
I 
I 
I 

'/ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.• I 
,p..<PJ 
:. .. -I E I .; 

"{!. ... ';;. j., 
.:vt 1 

"' ; 
-~ i 

\\ 
\ \\ 
\ \ 
\ \ 
\ \ 
\ \ 
\ \ \ 
\ \ 

SATELLITE & MESOMETEOROLOGY 
RESEARCH PROJECT 

Department of the Geophysical Sciences 

The University of Chicago 

SOME EFFECTS OF LAKE MICHIGAN UPON SQUALL LINES 
AND SUMMER TIME CONVECTION 

I 

by 

Walter A. Lyons 

SMRP Research Paper 
Number 57 

May,1966 
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ABSTRACT 

There has recently been much discussion of whether, 

and to what extent, the cold water temperatures of Lake Michigan 

may decrease summertime rainfall. In an effort to specify one 

of the mechanisms by which a decrease may occur, a precise 

mesoanalysis, using all available surface and radar data, was 

made. The occlusion of the mesoscale cold front of an intense 

squall line mesosystem with a well-developed lake breeze front 

resulted initially in severe thunderstorms forming at the point 

of intersection of the two mesoscale fronts, as it propagated 

southward at 65 kt. However, this was followed by the rapid 

and total dissipation of those cells in the line which intersected 

the lake shore. This was due to the marked stabilizing effect 

of cool lake air injected into the leading edge of the line by the 

undercutting mesoscale cold front which continued to move out 

over the lake. No cell penetrated more than 20 miles offshore. 

TIROS photographs, and even the simplest panoramic 

pictures taken from the ground, reveal many details about the 

lake's effect upon summertime cumulus convection, such as 

the maintainance ·of a steady state cloud band marking the lake 

breeze convergence zone several tens of miles inland. A peculiar 

"bar cloud" pattern may mark the return flow region of the 

lake breeze. Time-lapse ground photographs illustrate how 

even large lines of cumulus congestus dissipate as they advect 

over the dome of cold lake air. 

1This research has been partially supported by the Environmental' Science 

Services Administration under Grant Cwb WBG-34. 



1. Introduction 

Petterssen and Calabrese (1959) have demonstrated how the synoptic scale flow 

patterns may occasionally be distorted in winter due to the heat source of the Great 

Lakes. However, the effects of land-lake temperature differences become more pro

nounced when one investigates mesoscale phenomena. Lake snow squalls have been 

studied extensively for over fifty years, but only in the last ten years has much attention 

been directed to the effects of the Great Lakes upon summertime convection, and this 

research has tended to be climatological in nature. Changnon (1961), in comparing 

eleven years of rainfall data from a gauge located four miles offshore of Chicago with 

that from 16 nearby land gauges, concludes that, once urban influences are accounted 

for, there is 16 per cent less annual precipitation only a few miles into the lake in the 

direction of the prevailing wind. The largest departures appeared during the warm 

season Qune). This appears to confirm the study of Hunt (1959) which, using data from 

islands in northern Lake Michigan, indicated that the lake receives 21 per cent less 

annual precipitation than surrounding land areas. However, Williams (1964) pointed 

out that higher wind speeds over the exposed island and crib gauges may very well 

have decreased the raingauge collection efficiencies by the amounts noted above. While 

the actual magnitude of any decrease in precipitation amounts over the Great Lakes 

is still being sought, little work beyond generalities has been done to explicitly define 

what mechanisms thus modify storms, particularly convective ones, over the lakes. 

An initial attempt by Pearson (1958), using the Illinois State Water Survey 3 cm 

CPS-9 radar, 100 miles south of Chicago, examined echoes over and around the southern 

portion of Lake Michigan. In three cases air-mass thundershower echoes tended not 

to form over the cold water, but in one case, they formed concurrent with those over 

land. A squall line was tracked across the lake and showed only slight weakening. 

