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TABLE 1. Orxdinates of the SCS Type I and Type II Precipitétion Distributions

Storm Time - Precipitation Ratio
(hours) . Type I Type 1I
0.0 0.000 ) 2 0.0000
0.5 0.008 7 .o0oS 0,0053
1.0 0.017 3 .on 0.0108
Jieb 0.026 g ote 0.0164
2.0 0.035 s .02z (0.0223
2.5 0.045 » 02% 0.0284
5l 0.055 31 .035 00,0347
3:5 0.065 w3 .04 (,0414
4.0 0.076 ¥9 ,09¢ (0.0483
4.5 0.087 55 .05 (,0555
5.0 0.099 ¢t 068 0,0632 Mot .0C8
5ar 0.122 67 -0t 00,0712
6.0 0.325 73 .ot0 (,0797
6.5 0.140 77 .09 0,0887
7.0 0.156 0.0984
7.5 0.174 0.1089
8.0 0.194 0.1203
8.5 0.219 0.1328
9.0 0.254 0.1467
9.5 0,303 0.1625
10.0 8,515 0.1808
10.5 0.583 0,2042
110 0.624 0.2351
Ila% 0.654 0.2833
12.0 0.682 0.6632
125 0.705 .7351
13.0 R T27 0.7724
13.5 0.748 0.7989
14.0 0.767 0.8197
14.5 0.784 0.8380
15,0 0.800 0.8538
1555 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.% 0.916 0.9446
20.0 0.926 0.9519
20.5 0.936 0.9588
21.0 0.946 0.9653
2155 0.955 0.9717
22.0 0.965 0.9777
22.5 0.974 0.9836
25.0 0.983 0.9892
23.5 0.992 0,9947
24.0 1.000 1.0000 .
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COMPARISON OF DESIGN RAINFALL CRITERIA
FOR THE SOUTHWEST

George V. Sabol!?
Kenneth A. Stevenst

Abstract

The design of drainage and flood control facilities
or the management of floodplains for alluvial fans is
extremely sensitive to the design rainfall criteria that
is used as input to the hydrologic model. The results
of a study using several combinations of design rainfall
criteria in deterministic rainfall-runoff models of
watersheds is presented. The results indicate that some
of the more commonly used design rainfall criteria may
not adequately represent the rainfall characteristics of
the southwest. It is concluded that design rainfall
criteria for the southwest must represent both the spa-
tial and temporal characteristics of regional severe
storms if valid models for use on alluvial fans are to
be developed and used.

Introduction

Rainfall induced floods are the result of a severe
storm over the contributing watershed. Often, in flood
hydrology, these storms are classified as either local
storms or general storms. Local storms are typically
short duration, high intensity rainfalls of limited
areal distribution. They often are of 1-hour duration
or less and are virtually always less than 6-hours
unless associated with a larger storm system. 1In the
southwest, they often are less than 25 square miles with
100 square miles as a large local.storm. The size limit
for an independent local storm is usually considered to
be less than 500 square miles. General storms are large
systems that dge often associated with frontal activity.

NS | Geofge V. Sabol consulting Engiﬁeers, 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
gouthwest 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 l-hour to 24-hours were obtained from
NOAA Atlas 2 (Miller and others, 1973), and the rainfall
depths for durations less than 1l-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 selected to be representative of natural (un-
developed) watersheds 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 with small computation intervals than large
areas where larger computation intervals 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 maxXimum 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 1is 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
The depth-area reduction curve in NOAA Atlas 2 is inap-
propriate for local storms in the southwest.
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.
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.
The procedure in Hydrometeorologic Report No. 49 can
probably be used to develop reasonable design rainfall
criteria for watersheds smaller than 25 square miles.
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 sguare miles.
Design rainfall 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
yvield more reliable flood estimates than either general-
ized criteria or regionalized criteria. The MC 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 3.2 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 intemnsities
Rainfall Maximum Rainfall Intensity, in inches/hour
Criteria ' Area, in square miles
0.h§: 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 25 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 2l 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 cfs
Criteria Area, in square miles
0.1 1 10 25 50 100 250 500

(1) 2 G) (4 (5) (6) N (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 1-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 1-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.
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At the completion of Phase 3, the rainfall criteria from Phase 23 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) (Appendix 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
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development and the selection of the appropriate storm pattern for design
purposes in Maricopa County resulted 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 generalized rainfall depth-duration
relations obtained from Weather Bureau technical papers and were not developed
specifically for Arizona. 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 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 II-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 (Tipton 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 regiomal,

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 reflect the major flood producing



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 delaved 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 from 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 sg. mi. is about 2.4. 1In developing a procedure to be used
for selecting the Pattern No., the following were applied:

L. the limiting areal extent of local storms is about 500 sq. miles (this
is 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 fit to the upper part of the data points in

Figure 1-1.

The relation that was adopted for selecting 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 bhe

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
Skvharbor 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 rainfall 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)

s 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-I).
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

1-E)-
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Reviews

The following individuals have contributed to the technical review,
advising, or information compilation for the design rainfall section:

Robin McArthur (deceased), Soil Conservation Service, U.S. Department of
Agriculture, Phoenix, 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 Corps of Engineers, Los Angeles District.

Frank Richards, Office of Hydrology, National Oceanic and Atmospheric
Administration, Silver Springs, MD.

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

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

Pattern Nos.

2 through 5

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

(all values in percent)

T-hr 6-hr 6-hr 7-hr 6-hr 7-hr 6-hr T-hr 6-hr
Time Pat.#2 Pat.#2 Pat.#2 Pat.#3 Pat.#3 Pat.#4 Pat.#4 Pat.#5 Pat.#5b

(hrs)

_ (D (2) (3) (4) (5) (6) (7) (8) (9) (10)

0:00 0.0 0.0 0.0 0.0

Q15 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

1415 253 0.6 0.9 4.0 145 5.6 A, 7.0 2.4

1:30 2.9 1.2 1.6 5.0 2.0 720 3.5 8.8 4.3

1:45 2 2.0 2.5 6.0 3.0 8.5 S 10.4 5.9

2:00 4.8 3.1 3.4 7.0 4.8 10.0 7ol 12.0 7.8

2315 S 3.6 4.2 8.5 63 11.8 8.7 14.2 9.8

2:30 6.6 4.9 5.1 10.0 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 6.7 125 10.5 17.0 14.3 20.0 16.2

3erlh 9.0 T3 7.6 14.0 11.9 185 16.0 21.0 18.6

3:30  10.0 8.3 8.7 15.:2 13.5 20.2 17.9 24.5 2. 2

3:45 11.0 9.3 10.0 17.0 152 22.5 20.1 27.0 23.9

4:00 12.2 10.5 12.0 18.8 17.5 24.5 23.2 29.5 211

4415 15.0 133 16.3 21.8 222 27.8 28.1 33.0 R 17 |

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 17 .3 70.0 73.5

5230 87.5 85.8 90.0 84.5 86.8 82.0 84.1 79.5 81.4

hedh 92.5 90.8 93.8 89.5 911...2 87 5 88.8 85.2 86.4

6:00 95.5 93.8 95.0 93.0 94.6 91.0 927 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 97.17

7:00 100. 98.3 100. 100. 100. 100. 100. 100. 100.

Notes:

1. Column No. 1 is time according to the Corps' distributions. For the
Maricopa County distributions, subtract 1 hr from the time.

2. The Corps' distributions are shown in Columns No. 2, 5, 7 and 9.

3. Column 3 shows the Corps' Pattern No. 2 distribution after the
truncation of the first hour rainfall.

4. Column 4 shows the Maricopa County Pattern No. 2 after adjusting the
distribution to 100% (dividing all coordinate values by 98.3%), and
after smoothing to Pattern No. 1.

5. Columns 6, 8 and 10 are the Maricopa County distributions constructed in

b=15~1

a manner similar to that for Pattern No.
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Uniform Drainage Policies and Standards for Maricopa County, February
1987

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

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

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

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

Depth-area reduction curve from NOAA Atlas 2

Rainfall/Watershed Relationships for Southwestern Thunderstorms (Osborn
and others, 1980)

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

Comparisons of depth-area curves

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

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

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

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

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

Short Duration Rainfall Relations for the Western United States
(Arkell and Richards, 1986)
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Reprinted from the Preprint Volume of the Conference

5 on Climate and Water Management-A Critical Era and
Conference on the Human Consequences of 1985's Climate,
August 4-7, 1986, Asheville, N.C. Published by the
American Meteorological Society, Boston, Mass.

C4.4
SHORT DURATION RAINFPALL RELATIONS FOR THE WESTERN UNITED STATES
Richard E. Arkell and Frank Richards
Office of Hydrology
NOAA, National Weather Service
Silver Spring, Maryland
1. INTRODUCTION The present study develops short duration
precipitation-frequency ratios for the 10 western
Long records of short-duration (less than states not included in either Frederick et al.
1 hr) precipitation observations necessary to (1977) or Frederick and Miller (1979): Arizona, .
estimate precipitation-frequency amounts are only Colorado, Idaho, Montana, Nevada, New Mexico,
available for a vrelatively small number of Oregon, Utah, Washington and Wyoming. The ratios
stations. This dearth of data has made the relate 5-, 10-, 15-, and 30-minute precipitation-
development of generalized short-duration esti- frequency amounts to l-hour amounts from NOAA

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 estimates 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 continental United
States and used uniform ratios. to relate the
shorter-duration amounts to longer-duration
amounts. 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 1into the shorter
duration estimates. This approach was based on
the assumption that .the variation of the ratio
fields was smoother than was the variation of the
absolute values themselves.

Miller et al. (1973), hereafter referred
to as NOAA Atlas 2, developed a technique to treat
spatial variations in w®ountainous areas and
applied it in the western United States. Miller
et al. 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 Miller (1979) studied short-duration

precipitation-frequency amounts 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.

_years -

Atlas 2. We addressed a number of problems in
developing these ratios. First, the station den-
sity was lower (17,000 mi‘/station) compared to
thi eastern and central United States (12,000
mi“/station) and California (600 mi‘/station).
Second, the rugged topography, ranging from sea
level to over 14,000 ft, {imposed limitations on
the data's applicability, especially since most
stations tended to represent lower elevations.
Third, there are wide variations in climatology
within the study area.

2. THE DATA

The data used 4in this study are the
largest annual precipitation amounts for 5-, 10-,
15-, 30- and 60-minute durations. The amounts for
each duration for a given year were not neces-
sarily from the same storm, but rather were the
largest amounts for that year, regardless of date
of occurrence.

The locations of the 61 stations included
in this study are shown in figure l. Of these, 55
had at least 15 years of data at all durations.
Six stations had less than 15 years and were used
only on a limited basis; three stations were sig-
nificantly above the surrounding terrain and were
used only for comparative purposes. The earliest
data records go back to 1896 and the most recent
data were through 1984, The average number: of
with data for stations with 15 years or
more of data was approximately 45 years at all
durations.

Each station record was examined to see if
significant changes in 1location and elevation
occurred. Fifteen stations moved during their
periods of record by more than the nominal dis-
tance and elevation cutoffs of 5 miles and 200
feet. These 15 moves were further examined with
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respect to changes in terrain, local climatology,
and urban/rural character. 1f, for example, a
station moved 8 miles, but that move was on flat
terrain with no adjacent mountains, then the
relocation was probably not of climatological
significance. On this basis, 7 stations made
significant moves.

A detailed examination of these 7 stations

revealed no consistent biases attributable to the
station moves. Any possible biases were apparently
smaller than the natural variability of the data
themselves. Maximum short-duration amounts tended

137

to vary more from one year to the next at most
locations than did the longer duration amounts,
such as 24-hour observations. In addition, no
discernable biases were found that could be
attributed to urban influences.

] We also considered the possibility of
secular trends. For example, we examined the
question of whether the data from ome station for
the period 1900 to 1940 could be compared to the
data for a second station which covered the period
1940 to 1980. Significant long-term secular trends
vere not evident and it was concluded that non-
overlapping records were comparable.



3. PRECIPITATION-FREQUENCY STATISTICS
Frequency values were determined for all
durations by fitting the data to the Fisher-
Tippett Type I distribution wusing the Gumbel
fitting technique (Gumbel 1958). Additional
statistics, including skew and standard deviation,
were computed for all stations. These statistics
were useful as guides to understand similarities
and differences in the precipitation frequencies
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 sum—
mertime convective character of the first region
and the more regular wintertime stratiform charac-
ter of the second.

Ratios of 5-, 10-, 15- and 30-minute
amounts to !-hour amounts were computed for all
61 stations for the 2- and 100-year return
periods.. Due to the use of ratios, no correction
was necessary to convert from annual to partial
duration series. The next step was to average
these ratios over geographic regions.

4, DETERMINATION OF REGIONRS

The study area was divided {into the 8
regions shown in figure 1 and listed in table 1.
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 adequately
represented a climatologically homogeneous area.
The discussion below outlines how the regional
boundaries were determined.

