


TABLE i. Ordinates of t he SCS Type I and Type II Prec ipi tation Dis t r ibutions

Storm Time Precipitation Ratio
.J.hOUTS ) Type I Type IX

0.0 0.000 0 0.0000
0. 5 O.OOB 7 . 00S 0.0053
1. 0 0.01 7 '3 , oil 0 . 0108
1.5 0.026 ,q ,01'" 0.0164
2. 0 0 . 035 2.5 . 0 7.2- 0 .0223
2. 5 0.045 31 .oz~ 0.0284
3.0 0.055 .17 . 0 35 0 .0347
3.5 0. 065 'f3 .0</1 0 .0414
4.0 0. 076 '1'9 . lJ'If O. 0483
4.5 0.087 rs • OSlO 0.0555
5. 0 0. 099 (,1 . o~i 0 .0632 Not. oC.8

5. 5 0. 122 '7 . 0 71 0.071 2
6.0 0 .1 25 73 .0'0 0.0797
6.5 0. 140 19 .bg, 0 .0887
7. 0 0.1 56 0.0984
7. 5 0.1 74 0.1089
8. 0 0.194 0 .1203
8.5 0.21 9 0.1328
9. 0 0.2 54 0.1467
9. 5 0.303 0.1625

10.0 0.515 0.1808
10. 5 0.583 0. 2042
11. 0 0.624 0.2351
11.5 0.654 0.2833
12. 0 0. 682 0 .6632
12.5 0. 705 0.7351
13.0 0.727 0.7724
1.3.5 O. 748 0.7989
14.0 0. 767 0.8197
14.5 O. 784 0.8380
15 .0 0.800 0 .8538
15.5 0.816 0 .8676
16.0 0.830 0.8801
16.5 0.844 0 .8914
17.0 0.857 0.9019
17.5 0.870 0.9115
18.0 0.882 0.9206
18.5 0.893 0.9291
19.0 0.905 0 .9371
19.5 0.916 0.9446
20 .0 0.926 0,9519
20.5 0.936 0.9588
21. 0 0.946 0.9653
21. 5 0.955 0.9717
22. 0 0.965 0.9777
22 .5 0.974 0·,9836
23,0 0.983 0.9892
23 .S 0.992 0.9947
24.0 1 .000 1. 0000 .
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COMPARISON OF DESIGN RAINFALL CRITERIA
FOR THE SOUTHWEST

George V. Sabo11

Kenneth A. Stevens 1

Abstract
The design of drainage and flood control facilities

or the management of floodplains for al luvia l fa ns i s
extremely sensitive to the design rainfall c riteria that
is used as input to the hydrologic model . The results
of a study us ing several combinations of design rainfall
criteria in determinist ic rainfall -runoff models of
watersheds is presented. The results i nd i c a t e that some
of the more commonly used design rainfall criteria may
not adequately represent the rainfall c haracteristics of
the southwest. It is concluded that des ign rainfall
criteria for the southwest must r e p r e s e n t both the spa­
tial and temporal characteris tics of regional severe
storms if valid models for use on a lluvial fans are to
be developed and used.

Introduction
Rainfall induced floods are the result of a severe

storm over the contributing watershed. Often, in f l ood
hydrology, these storms are classified as either local
storms or genera l storms. Local storms are typically
short duration, high i n t e n s i t y rainfalls of ~ imi t ed

areal distribution. They ofteri are of 1-hour durat ion L ,

or less and are virtual ly always less 't h a n 6-hours
unless associated with a larger storm system . In , the
southwest , they often are less th~n ~5 square miles wi t6
100 square miles as a l a r g e 10cai ~stormwThe size limi~
f o r an independent loca l storm i~ usuall~ considered to
be l e s s than 500 square mi les . General storms are large
systems that c(r'e o ften associated wi th fronta lactivi t y .

. ', '~ "

'- ," ' , i' Ge6i~e V. Sabol consul ting Engineers, Inc . , 1351 East
141 Ave., Brighton, CO 80601
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General storms are lower intensity, longer duration
storms that cover very large areas. In the southwest,
the local storm is usually the critical design event
except for large watersheds and major watercourses.

Since the majority of drainage and flood control
facilities are for smaller drainage areas, there is the
need to adequately define the spatial and temporal dis­
tribution of local storms. Alluvial fans and alluvial
plains are common landforms in the southwest that are
undergoing development. These watersheds are usually
small and therefore the local storm would constitute the
critical flood producing event.

Design rainfall criteria are often contained in
regional drainage design criteria, but often such crite­
ria are not available and the hydrologist or engineer
must develop or adopt prudent design rainfall criteria.
Often the criteria contained in regional drainage design
criteria or the criteria that is adopted is from gener­
alized relations that have been published by various
federal agencies. Such generalized criteria may not
have been developed for severe local storms in the
southwest and the use of such criteria could result in
overdesign or underdesign. No studies are known to have
been performed or published that compare various design
rainfall criteria for local storms in the southwest.
The four selected design rainfall criteria are summa­
rized in Table 1.

These criteria have been compared only at the
100-year return period using the rainfall depth-duration
statistics for Phoenix, Arizona. These rainfall depths
for durations from 1-hour to 24-hours were obtained from
NOAA Atlas 2 (Miller and others, 1973), and the rainfall
depths for durations less than 1-hour were derived by
revised short-duration rainfall ratios by NOAA (Arkell
and Richards, 1986).

The comparisons have been made by modeling eight syn­
thetic watersheds using the HEC-1 Flood Hydrology Pro­
gram (U.S. Army Corps of Engineers, 1988). The eight
synthetic watersheds vary in size from 0.1 square mile
to 500 square miles, and the watershed characteristics
have been sel~9ted to be representative of natural (un­
developed) wa~rsheds that typically occur in Arizona
and much of the southwest. The SCS Dimensionless unit
hydrograph was used for all watersheds, and the Green
and Ampt infiltration equation with a surface retention
loss was used based on information in the Maricopa
County Hydrologic Design Manual.
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The equivalent uniform depth of rainfall for each of
the synthetic watersheds using the four design rainfall
criteria are shown in Table 2. The difference in rain­
fall depths are due to two reasons. First, two of the
distributions (HYP and SCS) are for 24-hour durations
and the other two distributions (HRM and MC) are for
6-hour durations. Second, different depth-area reduc­
tion curves have been used as indicated in Table 1 .
From Table 2 it is noted that there is very little
reduction in rainfall depth using the depth-area reduc­
tion curve from NOAA Atlas 2 (HYP and SCS criteria) .
The areal distribution for local storms in the southwest
is much more limited than the NOAA Atlas 2 depth-area
reduction curve represents. Both the HMR and MC have
fairly comparable rainfall depths although the depth
using HMR diminishes more quickly with increasing area
than the MC criteria.

The rainfall excess from the HEC-1 models is shown in
Table 3. The rainfall excess is a function of both the
method to calculate rainfall losses and the temporal
distribution of the rainfall itself. Several facts are
observed from Table 3: First, using the SCS criteria,
there is little difference in rainfall excess with size
of drainage area. This is not reasonable for local
storms in the southwest. Second, both the HYP and SCS
criteria result in similar estimates of rainfall excess
for watersheds larger than 100 square miles while the
HYP results in greater rainfall excess for smaller
watersheds. This is because of the greater rainfall
intensities for short durations in the hypothetical dis­
tribution. Third, both the HMR and MC criteria result
in similar rainfall excess as the HYP criteria for
watersheds smaller than 1 square mile. Fourth, the
rainfall excess using HMR criteria diminishes a little
quicker than the MC criteria for larger watersheds.
Both the HMR and MC criteria result in reduction of
rainfall excess with increasing watershed area as would
be anticipated for local storms on watersheds in the
southwest.

Table 4 shows the maximum rainfall intensity for the
computation interval that was used. These are areally
averaged intensities and obviously are much greater for
small areas wi}p small comp~tat~on intervals than large
areas where la~ger computatlon lntervals are used. Sev­
eral facts are observed from Table 4: First, the HYP
criteria has the highest, short-duration rainfall
intensity. This is because depth-duration statistics
are input for 5 minutes and 10 minutes, whereas the
shortest interval of rainfall input that was digitized
from the distributions for the other three criteria is
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15 minutes. Second, the areally averaged maximum rain­
fall intensities for the SCS criteria are virtually uni­
form for all watersheds from 0.1 to 500 square miles.
This is not reasonable for local storms. Third, the HMR
criteria results in somewhat higher rainfall intensities
than the MC criteria for small watersheds (less than 10
square miles), and the intensities are about the same
for areas larger than about 50 square miles. Fourth,
all four criteria result in similar rainfall intensities
in the range of 25 to 100 square miles.

Table 5 shows the peak discharge for each synthetic
watershed from the HEC-1 models. Notice that for both
the HYP and SCS criteria that the peak discharges con­
tinually increase for increasingly larger watersheds.
For both the HMR and MC criteria, the peak discharges
reach a maximum for watersheds between 25 and 100 square
miles. That size is a practical limit of the rainfall
excess producing portion of local storms, and reduced
peak discharges past 100 square miles is the result of
areally averaging the storm rainfall over the entire
watershed.

CONCLUSIONS
1. The depth-area reduction curve in NOAA Atlas 2 is inap­

propriate for local storms in the southwest.
2. The hypothetic distribution with the NOAA Atlas 2 depth­

area reduction curve will probably result in overestima­
tion of design discharges for watersheds larger than
about 10 square miles.

3. The SCS Type II distribution with the NOAA Atlas 2
depth-area reduction curve will probably result in
underestimation of design discharges for watersheds
smaller than 25 square miles and overestimation of
design discharges for watersheds larger than 100 square
miles.

4. The procedure in Hydrometeorologic Report No. 49 can
probably be used to develop reasonable design rainfall
criteria for watersheds smaller than 25 square miles.

5. The procedure for developing local storm design rainfall
criteria as contained in the Maricopa County Hydrologic
Design Manual results in flood discharges that increase
with increasing area up to about 100 square miles and
then decreasing discharges for areas larger than about
100 square mt1es.

6. Design rainf~l criteria that are based on the analysis
of regional data and historic storms are superior to
generalized criteria. Both the HMR and the MC criteria
were developed in this manner.
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7. Design rainfall criteria that are based on the analysis
of an appropriate regional, severe storm will probably
yield more reliable flood estimates than either general­
ized criteria or regionalized criteria. The Me criteria
fits this conclusion. Specific design rainfall criteria
should be developed based on historic storms when data
are available.

TABLE 1
Comparison of rainfall depths

Rainfall Equivalent Uniform Depth of Rain, in inches

Criteria Area, in square miles
0.1 1 10 25 50 100 250 500

(1) (2) (3) (4) (5) (6) (7) (8) (9)

HYP 3.93 3.92 3.88 3 .82 3.74 3 .66 3.58 3.58
SCS 3.93 3.92 3.88 3.82 3.74 3.66 3.58 3.58
HMR 3.25 3.25 2.85 2.59 2.33 2.01 1.49 1.13
MC 3.22 3.22 3.03 2.87 2.77 2.58 2.22 1.84

TABLE 2
Comparison of rainfall excesses

Rainfall Rainfall Excess, in inches

Criteria Area, in square miles
0.1 1 10 25 50 100 250 500

(1) ( 2) (3) (4) (5) (6) (7) (8) (9)

HYP 1.81 1.80 1. 70 1. 56 1.39 1.19 1.04 1.02
SCS 1.22 1. 22 1.19 1.16 1.12 1.09 1.05 1.05
HMR 1.62 1.62 1.15 .86 .60 .36 .03 0.0
MC 1. 70 1.58 1.19 . 94 .80 .62 .34 0.1

TABLE 3
Comparison of rainfall intensities

Rainfall Maximum Rainfall Intensity, in inches/hour

Criteria
o.ll '

Area, in square miles
1 10 25 50 100 250 500

(1) (2) ~ (3) (4) (5) (6) (7) (8) (9)

HYP 9.0 8.4 5.5 3.3 2.9 2.5 2.1 2.0
SCS 3.0 3.0 3.0 2.9 2.8 2.8 2.7 2.7
HMR 7.4 7.4 5.4 2.9 2.1 1.8 1.1 0.8
MC 5.8 4.8 2.6 2.0 1.8 1.5 1.1 0.8
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TABLE 4
comparison of peak discharges

Rainfall Peak Discharge, in efs

Criteria Area, in square miles
0.1 1 10 25 50 100 250 500

(l) {2} {3} {4} (5) {6} {7} {8} {9}

HYP 260 1,640 6,060 8,220 10,600 14,200 18,500 26,500
SCS 142 1,075 4,260 6,140 8,560 12,900 18,700 27,300
HMR 267 1,560 4,080 4,530 4,520 4,250 600 0
MC 250 1,370 4,050 4,960 6,050 7,270 6,140 2,300
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PART 1

RAINFALL

Introduction

The 1985 Task Force for storm drainage management formed under the

auspices of the Flood Control District of Maricopa County determined that the

effort proceed in three phases:

Phase 1 - Research, evaluate, develop and produce uniform policies and

standards for drainage of new development within Maricopa County.

Phase 2 - Establish a Stormwater Drainage Design Manual for use by all

jurisdictional agencies within the County.

Phase 3 - Prepare an in-depth evaluation of regional rainfall data and

establish precipitation design rainfall guidelines and isopluvial

maps for the County.

Phase 1 resulted in Uniform Drainage Policies and Standards for Maricopa

County, February 1987 (Appendix I-A). Phase 2 was executed in two parts:

Phase 2A resulted in the publication of the Hydrologic Design Manual for

Maricopa County, Arizona, September 1990, for which this Documentation Manual

was prepared. Phase 2B will result in the publication of the Drainage Design

Manual. Phase 3 is presently (1991) being initiated by the Hydrometeorology

Branch, Office of Hydrology, National Oceanic and Atmospheric Administration.

A project description and scope-of-work for the NOAA rainfall study is

provided in Appendix I-B.

The Phase 1 study resulted in the adoption of the 2-hr, 100-yr rainfall

as the criteria to be applied in the design of retention/detention facilities

in Maricopa County. No other design rainfall criteria were defined or

recommended in Phase 1.

Phase 2A resulted in the definition of design rainfall criteria that are

to be used in Maricopa County. The development of that rainfall criteria is

documented, herein.

5-15-1 1



At the completion of Phase 3, the rainfall criteria from Phase 2A will

need to be reevaluated as a consequence of that study (by NOAA) and changes to

the rainfall criteria as contained in the Hydrologic Design Manual may be

warranted as a result of Phase 3. Absent the results of Phase 3 during the

conduct of Phase 2A, all available results of regional rainfall studies were

considered in the preparation of the design rainfall criteria.

Depth-Duration-Frequency Statistics

The most current and technically defensible source of rainfall depth­

duration-frequency (D-D-F) statistics for Maricopa County is the NOAA Atlas 2

for Arizona (Miller and others, 1973), and that source was selected to define

the rainfall depths for use in the County. The only deviation from the

procedures in NOAA Atlas 2 is that the more current short-duration rainfall

ratios from Arkell and Richards (1986) (Appendi x 1-C) are to be used.

Isopluvial maps are contained in the Hydrologic Design Manual for

various durations and return periods (frequencies) and these were extracted

without modification directly from NOAA Atlas 2. The rainfall depths for the

usual analyses required in the County can be taken directly from these

isopluvial maps. However, there may be situations where D-D-F statistics are

needed for special hydrologic studies or other purposes. In those situations,

the procedures in NOAA Atlas 2 can be used along with the short-duration

rainfall ratios from Arkell and Richards. Alternatively, a computer program

(PREFRE) is available that will generate a D-D-F table. The PREFRE program is

based on the procedures in NOAA Atlas 2 along with the Arkell and Richards

paper, and the PREFRE program should be used in lieu of hand-calculations to

minimize errors and to increase reproducibility among various users. A PREFRE

program disk and User's Manual (U.S. Bureau of Reclamation, 1988) is provided

in Appendix 1-D.

Storm Pattern

Background

The storm pattern defines the time distribution of the design rainfall

of given duration and frequency over a particular drainage area. The

5-15-1 2



development and the selection of the appropriate storm pattern for design

purposes in Maricopa County r esul t ed in the consideration of the following

rainfall time distributions (storm duration is shown in parentheses):

SCS Type II (24-hr)

SCS Type II -A for New Mexico (24-hr)

SCS spillway design storm (6-hr)

Corps of Engineers (1974) , Phoenix and vicinity (7-hr)

Corps of Engineers (1984) , Queen Ck. and vicinity storm (8-hr)

Corps of Engineers (1988) , Clark Co. , Nevada (6-hr)

City of Phoenix (24-hr)

Kingman, Arizona, Master Drainage Plan (3-hr)

Clark Co., Nevada, Flood Control Master Plan (3-hr)

Hypothetical (any duration desired).

Of these, several received addition evaluation and these are briefly described

below.

There have been many time distributions that have been developed and used

to describe design rainfalls in the United States and Arizona. Notably among

these are the Type I and Type II distributions of the U.S. Department of

Agriculture, Soil Conservation Service (SCS). These are 24-hour distributions

that have been developed for use in large geographic regions of the United

States . These distributions are based on general ized r ai nf al l depth-duration

relations obtained from Weather Bureau technical papers and were not developed

specifically for Arizona . Type I represents r egi ons with a maritime climate.

Type II represents regions in which the high rates of runoff from small areas

are usually generated from thunderstorms that are imbedded in larger storm

systems. These distributions are described in SCS Technical Paper 149 (Kent,

1973) .

A family of Type II-A distributions was developed by the Albuquerque, New

Mexico office of the SCS in 1973 and revised to a single Type I I-A

distribution in 1985. This was to reflect the more intense, shorter duration

rainfalls that generally occur in New Mexico rather than in many other regions

of the United States. One of these Type II-A distributions was often adopted,

possibly with some modifications, for use in other states. A version of a
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Type II-A distribution has been used in Arizona for various purposes by

individuals and agencies; although such a distribution was never verified for

Arizona.

The City of Phoenix adopted a 24-hour rainfall distribution in 1977 that

is similar to the SCS Type II. The basis for this distribution is unknown and

this distribution has been reviewed for the City of Phoenix (Ti pt on and

Kalmbach, Inc., 1986). The peak rainfall intensity for the City of Phoenix

distribution has a duration of 1 hour which is not characteristic of regional,

severe rainfall.

The Corps of Engineers, Los Angeles District, analyzed rainfall data and

developed rainfall time distributions for three flood studies in Arizona and

nearby areas; Phoenix and vicinity (1974 and 1982), Clark County, Nevada

(1988), and Imperial Valley, California (1980). These studies were performed

for the purpose of developing standard project storms but, in some cases, have

been used to describe storms of specified frequencies.

The Corps of Engineers, Los Angeles District, reanalyzed the 19 August

1954 Queen Creek storm in 1984 resulting in a distribution of 8-hour duration.

The distribution has five Pattern Nos. with the selection of Pattern No. as a

function of drainage area. Pattern No.1 is for point rainfall and Pattern

No. 5 is for an area of 540 sq. miles (personal communication, Dr. Charles

pyke, U.S. Army Corps of Engineers, Los Angeles District) . This storm

distribution is referred to as the Queen Creek and vicinity, 8-hr storm

pattern (1984), and was never published by the Corps (see Appendix 1-E).

The hypothetical distribution of various durations was considered and

several attempts to define a satisfactory rainfall pattern by this method were

attempted. However, a method to devise a hypothetical distribution that was

believed to simulate regionally representative rainfalls could not be devised.

Two decisions were made that resulted in the development and adoption of

the storm pattern criteria that is shown in the Manual. First, the decision

was made that the rainfall criteria should re f lect the major flood producing
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storms that are characteristic of the region. This resulted in the decision

that the design rainfall criteria should be based on the representation of

local storms for drainage areas less than 100 sq. miles. Local storms are

short duration, high intensity storms of limited areal extent and the storm

pattern should, to the extent possible, represent these characteristics.

Second, the decision was made that the storm pattern should be based on

regionally observed severe storms rather than from generalized relations that

were developed from rainfall data that may not be representative of storms in

the County.

After further review of the available storm pattern criteria, it was

noted that the Corps of Engineers rainfall criteria (1974 and 1982) is based

on the analysis of the 19 August 1954 Queen Creek storm. The Corps' criteria

results in the representation of rainfall spatial and temporal characteristics

that are similar to observed local storm characteristics.

A meeting was held with the Los Angeles District, U.S. Army Corps of

Engineers for the purpose of determining the data and analyses that went into

the development of the Corps' storm pattern. Documentation on the meeting

with the Corps is contained in Appendix 1-E. From the information that was

obtained in that meeting, the 6-hr storm patterns as shown in the Manual were

developed.

Development of 6-hr storm Patterns

The 6-hr storm patterns as shown in the Manual are based on the Corps'

7-hr storm patterns with the following modifications:

1. the Corps' Pattern No. 6 was deleted,

2. the Corps' Pattern No. 1 was replaced by a hypothetical distribution,

3. a duration of 6 hours was used, and

4 . a relation to select Pattern No. as a function of drainage area

was developed.

These modifications were made as described, or justified, in the following:

The Corps used Pattern No. 6 for drainage areas that are in excess of

1,000 sq. mi. This is larger than will be required for a local storm criteria
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as to be provided in the Manual, and therefore, Pattern No.6 was deleted.

For small drainage areas, the short duration, high intensity rainfalls

result in the maximum flood discharges. The Corps' Pattern No .1 does not

reflect the short duration rainfall intensities that are indicated in the

D-D-F statistics of NOAA Atlas 2 or Arkell and Richards . Therefore, use of

the Corps' Pattern No.1 could result in underestimation of flood discharges

for small areas. A new Pattern No.1 was developed by nesting rainfall depths

of various durations in the same manner that the hypothetical distribution is

developed. Pattern No. 1 is not symmetric but rather is delayed by 45 minutes

(the maximum 15-minute rainfall intensity occurs between 3 hrs 45 min and 4

hrs. The 3- to 6-hr rainfall depth is distributed such that it occurs in the

intervals 0 to 2 1/4 hrs and 5 1/4 hrs to 6 hrs. The rainfall D-D-F

statistics were taken for the Phoenix Skyharbor Airport location from NOAA

Atlas 2 and Arkell and Richards. Pattern No.1 was made dimensionless by

dividing all 15-min accumulated rainfall depths by the total 6-hr rainfall.

The Maricopa County Pattern Nos. 2 through 5 are modifications of the

Corps' Pattern Nos. 2 through 5. The first hour of rainfall was truncated,

leaving a 6-hr duration rainfall. The remaining 6-hr distributions were

normalized to a total of 100% at 6 hrs . The resulting distributions were then

drawn on a graph along with the new Pattern No. 1 (offset hypothetical

distribution), and the Pattern Nos. 2 through 5 distributions were graphically

smoothed to conform to the general shape of Pattern No.1. The modifications

to the Corps' 7-hr rainfall distributions and the resulting Maricopa County

Pattern Nos. 2 through 5 are shown in Table 1-1.

The procedure to select the appropriate Pattern No. for a drainage area

was developed as follows: The Corps shows a figure (Plate 20) of Pattern No.

as a function of drainage area and the 10-yr, 6-hr rainfall depth, and the

Corps used that figure to select the Pattern No. Subsequent to the

development of that procedure, the Corps has been performing similar analyses

where the Pattern No. is selected as a function of drainage area only (see for

example the Clark County, Nevada study (1988» . Therefore, a graph of Pattern

No. as a function of drainage area was developed to be consistent with the
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newer Corps procedures. This was done by plotting Pattern No. versus drainage

area f rom Plate 20 for a 10-yr, 6-hr depth of 2.36 inches (the Queen Creek

storm center 10-yr, 6-hr rainfall statistic) . The results of this are shown

in Figure 1-1 . Notice that the points plot in a nearly straight line for

larger areas but that the points deviate from a straight line for areas less

than about 10 sq . miles . Also , note that the smallest Pattern No. for a

drainage area of 1 sq . mi. is about 2.4. In developing a procedure to be used

for select ing the Pattern No. , the following were applied:

1 . the limiting areal extent of local storms i s about 500 sq . miles (this

i s supported by the results of the Hydrometeorological Report for

Arizona (Hansen and others, 1984)),

2. the hypothetical distribution (Pattern No .1) should only be applied to

small drainage areas , and

3. a straight line can be f it to the upper part of the data points in

Figure 1-1.

The relation that was adopted for sel ect i ng Pattern No. as a function of

drainage area is shown in Figure 1-1. That relation was established by

setting Pattern No.5 at 500 sq. miles and Pattern No.1 at 0.5 sq. miles, and

by connecting the two points with a straight line . Pattern No. 1 is to be

used for all areas less than or equal to 0 .5 sq. mile.

Development of the 2-hr Storm Distribution

The 100-yr , 2-hr distribution (for retention/detention) is the

hypothetical distribution (Pattern No.1) for a 2-hr duration. The rainfall

depths for 5- , 10-, 15-, 30- , 60-, and 120-min durations were calculated from

NOAA Atlas 2 and the Arkell and Richards (1986) paper for the Phoenix

Skyharbor Airport location. The distribution is a symmetric nesting of these

rainfall depths , and was made dimensionless by dividing the rainfall mass

diagram by the 100-yr, 2-hr rainfall depth .

Depth-Area Reduction

The original efforts to define r ai nf al l depth-area reduction factors for

use in the County focused on previously published depth-area reduction curves.
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The following depth-area relations were identified and investigated:

1. the curve in NOAA Atlas 2 (Appendix 1-F)

2. the curves that were developed through the analysis of rainfall data for

the Walnut Gulch Experimental Watershed near Tombstone, Arizona (Osborn

and others, 1980), (Appendix 1-G), and

3. the curves that are presented in NWS HYDRO-40 for Arizona and western

New Mexico (Zehr and Myers, 1984) (Appendix 1-H).

Numerous comparisons of the depth-area curves were made (Appendix 1-1).

Prior to the adoption of the selected storm patters as previously described,

there were extensive investigations of various combinations of rainfall time

distributions and depth-area curves. Subsequent to the adoption of the storm

patterns that are based on the Corps' analysis of the 19 August 1954 Queen

Creek storm, it was decided that the depth-area reduction curve should be the

depth-area reduction curve that was developed by the Corps for that same storm

(U.S. Army Corps of Engineers, 1974, Plate 14) (Appendix 1-J). That decision

was based largely on the philosophy that both the temporal and spatial

characteristics of the design storm should be based on the same consistent

criteria; that is, the historic 19 August 1954 Queen Creek storm.

Comparisons of Time Distributions and Depth-Area Curves

An analysis of the use of various combinations of rainfall time

distributions and depth-area reduction curves was performed and the results of

that study are summarized in a publication (Sabol and Stevens, 1990) (Appendix

l-K) .
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Reviews

The following individuals have contributed to the technical review,

advising, or i nf or mat i on compilation for the design rainfall section:

Robin McArthur (deceased), Soil Conservation Service, U.S. Department of
Agriculture, Phoeni x , Arizona.

Harry Milsaps, Soil Conservation Service, U.S. Department of Agricluture,
Phoenix, Arizona.

Osborn, Herbert, B. (retired ), Arid Lands Watershed Management Reserach Unit,
U.S. Department of Agriculture, Tucson, Arizona.

John Pedersen, U.S. Army Corps of Engineers, Los Angeles District.

Charles Pyke, U.S. Army Corp s of Engi neers, Los Ange les Di s t r i ct .

Frank Richards, Off i ce of Hydrology, National Oceanic and Atmospheric
Administration, Si lver Springs, MD .

John Vogel, Office of Hydrology, National Oceani c and Atmospheric
Administration, Silver Springs, MD.
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Table 1-1

Construction of Maricopa Count y Pattern Nos. 2 through 5
from the Corps' Pattern Nos. 2 through 5

(10)

6-hr
Pat. #5

(8) (9)

6-h r 7-hr
Pat.#4 Pat. #5

(7)(6)(5)(4)(3)

6-HOUR RAI NFALL MASS CURVES (PATTERN #2 TO #5)

(all val ues in percent)
6- hr 6-h r 7-hr 6-hr 7-hr

Pat.#2 Pat.#2 Pat.#3 Pat .#3 Pat .#4

(2)

7-hr
Pat.#2Time

(hrs)
(1)

0:00
0: 15
0 :30
0 :45
1:00
1 :15
1 :30
1: 45
2: 00
2: 15
2: 30
2:45
3 :0 0
3:15
3:30
3:45
4:00
4:1 5
4 : 30
4:45
5:00
5 :15
5:30
5:45
6:00
6 :15
6:30
6:4 5
7:00

0 .0
0 .3
0.6
1.0
1.7
2.3
2.9
3.7
4.8
5. 3
6.6
7 .0
8.0
9.0

10.0
11.0
12.2
15.0
21.0
32.5
60 .0
80 .0
87.5
92.5
95.5
97 .0
98 .5
99.0

100.

0 .0
0 .6
1. 2
2 .0
3. 1
3.6
4.9
5.3
6 .3
7.3
8.3
9 .3

10 .5
13 .3
19 .3
30.8
58.3
78.3
85.8
90.8
93 .8
95. 3
96 .8
97.3
98 .3

0 .0
0.9
1.6
2 .5
3.4
4 . 2
5 .1
5.9
6.7
7.6
8.7

10.0
12 .0
16 .3
25 . 2
45.1
69 .4
83.7
90.0
93 .8
95 .0
96.3
97.5
98.8

100 .

0 .0
0.5
1.2
2 .0
3 .0
4.0
5 .0
6.0
7 .0
8.5

10 .0
11.0
12 .5
14 .0
15.2
17 . 0
18.8
21. 8
27 . 5
38.0
60 .0
76.0
84.5
89.5
93.0
95.0
97 .0
98 .5

100 .

0.0
1.5
2.0
3.0
4.8
6 .3
7 .6
9 .0

10 .5
11. 9
13 .5
15.2
17.5
22.2
30.4
47 .2
67.0
79 .6
86.8
91.2
94.6
96.0
97.3
98.7

100.

0.0
0.8
2.0
3 .0
4.2
5 .6
7.0
8 .5

10 .0
11.8
13 .4
15.0
17 .0
18.5
20.2
22.5
24.5
27.8
34.0
44.0
60.0
75.0
82 .0
87.5
91.0
93 .5
96 .0
98.0

100.

0.0
2.1
3 .5
5 . 1
7.1
8.7

10.5
12.5
14. 3
16 .0
17.9
20 . 1
23.2
28.1
36 .4
50.0
65 .8
77 .3
84 .1
88 .8
92.7
94 .5
96 .4
98 .2

100 .

0 .0
1.1
2.8
4 .0
5.5
7 .0
8.8

10. 4
12.0
14 .2
16 .0
18.0
20.0
21. 0
24.5
27 .0
29.5
33.0
39.5
49.0
60.0
70 .0
79 .5
85 .2
89.5
92 .5
95.5
97 .5

100.

0.0
2.4
4.3
5 .9
7. 8
9.8

11. 9
14 . 1
16.2
18.6
21. 2
23. 9
27.1
32.1
40.8
51. 5
62.7
73. 5
81. 4
86.4
90.7
93 .0
95 .4
97.7

100.

Notes:
1 . Column No . 1 i s time according to the Corps' dist ributions . For the

Maricopa County distributions, su bt ract 1 hr from the time.
2. The Corps' dist ributions ar e s hown in Columns No. 2, 5, 7 and 9.
3. Column 3 shows the Corps' Patte rn No.2 distribution after the

truncation of the first hour r ain fa l l .
4 . Column 4 sh ows the Maricopa County Patte rn No .2 af t e r adjusting the

distribution t o 100% (di viding all coordinate va l ues by 98.3%), and
af t er smoothing to Pat tern No.1 .

5. Columns 6, 8 and 10 are the Mar icopa County distributions const ruct ed i n
a manner sim ilar to that for Pattern No .2 .
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APPENDICES

PART 1 - RAINFALL

1-A Uniform Drainage Policies and Standards for Maricopa County, February
1987

1-B Project description and scope-of-work for the NOAA rainfall analysis

1-C Short Duration Rainfall Relations for the Western United States (Arkell
and Richards , 1986)

1-D PREFRE Program disk and Users' Manual (U.S . Bureau of Reclamation, 1988)

1-E Documentation on meeting with the U.S. Army Corps of Engineers, Los
Angeles District, September 1988

1-F Depth-area reduction curve from NOAA Atlas 2

1-G Rainfall/Watershed Relationships for Southwestern Thunderstorms (Osborn
and ot her s , 1980)

1-H Depth-Area Ratios in the Semi-arid Southwest United States, NWS HYDRO-40
(Zehr and Myers , 1984)

1-1 Comparisons of depth-area curves

1-J Queen creek depth-area reduction curve (U .S. Army Corps of Engineers ,
1974)

1-K Comparison of Design Rainfall Criteria for the Southwest (Sabol and
Stevens, 1990)
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APPENDIX I -A

Uniform Dra inage Policies and Standards [or Maricopa County, February 1981
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SHORT DURArIOB IAIIfPALL I!l.lrlOBS POI TIll YESt'EU UIf1TED STADS

Richard E. Arkell and Frank Richards

Office of Hydrology
NOAA, National Weather Service

Silver Spring, Haryland

1 • IRnODOCIIOR

Long records of short-duration (leu than
1 hr ) precipitation observations necenary to
estimate precipitation-frequency amountl are only
available for a relatively slll811 number of
stations. This dearth of data has _de the
development of generalized short-duration esti­
mates difficult. especially in the western United
States where station density is particularly low
and where significant meteorological variation can
occur over short distances. The first short
duration precipitation-frequency estilll8tes for the
western United States were based on very limited
data (U.S. Weather Bureau 1953. 1954). Later,
Hershfield (1961) developed precipitation­
frequency ups for the entire continental United
States and used uniform ratios· to relate the
shorter-duration amounts to longer-duration
alllOunts. By relating the shorter durations to a
longer duration that had significantly greater
station density. the detailed depiction of the
spatial variation of the longer duration could
effectively be incorporated into the shorter
duration estimates. Th1a approach wu based on
the assumption that -t he variation of the ratio
fields was smoother than vas the variation of the
absolute values themselves.

Hiller et al. (1973). hereafter referred
to as NOAA Atlas 2. developed a technique to treat
spatial variations in lIlOunta1nous areu and
appl1ed it in the vestern United States. Hiller
et ale chose to adopt Hershfield's nationally
averaged ratios for short durations. Frederick et
al. (1977) developed isoheytal maps of short­
duration precipitation-frequency amounts instead
of ratios for the eastern and central United
States. They limited their study to the largely
nonorographic portions of the United States where
meteorological variation was modest and where data
density was generally highest. Finally. Frederick
and HUler (1979) studied short-durstion
precipitation-frequency aliounU in the state of ­
California. In spite of the relatively high
station density. they decided to develop regional
ratios rather than maps depicting the spatial
variation of the short-duration estimates because
of the large meteorological variability within the
state.

The present study develops short duration
prec:1pitation-frequency ratios for the 10 veltern
atstes not included in either Frederick et sl.
(1977) or Frederick and Hiller (1979): Arizona.
Colorsdo. Idaho. Hontana. Nevada. New Hexico,
Oregon, Utah. Washington and Wyo=1ng. The ratios
relate 5-. 10-. 15-. and 30-mnute precipitation­
frequency amounts to I-hour amounts frolll NOAA
At laa 2. We addreBled a nUllber of problems in
developing these ratios. First. the Itation den­
sity was lover (17.000 mi2/station) compared to
th~ ealtern and central United Statzl (12.000
mi Iitation) and California (600 mi Iitation).
Second, the rugged topography, ranging frOID lea
level to over 14 .000 ft. imposed l1=1tations on
the data's applicability, especially since most
stations tended to represent lover elevations.
Third, there are wide variations in cliutology
within the study area.

2. TIll DATA

The data used in thil study are the
largest annual precipitation amounts for 5-, 10-.
15-. 30- and 60-minute durations. The allounts for
each duration for a given year were not neces­
sarily froll the same storm, but rather were the
largelt amounts for that year. regardless of date
of occurrence.

The locations of the 61 ltations included
in tbil Itudy are ahown in figure 1. Of theae. 55
had at leaat 15 years of data at all durations.
Six Itations had less than IS years and were used
only on a l1mited baais; three Itstionl were sig­
nificantly above the lurrounding terrain and were
used only for comparative purposel. The earl1est
data recorda go back to 1896 and the BIOSt recent
data were through 1984. The average number - of
years · with data for staUons with 15 years or
IIOre of data waa approxill8tely 45 years at all
durations.

Each station record was exall1ned to see if
significant changes in location and elevation
occurred. Fifteen stations moved during their
periods of record by IIOre than the nominal dis­
tance snd elevation cutoffs of 5 afles and 200
feet. These 15 BIOves were further examined with
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We also considered the posaibility of
lec:uiar trends. For eXlllllple, ve exsuned the
queltion of vhether the data from one station for
the period 1900 to 1940 could be compared to the
data for a lecond Itation vhich covered the perio~

1940 to 1980. Significant long-te~ lecular trends
vere not evident and it vas concluded that non­
overlapping recorda vere comparable.

respect to changel In terraln, local cl1..tology,
and urban/rural character. If, for exaaple, a
Itation IIOved 8 llilea, but thai IIOve val on nat
terraln with no adjacent lIOuntains, then the
relocation val probably not of climatological
lignificance. On thil basis, 7 Itationa made
lignificant IIOves.

A detailed examination of these 7 Itationl
revealed no condltent bias.. attributable to the
Itation IIOvel. Any poslible bialea vere apparently
I_Her than the natural variability of the data
themselves. Maximum ahort-duration .-ounts tended

137

to vary aore from one year to
10catioQ8 than did the longer
luch as 24-hour observationl.
dhcernable biases _re found
attributed to urban influencel.

the next at DOllt
duration allOUntl,

In addition, no
that could be



3. PRECIPITATION-FREQUENCY STATISTICS

4. DETERKlNATION or IECIORS

The last significant factor in determining
the regions was topography. In the general sense,
topography is well correlsted with the clilll8tology
discussed above and thus is not a separate factor.
However, on a IIOre detailed scale, the topography
helps delineate the regional boundaries. For
exallple, the crelt of the Cascades separates the
Coastal Northwelt from the Interior Northvest in s
well-defined fashion. Other geographic boundaries
are not 88 well defined. There is DO sharp dis­
continuity delineating the boundary between the
northern and sOtlchern sections of the Front Face
and High Plains. However, the northern boundary of
the South Platte River Basin vas chosen because
this represents an approximate east_est division
between vhere the Front Face of the Rocky Houn­
tains chsnges froll a north-south orientation in
New Hexico and Colorado to a Dorthwest-southeast
orientation in Wyoming and Hontana. This change,
in orientation influences the availability of
1I0isture inflow to the two regions. The Front
Face and High Plains could have been divided into
three or more regions since the ratios gradually
changed from south to north. However, the neces­
sity of hsving enough stations per region to
obtain stable ratios argued against this decision.

In SOIM! cases it was difficult to choose
exact boundaries because a given station had sta­
tiltical, climatological, and topographic similar­
ities to tvo adjoining regions. Such was the case
for Flagstaff, Arizona, which sits on top of a rim
that separates the Southwest Deserts from the
Rocky Hountains-South. Due t o the greater aimi­
larity in the frequency statistics to the South­
west Deserts, it was included in that region, and
the region boundary was drawn just to the north of
Flagstaff.

5. IEGIORAL RATIOS

regions, the · proportion of the total number of
annual events occurring in the 1Il0st active 3-month
period is lower than for other regions, being only
55 and 60 percent, respectively. This contrasts
with the Rocky Mountains-South and the Southwest
Deserts ",here upwsrds to 90 percent of the largest
I-hour alllOunts occurred during the !lOst setive 3
consecutive -anths , July through September.

Another consideration was comparisons with
previous studies. U.S. Weather Bureau (1953, 1954)
presents short-durat ion estimatel for the western
states for 3 regions: West of the Coastal Ranges,
east of the Coastal Ranges and west of 115·W • and
between 105· and 11S·W. In both Herlhfield (1961)
and NOAA Atlas 2, short-duration ratiol do not
vary by region, but rather are based on national
averages.

Ratios were averaged over each region by
weighting the individual stations by their length
of record. The 2-year values were analyzed first
because they were lesa susceptible than the 100­
year values to sampling fluctuations resulting
from the relatively short record lengths. The
trends between regions, between durations, and
between return periods were of primary interest.
'We attempted to ainimize sampling variability by
..intaining continuity and consistency in these
trendl.

5-, 10-, 15- and 3D-minute
amounts were computed for all

the 2- and IDa-year return
the use of ratios, no correction
convert frolll annual to partial

The next step was to average
geographic regions~

Ratios of
amounts to I-hour
61 stations fo r
periods. . Due to
was necessary to
duration series.
these ratios over

Frequency values were detendned for all
durations by fitting the data to the Fisher­
Tippett Type I distribution using the Gumbel
fitting technique (Gumbel 1958). Additionsl
statistics, including skew snd standard deviation,
were computed for all stations. These statistics
were useful as guides to understand sildlarities
and differences in the precipitation f requencies
of different stations and different regions. For
example, standard deviations were larger in the
southwest deserts than in the coastal northwest
due to the difference between the sporadic sunr­
lIIertime convective character of the first region
and the more regular wintertime stratiform charac­
ter of the second.

The study area was . divided into the 8
regions shown in figure I and listed in table I.
The determination of the number of regions in­
volved a balance between two opposing factors.
First, the regions had to be large enough to in­
clude an adequate number of stations within each
to provide statistically stable results by virtue
of large sample size. Second, the regions had to
be small enough so that each region adequate ly
represented a climatologically homogeneous area.
The discuss ion below out Hnes hO'W the regional
boundaries were detendned.

We also examined the regional frequency of
occurrence by month of annual maximum I-hour
amounts. For example, the maximum 3 consecutive
~nths for I-hour events in the Coastal Northwest
is October through December, while in the Interior
Northwest it is from June through August despite
the fact that July and August are generally the
.onths of lO'West total rainfall. For both these

The ratios for each duration were plotted
on maps for both the 2- and IDa-year return
periods. By plotting the ratios and finding the
similarities and differences between adjoining
stations, a first pass was made at determining the
regions . Regional breakdowns of the western states
'bas ed on climatological factors considered 1n pre­
vious studies were also examined. In addition,
several other factors were considered. One such
factor was the seasonal distribution of rainfall,
ranging from the winter maximum/summer minimum in
the Pacific Northwest, to the spring-sullllDer
maxilllum/winter minimum of the High Plains, to the
less varied distribution in sections of the Inter­
aountain Region. A second climatological factor
was the seasonal distribution of thunderstorm
activity, a prime producer of large short duration
values. A third factor was the 6 .hour and derived
1 hour patterns frolll NOAA Atla. 2 . Other aspects
of a more general nature included maximum rainfall
patterns and principal paths of moisture inflow
for storlllS producing large precipitation amounts.
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Table I.-Flye, 10-, 15- aDd lO-a1aute ratloe for 2- aad lOO-Year retun
pertoda

latiol to 1 Hour
2-Year Return Period 100-Year Return Period

Region 5 10 15 30 5 10 15 30
No. Region mnutea mnutea

1 Coaltal Northveat .30 .45 .56 .73 .36 .53 .64 .82
2 Interior Northwelt .35 .53 .64 .81 .37 .56 .67 .85
3 Rocky Hountainl-North .38 .57 .68 .84 .35 .55 .67 .84
4 Front Face and High .39 .58 .69 .85 .37 .56 .69 .87

Plainl-North
5 Great Balin .34 .51 .61 .81 .34 .52 .63 .84
6 Rocky Hountainl-South .35 .54 .65 .83 .32 .50 .62 .81
7 Front Face and High .33 .51 .62 .83 .29 .46 .59 .81

Plaina-South
8 Southwelt Deaertl .34 .51 .62 .82 .30 .46 .59 .80

Tabl. 2.-btioe collpared to otber reporta

Table 3.-Applicable ele.ationa within regtona

legion Generally Applicable
No. elevationa (ft)

.32

.49

.59

.78

.29

.45

.57

.79

Ratio to 1 Hour
NOAA Weather Bur.

Atlas 2 (1953, 1954)*

.34

.52

.64

.82

This *
Report

5
10
15
30

Our.
(111n)

1 0-2500
2 50-3000 Colu.bia Balin to 2500-5500 SE
3 2000-5000 N to 4000-7000 S
4 2000-5000 N to 4000-7000 S
5 3500-7000
6 4500-8000 N to 3500-7000 S
7 4000-7500 N to 3500-7000 S
8 3000-6500 .ountains to 100-3500 delerta

Note: COllpar1sons are for illustrative
purposes only. Each report covers a
different geographic area, and averaging
11 done without regard to lize of region
or specific return periods involved.

*Averaged over all regions and for all
return periodl

Itatel. Due to the generalized nature of the
contoun, there are bolated leetions, prilUrlly .
at the edge of shaded areal, vhere the ratiol
II1ght be applicable. Converaely, there are
iBolated peaks and bigh elevations vhich are not
shown as part of any Ihaded areaa, but vhich IUY,
in fact, be non-applicable areas.

I t was concluded that the ratiol in thiB
report were consiatent with previous atudiea. The
final ratios are liated in Table I. A comparison
between these ratiol and those from NOAA Atlas 2
and Weather Bureau (1953, 1954) iB ahOlm in
Table 2.

The final conaideration wal comparability
to information for locatione adjacent to the atudy
area. Taking auch information into account accom­
plished two goals. Pint, it contributed to the
degree of conalatency and continuity t>etveen this
atudy and other reportl. Second, it provided ad­
ditional insight into the variation of the ratiol
in this report, providing anchors, 10 to apeak, at
the atudy area boundariel.. For areas east of the
study region, we compared our reaulta to Frederick
et ale (1977) and for California ve related our
results to Frederick and Hiller (1979). In addi­
tion, we developed frequency eltimatel for leveral
stations with short-duration data in aurroundinR
states. Fourteen stetions were analyzed .for this
purpose, 10 in the Plains States and 4 in Califor­
nia. Host of these Itations were close enough to
be directly comparable to adjacent Itationl within
the study area, while a few were chosen at greater
diltancel from the boundariel to provide aome idea
of the trend in ratios leading up to the study
area.

6. APPLICATIOR OF unos

The ratios derived in the above analysiB
are based on atations whoae elevaUona tended to
be in the lower aecUona of each .regi on. To ex­
trapolate tbese atatistici to aJch higber eleva­
tions would be a questionable undertaking, because
of the complex efhcta of Ilope, funneling, and
rain lhadowl that often occur in theae areas. A8
auch, the ratioe are not applicable to all eleva­
tionl vithin each region, bu"t rather to a general
range of elevations. The '-r anges of applicable
elevation, approximately 3,000 to 3,500 ft in most
areas, are summarized in table 3. In a few cales,
areas are excluded that contain ItaUonl included
in the analysil. The regional ratiol were reviewed .
in light of this fact, and it vaa deterained that
DO adjustments vere necessary.

Areas of non-applicability, baaed on ele­
vation and location considerations, are Ibown in
figure 1 as shaded areas. Thele areas are based
primarily on smoothed contour mapl of the veatern
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Even the Coastal Northweat haa relatively
h1(b ratl01 when compared to coaatal California.
altbough the mechanisu here are different. The
no~hern coa.t receivel conliderably acre rain on
an annual basla than doea the aouthern ecas t ,
Huch of thla rain 18 of a non-convective nature
vith ateady raIn over periods of ae.,eral hours,
es opposed to convective events on the on the
order of an hour. lomewhat acre typical of the
aoathern coast. Therefore, I-hour amounts tend
to be alightly lower in the north. On the other
hand. maximum ahort-duration ratel for 5- to

Three examples are given below to illus­
trate the interpolation procedures. The first is
for return period, the second for duration, and
the third for both return , period and duration.
The location chosen is Twin Falls. Idaho. and the
aource used to detertlline the I-hour values is
NOAA Atlas 2 (the I-hour values were derived from
the 6-hour maps using the appropriate regression
equations). The 2- and 100-year I-hour values
are 0.33 and 0.92 inches. Using the rltios in
this report from the Interior Northwest. the
2-year return period values for 5, 10, 15 and
30 minutes are 0.12, 0.17, 0.21. and 0.27 inches.
and the 100-year return period values are 0.34,
0.52. 0.62 and 0.78 inches.

I n many caeea , it mght be ded rable to
find values for a return periods between 2 and
100 years, or for durationa different than those
given in this report. To do thh it is first
necessary to compute the absolute values for the
standard durations and return periodl for the
location in question. This can be done using the
ratios in this report and I-hour values deter­
mined from NOAA Atlas 2 in conjunction with the
two graphs shown in figures 2 and 3. Figure 2, a
probabi~ity grid based on the Fiaher-Tippett
distribution, is used to interpolate return
periods. Figure 3, a standard semi-log scale. is
used to interpolate durations.

As discussed in section 5, ratios do not
necessarily change abruptly at all regional
boundaries, such as ill the caae along the crest
of the Cascades. Probably the aost gradual
change is between the two halves of the Front
Face and High Plains. Host other regional bound­
aries are better defined by local topography and
climatology. Ratios for locations close to .oat
boundaries are probably best estimated' by taking
into account neighboring ratiol to some extent.

7. »ISCOSSIOR or IBSULTS

The relatively high ratios encountered
throughout the 10 Itatel examined in thb study.
as compared to the remainder of the country.
result from differences in the precipitation
climatology. In all regionl except the Coastal
Northwest. the continental regime. including the
lack of available moisture in the lee of aountain

In the first example, the 10-year return
period is found for the l5-mnute duration. The
2- and 100-year return period values of 0.21 and
0.62 inches are plotted in figure 2 (line C). and
the 10-year value of 0.38 is read off the Y-axis.
In the second example. the 20-minute duration is
found for the 2-year return period. The 5-. 10-.
15- and 30-minute. and l-hour values of 0.12.
0.17. 0.21, 0.27 and 0.33 inches are plotted in
figure 3 (line A) and a best fit curve. which can
ulually be approximated with a Itraight line. 1&
drawn through thele points. The 20-miaute value
of 0.24 inches ill then read off the Y-axis. In
the third example. the 20-ainute duration , i s
found for the 10-year return period. First, the
10-year valuel for the Itandard duratioM are
found in figure 2 (l1nel A through E). the
relults being 0.21. 0.31. 0.38. 0.48 and
0.57 inchel. These five durations are then
plotted figure 3 (line I). to obtain a 20-ainute
value of 0.42 inchel.
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30-minute periods show less variation from north
to south. The corabf nat Len of cOllparable S- to
30-minute rates with generally lover hourly rates
produces sOllewhat higher ratios In the north.
Maximum short-duration values along the northern
coast occur most often in the fall and early
winter at all durations, and often reault froll
convective ahower and thunderator- activity
embedded in or aasociated with aynoptic acale
atorm ayatelllS. However, iaolated au_r
thunderstor~s occasionally produce significant
events.

The climate of the western statea ia con­
trolled primarily by two features, and these in
turn affect the climatology of ahort-duration
events. First ia the semi-peI1llllnent high pres­
sure aystem that sits off the California Coast,
moving south in winter and north in aummer. This
system affects the westernmost part of the study
area most directly, producing a pattern of wet
winters . and dry sUDDers. This 18 true both to
the west and east of the Cascades, although ao­
nual rainfall is considerably less to the east
due to the sheltering effect of the IIOUntains.
The second feature, dominating the eastern part
of the study area, is moisture frail the Gulf of
Mexico, which produces an almost opposite season­
al trend of wet springs and sUlDlDers and rela­
tively drier winters. In the spring, the Atlan­
tic sub-tropical high pressure system extends
westward into the Gulf and seta up a aoutherly
flow of lIoist air into the high plaina and ea.t­
ern Rockies which is generally maintained through
the summer. The climate of the aouthweat deserts
is affected to some degree by both of these
features. The Gulf of Mexico influence con­
tributes to a summer maximum in precipitation and
the Pacific influence causes a secondary winter
maximum.

The eastern half of the study area tends
to .have the largest short-duration amounts in
terms of absolute values. This is due to the in­
flow of Gulf mo1&ture occurring during the warm
aeason, which 18 the tillll! of I118xilllUm convective
potentlal, combined with the continental regime
which favora short-duration convection.

Ratios In the study area tend to incre...
froll west to east In the north, froll the Coastal
Northwest to the Front Face and High
Plainl-North. They increase froll aouth to north
in the two Front Face and High Plain. regions.
They alao tend to increale in a aoutheaat to
northwest direction from the Front 'ace and High
Plains-South to the Interior Northwelt and Rocky
Mountains-North. Looking outside the study area,
ratiol increale fra. California northward into
the Coal tal Northwelt, and increase weatward froll
the plains into the two Front Face and 8igh
Plains Regiona. Climatically, the trends reflect
the increasingly continental regi_ and
decreasing availability of llOiBture IlOvlng east
away from the Pacific Ocean and north and west
away from the Gulf of Mexico. As a result of
these trends, the higheat ratioa are generally
found in the Front Face and High Plains-North and
the lowest ratios in the Coal tal Northwelt and
alao the Front Face and High Plainl-South and
Southwest Deserts.
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8. SOIOWtY

A series of 64 ratios were developed for
ten weatern states to be used in conjunction with
I-hour values from NOAA Atlas 2. With these
ratiol, precipitation-frequency estill8te9 can be
determined for S- , 10-, IS-, and 30-ainute dura­
tions for return periodl of 2 and 100 years in
each of eight regions. Some areas within esch
region were excluded due to elevation and expo­
sure considerations.

The results show ratiol that are general­
ly higher than in 1II0St other sections of the
country. These differences are well explained by
climatological factors. Although these resu Its
appear _teorologically consistent, caution IllUst
be exercised when using them because of the lma1l
size of the data sample and the meteorological
complexity of the study area.

Punding for this work was provided by the
U.S. Department of Agriculture, Soil Conservation
Service, as part of the! r watershed protection
and flood prevention progralll. Liason with the
sponloring agency was maintained with Robert
RAllison and Norll8n Miller.

We also want to thank Helen Rodgers for
editorial work and layout of the paper, and
Roxanne Johnson for preparation of the figures.
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FIG. I Point-to-area conversion ra tios for
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based on 2-yr data. but are meant to be applied to all
return periods up to 100 years (Miller et al., 1973) .

In this paper we use records from dense recording rain­
gage networks. operated by the USDA. Southwest
Rangeland Watershed Research Center at the Walnut
Gulch Experimantal Watershed near Tombstone. AZ.
and the Alamogordo Creek Experimental Watershed
near Santa Rosa. New Mexico (Fig. 2), to develop new
depth -area curves. We believe the new curves are ap­
plicable to southwestern watersheds of similar climates
for rainfall durations from 30 min to 6 h over areas up to
200 km", We compared these new curves with the NOAA
Atlas 2 curves . Complete descriptions of the experimen­
tal watersheds and their instrumentation have been given
by Renard (1970) and the Agricultura l Research Service
(1971). Gage density in each basin is about I per 3 km",

For many design problems on Southwestern water­
sheds. information is needed to supplement the type of
information provided in NOAA Atlas 2. Most rain­
produced runoff from small Southwest rangeland water­
sheds results from intense. short-lived thunderstorms of
limited areal extent (Osborn and Laursen. 1973). Also,
in many cases. an estimate of the distribution of the
storm rainfall over the area is important in estimating
the runoff from the storm . In a final section of this
paper, distribution curves are developed from selected
Walnut Gulch and Alamogordo Creek data.

Herbert B. Osborn, Leonard J. Lane, Vance A. Myers
MEMMER

ASAE

Rainfall/Watershed Relationships for
Southwestern Thunderstorms

ABSTRACT

D EPT H-AREA relationships for thunderstorm
rainfall were developed from 20 years of record from

dense raingage networks in Arizona and New Mexico.
using the National Weather Service method described in
NOAA Atlas 2. The relationships are compared with
similar previously published ones. Relationships also
were developed to indicate the distribution of storm rain­
fall over a watershed. This information could be valuable
to agencies. groups, and individuals involved in water
r~s~urces design and evaluation for climatologically
similar areas.

INTRODUCTION

The National Weather Service (NWS), National
Oceanic and Atmospheric Administration (NOAA).
published a precipitation frequency atlas, NOAA Atlas 2
(Miller et al., 1973) for the Western United States. which
consisted of a series of volumes. one for each Western
state. Volumes 4 (New Mexico) and 8 (Arizona) are of
particular interest in this study. A value read from the
isopluvial maps in each of these volumes "is the value for
that point and the amount for that particular duration
which will be equalled or exceeded, on the average. once
during the period of time indicated on the individual
map." Also. there is a depth-area monogram in each
volume to be used to estimate average rainfall over water­
sheds of up to 1000 krn", given the average point value
over the basin.