The Weather Bureau's Chicago 10 cm WSR-57 radar has detected air-mass thunder

showers breaking out over Lake Michigan, even when lake water temperatures were 30 

or 40 degrees colder than the air's. Thus, Lansing's (1965) blanket statement that 

air-mass showers do not originate over the lakes in late spring or summer due to the 

relatively cool lake water may not be entirely justified. Stout and Wilk (1962) observed 

that for 30 squall lines, viewed on the same CPS-9 radar, only some terminated upon 

reaching Lake Michigan (particularly those oriented north-south moving eastward), 

while the remainder traversed the lake apparently unmolested. One of these lines, 

analyzed from radarscope pictures in comparative detail, indicated that over-water 

·echoes tended to be somewhat weaker than those over land. They hypothesized that 
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the "relatively cool water surface" may suppress convection, yet the actual temperature 

of the lake water is itself often irrelevant. This was vividly impressed upon the author 

while viewing the passage of the squall line associated with the 1965 Palm Sunday tornadoes 

over the southern end of Lake Michigan. Two cumulonimbi, which ultimately spawned 

tornadoes in the Muskegon-Grand Rapids, Michigan area, began their explosive growth 

while traversing the cold lake (which still had pack ice floating in it) and appeared totally 

oblivious to a surface boundary temperature suddenly 40 degrees colder. 

At best, the above studies could show that the formation of air-mass showers 

are sometimes discouraged over the Great Lakes, and that sometimes organized squall 

lines may be weakened or destroyed. It is important to consider that in none of these 

cases were the radar data examined in relation to the mesosynoptic conditions in which 

the convective showers were occurring. There seems reason to believe that the effects 

of the lakes upon convective storms are the unique function of the manner in which the 

synoptic patterns interact with mesoscale, lake-induced circulations and thermal fields. 

An intense squall line may be able to pass unimpeded over a cold lake provided strong 

surface winds or other factors have prevented the formation of a deep dome of cold air, 

typically 200 to 1000 ft thick,or the development of an interfering lake breeze circulation. 

The necessary warm air supply is simply advected with the squall line. However , as 

in this case study, a cold dome of lake-cooled air, if injected into the thunderstorm's 

circulation, should have a marked stabilizing effect. In the case of air-mass showers, 

while they are definitely less numerous over the cold lakes in summer, there might 

exist occasional situations when the cold dome provides "orographic lift" and initiates 

or intensifies such showers. At other times strong synoptic scale events may simply 

override any lake induced effects. 

Examination of convection on the scale of cumulus or cumulus congestus indicates 

the cold lake in summer has a far more regular and pronounced influence. On days 

when warm air parcels rising from differentially heated land surfaces are the dominant 

cause of cloudiness, cumulus clearly will not form over cold water and those drifting 

out over the lakes will quickly decay through entrainment as their heat sources are 

cut off. On days with a lake breeze circulation, the additional factor of subsidence over 

the lake is present. Then, cumulus is in addition often suppressed in the overland portion 

of the divergent lake breeze outflow (see Fig. 1), which is, however, marked at its 

perimeter by the lines of convective clouds long associated with the classical sea breeze 

front. TIROS satellite photographs, with a resolving ability of about 2 miles , and ground 

based cameras, can often detect these occurrences. 



2. The Interaction of a Squall Line Me sosystem with the Lake Breeze Front 

The self-perpetuating effects of the mesoscale cold front marking the boundar y 

of the massive outflow of rain-cooled air assis t squall lines in propagating themselves 

over gr eat dis tances. Radar r eports at 1400 CST, June 6, 1963 indicated the birth 

of a squall line over the heated slopes of the Laramie Range of Wyoming. During the 

next 32 hours this line traveled along the 700 mb ridge through the Dakotas, on through 

Minnesota during the night (maintained by a low-level nocturnal jet stream), and down 

a weak stationary frontal trough into Indiana by 2200 CST, June 7. Fig. 2 shows the 

half hourly positions of the leading e dge of this moderate to strong squall line during 
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the latter portion of its lifetime . One i s struck by the distortion and apparent destruction 

of the system along the western shore of Lake Michigan. Not one echo penetrated mor e 

than 20 miles offshore, even though public damage reports indicate the most severe 

wind damage occured around 1700 CST, less than 30 miles from the lake shor e, underneath 

echoes with tops to 47,000 ft (as seen on the Chicago WSR-S7 radar). The southwestern 

half of the line continued undis turbed into Indiana during the evening. 

