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INTRODUCTION 

The solution of hydrologic problems and the design of hy-
drologic structures is dependent to a large extent upon the expected 
distribution of precipitation in both time and space. Much remains 
unknown about the causes and distribution of precipitation. As 
part of a general program to obtain greater understanding and knowl
edge of the precipitation process and its behavior in Illinois, a 
climatological study was made of clouds, the source of surface 
precipitation. 

From this study, climatological descriptions of the fre
quency and amount of various cloud types over the State were obtained. 
Included in the study are means and extremes for monthly, seasonal 
and annual periods. Diurnal patterns have also been established. 
In addition to compilation of the climatological statistics, in
vestigation was made of the direct relationship between clouds and 
surface precipitation. 
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IBM punch card data for seven U. S. Weather Bureau stations 
and one U. S. Air Force station in or near Illinois were used in the 
study. Over 442,000 hourly cards containing data for 1949 through 
1955 were processed. Some card data previous to 1949 was available 
but not considered suitable for this analysis. Stations analyzed 
include Chicago, Moline, Peoria, Springfield, Rantoul, St. Louis, 
Terre Haute, and Evansville. 
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DESCRIPTION OF AVAILABLE DATA 

Detailed cloud observations are made at first-order United 
States Weather Bureau stations and major Air Force Bases. These 
cloud observations are made and recorded according to detailed in
structions in WBAN Circular N.1 To understand and evaluate the re-
search performed, it is necessary to review the Circular N instruc
tions that pertain to cloud observations. 

DATA COLLECTION 
At most first-order United States Weather Bureau stations 

and Air Force Bases, observations of sky conditions are made on an 
hourly basis. From an outdoor vantage point with no obstructions an 
observer makes the observations of sky conditions. These hourly ob
servations are sometimes supplemented by extra observations at the 
station and by pilot reports. Instruments such as ceiling lights, 
celiometers, and balloons are used as observing aids. Observed data 
include the number of cloud layers, the cloud types in each layer, 
cloud type amounts in each layer, and the total sky cover. 

Number of Layers of Clouds 
From one to four layers of clouds and obscuring phenomena 

can be recorded at each observation. These layers are observed and 
recorded in an ascending order. For the determination of. stratifica
tion, the clouds or obscuring phenomena whose bases are at approx
imately the same level are regarded as a single layer. The layer 
may be continuous or composed of detached elements. The term layer 
does not imply that a clear, horizontal space exists between layers, 
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nor that the clouds composing each layer are of the same type. 
Cumuliform type of clouds developing below other clouds often reach 
and penetrate the cloud layers above them. By horizontal extension 
swelling cumulus or cumulonimbus may form stratocumulus, altocumulus, 
or cirrus. When clouds are formed in this manner and attached to a 
parent cloud, these clouds are regarded as a separate layer only if 
their bases appear horizontal and at a different level from the parent 
cloud. Frequent observations and differences in the direction of cloud 
movement aid in the detection of upper layers above a lower layer. 

Amount and Type of Clouds in Each Layer 
Cloud amounts are evaluated in terms of fractional portions 

of the entire sky area above the apparent horizon that is covered by 
the cloud. The amount of sky covered by clouds in each particular 
layer aloft is determined without regard for the amount covered by the 
intervening lower layers. 

Cloud types in each layer are observed. If more than one cloud 
type is in evidence in a single layer the predominating or significant 
type is recorded. 

Total Sky Cover 
The total sky cover or the summation of the amounts in each 

layer is determined. In addition, the total amount of opaque sky 
cover, which is the proportion hidden by all clouds, is entered. 
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DATA PRESENTATION 

Cloud Types 
Fourteen cloud types are used to describe the sky cover. 

These are stratus, fractostratus, cumulus, fractocumulus, cumulo-
nimbus, cumulonimbus mammatus, stratocumulus, nimbostratus, alto-
stratus, altocumulus, altocumulus castellatus, cirrus, cirrostratus, 
and cirrocumulus. 

Cloud Cover 
At each observation, the total sky cover which is at and below 

the level of the highest visible layer is entered. If clouds are 
present at more than four levels, data for levels above the fourth 
layer are not entered. 

The sky cover observed at each level is entered to the nearest 
tenth of coverage. Since a series of frequent observations and/or 
pilot reports often indicate the existence of layers above a broken 
or overcast layer, amounts for each layer are not necessarily the 
amounts visible at the exact time of the observation. Furthermore, 
the sum of the number of tenths of the layers may exceed 10. However, 
the total sky cover cannot exceed 10/10. For example, layer 1 could 
report 0.4 stratocumulus coverage and layer 2 could report 0.9 alto
cumulus cover, but the total sky cover entry would be 10/10 (overcast). 
When lower layers hide more than 0.9 of the sky, unknown is entered 
in the amount column for layers above and the type entries are omitted. 
When two or more types occur at the same level, their combined amounts 
are entered as the layer amount. 
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Cloud Data Entries on IBM Punch Cards 
The United States Weather Bureau has developed an IBM card 

with a format designed to align itself with the WBAN-10 data sheet 
used for recording hourly surface observations. The card used for 
entry of hourly surface observations is named Card Type No, 1, Cloud 
data in written records are transferred to the Type No. 1 card. On 
this card the type, amount, and height of the clouds for each layer 
are entered according to Instructions in Circular N, In addition, 
the total amount of sky cover is entered. The punching instructions 
are given in the WBAN Manual of Card Punching.2 

Cards with cloud data were generally available for the period 
beginning in either January or July of 1948 and continuing to the 
present. During the 8-year period with card records available for 
this study the Weather Bureau made several changes In the cloud 
codes, the observing manuals, and the procedures used for recording 
cloud observations. Prior to June 1, 1951, cloud data were not 
entered on every hourly card. The procedure was to enter cloud in
formation on card Type No. 1 only every third hour (card) at the 
hours of 00, 03, 06, 09, 12, 15, 18, and 21 local standard time. 
Beginning with June 1, 1951 cards at each hour had complete cloud 
data entries. 

