
SATELLITE & MESOMETEOROLOGY 
RESEARCH PROJECT 

Department of the Geophysical Sciences 
The University of Cliicago 

HEAVY SNOW IN THE CHICAGO AREA 

AS REVEALED BY SATELLITE PICTURES 

by 

James Bunting and Donna Lamb 

SMRP Research Paper 

Number 75 

July 1968 



MESOMETEOROLOGY PROJECT - - - RESEARCH PAPERS 

l. • Report on the Chicago Tornado of March 4, 1961 ·Rodger A. Brown and Tetsuya Fujita 

2. • Index to the NSSP Surface Network - Tetsuya Fujita 

3. • Outline of a Technique for Precise Rectif:cation of Satellite Cloud Photographs - Tetsuya Fujita 

4. • Hori zontal Structure of Mountain Winds - Henry A. Brown 

5. • An Investigation of Developmental Processes of the Wake Depression Through Excess Pressure Analysis of Nocturnal Showers -
Joseph L . Goldman 

6. • Precipitation in the 1960 Flagstaff Mesometeorological Network - Kenneth A. Styber 

7. •• On a Method of Single- and Dual-Image Photogrammetry of Panoramic Aerial Photographs - Tetsuya Fujita 

8. A Review of Researches on Analytical Mesometeorology - Tetsuya Fujita 

9. • Meteorological Interpretations of Convective Nephsys tems Appearing in TIROS Cloud Photographs - Tetsuya Fujita, Toshimitsu 
Ushijima, William A. Hass, and George T. Oellert, Jr. 

IO. Study of the Development of Prefrontal Squall -Systems Using NSSP Network Data - Joseph L. Goldman 

11. Analysis of Selected Aircraft Data from NSSP Operation, 1962 - Tetsuya Fujita 

12. Study of a Long Condensation Trail Photographed by TIROS I - Toshimitsu Ushijima 

13. A Technique for Precise Analysis of Satellite Data; Volume I - Photogrammetry (Published as MSL Report No. 14) - Tetsuya Fujita 

14. Investigation of a Summer Jet Stream Using 'rIROS and Aerological Data - Kozo Ninomiya 

15. Outline of a Theory and Examples for Precise Analysis of Satellite Radiation Data - Tetsuya Fujita 

16. Preliminary Result of Analysis of the Cumulonimbus Cloud of April 21, 1961 - Tetsuya Fujita and James Arnold 

17. A Technique for Precise Analysis of Satellite Photographs - Tetsuya Fujita 

18. • Evaluation of Limb Darkening from TIROS W Radiation Data - S.H.H. Larsen, Tets uya Fujita, and W.L. Fletcher 

19. Synoptic Interpretation of TIROS Ill Measurements of Infrared Radiation • Firut Pedersen and Tecsuya Fujita 

20. • TIROS ill Measurements of Terrestrial Radiation and Reflected and Scattered Solar Radiation. · S. H. H. Larsen, Tet suya Fujita, 
and W. L. Fletcher 

21. On the Low-level Structure of a Squall Line • Henry A. Brown . 
22 . Thunderstorms and the Low-level Jet - William O. Bonner 

23. • The Mesoanalysis of an Organized Convective System - Henry A. Brown 

24. Preliminary Radar and Photogrammetric Study of the Illinois Tornadoes of April 17 and 22, 1963 - Joseph L. Goldman and Tetsuya Fujita 

25. Use of TIROS Pictures for Studies of the Internal Structure of Tropical Storms - Tetsuya Fujita with Rectified Pictures from TIROS I 
Or bit 125, R/O 128 • Toshimits u Ushijima 

26 . An Experiment in the Determination of Geostrophic and Isallobaric Winds from NSSP Pressure Data - William Bonner 

27. Proposed Mechanism of Hook Echo Formation - Tetsuya Fujita with a Preliminary Mesosynoptic Analysis of Tornado Cyclone Case of 
May 26, 1963 - Tetsuya Fujita and Robbi Stuhmer 

