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ABSTRACT 

This is a report of an investigation into meteorological and hydro­

logic records which established that watershed area and a slope para­

meter could be utilized for prediction of the peak rates of runoff having 

a ten-year recurrence interval in a part of the High Plains in eastern 

Colorado. western Kansas and Nebraska. and southeastern Wyoming. 

Tentative relations were developed for peak rates of runoff 

having a ten-year and forty-year recurrence interval. Peak rates of 

runoff can be predicted from ungaged watersheds within the study area 

by using these relations. 

Because limited data were available for this study from water­

sheds having a contributing area less than 100 square miles. results 

from this study must be considered as tentat~ve and subject to revision 

as more data become available. 

Results from related studies are presented. 

The investigation is being continued to refine the techniques 

developed and to extend the study to adjacent areas. 
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I. INTRODUCTION 

OBJECTIVES 

The objectives of the investigation were: 

1. To develop techniques for predicting magnitude and frequency 

of floods in semi-arid regions on watersheds having a contri­

buting area less than 1000 square miles and lying within a 

region having similar lithologic and physiographic 

characteristics. 

Z. To evaluate the influence of certain physiographic parameters 

on peak rates of runoff. 

3. To investigate the possibility of utilizing weather radar data 

to provide more adequate areal coverage of precipitation events 

for use in making estimates of runoff. 

HISTORY 

This investigation. initiated in July _ 1958, is a research pro" 

ject sponsored by the United States Bureau of Public Roads. 

II. ESTIMATES OF RUNOFF FROM PHYSIOGRAPHIC PARAMETERS 

PRELIMINARY STUDIES 

Collection of Data .. Preliminary studies were confined to 

parts of eastern Colorado, western Nebraska and Kansas, south­

eastern Wyoming, and a part of southern South Dakota, as shown 

in Fig. 1. The "D-l3" and liD-ZOo problem areas shown in Fig. 1 

were establi.!3hed by the Soil Conservation Service on the basis of 

having similar physiographic features and similar problems in soil 

conservation~ The D-13 area is called the "Northern Brown Plains." 

The D-20 area is called the "Plains of the Upper Arkansas and 

Purgatorie Rivers. II Brief descriptions of the area in an unpublished 

manuscript of the Soil Conservation Service follow: 



D-13 Northern Brown Plains 

liThe Northern Brown Plains occupy a total 
area of 48.938,000 acr es located in northeastern 
Colorado, northwestern Kansas, southeastern Wyoming, 
western Nebraska, and a small area extends into south 
central South Dakota .•• It has a relief that is charac­
terized by nearly level to gently rolling tableland areas 
that break off into steeply rolling valley slopes. In the 
eastern part of Colorado and southwestern Nebraska 
there are several relatively large areas of sandhills •.• 

liThe average annual precipitation is about 
14 to 18 inches ... Rainfall is quite variable •. (with) 
the greater portion of the precipitation falling (at high 
rates) with high runoff and erosion rates .. 

IIIn the area as a whole 42 per cent of the 
land is in cultivation and 54 per cent is in range .... ,-

,~tt • .. " • _, ..... ' 

IISoils of the area are .. of four types and 
all of them can be found in each of the four states. 
They are: (1) deep medium textured soils on nearly 
level tableland areas; (2) medium depth .. medium 
textured soils on upland .•. ; (3) shallow medium tex­
tured soils and gravel; and (4) sandy soils on aeolian 
sand deposits. II 

D-ZO Plains of Upper Arkansas and Purgatorie Rivers 

IIThis area is located in southeastern Colo­
rado and covers an area of 6,795.000 acres. The 
relief is undulating to rolling, 4. 000 to 5, 000 feet ele­
vation above sea level. Rainfall variable, 11 to 14 
inches (annually). Shallow to moderately deep, medium 
to moderately heavy textured soils on range land. 

II ••• Erosion - - slight sheet erosion on much 
of the area. Severe in local areas having poor cover ••• 

lISeven per cent cultivated ••• 90 per cent 
grassland classed as semi-arid grazing land ••• , 

.. f II 3 per cent miscellaneous. no orest. 
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Records of maximum annual rates of runoff from stations within 

these areas were collected if the following criteria were satisfied: 

1. The length of record was equal to or greater than 7 years. 

Z. No significant artificial flow control existed for high flows. 

3. The watershed contributing area was not more than 1S00 

square miles. 

4.. More than 50 per cent of the contributing area of each water­

shed must lie within the boundary of the D-13 or D- ZO pro­

blem areas. 

Analysis - All available records of peak rates of runoff from 

stations within the D-13 and D- 20 areas that met these criteria were 

plotted on Gumbel's Extreme-Value probability paper and analyzed on 

the basis of techniques developed by Potter (1)* and by Benson (2) • 

Discharges having a recurrence interval of 10 years (QIO) Were 

determined by Benson I s technique for further study for seventeen 

watersheds in the D-13 and D-ZO problem areas. Values of QZ' QS' 

and Ql5 were determined for the same stations by the same method. 

An estimate of Q ZS was made by extension of the curve drawn by 

Benson I s technique. 

Relations Between Short-Term and Long-Term Floods .. Attempts 

were made to relate short-term discharge values ('2,2. QS' QIo) to 

longer-term discharge values (QI5' QZ5) for stations with records of 

suitable length_ Logarithmic plots were made of Qz vs Qs, QS VB 

QIO' QS vs QlS' QS vs QZ51 and QIO vs QzS- Of these combina .. 

tions, QS vs QZ5 and QIO vs Qzs were considered to have the greatest 

potential usefulness _ The departures from the fitted regressions of 

QZ5 on QS and QZ5 on QIO was such that more than 67 per cent of 

the sample had an error of less than ~ZS per cent, the criterion of 

* Numbers refer to appended references. 
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anit.able accuracy followed in this study. 

In order to make estimates of peak rates of discharge for recur­

rence intervals greater than 25 years ~ it was considered necessary 

to utilize records having longer records than those which were avail­

able in the D-l3 and D-20 areas. The success in relating QIO to 

QZ5 as descrlbed above suggested that a sample of longer records 

from outside the study area could yield usable relations between 

floods of short and long~term frequencies that would be applicable to 

the study area" This approach is described in Chapter II. 

Parameters Used in Multipl~ Correlation - Graphical multiple 

correlation techniques (3) were used in evaluating the relationship 

of QIO with the following parameters: 

1. The contributing area of the watershed, as listed in the 

U. S~ Geological Survey Water Supply Papers. 

2. A location factor, defined as the difference in degrees between 

the mean longitude and the mean latitude at the centroid of the 

watershed as determined by eye. 

3. A drainage density factor, defined as the total length of 

channels in miles as indicated by the blue lines on 1: 250,000 

scale maps of the area prepared by the U. S. Geological 

Survey, divided by the contributing area in square miles as 

defined in item 1 0 

4. An orientation factor with respect to an east-northeast axis. 

5. The mean elevation of the watershed, an average of the 

highest and lowest elevations. 

