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TEE DISTRIBUTION OF CLOUDS AT TUCSON, ARIZONA 

WITH RESPECT TO TYPE, AMOUNT, AND TIME OF OBSERVATION 

ABSTRACT 

More than 25,000 Weather Bureau cloud observations for Tucson, Arizona, 
for the nine-year period from 1 July 1945 to 1 July 1954, were statistically 
analyzed. It was :immediately obvious from this analysis that the cloud data 
for this period were not homogeneous. A study of the heterogeneities in the 
data indicated that they were probably caused by two changes which had been 
made in the Weather Bureau cloud observing procedures. These changes were: 

(1) In 1949 the descriptive material for cirrostratus clouds was 
changed when the revised version of the Mlnual of Cloud Forms and Codes for 
States of the Sky was published. !!his change is believed to have caused a 
large increase in the annua.L number of observations of cirrostratus clouds 
and a correspondingly large decrease in the annual number of observations 
of cirrus clouds. 

(2) On July 1, 1948 a new procedure for recording cloud observations 
on WBAN Fom lOB was adopted. This new recording procedure resulted in 
cloud observations which were not as detailed as were the observations made 
before July 1, 1948. The change from the old "cloud family" recording 
procedure to the new "cloud layer" recording procedure resulted in a de
creased number of recorded observations of cumulonimbus and altostratus 
clouds. 

The frequencies of occurrence were computed for eight types of clouds 
(stratocumulus,, cumulus humilis, cumulus congestus, cumulonimbus, alto
stratus, altocumulus, c·irrus and cirrostratus) and the annual and diurnal 
variations of these frequencies were determined. The average monthly tenths 
of cloud cover were also computed and the annual and diurnal variations of 
the amounts of cloud cover were determined. A comparison of the annual 
variations of these parameters showed that they were essent:ia.lly the same 
for six of the cloud types but were notably different for the cumulus 
humilis and cumulus congestus cloud types. 

The annual variations of the frequencies of occUITence of the most 
common cloud types were also compared to the annual variations of three 
synoptic parameters (the number of frontal passages, the amount of precip
itation and the amount of precipitable water). These comparisons seemed 
to indicate that there was a relationship between the general synoptic 
situation and the amount of cloudiness during some months. However, the 
number of synoptic parameters included in this part of the study need to be 
increased before any qefinite conclusions can be reached. 

For each month, the year-to-year variations in the amounts of high, 
middle and low cloudiness at Tucson were compared with the year-to-year 
variations of the average amount of precipitation for the Tucson area. In 
general, changes in the amount of cloudiness were of the same sign as 
changes in the amount of precipitation, but there were many noteworty 
exceptions to this general pattern. In addition, the rank correlations 
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between the monthly amounts of precipitation and the monthly amounts of 
cloudiness were computed. In general, the precipitation was best correlated 
with the amount of low cloudiness and the highest of these correlations 
occurred during the winter months. However, there were many interesting 
deviations from this general pattern. 

I. INTRODUCTION. 

One of the primary problems of the Institute of Atmospheric Physics is 

the investigation of the characteristics of the clouds of the Southwest. 

That investigation consiets of two main types of studies: (1) general 

climatological studies of the cloud characteristics based on cloud observa

tions of the Weather Bureau, and (2) detailed studies of the clouds and 

cloud processes using data obtained from the Institute's observational pro

gram. The present study, which is the first Institute study to be made from 

past Weather Bureau cloud observations, was originally begun in 1954 to 

provide Institute personnel with some general climatological information 

concerning the clouds at Tucson to aid them in planning the Institute's 

observational program. It bas also served as a pilot study for planning 

more comprehensive studies of the clouds in the Southwest which will be 

made in the near future. This larger study will be made from the punched 

cards containing the hourly observations for the six first-order Weather 

Bureau stat-ions in Arizona (Phoenix, Prescott, Yuma, Winslow, Flagstaff and 

Tucson). 

The present study is divided into three main sections. The first is 

an analysis for the cloud data for homogeneity. The second section is a 

statistical study of the diurnal and seasonal variations of the eight cloud 

types most frequently observed at Tucson. The last section is a study of the 

relationship between the amount of cloudiness and the amount of precipitation 

at Tucson. 
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II. ANALYSIS OF CLOUD DATA FOR HOMOGENEITY. 

The data for this study consisted of approximately 25,000 cloud observa

tions which were obtained from the hourly climatological observations, made 

by the u. s. Weather Bureau at Tucson for the nine year period from l July 

1945 to 1 July 1954. These were all of the years for which complete cloud 

data for Tucson were available at the time this study was begun. The cloud 

types and amounts were transcribed from the original records for eight 

observation times, at three-hour intervals, for each day of the period • 

.Although fifteen types of clouds or obscuring phenomena were observed during 

this period, seven types (strato,cumulus, cumulus, cumulonimbUEt, alto

stratus, altocumulus, cirrus and cirrostratus) comprised 98 per cent of 

the observations which were recorded on the original records. 

A. Heterogeneities in the Tucson cloud data • .An examination of the 

frequencies of occurrence of each of the seven cloud types as shown in 

Table 1, clearly shows large differences between the frequencies of occurrence 

during the first years of the study and the frequencies of occurrence during 

the latter years of the study, for four cloud types. Although the exact 

month at which the changes in the frequencies of occurrence took place 

appeared to be different for each cloud type, 1 July 1948 was chosen as the 

dividing date between the "old" and the "new" observations. This date was 

chosen because it divided the data into two convenient periods ( a three 

year period from 1 July 19!~5 to 1 July 1948 and a six year period from 

1 July 1948 to 1 July 1954) and because an investigation of the causes of 

the heterogeneities (see next section) showed that the most important cause 

of the changes in the frequencies of occurrence was a change in the pro

cedure used to record cloud observations which became effective on July 11 

1948. The average number of observations of each cloud type were computed 

for each of the two periods and are shown at the bottom of 'lable l. 



'!able 1. The number of observations, per year, of each of the seven cloud types most frequently 
observed at Tucson from l July 1945 to 1 July 1954, as transcribed from the original Weather Bureau records. 

Iow Middle High Year Pnn1 Sc . Cu Cb Clouds As Ac Clouds Ci Cs Clouds 
19452 8.61 186 341 170 697 194 706 200 i:;~2 148 680 
1946 15.32 533 567 243 1343 4o2 ll37 1539 1021 346 1367 
1947 8.62 424 688 207 1319 34o 1082 1422 874 371 1245 
1948 10.19 297 543 171 llll 226 953 ll79 893 309 1202 
1949 10.85 391 734 155 1280 61 ll46 1207 ,;81 590 ll71 
1950 9.64 265 550 72 887 65 971 1036 520 833 1353 
1qi:;1 15.68 513 535 88 ll36 41 1039 1080 1563 696 12'iQ 
1952 14.oo 471 626 103 . 1200 26 1246 1272 643 699 1342 
1953 7.28 327 523 76 926 16 1096 lll2 611 549 116o 
1qi:;43 5.28 163 163 17 ~3 8 448 4s;6 ~l~ q76 68q 

,__ y.,,.,,,.., ,1,7,;, h.l"IA i:;Ac; 1 lJ.i:j 11~8 ii:;~ l.U9c ,~uc; ·t~M Eil.Lh 1274 
Mean 
7/45- ll.78 439 607 214 126o . 359 1092 1451 ·-- 96o 332 1292 ?°148 
Mean 
7/48-
7'/r::.L 11.69 392 575 llO 1077 51 1092 ll43 612 654 1266 

l Average precipitation for ten stations in the Tucson area. 
2 Includes only last six months of 1945. 

3rncludes only first six months of 1954. 

I 
i="" 
I 
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The most apparent changes in the frequencies of occurrence were: 

1) The annual number of observations of cumulonimbus decreased 

from an average of 214 observations per year for the three years before 

1 July 1948 to an average of llO observations per year for the six years 

since 1 July 1948. 

11) '!he annual number of observations of .alto stratus decreased 

from an average of 359 observations per year prior to 1 July 1948 to an aver

age of 51 observations per year after 1 July 1948. 

iii) The average annual number of observations of cirrus decreased 

from 960 for the three years before 1 July 1948 to 612 for the six year period 

following 1 July 1948. 

iv) The average number of observations of cirrostratus increased 

from 332 per year prior to 1 July 1948 to 654 per year since 1 July 1948. 

This increase in the number of observations of cirrostratus was commensurate 

with the decrease in the number of observations of cirrus, hence the total 

number of high loud observations remained about the same (1200 per year) 

throughout the nine-year period. 

If these observed changes in the frequencies of occurrence of these four 

cloud types are real heterogeneities, and not random fluctuations due to the 

natural temporal variations of the types and amounts of cloudiness, they would 

introduce serious errors into any statistical studies of the distribution of 

the clouds with respect to type or amount. Since such statistical studies 

were one of the primary aims of the present study a great deal of time was 

spent attempting to understand and explain these observed heterogeneities. 

B. Scme possible causes of the heterogeneities in the Tucson cloud data. 

The following factors were studied to determine if they could have caused the 

observed changes in the frequency of occurrence of the clouds at Tucson: 

i) A natural variation in the climate at Tucson. 
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11) Increased use of jet-type airplanes in the Tucson area. 

iii) The 1948 change in the procedures used to record cloud observa

tions on WBAN form lOB. 

iv) Changes which were made in the 1949 revision of Circulars. 

Each of these factors a.nd their possible effects on the cloud observations 

at Tucson are discussed below. 

1. Natural climatic variation. Since the annual number of observa

tions of all types of clouds varies greatly from year to year it is possible 

that the observed changes in the frequency of occurrence clouds at Tucson were 

the result of nothing more than a natural variation in the climate. Establish

ing whether or not there was a change in the climate at Tucson is a difficult 

problem in itself especially if one is concerned with small climatic variations. 

Fortunately we are attempting to explain large changes in the frequency of 

occurrence of several types of clouds, hence, as a first approximation, it was 

possible to resort to·a fairly crude method tor determining if a change in the 

climate occurred: namely, an examination of the precipitation data for 

indications of a change in the average amount of precipitation. 

Since the cloud observations for Tucson may be indicative of precipitation 

which occurs several miles from Tucson, the average precipitation for the 

Tucson area was computed from the precipitation data for ten stations within 

a 25-mile radius of Tucson. The yearly amounts· of precipitation for the 

Tucson area, and the average annual precipitation for each of the two periods 

before and after 1 July 1948 are shown in '!able 1. It is clear that the 

average annual amounts of precipitation for the two periods (11.78 inches per 

year for the period from 1 July 1945 to 1 July l>~ and 11. 69 inches per year 

for the period from 1 July 1948 to 1 July 1954) are not significantly different. 

