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Fig. 29 Mean , standard deviation and coefficient of variation of the amount of precipitation [in inches\ received from storms beginning in August. 
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Fig . 30 Mean , standard deviation and coefficient of variation of the amount of precipitation !in inches! received from storms beginning in September. 



G. DISTRIBUTION OF PRECIPITATION 
DURING THE WATER YEAR 

It will be noted from Figure 31 that the 
mean value of the precipitation received in each 
of the months of the water year is higher than the 
corresponding median value. (See also Table IV). 

The distribution of precipitation within the 
water year may be seen in Figure 31. For ex­
ample, stations in the southern part of the basin 
such as Escalante and Montrose receive a major 
portion of their annual precipitation in August, 
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September, and October and are relatively dry 
in the winter months. In contrast, high-altitude 
stations such as Steamboat Springs and also 
stations in Northern Wyoming such as Bedford 
and Border receive major amounts of pre cipitation 
during the winter season. 

There is a marked contrast for Fort Collins, 
a station on the eastern slope of the Continental 
Divide. For Fort Collins the major pre cipitation 
amounts are received in the spring months of 
April and May. 
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H. FREQUENCY DISTRIBUTION OF 
PRECIPITATION AMOUNTS 

Figure 32 shows the frequency distribution 
of precipitation for two individual months and for 
the year, based on the period of record at each 
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station. These frequency distributions are to be 
read as indicating the amounts of precipitation 
"equal to or less than. " For example, about 
1 O. 5 inches of precipitation or less was received 
50 per cent of the time during the water year 
at Gunnison. 
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I. EXAMPLE OF CORRELATION STUDY 
BY MACHINE TABULATION PROCEDURE 

Precipitation data from Delta, Gunnison and 
Crested Butte were used in a study to attempt to 
derive forecasting equations for seasonal runoff 
(April - July) for the Gunnison River above Gun­
nison Tunnel. In making this study it was 
recognized that the runoff from the Gunnison River 
was dependent upon factors other than precipitation 
alone. No attempt was made to "weight" the 
precipitation according to elevation or area. 

1. Objective 

The purpose of the study was: 

a. To attempt to develop forecasting equa­
tions for seasonal runoff for the Gunnison River. 

b. To attempt to develop procedures and 
techniques to be followed using a "refined" clima­
tological precipitation data as developed in this 
study. 

c. To deduce certain physical facts regard­
ing the m echanisms affecting runoff on the Gunnison 
River. 

2. Procedure 

The procedure for this study was as follows: 
The seasonal runoff of the Gunnison River was 
correlated with precipitation from three stations, 
Delta, Gunnison, and Crested Butte (stations 
located in and near the Gunnison River drainage 
area). The following combinations were used. 
Combinations of stations: 

Delta, a low elevation station - L 
Gunnison, a middle level elevation 

station - M 
Crested Butte , a high elevation station - H. 

All possible combinations of stations, L, M, and 
H, LM, MH, LH and LMH were used for a total of 
seven combinations. 

Five estimates of evapotranspiration were 
used. This first estimate, evapotranspiration 
estimate A, was the observed precipitation without 
any deductions for evapotranspiration. Evapo­
transpiration estimate B was the same as given in 
Table III in this report. Evapotranspiration esti­
mate C was obtained by subtracting O. 10 of an inch 
more per storm than the estimates given in Ta-
ble III. Evapotranspiration estimate D was obtained 
by subtracting 0. 10 of an inch less per storm than 
the amounts shown in Table III. Evapotranspiration 
estimate E was obtained by subtracting O. 20 of an 
inch more per storm for the low level station, 
0. 10 of an inch more per storm for the middle 
level station and subtracting the same amount for 

the high level station as the amounts shown in 
Table III. 
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A total of 34 precipitation periods were 
analyzed. Period one was to correlate October 
precipitation only with the following seasonal run­
off. Precipitation period two was to use the sum 
of October plus November. Precipitation period 
three was to use October plus November plus 
December, etc. until we get to period ten which 
was the summation of October plus November - -
plus July correlated with the seasonal runoff. 
Periods 11 through 19 used November alone for 
period 11, November plus December for period 12, 
etc . until we get to precipitation period 19, which 
was the sum of all months, November through 
July. 

