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TEMPERATURE INFLUFKCES OF LAKE ERIE

A thesig submitted in
pertial fulfiliment of the
requirements for the Hasterts
Degree &t Oberlin College.

day, 1887 Bobert W. Schloemer



INTRODUCTION

It is & generslly accepted fact thet large bodles of
water exert z deeided influence on the elimate and on the cultural
development in the immediute wvicinity. Juet how much end at what
times this influence is most feli has wlways been more or less a
matter of conjecture. There are many varisbles which force
themselves into the picture to the extent thut it is difficult to
determinte which one is at work at & particulsr time. Among these
variebles mignt be mentioned distance from the leke, elevetion of
lend sbove the leke, angle of ineidence bf the sun's rsys, percentage
of eloudinesa, &nd wind directions.

Recently, Dr. John B. Leighly of the University of
caiifarnia has published a paper on the march of temperature along

the Californie coast¢1

His method wes to present & series of
mathematicsl eguations, the solution of which would give the time
of meximum and minimus temperatures. In his work is included &
gimple drawing teble construction which places approximately the
time of occurrence of the extremes of temperature. The end product
of &1l his work is & method of interpolation for pointsbetween
those of the regular weather observation stuations. The checks on
his results indicate the very high percentege of conformity to

the generzl equations which he hes set down. The results of

r. Leiéhly'a investigation represent the culmination of several

lLeighly, Joan B., Graphic Studies in Climatology, University of
Celifornis Press, 1934,




ye&rs work &nd hence are far beyond the results hoped for in
this investigetion.

Among the meny climstic factors, such &s snowfull,
berometric pressure, wind direetion zna cloudiness, perhaps the
most discussed and the one which affects more people directly is
temperature. It was therefore thiought best to represent those
phases of tempersture in a graphical way so that its effectis could
be seen in & quantitetive way as well u8 in & qualitetive way.

The series of waps end graphs included in this paper illustrate

Just when and to some degree how much the lake influences the
temperature of the surrounding land sres. The limitstions placed
on the Phow much®™ part of the preceding statement zre necessery
beccuse of the many other factors entering to sffect the temperature
at the same time the luke is casting its influence.

Temperature is perheps the most iaportent of the elimatic
elements, elong with rainfell, in so far &l' the genersl population
is concerned. A mejority of the people depend upon the soil from
which to gain their livelihood, eznd before the soll can produce
& crop it is necegsary to have sufficient reinfall, &nd of course
minerals, for plant growth and the temperature must be such as to
permit the growth of various products. As can be seen from a produce
mep of the United States it divides itself into sections in which
temperature conditions especially, slong with others of less import
determine the crop grown. Thus we see ulesrly defined the palm
belt, the eitrus belt, the cotton belt, the corn beli, the spring
wheat belt and the winter whezt belt.
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Ordinerily, northern Ohlo should be inecluded in the
grein and pasture belt as far zs latitude and comparison with sur-
rounding regions is concerped. But rather we find & conspieuous
fruit belt extending scross northern Onio parallel to the shorssg of
Leke Lries The prineipsl resson for this fruit reglon iz the
reterdation of growing season in the spring snd the prolongetion in
the fall, which will be shown in the chapter on the lengh of growing
season. & late spring prevents the premature budding of trees end
taéa, secesicnally, the killing of the buds by the common laste frost.
Tae 1ste frosts in autumn prevent freguent entire loss of crops by
oecurring after the erop of fruit hus been hervested.

The temperzture of & region reflects itself in & monetery
wey. Tne types of homes constructed are greatly influenced by ine
ruling temperature conditions. The disappesrsnce of the "storm
window® is & notsble example of reduced expenses in home construction
in northern Ohio. The late fzll slso reduces expenses in regerd to
fuels needed for heating the homes. This sdvantage is, however,
partly overcome by the later warm wetther in the spring.

Trensportation is to some degree affected by the controls |
of tempersture. Thus we see motor vehicle transportation cerried
on to almost & maximum degree along the south lske shore. Mild
temperstures in fell prevent early blocking of highways by snowfall
or by ice storms. A fairly early spring, with regard to "ebove
freezing® temperstures also keepe highweys open. Lake steemer
trensportation can be carried on until sometine in Uecember. The
importance of ice dissppesring from the leke in spring is elearly
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shown by the rush to get the first boat through on the earliest
poasible date.

Tempersture changes which occur very rapidly affect the
health of the general populace and thus affect their efficiency.

A lerge body of waler tends to minimize these rapid changes end
thus eliminates in pert the oceurrence of many minor heslth Giffi-
culties.

Toe wide range of interest in temperature znd the
importence to the daily saffairs of the larée asjority of the
populace is the resson for choosing 1t as the most influential
element of the climate of northern Ohio. Of course, each of the
other elimstic faectors could be treated in like menner &nd some
perhaps more extensively, but by and lerge each would be & paper in
itself. Hence, the following peper is just & treataent of one
climatic element in itselfl, ‘Qx{i this in turn would have to be
eorrelated with trestments on the other pheses of elimate to give
& complete picture of the influences of Lake Erie on the climate of

gorthern Qhio.




GEHERAL WEATHFR CONDITIONS

Northern Ohio is losated in the belt of prewailing
westerly winds. 4s & result ihe expected winda throughout most
of the year are from the west and southwest. W¥With & veristion in
direction of the lower and higher terrestriel wind directions,
secondsary eddles sre set up which result in the formation of
pessing highs ond lows. These sre driven by the prevailing lower
ﬁiﬁds, but &are probebly formed by conflict between the prevailing
high winds and ihe prevailing low winds. Since the section under
discussion lies in tae prevaeiling westerly wina belt, the higa emd
low pressure sress pess from west to esst.