In order to justify any conclusions about the role the lake may have played in 

the total and r apid demise of the northern half of the s quall line, a total of 38 time sections , 

us ing all available surface data and r ecorded traces, were prepared. From these, 

mesoanalyses covering the period June 7, 0900 CST to 2100 CST, were made. Two of 

these, for 1600 CST (Fig. 3 A, B) and for 1800 CST (Fig. 4 A , B) are shown. Stipple 

r epr esents Chicago WSR-S7 full gain r adar echoes over which five degree isotherms (A), 

one millibar isobars and surface streamlines (B) have been superimposed. The dashed, 

barbed line denotes the particularly well developed lake breeze front which had formed 

in early morning. The light northeasterly geostrophic wind underneath the stationary 

frontal surface permitted cold lake air to flow inland for about 10 to lS miles on the 

eastern shore and to bulge more than 30 miles inland to the west and southwest, where 

hot southwesterly winds on the other s ide of the stationary front most likely produced 

a steep frontal characteristic to the lake outflow. Near shore water temperatures at 

0600 CST (shown in boxes) indicate d a mean lake temperature about SS degrees . A bank 

of str atus and dense fog existed beneath the subs idence inver s ion of the lake breeze over 

much of the lake. At one time the temperature was 66 degrees at a shoreline station 

and 98 degrees 30 miles inland (at Joliet), though most of the temper ature gradient was 

confined within ten miles of the shore. The essentially mesoscale wind network in the 

Chicago area allows one to track the successively further inland positions of the lake 

breeze wind shift, which was p:robably accompanied by a ring of towering cumulus clouds. 



While no TIROS satellite photographs were available for this day, Fig. 1 shows a photo

graph taken by TIROS V, at 1437 CST, June 20, 1962 (Fujita, Mendez, and Gargard, 

1963) which most likely resembles this case. It shows a fog covered lake surrounded 

by a clear ring at the boundary of which a band of cumulus congestus and cumulonimbus 

straddled the lake breeze front, which had pushed as much as SO miles inland . 

By 1600 CST the mesoscale cold front of the squall line had already begun to 

intersect the lake breeze front . Since, in the mean, the thunderstorm outflow is colder 

in the vertical than the relatively shallow (300 to 1000 ft) dome of cool air over the 

lake , where the coldest temperatures are restricted to the very lowest layers, this 

situation is termed an occlusion due to the similarity with its synoptic scale namesake, 

s 

at least with respect to the distribution of the cold, cool, and tropical air masses. 

Referring again to Fig. 2, it can be seen that at 1430 CST there was a sudden nvrthward 

development of cells on the far northern end of the line as it intersected the lake breeze 

front . Since these were viewed 230 miles out by the Chicago WSR-S7, they mus t have been 

intense thundershowers extending to over 30, 000 feet. During the next two and one 

half hours, the point of intersection of the two fronts moved southward along the lake 

breeze front. Unfortunately, only a few reduced gain pictures were taken by the WSR-S7 

and the line was too far from the CPS-9 (until 1700 CST) to completely describe the 

locations and motions of the stronger cells embedded within the line. However, at both 

1700 and 1800 CST, reduced gain photographs at Chicago clearly placed intense echoes 

with tops near SO, 000 feet (and public reports of 70 knot wind gusts) exactly on the 

line of maximum penetration of the easterly winds from the lake. 

Using only hourly rainfall data and those 24-hour amounts which did not include 

that from other showers, the total squall line rainfall was analyzed at . 20 inch isohyet 

intervals (Fig. S). The general orientation of the isohyet patterns were northwest 

southeast with rainfall totals of less than one inch, except along the lake breeze penetration 

line, where rains as heavy as 1. 60 inches paralleled the entire shoreline. The decrease 

in precipitation towards the lake is startling, and the . 10 inch isohyet (thin dashed line) 

illustrates how light the rain had become even before the echoes passed offshore. 

It becomes apparent that before the suspected entrainment of stable lake air 

into the squall line began to effect the rapid weakening observed, the increased convergence 

at the point of occlusion initiated a series of intense thunderstorms along the lake breeze 

front. A similar phenomenon has been suspected with sea breezes near Cape Cod. 