The depth-area curves in NOAA Atlas 2 were
developed, by necessity. from groupings of closely spaced
recording raingages available in the published data ' of
the regular cooperative network of the NWS. No group­
ings sufficiently closely spaced for this purpose were
available in the Southwest. Significant regional and fre­
quency variations were not detected in the available data
from the remainder of the United States. Fig. I shows
·the cu rve published for Arizona and New Mexico, but
derived from regions outside the Southwest. These are
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approved for publication by the Soil and Water Division of ASAE in
May 1979. Presented as ASAE Paper No. 77-2541.
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TABLE 1. MAXIMUM ANNUAL RAINFALL FREQUENCIES (mm) ESTIMATED BY FITTING SEVERAL FREQUENCY
DISTRIBUTIONS TO 2U YEARS (1957-76) OF DATA FOR WALNUT GULCH

Log normal Pearson T ype III Log-Pearson Type III Gumbel
" - - -

3U-min 1-11 2-11 3U-min 1-11 2-11 3U-min 1-11 2-11 3U-min 1-11 2 -11

2-yr

Basin average 14.0 17.0 18.4 15.0 17.9 19.2 14.8 18.0 19.3 14.1 16.9 18.3

RG #3 21.1 25.0 27.2 22.0 24 .7 27.1 21.6 24.8 27.3 21.2 25.2 27.3
RG # 3 3 25.8 29 .9 31.2 25.0 29 .2 30.6 24.6 28 .3 29 .8 26 .2 30.2 31.5
RG # 6 6 22.7 26 .1 28.6 24.0 27 .6 29.5 22.8 26.4 28.4 23 .1 26 .4 28.9

!O-yr

Basin average 20.9 24.7 25.8 19.5 23 .1 24.5 19 .9 23 .3 24.5 21.1 24.9 26.2

RG #3 32.9 40.0 43.2 31.6 40.3 4 3 .2 32.3 40.2 43.1 34.1 43.4 46 .3
RG #33 43.1 49.2 50.8 45.0 51.4 52.7 44.0 50.2 51.8 49 .0 55.7 56.9
RG #66 38.4 43.0 47.0 37.3 41.5 46.6 38.2 42.7 47.2 40.3 44.8 50.1

100-yr

Basin average 28.9 33 .5 34.1 22.4 26.8 28.2 23.0 26.1 27.2 29 .8 34.8 36.0

RG # 3 47.4 58 .6 63.1 40.4 59 .2 6 1.9 42.3 60.9 62.1 50.2 66 .0 70.0
RG # 3 3 65.5 50.8 75.5 71.3 79.5 80.1 81.5 93.4 92.8 77.5 87.5 88.7
RG #66 58.9 64.7 70.5 49.5 53.7 63.8 57 .1 61.7 72.1 61.7 67.8 76.5

POINT-TO-AREA CURVES

Basic Method
The method used by NWS for developing the point -to­

area curves , shown in Fig. I, was described in detail in
U.S . Weather Bureau Technical Paper No. 29 (1958).
Briefly. the technique for developing point-to-area curves
for a particular duration consisted of the following steps.

I Annual maximum rainfall amounts were listed by
duration for each station in the groups of closely spaced,
recording raingages.

2 Similarly, annual maximum rainfall amounts for
various durations over areas of several sizes were deter­
mined . Areal depths are the average of the gages within
the area. These annual maximum areal values did not
necessarily occur on the same day as the maximums at
individual stations.

3 The same type of frequency distribution was fitted
to the annual maximums at each gage and for each area.

4 For a given frequency. the point values within each
area were averaged (assuming negligible climatological
gradients within the network).

5 The ratios of areal to averaged point values at
equal frequencies or return periods detined the point -to­
area curve.

Frequency Distribution
The NWS uses the Gunbel extreme value procedure

(Gumbel. 1958) for titting of the Fisher-Tippett Type I
distribution for developing rainfall frequency maps and
depth-area curves. The choice of this frequency distribu­
tion is partly based on work that showed that for the con ­
tinental United States. this distribution titted maximum
annual point rainfalls fairly well (Hershfield and Kohler.
19(0) and was slightly better than some other standard
methods used in predicting frequencies for independent
samples not used in deriving the curves (Hershfield.
19(2). For a limited check on frequency distributions ap­
plicable to the data of this study. we fitted Walnut Gulch
and Alamogordo Creek basin average and selected sta­
tion maximum annual storm rainfall with log normal.
Pearson Type-III. log Pearson Type-III. and the Gumbel
titting of the Fisher-Tippett Type I frequency distribu­
tions. by the method of moments . An illustrative portion
of these values for Walnut Gulch are listed in Table I.

1980-TRANSACTIONS of the ASAE

By visually comparing plotted points with computed
curves for the several distributions. we concluded that for
the data as a whole. the Gumbel distribution seemed to
tit best. For this reason and for continuity with previous
NWS work. it was selected for this study.

The Gumbel titting is based on the concept that a
series of values. all of which are maximums from in­
dependent samples of equal and sufficient size . drawn
from the same population (e.g . . annual max imum rain­
falls). conforms to the probabillity distribution of a
dimensionless "reduced variate" , y, if suitably scaled.
T he term y is detined by its probability distribution as :

YPr = -In(-ln Pr) [1]

where Pr is the probability that a reduced variate. y.
chosen at random. will be less than or equal to the par­
ticular value. y", . Following an example given by the Na­
tional Bureau of Standards (1953). this distribution is lit ­
ted to a sample of size N of a real variable. X. by assum­
ing the common plotting position formula

m
Pr=-- [2)

N+l

applies to both y and X. where m is rank from lowest to
highest. In principle. a linear regression lit is made to the
N pairs. X",. y.." where X",'s are from the sample and the
)'",'s are found by substituting equation [21 into equation
III . This may be simplified by using precomputed tables.
which require only the mean and standard deviation of
the X's and the sample size N as input. The steps and
tables for the simplified procedure are listed by the
World Meteorological Orgainzation (1974) .

The relatively small values or some or the annual max ­
imums lead to one additional empirical test. At the same
stations in Table I . we applied the Gumbel fitting or the
extreme value distribut ion to the 20 highest rains.
regardless or year or occu renee (partical duration series) .
with the thought in mind that " pa rt ia l durat ion" storms
in an arid climate might be regarded as extremes lor this
distribution . However. by visual inspection . use of the
partial duration series did not improve the tit compared
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to the annual series, at Icast in this case. For this reason ,
and because the original work was based on annual
series. the partial duration series was not used.

Walnut Gulch Curves
Recording raingage records for the period 1957-1976

on and immediately adjacent to the Walnut Gulch Ex­
perimental Watershed were used in this study. Gages
were added as funds became available through 1965.
when the network of 80 gages was completed . as shown
in Fig. 3. The 26 gages with a full period of record. arc
more concentrated on the lower (western) end of the
watershed . Therefore. subareas for analysis were chosen
mostly on the lower half of the watershed where the
records are longest and the gages closest together.

In constructing representative areas (second step of
"basic method"). raingages were assumed to represent
rainfall within an 0.8 krn (one-half-mile) radius . Area
outlines were drawn by connecting the imaginary circular
areas around each station , tangentially. Areal average
rainfalls were obtained by averaging amounts from all
existing gages within each area. As gages were added to
each area . they were included in the areal average . The
raingages were fairly well spaced in most years. so all
were given equal weight in averaging areal rainfall . Ob­
viously. the averages are more uncertain in the early
years of fewer gages. particularly before 1960. Annual
maximum rains were determined for each of 20 years
(1957-1976). and the frequency distribution fitted
separately for areas of 176. 51 , 49 .18,19.16. IS . 14 and
zero (point) km' (fig . 3). for durations of 30.60. 120 and
360 min .

Gages used for point frequency comparison to areal
values are indicated in Fig. 3. Only gages with no more
than 2 yr of missing record were used for this. Thc few
missing years (at 14 of the 40 gages) were filled in by in­
terpolation of annual maximums from adjacent stations.

FIG. 4 Correlation coefflclents for rainlall
amounts for selected pair. of gage. on Wainul
Gulch.

As it turned out. using 20 gages with complete records
gives almost the same result as using 40 gages with somc
estimated record. As stated. there was an uneven
distribution of raingages Oil Walnut Gulch during the
early years of record . For better distribution. six of the
gages Oil the lower end of thc watershed were omitted in
the point analysis comparison with 176 km' area .

T he variability of estimating based on point records is
illustrated in Table 2. Estimated rainfall amounts for an­
nual series for varying durations and frequencies based
on records from 6 raingages were compared. For exam­
ple. the 100-yr. I -h rainfall estimate at raingage 3J is
about double that of raingage 31. The two gages are only
2 miles apart. and both records are excellent.

As an indicator of the scale of the phenomenon being
invest igated. correlation coefficients were compared at
Walnut Gulch between rains at selected pairs of gages
with varying distance between them (Fig. 4). The correla­
tion is for storm depths during 1961-72. when at least
one of the two storm gage totals equalled or exceeded 5
mm. No storm had a duration longer tha 2 h . The curve
is fitted by eye.

As a check on possible non -random distribution of
rainfall on Walnut Gulch. estimated 100-yr. I-h rainfall
amounts were plotted against gage elevation (Fig . 5).
The range of values is greater on the lower end of the
watershed where there were more gages. but there is cer­
tainly no clear evidence of higher or lower average values
within the 450 m elevation range on the watershed .

Depth-area curves were constructed through the plot­
ted points (1.0 for zero) for 2-. 10- and 100-yr return
periods for durations of 30 .60. 120 and 360 m in (Figs .
6-9) by using a method suggested by one of the authors
(Myers) for a least squares lit to:

A b -1
r~l-Mexp[-a(-) J •• • • • • • • • • • . • • • •• • • [31

Ao

TABLE 2. COMPARISON BETWEEN PREDICTED RAINFALL AMOUNTS (mm)
FOR ANNUAL ,SERIES FOR VARYING DURATIONS AND FREQUENCIES USING

SIX DIFFERENT STATION RECORDS ON WALNUT GULCH

2-yr 10-yr 100-yr

30-min 1-h 2-h 30-min 1-h z-n 30-min 1-h 2-h

RG # 1 21.8 25.4 26.8 37.3 50.1 55 .0 56 .5 80.9 90.2
RG # 3 3 26.2 30.2 31.5 49 .0 55.7 56 .9 77.5 87.5 88.7
RG #66 23 .1 26.4 28.9 40.3 44.8 50.1 61.7 67.8 76 .5

RG # 3 21.2 25.2 27 .3 34.1 43.4 46 .3 50 .2 66.0 70.0
RG #31 19.9 22.1 23 .2 30.5 33 .5 34.8 43 .8 47.6 48.7
RG #70 23.2 28.6 32.3 39.6 49 .2 57 .6 59.8 74.9 89.4
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FIG . 6 Poin t-to-area conversion ratios for
30·min du ration rainfalls for selec ted freq uen­
cies on Walnut Gu lch.

FI G. 7 Pulnt-to-area conversion ratios for
60·min du rati on rainfalls for selected frequen­
cies on Wa lnut Gulch.

where I' is depth-area ratio for area A in krn", ADis a unit
area of I krn" , and M , a , and b are fitting constants. The
curves were extrapolated to 200 k m", reasonable limit
based on available data. The curves lie well below the
NOAA Atlas 2 curves, show more change with frequen­
cy, and show less change with duration .

To highlight the change with the duration, the 2- and
100-yr event curves fro m Figs. 6-9 are replotted together
on Fig . 10. The difference between the 30-, 60- and
120-min curves for a given frequency are small, and
could be due to sampling variation. However , there are
real differences between the families of curves of the 2-yr
and 100-yr events. Clearly, the curves are consistent with
fea tures of summer thunderstorm rain in southwestern
Arizona with the follo wing characteristics: (a) the air­
mass thunderstorms are of short duration and limited
areal extent, and (b) the extreme events tend to be con­
tined to abou t the same areal extent as lesser events.

Thus, up to abo ut 2 h , depth-area ratios do not inc rease
with duration . When storms move a nd deposit their
heaviest precipitation some distance apa rt in succeeding
h. area-point differences necessarily are reduced with in­
creasing d uration . T he NOAA Atlas 2 depth-area curves
rellect thi s characteristic. Many storms move fairly
rapidly ac ross the Wa lnut Gulch watershed , but these
fast-moving even ts do not produce the maximum annual
events. In the case of Walnut Gulch, the curves for
respectively longer return periods plot below shorter
return periods , because the standard deviation , which is
most inlluential on the longer return periods in the
Gumbel method. is less for the watershed averages th an
for po int values.

Based on topography, the similarity of point rainfall
frequencies, subjective exper iences in observing
thunderstorms, and qualitative confirmation from a few
small watershed networks (with less record than Walnut
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FIG. 10 Comparison of polnt- to -a rea rainfall
ratios for 2-yr and 100·yr even ts for Walnut
Gulch.
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FIG . I I Recording ralngage network and subwatersheds used in deter­
mi ning frequency dtstrlbutlons [or Alamogordo Creek.
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selec ted Irequencies on Alamogordo Creek.

FIG. 12 [top] Pu lnt -to-urea cuuverslun rutius
Iur 30-min duration rainfall. for selected fre­
quencies on Alamogordo Creek.
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Gulch). the depth-area curves for Walnut Gulch are
believed to be characteristic of much of sou thwestern
Arizona, southwestern New Mexico, and north central
Mexico.
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fIG. 15 [houum] Poin t-to -area cunverslon
ratios fur b-h durutlnn rainfalls fur selected
frequencies on Alamogordo Cre ek .

FIG, 14 [tup] Pnlnt- tn-area cun versiu n ru tios
for 2-h du ratlun ralnla lls fur se lected [requen­
des 011 Alamogordo Creek.

Atlas 2 curves. T he range of annual average maximum
watershed rain fall amounts varies much more on
Alamogordo Creek than on Walnut Gu lch because of the
occasional massive Iron tal convect ive even t. Average
watershed rainfall was mo re variable than average point
rainfall or area-t o-point depth -area rat ios for longer

Alamogordo Creek
The Alamogordo Creek Watershed data were analized

identically to that for Walnut Gulch for 174.59.63. IS ,
12. 13, 14 and a km 2 areas. The network is depicted in
Fig . II along with the sub-a reas . The average values
were derived from al1 gages within the respective boun­
daries. Twenty-one well spaced gages with complete
20-yr re cords (1957-19 76) were used to develop point fre­
quencies for comparison to the 174 km 2 area, and all the
indicated gages for the sub-area comparisons . For the
latter, the same rules and procedures were used as for
Walnut Gulch . In this case . the computed 100-yr depth ­
area curve lay above the IO-yr cu rve, but the difference
was so slight that its reality is uncertain, and the 10-yr
and 100-yr curves have been combined . The result ing
depth-area curves are in Figs. 12-15 .

T he amounts and distributions of thunderstorm rain­
fall on the Alamogordo Creek Watershed are typical of
the high plains in eastern New Mex ico and western
Texas. The extreme events can occur from either pure
air-mass thunderstorms (as on Walnut Gulch) or a com ­
bination oft ron rul activity and con vecti ve heating (which
is unusual on Walnut Gulch), The rainfalls that are
largest both in area covered and depth result from the
latter situation. Because of this, for similar durations
and fre quencies. maximum rainfal l on Alamordo Creek
is about 10 to 15 nun greater than that on Wa lnut Gulch .

The major events on Alamogordo Creek also cover
larger areas than those on Walnut Gulch, and depth­
area ratios were considerably higher than those on
Walnu t Gulch. Intact , for a 30- min duration the de pth ,
area cur ve fro m NOAA Atlas 2 lies generally below the
Alamogordo Creek curves (Fig . 12). For longer dura­
tions . Alamordo Creek curves decreased more rapidly
than the NOAA Atlas 2 cu rves to a maximum difference
at about 80 krn" , and th en they approach the NOAA
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ly , the 100-yr. l-h point rain fall for Alamogordo Creek is
ab out 90 n1l11. From Fig. IJ. th e depth -area ra tio is
0. 78- the average wate rsh ed rai nfa ll is 70 mill . Fro m
Fig . 18 . the ma ximum poin t rainfall a t so me point within
th e watershed would be ab out 140 nun , and about 40
percent of the watershed would be covered bv 70 nun of
rainfall or more. Similar curves were developed for rain ­
fa ll dis tribut ion s with SO km 2 basins and a re shown o n
Figs. 17 a nd 18. -

The storms, from wh ich Figs . 17 a nd 18 are derived .
a re in the 5- to 2S-yr return period range . Ba sed on 20.vr
of record. it appears the curves would not be greatly dif­
fer ent for 100-yr basin averages for Ala mogordo Creek :
whe reas . Fig. 10 implies that the curves would be slightly
stee per for the 100-)'1' re tu rn period at Walnut G ulch.

SUMMARY

FIG. III Fractlnu of watershed equal III III- ex ­
('eeding average sturm rainfall fill' Alamogur­
dn Creek .

New depth-area conv er sion curves for adju sting point
rainfall a mounts lor g iven frequencies valu es to area l
averag es wer e de velop ed from 20 yea rs ' data from de nse­
ly spaced recording raingages on experimental water­
sheds of the USDA Southwest Rangeland Watershed
Research Center in two climatic zones in the sem i-a r id
Southwest. In southeast Arizon a. a t W alnut G ulch . th e
reduct ion s from point-to-area were significa nt ly gre a ter
than previou sly published curves. ba sed on nat ionwide
averages . T hese results off er oppo rtunities fo r economy
in design without relaxing frequency standards in
climatologi cally similar areas . T h is is consistent with
kn own limited area ch aracter istics of the air-mass
thunders torms th a t produce most of th e runoff',

New curves a t Alamogordo Cree k in northeastern New
Me xico departed less from previous curves, but st ill in ­
dicate significant di fferences. The maximum departure
of the new curves from the previous curves occu rr ed a t an
a rea of approximately 100 k m". The significan t di f­
ferences between Alamogordo Creek an d W alnut Gulch

(Con tinued (ill page 91)
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FIG . 16 Com pa rison of esti ma tes of 100. yr, I- h rainfall amoun ts with
elev at ion for selected ra ingages on Ala mogordo Creek.

return periods were greater th an for shorte r return
pe riods .

Estimated 100-yr. I -h rainfall a mo unts were plotted
ag ainst gage elev a tion as a check on th e assumption of
ra ndom rainfall dist ribution on Alamogordo Creek ( Fig.
16). Again. the range of values is greater at the lower
ele vat ions where there were more gages, bu t there is ee l"
tainly no clear evid ence of higher or lower values within
the 300 111 elevation range on th e watershed.

DISTRIBU TION OF STO I{M RAINFALL

Once the engineer or hydrologist has determined the
average watershed rainfall from the point frequency
value and depth -area curve. there is still the quest ion of
the di st ribut ion of rainfall within the wa tershed during
the storm. T h is is needed for runoff prediction based on
the precipitation. For example. the 100-yr. l -h rainfall at
a fixed point within a wat ershed is sign ific antly less than
the la rgest l-h rainfall expected once in 100 yea rs
somewhere within th at wate rshed . Curves were
dev eloped from the Walnut G ulch a nd Alamogordo
Creek raingage records for 50- and 150·km2 watersheds
to ind ica te this maximum as well as the watershed rain­
fall d istribution in terms of th e fraction of the watershed
co vered by percentages of the basic average (Figs. 17 and
18). The cu rves are ave raged from the live storms on
each basin with the largest total storm average basin
rain fall in 20 yr. The curves do not necessa rily apply to
lesser storms expected on the average more often than
once in about 5 yr. '

As examples of the application of the curves for
Walnut Gulch , the 100-yr , l-h point rainfall averaged
over the 40 sta tions in Fig. 3 is 75 mm (from tabulation
not shown). From Fig . 7, the corresponding depth-a rea
ratio for ISO km 2 is O.SO-average watershed rainfall
would be a bout 38 rum. From Fig . 17. the max imum
rainfall at some point within the watershed would be
about 110 mrn , and only 40 percent of the watershed
would be covered by 38 nun or more of rainfall. Simi lar-
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Rainfall/Watershed Relationships
(COli till lied fro 111 page 87)

illustrate the intluence of frontal storms with strong con­
vective activity associated with cold air-mass invasions
from the north and east into eastern New Mexico.

Curves were also developed indicating maximum ex­
pected rainfall and typical areal distributions of rainfall
depths during major precipitation events for 50- and
lStl-k m! watersheds. This is neccessary in formation.
along with the revised point -to-area curves . to realistical­
ly predict small watershed runoff from precipitation.
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USER I'IANU(.'L FDrI PFWI3R(-)t'1 r- ' I~EFRE

COMPUTATION OF PRECIPlfAT ION FREQUENCY -DURATION
VALUES IN THE WESTERN UNI1'ED SlATES

Th(:;o PREFRE computer p r-o qr urn was Wr i t tF..m t o compu te ttle
precipitation frequency values for e ach of 10 durations and for
each of 7 r e t u r n per iods. Th i ts dDcument cJe!..:;c r ibes how to p repare
the i n p u t da t a , how to execu te the pr ogram, a n d g ives on examp le
of the ou t.p u t ,

The PREFRE program computes frequency values fo r 5-, 10-, 15-,
and 3 0-'minu te Clnd 1-, 2-, 3 --, 6 - , 1.2--, ci rrd 24--hclur du r u t i orro fo r
return per i ods o f 2, 5, 10, 25, SO, 100, a n d 500 years for areas
in the 11 wes tern states a nd presents the results i n t a bular
form . It uses as input the precip ita t ion frequency values to ken
f r om the NOAA Atlas 2 (11 volumes) . The PREFRE program 0150

dup licates the values in Weather Bureau Technical Popel' No . 4 0
f o r the six Pla ins ',stotes with in the Bu r e ou t s creel of operat ions
n o t i n c l u d e d in the NOAA Atlas 2 volumes .

NO AA At l a s 2 r e f l e c t s the effec ts of topography o n p r ec j.p i t a t i,o n
frequen cies, bu t it con t ains iso hye t al mops for r eturn periods o f
2, 5, 1 0, 2~" 50 , o rrd l OU yeal s bu t on 1 y for 6- and 24--hour
durations .. For other durations, i t i s necessary to Use the
nomograms and equations included in the at las.

n -,,? i::Drn p u t:e r p ro qrorn \..lOS o rLq .in o Ll.y develDped by 1'1r. Rolph
Frederick , Of fice o f Hydro logy, NWS (Na ti onal Weathe r S e r vi c e ) .
The p r o qrcirn was eHtensively rev ised to fit Bureau of Reclomotiol"l
n e ed ,;:; i n .1.975 by Mr. , ':'l o me s 1'1l.1fTlforc! o f what '.)05 then t he F lood cm d
Sed imentation Sect ion, Eng1neering and Research Center. It WClS
f urther revised in 1 9 8 8 by Mr . Richard Eddy of the Flood Sect i on
t o Lrrc o r p o r u te updated i n forma tionfol' 'short-durat ion values .

The p rogram is writ ten in FORTRAN V for the Bureau's CYBER
ma i nframe computer. This vers ion has 0150 been converted to
FORTRAN 77 f o r use with personal computers (IBM compat ib le) .

The following data are requ ired for the program input f ile:

o , ~;ite ricune .

b . ErimQ.!:',::L zone number i cl e n ti fying whe:r'e the 5i te i.s
l ocated , obtained from the mop i n c l u d e d as appendix A i n
t h i s manual . The zone boundaries correspond to those found



in NO{H4 ri tI LlS 2, bu t thE~ nUmbE'r ~i 1110)" b e d i f f eren L 1 tis
t: \ C I \ij ,:;,C1 r< ~ t e' idE,·ntjfy the lCH:::uti '~J1-' of (1 Site from t.he zonE'
mop i n tt-'E~ CltlC'.s V (J I U (lI E~ o rrd refer to o p p eridt x ?, for the
zone nUMbe r used in PREFRE.

c. Zone numbe r for short-duration volues (oppendix B).

d. Site l atitude and l o n g i t u d e (requi,red for ~~lm9£~ zones
3, 9, and 11; optional for other pr imary zones) .

e . Site elevat ion (required for HLimQ£~ zones 1 , 2, a nd 6;
optional for other p r j.mary zones) .

.f. NOAA Atlos 2 p r e c i pi t.o tt on vuLu e s (note that (:'tlos
v o l u e s a r e in tenths of inches) .

( 1 ) Standard: Enter the volues o f 2-year and .LOO-yeor
re turn pe r iods f or du r c t L o r rs of 6 hours .cm d 24 hours .

( 2) Op tion: The C)1' i gino 1 NWS program .....els des i gn(~d to
i n p u t .1.2 precip it.ation frequency values. This format
hos been retained os an option. The 2-, 5-, 10-,
25-, 50-, and lOO-year values for durati,ons o f 6

' ~ ou r s and 24 hours must be used as input for th is
option. The program uses the six return -period
v o l u e s o nd develops a line of best fit to the points
read from the NOAA Atlas 2 maps. It then ,u s e s this
line of best fit to recompute the return-period
values a n d uses these computed volues in 011
5ubSi':~qu(:-nt c ornp o t c t i on s ..

The input doto formot is pre5e~ted i n appendixes C1 t h r o u g h C3.
Each field 1n a ,l i n e must be separated from the next field by
ejth~r a bla~k or a comma, and an entry is required for each
field (i .e ., enter zeroes if latitude, longitude, and elevation
e r e omit.ted) . Input dota can be all metric, if desired.

The (si te name, zone numbers, cmd 10 ti tude, long i tude, und
elevation ( if included in the input data) are printed as a
heading . A table is th(:-n given sho..... ing the precipi tation volues
for ;~ -', 5'-, 10-, 2S-, 50--, 100-, cm d 500--yec.r return periods for
duro t ions o f 5, 10, 15, and 30 minutES and 1, 2, 3 , 6, 12, and 24
hours. Ou t p u t units are the same as the input units. The PC
v e r s i o n o Lso prints the input clo t. o for reference. (-'ppendix 01 is. ,
a sClmple ou t.pu t from t.he CY8ER vel'sion of PREFT~E. {~ppenclix D2 is
the standard PC output. Appendix 03 is the output when the s ite
is in p r-i .rnor y zone 7; it prints a note regclrding revi~:;ecl depth­
ar-ecl vo Lu e s f o r Ari.zonl:1 curd N(~ ..... Mexico . (~PPEndix 04 is the
out.put ..... hen t.he opt..i.on to input 12 pr.ec ipitation VCI.l.U"~S :i. s
selEH: ted.
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Execu t ion 0 f pro qrorn F' I~ EFRE depE?nds rjn the c ompu t ar- sys tem being
u -:;e d. ~~ppendix E desc r i b€?s t.he steps of e}(E~cu t ion h:n' both the
B ur€~clu o f Re e lama ti on CYBER main f rome ond the 181'1 PC/AT uno
c omp clt ib .l.es ..

Somet imes the si t e wil l be very near the bo u n d ar y between two
z o n e s , 0 sii t u clticin i n wh i ch a weigh t ing o f c o L c u Lo t sid f r e qu encl
va lues Clmong ne ighbor i ng z o n e s may provide a more appropr iate
c"m :i WE'I" . I n these cases, i t c ori be help fu 1 to make mo r e t h a n CIne
run , l...l s ing t h e n e i g h b or in g ;c o n e' s vr:dues . Edi t the input fi le to
c.h cm ge· t h e z o rre rlumb E"' r ( orr d ot.b e r d o t o 0 5 ne€'cJed ) cm cl r e "-run th e
p ro gram.

The p r o g r a m fo llows procedures ou t lined i n NOAA Atlas 2 to der i ve
t h e precipitation frequen cy voJues . 1he 2 -year and lOa-y e a r
i nput f igures for 6 -hou r and 24-hou r durations are used to de r i ve
th e se same retu rn frequen cy volues for 1-, 2- , and 3-hour
du ra t ions . The reloticil"lships among t h e 6 --hour and 24-hou r

' . v(\ l u e s cm d the 1- , 2-, and ;:l"- I-\o u r val u e s were determ irH?d by the
NWS and are dependent Cln t he zone in which the site is loca ted .
The J2 - hou r val u e s are d e ri v e d by t a k i n g the midpoin t between the
6-hou r and 24-hour input volues for t h e 2 -year ond l OO-year
r e t.urn p e r Lod s . Th e 5-, l(l- , 1S- " ciri d 3(l-m inute duration v c l u es
for 2-year and laO-year even ts ore determined by multiply ing the
l -h o l!r vu l usas by a ,=,e t 0 f foe t .o rs , These f o e tors or e dE'penden t
on the shor t -duration z o n e in which the s i te is located . I .:L.!.§
imQ9£1QQ1_1Q_OQ1§_ibQ1_1b~_~bQ£1=g~£QiiQO _;QO§E _9£§_Qi11~£g01

£LQm_lbg _Q£illi9£~_ilQQg§£_d~£QligDl _~QD!§. The program then
c o mp u t e s the values for the r e ma i n i n g retu rn periods by f itt ing
the p r e c i p i t a t i o n values to a Gu mb e l d istribu tion. The 2-yeo r
v a l UES f o r a ll durations are fir s t a d j u ~ t e d from a par t ial
du r o t ion -s e r i e s (inpu t values) to on annual series . Then t h e 5-,
10- , 25- , 5 0-, and SO O- yeor frequen cy values f o r a ll dura tions
are calcula ted from the ir respect ive rela tionship to the 2--year
a n d lOO-yeor values in a Gumbel distribution . The 2-, 5-, and
lO- y e a r va lues ore then converted back to a partia l duration
s eri e s, whi ch c o rr e s p o n d to the NOAA Atlas 2 map values. All
ou tput va lues ar e fo r point loca tions.

I,JUTE: ~=lrec,l vlJ lues of p r ecip i t o ti.ori frequency o r e o Ftan need f:'d.
Beecluse program PREFRE does not p r ov ide th is in forma tion, it is ' - ­
n€'eessCl,r y to f o l l o w the procedure f ound in the op p r op r io te NOAA
Atlas 2 volume. When oreal values are requi red for Ar izona and
t\le'.... '"Iellico, use t h e in f or ma Lion found in t h e 1 <7' e,lj- NO{-)A Te c h n i e o 1
Me moran d u m NWS HYDRO-40.
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6. !';;9!D!"Q§!J.112 .

1 r: IoJDS decided i n 1975 to chcmge t:h(O~ p r-o qr om from the procedure
originally used by the NWS to a more simpJ.i£ied approach using
cnly the four key precipitation values for input. This allows
fDr quicker setup of the input data and facilitates the use of
the program. No loss of accuracy in the calculated values occurs
as the 2-year 6-hour, 2-·year 24 -hour, IUO -year 6-hour, and 100­
year 24-hour maps are the key mops i n i t i a l l y derived i n the NWS
studies. The maps in NOAA Atlas 2 for return periods of 5, 10,
2S, orrd 50 yeCll'r:; were del' i ved from the 2- and !(ll)-year maps in
the some manner that the PREFRE progl·om computes these values.

In t h e or ig inal program, only one set of national factors was
used to determine 5 -min to 30-m in values from i-hour values.
Popel's by Fredt' i.c k and Mi..l leI' and AI' ke 11 and Richards presen ted
sets of factot~ that depended on t h e location of the site . l ·hese
' .... 0 lues were used for s i ·t e !;; ·....es t o .f the lUS th mer idian; the old
fGctors were reta tnecl for the Ploins stotes east of the IU':i th
fTleridian.

The 1975 version of the program allowed the user to specify two
zones in V-,e even t t.ho t. the si t.e was n~.?ar a zoned. bourrdc.r y. The
current version does not offer that option because two types of
zones (the original long-duration zone and the new short-durat i.on
zone) ore now required and major revis ions to the program would
be required to accommodate various combinations of multiple runs.
The on 1y way to get runs for tl.... o ad j acen t zones is to ed i t the
input file aft.er the fi.l·st run (0 quick ond s i mpLe procedure) cmd
execute the program again.

4



Ark-ell, f,' . E., urid F. Richards, "Bhort; Ou r o tion Rl1infcI.ll
F{elc,tions for the We!:itern Uni ted States,1/ Preprint,
Conference on Climate and Water Monagemenl:-A Critical Era and
Conference on the Consequences of 1985's Climate, August 4-7,
1986, Asheville, Ne, ArneI'. Meteorol. Soc., Boston, 1986.

Frederick, R. H., and J. F . t1i l l e r , " S h clrt Duration Rai.nfcIII
Frl?quency Relcltions for Coli for-nio," Preprint, Third
Conference on Hydrometeorology, August 20-24, 1979, Bogota,
Colombia, ArneI'. Meteorol. Soc., Boston, 1979.

JVlil ler, .J. F ., FL H. r=r".lcl€~I'id<., cm d n . .J. TrClC:Y, "NO{~A (~tlcls ;:) -_.
F'r€~c:ipitot: .iol1-Frequency Atlas of the Wl?stern United state, II

11 v o l u me s , Notional Weather Service, Notional Oceanic and
(-'tmClspl"ll?ric Admini.strotion, United States Department of
Commerce, Silver Spring, I'larylclnd, 197::1.

Zehr , R. M., and V. A .. MYI~rs, "Depth --Area Ratios in the Sl?mi-Arid
~:;ou th 'Nes t Un i ted S tCI tes," NDAA Techn .i c o I l'1emorandum NWS
HYDRU-40, Office of Hydrology, Notional Weather Service,
Notional Oceanic and Atmospheric Administration, United
StatE~s Deportment of Cornrne rc e , ~:; i l. ve r Spring, I'larylclnd,
f~LJ gu s t 1 ci8 l +•

5



,
- - - -t 3S

12 I,
I,,,

___ - - - -, 3',,

6

---

J28

--4--
115

I - -..J
lie.-- -- --i

les 1el
--- -+- _\ st

., ,
I

I
I ,

, I I, 1
,
I

I

I I
,

I

I
--14S,

1
I 12 I

I I

I
I I
I, ,,
I ,

8 - 4'
6

,,

I,
I

--..J.---- ,-- .... ~- ---

---

APPENDI)( A

Primary zones, used to ~olculote
precipitation for 1 to 24 hr
durations. Lone boundDIies are
identical to those in NOAA Atlas
2, but zone numbers may differ.

•..... 1-

las.
I
I,

I
I,

I

-- - II-
I
I

I

b



,
\

,
\

\,

3S- -- ,,
\,,
\,
1 3'- .-- --

.,
-

\
I

- -4 - -,
I
I
I

100
105 _ ~

- -,- - - - - \
\

\
I ,
I I
I .\
i ,

4S.. I -- ...,
\

I
.1. __ --_- ---

11.
----!---

I

I a., 115
....'----- J..--
! ,, ,

I

-l __ ----.L _

12S
+­
I

I

I

I
-I-
I
I
I
I
I
I
I

-t
/
/1&
I

I
I
I

I
'- ----.:-

l~PPENOlj< I: l

Short-duration zones~ U$ed to
caJcu.late 5 to '3 0 min durclticlns.

7



I~PPENDIX C1

INPUT FORMAf - FOUR PRECIPITATION VALUES

Line 1:
Field 1. Title of study or site name, up to 32 characters

Line 2 (fields separat.ed by blanks ell' commas):
Field 1 . Primary zone number (appendix A)
Field 2. Short-duration zone number (appendix B) *
Field 3. Latitude, degrees and decimals (or 0)
Field 4 . Longitude, degrees and decimals (or 0)
Field S. Elevation (or 0)
Field 6. 0 (number zero)

Line 3 (fields separated by blanks or commas):
Field 1. 2-yr 6-hr precipitation value from NOAA Atlas 2
Field 2. lOO-yr 6-hr precipitation value
Field 3. 2-yr 24-hr precipitation value
Field 4. 100-yr 24-hr precipitation value

Line 4 (optional):
Field 1. ENDRUN (alpha characters)

~QI~~ Actuol latitude and longitude values are required for
sites in primary zones 3, 9, and 11, and elevation data are
required for sites in primary zones 1, 2, and 6. For other
primary zones, enter either zeroes or the latitude,
longitude, and elevation values. Elevation may be entered in
meters, if precipitation is also metric.

* Short-duration zones 12 through 15 are all for the
Southern Pacific Coast. Zone 12 is for sites with elevation
greater than 700 ft. Zone 13 is for sites with elevation
between 500 and 700 ft. Zone 14 is for sites with elevation
less than 500 ft. Zone 15 represents an average of 011
elevations within the boundaries of the Southern Pacific
Coast.
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m'PENOD< C2

INPUT FORMAT - rWELVE PRECIPITA TION VALUES

Li.ne .l : s ame as [or four prec ip i tation values

L i n e 2 :
Fields 1 through 5: some as for four prec ipitation values
Field 6. 2

L.ine 3 :
F ield 1 .
F ield 2.
Fi(? l d :3 ..
F i e l d 4 .
Fil?J.d 5 .
F ie ld 6 .
Field 7 ..
F i.el. d 8 .
F i eld 9 ..
F i.F.~ lcl 1.0 .
Field 1 .1­
F i e l d 1 2 .

2-yr 6-hr precipitation value from NOAA Atlas 2
S -yr 6-hr prec ip itat ion value
lO-yI' 6-h r precipitat ion value
2S- -y r b --hr p r s-c i p i t.o t L cin value
5 0 -yr 6-h r p rec i p itation value
10()-yr b--hr prec ip it.otion va lue
2-yr 24 -h r prec i.p itat ion value
S-yr 2 4 -h r precip itation value
.lO-yI' 24-hr prec ip itat ion value

2S -yr 24-h r precipitat ion value
5 0-yr 24-hr prec ip itation value
lOO-yr 2 4-h r precipi.tation value

Line 4 <optiona l ):
F ield 1 . ENDRUN (alpha charac ters)

9



F i.e.I.d·:;
seporoted
by blanks

Fielcls
sepcrc--o t1"'d
by commos

N' P E.ND 1>( [;3

SAI'IPLE INPUT .- FOUR PREen·'ITATION VALUES

QUARTZ HILL, COLORADO
6 7 39.80 L05.52 8900 0
1.19 2.85 1.78 4.21
ENDRUI\l

LEADVILLE, COLORADO
7,6,39 .. 27, lU6. 31,0, (I

. r», 1.. 85, 1. .. OU, 2. "79
ENDRUN

SAMPLE INPUT - 12 PRECJPI1ATION VALUES

KurCH INW), COLORADO
7 6 39.00 104.00 6100 2
1.04 1.20 2.00 2.25 2.40 2.50 1.39 1.75 1.90 2.25 2.60 3.30
EhJlJriUN

10



APeENO[x or

SAMPLE OUTPUT - CY8ER

.EV15BD JUNI 1988 to UPD~tB CO"PUt~tION Of SHOlt-DURATION VALUBS

~RECIPltAtION FREQUENCY VALUBS rOR QUARtZ HILL, COLOIADO'
PRI"ARY ZONE NO.- 6 SHOlt-DURATION ZOMI MO.- 7
LATITUDB 39.80H LONUITUDI 105.~2W BLIVATIOH 8900 FISt

POINt VALUES

RBtURN PER 100
DURAtiON 2-n S-VI 10-VI 2S-YI SO-YI loo-n SOO-Yil

5-HIN .26 .34 .39 .47 .S3 .59 .13 ' -HIN
10-HIN .40 .S3 .62 .7" .8" .93 1.16 10-HIH
15-HIH .48 .66 .78 .94 1.07 1.20 1.49 15-HIN
30 -HIH .6S .90 1.06 1.29 1.47 1.65 2.0S 30-HIH

1-HR .78 1.09 1.30 1.59 1.81 2.03 2.54 I-HI
2-HR .92 1.26 1.50 1.82 2.06 2.31 2.88 2-HIt
3-HR 1.03 1.39 1.64 1.99 2.2:; 2.52 3.13 3-HR
('-HR 1.19 1.60 1.87 2.26 2.55 2.85 3.33 6-HII

I::!-HR 1.49 1.98 2.32 2.80 3.16 3.53 4.37 12-HR
24-HR 1.78 2.37 ;:.78 3.34 3.78 4.21 3.11 .'l4-HII

INPut DiltA

'IOJECt NAME-QUARTZ HILL, COLORADO
10H£- 6 SHORT-DURAtION 10NI- 7
LATITUDE- 39.80 ~ONQITUDB· 105.52 ELEVAtiON- 8900
~-YR, 6-HR PCPH- 1.19 100-YI, 6-HI PCPN~ 2.'~

. 2- YI , 24-HI PCPN- 1.7' 100-YI, 24-HI PCPN- 4.21

UUUltltitAUltit

It "A END or RUN A
II II
itAAAAlcUIi A1cAU

1.1.



SAMPLE ') UTP UT - PC

*** 0 U T PUT 0 A T A ***
REVISED· JUNE 1988 TO UPDATE COl'.PUl'Al ION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR QUARTZ HILL, COLORADO
PRIMARY ZONE NUMBER= 6
SHORT-DURATION ZONE NUMBER= 7

LATITUDE 39.80N LONGITUDE l05.S2W ELEVATION 8900 FEET

POI~H VALUES

RET~N PERIOD .
DURATION 2-YR 5-YR 10-YR 2S-YR 50-YR 100-YR SOO-YR

5-MIN .26 . .34 .39 .47 .53 .59 .73 5-MIN
lO-MIN .40 .53 .62 .74 .84 .93 1.16 lO-MIN
i5-'MIN .48 .66 .78 .94 1.07 1.20 1.49 is-·MIN
30-MIN .65 .90 1.06 1.29 1.47 1.65 2.05 30-MIN

I-HR .78 1.09 1.30 1.59 1.81 2.03 2.54 I-HR
2-HR .92 1.26 1.50 1.82 2.06 2.31 2.88 2-HR
3-HR 1.03 1.39 1.64 1.99 2.25 2.52 3.13 3-HR
6-HR 1.19 1.60 1. 87 2.26 2.55 2.85 3.53 6-HR

12-HR 1.49 1.98 2.32 2.80 3.16 3.53 4.37 12-HR
24-HR 1. 78 2.37 2.78 3.34 3.78 4.21 5.21 24-HR

INPUT DATA

PROJECT NAME=QUARTZ HILL, COLORADO
ZoNE= 6 SHORT-DURATION ZONE= 7
LATITUOE= 39.80 LONGITUOE= 105.52 ELEVATION= 8900
2-YR, 6-HR PCPN= 1.19 100-YR, 6-HR PCPN= 2.85
2-YR, 24-HR PCPN= 1. 78 100-YR, 24-~ PCPN= 4.21

**** END OF

12



14F'PEtHJ l>< 0.3

SAI'U· 'l.E UUT F-' Ul .. F' C ( PR Ij~IAFI{ 7..01\1E 7)

~ ** 0 U T PUT D A T A ***
REVISED ~UNE 1988 TO UPOA1E COMPUTA1ION OF SHORT-DURA1ION VALUES

PRECIPITATION FREQUENCY VALUES FOR LEADVILLE, COLORADO
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 6

LATITUDE 39.27N LONGITUUE 106.31W ELEVATION 10200 FEET

POINT VALUES

RETURN PERIOO
DURATION 2-YR S-YR 10-YR 25 -YR 50-YR IOO -YR 500-YR

5-MIN .20 .26 .30 .36 . 4 1 .45 . 5 6 5-·MIN
10-MIN . 3 1 .41 .47 .57 .64 .71 .88 10-MIN
IS-MIN .37 .50 .58 .70 .79 .88 1.09 1S -MIN
30-MIN .48 .64 .75 .91 1.03 1.15 1.43 30-MIN

I-HR .58 .78 .92 1.12 1. 27 1.42 1.77 I-HR
2 -HR .65 .87 1.03 1.24 1.40 1. 57 1.94 2-HR
3-HR .70 .93 1.09 1. 32 1.49 1.66 2.06 3-HR
6-HR .79 1.05 1.22 1.47 1.66 1.85 2.29 6-HR

12-·HR .89 1. 25 1.49 1. 81 2.07 2 .32 2.90 12-HR
24-HR 1.00 1.45 1. 75 2.16 2.48 2.79 3.52 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYORO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PRO.JECT NAl'lE=LEADVILLE, COLORADO
ZONE= 7 SHORT-DURATION ZDNE= 6
LATITUDE= 39.27 LONGIrUOE= 106.31 ELEVATION=10200
2-iR, 6-HR PCPN= .79 IOO-YR, 6-HR PCPN= 1.85
2-YR, 24-HR PCPN= l ~OO 100-YR, 24-HR PCPN= 2.79

* * * * END OF RUN ... ***
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SAMPLE OUTPUT - PC (12 PR~CIP VALUES'

*** 0 U T PUT 0 A T A ***
REVISED ~UNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR KUTCH (NW), COLORADO
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 6

OPTION NUMBER 2 --- INPUT OF 12 PRECIP VALUES
LATITUDE 39.00N LONGITUDE 104.00W ELEVATION 6100 FEET

POINT VALUES

RETURN PERIOD
DURATION 2-YR S-YR 10-YR 2S-YR sO-YR 100-VR 500-VR

5-MIN .29 .40 .47 .57 .65 .72 .90 5-MIN
10-MIN .45 .61 .73 .89 1.01 1.13 1.41 10-MIN
15-MIN .54 .7S . • 90 1.09 1.25 1.40 1.75 15-MIN
30-MIN .68 .97 1.16 1.42 1.63 1.83 2.30 30-MIN

I-HR .82 1.18 1.4~ 1.75 2.01 2.26 2.84 I-HR
2-HR .91 1.28 1.53- 1.87 2.14 2.40 3.01 . 2-HR
3-HR .96 1.34 1.60 1.95 2.22 2.49 3.12 3-HR
6-HR 1.06 1.46 1.73 2.10 2.38 2.67 3.33 6-HR

12-HR 1.17 1.58 1.86 2.25 2.56 2.86 3.55 12-HR
24-HR 1.28 1.71 2.00 2.41 2.73 3.05 . 3.78 24-HR

• IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MVERS
AUGUST 1984

INPUT DATA

PRO~ECT NAME=KUTCH (NW), COLORADO
ZONE= 7 SHORT-DURATION ZONE= 6
LATITUOE= 39.00 LONGITUDE= 104.00

12-VALUE PRECIPITATION OPTION
PRECIPITATION VALLIE:
1.04 1.20
a.oo 2.25
2.40 2.50
1. 39 1.7S
1. 90 2.2S
2.60 3.30

ELEVATION= 6100

* * * * END OF RUN * * * *

14



{:-'P F'EI'IlD 1 X E

E}(ECUTION OF PFWGH(~/'I PHEFRE

T~e following steps are used to execute program PREFRE on t he
Bwreau of Reclamation CYBER mainframe computer:

1. Create an input file, using any convenient name,
Fo Ll. o w i.n q the format presented in ctpp errd i.x C. This becomes
a permanent file on the CVBER. Purge it when it is no
longer needed.

2. Enter OLO,PREFREB [the binary (executable) form]
then GET,INPUT=your input file name
then PREFREB

3 . The output informat ion is sent to the screen . It can
also be printed; use the procedures appropriate for the
hardware available to you .

PREFRE is the executable version of the program. It may be
stored on the hard disk or it may be on a floppy disk. The
fo :lowing .steps are used to execute the program on an IBM PC/AT
or compatible (a FORTRAN comp iler must be available on the
particular PC be ing used>:

1. Create an i np u t file, using any conven ient name,
following the format presented in appendix C. This is a
permanent file on the hard disk or floppy disk.

2 . For hard disk, enter PREFRE filename l filename2
(e .g., PREFRE PREINl PREOUTl)

For f loppy disk, enter A:PREFRE fi lename! f ilename2
(e.g., A:PREFRE A:PREINl A:PREOUT1)

Filename1 (inc luding device 10 and name extensiori) is the
name of your input file and filename2 (including device 10
a nd name extens ion) is the name of the file you wish the
output i n f o r ma tio n written . Either or both files may be on
the hard disk or they may be on a floppy disk in device A.
I f they are o~ a f l o pp y disk, the filename must be
preceded by A: . The output file will be created by the
program. If you fa il to enter the f i l e names at this
point, the program will p rompt you to enter those names.
Messages will appear on the screen, but the output data are
wr itten to the file.

3 . Enter PRI NT fi l e n a me 2

15



APPENDIX E (continued)

The output data will be listed at the printer. If you
directed the output file to be written to the floppy disk
(in device A), enter PRINT A: fllename2. The output file is
also a permanent file on the hard disk or floppy disk.

16
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APPENDIX 1-E

Documentat ion on meeting with the U.S. Army Corps of Engineers,

Los Angeles District, September 1988
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GEORGE V. SABOL Ph.D., P.E.

1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601

(303) 457-0989

12 August 1988

Mr . John T. Pedersen, P.E.
u.s. Army Corps of Engineers
Los Ange les Distr ict
P.0 . Box 2711
Los Angeles, California 90053-2325

Subject: Maricopa County Hydr o logy Manual

Dear John :

We are progressing with our efforts t o develop a Maricopa County Hydr o logy
Manual and Joe Rumann of the Flood Contro l Dis trict of Mar icopa County and
I have recent ly been concentrating on the des ign ralnfa l I criteria. This
rainfa l l cri teria wi I I consist of three Items : 1) depth-duratlon­
frequency Informat ion, 2) depth-area reduction factors, and 3) time
dlstrlbut lon(s) of r al nf a l I. The Flood Control District Is planning to
conduct a study to analyze regiona l ra lnfa l I data to update the available
ralnfa l I Information, and the Arizona Department of Transporatlon (ADOT)
Is also planning a simi lar study for the entire state of Arizona . These
two studies may be conducted Independently or depending upon potential
agreements for t he scope of the ana lyses and fund ing the two studies could
be consolidated Into one project. However, whatever Is the final outcome
of these potent ial studies It wi I I probably be at least 2 to 3 or more
years before such results would be ava i lab le for our use In the Hydro logy
Manual. Therefore , at th is time we need to se lect design ralnfa l I
criteria for use In Maricopa County rather than rely on these future
studies.

We are current ly using t he fo l lowi ng guidelines In selecting ralnfal I
cri ter ia :
1. The cr iteria describes, to the best of our unders tand ing, t he actual

rainfa l I character istics that we be lieve are representative of f lood
producing s torms In Maricopa County . For example, if 24-hour storms
are not crit ica l flood producing events then we should not select a 24­
hour time distr ibution .

2. The select'~d criteria shou ld have the consensus agreement of the
regional experts In t h is area . Accordingly, we wi I I coordinate with
the hydro logists and hydraul Ie engineers of the primary agenc ies that
dea l with flooding In Arizona. This wi I I Include the Los Angeles
Distr ict Corps of Engineers , Soil Conservation Service In Phoenix,
Agricu ltu ra l Research Serv ice In Tucson, Arizona Department of
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Transportation, Arizona Transportation Research Center, and selected
Individuals

3. The criteria Is to be available In the literature or engineering
reports and wi I I not require extensive data analysis or original
development. Some slight adjustment or modification of available
Information wi I I be al lowed.

We have tenatlvely selected NOAA Atlas 2 for the depth-duratlon-frequency
criteria, and the depth-area reduction relations that are presented by
Osborn, Lane, and Myers (1980). A copy of the depth-area reference Is
enclosed for your review. Incidentally, we have selected these depth-area
relations over those In HYDRO-40 because the data base from Walnut Gulch
that was used by Osborn Is far superior than that available for the
remainder of Arizona that was used In HYDRO-40 and because some of the
recommendations and conclusions of HYDRO-40 are weak.

Joe Rumann and I have evaluated various ralnfal I distributions and have
done some preliminary testing using HEC-l and some watershed models with
different methods of calculating ralnfar I losses and a range of loss
rates. Based on these evaluations and tests we believe that the 6-hour
duration storm Is appropriate for the laO-year event In Maricopa County.
You may recal I that the Corps standard project storm for the Phoenix area
Is 7-hours and for Clark County Is 6-hours, and therefore this appears to
be consistent with the Corps' opinion for flood producing storms. Some of
our thoughts and also comments of drainage engineers at the Arizona
Department of Transportation are that the time distribution should have
decreasing peak ralnfal I Intensities for Increasing drainage areas. In
this regard we are Interested In using time distribution patterns simi lar
to those developed by the Corps for the Phoenix area and Clark County. We
would need to make some modifications to these and to do that we need to
have a better understanding of the analyses that were required for their
development. We also have some specific questions about these.

Our needs would probably be most effectively resolved If Joe and I were to
come to the LA District office. At that time I would I Ike to review the
data and analyses that were performed to develop the time distribution
patterns for both the Phoenix area and Clark County. We would also I Ike
to have the opportunity to discuss these with you or others that have been
Involved In theJr development and use.



i,
Mr. J.T. Pedersen
12 August 1988
Page 3

I notice that the Clark County patterns are a function of drainage area
whereas the Phoenix patterns are a function of both drainage area and the
10-yr, 6-hr ralnfal I depth. The Phoenix patterns were developed In the
early 1970s and the Clark County were only recently developed. This has
prompted some questions on my part.

For Phoenix, the pattern shown In Plate 19 Is selected from Plate 20 as a
function of drainage area and the 10-yr, 6-hr ralnfal I depth . Plate 16 Is
used to select the 10-yr, 6-hr ralnfal I and this plate Is taken from NOAA
Atlas 2. The range of ralnfal I depth from Plate 16 Is from 1.9 Inches to
3.0 Inches and this Is the range for al I of Maricopa County as shown In
NOAA Atlas 2. Using this ralnfal I range with Plate 20 would mean that
time distribution patterns less than number 2 would never be used. This
Is a little unsettling because for very smal I drainage areas (less than
1.0 square ml Ie) we would like the distribution to represent the short­
duration (15-mlnute) high-Intensity ralnfal Is that NOAA Atlas 2 Is
Indicating (5.68 Inches/hour for 100-yr storm). Pattern 2 wi I I not have
this Intensity. The limited range of application of Plate 16 Is confusIng
to me. What Is the reason for this limitation? Why Is there a pattern 1
If It cannot be used?

I have some conceptual problem with the pattern number being a function of
ralnfal I depth. For Clark County It Is only a function of drainage area
and this has some advantages. Is there some reason why the Phoenix and
Clark County procedures for pattern selection are different?

For your convenience I have enclosed copies of the plates that I
referenced and a copy of the plate for Clark County. I also enclosed
copies of two handwritten tables of depth-duratlon-frequency and Intenslty­
duration-frequency data for Phoenix from NOAA Atlas 2.

I wi I I cal I you during the week of 15-19 August to talk to you about
this. Joe and I would I Ike to visit you In Los Angeles to review and
discuss this with you and others and the week of 6-9 September would be
good for us. You can advise me of an appropriate date for such a visit.
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As a lways, your ti me and ef fort Is great ly appreciated . Hopefully th is
wi I I culminate In a product t hat wi I I be benefi c ial to al I of us .

Sincerely yours ,

George V. Sabol

Enclosures :
1. Plates 16, 19, 20 f rom Phoenix Design Memorandum No.2 , Hydrology

Part 2 (1 982) •
2. Cla rk County time dist ribution patterns.
3. Ralnfal I tables for Phoen ix.
4. Paper by Osborn, Lane, and Myer s (1980) .

Copy : Mr. Joe Ruman n, Hydrol ogist, Flood Cont rol District
of Mar icopa County

wi al I enclosur es except 4•

.
"
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Subject:

To:
From:

MEMORANDUM

Meeting with Los Angel es District, U. s . Army Corps of Engineers,
8-9 Septembe r 1988
File
G.V . Sabol

Joe Rumann and George Sabol t rave l ed to Los Angeles to meet with
representatives of the Corps to discuss th e ra infall cri teria t hat the Corps
used in its hydrolog ic studies i n Mar icopa County and for other reg ional
studies. Information was obta ined f rom Jo hn Pedersen and Dr. Char les pyke .

Rumann and Sabol asked how th e s to rm pat t erns were developed and wh y (UOillg
Plate 20) a Pattern No. 1 could never be selected (this would r equi r e a 10- yr.
6-hr rainfall of about 1.1 inch or less wh ich does not occur in Ar izona). The
response was that although Patte rn No. 1 was essentially impossible (aga in
using Plate 20), it was necessary to def ine Pattern No.1 so that Patte r n Nos .
be tween 1 and 2 could be defined . The Corps wanted the procedu re to be
applicable throughout Ar izona for which there were locat ions where t he 10-y r,
6-hr rainfal l was less t han 1.9 inches for which Patt ern Nos . less t han 2. 0
were needed .

Similarly, Patte rn No.6 was def i ned so as to enable in terpolation between 5
and 6.

The IO-yr, 6-hr rainfall statistic was used t o selec t the Pat tern No . so tha t
the procedure could be used throughout Arizona and not just in the Queen Creek
(Maricopa County) area .

The Corps' development of the cri te r ia was based on the best ava ilable
i nf ormat i on , however no rainfall recorder da ta were available and t her ef ore
the analysis was highly i nt e rpreti ve . Dr. Pyke reanalyzed the data and he
provided a copy of the basic data and reanalysis to us (Attachment A). No t i ce
that in Dr. pyke's 1988 reanalysis that the selection of Pattern No. is a
function of dvainage area only and t ha t th is is consis t ent with oth er simila r
analyses that the Corps has undertaken more recently (see for example the
Corps' analysis for Clark County, NV). John Pedersen said that he has not
used Pyke's 1988 reanalysis results for any studies, and t ha t the reanalys i s
would r esul t in higher peak discharges than the or iginal analys is would yield .

5-16-1



Pedersen provided a written procedure to be used in applying the Corps' Queen
Creek rainfall criteria in Arizona (Attachment B). Notice that there are 1982
and 1972 versions of that procedure. The Corps' original work used the 1972
procedure. Pedersen recommended that we look at HEC Training Document No . 15
in regard to defining rainfall criteria. That procedllre is based on the
concept of the hypothetical distribution.

The development of a storm pattern criteria for Maricopa County was discussed
along the following general lines: First, the Corps' Pattern No.1 would be
deleted and this would be replaced by a hypothetical distribution. The new
Pattern No.1 would be applied to small drainage areas (1 sq. mi. or less).
Second, a 6-hr duration would be used and the first hour of the Corps' 7-hr
storm patterns would be truncated for this purpose. Third, the Pattern Nos.
for 2 and above would be redrawn to correspond to the new Pattern No.1.
Fourth, a Pattern No. versus drainage area curve would he prepared hased on
selected Pattern No. from Plate 20 at a 10--yr, 6-111' rainfall fOI' Queen Creek
(2.36 inches). The 2-hr time distribution would be the hypothetical (same as
Pattern No.1, but only for a 2-hr duration). The Manual would describe a
procedure to develop a 24-hr distribution.

Pedersen talked to us about calibrating and verifying the Maricopa County
model in a manner similar to the procedure that the Corps used for the Clark
County, NV study .

.,-

5-16-1 2
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No. Station

QUEEN CREEK, AZ STORM OF 19 AUG 1954

RAINFALL TIME DISTRIBUTION PATTERNS

Period of Amount Remarks
Rain, MST (inches)

1. Mesa Experiment Farm 0800-1000 . 02
2. Falcon Field 0730-0930 .46
3. .00
4. .00
5 . .00
6. Charles Weeks Ranch 0230-0830 4.5
7. Kings Ranch 0150-0900 4.93

Boyce Thompson Arboretum 0100-0830* 5.3+

Bill Barkley Ranch No, 1 0130-0800* 3.5
Bill Barkley Ranch No.2 0100-0700 4.5

8.
9.

10.

11.