The veriations in distribution of weather elements about
the p§aging highs and lows causes & grest dully vaeristion in weather
in porthern Ohio. The distribution of weather elements sbout the
highs and lows is so varied that the type of weather which & pertic~
ular region will have depends to & high degree upon the location
) iith respect to the centers of the eyclonic storms.

Loeastion to the north of a p&asing low will result im clesr
skies, north winds snd & comperstively low temperature. Logation to
the south will result in cloudy skies, rain, rising temperatures and
& sudden chenge in temperzture s the wind shift line is spprosched.

The sise of the high and low pressure ares 1s usually from
200 to 1000 miles in dismeter end they move with a moderate rzte of

speed - 50 to 40 miles per hour. Thus it is seen thet next to the



sun, which produces rather regular changes in temperature, the
most influentisl deteraminant of teméeratures of the section is the
variable pressure sequence introduced as eddies passing from wes!
to essi and caused by conflicts betﬁeen.directiéa of upper sir currents
&nd those air currents nesrer the surfaece,

Spring does not come on with®rush in the region of northern
Ohio. The incresse in tempersture is slow &nd rather irksome. As
is the cese in the region of cyclonlec storms the soutaeriy winds
briﬁg rain and cloudy weather, but the north winds do not bring the
cleering skies and bright sunshine. The north winds sre usually cold
and raw until the lake hag undergone &appreclsble heasting., Trevelling
toward the lske in the spring one notes &n incremsing percentasge of
eloudiness. Ocecsgionsl snow storms snd squslls are to be expescted
until the middle of fprile £ good Zenersl pieture of northern
Ohiots spring can be given by saying it is & good maple suger reglone
That is, the evening temperatures drop below freesing end the day
temperatures rigse into the forties. b

Conditions in the fell are ususlly Just the reverse. With
the eyclonie highs pessing to the south of the lake the zutuan days
are wara end cleer. Cloudiness does pmot ineresse on approach to
tae leke, but rather decrseuses as the air pusses from tas cooler
lend toward the warmer lske-controlled lend temperatures es foumd
nearer the lake. |

The @pring &nd sutumn seasons ere the times when the lake's
influence is felt most. The staebilizing of temperstures coantinues
tarouga the summer, bult is overcome by the far aug%iar forces of sun
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elevation and prolonged neating of the surrounding lend surfacea
In sutumn the temperstures are directly sffected until the appear-

snce of ice on the lake which then l&cts a8 & body of lund.



LENGTH OF GROWING SEASOR

The growing sesson in Ohio veries froa 150 days to
192 d&ya,l The longer of these periods occurs in the extreme south-
western part of the state and slong Leke Erie. The erea included
within the 192 day isopleth is much larger — about twice - slong
Lake Erie than in the southwestern part of the state, but in the
leke region we heve three isopleths ruaning preetically parallel
fo tae lske shore. Thus we see & decrezse in growing sesson &8 we
progress from the southwestern part of the state toward the nporth
and east and also & decrease as we go southward enc awey from Leke
Erie.

The rcterding in¥luence of the lake is shown more clearly
on the isopleth maps for the sversege dates of the first and lest
killing frosta.2 The average progression of the dates of killing
frost is sbout a mile per day in the region awey from the lake. The
regularity in the isopleths is broken after one gets about twenty-
five or thirty miles from the lake. This spperently is ebout the
maximum distance to which & boéy of water the sise of Léke Erie
would cast its influence over ecjecent land messes. Of course there
would be short periods of aminor irregularities, such as a sirong
north wind, when the lzke's influence would be felt for perheps
fifty miles end with & south wind there might be no influence at all.

The spring isopleths show & retardetion in growing season,

not u8 clearly 88 the prolongation indicated for the autumn. On the

1See Plate III
ESee Plates I &nd II



aversge the growing seescn near the lake is extended for &t least
ten deys more than any other place in the state.

The peculiarities of weather along the leke shore is
direetly responsible for the type of crops grown in this regione.
Like many other marine influence regilons typical crops grown are
those which require & retardetion in spring and & comparatively
late fall for full saituring of the crop. Among these might be
mentioned apples, pesches, plums, snd grepes. Interesting com-
parisons could be made between the crops grown ancé the temperature

curves, but the former would necessarily embody & paper in itself.
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MARCH OF TEMPERATURE

The maren of temperature represeats t‘n_e progression of
temperature fron one seuson to the next, due to variability in
the insolation received on the particulsr lend srea as & result
of increase or decline in the elevetion of the sun. The curves
represented ere of the usual order with s minimum in either Jenueary
or February &nd & meximum in July or August. It is not until the
tewperatures curves, of vaerious stations on & line drawm &t right
engles to the lske, are placed side by sice that inferences can
be dramsm as to the relative effect of the presence of & large body
of water. The curves clesrly show the refardation of temperature
increase of stetions locuted near tne lake and repid increase of
those pregressively farther from the lske. The maeximum temperatures
for &1l of the stations occur during the month of July which is en
indication that by the time of greatest hesting of the land surface,
the lske has been warmed enough to eliminete practically all influence
which it might noticeably have upon the surrounding land.

ssatsbule® is located 2.22 miles from Lake Erie. Wita it
are compered the stations of Werren whieh is &l.6 miles from Lake
Erie and Cenfield whieh is still farther south. The ordinates of
the graphs have been purposely exaggerated to illusirete more
clearly znd conveniently the temperszture differences which do oecur
even though they ere within five degrees &t the moast. Actuel

temperatures have been plotted introdueing an error of sbout 1.6

lsee Plate IV



degrees for every three hundred feet difference in elevation. The
greatest differvences (320 feet) occur on the first plate of this
group, the remsining two have much less variction.