Precipitation period 20 was December alone, 
precipitation period 21 was December plus January, 
etc. until we get to precipitation period 27 which 
was the sum of December plus January plus all 
months through July. 

In a similar manner, precipitation periods 
28 through 34 were for January through July. 

The variables used were five evapotranspira­
tion estimates, seven station combinations and 34 
precipitation periods. The product of 
7 x 5 x 34 = 1190 separate combinations. 

3. Results 

For each of these 1190 separate computations 
the following information was obtained: 

Equations of the form Y = B
0 

+ B
1
X

1 
were 

obtained for single stations. 

Equations of the form Y = B
0 

+ B
1
X

1 
+ B

2
X

2 
were obtained for two stations. 

Equations of the form 
Y = B

1 
+ B

1
X

1 
+ B

1
X

2 
+ B

3
X

3 
were obtained for 

three stations. Where 

Y = seasonal runoff, April through July. 
xi, x2, x3 = precipitation amounts from 

the three stations . 

In addition, the correlation coefficient, the 
constants B 0 , B

1
, B 2 , B3' the standard error 

of estimate of Y , and the standard error of 
estimate for the individual regression coefficients 
were obtained. 

4. Discussion 

The details of this study are too lengthy to 
be included in this report. However, the following 
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highlights of this study are worth mentioning 
here: 

a. Individual correlation coeffi cients of up 
to approximately O. 6 were obtained. 

b. Correlation coefficients for precipitation 
period No. 1 (October precipitation only) were 
generally higher than the values for later periods. 
This fact lends credence to the major storm con­
cept discussed in greater detail in a later section 
of this report. 

c. Correlation coefficients were such that 
it appears that the evapotranspiration estimates 
shown in Table III are probably slightly higher than 
actual values . A computation of the type de -
scribed in this Gunnison River study would enable 
one to make better estimates of this 

evapotranspiration loss by repeated estimates of 
the type described in this study. 

d. Correlation coefficients obtained for 
precipitation periods extending through April were 
usually better than for periods including precipi­
tation from months following April. The reason 
for this fact is not known. It suggests, however, 
that forecasts of runoff from the Gunnison River 
may be of acceptable quality if prepared at the 
time the winter precipitation data are available for 
April, without being concerned about the additional 
amounts of precipitation that may fall later in the 
season on the Basin. 

e. This preliminary study illustrates one of 
the procedures that might be followed in adapting 
"refined" climatological data to hydrologic prob­
lems of an operational nature. Better results 
would be anticipated in smaller catchment areas . 
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III. A REVIEW OF MAJOR STORMS WIDCH HAVE OCCURRED IN THE UPPER COLORADO RIVER BASIN* 

A. OBJECTIVES 

While reviewing the actual sequence of pre­
cipitation amounts recorded at each of 18 stations 
in Western Colorado during a 46-year sample, it 
was noted that on rather rare occasions heavy pre­
cipitation amounts occurred simultaneously at many 
stations. A very cursory investigation showed that 
the occurrence of only one such storm in any par­
ticular year tended to increase sharply the annual 
streamflow as measured at Lee Ferry. 

A separate investigation was made to care­
fully review a 46-year sample in order to find all 
major storms , to formulate a definition of such 
storms, and to study the influence on streamflow. 

40-

10 -

In Water Year -

1914 1920 1912 1942 

B. PROCEDURE 

For purposes of this study of major storms 
the initial sifting of data was based on the collection 
of all cases when one-half or more of the several 
stations in each of three major sub-basins were 
equal to or above certain low threshold values. 

After all such storms had been tabulated, the 
next step was to establish higher minimum limits 
for the total quantity of precipitation per storm. 

Although the original tabulation was made 
separating the basin into three sub-basins repre­
senting Main Stem, Gunnison, and San Juan, it was 
eventually determined that only general storms 

1 
I 
I 
I 
I 
I 

195 2 1948 1927 1929 1915 1916 

o -
Sep, Jan. May 
22-2316-17 24 
1913 1914 1914 

Nov. May 
26-28 14-16 
19 19 1920 

Oct. Mar. 
4-6 19-20 
19 11 1912 

Oct. Oct . Oct. Dec. 
24 12-1424-26 29-31 
1941 1941 1941 1951 

Oct. 
11-14 
1947 

June 
27-28 
1927 

Sep. 
5-8 
1929 

Oct. 
34 
1914 

Sep. 
24-26 
1915 

Storm Dates -

F ig . 33. Listing of the 15 largest major storms occurring in Western Colorado during the 46-year 
period, 1911-12 - 1956-57 . Note that these occurred during only 10 of the 46 water years . 