Florence Junction 0300-0900 4 .25

0150-0630 "normal rain"
0630-0700 "rain worse [sic]

he had known"
One-quarter mile directly

south of Kings Ranch: 5"
"Rain intermittent very hard"
"Very hard rain, comes down

in sheets"
0300-0700 2.50"
0800-0900 1.75"
0100-0500 light
0500-0800 very heavy
"Spilt [sic] some when

measuring. Approxi.mately
.2 inch."

12. Superior Smelter, west 0400-0815 2.68
13 , Superior Smelter, east 0400-0815 2.47

14. Pinal Ranch 0130-0600 1. 64
15. Ray Smelter 0500-0700 4.05

16. Florence .01
17 . .00
18 . Williams AF Base 0156-0900 .62

..'
* approximately

Tipping bucket alongside:
.95 inch

"Paper said it all fell in
1 and 1/2 hours"

0156-0347 intermittent light
0347-0508 moderate
0508-0900 light
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GREATER ARIZONA STANDARD PROJECT SUMMER THUNDERSTO~1

(based upon Queen Creek storm of 19 August 1954)

INSTRUCTIONS FOR COMPUTATION OF RAINFALL

/1 ~LA'1 rt :«

c-< jJd v. fed 118 Z-

I
-,

1. BASIC STORM: Central depth value of the 1954 Queen Creek sturm equals
7.50 inches over a 7-hour period. This occurred in the mountains east
of Phoenix, where the la-year 6-hour precipitation = 2.36 inches. Thi s
storm can be transposed anywhere in central and southern Arizona and
into southwestern New Mexico (west of the Contineptal Divide) , subject
to the following limitations:

a. The maximum CENTRAL DEPTH VALUE of the transposed 7-hour storm should
not exceed 7.50 inches an~here.

b. In areas where the 10- ye a r ,6- hour precipitation is less than 2.36 inches ,
the CENTRAL DEPTH VALUE or the transposed storm should be reduced
according to the value of the 10-year '6-hour precipitation at the site
of t r ans posit i on.

2. INSTRUCTIONS FOR TRANSPOSITION of the CENTRAL DEPTH VALUE of the
Standard Project Summer Thunderstorm:

" "1 ' ;;. , Q / ',. - , , '" \ .
. • <'1 ' )(' / " a . Obtain the 10-YEAR 6-HOUR PRECIPITATION map for Arizona from NOAA ATLAS 2

or from the set of enlarged maps of n-year t-hour precipita~ion.

Select the average of this quantity over the drainage basin for which
the transposed storm is to be applied . If this average 10-YEAR 6-HOUR
PRECIPITATION should exceed 2.36 inches, the value of this quantity
used in Step 2.b. should be limited to a maximum of 2.36 ir.ches .

v~ (3.! 7EX.:;)
_- b. '2 &'

b. Obtain t he CENTRAL DEPTH VALUE of the transposed Standard Project
,Summe r Thunderstorm for the drainage basin of concern by multiplying D ])
the la-YEAR 6-HOUR PRECIPITATION (Step 2.a.) by 3.178 inches. 10:""'1 =~~
(The value 3 .178 equals 7.50 (original storm depth) divided by 2.16 - . 0

(la-year 6-hour precipitation at site of original storm).). NOTE: If
the la-YEAR 6-HOUR PRECIPITATION for the transposition site (Step 2.a.)
is limited to a maximu~ of 2 .36 inches, the computed CENTRAL DEPTH VALUE
of the transposed storm will be limited to a maximum of 7.50 inches.

3. DEPTH-AREA REDUCTION . The depth-area r educ t i on used with the Greater Ariz(~ ,3

Standard Project Summer Thunderstorm is based upon the depth-area curve of
the August 1954 ·Queen C~eek . s torm , modified according to the 10-year 6-hour
precipitation .

a. On the d~pth-area graph fo r t he Greater Arizona Standard Project Summe r
Thunderstorm, selec t the proper DEPTH-AREA REDUCTION FACTOR (in per cent)
by interpolation between curves according to Area (square miles) and
10-ye a r 6-hour precipitation (the curves are labeled according to
10-year 6-hour precipitation, in inches and tenths).

Multiply the CENTRAL DEPTH VALUE (Step 2.b .) by the DEPTH-AREA REDUCTION
FACTOR (Step 3.a.) to obtain t he proper AVERA,GE RAINfALL DEPTH for the
drainage basin considered. -+: vt r , . r «, c::.T;' '_'h tr - ' '/;. -: TR!1 /.It/

(continued next page)



GREATER ARIZONA STANDARD PROJECT SUMMER THUNDERSTORM
(continued)

4. TIME DISTRIBUTION PATTERN. The Time Distribution Pattern for the Greater
Arizona Standard ' Pr oj ec t Summer Thunderstorm can be obtained from the
Pattern - Area - 10-year 6-hour Precipitation graph. Interpolate between
curves to obtain the applicable pattern number between integer values.
(Read pattern number to the nearest tenth.)

5 . ENTRY INTO LADFHP. For computation of,Greater Arizona Standard Project
Summer Thunderstorm Flood, enter into the computer program LOS ANGELES
DISTRICT FLOOD HYDROGRAPH PACKAGE (LADFHP) the Storm Number, the
AVERAGE RAINFALL DEPTH, ' and the TIME DISTR;IBUTION PATTERN:

a. B-4 (B~card, field 4): PRECIP c 10 (Arizona summer local storm ­
August 1954 Queen Creek storm, 7-hour duration).

b. F-2 '(F- c a r d , field 2): TRAIN = AVERAGE RAINFALL DEPTH (in inches
and hundr-ed ths) •

c. F-5 (F~card, field 5): CN TIME DISTRIBUTION PATTERN (curve number,
in units and tenths. e.g., 2.7; note that for this storm. CN must
be between 1.0 and 6.0).
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BASIC DEPTH of storm: total!~1~hdur central value = 3.178 inches times the
10-year 6-hour precipitation.

CBP

17 Aug 72

GREATER ARIZONA STANDARD PROJECT SUMMER THUNDERSTORM

INSTRUCTIONS FOR COMPUTATION OF RAINFALL

.,"

Multiply Central Value Depth (Step 3) by Depth-Area Factor (Step 4) to
obtain proper AVERAGE RAINFALL DEPTH for the drainage basin considered.

Select the proper STORM PATTERN from Pattern - Area - lO-yr 6-hr Precipitation
graph. Interpolate between curves 't o obtain applicable pattern number
between integer values.

Submit to computer via LOS ANGELES DISTRICT FLOOD HYDROGRAPH PACKAGE
program: (a) AVERAGE RAINFALL DEPTH (Step 5) in inches and decimal
values, and (b) STORM PATTERN (Step 6) in integers and decimal values
(computer program will generate a storm pattern interpolated between
the given integer patterns) •

Obtain proper lO-YEAR 6-HOUR PRECIPITATION from U. S. Weather Bureau
(National Weather Service) map of this quantity. Select average
repreaoentativef,value of this quantity for the drainage basin concerned.
4...y:CE.e.L ~ 2."3(; ) ~ "to s"tCP 3 •

Multiply 3.178, inches (Step 1) by lO-year 6-hour precipitation (Step 2)
to obtain CENTRAL VALUE QEPTH of rain for drainage basin concerned. " ~f
VM.ue ~TH > 7. >O"~ t\ "'"\"t ~C> 7.5"0".

Select proper DEPTH-AREA FACTOR from depth-area graph. Obtain factor
(in per cent) by interpolation between curves according to Area (square
~les) and IO-year 6-hour precipitation (curves are labeled according to
IO-year 6-hour precipitation, in inches and tenths).

2.

3.

1.

5.

6.

7.

4.
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this network are not routinely published and only recently have been available in

a computer compatible form. (They were not avai 1ab1e for the earlier a t Las es , )

The results of this analysis for durations from 30 min to 6 hrs are reproduced in

figure 2 and show significant differences from the national average curves. At

Walnut Gulch, the depth-area ratios decrease more rapidly wi th increasing area

than those published in NOAA Atlas 2 (Miller et ale 1973) •
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Gulch), the depth-area curves for Walnut Gulch are
believed to be characteristic of much of southwestern
Arizona, southwestern New Mexico, and north central
Mexico.

0\
)

0
I
I• I
\
...

200

150

150

Z,IO ,IO O YR

•e
a•

50 10 0
AREA I_m')

50 10 0
AREA (_m"l

li--- 360-MIN OUR ATION

-- __ -.!!EAA A TLA S 2--

0 ,7 L-__...L... _ _ -L-__--'--__-J

o

u,

o
~ 0 .9 0

...
u

'"II:
"-

.J;;t 0 7'--_ _ ...L...__-'-__--'--__-.J

~ 0 200

<i
II:

~ l0r<:::.....,.--.,-- - ...,----,-----,
s
Q.

0 . 8

g 120- MIN, DURATI ON. ,
<,

<,~OA A ATLAS 2

a ..........
~ 0 -- __

~ ~

'" 0 8
a:
o
u,

I'IG. 15 [bouom] Pnlnt-to-area converslon
ra llos ror 6-11 d uration rainfalls fur selec ted
Irequeucles un Alamogurdo Creek.

I'I G. 14 (tup) Pulnt-tn-area eunvers lun ratius
£or 2·11 du rat ion rai nralls fur selected Irequen­
des un Alamogurdo Creek .

Atlas 2 curves . The range of annual average m aximum
watershed ra infall amounts va r ies much more o n
Alamogordo Creek than on Wa lnut Gulch because of the
occasional mass ive frontal convective event. Average
watershed ra infall was more varia b le than average point
rainfa ll or a rea-to-point depth-area rat ios for longe r

Alamogordo Creek
The Alamogordo Creek Watershed data were ana lized

iden tica lly to that for Walnut Gulch for 174,59,63, 15 ,
12 , 13. 14 and 0 km 2 a reas . The network is depicted in
Fig . II along with the sub-areas . The average val ues
were derived .tro m all gages within the respective boun­
daries. Twenty-one well spaced gages with complete
20 -yr records (1957-1976) were used to develop point fre­
quencies for comparison to the 174 km 2 area , and a ll the
ind ica ted gages for the sub-area comparisons. For the
latter, the same rules and procedures were used as for
Walnut Gulch . In this case. the computed 100-yr depth­
area curve lay above the IO-yr curve. but the difference
was so slight that its reality is uncertain, and the 10-yr
and 100·yr curves have been combined. The result ing
depth-area curves are in Figs. 12-15.

The amounts and dist ributions of thunde rstorm rain ­
fall on the Alamogordo Creek Wat crshcd arc typica l of
the h igh pla ins in eastern New Mexico and wes tern
T exas . T he extreme even ts ca n occu r from either pure
air-muss thunderstorms (as on Walnut Gulch) or a COlli ­

bination oftronta l ac tivity and convective healing (which
is unusual on Walnut Gulch). The ra in fa lls th at arc
largest both in area covered and depth result from the
latter situation . Because of this , fo r similar durations
and fre quencies , maximum rainfall on Alaruordo Creek
is about 10 to 15 nun greater th an that .on Walnut Gulch .

The major events on Alamogord'Q Creek also cover
la rger areas than those on Walnut Gulch, and depth.
area ratios were co nsiderably higher than those on
Walnut Gulch. l n fact , for a 3D-m in duration the depth ­
area curve from NOAA Atlas 2 lies generally below the
Alamogordo Creek cu rves (Fig . 12) . For longer dura­
tions, Alarnordo Creek curves decreased more rap id ly
than the NOAA Atlas 2 curves to a maximum difference
at about SO km", and then they approach the NOAA

86 TRANSACTIONS or the ASAE-1980
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Queen Creek depth-area reduction curve

(U.S. Army Corps of Engineers, 1974)
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PROJEC T 1>0 (LlM€NlATloJII I1IrNtJ!tL. PAGE _ ,_ OF 7

DETAIL lJ&c~aPdC-NT or

lJESI6.J lAINEAl. t: I;/PlI r

COMPU TED DATE _
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8- I"'; TeNS rry - j) ~( R. A TlO"'- F Jerf't;pu e,v ,'/ TJtBl.E ;
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c- tJ;::,SI61N tJF I1AJS C'''~''t? FoR. j4 £.t:"A S ~ Q·5 M; ;

DcsIf~ "" of /145s !lluAs
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D~ t!.U f( vt:~ rot< > ~·5 MI •

A - j)EP Til - ))t41l1r no'" ~ FFl.etjtJt:'/lIc r 7i41t.e:
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@ K,:Af) THe '-IiDuR ANA Z'/-/{flUA. ~1f1"'/~A£L ~cf1T/f.s A~ Tlfe

Z~1clM.. AIt/t) 16" A jC/tR. Ftflt:~tlCIllC.t ~~T(JAN I'tfFIl.II/JS;J F,tl.d~ T#c­
ISOPi.U II/At.. S IN Tlfe li'U>/ldUJql'- l>cJlflllI HA""LlIfL..

® tI; iF fJ~O(,,~/tM jJ~eFR.E To Ft/(/J !<AI,v'!19I.L )e,oT/f.,S ;::D,( /lu. aTHc/l.

"Fier;: t;u6I11CI C S AIt/.tJ ~~/UI7111""S ( AleXT Pit fee ) •

B- INTGtJJITY -.bC.Ur.ATfoN- Fl!§fu£NC:1 TA8t.£ :

L ~ C.It Tl"N : eAuF.eGa AIRPOLT A T T4>~ RL/£; S ec- 34.

@ JfC/iD ~AIIllrAt.'- /)~f'Til VAc.uC's ,;:o~ At-L lJUIU'TlMlS r~#M 7/1c

?~C:Vrouse Y ~C:t'4/.oP/.t:"lJ I'lfcr-I!c 7/181.£ /9/{jj COAIlltSC T 1.11.1;0 TilE

INTeNSITy VA(.uC:.s As NI..~(JW~ ~

2. ~ieAR. FIt~tJ.6Hcy : •3 S (jill)' X 40 (II,,,) = 1· s~ 'I'I/HI(
5(~u".) H~

s- teA R Fk~tpl.lc"'c y : -"IS UN) )( 40(<<1 ~ 5. 10 1,1 /HR..
5 ("u·) HR.

If) - teAR F~EtPI.lCNC. '1 : -S tCII/L X 40(11"1J = (,./2. IN /HR.
5 (IIul .) tf~

2..'$ - yeAR F/l.E"~~cll/ c i ~ -Sf (II".) X fA,D (I'I~J) -= fp. 'I {p IN /fllI.s (11,11 . ) fiR.

50A '1eAfl, rltE~U.6"'cy ~ -f#'I (1"'1 x mt>{ttIAl)== 7 ' fD s II'I/Ilt.
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*** 0 U T PUT D A T A ***
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT -DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR CAVE CREEK AIRPORT, CAVE CREEK,
PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

LATITUDE 33.52N LONGITUDE 111.53W

POINT VALUES

RETURN PERIOD
DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 100 -YR 500 -YR

5-MIN .38 .45 .51 .58 . 64 . 71 . 85 5-MIN
10-MIN .57 . 69 . 77 . 89 .99 1. 08 1. 30 10 -MIN
15-MIN .69 .85 .97 1.13 1.26 1.39 1. 68 15-MIN
30-MIN . 92 1.14 1. 30 1. 53 1. 70 1.88 2 .29 30-MIN

1-HR 1.12 1. 41 1. 61 1. 90 2.13 2.35 2.87 1-HR
2-HR 1.27 1. 61 1.85 2.18 2.45 2.71 3.31 2-HR
3-HR 1.36 1. 74 2.00 2 .37 2.66 2.95 3.61 3-HR
6-HR 1.55 1.99 2.30 2.73 3.07 3.40 4.17 6-HR

12-HR 1.77 2.32 2.70 3 .23 3.64 4.05 4.99 12 -HR
24-HR 2.00 2.66 3 .10 3 .73 4.22 4.70 5.82 24-HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:

DEPTH-AREA RATIOS IN THE SEMI -ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=CAVE CREEK AIRPORT, CAVE CREEK,
ZONE= 7 SHORT-DURATION ZONE= 8
LATITUDE= 33.52 LONGITUDE= 111 .53 ELEVATION= 0
2-YR, 6-HR PCPN= 1 .55 100 -YR, 6-HR PCPN= 3 .40
2-YR, 24-HR PCPN= 2.00 100-YR, 24-HR PCPN= 4.70

* * * * END OF RUN * * * *
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lJe-I/eUJ'pl'1c4T or COMPUTED ---,,- DATE __

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

PROJECT 1>0 Cut1E~ITA TIOtJ MANLlA, « PAGE -.!:/- OF 7
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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7111.5 ,I/~tYlf IS ,gETwttN fJI17TEI!.N -# z: A#,LJ /l;4TT~~;t/ 4t"J" 1'/11 T/fis

CAfE 17 IS 1'1I7TER.1l/ "If c. 3'1 •
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((AfNFALLDESIGN RAINFALL

Development 0.£ Pro,cedures

T;-fE
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The selection process for appropriate design rainfall criteria, first
focuses on the adequacy of point rainfall data available in Maricopa County
and supporting documents from the rainfall analyses in Clark County, Nevada
(Appendices I-A and I-B) . This information also indicates that since the
longest recorded data is from the gauge at Phoenix International Airport, it
is tlle basis of all rainfall analyses for Maricopa County.

As the next step, the commonly used temporal distributions are evaluated.
The most popular method is the 24-hour, SCS Type-II distribution, developed by
the Soil Conservation Service. In addition, the Soil Conservation Service
24-hour, SCS Type II-A has been used in parts of Maricopa County . Also, the
City of Phoenix has developed a 24-hour distribution for their analyses (City
of Phoenix , 1988, and Appendix I-C).

A comparison of the above methods indicates that both SCS Type II and SCS
Type II-A are developed from data in New Mexico. Thus, while they may
generally represent the conditions in the southwest, they are not necessarily
the best available information for Maricopa County. The 24-hour, City of
Phoenix distribution on the other hand is based on data from the Phoenix
Airport rain gauge, which utilizes the information from Technical Paper No.
40, (U .S. Department of Commerce, 1961) , and (U.S. Department of Commerce,
1969). However, a more recent procedure , NOAA Atlas 2 (U.S . Department of
Commerce, 1973) includes the rainfall data through 1969, thus providing a more
representative distribution .

The information provided in NOAA Atlas 2 is the only available source for
Maricopa County at this time. The National Weather Service (NWS) in
conjunction with the local governments is in the process of updating the
rainfall data for the southwestern u.S. including Arizona. The new procedures
when completed, should be used to revise all current analyses .

The procedures in NOAA Atla~ 2 (Appendix 1-C), are used to first develop
a Depth-Duration-Frequency (D-D-F) table, from which a 24-hour, temporal
rainfall distribution is put together . The NWS PREFRE program is used to
develop this table (Appendix I-D) . The 24-hour distribution is referred to as
the Maricopa County Flood Control District (MCFCD) point rainfall di.stribution
(Appendix I-E) . For durations of less than l ·hour a more recent analyses by
Arkell and Richards, 1986 is used (Appendix I-F) , Secondly, the D-D-F table
is used to develop an Intensity-Duration-Frequ0ncy I-D-F table and graph
(Appendix I:"D). A comparison of various I-D-F tables are also included in
Appendix I-D.

Following development of the 24-hour MCFCD distribution, it is recognized
. ,t ha t all critical elements of a design rainfall should be evaluated, and

compared with available data , when possible. Such elements typically include



frequency, depth, duration, spacial, and temporal distribution, and depth-area
relations.

The rainfall frequency is normally based on
and in this case it is decided to be of 100-year
Drainage Policies and Standards (Appendix I-G).
then selected for a given frequency.

an administrative decision
return interval, per Uniform
A point rainfall depth is

Following an evaluation of historic storm events in Maricopa County, and
a visit with Dr. Charlie Pyke of the Los Angeles District, U.S. Army Corps of
Engineers, the Queen Creek storm of August 19, 1954 is identified as the
critical peak producing event in this region. The analyses by the U.S. Army
Corps of Engineers for this historic storm is used to compare the elements of
the new design rainfall (Appendix I-H). The selection process for the design
rainfall criteria is also communicated with Mr. John T. Pederson of the U.S.
Army Corps of Engineers (Appendix 1-K).

A 7-hour rainfall duration is assigned for the August 19, 1954 storm by
the U.S. Army Corps of Engineers (Appendix I-H). This type of high intensity
rainfall is representative of the peak producing events of the monsoon season
in Maricopa County. A 24-hour duration, originally selected for the MCFCD
distribution is more of a general type of storm. A 6-hour duration is
selected for the design rainfall rather than a 7-hour duration for ease of
hydrologic computations. This process only eliminates the first hour of the
rainfall which is the least intense portion, and thus will not effect the
integrity of the distribution.

The 1954 Queen Creek Storm also indicates a spacial variation of
rainfall, i.e., pattern distribution as a function of drainage area, Appendix
I-H). As a result the 6-hour point rainfall distribution is used on areas of
up to 0.5 square mile, which is also referred to as Pattern #1 (Appendix I-I).
The pattern distributions by the U.S. Corps of Engineers are modified to
arrive at 4 additional patterns as a function of area size. Also, for a
design temporal distribution, the high intensity portion of the rainfall is
normally placed at the center of the storm if no supporting data is available.
Since for the Queen Creek storm of 1954 the high intensity portion is at the
approximate 60th percentile, Patterns #1 through #5 are shifted accordingly
(Appendix I-I). A 2-hour temporal distribution is also developed which is to
be used for retention design (Appendix I-I). A comparison of different
rainfall design criteria is presented in Appendix 1-J.

For depth-area reduction coefficients, NOAA Atlas 2 (US Department of
Commerce 1973) is normally used. However, the data in this case is for the
entire southwest, which does not provide the best available information. An
other source of data is HYDRO-40, (Appendix 1-L), which is developed for
application in Arizona. However, the reduction coefficients are developed for
areas of up to 80 square miles, with the majority of data from the Walnut
Gulch, outside of Tucson. A comparison with some of the severe thunderstorms
in Maricopa County indicates that coefficients given in HYDRO-40 would be too
high for Maricopa County (Appendix 1-M). Since the Queen Creek storm of
August 19, 1954 is used to compare all elements of the design rainfall, and
since a depth-area relation is available for this event, it is selected as the
appropriate depth-area relation for Maricopa County (Appendix 1-M).



In order to facilitate the use of the methods provided by the Hydrologic
Design Manual, two FORTRAN codes are developed, i.e., MUCHPI and MCUHP2.
These programs are PC compatible, easy to use, and provide the required
hydrologic information for a given basin in the form of a HEC-l input file.

MCUHPI provides the required rainfall pattern distribution with areal
reduction, time of concentration, Tc, and retention coefficient, R, for the
Clark hydrograph procedure, and the associated soil loss parameters.

MCUHP2 provides the require rainfall pattern distribution with areal
reduction, the unit-graph calculated from either the Phoenix Mountain S-graph,
or the Phoenix Valley S-graph, and the associated soil loss parameters.

A floppy diskette of MCUHPI and MCUHP2 is included with Volume 1, Part 1
of the Documentation Manual.
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DOCUMENTATION OF PATTERN # VERSUS DRAINAGE AREA

There are two graphs of drainage area versus pattern # as documented in
the reports by the US Army Corps of Engineers, The 1954 Queen Creek storm;and
the Gila River Basin, Hydrology Part 1, (enclosed). Neither one of these
graphs could readily be utilized in the Hydrologic Design Manual due to the
following reasons:

A. Graph #1 can be used for areas of up to 540 square miles. A semi-log
plot of this graph indicates that Pattern #1 can be used for areas of
up to 3.2 square miles . This appears to be too large since Pattern #1
should be used only on small areas including those represented by point
rainfall .

B. GRAPH 12 can be used for areas of up to 1000 square miles. This graph
also indicates that Pattern #1 can be used for up to 3.2 square miles .
Use of this graph requires the 10-year, 6-hour rainfall depth at a
given location. However, this graph produces a contradiction. The
lowest 10-year, 6-hour depth in Maricopa County is 1.9", indicating
that Pattern 11 can not be used at all, contradicting the statement
that Pattern 11 can be used for areas of up to 3.2 square miles.

C. The Corps of Engineers analysis mainly focused on the development of
drainage area versus pattern I for large watersheds. Mean while, the
Hydrologic Design Manual will have a good part of its application for
drainage analysis of small areas thus requiring a more refined break
down of pattern #1.

D. The Hydrologic Design Manual removed Patterns 11 and 16 from the Corps
analysis . Pattern 16 covers a significantly large aerial extent which
appears to be beyond the limits of local summer thunderstorms. Pattern
#1 was replaced by a more representative source of data from NOAA r /\... \...I...t f ~.0.- HJ 5

Above reasons justified the development a new graph for pattern I versus
drainage area. This was accomplished by making two assumptions. First, at
the upper limit, Pattern 15 should be used for a 500 square mile area. Then,
at the lower limit, Pattern 11 should be used for areas of up to 0.5 square
miles. It would not appear reasonable to extend Pattern 11 beyond 0.5 square
miles due to the limitation on the aerial extent ofArainfal1 depth.

1',:> '''/ T

Then the data for 0.5 square miles and 500 square miles were plotted on a
semi-logarithmic paper and associated drainage areas for Patterns 12 through
14 were determined, assuming a linear relationship. The assumption of
linearity had to be made due to the lack of additional data points. The Corps
of Engineers graph (Graph 11) is also plotted for comparison. Graph #2 is
not shown since it is a function of rainfall depth at a particular location.



QUESTIONS:

1 . Do we feel comfortab le with the approach ;
2 . Do the upper and lower limits of drainage areas , i.e ., 0 .5 square miles

and 500 square miles look reasonable ;
3 . Do we want to interpolate between the Corps graph and our two data points

to come up with a non-linear relationship. Although, I don 't seem to be
able to justify that over the linear method .
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DOCUMENTATION OF 6-HOUR RAINFALL (PATTERNS #2 TO #5)

The graphs of the 7-hour distributions f rom the Queen Creek Storm of
August 19 , 1 954 (Appendix 1 -H) we re d igit ized for Pattern 1 2 through #6 as
shown by the following Table . These numbers were directly read off the graph ,
at 15 -minute intervals . Th e r ainf all duration was changed to 6 hours to be
consistent with the previously deve loped Pattern #1 .

Pattern 12 (co lumns 2 ,3 , and 4) is used to document the procedure . First
t h e digitized values of Patte rn 1 2 were read off direct ly from the Corps of
Engineer 's graph (column 1 2 ) . Then the f irst hour was r e mov e d by subtract ing
1 .7** from all o f the rema i ning numbers (column #3) . Since column 13 only
adds up t o 98 .3 , the numbers were d ivided by 98.3 and normalized to %100
(column 14) . The same procedure was app l ied to Patte rn 3 through 5 .
I t should be noted t hat the f ina l numbers for the 6-hour patterns are the
adjusted values which were modifie d for smoothness and consistency wi t h t h e
hypothetical Pattern 11 . Subsequently , those numbe rs shown as %100 may vary
from the first convers ion and normalization.

6-HOUR RA IN FALL MASS CURVES (PATTERN #2 TO #5)
7-hr 6-hr 6-hr 7-hr 6-hr 7-hr 6-hr 7-hr 6-hr

Time Pat. # 2 Pa t . n Pa t . #2 Pat. #3 Pat. #3 Pat. i4 Pat. #4 Pat. # 5 Pat .i5
(hrs) %100 %100 %100 %100
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 :00 0 .0 0 .0 0.0 0 .0
0 :15 0.3 0 .5 0 .8 1. 1
0 :30 0 .6 1. 2 2 .0 2 .8
0 :45 1.0 2 .0 3 .0 4 .0
1 :00 1 .7** 0 .0 0 .0 3 .0 0 .0 4 .2 0 .0 5 .5 0 .0
1: 15 2 .3 0 .6 0 .9 4. 0 1. 5 5 .6 2. 1 7.0 2 .4
1 :30 2 .9 1.2 1.6 5.0 2.0 7 .0 3.5 8.8 4 .3
1: 45 3 .7 2 .0 2 .5 6.0 3.0 8.5 5.1 10 .4 5 .9
2:00 4 .8 3 . 1 3 . 4 7.0 4.8 10.0 7 .1 1 2. 0 7 .8
2: 15 5.3 3 .6 4 .2 8 .5 6 .3 11. 8 8.7 14.2 9.8
2 :30 6.6 4.9 5.1 1 0. 0 7.6 13 .4 10 .5 16 .0 11. 9
2 :45 7 .0 5 .3 5 .9 11 .0 9.0 15 .0 12.5 18 .0 14.1
3 :00 8 .0 6 .3 6 .7 12 .5 10 .5 17.0 14 .3 20 .0 16.2
3:15 9 .0 7 .3 7 .6 14 .0 11.9 18 .5 1 6 . 0 21. 0 18 .6
3 :30 10 .0 8 .3 8.7 15.2 13 . 5 20.2 17 .9 24.5 21.2
3:45 11.0 9 .3 10 .0 17 .0 15 .2 22.5 20 .1 27 .0 23 .9
4 :00 12. 2 1 0 . 5 12 .0 18 .8 17 .5 24 .5 23.2 29.5 27 .1
4:15 15.0 13 . 3 1 6. 3 21.8 22.2 27.8 28 .1 33 .0 32 . 1
4 :30 21.0 19 .3 25 .2 27.5 30.4 34.0 36 .4 39 .5 40 .8
4 :45 32.5 30 .8 45 .1 38.0 47 .2 44.0 50.0 49 .0 51.5
5 :00 60 .0 58 .3 69 . 4 60 .0 67.0 60.0 65 .8 60 .0 62.7
5 :15 80 .0 78 .3 83.7 76 .0 79.6 75 .0 77 . 3 70 .0 73 .5
5 :30 87.5 85.8 90.0 84 .5 86 .8 82 .0 84 .1 79 .5 81. 4
5 :45 92 .5 90 .8 93 .8 89 .5 91.2 87 .5 88 .8 85 .2 86 .4
6 :00 95 .5 93 .8 95 .0 93 .0 94 .6 91. 0 92.7 89.5 90 .7
6:15 97 .0 95 .3 96 .3 95 .0 96 .0 93 .5 94 .5 92.5 93 .0
6:30 98.5 96 .8 97.5 97 .0 97 .3 96 .0 96 .4 95 .5 95 .4
6 :45 99 .0 97 .3 98 .8 98.5 98 .7 98.0 98.2 97.5 97 .7
7 :00 100 . 98 .3 100 . 100 . 100 . 100 . 100 . 100. 100 .
---------------- --- - --- - ---- - --- - - --- -- - - ------ -- - - - - - - -- ---- - -------------
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FLOOD CONTROL DISTRICT OF KARICOPA COUNTY

INTEROFFICE MEMORANDUM

SUBJECT: Corp of Engineer Meeting on Hydrology Meeting FILE: JMR

TO: ORJ
SL S
OES

FROM : DATE : 9-13-88

On September 8th and 9th, 1988 we met with the Corp of Engineers (COE) in their
los Angeles office to discuss some technical issues concerning the Mar i copa
County hydrology manual . Those i n attendance were John Pedersen, P.E .,
Supervisor Hydraulic Engineer~ and Dr . Charles Pyke, meteorologist from the
COt, and Dr . George Sabol P.E ., consultant for the Flood Control Distri ct, and
mys elf .

The purp ose of the meeting was to evaluate the COE 's data used to develop the
Standar d Project Storm i n the Hydrology Design Memorandum for Phoeni x . They
indicated that using the distribution from their Design Memo randum in th e FCD ' s
hydro logy manual is acceptable . The modifications we want to make to it wer e
a ls o ac ceptable . These modifi cations included sho rtening the distributi on f rom
se ven t o si x hours , and substituting the City of Phoenix distribution fo r th e ir
cur ve one ( See attached figure) .

The ot he r si gn i f i c a nt top ic discuss ed was the necessary testing to be performed
on the ma nua l . They indicted that if the discharge values computed from this
proce dur e ar e i n the ballpark with expe cted dicharge-frequency values for the
same wa t er Sh eds th en they would ha ve no problems . At some point du ring th e
tes t i ng t h i s is s ue wi l l hav e t o address ed si nce it is not likely that exp ect ed
a nd comput ed di s charge values will match .

In add i t i on Dave as ked me to me t wi t h Dennis Marf ice and Ni ck Adelmey er
co nce r n ing t he ir wor k on the fl owage easements on the Agua Fria . Nick
i nd ic a t e d that the COE will comp l et e SPF wi New Waddel down t o the Gila by th e
e nd of th e ye ar , bu t the dis cha rge - fr eq uencies will not . He seemed to th ink
th at th i s quest ion i s one t ha t ha s to be resolved at the adminis tr at ive l evel
be fo re doing a ny more wor k .
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DDK (9/30/88)

SUBJECT: Maricopa County Hydrology Manual (Mass Curves & More)

Pages 1 through 8 of the enclosed contain information regarding the
development of 6-hour and 2-hour mass curves . The data on the 7-hour mass
curves , developed by the C.O.E . for Queen Creek was used for this purpose.

First, pattern #1 , ffild #6 were moved from the Crops ' work. The remaining
4 patterns were used to develop a set of 6-hour mass curves by selecting the
most intense 6 hours , i .e ., hours 1 through 7. The new patterns were named #2
through #5 . Then the information from the 100-year , 24-hour , 15-min mass
curve, MCFCD distribution was used to provide pattern #1 . Page 1 of enclosed
has the data. Since the mass curves by the Corps appears to be shifted to the
right , a "shifted mass curve" was needed for pattern #1. For this purpose , the
most intense 8-hour distribution was selected from Page 1. Then, the last 2
hours were moved so that a 6-hour distribution, with a shifted peak similar to
the new 6-hour patterns of C.O .E . can be developed, which will be referred to
as pattern #1 . Page 2 shows the result. However, a problem developed in that
the time of peak for pattern #1 was between 4 :00 and 4 :15, where as the peak
time for the new C.O.E. patterns was between 3 :52 and 4:07. To provide a
common time of peak for all of the patterns, the entire mass curve of pattern
#1 was shifted in time by about 7 minutes , without violating the integrity of
the distribution. Page 3 & 4 show calculations and the graph, respectively .

The next step was to develop a 2-hour mass curve for retention. First a
set of 2-hour distributions were developed by selecting the most intense 2 hour
part of the C.O .E. patterns #1 to #6 (7 -hour distributions) as well as the
MCFCD, 24-hour distribution. Then an average value of the 7 curves provided a
single 2-hour distribution, which is shown on page 5 .

The information on Page 7 was used to re-plot drainage area versus
pattern#, as shown on Page 8 .

Page 9 shows the 24-hour , 100-year, 15-min MCFCD mass curve .

Isopluvials were developed for all durations and frequencies (12 sheets).
Page 10 shows a sample which is for 100-year, 24-hour period.

SCS has developed soil maps for eastern , northern, and central parts of
the County (copies enclosed) . A map was developed for areas with limited
details (Page 11). Also a description of hydrologic soil groups was developed .
This information is on Pages 12 to 16 .
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APPENDIX I-A

Rainfall criteria and sources of data for Maricopa County.
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EXECUTIVE SUMMARY

The assessment of existing isohyetal data, characterization of the Maricopa
County rainfall networks, and description of procedures to update isohyetal
maps and design guidelines has resulted in the following conclusions and
recommendations.

Conclusions:

1. Existing data is based upon the NOAA Atlas, in which isohyetal maps and
equations for producing design event guidelines were produced and
formulated.

2. 33 nonrecording stations and 2 recording stations were used to produce
the Maricopa County isohyetal maps for 6- and 24-hour storms. Regression
equations were developed to relate precipitation from storms of shorter
durations to the 6- and 24-hour precipitations.

3. The recording stations averaged 20 years of record up to 1970. The
nonrecording stations had 15-70 years of data up to 1970.

4. 2-year, 6-hour and 2-year, 24-hour precipitations for individual stations
are the most accurate. 100-year precipitation values are less accurate,
especially for 6-hour storms.

5. Due to the large scale of the maps and few stations used, the isohyetals
are not as accurate as could be possible with the data now available.
This is especially true of the 6-hour isohyetal maps.

6. The regression equations for short duration storms are averages for the
entire Colorado River basin. They may not adequately prepresent
precipitation in Maricopa County.

7. Rainfall data collection networks are operated by Maricopa County Flood
Control District, the City of Phoenix, the U.S. Geological Survey, and
the National Weather Service. An approximate total of 79 telemetered
gages, 23 recording gages, and 142 nonrecording gages are currently in
operation.

8. The existing network is adequate for upgrading current rainfall data.
Following the analysis of data the need for additional stations can be
assessed.



Recommendations:

1. Existing 6-hour and 24-hour storm precipitation-frequency relations
should be updated. New precipitation frequencies should be developed for
stations with greater than 25 years of record (shorter records may be
used in some cases).

2. The isohyetal maps should be updated using the data now available.

3. For storms up to 6 hours, revised rainfall-intensity-duration-frequency
curves should be established using regression equations based on Maricopa
County data.

4. In conjunction with the rainfall frequency analysis, consideration should
be given to the evaluation of area rainfall reduction curves.
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MARICOPA COUNTY
REGIONAL RAINFALL

1. INTRODUCTION

For economical design of drainage facilities, good quali ty hydrologic data are
required. Towards this goal the existing rainfall data of Maricopa County was
evaluated and procedures for updating the data were examined. These steps
i ncl uded:

1. Assessing the adequacy of exis t i ng reg ional rainfall
i sohyetal data.

2. Describing and characterizing the rainfa ll data collection networks
utilized by var ious j ur i sdi cti ons within Maricopa County.

3. Describing t he necessary steps to perform an in-depth evaluation and
synthesis of isohyetal maps and design event guidelines.

The compl et i on of these procedures provides guida nce for obta ini ng the needed
hydrologic data .

-1-
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2. ADEQUACY OF EXISTING REGIONAL RAINFALL ISOHYETAL DATA

2.1 Existing Isohyetal Data

The rainfall isohyetal data used within Maricapa County are based upon the
National Oceanic and Atmospheric Administration (NOAA) Atlas 2, Volume VIII ­
Arizona(l). The atlas updates the earlier U.S. Weather Bureau Technical Paper
40(2) and is the basis for the Arizona Department of Transportation
precipitation maps(3). Figure 1 is an example isohyetal map copied from
reference (3). . .

The NOAA Atlas contains isohyetal maps of 6-hour and 24-hour storms for return
periods of 2, 5, 10, 25, 50 and 100 years. For each storm duration base maps
of the 2-year and 100-year events were constructed. Maps for the intermediate
frequencies were derived from the base maps. Precipitation records up to 1970
were used.

2.11 Data Used

The 24-hour precipitation values were obtained from nonrecording and recording
raingages. These represented the largest available data set, and therefore~

the 24-hour precipitation maps are the most accurate of the NOAA maps. The
records from a total of 229 stations were used in Arizona, including 33 in
Maricopa County. The nonrecording stations used are shown in Figure 2 and the
recording stations are shown in Figure 3. Table 1 shows the breakdown of the
lengths of record used.

-2-
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Figure 2 . Nonrecording rainfall
data collec tion s tations used
for t he 24-hour precip i tation
maps.

Figure 3 . Recording r ainf a l l
data collection s tations used
fo r both the 6-hour and 24-hour
precipita tion maps.



Years of Record Arizona Stations
(up to 1970) RGR TR NR

10-14 6 5 38
15-19 9 8 28
20-24 23 12 30
25-29 1 15
30-34 1 9
35-39 2 10
40-44 6 53
45-49 0 1
50-54 1 1
55-59 1 4
60-64 0 1
65-69 1 1
70-74
75-79
80-84
85-89
90-94

Number:

By type 38 191
Total stations 229

Note: RGR = stations having recording-gage record.
TR = stations having record ing gage for part of the

record; tota l record includes both recording and
nonrecording-gage record.

NR = stations having only nonrecord ing-gage record.

Table 1 Number of Stations used for the Arizona
NOAA Atlas maps by length and type of record
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The 6-hour precipitation values were obtained from 38 recording gages in
Arizona, only 2 of which were in Maricopa County. These were the Phoenix
Airport Station, which had less than 25 years of record, and the Tempe
Experimental Station, which had less than 15 years of record.

2.12 Isohyetals

The isohyetal patterns were drawn based upon the precipitation frequency
values calculated for the various stations and considered topographic,
geographic and meteorologic features. The 2-year, 24-hour isohyetal map was
drawn first and used as the basic map in construction of the other isohyetal
maps. This was due to the large amount of 24-hour data available and the
greater accuracy with which 2-year events can be determined.

Due to the large areas covered by the maps, the amount of local detail that
could be shown was limited.

2.13 Other Duration Storms

Data from storms of durations other than 6- or 24-hours are often required.
To obtain this data, regression equations were developed to relate the 6- and
24-hour precipitations to storms of durations of 1, 2, 3, and 12 hours and of
5, 10, 15 and 30 minutes.

These equations were based upon precipitation records for an area roughly
corresponding to the Colorado River Basin (including Arizona, as well as parts
of California, Utah, Colorado and New Mexico). Because of the large area
involved, the equations are fairly general.

The commonly used frequency-duration-precipitation curves are derived from the
regression equations. Figure 4 shows typical curves developed for Phoenix.
Frequency-duration-precipitation data developed from the equations is given in
tabular form in WBTM-44(4), Figure 5.
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Figure 4. Rainfall Intensity-Duration-Frequency Curves (from City of
Phoenix Drainge Manual).



ESTIMATED RETURN PERIODS FOR SHORT-DURATION PRECIPITATION IN ARIZONA

(Inches)

Station: Phoenix WBO

RET URN PER I o D y EAR S )

1 2 5 10 25 50 100

5 mi n, 0.17 0.26 0.38 0.47 0.59 0.68 0.77

10 min. 0.27 0.40 0.59 0.72 0.91 1.06 1.20

15 min. 0.34 0.50 0.74 0.92 1.15 1.34 1.52

30 min. 0.47 0.70 1.03 1.27 1.60 1.86 2.10

1 hr. 0.60 0.88 1.30 1.61 2.02 2.35 2.66

2 hr. 0.65 0.94 1.39 1. 72 2.15 2.49 2.82

3 hr. 0.69 1.01 1.48 1.82 2.27 2.62 2.97

6 hr. 0.81 1.16 1. 70 2.07 2.57 2.96 3.35

12 hr. 0.91 1.30 1. 90 2.30 2.84 3.26 3.69

24 hr. 1.02 1.44 2.10 2.53 3.12 3.57 4.04

Figure 5. Tabular display of Frequency-Duration-Precipitation Data (from
Weather Bureau Technical Memorandum (WBTM) 44.
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2.2 Adequacy of the Isohyetal Data

The adequacy of the NOAA Atlas maps should be assessed considering both the
precipitation frequency relationships developed for the individual stations
and the interpolation of isohyetal lines between stations. The individual
station relationships depend primarily on the available length of record. The
interpolation of isohyetal lines depends upon the distance between stations.
The adequacy of the regression equations used for other duration storms must
also be assessed. .

2.21 Length of Record

For the individual rainfall data collection stations, records of sufficient
length were required for determination of 2-year and 100-year frequency
precipitations.

For determination of 2-year precipitations, the most recent 15 years of data
were used. This was compared with the preceding 15 years of data, and if a
significant difference was found, a longer period of record was used.
Generally, the most recent IS-year time period was judged to be sufficient.
As most all of the stations used had 15 years of record, the 2-year values
determined for the 6-hour and 24-hour storms should be adequate.

Much longer periods of record are required for accurate determination of 100­
year precipitations. Even with records of 50 years or more, considerable
error can occur(5). Therefore, the entire period of record available is used.

None of the recording gages used for the 6-hour maps had greater than 25 years
of record available. Therefore, the predicted 100-year precipitations are
probably inaccurate.

The 24-hour, 100-year values are considered more accurate in general than the
6-hour, 100-year values, as they are based on longer periods of records.

2.22 Isohyetal Spacing

The location of the isohyetals depends upon the effects of topography and
climatic factors on the movement of storms and on the type of storm that
produces maximum precipitations for different areas and durations. The NOAA
Atlas maps are large scale with widely spaced stations, which did not allow
for much detail and accuracy in spacing the isohyetals. Also, the use of the
2-year, 24-hour isohyetals as a base map did not allow adequate consideration
of the variation in storm types.

Most precipitation stations in Maricopa County are located in valley areas
which generally have lower rainfall than nearby highlands. The NOAA Atlas
maps attempted to show this effect, but were generally limited by the amount
of detail they could show due to the scale of the maps. Prevailing wind
patterns and ground slopes will also affect the isohyetal patterns. These
effects were considered but, again, on a large scale.
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The 24-hour maps were based upon 33 Maricopa County ' stations. Only 2 stations
were used for the 6-hour maps, however, the 24-hour map isohyetals had to be
used as a guide for the 6-hour isohyetals.

Doing this implies that the same storm patterns produce both the same 6- and
24-hour maximum precipitations. 6-hour maximum precipitations are, however,
from summer convective storms (thunderstorms), while 24-hour maximums are from
both convective and winter frontal storms. Topography has a significant
influence on convective storms, but only a minor influence on frontal storms.
Therefore, the precipitation isohyetals from each storm type should be
different, and the 6- and 24-hour maps should show more differences in
isohyetal patterns than assumed in the NOAA Atlas.

In summary, the isohyetal patterns are inadequate due to the scale of the maps
and the need to interpolate data between stations and due to the need of using
the 24-hour isohyetal patterns for the 6-hour storms.

2.23 Regression Equations

The regression equations used to estimate precipitation amounts from short
duration storms were developed for a large area including Maricopa County.
Therefore, they should apply to Maricopa County to some degree but not
totally. There would be close agreement only if Maricopa County represented
average conditions for the entire Colorado River Basin.

The regression equations are also only as good as the 6- and 24-hour
precipitations which they use. The inadequacy of these precipitations will be
refelected in the precipitation values obtained from using the regression
equations.
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3. DESCRIPTION AND CHARACTERIZATION OF EXISTING RAINFAll

Rainfall data collection networks are operated by four agencies within
Maricopa County: Maricopa County Flood Control District, the City of Phoenix,
the U.S. Geological Survey and the National Weather Service. Other raingage
records are available (such as informal data collection by Salt River
Project), but are not of the quality needed for statistical analysis.

Each of the networks are described below with regards to the number and type
of gages, the length of records available, and the type of operating system
used.

The location of the recording raingages operated by the above agencies are
shown in Figure 6.

3.1 Maricopa County Flood Control District

The most extensive rainfall data collection network is operated by the
Maricopa County Flood Control District. 188 raingages are currently in use,
including 58 telemetry stations and 21 recording stations. Over 30 additional
gages have been operated in the past but are now abaondoned. New gages are
frequently added to the system.

Most of these gages have"been installed since 1980. The breakdown of gage
type and length of record is shown in Table 2.

Table 2
Type of Raingage and length of Record

Maricopa County Flood Control District

Length of
Record

less than 2 years

2-5 years

5-10 years

Greater than 10
years

Greater than 20
years

Telemetry

11

47

Number of Gages
Recording

16

1

4

Nonrecording

32

72

5

Rainfall data is stored by computer located at Maricopa County Flood Control
District offices. The telemetry stations relay rainfall quantities by radio
and the data is stored at 3-minute intervals. The system has the capacity to
accept data from many times the current number of stations.
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A listing of the currently operated telemetry an~ recording gages by location
and years of record is in Appendix A.

3.2 City of Phoenix

Phoenix operates 10 raingages within the city limits, as shown in Fugure 6.
The first of these was installed in 1972.

The network is connected by telephone lines over which the data are sent. The
location and years of record for each gage are given in Appendix A.

3.3 U.S. Geological Survey

A satellite telemetry raingage network is operated by the U.S. Geological
Survey. 11 gages in or near Maricopa County are part of the system. They are
shown in Fugure 6 and are described in Appendix A.

Data is currently being stored in the U.S.G.S. mini-computer system. Only
data from January 1985 is available. Additional data may be available from
their mainframe system. Also, Maricopa County Flood Control District has some
15 years of U.S.G.S. data on file and on computer tape, although it has not
been verified for whichgages this is for.

The U.S.G.S. operates its raingages for various agencies, such as Arizona
Department of Water Resources, Salt River Project, the Corps of Engineers, and
the National Weather Service. All of their gages are at stream gaging
locations.

3.4 National Weather Service

The National Weather Service has the oldest raingage network in Maricopa
County. Most of their gages are nonrecording, though (see Figure 2 for their
locations). The Phoenix and Tempe recording stations are still recording
gages. Several other stations with recording gages are operated by the
U.S.G.S. or others, but are reported by the National Weather Service; these
are listed under the operating agency. Rainfall records of all National
Weather Service recording stations in Arizona are available on computer tape
at the Arizona State University Laboratory of Climatology.

3.5 Summary of Stations

The Arizona Department of Water Resources maintainsa comprehensive listing of
raingage locations. This listing includes all agencies collecting rainfall
data and is updated periodically.
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4. DESCRIPTION OF STEPS NECESSARY TO PERFORM AN EVALUATION
AND SYNTHESIS OF ISOHYETAL MAPS AND DESIGN EVENT GUIDELINES

The existing isohyetal maps and design event guidelines require evaluation to
quantify their adequacy. Additional data is available to update the existing
maps and design event guidelines. If required, new maps and guidelines may be
synthesized.

The precipitation-frequency relationships developed for the stations used in
the NOAA Atlas may be evaluated and updated using the data accumulated since
1970. Precipitation-frequency relationships may also be developed for the
additional stations now available. The isohyetal maps can be revised to
include the new and additional data. For short duration storms the NOAA Atlas
regression equations should be revised to reflect more local data or, if
enough recording gage data is available, isohyetal maps could be constructed
for the desired duration storms.

4.1 Updating Precipitation-Frequency Relationships

For the NOAA Atlas maps, precipitation-frequency relationships were developed
for each of the gaging stations. As these relationships were based upon pre­
1970 data, and as an additional 15 years of data are now available, they can
be revised to verify that the values used in constructing the maps are
adequate. If they are not adequate, the maps can be updated to reflect the
revised values. 100-year precipitations should show the most change.

4.11 Frequency Analysis Method

The frequency analysis of hydrologic data may be accomplished treating the
data as either a partial duration series of an annual series. For the
precipitation data used in the NOAA Atlas, it was required to express the
results in terms of partial duration frequencies. However, the data was
arranged and analyzed as an annual series and then an empirical relation was
used to convert the annual series frequencies to partial duration frequencies.
The use of partial duration series and their relation to annual series is
discussed by Langbien (5). The frequencies were determined using a Fischer­
Tippet (extreme value) Type I distribution (6). The resulting frequencies
should be analyzed to assess how adequately they fit the data.

For accurate analysis of low probability events (e.g., the 100-year
precipitation), a minimum of 25 years of data is recommended (7). Shorter
records may be used if similar stations with longer records are available for
comparison.

4.2 Updating the Isohyetal Patterns

For revising the isohyetal maps of Maricopa County, additional rainfall
records would need to be analyzed as discussed above. If examination of the
precipitation values show a significant difference from those shown on the
NOAA Atlas maps, the isohyetals should be revised. It is likely that the 6­
hour maps will need revisions and that the 24-hour maps will need at least
minor revisions.
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The location of isohyetals between the stations should be based upon the
guidelines in the NOAA Atlas. These include how to adjust for topographic
features, prevailing wind patterns and other factors influencing storm
movement.

4.3 Updating the Design Event Guidelines
for Short Duration Storms

As has been discussed above, the 6-hour and 24-hour precipitation maps need to
be evaluated and new isohyetal maps may need to be synthesized. For
hydrologic design purposes, however, the most important events in Maricopa
County are the short duration storms. For the smaller basins, the short
duration storms result in the highest rates of runoff and are, therefore, the
basis of drainage facility design. These are also the storms for which data
is the least adequate.

To evaluate the existing frequency-duration-precipitation curves, the values
currently used should be compared to data obtained from stations within
Maricopa County.

To update the existing data, two approaches may be taken. The first method
would be to develop regression equations specifically for Maricopa County
similar to those developed by NOAA for the Colorado River Basin. The second
method would be to develop isohyetal maps for each of the storm durations
desired based upon available precipitation data if sufficient data is now
available.

To develop regression equations for desired storm durations, precipitation
frequencies would need to be calculated for several representative stations
for the desired durations. These precipitations would then be related to the
6- and 24-hour precipitations of the same frequencies using basic multiple
regression techniques. Average equations would be found from the equations of
each of the representative stations and would be adopted for all of Maricopa
County. They could then be used throughout the county using the NOAA Atlas
maps to obtain the local 6- and 24-hour precipitations. The use of regression
equations implicitly assumes that isohyetal patterns for the short duration
storms are identical to those of the 6- and 24-hour storms. This assumption
is not made if isohyetal maps are made for each of the storm durations. More
work and more data are required for this 'than for developing regression
equations, but it should also result in more accuracy.

4.4 Depth-Area Curves

The NOAA Atlas also contains depth-area curves for using point precipitations
to predict rainfall depths for large-area storms. These are used in various
rainfall-runoff models. A more recent National Weather Service publication,
Hydrometeorological Report No. 24 (1984) revises the older curves and should
be used in Maricopa County.
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APPENDIX A

MARICOPA COUNTY FLOOD CONTROL DISTRICT

CITY OF PHOENIX AND U.S. GEOLOGICAL SURVEY

TELEMETRY AND RECORDING RAIN GAGES



MARICOPA COUNTY FLOOD CONTROL DISTRICT

Telemetry and Recording Rain Gages

Gage Location Telemetry Recording Years of Record
T/R 2 2-5 5-10 10-20 20

l. Adobe Dam T (82)
Precipe

2. Agua Fria 3 T (81)

3. Agua Fria 4 T/R (81)

4. Agua Fria 5 T (81)

5. Agua Fria 6 T (81)

6. Agua Fria 7 T (81)

7. Agua Fria 8 T (81)

8. Agua Fria 9 T (81)

9. Agua Fria 13 T (82)

10. Agua Fri a 14 T X

11. Buckeye FRS1 T (83)
Precipe

12. Bulldog Flood- T (82)
way 2

13. Cave Creek 15 T (81)

14. Cave Creek 16 T (81)

15. Centennial T (80)
Levee 1

16. Centennial T (81)
Wash 3

17. Centennial T (82)
Wash 7

T - Telemetry Station
R - Recording Station

(81) - Year Station Installed (if known)



Gage Location Telemetry Recording
T/R 2

Years of Record
2-5 5-10 10-20 20

18. Dreamy Draw T (74)
Precipe

19. East Pea k T/R (80)
Whitetails

20. Guadalupe 2 T (82)

21. Hassayampa T (81)
McMicken

22. Hassayampa 3 T (81)
Wi 1hart

23. Hassayampa 2 T (81)
O'Brien

24. Hassayampa 4 T (81)
Sols

25. Hassayampa 5 T (81)
Sunset

26. Hassayampa 6 T (82)
Mt. Union

27. Hassayampa 7 T X
Box Preci p,

28. Hassayampa 8 T X
Bridge Precipe

29. IBW 4 T (81)

30. IBW 7 Precipe T X

31. Jack Rabbit T (82)
Wash 2

32. Lower Gila 1 T (82)
Bend

T - Telemetry Station
R - Recording Station

(81) - Year Station Installed (i f known)



Gage Location Telemetry Recording Years of Record
T/R 2 2-5 5-10 10-20 20

33. Lower Gila 2 T (83)
Sand Tanks

34. McMi eken 12 T (81)
Tril by 1

35. McMieken 17 T (82)
Tril by 2

36 . McMieken Dam T (83)
Precipe

37. Mt . Oatman T/R (80)

38. Mt. Ord T (82)

39. New River 7 T (81)

40. New River 9 T X

4l. Rittenho use 1 T (82)

42. Rittenhouse 2 T (81)

43 . RWCD 4 T

44. Skun k Creek 7 T (80)

45. Spoo khi 11 8 T

46. Spoo khill 10 T

47 . Smith Peak T/R (80)

48. Thompson Peak T (80)

49. Tiger Wash 2 T (81)

50. Vineyard 2 T

5l. Vineyard 4 T X

T - Telemetry Station
R - Recording Station

(81) - Year Station Installed (i f known)



Gage Location Telemetry Recording Years of Record
T/R 2 2-5 5-10 10-20 20

52. Waterman Wash 10 T (83)

53. Yarnell Hill T/R (81)

(5 additional telemetered
stations are installed but
their locations were not
available.)

59. Apache Junction R X

60. Doggy Jones R (57)

6l. Foothills R (57)

62. Gil a Drain R (82)

63. Gila E-W 2 R (82)

64. Hydroclimate R (80)

65. IBW 5 R (82)

66. Below McMicken (57)
Dam

67. Morristown R (57)

68. Peoria R (81)

69. Skunk Creek R X

70. Waterman Wash 4 R (80)

7l. Waterman Wash 9 R (82)

72. Wittman R (82)

(3 additional recording
tations are installed but
their locations were not
available)

T - Telemetry Station
R - Recording Station

(81) - Year Station Installed (if known)



CITY OF PHOENIX

Telemetry Rain Gages

Years of Record
Location 2-5 5-10 10-15

16th St. and Thomas (Fire Station 5) X

48th St. and Thomas (Fire Station 13) X

. 16th St. and Camelback (Fire Station 17) X

Central Ave. and Southern (Fire Station 22) X

59th Ave. and Indian School X
(Fire Station 25)

32nd St. and Cactus (Fire Station 27) X

27th Ave . and Northern (Fire Station 30) X
-

Central Ave. and Washington X
(Municipal Bldg.)

