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ABSTRACT
Collection of precipitation in a raingage located in Lake Michigan near Chicago over an
11-yr period has permitted a study of the average monthly, seasonal and annual precipitation
received off the^ southwestern shore of the lake. These values are compared with average precipitation occurring in the Chicago urban area and with amounts from other nearby rural and
shore stations. From these comparisons, the effects of lake and urban influences on the precipitation pattern are evaluated.
The results of this study compare favorably with results from similar lake-precipitation
studies performed by the Corps of Engineers. The precipitation data from this station in the
lake indicate that precipitation over southern Lake Michigan may be considerably less than
previously estimated from data of stations along the shore. The effect of precipitation on lake
levels may be better evaluated now that additional information on lake precipitation is available.

1. Introduction

nual average precipitation at a lake-located station; secondly, to determine how these data compared with the urban or onshore precipitation
data; and, thirdly, to evaluate the apparent effects
the lake has on precipitation over the lake and
over the nearby land areas. The Great Lakes are
known to affect air masses and shoreline precipitation patterns, but there have been very few investigations that dealt with the lake effects on the
amount of precipitation falling on the lake and on
the nearby land areas.

In an attempt to obtain a more accurate estimate
of the amount of precipitation that occurs over
Lake Michigan, a study of the precipitation
around the southern end of Lake Michigan was
undertaken. Data from several shoreline and inland locations as well as data from a raingage station located in Lake Michigan near Chicago were
used. The purpose of this study was threefold:
first to determine the monthly, seasonal and an-
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FIG. 1. Average annual precipitation, August 1945-July 1956.

Before the urban-lake comparison could be performed by using data from the Chicago area, the
urban effects on the precipitation distribution
over the nearby land area had to be determined.
Once the onshore or land precipitation data were
adjusted to eliminate the urban effect, some idea
of the magnitude of the differences between the
lake and nearby land precipitation amounts could

be obtained. From these findings, it is hoped
that a better understanding of the lake level-precipitation relationship can be developed.
A number of studies have been made to determine the reasons for the Lake Michigan waterlevel fluctuations as well as to determine the extent
to which precipitation over the drainage basin may
affect these fluctuations. However, much remains
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unknown about the effects of precipitation on the
lake level. A recent study [1] has shown that a
fairly good estimate of the lake level in a given
year is derived from lake-basin precipitation during the preceding year. However, good correlations between lake levels and precipitation have
never been found; therefore, earlier investigators
[2] have concluded that there is no good correlation between the level of the lake and the amount
of precipitation over the lake basin.
It is quite possible that precipitation variability,
in time and distance, over the lakes, which is difficult to measure, may be the reason for the lack of
good correlation between lake levels and precipitation. Precipitation variability has been a recognized hydrologic problem for a long time. Because of the lack of information on precipitation
over the lake, most methods for calculating lakelevel fluctuations estimate lake precipitation from
land-measured amounts around the lake perimeter.
This method received support because there is no
marked difference in the annual precipitation
amounts exhibited on both sides of Lake Michigan at comparable latitudes. Furthermore, until a recent study [3], very little quantitative information was known about the great degree of
spatial variability that precipitation exhibits in
the Middle West.
2. Sources of data
Precipitation data from six U. S. Weather
Bureau stations in the Chicago urban area were
compared in detail, on a monthly, seasonal and
annual basis, with similar data collected by the
Illinois State Water Survey at the Four-Mile Crib
in Lake Michigan. The Crib was formerly a
water-intake station for the city of Chicago and
is located approximately four miles east of the
shoreline near central Chicago (fig. 1). Data
were collected at this station from August 1945
through July 1956 except for a three-month period in 1950. Consequently, in the analysis for
this study, data for these three months were eliminated from the records of all stations.
Precipitation data at the Crib were collected in
an 8-inch standard non-recording raingage located near the top of the Crib at a height 50 ft
above the lake. Measurements were made daily
at approximately 5 pm. Data from 12 U. S.
Weather Bureau raingage stations, other than the
previously mentioned six gages in the Chicago urban area, were used to define the precipitation distribution around the lake shore and in the rural
area surrounding the Chicago urban area. This
shoreline and rural-area precipitation distribu-