Hence, it was concluded that tbe six year period following 1 July 1948 was not 

significantly drier than was the three year period preceding l July 1948. 
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As will be shown in the third division of this study, the correlations 

between the amounts of cloudiness and the amounts of precipitation are 

generally less than 0,60. ~efore, it is not correct to deduce from the 

above conclusion based on precipitation data that the average annual amounts 

of the various types of clouds should also have remained approximately the 

same. However, since almost all of Tucson's precipitation is associated with 

altost,ratus or cumulonimbus, it seems very improbable that the extrenely 

large decreases in the number of observations of these two cloud types ( a 

50 per cent decrease in the number of cumulonimbus observations and an 85 

per cent decrease in the number of altostratus observations) could be real 

unless there was also a noticeable decrease in the amount of precipitation, 

It was for this reason that a natural climatic change was eliminated as the 

cause of the observed changes in the frequencies of occurrence of the clouds 

at Tucson. 

M:>re satisfactory proof that .these changes in the frequencies of occur

rence of the clouds were not caused by a natural change in the climate would 

be obtained if similar analyses were made of the cloud and precipitation data 

for several other stations, preferably located in other areas of the United 

States. 'lbe Institute may make such analyses for other stations in the South

west but will not extend the study.to other sections of the country. 

2, Increased use of jet-type aircraft in the Tucson area. During 

the nine-year period of this study the number of Jet-type aircraft operating 

from the 1A3.vis-Monthan AFB at Tucson and from bases on the west coast has 

increased greatly. It is reasonable to suspect that the increased use of jet

airplanes might have increased the total number of high cloud observations by 

producing condensation trails. However, the data in Table 1 indicate that the 

total number of high cloud observations was essentially the same for both 

periods so the affect of contrails, if any, must have been very small. It is 
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possible, of course, that an increased number of contrails would affect only 

the amount of high cloud cover and not the number of observations of high 

clouds. This seems to be a reasonable assumption because the conditions which 

are favorable for the formation of high clouds are also generally favorable 

for the formation of contrails, hence both tend to occur at the same time. 

To check on this possible affect of contrails., the average number of tenths 

of high cloud cover per observation was computed for .both the 3-year period 

prior to 1 July 1948 and the 6-year period following 1 July 1948. Comparison 

of these values showed no increase in the average number of tenths of high 

cloud cover per observation, hence it was concluded that the increased use of 

jet-airplanes has not had any noticeable affect on the high cloud data for 

Tucson. 

3, The 1948 change in the procedure used to record cloud observations 

on WBAll form lOB. On 1 July 1948 a new procedure was adopted for recording 

cloud observations on WBAN form lOB. niis change in procedure seems to have had 

a marked effect on the Tucson cloud data. Hence, the nature of the change was 

carefully examined. A brief review of both the old and new recording pro

cedures will show why the change in recording procedure caused a decreased 

number of observations of several types of clouds. 

Prior to 1 July 1948 the "family" recording procedure was used for re

cording cloud observations. The observed clouds were classified according to 

the standard meteorological definitions of cloud types, then each cloud type 

was recorded in one of three cloud families (low, middle, or high) depending 

on the height of the cloud base. For each family the observer entered each 

type of observed cloud and the height of the cloud base. Since 1 July 1948 

the "layer" procedure has been used to record the observed clouds. As before, 

the clouds are classified according to the standard meteorological definitions, 

then the observed clouds are recorded by layers: the lowest layer, second 
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layer, third layer, etc. (Clouds or obscuring phenomena whose bases are at 

approximately the same level are regarded as a layer). For each layer the 

observer enters the predominant-cloud type (with respect to amount) and the 

height of the layer. 

Both of these recording procedures are essentially the same except when 

two or more types of clouds occur at the same level. Whenever this occurs 

the number of types of clouds recorded by the layer procedure will be less 

than the number of types of clouds recorded by the family procedure. The 

hypothetical situation shown in Figure 1 illustrates how different the two 

recording procedures can be when there are multiple cloud types at one level. 

As can be seen from the example in Figure 1, the cloud observations which 

were recorded by the "family" procedure can be modified to conform to the 

"layer" recording system by simply replacing all occurrences of multiple 

cloud types at the same level with one cloud type; the predominant type with 

respect to a.mount • .After the cloud data for the 3-year period prior to 

1 July 1948 were modified in this manner, the average annual number of cloud 

observations in each family were approximately the same for both the period 

prior to 1 July 191~8 and the period following 1 July 1948 (see Table 2). 

This is a good indication that the 1948 change in the cloud recording pro

cedure was the cause of decreases in the number of observations in each cloud 

family, The decrease in the low cloud family occurred primarily as a de

creased number of cumulonimbus observations and the decrease in the middle 

cloud family occurred primarily as a decrease in the number of altostratus 

observations because these cloud types are usually not the predominant cloud 

type ( with respect to amount) in fucson. 'Ihe small change in the total 

number of high cloud observations, which was probably caused by the change 

in the reporting procedure, was completely overshadowed by the large changes 

in the number of observations of each type of high cloud. These latter changes 



Figure 1 

IF THE FOLLOWING CLOUDS WERE OBSERVED: 

4/10 cumulus------------------ base 7,000 feet 
1/10 cumulonimbus------------ base 7,000 feet 

4/10 altocumulus-------------- base 15,000 feet 
2/10 altostratus---------------- base 15,000 feet 

2/10 cirrus-------------------- base 30,000 feet 

1/10 cirrostratus--------------- base 30,000 feet 

THE CLOUD TYPES WOULD BE RECORDED, BY FAMILIES, AS FOLLOWS: 

LOW MIDDLE HIGH 

4/10 Cu 4/10 Ac 2/10 Ci 
1/10 Cb 1/10 As 1/10 Cs 

OR: 

5/10 CuCb 5/10 AcAs 3/10 CiCs 

BUT IF THE LAYER RECORDING PROCEDURE WAS USED THE CLOUDS WOULD 
BE RECORDED AS FOLLOWS: 

LOWEST 
LAYER 

5/10 Cu 

SECOND 
LAYER 

5/10 Ac 

THIRD 
LAYER 

3/10 Ci 
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Table 2. Comparison between the average annual number of cloud 
observations for each cloud family, for the period from 7/1/45 to 7/1/48, 
after being adjusted to conform to the layer recording procedure, and the 
actual average annual number of cloud observations for each cloud family, 
for the period from 7/1/48 to 7/1/54, when the layer recording procedure 
was in use. 

Actual average annual no. of 
cloud obs. (7/45-7/48) 

No. of' obs. of two cloud tY.PeS 
in same family, at same level. 

Avg. annual no. of' cloud obs. 
adjusted to layer recording 
procedure. (7/45-7/48) 

Avg. annual no. of cloud obs., 
7/48-7/54, recorded by layer 
recording procedure, 

LOW 

1260 

156 

1104 

1077 

CLOUD FAMILY 

MIDDLE HIGH 

1451 1292 

256 28 

1195 1264 

1143 1266 
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cannot be explained by the change in the reporting procedure. 

'!'he investigation of the 1948 change 1n the cloud recording procedure 

would not be canplete without a brief explanation of why the change was made • 

.Apparently there were several reasons for replacing the "family recording" 

system by the "layer recording" system, however, the primary reason for 

adopting the currently used system seens to have been the necessity for re

ducing the number of types of clouds recorded so that the WBAN cloud·data 

could be placed on punched cards. Even a brief analysis of the problens 

involved in designing a punched card which will make it possible to punch 

on one card all of the data recorded at a WBAN hourly observation, will 

indicate the necessity for either eliminating or condensing part of the data. 

It is unfortunate, however, that the condensation of the data was done on the 

original source document and not as an intermediate step between the re

cording of the data and the punching of the data. If. this type of procedure 

was used the complete data would be available if needed, and the condensed 

data, which are probably sufficiently detailed for most studies, would be 

available on punched cards. It is certainly regrettable that the detailed 

cloud observations have been permanently lost simply to solve a problen in 

encoding the data for punched cards. 

4. Revision of Circulars. When the cloud code was revised in 

January, 1949 the Manual of Cloud Forms and Codes for States of the Sky 

( Circular S) was also rewritten. Al though many minor changes were made in 

the "Definitions and rescriptions of the Fonn.s of the Clouds" the only major 

change in this section of Circular S was the addition of several para.graphs 

to the explanatory renarks for cirrostratus clouds. Although these para

graphs are concerned with differentiating between cirrus and cirrostratus 

clouds, and between cirro stratus and alto stratus clouds, it is not at all 
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clear to the author why the inclusion of this additional material should 

cause any changes in the number of observations of cirrus, cirr.o stratus or 

altostratus clouds. However, this change in Circular Sis the only reason

able explanation for the observed changes in the number of high cloud observa

tions which has come to the writer's attention thus far. Complete copies of 

the explanatory renarks for cirro stratus clouds, from both the old and re

vised version of Circulars, are reproduced in Appendix A of this report. 

The author would be very interested in receiving from anyone (especially 

experienced cloud observers) any logical reasons which might explain why 

these changes in Circular S would, or would not, cause the observed changes in 

the number of high cloud observations. 

The change in Circular S was apparently a routine revision of this 

publication, which was made for the purpose of clarifying the descriptions of 

the clouds so that all observers would uniformly interpret these descriptions. 

If the quality of weather observations is to be improved it is necessary to 

make such revisions in the observing procedures whenever it becomes clear 

that all observers are not uniformly interpreting the instructions. However, 

any revision in the observing procedure will be beneficial only if it is 

carefully checked to make sure that the proposed change will produce the 

desired result and will not produce undesirable results. Hence, it seems as 

if it would be advantageous to evaluate the effects of all proposed changes 

in observing procedures by comparing observations made by both the old and 

new procedures, before the change in procedure is adopted and put into general 

use. Certainly, studies of this type should be made after changes in pro

cedure are adopted· to determine if any heterogeneities have been introduced 

into the basic data. Since the Weather Bureau is.officially responsible for 

all changes in the codes, observing procedures, etc., they should also assume 

the responsibility for studying the effects of all such changes. However, 
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the Weather Bureau would need the cooperation of all the international agencies. 

the governmental agencies, and industries, which are concerned with meteoro

logical data, since it is often these groups which bring pressure against 

the Weather Bureau to make changes in its procedures. A major advance would 

be made if all of these agencies could agree on a policy of studying all 

suggested modifications in the observing procedures before they are put into 

effect. Then the results of these studies could be widely published whenever 

a modification is put into effect thus making all investigators well aware 

of all general heterogeneities which exist in the data as a result of' changes 

in the basic observing procedure and enabling them to concentrate their efforts 

on the investigation of local heterogeneities. 

Before any further effort is made to try to explain the observed changes 

1n the Tucson high cloud data, similar analyses of the cloud data for other 

stations need to be made to detemine if the changes which were observed in 

the Tucson cloud data are local or general in nature. Unfortunately such 

analyses require access to the original records (for the data prior to 1948), 

copies of the punched hour!y observation cards (for the more recent data) 

and, because of the necessity of manually tabulating the cloud data recorded 

prior to 1948, a great amount of' time. Hence, the Institute will not extend 

this study to other stations in the near future. Therefore, the author would 

be very interested in hearing of results of any other investigators who may 

have made similar studies of the cloud data for other stations, which confirm 

or deny the general results which were found here. 

c. Procedures use<l to homosenize the Tucson cloud data. Theoretically, 

the data for the low and middle clouds can be homogenized in either of two 

ways; by modification of the data recorded by cloud families (prior to 1948) 

or modification of the data recorded by layers (since 1948). 
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If the data for the six-year period following 1 July 1948 are modified 

the procedure is simply a matter of supplenenting these cloud layer data, as 

recorded on WBAN Form lOB, with additional cloud data (recorded on some other 

observational form) which records all occurrences of the cloud type which is 

being studied. If the data from the two sources are carefully combined the 

resulting data will record all occurrences of the cloud type, therefor.e, 

this is usually the most desirable homogenization procedure. Unfortunately, 

the use of this procedure is limited to those cloud types for which the 

necessary additional data are available. If these data are not available, 

the alternative procedure of modifying the data recorded by cloud families 

must be used. 