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 was made at determining the
regions. Regional breakdowns of the western states
‘based on climatological factors considered in pre-
vious studies were also examined. In additionm,
several other factors were considered. Omne such
factor was the seasonal distribution of rainfall,
ranging from the winter maximum/summer minimum in
the Pacific Northwest, to the spring-summer
maximum/winter minimum of the High Plains, to the
less varied distribution in sections of the Inter-
mountain 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 amounts.

We also examined the regional frequency of
occurrence by month of annual maximum l-hour
amounts. For example, the maximum 3 consecutive
months for l-hour events in the Coastal Northwest
is October through December, while in the Interior
Northwest it {s from June through August despite
the fact that July and August are generally the
months of lowest total rainfall. For both these

regions, the ‘proportion of the total number of
annual events occurring in the most 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 where upwards to 90 percent of the largest
I-hour amounts occurred during the most active 3
consecutive months, July through September.

The last significant factor in determining
the regions was topography. In the general sense,
topography is well correlated with the climatology
discussed above and thus is not a separate factor.
However, on a more detailed scale, the topography
helps delineate the regional boundaries. For
example, the crest of the Cascades separates the
Coastal Northwest from the Interior Northwest in a
well-defined fashion. Other geographic boundaries
are not as well defined. There is no sharp dis-
continuity delineating the boundary between the
northern and souchern sections of the Pront Face
and High Plains. However, the northern boundary of
the South Platte River Basin was chosen because

" this represents an approximate east-west division

between where the Front Face of the Rocky Moun-
tains changes from & north-south orientation in
New Mexico and Colorado to a northwest-southeast
orientation in Wyoming and Montana. This change .
in orientation influences the availability of
moisture inflow to the two regionms. 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 having enough stations per region to
obtain stable ratios argued against this decision.

In some cases it was difficult to choose
exact boundaries because a given station had sta-
tistical, climatological, and topographic similar—
ities to two adjoining regions. Such was the case
for Flagstaff, Arizona, which sits on top of a rim
that separates the Southwest Deserts from the
Rocky Mountains-South. Due to the greater simi-
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. RECIONAL RATIOS

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 less 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 minimize sampling variability by
maintaining continuity and consistency in these
trends.

Another consideration was comparisons with
previous studies. U.S. Weather Bureau (1953, 1954)

" presents short-duration estimates for the western
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states for 3 regions: West of the Coastal Ranges,
east of the Coastal Ranges and west of 115°W , and
between 105° and 115°W. 1In both Hershfield (1961)
and NOAA Atlas 2, short-duration ratios do not
vary by region, but rather are based on national
averages.



Table 1.—Five, 10—, 15- and 30-minute ratios for 2- and 100-year return

periods
Ratios to 1 Hour
2-Year Return Period 100-Year Return Period
Region 5 10 1S 30 5 10 15 30
No. Region minutes minutes
1 Coastal Northwest .30 .45 .56 .73 .36 .53 .64 .82
2 Interior Northwest .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
Plains-North
5 Great Basin 34 .51 .61 .81 34 .52 .63 .84
6 Rocky Mountains-South .35 .54 .65 .83 .32 .50 .62 .81
7 PFront Face and High .33 .51 .62 .83 .29 .46 .59 .81
Plains-South
8 Southwest Deserts .34 .51 .62 .82 .30 .46 .59 .80

The final consideration was comparability
to information for locations adjacent to the study
area. Taking such information into account accom—
plished two goals. Pirst, it contributed to the
degree of consistency and continuity between 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 east of the
study region, we compared our results to Frederick
et al. (1977) and for California we related our
results to Frederick and Miller (1979). In addi-
tion, we developed frequency estimates for several
stations with short-duration data in surrounding
states. Fourteen stations were analyzed for this
purpose, 10 in the Plains States and 4 in Califor-
nia. Most of these stations were close enough to
be directly comparable to adjacent stations within
the study area, while a few were chosen at greater
distances from the boundaries to provide some idea
of the trend in ratios leading up to the study
area.

It was concluded that the ratios in this
report were consistent with previous studies. The
final ratios are listed in Table l. A comparison
between these ratios and those from NOAA Atlas 2

and Weather Bureau (1953, 1954) 48 shown in
Table 2.
6. APPLICATION OF RATIOS

The ratios derived in the above analysis
are based on stations whose elevations tended to
be in the lower sections of each region. To ex—
trapolate these statistics to much higher eleva-
tions would be a questionable undertaking, because
of the complex effects of slope, funneling, and
rain shadows that often occur in these areas. As
such, the ratioe are not applicable to all eleva-
tions within each region, but rather to a general
range of elevations. The ‘ranges of applicable
elevation, approximately 3,000 to 3,500 ft in most
areas, are summarized in table 3. In a few cases,
areas are excluded that contain stations included
in the analysis. The regional ratios were reviewed.
in light of this fact, and it was determined that
no adjustments were necessary.

Areas of non-applicability, based on ele-
vation and location considerations, are shown in
figure 1 as shaded areas. These areas are based
primarily on smoothed contour maps of the western
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Table 2.—Ratios compared to other reports

Ratio to 1 Hour

Dur. This NOAA Weather But..
(min) Report Atlas 2 (1953, 1954)

5 .34 .29 .32

10 .52 .45 .49

15 .64 .57 .59

30 .82 .79 .78
‘Avernged over all regions and for all

return periods

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

Table 3.—Applicable elevations within regions

Region Generally Applicable

No. elevations (ft)

1 0-2500

2 50-3000 Columbia Basin 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 mountains to 100-3500 deserts
states. Due to the generalized nature of the
contours, there are isolated sections, primarily
at the edge of shaded areas, where the ratios
might be applicable. Conversely, there are

isolated peaks and high elevations which are not
shown as part of any shaded areas, but which may,
in fact, be non-applicable areas.

n
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As discussed in section 5, ratios ;lo not

necessarily change abruptly at all regional
boundaries, such as is the case along the crest
of the Cascades. Probably the wmost gradual

change 1is between the two halves of the Front
Face and High Plains. Most other regional bound-
aries are better defined by local topography and
climatology. Ratios for locations close to most
boundaries are probably best estimated by taking
into account neighboring ratios to some extent.

In many cases, it might be desirable to
find values for a return periods between 2 and
100 years, or for durations different than those
given in this report. To do this it 1is first
necessary to compute the absolute values for the
standard durations and return periods for the
location in question. This can be done using the
ratios in this report and l-hour values deter-
mined from NOAA Atlas 2 in conjunction with the
two graphs shown in figures 2 and 3. Figure 2, a
probability grid based on the Fisher-Tippett
distribution, 18 wused to interpolate return
periods. Figure 3, a standard semi-log scale, is
used to interpolate durationms.

Three examples are given below to 1llus-
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
source used to determine the l-hour values is
NOAA Atlas 2 (the l-hour values were derived from
the 6-hour maps using the appropriate regression
equations). The 2- and 100-year l-hour values
are 0.33 and 0:92 inches. Using the ratios 1in
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.

In the first example, the 10-year return
period is found for the 15-minute duration. The
2- and 100-year return period values of 0.2]1 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
usually be approximated with a straight line, is
drawn through these points. The 20-minute value
of 0.24 inches is then read off the Y-axis. 1In

the third example, the 20-minute duration .1is
found for the 10-year return period. Pirst, the
10-year values for the standard durations are
found in figure 2 (lines A through E), the
results being 0.21, 0.31, 0.38, 0.48 and
0.57 inches. These five durations are then

plotted figure 3 (line B), to obtain a 20-minute
value of 0.42 inches.

7. DISCUSSION OF RESULTS

The relatively high ratios encountered
throughout the 10 states examined in this study,
as compared to the remainder of the country,
result from differences in the precipitation
climatology. In all regions except the Coastal
Northwest, the continental regime, including the
lack of available moisture in the lee of mountain

" wiater.
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barriers, is a significant factor. The result is
high short duration rainfall rates which are
difficult to maintain for periods as long as
1 hour, thus causing relatively high ratios. Al-
most all of these events occur in late spring and
summer thunderstorms that are not associated with
the larger storm systems wmore typical of
Within a given region, all durations
be:ween 5 minutes and 1 hour display approx-
izately the same seasonality.

Even the Coastal Northwest has relatively
high ratios when compared to coastal Californis,
although the mechanisms here are different. The
northern coast receives considerably more rain on
an annual basis than does the southern coast.
Much of this rain is of a non-convective nature
vith steady rain over periods of several hours,
as opposed to convective events on the on the
order of an hour, somewhat more typical of the
southern coast. Therefore, l-hour amounts tend
to be slightly lower in the north. On the other
hand, maximum short-duration rates for 5- to



30-minute periods show less variation from north
to south. The combination of comparable 5- to
30-minute rates with generally lower hourly rates
produces somewhat higher ratios in the north.
Maximum short-duration values along the northern
coast occur most often in the fall and early
wvinter at all durations, and often result from
convective shower and thunderstorm activity
embedded in or associated with synoptic scale
storm systems. However, 1solated summer
thunderstorms 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. First is the semi-permanent high pres-
sure system that sits off the California Coast,
moving south in winter and north in summer. This
system affects the westernmost part of the study
area most directly, producing a pattern of wet
winters. and dry summers. This is true both to
the west and east of the Cascades, although an-
nual rainfall is considerably less to the east
due to the sheltering effect of the mountainms.
The second feature, dominating the eastern part
of the study area, is moisture from the Gulf of
Mexico, which produces an almost opposite season-
al trend of wet springs and summers and rela-
tively drier winters. In the spring, the Atlan-
tic sub-tropical high pressure system extends
westward into the Gulf and sets up a southerly
flow of moist air into the high plains and east-
ern Rockies which is generally maintained through
the summer. The climate of the southwest 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 easterm 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 moisture occurring during the warm
season, which is the time of maximum convective
potential, combined with the continental regime
which favors short-duration convection.

Ratios in the study area tend to increase
from west to east in the north, from the Coastal
Northwest to the Front Face and High
Plains~North. They increase from south to north
in the two Front Face and High Plains regions.
They also tend to increase in a southeast to
northwest direction from the Front Face and High
Plains-South to the Interior Northwest and Rocky
Mountains-North. Looking outside the study area,
ratios increase from California northward into
the Coastal Northwest, and increase westward from

the plains into the two Front Face and High
Plains Regions. Climatically, the trends reflect
the increasingly continental regime and

decreasing availability of moisture moving east
away from the Pacific Ocean and north and west
avay from the Gulf of Mexico. As a result of
these trends, the highest ratios are generally
found in the Front Face and High Plains-North and
the lowest ratios in the Coastal Northwest and
also the Front Face and High Plains-South and
Southwest Deserts.
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8. SUMMARY

A series of 64 ratios were developed for
ten western states to be used in conjunction with
l-hour values from NOAA Atlas 2. With these
ratios, precipitation-frequency estimates can be
determined for 5-, 10-, 15-, and 30-minute dura-
tions for return periods of 2 and 100 years in
each of eight regions. Some areas within each
region were excluded due to elevation and expo-
sure considerations.

The results show ratios that are general-
ly higher than in most other sections of the
country. These differences are well explained by
climatological factors. Although these results
appear meteorologically consistent, caution must
be exercised when using them because of the small
size of the data esample and the meteorological
complexity of the study area.
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ABSTRACT

EPTH-AREA relationships for thunderstorm

rainfall were developed from 20 years of record trom
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-
tall over a watershed. This information could be valuable
to agencies, groups, and individuals involved in water
resources 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) tfor 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 km?, 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 ot 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. 1 shows
the curve published for Arizona and New Mexico, but
derived trom regions outside the Southwest. These are
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FIG. 1 Point-to-area conversion ratios for
selected durations (Fig. 14, NOAA Atlas 2),
2-h interpolated.

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 raintall durations trom 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 Agricultural 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 runoft trom 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.
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TABLE 1. MAXIMUM ANNUAL RAINFALL FREQUENCIES (mm) ESTIMATED BY FITTING SEVERAL FREQUENCY
DISTRIBUTIONS TO 20 YEARS (1957-76) OF DATA FOR WALNUT GULCH

Log normal Pearson Type III Log-Pearson Type 111 Gumbel
30-min 1-h 2-h 30-min 1-h 2-h 30-min 1-h 2-h 30-min 1-h 2-h
2-yx
Basin average 14.0 17.0 18.4 15.0 179 19.2 14.8 18.0 19.3 14.1 16.9 18.3
RG #3 211 25.0 272 22.0 24.7 27.1 21.6 24.8 27.3 21.2 25.2 27.3
RG #33 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 #66 22.7 26.1 28.6 24.0 27.6 29.5 22.8 26.4 28.4 23.1 26.4 28.9
10-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 31.8 40.3 43.2 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 61.9 42.3 60.9 62.1 50.2 66.0 70.0
RG #33 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 61.7 721 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. 1, was described in detail in
U.S. Weather Bureau Technical Paper No. 29 (1958).
Brietly, the technique for developing point-to-area curves
for a particular duration consisted of the following steps.