6. The mean longitude in degrees at the centroid of the water­

shed as determined by eyee 

7. The mean latitude in degrees at the centroid of the water­

shed as determined by eyeo 
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8. The ratio of width of the watershed divided by its length. 

The length of the watershed was the distance from the gag .. 

ing station to the furthest point. The width was defined 

as the contributing area divided by this length. 

9. A compactness ratio, defined as the circumference of the 

circle having the same area as the watershed, divided by 

the total perimeter of the watershed. 

10. A precipitation parameter which was the 2-year, I .. day 

point rainfall in inches ~ at the station nearest the centroid 

of the watershed. 

11. A precipitation parameter which was the S"year, l .. day point 

rainfall in inches, at the station nearest the centroid of the 

watershed. 

12. A precipitation parameter which was as-year, I-day point 

rainfall in inches, expressed as an average of stations in and 

near the watershed. 

13. A precipitation parameter which was a 5-year, I-day point 

rainfall in inches, expressed as area rainfall with an 

appropriate reduction from point-rainfall. 

14. The overall slope of the watershed in feet per mile, deter­

mined by dividing the elevation difference between gaging 

station and headwater (in feet) by the distance (in miles) 

between these two points. 

15. A slope parameter for the upper and lower halves of the 

watershed, determined as for item 14. 

Of these parameters, the first three listed gave errors of estimate 

within acceptable limits of accuracy, using the dependent sample. The 

graphical relationship that was derived is shown in Fig. 2. It was not 

possible to develop a graphical correlation that gave acceptable 

accuracy using combinations of the other parameters. 
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REFINED ESTIMATES 

Collection of Basic Data - The general requirements considered 

in the collection of basic data for refined estimates of rates of runoff 

included the following criteria in addition to those described previously: 

1. Records of annual maximum stream flow had to be derived 

from recording gages only; those records derived from staff 

gage readings were discarded. 

2. Records were not used if there were more than four years 

break in records. 

3. No record was utilized where there had been a change in 

location of site greater than two miles up or down stream. 

Records of rates of runoff from stations outside of the D-13 and D-ZO 

problem areas were compiled in order to relate short-term to long-term 

fioods. For these stations, the additional requirement of a minimum 

length of record of 23 years was established and a watershed size 

of not more than 2000 square miles. 

Records of rates of runoff were also collected from stations inside 

the D-13 and D-20 problem areas. For these stations, the contributing 

watershed areas were all less than 1500 square miles with most stations 

having a contributing area less than 1000 square miles. The minimum 

acceptable length of records for stations in these areas was limited to 

seven year s. 

Relations Between Floods of Short-Term and Long-Term Freguency ... 

A c,omparison was made between two techniques currently used in the 

analy sis of data plotted on Gumbel paper. Potter I s method (l) appro xi .. 

mates an array of points on Gumbel paper by two straight lines~ giving 

a "dog-leg". Benson I s method (2) consists of drawing a curved line 

that best fits the array of plotted points. A frequency plot of the annual 

maximum runoff from each of the stations was made on Gumbel plotting 

- 6 .. 



paper. Each of the stations used in the study is identified in Appendix 

No.1. Gumbel plots from the individual stations are included in 

Appendix No. Z. Stations included in the study that were located out­

side of problem areas D-13 and D-20 fell into four general geo­

graphic locations: northwest i east, southeast and southwest of the 

problem areas D-13 and D-ZO, defined respectively by the following 

locations: 

Northwest: 45 to 49 degrees north by 106 to 113 degrees west. 

East: 37 to 43 degrees north by 94 to 100 degrees west. 

Southeast: 29 to 35 degrees north by 94 to 101 degrees west. 

Southwest: 34 to 38 degrees north by lOZ to 107 degrees west. 

Curves were drawn on the Gumbel plots by the two methods des-

cribed previously. Using the Potter approximation, two straight lines 

were drawn to best fit the data, and using Benson's method a curved 

line was drawn that best fit the plotted points. 

Approximately 58 separate records were available in the geo­

graphic locations mentioned previously outside the problem areas 

D -13 and D- ZO. A sample was selected I u sing the following criteria: 

1. Equal numbers of stations were desired from each location. 

Z. Equal numbers of stations were desired from watersheds 

less than 500 square miles from watersheds larger than 

500 square miles. 

3. Equal numbers of stations were desired from different 

lithologic areas having the following classifications: 

a. Sandstone and shale. 

b. Glacial drift and loess. 

e. Unclassified. 
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Using these criteria, a total sample of 22 stations was selected from 

the 58 records available. Of these 22 stations. 19 were suitable for the 

Benson method of analysis; three stations being discarded because of 

extreme irregularities in the plotted curve on the Gumbel paper. The 

same 3 stations were discarded in utilizing the Potter method because 

the upper and lower frequency curves were nearly parallel. This gave 

a discontinuous curve utilizing the Potter method. In addition, two 

other stations were discarded for utilization by the Potter method 

because of an excess error in approximating the plotted points with the 

two straight lines by the IIdog"'leg ll method. For these two stations, the 

accumulated percentage error in representing the data with the I'dog_ 

leg" was greater than -: 25 per cent for 2/3 of all plotted points having 

a recurrence interval of 10 years or more. 

The next procedure was to compare the errors resulting from each 

of the two methods of curve fitting. Using the 17 stations that remained. 

the accumulated error curve was plotted for both methods. The distri­

bution of error curve is shown in Fig. 3. It will be noted that both 

methods gave a good representation of the plotted points having a 

recurrence interval greater than 10 years. Approximately 95 per cent 

of the sample was within t 17 per cent error for both methods. 

An attempt was made to group the data from the regions outside 

of D-13 and D-20 problem areas by geographic areas and by geolo­

gical parent material classifications. Variations in the relation 

between QIO vs Q40 (Benson's method) and QIOU vs Q40U (Deter­

mined from the upper frequency curve by Potter's method) were 

considered to be sufficiently small to permit grouping together the 

data from northwest, southwest, and east of the problem area. Data 

from these locations were grouped together. A plot of QIO ~.~. Q40 

(Benson method) is given in Fig. 4. Plots of QIOL VB Q40U and 

QIOU vs Q40U are given in Fig. 5. (QIOL was determined from Potter's 

lower frequency curve.) Fig. 6 shows the distribution of error curves 

for both methods. Examination of Fig. 6 shows that a smaller error 

results from use of the Benson method, which gives 94 per cent of the 

sample having ~ 25 per cent error. 
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The relations shown if Fig. 4 and Fig. 5 were derived from geo­

graphic locations outside of the D-13 and o-ZO problem areas. The 

problem remained to compare this type of relation from outside the 

D-13 and D-ZO areas with that inside the same area. Fig. 7 shows 

the relation between ~lO vs QZ5 for points inside and outside the 

0-13 and D- 20 problem areas. Since the points from inside the study 

area appear to be consistant with those northwest, east, and southwest 

of the study area, the assumption was made that the relation between 

QIO and Q40 as shown in Fig. 4 also applied inside the D-13 and 0-20 

areas. This is in agreement with the tentative conclusion reached in 

the preliminary studies. 