28 . The Decaying Stage of Hurr icane Anna of July 1961 as Portrayed by TIROS Cloud Photographs and Infrared Radiation from the Top of the 
Storm - Te tsuya Fujita and James Arnold 

29. A Technique for Precise Analys is Of Satellite Data, Volume U - Radiation Analys is, Section 6. Fixed-Position Scanning - Tetsuya Fujita 

30. Evaluation of Errors in the Graphical Rectification of Satellite Photographs • Tetsuya Fujita 

31. Tables of Scan Nadir and Horizontal Angles - William 0. Bonner 

32. A Simpl ified Grid Technique for Determining Scan Lines Generated by the TIROS Scanning Radiometer - James E. Arnold 

33. A Study of Cumulus Clouds over the Flagstaff Research Network with the Use of U-2 Photographs - Dorothy L . Bradbury arxl 
Tetsuya Fujita 

34. The Scanning Printer and Its Application to Detailed Analysis of Satelli te Radiation Data - Tetsuya Fujita 

35. Synoptic Study of Cold Air Outbreak over the Mediterranean using Satellite Photographs and Radiation Data - Aasmund Rabbe and 
Tetsuya Fujita 

36. Accurate Calibration of Doppler Winds for their use in the Computation of Mesoscale Wind Fields - Tetsuya Fujita 

37. Proposed Operation of Intrumented Aircraft for Research on Mois ture Fronts and Wake Depressions - Tetsuya Fujita and Dorothy 
L. Bradbury 

38. Statistical arxl Kinematical Properties of the Low-level Je t Stream - William 0. Bonner 

39. The Illinois Tornadoes of 17 and 22 April 1963 - Joseph L . Goldman 

40. Resolut ion of the Nimbus High Resolution Infrared Radiometer - Tet suya Fujita and William R. Bandeen 

41. On the Determinat ion of the Exchange Coefficients in Convective Clouds - Rodger A. Brown 

Out of Print 
•• To be published 

(Continued on back cover) 



SATELLITE AND MESOMETEOROLOGY RESEARCH PROJECT 

Department of the Geophysical Sciences 

The University of Chicago 

HEAVY SNOW IN THE CHICAGO AREA 

AS REVEALED BY SATELLITE PICTURES 

by 

James Bunting and Donna Lamb 

SMRP Research Paper No. 75 

July 1968 

The research reported in this paper has been sponsored by ESSA (MSL) under 
Grant Cwb WBG-34. 



HEAVY SNOW IN THE CHICAGO AREA 

AS REVEALED BY SATELLITE PICTURES1 

by 

James Bunting and Donna Lamb 

ABSTRACT 

"The Great Chicago Snowstorm of '67" left a deep and 

persistent snowbelt across Northern Illinois, Indiana, and Southern 

Michigan. The change of this snow cover with time is studied, 

first from the ground in the vicinity of Chicago and then from 

satellite pictures over a much larger area. The appearance of 

snow near Chicago is compared with the appearance of snow on 

other physiographic areas such as extensive forests and mountains. 

Techniques useful in distinguishing snow from clouds are discussed. 

1 • Introduction 

On January 26 and 27, 1967, a snowstorm of great duration and unprecedented intensity 

struck a long and narrow region of the Midwest. This event was especially newsworthy since 

the city of Chicago lay directly in the belt of maximum snowfall and suffered, in addition to 

loss of life, the most expensive and extended operation of snow removal in the history of the 

city. In 29 hours the storm dumped a record 23 inches of snow on the city and slightly higher 

amounts in suburbs to the south. Winds up to 60 mph blew snow over the streets and airports 

faster than it could be removed. Before evening on January 26, cars were beginning to stall 

and be abandoned. By midnight travel by road was virtually impossible. Almost nothing was 

done to alleviate the situation on January 27. Traffic lights continued to function but were 

ignored by the swarms of pedestrians who found the snow slightly less deep on the streets 

than on the sidewalks. By January 28, city officials had called in help from Iowa, Michigan, 

and Wisconsin, and the extra equipment had allowed expressways and major streets to be 

cleared. Only on January 31, the sixth day after the start of the storm, did traffic on larger 

roads get back to normal. Local newspapers have distinguished this event as "The Great 

Chicago Snowstorm of '67" or, more simply, the "Big Snow." 