In order to make the cloud family data homogeneous with the cloud layer 

data the cloud family data must be modified as follows. Whenever two or more 

cloud types in the same family .are recorded at the same level, the original 

data are adjusted so that the~ cloud type which was predominant, with 

respect to amount, is recorded as the only cloud type present. !the total 

tenths of sky cover caused by all of the clouds in the layer are assigned to 

the one predominant cloud type. After the cloud family data are so modified 

they will record occurrences of a cloud type only when it is the predominant 

type in the cloud layer; hence, they will be homogeneous with the cloud 

layer data. 

The final choice of the procedure used to make the cloud data homogeneous 

depends on the type of cloud being studied, the purpose of the study and the 

availability of additional sources of data. The homogenization procedures 

used in the present study, the reasons they were chosen and the results of 

applying them to the original data are discussed below for each cloud family. 

1. I.ow cloud family. Since the differences between the average 

annual number of observations before 1 July 1948 and the average annual number 



-15-

of observations after July 1, 1948 were small for the .stratocumulus and 

cumulus clouds, no attempt was made to adjust the original data for these 

cloud types. However, the large difference between the average annual number 

of observations of cumulonimbus for the two periods necessitated an adjust

ment of the cumulon:imbus data. 

Since one of the primary reasons for beginning this study was to obtain. 

data which would be an aid in planning the Institute•s observational program 

which involves camera and radar observations of the summer convective clouds, 

the total number of observations of any amount of cumulonimbus was considered 

to be a more desirable statistic than the number of observations at which 

cumulonimbus were the predominant cloud type in the cloud layer. Hence, 

for this project, modification of the cloud layer data to make them consistent 

with the cloud family data was deemed to be the best homogenization procedure. 

Fortunctely the necessary additional data required by this homogenization 

procedure were available because~ occurrences of cumulonimbus clouds are 

recorded in both the Remarks section of WEAN Form lOA and the cloud group of 

the three-hourly coded synoptic reports. Combination of the data from these 

forms with the data for WBAN Form lOB resulted in nine years of homogeneous 

observations which recorded all occurrences of cumulonimbus. For the six

year period from July l, 1948 to July l, 1954 the average number of cumulo

nimbus observations increased from 110 observations per year (at which cumulo

nimbus was the predominant cloud type) to 217 observations per year. This 

average number of observations per year compares very favorably with the 

average of 214 observations of cumulonimbus per year for the three-year per.I. od 

before 1 July 1948. For the entire nine-year period of the study there was 

an average of 216 observations of cumulonimbus type clouds per year. The 

adjusted number of observations of cumulonimbus for ea.ch year in the period 

of study is shown in ~ble 3. 
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2. Middle cloud family. Since the average number of observations 

of. &ltocumulus type clouds was the same both before and after the change 

in the recording procedure, the altocumulus data were not adjusted in any 

way. However, the sharp decrease in the number of observations of alto

stratus type clouds which occurred after the layer recording procedure was 

adppted made it necessary to attempt to homogenize the .altostratus data 

before preceding with any statistical analysis of the cloud data. 

Since an occurrence of · alto stratus is generally not a sufficiently 

important weather phen011enon to be especially recorded on any standard. 

observational form, the alternative procedure of modifying the cloud family 

data to conform to the cloud layer data had to be used to homogenize the alto

stratus data. Hence, for this study, an observation of altostratus is re

corded only when the al to stratus cloud was the predominant cloud type in 

the cloud layer. 'lhe use of this alternative homogenization procedure is 

somewhat justified by the fact that for many of the problems in cloud pbyaics 

an occurrence of altostratus is significant only when the altostra.tus 

cloud is the predominant cloud type. 

In order to make the homogenized altostratus data as unbiased as 

possible it was necessary to have a specific rule for handling each possible 

situation. 'lhe following rules were used in this study: 

i. If both e.J.tocumulus and a.ltostratus clouds were recorded at 

the same level, and if one cloud type was predominant with respect to amount, 

the predominant cloud vpe was regarded as the only type of middle cloud 

present at that level and the total tenths of cloud cover at the.t level was 

assigned to this one cloud type. 

ii.. If there were equal amounts of altocumulus and al..tostratus at 

the same level the predominant cloud type was recorded as altocumulus for 

one-half of the cases and altostratus for the other half of the cases. 



Table 3. The annual number of observations of each cloud type and cloud family for the nine-year period from l July 1945 to l July 1954, after the data for the cumulonimbus and altostratus clouds have been adjusted as described in the text. The statistical results vhich are presented in the second part of this study are based on the data shovn in this table. 

Ppnl 
Lov 

Year Sc Cu Cb Clouds Ac 

19452 8.61 186 341 189 716 663 

1946 15.32 533 567 246 1346 1110 

1947 8.62 424 688 209 1321 1082 

1948 10.19 3<J7 543 211 1151 952 

1949 10.85 391 734 251 1376 1146 

1950 9.64 265 550 181 996 971 

1951 15.68 513 535 210 1258 1093 

1952 14.oo 471 626 238 1335 1246 

1953 7.28 237 523 194 1044 1096 

19543 5.28 163 163 17 343 b..43 

Mean 4o8 586 216 1210 1090 
1Average precipitation for ten stations in the Tucson area. 

2Includes only the last six months of 1945. 

3Includes only the first six months of 1954. 

Middle High 
As Clouds Ci Cs Clouds 

113 781 532 148 680 

181 1291 1021 346 1367 
88 1170 874 371 1245 

122 1074 893 309 1202 

61 1207 581 590 1171 

65 1036 520 833 1353 

41 1134 563 696 1259 

26 1272 643 699 13~2 

16 1112 611 549 1160 

8 456 313 376 639 

80 1170 728 546 1274 

I 
f--' 

----:i 
I 
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iii. If the cloud. type was recorded as kAs {a frequently used 

cloud type) the other middle cloud observations for the same day were used 

to estimate which cloud. type was probably the predominant type. If there 

were no other middle cloud observations for the day or if all observations 

for the day were recorded as kAs, the predominant type was recorded as alto

cumulus for one-half of the observations and altostratus for the other half 

of the observations. 

After the cloud family data had been adjusted in accordance with these 

rules., the average number of recorded observations of altostratus was 

decreased from 359 observations per year (as originally recorded on WBAN 

Form lOB) to 139 observations per year which altostratus was the predan:lnant 

cloud type. This adjusted number of observations of altostratus is still 

much greater than the average of 51 observations of alt0stratus per year for 

the six-year period since 1 July 1948. Part of this difference may have been 

caused by that part of the revision in Circular S which was concerned with 

differentiating between altostratus and eir:rostratus clouds. There may 

also have been a real decrease in the occurrence of aJ.tostratus., especially 

in the last few years for which the average number of observations of alto

stratus has been very small. Since it was not possible to objectively ad

just the data to compensate for the effects of any of these other possible 

causes of the decreased number of observations of . e.ltostratus, the data were 

used in the statistical analysis of the cloud data with only the one modifica

tion even though it was fully realized that altostratus data for the nine

year period were probably not homogeneous. 

The adjustm.ent of the .. alto.stratus data caused the average number of 

alto~unulus observations for the three-year period preceding 1 July 1948 to 

decrease from 1092 observations per year before the altos·tratus data were 

adjusted, to 1085 observations per year after the data adjustment. 
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The numbers of observations of altocumulus a.nd altostratus for each 

year in the nine-year period of the study are shown 1n Table 3. 

3. High cloud family. Since the cause of the large variations in 

the number of' observations of cirrus a.nd cirro stratus remained nebulous, 

no homogenization procedure could be applied to these data. Therefore, some 

of the statistics for individual t;y:pes of high clouds may be erroneous. 

However, since the decrease in the number of cirrus observations was com

mensurate with the increase in the number of oin-ostratus observations the 

combined data for all types of high clouds was homogeneous for the enitre 

period of study. Therefore, the statistics for the total number of high 

clouds are reliable. 

The number of observations of cirrus and ·.ci:rrostratus for each year in 

the nine-year period of the study are shown in Table 3. 

D. Summary. The 1948 change in the cloud reporting procedure and the 

194o revision of' Circular Shave posed two major problems to the users.of' 

cloud data which spans the period of these changes. 

The first problem is that of' devising satisfactory procedures which will 

make the data recorded before 1 July 1948 homogeneous with the data recorded 

since this date. As discussed in Section c, there are various procedures 

which can be used to homogenize the data for some cloud types (c'UIJluloniillbus 

and altocumulus) but there are apparently no objective procedures which can 

be used to homogenize the data for other cloud types (cirrus and cirrostratus). 

Even for those cloud types for which thereare satisfactory homogenizing 

procedures, the application of the procedures is almost impractical because 

of the great amount of time which is required to edit the data. 

The second major problem which faces the user of' the cloud data is the 

lack of detail in the cloud data which have been recorded by the "layer" re

cording procedure since 1 July 1948. This problem is more easiiy overlooked 



than the homogeneity problem because the user of the cloud data would probably 

never become aware ot the limitations in the data unless his study happened 

to include data which were recorded both before and after 1 July 1948. 

(Unfortunately, there are probably many studies which include only the data 

recorded after 1 July 1948 because, for most stations, these are the only 

cloud data wh:l.ch are on punched cards). As discussed in the previous section 

ot this report it is possible to malte the data for at least one cloud type 

(cumulonimbus) more detailed by supplementing the WBAN lOB observations with 

data from some other observational form. However, a great amount of time is 

required to modify the data in this way, hence this is not a very satisfactory 

solution unless the study includes data from only one or two stations. 

Unfortunately there is no solution to these problems which will be 

satisfactory in every study. In some studies there will be no problem. For 

example, it the investigation is concerned with the frequency of occurrence 

of various amounts of total sky cover, all cloud data will be homogeneous and 

sufficiently detailed to solve the problem. There are other problems (partic

ularly in cloud physics) for which the routine cloud observations never have 

(and probably never will) provided sufficiently detailed data. These problems 

can only be solved by special observational programs. Finally there is a 

middle group of studies for which the cloud data must be homogenized or other

wise modified before the cloud data can be used. Before it is practical to 

begin an extensive analysis of the data for this middle group of studies it is 

necessary to reduce to a minimum the amount of time required for modifying the 

data. One possible solution to this problem is to use a machine to perform 

the necessary data modification. Of course, this solution can be used only if 

the necessary machine is available (at least a medium sized computer if many 

logical decisions are to be made) and if~ of the necessary data are on punch

ed cards. Fulfilling this latter requirement often requires access to the 
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original data and a large number of operations, such as editing, punching 

and various card handling steps. If the number of such operations is great, 

the saving in time which results from using a machine to make the data modi

fication is quickly offset by the time required for these preliminary opera

tions. Hence, even if data processing machines are available it may not be 

practical to undertake many of these studies for which the data must be 

modified. 

