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Notice

This report was prepared by Applied Weather Associates, LLC (AWA). The results and
conclusions in this report are based upon best professional judgment using currently available
data. Therefore, neither AWA nor any person acting on behalfofAWA can: (a) make any
warranty, expressed or implied, regarding future use of any information or method in this report,
or (b) assume any future liability regarding use of any information or method contained in this
report.
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Executive Summary

Applied Weather Associates (AWA) has completed a site-specific Probable Maximum
Precipitation (PMP) study for White Tanks #4 located in Maricopa County, Arizona. The
purpose of the study is to determine PMP values specific to the drainage basin, taking into
account topography, climate and storm types that affect this region.

The approach used in this study is basically the same as that used in the numerous site
specific and regional studies that AWA has completed in the last ten years. This is the storm
based approach used by the National Weather Service (NWS) in the development of the recent
Hydrometeorological Reports (HMRs). The World Meteorological Organization (WMO) for
PMP determination (WMO Operational Hydrology Report No.1, 1986) recommends this same
approach. This approach identifies extreme rainfall events that have occurred in the Desert
Southwest, extending from the southeastern deserts of California through southern Arizona south
of the Mogollon Rim that have meteorological characteristics similar to extreme rainfall storms
that could occur over the White Tanks #4 drainage basin. The largest of these rainfall events are
selected for detailed analyses.

Twenty-eight extreme rainfall storm events are identified as rainfall centers having
similar characteristics to extreme rainfall events that could potentially occur over the drainage
basin. This includes twelve local convective storms, eight remnant tropical storms, and eight
general storms. Each of these storms was analyzed using the Storm Precipitation Analysis
System (SPAS), which produced Depth-Area-Duration (DAD) values, mass curves, and total
storm isohyetals among many other products. National Weather Service Next Generation
Weather Radar (NEXRAD) data are incorporated when available. Two of the remnant tropical
storms (August 1951 and September 1970) had previously been analyzed by the Bureau of
Reclamation as part of the study "Determination of an Upper Limit Design Rainstorm for the
Colorado River Basin above Hoover Dam" (Bureau of Reclamation 1990).

Standard procedures for maximization, transposition, and elevation moisture adjustments
are used. New techniques and databases are used in the study to increase accuracy and
reliability, while adhering to the basic approach used in the HMRs and in the WMO Manual.

Maximization factors are computed for each ofthe twenty-eight storms using an updated
dew point climatology representing the maximum moisture that could have been associated with
the rainfall event. This climatology includes the average 3-, 12-, and 24-hour IOO-year return
frequency values. The most appropriate duration consistent with the duration of the storm
rainfall is used. For one storm where the moisture source originated over the ocean, an updated
sea surface temperature (SST) climatology using plus 2 sigma values is used. HYSPLIT model
trajectories and SST data from the National Center for Atmospheric Research (NCAR) and
National Oceanic and Atmospheric Association (NOAA) National Environmental Satellite, Data,
& Information Service (NESDIS) are used in the storm adjustment procedures.

Each historic extreme rainfall storm was maximized, transpositioned and elevation
adjusted to the White Tanks #4 drainage basin. Depth-Area (DA) plots were made for each
duration period. For local convective storms, the durations are 1-,2-, 3-, 4-, 5-, and 6-hours. For
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The site-specific PMP values for the White Tanks #4 location are provided in the tables
below.

remnant tropical and general storms, the durations are 1-, 6-, 12-, 24-, 36-, 48-, 72-hours.
Enveloping curves were constructed. Depth-Duration (DO) plots were then made and
enveloping curves constructed. These final enveloping curves provide PMP values for the
drainage basin.
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Site-specific PMP values for local storms

10
50
100

500
200

1000
2000
5000

Site-specific PMP values for remnant tropical storms

72-Hour
I 5.2 8.5 16.1 16.1

10 5.0 7.8 14.6 14.6
50 3.9 6.2 11.6 12.2
100 3.3 5.5 10.4 11.2
200 2.7 4.8 9.5 10.5
500 2.1 4.0 8.9 9.9
1000 1.7 3.4 8.4 9.5
2000 1.3 3.0 7.9 9.1
5000 0.8 2.4 7.4 8.3
10000 0.6 1.9 6.8 7.6
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Comparison of the White Tanks #4 drainage basin site-specific PMP values at the
20-square mile area size for each storm type by duration

Stonn AWALocal AWA "'IO(JfCIif'~< tt1lWAGenetal

Duration StonnPMP 'MI#IP/IP "~-Values 20sqml V.,...,. '-Imi
1 Hour 4.5 4.5 1.0

2 Hours 6.6

3 Hours 8.1

4 Hours 9.4

5 Hours 10.2

'Hours 10.3 7.1 3.4

12 Hours 10.8 4.3

24 Hours 13.0 6.3

38 Hours 13.1 7.3

4BHours 13.2 8.3

72 Hours 13.5 10.8

11.4
11.3
9.3
8.4
7.2
6.2
5.4
4.4
3.7
2.7

72-Hour
1.0
1.0
1.0
0.9
0.8
0.8
0.8
0.6
0.5
0.4

I-Hour

Site-specific PMP values for general frontal storms

10

500

100
200

1000

5000
2000

10000
20000
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GLOSSARY

Adiabat: Curve of thermodynamic change taking place without addition or subtraction of heat.
On an adiabatic chart or pseudo-adiabatic diagram, a line showing pressure and temperature
changes undergone by air rising or condensation of its water vapor; a line, thus, of constant
potential temperature.

Adiabatic: Referring to the process described by adiabat.

Advection: The process of transfer (of an air mass property) by virtue of motion. In particular
cases, advection may be confined to either the horizontal or vertical components of the motion.
However, the term is often used to signify horizontal transfer only.

Air mass: Extensive body of air approximating horizontal homogeneity, identified as to source
region and subsequent modifications.

Barrier: A mountain range that partially blocks the flow of warm humid air from a source of
moisture to the basin under study.

Basin centroid: The point at the exact center of the drainage basin as determined through
geographical information systems calculations using the basin outline.

Basin shape: The physical outline of the basin as determined from topographic maps, field
survey, or GIS.

Cirrus shield: In this study, the area of cirrus cloud that covers a mesoscale convective
complex.

Cirrus anvil: The cirrus cloud that is advected downwind from the top of a cumulonimbus
cloud.

Cold front: Front where relatively colder air displaces warmer air.

Convective rain: Rainfall caused by the vertical motion of an ascending mass of air that is
warmer than the environment and typically forms a cumulonimbus cloud. The horizontal
dimension of such a mass of air is generally ofthe order of 12 miles or less. Convective rain is
typically of greater intensity than either ofthe other two main classes of rainfall (cyclonic and
orographic) and is often accompanied by thunder. The term is more particularly used for those
cases in which the precipitation covers a large area as a result of the agglomeration of
cumulonimbus masses.

Convergence: Horizontal shrinking and vertical stretching of a volume of air, accompanied by
net inflow horizontally and internal upward motion.
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Cooperative station: A weather observation site where an unpaid observer maintains a
climatological station for the National Weather Service.

Cyclone: A distribution of atmospheric pressure in which there is a low central pressure relative
to the surroundings. On large-scale weather charts, cyclones are characterized by a system of
closed constant pressure lines (isobars), generally approximately circular or oval in form,
enclosing a central low-pressure area. Cyclonic circulation is counterclockwise in the northern
hemisphere and clockwise in the southern. (That is, the sense of rotation about the local vertical
is the same as that ofthe earth's rotation.)

Depth-Area curve: Curve showing, for a given duration, the relation of maximum average
depth to size of area within a storm or storms.

Depth-Area-Duration: The precipitation values derived from Depth-Area and Depth-Duration
curves at each time and area size increment analyzed for a PMP evaluation.

Depth-Area-Duration Curve: A curve showing the relation between an averaged areal rainfall
depth and the area over which it occurs, for a specified time interval, during a specific rainfall
event.

Depth-Area-Duration values: The combination of depth-area and duration-depth relations.
Also called depth-duration-area.

Depth-Duration curve: Curve showing, for a given area size, the relation of maximum average
depth of precipitation to duration periods within a storm or storms.

Dew point: The temperature to which a given parcel of air must be cooled at constant pressure
and constant water vapor content for saturation to occur.

Effective Barrier Height: The height of a barrier determined from elevation analysis that
reflects the effect of the barrier on the precipitation process for a storm event. The actual barrier
height may be either higher or lower than the effective barrier height.

Envelopment: A process for selecting the largest value from any set of data. In estimating PMP,
the maximum and transposed rainfall data are plotted on graph paper, and a smooth curve is
drawn through the largest values.

Explicit Transposition: The movement of the rainfall amounts associated with a storm within
boundaries of a region throughout which a storm may be transposed with only relatively minor
modifications of the observed storm rainfall amounts. The area within the transposition limits
has similar, but not identical, climatic and topographic characteristics throughout.

First-order NWS station: A weather station that is either automated, or staffed by employees of
the National Weather Service and records observations on a continuous basis.
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Front: The interface or transition zone between two air masses of different parameters. The
parameters describing the air masses are temperature and dew point.

General storm: A storm event, that produces precipitation over areas in excess of 500
square miles, has a duration longer than 6 hours, and is associated with a major synoptic weather
feature.

Gulf Stream Current: A warm, well-defined, swift, relatively narrow, ocean current in the
western North Atlantic that originates where the Florida Current and the Antilles Current begin
to curve eastward from the continental slope of Cape Hatteras, North Carolina. East of the
Grand Banks, the Gulf Stream meets the cold Labrador Current, and the two flow eastward
separated by the cold wall.

HYSPLIT: HYbrid Single-Particle Lagrangian Integrated Trajectory. A complete system for
computing parcel trajectories to complex dispersion and deposition simulations using either puff
or particle approaches. Gridded meteorological data, on one of three conformal (Polar, Lambert,
or Mercator latitude-longitude grid) map projections, are required at regular time intervals.
Calculations may be performed sequentially or concurrently on multiple meteorological grids,
usually specified from fine to coarse resolution.

Implicit Transpositioning: The process of applying regional, areal, or durational smoothing to
eliminate discontinuities resulting from the application of explicit transposition limits for various
storms.

Isohyets: Lines of equal value of precipitation for a given time interval.

Isoheytal Pattern: The pattern formed by the isohyets of an individual storm.

Isohyetal orientation: The term used to define the orientation of precipitation patterns of major
storms when approximated by elliptical patterns of best fit. It is also the orientation (direction
from north) of the major axis through the elliptical PMP storm pattern.

Jet Stream: A strong, narrow current concentrated along a quasi-horizontal axis (with respect to
the earth's surface) in the upper troposphere or in the lower stratosphere, characterized by strong
vertical and lateral wind shears. Along this axis it features at least one velocity maximum Get
streak). Typical jet streams are thousands of kilometers long, hundreds of kilometers wide, and
several kilometers deep. Vertical wind shears are on the order of 10 to 20 mph per kilometer of
altitude and lateral winds shears are on the order of 10 mph per 100 ki lometer of horizontal
distance.

Local storm: A storm event that occurs over a small area in a short time period. Precipitation
rarely exceeds 6 hours in duration and the area covered by precipitation is less than 500 square
miles. Frequently, local storms will last only I or 2 hours and precipitation will occur over areas
of up to 200 square miles. Precipitation from local storms will be isolated from general-storm
rainfall. Often these storms are thunderstorms.
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Low Level Jetstream: A band of strong winds at an atmospheric level well below the high
troposphere as contrasted with the jet streams of the upper troposphere.

Mass curve: Curve of cumulative values of precipitation through time.

Mesoscale Convective Complex (MCC): For the purposes of this study, a heavy rain-producing
storm with horizontal scales of 10 to 1000 kilometers (6 to 625 miles) which includes significant,
heavy convective precipitation over short periods of time (hours) during some part of its lifetime.

Mesoscale Convective System (MCS): A complex of thunderstorms which becomes organized
on a scale larger than the individual thunderstorms, and normally persists for several hours or
more. MCSs may be round or linear in shape, and include systems such as tropical cyclones,
squall lines, and MCCs (among others). MCS often is used to describe a cluster of thunderstorms
that does not satisfy the size, shape, or duration criteria of an MCC.

Mid-latitude frontal system: An assemblage of fronts as they appear on a synoptic chart north
of the tropics and south of the polar latitudes. This term is used for a continuous front and its
characteristics along its entire extent, its variations of intensity, and any frontal cyclones along it.

Moisture maximization: The process of adjusting observed precipitation amounts upward based
upon the hypothesis of increased moisture inflow to the storm.

Observational day: The 24-hour time period between daily observation times for two
consecutive days at cooperative stations, e.g., 6:00PM to 6:00PM.

One-hundred year rainfall event: The point rainfall amount that has a one-percent probability
of occurrence in any year. Also referred to as the rainfall amount that on the average occurs
once in a hundred years or has a I percent chance of occurring in any single year.

Polar front: A semi-permanent, semi-continuous front that separates tropical air masses from
polar air masses.

Precipitable water: The total atmospheric water vapor contained in a vertical column of unit
cross-sectional area extending between any two specified levels in the atmosphere; commonly
expressed in terms of the height to which the liquid water would stand if the vapor were
completely condensed and collected in a vessel of the same unit cross-section. The total
precipitable water in the atmosphere at a location is that contained in a column or unit cross
section extending from the earth's surface all the way to the "top" of the atmosphere. The 30,000
foot level (approximately 300mb) is considered the top of the atmosphere in this study.

Persisting dew point: The dew point value at a station that has been equaled or exceeded
throughout a period. Commonly durations of 12 or 24 hours are used, though other durations
may be used at times.
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Probable maximum precipitation (PMP): Theoretically, the greatest depth of precipitation for
a given duration that is physically possible over a given size storm area at a particular geographic
location at a certain time of the year.

Pseudo-adiabat: Line on thermodynamic diagram showing the pressure and temperature
changes undergone by saturated air rising in the atmosphere, without ice-crystal formation and
without exchange of heat with its environment, other than that involved in removal of any liquid
water formed by condensation.

Pseudo-adiabatic: Referring to the process described by the pseudo-adiabat.

Rainshadow: The region, on the lee side of a mountain or mountain range, where the
precipitation is noticeably less than on the windward side.

PMP storm pattern: The isohyetal pattern that encloses the PMP area, plus the isohyets of
residual precipitation outside the PMP portion of the pattern.

Saturation: Upper limit of water-vapor content in a given space; solely a function of
temperature.

Spatial distribution: The geographic distribution of precipitation over a drainage according to
an idealized storm pattern of the PMP for the storm area.

Storm transposition: The hypothetical transfer, or relocation of storms, from the location where
they occurred to other areas where they could occur. The transfer and the mathematical
adjustment of storm rainfall amounts from the storm site to another location is termed "explicit
transposition." The areal, durational, and regional smoothing done to obtain comprehensive
individual drainage estimates and generalized PMP studies is termed "implicit transposition"
(WMO, 1986).

Synoptic: Showing the distribution of meteorological elements over an area at a given time, e.g.,
a synoptic chart. Use in this report also means a weather system that is large enough to be a
major feature on large-scale maps (e.g., of the continental U.S.).

Temperature Inversion: An increase in temperature with an increase in height.

Temporal distribution: The time order in which incremental PMP amounts are arranged within
a PMP storm.

Tropical Storm: A cyclone oftropical origin that derives its energy from the ocean surface.

Total storm area and total storm duration: The largest area size and longest duration for
which depth-area-duration data are available in the records of a major storm rainfall.
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Transposition limits: The outer boundaries of the region surrounding an actual storm location
that has similar, but not identical, climatic and topographic characteristics throughout. The storm
can be transpositioned within the transposition limits with only relatively minor modifications to
the observed storm rainfall amounts.

Undercutting: The process of placing an envelopment curve somewhat lower than the highest
rainfall amounts on depth-area and depth-duration plots.

Warm front: Front where relatively warmer air replaces colder air.

Warm sector: Sector of warm air bounded on two sides by the cold and warm fronts extending
from a center of low pressure.
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1. Introduction

This study defines the site-specific probable maximum precipitation (PMP) for use in the
computation ofthe probable maximum flood (PMF) for the White Tanks #4 drainage basin in
Maricopa County, Arizona.

1.1 Background

Definitions of probable maximum precipitation (PMP) are found in most of the
Hydrometeorological Reports (HMRs) issued by the National Weather Service (NWS). The
definition used in the most recently published HMR is "theoretically, the greatest depth of
precipitation for a given duration that is physically possible over a given storm area at a
particular geographical location at a certain time of the year." (HMR 59, p. 5). Since the mid
1940s or earlier, several government agencies have been developing methods to calculate PMP
in various regions of the United States. The National Weather Service (formerly the U.S.
Weather Bureau) and the Bureau of Reclamation have been the primary agencies involved in this
activity. PMP estimates derived in accord with their reports are used to calculate the PMF,
which, in turn, is often used for the design of significant hydraulic structures.

The generalized PMP studies currently in use in the conterminous United States include
HMR 49 (1977) for the Colorado River and Great Basin drainage; HMRs 51 (1978), 52 (1982)
and 53 (1980) for the U.S. east of the 105th meridian; HMR 55A (1988) for the area between the
Continental Divide and the 103rd meridian; HMR 57 (1994) for the Columbia River Drainage;
and HMR 58 (1998) and 59 (1999) for California. The White Tanks #4 drainage basin is located
in the HMR 49 domain.

In addition to these HMRs, numerous Technical Papers and Reports deal with specific
subjects concerning precipitation (NOAA Tech. Report NWS 25, 1980 and NOAA Tech.
Memorandum NWS HYDRO 45, 1995). Topics include maximum observed rainfall amounts;
return periods for various rainfall amounts, and specific storm studies. Climatological Atlases
(Technical Paper No. 40, 1961 and NOAA Atlas 2, 1973, NOAA Atlas 14, 2004) are available
for use in determining precipitation return periods. A number of specialized and regional studies
(Harriman Dam Study, 1987; Tomlinson, 1993; Tomlinson et ai, 2002; Tomlinson et al 2003,
and Tomlinson et ai, 2008) augment generalized PMP reports for specific regions included in the
large area addressed by HMRs 49 and 51. AWA has also recently completed several site
specific PMP projects within the domain covered by HMR 49. These have shown series errors
and outdated procedures used in the development of HMR 49 and its subsequent PMP values.
The PMP results from this project gives values that ranged replace values derived from HMR 49
or any other previous PM P studies.
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Figure 1.1 Domain covered by HMR 59 (Hansen et ai, 1977)
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As Figure 1.1 displays, HMR 49 covers a large area of the Intermountain West
and Desert Southwest, including the entire state of Arizona, where climate and terrain
vary greatly. Because of the distinctive climate regions and significant topography, it is
difficult for PMP values to accurately account for the complexity of the meteorology and
terrain throughout the state. HMR 49 is the oldest ofthe current HMR series. Several
major issues have been identified with HMR 49. Among these is the lack of analyzed
storm events, the age of the document, and the procedures used to derive and calculate
PMP.

Previous site-specific and region PMP projects completed by AWA provide good
examples of PMP studies that explicitly consider the topography ofthe basins and
characteristics of historic extreme storms over climatically similar regions surrounding
the basins. These site-specific PMP studies have received extensive review and the
results have been used in computing the PMF for the watersheds. This study follows the
same procedure used in these studies to determine site-specific PMP values for the White
Tanks #4 drainage basin.

1.2 Objective

The objective of this study was to perform a site-specific study to determine
reliable estimates of PMP values for the White Tanks #4 in Maricopa County, Arizona,
west of Phoenix. The most reliable methods and data currently available have been used
and are updates to the methods used in HMR 49.

1.3 Approach

The approach used in this study follows the same procedures that were used in the
development of the HMRs 51, 57, and 59, with updated procedures implemented where
appropriate and more recent updates AWA has performed during several PMP projects
recently completed. These procedures were applied considering the site-specific
characteristics of the White Tanks #4 drainage basin. The weather and climate of the
region are discussed in Section 2. The effects of barrier to inflow moisture are detailed in
Section 3. The initial step of identifying extreme storms is discussed in Section 5.
Procedures used to analyze storms are discussed in Section 4 and 6. Adjustments for
storm maximization, storm transpositioning, and elevation moisture depletion are
presented in Sections 3, 4, 7, and 8. The final procedure of developing PMP values from
the adjusted rainfall amounts is provided in Section 9. Results are presented in Section
10. Discussions on sensitivities are provided in Section 11 and the recommendations for
application are provided in Section 12.

A goal ofthis study was to maintain as much consistency as possible with the
general methods used in recent HMRs, the WMO manual for PMP, and the previous
PMP studies completed by AWA. Deviations were incorporated when justified by
developments in meteorological analyses and available data. The basic approach
identifies major storms that occurred within the Desert Southwest region south of the first
major ups lopes of the Mogollon Rim through northern Mexico and from the southeastern
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deserts of southern California through southwestern New Mexico. Each of the main
storm types which produce extreme rainfalls were investigated. This includes local
convective storms, remnant tropical storms, and general frontal storms. The moisture
content of each ofthese storms is maximized to provide worst case rainfall estimation for
each storm at the location where it occurred. The storms are then transpositioned to
White Tanks #4 drainage basin to the extent supportable by similarity of topographic and
meteorological conditions.

Advanced computer-based technologies, Weather Service Radar WSR-88D NEXt
generation RADar (NEXRAD), and HYSPLIT model trajectories were used for storm
analyses along with new meteorological data sources. New technology and data were
incorporated into the study when they provided improved reliability, while maintaining as
much consistency as possible with previous studies. This includes an updated dew point
climatology where average dew points for durations consistent with the actual storm
duration were developed. The dew point climatologies were 3-hour, 12-hour, and 24
hour 100-year return frequency average dew points and varies from the HMR 49 12-hour
persisting local and general dew point climatologies. This approach provides the most
complete scientific application compatible with the engineering requirements of
consistency and reliability for credible PMP estimates.

For some applications, this study applied standard methods (e.g. WMO
Operational Hydrology Report No.1, 1986), while for other applications, new techniques
were developed. Moisture analyses have historically used monthly maximum observed
12-hour persisting dew points (for Arizona as published in HMR 50 (1980). For this
project a new dew point climatology was developed to better represent the storm types
and durations that affect the region. This includes local convective, remnant tropical, and
general frontal storms. Dew point climatologies representing the 3-hour, 12-hour, and
24-hour average return frequency values at 100-year intervals were derived and replace
the 12-hour persisting values used in HMR 50. This data set better replicated the
physical processes that are trying to be evaluated by associated moisture with each storm
that is representative of the environment that actually led to the rainfall and could
produce extreme rainfall events. Further, this data set used the most up to date period of
record, increasing the previous work with over 20 years of data.

In a few cases (remnant tropical and general frontal) the moisture inflow vector
source originated over the Gulf of California and/or the Eastern Pacific Ocean. In these
cases, sea surface temperatures (SSTs) were used as a surrogate for surface dew point
data. To accomplish this, a sea surface temperature (SST) procedure was used which
follows the same procedure used in HMR 57 and HMR 59. However, an updated SST
climatology was developed, replacing the Marine Climate Atlas of the World (U.S. Navy,
1981) used in HMR 59. This updated climatology dataset included monthly mean and 2
sigma maps for the eastern Pacific Ocean from the coastline of the United States and
Mexico to 180W and from 15N to 55N (NOAA, Kent et a12007, Reynolds et a12007,
and Worley et al 2005). In conjunction with the climatology maps, daily SST maps
based on ship and buoy reports, as well as satellite data (after 1979), were produced and
used in deriving the storm representative SST values for each short list storm event.
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Finally, ESRI ArcView Geographic Information System (GIS) software was used
extensively in the study to evaluate topography, delineate the characteristics of the White
Tanks #4 drainage basin, evaluate upwind moisture barriers, and identify unique
characteristics and terrain features ofthe region. The Storm Precipitation Analysis
System (SPAS) used gridded storm analysis techniques to provide both spatial and
temporal analyses for recent extreme storm events (see Appendix G for a complete
description of SPAS).

1.4 Basin Location and Description

The drainage basin for White Tanks #4 is located in Maricopa County, AZ
approximately 25 miles west of Phoenix. The center of the basin is 33.50° north latitude
and 112.52° west longitude. The area of the drainage basin is approximately 19.7 square
miles. The average elevation within the basin is 1577 feet and varies from 1028 feet at
the eastern foot to 3655 feet along the crest of the White Tank Mountains, although other
point just outside of the watershed are slightly higher. Figure 1.2 shows the basin
location and surrounding topography. Figure 1.3 shows the topography within the basin.

5
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Figure 1.2 White Tanks #4 drainage basin regional location and topography
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Figure 1.3 White Tanks #4 drainage basin
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2. Weather and Climate of the White Tanks Region

2.1 General Climate of the White Tanks Drainage Basin

Exposure to Gulf of California moisture surges, Eastern Pacific tropical systems, and mid
latitude winter storms interacting with the transition zone from the southern deserts to the
Mogollon Rim create a unique and varying weather pattern across the region. There is a distinct bi
model precipitation regime for White Tanks, where general frontal winter storms bring rainfall
from November through early March. These large scale storms bring rain and snow to much of
Arizona over periods of several days. Once the jet stream begins to lift further north during the
spring, almost no precipitation occurs from April through late June. Then the North American
Monsoon System (NAM) sets up (for description ofthe NAM see Grantz et al. 2007, Higgins et al.
2003, Higgins et al. 1999, Adams and Comrie 1997, Higgins et al. 1997, Douglas 1995, Douglas
1993, Smith 1989, Carlton 1987, Carlton 1986, Hales 1972).

The weather patterns in the region are characterized by desert conditions. For the year as a
whole, evaporation far exceeds rainfall leading to an ever-present surface water deficit. High
pressure, clear skies, and low humilities are prevalent for the majority of the year, with the
exception during the Monsoon and with the passage of a winter frontal system. This climate is
most directly influenced by the basin's southerly latitude and inland location.

The region is directly influenced by the NAM, which transports high amounts of moisture
into the otherwise arid region. This pattern shift usually takes place in late June or early July and is
signaled by a steady increase in dew point temperatures and thunderstorm activity. The pattern
normally lasts through September, sometimes extending into October. This coincides with the
most likely time to experience extreme rainfall that would cause a PMP type event in and around
the White Tanks #4 drainage basin.

On rare occasions this monsoon pattern can be enhanced by the passage of a decaying
tropical system that moves out of the Eastern Pacific and north over the Gulf of California. This
type of storm is responsible for the most extreme rainfalls on the synoptic scales (24 hours or
longer covering large regions of 500 square miles or more). Some of the most notable ofthese
events occurred in 1906, 1911, 1925, 1939, 1951, 1970, and 1997. All produced extreme rainfalls
throughout the Southwest.

2.2 North American Monsoon Climatology

In June the 500 mb subtropical ridge (at approximately 18,000 feet above sea level) is
located over northwest Mexico (Figure 2.1). As a result, the flow across Arizona is usually from the
southwest. The hot and dry weather conditions experienced across Arizona during the month of
June are a direct result of the position of the 500 mb subtropical ridge and dry southwest flow.

8



June lVlean Flow at 18,000 Feet

Figure 2.1 June Mean Flow at 500mb (18,000 feet) over the Southwest

By July the 500 mb subtropical ridge normally shifts northward with the center of
circulation located over west Texas and New Mexico (Figure 2.2). As a result easterly flow
develops over northwest Mexico in the mid-levels, while hot temperatures over the continent result
in a general onshore (southerly) flow in the low-levels. The shift in the 500 mb subtropical ridge is
followed by a dramatic increase in thunderstorm activity over northwest Mexico. Arizona lies on
the northern fringes of this area of enhanced thunderstorm activity. It is during this time that
Arizona experiences periodic increases in moisture originating from the Gulf of California (Gulf
Surges) and the eastern tropical Pacific that often produce thunderstorms (Douglas 1993, Carlton
1986, Hales, 1972).

9
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July lYIean Flo,v at 18,000 Feet

Figure 2.2 July Mean Flow at 500mb (18,000 feet) over the Southwest

Figure 2.3 shows the generalized surface synoptic conditions that are found during
the NAM season. Notice the positioning of the areas of high and low pressure and the attendant
circulations around these features. This leads to an average wind inflow from the south/southwest,
up the Gulf of California and into Arizona thereby supplying the low level moisture necessary to
fuel the intense thunderstorms activity during the NAM season.
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Figure 2.3 Generalized surface synoptic patterns associated with the NAM season

2.3 Representative Climate Stations

The most representative official weather station near the basin is Phoenix, AZ. There are
several other stations near the drainage basin as well, all of which show the same general
precipitation patterns. Figures 2.4 through 2.6 display the annual precipitation in the immediate
vicinity ofthe basin I. Notice the bi-model precipitation pattern at all three stations with a
maximum from late June through September and a secondary maximum from December through
March. The monthly maximum of precipitation occurs in August as the convective potential in the
atmosphere coincides with high levels of moisture associated with the influx oftropical moisture
from the GulfofCalifornia during the height of the NAM season. The most common type of heavy
rain producing events occur as thunderstorms develop over the elevated terrain near the basin

I http://www.wrcc.dri.edu/summary/Climsmaz.html
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during the afternoon, then migrate over the area during the evening and overnight hours (see
Section 3 for more details on storm types).

Figure 2.4 Average monthly precipitation at Phoenix, AZ 1948-2007 (Western Regional
Climate Center)
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Figure 2.6 Average monthly precipitation at Buckeye, AZ 1893-2003 (Western
Regional Climate Center)
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2.4 White Tanks #4 Drainage Basin PMP Storm Type

2.4.1 Local Convective Storms

I
I

Thunderstorms are an almost daily occurrence once the NAM season sets in,
usually starting in late June or early July (see Section 2.2). Often, the first indicator that
severe convective weather will soon develop is the presence of a "Gulf Surge" oflow
level moisture which often precedes storm development by several hours (Green 2003).
Most of the storms have a life cycle of less than three hours and produce more wind than
rain in and around the drainage basin. Storm initiation generally occurs over the elevated
terrain surrounding the basin. Storms then move west and south reaching the lower
deserts by early evening. Additionally, drainage winds and outflow boundaries
associates with terrain and thunderstorm activity converge with hot, moist, and unstable
air to initiate thunderstorms over the lower elevations (Wallace 1999). In environments
where atmospheric moisture levels that are exceptionally high combine with added lift
from a short wave trough moving through the region, storms can last longer and produce
large amounts ofrain (1-2 inches per hour) over the region.

2.4.1.1 Mesoscale Convective Systems

I
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Mesoscale Convective Systems (MCS) are capable of producing extreme amounts
of precipitation at short durations and over small area sizes. Although the storm types are
not common in the region, they can and do occur. The terrain in the region plays an
important role in thunderstorm initiation and propagation during an event (McCollum
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1995). Generally, MCSs in Arizona occur with much less frequency and are of shorter
duration, producing less rainfall than their Midwestern counterparts.

The current name of MCS was applied in the late 1970's to these type of "flood
producing", strong thunderstorm complexes (Maddox 1980). For Arizona, the term MCS
refers to any precipitation system with a spatial scale of 10-350 miles that include deep
convection during part of its life-cycle (Zipser 1982). Mesoscale systems are so named
because they are small in areal extent (lOs to 1OOs of square miles), whereas synoptic
storm events are 1OOs to 1000s of square miles. The MCSs also exhibit a distinctive
signature on satellite imagery where they show rapidly growing cirrus shields with very
high cloud tops. Further, MCS usually take on a nearly circular pattern with constantly
regenerating thunderstorms fed by moist low-level jet inflow.

Climatologically, MCSs primarily form during the NAM months from late June
through September, becoming most common around the drainage basin from mid-July
through mid-August.

2.4.2 Remnant Tropical Storms

On rare occasions decaying tropical storms have directly affected the region
around White Tanks #4 drainage basin. By the time this type of storm moves this far
inland away from its energy source (the Gulf of California and the eastern tropical
Pacific), it has lost many of its tropical characteristics, but the heavy rainfall associated
with the storm is often present (see section 2.0 in HMR 50). Remnant moisture from
these decaying tropical systems has produced some of the largest rainfalls of record
throughout Arizona. A classic example of this storm type is Norma which brought
torrential rains across much of the Four Corners region from September 4-7, 1970. This
storm event produced 11.40 inches of rainfall in 24-hours at Workman Creek, AZ which
nearly doubled the previous state 24-hour rainfall record (Hansen 1981). A more recent
example was the remnants of Nora, which produced the new 24-hour state record rainfall
for Arizona on September 1, 1997 at Harquahala Mountain just to the west/northwest of
White Tanks #4. This storm was analyzed in conjunction with the project using the
SPAS program. Details of this storm analysis are given in Appendix F.

2.4.3 General Frontal Systems

The polar front and jet stream, which separate cool, dry Canadian air to the north
from warm, moist air to the south, sometimes produces wet weather in the region. The
frontal systems contribute large amounts of energy and storm dynamics to storms that
move through the region. These features are strongest and most active over the region
from late fall through early spring.

This type of storm environment (general frontal) will usually not produce high
rainfall rates over short durations, but instead can lead to flooding situations as heavy to
moderate rain continues to fall over the same regions for an extended period of time. The
series of storm systems that led to record flooding on several rivers throughout the region
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during January and February of 1993 are an excellent example of this type of storm
environment (House 1997). However, the local convective and remnant tropical storms
are more significant for determining PMP values for the White Tanks #4 drainage basin.

2.5 Seasonality of Extreme Storm Events

Once the monsoon pattern sets up, rainfall can be a daily occurrence through the
end of summer. In July and August alone, up to one third ofthe annual precipitation over
and around the White Tanks #4 drainage basin accumulates. Figures 2.7a, 2.7b, and 2.7c
show the seasonality associated with the extreme rainfall events identified in this study.
The long list of storms included all significant rainfall events that could possibly affect
the development of PMP values for the White Tanks #4 location.

Note the bimodal seasonality of the storm occurrences, with almost all of the
NAM local convective storms occurring in July, August, and September and almost all of
the general frontal storms occurring from December through March.
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3. Topographic Effects

The terrain within the White Tanks drainage basin varies in elevation from 1028
feet to 3,655 feet. When a basin has intervening elevated terrain features that deplete
some of the atmospheric moisture available to storms before reaching the basin, these
must be taken into account during the storm maximization process. However, because
the White Tanks drainage basin has no significant intervening terrain barriers between it
and its moisture source to the south, no barrier analysis was necessary for the basin.

Instead the basin itself acts as a focusing mechanism for rainfall and the
topography ofthe basin helps to define the isohyetal storm patterns that occur. However,
current understanding of storm dynamics shows that underlying terrain only has a
substantial effect on storms on larger scales (i.e. remnant tropical and general frontal
storms). For example, local convective storms do not last long enough or cover a large
enough area size to be influenced significantly by the underlying terrain (see Section 9.7
HMR 59 for further discussion). Therefore, in the analysis and storm maximization
process described later in this report, no elevation consideration were used in analyzing
local convective events, while standard elevation adjustments were used for remnant
tropical and general frontal storms. One exception was made to the use of elevation for
the storm analysis, which followed the unique characteristics of the White Tanks basin.
This was to use the highest elevation within the basin for the basin elevation instead of
the average basin elevation. This was done to best replicate how the topography of the
With Tanks #4 drainage basin actually interacts with remnant tropical and general storm
events that affect the region.

3.1 GIS Preparation of Terrain Data for Analysis

To perform the complete terrain analyses for White Tanks #4, digital terrain data
were collected. These data are referred to as digital elevation model (OEM) data. The
OEM grids used in this study for general mapping purposes are based on a 30-meter pixel
size with a 10-meter pixel size used for the basin. The terrain data are available from the
United States Geologic Survey (USGS) and were downloaded from the USGS EROS
website. The Mosaic to New Raster model was run from ESRI ArcCatalog to build one
seamless elevation raster. The hillshade tool was run on the OEMs to give depth
appearance and aid with delineation of ridgelines. The 30-meter resolution terrain data
provided a good representation of the elevations of the mountain ranges surrounding the
basin and within the state ofArizona. These terrain data provide an appropriate
representation ofthe elevation of the mountain barriers that could potentially influence
moisture transport into the basin.

All data is in North_America_GCS_1983 coordinate system. This choice was
made to facilitate the project by requiring the fewest projection conversions which have
potential to alter the accuracy of the data. The Xtools Plus third party extension was
used to convert distances from decimal degrees to miles when necessary.
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3.2 Barrier Moisture Depletion

Terrain features have significant effects on the broad scale flow of atmospheric
moisture as it encounters and flows around and over mountain barriers. This study
follows the same approach, but not exactly the same procedure, used in recent
Hydrometeorological Reports 57 and 59 (Hansen, 1994; Corrigan, 1999) for evaluating
barrier heights in orographic regions. In this study, mean barrier elevations are
determined using GIS and then adjusted to provide effective barrier heights. The
principal use ofthese effective barrier heights is to make adjustments to atmospheric
moisture and storm precipitation. These adjustments are necessary since the air mass
feeding the storm loses atmospheric moisture as it traverses over the barriers. The result
is an increase in precipitation on the windward side of the barriers and decreased rainfall
downwind of the barriers. The region of decreased rainfall downwind of barriers is often
referred to as a rainshadow region (see Glossary).

As a storm moves across elevated terrain, the atmospheric moisture in the portion
of the storm below the terrain elevation is assumed to precipitate out on the windward
side of the barrier. As a result, that moisture is not available for rainfall production over
locations downwind of the barrier. This does not mean that no rain falls over the
rainshadow region, but the amount of rainfall is decreased and in some cases
significantly.

The barrier analysis was limited to only those moisture inflow directions
associated with PMP-type storm events for the basin. In this study, west through south
directions were evaluated. However, since the White Tanks #4 has no barriers to the
west through the south that would act to remove moisture from storms affecting the basin
no further barriers analysis was completed.
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4. HYSPLIT, Average Dew Point Climatology, and Sea Surface
Temperatures

This study incorporates updated procedures and data analysis methods used in
other PMP studies completed by AWA but not in the development of the HMRs. For
previously completed AWA PMP studies, no significant deviations from the approaches
and data were applied. However, there were some modest improvements made over
earlier studies through the addition of new data sets and new techniques described below.

4.1 New Data Sets

Several new data sets not used in the development of HMRs 49 and 50 were
identified. These data were used for storm maximization and transpositioning in this
study. The identification and use of these data sets provide a significant improvement in
storm adjustments, especially relating to the determination of each stonn's moisture
source and derivation of appropriate maximization factors.

4.1.1 HYSPLIT Trajectory Model

The HYSPLIT trajectory model (Draxler 2003) was used to evaluate moisture
inflow vectors for all of the short list storms that occurred after 1947. Use of a trajectory
model provides increased confidence for detennining inflow vectors and storm
representative dew points/SSTs. The HYSPLIT model trajectories have been used to
analyze the moisture inflow vectors in other PMP studies such as the Magma FRS, the
Blenheim Gilboa and the statewide Nebraska studies. During these analyses, the model
trajectory results were verified and the utility explicitly evaluated (Tomlinson et al 2007,
Tomlinson et al 2008).

HYSPLIT was used during the analysis of each of the rainfall events analyzed
using SPAS and used for determination of PMP for the basin. Instead of subjectively
determining the moisture inflow trajectory, the trajectory software was used to determine
the trajectory ofthe moisture inflow, both location and altitude, for various levels in the
atmosphere associated with the storm's rainfall production. The HYSPLIT software was
run for trajectories at several levels of the lower atmosphere to capture the moisture
source for each storm event. These included 700mb (approximately 10,000 feet altitude),
850mb (approximately 5,000 feet), and storm center location surface elevation. For the
majority of the analyses, the surface and 850mb levels were determined to be most
appropriate for use in evaluation of the upwind moisture source location. It is important
to note that the resulting HYSPLIT model trajectories are only used as a general guide of
where to evaluate the moisture source for storms. The final determination of the stonn
representative dew point/SST and it location is detennined following the standard
procedures used by AWAin previous PMP studies and as outlined in the HMRs and
WMO manuals. Appendix F of this report (separate binding) lists each of the HYSPLIT
trajectories analyzed as part of this study for each storm. As an example, Figures 4.1-4.3
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Figure 4.1 Surface HYSPLIT trajectory model results

show the HYSPLIT trajectory model results used to analyze the inflow vector from the
remnant tropical event of Nora September, 1997.
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Figure 4.3 700mb HYSPLIT trajectory model results

An evaluation of the use of inflow vectors for determining the moisture source for
local storms was completed. It is stated in HMRs 57 and 59 that inflow vectors are not
representative of local storm environments and instead the closest dew point data from
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any direction should be used. This assumption has validity for typical isolated convective
storms. However, Arizona local storms, especially extreme rainfall producing events, are
atypical from those described in HMRs 57 and 59 in that they are fed by the Gulf Surge
events which are akin to the low-level jets that feed Midwestern United States
thunderstorm complexes. Because of this, it is appropriate to define an inflow vector for
local storms to capture and quantify the source of the low level moisture feeding an
extreme rainfall event and more accurately determine the storm representative dew point
value associated with the rainfall event.