The most significent things to be discussed in thia
chapter are the crossing of curves in the early spring, mid-summer,
and winter, and slong with this the resultent reversal of vertieal
distribution of temperatures for eseh of the three pletes st the
ebove mentioned times.

On Plate IV the difference in rate of hesting of land and
water is clearly shown in the spring. Warren and Canfield have
temperatures of from two to five degrees higher than Ashtebule.
This might et first glsnce be sattributed to the more southerly
locetion, but in the fall the twe inlend stations heve lowsr
temperatures then Ashtebula which is nearer the like.

Put-In-Buy hes an irregulsrity thet is hard to explein,
The average temperature for March ls several degrees chove the
normel. Thus the march of temperature cmesl ere irregulsr. As
can be elearly seen if the curves for Pui-In-Bsy were smoothed
out, the same conditions as in Plate III would exist. One explan-
stion mey be the presence of the locel nigh pressure sres formed
over the lake proper al the time tae land surfece 1lg Just beginning
to heat. With the high pressure sres would be found clearer skiess
end inereased soler insolation in comparison to the more cloudy

regions farther from the leke. The land surfsce near Pul-In Bay

lSee Pletes ¥V and VI
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would be heated o such & degree that it would be noticesble in
recordings of instruments located five feet above the ground.
Aaﬁtabul&l alsc indicetes & marked increcse in the temperature for
Herch, but since it is loested 2.2 miles from the leke the effect

ig not enough %o place the curve sbove those of Barren snd Canfield.

These conditions would exist only ss long &s & loeal
high pressure remains over Lake Erie and, as shown by the curves,
it does disappear fafily repidly. 4 more definite conclusion
concerning this anomoly could be drawn were a cereful investigation
mace of sueh fsctors more likely to influence the loesl conditions,
sueh &8, wind direction, barometric pressures and percentage of
cloudinesss.

The temperatures for tie stations sway from the lske
remain sbove those nesrer the lake until after ﬁ&e-ﬁun has resched
itz maximum elevation on June Z1 and begin&rta decline. Thus we
have temperature curves crogsing snd reversal of temperature
conditions &t or sbout the time of summer solsilce. The curves
for the stations nesr thne lake remein parsllel o sach otaner while
those farther ewsy teke & pharp drop in slope. However zll of the
stations experience & maximum of temperciure in July.

In wid-summer the curves recross. Ihis is because the
lend surfzce hes reached i1ts maximun period of hesting (susmer
gsolstice) and the lske being slower to rewct to hest and to
temperature changes is still below the average temperature of the

purrounding land ares., Thug the leke contivues to rise to bhigher

I5ee Plate IV
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temperstures more rapidly than does the land hence the temperstures
in the immediate vicinity of the lske also rise in & correspondingly '
higher rate than those of stations farther sway., From nid-summer '
on the inland ststions continue to record lower temperatures tasn
thoge nearer the lske. This can be explained by the fact thet the
lske has begun to yleld heat as a stabilizer of temperatures. The
lake water is now in the perioed of its maximum tempersture and thus
it heats the surrounding elr masses. On clear calm nights of sutumn
when the cooling of lemd ig very repid due %o &z high rate of radistion
the luke holds an even temperature because of its higher epecific
heats The higher temperatures &t night bring up the deily aversges
& decided degree gince dally sversges sre & computetion derived
from teking the average of tempersture resdings of 7 &.l@e, £ pefie,
&nd 8 pems Thus it cen be seen that nignt temperatures enter into
two of the three components end will influence the result greatly.

The same reusons used in the preceding peregreph will
help to explein why lake stations during this month should have &
higher meximua tempersiure than inland stations. The observstion
stations are located on land surfaces. Hence during the daytinme
they sre subjecied to & high rate of heating due to the sbeorption
power of the dark soil surface. Loesl lows are set up over lsnd
ereas developing stagnent conditions in genersl snd thus little
ghence is given for the lake to cool the almosphere over land.
At nighit, however, radiation fakes place over land and water. Ovwer
the lend swey from the lsuke ihe rate is wvery high, but neszr the

lake the water malntsins & faeirly even temperature throughout the

13



night so thet tae recietion 1a nmot so rapid. Of course since the
rate of transfer of heat is directly proportionsl to the differ-
ences in temperatqre between the emitiing body and the recsiving
body, the rate of decline in temperature for land mssses nesr the
loke is lower then for those away from the lske.

The temperature of mear-lake stations remsins higher
than those away from the lske throughout the late summer and fall.
This condition exists until late Hovember or December. In early
Tecember the lske freezes. It then zcis &3 & land mess becsuse the

ice has reached & minimum tempersture and scts as a blanket for the

uncerlying water. In severe winters Leke Erike will freesze eniirely

#eross the shellow perts. Thus it 1s seen that the tempersture
readings neer the lake begin to drop very repidly until they again
cross with those of the more southerly stetions. The result is
the expected vertical distribution controlled purely by latitudinal
diaplacement.1

The crossing of lines on Plate IV Goes not oeccur until
lete in Jenuary. This condition is & result of the preveiling
nortawest winds in the winter time in northern Ohio. Thus ishta-
buls, #arren end Canfleld statlons locsted on the north turn of
the southern shore of the lake, experience a longer pericd in which
to receive the stabiliszing benefits of the higher temperatures of
Lake Erie. 4s & result of the above conditions there is only a
short period in the eastern section of the leske shore where the

temperature distribution is consistent.

