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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, resuits
from this study must be considered as tentative 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.



1I.

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.

2, 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 runoif.

HISTORY
This investigation, initiated in July, 1958, is a research pro-

ject sponsored by the United States Bureau of Public Roads.
ESTIMATES OF RUNQOFF 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-13" and ''D~20" problem areas shown in Fig, 1
were established 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 Plaing,"
The D-20 area is called the '"Plains of the Upper Arkangas and
Purgatorie Rivers,'" Brief descriptions of the area in an unpublished

manuscript of the Soil Conservation Service follow:



D-13 Northern Brown Plains

""The Northern Brown Plains occupy a total
area of 48,938,000 acres located in northeastern
Colorado, northwestern Kansas, southeastern Wyoming,
western Nebrasgka, and a small area extends into south
centrzal South Dakota... It has 2 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...

"The average annual precipitation is about
14 to 18 inches ... Rainfall is guite variable .. {with)
the greater portion of the precipitation falling (at high
rates) with high runoff and erosion rates..

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

C

"Soils 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.”

D-20 Plains of Upper Arkansas and Purgatorie Rivers

"Thig 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 ic 14
inches {annuzlly}. Shallow to moderately deep, medium
to moderately heavy textured soils on range land.

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

"Seven per cent cultivated ,.. 90 per cent
grassland clagsed as semi-arid grazing land ... ,
3 per cent miscellaneous, no forest."

-2~



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.

2. No significant artificial flow control existed for high flows,

3. The watershed contributing area was not more than 1500
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-20 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 basise of techniques developed by Potter (1¥* and by Benson (2) .
Discharges having a recurrence interval of 10 years (Q}9) were
determined by Benson's technique for further study for seventeen
watersheds in the D~13 and D~20 problem areas. Values of Q,, @g,
and Q)5 were determined for the same stations by the same method.
An estimate of ;5 was made by extension of the curve drawn by

Bensgon's technique,

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

were made to relate short-term discharge values (Q;, Qs, Qlo) to
longer-term digcharge values (Q1 59 Q;5) for stations with records of
suitable length, Logarithmic plots were made of Q) vs Q5, Qg Vs
Qo> Qg vs Q)5, @ Vs Qp5, and Qg vs Q5. Of these combina-
tions, Q5 vs Qz5 and Q)9 Vs Qa5 were considered to have the greatest
potential usefulness., The departures from the fitted regressions of
Qz5 on Qg and st on Q,, was such that more than 67 per cent of

the sample had an error of less than +25 per cent, the criterion of

% Numbers refer to appended references.



suitable 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-13 and D-20 areas. The success in relating Qg to

Qy5 asde scribed 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 Mulliple Correlation - Graphical multiple

correlation techniques (3) were used in evaluating the relationship

of Q39 with the following parameters:

1,

2.

The coniributing area of the watershed, as listed in the

U. S. Geological Survey Water Supply Papers,

A location factor, defined as the difference in degrees between
the mean longitude and the mean latitude at the ceniroid of the
watershed as determined by eye.

A drainage density factor, defined as the total length of
channels in miles 2s indicated by the blue linesg on 1:250,000
scale maps of the area prepared by the U, 8, Geological
Survey, divided by the contributing area in square miles as
defined in item 1.,

An orientation factor with respect to an east~northeast axis.
The mean elevation of the watershed, an average of the
highest and lowest =levations,

The mean longitude in degrees at the centroid of the water-
shed as determined by eye.

The mean latitude in degrees at the ceniroid of the water-

shed as determined by eye.



9.

1o,

11,

12,

13,

14,

15,

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,

A compactness ré.tio, defined as the circumference of the
circle having the same area as the watershed, divided by
the total perimeter of the watershed.

A precipitation parameter which was the 2-year, 1-day
point rainfall in inches, at the station nearest the centroid
of the watershed,

A precipitation parameter which was the 5~year, l-day point
rainfall in inches, at the station nearest the centroid of the
watershed,

A precipitation parameter which was a 5-year, l-day point
rainfall in inches, expressed as an average of stations in and
near the watershed,

A precipitation parameter which was a 5-year, l-day point
rainfall in inches, expressed as area rainfall with an
appropriate reduction from point-rainfall.

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.

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.,



REFINED ESTIMATES

Collection of Basic Data - The general reguirements considered

in the collection of basic data for refined estimates of rates of runoff
included the following criteriz 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 staif
gage readings were discarded,

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

break in records,

3. DNo record was utilized where there had been a change in

location of gite greater than two miles up or down stream,

Records of rates of runoff from stations outside of the D~13 and D~-20
problem areas were compiled in order to relate short~term to long-term
floods, 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 years,

Relations Between Floods of Short-Term and Long-Term Frequency ~

A comparison was made between two techmiques currently used in the

analysis of data plotted on Gumbel paper. Potter's method (1) approxi-
mates an array of points on Gumbel paper by two straight lines, giving

a "dog-leg" . Benson's method {2) consists of drawing a curved line
that best fits the array of plotied points, A frequency plot of the annual

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



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, 2. Stations included in the study that were located out-
side of problem areas D-13 and D-20 fell into four generai geo~
graphic locations: northwest, east, southeast and southwest of the
problem areas D~13 and D-20, defined resgpectively by the following
locations: '
Northwest: 45 {0 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 {0 38 degrees north by 102 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-20. A sample was selected, using the following criteria:
1, Egqgual numbers of stations were desired from each location.
2. Egqual 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
lthologic areas having the following classifications:
a. Sandstone and shale.
b, Glacial drift and loess.

c. Unclassified.



Using these criteria, a total sample of 22 stations was selected from
the 58 records available. Of thegse 22 gtations, 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 "dog-leg" method. For these two stations, the
accumulated percentage error in representing the data with the ''dog-
leg" was greater than t 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 T17 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 Qlo 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 Q@ 10 VS Q 40
(Benson method) is given in Fig. 4, Plots of Q,,, Vs Q,,, and
Quou V& gy 2 given in Fig. 5. (QIOL was determined from Poiter'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 T 25 per cent error,

-8 -



' The relations shown if Fig. 4 end Fig. 5 were derived from geo-
graphic locations outside of the D~13 and D-20 problem areas. The
problem remained to compare this type of relation from outside the
D-13 and D-20 areas with that inside the same area. Fig. 7 shows
the relation between Qg vs Q5 for points inside and outside the
D-13 and D-20 problem areas. Since the pointis frbm ingide the study
area appear to be congistant with those northwest, east, and southwest
of the study area, the assumption was made that the relation between
Q10 and Q4q as shown in Fig. 4 also applied ingide the D-~13 and D-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 "Benson"
curve on Fig. 6 is not adequate justification for acceptance and use
of the method described herein, Drawing a curved line on Gumbel
paper departs 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 possgible on physical reasoning, a
more common occurrence in the area studied was a curve that was
concave upward.