4.1.2 Average Dew Point Climatology Methodology

An updated dew point climatology was derived and used in the storm
maximization process as part of the statewide PMP study for Arizona. Initially, a search
of the National Climatic Data Center (NCDq hourly stations that record hourly dew
point temperature data within a defined search domain surrounding Arizona was
completed (Figure 4.4).
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Figure 4.4 Hourly dew point station locations used for this analysis I
Once these stations were identified, AWA searched for and extracted the archived

NCDC hourly datasets for the maximum average 3-hr, 12-hr, and 24-hr dew point
temperatures for each reporting station within the define search box (see Figure 4.4). A
total of ninety-two hourly stations were within the search domain (Table 4.0). Initial
quality control limited stations to 30-years or greater period-of-record; five stations with
less than 30-years were included to help fill in spatial gaps. After this initial QC, thirty-
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eight hourly stations were used for the dew point temperature analysis. A program was
written and used for quality control (QC) to extract each station's monthly maximum dew
point temperatures for each year, known as the annual maximum series (AMS). The
AMS for each month, at each station, served as input to an R-statistical script that
calculated L-moment statistics. Using the generalized-extreme-value (GEV) distribution,
the 20-yr, 50-yr, and 1OO-yr dew point temperature values were calculated for each
month for each station. The 20-year, 50-year, and lOa-year dew point values were
extracted for each station. The extracted dew point data were adjusted to represent the
15th of each month and adjusted to represent 1,000 mb dew point values.
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ID Name State Latitude Longitude Elevation POR

4BL BLANDING UT 37.6167 -109.4670 6132 31
4HV HANKSVILLE UT 38.3667 -110.7170 4311 31
ABQ ALBUQUERQUE NM 35.0844 -106.6501 5314 60
BCE BRYCE CANYON UT 37.7022 -112.1540 7584 60
BLH BLYTHE CA 33.6186 -114.7140 390 31
CDC CEDAR CITY UT 37.7000 -113.1000 5618 60
CEZ CORTEZ CO 37.3000 -108.6330 5916 31
CGZ CASAGRANDE AZ 32.9000 -1117000 1462 16
DMN DEMING NM 32.2597 -107.7200 4300 31
DUG DOUqLAS AZ 31.4667 ~199.6000 4097 31

EED NEEDLES CA 34.7667 -114.6170 887 31
FHU FT HUACHUCA AZ 31.5833 -110.3330 4685 31
FLG FLAGSTAFF AZ 35.1333 -111.6670 7018 58

FMN FARMINGTON NM 36.7500 -108.2330 5502 59
GBN GILA BEND AZ 32.9333 -112.7000 866 31
GCN GRAND CANYON AZ 35.9500 -112.1500 6972 31

GNT GRANTS NM 35.1667 -107.9000 6519 31
GUP GALLUP NM 35.5083 -108.7930 6464 35
IGM KINGMAN AZ 35.2667 -113.9500 3389 31
INW WINSLOW AZ 35.0167 -110.7330 4883 31
IPL IMPERIAL CA 32.8344 -115.5750 -58 31
LAS LAS VEGAS NV 36.0833 -115.1670 2180 60
MLF MILFORD UT 38.4333 -113.0170 5033 60
NXP 29 PALMS CA 34.2962 -116.1620 2051 21
OE4 PAYSON AZ 34.2333 -111.3330 4915 22

OMA3 TOMBSTONE AZ 31.7053 -110.058 4610 31
P38 CALIENTE NV 37.6167 -114.5170 4380 25

PGA PAGE AZ 36.9333 -111.4500 4278 31
PHX PHOENIX AZ 33.4333 -112.0170 1107 60

,PJA3 SUPERIOR AZ. 33.3008 -111.097 2860 31
PRC PRESCOn AZ 34.6500 -112.4330 5053 60

SAD SAFFORD AZ 32.8500 -109.6330 3176 31
SOW SHOW LOW AZ 34.2667 -110.0000 6411 31
SVC SILVER CITY NM 32.6333 -108.1670 5443 31

TCS TRTH ORCON NM 33.2333 -107.2670 4858 58
TRM THERMAL CA 33.6319 -116.1640 -112 31

TUS TUCSON AZ 32.1167 -110.9330 2555 62

YUM YUMA AZ 32.6566 -114.6060 216 29

Table 4.0 Stations used to derive the dew point climatology for Arizona
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4.1.2.1 15th of the Month Adjustment Procedures

The station data were corrected to the IS th of each month using a linear
relationship between the previous month, current month, and the next month. Steps are
listed below:

1) Calculated the difference in days between the observed average date and the
IS th.

2) Depending whether the difference in step 1 is positive or negative (direction
of adjustment) calculate the ratio/difference between the non-adjusted dew
point temperature (for the months of interest) and the number of days between
the dates.

3) Applied the ratio calculated in step 2 to the difference calculated in step 1.
4) Checked the adjusted dew point value with the previous and next month

values, and the other two durations
S) Calculated the difference between the original dew point value and the

adjusted dew point value.
6) Created station plots of the duration and frequency for additional QC measure.
7) Created a list of the adjusted dew point values for each station in a GIS format

The IS th adjustment were performed using a series of Excel macros.

4.1.2.2 1000mb Adjustment Procedures

A moist lapse rate (2.7°F/IOOO ft) was used to adjust the dew point temperature
(lSth), at the stations elevation, to 1,000 mb which was assumed to be an elevation of
zero. A linear relationship between elevation and lapse rate was created and applied to
each station. The June 3-hr dew point data for Phoenix, AZ are shown in Table 4.1
below, the table shows the original station data, the data adjusted to the IS th, and the data
adjusted to 1,000 mb.

Table 4.1 Original dew point data, adjusted dew point data (to the IS th), and the
1000mb dew point data for 20-yr, SO-yr, and 100-yr frequencies at Phoenix, AZ

20-year 50-year 100-year
Station Data 69.90 71.38 72.16

15 th Data 68.81 70.27 71.03
1000 mb Data 71.80 73.26 74.02

4.1.2.3 Spatial Interpolation of Data

Maximum and minimum monthly dew point temperature PRISM grids were
downloaded for the continental United States for the time period of 1971-2000. PRISM

grids were used to calculate the mean monthly dew point temperature tdlll for this time
period:
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n

LX;
tdlll=~

n

where m is the month of interest, n is the number months and x; are the monthly dew

temperature values. The PRISM data were converted from degrees Celsius to degrees
Fahrenheit. The mean monthly PRISM dew point data were extracted for each of the
thirty-eight dew point stations.

The PRISM dew point grids did not cover the entire Arizona domain. In order to
address spatial dew point estimates in Mexico, pseudo monthly dew point grids were
created based on dew point elevation relationships. These new dew point grids covered
the entire domain except for the southwest corner (see Figure4.5a and b). The terrain and
pseudo basemap calculations in the southwest domain were not representative and were
not included in the analysis. The steps for derivation ofthe monthly pseudo basemaps
are listed below:

I) Calculated monthly ratio between dew point and elevation, created monthly ratio
grids.

2) Grew the monthly ratio grids until entire domain was covered.
3) Estimated monthly dew point grid, multiple grown ratio grid by the elevation.
4) Created a mask (based on PRISM dew point grids).
5) Patched the estimated monthly dew point grids with the PRISM dew point grids.

Estimated dew point is only used were PRISM data not available.
6) Smoothed the final dew point grids. These are the grids used for spatial

interpolation methods.

Figure 4.5 Mean June dew point (OF). a) June mean PRISM dew point b) June
estimated mean pseudo dew point.
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Linear relationships between PRISM data (described above) and the station dew
point temperature data (1,000 mb) for each duration (3, 12, and 24 hour) and frequency
(20, 50, and 100 year) were calculated, where y equals the stations dew point temperature
(OF) value, and x equals the stations mean monthly PRISM dew point temperature (OF)
value. An example ofthe linear relationships between mean monthly PRISM dew point
data and the 100-year 24-hour dew point data for June, July, August, and September are
shown in Figure 4.6.
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Figure 4.6 Linear relationships between mean monthly PRISM dew point data and
the 100-year 24-hour dew point data for June, July, August, and September

The derived linear relationships were applied to the mean monthly dew point
PRISM grids, which provided a first estimate of the dew point temperature spatial
distribution. Residuals (actual - predicted) between the station and the first estimate
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were calculated at each station. The IOO-year 24-hour dew point residuals for June, July,
August, and September are shown in Figure 4.7.

The residuals were spatially distributed across the search domain using an
inverse-distance algorithm. The spatially distributed residual grids were smoothed to
reduce bulls-eye effects. The smoothed residual grid was added to the first estimate grid
to create the second estimate grid. The second estimate grids were smoothed in order to
further reduce bulls-eye effects. The smoothed second estimate grids represent the final
dew point temperature distribution.

The spatial interpolation method was tested and applied for the Nebraska
statewide study. Perl and R-statistical programs were used to automate the process
within GRASS GIS environment. The GRASS GIS script also created 1°F dew point
contours from the final interpolated dew point grids. The GRASS GIS dew point
analysis and O.5°F contours for the June, July, August, and September lOO-year 24-hour
are shown in Figure 4.8 a, b, c and d. The GRASS GIS dew point rasters and contour
shapefiles were exported from the GRASS GIS environment to an ArcGIS environment
for creation of the final dew point map layouts.
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Figure 4.7 Calculated residuals between mean monthly PRISM dew point data and
the 100-year 24-hour dew point data for June, July, August, and September
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Figure 4.8 Dew point analysis, contours are at O.5°F intervals. a) June IOO-year 24-
hour dew point b) July IOO-year 24-hour dew point
c) August IOO-year 24-hour dew point d) September IOO-year 24-hour dew point.

Creation of the final dew point maps used in this project was completed after
three more rounds of manually interpretation of the automated contours and
meteorological analysis by AWA. During this manual analysis inconstancies were
removed and smoothing was applied where meteorological, climatological, and
topographical factors warranted such actions. Further, expertise was used to compensate
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for the lack of spatial coverage in some sections of Arizona and to ensure continuity
between months and durations. Figures 4.9-4.11 display examples ofthe final dew point
maps and Appendix A displays all the maps derived as part of this PMP analysis and
Appendix A discusses in detail the need to develop the updated dew point climatology for
Arizona.

August 3-hour lOOyear return frequency dew point map
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September 12-hour 1OO-year return frequency dew point map
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4.1.3 Sea Surface Temperatures (SSTs)

The second data set used in storm analyses contained sea surface temperatures (SSTs)
derived from the various databases available from NOAA. Daily values were generated
from the following sources:

1985 - Present: http://dss.ucar.edu/datasets/ds277.7/
1985 - 1946: http://dss.ucar.edu/datasets/ds195.1/
Prior to 1946: http://dss.ucar.edu/datasets/ds540.01

Observations were taken from ships, buoys (moored and drifting), automated
coastal fixed platforms and drilling rigs, and satellite observations of SSTs. Analyses are
archived to the nearest 0.02 degrees C, with a spatial resolution of one degree in both
latitude and longitude. For storm analyses, daily SSTs were used.

For computing the maximization factors, a climatology ofSSTs was computed for
everyone-degree latitude and longitude, based on twenty-five years of data. The
standard deviation for each cell was calculated and two standard deviations were added to
the monthly mean SST values for each cell. Monthly maps were produced to provide
spatial analyses ofthe mean plus two sigma (two standard deviations warmer than the
mean) SSTs. Use of the mean plus two sigma SSTs is consistent with the NWS
procedure used in HMRs 57 and 59.

The monthly data sets were derived from the following sources:

1981-Present: SST fields:
http://www.emc.ncep.noaa.gov/research/cmb/sst analysis I
1854-1981:
http://www.ncdc.noaa.gov/oa/climate/research/sst/ersstv3.php

The NWS states in HMR 57 that the two standard deviations warmer values are
approximately equal to a 0.02 probability of occurrence. Specifically, Section 4.3, pp 43
44, states that two standard deviations represent about 98 percent of normally distributed
values and this" ...places the magnitude of this parameter at about the level of other
estimates used in this study, e.g. the 100-year frequency values." For the 2-sigma
probability, there is 0.05 out of 1.00 that is not included under the normal distribution
curve. The 0.05 is divided between the extremes on the upper and lower ends ofthe
normal distribution curve. Since only the high end (i.e. SST plus two standard deviations
warmer) is used, only half of the 0.05 is excluded from under the normal distribution
curve, i.e. 0.025. Hence 0.975 or 97.5% is included under the normal distribution curve.
Figure 4.4 shows the normal distribution curve with the +1 sigma and +2-sigma values.
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Figure 4.12 Normal distribution curve with + I sigma and +2-sigma values shown

It appears that the NWS keeps rounding up until they conclude that the value is the 100
year frequency value (0.975 rounded up to 0.98 rounded up to 0.99). Without rounding
0.975 is about a 40-year return frequency value.

4.2 New Procedures

The HYSPLIT trajectory model provides detailed analyses for determining the
upwind trajectories of atmospheric moisture that was advected into the storm systems.
Using these trajectories, the moisture source locations are determined. The procedures
followed are similar to the approach used in HMRs 57 and 59. However, by utilizing the
HYSPLIT model trajectories, much of the subjectivity is eliminated. Further, details of
each evaluation can be explicitly provided and the results are reproducible. For inflow
vectors which originated over the ocean, the trajectories extend over coastal ocean
currents to the warmer regions ofthe ocean that provide the atmospheric moisture that is
later converted to rainfall by the storm system. The FPL study (Tomlinson et ai, 2002)
defined a procedure that was used for all storms to provide objectivity and reproducibility
for the analyses.

Using SSTs for in-place maximization and storm transpositioning followed a
similar procedure to that used with dew points. A detailed discussion is provided in
Appendix C. Use of the HYSPLIT trajectory model provided a significant improvement
in determining the inflow wind vectors compared to older methods of extrapolating
coastal wind observations and estimating moisture advection from synoptic features over
the ocean. The more objective procedure is especially useful for situations where a long
distance is involved to reach warmer ocean regions. Timing is not as critical for inflow
wind vectors extending over the oceans since SSTs change very slowly with time
compared to dew point values over land. What is important is the changing wind
direction, especially for situations where there is curvature in the wind fields. Any
changes in wind curvature and variations in timing are inherently captured in the
HYSPLIT model reanalysis fields, thereby eliminated another subjective and often
unknown parameter.
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Timing of rainfall is determined using the rainfall mass curves from the region of
maximum rainfall. The location of the storm representative SST was determined when
the SSTs are changing less than 10 F in a degree latitude and/or longitude distance
following the inflow upwind. This procedure was developed to identify the
homogeneous (or near homogeneous) region ofSSTs associated with the atmospheric
moisture source for the storms. The value from the SST daily analysis for that location
was used for the storm representative SST. The storm representative SST was used in
place of the storm representative dew point in the maximization procedure.

The value for the maximum SST was determined using the mean plus two sigma
(two standard deviations warmer than the mean) SST for that location (see discussion on
2-sigma SST in Section 4.1.3). The storm representative SST and the mean plus 2-sigma
SST were used in the same manner as the storm representative dew point and the
maximum dew point in the maximization and transpositioning procedure discussed in
Sections 8 and 9.
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5. Extreme Storm Identification

5.1 Storm Search Area

A storm search was conducted for this study based on previous storm search
results from the Magma FRS PMP and Safford PMP projects, as well as an expanded
domain to capture all storms that could potentially affect PMP values within the state of
Arizona This includes all storms in HMR 49 and those in HMR 59 that occurred in a
meteorological and topographically homogenous region (i.e. the southeastern deserts of
California). The primary search area includes all geographic locations where extreme
rainfall storms similar to those that could occur over the White Tanks #4 may have been
observed. The search area extended from southern Nevada and Utah to northern Mexico
and from southeastern California eastward to the continental divide of Colorado and New
Mexico (Figure 5.1). This insured a large enough area was analyzed to capture all
significant storms that could influence the final PMP values for the basin.

5.2 Data Sources

The storm search was conducted using a database of rainfall data from several
sources. The primary data sources are listed below:

1. Cooperative Summary of the Day / TD3200 through 2000. These data are
published by the National Climatic Data Center (NCDC).

2. Hourly Weather Observations published by NCDC, U.S. Environmental
Protection Agency, and Forecast Systems Laboratory (now National
Severe Storms Laboratory).

3. NCDC Recovery Disk
4. Hydrometeorological Reports
5. Corps of Engineers Storm Studies
6. Other data published by state climate offices
7. Reports and discussion from Maricopa County FCD
8. American Meteorological Society journals
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Figure 5.1 Storm locations for storms on the long storm list
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5.3 Storm Search Method

The primary search began with identifying hourly and daily stations that have
reliable rainfall data within the storm search area described previously. These stations
were evaluated to identify the largest precipitation totals associated with the three storms
types; local convective, remnant tropical, and general frontal. Other reference sources
such as Hydrometeorological Reports, USGS reports, Flood Control District reports, and
climate center reports were reviewed to identify other dates with large rainfall amounts
for locations within the storm search domain. The initial cut-off for storms to make the
initial list of significant storms (referred to as the long storm list) were events that
exceeded the 100-year return frequency value for the specified duration and location.

The resulting long storm list was extensively quality controlled to ensure that only
the highest storm rainfall values for each event were selected. Storms were then grouped
by storm type and duration for further analysis.

These storms were plotted on a GIS map to ensure they occurred over similar
meteorological and topographic regions as the White Tanks #4 drainage basin (Figure
5.1). From this initial long storm list, the potential storms to analyze list was derived.
This list was developed after extensive communication with the statewide PMP review
board as well as other stakeholders in the project. Each storm was also investigated for
references in literature (NWS offices, USGS reports, flood report, HMRs, AMS journals,
etc) to determine its significance in the storm and flood history of Arizona. Table 5.1
lists the storms identified in the storm search and included in the potential storms to
analyze list.
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Table 5.1 Potential storms to analyze list produced from the initial storm search. Maximum rainfall
values shown are point values in inches. Storms are listed in reverse chronological order.

Storm Location ~ Yw: Month Qu !i!1 lQ!! Precip
TUSCON AZ 1878 7 11 32.220 -110.970 5.10
STATEWIDE-FARLEY'S CAMP-SPAS 1148 AZ 1891 2 15 34.020 -112.180 7.38
PINAL RANCH AZ 1905 1 9 33.350 -110.983 8.45
YARNELL AZ 1905 11 26 34.222 -112.747 4.80
CASA GRANDE RUINS AZ 1906 8 1 33.000 -111.533 5.40
CLiFTON-1136 AZ 1906 12 4 33.051 -109.296 10.00

BISBEE AZ 1910 7 22 31.450 -109.917 4.25
PHOENIX AZ 1911 7 1 33.420 -111.570 4.98
SAN JUAN MTNS-SPAS 1107 AZ 1911 10 4 37.663 -106.938 7.88
MT ORO-SPAS 1144 AZ 1916 1 14 33.904 -111.413 10.63
CROWN KING AZ 1917 4 16 34.206 -112.339 8.16
CAVE CREEK AZ 1921 8 21 33.835 -111.951 6.00
KANAB UT 1925 10 4 37.047 -112.525 2.80
HEREFORD-SPAS 1099 AZ 1926 9 26 31.439 -110.098 8.15
CROWN KING AZ 1927 8 11 34.206 -112.339 4.90
PRESCOTT-SPAS 1079 AZ 1927 2 14 34.611 -112.547 8.10
WILLIAMS AZ 1928 11 25 35.233 -112.183 10.35
ESCALANTE UT 1932 7 12 37.767 -111.600 3.24
SIERRA ANCHA AZ 1933 9 10 33.800 -110.967 4.28
WIKIEUP AZ 1934 7 3 34.733 -113.617 5.00
RAMAH NM 1936 8 1 35.133 -108.467 4.05
PRESCOTT AZ 1937 2 6 34.611 -112.547 4.90
JUNIPINE-SPAS 1080 AZ 1938 3 1 34.611 -112.547 6.00
PIMA AZ 1939 8 2 32.850 -110.830 3.10
THATCHER-SPAS 1061 AZ 1939 9 17 32.763 -109.829 4.18
INDIO USDA-SPAS 1065 CA 1939 9 24 33.733 -116.250 6.45
SIERRA ANCHA AZ 1939 8 5 33.800 -110.967 5.02
CROSSMAN PEAK-SPAS 1077 AZ 1939 9 4 34.546 -114.196 9.65
FREDONIA AZ 1939 9 11 36.950 -112.533 3.63
PINAL RANCH AZ 1941 3 13 33.350 -110.983 6.19
BEAVER DAM St PK-SPAS 1082 NV 1946 10 27 37.524 -114.072 7.50
CROWN KING AZ 1948 8 5 34.206 -112.339 6.17
SAFFORD-SPAS 1153 AZ 1949 1 13 32.855 -109.637 8.00
PHOENIX AZ 1951 8 26 33.420 -111.570 4.18
CROWN KING-SPAS 1076 AZ 1951 8 24 34.204 -112.354 14.99
QUEEN CREEK-SPAS 1096 AZ 1954 8 18 33.203 -111.145 8.06
GLOBE-SPAS 1069 AZ 1954 7 28 33.330 -110.720 3.50
CANELO RANGE AZ 1955 8 26 31.550 -110.517 6.39
WELLTON 15WSW-SPAS 1064 AZ 1955 8 23 32.579 -114.338 6.49
MT TRUMBULL AZ 1955 7 24 36.417 -113.300 4.37

PAYSON AZ 1956 7 17 34.233 -111.333 2.87

ORACLE 4 SE AZ 1957 10 27 32.567 -110.717 10.54
TUCSON WSO AP AZ 1958 7 29 32.183 -110.917 3.66
TROUT CREEK AZ 1958 4 16 34.883 -113.650 11.64
SANTA RITA EXP RANGE-SPAS 1071 AZ 1959 6 29 31.767 -110.850 4.50
HORSESHOE DAM-SPAS 1154 AZ 1959 10 29 33.938 -111.736 10.86
ARIZONA SENORA DESERT MUSEUM-SPA AZ 1962 9 25 32.179 -111.388 7.16

COCHISE 4 SSE AZ 1963 8 26 32.059 -109.891 3.54
GLENDALE-SPAS 1123 AZ 1963 8 16 33.539 -112.186 6.00
CROWN KING-SPAS 1164 AZ 1963 8 16 34.200 -112.333 13.09
PERKINSVILLE-SPAS 1144 AZ 1963 7 31 34.900 -112.200 3.59
COPPER MINE TRADING-SPAS 11289 AZ 1963 7 10 36.633 -111.417 4.40

PRESCOTT-SPAS 1165 AZ 1963 8 16 34.611 .-112.547 6.00

PAGE-SPAS 1130 AZ 1963 8 30 36.917 -111.450 2.03
SAHUARITA-SPAS 1059 AZ 1964 9 9 32.006 -110.904 6.77

NORTH TUSCON-SPAS 1060 AZ 1964 9 6 32.304 -111.004 5.28
CASA GRANDE RUINS AZ 1964 8 12 33.000 -111.533 3.08

PHOENIX AZ 1964 9 14 33.435 -112.014 1.25
FLAGSTAFF WSO AP-SPAS 1127 AZ 1~64 7 .. 30 35.133 -111.667 3.00

. .

41

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 5.1 Potential storms to analyze list produced from the initial storm search. Maximum
rainfall values shown are point values in inches. Storms are listed in reverse chronological order

(continued).

- . .. ..
Storm Location State Year Month !2!X lat Ion Precip
SANDERS 11 ESE AZ 1964 7 30 35.167 -109.167 2.11
BAGDAD 2 E-SPAS 1140 AZ 1965 3 16 34.583 -113.167 9.04
YOUNG-SPAS 1137 AZ 1965 11 22 34.000 -111.000 11.59
CROWN KING AZ 1965 12 22 34.204 -112.354 15.00
CASTLE HOT SPRINGS AZ 1966 9 12 33.983 -112.367 6.53
JUNIPINE-SPAS 1141 AZ 1966 12 4 34.611 -112.547 9.57
NORTH RIM ENTRANCE AZ 1966 12 3 36.335 -112.116 14.00
BLUFF UT 1966 7 29 37.283 -109.550 3.60
WALNUT GULCH-SPAS 1068 AZ 1967 9 10 31.700 -110.083 3.45
JAKES CORNER-SPAS 1133 AZ 1967 12 17 34.021 -111.379 10.02
SAN LUIS-SPAS 1081 MX 1967 11 26 32.500 -114.800 7.64
WELLTON-SPAS 1100 AZ 1967 9 1 32.617 -114.333 4.39
APACHE LAKE-SPAS 1124 AZ 1967 8 18 33.553 -111.246 5.00
APACHE LAKE AZ 1967 8 18 33.553 -111.246 5.00
CEDAR CITY FAA AP UT 1967 9 22 37.700 -113.100 4.19
BLANDING-SPAS 1162 UT 1968 8 1 37.625 -109.478 600
GLOBE-SPAS 1163 AZ 1968 8 3 33.330 -110.720 3.30
TEMPE-SPAS 1072 AZ 1969 9 13 33.367 -111.967 3.52
MARQUEZ NM 1969 10 21 35.300 -107.300 4.10
KITT PEAK AZ 1970 9 3 31.964 -111.600 8.00

WORKMAN CREEK-SPAS 1075 AZ 1970 9 4 33.820 -110.721 12.13
SELIGMAN-SPAS 1118 AZ 1970 7 21 35.317 -112.883 4.84
BUG POINT UT 1970 9 5 37.633 -109.833 6.50
DOVE CREEK CO 1970 9 5 37.750 -108.917 6.00
BRONCO CREEK-SPAS 1067 AZ 1971 8 19 34.676 -113.679 3.00
CEDAR POINT UT 1971 10 17 37.717 -109.083 2.79
PHOENIX-SPAS 1062 AZ 1972 6 22 33.517 -112.023 5.63
JUNIPINE-SPAS 1152 AZ 1972 10 19 34.611 -112.547 7.19
JOANNE-SPAS 1102 AZ 1972 10 4 33.821 -110.921 11.66
TRUXTON CANYON AZ 1972 8 12 35.388 -113.659 2.70
NOGALES AZ 1974 10 6 31.339 -110.935 8.30
SAFFORD-SPAS 1106 AZ 1974 7 17 32.834 -109.707
LAKE HAVASU CITY-SPAS 1066 AZ 1974 7 19 34.433 -114.333 4.50
LAS VEGAS-SPAS 1143 NV 1975 7 3 36.131 -115.181 3.00
SEDONA-SPAS 1073 AZ 1975 7 13 34.930 -111.770 3.50
KOFA MINE-SPAS 1121 AZ 1976 10 23 33.267 -113.867 5.60
KOFA MOUNTAINS-SPAS 1101 CA 1976 9 24 33.300 -113.980 6.33
NOGALES-SPAS 1097 AZ 1977 10 6 31.339 -110.935 14.00
YUMA VALLEY-SPAS 1042 AZ 1977 8 13 32.611 -114.631 6.85
BIGHORN BASIN-HMR 59 1017-SPAS 1103 CA 1977 8 15 34.830 -115.683 6.24
BEAR SPRING-SPAS 1150 AZ 1978 2 27 34.038 -111.488 15.52
HELMET PEAK AZ 1978 10 21 31.917 -111.083 5.50
BROWNS PEAK-SPAS 1134 AZ 1978 12 17 33.675 -111.335 10.37
JUNIPINE AZ 1978 11 10 34.611 -112.547 5.27
CROWN KING-SPAS 1138 AZ 1980 2 13 34.221 -112.346 17.63
ALAMO-SPAS 1135 NV 1981 8 10 37.362 -115.196 6.50
VALLEY OF FIRE-SPAS 1119 NV 1981 8 11 36.433 -114.517 3.05
SEARCHLIGHT NV 1982 8 13 35.466 -114.922 3.60
COLORADO CITY AZ 1982 8 2 37.000 -112.983 3.20
REDINGTON AZ 1983 10 2 32.433 -110.483 5.45
MT GRAHAM-SPAS 1074 AZ 1983 9 28 33.247 -109.198 12.00
PRESCOTT-SPAS 1063 AZ 1983 9 23 34.621 -112.554 17.95
PHOENIX AZ 1983 8 16 33.510 -112.117 1.14
RED ROCK CANYON SP NV 1983 8 17 36.083 -115.450 6.17
SACATON AZ 1984 7 23 33.083 -111.750 4.45
MITCHELL CAVERNS-HMR 591018 CA 1984 7 27 34.970 -115.520 5.05
HARQUAHALA VALLEY-SPAS 1122 AZ 1984 9 2 33.488 -113.254 8.00
BISBEE 2 WNW AZ 1986 7 14 31.467 -109.933 5.19
VULTURE MINE ROAD AZ 1986 7 21 33.945 -112.769 4.41..
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Table 5.1 Potential storms to analyze list produced from the initial storm search. Maximum
rainfall values shown are point values in inches. Storms are listed in reverse chronological order

(continued).

IStorm Ln"at;nn ~ .:we M.2!JJl! ~ l!l fQ!l ~
FLAGSTAFF WSO AP AZ 1986 8 13 35.133 -111.667 2.94

RED ROCK CANYON SP-SPAS 1159 NV 1986 3 10 36.083 -115.450 5.38

TUCSON AZ 1990 7 24 32.183 -110.917 3.55

WHITERIVER AZ 1991 8 27 33.833 -109.967 3.30

GLENDALE AZ 1992 7 23 33.510 -112.118 6.25

PHOENIX AZ 1992 7 24 33.510 -112.117 6.25

KNOLES HOLE SPRING-SPAS 1139 AZ 1993 1 5 33.829 -110.913 13.36

CROWN KING-SPAS 1078 AZ 1993 2 7 34.200 -112.333 6.09

FLAGSTAFF WSO AP-SPAS 1160 AZ 1993 2 19 35.133 -111.667 4.48

NOGALES 2 N-SPAS 1098 AZ 1993 8 25 31.350 -110.933 6.31

CAVE CREEK AZ 1993 8 31 33.834 -111.951 6.00

SIERRA VISTA 12S-SPAS 1132 AZ 1994 11 11 31.380 -110.306 4.74

TUCSON-SPAS 1086 AZ 1996 9 3 32.390 -110.800 7.37

HARQUAHALA MOUNTAIN-SPAS 1084 AZ 1997 9 25 33.815 -113.335 12.13

JOSEPH CITY-SPAS 1115 AZ 1998 7 31 34.956 -110.335 3.23

COLORADO CiTY AZ 1998 9 9 37.000 -112.983 4.85

SABINO CAYNON-1087 AZ 1999 7 15 32.385 -110.705 7.87

GLOBE-SPAS 1008 AZ 1999 7 27 33.394 -110.786 3.00

PINE AZ 1999 8 30 34.385 -111.456 3.00

MIAMI AZ 2000 8 26 33.400 -110.883 3.00

JACKRABBIT WASH-SPAS 1126 AZ 2000 10 27 33.841 -113.021 4.76

NEW RIVER-SPAS 1095 AZ 2000 8 17 33.915 -112.138 1.00

SOLS WASH-SPAS 1048 AZ 2000 8 29 34.130 -113.080 4.70

OVERGAARD-SPAS 1111 AZ 2000 8 25 34.391 -110.554 2.25

VEYO POWERHOUSE UT 2000 8 29 37.352 -113.667 3.18

LINDEN AZ 2001 8 29 34.285 -110.157 1.88

OVERGAARD-SPAS 1110 AZ 2001 7 29 34.391 -110.554 3.95

BLUFF-SPAS 1131 UT 2001 8 14 37.283 -109.550 3.50

ELFRIDA-SPAS 1104 AZ 2002 7 21 31.690 -109.350 4.70

CIRCLE CITY-SPAS 1094 AZ 2003 8 26 33.950 -112.340 10.17

PHOENIX-long list AZ 2003 8 28 33.450 -112.067 4.00

ROOSEVELT LAKES-SPAS 1109 AZ 2003 9 6 33.596 -110.996 950

PAYSON AZ 2003 8 26 34.231 -111.325 2.30

VERNON AZ 2003 7 20 34.258 -109.639 1.00

WILLIAMS-SPAS 1117 AZ 2003 8 26 35.250 -112.191 2.30

SAFFORD AZ 2004 8 17 32.834 -109.707 2.00

QUEEN VALLEY-JAViER-SPAS 1088 AZ 2004 9 18 34.730 -113.020 10.10

VULTURE MINE ROAD-SPAS 1093 AZ 2004 8 15 33.945 -112.769 4.00

COLORADO CITY AZ 2004 10 20 37.000 -112.983 3.91

DUNCAN AZ 2005 2 12 32.721 -109.105 7.80

BIG PINE FLAT-SPAS 1147 AZ 2005 2 10 33.685 -111.325 8.72

THATCHER AZ 2005 5 28 32.850 -109.100 1.00

CAMP CREEK-SPAS 1092 AZ 2005 8 9 33.918 -111.821 4.50

CAMP CREEK-SPAS 1091 AZ 2005 9 3 34.380 -111.180 4.93

PINETOP-SPAS 1151 AZ 2005 8 11 34.155 -109.973 5.00

TUCSON AZ 2006 7 26 32.183 -110.917 11.10

CEDAR CITY 5 E-SPAS 1120 UT 2006 7 31 37.650 -113.000 3.83

BOULDER-SPAS 1146 UT 2006 10 5 37.917 -111.417 3.68

MIAMI AZ 2007 7 15 33.400 -110.883 2.75

CAVE BUITES-SPAS 1090 AZ 2007 7 31 33.726 -112.468 3.00

COOKS MESA-SPAS 1149 AZ 2007 11 30 34.460 -111.230 8.60

SAINT JOHNS-SPAS 1112 AZ 2007 8 2 34.500 -109.367 3.02

PETRIFIED FOREST-SPAS 1113 AZ 2007 7 27 34.800 -109.867 3.29

MANNING CAMP-SPAS 1105 AZ 2008 7 3 32.209 -110.554 4.49

MAGMA-SPAS 1051 AZ 2008 7 10 33.194 -111.347 3.89

PHOENIX-SPAS 1089 AZ 2008 7 29 33.420 -111.570 1.20

WENDEN AZ 2008 7 26 33.823 -113.542 4.00

WENDEN-BOUSE-SPAS 1085 AZ 2008 8 26 33.823 -113.542 4.82

HAVASUPAl-SPAS 1128 AZ 2008 8 15 35.802 -112.426 6.00

WAGOr:-! BOW-~PAS 1166 AZ 2009 7 3 34.865 -113.455 7.6.1
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5.4 Developing the Short List of Extreme Storms

The long storm list was very extensive containing 548 storms. The multiple step process
described in the previous section was followed to determine a list of storms that was comprehensive
enough to ensure that major events were identified but eliminating smaller events that would not be
significant for determining PMP values at any area size or duration after standard adjustments were
applied. This produced the potential storms to analyze list.

The next step was to determine which of these storms would ultimately need to be fully
analyzed. Several steps were taken to compare each of the events on the potential storms to analyze
list. Storms were sorted by storm type and location as an initial level of comparison. This helped
eliminate several storms that which occurred in the same climate region but were of significant less
magnitude than others. The remaining storms were further investigated from the various flood
reports, discussions with scientists and personal familiar with the storm events, and examination of
the synoptic environment surrounding the event. The storms which made it through these final
analyses were then place on the storms to analyze list. This list contains all the storms that AWA
deems necessary to be analyzed to derive valid PMP values without leaving out any potentially
significant events. This list contains 105 storms (see Table 5.2). This list was then scrutinized
again and each storm was ranked a high, medium, or low priority. These rankings were based on
availability of data, storm location, storm type, and magnitude of event. For the White Tanks #4
drainage basin, 28 storm events were analyzed using the SPAS software program (see Table 5.2).