It should be noted that the apparent better fit for the "Bensonl! 

curve on Fig. 6 is not adequate justification for acceptance and use 

of the method described herein. Drawing a curved line on Gumbel 

paper depart s significantly from the straight line that theoretically 

should represent extreme values. Acceptance of a curved line on 

Gumbel paper implies the existence of a limiting discharge for a 

curve that is concave downward or of a limiting recurrence interval 

for a curve that is concave upward. While a limitation on the maxi­

mum possible discharge may be possible on physical reasoning ~ a 

more common occurrence in the area studied was a curve that was 

concave upward. 

The method of Potter in fitting two straight lines to the plotted 

points on Gumbel paper does not suffer these limitations, although 

for some records difficulty was experienced in obtaining a suitable 

fit for the data with two straight lines. Fig. 6 shows that this method 

approaches acceptable accuracy of IItwo-thirds of the sample having 

less than Z5 per cent error." 
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A comparison of values of QI0 and QIOU for stations inside and 

outside of the D-13 and D- 20 problem areas is shown in Fig. 8. 

Based on this comparison it was concluded that differences between 

'.!10 and QIOU as used in this study were not significant. 

Comparison of Figs. 4 and 5b show that for a given estimate of 

'210 {or QlOJ- the difference between the resulting estimate of G40 
and Q40U is less than ZS per cent for nearly all the range·of values 

shown on Fig. 8. 

For these reasons the estimate of QIO and Q40- obtained as 

described above _ are considered to be consistent with estimates of 

QI0U and Q40U' In view of the length of records used to derive the 

relationship of Fig. 11 ~ it was not considered feasible to extend the 

relationship shown in Fig •. 14, beyond a frequency of 40 years. The 

relation shown in Fig. 4 was used to develop the relation between 

QI0 and Q40 as shown in Fig. 14. 

Graphical Correlation - The preliminary studies described 

previously indicated that watershed contributing area, geographic 

location, and stream density were factors that could be used for 

making estimates of peak rates of runoff for ungaged watersheds. 

While it was believed possible to utilize these physiographic para­

meters in the final graphical correlation~ several disadvantages in 

use of these parameters were evident. Computation of the drainage 

density factor was time consuming and laborious. The location 

parameter (longitude minus latitude). while probably directly related 

to the frequency of thunderstorm occurrence. is not a parameter 

that is directly involved in the runoff process. Consequently other 

SUitable parameters were sought. 
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Work by Benson (5) indicated that channel slope showed considerable 

promise as a factor for explaining variations in peak rates of runoff 

from New England watersheds. Watersheds from inside the study area 

were examined and dimensional and dimensionless plots were made of 

the channel profiles. These profiles are shown in Figs. 9 and 10. 

Each of three slope parameters were used in conjunction with con­

tributing area in a graphical correlation process to derive a relation 

suitable for use in estimating QIO. Following Bensonls work (5) a 

slope parameter S. 9L was defined by 

S.9L = E O•9L - ECS 

D 

where E O•9L = elevation in feet 9/1oths of the length of the watercourse 

upstream from the construction site. 

ECS = elevation in feet at the construction site. 

D = distance in miles along the watercourse between these 

locations. 

The second slope parameter utilized was the "Til factor, suggested 

in conversations with Mr. W. D. Potter. The "Til factor (indicating 

a measure of "time of travel, ") is defined as follows: 

T = = O.3L + O.7L 

where V;; = ~EffiV -E 0.7 

O.3L 

and -.rs; = ~ EO. 7L -ECS 

O.7L 

VSi VSZ 

where the symbols have the following meanings: 

- 11 -



= elevation (feet mal) at the headwaters of the watershed 

elevation (feet msl) at D. point O. 7 of the distance from 

the construction site ,to the headwaters, measured 

along the watercourse. 

ECS = elevation (feet msl) at the construction site. 

L = distance (in miles) between construction site and 

headwaters. 

A third slope parameter was defined by 

= E O• 5L .. EG'S 
O.5L 

where EO.SL and ECS are the elevations in feet at the point 0.5 the 

length of the watercourse and at the construction site, respectively. 

and L ~as the same meaning as above. 

These slope parameters were used in conjunction with contributing 

area "A" (in square miles) in a graphical correlation process to esti­

mate '110' It was found that use of Al/2 provided some improvement 

over AI. ° in some cases. The correlations were repeated, using 

A0.-75 and A O•90 • It was found that AO.90 vs QI0 withthesiope 

parameter So. 9L gave the best results. Fig. 11 shows the relation 

between these variables, and forms the basis of Fig. 14 which is 

presented in Chapter IV. 

The parameters used in Fig. 11 and Fig. 14 are probably not the 

only ones suitable for use; in fact they may not be the best ones for the 

intended purpose • However , they are believed to be suitable for use 

because they satisfy the following criteria: 

1. They are relatively simple to determine. 

Z. The accuracy of estimate of QIO is consistent with the accu­

racy of the basic data on contributing area and measured discharge 

that went into the study. 
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For these reasoI1:s ~ further refinements in Figs. 11 and 14 were 

not attempted. Additional records of peak rates of runoff having a high 

degree of accuracy are desirable for making further refinements in the 

relations shown in Figs. 11 and 14. It will be noted that five stations 

in Fig. 11 ( Nos. 4, 20, 25, 33, and 34) have 12 years' record or 

less. For this reason their estimated QI0 in Fig. 11 may be subject 

to some revision. In view of this fact and because of the scarcity of 

data from drainage areas of less than 100 square miles, the correla­

tion charts in Fig. 11 and Fig. 14 were modified from a consideration 

of unit discharges (cfs/mi- 2
) as a function of area. (Details are not 

presented in this report.) 

A description of the use of Fig. 14 and some of the limitations 

and precautions to be observed, are given in Chapter IV, "SUMMARY 

OF RESULTS." 

III. BACKGROUND STUDIES 

OUTSIDE CONTACTS 

A survey of all sources of information was first made with the 

following objectives: 

1 • Prevention of duplication in methodology and data analysis. 

2. Obtaining only data essential to the proposed study. 

Agencies contacted were (a) those making studies of runoff on 

small watersheds, (b) those making studies of severe storms in 

eastern Colorado. and (c) those responsible for flood and erosion 

control on small watersheds. 

A list of persons and agencies contacted during the course of the 

study is given in Appendix 3. 
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CONFERENCES 

A general description of the objectives of the project and some of 

the details of procedure being followed were presented at two separate 

conferences. The first presentation was given to meeting of the 

Committee on Surface Drainage of the Highway Research Board which 

met at Fort Collins on IS September 1958. 

The second presentation was given to a Highway Dro.lnage Conferenc~ 

sponsored jointly by the U.S. Bureau of Public Roads and the Colorado 

Department of Highways on 3 March 1959 in Denver. 

PRECIPITATION STUDIES 

Because runoff in semi-arid regions is a direct function of such 

parameters as the amount of precipitation~ and precipitation pattern 

on the watershed, the rainfall distribution associated with annual floods 

in eastern Colorado was studied. The objective of the study was to 

define the size of watershed that gives floods from "random" thunderstorm 

activity. as opposed to general precipitation over a wider area. Using 

climatological data» this study was confined to nine stations in 

eastern Colorado. 