Shenfeld and Thompson (1962) have indicated that convergence associated with the lake 

breeze off Lake Ontario may be the triggering mechanism for isolated severe thunderstorms 



along the shoreline. In this case, the additional factor of the impinging me so scale 

cold front was needed to result in the severe, though short-lived, thunderstorms along 

the lake breeze front. 

Scattered air-mass showers existed over much of the area during the day. 

Several of these groups were of sufficient intensity that nearly stationary elliptical 

mesohighs were detected by the network of stations beneath the slowly moving echoes. 
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At no time did any air-mass showers appear over Lake Michigan. The squall line moved 

southeastward at 25 to 35 kt during the day. 

By 1800 CST radar clearly showed that the northern half of the line had decreased 

rapidly in intensity and was moving eastward at only 15 kt. However, based upon reports 

from Muskegon and Benton Harbor, Michigan and Ogden Dunes, Indiana, we know that 

the mesoscale cold front crossed the lake into extreme southwestern lower Michigan and 

northern Indiana. The cold squall line air undercutting the stable air over the lake 

injected an air mass with a lifted index estimated at SC higher than over the land into 

the leading edge of the line resulting in the rapid weakening and decrease in the forward 

motion beginning about 20 miles inland. Even those thunderstorms formed by the initial 

input of hot, tropical air at the point of occlusion were substantially washed out in less 

than 30 minutes. At many shoreline locations light rain began falling from the decaying 

showers as long as 75 minutes after the passage of the mesoscale cold front which was 

marked by a strong pressure jump, wind gusts over 40 kt, and in some locations , a 

spectacular roll cloud. 

At 1800 CST (Fig. 4), the southernmost mesohigh ce nter was associated with 

an intense 20-mile long elliptical echo over the lake breeze front we st of Chicago (seen 

on a reduced gain scan (-33 db) of the WSR- 57). It was decided to take advantage of the 

high density of data around Chicago, plus the fact that the line was coming into range of 

the CPS -9 at Champaign, to clarify further the inte raction between the squall line outflow 

and the lake air. Fig. 6 shows both the full gain WSR- 57 echoes (light s tipple) and the 

CPS-9 full gain e choes (dark stipple) and a reduced gain scan (hatching). Due to the 100-

mile range and the attenuation of the 3 cm signal, plus the elevation of the beam above 

ground, the CPS-9 echoes represent the s tronger portion of the squall line and give a 

qualitative gain-stepped pattern at 1739 CST. Most interesting is a s mall but obviously 

intense echo several miles out ahead of the main portion of the line just west of the 

point of intersection of the two me so scale fronts (shown as an open circle). This echo 

was seen only by the CPS-9 simply because of ground clutter obscuration extending out 
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to 35 miles on the WSR-57 at full gain. This cell had probably just formed since no 

echo had appear ed on a full gain CPS -9 scan ten minutes earlier. Rapid growth continued 

during the next twenty minutes as it became the intense thunderstorm just slightly ahead 

of the main line which was mentioned above. 

The assumed position of the occluded lake breeze front "aloft" is indicated 

by the open barbs. Northeast of thi s line lake-cooled air was being forced up and over 

the advancing squall line outflow, whereas to the south, the pre-existing lake breeze 

convergence and the additional effect of the upward wedging of the hot, humid, tropical 

air provided the obvious source of the lifting sufficient to cause the rapid cell deve lopment. 

As indicated by the axis of heaviest rainfall (as high as 1. 47 inches), after a brief period 

of southward growth, the new cell became incorporated into the squall line proper and 

assumed the motion of the line. Moroz and Hewson {1966) have shown how the low-

level outflow of even an isolated thunderstorm can quickly eradicate a well developed 

lake breeze circulation. 

Aviation cloud reports indicated that there was most likely a ring of towering 

cumuli marking the lake breeze convergence zone . Inspection of surface temperature 

reports shows why other parameters, such as wind or visibility, must be used to track 

a lake breeze which penetrates very far inland. Intense heating a t the ground soon 

destroys the inversion in the very lowest level s where an adiabatic lapse is established . 