The research reported in this paper has been sponsored by ESSA (MSL) under Grant 
Cwb WBG-34. 
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Chicago's misfortune was shared by .a much larger area. A map by Smith (1967) shows 

the band of heaviest snow extending from Missouri through Northern Illinois and Southern 

Michigan. This late January snow became the base of an unusually deep and persistent snow 

cover which lasted well into March at Chicago. This snow cover was separate from the 

Great Lakes snowbelts described by Muller (1966), who used the arbitrary figure of a 100-inch 

seasonal snowfall to define six snowbelts near there. Further, much of this snow lay on 

farmland and plain background where snow cover is readily observed but which has not to 

date been studied extensively from satellites. In the remainder of this report the change in 

depth of snow with time is studied, first from the ground in Chicago and then from satellite 

pictures over a much larger area. The appearance of snow near Chicago is compared with 

snow in satellite photography of other physiographic areas such as extensive forests and 

mountains . 

2. Change in Snow Depth with Time in Chicago 

During late January and early February, Chicago experienced three types of snowfall 

found near the Great Lakes as described by Muller (1966), i.e., warm front, cold front, 

and post-cold-front lake squalls or snowbursts. Aided by abnormally low temperatures, this 

snowfall maintained and increased the official snow cover recorded at Midway Airport from 

the 23 inches initially deposited to a record-breaking 28 inches on February 6. The day-to

day variation for Chicago; Lafayette, Indiana; and Milwaukee, Wisconsin, from late January 

throug~ February is recorded in Fig. 1. Milwaukee, only 90 miles north of Chicago, 

received only 5 inches of snow on January 26 and 27. However, the profile of snow depth 

versus time for Milwaukee is quite similar to that for Chicago even though Milwaukee had 

less snow at all times. Lafayette, only 100 miles south of Chicago, had little or no snow 

throughout the whole period. In fact, Lafayette reported snow on only 13 of 35 days whereas 

Chicago and Milwaukee reported snow on 34 and 33 days, respectively, of 35. 

3. Snow Cover Revealed by Satellite Photographs and Station Reports 

Figures 2 through 36 correlate satellite photographs with surface data. The upper 

section of each of these figures is a picture taken by the satellite ESSA III, which revolves 

around the earth in a nearly circular, sun-synchronous polar orbit approximately 892 

statute miles above the earth's surface. The satellite passes near Chicago at about local 

noon each day. One picture taken between 1200 and 1400 CST was selected for each day of 
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the study. Only a small area around Chicago appears on all of the photographs in the study 

since the pattern of photographic coverage by ESSA Ill varies from day to day. The ESSA 

III pictures are electronically gridded with latitude and longitude lines and selected geographic 

outlines . The grid printed on each picture was used as a reference for the construction of 

two maps on which data from surface stations were plotted. 

The snow cover in inches, reported by weather stations at 0600 CST is plotted and 

analyzed on the map immediately below each satellite picture in Figs. 2-36. lsolines of 

equal snow depth were drawn for intervals of 10 inches of snow depth. The zero line re

presents the snow line or boundary of the snow cover. The analyses were generally made 

without reference to the satellite pictures. The small scale of the maps and appreciable 

spacing between stations did not permit local effects such as orographically-enhanced snow 
or Great Lakes snowbursts to be analyzed with much confidence. For these reasons, analysis 

was not attempted in the Rocky Mountains and increasing snow cover with elevation is not 

well represented in the Appalachians. Areas above the 9, 000 foot level were blackened for 

identification on this map since these areas are usually covered with snow through February, 

even as far south as New Mexico. 

The lowermost map in each of Figs. 2 through 36 presents synoptic <lat.a including sky 

cover and cloud types . Airways dat.a on sky cover were plotted according to Fujita' s meso

scale model, which puts the amounts of both high and low cloud cover in the station circle. 