Deer Valley Airport X

35th Ave . and Greenway (Fire Station 42) X



Years in Which There Were 5 (the most) Calendar Months
Without Measurable Precip itation:

I ,
! :

I

" ,

, j ; t

197319721948194519381904

If • PRECIPITATION

NORMAL TOTAL AND MAXIMUM AND MINIMUM TOTAL BY MONTHS AND YEAR OF OCCURRENCE
I~ '. 1896-1985

'j
NORMAL MAXIMUM YEAR MINIMUM YEAR

January 0.73 3.67 1897 0.00 1912 1924 1972

February 0.59 4.64 1905 0.00 1912 1967 1984

t1a rc h 0.81 4.82 1941 0.00 1933 1956 1959 1984

April 0.27 3.36 1926 0.00 1904 1920 1948 1960 1962

May 0. 14 1.31 1930 0.00 1899 1911 1913 1932 1939 1942
1945 1946 1952 1974 1983

June 0.17 1. 70 1972 0.00 1897 1900 1901 1908 1913 1916
1917 1923 1928 1935 1939 1942
1944 1945 1946 1947 1953 1963
19641968 1969 1970 1971 1974
1983 1985

July 0.74 6.47 1911 0.02 1931

August 1.02 5.33 1951 trace 1973 1975

.ep t ember 0.64 5.41 1939 0.00 1953 1957 1968 1973

October 0.63 4.40 1972 0.00 1898 1905 1909 1934 1950
1952 1973

November 0 .54 3.61 1905 0.00 1897 1903 1904 1912 1916 1917
1932 1937 1943 1945 1948
1956 1980

December 0.83 3.98 1967 0.00 1900 1901 1917 1958 1973 1981

Annual 7 .11 19 ~7 3 1905 2.82 1956

Years in Which All Twelve Calendar Months had Measurable Precipitation:

1921 1925 1927 1949 1965 1979 " ,

I i
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Prec i pitation

DAILY NORMALS OF PRECIPI TATION
1951- 1980

JANUARY FEBRUARY MARCH APRIL MAY JUNE
TO TO TO TO TO TO

NORMDATE NORMDATE NORM DATE NORM DATE NORMDATE NORM DATE
1 . 03 0.03 . 02 0.75 . 02 1.34 . 02 2.15 . 00 2.40 . 00 2.54
2 . 03 0.06 . 02 0.77 . 02 1.36 . 02 2. 17 . 00 2.40 . 00 2.54
3 . 03 0.09 .02 0.79 . 03 1. 39 . 02 2. 19 .0 1 2.41 . 00 2.54
4 .03 0. 12 . 02 0.81 . 03 1. 42 . 02 2.2 1 . 01 2.42 . 00 2.54
5 . 03 0. 15 .02 0.83 .03 1. 45 .01 2.22 .01 2.43 . 00 2.54

6 . 03 0. 18 . 02 0.85 .03 1. 48 . 01 2.23 . 01 2.44 . 00 2.54
7 . 03 0.21 . 02 0.87 . 03 1. 51 . 01 2.2 4 . 01 2.45 . 00 2.54
8 .03 0.24 . 02 0.89 . 03 1. 54 . 01 2.25 . 01 2.46 . 00 2.54
9 . 03 0.27 . 02 0.91 . 03 1. 57 . 01 2.26 .0 1 2. 47 . . 00 2.54

10 .03 0.30 . 02 0.93 . 03 1. 60 . 01 2.27 . 01 2.48 . 00 2.54

11 . 03 0.33 . 02 0.95 . 03 1. 63 . 01 2.28 . 01 2.49 . 00 2.54
12 . 02 0.35 . 02 0.97 . 03 1. 66 . 01 2.29 . 01 2.50 .00 2.54
13 . 02 0.37 . 02 0.99 . 03 1. 69 . 01 2.30 . 01 2.5 1 . 00 2.54
14 .02 0.39 . 02 1.01 . 03 1. 72 . 01 2.3 1 . 01 2.52 . 01 2.55
15 . 02 0. 41 .02 1. 03 .03 1. 75 .01 2.32 . 01 2.53 .01 2.56

~ . :

I
I 16 . 02 0. 43 . 02 1. 05 . 03 1. 78 . 01 2.33 . 01 2.54 .01 2.57
: 17 .02 0.45 . 02 1.07 . 03 1. 81 .01 2.34 . 00 2.54 . 01 2.58

'I
18 . 02 0. 47 . 02 1. 09 . 03 1.84 . 01 2.35 . 00 2.54 . 01 2.59
19 .02 0. 49 . 02 1.11 . 03 1. 87 . 01 2.36 . 00 2.54 . 01 2.60
20 . 02 0.51 . 02 1. 13 . 03 1. 90 . 01 2.37 . 00 2.54 . 01 2.6 1

,I 21 . 02 0.53 . 02 1.1 5 . 03 1. 93 . 01 2.38 .00 2.54 . 01 2.62
22 . 02 0.55 . 02 1.1 7 . 02 1. 95 .01 2.39 . 00 2.54 . 01 2.63

I: 23 . 02 0.57 . 02 1. 19 . 02 1. 97 . 01 2.40 . 00 2.54 .01 2.64
I 24 . 02 0.59 .02 1. 21 . 02 1. 99 .00 2. 40 . 00 2.54 . 01 2.65
!

25 .02 0.6 1 . 02 1. 23 . 02 2.0 1 . 00 2.40 .00 2.54 .0 1 2.66

"r:!
26 . 02 0.63 . 03 1. 26 . 02 2.03 . 00 2.40 . 00 2.54 .01 2.67'I

1; 1
27 . 02 0.65 . 03 1.29 . 02 2.05 . 00 2.40 . 00 2.54 . 01 2.68

III
28 . 02 0.67 . 03 1. 32 . 02 2.07 . 00 2.40 .00 2.54 .01 2.69
29 .02 0.69 . 02 2.09 . 00 2.40 . 00 2.54 .01 2.70

::'1
30 . 02 0. 71 . 02 2.11 . 00 2.40 . 00 2.54 .01 2.71

:h 31 . 02 0.73 . 02 2.13 . 00 2.54
'~ i

IJi

P MONTHLY

I, NORMAL 0.73 0.59 0.81 0.27 0. 14 0. 17

\ ~ i
r .~
!

1
1
\1 I

I '
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Preci pitation

DAILY NORMALS OF PRECIPITATION
-oi 1951-1980

JULY AUGUST . SEPTEMBER OCTOBER NOVEMBER DECEMBER
TO TO TO TO TO TO

NORM DATE NORM DATE NORM DATE NORM DATE NORM DATE NORM DATE
1 .01 2.72 . 03 3.48 .03 4.50 .02 5.13 .02 5.76 . 02 6.30
2 .0 1 2.73 . 03 3.51 .03 4.53 .02 5.15 . 02 5.78 . 02 6.32
3 .02 2.75 . 03 3.54 . 03 4.56 .02 5.17 . 02 5.80 .02 6.34
4 . 02 2.77 .03 3.57 . 03 4.59 . 02 5.19 . 02 5.82 .02 6.36 li

5 .02 2.79 .03 3.60 .02 4.61 .02 5.21 .02 5.84 . 02 6.38
j!

6 .02 2.81 . 03 3.63 . 02 4.63 .02 5.23 . 02 5.86 .02 6.40
7 .02 2.83 . 03 3.66 . 02 4.65 .02 5.25 . 02 5.88 . 02 6.42 :

8 . 02 2.85 .04 3.70 .02 4.67 . 02 5.27 . 02 5.90 . 02 6.44
i

i!

9 . 02 2.87 .04 3.74 . 02 4.69 . 02 5.29 .01 5.9 1 .02 6.46
I:

10 . 02 2.89 . 04 3.78 .02 4.71 . 02 5.31 .01 5.92 . 02 6.48

11 .02 2.91 .04 3.82 .02 4. 73 . 02 5.33 .01 5.93 .03 6.51
12 .02 2.93 . 04 3.86 . 02 4.75 .02 5.35 .01 5.94 .03 6.54
13 .02 2.95 .04 3.90 .02 4.77 .03 5.38 .01 5.95 .03 6.57
14 .02 2.97 .04 3.94 . 02 4.79 . 02 5.40 . 01 5.96 .03 6.60
15 .02 2.99 .04 3.98 . 02 4.81 . 02 5.42 .02 5.98 . 03 6.63

16 . 02 3.01 . 04 4.02 . 02 4.83 . 02 5.44 . 02 6.00 .03 6.66
17 0" 3.03 . 03 4.05 . 02 4.85 .02 5.46 .02 6.02 . 03 6.69• l-

18 . 03 3.06 .03 4.08 . 02 4.87 . 02 5.48 .02 6.04 .03 6.72
19 . 03 3.09 . 03 4.11 . 02 4.89 . 02 5.50 . 02 6.06 .03 6.75
20 . 03 3.12 . 03 4.14 .02 4.91 .02 5.52 .02 6.08 .03 6.78

21 .03 3.15 .03 4.17 .02 4.93 .02 5.54 .02 6.10 .03 6.81
22 . 03 3.18 . 03 4.20 . 02 4.95 . 02 5.56 . 02 6. 12 .03 6.84
23 .03 3.21 .03 4.23 .02 4.97 .02 5.58 . 02 6.14 .03 6.87
24 .03 3.24 . 03 4.26 . 02 4.99 .02 5.60 .02 6.16 .03 6.90
25 .03 3.27 .03 4.29 .02 5.0 1 . 02 5.62 .02 6.18 .03 6.93

26 . 03 3.30 .03 4. 32 . 02 5.03 . 02 5.64 . 02 6.20 .03 6.96
27 .03 3.33 .03 4. 35 . 02 5.05 . 02 5.66 .02 6.22 .03 6.99
28 . 03 3.36 . 03 4.38 .02 5.07 . 02 5.68 . 02 6.24 . 03 7.02
29 . 03 3.39 . 03 4.41 . 02 5.09 . 02 5.70 . 02 6.26 . 03 7.05
30 . 03 3.42 . 03 4.44 . 02 5.11 . 02 5.72 .02 6.28 . 03 7.08

31 . 03 3.45 . 03 4. 47 . 02 5.74 . 03 7.11

MONTHLY
NORMAL 0.74 1.02 0.64 0.63 0.54 0.83



Preci pitation

MAXIMUM AMOUNTS FOR 5 , 10, 15, AND 30 MINUTES ; 1, 2, AND 24 HOURS BY MONTHS
AND DAY AND YEAR OF OCCURRENCE 1896-1985

5 10 15 30 1 2 24
Minutes Minutes Minutes Minutes Hour Hours Hours

January 0.35 0.44 0.56 0.67 0.75 0.76 1. 76
3/1926 3/1926 3/1926 3/1926 3/1926 3/1926 9-10/1905

February 0.30 0.41 0.43 0.44 0.50 0.67 1.69
6/1935 10/1963 10/1963 10/1963 12/1936 6/1935 5-6/1935

March 0.26 0.41 0.43 0.46 0.61 0.77 2.04
4/1941 4/1941 4/1941 12/ 1941 12/1941 4/1941 2-3/ 1983

3/1983

April 0.32 0.61 0.75 0.76 0.76 0.92 1. 66
19/1951 19/1951 19/195 1 19/1951 19/1951 8/1926 5-6/1926

May 0.35 0.45 0.53 0.59 0.60 0.61 1. 12
20/1979 20/1979 20/1979 20/1979 20/1979 20/1979 4-5/1930

June 0.30 0.40 0.52 0.62 0.92 1. 20 1.64
12/ 1955 22/1972 22/1972 22/1972 22/1972 22/1972 21-22/1972

July 0.50 0.70 0.91 1. 15 1. 30 1. 47 4.98
24/1978 26/ 1952 26/ 1952 17/ 1908 26/1917 2/1911 1-2/1911

August 0.90 1.1 4 1. 17 1.23 1. 72 1. 81 2.27
16/1983 16/1983 16/1 983 20/ 1978 18/1966 6/1918 27 -28/1951

September 0.68 1.00 1.14 1.27 1. 41 2.20 3.06
16/1969 16/1969 16/1969 16/1969 4/1939 4/1939 3-4/1939

Octobe r 0.68 0.72 0.72 0.86 0.93 1. 03 2. 27

[ 1/1 981 1/1981 1/1981 30/1928 30-31/ 1928 30-31/1928 18-19/1972
I

November 0 . 36 0.3 8 0.40 0.54 0.67 0.75 2. 40
10/1 931 10/1931 23/ 1919 14/1918 14/1918 27/1919 9- 10/1923

, , 23/19 19
I

I December 0 .13 0.22 0.28 0.38 0.50 0.68 1. 92
~ ~

lit 13/1975 19/1967 13/1975 19/1967 19/ 1967 19/1967 30-31/1915
i' Ii, '0
i ~ Annua l 0 .90 1.14 1. 17 1. 27 1. 72 2.20 4.98
'! r AUG AUG AUG SEP AUG SEP JUL,1 ' 'I
~ , i 16/1983 16/ 1983 16/1969 16/ 1969 18/ 1966 4/1939 1-2/1911
~:l ii l'
([1

I Ir'l
I':
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Precipitation

DAILY FREQUENCY OF OCCURRENCE OF TRACE OR MORE IN PERCENT
+'i 1896-1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 19 26 28 23 14 3 21 47 33 26 12 17
2 19 27 34 20 18 7 23 52 34 24 11 19
3 10 22 38 17 12 10 22 51 26 18 10 22
4 13 24 33 17 14 13 19 49 29 20 11 23
5 19 23 30 12 13 6 22 41 30 17 10 21

6 21 36 12 19 7 10 30 38 29 16 11 20
7 20 32 16 17 3 7 32 47 27 14 19 13
8 23 30 20 21 3 7 31 42 24 10 20 22
9 22 34 23 22 11 8 27 47 19 13 18 27

10 30 24 32 11 13 11 36 51 33 8 13 28

11 28 30 24 18 14 7 36 42 28 18 12 19
12 24 28 27 19 10 7 37 49 27 17 21 30
13 29 21 24 19 7 11 36 42 27 13 16 21
14 29 18 22 11 9 6 41 43 22 14 18 22
15 18 27 19 18 7 6 53 40 13 21 22 17

16 27 24 14 13 11 4 51 47 19 12 24 22
17 26 20 17 16 16 9 49 44 20 13 20 18
18 19 16 22 17 12 9 38 44 28 16 21 17
19 32 30 23 9 11 7 41 40 18 19 11 21
20 29 29 23 7 12 7 38 31 17 14 11 23

21 24 31 26 19 7 11 58 31 11 13 16 22
22 21 19 24 20 9 10 52 42 28 12 19 22
23 24 19 26 10 10 9 54 46 19 11 22 20
24 22 18 23 9 7 10 50 41 23 17 23 12
25 26 23 24 11 8 10 56 37 19 7 18 24

26 21 28 28 13 7 11 53 41 22 7 14 24
27 31 23 17 24 7 10 52 23 20 14 17 28
28 30 13 23 19 8 19 42 33 17 17 19 29
29 23 9 20 17 12 18 52 43 19 20 16 26
30 22 12 10 8 16 54 28 22 17 13 22
31 18 12 9 42 29 13 21

For Exampl e: Precipitation has fallen on 24 percent of the Christmas
Days during the 90-year period from 1896 through 1985.
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Preci pitation

DAILY FREQUE NCY OF OCCURRENCE OF 0.01 INCHES OR MORE IN PERCENT
1896-1985

DAY JAN FEB MAR APR MAY JU N JUL AUG SEP OCT NOV DEC

1 12 18 18 13 6 1 4 27 19 14 10 8
2 . 10 21 26 10 6 4 10 27 17 14 4 12
3 18 19 28 6 6 7 10 32 14 16 4 13
4 7 18 22 7 7 4 7 24 11 16 4 17
5 14 14 17 10 6 a 9 22 22 13 6 13

6 12 21 8 10 4 1 10 23 14 10 4 10
7 13 24 6 7 4 3 14 21 12 9 11 11
8 13 26 18 7 3 2 12 21 11 3 13 12
9 13 23 16 7 6 1 9 28 4 10 11 18

10 19 19 22 4 7 3 10 19 16 6 12 20

11 24 20 12 12 3 0 16 21 19 7 10 14
12 16 21 19 12 6 4 12 29 14 8 10 18
13 21 13 11 6 2 4 12 19 19 6 10 16
14 17 14 16 3 6 1 14 20 16 10 11 12
15 13 18 11 7 3 3 23 21 6 11 13 12

16 19 16 11 7 3 1 24 17 6 11 12 16
17 20 14 12 7 3 4 30 20 8 8 13 16
18 13 13 13 7 6 3 18 22 16 12 13 13
19 16 24 9 7 4 3 16 17 10 7 8 18
20 14 18 12 6 4 3 23 14 9 8 7 16

21 16 23 13 9 1 6 22 17 10 9 11 19
22 11 13 18 17 4 6 28 23 13 8 16 17
23 18 11 14 4 a 3 26 22 14 8 17 13
24 12 13 16 4/ 2 1 31 17 10 9 12 10
25 14 18 17 1 a 2 23 16 9 7 13 16

26 12 16 18 3 1 3 30 21 12 6 8 19
27 18 12 11 16 2 1 16 17 11 10 13 17
28 22 4 13 17 1 6 24 13 7 9 17 18
29 20 9 11 11 6 4 28 23 11 13 10 20
30 18 4 6 1 7 24 14 14 14 7 8
31 10 9 1 18 13 11 17

Ii For Example : Precipitation of 0.01 inches or mor e has fa 11 en on 16
I percent of the Christmas Days during t he 90-year period

r! from 1896 through 1985.
I!,,
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Dreci pitation

DAILY FREQUENCY OF OCCURRENCE OF 0.10 INCHES OR MORE IN PERCENT
-.:$ 1896-1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 6 7 10 7 3 0 4 12 11 8 3 2
2 6 10 16 4 1 3 6 10 7 4 4 7
3 10 10 13 1 0 1 1 19 3 8 1 6
4 3 11 10 4 6 1 3 12 4 7 1 11

5 8 6 7 6 3 0 3 12 12 10 3 10

6 11 13 3 7 1 1 6 12 7 4 3 6
7 8 11 1 1 3 0 6 10 7 3 4 6
8 6 7 11 4 1 2 6 7 9 3 7 6
9 6 11 6 4 3 0 1 11 3 3 8 11

10 12 17 11 1 3 1 2 8 4 2 9 12

11 14 12 7 9 1 0 8 12 7 1 6 9

12 4 11 12 4 3 3 4 13 12 6 9 12
13 17 9 8 1 0 0 4 6 12 1 4 11

14 4 12 7 1 3 0 10 4 4 6 6 10
15 10 11 8 4 1 0 11 11 0 1 8 12

16 8 4 9 4 0 0 12 10 6 7 10 9
1 9 3 6 6 0 3 14 10 4 6 8 7

18 11 6 6 3 0 1 11 10 10 10 7 7
19 4 7 4 4 1 1 7 10 4 6 4 11

20 10 4 8 1 4 0 9 8 4 2 7 7

21 8 10 6 3 1 3 12 7 4 3 8 13
22 4 6 8 9 1 3 11 9 4 3 11 10
23 4 6 9 3 0 1 9 9 6 6 13 6
24 6 7 4 1 1 1 13 11 7 1 7 6
25 9 9 8 1 0 2 17 7 7 3 6 11

26 6 7 10 1 1 0 13 12 7 3 6 11

27 7 8 6 9 0 0 10 10 8 3 8 8
28 7 4 7 10 1 1 8 6 4 7 10 11

29 12 1 4 4 0 0 12 14 7 8 6 8
30 10 1 1 0 3 12 1 4 10 6 7
31 6 7 1 10 7 6 11

For Examp1 e: Precipitation of 0.10 inches or more has fa 11 en on 11
percent of the Christmas Days during the 90-year period
from 1896 through 1985.
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Precipitation

DAI LY FREQUENCY OF OCCURRENCE OF 0.25 I NCHES OR MORE IN PERCENT
1896- 1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 a 3 10 1 1 0 1 4 7 6 1 2
2 3 4 9 1 1 a 4 4 1 2 3 4
3 9 6 8 1 a 1 a 10 a 6 1 3
4 1 7 7 1 3 a a 4 1 3 1 3
5 2 4 7 3 1 a a 11 6 4 1 4

6 4 7 a 4 a a 3 7 3 2 3 1
7 3 7 a a a 0 4 6 6 1 3 3
8 1 0 1 1 0 0 3 3 4 1 3 4
9 2 6 4 3 3 a a 7 3 3 2 10

10 8 9 7 1 3 1 1 1 2 1 8 8

11 8 7 6 6 0 a 4 4 3 1 4 6
12 2 7 9 1 a 1 4 9 6 1 6 4
13 7 3 6 a a a 1 4 10 a 3 9
14 1 6 4 1 a a 3 2 1 4 1 6
15 6 8 4 a a a 7 3 a 1 3 9

16 6 1 6 4 a a 10 6 1 4 3 1
17 6 1 4 3 a a 11 3 4 1 4 4
18 7 3 a 0 a 1 8 6 7 7 3 7
19 1 4 1 1 a a 3 3 2 4 3 7
20 7 3 2 1 1 a 3 4 3 2 1 3

21 3 6 1 1 1 1 8 6 1 1 4 9
22 1 1 4 4 a 1 4 1 1 3 4 4
23 1 0 4 3 a 1 3 6 2 2 11 1
24 3 4 1 0 a 1 8 8 7 0 4 4
25 4 1 1 1 a 1 11 3 2 a 4 6

26 2 3 4 a a 0 7 7 7 3 6 7
27 4 4 3 1 0 a 7 6 7 1 4 6
28 6 2 6 7 1 1 6 6 4 6 4 10
29 9 1 4 0 a a 6 9 7 4 4 4
30 7 a a a 0 6 0 4 7 4 4
31 1 3 0 3 3 1 8

For Example : Prec i pitation of 0 .25 inc hes or more have fallen on 6

~
percent of the Chr is tmas Days dur i ng the 90- year per i od
from 1896 throug h 1985.

It ~
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DAILY FREQUENCY OF OCCURRENCE OF 0.50 INCHES OR MORE IN PERCENT
<J 1896 -1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 0 0 6 0 0 0 1 4 2 2 0 0
2 0 0 4 0 0 0 4 1 0 1 0 0
3 7 3 2 1 0 0 0 6 0 3 0 3
4 1 4 6 0 2 0 0 1 1 3 0 1
5 0 3 3 3 0 0 0 10 3 1 1 1

6 1 4 0 1 0 0 0 3 0 1 0 0
7 1 1 0 0 0 0 1 2 3 0 0 1
8 0 0 0 1 0 0 1 1 3 1 0 1
9 1 1 3 0 0 0 0 0 3 3 1 6

10 4 1 4 1 1 0 0 0 1 1 4 6 ..,
! ':

11 3 1 1 4 0 0 0 0 1 0 4 6
,

12 1 4 3 0 0 1 3 2 4 0 2 1
. ;
, ,

13 1 2 3 0 0 0 1 0 6 0 3 6
14 1 4 1 0 0 0 0 0 1 0 1 1
15 2 2 3 0 0 0 4 1 0 1 1 4

16 3 1 3 1 0 0 3 1 1 0 1 0
17 2 0 1 0 0 0 6 1 4 0 1 1
18 1 1 0 0 0 0 3 1 6 4 3 4
19 1 1 1 1 0 0 3 0 0 3 1 4
20 3 1 1 0 1 0 1 1 0 0 1 0

21 1 3 0 0 0 0 4 1 1 0 3 1
22 0 0 1 1 0 1 1 0 0 0 1 1
23 0 0 0 3 0 1 0 1 2 2 6 0
24 1 3 0 0 0 0 6 4 3 0 1 4
25 3 1 1 0 0 0 7 1 0 0 1 1

26 0 3 0 0 0 0 4 4 4 0 3 1
27 1 1 1 0 0 0 7 3 4 1 1 2
28 3 1 4 1 0 0 1 4 4 3 1 4
29 3 0 0 0 0 0 1 3 4 ·0 3 1
30 3 0 0 0 0 1 0 0 6 1 3
31 1 0 0 1 3 1 4

For Exampl e: Prec ipitat io n of 0 .50 i nches or more have fa 11en on 1
percent of t he Chr istmas Days duri ng the 90-year period
from 1896 th ro ugh 1985 .



Preci pitat ion

DAILY FREQUENCY OF OCCURRE NCE OF 1.00 INCH OR MORE IN PERCENT
1896 - 1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 0 0 0 0 0 0 1 3 1 0 0 0
2 0 0 0 0 0 0 1 1 0 0 0 0
3 0 1 1 0 0 0 0 1 0 1 0 0
4 0 0 1 0 0 0 0 0 1 0 0 0
5 0 0 0 1 0 0 0 3 1 0 0 0

6 0 0 0 0 0 0 0 1 0 1 0 0
7 0 0 0 0 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0 0 3 1 0 0
9 1 0 0 0 0 0 0 0 0 0 0 0

10 1 0 0 0 0 0 0 0 1 0 1 1

11 1 0 0 1 0 0 0 0 1 0 1 0
12 1 0 1 0 0 0 1 0 1 0 1 0
13 0 0 0 0 0 0 0 0 3 0 0 1
14 0 0 1 0 0 0 0 0 1 0 1 1
15 0 0 0 0 0 0 0 1 0 0 0 0

16 1 0 1 0 0 0 1 1 1 0 0 0
17 1 0 0 0 0 0 3 0 3 0 0 0
18 0 0 0 0 0 0 1 1 1 0 0 1
19 0 0 0 0 0 0 0 0 0 3 0 3
20 0 0 0 0 0 0 1 1 0 0 1 0

21 0 0 0 0 0 0 1 0 0 0 0 0
22 0 0 0 0 0 1 1 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 1 1 1 0 0 0
25 0 0 0 0 0 0 4 0 0 0 0 0

26 0 0 0 0 0 0 4 0 3 0 1 0
27 0 0 0 0 0 0 3 1 1 1 1 1
28 0 0 0 0 0 0 1 0 1 0 0 0

:1
29 1 0 0 0 0 0 1 0 1 0 0 0

~I
30 1 0 0 0 0 1 0 0 1 0 3
31 0 0 0 0 0 1 0

11:! For Example : Prec ip itation of 1.00 inch or more has fallen on 3 percent
,- of the August l s t t s dur ing the 90-yea r period from 1896

th ro ugh 1985 .

~
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APPENDIX I-B

Rainfall Analyses for Clark County, Nevada .
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1. GENERAL

The united states Department of Commerce, in 1973,

published a Precipitation-Frequency Atlas for Nevada1,

referred to hereafter as the NOAA Atlas. The climatological

data utilized in the NOAA Atlas was that data available

through 1970. A detailed set of guidelines are given on how

to use the depth-duration-frequency maps, in the NOAA Atlas,

to develop design rainstorms and time-intensity-frequency .

curves for any location within Nevada.

The NOAA Atlas, due to its pUblication date, did not

take into account the significant major rainfall events

since 1970 such as; the Eldorado Canyon storm of 1974, the

Las Vegas Valley storm of 1975, the Moapa Valley storm of

1981, the Las Vegas Valley storms of 1983, and the Moapa .

Valley and Las Vegas Valley storms of 1984. Various

studies2,3 have been performed to examine the possibility

that the NOAA Atlas does not contain lithe best available

information." The U.S. Corps of Engineers, Los Angeles

District is also studying the impact the more recent storms

have on this region's precipitation-frequency relationships.

The united states Department of Commerce, in 1984,

published a report that dealt with depth-area ratios in the

southwest united states4• This report contains a different

set of depth-area curves then those pUblished in the NOAA



Atlas . The depth-area curves in the report known as "HYDRO­

40" has also been reviewed by various people and agencies .

It is felt that "HYDRO-40" does contain "best available

information" for this region.

As the more recent studies are being reviewed and as

additional s tudies are being prepared it has become apparent

that the information in the NOAA Atlas should be modified

accordingly to reflect more realistic values for this region

of Nevada. For the above stated reasons and to use rainfall

information that is · " t h e .b e s t available" at this time, it

was concluded that the NOAA Atlas rainfall information

should be adjusted, as the following sections depict, and

that "HYDRO-40" is appl icable for this region.



2. RAINFALL DEPTH-DURATION-FREQUENCY

2.1 Rainfall Depth-Duration-Freguency Maps

Using the information contained in the NOAA Atlas1,

Rainfall Depth-Duration Frequency maps were reproduced for

the CCRFCD area . Maps are presented for the 6- and 24 -hour

durations for the 2-, 5-, 10-, 25-, 50-, and 100-year

recurrence frequencies as Figures 2-1 through 2-12. The

information presented on these figures consists of the

fol lowing

a. Bold numbers represents tenths of inches of

rainfall (i .e. 11 = 1.1 inches) .

. b. Small numbers represents elevation in

thousands of feet (i.e. 3 = 3000 feet).

c. 350 through 37 0 represents degrees of

latitude north .

d. 114 0 through 1160 represents degrees of

longitude west.

The data obtained from these figures must be modified as

stated in subsequent sections.

2.2 Verification Of Values Obtained From Rainfall Maps

Once the values from Figures 2-1 through 2-12 are

obtained for the location rainfall data is required,

verification of these values are required. NOAA Atlasl,

page 16, states "the values read ... should be plotted on



the return-period diagram ... because (1) not all points are

as easy to locate on a series of maps as are latitude-

longitude intersections, (2) there may be some slight

registration differences in printing, and (3) precise

interpolation between isolines is difficult." The return­

period diagram contained in the NOAA Atlas l is reproduced as

Figure 2-13. The values obtained from the maps are either

verified or corrected, by drawing a line of best fit, to the

values read ·f r om the return-period diagram.

These values must be modified as states in subsequent

sections.

2.3 Depths For Durations From One- To Six-Hours

After the verification and/or corrections are

performed, as stated in section 2.2, for the 6- and 24-hour

durations for the various recurrence frequencies, the one-

hour duration 2- and 100-year recurrence frequencies can be

calculated with equations found in the NOAA Atlas1 and are

reproduced below:

Y2 = -0.011 + 0.942 * [(Xl) (X1/X2)]

Y1 0 0 = 0.494 + 0.755 * [(X3) (X3/X4)]

where :
Y2 = 2-yr I-hr estimated value (inches)

. Y1 0 0 = 100-yr I-hr estimated value (inches)
Xl = 2-yr 6-hr value from Fig. 2-1 (inches)
X2 = 2-yr 24-hr value from Fig. 2-7 (inches)
X3 = 100-yr 6-hr value from Fig. 2-6 (inches)
X4 = 100-yr 24-hr value from Fig. 2-12 (inches)



The one-hour duration 2- and 100-year (Y2 & YI OO)

recurrence frequencies are then plotted on Figure 2-13 and a

straight line connecting these points is drawn. The one-

hour duration 5-, 10-, 25-, and 50-year recurrence frequency

values can then be read.

The 2- and 3-hour durations for the various recurrence

frequencies can now be calculated using equations found in

the NOAA Atlas1. These equations are identical for each

'XI _year recurrence frequency and are reproduced below:

(2-hr) = O.341(6-hr) + 0.659(1-hr)

(3-hr) = O.569(6-hr) + 0.431(1-hr)

where :
2-hr = 2-hr 'X'-yr estimated value (inches)
3-hr = 3-hr 'x'-yr estimated value (inches)
I-hr = I-hr 'x'-yr previously determined (inches)
6-hr = 6-hr 'X' -yr previously determined (inches)

These values must be modified as stated in subsequent

sections.

2.4 Adjustments To NOAA Atlas1

The NOAA Atlas1 values are adjusted to reflect "the

best available" information. Rainfall depths for durations

of 6-hours and less shall to be increased by mUltiplying the

values previously obtained by the appropriate factors

presented in Table 2-1.



SOURCE

TABLE 2-1

RATIOS OF ADJUSTED PRECIPITATION-FREQUENCY

VALUES TO THOSE OF NOAA ATLAS1

Recurrence Ratio to
Frequency NOAA Atlas l

2-year 1. 000

5-year 1.161

la-year 1.241

25-year 1. 328

50-year 1. 38 7

lOa-year 1.430

Corps of Engineers, Los Angeles District
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FIGURE 2-1 2-YEAR 6-HOUR RAINFALL

RAINFALL

DEPTH-DURATiON-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 1973
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FIGURE 2-2 5-YEAR 6-HOUR RAINFALL

RAINFALL

DEPTH-DURATiON-FREQUENCY

SOUR CE: NOAA ATLAS 2, V OLUME VII NEVADA, 1973
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FIGURE 2-3 10-YEAR 6-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQU ENCY

SOURCE: N OAA ATLA S 2 , VOLUME VII NEVADA, 19 73
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FIGURE 2-4 25-YEAR 6-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 1973
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FIGURE 2-5 50-YEAR 6-HOUR-RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 1973
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FIGURE 2-6 100-YEAR 6-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 1973
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FIGURE 2-7 . 2-YEAR 24-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 19 73
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FIGURE 2-8 5-YEAR 24-HOUR RAINFALL

RAINFALL

DEPTH-DURATI ON-FREQU ENCY

SO URCE: N OAA ATL AS 2, V OLUME VII NE VADA, 1973
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FIGURE 2-9 10-YEAR 24-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY

SOURCE: NOAA ATLAS 2, VOLUME VII NEVADA, 1973
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FIGURE 2-10 25-YEAR 24-HOUR RAINFALL

RAINFALL

DEPTH-DURATION-FREQUENCY
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3. DESIGN STORM DISTRIBUTIONS

3.1 General

The design storms in the CCRFCD will be for either a 3­

or 6-hour duration storm. The 3-hour duration storm will be

utilized when developing discharges for facilities that do

not contain detention and/or retention dams. The 6-hour

duration storm will be utilized when analyzing and designing

detention and/or retention dams.

3.2 3~Hour Design Storm Distribution

The .3 ~hour design storm distribution is utilized with

the 3-hour duration .rainfall as stated in Section 2. The

dimensionless cumulative 3-hour design storm distribution is

shown on Figure 3-1, and was obtained from the CCRFCD Master

Plan3• This 3-hourdistribution is also tabulated in Table

3-1.

3 .3 6-Hour Design Storm Distributions

The 6-hour design storm distributions are utilized with

the 6-hour duration rainfall as determined in section 2.

The 6-hour distribution utilized is dependent upon the size

of the contributing drainage area at the location design

hydrographs are required.

Figure 3-2 is a graph that depicts drainage area versus

design storm distribution numbers (SDN) . The design SDN



correspond to the 6-hour distributions shown on Figure 3-3 .

Table 3-2 is a tabular representation of the graphs

presented on Figure 3-3 .

The uses of Figures 3-2, 3-3 , and Table 3-2 are

conditioned as follows :

a . Figure 3-2 is utilized for determination of SDN 's

for a 50-year recurrence interval or greater.

b . If the recurrence i n t e rva l is less than 50-year

use SDN 5 on Figure 3-3 or Table 3-2.

c . If the drainage area is greater than 80 square

miles then use SDN 5 on Figure 3-3 or Table 3-2 .

d. If the drainage area is between two of the SDN's

on Figure 3-2, then round SDN to closest SDN on

figure.
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TABLE 3-1

DIMENSIONLESS 3-HOUR STORM DISTRIBUTION

Percent of Total
Storm Duration

0 .0
4 .0
8 .0

12 .0
16.0
20 .0
24 .0
28 .0
32 .0
36 .0
40 .0
44 .0
48 .0
52 .0
56 .0
60 .0
64.0
68.0
72.0 .
76 .0
80.0
84 .0
88 .0
92 .0
96.0

100 .0

SOURCE

Percent of Tota l
Storm Depth

0.0
0 .5
1. 5
2 .5
5 .5
9 .0

14 .0
22 .0
34 .0
50 .0
63.5
7 0 . 0
74 .5
78.0
81.5
84 .5
86 .5
89 .0
91. 0
93 .0
95 .0
96 .5
97.5
98 .5
99 .5

100 .0

CCRFCD Master Plan3
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TABLE 3-2

6-HOUR STORM DISTRIBUTIONS

(Refer to Figure 3-2)

Storm Duration Percent of Total Storm Depth
(In Minutes) SDN 1 SDN 2 SDN 3 SDN 4 SDN 5

0 0 .00 0.00 0 .00 0 .00 0 .00
5 0.40 0 .70 2 .00 2 .00 2.00

10 2 .10 3 .20 5 .70 5 .90 5.90
15 2 .90 4.70 7.00 8 .00 8 .00
20 3 .90 6 .00 8 .70 10 .00 11 .00
25 5 .40 7 .60 10 .80 1 2 . 3 0 1 4 . 4 0
30 6 .00 8 .00 12 .40 1 3. 3 0 1 5. 0 0
35 6 .00 8 .00 1 3. 0 0 13.90 1 6. 0 0
40 6 .00 8 .00 1 3. 0 0 1 4. 0 0 16 .80
45 6 .00 8 .00 1 3. 0 0 1 4 .10 17 .10
50 6 .00 8 .00 13.00 1 4. 4 0 18 .00
55 6 .00 8 .10 13 .00 1 4. 7 0 18. 2 0
60 6 .00 8 .50 13 .00 1 5. 00 . 18 .70
65 6 .00 9.00 1 3. 3 0 1 5 . 4 0 19 .00
70 6 .20 9 . 40 14 .00 1 6. 0 0 19 .70
75 6 .40 9.90 1 4. 2 0 1 6. 9 0 20 .20
80 6 .90 1 0. 4 0 14 .80 17 .60 21.00
85 7. 3 0 11. 20 1 5. 8 0 1 8. 4 0 22.00
90 8 .60 12 .80 17. 2 0 1 9. 5 0 23 .00
95 9 .90 14 .00 18 . 10 20 .60 24 .10

1 0 0 1 0. 9 0 14. 6 0 1 9 . 0 0 21. 30 25 .00
105 11. 00 15. 0 0 1 9. 7 0 21. 7 0 25 .90
110 11. 00 1 5. 1 0 19 .90 2 2 .10 26 .50
1 15 lL 1 0 15 .20 20 .00 22 .60 28 .00
120 11. 60 15 .30 20 .10 23 .90 29 .00
125 11. 90 1 5. 4 0 20 .40 25 .00 30 .00
130 1 2. 0 0 1 5. 9 0 21.40 26 .00 30 .50
135 1 2. 0 0 1 6. 8 0 22 .90 26 .60 30 .90
1 40 12. 0 0 17. 1 0 24 .10 26 .90 31.00
1 4 5 1 2. 4 0 17. 5 0 2 4 .90 27 .70 31. 70
1 5 0 1 3. 2 0 1 9. 0 0 25 .10 28 .00 32.10
155 1 5. 0 0 20 . 10 25 .60 28 .40 32 . 70
160 16-.00 21. 20 27 .00 30 .10 33 .3.0
1 65 16 .80 21. 90 27 .80 31. 20 34 .60
170 1 7. 2 0 22 .40 28 . 10 31. 80 36 .10
175 19 .00 23 .00 28.30 32 . 40 38 .10
1 8 0 20 .20 24 .60 29 .50 35 .00 4 0. 8 0

Not e SDN = Storm Dist r ibution Number

SOURCE : Corps of En g i n e ers, Los Angeles District



TABLE 3-2 (continued)

storm Duration Percent of Total storm Depth
(In Minutes) SDN 1 SDN 2 SDN 3 SDN 4 SDN 5

185 22 .20 26 .20 32 .20 37 .40 43 .00
190 26.30 30.30 35 .20 42.40 47 .70
195 31. 60 36 .00 40 .90 48.90 51. 40
200 38.90 42 .80 49 .90 53 .80 56.10
205 52 .60 55 .50 59.00 61. 00 63.00
210 71. 00 71 .00 71. 00 71. 00 71. 00
215 77 .70 76 .00 74 .40 73 .20 72.00
220 82.50 80 .30 78. 10 75 .00 73 .10
225 85 .50 83.10 81 .20 78 .20 75 .20
230 87 .50 84 .60 81.90 80.20 77 .90
235 89 . 10 87 .00 83 .50 81. 30 79 .00
240 90 .20 88.00 85. 10 81. 90 79 .50
245 91. 00 88 .30 85.60 82.30 80.40
250 91. 70 88 .90 86 .00 83 .00 81. 00
255 91 .90 89.00 86.80 83.40 82.00
260 92.30 89.60 87.60 84 .60 82 .60
265 93.30 91. 00 88 .80 86 .00 84 .00
270 95.10 92.70 91. 00 88 .50 85.90
275 96 .00 94 .20 92.60 90 .70 88 .90
280 96.40 95.00 93 .70 92 .40 91. 00
285 96.60 95 .70 95.00 94 .40 93.80
290 97 .40 97 .20 97.00 96 .80 96 .60
295 98.20 97 .90- 97 .60 97.30 97.00
300 99 .00 98 .60 98.20 97.80. 97 .40
305 99 .20 98 .80 98.50 98.20 97.90
310 99.40 99.00 98.70 98.40 98.10
315 99.50 99 .20 98 .90 98 .60 98.30
320 99.60 99 .30 99 .00 98.80 98.50
325 99.70 99.50 99 .30 99 .10 98 .90
330 99 .70 99 .50 99 .30 99 .10 99 .00
335 99.80 99 .60 99 .40 99 .30 99 .20
340 99 .80 99 .70 99 .50 99.40 99.30
345 99 .90 99.90 99 .80 99 .70 99.60
350 99 .90 99 .90 99 .80 99.70 99 .70
355 99 .90 99 .90 99 .90 99 .90 99 .90
360 100 .00 100 .00 100 .00 100.00 100.00

Note : SDN = storm Distribution Number

SOURCE . Corps~of Engineers , Los Angeles District.



4. DEPTH-AREA ADJUSTMENTS

4.1 General

The rainfall values determined in section 2 represents

point rainfall frequency values. This section presents the

method for extending the point rainfall frequency values to

areal rainfall frequency values based upon HYDRO-40 4.

4.2 Adjustments for Large Watersheds

Point rainfall adjustments to large watersheds in the

. CCRFCD area will utilize Figure 4-1, Depth-Area Reduction

Curves. Figure 4-1 is obtained from HYDRO-40 4, Figure 15,

page 29.

To utilize Figure 4-1, the following must first be

determined

a. Size of contributing drainage area in square

miles at the location analysis is required.

b. storm duration in hours (3 or 6) as stated in

section 2.

Once the above data is determined enter Figure 4-1 with

the drainage area and use appropriate storm duration curve

to determine the depth-area reduction factor. Multiply the.
point rainfall value as determined in section 2 by the

depth-area reduction factor from Figure 4-1 to obtain the

rainfall value to be utilized in the analysis.



4.3 Adjustments for Small Watersheds

It is difficult to interpret, from Figure 4-1, the

depth-area reduction factor for drainage areas less than 10

square miles . Therefore , Table 4 - 1 has been prepared to aid

in determining the appropriate depth-area reduction factors

for smaller watersheds.

TABLE 4-1

DEPTH-AREA ADJUSTMENT FACTORS

FOR WATERSHEDS LESS THAN 10 SQ. MI .

Drainage 3 ~Hour 6-Hour
Area Adjust . ·Ad j u s t .
Sg. Mi. Factors Factors

0 .0 1.00' 1 .00

0.5 0 .97 0.98

1.0 0 .95 0 .97

2.0 0.90 0 .93

4.0 0.87 0 .91

6.0 0 .84 0 .90

8 .0 0.82 0 .88

10 .0 0 .80 0 .86

SOURCE HYDRO-40 4
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5. INTENSITY-DURATION CURVES FOR RATIONAL FORMULA METHOD

5.1 General

Procedures stated in section 2 to obtain and modify the

NOAA Atlas l rainfall depths must first be done before

proceeding .

5.2 Depths For Durations Less Than One-Hour

To develop ' Intensity-Duration curves for the Rational

Formula Method o f runoff analysis take the I -hour adjusted

depth(s) obtained from section' 2 and multiply by the factors

in Table 5-1.

TABLE 5-1

FACTORS FOR DURATIONS OF LESS THAN ONE-HOUR

Duration (min) 5

Ratio to I -hr 0 .29

SOURCE : NOAA Atlas l

1 0

0 .45

15

0 .57

30

0 .79



6. ACCEPTED RAINFALL DATA FOR McCARRAN AIRPORT

6 .1 General

This section presents the accepted point rainfall data

for McCarran Airport, Las Vegas, Nevada . The data presented

is applicable to those studies that have their contributing

drainage area within t h e following described townships

and/or sections :

a . T18S , R59E, sections 13 -15, 22 -26, 36

b . T18S , R60E, sections 30-32

c. T19S, R60E, sections 1-6, 8-16, 21-28, 33 -36

d. T19S, R61E

e . T19S , R62E, sections 2-11, 14-23 , 27 -34

f . T20S , R60E, sections 1-3 , 10-1 5 , 21-28 , 33-36

g . T20S, R61E

h . T20S , R62E, sections 4-9, 16-20, 29 -32

i . T21S, R60E, sections 1-4 , 9-16 , 21-28, 33 -36

j . T21S , R61E

k . T21S , R62E, sections 4-9 , 15-23, 25 -36

1 . T22S, R60E , sections 1-4, 10-15, 24

m. T22S, R61E, sections 1-24, 26 -29

n . T22S, R62E, Sections 1-10, 17-18



6.2 Rainfall Depth-Duration-Freguency

Table 6-1 states and Figure 6-1 depicts the point

rainfall depth-duration-frequency values accepted for

McCarran Airport, Las Vegas, Nevada. These are also

applicable to the area stated in section 6.1.

TABLE 6-1

ACCEPTED POINT RAINFALL DEPTH-DURATION-FREQUENCY VALUES

FOR McCARRAN AIRPORT, LAS VEGAS, NEVADA

RECURRENCE INTERVAL
TIME 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR

5 min. 0.15 0.27 0.35 0.46 0.54 0.63
10 min. 0.25 0.44 0.57 0 .74 0 .89 1. 02
15 min. 0.33 0.57 0.74 0.97 1.15 1. 32
30 min. 0.44 0.78 1. 01 1. 31 1.55 1. 79

1 hour 0.52 0.89 1.15 1.50 1. 78 2.06
2 hour 0.59 1. 01 1. 30 1. 70 2.01 2.30
3 hour 0.64 1. 08 1.39 1. 82 2.15 2.48
6 hour 0.72 1.22 1.58 2.05 2.41 2.77

Note . Rainfall shown in inches.
SOURCE : Corps of Engineers, Los Angeles District



6.3 Intensity-Duration Data

Table 6-2 states and Figure 6-2 depicts the point

intensity-duration values accepted for McCarran Airport, Las

Vegas, Nevada . These are also applicable to the area stated

in section 6.1.

TABLE 6-2

ACCEPTED POINT INTENSITY-DURATION DATA

FOR McCARRAN AIRPORT, LAS VEGAS, NEVADA

RECURRENCE INTERVAL
TIME 2-YR 5-yR 10-YR 25-YR 50-YR 1 00-YR
(min)

5 1.80 3 .24 4.20 5.52 6.48 7.56
10 1.50 2 .64 3.42 4 .44 5 .34 6.12
15 1. 32 2 .28 2.96 3 .88 4.60 5.28
30 0 .88 1.56 2.02 2 .62 3.10 3.58
60 0 .52 0 .89 1.15 1.50 1. 78 2.06

Note . Rainfall values shown are i n inches/hour.
SOURCE : Corps of Engineers , Lo s Angeles District
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IV. PRECI PI TATI ON FREQUENCY ANALYSIS

General

4-01 In order to de t e r mine n-yea r peak discharges ( fo r n = 10-, 50-, an d

100-year) on the variou s watersheds in and around Las Vegas, a determina t i on

of n-year rainfa 11 was undertaken. Ca libra tion stud ies were performed to make

adjustments t o mode l pa rameters to assure that the adopted n-year
. _-"" - - ~ _ . ~ - . , .- ~.- . - - .' .

precipitation resu l ted in n-year flow rates, and are discussed in Sec tion VII.
- - - -- - - --- - - - - -- - - -- --- - - - - - - --

4-02 In the vic i n i t y of Las Vegas, precipitation records are sparse, usually

of relative l y short h i stor ical duration, and mostly non -recording (observed

once da ily ).

Thus, the c on s t.r-uc t i on of aocurate precipitation frequencies (or return

periods ) in th e vicinity of Las Vegas is difficult at best , especially for the

short dura tions of ra i nfa l l , such as 6 hours or less. This is particularly

true fo r the midd l e an d upper portions of the watersheds west of Las Vega s,

whe re prec i pitation ga uges are almost non-ex istent.

NOAA Atlas 2

4-03 One source commonly used in the western United States for determining

precipitation frequencies is Atlas 2 of the National Oceanic and Atmospheric

Adminis tra tion (NOAA) "Precipita tion Depth-Duration-Frequency Analysis in the

Weste r n Un i t ed Sta tes, Volume VII - Nevada". This atlas was published in



1973 , anc ~ s ba s ed upon va r ious precip ita tion da t a (u p to 19S3 ) ~ro~ re corc i ng

an d no~-rec o rdi ng ra i n ga uge s r e ported to the U.S. Weather Bureau a nd i ts

successor, the National Wea t her Serv ice (unde r NO AA) . NOAA Atla s 2 give s

isopluvials 0: 6- an c 2~ -h our max imum ra infa ll tota ls f or recurrence intervals

of 2, 5, 10, 25, 50, and 100 years . These isopluvials were derived through

analysis of substantial amounts of data . The analysis involved relating

precipitation frequency directly to variations in topographic factors such as

land slope, orographic barriers to air flow, land elevation, distance to

sources of moisture, location (latitude and longitude), and surface

roughness. The atlas also contains formulas (derived statistically from

regression equations) for the determination of the 1-hour precipitation at

2 and 100 years, coeffic ients (multiplying factors) for reducing the 1-hour

precipitation to durations of 5, 10, 15, and 30 minutes, and nomograms for

interpolation of the precipitation depths for any duration between 1 and 24

hours and any return period between 2 and 100 years. Since the time that this

reference was published, a significant number of major rainfall events have

occurred in the Las Vegas area, which provide additional information for

determining the rainfall intensity -frequency relationships.

Other Previous Studies

4-04 Almost all hydrology studies performed between 1973 and 1985 in the Las

Vegas area that required precipitation-frequ~ncyvalues utilized the NOAA

Atlas 2 values directly. But, in recent years, a number of intense storms

(e.g., the Eldorado Canyon storm of September 1974, the Las Vegas Valley storm

of July 1975, the Moapa Va lley storm of August 1981, the Las Vegas storm of

August 1983, and the Moa pa Va l ley an d Las Vegas Va lley storms of July an d

IV-2



Augu s: 198t ) , hav e occurred in the a r ea s i nce t he compl e t i on o [ NOAA A t ~ a 5 : ,

whic~ s ugge s t.ec t ha t NOAA Atla s 2 ma y under'<-e s t Lma t.e the act ' -1 , ~ o "' i ;::: i t a:io:. -

- ---- - - -.- . -

:reque~cy value s in the ~as Vegas f or t he shorter durations a: all re:urn---.•. _-- ----- - - - - ---_•.._---- ~------------

peri ods t hrough at leas t 100 years. Because of this possible d i s c r epa ncy----bet~een NOAA Atlas 2 values and the recent intense historical events in and

around Las Vegas, Black and Veatch Engineers (B&V) conducted a precipitation

frequency analysis i n 1985 as part of a hydrologic study for Clark County.

The analysis is documented in the report entitled "Study of Flood Control

Facilities on Flamingo Wash" Department of Public Works, Clark County, Nevada

(re f. 1).

BLACK AND VEATCH STUDY

4-05 In the B& V study, frequency analyses were performed for two rec ord ing

precipitation gauges, Las Vegas (HcCarran Airport) and Searchlight, a nd f or

one non-recording (observed once daily) gauge, Boulder City, all of which are

in southern Nevada . The periods of record analyzed were from 1948 to 1983 for

Las Vegas and Search light and from 1931 to 1983 for Boulder City. Annua l

maximum 24-hour or daily precipitation totals for the Las Vegas, Search light,

and Boulder City gauges were compiled to determine 24-hour precipitation

frequencies. Annual maximum hourly data for the Las Vegas and Searchlight

gauges were compiled to determine 1-, 2-, and 3-hour precipitation

frequencies. The analyses were performed by plotting the data points on

Gumbel probability graph paper according to the We ibull. plotting positions .

Then best fit frequency curves were determined visually . Conversions were

then made Lo account for fixed-interval versus true-interval precipitation

values. A conversion factor of 1.13 was used to convert daily values to 1440

mi nute values and hour l y va lue s to 60 minu t e values, and factors o f 1. 08 ,

IV-3



1 ~0 6 , 1.02, and 1.0 1 were used t o conver t t he 2 -~ou r to 120 minute, 3- hour t c

180 minute , 6 -~ ou ~ to 360 minute, and 24 hour t o 1440 minute values,

respec t ive ly . The factors for the 2-~our an d 3-~our durat ions were inter-

polated by B&V. The results of the B&V point n-year precipita tion evaluation

is given in tables 1 through 3 and are shown on plates and 2. The tables

also give the values derived from using the NOAA Atlas 2 maps and equations.

be adjusted

for a 3-hour duration

~~

point rainfall depths should----- --------
gauge analysis)

-----------_---=:::::s:~=~--

B&V concluded that the NOAA Atlas 2

by the following factors (Las Vegas---- --storm in the Las Vegas Valley area.-------------
Return Period

B&V Adjustment Factor for

NOAA Depths (3 -hour Duration)

10- year

50-year

lOa-year

1.23

1. 39

1. 43

CLARK COUNTY REGIONAL FLOOD CONTROL DISTRICT FLOOD CONTROL MASTER PLAN STUDY

(James M. Montgomery , Consulting Engineers , Inc .)

4-06 James M. Montgomery, Consulting Engineers , Inc. (JMM) developed a Flood

Control Master Plan for the Clark County Regional Flood Control District

(CCRFCD) , Clark County , Nevada (ref. 2) . JMM verified the point precipitation-

frequency results presented in the B&V Study and reviewed the adjustment

procedure wi t h local meteorologists (including the Corps) , then basical ly

adopted the B&V results with a minor adjustment . The average of the results

from the analyses of the Las Vegas and Searchlight gauges wa s adopted to

adjust the NOAA Atlas 2 depths (B&V adopted the Las Vegas gauge results) and

is given i n the following tab le.
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Re': u!"n Pe" ioc

10-year

50-year

100-year

1. 23

1. 41

1. 44

Corps Feasibility Study

4-07 The Los Angeles District (LAD) meteorologist also investigated the po int

precipitation frequency analyses presented in NOAA Atlas 2 , by B&V, JMM, and

other informat ion that was availab le in the area. Tab le 4 is a prec ipita t ion

depth-duration-frequency tabulation, derived from NOAA Atlas 2, for the

Las Vegas precipitation gauge. Table 4 lists the computed point value
G

precipitation depths for durations from 5 minutes to~ hours, and for return

periods from 2 to 100 years .

4-08 Table 5 is the equ ivalent of table 4, but for a precipitation frequency

study conducted by the California Department of Water Resources entitled,

"Rainfall Depth-Duration-Frequency for California" November 1982 (ref. 3).
• •.1...

Data in this publication are tabulated for Las Vegas, Nevada, in addition t c

California stations~ The study was based on regionalizing statistica l

parameters utilizing the Pearson Type III frequency distribution. The period

of record for data used for the CDWR computations is 1941-1979.

4-09 It can be seen from tables 4 and 5 that the two sets of precipitation-

frequency computations are very similar, except for durations of less than 1

hour, where the CDWR values are up to 10 per cen t higher . Thes e CDWR v2 l ues

are accepted over the NOAA va l ue s for dura tions of less than 1 hour, in ' ,ha t

the CDWR f igures a !"e based on more local i zed regional prec ipi t at ion frequency
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compu t a : i ons (southwes : dese r t a rea ) , in co nt r3st t o the NO AA figure s, wh i ch

a ~e o~ ta ined fro~ t~ e mU l t ipl ica ti on of the ~ -h ou r precipitat i o~ va lues ( f0~

each r e t urn period ) by constan t t -minute /l - hou r r a t ios t ha t are use d

un iversa lly t hroughout t he western U~ ite d Sta tes for all return periods.

ADOPTED POINT PRECIPITATION-FREQUENCY VALUES

4-10 After lengthy consultations and discussions with local National Weather

Service and private meteorologists, as well as with engineers involved with

the CCRFCD/JMM and B&V studies, it was concluded that the B&V results

represent perhaps the best available estimate of the true values of these

precipitation frequencies in the Las Vegas area. Thus, they were adopted for

use in the COE rainfall -runoff model for Las Vegas . Table 6 lists the adopted

adjustment factors for return periods from 2 to 100 years . Table 7 lists the

adopted precipitation frequency values to be considered in this study for the

determination of n-yearflood discharges. These are based upon the values

from NOAA Atlas 2 (table 4) , with confirmation by CDWR (table 5), adjusted by

the ratios from table 6.

Analytical Point Precipitation-Frequency Analysis

4-11 After the development of the preliminary peak discharge-frequency values

for Las Vegas Wash and seven of the major tributaries (Flamingo Wash,

Tropicana Wash, Duck Creek, Las Vegas -Creek, Pittman Wash, Range Wash , and

Henderson C~1 channel), using the adopted poi~t-precipitation amounts

(adjustment to NOAA Atlas 2 depths), a copy of a letter from the Federal

Emergency Management Agency ( FEMA) to CCRFCD was received by LAD. The letter

contained information ab out an upda ted freque ncy analysis for selec ted gauges
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i ~ t~ e Las Vegas area per~~rme~ f or FEMA by one o~ t~e authors o ~ t~ e NOAA

Atla s 2 . T~ e l et ter state~ t hat t he updated po i n t precipi t at ion fr equency

curves develope~ by B& V and the n adop te d by the CCP.FCD (J!~~ ) ane the Co r ps,

wou l d no t hav e much effec t on t he de pt hs g ive n i n the NOAA Atlas 2 , in t ha t

the same results would be derived in NOAA Atlas 2 even if the updated B&V

informa t ion were used . The le tter a lso stated that: (1) analyt ical an a l yse s

(Gumbel Frequency Distribution) shou ld have been performed (not graphical

analyses ) on the B& V compiled data ; (2) that t he differences in the FEMA ( 1 9 ~8

to 1985) analytical analyses updating the NOAA analyses performed on the

gauged da ta (Las Vegas, Searchlight, and Boulder City) were still within the

90 percent confidence bands on the original NOAA (1952 to 1968) analytical

ana l ys i s per f ormed on t he gauged data ; and (3) more surrounding ga uge s s hould

have been inc luded. It shou ld be noted that the original (1973) analyses

performed by NOAA had periods o f record up to 23 years for Las Vegas and

Searchlight (1- through 6-hour duration data), and the updated periods of

record are about 40 years . - No backup or actual computed depths were given i n

the letter . The backup information and computed depths for the conclusions

s tated in the l e t t e r to CCRFCD were requested and rece ived by CCRFCD and the

Corps .