tion was used in evaluating the lake and urban effects on precipitation near the lake. The 18 onshore stations were located within a 75-mi radius
of Chicago in the states of Illinois, Indiana, and
Michigan. The six stations which were defined
as the urban stations in the study were the Chicago City Office, University of Chicago, Chicago
Midway Airport, Chicago Lakeview, Cicero, and
Whiting, Indiana. As shown in fig. 1, these stations were the six stations nearest the Crib. Ten
of the other 12 stations are also shown on fig. 1.
Stations defined as rural included Arlington
Heights, Aurora, Elgin, Joliet, Kankakee, Morris,
Peotone, and Wheaton, Illinois, while the shoreline stations were Waukegan, Illinois, Hobart Indiana, Benton Harbor and South Haven, Michigan.
A small per cent of the annual precipitation
variation was conceivably the result of measurement errors produced by variation of gage exposures in the study area. However, subjective
analysis indicated that exposure-produced variations can account for only a small portion of the
total precipitation variation. The exposure which
came under the greatest consideration regarding
reliability was that of the Crib gage since the results of the entire study depend on the reliability
of the Crib data. With no surrounding structures, the Crib gage was primarily unshielded
from the wind which probably caused some reduction in catch. However, the urban gage nearest to the Crib, the Chicago City Office (fig. 1),
had an exposure considered to be as equally unshielded because the gage was located on the roof
of a 13-story building, 133 ft above the ground.
Therefore, both these sites should suffer comparable losses due to exposure, and differences between
their averages should be realistic. The City Office gage had an annual average comparable with
others in the urban area and was higher than the
average of the University gage which had a more
shielded exposure. Therefore, it was concluded
that any exposure-produced reductions in catch at
the City Office and the Crib probably were not
sufficient to affect significantly the magnitude of
the urban-Crib difference.
3. Annual precipitation
The annual average precipitation at the Crib
for the 11-yr period was 26.93 in. The annual
average values for the Crib and the six urban stations are shown in table 1. As shown in line 8
of table 1, the Crib annual average is 79 per cent
of the average of the six urban stations. Of these
six stations, Whiting has the lowest annual precipi-
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Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Annual

2.72
3.53
3.56
3.57
3.54
3.67
3.47

2.74
3.19
3.09
3.07
3.16
3.61
3.84

2.77
4.17
3.84
3.35
3.49
4.11
3.45

2.68
3.92
3.41
3.29
3.47
3.55
3.35

2.60
3.38
2.96
3.28
3.39
2.96
3.00

2.04
2.76
2.37
2.68
2.56
2.76
2.64

2.22
3.00
2.97
3.09
3.05
2.99
3.25

1.62
2.03
2.37
2.12
2.24
2.37
2.08

2.02
2.15
2.54
2.39
2.57
2.58
2.17

26.93
34.44
34.40
33.44
34.34
36.03
33.06

82

74

77

82

78

73

74

84

79

X 100
76

tation while Cicero has the greatest. The Crib
value is 82 per cent of the Whiting average compared to 74 per cent of the Cicero average.
The areal distribution of the annual average precipitation is shown in fig. 1. The extreme decrease over the lake is dramatically illustrated by
the eastward decrease of seven inches in the four
miles from the lake shore to the Crib. Most of
the isohyetal lines that define the precipitation low
over the lake are located almost parallel to the lake
shoreline. Other distinguishing features of the
pattern include the small area of high precipitation
over Cicero and the high precipitation ridge extending westward from Hobart, Indiana and then
northwestward to Elgin. This ridge approximately follows the curvature of the lake shore at
a distance ranging from 10 to 25 mi inland. The
lower values to the southwest at Morris and Kankakee (fig. 1) suggest that the high precipitation
over the central Chicago area and possibly portions
of this ridge may partially result from urban effects on precipitation.
Precipitation increases in urban areas occur
largely through the artificial production of condensation nuclei and from increased thermal and
TABLE