* Major storms as treated in this section should 
be distinguished from the storm periods dis -
cussed in other sections. 
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involving the whole area were large enough to 
produce a sizeable response in flow measured at 
Glen Canyon. Streamflow reference material used 
was the "Present Modified Streamflow of the Colo­
rado River at the Glen Canyon Dam Site." (Unpub­
lished data supplied by Mr. R . Riter of Bureau of 
Reclamation, Denver). 

C. RESULTS 

It was found that any major storm which af ­
fected the three sub - basins had but less than 15 
inches total from the 1 8 stations tended to have 
little immediate effect on subsequent streamflow 
measured at Glen Canyon. Although it is highly 
desireable that some adjustment be made for the 
time of year when the storm occurs when deciding 
on its relative importance to streamflow, for pur­
poses of this particular analysis a fixed va:J.ue was 
used for the entire year. 

In Figure 3 3 we find the 15 storms which have 
occurred in the 46-year period having total pre­
cipitation amounts above 15 inches as measured at 
the 18 stations in Western Colorado. 

It was somewhat surprising to find that in 
four of the seasons more than one such storm oc­
curred. Referring to Figure 33 we note that in the 

water year of 1913-14 there were three storms 
separated by two months or more which produced 
15 inches in two or three days respectively. While 
it is true that the storm of September 22-23, 1913, 
actually produced precipitation prior to October 1, 
the streamflow response measured at Glen Canyon 
would have been in the 1914 water year. 

A similar situation occurred in l ate Septem­
ber of 1915 when the storm occurring between the 
24th and 26th could not have produce d any large in­
crease in runoff measured at Glen Canyon until 
after October 1. The situation in 1929 was some -
what different in that the storm occurred the early 
part of September and a goodly portion of the in­
crease in runoff was measured in that same month 
at Glen Canyon. This was, however , a case in 
which some of the precipitation in September did 
influence the following water year and produced 
abnormally high amounts of runoff for the respec­
tive quantity of precipitation measured in 1929-30 
water year. 

Table V furnishes a very rough approximation 
of the resulting change in annual streamflow meas -
ured at Glen Canyon during water years when the 
major storms occurred as listed in Figure 33. The 
simple method of analysis was to determine the 
percentage relation5hip of precipitation totals- -
including the major storms - -in each of the various 

TABLE V 

Rough approximation of response in increased annual streamflow at Glen Canyon related to major 
storms occurring in Western Colorado. (Stream-flow Unit - 1000 acre-feet). ---

Percentage 
Water Year of Annual Resulting Runoff Actual Extra 
Containing Average when same Percent- Water Runoff 
1 or more Precipitation age is Applied to Year which may 
Major Storms Recorded 46-Season Average Runoff be due to 
(See Fig:. 33) Oct. - Sept. Runoff of 12, 640 Recorded Major Storms 

1914 112 14 , 157 18,007 + 3,850 
1920 111 14,030 18,818 + 4,788 
1912 114 14,410 17,421 + 3,011 
1942 101 12,766 16,394 + 3,628 
1952 122 15,421 17,613 + 2,192 
1948 104 13, 146 13,224 + 78 
1927 139 17,570 15,570 - 1, 7 80* 
1929 133 16,811 18,387 + 1, 576 
1915 93 11, 755 11,605 150 
1916 115 14,536 16,307 + 1, 771 

,;, Three-basin major storm in June and special 14-day rainy period in September resulted in+ 3,104 
excess streamflow following year when annual precipitation was 90 per cent. The combined two­
season net excess is + 1, 324. 



seasons as compared with the long-period annual 
normals for the same set of stations. When this 
same percentage is applied to the 46 -season (19 12-
1957) average annual streamflow of 12, 640, 000 
acre-feet at Glen Canyon, we can relat e this to the 
actual flow which was measured in that water year 
to get a rough approximation of the influence of 
these particular major storms - -or multiple major 
storms. 