Two other changes in procedure were made which had an effect 
on the reporting of certain cloud types. The first of these was a 
revision on July 1, 1948 in the procedure used to record the cloud 
observations on climatological observation forms. This new pro
cedure called for the recording of cloud observations on WBAN Form 
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10B. The new method adopted on July 1, 1948 differed principally 
from prior procedures due to the use of a 4-layer recording system, 
as opposed to the low-middle-high classification of clouds which 
had been in use formerly. 

More changes in the cloud recording and data entry system 
on punch cards occurred with the revision of instructions in Circular 
S3 on January 1, 1949. The major change made at this time, which 
affects cloud climatological analyses, was the revisions in the 
definitions of cirrostratus, altostratus, and cirrus. This change 
was made to aid in differentiating cirrostratus from cirrus and alto-
stratus. 

AVAILABLE PUNCH CARD DATA, STATIONS AND YEARS OF RECORD 

Eight stations in and near Illinois had sufficient card data 
to be used in climatological analysis. Seven of the stations are 
U. S. Weather Bureau first-order stations and one is an Air Force 
Base. In general, card records with cloud data were available from 
approximately July 1, 1948 through December 31, 1955 at the eight 
stations. Due to operational changes during this period, two of 
the stations did not have complete records. As mentioned previously, 
all Type No. 1 cards prior to June 1, 1951 from the seven U. S. 
Weather Bureau first-order stations had cloud data entries only every 
third hour. However, all cards from Chanute Air Force Base during 
this period had cloud data. Beginning on June 1, 1951, most stations 
had complete cloud data entries on every hourly card. Stations used 
in the analysis, their years of record, their call leters, and 
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inconsistencies in their records are listed in Table 1. The call 
letters will be frequently used in figures and tables as abbre
viations. Station locations are shown in Figure 1. 

TABLE 1 
AVAILABLE CLOUD DATA ON IBM CARDS 

The three out-of-state stations used in this study were selected 
because of insufficient Illinois stations to adequately define the 
areal distribution of clouds in the state. These three stations are 
near Illinois and their cloud data are considered to be representative 
of conditions in nearby Illinois areas. Unfortunately, stations with 
cloud data were not available in or near the southern extremity of 
Illinois. 



FIG. 1 REFERENCE MAP 
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LIMITATIONS OF DATA 

DATA COLLECTION 

Obscuration 
The inability to accurately observe and measure the cloud 

types and amounts in layers above lower cloud layers obviously limits 
the use of the data. A broken to overcast low cloud layer may obscure 
middle and high clouds, while broken to overcast middle cloud layers 
will often obscure high clouds. Smoke and haze also contribute to 
obscuration of clouds. For this reason, the data on low cloud occur
rences are more accurate and representative than occurrence data on 
middle and high clouds. Middle and high clouds are underestimated, 
but can be used for relative comparison of distributions in time and 
space, since all stations are subject to the same observational 
limitations. 

Nocturnal Limits on Cloud Identification 
It is obvious that visual cloud observations from both the 

ground and air are limited at night by darkness. Even cloud amounts 
in the lower layers are more difficult to measure at night than dur
ing daylight. If more than one or two cloud layers exist, the cloud 
types and amounts in the upper layers will probably not be observed. 
Cirriform clouds are very difficult to detect at night even when they 
are the only cloud type present. This difficulty in detecting clouds 
at night is revealed by results of a study in Arizona4, which in
dicates the number of reports of cirriform clouds increases directly 
with the lunar altitude. 
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Observer Error in Distinguishing Cloud Types 
Cloud types have variable appearances at different times. 

The inability to distinguish between certain forms leads to subjec
tive error in the recording of types. Three pairs of clouds are 
considered to be the major sources of these errors. Cirrostratus and 
altostratus appearing separately or at the same time are often hard 
to differentiate, as are high-level stratocumulus and low-level alto
cumulus. High-level altocumulus and cirrocumulus are also difficult 
to differentiate. 

DATA PRESENTATION 

Entry of Only Predominant Cloud Type in Any Layer 
When more than one cloud type appears in a layer only the pre

dominating type is reported. This data presentation method automat
ically limits the analysis of the data. First, some clouds go un
reported. This problem is especially acute on days of cumulus and 
cumulonimbus, altostratus and altocumulus, and cirrus, cirrostratus, 
or cirrocumulus. Secondly, the predominant type is assigned the total 
amount of sky coverage of both types in the layer. For instance, 0.2 
altostratus and 0.4 altocumulus is reported as 0.6 altocumulus. 

This recording procedure makes it impossible to determine the 
true individual cloud frequencies. Only the frequency with which a 
cloud type is a predominating type in its layer can be determined. 
Consequently, grouping of clouds in the low, middle and high cat
egories was resorted to frequently in compiling representative statis
tics. 
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Three-Hourly Data Entries 
The entering of cloud data on only every third card for first-

order station data prior to June 1, 1951 hinders use of this data in 
conjunction with data entered on every card. This problem is especially 
acute in the reporting of cloud amounts, as amount of coverage varies 
considerably from hour-to-hour. 

METHOD OF DATA TREATMENT 

Cloud Types Selected for Analysis 
Although 14 types of clouds are entered on the type No. 1 card, 

nine types comprised approximately 95 percent of the total cloud ob
servations. These are cumulus, cumulonimbus, stratocumulus, nimbo-
stratus, altostratus, altocumulus, cirrus, cirrostratus, and cirro-
cumulus. The analysis was confined to these nine cloud types. The 
three high cloud types were grouped into a single classification, cirri-
form, for the purposes of this study. This grouping was a result of 
the change in the recording procedures in January 1949. Stratocumulus, 
altocumulus, and the cirriform group have a relatively large frequency 
of occurrence, each averaging over 2000 occurrences per year. Cumulus, 
cumulonimbus, nimbostratus, and altostratus have considerably fewer 
annual occurrences, but were selected because of their known relation
ships with precipitation. 

Analytical Treatment of the Data Limitations 
Data Collection Methods. All three limitations in the data 

collection (obscuration, night cloud observations, and human identifica
tion errors) have their greatest effect on the recording of middle 
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and high clouds. These limitations have very little effect on the 
reporting of low clouds. Obscuration obviously is not a problem 
in the reporting of the low clouds, and the problem of cloud detec
tion at night also does not appreciably affect the low clouds. The 
night detection of vertically-growing low clouds is even less of a 
problem, because these clouds do not predominate at night except for 
cumulonimbus during the thunderstorm season. However, when cumulo
nimbus do occur at night, associated lightning frequently helps to 
illuminate them. 