The metheod 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 Ytwo-thirds of the sample having

less than 25 per cent error,'



A comparison of values of @) and Qgyyfor 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
€} p and QIOU. as used in this study were not significant.

Comparison of Figs, 4 and 5b show that for a given estimate of
Q10 {or @, OU)’ the difference between the resulting estimate of Q4
and Q 407 is less than 25 per cent for nearly all the range of values
shown on Fig. 8.

For these reasons the estimate of Qlo and Q4q, oObtained as
described above, are considered to be consistent with estimates of
Qypyand Q4oy- In view of the length of records used {o 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
Qm and Q4 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 runoif process. Consequently other

suitable parameters were sought.

- 10 -



Work by Benson (°) 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 Q;,. Following Benson's work (5) a
slope parameter S5 g1, was defined by

5 -E

9L © Eo o1, " Ecg
D
where E0.9L = elevation in feet 9/10ths of the length of the watercourse
upstream from the construction gite.
" 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 "T" factor, suggested
in conversations with Mr. W. D, Potter. The "T" factor (indicating
a measure of ‘'time of travel,") is defined as follows:
T = Tl + Tz = 0.3L + 0,7L
Vs VS

where\[ S1 __ =\J E-HW,.-E 0.7
0.3L

and V8§, =JE0.7L “Eeg
0.7L

where the symbols have the following meanings:

- 11 -



E =  elevation (feet msl) at the headwaters of the watershed

HW
EO.? L = elevation (feet msl) at a point 0.7 of the distance from
the construction site to the headwaters, measured
along the watercourse,
EC‘S = elevation {feet msl) at the construction site,
L = distance (in miles) between construction site and

headwaters.

A third slope parameter was defined by

So.5. - Po.s1 " Ecg
0.5L
where EO- 5L, 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 has 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 QIO‘ It was found that use of A” 2 provided some improvement
over Al:0 in some cases. The correlations were repeated, using
A0-75 ang A%:-90 . It was found that A9-%9 vs Qg with the slope
parameter Sq gy, gave the best resuits. 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 follewing criteria:

1, They are relatively simple to determine.

2. The accuracy of estimate of Q) is consistent with the accu-

racy of the basic data on contributing area and measured discharge

that went into the study.

- 12 =



IIi,

For these reasons, 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 Q)q in Fig, 11 may be subject
10 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/ mihz) 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,"

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.

- 13 -



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 15 September 1958,

The second presentation was given to a Highway Drainage Conference

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 raini‘all 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 0.1 inch were recorded, a weight of 0.5 was given; and zero rain-
fall was given a weight of zero.

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

method using the foregoing weighted values to compute the per cent



of bagin atea covered by precipitation for the given flood event, A
weight of ""one" 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 sguare miles, one-third
or less of the annual maximum floods are caused by such rainfalls,

A factor related to flood runeoff 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—yeai' 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 ag 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 PPI scope of the United

Air Lines 5,5 cm radar set, and {b) reconstructed records of CPS5-9
data (a 3.0 cm set) from Lowry Air Force Base., Both radar units
were located in Denver, Colorado and have a range of approximately
200 miles.

To test the suitability of these data as a means of providing more
adeguate 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 satisiactory 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 ceJ;‘tain 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 statigtically 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 parameterg (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 2-year or a 5-year recurrence
interval to a 10-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 Plattie, 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 watershed area, making a total of nine classes with
varying numbers of cases in each clagss. 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 anmual 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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SUMMARY COF RESULTS
PRESENTATION OF RESULTS

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

these results is shown in Fig, 13.

Estimates of Qj and O4y from Physiographic Parameters -

Fig. 14 shows the relations among area (A), slope factor (SO QL)'
Q) 30d Qyp-

USE OF FIG. 14 FOR ESTIMATES OF PEAK RATES OF RUNCFF
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 gquare 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 ieet,
Elevation at 9/10ths of the distance from the construction site
to the headwaters: 7320 {eet.

From these values, ihe following parameters are determined:

A = 400 square miles,
SO.S‘L = EO.?L - ECS = 7320 - 5608 = 42.3
40,5
0.9L
Enter Fig. 14 with A = 400, SO.‘-}L = 42,3,
and read
010 = 14,000 cfs
Qu = 20,500 cfs
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These values of QIU and Q40 are the desired estimates of peak

rates of runeoff having a recurrence interval of 10, and 40 years,

regpectively,
LIMITATIONS AND PRECAUTIONS

Limitations in Basgic 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 ©), from Fig. 11, from which Fig. 14 wasg 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 @ 10238 2

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.S.
Geological Survey records,) Observed valuea of Q1 o 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 Ql 0
were computed on the basis of the graphical correlation in Fig. 11,

These two curves serve as envelopes for estimation of Q,, for the

10

streams with S oL © 10 - 50 ft/mi in the study area. The upper

L

=50 ft/mi, and the lower curve to §

curve corresponds to S
P 9L 9L

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

Characteristics of precipitation agsociated 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 watersheds
equal to or greater than about 900 square miles, two=-thirds or more
of the annual maximum floods were probably cacsed 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 ¢m set used by United Air Lines in Denver, and
sketches of a PPI scope reconstructed from coded descriptions of
radar echo data from a 3.0 cm 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 parsmeters-

Mean monthly precipitation for May was correlated with position

(latitude, longitude, and elevation) for 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

X1 = latitude, less 30 degrees.
XZ = longitude, less 100 degrees.
X3 = elevation, in 10 thousands of feet,

Station groupings
Group l: 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 f-i,
the standard error of estimate S, and the standard deviation ( o ) of

the individual coefficients.