Table 5 shows the results without considering 
any influence from other tributaries above Glen 
Canyon and can , at best, only be considered as a 
general guide. Several criticisms can be made of 
this simpl e technique in determining major storm 
influence, but it cannot be denied that these major 
storms do exert a strong plus factor to increasing 
streamflow. 

The total extra runoff for the 15 storms 
during the ten seasons when they occurred amounted 
to 22, 06 8, 000 acre-feet . This would be an average 
per major storm of 1,400,000 acre-feet. This is 
in addition to the direct fractional portion of the 
total annual runoff attributable to the fractional 
portion of the annual precipitation produced by each 
single storm. 

D. CONCLUSIONS 
FROM STUDY OF MAJOR STORMS 

Having reviewed the historical record of 
major storms and, in a very general way, the 
respective influence these storms have had on run­
off, the following conclusions have been reached: 

1. A three - basin major storm is defined as 
one which produces precipitation above 5 per cent 
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of annual precipitation at one-half or more of the 
stations in each of the three sub-basins and pro­
duces an 18-station total precipitation greater than 
15 inches. This is to be collected in a period not 
to exceed four days. 

2. Snowpack totals can be used as a general 
substitute for an annual "major storm. " The 
cumulative total of this "major storm" will differ 
markedly from year to year, but will have a high 
correlation with the total annual runoff figures at 
Glen Canyon. 

3. Major storms capable of producing within 
four days an extra yield of 1,500,000 acre-feet or 
more of runoff are not a part of the annual recurring 
weather phenomena. Therefore, long-term plan­
ning for the most probable one -year runoff values 
should permit exclusion of the extra runoff yields 
obtained from such major storms. A projected five­
year sample could logically contain one such storm. 

4. Major storms can be identified from the 
current network of precipitation stations the day 
following their occurrence. 

5. The occurrence of. even one major storm 
adds a plus factor to the impending annual runoff 
total. However, the one storm, in itself, does not 
indicate an above normal water runoff year. This 
will also depend on the precipitation occurring 
during the other 36 1 days. 

6. Since most major storms occur in the 
four-month period, September through December, 
a favorable lead time is gained to allow an upward 
adjustment of the late winter and early spring 
runoff estimates for the balanc e of the current 
water year. 
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IV. MOISTURE SOURCES FOR PRECIPITATION IN THE UPPER COLORADO RIVER BASIN 

A. OBJECTIVES 

The inland location of the catchment area of 
the Upper Colorado River Basin receives its mois -
ture from air masses which have been modified by 
travel over a considerable distance of land. 

The objective of this special study of mois -
ture source was to determine whether precipitation 
falling in the Upper Basin has originated from 
(a) the Pacific Ocean, (b) the Gulf of Mexico, or 
( c) repeat precipitation from nearby evapotrans­
piration. 

B. PROCEDURE 

The method of study has been examination of 
the weather map sequence related to all storms 
which occurred in a 46-year period. By moving 
backward in ti me from the periods when precipita­
tion has been measured, it is possible to estimate 
the original source region for the moisture. Only 
broad generalizations could be made, since any air 
mass picks up moisture over a long period of time, 
and it is not possible to fix any small source region. 
For instance, the air which moves from east to 
west over the Gulf of Mexico previously has been 
moving over the Central Atlantic Ocean, and part 
of the moisture which it contains as it arrives over 
Mexico may have been picked up through the evapo­
ration process severl thousand miles upwind. 

Following preliminary investigation, it was 
decided that source regions could be better clas­
sified into three general categories. These were 
( 1) Gulf of Mexico, ( 2) Pacific Ocean , with a 
trajectory south of the high Sierras, and ( 3) mod­
ified Pacific air mass which moved from west to 
east crossing mountainous terrain at some point 
north of the south end of the high Sierras. 

C. RESULTS 

Figure 34 shows the general areas of source 
regions for pr·ecipitation collected in the Upper 
Basin of the Colorado River. 

1. Summer 

Summer shower activity occurs mainly in 
July and August. The source region is primarily 
the Gulf of Mexico, and some local evapotranspira­
tion brought about by collection of moisture through 
~vapotranspiration within one day's travel time 
from the south and southwest. The typical trajec­
tory of warm and moist air moves over northern 

Mexico and then to the north over Utah and Colo­
rado. The high mountainous terrain experiences 
more showers and has a greater reliability for 
precipitation during this period than low elevations. 
The north end of the basin in Wyoming is at a 
maximum distance from the Gulf of Mexico, and 
consequently receives a smaller amount of rainfall 
from summer showers. 

