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LAKE OKOBOJI AS A TYPE OF AQUATIC
ENVIRONMENT

F'RANK A. STROMSTEN

ke West Ol -:'ml'ii furnishes a l!q'I.T'H"H!ElT':I‘.' interesting field for
| iy 1 |

anological observation. Its topography distinguishes 1t from

t lakes Ol olacial origin, -u,'!-,!u-i: are Il‘éll.'lllﬁf'-' maore or less ]h‘thﬁl—
ned.  Okoboji, on the other hand, has a volume development
than that ol a cone ol |'|[‘].".._ a1rea ,':11!1 Ili'!'l-.!l I1-- “.][]:il'i' Tlli!'}'!T

!;~_!_1'|-ui to 1that ol a ]l4rL|:i-|, T|;r‘ w!t*|l1' ()1 '|:’_|** 1IH1IHEH Ior Hll‘

hundred feet in depth is eradual and about typical for lakes

1'CLrlO]l. 1’ T:rﬂ'fl :i:]'uil‘x i'-i1.|Jl':|' I‘;;i;_.!:"‘,' 1Or 11||I' nexi 1“”".
in depth so as to give a ““deep hole’™ " ot comparatively small
[t 18 a rather d flienlt task to loeate this 11{'1']rt‘i‘ part under

mal comditions on aceount of its narrow limits, During windy

the boat will rEJ' it tar enough betore the .'Hu'!'.n!‘ catehes
ord ||:!r|'_|\, when the thermometer touches the bottom 11
not reach the greatest depth I'}' ten or fifteen feet. There 1s
loubt but that this peculiar shape of bottom has an influence

dlistribution ot T¢'|:||=|-1'.‘|IIJ|‘+-, dissolved gases, and ]l]i'ILI{THH.

appears at a number of springs must open into the lake near

T _:,'_.i al=s0 art vArionus [lu'-.HIu. 011 ”.l' ill.ll11|T”_ 'I‘:'H'\'_' lill!:‘-.'

o slicht effeet on the temperature and on the amount ot

hon dioxide E'I mav also aceount for some of the l'r!h] ‘i]HII.‘-\
el ¢ \ g | 1 thi hallow b o
<pite o1 the Iact that eonsiderabli :-T'.Illltx has been made ot
Lre ooy and natural historvy ot the I'i"',’_i-']l‘- ."I'H'lfl.ll ”l" Iil!x"u
narativelv little work has been done on the lake itself. Tilton

1915 1§ |' ]"1“ made some I'.THT'J-'|'-1'_{iI'.|! ohsi rvations on T]Ll‘ ?.'IE{I'.

1919 Birge and Juday spent several days at the Lakeside
orv in further investigations. The present series of papers,

!.!':|' nerwl 1rom 1|1'h1 10 ]:L_,“'

e an attemnt t AT Tor
r A~ 20 1S An attempt o earrv 10r-

and other ;u;';‘f.!-':-.! measure-
ned from Biree and .]'.r'i.._' '] report, which,

l o survey made by some ¢ ngineering students
Ames dul r the vyeal 1900 to 191%2. | am also -!rlilllﬁl‘.l'-l.' 10

' i i 1
. v 2 a f * | = § | i %1 oy P 1 17 . 1 ¥ AT
. and to other papers by Birege and Juday for several
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of the methods and plans for apparatus used. Dean Seashore, of
the Graduate College of the University of Towa, has very generously
made available certain funds for equipment and assistants, and
has been helpful in many ways. The university mechanieian, Mr.
Dempster has shown great interest in the makine and designing
of several valuable pieces of apparatus for the work. Several ad-
vanced students have aided in the determination of dissolved gases
and of the hydrogen-ion concentration

The results of these studies will be presented in three parts:

Part I will be devoted to the study of the physical characteristies
of the lake sueh as:

2 A eomparative study of the distribution and amount of heat
absorbed during the several vears studied.

b)Y The work of the wind and the effect of ehanege in wind veloe-
ity in the distribution of heat and the thermal stratification of the
lake.

Part 1T will be devoted to a comparative study of the dissolved
agases and the hydrogen-ion eoncentration during the same period.

Part II1 will be a study of the distribution and abundance of
animal plankton in the lake and the relations to the physical and
chemical factors presented in parts'I and 11.

GENERAL FEATURES

West Okoboji i1s a long but rather narrow lake. Tt has a leneth
of nearly six miles with a width of scarcely a mile for the most
part. Its valley-like bed i1s widened in the south half by three
bavs, two on the west and one on the east. This makes the longest
distance across the lake about three miles by followinge a somewhat
diagonal line from the west shore of Miller's bay to the east shore
of Smith’s bay, near Arnold’s Park. The main axis of the lake ex-
tends in a southeast-northwesterly direetion, which is the direction
of the prevailing winds of the summer season. The deepest por-
tion of the lake follows the east shore-line rather elosely, becoming
deeper as it follows the main axis of the lake from the north shore
to a point opposite Fort Dodge point where it is about 132 feet in
depth. It then veers off towards the southwest, muech in the same
way that the deeper part of a river follows its outer curve. At the
sonth end of the lake, near Terrace Park it erows shallow rather
rapidly up to the shore-line, giving one the impression that an
ancient river valley has heen blocked. 1t is probable that, during
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|

.f populated with hundreds of Bell's painted turtles. Among the
. weeds and in the smaller clear areas between the platforms may
4 be found as many gar pike basking in the hot sun. Near the mar-

: gins are the fishing erounds for black bass, and closer to the shore,
perch and blue gills. The sand bar appears to be increasing in
size from vear 1o year, due to the 1ce push ol the early spring crowd-
ing more sand and boulders up to the exposed margin. This eon-
tinual extension and enlareement of the sand bar will eventually
cut off the small baylet from the main bay and allow it to fill up
with silt and decaying vegetation until it will be nothing more than
a shallow pond or a marsh.

The land projection from the south shore is somewhat less ex-
tensive but higher and more bluff like.

Miller's bay as a whole is comparatively shallow, being on the
average about twenty-five feet or less in depth except near its
mouth where it 1s nearly fifty feet.

On aceount of its protected position Miller’s bay has a surface
temperature which ranges about 2°C warmer than that of the main
lake. On account of extensive plant growth the surface also shows
a higher percentage of dissolved oxygen. According to Jones ("20)
about one-fifth of the hottom area of Miller’s bay is ¢overed with
Ceratophyllum,. On bright clear days it is often possible to see a
continuous stream of oxveen bubbles coming to the surface from
some of these submerged plants, The plankton fauna of Miller's
bay seems to be more abundant and more diversified than i other
parts of the lake. However, this may be due to the fact that Mil-
ler’s bay has been more thoroughly and regularly explored than
any other part.

SMITH'S BAY
Smith's bay is located on the cast side of the lake. It is some-
what wider than Miller's bay but is also shallower. Its shore-line
is precipitous for the most part and is closely erowded with summer
cottages. The only good bathing beach is found at the southeast |

corner where the summer resort, Arnold’s Park, is located. Similar |
to Miller’s bay it is partly divided into a larger portion and a |
smaller baylet. The smaller part is located near the outlet of West |

Okoboji into East Okoboji. It is very shallow, being not over nine
or ten feet when the lake is at normal level. It is usually pretty
well choked up with weeds so that only a comparatively narrow




channel 1s left for the passage of launches and lake steamers.

LAKE OKOBOJI

-
i

The

The main

water 1s usually guite warm and somewhat stagnant.

D ~mitl sed to the strone northwest and south-
Wi much freer from vegetation than either
M 1 Jones ('2H) estimates that while al-
most 2o per cent of Kmerson’s and 20 per cent of Miller's bottom
L1 L1 covered with ( -a'url’fr;_n'-'.m"."rrm, -|11l}' about 8 per cent of
Smit bay 1s thus infested. Such plankton tows as have been
made 1m >Smit - |'~':=.'*' seem to show a less varied and less abundant
plankton fauna than either of the other two bays. The faet that

188370000ewm  — j00% | T35 Hectares ~— /00%%p
S \2.0, oa €97% | 1205 . 7 53% -
10 70.1 60 000 379% O3 ~ J23% —
] 37.060.000 20.19%, | J29 ~ 34.5%
10 /6.180.000 - 299 315~ - 20.5%
25 J §20.000 - 3.0% 71y 26N ——=
30 /.800.000 - 0.9% LPF ~ 225% .
33 250.000 . 0.] % /4.6 ~ | 0-95% _ —
=== —vVoLume —=——— — = = -Area—— —
r percel . i ind voln of Lake Okoboji
¢ ¢ 11 Percentages measured from the central axis, Data from
TN Cap 1.."_‘. ;.rl-l -~1"{1':'i'!_' r[ihfiil'hi‘ul }r“;' itl*;t‘.'}' ‘ﬂ.'i]]il.ﬂ
rotled ]-} the continuous passage of steamers
ts may have had an effeet on the plankton as well as
etat
EMERSON'S BAY
' bav 18 more ecircular i outhine than either Miller’s
) | [t is partly eut off from the main lake by a sand bar,
10 or 12 feet below the surface, extending from Bluff Point
I ntas Poin Like Miller’s bay, 1t has a small baylet in-
. 3 rthwest shore. The bay for the most part is rather
ol has ree portion of its floor covered with vecetation.
3] f f I comprises the greater part of this \'{".Il'i'ntif}ll,
he s ce of the bay looks to be comparatively free from weeds.
erson s 1s exposed to the full action of the strong
thwest a ' st winds probably prevents those plants whieh
ted by strong e action from getting a hold. At least
es not seem to be such large areas covered with ‘‘blanket
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alem’” as are found in some other parts of the lake. Although
Emerson’s bay appears to support a fairly abundant plankton
fauna, it seems to be limited to a comparatively few forms., Daph-
nio retrocurva and Bosmina longirostris are the most abundant
cladoceran forms.

The followine table of dimensions of Lake Okoboji is taken from
Birge and Juday’s report: ‘‘A Limnological Reconnaissance of
Lake Okoboji.’” (See fie, 1)

Length | A 046 mi,
(+reatest breadth L 2.584 mi.
Area ... L It S e | 3785 acres
Greatest depth | s A 132 feet
Mean depth (reduced thickness) . 40.4 feet (1227 em.)
Volume ... . R e 246.340.000 eu. vards
185,340,000 eu. meters

Liength of shore-line ... e | 18.2 mi.
Shore development ... el SUNON e eenernesn s 1S
Volume development i s .0.92
Mean slope of bottom o 1 OA™ 3 208%

GENERAL FEATURES

The entire shore-line of West Okoboji, ineluding the bays, 18
approximately eighteen miles in length. The shores for the most
part are precipitous and, except where they are completely un-
protected from the dry southwest winds, are bordered with second
growth burr oaks. Very few old trees are found since they were
cut down by the early settlers. There are several stretehes of sand
and eravel leadineg out from the lower shores, but along the steeper
parts, the shore is lined by large boulders which have been piled
up and pushed back by the ice shove of many winters. The under-
sides of many of these boulders form excellent colleeting places for
various forms of aquatie life. Here may be collected leeches, with
their cocoons, larvae, fresh water sponges, snails and their egg
clusters, hydra, planarians, aquatic earthworms, water mites, bryo-
zoans, small erustaceans, such as Gammarus and Hyalella, caddis-
fly and other inseet larvae and nymphs, protozoa and many other
forms. During the bright summer days, the exposed boulders are
populated with Bell's painted turtles enjoying the hot sunshine.

In the clear spaces between the boulders in shallow water the sun-
fish build their nests and guard the eggs. The brilliantly colored
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appendages of the erayfish may be seen projecting from underneath
those boulders E}"illf_{‘ close to the shore. Hundreds of gar IIIH{E' line
lemselves next to the shore along the shallow beaches. Their heads

shore, ready to seurry out into the deep

el the passer-by. In doing this they usually
o mud so that 1t affords an effectual sereen to hide their
retreat. About sundown, durine the month of June, turtles erawl

L On T]u' u ~.].u['r'--; - 1|rE for several EI!I'II'h'f'[l feet up a }IIEH‘*%]tli' Lo
dig their nests and deposit their eggs. Bell's painted turtle will
lay from nine to thirteen oblong eggs while the snapper’s nest will
contain a hundred or more round, white eges about the size of a

!1.I.il'|l|r'. \,‘\'},r![ I!u- nests EI.":‘H"‘ }n*q'u 1';;['|‘|'11H.‘-.' :'u-.'k.r‘,‘tﬂl ]I'u"' egos are

left to be hatehed by the heat from the sun. In about seven or eight
WeeKks, [.r-.,t_-']1]4-.] the T|'|I]]'T|‘F'I|_u'|']'I]}li*n:l H]Jl'l[ﬂ“l*!li]t‘ does not find the
nest and suck the eoos, the small turtles beein to hateh, l]l*_{‘ ”H"fl'
way out of the nests, and slowly wander down the long hill slope
11

Lsappear nnaltly

m the water. Scores of water birds., sueh as
ells, terns, sand pipers, and herons fly around the gand bars and
rock covered points of land, like the sand bar of Miller’s bay, (yull

Point, and so forth.

APPARATUS AND METHODS

Alr Temperatures. The maximum and mimimum temperatures
tor each day were obtained from the Weather Bureau Monthly
Bulletin. Those prior to 1926 were taken by Dr. Ferdinand J.
Ssmith at his residence on the south shore of Miller’'s bay; those
or 1927 are as reported by Mr., P. W. Lawrence at Lake Park,
about 14 miles west of Okobojlr on Silver Lake., No maximum and
mintmum temperatures have been reported for Aueust 1925 or
tor the summer of 1926, All temperatures have been reduced to
centigrade seale to l'ur_r'l*~|'-~|]'.-i with the readinegs made at the
keside Laboratory.,  Air temperatures were read on the labora-
orounds each day and on the lake each time water temperatures
were taken. For this purpose a certified glass eentierade ther-
meter provided with a correction seale, was used until it
Was ..-'*|-‘:+'|:I;|||_x broken. atter which a oood erade stoelk ther-
mometer was used. On the charts showing water temperatures the
maximum and minimum air temperatures are shown in light broken

11108, :||;-] the an ‘un'[-‘|is-. rature |'.:..'.*'I| (111 :tli' ].I!{i' iw “il"'"-.'nlll lr“. N~1|:|;h]|.].

connected bv l1ieht lines.
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Barometriec Readings. Barometrie readings were taken each day
in the laboratory, and on the lake each time water and air tem-
peratures were read. The instrument used was a Keuffel and Esser
surveyineg barometer, compensated for temperature. The readings
recorded in the tables are not corrected for altitude, so that it will
be necessary to add about 1.44 to reduce to sea level.