METEOROLOGICAL

1. Monthly and annual average precipitation comparisons based on data from
August 1945 to July 1956.

Four-Mile Crib
1.42
1.68
2.42
Chicago Lakeview
1.74
1.61
2.96
Chicago City Office
1.94
1.89 3.26
University of Chicago
1.85
1.77
2.98
Chicago Airport
1.93
1.81
3.13
Cicero
1.98
1.96 3.49
Whiting, Indiana
1.84
1.49 2.48
^ . ~
Crib average, inches
8. Ratio.
—
bix urban stations average, inches
89
81
79
1.

2.
3.
4.
5.
6.
7.
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mechanical turbulence. A recent study by Landsberg [4] has shown that the urban-rural difference
in precipitation caused by urban effects is approximately eight per cent of the annual average
urban precipitation. In the Chicago area, the
urban-rural annual difference was 2.3 inches, as
shown on line 5 of table 2, and this observed difference was about seven per cent of the urban average. Detailed analysis of the urban-Crib seasonal
precipitation differences suggest that a minor portion of the 2.3-inch annual urban-rural difference
is due to increased urban precipitation from lake
effects.
The urban and lake influences produce 2.3
inches of the annual average urban precipitation,
and this amount accounts for 31 per cent of the
urban-Crib annual difference, as shown on line 2
of table 3. The data presented in table 3 were
derived by determining the gross difference between the urban and Crib average precipitation
(line 1) and then, through use of the rural average
precipitation, the lake and urban effects on precipitation were estimated. Results shown in line 2 of
table 3 were developed by assuming that the difference between the urban and rural precipitation

2. Seasonal and annual average precipitation of the Crib, urban area, and rural area,
and comparisons in inches and percentages.
Seasons

1.
2.
3.
4.
5.
6.
7.

Crib average, inches
Urban average, inches
Rural average, inches
Urban-Crib difference, inches
Urban-Rural difference, inches
Rural-Crib difference, inches
Ratio, %, U r b a " ; C r i b difference inches
Urban average, inches

x

lQQ

Winter

Summer

Transition

Annual

9.1
11.3
10.0
2.2
1.3
0.9

10.8
13.7
13.5
2.9
0.2
2.7
^

7.0
9.3
8.5
2.3
0.8
1.5

26.9
34.3
32.0
7.4
2.3
5.1
^

25
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Urban and lake effects on seasonal and annual average precipitation differences
between urban area and Crib.
Seasons
Winter

Transition

Summer

Inches

Percent of
urban-Crib
difference

1. Total urban-Crib
difference

2.2

2. Amount of difference
due to urban and lake
effects increasing
urban precipitation
3. Amount of difference
due to lake effect
decreasing lake
precipitation