2. Fall 

During the fall period when general rains can 
occasionally occur, there is still a general source 
region from the Gulf of Mexico, but an important 
alternate source region comes from the warm 
Pacific south of the high Sierras. Most of the 
major storms - -which have less than an annual 
frequency of occurrence- - come from this source 
region in the period between September and Decem­
ber. A few of the most notable storms of this 
period have actually been remnants of a storm 
which was a hurricane of tropical origin in the 
Pacific Ocean south and west of Mexico. The move­
ment of such a storm carries tremendous quantities 
of moisture as it moves from near the mouth of the 
Colorado River up to the upper catchment basin. 
Such storms are particularly important in produc­
ing precipitation in the south half of Utah and the 
southern slopes of the mountains in Colorado. 

3. Winter 

Nearly all of the wintertime precipitation 
comes from air masses which have moved from 
west to east across the mountainous terrain, ex ­
tending from the south end of the high Sierras to 
the Canadian Border . The actual trajectory of 
some of this air moves eastward into Montana and 
then southward into the Upper Colorado River Catch­
ment Basin. Such trajectory produces the greatest 
amount of precipitation on the northern and north­
western slopes of mountainous terrain. 

Precipitation activity is accentuated greatly 
at the higher elevations, since a large amount of 
lifting and cooling is required to produce precipita­
tion from this air after its passage over the moun­
tainous terrain upwind. An extreme example of 
such an influence of the upwind mountains c an be 
illustrated from a trajectory moving toward Colo­
rado across the high Sierras of California. Such an 
air mass would lose a very high fraction of its 
moisture as it moved upward over the mountain 
barrier in California. As this air mass moves 
downslope on the east side of the Sierras, it is 
heated and can continue to carry all available mois -
ture in vapor form until it is again lifted and cooled 
moving against the very high terrain in the Rocky 
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Mountains. Thus, at lower elevations, little or no 
precipitation is received during the winter months, 
while at the very high elevations cloudiness and 
light snow are very frequent. In a few rare instan­
ces, the large cyclonic storm can move into North 
America in the period between December and March 
to the south of the high Sierras. Such storms can 
carry large amounts of moisture toward the north­
east through the relatively low terrain across the 
desert. This moisture is then subsequently pre­
cipitated into the upper basin areas in large amounts. 

from the Gulf of Mexico. As these storms move 
to the northeast across the state of Colorado, 
heavy moisture deposits are delivered to the 
eastern slopes, and some precipitation is moved 
into the northern portion of the upper basin area 
from a trajectory moving around the cyclone and 
into the basin from the northeast. It is quite 
unfortunate that this precipitation process is li­
mited to less than 36 hours, since the cyclonic 
storm is moving toward the northeast at a rather 
rapid rate. 

At the end of the winter period, primarily in 
April and May, there is a storm tendency for cy­
clonic storms to be generated over the State of 
Arizona, and their movement is relatively slow 
during the formative stage. These storms pull in 
air which has originally moved over New Mexico 

D. CONCLUSIONS 
FROM STUDY OF MOISTURE SOURCES 

1. Moisture from the Pacific in the winter -
time is reliable in producing some snowpack in 
higher elevations every year. 
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Fig. 34, Source Regions for precipitation in the Upper Colorado River Basin. 
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2. Summer thunderstorms drawing moisture 
from the Gulf of Mexico are most reliable in the 
high mountainous terrain and the south edge of the 
catchment basin. 

3. Fall storms from the source region of 
the warm Pacific are not reliable on an annual 
basis, but when they do occur, can generate major 
quantities of precipitation. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

A. CONCLUSIONS 

A large mass of data have been prepared in 
readily available form for computer analyses. 
These data have been by no means exhaustively 
treated in this study. 

The availability of these "refined" climato­
logical data makes it possible to use the probabi­
listic approach for short term (less than one year) 
forecasts of precipitation events. 

In nearly all of the precipitation data included 
in this report, the mean or average values are 
higher than the median values. This positive skew­
ness is typical of precipitation data, particularly 
in semi-arid areas. 