:Both of these problens which face the users of cloud data could have 

been avoided by not changing the cloud code or cloud recording procedure. 

However there were good reasons for modifying both the cloud code and the 

recording procedure, and there will undoubtedly continue to be good reasons 

for making other changes in the observational procedure in the future. Hence, 

it will never be possible to prohibit all changes in observational procedure 

which will ca.use heterogeneities in the data. However, future data. would be 

much more useful if a.11 proposed changes in observational procedure were 

carefully checked during an actual trial period to see if the data are 

affected by the proposed change. 'lb.en the advantages which will be gained by 

making the change can be weighed against the disadvantages which will result 

from any heterogeneities which are caused by the change. If the advantages 

are considered to be more important and the change is adopted, the notice of 

change in procedure could include a brief description of the heterogeneities 

(if any) which will accompany the change. 'lhe adoption of a policy such ~s 

outlined above would make complete information concerning the heterogeneities 

in the basic climatological data readily available to all users of the data • 

.Although the availability of this information would not solve the problems 

caused by the heterogeneities in the data, it would be a great aid in planning 

future studies so that all a.vailabile data could be utilized but homogeneity 

problens avoided. 



III• THE DIURNAL AND ANNUAL VARIATIONS OF THE CLOUDS AT TUCSON, 

The frequency of occurrence was the primary parameter used to study the 

diurnal and seasonal variations of the clouds at Tucson. The frequencies 

of occurrence, which are shown in Tables 4-11, were computed from the 

partially homogenized cloud data, which are shown in Table 3. Because of the 

Institute 1 s special interest in convective type clouds, the cumulus clouds, 

which were previously treated as one cloud type, were classified as cumulus 

humilis or cumulus congestus and were treated as two types of clouds, Hence, 

the frequencies of occurrence were computed for eight types of clouds; strato

cumulus, cumulus humilis, cumulus congestus, cumulonimbus, altostratus, 

altocumulus, cirrus, and. cirrostratus. The frequency of occurrence of 

each cloud type was expressed as the per cent of all observations, made at 

a given observation time during a given month, at which any amount of that 

cloud type was recorded. For example, during the nine months of January 

(1946-1954) 279 observations were made at o830 L,S.T. (all observation times 

are given in local standard time}. The per cents of these 279 observations 

at which each of the eight cloud types were observed were as follows: strato

cumulus, 26 per cent; cumulus humilis, 1 per cent; cumulus congestus, l per 

cent; cumulonimbus, 0 per cent; altostratus, 4 per cent; altocumulus 35 

per cent; cirrus, 25 per cent; and cirrostratus, 25 per cent. Since there 

were many occurrences of more than one type of cloud in the same family, at 

the same observation, the sum of the frequencies of occurrence for all types 

of clouds in any one cloud family, at any one observation, occasionally 

exceeded 100 per cent. For example, the sum of the frequencies of occurrence 

of the four cloud types in the low cloud family, at the 1430 L,S.T, obser

vation in July, is 141 per cent, The diurnal and seasonal variations of the 

clouds at 'fu.cson were determined from the data in Tables 4-11. 



-23-

Ta.ble 4. The per cent frequency of observations at which any amount 
of strato cumulus clouds were observed at Tucson. 

; OBSERVATION TIME (L.S.T.) 
KO?mr 0230 0530 Oij30 1130 1430 1730 2030 2330- MEAN 

Jan. 2.0'fo . 2.0% 2b/o 23% 20o/o 24% 24% 20'p 2'c$ 
Feb. 13 14 20 12 7 12 14 12 13 
Mar. 12 16 20 12 7 7 16 13 13 

Apr. 10 .ll 9 3 4 9 22 10 10 
May 5 6 2 2 3 5 12 6 5 
June 4 8 4 2 2 3 16 ·9 6 

July 24 25 13 4 3 6 28 25 16 
Aug. 20 22 13 3 1. 4 32 22 15 
Sept. 8 10 7 3 3 8 20 14 9 

Oct. 12 13 . 16 8 7 14 17 13 12 
Nov. 13 16 '.19 14 12 17 17 15 15 
Dec. 16 16 23 19 17 23 18 17 19 

MEAN 13 15 14 9 7 11 20 15 

Table 5. The per cent frequency of observations at which any amount 
of cumulus hum.ilia clouds were observed at Tucson. 

r v'Ll:'p' 'liu' TIMI {T,_ R 11.) 

MONTH 0230 0530 0830 ll30 1430 1730 2030 2330 MEAN 

Jan. 1% 1% 4% 8% 15% &lo (.5% 1% 5% Feb. l 1 6 17 24 20 2 (.5 9 
Mar. 1 2 7 24 30 23 3 l 11 

kpr. 1 2 9 26 33 31 3 1 13 
May l 2 13 29 35 34 4 1 15 
June 1 4 13 31 42 40 5 3 17 

July 4 13 22 40 53 41 15 9 25 
Aug. 4 7 22 37 45 47 9 4 22 
Sept. l 2 16 44 52 40 5 1 20 

Oct. (.5 1 11 29 33 27 l (.5 13 
Nov. 0 1 4 14 20 13 1 0 7 
Dec. <-5 1 2 10 15 6 1 l 5 

MEAN 1 3 11 26 33 27 4 2 
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Table 6. The :per cent frequency of observations at which any 
amount of cumulus congestus clouds were observed at 
Tucson. 

OBSERVATION TIME (L.S.T.) 
MONTH 0230 0530 0830 1130 1430 1730 2030 2330 MEAN 

Jan. <-5% <-5% 1% 4i 6% 5% 'i!/o 1% ~ Feb. <-5 (.5 2 4 6 4 0 (.5 2 
Mar. 1 0 2 5 10 9 2 1 4 

A:pr. <.5 1 5 8 12 11 0 <•5 5 May (.5 3 4 8 13 10 4 2 6 
June 1 3 5 12 15 13 7 2 7 

July 5 11 19 42 24 21 14 9 18 
Aug. 4 7 15 45 25 17 9 8 16 
Sept. 4 2 9 23 26 17 6 6 12 

Oct. 1 1 5 15 18 14 3 3 8 
Nov. 1 1 2 2 3 2 (.5 (.5 1 Dec. (.5 (.5 1 2 5 4 l 1 2 

ME.AN 2 2 6 14 14 ll 4 3 

Table 7. The :per cent frequency of observations at which any 
amount of cumulonimbus clouds were observed Tucson. 

I 

OBSERVATION TIME (L.S.T.) I I 

MONTH 0230 0530 0830 1130 1430 1730 2030 2330 ! ME.AN 

Jan. Oo/o oc/o 0% <-5% 1% (.5% 0% 0% <-5% Feb. O' (.5 <-5 1 2 2 0 (.5 1 Mar. l 1 (.5 2 3 3 <•5 (•5 1 
A:pr. 1 (.5 (.5 2 5 7 2 (.5 2 May 1 <•5 0 2 4 1 3 l 2 June 2 2 <-5 2 14 15 8 3 6 
July 15 9 4 18 61 63 50 23 30 Aug. 10 7 3 17 62 71 44 22 29 Sept. 4 3 2 4 29 37 17 4 13 
Oct. 2 1 1 3 7 8 2 1 3 Nov. 0 0 0 1 (.5 l 0 0 <•5 Dec. <•5 0 0 0 (•5 0 0 0 <•5 
ME.AN 3 2 l 4 16 18 .11 5 
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!table 8. !Ihe per cent frequency of observations at which any 
amount of .. altostratus clouds were observed at Tucson. 

.. Ol3SERVM.'ION TIME (L.S.!r.) 
MOlml 0230 0530 0830 1130 1430 1730 a,30 2330 MEAN 

Jan. t% 5~ 4% 4% 5'{o 4~ 4'{o 3'{o 4~ l' Feb. 3 5 6 4 7 5 4 5 
lm. 5 3 4 5 3 6 6 4 5 
Jrpr. 3 3 2 2 3 3 2 2 2 
May 1 2 1 1 .(.5 3 l 1 l 
June l 1 0 l 0 0 0 0 <•5 
July 4 5 3 2 3 5 6 4 4 
Aug. 4 4 1 .l (•5 4 3 3 3 Sept. <•5 (,5 2 2 2 1 2 2 l 

Oct. 2 1 3 2 3 3 2 1 2 Nov. 3 2 3 2 1 4 2 2 2 
Dec. 4 4 8 7 9 10 6 5 6 

MEAN 3 3 3 3 3 4 3 3 

!table 9. !Ihe per cent frequency of observations at which any 
amount of altocumulus clouds were observed at Tucson. 

Q'RAERV.Li' rtTn1,r IJIT! ni' tr (? 'Tl_ ) 
MONTH 0230 0530 0830 1130 1430 1730 2030 2330 MEAN 

Jan. 2';!fo 24% 35i 34% 33% 37'/o 22fo 20'/a 28% Feb. 22 22 34 29 :25 32 21 a, 25 !-hr. 26 28 39 29 29 35 25 20 29 
Apr. 24 35 39 33 29 36 28 21 31 ~y 18 44 29 27 27 25 29 20 27 June 26 51 42 37 30 33 36 24 35 
July 66 88 79 76 60 74 73 66 73 Aug. 60 85 75 68 61 76 68 63 70 Sept. 34 55 51 45 40 49 43 35 44 
Oct. 24 26 39 36 28 38 23 21 29 Nov. 17 17 30 26 27 34 21 17 24 Dec. 24 23 39 33 31 39 24 23 30 
MEAN 30 41 44 39 35 42 34 29 
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!table 10. The per cent frequency of observations at which any 
amount of cirrus clouds were observed at i\lcson. 

OBSERVATION TIME (J,,S.T.) 
MONTH 0230 0530 0830 1130 1430 1730 2030 2330 MEAN 

Jan. 01, 8"/o 25% 28% 25% 31% 15% 5% 18"/o Feb. 9 8 19 23 24 27 15 10 17 Mar. 8 8 19 21 24 25 13 4 15 
Apr. 10 22 26 30 32 34 19 9 23 May 7 28 28 34 31 38 27 8 25 June 9 28 24 23 25 29 27 12 22 

July 27 46 37 41 60 71 58 32 47 Aug. 30 44 43 42 62 75 55 36 48 Sept. 13 13 22 24 31 47 26 15 24 

Oct. 11 12 28 31 31 41 13 10 22 Nov. 7 6 22 24 31 30 15 7 18 Dec. 8 10 26 27 29 33 12 9 19 
MEAN 12 19 27 29 34 4o 24 13 

!table 11. The per cent frequency of observations at which any 
amount of cirro stratus clouds were observed at i\lcson. 

.. '"-~.,,T()N l'fll i.rn' lT /: "' ., 
' -MOTh'TH 02-::tO O'i~O 0830 ll':30 1410 17'qQ 20~0 2~~0 MF.AN 

Jan. 16" 19% 25"/o 28% 31% 31"/o 20"/a 18"/o 24"/o Feb. 20 24 31 32 30 31 19 19 26 Mar. 23 26 35 37 35 43 33 23 32 
Apr. 16 23 31 31 31 33 25 16 26 May 14 23 20 19 22 19 19 12 18 June 5 9 9 12 10 9 8 6 8 .. 