Annual maximum peak flows from contributing watersheds of not 

more than 1000 square miles were recorded for the period 1930-1950. 

For each flood event the amount of precipitation at raingage stations"­

recording or non"recording--on or near the basin was determined. 

The preCipitation data were then given a weight, as follows: If 0.1 

inch per day fell at a raingage station, a weight of 1 was given; if less 

than 001 inch were recorded, a weight of 005 was given; and zero rain­

fall was given a weight of zero 0 

The drainage basin was divided into sub-areas by the Thiessen 

method using the foregoing weighted values to compute the per cent 
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of basin area covered by precipitation for the given flood event. A 

weight of "oneil was used when the entire sub-area received rainfall. 

The ratio of the number of the annual maximum floods associated 

with 100 per cent coverage of watershed to the total number of flood 

events was then expressed as a per cent. This value was then 

plotted against basin area~ as shown in Fig. 12. Fig. 12 shows that 

for watersheds with contributing areas larger than about 900 square 

miles, two-thirds or more of the annual maximum flood events are 

associated with rains which cover the entire basin. For watersheds 

with contributing areas less than about 50 square miles, one-third 

or less of the annual maximum floods are caused by such rainfalls. 

A factor related to flood runoff from small, intense storms is 

clock-hourly precipitation amounts. Because of the paucity of such 

data at non-recording rain gage stations in eastern Colorado, an 

investigation was made to determine if daily or monthly values of 

rainfall could be used to make estimates of clock-hourly precipita­

tion values. 

The investigation was confined to the analysis of precipitation 

amounts having a two-year recurrence interval. The data collected 

included daily, monthly, seasonal and annual precipitation amounts 

having a two-year recurrence interval. Through interrelationships 

termed "relative wetness," estimates were made of clock-hourly 

precipitation amounts for the two-year recurrence interval from 

precipitation amounts of longer duration. Preliminary results show 

that these estimates are acceptable as a substitute for recorded 

clock-hourly precipitation amounts. Details of this study are given 

in Appendix 4. 

The use of weather radar echo data received from rainstorm 

patterns was also investigated as a possible means of obtaining more 
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adequate areal coverage of rainfall events. Two sources were con­

sidered (a) hand-drawn sketches of the PPl scope of the United 

Air Lines 5.5 em radar set, and (b) reconstructed records of CPS-9 

data (a 3.0 em set) from Lowry Air Force Base. Bo~ radar units 

were located in Denver, Colorado and have a range of approximately 

ZOO miles. 

To test the suitability of these data as a means of providing more 

adequate areal coverage of rainstorm events, attempts were made to 

correlate echo intensity with clock-hourly rainfall amounts concur­

rent with the time of echo occurrence. 

No satisfactory correlation was obtained for either the United 

Air Lines data or the CPS-9 data. 

Details of these studies are given in Appendix 5 and Appendix 6. 

Attempts were made to correlate certain physiographic para­

meters with precipitation parameters, as had been done by Spreen (4) 

for western Colorado, where mean seasonal and annual precipitation 

was correlated to factors of elevation, exposure, and zone. Results 

indicated that a statistically significant correlation could be obtained 

between mean monthly rainfall (the month of May was used in the 

study) and simple parameters of location (latitude, longitude and ele­

vation.) Detailed results of these correlation analysis for a number 

of stations in eastern Colorado are given in Chapter IV. 

These precipitation studies were undertaken in an attempt to find 

a precipitation parameter suitable for reducing some of the observed 

variation in rate of runoff from watersheds of comparable size. As 

noted previously. several precipitation parameters (2 and 5-year) 

24-hour precipitation amounts* both for point and areal rainfall) were 

tried unsuccessfully for this purpose. The reason for this failure is 

not clear. It is possible that the entire region under study may have 

precipation characteristics sufficiently homogeneous that explanations 

for variations in rate of runoff cannot be explained by precipitation 

parameters. 
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A further limitation in the precipitation parameter using clock­

hourly data is the relative shortness of record for many stations. 

This may have caused difficulty, for example, in attempts to relate 

a precipitation parameter having a Z-year or a 5-ye.ar recurrence 

interval to a 1 a-year rate of runoff. The relative wetness study 

described previously indicates that there is a close relation between 

daily and clock-hourly precipitation amounts. Hence. use of daily 

rainfall amounts from stations having long records can help to 

overcome this difficulty. 

RUNOFF STUDY 

The Seasonal Distribution of Annual Maximum Flood Events - A 

study was made to determine the effect of elevation and contributing area 

on the seasonal distribution of annual maximum flood events for sixty­

two stations in the North Platte. South Platte. Republican, Arkansas, 

and Colorado River watersheds covering all of Colorado. except the 

San Luis Valley. 

The stations were first divided into three nearly equal groups 

according to elevation. These groups were then divided into three more 

groups according to water shed area. making a total of nine classes with 

varying numbers of cases in each class. Each class was then plotted 

using accumulated frequency of annual maximum flood events in per 

cent vs month of occurrence of the maximum flood event. 

Results of this study indicate that the average date of occurrence of 

67 per cent of annual maximum floods advances with increase in water­

shed size~ and that for watersheds below 7683 feet elevation, the date 

of occurrence of 67 per cent of annual maximum floods advances with 

decreasing elevation. 

Details of this study are given in Appendix 7. 
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'IV. SUMMAR Y OF RESULTS 

PRESE1~TATION OF RESULTS 

Area of Application - A map showing the area of application of 

these results is shown in Fig. 13. 

Estimates of QIO and (.'140 from Physiographic Parameters -

Fig. 14 shows the relations among area (A), slope factor (SO.9L), 

010 and Q40· 

USE OF FIG. 14 FOR ESTIMATES OF PEAK RATES OF RUNOFF 

Geographical Limitations - Use of Fig. 14 should be limited to the 

confines of problem areas D-13 and D-20~ shown in Fig. 13. 

Limitation on Size of Contributing Watershed - Fig 14 is applicable 

for watersheds having a contributing area less than 1000 square miles. 

Example of Use - The following example illustrates the use of 

Fig. 14 for making estimates of magnitude and frequency of peak rates 

of runoff. Assume a waterShed within the region shown in Fig. 13, 

having the following characteristics: 

Contributing area: 400 square miles. 

Length of watercourse (measured from appropriate map or 

aerial photograph): 45 miles. 

Elevation at construction site: 5608 feet. 

Elevation at 9/1 oths of the distance from the construction site 

to the headwaters: 7320 feet. 

From these values I the following parameters are determined: 

A = 400 square miles. 