1Sea Pletes ¥ and VI

IS s



AVERAGE DAILY TFMPFRATURES

Since northern Ohio is located in the belt of the
prevailing westerly winds and in the peth of cyclonic storms the
deily average temperatures are very irregular from day to day.

The irregularities, however, &re rather consistent in their
ogccurrences, a8 might be expected from the rsther consistent
period of passage of highs and lows. These irregulerities in
weather conditions help to empnesise the influence of Lake Erie
on the regions within fifty miles of the lske

The months chosen to illustrste the effect of & lerge
body of water were again those of June snd November when the effect
of solar ingolation is of decidedly different intensities on land
end on water, The ebility of water to impart a more even temper-
ature to the air ebove is most noticeable during these months
because of its higher specific heat, and hence, its slower heating
in spring snd its slower eccling in fall.

The condition of the sky in these traznsition months is
a very importent factor. Esdiation msy take plsce more rapidly
if the skies are clear in the evening resuliing ir ebnormally low
temperatures, but on the other hand, exceptionslly high temperatures
mey result by dey. Highs or lows with very steep grudients mey
cause indrafts or outdrapfts of warm or cold &ir and &lso produce
conditions out of the ordinary, but ususlly two &8 compared &re
located nesr enough to eucﬁ other to eliminete sny great error due
to these causes.

From the accompanying graphs the slowness of stations

nesr the lake to resct to sudden changes in westher is rezdily
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discernible. The temperature curves of near-lske ststions zre
mueh more stable than for those statlons farther from the lake.
Moreover, the curves of the latter have more frequent variations
a8 well &s more pronounced changes. In generasl, the temperstures
of inlend stations rise considersbly sbove those for laske gtztions
during warm periods snd drop considersbly lewer during eold spells.
These agein are effects of the higher specific heat of water as
coumpared to thet of lend. The minor fluctuations ss oeseur over
lend areas are wiped outl by the atébiliming influence of the
presence of the lake.

The range of temperature &8 shown in the sceompenying
teble illustrates the effect of the lske on temperstures. These
figures axre tsken for the months of June end November, 1836, The
meximun temperatures of sll the stations do not vary to any great
extent, but the minimum temperatures of stations &t the lske ere
from 10° to 15° higher than for those sway from the leke.

Except for the points of excessively high temperatures,
the reterdation of temperature slong the lake is not as noticesble
on the daily tempersture grephs a&s it is on the graphs for the
monthly meen itemperstures. However, the November curves alil show
the retardation of decline in temperzture of near-lake stations
a8 compared with those ferther inlsnd. Upper Ssndusky, Bangorville,
snd Canfield all average sbout two degrees lower then their
corresponding lske stations Put-In-Bay and Jefferson.

The merch of temperature ig well illustrated by these
curves. The gradually increesing daily mesns of &ll the curves

for June repressnt the incressing amount of insolation recelved

|



asa the month progresses. In Hovewber the deecrease in the daily
eversge temperstures as winter gets in is &ill more clearly mavked.
A very eccurate march of temperature curve could be gotten by
drawing a graph illustrating the d&ily aversge temperatures over

& period of & ysar and thus some obtherwise unnoticed irregularities
alght come to view.

The rate of heating of & land meass es compered to a
water body is clearly shown on the June deily sversge curve for
Put-In-Bay &nd Bengorville. On the fourth of the monta, bota
stations indicate & rising temperature azlthough Bangorville starts
at & temperature 5° below Put~In-Bay, it soon surpasses the latter
in tempersture rise and then begins to teke = sharp turn downwerd
while the recording for Pul~In-Bsy holds to & msximum.

The rapid cooling of lsnd in lete sutumn is clearly
ghown on the curves for November. Especielly noticesble 1s this
condition during the last week when & repid declive in t@mperaturea
oecurs for the nesr-lske stations ss well as for those farther
from the leke. However, the temperature for the stations ewsy from
the lake {Upper Sendusky, Bsngorville, and Canfield) drop 8°, 4%,
and 7°respectively, below their corresponding leke ststion

temperatures.
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TABLE I

JURE
Station Maximus _ Hinimum _ Renge
Upper Sandusky 82 58 24
Put-In-Bay 813 643 17
Bangorville 75 55 18
Jefferson 78 15 56
Canfiela 80 14 68
" HOVEHBER Maximum Minimum Bange
Station
Upper Sandusky 59 14 45
Put-In~Bay 57 32 35
Bangorville 56 15 41
Jefferson 56 27 29
Cenfield 57% 273 50
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WIKD DIRECTIONS

The following tubles represent & compilation of wind
directions for the months when the lake would exert the grestest
influence on the surrounding land eres, and would be &t & muximum
variatiqn from it as regards temperzture.