July 13 18 23 17 12 9 9 11 14 Aug. 10 16 17 12 8 7 7 9 10 Sept. 4 6 8 6 7 7 4 5 6 
Oct. 8 7 13 13 17 14 14 10 12 Nov. 15 17 26 27 28 31 16 16 22 Dec. 21 19 29 34 37 31 2G 23 27 
MEAN 14 17 22 22 22 22 17 14 
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A. The di'lll'llal variation of the clouds at Tucson. For each of the eight 

cloud types, the mean per cent frequency of occurrence was computed for each 

of the eight observation times. (See iables 4-11) Fig. 2 summarizes the major 

features of the diurnal variations of these mean frequencies for each cloud 

type. 

1. Diurnal variation of low clouds. !Ille diurnal variations of the. 

three types of convective clouds (cumulus humilis, cumulus congestus and 

cumulon'.imbua) exhibit the general features which would be expected from the 

normal development of convective clouds. Minimum frequencies occur at night; 

shortly after sunrise the frequencies rapidly increase, reach maxima in the 

afternoon, and then rapidly decrease after sunset. 

!Ille maximum frequencies of cumulus humilis and cumulus congestus occur at 

approximately 1430 and are followed by the maximum frequency of cumulon:f.mbus 

which occurs at 1730. Although the general features of the diurnal variations 

of the convective clouds seem to be reasonable, some of the smaller features 

require further explanation. For example, the graphs in Figure 1 indicate 

that at the 0230 and 2330 observations, occurrences of cumulonimbus are more 

common than occurrences of cumulus congestus, which in turn, are more common 

than occurrences of cumulus humilis. This phenomenon undoubtedly results from 

one of the many problems involved in making nighttime cloud observation; 

cumulonimbus can be observed because of the lightning which is associated with 

them, however the degree of development of associated clouds cannot be deter

mined, hence they are usually recorded as stratocumulus or not recorded at all. 

A second feature of the graphs of the diurnal variations of the convective 

clouds which needs further explanation is the lack of an increase in the 

frequency of occurrence of cumulus congestus from 1130 to 1430, particularly 

in view of the fact that the frequencies of both cumulus humilis and cumulo

nimbus increase rapidly from 1130 to 1430. This phenomena is even more 
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Figure 2. Diurnal variations of the mean frequencies of occurrence of the 

eight cloud types most frequently observed at Tucson, Arizona. 
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pronounced in the summer months, for during these months the maximum frequency 

of cumulus congestus occurs at the 1130 observation, three hours before the 

maximum occurrence of cumulus humilis (see Tables 2 and 3). This apparent 

reversal of the normal order of development of convective clouds is not a 

real phenomenon but is the result of the lack of detail in the cloud observa

tions and an assumption which was made in compiling the data for this report. 

Whenever cum.tllon:imbus and cumulus clouds are present at the same observation 

time, the cloud group of the three-hourly observation (which is limited to 

reporting only one type of low cloud) will report only the cumulonimbus 

clouds. Unfortunately this three-hourly cloud group is the only means of 

determining-which type of cumulus cloud {cumulus humilis or cumulus congestus) 

is present. ~' whenever ci.JJD.ulu~ and cumuJ.oni.mbus clouda occurred a.t the 

same obserre.tion ~ime i't: is iinpossfble to detern.ine fr'?!_ll lihe records which 

type of cumulus c::.oud wa.~3ent. Therefore whenaver this situation occurred 

it was necessary to assume which type of cumulus clouds were present. In this 

study, the following assumption was made: whenever cumulus and cumulonimbus 

clouds occurred at the same observation time, the cumulus clouds were always 

assumed to be cumulus humilis. What effect did this assumption have on the 

frequencies of occurrence of cumulus humilis and cumulus congestus? Hhenever 

cumulus and cumulonimbus are present at the same observation time it is almost 

certain that at least a small part of the cumulus clouds are of the cumulus 

humilis type. Hence the assumption that the cumulus clouds were entirely 

cumulus humilis did not have any effect on the frequency of occurrence of 

cumulus humilis. However, the assumption made it impossible to record (in 

this study) simultaneous occurrences of cumulus congestus and cumulon:Imbus. 

This certainly caused an unde1·estimate of the frequency of occurrence of 

cumulus congestus, especially during the summer months when there a.re many 

observation times a.t which both cumulus and cumulonimbus are present. This is 
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clearly shown by an example. At the 1130 observation in July the frequencies 

of occurrence of cumuloni,;nbus nnd cumulus congestus were 18 per cent and . 
42 per cent, respectively (see Tables 6 and 7). By 1430 the :frequency of 

cumulonimbus had increased to 61 per cent. Since cumulonimbus and cumulus 

congestus cannot be reported at the same observation time the sum of their 

frequencies of occurrence must be less than 100 per cent, hence, the 1430 

frequency of cumulus congestus had to be less than 39 per cent, a decrease 

from the 1130 frequency. Since there were some 1430 observations in July in 

which nei the:r cunn.,.lus congestus nor cumulonimbus were present, the reported 

1430 frequer..cy of occ·u:-rence of cumulus congestus was only 24 per cent 

(Ta.ble 6), a su~;star.t:i.a.l decrease from the 1130 frequency of 42 per cent. It 

is clear that the partic~.llar assumption made in this study caused the maximum 

frequency of occurrence of cumulus congestus to occur before the maximum 

freque:1.cy of occ:.:trrencc of cumulus humilis. At least part of this problem 

might be solved. by making other assumptions but this was not done in the 

present s·tudy. 

'Ille fact tha·t cumulonimbus and cumulus congestus could not be recorded 

at the samt:l obi;,srvs.tion time (in this study) made it possible to compute the 

per cent of obsarva·iiions in which some amount of either cumulus congestus ~ 

cumulonimb'I.W were observed, by sinq,ly adding the frequencies of occurrence 

of' these two clou,1 typeso The combined fre-q1.1ency of occurrence of cumulus 

congectus and cu1m1.lon:h"1lbus is gc-eater than 84 per cent at both the 14 30 and 

1730 observations in July and greater than 87 per cent at the same observation 

times in August/ 

'Ille graph of -!:;he diurnal varia-bion of strato cumulus clouds shows two 

maxima ( 0530 and 2030) and two minima ( 0230 and 14 30). 'lhe 0230 minimum is 

probably not real but another manifestation of the difficulties involved in 

observing clouds at night. 'Ille fact that the morning maximum occurs close to 
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the time of sunrise (at the 0830 observation in the winter and the 0530 

observation in the summer) also indicates that nighttime minimum is probably 

not a real phenomenon, Hence, if the effect of nighttime observations are 

eliminated the diurnal variation of stratocumulus clouds would have one 

maximum and one minimum, The minimum frequency of stratocumulus is 

associated with the dissipation of the clouds caused by daytime heating, The 

time of occurrence of the maximum frequency of stratocumulus is probably at 

2030 in the summer months, when the spreading out of cumulus is the primary 

cause of stratocumulus, and at 0530 in the winter, when the stratocumulus 

not formed by the spreading out of cumulus are the predominant type of strato

cumulus. The minimum frequency of stratocumulus, which occurs at 1430 

throughout the year, is probably associated with the normal dissipation of 

clouds caused by daytime heating. 

2. Diurnal variation of middle clouds, The frequency of occurrence 

of altostratus showed little diurnal variation. Since altostratus are 

generally associated with synoptic situations which occur at random (frontal 

systems, upper level troughs, etc.) and since the presence of altostratus can 

usually be easily determined at night, the lack of a diurnal variation of alto

stratus is not too surprising. 

The diurnal variations of the frequencies of occurrence of altocumulus 

and stratocumulus are very similar. The nighttime minimum of altocumulus, 

like the nighttime minimum of stratocumulus, is not a real phenomenon but a 

result of nighttime observational difficulties, The daytime minimum of alto

cumulus, like the daytime minimum of stratocumulus, occurs at 1430 throughout 

the year and is probably a result of the dissipation of clouds by heating. 

Even the differences between the frequency at the morning maximum and the 

frequency at the daytime minimum are essentially the same for both types of 

clouds (9 per cent for altocumulus, 8 per cent for stratocumulus). 
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Percentagewise, however, the altocumulus decrease only 20 per cent from 

0830 to 1430 while the .stratocumulus decrease 50 per cent during the same 

period. Unlike the stratocumulus, the maximum frequency of altocumulus 

occurs in the morning throughout the year (0530 during the winter and 0830 

during the summer). This is probably due to the fa.ct that the clouds which 

result from the spreading out of the tops of cumulus are frequently reported 

as stra.tocumulus cumulogenitus but seldom reported as . altocumulus cumulo

genitus. 

3. Diurnal'variation of high clouds. Since high clouds consist 

of ice particles which are not easily dissipated, they tend to be much more 

persistent than low or middle clouds and hence show less diurnal variation. 

!Ihe only diurnal variation shown by cirrostratus clouds is undoubtedly the 

result of the inaccuracies in nighttime observations. !Ihe magnitude of the 

decrease in the frequency of observations of cirrostratus at night is 

similar to the results of several other investigators (Compendium on Cirrus 

and Cirrus Forecasting); fifty · per cent fewer observations at night than in 

the day. 'lherefore, it is reasonable to assume that .cirrostratus are present 

at Tucson from 20 to 25 per cent of the time. 

!Ihe diurnal variation of cirrus clouds is greater than the diurnal 

variation of ,_cirrostratus clouds for two reasons: 1) cirrus clouds are more 

difficult to observe at night, hence the nighttime minimum is more pronounced 

and 2) during the summer the frequency of cirrus is greatly increased in the 

afternoon due to the anvils of cumulonimbus. It seems reasonable to assume 

that cirrus are present at Tucson approximately 30 per cent of the time, 

except during summer afternoons when they are present from 50 to 75 per cent 

of the time. 

B. Annual variations of the clouds at Tucson. As in the 

study of the diurnal variations of the clouds the primary parameter used to 
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determine the annual variations of the clouds at Tucson was the per cent 

frequency of occurrence of any amount of the particular cloud type being 

studied. The mean monthly per cent frequencies of occurrence of each cloud 

type (which are shown in Table 4-11) are summarized in Table 12. The totals 

shown in ![able 12 for each cloud family are the "sums of the mean monthly 

frequencies of all cloud types in the cloud family". 'lhese totals are not 

the same as the 'mean monthly frequencies of occurrence of clouds in each 

cloud family". The fonner figure is always larger than the latter because 

there are many occurrences of two or more cloud types, in the same family 

at a single observation time. Although the difference between these two 

parameter is usually small it can become significant for cloudy months. For 

example, in July the sum of the :frequencies of occurrence of the four types 

of low clouds is 89 per cent (Table, 12), however, low clouds were observed 

in only 75 per cent of all of the July observations. 'lhe difference between 

these parameters is less than 3 per cent for the low clouds in all months 

except July (14 per cent), August (14 per cent) and September (6 per cent). 