:::; E - E 
O.9L CS 

009L 

:::; 7320 - 5608 
40.5 

Enter Fig. 14 with A = 400 1 SO.9L:::; 42.3, 

and read 

= 14. 000 cfs 

= 
- 18 -
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These values of QI0 and Q40 are the desired estimates of peak 

rates of runoff having a recurrence interval of 10~ and 40 years~ 

respectively • 

UMITATIONS AND PRECAUTIONS 

Limitations in Basic Data - Because of the limited amount of basic 

data that went into this study, particularly for watersheds having less 

than 100 square miles contributing area~ the results presented in this 

study must be considered as tentative and subject to revision as new 

data become available. 

Errors of Estimate - The distribution of error curve for estimates 

of 0:10 from Fig. 11, from which Fig. 14 was derived, are given in 

Fig. 15. This shows that apprOximately 76 per cent of the dependent 

sample has an error of estimate less than 25 per cent. This is con­

sidered as acceptable accuracy for field design purposes, since it 

complies with the basic accuracy requirement of at least 67 per cent 

of the sample having a departure of less than :- 25 percent from the 

fitted regression. 

Recommended Maximum and Minimum Values of QI0 as a 

Function of Area - Maximum recorded peak rates of flow as a 

function of watershed size are shown in Fig. 16 as an envelope curve. 

(Source: U.S. Bureau of Reclamation, compiled largely from U.8. 

Geological Survey records.) Observed values of QIO at 15 stations in 

D-13 and D-20 areas are plotted on Fig. 16 with small circles. 

The curves giving maximum and minimum recommended values of Q
10 

were computed on the basis of the graphical correlation in Fig. 11. 

These two curves serve as envelopes for estimation of 01 for the , 0 

streams with S .9L = 10 - 50 ft/mi in the study area. The upper 

curve corresponds to 8 9L = 50 ft/mi, and the lower curve to 8 
. ·9L 

= 10 ft/mile. 
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SUMMARY OF RESULTS OF RELATED STUDIES 

Characteristics of precipitation associated with annual maximum 

flood events. - From a study of precipitation amounts associated with 

annual maximum flood events from nine watersheds in Colorado in the 

foothills of the Rocky Mountains. it was concluded that for water sheds 

equal to or greater than about 900 square miles, two-thirds or more 

of the annual maximum floods were probably cal!sed by rains covering 

the entire watershed; while for watersheds smaller than about 50 

square miles. one-third or less are produced by such rains. 

Estimates of clock-hourly precipitation from precipitation amounts 

of longer duration - A study was made to determine the interrelations 

among precipitation amounts for various time periods for a given 

recurrence interval for precipitation records for stations located in 

eastern Colorado. Preliminary studies show that estimates of clock­

hourly precipitation can be made with satisfactory accuracy from 

records of precipitation amounts of longer duration. 

Utilization of weather radar data to provide increased areal 

coverage of rainfall events'" Attempts were made to utilize two types 

of weather radar data to extend the areal coverage for individual rain­

fall events. Hand-drawn sketches of the Plan-Position Indicator (PPI) 

scope from a 5.5 cm set used by United Air Lines in Denver, and 

sketches of a PPI scope reconstructed from coded descriptions of 

radar echo data from a 3. a em set at Lowry Air Force Base in Denver 

were studied. It was concluded that the data in this form were not 

suitable for the intended purpose. 

Correlation of precipitation factors with physiographic parameters­

Mean monthly precipitation for May was correlated with position 

(latitude. longitude, and elevation) :ror 48 stations in eastern Colorado. 
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Details of this correlation follow: 

Independent variable (Y) = mean monthly precipitation for May. 

inches 

Independent variables 

Xl = latitude. less 30 degrees. 

X z = longitude, less 100 degrees. 

X3 = elevation, in 10 thousands of feet. 

Station groupings 

Group 1: Nineteen (19) stations in Colorado in the 

Arkansas River drainage. 

Group 2: Twenty-nine (29) stations in the Platte and 

Kansas drainage in Colorado. 

Results included the regression equation, the correlation coefficient R. 

the standard error of estimate S. and the standard deviation «J) of 

the individual coefficients. 

Results 

Group 1: 

Group 2: 

y = 2.99-0.045X1 -O.55Xz +2.95X
3 

R 

S 

y 

R 

S 

= • 1Z' (Significant at 99 per cent level) 

= .38· 

= .17 

= .1Z 

= .73 

= 3.33 + O.03X1 + O.15X
Z 

- 3.43X
3 

= 0.67 (Significant at 99 per cent level) 

= 0.37 

= .1.3 

= .09 

= .90 
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Seasonal distribution of annual maximum flood events - A study was 

made to determine the effect of watershed contributing area and eleva­

tion on the seasonal distribution of annual maximum flood events from 

sixty-two (6Z) stations drawn from all parts of Colorado except the 

San Luis Valley. 

Results indicate that the average date of occurrence of 67 per cent 

of the annual maximum floods advances with increase in watershed 

size. 

For watersheds having an elevation less than 7683 feet. the date of 

occurrence of 67 per cent of the annual maximum floods advances with 

decreasing elevation. 

These results can be interpreted in terms of summertime rains 

as a cause of flood events on the plains. as compared to snow melt. or 

a combination of snow melt and rain as a cause of flood events in the 

mountain areas. 

V. DISCUSSIO N 

RESEARCH NEEDS 

Need for additional records from small watersheds - Throughout 

the course of this study it was evident that there was an acute short­

age of suitable records of runoff from small watersheds in the study 

area. This scarcity of adequate records of runoff was probably the 

most severe limitation in the statistical sampling procedure for deter­

mining relations suitable for prediction of magnitude and frequency of 

runoff from small watersheds. 

One of the most valuable contributions to knowledge in the field 

of small watershed hydrology in this region would be the establishment 

of additional records of runoff for watersheds having a contributing 

area less than 100 square miles. 
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Such re-examination should have the objective of determination of a 

distribution that would produce the characteristic of linearity when 

applied to peak flood flows from small watersheds in semi-arid 

regions. 

PLANS FOR FUTURE STUDIES 

The similarity in relations between QIO and Q40 for stations 

over a broad region (See Fig. 7) suggests that an analysis of the type 

presented in this study could also produce usable results in the areas 

adjacent to the D-13 and D-20 problem areas. Adjacent areas wherein 

records of peak rates of runoff were compiled in this study include 

the following (See Fig. 1 for locations.) 

South: 0217 022, D29. 

East: D14, 016, 018, 019. 

North: D6, D7. 08, D9. 

In addition to these areas. the Rocky Mountain Foothills region 

(E-5) contains a considerable number of records of runoff suitable 

for analysis. 

Plans for future studies include the analysis of records collected 

from these areas, with the objective of developing suitable relations 

for estimates of peak rates of runoff from ungaged watersheds. 

Priority of endeavor will be determined in consultation with the 

sponsor of the work. 

In addition, work is underway on certain of the items mentioned 

previously in the section "RESEARCH NEEDS." Specific items 

include the following: 

Study of the effects of diversions for irrigation on peak rates of 

runoff. 

A better delimitation of precipitation characteristics as they 

affect runoff from small watersheds. 

Study of methods of representing frequency distribution of peak 

rates of runoff with linearity in semi-arid regions. 
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APPENDIX NO.1. 
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STATIONS USED IN THE STUDY 









































































































































































































































































APPENDIX NO.3. 