hLecording to the march of temperature curves previously
discussed, Moy and June are the months wnen the land femperatures
sre just beginning to exceed the lake temperstures. Thus it might
be expected that the effect of loecal high pressure eres on wind
diresction would not be noticeable until after the land temperstures
ere spprecisbly higher than the lske temperciures. fhreughout the
winter, the lake scts as if it were & body of land since it is
frozen or neer freeszing temperature. However, iﬁithe soring the
land warms very repidly with increasein elevation of the Bun snd,
with cold leke water, & loecal high pressure sres may be expected
to form over the lake, Sinece northern Ohio is in the belt of
prevailing southwesterlies one would expeet ithe wlude of winter to
be prevailing in thet direction, but when the high is formed over
the lake & change in wind direction might be expected sinee the
movenent of air is in & clockeise direction from & bigh pressure
gres in the northern hemisphere, The isbles indicate & decided
shift in preveiling wind from the southwest to tne northesst in
the late spring end summer months. Enough investigation has not
been carried on to stete definitely whether the oecurrences of
wind variastion sre due %o loecsl conditions in emtirety or if the

presence of & local high sete &8 &8 line of lesst resistance and
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induces other highe of the cyclonie storm belt to follow & route
over the lekes region. It is suspected that the latter iz true
sinee no coordination is apparent in the wind direetions snd
distance from the lake as would be the case if & loecsl high were
the control at that season.

In the fell and early winter the reverse conditione
exist. The wind directions agein swing back to the southwest,
end so decidedly &8 to indicate other conditions existing besides
the influence of the prevailing soutowesterlies. Appsrently,
per¥yallel but reverse conditions exist in the fall ss compeved to
the apfing* The leke retains its hest longer then the land end
hence either a locel low might be caspting its influence entirely
or it mey be zcting in suen & wey s to attract the passing lows
of the cyeclonic storms. ALgain it seems that the latier condition
is most influentisl since there is no correlation between distance
froa the lake and wind directions.

In order to druw any absolute conclusions, the ddly
weather meps snd presgure distributions would have to be studied
very carefully, znd s eareful investigation made of existing
topogrepnic conditions shich might influence reeordings of wind
directionss The latter condition is quite obviocus in the recordings
for Werren, Jefferson snd Canfield, where the valley ﬁrenda and
fairly nigh relief sre such as to maintain e fairly constsnt wind

direction.
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TABLE II

WIND DIRECTIONS

Hay, 1936
_ N _NE E SE S 86 W BN _Var,
Put-In-Bay i} e & 1. % gy B 5 7
Fremont 5 § = - - (. 3 -
Upper Sandusky 4 8 = 2 - 15 4 6 -
Norwalk 6 5 1 - 1 14 B 1 B
Mensfield 3 & 31 S 8 ) - 4 -
Bangorville 1 4 = 2 € 9 - 4 -
Jefferson - - - - - 8 Pl 4 -
Farren 5 - - B = B X 9 -
Canfield 5 - w B 5§ 11 7 -
Cleveleand 8 4 - - - @8 . 8§ 3I0
Medlos . - - 7 4 g 1 7 -
Vooster b 4§ 4 1 £ = 10 4 9 -
TABLE III
WIND DIRECTIONS
June, 1836 )
X BN E SFE S &SW ¥ NN Yar.
Put-In-Bay 4 .B 4 - - .~ | - &
Fremont 5 l4a - - § 8 - 2 -
Upper Sendusky 2 11 3 - - 8 B8 2 -
Rorwalk 7 2 1 - B T 3 2 i
Mensfield 2 18 - B 4 1 - - -
Bangorville 3 18 - - - 8 PR 4 -
Jefferson - - - I = » &b A -
Warren 5 - S 2 - 5 5 12 -
Cenfield 11 4 8 l 4 - B 4 -
Cleveland 11 § = 1 & 6 = s -
dedins T 3 - g =2 2 = 7 -
Wooster 5§ 10 =~ 4 3 5 B i -
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TABLE IV

WIND DIRECTIORS

July, 1656
N NE E SE S SW W NE Ver.
Put-In-Bay & T 4 - 3 E 3 2 7
Fremont 8 17 = - 2 > B % -
Upper Sandusky 7 g 1 - - 8 3 4 -
Rorwalk i1 9 2 - - 7 = 2 o
Manafield X I5 = 5 86 g 1 1 -
Bengorvilie 10 9 1 - - & .32 5 -
Jefferson - - - -~ e 2 27 2 -
Warren T - - - = 3> X 15 -
Canfield 8 - - - 1 T &5 X B
€levelsand 5 0 = - & b 4 6 -
Hedina 5 - - 6 I 4 =~ 15 -
Wooster 3 g 2 5§ = 8 1 6 -
TABLE V¥
EIRD DIRECTIONS
October, 193%6
N HNE E SE S8 8§ % NN _Ver,

Put-In-Bay 3 r 2 - 9 Z & 5 -
Fremont 4 i = - 7 18 4 5 -
Upper Sandusky - 1 - - & 10 6 9 -
Korwalk b 2 - & 4 11 & bl -
Manafield i 4 8 = g 1 g8 8 T |
Bungorvilie & 4 1 £ = 1B 2 T i
Jefferson - - - 3 = 4 g2 A -
¥arren - 1 - g = I B 2] 9
Canfield 4 - - ) . 3 & 4 -
Cleveland 5 3 = - = 19 5 8 -
Medina - - 1 1% X 4 2 10 -
Fooster 1 4 1 « & IS5 X 7 -