Wind Veloeity. Beginning with 1924 the wind velocity was re-
corded for various times during the day on the laboratory grounds
and on the lake each time temperature readings were made. The
imstrument used for measuring the E'L*IUL'H}' wis d }’mt‘T.‘.':]}li‘ Keuftel
and Esser anemometer which had been earefully calibrated and
furnished with a calibration eurve. The force of the wind was
estimated for 1922 and 1923 by comparing field notes and the
Beaufort scale with those made after the anemometer was pur-
chased.

Relative Humidity, The relative humidity was determined by
means of a Llovd Hyerodeik just before going out on the lake as
well as for morning and evening.

Dissolved (iases. Winkler's method was used in determining
the dissolved oxveen and Seyler's method, as described by Birge,
for earbon dioxide determinations.

Hydrogen-ion Concentration. The eolorimetrie method was used
for determining the pH. In 1923 the indicators and buffer solu-
tions were made up by dissolving prepared tablets. In 1924 and
1925 solutions were made up at the University Drug Service Station
and a modified Clark and Lubs method was used. A portable hydro-
cen electrode apparatus was also tried but without suecess.

Plankton Collections. Surface tows were made with coarse and
fine bolting eloth nets. Deeper tows were made with a Birge bucket.
Samples of water for plankton, dissolved gases, and hydrion con-
centration were obtained by means of a modified form of the Birege
water bottle.

Water Temperatures. Water temperatures were read every day
that weather conditions permitted. The first readings made each
day were over the deepest part of the lake and at approximately
R:00 o.M, Other readings were made at different parts of the lake
and at various hours durine the days. On several oceasions read-
ings were made at two-hour intervals during the day and surface
readings with oxveen determinations at two-hour intervals during

the night,
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he apparatus used tor measuringe water temperatures al various
was made for the writer ilj the Charles EKngelhard Company
Y OTK Lt con ts essentially of three parts with the neces-

principle of the Wheatstone bridge.

of a chemieally pure platinum wire

tuirn 12 1 11 a4 quartz tun The

ot | from thi \rous corrodinge agents

- ' ] It 1s further protected by

e | . double perforated bi fube attached to a water-
i 11101 L | Im i i 14 | oy 0] [.1|

- ' ' ( ¢ made waterproot b pure rubber imsulation

{ ' i I ot F1Ery 1 I'(*s LaNCd Vil \rvinge ieme-
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"1 e tivedl 1 b T o BRI 1 i ame

' ! ’ lempel ire corresponding 1o
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pulled up again, so that there are two readings for each time. The
waterproofed cable is earefully calibrated for measuring the depth.
The meter divisions are marked by bands of white adhesive tape
on which the depth is printed with waterproof India mk.

The ice usually leaves Okohoji late in Mareh or early in April
Since a laree amount of heat is required to melt the ice, the average
air temperature is considerably above freezing by the time the lake
is eleared. The result is that the temperature of the surface water
quickly rises to about 4°C., increases in density, and a vertical
circulation is established. This will tend to equalize the tempera-
ture of all the water of the main body of the lake. This equalization
of temperature is greatly aided by the strong winds of the early
spring. Sinee at this time of the year there will be considerable
fluctuation of temperature above and below freezing, the high
winds and loss of heat through evaporation and radiation will tend
to keep the water of the lake at a ecomparatively uniform tempera-
ture for some time. In certain years the lake will have a practically
uniform temperature until after the middle of May, several weeks
after the ice has melted. Where this condition exists every strong
wind will put all of the water of the main lake in eireulation, pro-
ducing what is known as the vernal overfurn. Similar eonditions
obtain in the late fall, just before the ice forms. This is the aulum-
nal overturn. It is during these two periods that the deeper water
of the lake replenishes its dissolved oxygen.

Several warm, calm days will tend to heat the superficial layers
of water several decrees warmer than the water below. While much
of this heat may be lost by evaporation, or by radiation during the
cool nights enough will be stored up to produce a sufficient differ-
ence of density between the various layers to offer a considerable
resistance to mixture. It will then require a much stronger wind
to produee a cireulation. The result is that a thermal stratification
of the water will take place. In Lake Okoboji during normal years,
the water hecomes stratified by the middle of June so that only the
upper nine to fifteen meters are ever put mmto eireulation during
the ordinary summer storms. The water below twenty meters may
not be affected by the winds at any time during the summer. Be-
tween the layer normally put in circulation, known as the epilim-
nion, and the deeper layer, the hypolimnion, there is an interme-
diate layer, ealled by Birge, the thermocline. The thermocline is
narrow as compared with the other two zones, varyving from two
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to five meters. In this zone there is a rapid fall in temperature,

r—
—

dveragimneg

. or more per meter. It is disturbed only in the more

Si f torm

distributi | thirough the waters of a lake is a very
It em.  luveryvone knows that water is a very poor
COl nn has estimated that with a sea

five thousand meters in depth and having a temperature of 0°C.
throughout, it would take more than a thousand years for a con-
stant neat ot 30 (. to raise the temperature at a depth of a hundred
meters as mueh as 7.3 (. ]r}' conduetion alone. Birge and -flltf.’]}'
estimate thaf tully 95 per cent of the heat of Lake Okoboj1 1s wind-
distributed. It can easily be determined in a general way how much
work must be done by the wind to raise the temperature of the
lake 1o a certain amount.?

The frietion of the wind pressing on the surface of the water
will tend to set up a current in its direction thus heaping up the
water on the leeward side. The water will then return. either along
the shore or over the bottom. What 1s the ratio of the water cur-
rent to the wind veloeity producing it? How rapidly will the water
heap up along the leeward shore? How deep will the water sink
under certain temperature conditions before it is turned aside?
What effect do the waves have on the general circulation? How
tar down will a current produced by a certain wind veloeity be
telt?  What is the effect of the conficuration of the shore-line and
he topography of the lake bottom on the cirenlation and the
distribution of heat and dissolved gases? These and many other
questions are suggested when we begin to consider the role of the
wind in the distribution of heat in the lake. If one knows the oen-
eral meteorological eonditions of the f~;rr'i!1£.'.‘ and l"ail_‘|}' sumimer, can
one predict the general temperature conditions of the lake, the
approximate amount of distribution of oxygen, the lean and fat

rmula for computing the amount of work done in heating any
water expressed in grams per square centimeter of surface

W=RT.2 (1l =)
RT is the reduced thickness of the stratum stated 1n eentimeters

| to ti

{u he weight in grams of & column whose base is one

tance m centimeters from the surface to the middle of the

83 0f weight
University of Towa Studies in Natural History, Vol. IX,
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yvears for plankton, and eventually the favorable and unfavorable
vears for game fish?

A few tests have been made in an attempt to ascertain the rate
of water eurrent produced by a given wind velocity. The results
can only be approximate, since the current meter used was not
delicate enoueh to measure ordinary lake currents. When eur-
rents strone enough to he measured were present it was not possible
to keep the boat from drifting long enongh to render the readings
even fairly reliable. The current meter did not register the direc-
tion of flow. which was another disadvantage. On certain OCCASIONS,
readines were made off the end of the laboratory dock. It was
found that with a wind veloeity of 800 feet per minute a water
current of about twenty-five feet per minute was produced, or a
rate of about one-thirty-second of the wind veloeity. Page (°02)
states that “‘a comparison of 638 wind and current ohservations
in the equatorial regions gave as the set imparted by a wind force
four on the Beaufort scale (twenty miles an hour) a current veloe-
ity of fifteen miles per day. This is also a ratio of one to thirty-
two. PEkmann ('05) has worked out a formula for finding the
watio hetween wind veloeity and ocean currents in which he takes
into account the effect of the rotation of the earth on its axis’. From
his formula he finds that at the latitude ot 45°N., the veloeity ot
the surface water is approximately one-fifty-fitth that of the wind
causing it.

It was not possible with our apparatus to determine how far
down the effect of the wind was felt.* During the later part of
the summer when the lake is full of floating Rivularia, it 15 possible
to make some study of the water currents by watching the move-
ments of these alem. Even when a fairly stiff breeze 1s blowing
it is remarkable how thin a film of water actuaily moves with the

0.0127

3 Ekmann’s formula V, = —— Vo
V osin g
V, — velocity of surface water.
V', = wind velocity.
¢ — latitude of the place.
s Ekmann’s formula for ‘‘depth of wind current™ beyond which the motion
(ijg assumed negligible’’ 18 as follows:
e 7.6
11 | i
D = 5 e oy ) = —m— (“' “.)
q w sin P VvV osin @
q = densty o — angular veloeity of earth

w — cocthment of viscosity
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depress the isotherms there. The cold water would swing back and
oscillate. but there would be very little frietion between the strata
and little mixture and correspondingly little warming of the lower
water. In an actual lake with sloping bottom, the narrower ends
concentrate and eive foree to the movements of the water caused
by the wind and inerease the amount of mixture due both to the
direct and indirect effects of the wind. As the warm water is forced
downward at the ends. it squeezes out the cooler water in a relative-
ly thin layer between the descending surface of the epilimnion and
the eradually sloping bottom of the lake. As the cool water swings
back, its edee pushes in like a wedge between the bottom and the
epilimnion. Both movements are attended with relatively great
frietion and corresponding mixture of warmer and cooler water.
Thus the ends of the lake constitute its chief mixing areas, and
they are the region where the gradual warming of the thermocline
and hypolimnion goes on most rapidly. Relatively little warming
is effected in the open water of the lake or its steep sides where
movement is attended with little resistance and consequent mix-
ture.””  (P. 575) In Okoboji, the bays, especially Miller's and
Emerson’s add to the mixing areas.

When Okoboji has a uniform or nearly uniform temperature,
that is. when the difference in temperature between the surtace and
bottom is not much more than two or three decrees, a moderate
wind will soon place all of the water in the main lake in rotation.
This condition prevails in the early spring and late fall and to some
extent throueh the entire summer of seasons like 1926 and 1927.
If, however, the difference of temperature is as much as §1X Or seven
deerees eentigrade, the warmer superficial waters having lost 1n
welght eannot sink to the bottom but must spread out laterally over
the cooler waters whose density is too great to allow them to sink
farther. There will thus be a superficial cireulation established.
It is only when a very strong wind is blowing that water will heap
up so rapidly that it will be able to sink muech below the cireulation
first established. As a matter of fact as the summer season ad-
vances and the water becomes warmer there is a tendency for the
difference of temperature between the superficial and deeper waters
to become greater, inereasing the resistance to mixture. The zone

of eireulation, the epilimnion, tends to become constantly shallower,
The upper surface of the thermoeline marks the lower limits of
the average circulation. The lower surface of the thermocline 1n-
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dicates depth affected by the more severe storms. On rare oceasions
the water of the hypolimnion may be directly affected by the wind
storms even when a definite thermocline is established. There is,
however, an oscillation of the hypolimnion which may persist for
some time after very severe storms and which is probably present
to some extent at all times. Its behavior has not been carefully
studied.

A number of experiments have bheen carried out to show the
effects of a change in wind velocity. Figures 2-4 show temperature
curves for Okoboji on July S and 9, 1924, At this time the wind
velocity had inereased from 965 feet per minute at the time when
the temperature was recorded on the morning of the eiehth, to a
velocity of over 1300 feet per minute when the record was taken
on the morning of the ninth. It will be seen that the temperature
1s not affected below the level of 17 meters. Above this level there
has been a tendency to equalize the temperature of the water. The
upper third which contains about 40 per cent of the volume of the
water affected, has lost slightly in heat which has been given up to
warm the lower two-thirds, The air temperature of the afternoon
of the eighth was very high so that it contributed enough heat above
the amount lost by evaporation and radiation at night to raise the
average temperature of the seventeen meters involved from 18.27°(C,
to 18.79°C. Tt appears that in 1924 the stability of Lake Okoboji
was such that a wind veloeity of 1300 feet per minute would put
all of the water of 17 meters in depth in circulation but would have
little or no effect on the water below this depth.

The effect of a stronger wind is shown in the temperature curves
for July 29 and 30 of the same year. In this case the wind veloeity
had inereased from 1125 feet per minute to 1518 feet per minute.
The thermal resistance to mixture has inereased somewhat, but even
so the effect of the wind has been inereased by its greater veloeity.
It must be said, however, that it is probable that the wind velocity
indicated was not sufficient to produce all of the effect shown in
the eurve. The velocity of the late morning and early afternoon
was much greater than 1500 feet per minute. It was altogether
too windy to venture out on the lake in a launch. Even with this
high wind velocity the effect was not as great as might be expected,
although practically all of the water of the main lake must have
been disturbed to some extent.

As with the difference in wind velocity, so also the difference in
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to some extent the good and poor years for fish are tied up in some
way with the temperature situation.

When the summer heat income for the years 1915-1927 is plotted
11 L{i‘-‘l;'ﬂ a rather ill“.‘]'l'hti“ﬂ curve.” While the data for the yvears
1015-1921 are incomplete it probably indicates the tendeney. The
summer incomes for 1915 and 1916 were computed from Tilton's
records for Aueust 5, 1915 and July 26, 1916, while that for 1919
is Birge and Juday’s results for July 30, 1919. It is not certain
that these sive the ereatest amount of heat absorbed by the lake
durine the summers in question. There are no data for 1917-158
or 1920-21. In 1922, temperature data are available for the first
two weeks in Auegust only, For 1923-1927 temperature readings
were made frequently, daily when it was possible to go out on the
lake. and from these readines those giving the highest heat-income
for the summer were chosen for the eurve. It will be noted that
there was a very low heat-income for 1915. A temperature curve
for this year shows n }n.m!'l}' tl!“u'l‘lll!ll‘{l thermoeline and the differ-
ence in temperature between the surface and the bottom was prob-
ably not more than five or six degrees. The next year the heat-
income seems to have inereased very mueh, In 1919 and 1922 the
total amount of heat absorbed and retained up to the time the read
ines were made amounted to about 2100 gram-calories per squarve
centimeter of surface. During these years there is a sharply de-
Gued thermoeline established and the difference i femperature
between surface and bottom was about fourteen or fifteen degrees
centicrade. For 1923 there is a decided drop in the number ot
ealories and for the next three summers the decline is very rapid.
The thermocline becomes less sharply marked until it apparently
vanishes in 1925, 1926 and 1927. The difference in surface and
hottom temperatures also diminishes as can be seen by examining
the temperature eharts for these years. In 1927 the curve heoins
an upward trend. Tt will be interesting to see whether this upward
trend continues during the next few years to fill out the curve.