LIST OF PERSONS CONTACTED 

DURING THE STUDY. 



APPENDIX NO.4. 

USE OF "RELATIVE WETNESS" PARAMETERS FOR 

ESTIMATES OF CLOCK-HOURLY PRECIPITATION IN 

EASTERN COLORADO 



ABSTRACT 

This is a report of an investigation made to determine the inter­

relations among precipitation amounts for various durations for a 

given recurrence interval for precipitation records from stations 

located in parts of eastern Colorado. The concept of "Relative 

Wetness ll is introduced to provide· estimates of clock-hourly precipi­

tation amounts for the two-year recurrence interval from precipitation 

amounts of longer durations for the same recurrence interval. Compari­

sons are made of the accuracy of these estimates. Preliminary studies 

show that estimates of clock-hourly precipitation can be made with 

acceptable accuracy from the records of precipitation amounts of 

longer duration. 
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1. INTRODUCTION 

The intensity and frequency of precipitation is one of the factors 

that affect runoff from small watersheds. For small watersheds, 

particularly in areas where thunderstorm precipitation predominates. 

short-duration precipitation is of paramount importance. 

Records of short-duration rainfall are available in the published 

records of clock-hourly rainfall, derived from records of recording 

rain gages. These recording gages are fewer in number than the non­

recording gages. In order to provide additional information on short 

duration rainfall, it would be desirable to utilize the more plentiful 

data from non-recording gages. In addition to being more plentiful,' 

the non-recording gages offer the advantage that on the average, the 

records are of longer duration than the recording rain gages. 

II. OBJECTIVE 

The objective of the study was to evaluate methods for making 

estimates of clock-hourly precipitation for a given recurrence interval 

from parameters derived from non-recording rain gages for an area 

in eastern Colorado. 

In. METHOD OF INVESTIGATION 

STUDY AREA 

The area covered in this study included part of Colorado east of the 

Continental Divide in the vicinity of Denver. The study area was divided 

into five subareas, each subarea containing five or more recording gage 

stations. A map of ..subareas is given in Fig. 17. In the course of the 

study, one additional subarea was selected. (Area VI, shown on Fig. 17.) 
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SOURCE OF PRECIPITATION INFORMATION 

Precipitation records were obtained from climatological data pub­

lished by the U.S. Weather Bureau. 

DEFINITION AND COMPUTATION OF IIRELATIVE WETNESStt 

Following are definitions of terms used in this study. 

"Relative Wetness" refers to the ratio R ..• d ..• M ..• A ..• defined 
IJ IJ IJ IJ 

as follows: 

R., = 2 year freq. max. hourly precipitation in inches at station i 
IJ 

d .. 
1J 

M .. 
IJ 

A .. 
lJ 

= 

= 

= 

2 year freq. max. hourly precipitation in inches at station j 

2. year freq. max. daily precipitation in inches at station i 
2 year freq. max. daily precipitation in inches at station j 

Z year {reg. max. monthly precipitation in inches at station i 
2. year freq. max. monthly precipitation in inches at station j 

Z year freq. max. yearly precipitation in inches at station i 
Z year freq. max. yearly precipitation in inches at station j 

The subscript is an index notation with i :: 1,2., 3 ••••••• n- l , and j = 

i + 1, i+ Z •••• n, where n is the total number of stations in the subarea. 

Ranking of stations was made in such a way that d .. , M .. , and A .. were 
1J IJ 1J 

all less than unity. 

From records from selected stations for the period 1948-57, annual 

maximum and summer seasonal (May - August) maximum precipitation 

values for each of the above durations were compiled for each station. 

Using Gumbel plotting positions. the precipitation amounts having a two­

year recurrence interval was determined for hourly, daily, monthly and 

annual values. An example of the Gumbel plots is shown in Fig. 18. 
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Stations within each subarea were then ranked suitably to yield values 

of d .. , M .. , A .. c 1.0 I and values of R .. , d .. , M .. , and A,. , were 
IJ IJ IJ - IJ IJ IJ IJ 

then computed. Note that the subscript "S" refers to seasonal values 

(May - August) and the subscript Ila" refers to annual values. 

IV. RESULTS 

RELATIONS AMONG R ... d .. , M .. I and A ... 
IJ IJ IJ IJ 

R.. VB d.. • R .. vs M .. , and R.. vs A.. were plotted both for annual 
IJ IJ IJ IJ IJ IJ 

and seasonal values for each subarea. Assuming an equation of the form 

y = mx, the best fit line was computed by the method of least squares. A 

distribution of error chart was prepared for each plot. These error charts 

were prepared to give a measure of the dispersion of the data from the 

best-fit curves. Results were presumed to be of acceptable accuracy if 

67 per cent of the data fell within :25 per cent of the fitted regression 

line. Figures 19 and 20 illustrate these procedures. 

Examination of 25 plots comparable to Fig. 20 revealed that only 3 
+ 

had error greater than -25 per cent for 67 per cent of the plotted points. 

This indicates generally acceptable accuracy ior the technique. To fur­

ther delimit the dispersion of the data from the best-fit lines t the areas 

between the ordinate and the distribution-oi-error curve for 0-67 per cent 

of the sample were determined. Using these areas as a measure of dis­

persion~ the various combinations of relative wentess ratios were arran­

ged in order of increasing error as shown in Table 1. Numbers shown in 

Table 1 indicate planimeter readings. 
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TABLE 1. RANKING OF RELATIVE WETNESS RA TID IN ORDER 

OF INCREASING ERROR OF ESTIMATE **OF ~ji 

f 
Area I 1 (least error) 2 3 4 5 (Most error) 

I Rs/ds 39.5 Ra/Ma 41.0 Rs/Ms 43.0 Ra/da*43.0 RalA 57.0 

II Ra/Ms 18.0 Rslds 26.0 Ra/da 29.0 Ra/Ma 39.5 RalA 45.0 

UI RalA 5.0 Ra/Ma 10.0 Rs/Ms 23.0 Ra/da 2.8.0 Rs/ds 30.0 

IV Rs/Ms 10.0 Rslds 13.5 Ra/da 19.0 RalA 23.0 RalMa 32.0 

V Rs/ds 30.0 Ra/A* 37.5 Rs/Ms 50.0 Ra/Ma*56.0 Ra/da 63.0 

>):* Based on areas between ordinate and distribution of error curve. 
for 0-67 per cent of the sample. 

*Indicates greater error than 67 per cent of the sample within 
~2S per cent. 

It will also be noted from Table 1 that for four out of five cases, the best 

estimates resulted from use of seasonal data. Conversely, for four out 

of five cases, the worst estimates were associated with use of annual 

data. 

Since R., vs d.. (seasonal basis) showed least error for subareas 
IJ 1J 

I and V, and gave accuracy better than 67 per cent of the sample within 

+25 per cent for each of the other three areas, R., vs d .. was chosen 
.. 1J 1J 

as the relation for use throughout all five subareas, plus an additional 

subarea ... No. VI. The relation between d .. and R .. for each of the 
IJ 1J 

subareas I through VI. is shown in Fig. 21. 
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V. CONCLUSIONS 

1. Summer season (May through August) and annual precipitation 

values can serve as suitable parameters for making estimates of clock­

hourly precipitation amounts having a two-year recurrence interval .. 