All three of the data collection limitations affect observa
tions of middle and high clouds. However, the inaccuracies in iden
tification of high cloud types have been eliminated by grouping the 
three types. In some analyses, the two middle cloud types (alto-
stratus and altocumulus) have also been grouped. 

There is no procedure for eliminating or solving the problems 
inherent in the data collection methods. However, the middle and 
high cloud data can be used for areal distribution comparisons, since 
all stations are subject to the same observational limitations. The 
observations provide a measure of the relative magnitude of events 
over the state. 

Data Presentation Methods, The problem created by the record
ing of only the predominant cloud type in a single layer, when two 
or more types are present, is difficult to evaluate. No suitable 
technique is available for estimating true occurrence values from the 
existing card data. However, the cloud types expected to be trouble
some can be pre-determined from knowledge of their occurrence patterns. 
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In the low cloud category, cumulus, cumulonimbus, and 
stratocumulus can occasionally be expected to occur simultaneously 
in the same layer. Therefore, some analysis was done by grouping 
these types and treating the group as a single cloud category. 
Cumulonimbus is the most important rain-producing cloud type in 
Illinois, and when present with cumulus or stratocumulus is usually 
more significant and predominant because of size. Therefore, the 
reporting of cumulonimbus occurrences may be assumed to be more 
accurate than those for cumulus. 

Because of conditions associated with the presence of strato
cumulus, the number of occurrences of stratocumulus is not believed 
to be seriously affected by the recording of only the predominating 
type in a layer. Nimbostratus is usually associated with alto-
stratus, but the altostratus is often above the nimbostratus in 
another layer. Consequently, the predominant problem is not serious. 

The major difficulty from recording only predominating cloud 
types is in the recording of altocumulus and altostratus. Alto
cumulus and altostratus are often present at the same time, but not 
always in the same layer. However, altocumulus often develops from 
dissolving altostratus, thereby creating both types in the same layer. 
The two cloud types have been combined, where appropriate, to min
imize this error. Since the high cloud types have been grouped into 
a single classification, there is no effect from this limitation. 

As mentioned previously, satisfactory card data were avail
able for every third hour at the first-order stations from January 1, 
1949 through May 31, 1951. For frequency determinations, this 
limitation was overcome by multiplying the number of occurrences 



16 

by three during each 29-month period. However, this method was not 
considered satisfactory for analyses of cloud amounts, so only the 
June 1951 - December 1955 data were used for this purpose. 

As indicated in Table 1, Peoria and Terre Haute had record 
periods after 1951 with less than 24 observations (cards) per day. 
Their frequency data after 1951 were also adjusted by use of mul
tiples. These multiples were determined using the Springfield card 
data. The cards (hours) which were not available at Peoria and Terre 
Haute were removed from the complete Springfield card deck according 
to the particular months involved. This deleted data count for each 
cloud type was then compared to the total 24-hour count to obtain the 
corrective multiple. The multiples determined and used for each cloud 
type and each period are listed in Table 2. 

TABLE 2 
MULTIPLES USED TO ESTIMATE TOTAL CLOUD 
OCCURRENCES AT PEORIA AND TERRE HAUTE 
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FREQUENCIES OF CLOUD TYPES 

ANNUAL CLOUD FREQUENCIES 

Low Clouds 
Considerable areal variation was exhibited in the annual fre

quencies of the four types of low clouds. The average number of 
occurrences per year of these low clouds, expressed as a percentage 
of the total possible observations, is shown in Figure 2. The cumulus 
occurrences increase from a low in northern Illinois to a high in the 
southeastern part of the state, while the cumulonimbus frequency in
creases from a low in the northeast to a high in the western region 
of the state. The stratocumulus distribution is the reverse of the 
cumulus and cumulonimbus patterns, the low occurring in the western 
portion and the high in the northeast part of the state. Nimbo-
stratus have maximum annual occurrences in west-central Illinois. 

The average annual frequency of low clouds for each station 
is shown in Table 3. Maximum and minimum annual values are given in 
Tables 4. and 5. 

Middle Clouds 
The areal variations in the annual frequency of altocumulus 

and altostratus combined are revealed in Figure 3a. Because of the 
limitations in observations of middle and high clouds described 
previously, the annual frequencies were grouped. The results as 
presented cartographically in Figure 3a, indicate that the maximum 
number of occurrences of middle clouds is in west-central Illinois. 
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The average annual frequencies of altocumulus have a magnitude 
similar to stratocumulus. Average, maximum, and minimum annual occur
rences of altostratus and altocumulus at each station are shown in 
Tables 3, 4, and 5. 

High Clouds 
The areal variability of the eirriform clouds is revealed in 

Figure 3b. From an area of low frequency in the northwest, a rapid 
increase to the southeast occurs with the maximum occurring in the 
central part of the state. Average, maximum, and minimum annual 
occurrences of the cirriform clouds at all stations are shown in 
Tables 3, 4, and 5. 



FIG.2 AVERAGE ANNUAL OCCURRENCES OF LOW CUOUD TYPES 
EXPRESSED AS PERCENT OF TOTAL POSSIBLE OBSERVATIONS 



FIG. 3 AVERAGE ANNUAL OCCURRENCES OF MIDDLE AND HIGH CLOUD TYPES 
EXPRESSED AS PERCENT OF TOTAL POSSIBLE OBSERVATIONS 



TABLE 3 

AVERAGE MONTHLY AND ANNUAL NUMBER OF HOURLY CLOUD OCCURRENCES, 1949-1955 

CUMULUS 

CUMULONIMBUS 



TABLE 3 ( C o n t ' d ) 

AVERAGE MONTHLY AND ANNUAL NUMBER OF HOURLY CLOUD OCCURRENCES, 1949-1955 

STRATOCUMULUS 

NIMBOSTRATUS 



TABLE 3 (Cont'd) 
AVERAGE MONTHLY AND ANNUAL NUMBER OF HOURLY CLOUD- OCCURRENCES, 1949-1955 

ALTOCUMULUS 

ALTOSTRATUS 

CIRRIFORM 
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TABLE 4. 