A detailed r-iiill.l}.‘ ol the distribution of the heat through the sev-
eral strata of the lake will now he made by use of several charts.

a Birge and Juoday compute the summer heat-income as follows: Summer
heat-ineame (T-43 .RT. in which T is the mean temperature of any stratum
anid RT the reduced thickness stated in centimeters, The result will be the
number of gram calornes per squire centimeter of surface. The reduced thick-
ness of the entire lake **is equal to the depth of a vertical sided tank nee-
essury to hold all the water of the lake, if its area 1s equal to that of the
lake's surface.”" ('19, p. 8).
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In order to use data obtained on days when 1t was not possible, for

one reason or another, to obtain readings for the full forty meters,

(emperature tor t “ra?txtrn1y nndvru:lh-1-hﬂde_ The
en ' L 2 4 ters varies but little for the summer
L 10¢ du: rom this poimmt down

¢ read tor 1922 were becun about the first
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Figure 3. Curve of income of heat for the summers of 1915, 1916, 1919,
T August and continued through the nineteenth. The chart shows a
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[ifferenc I lemperature between the surface and the
meter level il Ii]l‘!\-i'i'lli‘r ot :-hlrlli l‘_f'{'.. ot which :IIIH!H
one-hall the difference 1s im the last five meters. The thermocline
ocated at about the fifteen meter level and it shows as ereat a
lall 1 temperature in five meters as does the entire fifteen meters
ot the epilimnion. There is not much change in the depth of the
thermocline during the time of observation except during a very
wind storm. The daily maximum and minimum tempera-
were recorded by Dr. Ferdinand J. Smith at his residence
on the south shore of Miller's bay and were obtained from the
monthly Weather Bureau report. The wind veloeity, where in-
dicated, was estimated by comparing field notes with observations
made after an anemometer was obtained.

In 1923 we find a difference of temperature between the surface

and twenty meters as much as 11°C., even as early as the middle




24 IOWA STUDIES IN NATURAL HISTORY

—

of June. The amount of difference inereases gradually up until
July 23 when the maximum of 15.5° difference is reached. The
temperature at the twenty meter level has not changed much, but
the surface temperature has increased from about twenty degrees
on June 27 to nearly twenty-seven degrees on July 23. The greatest
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Figure 6. Temperature of each five meter zone down to the thermoeline,
and for each meter through the thermocline down to 20 meters from August

2 to August 18, 1922, The maximum and minimum air temperatures are shown
by the dotted lines. The wind velocity is estimated, below,

fall in temperature is in the zone between ten and filteen meters,
or five meters nearer the surface than in 1922. The thermocline
for 1923, then, beean at about the depth of ten meters and was
about five meters in thickness. The chart for 1923 also shows the
effeet of hich wind veloeity on the various strata of water. In the
case of the sharper peaks of temperature, especially where the
deeper strata are involved, the effect of the wind 1s exageerated
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because the boat would drae anchor and drift so that the thermo-
meter line wonld hane at an anele. These readings are included
nd 11tﬂ11W1 however, becanse every test shows that TILV}' must 1n-
dicate the approxu t of the wind. Also the fact that the
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Figure 9. Heat distribution in Okoboji for June, 1925.
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indieates that the readinmes eannot be Very far off.

The temperature chart for 1924 shows considerably less tempera-
ture difference in the upper twenty meters than prevailed in 1922
and 1923, althoueh even here the amount of difference i1s as muech
My data seem to indicate that where there

1 ] ’
A8 1en deerees al 1rimes.

1s a difference of as much as 7 C. hetween the snrface ff"In]wI*;Lt[]]‘r}

ind that of twenty meters one 1S “1{1_‘}_‘-.' to find a definite thermoeline
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established in Lake Okoboji. When the difference of temperature
is less than five degrees in the first twenty meters, there is not like-
ly to be a definite thermoecline and if 1t should be faintly indicated
it is very evanescent. Also, where the temperature difference is
as small as 7°C., the resistance to mixture is so slight that at many
times during the summer, especially if there are many periods of
rather high wind veloeity, the deeper water will be frequently dis-

25 242728293031 1 2 3 4 5 6 7 4 9 1011121314151817 181920
—— - - : - ¥ P - - ~ - - - T T y—
31f¢  y JULY 1925 AUGUST 1925

30
29 :
B |
2 ]:
26 | !
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Figure 10. Heat distribution in Okoboji for July and August, 1925.

turbed. This will result in unusually high bottom temperature
and unusually rich supply of dissolved oxygen in the lower strata.
In the chart for 1923 there are two air temperature curves plotted.
The maximum and minimum for the day and the temperature taken
on the lake at the time of taking the water temperatures are shown.

The temperature chart for 1925 is incomplete on aceount of an
aceident to the temperature apparatus. At the end of June the ther-
mometer spiral was broken, probably due to hitting some hidden
rock below the surface of the lake. It was necessary to return the
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entire apparatus to the factory in order to recalibrate it to the new
bulb. The new spiral was then further protected against breakage
l ne, in additi e double brass tube, a wire cage, such

roteet rie licht bulbs, surrounding the entire
thermometer mounting 15 lessening jars.

The remarkable thing about the temperature eurves for this year
is the hich bottom temperature together with the low surface tem-
perature. This is due, I think, to the weather conditions of the
early spring. The high winds of June with the moderate temper-
ature allowed a continual mixture of the water in the upper twenty
meters so that not a sufficient difference in temperature obtained
to establish a thermocline. The cold disagreeable summer was not
conducive to the storing up of a great quantity of heat.

With the summer of 1926 we seem to have reached the elimax
of minimal temperature difference between surface and bottom. It
would seem diffienlt to imagine a summer where there could be less
difference. There does not appear to have been a distinet thermo-
¢line formed at any time during the season. Unfortunately the
daily maximum and minimum temperature does not seem to have
heen recorded for this region during this year. Therefore the tem-
neratures plotted on the chart are only those taken on the lake at
the time water temperatures were taken. The general report shows
that there was an excess of temperature for May, July and August,
but that June was ‘‘persistently and disagreeably cold,”” with the
only warm spell from June 6 to 12 and the last three days. May,
June, and July were marked by wind veloeities considerably above
normial. The wind eurve plotted on the chart indicates an un-
nstallv windy summer. The results were an abnormally high
bottom temperature and a low surface temperature due to the con-
tinual stirring of the water and to cooling by evaporation. A com-
parison of the amount of dissolved gases and hydrion concentration

the several vyears which will be given in another study also
shows the effeets of this condition to a marked degree.
In 1927 there 1s a slight tendeney to swing back to normal con-
ons. The early part of the summer from about June 20 until
July 7, with high winds prevailing most of the time, there is a
continual stirrine of the waters and with the rather high air tem-
peratures there is a rise in temperature of the entire twenty meters
with very little spread. With the period of comparatively calm
eather immediately following, there is gradual spread of temper-
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ature due mostly to the warming of the upper half. The high winds

of July 18 to 20 reduce the difference in temperatures somewhat

Gul\Pounl . “‘n? 00fm

h1t 1].'i!.|||‘_' the l'.'!l‘.[!, 1!.”! "-‘H."']'T ':."I]-":"'H"-.r Lne o |

|
apparent. With the beginning ol August, the lower temperatures,

cspecially at night, _-u-:+..'1|}..!_]!|--+] with hicher wind velocities again

pinch the temperaturt lines together.
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The study of these temperature relations over a period of five

vears seems to bring out certain facts which are of considerable

ifi?' \\ = ' IS are 1i|_h_* 1O T,,,i* iir~|";1|i:|{‘ \.'!|;|[|;-
VO LOL 1) | 1] or .'Il‘i*.':]'EIH-. 'i‘I]l‘ 10 ],',l;!"-\ ::]] '-_:r]!l_']'”l_
Ml rhit out b nparative studies. No doubt the shape

of the lake has a profound influence on the distribution of {em-

1
|

perature as well as on the distribution and amount ot dissolved
OXViIen and of [.|;|},|:’r..]|_

Several experiments have been tried in order to .'J~:-+'r'1.':i|| what
"-“II*'I'T, ] 11\ fhe I|;:i'I‘T;l".'I of 15'-1' U.-Il!ii ]1;|:-; (11 [Il“_u surface tem-
perature of various parts of the lake, and whether T|'_4'I‘1.' IS any
{1

e E 1 4 - ] XTIy T e M-
!'.Il!p].:-—.l- (1 & 'I-EIlli'!-l'-!. lijl ()1 'IIlH-.IT1.[ on the :'4-‘.1_'._'I||1I "“'I'-t'll. il|II|J'!'.|:l[

1'.‘~.;:IF'}':' S 01 these n:-w*’i"..l?.nluw are *~é|1r'ﬁ'T| i.l: ["}-,:||1‘-- f-l. ..‘.. B :IHLE L
[n A, we have the conditions tor Aucust 3, 1923, when with a Very
§ outhwest 1o south breeze, we find a difference of 0.8°C". be-

tween the south end of the lake and near the north end. The most
rapid Inerease in temperature is between the south end and the
deep hole, opposite Fort Dodee Point, which is directly in line
with the dirvection of the wind. It will be noticed that above the

thermociine, ten meters, there 1s also an inerease 111 temperature.

Depth Terrace Park I*-."i';r Hole North End
0 23.80 24.40° 2465
1 23 80) 24 94 24 60)°
)
}

:_Erl' 24 40

2 23

: » (M) 23 00 23.65
} 929 56 29 K9 23 25
D 22.50° 22.78 23.25°
b 22.40° 2244 23.18°
I 2234 22.67 23.18"
> 22.34 22.90 23.18°
J 22.30 22.40° 23.00°
1) 22.12 22.12 22.06°

11 21.00° 2124 21.24°
In B, we have a similar condition. The wind is stroneer and 1s
Indicated in feet per minute above the direetion arrow. In . we

ve a strong southwest wind but only the surface temperature

Probably a more interesting example is shown in the curve (Fie-
ure 14) where comparisons are made at recular intervals during a
"]'5_" -'-""i ol 3'_”!'|f T'_*' -II'-,,é!'.": ()] "]H ‘\7”‘5_" Was 1"HI'F‘!'j;-][_'ﬁ' 10 see

whether there is any appreciable difference in the amount of dis.
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solved oxygen during various periods of the day and night and

there was any variation in the hydrogen-ion concentration. There

were three stations established, one in the little bayvlet off from
M s b ometimes ealled “*Little Miller's’” or Knupp’s Gar-
cl ond out fro ¢ Manhattan Hotel, and the third over

the ‘“deep hole.’' Little Miller's is very shallow, not over eicht
or ten feet in depth, and filled with growing veeetation. The other
two stations are over the axis of the lake and free from vecetation.
The station over the deep hole was so far away that it was not
visited after 9:00 pm. The table with its accompanyving curve
shows that the surface temperature over the deep hole tends to
tollow the air temperature but very much less pronounced, and
qli’ii!l‘a to decline at about 1 :30 p.Mm. Both the ine rease and decrease
In temperature is probably influenced 1 by the direction and veloeity
of the wind. At about 1:30 p.Mm. there is a short period of ealm at
which time the wind shifts from the northwest to west and later to
the southwest. The effect of this wind shift is more evident in the
temperature curve from the Manhattan station. During the earlier
part of the day, the wind is blowing the warmer surface water away
lrom this station, which being near the windward shore is being
cooled by the return rirrnl-ninn When the wind chanees to the
west and later to the southwest, it brings the warm surface water
trom Miller’s bay, which, on account of beine more protected and
shallower is warmer than the main lake. The result is that the
surface water of the Manhattan station inereases rapidly in tem-
perature and reaches the peak at about 5:00 p.u.

The surface water of a lake does not have a uniform temperature.
The temperature of the surface inereases somewhat from the wind-
ward shore toward the leeward side, as well as in depth. Certain
spots on the surface may not be in the line of eurrent. or may be
situated with respect to certain topographical conditions of the
hottom where there may be an upwelling of cool water from below.
s0 as to be sensibly colder than the surrounding areas. In shallow
waters this may also be due to bottom springs. These cold spots
have often been noticed by long distance swimmers and. as well,
by slowly trailing the thermometer behind a row hoat,

The question as to whether a thermocline will be est: ablished or
not depends upon the character of the early summer and spring
months. If the weather is mild or cool and very windy the water

vill be stirred continually so that there will not be e mongh difference
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TABLES

Tables 1-13: Meteorological data and temperature readings for
the yvears 1922 to 1921.

Table 14: Temperature, calories of heaf

transporting tl

absorbed. the work in
e heat to the several lavers, the loss in densit)
the water in the various layers, and the resistance to mixture for
July 25, 1924. The other columns show the resistance to mixture
tor typical days m 1924, 1925 1926 and 1927.

Table 15: Shows the difference in temperature for the first
1*.1.1'“?_‘- meters. for the r[ﬂlirlmi-m. Thu-r'nun-]im-_ and ql,‘fi'“*]il:lelsl!:;
the thickness of each zone; the mean temperature ot the lake. and
the number of ealories of heat in the lake at immtervals of about one

weelkk for the summers of 1922 to 1927.
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Data
Tima

Air®C,

Wind
Veloc.

o
BRE

.‘:'mri'.

me-
e

s
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=R R et —
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==

21,
29,
oq.
24,
25,
96,
87,
08,
30.
al.
ag.
a4,
35,

June
16

23.00

S.E.

=)

P.C.

23.21)
24.00
ae.dl
21,80
21.70
21.20
2030
19.40
15.60

21
9:45a
26.1

#4550
Cloudy

28.70
22.20
22.16
ATy
21.90
21.80
21.480)
21,940
21.60
19.60

1.70

T.00
16.50
15.80
18.90
12,60
12.60
12.80
12.15
12.15
12.10
12.00
11.90
11.60)
11,68
11.65

TABLE 2.

e
21 25

T:25p 1:30p
20,00 17.40

N.E. N.W,

sS40 Calm
Rain Clear

21.50 20.60
21.00 20.50
20.55 20.15
S“O.E0 20,00
20080 20,00
20,80 19,490
20.79 19,90
2069 19.%0
20,65 19.90
19.65 19.90
1560 18610
16.84 17.40
13,10  16.00
1216 13.70
1.0 11.50
11.70  11.40
11.10

11.00

10,80

10.X0

10.20 11.14

July

1:30p
24,00
s E.
Calm
P.C.

20,90
20.39
20,049
10.95
189,60
19,60
18,59
19, 50
18.60
19.45
16.45

7.65
L6010

14.35

12.75

11.20
10.90

TEMPERATURE

a
T:30p
26.00
E.
Calm
P.C.

20.40
20,00
20,440
200,30
20.156
20,10
1980
19.30
19.10
18,90
1R.70
17.63
1560
13.60)
12.10
11.30
10,90
10,756
10.56
10.45
1C.35

5
2 :40p
42.00
5.E.
700
P.C.

20.93
20,956
20.85
20.85
20.85
20.05
20.00
20,00
20,00
19.30
18,78
18.76
18.50
18.40
16,00
14.10
12,60
11,60
11.066

6
2:30p
33.00
S.W.
325
P.C.