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

2 Similarly, annual maximum raintall 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 trequency, the point values within each
area were averaged (assuming negligible climatological
gradients within the network).

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

Frequency Distribution

The NWS uses the Gunbel extreme value procedure
(Gumbel, 1958) for fitting of the Fisher-Tippett Type 1
distribution for developing rainfall trequency maps and
depth-area curves. The choice of this frequency distribu-
tion is partly based on work that showed that tor the con-
tinental United States, this distribution fitted maximum
annual point rainfalls fairly well (Hershtield and Kohler,
1960) and was slightly better than some other standard
methods used in predicting frequencies for independent
samples not used in deriving the curves (Hershfield,
1962). For a limited check on frequency distributions ap-
plicable to the data of this study, we titted Walnut Gulch
and Alamogordo Creek basin average and selected sta-
tion maximum annual storm rainfall with log normal,
Pearson Type-111, log Pearson Type-111, and the Gumbel
fitting 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 1.

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
fit best. For this reason and for continuity with previous
NWS work, it was selected for this study.

The Gumbel fitting is based on the concept that a
series of values, all of which are maximums from in-
dependent samples of equal and sutficient size, drawn
from the same population (e.g., annual maximum rain-
falls), conforms to the probabillity distribution ot a
dimensionless “‘reduced variate”, y, if suitably scaled.
The term y is defined by its probability distribution as:

¥pp = =In(-In Pr)

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 tit-
ted to a sample of size N of a real variable, X, by assum-
ing the common plotting position formula

applies to both y and X, where m is rank from lowest to
highest. In principle, a linear regression fit is made to the
N pairs, X,,, y,.. where X,,'s are from the sample and the
y..'s are found by substituting equation |2] into equation
[1]. 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 of some of the annual max-
imums lead to one additional empirical test. At the same
stations in Table 1, we applied the Gumbel fitting of the
extreme value distribution to the 20 highest rains,
regardless of year of occurence (partical duration series),
with the thought in mind that “partial duration™ storms
in an arid climate might be regarded as extremes for this
distribution. However, by visual inspection, use of the
partial duration series did not improve the fit compared
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FIG. 3 Recording raingage network and subwatersheds used in deter-
mining frequency distributions for Walnut Gulch.

to the annual series, at least 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, are
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 km (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 raintall. 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 ot 176, 51, 49, 18, 19, 16, 15, 14 and
zero (point) km? (fig. 3), for durations ot 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. The few
missing years (at 14 of the 40 gages) were filled in by in-
terpolation of annual maximums from adjacent stations.
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FIG. 4 Correlation coefficients for rainfall
amounts for selected pairs of gages on Walnut
Gulch.

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

The 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, 1-h rainfall estimate at raingage 33 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
investigated, correlation coefticients were compared at
Walnut Gulch between rains at selected pairs of gages
with varying distance between them (Fig. 4). The correla-
tion is tor storm depths during 1961-72, when at least
one of the two storm gage totals equalled or exceeded S
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, 1-h rainfall
amounts were plotted against gage elevation (Fig. S).
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 ot 30, 60, 120 and 360 min (Figs.
6-9) by using a method suggested by one of the authors
(Myers) for a least squares fit to:

A b-1
r=1-Mexp [-a(—) ]
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 2-h 30-min 1-h 2-h
RG #1 21.8 25.4 26.8 317.3 50.1 55.0 56.5 80.9 90.2
RG #33 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 Point-to-area conversion ratios for
30-min duration rainfalls for selected frequen-
cies on Walnut Gulch.

where r is depth-area ratio for area A in km?, A, is a unit
area of 1 km?, and M, a, and b are fitting constants. The
curves were extrapolated to 200 km?, 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 from Figs. 6-9 are replotted together
on Fig. 10. The ditference 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
features of summer thunderstorm rain in southwestern
Arizona with the following characteristics: (a) the air-
mass thunderstorms are of short duration and limited
areal extent, and (b) the extreme events tend to be con-
fined to about the same areal extent as lesser events.

FIG. 7 Point-to-area conversion ratios for
60-min duration rainfalls for selected frequen-
cies on Walnut Gulch.

Thus, up to about 2 h, depth-area ratios do not increase
with duration. When storms move and deposit their
heaviest precipitation some distance apart in succeeding
h, area-point differences necessarily are reduced with in-
creasing duration. The NOAA Atlas 2 depth-area curves
retlect this characteristic. Many storms move fairly
rapidly across the Walnut Gulch watershed, but these
tast-moving events 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 intluential on the longer return periods in the
Gumbel method, is less for the watershed averages than
for point values.

Based on topography, the similarity of point raintall
frequencies, subjective experiences in observing
thunderstorms, and qualitative confirmation from a few
small watershed networks (with less record than Walnut
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FIG. 9 Point-to-area conversion ratios for 6-h
duration rainfalls for selected frequencies on

FIG. 10 Comparison of point-to-area rainfall
ratios for 2-yr and 100-yr events for Walnut
Gulch.
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@® Roaingages used in point
frequency analysis

FIG. 11 Recording raingage network and subwatersheds used in deter-
mining frequency distributions for Alamogordo Creek.

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.

Alamogordo Creek

The Alamogordo Creek Watershed data were analized
identically to that for Walnut Gulch for 174, 59, 63, 15,
12, 13, 14 and 0 km? areas. The network is depicted in
Fig. 11 along with the sub-areas. The average values
were derived tfrom 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? 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 10-yr curve, but the ditference
was so slight that its reality is uncertain, and the 10-yr
and 100-yr curves have been combined. The resulting
depth-area curves are in Figs. 12-15.

The amounts and distributions of thunderstorm rain-
fall on the Alamogordo Creek Watershed are typical of
the high plains in eastern New Mexico and western
Texas. The extreme events can occur from either pure
air-mass thunderstorms (as on Walnut Gulch) or a com-
bination of trontal activity and convective heating (which
is unusual on Walnut Gulch). The raintalls that are
largest both in area covered and depth result from the
latter situation. Because of this, for similar durations
and frequencies, maximum rainfall on Alamordo Creek
is about 10 to 1S mm greater than that on Walnut 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
Walnut Gulch. Infact, for a 30-min duration the depth-
area curve from 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 curves to a maximum difference
at about 80 km?, and then they approach the NOAA
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FIG. 12 (top) Point-to-area conversion ratios
for 30-min duration rainfalls for selected fre-
quencies on Alamogordo Creek.

FIG. 13 (bottom) Point-to-area conversion
ratios for 60-min duration rainfalls for
selected frequencies on Alamogordo Creek.

Atlas 2 curves. The range of annual average maximum
watershed rainfall amounts varies much more on
Alamogordo Creek than on Walnut Gulch because of the
occasional massive frontal convective event. Average
watershed rainfall was more variable than average point
rainfall or area-to-point depth-area ratios for longer
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FIG. 16 Comparison of estimates of 100-yr, 1-h rainfall amounts with
elevation for selected raingages on Alamogordo Creek.

return periods were greater than for shorter return
periods.

Estimated 100-yr, 1-h rainfall amounts were plotted
against gage elevation as a check on the assumption of
random raintall distribution on Alamogordo Creek (Fig.
16). Again, the range of values is greater at the lower
elevations where there were more gages, but there is cer-
tainly no clear evidence of higher or lower values within
the 300 m elevation range on the watershed.

DISTRIBUTION OF STORM 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 question of
the distribution of rainfall within the watershed during
the storm. This is needed for runottf prediction based on
the precipitation. For example, the 100-yr, 1-h rainfall at
a fixed point within a watershed is significantly less than
the largest 1-h rainfall expected once in 100 years
somewhere within that watershed. Curves were
developed from the Walnut Gulch and Alamogordo
Creek raingage records for S0- and 150-km? watersheds
to indicate this maximum as well as the watershed rain-
fall distribution in terms of the fraction of the watershed
covered by percentages of the basic average (Figs. 17 and
18). The curves are averaged trom the five storms on
each basin with the largest total storm average basin
rainfall in 20 yr. The curves do not necessarily apply to
lesser storms expected on the average more often than
once in about S yr.

As examples of the application of the curves for
Walnut Gulch, the 100-yr, I-h point rainfall averaged
over the 40 stations in Fig. 3 is 75 mm (from tabulation
not shown). From Fig. 7, the corresponding depth-area
ratio for 150 km? is 0.5S0—average watershed rainfall
would be about 38 mm. From Fig. 17, the maximum
raintall at some point within the watershed would be
about 110 mm, and only 40 percent of the watershed
would be covered by 38 mm or more of raintall. Similar-
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FIG. 17 Fraction of watershed equal to or ex-
ceeding average storm rainfall for Walnut
Gulch.

ly, the 100-yr, 1-h point rainfall for Alamogordo Creek is
about 90 mm. From Fig. 13, the depth-area ratio is
0.78—the average watershed rainfall is 70 mm. From
Fig. 18, the maximum point rainfall at some point within
the watershed would be about 140 mm, and about 40
percent of the watershed would be covered by 70 mm of
rainfall or more. Similar curves were developed for rain-
tall distributions with 50 km? basins and are shown on
Figs. 17 and 18.

The storms, from which Figs. 17 and 18 are derived.
are in the 5- to 25-yr return period range. Based on 20 yr
of record, it appears the curves would not be greatly dit-
ferent for 100-yr basin averages for Alamogordo Creek:
whereas, Fig. 10 implies that the curves would be slightly
steeper for the 100-yr return period at Walnut Gulch.

SUMMARY

New depth-area conversion curves for adjusting point
rainfall amounts for given frequencies values to areal
averages were developed trom 20 years’ data from dense-
ly spaced recording raingages on experimental water-
sheds of the USDA Southwest Rangeland Watershed
Research Center in two climatic zones in the semi-arid
Southwest. In southeast Arizona, at Walnut Gulch, the
reductions from point-to-area were significantly greater
than previously published curves, based on nationwide
averages. These results offer opportunities for economy
in design without relaxing frequency standards in
climatologically similar areas. This is consistent with
known limited area characteristics of the air-mass
thunderstorms that produce most of the runoff.

New curves at Alamogordo Creek in northeastern New
Mexico departed less from previous curves, but still in-
dicate significant differences. The maximum departure
of the new curves from the previous curves occurred at an
area of approximately 100 km?2. The significant dif-
ferences between Alamogordo Creek and Walnut Gulch

(Continued on page 91)
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FIG. 18 Fraction of watershed equal to or ex-
ceeding average storm rainfall for Alamogor-
do Creek.
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Rainfall/ Watershed Relationships
(Continued from page 87)

illustrate the influence 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
150-km? watersheds. This is neccessary information,
along with the revised point-to-area curves, to realistical-
ly predict small watershed runoft from precipitation.
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USER MANUAL FOR PROGRAM FPREFRE

COMPUTATION (OF PRECIFITATION FREQUENCY-DURATION
YALUES IN THE WESTERN UNITED STATES

1. Iotroductioon.

The FPREFRE computer program was written to compute the
precipitation frequency values for each of 10 durations and for
each nf 7 return periods. This document describes how to preparve
the input data, how to execute the program, and gives an example
of the ocutput.

The PREFRE program computes frequency values for 5-, 10—, 15-,
and 30-minute and 1-, 22—, 3, &—, 12+, and Z4-hour durations for
return pericdes of 2, 5, 10, 25, 50, 100, and 500 years for areas
in the 11 western states and presents the results in tabular
form. It uses as input the precipitation frequency values taken
from the NOAA Atlaz 2 (11 volumes). The PREFRE program also
duplicates the values in Weather Bureau Technical Paper No. 4“0
for the six Plains' .states within the Bureau's area of operations
rot included in the NOAA Atlas 2 volumes.

NOBA Atlos 2 reflects the effects of topogrophy on precipitation

frequencies, but it contains isohyetal mops ftor return periods of
2, 5, 1, &%, 50, and low years but only for é&- and 24-hour
durations. For other durations, it is necessary to use the

nomaograms and equations included in the atlas.

Thie computer program was originally developed by Mr. Ralph
Frederick, Office of Hydrology, MWS (National Weather Ssrvice).
The progrom was extensively revised to fit Bureoau of Reclamation
needs in 1975 by Mr. . Janes Mumford of what was then the Flood and
Sedimentotion Section, Engineering and Research Center. It waes
further revised in 1988 by Mr. Richard Eddy of the Flood Section
to incorporate updated imformation for short-duration values.

The program is written in FORTRAN V for the Bureau's CYBER

main trame computer. This version has alsoc been converted to
FORTRAN 77 for use with personal computers (1IBM compatible).