Z. Seasonal precipitation parameters give slightly more accurate 

estimates of clock-hourly precipitation than annual parameters in the 

areas studied. 

3. Procedures for making estimates of clock-hourly precipitation 

described herein apply to two-year recurrence interval values only. 

4. Techniques for obtaining a clock-hourly precipitation estimate 

from relative wetness data should be applicable for any point within the 

subareas. 

VI. ILLUSTRATION OF THE USE OF RELATIVE WETNESS PARAMETERS 

FOR ESTIMATING CLOCK-HOURLY PRECIPITATION. 

In this section a description is given of the procedure to be followed 

in estimating the clock-hourly precipitation amount (two-year recurrence 

interval) from the 24 hour precipitation amount having a two-year recur­

rence interval. The procedure illustrated is applicable to any of the 

areas shown in Fig. 17, using data for the appropriate areas as given in 

Fig. 21 • 

For this illustration the stations of Nunn and Greeley will be used. 

Both of these stations have clock-hourly precipitation records so a check 

can be made of the accuracy of estimating the two-year clock-hourly rain­

fall at Nunn from the Z4-hour precipitation amounts at Nunn and the clock­

hourly and 24-hour precipitation amounts at Greeley. 

The procedure is described in the following steps: 

1. Select station Uj"; (in this case Nunn) a station for which daily 

rainfall records are available, and for which an estimate of the two-year 
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clock-hourly precipitation amount is desired. 

Z. From examination of the rainfall records in published climato­

logical data, determine the maximum Z4-hour precipitation amount that 

fell during each summer season (May through August) for each of the 

last ten years at Nunn. 

3. Plot these data on Gumbel frequency paper. 

4. From such a plot (not illustrated here) the 24-hour amount 

having a two-year recurrence interval was determined to be 1.21 inches. 

The value is d
Z4j 

= 1.2.1 inches. 

5. Select station "i"; (in this case Greeley) the nearest station 

having clock-hourly data available. 

6. Repeat steps Z, 3, and 4 above for station "i" , using both 

clock-hourly and Z"4-hour rainfall data. These data are platted in Fig. 18, 

from which the values having a 2.-year recurrence interval were deter­

mined to be 

a. Clock-hourly amount" P 60i = .42 inch. 

b. Daily (2.4-hour) amount, d
Z4i 

= .95 inch. 

7. Form the ratio d.. , such that d" ~ 1.0 
1J 1J = 

d
ij 

= d
Z4i 

= .95 =.785 
d 1.21 

24j 

8. Enter Fig. 21 with d .. == 0.785 and estimate R .. = P60i = 0.725, 
lJ 1J P60j 

using the curve for area Ir. 

9. Compute P60j = P60i/o.7ZS , using the value of P60i = O.4Z as 

determined in step six; P60j = 0.42. P60j = 0.58 inch. 
0.725 

This is the estimate of the clock-hourly precipitation amount having 

a two-year recurrence interval at station j , Nunn, Colorado. 
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10. The actual value of P 60j as taken from a Gumbel plot (not 

reproduced here) was 0.69 inch. 

11. Error of estimate = deviation x 100 = .69-.58 x 100 = 16 per 

cent. estimate .69 

VII. COMMENTS REGARDING USE OF lIRELATIVE WETNESS" RELATIONS 

FOR ESTIMATES OF RUNOFF 

The precipitation parameters that were used in attempts to 

explain differences in runoff characteristics (Page 5 of main report) 

consisted of Z4-hour rainfall amounts having a Z-year and as-year 

recurrence interval. Sparcity of data from recording rain gages pre­

vented use of comparable data for the 60-minute duration. 

The "Relative Wetness" study described herein indicates that suf­

ficient correlation exists between 60-minute and 24-hour rainfall 

amounts that the latter provides an acceptable estimate of the former. 

This principle is being used to develop a precipitation map of the 

study area for future use in runoff studies. Sufficient time was not 

available for completion of this study at the time of preparation of 

this report. 
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APPENDIX NO.5. 

CORRELATION OF CPS-9 RADAR ECHO INI'ENSITY 

WITH CLOCK-HOURLY PRECIPITATION 



CORRELATION OF CPS-9 RADAR ECHO INTENSITY 

WITH CLOCK-HOURLY PRECIPITATION 

OBJECTIVE: 

The objective of the study was to correlate clock-hourly precipi­

tation amounts with CPS-9 radar echo intensity data reconstructed 

from original records of CPS-9 data from Lowry Air Force Base, 

Denver ~ Colorado ~ from 3-15 June 1958. 

PROCEDURE: 

The positions of radar echoes in relation to 45 recording rain 

gage. sites were determined by superimposing a plastic map of rain 

gage location over the reconstructed sketches of CPS-9 data. The 

presence or absence of an echo over the locations of the rain gaging 

stations were recorded, along with the type of echo. These data were 

then compared with concurrent clock-hourly precipitation data. The 

clock-hourly precipitation data were divided into four classes, and 

the radar echo data were divided into six classes. as shown in Table 1. 

Table 1. Clock-hourly precipitation and radar echo classes 

Clock-hourly precipitation classes. inch per hour: 

0, 0.01 .. O. 05 ~ 0.06 ... 10, and .11 

Radar echo class code (Convective echoes o.nly) 

Intensity: Low Medium Strong 
1 Z 3 Scattered, ~ • 5 coverage 
4 5 6 Broken ;z:;- .6 coverage 
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The number of occurrences of each of the precipitation classes 

was determined for each echo class. The results are given in Table II. 

A similar procedure was followed to determine the number of 

occurrences of each echo class concurrent with each category of clock­

hourly precipitation. The results are given in Table UI. 

RESULTS: 

The results of the study are given in Tables II and III. In addition 

to the total number of occurrences. the fractions of the totals within 

each class are given as percentages. 

DISCUSSION OF RESULTS: 

1 • Table n shows that 1348 out of 1545 radar observations. or 

87 per cent of the total, were associated with zero precipitation. 

Z. Nearly half (48 percent) of all echoes were in echo category 

3, i. e., scattered. strong convective echoes. The next largest group I 

39 per cent, were in category 6. i.e., broken. strong convective echoes. 

3. This preponderance of echoes in categories 3 and 6 suggests 

an operator bias toward designation of echoes as strong I since the cate­

gories of low or medium intensity echoes were listed less than 15 per 

cent of all observations I despite the fact that low intensity precipita -

tion (0.01 - 0.5 inl hr.) accounted for 71 per cent of aU precipitation 

observations. 

CONCLUSIONS: 

1. The CPS-9 data do not provide a suitable means for deter­

mination of rainfall intensity. 

2. An operator bias toward designation of echoes as strong is 

indicated. 