2L



Rovenber, 1226

TABLE VI
WIND DIRECTIONS

B HNE E BE S SW % HW¥ Ver.
Put-In-Bey i g i - 4 g 8 4 .8
Fremont e 4 - = 8B ¥ & 5 -
Upper Sendusky = F 1 - 5 B 7 g -
Horwalk i % 3 B £ B 8 -
Menafiseld b - e & ¥ 4 7 -
Bengorvills B 4 1 2 1 r 5 Fi -
Jefferson 2 - - - - 8 20 - -
Ferren 5 1 - R - R & 4 8 -
Canfield 3 - _ X £ 4 8 '8 4 -
Cleveland * 1 3 B3 ¥ B8 e
Hedins - E - 4 @ z v el =
Hooster 9 - 1 £ 15 5 6 - -

TABLE VIL

¥IND DIRECTIONS
Deceaber, 1986

¥ HBE E SF 8 SF W O NE VYar,
Put-In~-Bey 1 £ 4 ¢ B 3 4 8 o]
Fremont - 4 4 - B 10 4, 1 --
Upper 8andusky 1 1 - 5 13 8§ i g i
Rorwalk 2 £ & 4 2 g 8 - -
Hansfield 3 2 - g 7 8 - 3 -
Bangorville £ £ I B vk 3% T -
Jefferson
Rarren
Cenfield
Cleveland 1 £ = £ 8 g8 B 8 -
Hedina - 5 = 1o 7 € 4 B 5
Woaster 1 i B E B 4 I & -

P



DAILY MIRIMUY TEMPERATURES

The average daily temperatures show the progressions
of the rises and falls and occurrences of irregularities in the
relatively normsl curves, but do not show 11 of the more
desirable points to be shown. Since the minimum znd maximam
temperstures are averaged to give the duily svercge, it is most
desirable that the compouents be discussed separstely and then
be compared to ezch other to illustrate actusl effects of the lake.

Similer to the grapns for the daily everages, tnose for
the daily ainime take on forms of such irregulariiy thet it is
impossibpl) to develop sny stendard set of eguations to represent
the curves in & relation to the existing varisbles. Because of
the irregulerity in passage of the highs end lows end becsuse of
the minor verietions in elevations above tae lske level it is also
imposaible to get any set of interpolation r;urves for points
between the regulerly located weather observation bureaus. Although
these irregulsrities make it impossible to give & definite number
for sach of the intermediste points, they do help to show just how
the lske doeg affeect the reglon surrounding end to some degree how
much .«

Sinee Leke Erie is frozen from about the fifteenth of
December till the early pert of May, no discussion need be made of
curves for the winter months since the lake, acting as if it were &
land srea, does not &ffect the temperstures of tae nearby stations

to any apprecisble amount.
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Sterting in June the minimum temperatures for stations
away from the lske are noticesbly lower them are those of stations
adjecent o the lske. This is due to the repid cooling of the lend
surfeces at night becsuse of the high%r radiation constent of earth
as compared to thet of water. E8ince the observetion boxes are
located about five feet from the ground they sre decidedly affected
by rapid cooling of the esrth's surface at night. In the spring
of tae year, practicslly all of the hesting is deily. By this is
~meant thet the lend is heated by the radistion from the sun end
nence it mey get feily werm while the sun ig .s’:zining, but &t night
it may _éet cool becsuse of the ahsence of z source of hest enéd the
eooling of the land by radiation. Although the lake has not yet
reached temperctures se high as the daytime tewperature over land,
its temperoture at night is sbove the normsl for overlend temperatures.

There sre several places on the grephs that show & much
higher minimum tempereture for stations inlend from the lske, than
for stations near to the leke.

These conditions eéen be explained by the occurrence of
s hot day and a cloudy night following. This would mesn that the
land would remain very warm during the night because of the
limited smount of radiaztion whiech can very esslily teke place.

The lske, having & tempersture which is fairly stsble day and

night, would not heat as much during the dayitime as the lend sand
hence have a lower itemperature than the land &t nignht. This
reletionship will be explalned more fully in the next sedion cealing

with meximum tempsratures.
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Tae Hovember minima of Put-In-Bey and Upper Sandusky
clearly show tae effect of the lake in meinlzining & higher
temperature throughout the day and night. A significant fact
in the comparison of these two stations is notlced in the range
of tempersture minima. The range for the lake station of Put-In-
Bay is Z5°F. for the month of November while the range for Upper
Sandusky is 51°F. Tioe actuul tewpersture ranges are 17°to 52° for
mt.-:tn—-éag and 4° to 55° for Upper Sandusiy.

- For tiie year 1936, Put-In-Bey had its first frost on the
eleventa of November, whereas thae first frost in Novszber for Upper
Sendusky occurred on the fifth. AT tiuls time Upper Sancdusky
recorded a temperuture of 19° F. as compared to & temperature of 32°
Tor Put-In-Bsy. At the ssme tise Bangorville located easgt of Upper
Bandusky and just & little farther from Leke Erie recorded &
temperature of 17°F.

In 1836, Luke Erie froze in pert some tise during the
first week in December. Since & body of water that has been frosen
over affects temperature changes just like & land mass il would be
expected that there would occur no very great irreguleritles ag
in other months. For the first dey in December, the temperatures
for Upper Ssndusky, Fremont snd Put-In-Bay sre 11°, 10° und 2i°
respectively. After the first dey, the temperature differsnces
in the recorcings of the turee stations.