Figures 5.2 through 5.6 show the locations of all the storms contained on the storms to
analyze list. Figure 5.2 shows the location of all the storms, Figure 5.3 shows the locations of all
the local storms, Figure 5.4 shows the locations of all the remnant tropical storms, and Figure 5.5
shows the locations of all the general frontal storms. Finally, Figure 5.6 shows the storm
information for all the storms that were analyzed and considered in the derivation of the PMP
values for White Tanks.
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Table 5.2 Storms to analyze list sorted by priority, then storm type

Prioritll ~tnrm Numher I~torm , Location Stat.. lat Inn nav Year Mnnth PreciD
HIGH 1133 general JAKES CORNER AZ 34.021 -111.379 1967 12 17 1'0.02
HIGH 1134 general BIG PINE FLAT AZ 33.675 -111.335 1978 12 16 10.37
HIGH 1137 general YOUNG AZ 34.000 -111.000 1965 11 22 11.59
HIGH 1138 general CROWN KING AZ 34.221 -112.346 1980 2 13 17.63
HIGH 1139 general KNOLES HOLE SPRING AZ 33.829 -110.913 1993 1 5 13.36
HIGH 1140 general BAGDAD 2E AZ 34.583 -113.167 1965 3 16 9.04
HIGH 1141 general JUNIPINE AZ 34.611 -112.547 1966 12 4 9.57
HIGH 1144 general MTORD AZ 33.904 -111.413 1916 1 14 10.63
HIGH 1147 general BIG PINE FLAT AZ 33.685 -111.325 2005 2 10 8.72
HIGH 1149 general COOKS MESA AZ 34.460 -111.230 2007 11 30 8.60
HIGH 1150 general BEAR SPRING AZ 34.038 -111.488 1978 2 27 15.52
HIGH 1078 general NE-S-SE ARIZONA AZ 34.204 112.354 1993 2 7 6.09
HIGH 1154 general HORSESHOE DAM AZ 33.938 -111.736 1959 10 27 10.86
HIGH 1160 general CENTRAL ARIZONA AZ 34.204 112.354 1993 2 19 4.48
HIGH 1059 local SAHUARITA AZ 32.006 -110.904 1964 9 9 6.77
HIGH 1060 local NORTH TUCSON AZ 32.304 -111.004 1964 9 5 5.28
HIGH 1061 local THATCHER AZ 32.763 -109.829 1939 9 16 4.18
HIGH 1062 local PHEONIX AZ 33.517 -112.023 1972 6 21 5.63
HIGH 1063 local PRESCOTT AZ 34.621 -112.554 1983 9 23 17.95
HIGH 1064 local WELLTON AZ 32.579 -114.338 1955 8 22 6.49
HIGH 1065 local INDIO CA 33.733 -116.250 1939 9 23 6.45
HIGH 1066 local LAKE HAVASU CITY AZ 34.433 -114.333 1974 7 18 4.50

HIGH 1068 local WALNUT GULCH AZ 31.700 -110.083 1967 9 9 3.45
HIGH 1069 local GLOBE AZ 33.330 -110.720 1954 7 28 3.50
HIGH 1070 local CASA GRANDE RUINS AZ 33.000 -111.533 1906 7 31 5.40
HIGH 1071 local SANTA RITA EX RANGE AZ 31.767 -110.850 1959 6 28 4.65
HIGH 1073 local SEDONA AZ 34.930 -111.770 1975 7 13 3.50
HIGH 1085 local WENDEN & BOUSE AZ 33.915 -113.905 2008 8 26 4.82
HIGH 1086 local TUCSON AZ 32.390 -110.800 1996 9 3 7.37
HIGH 1087 local SABINO CANYON AZ 32.385 -110.705 1999 7 14 7.87
HIGH 1091 local CAMP CREEK AZ 34.380 -111.180 2005 9 3 4.93
HIGH 1094 local CIRCLE CITY AZ 33.950 -112.340 2003 8 26 10.17
HIGH 1096 local QUEEN CREEK AZ 33.203 -111.145 1954 8 18 8.06
HIGH 1106 local SAFFORD AZ 32.834 -109.707 1974 7 17 4.00 E
HIGH 1109 local ROOSEVELT LAKE AZ 33.596 -110.996 2003 9 6 9.50
HIGH 1110 local OVERGAARD AZ 34.391 -110.554 2001 7 29 3.95
HIGH 1113 local PETRIFIED FOREST AZ 34.800 -109.867 2007 7 27 3.29
HIGH 1115 local JOSEPH CITY AZ 34.956 -110.335 1998 7 31 3.23
HIGH 1118 local SELIGMAN AZ 35.317 -112.883 1970 7 21 4.84
HIGH 1119 local VALLEY OF FIRE SP NV 36.433 -114.517 1981 8 11 3.05
HIGH 1120 local CEDAR CITY 5E UT 37.650 -113.000 2006 7 31 3.83
HIGH 1121 local KOFA MINE AZ 33.267 -113.867 1976 10 23 5.60
HIGH 1122 local HARQUAHALA VALLEY AZ 33.488 -113.254 1984 9 2 8.00
HIGH 1127 local FLAGSTAFF AZ 35.133 -111.667 1964 7 30 3.00
HIGH 1128 local HAVASUPAI AZ 35.802 -112.426 2008 8 15 6.00
HIGH 1129 local COPPER MINE AZ 36.633 -111.417 1963 7 10 4.40
HIGH 1130 local PAGE AZ 36.917 -111.450 1963 8 30 2.03
HIGH 1131 local BLUFF UT 37.283 -109.550 2001 8 14 3.50
HIGH 1135 local ALAMO NV 37.362 -115.196 1981 8 10 6.50
HIGH 1162 local BLANDING UT 37.625 -109.478 1968 8 1 6.00

HIGH 1166 local WAGON BOyv A,Z. 34,865 -113.455 2009 7 2 7.~7.
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Table 5.2 Storms to analyze list sorted by priority, then storm type (continued)

,Prioritv Stnrm Numb", IStnrm rvn" IStnrm 'ncation State Year Month Dav fat fon Precio
HIGH 1074 tropical MTGRAHAM AZ. 33.247 -109.198 1983 10 1 12.00
HIGH 1075 tropical WORKMAN CREEK AZ. 33.820 -110.721 1970 9 4 12.13
HIGH 1076 tropical Crown King AZ. 34.204 112.354 1951 8 26 14.99
HIGH 1077 tropical CROSSMAN PEAK AZ. 34.546 114.196 1939 9 4 9.65
HIGH 1083 tropical SONORA DESERT MUSEUM AZ. 32.179 -111.388 1962 9 25 7.16
HIGH 1084 tropical HARQUAHALA MOUNTAIN AZ. 33.815 -113.335 1997 9 25 12.13
HIGH 1088 tropical JAVIER AZ. 34.730 -113.020 2004 9 18 10.10
HIGH 1097 tropical NOGALES AZ. 31.339 -110.935 1977 10 6 14.00
HIGH 1101 tropical KOFA MOUNTAIN AZ. 33.300 -113.980 1976 9 24 6.33
HIGH 1102 tropical JOANNE AZ. 33.821 -110.921 1972 10 4 11.66
HIGH 1107 tropical SAN JUAN MOUNTAINS CO 37.663 -106.938 1911 10 4 7.88
HIGH 1152 tropical JUNIPINE AZ. 34.611 -112.547 1972 10 19 7.19
MEDIUM 1079 general PRESCOTT AZ. 34.611 -112.547 1927 2 11 8.10
MEDIUM 1081 general SAN LUIS MX 32.500 -114.800 1967 11 24 7.64
MEDIUM 1082 general BEAVER DAM SP NV 37.524 -114.072 1946 10 25 7.50
MEDIUM 1136 general CLIFTON AZ. 33.051 -109.296 1906 12 4 10.00
MEDIUM 1146 general BOULDER UT 37.917 -111.417 2006 10 5 3.68
MEDIUM 1148 general FARLEY'S CAMP AZ. 34.020 -112.180 1891 2 15 7.38
MEDIUM 1159 general RED ROCK CANYON SP NV 36.083 -115.450 1986 3 10 5.38
MEDIUM 1164 general Crown King AZ. 34.204 112.354 1963 8 16 13.09
MEDIUM 1067 local BRONCO CREEK AZ. 34.676 -113.679 1971 8 18 3.00
MEDIUM 1072 local TEMPE AZ. 33.367 -111.967 1969 9 13 3.52
MEDIUM 1089 local PHEONIX AZ. 33.420 -111.570 2008 7 29 1.20
MEDIUM 1092 local CAMP CREEK AZ. 33.918 -111.821 2005 8 9 4.50
MEDIUM 1093 local VULTURE MINE ROAD AZ. 33.945 -112.769 2004 8 15 4.00
MEDIUM 1095 local NEW RIVER AZ. 33.915 -112.138 2000 8 17 1.00
MEDIUM 1100 local WELLTON AZ. 32.617 -114.333 1967 9 1 4.39
MEDIUM 1104 local EFRIDA AZ. 31.690 -109.350 2002 7 21 4.70
MEDIUM 1112 local SAINT JOHNS AZ. 34.500 -109.367 2007 8 2 3.02
MEDIUM 1114 local PERKINSVILLE AZ. 34.900 -112.200 1963 7 31 3.59
MEDIUM 1117 local WILLIAMS AZ. 35.250 -112.191 2003 8 26 2.30
MEDIUM 1123 local GLENDALE AZ. 33.539 -112.186 1963 8 16 6.00
MEDIUM 1124 local APACHE LAKE AZ. 33.553 -111.246 1967 8 18 5.00
MEDIUM 1126 local JACKRABBIT WASH AZ. 33.841 -113.021 2000 10 27 4.76
MEDIUM 1151 local PINETOP AZ. 34.155 -109.973 2005 8 11 5.00
MEDIUM 1163 local GLOBE AZ. 33.394 -110.786 1968 8 3 3.30
MEDIUM 1165 local PRESCOTT AZ. 34.611 .-112.547 1963 8 16 6.00
MEDIUM 1099 tropical HEREFORD AZ. 31.439 -110.098 1926 9 26 8.15
LOW 1080 general JUNIPINE AZ. 34.611 -112.547 1938 2 27 6.00
LOW 1132 general SIERRA VISTA AZ. 31.380 -110.306 1994 11 11 4.74
LOW 1145 general MT TRUMBULL AZ. 36.417 -113.300 1955 7 24 4.37
LOW 1153 general SAFFORD AZ. 32.855 -109.637 1949 1 13 8.00
LOW 1155 general JUNIPINE AZ. 34.611 -112.547 1978 11 10 5.27
LOW 1161 general CENTRAL ARIZONA AZ. 34.204 112.354 1993 1 13 8.00
LOW 1090 local CAVE BUTTES AZ. 33.726 -112.468 2007 7 31 3.00
LOW 1105 local MANNING CAMP AZ. 32.209 -110.554 2008 7 3 4.49
LOW 1108 local GLOBE AZ. 33.394 -110.786 1999 7 27 3.00
LOW 1111 local OVERGAARD AZ. 34.391 -110.554 2000 8 25 2.25
LOW 1116 local MITCHELL CAVERNS-HMR 59 1018 CA 34.970 -115.520 1984 7 27 5.05
LOW 1143 local LAS VEGAS NV 36.131 -115.181 1975 7 3 3.00
LOW 1098 tropical NOGALES 2 N AZ. 31.350 -110.933 1993 8 25 6.31
L9W 1103 tropical BIGHORN BASIN-HMR 59 1017 CA 34.830 -115.683 1977 8 15 6.24
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Storm locations for local storms on the storms to analyze list
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Storm locations for tropical storms on the storms to analyze list

50

3S"N

36"N

3S"N

39"N

33"N

34"N

31"N

30"N

32"N

10rw

10S"W 107"W
Map Projection: UTM Zone 12 N
North American Datum 1983

10S"W

109"W

109"W

1100W

110"W1110W

111 OW

100

1120W

112"W

113"W

__,;;:,::::=-_E":!:;'=- Miles

200o

1WW

114"W 113"W

11S"W

11S"W

N

+

o General Winter Storms

11S'W

11S"W

117"W

39"N

3S"N

3rN

36"N

3S"N

30"N

32"N

31"N

33"N

Figure 5.5

I
I

I

I

I
I

I

I

I
I

I
I

I
I
I

I



Figure 5.6 Storms analyzed using SPAS to derive the PMP values for Arizona; a subset of twenty-eight ofthese storms was used for
Wbite Tanks #4
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5.4.1 Reanalysis of the Harquahala Valley 1984 storm

Rainfall information for this storm was taken from the SCS Engineering Report, dated
February 1987. This report primarily addresses damage to the Harquahala Valley Watershed
Saddleback Diversion from the September 1-2, 1984 storm. This 71-page report includes
information on design, flows and damage including pictures of damages that resulted from the
flooding. Appendix A from that report contains the following two paragraphs along with two
figures associated with the rainfall, a map with plotted reported rainfall values and recorder charts:

Rainfall

F11ure 1 showl the rainfall amount. reported at location. near the
watershed. The red value. were obtained by work unit .taff, the Ireen
durinl the .tudy. Reported amount. range from 2 to 11 inche.. There
are no re.idence. in the drainage area of Saddleback diver.ion. thus no
rainfall information wa. available there. It appearl, however. that the
most inten.e part of the .torm traveled fraa NW to SE and traversed the
central and lower portion of the diverlion waterlhed. Hilh water marks
at FRS 1 Ihowed that the aaxtaua Itale was 4.8 feet over the principal
.pillway crest. The total capacity at this .tage i. 1732 acre-f.et or
.32 inches runoff from the waterlhed. The .edi.ent pool capacity is
424 acre-feet or .08 inche.. Becaule of the .hort duration of the
Itora. and 1..11 principal spillway capacity of FRS 1. rainfall above
the .ite wa. not u.ed in the Saddleback Diveraion Study.

The .torm distribution va. taken from the recorder chart (Filure 2).
The tabulated valuel vere us.d b.cause it va. not po••ible to accurately
raad Ihorter ti•• incre••ntl from the chart. It il probable that .ore
intan.ive rainfall occurred durinl shorter tta. incr••ant••
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Amir Motamedi from the Flood Control District of Maricopa County completed some
investigation on available supporting materials regarding the storm event as a results of discussions
during the second Arizona statewide PMP Review Committee meeting. He located a file at the
Flood Control District with some information collected after the storm. Of particular interest is the
notation of 11.00" followed by "Ron Howe, foreman at ranch." A copy of the sheets with the
reported rainfall notation is shown below:
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The notations above appear to be the source of rainfall infonnation plotted on the map in the
SCS report. How the reported rainfall amounts were obtained is not documented. The 11.00" value
has what appears to be a telephone number suggesting that possibly the report was obtained via
telephone conversation. Another notation indicates a phone conversation with another individual.

These reported rainfall amounts are the sole source of rainfall infonnation for this stonn
with the exception of the recorder chart traces. Reports such as these are often ref,erred to as
"bucket survey" reports. Historically, the Weather Bureau, now renamed the National Weather
Service, has made extensive use of bucket survey rainfall observations obtained from unofficial
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sources. However, before a bucket survey rainfall report was accepted, the site was visited by
someone familiar with rainfall observation criteria and evaluated for reliability. If the evaluation
indicated that the reported rainfall was collected in an acceptable container that was sited
appropriately and the timing of measurements was well documented, the reported rainfall was used
in the storm rainfall analysis.

There is no documentation that the reported rainfall amounts provided in the SCS report or
in the District notes were subjected to any quality control evaluations. This does not prove that they
are not reliable but the important issue is that the reports were not evaluated by qualified personnel
for reliability, a procedure normally followed by the National Weather Service before the reports
are included in official storm rainfall analyses. There are several possibilities that could lead to
erroneous reports. This includes that the container was not empty at the beginning of the rainfall,
the site ofthe container was too close to a roof or other obstruction, or the sides of the container
were sloped. Another possibility is that estimates of rainfall amounts have been reported as
measured, e.g. a six inch deep container filled and overflowed so maybe twice the amount collected
was reported in a well meaning effort to quantify the rainfall.

After further discussions with the Review Board as well as the NRCS (the original agency
responsible for the report and storm information), it was agreed that the 11" rainfall value not be
considered valid for use. The storm instead has been reanalyzed using only the remaining values, as
these are considered reasonable based on the amount recorded on an official trace recorder and the
number of other similar amounts reported between 4-8 inches. Complete details on this storm can
be found in Appendix F.
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6. Storm Depth-Area-Duration (DAD) Analyses of Storms

For all storms identified as part ofthis study, DADs needed to be computed. The Storm
Precipitation Analysis System (SPAS) was used to compute DADs for these storms.

There are two main steps in the SPAS DAD analysis: I) The creation of high-resolution
hourly precipitation grids and 2) the computation of depth-area rainfall amounts for various
durations. The reliability of the results from step 2) depends on the accuracy ofste-p 1). Historically
the process has been very labor intensive. SPAS utilizes Geographic Information Systems (GIS)
concepts to create spatially-oriented and accurate results in an efficient manner (step 1).
Furthermore, the availability ofNEXRAD (NEXt generation RADar) data allows SPAS to better
account for the spatial and temporal variability of storm precipitation for events oc:curring since the
early 1990s. Prior to NEXRAD, the National Weather Service (NWS) developed and used a
method based on Weather Bureau Technical Paper No.1. Because this process ha.s been the
standard for many years and holds merit, the DAD analysis process developed for this study
attempts to mimic the NWS procedure as much as possible. See Appendix G for a full description
of SPAS. By adopting this approach, some level of consistency between the newly analyzed storms
and the hundreds of storms already analyzed by the NWS can be achieved. Comparisons between
the NWS DAD results and those computed using the new method for two storms (Westfield, MA
1955 and Ritter, IA 1953) indicated very similar results (see Appendix G for complete discussion,
comparisons, and results).

6.1 Data Collection

The areal extent of a storm's rainfall is evaluated using existing maps and documents along
with plots of total storm rainfall. Based on the storm's spatial domain (Iongitude-I.atitude box),
hourly and daily rain gauge data are extracted from the database for the specified area, dates, and
times. To account for the temporal variability in observation times at daily stations, the extracted
hourly data must capture the entire observational period of all extracted daily stations. For example,
if a station takes daily observations at 8:00 AM local time, then the hourly data neleds to be
complete from 8:00 AM local time the day prior. As long as the hourly data are sufficient to capture
all of the daily station observations, the hourly variability in the daily observations can be properly
addressed.

The daily observations database contains data from National Climatic Data Center (NCDC) TD
3206 (pre-1948) and TD-3200 (generally I 948-present) data sets. The hourly observations database
contains from NCDC TD-3240 data set. The daily supplemental database is largely comprised of
data from "bucket surveys", local rain gauge networks (e.g. ALERT, USGS, etc.) and daily gauges
with accumulated rainfall data.

6.2 Mass Curves

The most complete rainfall observational dataset available is compiled for each storm. To
obtain temporal resolution to the nearest hour in the final DAD results, it is necessary to distribute
the daily precipitation observations (at daily stations) into hourly bins. This process has
traditionally been accomplished by anchoring each ofthe daily stations to a single hourly station for
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timing. However, this may introduce biases and may not correctly represent hourly precipitation at
locations between hourly observation stations. A preferred approach is to anchor the daily station to
some set of nearest hourly stations. This is accomplished using a spatially based approach called
the spatially based mass curve (SMC) process (see Appendix B).

6.3 Hourly or Sub-hourly Precipitation Maps

At this point, SPAS can either operate in its standard mode or in NEXRAD-mode to create
high resolution hourly or sub-hourly (for NEXRAD storms) grids. In practice both modes are run
when NEXRAD data are available so that a comparison can be made between the methods.
Regardless of the mode, the resulting grids serve as the basis for the DAD computations.

6.3.1 Standard SPAS mode

The standard SPAS mode requires a full listing of all the observed hourly rainfall values, as
well as the newly created estimated hourly data from daily and daily supplemental stations. This is
done by creating an hourly file that contains the newly created hourly mass curve precipitation data
(from the daily and supplemental stations) and the "true" hourly mass curve precipitation. If not
using a base map, the individual hourly precipitation values are simply plotted and interpolated to a
raster with an inverse distance weighting (roW) interpolation routine in a GIS.

6.3.2 NEXRAD mode

Radar has been in use by meteorologists since the 1960s to estimate rainfall depth. In
general, most current radar-derived rainfall techniques rely on an assumed relationship between
radar reflectivity and rainfall rate. This relationship is described by the equation (1) below:

(1) Z=aRb

where Z is the radar reflectivity, measured in units of dBZ, R is the rainfall rate, a is the
"multiplicative coefficient" and b is the "power coefficient". Both a and b are related to the drop
size distribution (DSD) and the drop number distribution (DND) within a cloud (Martner et al
2005).

The National Weather Service (NWS) uses this relationship to estimate rainfall through the
use of their network of Doppler radars (NEXRAD) located across the United States. A standard
default Z-R algorithm of Z = 300R 14 is the primary algorithm used throughout the country and has
proven to produce highly variable results. The variability in the results of Z vs. R is a direct result
of differing DSD and DND, and differing air mass characteristics across the United States (Dickens
2003). The DSD and DND are determined by a complex interaction of microphysical processes in a
cloud. They fluctuate hourly, daily, seasonally, regionally, and even within the same cloud (see
Appendix G for a more detailed description).

Using the technique described above, NEXRAD rainfall depth and temporal distribution
estimates are determined for the area in question.
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6.4 Depth-Area-Duration (DAD) Program

The DAD extension of SPAS runs from within a GRASS 6.2 GIS environment and utilizes
many of the built-in functions for calculation of area sizes and average depths. The following is the
general outline ofthe procedure:

1. Given a duration (e.g. x-hours) and cumulative precipitation, sum up the appropriate hourly or
sub-hourly precipitation grids to obtain an x-hour total precipitation grid starting with the first x
hour moving window.

2. Determine x-hour precipitation total and its associated areal coverage. Store these values.
Repeat for various lower rainfall thresholds. Store the average rainfall depths and area sizes.

3. The result is a table of depth of precipitation and associated area sizes for each x-hour window
location. Summarize the results by moving through each of the area sizes and choosing the
maximum precipitation amount. A log-linear plot of these values provides the depth-area curve
for the x-hour duration.

4. Based on the log-linear plot of the rainfall depth-area curve for the x-hour duration, determine
rainfall amounts for the standard area sizes for the final DAD table. Store the~.e values as the
rainfall amounts for the standard sizes for the x-duration period. Determine if the x-hour
duration period is the longest duration period being analyzed. If it is not, analyze the next
longest duration period and return to step 1.

5. Construct the final DAD table with the stored rainfall values for each standard area for each
duration period.
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7. Storm Maximization

Storm maximization is the process of increasing rainfall associated with an observed
extreme storm under the potential condition that additional moisture could have been available to
the storm for rainfall production. This is accomplished by increasing the surface dew points (or
SSTs) to some climatological maximum and calculating the enhanced rainfall amounts that could
potentially have been produced. An additional consideration is usually applied that selects the
climatological maximum dew point or SSTs for a date two weeks towards the warm season from
the date that the storm actually occurred. This procedure assumes that the storm could have
occurred two weeks earlier or later in the year when maximum dew points or SSTs are higher.

7.1 Use of Dew Point Temperatures

HMR and WMO procedures for storm maximization use a representative storm dew point as
the parameter to represent available moisture to a storm. Storm precipitation amounts are
maximized using the ratio of precipitable water for the maximum dew point to precipitable water
for the observed storm representative dew point. A more detailed discussion, along with examples
ofthis procedure, is provided in Appendix C.

The storm representative dew point was derived for each storm event analyzed. Once the
general upwind location was determined using the processes described in Section 4, the hourly
surface observations were analyzed for all available stations within the vicinity of the inflow vector.
From this data, the appropriate durational dew point value was averaged for each station (3-hour,
12-hour, or 24-hour depending on storm type). These values were then taken to 1000mb and the
appropriate storm representative dew point and location derived. The information used and values
derived for each storm are included as part of Appendix F.

7.2 Use of Sea Surface Temperatures (SSTs)

Dew point observations are not generally available over ocean regions. When the source
region of atmospheric moisture feeding an extreme rainfall event is over the ocean, a substitute for
dew points observations is required. The NWS has adopted a procedure for using sea surface
temperatures (SSTs) as surrogates for dew points over the ocean. The value used as the maximum
SST in the PMP calculations is determined using the SSTs, two standard deviations warmer than the
mean SST. This provides a value for the maximum SST that has a probability of occurrence of
about 0.025, i.e. about the 40-year return frequency value (see Section 4.1.3 for more detail).

Storm representative SSTs were substituted for dew points for only one storm in this study
the December 1978 general frontal storm-SPAS 1134. These SST values are then treated the same
as dew points and the same process is followed for storm maximization as if the SST values were
dew point values were taken from land based stations. A more detailed discussion, along with
examples of this procedure, is provided in Appendix C.

Using SSTs for in-place maximization and storm transpositioning follows a similar
procedure to that used with dew points. The HYSPLIT trajectory model provide a significant
improvement in determining the inflow wind vector as compared to older methods. This is
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particularly significant when extrapolating coastal wind observations over long distances to reach
warmer ocean regions. Timing is not as critical for inflow wind vectors extending over the oceans,
since SSTs change very slowly compared to dew point values over land. What is important is the
changing wind direction for situations where there is curvature in the wind fields alS the inflow wind
vector is followed upwind for hundreds of miles.

As is the case for the storm representative dew point analysis, timing ofth(~ rainfall is
determined using the rainfall mass curves from the region of maximum rainfall. The wind speed
and direction are determined using NCEP reanalysis wind fields incorporated into the HYSPLIT
program to identify source regions for atmospheric moisture over the warmer ocea.n areas. The
location of the storm representative SST was determined when SSTs are changing less than one
degree F in a degree latitude and/or longitude distance following the inflow wind vector upwind.
Values from the NOAA SST analysis for that location were used to determine the storm
representative SST.

For storm maximization, the value for the maximum SST is determined usiing the mean plus
two sigma SST for that location for a date two weeks before or after the storm date (which ever
represents the climatologically warmer period). Storm representative SSTs and the mean plus two
sigma SSTs are used in the same manner as storm representative dewpoints and maximum
dewpoints in the maximization and transpositioning procedure.
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8. Storm Transpositioning

Extreme rain events in a meteorologically homogeneous region surrounding a watershed are
a very important part of the historical evidence on which a PMP estimate for the drainage basin is
based. Since most basin locations have a limited period of record for rainfall data collected within
the basin boundaries, the number of extreme storms that have been observed over the basin is
limited. Storms that have been observed within similar climate and topographic regions are
analyzed and adjusted to provide information describing the storm rainfall, as ifthat storm had
occurred over the basin being studied. Transfer of a storm from where it occurred to a location that
is meteorologically and geographically similar is called storm transpositioning. The underlying
assumption is that storms transposed to the basin could occur over the basin under similar
meteorological conditions. To properly relocate such storms, it is necessary to address issues of
similarity as they relate to meteorological conditions and topography.

The search for extreme rainfall events identified storms that occurred throughout Arizona
south ofthe Mogollon Rim south and east through Tucson and to northern Mexico. This region was
considered meteorologically and geographically homogenous and therefore the climatological
settings of the basin and the locations of each ofthe transposed storms are similar. Further analysis
of storm patterns on both a temporal and spatial scale within this region revealed that only storms
that were not influenced extensively by orographic enhancement were considered to have similar
enough storm dynamics to be transpositionable to the drainage basin (this excluded storms that were
centered over the Mt Lemmon area).

8.1 Use of Maximum Dew Point and SST Climatologies

The procedure for storm maximization has been discussed in Section 7. The same maps
used for maximum dew points/SSTs are used in the storm transpositioning procedure. The wind
inflow vector connecting the storm location with the storm representative dew point/SST location
was transpositioned to the basin location. Figure 8.1 shows an example of vector transpositioning.
The upwind end of the vector identifies the transpositioned location for the transposition maximum
dew point/SST. The value of the maximum dew point/SST at that location provided the
transpositioned maximum dew point/SST value used to compute the transposition adjustment for
relocating the storm. The primary effect of storm transpositioning is to adjust storm rainfall amounts
to account for enhanced or reduced atmospheric moisture made available to the storm at the
transposed location. A more detailed discussion of this procedure is provided in Appendix C.
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Figure 8.1 An example of inflow wind vector transpositioning for the Harquah.ala Mountain
Nora September 1997 storm. The storm representative dew point location is 60
miles south/southeast of the storm location.
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Storm maximization and transposition provide an indication of the maximum amount of
precipitation that a particular storm could have produced over the White Tanks #4 drainage
basin. Use of these values alone does not ensure that PMP values are provided for all area sizes
and durations since some of the maximized and transpositioned values could be less than the
PMP. By enveloping the rainfall amounts from all the major storms, rainfall values indicative of
the PMP magnitude are produced (WMO, 1986).

Enveloping is a process for selecting the largest value from a set of data (see Glossary).
This technique provides continuous smooth curves based on the largest precipitation values from
the set of maximized and transposed storm rainfall values. The largest precipitation amounts
provide guidance for drawing the curves.

During the enveloping process, values which are not consistent (are either high or low)
are re-evaluated to insure reliability. High values are enveloped unless an explanation can be
provided to justify undercutting the value. Low values are also re-evaluated for reliability and
then enveloped to maintain consistency with surrounding values. This enveloping procedure
addresses the possibility that for certain area sizes and durations, no significantly large storms
have been observed that provide large enough values after being maximized and transposed to
represent the PMP. The result of this procedure is a set of smooth curves that maintain
continuity among temporal periods and areal sizes.

The envelopment process was used twice in PMP determination for this study. The first
application was in determining the depth-area curves for each duration period. Curves for each
storm were drawn using the adjusted storm values. An enveloping curve using all of the storm
curves was drawn for each duration period. Although there were some situations that required
enveloping, there were no cases that involved undercutting, primarily because the maximized
and transposed data points were adequately consistent. The envelopment procedure was
performed to provide smooth depth-area curves with continuity among area sizes. The curves
were constructed in such a way to ensure that, for a given duration, the depth for any area did not
exceed the depth for a smaller area.

The second application of the envelopment process was used in determining the depth-duration
curves. Curves for each of the area sizes were constructed using results from the depth-area
analysis. Enveloping curves were drawn to produce smooth curves that provide continuity in
time.

The final set of curves defines PMP values for the site-specific study. The envelopment of the
adjusted storms together with the curve smoothing process insured that all storm data were
included and that the resulting set of PMP values provides rainfall values that are consistent
spatially and temporally (see Appendix E for the full set of curves).
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10.1 Site-Specific PMP Values

10. Results
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11.1
10.7
9.5
8.8
7.9
6.6
5.4
4.3
2.6

6-Hour
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5.4
4.9
4.0
3.5
3.0
2.4
1.9
1.4
0.8

Site-specific PMP values for local storms

Site-specific PMP values for remnant tropical storms

50
10

100

500
200

1000

5000
2000

Table 10.\

I-Hour 6-Hour 72-Hour
1 5.2 8.5 16.1

10 5.0 7.8 14.6
50 3.9 6.2 12.2
100 3.3 5.5 11.2
200 2.7 4.8 10.5
500 2.1 4.0 9.9
1000 1.7 3.4 9.5
2000 1.3 3.0 9.1
5000 0.8 2.4 8.3
10000 0.6 1.9 7.6

Table 10.2

This site-specific PMP study has produced PMP values for use in computing the PMF for
the White Tanks #4 drainage basin. The site-specific values are listed below by storm type in
Tables 10.1-10.3:
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10.2 Comparison of the Site-Specific PMP Values with 24-Hour 100
Year Rainfall Values

Comparison of PMP values with rainfall frequencies is generally made for point
locations, i.e., individual locations. Sufficient data are not available to make the comparison at
other area sizes. For example, comparison for the 20-square mile area size would be more useful
for this study, but return frequency statistics are not available for spatial scales larger than point
locations.

1.0
1.0
1.0
0.9
0.8
0.8
0.8
0.6
0.5
0.4

Site-specific PMP values for general frontal storms

l-Hour

10

500

100
200

1000

5000
2000

10000
20000

Table 10.3

Data from NOAA Atlas 14 found on the NOAA's Hydrometeorological Design Center
web interface for Arizona (http://hdsc.nws.noaa.gov/hdsc/pfds/salazpfds.html) were used to
determine 100-year return frequency value for the White Tanks #4 basin, 33.55447°N latitude
and 112.5511 oW longitude. The site-specific l-square mile, l-hour and 10-square mile 24-hour
PMP values were divided by the appropriate 1OO-year 24-hour values. The ratio from NOAA
Atlas 14 for I-square mile at l-hour is 2.4 and for 10-square miles at 24-hours is 3.4.

PMP values were compared with 100-year rainfall values as a general check for
reasonableness. The ratio ofthe I-square mile 24-hour PMP to 24-hour 100-year return period
rainfall amounts is generally expected to range between two and four, with values as low as 1.7
and as high as 5.5 found in HMRs 57 and 59 (Hansen et al. 1977; Reidel and Schreiner 1980,
Hansen et al. 1988, Hansen et al. 1994). Further, as stated in HMR 59 " .. .the comparison
indicates that larger ratios are in lower elevations where short-duration, convective
precipitation dominates, and smaller ratios in higher elevations where general storm, long
duration precipitation is prevalent" (Corrigan 1999). Therefore, it would be reasonable to
expect the ratios for White Tanks #4 to be in the higher end of the range. The 100-year 24-hour
return frequency rainfall values were derived from NOAA Atlas 14 for the White Tanks basin.
Comparisons of the l-square mile, I-hour value for local convective PMP and the 10-square mile
24-hour value for remnant tropical/general frontal PMP to the 100-year 10-square mile, 24-hour
rainfall return frequency values were made (Tables 10.4a and b).
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Table 10Aa Comparison of Site-Specific PMP with I-hour 100-Year Rainfall Frequency
I-square mile I-hour PMP: 504 inches
NOAA Atlas 14 100-year I-hour I-square mile rainfall: 2.26 inches
Ratio of PMP to the IOO-year rainfall: 204

Table 10Ab Comparison of Site-Specific PMP with 24-hour 100-Year RainfalllFrequency
10-square mile 24-hour PMP: 14.5 inches
NOAA Atlas 14 100-year I-hour I-square mile rainfall: 4.24 inches
Ratio ofPMP to the 100-year rainfall: 304

10.3 Comparison of the Site-Specific PMP Values by Storm Type and
Duration

This site-specific PMP study provided PMP values for durations from I-hour through 72
hours and area sizes from I-square mile to 20,000-square miles. However, for the White Tanks
#4 drainage basin, values for the 20-square mile area size are most relevant. Table 10.5 shows
the values for each storm type and provides a comparison between each storm type to determine
which type of storm is most important for producing PMP at each durational increment.
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Table 10.5 Comparison ofthe White Tanks #4 drainage basin site-specific PMP values at the
20-square mile area size for each storm type by duration

SCirmJJ
DytatIen

1Hour

2 Hours 6.6

3HoUl'$ 8.1

"'Ifours 9.4

SHouts 10.2

fHours 10.3 7.1 3.4

12 Hours 10.8 4.3

24IfoUlS 13.0 6.3

38Hours 13.1 7.3

4BNoIIIS 13.2 8.3

72 HollIS 13.5 10.8
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11. Sensitivity Analysis

[n the process of deriving site-specific PMP values, various assumptions were made and
explicit procedures were adopted for use. Additionally, various parameters and derived values
are used in the calculations. It is of interest to assess the sensitivity of PMP values to
assumptions that were made and to the variability of parameter values.

11.1 Assumptions

11.1.1 Saturated Storm Atmospheres

The atmospheric air masses that provide available moisture to both the historic storm and
the PMP storm are assumed to be saturated through the entire depth of the atmosphere and to
contain the maximum moisture possible based on the surface dew point. This assumes moist
pseudo-adiabatic temperature profiles for both the historic storm and the PMP storm. Limited
evaluation of this assumption in the EPRI Michigan/Wisconsin PMP study and the Blenheim
Gilboa study indicated that historic storm atmospheric profiles are generally not entirely
saturated and contain somewhat less precipitable water than is assumed in the PMJP procedure. It
follows that the PMP storm (if it were to occur) would also have somewhat less precipitable
water available than the assumed saturated PMP atmosphere would contain. What is used in the
PMP procedure is the ratio of precipitable water associated with each storm. Ifthl~ precipitable
water values for each storm are both slightly overestimated, the ratio ofthese valUt~s will be
essentially unchanged. For example, consider the case where instead of a historic storm with a
storm representative dew point of70° F degrees having 2.25 inches of precipitable water
assuming a saturated atmosphere, it actually had 90% of that value or about 2.02 inches. The
PMP procedure assumes the same type of storm with similar atmospheric characteristics for the
maximized storm but with a higher dew point, say 76 0 F degrees. The maximized storm, having
similar atmospheric conditions, would have about 2.69 inches of precipitable water instead ofthe
2.99 inches associated with a saturated atmosphere with a dew point of 76 0 F degrees. The
maximization factor computed using the assumed saturated atmospheric values would be
2.99/2.25 = 1.33. [fboth storms were about 90% saturated instead, the maximization factor
would be 2.69/2.02 = 1.33. Therefore potential inaccuracy ofassuming saturated atmospheres
(whereas the atmospheres may be somewhat less than saturated) should have a minimal impact
on storm maximization and subsequent PMP calculations.

11.1.2 Maximum Storm Efficiency

The assumption is made that if a sufficient period of record is available for rainfall
observations, at least a few storms would have been observed that attained or came close to
attaining the maximum efficiency possible in nature for converting atmospheric moisture to
rainfall for regions with similar climates and topography. The further assumption is made that if
additional atmospheric moisture had been available, the storm would have maintained the same
efficiency for converting atmospheric moisture to rainfall. The ratio of the maximized rainfall
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amounts to the actual rainfall amounts would be the same as the ratio of the precipitable water in
the atmospheres associated with each storm.

There are two issues to be considered. First is the assumption that a storm has occurred
that has a rainfall efficiency close to the maximum possible. Unfortunately, state-of-the-science
in meteorology does not support a theoretical evaluation of storm efficiency. However, if the
period of record is considered (generally over 100 years), along with the extended geographic
region with transpositionable storms, it is accepted that there should have been at least one storm
with dynamics that approach the maximum efficiency for rainfall production.

The other issue is the assumption that storm efficiency does not change if additional
atmospheric moisture is available. Storm dynamics could potentially become more efficient or
possibly less efficient depending on the interaction of cloud microphysical processes with the
storm dynamics. Offsetting effects could indeed lead to the storm efficiency remaining
essentially unchanged. For the present, the assumption of no change in storm efficiency is
accepted.

11.2 Parameters

11.2.1 Storm Representative Dew Point and Maximum Dew Point, and
Storm Representative SST and 2-sigma SST

This discussion applied to both dew points and SSTs although only dew points will be
addressed. SSTs are used as substitutes for dew points for all storms in this study for inflow
vectors that originate over ocean regions and have the same sensitivity considerations.

The maximization factor depends on the determination of storm representative dew
points, along with maximum historical dew point values. The magnitude of the maximization
factor varies depending on the values used for the storm representative dew point and the
maximum dew point. Holding all other variables constant, the maximization factor is smaller for
higher storm representative dew points as well as for lower maximum dew point values.
Likewise, larger maximization factors result from the use of lower storm representative dew
points and/or higher maximum dew points. The magnitude ofthe change in the maximization
factor varies depending on the dew point values. For the range of dew point values used in most
PMP studies, the maximization factor for a particular storm will change about 5% for every 10 F
difference between the storm representative and maximum dew point values. The same
sensitivity applies to the transposition factor, with about a 5% change for every 10 F change in
either the in-place maximum dew point or the transposition maximum dew point.
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For example, consider the following case:

11.2.2 Sensitivity ofthe Elevation Adjustment Factor to Changes in Storm
Elevation

If the maximum dew point were 78 0 F with precipitable water of3.29",
Maximization factor = 3.29"/2.85" = 1.15 (a decrease of approximately 5%)
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2.85 II

3.44"

For example, consider the following case:

Storm representative dew point: 75 0 F Precipitable water:
Maximum dew point: 79 0 F Precipitable water:
Maximization factor = 3.44"/2.85" = 1.21

Maximum dew point: 79 0 F
Study basin elevation: 100 feet
Historic storm location elevation: 500 feet
Precipitable water between 1OOO-mb and the top of the atmosphere: 3.44 inches
Precipitable water between 1OOO-mb and 100': 0.03 inches
Precipitable water between 1000-mb and 500': 0.15 inches
Elevation Adjustment Factor = (3.44"-0.03 ")/(3.44-0.15") = 1.04 (about 1% per 100 feet)

If the storm representative dew point were 74 0 F with precipitable water 01'2.73",
Maximization factor = 3.44"/2.73" = 1.26 (an increase of approximately 4%)

If the historic storm location elevation were 1,000', the precipitable water between
1000mb and 1,000' is 0.28"
Elevation Adjustment Factor = (3.44"-0.03")/(3.44"-0.28") = 1.08 (about X% per 100
feet)

Elevated topographic features remove atmospheric moisture from an air mass as it moves
over the terrain. When storms are transpositioned, the elevation of the original storm is used in
this study to compute the amount of atmospheric moisture depleted from or added to the storm
atmosphere. The absolute amount of moisture depletion or addition is somewhat dependent on
the dew point values, but is primarily dependent on the elevation at the original storm location
and the elevation of the study basin. The elevation adjustment is slightly less than 1% for every
100 feet of elevation change between the original storm location and the study basin elevation.
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12. Recommendations for Application

12.1 Site-Specific PMP Applications

Site-specific PMP values have been computed that provide rainfall amounts for use in
computing the Probable Maximum Flood (PMF). The study addressed several issues that could
potentially affect the magnitude of the PMP storm over the White Tanks #4 drainage basin.

The storm search and selection of storms to be analyze emphasized storms with the
largest rainfall values that occurred over areas that are both meteorologically and topographically
similar to the White Tanks #4 drainage basin. Each storm type that occurs over the region was
analyzed. This included local convective, remnant tropical, and general frontal storms. Results
of this study should not be used for watersheds where meteorological and/or topographical
parameters are different from the White Tanks #4 drainage basin without further evaluation.

12.2 Temporal Distribution of precipitation for Local, Tropical, and
General Storms

Understanding and quantifying how rainfall associated with the PMP storm would fall
temporally is very important to the modeling of the PMF. To determine the temporal distribution
of rainfall, storms that were used to derive PMP for White Tanks #4 were analyzed. Storms
were grouped by type; local, tropical, and general. Local storms were analyzed from 1-6 hours,
with an additional analysis completed for sub-hourly intervals (I5-minutes for the first hour).
Tropical and general storms were analyzed on an hourly basis from I through 72 hours.

A total ofthirty-two SPAS storms were used for temporal distribution analysis, including
16-local, 7-tropical, and 9-general. The location of the storm center, for each storm analysis,
was used for the temporal distribution calculations. A script was written to determine the
maximum precipitation accumulations for the duration of interest (6-hr, 24-hr, and 72-hr) and the
average for each hour analyzed. The initial analysis for the I through 6 hour local storm analysis
(the most relevant for PMP at White Tanks #4) included normalizing the data to the PMP values
for the basin. This was accomplished by dividing the adjusted I hour amount for each storm into
the 6 hour PMP value for the basin the multiplying this value by the I hour adjusted value ofthe
particular storm by its adjusted 6 hour value. From this a set of curves was derived for each
storm for 1 through 6 hours that represents each storm's percent of rainfall compared to PMP at
that particular hour. This set of curves was then enveloped to produce a storm based temporal
distribution for local storm from 1 through 6 hours using two different distributions (Table 12.1).
One was for a front loaded storm where all the precipitation falls within the first 3-hours of the 6
hour storm and one where the precipitation falls over a 5-hour period (following the Queen
Creek depth-are analysis). AWA also analyzed the I through 6-hour data using 15-minute
increments to determine if this would more accurately represent the temporal patterns of the local
storm rainfall as it accumulates from hours I through 6. The results ofthis analysis showed no
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significant improvement over using a linear interpolation between each of the hours I through 6
for the local storm temporal analysis and therefore were not included.
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100%

100%

100%

100%

75

80%

100%

100%

100%

82%

100%

60%

85%

98%

59%

Timing of sub-hourly rainfall in 15-minute sequential increments, at) is the front
loaded distribution and b) is the average distribution.