2 Input Data.

The following data are required ftor the program input file:
.  Site name.

b. Primary =zone number identifying where the site is

located, obtained from the map included as appendix A in
this manual. The zone boundaries correspond to those found



in NOAR «&tlas 2, but the numbers may be different. It 1s
nilvisablie to wdentify the location of a si1te from the zone
map in the atlas volume and refer to appendix A for the
zone number used 1n PREFRE.

(E5F Zone number for short-duration valuese (appendix B).

d. Site latitude and longitude (required for primary =zones

3, 9y and 11; optional for other primary zones).

e. Site elevation (required for primary zones 1, 2, and 6&j

optionai for other primary zones).

£. NOAA Atlas 2 precipitation values (note that Atlas
values cre in temths of inches).

(1) Standard: Enter the values of 2-year and 100--year
return periods for durations of 6 hours and 24 hours.

(2) Option: The original NWS progrom was designed to
input 12 precipitation frequency valuss. This format
has been retained as an option. The 2-, 5-, 10—,

25~y 50—, and 100-year values for durations of 6
‘hours and 24 hours must be used as input for this
option. The program uses the six return-period
vialuss and developes a line of best fit to the points
read from the NOAA Atlas 2 mops. 1t then uses this
line of best fit to recompute the returmn-pericd
values and uses these computed values in all
subszquent computations.

The input dota format is presented in appendixes Cl through C3.
Eoch field in a lLing must be separated from the next field by
eith=r a blank or a comma, and an entry is required for each
field (i.e., enter zeroec if lotitude, longitude, and elevation
cre omitted). Input data can be all metric, i1if desired.

3. Qutput Data
The site name, zone numbers, and latitude, longitude, and
elevation (if included in the input data) are printed as a
feading. A table is then given showing the precipitation values
for ¢-, 5-, 10—, 25—, 50-, 100-, and 500-yecr return periods for
gurations of 5, 10, 15, and 30 minutes and 1, 2, 3, &, 12, and 24
Fours. Output units ore the zmame as the input units. The FC

version alse prints the input data for reference. Appendix DL is ..

a sample output from the CYBER version of FREFRE. Appendix D2 is
the standacd PC output. Appendix D3 is the output when the site
is in primary zone 77 it prints a note regarding revised depth-
areca values for ARrcizona and New Mexico. Appendix D4 is the
output when the option to input 12 precipitation values is
celected.



4. FProgram Exscytion.

Execution of program FREFRE depends on the computer system being
us=d. Appendix E describes the steps of exscution for both the
Bureaqu o©of Reclamation CYBER mainframe nnd the IBM PC/AT and
compatibles.

Sometimes the site will be very near the boundary between two
zones, A situation in which a weighting of calculated frequency
values among neighboring zones may provide a more appropriote
anzwer. In these cases, it can be helpful to make more than one
rumn, using the rneighboring zone's values. Edit the input file to
choange the zome number (and other data as needed) and re-run the
PTG QM.

5. Method of Derivation.

The program follows procedures ocutlined in NOARA Atlas 2 to derive
the precipitation frequerncy values. The 2-year and 100-year
input figures for 6-hour and 24-hour durations are used to decive
these same return frequency values for 1-;, 2-, and 3-hour
durations. The relaticonships among the 6-hour and 24-hour
values and the 1-, 2-, and 3d-hour values were determined by the
NWS and are dependent on the zone in which the site 1s locoted.
The lZ2-hour values are derived by taking the midpoint between the
&-hour and 24-hout input values for the Z2-year and LOO-year
return periods. The 5-, 10—, 15-, and 30-minute duration values
for 2-year and 100-year events ore determined by multiplying the
1-hour values by a set of factors. These tactors ore dependent
on the short-durntion zone in which the site is located. It_is

from_the primary (longer duration) zones. The program then
computes the values for the remaining return periods by fitting
the precipitation values to a Gumbel distribution. The Z-year
values for all durations are first adjusted from « portial
duration series (input values) toc an annual series. Then the 5-,
LO-y 25—~y 50—, and 500-year frequency values for all durations
are colculated from their respective relationship to the 2-year
and 100-year values in a Gumbel distribution. The 2-, 5-, «and
l10-year values are then converted back to a partial duration
series, which coarresponcd to the HNOAA Atlas 2 map values. All
output values are for point locations.

HOTE: Areal values of precipitation frequency are often needed.
Bercoause program PREFRE does not provide this information, it is™
necessary to follow the procedurs found in the appropriate NOIAA
Atlas 2 volume. When areal values are required for Avizona and
New Mexico, use the information found in the 19534 NOAA Technical
Memovandum NWS HYDRO--4O.



&, Comments.

It was decided in 1975 to change the program from the procedure
originally uzsed by the NWS to a more simplified approach using
crily the tour key precipitation values for input. This allows
for quicker setup of the input data and facilitates the use of
the program. No loss of accuracy in the calculated values eoccurs
as the 2-year é-hour, Z-year Zu4-hour, 100-year é-hour, and 100-
year 24-hour maps are the lkey maps initially decrived in the NWS
stucdies. The maps in NOAA Atlaos 2 for return periods of 5, 10,
25, and 50 years were derived from the 2- and 100-year maps in
the same mann=r that the PREFRE program computes these values.

In the original program, only one s&t of national factors was
used to determine 5-min to 30-min values from l-hour values.
Fapers by Fred}ick and Miller and Arkell and Richards presented
sets of factort that depended on the location of the site. Theses
volues were used for sites west of the 105th meridianj the old
foctors were retained for the Plains states east of the 10LHth
meridian.

The 1575 version of the program allowed the user to specify two
zones in the event that the site was near a zonal boundary. The
current version does not offer that option because two types of
zones (the original long-duration zone and the new short-duration
Tone ) are now required and major revisions to the program would
be required to accommodate various combinations of multiple runs.
The only way to get runs for two adjacent zeones is to edit the
input file after the first run (a quick and simple procecdure) and
execute the program again.
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APFENDIX C1
INFPUT FORMAT - FOUR FRECIFPITATION VALUES

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

Line 2 (fields separated by blanks or commas):

Field 1. Primary =zone numbec (appendix A)

Field 2. Short—-duration zone number (uppendix B) #
Field 3. Latitude, degrees and decimals (or 0O)
Field 4. LlLongitude, degrees and decimals (ar Q)
Field 5. Elevation (or 0)

Field &. 0 (number zero)

Lime 3 ( fields separated by blanks or commas):

Field 1. 2-yr &4-—-hr precipitation value from MNMOAA Atlas 2
Field 2. 1LOO~-yr &-hr precipitation value

Field 3. 2-yr 24-hr precipitation value

Field L. LOO~yr 24—hr precipitation value

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

NOTE: Actual latitude and longitude values are required for
sites in primary =zones 3, 9, and 11, and elevation data are
required for sitses in primory zones 1, 2, and &. For other
primary ones, enter either zerces or the latitude,
longitude, and elevation values. Elevation may be entered in

meters, 1f precipitation is also metric.

# Short-duration zones 12 through 15 are all for the
Southern FPacific Coast. Zone 12 is for sites with elevation
greater than 700 ft. Zore 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 all
elevations within the boundaries of the Southern Pacific

Coast.

16}



lLimne 1=

Line 2:

APPENDIX €2

INPUT FORMAT - TWEILVE PRECIPITATION VALUES

same as for four precipitation values

Fields 1 through 5: soame as for four precipitation values

Field

Line 3:

Field
Field
Field
Field
Field
Field
Field
Field
Field
Field
Field
Field

=9

VDNV LN

16.
11.

1.

2

2-yr &-hr precipitation value from NOAA Atlas 2
L-yr &-hr precipitation value
10-yr 6-hv precipitation value
25-yr &-hr precipitation value
50-yr 6-hr precipitation value
100-yr é6-hr precipitation value
2-yr 24-hr precipitation value
5-yr Zdb-hr precipitation value
10-yr 2Z24-hr precipitation value
25-yr Zd4-hr precipitation value
50-yr 2u-hr precipitation value
100-yr Z24—-hr precipitation value

Line 4 (optional):

Field

'1. n

ENDRUN (alpha characters)

~J



APFENDIX T3

SAMPLE INPUT - FOUR FRECLFITATION VALUES

Fields QUARTZ HILL, COLORADO

separated 6 7 39.80 105.52 8900 O

by blanks 1.19 2.8% 1.78 4.21
ENDRUN

Fields LEADVILLE, COLORADO

sepacated 7q Oy BY « 27y 10631 500, 1)

by commas 2P 1.85,1,00,2,79
ENDRUN

SAMFLE INPUT - 12 PRECIPITATION VALUES

EUTCH (NW), COLORADD

7 & 39.00 104,00 &LOO 2

1.04 1.20 2,00 2.25 2.40 2.50 1.3% 1.75 1.50 2.25 2.60 3.30
ENDRURN

Lo



APFENDLX OL

SAMFLE OUTPUT - CYBER

REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR QUARTIZ HILL, COLORADO
PRINARY ZONE NO.= 6 SHORT-DURAT ION ZONB NO.= ?
LATITUDE 39.80N LONGITUDE 105.%2¥ BLEVAT ION 8900 FBET

POINT VALUES
RETURN PERIOD

DURAT ION 2-YR S-YR 10-YR 23-YR SO-YR 100-YR 300-YR
S-MIN - 3% -34 -39 <47 53 99 <73 S-MIN
10-HIN -40 33 .62 .74 .84 «93 1.16 10-NMIN
15-MIN .48 66 .78 .94 1.07 1.30 1.49 15-NIN
30-MIN <63 .90 1.06 1.29 1.47 1.63 2.05 J0-MIN
1-HR .78 1.09 1.30 1,59 1.81 2.03 32.54 1-HR
2-HEK .92 1.26 1.30 1.82 2.06 3.31 2.88 2-HR
J-HR 1.03 1.39 1.64 1.99 2.35 2.952 3.13 3-HR
6~HR 1.19 1.60 1.87 2.26 2.33 3.8 3.33 6-HK
L2-HR 1.49 1.98 3.32 2.80 3.16 3.53 4,37 12-HR
24-HR 1.78 2.37 2.78 3.34 3.78 4.21 J.21 24-HEK

INPUT DAIA

PROJECT NAME-QUARTZ HILL, COLORADO
SHORT-DURAT ION ZONE- ?7

Z0NE- 6

LATITUDE= 39.80

2-YR, 6-HR

PCPN- 1.19

2-YR, 24-HR PCPN= 1.78

LONGITUDE= 103.32
100-YR, 6-HR

ELEVAT ION= 8900

PCPN~

2.85

100-YR, 34-HR PCPN= 4.3l

RRARRARAARAARA

A

A

A END OF RUN &

A

A

RARRAAARARAARRA

11



PRECIPITATION FREQUENCY VALUES FOR QUARTZ HILL,
6

AFFTNDT X

###%# O U T P UT
REVISED: JUNE 1988 TO UPDATE COMPUTATION OF SHURT-DURATION VALLUES

PRIMARY ZONE NUMBER=
SHORT-DURATION ZONE NUMBER= 7

LATI

DURATION

S-MIN
10-MIN
15-MIN
30-MIN

1-HR
2-HR
3-HR
6-HR
12-HR
24-HR

TUDE 39.80N

LOMNGITUDE

POINT VALUES

SAMPLE JUTPUT

105.52W

D

Sy

<

- PC

DAT A #ns

RETURN PERIQOD.