CORPS ANALYTICAL rOINT PRECIPITATION ANALYSIS

~ - 1 2 In additiona to reviewing the FEMA an layses, the -Corps conducted

analytical analyses on data from five recording rainfall gauges in and around

t he Las Vegas area . The analytical analyses conducted by the Corps used the

same approach as that used in t he NOAA Atlas 2 to generate point rainfall

depths , t he Gumbe l Frequency Dis tr i but ion . Annua l maximum 1-, 2-, 3-, 6- , an e
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24 -h ou r prec ip ita tion depth s we~e c om~ i l e d fo ~ Las Vegas, Sea rchl igh t ,

Ove r t on - Logan jale , Baker (CA) , an d Need l e s ( CA) gauge s ( s e e pl. 10 f or

l ocation) . Overton and Loganda le are ac t ual ly two separate gauges, bu t were

treated as one becuase they met the NOAA Atlas 2 criterion regarding

treatments of stations tha t are moved . That criterion states that if a

station was moved (also changed names in this case), it may be .t r ea t e d a s a

s ingle record if it did not change in e leva tion more than 100 feet, and the

horizontal location was within 5 miles . The period of record for Overton is

from 1948 to 1968 and the period of record for Logandale is from 1969 to

1986. Combining the records provided a period of record of 39 years . The

periods of record for the Las Vegas, Searchlight, Baker , and Needles gauges
35 1'1S'2-

are 38 years (1949 -1986), years ( ~-1986) , 33 years (1954 - 1986 ), and 44

years ( 1943-1986), respectively. The fixed -interval ve rsus true-interva l

correction factors used for the 1-hour (60 min), 2-hour (120 min), 3-hour (180

min), 6-hour (360 min), and 24 - hour (1440 min) durations are 1.13,1.04,1.03,

1.:02,. and 1.01" .!'e:spectively . These fac tors differ slightly from those used

by B&V in their analysis . The f a c t or s used by the Corps (as well as in the

updated analysis done for FEMA ) were obtained fromt -minute adjustment factors

recommended by the World Meteorological Organization (WMO 198 1 ref. 4) . The

10-year and 100- yea r adjusted results for durations 1 through 24 hours are

tabulated in tables 8 and 9 , and are compared to. va lues derived using NOAA

Atlas 2 . The results are show on plates 3 through 7 .

Comparison of Point-Precipitation Results

4-13 In comparing t he analytical prec ipitation analytical analyses conducted

by the Corps and that done f or FEMA (updated NOAA Atlas 2 analysis for Las

Vegas, Sea rchlight, an d Bould er City ga uges) , t he two studies produce d be r y
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s i~ : la ~ ~e s u ~ t s. Sl ight ciffe r ence s a ~e due t o t he p e~iod s o ~ rec ord usee in

t he an3 l yses . A c 8mp a r i s o~ 0: t he r e s ~ l ts of the 100-year , 3- , 6- , an c

24-hour values a r e lis t e d in t a b l e 10 . Bot h the Corps and updated FSMA

analy tically derived resu lts wer e lower than the B&V graphically derive d

results . The B&V ana lys is contained records up to 1983. Even though the

analytical analysis of t he gauged data produced results lowe r than the

graphical analys is (for the shorter durations 1- through 6-hour), the

analytical r es ul t s are s ti l l considerably higher than the values that would be

derived from NOAA Atlas 2 f or Las Vegas and Searchlight, particularly f or 2- ,

3- , and 6- hour de pths . A comparison of the 10-year and 100-year adjusted

re su ~ts by t he Cor ps t o the va l ues de r i ved from NOAA Atlas 2 are given in

tables 8 and 9 an d are sho~ on plates 3 t hrough 7 . As stated previous l y , for

th~ 2- through 5- hour du ra tions there i s a significant difference between the

Corps results an d NOAA Atlas 2 for Las Vegas and Searchlight. The diffe rences

for the 1- and 24-hour results are not as significant . For the other three

gauges (Overton-Loganda le, Bake~, and Needles), all the results were wi t h in

plUS or minus 20 percent (Corps over NOAA Atlas 2) except for the 2-hour at

Baker (+23.3 percent) and 1 hour Overton-Logandale ( -25.2 percent).

Summary and Conclusions of Point-Precipitation Analysis

4- 14 For the Las Vegas and Searchlight gauges, there are significant

differences between r esul t s produced from either the - FEMA or Corp~ analytica J

frequency ana l yses an d re su lts derived from NOAA Atlas 2 . In reviewing the

backup material f or t he analytical analysis generated for FEMA, it was not ed

that the ana l y t ical analysis determined fo r the original NOAA Atlas 2 ( 1973 )

for t he La s Vegas gaugs, was h i ghe r t han the updated ana l yses f or t he
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lOa-year, 3- an d 6-hou r durati ons. Tabl e l ' g ives t ~e 100-year re sul~s 0: t~e

original analytica l analys is o f t he Las Vegas and Searchligh t gauges used to

generate the NOAA Atlas 2 maps and equations, the values derived using

NOAA Atlas 2, and the updated FEMA analytical analysis. Note that the

difference between the values derived using NOAA Atlas 2 and the original

analytical analysis of the Las Vegas gauge for the 3- and 6~hour durations is

plus 66.9 percent and plus 48.5 percent (original NOAA over NOAA Atlas 2),

respectively, and the NOAA Atlas 2 curves plot below the 95 percent confidence

limit of the original NOAA analytical curve. The updated analytical results

are less than the original analytical results, but are still significantly

higher than the results derived from NOAA Atlas 2; and the NOAA Atlas 2

results still are below (or just above) the 95 percent confidence limit of the

updated curve. The updated FEMA lOa-year, 3- and 6-hour duration results of

the. Searchlight gauge are significantly higher than the results derived using

NOAA Atlas 2, but the NOAA Atlas 2 results are above the 95 percent confidence

limit of the updated curve.

4-15 Based on the significant difference between the values developed from an

analytical precipitation frequency analysis at the Las Vegas and Searchlight

gauges and the values derived using NOAA Atlas 2, particularly for 2- through

6-hour durations (reasonable design storm durations), the point precipitation

values in NOAA Atlas 2 should be increased for the Las Vegas Valley area. It

appears that the regional.smoothing done .in .developing the NOAA Atlas 2

isopluvials may be too gross in the Las Vegas area, particularly for the use

of design storms for flood control studies. Typical design storms used in the

area are 3- to 6-hours in duration. Comparing the results of the Corps

frequency analysis to the resu l ts derived from NOAA Atla s 2 suggests an
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i ncrease i n t ~ e Las Vegas 2 ~ea on t he or de r of plus 30 per cen~ ( Co r p ~ o v e ~

NOAA Atlas 2) f or t ~ e lOG-year r ecu~rence i n t e r va l an c 20 percen t :~r t~e

l a -year re currenc e inte rva~ fo r t he 3- and 6- hour dur a t i ons , respective l y.

The Las Vegas gauge lOa-year results of the original analytical frequency

analysis used to deve lop NOAA At l a s 2 are plus 66 .9 percent and 48.5 percent

higher than the resul t s derived from NOAA Atlas 2, for the 3- and 6-hour

durations, respectively . The B&V graph ical analysis adopted increases of

43 percen t an d 23 pe r cen t to the NOAA Atlas 2 point precipitation va l ues for

the 100-year and 10-year, 3-hour duration values. These comparisons, the

number of recent i ntense storms in the area that did not occur directly over a

recording r ain gauge , an d consultations with local meteorologists , suggest

that the adjusted poin t precipitation values given in table 7 are reasonable

approximations of t he i O- yea r ( 23 percent increase) through 100-year ( 43

percent increase) value~ for a 6-hour duration design storm. Therefore, the '

values given i n table 7 are adopted as the point frequency precipitation

values to be used i n the rainfall-runoff model developed for the Las Vegas

Valley basin area.

Duration and Return Periods of Design Storms

4-16 In this study, the return periods of 10, 50, ~n~ 100 years are used for

the determina tion of design storm precipitation. A duration of 6 hours was

selected 'for this stu~y 's design storms. ' A storm of this duration will

account for almost a l l of the volume produced by summer thunderstorms that

will be contained by pr opo s ed storage type structures. These 6-hour design

storms conta i n i nt e nse r a infal l f or the shorter durations as well , so that

t he y a l s o rep resent t he cr i t i cal s t orms in pr oduc i ng peak discha r ges.
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Time Distributions

~- 17 A de ta iled exa mi na t i on o f t he pos s i ble time dis t ribu tions to us e with

th e n-yea~ des ign s t or ms in Las Vegas and vic inity showed that the

distributions used for the Standard Project Storm (p l . 8 ) are applicable to

n-year design storms . The area/pat tern number relationship s hown i n the curve

at the right of plate 8 i s also considered applicable for return periods of 50

and 100 years, and is so adopted . For the return period o f 10 years, however,

the smoother pattern no . 5 (pl . 8) is used for all areas. The design floods

that are produced from these calculations are more realistic and are closer to

the flood -frequency determinations that were made fo r streams in the greater

Las Vegas area (based upon very l imited data and informa tion) .

Depth-Area Relationships

~ -18 The depth -area re lationships deriv~d for the Standard Project Storm

(based upon the depth-area curve for the Valley of Fire center of the

10 August 1981 Moapa Valley Storm), and corraborated by the depth-area curve

fromNHS Hydro 40 were also considered applicable for the n-year design

storms. These relationships were selected in the absence of any other, more

convincing, depth-area information ; It appears reasonable that such

re lationships shou ld hold for storms of lesser return periods than those of

. the Moapa. Va l l ey storm and-Standard Project Storm . The depth~area ~urves for

design storms having return periods o f 10, 50, and 100 years are shown on

plate 9.
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III. PRECIPITATION ANALYSES

A. AREA REDUCTION FACTORS

These point-

Hence, HYDRO-40 must be considered

The areal rainfall distribution also must reflect the

Memorandum NWS HYDRO-40, "Depth-Area Ratios in the Semi-Arid Southwest

United States". The depth-area curves of HYDRO-40 are based on data from

rainfall values have usually been modified to areal values using either

Previous evaluations of peak flows in the Las Vegas ' area have been

for converting the point values to rainfall amounts appropriate for the

factors are point-rainfall frequency distributions and depth-area ratios

In the determination of design storms for this study, the principal

Atlas of the Western United States, Volume VII - Nevada".

lower part.

orographic influence of the mountains, which causes rainfall intensities to

entire watershed.

Frequency Atlas ~:f the' United States for Durations f~om 3'0 Minutes to

24 Hours and R"eturn Periods from 1 to ' 100 years", or (2) NOAA Technical

Arizona and New Mexico, and the curves of Technical Paper 40 are based on

data for the eastern United States.

be generally larger in the upper portions of the watershed than in the

based on point-rainfall distributions given in Atlas 2 of the National

Oceanic and Atmospheric Administration (NOAA), "Precipitation-Frequency

more appropriate for use 1n Clark County. The rain gage network in

southern Nevada is not sufficiently dense to develop depth-area curves

explicitly for this area.
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TABLE 2

sidered to be independent of the return period of the precipitation.

Inasmuch as the study area for this proj ect is approximately 100 square

The ratios are con-

DEPTH-AREA RATIOS

A comparison of depth-area ratios from the two sources is given in Table 2.

miles, ratios for larger areas were not tabulated.

Drainage Precipitation From From
Area Duration Tech . Paper 40 HYDRO-40

(sq . mi.) (hours)

50 3 0 .89 0.65
6 0.93 0.71

12 0.81
24 0 .95 0.88

100 3 0.85 0.59
6 0.89 .0 . 65

12 0.77
24 0.93 0.85

was also completed. NOAA Atlas 2 gives curves of 6- and 24-hour maximum

i
I

, f

I

I"

B. POINT-RAINFALL DISTRIBUTION

A thorough review of point-rainfall distribution in the Las Vegas area
.~ , ~ - ' . ~.

rainfall totals for ' r e cur r ence intervals of 2, 5, 10, 25, 50, and

100 years. These curves were derived through analysis with substantial

amounts of data and involved the use of regional relationships to factors

such as land slope, normal annual precipitation, orographic barriers to air

flow, land elevation, distance to sources of moisture, location (latitude

or longitude), and roughness. Regression equations and nomographs are also

provided in the atlas to allow determinat ion of 1-, 2-, and 3-hour maximum

III-2
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precipitation amounts. -Th i s reference was published in 1973, and it was

felt that significant major rainfall events since then may have shifted the

rainfall intensity-frequency relationships.

Hourly rainfall data were obtained for the first-order National

Weather Service stations at McCarran Airport (Las Vegas), Searchlight, and

Boulder City . The periods of record for these stations were 1931 through

1983 for Boulder City and 1948 through 1983 for both Searchlight and Las

,

Vegas. Daily data were obtained for non-recording stations at Red Rock

Summit, Roberts Ranch, North Las Vegas, Kyle Canyon, and Overton. The

daily records for these latter stations had considerable periods of missing

data and were not analyzed. Daily precipitation totals for the Las Vegas

(McCarran),Searchlight, and Boulder City gages were analyzed to determine

24-hour precipitation frequencies . Hourly , data ,f o r the Las Vegas gage were

analyzed to determine 1-, 2-, and 3-hour precipitation frequency distribu- '

tions. The analysis was completed by plotting the data points on Gumbel

m
probability graph paper according to the Weibull plotting position n+1'

Lines of best fit were visually determined. The results of this analysis

indicated that the 100-year daily rainfall at Boulder City was 2.97 inches,

at Las Vegas the value was 2 .62 inches, and at Searchlight the value was

5.09 inches .

light gage.

Some irregularities were noted in the data for the Search-

Therefore, ' t he value for 'Se a r ch l i gh t is not as reliable as

those for Las Vegas and Boulder City. These values were based on analysis

of precipitation totals for individual calendar days and, since 24-hour

precipitation events rarely fall within separate calendar days, it was
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that the factor to convert the I-hour value to a 60-minute value is 1.13

2.96 inches
3.36 inches
5.75 inches

This was done by multiplying the values determined by

1.79 inches for 1 hour, 2.17 inches for 2 hours, and

Las Vegas
Boulder City
Searchlight

minute values.

Analysis of the hourly precipitation data for the Las Vegas gage was

factor given in NOAA Atlas 2. This results in 100-year, 24-hour precipi-

tation totals of:

The corresponding values using only the curves of NOAA Atlas 2 are

necessary to convert the daily precipitation values to equivalent 1440-

analysis of the daily data by a factor of 1.13, which is the conversion

100-year, 24-hour precipitation totals for Boulder City and Searchlight

Vegas are identical.

for Searchlight. Note that even though this analysis indicated that the

2.96 inches for Las Vegas, 2.98 inches for Boulder City, and 3.98 inches

the maximum l80-minute rainfall would cover parts of four clock hours.

cipitation totals, they had to be adjusted to reflect the fact that the

completed using the same procedure. The resultant 100-year precipitation

factor to convert a 24-hour value to a l440-minute value is 1.01. Assuming

NOAA Atlas 2 indicates that to convert a 6-hour precipitation total to a

should be increased by 13 and 44 percent, respectively, the values for Las

maximum 60-minute rainfall probably fell in parts of two clock hours, the

maximum 120-minute rainfall would occur in parts of three clock hours, and

amounts were

2.34 inches for 3 hours. Since these values are based on clock hour pre-

360-minute amount, the 6-hour amount should be multiplied by 1.02. The



I
I
I
I
I
I
I
I
I
I
I
I

(the same as for converting daily values to 1440-minute values), the

factors for 2 and 3 hours were interpolated as 1.08 and 1.06, respectively.

When these factors were applied to the values mentioned previously, the

resultant lOa-year precipitation totals for Las Vegas are 2.02 inches for

1 hour, 2 .34 inches for 2 hours, and 2.48 inches for 3 hours. The corre­

sponding values using th~ procedures given in NOAA Atlas 2 are 1.44 inches

for 1 hour, 1.61 inches for 2 hours, and 1 .73 inches for 3 hours.

Previous investigations have indicated that the 3-hour design storm is

appropriate to use for hydro logic studies in the study area. This is valid

for estimating peak flows, but it is also valid for detention basin sizing

only if most of the 24 -hour precipitation total is contained in the j-hour

amount or if a high release rate can be maintained from detention basins

during a storm. The significant discrepancy between the lOa-year, 3-hour

value of 1.73 inches from NOAA Atlas 2 and the value of 2.48 inches deter­

mined by analysis of gaged data warranted further investigation, so a

comparison was made of the frequency distribution of the 3-hour precipita­

tion for the two approaches. This is shown on Figure 2. The difference

between the two data plots is significant, and supports the use of larger

lOa-year, 3-hour design storm on the basis of local data.

As a check of the calculated rainfall versus the NOAA Atlas 2 data, a

comparison of 3-hour maximum precipitation frequency distributions was

completed for the Searchlight gage. This comparison shown on Figure 3 also

indicated additional precipitation at the lOa-year recurrence interval.

The lOa-year, 3-hour precipitation is 2 .84 inches . This is an increase of

46 percent which i s similar to the increase at the Las Vegas gage of

43 percent.
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The 100-y e ar design storm for the Flamingo Wash basin upstream from

Decatur Boulevard was developed by starting with the 100 - y e a r , 3-hour

precipitation value of 2 .48 inches fo r the Las Vegas gage and increasing it

from east to west ac ross the basin in proportion t o the increase in the

The Las Vegas data were also used to check the time distribution of

precipitation within the maximum 3-hour period. The results are shown on

F igure 4 . The curved l i ne is the cumulat ive percentage of total rainfall

as a function of the percentage of the elapsed storm duration as used for

previous studies. The results of analysis of the data from the Las Vegas

gage are superimposed. The results general ly confirmed the validity of the

t ime distribution curve used previously, and the same distribution was used

in determinat ion o f design storms for the Flamingo Wash study .

reflects the predominant increase in storm rainfall from east to west due

to the orographic effects of the mountains. The resultant point rainfall

values were multiplied by 0.59 in accordance with the depth-area relation­

ship from HYDRO-40 . The resultant 100-year , 3-hour isohyets are shown on

Figure 5. Within the 3-hour period, precipitation was distributed using

the relat ionship shown on Figure 4.

Design sto rms fo r the 10- , 25 -, and 50-year events were also deter ­

mined through the s ame procedure used fo r the 100-year storm. The isohyets

of t he 3-hour des ign storms for recurrence i n t e r v a l s from 10 , 25 , a nd

50 yea rs a re shown on F igures 6, 7, and 8. The 3-hour precipitat ion t ota l s

100-year, 6-hour po int-rainfall isohyets in NOAA Atlas 2. This increase

DESIGN STORMSc.

I .
I
I
I
I
I
I
I
I
I

I
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D. HISTORICAL STORMS

The areal distributions of major storms in 1975 and 1983 were compared

prevent overtopping from a flood equal to one half of the Probable Maximum

1. 39
1.82
2.15
2.48

3-Hour
Precipitation

(inches)

Return
Period

10 years
25 years
50 years

100 years

The rainfall event which produces a PMF is the probable

180-minute and 1440-minute totals):

for the Las Vegas gage are as follows (values have been corrected to

The detention basins and appurtenant structures must be designed to

maximum precipitation (PMP). The PMP is defined as the reasonable maximi-

Wash watershed, which also conforms to observations of experienced hydrolo-

the procedures for local storms in Hydrometeorological Report No. 49. The

Flood (PME.).

average 6-hour PMP for the Flamingo Wash watershed is 10.5 inches.

to design storms to add some perspective. The isohyets of these s t or ms are

tion intensities are generally greatest at the upper end of the Flamingo

The PMP for each of the detention basin sites analyzed was calculated using

zation of meteorological factors that operate to produce a maximum storm .

shown on Figures 9 and 10. Although NOAA Atlas 2 indicates that precipita-

I•
I gists in the region, both the 1975 and 1983 storms were centered over the

fell at either the upper end of the watershed or at the Las Vegas gage at•
lower part of the watershed. In both storms, very little precipitation

McCarran Airport. This demonstrates that the adequacy of detention basins

must be tested against design storms over both the entire watershed and the

'"
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lower portion of the watershed. A design storm centered over the lower

!
t,

portion of the watershed was developed using areal reduction factors larger

than 0.59 because of the smaller watershed area and is shown on Figure 11.

Another observation is that, although some historical storms have

caused significant amounts of precipitation over the entire watershed,

others such as the 1975 and 1983 storms have been concentrated in small

areas. This may indicate that the areal reduction factors appropriate for

use in the Las Vegas area may actually be smaller than those indicated in

HYDRO-40. The available precipitation data in the area near Las Vegas are

not adequate for determining local areal reduction factors. The appropri-

ate factors can be determined only if a network of recording precipitation

gages would be installed in the region .

1II-8



APPENDIX l-C

NOAA Atlas 2 procedures and analyses of City of Phoenix rainfall distribution
by Arthur Beard Engineers, Inc.
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PREC IPI TATI O N

For the past decade, Weather Bureau Technical

Paper No. 40, U.S . Weathe r Bureau, 1961 , has been ac ­

cepted as the standard source for precipitation-frequency

information in the Un ited States.

With the same basic approach as Technical Pape r

No . 40 bu t utili zing currently available longer records

and the maximum number of stations possible, the Precipi­

tation-Frequency Atlas of t he We s t e r n United States , Volume

VIII - Ar izona was prepared in 1973 by the U.S . Department

of Agriculture, Soil Conservation Service , Engineering

Division. Since the atlas has the most recent data avail-

able on prec ipitation it was used as the source for all

rainfall data in this report .

Key maps developed for the atlas were the 2 and

100 year return periods for 6 and 24 hour durations . The

initial map deve loped was the 2 Yea r return period for

the 24 hour duration. The 24 hour duration was selected

because this:permitted use of data from both recording

and non-recording gauges . Additional records were avail -

able for the 24 hour duration because an extensive non-

recording-gauge netwo rk was in ex istence for many years

before the

I
1940 . The

period for

[J

recording-gauge network was established in

next map developed was the 100 year return

the 24 hour duration followed by the 6 hour

4-1
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duration for the 2 and 100 year return periods . After

these four maps were completed, values for intermediate

return periods were computed for a grid of about 47,000

points and appropriate maps prepared .

The Atlas presents the 6 and 24 hour duration

precipitation-frequency maps for the return periods of 2,

5, 10, 25, 50 and 100 years . Maps for the 2, 10 and 50

year returns are found in Figures 4.1 to 4.6.

For many hydrologic purposes, other durations

may be needed , such as the 1, 2 and 3 hour. Values for

these durations are obtained by using data from the 6

and 24 hour maps with empirical formulas and methods de -

veloped for the atlas .

Data for the one hour duration are the first to

be calculated. This is accomplished with the following

equations:
2

Y2 = -0.11 + 0 .942 (Xl/X2)

2
YI00 = 0.494 + 0.755 (X3/X4)

Where

Y2 = 2 year, 1 hour estimated value

YI00 = 100 year, 1 hour estimated value

Xl = 2 year, 6 hour value = 1 .20 inches

X2 = 2 year, 24 hour value = 1.40 inches

X3 = 100 year, 6 hour value = 3 .10 inches

4-2



taken for the 2 and 3 hour durations.

The values for the 2 and 3 hour duration are

X4 = 100 year, 24 hour value = 3.80 inches

Figure 4.7

Solving the equations, the values obtained are:
2

Y2 -0 .11 0 .942 1.20 ) 0.86 inches= + (1. 40 =

Y 1 0 0 = 0.494 + 0 .755 (3.10 2
) = 2.40 inches

~

The 1 hour precipitation -frequency values for

any return period between 2 and 100 years are found by

line connecting the 2 and 100 year values .

illustrates the nomograph for the 24 hour duration.

is drawn between the 1 and 6 hour values and readings

plotting the 2 and 100 year values on a nomograph and

reading values for a particular period off the straight

found in a similar nomograph approach. A straight line

Besides the nomograph approach, the following

mathematical solutions have been developed for estimating

the 2 and 3 hour values in Arizona:

2 hour = 0.341 (6 hr) + 0 .659 (1 hr)

3 hour = 0.569 (6 hr) + 0.431 (1 hr)

Data for the one year storm are found by using

methods found in Weather Bureau Technical Memorandum No.

44 - Estimated Return Periods for Short Duration Precipita­

tion in Arizona by the u.S. Department of Commerce, Environ-

mental Science Services Administration.
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The formula deve loped for f inding the r a inf a l l

for the I year, 6 hour a nd 24 hour duration i s:

PI = P2 - 0.16 (P I OO - P2)

Where

P IP 2 .. .. , P I OO a re the estimated precipitat ion

for r e t u r n per iods of 1, 2 and 100 y e a r s, respectivel y .

The remaining rainfall values for the one year

durations (lhr, 2hr, and 3hr ) are ca lculated using t h e

equations :

x, = 2X6 X24

X2 = X6 . 77 (X 6 Xl)

X3 = X6 . 55(X6 Xl)

Where Xl , X2 , ... , X24 are estimated precipita ­

t ion values for durations of 1, 2, ... , 24 hours respective ­

ly .

Tab le 4 .8 shows the precipitation data calculated

fo r the study a rea.

Utili zat ion of this precipitation data for Soil

Conservation Service methods is described by K.M. Kent

(retired), Chief , Hydro logy Branch , Soil Conservation

Service, i n SCS-TP-1 49 ent itled A Me t hod for Est imating

Volume and Rate of Runoff in Small Watersheds .

" Ad j u s t me n t of rainfall with respect to area is

4-4
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not necessary in the method described because the drain­

age areas are small. But the distribution of storm rain-

fall with respect to time is an important parameter. Two

major regions were identified for this purpose. Time

distributions for each are tabulated in Table I and shown

in Figure 1 (Table 4 .9 of this report). Type I represents

regions with a maritime climate . Type II represents

regions in which the high rates of runoff from small areas

are usually generated from summer thunderstorms.

"The type I and type II distributions are based

on generalized rainfall depth-duration relationships

obtained from Weather Bureau technical papers. The accumu ­

lative graphs in figure 2 (Figure 4.10 of this report),

which are the basis for type I and type II distributions,

were established by (1) plotting a ratio of rainfall amount

for ~ny duration to the 24 -hour amount against duration

for a number of locations and (2) selecting a curve of best

fit . Selected curves are shown as dashed lines in figure

2 (only type II distributions are included in this report,

see Figure 4.10). Note that the Type II distribution

... underestimates the I -hour duration by about 0.6 inch

at Lincoln, Nebr., overestimates it by about 0.5 inch

at Mobile, Ala., and is within 0.1 inch on the northwest

corner of Utah . . . These variations are within the accuracy

of rainfall amounts read from the Weather Bureau references .
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"Average intensity-duration values used to de-

velop the dashed lines in figure 2 (Figure 4.10) are

rearranged to form the ... type II distributions in figure

1 (Figure 4.11). The type I distribution is arranged so

so that the greatest 30 -minute depth occurs at about the

10 -hour point of the 24 -hour period, the second largest in

the next 30 minutes, and the third largest in the preceeding

30 minutes. This alternation continues with each decreasing

order of magnitude until the smallest increments fall at

the beginning and end of the 24-hour rainfall ... The type

II distribution is arranged in a similar manner but the

greatest 3D-minute depth occurs near the middle of the

24-hour period . The selection of the period of maximum

intensity for both distributions was based on design con -

sideration rather than meterological factors.

"The effective storm period that contributes to

an instantaneous peak rate of discharge varies with the

time of concentration (T c) of each small watershed. It is

only a few minutes for a very short T and up to 24 hoursc

for a long Tc' The effective period for most watersheds

smaller than 2,000 acres is less than 6 hours . Because

of the "built-in" range of 3D-minute intensities, the

24-hour duration is equally appropriate for as-acre water-

shed with less than a 3D-minute effective storm period as

it is for a 2,000 acre watershed where the effective periods

4-6
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may take up the entire 24 hours."

As a check, the 24 hour duration (Figure 4.11)

was compared with the 1, 2, 3 and 6 hour duration storms

shown in Figures 4.1 2 and 4.13. Alternate I was chosen

as the sample run used in the TR-20 computer program .

All five durations were routed through the system for each

of the four design year storms. The results verified

that the 24 hour duration did develop the peak flows and

therefore was the critical duration used for the Nor th­

west Storm Drainage Study .

In addition, the precipitation data obtained in

Table 4.8 was compared with the Soil Conservation Service

Type II distribution and found to be within reasonable

limits , thereby justifying the use of the standard Type

II distribution . If the data had varied excessively, a

new distribution curve would have had to be developed based

on the collected data.

In the past, the City of Phoenix has depended

upon the Rainfall Intensity-Duration-Frequency Relation

Curve, Figure 4.l4,for its rainfall data. The source of

information for developing the curve can be found in the

Weather Bureau's Technical Memorandum WR-44, Estimated

Return Periods for Short Duration Precipitation in Arizona .

Table 4.15 shows the data for the City of Phoenix taken at
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the Weather Bureau Office located at Sky Harbor Airport.

A comparison between this data and the data for

the Northwest Storm Drainage Study (Table 4.8) shows that

the rainfall for the 1, 2 and 5 year frequencies for all

durations is generally larger. For the larger frequency

storms, the opposite holds true.

Differences occur because the WR-44 source uses

the one location, Sky Harbor Airport, for its Phoenix

data while the report map data was obtained through inter­

polation of the precipitation maps for the particular

study area. The point source is used only as a general

representation for the Phoenix area and cannot accurately

account for the rainfall differences within the many

drainage basins of the valley.
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TABLE 4.8

FREQUENCY DURATION ( h r s )

(years)
1 2 3 6 24

1 0.78 0 .81 0.83 0.90 1 .25

2 0.86 1. 10 1. 15 1. 20 1. 40

5 1 .40 1 .50 1. 60 1. 70 2.00

10 1. 55 1 . 70 1. 80 2 .00 2.35

25 1. 75 1. 95 2.15 2.40 2 .90

50 2.00 2 .30 2 .50 2 .80 3.30

100 2.40 2 .60 2.80 3.10 3.80

NORTHWEST STORM DRAINAGE STUDY
PRECIPI TATION DATA (INCHES)

arthur beard engineers, Inc.
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From: A Method for Es t imating Vol ume and Rate of Ru no ff i n
Smal l Watersheds by K.M. Ke nt .

Ratio of Acc umu lated Ra infal l
Time to Tota1

(hours)
PX/ P24

Type I Type II

0 0 0
2.0 . 035 .022

4. 0 . 076 .048

6.0 . 125 . 080

7. 0 .1 56 ----
8.0 .194 . 120
8.5 . 219 ----
9.0 .2 54 .147 .

9. 5 . 303 .1 63
9. 75 . 362 ----

10. 0 .515 . 181
10. 5 .583 . 204

11. 0 .6 24 . 235
11.5 .654 . 283

11. 75 ---- .387

12. 0 . 682 . 663

12. 5 ---- .7 35
13. 0 .727 . 772

13.5 ---- . 799

14. 0 . 767 . 820

16.0 .830 .880

20.0 . 926 . 952

24. 0 1. 000 1. 000

•;.
•II
I,

,
••I
..
I

I

..

11 - 1 7

TABLE 4 .9

ACCUMULATION OF RAINFALL
TO 24 HOURS

arthur beard engineers, Inc.
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FIGURE 4.13
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TABLE 4 .15

Station: Phoenix WBO

Latitude: 33
0

26 1

Longitude: 112
0

all

Elevation (feet): 1117

RETURN PERIOD (YR5.)

1 2 5 1a 25 . 50 100

5 min. O. 17 0.26 0.38 0.4-7 0 .59 0.68 0.77

10 min. 0.27 0.40 0 .59 0.72 0.91 1 . 06 1 .20

15 min. 0.34 0.50 0.74 0.92 1 . 15 1 .34 1 .52

30 min. 0.47 0.70 1 .03 1 . 27 1. 60 1 .86 2.10

1 hr. 0.60 0.88 1 .30 1. 61 2.02 2.35 2.66
,

2 hr. 0.65 0.94- 1 ..39 1.72 2. 15 2.49 2.82

3 hr. 0.69 1. 01 1 .48 1. 82 2.27 2.62 2.97

6 hr. 0.81 1 . 16 1 .70 2.07 2.57 2.96 3.35

12 hr. 0.91 1 .30 1 .90 2.30 2.84 3.26 3.69

24 hr. 1 .02 1 .44 2.10 2 .53 3.12 3.57 4.04

ESTIMATED RETURN PERIODS
FOR

SHORT-DURATION PRECIPITATION
IN ARIZONA

arthur beard engineers, Inc.



APPENDIX 1-0

Development of Depth-Duration-Frequency table, and Intensity-Duration­
Frequency table and graph .



Comparison of IDF Curves for
Phoenix and Recommendation for
the Selection of IDF Curves for

Maricopa County

G. Sabol, 8 May 1989

Intensity-duration-frequency (IDF) curves or a procedure to develop IDF
curves are needed for the description of the Rational Method in the Maricopa
County Hydrology Manual. The following sources are available for depth­
duration-frequency (DDF) data for Maricopa County:

1. NOAA Atlas 2,
2. NOAA Atlas 2 with the procedure of Arkell and Richards (1986) for

durations less than 1-hour, and
3. TP-40 (1961) or the data tabulations processed from TP-40 for selected

locations in Maricopa County as presented by Kangieser (1969).

In addition to these basic data sources, there is also an IDF curve that
is used by the City of Phoenix.

I have compared IDF curves for Phoenix that would be available from these
four sources. Attached are DDF data tables, corresponding IDF data tables,
and several IDF curves. The following are conclusions from the inspection of
these data and curves:

1. The IDF data for Phoenix from TP-40 and Kangieser, from NOAA Atlas 2, and
from NOAA Atlas 2 along with the procedure by Arkell and Richards for
short duration (less than 1-hour duration) are nearly identical. For use
with the Rational Method, any of these three IDF curves would yield about
the same results.

2. The IDF curve for the City of Phoenix is nearly identical to the other
three for a return period of 2-years. The City of Phoenix curve indicates
lower intensities than the other three for return periods longer than 2­
years. At a return period of 100-years, the City of Phoenix is
significantly less than the other three; for example for a duration of 30­
minutes the intensities are:

TP-40 and Kangieser - 4.20 in/hr
NOAA Atlas 2 - 3.94 in/hr
NOAA Atlas 2 plus Arkell and Richards - 3.98 in/hr
City of Phoenix - 3.4 in/hr

For shorter durations, the deviation is greater; and for longer durations,
the deviation is less. At a duration of 6-hours and longer, the
intensities are about equal.

3. The data base and/or justification for the City of Phoenix IDF curve to
deviate from the three most authoritative data sources is not known to me.

4. I would not recommend using the City of Phoenix IDF curves because;
don't think that there is a valid technical basis for these curves,
a procedure is needed that can be used for all of Maricopa County.
same procedure should be used throughout the county.

1) I
and 2)
The



5. I think that the best data base and procedures that are currently
available to develop IDF curves is NOAA Atlas 2 with the Arkell and
Richards procedure for short durations. I base this conclusion on; 1) it
represents the most current data base and procedure, 2) if the NWS
undertakes a restudy of precipitation data for Arizona (and Frank Richards
has been involved in preliminary discussions in Arizona) then it is likely
that the new short duration ratios will be incorporated in the new Arizona
procedures, and 3) a NWS program (PREFRE) is available to quickly generate
DDF tables based on these data and procedures.



RETURN PERIOD (YR5.)

Elevation (feet): 1117

TABLE 4 .15

art hur beard engi n eers, Inc.

ESTIMATED RETURN PERIODS
FOR

SHORT-DURATION PRECIPITATION
IN ARIZONA

1 • "

1 2 5 10 25· · 50 100

5 min. O. 17 0 .26 0.38 0 .47 0 .59 0.68 0.77

10 min . 0.27 0.40 0.59 0.72 0.91 '1 . 06 1 .20

15 min. 0.34 0.50 0 .74 0.92 1. 15 1. 34 1 .52

3Q min. 0.47 0.70 1. 03 1 . 27 1. 60 1. 86 2 .10

1 hr. 0.60 0.88 1 . 30 1 . 61 2.02 2 .35 2.66.
2 hr. 0 .65 0.94 1 ..3 9 1 .72 2.15 2 .49 2.82

3 hr. 0 .69 1. 01 1. 48 1 .82 2 .27 2.62 2 .97

6 hr . 0.81 1. 16 1. 70 2.07 2 .57 2 .96 3.35

12 hr. 0.91 1 .30 1 .90 2 .30 2 .84 3 .26 3 .69

24 hr . 1. 02 1 . 44 2. 10 2.53 3. 12 3.57 4.04
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REVI SED J UNE 1988 TO UP DATE COMPUTA r IO N OF S HORT-DURAT IO N VALUES

PRE CI PI TATI ON FREQUENCY VALUES FOR f'HOENI X A[,\I ZONA
PR I MARY ZONE NUMBER = 7
S HORT-DURAT IO N ZONE NUMBER = 8

POINT Vl'lLUES

RETURN F' ER1 (l C'
[,I)TV\ r ION 2- YR ':,·· YR J.D ·····YR ..•.., r- ,YR '50 ,-,YR lUO --YR ::,OU " YR. ,. ,

5 - MI N 3 2 42 ( ,,0 ·~, 9 6 7 -7 r q ') ~S -- ~ll l\1· , ~. . ,-
1 0 -MIN 48 6 4 7 5 91 1. 0 3 1. 1 (... 1. 4 2 l O-MIN
1 5 --MIN · !:)8 . 8 0 . 95 1. 15 1- . ~· 1 1. 4 7 1. 8 3 I 5 -MIN
:,~) D ·- · r1 I ~-J · 77 1. D7 1- 2 8 i , 5 6 1. 77 1. 99 i 2 . (;.9 30 - l'lI N
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.3 -- HR :I. 0 8 :L. ':'d, :L. 8f, ,' "') 26 -» !:,8 2 . 9 0 :3 . 6(, .:;:·-HG.'~::.. .. 4 . ..

6 --HR 1 19 1. 7 0 2 . 04 ' .... 50 2 . 86 3 . 22 I~ .. C) ':' 6-1-IRL .

1 2 - HR 1. 30 1. 87 2 . 25 2 . 77 3. 1 7 ·:3 . 58 4. . '::- 0 1 2 -HR
2 (;.-·HR 1. 4 0 2 .. 04 2 . 46 ." 0 4 3 . 4.9 "7 93 4. 9 6 2 4-·HRv • ~, .

.... I F YOUR S I TE I S IN ARI ZONA OR NE[,.J 1'1 EX.T CO. P LEAS E CONS ULT HIE.
FOLLOWING PAP ER F OR REVI SED DEP f H- AREA VALUES:

DEPTH -AREA RAT I OS I N THE SE MI - ARID S OUTHWES T UNIT ED S TATES
NOAA TECHNICAL MEM ORANDUM NW S HYDRO-40
ZEHR AND MYERS
AUG UST 1984

I NPUT DAT('.

PROJ ECT NAME =PH OENIX ARI ZONA
ZONE= 7 S HO RT -DURATIO N ZONE= 8
LATITUDE = .00 LONGITUDE = 100 .00 EL EVAT I ON= 0
2-YR. 6- HR P CP N= 1. 19 IOO - YR. 6 - HR P CPN = 3 . 22
2 - YR . 2 4-HR PC P N= 1 .40 100-YR . 2 4 - HR PC P N= 3.93
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APPENDIX l-E

24-hour, Maricopa County Flood Control District (MCFCD) distribution.



24 -hour r a i n f al l depth 3 .93

time increment cumulative time increment cumulative
inc rement rainfall rainfall i n c r e men t rainfall ra infall
--- - - ---- -- -- - - - - - --- -- -- -- - ----- ---- --------- - - - - - - - - - -

00 :15 . 0075 . 00 75 12 :15 1. 4700 2 .9600
00:30 . 0075 . 01 50 12 :30 . 2500 3.2100
00 :45 . 0075 .0225 12 :45 . 0 625 3 .2725
01:00 .0075 . 03 00 13 : 00 . 062 5 3 .3350
01:15 . 0075 .0375 13 :15 . 0425 3.3775
01:30 . 0075 . 0 450 13 : 3 0 .0425 3 .4200
01:45 . 0075 .0525 13: 45 .0258 3 .4458
02:00 .0075 .0600 14 :00 .0258 3 .4716
02 : 15 . 0075 . 0 675 14 :15 .0258 3.4974
02 :30 . 0075 .0750 14 :30 .0258 3.5232
02:45 . 0075 . 08 25 14 :45 . 0258 3.5490
03 :00 . 0075 . 0 900 15 :00 . 025 8 3.5748
03 : 15 .0075 . 0 975 15 :15 . 01 46 3 .5894
03:30 . 0075 . 1 05 0 15: 30 . 01 46 3.6040
03 :45 .0075 . 1125 15 :45 . 01 46 3 .6186
04 :00 . 0 075 . 1 2 00 16:00 .0146 3 .6332
04 : 15 . 0075 .1275 1 6: 1 5 .0146 3 .6478
04 :30 . 0075 .1350 16:30 .0146 3.6624
04 :45 . 0075 .1425 16 :45 . 01 46 3.6770
05:00 . 0075 . 1 500 17:00 . 01 46 3.6916
05:15 . 00 75 .1575 17 :15 . 01 46 3.7062
05 :30 . 0075 . 1 65 0 17 :30 . 01 46 3 .7208
05 :45 . 0075 . 1 72 5 1 7:45 . 01 46 3 .7354
06 :00 .0075 . 1 8 00 18 :00 .0146 3 .7500
06 :15 . 01 46 .19 4 6 18 : 15 .0075 3 .7575
06 :30 .0146 . 2 092 18:30 . 0075 3.7650
06 :45 . 01 46 . 22 38 18:45 . 0075 3 .7225
07 :00 . 0146 . 2 38 4 19:00 . 0075 3.7800
07 :15 . 01 46 . 2 53 0 19:15 .0075 3 .7875
07 :30 . 01 46 .2676 19:30 . 0075 3.7950
07:45 . 01 46 . 28 22 19 :45 .0075 3 .8025
08 :00 . 01 46 .2968 20:00 . 00 75 3.8100
08 :15 . 01 46 .3114 20 :15 . 0075 3 .8175
08:30 .0146 . 32 60 20 :30 .0075 3 .8250
08 :45 . 01 46 . 3 406 20 :45 . 00 75 3 .8325
09 :00 .0146 . 355 2 21 :00 . 0075 3 .8400
09 :15 .0258 . 381 0 21 : 15 . 0075 3 .8475
09 :30 .0258 . 4068 21 :30 .0075 3 .8550
09 :45 . 0258 . 432 6 21:45 .0075 3 .8625
10 :00 . 0258 .4584 22 :00 . 00 75 3 .8700
10 :15 . 0258 .4842 22 :15 . 0075 3.8775
1 0: 30 . 0258 .5100 22 :30 . 0075 3.8850
10 :45 . 0425 .5525 22 : 45 .0075 3.8925
11:00 . 0425 . 5 95 0 23 :00 . 0075 3.9000
11:15 .0625 . 65 75 23 :15 . 0075 3.9075
11:30 . 0625 . 72 00 23 :30 . 0075 3 .9150
11 :45 .2500 . 9700 23 :45 .0075 3 .9225
12 :00 .5200 1 .4900 24 :00 . 0075 3.9300
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S80lT DOl.UIOR UDlFALL 1ELA.TI000S POI tHE VESTED DHlTED STATES

Richard E. Arkell and Frank lticharda

Office of Hydrology
NOAA, National Weather Service

Silver Spring, Maryland

1 • lIn'ROOOC'r1OR

Long records of .hort-duration (leu than
1 hr ) precipitation observations necellary to
estimate precipitation-frequency allounts are only
available for a relatively .mall nUllber of
stations. This dearth of data hal made the
development of generalized short-duration esti­
IIl3tf1!! difficult, e!!pechlly in the We!!t!!n'! United
States where .tation density 11 particularly low
and where significant meteorological variation can
occur over .hort distances. The first short
duration precipitation-frequency estimatel for the
western United States were based on very' limited
data (U.S. Weather Bureau 1953, 1954). Later,
Hershfield (1961) developed precipitation­
frequency maps for the entire co~tinental United
States and used uniform ratiol· to relate the
shorter-duration amountl to longer-duration
amounts. By relating the shorter durations to a
longer duration that had .ignificantly greater
station density, the detailed depiction of the
spatial variation of the longer duration could
effectively be incorporated into the .horter
duration estimates. This approach wu based on
the assulllption that .t he variation of the ratio
fields was smoother than vas the variation of the
absolute values thelD8elves.

Miller et ale (1973), hereafter referred
to as NOAA Atlal 2. developed a technique to treat
spatial variatiotUl in .c>untainous areas and
appl1ed it in the western United States. Killer
et ale chose to adopt Bershfield'. nationally
averaged ratio. for short durations. Frederick et
ale (1977) developed iaoheytal map. of ahort­
duration precipitation-frequency allount. instead
of ratios for the eastern and central United
States. They l1alted their .tudy to the largely
nonorographic portion. of the United Statel where
meteorological variation vu mode.t and where data
density wal generally higheat. Finally, Frederick
and Miller (1979) .tud1ed ahort-duration
precipitation-frequency aaount. in the .tate of ·
California. In .pite of the relatively high
.tation density, they decided to develop regional
ratios rather than ..ps depicting the apatial
variation of the ahort-duration e.timate. becaule
of the large meteorological variability within the
state.

The present study deveiopi .bort duration
precipitation-frequency ratios for the 10 western
Itates not included in either Frederick et al.
(1977) or Frederick and Hiller (1979): Arizona, "
Colorado, Idaho, Kontana, Nevada, Rev Mexico,
Oregon, Utah, Washington and Wyoming. The ratios
relate 5-, 10-, 15-, and 30-minute precipitation­
frequency amountl to I-hour Doontl frolll NOAA
Atlas 2. We addressed a number of nrob],.."", in

developing these ratios. First, the "t~tl~--de~~
sity was lower (17,OOO tli2/station) compared to
th! eastern and central United Stat~ (12,000
mi I.tation) and California (600 mi2/.tation).

Second, the rugged topography, ranging from aea
level to over 14,000 ft, imposed l1t1tationll on
the data's applicability, especially since most
stations tended to represent lower elevations.
Third, there are vide var1atiollS in cl1matology
within the .tudy area.

2. tHE DATA

The data used in thi. .tudy are the
largest annual pr~cipitation amount. for 5~~ 10-.
15-. 30- and 6Q-m1nute durations. The alaOUnta for
each duration for a given year were not neces­
sarily froll the aame Itorm. but rather vere the
largest allounta for that year, regardless of date
of occurrence.

The locations of the 61 .tationl included
in tb1••tudy are shown in figure 1. Of theae, 55
had at least 15 years of data at all durations.
Six .tationl had less than 15 years and were u.ad
only on a limited basis; three .tations were 11g­
n1ficantly above the surrounding terrain and were
used only for comparative purpose.. The earliest
data records go back to 1896 and the lIO.t recent
data were through 1984. The average nullber · of
years · vith data for stations witb 15 yean or
acre of data vas approxi...tely 45 year. at all
durations.

Each Itation record vas examined to lee if
.ignificant changes in location and elevation
occurred. Fifteen stationl moved during their
periods of record by more than the. nominal dll­
tance and elevaUon cutoffl of 5 a!lea and 200
feet. These 15 movel vere further exatlined vith
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. We al.o considered the posaibility of
.eeular trenda. For example, ve exall1ned the
question of vhether the data froll one station for
the period 1900 to 1940 could be compared to the
data for a second Itatiou vhich covered the perlo~

1940 to 1980. Significant long-term lecular trends
vere not evident and it Val concluded that non­
overlapping recordl vere comparable.

respect to changel in terrain, local eli..tology,
and urban/rural character. If, for euaple, a
atation IIOved 8 1I11es, but that lDOve vaa on flat
terrain vith DO adjacent aountains, then the
relocation vas probably not ~f climatological
significance. On thll basis, 7 stationa ude
significant -oves.

A detailed examination of these 7 Itationa .
revealed no conslltent biaaes attributable to the
atation lDOves. Any po•• ible bia.ea vere apparently
auUer than the natural variability of the data
themselvea. Maximua ahort-duration amountl tended

to vary aore froa one year to
locations than c!1d the longer
such aa 24-hour oblenationa.
c!1lcernsble biaael vere found
attributed to urban influence••

the next at DOlt
duration aaounta,

In additiou, no
that could be

137



3. PIlECIPITATIOP/-FUQUEHCY STATISTICS

4. DETERKIHAnON or UGIOIIS

regions, the ' proportion of the total nUllIber of
annual events occurring in the most active 3-month
period Is lover than for other regions, being only
55 and 60 percent, respectively. Thls cont rasts
vitt; the Rocky Mountains-South and the Southwest
Deserts where upwards to 90 percent of the largest
I-hour amounts occurred during the DOst active 3
consecutive months, July through September.

The last significant factor in determining
the regions vas topography. In the general sense,
topography is well correlated with the cli&atology
discussed above and thus 1. not a separate factor.
However. on a more detailed scale, the topography
helps delineate the regional boundarles. For
exaarple, the crest of the Caacades aeparates the
Coastal Northwest from the Interior Northwest in a
veIl-defined fashion. Other geographic boundaries
are not as vell defined, There is no sharp dis­
continuity delineating the boundary between the
northern and sot!chern sections of the Front Face
and High Plalns. However, the northern boundary of
the South Platte River Basln was chosen because
this represents an approximate east_est division
between where the Front Face of the Rocky Houn­
tains changes froa a north-south orientation in
New Hexico and Colorado to a northwest-aoutheast
orientation in Wyoming and Hontana. This change .
in orientation influences the aval1ability of
aois ture inflow to the two regions. The Front
Face and High Plains could have been divided Into
three or more regions since the ratios gradually
changed from south to north. However, the neces­
sity of havlng enough stations per region to
obtain stable ratios argued against this declsion.

Another consideration was comparisonl with
previous studies. U.S. Weather Bureau (1953, 1954)
presents short-duratlon estimates for the western
states for 3 regions: West of the Coastal langel,
east of the Coastal Ranges and west of 11S·W , and
between 105· and 11S·W. 10 both Hershfield (1961)
and NOAA Atlas 2, short-duration ratiol do ' not
vary by region, but rather are based on national
averages.

Ratios were averaged over each region by
weighting the individual stations by thelr length
of record. The 2-year values were analyzed first
because they were less susceptible than the 100­
year values to sampling fluctuat10ns resulting
frolll the relatively short record lengths. The
trends between regions, between durations, and
between return periods were of priaa.ry IDterest.
We attearpted to ainll11ze sampling variability by
maintaining continuity and consistency 1n these
trends.

s, ncIOKAL IATlOS

In SOllie cases 1t was difficult to choose
exact boundaries because a given station had sta­
tistical, climatological, and topographlc slD11ar­
ities to two adjoining reglons. Such was the case
for Flagstaff, Arizona, which sita on top of a ri.
that separates the Southwest Deserts from the
Rocky Mountains-South. Due to· the greater sill1­
larity in the frequency statistics to the South­
west Deserts, it was included in that region, and
the region boundary was drawn just to the north of
Flagstaff.

S-, 10-, 15- and 30-minute
amounts were computed for all

the 2- and 100-year return
the use of ratios, no correction
convert from annual to partial

The next step was to average
geographic regions:

Ratios of
amounts to I-hour
61 stations for
periods. · Due to
was necessary to
duration series.
these ratios over

The study area was ' divided into the 8
regions ahovn in figure 1 and lis ted in table 1.
The deterlti na tion of the number of regions in­
volved a balance between two opposing factors.
r! re t , the regio:""eS h~d to ~ large enough to in­
clude an adequate number of stations within each
to provide statistically stable results by virtue
of large sa~le size. Second, the regions had to
be slIlIlll enough so that each region adequately
represented a climatologically homogeneous area.
The discussion below outlines how the regional
boundaries vere determined.

Frequency values were determined for all
durations by fitting the data to the Fisher­
Tippett Type I dlstribo.Jtion using the Gumbel
f1 t Hng technique (Gumbel 1958). Additional
statistics, including skev and standard deviation,·
were computed for aU stations, These statistics
were useful as guides to understand sill11aritles
and differences in the prec1pitat ion frequencies
of different stations and different regions. For
example, standard deviations were larger in the
southwest deserts than in the coastsl northwest
due to the difference between the sporadic sum­
lllertime convective character of the first region
and the more regular wintertime stratiform charac­
ter of the second.

We also exall1ned the regional frequency of
occurrence by 1IIOnth of annual maxi_ I-bour
a..ounts. For exargple, the maxilDUm 3 consecutive
months for I-hour events in the Coastal Northwest
is October through December, while in the Interior
Northwest it 15 from June through August despite
the fact that July anc! August are generally the
.onths of lowest total rainfall. For both these

The ratios for each duration were plotted
on maps for both the 2- and 100-year return
periods. By plotting the ratios and finding the
similarities and differences between adjoining
stations, a first pass vas made at determining the
regions. Regional breakdowns of the western states
'bas ed on cliMatological factors considered in pre­
vious studies were also exall1ned. In addition,
several other factors were considered. One such
factor was the seasonal distribution of rainfall,
ranging fro~ the winter maxilllUm/summer minimum in
the Pacific Northwest, to the spring-summer
maxi~m/winter minimum of the High Plains, to the
less varied distribution in sections of the Inter­
countain Region. A second climatological factor
was the seasonal distribution of thunderstorm
activity, a prime producer of large short duration
values. A third factor was the 6 hour and derived
1 hour patterns from NOAA Atlas 2. Other aspects
of a more general nature included maximum rainfall
patterns and principal paths of moisture inflow
for storms producing large precipitation .-aunts.
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Table I.-Five. 10-. 15- aDd 3o-1nute raUo- for 2- and l()()-year retun
pertod.a

laUos to 1 Hour
2-Year Return Period 100-Year Return Period

Region 5 10 15 30 5 10 15 30
No. Region II1nutea II1nutea

I Coastal Northwest .30 .45 .56 .73 .36 .53 .64 .82
2 Interior Northveat .35 .53 .64 .81 .37 . 56 .67 .85
3 Rocky Mountains-North .38 .57 .68 .84 .35 .55 .67 .84
4 Front Face and High .39 .58 .69 .85 .37 .56 .69 .87 ' ,,",

Plaina-North
5 Great Basin .34 .51 .61 .81 .34 .52 .63 .84
6 locky Kountains-5outh .35 .54 .65 .83 .32 .50 .62 . 81
7 Front Face and High .33 .51 .62 .83 .29 .46 .59 .81

Plaina-South
8 Southwest Deserts .34 .51 .62 .82 .30 .46 .59 .80

Table 2.-btio- collpared to other reports

*Averaged over aU regions and for all
return periods

Note: Comparisons are for illustrative
purposes only. Each report covers a
different geographic area. and averaging
11 done without regard to size of region
or specific return periods involved.

Ratio to I Hour
NOAA Weather Bur.

Atlas 2 (1953. 1954)*

.32

.49

.59

.78

.29

.45

.57

.79 .J

.34

.52

.64

.82

This *
Report

5
10
15
30

Dur.
(II1n)

. The final consideration was coliparabUity
to information for locationa adjacent to the study
area. Taking such information into account accom­
plished two goals. First, it contributed to the
degree of consistency and continuity ~tween this
study and other reports. Second, it provided ad­
ditional insight into the variation of the ratios
in this report, providing anchors, so to speak, at
the study area boundaries.. For areas ust of the
study region, we compared our resulta to Frederick
et a1. (1977) and for CaUfornia we related our
results to Frederick and Miller (1979). In addi­
tion, we developed frequency estimatea for several
stations with short-duration data in .urroundinjt
states. Fourteen stations were analyzed Jor this
purpose, 10 in the Plains States and 4 in Califor­
nia. Host of these stations were close enough to
be directly comparable to adjacent .tations within
the study area, while a few were chosen at greater
distances from the boundariea to provide some idea
of the trend in ratios leading up to the etudy
area.

Table 3.-Applicable elevations within regions

It was coneIuded that the ratio. in this
report were consistent with previous studies. The
final ratios are li.ted in Table 1. A comparison
between these ratios and those from NOAA Atl.. 2
and Weather Bureau (1953, 1954) 18 shown in
Table 2.

6. APPLlCUIOR 07 unos

Ilegion
10.

Cenerally Applicable
elevations (ft)

The ratios derived in the above analysis
are based on ststions whose elevationa tended to
be in the lower sectiona of each region. To .ex­
trapolate these staHstics to aJch higher eleva­
tions would be a questionable undertaking, because
of the complex effecta of dope. funneling. and
rain shadows thst often occur in these are... A8
such, the ratios are not applicable to all eleva­
tions within each region. but rather to a general
range of elevaHoM. The ranges of applicable
elevation, approximately 3,000 to 3.500 ft in moat
areas, are summarized in table 3. In a few case••
areas are excluded that contain stationa included
in the analysis. The regional ratios were reviewed.
in light of this fact. and it was deterll1ned that
no adjustments were neces.ary.