Resgults
Group 1: Y = 2,99 - 0.045){1 - 0.55X2+ 2.95)(3
R = .72 (Significant at 99 per cent level)
s = .38
= 1
0’1 .17
= 1
oz A2
0'3 = .73
Group Z:
Y = 3,33+ 0.03X1+ O.ISXZ- 3.43X3
R = 0.67 (Significant at 99 per cent level)
S = 0.37
c:rl = ,13
o, = ,09
= ,90
Oy 9



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 (62) 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.

DISCUSSION
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 Ql 0 and @ 40 for stations

over a broad region {See Fig. 7} suggests that an analysis of the type

presented in this study could also produce usable resulis 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: D21, D22, D29,

East: Dl4, D16, D18, D19,

North: D6, D7, D8, D9.

In addition to these areasz, the Rocky Mountain Foothills region
{E-5) contains a considerable number of records of runoif 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 runcff 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 iteme 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 runcff 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 Ho. 1, Part s-1
Identificstion of Caging Statijus Used T The Study

(Iacludes every station for vhich frequency plot was mﬂé)
Stations Inside D-13 & D-20-Problam Areds, Includifg Fringes

D

..‘g

N
P T

BEE UL ; . LR
SRR LT W s -

erial Kame

Refer to U.5.G.5.
fater Supply Paper

1 }Fowmtain Creek at Pusblo, Colo,
3 |Apishepa River near Fowler, Colo.
L )'™Mmpes Creek near Rocky Ford, Colo.
5 | Oorse Creek near Sugar City, Colo.
9 | Ravhide Creek near Lingle, 'yo.
10 [Rlue Creek near Lewellen, Nebr.
11 |Birdwood Creek near Hershey, Rebr.
12 [ Cherry Creek near Franktowm, Colo.
12 ] Cherry Creek near Helvin, Colo. )
14 '} Cherry Creek below Cherry Creek Darmy, Colc.
15 | Cherry Creek at Dénver, Colorado
16 ]Lodgepole Creek at Bushnell, Hebr. _
18 |North Fork Republican River at Colorado-Nebraska State Line
19 |(Buffalo Creek near Haigler, lebr.
20 |Rock Creek near Parks, ilebr.
22 {Frenchman Creek below {hampion, Hebr.
23 jSappe Creek nesr Cberlin, Kansas
2k {'nite River at Craviord; Nebr.
25 {Nicbrara River above Box Butte Reservoir, lebr.
31 | Pupkin Creek near Bridgeport, Nebr.
33 |landsman Creek uear Hale, Colo.
34 |South Fork Republican Miver near Idnlia, Colo.
35 |Cottonwood Creek &t Wendover, Wyo.
36 |Frenchman CreekX nesr Jimlet, Nebr,
37 |Purgatoire River at Trihidad, Colo.
3¢ {Vermejo River near Dewson, Hew Mexdico
40 {Sheep Creek near Morrill, Nebr.
41 |Dry Spotted Tail Creek at Mitchell, ilebr.
L2 |Tub Spring near Scotisbluff, Nebr.
43 |vinter Creek near Scottsbvluff, liebr.
LL iNinemile Drain near Mcgrew, Hebr.
L5 {Bayard Sugar Factory Drain near Bayerd, Nebr.
46 tRed Willow Creek near Bayard, Nebr.
b7 |[Bijou Creek near Wiggins, Colo.
48 |Buffalo Creek near Darr, lebr.
49 "|Buffalo Creek near Overton, Nebr.
50 JElm Creek near QOverton, Nebr.
51 {V¥ood Fiver near Riverdale, HNebr.
52 tllood River near Cibbon, liebr.
53 (Middle Loup River at Dunning, Nebr.
5h ]Middle Loup River at ircadia, Hebr.

159-1311
18k-1311
136-1311
191-1311
126-1310
15%-1310
165-1310
201-1310
202-1310
203-1310
204-1310

288-1310

387-1310
338-1310
359-1310
L00-131Q
420-1310
332-1439
343-1439
151-1310
392-1310
391-1310

99.1310
%03-1310
193-1311
323-1311
137-1310
139-1310
141-1310
143-1310
1%6-1310
147-1310
149-1310
232.1310
300-1310
301-1310
302-1310
305-1310
306-1310
312-1310
315-1310
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~ Main Channel Biope Factor

in Miles in . c in Ft. 50.
7 % 3 .
100.3 7530 4317 35-5
18.0 5270 4220 24 .3
31.6 3700 3309 13.7
29.0 3200 2920 10.7
25.7 - 7380 6150 £3.3
b, 9 7320 5608 k2.3
93.9 7120 L812 27.3
25.5 3760 3336 18.5

9.2 3250 3093 19.0
80.6 k1go 3240 13.1
122.0 5180 koiz 10.6
55.9 330 3636 13.8
56.1 Lé1s 3720 17.7
88.1 5210 3680 19.3
T

1. L - Main Channel length from Gaging Station
to Headwater

2. Eq.gL - Elevation of Channel Bed at 90% of
L upstream from Geging Station

3. Egg - Elevation of Channel Bed at Geging
Station
By.9L - Egs

b o = 0.9L




Appendix No. 1, Fart a.-]é {continued)

H
Tdentification of Gaging Stationg Used In The Study
(Includes every station for which frequency plot wes made )

Stations Inside D-13 & D-20 Problem E{eae, Including Fringes

Refer to U.C.G.S.

