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THE TEMPERATURE CYCLE OF LAKE MICHIGAN 
1. (Spring and Sumner)

Lawrence A. Hughes 
Central Region Headquarters 

Kansas City, Missouri
Knowledge of the temperature cycle of the water of the Great Lakes is 

essential to forecasting for the lake surface or over-lake conditions, or fore­
casting conditions over land adjacent to the Lakes. By adjacent to the lake 

it is not meant only areas within a few miles of shore. For example, the 
cloud activity in Indiana resulting from strong north winds over the relatively 

warm Lake Michigan water in winter can be enhanced by direct result of lake 
effects almost, as far south as the Ohio River. However, it is true that the 
strongest effects are close to the shore in most cases. While the data given 

are only for lower Lake Michigan, they should be applicable to the other three 

deep Lakes and perhaps to the deep portions of Lake Erie.
Figure 1 shows the average condition of lake surface water temperature 

and air temperature through the year over Lake Michigan. The main point in

Fig. 1 - Lake Michigan average and extreme water temperatures at mid-lake,
1941-1954 (from Ahrens).



this figure is the extreme water-air temperature difference in the months of 

May and June (water colder). This occurs because of the great lag in water 
heating caused by low stability in the water which allows the heat received 
to be mixed to great depth until, with a series of warm days with light winds, 

the surface water stabilizes, is no longer mixed to great depth, and a thermo-

cline forms.
Another point is that the range of extreme water temperatures shown, 

which is only 5°F during most of the year, ranges up to 20°F around July 1.

This means that in late spring and early summer there can be large differences 
from one year to the next. These differences are most likely brought about 

by the amount of storminess, as the high winds with storms cause mixing to 
greater depths and thus distribute the heat more and give low water temperature, 
while light winds allow the surface water to warm without distributing the 

heat in depth and give warm waters. Note also that the warmest surface water

temperature tends to occur around mid-August—a bit after the warmest mean 
air temperature, and that the water and air temperatures are very close from 

late August into late October.
The following lake-produced effects are influenced by the water temperature

mainly through the air-water temperature difference:

1. SUPPRESSION OF SHOWER ACTIVITY
Showers are suppressed by the relatively cold water, if ground heating is a 
significant factor in shower development. However, if large scale dynamics, 

e.g., an upper-level trough and PVA, is the causative factor, the effect of

the water can be small.
2. CREATION OF FOG

TheThe Great Lakes and their adjacent shores are high fog frequency areas 
fog is created when warm moist air passes over cold water, and the air



- 3 -

temperature lowers to the dewpoint (probably with some addition of water as 

well as cooling). It is thus most frequent in May and June when the water 
is the coldest with respect to air temperature, but April and July also are 

quite significant fog months, and possibly August, especially in the more 
northern waters. An example of an unexpected and probably lake-caused fog 
occurred when late afternoon thundershowers cooled and moistened the air too 
late for daytime heating to reheat it much. This air, with a dewpoint above 

the lake temperature, then passed slowly across the lake and gave a surprise 
fog on the far shore. Such a fog coming onshore at night or early morning 
can pass fairly far inland before being destroyed by mixing or heating.

3. LAKE BREEZE STRENGTH OR PENETRATION
The lake breeze is so dependent on the air^water temperature difference, that 
lake cooling brought on by the water stirring of late spring storms can have 
a pronounced effect. The lake breeze is a local circulation, extending only 

a few miles either side of the shoreline, but since the near-shore water 
temperatures rise faster in spring than mid-lake temperatures, they can drop 
more when a storm mixes the water quite a bit. A persistent offshore wind 
will also drop the near-shore temperature, but this is only a shifting of 
the warmer water across the lake to the far shore from whence it wixl 
eventually return. However, for at least a short period after the offshore 

stronger winds subside, an enhanced lake breeze is possible.

4. HEIGHT OF WAVES
When the air temperature, before passing over the water, is much higher than 
the water temperature, great stability is created in the air Just above the 
water. This causes the frictional effect of the earth's surface on the moving 

air to be concentrated in a much shallower layer than is usual over land, which, 
the surface wind over water to be much lighter than the windin turn, causes



over land, even with the lesser friction of water compared to land. This 

effect tends to maximize in May and June. However, this point should be con­
sidered even in summer, if moderate offshore winds cause considerable upwelling 

of cold deep water along the upwind shore, and on any hot day.

5. MISCELLANEOUS
The maximum and minimum temperatures, as well as the diurnal temperature cycle, 

are obviously affected by lake temperatures at stations close to the lake on 
all shores and well inland on the lee shores, but the effects are so obvious 

as to need no special comment. The effects of water temperature on the 
comfort of recreational boating and on swimming also are obvious. However, 
the upwelling condition perhaps is not obvious to the less experienced lake 

boater or swimmer, so this point makes good material for talks.

With these effects in mind, let us look at the cycle of temperature as 

seen in cross-sections of lower Lake Michigan at intervals of about a month 

(less at critical times). These figures are a selection taken from Church 
(1942). While the data apply to only one year, they have generality for 
other times, when the comment given is applied. We have provided the caption 

to each figure and it explains the key points in the figure. The y axis of 
the figures is the water depth in meters. while the x axis contains both the 
distance from the west shore and the location of the temperature soundings 
used to make the cross-section. The small map in the lower left of the 
figure gives the mean wind condition observed in the four to seven days 
preceding the crossing, and thus some indication of the wind condition that 
produced the water temperature effects noted. The wind speed is proportional 

to the length of the shaft, the temperatures are in Celsius, and the date

of the chart is in the lower right.
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