N • the fraction of sky covered by all cloud layers, is represented by the area beneath the 

uppermost horizontal line through the circle. Nh , the fraction of sky covered by clouds 

lower than 8, 000 feet, is represented by~ blackened area beneath a lower line. The area 

between, which is marked by vertical lines, represents the fraction of sky covered by clouds 

above 8, 000 feet. High or middle cloud types are plotted on the upper right-hand side of the 

station circle (where both were reported only the high clouds were plotted). Low clouds were 

plotted on the lower right-hand side. Since for our purposes it is sufficient merely to know 

whether the clouds were cumuliform, stratiform, or cirriform, the st.andard plotting symbols 

were abridged according to the following table: 
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Airways Code cl CM CH 

0 

1 (\ 

2 (\ 

3 R • • 

4 • • • • 

5 • • 

6 • • 

7 • • • • 

8 (\ • • 

9 R • • • • 

The final station model appear s below: 

In addition to cloud data, this map a lso shows the positions of fronts , high and low 

pressure centers, an isobar analysis for every 6 millibars, and the o0 c isotherm. This 

information was taken from surface charts for 1200 CST plotted at the Woodlawn Avenue 

office of the Weather Bureau in Chicago. 

4 . The Appearance of Snow in Relation to Topography on Days Without Clouds 

The appearance of the surface of the earth is of some importance in viewing clouds 

from satellites since the surfac e colors provide a fram e or background to clouds . The 

properties of the surface are more important in viewing snow since , locally, snow rarely 

covers a surface completely . An intermediate tone somewhere between the white snow and 
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the darker obscuring material is the visible result. Furthermore, the low resolution of 

satellite photography generally causes areas of varying reflectivity to be integrated by the 

sensor, as when it sees both open fields and adjacent forest. Hence, the satellite looking at 

snow-covered land sees a smoothed pattern of grayness which is rarely, if ever, brilliantly 

white. For our purposes it is better to speak of viewing integrated snow cover rather than 

snow-covered land. 

Vegetation is primarily responsible for altering the appearance of snow cover. In 

Figs. 2-36, five major plant communities are seen: tundra, coniferous forest, deciduous 

forest, grassland, and desert (or no vegetation). Since we are not dealing with color photog

raphy and since we are mainly concerned with the size and roughness of v·egetation, the five 

categories above can be reduced to three: coniferous forest, deciduous forest, and open 

land. Figure 37, a vegetation map showing the distribution of these three types, is based on 

the Atlas of American Agriculture (1936) and the Atlas of Canada (1967). It shows native 

vegetation but not the distribution of lands under cultivation. 

Figure 37 can be used with the preceding data to study snow-covered land in and around 

Chicago. As discussed previously, the area of Northern Illinois, Southern Wisconsin, and 

southern Lake Michigan is the only area which appears in all of Figs. 2 through 36. Hence, 

this area is best suited to day-by-day study. Figure 37 shows grassland and deciduous 

forests to be native to this area. Such descriptions as the "Nation's Breadbasket" or the 

"Corn Belt, " however, emphasize how frequently farmland has replaced the native vegetation; 

this area is most1y open land. 

Figure 5 (January 28) has the first clear view of this area after the Big Snow. The 

reflectivity is striking. The snow-covered land in Illinois is as bright as any cloud in the 

picture. The visible snow line appears to be for about 1 inch of snow cover in Southern 

Illinois and Indiana; however, on this open plain, 3 inches of snow is almost as bright as 20 

inches. Another snow line passes through Southern Wisconsin and is the northern boundary 

of the Big Snow. 