To justify attributing such marked effects upon convection to the occlusion of 

hot, humid air between two mesoscale fronts, we note Boyd's (1965) radar observation 

of the intersection of a thin line from a decaying mesohigh with a sea breeze thin line 

over southern Flor ida . The sea breeze angel echo disappeared slowly after the inter

section, indicating that this marine air, and its associated refractive index gradients, 

was forced up and over the m e so syste m' s advancing cold dome . Visual observations 

showed towering cumuli at the point of intersection. This conclusion is also r eminiscent 

of the work of Bye r s and Rodebush (1948), who believed that the greatly increased con

vergence associated with se a breezes approaching from both shores gives r ise to the 

notable maximum number of daytime thunderstorms in the interior of the Florida peninsula . 

On other occasions, the author has watched cumuli grow explos ively (with rates estimated 

at 15 m sec ) over the lake breeze fr ontal surface as squall lines approached from 

the northwest and west. 

Fig. 7 summarizes the events discussed. At point A, the original line of moderate 

to heavy thunderstorms was m oving southeastward with its mesoscale cold front running 

several miles out ahead. As t.lie thunderstorm outflow first inter sected the lake breeze 



front at position B, occlusion began and was accompanied by a rapid extension of the 

line northward as strong new cells formed. If we define Sas the motion of the meso

scale cold front normal to itself and a as the angle of intersection of the two fronts, 
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then the propagation speed L of the point of occlusion, and presumably of the heavy rains, 

down the lake breeze front, is given by L = S sec a . Since the first cells produced 

by occlusion occurred 230 miles and 350 degrees from Chicago at about 1430 CST, 

and the heaviest precipitation echo at 1700 CST was only 70 miles at 340 degrees, the 

position of the heaviest rains propagated down the lake breeze front at 68 kt . This 

compares almost identically with an L of 67 kt computed from the observed values of 

S (23 kt) and a. (20 degrees) at 1530 CST. A similar agreement occurred from positions 

C to D. Note that we are not discussing actual cell movements, but propagation of the 

point of heaviest rainfall . At D, the mesoscale cold front has pushed far out over the 

lake and light rain showers were just then barely crossing the shoreline. The wind 

shift line became distorted due to the outflow from the strong, new cell, and appeared 

to be retarded along the shore by urban frictional effects, and for a while accelerated 

over the water surface where there was less friction. Thus, it tended to come down 

the lake shore directly from the north, rather than the northwest. The mesoscale cold 

front crossed at least the southern third of the lake, and at E, new thundershowers broke 

out as soon as it encountered warm air again on the southeastern shore. This further 

confirms that it was the lake-cooled air which suppressed the squall line echoes rather 

than a weakening of the intrinsic driving mechanism itself. Finally the squall line reverted 

back to its original hyperbolic shape from the distorted "J" configuration produced by 

the lake dissipation and continued southeastward. 

3. Convective Cloud Bands Maintained by the Lake Breeze 

During the warm season when there is significant insolation and light geostrophic 

winds, a lake breeze circulation with all the attendant features described by Munn and 

Richards (1964), often develops over Lake Michigan. One of its most distinguishing 

features can be a line of convective clouds along the convergence zone of the lake breeze 

front. When the geostrophic winds are very light and lake air blows onshore at all 

points, a ring of cumulus congestus should be observed around the entire lake. With 

slightly greater geostrophic winds, a wind shift with stronger frontal characteristics 

and marked by convective clouds may penetrate several tens of miles inland on the 

upwind shore. Fig. 8 is a TIROS VII photograph of the upper Great Lakes at 1257 CST, 



August 11, 1963, during a period of light northwesterly geostrophic winds . Selected 

winds, temperatures, and cloud types are superimposed. A line of towering cumuli 

(dashed line) was associated with the convergence zone about 10 miles inland along 

the western shore. Along the lee shore there existed no such cloud band, and scattered 

to broken cumuli formed as lake modified air finally became sufficiently reheated from 

contact with the ground to again initiate convection. Not a single convective cloud was 

present over the lakes due to the lack of local heat sources over the cold water and 

subsidence in the lake breeze circulation cell. 

On July 28, 1965, a similar synoptic situation prevailed. From a good vantage 

point, such as the top of the 250-foot tall radar tower on Chicago's lake shore, even 

a hand held camera revealed interesting details about the cloud distributions. A line 
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of swelling cumuli formed at 0800 CST directly over the shore, and propelled by brisk 

onshore winds, pushed rapidly inland through Chicago. Its appearance remained relatively 

unaltered until about 1700 CST when it slowly began to disolve on the western horizon. 