{umber Neme dater Supply Paper
55 |Bouth Loup River. at Revenns, Nebr. 322-131Q
56 |Mud Creek near Sweetwater, Nebr. 324.1310
57 |0&k Creek near Dannebrog, Nebr. 326-1310
58 |Arikaree River at Haigler, Nebr. 385-1310
53 |South Fork Republican River near Hale, Colo. 393-1310
60 |Frenchman Creek near Imperial, Nebr. h01-1310
61 {Frenchman Creek near Enders, lebr. 402-1310
&> |Frenchman Creek at Palisade, Nebr. 4o4k-1310
63 |Stinking Water Creek near Wauneta, Nebr, 408-1310
64 |Stinidng Weter Creek neer Palisade, Nebr. 406-1310
65 |Blackwood Creek near Culbertson, Nebr. 408-1310
66 |Driftvood Creek near MeCook, Nebr. 409-1310
67 1Red Willow Creek near MeCook, Nebr. 41%-1310
68 (Red Willow Creek near Red Willow, Nebr. k12.1310
69 |Medicine Creek at Maywood, Nebr. 290-1440
70 {Fox Creek at Curtis, Nebr. 2921440
T1 |Dxy Creek neer Cuwrtis, Hebr. 293-1440
72 [Medicine Creek mbove Harry Strunk Lake, ilebr. %13-1310
73 [Mitchell Creek above Harry Strunk Lake, licbr. 41k-1310
7% |Medicine Creek at Cambridge, Nebr. 417-1310
75 |Muddy Creek st Arapehce, Nebr. 300-1440
76 |Prairie Dog Creek at Norton, Kans. 426-1310
77 |Cottonwood Creek near Bloocmington, Nebr. 311-14k0
78 |Rose Creek near Wallace, Kans. kh1-1310
79 {North Fork Smoky Hill River near McAllaster, Xans. Lh2o1310
80 {Big Creek near Hays, Kans. 448-1310
81 {Bow Creek near Stockton, Kans. 3512440
82 INorth Fork Solomon River at Kirwin, Kans. 461-1310
83 {Fountain Creek near Fountain, Colo. 158-1311
84 |St. Charles River near Pueblo, Colo. 163-~1311
85 {Apishaps River near Aguilar, Colo. 181-1311
86 |Purgatoire River near Alfalfa, Colo. 1921311
87 |[Cimarron River near Cuy, New Mexico 240-1311
88 |Canadian River neer Hebron, New Mexico 316-1311
80 |White River below Cottonwood Creek near Whitney, Nebr. 333-1&39




. {continued)

ts Used In The Study

‘equency plot was made)

reas, Including Frioges

~ Location Drainege Aree 1u Og. Miie Period of Problen
Longitude ILatitude | Hominel Contributing Record in Yesars Area
98-55-45 § 41-00-35 | 1660 890 14
98-59-45 | 41-02-05 678 | —---a- 11
98-38-30 | 41-07-00 122 ] e 8
101-57-25 [ 40-01-30 | 1460 | = -cceeo 19
102-09-45 | 39-37-25 L S 9
101-37-30 | 40-25-20 1220 760 17
101-30-35 | ¥0-25-05 1300 820 12
101-07-40 | 40=20-50 1500 580 8
101-19-50 | 40-29-20 1260 3D 10
101-06-5¢ | 40-22-10 { 1390 430. 9
100-48-25 | 40-14-05 2900 ] emm——— 12
100-39-40 | 40-08-50 360 | meeme- 13
100-39 40-21 600 300 7
100-30~00 | 40-1%-10 710 Loo 18
100-36-540 | 40-39-20 207 | eemma- 8
100-26-20 | k0-38-00 77 } emeaea 8
100-26-40 | b0-38-05 20 | e 8
1.00-19-20 | 40-30-10 S S 9
100-15-25 | 40-28-20 53 | ceeca- 9
100-10-35 | #0-17-55 1070 680 20
99=5k-40 | 40-18-20 243 | eemme- 8
99-53 39-50 721 ] =eeee- 15
99-03-55 | 50-05-10 17 ] mesee- 7
101’38 38-53 28 ] eea——w 7
101-22 39-01 670 | —emee- T
- 99-19 36-51 o2 o SRS S P 13
- 99-17 39-34 337 { mmeme- 8
- 99-07 39-40 1360 1 emeeee 11
104-40-13 | 35-36-08 (-2 [ — 16
10ha31-40 | 38~12.20 Y S S 12
104-39-50 | 37-22-50 126 ———— 11
104-07-30 | 37-11-3¢ | 1320 R 7
103-25-25 | 36-59-15 545 | emee-- i7
104-27-45 | 36.47-1C 229 ] eeeeee i2
103-10-05 | b2-48-35 CYCYE I — 8




Appendix No. 1, Part a-2

Identification of Gaging Statlons Used In The Study
(Includes every station for which frequency plot was made}

Stations Cutside D-13 & D-20 Problem Arems

Tial Refer to U.S.G.S. |
homber Teme Water Supply Paper |
101 Ployd River at James, Icwma 3-~1310
102 1 Elkhorn River at Neligh, HNebr. 352-1310
103 | Tarkio River st Fairfax, Mo. 371.-1310
10k Nodaway River near Burlington Junetion, Mo. 377-1310
105 Little Blue River near Endicoti, Nebr. 478-1310
106 | Soldier Creek near Topeka, Kans. L8L.1310
107 Delovare River at Valiey Falls, Kane, 485-1310
108 Wakarusa River near Lawrence, Kans. £87-1310
109 Stranger Creekx near Tongsnoxia, XKans. 488-1310
110 Marais dee Cygrnes River near (ttawa, Xans. 524~1330
111 Pavnee River near Larned, Kans. 219-1311
112 Iittle Arkansan River at Valley Center, Kansas 20,8131
113 Walnut River at VWinfield, Kans. 229-1311
11% Spring River near Waco, Mo. 296=1311
115 Rayadc Creek at Sauble Ranch, near Cimsrron, New Mexico 333-1331
116 Cimarron River st Springer, New Mexico 338-1311
117 Mora River nesr Golondrinss, New Mexico 3k6-1311
118 Coyote Creek near Golondrinas, New Mexico 348-1311
119 Mora River pear Shoemsker, New lexico 351-1311
12¢ Mountain Fork River near Eagleiown, Ukle. 533-1311
121 Kiamichi River near Belzonl, Okla. 528-1311
122 Judith River near Utica, Mont. 67-1439
123 Musselshell River at Harlowton, Mont. 75-1439
12k [ Platwillow Creek near Flatwillow, Mont. 81-1439
125 South Fork Milk River near International Boundary 86-1439
126 | North Fork Milk River asbove St. Mary Canal near Brownlng, Ment. 87-1439
127 North Fork Milk River near International Boundary 88-1%39
128 Battle Creek at International Boundery 99-1439
129 Woodpile Coulee near International Boundary 100-1439
130 East Fork Battle Creek near International Boundsry 101139
131 Whitewater Creek near International Boundary 104-1439
132 | Clarks Fork at Chance, Mont. 1h3-1439
133 { Bull Lake Creek near lenore, Wyo. 15h-1439
134 Greybull River at HMseteetse, Wyo. 1311436
135 Goose Creek near Sheridan, Wyo. 205-1439




,Pta-z

nwxnmaw

equency plot ves made)