MONTHLY AND ANNUAL MAXIMA OF HOURLY CLOUD 
OCCURRENCES, 1 9 4 9 - 1 9 5 5 

CUMULUS 

CUMULONIMBUS 

STRATOCUMULUS 

NIMBOSTRATUS 
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TABLE 4. ( C o n t ' d ) 

MONTHLY AND ANNUAL MAXIMA OF HOURLY CLOUD 

OCCURRENCES, 1949-1955 

ALTOCUMULUS 

ALTOSTRATUS 

CIRRIPORM 
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TABLE 5 

MONTHLY AND ANNUAL MINIMA OF HOURLY CLOUD 

OCCURRENCES, 1 9 4 9 - 1 9 5 5 

CUMULUS 

CUMULONIMBUS 

STRATOCUMULUS 

NIMBOSTRATUS 
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TABLE 5 ( C o n t ' d ) 

MONTHLY AND ANNUAL MINIMA OF HOURLY CLOUD 

OCCURRENCES, 1949-1955 

ALTOCUMULUS 

ALTOSTRATUS 

CIRRI FORM 
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MONTHLY AND SEASONAL VARIATIONS IN CLOUD FREQUENCIES 

As expected, cumulus and cumulonimbus have a maximum number 
of occurrences during the warmer months. June and July peaks are 
observed throughout Illinois., Among the middle clouds, altocumulus 
has maximum occurrences in the summer. Also, the most frequent 
occurrences of cirrus, cirrostratus, and cirrocumulus are recorded 
during the warmer half-year, the peak being reached in June. 

Two types of low clouds, stratocumulus and nimbostratus, have 
their maximum frequencies in the colder half-year, October through 
March. Stratocumulus exhibits two maxima separated by three months. 
The first and principal maximum occurs in November or January and 
the second in March. The nimbostratus maximum is in March. Alto-
stratus occurs most frequently in January. 

Of the low cloud group, stratocumulus and nimbostratus have 
a minimum number of occurrences in the warmer half-year. The strato
cumulus minimum occurs in either July or August, while September is 
the month of fewest occurrences of nimbostratus. Altostratus also 
reaches a minimum in the July-September period. 

Cumulus and cumulonimbus, low clouds which exhibit strong 
vertical growths, occur least in the winter months, December through 
February. The altocumulus and high cloud minima also occur in 
winter. 

A comparison of the average monthly frequency of various 
cloud types was made for eight stations. Frequencies were expressed 
in percent of possible occurrences. Results are summarized in 
Figures 4 to 10 and Table 3, which shows the average monthly sequence 



FIG. 4 AVERAGE HOURLY OCCURRENCES 
OF CUMULUS 

FIG. 5 AVERAGE HOURLY OCCURRENCES 
OF CUMULONIMBUS 

FIG. 6 AVERAGE HOURLY OCCURRENCES 
OF STRATOCUMULUS 



FIG. 7 AVERAGE HOURLY OCCURRENCES 
OF NIMBOSTRATUS 

FIG. 8 AVERAGE HOURLY OCCURRENCES 
OF ALTOCUMULUS 

FIG. 9 AVERAGE HOURLY OCCURRENCES 
OF ALTOSTRATUS FIG. 10 AVERAGE HOURLY OCCURRENCES OF 

CIRRUS, CIRROSTRATUS, AND CIRROCUMULUS 
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of frequencies at the several stations for the various cloud types. 
In Figures 4 to 10, 28 curves have been drawn for the Springfield 
data to represent the general monthly cloud distributions. Other 
stations are represented by points only. Monthly maximum values 
at each station are shown in Table 4 and monthly minimum values are 
listed in Table 5. 

Low Clouds 
Cumulus. All station distributions (Fig. 4) show extremely 

close association, indicating a minimum frequency in December and 
January and a maximum in July. Only Chicago tends to have appre
ciably lower percentages, but these occur only from April through 
July. 

Cumulonimbus. The distributions for cumulonimbus (Fig. 5) 

are similar with a minimum occurring In the December-February period. 
The occurrence maximum is July for all stations except Moline and 
Peoria, which reach their maximum in June. Chicago has the lowest 
number of occurrences in all months. All other stations have monthly 
averages which are not significantly different. 

Stratocumulus. The monthly values (Fig. 6) are highest in 
the period from November through April, and lowest from June through 
August. Two distinct cold season maxima are observed with the higher 
of the two in the November-January period. In this period, the 
northernmost stations peak in November and the more southerly stations 
peak In January. The second maximum Is reached in March at all 
stations. The principal maximum appears in central and southern 
Illinois about two months later than in northern Illinois. 
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The occurrence of the minimum also varies regionally. The 
minimum in the northern area occurs in July, while the three 
southernmost stations have their minima in August. In all months 
except May and June, Chicago has the highest number of occurrences, 
while Moline has the lowest in all months except August and October. 

Nimbostratus. Although appreciable variation in number of 
occurrences exists, nimbostratus shows similar trends at all stations, 
with a maximum in late winter and early spring and a low in late 
summer (Fig. 7). In all months except June and October, Rantoul has 
a significantly lower number of occurrences than the other stations. 

Middle Clouds 
Altocumulus. The values for all stations are similar, but 

considerable monthly variation in the magnitude of station occurrences 
is present (Fig. 8). The months of maximum occurrence are July and 
August. Minimums occur in the December-February period. 

Altostratus. The distribution of altostratus (Fig. 9) shows 
trends which are almost a converse of those indicated by the alto
cumulus curves. At most stations, the altostratus principal maximum 
is reached in January with March having a secondary maximum. However, 
the highest monthly average occurs in June at Rantoul. For each 
month, the eight stations exhibit a wide range in their average fre
quency. Peoria and Springfield have fewer occurrences than the 
other stations. 

High Clouds 
The monthly occurrences (Fig. 10) at all stations are similar 

for cirriform clouds, but the magnitude of occurrences varies 
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considerably during some months. The month of maximum activity is 
June. A small secondary winter maximum occurs in January at the 
northern Illinois stations and in December at the southernmost 
stations. 