3. The limited sample studied showed approximately 85 per cent 

of all clock-hourly precipitation having an intensity of 0.10 inch per hour 

or less. 
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TABLE II 

Table II. Clock-hourly precipitation associated with various radar 

echo* categories. (Convective precipitation.) 

RADAR ECHO CLASSES ** 

1 

No precipe 45 

*** 0 

.01-.05 6 

.06-.10 1 

:> .10 1 

No: 53 

Per cent: 3 

2 

87 

0 

7 

0 

0 

94 

6 

345 

686 4 45 

1 0 0 

39 1 4 

6 2 0 

14 0 0 

746 7 49 

48 (1 3 

6 
481 

. 1 

74 

14 

26 

596 

39 

No 
1348 

2: 

131 

23 

41 

1545 

Per 
Cent 

87 

.(.1 

8 

1 

3 

100 

* Radar data from CPS-9 at Lowry Air Force Base 
Denver ~ Colorado 3-15 June 1959~ 

** Echo Glass Code: 
Inteosity Low Medium 

1 Z 
4 5 

Strong 
3 Scattered I ~ .5 coverage 
6 Broken~ ;; .6 coverage 

*** No record of precipitation distribution. 
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TABLE III 

Table III. Radar echo amountsnnd intensities associated 

with various measured clock-hourly precipitation amounts. 

(Convective precipitation.) 

* fIl 
IV 
ro 
CD 
as -U 
0 .c: 
CJ 
~ 

CLOCK-HOURLY PRECIPITATION CLASSES 
Inches Per Hour 

** .01-.05 
No 
echo 2 138 

1 0 6 

2. 0 7 

3 2. 48 

4 0 0 

5 0 4 

6 0 : 74 

No: 4 277 
Percent: 1 71 

*Echo Class Code: 

Intensity 

.06-.10 

22 

1 

0 

10 

0 

0 

17 

50 
13 

17 

1 

0 

16 

0 

0 

24 

58 
15 

No. 

179 

8 

7 

76 

0 

·4 

115 

389 

Percent 

46 

2 

2 

20 

1 

30 

100 

Low Medium Strong 
12.3 
456 

Scattered, 
Broken, 

<::.. 5 coverage 
? . 6 coverage 

** No record of precipitation distribution. 

o No echo. 
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APPENDIX NO.6. 

CORRELA TION OF RADAR ECHO INTENSITY 

WITH CLOCK-HOURLY PRECIPITATION 



OBJECTIVE: 

CORRELP TION OF RADAR ECHO INTENSITY 

WITH CLOCK-HOURLY PRECIPITATION 

The objective of the study was to correlate clock-hourly pre­

cipitation amounts with radar echo intensity as determined from hand­

drawn sketches of the PPI scope a: the United Air Lines 5.5 em radar 

set at Stapleton Field, Denver, Colorado. 

PROCEIDURE: 

The positions of the radar echoes in relation to recording rain 

gages were determined by supe.rimposing a plastic map of rain gage 

location over the hand-drawn sketches of the PPI scope. The presence 

or absence of echoes and the intensities of echoes at the gage locations 

were then recorded. Two methods of analysis were used -- in the 

first method the position of the echo was interpolated between succes­

sive hourly (or half-hourly) observations. In the second method, the 

positions of the echoes were considered at hourly (or half-hourly) inter­

vals only. 

The frequency of occurrence of low, moderate, or high echo 

intensity was tabulated and compared with the concurrent clock-hourly 

precipitation amounts at each of 45 sites for each of the two methods of 

analysis described above. Precipitation class limits were established 

by dividing the maximum hourly precipitation rate by ten. This analy­

sis was performed for ranges of 0-25, 25"50, 50-75, and 75 .. 100 miles. 
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RESULTS: 

1 • No correlation was indicated between radar echo intensity 

and precipitation intensity for either of the two methods of analysis. 

2. Most of the clock-hourly precipitation amounts fell into 

the lowest precipitation class interval. 

3. The data indicate that the hand -drawn sketches of the PPI 

scope cannot be used successfully to indicate clock-hourly precipitation 

intensity. 

DISCUSSION:. 

The lack of correlation between radar echo intensity and rain- . 

fall intensity could be caused by any combination of the following fac­

tors: 

1. . Error in drawing the sketches of the PPI scope. 

Z. Non-linearities in the scope presentation •. 

3. Problems in relating the time of the echo to the time 

of the clock-hourly precipitation. 

4. The problem of evaporation of raindrops between the cloud 

base and the ground, typical of the high-based clouds of 

this area. 

No attempt was made to assess the relative importance of 
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each of these factors. Reports from other investigators* indicate 

that the lack of correlation between point rainfall rates and echo 

intensity may be a characteristic of present radar equipment. 

* Hiser, H. W., H. V. Senn~ and L. F. Conover. Rainfall Measure­
ment by Radar using Photographic Integration Techniques. American 
Geophysical Union Transactions" 39 (6) 1043 ... 47, December" 1958. 
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APPENDIX NO. 7 

EFFECT OF ELEVATION AND 

WATERSHED ~ZE ON SEASONAL DISTRIBUTION 

OF ANNUAL MAXIMUM FLOOD EVENTS. 



maximum flood occurrence are later on the plains than in. the mountains 

or the foothills. 

A tabulation of the relative time of occurrence for annual flood 

events as a function of elevation and watershed size is given in 

Table 1. 

TABLE 1. 

TABULATION OF DATE OF OCCURRENCE OF 
67 PER CENT OF ALL ANNUAL FLOOD 

EVENTS AS A FUNCTION OF ELEVATION 
AND WATERSHED SIZE. 

Elevation Class Area Class 
ft. msl sq. mi. 

H Small 

M II 

L 11 

H Medium 

M " 
L .. 
H Large 

M 
., 

L 
., 

H = High elevation range: 

M = Medium elevation, range: 

L = Low elevation, range: 

Small: 1-127 sq. mi. 

Medium: 139-448 sq. mi. 

Large: 460-1766 sq. mi. 

Approximate date Aver age date 

- 2 -

of occurrence 

21 June 

30 May 11 June 

12 June 

7 June 

12 June 14 June 

24 July 

1 July 

9 June 23 June 

29 June 

7800-11 • 000 ft. msl 

6091-7683 ft. msl 

2798-6080 it. msl 



CONCLUSIONS: 

1. Examination of Table 1 shows that the average date of 

67 per cent of annual maximum floods advances with increase in 

watershed size. 

2. F:;>r watersheds of 139-448 square miles, the date of 

67 per cent of annual maximum flood advances with decrease in 

elevation. 

3. For watersheds less than 139 square miles and between 

460 and 1766 square miles. the date of occurrence of 67 per cent 

of annual maximum floods advances with decreasing elevation below 

7683 feet msl. 

4. The dates of flood occurrence are later on the plains 

than in the mountain areas and foothills. This can be interpreted 

in terms of summertime rains as a cause of flood events on the plains, 

as compared to snow melt~ or a combination of snow melt and rain as 

a cause of flood events in the mountain areas. 
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Fig. 1. Location of study Area. 
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