There cre a {ew irregularitles to be &ccounted for. On

toe twelfth znd twenty-second of December, the stetions away from

the leke show & temperature decidedly lower than that of the near-lake
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station, Put-In-Bay. On the twelfth, Put-In-Bay shows & teup-
erature of 20%s compured to 19° and 16° for Fremont and Upper
Sundugky respectively. Up until the twelfth of the month the ice
did not extend very far out into the leke, snd since our low
teaperetures ars recorded with & north wing in general, the lske
gtill east some influence upon the adjacent laend sves. The sume
conditione must huve existed on the twenty-second of the month,
since the temperaturs distribution ls slmilar. The absence of
eloud cover would permit & m?y high rete of radiation and hence
ceuse lower temperstures over the lends

On Deceaber tweniy-seventh the stations of Put-In-Bay,
Fremont end Upper Sendusky all record tempersturss which -asia within
& degree of each other, znd in the middle fortiea., This can be
accounted for by the presence 8f & low pressure cres centering over
the middle Atlentic e;nxat. The movzment of winds, then, is from
south to nortn, eliminsting amy or most influsuce thet tae lake
might heve upon temperstures slong the souls shore. A8 & rezuld
the three stations resct in sbout the same way te the inflow of
eguatorial sir.

Tne temperasture distribution for the twenty-ninth of
December indieates thet the lske hus ceased to affect apprecicbly
temperatures in the region. There is no regulerity in the distri-
bution of tempersture snd the actual recording amrriepandﬁn‘h upon
local conditions as well as the conditions csused by the passing

of bighe and lows.
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DAILY MAXTHUM TEMPERATUKES

The purpose of seperating the two components of the
aversge dally temperature is to maske it possible to note sny
irreguisrities in the curves teken for the aversge. By bresking
up the components, one can see just which faetors in determinetion
of temperatures sre scting and in some degree to whet extent they
gre exerting their influence. In general, the maxima will show
up the rapid heating of lend on clesr days, snd to some extent
the influence of the presence of & warm body of water on cool and
ﬁ&ﬂu&y daye. The first eondition is most noticeasble during the
aarlier oart of the yesr while the latler condition is most appsrent
in the lzsiter months.

The months chosen to represent the differential influences
again sre the transition months —— June, July &nd November. VWaile
it aigit have been desirable to pl&ﬁ gll the months, it wes deemed
ﬁesirabia to omit those which likely would have 1littls or no bearing
on the present investigatlon.

The seguence of psseing highs snd lows agein shows the
most notiesable influence on the itehmperature of both the pesr«lake
snd the inland stationa., There sre perieds of frow one to taree
days when the temperstures of cll stetions ere rising to e pesk
and thé_pazié&s of & similer lengih when there is a decresse or
decline to & minisum tempsreture. On the aversgs there zre from
eight to twelve of these psesing cycles during & month. The

asccompanying enenges in weather during the passing of one of these
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storizs have been discussed previously and need not be pointed

out now. However, it might be wortawhile to recell the conditions
occurring during & cyclonic stora which would procduce & meximum
of tempercture.

The two principel fectors sre the indruft of grest
quantities of equatorisl air &s a result of the low pressure
loesting to the north, and the generally clear gkies over & reglon
0f‘high-pr85$ure. The letter condition is rather important is
summer wihen the pressure gradients &re not very siteep, but rather
'canéuci?e to calmg in the wind and sbsence of any wisible air
movenment. The first of the sbove factors is particularly notice-
eble during the early spring montns when the land temperatures
are ususlly low. A low passing to the north will sometives draw
in sir from ez far scuth as the gulf states provided, of course,
that the high is located that far to the south. &s & result
temperetures will rise &8 much as 40Y or 50° degrees in a period
of & few houra, anc sometines lesz than th#t. S8imilerly the
Teverse canditioﬁ will produce & sudden drop in temperature. This
drop occurs along the wind shift liné.und often tines tskes plece
within & few minutes. It is most always accompsnied by driving
rains in the winter and thunderstorms in the summer. The wind
will blow stesdily from the southwest for & few hours with fairly
clear skies, snd guite suddenly bleck clouds will appear and the
wind incresses in velocity. In a few minutes rain starts to fall

and very repidly the wind will shift to the west or northwest.
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The above discussion appesrs to be somewhat off the
subjeect, but in order to get the best interpretation from the
&ccompanying curves these westher changes must be kept in mind.
The delly tempersture is & result of the foregoing non-periocdic
controls and if one of these chenges should occur in the evening,
the maximum or minimum temperature may be recorded elther a cuy
in advanece or & dsy behind, thus affecting thé normel slope of the
curves. The only way this eoulc be overcome would be by use of & .
.eongtant recorders

Generelly the leke stations &re the last to record &
meximam of tempersture and also the lust to reech & minimum. A
prolonged pericd of hesting, such &3 that shown during the first
week in July indicates that the stetions away from itue leke are the
first to reach 2 maximum. ¥hen the sudden shift of wind occurs, tae
stations nearer the lske are much slower to react to the chsnge in
tempereturey hence they require & longer period to reach & minimum.
This condition 1s elearly shown on tne July curves during the
period from the fifteenth to the twenty-first.

4 very interesting festure to note on all of ine graphs
for daily mexime is that during the werm spells the inland sbtations
have épighsr maximum then the near-leke stations, and during the .
gool or cold spells, the leke stations record the highest meximum.

The maren of temperature is pietured very well in the
curves for maximum daily temperatursse. The steadily rising

temperatures are noted for the months of the earlier pert of the
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yesar, and the steadily decrezsing deily mexime &re observed for
the sutuwmn months.