[Pmbln Aress
l .
—___ Locetion ] Prainage Area in 5q. Wile | . Feriod of
Longitude Iatitude ] Rominal Contributing | Reebrds in Years
96-18-45 | 42-34-30 §{ 882 - 22
98.01-40 | 42-07-20 { 2200 1800 25
$5.2k-20 ] 80-20-20 508 —— 3h
95-05-20 | 40-26-40 | 1240 ———— %
g7-08-10 | 40-05-20 { 2340 —— 28
| 95-43 39-06 268 ———— 25
P 95-27  139-21 a2 m————— 35
| 95-16 - | 38-55 k5B woame 26
95-01-08 | 39-06-06 ko6 —— 28
95-15  §38-37 1250 w———— 38
99-20 - 381 2148 2010 32
97-23 37-50 1327 1250 3h
o7-00 37-14 1840 o 35
9k-33-55 | 37-14-45 | 1164 ——— 26
10k-58 36~22 65 ————— 33
104-35-501 36-21-30 | 1032 ————— .27
105-09-30 | 35-53-%0 273 e 26
105-09-50 35-54-40 257 ———— 28
10N -4 35-48 1104 1033 39
’ 95-37 3403 .87 —————— .27
{ 95-29 3H-12 1423 -—— 3
EETS R BW- Y 33 ———— 36
109-51 46-26 1130 —— ko
108-37 bo-b7 195 ————— 3
'112-32-20 | 49-00 433 —————— 43
113-03 L8-59 & —— 36
112.58 ho-02 101 —————— k2
109-25~20 [ 49-00-10 T26 -—— 39
.209-31-50 | 48-55-00 T0 - ——— 27
'109-08 48-58 95 ————en 26
-107-52 48-57 300 e 29
"109-05 %5-00 1140 e 22
'109-01-20 | 4#3-1h-33 222 ] eeem— 39
108-52-35 | 44-09-20 690 —————— 36
107-11 Yy h2 120 ———— .27
1




Appendix Io. 1, Part a-2 (continued)

Identification of CGaging Stations Used In The Study

(Includes every station for which frequency plot was made)

Stations Outside D-13 & D-20 Problem Areas

Refer to U.8.GC.5.

erial

ueber Name Jater Supply Pa,perh
136 Clear Fork Trinity River at Fort Worth, Texas 75-14k2
137 Middle Concho River near Tankersly, Texeas 172-1hk2
138 North Concho River rear Carlsbad, Texas 175=-1442
139 Pecan Bayou At Browowood, Texas 188-1k42
140 North Llano River near Junction, Texes 195-14k2
151 Llano River near Junction, Texas 196-1542
142 Guadalupe River near Spring Branch, Tex. 213-1442
143 Guadalupe River above Comal River at llew Braunfels, Tex. 21h-14142
144 Blaneo River at Wimberley, Tex. 216-1442
145 Plum Creek near Luling, Tex. 219=1442
146 | Cibolo Creek near Falls City, Tex. 22G-1442
1b7 Nueces River at Laguna, Tex. 234-14k2
148 Frioc River at Concan, Tex. 239-1442
1hkg Rio Grande near Del Norte, Colo. 259-1hk2
150 Cunejos River near Mogote, Colo. 278-1k42
151 Red River near Guesta, New Mexico 208-1442
152 Santa Fe River near Santa Fe, New Mexico 318-1442
153 Blue Water Creek near Bluewvater, New Mexico 333-14b2
154 Pecos River near Pecos, New Mexico 352-14k2
155 Pecos River near Anton Chico, Rew Mexico 353-1442
156 Gallinas River near Montezuma, New Mexico 354142
157 Gallinas River at Montezuma, New Mexleco 355-1h42
158 Mimbres River nesr Minmbres, New Mexico Lo3-1lk42




(continued)

8 Used In The Study
equency plot was made)

FProblem Areas
Location Drainage Area in 5q. Mile Period of Problen
Longitude TLatitude| Nominal Contributing Records in Years Ares
g7-21 3o-bh 526 ]| ccmmenae 2k
100-36-50 { 31-22-35] 1280 1128 26
100-39 31-36 1533 1L10 26
98-58-30 | 31-k4-10 1614 | emmmeees 26
99-47 30-30 9k} emeemea- 31
9G4 30-30 1874 ] cmemees 24
98-23 29.51-40f 1282 |  acmmmee- 30
98-06-40 | 29-42-55 1516 |  ceeemm-a- 28
98-0h 29-59 KL 27
97-37 | 29-42 356 | emeeeee- 26
- 97-56 29-01 831 | emeemee- 24
- 99-59-50 | 29-25-45}  7E4 | eemmeenn 29
. 99-U2 29-29 e 23
+ 106~27-30 { 37-41-20 1320 | cmemeaaa L6
- 106-11-20 | 37-03-20 282 | ccaamaa- u4
10534 36-42-10 112 | ecmeme-- 25
-105-50-35 } 35-k1-10 20 | emeemaaa 25
108-01-40 | 35-17-50 -k SR P — 25
105-817 | 35-k2-25 --- 189 25
105-06-20 | 35-10-50 —— 1050 - 23
. 105-19-10 | 35-39 T (. ol
1105-16-30 { 35-35-15 87 | ammerma- 23
; 107-59 32-52~20 152 | eeevee-. 25




APPENDIX No. L. Part V. Geging Stations in Alphabeticsl Order.