60%

30%

61%

30%

40%

15%

These data were then broken down into sub-hourly percentages for the first hour only.
The data (0 miinutes-60 minutes) was evaluated in 15-minute increments, with results showing
the percentage of rainfall at each I5-minute interval out oftotal amount for the I-hour period.
The accumulations were converted into a ratio ofthe cumulative precipitation to the maximum
accumulated precipitation for that duration, and a ratio of the cumulative time to the total time
(Figure 12.2). This same analysis was completed using a 5-minute incremental wilndow as well.
However, this showed no improvement over the 15-minute increments and therefore was not
included in this report. For sub-hourly data, gridded precipitation data were used that
incorporated NEXRAD radar data (7 storm events). Again, two distributions are given, one
representing a front loaded storm where all the rainfall for the I-hour period falls within the first
45 minutes and the second distribution which shows a more constant set of values for each 15
minute increment (this was the average of the 7 events).

Table 12.1 Timing of I through 6-hour local storm data in I-hour sequential increments, a)
shows the front loaded 6-hour storm distribution and b) shows the 6-hour storm distribution

related to the Queen Creek storm distribution

Sub-Hourly Timing First Hour Only-Average

Table 12.2
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For the hourly analysis of the tropical and general storms, gridded precipitation data were used
for all SPAS storms (16 total storms). The maximum precipitation accumulations per duration
were based on gridded precipitation at the storm center. Each of the storms was analyzed by
hour as a percentage of the total storm amount for both the 24-hour and 72-hour durations to
equal 100%. The data represent a sequential hourly temporal distribution starting at hour 1 and
ending at hour 24 or 72 (Figures 12.3-12.6).
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Table 12.3 Timing of 1- through 24-hour tropical storm data in sequential I-hour increments,
a) is a front loaded event, b) is a middle loaded event, and c) is back loaded

100%

47%

14%

100%
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Table 12.4 Timing of 1- through 72-hour tropical storm data in sequential I-hour increments,

a) shows the 72-hour storm distribution where the rainfall accumulates in a nearly
linear fashion throughout and b) shows the 72-hour storm distribution where the
rainfall is back loaded, with most of the rainfall accumulating in the final 24-hours
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Table 12.5 Timing of 1- through 24-hour general storm data in sequential I-hour increments,
a) is a middle loaded event, b) is a nearly constant rainfall over the 24-hour period
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Table 12.6 Timing of 1- through 72-hour general storm data in sequential I-hour increments,
a) shows the 72-hour storm distribution where the rainfall accumulates in a front loaded storm b)

shows the 72-hour storm distribution where the rainfall is middle loaded
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Climate change has occurred in the past, is now occurring, and undoubtedly will continue
in the future. This is and has always been a natural part of Earth's cycles. How the climate will
change and how this will affect the number and intensity of extreme rainfall events over the
basin is unknown as of the date of this report.

With a warming of the atmosphere, there can potentially be an increase in the available
atmospheric moisture for storms to convert to rainfall. However, storm dynamics playa
significant role in that conversion process and the result of a warming or cooling climate on
storm dynamics is not well understood. A warmer or cooler climate may lead to a change in the
frequency of storms and/or a change in the intensity of storms, but there is no definitive evidence
to indicate the trend or the magnitude of potential changes (Taylor 2008).

AWA recognizes that the climate is in a constant state of change. However, the current
scientific consensus and understanding cannot agree how climate is changing and more
importantly what those changes will be for the region (www.icecap.us). Therefore, one cannot
say whether White Tanks #4 will be wetter or drier, warmer or colder and/or experience more or
less extreme precipitation events with any quantitative and statistically significant certainty.
Further, most projects of this type have a projected life between 50 to 100 years before they are
redeveloped. In general, most projected changes that may occur within the Earth's climate
system would be unlikely to significantly affect the project's hydrology beyond the bounds of the
PMP values derived as part of this project during its useful life. Based on these discussions, it is
apparent that the current practice of PMP determination should not be modified in an attempt to
address potential changes associated with climate change. This study has continued the practice
of assuming no climate change, as climate trends are not considered when preparing PMP
estimates (WMO, Section 1.1.1).

Climate Change Assumptions12.3
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Appendix A

Average Dew Point Maps for 3-hour, 12
hour, 24-hour 100-year Return Frequencies

And

Plus 2 sigma Sea Surface Temperatures
Maps
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400
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'IO'"arrw

300
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111U'aW

200
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11'l'-Uaw113arrw'14aaw1t5aaW

115vaw

3ll1111l',II'''''ll:rQ!I'

116'0'0'W

3711<TN

:m aCTN

31 (TerN

32 0'0·"

331111'"

29 ucrN
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I
I
I December 3-Hour 100-Year

Dew Point of

1140'(JW 113 urrw

o 50 100- -

38O'O"N

37'O'O"N

34~O'O"N

1070'O'Wl08f1aW

108 a(Y'W 107 uaw

'.'s

400

~ ----"-rIi-32O'O"N

109"O'O'W

tooaow

300

110"f1O'W

l1rruaw

111~

200

Miles

11'7:'aaw

112 aaw 111'O'O"W

113"UaW114C1aw11Sf10'W

11Sf1UW116'0'O'W

370'0"1<

34 O'O"'fI!

36O'(}N

30 aO"N

32 O'O"N

,.-,rO"N

31 acnl

I
I

I
I

I

I
I

I
I

I
I

I

I

I
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January l2-Hour lOO-Year
Dew Point of

I
I
I

o 50 100

4O'O'O"N

Jg aO"N

32 O'O"N

'29'O'O'"N

11f1'O'aw 115"O'aw

115rJaw

'14aaw

- -

113<acrvv ',,"O'O'W

112'0'O'W 111<0'0W

Miles

200

A-14

110VO-W

300

'QO'<TO'W

'00 O'O'W

400

10& rtcrw 101aaW

39 O'G"N

380'O'"N

:l6'O'O'"N

31"O'UN

3()'OO"N

29 O'O'"N

I
I
I
I
I

I
I
I
I
I
I
I
I
I
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I
I
I February l2-Hour 100-Year

Dew Point of

1140'aw 113aaw

o 50 100- -

310'O"N

33'O'a-N

34'a<7'N

l07r]O'WlQ8aaw

108 (JOW loTaaw..*,
S

lOO1TO'W

400

l09uaw

300

110aaw

111"0'0'W
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200

11Z'auw

112'0'O'W 111 r1O'W

113'O'aw114aaw11s'O'aw

11S'0'O'W

116vaw

116'O'O'W

31 UO"f'.;

301JO"N

34iJO"N
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29 O"O"N
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I
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March 12-Hour 100-Year
Dew Point of I

115'O'O'W lU"'O'aw 113'aO'W

o 50 100- -

I
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l1Z-cYO'W 111 arrw

'13'O'O'W,uo'aw115'O'O'W
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35 O'O"N
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N
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3O-aO"N

A-20

I
I



I
I
I

August l2-Hour 100-Year
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I
I

I

I
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I
I

I
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I

34'O'lTN

39 O'lTN
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38 O'lTN
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300
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Miles
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I
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N
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January 24-Hour lOO-Year
Dew Point of I

115 rraw ,,. o'aw l'I3VO'W

o 50 100- -
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I
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I

I
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I
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I

I
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115Vaw 11.0'{IW 113 a(fW

o 50 100- -

"O'U'N
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S

400
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300

110"0'ryw
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200
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llZ'aaw
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118"O'O'W
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38 U<rN

34 aO"N

33 aO"N

31 UO'"N

3O'O'O"N

37 acrN

29acrN
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I
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I
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March 24-Hour IOO-Year
Dew Point of

I
I
I

ltZ'"O'O'W 111 af1W 108 aaw 107 O'aw.•'
s

31:1"0'0"1'1

37 u(rf'l

3l5UO'lI

33 0'0"'"

32 O'O'"N

31 (JaN

29 0'0">1
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116"0'0'W
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"" au",,, 113Vaw

- -o 50 100

112'O'aw
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200

A-28
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April 24-Hour tOO-Year
Dew Point of

,08" craw 107 craw.•'

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4(J"UU'N

JIll1<TN

38 O'O"N

37'0'0"1'1

36 O'Q"N

35'(TO"N

31 UO'1'I

29 UCTN

t16'O'UW

118"{)"liW

11S'1)'O'W
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1'ArrO'w

11" O'(fW 113"0'O'W

- -o 50 100
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200
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400
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May 24-Hour tOO-Year
Dew Point of

I
I
I

l1Taaw 111 trr1W

4111TlTN

3Q"O'O"N

38 aerN

37 ao1'1

J6UO"lI

34-aO"N

32WN

310'0'1'1

29 0'al'1

113Ur1W

115VO'W 1'" aaw 113 (law

- -o 50 100

l1z-aaw

Miles

200
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Dew Point of

114 arrw 113 arrw

o 50 100- -

~O'D"'N

32O'O"N

31"O'O"N

29 alTN

:rlalTN

I07aaw108 aa-w

108 O'rrw 107 aaw.*,
S

'OO1l'O'W

400
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11rrarrw

300

110Vaw

l11aaw

200

Miles

ltz.aaw

l1TO'UW 111 aaw

113arrw11411O'Wl1saryw

l1SO'UW

116"'O'O'W
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37'00"1'1

33 0'0"t.
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310'0"'"

I

I
I
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I
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July 24-Hour 100-Year
Dew Point of

I
I
I

o 50 100

38 0'0""1

37 0'0"f'1

3Il0'0'"N

35 O'O"N

341T0'l1

33 atTN

32 0'0"'"

31 aD"",

30'0'0"1'1

29 O'C)"'J11

115aaw luaaw

- -
113'0'O"W
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200

A-32

111 arrN

111 Uf1W

110'UUW

110l1O'W

300

'OO'O<7W
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I
I
I August 24-Hour tOO-Year

Dew Point of

115 aaw 114 urTW 113 aaw

o 50 100- -

O'<TN

107 aavvl08aawlOO-OUW

tOQ aavv 108 aaw t07 aaw
N

400 ••'

s

300

110arrw

110"UO'W
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200

Miles

11z-aaw

1tZaO'W 111 arrw

113'UO"W114C1f1'W115UfJW

35 OO"N

36 O<TN

37 01l'1'1

38 aO"N

,. O<TN

31 aO"N

3OUO"'N

33C1O"f'l
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I
I

I

I

I

I
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I

I
I
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I

I
I

I
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September 24-Hour tOO-Year
Dew Point of I

115 f1(J'W 1'" aaw 113 rrr:rw ltTaaw 111 arrw 108 (law 107 a(fW.•'
S

I

I
I

I

I
I

I

I

I
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I
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I
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JIlO'lTN

107Uaw108 arrw

400

'OO'O'(TW

""O'O'W
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110"rrrrw

111arJW

200
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3S O'lTN
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310'0"N
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I October 24-Hour tOO-Year

Dew Point of

115 craw a4 f1f1W 113 aaw

o 50 100- -

:lllU<Y1'l

33 u<Y1'l

32 a<Y1'l

30 Ulm

107 aaw108 UO'WIOO1l'O'W
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N

400 ••'

s

110"(1aw

300
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111 arrw

200

Miles
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I
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November 24-Hour tOO-Year
Dew Point of

I
I
I

o 50 100

Jll"C7l<

38 UQ"N

37 Utnl
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32 aO"N
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- -
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200
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"$ uaw 114 (JrJW 113VO"W

o 50 100

371)'O"N

310"U"N

'ONTlTWtoaaawlCQ'fIO'W

1(» auw 108 aaw 107 f1fIW
N

'00 ••'300

110-auw

l11-aaw112Urrw

200

Miles

112 O'O'"W 111 aaw

113 O'O'W114 flrrw

- -

11saawl1ro'O"W

118aaw

38 U(TN

39"O'CYN

37'0'0"'"

36acrN

350m'

34 0'0"'"