2-YR 5-YR 10-YR
.26 . .34 -39
.40 .53 .62
.48 -7} .78
.65 .90 1.06
.78 1.09 1.30
.92 1.26 1.50
1.03 1.39 1.64%
1.19 1.60 1.87
1.49 1.98 2.32
1.78 2.37 2.78

INPUT DATA

COLORADO

PROJECT NAME=QUARTZ HILL,
SHORT-DURATION ZONE= 7
LONGITUDE= 105.52

ZONE= 6
LATITUDE=

39.80

2-YR, &-HR PCPN= 1.19
2-YR, 24-HR PCPN= 1.78

* ¥ * *

END

25-YR

L7

.74

.94
1.29
1.59
1.82
1.99
2.26
2.80
3.34

COILLORADO
ELEVATION
SO-YR 100-YR
.53 .59
.84 « 93
1.07 1.20
1.47 1.65
1.81 2.03
2.06 2.31
2.25 2.52
2.55 2.85
3.16 3.53
3.78 L.21

ELEVATION= 8900

100-YR, &-HR PCPN= 2.85

100-YR,

OF

R UN

24-HR PCPN=

# % ¥ #*

12

Y.21

8900 FEET
500-YR
.73 5-MIN
1.16 10-MIN
1.49 15-MIN
2.05 30-MIN
2.54 1-HR
2.88 2-HR
3.13 3-HR
3.53 6-HR
4.37 12-HR
5.21 24-HR



AFPENDLIX D3

SAMPLE QUTFUT - FC (FPRIMARY ZO0NE 7))

##% OU TP UT DATA ###
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT--DURATIOUN VALLIES

PRECIPITATION FRERUENCY VALUES FOR LEADVIILLE, COILLORADO

PRIMARY ZOUNE NUMBER= 7
SHORT-DURATION ZONE NUMBER= )
LATITUDE 39.27N LONGITUDE 106.31W ELEVATION 10200 FEET
POINT VALUES
RETURN PERIOOD
DURATION 2-YR S—-YR 10-YR 25-YR S0-YR 100-YR 500-YR
S-MIN .20 .26 .30 .36 <Ll . 4S .56 S-MIN
10-MIN .31 41 <7 «57 -1 .71 .88 10-MIN
15-MIN .37 « 50 .58 .70Q <79 .88 1.09 15-MIN
30-MIN .48 . 64 .75 .91 1.03 1.15 1.43 30-MIN
1-HR .58 .78 .92 1.12 1.27 1.42 1.77 1-HR
2-HR . 65 .87 1.03 1.24% 1.40 1.57 1.9% 2-HR
3-HR .70 .93 1.09 1.32 1.u49 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
FOLI.OWING PAPER FOR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAAR TECHNICAL MEMORANDUM NWS HYDRO-40O
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=LEARDVILLE, COLORADRO
ZONE= 7 SHORT-DURATION ZONE= 6

LATITUDE= 39.27 LONGITUDE= 10¢.31 ELEVATICN=10200
Z2-vky 6-HR FCPN= .79 100-YR, &-HR PCFN= 1.85
2-YR, 24-HR PCFN= 1.00 100-YR, 2L4-HR PCPN= 2.79

# # # # E ND OF RUN # # # #

13



APPEND X D4

1

SAMPLE OUTRUT - RFC (12 FRIZCLP VALUES)

#xx OUTPUT DATA #un
REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

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

OPTION NUMBER 2 --- INPUT OF 12 PRECIP VALUES
LATITUDE 39. 00N LONGITUDE 104.00W ELEVATION 6100 FEET

POINT VALUES

RETURN PERIOD

DURATION 2-YR 5-YR 10-YR 25-YR SO-YR 100-YR S00-YR
S-MIN - 29 <40 47 «57 « 65 72 « 90 S-MIN
10-MIN <45 .61 73 -89 1.01 1.13 1.41 10-MIN
15-MIN -1 «75 "« 90 1.09 1.25 1.40 1.75 1S-MIN
30-MIN .68 .97 1.16 1.2 1.63 1.83 2.30 30-MIN
1-HR .82 1.18 1.42 1.75 2.01 2.26 2.84 1-HR
2-HR .91 1.28 1.53 1.87 2. 1% 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, PLEARSE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-4O
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=KUTCH (NW), COLORADO

ZONE= 7 SHORT-DURATION ZONE= 6

LATITUDE= 39.00 LONGITUDE= 104.00 ELEVATION= 6100
12-VALUE PRECIPITATION OPTION

PRECIPITATION VALLE:

1.04 1.20
2.00 2,25
2.40 2.50
1.39 1.75
1.90 2.25
2.60 3.30

# # # % END OF RUN # & # »

14



APFPENDIX E

EXECUTION OF FROGRAM PREFRE

—_—— T —

Tre following steps arve used to execute program PREFRE on the
Bureau of Reclamation CYBER mainframe computer:

1. Create an input file, using any convenient name,
following the format presented in appendix C. This becomes
a pecmanent file on the CYBER. Purge it when it is no
longer needed.

2. Enter OLD,PREFREB [the binary (executable) forml
then GET, INPUT=your input file name
then PREFREB

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

—_—_——— e R e e e —m S

PREFRE is the executable version of the program. It may be
stored om the hard disk or it may be on a floppy disk. The
fcllowing steps are used to execute the program on an IBM PC/AT
or compatible (a FORTRAN compiler must be available on the
particular PC being used):

L. Create an input file, using any convenient name,
following the format presented in appendix C. This is ao
permanent file on the hard disk or floppy disk.

2. For haord disk, enter PREFRE filenamel filename?2
(e.g., PREFRE PREIN1 PREOUT1)
For floppy disk, enter A:PREFRE filenamel filename?2
(e.g., RIPREFRE A:PREIN1 A:PREOUT1)

Filenamel (including device ID and name extension) is the
name of your input file and filename2 (including device ID
and name extension) is the nome of the file you wish the
output information written. Either or both files may be on
the hard disk or they may be on a floppy disk in device A.
If they are on a floppy disk, the filename must be

preceded by A:. The output file will be created by the
program. If you fail to enter the file names at this
point, the program will prompt you to enter those names.
Messages will appear on the screen, but the output data are
written to the file.

1 Enter PRINT filencame?z

15



AFPPENDIX 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 FPRINT A: filename2. The output file is
also a permanent file on the hard disk or floppy disk.

16
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Documentation on meeting with the U.S. Army Corps of Engineers,

Los Angeles District, September 1988
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GEORGE V. SABOL Ph.D, PE.
1351 EAST 141st AVENUE
BRIGHTON, COLORADO 80601
(303) 457-0989

Qs 12 August 1988

Mr. John T. Pedersen, P.E.

U.S. Army Corps of Englneers

Los Angeles District

P.0O. Box 2711

Los Angeles, California 90053-2325

SubjJect: Maricopa County Hydrology Manual
Dear John:

We are progressing with our efforts to develop a Maricopa County Hydrology
Manual and Joe Rumann of the Flood Control District of Maricopa County and
| have recently been concentrating on the design rainfall criteria. This
rainfall criteria will consist of three items: 1) depth-duration-
frequency Information, 2) depth-area reduction factors, and 3) time
distribution(s) of rainfall. The Flood Control District is planning to
conduct a study to analyze regional ralnfall data to update the avallable
rainfall Information, and the Arizona Department of Transporation (ADOT)
Is also planning a similar study for the entire state of Arizona. These
two studies may be conducted independently or depending upon potential
agreements for the scope of the analyses and funding the two studies could
be consolidated into one project. However, whatever Is the final outcome
of these potentlial studies It will probably be at least 2 to 3 or more
years before such results would be available for our use In the Hydrology
Manual. Therefore, at this time we need to select design rainfall
criteria for use In Maricopa County rather than rely on these future
studies.

We are currently using the following gulidelines in selecting rainfall

criteria:

1. The criterla describes, to the best of our understanding, the actual
rainfall characteristics that we belleve are representative of flood
producing storms in Maricopa County. For example, If 24-hour storms
are not critical flood producing events then we should not select a 24-
hour time distribution.

2. The selected criteria should have the consensus agreement of the
regional experts In this area. Accordingly, we will coordinate with
the hydrologists and hydraulic engineers of the primary agencies that
deal with flooding in Arizona. This will Include the Los Angeles
District Corps of Engineers, Soll Conservation Service In Phoenlx,
Agricultural Research Service In Tucson, Arizona Department of



Mr. J.T. Pedersen
12 August 1988
Page 2

Transportation, Arizona Transportation Research Center, and selected
Individuals
3. The criteria Is to be avallable in the |iterature or engineering

reports and will not require extensive data analysis or original
development. Some slight adjustment or modification of avallable
information will be allowed.

We have tenatively selected NOAA Atlas 2 for the depth-duration-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. Inclidentally, 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 avallable for the
remainder of Arlzona that was used In HYDRO-40 and because some of the
recommendations and conclusions of HYDRO-40 are weak.

Joe Rumann and | have evaluated varlous rainfall distributions and have
done some preliminary testing using HEC-1 and some watershed models with
different methods of calculating rainfall losses and a range of loss
rates. Based on these evaluations and tests we belleve that the 6-hour
duration storm Is appropriate for the 100-year event In Maricopa County.
You may recall 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 dralnage engineers at the Arlzona
Department of Transportation are that the time distribution should have
decreasing peak rainfall Intensities for Increasing dralnage areas. In
this regard we are Interested in using time distribution patterns similar
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 thelr
development. We also have some specliflic questions about these.

Our needs would probably be most effectively resolved If Joe and | were fo
come to the LA District office. At that time | would |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 |ike
to have the opportunity to discuss these with you or others that have been
Involved In thelr development and use.



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

| notlce 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 rainfall 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 Phoenlix, the pattern shown In Plate 19 Is selected from Plate 20 as a
function of dralnage area and the 10-yr, 6-hr rainfall depth. Plate 16 Is
used to select the 10-yr, 6-hr rainfall and this plate Is ftaken from NOAA
Atlas 2. The range of rainfall depth from Plate 16 is from 1.9 Inches to
3.0 inches and this Is the range for all of Marlicopa County as shown In
NOAA Atlas 2. Using this rainfall 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 small drainage areas (less than
1.0 square mile) we would |like the distributlion to represent the short-
duration (15-minute) high-intensity rainfalls that NOAA Atlas 2 Is
indicating (5.68 Inches/hour for 100-yr storm). Pattern 2 will not have
this Intensity. The |imited range of application of Plate 16 Is confusing
to me. What Is the reason for this I|imitation? Why Is there a pattern 1
if 1+ cannot be used?

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

For your convenience | have enclosed coplies of the plates that |

referenced and a copy of the plate for Clark County. | also enclosed
copies of two handwritten tables of depth-duration-frequency and intensity-
duration-frequency data for Phoenix from NOAA Atlas 2.

| will call you during the week of 15-19 August to talk to you about
this. Joe and | would Iike fo 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.



Mr. J.T. Pedersen
12 August 1988
Page 4

As always, your time and effort Is greatly appreciated. Hopefully this
will culminate In a product that will be beneficial to all of us.

Sincerely yours,

Ll

George V. Sabol

Enclosures:
1. Plates 16, 19, 20 from Phoenix Design Memorandum No. 2, Hydrology
Part 2 (1982).
2. Clark County time distribution patterns.
3. Rainfall tables for Phoenix.
4. Paper by Osborn, Lane, and Myers (1980).

Copy: Mr. Joe Rumann, Hydrologist, Flood Control District
of Marlicopa County
w/ all enclosures except 4.

b
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MEMORANDUM

Subject: Meeting with Los Angeles District, U.S. Army Corps of Engineers,
8-9 September 1988
To: File
From: G.V. Sabol

Joe Rumann and George Sabol traveled to Los Angeles to meet with
representatives of the Corps to discuss the rainfall criteria that the Corps
used in its hydrologic studies in Maricopa County and for other regional
studies. Information was obtained from John Pedersen and Dr. Charles Pyke.

Rumann and Sabol asked how the storm patterns were developed and why (using
Plate 20) a Pattern No. 1 could never be selected (this would require a 10-yr,
6-hr rainfall of about 1.1 inch or less which does not occur in Arizona). The
response was that although Pattern No. 1 was essentially impossible (again
using Plate 20), it was necessary to define Pattern No. 1 so that Pattern Nos.
between 1 and 2 could be defined. The Corps wanted the procedure to be
applicable throughout Arizona for which there were locations where the 10-yr,
6-hr rainfall was less than 1.9 inches for which Pattern Nos. less than 2.0
were needed.

Similarly, Pattern No. 6 was defined so as to enable interpolation between 5
and 6.

The 10-yr, 6-hr rainfall statistic was used to select the Pattern No. so that
the procedure could be used throughout Arizona and not just in the Queen Creek
(Maricopa County) area.

The Corps' development of the criteria was based on the best available
information, however no rainfall recorder data were available and therefore
the analysis was highly interpretive. Dr. Pyke reanalyzed the data and he
provided a copy of the basic data and reanalysis to us (Attachment A). Notice
that in Dr. Pyke's 1988 reanalysis that the selection of Pattern No. is a
function of drainage area only and that this is consistent with other similar
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 that the reanalysis
would result in higher peak discharges than the original analysis 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 procedure 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 be prepared based on
selected Pattern No. from Plate 20 at a 10-yr, 6-hr rainfall for 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.