For the middle clouds the difference is 2 to 3 per cent in all months and for 

the high clouds it is less than 1 per cent in all the months. 

The average number of tenths of cloud cover for each month was also 

computed for each of the eight cloud types. 'lhese mean amounts of cloud 

cover, and the extreme amounts of cloud cover, are summarized in Table 13. 

In general, the annual variations of the frequencies of occurrence are 

essentially the same as the annual variations of the amounts of cloud cover. 

The few exceptions to this general agreement between the annual variations 

of these two parameters are discussed in the analyses of the annual variations 

for each cloud family. 

As the first approach to understanding the observed annual variations of 

the clouds at Tucson, an attempt was made to relate the cloud variations 



Table 12. Summary of the monthlJr mean per cent frequencies of' occurrence of' the eight 
types of' clouds most frequently observed at Tucson. The per cent of' observations in which 
middle clouds were obscured and the per cent o:f observations in which high clouds were obscured 
are also shown. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. 
LOW CLOUDS 

Stratocumulus 22 13 13 10 5 6 l6 l5 9 l2 15 
Cumulus humilis 5 9 11 13 15 17 25 22 20 l3 7 
Cumulus congestus 2 2 4 5 6 7 18 16 12 8 1 
Cumulonimbus (.5 1 1 2 2 6 30 29 13 3 (~5 
TOTAL 29 25 29 30 28 36 89 CJ2 54 36 23 

MIDDLE CLOUDS 
Al to cumulus 4 5 5 2 1 (.5 4 3 l 2 2 
Altostratus 28 25 29 31 27 35 73 70 44 29 24 
TOTAL 32 jU 34 33 25 35 77 73 45 31 26 
Per cent obscured 6 4 3 2 1 (.5 2 1 1 1 3 

HIGH CLOUDS 
Cirrus l8 17 15 23 25 22 47 48 24 22 18 
Cirrostratus 24 26 32 26 18 8 14 10 6 12 22 
TOTAL 42 43 47 49 43 30 61 5t5 30 34 40 
Per cent obscured 13 9 9 6 1 2 12 7 5 3 6 

Dec. 
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with the annual variations of some general synoptic phenomena. The three 

synoptic phenomena which have been used so far are discussed below: 

i. The average amount of precipitation which occurred at ten stations 

within a twenty-five mile radius of Tucson for the nine-year period from 

7/1/45 to 7/1/54 was the first synoptic parameter investigated. It is 

interesting to note that a comparison of the mean precipitation for this 

nine-year period with the long-term mean for the five stations near Tucson 

which had greater than thirty years of record shows that in the last nine 

years Tucson has had a deficit of precipitation for every month from August 

through February except for October. For all other months, including 

October, the nine-year :mean precipitation amounts have been near the longer 

period mean precipitation amounts. The general features of both curves are 

essentially the same, however., the maximum and minimum precipitation amounts 

occurred in different months. These differences are summarized below: 

30-year Mean 10-year Mean 
P.recipi tation Precipitation 

Curve Curve 

Maximum Summer 
Precipitation August July 

Maxima Winter December January 
Precipitation February March 

Minimum Summer 
Precipitation Vay M9.y 

Minimum Winter 
Precipitation October Novenber 

11. The second synoptic parameter for which mean monthly values were 

computed was the amount of precipitable water which occurred at Phoenix, 

Arizona for the three-year period from January 1954 to Decenber 1956. 

These data were computed from the mean monthly radiosonde data for Phoenix. 



Table 13. The average number of' tenths o:f cloud cover, :for each month, :for eight cloud types and 
three cloud :families. The extremes o:f cloudiness, and the years in ·which they occurred, are given f'or 
each cloud :family. 

Jan. Feb. }1a.r. Apr. May June Jul:,' Aug. Sept. Oct. Nov. Dec. 

LOW CLOUDS 
Stratocumulus 280 173 154 76 27 21 112 83 54 94 178 222 
Cumulus humilis 15 26 32 37 22. 28 94 51 32 30 20 18 
Cumulus congestus 25 17 4o 34 30 35 60 39 35 45 10 15 
Cumulonimbus 1 7 9 16 12 22 114 1o8 51 13 2 0 
TOT.AL 321 223 235 163 91 100 380 281 172 182 210 255 

Most cloudy 868 638 415 368 185 225 531 423 361 309 482 507 
Year 1949 1948 1952 1952 1954 15)49 1950 1951. 1946 1949 1947 1948 

Least cloudy 29 84 93 31 10 13 275 176 29 9 18 54 
Year 1953 1954 1950 1948 1948 1951 1952 1949 1953 1952 1945 1953 

MIDDLE CLOUDS 
Alto stratus 81 83 79 41 19 2 65 35 22 34 33 104 
Al tocumulus 298 177 255 217 153 182 670 533 297 173 155 257 
TOTAL 379 2{50 334 258 172 184 735 5b8 319 207 188 361 
Most cloudy 573 356 551 395 360 397 1040 753 533 342 4o4 571 

Year 1952 1947 1954 1946 1947 1949 1954 1947 1946 1945 1947 1948 
Least cloudy 104 154 191 143 65 89 454 345 121 93 51 101 

Year 1948 1953 1952 1954 .1952 1951 1953 1950 1953 1952 1950 1950 

HIGH CLOUDS 
Cirrus 88 99 91 117 __ i45 90 402 344 152 133 87 121 
Cirrostratus 380 390 546 378 283 98 251 164 86.· 187 288 467 
TOTAL 468 m39 1537 495 428 188 b53 508 238 320 375 588 
Most cloudy 854 783 878 667 636 305 799 849 430 472 510 924 

Year 1954 1947 1949 1948 1947 1947 1947 1952 1946 1952 1953 1946 
Least cloudy 260 257 423 332 233 66 350 310 90 205 216 330 

Year 1948 1954 1952 1947 1946 1948 1948 1953 1951 1949 1948 1947 

I 
w 
\.J1 
l 
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1 
other Institute studies have shown that the amounts of precipitable water at· 

Tucson are highly correlated with the amounts of precipitable water at PhoeniX 

and that the three-year mean values used here are comparalue with ten-year 

mean values computed for the summer months. Hence the comparison of the 

three-year mean values of precipitable water a.t Phoenix with the ten-year mean 

values of cloudiness at Tucson should result in valid conclusions. 

iii. The final synoptic parameter included in this study was the average 

number of frontal passages at Tucson during the period from July 1945 to 

July 1954. These data were determined from the Northern Hemisphere ?-hp Series. 

Frontal passages were counted only when the front was shown on both the map 

preceding and the map following the passage. The data were normalized to a 

thirty-one day month. 

The annual variations of these three synoptic phenomena. are shown in 

Figure 3. 

The annual variations of the clouds in each of the three cloud families 

and the X'elationships between their annual variations and the annual variations 

of the three synoptic parameters will be discussed for each cloud family. 

1. Annual variation of low clouds. Figure 4 shows the annual 

variation of the low clouds at Tucson. Three graphs a.re shown: The first 

shows the annual variation of the sum of the frequencies of occurrence of the 

three types of clouds of vertical development .(cuHu, CuCg and Cb) which are 

recorded in Table 12; the second graph shows the annual variation of the sum 

of the tenths of sky coverage of the three types of clouds of vertical -

development which a.re recorded in Table 13; and the final graph shows this 

annual variation of the frequency of occurrence of strato cumulus clouds. 

Each of these graphs will be discussed in turn. 

1unpublisbed pa.per by c. H. Reitan. 
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a, Annual variation of the frequency of occurrence of clouds of 

vertical development. As expected, the annual variation of the clouds of 

vertical development has a summer maximum and a winter minimum. Associated 

with the summer maximum of clouds of vertical development are maxima in the 

amounts of precipitable water and precipitation. The June to July per cent 

increases in the frequency of occurrence of clouds of vertical development, 

the amount of precipitation and the amount of precipitable water were computed 

from the equation: 

June - July per cent increase= July value -""'Ju_n_e_v_a"""l_u_e __ X 100, 

The results of these computations are shmm below: 

Parameter 

Precipitable Water 

All clouds of vertical 
development 

Cumulonimbus only 

Precipitation 

June-July per cent increase 

200 per cent 

300 per cent 

500 per cent 

750 per cent 

The fact that the cloud parameters had smaller June-July per cent in

creases than the amount of precipitation mie;ht be partially explained by two 

observational difficulties: 

i, Nighttime occurrences of clouds of vertical development are rare in 

June but common in July, Therefore the difficulties involved in maldng night

time cloud observations would reduce the number of recorded observations of 

clouds of vertical development in July but would not affect the number of 

recorded observations of clouds of vertical development in June. If this is 

the situation, the June-July per cent increases in both the frequency of 

occurrence of all clouds of vertical developeent and the frequency of occurrence 

of cumulonimbus clouds would be too small, 

ii. Only one occurrence of a cloud was recorded whether the cloud amount 

was one tenth or ten tenths. If there was a. greater number of tenths of 
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cloudiness per observation in July than in June, the amount of cloud coverage 

would be increased much greater than the frequency of occurrence of clouds. 

'lb check on this possibility the June-July increases in the number of tenths 

of clouds of vertical development and the number of tenths of cumulonimbus 

were computed. Since the June-July per cent increases in these parameters 

were 320 per cent and 520 per cent respectively we can conclude that the use 

of cloud coverage data instead of frequency of occurrence data will not 

explain the greater increase in the amount of precipitation. 

The fact that the June-July increase in the amount of precipitable water 

is relatively small as compared to the increases in the other parameters may 

indicate that once the amount of precipitable water has passed some critical 

value the efficiencies of the precipitation and cloud formation processes 

rapidly increase. Hence, a small increase in the amount of precipitable water 

results in much larger increases in the number of clouds of vertical develop

ment and the amount of precipitation. 

b • .Annual variation of the number of tenths of clouds of vertical 

developrnent. The clouds of vertical development were the only group of clouds 

for which the annual variation of the tenths of cloud cover differed signifi

cantly from the annual variation of the frequency of occurrence of these cloud 

types. Al though the average number of tenths of all types of clouds of 

vertical developnent increased from 81 tenths in M9.rch to only 85 tenths in 

June the frequency of occurrence of clouds of vertical development increased 

from 16 per cent in M9.rch to 30 per cent in June. The divergence of the graphs 

is the result of the very regular formation o:f' a few cumuli:f'orm clouds over 

the mountains during May and June; a phenomenon which is not very common during 

the earlier spring months. This is clearly one situation which necessitates 

the use of cloud coverage data instead of cloud frequency data in a study of 

the relationship between cloudiness and precipitation. 
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c • .Annual variation of the frequency of occurrence of strato

cumulus clouds. As seen in Figure 4 the frequency of occurrence of strato

cumulus clouds bas two maxima. -1'he primary max:lmum., which occurs in the 

winter, is undoubtedly associated with the increased number of low pressure 

systems which pass across Arizona. in the winter. The secondary max:lmum in 

the summer occurs as a result of the f'la.ttening out of the convective clouds 

which are associated with the summer thunderstom. activity. rn general, the 

frequency of occurrence of stratocumulus clouds seens to be related to the 

number of frontal passages except during the summer and from January to March. 