Areas of non-applicability. based on ele­
vation and location considerationa. are shown in
figure 1 as shaded areas. The.e areas are based
primarily on smoothed contour mapa of the western

1 0-2500
2 50-3000 Columbia Ba.in to 2500-5500 SE
3 2000-5000 N to 4000-7000 S
4 2000-5000 N to 4000-7000 S
5 3500-7000
6 4500-8000 N to 3500-7000 S
7 4000-7500 I to 3500-7000 S
8 3000-6500 mount.ina to 100-3500 desert.

states. Due to the generalized nature of the
contour.. there are bolated sectional primarily .
at the edge of shaded areas. where the raHos
II1ght be applicable. Conversely, there are
holated peaks and high elevations which are not
.hown .s part of any shaded are•• , but: which ..y.
in fact. be non-applicable areas.
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Filure 3.~z.np1e of duraUOtl InterpolatiOtl.

barriers, 11 a 8ignificant factor. The relult 11
hi(h Ihort duration rainfall ratel wldch are
di!f1cult to maintain for periodl al long as
1 ~our. thul causing relatively high ratiol. Al­
~.t all of thele events occur in late Ipring and
luzaer thunderstorms that are not "Iociated with
the larger stOr1ll IYltelll aore typical of
vi:ter. Within a given region. aU durations
be:ween 5 lI10utes and I hour display approx­
i:.tely the lame sealonality.
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Even the Coastal Northwest hal relatively
high ratios when compared to coastal California,
al:hough the mechauIIIS here are different. The
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Three examples are given below to illus­
trate the interpolation procedures. The firlt il
for return period. the second for duration. and
the third for both return. period and duration.
The location chosen is Twin Falls. Idaho. and the
source used to determine the I-hour values is
NOAA Atlas 2 (the I-hour values were derived from
the 6-hour maps using the appropriate regression
equ!!.t!ons). The 2- and lOO-vear I-hour values
are 0.33 and 0.92 inches. D~ ing the rati os in
this report from the Interior Northwest. the
2-year return period values for 5. 10. 15 and
30 IIl1nutes are 0.12. 0.17. 0.21. and 0.27 inches.
and the IOO-year return period valuel are 0.34.
0.52. 0.62 and 0.78 inches.

In lll&ny eases. it II1ght be desirable to
find values for a return periods between 2 and
100 years. or for durationl different tban thOle
given in this report. To do this it 11 Urst
necelsary to compute the ablolute valuel for the
Itandard durations and retum periodl for the
location in question. This can be done uling the
ratios in this report and l-hour values deter­
IIl1ned from NOAA Atlas 2 in conjunction with the
two graphs shown in figures 2 snd 3. Figure 2. a
probabi~ity grid based on the Filher-Tippett
distrlbution. is used to interpolate return
periods. Figure 3. a standard semi-log Icale. is
used to interpolate durations.

As discussed In section 5. ratiol do not
necessarily change abruptly at aU regional
boundaries, sueh as 11 the case along the crest
of the Cascades. Probably the ~It gradual
change 1& between the two halvel of the Front
Face and High Plains. Halt other regional bound­
aries are better defined by local topography and
c11matology. Ratios for locations clole to .cst
boundaries are probably best estimated' by taking
into account neighboring ratios to some extent.

In the first example. the 10-yesr return
period is found for the IS-lIl1nute duration. The
2- and 100-year return period values of 0.21 and
0.62 inches are plotted in figure 2 (line C). and
the IO-year value of 0.38 il read off the Y-axis.
tn the second example. the 20-lIl1nute duration is
found for the 2-year return period. The 5-. 10-.
15- and 30-lIl1nute. and I-hour values of 0.12.
0.17. 0.21, 0.27 and 0.33 inches are plotted in
figure 3 (11ne A) and a best fit curve. vtUch can
usually be approximated with a straight line. 11
drawn through these points. The 20-m1nutevalue
of 0.24 inches is then read off the Y-axis. In
the third example. the 20-lIl1nute duration . i l
found for the 10-year return period. Firlt. the
lo-yesr valuel for the Itandard duratioaa are
found in figure 2 (lines A through E). the
relulu being 0.21. 0.31. 0.38. 0.48 and
0.57 inches. These five durationa are then
plotted figure 3 (line I). to obtain a 20-m1nute
value of 0.42 inches.

7 • DISCDSSIOH OF lESULTS

The relatively high ratios encountered
throughout the 10 Itatel exall1ned in th1l Itudy,
al compared to the remainder of the country,
result fro~ differences in the precipitation
cl1matology. In all regions except the Coastal
Northwest, the continental regi_, including the
lack of available aoi.ture in the lee of -auntain
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30-a1nute per-iods show less variation from north
to south. The cOllbination of comparable 5- to
30-m1nute rates with generally lower hourly rates
produces somewhat higher ratios in the north.
Maximum short-duration values along the northern
coast occur IIlOst often in the fall and early
winter at all durations, and often result from
convective shower and thundersto~ activity
embedded in or 85sociated with synoptic scale
stora systelllS. However, isolated sUlllller
thundersto~ occasionally produce significant
events.

The climate of the western states is con­
trolled primarily by two features, and these in
turn affect the climatology of short-duration
events. 1i rs t is the semi-permanent high pres­
sure system that sits off the California Coast,
moving south in winter and north in susmer. This
system affects the westernmost part of the study
aru most directly, producing a pattern of wet
winters .. and dry sUllllllers. This 1& true both to
the west and east of the Cascades, although an­
nual rainfall 11 considerably leu to the east
due to the sheltering effect of the BIOUntains.
The second feature, dominating the eastern part
of the study area, is lIIOisture froll the Gulf of
Hexico, which produces an almost opposite season­
al trend of wet spr-ings and sUllllllen and rela­
tively drier winters. In the spring, the Atlan­
tic sub-tropical high pressure system extends
westward into the Gulf and seU up a southerly
flow of lIloist air into the high plains and ea.t­
ern Rockies which is generally maintained through
the sumcer. The clicate of the southwest deserts
is affected to' some degree by both of these
features. The Gulf of Hexico influence con­
tributes to a summer maximum in precipitation and
the Pacific influence causes a secondary winter
maxillUm.

The eastern half of the study area tends
to ·h ave the largest short-duration allOUnts in
ter-s of absolute values. This is due to the in­
flow of Gulf moisture occurring during the warm
suson, which is the time of maxilllUlIIconvective
potential, cOlllbined with the continental regime
whieh favors short-duration conveetion.

latios in the study area tend to increase
from west to east in the north, from the Coastal
Northwest to the Front Face and High
Plain.-North. They increase from south to north
in the two Front Face and High Plains regions.
They alllo tend to increase in a .outheast to
northwest direction from the Front 'ace and High
Plains-5outh to the Interior Northwest and locky
HountainB-North. Looking outside the study area,
ratios increase frca California northward into
the Coastal Northwest. and inerease westward from
the plains into the two Front Face and High
Plains legions. Climatieally. the trends reflect
the increasingly continental regime and
decreadng availabUity of lIOisture lIOving eut
away from the Pacific Ocean and north and vest
away from the Gulf of Mexieo. As a result of
these trends, the highest ratios are generally
found in the Front Face and High Plaina-North and
the lowest ratios in the Coastal Northwe8t and
also the Front Face and High Plains-South and
Southwest Deserts.
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A series of 64 ratios were developed for
ten western states to be used In conjunction with
I-hour values from NOAA Atlas 2. With these
ratios, precipitation-frequency estimates can be
determined for 5-, 10-, 15-, and 30-a1nute dura­
tions for return periods of 2 and 100 years in
each of eight regions. . ·Some area. within each
region were excluded due to elevation and expo­
aure considerations.

The results show ratios that are general­
ly higher than in moat other sections of the
country. These differences are well explained by
el1l1l&tological factors. Although these reaults
appear lleteorologically con81stent, caution Ialst
be exercised when using them because of the small
size of the data sample and the lleteorological
complexity of the study area.

Funding for this work was provided by the
U.S. Department of Agriculture, Soil Conservation
Service, as part of the! r watershed protection
and flood prevention prograll. LiuoD with the
aponsoring agency waa lIl&intained with Robert
Rallison and Norman Hiller.

We also want to th"xik Helen Rodgers foi-·
editorial work and layout of the paper. and
Roxanne Johnsoo for preparation of the figures.
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RESOLUTION FCD 87-7

UNIFORM DRAINAGE POLICIES AND'STANDARDS FOR
MARICOPA COUNTY

WHEREAS, the incorporated municipalities and Maricopa County now have widely
differing requirements for handling of stormwaterdrainage by developers; and

WHEREAS, many communities, agencies, and organizations recognize the need to
apply uniform drainage policies, standards, and procedures throughout
incorporated and unincorporated areas of Maricopa County, and a Task Force on
Uniform Drainage Standards was formed consisting of the municipalities of
Tempe, Phoenix, Wickenburg, Mesa, Glendale, and Scottsdale, the Maricopa
Association of Governments, Homebuilders Association of Central Arizona, Salt
River Project, Arizona Consulting Engineers Association, and the Flood Control
District, with the municipalities of Chandler, Gilbert, Goodyear, Peoria, and
Tolleson maintaining regular contact with the Task Force; and

WHEREAS, the municipalities that participated in the Task Force are prepared to
adopt these policies and standards as part of their regulatory structures
because they recognize that these policies and standards will result in
consistency of analysis of drainage requirements, less staff time and cost in
annexing County areas, and residents will be afforded equal and common
protection from the hazards of stormwater drainage; and

WHEREAS, developers will find it advantageous to have only one set of drainage
standards with which they must comply in developing lands within the
incorporated or unincorporated areas of Maricopa County; and

WHEREAS, On September 12, 1983, the Board of Supervisors of Maricopa County and
the Board of Directors of the Flood Control District entered into an
Intergovernmental Agreement whereby the Flood Control District, through its
Chief Engineer and General Manager, assumed all drainage administrative and
enforcement responsibilities as enumerated by the Subdivision Regulations and
Zoning Ordinance for the Unincorporated Area of Maricopa County, and whereby
the District was to develop and recommend to the Board for adoption, a
comprehensive Drainage Regulation for ,the Unincorporated Area of Maricopa
County; and

WHEREAS, adoption of policies is a necessary step in the development and
adoption of a comprehensive Drainage Regulation; and

WHEREAS, the Flood Control Advisory Board, at its February 1987 meeting,
rec ommended adoption by the Board of Supervisors, the Board of Directors, and
the communities of Maricopa County; and



NOW. THEREFORE. BE IT RESOLVED th~ the Bo~rd of Supervisors of Maricop~ County
and the Board of Directors of the Flood Control District hereby approve the
Uniform Drainage Policies and Standards for Maricopa County. Arizona. as a
policy framework for the preparation of a comprehensive Drainage Regulation.

I~

C,ha'irman. Board of iDi~tors
Flood Control Dist~ict of Maricopa County

ATTEST:
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1.0 INTRODUCTION

'The governmental agencies of Maricopa County seek to establish a common basis
for drainage management in all jurisdictions within Maricopa County . The Flood
Control District of Maricopa County, in April 1985, invited all interested
entities to a meeting to establish an agreement in principle. At that meeting,
a Task Force was formed to guide the effort.

The Task Force determined that the effort should be in three phases:

Phase 1

Phase '2

V~\/t?J

Phase 3

Research, evaluate, develop and produce uniform policies
and standards for drainage of new development within Maricopa
County.

Establish a Stormwater Drainage Design Manual for use by
all jurisdictional agencies within the County.

Prepare an in-depth evaluation of regional rainfall data and
establish precipitation design rainfall guidelines and
isohyetal maps for Maricopa County .

The Task Force spent two months writing a scope of work for a consultant to use
as a basis for Phase 1, the establishment of a draft uniform policies and
standards document. In July, 1985, the Flood Control District, on behalf of
the interested agencies, contracted to Boyle Engineering Corporation for this
Phase. Boyle interviewed most of the jurisdictions within the County and some
in other areas of the country, wrote the first drafts of the Phase 1 document,
and collated and integrated commentary from diverse sources for each draft.
Boyle, specifically Mr. Ken Lewis, served as facilitator for the Task Force's
discussions of the developing document during 1985 .

This document is the culmination of the work of the Task Force for Phase 1.
The adoption of these Drainage Policies and Standards by all agencies involved
in drainage management will result in a common standard of drainage design
across the County and will reduce the time and effort by both designers and
gove r nme nt review staff for submitted drainage proposals and designs .
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'}.O POLICIES

The following policies express the approach to drainage management of the
jurisdictional agencies (AGENCIES) in Maricopa County .

1. The AGENCIES) through the Flood Control District of Maricopa County
(DISTRICT) shall establish and publish criteria for drainage planning and
design. Guidance relative to construction) operation and maintenance of
drainage systems shall also be provided . The AGENCIES shall adopt criteria
relevant to all public and private drainage interests. Such criteria shall be
periodically reviewed and revised in the light of new knowledge, changing
circumstances) and adjustments in overall comprehensive goals and objectives.
Until the publication of the stormwater drainage design manual (DESIGN MANUAL)
Chapter 4 of this document) "Basis of Design", sections 4.0 through 4.5.4)
shall be utilized as a basis for design guidance, criteria) and standards.

2. Drainage planning shall involve concerned publics .

~. Master drainage planning for developments shall be carried out in the
earliest stages of the planning process. The proposed methods of managing
drainage and associated land use shall be reviewed by the AGENCY early in the
process.

4. Drainage planning and design shall be based on the principle of not
increasing or transferring detrimental drainage effects to other areas .

~. Basinwide master drainage planning by the AGENCIES is necessary, has
started and shall be continued. The plans are being prepared on a priority
basis and shall be continued subject to need and available financing.

o. Basinwide master drainage plans shall be periodically reviewed and revised
in the light of new knowledge) changing circumstances, and adjustments in
comprehensive planning goals and objectives. Unless otherwise determined) such
reviews shall be at intervals of about 5 years.

~ . The cooperation of the AGENCIES and other affected entiTies, including the
land development industry) shall be sought to coordinate individual development
and drainage schemes with the basinwide plans. .To facilitate the cooperation
of the AGENCIES and other affected entities) each agency shall submit to the
District one copy of each draft and final drainage report it receives for any
development larger than 100 acres. The DISTRICT shall catalogue and file the
reports for library use by those with relevant drainage interests .

~. Drainage planning is for the purpose of minimizing inconvenience and
reducing flood damage and potential loss of life. The benefits of this
planning reduce overall public and private costs) including the long and short



term costs of new housing, while providing a drainage infrastructure that will
account for the implementation of long-term development goals .

9. Uniform drainage policies and standards are intended to improve processing
of development requests and equitable application of regulations .

~. Development and basinwide master drainage plans shall include a full range
of preventive and corrective approaches, including the following:

Maintaining the integrity of existing drainage patterns,

Establishment of selected major drainage routes by the use of purchase,
dedication, development rights, and easements;

Storage and attenuation of stormwater runoff; and

Construction of drainage works .

The combination of strategies shall balance engineering, economic,
environmental, and social factors in relationship to stated comprehensive
p l anni ng goals and objectives.

11. Multiple use of drainage works is encouraged, provided the use does not
adversely impact the functional design of the system.

;~. In accordance with priorities and fiscal capabilities, the AGENCIES shall
deve l op and implement corrective drainage plans which shall mitigate existing
drainage problems. Such plans shall be coordinated with comprehensive planning
goals and objectives, and shall consider a combination of structural and
nonstructural measures. The level of protection shall be determined on the
basis of economic analyses, availability of funds and physical constraints.

13. Water conservation will be considered as an adjunct to drainage planning
where feasible.
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3.0 PLANNING

Drainage planning helps to achieve orderly, efficient, pleasant and diverse
development of a community or group of communities. Accomplishment of the
comprehensive goals and objectives can be assisted by a broad drainage planning
process. Such a process should be considered within the context of the total
environmental system and should be compatible with comprehensive regional
plans .

The design team should think in terms of natural drainage paths and street
drainage patterns and should coordinate its efforts with its drainage engineers
and the drainage engineers of the AGENCIES. Drainage measures are costly when
planning is poor or mediocre, whereas good planning results in lower cost
drainage facilities.

It is vitally important that planning precede development for the following
reasons: to ensure drainage problems are not transferred from one location to
another, multiple use opportunities are not lost, and the cost for overall
drainage facilities are kept to a minimum. This is best accomplished with
comprehensive master drainage plans.

3.1 MASTER PLANNING

A master drainage plan describes in detail the recommended plan for drainage
and the course of action for implementation in terms of priorities. It shows
sizes, types and location of drainage facilities on maps in sufficient detail
to allow for planning new development.

Each AGENCY in Maricopa County shall be responsible for master planning
stormwater drainage facilities in its jurisdiction. Cooperation among
governmental units is desirable, including joint efforts between AGENCIES and
the DISTRICT. Any master planning effort shall include consultation with those
entities potentially affected by such planning.

Detailed master drainage plans for various designated areas within Maricopa
County are in process by both the DISTRICT and individual cities and towns. A
number of these are cooperative projects of two or more AGENCIES together with
the DISTRICT and one or more other sponsors. These plans are primarily focused
on areas of rapid development and areas with existing stormwater problems.

3.2 TRANSFER OF ADVERSE IMPACTS

Planning and design of stormwater drainage systems shall include consideration
of impacts on upstream and downstream properties and/or existing drainage
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systems. Adverse impacts shall be eliminated wherever possible. Any
unavoidable adverse impacts shall be mitigated in coordination with affected
property owners and/or AGENCIES. Specifically, the diversion of storm runoff
from one drainage area to another introduces significant legal and social
problems and shall be avoided unless specific reasons justify such a transfer
and the affected jurisdictions agree on the transfer .

3.3 IRRIGATION FACILITIES

Irrigation facilities shall not be utilized for conveyance of stormwater
drainage without the prior approval of the owner or operator of such
facilities. Such approval shall be required whether or not such facilities are
currently used to transport water for irrigation purposes . Any approval shall
specify the discharge rate permitted, the location of facilities into which the
discharge is permitted, and the length of time such a discharge shall be
permitted.

3 .4 DRAINAGE REPORTS

When a drainage report is required, it must be prepared in accordance with the
AGENCY's requirements and sealed by a civil engineer registered as a
professional engineer in the State of Arizona. Drainage reports are required
for the following reasons : to analyze the effect that a proposed development
would have on the runoff in the vicinity of the development; to provide data to
insure that the development is protected from flooding; and to provide data
supporting the design of facilities to be constructed for the management of
runoff .

At this time, the AGENCIES have varying requirements for whether a drainage
report is required and at what point in the planning and review process. This
will be covered in the DESIGN MANUAL by a table which will list the AGENCIES
and their specific requirements.
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4.0 BASIS OF DESIGN

Until the publication of the DESIGN ~Al~ this chapter~ comprised of sect ions
4.0 through 4.5.4~ is to be utilized as a basis for design guidance and
criteria.

4 .1 DRAIN CLASSIFICATION

The following classification of drains into minor, major and regional drains is
presented as an aid for system analysis:

Minor drains serve watershed areas up to 160 acres and are normally the
drains associated with subdivision development.

Major drains include natural and man-made channels, conduits and washes,
and serve watershed areas from 160 acres to about 10 square miles ..

Regional drains are the main outfalls for drainage . They serve watershed
areas generally greater than 10 square miles, and include rivers and
washes .

4.2 HYDROLOGIC ANALYSIS

Hydrologic procedures for general application in Maricopa County shall:

Provide reliable and consistent results;

Be capable of estimating peak discharges for various return periods and
degrees of urban development;

Produce a hydrograph corresponding to the peak discharge;

Utilize input data which is r eadi l y avail~ble;

Be work abl e for main frame, microcomputer and hand calculations .

For Maricopa County t wo procedures shall be developed : one for areas less than
160 acres and one f or areas greater than 160 acres . The primary differences
between the t wo are e ase of use and range of applicability. The specific input
parameters required for each procedure shall be established and published in
the Design Criteria Manual and shall be periodically updated as required .
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For drainage areas less than 160 acres the Rational Method shall be used. This
method is the simplest and most widely used procedure for small urban basins.

For drainage areas greater than 160 acres, the SCSdimensionless unit
hydr og r aph procedure shall be used at this time. A new procedure, to be called
t he Maricopa County Urban Hydrograph Procedure (MCUHP), shall be developed for
t hi s area . The procedure shall be described in the DESIGN MANUAL. In the
interim, excess rainfall shall be computed using the SCS curve number method;
r unof f shall be determined by the SCS dimensionless unit hydrograph method, and
t he resultant hydrographs routed, where necessary, by such methods as those
ava i l abl e in SCS TR-20/TR-55 or in HEC-l.

"---
The peak discharges determined by either of the methods are approximations .
~mphasis should be placed on the design of practical and hydraulically balanced
wor ks based on sound logic and engineering, as well as on dependable
hydr o l ogy .

4.3 HYDRAULIC ANALYS IS

4 . 3 . 1 Storm Sewers

Manning 's formula is to be used for calculating the capacity of continous
stormwater drains, with appropriate allowances for headloss at inlets, bends,
junctions and manholes . Manning 's "n" factors and minor energy loss
coef f i c i e nt s shall be published in the DESIGN MANUAL . The maximum capacity for
circular sections under open channel flow conditions is not to exceed full flow
conditions. Uniform flow assumptions may be used in calculating the capacities
of minor drains. For major drains, or where a higher degree of accuracy is
r equi r e d, backwater or drawdown curves should be calculated using the Standard
Step method. Pressure and momentum theory may be used at bends, junctions, and
manholes .

For systems flowing under pressure, the maximum pressure allowed must consider
t he structural limitations of both the pipe and joint. The hydraulic grade
line must be maintained below ground level unless special consideration is
taken to prevent water from escaping from sewers or to handle it once it does
escape. Whether the system is under pressure or in open channel flow
condi t i ons , the hydraulic controls are to be clearly indicated .

4 . 3 . 2 OPEN CHANNELS

Ope n channels have advantages in cost, capacity, multiple use for recreational
and aesthetic purposes, and potential for detention storage . However,
d i s advant ages exist in right-of-way needs, maintenance costs and hazards to
traffic and pedestrians. Careful planning and design are needed to minimize
t he disadvantages and to maximize the benefits .
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Natural channels have velocities that are usually low, resulting in longer
concentration times, increased storage and generally lower downstream peaks.
If flows in natural channels are increased, consideration must be given to
maintaining their stability. Channels in hillside development areas are to be
be retained in their natural state unless otherwise approved by the AGENCY .

If right-of-way is limited, requiring velocities higher than allowable for the
existing channel to convey the design discharges, then channel lining is
required to prevent scour. The choice of lining is subject to allowable
velocities, costs and aesthetics. Man made channel alignments for drains are
to coincide with the natural watercourse locations, except as approved by the
AGENCY. They are to discharge runoff as nearly as possible in the location and
with approximately the same velocities as existed prior to construction. If
diversion within a proposed development is required, sufficient work is to be
done upstream and/or downstream of the diversion to provide affected properties
at least the same level of flood protection as existed prior to the diversion .

Open channels adjacent to public streets are discouraged and require approval
from the AGENCY. When it is necessary to locate a channel adjacent to a
street, it will be placed a reasonable distance from traffic.

Open channels should maintain subcritical flow conditions wherever possible.
Any channel that is not designed for subcritical conditions shall require
approval from the AGENCY. Open channels should be designed to allow
interception of surface flows. If it is unavoidable to construct the channel
without creating a barrier to surface flow, a means of draining must be
indicated. In preiiminary layouts of the routing of proposed channels, it is
desirable to avoid sharp curves. If this is unavoidable, design considerations
are to include the reduction of superelevations and the elimination of initial
and compounded wave disturbances.

Manning's formula is to be used for uniform flow computations in open
channels. Water surface profile calculations are to be calculated using the
Standard Step method and confluences and bridge piers are to be analyzed using
pressure and momentum theory.

Unlined channels should have side slopes of 3 (horizontal) to I (vertical) or
flatter. A minimum Manning's "nil, applicable for the channel under design, is
to be used for checking sections susceptible to scour, and the normal or
maximum value used for determining the required cross section. Where the
channel roughness changes significantly with depth, a comp os i t e Manning's "n"
is to be used.

4.4 STREETS

Design standards for the collection and conveying of runoff on public streets
is based on an acceptable frequency of traffic interference .

Street drainage shall be governed by Table 1, as illustrated in Figure 1 .
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Table I. Design stor. Frequencies f or Street Drainage (Years)%%

Frequency

A. LONGITUDINAL STREET FLOW

No curb overtopping. %

Fl ow to be calculated assuming contained
i n ROW with:

0.3 feet maximum depth over curb %

100 cfs maximum flow
10 fps maximum velocity

8 . CROSS STREET FLOW (bridges , culverts, and dip sections)

No flow across street

10

50

50

0 . 5 feet depth at crown or i n
valley gutter %

100

% Where no curb exists, maximum depth to be 0.5 feet over crown.
%X No new inverted c rown streets.
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Regardless of the size of the culvert or bridge, street crossings are to be
designed to convey the 100-year storm runoff under and/or over the road to an
area downstream of the crossing to which the flow would have gone in the
absence of the street crossing . In no instance shall flows up to or including
100-year frequencies cause inundation of the lowest finished floors .

For flows crossing broad shallow washes where the construction of a culvert is
not practical or desirable, the road should be dipped to allow the entire flow
to cross the road . The pavement through the dip section should have a one way
slope and curbing and medians must not be raised. For these situations
approval shall be obtained from the AGENCY .

4 .5 STORAGE FACILITIES

4.5 .1 Requirements for Storage

To reduce the significant cost of handling stormwater runoff and to control
increased peaks and volumes from development areas, all development shall make
provisions to retain the peak flow and volume of runoff from rainfall events~

~ udJ..ng.. the 100- year 2-hour duration storm falling within the
boundaries of the proposed development. The 100-year 2-hour rainfall event
shall be established using DISTRICT procedures.

The development shall be considered to extend to the centerline of all existing
and/or future streets on the exterior boundaries, and shall include all
property within the development . In some areas it may be required to retain
runoff generated from adjacent arterial streets . These areas shall be
designated by the AGENCY during the preliminary planning stages .

Offsite flows may not be routed through the storage facilities unless approved
by the AGENCY .

/
/ \ I,,~~~. Storage facilities are to be located so they can intercept the flow from the

r entire development area . If portions of the area cannot drain to a primary
, .' \v storage facility, then additional f acilities are to be added for these areas as

. ~.\b approved by the appropriate AGENCY . Wherever possible, the facilities shall be
~t , located in parks or other recreational facilities to offset the cost of open

space and to encourage improved maintenance .

4.5 .2 Conditions When Storage May Be Waived

If the downstream drainage system is adequate for future conditions, storage
requirements may be waived by the AGENCY under the following circumstances :

1 . The runoff has been included in a storage facility at another location :

2 . The runoff can be directly carried to a regional drain:
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3. Development of an existing parcel under one-half acre in an area where it
can be demonstrated that no significant increase in the potential for flood
damage shall be created by the development of that parcel .

If onsite storage is waived, the development may be requi red to contribute to
the cost of drainage works on . the basis of runoff contribution .

4.5.3 Method of Storage

Common storage facilities shall be used in preference to individual lot storage
wherever possible . Common sto rage prov ided for two or more mutually adjoining
properties is encouraged, subject to review by the AGENCY(IES). Such
arrangements can significantly reduce maintenance costs and increase the
potential for multiple uses of the facility.

Residential developments shall have no single lot storage unless approved by
the AGENCY, and the design of common facilit ies shall not assume any individual
lot onsite storage, unless approved by the AGENCY . Developments with
Homeowners Associations shall locate their facilities in private drainage
tracts or public sites dedicated by the developer, in accordance with
requirements determined by the AGENCY. The private facilities shall be
maintained by the Homeowners Association. Public tracts shall be maintained by
the AGENCY. Common storage facilities from single family developments without
a Homeowners Association and with public streets shall have maintenance
determined by the AGENCY. The number and location of storage facilities within
a development is to be approved by the AGENCY. Dedication to the public may
require the inclusion of recreational facilities or other features deemed
necessary by the AGENCY.

Non-Residential Developments that are not included in a public storage
facility, shall provide the required storage on the lot itself without
depressing the right-of-way area . Asphalt parking areas, landscape areas and
underground tanks may be used for storage purposes.

4.5 .4 Drainage of Storage Facilities

Storage facilities are to be drained within a per iod of 36~ours by either
controlled bleed-off, discharge pump, infiltration or dry well .

Controlled bleed-off or pumping i s the preferred method and may be required if
the AGENCY considers a public nuisance would be created by surface spreading or
dry wells . Responsibility for maintenance and operation of the bleed-off
and/or pumping system shall be determined by the AGENCY.

Dry wells may be used with the approval of the AGENCY . The maximum disposal
rate is not to exceed 0.1 cfs per well unless supported by a detailed certified
soils report . Should the soils report indicate a higher rate, a conservative
value of 50% of the higher rate (not to exceed 0.5 cfs) shall be used to
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compensate for deteriorat ion over time . Dry wells that cease to drain a
projec t area i n a 36-hou r pe riod shall be rep laced by the maintenance authority
wi t h new ones) un less an a lte rnate method of drainage becomes ava ilable .
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APPENDIX A

AGENCY

Channel

Detention System

DISTR ICT

Drainage Basin

Dry Well

Ir rigation Facilities

Outfall

Retention System

Storage Faci lities

DEFINITIONS

The governmental Buthority in whose jurisdiction an
aspect of the drainage system is regulated .

A natural or artificial watercourse with definite
bed and banks for conducting flowing water.

A system which delays runoff in a controlled manner
through the combined use of temporary storage
facilities and an open outlet. The duration of
downstream runoff is increased and the flow peak
immediately downstream is reduced.

The Flood Control District of Maricopa County .

The contributing area to a single point of drainage
concentration . Also called catchment area. watershed.
or river basin.

A shaft or hole. covered and designed to al low the
percolation of drainage water into the ground .

Channels. pipes. cana ls. hydraulic structures. and any
other facilities through whi c h irrigation water flows .

The point. location or structure where drainage
discharges from a channel. conduit or drain.

A system which retains runoff in a controlled manner
through the use of storage facilities . Stored water
is either evacuated by percolation or released to the
downstream drainage system after the storm event.

Reservoir. tank . pipes or other space fo r either the
detent ion or retention of drainage .
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Albuquerque Metr opolitan Arroyo Flood Control Authority, Drainage Policy, 1980 .
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El Paso, City of, Subdivision Design Standards, 1983, and Flood Damage
Prevention Ordinance, 1978.

Gilbert, Town of, Storm Drain Policy .
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APPENDIX I-H

u.s. Corps of Engineers reports on the August 19, 1954, Queen Creek
Storm.
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CORPS OF ENGINEERS. U. S. AR1IY
OFFICE OF THE DISTRICT El:GIUEER

LOS ANGELES DIS'rRICr
751 SOUT!I FIGUEROA STREET

LOS ANGELES 17, CALIFORnIA

24 September 1954

REPORT ON FLOOD OF 19 AUGUST 1954
QUEEN CREEK AND VICnlITY, ARIZONA

AUTHORITY

1. This report 18 submitted pursuant to lI1lJtruotions in Bub­
paragraphs4223.05 band d, Chapter IV, Operations. Pnrt II, Civil
'Worka, Orders and Regula.tions, Corps or Enginoera, u. S. A..-my.

GENERAL

2. T~~8 report d~soribes the atorm, flood, and ~lood damages
thtlt ooourrod 19 August 19'54 in the Queen Creek Da.ain and 'tho S·.1per­
eti'tion Mountain area. Also Inoluded 1s a desoript10n or the
relativoly minor a'torm and flood of 20 August 1954 in the same genarn.l
area. Queen Creek 18 a tributary or the Glla. River.

DESCRIF'l'ION

3. Looatlon and extent.·-The Quoen Creek draimge area and the
Superetition Mountain area l1e east of the oontluenoe ot the Sal't and.
Glla Rivers and extend roughly trom Superior, Arizona to Chandler,
Al"izona.. Tha oombined area of the drainages h approxinntely 880
square miles lnoluding irrigated agrioultura.l lands in the lower por­
tion 01' the ba8ins.

4. Queen Creek BA8in 18 oomposed ot a draimge area or about
1426 square milen. The basin 18 bounded on the east by the Pinal
Mountalnso On the south, a poorly defillOd ridge In the area due east
of Santan t.!ounto.in eeparatetlJ the Queetn Creek draimge area tram th:lt
of the Gila Rivor. Adjlloent to and north and Wilt ot the basin 18
what is kn,;wn 1000.11y as the Superati tiOD Mountain area. The SUpGr­
etltion Mouutain area, whioh 111 oomposed of a series of independont
washes, 1s 'bounded on the north by tho Superstition Mountaina. 'l'hoso
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dre1mgos are indopondont of 00.011 other in tho mountains and foot­
hl11fJl' but during periods of high runoff acme of the flows inter..
mi~lG on tho desert plain in the vioini ty of the Roosovolt ~t01"

ConsorVll tioD Distriot oan:l.l.

50 Eoonom .--Tho area of prinQipal flood damage oonsists of
irrigated !D.nll and in and adjaoent to tho Quoan Creak Irrigo.tion
Distriot, RooB6valt \~ter Connervation Distriot, and tho Salt Rive~

Projeot. Cotton is the leading orop in this are&o N~xt in iL'lportu.noo
are a lfalfa and feed gra.ins. The towna of Gilbert, Higlay,and Que<~n

Creok and Williams Air Foroe Base are looatod in the a.re~.

STORM AND FLOOD

6. The headwaters of Queen Creak origim.te 1n the PiD!ll Moun­
tains at elev<.l.tions varying from 4,000 to about 5,500 feet. Tho Ello­
vation of the streambed at the Whitlow Ranoh dam site is o.bout 2,050
feet.. Several of tho he;adli!\te:- stremns have gradients in OX0006 of
1,000 teot per mile. Str6lUJ1bedo throughout tho foothills and plnina
gonm-ally haw streambed gradi"nts lese than 100 foot per milo. The
heo.vy ro.lna of the storm of 19 August 1954 oontered over tho !nOunta1nn
and foothills and oovered the upper Queen Croek drainage area. lioavy
ra1no were reported 1n 'the Suparstl tion Mountain area. Very light
sprink1eo to zero preoipita'tion W91·e reported 1n the plains areu west
and south of the Superstition and Pinal Mountaing. On 20 August 1954
moderate amounts ot rain wero reported 1n tho vioinity of Apaohe
Junoti on in the Suparatition Mountain area and at Granito Reef' Dam
0.00 Mormon Flat in the So.it River area, whioh 1s adJaoent to and
north~8t or the Superstition Mountaina.

713 Re.lnfal1••-Rain began abou't 1sOC a.m. on tho 19th ot August
and oontinued until 8100 or 9-00 a.m. An intendty of 2.01 inoh~s

~r hour was reported at Ray (o'tntion 15, appenduea 1 and 2). A.."1­
other intensity reported at Florenoe Junotlon, was 1.75 inohem ~r

hour. By npplying a oorreotion to the hourly amounts ot the tipping­
buoket gage looated at Superior, an hourly intensity of 101; Lncboa
wae eatitn:ltod. Intend tios at other stations ranged from 1/2 to 3/4
inoh per hour. Anothw storm. more 100t\1 in ohara.oter Qnd nth b-wer
preoipito.tlon intonei tioa, began abou't 2.00 a.Jh on thu 20th and con­
tinued until 5.00. a.m. Time between 'tho tw storms ranged from 13 'to
20 hourso '!'ho Queen Creek rGOorder at Whitlow RAnch dam 11te did not.
r-ecor-d properly for these storms. Table 1 ehows pertinent data tor
18 preolpi tatlon etAtiona. Appendixes 1 and 2 ohow looation ot 1I'te.­
tiona and isohyets for the s'b:>rms of the 19th and 20th respeot! valyo
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Pertinent data, storms of 19 and 20 AugWJt 195h, Queen Creek and vicinity, Arizona. ,
1
I

J Preci 1'tat1on : ,ReliabIlitY.
!,

S !Pre01pitation station DD.me !
, P : Duration. of I Remarka ,No o ..

I..
and loea.tion I:ThOte : Amount. record I

!• • ' I,
s , s s , • i

• : Inches : Hours .. • fs .. i
1 I Mesa Experiment Farm - west of I 19 I o.M ~ ~ I Exoellent : Light ra.in from 8 to 10 Q, $m. ~"

I Mesa. I 20 I 0 I (0) • I 1
I J • • J • f

Faloon Field li miles southwest•••• 19 .46 2 : •••do •••••• : Looated at Yr. Armstead's ~2 • s S t
20 0 ( 0) 01'trus grove. I.. • : s J • ;..

: I J : s : ~,
3 s Granite Reef Dam - at dam ••••••••• : 19 J 0 .. (0) : •••do••••••• Data 0 b'talned from UoS..W.. B.. !..

20 1035 ( 0.) at Phoenix. i: : • : • : !

: • : : I J ,
r~4 : Steaart Yountaln - at dam.... o •••••• 19 : 0 : ( 0) I •••do•••••• : Do. i

.41 (ero) I• : 20 : s : : f.. s : I • •..
5 • Mormon Fla.t - at dam•••• o ••••• o ••• : 19 I 0 : (Ill) : .. oodo•••••• : Do.

I .. 20 .. 1.55 .. (_S) I J.. .. .... : : : .. :.. ..
6 : Chas. Woeks Ranoh - 4 miles east : 19 I 405 6 .. Good : Heavy rains - J..6i hours.... of Apaohe Jot. : 20 .. 1.5 .. 4 I , between atorms... .. ·: · : · .. :.. .. ..
7 .. King's Ranch - 7 miles ea.st a.nd : 19 • 4.93 · 7 : Exoellent s 2 storms 13 hours a~... ..

• south of Apaohe Jot. .. 20 .. .17 : 4 I S.. ..
s s s : • I

8 .. Barkley Ranch :/h - 10 miles east .. 19 s 3.5 I 6?a • Good s 2 storms 19 hours apart... ..
: of Apache Joto : 20 : 2.6 s 2 s ....
s : .. : .. .... .. ..

9 : Barkley Ranoh :fJe - 12 miles ea.st s 19 .. 4., I 6 ~ •••do•• o .... : 2 storms 20 hours a.pe.rt...
: of Apaohe Jot. I 20 ~ .4 : - 2 • :
: : s : I :

10 .. Floranoo Jot.... at junotion of .. 19 s L~025 : 6 · E:toellent : Heavy rainn - .from 3 to 7 aomo.. · ·s High7."f s» 60~ 70, 80, and 89G s 20 % 0 I ( C1) I =2.50 ino; from 8 to 9 a.,m.I
~ .. .. : : I: 1.75 in.· ..

'. : · .. .. .... .. .. · J
See footnotcs a.t end of tabla.
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19 end 20 Augu8t 1954~PeT'tiu,;n't d!t 'ttl ~ 3tcrr.:m of Ql.·~3~ Craek and vioinity, Arl.~o!n is

&

~

S · :Rol1nbility: ~· .;;· P;ecipita:tion station IJAma Preoipi tnt10n ·no. t : I>ura't1on: of · Remarks ~: and location ·
: s Date s lImount s · reoord · ~· ·
I I I · I t· c

S S s Inohes s Hours s : ~
Thompson Arboretum•••••••••• : 19 5.;0 - 6i Good Very heavy rain from 5 to 8 ;11 ~ Boyce : J s S r;

i
: 20 : .07 I ~ng S : a..m. ot too 19th. :>

s s : night s :
g

~ ~
: : s s · · ~· ·12 · Superior Sma1ter - aoutmrest cnd I' 19 : 2.68 s 4?t t Excellent : A tipping-bucket recorder Q.t~·· of town. s 20 · 0 : (0) s : same loca:tion regio'tered ~· · 1:

s : s I S I 0095 inoh or rain. . ~

:r
J S S 1 : · i· ~

13 s Superior Smelter orfioe .. east s 19 s 2047 : 4i s•••do•••••• : r
: end. of town. s 20 I 0 S (0) : s
J s S s · :·1.4 s Pinal Ranch - approxs 6 miles · 19 · 1.64 s lr! s•••dooo •••• s 2 atoms l6i bourn e.parto ~· •
: east of Superior on lliglmayo I 20 : 1.00 : 2 : I

: 60-70. s I : s
: : I : : :

15 s Ray - at smelter offioe••••••••••• : 19 t 4.05 s 2 · Good · 2 ctorms 14 hotU"8 a.p::u"~o

~· ·s s 20 s .42 During s ··· J : J night : : ~· i!

· =
fl' : s · : s ~

16 1 F1orenoe - southwest side of · 19 s .01 s (~.) s Exoellent : g· "J town : 20 s 0 1 (0) I S E

I : I s S s ~
17 · Q.u6eu Creek .. Town of Queen Creeko : 19 : 0 : (*) 1.00 •• 0 ••• 0.1 No r6oordo Sowral reSidant:f·: s 20 I 0 S (~) S I oloim th",.. ,",,0 no rnin. i

s s s s s s
18 I Wll11ams Air Faroe Basa - at : 19 2 .62 : 7 s Exoellent · Observations made every 6 m-·: headquarters on base. : 20 : Traoe • ( ..) c·: : · · ~· · ~•

III Not applicable. ~
I.
I.

*cr 1~ data availablo. t
f
l
~

...<- · -_._ - -- -- _ ..._---- -- ._ -
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8. Runoft••~The U. S. Geologioal Survey estimatod a pc~k of
40,000 oubio feot per seoond at 10sOG a.m. on tho 19th on Quoen Creek
at Whitlow Ranoh dam site (drainnge area 143 square milan). This ~G
muoh greator than tho pr~v1oua maximwn peak of r-ecor-d (130200 cubi e
foet per seoond). At 9s05 a.mo a poak ot 27,500 oubio feqt p~ SCJond
was reoorded at this site and at 9s45 a.m. tho rooordir.~-gugo otatlon
was washed out and waa not reoovered until a fow days lator. In tha
arens of greatest d~ge (Queen Creek Irrigation Distriot, r.illi~
Air Foroe Base, and Rcoaeve'l t Water Conservntion Distriot), th~ flo')d
peak oame at approximately 2s00 p.m. on the 19th. Tho flood poak oon­
tinued through the irrigatod area reaohing tho town of Gilbert betweon
midnight and 2s00 a.m. on the 20th. The rooidonts of Ap~oho Junotion
reported two tlood peaks, one between 7 sOO and 10 sOO a.m. on thG l~h

and a seoond, a la.rger peak, a.bout 6soo or 7s00 a.m. on the 20th.
Apo.ohe Junotion was the only plaoe 'that reported damaging flood flow
trom the storm of the 20th. All floodwaters had subsided by the after­
noon of the 20th.

9. Overflow ar6S..--The runoff came down 'tho 1'i'8.ahee from the Pinal
and SuperstitIon Moun€'a1ns, cr-osaed the desert eo shoet flow and spread
out over the irrigated farmland. The danaging flows from Queon Creek
oovered approximately 17,000 aores of farmland, from Williams Air Foroe
Base on the north to Chandler Heights Irrigation Distriot on tha :s oubh,
and. from the Marioopa..Pinal oounty line on the east to thfl Roosevol t
Water Conservation Diatrlot oanal on tho west. The runoff trom 'the
Superstition Mountain area floodod irrigated agrioultural land adjaoent
to and east of the Roosevelt Water Conser-vatlon Dietrtot's dike a.nd
oanal, overtopped and broke through the dike in many plaoa8~ and fl~od~d

farmland from the dike to the town of' Gilbert on the ~ot. The cie..mag­
iug ovorflow inundated approximately 13,000 aoros and extendod from
Williams Air Foroe Base and the Southern Paoifio Railroad on the south
to the vioinity of Gila and Sal t River Base Line on the nor,th. The
total farmland flooded by flow from both dralmge areas was a.bout 30~OOO

aores.

10 0 The souroe of damaging floodwat~rs was sadly determined ex­
oept for a fmvareas, suoh as Val1iams Air Foroe Base, where runoff
from both tho Queen Creek drainage area and the Superstition Moun"tain
area appeared 'to join And cause overflow and damage. The overfloW'
areas of principal damage are outlined on the attnohed map, appendix 3.
This map indioates the extent of the flood in Marioopa Coun'ty whoro
most of the damaged farmland 18 located. Wi thin the outline there al"8
areas. suoh as Williams Air Foroe Base lt whioh were not oompletely In..
undated. To the north and. east of the area shown on this ne.p, tha
floodwaters were poorly defined, ooming aoross the desert as sheot
flow with oooasional islandl'J of dry land. To tho south and east of
tho aroa shown on this map, aevere damage from the flood ooourred on
a oonsiderable aoreage of oultivated farmland along Queon Cro"k in
Pinal County.
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11. Field mIj:o-=-LoII Angelo. D1ctriot p\)r.sor~·l o.·r'J'i'V94 ~~ ~:!?-@
floOded area. on WGdnosday" 25 August 1954" to ~nV~Qt!~tQ ~g ~£i.~r..<;;;?

data on rainfall, runoff', a.nd r~::ultant tlco4 cia~S9. ~ Q-v~i:'.p..~,',,1

a&"ct'. Vias determined, and. ownere and op~rator_ of far--;ll:J TJGva ~l}t?~· .1,~

vieiT3d" Distriot persomwl weri' e.Sd6~d in this W'Ci'"ki:?:r t.~ Pf! l3.?
8011 C01'l3ervat$.on Servioe oftiaids 1n the areeo , ~g~) r~p@?ti!

irors cbtninad trom officials of tho Stete of ~W113CAA, !la.ri9PP~ ~rJt;:~~if~

Pinal County, the town of a11~ert~ ~nd loo~l i?r~gation. di~~Pi~t~9 .
Owners or d.a.magod business and residential property WG~e ll.l'tervi iw;l!!l~

The field eurvey ~snd~d hom. 25 August 1954 through 30 Augus 'h 1954~

120 General nature of flood da.rM.~o-«>All 'bypes of property ~o::e

d8.nJ!lgec1 by~ha f lood~tara. AS tbi B ar-ea i:1 prino1 pa.l1y agi-i 0111h~l:'e.l t

the higr..e:zt monotary damage ~e to crops and 1rriga.t1on fa.olli t!e!h
Cropa ~O!'El oompletely ru1~C: in 80me ar-oas , being i'la't'tonsd on the:
gTound ani cover-ed with clebriso - A largo portion of th~ oott.on p!J
partially damaged ac _'tar r-eached the loTI'eI' bolle~ otlu!1ng a lor;vll'i~

of tho quality and inoreased harvast1ng ooo'(:so There?Ja8 e Lso COD'~

a1dorC401o sroslonD espooially in fallow fioldao Ccnor$to irrlga"t!i_ot.'l.
di~oheB ware torn out and 8oa~ered across th~ fleldso Dikos and
major ii"rigaticn oC\nala were overtopped and breached; Resid~nooo and
buafnes aee W3re daYr.Aged by water and mud in the nli'nl aroas and in tb
t:rvnw or J\paohe Junotion ll Gilbert" and Queon Creoko

130 Roado and h!g~ya Guffered h~3.VY damage in FlMl and Me.l'1e­
oopa Counties es floodwaters conoentrated in th~ !roads and o3.~cec1 <lana
aiderable oroslcno Majo!r da~,gG to pub!io fnoilitiaa ~e ~t \1il1~cmo

.Air Foroe Bnoe where 0. diko \';3.0 overtopped and I::"..Jd and debris '.'i'3r~ de~

pool ted on pnrt!J of th',) field., An t\uxll1ary .flo1d wao oovered m.th
mud nnd debris" Compara.tively minor QnltS.gco to rai1.l"oc.do and utU1\:1.o.;
l'l"1!re noted o

140 Energenou: V1orko...,gaw~~l hundred mon ware o.~ -.mi"k rOi' o~"';',:'ral

hour-a in an 0. ttompt to prot-eot dikes and ilT1ga.t1on v;orlro 0 RssidGr..ts
and businessmen in 01lber't were able to prevsnt cons1derabl0 damage by
ec..ndbe.bg:i.ng and IOOving da.nageablo goods prior ~vo inuMCl1;1on.

150 EGtirnateB of flood damngesoc=Deb11od oa-;;!metoo of damage
l7Elro made on the balilia ot Infornetion gathei'oc1 in t.'le f':loldo Tho 1;ott\l
cstimai0cl damages amounbed to ~D1OO.OOOo A c~!l7 of tho oot1mata~
<'lamagoo ?ooul~~ng trom tho flood of 19 Augua\> 1951~. in Qu~on Ci'0e~ t\nd
vioini~;yD J1!'1G~m 0 10 (;1V'aU in bob 2 0



Table 2

III~', ~I

EBt1~tod ~a~~s. flood of 19 Au~uot 1954
Queen Cr~ek and VioinitY. Arlzom •

a
IAmagesType of property •• Direot s Indireot s Total

• J •
Residential ••••••••••••••••••••• $25,000 • t2,OOO • . $27, 000
Business and industrial ••••••••• 9O~000 J 15,000 I 105,000
Publio., •••••••••••••••••••••••• 7,700 • 200 f 7/900
Agrioultural •••••••••••••••••••• 1,LiOO,OOO • 210,000 • 1,610,000
Irrigation works•••••••••••••••• 53,500 J 2,000 I ".500
Highv.ays and roads •••••••••••••• 26,.000 • 1,600 I 266,600
Railroads ••••• o •••••••••••••••• ! 3,000 • 3,000 • 6,000
Ut11iti080••••••••••••••••••••• r 1,500 • 200 I 1,700

• I •
Total •••••••••••••••••••••• 1,845,700 • 234,000 • 2,079,700

s I •• • I Sa.y 2~100,OOO ; <

I • • ;~t~

16. Photographs.-PhotographD 01' damaged proper'ty were taken by
local photographers and by the distriot otfioo representatives. Photo­
graphs soaleoted to show the nature, extent, and l!loverlty or tr.s flood
damages are inoludod in appendix 4 of this roport. 1,

LOSS OF LIFE

170 No loss of I1te ooourred. Depths were no't exoeedVG in moat
areas end tormnately no one was oaught in the washes or loW' spotBo

DAMAGES FREVENTABLE BY AUTHORIZED (;ORPS OF
ENGI NEER.S IMFRO'VE},{ENTS .

18. Whitl"W Ranch Reservoir.·..The projeot tor the Whitlow Ranoh
Reservoir was authOrbed by CongresB in the Flood Control Ac1; approved
24 July 19LP. The reoommended plan provides for a dam on Queen Crook
at 'the Whitlow Ranoh site, loca.ted 5.2 miles above th() U. 8. 60-70
higln.;ay bridge near Florence Junction and 2.; miles above the mouth of
Vih1 tlOW' Canyono Thia d9m would r&duofJ the reservoir dosign peak flew
ot ,9,000 oubio teet per second to an outflow peak ot 1,400 oubio feet
per seoond. Simo'this dam site 1s above the mouth or Wh1..tlow Cnnyon_
floods from this canyon would not bo conti-oUed.

7
,~ ~,.... , ; , ; ,~ . ; , ~ , . , .'~ '..
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19. Provontab10 damn~e9....-Most of the damages wore eaoily sapos-
abIe into thOse oauooa byf fowo trom Queen Creek and toose caused by
runoff from the Supers'tl tion Mountain area. However, in a few aroae
damagea were oaused by a oomblmtion of the Queen Crook f1ood_t$%". and
flood~~ter from other washes. In these areas, nn arbitrary division of
damages was made. Th9 estinated damages from Queen Crt)ek floodwatars
below Whitlow Ranch dam 81to are $1,200,000. Flow from Whitlow Canyon
'WOuld DOt be oontrolled and thorofore it 18 probable that there would
have been some damage even with a dam at Whitlow Raneh s1 teo I't is esti­
mated that at least $1,000,000 in damages would have been prevented had
this dam been built.

8'"
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Report Of

WHITLOW RANCH DAM FLOOD CONTROL COMMITTEE

1. NAME OF PROJECT:

Whitlow Ranch Reservoir

2. LOCATION:

e, Arizona

b. First Congressional District

Second Congressional District

c. South Pacific Division, Los Angeles District Corps

of Engineers, U. S. Army

3. GENERAL NATURE AND PURPOSE:

This is primarily a flood control project. The stream upon which the

improvement is proposed is non-navigable. Floods in the Queen Creek basin,

Arizona, cause direct and indirect damage to cultivated lands, irrigation

works, urban property, highways, railroads and other utilities including an

important U. S, Air Force installation at Williams Field, and constitute a

menace to the lives and health of the residents.

The plan provides for the construction of a clam and basin for flood

control. The dam would be of concrete, gravity type, with a maximum

height of 130 feet above stream bed, and a crest length of 535 feet. An un-.

controlled spillway 200 feet in length and outlet works would be an integral

part of the dam. The reservoir would have a total capacity at spillway crest

of 24,000 acre-feet, of which 11,000 acre-feet would be reserved for flood con­

trol, and 7,000 acre-feet for sedimentation and conservation purposes.

The operation of the reservoir would regulate the run-off from 143

square miles, reducing the maximum flow from 5n,OO() to 1,0tOO cubic feet per

second. The project would provide flood protection to an area of 84,000 acres,

of which [j!),OOO acres arc hig-hly developed irrigated lauds in Qucen Creek

Irrigation District, the Roosevelt Water Conservation District, the Salt River

Project, and the San Carlos Project.

..:
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The reservoir would be operated solely for flood control. Retardation

of flood flows, however, would permit the percolation of all run-off from

most floods into the underground storage basins along the channel.

4. LEGISLATIVE STATUS:

Authority fr0111 State Legislature has been obtained. (Section 75-2039

:\Il<! ; ;'-2::10, Arizona Code, 1!l3!l) . Survey authorized by U. S. Congress (Pub­

lic Law 7:;8, '-Hh Congress, l-I.H.. 8-155) approved June 22, 1936, and the Act

( P uillic I.a\V , iiI , 7iith Cong-ress, ILl{. 10618) approved June 28, 1938. This

]..roject was a uthor ized hy Cong-ress in the Flood Control Act approved July

:~ -l , !!I!t;. It is l -c lic vcd that all leg isla t ive requirements have been complied

wit h. Init iatiun of construct ion awaits only an appropriation by Congress.

5. PHYSICAL STATUS:

The proj ect has been surveyed and transmitted by the Secretary of

\Var, (Hon se Documen t ' No. 220, 80th Congress, } s t Session) , referred to

Cornm i t ee on Public Works, No construction work has been done. Project is

inactive, a waiting appropriation of funds.

6. DEPARTMENTAL STATUS:

Project has been su bmitted by the War Department to Congress, and

received Congressional authorization, and now awaits appropriation.

7. ESTIMATED AN NUAL ECONOMIC BENEFITS:

Val ue of the average annual benefits estimated to accrue from the

construction of a dam and basin for flood control at Whitlow Ranch site on

Queen Creek amounts to $220,GOO.* based on H152 price levels, compiled by

the Arm)' Engineers for thi s project.

8. ESTIMATED ANNUAL REVENUE:

This Project is not revenue producing.
·This figure r epresen ts annual benefits estimated by Army at 1939 price levels

($96.000.) converted to June, 1952 price levels, using factor of 2.766.

-2-
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9. OTHER CREDITS TO THE PROJECT:

Other credits accruing to this project in addition to the tangible bene­
fits reported in Item 7, are intangible benefits which are considerable but
Hot susceptible of monetary evaluation.

a. Water released from the flood control basin at reduced rate and ex­
tended over longer period would, in large measure, recharge ground
water and thus materially increase usable water supplies.

b. Soil conservation and silt control will result. These will accrue
without allY additional cost to the United States.

c. The protection of the tax base and the general welfare over an
immediate area of S·I,1I00 acres, S0111e GO,OUO acres of which are
highly developed .

d. The protection of Williams Field Air Force l la sc and a substantial
part of the Covcrumcnts liability to other property caused by the
necessity of construct i ng separate protecting works for the Air
Base.

_. Investmcnts and improvements within the area liable to floods are
now almost at a standstill. With the hazard removed by \Vhitlow
Dam , development can be resumed and new taxable wealth created.
The annual benefits will then be correspondingly more than the

·$ 2fj(j,GOO. now estimated.

10. ESTI MATED COST:

Cost is estimated at $-1,.i.'jO,OOO. Note : Army estimate in House Doc.
No. 220 , $l,(j'l !i,OOo. based on Hl;W price levels. Army now estimates cost at
$ ·l ,.'ir,O,OOO. as at JUIlC, Ul":!. (Sec Report on Water-Resources Development
by the Corps of Enginccrs in Arizona, dated: 1, January, HI53.)

11. ESTIMATED ANNUAL OPERATING AN D
MAlNTENANCE EXPENSE:

Expense estimated at $2 1,,'j,;";;. Note: Army estimates of $7,800. 111­

creased hy application of factor of 2.7GG.

12. LENGTH OF TIME ESTIMATED TO COMPLETE:

Two years, not ruore than three years. (Army Engineers} .

-3-



13. OBJECTORS:

) )

\

Hearings and publicity on this Project have developed no single ob­

jection.

14. PROPONENTS:

Queen Creek Irrigation District, Queen Creek, Arizona.

Roosevelt Water Conservation Dist., Higley, Arizona.

Salt River Valley Water Users' ASS11., Phoenix, Arizona.

Maricopa County Board of Supervisors, Phoenix, Arizona.

Mesa Chamber of Commerce, Mesa, Arizona.

Gilbert Chamber of Commerce, Gilbert, Arizona.

Chandler Chamber of Commerce, Chandler, Arizona.

Sacaton Indian Tribunal Counci l, Sacaton, Arizona.

Maricopa Farm Bureau, Phoenix, Arizona.

Mesa Farm Bureau, 'Mesa, Arizona.

Chandler Farm Bureau, Chandler, Arizona.

Queen Creek Farm Bureau, Queen Creek, Arizona.

15. SPONSORS:

Maricopa County Board of Supervisors,
County Court House, Phoenix, Arizona.

Queen Creek Irrigation District,
Queen Creek, Arizona.

Roosevelt Water Conservation District,
Higley, Arizona.

Salt River Valley Water Users' Association,
Phoenix, Arizona.

Pinal County Board of Supervisors,
Florence, Arizona.

- 4-
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II It • desert areas to the north, but no records are available. Runoff was heavy upstreamf e 1f1 lC • •
f Alona Canal. A series of 22 breaks occurred In the south bank levee of the canal In the

o . r; of Indian Bend Wash. A break in the south bank of the Arizona Canal in the Cave
;;;;:~ :rea released water that ca~sed nine breaks in the. Grand Canal. The total peak inflow
. the Arizona Canal was estimated at 30,000 cubic feet per second and Cave Creek

' 1110 ., .

tr -am of Ar izona Canal was estimated at 9,000 cubic feet per second. The maximumu p .. t .. .. .
L · llisc harge in Indian Bend Wash at Arizona Canal was estimated at 15,000 cubic feet perp c .. ...