=161 2



A LbacHt ment @

6/3/88

QUEEN CREEK, AZ STORM OF 19 AUG 1954

RAINFALL TIME DISTRIBUTION PATTERNS

No. Station 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 0150-0630 "normal rain”
0630-0700 "rain worse [sic]
he had known”
One-quarter mile directly
south of Kings Ranch: 5"
8. Bill Barkley Ranch No. 1 0130-0800* 3.5 “Rain intermittent very hard”
9. Bill Barkley Ranch No. 2 0100-0700 4.5 “Very hard rain, comes down
in sheets”
10. Florence Junction 0300-0900 4.25 0300-0700 2.50"
0800-0900 1.75"
11. Boyce Thompson Arboretum 0100-0830% 5.3+ 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 Tipping bucket alongside:
.95 inch

14. Pinal Ranch 0130-0600 1.64

15. Ray Smelter 0500-0700 4.05 “"Paper said it all fell in
1 and 1/2 hours”

16. Florence .01

17. .00

18. Williams AF Base 0156-0900 .62 0156-0347 intermittent light

0347-0508 moderate
0508-0900 light

* = approximately
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ARD PROJECT SUMMER THUNDERSTOR: .
GREATER ARIZONA STAND ORM1 ‘A[)C’“}g‘{ 175 7z

(based upon Queen Creek storm of 19 August 1954)

INSTRUCTIONS FOR COMPUTATION OF RAINFALL

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 10-year 6-hour precipitation = 2.36 inches. This
storm can be transposed anywhere in central and southern Arizona and
into southwestern New Mexico (west of the Continental Divide), subject
to the following limitations:

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

b. In areas where the l10-year 6-hour precipitation is less than 2.36 inches,
the CENTRAL DEPTH VALUE of the transposed storm should be reduced
according to the value of the l0-year 6-hour precipitation at the site
of transposition.

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

5 TN . ¢

a. Obtain the 10-YEAR 6-HOUR PRECIPITATION map for Arizoma from NOAA ATLAS 2
or from the set of enlarged maps of n-year t-hour precipitacion.

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 inches.

b. Obtain the CENTRAL DEPTH VALUE of the transposed Standard Project

‘Summer Thunderstorm for the drainage basin of concern by multiplying )
the 10-YEAR 6-HOUR PRECIPITATION (Step 2.a.) by 3.178 inches. 5
(The value 3.178 equals 7.50 (original storm depth) divided by 2.136
(10-year 6-hour precipitation at site of original storm).). NOTE: If
the 10-YEAR 6-HOUR PRECIPITATION for the transposition site (Step 2.a.)
is limited to a maximum of 2.36 inches, the computed CENTRAL DEPTH VALUE
of the transposed storm will be limited to a maximum of 7.50 inches.

10t

DEPTH-AREA REDUCTION. The depth-area reduction used with the Greater Arizc .a
Standard Project Summer Thunderstorm is based upon the depth-area curve of
the August 1954 -Queen Creek .storm, modified according to the 10-year 6-hour
precipitation.

a. On the depth-area graph for the Greater Arizona Standard Project Summer
Thunderstorm, select the proper DEPTH-AREA REDUCTION FACTOR (in per cent)
by interpolation between curves according to Area (square miles) and
10-year 6-hour precipitation (the curves are labeled according to
10-year 6-hour precipitation, in inches and tenths).

lr,t:/:('\;)y)/“p,\ié) b. Multiply the CENTRAL DEPTH VALUE (Step 2.b.) by the DEPTH-AREA REDUCTION

L

FACTOR (Step 3.a.) to obtain the proper AVERAGE RAINFALL DEPTH for the
drainage basin considered. *: i/ ¢ .. car st Fovacsla = ]

(cdntinued next page)
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GREATER ARIZONA STANDARD PROJECT SUMMER THUNDERSTORM
(continued)

TIME DISTRIBUTION PATTERN. The Time Distribution Pattern for the Greater
Arizona Standard Project 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.)

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 DISTRIBUTION PATTERN:

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

b. F-2 (F—card, field 2): TRAIN = AVERAGE RAINFALL DEPTH (in inches
and hundredths).

c. F-5 (F-card, field 5): CN =
in units and tenths, e.g., 2.7; note that for this storm, CN must
be between 1.0 and 6.0). 4

!
b
I O~
il
e
.._i
=

TIME DISTRIBUTION PATTERN (curve number,
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GREATER ARIZONA STANDARD PROJECT SUMMER THUNDERSTORM

INSTRUCTIONS FOR COMPUTATION OF RAINFALL

BASIC DEPTH of storm: totd]l:-#=hour central value = 3.178 inches times the
10-year 6~hour precipitation.

Obtain proper 10-YEAR 6-HOUR PRECIPITATION from U, S. Weather Bureau

(National Weather Service) map of this quantity. Select average

repregentative, value of this quantity for the drainage basin concerned. X value
ayceeds 2.3C )Q-om STEP =,

Multiply 3.178 inches (Step 1) by 10-year 6-hour precipitation (Step 2)

to obtain CENTRAL VALUE DEPTH of rain for drainage basin concernmed. I€ COUTRAL
VALVE DEPTH > 7.507, Liwmit <o 7.50°,

Select proper DEPTH-AREA FACTOR from depth-area graph. Obtain factor

(in per cent) by interpolation between curves according to Area (square

miles) and 10-year 6-hour precipitation (curves are labeled according to
10-year 6-hour precipitation, in inches and tenths).

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 — 10-yr 6-hr Precipitation

graph. Interpolate between curves to 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 e
(computer program will generate a storm pattern interpolated between
the given integer patterns).

B T K
P e .
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ARIZONA AND VICINITY STANDARD PROJECT SUMMER THUNDERSTORM

I0YR (-HR PRECIPITATION
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APPENDIX 1-F

Depth-area reduction curve from NOAA Atlas 2
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APPENDIX 1-H

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

Comparisons of depth-area curves
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this netwofk are not routinely published and only recently have been available in
a computer compatible form. (They were not available for the earlier atlases.)
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 with increasing area

than those published in NOAA Atlas 2 (Miller et al. 1973).
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1-, 2—-, and 6-hr (Osborn et al. 1980).
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FIG. 11 Recording raingage network and subwatersheds used in deter-
mining frequency distributions for Alamogordo Creek.

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.

Alamogordo Creek

The Alamogordo Creek Watershed data were analized
identically to that for Walnut Gulch for 174, 59, 63, 15,
12, 13, 14 and 0 km? areas. The network is depicted in
Fig. 11 along with the sub-areas. The average values
were derived from all gages within the respective boun-
daries. Twenty-one well spaced gages with complete
20-yr records (1957-1976) were used to develop point tre-
quencies for comparison to the 174 km? 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 10-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 resulting
depth-area curves are in Figs. 12-15.

The amounts and distributions of thunderstorm rain-

fall on the Alamogordo Creek Watershed are typical of

the high plains in eastern New Mexico and western
Texas. The extreme events can occur [rom either pure
air-mass thunderstorms (as on Walnut Gulch) or a com-
bination of trontal activity and convective 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 frequencies, maximum rainfall on Alamordo Creek
is about 10 to 15 mm greater than that.on Walnut Gulch.

The major events on Alamogorda Creek also cover
larger areas than those on Walnut Gulch, and depth-
area ratios were considerably higher than those on
Walnut Gulch. Infact, tor a 30-min duration the depth-
area curve from 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 curves to a maximum difference
at about 80 km?, and then they approach the NOAA
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FIG. 12 (top) Point-to-area conversion ratios
for 30-min duration rainfalls for selected fre-
quencies on Alamogordo Creek.

FIG. 13 (bottom) Point-to-area conversion
ratios for 60-min duration rainfalls for
selected [requencies on Alamogordo Creek.

Atlas 2 curves. The range of annual average maximum
watershed rainfall amounts varies much more on
Alamogordo Creek than on Walnut Gulch because of the
occasional massive frontal convective event. Average
watershed rainfall was more variable than average point
rainfall or area-to-point depth-area ratios for longer
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FIG, 14 (top) Point-to-area conversion ratios
for 2-h duration rainfalls for selected frequen-
cies on Alamogordo Creek.

FIG. 15 (bottom) Pgint-to-area conversion

ratios for 6-h duration rainfalls for selected
frequencies on Alamogordo Creek.
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be attributed to a mixﬁére of storm types, but still different from these found

in the central Plains.
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Figure 5.——24-hr depth-area ratio at Walnut Gulch for 2-, 10—, and 100—-yr return

periods. The dashed 1lime is the NOAA Atlas 2 (Hiller et al. 1973) 24-hr
depth—area curve.
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APPENDIX 1-J

Queen Creek depth-area reduction curve

(U.S. Army Corps of Engineers, 1974)
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APPENDIX 1-K

Comparison of Design Rainfall Criteria for the Southwest
(Sabol and Stevens, 1990)
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PART 1

THE /n/FoRMATION, /S ROM [TERE gy

/S m/c/ BACKGroudl) TO T A

DESIGN RAINFALL K A FALC

Development of Propedures

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 1-A and 1-B). This information also indicates that since the
longest recorded data is from the gauge at Phoenix International Airport, it
is the 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 1-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 Atlas 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 1-D). The 24-hour distribution is referred to as
the Maricopa County Flecod Control District (MCFCD) point rainfall distribution
(Appendix 1-E). For durations of less than 1 hour a more recent analyses by
Arkell and Richards, 1986 is used (Appendix 1-F). Secondly, the D-D-F table
is used to develop an Intensity-Duration-Frequency I-D-F table and graph
(Appendix 1-D). A comparison of various I-D-F tables are also included in
 Appendix 1-D. ' - :

Following development of the 24-hour MCFCD distribution, it is recognized
that 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 an administrative decision
and in this case it is decided to be of 100-year return interval, per Uniform
Drainage Policies and Standards (Appendix 1-G). A point rainfall depth is
then selected for a given frequency.

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 1-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 1-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
1-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 1-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 1-I). A 2-hour temporal distribution is also developed which is to
be used for retention design (Appendix 1-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., MUCHP1l 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-1 input file.

MCUHP1 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 MCUHP1 and MCUHP2 is included with Volume 1, Part 1
of the Documentation Manual.
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APPENDICES

PART 1 - DESIGN RAINFALL

1-A - Rainfall criteria and sources of data for Maricopa County.
1-B - Rainfall Analyses for Clark County, Nevada.

1-C - NOAA Atlas 2 procedures and analyses of City of Phoenix rainfall
distribution by Arthur Beard Engineers, Inc.

1-D - Development of Depth-Duration-Frequency table, and Intensity-Duration-
Frequency table and graph.

1-E - 24-hour, Maricopa County Flood Control District (MCFCD) distribution.

1-F - Short Duration Rainfall Relations for The Western United States,
Arkell, Richard E., and Frank Richards, Conference on Climate and
Water Management-A Critical Era and Conference on the Human
Consequences of 1985's Climate, August 4-7, 1986, Ashville, N.C.
Published by the American Meteorological Society, Boston, Mass.

1-G - Uniform Drainage Policies and Standards for Maricopa County, Arizona,
Resolution FCD 87-7, Flood Control District of Maricopa County, April
20, 1987,

1-H - U.S. Corps of Engineers reports on the August 19, 1954, Queen Creek

Storm.
1-T - 6-hour and 2-hour storm distributions for Maricopa County.
1-J - Comparison of different design rainfall criteria.

1-K - Letter of August 12, 1988 to Mr. John T. Pederson of the U.S. Army
Corps of Engineers, By George V. Sabol.

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., Leonard J. Lane, Vance A. Myers. Rainfall/
Watershed Relationships for Southwestern Thunderstorms, Soil and
Water Division, ASAE, Paper No. 77-2541, May 1979.

1-M - Comparison of depth-area ratios for selected storms in Maricopa County.

1-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.l, Hydrology
Part 1, Los Angeles District, 51 p.



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 stormgand
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 #2 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 #1 can not be used at all, contradicting the statement
that Pattern #1 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 # 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 #1 and #6 from the Corps
analysis. Pattern #6 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, A/L&l{'vwkx«ii

Above reasons justified the development a new graph for pattern # versus
drainage area. This was accomplished by making two assumptions. First, at
the upper limit, Pattern #5 should be used for a 500 square mile area. Then,
at the lower limit, Pattern #1 should be used for areas of up to 0.5 square
miles. It would not appear reasonable to extend Pattern #1 beyond 0.5 square
miles due to the limitation on the aerial extent of,rainfall depth.

ot ¥

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 #2 through
#4 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 #1) 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 comfortable 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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AREA OF DRAINAGE BASIN, SQUARE MILES —=

GHLA RIVER BASKN,
NEW RIVER & PHOENIX CITY STREAMS, ARIZONA

ARIZONA STANDARD PROJECT
LOCAL SUMMER STORM
PRECIPITATION- AREA-PATTERN
CURVES

U. S. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY DESIGH MEMO NO. 2

PLATE I8
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DOCUMENTATION OF 6-HOUR RAINFALL (PATTERNS #2 TO #5)

The graphs of the 7-hour distributions from the Queen Creek Storm of
August 19, 1954 (Appendix 1-H) were digitized for Pattern #2 through #6 as
shown by the following Table. These numbers were directly read off the graph,
at 15-minute intervals. The rainfall duration was changed to 6 hours to be
consistent with the previously developed Pattern #1.

Pattern #2 (columns 2,3, and 4) is used to document the procedure. First
the digitized values of Pattern #2 were read off directly from the Corps of
Engineer's graph (column #2). Then the first hour was removed by subtracting
1.7%% from all of the remaining numbers (column #3). Since column #3 only
adds up to 98.3, the numbers were divided by 98.3 and normalized to Z100
(column #4). The same procedure was applied to Pattern 3 through 5.

