humidity on South Shore at } Feet abore Ground in Shade

DATE TIME WIND DIRECTION : RELATIVE HUMIDITY (%)
(p.M.) & INTENSITY 10*  60* 160* 360* 560* 880*
June 25 3:00- 3:30 Strong, S. 67 62 62 60 70 (1
June 27  3:00- 4:00 Strong, S. 52 48 66 59 47 —
July 4 9:20-10:15% Mod., N. 88 86 84 74 77 78
July 9 1:00- 1:40 Fairly Strong, 8. 55 54 85 50 53 53
July 11 1:00- 1:3¢ Mod,, S. 58 58 58 56 57 —
July 25  2:30- 3:16  Slight, E. 60 52 54 54 54 52
Aug. 1 7:55- 8:30% Slight, S.E. 58 68 57 57 60 —_

® Distance from water in yards.

tAM

along its shores. On relatively windy days, the pronounced break in rela-
tive humidity on the leeward shore occurred usually between 360 and 660
yards from the edge of the water. The difference in relative humidity at
the water's edge and at 660 yards away on the leeward shore was as great
as 13 percent on one windy day. Measurements made at various distances
from the water out to a point 12 miles north of the lake on a day when
a slight wind was blowing from the southeast indicated that the lake
may have some very slight effect on humidity as far as two to four miles
from the water on the leeward shore althongh a pronounced effect occurred
only up to approximately 360 yards.

The influence of the lake on air temperatures varied with wind direction
and intensfty aiso (Tables 3 and 4). The greatest effect on temperature
TABLE 111
Air Temperatures at } Feet above Ground on North Shore

DATE TIMFE WIND DIRECTION AIR TEMPERATURE (°F.)
(r.a.) & INTENSITY 10* 160°¢ 660*
June 25 1:25- 2:00 Strong, S. 87 90 96.5
June 27 12:30- 1:10 Strong, S. 89 91.2 94
July 9 2:45- 3:20 Fairly Strong, S. 94 94 98
July 11 2:40- 3:15 Mod., S. 89 94 96
July 16 1:00- 1:20 Slight, S.E. 106 103 104
July 18 2:30- 2:50 Slight, N.E. 104 98 100
July 25 4:20- 5:00 Slight, N.E. 101 101.6 101
¢ Distance from water in yards.
TABLE 1V
Air Temperatures at j Feet above Ground on Houth Shore
BATE TIME WIND DIRECTION AIR TEMPERATURE (°F.)
(r.y.) & INTENSITY 10¢ 160* 560°

June 25 3:00- 3:30 Strong, 8. 91.5 95 92
June 27 3:00- 4:00 Strong, 8. 9 96.5 96.2
July 4 9:20-10:15¢ Mod., N. 74 78 80.5
j“‘! 9 1:00- 1:40 Fairly Strong, 8. 93 94 93.5
i 1:00- 1:30 Mod., 8. 945 94.5 94.5
Juh 18 1:00- 1:30 Slight, N.E. 96 98.5 100
uly 25 2:30- 3:15 8Slight, E. 9 96.5 96.5
Aug. 1 7:55- 8

:30¢ Slight, S.E. 89 90.6 85.5

f‘&tm from water tn yards.
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occurred on the north shore on June 25 when the wind was blowing quite
bhard from the south. Oun that date the alr temperature was 9.5° F. higher
at 660 yards from the water than at 10 yards from it. When a very slight
wind was blowing off the lake, or when the wind was blowing toward fit,
the alr temperature was often higher next to the water than some distance
from it (Table 3). The increase next to the water was probably due to the
reflection of the sun's rays from the water toward the nearby instruments.
Present data are insufficient to indicate how far from the water air
temperntures are affected when the wind is blowing hard off the lake
since no temperature stations were located more than 860 yards from the
water on the north shore or 580 yards from it on the south shore.

With the exception of the week ending June 27, the minimum weekly
air temperature at four feet above the surface of the ground on the north
shore did not fall as low at the station next to the water as at those more
distant from {t (Tuble 5). On the south shore the weekly minima were
always higher next to the water than at the more distant stations (Table 6).
This seemoed quite surprising at first for the summertime, because one
usually thinks of cold weather when considering the temperature in-
creasing offect of a body of water. Such a similar effect in warm weather
is quite logical, however, and the explanation is simple. The temperature
of the lake water became relatively high during the summer and the loss ot
heat from It at nixht kept the air close by considerably warmer than that
further back on the shore. The effect was very striking when walking
close to the water at night, the breeze blewing on shore being noticeably
hot at times.