311J"CT"N

29O'O"N

:lOom,

I

I

I

I
I

I

I

I

I
I

I
I

I
I

I

I
A-37

I



I
I

January 2 Sigma SST OF I
'25"W 120'W 115'W 11O'W 105'W

35'N 35'1<

I
I

3O'N 3O'N

I
I2S'N 25'N

I
I2O'N

I125'"W 120"W 11~"W 11O'W 105'W.+, 0-_ ...,
- - - .Miles
0 250 500

I
I
I
I
I
I
I

A-38

I
I



February 2 Sigma SST of

A-39

__-=·=-_IIiE:::=IIIIIiI__-=·====::l·Miles
o 250 500

25'N

105"W

110 ¥

110"Wl1S-vJ

115"W

120'W

JO'N

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



3Q'N

125"W

12.5"W

March 2 Sigma SST of
120'W l1S-vi 110"W

A-40

35'N

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
,I
I
I
I

3O·N

125"N

April 2 Sigma SST of
120"W l1S-W 110~

12O"W 11~"W 110'\V

_ _ _ •Miles

o 2M MO

A-41

105'W



25'N

125'W

"'W

May 2 Sigma SST of
120'W 115'W 1Icrw

120VI 11$"W mrw

0- - ~ ~ileS .+,

A-42

105'W

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
,I
I June 2 Sigma SST of

125"W l2O"W 115~ HO-W IOS'W

35 35"N

I
I

lOON 3O'N

I
I 25"N 2"N

I
I ZO"N NN

I '>SOW l2O"W 115"W 11D"W 1OS'W

.~.
~~~WMNAOltU- - - I Miles

0 250 500

I
I
I
I
I
I
I

A-43

I
I



3O"N

2,I'N

12~

July 2 Sigma SST of
t2tYYo' 115~ 110~

t2'O"W 113"W 1lCt'W

_ _ _ •Miles

o 250 500

A-44

105'W

I,
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

JO'N

:!S'N

125"W

August 2 Sigma SST OF
120'W 115'W HOW

tZD"W 1l'''W 11O"W

___. •Miles

o 250 500

A-45

lOS'W



September 2 Sigma SST of

A-46

_ _ _ .Miles

o 250 500

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

25°N

35'"

105'W1lO"W

1I0'W

Il$OW120'W

12O'W

125"W

:WON



I
I

IO$'W

·t·

1l0~

110-W

115~

11!S"W'

_ _ _ 'Miles

o 250 500

October 2 Sigma SST of
12O'W

12!S~

3O'N

23'N

2O'N+---1~---_:::::::''''';;''--_=::::'';''''---4--....J._.L......l.._~-_::'''~!H~~~,*.:z<rN

I
I
I,

I
I
I
I
'I
I
I
I
I
I
I
I
I

A-47



November 2 Sigma SST of

A-48

_ _ _ 'Miles

o 250 500

I
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2S'N

105'W110"W115-W12O'W

12lrW

125"W

JO'N



December 2 Sigma SST of

A-49

_ __, IMi~s

o 250 500

tOS"W110'W

110'W

115"'W120'W

120"W

12S"W

3O'N

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'



Appendix B

Discussion on Average vs Persisting Dew
Point and Errors with HMR 49/50 Dew Point

Climatologies
A major issue associated with the determination of dew point values are the use by the

NWS of persisting dew points. Historically, 12-hour persisting dew point values have been used
in the development and storm maximization in the HMRs. A 12-hour persisting dew point is
defined as the highest dew point value that persists for a 12 hour period. In reality, it is the
lowest of 12 hours of observed dew point values. It should be remembered that the dew point
values are supposed to be representative of the moisture in the air mass associated with the
rainfall. Using the lowest observed dew point vs. the average dew point may not be appropriate.
Further, using a 12-hour duration vs. 3-hour or 24-hour duration more representative of the
actual storm event may not be appropriate. NWS has in HMRs 57 and 59 used 3-hour and 12
hour durations but continues to use persisting dew point values. Other site-specific and regional
PMP studies have adopted the use of6-, 12-, and 24-hour dew point values that use average vs.
persisting dewpoint values to better quantify the atmospheric moisture associated with the
rainfall production (Tomlinson 1993, Tomlinson et al 2007, Tomlinson et al 2008).

HMR 50 (a companion document to HMR 49) provides maximum dew point maps.
There are two sets of maps, one for use with local storms and one for use with general storms.
Both use 12-hour persisting dew points. An explicit discussion on how these maps were derived
as well as the data sets used is not provided nor are discussions related to the differences in the
values between local and general storm dew point values. There is a statement made that
"considerations of local and general storm situations suggested a difference of 2° to 3°". The
authors ofHMR 50 did give a high level overview of the processes and stations used to develop
their dew point climatology (HMR 50 Section 4.3), but it is greatly lacking in detail and
therefore cannot be verified or replicated.

Table 4.1 of HMR 50 Section 4.2.2.1.1 lists the four highest warm season 12-hour 1000
mb dew point situations at Phoenix. AWA attempted to verify these values and then compare
the 3-hour, 12-hour and 24-hour average dew point values for the same periods with the 12-hour
persisting values using the historic dew point observations at Phoenix. This analysis revealed
several issues with the HMR 50 dew point data as presented. The most significant being that we
could not replicate the values as presented in the table, either using the actual station data or
adjusting the observations to 1000-mb (Table 4.0).

For this comparison, AWA used the hourly observations from the Phoenix Weather
Bureau station location for the dates presented in HMR 50 Table 4.1 for a 72-hour period starting
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the day previous to the date listed and ending the following day. This ensured all the data that
could have potentially been used to determine their 12-hour 1000-mb dew point value were
evaluated. Unfortunately, the author's ofHMR 50 did not explicitly identify the 12-hour period
used to determine the listed dew point value. AWA used the 12-hour period within the 72-hour
window that produced the highest 12-hour persisting value since the values listed in HMR 50
Table 4.1 were identified as the highest warm season values at Phoenix. Observational data for
Phoenix from AWA's in-house data server (data acquired from the National Weather Service
National Climatic Data Center) were used since the Phoenix observational data were not include
in HMR 50 for the dates listed in Table 4.1.

The analysis shows that the values listed in Table 4.1 ofHMR 50 are not reproducible
based on the hourly dew point observations from Phoenix. The values are listed as the highest
12-hour 1000-mb persisting dew points for the dates provided. The HMR 50 Table 4.1 values
and results of the AWA analysis are shown in Table B.l below.

Table B.l Comparison of HMR 50 Table 4.1 persisting 12-hour 1000-mb dew point values
and the AWA analyzed persisting 12-hour 1OOO-mb dew point values for Phoenix2

HMR 50 Dew Point D'lte HMR 50 Dew Point Adjusted to 1000-Rlb AWA Dew Point Adjusted to 1000-llIb
~gusI3. 1951 73' 75.5'

Augus14,1954 72' 735'- ---
Augusl13.195S 73' 74.5'- - - - -

~gusl1 1964 73' 73.5'
AUfll/Sf 1 191~ 7f' ..65.S·..

No consistent bias is observed. From this analysis, it is unknown how the HMR 50
values were determined but using the Phoenix observations for the dates provided, the HMR 50
Table 4.1 values could not be reproduced.

Using the HMR 50 dew point values listed in Table 8.1 above, comparisons were made
with the HMR 50 maximum dewpoint maps for July and August for both local and general
storms, Figures 4.22 - 4.25. The map values for the Phoenix location are approximately 50 F
higher than the HMR 50 Table 4.1 values for the local storm and 2.50 F higher for the general
storm. The seasonal plot shown in HMR 50 Figures 4.9 does not seem to have all four values
from Table 4.1 plotted. Additionally, there are some return frequency values plotted for the 50%
and 1% probability levels. These are determined applying the normal distribution to a series of
monthly maxima using 21 years of data. There are a couple of issues with this statistical
analysis. The first is that maximum dew point observations are not well represented by the
normal distribution, GEV currently is considered the best distribution to use. The second is the
use of21 years of data to determine a I% probability value (one in a hundred years). The curves
developed in HMR 50 for other individual stations were developed similar to the plot in Figure
4.9 for Phoenix using both maximum observed and return frequency values. However, HMR 50
states that "An iterative process was carried out until realistic and compatible single station

2 The date of 8/1/1980 listed in HMR 50 Table 4.1 appears to be in error. In the text describing the table, the
author's of HMR 50 mention August 1, 1964 as the appropriate date and after analyzing the dew point observations
for the two dates, it seems reasonable that 1964 is the appropriate date to use.
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Table B.2A Comparison of HMR 50 12-hour 1OOO-mb persisting dew point versus AWA
analyzed 3-hour average 1000-mb dewpoints

Table B.2B Comparison of HMR 50 12-hour 1OOO-mb persisting dew poin versus AWA
analyzed 12-hour average 1000-mb dewpoints

HMR 50 Dew Point Date HMR 50 Dew Point Adjusted to 1000-mb AWA 3-hour Averaqe Dew Point Adjusted to 1000·mb
August 3, 1951 73· 77.5°

-
August 4, 1954 72· 76.5·-
August 13, 1955 73· 77.5·

~

AuQust 1,1964 73· 76.5·

A comparison was completed using this same data set used to evaluate the maximum dew
point values in HMR 50 Table 4.1 to determine the 3-hour, 12-hour, and 24-hour average dew
point values (these values have been used in the most recent site-specific PMP reports). This
analysis compared variable duration average dew point values to the HMR 50 12-hour 1000-mb
persisting and AWA 12-hour 1000-mb persisting dew points. Tables B.2A-B.2C show the
difference between the HMR 50 12-hr 1000-mb persisting dew point values versus the 3-hour,
12-hour, and 24-hour average dew points.
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73° 76.5·
72· 75·
730 ~ -- 76.50

73· 75.5·

HMR 50 Dew Point Adjusted to l000-mb AWA 12-hour Averaqe Dew Point Adiusted to l000.lJlb
August 3, 1951
August 4, 1954

August 13, 1955
AuQust 1,1964

HMR 50 Dew Point Date

curves and regional analyses were completed." Therefore it is not surprising that the adopted
curves do not consistently represent the maximum dew point data used in the analyses. Given
that adopted curves for the seasonal local storm maximum dew point were developed
subjectively (see previous quote from HMR 50), a comparison of the August maximum local
storm value from Figure 4.9 was compared to the value from the August local storm map, Figure
4.24, for the Phoenix location. The map value is 78° F whereas the curve value is 76° F.
Somewhere between the adopted local storm curve in Figure 4.9 and the construction of the
maximum dew point local storm map, the maximum dew point value for Phoenix increased 2° F.
It is important to note that a change of 10 F in the dew point value equates to approximate a 5%
change in the maximization factor for individual storms. Since the maximization factor is a
linear multiplier in the PMP determination process, the resulting change in rainfall amounts is
5%. Any errors in the development of the maximum dew point maps reflect directly on the
reliability of the resulting PMP values.



Table 8.3A Comparison of AWA 12-hour 1000-mb persisting dew point versus AWA
analyzed 3-hour average 1OOO-mb dewpoints

Table 8.3B Comparison of AWA 12-hour 1OOO-mb persisting dew point versus AWA
analyzed 12-hour average 1000-mb dewpoints

Table 8.3C Comparison of AWA 12-hour 1OOO-mb persisting dew point versus AWA
analyzed 24-hour average 1OOO-mb dewpoints

Table B.2C Comparison ofHMR 50 12-hour 1000-mb persisting dew point versus AWA
analyzed 24-hour average 1OOO-mb dewpoints

74·
75·

755·

75.5°
AWA 24·lIou, Averalle Dew Point Adjusted to 1000-mb

-76.5·
74·

74.5·
74·

AWA Dew Point Adjusted to 1000·mb

~gust 4, 1954
~guSI13, 1955

. Auaust 1 1964

AugJ,Jst 3 1951
HMR 50 Dew Point Date

HMR 50 Dew Point D.1Ie AWA Dew Point Adjusted to 1000.mb AWA 3.hotlf Averalle Dew Point Adiusted to 1000.mb
August 3, 1951 75.5· 77.5·
AuQust 4, 1954 74· 76.5·

~gust 13, 1955 74.5· 77.5·
Auqyst 1 1964 74· .. 765· .

HMR 50 Dew Point Date HMR 50 Dew Point Adjusted to 1000-mb AWA 24"'ou, Average Dew Point Adjusted to 1000-mb
~gust 3,1951 73· . 15.5·

August 4, 1954 72· 74·-
Auqust 13, 1955 73· 75· -.- -
AUQljst 1 196.4 73· 7~,S·

...

HMR 50 Dew Point Date AWA Dew Point Adiusted to 1000·mb AWA 12"'ou, Averalle Dew Point Adillsted to 1000.mb
~gust 3, 1951 75.5· 76.5·

August 4, 1954 74· 75·
-

August 13, 1955 74.5· 76.5·
Auqust 1 1964 74· 75.5"

Tables B.3A-B.3C show the difference between the AWA analyzed 12-hour 1OOO-mb persisting
dew point values versus the 3-hour, 12-hour, and 24-hour average dew points.

In all cases, the average dew point values are higher than the 12-hour persisting values
given by the author's of HMR 50 and in all but two ofthe 24-hour values analyzed by AWA.
These differences are most pronounced at the 3-hour duration and become smaller from l2-hours
to 24-hours. This same occurrence was found and adjusted for in previous site-specific PMP
studies (Tomlinson 1993, Tomlinson et al 2007, Tomlinson et al 2008) and referenced but not
implemented in HMR 57. The authors of the most recent HMRs (HMR 57 and HMR 59)
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recognized that using a 12-hour persisting dew point value may not accurately represent the
moisture that fed the storm event being analyzed. This is especially true for local storms where
the moisture tongue which fed the storm was of short duration and/or occurred within a limited
spatial extent. Therefore, using the average dew point values for periods of time consistent with
the rainfall duration better represents the storm environment and as such, should be the preferred
way to analyze the moisture associated with a storm event and develop storm maximization
values.

It is very important to have confidence that the climatological maximum dew point maps
be reliable in providing appropriate dew point values for use in both the maximization and
transpositioning process. For some recent PMP studies, e.g. the statewide PMP study for
Nebraska (Tomlinson et aI2008), return frequency analyses of maximum average dew point
values for various durations have been completed. These return frequency maps for durations
appropriate for various storm types provide reliable climatological maps for use in PMP studies.

8-5

I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I,
I
I
I
I
I
I
I
I
I
I
I
I
I

Appendix C

Procedure for using Dew Point Temperatures and Sea
Surface Temperatures (SSTs) for Storm

Maximization and Transposition

Maximum dew point temperatures (hereafter referred to as dew points) have historically
been used for two primary purposes in the PMP computation process:

I. To increase the observed rainfall amounts to a maximum value based on a potential
increase in atmospheric moisture available to the storm.

2. To adjust the available atmospheric moisture to account for any increases or
decreases associated with the maximized storm potentially occurring at another
location within the transposition limits for that storm.

HMR and WMO procedures for storm maximization use a representative storm dew point
as the parameter to represent available moisture to a storm. Prior to the mid-1980s, maps of
maximum dew point values from the Climatic Atlas ofthe United States, Environmental Data
Services, Department of Commerce (1968), were the source for maximum dew point values.
HMR 55 published in 1984 updated maximum dew point values for a portion of the United
States from the Continental Divide eastward into the central plains. A regional PMP study for
Michigan and Wisconsin produced return frequency maps using the L-moments method
(Tomlinson 1993). The Review Committee for that study included representatives from NWS,
FERC, Bureau of Reclamation, and others. They agreed that the 50-year return frequency values
were appropriate for use in PMP calculations. HMR 57 was published in 1994 and HMR 59 in
1999. These latest NWS publications also update the maximum dew point climatology but use
maximum observed dew points instead of return frequency values. This study used an updated
sea surface temperature (SST) climatology for use in storm maximization and transpositioning.

The procedure for determining a storm representative dew point begins with the
determination of the inflow wind vector (direction and magnitude) for the air mass that contains
the atmospheric moisture available to the storm. Beginning and ending times of the rainfall
event at locations of the most extreme rainfall amounts are determined using rainfall mass curves
from those locations.

The storm inflow wind vector is determined using available wind data and the HYSPLIT
trajectory model. The HYSPLIT trajectory model data are available back to 1948. Use of these
reanalysis fields provides much improved reliability in the determination of the storm inflow
wind vectors. The program is available through an online interface through the Air Resources
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Laboratory section of NOAA and is called HYSPLIT. Users are able to enter in specific
parameters that then output a wind inflow from a starting point going backwards (or forwards)
for a specified amount of time. Users can define variables such as the starting point (using
latitude and longitude or a map interface), the date and time to start the trajectory, the length of
time to run the trajectory, and the pressure level at which to delineate the inflow vector. Figures
C.I to C.3 show example inflow vectors generated by HYSPLIT at three levels; 700mb, 850mb,
surface for the Harquahala Mountain-Hurricane Nora September 1997 extreme rainfall event.
Each of these three levels were evaluated for each storm that occurred from 1948 through
present. The data generated from the HYSPLIT runs is then used in conjunction with standard
methods to help delineate the source region of the air mass responsible for the storm
precipitation.
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For moisture source regions over the oceans, dew point observations are not generally
available with the exception of occasional ship reports. NWS has adopted a procedure for using
sea surface temperatures (SSTs) as substitutes for dew points over the ocean. The best available
observations are used to determine the storm representative dew point. This could be a dew
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point values from a ship report, SST observation or daily SST analysis. The value used as the
maximum SST value in PMP calculations is determined using the SST which is two standard
deviations warmer than the mean SST. This provides a value for the maximum SST that has a
probability of occurrence of about 0.05, i.e., about the 20-year return frequency value.

Using SSTs for in-place maximization and storm transpositioning follows a similar
procedure to that used with dew points. The HYSPLIT trajectory model provide a significant
improvement in determining the inflow wind vector as compared to older methods. This is
particularly significant when extrapolating coastal wind observations over long distances to
reach warmer ocean regions.

The inflow wind vector is followed upwind until a location is reached that is at the sea
surface. A point which represents a blend of the 850mb and 700mb trajectories that have been in
contact with the sea surface and/or boundary is chosen as representative to contributing the
moisture to the storm. Once this general location is determine, the location of the storm
representative SST was determined when the SSTs are changing less than 10 F in a half-degree
latitude and/or longitude following the inflow upwind. This procedure was developed to identify
the homogeneous (or near homogeneous) region ofSSTs associated with the atmospheric
moisture source for the storms. The value from the SST daily analysis for that location was used
for the storm representative SST, which was used in place of the storm representative dew point
in the maximization procedure.

Timing is not as critical for inflow wind vectors extending over the oceans since SSTs
change very slowly with time compared to dew point values over land. What is important is the
changing wind direction, especially for situations where there was curvature in the wind fields as
the inflow wind vector was followed upwind. Any changes in wind curvature and variations in
timing are inherently captured in the HYSPLIT model reanalysis fields, thereby eliminated
another subjective and often unknown parameter.

The value for the maximum SST was determined using the mean plus two sigma (two
standard deviations warmer than the mean) SST for that location (see discussion on 2-sigma SST
in Section 5.1.3). The storm representative SST and the mean plus 2-sigma SST were used in the
same manner as the storm representative dew point and the maximum dew point in the
maximization and transpositioning procedure

The storm representative dew point determined from the SST observations is inherently
corrected to the 1000mb level.

The procedure that computes the in-place maximized rainfall for a storm provides an
estimate of the maximum amount of rainfall that could have been produced by the same storm at
the same location if the maximum amount of atmospheric moisture had been available. This
procedure requires that a maximum value for the storm representative dew point be determined.
The maximum dew point value is selected at the same location where the storm dew point was
determined using a maximum dew point climatology. The precipitable water in the atmosphere
is determined using the storm representative and maximum dew point values. Precipitable water
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An example is provided.

76°F
74°F

2.99 in
2.73 in

nOF
76°F
2.47 inches
2.99 inches

1000mb maximum dew point at the storm representative dew point location:
1000mb maximum dew point at the transpositioned location:
Precipitable water associated with a 1000mb dew point of 76°F:
Precipitable water associated with a 1000mb dew point of 74°F:
Transposition factor: PW(74°F)/PW(76°F) = 2.73"/2.99" = 0.91

For example, consider the following case:
1000mb storm representative dew point:
1000mb maximum dew point:
Precipitable water associated with a 1000mb dew point ofnoF:
Precipitable water associated with a 1000mb dew point of 76°F:
Maximization factor: PW(76°F)/PW(nOF) = 2.99"/2.47" = 1.21

For transpositioning, the storm inflow vector (determined by connecting the storm
representative dew point location with the location of maximum rainfall) is moved to the basin
location being studied. The new location ofthe upwind end of the vector is determined. The
maximum dew point associated with that location is then selected using the same maximum dew
point climatology map used for in-place maximization. The transpositioning factor is the ratio of
the precipitable water associated with the maximum 1000mb dew point value at the
transpositioned location to the precipitable water associated with the maximum 1000mb dew
point for the storm representative dew point location.

is defined in this study as the total amount of moisture in a column of the atmosphere from sea
level to 30,000 feet, assuming a vertically saturated atmosphere. Values of atmospheric
precipitable water are determined using the moist pseudo-adiabatic assumption, i.e. assume that
for the given 1000-mb dew point value, the atmosphere holds the maximum amount of moisture
possible. The ratio of the precipitable water associated with the maximum 1000mb dew point to
the precipitable water associated with the IOOO-mb storm representative dew point is the
maximization factor.
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AppendixD

Procedure for Deriving PMP Values from Storm
Depth-Area-Duration (DAD) Analyses

Although PMP rainfall amounts are theoretical values, there currently is no theoretical
method for determining the values. The accepted procedure for determining PMP values begins
with the largest identified historic observed rainfall amounts and applies the following
procedures:

1. Increase the rainfall amounts to some maximized value (in-place maximization),
2. Adjust the "maximized" rainfall amounts to the potential situation where the historic

storm occurs over the basin being studied (transposition),
3. Adjust the "maximized transpositioned" rainfall amounts for elevation changes.

The procedure begins with the depth-area-duration (DAD) analysis from the largest of the
identified storms that have occurred over regions that are climatologically and topographically
similar to the basin being studied. Identification ofthe largest rainfall events is relatively
straightforward and is accomplished by identifying the largest station rainfall amounts and
correlating the dates among adjacent stations to identify the areal extent of the heavy rainfall and
the storm period. The DAD for each storm is computed using isohyetal analyses for each hour
during the storm and determining the largest rainfall totals for each duration of interest over each
area size of interest.

The US Army Corps of Engineers, the Bureau of Reclamation and the National Weather
Service have performed storm studies and produced DADs for many storms. This study
reviewed additional weather station data to identify extreme rainfall storms that had not been
identified and studied previously. All storms used in this study are being analyzed with DADs
for the first time3

. This is because HMR 49 was the last HMR to not use a storm based DAD
approach to derive PMP values. These DADs quantify the rainfall associated with each storm
event, providing the largest rainfall amounts for each of the durations and area sizes used in this
study.

Identification of storms that can be transpositioned to the White Tanks #4 drainage basin
is largely based on subjective judgment. For a storm to be transpositionable, it should have
occurred over a region that is climatologically and topographically similar to the basin being
studied. Storms generally should not be transpositioned across significant topographic features

3 A Bureau of Reclamation report "Determination of an Upper Limit Design rainstorm for the Colorado River Basin
Above Hoover Dam (1990) did produce DADs for thirteen storm events considered in the statewide study. Further,
HMR 59 includes DAD values for two storm used in the statewide study.
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or into different climate regions (WMO, 1986). The largest rainfall events identified in the storm
search generally occurred over locations south of the Mogollon Rim to the southeastern deserts
of California and eastward to Tucson and the southern desert of Arizona. These storms usually
had similar topographic features between the location of maximum rainfall and the moisture
source for the storm.

Maximization of the storm DADs involves use of dew point temperatures and in one case
the SSTs associated with the air mass that provided the moisture for the production of rainfall by
the storm dynamics. To determine the storm dew point, winds coming into the storm are
evaluated using the HYSPLIT trajectory model and hourly surface observations. The direction
of the wind provides the direction to the region from which the air mass came and the speed
provides the rate at which the air mass was transported into the storm. The procedure is to go
upwind along the inflow wind direction until a position is found where which best represents the
moisture source location. This location is chosen to ensure that the data represents the available
moisture which can be converted into precipitation as part of the storm environment based on the
dew point/SST values. Using this location, an inflow vector (direction and distance) is
determined. The dew point/SST data are used to determine the dew point temperature for the
storm. This dew point value is used together with some maximum dew point value to determine
a maximization factor for the storm.

The maximum dew point represents the greatest amount of atmospheric moisture that
potentially could have been available to the storm. Using a maximum dew point climatology (2
sigma SST temperatures at the same location), the maximum dew point is determined for the
same location as was selected for the storm dew point. Precipitable water associated with each of
these dew point values is used to determine the in-place maximization factor. This procedure
assumes that the storm dynamics of the largest historic storms are very close to being as efficient
as is physically possible and are representative of a PMP storm. The assumption is also made
that if additional atmospheric moisture had been available to the storm, the storm rainfall would
have increased by a ratio directly proportional to the increase in atmospheric moisture. Hence,
once a dew point associated with the storm air mass is determined, the moisture in the actual
storm air mass, referred to as the "in-place" storm precipitable water (storm PW), can be
quantified. The moisture in an air mass with the maximum dew point for the same location,
referred to as maximum precipitable water (maximum PW) can also be quantified. The ratio of
maximum PW to storm PW is the in-place maximization factor.

The equation for this computation is as follows:

In-place maximization factor = (in-place maximum PW)/(in-place storm PW)

Unless the actual storm occurred within the boundaries of the basin under investigation, a
transpositioning procedure is followed to adjust the maximized storm DAD for "moving" the
storm to the study basin. i.e. determine the maximum potential rainfall if the same storm were to
occur over the study basin. The storm inflow vector is moved to the study basin location and the
location at the upwind end of the vector (the end away from the basin) is determined. Using that
location and the maximum dew point (SST) climatology, a transpositioned maximum dew point
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value is selected. The precipitable water values associated with the in-place maximum dew point
and the transpositioned maximum dew point are used to compute the transposition factor.

The equation for this computation is as follows:

Transposition factor = (transpositioned maximum PW)/(in-place maximum PW)

For situations where there are changes in the elevations between the original storm
location and the study basin, a procedure is applied to account for the loss of atmospheric
moisture. However, for local convective storms used in the White Tanks #4 analysis, not
elevation adjustments are considered below 6000 feet following guidance from HMRs 57 and 59.
The adjustment factor uses precipitable water contained in the moisture maximized atmosphere
above the basin elevation, i.e., the moisture contained in the entire depth of the moisture
maximized atmosphere, minus the moisture contained in the moisture maximized atmosphere
below the basin elevation. Also used is the precipitable water contained in the moisture
maximized atmosphere above the storm elevation. The elevation adjustment factor is determined
by computing the ratio of precipitable water in the moisture maximized atmosphere above the
basin to the precipitable water in the entire depth of the moisture maximized atmosphere.

The equation for this computation is as follows:

For conditions where maximization, transpositioning and barrier depletion are all applied
to a storm, the factors can be combined.

Total adjustment factor = (in-place maximum PW)/(in-place storm PW)
Multiplied by

(transpositioned maximum PW)/(in-place maximum PW)
Multiplied by

[(transpositioned maximized PW)/(transpositioned maximized PW)

Multiplication of these terms leads to a simplified computation where all the required
adjustments are implicit in a single term.

Total adjustment factor =

(transpositioned maximized PW) x (in-place storm PW)

The total adjustment factor that includes maximization, transposition, and barrier
moisture depletion (if applicable) uses only two computed values:

1) the maximum atmospheric moisture available to a historic storm if it were to occur
within the study basin. This air mass is assumed to contain the maximum amount of
moisture for the basin location that could be transported over any intervening
barrier(s).

2) the atmospheric moisture available for the historic storm at the location where it
occurred.
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These adjustment factors are applied as a linear multiplier for each storm for all rainfall
amounts in the storm DAD.

To explicitly show how each adjustment factor (in-place maximization, transposition, barrier
adjustment) affects the total adjustment, separate computation are provided.

As an example, the DAD from the Harquahala Mountain-Nora-1997 SPAS 1184 storm
center is transpositioned, maximized, and elevation adjusted for the basin. The following are
values for the parameters used in computing the adjustments:

Total adjustment factor = (In-place max factor) (transpositioned to basin factor) (barrier
adjustment factor

= (3.07-1.02/ (2.67-1.13) (3.07- 0.88/3.07-1.02) (3.07- 0.88/3.07
0.88) = (1.18)( 1.(3)(1.00)

= 1.33

73.5° F
76.5° F
2.67"
3.07"
2.67"
3.07"

73.5.0° F
76.5° F
76.5° F
3650'
0'
4900'

0-4

In-place maximization factor
Storm representative dew point:
In-place maximum dewpoint:
Storm atmospheric precipitable water for 73.5° F:
Maximum atmospheric precipitable water for 76.5° F:
Adjustment for storm elevation, 1000mb to 4900' at 73.5°F:
Adjustment for storm elevation, 1000mb to 4900' at 76.5°F:

For this study, all computations associated with historic storms are computed at the 1000
mb level (approximately sea level). The elevation of the maximum rainfall location is used as
the storm elevation. An adjustment is applied to the storm moisture to account for the elevation
ofthe storm above sea level. For example, ifthe greatest rainfall occurred at an average
elevation of 500 feet, the total atmospheric moisture (500 to 30,000 feet) is increased by the
amount of moisture between sea level and 500 feet.

Storm representative dew point:
In-place maximum dew point:
Transpositioned maximum dew point:
Basin average elevation:
Effective barrier height, South/Southeast inflow:
Storm elevation:

Total atmospheric precipitable water for 73.5° F: 2.67"
Total atmospheric precipitable water for 76.5° F: 3.07"
Adjustment for storm elevation, 1000mb to 4900' at 73.5°F: 1.02"
Adjustment for storm elevation, 1000mb to 4900' at 76.5°F: 1.13"
Adjustment for basin elevation, 1000mb to 3650' at 76.5°F: 0.88"
Adjustment for effective barrier, 1000mb to 3650' at 76.5°F: 0.88"

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



0-5

In-place maximization factor = (in-place maximum PW at storm elevation)/(in-place storm PW
at storm elevation)

This is the same total adjustment computed earlier (within round-off error) using the
single equation to compute the total adjustment factor.

Barrier adjustment factor = (transpositioned maximum PW at effective barrier height for the
inflow direction)/( transpositioned maximum PW at basin elevation)
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76.5° F
76.5° F
3.07"
3.07"
1.13"
0.88"

= (3.07-1.02 / (2.67-l.l3)
= l.l8

Barrier adjustment factor
Transpositioned maximum dewpoint: 76.5° F
Average basin elevation: 36500'
Effective barrier height for the South inflow: 3650'
Maximum atmospheric precipitable water for 76.5° F: 0.88"
Adjustment for effective barrier, 76.5° F, 1000mb to 3650': 0.88"
Adjustment for effective barrier, 76.5° F, 1000mb to 3650': 0.88"

Transposition factor
In-place maximum dew point:
Transpositioned maximum dew point:
Maximum atmospheric precipitable water for 76.5° F:
Maximum atmospheric precipitable water for 76.5° F:
Adjustment for storm elevation, 1000mb to 4900' at 76.5°F:
Adjustment for basin elevation, 1000mb to 3650' at 76.5°F:

Transposition factor = (transpositioned maximum PW at basin elevation)/(in-place maximum
PW at storm elevation)

= (3.07- 0.88 / 3.07-1.02)
= 1.13

Since these procedures involve linear multiplication, Excel spread sheets are used to
incorporate the storm DAD and apply the factors to compute the transpositioned, maximized,
barrier and orographic adjusted DAD. In this study, this procedure is applied for each storm

= (3.07- 0.88 / 3.07- 0.88)
= 1.00

Total adjustment factor = (In-Place maximization) X (Transposition) X (Barrier adjustment) X
= 1.18 X 1.13 X 1.00
= 1.33
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transpositioned to the basin using Microsoft Excel and each of the computational storm
spreadsheets is listed in Appendix F

Once the total adjustment factors are applied to all ofthe storms being considered,
rainfall amounts from largest storms are plotted on a log-linear plot with rainfall depth plotted on
the linear scale and area size plotted on the log scale. Appendix E contains examples of these
plots. A separate graph is constructed for each duration period, e.g. I-hour, 6-hour, I2-hour, etc.
The graphs provide curves of the transpositioned, maximized, and barrier adjusted storm rainfall
amounts for all area sizes. These depth-area curves represent the maximum rainfall potential
based on standard procedure modifications of the largest observed historic storms in the region
surrounding the basin. An enveloping curve is drawn through the largest rainfall values. All of
the plotted rainfall amounts either lie on the enveloping curve or below it. The exception is in
the case where there is reason to suspect that a value is larger than is reasonable and that rainfall
value may be undercut, Le. the envelop curve is drawn beneath the value. Undercutting should
rarely be done and each case needs to be justified. No undercutting was done in the White Tanks
#4 study. In general, the enveloping curve should provide a smooth transition among the
maximum rainfall values for various area sizes. This process of enveloping depth-area plots
provides continuity in space for the rainfall amounts among various area sizes.

After enveloping curves are completed for each of the duration periods, depth-duration
curves are plotted on a linear-linear graph, with duration on one axis and depth on the other.
Since there is only a single curve for each area size from the enveloped depth-area plots, all of
depth-area curves can be plotted as a family of curves on a single graph. Enveloping curves are
drawn for each area size. The enveloping curve should provide a smooth transition among the
maximum rainfall values for various durations. This procedure of enveloping depth-duration
plots provides continuity in time for the rainfall amounts among various durations.

The final envelopment curves provide the maximum rainfall amounts that represent PMP
values for the basin. Rainfall amounts for each area size and each duration period are taken from
the curves and used to construct the PMP DAD table.
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Appendix E

Storm Depth-Area and
Depth-Duration Plots

Adjustments to each ofthe storms on the short list were made using spreadsheets
(Appendix F). The storm depth-area-duration (DAD) was entered along with the storm
representative dew point, in-place maximum dew point, transposition maximum dew point,
original storm elevation, appropriate barrier heights and orographic adjustment factors. All
adjustments were computed within the spreadsheet and an adjusted DAD was produced. These
adjusted DADs were used in the depth-area plots.

Rainfall amounts from the storms, after being adjusted to the White Tanks #4, were
plotted on depth-area plots. Plots were made for each duration period. Enveloping curves were
drawn using the maximum rainfall values and smoothing was applied to provide smooth
transitions among area sizes.

Enveloped rainfall values were taken from the depth-area plots and used to construct the
depth-duration plots. A curve was constructed for each area size. Enveloping curves were
drawn with smoothing to provide smooth transitions among duration periods.

This procedure of enveloping and smoothing produces maximum rainfall amounts that
have continuity in both time and space. Final plots of the depth-area and depth-duration curves
are provided in this appendix. The final PMP values for the study were taken from the depth
duration curves. Plots of the depth-area curves for each duration period and the depth-duration
curves are provided in this appendix. The first set of depth-area curves are for the local
convective storms and include the 1-, 2-, 3-, 4-, 5-, and 6- hours durations and are followed by
the depth-duration plots for 1-, 10-, 50-, 100-, 200-, 500-, 1000-, 2000-, and 5000-square miles.
The second set of depth-area curves are for the remnant tropical storms and include the 1-, 6-,
12-, 24-, 36-, 48-, and 72-hour durations and are followed by the depth-duration plots for 1-, 10-,
50-, 100-, 200-, 500-, 1000-, 2000-, 5000-, and 10000-square miles. The final set of depth-are
curves are for the general frontal storms and include the 1-, 6-, 12-, 24-, 36-, 48-, and 72-hour
durations and are followed by the depth-duration plots for 1-, 10-, 100-, 200-, 500-, 1000-, 2000-,
5000-, 10000-, and 20000-square miles.
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I-Hour Adjusted Local Storm Depth-Area Curves for White Tanks #4
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2-Hour Adjusted Local Storm Depth-Area Curves for White Tanks #4
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3-Hour Adjusted Local Storm Depth-Area Curves for White Tanks #4
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4-Hour Adjusted Local Storm Depth-Area Curves for White Tanks #4
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6-Hour Adjusted Local Storm Depth-Area Curves for White Tanks #4
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Depth-Duration Chart of Enveloped Stonn Data for
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72-Hour Observed Tropical Storm Depth-Area Curves for White Tanks #4
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Depth-Duration Chart of Enveloped Storm Data for 1 sq mile
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I-Hour Adjusted General Frontal Depth-Area Curves for White Tanks #4
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12-Hour Adjusted General Frontal Depth-Area Curves for White Tanks #4