Inches

Percent of
urban-Crib
difference

—

2.9

1.3

60

0.9

40

Annual
Percent of
urban-Crib
difference

Inches

Percent of
urban-Crib
difference

Inches

—

2.3

—

7.4

0.2

7

0.8

35

2.3

31

2.7

93

1.5

65

5.1

69

averages (line 5, table 2 ) was a result of lake and
urban effects inducing increases in the urban precipitation. The cause for the remaining urbanCrib precipitation difference (line 3 of table 3 ) ,
which was actually the rural-Crib difference, was
assumed to be the lake effects which tend to decrease lake precipitation. On the average, the
urban-Crib annual difference is 7.4 inches (line
4, table 2 ) . If Chicago and its suburbs were not
present, the land-lake difference in this area might
be considerably less, from approximately 32 inches
to 27, instead of the existing difference from 34.3
inches to 26.9 (table 2 ) .
Annual averages for the two most southerly
lake-shore stations in Michigan, Benton Harbor
and South Haven, also were prepared for the
11-yr period of record at the Crib station. South
Haven is 80 mi east of Waukegan and Benton
Harbor is 60 mi east of Chicago. Averages for
these stations were slightly more than 33 inches
each, indicating that the area of low precipitation
revealed by the Crib data was restricted to the lake
area. However, the areal extent and the actual
quantitative magnitude of the low precipitation
over the lake are unknown. As shown on line 3
of table 3, 5.1 inches (or 69 per cent) of the urbanCrib difference in annual precipitation is attributed to the decrease in lake precipitation from
lake influences.
The Crib-urban annual average precipitation
ratio of 79 per cent (line 8, table 1) compares
favorably with land-lake ratios found in northeastern Lake Michigan between data from seven
gages located on six islands in the lake and data
from 10 nearby shore stations. Data from these

seven lake-located gages were available for a
three-year period. The land-lake comparisons
[5] in this northeastern lake area revealed that
the island averages ranged from 67 to 96 per cent
of the onshore averages, and the average percentage for the seven island gages was 88. A further
study of these island data to ascertain more accurately the land-lake precipitation ratio was accomplished by Hunt [6]. He used data from the
three smaller islands, because these data were
considered more representative of the actual lake
precipitation. The results of this study indicated
that the annual average precipitation over the lake
in the northeastern Lake Michigan area is 79 per
cent of the areal average of the 10 onshore stations.
Annual average precipitation in the study area,
based on long-term U. S. Weather Bureau normals, is approximately 33 inches. Averages for
the 11-yr period under study range from 0.5 to
1.5 inches above the long-term normals.
The natural spatial variation of precipitation
appears to be insufficient to account for the urbanCrib difference observed. For example, the average annual precipitation amounts occurring in the
entire northeastern portion of Illinois shown in
fig. 1 vary from a low of 31.8 inches to a high
of 36.0 inches, a maximum difference of 4.2
inches, which is considerably less than the annual
difference of 7.4 inches between the urban area
and the Crib (line 4, table 2 ) . Furthermore, the
45-yr normal annual precipitation for this northeastern Illinois area has a maximum difference of
only 3 inches. The natural variation could not
account for a difference of seven inches in the
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normal distribution of precipitation. In the winter
months, the reversals were associated with appreciable departures from the normal prevailing wind
direction at the surface. In the warmer months,
April-October, the reversals were associated with
above-normal lake-water temperatures which were
probably causing less reduction in convection than
normally occurs over the lake.
The difference between the annual average precipitation received over the basins of Lakes Michigan and Huron, as estimated over the lakes and
as measured over the land portions of the basins,
and the annual discharge of Lakes Michigan and
Huron has been computed to represent a water
loss of 45 per cent. Hough [7] attributes this
loss to evaporation, transpiration, ground seepage
and domestic uses. The study of Crib annual
precipitation indicates that the annual average
precipitation over the lake may be considerably
less than estimated from land-station data, and
the 45 per cent water loss may be more accurately computed to be a loss of only 35 or 40
per cent.
FIG. 2.

Average monthly precipitation, August
July 1956.

1945-

four-mile distance between the lakeshore and the
Crib.
The significance of the urban-Crib difference
also was checked by determining the number of
times in the 11-yr period that the Crib annual and
monthly totals exceeded comparable amounts in
the urban area. In no year did the Crib total
precipitation exceed any of the urban station
totals. The least difference in any year occurred
in 1955 when the Crib had only 0.54 inch less
than the Lakeview station. The greatest differences measured in any year occurred in 1949,
when the Lakeview station had 11.58 inches more
than the Crib and the City Office had 7.92 inches
more. Comparison of Crib monthly values with
those of the six urban stations revealed that during the 11-yr period the Crib monthly totals were
exceeded 83 per cent of the time by Cicero values,
81 per cent by the City Office, 77 per cent by
the University, 75 per cent by the Lakeview and
Airport values and 67 per cent of the time by the
Whiting values. In 11 months during the 11-yr
period, the Crib values exceeded those of at least
five of the urban stations. Examination of the
weather conditions and lake temperatures in these
11 months revealed that abnormal conditions were
associated with these striking reversals in the