Name Serial | Refer. to USGS
Number { Water Supply

Paper

ioishapa River near Aguilar, Colo. 85 181-1311
Apishiapa River near Fowler, Colo, 3 184-1311
Arikeree River at Heipler, Nebr. 58 385~1310
Rattle Creek at International Boundaery : 128 99-143%
Bayard Suger Factory Drain near Bayerd, Nebr. 45 147-1310
iz Creek near Bays, Xans. 80 448-1.310
ijou Creek near Wiggins, Colo. L7 282-131C
Birdwood Creek near Hershey, Nebr. 11 165-1310
Blackwood Creek near Culberison, Nebr. £5 LoB8-1310
Planco River at Wimberley, Tex. 1hL 216-14h2
Blue Creek near Lewellen, Nebr. 10 155-1310
Bluewater Creek near Bluewabter, N. M. 153 333-1h42
Row Creek near Stockion, Kans, 81 - 351-1440
Buffalo Creek near Darr, Nebr, 48 300-1310
Burialo Creek near Halgler, Nebr. 19 . 388-1310
Buffalo Creek near Overton, Nebr. Lo 301-1310
Bull Leke Creek near Lenore, Wyo. 133 154-15430
Cenedian River near Bebrom, N. M. 88 316-1311
Cheryry Creek below Cherry Creek Dam, Colo. 14 203-131C
Cherry Creek at Denver, Colo. 15 204-1310
Cherry Creek nesr Franktown, Colo. 12 201-1310
Cherry Creek nesr Melvin, Colo. 13 202-1310
Cibolo Creek near Falls City, Tex. 146 229-1442
Cimarron River near Guy, H. M. 87 240~1311
Cimarron River at Sprincer, N. M. 116 338~1311
Clarks Folk at Chance, Mont. 132 143-1439
Clear Fork Trinity River at Fort Worth, Tex. 136 75-1hk2
Cottonwood Creek near RBloomington, Nebr. T 311-1440
Cottonwood Creek at Wendover, Wyo. 35 99-1310
Coyote Creek near Golondrinas, N. M. 118 3}B-1311
Cunejo Rlver near Mogote, Colo. 150 278-14k2
Deleware River st Valley Falls, Kans. 107 4851310
Driftwood Creek near McCook, Nebr. 66 40g-1310
Dry Creek near Curtis, Nebr. T 293-1140
Dry Spotted Tail Creek at Mitchell, Nebr. h 139-1310
East Fork Battle Creex near International Boundary 130 101-1439
{E1khorn River at Nellgh, Nebr. ig2 352-1310
Eim Creek near Qverton, Hebr. 50 302-1310
Flatwillow Creek near Flatwillow, Mont. 124 81-1439
Floyd River at James, Iowa. 101 3-1316
Fountain Creek near Fountain, Colo. 83 158-1311
Fountain {reek st Pueblo, Colo. 1 159-1311
Fox Creek at Curtis, Nebr. 7 202-1440
Frenclman Creek below Champion, Nebr. 22 Loo-1310




APPENDIX No, 1. Part b. Gaging Stations in Alpheveticel Order (Cont'd)

Prenchman Creek near Enders, Nebr.
Frenchman Creek near Hesmlet, Nebr.
Frenchman Creek near Imperisel, Nebr.
Frenchman Creex st Palisade, RNebr.
Frio River at Concan, Tex.

Gallinas River at Montezuma, W. M.
Gallinas River near Montezuma, N. M.
Goese Creek neexr Sherldan, Wyo.
Creyuull River at Meeteelse, Wyo.

Guadalupe River above Canal River at New Braunfels, Tex,

Guadalype River nesr Spring Dranch, Tex.

Horse Creek near Susar Clty; Colo.

Judith River nesr Utice, Mont.

Kiagmichi River near Belzoni, Okla.

Landsman Creek neear lHale, Colo.

Little Avkanses River at Valley Center, Xans.

Little Blue nesr Endicott, Hebr.

Llanc River near Junetion, Tex.

Lodgepole Creek at Businell, Nebr.

Marsds des Cygnes River near Cttowa, Kans.

Medicine Creek at Canbridge, Nebr.

Medicine Creek sbove Harry Strunk Lake, Hebr.

Medicine Creek at Meywood, Nebr.

Middle Concho River near Tankersly, Tex.

Middle Loup Rlver at Arcadls, Nebr.

Middle Loup River at Dunning, Nebr.

Mimbres River near Mimures, N. M.

Mitchell Creek sbove Harry Strunk Lake, Hebr.

More River near Golondrinas, N. M.

Mora River near Shoemeker, H. M.

Mountaln Fork River near Bayjletown, CKkla,

Mud Creek near Sweetwater, Nebr.

Muddy Creek at Arspshoe, Nebr,

Musselshell Biver gl Jarlowton, Mont.

Ninemile Drain near Megrew, Nebr,

Niobrara River above Box Butte Reservoir, Netr.

Nodaway River near Burliagton Junction, Mo.

Nortl: Conche Rliver near Carlsbed, Tex.

Horth Fork Milk River near Internetional Boundary

North Fork Milk River above St. Mary Cansl near
Browning, Mont,

N.F. Republican River at Colersdo-Nebraske State Line

North Fork Smoky Hill River near McAlleater, Kens.
¥orth Fork Sclomon River at Kirwin, Kans.

Horth Llsno River near Juucticn, Tex.

Nueces River at Leguns, Tex.

Oek Creek near Dannebrog, Nebr.

Paymee River nesar Larned, Kans.

Pecan Bayou &t Brownwcod, Tex.

6l
36
60
62
148
157
156
135
134
143
142
5
122
121
33
112
105
141
16
116
N
T2
&
137
54
53
158
73
117
119
120
56
15
123
L
25
10k
138
127

126
18

140
147
o7

139

402-1310
H03-1310
401-1310
Lok.131Y
239-1442
355-1442
3541442
205-1439
181-1439
2141542
213-1442
191-1311

67-1439
528-1311
392-1310
o225-1311
L78-1330
196-1842
288-1310
524-1310
§17-1310
413-1310
290-1440
172-1542
318-1310
312-131C
Lo3-14h2
414.1310
346-1311
351~1311
533-1311
3241310
300-1440

75-1439
146-1310
343-1439
377-131C
175-1442

88-1439

87~-1439
387-1310
442.1310
461-1310
195-1442
234-1442
326-1310
2191311
188-1kh2




APPENDIX No. 1. Part b, Gaging Stations in Alphsbeticel Order {Cont'd)

[Pecos River near Anton Chico, N. M.

Pecos Rlver near Pecos, N. M.

Plum Creek nesar Luling, Tex.

Prairie Dog Creek at Norton, Xans.

Pumpkin Creek near Bridgeport, Nebr.
Purgatolre River near Alfelfa, Colc.
Purggtoire River at Trinidaed, Colo.

Rawhide {reek nesar Lingle, Wyo.

Bayado Creek at Bauble Ranch, near Cimarron, K. M.
Red River near Questsz, N. M.

Rad Willow Creekx near Bayard, Rebr.

Red Willow Creek nesr McCock, Nedbr,

Red Willow Creek near Red Willow, Nevr,

Rio Grande near Del Norte, Colo.

Rock Creek near Parks, Nebr.