This difference between the mean and me<;lian 
values means that in most cases the amounts of 
precipitation that will be received 50 per cent of 
the time will be less than the average amounts. 
Therefore, the average amounts are somewhat mis -
leading because they will not be received 50 per 
cent of the time . 

Major storms are significant contributors to 
runoff from the Upper Colorado River Basin. These 
major storms can be identified from existing pre­
cipitation stations shortly after they occur. 

The primary moisture sources of precipita­
tion in the Upper Colorado River Basin have been 
identified as being from the northern Pacific in the 
winter , southern Pacific in the fall, and from the 
Gulf of Mexico in the summertime. 

B. RECOMMENDATIONS 

Further research should be accomplished to 
explore different levels of "drop outs" as a means 
of adjusting observed precipitation data to give ob­
served runoff. Studies such as the one described 
in this report for the Gunnison River would be of 
value, not only for the development of prediction 
equations for seasonal runoff, but also as a means 
for obtaining a better understanding of the physical 
processes involved in the rainfall-runoff relation­
ship. 

It is desirable to have additional observing 
stations for precipitation at elevations higher than 
6000 feet msl. Because of the high evapotranspira­
tion amounts for e levations below 6000 feet msl in 
the Upper Colorado River Basin, additional stations 
below 6000 feet would be of questionable value. 

In view of the importance of major storms, 
particularly in the fall, it would be desirable to 
conduct "bucket surveys" for major storms occur­
ring in the fall of the year. Such "bucket surveys" 
would give a better measure of the total quantity of 
precipitation that falls. This information should be 
valuable in making estimates of runoff to be ex­
pected during the following spring season. 

It is recommended that short-term planning 
make use of the data that can be obtained from the 
occurrence of major storms as they happen. For 
example, if a major storm occurs in the fall of the 
year, it is quite likely that additional runoff can be 
expected the following spring. Conversely, if no 
major storm occurs in the fall of the year , it is 
likely that the amount of runoff to be expected the 
following spring will be relatively low. This con ­
cept should be of value in planning for the runoff. 

Any futur e plans for attempting to increase 
precipitation by artifical means must necessarily 
consider the moisture source, and any operational 
plans must be based on the primary sources of 
precipitation available. This means, for example, 
that attempts at increasing precipitation in the 
wintertime should exploit the availability of mois -
ture from the Pacific northwest. Conversely, any 
attempt at weather modification that would plan to 
use moisture from the same region in the summer ­
time would likely be foredoomed to failure. Any 
plan which would not recognize the differences 
between moisture sources in any season would not 
represent proper planning. 

It is recommended that t he present study be 
considered only a beginning of a better under -
standing of the precipitation occurrences in the 
Upper Colorado River Basin. Future work on this 
subject will be of considerable value in gaining a 
better understanding of the hydrologic process that 
effect the economy of the Upper Colorado River 
Basin. 
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VI. APPENDICES 

A. PROCEDURES FOR MACHINE PROCESSING 
OF PRECIPITATION DATA 

Step 1. Punching of Daily Cards 

Data as taken from the stations involved in 
this project , were punched into cards using the 
following format: 

Columns 

1, 2 
3- 6 
7,8 
9 , 10 

11, 12 
13 

14-16 
17-19 
23-26 
27-29 
30-32 

state 
alpha order no. 
year 
month 
day 
division 
max. temp. (degrees F) 
min. temp. (degrees F) 
precip. (hundreths of an inch) 
24 hr. snow fall (tenths of an inch} 
snow depth (inches) 

11 punches were used in the following columns: 

14, 1 7 
30 

26,29,32 
25,28 

negative temperature 
no snow on ground 
trace of precip. or snow 
precip. or snow recorded next day 

23, 27 no precip. or snow 

Blanks were in columns 23-26, 27-29, 
30-32 if no observation (a day with no 
record} was reported. 

Step 2. Listing of Daily Cards 

A list by months was prepared on the IBM 
402. Monthly totals for all items in step 1 were 
computed , and the presence of 11 punches and 
blanks was indicated. 

Daily 0 0 .2 .4 0 0 
Cards 

{Precip. 
Serial date 2 
~ 

Storm 
Serial No. 