DIURNAL VARIATION OF CLOUDS 

The diurnal variations of low, middle, and high clouds are 
illustrated in Table 6 and Figures 11 to 14. As would be expected, 
cumulus (Fig. 11) show a tendency to Increase rapidly during the 
later forenoon, reaching a maximum frequency during early to mid-
afternoon, and then decreasing rapidly In the late afternoon and 
early evening. A lag of several hours exists between the cumulus 
and cumulonimbus peaks. The cumulonimbus (Fig. 11) reach a frequency 
peak In the late afternoon or early evening, and show a secondary 
peak during the middle of the night in the thunderstorm season from 
late spring to early fall. The secondary peak is probably associated 
with the nocturnal thunderstorms which penetrate western Illinois. 
The diurnal variation of stratoeumulus varies with the season. Re
ferring to Figure 12, it is seen that the January maximum is reached 
around raid-day and the minimum at nighto During July, there are 
double peaks occurring during the early forenoon and late afternoon, 
with a minimum frequency during mid-afternoon at the time of maximum 
cumulus development. 

Figure 13 indicates that the diurnal pattern of middle clouds 
also varies with the season. This figure shows that altocumulus has 
January maxima during mid-forenoon and late afternoon, while during 
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July the maxima tend to occur during the early forenoon and late 
afternoon. The cirriform clouds (Fig. 14) show a maximum in the 
afternoon and a minimum during the night. Unfortunately, the pro
nounced night minimum with the cirriform or high clouds is partly 
due to observational difficulties which have been discussed pre
viously. This observational difficulty is present to a lesser ex
tent in night observations of middle clouds. Consequently, the 
middle and high cloud distributions represent only relative magni
tudes. 



FIG. 11 DIURNAL PATTERN OF CUMULUS FIG. 12 DIURNAL PATTERN OF STRATO-
AND CUMULONIMBUS AT SPRINGFIELD, CUMULUS AT SPRINGFIELD, JANUARY 
JULY AND JULY 

FIG. 13 DIURNAL PATTERN OF ALTO- FIG. 14 DIURNAL PATTERN OF CIRRIFORM 
CUMULUS AT SPRINGFIELD, JANUARY CLOUDS AT SPRINGFIELD, JANUARY AND 
AND JULY JULY 



41 

TABLE 6 

DIURNAL DISTRIBUTION OF 

CLOUDS AT SPRINGFIELD, 1949-1954 
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TABLE 6 (Cont'd) 
DIURNAL DISTRIBUTION OF 

CLOUDS AT SPRINGFIELD, 1949-1954 
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ANNUAL AND MONTHLY VARIATIONS IN CLOUD AMOUNTS 

Six of the eight stations had satisfactory data on cloud 
amounts, but only 55 months of data were available at each station 
except Rantoul which had 84. months (1949-1955) of data. The cloud 
amount analyses were restricted to monthly and annual averages 
(Table 7) because of the limited periods of data. Cloud amounts are 
expressed in tenths of sky cover in each layer at the hourly observa
tion time. Annual and monthly amounts then represent the summation 
of the hourly sky covers for the entire period, expressed in tenths. 

Since Rantoul was the only station with data for the entire 
1949-1955 period, monthly and annual averages were prepared for this 
7-year period, in addition to the averages for the June 195l-December 
1955 period. The June 1951-December 1955 Rantoul averages were used 
in Table 7 in order that they would be comparable to those of the 
five first-order stations which are based on this period. Except 
for nimbostratus which contributes only a very small percentage of 
the total clouds, the 1949-1955 Rantoul averages were in reasonable 
agreement with the shorter period averages considering the relatively 
short sampling periods involved. The annual short-period averages 
differed from the annual 1949-1955 period averages by the following 
percentages: 

Cumulus + 2 
Cumulonimbus +14 
Stratocumulus - 4 
Nimbostratus +24 

Altocumulus - 7 
Altostratus -13 
Cirriform + 7 
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TABLE 7 

AVERAGE MONTHLY AND ANNUAL NUMBER OF TENTHS COVERAGE 

CUMULUS 

CUMULONIMBUS 

STRATOCUMULUS 

NIMBOSTRATUS 
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TABLE 7 (Cont'd) 

AVERAGE MONTHLY AND ANNUAL NUMBER OF TENTHS COVERAGE 

ALTOCUMULUS 

ALTOSTRATUS 

CIRRIFORM 
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LOW CLOUDS 
Evansville had the highest annual average number of tenths 

of cumulus, 3722, and also the highest monthly averages in each 
month except March and April when Rantoul and Moline ranked first. 
Chicago had the lowest average with 1812 tenths per year, and also 
had the lowest monthly averages in nine months. 

Moline had the highest annual average of cumulonimbus with 
1229 tenths. The monthly patterns show a latitudinal distribution. 
Evansville was highest in December and January while Springfield was 
highest from February through April and In September. Moline led in 
the remaining months. Chicago had the lowest annual and monthly 
averages. 

Chicago had the highest annual average of stratocumulus and 
monthly averages are highest in all months except June. St. Louis 
with 11,618 tenths per year had the lowest average. The lowest 
monthly averages are centered in the west-northwest in winter and 
in the south-southeast in summer. 

The annual average of nimbostratus reached a maximum at 
Moline, while Rantoul had the lowest annual average. The predomin
ating monthly high and low average values showed considerable station-
to-station variation. 

MIDDLE CLOUDS 
The highest average annual number of tenths of altocumulus, 

15,012, occurred at Evansville. St. Louis with an average of 8850 
per year had the lowest average. Evansville also had the highest 
monthly averages in all months except July, September, and October 
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when the Rantoul averages were highest. St. Louis had the lowest 
averages in nine months. 

The altostratus maximum average was 4432 tenths per year at 
Rantoul. Rantoul monthly averages were highest in seven months, 
principally those in the warmer half-year, while Moline had the 
highest values in the, other five months. Springfield had the lowest 
annual average, 1013, and also had the lowest monthly values in all 
months. 