4. Monthly precipitation
In fig. 2, the average monthly precipitation
values for the Crib and three urban stations,
based on the data from the 11-yr period, are
shown graphically. The monthly averages for the
Crib and the six urban stations also are shown in
table 1. In all months, the Crib averages are
lower than those of any of the urban stations.
From December through March, the Crib
monthly averages more closely approximate the
rural and urban station averages. In the fourmonth period from December through March, the
monthly averages at Whiting are only about 0.15
inch more than the Crib averages. Furthermore,
the Crib averages for March and December exceed
those at Kankakee and Morris, and, in January
and February, the Crib averages exceed those at
Morris.
In the warmer half-year, the Crib monthly averages are approximately 0.7 inch less per month
than the combined averages of the six urban stations. The greatest quantitative difference in this
half-year occurs in June when the Crib value is
one inch less than the average of the six urban
stations, and the least difference occurs in September when the Crib average is 0.6 inch less
than the urban average. As shown in line 1 of
table 1, the Crib averages from April through July
are almost equal and do not reflect the abrupt
month-to-month variations (fig. 2) of the aver-
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Average precipitation in each season, August 1945-July 1956.

ages of the urban stations. The only month
during the warmer half-year in which the Crib
average exceeds any land station value is August.
In this month, the Crib average exceeds the averages of the two Michigan lake-shore stations by
0.1 inch, suggesting that in this month a low of
precipitation possibly may extend eastward across
the southern basin of the lake and penetrate into
western Michigan.
The ratio of the Crib average to the average
of the six urban stations is shown for each month
in line 8 of table 1. Ratios are lowest in late
fall and highest in mid-winter. The Crib-urban
ratios from December through July compare favorably with the monthly lake-land ratios for northeastern Lake Michigan [ 6 ] , but from August
through November there is a lack of agreement.
The lowest monthly ratio in the northeastern lake
area occurs in August as compared to October
in the Chicago area.
The monthly average values of the urban stations based on data from the 11-yr period generally correlate well with the long-term monthly
normals of the U. S. Weather Bureau. However,
the relatively high station averages in October,
which are apparent on fig. 2, represent a positive
departure from the normals. These above-normal
October averages are largely a result of an unusually heavy rainstorm in this area that occurred
in October 1954 [8].
5. Seasonal precipitation
Examination of the average precipitation patterns for the 12 months suggested grouping the
monthly data into three similar patterns. Be-