21.560
21.00
)85
20,85
ol 510
4,800
20.76
20,65
20.65
19.50
18.60
15.50
13.10

Mo
-

11.50
11.70
11.10
10,50
10,30

READINGS
7 a 10

10:30a R:00u0 R:00m
28.00 30.00 26.10
5BW. SW. N.E

400 10040 GL0
P.C. Clear Cloudy
21.60 23.00 23.80
21.80 2240 23.80
21.50 22.900 23.70
21.80 22,85 24.70
21.10 22,70 Z25.70
21.50 22,34 23.65
21.46 21.90 4.35
20.60 20,70 29 87
2086 20,30 21.46
20,00 19.56 19.50
18,60 18,70 19.35
1T.8T 1838 1B.70
1.k9 16456 15.35
13.30 14.56 14.66
12.56b6 1210 13.40
11.800  11.60 12.00
14,30 11.30 11.70
11.00 1070  11.00
10,240 10,40 10,60
10540 10.36
10.45 10,80
10.25
Q.25

10,20

10,10
10.00

AND METEOROLOGICAL DATA.

11
10300
2800
N.E.

650
Hain

23.50
24.80
23.580
23.80
23.80
23.80
23.R0
21.50
21.35
20,65
18.60
17.97
16.56
14.7H
13.70
12.20
11.68
11.50
11.25
11,10
1080
10,60
1060
1048

12

N.
400

Clear

24.40
24.40
24.40
24.40
24.40
24.40
24.20
22.00
21.48
20,50
20,70
18.39
16.78
16.21

13.00
12.40
11.80
11.60
11.30
11.10
10,860

13
E:Alhn
26.00
N.W.
adf
Clear

26.48
2h.38
25.38
20,38
25.35
25.20
u5.00
24.860
27,12
20,90
19,90
18,80
17.87
16.66
14.10
.14
A0
A
60
Al
A0
Nl
Wi
100510
10 _Kt)
10,76
10.70
10.70
141,60
10.60
1), 60

— L e
e el el S T T

o
-

16
E:30a
26,00

E

U]

Clear

25.448
25.28
26.02
25.02
25.02
25.02
23.36
21.910
217
2056
20.15
1B8.00
18.67
16.11
13,50
12.60
11.60
11.20
11.00
10,80
10,40

17
I
27,00
E.5. E,
1000
Hazry

23.80
2380
23.80
28.80
23.80
23.K0
23.00
21.13
20,80
16,10
18.39
16.67
16.23
16.00
14.00
L2.80
11.60
11.10
10,84
10.71)
10,50

17
1:30p
a7.90

E.

a00

-
5
= -

T e e e i e e e o1 T
A & w8
- T

= B0 ES 0D R PSS D3 ES 1S RS

10,010
10.70
10.55
10.36
10.25
1016
10.00

1R

60

Al
F=

3=

Clear

a24.20
24.20
24.20
24.20
34.20
94.%0
24.20
23.80
21.%0
21.24
a0, K
1 5,80
17.12
13.00
12.90
11.90
11.60
11.25
11.10
10,90
10,60
10.55
10,45
10,25
16.22
10,20
10.15
10.10
10.00
B.906
%.81

11.10
1L.00
1060
10,70
10).61)
10,00
10.45
10.35
10,30
10.30
10,25
1U.20

21
H:0na
42.00
S.W.
B0
P.C.

2h.12
26.12
26.07
25.07
26.02
25.00
24.97
24.77
22.85
£2.2

20,25
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TABLE 3. TEMPERATURE READINGS AND METEOROLOGICAL DATA,

1623  July July Aug.
Data a3 28 24 24 28 2h 26 27 28 28 al a1 a1 1 2 - 3 f fi Vi
Time B:00a T7:30p 6:30a 7:30p 8:00n 2:00p 8:00a 30p 10:00a J:00p B:20a J:530p 10:30a 3:00p H:AB0a 3J:00p H:30a 8:00a 2:00p §:30a

Air®C, 32.00 96.6 22 50 2R.00 2500 "' 20 25.00 *nmr 2100 29.00 2500 27.00 2400 2500 20.00 24.50 23.00 22,00 2500 23.00
Wind W. N. M.W. N.W. E. F S WL NUW, S.W. SW. S5W. =W =5.W. N.E. = O 5. B, S E. N.W. N.W S.E.

Veloe, 450 1100 1050 600 Calm Calm R00 1150 850 600 GO0 Calm 050 1260 200 00 A00 Calm 700 240
i"j;k!-' Clear Cloudy Cloudy Clear Hazy Cloudy Cloudy P.C. P.C. P.C. P.C. Sprnkle P.C. P.C. P.C. P.C. TFoggy P.C. P.C
Ar.
Surf, 26.00 2680 25.68 26.18 25.48 26.28 24.95 24.30 24.70 25.28 923.R0 25.6R 23.60 22,87 22,12 22,80 23,00 22.34 23.60 21.80
l.m. 26.00 26.80 2570 26.18 2538 28.18 2495 24.30 2470 2528 23.80 25.18 23,40 22,67 22,12 22,80 22,89 22,28 23.25 21.80
. 26.00 26,80 25,70 26.18 25.28 26.0E 2495 2430 24.60 2487 2365 24.58 23.60 22.&7 22,12 22,67 2298 22,12 22,78 T1.68
3. 26,00 2680 2570 26.1% 2628 2573 2490 24.30 2465 24.87 23.85 24.20 2360 2287 22,12 22.67 22.78 :‘_’.1; 2234 21.60
4. 25.95 26.50 25.70 26.13 25.18 "r B 2490 24.30 24.560 2440 23.860 24.10 23.60 22.67 22.12 22.56 '22.78 22.00 22.23 21.67
R 25.9p0 26.80 26,70 2508 25.18 .48 25,00 24.20 2450 2440 23556 24.00 23.60 2267 2202 22.84 2208 2201 ' 21.67
6. 25.95 26.70 25.70 2598 25.18 zﬁ.qfﬂ _‘~, 00 24.20 2450 24.30 2335 23.90 23.60 22,50 22,12 22.23 22,78 22.0¢ 22,04 21.67 -
(2 25956 2670 2570 2588 2hA8  Eh4AB 26500 24.10 2445 2425 £3.35 2380 23,60 2250 22.12 23.2% Z2B 2201 *1.567 Hoa
B. 24.20 26.838 25.70 2b6.28 2h.18 2440 25.00 24.15 a4.40 2d4.15 23.835 23.36 23.60 22.60 e2.12 22.23 22.67 .!.’.H{n 21.056 21,567
9. 22,67 22,12 24,092 2325 21.50 2335 24.1p0 24.40 2390 22.45 22,78 23.60 22,60 22,12 22.12 22.34 22.00 21.90 21.57 m
10. 21.90 21.50 20.50 20.20 10.45 19.56 19.55 24.16 24.36 2390 21.00 29,84 2l.46 22.50 2200 21.05 21.756 22,00 20.83 21.67 =i
11. 19.7 19,90 1945 19.00 17.87 19.10 19,10 24.16 20.00 17.24 19.15 20,20 1R38 2280 21.00 20.00 18.70 21,79 '.:1.4*5 21.23 .
12, 18.02 1746 17.67 17.46 16.45 16.89 17.77 1936 15.66 16956 17.p7 17.67 1645 22.50 1945 17.87 1898 1860 19.90 20,00 —
2. 16.78 14.66 7.00 1589 14.44 15.11 1645 1598 1444 1578 16.56 1589 14.78 2250 16.78 14.78 1523 16,78 17.12 186,12 ﬂ
14. 14,56 13,80 14.00 13.60 14.10 13.80 15.11 14.89 13.30 14.00 13.50 14.44 15.306 21,78 14.66 13.H0 14,60 14,20 18.12 16.11 =
I5. 12.90 12,70 13.10 13.20 12.40 12.40 12.80 13.10 12.65 13.00 1270 12.76 12.40 16.010 12.80 12.85 13.50 13.10 13.50 13.00 E
16. 19260 12.30 1240 12.40 11.80 11.60 12.40 12,70 12.40 1285 12.00 12,30 11.80 15.67 12.30 12.60 12,60 12.20 12.70 12.50 s
17. 12.40 12,10 11,80 1220 11,60 11.36 12.10 12.00 1240 12.10 H,Eu 11.80 11.50 12.80 12.00 12.10 12.10 11.80 12.20 12.10 -
18, 12,30 11,80 11.60 1210 11.40 11.10 11,70 11.70 120 1190 11.10 11.BO 11.26 1270 11,60 11.860 11.86 11.50 11.76 11.70 ':
gg- 12.00 11.60 11.30 11.60 11.10 10.80 11.50 11,650 11.70 11.60 10,90 11.40 10.60 1210 11,20 11.30 11.60 11.20 11.30 11.85
et 11.80 11.30 11.10 11.30 10.80 10.80 11.30 11.835 11.40 11.30 10.680 11.10 10.40 11.10 1110 11.00 11.20 1080 11.26 11.00
ﬂ 11.70  11.20 11.00 11.10 10.60 10.60 11.10 11.20 11.30 1090 10.60 1090 1040 10,80 10.96 10.60 11.10 10.80 11.00 10.85
s 11,60 11.00 1085 11.60 10,560 10.60 10.85 10.80 11.10 10.80 10.20 10.75 10.30 10.70 10.70 10.60 10.90 10,60 10.85 10.66
23. 11.30 10.80 10.76 10.80 1040 10.50 10.70 10.70 11.00 10.70 10,10 1070 10.20 10,60 10.60 10,606 10.70 10,60 10,70 10.55
24,  11.20 10.60 10.76 10,40 10.40 10.60 10.70 10.80 10.65 10.10 10.55 10.20 10,40 10.650 10,60 10.65 10.60 10,60 10.45
?,5 11.20 10,76 10.30 10.36 1040 10.60 10.70 10.60 10.10 10.40 10.10 10.30 10.45 10,40 10,60 10.60 1055 10.40
26. 11.10 10.70 10,10 10.30 10.35 10.50 10.50 10.30 10,00 10.20 10,40 10.60 10,50 10.40 10.30
27. 11.10 10.60 10.10 10.20 10,836 10,60 10.40 10.30 10,00 10,156 10.356 10,60 10.50 10,40 10.35
?S. 11.00 10.50 9.90 10.20 10.30 10.50 10.40 10.30 10,00 10,10 10.30 10.50 10.40 10.36 10.30
29.  10.90 10,45 9.90 10.10 10,40 10,30 10.20 9.00 10,10 10.20 1050 10.30 10.30 10.20
30. 10.90 10.40 9.80 10.10 10.35 10,30 5,90 G.49p 10.16 10.50 1030 10.25 10,10
31. 9.80 10.00 10.20 10.30 10,26 10.10
32. 9,70 10.00 10.20 10.30 10.20 10.10
33. 9.70 8.80 10.15 10,140 10,16 10,05
34, 9.60  9.60 10.10 10,00 9,90
35. 10.06 9.956  9.85

6%
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Data
Time

Aire

Wind
Velog.
Sky

Surf.

—r — i — 3
;zmm;:ﬁu-—-atﬂ !I:-—:m-:..ﬂ-h-umg
L ¥ - L) - * - - - - - - - " ™ -

19.
'.‘.1.
23,
a4,
25,
28,
27.

28,

f"ﬂ

30,
al.
a2,
33.
34.
ah

Aug.

g 9 f 10
B:00p HB:d0n K:00p 9 :00a
21.00 1900 22.00 Z21.00
N.E, SE. SW. S8S.W.

Ril) 1150 Calm

Cloudy Foggy P.C. Hain
22,28 2212 21.13 20.80
.28 22.12 Zi3 0.9
g9.12 22068 21.13 20.80
22.0B 2200 21.00 20.75
22.00 22,00 2056 20.70
P95 22.00 20,70 20.60
21,79 22,00 2065 2040
21.70 2195 20.6h 20.40
21,70 21.90 20.60 20.35
219 21.90 20.60 20.30
21.67 2190 2046 20.26
21.67 21,79 19.756 20.20
20,80 19490 1818 1B.60
1823 18.139 16.80 16.456
15.67 16.66 15.67 14.10
13.20 13.70 13,00 13.%0
1290 1270 1230 11.95
12.20 1260 11.70 11.96
11.60 11.80 11.26 11.00
11,35 11.60 11.00 1130
11,10 1140 1086 1090
10,90 11.10 10.56 11.85
10.90 10.80 10.35 11.80
10,90 10.60 1026 11.75
1090 10.60 10,16 11.85
10,50 10,50 10,00 11.60
10.70 10,45 1.956

10,60 10.356 9.495

10.60 10,30

10.60 10.30

10,410 10,40

10,40 10.30

10,35 10.30

10,86 10,20

10,30 10,05

10,30 10.00

TABLE 4.

11
S:00a
23.00

Flat
Hazy

23.18
22.78
22.67
22.67
o2 . hé
22.45
22.34
22-3“
o212
21.00
21.46
20,92
2060
17.87
156.78
13.40
12.70
12,30
11.85
11.56
11.29
11.10
11.00
10,90
10,79
160,70
10.656
10,63
10.60
10.60

TEMPERATURE
11 13 14
2:10p B:00a 9:00a
26.60 21.00 2200
N. SW. N.W.
650 1200 Calm
P.C. Jear Clenr
2440 23.256 23.656
24.40 2325 23.50
23.86 23.26 23.40
o940 23.26 23.35
o088 2395 23.30
209K 928,25 23.2%
Do %4 23.25 Z3.20
99 99 23.30 23.09
D208 28,18 24.7H
21.95 23.18 22.87
21.05 23.18 22.56
£1.35 28.18 21.00
1890 21.78 21.00
16.66 17.46 1980
14,66 15.67 18.18
1290 14.44 15.50
2.30 2890 14.00
12.00 12,60 12.50
11.53 12,40 12.30
1.0 12,20 12.06
11.35 11.60 11.456
10,22 11.40 11.20
11.1¢ 1110 10.90
11.00 11.00 10.85
10,68 11.00 10.HO
10.83 10.%5 10.76
10.80 10.710
10.78 10.70
10,76 10,66
10.73 10,85
14.70 10,60
10.70 10,60
10.65 10,69
10,60 10,06
1048
10.38

14
2:00p
29.00
MN.W.
326
Clear

2h.48
o048
24.20
24.00
2320
23.76
23.70
23.60
23.566
23.36
23:2h
22.80
Caaat
20,20
17.00
15,59
15,80
12,60
12.50
12.30
12110
11.70
11.6GM
11.45
151.30
11,10
11,003
11.00

16
B:00a
“4.00

E.