Fig. 9 A-D shows the cloud band at four different times. To the east it was absolutely 

clear- -not a single cumulus was pre sent over the lake during the entire day. A thin, 

undulating layer of smoke at about 1000 ft marked the top of the subsidence inversion. 

Using the high density of surface reports available in the Chicago area, Fig. 

10 A, B is drawn representing conditions at the times of the pictures in Fig. 9 A and B. 

The position of the cloud band is denoted by stipple. It is striking that not only did 

the cloud band form early in the morning before insolation was strong, but that at no 

time during the day were inland points more than 6 degrees warmer than shore locations 
(the near-shore lake water temperature was a warm 70 degrees). Shoreline frictional 

convergence was probably instrumental in initiating the band early in the morning. 

Also important in maintaining the vigorous land-lake circulation was the degree of 

instability of the air mass (lifted index - lC at Green Bay) as indicated by the very gusty 

nature of the winds and the rapid, high amplitude fluctuations in temperatures recorded 

at inland stations. Scattered cumuli broke out soon after sunrise. The high temperature 

was reached by noon at most places inland, indicative of the strong daytime heating 

which must have progressively warmed the sub-cloud layer during the day. English 

glider explorations of the sea breeze front (Simpson, 1965) have noted that on unstable 

days with convection to 8,000- 10,000 ft, a sea breeze front and a line of heavy cumuli 

often form even against a fresh offshore wind if the wind is roughly parallel to the coast. 

Comparing times of windshift at various stations confirms the impression that there 



10 

were waves in the cloud band, and that it moved inland at varying speeds along its front. 

These waves, about 15 miles long, were seen by Simpson (1965) and usually were accom

panied by what he termed "bar clouds." These began developing in our case at about 

1430 CST as the tops of the swelling cumuli suddenly began to flatten out forming ragged 

anvil - shaped streamers of clouds which moved, not south- southeast with the parent 

clouds of the line, but more eastward (indicated by arrow in Fig. 10 C, D) . In order 

to satisfy continuity we know that a return flow must exist somewhere above the low 

level divergent outflow of the lake breeze. Perhaps these bits of cloud are serving 

as tracers of an intensifying return flow . However, if this is the case, it places the 

return flow at a surprisingly high level, compared to the depth of the onshore wind. 

Yet, Moroz and Hewson (1965) have indicated that flow patterns are influenced by the 

local lake breeze phenomenon to depths exceeding 8000 ft . 

4. Suppression of Cumulus over the Lake 

Lansing (1965), in discussing convective clouds during the warm season over 

Lake Ontario, comments that on many days numerous cumuli may be forming over 

land, while none appear over the lake, and those drifting over the cold water surface 

quickly dissipate. Fig. 11 is a TIROS VII photograph of all or portions of Lakes Michigan, 

Erie, Huron, St. Claire, and Winnebago at 1105 CST, August 15, 1963. Geostrophic 

winds were west-northwest at low levels . While patches of altocumulus were seen crossing 

undisturbed over northern Lake Michigan, the small daytime cumuli covering the entire 

land area were not forming over the cold waters of any of the five lakes and others 

were quickly erradicated as they moved off the western shores. The +8C lifted index 

at Green Bay indicated the comparative stability of the air mass and the apparent need 

for localize d hot spots to cause cumulus clouds . Even Lakes St. Claire and Winnebago 

appear cloud free. Gemini photographs over Florida illustrate how even smaller lakes 

than these (down to a few miles in diameter) can inhibit convective clouds . 

In the first 20 miles of passage of warm air over cold water, turbulent transfer 

establishes an intense low level inversion less than several hundred feet above the lake 

surface (Bellaire, 1965). In Fig. 11, the cold, lake -modified air traveled for about 

25 miles inland on the eastern shore before heating from the ground enabled, in Munn 

and Richard's (1964) terminology, the lower internal boundary layer (marking the top 

of the newly formed adiabatic layer) to elevate sufficiently to allow new convective 

bubbles to break through the overlying inversion. 