HIGH CLOUDS 
Rantoul had the highest annual average of cirriform clouds 

with a value of 20,757 tenths. Evansville and Rantoul had the 
highest average monthly values, each with 6 months. Moline with 
8237 tenths per year had the lowest annual average and also had the 
lowest monthly averages in all months except November. 



48 

COMPARISON OF MONTHLY CLOUD AMOUNTS AND FREQUENCIES 

To examine the relationship between the number of monthly 
occurrences and the monthly amount of sky cover for each cloud type, 
monthly data from two stations were compared graphically. Chicago 
and St. Louis were selected to obtain data which should reveal any 
areal differentiations in the relationships. It is logical to assume 
that frequency of occurrence should have a close relationship with 
the total amount of clouds. 

LOW CLOUDS 
In Figure 15, curves for cumulus frequency and amount at Chicago 

and St. Louis are presented. At both stations there is an excellent 
agreement between the curves, with amounts and number of occurrences 
both reaching a maximum in July. Comparison curves for cumulonimbus 
are shown in Figure 16, and, in general, the curves are closely asso
ciated. However, at Chicago the amount maximum occurs in June while 
the occurrence maximum is recorded in July. 

The curves of stratocumulus from both stations (Fig. 17) also 
exhibit a close association. At St. Louis, the December-January 
maximum holds for both occurrences and amounts. However, at Chicago 
the occurrence maximum is in November while the coverage maximum 
occurs in January. 

The nimbostratus curves for both stations are shown in Figure 
18. The Chicago curves show a close association except in December. 
The nimbostratus curves for St. Louis do not show the close association 
between cloud frequencies and amounts that was obtained for Chicago. 



FIG. 15 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF CUMULUS, 1949-1955 



FIG.16 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF CUMULONIMBUS, 1949-1955 



FIG.17 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF STRATOCUMULUS, 1949-1955 



FIG. 18 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF NIMBOSTRATUS, 1949 -1955 
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MIDDLE CLOUDS 
Except for minor variations, the altostratus frequency and 

amount curves at both Chicago and St, Louis are much the same (Fig, 
19). At St. Louis, a January maximum occurs with both frequency 
and total amounts, while September is the month for minimum number 
of occurrences and cloud amounts. At Chicago, the altostratus 
coverage has its maximum in April, and the occurrence maximum is in 
January. Other minor curve trend differences occur throughout the 
year in Chicago. The coverage minimum occurs in August while the 
occurrence minimum is in October. 

The altocumulus graphs are presented in Figure 20, The fre
quency and amount curves at Chicago have a fairly close association 
except for trend differences in March and December. Both have their 
peak in July and their minimum in January. The altocumulus fre
quency and amount data for St. Louis are in poor agreement. The 
minimum for occurrences is January which agrees with Chicago while 
the amount minimum occurs in November, At St, Louis the maximum 
for both conditions is reached in August. 

HIGH CLOUDS 

The cirriform clouds have their frequency and amount maxima 
in June at both stations as shown in Figure 21. In general, the 
trends of the curves at both stations are similar with a few minor 
differences in the colder half-year. At St. Louis the amount of 
sky cover is lowest in October but is lowest in March at Chicago, 
The frequency minimum is in February at Chicago and in January at 
St, Louis, 
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RELATION BETWEEN FREQUENCIES AND AMOUNTS 

The relationship between cloud frequency and total amount 
of sky cover for cumulus, cumulonimbus, stratocumulus, altostratus, 
and cirriform clouds is excellent. However, the occurrence and 
coverage curves for nimbostratus and altocumulus at St. Louis show 
poor agreements 

Table 8 shows the average annual sky cover in tenths per 
hourly observation for the seven major cloud types at Chicago, Moline, 
Springfield, and St. Louis. 

TABLE 8 
AVERAGE NUMBER OF TENTHS COVERAGE PER HOURLY OCCURRENCE 



FIG. 19 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF ALTOSTRATUS, 1949-1955 



FIG.20 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF ALTOCUMULUS, 1949-1955 



FIG.21 COMPARISON OF AVERAGE MONTHLY OCCURRENCES AND AVERAGE TENTHS 
COVERAGE OF CIRRIFORM CLOUDS, 1949-1955 
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CORRELATIONS BETWEEN CLOUDS AND PRECIPITATION 

As part of the Illinois cloud study, statistical correlations 
were determined between cloud and precipitation occurrences to ob
tain a measure of the dependence of precipitation upon the type, 
amount, and frequency of clouds. Considering the various meteorolog
ical factors involved in the precipitation process in the atmosphere 
and the observational limitations discussed in previous sections, 
consistently high correlations are not to be expected between clouds 
and precipitation. However, low clouds, especially cumulonimbus, 
might be expected to indicate a rather close association with the 
frequency and amount of precipitation 

SEASONAL CORRELATIONS BETWEEN CLOUD AND PRECIPITATION AMOUNTS 

Correlation coefficients were obtained between the monthly 
amount of precipitation and monthly cloud amounts. As a first step, 
detailed calculations of correlation coefficients were made for 
Springfield for the period 195l-55. Results of this analysis are 
shown in Table 9. Correlations of cloud amounts were made with both 
the monthly amount of precipitation observed at the Springfield 
weather station and with the areal mean precipitation, obtained from 
an 8-station average over a 30-mile radius about Springfield. The 
months were grouped into three seasons for purposes of analysis. 
The warm season is represented by May through September, the cold 
season by December through February, and the transitional seasons 
by October-November and March-April. Correlations between clouds 
and precipitation were obtained for the major cloud types and 
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combinations of cloud types as shown in Table 9. Reference to this 
table shows that, in general, the low clouds correlated best in all 
seasons, with cumulonimbus having the highest correlations among the 
low groups. Higher correlations were obtained for the warm season 
than for the other two periods. Correlations between the middle 
and high clouds were generally erratic. Although slightly higher 
correlation coefficients were obtained with areal precipitation in 
the warm season, the areal correlations, in general, showed no 
significant improvement over the point correlations. 