It should be noted that the final numbers for the 6-hour patterns are the
adjusted values which were modified for smoothness and consistency with the
hypothetical Pattern #1. Subsequently, those numbers shown as Z100 may vary
from the first conversion and normalization.

6-HOUR RAINFALL 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 Pat.#2 Pat.#2 Pat.#3 Pat.#3 Pat.#4 Pat.#4 Pat.#5 Pat.#5

(hrs) Z100 Z100 %2100 Z100
0:00 0.0 0.0 0.0 0.0

0:15 0.3 0.5 0.8 1.d

030 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 96D 0.0
1:15 23 0.6 0.9 4.0 5 [P 5.6 2.1 7.0 2.4
T30 2.9 1.2 1.6 5.0 2.0 7.0 3.5 8.8 4.3
1:45 37 2.0 2.9 6.0 3.0 8.5 5.1 10.4 5.9
2:00 4.8 3.1 3.4 740 4.8 10.0 7.1 12,0 1+8
2315 3.3 3.6 4.2 8.5 6.3 11.8 8.7 14.2 9.8
2:30 6.6 4.9 5.l 10.0 7.6 13.4 10.5 16.0 11.9
2:45 7.0 543 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
3815 9.0 7.3 7.6 14.0 1159 18.5 16.0 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 10,5 12..0 18.8 7 5 24.5 232 29:5 271
4:15 15.0 13.3 16.3 21.8 22.2 27.8 28.1 33.0 32.1
4:30 21.0 19.3 252 2715 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
5:15 800 78+3 83,7 76.0 79.6 75.0 77.3 70.0 735
5:30 87.5 85.8 90.0 84.5 86.8 82.0 84.1 7915 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 94.5 825 93.0
6:30 98.5 96.8 97«5 97.0 97.3 96.0 96.4 95.9 95.4
6:45 99.0 97.3 98.8 98.5 98.7 98.0 98 .2 97.5 97.7
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

INTEROFFICE MEMORANDUM

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

T0: DRJ FrOM: e ¥ DATE: 9-13-88

SLS
DES

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 Maricopa
County hydrology manual. Those in attendance were John Pedersen, P.E.,
Supervisor Hydraulic Engineer; and Dr. Charles Pyke, meteorologist from the
COE, and Dr. George Sabol P.E., consultant for the Flood Control District, and

myself .

The purpose of the meeting was to evaluate the COE's data used to develop the
Standard Project Storm in the Hydrology Design Memorandum for Phoenix. They
indicated that using the distribution from their Design Memorandum in the FCD's
hydrology manual is acceptable. The modifications we want to make to it were
also acceptable. These modifications included shortening the distribution from
seven to six hours, and substituting the City of Phoenix distribution for their

curve one (See attached figure).

The other significant topic discussed was the necessary testing to be performed
on the manual. They indicted that if the discharge values computed from this
procedure are in the ballpark with expected dicharge-frequency values for the
same watersheds then they would have no problems. At some point during the
testing this issue will have to addressed since it is not likely that expected

and computed discharge values will match.

In addition Dave asked me to met with Dennis Marfice and Nick Adelmeyer
concerning their work on the llowage easements on the Agua Fria. Nick
indicated that the COE will complete SPF w/ New Waddel down to the Gila by the
end of the year, but the discharge-frequencies will not. He seemed to think

that this question is one that has to be resolved at the administrative level

before doing any more work.
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DDK (9/30/88) ey
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.0.E. for Queen Creek was used for this purpose.

First, pattern #1, and #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 #l1. 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.0.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.0.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.0.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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Tible 1-3. Workcsheet for calculation of rainfall macs-cyrvse.

Fgpiesiion Bt K v 0z '/"’5/ Trrremreut / v srt erlodonr” ’
Column a Coluymn b Column «© Column Colymn b Coluymn o
00:1¢% .008 ,008 ~1Z:1¢< [ £ & 2,76% ,
00:30 .008 ol & 12:30 269 7,233 !
00: 45 004 020 12:4€ 037 3,272 7 |
01:00 207 027 ~13:00 039 3.3//- |
01:1% 008 035 1311S ,a35 2. 3EL7 |
01:30 : ' O0B Wl k] 13:30 039 7.3857
n]:45 008 05/ “13:ac 028 3, 4/3 7
02:00 oy L oS5 14:00 03/ 7 LS
0z:1% 1007 062 _r14:1% 03/ 3. 4L£75
2230 (008 270 14:320 23/ 7.50&6
2:45 .08 078 F1a:4s 2B L iz |
03:00 00 086 _15:00 032 72,569
03:1% 200 020 A5t1S 0l/ 2,580
3:30 o008 028 1€:30 0/ 6 7.5 94
03145 oc 7 o5 V15148 0/2_ _3.08
04:00 208 LH3 16200 015 3,623
04:1¢< OO0 8 22/ 16:15% 0/ 2 7. 475
04:30 004 JS2E 15:30 078 F. 5
N04:3% 0o 8 /373 1£:45% 0/2 7,62
0&:00 007 /L0 17:00 0/ & - 2,678
nNS: 15 o085 SEB 17:1% oL 7. &£37
D530 (OO B /56 17:30 L2/ 6 1,705
0c:4% 0285 L6 & 17:45 0/ 2 3.7/ 7
0::00 004 /€8 12:00 o/5 3732
0E:1S W a 283 1281 004 3,776
05230 072 IR 2:3 008 3, 7L L
045 .0l 6 2/ 2145 O L7524
07:00 ol . .222 19:00 008 3. 760
07:1% L0l .238 13:1% 007 1.746.7
T e y 2K 1430 Iéoti _ T FZE
L 2L 5 13:45% Q04 2. 775
2 DT T 20:00 00 L.Z287
277 _ T0:1% .00 3,794
3047 20:30 008 7. 503
(3207 T0:45 007 3,8/ 0
.3327 21:00 L00 3, B/
3437 Tl:l% 008 7.822
F7# 21230 .008 3,830
SA247 Z1:4% .00 R 7. 878
A5 & Z=:00 007 3. 845
L8R 22:1% .00 3847
. S/& 7230 20 B 7. B4 T
N 2 i g 008 7.9& %
CQZ/ £3:00 _ w008 3.87.3
(éﬂaz el .CZQE Zzﬁ@/
WY ok .003 7. LBL
_27&  TFAS _.008 _2.892
2l 7 24:00 -go 3. 9200

I

Column b
Column <

incremzntal precipitation
running summat ion of Column b: can b2 made dimepsdonless by dividing
earch entry by the total depth.
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APPENDIX 1-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:

Ls

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).

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

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

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 quality 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
included:

1. Assessing the adequacy of existing regional rainfall
isohyetal data.

2. Describing and characterizing the rainfall data collection networks
utilized by various jurisdictions within Maricopa County.

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

The completion of these procedures provides guidance for obtaining the needed
hydrologic data.

o, [



2. ADEQUACY OF EXISTING REGIONAL RAINFALL ISOHYETAL DATA
2.1 Existing Isohyetal Data

The rainfall isohyetal data used within Maricopa 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. '



Figure 2. Nonrecording rainfall
data collection stations used
for the 24-hour precipitation
maps.

LEGEND
«10-14 YEARS
= 15-29 YEARS
4 30-49 YEARS
*50 YEARS OR MORE

Figure 3. Recording rainfall
data collection stations used
for both the 6-hour and 24-hour
precipitation 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 recording gage for part of the
record; total record includes both recording and
nonrecording-gage record.

NR = stations having only nonrecording-gage record.

Table 1 Number of Stations used for the Arizona
NOAA Atlas maps by length and type of record



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 1Isohyetals

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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ESTIMATED RETURN PERIODS FOR SHORT-DURATION PRECIPITATION IN ARIZONA
(Inches)
Station: Phoenix WBO
RETURN PERIOD (YEARS)
1 2 5 10 25 50 100

5 min, 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 0.70 103 L2l 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 0.94 139 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 2,97 2.96 330
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.



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 15-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 1Isohyetal 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.



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.



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 Number of Gages

Record Telemetry Recording Nonrecording
Less than 2 years 14 -- 32
2-5 years 47 16 12
5-10 years -- -- --
Greater than 10 -- 1 --
years
Greater than 20 -- 4 5
years

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.



A listing of the currently operated telemetry and recording gages by location
and years of record is in Appendix A.

3.2 City of Phoenix

Phoenix operates 10 raingages within the city 1imits, 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 1listing includes all agencies collecting rainfall
data and is updated periodically.



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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pp. 879-881
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McGraw-Hill, 1975, pp. 356-161.
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Determining Flood Flow Frequency, Bulletin 17B, Washington
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Additional references on precipitation are available in bibliographies
published by the Office of the State Climatologist and the Soil Conservation
Service:

E.B.H. London, Bibliography of Precipitation and Runoff in the Arid Region of

North America, Climatological Publications Bibliography No. 5, Laboratory of
Climatology, Arizona State University, 1978, 77 pp.

Southwest Rangeland Watershed Research Center (Walnut Gulch), Bibliography,
USDA SCS Agricultural Research Service, Tucson, Arizona, 50 pp.
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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 2-5 5-10 10-20 20
1. Adobe Dam T (82)
Precip.
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. Agqua Fria 14 T
11. Buckeye FRS1 T (83)
Precip.
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

Years of Record

Bend

T/R 2-5 5-10 10-20 20

18. Dreamy Draw T (74)
Precip.

19. East Peak T/R (80)
Whitetails

20. Guadalupe 2 T (82)

21. Hassayampa T (81)
McMicken

22. Hassayampa 3 T (81)
Wilhart

23. Hassayampa 2 T (81)
0'Brien

24. Hassayampa 4 7 (81)

' Sols

25. Hassayampa 5 T (81)
Sunset

26. Hassayampa 6 T (82)
Mt. Union

27. Hassayampa 7 if
Box Precip.

28. Hassayampa 8 T
Bridge Precip.

29. IBW 4 T (81)

30. IBW 7 Precip. T

31. Jack Rabbit T (82)
Wash 2

32. Lower Gila 1 T (82)

T - Telemetry Station
R - Recording Station

(81) - Year Station Installed (if 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. McMicken 12 W (81)
Trilby 1
35. McMicken 17 T (82)
Trilby 2
36. McMicken Dam T (83)
Precip.
37. Mt. Oatman T/R (80)
38. Mt. Ord T (82)
39. New River 7 T (81)
40. New River 9 T X
41, Rittenhouse 1 T (82)
42. Rittenhouse 2 T (81)
43. RWCD 4 T
44, Skunk Creek 7 T (80)
45. Spookhill 8 T
46. Spookhill 10 T
47. Smith Peak T/R ’ (80)
48. Thompson Peak T (80)
49. Tiger Wash 2 T (81)
50. Vineyard 2 T
51. Vineyard 4 T X

T - Telemetry Station
R - Recording Station
(81) - Year Station Installed (if 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)
61. Foothills R (57)
62. Gila 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)
71. 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




V.  PRECIPITATION
NORMAL TOTAL AND MAXIMUM AND MINIMUM TOTAL BY MONTHS AND YEAR OF OCCURRENCE
4 1896-1985
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
March 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
1964 1968 1969 1970 1971 1974
1983 1985
July - 0.74 6.47 1911 0.02 1931
August 1.02 5.33 1951 trace 1973 1975
september 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 7all 19.73 1905 2.82 1956

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

1904 1938 1945 1948 1972 1973
Years in Which A1l Twelve Calendar Months had Measurable Precipitation:

1921 1925 1927 1945 1965 1979
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Precipitation

DAILY NORMALS OF PRECIPITATION

1951-1980
JANUARY FEBRUARY MARCH APRIL MAY JUNE
T0 T0 T0 T0 TO TO
NORM DATE  NORM DATE  NORM DATE  NORM DATE  NORM DATE  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 .01 2.41 .00 2.54
4 .03 0.12 .02 0.8l .03 1.42 .02 2.21 .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 2.24 .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 0.9 .03 1.57 .01 2.26 .01 2.47 .00 2.54
10 .03 0.30 .02 0.93 .03 1.60 .01 2.27 .0L 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 D2 0.37 .02 0.99 .03 1.69 .01 2.30 .01 2.51 .00 2.54
14 .02 0.39 .02 1.0l .03 1.72 .00 2.31 .01 2,52 .01 2.55
15 .02 0,40 .02 1.03 .03 1.75 .01 2.32 .01 2.53 .01 2.56
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 .0L 2.34 .00 2.54 .01 2.58
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 .0L 2.36 .00 2.54 .01 2.60
20 .02 0.51 .02 (.13 .03 1.9 .01 2.37 .00 2.54 .01 2.6l
21 .02 0.53 .02 1.15 .03 1.93 .01 2.38 .00 2.54 .01 2.62
22 .02 0.55 .02 1.17 .02 1.95 .01 2.39 .00 2.54 .01 2.63
23 .02 0.57 .02 1.19 .02 1.97 .01 2.40 .00 2.54 .01 2.64
24 .02 0.59 .02 1.21 .02 1.99 .00 2.40 .00 2.54 .01 2.65
25 .02 0.6l .02 1.23 .02 2.01 .00 2.40 .00 2.54 .01l 2.66
26 .02 0.63 .03 1.26 .02 2.03 .00 2.40 .00 2.54 .01 2.67
27 .02 0.65 .03 1.29 .02 2.05 .00 2.40 .00 2.54 .01 2.68
28 .02 0.7 .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
30 .02 0.71 .02 2.1y .00 2.40 .00 2.54 .01 2.71
31 .02 0.73 M2 2.13 .00 2.54
MONTHLY
NORMAL  0.73 0.59 0.81 0.27 0.14 0.17
3
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S——