KO0
Rain

23.65
23.70
23.760
28.70
23.70
23.740
21.10
20,60
*3.650
23.3h
on2h
22.80
20.940
20,009
17.67
15.66
14.66
1350
12,60
12.30
11.90
N 1]
LBl
A

l..'I
J|.I-
+ia
A
RALT
,nn

—
—

-_.-.._.-..—-..—.—-.—-—l-—l
. — e — e B

16 16 17
1:20p 8:00p B8:30a
24.60 22,00 24.00

E. E. N.W.
325 Calm  Flat

Cloudy Cloudy Cleur

29.60 23.50
23.50 23,70
o%. 40  23.70
2046 2350
23.25 23.85
2418  23.356
23,10 28.28
28.00 Z2A:2b
3.0 Z23.18
a%.00 2310
2045 23.00
22.28 22.67
22.00 22.00
nT6 20,60
18.08 16,78
15.67 15.28%
14.10  14.60
13.456 12.76
13.00 12. Ttr
12.';“ ]1.- il
12.30 11.50
12.20 11.356
12.056 11.156
11.50 11.00
11.65 10,0940
11.56 10.80
11.66 10.75
11.63 HI.T'"
1.0 10.60
11.00

10.95

10.00

10 H4

10.85

10,656

23.35
23.35
24.26
23.18
23.10
23.10
23.10
23.08
23.08
22.90
22.68
22.30
21.79
19,90
17.28
15.32
14.32
13.90

17
2:00p
=8

Calm
':—“Ill'l‘llI

24.48
24.256
23.80
28.70
23.50
23.30
23.26
23.256
23.23
23.18
23.00
22 .67
21.90
2060
17.67
16.17
14,89
13.80
1800
12.75h
12.80
11.80
11.50
11.30
11.20
11.10
11.02
11.04)
10,92
10,88
10,75
10,705
10,70
10.65
10,60
1.6

11X
K :Ula
20.00
WL
00
Clear

I----\--

l ah
g4
23.60
28.456
23.40
28.27
28.2

23.2H6
ljrj HU
2207
22.40
21.68
20.80
1045
17.46
16.40
14.00
18.26
12.80
IJr bl
2.00
i)
a1
AU
AN
TR
10,50
10,70
10.60

I'-.

— i — — —
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READINGS AND METEOROLOGICAL DATA.

18 20
2:00p B:O0a
25.00 2200
N.W. E.

LT 1000
Clear Cloudy
23.K40 23.256
23.70 28.10
23.65 Z23.00
23.60 23.00
22 .80 23.00
22.7T8 23.00
22.66 b JRH ]
28,23 23.00
22.12 23.00
22.00 43.00
21.80 22.34
21.24 22.12
20.60 21.07
1870 21.356
16.66 17.87
15.46 156.11
13.60 14,00
12.600 13,60

2.00 12.60
1.0 11.90
11.20°  11.60

1180 11.30
10,70 11.20
10,40 11.00
1040 10,00
10,20 10,90
10.10 10.856
10,10 10.756
10.00  10.65

1060

20
2:30p
25.00

S.E.
HO0

Rain

2216
2284
2240
22.50
22.54
22.45
22.67
22.56
22560
90 90
|_|l L) ’I‘
'.fl.il'l
20,50
16, G0
16.685G
14.80
13,60
12.60

2.10
11.80
11.50
11.20
11.10
11,040
10,86
10,70
10.70
10,66
10,60
10,60

ng
5:30n
22.00
N.E.
Calm
Clear

21.67
21.567
21.67
21.57
21.61
21.508
1.60
1.7T8
1.78
1.T8
1.78
1.78
21.78
21.61
17.00
16.67
14.584
14,10
12.30
12.00
11.60
11.25
11.10
11.08
109140
10.85
100L.76
10,856
10,66
10,63
10.62
10,60
10,60
10,63
10.26
10,156

22

2:00p

N.
Calm

2212
24 ah
22.00
"'t 70
21.68
21,60
21.58
21.57
21.56
21.64
21.52
21.52
21.60
21,20
1900
14.54%
14.66
13.86
b
.l
)
Nt
N1
Ab
A0
20
Ab
JOb
06
A0
10,90

—
b=~

b, o i il i [ A

e i

o S
[y -

0¥
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TABLE 5. TEMPERATURE READINGS AND METEOROLOGICAL DATA.
1024 May June

1)ate s 1 6 9 10 11 12 13 14 16 16 17 19 19 20 20 21 24 95
Time d:45p 4:45p B:00a 12:12p 9:30a B:00a 4:30p R:00a 8:30a 8:00n 3:M0p 1:X0p 8:00n 4:00p 8:00a 4:00p 8B:00a 3J:00p 7T:00p B8:30a
Alr® . 24.90 12.10 16,60 18.60 1600 30.00 19.00 22,40 1800 26900 24,00 21.00 25.00 18,04 26.00 23.00 22.00 19.890 20.00
Wind N.E. S E. N.W. N.W. N.W, E. N.W. N.W. SE. SS8E SS8SE N.NW. N S. W S. S.W. S.E N.E N.W.
Velae., Fair 600 501 280 TH H00 Ga0 300 100 A0 3040 R0 048 200 Slight 400 700 R_O0 1000 340
Sky P.C. Clear i‘"luuul'. P.C. P.C. Cloudy P.C. an". Cloudy Cloudy P.C Rain Rain P.C. Sprnkle Clear Clear Rain Rain P.C.
Bar. 28.43 28.68 28,62 28.69 28.58 2B.44 28.62 2R.58 Jh..; 28.42 2K.3 28.12 2824 28,80 28,66 28,63 28,50 2H.h4 28,89
Surf, 8.70  18.70 14.0 h 12.10 13.00 13.70 14.90 1.":._'“ 16,87 15.7 17.10 17.560 1660 17.05 17.30 1890 18,20 1890 18.156 1840
I.m., 11.30 13,70 13,90 11.890 13.00 1380 14.50 156.10 16.60 I.'I.T.'. 16,00 17.20 1660 16,80 17.20 1810 18.20 1880 18.15 18.18%
2 10.50 13.60 13.80 11.76 13.00 13.60 14.80 1500 15.40 15.85 16.656 17.00 16.50 16,80 16.890 17.14 17.090 18,650 1 R0 18.10
3 10.20 13.50 13.70 11.65 12.70 13.50 14,50 14.80 14.50 15.90 16.25 16.60 16.50 16,70 16.85 17.10 15.85 18.30 17.99 17.70
i, 10,10 13.40 13.60 11.60 12,60 1340 14,30 14,50 1460 15.90 16.20 16.20 16.20 16.70 16.80 7.056 19.80 17.90 IR.OI 17.60
G, 550 13.356 13.66 11.35 12.50 13.30 14.10 14.10 14.20 15.8Q 16.10 15.10 16.20 16.70 16.65 16.90 17.80 17.70 1780 17.60
6, B.70 13.30 13.50 11.30 2,50 1325 13.10 13.70 12.90 15.50 16.10 14.10 16.100 16,60 16.06 16.90 17.20 17.45 17,40 17.50
T .65 11.80 13.35 11.26 12,30 12.90 12.90 13.50 13.70 14,90 16.00 1:3.90 16,00 16,60 16.55 16.856 16.95 17.8 17.80 17.48
H. 9.20 10,65 1510 11.21) 12.30 12,850 12.80 13.20 12.70 14.85 13.50 13.60 15.50 16,40 16.50 16,80 16.90 | i 17,71 17.48
o, 920 10.86 12.70 1110 11.50 12.756 11.80 12.60 12.356 14.60 13.50 13.20 1560 16/15 16.10 16.60 16.10 17.00 17.7i 17.48
10, 9.20 10.10 12.50 11.10 11.50 12.40 11.70 12,20 12.:20 13.40 1290 13.10 15.00 16.15 165.7T0 16.50 15.50 16.50 17.66 17.40
11, 10,00 1245 11.10 11.50) 12.2h 11.70 12.10 12,00 13.15 14.656 12.90 14.60 16.10 14.256 14.50 14.890 15.80 17.560 15.70
12, 10,00 12.40 11.10 11.50 12.2p 11.60 1200 11.86 12.B0 12.15 12.80 14.60 16.10 3.70  13.50 13.66 15.00 17.40 14.50
13. D.85 12.35 11.10 11.50 12.20 11.60 11.90 11.60 12.66 11.40 12.00 14.00 15.90 13.40 13.10 13.10 13.956 16.10 13.95
14, .60 1225 11,05 11.40 12,10 11.40 11.80 11.40 12,30 11.20 2.40 1390 1540 1246 12.50 12.85 13.856 1500 13.90
15, 9.60 12.20 11.05 11.40 12.00 11.40 11.80 11.40 11.60  11.10 12.20 15.60 14.80 2.10 12.20 12.70 13.80 14.560 13.60
18 g,50 1215 11.00 11.40 11.90 11.40 1190 11.40 11.40 11.05 12.00 13.50 14.50 11.60 11.90 12.00 13.00 14.30 13.00
17, .45 1190 10.056 11.40 11.40 11,60 11.36 11.40 10.95 11.90 13.40 14.40 11.75 11.75 12.45 12.60 14.10 12.50
18, 9.40 11.80 10,05 11.356 11.40 11.40 11.20 11.40 10.80 11.50 13.20 14.20 11.70 11.70 12.30 2.30 14.10 12,38
19, 11.60 9.856 11.20 11.40 11.20 11.10 11.35 10.70 11.60 13.25 14.10 11.60 11.50 12.00 12.30 13.40 12.20
210, 11.40 10.85 11.30 11.10 10h.95 11.256 10.60 11.20 18.25 12.20 11.50 11.40 11.70 11.50 13.10 11,73
el, 11.10 10,40 10,80 10,90 10.70 11.20 10.55 11.240 13.156 12.10 11.30 11.30 11.56 11.80 13.00 11.70
22, 11.00 10.10 10,60 10,70 10.56 11.05 10.50 11.00 1296 11,60 11.20 11.10 11.35 11.70 12.70 11.68
23, 11.00 10.10 10.40 10.50 10.40 10.80 1045 10.70 1270 11.40 11.05 10.97 11.20 11.70 12.50 11.60
24. 10.70 9,90 10.20 10,45 10.35 10,70 1040 10.56 12.60 11.35 11.05 1090 11.20 11.60 12.25 11.60
25, 10.85 0.856 10).10 10,440 10.20 10.66 10.35 10.45 12.40 11.80 11.0G0 10,80 11.10 11.45 12,16 11.58
26. 10,40 9.70 10.10 10,50 10,05 10,656 10.30 10.40 1230 11.15 10.80 10.70 11.00 11.46 11.90 11.55
217. 10.30 9.70 10,20 9.93 10.60 10.20 10.40 1200 11.10 10.66 10.63 10.95 11.40 11.B0 11.50

9.65 10.15 Q.H{} 10,47 10.10 10.35 11.70 11.06 10.60 10,67 10.90 11.30 11.70 |

9.65 10.10 9.80 1043 10.05 10.15 11.60 11.00 10.50 10.55 10.85 11.30 11.65 11.

10.10 9.76 1040 10.00 1015 11.40 1085 10.50 10.47 10.70 11.20 11.60 11.4
L300 .93 10,35 10.00 10.10 11.15 10.90 1030 10.40 10.70 11.20 11.80 11.35
9.90 D.70 10,30 9.0 10.00 11.10 10.85 10.30 10.40 10.66 11.16 11.56 11.35
9.40 9.70 lu.:EU 0D.45 0.50 10.80 10.7 10,056 10,40 10.60 10.90 11.50 11.25
9.20 9.60 9.50 10,60 10.560 10,06 10,10 10.30 10.856 11.256 10.85

183
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TABLE 6. TEMPERATURE READINGS AND METEOROLOGICAL DATA.

1924 June July

Dito 2h 26 27 2R a0 1 2 B i h ¥ i 5 0 10 12 12 14 16 16 17
Time ©H:10p 9:00a H:30a 8:00a 8:30a B:00a f:00a K:00n 8:00a 8:000 8:00a 10:00a §:00a §H:00u R:00a 1:00p 8:00a 8:00a 8:00a B:00a
Air®C. 24.00 19.50 21,10 13.40 2156 18.00  20.00 22,00 29.00 16.10 24,00 20.00 20,0
Wind [IFlat SE. SE. N.W. N.NW. NE NE NNW. S8 S8SS8W. S3E NW SW N.E. N.W. SW. NNN.W. E.
Veloc. 713 a490 1463 1100 465 213 G 265 100 R27 G965 1310 0256 fild Flat a8l 1135 L6 1000

Sky Sprkl Cloudy Cloudy Cloudy P.C. Cloudy P.C. Clear Clear Clear Clear Hazy P.C. Clear Rain Cloudy Clear P.C. Clenr P.C.
Bar. 98 KT 2B.59 2850 28.72] 98 86 “R.82 2R.71  28.86 28,81 2878 28.65 98.42 28,62 2870 2842 283 28,76 28.56 28,40 28,67
Surf. 21.90 1865 19.656 18.00 18.30 18.00 1850 19.00 19.45 20,19 19.80 20.00 19.70 19.66 19.90 21.20 19.60 20.40 20.20 19,90

1.m. 19.40 1860 20.10 19.00 1830 1500 18.50 19.00 1940 20.1% 19.79 20.00 19.70 19.45 1935 20.86 19.90 20.30 20.20 19.85
15,70 1IR30 20.10 1880 18.10 15.00 18,40 1850 1940 20.20 19,40 20,00 1670 1940 19.10 1976 19.80 20.20 20,20 11.85
18.25 18.20 20.10 1R.R0 18.10 18.00 18R.20 18.60 19.35 20.13 19.39 19.00 19.70 1920 19.10 1940 1995 20,20 20.20 19.60
15.00 1820 20.10 1890 18.00 17.80 18.10 1830 1886 1830 19.20 19.90 19.60 1925 10.30 19.70 1990 1590 18.55
17.66 1820 20.00 1870 17.90 17.50 17.90 1510 1860 1819 19.80 1980 19.50 1425 19.10 19.16 1960 19.90 19.85 19.40
17.65 17.00 1950 18,70 17.90 17.50 17.85 18.00 18.26 17.99 1830 19.50 16.40 19.20 19,10 19.15 19.60 19.90 19.70 19.40
17.60 17.90 19,50 18.50 17.90 17.50 17.85 17.80 18.15 17.80 17.8p 19.40 19.20  19.20 1899 19.05 10.60 19,80 19.65 19.40
17.66 17.80 1840 18.40 7480 17.50 17.86 17.80 18.00H 17.66 17.70 1835 19.00 19.20 18.64 16.06 10.60 19.80 19.60 19.40
17.60 17.7 17.60 18.30 17.50 17.60 1T.85 17.70  17.B8 =40 17.56 17.86 18.60 19,20 1820 19.05 19,610 10.%0 18,85 19,40

—
ﬁﬁtl:—?ﬂxd?ﬁ? ::i:-.'IEJ

AMOLSIH TVIALVN NI SHIANLS VAOIL

1 16.20  17.20 17.50 18.00 17.50 17.50 17.60 17.40 17.30  16.75 17.40 17.45 18.60 19.20 18.00 18,90 19.60 19.76 18.256 1040