TABLE 9 
SEASONAL CORRELATION COEFFICIENTS BETWEEN CLOUD 
AMOUNTS AND MONTHLY PRECIPITATION AT SPRINGFIELD 

Correlation Coefficients for Point and Areal Mean Precipitation 

* 8-station average of monthly precipitation over 30-mile radius 
about Springfield. 
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Table 10 illustrates another method used to indicate the 
direct relationship between cloud and precipitation amounts. In 
this table, monthly cloud amounts of cumulonimbus and combined low 
clouds (CuCbSc) at Springfield during the 1951-55 warm season 
periods have been ranked from high to low values. The precipita
tion for each month was then expressed in percent of monthly normal 
and paired with the cloud amount for the corresponding month. Ref
erence to the ranked data of Table 10 shows no consistent decrease 
in the rainfall percentage values with decreasing cloud amounts. 
However, indication of a slight general trend Is present, especially 
with the cumulonimbus. The average percent of normal for the first 
10 ranks of cumulonimbus is 94 compared to 59 for the last 10 positions. 
With the combined low clouds, averages of 83 and 78, respectively, 
were obtained for similar combinations of ranks, A correlation co
efficient of 0.57 was obtained between cumulonimbus and percent of 
normal rainfall, compared to 0,31 for combined low clouds. 

Since low clouds gave the best correlations and observations 
of low clouds are most reliable, as pointed out in the section on 
data limitations, further tests of the low cloud data were made for 
Chicago, Moline, and St, Louis during the May-September period. 
Comparison of the results between the various stations appears in 
Table 11, The cumulus and cumulonimbus correlations remain reason
ably stable among the four stations during the warm season. Except 
for Chicago, the correlations of stratocumulus and total low clouds 
are of a comparable magnitude among the stations. 
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TABLE 10 
COMPARISON BETWEEN MONTHLY CLOUD AMOUNTS 
AND NORMALITY OF MONTHLY RAINFALL AT 
SPRINGFIELD, MAY - SEPTEMBER, 1951-1955 

CORRELATIONS BETWEEN DAILY CLOUD AND PRECIPITATION AMOUNTS 

An analysis was performed to determine whether the correlation 
between clouds and precipitation would improve if such correlations 
were accomplished on a daily rather than on a monthly basis. Table 
12 shows correlation coefficients between daily precipitation and the 
major cloud types at Springfield and Chicago during 1951-55. In 
general, the daily correlations were extremely low except for 



TABLE 11 

SEASONAL CORRELATION COEFFICIENTS BETWEEN LOW CLOUD AMOUNTS 

AND MONTHLY PRECIPITATION AT FOUR STATIONS 



TABLE 12 

CORRELATION COEFFICIENTS BETWEEN DAILY 
CLOUD AMOUNTS AND DAILY PRECIPITATION 

STATION Correlation Coefficients for Given Cloud Type 

High Clouds (Ci Cs Cc) 

Altocumulus 

Altostratus 

Stratocumulus 

Cumulus 

Cumulonimbus 
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cumulonimbus. The daily cumulonimbus correlations were of the same 
order of magnitude as the monthly correlations for the warm season 
shown in Table 11. For comparison purposes, cumulonimbus correlations 
on an areal basis at Springfield are shown at the bottom of Table 12. 
In general, the areal correlations were lower than the point corre
lations. 

While high correlations between daily precipitation and in
dividual cloud types were not generally obtained, a trend for the 
quantity of low clouds to increase with increasing precipitation 
amounts was observed. This trend is illustrated in Table 13 where 
low clouds (Cu, Cb, Sc, St, Ns) have been combined for comparison 
with daily precipitation on a seasonal and annual basis for four 
stations. In this table, daily precipitation values exceeding 0.25 
inch have been grouped into two classes and compared with median 
values of low cloudiness, expressed as a percent of normal daily 
cloudiness calculated for the 1951-55 period. In general, the median 
value of low cloudiness during days of moderate to heavy precipitation 
(over 0.25 inch) is considerably above the normal median and in
creases with increasing precipitation. Considering the four stations 
combined, for example, the median cloudiness ranges from 160 percent 
of normal in winter to 225 percent in fall for daily amounts from 
0.26 to one inch. For daily precipitation exceeding one inch, the 
median values generally increase, ranging from 193 percent in winter 
to 215 percent in fall, with an annual average of 201 percent com
pared to 172 percent for the lower precipitation classification. 



TABLE 13 

MEDIAN LOW CLOUDINESS, EXPRESSED AS PERCENT OF 
NORMAL, FOR VARIOUS VALUES OF DAILY PRECIPITATION 

Daily Precipitation of 0.26" - 1.00" 

Daily Precipitation over l.00" 
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Table 14 shows the frequency distribution of low clouds on 
days with precipitation exceeding 0.25 inch. In this table, data 
for the four stations have been combined to provide average statis
tics for the state. Columns 2 and 3 show the average daily cloudi
ness, expressed in terms of percent of normal, which is equaled or 
exceeded for the cumulative percent of precipitation days given in 
column 1. For example, on 10 percent of the days with precipitation 
between 0.26 and one inch, the average daily cloudiness equals or 
exceeds 322 percent of normal; on 50 percent of the days it equals 
or exceeds 172 percent; and, in 80 percent of the cases the average 
daily cloudiness equals or exceeds 104 percent of the normal daily 
cloudiness. 

TABLE 14 
DISTRIBUTION OF LOW CLOUDS ON DAYS WITH 

PRECIPITATION EXCEEDING 0.25 INCH DURING 1951-55 
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CORRELATIONS BETWEEN FREQUENCY OF CLOUDS AND PRECIPITATION 

Next, analysis was performed to ascertain the degree of 
correlation between the monthly frequencies of days with measurable 
precipitation and the monthly frequency of hours with clouds. Re
sults of this analysis are illustrated in Table 15, and in Figures 
22 to 25. Table 15 shows correlation coefficients between the major 
cloud types and frequency of measurable precipitation from 1949 
through 1955 at Springfield. For this study, clouds were classified 
into three groups, low, middle, and high. Since the predominant 
type of cloud associated with precipitation varies during different 
periods of the year, combined cloud frequencies were considered the 
best for correlation. For example, cumulonimbus is the major cloud 
type associated with the summer, shower-type rainfall, while strato-
cumulus and altostratus are the most frequent clouds observed with 
the more stable winter precipitation in Illinois. 