Comparing the curves for the last three sections of
this puper, the significent fect to be noted is thet the lake
stations record thelr highest temperstures st night in comparison
té inlend gtations, aad thely mindmum temperatures during the
deytimes. DBy this is meant that the temperstures increase during
the daytime, s one goes awsy from the lake, and d&ereasalé at
night, This, of course, does not hold true for th: winter time
while the leke i3 frosen, or in the very early spring when the
lake water is near maximum density. l

Ohserviné the Put-In-Buy, Bengorville graphs for
Bovember, the lske stetion records & higher maximum temperature
then does the stationg away from tae laeke. Taking the fourth,
ninth,.and-faurteeath deye of the month wg typlcal examples
and sttempting to glve just reasons for these conditions is &
vegy-ﬁimpie mutter. On these perticulzar deys a high pressure
area centers to the north and west of northern Ohio. 4z & result
the cold morth winds sad northwest winds blow zcross Leke Frie
end into the lasnd section of northern Ohlo. The leke partly
warms the air near the surfuage of the water, and as & result,
the land immedietely adjecent to the lske does not experience
such & 3erioﬁs drop in temperature., &5 the winds continue fo
blow toward the south, the colder upper air mixes with the

surfece air snd a8 & result any moderating influence of the lake
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is elmost completely obliterated.

£t times when there is & north wind, the veloecity has
mach to do with tne distence to whien the leke influences will be
felt. Because of the wide expanse of Leke Erie, the velocity
spperently has little o do with the smount of hesting received in
passing over the water, but it no doubt spprecisbly sffects the
distance to which the modersting influences of the lake will be
carried. Just &s & stream will set up 2 more viclent but not
lerger eddy in the current by traveling very swiftly past an obstruction
& wind blowing over irregular topegraphy will set up eddies not
larger but more violent. Thus since the intermixture of the air
will probably not tske place any more guickly then in & wind of
lower wvelocity, its retiofp of forward movement to intermixture of air
directly with the velocity of the wind., Hence the lake will sast
its influence ferther towerd the south if there is“strong wind than

if there ig & light winde.
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CORCLUSIOR

Leke Frie casts its influence on northern Onioc over an

ares sbout fifty miles wide &nd extending from Toledo to the eestern

border of the state. Fifty miles is the maximum extent of lake
influence, and this is only at rere intervals., Factors determining
this ;&xiaum distance are the velodky of wind, direction of tae
wind and comparztive temperatures of the water surfzce end the lond
surface, A strong norta wind will carry the lake's influence
ferther towards the south. The lake's influence is felt most when
the reletive temperatures of the land a&nd water spprosch sxtreme
oppogites. The seasons for these conditions sre the late spring
and fall, just after the thawing end just prior to the freeszing of
the ice on the lske,

The length of growing season slong the lske is sbout &8
long &8s that of eny place in the state. This condition, combined
with slow rise of temperature in spring and slow cooling in fall
permits growth of crops sueh a8 pesches, apples, cherries, grapes
znd other sensitive budding plants.

The average dally temperctures show the retardation of
neating of the luke proper which in turn affect in thae springtime
the temperatures of the lund mese adjoining. The rapid cooling
of lend in sutumn a@ compared to that of water is shown on the
grephs of daily average temperaéures for stations in Hovember. The
December graphs show that the lake after freezing scts the ssme as
if it were a land mass.

The daily maximum end minimum temperstures show the

I3




differential retes of hesting snd cooling of lsnd end wster and

algo show the influence of the slower reaction of the lake upon

the sdjoining land arezas. These curves slso show the relationsihip
between nesr-lake gnﬁ inland stetions et times when thelr veristions
ere grecvteste In general, the lake retords growth in the spring

end promotes it for & longer period in the fsll.

Vind direction spparently is considersbly affected by the
presence of the lske. In spring & high pressure asrea exists over
tihe leke, ceusing pessing highs to follow & pelth nesar the lake,
and be re-enforced by tae loesl conditions. 48 & result stronger
winds will blow in the gpringtime, and be predominently from the
north end northesst. These winds, hsving pesged over the cold
water surfece become very chllling winds when they strike the land
which hes been hested during the spring deytime.

In the sutumn, the lake remeins warmer than the rapidly
coolling land surrounding end hence @ low pressure ares forms over
the lzke which results in an indraft of souts winds., These winds
often originate in the Gulf cosst region and hence appear very warm
in & region which is cooling véry rapidly due to the deeclining sun.

hgriculture is greetly influenced by the moderated
temperafures produced by the presence of the lske. Orchards sre
characteristic in meny seetions of northern Chio, especially slong
the Rarren, Wnittelscy end Mevmee beacn ridges which sre renains
of shorelines of old pogi-glacisl lakes. Exsct atetistics are

aveileble as to percentsge of crop types grown, but from genersl

34



observations the distribution of egriculturel development has

& decided relationsihip to the lake's influence. Other agriculturel
phases might be noted, the meple suger industry of early spring,
for which the season is particularly well fitted, vineyards, flower
eulture, &nd general nutural vegetation characteristics.

The averuge person mey comment that the air is ehilly
upon visiting the lske Shora in the springtime, but beyond thet
thinks 1ittle of the zctusl significance of the leke in man's
adsptation to occupation. This psper, then, hes tried to describe
sone of the unmususl influences of Lake Erie upon the climste of
northern Chio us well os the expected effects thet occur in the

land ares adjacent to Lake Erie,
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