cause the periods covered by the three basic patterns approximated the climatic seasons of the
year, the monthly data were summarized into
winter, summer and transitional (spring and fall)
seasons for analysis.
Winter season. For the five individual months
from November through March, a very similar
precipitation pattern persists in the study area.
The major features of this winter pattern (fig.
3 a ) include a precipitation low over the lake, a
maximum of precipitation over Chicago, and a
ridge of heavy precipitation approximately 20 mi
inland and parallel to the lake shore. Similar patterns of winter precipitation inland around Lake
Michigan in Indiana and Michigan have been
noted in a previous study of daily precipitation
patterns [9]. In winter, the average urban-Crib
difference is 2.2 inches (line 4, table 2 ) , which is
19 per cent of the average of the six urban stations. Examination of line 7 in table 2 reveals
that the urban-Crib winter difference of 19 per
cent is the least of the seasonal differences.
The urban-rural difference of 1.3 inches in
winter (line 5, table 2 ) is attributed to increased
urban precipitation derived from urban and lake
effects. The urban-rural winter difference in the
Chicago area is greater than might be expected
solely from urban effects according to Landsberg's findings [4]. Therefore, it appears that
lake effects probably produce additional urban
precipitation in the winter season.
The small area of maximum urban precipitation,
enclosed by the 12-inch isohyet (fig. 3 a ) in central
Chicago, correlates well with an area having a
mean winter temperature one degree higher than
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the surrounding rural and urban areas. Such a
temperature increase probably aids in the intensification and initiation of precipitation.
The inland precipitation ridge in winter appears to be partially induced by lake effects. In
winter, air over the lake is warmed because the
mean temperature of the lake water is higher than
the mean air temperature, and, as this warmer air
rises and moves from the lake over the wedge of
land-cooled air, precipitation is produced or intensified a few miles inland [9]. As revealed on
line 2 of table 3, the increase of urban precipitation from urban and lake effects in winter is 60
per cent of the urban-Crib difference in winter.
The Crib average winter precipitation more
than in any other season closely approximates
that found in the rural areas, as shown on line 6
of table 2. In winter, the lake effects decrease
precipitation at the Crib, but to a lesser degree
(line 3, table 3 ) than they do in the summer and
in the transition season. As shown on line 3 of
table 3, the decrease in Crib precipitation due to
lake effects accounts for 40 per cent of the urbanCrib winter difference. Winter precipitation values in western Michigan are equivalent to those
in the Illinois-Indiana inland ridge area (fig. 3 a ) ,
suggesting that, if a low precipitation area occurs
over the southern portion of the lake in winter,
the low is restricted to the confines of the lake.
Summer season.
Precipitation patterns for
each of the summer months, May through August,
were similar. However, the locations and magnitudes of the high and low precipitation areas
varied slightly from month to month. Two features dominate the summer precipitation pattern
shown in fig. 3b. One is the trough of low precipitation extending southwestward from the lake
shore a few miles inland. The other feature is
the small area of moderately heavy precipitation
in central-north Chicago.
As shown on line 4 of table 2, the urban-Crib
difference of 2.9 inches in the summer season is
greater than in the other two seasons. However,
the relative urban-Crib difference in summer,
as determined by the ratio on line 7 of table 2,
is 21 per cent which is not as great as the percentage difference in the transition season.
The low precipitation trough apparent on fig.
3b may extend northeastward across the southern
basin of Lake Michigan to the western Michigan
shoreline because a trough with this orientation
is apparent at the Michigan shoreline. The existence of low rainfall over the lake would be
expected because the lake effects, which cause less
precipitation to occur over the lake, are at maxi-

mum efficiency in summer. Statistics given on
line 3 of table 3 show that 2.7 inches, or 93 per
cent, of the urban-Crib difference in summer is
attributed to the reduction of lake precipitation
because of lake effects. Radar studies [10] of
summer precipitation cells in squall lines moving
from the land over southern Lake Michigan have
shown that an abrupt and considerable decrease
occurs in the number and size of the rain cells.
In addition, these studies revealed that, on summer days with air-mass showers, the lake discouraged the formation of air-mass showers over
the lake. This is as expected since the mean
temperature of the lake water in summer is 11.2
deg lower than the urban mean air temperature.
The mean air temperature at the Crib was found
to be 3.3 deg lower than the urban mean. The
lower temperatures over the lake tend to retard
development of convective activity and weaken
convective storms.
The area of moderately high precipitation in
the northern portions of Chicago during summer
appears to be induced from urban effects. The
urban-rural difference of 0.2 inch in summer (line
5, table 2) is attributed to increased urban precipitation derived solely from urban effects. The
urban-rural summer difference is much less than
might be expected from urban effects according to
Landsberg's findings [4]. Therefore, it appears
that in summer the lake effects probably acted to
decrease the expected urban increase in precipitation. Because summer air temperatures over the
lake are lower than the air temperatures over the
land, air over the lake that comes onshore will
tend to be a stabilizing influence. Furthermore,
in the Chicago area, there is a greater frequency
of onshore winds in summer (47 per cent of the
time as compared to 15 per cent in the winter and
21 per cent in the transition season) to bring these
stabilizing conditions over Chicago. This stabilizing effect is further indicated by the relatively small average number of low clouds exhibiting vertical growth reported [11] at the
Chicago. Midway Airport station during the years
1949 through 1955. For the four-month period
in summer, Chicago averaged 17 per cent fewer
hourly occurrences of cumulus than did Rantoul
and Moline, and Chicago had 42 and 72 per cent
fewer occurrences of cumulonimbus than Rantoul
and Moline, respectively. Rantoul is 100 mi south
of Chicago, and Moline is 150 mi west of Chicago.
As shown on line 2 of table 3, the summer
increase in urban precipitation from urban effects
accounted for only seven per cent of the urbanCrib difference in precipitation.