October 16, 1965, as warm inland as many summer days, provided an excellent 

opportunity to observe the lake's deleterious effect upon cumulus. A stationary front 

lay across southern Lake Michigan, and during the afternoon (Fig. 12B) the cold lake 

air deformed a portion of the front and pushed several miles onshore . Murky smoke 
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and haze beneath the cold dome's surface clearly marked the upper limit of the inversion. 

Measurement of its height was simple since the smoke layer rested 50 ft below the top 

of a 650 ft building. Undulations in the smoke's upper surface of about 50 ft amplitude 

and 2 mile wave length were most likely indicative of gravity wave oscillations in the 

inversion surface as reported by Donn, Long, and Brilliant (1956). During early after

noon, a cloud line s imilar to that in Fig. 9 formed, but after 1400 CST, a large line of 

towering cumuli oriented north-northeast to south-southwest began moving out over the 

cold dome, as shown in Fig. 12B. In Fig. 13, looking eastward and southward from 

the same radar tower, the line was viewed in perspective at 1429 CST. Bright red 

smoke from steel mills along the southern shore of the lake was seen streaming up 

and over the cold dome indicating that the towering cumulus at first probably experienced 

a slight orographic lift which allowed for continued growth until they were several 

miles offshore (clouds E and F). Twelve pictures taken at one-minute intervals (Fig . 

12A), showed that the large cumulus at the head of the line (clouds A, B, C) were 

systematically dissipated. This was perhaps the manifestation of a cut-off in the clouds' 

warm, moist air supply and the subsequent entrainment of drier air present over the 

lake as the result of subsidence. Also, the change in the effective depth of the sub-

cloud layer may possibly have disrupted the dynamics of the cloud line. Due to the 

moistening of the environment successive cumulus elements dissipated at a slower 

rate, but the process was visually observed to continµe for over an hour. 

5. Conclusions and Future Research 

The cold water temperatures of the Great Lakes in late spring and summer 

have pronounced effects upon convection which become more efficient as one descends 

towards the cumulus scale . On many summer days, cumuli are simply not present 

over and around the lakes. When discussing larger systems, such as organized squall 

lines and air-mass showers, the effects may not always be so clear cut. Reference 

should always be made to the synoptic and mesosynoptic conditions when examining the 

influence of a l ar ge lake upon the morphology of these systems. It is felt that the mechanism 

described in this squall line study comes into play several times in an average summer. 



It has long been noted by Chicago forecasters that occasionally squall lines will appear 

to burst down the western shoreline of Lake Michigan from Wisconsin. This probably 

results not from anomalous echo motion per se, but rather the propagation of severe 

weather down a lake breeze front at speed L. 

Precise photogrammetric analysis of time -lapse pictures of the cloud bands 

so easily visible in Chicago would probably shed much light on the dynamics of the se 

clouds. Similar investigations of the dissipation of cumuli as they move out over the 

cold lake might have important implications for cloud physics and cumulus dynamics. 

A major problem in determining radiative energy budgets over the Great Lakes 
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is in evaluating incoming solar radiation. The sun-synchronous ESSA and Nimbus 

satellites, provided resolution difficulties caused by limited gray scale ranges in current 

APT facsimile monitoring systems can be overcome, may be ideal for a proposed mesoscale 

convective cloud climatology over Lake Michigan. This may help eliminate dependence 

upon inaccurate shoreline or expensive ship-borne pyrheliometric data. The proven 

ability of the Nimbus High Resolution Infrared Radiometer (HRIR) (Fujita and Bandeen, 

1965) to measure water temperatures (or at least gradients of temperature) over very 

small lakes indicates that it may be possible to use HRIR to perform a systematic 

survey of lake water temperatures with areal resolution (though not necessarily accuracy) 

approaching the airborne radiometric measurements of Ragotskie and Bratnick (1965). 

During the next two summers an effort will be made to compile a warm season 

convective echo radar climatology within 100 miles of the Chicago WSR-57 as a function 

of mesosynoptic conditions. 
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Fig. 1. TIROS V (Orbit 019, 1437 CST, 

June 20, 1962) photograph showing a well

developed lake breeze front (dotted line) 

which has pushed its ring of convective 

clouds, including thunderstorms, as far 

as 50 miles inland. Numbers in boxes 

are lake water temperatures in degrees F . 