~,,(: O f\d .

r. . Storm and Flood of August 26-29, 1951. A tropica l hurricane entered the
m ;"IlI.Hl d of Mexico from the east in the vicinity of Tampico on August 11. Moist air
"•••.UCI.I ICd w ith this storm crossed Mexico to the eastern coast of the Gulf of California. Th is
m (m l a ir augmented by moisture outflow from a tropical storm on the west side of Mexico
l ~'<l.lll flowing into southwestern Arizona during the 26th, mostly in the vicinity of Organ
I' I J ~C Cactus National Monument. By the morning of the 27th, precipitation had become
qWle gene ral over southern and central Arizona. Heavy precipitation spread northward and
f1 0rt he astw ard to the northern border of Arizona by the 29th. Precipitation was moderate
to heavy from the 27th through the 29th. The storm was the most severe east and north of
f~h(){.'f1ix . The total storm precipitation at Phoen ix was 3 .85 inches. Heaviest precipitation
for the period was 13.55 inches at Crown King and 12 .11 inches at Sunflower. About 65
per ce n t of the total rainfall occurred during the maximum 24 hour period. The isohyets of
l he total storm precipitation are shown on plate 10. An estimate by the U.S. Soil
Conservation Service, based on high water marks at numerous breaks of the Beardsley Canal
rn th c Trilby Wash area (about 25 miles northwest of Phoenix) indicated a total peak
ck .chargc of 35,000 cubic feet per second if all the numerous flood peaks along Beardsley
G m al had occurred at the same time. The total volume of runoff for this flood was
cst unate d at 10,600 acre-feet. The peak discharge at Luke Air Force Base was estimated at
S.Ooo cubic feet per second by the U.S. Geological Survey. No flood estimates are available
fort he study area.

d . Storm and Flood of August 19, 1954. Very moist warm tropical air that
or iginated over the Gulf of Mexico and the Gulf of California entered Arizona and New
Mc x ico from the south during the storm period accompanied by widespread thunderstorm
ac t ivi ty . The storm and flood of August 19, 1954, was the most severe on record within
Ihe Queen Creek drainage area approximately 50 miles east, southeast of Phoenix.
Precipitation in the area occurred between 0100 and about 1000 hours on the morning of
August 19, in the Superstition Mountains and Pinal Mountain areas. The precipitation
in tensit ies were very high during portions of the storm, especially between 0500 and 0900
hours. The Boyce Thompson Southwestern Arboretum, about 4 miles west of Superior
reported the highest measured precipitation amount of 5.3 inches (most of it falling within
3 hours) although greater amounts are believed to have fallen in the mountains to the south.
Florence Junction, about 15 miles west of Superior, reported 1 and 6 hour amounts of 1.75
and 4.25 inches respectively, while the smelter at Ray about 11 miles southeast of Superior
measured 4.05 inches in less than 2 hours. An estimated 140 square m iles of area had over 5
inches of precipitation, and approximately 850 square mi les had over 1 inch of
precipitation. The iso hyets of total storm precipitation are shown on plate 11. Peak
d ischarge at the gaging station at Queen Creek at Whitlow Ranch Dam site near Superior,
Arizona (drainage area 142 square miles) was est imated at 42,900 cubic feet per second. No
est imate of runoff is available for the study area.

10
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IV - SYNTHESIS OF STANDARD PROJECT FLOOD

4-01. GENERAL. The standard project flood (SPF) represents the flood that would
resu It from the most severe combination of meteorologic and hydrologic conditions
considered reasonably characteristic cf the region. It normally is larger than any past
recorded flood in the area, and can be expected to be exceeded in magnitude only on rare
occasions. It thus constitutes a standard for design that will provide a high degree of flood
protection. Preparation of standard project flood estimates in this report were made in
accordance with EM 1110-2-1411 (Standard Project Flood Determinations).

4-02. STANDARD PROJECT STORM (LOCAL TYPE). The August 19, 1954
thunderstorm that was centered generally in the Queen Creek drainage area was determined
to be the storm with the most severe flood producing rainfall depth-area-duration
relationship and isohyetal pattern that may reasonably be expected to occur over the central
portion of Arizona. While the storm lasted a total of about 9 hours, local observations
during the storm indicated that nearly all of the precipitation fell during a 7 hour period and
that most of the rainfall occurred at many stations within 3 hours or less. Extremely intense
rates of precipitation for very short durations (5 minutes to 1 hour), although not measured
in the August 19, 1954 Queen Creek storm because of the complete lack of properly
functioning recording rain gages in the area at the time of this storm have been measured on
a number of other occasions in the vicinity of central Arizona, and are therefore considered
to be reasonably characteristic of the heavier thunderstorms of this part of the state. Thus, a
standard project storm of 7 hours duration, having large portions of the total precipitation
occurring within 1 to 3 hours, was developed. The methods used to determine the total
precipitation amounts, the intensity-duration relationships, and the precipitation-intensity
patterns are explained in the following subparagraphs:

a. Total Precipitation. Total' precipitation amounts for the standard project local
sto rm were obtained from the isohyets (pI. 11) of the Augusr19, 1954 Queen Creek
thunderstorm, transposed and centered over various drainage basins within the greater
Phoenix area. Because the heaviest precipitation of this storm occurred in mountainous
areas where it is felt that orographic influences were significant, the total storm depth was
alt ered as it was transposed to the Phoenix area (as well as to other areas) by 10-year 6-hour
prec ip it at io n values obtained from the National Weather Service charts. (See pI. 15.) This
part icu lar parameter was selected as the transposition factor because it is believed to be the
most accurate available rainfall statistic representative of rare-event precipitation of 7 hours'
du ration. Transposition of the August 19, 1954 thunderstorm from the Queen Creek area to
the vicinity of Phoenix by this method results in a reduction of the total storm magnitude
by nearly 20 percent. Transposition of the storm to the foothill and mountain areas north
of Phoenix results in smaller reductions or even slight increases in the total depth of the
original storm. Plate 16 presents the depth-area reduction factor as a function of drainage
area and 10-year 6-hour precipitation. Thus, the average rainfall depth over a watershed is
equ al to the product of 10-year 6-hour precipitation, depth-area reduction factor, and
3.178. The factor 3.178 is the ratio of maximum point rainfall to 10-year 6-hour
prec ip it at io n for the observed Queen Creek storm.

b . Intensity-Duration Relationships. Intensity-duration relationships for the
maximum point-value of the storm were compiled for durations from 5 minutes to 7 hours
from the information available for the August 19, 1954 Queen Creek storm, with the
correspo nd ing information for other intense historical storms in the vicinity of central
Arizo na serving as a gu ide. (See pI. 14.) Each intensity-duration depth was transposed from

13
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No. Station

6/3/88

QUEEN CREEK, AZ STORM OF 19 AUG 1954

RAINFALL TIME DISTRIBUTION PATTERNS

Period of Amount Remarks
Rain. MST (inches)

1. Mesa Experiment Farm 0800-1000 .02
2. Falcon Field 0730-0930 .46
3. . 00
4. .00
5. .00
6. Charles Weeks Ranch 0230-0830 4 .5
7. Kings Ranch 0150-0900 4.93

Boyce Thompson Arboretum 0100-0830* 5.3+

Bill Barkley Ranch No.1 0130-0800* 3.5
Bili Barkley Ranch No.2 0100-0700 4 .5

8.
9.

10.

11.

Florence Junction 0300-0900 4.25

0150-0630 "normal rain"
0630-0700 "rain worse [sic]

he had known"
One-quarter mile directly

south of Kings Ranch: 5"
"Rain intermittent very hard"
"Very hard rain, comes down

in sheets"
0300-0700 2.50"
0800-0900 1. 75"
0100-0500 light
0500-0800 very heavy
"Spilt [sic] some when

measuring. Approximately
.2 inch."

12. Superior Smelter, west 0400-0815 2.68
13. Superior Smelter, east 0400-0815 2.47

14. Pinal Ranch 0130-0600 1. 64
15. Ray Smelter 0500-0700 4.05

16 . Florence .01
17 . . 00
18. Williams AF Base 0156-0900 . 62

* approximately

Tipping bucket alongside :
. 9 5 inch

"Paper said it all fell in
1 and 1/2 hours"

0156-0347 intermittent light
0347-0508 moderate
0508-0900 light



APPEN9IX I-I

6-hour and 2-hour storm distributions for Maricopa County.



_Development of 6-hour Point Rainfall Mass Distribution (Pattern # 1)
6-hour rainfall depth 3.22

Time
increment

(hours)

Incremental
Rainfall Depth

(inches)

Accumulated
Rainfall Depth

( inches)

Rat io to
6-hr Rainfall

0 :00 0.0000 0 .0000 0.000
0:15 0 .0266 0 .0266 0.008
0:30 0.0266 0.0531 0 .016
0:45 0.0266 0 .0797 0.025
1:00 0 .0266 0 .1062 0 .033
1:15 0 .0266 0.1328 0.041
1:30 0 .0266 0.1594 0 .050
1:45 0 .0266 0.1859 0.058
2:00 0 .0266 0.2125 0 .066
2:15 0.0266 0 .2390 0.074
2:30 0 .0400 0.2790 0.087
2:45 0.0400 0.3190 0 .099
3:00 0.0625 0 .3815 0.118
3:15 0 .0625 0 .4440 0.138
3:30 0.2500 0.6940 0.216
3:45 0 .5200 1 .2140 0.377
4:00 1. 4700 2.6840 0.834
4:15 0 .2500 2.9340 0.911
4:30 0 .0625 2.9965 0.931
4:45 0 .0625 3.0590 0 .950
5:00 0 .0400 3.0990 0 .962
5:15 0.0400 3.1390 0.975
5:30 0.0266 3.1656 0 .983
5:45 0.0266 3.1922 0.991
6:00 0.0266 3.2200 1. 000



DEVELOPMENT OF 6-HOUR RAINFALL MASS CURVES (PATTERNS #2 TO #5)

The 7;hour pattern distributions , developed for the Queen Creek Storm of
August 19 , 1954 (Appendix I-H) is used for this purpose. Eliminating Patterns
#1 and #6 , a new se t was developed which are being referred to as Patterns #2
to US. The duration for these patterns we r e changed to 6 hours so t h a t they
can be consistent wi t h the previously developed Patte rn #1 . Subsequently, the
new incremental values were adjusted based on a 6-hour dura tion, and were
no rmalized accordingly .

6- HOUR RAI NFALL MASS CURVES (PATTERN #2 TO #5)

Time
(hrs)

0 :00
0:15
0 :30
0 :45
1 :00
1:15
1 :30
1 :45
2:00
2:15
2:30
2:45
3:00
3 :15
3:30
3:45
4:00
4 :15
4 :30
4:45
5:00
5:15
5:30
5:45
6 :00

Patte rn 1/2

0 .000
0 .006
0 .012
0 .020
0 .031
0.039
0.049
0.057
0 .067
0.076
0 .087
0 .100
0. 120
0 .163
0.252
0 .451
0 .694
0.837
0.900
0.938
0.950
0 .963
0 .975
0.988
1. 000

Pattern 1/3

0 .000
0 .015
0 .020
0 .030
0.048
0.063
0 .076
0 .090
0.105
0 .119
0 .135
0 . 152
0.175
0 .222
0.304
0 .472
0 .670
0 .796
0.868
0 .912
0 .946
0.960
0 .973
0 .987
1.000

Pattern #4

0 .000
0.021
0 .035
0 .051
0 .071
0 .087
0. 105
0 . 125
0 .143
0.160
0.179
0.201
0.232
0 .281
0 .364
0 .500
0 .658
0 .773
0 .841
0 .888
0 .927
0.945
0.964
0.982
1 . 000

Pattern #5

0.000
0 .024
0 .043
0 .059
0 .078
0 .098
0 .119
0 .141
0 .162
0 .186
0.212
0 .239
0.271
0.321
0.408
0.515
0 .627
0 .735
0 .814
0 .864
0 .907
0 .930
0 .954
0 .977
1.000



Deve lopment of 2-hour Point Rainf all Ma s s Dist r ibu t ion f or Retention
2- hour r ainfall depth 2 .74

Time
inc r e ment

(hours)

I nc remen tal
Rainfall Depth

(inches)

Accumu lated
Ra infall Depth

( inches) .

Ra t io t o
6-hr Ra infal l

0 :00 0 .0000 0 .0000 0 .000
0 :15 0 .0625 0 .0625 0 .023
0 :30 0 .0625 0 . 1250 0.046
0 :45 0 .2500 0 .3750 0 .137
1: 00 0 .5200 0 .8950 0 .327
1 : 15 1.4700 2 .3650 0 .863
1 :30 0 .2500 2 .6150 0 .954
1:45 0 .0625 2.6775 0.977
2 :00 0 .0625 2 . 7400 1. 000

Int e r polate d 5-minute Depth Ra infal l

time
i n c r e me n t
(minutes)

00
05
1 0
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
1 20

c umulative
r a i n f a ll
( i n ch e s )

. 0000

. 0625

.1 25 0

. 375 0

. 8 950

2 .3650

2.6150

2 .6775

2 .7400

percent rai n fa l l
(15-mi n . i ncrement )

0.000

0 .023

0 .046

0 . 137

0.327

0 .863

0 .954

0 .979

1. 000

percent rai n fa l l
(5 -min . inc rement)

0 .000
0 .011
0 .018
0 .023
0 .028
0 .032
0 .046
0.071
0.100
0 .137
0 .176
0 .232
0 .327
0 .601
0 .743
0 .863
0 .901
0 .930
0.954
0.962
0.970
0.977
0.982
0 .992
1 . 00 0



APPENDIX I-J

Comparison of different design rainfall criteria.



COMPARISON OF DESIGN RAINFALL CRITERIA

FOR USE IN ARIZONA

Three sets of different design rainfall criteria have been used with the
HEC-1 program to investigate their performances over a range of watershed
sizes. All three are local storm criteria and 500 sq. miles is considered the
upper limit of local storm extent. Drainage areas of 0.1, 1, 10, 25,100, and

./ 500 sq. miles were considered. These criteria should not be applied for
<;general storms in Arizona.

The three design rainfall criteria are shown in Table A. The Green and
Ampt infiltration equation was used in HEC-1 and the rainfall loss parameters
are shown in Table A. The SCS Dimensionless unit hydrograph was used and the
assumed basin characteristics and model input (TLAG and NMIN) are listed.
Notice the NMIN = 5 minutes for A = 0.1 sq. mile with the SCS Type II distri­
bution, and this exceeds the recommendation that NMIN ( .29 TLAG but is neces­
sary for a 24-hr distribution because of the 300 computation point limit in
HEC-1.

The calculation of the Maricopa County rainfall distributions are pres­
ented in Attachment A (4 sheets). Notice that Pattern No.1 is not exactly
the same as Pattern No. 1 according to the current version of the Maricopa
County Hydrology Manual, but is the hypothetical distribution as developed for
the ADOT Hydrology Section (copy provided).

The calculation of the SCS Type II rainfall distributions are presented
in Attachment B. Notice on the work sheet that the central 6-hour part of
these distributions has been calculated. This was for the purpose of graphi­
cal comparison with the other two 6-hour distributions (Figures A through F).
The complete 24-hour distributions were input in the HEC-1 models.

The HMR-49 rainfall distributions were calculated by the procedures in
Hydrometeorological Report No. 49, Probable Maximum Precipitation Estimates,
Colorado Riyer and Great Basjn Drajnages (NOAA, 1984). This procedure was
developed for estimating a PMP, but it may be appropriate for other severe
storms of N-year frequency. The calculation of the HMR-49 distributions are
presented in Attachment C (5 sheets).

The rainfall mass diagrams for each watershed area are shown in Figures A
throug~F. Inspection of these figures results in the following observations:
1. Use 'of the SCS Type II distribution with the NOAA Atlas 2 depth-area

reduction factors results in almost the same rainfall mass diagram for
areas , from 0.1 to 500 sq. miles.. The 6-hour rainfall depths are low for
small areas and high for large areas. .

2. The rainfall mass diagrams using the Maricopa County procedure have very
high intensities for small areas (0.1 to about 10 sq. miles), but the
intensities and dept6hs diminish quickly for areas larger than 10 sq.
miles.

3 . Procedures from HMR-49 results in high intensities and rainfall depths
for small areas and these are comparable to the hypothetical distribu­
tion. The intensities and rainfall depths diminish fairly systematically
with increasing area. The SCS Type II and the HMR-49 rainfall mass
diagrams are similar for areas from 25 to 100 sq. miles.

2 ...... .. ....



HEC-1 input files were prepared using each of the three design rainfall
criteria and each of the six drainage areas (18 runs). A diskette is provided
that contains the input and output files. Input files have an extention .DAT
and output files have an extention .OUT. All file names start with RL and are
followed by a code that identifies the design rainfall criteria:

MC - Maricopa County and Osborn
scs - SCS Type II and NOAA Atlas 2
HMR - HMR-49

This is followed by a number from 1 to 6 for areas 0.1, 1, 10, 25, 100, and
~500 sq. miles, respectively.

The output from the HEC-1 program are summarized ,i n Tables B through D,
and the results are presented graphically in Figures G through K.

DISCUSSION OF FIGURES G THROUGH K

Figure G
The rainfall depths with the Maricopa County procedure diminish rapidly

with area. At 100 sq. miles, only 1.42 inches of rainfall is applied. This
may be excessive reduction.

The r~infall depths using NOAA Atlas 2 reduction factors hardly diminish
at all. This is certainly conservative, but is not realistic for areas larger
than about 25 sq. miles.

The rainfall depths using HMR-49 seem reasonable and are not overly con­
servative nor as quickly reduced as the Maricopa County.

Figure H
For small areas (less than or equal to 1 sq. mile), the Maricopa County

procedure gives the greatest runoff, and this is because the hypothetical
distribution is used. The SCS Type II distribution has the least runoff for
small watersheds.

For the Maricopa County procedure, the runoff dept~ diminishes rapidly.
At 25 sq. miles the runoff is very low and at 100 sq. miles there is virtually
no runoff. This does not seem reasonable.

The rainfall excess remains almost constant regardless of the size of the
area when the SCS Type II distribution is used. This is contrary to observa­
tion an~, the physical processes that are involved.

The HMR-49 procedure results in a fairly consistent reduction in rainfall
excess, except that runoff is almost 0.0 at 500 sq. miles for "auhiform loam
watershed , with no impervious area and the center of the storm assumed to be
centered about 25 miles from the outlet.

In the range 1 to 10 sq. miles, all three rainfall criteria produce about
the same runoff. This is probably a fairly common drainage area size for many
highway applications.

3



Figure I
The maximum rainfall intensities are very similar to what has been dis­

cussed for rainfall excess. That is, the Maricopa County procedure results in
a dramatic (and maybe too rapid) reduction in rainfall intensity with area .
There is virtually no reduction in rainfall intensity using the SCS Type II
distribution . The HMR-49 procedure lies somewhere between the other two.

Figure J
The Maricopa County procedure results in very high runoff intensities for

"s mal l areas, and almost no runoff at 100 sq. miles and larger. The rate of
decreasing intensity with increasing area does not seem reasonable.

There is only a slight reduction in runoff intensity as drainage area
increases for the SCS Type II distribution. This does not seem reasonable.
The runoff intensities are low for small areas, and probably too high for
large areas.

HMR-49 has much lower runoff intensity than the Maricopa County procedure
for very small areas, but the runoff intensity decreases moderately up to
about 100 sq. miles. Virtually no runoff is produced at 500 sq. miles.

Figure K
The Maricopa County procedure produces the highest discharges for the

smallest areas, but the peak drops off dramatically, even at 25 sq. miles.
Again, because the intensities are so low at 100 sq. miles and larger, the
peak discharges are suspiciously low for large watersheds.

Conversely, the SCS Type II distribution gives high discharges at 100 sq .
miles and larger.

The HMR-49 procedure results are similar to those using the SCS Type II
up through about 10 sq. miles. At 25 sq. miles, HMR-49 gives peaks that
decrease and continually diverge from those using SCS Type II.

Peak discharges are about the same for all three at about 1 sq. miles.

Note: These results are for assumed watersheds with loss rates and unit
hydrograph characteristics as described. The results would change somewhat
for different selections of rainfall loss methods and parameters, and differ­
ent unit hydrograph procedures and parameters. However, the general results,
as discussed, would be similar when comparing one set of rainfall criteria
againstlthe others.

· ·..4 ..
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CONCLUSIONS

1 . The Maricopa County procedure (the hypothetical distribution for 6 hours)
provides high peak discharges for small areas, and this may be appropri­
ate for watersheds up to about 1 sq. mile.

2. The Maricopa County procedure results in too low rainfall depths and
rainfall intensities for areas larger than about 10 sq. miles.

3. The rainfall intensities for the SCS Type II distribution are too low for
./ areas smaller than 10 sq. miles.

4. The rainfall intensities for the SCS Type II distribution are too high
for areas larger than 25 to 10~ sq. miles .

5. The HMR-49 distributions seem to provide consistent results for design
purposes up to about 100 sq. miles.

6 . If local storms have characteristics as presented in HHR-49 and as
reflected in the Maricopa County procedure, then the local storm is prob­
ably not a critical design event for watersheds much larger than about
100 sq. miles. At 500 -sq. miles, local storms will produce little runoff
from the watersheds. That doesn't mean that local storms don't produce
floods on large watersheds. For example, a local storm could occur over
only part (say the lower 100 sq . miles) of a large watershed that could
produce extremely high peak discharges, and this should be analyzed .

7. The hypothetical distribution is site specific and different distrib­
utions will result for different locations in Krizona.

8. The HMR-49 procedure is site specific (function of P6/Pl) and different
distributions will result for different locations in Arizona.

9. The SCS Type II distribution cannot be tailored to local meteorologic
conditions .

RECOMMENDATIONS

One of the following should be used for design flood hydrology in Ari­
zona:

Drainage Area, sq. miles Design Rainfall Criteria

Method 1 o to 1

1 to 25

25 to 100
100 and larger

Hypothetical distribution and no Depth­
Area reduction
SCS Type II with NOAA Atlas 2 Depth-Area
reduction
Procedure such as HMR-49 for local storm
Both general storm and critically cen-
tered local storm .

o to 1

1 to 100
100 and larger

Method 2 Hypothetical Distribu~ion' and no Depth­
Area reduction
HMR-49 procedure
Both HHR-49 procedure for critically cen­
tered local storm, and general storm

If the manual will be limited to watersheds of 100 sq. miles and smaller
then we need not concern ourselves with the 100 and larger range in the above
recommendations . Method 1 would require three sets of procedures; Method 2
only two.

5 .
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APPENDIX l-K

Letter of August 12, 1988 to Mr. John T. Pederson of the U.S. Army
Corps of Engineers, By George V. Sabol.



GEORGE V SABOL Ph.D., P.E.

1351 EAST 141st AVENUE

BRIGHTON, COLORADO 80601

(303) 457-098 9

12 August 1988

Mr . John T. Pedersen, P.E.
U .S ~ Army Corps of Eng ineers
Los Angeles District
P.O. Box 2711
Los Angeles , California 90053-2325

Subject: Mari copa County Hydrology Manual

Dear John :

.... _ -- - --J

We are progressing with our efforts to deve lop a Mar icopa County Hydrology
Manual and Joe Rumann of the Flood Contro l District of Mar icopa County and
I have recent ly been concentrating on the des ign rainfal I criteria. This
rainfal I cr iteria wi I I consist of three items : 1) depth-duratlon­
frequency Inf or mat ion, 2) depth-area reduction factors, and 3) t ime
dlstrlbutlon(s) of rainfal I . The Flood Control District Is planning to
conduct a study to analyze regional rainfal I data to update the available
rainfa l I Information , and the Arizona Department of Transporatlon (ADOT)
Is a lso plann ing a simi lar study for the ent ire state of Arizona. These
two studies may be conducted Independent ly or depending upon potential
agreements for the scope of the ana lyses and funding the two studies could
be consolidated Into one project . However, whatever Is the f inal outcome
of these potential studies It wi I I probably be at leas t 2 to 3 or more
years before such results would be ava ilable for our use In the Hydrology
Manual. Therefore , at this time we need to select design rainfal I
criteria tor use In Maricopa County rather than rely on these future
studies.

We are currently using the fo l lowing guidelines i n se lect ing ralnfal I
criteria :
1. The criteria describes , to the best of our understanding , t he actua l

ralnfal I cha racteristics that we bel ieve are representative of flood
produc ing storms In Maricopa County. For example, If 24-hour storms
are not crit ical flood producing events then we should not select a 24­
hour time distr ibu tion .

2. The se lected criter ia should have the consensus agreement of t he
regional experts In this area . Accord ingly, we wi I I coordinate with
the hydrolog ists and hydraul ic engineers of the primary agenc ies that
deal with flood ing i n Arizona . This wi I I include the Los Angeles
District Corps of Engineers, Soi I Conservation Service In Phoenix,
Agricultural Research Serv ice in Tucson, Arizona Department of
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Transpor tation , Arizona Transpor tation Resea rch Center , and selected
Indivi dual s

3. The cr iteria Is to be available In the li terature or engineer ing
reports and wi I I not requ ire extens ive data analysis or or igina l
deve lopment . Some sl ight adjustment or mod if icat ion of ava ilable
i nformati on wi I I be a l lowed.

We have tenatlve ly selected NOAA Atlas 2 f or the depth-durat lon- frequency
criter ia , and t he depth-area reduct ion r el ati ons that are presented by
Osborn , Lane , and Myers (1980) . A copy of t he depth-area reference Is _
enclosed for your review . Inc i dent a l ly, we have selected these depth-area
relations over t hose In HYDRO-40 because t he data base from Wa lnut Gulch
t hat was used by Osborn is far superior than t hat available for t he
r emai nder of Arizona that was used In HYDRO-40 and because some of t he
recommendations and conclusions of HYDRO-40 are weak .

Joe Rumann and I have evaluated various r al nf a l I distr ibut ions and have
done some prelim inary testing usi ng HEC-l and some wat er s hed models with
di fferent methods of calculat ing r a l nf al I los ses and a r ange of loss
rates . Based on these eva luat ions and tests we bel ieve t hat the 6-hour
duration storm Is appropriate for the 100-year event In Maricopa County .
You may recal I t hat the Corps sta ndard pro ject s torm for t he Phoen ix area
i s 7-hours and for Clark County Is 6-hours , and t her ef or e t hi s appears to
be cons istent with the Corps ' op inion fo r f lood prod ucing storms . Some of
our t hought s and also comments of drainage engineers at t he Arizona
Department of Tr ans por t ati on are that t he time distr ib ution shou ld nave
decreas i ng peak ra lnfal I Intens ities for Increasi ng dra inage areas. In
this regard we are Int erest ed In using t ime distribution patterns s imi lar
to those deve loped by the Corps for the Phoen ix area and Clark County . We
would need to make some modifications t o these and t o do t hat we need to
have a better understand ing of the analyses that were requ ired for thei r
deve lopment . We a lso have some spec i fic questions about t hese.

Our needs wou l d probab ly be most effect ive ly r eso lved If Joe and I were to
come to t he LA District off ice . At t hat time I would like to r evi ew the
data and ana lyses t hat wer e performed to deve lop t he ti me dis t r ibution
pat t er ns for both the Phoenix area and Clark County . We wou l d also I Ike
to have t he opportuni ty t o discuss t hese with you or others t hat have been
Invo lved In t heir development and use.
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I not ice that t he Clark County patter ns are a f unct ion of dra inage area
whereas the Phoenix patterns are a f uncti on of both dra i nage area and the
10- yr, 6-h r ra l nfal I depth . The Phoen ix patterns were developed In the
ear ly 1970s and t he Clark Count y were on ly recent ly deve loped . This has
pr ompt ed some questions on my part .

For Phoen ix , t he patt ern shown In Plate 19 Is selected from Plate 20 as a
f unct ion of drainage area and t he 10-y r , 6-hr r aln f al I depth . Plate 16 Is
used to se lect t he 10- yr , 6-h r ralnfal I and this plate Is taken from NOAA
At las 2. The range of ralnfal I depth from Plate 16 Is from 1.9 Inches t o
3.0 Inches and this Is the r ange for a l I of Maricopa Cou nty as s hown in
NOAA At las 2. Using this ralnfa l I range with Plate 20 wou ld mean t hat
t ime distrib ut ion patterns les s t han number 2 woul d never be used . This
Is a li t t le unsettli ng because for very sma l I drainage areas (less than
1. 0 square mile) we would l ike t he distribution t o r epr esent t he sho rt­
duration (15-mlnute) hi gh- Int ensi t y ra lnfal Is t hat NOAA At las 2 Is
Indicat ing (5 .68 i nches / hour for 100-yr storm). Pattern 2 wi I I not have
this Intens ity . The l imited range of application of Plate 16 Is confusing
to me . What Is the reason for th is l imitation? Why Is t her e a patter n 1
If i t cannot be used?

I have some conceptua l problem with the pattern number being a funct ion of
ral nfal I depth . For Clark County It is only a f unct ion of drainage area
and th is has some advantages . Is there some reason why t he Phoen ix and
Cla rk County procedures for pat tern selection are different?

For your convenience I have enc losed copies of the plates t hat I
referenced and a copy of t he p late for Clark Cou nty . I a lso enc losed
cop ies of t wo handwritten t ab les of depth-duratlon-f req uency and Intens lty­
duration-f requency data for Phoenix from NOAA At las 2.

I wi I I cal I you dur ing t he week of 15-19 August to talk to you about
t his . Joe and I would I Ike to vis it you In Los Ange les t o review and
discuss t his with you and others and t he week of 6-9 September would be
good for us . You can adv ise me of an approp r iate date for s uch a v isi t .
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As always, your time and effort Is great ly appreciated . Hopefu lly th is
wi I I cu lminate In a product that wi I I be benef ic ia l to al I of us .

Sincerely yours,

George V. Sabol

Enc losures :
1. P lates 16, 19, 20 from Phoenix Design Memorandum No .2, Hydro logy

Part 2 (1982).
2. Clark County t ime distribution patterns .
3. Ralnfa l I tables fo r Phoenix.
4. Paper by Osborn, Lane, and Myers (1980) .

Copy : Mr . Joe Rumann, Hydro logist, Fl ood Control District
of Ma r icopa County

wi all enc losures except 4.
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APPENDIX 1-L

U.S. Department of Commerce, Depth-Area Ratios in the Semi -Arid
Southwest United States , NOAA Technical Memorandum HYDRO-40 ,
Silver Spring , Md . , August 1984 .

Osborn Herbert B., Leona r d J . Lane, Vance A. Myers . Rainfall!
Watershed Relationships for Southwestern Thunderstorms , Soil and
Wate r Divis ion , ASAE , Pape r No . 77-2541, May 1979.
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DEPTH-AREA RATIOS IN THE SEMI-AR~D SOOTHWEST UNIT~D STATES

Raymond M. Zehr* and Vance A. Myers+

Office of Hydrology

Nat ional We a t he r Service , NOAA, Si lve r Spring , MD 20910

ABSTRACT Geographical ly fixed depth-area ratios are

es timated for Arizona and western New Mexico . While t he

s tudy r el i e s on a met hodology for comput ing depth-area rat ios

from dense network data, modi fication of the approach was

ne c e s s ary to extend t he results to data sparse regions .

Ava ilable data indicate t hat reductions of po i nt rainfal ls

for area size i n t h e semi-arid Southwest are greater than

previous ly published nat ionwide average depth-area curves.

1• INTRODUCTION

1. 1 Purpose and Defini t ion of De pth-Ar e a Ratios

A knowledge of r a i nf a ll frequencies is basic to the design of many r unoff

point rainfalls for

carrying structures and to decisions on flood plain

frequencies for the s e pu rposes are published as maps of

occupancy . Rainfa l l

specified dura tions. For many problems the design engineer or i nve s t i g a t or needs

the corresponding frequency values for depth of rainfall averaged over a basin.

To meet this need , nomograms are published giving t he convers io n factor necessa ry

;:0 estimate areal average depths at a particular location based on published

point rainfa ll-frequency values . These adjustment factors are geographical ly

fixed depth-area ratios. They are defined as ratios of two rainfalls , point

values and a real average va l ue s \ -1i th the same return pe r Iods , The " are not

*Current affil t at Io n Reg ional and Mesoscale Meteoro logy Br anch , National
Env ironmental Satell ite , Data, a nd I n f o r mat i on Service , and Cooperative Institute
for Research i n t he Atmosphere CCIRA) , Colorado State University,
Ft . Collins , CO .

+Currently , Consult inR Meteorologist. Fairfax. VA

-!
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Figure 1.--Depth-area ratios from NOAA Atlas 2 (Miller et al. 1973).
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1.2 Previous Work

va rious subsequent atlases indicated no evidence t ha t would warrant changes in

the nationwide average nomogram.

O~born et al . (1980) ana lyzed 20 years of dense network recorcing raingage data

from the Agr Lcu l t ur a l Rese a r ch Service experimental watershed at w.:>-l nut Gulch in

southeast Arizona to develop geograph ically fixed depth-area ratios . Data from

data was pooled to produce a

Reanalysis of basic data for

A nomogram of geographically fixed depth-area ratios was first published by the

U.S . Weather Bureau (now the National Weather Service, NWS) in the late 1950's in

U.S. Weather Bureau Technical Paper No . 29 (U.S. Weather Bureau 195 7- 60 ) . Such

nomograms were based on data from de nee networks of r e c o rd t ng gages. Only a

necessarily dependent on the same set of s t o rns t i.e. t specific values in both

the numerator and -denominator may come from different precipi tat ion events •
.....

Similar ratios based on the mo rpbo l ozy of individual storms are termed storm-

centered depth-area ratios.

limited amount of such data is available . All

national-average depth-area nomogram (fig. 1 ) .

.------------------ - ---- - - - - --- - --_.
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this network are not routinel y published and only recently have bee n available ~ n

a computer compatib le form . (They were not available for the earlier a t l a s e s ; )

The re~ults of this analysis for dura tions from 30 min to 6 hrs are reproduced in

figure 2 and show s ignifi can t d ifferences from t he na tional average curves . At

Wa l nut Gul ch , the depth-area rat ios dec rease more rapidly wi th increas ing area

than those pub~ished in NOAA Atlas 2 (Miller e t al . 1973 ) •
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Figure 2.--Depth-area rat ios at Wal nu t Gulch, Arizona , for durat ions of 30-mn ,

1-, 2- , and 6-h r (Osborn et a1 . 1980) .
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In :-J OAA Te c hn I c a l Report 01 0. 2 4 (Nyer s a nd Ze hr 1980), t he me t ho d o l og y for

compu t i ng ge ogra ph ic a l ly f i xed depth-are a r a t I c s was ex te n de d a nd a mode l

d e ve l o pe d that permitt ed the e s t Ima t i o n of upper a nd .l owe r ·b ound s on depth-are a

r atios from simultane ous rai nfal l r ecords at station pairs , with calibration of

the s pe c I f t c cu r ve within t hese bound s using a few S-statio n g roups . There is

considerab le reliance in the present work on that study, hereafter referred to a s

TR 24 . Some famil iar ity with that report will be assumed and the reference s t o

it wil l be concise.

1. 3 Object ive of Presen t Study

The objective of th is study is to derive depth-area ratios in a form suitable

fo r engineering use for a substantial portio n of Arizona and New Mexico . This

involves, a) developing dp.pth-area ra tios f o r Walnut Gulch for 24 hr. a durat ion

n o t included in t he study by Osborn et a l , (1980), b) extending the Wa lnut Gulch

rat ios to areas larger than the o riginal 79 .5 mi 2 (200 km2) . and c) def in i ng a

region over which the Walnut Gulch curves apply and additiona l regions over which

they apply with modification.

The 24-hr durat ion is necessary fo r maximum ut ility in hydrologic procedures of

the Soil Conservation Se rvice which uses 24 h r as a basic duration . and as t he

vuhf c 1e for exploring within- region and in t e r - r eg i o n depth-area ra tio

variations . For reasons related t o storm chatacteris tics to be discussed later,

the geographic var iation of dept h-area r a t Io s is greater at 24 hr than at shorter

durations.

2 . WALNUT GULCH. ARIZONA. 24-HR DEPTH-AREA RATIOS

2. 1 Data

Precipi tation data are archived at the Agricultural Research Service

experimental watersheds by accumulations at hreak points , i . e. , precipitation

Accumulation and time and date at se lected po t n t s on a r e c o r de r trace.

Connecting these points by straigh t lines approximates the recorder trace

(prec ipitat ion mass curve). These data cannot be processed directly for

frequency analysis . Amounts for successive standard durations, such as an : hour

or a day must he ahstr~~ted by interpolation fo r an entire period of record.

4



An nua l ma x i m a , used f o r depth-area ratio e v a l ua t Lo n , can t h e n b e . rb x t rn r L .. c1 I ' H -

the standa rd durations or combination~ of them .

In the analyses fo r the variou s Nat i o nal Iveather Se r v ice a t l a se s , t he 2/~-hr

a n nu a l max ima depict the greatest precipitation a mo unt s for a ny co us e c u t i v«

I 440-mi n i n t e rva l • When u sing either hour ly or d a ily o bs c rva t l o ns , a t l e a - . 1

few annual maxima will be less than those for 1440 consecutive minutes h(~C:l11

the fixed observation time can cause the 1440-min a mo un t to be part itioned. An

emp t r t ca I factor . applied to the precip it at ion-f req uenc y valu es. is u s e d t o

ad j us t f o r t hi s e f fe c t in NlvS atlases . The \valnut Gu lch 2 4-hr de pt h-a r ~~a

ratios de rived here are based on ~ f ixed clock time with out a dj us t men t. The

Southwest Watershed Re s--a r ch Ce u t e r abstracted 15 y r of 24 -hr 2 a s m, to 2 a vm,

MST rainfal l data a t twe nty. Wa l nut Gulch gages (fig . 3) and furnished thes e dat a

to th is project. The 2 a vm, time was chosen as most often falling he twe e r; ,

r a t he r than during storms . I n comparison to other uncertainties. it seems

unlikely that d imensionless ra tios of areal -to-point values for these 24 -hr

periods would differ significant ly from 1440-mi n data .

2 .2 Station Groups

The TR 24 method of depth-area r a t i o a nal y s i s was followed wi th these Wa l nu t

Gulch data. The approach involves de riv ing basic stat istics from pairs of

stations distributed over a va i l a b l e interstat i on dist ances. a n d statistics f r o m

five-station sets. The selected pairs are listed i n t able 1 a nd the five-st ation

groups in table 2. The latter are chosen a s being most like the des ire d

configuration of a single center station and four ou t e r s t a t i o ns with uniform

spacing . Two e xamples are dep icted i n figure 4 .

2 .3 Depth-Area Ra tio s

The first step in determining depth-area r atios. usin g the TR 24 .ne t ho d ,

d e f i n i t Lo n s

r equi red

pairs .

t he dete rmination

Formal rna t hema c I c al

of X' I
m' sm' X~ , s~. and cov~b usi ng

of the s e st atlstics

the st atio n

a r e f ound in

Appendix I . The notation h ere is i de n t i ca l with t ha t in TR 24 . X' a nd s ' ar cm In

the relative mean and standard devi a tion of the annu.. 1 maximum se rie s of

two-station total pr e c i p i t at ion. Th ey ar c c xp r e s s e d :1s r« t i os o f t h o

st ation-pair s ta t i s t i c s to the individual s tation s t a t is t i c s , a nd t hu s , "1 l"e

1 x_, I 1 I I I It ermed re a t Lve , h ' sb a no c ov
Ab

<Ire t i e r e a t l ve me an. s t a n da r d devi ation a n d

.'
1 ••



Ta bl e l.--Walnut Gulch s tat ion pai rs for 24-hr a nalys is

Pair Stations Distance Pair St ations Distance
no . (mf ) no . ., (mf )

4 1 1 3 0 .9 51 1 30 7.7
42 56 54 1. 1 59 33 70 8 .3
43 66 68 1.3 57 23 68 8.8
44 29 30 1. 6 53 8 56 9. 1
45 3 8 1.9 54 9 60 9 .6
32 3 9 2. 1 40 11 66 10. 1
31 1 9 2 .4 64 3 56 10 . 7
39 30 33 2.8 69 18 68 10.7
46 44 60 3 .0 66 8 66 11.4
47 30 44 4 .1 60 18 70 11. 7
48 33 56 5 .0 61 1 60 12. 3
50 47 54 5. 1 68 9 70 12.8
56 18 44 5 .6 67 8 70 13 .0
55 11 47 6.3 65 3 68 13. 8
52 3 29 6 .7 62 1 68 14 .5
58 30 66 7.4 63 1 70 15.3
49 1 29 7 _5

31

- - 56 - 60
11

- 44-23
- 33 - 45

- 9

~
- 29

-18
WALN UT GULCH

-47
0 1 MI N- 30 L--...J

~

Figure 3.--Walnut Gulch , Arizona. bash! and rai n gages used fo r 24-hr ana lysi s .
Numbers are station i dent i f i ers,



Table 2.-~alnut Gulch 5-stat ion groups for 24-hr analys is

Group no . Cente r station Surround i ng stations d Lmf )

13 33 23 29 31 45 1. 70
11 29 18 30 33 45 2.03
16 60 44 54 66 68 2.03
14 33 18 30 31 44 2 .15
19 8 1 3 11 18 2.15

12 29 18 23 45 47 2.33
15 45 29 31 47 S6 2.35
10 23 11 18 29 31 2.40
17 33 11 18 47 56 3.78
18 45 18 30 54 66 4 .10

d = average of the four distances from the center station to the surrounding
stations.

Figur e 4.--Typical examples of two of the ten five-station groups listed in
table 2.
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covariance of rain falling at one member of a station pair simultaneous with

annual maximum rainfall at the other member of the pair. These s t a t I s t Lcs were

fit to analytic curves in a manner' similar to that used in TR 24. The fitting

coefficients and formula are included in Appendix II.

The TR 24 method combines curves fit to station-pair statistics vs ,

inte rstation distance and theoreti ca 1 considerat ions to est imate bounds for the

relative mean, XL, and the relative standard deviation, sL, of the annual

series of areal average rainfall. Five-station statistics are then used as a

calibration to place XL and sL curves vs , area between the bounds. Values from

these curves are used to compute depth-area ratios as functions of area and

re turn pe r t od ,

The results of this methodology applied to 24-hr Walnut Gulch data are shown in

figures Ii and 6. The 24-hr depth-area curves for 2-, 10-, and 100-yr return

periods calculated from the adopted XL and sL appear in figure S. Combining

24-hr results with the 30-min to 6-hr depth-area ratios from Osborn et ale (1980)

produced the depth area ratio v~. duration curves in figure 6. It is noted that

the 24-hr Walnut Gulch results are a reasonable complement to the curves of

Osborn et al., which were derived by an independent method. A limited comparison

of these two me thods fa r developing depth-area curves revealed small di ffe rences

in results. The technique of Osborn et a l , , produced curves wi th a somewhat

greater reduction for area than those developed by the TR 24 method. The

differences were not considered significant and were well within t l.e range of

differences expected from analyzing the data by different methods.

3. EXTENSION BEYOND WALNUT GULCH

More widely spaced precipitation data and other clues were used in an attempt

to define the area for which the Walnut Gulch depth-area ratios are valid, and

other areas where they may be applicable with some modification. The intent was

to del lneate zones wi th climate sufficiently homogeneous to justify using a

common set of depth-area ratios in engineering applications. Zone definition was

necessarily based on inferences from limited information.

3.1 Data Types

Ideally. data would be avai lable at closely spaced intervals throughout the

study area and would be suitable for direct calculation of depth-area ratios.

~.... ' :
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Such data do not exist. Inferences are made from each of the following datil

sources or t.y p e s , They progress in s equen ce from data of gre a t e s t to l e a s t

direct applicability , ar.d from least to greatest coverage of the study area.

3.1.1 Dense Networks

The dense network at to1alnut Gulch has been de sc r Ibed , Osborn et al , (1980)

also published depth-area ratios for the Alamogordo Creek, NM, Experimental

Watershed. The location in eastern New Mexico is shown as "AC" in

f Lgure 7b . Statisti cs from recorder pai r s (section 3.1.2 below) indi cate that

depth-area ratios in the upper Rio Grande basin near Albuquerque are similar to

those for Walnut Gulch and different from those at Al amogordo Creek, though the

distance between Al buquerque and Alamogordo Creek is much less than that between

Albuquerque and Walnut Gulch. Storms in eastern New Mexico depend heavily on

moisture flow from the Gulf of Mexico that is not "t srupted by orographic

barriers. Cold fronts that approach from the northeast and lodge against the

mountains and minimally modified tropical storms are often associated with heavy

rainfall on the Alamogordo Creek Watershed (Osborn et a l , 1980). Both si t ua t I o ns

differ from conctitions that usually accorepany heavy rainfalls in the Walnut ~ulch

area. AlalOOgordo Creek data are not used further in this st~dy because of these

meteorological d t f fe r erices , The eastern boundary to the present investigation

(dashed line in figure 7b) is placed at the crest of the Sangre de Cristo in

northern New Mexico and along the major easternmost ridges to the south near

105 0 4S'W. The mountains along the eastern boundary in central and southern New

Mexico have lower elevations and are less continuous than the Sangre de Cristo.

Therefore, the previously mentioned characteristic storm differences are less

applicahle in southern New Mexico than along the Sangre de Cristo crest.

3.1.2 Recorder Pairs

Simultaneous rainfall at a pair of gages allows the estimation of the

covariance of point rainfall at the interstation distance, and thus is related to

depth-area ratios over correspo~ding area sizes. Recording gage pairs with 12 or

more years of simultaneous record during 1948-75 and with Lnt e rs t a t i ou distances

of 50 mi or less were identified in Arizona .and western New Mexico. The pairs

are listed in table 3 and the locations of midpoints between paired stations are

depicted in figure 7. The pair numbers in the tables and on the map are

10
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Table 3.--Ari~ooa and New Mexico statiGu pairs .;

-..
Pair Dist Yr of Pair Oist . Yr of

* (roi) *no . Stations record no. Stations (mf ) record

Arizona New Mexico
710+ 8940 9534 2.2 18 810 0903 4366 4.7 20
711 6481 6486 j .1 14 815 4719 78n 4.7 18
712+ 0966 8409 13.6 17 817 1286 4009 15.7 25
713+ 8810 8820 14 .4 14 818 3374 8518 16.1 15
714+ 8409 9279 15.0 17 820 1138 7423 18.3 15

715 6676 6801 16. 7 19 821 0234 0903 18 .8 26
716 8264 8940 17.2 18 824 1138 8387 21.8 16
717 8264 8348 18.2 15 826 4426 8535 23 .0 16
718 8264 9534 18 .5 19 828 0234 4366 23.4 21
720+ 0768 2659 23 .7 21 835 6435 9686 28.0 24

721 7741 8940 24.0 15 836 7423 8387 29.9 22
722+ 75~3 8820 2q . 6 24 838 3374 4366 32.9 17
723 0808 9271 26 .7 22 839 0640 7423 33.1 18
724+ 6546 8409 27.6 16 (340 1286 3225 33.9 25
725+ 0966 1870 27 .8 15 84 1 4426 9686 34.0 21

727+ 9066 9279 28 .5 17 842 0903 3374 34 .4 17
728 7741 8264 28 .9 12 844 0903 8518 34.6 17
729+ 5921 7593 29.0 22 845 3225 4009 34.8 23
730+ 6546 9279 29. 1 17 846 4366 8518 35 .3 17
731 1314 8348 34 .8 13 847 0818 5800 35.7 17

733+ 6119 8820 35.3 24 853 0234 8518 37.7 18
734+ 0966 6546 36 .4 16 856 1286 4426 38.3 23
735 8348 9534 36.4 13 858 6435 8535 38 .6 16
736 6323 8940 37.1 20 862 4426 6435 40.3 22
737 6323 9534 37.3 19 863 4436 8072 41.2 15

738+ 7593 8810 38.6 12 868 2024 3225 42.5 21
740 0487 6801 39.2 18 870 3225 8535 44 . 1 16
741 1314 6481 40.9 20 87:> 0234 4719 44.4 21
742+ 1870 8409 41.4 14 875 0903 8072 44.5 20
743+ 0768 1870 42.5 18 876 0234 3374 44 .8 18

744 1314 6486 43.8 19 879 3225 4426 45.6 20
745+ 6119 6546 44 .7 13 881 0640 8387 46 .0 22
746 0487 3010 46 .6 23 884 8535 9686 47.7 16
747+ 0808 6546 47. 1 17 885 0818 4009 48 .2 19
748+ 0808 9279 48 .1 18

749 0808 7741 48.7 16
750 6468 9439 49 .6 25

* index numbers published "Hour l y "Station are in Precipitation Data,
~nvironmental Data Service, 1951-1975.
'Sout he as t Arizona " station pairs

1 I
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Figure 7a.--Locations of undpoints between Arizona recorder pairs.
Identification numbers are from table 3. Point ~abeled WG is Walnut Gulch.
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Figure 8 . - - Distr i bu t ion of r e c orde r-pai r interstation d i s t anc e s for Arizona ,
wes t e rn New Mexico , and Walnut Gulch 24-hr data. Points denote t otal number of
pa i rs wi th i nterota t ion dista n ce less t han o r equal to t he plotted distance.

arbitrary ident ifie rs . Figure 8 depicts the distribution of i nte rsta t i on

3 . 1 .3 Daily Preci pi t a t ion Stations

An attempt was made to us e daily repo rti ng station pairs in the same manner as

recorde r pairs t o evaluate station-pair statistics for the 24-hr "duration . The

effect of va r y i ng observation times could not be overcome and t h i s attempt was

not successful •

distances . Most distances exceed 15 mi and are large f o r optimum relevance to

area sizes of 500 mi 2 and less , our greatest interest. For t he area sizes of

g reatest inte rest , the recorder-pai r s tatistics are most useful as ind i c e s of

regional and i nterdura t i ona l variations of depth-area ratios.

1 4• , ". j! Al"L~.•-: . ~ : ...."j " _. 1 U C
',J .. " : I f ' · · '· ·~

The study area is covered more densely and uniformly by daily reporting

precipitation stations (Envi ronmental Data Service 1951-76) than with recorder

stations (see figs . 9 and 10). The percentage of annual maximum daily r ai n f a l l s

a t each station that occur in the coo l season was used as an indicator of the

contr ibution of ge neral vs , l o c al storms to the 24-hr annua l series . A zone with

more cool-season sto rm i n fl ue n c e on the annual series could be expected to have

larger depth-area ratios than a zone with l e s s cool -season I n fl ue nce.

, ~ . ~ J .
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through April) for Arizona .
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3 .1.4 To pog r a phy and SYG~ptic Fa c t o r s

Landforms and elevat ions are defined everywhere 0ll: topographic maps at all

sca les of va riation relevant to present pu rposes . Topographic i nf o r mat i o n is the

lea~t d irect of t he da t a us e d. However, judicious use of topog raphic informat ion

in combina tion with knowledge of meteorologica l f a c t ors can provide us efu l

insights into the spatial va riatio n of general ly " n c t sy" qua nti tative data , such

as that discussed above .

3 . 1 .5 Ra inf a ll-Frequency Value s

Ra in fa l :-fre quency values are a lso de fined e verywhere in map f o rm in NOAA

Atlas 2 . I t would be of g reat ut i lity if station-pair sta t is tics , measured a t a

limited number of poi n ts , could be pred icted from pa rameters tha t a re more

un i ve rsa l ly ava i lable, s uch as these r a i nf a l l-fr e que n cy values . As out li ned i n

Appe nd ~x I I, the T R 24 approach was used to f i t the s tation-pai r data to analytic

equat ions . The deviations at each s tation pair mi d point from t h i s curve of bes t

fit were used i n a regression with the 2-yr 24- hr r a i nf all (determined f r om NOAA

At las 2) as a predi c t o r , The r e sul t s yielded a low cor re lation with large

scatter . A poss ib le explanation fo r the poor r el a t i o ns h i p is that there are

Lnsu f f Lc f e nt data to compensa te for the relatively large a moun t of "noise" in the

- 'X deviatio ns . No f u r the r attempt was made to use the rainfall-frequency
m

values .

3 .2 Stat ion- Pair Stat istics

The data used for the paired reco rder phase of the project are hourly

precipitation values on Office of Hydrology, National Weather Service, magnetic

tapes (Peck et a l , 19 77). These contain t he data published in Hourly

Precipi tation Data (Envi ronmental Dat a Service 19 51-7 5) . For qual ity control , it

was possible to take advantage of work from another project (Frederick

e t a l , 19 81) whic h t abu l a t e d periods of missing data and accumulated data. Years

of record with data of poor quality were e limi nated , with criteria similar to

those used i n TR 24 .

The quantities X~ , and .Xb (defined i n Appendix 1) were calculated for all

s tat i o n pa i r s and normal ized to a 20-yr r e c o rd by the TR 24 me thad . At each

pair , values at 1, 2 , 3 , 6 , 12 a n d 24 hr were first smoothed over duration,

f it t ing the data to eq . (3-5) of TR 24 . These duration-smoothed values were then

fit over i nt e r s t at i o n distance, again us i n g the TR 24 app roach . Arizona a nd New

'1e x i c o data were f i t separately .
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3.3 Xi, Statistic VB Interstation Distance

With increasing ' distance between recorder-pair stations, a distance Is

approached at which there is practically no relationship between simultaneous

rainfalls at the stations and no information applicable to depth-area ratios is

obtainable. This distance is determined by t he space and time scale of the

meteorological systems which produce the annual maximum rainfalls, and varies

with duration, ~torm type, and topography.

at large interstation distance. However,

The statistic Xb becomes quite small

by definition it cannot be nega t Lve ,

Thus, when curves are fit to Xb with interstation distances distributed from zero

to very large values, a theoretical curve will be asymptotic to a small positive

value.

Table 4 lists the number of recorder pairs with Xi, < 0.1 within intervals of

interstation distance for each duration (0.1 is an arbitrary value and has no

explicit physical significance). Based on table 4 and careful inspection of Xb
plots (not shown), the following decisions were made with regard to the

applicability of these recorder-pair statistics to depth-area evaluation:

1. I-hr and 2-hr recorder-pair data may produce unrepresentative results

and are not used.

2. 3-hr pairs are limited to those with interstation distances less than

3S mi.

3.4 Search for Geographical Variations

3. Pair statistics with interstation distances up to 50 mi are applicable

for durations of 6 hr and greater.

line, while positivedashed

The clearest geographical pattern

Arizona (fig. l l a}, There is a

of the

inhr

18

24

southeast

at

; ' . .'
I. ' , •\01"'. I

using all station pairs were plotted on maps.

To search for meteorologically homogeneous zou es , for each s t a t I on-pa t r ,

deviations of each statistic at each duration from the corresponding curve fi t

of deviations was for X'm
preponderance of negative values

""".



_ I

Table 4.--Number of recorder pairs with ~ < 0.1

Arizona

New Mexico

2
a
3
3
3
7
1
6
4
5

1
a
1
4
3
2
7
5
7
4

34

I'o t a l no .
of pai r s

a

a

o
a
a
a
o
a
a
a
a
a

a
a
a
a
a
a
a
o
o
o

24-hr

a
a
a
a
a
a
a
a
a
a

a

a

a
a
a
a
a
a
a
o
a
a

12-hr

a

a
a
a
a
a
a
a
a
a
a

o

o
a
a
a
a
a
a
a
a
2

6-hr

a
a
a
a
a
2
a
4
2
4

a
a
a
a
1
a
1
2
5
3

12

3S

3-hr

a
a
1
a
2
4
o
4
3
4

a
a
a
a
1
1
5
4
6
3

18

S3

2-hr

a
a
2
3
3
6
1
5
4
5

a
a
a
3
3
2
7
5
7
4

29

85

I-hl

0-50

0-5
5-10

10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50

0-5
5-10

10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50

Distance (mf )

i. of total

0-50 3 1 20 12 2 a a 34

i. of total 91 59 35 6 a a

values are dominant northwest of this line. There is less suggestion of this

difference at 6 h r and i t virtually disappears at 3 h r (figures not shown).

Inspection of the New Mexico deviations (fig. l Ib) suggests no consistent

variation over the region .

On t he basis of this tentative separation, the station pairs in Arizona were

divided i nto two sets, " s ou t h e a s t Arizona, " southeast of the line of figure 11a

and "central Arizona," the remaining pairs. Curves were fit again to each

figure 12 along with the New Mexico curve .

s tat i s tic i nthesetwo set s : the curves fo r 3, 6 and 24-hr for Xl appear in
m

Due to the paucity of data at

---- - - -------------- -.------- ------- --
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di stances l e s s than 15 mi (see table 3 and fig. 8). a val id comparison among

regions should be restricted to the 15-50 mile range. Essentially no difference

appears at 3 hr. small differences at 6 hr. and marked differences at 24 hr.

X' in central Arizona is .La rge r ·t h a n in southeast Arizona and western ·New Mexicom .
where the values are quite similar. To a lesser degree. the other station-pair

statistics exhibited similar differences among regions and durations.

A depth-length ratio defined in TR 24. chapter 3. can be derived from data at a

pair of stations. With the Gumbel fitting of Fisher-Tippett Type I Distribution

as the frequency distribution model. X~ is identical with the depth-length ratio

for the 2.54-yr return period (see sec. 4.2). Thus. basic decisions on zonal

variation of depth-area ratios were made from X' statistics. with the other
m

statistics used as supporting information.

3.5 Seasonal Variation as an Indicator

Inspection of the tabulated dates of 24-hr annual maxima revealed that central

Arizona expe rienced more winter occurrences than southeast Arizona. This is

taken as another clue that general storms have more influence on rainfall­

frequency values in central Arizona than in southeast Arizona. and that at least

at the 24-hr duration. depth-area ratios could be expected to be higher in

central Arizona. The seasonal variation of 24-hr annual maxima at individual

precipitation stations. both daily and recorder. was used to refine the boundary

between these regions and to compare other regions not covered by station pairs

(recorders) within these regions.