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72-Hour Adjusted General Frontal Depth-Area Curves for White Tanks #4
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Depth-Duration Chart of Enveloped Storm Data for

General Frontal Storms at White Tanks #4 Drainage Basin updated 11/18/09
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Appendix F

Short Storm List Storm Analysis
See Separate Binding
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Appendix G

Storm Precipitation Analysis System (SPAS)
Description

Introduction

The Weather Bureau (currently the National Weather Service, or NWS) and the Corps of
Engineers routinely performed detailed storm rainfall analyses until the 1950s. Since then, only
a few selected storms have been analyzed. Using digital precipitation data now available, storm
rainfall analysis procedures and software have been developed to provide detailed rainfall
analyses using Geographical Information Systems (GIS). Hourly high spatial resolution rainfall
analyses are produced to quantify the spatial and temporal distribution of storm rainfall over
watersheds. Furthermore, the availability ofNEXRAD (Next Generation Radar) data has
allowed SPAS to better account for the spatial and temporal variability of storm precipitation for
events occurring since the early 1990s.

Applied Weather Associates, LLC, Metstat, Inc and Genesis Weather Solutions, LLC
have teamed to develop a rainfall analysis procedure for analyzing rainfall associated with
extreme storms. The Storm Precipitation Analysis System (SPAS) applies the same basic
approach used by the Weather Bureau and the Corps of Engineers, thereby achieving a level of
consistency between the newly analyzed storms and the historic storms previously analyzed.
However, more recent (i.e. post 1990) storms can be analyzed using NEXRAD data and a
slightly different approach. The SPAS algorithms are a suite of UNIX-based programs that
utilize the Geographic Resources Analysis Support System (GRASS) GIS engine to evaluate the
spatial, temporal and depth-area characteristics of precipitation events. (1) For pre-NEXRAD
storms, SPAS uses a spatial approach for allocating precipitation at the daily reporting stations
into hourly rainfall values, thus creating high resolution precipitation maps for each hour of the
rainfall event. Likewise, for post-NEXRAD storms SPAS utilizes the spatial and temporal
information from radar data.

SPAS has been rigorously tested, both with a theoretical storm where the rainfall rates
and spatial distribution are known exactly and with historic storms that have been previously
analyzed by the Weather Bureau.

SPAS analyses have been completed for several recent extreme rainfall storms. These
include Hurricane Floyd (1999) and two extreme rainfall events over northern Wisconsin (1978
and 2003). Results are presented for the test storm; two Weather Bureau analyzed storms
(Westfield, MA 1955 and Ritter, IA 1953), Hurricane Floyd 1999, and the two more recent
Wisconsin storm events. The SPAS analysis results compared very well with the theoretical
storm rainfall amounts and timing. The SPAS storm-centered depth-area-duration (DAD)
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analysis results were within 5% of the Weather Bureau results for Westfield 1955 and Ritter
1953 for most area sizes and durations. SPAS DADs for Hurricane Floyd have been used in a
FERC approved site-specific PMP study in New York and several subsequent site-specific PMP
studies and storm analyses. The SPAS analysis results are continually being incorporated into
updated technology applications for PMP and PMF analyses.

Background

The Weather Bureau and Corps of Engineers produced many storm studies for extreme
rainfall events that occurred during the first half ofthe last century. The DADs from these
studies were used to compare rainfall events and were used in Hydrometeorological Reports
(HMRs) to determine PMP rainfall amounts. Objective procedures were used in these analyses
augmented with subjective judgment by well qualified Hydrometeorologists. The SPAS analysis
procedures incorporate many of the earlier procedures while providing updated techniques along
with GIS and NEXRAD to improve the quality and speed of the analyses.

With SPAS, storms analyses (including storm-centered DADs and mass curves) can be
efficiently completed much more quickly and with more detail than historic analyses. In the
past, a detailed analysis of a storm's precipitation required a great deal of manual labor, hence
making it time consuming and prone to human errors. SPAS is a largely automated system, yet
it provides flexibility and several enhancements over the old storm analysis procedure. In the
past, it was time and cost prohibitive to produce hourly precipitation maps, therefore
assumptions had to be made in the computations ofthe DAD results. SPAS, however, does not
have to make as many assumptions since it has the ability to mimic and resolve the storm's
precipitation much better through the use ofNEXRAD data and GIS algorithms. Table G.l
compares the procedures used historically by the Weather Bureau and SPAS.

Table G.l Comparison between the Weather Bureau storm analysis method and SPAS.

Topic Weather Bureau SPAS
Timing of daily stations Mimics the hourly Uses several representative

distribution ofthe nearest hourly stations in an inverse
hourly station distance weighting scheme

Pseudo-data Did not use Various options for use
Base map options IOO-year 24-hour or Multiple base map options

nothing
DAD calculations based on The total storm, hand- Based on hourly GIS-
six hour duration analyses analyzed isohyetal map .created precipitation grids .
Automation None Largely automated
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Storm Depth-Area-Duration (DAD) Analyses for New Storms

For newly identified extreme rainfall events without published depth-area-duration
(DAD) analyses, DADs needed to be computed. The Storm Precipitation Analysis System
(SPAS) was used to compute DADs for these storms.

There are two main steps in a DAD analysis: 1) The creation of high-resolution hourly
precipitation grids and 2) the computation of depth-area rainfall amounts for various durations.
The reliability of the results from step 2) depend on the accuracy of step 1). Historically the
process has been very labor intensive. SPAS utilizes Geographic Information Systems (GIS)
concepts to create more spatially-oriented and accurate results in a more efficient manner (step
1). Furthermore, the availability ofNEXRAD (NEXt Generation RADar) data allows SPAS to
better account for the spatial and temporal variability of storm precipitation for events occurring
since the early 1990s. Prior to NEXRAD, the National Weather Service (NWS) developed and
used a method based on the research of several scientists. Because this process has been the
standard for many years and holds merit, the DAD analysis process developed for this study
attempts to mimic it as much as possible. See Appendix G for a full description of SPAS. By
adopting this approach, some level of consistency between the newly analyzed storms and the
hundreds of storms already analyzed can be achieved. Comparisons between the NWS DAD
results and those computed using the new method for two storms (Westfield, MA 1955 and
Ritter, IA 1953) indicated very similar results.

Data Collection

The areal extent of a storm's rainfall is evaluated using existing maps and documents
along with plots of total storm rainfall. Based on the storm's spatial domain (longitude-latitude
box), hourly and daily data are extracted from the database for the specified area, date and time.
To account for the temporal variability in observation times at daily stations, the extracted hourly
data must capture the entire observational period of all extracted daily stations. For example, if a
station takes daily observations at 8:00 AM local time, then the hourly data needs to be complete
from 8:00 AM local time the day prior. As long as the hourly data are sufficient to capture all of
the daily station observations, the hourly variability in the daily observations can be properly
addressed.

The daily database is comprised of data from National Climatic Data Center (NCDC) TD
3206 (pre 1948) and TD-3200 (generally 1948 through present). The hourly database is
comprised of data from NCDC TD-3240. The daily supplemental database is largely comprised
of data from "bucket surveys," local rain gauge networks (e.g. ALERT, USGS, etc.) and daily
gauges with accumulated data.

The various types of stations include:
1. Hourly complete
2. Hourly stations with reliable temporal precipitation data, but the magnitude is

questionable in relation to co-located daily gauge
3. Daily complete

Daily stations with complete data and known observation times
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4. Daily supplemental
Daily stations without known observation times

As part of the daily data extraction process, the time of observation - as indicted in NCDC
TD-3200/3206 - is used. However, experience has indicated that the times in TD3200/3206 are
not updated very frequently and are not reliable. Additional efforts are taken to insure the
observation times are accurate. Hardcopy reports of "Climatological Data," scanned
observational forms and/or station metadata forms have proven to be valuable and accurate
resources for observation times. Furthermore, erroneous observation times and dates are
identified in the mass-curve procedure and can be corrected at that point in the analysis
procedure. For stations with an observation time that is undetermined, it is assumed to have an
accurate storm total precipitation and is converted to a daily supplemental using the full tabulated
time period of record as the observational period.

Mass Curves

The most complete rainfall observational dataset available is compiled for each storm. To
obtain temporal resolution to the nearest hour in the final DAD results, it is necessary to
distribute the daily precipitation observations (at daily stations) into hourly bins. This process
has traditionally been accomplished by anchoring each of the daily stations to a single hourly
timer station. However, this may introduce biases and may not correctly represent hourly
precipitation at locations between hourly stations. A preferred approach is to anchor the daily
station to some set of the nearest hourly stations. This is accomplished using a spatially based
approach that is called the spatially based mass curve (SMC) process. Steps involved in the
SMC process are described below:

I. Evaluate and quality control (QC) hourly station data using synoptic maps, nearby
stations, orographic effects, station history and other documentation on the storm.
Resolve any problems with the hourly data as well as manually distributing accumulated
hourly values. At this point in the process, pseudo (hourly) stations can be added to
represent rainfall timing in topographically complex locations, areas with limited hourly
data, and to capture the temporal variations of the precipitation. This is done by
distributing the precipitation by hand at a co-located daily station or by creating a
completely new pseudo station. In either case, the pseudo-station is flagged with a "P" so
the software knows only to use it for timing and not its actual precipitation. A true hourly
station is flagged "H" while daily and supplemental stations are flagged "D" and "S,"
respectively. If a daily station is used to create a pseudo-station, the pseudo-station is
used in all of the subsequent mass-curve related products (i.e. grids and maps). This
procedure is similar to the NWS approach. Like in the NWS procedure, care must be
taken to insure hourly stations represent important physical and meteorological
characteristics before being incorporated into the process. In general, use of pseudo-data
is kept to a minimum. The importance of insuring the reliability of every hourly station
cannot be over emphasized. Since the entire SMC process is based on them, it is
important to collect as many accurate and representative hourly stations as possible. All
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of the final hourly stations, including pseudos, are included in the master GIS hourly
rainfall file.

2. Using the master GIS hourly file, actual hourly precipitation values are converted into
percentages that are the actual individual hourly precipitation values divided by the total
tabulated hourly precipitation for that station. The percentages are not a function ofthe
core precipitation period (CPP), but rather a percentage based on the storm precipitation
period (SPP). An hourly percent of total storm rainfall value is computed for the location
of the daily reporting station for each hour of the storm. Adjustments are made to
account for any differences in accumulated daily rainfall amounts between the sum of
hourly rainfall values and the daily amounts reported at the daily reporting station. A
GIS-ready x-y file is then constructed for each hour that contains the latitude, longitude
and percent of precipitation for a particular hour. Using GIS (GRASS 6.2), an inverse
distance-weighting (lOW) interpolation technique is applied to each of the files. The
result is a continuous grid with percentage values for the entire domain, keeping the grid
cells on which the hourly station resides faithful to the observed/actual percentage.
Because the percentages typically have a high degree of spatial autocorrelation, the
spatial interpolation has skill in determining the percentages between stations, especially
since the percentages are somewhat independent of the precipitation magnitude. The end
result is a grid file for each hour that represents the percentage of the SPP precipitation
that fell during that hour.

3. At this point another quality control procedure has been designed for the SMC process.
Since the SMC process is spatially oriented, a tool was designed that allows the analyst to
use a point-and-click interface to evaluate the hourly percentile maps. This is an effective
way to immediately detect temporal and spatial problems with the hourly-based
percentiles. Any problems identified are resolved and the process to this point is re-run.

4. After the hourly maps of percentages are generated and QC'd for the entire SPP, a
program is executed that converts the daily station data into incremental hourly data. The
timing at each of the daily stations is based on (1) the daily station observation and (2)
the interpolated grid-cell hourly percentage oftotal storm precipitation. To make the
daily accumulated mass curve data faithful to the daily observations (at daily stations), it
is necessary to adjust the hourly percentages such that they add up to 100% and therefore
account for 100% of the daily observed precipitation. To accomplish this, an adjustment
factor is applied to each of the hourly values with greater than zero inches of
precipitation.

5. A similar program is run that converts the supplemental daily stations (i.e. those stations
with unknown or uneven observational periods and/or accumulated values) into
incremental hourly data. In cases where the hourly grids/maps do not indicate any
precipitation falling during the daily stations' observational period but the daily station
reported precipitation, the daily total precipitation is evenly distributed throughout the
hours that make up the observational period. This is the same procedure traditionally
used by the NWS method in these cases. Another possible problem at this point is the
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situation where the observational period at the daily station extends before or beyond that
of the hourly data. The software is sensitive to this and forces an exit, then prompts the
analyst with suggested changes to the raw data.

6. Similar to the NWS method, exhaustive quality control measures are taken at this point.
The SMC procedure groups each station (regardless of type) and some number (user
specified) of nearest stations (regardless of type) into a single file. These files are
subsequently imported into graphing software (or a spreadsheet) for graphing and
evaluation. Unusual characteristics in the mass curve are investigated and the station data
corrected, if necessary. Once the final mass curve results are complete, the database is
ready to create hourly precipitation maps.

Hourly or Sub-hourly Precipitation Maps

At this point, SPAS can operate either in its standard mode or in NEXRAD-mode to
create high resolution hourly or sub-hourly (for NEXRAD storms) grids. In practice both modes
are run so that a comparison can be made between the methodologies. Regardless of the mode,
the resulting grids serve as a basis for the DAD results.

Standard SPAS mode

The standard SPAS mode requires a full listing of all the actual hourly precipitation
values, as well as the newly created estimated hourly data from daily and daily supplemental
stations (pseudo-stations are not included). This is done by creating an hourly file that contains
the newly created hourly mass curve precipitation data (from the daily and supplemental
stations) and the "true" hourly mass curve precipitation (not percent). If not using a base map,
the individual hourly precipitation values are simply plotted and interpolated to a raster with an
lOW interpolation routine in a GIS.

NEXRAD mode

Radar has been in use by meteorologists since the 1960's to estimate rainfall depth. In
general, most current radar-derived rainfall techniques rely on an assumed relationship between
radar reflectivity and rainfall rate. This relationship is described by the equation (1) below:

(1) Z=aRb

where Z is the radar reflectivity, measured in units of dBZ, R is the rainfall rate, a is the
"multiplicative coefficient" and b is the "power coefficient". Both a and b are directly related to
the drop size distribution (DSD) and the drop number distribution (DND) within a cloud
(Martner et al 2005).

The National Weather Service (NWS) uses this relationship to estimate rainfall through
the use of their network of Doppler radars (NEXRAD) located across the United States. A

G - 6

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

standard default Z-R algorithm ofZ = 300R\.4 is the primary algorithm used throughout the
country and has proven to produce highly variable results. The variability in the results ofZ vs.
R is a direct result of differing DSD and DND, and differing air mass characteristics across the
United States (Dickens 2003). The DSD and DND are determined by a complex interaction of
microphysical processes in a cloud. They fluctuate hourly, daily, seasonally, regionally, and
even within the same cloud. Other factors that affect radar rainfall computations include
occultation or blockage ofthe radar beam due to terrain features and range effects that are the
result of the radar beam passing through the cloud at elevations too high in the cloud to observe
the main precipitation portion of the cloud.

Using the technique described above, NEXRAD rainfall depth and temporal distribution
estimates are determined for the area in question.

The methodology that is used to estimate the rainfall is described below.

1. Surface rainfall observations measured within the project area are obtained from multiple
sources for the rainfall event. A Geographic Information System (GIS) layer containing
the locations of these rainfall observations (Figure 1.0) is created using GIS software.

2. NEXRAD Level II data is obtained from the National Climatic Data Center (NCDC).
Level II Base Reflectivity data, 0.50-degree beam angle (lowest beam angle), 124 km
range, data resolution of 1 degree x 1.0 km (polar coordinates) and 0.50 dBZ data bin
resolution is extracted from the Level II dataset (Figure 2.0).

3. The polar coordinate base reflectivity data (Z) is converted into Cartesian coordinate
ESRI ASCII GIS files and combined with the rainfall observations GIS layer. The grid
cells within the GIS grid have a resolution of approximately 1.00 km2

. A SPAS program
is used to determine base reflectivity values (Z) over each grid cell, within the project
area, for each base reflectivity time step.
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4. A range correction scheme developed by the United States Bureau of Reclamation is
applied to each grid cell.

A procedure is used to calculate a "best-fit" Z-R algorithm for the project area. A "best
fit" Z-R algorithm is calculated on an hourly basis by using the least squares methodology.

Least squares is a mathematical optimization technique which, when given a series of
observed data values, finds a function which closely approximates the data (a "best fit"). It
attempts to minimize the sum of the squares of the differences between points generated by the
function and corresponding points in the data.
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Example rainfall calculation project area with rain gauge locations

The range correction factor (CF) used was: (1.04607 - 0.0029590) (r + 0.0000506) r2

where r is the range (distance in km) from the radar (Hartzell and Super, 2000). The
correction is applied to grid cells that are greater than 35 km beyond the radar site. The
range correction corrects for rainfall underestimation due to the radar beam passing
through an elevation too high in the cloud to observe the main precipitation portion of the
cloud.

Figure G.\
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The calculated hourly "best-fit" Z-R algorithm is used to compute radar derived hourly
rainfall depths for each hourly rain gauge location.

By comparing radar calculated rainfall (Reale) depths to observed point rainfall depths at
the rainfall observation sites and calculating a ratio (Rcalc/Robs), it is determined how close a fit
exists between the estimated rainfall depths and the observed point rainfall depths. This
procedure yields areas where ratios are above 1.0 and areas where ratios are below 1.0. These
differences in ratios can be partially contributed to convective rainfall and hail. This results in

Doppler radar Level II base reflectivity imageFigure 0.2
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vastly different DSD and DND being observed by the radar beams during each radar scan,
producing some variability between the radar derived rainfall and the observed rainfall depths.
Other issues that contribute are discussed in the next section.

Issues are sometimes encountered in the radar-rainfall calculation process that can
contribute to a less than perfect correlation between radar rainfall depth calculations and rainfall
depth observations at the rainfall observation sites. These issues include the following:

4. Attenuation: Attenuation is the reduction in power of the radar beams energy as it travels
from the antenna to the target and back and is caused by the absorption and the scattering
of power from the beam by precipitation. Attenuation can result in errors in Z as large as
1 dBZ especially when the radar beam is sampling a large area of heavy precipitation, as
was the case for this rainfall event.

1. Area average radar-rainfall depth estimates versus observed point rainfall depths: A rain
gauge observation represents a much smaller area than the area sampled by the radar.
The area that the radar is sampling is approximately lkm2

. The radar data provide the
average reflectivity (Z) within the area being sampled. This average reflectivity is used
to convert Z to Rcalc for the sample area. This radar derived rainfall value is compared
to a point rainfall depth measured by a rain gauge located within the radar sample area.
This area vs point issue contributes to correlations greater than or less than 1.0 within the
project area.
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Range effects: The curvature of the Earth and standard refraction result in the radar
beam becoming more elevated above the surface with increasing range. With the

2. Rain gauge catch: Precipitation gauges, shielded and unshielded, inherently
underestimate total precipitation due to local airflow, wind undercatch, wetting, and
evaporation. The wind undercatch errors are usually around 5% but can be as large as
40% in high winds. Tipping buckets miss a small amount of rainfall during each tip of
the bucket due to the bucket travel and tip time. As rainfall intensities increase, the
volumetric loss of rainfall due to tipping tends to increase. At rainfall intensities greater
than 152 mm per hour, 1 mm tipping buckets will under report rainfall in the range of 0
5% depending on how the gauge was calibrated. Smaller tipping buckets can have
higher volumetric losses due to higher tip frequencies.

3. Radar Calibration: NEXRAD radars calibrate reflectivity every volume scan, using an
internally generated test. The test determines changes in internal variables such as beam
power and path loss of the receiver signal processor since the last off-line calibration. [f
this value becomes large, it is likely that there is a problem with the calibration and
precipitation estimates could be significantly in error. The calibration test is supposed to
maintain a reflectivity precision of 1 dBZ. A 1 dBZ error results in an error of 17% in
Rcalc, using the default Z-R relationship Z=300 1.4. Higher calibration errors will result
in higher Reale errors. However, by performing correlations each hour, the calibration
issue is minimized.

5.
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increased elevation of the radar beam comes a decrease in Z values due to the radar beam
not sampling the main precipitation portion of the cloud. A correction scheme is used for
this issue.

6. Radar Beam Occultation/Ground Clutter: Radar occultation (beam blockage) results
when to the radar beam's energy intersects terrain features. The result is an increase in
radar reflectivity values that can result in higher than normal rainfall estimates.

Using GIS, the radar reflectivity grids are converted into rainfall depths using Z-R
equations. The equations were unique to defined "sectors" which exhibited similar DSD,
reflectivity (Z) values and observed rainfall. After several iterations to account for changes in
the sector boundaries, a final "radar reconstruction" (Rcalc) is completed for each radar site
being utilized in the process.

If more than one radar site is being utilized the 5 or 6-minute rainfall grids from each
radar site are mosaiced together to produce a seamless grid of precipitation for the storm domain.
The complete grid is smoothed to remove extraneous noise. Additionally, the radar domain
boundaries are subjected to additional smoothing to ensure a smooth spatial transition from one
radar domain to the next and across sector boundaries. The mosaiced grids are then summed into
hourly or sub-hourly intervals.

Gridded Rainfall Quality Control

At this point, additional QC checks are completed on the resulting hourly or sub-hourly
precipitation maps/grids for the SPP. Among the tools is a point-and-c1ick graphical user
interface used to evaluate the hourly precipitation grids. However, by this point error detection
becomes much more difficult since the maps contain more data points and the data has been
through several QC screening processes already. The total cumulative precipitation (or any
combination of hours) and/or maximum I-hour grids can be viewed to find gross errors. The end
result is individual hourly or sub-hourly precipitation grids for the entire SPP.

Depth-Area-Duration (DAD) Program

The DAD extension of SPAS runs from within a GRASS 6.2 GIS environment and
utilizes many of the built-in functions for calculation of area sizes and average depths. The
following is the general outline of the procedure:

1. Given a duration (e.g. x-hours) and cumulative precipitation, sum up the appropriate
hourly or sub-hourly precipitation grids to obtain an x-hour total precipitation grid
starting with the first x-hour moving window

2. Determine x-hour precipitation total and its associated areal coverage. Store these values.
Repeat for various lower rainfall thresholds. Store the average rainfall depths and area
sizes

G-l1
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Test Cases

To check the accuracy of the DAD software, three test cases were evaluated.

"Pyramidville" Storm
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Storm drops 0.10" per hour at previously wet area, plus one cell
width around previously wet area
Area analyzed at every 0.10"
Analysis resolution:
I5-sec (~.25 sq-miles)

2.
3.

a. Determine if the x-hour window includes the last hour ofthe CPP; jf it does not
move the x-hour window forward one hour and return to step 1.

4. Based on the log-linear plot of the rainfall depth-area curve for the x-hour duration,
determine rainfall amounts for the standard area sizes for the final DAD table. Store
these values as the rainfall amounts for the standard sizes for the x-duration period.

a. Determine ifthe x-hour duration period is the longest duration period being
analyzed; if it is not, analyze the next longest duration period and return to step I.

3. The result is a table of depth of precipitation and associated area sizes for each x-hour
window location. Summarize the results by moving through each of the area sizes and
choosing the maximum precipitation amount. A log-linear plot of these values provides
the depth-area curve for the x-hour duration.

5. Construct the final DAD table with the stored rainfall values for each standard area for
each duration period.

I. Storm center: 39°N 104°W
2. Duration: 10-hours
3. Maximum grid cell precipitation: 1.00" (see Figure 3.0)
4. Grid cell resolution: 0.06 sq.-miles (361 total cells)
5. Total storm size: 23.11 sq-miles
6. Distribution of precipitation:

Hour I: Storm drops 0.10" at center (area 0.06 sq-miles)
Hour 2: Storm drops 0.10" over center grid cell AND over one cell width around

hour I center
Hours 3-10:

I.

The first test was that of a theoretical storm with a pyramid shaped isohyetal pattern. This
case was called the Pyramidville storm. It contained 361 hourly stations, each occupying a
single grid cell. The configuration of the Pyramidville storm (see Figure G.3) allowed for
uncomplicated and accurate calculation of the analytical depth-area truth independent of the
DAD software. The main motivation of this case was to verify that the DAD software was
properly computing the area sizes and average depths.



The analytical truth was calculated independent of the DAD software, and then compared
to the DAD output. The DAD software results were equal to the truth, thus demonstrating that
the depth-area estimates were properly calculated (Figure GA).
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The Pyramidville storm was then changed such that the mass curve and spatial interpolation
methods would be stressed. Test cases included:

• Two-centers, each center with 361 hourly stations
• A single center with 36 hourly stations, 0 daily stations
• A single center with 3 hourly stations and 33 daily stations

As expected, results began shifting from the 'truth,' but minimally and within the expected
uncertainty.

Ritter, Iowa Storm, June 7, 1953

Ritter, Iowa was chosen as a test case for a number of reasons. The NWS had completed
a storm analysis, with available DAD values for comparison. The storm occurred over relatively
flat terrain so orographics was not an issue. An extensive "bucket survey" provided a great
number of additional observations from this event. Ofthe hundreds of additional reports, about
30 of the most accurate reports were included in the DAD analysis.

The DAD software results are very similar to the WS DAD values (Table G.2).

Table G.2 The percent difference [(AWA-NWS)INWS] between the AWA depth-area
results and those published by the NWS for the 1953 Ritter, Iowa storm

% Difference
Duration (houors)

Area (sq.mi.) 6 12 24 total

10 -15% -7% 2% 2%

100 -7% -6% 1% 1%

200 2% 0% 9% 9%

1000 -6% -7% 4% 4%

5000 -13% -8% 2% 2%

10000 -14% -6% - 0% 0%
..

Westfield, Massachusetts Storm, August 8, 1955

Westfield, Massachusetts was also chosen as a test case for a number of reasons. [t is a
probable maximum precipitation (PMP) driver for the northeastern United States. Also, the
Westfield storm was analyzed by the NWS and the DAD values are available for comparison.
Although this case proved to be more challenging than any of the others, the final results are very
similar to those published by the NWS (Table G.3).
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Table G.3 The percent difference [(AWA-NWS)/NWS] between the AWA depth-area
results and those published by the NWS for the 1955 Westfield, Massachusetts storm.

0/0 Difference

Duration (h~urs)
..

;\rea (sQ. mi.) 6 12 24 36 .. 48 60 tot1i1

10 2% 3% 0% 1% -1% 0% 2%

100 -5% 2% 4% -2% -6% -4% -3%
200 -6% 1% 1% -4% -7% -5% -5%

1000 -4% -2% 1% -6% -7% -6% -3%

5000 3% 2% -3% -3% -5% -5% 0%

10000 4% 9% -5% -4% -7% -5% 1%

20000 7% 12% -6% -30/0 -4% -3% 3%
..

The principal components of SPAS are: storm search, data extraction, quality control
(QC), conversion of daily precipitation data into estimated hourly data, hourly and total storm
precipitation grids/maps and a complete storm-centered DAD analysis.

Data

Storm Search

A storm search is the first step in a SPAS run. A total storm map is created with readily
available rainfall data to estimate the areal extent of the storm. Based on the initial storm map, a
user-defined domain is established as the SPAS study area, typically a latitude-longitude box.
The study area and storm dates are entered into software that extracts and formats all ofthe
available hourly and daily precipitation data. For example, Hurricane Floyd produced heavy rain
over many regions of the Atlantic seaboard. One of the SPAS analyses selected the rainfall
center over northern New Jersey. The state ofNew Jersey along with portions of surrounding
states was analyzed. Additionally, for a NEXRAO-based analysis radar sites are identified and
the NEXRAO Level II is obtained from the National Climatic Data Center (NCOC). Level II
Base Reflectivity data, 0.50-degree beam angle (lowest beam angle), 124 km range, data
resolution of 1 degree x 1.0 km (polar coordinates) and 0.50 dBZ data bin resolution is extracted
from the Leveill dataset. In order to make the NEXRAD data compatible with SPAS, it is re
projected from its native polar coordinate system to a Cartesian coordinate system. Thereafter,
the grids are converted into ESRI ASCII GIS files. The grid cells within the GIS grid have a
resolution of approximately 1.00 km2

•

Precipitation Data

SPAS has the ability to utilize a variety of different types of data to achieve the highest
spatial and temporal resolution possible. The majority of data are obtained from digital archives
provided by NCOC. These datasets represent official precipitation information and therefore
provide the most critical precipitation input to SPAS. However, supplemental data from other
sources can also be used to better resolve the storm's characteristics.
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Hourly data

Precipitation data that is reported every hour comes from a variety of sources. The base
hourly data is from the NCDC dataset TD-3240, U.S. Control Cooperative Hourly Precipitation.
This dataset provided hourly data sufficient for the Hurricane Floyd analysis. However, other
hourly precipitation gauge data from Automated Local Evaluation in Real Time (ALERT)
networks, Remote Automated Weather Stations (RAWS), NWS's Automated Surface Observing
Systems (ASOS), municipal networks, etc. can also be used.

Quality control (QC) is an ongoing exercise in SPAS. The first QC takes place after the
hourly data has been collected. The hourly station data are evaluated based on knowledge
acquired from weather maps, nearby stations, known orographic effects, station history and other
documentation on the storm. Any hourly data errors are resolved.

Observed hourly data governs the temporal characteristics of the storm and is also used in
the radar calibration (for NEXRAD-based SPAS runs), so every attempt is made to restore
incomplete or accumulated hourly data records. This is done using the same knowledge used to
QC the data. Based on professional judgment and the level of restoration required, the restored
hourly stations are flagged either as pseudo-hourly stations or as supplemental hourly stations.
Supplemental hourly stations will be treated in SPAS just like a complete hourly station.
Pseudo-hourly stations, on the other hand, are only utilized for timing considerations. Pseudo
hourly stations allow the SPAS meteorologist to add data to the analysis to better resolve
physical and meteorological processes that would otherwise be ignored in a strict model.
Creating pseudo hourly data is accomplished by manual distributing precipitation at a daily
station into hourly estimates. This distribution is determined from nearby hourly stations and
information from other sources such as radar or local storm reports. The Hurricane Floyd
analysis did not require any pseudo-hourly stations since the precipitation and terrain were both
relatively uniform. However, several hourly stations were flagged supplemental.

Daily data

Daily precipitation data representing a 24-hour accumulation are more abundant than
hourly precipitation data, and thus provide valuable spatial detail. Daily data are available from
a number of sources, but the base data are from the NCDC datasets TD-3200, U.S. Cooperative
Summary of Day, and TD-3206 U.S., Cooperative Summary of the Day - pre 1948. Additional
supporting daily data is often obtained from other sources such as municipal networks, etc. In
fact, for our Floyd analysis we obtained over 100 supplemental daily observations, taken by
volunteer observers who belong to one or more of several networks across New Jersey, from the
New Jersey State Climatologist Office.

An initial QC screening of the daily data is conducted at this point. The daily data are
summed into storm totals and mapped to spatially identify gross errors. Also, the daily data are
subjected to a threshold check that identifies all of the daily precipitation values that equal or
exceed some threshold. The threshold is usually objectively based on the depth of precipitation
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for a 50- or 100-year reoccurrence interval available from the current precipitation frequency
atlases. For our Hurricane Floyd analysis, we used 7.50 inches, the average IOO-year 24-hour
precipitation in New Jersey from Technical Paper 40.

Once an initial QC pass is completed on all of the available data, SPAS begins its
analysis of the hourly data in order to convert the daily data into estimated hourly amounts.

Methodology

Among one of most significant strengths of SPAS is its ability to convert daily measured
precipitation into hourly precipitation - known as timing - utilizing several nearby hourly
stations. In the past, timing of daily measured data was accomplished by associating each daily
station with a nearby hourly station and distributing the daily precipitation exactly the same as
that hourly station. SPAS, however, uses several hourly stations to time each of the daily
stations, thereby allowing the hourly precipitation distribution to be unique at each daily station.
IfNEXRAD data are available, then it is also used for timing.

Hourly Percentile Grids

The hourly data serve as the basis for timing the daily stations. The first step involved
with this transformation is converting each of the hourly precipitation depths into a percent of the
total storm precipitation. The hourly percentages from each station are then plotted and spatially
distributed for each hour of the storm. The percentages are spatially distributed to a uniform grid
by applying an inverse-distance-weighting (lOW) algorithm, an exact interpolator where the grid
cell values at stations are equal to the station value. Because the percentages typically have a
high degree of spatial autocorrelation, the spatial interpolation carries skill in predicting the
percentages between hourly stations, especially since the percentages are largely independent of
the precipitation magnitude. For instance, an orographic flow over a mountain range will deposit
more precipitation on the windward side and less on the lee side; however the timing ofthe
precipitation across the mountain range will generally be the same. The end result is a grid for
each hour of the storm, each representing the percentage of precipitation that fell during that hour
(see Figure B.S.)
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Figure G.5 An example of a percent of total precipitation map for a single hour during
Hurricane Floyd. Each symbolized station represents an hourly station. I

At this point, a point-and-click QC interface in a GIS is used to evaluate the hourly
percentile grids. This has proven to be an effective way to immediately detect temporal and
spatial problems with the hourly station data. After all problems have been resolved, the process
is then re-run to this point.

Timing ofDaily Data

After the hourly percentile grids are finalized, they are used to create simulated hourly
data for daily station data. The observation time and coordinates of the daily station are used to
extract the appropriate percentile values from the appropriate hourly percentile grids and stored.
To make the daily-accumulated hourly data faithful to the daily observations, it is necessary to
adjust the hourly percentages such that they add up to 100% to account for all of the daily
observed precipitation. To accomplish this, an adjustment factor is applied to each of the hourly
values by multiplying the daily station observational day precipitation by the ratio of the actual
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hourly percentage to the sum of percentages for that observational day. The daily precipitation