40 

Fig. 2. Squall line positions at half hour interval s on June 7, 1963. Reduced gain ( -33 db) pictures from 

the Chicago WRS-57 radar are painted black areas . Stipple indicates area covered by lake-cooled 

air during day. 

15 



D 1200 GMT 
WATER 
TEMPERATURES 

Fig. 3. A. Chart showing 5-deg isotherms at 1600 CST , June 7, 1963. Heavy stipple indicates full gain radar echoes as seen on the Chicago 

WSR- 57. A fog bank (light stipple) covered most of the lake. The lake breeze front is shown as a broken barbed line whereas the meso

scale cold fronts ar e solid barbed lines. B. Mesoanalysis showing pressure at one millibar intervals, streamlines (arrows) and surface 

winds {l full barb= 10 knots). 



B 

- ROLL CLOUD 

Fig. 4. A. Five-degree Isotherm pattern at 1800 CST, June 7, 1963 shows how the cold air outflow from the squall line , but not the thunder

storms, had pushed far out over the lake. Area enclosed by dashed line represents the most intense echo on the WSR-57 (-33 db) 40 miles 

west of Chicago. B. Same as Fig. 3B for 1800 CST. Note the 70 know winds r eported under the strongest cell and the new mesohigh 

center immediately to the west. 



Fig. 5. Total observed rainfall from the 

squall line of June 7, 1963. Isohyets 

drawn every .20 inch. The heavy 

stipple marks rainfall amounts greater 

than one inch and the thin dashed line 

the 0. 10 inch isohyet along the western 

shore. 

Fig. 6. Chicago WSR-57 full gain echoes (light stipple), with Champaign CPS-9 full gain (dark 

s tipple) and reduced gain (hatch) echoes shown at 1739 CST. Northeast of the "lake breeze 

front aloft" (open barbs) cool lake air is being injected up and over the squall line outflow in

to the thunderstorms . Towering cumuli mark the lake breeze front. 
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L = PROPAGATION SPEED 
OF HEAVY RAIN 

S • NORMAL SPEED 
OF WINO SHIFT LINE 

a • INTERSECT ION ANGLE 

Fig. 7. Schematic diagram representing the various 

stages (A through E) of the interaction of a south

eastward moving squall line and a lake breeze front. 

19 

Fig. 8. TIROS VII photograph of upper 

Great Lakes at 1257 CST, August 11, 

1963. Selected cloud, wind and tern · 

perature reports are included. Lake 

water temperatures shown in boxes. 

Dashed line along western shor e marks 

towering cumuli on lake breeze front . 



Fig. 9. Portions of panoramic pictures taken from 250 foot tower on 

the Chicago lake shore, July 28, 1965 at fo ur t imes (A through D). 

It was completely clear in all other directions. An arrow indicates 

a cloud fragment moving with a more easte rly component (toward 

the lake) than the elements in the cumulus line . 

Fig. 10 A. Surface data corresponding to time of picture in Fig. 9 A. 

The st ipple represents the approximate position of the cloud line 

at 0949 CST. B. The same line four hours later, corr esponding 

to Fig. 9 B. "Bar clouds" are shown in heavy s tipple. Estimated 

inland movement of lake breeze wind shift represented by heavy 

arrows. 
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1421 

1422 

1423 

1425 

1426 

1427 

1428 

1429 

Pig. 11. TIROS Vll photograph at 1105 CST, August IS, 1963 showing complete 

absence of cumulus over the Great Lakes. However, altocumulus is drifting 

over the northern portion of Lake Michigan. 

·pig. 12 A. Composite of twelve -minute interval photographs of the line of tower

ing cumulus shown in Fig. 13. B. The cloud line at 1429 CST is shown moving 

up and over the shallow cold dome of air which has distorted the surface pos 

it ion of the synoptic stationary front. 

N. MILES 
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Fig, 13. View looking east through south from 250 foot tower on Chicago lake shore at 1429 CST, October 16, 1965. A summary of 

visual observations are overlayed over the photograph. The leading edge of the line of towering cumulus was continually dissipating 

as it moved northwards over the dome of cold lake air, Red smoke from the steel mills in Gary, Ind. (right side of picture) was 

seen streaming up and over the cold dome of lske air. 
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