AMERICAN

METEOROLOGICAL

SOCIETY

Unauthenticated | Downloaded 01/09/23 04:35 AM UTC

VOL. 4 2 ,

No.

1, J A N U A R Y ,

9

1961

Transition season.
April, September and October had patterns of precipitation which were
similar to one another on the average, but which
differed from those common to the winter or
summer seasons. The average pattern based on
data from these months is shown in fig. 3c. In
the transition season, the urban-Crib difference is
2.3 inches (line 4, table 2 ) , which is 25 per cent
of the urban average. As shown on line 7 of
table 2, this percentage of difference is the greatest of all the seasons, indicating that the transition
season has the highest relative urban-Crib difference.
An inland ridge of high precipitation having an
east-west orientation is shown in fig. 3c. Precipitation data in Indiana and southwestern Michigan indicate that the transition-season ridge continues in a northeasterly direction across northern
Indiana and southern Michigan. The Illinois
portion of this ridge is largely a result of the
extremely heavy rainstorm on 9-11 October 1954,
which maximized in approximately the same location as this ridge [8].
The relatively low precipitation at the Crib,
especially in October and April (note the low
ratios for these months in line 8 of table 1), is
primarily a result of the lake-induced decrease in
precipitation. The decrease in lake precipitation
from lake effects is 1.5 inches, and, as shown on
line 3 of table 3, this difference is 65 per cent of
the total urban-Crib difference in the transition
season. Convective rains are prevalent in this
season, although not as frequent as in summer,
and these rains are quantitatively reduced because
of the detrimental lake effects. The September
difference between the urban and Crib precipitation amounts is the least of the three months in
this season. This occurs because at this time of
the year the temperature of the lake water is relatively high in relation to the air temperature,
causing some intensification over the lake of precipitation associated with cold fronts. However,
these positive lake effects on lake precipitation are
not realized to any large degree at the Crib because the predominating winds in this month are
southwesterly. These effects probably do produce
increases in precipitation over the lake to the east
of the Crib and along the western Michigan
shoreline.
In the transition season, the urban-rural difference in precipitation is 0.8 inch. This urban-rural
difference is attributed to increased urban precipitation derived from urban and lake effects.
The urban-rural transition season difference is
greater than might be expected from urban effects