The shoreline of western Lake Michigan is distinct. A closer look reveals parts of the 

Illinois and Mississippi rivers, which appear as soft dark lines. The resolution of the ESSA 

III cameras does not allow us to see the rivers by themselves. We are, on the other hand, 

seeing both the rivers and the stands of deciduous tree·s which grow on their banks. The 

tendency of trees to grow in valleys of rivers in the Great Plains is well illustrated by the 

vegetation map, Fig. 37. 
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The snow line in Southern Wisconsin disappeared under fresh snowfall on January 29 
and 30 (Figs. 6 and 7). The snow line in Central Illinois could be studied throughout late 
January and February. From its extreme on January 28 (Fig. 5), this snow line edged slowly 
northward (January 30, Fig. 7; February 2, Fig. 10) and then showed remarkable persistence 
at about 40°N until February 13 (Fig. 21) when a warm front passed. The appearance of the 
snow-covered land changed little in this time, even though snow cover had decreased consider
ably in depth. Snow depths as little as 1 inch were still visible (February 12, Fig. 20). After 
February 13 (Fig. 21) the snow line remained as high as 42°N most of the time (February 21, 
Fig. 29; February 28, Fig. 36) except for some light (1-2 inch) and quickly melting snow in 
Central Illinois on February 19 and 24. 

Satellite photographs on February 16, 20, 21, 25, and 28 (Figs. 24, 28, 29, 33, and 
36) record a noteworthy phenomenon in the Chicago Metropolitan Area. Even though Chicago 
had an official snow cover deeper than that of most nearby stations, this area appears 
distinctly darker. We are probably seeing a combination of enhanced melting on roofs and 
pavement (which does not decrease the official snow cover) and increased deposition of soot 
and other pollutants, which lowers the albedo of the remaining snow. 

Going north from the area just studied, there is progressively l ess land devoted to 
farming and dairying or, in other words, less open land and progressively more land covered 
by forest. The next area under consideration is that adjacent to the United States -Canada 
border from Minnesota to Maine . The vegetation map, Fig. 37, indicates the natural distri
bution of coniferous and deciduous forests. Essentially, coniferous trees grow north of a 
boundary from Northern Minnesota through Ontario and Quebec, Separate areas of coniferous 
forest occur in Michigan, Wisconsin, New York, and the northern Appalachian Mountains. 

Snow-covered forest appears darker than snow-covered open land, which may be seen 
by comparing Northern Minnesota and Wisconsin with areas to the south on February 6 and 
28 (Figs. 14 and 36). It is more difficult to determine which forest, coniferous or deciduous, 
is darker when covered with snow. Cronin (1963) found deciduous forest darker than coniferous 
forest for TIROS IV photography of Northern Minnesota, Wisconsin and adjacent regions of 
Canada. He attributed this to two properties of the coniferous forest, "an uncounted number 
of (frozen and snow covered) lakes and ponds and their interconnecting web of rivers and 
streams," and "the density of the tree stand (which) helps retain snow on the branches." 
His accompanying map of terrestrial features gave coniferous forest a lighter gray value. 
Conover (1965) found that "in general the darkest tones characterize coniferous forest, and 
the lightest tones indicate open farmland. The tone of deciduous forest is between the two, 
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and combinations of forest and farmland, when small areas of each are mixed, yield inte

grated intermediate tones." His conclusions were based on classic photographs of the 

Adirondack and Green Mountains. Barnes and Bowley (1966) agreed with Conover's premise 

when they used satellite pictures for three winter seasons to determine the snow cover 

distribution in the flat terrain of the Missouri and upper Mississippi River basin. The 

photography in our study provides no clear-cut answer to the contrasting ideas presented 

above. On January 30, February 3, and February 12 (Figs. 7, 11, and 20), the region north 
of 47-48° N and between 85-75°W seems to be lighter where deciduous forest changes to 

coniferous. There are, however, some clouds in these pictures while the region in question 
has a great number of sizable lakes. On the other hand, the darkest forests in the whole 

area appear to be the coniferous forests of the Adirondacks, Minnesota, and Upper Michigan. 

The greatest contrasts in brightness occur between forest and snow-covered open land, for 

example in Minnesota (February 6, Fig. 14), Northern New York (February 12, Fig. 20), 

and in an ESSA VI picture discussed by Anderson (1968). The most important factor which 

determines whether snow-covered deciduous forests appear lighter than snow-covered 

coniferous forests is probably the percentage of open land within the forests and not their 

own colors or types of foliage. 