1 1480 1666 17.00 17,70 17.50 17.20 17.20 16.70 16,73 1645 17.20 17.00 3J8.B0 18,60 17.76 18.66 19,30 10,76 18.00 1940

1 14,10 14.80 17.00 17.680 17.60 165.50 15650 1680 16.48 16.,1% 16.90 16.75 18.60 17.86 17.95 18.20 17.80 1870 17.50 18.80

1 14.00 14.55 1640 186.7 17.50 14.60 14.60 1540 1540 1670 1565 1650 1850 17.00 17.7¢ 17.60 16.70 19.50 17.20 17.20
14.00 14.48 1560 16.50 1520 14.20 14.20 14.50 1400 1495 1440 1660 18.60 14.60 17.40 1540 16,00 1830 16,50 16.10

15, 14.00 1488 16,00 1560 1490 1400 1400 14,00 1295 12.90 13.80 14,20 17.40 14.30 16.50 14,85 16.12 17.00 16.60 15.00

16, 14.50 1490 15.60 13,80 13.20 13.20 13.45 13.14 12.%0  18.40 1270 17.00 13.50 16.10 14.60 14,40 15,90 14.90 14.50

17, 13.58 14.50 14,680 13.20 13.G0 13.00 12.05 12,88 12,80 12,90 13.1D 13.40 18.156 13.85 134.8D0 13.80 1550 14,20 14.00

18, 12.08  14.25 14.00 1510 12.80 12,80 12.50 12.63 12.65 1290 12.70 1290 12.60 1280 13,40 13,15 15.30 12,10 13.80

L. 12.750 13090 13,60 12,70 12,50 1290 12.20 124% 12.26 12.36 12.40 280 12.30 12.40 12,30 12.656 14.70 .80 13.70

20. 12495 1240 1340 1250 1290 12.70 12,05 12,14 S 10 1220 12.00 1260 1216 12.30 11.85 12,10 14.30 12.30 13.50

al. 1295 12,10 13.00 1250 1240 1240 11,93 1185 11.7 12.00  11.70 1220 1195 1210 11.70 11.90 13.90 12.056 12.80

22 1220 12.10 1280 1240 12.10 210 11,76 11.69% 1160 11.90 11.6% 12.00 11.55 11,76 1166 1176 13.60 11.90 12.80

2 12156 1280 11.60 1190 1190 1L.70 1l.60 11.4% 1170 11.60 1L90 11.63 11.60 11,60 11.66 12.60 11.60 12.10

24. 12.13 1250 1L.60 11.66 11.70 11.63 1LG0 11.40 11,60 11,55 11.90 11.65 11.66 11.560 11.66 12.60 1L50 11.80

2h. 12,10 1290 1150 11.50 1160 J1L50 1143 1130 1140 1150 1180 11,50 11.656 1140 11.60 1240 11.40 11.80

24, 11.895 1200 1140 11.50 11, nﬂ 11.40 11.42 11.50 11.48 1.9 11456 11,60 11.80 11.30

27 11.98 Rain 11.30 11.5 11.35 11.40 11.45 11.60 11.40 11.43 11.60

28, 11.98 11.20 11.26 11.30 11.30 11.50 11.30 11.40 1L.50

o0, 11.90 11.20 11.20 1L.29 11.15 11.40 11.20 11.30 118056

a0, 11.K8 11.140 11.20 1i.26 11.12 11.40 11.20 11.20 1090

a1, 11.10 1116 11200 10.80

32, 11.00 11.06 11.20  10.80

33. 11.00 11.00 11.20

34. 10.656 10,90 11.10

36, 10,856 11.00




\DLE 7. TEMPERATURE READINGR AND METEOROLOGICAL DATA.

1924 July j
INata 19 21 24 25 26 '8 28 an a1 3
’I‘l“-l,. i JEAETY UL RFET I X =ila R:Ula B LLLE Belilin S -(Mia 2 -iha T'::'-’L'l 8:00a "".'”.":l K 0iln R :Nila
Air®C. 17.00 15.80 22.00 22.00 24.00 149,00 20.60 21.00 29,00 30,00 24,50 16.70 | 500 $0.00
Wind S E S.E. S W ’\ W. S.5.W. N.W. N.W. NLE. 5. E. S.E. N.W. N.E. . o
Veloc 10157 O35 &0 LR 1300 1 2660 2010 nTe 115D Qr 1518 g 3 E O 520
Sky P.C. Fogriry I"‘ in i'E(‘.tr Clenr Cloudy P.C. Clens .. PO, Cloudy Cloudy Cloudy P.C,
Har. 28.60 28,44 28,28 28,63 2H.hd 28.60 28.62 18.6R 94,40 28,33 ’B.50 28,60 25.64 28.24
Surf 20.110 148 50 [ }.T5 20,20 146,80 an. 40 90.15 149 85 91 %70 20 56 200,40 20,90 TR 19 66
1. m. [ 9.00 19.65 19.5 |4 Ri) 16,70 20.80 a1y ) 10.756 1 &0 *0.50 F0.Ai0) 20.70 12 G0 19.40
0 19.65 19.65 19.85 19,80 16.70 a0.10 20.05 1670 01 4B 20.46 90,20 9060 18.95 1500
1 1 9.6l 19.70 19.85 19.56 19,80 20,05 19._ 80 10,70 1.2R 20.35 a0.00 HLEG 18R 18,80
i i 1 8,60 19,71} 14,60 19.70 20,00 19.70 16.70 11.38 20,10 149,490 0. G 18.° 18 80
G | & 18,40 16.70 19.50 19.40 1995 19,65 15%.10 19,70 15.510 19.90 20.456 18.70 18.7h
i. 1 .60 1540 18.65 19.50 19.40 19,90 19,60 18,040 14,60 18.20 19.80 o). 41) 18,71 18.65 -
. 19,50 19.30 19.60 19,50 15,40 19.E8 19.57 18.30 16,250 18.20 15.50 20,40 | § 18,65 K
3 1650 19.2h 19.560 19,60 19.40 14.88 19.55 19,50 19.14 15.05 19.70 20.35 18.45 e
0y 19.15 19.25 16530 19,50 19,414 149 R 15k G0 19.25 19 00 17.90) 15.55 19.95 18.60 1R. 45 ?1'
10. 18,35 18.40 19.24 19.48 19.35 19.78 19.40 10.25 18.05 17.90 19.45 19,50 1R.60 18.50 =]
11. 177.82 1K.10 19.210) 19,30 19.310 19. 80 19,410 149,00 1 4,594 17.85 148 910) 19.45 15.20 1R. 20
19 15 .01 18,010 15.40 18.490 19.10 16,80 15.40 18.40 1815 17.20 TRT- 15960 1716 1820 :
12 17.00 17.40 16.00 18.35 1 5. 801 19,50 17.30 1795 17.60 16.10 18.00 1R.06 16.40 17.10 F“.'-:_
14 15.40 16.00 14.580) 16,41 18.20 19,80 16.20 16.00 16.60 14.50 15,80 16.60 15.490 16.45 .
1 5. 15.00 16.50 14.50 15.55 17.70 15,80 16.60 15.10 15.40 13.90 18.30 14.40 15.75 16.10 st
16, 14.00 15.10 14.10 14,60 15.60 15,80 14.60 14,06 13.89 13.110 1810 13.50 14.75H 14.50 g
17. 13,91 14.26 13.90 134,40 15.10 15,10 13.40 13.50 13.30 12.60 17.90 12,75 13.66 12,70 -
19, 13.3 14.05 13.80 12 65 14010 14.010 12.8{) 12.K( 12.9() 12,00 17.90 1215 17.40 12 00 |
19 14.10 13,50 1 3.50 12,50 13,80 13.50 12:30 11.95 11.95 11.60 11.40 11.70 11.15 —
20, 12.60 12,70 i3.00 12.35 13.80 13.30 11.85 11.38 11.50 11.15 0 11.00 11.30 10,90
21. 12.40 12,50 12.20 13.70 12.90 11.70 11.20 11.20 10.70 . E 10.60 10.70 10.55
22 1220 12.45 12.10 13.10 12.85 11.55 11.05  11.00 10.55 S 10.40 10.50 10.05
23. 12.10 12.45 11.855 12.10 12.610) 11.30 10,95 10.8) 10.45 bt 10.30 10.40
o4, 1208 12,35 11.80 11.70 12.50 11.20 100,90 10.70 100,260 7 10,00 10.25
._-FI 12010 ]_']-| 11.80 11.606 12.30 11_!I_| 10y 85 10.50) 10.15 ;_:-: ll-l._'_:l.l
26 1L.ES 11:80 11.55 11.30 12.00 11.00 10.80 10.40 2 10.10
27 11.70 11.85 11.45 11,30 11.80) 10,50 10.65 10.39 S r 10.10
28, 11.60 11.40 10,80 10,60 1020 =5
29, 11.50 11. ‘:r 10,80 10.55 1020
310. 11.45 11.%2 10.65 10.55 10.40
ol. 10,565 10.50 1,30
32. 10,65 10.50 10,25
B3, 10.40 10,45 10.09
10.20 10,065

!-114-
36. 10.05 10,05 £

o




1624
Nate
Time

Air®C.

Wind
Veloe.
Sky
Bar,
Sorf.

—_
8

e ol Bl B G el e = -
m‘malnmaufa—ﬁmy::mmhuu
w® @& ® ® B > W - " & ey - - g

20,

-
-

22.
‘1 -
24.
26,
26.
27.
28,
28,
30,
al.
a2,

34,
a6.

4

E:in

22.06
N.E.

1111

P.C,

2R.44
20,00
19,80
18.55
19.95
19.25
19.25
19.15
19.10
12,80
18,80
18.70
19.40
1815
1805
17.90
15.90
14.06
13.50
11.80
1L.60
11.00
10.40
10,15
10.00

TABLE 8.

b

H:0Da

23.00

N.W.

il

Rain

CR.A0
200, K0
10 850
19.70
18.70
1%. 58
19.25
18.7h
18.5%
LH.50
1835
1R.25
17.70
17.30
16 60
16.60
15.06
14.30
13.486
13.20
11.55
10.70
10.65
10,50
10.345
10,00
16,00

7.90

M b3 B =3 00
Sn = a6 o 1 oo 2

]

[y -y ———
— e P e TV O =) =] -
=om

10,80
10.48
10.30
10,140
100,105
10,00

6
7:00p
20,30
N.N.W.
403
Clear
28.44
22.00
21.60
£1.90
21.650
21.85
21.60
21.40
21.40
21.15
20.85
20.85
20.95
20,40
1R.30
7.60
16.60
14.80
14.05
18.76
12,60
20
.70
A0
35
20

A8

A

A6

A6
11,00
11.00
10,975

Very windy

In lorenocon

— i el il
e e e D

T

E:00n
15.80
N.E.
AT
Clear
UE. 46
2240
Z2.20
23220
2210
22.056
21.50
21.756
21.85
21.860
21.456
21.35
21.35
<1.20
21.20
20.80
18.20
16.80
16.10
15.65
15.10
14.10
13.76
13.25
12.R0
12.460
12.45
12.20
2.00n

=

50l
14.50
=W,

40

Rain

28,11
21.60
21.00
£L.an
21.230
21.20
21.65
21.00
20,90
20, &)
20.556
20,60
10.50
19.00
17.90
17.26
16,110
14.90
13.490
15.00
2.20

1
1
1
!

Aug.
b
E:00n
15.00
N.W.
OED
Cloudy
2R.60
2120
21.15
20,05
20,85
24}, 810)
ug T
LY,
2050
200,40
20,20
20 00
19.95
10.656
17.85
15,80
15.50
14.20
14.10
13.05
12.25
11.40
11.10
10.B5
10640
10.45
11.35
10,080
10,10
10,00
0.9
4 ki)
0. K0
T il
.66
#.20

.00

TEMPERATURE READINGS AND

11
B:00a
18.156
N.W,

120
Clear
2K.66
Sis.00
19.98
15.08
14,80
14,80
149.R0
10_80
10,TH
18,78
18.76
19.74
15.70
18.25
18.45
17,80
16.10
L. G0
12.5h
ARG
AR
i)
Jid
29
N A
A1
il
i)
100, =)
10.5%58
10,75
106.70
10 60
10.62
10.30
H.EG
.60

e e
— et b = g B

—

11
1:40p
26.00

W.
BOT
Clear
2866
an. ki
20.80
20.60
20.25
20,10
a0 00
19,602
16.50
19.588
16.80
149.80
19.75
19.7H
19.054
1 R.50)
16.75
15,05
14.10
14,00
12,456
12.10
11.50
11.60

11

340D

27.50
W.
115

Clenr

8.6

20.85

20,65
20.40

20,20
10056
10,80
10.76
16.60
15.60
19,50
19.640
18.50
10.45
19,30
14,60
18.20
17.00
17.10
14.90
14.70

3.006

¥
0
=

Ahp
3.

()

S.W.
S

Cloenr
28,50
pli, |
20.20
20,10
20,06
20.00L
20.06
20.02
20108
20, 0l
19.86
19.80
19,70
19.656
19.85
18,55

1
1
1
1
1

i (e e s B g e (B

-
f

1

- o
— e = g B

J6
i

2h

A0
3.

0
B0

il
A0
i)
Jih
b8
Al

35

‘.r_-j

A3
10
A0

12
A 30n
21.00
SW.
526
P.C.
25 .bN
T0.35
20,20
20.20
20.10
20140
ol | W
24.00
10,90
14,80
14.740
1670
18.70
10,20
18.60
17.70
16.70
10006
14.00
1400
12.66
12.00
11.60
11.80
11.20
11.00
10 R0
10.70
10._61)
10.60
10.00
10.40
10.25
10,10
10,00

0.6hH
b.40

14 16
B %0n R:(n
17.30 16,00
S5.E. N.E.

G20 619

Clenr

ZR.ThH iK.64
19.70 18.70
1%.65 | 580
1h.4% [4.TH
1430 14,65
14,490 15.60
1920 15.60
1915 189.52
19.05 1K.62
15.495 18.60
19.95 18,50
18,895 15,42
| ® Ril 158,40
1R.70 145,40
18,30 18.32
10 =0 18,20
14. R0 16.20
13.40 15.30
1244 13.50
11.80 15.00
11.20 200
10.9% 11.30
10,50 Li).85
10.21 10,86
10.10 13,76
.92 10,60
0.Kh 10,60
6 =il 10.80
.40 10240
10,10
10,06
.40

19

H:U0n
20,00

S.E.

ad0
Cloudy
L
18.10
1EK.22
18,20
18,20
1510
17.99
17.08
17.056
17.02
17.00
17.R0
17.80
17.76
17.50
§T.20
157.00
16.85
15.86
14,80
11.85
10,949
10.55
1046
10,36
10,22
10.16
16.16
10,12
10,10
10,00
0.9

Aflter two very .95

windy diays

End of
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TABLE 9. TEMPERATURE READINGS AND METEOROLOGICAL DATA.