The reason for the divergence of these graphs in the summer is clear., however 

there is no obvious explanation for the decreasing frequency of occurrence of 

stratocumulus from January to March in spite of an increase in the number of 

frontal passages. Perhaps an investigation of other synoptic parameters such 

as the number of cyclone passages or the number of upper air troughs, would 

explain the decreased number of s.tratocumulus clouds. 

2. J\zlbUa1. variation of middle clouds. Figure 5 shows the annual 

variation of the frequencies of occurrence of the two types of clouds in the 

middle cloud family. The pronounced summer maximum of occurrence of alto

cumulus type clouds is undoubtedly associated with the influx of moisture from 

the southeast which is the dominate synoptic feature of Arizona 1s summer 

monsoon. From October through Mly the frequency of occurrence of altocumulus 

clouds is almost constant., only varying from a minimum of 22 per cent in 

Novenber to a maximum of 30 per cent in April.. The frequency of occurrence 

of altocumulus does not seen to be directly related to either the number of 

frontal passages or the amount of precipitable water. 

The annual variation of altostratus clouds appears to be related to the 

average number of frontal passages with the exception of the increased number 

of observations during the summer months which is common to all. cloud types. 
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However, the very small :f'requency of occurrence of · altostratus clouds makes 

it very difficult to discern the annual. variation of this cloud type. 

3 • .Annual variation of high clouds. Figure 6 shows the annual 

variation of the two types of high clouds. The greatest :f'requency of occur~ 

rence of cirrus clouds, which is in the summer, is undoubtedly caused by anvils 

froill the summer ctmulonimbus .- It is interesting to note that the summer 

increase in cirrus does not begin until June and is over by September whereas 

the summer peak of middle cloudiness begins in May and is not over until 

October. This may indicate that the moisture which characterizes Arizona's 

summer monsoon arrives first at middle cloud levels. However this apparent 

lack of high cloudiness may be due to the lack of any of the phenomena which 

usually cause high cloudiness; i.e., no :f'rontal passages., no thunderstorms, 

and no jet stream in the 'fucson area. The increase in the :f'requency of 

occurrence of cirrus :f'rom March to MJ.y might be associated with the movement 

of the jet stream :f'rom its mean winter position south of 'fucson to its mean 

summer position north of 'fucson. However no definite information regarding the 

jet stream position was available at this time., hence it was not possible to 

determine the mean number of days with the jet stream near 'fucson. The annual 

variation of cirrus clouds is definitely not related to the ntmber of :f'rontal 

passages nor is it simply related to the amount of precipitable water. 

The annual variation of the frequency of occurrence df cirrostratus clouds 

at 'fucson seems to be closely related to the ntmber of frontal passages except 

during the summer months when the thunderstorms cause a small increase in the 

number of c~rrostratus observations. 

IV• THE RELATIONSHIP BETWEEN THE .AMOUNT OF CLOUDINESS AND THE AMOUNT OF 
PRECIPITATION. . . 

The last phase of the study of 'fucson cloudiness was an investigation of 

the relationship between the amount of cloudiness and the amount of precipita

tion. The daily amounts of cloudiness for each cloud family were determined 
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by su:mning the number of tenths of cloud cover reported at each of the eight 

observation times which were used throughout this study. These daily amounts 

were then su:mned to obtain the total monthly amount of cloudiness for each 

cloud family. Since the Tucson cloud observations frequently record clouds 

which are the source of precipitation which occurs many miles from Tucson, 

the unweighted mean precipitation for all Weather Bureau stations within a 

30-mile radius of Tucson was used as the measure of the amount of precipita·

tion. The ten stations which were used to determine this mean precipitation 

are: Tucson Weather Bureau, Tucson University of Arizona, Tucson M:>untain 

Park, Tucson Magnetic Observatory, Sabino Canyon, Redington, oracle, N lazy 

H Ranch, Santa Rita Eltperiment Station and Ruby Star Ranch. The cloudiness 

and precipitation parameters were evaluated for each month in the nin~year 

period of study. 

The procedure used to study the relationship between the amount of cloud

iness and the amount of precipitation was simply to plot a graph for each 

month showing the year-to-year changes in the number of tenths of cloudiness 

and in the amount of precipitation. These graphs are reproduced in Figure 7-

18 and are discussed below. 

January. The year-to-year variations of cloudiness and precipitation 

seem to indicate that one of two cloud conditions is always present for a 

wet January: 1) at. least one occurrence of nimbostratus clouds is reported 

or 2) the occurrence of large amounts of atratocumulus clouds is reported. 

Poth of these conditions were recorded during the three wettest months of 

January (during 1946, 1949, and 1951). Neither condition occurred during the 

three driest months of January (1947, 1948, 1953). During each of the re

maining three months of January one of the two conditions existed (1950 bad 

30 tenths of nimbostratus, 1952 had 370 tenths of stratocumulus and 1954 had 

261 tenths of stratocumulus) (see Figure 7). 
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Figure 7. Year to year variation of January cloudiness and precipitation at Tucson, Arizona. 
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Figure 8. Year to year variation of February cloudiness and precipitation at Tucson, Arizona. 
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Figure 9. Year to year variation of March cloudiness and precipitation at Tucson, Arizona. 
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Figure 10. Year to year variation of April cloudiness and precipitation at Tucson, Arizona. 
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There appears to be little relation between the amounts of middle or high 

cloudiness and the amounts of precipitation. 

February. In February, as in January, only the amounts of stratocumulus 

and nimbostratus seem to ha.ve a direct relationship to the amount of precipi

tation. During the three wettest months of February (1948, 1950, 1953) there 

were occurrences of nimbostratUP and occurrences of large amounts of strato

cumulus. During the three driest months (1946, 1947, 1952) nimbostratus was 

not observed and the amounts of etratocumulus were small. In 1949, one of 

the three years that were neither the wettest or driest yea.rs, a great amount 

of stratocumulus occurred but no n:fmbostratus were recorded, thus 1949 fits 

into the general pattern. However, the renaining years (1951 and 1954) did 

not fit into the general pattern. February 1951 had the second largest 

amount of nimbostratus and the fourth largest amount of' stratocumulus but 

the sixth largest amount of precipitation. February 1954 had no nimbostratus 

and the smallest amount of stratocumulus, but had the fourth largest amount 

of precipitation (just below the average amount of February prec'ipitation). 

February 1954 also had the lowest amounts of middle and high clouds. It is 

interesting to note tha.t for all but two years (1947 and 1954) a wet January 

was followed by a dry February or, a dry January was followed by a wet 

February. In 1947 both January and February were dry; 1n 1954 both months 

had near normal precipitation. 

March. In March, the total amount of low cloudiness seems to be direct~ 

related to the total amount of precipitation. In 1950 the total precipitatior. 

was greater than might be expected from the total amount of low clouds, how

ever this is probably explained by the 10 tenths of nimbostratus which 

occurred during this month. March 1952 had the greatest amount of precipita

tion and the second greatest amount of low cloudiness. March 1954 ha.d the 

greatest amount of low cloudiness and had the second greatest amount of 

precipitation. Unlike January and February, the amount of middle cloudiness 
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in March is usually related to the amount of precipitation. The only excep

tion to this relationship occurred in March 1952, a month which had great 

amounts of precipitation and low cloudiness but the smallest amount of middle 

cloudiness. 

April. In .A;pril, a.sin March, the total amount of low cloudiness seems 

to be well related to the amount of precipitation. Both the greatest amount 

of precipitation (2.10 in) and the greatest amount of low cloudiness (367 

tenths) occurred in .A;pril 1951. This month also had the greatest amount of 

cumulonimbus and the greatest amount of cumulus congestus, and was the only 

.A;pril with any nimbostratus. April 1952 had both the second greatest amount 

of precipitation (1.42 in) and the second greatest amount of low cloudiness 

(356 tenths). All other months of April had less than 0.50 in, of precipita

tion and less than 250 tenths of low cloudiness. There does not seem to be any 

relation between the amount of middle a.nd high cloudiness and the amount of 

precipitation in April, 

May, Since the total amount of precipitation is usually very small in 

May it is difficult to determine any relationship between the amount of cloudi

ness and precipitation. The only Uay with more than 0.50 in. of precipitation 

(1954) also had the greatest amount of low cloudiness (185 tenths) and the 

greatest amount of cumulonimbus clouds (50 tenths). The two years which had 

the smallest amount of Ma.y low cloudiness (1946, 1948) had no precipitation. 

However, May 1949 also had no precipitation but had an average amount of 10,.,. 
cloudiness (85 tenths), It is interesting to note that the months with large 

amounts of cumulus congestus (1947, 1949, 1952) and months with very small 

amounts of cumulus congestus (1946, 1948, 1950, 1951) have about the same 

amount of precipitation. The former months seem to offer a great seeding 

potential. 

June. In June, the occurrence of a large amount of low clouds seems to be 

a necessary, but not sufficient condition for the occurrence of a large amount 

of precipitation. The three months of June which had large amounts of precipi

tation (1950, 1952, 1954) also had large amounts of low cloudiness which 
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included occurrences of cumulonimbus. However in 1946, 1948 and 1949 the 

cloud conditions seemed to be favorable but the amount of precipitation was 

small. June 1949 had the greatest amounts of total low cloudiness (225 

tenths), cumulus congestus (107 tenths) and cumulon:lmbus · (47 tenths) but 

had only 0.10 in. of precipitation. In contra.st, June 1947 had the same 

amount of precipitation but only 18 tenths of cumulus congestus and 12 tenths 

of cumulonimt>un .. 

July. The year-to-year changes in the amount of low cloudiness seem to 

be well related to the year-to-year changes in the amount of precipitation. 

As might be expected, the changes in the amount of precipitation are greater 

than the changes in the amount of low cloudiness. The amount of precipitation 

varies 300 per cent from 1.15 inches in 1947 to 4.61 inches in 1950. During 

the same period the amount of low cloudiness varies only 100 per cent, from 

271 tenths in 1947 to 522 tenths in 1950. It was surprising to find that 

July 1950, the month with the greatest ~ount of precipitation, had only 

78 tenths of cumulonimbus (the second smallest amount reported in July). 

In other years July had almost twice as many cumulonimbus clouds but half as 

much precipitation. Hence, the July data seem to indicate that the amount of 

cumulonimbus, by itself, is not directly related to the amount of precipita

tion. 

August. In general, the total amount of low cloudiness and the total 

amount of middle cloudiness are fairly well related to the amount of precipita

tion. However, there are several exceptions to this general relationship. 

August 1947 had the greatest amounts of cumulonimbus (229 tenths) and 

cumulus congestus (61 tenths) and the second greatest amount of total low 

cloudiness (394 tenths) but the total August precipitation was less than the 

August precipitation in 1945, 1946, 1951 and 1952, all years which had less 

favorable cloud conditions. August 1945 and August 1952 had similar cloud 
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(approximately 250 tenths total low cloudiness and 100 tenths cumulonimbu$. 

but August 1945 had approximately 4.o inches of precipitation while August 

1952 had only 2.5 inches of precipitation. Hence in August, as in July, low 

cloudiness and precipitation are not related in a simple manner. 