Many of the ESSA III pictures in Figs. 2 through 36 show snow on mountains. The 

appearance of snow-covered mountains has drawn comments in previous studies. Fritz 

(1962) noted how deep, snow-free river valleys tended to dramatize the overall shapes of 

mountains with snow at higher elevations. Cronin (1963) referred to "the distinctive feather 

edge" of the snow fields of the Sierra Nevada. Anderson, Ferguson, and Oliver (1966) 

described the white "dendritic" pattern of the tops of mountain ranges. Such effects are not 

observed in the Appalachians since the denser and more continuous forests on the mountains 

cause them generally to appear darker than snow-covered surrounding land. Loss of the 

dendritic pattern must also be a consequence of the Appalachians being older and lower 

mountains than the Rockies so that high elevations are not sharply contrasted to deep valleys 

and gorges as in the Rockies. This effect has already been noted for the Adirondack 

Mountains. Another good example occurs in Pennsylvania (see February 8 and 12, Figs. 

16 and 20; also, Anderson /1960/). The mountains of Western Pennsylvania appear dark with 
lighter, more open valleys. The farmland and foothills of Eastern Pennsylvania appear much 
lighter and are covered with snow. 

Snow lines surrounding the areas of highest elevation are visible in the Rocky Mountains, 

however (February 2, 6, 20 and 27; Figs. 10, 14, 28, and 35). Forests at the extreme 
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altitudes of the Western Rockies are generally thinner than the forests of the Appalachians. 

Large tracts lie above the timberline, especially along the Continental Divide. Hence, the 

Rockies appear much lighter than the Appalachians when both are covered by snow. It is of 

interest to compare the snow visible in the photographs to the areas above the 9, 000 foot 

level as marked on the lower maps. In most cases, more snow appears to lie west of these 

areas than east of these areas, i.e., we are seeing orographically favored areas of snow 

cover. Finally, it should be noted that the deep river valleys between mountain ranges as 

described by Fritz (1962) for the Alps and by Cronin (1963) for the Cascades are not well

defined in these ESSA III pictures. These would probably appear in pictures of smaller 

resolution. 

The upper half of Fig. 38 is a mosaic of cloudless areas made from the ESSA III 

pictures in Figs. 2-36 . Most of the physiographic features which were discussed previously 

appear in this composite. From Minnesota to Maine, the contrast between open land and 

northern forest is well-represented. The dark area at 44°N, 104°W is part of the Black Hills 
of South Dakota; however, the dark area at 47°N, 98°W is merely an area of thin snow cover. 

Chicago was experiencing snow flurries off of Lake Michigan but the clouds did not extend 

far inland. New England appears rather dark, excepting the Aroostook Plain in Northern 

Maine. Cloud streets in the Atlantic are evidence of cold air outflow off of the continent. 

The lower half of Fig. 38 is a map of snow cover based on the grid network of the photograph 

mosaic. The snow line is drawn on as a heavy line. Dotted lines represent river valleys 

which are visible through the snow. 

5. Methods of Distinguishing Snow from Clouds 

Whether one is using satellite photography to study snow cover or cloud cover, the 

importance of distinguishing snow from clouds and vice-versa is obvious. Furthermore, 

the problems involved in so doing are obvious since snow cover and cloud cover may be 

deceivingly similar and since both may change with time. The area immediately surrounding 

Chicago discussed in the previous section, the only area visible in all of the photographs, 

was examined for cloud cover both in the photographs and in the station reports. In the 35 
days of the study, 13 days were arbitrarily labeled clear, 11 partially obscured, and 11 

obscured. The days labeled partially obscured had ground features such as Lake Michigan, 

the Illinois and Mississippi rivers, or the (in this case) well-defined snow line less distinct 

or partly blocked from view by clouds . There are four categories which may appear in these 
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satellite photographs: no snow, no clouds; clouds, but no snow; snow, but no clouds; both 

clouds and snow. According to the statistics for the Chicago area, the first category did 

not occur within the time of the study and the other three classifications occurred in roughly 

equal numbers. 