TABLE V

Maximum and Minimum Weekly Air Temperatures (°F.)
ul j Feet above Ground on North Shore

FOR WEEK 10¢ 160° 660°
EXDING MIEN. AtAX, MIN. MAX. MIN. MAX.
June 37 3.2 92 74 98 73.2 94.5
July 4 i3 1045 86 102 66 100
July 11 3 95 70 97 70.5 97
July 18 7% it0 4.5 110 72 108
July 28 T4 133 3 110 73 106
Aug. 1 74 109 72 107 7 106

S listance from water In yards.
TABLE VI

Mazimum and Minimum Weekly Aér Temperatures (°F.)
at § Feet above Grownd on South Shore

FOR WKEK 100 160 560°
KXDBING MIN. MAX. MIN. MAX. MIN. MAX.
June 37 80.5 96.5 72 98 725 96.5
July 4 7 5 67 97.6 67 99
July 11 81 98 72 98.5 13 98
July 18 — 104 50 106 71 103
July 2§ 76 106 74 107 735 107.5
Aug. 1 775 104 72 1055 77 104

R AL Y T . - -

* Distance from water in yards.

The weekly maximum air temperatures were usually similar at all
stations on the south shore (Table 8). The alight variation which did
occur exhidited no correlation with the location of the water. The weekly
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maximum air temperatures were quite different at the various stations on
the north shore at times, but again there was no apparent correlation with
the distance from the water (Table 5). The general weather conditions,
particularly the prevailing direction and intensity of the wind, probably
played a prominent role in determining which station on either shore
had the maximum weekly air temperature.

Mean air temperatures (average of hourly temperatures) four feet
above the surface of the ground were found to be almost identical at 10
yards from the water and at one-fourth mile from it during some weeks,
despite the pronounced differences in temperature which occurred be-
tween these stations on days when the wind blew hard off the lake.
Differences in mean temperatures between the above two stations were
evident, however, during some periods. During the period July 30 to
August 2, the mean night temperature (7:00 p.m. to 6:00 a.m.) next to
the water was 82.7°F. and that at 440 yards was 82.3°F. During the same
perfod, the mean day temperature (7:00 a.m. to 6:00 p.m.) next to the water
was 87.8° F. whereas that a quarter-mile away was 89.6° F.

Considering the generally higher relative humidities and lower tem-
peratures next to the water on the north shore than farther away from
it, (Tables 1 and 3) one would expect evaporation to be considerably less
next to the water. This proved to be true only to a relatively limited
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FIGURE . Influence of Lake on Average Daily Evaporation from White

Livingston Spheres Four Feet Above Ground on North and South Shores.
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extent (Fig. 4). In actual magnitude the difference was so slight that it
“as probably insignificant. On the south shore, the average evaporation
")“ actually higher next to the water than farther back on the shore.
Probably the chief causes of the higher evaporation rates next to the water
were the higher night temperatures at that location and the greater wind
‘elocities. Since evaporation is atfected by wind, insolation, relative humid-
'¥. and temperature, it is without doubt the best single criterion of the
‘verall effect of a given environment on the growth of plants in that
‘Nvironment. Present data suggest, therefore, that the influence of Lake
‘exoma om the overall microclimate on the north shore is so small, at
"ast during the summer montha, that it would have almost mo effect on
'YI'““' growing there. If there is any notable effect on the growth of
' ;‘"‘ ot the south shore, which is doubtful, it is apparently s detrimental
']"l:‘- It should be emphasised that the above conclusions are coneerned
¢y with the microclimatic effects along the lake.
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BUMMASRY

Lake Texoma increased the relative humidity on its leeward shore
quite markedly, the magnitude and distance of the effect increasing with
increasing wind velocity. On relatively windy days, the pronounced break
in reilstive homidity on the leeward shore occurred usually between 360
and €40 yards from the water. There was no detectable effect of the lake
on relstive humidity on the windward shore.

Afr temperatures during the dsy were usually lower next to the water
on the leeward shore, gradually increasing with distance from the water,
the magnitude and distance of the effect depending on wind direction and
intensity. When a slight wind was blowing off the lake or when the wind
was blowing toward it, the air temperature was often higher next to the
water than at some distance away.

The mean day ajr temperatnore (7:00 a.m. to 6:00 p.m.) was higher a
quarter mile from the water on the north shore than at the water’s edge.
The mean night air temperature (7:00 p.m. to 6:00 a.m.) was higher next to
the water than a quarter mile away on the north shore.

The Mighest weekly minimum alr temperature was always recorded
next to the water on hoth north and south shores with the exception of the
north shore in the week ending June 27.

The weekly maximum air temperatures were usually quite similar at
all stations from the water outward on the south shore. They varied con-
siderably on the north shore but there was no apparent correlation with
distance from the water. .

Dally evaporation was almost the same at every station on the north
shore trom the water outward despite the usually higher relative humidities
and lower temperatures next to the water during the day. On the south
shore, the average daily evaporation was actually higher at the statfons
closest to the water. These unexpected results concerning evaporation
were probably due to the higher night temperatures next to the water and
poastbly to higher wind velocities at that position.
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