Se:ptenber. In general, the year-to-year variations of all three cloud 

families seem to be related to the year-to-year variations in the amount of 

precipitation. The greatest amount of precipitation occurred in Septenber 

1946, also the month with the greatest amounts of low, middle and high clouds. 

The smallest amount of precipitation occurred in September 1953, also the 

month with smallest amounts of low, middle and high clouds. The four months 

of September which had the greatest amounts of precipitation (1946, 1947, 

1948, 1949) also had the greatest amounts of cumulonimbus clouds. Hence, 

the data indicate that large amounts of cumulonimbus are necessary for a wet 

September. This is probably the result of the summer monsoon lasting into 

the first weeks of September. 

October. October appears to be a transitional month in which either an 

occurrence of n:imbostratus or an occurrence of cumulonimbus can cause 

October to be a wet month. For example, in October 1945, 1.75 inches of the 

total precipitation occurred during three days of heavy convective activity 

which also accounted for the 34 tenths of cumulon:imbus. Also, one-half of 

the precipitation for October 1948 occurred during the one day, the same day 

that the 10 tenths of n:imbostra.tus occurred and almost all of the precipita

tion which occurred in October 1951 occurred during the one day on which the 

30 tenths of n:imbostratus occurred. It should also be noted that all months 

of October which had at least 0.50 inches of precipitation also had at least 

one occurrence of either cumulonimbus or n:imbostratus. On the other hand, 

in the three months of October which bad very little precipitation (1950, 

1952, 1953) only 1953 (which had only 1 tenth cumulonimbus) had any 
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cumulonimbus or nimbostratus at alJ.. 

November. The year-to-year variations in the amount of precipitation 

and the amount of cloudiness indicate that the amount of precipitation will be 

great only if there is either a large amount of strato cumulus or at least 

one observation of nimbostratup. The four months of November which have 

greater than average amounts of precipitation (1946, 1947, 1951, 1952) also 

have the largest amounts of stra.tocumulus (433 tenths to 198 tenths) and the 

only observations of niml:ostratus. Of the five months of November which have 

below average amounts of precipitation, Novenber 1953 has the greatest amount 

of strat0cumulus (131 tenths) and none of these five months have any nimbo

stratus observations. 

December. In December, as in the other winter months, the months with 

greater than average precipitation must have either an occurrence of nimbo

stratus or an occurrence of a large number of strat·o cumulus clouds. The 

two months with the greatest amounts of precipitation (1949, and 1951) also 

had the greatest amount of nimbostratus clouds (40 tenths in each year). 

The month with the third highest amount of precipitation (1948) had the great

est amount ot 1:3t:ratocumulus clouds recorded during December (444 tenths). 

The two months of December which had almost no precipitation (1950 and 1953) 

had a total amount of low cloudiness of only 58 tenths and 45 tenths, 

respectively. As in the other months, the ratio of the amount of Decenber 

cloudiness to the amount of December precipitation is not constant, however 

the small sample of data used in this study does indicate that certain condi

tions of cloudiness exist for those months which have either greater than 

average or less than average amounts of precipitation. For months with near 

average amounts of precipitation the cloud conditions may vary but usually 

there is at least one occurrence of nimbostratus or an occurrence of a great 

amount of (3tratocumulus clouds. 
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In order to express the relationship between the amount of :precipitation 

and the amounts of cloudinessmathenatically, Spearman rank correlation 

coefficients were computed for the following measures of cloudiness: 

Number of low cloud observations 

Number of tenths of low clouds 

Number of tenths of middle clouds 

Number of tenths of high clouds 

Number of tenths of low and middle clouds 

Number of tenths of low, middle and high clouds. 

The results of these computations are shown in !!able 14. 

As a group the six correlations between cloudiness and precipitation are 

the lowest in February (mean correlation of .32), and the highest in September 

(mean correlation of .82). In all months except September the correlations 

are better for the number of tenths of low cloudiness than for the number of 

observations of low clouds. The correlation between the amount of precipita

tion and the number of tenths of low cloudiness (mean correlation of .78) are 

better than the correlations for any other measure of cloudiness. However, 

during the summer months the correlations are usually better if the number of 

tenths of low, middle and high clouds are used as the measure of cloudiness. 

In all months except August and September the correlation between the amount of 

precipitation and the amount of high cloudiness is very low; in the winter 

this correlation shows a tendency to be negative. It may be possible to 

:improve the correlations between the amount of precipitation and the amount of 

cloudiness by using a more complicated measure of cloudiness which would give 

more -weight to those types of clouds which cause precipitation in Tucson, 

however, this was not done in this study. 
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Table 14. Spearman Rank Correlation Coefficients Between the 
Jlmount of Precipitation and Six Measures of Cloudi-· 
ness. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I.ow 
Obs • 

• 67 

.45 

.70 

.86 

.47 

.17 

.82 

.55 

.80 

.62 

.82 

.78 

I.ow Middle 
Tenths Tenths 

.88 .48 

.58 -.28 

.80 .32 

.96 .58 

.77 .41 

.56 .47 

.98 .58 

.65 .77 

.77 .92 

.72 .44 

.83 .50 

.78 .67 

High I.ow-Mid. L-M-H 
Tenths Tenths Tenths 

.38 .73 .74 

--25 .30 .05 

--57 .68 .oo 

.14 .88 .67 

.16 .83 .58 

.02 .63 .67 

.22 .87 .83 

.68 .77 .82 

.70 .87 .88 

.02 .65 .70 

-.07 .78 .57 

-.32 .82 .48 
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v. SUGGESTIONS FOR FUTURE RESEARCH. 

The cloud data from at least one other station shoud be analyzed for 
homogeneity to see if the heterogeneities which are present in the Tucson 

data are also present in cloud data for other stations. If the same hetero
geneities are present, the possible causes suggested here can probably be 
accepted as the~ causes of these heterogeneities. However, if the same 
heterogeneities are not found other possible causes which would affect only 
the Tucson data should be investigated. 

It would be interesting to extend the study of the relationships between 
the annual variations of the amount of precipitation and the annual 

variations of synoptic parameters to include additional synoptic parameters. 
In particular, a measure of the nearness of the jet stream, a measure of the 
frequency of occurrence of upper air lows and throughs, and a measure of the 
mean upper air wind direction should be included in this study. 

The analysis of the relationship between the amount of precipitation and 
the amount of cloudiness showed many months which would make interesting case 
studies. In addition, it would probably be profitable to extend the analysis 

.of this relationship to include the later years of data for which the Institute 
has stereocloud photographs, and radar data. 
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APPENDlX A. 

CIRROO!IRA'lUh From "Codes for Cloud Forms and states of the Sky," U.S. W.B., 

1938. 

A. Definition. A thin whitish veil which does not blur the outlines of 
the sun or moon, but usually gives rise to halos. Sometmes it is quite 
ditf'use and merely gives the sky a milky look; sometimes it more or less 
distinctly shows a fibrous structure with disordered filaments. 

B. Explanatory Remarks. A sheet of cirrostratus which is very exten
sive, though in places it may be interrupted by rifts, nearly always ends by 
covering the whole sky. The border of the sheet may be straight edged and 
clear-cut but more often it is ragged o~ cut up. 

During the day, when the sun is sufficiently high above the horizon, the 
sheet is never thick enough to prevent shadows of objects on the ground. 

A milky veil of fog (or thin stratus) is distinguished from a veil of 
cirrostre.tus of a similar appearance by the halo phenomena which the sun or 
the moon nearly always produces in a layer of cirroatratus. 

The following are the principal halo phenomena: A circle of 22° radius 
round the sun or·moon; this is roughly; the angle subtended by the hand-placed 
at right angles to the arm when the latter is extended; this halo is sometimes, 
but rarely, accompanied by one of 46° radius. Parhelia, paraselenae {mock 
suns or mock moons), luminous patches, often showing prismatic colors, a.little 
over 22° from the s'Ul'l or moon and at the same elevation. A luminous column, 
e.g., sun pillar, extending vertically above and below the luminary. 

Often only small fragments of these appearances are visible but they are 
none the less characteristic of high clouds. 

What has been said above of the transparent character and colors of cirrus 
is true to a great extent of cirroatratus. 
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From "Manual of Cloud FbrlllS and Codes for States of' the 

Sky," u.s.w.B., 1949. 

A. Definition. A thin, wbit.ish veil which does not blur the outlines of 

the sun or moon, but usually gives rise to halos. Sometimes it is quite 

diftuse and merely gives the sky a milky look; sometimes it more or less 

distinctly shows a fibrous structure with disordered filaments. 

B. Explanatory Remarks. A sheet of cirro stratus which is very exten

sive, though in places it may be interrupted by rifts, nearly always ends by 

covering the whole sky. The border of the sheet may be straight-edged and 

clear-cut, but more often it is ragged. 

During the day, when the sun is sufficiently high above the horizon, the 

sheet is never thick enough to prevent shadows of objects on the ground •. !ow 

angular altitude of the sun or mocn has two effects: (1) It introduces a 

longer light path through the cloud, thereby producing characteristic optical 

phenomena; and (2) by perspective, it causes characteristic cloud features to 

appear to merge. 

When the sun or moon is low (less than about 30°), the relatively longer 

light' path through cirrostratus clouds of uniform thickness may reduce the 

light intensity to a point where a halo, shadows of' objects on the ground, or 

a sharp outline of the disk of the sun or moon -- all criteria of cirro

stratus -- may be absent. If so, and the sun is below an altitude of 8° and 

cirroatratus clouds are present, usually not even the upper portfon of a 

22° halo would appear; whereas if the sun were above 52°, the halo could be 

complete. 

Just as perspective may cause cumulus clouds near the horizon to appear 

to merge into stra.tocumulus, cirrus may be mistaken for eirrostratus,; and 

cirrostratua even· though not of uniform thickness, for altostratus. 

It is assumed, therefore, that when the sky is uniform in all directions, 
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with due reser~ tor <Utfereno~g in·t~~Ymnitten tewar~ cm4 ~VIY ti,om the ami, 

the sky is all cirrostratus: (1) whenever any part of a halo is present, 

or (2) whenever, with a fibrous sheet in which no halo appears, and 'With 

a solar altitude of more than 30°, the sharp outline of the sun or moon is 

visible and the sun casts shadows on the ground. 

A.mill~y veil of fog (or thin stratus) is distinguished from a veil of 

cirrostratus of a similar appearance by the halo phenomena which the sun 

or the moon nearly always produces in a layer of cirrostratus. 

The following are the principal halo phenomena: A circle of 22° radius 

around the sun or moon; this is roughly the angle subtended by the hand 

placed at right angles to the arm when the latter is extended; this halo is 

sometimes, but rarely, accompanied by one of 46° radius. Parhelia, 

paraselenae (mock suns or mock moons), luminous patches, often showing 

prismatic colors, a little over 22° from the sun or moon and at the same 

elevation. A luminous column, e.g., sun pillar, extending vertically above 

and below the luminary. 

Often only small fragments of these phenomena are visible but they are 

nonetheless characteristic of high clouds. 

What has been said above of the transparent character and colors of 

cirrus is true to a great extent of cirrostratus. 
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