Roge (reek near wWallace, Kans.

Sants Fe River near Seantas Fe, N. M.

Sappea Cresk near QOberlin, Kens.

8Soldler Creek near Topeka, Kans,

South Fork Milk River near Internationsl Boundary
‘South Fork Republican River near Hale, Colo,
South Fork Republican River near Idalias, Colo.
South Loup River at Ravenns, Nebr.

Sheep Creek near Morrill, Nebr,

Spring River near Waco, Mo.

5t. Charles Rlver near Pueblo, (olo.
Stinking Water Creek near Palisade, Nebr,
Stinking Water Creek near Waunets, Nebr.
Stranger Creek near Tonganoxia, Kans.

Tarklo River at Feirfax, Mo,

Timpas Creek near Rocky Ford, Colo.

Tub Spring near Scottsbluff, Nebr.

Vermejo River near Dswson, H. M.

Wakaruwse River near Lawrence, Kens.

Walnut River at Winfleld, Kans.

White River below Cottoawood Creek near Whitney, Nebr.
White River at Crawford, Nebr.

Wnitewater Creek near International Boundary
Winter Creek near Scottsbluff, Nebr.

Wood River near Gibbon, Nebr.

Wood River near Riverdale, Nebr.

Woodpile Coulee near International Boundary

155
154
145
76
3
86
37
9
115
151
L6
67
£8
159
20
78
152
23
106
125
59
3%

25
4o
1l

353-1442
352-1442
219-1kh2
Lo6-1310
151-1310
194-1311
193-1311
126-1310
333-1311
208-1442
1k9-1310
k11-1310
412.1310
259-2542
389-1310
Lh1-1310
318-14k7)
420-.1310
L8L-1310

86-1430
393-1310
391-1310
322-1310
137-1319
206+1311]
163-1311
406-1310
405-1310)
4L88-1310
371-1310)
186-131)
141-131
323~1311
Lg7-131Q
225-1311
333-1439
332-1439
10k-1439
143~131d
306-131
305-131G
100-1439




APPENDIX NO., 2

GUMBEL PLOTS FROM INDIVIDUAL STATIONS

(Arranged in the Order

Given in Appendix 1-a)
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APPENDIX NO. 3.

LIST OF PERSONS CONTACTED

DURING THE STUDY.




APPENDIX NOC, 4.

USE OF "RELATIVE WETNESS" PARAMETERS FOR

ESTIMATES OF CLOCK-HOURLY PRECIPITATION IN

EASTERN COLCRADO




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 paris of eastern Colorado. The concept of "Relative
Wetness" 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,



II.

1II.

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.

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.

METHOD CF 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.)



SOURCE OF PRECIPITATION INFORMATION

Precipitation records were obtained from climatological data pub-
lished by the U.5, Weather Bureau,

DEFINITICN AND COMPUTATION OF "RELATIVE WETNESS"
Following are definitions of terms used in this study,
"Relative Wetness'' refers to the ratio R.., 4.., M.., A, defined
ij* ii i ij

as follows:

Rij = 2 year freq. max, hourly precipitation in inches at station i
2 year freg. max, hourly precipifation in inches at station j

d,. = 2 year freq. max. daily precipitation in inches at station i
by | T e T—— P -
2 year freq, max, daily precipitation in inches at station j

M,. = 2 year freq. max, monthly precipitation in inches at station i
H 2 year freq. max, monthly precipitation in inches at station j
Aij = 2 year freq. max,. yearly precipitation in inches at station i

2 year freq. max,. yearly precipitation in inches at station j

The subscript is an index notation with 1 =1,2,3,......n~1, and j =
i+l, i+2,,., n, where n is the total number of stations in the subarea.
Ranking of stations was made in such a way that dij’ Mij‘ and Aij were
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

anmual values. An example of the Gumbel plots is shown in Fig, 18,

k]



Iv.

Stations within each subarea were then ranked suitably to yield values

of d,., M, , A « 1,0,andvaluesofR,.,d.., M.., and A, ., were
ij ijt iy = ij ij ij ij

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

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

RESULTS

RELATICNS AMONG R..,d.., M., and A, ..
ij " odj " ij

R.vsd_ , R.ves M. andR,, v¢ A, were plotted both for annual
ij ij ij ij i} i}

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

y =mx, the best {it 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 1-25 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 for the technique. To fur-
ther delimit the dispersion of the data from the best-fit lines, the areas
between the ordinate and the distribution-of-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.



\ TABLE 1. RANKING OF RELATIVE WETNESS RATIO IN ORDER
CF INCREASING ERROR OF ESTIMATE **OF Rij

Area % ! (least error) 2 3 4 5 (Most error)

I |Rs/ds 39.5 Ra/Msa 41,0| Rs/Ms 43.0|Ra/da*43,0{ Ra/A 57,0
11 |Rs/Ms 18.0 |Rs/ds 26.0|Ra/da 29.0 |Ra/Ma 39.5|RafA 45.0
I |Ra/A 5.0 Ra/Ma 10.0| Rs/Ms 23,0 {Ra/da 28.0)Rs/ds 30.0
Iv {Rs/iMs 10.0 Rs/ds 13.5|Ra/da 19,8 {Ra/A 23,0{Ra/Ma 32,0
V |Rsids 30.0 Ra/A* 37.5{Rs/Ms 50.0 |Ra/Ma™s6.0|Rafda 63.0

**Rased 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
+25 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 Rij vs dij {seasonal basis) showed least error for subareas

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, Rij V5 dij was chosen

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

subarea -~ No, VI, The relation between dij and Rij for each of the

subareas I through VI, is shown ir Fig, 21,



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,

2. 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. Technigques 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 egtimating 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
areag shown in Fig, 17, using data for the appropriate areas as given in
Fig. 21,

For this illustration the gtations 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 24-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 "§"; (in this case Nuan) a station for which daily

rainfall records are available, and for which an estimate of the two-year



clock~hourly precipitation amount is desired.

2. From examination of the rainfall records in publighed climato-
logical data, determine the maximum 24-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_,. = 1,21 inches.
24j

5. Select station "i'"; (in this cage Greeley) the nearest station
having clock-hourly data available,

6. Repeat steps 2, 3, and 4 above for station "i" , using both
clock-hourly and 24-hour rainfall data. These data are plotted in Fig. 18,
from which the vzlues having a 2~year recurrence interval were deter-
mined to be

a, Clock-hourly amount, PGOi = .42 inch,

b. Daily (24~hour) amount, d, . = -95 inch.