Wi th some experimentation, the year was divided into two seasons, May-October

and November-April. hereafte r termed the warm and cool seasons. The percentage

of 24-hr annual maxima that occur in the cool season are plotted on maps of

Arizona and New Mexico in figures 9 and 10. Thirty percent appears to be about

the break point on figure 9 between the southeast Arizona type of climate and the

central Arizona type. These data do not suggest any substantial zones of climate

different from both of these.

3.6 Topographic and Synoptic Indications

Topographic features and known synoptic meteorological characteristics of

storms suggest some explanations for the detected regional differences in X' and
m

23
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the other statistics. Locations along and west of the Mogollon Rim in central

Arizona are exposed to a relatively unimpeded flow of air from the Gulf of

California and the Pacific Ocean. Moisture inflow into southeast Arizona and

most of New Mexico is reduced by both distance and the sheltering effect of the

Sierra Madre in Mexico. The importance of the flow of air from the south and

west lies in its warm moist character which affects areal coverage as well as

intensity of precipitation. Topographic features that tend to favor storm

occurrence in particular locations increase both the temporal persistence and the

areal coherence. thus. a positive correlation between these two features is

expected. Similarly. storm types that persist for 24 h r tend to yield more

uniform areal coverage of precipitation than short duration local storms. Short

duration storms tend to be due to small scale convective cells that vary little

from one location to another. Hence. greater regional variation for 24-hr than

for shorter durations is expected.

3.7 Definition of :!Zone s
',-
"

Compositing all of t he c l ues and informatitn suggests dividing Arizona and

western New Mexico into the four depth-area ratio zones in figure 13. Zone A is

the portion southwest of a generalized 3.000-ft elevation contour. readily

exposed to moLs t inflow from the Gulf of Cal i fornia and the Paci ficOcean. bu t

with rather smooth terrain. B is the portion northeast of a generalized drainage

divide from the Kaibab Plateau to Humphrey's Peak. and along the highest

elevations of the Mogollon Mesa to Baldy Peak. C is along the Hogollon Rim and

I ies between zones A and B. Zone D includes the highe r el eva tion region of

southeastern Arizona that is at least somewhat shielded from the Gulf of

California by the Sierra Madre in Mexico, and is the southeast Arizona zone that

has been referred to previously. The northern part of the study portion of New

Mexico is an extension of zone E. and the southern part is an extension of

zone D. While the available data provide no conclusive support for this

extension. it was nevertheless made because it was felt that the shielding

influence i n d l cat e d in southeastern Arizona would extend into New Hexico in a

fashion related to the prevailing moisture inflow.

Using the 3D-percent break point on figure 9 between the southeast Arizona type

of climate and the central Arizona type and additional insight from the ab ove

i, na l ys t s , it was concluded that zones nand E are best represented by the Walnut
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Gulch depth-area ratios, while adj us t ed values should be applied to zones C

lnd A, for durations of 6, 12, and 24 hr. The higher percentages of cool-season

maxima are a principal reason for associating lower elevation, less rugged zone A

wi th Zone C. (Very few recorder pai rs are avai lable in zone A.) The sho rte r

distance from the Gulf of California and Pacific Ocean moisture sources may have

a similar effect 3S the topography and elevation of zone C in favoring

cool-season storms.

4. DEPTH-AREA RATIOS

The Arizona recoraer pairs (table 3), the Walnut Gulch pairs (table 1), and the

5-station groups (table 2), were used to derive two separate sets of depth-area

curves for 6-, 12-, and 24-hr durations. Pair statistics for locations southeast

of the dashed line on the map in figure lla comprised the southeast Arizona data

set (these pairs are noted in table 3), while the group of remaining pair

statistics were termed central Arizona.

tn view of the lack of clear geographical pattern of X~ deviation from a fitted

curve for 3 hr (see sec. 3.4) and the convergence of depth-area curves going from

l4 hr to 6 hr (see fig. 12), a single 3-hr depth-area curve was derived from all

Arizona recorder pairs with interstation distances less than 35 mi.

Southeast Arizona depth-area curves are presented as representative of zones B

and D and the central Arizona curves as representative of zones A and C

(fig. 13), as discussed in chapter 3. It should be emphasized that these are

best estimates based on limi ted data and information. The only dense network

data available to this study are from Walnut Gulch. If additional dense networks

were available in the study area, it is likely that both the definition of zones

and depth-area ratio curves could be refined. However, in spite of

uncertainties, we believe that a val id step toward regional1.zation has been

accomplished with the depth-area curves presented.

4.1 Curve Fitting

The problem of the lack of recorder pai rs at interstation distances of less

than 15 mi was mentioned previously. The problem was minimized for the 24-hr

southeast Arizona data set by including the 24-hr Walnut Gulch data. The
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-,
resulting data set contains 50 recorder pairs with a reasonable distribution over

interstation distance for this 'duration.

Chow's generalized frequency equation (Chow 1951) relates a return value

4.2 2.54-Year Depth-Area Ratios

annualthedeviationstandardand (s) ofx
The standard deviation is multiplied in the equation

meanthetoof

series:

loli th the available data, the fi tting procedure of TR 24 was found to be

inadequate for X~ and Xbstatistics for other durations, because of the pauci ty

of data at distances of less than 15 mi. An alternative procedure was devised.

The data points beyond a distance d s (10-20 mn, were fit to a straight line.

The data points at distances less than ds were fit using the TR 24 approach,

imposing the slope and intercept of the straight line at (ds' Ys). The details

of this curve splicing procedure are outl ined in Appendix III. Comparisons of

the results of the unmodified TR 24 curve fi tting procedure and the curve

splicing technique are shown in figure III-I. The complete sets of coefficients

for the 2-station statistics curves used in developing the depth-area curves are

listed in Appendix IV.

x =X +K s
t t x

by a frequency facto r , Kt , dependent on frequency (return pe dod) and t he

sta tisti cal dist ri bution assumed. For the Gumbel fi tting of the Fisher-Tippet t

Type I Distribution used in this study, Kt = 0 occurs at a return period of 2.5'4

yr. (Equations for deriving K
t

for this distribution are found in Appendix I of

TR 24.) Thus, the frequency value at this particular return period is

,
i

!
!
I

independent of the standard deviation anJ is equal to the mean of the annual

series. The 2.54-yr depth-area ratios for Walnut Gulch may be immediately

equated to the relative mean of the annual series of areal average annual max:imum

rainfalls, v,
""L· This fact is used in the following sections.

4.3 Relative Hean of Areal Average Annual Maximum Rainfall, x~

The TR 24 method applies theoretical considerations and areal integration to

o bt a i n estimates of upper and

Xb • X~ values between the

calibration with a me~n data

lower bounds of X' from curves fi t to X' andL m
bounds are obtained by interpolation based on

point obtained from 5-station relative areal

means. This procedure was followed for the 24-hr duration for southeast Arizcna

2 7
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Table 5.--ealibratlon con8tant~ Cx •

Ca l t bra t t on Eoint Bounds
Duration Radius Type X' Upper Lower

(hr) (mt )
L

3 4.65 Areal 0.62 .716 .356
6 4 .65 Areal 0 .63 .760 .406

12
24 2 .50 5-point 0.825 .873 .736

0.73
0.63
0 .64
0.65

with the ten Walnut Gulch 24-hr 5-station groups providi ng the calibration . The

cal ibration constant , Cx is def ined as:

Cx

(X') calibration - (X') lower
L L

(Xi) upper - (Xi) lower

At 3 and

et ala (1980)

6 hr the 2.54-yr Walnut

at 176 km2 (68 mi 2) are

Gulch depth-area

equated to XL
ratios from Osborn

and are used for

calibration.

cali bration

The

value

resulting Cx values are _ listed

was set at 0.64, intermediate

in table 5.

be tween the 6-

The

and

12-hr

24-l) r

calibrat ion constants .

Areal or five-po int data for calibration are only available at Walnut Gulch.

The southeast Arizona Walnut Gulch calibration values were applied in central

Arizona to the bounds for that zone .

Figures 14 and 15 depic t the 3-, 6-, 12-, and 24- hr 'XL or 2.54-yr depth-area

ratio curves for southeast Arizona (zones B and D) and central Arizona (zones A

and C) , respectively . 3-hr and 24-hr X{ cur~es for Chicago from TR 24 are shown

for comparison. Wi t h respect to 24-hr aepth-area r a t Io s , the climate in

southeast Arizona is different from t ha t in Chicago. The central Arizona curves

lie between the Chicago and southeast Ar izona curves. A possible explanation is

that the typical sto rm types that predominate at Chicago are different from those
. .

preval ent i n Arizona for 24 hr. The annual maxima in southeast Arizona are

primarily l i mi t e d area t hunderstorms, while in cent ral Arizona annua l maxima can

~[~T COpy AV~llABL E
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be attributed t o a mixture of s t orm types, but s t i l l di ffe r e n t f rom these found

in t he ce n t ral Plai ns .

The reco rde r-pair data for dis tances g reater than I S mi co n tain l itt le

i nf ormati on on the s t ructur e of 1- and 2-hr sto rms . This i s supported by the l ow
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values of Xl, at this range fo r these durations (see table 4). Our attempts to

extract guidance from these widely spaced locations proved f r u I t l e s s , Xi., is not

defined at these durations in this study • Rather; Wal nut Gul ch de pt;h-aree r a t I o s
. . . .... .

from Osborn et ale (1980) may be used for these durations up to '~he 'area size of

the Walnut Gulch network, about 76 mi 2• We were unable to define 1- and 2-hr

depth-area ratios for area si7.es greater than 76 mi 2•

4.4 De.pth-Area Ratios

The two-station variance statistics s~, sb and covAb (defined in Appendix I),

exhibited considerably greater scatter than X~ and Xl,. To a lesser degree,

this was also true for Chicago data in TR 24. Considering the extreme scatter

and the previously discussed data limitations, the decision was made to estimate

depth-area ratios based only on statistics of the mean. This meant that the

possi hi Ii ty of specifying the depth-area variation with return period was lost.

Both physical reasoning and the data indicated that any return-period variation

would produce lower depth-area ratios for rarer events. It was felt that the

limited amount of data and the large amount of scatter precluded quantifying the

variation with return period. As discussed In sections 3.4 and 4.2, use of mean

quantities is equivalent to determining the depth-area ratios for the ?54-yr

return period. Use of a mean curve for all re turn periods wIll lead to

conservative estimates for all return periods greater than 2.54 yr. The

difference at the 2-yr return period is small, and considering the degree of

uncertainty associated with the entire analysis, can be considered negligible.

5. DISCUSSION

5.1 Recommended Depth-Area Ratios

In the Walnut Gulch basin the 24-hr depth-area ratios of figure 5 should be

used. ' For durations of 6 hr and less, the results of Osborn et a'l , (1980) are

appropriate. There are no basin-specific curves for 12-hr amounts. If a 12-~r

depth-are~ ratio is necessary, the curves in figure 14 for southeast Arizona
:.,

should be used as guidance for interpolation between the 6-hr values found by

Osborn et al , and the 24-hr depth-area ratios of figure 5. Use of the depth-area

ratios in figure 5 for locations other than Walnut Gulch would depend on the

)0



condi tions between the other locations.
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figure 13.

Outside the Walnut Gulch basin, the

depth-area ratios . in figures 14 and 15

figure 14 are most appropriate for use

in the zones indicated as Band D in

from

shou ld

curves for zones A and C of figure 13

are presented in figure 15. Figure 16,

depth-area ratios for durations of 30

to 360 min for return periods of 2 and

Figure 16.--Point to area rainfall

ratios frOlll Osborn et ale (1980) .

100 yr. For a given return period,

there is little systematic difference among the durations of 3 hr or less. It is

likely that the differences are due in large part to sampling variations . For

this reason, we recommend that the 3-hr depth-area ratio be used for all

durations less than 3 hr. Any error introduced will likely produce slightly

conservative estimates of areal rainfall amounts for the shorter durations.

5.2 Uncertainty of the Depth-Area Ratios

The depth-area ratios shown in figures 14 and 15 are to be applied over the

zones shown in figure 13 . Examination of figure 7 reveals that there are

practically no s t a t I orr-pa I r data avai lable in zone A, and 1itt l e data avai lable

in the northern portion of zone C. While there does appear to be a definite

difference in the deviations from the fitted curves in Arizona that was used to

define the separation of zone D from zone C (fig. l La) , no such cleavage was

apparent in New Mexico (fig. i n». In fact, the station-pair data from New

Mexico were not used when calculating the depth-area ratios in figures 14

and 15. The conclusion that must be drawn from these observations is that the

uncertainty of the depth-area ratios in figures 14 and 15 may vary considerably

over the zones shown in figure 13.

The nepth-area r a t I o s shown in figure I:' are most accurate for zone D in

Arizona. There is a higher degree of uncertainty associated with their lise in

3 I ,, :".' ":" i"o ;';,.:\'· J~;' ;: ;" ~; ' .:
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zone D in New Hexico, as well as in all of zone B. The use of the de p t h-ia r e a

curves of figure IS is most appropriate in the s out ha ramos t portion of zone C

where almost all of the station-pair data is loca t ed •• The -un cer t a f n t y of the

curves in figure IS in the northern portion of zone C is greater than the south

simply because of the dearth of data. While the discussion in sec. 3.5 suggests

that zone A may be similar to zone C, there is little station-pair data available

to support this conclusion. Therefore, there is a higher degree of uncertainty

associated with the use of the depth-area values in figure 15 for locations 1n

zone A.

5.3 Comparison of Results

depth-area curves are conservative for the Walnut Gulch, AZ, watershed. This

study confirms and expands on their results. For example, for a 300-mi 2 basin

with a 24-hr point rainfall of 2.0 Ln , , one obtains areal rainfalls of 1.32 in.

(0.66 X 2.0) if the basin is located in zones B or D and 1.60 in. (0.80 X 2.0)

for locations in zones A or C. In contrast, using NOAA Atlas 2, the assigned

areal rainfall is about 1.82 In., based on a depth-area ratio of 0.91, regardless

of location.

Osborn et ale (1980) have shown that NOAA Atlas 2 (Miller et ale 1973)

(,

5.4 Deteraination of Depth-Area Ratios in Data-Sparse Regions

The results of this study demonstrate that the conceptual approach presented in

TR 24 can be adopted in data-sparse regions. But data 1Imf tat ions and

significant departures from meteorological homogeneity can necessitate

modi fications to the specific implementation of the approach described in

TR 24. The underlying approach is to fit the various statistics, using an

exponential model such as in TR 24, using a mixed model such as in the present

study, or some other appropriate model which is both consistent with the data and

depicts the underlying meteorological situation. In data-sparse areas, the

selection of an appropriate model will always require a certain amount of

meteorological judgment. The final depth-area curves will be dependent on the

suitability of the model selected.

The r e sul t s of this study highl ight two problem areas in data-sparse regions:

(1) the requirement of a dense n~twork of raingages or other information to allow

the calibration between the t he o r e t l c a l bounds, and (2) the sensitivity of the
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Precipitation data is generally characterized by a higher degree of variability

than most c t he r meteorological quantities. Higher order moments such as the

variance (and, therefore, the standard deviation) and covariance are more

sensitive than the mean to noise in the data. As in this study, when there is a

1 imi ted amoun t of data, . the natural variabil i ty can be so large that it may be

impossible to adequately quantify the standard deviation or covariance, no matter

what model is selected to f1 t the data. In data-sparse regions, the absence of

sufficient amounts of data to compensate for large sampling variabili ty may

preclude the quantitative determination of the variation of the depth-area ratios

with a return period (or even estimation of the depth-area ratio itself). Both

theoretical considerations and other studies where adequate data were available

indicate that use of mean values instead of the complete Chow equation (see

sec. 4.2) in the TR 24 approach produce conservative depth-area ratios for rarer

events (longer return periods) .

variance statistics with small data samples. The use of station-pair statistics

offers the promise of extracting useful informa~ion from ~r~viously underutilized

.~ data. While these data allow the definition of bounds on the depth-area ratios,

the final results require calibration between these bounds. Direct calibration

requi res a dense raingage network. Indi rect cal ibrat1on, such as using

calibration constants from what appear to be meteorologically similar locations ,

depends on · the validity of the assumptions made and introduces an additional

level of uncertainty.

,.

Finally, in data-sparse areas, the delineation of zones where different

depth-area ratios apply will be heavily dependent on the judgment of the

individual analyst. This judgment will typically be based on an understanding of

the interaction of both synoptic and mesoscale meteorological processes with

topographic and other geographic features. The available data can be used to

critically assess definition of zones based on the meteorologist's judgment, but

definitive evaluation will often be di fficult, if not impossible, in data-sparse

areas. The final specification of zones will usually require use of auxiliary

information, such as use of daily values in this study, to identify areas where

cool-season precipitation was most significant. Once zones have been specified,

the problem of determining appropriate depth-area ratios for each of the zones

remains (see discussion above).
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6. SUMMARY

This study develops geographically fixed depth-area ratios for Arizona and

western New Mexico. These ratios are required to reduce published point

precipitation-frequency values to areal values as part of the basis for design of

hydrologic structures. These depth-area ratios, developed specifically for this

semi-arid region, are smaller than the national average ratios previously

published by the National Weather . Service. The new ratios will lead to more

economical designs for pre-determined risk levels.

Variation of depth-area ratios over the study region is inferred primarily from

various statistics from simultaneous rainfalls at pairs of recording gages. This

is done by heavy reliance on the concepts in a previous report of the authors

(Myers and Zehr 1980) that develops procedures for fitting surfaces in

interstation distance-precipitation duration space to station-pair rainfall

statistics and for adjusting the pair statistics to areal average statistics.

The previous report treats a dense network of gages, all in the same climate .

The present report includes regard for climatological variation that may exist

within the overall study area.

Depth-area ratios at the Walnut Gulch Experimental Watershed of the

Agricultural Research Service in southeastern Arizona are an essential anchor

point for the present study. Walnut Gulch depth-area ratios for durations up to

6 hr are from Osborn et al. (1980). Walnut Gulch ratios for 24 h r are newly

calculated and are presented in a chapter 2 of the present report.

There are very few recorder pairs in the study area with interstation distances

of less than 15 mi, other than those at Walnut Gulch. Special procedures were

applied to extrapolate Walnut Gulch va Iues throughout the study area, with zone

adj.ustments, to cover the corresponding basin sizes of several hundred square

miles and less.

Depth-area ratios are presented separately by zones. An original four zones

were reduced to two because the data were inadequate to either quantify

differences or to determine additional depth-area ratios. Zone to zone variation

in depth-area ratios is considered negligible for all durations less than 3 h r

and is most pronounced at the longest duration analyzed (24 hr). Zones are

defined by a combination of indicators from recorder-pair data, topography,
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seasonal variation of 24-hr single station annual maxima, and presumed storm

types.

The importance of dense networks for anchor points should not be minimized .

This report carries out the engineering necessity of extracting practical ratios

of importance to design of structures that in the aggregate cost very substantial

sums. In regions where expenditures for hydrologic st ructures are expected,

early attention should be given to providing the anchor point dense network

depth-area data, either conventionally or by remote sensing techniques, in order

to secure a sufficiently long record to average out sampling variation. Such

data cannot be secured within the time frames of individual projects.

Re fi nement and improveme nt of resul ts and me thodologies are always desi r ab l e ,

The procedure for calibrating between bounds detailed in TR 24 is a critical step

in the methodology which has not been thoroughly investigated. The variation of

the calibration constant, Cx' with duration and with area remains uncertain.

Thus far, lack of data has prevented extensive evaluation.

The concept of climatic homogenei ty and determination of the maximum

i nterstation distance at which pair statistics are pe rtinent wi th regard to

depth-area ratios, have been discussed in this report. Additional investigation

of these problems is needed. This is especially true for mountainous regions

where the effect of elevation and slope on rainfall and depth-area

characteristics of storms is greater than in flat terrain regions, such as

Chicago.

i
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APPENDIX I. DEFINITIONS

Variables and statistics dd scus se'd previously are e xp l I cf t Ly vde f t ne d here.

Additional information is available in TR 24.

Pair statistics

X and s are the mean and standard deviation of the annual maximum series.

Subscript m refers to the series of pair averages, and A and B refer to the

individual stations.

Xi, and si, denote mean and standard deviation of series "simultaneous with

annual maximum." The subscripts on the right signify stations A and B

explici tly, with upper case designating annual Maximum and lower case,

simultaneous with annual maximum.

cv' = Sf/X'
b b b

This definition is derived from the definition of the coefficient of variation,

cv.

,
cov

Ab

where cov is covariance, and the subscripts on the right refer to specific

stations as before.

..
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Fiv~-station statistics
,

XSm and sSm are the relative mean and standard deviation of the annual maxima

of the S-station group averages . which are weighted averages .

where Ps is the rainfall of the S-station group, subscript A refers to the center

station. and b, c, d. and e, the outer stations. The stations are normalized to

relative form by dividing by t he corresponding statistic at the center station,

A.
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APPENDIX II. CURVE FITTING USING THE TR 24 HEllIOD

x~ and ib statistics at du r a t Lons I, .2, 3, 6, 12 and 24 hI', " for Arizona and

New Mexico recorder pairs (table 3) were fit to:

Y .. 1 - M e

where y is the statistic and d the interstation distance. Coefficients a, b, a ud

M, for various durations are listed in table II-I. Table 11-2 contains

coefficients for the Walmlt Gulch curves .

Table II-l.--Coefficients for Arizona and New Mexico station-pair data

Xl
m

XI
b

Arizona

New Mexico

Arizona

New Mexico

t(hr)

1
2
3
6

12
24

1
2
3
6

12
24

1
2
3
6

12
24

1
2
3
6

12
24

a

.9726

.6148

.5158

.4145

.3532

.3066

.7613

.5666
.4969
.4187
.3683
.3315

.8337
.6684
.5927
.5053
.4376
. 3795

.0635

.3405

.2826
.2421
.2397
.2502

b

.3407
.3883
.3891
.3658
.3363
.3162

.3951

.4005

.3981

.3836

.3619

.3394

.9829
.7905
.7113
.5887
.4975
.4381

2.4464
1.0120

.9368

.8281

.7161

.6126

M

.5

.5
.5
.5
.5
.5

.5

.5
.5
.5
.5
.5

1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

. 1.0

I
I
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Table rr-2.--Coefficients for 24-hr Walnut Gulch pair statistics

Statistic a b M

X' .3649 .4278 0.50m
s' .7546 .4990 0.50m
X' .5014 .6024 1.00b,

.8131 .6255 1.24covAb
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APPENDIX I II. CURVE SPLICING

A curve splicing procedure was devised to obtain a better fit o f pa ir

stat istics for 24 hr in southeast Arizona . This data se t includes the Wal nu t

Gulch pai rs (tab le 1) a nd southeas t Ar izona pairs (table 3). The TR 24 curve

f itting equations over est i mated the data points in the 5-15 mile distance range

and underestimated at 0-5 miles for bot h the X~ and Xl, statistics. When the

curve spl i ci ng procedure was appl ied , much of this bias was removed . The curves

der i ved from the t wo fi tt i ng procedures and data po l n t s are depi cted in

f igures 1 11- 1 and 1 11-2 for X~ a nd Xb ' r e s pe c t i vely.

Imp lementing the spl ic ing procedure r e qui r e s tha t a d is tance , ds' be imposed

for a splice point, (ds'ys) . On figures I II-1 and 1II-2 d s = 15 miles . At

d istances greater the n ds ' designated by subscript " ou t , " data are f it t o a

st raight li ne . At distances less tha n ds' des ignated by subscript "in, " data are

f it us i ng t he TR 24 procedure .

d < d :s

You t = a out + bout d

b - 1
- [ a i nd in]

= 1 - M e

(III- I)

(III-2)

Here , y is the statistic , d is distance, and a ou t, bout ' ain' bin' and

coefficients which must be determined. a ou t and bout are evaluated

regression for data points , (d , y) , d > d s • It is requi red that the

outer portions of t he curve join and have equal slopes at (ds' Ys) ' as

equations (1 11-3) and (1[1-4) , at ds'

Mare the

by linear

inner a nd

stated by

(III-3)

(III-4)



J -

.24-HR

----------------
---

1.0 ..-----.---r---r-----,---.---,-~-.,.._-__,_--.__--___,

EIX .8

5040302010

.6 L...-_---'-__--'-_ _ -'-- '--_ --'-_ _ --'-__-'---_---..__--'-__.....

o
DISTANCE (MI)

Figure III-l.-24-br Walnut Gulch and southeast Arizona Xl So lid curve i s
111

derived by the curve splicing proc edure . Dashed curve is derive d by the TR 24
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Substituti ng (I II-I ) and (111-2) into (111-3) .

b"
- [a d i n ]-1

1 - M .e Ln s :ora +b d
out out ou t (III-S)

Substi tu ting ( II I-I) and ( 111-2 ) into (1 11-4) ,

- b +1in
(y - 1)

s
b

out (I II-6 )

Solvi ng ( 111-5) and (111-6) simul taneously for bin'

- ds

Rewriting (11 1-2) .

b
out

(I II-7)

-1
(I II-B)

After aout and bout a re

quantities on the r i ght

bin' M is init ialized

( 111-7) and ( I II-B) .

determined by I inear regress io n. Ys is determined and all

side of (111-7) are known except M. To solve for a i n and

to (l-ys) . bin and ain a re evaluated with equatio ns

The sum of squares of deviations of data points at d < ds
f rom t he fi tted curve are computed . M i s then incremented and iterations

pe rformed until t he s um of squares of deviations is a minimum. These values of

ai n ' bin' and M, are the " be s t fit" to t he data points a t d < ds' with the

r e s t r i c t i on that the curve pass through (ds' Ys) with s lope , bout. at the splice

point. This approach was also used for durations of l e s s than 24 hr.
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APPENDU IV. COEFFICIENTS l5ED IN CHAPTER 4 DEPTH-AREA RATIO ANALYSES

Coefficients aout' bout, ain' bin and M for the curves of the pair statistics

used to derive XL depicted i n figures 14 and IS are listed in table IV- I.

Table IV-l .-~eff1cients

depth-area r a t i o s <XL )
f o r X' and i!

.' b
used in detenrlnation of chapter 4

t(hr)

X'm
Southeast Arizona

3
6

12
24

Central Arizona
3
6

12
24

Southeast Arizona
3
6

12
24

Central Arizona
3
6

12
24

. 7974

. 8070

.8323

. 8471

. 7974

.8056

. 8815

. 9319

.2590

. 3165

.3878

. 4442

.2590

. 4050

.5336

.6407

- . 00287
-.002 11
-.00185
-.00141

-.00287
-.00165
-.00199
- . 00 196

-.00373
-.00326
- . 00315
-.00268

- . 00373
-.00429
- . 00399
-.00321

45

. 7004

.5486

.5479

.5241

. 7004

.4541

.3581

.2393

1.3232
1.3262

.4868

.4914

1.3232
.8965
.7661
. 7344

. 5606

.6090

.6040

. 7320

.5606

.8570

.6690

.6900

1.3183
1.3500
1. 3500
1.3753

1.3183
1. 3500
1.3500
1. 3500

M

.336

.316

.276

. 224

. 336

.269

.231

.182

. 807

.741

.695

.626

.807

. 671

.537

.416

15
20
20
20

15
20
20
20

10
10
15
15

10
10
10
10 s.
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FIG . I Poin t-t o-a rea co nversion ralios for
selected duralions (Fig. 14. NOAA Atlas 21.
2·h interpolated.

based on 2-yr data , bu t are meant to be applied to all
return periods up to 100 yea rs (Miller et al ., 1973).

In this paper we use records from dense recordi ng rain­
gage networks . op erated by the USDA , Southwest
Rangeland Watershed Research Center at the W alnut
Gulch Experimantal Watershed near T o m bsto ne . AZ.
and the Alamogord o Creek Experimental Watershed
near Santa Rosa . New Mexico (Fig . 2). to develop new
depth -area curves . We believe the new curves are ap­
plicable to sou thwestern watersheds of similar cl imates
for ra in fall du rat ions from 30 min to 6 h over areas up to
200 k m". We compared these new curves with the NOAA
Atl as 2 curves. Co m plete desc ript ions of th e experimen­
tal wat er sheds a nd thei r inst rumen ta t ion have been g iven
by Ren a rd ( 1970) and the Agricultural Res earch Service
( 197 1). Gage density in each basin is a bo u t I per 3 km",

For many design problems on Southwestern wa ter­
shed s, inform a tion is needed to su pple me n t the type of
infor ma tion provided in NOAA Atlas 2. Mo st rain ­
produced runoff fro m small Southwest rangeland water­
sheds results from intense . short-lived thunderstorms of
limited areal ext ent (Osborn and Laursen. 1( 73). Also .
in ma ny cases. a n est imate of the di stribut ion of the
sto rm ra infa ll ove r the a re a is importa nt in est ima ti ng
the r unoff from the s tor m . In a final sect io n of this
pa per . di st r ib u tio n curves are de velop ed fro m selected
W alnut Gulch a nd Alamogordo Cree k dat a .

Rainfall/Watershed Relationships for
Southwestern Thunderstorms

ABSTRACT

D E PT H -A REA relationships for thunderstorm
rainfall were developed from 20 yea rs of re co rd from

dense rai ngage networks in Ar izo na a nd New Mexico .
using the National Weather Se rvice method de sc ribed in
NOAA Atlas 2. T he re la tionships a re compared with
similar previously published on es . Relat ionships a lso
were developed to indicate the distribu tio n of storm rain ­
fall over a watershed . This informa tion could be valuable
to agencies. groups , and individuals involved in water
r~s~urces design and evaluation for climatologically
similar areas.

INTRODUCTION

T he National Weather Service (NWS) , Na tio na l
O ceanic and Atmospheric Administra tion ( NO AA).
published a precipitation frequency atlas. NOAA Atl as 2
(M iller et al . , 1973) for the Western United St ates, wh ich
consisted of a series of volumes . one for each Western
state . Volumes 4 (New Mexico) a nd 8 (Arizona) are of
particular interest in thi s study. A value read fro m the
isopluvial maps in each of these volumes " is the value for
that point and the amount for tha t particular duration
which will be equalled or exceeded , o n th e average. once
du ring the period of time indica ted on t he indivi d ual
map ." Also. there is a depth -a rea m on og ra m in each
volume to be used to estimate average rai nfall over wa ter­
sheds of up to 1000 k m", give n the average point value
over t hc basin .

The depth -area cu rves in NOAA Atlas 2 were
developed , by necessity, from groupi ngs of closely spaced
recording ra ingagcs a va ilah le in th e publish ed da ta of
~hc rcgu,l~r, cooperative network of the NW S. No gro up­
II1gs suffi ciently closely spaced for this purpose were
available in the Southwest . Significant region al and fre ­
quency variations were not detected in t he avai lable da ta
from the rema inder of the Uni ted St a tes . Fig . 1 sho ws
the curve published for Arizona a nd New Mex ico, bu t
de rived fro m regi on s ou ts ide the Sou thwest . T hese are

A r ticl e was su b mi ucd fo r pu bl ica tio n in Octobe r IlJ7K; re viewed and
a pproved I'm p u b lication bv the So il a nd W a ter Divi s ion o f ASAE in
May IlJ7\), I'resel ited as ASAE Paper No , 7'7· 254 1,

Co n t r ib u t io n of the So u thwe st Watershed Research Center. US D A·
SEA·AH . Tucson . AX , and National W eather Service . NOA A . Co m ,
rucrvc Depl. , Sil ver Spr ing . MD .

T h e a u tho rs are : HEHB EH T B. OS BO HN . Su pervisorv Hvdru uli c
E ng ineer and L10 NAHD J, L.ANE . H\ltro lo~ i s l. Soulhwesi W :lIer shed
Hesearl' h Center. SEA · AH . TUC·S!"'. ' ,\ Z: ;; nd VA NC E A , MYEHS .
Ch ie f. Specia l Stu d ies Bra nd l. O llk e o f Hyd rolo~\ . Na tion;t! Wea the r
Se rvice . NO AA . Silve r Sp ring. M D . .'

Acknowledgement: T hi s stud y W;IS part ially vupportcd Il\ a tr ans fer
o f funds fro m the Soi l Consena tion Service . US D A . 10 tilc' Na rio n al
W eathe r Service. NOAA. l" ~lnlinated hy Rohe rt Ra llivo u. Chief 01
Hydrology Branch. Enginee r in g D ivisio n . SCS , W e arv a lso indeb te d to
Walte r Hawk USUA Hydrog raph La ho rut o rv, Be lrvvillc . Murvlund for
help in initiating this cooperati ve eff ort . ' .
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TABLE 1. MAXIM UM ANNUAL RAIN FALL FREQUEN CI ES ( m m ) ESTIMATED BY FI TTIN G SEVER AL F R E QUENCY
DISTRIBUTIONS TO 20 YEARS (1957-76) OF DATA FOR WALNUT GULCH

Log n o rmal Pearson Type I II Log-Pearso n Type I II Gum bel

3 0 -rni n I-h 2-h 3 0 -min 1-h 2-h 3 0-min i-n 2-h 30-rnin 1-h z-n

2-y r

Basin ave rage 14.0 1 7.0 1 8. 4 15.0 17.9 1 9 .2 1 4 .8 1 8 .0 1 9 .3 14.1 16.9 1 8.3

RG # 3 21.1 25.0 27.2 22.0 24 .7 27 .1 2 1. 6 24.8 2 7.3 21. 2 2 5 .2 27.3
RG # 3 3 25.8 29 .9 31.2 25.0 29 . 2 3 0 .6 24.6 28 .3 29 .8 2 6.2 30. 2 3 1.5
RG # 6 6 22. 7 26 .1 28 .6 24 .0 27 .6 29 . 5 2 2 .8 26 .4 28.4 23 .1 26 .4 28 .9

10-y r

Basin av e ra ge 20.9 24 . 7 25.8 1 9 . 5 23 .1 24 .5 19 .9 23 .3 24 .5 21. 1 24 .9 26.2

RG # 3 32.9 40.0 43 .2 31.8 40.3 4 3.2 32.3 4 0 .2 43.1 3 4.1 43.4 46 .3
RG # 3 3 43.1 49 .2 50 .8 45.0 51. 4 5 2 .7 44.0 50 .2 51. 8 4 9 .0 55 .7 56 .9
R G # 6 6 38 .4 4 3 .0 47.0 3 7 .3 4 1. 5 46.6 38.2 42.7 47 .2 4 0 .3 4 4 .8 50.1

100-y r

Basin avera ge 2 8 .9 33 .5 34 .1 22.4 26 .8 28. 2 23 .0 26 .1 27.2 29 .8 34 .8 3 6 .0

RG # 3 47.4 58 .6 6 3 .1 4 0 .4 59 . 2 6 1.9 4 2.3 60.9 62. 1 50. 2 66 .0 70.0
RG # 3 3 65.5 50.8 7 5 .5 71.3 79 .5 80.1 81.5 93.4 92.8 7 7 .5 87. 5 88 .7
RG # 6 6 58 .9 6 4 .7 70 .5 49. 5 53 . 7 63.8 5 7. 1 61.7 72.1 6 1.7 6 7.8 76 .5

POINT-T O-AREA C U RVES

Basic Method
The method used by NW S for develop ing th e po int-to­

area curves . shown in Fig . I . wa s described in detail in
U.S. Weather Bureau Technical Pa per No. 29 (1958) .
Brietly. the technique for developing po int-to-a re a curves
for a part icular durat ion con sist ed of th e foll ow ing steps .

I Annual maximum rainfall a mou n ts were listed by
duration for each s ta t ion in th e gro u ps of closel y spaced.
record ing raingages.

2 Similarly . annual max imum ra infall a mo u n ts for
va rious durations over a reas of sever a l sizes were det er­
mined . Areal depths arc the a vera ge of th e gages with in
the area . These annual maximum areal va lues did not
nece ssarily oc cur on th e sa me day as the m axim u ms at
indi vid ual sta t ion s.

3 T he same type of frequen cy di stribution was fitted
to th e a n nua l max imums at ea ch gage an d fo r each a rea .

4 For a g iven frequency. th e po int va lues within ea ch
a rea were averaged (assuming negli gib le cl ima to logica l
g rad ien ts within t he netw ork ).

5 The ratios of area l to averaged point values at
eq ua l frequenci es or return period s def ined th e point-to­
a rea curve .

Freq uency Distribution
The NWS uses th e Gunbel extreme va lue procedure

(G um be l. 1(58) for fitting of the Fisher -Tippett T yp e I
distr ibution for d evel oping rainfall freq ue ncy maps a nd
depth-area cu rves. The ch oice of this frequ ency d istribu ­
tion is partly based on work that showed th at for the con ­
t inental U nited States. thi s d is tri b utio n fitt ed maxim um
annual point ra in fa lls fairl y well ( Hers hfie ld a nd Kohler.
19(0) and was sl ightly better th an some other s ta nd a rd
methods used in predicting frequ encies for indepe nde nt
sa m ple, not used in de riving th e curves ( Hers h fic ld .
1(62). For a limited check on frequency distributions ap­
pl icable 10 the dat u of this study . we fitted Walnut G ulch
and Alamogordo Creek basin average a nd selected sta­
tion maximum annual stor m ra in fa ll with log normal.
Pearson Typ e-III. log Pearson Typ e-III. a nd the Gumbel
litting of th e Fisher-Tippett Type I frequency distribu­
t ions. by the method of moments . An illustra t ive portion
of these values for W alnut Gu lch a rc listed in T able I .

IYIlO-T RANSACTIONS Ill' t hc ASA E

By visua lly co mparing plotted points with co m p ut ed
curves for the severa l d is trib ut ions . we concluded that for
the data as a whole . th e Gumbel distr ibut ion see med to
tit be st. Fo r thi s reason a nd for cont in uity with previou s
NWS work . it was selected for thi s study .

The G um bel fitting is based on th e co ncep t tha t a
se rie s of valu es. a ll of wh ich are ma ximums from in­
dependen t sa mples of eq ua l and suffi cient size . drawn
from the sa me po pu la t io n (e .g .. a n n ua l ma ximum rain ­
fall s ). co nforms to th e proba billity di st r ib ution of a
dimensionless "red uced varia te". y. if su itab ly sca led.
T he term y is defi ned by its probabi lity d istribu tio n as :

YPr = - Inr - In Pr ) [1]

wh ere PI' is the proba b ility that a red uced varia te . y .
ch osen a t ra ndom . will be less than or eq ua l to the pa r­
iicula r va lue . y,>, . Follo\\'i ng an exa m ple g i \'l~n by th e Na­
tion al Burea u of St an d a rds ( 195.1). th is dis tr ibutio n is lit ­
ted to a sa m ple of size N of a real varia ble . X. by assum ­
ing the commo n plott ing posit ion formul a

rn
Pr = - - . .. . . . . . . . . . . . . . . . . . • . .• . . . . . . (2)

N+l

a pplies 10 bo th y an d X. whe re m is ra nk fro m lowest to
highest . In p rincip le . a lin ear regression lit is made to th e
N pairs. X",. y"" wh ere X",'s a re fro m the sa mple an d the
~' ,,: s arc fo u nd by substi tu t ing eq ua tio n 12J in to equation
[II. T his ma y be si m plifie d by usin g p reco m p u ted tables .
which requi re o nly the me an an d sta nda rd de via tion of
th e X's a nd the sa m ple sile N as inp u t. The steps and
tables for the simpl ified procedure are listed by the
W orl d Meteoro logi ca l O rg uinz a t ion (19 74 ).

The rel ative ly small values of som e of the annual max­
im ums lead to o ne ad d itional em pirical tes t. At th e same
st ation s in T a b le I. we app lied the G umbel fitting o f (he
extreme value distribution to th e 20 highest rains.
reg ardless o f yea r of occurence (partical du ration series).
with th e tho ug ht in mind th at " pa r ti a l duration " storms
in an arid climate might he regarded as extremes for this
distribution . Ho wever, by visua l ins pectio n . usc of the
partial du ratio n ser ies d id not impro ve the li t compared
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FIG. 3 Rel'ording ra ingage net work a nd subwate rshed s used in det er­
mining freque ncy dislribulions for Walnut G ulch .

FIG . oJ Corre lat ion coefflclents for rain fa ll
a mo un ts for se lecte d pairs of gages on Wain ul
G ulch .

As it tu rn ed ou t. usin g 20 gage s with com ple te reco rd s
gives a lmost th e same res u lt a s using 40 gages with so me
estimated record. As stated . there was a n uneven
distributio n of ra ingages OIl Walnu t Gulch during the
early yea rs of reco rd. For better distr ibution . six of the
gages on the lower end of the watershed were omitted in
the point ana lysis comparison with 176 k m? area. .

The va ria b ility of estimating based on poin t reco r d s is
illustrated in Table 2 . Estim a ted rainfall amounts for an­
nual series for va ry ing durations and frequencies based
on rec ord s from 6 raingages were com pa red . For exam­
ple . the 100-yr . I -h ra infa ll est imate at raingage 33 is
about double tha t of raingage 31 . The two gages arc only
2 miles a part. and both reco rds are exce llen t.

As an ind ica tor of the scale of the phenomenon being
investiga ted . cor re lation coefficients were co mpared at
Walnu t Gu lch between ra ins a t sele cted pairs of gages
with varying d istance be twee n them (Fig . 4) . The correla­
tion is for sto rm de pt hs d urin g 1961-72 . when a t least
one of th e two storm gage tota ls eq ua lled or e xceeded 5
mm . No storm had a d u rat ion lon ger th a 2 h . T he cu rve
is fitted by eye .

As a chec k on poss ib le non -r a ndo m dis tr ibution of
ra in fa ll on Wa ln ut G u lch. es ti mat ed 100-yr , l -h ra in fa ll
a mou n ts were p lotted aga inst gage e leva tio n (F ig. 5).
T he ran ge of va lues is great e r on th e 1001' er end of th e
wa ters hed whe re t he re were more ga ge s , but the re is cer­
tainl y no clear evid e nce of higher or lower average values
with in th e 450 m eleva t ion range on the wat ershed.

Depth -area curves were construct ed through the p lot­
ted po ints ( 1.0 fo r zero ) fo r 2- , 10- and 100-yr re turn
pe riod s for dura tions of 30 ,60. 120 a nd 360 min ( Figs.
6-9) by using a meth od sug ges ted by one of t he authors
( Mye rs) for a lea st sq uares ti t to :

to the annual series . at lea st in this case . For th is reason .
and because the orig ina l wor k wa s based o n a n n ua l
se ries, the partial duratio n series was not used .

Walnut Gulch Curves
Recording raingage records for the pe riod 1957 -1976

on and immediately adjacent to the Walnut Gulch Ex­
perimental Watershed were used in this study . Gages
were ad d ed as funds beca me available th roug h 1965.
when the network of 80 gages was completed . a s sh own
in Fig . 3 . The 26 gages with a full period ofrcc ord , a re
more concentrated on the lower (western ) e nd of the
watershed . Therefore , subareas for analysis were chosen
mostly on the lower half of the watershed where the
records are longest and th e gages closest toget he r.

In constructing representative areas (secon d st ep of
.. basic met hod"). ra ingages wer e ass u mcd to re present
rainfall within an 0.8 k m (one-ha lf-mi le) ra d ius . Area
outlines were drawn by con nect ing the im agin ary c ircu la r
areas around each st at io n . tan gen tiall y. Area l average
rainfalls were obtained by averag ing amo u nts from all
existing gages within each a rea . As gag es II'\' IT added to

each area. they were included in the ureal average . T he
raingages were fairly well spa ced in moxt vca rs . so a ll
were gi ven equ al weight in averag ing a real ra in fa ll. Ob ­
vio uslv. the aver age s are more u ncertai n in t he ea rly
ye a rs of fewer gages . part icular ly befor e 19bO. An n ua l
maximum rains were determ ined for ea ch of 20 yea rs
(195 7-1976) , and the frequency d ist r ibu tion fitt ed
separatelyforareasofI 7b . 51 .49 ,18 . 19 . 1b . 15.1 4and
"em (point) km ' (jig. 3). fo r d u ra tions 01'30 . bOo 120 and
3bO min .

Gages used for po int tr equ enc v com par iso n to area l
va lue-, are indi cated in F ig . 3 . Onlv ga ges with no more
than 2 ~T of missing rec ord \I'CIT used for th is . The fe\I'
m issing yea rs (at 14 of the 40 ga ges ) were ti lled in by in­
terpolation of annual maximum s fr o m adjacen t s ta tio ns.

A b - 1
r = 1 - :II e x p [ -a( - ) J

Ao

. . . [3J

TABL E 2. COM PA RIS ON BETWE EN PREDIC TED R AI NFALL A.<\10U NTS (rnrn )
FOR ANN UAL S ERIES FO R VARY ING DURATIONS AND F R E Q U E N C IE S US ING

S I X DIF F ERE NT STATION RECORDS ON WALNU T G ULCH

2-y r 10-y r 1 0 0 -y r._- ----- - -------
30-m in I-h 2-h 30-min I-h 2-h 3 0 -min i-n 2-h

RG " 1 21.8 2 5. 4 26 .8 3 7. 3 50.1 55. 0 56 . 5 80.9 9 0. 2
R G = 3 3 26. 2 30.2 3 1. 5 4 9. 0 55.7 56 .9 7 7 . 5 87. 5 88. 7
RG ::6 6 23 .1 26 .4 2 8 .9 40.3 44 .8 50. 1 61.7 6 7 .8 76 .5

RG ;:3 21. 2 25. 2 2 7 . 3 34.1 43. 4 4 6 . 3 5 0 . 2 6 6 .0 7 0 .0
RG :: 3 1 1 9 .9 22.1 23 .2 30.5 33.5 34 .8 4 3 .8 4 7 .6 4 8. 7
RG #70 23 .2 2 8 .6 32.3 39.6 49 .2 57 .6 5 9 .8 7 4. 9 89.4
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FIG. 5 Com pa rison of es timates of 100-yr, l-h
rainfall amounls with eleva tion for select ed ra ­
ingages on Walnut Gu lch .
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FI G. b Polnt- to-area con vers ion ra tios for
30-min duration ra infa lls for selected frequ en­
cies on W al nu t Gulch.

FIG. 7 Point- to-are a conversion ratios for
bO-min duration rainfalls for selected frequen­
cies on Walnu t G ulch.

where r is depth -area rat io for area A in krn", Ao is a uni t
area of I k m" , and M , a, a nd bare titting constants. The
curves were extrapola ted to 200 k m", reaso na ble lim it
based on available data . T he curves lie well bel ow the
NOAA Atlas 2 curves, sho w more change with freq uen­
cy, a nd show less ch ange with dura tion.

To highlight the c ha nge with the durat ion , the 2- and
100-yr event curves from Fig s. 6-9 are replotted tog ether
on Fig . 10. The difference between the 30 -, 60 - an d
120-min curves for a given frequ ency a re sm a ll, a nd
could be due to sampling variat ion . Ho wever, there are
real differences between the families of cu rves of the 2-yr
a nd 100-yr events . Clea rly, the curves are co nsist ent with
featu re s of summer thunders torm ra in in sou thwes te rn
Ar izon a with th e foll ow ing characteristi cs : (a) the air­
ma ss t hu nderstorms a re of short dura tio n and limi ted
a real ex te nt, and (b) the ext reme eve n ts te nd to be con ­
tin ed to abou t the sa me a rea l e xtent as lesser eve nts .

Thus, up to ab out 2 h , depth -area ratios do not increase
with du ra tion . W hen storms move and deposit their
heaviest pr ecip ita tion some dista nce apart in succeeding
h, area-point differences necessarily are reduced with in­
creasing d ura tio n . T he NOAA Atlas 2 depth-area curves
reflect th is cha ra cteris tic. Many storms move fairly
rapidly across the Walnu t Gulch watershed , bu t these
fast-m ovin g even ts do not produce the maximum annual
events . In the case of W alnut Gu lch , the curves for
respectively longer retu rn periods plot below shorter
return periods, beca use th e standa rd deviation , which is
mo st infl ue nt ia l on t he longer retu rn periods in the
G u mbel me thod , is less fo r the wa ters hed a verages than
for point values .

Based on topograp hy. the simi la ri ty of point rain fa ll
fre q uencies. subjective ex pe r iences in o bs e rvi ng
thun derstorm s. a nd q ua lita tive confirma tion fro m a few
sma ll wa te rshed networks (with less re cord tha n Walnut
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FI G. 10 Compa rison of point-to-area rainfall
ratios for 2.yr a nd IOO-yr events for Walnut
G ulch,
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duration ra infa lls for selected frequenc ies on
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FI G. I I Recording raingage netw ork and subwatersheds used in de ter ­
mining frequency distribu tio ns for Alamogordo Creek.
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FIG. 12 [top ] Poin t-In-a rea con version ratios
for 30-mi n duration ra infa lls for selec ted fre­
qu enci es on Alamogor do Creek.

FIG. 13 (bollom) Poi nt- to-area conversion
ratios for bO-m in du rati on ra infalls for
select ed freq uen cies on Ala mogordo Cree k.
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G ulch). t he depth-area curves fo r W aln ut Gu lch are
beli eved to be characteristic of mu ch of so u thwestern
Ar izo na. so ut hw este rn New M ex ico. a nd nort h cent ral
M exico .
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FIG . 101 (Iopl I'oinl -lo -a rea cun ve rs ion ra tios
[ur 2-h duration ra in fall s for se lected freq uen­
cies on Ala mogordo Creek.

FIG . 15 [bo ttom ] I'oi nl -lo -area co nversion
rat ios fo r b-h du ra tion ra infalls for selected
freq ue ncies on Alamogordo Cre ek.

At las 2 cu rves. T he ra nge of an n ua l ave rage ma xim um
wa tersh ed ra infall a mou n ts varies much more on
Ala mo gordo Cree k th an on Walnut G ulc h be ca use of the
occasi ona l ma ssi ve fron ta l convect ive even t. Ave rage
wate rsh ed ra infall was more va ria ble tha n average point
ra in fall or a rea-to-po int depth- area ra t ios fo r lon ge r

Alamogordo Cree k
T he Alamogordo Creek W atersh ed d a ta were an al ized

id entically to that for W alnut G ul ch for 174, 59, 63 , IS,
12, 13. 14 a nd 0 km ' a reas . T he network is de p icte d in
Fig . II a lo ng with th e sub-areas . The average va lues
were derived fr om al l gages with in the resp ec ti ve bo u n­
daries . Twenty-one we ll spa ce d gages wit h comple te
20 -yr records ( 195 7- I9 76) were use d to deve lop poi n t fre ­
q uen cies for co m pari son to th e 174 km' a rea . a nd a ll the
in d ica ted gages fo r th e su b-a rea comparisons. For the
la t ter. the same rules and procedu res were used as to r
W alnu t Gulch . In this ea se . th e co mp u ted 100-yr dep th­
a re a cu rve lay a bove t he IO-yr curve . bu t the differe nce
was so slight that its re a lity is uncert a in . a nd the IO-.vr
and 100-)'1' curves have been combined. T he resu lti ng
depth-area cu rves are in Figs . 12-15 .

T he amount s and d ist r ibut ions o f thunderstor m rain ­
fall on the Alamogordo Creek Watershed arc typical of
th e h igh plains in eas tern New M exico a nd wes tern
T exa s. The ex tre me even ts ca n occu r from either p ure
a ir -mu ss th u nd er storms (as on 'Wa lnu t Gulch) or a corn ­
b in ai ion of fronta l ac t ivity an d convect ive he a t ing (which
is un usua l o n W alnu t Gulch ). T he ra infall s that are
la rges t both in area covered an d d ep th result from the
latter situation. Because o f th is , fo r sim ilar d ura tio ns
and frequencies. maximum ra in fa ll on Alumordo Cree k
is about 10 to IS mm great er tha n tha t on W al nu t G ulch .

The major event s on Ala mogordo Cree k a lso cover
larger areas than th ose o n W a lnu t Gulch. and dep th­
area ra t ios were co nside ra b ly h igh er than tho se o n
Walnut G u lc h. Iu fa c t , for a 30 -min durat ion the d ept h­
a rea curve from NO AA A tlas 2 lies generally be low the
Ala mo gor d o Creek curves (F ig . 12). For long er dura­
t io ns . Alamordo Creek curves decreased mo re ra p idly
than the NO AA Atlas 2 cu rves to a max imum di ffe rence
at about HO k m" . and the n th ey a p p ro ach the NOAA
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DI STRIB UTI O N OF STO RM RAINFALL
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FIG. t 7 Fraction of watershed eq ua l to or ex­
ceed ing ave rage storm rainfall for Waln ut
Gu lch.

ly, the 100-yr . l-h poi nt ra infa ll for Ala mogordo Creek is
about 90 rnru. From Fig . 13, the de p th-area ratio is
0 .78- the average waters he d rainfa ll is 70 m m , From
Fig . 18. the ma xim u m po int rai n fa ll a t so me point withi n
the watershed would be abo ut 140 rnm , and a bo ut 40
percen t of the waters hed wo uld be co vered b v 70 rum of
ra infa ll o r more . Sim ilar curves were de veloped for ra in­
fa ll dis tr ib utio ns with SO kill' bas ins and are shown on
Figs. 17 a nd l S. .

T he storms. fro m wh ich Figs . 17 a nd 18 are d erived.
are in the 5- to 25 -yr re tu rn period ra nge . Based on 20 yr
of record. it appears the cu rves wou ld not be grea tly d if­
ferent for 100-yr basin averages for Alamogordo Creek;
whereas . Fig. 10 im plies that the curves would be slig htl y
steeper for the 100-yr return period at W a ln u t Gu lch .

SUMMAI~Y

FIG. III Fra ction of wa tershed equa l (u llI' ev­
cee di ng average storm ra infa ll fur Ala nw gur.
do Creek.

New depth-area conversion curves for adj us ting poi nt
rainfall a mounts for given freque ncies val ues to areal
averages were developed from 20 years' data fro m dense ­
ly spaced recording raingages o n ex per imental wa ter­
sheds of the USDA Southwest Ra ngela nd Wate rs hed
Research Ce nter in two climat ic zo nes in the semi-arid
Southwest. In so u theast Arizona. at Wal n ut Gulch . the
red uctio ns from poi nt-to-area were sig nificant ly great er
than previously published curves. based o n nationwide
averages . These results offe r op portu ni t ies for eco nomy
in design without re la xin g fre q ue ncy stan d a rd s in
cl im a tolog icall y si mi lar a reas. T h is is consis te nt with
k nown lim ited area charac teri stics of the air- mass
th unders tor ms th a t pro du ce most of th e r u noff.

New curves at Alamogordo Creek in no rt heastern New
Mexico de parted less from previous cu rves. but s till in­
d ica te significant diffe rences . The maxi m u m departure
of the ne w cu ryes from th e prcviou s cu ryes occu rred a I an
area of a pproxinuuclv 100 kill '. T he sig nifica n t dif­
ferences between Alamogordo Creek and Wa lnut Gulch
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FIG . 16 Compa rison of estimates of 100-H, t-h ra infa ll a mo un ts wilh
eleva tion for se lec ted ra ingages on Ala mogo rdo Creek.

Once the engi neer or hyd ro logi st ha s determined th e
average wa tersh ed rainfa ll from the poi nt frequency
va lue a nd de p th-a rea curve. th e re is st ill the quest ion of
the distrib u tio n of rainfa ll within the watershed durin~

the s torm. Thi s is nee ded for ru noff p red ict ion ba sed on
the p recipi tation . Fo r exa mple. the 100 -yr. l-h rai nfa ll a t
a fixed point within a wat er sh ed is s igni fican tly less than
th e la rgest l -h rainfa ll expected o nce in 100 vea l's
so me where with in th a t wa te rsh ed . C ur ves were
deve loped from the W alnu t Gulch and Ala mogordo
Creek rai ngage record s for 50 - and ISO-km ' wa ters hed s
to indicate th is ma ximum as well as the wuiershcd ra in­
fall distrib utio n in terms of the fraction of the wat e rshed
covered by perce ntages of the basil' average (Figs . 17 and
IH). The curves a rc averaged from the live storms on
each basin with the la rgest to ta l storm average basin
ra infa ll in 20 yr. T he curves do not necessari ly ap ply to
lesser storms expected on the ave rage more often than
once in about S yr.

As examples of th e application of the curves for
Walnut G ulch . the l Ou-yr. l-h point rai nfall a \eraged
over the 40 s ta tio ns in Fig . 3 is 7S nun (from tab ulation
not shown). From F ig . 7. the correspondi ng depth-area
ra tio fo r 150 km' is O.SO- ave rage wa te rshed rai nfa ll
woul d be about Jtl mru . From Fig . 17. the maximum
ra infa ll ar some point with in the wa te rshed wo uld be
a bou t 110 m m, and o nly 40 percent of the wat ershed
would be covered by Jtl m m or more of rai nfa ll. S im ilar -

return pe riods wer e greater than fill' shorter return
period s .

Es tima ted 100-yr . l- h rai nfall amounts we re p lotted
aga inst gage e leva tio n as a ch eck o n the assu m p tion of
ra ndom ra in fall d istrib u t ion on Alamogordo Creek (Fig .
16) . Agai n. the range of val ues is greater at the lower
e levations where th er e were more gages. but there is cer­
ta inly no clear evid en ce of hig her or lowe r va lues with in
t he 300 m e levation range on the waters hed.
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n

illustrate the intluence of frontal storms with strong con­
vective activity associated with cold air-mass invasions
from the north and east into eastern New Mexico.

Curves were also developed indicating maximum ex ­
pected rainfall and typical areal distributions of rainfall
depths during major precipitation events for 50- and
ISO-km 2 watersheds. This is neccessary information,
along with the revised point-to-area curves, to realistical­
ly predict small watershed runoff from precipitation.
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APPENDIX I-M

Comparison of depth-area ratios for selected storms i n Maricopa County .
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APPENDIX I-N

Depth-area relationship for the Queen Creek Storm of 1954. Obtained
from: u.S. Army Corps of Engineers, 1974, Gila River Basin, Arizona,
New Mexico, and Phoenix City Streams, Design Memorandum No.1, Hydrology
Part I, Los Angeles District, 51 p.
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