Precipitation

JULY
T0
NORM DATE
1 01 2Z.7¢
2 01 2.73
3 .02 2.7%
4 .02 2.77
5 .02 2.79
6 .02 2.8l
7 .02 2.83
8 .02 2.85
9 .02 2.87
10 .02 2.89
11 02 2.91
12 .02 2.93
13 .02 2.95
14 .02 2.97
15 02 2.99
16 02 3.01
17 .02 3.03
18 .03 3.06
19 038 3.09
20 .03 3.12
21 .03 3.15
22 .03 3.18
23 .03 3.21
24 .03 3.24
2 43 J.d7
26 .03 3.30
27 .03 3.33
28 .03 3.36
29 .03 8.39
30 .03 3.42
31 .03 3.45
MONTHLY
NORMAL  0.74

DAILY NORMALS OF PRECIPITATION

AUGUST

TO
NORM DATE
.03 3.48
03 3.51
.03 3.54
JH03 357
.03 3.60
03 3.63
.03 3.66
.04 3.70
.04 3.74
.04 3.78
.04 3.82
.04 3.86
.04 3.90
.04 3.94
.04 3.98
.04 4.02
.03 4.05
.03 4.08
.03 4.11
.03 4.14
.03 4.17
.03 4.20
.03 4.23
.03 4.26
.03 4.29
.03 4.32
03 4.35
.03 4.38
.03 4.4l
.03 4.44
.03 4.47

1.02

SEPT

NORM
03
.03
.03
.03
.02

.02
.02
.02
02
.02

.02
02
.02
.02
.02

.02
.02
.02
.02
<02

.02
.02
.02
.02
.02

.02
.02
.02
.02
.02

1951-1980
EMBER OCTOBER
T0 TO
DATE  NORM DATE
4.50 .02 5.13
4,53 .02 5.15
4.56 .02 5.17
4.59 .02 5.19
4.61 .02 5.21
4.63 .02 5.23
4,65 .02 5.25
4.67 .02 5.27
4.69 .02 5.29
4.71 2 5.31
4,73 .02 5.33
4.75 .02 5.35
4.77 ,03 5.38
4.79 .02 5.40
4.81 .02 5.42
4.83 .02 5.44
4.85 .02 5.46
4.87 .02 5.48
4.89 .02 5.50
4.91 02 5,52
4.93 .02 5.54
4.95 .02 5.56
4,97 .02 5.58
4.99 .02 5.60
5.01 .02 5.62
5.03 .02 5.64
5.08 .02 5.66
5.07 .02 5.68
5.09 .02 5./0
S {2 hdd
.02 5.74
0.64 0.63

79

NOVEMBER

TO
NORM DATE
Q2 5.76
.02 5.78
.02 5.80
.02 5.82
.02 5.84
.02 5.86
.02 5.88
.02 5.90
01 5,891
01 5.52
01 5.95
.01 5.94
01 5,95
.01l 5.96
.02 5.98
.02 6.00
.02 6.02
.02 6.04
.02 6.06
.02 6.08
.02 6.10
L2 6.12
.02 6.14
02 B6.16
.02 6.18
.02 6.20
.02 6.22
.02 6.24
02 6.26
.02 6.28

0.54

DECEMBER
T0

NORM DATE
.02 6.30
.02 6.32
.02 6.34
.02 6.36
.02 6.38
.02 6.40
.02 6.42
.02 6.44
.02 6.46
.02 6.48
03 6,51
.03 6.54
.03 6.57
.03 6.60
.03 6.63
.03 6.66
.03 6.69
03 6.72
<03 B.75
.03 6.78
.03 6.81
.03 6.84
.03 6.87
.03 6.90
03 6.93
.03 6.96
.03 6.99
.03 7.02
03 7.06
.03 7.08
.03 . 7.11
0.83




Precipitation

e e T e e T

e e ity

S,

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

Ei 5 10 15 30 1 2 24
%ﬁ Minutes Minutes Minutes Minutes Hour Hours Hours
il January  0.35 0.44  0.56 0.67 0.75 0.76 1.76
i - 3/1926 3/1926 3/1926 3/1926  3/1926  3/1926 9-10/1905
;ﬂ February 0.30  0.41  0.43  0.44  0.50 0.67 1.69
i 6/1935 10/1963 10/1963 10/1963 12/1936 6/1935 5-6/1935
i
b March  0.26  0.41  0.43  0.46  0.61  0.77 2.04
) 471941  4/1941 471941 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 1971951 19/1951 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 2071979 2071979 20/1979 20/1979 20/1979 4-5/1930
June 0.30 0.40 0.52 0.62 0.92 1.20 1.64
1271955 2271972 2271972 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 2671952 17/1908 26/1917  2/1911 1-2/1911
August 0.90 1.14 1.17 1.23 L7 1.81 221
16/1983 16/1983 16/1983 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
October  0.68 0.72 0.72 0.86 0.93 1.03 2.27
171981 171981 1/1981 30/1928 30-31/1928 30-31/1928 18-19/19%2
November 0.36 0.38 0.40 0.54 0.67 0.75 2.40
10/1931 1071931 23/1919 1471918 1471918 27/1919  9-10/1923
23/1919 |
December 0.13 0.22 0.28 0.38 0.50 0.68 1.92
1371975 1971967 13/1975 19/1967 19/1967 19/1967  30-31/1915
Annual  0.90 1.14 1.17 1.27 1.72 2.20 4.98 |
AUG AUS AUG SEP AUG SEP JuL |
16/1983 16/1983 16/1969 16/1969 18/1966  4/1939 1-2/1911 ;
&
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Precipitation

DAY JAN
1 19
2 19
3 10
4 13
5 19
6 21
7 20
8 23
9 22

10 30

11 28

12 24

13 29

14 29

15 18

16 27

17 26

18 19

19 32

20 29

21 24

22 21

23 24

24 22

25 26

26 21

27 31

28 30

29 23

30 22

31 18

FEB

26
27
Vs
24
23

36
32
30
34
24

30
28
21
18
27

24
20
16
30
29

31
19
19
18
23

28
23
13

9

For Example:

MAR

28
34
38
33
30

12
16
20
23
32

24
27
24
22
19

14
17
22
23
23

26
24
26
23
24

28
17
23
20
12
12

APR

23
20
17
17
12

19
17
21
22
11

18
19
18
L1
18

13
16
17
9
7

19
20
10

9
Ll

13
24
19
17
10

DAILY FREQUENCY OF OCCUR

11
16
12
L1
¢

—
O~NO WU

—
WO OoOMN OO~

RENCE OF TRACE OR MORE IN PERCENT

1896-1985

JUN

3
7
10
13

b

10
7
7
8

11

7
7
1l
6
6

NNO WO

10

10
10

11
10
19
18
16

JuL

21
23
22
19
22

30
32
31
el
36

36
37
36
41
53

51
49
38
41
38

58
52
54
50
56

53
52
42
52
54
42

AUG

47
52
61
49
41

38
47
42
47
51

42
49
42
43
40

47
44
44
40
31

31
42
46
41
37

41
23
33
43
28
25

SEP 0OCT
33 26
34 24
26 18
29 20
30 17
29 16
27 14
24 10
19 13
33 8
28 18
27 117
2f 13
22 14
13 21
19 12
20 13
28 16
18 19
17 14
11 13
28 12
19 11
23 11
19 7
22 7
20 14
17 17
19 20
22 17
13

NOV

12
11
10
11
10

11
19
20
18
15

12
21
16
18
22

24
20
21
1a
LY

16
19
22
23
18

14
17
19
16
13

DEC

Y3
19
22
23
21

20
13
22
27
28

19
30
21
22

17

22
18
17
21
23

22
22
20
12
24

24
28
29
26
22
21

Precipitation has fallen on 24 percent of the Christmas
Days during the 90-year period from 1896 through 1985.
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Precipitation

DAILY FREQUENCY OF OCCURRENCE OF 0.01 INCHES OR MORE IN PERCENT

1896-1985

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC
112 18 18 13 6 1 4 2l 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 0 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
1L 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 il 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 1% 7 3 3 23 21 6 1l 13 12
16 19 16 L1 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 g 6 22 17 10 9 11 19
22 1l 13 18 17 4 6 28 23 13 8 16 17
23 18 11 14 4 0 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 0 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

For Example: Precipitation of 0.0L inches or more has fallen on 16

percent of the Christmas Days during the 90-year period

from 1896 through 1985.
&
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brecipitation

DAILY FREQUENCY OF OCCURRENCE OF 0.10 INCHES OR MORE IN PERCENT
% 1896-1985

DAY JAN FEB MAR APR MAY JUN JUuL 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 g 11 10 4 6 1 3 4 4 : 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
y 9 3 6 6 0 3 14 10 4 6 8 7
8 1l 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
2% & 6 8 9 J 3 11 9 4 3 11 10
23 4 6 9 3 0 1 9 9 6 6 LI 6
24 6 7 4 1 1 1 13 11 i 1 7 6
2h g 9 8 1 0 2 17 7 7 3 6 11
26 6 7 10 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 3 124 1 4 10 6 7
31 6 7 1 10 7 6 11
For Example: Precipitation of 0.10 inches or more has fallen on 11

percent of the Christmas Days during the 90-year period
from 1896 through 1985.
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Precipitation

1896-1985

DAILY FREQUENCY OF OCCURRENCE OF 0.25 INCHES OR MORE IN PERCENT

NOV  DEC

SEP  OCT

FEB  MAR APR MAY JUN JUL AUG

DAY JAN
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inches or more have fallen on 6

percent of the Christmas Days during the 90-year period

Precipitation of 0.25
from 1896 through 1985.

For Example:
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Precipitation

1896-1985

<
3

DAILY FREQUENCY OF OCCURRENCE OF 0.50 INCHES OR MORE IN PERCENT

NOV  DEC

SEP  OCT

FEB MAR APR MAY JUN JUL  AUG

DAY JAN
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Precipitation
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APPENDIX 1-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 Nevadal,
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 locatibn 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

studies?s3

have been performed to examine the possibility
that the NOAA Atlas does not contain "the 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 States?. 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 studies 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 "the best 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 applicable for this region.



2. RAINFALL DEPTH-DURATION-FREQUENCY

2.1 Rainfall Depth-Duration-Frequency Maps

Using the information contained in the NOAA Atlasl,
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
following :
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. 35° through 37° represents degrees of
latitude north.
d. 114° through 116° 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 Atlasl 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 from 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

1

calculated with equations found in the NOAA Atlas— and are

reproduced below:

Y, = =0.011 + 0.942 * [(X;) (X1/X5)]

Y100 = 0.494 + 0.755 * [(X3) (X3/X,) ]

where :
Y, = 2-yr l-hr estimated value (inches)
¥Yi00 = 100-yr 1-hr estimated value (inches)
X1 = 2-yr 6-hr value from Fig. 2-1 (inches)
X5 = 2-yr 24-hr value from Fig. 2-7 (inches)
X3 = 100-yr 6-hr value from Fig. 2-6 (inches)

100-yr 24-hr value from Fig. 2-12 (inches)



The one-hour duration 2- and 100-year (Y, & Y;qq)
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 Atlasl. These equations are identical for each

'X!'-year recurrence frequency and are reproduced below:

(2-hr) = 0.341(6-hr) + 0.659(1l-hr)
(3-hr) = 0.569(6-hr) + 0.431(1l-hr)
where :
2-hr = 2-hr 'X'-yr estimated value (inches)
3-hr = 3-hr 'X'-yr estimated value (inches)
1-hr = 1l-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 Atlas?t

The NOAA Atlasl 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.



TABLE 2-1

'RATIOS OF ADJUSTED PRECIPITATION-FREQUENCY

VALUES TO THOSE OF NOAA ATIAS!

Recurrence Ratio to

Frequency NOAA Atlas?t
2-year 1.000
5-year 1:161

10-year 1.241
25-year l.328v
50-year 1.387
100-year 1.430

SOURCE : Corps of Enginee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>