Summary 
Precip. 0.6 

Cards 

Serial day 6 
storm ends 

Step 3. Errors in Daily Cards 

The list acquired in step 2 was used to check 
for errors in punching. The totals were compared 
with totals available from the U. S. Weather Bureau. 
Also the totals for the first 6 items (cols. 1-1 3} in 
step 1, were checked to insure correct identifica­
tion and date . Discrepancies were corrected by 
checking each day in that month. 

Step 4. Corrected Daily Cards 

Daily cards found to be in error in step 3 were 
repunched and verified. These corrected daily 
cards replaced the daily cards that were in error. 
This procedure was done by hand due to the possi­
bility of date errors and the small number of 
corrected cards as compared to the original cards. 

Step 5. Duplication of Daily Cards 

All daily cards, as corrected, were duplicated 
on the IBM 514. One set was sent to the U.S. 
Weather Bureau and the other set was retained for 
further reduction and analysis. 

Step 6. Storm Summarization 

In reducing the daily cards to a smaller, more 
workable set of "summary cards" the following 
definitions were used: A storm consists of con ­
secutive days with precipitation greater than trace. 
A storm period begins with the first day of pre -
cipitation in a storm and ends with the day preceding 
the following run of consecutive days with precipita ­
tion, as shown in the example below. 

Only the station identification, date? and 
precipitation (columns 23-26 on the daily cards) 
were used in this operation. 

.2 T . 6 .8 0 T T 0 0 . 5 

~ ~ 10 11 12 13 14 15 16 

-v- ~ 

2 3 

o. 2 1.4 

8 15 
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Boards were wired for the IBM 402 and IBM 
5 14 for a summary punching operation to obtain the 

k f " t " following information on the new dee o s orm 
summary cards: 

a) precipitation per storm 
b) accumulated precipitation 
c) storm serial number 
d) serial day storm ends 
e) number of days with precipitation this 

period 
f) accumulative days with precipitation 
g) days with trace this period 
h) accumulative days with trace 
i) days with no precipitation this period 
j) accumulative days with no precipitation 
k) days with no record 
1) accumulative days with no record 

m) serial year (October 1, 1800 begins 
serial year 000) 

n) 11 punch to indicate 1st storm in each 
serial year 

The boards for this step were quite involved 
and required several hours of experimentation with 
timing , selectors, emitters, etc . Due to the time 
involved in wiring these boards, the wiring dia­
grams will be made available upon request to the 
author. 

Step 7. Summary Card Check of Storm Cards 

Simultaneously with the summary punching of 
storm cards , a list was made. The following visual 
checks were made to insure proper punching: 

a . check precipitation per storm to check 
for excessive amounts 

b. scan months for order in each seri al year 
c. check for a change of only one year within 

each serial year 
d. check serial year order 

If any of these checks indicated improper 
sequencing or other errors, that portion was rerun 
Part ( c) could be in error if a year was missing or 
if the month of October was missing, as a serial 
year begins with October 1. In case of this type of 
error, partial serial years were rerun. 

Step 8 . .Serial Day Storm Begins 

In the a nalysis of the storms it was necessary 
to have the serial day that each storm began. On 
the IBM 5 14 the last day of the previous storm was 
punched into each card , except for the first storm 
in each serial year. One day was added to this 
figure to obtain the serial date for the beginning 
of each storm. 

Step 9. Last Storm in Serial Year 

In step 1 O (see below) an 11 punch was used 
to identify the last card in each serial year. To 

accomplish this, in step 9 the cards were run in 
reverse order on the IBM 514 and the 11 punch 
identifying the first card in each serial year was 
punched into a different column of the next card. 
This card then was the last card of the previous 
serial year, due to the reverse order. 

Layout for Storm Summary Cards 

Columns 

1, 2 
3-6 
7,8 
9 I 10 

11 I 12 
13 

14-18 
19-23 
24-26 
27-29 
30-32 
33-35 
36-38 
39-41 

42-44 
45-47 
48-50 
51-53 
54-56 
57-75 

76 
77-79 

80 

state 
alpha order number 
year 
month 
day 
division 
precipitation this storm 
accum. precipitation 
storm serial number 
serial day storm starts 
days with precipitation this period 
accum. days with precipitation 
days with trace this period 
accum. days with trace 
days with no precipitation this period 
accum. days with no precipitation 
days with no record this period 
accum. days with no record 
serial year 
blank 
11 punch last card in year 
serial day storm period ends 
11 punch 1st card in year 

Step 10. Last Card List 

A list was made consisting of the last card for 
each serial year. Because a deck of last cards was 
desired for step 11 this operation was performed as 
summary punching. The board for the IBM 402 was 
wired to list the last card and summary punch a 
duplicate of it by a minor program, which was 
started by a change in serial year . The counters, 
however, were pulsed to add by the 11 punch in last 
cards . A check of the list then gave another check 
for correctness in the summary cards. A che·ck on 
the "serial day storm ends" column told how many 
daily cards there were in each year. Years having 
fewer than 360 daily cards were not included in the 
analysis. 