7. Form the ratio dij , such that dij < l.o

d.=d,,. = .95 = ,785
ij 24i —-—-—1.21
d24j

8, Enter Fig. 21 with d_, = 0,785 and estimate R, =_-60i =g, 725,
N N Peo;

using the curve for area I,

9. Compute Pyp; = Py;/0.725 , using the value of Pgp; = 0.42 as

determined in step six; Pgoj = 0,42 Pgpj = 0.58 inch.
D,725

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

a two-~year recurrence interval at station j , Nunn, Colorado.



10. The actual value of P60j 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. esgtimate .69

VII. COMMENTS REGARDING USE OF "RELATIVE 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 24-hour rainfall amounts having a 2-year and a 5-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
amountg 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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CORRELATION OF CPS-9 RADAR ECHC INTENSITY
WITH CLOCK-HOURLY PRECIPITATION

ORBJECTIVE:
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 CP5-9 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 CPS5-9 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.

va——
—

LTable 1. Clock~hourly precipitation and radar echo classes

Clock-hourly precipitation classes, inch per hour:

¢, 0.,01-0.,05, ©0.06-,10, and .1l

Radar echo class code (Convective echoes only)

Intensity: Low Medium Sirong
1 2 3 Scattered, <4 .5 coverage

4 5 6 Broken =- .6 coverage




The number of occurrences of each of the precipitation classes
was determined for each echo class., The results are given in Table II.

A gimilar procedure was followed to determine the number of
occurrences of each echo clags concurrent with each category of clock-

hourly precipitation, The results are given in Table III,

RESULTS:
The results of the study are given in Tables Il and III. In addition
to the total number of occurrences, the fractions of the totals within

each class are given as percentages.

DISCUSSION QF RESULTS:
1, Table II shows that 1348 out of 1545 radar observations, or

87 per cent of the total, were associated with zero precipitation,
2, Nearly half (48 percent) of all echoes were in echo category
3, i.e., scattered, strong convective echoes, The next largest group,
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, since the cate-
gories of low or medium intensity echoes were listed legs than 15 per
cent of all observations, despite the fact that low intensity precipita-
tion (0.0l - 0,5 in/hr.) accounted for 71 per cent of all 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 limiied sample studied showed approximately 85 per cent
of all clock-hourly precipitation having an intensity of 0.10 inch per hour

or less.



TABLE II
Table 1I. Clock-hourly precipitation agsociated with various radar

echo* categories. (Convective precipitation.)

RADAR ECHO CLASSES *¥

Per
1 2 3 4 5 6 No Cent
w No precip. | 45 |87 |6856 | 4 |45 148l - 1348 87
@
w
a Jotok 0 0 1jo |0 1 2 £1
~ 3
C 2
gﬁ .01-.05 | & 7 3911 |4 74 131 8
g g
& 06-.10 | 1 0 6l 2 |o 14 23 1
L
[= T d
’8'5 d
E > .10 1 ) 140 {0 26 41 3
No: 53 94 746 7 49 596 1545 100

Per cent: 3 6 48 ¢1 3 39

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

*%* Echo Glass Code:
Intensity Low Medium Strong

1 2 3 Scattered, ( .5 coverage
4 5 ¢ Broken, = .6 coverage

#¥% No record of precipitation distribution.



TABLE 1]
Table III, Radar echo amounts and intensities associated
with various measured clock~hourly precipitation amounts.

(Convective precipitation.)

CLOCK-HOURLY PRECIPITATION CLASSES
Inches Per Hour

*% . 01-,05 .06-,10 > .10 No. Percent
No l
echo 2 138 22 17 179 46
1 0 6 1 1 8 2
L o2 0 7 0 0 7 2
111
m
53 2 48 10 16 76 20
)
2
5 4 0 0 0 0 0
5]
5 0 4 0 0 4 1
6 0 74 17 1 24 1i5 30
No: 4 271 50 58 389 100
Percent: 1 71 13 1s

¥Echo Class Code:

Intensity Low Medium Strong
1 2 3 Scattered, <£,5 coverage

4 5 6 Broken, 3. 6 coverage
** No record of precipitation distribution.

0 No echo.
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CCRRELATION OF RALAR ECHC INTENSITY
WITH CLOCK~-HOURLY PRECIPITATION

OBJECTIVE:

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 o the United Air Lines 5.5 cm radar

set at Btapleton Field, Denver, Colorado,

PROCHBDURE:

The positions of the radar echoes in relation to recording rain
gages were determined by superimposing a plastic map of rain gage
location over the hand-drawn sketches of the PPl 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 fregquency 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 clags 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.

-1-



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 intensgity and rain-
fall intensity could be caused by any combination of the following fac-
tors:

1, Error in drawing the sketches of the PPl 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 beiween the c¢cloud

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

this arez.

No attempt was made to assess the relative importance of



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.

* Higer, H. W., H. V. Senn, and L. F. Conover, Rainfall Measure-
ment by Radar using Photographic Integration Techniques. American
Geophyeical Union Transactions, 39 (6} 1043 ~ 47, December, 1958,
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EFFECT OF ELEVATION AND

WATERSHED §I1ZE ON SEASONAL DISTRIBUTION

CF ANNUAL MAXIMUM FLOOD EVENTS,




maximum flood orcurrence 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 QF CCCURRENCE OF
67 PER CENT OF ALL ANNUAL FLOQD
EVENTS AS A FUNCTION OF ELEVATION
AND WATERSHED SIZE.

Elevation Class | Area Class | Approximate date | Average date
ft. msl 5q. mi, of occurrence

H Small 21 June
M " 30 May 11 June
L " 12 June
H Medium 7 June
M " 12 June 14 June
L ' 24 July
H Large 1 July
M & 9 June 23 June
L " 29 June

H = High elevation range: 7800-~11,000 ft. msl

M = Medium elevation, range: 6091-7683 ft. msl

L = Low elevation, range: 2798-6080 ft. msl

Small: 1-127 5g. mi,

Medium: 139-448 sq. mi.
Large:  460-1766 sq. mi.



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, Eor watersheds of 139-448 sguare miles, the date of
67 per cent of annual maximum flood advances with décrease 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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