amounts are then multiplied by the adjusted percentile values, resulting in a series of hourly
precipitation estimates for the daily station (see Figure G.6).

Daily data ~ Estimated hourly data

'" ~ j
I

U

j
II '" ll"" """",:Ji,,,'" ,",,- ~- , i

1 2 3 1 13 25 37 49 61 73 85
Day Hour

Figure 0.6 An illustration of how SPAS converts three days of daily precipitation into
estimated hourly amounts.

A similar procedure is used to convert the supplemental and pseudo-daily data (i.e. those
stations with uneven observational periods and/or accumulated values) into hourly precipitation
estimates. Since these stations do not always have a complete precipitation record for the entire
storm period, their missing hours of precipitation are filled in with spatially interpolated
estimates later in the SPAS process.

Once the daily data has been converted into hourly estimates, exhaustive and very
effective QC measures are taken. Plots of the incrementally accumulated precipitation data
(known as mass curves) are created for each daily station and then combined into a single plot
with other nearby stations for evaluation. The most common QC issue detected at this stage is
related to the observation time of the daily station. A suspect observation time will cause a shift
in the distribution of precipitation in comparison to the other nearby stations. Any suspect
observation times are corrected when possible. Otherwise, the station is converted to a
supplemental station with the observational period set to the bounds of the storm period, hence
making it unnecessary to know the daily stations' observation time(s). Once any and all timing
issues are resolved, SPAS is re-run.

Output
SPAS generates a number of products to aid in hydrologic modeling, Probable

Maximum Precipitation (PMP) applications and other hydrologic studies. The SPAS
output includes:

1. High resolution (user defined, but typically 30-seconds or about 0.5 miles) hourly
precipitation grids and ArcView Shapefiles.

2. Mass curves for all of the stations (see Figure G.?)
3. A complete storm-centered DAD table and summary, including station density.

(See Figure G.8 and G.9)
4. A complete station list.
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5. Color cartographic total storm precipitation map (see Figure G.lO)
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Figure G.7 Storm center mass curve for precipitation associated with Hurricane Floyd
(September 14-18,1999) in New Jersey. I
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Area Duration (hours)

(SQ. mi.) 6 12 24 48 72

1 6.5 11.3 13.2 14.0 14.0

10 6.1 10.9 12.7 13.4 13.4

100 5.7 9.8 1\.3 12.3 12.3

200 5.6 9.5 1\.0 12.0 12.0

500 5.3 9.0 10.5 11.4 11.4

1000 5.1 8.6 10.0 10.9 10.9

5000 4.4 7.3 8.8 9.5 9.5

ooסס1 3.9 6.5 8.0 8.9 8.9
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Figure G.8 Storm-centered DAD graph
associated with the New Jersey rainfall from
Hurricane Floyd (September 14-18, 1999).

Figure G.9 Storm-centered DAD table for
the New Jersey rainfall from Hurricane
Floyd (September 14-18, 1999).
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Newark Center from Hurricane Floyd

September 15-17.1999
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Figure G.! 0 Total storm (Hurricane Floyd) precipitation map for the New Jersey region during
the period September 14-18, 1999 developed using SPAS.
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Summary

SPAS is based on the sound foundation of the storm analysis procedure used by the
Weather Bureau, thereby providing consistency between storms already analyzed and those
being analyzed today. However, SPAS has the ability to compute more precise and perhaps more
accurate results by using a more sophisticated timing algorithm, a variety of base maps, a wider
variety of data and fewer assumptions. Although largely automated, SPAS has been designed to
be flexible such that it can be utilized for any storm situation. SPAS produces reproducible
results and uses less subjectivity than previous storm analysis studies.

There is a very large backlog of extreme rainfall storm analyses that should be
completed. With rare exception, extreme rainfall storms that have occurred in the last 50 years
have not been analyzed. Without storm DADs, comparison of rainfall amounts from extreme
rainfall storms for various area sizes and durations is not possible. The storm databases in most
of the current HMRs are significantly out of date. For example, the most recent storm used in
HMR 51 occurred in 1972. Using SPAS, this backlog in storm analyses can be addressed.
Equally important, storm analyses can be provided in near real-time, utilizing rainfall
observations that are not included in official archives. Analyses could provide emergency
managers with some measure of how extreme storm rainfall amounts over various area sizes and
for various durations were compared to other storms, to published return frequency values and to
published PMP values.
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NOTICE

This report was prepared by Applied Weather Associates, LLC (AWA). The results and conclusions in
this report are based upon our best professional judgment using currently available data. Therefore,
neither AWA nor any person acting on behalf of AWA can (a) make any warranty, express or implied,
regarding future use of any information or method shown in the report or (b) assume any future liability
regarding use of any information or method contained in the report.
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Appendix F:

List of Storms Analyzed

Storm files were made for the twenty-eight storms used to derive the site-specific PMP values for White
Tanks #4 drainage basin. This includes twelve local convective storms, eight remnant tropical storms,
and eight general frontal storms (Table F.l)

Table F.1 White Tanks #4 Short Storm List (Chronological listing)
- ~-- -

SPAS Storm N mber Storm Tvoe Storm Location State Date Lat Lon PreclP.
SPAS 1144

..
General' Frontal Mt. Ord

. ,

Az.
..

1/14-21!f916 33.754
..
-111.563" . 7.85

SPAS 1077 Remnant Tropical Crossman Creek AZ. 9/3-7/1939 34.546 -114.196 9.65
SPAS 1076 Remnant Tropical Crown King AZ. 8/26-30/1951 34.010 -112.260 10.30
SPAS 1096 Local Convective Queen Creek AZ. 8/19/1954 33.203 -111.145 8.06
SPAS 1064 Local Convective Wellton AZ. 8/24/1955 32.579 -114.338 6.49
SPAS 1154 General Frontal Horshoe Dam AZ. 10/27-11/1/1959 33.040 -111.000 6.70
SPAS 1083 Remnant Tropical Sonora Desert Museum AZ. 9/26-28/1962 32.179 -111.388 7.16
SPAS 1060 Local Convective North Tucson AZ. 9/6-7/1964 32.304 -111.004 5.28
SPAS 1059 Remnant Tropical Sahuarita AZ. 9/9-11/1964 32.006 -110.904 6.77
SPAS 1075 Remnant Tropical Norma AZ. 9/4-7/1970 31.960 -111.610 8.01
SPAS 1062 Local Convective Phoenix AZ. 6/22/1972 33.517 -112.023 5.63

SPAS 1102 Remnant Tropical Joanne AZ. 10/3-7/1972 31.780 -113.500 7.27
SPAS 1042 Local Convective Yuma Valley AZ. 8/15/1977 32.611 -114.631 6.85
SPAS 1150 General Frontal Bear Spring AZ. 2/27-3/3/1978 33.500 -111.600 12.04
SPAS 1134 General Frontal Browns Peak AZ. 12/17-19/1978 33.430 -111.450 5.61
SPAS 1138 General Frontal Crown King AZ. 2/13-22/1980 34.010 -112.260 11.10
SPAS 1122 Local Convective Harquahala Valley AZ. 9/1/1984 33.488 -113.254 8.00
SPAS 1139 General Frontal Knoles Hole Spring AZ. 1/5-10/1993 33.038 -111.004 7.99
SPAS 1086 Local Convective Tucson AZ. 9/3/1996 32.390 -110.800 7.37
SPAS 1084 Remnant Tropical Harquahala Mtn-Nora AZ. 9/25-27/1997 33.815 -113.335 12.13
SPAS 1043 Local Convective Sols Wash AZ. 8/29/2000 34.130 -113.080 4.70
SPAS 1094 Local Convective Castle Hot Springs AZ. 8/27/2003 33.950 -112.340 10.17
SPAS 1088 Remnant Tropical Cypress Mountain AZ. 9/18-20/2004 34.520 -113.860 6.99
SPAS 1147 General Frontal Big Pine Flat AZ. 2/10-13/2005 33.360 -111.330 6.06
SPAS 1091 Local Convective Camp Creek AZ. 9/3/2005 34.040 -111.810 4.82
SPAS 1149 General Frontal Cooks Mesa AZ. 11/30-12/2/2007 35.410 -114.160 5.57
SPAS 1051 Local Convective Magma AZ. 7/10/2008 33.194 -111.347 4.89
SPAS 1Q85 Local ConvElctive Wenden Bouse AZ. ?/26/200~ 3~.920 -113.910 .. 4.82. "

." .- ..
" . ., -

III
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MtOrd,AZ
January 14-21, 1916

Storm Type: General Frontal
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Theslonn repre"Scnlatlve d'ew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
Tj,e inflow barrier heil!htlb~sin elevation is

d-Zonel

'incfiei
inches,
inches,

miles'

feet

feet
feet

1.i9
1.42
1.42

57.0 F
60.5 F
60.5 F
6Q.~ F

" WSW@ II'

3,650
3,200

3,650

[Moisture fnflow Direction:

[Basin Elevation

~torm Elevation
,Effective Barrier Height

Storm Adjustment for the White Tanks #4

with 'totaf predpitable water above sea'level'of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.40 inches of precipitable water at
which subtracts 0.45 inches of precipitable water at
which subtracts 0.5\ inches of precipitable water at
which subtracJs 0.5\ ,inch!,s of orecioitable water at

57.0 F"
60.5 F
60.5 F
3,200
3,200
3,650
3,650,

Long

111.56 W

113.42 W
114.44 W
112.55 W

1·Feb
"Laf

33.75 N

33.20 N
33.00 N
33.55 N

u.w.;
1/14-2011916

TemDoral TransDosition Date

Istorm center location

Istorm Rep dew point location
!Transposition dewpoint location
lBasinJocatjon , '

I

I
I

I

I The in~place maxllnization factor is '
The transposition/elevation factor is

The barrier adjustment factor is

1.23
0.94
1.00

!Noles: 24hr ave from Ylima and PhOenix tWice daily ob'servations al 530am .

nd 530pm on me 171h

-
D

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 Hours 72 Hours
1 sq miles 0.5 2.3 2.9 - 5.3 - . 6.5 - 6.7

10 so miles 0.5 2.\ 2.9 - 5.3 - - 6.4 - 6.5
100 sq miles 0.5 1.7 2.8 - 4.6 - . 5.4 - 5.6
200 so miles 0.5 1.6 2.5 - 4.4 - - 5.0 - 5.\
500 sq miles 0.5 1.2 2.2 - 3.9 - - 4.6 - 4.7

1000 so miles 0.3 1.1 2.\ - 3.6 - - 4.3 - 4.5
2000 sq miles 0.2 0.9 1.7 - 3.2 - - 3.8 - 3.9
5000 sq miles 0.2 0.7 1.3 - 2.4 - - 3.\ . 3.5

10000 sq miles 0.2 0.6 0.9 - 1.9 - - 2.5 - 2.9
20000 so miles 0.2 0.5 0.6 - .. 0.8 - - - 1.4 - 1.6

"

", ..' - , , ,

rm Duration
I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours I 48 Hours I 60 Hours 72 Hours

I sq miles 0.4 2.0 2.5 . 4.6 . - 5.6 - 5.8
10 sq miles 0.4 1.8 2.5 - 4.6 - - 5.5 - 5.6

: 100 sq miles 0.4 1.5 2.4 - 4.0 - - 4.7 - 4.8
200 so miles 0.4 1.3 2.2 - 3.8 - - 4.3 - 4.4

, 500 So miles 0.4 1.1 1.9 - 3.4 - - 4.0 - 4.\
1000 So miles 0.3 0.9 1.8 - 3.\ - - 3.7 - 3.9
2000 sq miles 0.2 0.8 1.5 - 2.8 - - 3.3 - 3.4
5000 so miles 0.2 0.6 1.1 - 2.\ - - 2.7 - 3.0

10000 sq miles 0.2 0.5 0.8 - 1.6 - - 2.2 - 2.5
20000 so miles 0.2 0.4 0.5 - 0,7 .. . - 1,.2 - 1.4

.' .. .. .'

1.16

3200 ' orooraDt!.iG.,fir~t uDs!ooes east o,f Pho,enJx

Olil4,20/19i6

3.3:75 N 1.11.,56 W ...

7,85 inches 1Jhours (SpAS 1144 DADl

': 'Oeneraltorm Tvoe
tQnn Date(sl

r!,ciDlta,tron Tot~1 &.Dur~tion (10 so mil"

,toon tOOjiion

Tile ,total adjustment factor is

SWm or Stonn Ce~lei- Na.ine,

I
I

I

I

I

I

I

I

I
,tOnTI ReDr!'senia,tive DewDOtnt
tOnn 'Reoresent~tive bewooint Location
n,Dlace Max,iinum Dewooint

Moisture Inflow'Vector

570 F
33,20 N

,60,5 F
. 'W.SW itO 11,4 '

113,42 w '

I
n-place Milximlzation Factor'

emooral TransDosition CD'lte)
iansPosition OewDoint Lpcation

, I-Feb

CI4,44 W

vera!!e Basin Elevation 3 650
lighes(Eleva(ion ,in Basin' 3,655
ligher o(Basln ElevatiotilJ~lIowBarrier Height 3,650 ' ,I

, ransPositionMaximum DewDQlnt
"ransPosition Adl.ustment Facior

60,5 F

I
"Ievijtio,n Adiustment Factor

2

I
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M~IMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
, -

Duration (hours}

/!realml') 1 2 3 4 5 6 12 18 . 24 .. 36.. 48 72 96 120 144 Total
0.2 1.12 2.60 351 0.12 7.32 7.48

1 0.83 2.35 3.18 5.78 7.01 7.21
5 0.83 2.35 3.18 5.78 6.99 7.17
10 0.83 2.35 3.18 5.78 6.91 7.04
25 0.83 2.13 3.18 5.52 6.55 6.75
50 0.82 1.91 2.87 5.21 6.12 6.34
100 0.79 1.59 2.84 5.00 5.84 6.05
200 0.73 1.55 2.78 4.70 5.43 5.55
300 0.65 1.49 2.54 4.60 5.34 5.49
500 0.50 1.33 2.42 4.22 4.95 5.07
1000 0.24 1.23 2.20 3.86 4.56 4.90
2000 0.19 0.98 1.86 3.44 4.14 4.28
5000 0.17 0.84 1.36 2.59 3.34 3.75
10000 0.13 0.82 1.05 1.95 2.75 3.14
20000 0.08 0.41 0.84 0.65 1.53 1.80
50000 0.03 0.26 0.34 0.49 0.86 1.19
50001 0.03 0.23 0.34 0.48 0.86 1.19

.'

SPAS #1102 DAD Curves· Zone #1 Southern Deserts
Arizona, January 14.20, 1916

_1-001.1'"
100,000.---------------------------------------------1
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SPAS 1144 Storm Center Mass Curve

1.5
Arizona

12
DAD ZOne 1: Southern Deserts

Jan 14, 1916 (0600 Z) • Jan 21,1916 (0600 Z) 11
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I 11S·0W 114·0W l13·0W l12'OW 111'OW 110·0W lO9'OW 10a'OW

I 37"O'N 37"O'N

I 36'O'N 36'O'N

•
I • •• •35'O'N • • 3S·0'N

I • •••• •• •
•

I
34'O'N 34'O'N

• • ••• •
• • • •

I
••33'O'N • 33'O'N•

I •••• •
32'O'N .~ 32'O'N, • • •

I t. •• ~4 • ••••• •• •
31'O'N 31'O'N

I
I

llS·0W 1l4'OW l13'OW l12'OW Ill'OW ll0·0W 109'OW loa'ow

Total Storm Precipitation
SPAS storm number: 1144 N

I January 14 (0600Z) - January 21 (0600Z), 1916 A
- - •Miles

I
0 25 50 100

Kilometers
0 55 110 220 330

Precipitation (inches)

I 0.05 • 1.00 _ 5.01 - 6.00 _ 10.01 - 11.00 • Daily

1.01·2.00 _ 6.01 - 7.00 _ 11.01 • 12.00 • Hourly

_ 2.01 - 3.00 _ 7.01 • 8.00 12.01 - 13.00 [] Hourly pseudo

I 3.01 - 4.00 _ 8.01 - 9.00 013.01 - 14.00 • Supplemental

04,01-5.00 9.01 - 10.00 () Supplemental estimated

I 6
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Crossman Creek, AZ
September 3-7,1939

Storm Type: Remnant Tropical
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The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
Th.e inflow Qarri~1.: height/.basin elevationjs

Storm Adjustment for the White Tanks #4

with total precipitable \Vater above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.885 inches of precipitable water at
which subtracts 1.02 inches of precipitable water at
which subtracts 0.91 inches of precipitable water at
whjch su.btrac.ts 0.91 . jnc;:hes oforecinit3Qle ~at~ at

inches.
inches.
inches.

miles

reet

reet

reet

2.67
3.21
3.21

73.5 F
77.5 F
77.5 F

.77.5.1'

SSW@IOI)

3,650

4,150

3,650

[Moisturelriflow Direction:

[Basin Elevation

~torm Elevation

lEffective Barrier Height

73.5 F
77.5 F
77.5 F
4,150
4,150
3,650
3,650

long
114.20 W

114.87W
113.18W
112.55 W

:/O-AuQ

lal

34.55 N

33.21 N
32.15 N
.33.55 N

Storm center location

Storm Rep dew point location
ransposition dew point location

Ba~in location

TemDoraJ Transposition Date

I

I
I

I

The lotal adiustmen.t (actor is 1.29.

..

I Hours :2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours I 48 Hours 72 Hours
I 50 miles 1.3 2.5 2.6 2.7 3.0 3.2 3.6 5.0 6.9 7.7 9.3

10 so miles 1.3 2.5 2.6 2.7 3.0 3.2 3.6 5.0 6.9 7.7 8.9

100 S<i miles 1.2 2.1 2.3 2.5 3.0 3.1 3.3 5.0 6.7 7.4 8.3

200 sq miles 1.0 2.0 1.9 2.4 2.9 3.\ 3.3 4.9 6.1 6.9 8.0

500 Sq miles 1.0 1.8 1.7 2.1 2.4 2.8 3.0 4.4 6.\ 6.8 7.6

1000 sa miles 0.9 1.6 1.7 1.7 2.3 2.5 2.9 4.3 5.9 6.5 7.2

2000 S<i miles 0.8 1.4 1.3 1.7 1.9 2.2 2.5 4.0 5.5 6.1 7.0

5000 S<i miles 0.5 1.1 1.1 1.3 1.7 1.8 2.3 3.4 5.1 5.7 6.4

10000 sa miles 0.4 0.7 0.9 1.2 1.4 1.4 2.1 3.0 4.7 5.2 5.9

20000 sa miles 0.3 0.5 0.7 0.9 1.0 1.\ 1.7 2.4 3.9 4.4 5.1
..

Ana-Daradaa
I Hours :2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours 72 Hours

I sa miles 1.7 3.3 3.3 3.5 3.8 4.2 4.7 6.5 8.9 9.9 12.0

10 so miles 1.7 3.2 3.3 3.4 3.8 4.2 4.7 6.5 8.9 9.9 11.5

100 S<i miles 1.5 2.7 3.0 3.2 3.8 4.0 4.3 6.4 8.6 9.5 10.7

200 S<i miles 1.3 2.5 2.4 3.1 3.7 3.9 4.3 6.3 7.8 8.9 10.3

500 sa miles 1.3 2.4 2.2 2.8 3.1 3.6 3.9 5.7 7.8 8.8 9.8

1000 sa miles 1.2 2.1 2.2 2.2 2.9 3.3 3.7 5.5 7.6 8.3 9.3

2000 sa miles 1.1 1.8 1.7 2.2 2.5 2.9 3.2 5.1 7.1 7.9 9.0

5000 sa miles 0.7 1.4 1.4 1.6 2.1 2.4 2.9 4.4 6.5 7.3 8.3

10000 S<i miles 0.6 1.0 1.2 1.5 1.7 1.8 2.7 3.8 6.0 6.7 7.6

20000 S<i miles 0.4 0.6 0.8 1..1 1.3 .. 1..4 .7·2. - 3.1 5.0 5.7 6.6
... .. . ..

01cs:2411r average lakm'lrornlllc From 100 I r'crXlns al Nrollcs, Blythe, :UKI
rr-un101 which rcponoo f..'VU)'6hrs. USGS WSP 1820, pl23

Il;4.8?:W
24hr ave of Needles. BlvJhe .Yum" ., .

1.23
1.05

1.00

73.5 F

9/3-'71.1939

34.. 55 N 114.20 W

33.21 N

9.57 i.nches 72hours4.Q4"_12hrs SpAs 1077 DAD

ssw I@ 100,

SPA'S-f077- rossman Peak Seot "I939-Zo:ne J

;4150' orooraohic Isolated Mtn outside of Lk Havasu Citv

. 77.5 F

torm Reores!'Otativi pewDoint
tomi,~eQ.t:esentativ~Dewopint" Lo~alipn

tOrnl Lpcation .
torin Type:

recio,itation To.tal & D"uration 10 sa roi

n-olace M~ximization Factor

n-Dlace "'faximul)l .DewDoint
MOisture Inflow Vector. ' .-

Stonn Dale s

The tn-place max"imization factor is
The transposition/elevation factor is

The barrier adjustment ractor is

I
I

I

I

I

I

I

I

I

I
emooral TransDosition (Date)
ransDosition Dewooint Loca~ion

ranSDQS1!\On Maximum De\VD.oint .
, f.anino· ilion Adi';stment factor

20-AuQ .
)2.15 N
77.5 F

113.1.8 W

iioheror(lasin glevalionl1;',flow Barrier Heiiht' 3 650
liohest elevation.!n 8asi~' j 655

I levatlon Acrustment Factor
otal Adjustment factor: 1.29

I 8
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MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration hours -
Area (mi') 2 -" 3 4_ 5 6 12 _18 24 36 48_

-
72 96 Tolal1

"",7 U7" 2]7 2.94" 2.97 3.34 3.63 4.04 4.42 5.43 7.24 7"97 R57 9"65 9.65
1 DO 2"54 2"55 2.70 2.96 3"24 3.63 4.04 5.04 6.87 7.68 9"31 9"33 n8
5 1.30 2.54 2"55 VO 2"96 3"24 3"63 4"04 5"04 6.87 7.68 8.98 9.27 9"30
10 1.30 2.52 2.55 2"66 2"96 3"24 3"63 4"04 5"04 6"87 7.68 8.93 9.14 9.12
20 1.30 2.48 2.54 2"64 2"96 3"24 3"63 4"04 5.04 6"87 7.68 8.77 8.68 8.92
50 1.29 2.33 2.45 2$8 2"96 3"24 3"63 4"04 5"04 6"83 7.54 8.44 8.65 8.83
100 U7 2"10 2"30 2.48 2"96 3.14 3.34 4.00 4.99 6.69 7.37 8"27 8"38 8.41
200 1"03 1.96 1.85 2.38 2.85 3.05 3.34 3.73 4.86 6m 6"89 8"02 8.10 8"10
300 1.02 1.91 1.75 2.30 2.74 2.95 3"27 3.72 4.73 6.07 6"89 7"85 7"96 7"98
500 1.00 1.83 1.73 2.14 2"38 2"77 3"01 3"69 4.43 M6 6"83 7.59 7.76 7.74
1000 0"94 U1 1.67 1.72 2.27 2"54 2.85 3.34 4.30 5.68 6.46 7"23 7.43 7.44
2000 0"82 1A2 1.33 1.67 1.94 2.23 2.51 3.27 3.97 5"54 6.11 7m 7.07 7"08
5000 0"51 UO 1.10 1.25 1.65 1.83 2.25 2.93 3.38 5.08 5.68 6.41 6"50 6.49
10000 0.44 0.74 0.90 1.17 1.35 1.42 2"06 2.56 2"96 4"65 5"20 5.86 5.92 5"92
20000 0"29 0.49 0.65 0.85 1.00 1.12 1.68 2.12 2.43 3"85 4.41 5"09 5.15 5"16
50000 0"14 0"27 0.41 0.49 0.58 0"65 0.92 1.16 1.46 2.25 2.82 3.34 3.38 3"39
50368 0.13 0.21 0"32 0.40 0.45 0"52 0"92 1.15 1.45 2.24 2.82 3.34 3.36 3.37

:

100,000.------------------------------------------,

SPAS #1077 DAD Curves· Zone #1 Southern Deserts
September 3 (0700Z) - 7 (0600Z), 1939

_n-ho....

~''',,, ..
_2-ho....

EJ

EJ
~.

10

100

1,000

10,000

I

I
I

I
I

I o 2 4 6 8

.. @

10 12

C Totalstorm

("""'<I)

I
Maximum Average Depth of Precipitation (inches)

I
I
I
I
I 10

I



Storm 1077 - SW Utah, SE California and western Arizona
DAD Zone 1: Southern Deserts

September 3 (0700Z) - September 7 (0600Z), 1939
Lat: 34.5458 Lon: -114.1958
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I

I

I

I
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I
I

I

I

I

I

I
Storm #1077
Wikieup,AZ

Sept 4.7, 1939

• Daily

• Hourly

• Supplemental

o Supplemental estimated

CJ dadzones_1077

I
I
I
I

Precipitation (inches)

• 0.01 - 1.00 • 4.01 - S.OO 8.01 - 9.00

• 1.01 - 2.00 • S.01 - 6.00 D 9.01 -10.00

D 2.01 - 3.00 • 6.01 - 7.00

3.01 - 4.00 • 7.01 - 8.00

o
'.\ • . .• Miles

35 70 140
_ _ Kilometers

o 2040 80 120

N

A

Metstab'AWA July 20, 2(X)9

I 12

I



Crown King, AZ
August 26-30, 1951

Storm Type: Remnant Tropical
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I

KIn Zoae
Storm Adjustment for the White Tanks #4

I
I

Temooral TranSDosition [)ate

Storm center location

~torm Rep dew point location
Transposition dew point location
nasin location

15-Aull

Lat

34.01 N

32.46 N
31.95 N
33.55 N

Long

112.26 W

112.35 W
112.60 W
112.55 W

Moistu're 'Inflow 'Direction:

;Basin Elevation

:;torm Elevalion
.Effective Barrier Height

S'@ liO

3,650
2,900

3,650

miles

feet

feet
feet

The total adiuslment faclor is

The In-place inaximization factor-is
The transposition/elevation factor is

The barrier adjustment factor is

I
I
I

The~storm representative dew point is
The in-place maximum dew point is

The transpositioned maximwn dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow bflT.rier heiJ!,htlbasin elevation is

'73.5 F

78.0 F
78.0 F
2,900
2,900
3,650
3650.

\vith total precipitable water abOve'sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.65 inches of precipitable waler at
which subtracts 0.75 inches of precipitable water at
which subtracts 0.93 inches of precipitable water at
which subtracts 0.93 inches of precipitable water at

1.26
0.93
1.00

\.17

2.67
3.29
3.29

73.5 F
78.0 F
78.0 F
78.0 F

inches.
inches.
inches.

I
I
I
I
I

DbMrved Storm Ded Area-Duration
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours I 48 Hours I 72 Hours

I sq miles 0.8 1.8 2.4 2.6 2.7 2.7 5.0 6.9 7.8 8.8 10.0
10 sq miles 0.8 1.8 2.4 2.6 2.7 2.7 5.0 6.7 7.5 8.4 9.4

100 sq miles 0.8 1.8 2.4 2.6 2.7 2.7 4.2 5.7 6.5 7.2 8.1
200 sq miles 0.8 1.8 2.4 2.5 2.5 2.5 4.2 5.5 6.2 6.8 7.7
500 sq miles 0.8 1.8 2.3 2.4 2.5 2.5 3.8 5.1 5.7 6.3 7.2

1000 SQ miles 0.8 1.6 2.1 2.2 2.2 2.2 3.6 4.7 5.2 5.8 6.8
2000 sa miles 0.7 1.4 1.9 2.0 2.1 2.1 3.3 4.4 4.8 5.3 6.3
5000 SQ miles 0.4 1.0 1.5 1.5 1.5 1.7 2.8 3.8 4.2 4.6 5.7

10000 SQ miles 0.4 0.7 0.9 1.I 1.2 1.4 2.3 3.2 3.6 3.9 5.2
20000 SQ miles 0·2. 0.5 0.7 .. 0,7 0.9. 1.0 1.7 2.5 2.9 3.5 4·6-. '--

StoimDea tIl:Area-""Dii i'ati0ll
1 Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 HOUTS 24 Hours 36 Hours 48 Hours 72 Hours

I SQ miles 1.0 2.1 2.8 3.1 3.2 3.2 5.8 8.1 9.1 10.2 11.7
10 sq miles 1.0 2.1 2.8 3.1 3.2 3.2 5.8 7.8 8.8 9.8 11.0

100 sa miles 1.0 2.1 2.8 3.1 3.2 3.2 5.0 6.7 7.6 8.4 9.5
200 sq miles 1.0 2.1 2.8 2.9 3.0 3.0 4.9 6.5 7.3 7.9 9.0
500 SQ miles 0.9 2.0 2.7 2.8 2.9 2.9 4.4 5.9 6.6 7.3 8.4

1000 sq miles 0.9 1.9 2.4 2.5 2.5 2.6 4.2 5.5 6.1 6.8 7.9
2000 sq miles 0.9 1.7 2.2 2.3 2.4 2.4 3.9 5.2 5.7 6.2 7.4
5000 sa miles 0.5 1.2 1.7 1.8 1.8 1.9 3.2 4.4 4.9 5.4 6.7

10000 sq miles 0.4 0.8 1.1 1.3 1.4 1.6 2.6 3.7 4.2 4.6 6.1
20000 sa miles ..0.2 0.6 0.8 0.9 P q 2.0 2.9 _. 3.3 4.1 5.4

-

. 8/26-3011951 -

fI2.35 W'
..24hr· ave KPHX KTUS73 SF

2900 noO.-orooraohi.c·.
10.W.inch,es 7i-hours' SPAS 1076 DADJ

Tropical

.32.46 N

:34.01 N.. 112.26.W

torm Reoresentat{ve Dewooi/lt Location,

. torm ~ enter Elevafon

. recioitaticm Total, & Duration .sa lnt

S,oimJ.ocation
Storm Type

ionn 01: Storin Center' Nan.1.eI
I
I

n-olace Maxirp.um DewDoint
oisture Inflow Vector

n-pla,~ M..aximiz<\tion F~ctor

elnooral Transoositlon Date

.18.0.F
S(7iJ 120

IS-AU'

j,hesl Elevaiion in 'Basin 3 (i55
I

ransoosi.tion D.e\vooin,t Loca.tiol1
ransPQsit((m.Maxfmum Dewnoint
I;ansoosiii~)Q Ad 'u$tment. Fa<:ior

:31.95 N
78.0 F

112.60 W

I
i,hir o(B~.si)l Eleva.lion/Inflow. Barrier Heioht 3 650
levation Ad'ustn1ent Factor

I 14
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I
I
I
I
I
I

.. ~. MAXIMUM.AVERAGE;,DEPTH. of PR!'CIP!TAT!ON (INcl;lESI .
.... ..-

Ou;a~ion hours.
Area- mi) 1 2 3 4 5. .6, 12 18 24 36.

..
48

..
72 96 120 Total

0.27 1.22 2.15 2.81- 3.01 3.14 3, 4 ',29 6,04 ,24 . 8.06' 9.05' .- lU.30 fO.60 10.6u 10.00

1 0.83 1.81 2.43 2.83 2.73 2.73 4.98 5.73 6,93 7.81 8.75 10.01 10.28 10.28 10.28
5 0.83 1.81 2.43 2,63 2,73 2.73 4,98 5.73 6.93 7.63 8.51 9,60 10,10 10.11 10.11

10 0.83 1.81 2,43 2,63 2,73 2,73 4.98 5.40 6.69 7.50 8.40 9,38 9,82 9,87 9.87
25 0.83 1.81 2,43 2,63 2,73 2,73 4,66 5,37 6.35 7.17 7.84 8,98 9.40 9,44 9,44
50 0.83 1.81 2,43 2,63 2,73 2.73 4,60 5.01 6.18 6.65 7.52 8,50 8,78 9,03 9,03

100 0.83 1.81 2,43 2,63 2,73 2.73 4.24 4.92 5.68 6.52 7.18 8,14 8,30 8,59 8,59

200 0.82 1.81 2.40 2.51 2.52 2.52 4,18 4,60 5,52 6.22 6.79 7.72 7.76 8.15 8.15

300 0,82 1.79 2.36 2.47 2.49 2.50 4.05 4.52 5,35 5,80 6,60 7,54 7.73 7.91 7.91
500 0.81 1.75 2.28 2.40 2.45 2.45 3.77 4,34 5,05 5,67 6.27 7.21 7.54 7.59 7.59

1,000 0.79 1.63 2,08 2.17 2.17 2.19 3.62 4.07 4.72 5.18 5.79 6.77 7.11 7.15 7.15
2,000 0.73 1.43 1,88 2,00 2,07 2,07 3,34 3.63 4.41 4.83 5.32 6.33 6.65 6.68 6.68
5,000 0.43 1.02 1.47 1,54 1.54 1.66 2,75 3,03 3.79 4.20 4.62 5.72 5.98 6.00 6.00

10,000 0,38 0.69 0.90 1.10 1.16 1.36 2.25 2.56 3.15 3,62 3,93 5,24 5.44 5,44 5,44
20,000 0,19 0,47 0,68 0.74 0.91 1.02 1.74 2.04 2.48 2.85 3.47 4,62 4,79 4.79 4.79
50,000 0.13 0.26 0.34 0.44 0.42 0.54 0,92 1.02 1.26 1.71 2.28 3.04 3.15 3.18 3.18
56,112 0.70 1.11 1_.57 2.09 2,8.0 2.9.1 ~ ..91 2.91

100,000,------------------------------------------, I

SPAS #1076 DAD Curves - Zone #1 Southern Deserts
Northern Mexico, Arizona, SE California - Aug 26,1951 (0700 Z) -Aug 31,1951I
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615141312111

SP~ 1076 Storm Center Mass Curve: Northern Mexico, Arizona, SE California
DAD Zone 1: Southern Deserts

Aug 26,1951 (0700 Z) - Aug 31,1951 (0600 Z)
Lat: 34.0125 Lon: -112.2625= hcrem<ntal I

--AccumJaled

3.00

2.50

iil 2.00
co

.<:
u

2-
c
~ 1.50
~.0.
·u
e
c.. 1.00

0.50

0.00



I
I

Precipitation (inches)

• 0.00 - 1.00 5.01 - 6.00 .10.01 - 11.00 Station Type
.1.01 - 2.00.6.01 - 7.00 .11.01 - 12.00 • Daily

.2.01 - 3.00 • 7.01 - 8.00 .12.01 - 13.00 • Hourly

D 3.01 - 4.00.8.01 - 9.00 13.01 - 14.00 0 Hourly estimated

D 4.01 - 5.00.9.01 -10.00 0 14.01 - 15.00 0 Hourly pseudo

o Supplemental

Storm #1076
Hurrkane Remnants

Aug· 26,1951 (0700 Z) - Aug 31, 1951 (0600 Z)

37"O'N

38·0·N

38·0·N

lOS·OW

lOS·OW

l09'OW

l09·OW

Coordinate system: GCS North American 1983
Me:3ia:'AWA May 21. 2(I()g

110·0W

110·0W

N

A

11l·0W

111·0W

ll2·0W

112·0W

__-.':::J__' I!:'===:::JI Miles

a 25 50 100
__IE:':J_....::::;:;:::::;=-__Kilometers

a 30 60 120 180

l13'OW

113·0W

l14·0W

114·0W'lS·0W

11S'OW

33·0·N

3S'O'N

32'O'N

36·0·N

37·0·N

38·O'N

34·0'N
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Queen Creek, AZ
August 19, 1954

Storm Type: Local Convective
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I

The in-place maxim(zation factor is-'
The transposition factor is

The elevation/barrier adjustment factor is

Tlie storm representative dew point is'
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow barrier heieht/basin elevation is

Storm Adjustment for White Tanks #4

incheS.
inches.
inches.

2.73
3.84
3.92

74.0 F
81.5 F
82.0 F
82.0 F

wSW @ 90 . miles

3,650 feet

3,500 feet

3,650 feet

No·tes: No adjustment made for elevations below 6000 feet following HMR
uidance for local stOnTlS. 3hr average from KPHX and KYUM.

Moisture Inflow Direction:

Basin Elevation

Storm Elevation
Effective Barrier Height

1.41
1.02
1.00

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtra~ts 0.00. inches of precipitable watet; at

74.0 F
81.5 F
82.0 F

o
o
o
o

Long
111.15 W

112.61 W

113.98 W
112.55W

15-AUQ
-Lat

33.20 N

32.74 N
33.05 N
33.55 N

Temporal Transposition Date

Storm center location

Storm Rep dew point location
Transposition dewpoint location
Basin location

I

I
I

I
I

AdllIIIel18Cl1rm DeDdl-Area-DuratloD
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 3.4 6.1 8.3 10.1 10.8 10.8 10.8 10.8 11.2 -
10 Sq miles 3.4 6.1 8.2 9.8 10.6 10.6 10.6 10.6 11.0 -
50 sa miles 3.2 6.0 7.5 8.9 9.5 9.5 9.5 9.5 9.9 -

100 sq miles 3.0 5.7 7.0 8.2 8.8 8.8 8.8 8.8 9.3 -
200 sq miles 2.7 5.2 6.3 7.4 7.9 7.9 7.9 7.9 8.5 -
500 sa miles 2.3 4.5 5.3 6.1 6.5 6.5 6.5 6.5 7.3 -

1000 sq miles 1.8 3.5 4.1 4.8 5.1 5.1 5.1 5.1 5.8 -
2000 sq miles 1.1 2.2 2.6 3.1 3.3 3.3 3.3 3.3 4.0 -
5000 Sq miles - - - - - - - - - -

.- .-

OIJene4 Storm DeIttIi Aree-DuratloD
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 2.4 4.3 5.8 7.0 7.5 7.5 7.5 7.5 7.8 -
10 Sq miles 2.4 4.3 5.7 6.9 7.4 7.4 7.4 7.4 7.6 -
50 sq miles 2.2 4.2 5.2 6.2 6.6 6.6 6.6 6.6 6.9 -

100 sq miles 2.1 4.0 4.9 5.7 6.1 6.1 6.1 6.1 6.5 -
200 Sq miles 1.9 3.7 4.4 5.2 5.5 5.5 5.5 5.5 5.9 -
500 sq miles 1.6 3.1 3.7 4.3 4.6 4.6 4.6 4.6 5.1 -

1000 sq miles 1.2 2.4 2.9 3.3 3.5 3.5 3.5 3.5 4.0 -
2000 Sq miles 0.8 1.6 1.8 2.2 2.3 2.3 2.3 2.3 2.8 -
5000 sq miles - - - - - - - - - -

--

I
I
I
I
I
I

. The total adiustme!1t factor is 1.44

I
I
I
I
I
I

IStprm or StOm! C~nter Name SPAS-I096-0ucen Creel>
IStorin Date(s) 8/19/54

-

Storm Type Local Storm .
Storm Locati.on - 33.20 N 111.15 W ..
Storm Center Elevation 35"00
Precipitation Total & Duration (10 sa mil 5.88 inches in 3hrs (SPAS. 1096. DAD) .

. ..
term Representative Dewooint 74.0 F 3rhave KPHX, KYUM
.torm Representative Dewnoil)t Location: 32.74 N 112.61 W
n:place Maxi\llum DeWooint 81:5 F ..
\IIoisture Inflow.Yector WSW em. 90
n-alace Maximization F.actor. ..-

- .
emooral Transnosition (Qate) 15-Aue
ransOosition Dewnoint Location 33.05 N 113.98 W
ransDOsition Maximum Dewpoint 82.0 F
ransnosition Adiustment Factor

..

yeraee Basln.Elevation 3650
tighest Elevati"on in Basin 3655
tigher of Basin. Elevation/Inflow .Banier Height 3 650
levation Adjustment Factor

..

otal Adj\lstment Factor
. -

1.44
"

20
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I
I
I
I
I
I
I
I

~AXIMUM AVE~AGIF DE~TH OFJ'RI;CIPITATION (INCHES)
, . ..

Duration (hours)
Area (mi') 1 2 3 4 5 6 12 18 2~ 36 48 tolal

0.28' 2.49 4.40 5.88 708 7.60 7.60 7.60 7.60 7.88 7.95 8.06 8.06
1 2.39 4.28 5.81 700 7.51 7.51 751 751 7.80 7.82 8.00 8.00
5 2.39 4.28 580 6.96 7.47 7.47 7.47 7.47 7.75 7.81 7.89 7.92

10 2.39 4.28 5.71 6.85 735 735 7.35 7.35 7.63 7.69 7.77 780
25 2.34 4.27 5.49 6.56 7.03 7.03 7.03 7.03 7.31 7.35 7.51 7.52
50 2.22 4.15 5.22 6.19 663 6.63 6.63 6.63 6.92 7.04 7.13 7.16

100 2.06 3.95 4.86 5.72 613 6.13 6.13 6.13 6.48 6.58 6.69 6.70
200 1.86 3.65 4.39 5.15 551 5.51 5.51 5.51 5.89 5.97 6.04 6.11
300 1.75 3.44 4.11 4.79 5.12 5.12 5.12 5.12 5.53 5.57 5.75 5.76
500 1.58 3.12 3.72 4.27 4.56 4.56 4.56 456 5.06 5.17 5.25 5.28

1,000 1.23 2.41 2.87 3.31 3.53 3.53 3.53 353 4.02 4.16 4.26 4.28
2,000 0.79 1.55 1.84 2.15 2.27 2.27 2.27 2.27 2.80 2.82 2.94 3.02
4,1.81 0.43, 0.85 1.01 1.16 1.24 .' 1.24 1.24 1.24 1.68 1.76 1.81 1.81

. ,

SPAS #1096 DAD Curves
Queen Creek, AZAugust 18 (0800Z)- 20 (0800Z), 1954

10,000,---------------------------------------,
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".0:

10
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Maximum Average Depth of Precipitation (inches)
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SPAS Storm 1096· Queen Creek, AZAugust 18 (0800Z), 1954·
August 20 (0800Z) 1954
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I
DAD Zone 1 • Queen Creek, AZ

Lat: 33.203 Lon: -111.145
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34·0'N

33·0'N

111·0W

111·0W

!I__.:'=-__==:;:::::J,Miles
o 4 8 16._Ir:::J_"c==__Kilometers

o 4 8 16 24

Storm #1096
Queen Creek 1954
August 18-20,1954I

I
I
I
I
,I
I

Precipitation (inches)

• 0.04 • 0.50 • 3.01 • 3.50 • 6.01 • 6.50 • Daily

.0.51 - 1.00.3.51 - 4.00.6.51 - 7.00 • Hourly

.1.01 -1.50.4.01 - 4.50.7.01 - 7.50 • Hourly pseudo

1.51 - 2.00.4.51 - 5.0007.51 - 8.00 • Supplemental

o 2.01 - 2.50 • 5.01 - 5.50 0 8,01 - 8.50 0 Supplemental estimated

o 2,51 - 3.00 • 5.51 - 6.00 0 dadzolles_1 096

24
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Welltoll,AZ
August 24, 1955

Storm Type: Remnant Tropical

25

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

IS-Aul!

1 tlID
t!155 Storm Adjustment for White Tanks #4

WNW @ 20 miles

3,650 feet

1,650 feet

3,650 feet

[Moisture (n·Oow· Direction:

lBasin Elevation

~torm Elevation
Effective Barrier Height

." Long

114.34W

114.60W
112.79W
112.55W

tat
32.58 N

32.65 N

33.58 N
33.55 N

Temooral iransoosit;ion Date

Istorm center location

Storm Rep dew point location
ITransposition dewpoint location
lBasin I.ocation

I
I
I
'I

"The stonn representative dew point is
The in·place maximum dew point is

The transpositioned maximum dew point is
The in·place storm elevation is
The in·place storm elevation is

Basin elevation at
..T!le in.flow b3IJjer heiclttlbasin elevation. is

75.0 F
82.0 F
81.0 F

o
o
o
o

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inclws of~r~cinjtable water at.

2.85
3.92
3.76

75.0 F
82.0 F
81.0 F
81.0 F

inches.
inches.
inches.

I
The in-place m~aximization factor is

The transposilion factor is

The elevationlbarrier adjustment factor is

The total adiustment metor is

U8
0.96
1.00

1.32

Notes: No adju-stment made for elevations below 6000 feet follOWing HMR
guidance for local stom\S. KTUS sfcobs for the 22nd 3hr ave 75", ESE@200,

HX HY5PLlT going forward to 25th 62 10 12l 74°, Daily SST 70.5. and
monthly mean SST using 24th OOZ HYSPLIT trajectory location

,.

on
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

1 SQ miles 3.3 4.9 5.0 5.0 5.0 5.1 5.1 5.1

10 sa miles 2.7 3.9 4.2 4.2 4.2 4.2 4.3 4.3

50 sa miles 1.9 2.7 2.9 3.0 3.0 3.0 3.1 3.1
100 sq miles 1.5 2.2 2.4 2.5 2.5 2.5 2.5 2.6

200 sq miles 1.3 1.8 2.0 2.0 2.0 2.0 2.1 2.1

500 sa miles 1.0 1.4 1.5 1.5 1.6 1.6 1.6 1.7

1000 sa miles 0.8 1.1 1.2 1.2 1.2 1.3 1.4 1.4

2000 SQ miles 0.5 0.8 0.9 0.9 0.9 0.9 1.1 1.1
5000 SQ miles

..
~ " - .. .

.. ..
Afta-DaraIiOll

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I SQ miles 4.4 6.4 6.6 6.6 6.6 6.7 6.8 6.8

10 sq miles 3.6 5.2 5.5 5.5 5.5 5.s 5.7 5.7
50 sq miles 2.4 3.5 3.9 3.9 3.9 3.9 4.0 4.0

100 sa miles 2.0 2.9 3.2 3.2 3.2 3.3 3.3 3.4

200 sa miles 1.7 2.4 2.6 2.6 2.6 2.6 2.8 2.8

500 sa miles 1.3 1.8 2.0 2.0 2.0 2.0 2.1 2.2
1000 sq miles 1.0 1.5 1.6 1.6 1.6 1.7 1.8 1.8

2000 SQ miles 0.7 1.1 1.2 1.2 1.2 1.2 1.4 1.4
5000 SQ miles

. --- T

I
I
I
I
I
I . ton:U Date(s)

torl1) Tvoe

SJ'AS·I064,·Wellton .
8/24/55

. Local Storm.

n:olace ~aximizationFactor

. 114.60 v{

1/;50 non,orolrranhic . ,
6,4') inches 3 .twurs {5/;:' in Ihr ~I'd 6.0)" in '2hr~ SPAS i064 DAD

32.5.8 N 114,34.W

32,65 N

.&2.0 F
Moisiure.lnflow V~(:'ior

;ipol) Locafiotl.

tprm Reo,,;sentatlv,e Oewooint .

l'CiDitation rotaJ & Durat.ion (iO SQ mil

toml Reor,eSeniative Oewnoint Location

iprm C~nier Elevation

I
I

emooralTransnosiiion Date
ransDosition Oewtioint Location 33.58 N 11'2.79 Vol

,ransDosition·MaxilllUin Dewooirit 8\..0 F
ransoosiii.Qn Ad'ust",,,ni F:actor

:igher of~sin Elevatloiilfnflow BalTier Height j 650

verage Basin Elevation 3,650:
i 'hestJil~vation in Basin 3 655·

I EleVation Ad·ustm<int Factor
(fotal.AdiUS.l!"ent Fac!or 1.32

I 26
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2
Maximum Average Depth of Precipitation (inches)

SPAS #1064 DAD Curves
Welton, AZAugust 22 (0800Z) - 25 (0800Z), 1955

1

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

o

, . --

Duration (hours)

Area (mi2
) 1 2 3 4 5 6 12 total

0.28 4.56 6.01 6.49 6.49 - - - 6.49
1 4.38 5.81 6.34 6.34 - - - 6.34
5 4.30 5.64 6.09 6.09 - - - 6.09

10 4.16 5.48 5.92 5.92 - - - 5.92
25 3.88 5.12 5.52 5.52 - - - 5.52
50 3.48 4.60 4.97 4.97 - - - 4.97
100 3.01 3.98 4.29 4.29 - - - 4.29
200 2.54 3.36 3.63 3.63 - - - 3.63
300 2.27 3.02 3.25 3.25 - - - 3.25
500 1.95 2.63 2.83 2.83 - - - 2.83

1,000 1.62 2.18 2.36 2.36 - - - 2.36
2,000 1.37 1.83 1.97 1.97 - - - 1.97
4,060. 1.11 1.50 1.61 1.61 - - - 1.61

. . .. -' .. ..

10,000

--+-1-hour

1,000

-+-2-hour-N
S 100
co -.-3-hour
Q)...
<

0 Total storm
10 (4-hour)
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6 -,--------

5.5 I c::::::::J Incremental I
--Accumulated

5

4.5

Iii' 4
Ql
~
0
.!: 3.5
c:
.2 3
~
c.
'u 2.5
l!!
Q.

2

1.5

SPAS 1064 Storm Center Mass Curve: Welton, /JZ..
August 22 (0800Z) to 25 (0800Z), 1955 Storm

Lat: 32.5792 Lon: -114.3375
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Precipitation (inches)

.0.13 - 0.50 02.01 - 2.50 .4.01 - 4.50 06.01 - 6.50

.0.51 - 1.00 .2.51 - 3.00 .4.51 - 5.00 N

• 1.01 - 1.50 .3.01 - 3.50 .5.01 - 5.50

o 1.51 - 2.00 • 3.51 - 4.00 5.51 - 6.00

114'OW

114'OW

Coordinate system: GCS North American 1983
Scale: 1:821,805

30

114'30W

114'30W

__-==-__===, I\i1iles

o 4.5 9 18
_WI::IIW-=-__C==::J!III__Kilometers

o 5 10 20 30 40

Total Rainfall (72·hours)
Welton, AZ 1955 Storm

Storm #1064 August 22 (0800 Z) to 25 (0800 Z), 1955

11S'OW

11S'OW

Gauging Stations

• Daily

• Hourly

<) Supplemental

32'O'N

33'O'N

32'30'N
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Horshoe Dam, AZ
October 27 - November 1, 1959
Storm Type: General Frontal
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Storm Adjustment for the White Tanks #4

I
I

Temoo(al TranSDosition Date

~torm center location

~torm Rep dew point location

~ranspositiondewpoint location
lBasin location

1.5-0ct

Lat

33.04 N

32.22 N
32.68 N
33.55 N

Long

111.00 W

111.04 W

112.56 W
It2.55 W

,"oiSlure Inflow Direction:

~asin Elevation

~torm Elevation

IEffective Barrier Height

S@60

3,650

2,750

3,650

miles·

feet

feet

feet

I
I

The storm representative d-ew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow ba,ITi~ hei 'pt/basil1 elevation is

69.5 F
72.0 F
71.5 F
2,750
2,750
3,650
3,650

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.540 inches of precipitable water at
wh ich subtracts 0.59 inches of precipitable water at
which subtracls 0.740 inches of precipitable water at
which sublracts 0.740 inches 9f orecioilable water al

2:20
2.47
2.47

69.5 F
72.0 F
71.5 F
~1.5 F

inches.
inches.
inches.

I
-The in-place" maximization factor is

The tl'"ansposition factol'" is

The elevationlbarrier adjustment factol'" is

The total adjustment factor is

Not",:~~24hi average ·/lorn KDMA 27th 7LS'r~28th 4LST (6 obsP(FHU 28ih
6000). KLUF 27th 9LST·28th 21 LST (60bs)

1.04

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
I miles 0.8 2.2 3.8 5.6 6.4 6.4

10 miles 0.8 2.2 3.8 5.6 6.4 6.4
100 miles 0.8 1.9 3.2 4.6 5.4 5.5
200 miles 0.7 1.6 2.7 4.2 5.0 5.0
500 miles 0.6 1.4 2.2 3.5 4.3 4.4

1000 miles 0.6 1.2 2.0 2.9 3.7 3.9
2000 miles 0.4 0.9 1.6 2.5 3.1 3.4
5000 miles 0.2 0.8 1.2 1.9 2.4 2.5

10000 miles 0.2 0.6 1.0 1.6 1.9 2.0
20000 miles 0.1 0.5 0.8 1.3 1.6 1.7

1 Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
1 sq miles 0.8 2.3 4.0 5.9 6.7 6.7

10 miles 0.8 2.3 4.0 5.9 6.7 6.7
100 miles 0.8 1.9 3.3 4.8 5.6 5.8
200 miles 0.7 1.7 2.9 4.3 5.2 5.3
500 miles 0.7 1.4 2.3 3.6 4.4 4.6

1000 s miles 0.6 1.3 2.1 3.0 3.8 4.1
2000 miles 0.4 0.9 1.7 2.6 3.3 3.5
5000 miles 0.2 0.9 1.2 2.0 2.5 2.6

10000 s miles 0.2 0.7 1.0 1.7 2.0 2.0
20000 s miles 0.) 0.5 0.8 1.4 1.6 1.8.

toon_or Storm Center Name SPA8-IIS4-HorshoeDam DAD Zone I
tonn D.ate(s) IOl29-11~l/l954

(qnn Tvoe·
~ .

General
tQrm Location 33.04 N 111.00 W

~

~

tonn,Ceoter Elcvijtioo 2750 non-oroi:l.raphic
recioilation Total 8< Duration (10 so mil 6}0 inches 72 hours (SPAS 1134 DAD Zone II

tOrI11 Reor~ntative DeWDoint 69.5 F 24hr ave KLUF KDMA KFHU
tonn Reor~nlativeDewooint tocation 32:22 N 111.04W ..
n--olace Maxitnum Dewooint 72.0 F .-
l<foistUre Innow Vector S (a) 60.
n-Qlac~ Maximization Factor

. -

emporal Transposition (Date) . 15~Od
r,ansoos.ition Dewooint Localion. 32.68 N 112.56 W -
ransrosition Maximum DewoQint 71.5 F
HnsooSition Ad'uslment Factor,
vera2e Basin Elevation 3650
icllest Elevation in Basin 3655
i.her of Basin Elevation/lonow~,Barrier HeiJ:h1 3· 650
'levatiQo Ad'ustment Factor

I

I

I

I

I
I

I

I

I

I
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MAXIMUM AVI;RAGE DEPTH OF PRECIPITATION (INCHES)

O.uration hours
Area (m!') 1 ~ 3 4 5. 6 1~ 18 24' 36.. 48 72 96. 120 Total 144-hr

027 1.15. 1.5.7 2.46 4.13 5.88 6.68 6.70 6.71 '6.71 6. 1
1 0.78 1.26 2.20 3.64 5.63 6.42 6.43 6.44 6.44 6.44
10 0.78 1.26 2.20 3.64 5.63 6.42 6.43 6.44 6.44 6.44
25 0.78 1.26 2.20 3.64 5.41 6.17 6.18 6.17 6.22 6.22
50 0.78 1.26 1.91 3.55 5.06 5.80 5.63 5..86 5.92 5.92
100 0.78 1.16 1.86 3.17 4.63 5.40 5.5.4 5..55 5.5.5 5.5.5
121 0.78 1.10 1.85 3.14 4.46 5.30 5.42 5.42 5.43 5.43
135 0.76 1.03 1.64 3.00 4.35 5.20 5.33 5.34 5.34 5.35
15.0 0.78 1.00 1.82 2.92 4.30 5.16 5.18 5.26 5.28 5.29
200 0.68 0.91 1.60 2.74 4.17 4.96 5.04 5.12 5.12 5.13
300 0.67 0.63 1.39 2.65 3.63 4.72 4.83 4.83 4.64 4.84
475 0.64 0.81 1.36 2.23 3.5.4 4.38 4.49 4.49 4.5 4.5
500 0.64 0.81 1.36 2.18 3.50 4.25 4.37 4.45 4.45 4.45
1000 0.5.6 0.76 1.20 1.97 2.92 3.65 3.90 3.92 3.93 3.94
2000 0.43 0.68 0.87 1.62 2.51 3.14 3.37 3.37 3.38 3.39
5000 0.18 0.5.6 0.82 1.15 1.91 2.40 2.49 2.50 2.69 2.7
ooסס1 0.15 0.32 0.63 1.00 1.59 1.86 1.96 2.01 2.23 2.23

20,000 0.13 0.31 0.48 0.79 1.33 1.56 1.72 1.76 1.77 1.78

SPAS #1154 DAD Curves· Zone #1 Southern Deserts
Arizona, Oct 27·Nov 1,1959

100,000,-------------------------------------------,1

Maximum Average Depth of Precipitation (inches)

I
I
I
I
I
I
I
I
I
I
I
I

10,000

1,000
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.:t

100
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o
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6

o

8 10

-r-H'lour

tZ-hour

__24-hour

-....-36-hour

48-hour

72-hour

• 96-h0ur

t2Q.hour

o TOlalstonn('l44.
hour)



=::I Increrrental

SPAS 1154 Storm Center Mass Curve
Arizona

DAD Zone 1: Southern Deserts
Oct 27, 1959 (0700Z) - Nov 2, 1959 (0600Z)

Lat: 33.0375 Lon: -110.9958

I
I
I
I

--ACCLrTlJlaled

12

11

10

9

8
f'71" 7

6

5

4

3

2

1

0
21 31 41 51 61 71 81 91 101 111 121 131 141
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35"O'N

36'O'N

33'O'N

32'O'N

MetsfavAWA August 19 2009

108'OW

108'OW

------i-_·~37'O'N

I09'OW

109'OW

110'OW

110'OW111'OW

111'OW

• Daily

• Hourly
a Hourly estimated

a Hourly pseudo

• Supplemental

.-lE:lI--==~iMiles
o 15 30 60

Total Precipitation
SPAS storm 1154

10/27/1959 - 11/01/1959

112'OW

112'OW

~ .:.:..,.- .........",........ ..;..,.......l.._.,..._...,__.;...r31'O'N

113'OW

113'OW114'OW

114'OW

35"O'N

33'O'N

34'O'N 34'O'N

32'O'N

36'O'N

31'O'N

37'O'N

Stations

0.00 - 1.00 _ 4.01 - 5.00 _ 8.01 - 9.00

_ 1.01 - 2.00 _ 5.01 - 6.00 9.01 - 10.00

2.01 - 3.00 _ 6.01 - 7.00010.01 -11.00

o 3.01 - 4.00 7.01 - 8.00

,I

I

I'
I
I

I

I

I
I

I

I

I

I

I
I
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Sonora Desert, AZ
September 26-28, 1962

Storm Type: Remnant Tropical
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Storm Adjustment for the White Tanks #4I
I

Temoora'(:rransoosltion D~te

Storm center location