1925
Date July 27 28 29 30 31  Aug. 1 y 9 1 h 6 T : 10 11 | ¥
.-I-In.”,. ||- Fla 10 (A GO «Nln 0 =111 0 -00n 5 Wi 1 Al g -10g G 00 0 (0 G +{ilim T 2 «10in B -2{in i 1in = W - - 10 «00n

,"-.'.'."l'- 0. 00 ) 00 2000 18900 |

WwWind N.E. N.N.E. N. N.W. N I.-.. N.W. N.W S S S 5.0 W i M. W N g W.
'| il | = 13 , 071 1818 it " i 4 i i

Velod. 1 Chbd) 10040 3156 id 150 1 ! Hi ( | h3 G i i 1 490
hlcy § 9T A LASY Gl ( £ i L1 a il ' |
Sky Clear Clear Clear Clear Cloudy Clear Clearn Hazy Clear Cloudy Cloudy Cloudy Cloudy Clean sprinkle
*BAar. Ju.0s S0 05 29.97 a0 a0 0. a0, 13 L all 4] ald, Ui . d ) P T - 18- 1 9.9 ! ] ]
s 21.60 21.40 1.10 21.00 40 al.au 11.30 cLoall i b LR i =il Bl L i a1.uu 1). i i
" m. 2160 2140 2110 2100 20,50 2030 2125 2130 20.20 20.10 L70  20.80 2100 1.2 0D 20.6 0
1.60 1.40 o1 14} 21.00 J0.50 .30 (), 71D a1.al) 20,20 10} S, Bl 1 1) F1.010 21.20 - i 1), {i) | 0,210
-| e l.bu 1.40 21.10 a1.00 .60 el.2l b 1,00 a2l U ) .70 e 1.4 1 (r, 34
A, 21.60 a1.40 aL,10 =1.00 20,60 20.20 (.30 {0, K0 20.20 2001 {0, G0 GF 1.0 [ il 0.1
- 1.61) 1.40 11.10 1.00 (), G0 (0,240 0.30 0,50 ). 20 i {0, 1 .1 I l i 0,30 =
6 21.60 el1.40 21.140 21.00 (. 51 0.20 0.21( ). 3 7 i i { () i B0 TR | | 10 204 &
- 21.50 11.40 21.00 21.00 0.60 .20 20,20 .80 (LoD 200 i) (7. &l (.60 511 f G 10 ; 30 20 :"‘
o 21.50 11 .20 21 .04 21.00 .50 0. 20 ) 20.20 ALY NN i | } 0,410 : i L Lhih (=0 [ { OB 0.30 P
0 o1 .51 1.30 21.0( el Ul 20,50 =) 20 | P .0 e A 2000 (.30 }.30) aih, 5] 1 .GH) 20 | 5 (.30 =
1|"|__ =1.440 21.30 21.00 21.00 .51 | ) U.£) .2 UL | L1 R AR fhal U.ab AL RATH { i .4H =i a1 -
11, 21.30 21.30 2098 21.00 20.60 20,20 20 .24 OO 20,01 | ). - 00 19 0 0.4 0.3 -
10, 21.30 21.30 20.9b 21.00 14U .U ! .= W Uu y Jaudh UL 13 J ' J .4 ' >
13 21.30 21.30 20,83 21.00 20,40 2020 20,10 20,00 20,00 20,00 10.80 2010 20,00 1570 104 | 1 0.2 -
14 21.20 21.2( 21,90 et 0L el R 16, =\ .= H SR 1 9.9 13,910 | L ! i L)) ! { LY o
15 21.00 Z1.01) 20.63 LR .41 UELE L. D - | 13091 BUR L G J. 1) | 4. M1) & { I 41 i i | 0.1 it
16. 901.00 20.80 10 (.80 .2 - 19,60 LEO 1980 19,80 L60 14,7 19.60 1910 10.10  19.10 1930 19.00 19.90 -
L7, 21.00 19.50 18.08 (., 54 o, 16,44 | G, ki) 19.410) |9 9.0 1Y 19.240 ), 21 | | 1L i 10 I8 1 9. K1 T
18, oo 1561 18,18 19.40 15.¢t 1= J 19, 5 16,110 160 i L& a0 0 10 1 S i K1 i | ! 16 RO =
14, 19.50 18.20 17.66 14 18.50 18.30 19.40 18,40 I o 19 M | 8. 30 | | | - il | K.5 j 16.70
20, 17.60 17.00 17.30 18.50 1820 17.8 17 18.00 1860 8.4 0 17.60 1880 17.40 1 17.5i 1850 17.60  1R.K0
21. 17,40 17.80 17.10 1840 18,00 17 17.20  17.20 18,00 17 16.90  17.20 60 0 17.4 10 18.10  16.8 18.40
.y A8 17.10 17.40 1b6.85 17.40 17 .G | 16.5 16.X0) 1" 16 6.7 1t i t J | 7.2 1 6.5 | [ 16.65 1 5.00
a9 16,40 18.00 16.20 1 ! 16 i) 16, 5l 16 .40 1R i 1700 16, 4400 i i 16 Gl il | 16 Gl 14 GA) 1 i 17.5()
04, 16.40 16, K0 16.30 1 7.8 16. 14 1 6.1} 16,51 1 1§ j 16 40 16§ 18 Ei " : £ un Ty i \ ™ {7 GO
95, 16.10 16.50 16,22 1680 16.5( 6 15,9 16.30  16.60 16.20 16.20  16.11 6.40  16.10 6.1 - 6.10 1590 17.10
2€. 16.00 16.20 16.00 16.50) 16,00 1. S 1n.0 10,1 6. 1U i i [ 6.0 It ' i) b. 00 | ] | I §i 16,51
2. 15.80 16.10 15.T6 16.60 15,60 15.8 15.490 Lb 16,00 Lo U\ " It ! /| 1 .41 I 16.5
28, 15.90 16.10 165.70 16.30 156.6 15.80 16.1 15.R0 | 5. 84 16,1 ! U [ F | & i, A
99.  15.80 16.00 15.60 16.00 15.50 15.60 15.60 16.00 1590 1570 L5.7¢ | 0 1560 1600 1540 163 16.40
30. 15.50 15.90 15.60 15.90 15.50 15,60 16.50 0 15.60

* Readings corrected for altitude.
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32,
32,
34,
35.

June
16

15

TABLE 10. TEMPERATURE READINGS AND METEOROLOGICAL DATA.

4:80p "’t IIir.- 3:30p 9:406a

18.00

2.00

HIJ"ng Calm
Rain Cloudy

28,28 28.680
16,00  15.60
15.80  15.60
15.70 15.35
15.70 15.30
15.60 156.30
15.60 15.30
15,50 15.20
15,50 15.30
16.48 15.30
15.45 15.30
15.40 15.256
1540 15,26
15.40 15, iﬂ
1530 15.19
15.30

15.30

16.30

16.20

15.20

15,19

23 25
27.00 - 20. uu
Fair Calm
¥.C:
28.48
16.40 17.30
16.00 17.30
16.00 17.15
15.80 17.10
1560 17.10
15.60 16.90
15.40  16.90
15.30 16.80
15.30 18.80
15.20 16,80
165.20  16.70
15.20 16,60
15.20 16.60
16.20 16.55
16.20 16.50
15,10 16.50
165.10 16.40
15.10 16.356
16510  16.20
16.10 16.15
16.10
16.05
15.90

28 25 30
T0p T:16p T:00n
23.00 25.00 28.00

S.E. 5. W,
Strng Calm  Slight
P.C. P.C. Haxy
2R.33 2847 2R.35
19.20 1B.50 18.60
18.60 18.00 15.40
18.30 18,00 18.30
18.20 17.80 18.20
18,00 17.70 18,156
17.90 17.20 158.10
17.70 17.40
17.40 16.80
17.20 16.50
17.00 16.20
16,90 16,10 16.10
16.80 16,00 16,00
16.60 15.95
16.40 15.4910
16.80 15.R0
16.30 15,60 15.70
16,20 16.60
16.60 165.456

15.40
15.30
1540 15.20
15.20
15.156

July
I fi T b
§:00a R:00a 8:h0a 8:30a
32.00 23.60 26.00 25.50
N.E. E. S. N.W.
468 4128 1278 436
Cloudy Clear Cloudy Cloudy

28.50 2R.h3 28.35 27.92
20.80 19.50 21.00 21,10
20,60 19.R6 20.50 2Z21.10
20060 168.66 20.60 21.10
20,40 19.50 20.80 21.10
20.30 19.40 20,60 21.10
19.60 19.00 1870 20.80
18.40 1R.30 1B.40 20.80
1830 17.30 18.10 18.60
17.70. 16.16 I7.100 168.00
17.200 1576 16.40 17.70
16.90 16.40 16.10 17.00
16.70 15.20 1570 16,70
16.60 1510 15,60 16.50
16.60 15.00 15.50 16.30
16.36 1480 16530 16.20
16.30 14.80 15.30 16.00
16.20 T14.%56 1530 15h.70
16.10 14.65 15.20 15.60
16,00 14.80 16,20 15.50
16.80 14.66 15.20 15h.50
16.86 1460 15.100 15.40
15.70 1445 1500 15.40
1570 1440 15.00 15.20
1570 14.30 14.9%0 1520
15.60 14.30 14.80 15.20
16.60 14.25 14,90 15.20
15.30 14.10

14.70 18.75

14.00 13.20

13.20 13.00

13.20 12.95

i3 13
3:30p 8:00a
26.00 17.00
N.W. N.E.

913 BO1
Clear Clear
Z8.44 ZR.60
20.30 19.90
20.30 20,10
20020 20.10
20.00 20.15
19.80 20,20
19,80  20.20
19.700  20.20
19.60  20.20
19.500 20,15
19.40 20,10
19.20 1980
18.00 18.50
1R.A0  1R.90
1R.20 1R.35
18,10 17.80
18.10 17.40
17.60 17.10
17.30 16.70
16.580 16.60
16.60 16.40
16.10 16.30
190 16,20
15.80 16.156
15.B0 16.15
15.60 15. Hf'-
15.40 5.5
15.00 15. 'HI
14.090 15.25
14.50 14,06
11,80
14.70

15.00
14.80
14.80
14.70

8!
14
14.40
14.20
13.90
13.80
13.50
2.80
12,60

16
Hn
23.00
5.E.
h33
Hazy
Zn.42
17.00
1800
15,140
18.10
18.00
18.00
18.00
15,00
1RG0
LB.0O0
17.70
16.90
16.50
16.00
16.60
15.60
15.00
14,50
14.70
14.60
14.50
14.20
14.20
14.20
14.10
14.086
13.70
13.50
13.20
13.00
2.490
12.10
11.95
11.80
11.66
11.60

16
3:00p
32.00
S E.
1340
Clear
2R.30
21.50
21.50
21.00
20.80
20,610
20,60
20,20
20.10
20,00
19.90
19.80
168,80
1R.20
1R.00
17.70
17.40
16.75
16.40
16.20
16.10
15.50

17 16
7:830a B:00a
24.00 2T7.00
N.E S.W.

412 Ta2
Cloudy Hazy
?H.B4 2R.38
17.60 18.10
17.50 18.10
17.00 18.20
16.06 1R.1h
16.90 18,10
16,70 18.10
16.40 18.10
16.30 18,10
16.20 1R.1D
15.80 1R.10
165.60 1R.10
15.40 17.10
15.20 16.456
16.10 16.00
14.75 16.60
14.60 15.40
14.60 15.20
13,80 15.10
13.50 14.70
13.40 14.40
13.30  14.20
12.10 14.10
12.85 14.00
12.70 13.90
13.R80
13.60
13.40
13.10
13.00
12.90
12.90

20

2:16p

32.00
S W.
8

Clear
28.24
22.20
21.80
21.60
21.30
21.10
21.00
20.90
20.80
20.70
20,60
20,20
20.10
18.30
17.70
17.40
17.10
16.70
16.20
16.00
15.90
16.70
16.60
16.40
15.10
14,80
14.70

22
H:00m
21.00
N.W.
d64
Hazy
28.66
19.00
20.20
20,40
20,50
20.50
20,60
20.60
20,60
20,60
20,60
20.60
20.60
20.30
1K.60
18.00
lqiﬁﬂ
17.20
16.50
16.20
15.90
15.70
15.60
16.50
15.50
15.40
15.30
14.80
14.60
14.50
14,30
14.20
14.00
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24.

26,
27,
58,
99,
40,
a1,
32,
a3,

June
13
10 :30a
21.00
M.E.
Calm
Clear
249,66
15.50
15.10
14.80
14.90
14.940
14.80
14.80
14.80
14.80
14.80
14.80
14.60
14.40
14.30
14.20
14.10

TABLE 12. TEMPERATURE READINGS AND METEOROLOGICAL DATA.