No foolproof technique exists at this time to distinguish snow from clouds, but studies 

of satellite photography have brought forth ideas which are helpful in many situations. 

By far the best technique, if one has the time and patience, is to correlate the satellite 

photographs with ground observations of cloud cover. Areas for which no cloud cover is 

reported but which appear light are presumed to have snow cover, or, in exceptional cases, 

some highly reflective geological characteristic as in a salt flat. Cloud-free areas were 

determined this way in the preceding section of this study. Station reports are, on the other 

hand, less helpful for studying clouds over snow cover when the snow-covered ground is 

fairly light. Often it is difficult or impossible to distinguish the edges of clouds against the 

light background of snow cover. This unfortunate situation occurs on almost every day 

studied. Ordinary station models give the extent of horizontal coverage and the types of 

cloud but neither the location of the cloud edges nor the thickness of the cloud. 

Lacking surface data, identifiable features on the ground may be helpful in distinguishing 

snow from clouds. Anderson, et al., (1966) stress "learning how to recognize snow-covered 

terrain." Most areas of snow-covered terrain have physiographic features such as oceans, 

open lakes, frozen lakes, coniferous forests, deciduous forests, river valleys, and "dendritic" 

shapes which stand out from the snow and are visible from satellite altitudes. When these 

features are not seen, clouds are present. Examples of such features were discussed in the 

preceding section, particularly in reference to the vegetation map and the cloud-free mosaic. 

Certain features of clouds indicate their presence even when the ground beneath is 

covered by snow. First of all, extreme brightness, such as that of the cyclone over New 

England on February 7 (Fig. 15), is unlikely to be caused by snow cover. Frontal clouds 

tend to have simple, highly elongated shapes, the continuity of which may be traced over 

great distances. In some cases the edges of these clouds can be extrapolated into areas 

where snow cover makes analysis difficult (February 19, Fig. 27). Shadows, moreover, 

are obviously produced by clouds. Examples are small shadows near New England on 

February 7 (Fig. 15) and a lengthy shadow from a jet-associated cirrus shield on February 15 

(Fig. 23). Finally, cloud streets over water can be related to a lack of clouds over land. 

Cloud bands over the Atlantic Ocean on February 12 (Fig. 20) and over Lake Michigan on 

February 28 (Fig. 36) are evidence of cold air blowing offshore so that the shores are probably 

cloud free. 
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6. Summary and Conclusions 

The Great Chicago Snowstorm of '67 left a deep and persistent snowbelt across Northern 
Illinois and Indiana. The snow-covered terrain appeared nearly white in photography by the 
ESSA III satellite; however, such fine details as river valleys were still visible through the 
snow. The satellite cameras could detect 1 inch or less of snow cover in this region, so that 
the snow line as seen from the satellite was very nearly the same as the snow line drawn from 
surface data. Satellite photographs observed the snow line in a slow and orderly retreat 
northward during the month of February . Late in February, the Chicago Metropolitan Area 
seemed to have a lower albedo than the nearby countryside. 

Snow-covered forests appeared much darker than snow-covered open land such as 
Northern Illinois and Indiana. Continuous and dense forest appeared darker than scattered 
and open forest when both had snow cover. Snow cover on the Rockies had a characteristic 
pattern since only the highest elevations had snow; snow cover on the Appalachians was 
largely obscured by forests . 

A cloud-free mosaic of much of the United States is useful in showing how vegetation 
helps to determine the appearance of snow-covered terrain. To aid in distinguishing snow 
from clouds, it is helpful to have surface reports of cloud cover, prior knowledge of local 
features unique to the earth's surface, and knowledge of any features unique to clouds. 