according to previous findings [4]. Therefore, it
appears that lake effects probably produce additional precipitation in the urban area and possibly
inland along the shore. As shown on line 2 of
table 3, the difference derived from the urban and
lake effects of 0.8 inch accounts for 35 per cent
of the total urban-Crib difference of 2.3 inches
in this season.
A previous study [12] of the average amount
of precipitation associated with various synoptic
types has shown that during an average year Chicago receives at least 50 per cent more cold air
mass precipitation than do Moline, Springfield,
and Cairo, Illinois. Furthermore, 64 per cent of
this additional cold-air-mass precipitation received
at Chicago occurs in the autumn and early winter.
This study further indicated that this large autumn increase in cold-air-mass precipitation at
Chicago was produced mainly by the warm, relatively moist onshore lake winds which arrive over
the Chicago urban area during this season. This
explanation reveals how lake effects produce moderate increases in urban precipitation during the
transition season.
6. Conclusion
A point (Four-Mile Crib) four miles east of
the Chicago shoreline in Lake Michigan received,
on the average, 21 per cent or 7.4 inches less annual precipitation than received over the Chicago
urban area. However, about 31 per cent of this
21 per cent urban-Crib difference is a result of
precipitation increases over the city because of
urban and lake effects. The urban-Crib difference
would be approximately only 16 per cent if the
precipitation increases resulting from the Chicago
urban effects were discounted. Lake effects decrease lake precipitation and this decrease accounts
for 69 per cent of the urban-Crib annual average
difference. Data from stations located on the
perimeter of the southern basin of the lake indicate
that an area of low annual precipitation over the
lake suggested by the Crib data is restricted to
the confines of the lake, although the magnitude
and size of the low are unknown.
The least urban-Crib difference exists in the
five winter months when the urban-Crib difference
is only 19 per cent of the urban average precipitation. The most pronounced features of the precipitation distribution are a high over Cicero, a
ridge inland and parallel to the lake shore, and
a low over the lake. The lake effect of decreasing
lake precipitation is least in winter, although this
effect accounts for 40 per cent of the average
urban-Crib difference of 2.2 inches. Lake and
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urban effects increase the urban precipitation during the winter, and this increase accounts for 60
per cent of the urban-Crib winter difference.
In summer, the urban-Crib difference is 21 per
cent of the urban average precipitation. The
dominant features of the summer precipitation
pattern are an urban high in north-central Chicago
and a low of precipitation at the Crib which extends inland in Illinois. The lake effect for decreasing precipitation over the lake is at maximum
efficiency in summer. Ninety-three per cent of
the urban-Crib difference in summer is attributed
to the decreased lake precipitation due to lake
effects, while the remaining portion of the difference, seven per cent, is a result of increased urban
precipitation from urban effects.
In the transition season, the urban-Crib difference is about 25 per cent of the urban average,
which is the greatest seasonal difference. Lake
and urban effects increase the urban precipitation
accounting for 35 per cent of the urban-Crib
difference. Sixty-five per cent of the transition
season average urban-Crib difference of 2.3 inches
is a result of decreased Crib precipitation by
lake effects.
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ANNOUNCEMENTS
Water and Agriculture
Water and Agriculture,
A A A S Symposium No. 62,
206 pp., was published this fall by the American Association for the Advancement of Science, Washington, D. C.
The volume contains 16 papers presented at the symposium in Washington on the following topics: water for
the future (resources, legal aspects of water use, significance of small watershed programs, and water management and groundwater supplies in agriculture) ; water
sources (factors that affect the water cycle, effects of
weather modification on water supplies, the use of climatic data in guiding water management on the farm,
and precipitation measuring and analysis as an aid to
agriculture) ; water planning and use (relations between
soil conservation practices and availability of water,
increasing water yields by forest management, interdependence of upstream and downstream water manage-

AMERICAN

METEOROLOGICAL

SOCIETY

REFERENCES

ment, views of water users on federal reclamation projects) ; water control (agricultural drainage, control of
aquatic and bank vegetation and phreatophytes, suppressing evaporation from water surfaces, energy balance
approach to evapo-transpiration from crops).
Water and Agriculture is available from the American
Association for the Advancement of Science, 1515 Massachusetts Avenue, N. W., Washington 5, D. C., at $5.00.

Properties of the Upper Atmosphere
Properties of the Upper Atmosphere, Rocketsonde and
Satellite Measurements of Pressure, Temperature, Density, and Composition Through Early 1960, was published on 1 August 1960 by Science Communication, Inc.,
1079 Wisconsin Avenue, N. W., Washington, D. C. This
is the final report on Project A R I E S , Contract Nonr
3071(00).
According to the foreword, the data included were
obtained from reports, publications, and direct communications with scientists who have made upper atmosphere
structure measurements with sounding rockets and satel(Continued on page 4 6 )
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