July
16 16 17 18 20 23 1 b 6 R 11 14 16

1:30p H:40a §:00p 10:00a 2:00p 8:30a 9 :008 7 :30p %:30n B :30a L:30p R:30n 11 :00a
22.00 15.560 19.00 21.040 22.00 20,00 23.80 26,00 2800 18.00 an.on 23.00 20.00
B.E. N.E. 8.B. B.W. SW. S.W. S.W, N.W. N.W. S.W. S.W. S.W. N.E.
a0 350 Calm 000 210) 400 12010 400 Hi0 640 a0 120 Calm
Clear Cloudy Rain .C. Rain Clear Clear P.C. (lear Cloudy Clear P.C. Clear
28.62 2R.50 28.42 28.45 28.15 28.63 24.50 28.33 28.42 28,62 28.46 2H.44
16.70 14.856 15.00 15.00 17.00 16.20 19.20 18,50 15,640 19.10 21.20 20.90 22.00
15.70 14.86 14.90 14,90 16,90 16.20 18,20 18.80 18,50 19,10 20.30 200,80 21.50
15.60 14.85 14.85 14.80 16.50 16.20 14.20 18.80 18,50 19.00 AIRILT 20,80 21.20
15.40 14.85 14.85 14.80 16.10 16.10 14,20 158,80 18,40 15.00 20.00 20.70 21.190
16.20 14.86 14.80 14.80 15.95 16.00 16.20 18.80) 18.40 16,00 19,90 20.60 21.00
15.10 14.80 14.80 14.70 15.400 16.00 18.20 18.80 18.40 19.00 16,94 2160 20.90
16.00 14.80 14.756 14.70 16.70 16.00 19.20 1580 18.40 19,00 19,80 20,60 20,80
14.90 14.75 14.70 14.70 16.30 16.00 19,20 1R.B0 1540 U] 149.64) 200,60 20,50
14.86 14.70 14.70 14.70 14.50 16.00 19,20 18.R0 18.30 19,00 19.50 20,60 20.30
*4.70 14.65 14.65 14.70 14.R10) 1600 19.20 1K.R{) 18.30 19.00 19.80 00,30 19.30
14.65 14.60 14.60 14.70 14.75 16.00 18,00 18.70 18.340 16,4010 10,10 20,00 16,00
14.60 14.50 14.60 14.70 14.60 1590 16.00 18.70 18.30 19.00 19.00 19.70 185.90
14.40 14.50 14.40 14.60 14,50 16.80 15.00 13.60 1H.20 19.00 10,00 19.15 15.80
14.30 14.40 14.30 14.50 14.30 15,80 1R.EQ 19.50 18,310 1R.90 18,80 19.00 15,60
14.20 14.35 14.25 14.40 14.10 15.50 18.70 18.40 18.30 18.90 18,70 15.90 18.60
14.15 14.30 14.256 14.20 14.00 15.40 18,60 15.40 18.20 18.90 18.70 18.70 18.40
14.05 14.10 14.10 14.10 18.80 16.30 18.50 18.30 18.170 18.70 1 K60 15.60 18,40
13,90 13.580 11.06 14,110 13.70 14.90 18.40 18,00 18,10 18.60 18.60 18.50 18.00
13.94 158,70 14.056 14.10 13.560 14.60 18.30 17.60 1706 18.5() 18.40 15.30 17.80
13.70 13,610 13.82 14.00 1%.40 14.50 PS.20 17.40 17.80 18.00 1R.340 15,10 17.60
13.50 13.50 13.70 14.00 13.00 14.20 1R.0O0 16.60 17.30 17.50 15.20 17.60 17.40

13.30 13.50 13.80 13.00 14.10 17.80 16.00 17.00 7.00 17.70 17.30 17.00

13.20 18.45 13.60 12.90 14.00 17.60 15.60 16.50 16,400 16,00 16,810 16,80
13.10 12.10 13.30 13.50 12.80 13.R0 17.40 156.60 15.20 15,440 15.50 16.30 16.90

13.00 13.26 15.40 14.50 17.20 15.00 16.00 1 5.20 15.80 15.80 16.60

12.90 13.00 13.20 hotallday 13.35 June 24-30 14,80 14.80 15.00 15.00 15.30 15.00

12.86 12.85 13.10 June 19 13.20 very windy 14.70 14,30 14.70 14.90 16.10 14.60

12,80 12.R0 13.05 13,20 14.50 14.10 14.50 14.610 15.00 14.40

12.70 12,56 13.00 1510 14.20 14.10 14.20 14.30 14.090 14.30

12.70 12.1H 12.90 13.00 July 2-4 After eool 14.20 14.2h 14.75H 14.20

12,60 12.70 12.80 12,90 windy night July T 14.20 14.70

12.60 June 21-22 windy July 8 July 12-13

12.60 very windy windy windy

12.60

12,60

12.60

8¥
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Depth  Temp. C.

0 26.23
(-1
1 2618
1-2
2 U6.06
2-3
3 2h.78
3-4
4 25.58
4-5
b 25.48
fi=6
6 2548
6-T
b 3 25.48
7-8
H 24.40
H-9
G Z21.50
910
in 16,55
10-11
11 1%.10
j1-12
12 16.45
12-13
14 16.11
13-14
14 1%.30
14-15
16 12.40
16 11.60
17 11.36
18 11.10

Table 14.

TA-BI.I‘E 1‘}1

Temperature, ¢
in density of the water in the various layers, a
the resistance to mixture for typical days in 1024, 19

TEMPERATURE RE

July 26
Ilmgﬁn

{(T-4) RT RTZ (1-D)
Cnlories Waork
July 24, 1923
2174.54 16.89
2087. 45.66
1963. TL.22
1R25. 92.73
1726. 110,84
1611.0 125.78
1504, 135.91
1396, 148.9%
1224. 164.63
062, 109.16
T93. B9.71
695, 84.00
FII?ITr {JEEU
144. 48.06
HA. 34.88
21717. 76609
224, 21.23
208. 16.67
150, 16.67

1-D

003244

003238
L3208
003120
L003070
LH03063
03053
L08063
003032
002091
L01678
L0168
A01110
L00840
000634
L006522
0043l

nn40o4
L00378

Jories of heat absorl

1623
0.75

3.7%
11.00

2.62
117.60
01.76
11.26
o980
27.50
a2.00
14.00
11.28
J.40

3.13
2.00

Aug. T
[lméﬂn

10124
5.80

3.00
1.26
4.38
4.00
3.00
1.63
4.00
3.00

1.68
3.00
10.H8
66.40
22.60
14.38

09.1u
10.68

July 26
Dm-1n

H
1825

0.76

0.50

0.76

o=
<) an
= x

8.0
40.50
2.40

od, the work in transporting the he
and the resistance to mixture
25, 1926 and 1927,

Aug. 0
Dm-1in
[+
1926
ug R0

7.10

6.00
4.10
1.76
£.38
K.00D
1875

14.50
12.36

for July 25,

ADINGS AND METEOROLOGICAL DATA.

Im-Dn
H
1927
#4.00

5.6C

2.98

4.00

2.98
2.98
2.98
H.18
2.66
6.38
10.050
7.63

1.63
12.60

RT
08
94

K

aT

33
30
21
24

522
535
629
637
540
n36
3F
196

472
414

at to the geveral layers, the loss
The other columns ghow
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TABLE 13. TEMPERATURE READINGS AND METEOROLOGICAL DATA.
A B C D E

Epilimnion Thermoeline Hypolimnion
Thick- Thiek Thick- Fall per
Diate Depth Surf. Baottom ness I'all of Fall perness  TFall of Fall perTemp. atness Fall of meter Total o am Mean | alories
meters T.°C TR0 ¥Fall of meters T.°C. meter meters T.°C. meter bottom meters Temp. depth L"i I.%C. T. 21 moters
8-3-22 20 26.00 14.10 11.90 14 560 0.32 i 6.00 L.010 14,60 1.00 0.20 26 12,90 2146 21475.8
5-10-22 20 21.756 14.00 6.25 14 .72 .12 H T.08 11,58 13.15 ] .48 0,09 27 H.88 249 20382.7
R-19-22 20 220 15.50 7.70 17 2.70 0,16 4 T.0:0 (.87 13.50 10 0.70 0.07 a5  10.40 21.656 21586.5
6-16-23 8 o920 18,60 4.60
B-27-23 21} 20.60 10,10 10,40 11 0,15 0.0 | a.05 o948 11.30 4 1.20 0.30 20 10.40 18.45 17126.0
T-6-23 20 21.50 10.20 1L.20 =] (.5 0,12 by i) 15 1.14% | .90 0.22 i — 17.92 | 5487,
7-18-28 20 2h,48 11.10 14.38 (4 (.48 .08 0 1990 1.356 12.80 14 2.20 (.16 i 14.88 20,558 20782,
7.200-29 40 “4.98 11.00 13.9% R 1.18 0.17 6 10.80 1,80 13.00 17 1.E0 0.10 30 14.7TR 20.21] 19938,
12928 20 24.30 11.35 12.95 11 0.1h 0,01 F 2.15 2.02 12.00 13 2.20 0,08 40 14.60 20,30 201449,
R-3-23 20 2300 11.20 11.80 10 1.25 0.12 6 G.10 1.01 1260 1% 1.50 (.08 ab 12.890 149.566 191.28
5.9-23 20 21.13 10.80 10.38 10 0.67 0.07 7 5.05 1.12 11.70 20 2.40 0.12 37 11.83 19.49 18052,
H-14-28 20 26.48 12.10 13.38 11 2.69 D.28% 6 10.29 1,71 12.60 18 1.80 0,10 ab  14.68 20 H9. -
§-22.23 20 Z1.67 11.60 0.97 13 b 9.27 1.85 12.30 19 1.30 0.07 37 11.467 19 48, o=
B-4-=24 18 13.70 .40 4.0 b 0,50 0.08 2 27h 1.52 10.65 9 1.25 D.14 g l 67 F'
6=12=24 20 14.80 11.830 3.60 7 200 .28 1.10 0O.55 11.80) 16 1.610) 0.10 2h 3.80 14.14 04, 1
6-19-24 20 16.60 15.25 2.86 ] 1.00 (.11 s 1.0k 0.50 14.60 te R.O0D 0.18 40 h.00 14.44 12841, L'EJ
6-26-24 20 1R.60 12.86 6.340 i 1.45 0.14 ! Ly 1.20 14.80 o1 .20 0,12 a4 7.05 17.06 16061. —
T.9.94 20 18,70 12.05 G.65 10 (1,70 0.07 5 1.60) {80 15.20 18 4. 610 (.28 30 T.50 16.63 15412. "
2.10-24 20 19,65 12.15 7.40 11 0.65 0.00 | 460 1,15 14.80 Dy 3.95 3.25 3K R.00 17.58 16642, m
T-17-24 290 19.00 13.50 B.40 12 1.10 0.09 A {80 (.06 14.00 7 2,20 0.31 an 5.80 18.01 17262, '
T-o4-24 20 20.40 13.30 T.10 14 1.610) 0.11 0 6.30 1.26 1 3. 60 11 2.20 0.20 20 .15 15.6%9 18068, CU
T.21.94 90 o0 G10) 11.00 PRI 11 1.45 0.14 i B.70 .41 12.76 1= 3.25 0.26 A6 12.10 18.38 17887, —
8-7-24 20 2240 14.10 .30 14 1.60 0.11 6 6.70 1.11 14.10 20 4.00 0.16 40 11.56 2027 20012, -~
8-183:24 20 19.70 10,99 B.71 13 1.40 0.10 b 7.10 1.18 11.20 16 3.00 0.19 af  11.60 17.67 16691. :
B-10.24 20 18.10 10.90 T.20 16 1.25% 0.09 4 6.95 1.49 10,50 a 0.95 u.08 32 B.15 16.66 16569,
6-15-26 20 14.30 10.20 4.110 o5 1.20 0.19 o ) ihaen 2h 4.30 12.62 10603,
6-20-25 20 17.60 13.20 4.410 [ 0.60 .10 2 1.490 (1.63 16.10 15 9 .15 2h 4.70 15.49 141383,
6-27-25 20 17.60 13.70 3.490 15 1.80 {12 3 2.00 .66 14.50 13 2.40 0.19 1] 560 16.46 16326
T-25-26 20 21.70 17.50 .20 13 0.1% 0.01 z 1.80) 0,540 149,40 oy 3.70 0.16 310 €.00 £0.72 2666,
7.31.25 20 20.80 18,24 T 40 17 020 0.01 1 1,80 1.80) 18,61 10 2 0 0.20 a0 .10 10.95 19618,
8-7-25 20 20.80 18.30 2,60 14 .60 .09 l 0.70 0,70 18,50 10 3.00 0.30 35 5.30 19.97 19643,
8-14-25 20 20.70 18.400 2 15 1.7 | =y = : 30 6.34 19.81 19569,
g-20-25 20 21.20 1R.80) 2.40 . S . . i . a0 E.40 20.31 20071,
6-16-26 20 16.00 15.19 0,81 U . : e I .l il = e 15.30 188649,
G-23-26 20 16.40 15.10 1.40 . e - . ; — — > il AT 15.34 13948.
6-30-26 20 18.60 15.20 3.30 i e TP . e = 3 16,00 14760,
7-6-28 20 19.50 14,566 4.95 B 0.60 0.08 4 41.25 1.06 16.TH 20 2.80 0.14 20 6.56 156.77 14477.
T-13-26 20 20,10 16.30 3. 80 20 6.560 0.18 o i _ _ 530 65.50 17.8940 17097,
T-20-28 20 22.20 15.70 6.50 11 1.10 0.16 | .80 1.80 15.30) 14 3610 0.26 b 7.560 17.90 17097.
T-27-26 20 18.90 5.70 3.20 16 1.10 0.07 1 1.10 1L.10 16.70 5 290 0.16 16 6.60 16.20 150086,
S5-3-26 20 18.90 14.90 5.00 16 2.10 0.14 2 2.90 1.45 14.90 13 2.70 0.20 30 6.70 16.27 16626. on
£-9-26 20 22.05 16.50 6.05 15 2.50 0.14 4 2.95 0.74 16.85 14 2.40 0.17 33 8.06 20.24 19976, ek




R-18-2¢ 20 20.90 1810 2 R0 20 =80 0.14 1 (.80 0.80 15.10 10 3.10 .31 al) T - R e e o '—-,‘
8-13-27 20  15.50 13.15 285 20 _ a0 RS inne | aene 8
=] Sy M) 15000 1 4.00 1.00 a0 a.2u 0.07 . P s 40 2.20
8-28-27 20 16.20 14.20 ono 1] 3.30 0.11 £ : 115 ] ; - all 3.90
T=0=2T7 20 15,80 17.40 1.40 a0 4.60 .16 : i SRR : 30 4.60
T=11-2T7 20 21.20 1820 4.00 21 3.50 0.17 l .70 1.0 16,00 : 1.50) ). 26 210 T.04)
o0 L A RLETH] 11 3,60 eh 5.040 {1.20) | TRATH (.50 15.00 1 1.6 {I.63 a0 6, 60
T=20=27 (i L AL | 17 .65 §.60 an T .01 {1.25 ! = ) . . 14 T.810
Lo Ay 21 10 g =0 160 20 6,60 0. 0o ) N oy a0 6,60 y=ry
M- the 2T il 21.110 18,10 *Nn a0 .11 {1,220 B a0 G110 -
N-15-27 ) 21.20 18,50 ®.90 2l g.20 (.20 . S— ; ] e 210 6.20 :..4"‘
g.ua_ or o 18.5 197560 A5 ) 15 0.07 | (.95 0.05 16.15 b e b 0.41 a0 4,456 e b
] | :J..-

Table 15. Showing difference in temperature of varous layers. Seetion A, Temperature of the first twenty meters,
'|-|'-..I.1|'_ -|:|1|', <Irlaco II'I1||:1'-I1|T|1['|1. ||||H|'|!'|| Il'rl'li" rnture “I. the F AN ) LASH f i | il |r'III]-- it urd,

Section B. Temperature of the epilimmion, showing its thickness, fall of temperature, fall per meter and  temper
ature ot bottom of eplimnion.

S

Section C. Temperature of thermoeline, when present, showing total fall of temperature in thermocline, fall of tem
prrature per meter, and temperature nt hattom of thormoeline,
Mection DL Temperature of hyvpolimnion, when present, showing thickness, total fall of temperature, and fall per
rietinr.

Section 1. Shows total depth of water measured: differonce in temperature between surface and total depth meas
ured; mean temperature of lake, and ealores of heat absorbed.
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