Step 11. Analysis of Missing Precipitation Data 

The last cards obtained in step 10 were used 
to make a frequency of the number of days with no 
record of precipitation for each water year. It was 
decided to eliminate all years having more than 
35 days of missing precipitation data. 

Step 12 . Unusable Years 

The partial years of less than 36 0 days, and/ or 
the years with more than 35 days of missing precipi­
tation data, were removed from the deck of summary 
cards . 

\ 



Step 13. Transfer to Tape 

The analysis on the 16 20 required all input to 
be on 8 channel paper tape . The following informa­
tion was transferred from each summary card: 
month, storm precipitation, serial day storm starts, 
number of days with no record, serial year and a 
record mark (end of line). In addition, at the end 
of the last card in each serial year, an extra record 
mark was punched. 

Step 14. Summary Card Analysis 

A program was then written for the IBM 1620 
to obtain the following information: 

Figure 

2 annual precipitation mean and variance 
3 number of storms mean and var iance 
4 annual precipitation mean and variance for 

storms with precipitation greater than zero 
after subtracting assumed evapotranspira­
tion losses, depending on the altitude of the 
station and the month the storm is in. 

5 number of storms mean and variance after 
evapotranspiration reductions 

6 percentage mean and variance of the number 
of storms compris ing 25 per cent of the 
annual precipit ation 

7 same as 6, for 50 per cent of annual 
precipitation 

8 same as 6, for 75 per cent of annual 
precipitation 

9 serial day mean and variance that 5 inches of 
accumulative precipitation was received. 
Also the fraction of years of record in which 
5 inches was received 
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1 O same as 9, for 1 O inches 
11 same as 9, for 15 inches 
12 same as 9, for 20 inc.hes 
13 same as 9, for 25 inches 
14 probability of receiving 5 inches of precipita-

tion after 1 J anuary, 1 March and 1 May 
15 same as 14, for 10 inches 
16 same as 14, for 15 inches 
17 same as 14, for 20 inches 
18 October precipitation mean and variance 
19 November precipitation mean and variance 
20 December precipitation mean and variance 
21 through 29 January through September pre-

cipitation mean and variance 
30 extremes and 25, 50, and 75 percentiles for 

figures 2 through 13 and 1 8 through 29 
31 an ordered list, by years, of the precipitation 

in January, July, and then the entire year. 
From this a frequency distribution was made. 

Note: The program as written used the 
numbering as listed above. In preparation of the 
final copy of this report, the number mg system was 
changed so that Figure 2 became 3, Figure 3 be­
came 4, etc. 

The values for figures 2, 3, 4, and 5 were 
corrected for days with no record. At the end of 
each year, these values were multiplied by 

365 
365-A 
record. 

where A is the number of days with no 

Upon request, the program for step 14, 
either in list or cards for the source program, or 
tape for the object (machine language) program, 
will be made available. 
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B. CATALOGUE OF DATA AVAILABLE 
AT COLORADO STATE UNIVERSITY 

1. Daily climatological data cards as 
specified in Appendix A , step 1 , and as listed in 
Table I and Figure 1 in this report. 

2. A listing of corrected daily cards , for 
the same stations and periods as noted in para­
graph 1 above . 

3. Summary cards for storm totals as 
described in steps 6 , 7, 8 , and 9 of Appendix A. 

4, Storm card listings for the storm cards 
as described in paragraph 3 above. 

5. Cards for the last storm in a serial year 
as described in step 9 of Appendix A. 

6, A listing of the data from the last storm 
in the serial year as described in step 9 of 
Appendix A. 

7. Various (hand) compilations of basic 
data have been made during this study. These 
compilations can be made available on request. 