TABLE 15 
CORRELATION BETWEEN CLOUD AND 

PRECIPITATION FREQUENCIES AT SPRINGFIELD 
Correlation Coefficients for Given Cloud Groups 
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Table 15 shows low clouds again correlating better with pre
cipitation than the high and middle cloud groups. However, there 
was a wide variation in the degree of correlation from year to year, 
values for the low clouds ranging from 0.19 to 0.93, or from rela
tively low to relatively high significance from a statistical stand
point. The relationship between the low cloud types and precipitation 
frequency are further illustrated in the scattergrams of Figures 22 
to 25. From these scattergrams, it is apparent that cumulonimbus 
again provided the best correlation. 

RELATION BETWEEN CIRRUS, CUMULONIMBUS AND PRECIPITATION 

Since cumulonimbus correlated best with both precipitation 
amount and frequency, further study of this cloud's relation to pre
cipitation was undertaken, Braham4 and others have indicated that 
rainshower and thundershower development may be implemented by the 
presence of cirriform clouds, which act as seeding agents for lower 
cumuliform clouds. To investigate the cirriform seeding effect, con
ditions prior to the development of cumulonimbus were studied on a 
daily basis during the 1951-55 period at Chicago, Springfield, Moline, 
and St. Louis. Two conditions associated with the development of 
cumulonimbus were investigated. These are; 

1. CuCb conditions - Continuous hourly observations of 
cumulus were made from 1200 CST until the first 
cumulonimbus was reported, with no cirriform clouds 
reported at any hour during the day prior to the 
development of cumulonimbus. 
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2. CiCb conditions - Continuous hourly observations of 
cirriform clouds were made from 1100 CST until cumulo
nimbus were first reported, either with or without 
cumulus in prior hours. 

The rainfall associated with the cumulonimbus under each of 
the two conditions described above was determined at each station. 

The average rainfall per storm under each of the two groups 
was then determined. Results of this analysis are presented in 
Table 16, and show that the average rainfall was greater when cirrus 
was present prior to cumulonimbus development. 

TABLE 16 
CUMULONMBUS RELATIONSHIPS TO DAILY PRECIPITATION 

Daily Prior Condition 



FIG.22 JAN.-DEC. FREQUENCY COMPARISONS BETWEEN 
POINT PRECIPITATION AND CuCbSc AT SPRINGFIELD 

FIG.23 MAY-SEPT FREQUENCY COMPARISONS BETWEEN 
POINT PRECIPITATION AND CuCb AT SPRINGFIELD 

FIG.24 MAY-SEPT FREQUENCY COMPARISONS BETWEEN 
POINT PRECIPITATION AND Cb AT SPRINGFIELD 

FIG.25 MAY-SEPT FREQUENCY COMPARISONS BETWEEN 
AREAL MEAN PRECPITATION AND Cb AT SPRINGFIELD 
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DRY PERIOD CLOUDINESS 

An analysis was made of the cloudiness during dry periods 
of five days or longer. A dry day was defined as one having no 
measurable precipitation. To assure that no precipitation-period 
cloudiness was included in the dry period analysis, cloud data for 
the dry day following the last wet day and for the dry day pre
ceding the first wet day following a dry period were eliminated 
from the analysis. Thus, a 5-day dry period was actually part of 
a 7-day period having no measurable precipitation, and a 10-day 
dry period actually extended over a 12-day period. 

A study was made of the distribution of individual low and 
middle clouds and of grouped low, middle, and high cloud types. 
The analysis was accomplished for four stations on a seasonal basis, 
as shown in Table 17. In Table 17, the median values of the dry 
period cloudiness, expressed in terms of the percent of normal 
cloudiness for the given period, are presented for dry periods of 
five days or longer. 

As pointed out in previous sections, observations of low 
clouds are considerably more accurate than those of middle and high 
clouds. Reference to the low cloud data in Table 17 indicates that 
the fewest clouds occur in spring dry periods, and that normality 
is most nearly approached during winter dry periods. The statistics 
in Table 17 may be useful in evaluating the feasibility of cloud 
seeding during dry periods. Since low clouds are the primary dis-
pensors of precipitation, conditions favorable for inducing pre
cipitation by artificial means during dry periods appear to occur 



TABLE 17 
MEDIAN PERCENT OF AVERAGE CLOUDINESS FOR 

DRY PERIODS OF FIVE DAYS OR LONGER 

WINTER 

SPRING 

SUMMER 

FALL 
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most frequently in winter in the Illinois area. 
The middle and high cloud statistics are, of course, affected 

appreciably by low cloud occurrences. The above normal values of 
high clouds during dry periods (Table 17) undoubtedly are related 
to the paucity of low clouds during such periods, which permits the 
observer to view upper layers more readily than in cloudy, wet weather. 
Middle clouds are more readily observed in dry periods also, and the 
statistics in Table 17 are probably affected somewhat by this con
dition. However, the middle and high cloud data are useful for 
relative comparisons among stations and between seasons. 

Table 18 shows the cumulative frequency distribution of low 
clouds during dry periods of five days or longer. In this table, 
data for the four stations have been combined to obtain an average 
relation for the state. The values in the season columns represent 
average daily cloudiness during the dry periods, expressed in per
cent of normal for the 1951-55 period, and are maximum values for 
the cumulative percent of dry periods shown in Table l8. For example, 
during five percent of the winter dry periods, the average daily 
cloudiness is equal to or less than six percent of the normal 
cloudinesss; in 50 percent of the dry periods, the daily average does 
not exceed 66 percent of normal; and, during 80 percent of the winter 
dry periods, the average daily cloudiness is equal to or less than 
96 percent of normal. The cumulative distributions of Table 18 
indicate that low clouds are most uncommon during spring dry periods 
and most frequent in winter, with intermediate frequencies occurring 
in fall and summer. 
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TABLE 18 

DISTRIBUTION OF LOW CLOUDS IN DRY PERIODS OF FIVE 
DAYS OR LONGER, 1 9 5 1 - 1 9 5 5 , COMBINING POUR STATIONS 
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