This study could be extended in two valuable ways. First, if the time interval between 
satellite pictures were shortened so that more than one picture were available each day, 
continuity could be maintained for cloud masses as well as snow cover and one could dis
tinguish cloud cover from snow-covered terrain more readily. Second, if data on cultivated 
land and on open areas in forests were included in a vegetation map, the resulting map would 
be even more useful in explaining the appearance of snow-covered terrain. 
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Fig. 1. Variation in official snow cover at Milwaukee, Wisconsin, Chicago, lliinois, and Lafayette, Indiana. The 

open circles indicate the snow cover in inches reported for 0600 CST (and 1100 CST for Chicago) on each day from 

January 25, through February 28, 1967 . 
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Fig. 2. ESSA 3, Orbit 1448, January 25, 1967, 1258 CST. 
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Fig. 3. ESSA 3, Orbit 1461, January 26, 1967, 1348 CST. 
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Fig. 5, ESSA 3, Orbit 1486, January 28, 1967, 1335 CST. 
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Fig. 7. ·ESSA 3, Orbit 1511, January 30, 1967, 1320 CST. 



19 
JAN 31, 1967 

1216 CST 

1200 CST 

Fig. 8. ESSA 3, Orbit 1523, January 31, 1967, 1216 CST. 
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Fig. 9. ESSA 3, Orbit 1536, .February 1, 1967, 1306 CST, 
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Fig. 10. ESSA 3, Orbit 154Y, February 2, 1967, 1356 CST. 
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Fig, 11 , ESSA 3, Orbit 1561, February 3, 1967, 1252 CST. 



23 
FEB 4, 1967 

1343 CST 

{ 

0 
1200 CST 

. Fig. 12. BSSA 3, Orbit 1574, February 4, 1967, 1343 CST. 
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Fig. 13. ESSA 3, Orbit 1586, February 5, 1967, 1238 CST. 
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Fig. 14. BSSA 3, Orbit 1599, February 6, 1967, 1329 CST. 
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Fig. 15. 7 1967 1225CST. ESSA 3, Orbit 1611, February • • 
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Fig. 17. ESSA 3, Orbit 1637, February 9, 1967, 1406 CST. 
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Pig. 18. ESSA 3, Orbit 1649, February 10, 1967, 1302 CST. 
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Fig. 19. ESSA 3, Orbit 1662, February 11, 1967, 1352 CST. 
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ESSA 3, Orbit 1674, February Fig. 20. 12, 1961, 1248 CST. 
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Fig. 23. ESSA 3, Orbit 1712, February 15, 1967, 1324 CST. 
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Pig. 24. ESSA 3, Orbit 1724, February 16, 1967, 1220 CST. 
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Fig, 26. ESSA 3, Orbit 1750, February 18, 1967, 1401 CST. 
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Fig. 27. ESSA 3. Orbit 1762, February 19, 1967, 1257 CST. 
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Fig, 28. ESSA 3, Orbit 1775, February 20, 1967, 1347 CST. 
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Pig. 33. ESSA 3. Orbit 1838, February 25. 1967, 1409 CST. 



45 
FEB 26, 1967 

I 

d 
--- 3 3 5' -- -1 i 

/', 1 
0600 CST 

Fig. 34. ESSA 3, Orbit 1850, February 26, 1967, 1309 CST. 
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Fig. 35, ESSA 3, Orbit 1863, February 27, 1967, 1359 CST. 
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Fig. 36. ESSA 3, Orbit 1875, February 28, 1967, 1253 CST. 
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Fig. 37. Native vegetation of the United States and Canada, including coniferous forest, deciduous for est, and open land. Stands of deciduous 
trees in river valleys are represented by dotted lines. These occur frequently in the moderately dry regions west of the Mississippi River . 
(From the Atlas of American Agriculture /1936/ and the Atlas of Canada / 1967 /). 

·- ... . 



Fig. 38. The upper half of this figure i s a mosaic of cloudless areas made from the ESSA 3 pictures in Figs. 2-36. The 

lower half is a map of snow cover based on the grid network of the mosaic above. The snow line is represented by a 

heavy solid line while river valleys visible through the snow are represented by dotted lines . Snow cover amounts are 

in inches. 
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