Storm Rep dew point location
Transposition dewpointlocation
Pasjn Joc,a!ion

10,SeD

Laf
32.18 N

32.12 N
33.04 N

.33.55 N

Long
111.39 W

110.93 W
112.05 W
tt2.55W

Moisture Innow' Direction:

Basin Elevation

Storm Elevation
Effective Barrier Height

'ESE@25

3,650
3,200

3,650

Iniles

feet

feet
feet

I
I

The siorni representative dew pilint is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The.inflow barrier heighl!basin elevation is

72.S F
77.5 F
78.0 F
3,200
3,200
3,650
365.0

with total precipitable water above sea level of'
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.68 inches of precipitable water at
which subtracts 0.805 inches of precipitable water at
which subtracts 0.93 inches of precipitable water at
which sublT.acts 0.93 . inches oforecioitable water at

2:54
3.2t
3.2t

72.5 F
77.5 F
78.0 F
78.0 F

inches.
inches.
inches.

I
'The in-place maximization factor is
The transposition/elevation factor is

The barrier adjusonent factor is

,The total ad'ustment fuctor is

1.29
0.95
1.00

1.23

!Notes: USGS WSP 1820, pliJ, S"m"rep iaken atKTUS, KDMA, KFHU:'
~wever rain was fulling during the 12hr window 012·122 on the 26th at

TUS

..
PardeA

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I sa miles 1.8 2.3 2.6 2.9 4.0 4.7 7.4 8.7

10 sq miles 1.8 2.3 2.6 2.9 4.0 4.7 7.3 8.6
50 sq miles 1.8 2.2 2.4 2.8 3.8 4.4 6.8 8.0

100 sa miles 1.7 2.1 2.4 2.7 3.6 4.2 6.5 7.8
200 sq miles 1.6 2.0 2.3 2.5 3.4 3.9 6.2 7.4
500 sa miles 1.4 1.8 2.0 2.3 3.0 3.5 5.6 6.8

1000 sq miles 1.3 1.6 1.8 2.0 2.7 3.0 5.0 6.3
2000 sa miles 1.1 1.3 1.7 1.7 2.4 2.7 4.5 5.7
5000 sa miles 0.8 1.0 1.4 1.4 1.9 2., 3.6 4.7

..

.. "

8tllrm. -;;,.
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

, I sa miles 1.5 1.9 2.1 2.4 3.3 3.8 6.0 7.1
10 sa miles 1.5 1.9 2.1 2.4 3.3 3.8 5.9 7.0
50 sq miles 1.5 1.8 2.0 2.3 3.1 3.6 5.5 6.6

100 sa miles 1.4 1.7 1.9 2.2 2.9 3.4 5.3 6.3
200 sa miles 1.3 1.6 1.9 2.1 2.8 3.2 5.1 6.1
500 sq miles 1.2 1.4 1.6 1.9 2.5 2.9 4.6 5.6

1000 sa miles 1.0 1.3 1.5 1.6 2.2 2.5 4.1 5.1
2000 sq miles 0.9 1.1 1.4 1.4 1.9 2.2 3.6 4.6
5000 sa miles , 0.6 0.8 1.1 1.2 1.5 1.8 2.9 3.9

"

7.11\ inch,es 18.hours 3.94" 6hrs SpAS 1083 DAD)

32.18N.' .liU9W
320(f hon,orDara 1k relief oesert fro.orto'isolated mtns at storm cenier

'9/26:27/196,2. ' .torm 'Oate(s} ,

toim Location
torm.Tvoe

torln Center Elev.ation
Prec'ioiiation Total & Duration 110 sa mi

tonn or S,toljn Center. Name

I

I

I

I

I
I
I

I
"torniRet>resentaiive Dewooint .
to~m Reorese ltative, Oewooint LOc~tton

n-Dlace "Maximum Oewooint .
V1oisturetnnow.Vector
In-olace Maximization Factor

'72.5 F

77.5 I'.
ESE (a) 25

--' 12h(ave KlUs KOMA KFHU

based on'HYSPLlT'

I
emixmil Tran'soosltion (pate) ,

. ransDOsitionJ)ewooinl.Location
ransoOsitiol\Ma~imwn Dewooint
ransoosition Adiu,stment Factor

10-Sei:>
3304 N
78.0 F'

112.05 W

i ' iet of Basin 'Elev'-tionlIn!1ow Barriet Height' 3 650

.vera!!e Basin Eleva.tiot} 3 650
ighest Elevation in 8a$in 3 655 '

I 'levation Arliusonent Factor
ofal Ad ustmenl Factor 1.23

I 38
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I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)-. -
Duration (hours)

Area (mi2
) 1 2 3 4 5 6 9 12 18 total

. 0.28 1.64 2.00 2.21 2.53 3.39 - 3.94 . . 5.64 6.09 7.16 7.16
1 1.49 1.88 2.08 2.40 3.29 3.82 5.53 6.00 7.07 7.07
5 1.49 1.88 2.08 2.40 3.29 3.82 5.53 6.00 7.06 7.06

10 1.49 1.88 2.08 2.40 3.29 3.82 5.49 5.93 6.96 6.96
25 1.49 1.88 2.08 2.39 3.19 3.70 5.29 5.72 6.76 6.76
50 1.48 1.82 1.99 2.30 3.07 3.57 5.09 5.52 6.55 6.56
100 1.42 1.72 1.92 2.20 2.94 3.40 4.85 5.27 6.33 6.33
200 1.32 1.63 1.87 2.07 2.77 3.21 4.57 5.06 6.05 6.07
300 1.26 1.55 1.80 1.99 2.65 3.07 4.37 4.82 5.86 5.88
500 1.17 1.44 1.62 1.85 2.47 2.86 4.07 4.58 5.56 5.58

1,000 1.02 1.27 1.46 1.60 2.18 2.46 3.55 4.10 5.09 5.14
2,000 0.87 1.09 1.41 1.42 1.92 2.16 3.06 3.63 4.64 4.68
5,000 0.64 0.83 1.14 1.15 1.54 1.75 2.41 2.93 3.85 3.88
10,000 0.34 0.49 0.76 0.77 1.01 1.22 1.63 1.89 2.57 2.68
20,000 0.22 028 0.40 0.46 0.56 0.74 0.90 1.12 1.51 1.63

.. .. .. -

I
I
I

I
I
I

I
SPAS #1083 DAD Curves Zone 1: Southern Desert

Sonora Desert Museum, AZ September 26 (0800Z) - 28 (0800Z), 1962
100,000 ...----------------------------------;-__--1--h-o-ur----,1

I
I
I
I
I

10,000

1,000
N

I
'"~
c( 100

10

__ 2-hour

--3-hour

__ 4-hour

--5-hour

--6-hour

-.-9-hour

--12-hour

--18-hour

o Total storm
(24-hour)

Maximum Average Depth of Precipitation (inches)I o 1 2 3 4 5 6 7 8
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10

September 26 (0800Z) to 28 (0800Z). 1962 Storm
Lat: 32.1791 Lon: -111.3875

SPAS 1083 Storm Center Mass Curve: Sonora Desert Museum, AZ..
Zone 1· Southern Deserts

o

I
= Incremental I
--Accumulated

2.00 -,------
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I
I

34'O'N

33'O'N

3S'O'N

31'O'N

10TOW

107'OW

10S'OW

10S'OW

CoordiJate system: GCS North American 1983
Scale: 1:4,980,531

109'OW

109'OW

110'OW

110'OW

N

A

111'OW

111'OW112'OW

112'OW113'OW

113'OW

Total Rainfall (24-hours)
Sonora Desert Museum, AZ 1962 Storm

Storm #1083 September 26 (0800 Z) to 28 (0800 Z), 1962

114'OW

114'OW

··._illl::=JI!i_-===::J1Miles
o 25 50 100

Gauging Stations 1III!"!!M-==....I::====- Kilometers

• Daily 0 Hourly Pseudo 0 45 90 180 270

• Hourly 0 Supplemental

Precipitation (inch.s)

0.00 - 0.50 0 2.01 - 2.50 • 4.01 - 4.50 .6.01 - 6.50

.0.51 - 1.00 2.51 - 3.00 .4.51 - 5.00 06-51 - 7.00

.1.01 - 1.50 .3.01 - 3.50 .5.01 - 5.50 D 7.01 - 7.50

o 1.51 - 2.00 • 3.51 - 4.00 • 5.51 - 6.00

33'O'N

31'O'N

3S'O'N

36'O'N

34'O'N

37'O'N

32'O'N

I

I
I

I
I

I

I
I

I

I

I
I

I
I
I
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North Tucson, AZ
September 6-7, 1964

Storm Type: Local Convective
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orth
Storm Adjustment for White Tanks #4

I
I
I
I

6-7/'1964

Temooral Tra.nsoositijln Date

Storm center location

Storm Rep dew point location
Transposition dewpointlocation
,Basin locatio~

20-AuQ

Lat

32.30 N

32.17 N
33.37 N
33.55 N

Long
111.00 W

110.93 W
112.45 W
112.55W

Moisture inliow Direciion:

~asin Elevation

~torm Elevation
~ffective Barrier Height

SSE@ 10

3,650
2,250

3,650

miles ~

feet

feet
feet

I
I

The stonn representatlvedeW poini is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place stann elevation is
The in-place stonn elevation is

Basin elevation at
The inflo", barrier heigh!fbasin elevation is

·7t.5·F

80.5 F
80.5 F

o
o
o
o

with total precipitiible water abOve sea levet of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.000 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which subtracts O.Q!lQ . inc.hes ofor",ioit.able water at

2.42
3.68
3.68

71.5 F
80.5 F
80.5 F
80.5 F

iilChes:
inches.
inches.

I
The iii-place maximization factor is

The transposition factor is
The elevationlbarrier adjustment factor is

The total ad\lstment factor is

1.50
1.00
1.00

1.50

~otes: t'ro adjusuuent made for elevations below 6000 feet (ollowing HMR
~uidance for local slonns. Jhr average taken from KTU$ and KDMA.

alculated in-place maxization iis 1.52. held to 1.50.

_.
tonIl>DIDD Area4JDrIIfoII

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I sa miles 3.3 4.9 5.0 5.0 5.0 5.1 5.1 5.1

10 sa miles 2.7 3.9 4.2 4.2 4.2 4.2 4.3 4.3
50 sq miles 1.9 2.7 2.9 3.0 3.0 3.0 3.1 3.1

100 sa miles 1.5 2.2 2.4 2.5 2.5 2.5 2.5 2.6
200 sa miles 1.3 1.8 2.0 2.0 2.0 2.0 2.1 2.1

500 sa miles 1.0 1.4 1.5 1.5 1.6 1.6 1.6 1.7
1000 sa miles 0.8 1.1 1.2 1.2 1.2 1.3 1.4 1.4
2000 sq mi les 0.5 0.8 0.9 0.9 0.9 0.9 1.1 1.1
5000 sa miles

-
DurdClll

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
1sa miles 5.0 7.3 7.5 7.5 7.5 7.6 7.7 7.7

10 sq miles 4.1 5.9 6.3 6.3 6.3 6.3 6.4 6.4
50 sq miles 2.8 4.0 4.4 4.4 4.4 4.5 4.6 4.6

100 sa miles 2.3 3.3 3.7 3.7 3.7 3.7 3.8 3.9
200 sa miles 1.9 2.7 3.0 3.0 3.0 3.0 3.2 3.2
500 sa miles 1.4 2.1 2.3 2.3 2.3 2.3 2.4 2.5

1000 sa miles 1.1 1.7 1.8 1.8 1.8 1.9 2.0 2.1
, 2000 sq miles 0.8 1.2 1.4 1.4 1.4 1.4 1.6 1.6
I 5000 sa miles

-

I
I
I
I
I
I
I

torm or Storm Center ·~.ame.
[Storm Date(s) .

Storm TVoe.
IStorm Loca.iion
[Storm Center Elevation
~reciDitationTotal & Duration (10 so mil

SPAS-JO§O-Nort/1 J:~cson

-9/6-7/1964
Local Storm
32.30 N 111.00 W
2250 .. non-o'roQraphic
5.·19 inches 6 hours 3..3.8" i,) Ihr and 4.92" i.n 2hrs (SPAS 1060 DAm·

vera!!e B&sil) Elevatipn. 3 65.0

i!!her of Basin ·Elevation/Inflow Barri", Height 3 650

I
I
I
I
I

. tonn Representitjye Dewpoint -
torin Reoresentativ~ DeWoofnt :.o<:ation
n-ola.ce Maximum Oewooint
lIIoisnirelnllow Vector
n-QI.ace Maximization Factor

enitX'irallYansDO.sition (D~tel:

ransDOsition DeWQOint LQcation
rallsDosition Maximu-m Dewooillt
ransQOsition Adilistment Factor

levation Ad·usl:\nent Factor
6tal Adiustment Faclor

71..5.F
32.17N
80.5 F.

2p-Aul?
·33_.371'1
80.SF

1.50

31lr .ave KTUS•.IS.DMJ\..
liO.9:Lw

112.45 W

44
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10,000.------------------------------,r----,1

Duration (hours)

Area (mi2
) 1 2 3 4 5 6 12 total

0.28 3.38 4.92 5.16 5.17 5.17 5.19 . 5.28 . 5.28

1 3.33 4.86 5.02 5.03 5.03 5.05 5.14 5.14
5 3.01 4.39 4.61 4.62 4.62 4.64 4.73 4.73
10 2.71 3.94 4.17 4.17 4.18 4.20 4.29 4.29
25 2.21 3.21 3.47 3.48 3.48 3.50 3.54 3.59
50 1.85 2.68 2.94 2.95 2.95 2.97 3.05 3.06
100 1.53 2.21 2.44 2.45 2.45 2.47 2.50 2.57
200 1.26 1.81 1.98 1.98 2.00 2.00 2.10 2.11
300 1.11 1.60 1.77 1.77 1.78 1.80 1.86 1.92
500 0.95 1.39 1.53 1.53 1.55 1.55 1.60 1.67

1,000 0.75 1.11 1.21 1.21 1.22 1.29 1.36 1.38
2,000 0.54 0.83 0.90 0.91 0.93 0.94 1.05 1.05
2A43 0.46 0.72 0.80 0.81 0.83 0.85 0.93 0.93

.. . .

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

o Tolal slor
(24-hour)

__ 2-hour

--5-hour

--6-hour

__ 3-hour

__ 4-hour

--12-hour

654

-+-1-hour

32

46

Maximum Average Depth of Precipitation (inches)

SPAS #1060 DAD Curves
North Tucson, AZ. September 6 (0800Z) - 7 (0800Z), 1964
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3.5
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'iii' 2.5..
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:§.
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o
3 2
.0.
·u
~
lL

1.5

I
c:::::::J Incremental I
--Accurrulated

SPAS 1060 Storm Center Mass Curve: North Tucson, AZ
September 6 (0800Z) to 7 (0800Z), 1964 Storm

Lat: 32.3042 Lon: -111.0042

5.28"

3.38"

5

4

3

2
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I
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Precipitation (inches)

• 0.01 - 0.50 0 1.51 - 2.00 • 3.01 - 3.50 4.51 - 5.00

.0.51 - 1.00 .2.01 - 2.50 .3.51 - 4.00 05.01 - 5.50

1.01 - 1.50 • 2.51 - 3.00 • 4.01 - 4.50

32'O'N

Coordinate system: GCS NOrlh American 1983
Scale: 1:781,680

N

111'OW

111'OW

.",-,=":::J_~'==::JIMiles
0- 3.75 i5 15.-.,=-_E::':::::::::iI__Kilometers

o 5 10 20 30
• Da~y

o SUpplemental

Total Rainfall (24-hours)
North 1lJscon, AZ 1964 Stonn

Stonn #1060 September 6 (0800 Z) to 7 (0800 Z), 1964

• Hourly

o HourlyPseudo

Gauging Station

32'O'N

I
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I
I
I

I
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Sahuarita, AZ
September 9-11,1964

Storm Type: Remnant Tropical

49
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I
I
I Temporal Transposition oate 25-Au!l

Storm Adjustment for the White Tanks #4

I
Storm center location

Storm Rep dew point location

Transposition dewpointlocation
Basi" locatio"-,

Lat

32.01 N

32.50 N
33.99 N
n55N

'Long

110.90 W

114.00 W
115.68 W
112.55 W

1M0isture Inl10w 'ofrection:

iBasin Elevation

~torm Elevation

~ffective Barrier Height

.vSW @ 18! miles

3,650 feet

2,750 feet

3,650 feet

I
I

, The storin'representative dew pOint is
The in-place maximwn dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The Lnflow barrier hei~ht/lJasineleva.tion is

75.0 F
78.5 F
78.0 F
2,750
2,750
3,650
3650.

with total precipitable water abOve sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.65 inches of precipitable water at
which subtracts 0.73 inches of precipitable water at
which subtracts 0.93 inches of precipitable water at

. wh,ich subtracts 0.93 inch~.ofprecipitablewater at

'2.85
3.37
3.37

75.0 F
78.5 F
78.0 F
78.9 F

inches.
inches.
inches.

',.'
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I Sa miles 1.8 2.3 2.6 2.9 3.2 3.6 6.4 6.9 7.2 7.3
10 sq miles 1.8 2.3 2.6 2.9 3.1 3.3 6.4 6.9 7.1 7.3

50 sa miles 1.6 2.0 2.3 2.8 2.9 3.3 6.0 6.5 6.8 6.9

10050 miles 1.5 1.9 2.1 2.7 2.9 3.3 5.8 6.3 6.6 6.8

20050 miles 1.3 1.7 2.0 2.6 2.7 3.2 5.5 6.0 6.4 6.5

50050 miles 1.1 1.5 1.7 2.3 2.5 3.0 4.8 5.4 5.8 6.0

100050 miles 0.8 1.4 1.6 2.1 2.3 2.8 4.4 5.0 5.6 5.7

200050 miles 0.7 1.1 1.3 1.8 2.0 2.4 3.8 4.5 4.9 5.1

5000 Sa miles 0.5 0.6 0.8 1.2 .1.3 1.6 2.6 3.2 ;3,5 3.6
..

, . -
IOIIImecl

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I sa miles 1.6 2.1 2.3 2.6 2.9 3.2 5.8 6.2 6.5 6.6

10 Sa miles 1.6 2.1 2.3 2.6 2.8 3.0 5.8 6.2 6.4 6.6
50 sa miles 1.5 1.8 2.1 2.5 2.7 3.0 5.4 5.8 6.\ 6.2

10050 miles 1.3 1.7 1.9 2.5 2.6 2.9 5.2 5.7 6.0 6.2

20050 miles 1.2 1.6 1.8 2.3 2.4 2.9 5.0 5.4 5.7 5.9
50050 miles 1.0 1.3 1.6 2.\ 2.3 2.7 4.4 4.8 5.2 5.4

1000 Sa miles 0.8 1.3 1.4 1.9 2.1 2.5 4.0 4.5 5.0 5.1

2000 sq miles 0.7 1.0 1.2 1.6 1.8 2.1 3.4 4.0 4.5 4.6

5000 Sa miles 0.4 0.5 .0.7 1.1 1.2 - 1,,,- 2.3 2,9 3.2 3.3
...

I
I
I
I
I
I
I

The in~p(acemaxinllzation factor-is
The transposition/elevation factor is

The elevation/barrier adjustment factor is

The total ad'ustment mcJor is

101:!n or StOT))1,Ce(lter Name
'\orm .Date(s) ..

1.20
0.93
1.00

1.11

Sl'ASct059-Sah,uari\il ..
'9/9-11/1964

:Notes: ~KYU'M'f2hr ave'on the 9th used.

I
torm Tvoe
torm ~atlon .

recipitation Total & Duration 110' sa mil

lQcal,Troocial .

32.01 N. 1l0,90 Vi
2750 nOn-oro!lraphic
5.n. iJ)chi:s 12hOurs 6.74" in 361m (SPAS 1059 DADl

vera~e Basin Elev~tiol1 3,650
iidiest Elevatiori in Basin' 3 <i55 .
i~lier o(I3~sin 'E\evatio))/lnfJow Barrier Hel ;111 3650

I
I
I
I
I

'torm Representative Dewooint

Storm Reoresen1a1ive.Dewooint Locatl.on __
In,piace}vIaxjrnum'Rew06int
Moisture ("flow Vector -

·n-place. MaximiZa!ion Factor,

· "mooral '(ransoosition' Date
, ransoosition Dewooiill Locati9\l
· ransPOsition Maii111um D6WoQint

ranspos,tiQn AdjuslqIent Factor

, levation ~diustmentFac;tor
olaf Ad,<!s!rnent Ficlor

75.0F
32.50.N.
(8.5F
Wsw@185

.33.99 N
780 F

1.. 11

i2hr"ave 'at K)'UM
. U4.6QW

jI5.6.8 W

50
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I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)..
'.

.. .. . .. _. ... ..
Duration (hours)

. Area (mi2
) 1 2 3 4 5 6 9 12 18 24 36 total

0.28 1.73 2.16
..

2.44" 2.74 3.03 3.26 5.31 5.92 6.34 6.62' 6.74 6.71
1 1.60 2.07 2.31 2.61 2.90 3.20 5.19 5.80 6.22 6.50 6.61 6.67
5 1.60 2.07 2.31 2.60 2.89 3.01 5.19 5.80 6.22 6.50 6.61 6.67

10 1.60 2.06 2.31 2.59 2.80 3.01 5.16 5.76 6.18 6.40 6.61 6.62
25 1.56 1.95 2.22 2.56 2.73 3.00 4.99 5.59 6.00 6.27 6.47 6.48
50 1.45 1.82 2.09 2.52 2.65 2.97 4.82 5.42 5.83 6.11 6.22 6.32
100 1.33 1.67 1.89 2.45 2.61 2.93 4.62 5.23 5.66 5.95 6.15 6.16
200 1.20 1.57 1.79 2.33 2.42 2.88 4.37 4.97 5.40 5.73 5.85 5.92
300 1.02 1.51 1.67 2.25 2.41 2.83 4.16 4.74 5.13 5.46 5.65 5.70
500 0.96 1.33 1.55 2.11 2.28 2.74 3.84 4.36 4.84 5.24 5.40 5.47

1,000 0.75 1.25 1.40 1.91 2.05 2.49 3.41 3.96 4.54 5.01 5.12 5.13
2,000 0.67 1.03 1.18 1.63 1.76 2.12 2.91 3.40 4.01 4.45 4.55 4.56
5,000 0.43 0.51 0.70 1.10 1.17 1.41 1.96 2.30 2.85 3.15 3.27 3.29
9,403 0.25 0.41 0.49 0.68 0.7.4 0.~7 1.22 1.44 1.~3 2.10 2.14 2.15

I
I

I
I
I

I
__ 1-hour

__ 2-hour

--9-hour

--5-hour

--4-hour

--6-hour

--18-hour

--12-hour

-.-24-hour

-.- 36-hour
7654321

SPAS #1059 DAD Curves
Sahuarita, AZ. September 9 (0800Z) - 11 (0800Z), 1964

,-----------------------------------1 -- 3-hour100,000

10,000

.-. 1,000N

.§.
IIIe 100<

10

1

0I
I
I

I
I

I
I

I
Maximum Average Depth of Precipitation (inches) o Total storm

(48-hour)

I
I 52
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6.77"

-----.7.5

403020

SPAS 1059 Storm Center Mass Curve: Sahuarita, PZ.
September 9 (0800Z) to 11 (0800Z), 1964 Storm

Lat: 32.0063 Lon: -110.9042

10o

4

c=::J ncremental

3.5 --Accurrulated

3

en
Gl

or; 2.5u
c:

c:
0

~
2

.Q.

.y
~ 1.5[l.

I
I
I
I
I
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__II:::I_-';:=:::J' Mles

Ga . Stati 0 4.5 9 1Bugtng on. IIII!IMJMK::::::J__' -====-__Kilometers

• Deily 0 Hoorly Pseudo 0 10 20 40 60

• Hourly 0 Supplemental N

32'O'N

31'O'N

Coordilate system: GCS North American 1983
SCale: 1:1,271.nB

111"OW

111'OW

54

Total Rainfall (48·hours)
sahuarita, AZ 1964 Storm

Stonn #1059 September 9 (0800 Z) to 11 (0800 Z), 1964

112'OW

112"OW

Precipitation (inch••)

0.24 - 1.00 .3.01 - 4.00 D 6.01 - 7.00

• 1.01 - 2.00 • 4_01 - 5.00

2.01 - 3.00 .5.01 - 6.00

32"O'N

31'O'N

I
I
I
I
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Norma,AZ
September 4-7,1970

Storm Type: Remnant Tropical
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I

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours 72 Hours
I sq miles 1.4 - - - - 3.7 6.0 7.9 - 8.1 9.8

10 sa miles 1.4 - - - - 3.7 6.0 7.6 - 8.1 9.4
100 Sa miles 1.3 - - - - 3.6 4.6 6.2 - 7.0 8.7
200 sa miles 1.1 - - - - 3.6 4.3 6.0 - 6.7 8.5
500 sa miles 0.9 - - - - 3.2 4.0 5.7 - 6.3 8.0

1000 sq miles 0.8 - - - - 2.9 3.7 5.3 - 5.8 7.6
2000 sq miles 0.6 - - - - 2.3 3.3 4.9 - 5.5 7.0
5000 Sa miles 0.6 - - - - 1.8 2.5 4.1 - 4.8 6.1

10000 sa miles 0.5 - - - - 1.3 1.8 3.3 - 4.4 5.2
20000 sa miles 0.3 - - - - 0.' 1,3 7.4. - "

3.4 4.1
-

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours I 72 Hours
I Sa miles 1.1 - - - - 2.8 4.7 6.1 - 6.3 7.6

10 Sa miles 1.1 - - - - 2.8 4.6 5.8 - 6.2 7.3
100 sa miles 1.0 - - - - 2.8 3.5 4.8 - 5.4 6.7
200 Sa miles 0.8 - - - - 2.8 3.3 4.7 - 5.2 6.5

500 Sa miles 0.7 - - - - 2.5 3.1 4.4 - 4.9 6.1
1000 sa miles 0.6 - - - - 2.3 2.9 4.1 - 4.5 5.8
2000 sa miles 0.5 - - - - 1.8 2.6 3.8 - 4.2 5.4
5000 sa miles 0.4 - - - - 1.4 1.9 3.1 - 3.7 4.7

10000 Sa miles 0.4 - - - - 1.0 1.4 2.5 - 3.4 4.0
20000 sq miles 0,2, - - - - 0.7 1,0 1.8 - 2.6 ).2

...

1

inches.
inches.
inches.

miles

feet

feet
feet

2.85
3.21
3.21

75.0 F
77.5 F
77.5 F
77_.5 F

NW@ 105

3,650

4,950

3,650

Notes: Stann rep Td laken from KGBN, KYUM 2411r ave

Moisture Inflow Direction:

:Basin Elevation

Storm Elevation
Effective Barrier Height

Storm Adjustment for the White Tanks #4

1.30

1.15
1.13
1.00

with total precipitable water abOve sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 1.08 inches of precipitable water at
which subtracts 1.18 inches of precipitable water at
which subtracts 0.91 inches of precipitable water at
which subtracts 0.91 incl\es oforecioitable water at

75.0 F
77.5 F
77.5 F
4,950
4,950
3,650
3650

Long

111.63 W

113.13 W
114.08 W
112.55 W

18-AUQ

Lat

31.96 N

32.79 N
34.78 N
33.55 N

The stann representa tive deW pOint is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place stonn elevation is
The in-place storm elevation is

Basin elevation at
The inflow Rarrier hei~htlbasin elevation is

1J)e total adiustment fuctor is

The in-place maxirnization 'factor is' .
The transposition factor is

The elevation/barrier adjustment factor is

Te';'Do~al TransDOsition Date

~torm center location

~torm Rep dew point location
~ranspositiondewpoint location
lBl\Sin location

I

I
I

I
I

I

I
I

I
I

I

9/4-6/1970,
SPAS-107S-l'/.Qrm!l ZOne 1

24hr'ave KeiBN, KnJM75.0 f.'

4950 oroQraohic Isol,ilte<l.mtn,SW of Tu.Cson
,8.0 I inches 72 IlQurs (SPAS 107'5 DAD)

tormType
torm Date(s) .

to'rm Location
(arm CenterJoleva,tion

.torm Reoresen!ative Oewooint

'. ricil1itati'on Total, &. Ouracion (16 sq milI
I

I
torm Representative DewOOint Location
n-o!~ce_Maxi!Tlllln Dewooint
\1o'isture Inflow Vector:
,n-olac~ M~xi,nization Factor

32.79 N
77.5.f

i 13:13 W

vera~e B,asin Eley~tio.n , 3,650
I

, emooral Transl1Qsition (Date)
ra"soositipn peWoo,int LOcation
ra,isoosition MaximUln DeWoo(nt
ransDOsiiion Adiustment factor

. 77.5 f
114,0& W

I
ili.heSt ElevatJon in B3sin 3,655
il'.her of B~sin Elevatio.nilnllov< 13arrier Height 31550
.IevationAd·ustni~nt facior

I 56
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I

(0600 Z)

..........-l-hJU'"

_6-hour

Series2

~2~hour

48-hout

-a--72·!"x::lur

. 96-hour

0 Totalslorm
(12O-ho"l

12108

.
~

\

6
Maximum Average Depth of Precipitation (inches)

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

4

\

2

SPAS #1075 DAD Curves - Zone #1 Southern Deserts
Northern Mexico, Arizona, Colorado and Utah Sep 3, 1970 (0700 Z) - Sep 8,1970

o

10

10,000

100,000,-----------------------------------------, I

1,000
;;-

I..
'".:t

100

" '.'. Ouratlpn (hoursl

-"realmi2
) 3

..
.18 .

-",
48 Total1 2 4 5 6. 12 24 36 72 W

U.27 1.36' . '. ,.
3.07 4.86 6.20

.. 6.47 • 7.79
1 1.10 2.81 4.65 6.05 6.25 7.56
5 1.10 2.81 4.65 6.05 6.25 7.39
10 1.10 2.81 4.58 5.84 6.20 7.27
20 1.10 2.81 4.26 5.67 5.91 7.21
50 1.08 2.80 4.03 5.26 5.49 6.95

100 1.01 2.80 3.52 4.75 5.37 6.68
200 0.83 2.75 3.30 4.65 5.17 6.53
300 0.75 2.67 3.24 4.54 4.95 6.26
500 0.73 2.50 3.10 4.36 4.86 6.12

1,000 0.63 2.27 2.86 4.06 4.50 5.82
2,000 0.49 1.78 2.55 3.75 4.24 5.40
5,000 0.44 1.37 1.91 3.12 3.72 4.68
10,000 0.36 1.00 1.39 2.51 3.35 4.02
20,000 0.23 0.70 0.99 1.82 2.62 3.17
31,725 0.09 0.52 0.81 1.34 2.11 2.50

, .

I
I

I
I

I

I
I
I

I
I
I

I
I
I
I
I
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111

8.01"

101918171615141312111

SPAS 1075 Storm Center Mass Curve
3 ,-- Northern Mexico, Arizona, Colorado and Utah -, 12

DAD Zone 1: Southern Deserts
Sep 3, 1970 (0700 Z) - Sep 8, 1970 (0600 Z)

Lat: 31.9610 Lon: -111.6125

0.5

2.5

..
~

u

~
c
o 1.5
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~
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I
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I
I llS'OW 114'OW 113'OW 112'OW tll'OW 110'OW IOS'OW 10S'OW 10rOW l00'OW 10S'OW

llS'OW 114'OW 113'OW 112'OW l11'OW 110'OW 10S'OW IOS'OW IOrOW lOO'OW 10S'OW

38'O'N

4O'O'N

3rO'N

36'O'N

35'O'N

33'O'N

I

34'O'N

I

I
3S'O'N

31'O'N
I

MetstaVAWA OctObet" 16, 2000

N

A

• Daily

• Hourly

o Hourly estimated

o Hourly pseudo

• Supplemental

o Supplemental estimated

o Supplemental pseudo

•__·::::J__II::C==::::::. Kilomelers

o 55 110 220 330

Station Type

SPAS Storm #1075
Total Rainfall (1'20-hoUfS)

Sep 3, 1970 (0700 Z) - Sep 8, 1970 (0600 Z)
Tropical Storm Norma Remnants

_ _ I Miles

o 37.S 7S 150

.10.01 -11,00

11.01 - 12.00

012.01 -13.00

34'O'N

3rO'N

4O·0'N......a~".

36'O'N

38'O'N

39'O'N

33'O'N

32'O'N

31'O'N

Precipitation (inches)

.0.00 .100.5.01.6.00

• 1.01 - 2.00.6.01 - 7,00

2.01 - 3.00 • 7.01 - 8.00

o 3.01 - 4.00 .8.01 - 9.00

4.01 - 5.00 9.01 - 10.00

I
I
I

I

I
I

I

I

I

I

I

I
I

I

I

I 60
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Phoenix,AZ
June 22, 1972

Storm Type: Local Convective
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I
I Storm Adjustment for White Tanks #4

The storm representative deW pOint is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The. ioflow barrier heil!ht/basin elevation is

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which sul)tracts 0.000 inches of precipitable water at

I
I
I

Temporal Transposition Date

~torm center location

iStorm Rep dew point location
~ranspositiondewpoint location
!Basin !ocatio!,

5-Jul
~L'at

33.52 N

33.52 N
33.41 N
33.55 N

Long

112.02W

112.02W
112.52W
.112.55 W

70.0 F
78.5 F
78.5 F

o
o
o
o

[Moisture Inflow Direction:

lBasin Elevation

~torm Elevation
IEffective Barrier Height

S@10

3,650
1,200

3,650

miles'

feet

feet
feet

2.25
3.37
3.37

70.0 F
78.5 F
78.5 F
78.5 F.

. inches.

inches.
inches.

..
- :' -,

1 Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I sq miles 5.4 7.1 7.1 7.6 7.6 7.6 7.6 8.1 8.1

10 sq miles 4.8 6.3 6.3 6.8 6.8 6.8 6.8 7.4 7.4
50 sq miles 3.8 5.0 5.0 5.4 5.4 5.4 5.4 6.0 6.1

100 sq miles 3.1 4.1 4.1 4.4 4.4 4.4 4.4 4.9 5.1
200 sq miles 2.4 3.1 3.1 3.4 3.4 3.4 3.4 3.7 3.9
500 sq miles 1.5 1.9 1.9 1.9 1.9 1.9 1.9 2.3 2.3

1000 sq miles 1.0 l.l l.l 1.2 1.4 1.4 1.4 1.5 1.5
2000 sq miles 0.7 0.9 0.9 0.9 0.9 0.9 0.9 l.l 1.2
5000 sq miles

.~

~5b'Di
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I Sq miles 3.6 4.7 4.7 5.1 5.1 5.1 5.1 5.4 5.4
10 sq miles 3.2 4.2 4.2 4.5 4.5 4.5 4.5 4.9 5.0
50 sq miles 2.6 3.4 3.4 3.6 3.6 3.6 3.6 4.0 4.1 "

100 sq miles 2.1 2.7 2.7 3.0 3.0 3.0 3.0 3.3 3.4
200 sq miles 1.6 2.1 2.1 2.3 2.3 2.3 2.3 2.5 2.6
500 Sq miles 1.0 1.3 1.3 1.3 1.3 1.3 1.3 1.6 1.6

1000 sq miles 0.7 0.7 0.8 0.8 0.9 0.9 0.9 1.0 1.0
2000 sq miles 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.8
5000 Sq miles
.- "

. Ihe total adiustment 13ctOI: is .I
I
I
I
I
I
I

The in-place maximization factor is
The transposition factor is

The elevation/barrier adjustment factor is

torm or Storm Center Name.
tonn Date(s)

'1.50
1.00
1.00

'.50

SPAS-I062-Ph!lC'nix

6/22172

[NOles: No adjustment made for elevations below 6000 feet folio\vIng 'frMR 
~uidance for local storms. Used 3hr average from KPHX, KLUF.

I
.(orm LQi:iltion' .'
tonn Center EI~vaiion

reeipita.tio!1 Tota(~ Duration ((0 sq mil

LQcal Storm
. 33 ..52 N l,12.02 v.(,

1200 ~. noncOroaraD~ic '.
. 5,19 inches <I hours 3.99" inl hr and 4.82" io 2hrs (S\'AS 1062 OAD)

I
I

torm Representative Dewooint
torm Represeotat,ive.De..vooint Loca.tion

n-'place M;iximizaiiOI1 F~ctor

emooral Transposition (Date)
ransIlQsit.ion DewOOint.LoCation
ransPosltionMaxjmum Dewooint

70.0 F
33.52 N

~ 78.5 y: .
.'S(@.IO

5-Jul
33.4) N .

~ :78.5 f

3hr ave i9'HX
))2.02 W.

112.52:W

I
ransPOsition Adiustment fa~ctor

"era 'e Basin.Elevation 3 650~

tlghest Elevation in Basin 3 655
lil!her of 8a.sin Elevation/Inflow .Barrier Heil!ht 3 650

I
I

levation .Adjustment Factor
ot.al Adjustmj:I1t Factor Lsd

62
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1 +----'---t----'---+---'-----+---!-..--+-----'---+-t+--t__----j _ 24-hour

o Total
storm

-+--2-hour

_1-hour

___ 3-hour

--6-hour

__ 5-hour

-+-- 4-hour

---- 12-hour

--+-18-hour

543

64

2

Maximum Average Depth of Precipitation (inches)

1

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

SPAS #1062 DAD Curves
Phoenix AZ. June 20 (0800Z)- 23 (0800Z), 1972

o

10,000 ,--------------------------------j

1,000

-N
:§. 100
1Il
CIl...
<

10

_.

Duration (hours)
Area (mi2

) 1 2 .. 3 4 5 6 12 18 24 total
0.28 3.69 . 4.82 4.86 5.19 5.19 5.fg'

..
5.19 5.62 5.62 5.62

1 3.59 4.72 4.72 5.07 5.07 5.08 5.08 5.43 5.43 5.43
5 3.39 4.43 4.44 4.76 4.76 4.77 4.77 5.17 5.17 5.20

10 3.23 4.21 4.23 4.54 4.54 4.54 4.54 4.94 4.96 4.96
25 2.91 3.80 3.81 4.11 4.11 4.11 4.12 4.46 4.50 4.54
50 2.56 3.35 3.35 3.63 3.63 3.63 3.63 4.03 4.08 4.08
100 2.07 2.72 2.73 2.95 2.95 2.95 2.96 3.29 3.38 3.38
200 1.58 2.06 2.07 2.25 2.25 2.25 2.25 2.49 2.59 2.59
300 1.31 1.70 1.70 1.77 1.77 1.77 1.77 2.04 2.05 2.05
500 1.03 1.28 1.28 1.28 1.28 1.28 1.28 1.55 1.56 1.57

1,000 0.70 0.71 0.76 0.81 0.92 0.93 0.93 0.99 0.99 1.10
2,000 0_50 0.57 0.57 0.60 0.61 0.61 0.61 0.74 0.78 0.78
4!377 024 0.31 0.32 0.34 0.34 0.35 0.36 0.43 0.45 0.45.. - .

'I
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I
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5

2

3

70

5.63"

60

-----------,6

5040

65

3020

SPAS 1062 Storm Center Mass Curve Zone 1
June 20 (0800Z) to 23 (0800Z). 1972 Storm

Lat: 33.5173 Lon: -112.0230

10o

I
o ++; ++-I-++__++-t-++++-I-++"!""l"'IifUjl.-Clt+-t-++-+-+-+-+-+--jIljU4&i..fII+-+~.~f_++++_II_+++__++ 0

0.5

4

Ic:=::J ncremental I
3.5 --Accurrulated

3

"'CIl
~ 2.5u
:§.
c:

.S! 2
~
C-.;:;
e 1.5[l.



Precipitation (inches)

.0.00 - 0.50 0 1.51 - 2.00 .3.01 - 3.50 .4.51 - 5.00

.0.51- 1.00 .2.01 - 2.50.3.51 - 4.00 5.01 - 5.50

1.01 - 1.50 .2.51 - 3.00 • 4.01 - 4.50 D 5.51 - 6.00

34'O'N

112'O'W

112'O'W

_-===--====, Miles
o 4.5 9 18

66

Total Rainfall (72-hours)
Phoenix, AZ 1972 Stonn

Stonn #1062 June 20 (0800Z) to 23 (0800 Z). 1972

IIIIJI¥I:':JIW-=:J"_-===::=JI__Kilomelers
o 5~' ~ ~ ~

o Hourly Psuedo
N

o Supplemental

• Daily

• Hourly

Gauging Stations

34'O'N

33'O'N

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
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Joanne,AZ
October 3-7, 1972

Storm Type: Remnant Tropical

67
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I
I

e

, TI\O total adiustm~nt facto( is

The in-place inaxiinization factor is
The transposition/elevation factor is

The barrier adjustment factor is

~inches-.

inches.
inches.

nilres

feet

feet

feet

2.60
2.92
2.92

73.0 F
75.5 F
74.0 F
74.0 F

SW@80

3,650

800

3,650

Ol<i: 241ir aye lrom KTUS alKI KPHX

rMoisture Inflow Direct-on:
'Basin Elevation

~torm Elevation
Effective Barrier Height

Storm Adjustment for the White Tanks #4

1.i3
0.79
1.00

with total pnicipitable water above sea level of
with total precipitable water above sea level of
with total precipitable waler above sea level of

which subtracts 0.19 inches of precipitable water at
which subtracts 0.205 inches of precipitable water at
which subtracts 0.78 inches of precipitable water at

, which subtracts 0.78 inch\". ofnrecinitable wat\'f.at

73.0 F
75.5 F
74.0 F

800
800

3,650
3650

- The storm representativc"dew point IS'
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
_The inf.low ,barrier .hejght/basin elevation is

TemoorallranSD.ositiOD ,Date 20-SeD
-- Lal Long

(storm center location 31.78 N 113.50 W

Istorm Rep dew point location 32.77 N 111.49 W
trransposition dewpoint location 34.48 N 110.47 W
lBasin h;tc.ation ~ 33.55 N 112.55 W

'" '. '.

I

I
I

I
I

I
I
I

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours 72 Hours

1 s miles 1.0 1.8 3.0 4.2 5.9 6.6 7.0 7.2

10 s miles 1.0 1.8 3.0 3.7 5.2 5.5 6.0 6.4

50 s miles 1.0 1.8 2.6 3.3 4.5 5.1 5.5 5.6
100s miles 1.0 1.7 2.4 3.2 4.4 4.9 5.3 5.4
200 s miles 1.0 1.7 2.1 3.0 4.1 4.5 5.0 5.0

500 s miles 0.9 1.4 2.1 2.6 3.4 4.1 4.5 4.6

1000 miles 0.7 1.1 1.8 2.2 3.3 3.7 4.0 4.2

2000 miles 0.6 0.9 1.6 2.1 2.8 3.3 3.6 3.7

5000 miles 0.3 0.8 1.2 2.0 2.6 2.9 3.1 3.2

10000 s miles O,~, O.~ 1.2 l.8 2,3 ,2.5 2.8 2·9

I
I

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours 72 Hours
1 miles 0.9 1.6 2.6 3.7 5.2 5.8 6.2 6.4

10 s miles 0.9 1.6 2.6 3.3 4.6 4.9 5.4 5.7

50 s miles 0.9 1.6 2.3 3.0 4.0 4.5 4.9 4.9

100s miles 0.9 1.5 2.2 2.8 3.9 4.3 4.7 4.8

200 s miles 0.9 1.5 1.9 2.7 3.7 4.0 4.4 4.5

500 miles 0.8 1.3 1.8 2.3 3.0 3.6 4.0 4.1

1000 miles 0.6 1.0 1.6 2.0 2.9 3.3 3.6 3.7
2000 miles 0.5 0.8 1.4 1.9 2.5 3.0 3.2 3.3

5000 s miles 0.3 0.7 1.0 1.8 2.3 2.6 2.8 2.8

10000 miles q.2 0.5 , 0 16 2.0 2.2 2.5 2.6

I tonn or Storm CeQ.ter Name
torll) Date s
tonn TvDe

SPAS-llO"2,JQanne-ZO,ne 1
16/3-7/19.72
Tronical'

I
I

tOIll'! Locatipn
torm.Cente(,Elevati.Qo,
recinitation Total 8diura.iioo Hl so mi'

Jonn Renres\!Ilt~tiveDe;vooin\ Lo~tion'
n-olace rVfaxlmumoDewDoint

pistlue" 10 flow' Vector
n-place MaximizatioQ Factor'

31.78N 113.50W
800 _ . __ . non-oroaraohic.
7.27·inches 1'1. h9urs 3.27" in 6hrs arid 6.7,9" (0 24hrs

24hr ave KTUS KPH)(
'32.77.N

SW<@8Q

SPAS'1102 QAb'

verall.e Basin Elevation' 3 650I
emonral Transoosition D'ate)
ransDosition Dewooint Coca,tion
ranso,osition~Maximum 'ew-noint-
ranspositioQ AdOustmentOFact.or

20-Sen
34.48 N
74.0.1'

.110.47 W

I
[is!hest Elevation in B:asin 3 655
!it!her of Basin Ele.vationnnflow Barrier HeiQ:ht 3650
levation AdOustmem Factor

I 68
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I
I
I
I
I
I

I

.. MAXIM.UM AVERAGI;: DEPTH OF PRECIPITATION (I~CHESI

. Ouration hours

Area (",!i 2
) 1 2. 3 4 .. ~ . 6 1i 18 24 36 48 72 96 Total

0.27 1.32 2.08 3.27 4.38 6.10 6.79 7.20 7.23 7.47 7.69 7.71
1 1.00 1.77 2.98 4.16 5.86 6.55 6.95 6.98 7.21 7.43 7.45
5 1.00 1.77 2.98 4.00 5.57 5.98 6.45 6.46 6.80 6.92 7.06
10 1.00 1.77 2.98 3.73 5.20 5.54 6.05 6.04 6.42 6.51 6.68
20 1.00 1.77 2.64 3.36 4.56 5.31 5.71 5.71 5.96 6.20 6.28
50 1.00 1.76 2.57 3.34 4.46 5.09 5.51 5.52 5.56 5.81 5.95
100 1.00 1.74 2.43 3.19 4.37 4.87 5.26 5.26 5.41 5.53 5.56
200 1.00 1.69 2.11 3.00 4.13 4.48 4.98 4.98 5.03 5.23 5.27
300 1.00 1.60 2.11 2.87 3.97 4.40 4.77 4.78 4.91 5.01 5.08
500 0.93 1.42 2.06 2.64 3.42 4.07 4.47 4.47 4.63 4.73 4.78
1000 0.72 1.09 1.76 2.20 3.26 3.67 4.02 4.02 4.19 4.34 4.39
2000 0.56 0.91 1.62 2.09 2.76 3.33 3.59 3.59 3.73 3.93 4.00
5000 0.30 0.82 1.18 2.01 2.57 2.91 3.08 3.12 3.18 3.41 3.49
10000 0.23 0.60 1.16 1.75 2.30 2.51 2.75 2.77 2.88 3.01 308
20000 0.17 0.49 0.90 1.45 1.89 2.11 2.25 2.25 2.47 2.60 2.67
50000 0.14 0.34 0.37 0.87 1.24 1.36 1.48 1.51 1.80 1.91 2.03
77692 0.06

SPAS #1102 DAD Curves -Zone #1 Southern Deserts
Octobe, 3 (07002) - October 7 (07002), 1972

-""'~100,000.,.------------------------------------------.1

I
I
I
I
I
I
I
I
I
I
I

10,000

1,000

100

10

o 2 4
Maximum Average Depth of Precipitation (inches)

70

6 8

• 72-ncnr

a Totalstorm
(wro~)
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c:::::::::J Incremertal
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11

SPAS 1102 Storm Center Mass Curve
DAD Zone 1: Southern Deserts

1.5.---------
Octobe, 3 (0700Z) - October 7 (0700Z), 1972

Lat: 31.7792 Lon: -113.4958
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I
I
I 11S'OW 11S'OW l14'OW l13'OW l12'OW 111'OW 110'OW I09'OW 10S'OW 107'OW 10S'OW

4O'O'N 4O'O'N

I
39'O'N 39'O'N

I 38'O'N 38'O'N

I 37'O'N 37'O'N

I 3S'O'N 38'O'N

I, 35'O'N 3S'O'N

II 34'O'N 34'O'N

I 33'O'N 33'O'N

I
32'O'N

I
3l'O'N 31'O'N

llS'OW 11S'OW 114'OW 113'OW 1l2'OW 111'OW 110'OW 109'OW 10S'OW I07'OW 10S'OW

I Total Storm Preeipitation
SPAS Storm *1102 N

Oetober 3 (0700Z) - October 7 (0700Z), 1972 AI - _r
•Miles

0 30 60 120
Kilometers

0 70 140 280 420

I
Precipitation (inches)

I 0.00 - 1.00 • 4,01 - 5.00 • 8,01 • 9,00 • Daily

• 1.01 - 2.00 • 5.01 - 6.00 • 9.01 • 10.00 • Hourly

.2.01.3.00.6.01 - 7.00 10.01 - 11.00 [J Hourly pseudo

I
03.01.4.00.7.01 - 8.00 0 11.01 -12.00 • Supplemental

I 72

I



Yuma Valley, AZ
August 15, 1977

Storm Type: Local Convective
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I
I
I Temporal TransDOsition Date 15-AUQ

Storm Adjustment for White Tanks #4

I
Storm center location

Storm Rep dew point location

Transposition dewpoint location
Basin location

Lat

32.61 N

32.65 N
33.44 N
33.55 N

Long

114.63 W

114.60 W
112.52 W
H2.55 W

MOIsture [nRow Direction:

Basin Elevation

Storm Elevation
Effective Barrier Height

S@5

3,650
192

3,650

miles

feet

feet
feet

I
I

The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place stann elevation is
The in-place stonn elevation is

Basin elevation at
The inflow barrier hei!!:ht/basin elevation is

77.0 F
82.0 F
82.0 F

o
o
o
o

with total precipitable water above sea levet of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches oforecioitable waJer at .

3.14
3.92
3.92

77.0 F
82.0 F
82.0 F
82.0 F

inches.
inches.
inches.

The total adjustment factor is. 1.25
I

The in-place maximization factoris
The transposition factor is

The elevationlbarrier adjustment factor is

1.25
1.00
1.00

Noles: No'adjuslment made for eleVations bclow 6000 feet following i-iMR
uidancc ror local stonTlS.

192 non-o'roqraphic

SPA5-1042-Yuma. Valley

32.61 N' 114.63 W
. t.ocal Stonn

.5.33 inches 4 hours 6.85" in 12hrs (SPAS 1042DADl

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours
1 s miles 2.2 3.7 5.1 5.1 5.1 5.1 5.9 6.0 6.0

lOs miles 2.0 3.3 4.5 4.6 4.6 4.6 5.2 5.3 5.3
50 s miles 1.7 2.9 4.0 4.0 4.0 4.0 4.6 4.7 4.7

100 miles 1.6 2.7 3.7 3.7 3.7 3.7 4.3 4.4 4.4
200 miles 1.5 2.5 3.3 3.4 3.4 3.4 3.9 4.0 4.0
500 miles 1.2 2.0 2.7 2.8 2.8 2.8 3.2 3.3 3.3

1000 miles 1.1 1.7 2.4 2.4 2.4 2.4 2.7 2.8 2.8
2000 s miles 0.9 1.5 2.0 2.0 2.0 2.0 2.3 2.4 2.5
5000 s miles 0.6 1.0 1.4 1.4 1.4 1.5 1.7 1.7 1.9

1 Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours
I s miles 2.7 4.6 6.3 6.4 6.4 6.4 7.4 7.5 7.5

10 miles 2.5 4.1 5.6 5.7 5.7 5.7 6.5 6.6 6.6
50 miles 2.2 3.6 4.9 5.0 5.0 5.0 5.8 5.8 5.8

100 miles 2.0 3.4 4.6 4.6 4.6 4.6 5.4 5.4 5.4
200 miles 1.8 3.1 4.2 4.2 4.2 4.2 4.9 4.9 5.0
500 miles 1.5 2.5 3.4 3.5 3.5 3.5 4.0 4.1 4.2

looOs miles 1.3 2.2 2.9 3.0 3.0 3.0 3.4 3.5 3.5
2000 s miles 1.1 1.8 2.5 2.5 2.5 2.5 2.9 3.0 3.1
5000 s miles 0·8 1.3 1.8 1.8 1.8 1.8 2.1 2.1 2.3

.-
torm·or Stonn Center Nanie

torm LocMion
tarm enter Elevation
recipitation total & Duration (10 sa mil

I

I

I

I

I
I

I
I

tonn ReoreSentativ.e DewDo.int
aQrm Reo~ntative DeWooint Location
n-placeMaximum'IJewooint

ois.tUre Inflow Vector
n-olace Ma.xjmization Factor.

77.0 F

~82.0 f:
S!iil5

':lhr ave 13Z.15Z pn.the 15.!h.at KYUM
114.60W

. Usin!!: KYUM location

I
emoorljl TransoOsilion (I)atel
ransDOsitiori Dewwint Location
ransoosition Maximum.Dewooint
ransoosition Adiusnnent Factor·

IS-Au;'
33.44 N 112.52 W

I
.vera!!:e Ellsin.Elevation 3 650
il!hest Eleyation in~.Basin 3~6~S~

i!!:her of Basin Elevatipnflnn:ow Barrier.Hei!!:ht 3 ~50

JevatioQAdiusttnent Factor
otal.A'l"ustlTlen t Factor
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I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)- --, . ..
Dvralicln (ho.ulS)

-- " ,-

Area (mi') '2
~ .. ,.

1 3 4 5 6 12 18.. .24 :j6 48 72 96 Total
• O.OT 229 3.88 5.26' 5.33 '5.33 . 5.33 6.17 6.17 6.18 6.78' 6.79 6.85' 6.85 6.85

1 2.18 3.68 5.08 5.10 5.10 5.10 591 6.02 6.02 6.52 6.59 6.66 6.66 6.66
10 1.98 3.31 4A9 4.55 4.55 4.55 5.22 5.31 5.32 5.82 6.06 6.17 6.17 6.17
20 1.86 3.14 4.27 4.32 4.32 4.32 4.99 5.05 5.05 5.57 5.90 6.01 6.01 6.01
30 1.81 3.05 4.13 4.18 4.18 4.19 4.82 4.89 4.89 SAl 5.80 5.91 5.91 5.91
40 1.77 2.97 4.03 4.08 408 4.08 4.69 4.77 4.78 5.28 5.72 5.83 5.83 5.83
50 1.73 2.92 3.95 4.00 4.00 4.00 4.61 4.67 4.67 5.17 5.65 5.75 5.76 5.76
60 1.70 2.87 3.88 3.92 3.92 3.92 4.52 4.58 4.61 5.11 5.59 5.69 5.70 5.70
70 1.66 2.82 3.82 3.86 387 3.87 4A7 4A8 4A8 5.08 5.53 5.64 5.64 5.64

100 1.61 2.71 3.67 3.72 3.72 3.72 4.30 4.36 4.36 4.95 5.39 5A9 5.50 5.50
200 lA6 2A6 3.33 3.37 3.38 3.38 3.90 3.95 4.02 4.53 4.97 5.07 5.07 5.07
500 1.22 2.04 2.74 2.78 2.78 2.79 3.20 3.27 3.33 3.79 4.20 4.30 430 4.30

1,000 1.07 1.73 2.35 238 2.39 2.39 2.72 2.78 2.81 3.24 3.65 3.77 3.78 3.80
2,000 0.88 lA6 1.98 1.99 2.02 2.02 2.32 2.37 2A5 2.83 3.29 3.36 3.37 3.37
5,000 0.q3 .1.04 lAl lA3 1A4 lA6 1.65 1.7p 1.86 2.10 2AO 2.52- 2.52 2.53.. -,

I

I

I
I

I
_1-haur

_2-hour

_3-hour

_4-haur

_5-hour

-6-hour

12-hour

_l8-hour

_24-hour

_36-hour

- 48-hour

_72·hour

_96-hour

0 Total storm

8
(120-hour)

76543
Maximum Average Depth of Precipitation (inches)

SPAS #1042 DAD Curves -ZOne #1
Yuma, AZAugust 13 (0800 Z) -18 (0700 Z),1977

2o

10,000 ,-----------------------------------------,

1,000

:§.
100..

e«

10

I

I

I

I

I

I

I
I
I
I
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Precipitation (inches)
0 ~ "J '" .... 01 '" .... '"8/13/1977 0800 i

8113/19771400 :I lIT
:; :l>

8/13/1977 2000 ~ 1 (") (")
Cil (")
3 c::
(l) 3

8/14/1977 0200 ~ I=> S.
- Ql
Ql -

I -~

8114/1977 0800 •

8/14/1977 1400

8/14/1977 2000 :I
~C/l
lC ~

c::: ~
~

8/15/1977 0200 l ........
,WO
CIl~~_CIOI\)

8/15/1977 0800 JI wg~
~J::::I0

8/15/1977 1400
Ol ...
.... ·3
' .... 0

~ 8/15/1977 2000
o CIO CD
:::J~........ :::J
.0c:D

.... 0 ...

8/16/1977 0200 ~ ~ 3:
Ol .... !}j

8/16/1977 0800
W~rn

...... 0
C/lC:::

8/16/19771400 :f I - <Q CD

8/16/1977 2000 t ~

811711977 0200

8/1711977 0800

8/17/1977 1400

8/17/19772000

8/18/1977 0200

- - - - - - - - - - - - - - - - - - -



I
I
I
I
I
I
I
I
I
I
I
I

33"O'N

32"O'N

115·0\lIl

115·0\lIl

114·0W
__--_.....--......------:'I'-J".34·0'N

33·0'N

32"O'N

114·0W

Total Ralnfal:1 ~12o-ho ...rs)
Yuma, A% 1977 Sform

SPAS Stonn #1042· August 13 (800 Z) to 18 (700 Z), 1977

Coordilale 3jfim: (l£S North Am6f'K:an 1983
Scale: 1:1 ;345,743

N

A

._~_-===-_.Mles
0510 ::II 3J

IIII..-::~__tt·===__-.Kilomelers
o 12.5 25 S) 7s

• Daily

• Supplemental

• Hourly

o Hourly Pseudo

Gauging Stations

Prec Ipltatlon {Inc hes}

.054 - 1.00 0201 - 2.50 .351 - 400 .501 - 5.50 06.51 - 7.00

• 1.01 - 1.50 251 - 3.00 • 4.01 - 4.50 .551 - 600

• 1.51 - 2.00 • 3.01 - 3.50 • 4.51 - 5.00 6.01 - 6.50

I

I

I

I
I
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Bear Spring, AZ
February 27 - March 3, 1978
Storm Type: General Frontal
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I
I

Storm Adjustment for the White Tanks #4

I
I

Te.mpo(al TranSDosition'Date

~torm center location

~torm Rep dew point location

rrransposition dewpoint location
B~.stn loc.8tion

15-Feb

lat

33.70 N

32.60 N

32.40 N
33.55 N

long

111.60W

111.83W

112.80 W
11.2.55W

P"foisture Inflow Direction:

Basin Elevation

!storm Elevation
tEffective Barrier Height

SSW@IOO 

3,650
2,300

3,650

miles

feet

feet
feet

I
I

The stohn representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflovcbarri~.height/basinelevationjs

58.5 F
61.0 F
61.0 F
2,300
2,300
3,650
3,650

with total precipitable water ahove sea leverof
with total precipitable water ahove sea level of
with total precipitable water ahove sea level of

which subtracts 0.315 inches of precipitable water at
which subtracts 0.34 inches of precipitable water at
which subtracts 0.52 inches of precipitable water at
which subtracts .0..52 inches ofnrecinitable waJer at

U8 .
1.45
1.45

58.5 F
61.0 F
61.0 F
61.0 F

inches.
inches.
inches.

I
. The in-place maximization factor is

The transposition factor is

The elevation/barrier adjustment factor is

The total adiuslment faclor is

t.l5
0.84
1.00

0.97.

rN'oles: 24hr ave KGBN~ KoMA. KTUS, KFHU

SPAs-i SO-Bear Snrlnp-Zol\e \'

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
Is miles 1.0 3.6 4.6 5.2 5.9 9.3 11.7

10 miles 1.0 3.6 4.6 5.2 5.9 9.3 11.6
100 sq miles 0.8 2.5 3.3 4.0 4.9 6.9 9.0
200 miles 0.8 2.\ 2.8 3.4 4.3 6.5 8.3

500 miles 0.7 1.8 2.2 2.7 3.4 5.t 6.8

1000 miles 0.4 \.4 1.9 2.\ 2.8 4.4 5.9
2000 sq miles 0.2 1.1 1.5 1.9 2.3 3.7 4.9

5000 s miles 0.2 0.7 t.I 1.3 1.6 2.8 3.8

10000 miles 0.2 0.6 0.9 1.0 1.3 2.1 2.9
20000 miles .. 0.\ 0.5 0.6 0.9 t.O 1.7 2.2

~,~ ''''i

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 Hours 72 Hours
I sq miles 0.9 3.5 4.5 5.0 5.7 - - 9.0 - 11.3

10 sq miles 0.9 3.5 4.5 5.0 5.7 - - 9.0 - 11.2

100 so miles 0.8 2.4 3.\ 3.8 4.7 - - 6.6 - 8.7

200 sq miles 0.8 2.\ 2.7 3.3 4.2 - - 6.3 - 8.t

500 so miles 0.6 1.7 2.2 2.6 3.3 - - 5.0 - 6.6
1000 sq miles 0.4 1.3 1.8 2.1 2.7 - - 4.2 - 5.7
2000 sq miles 0.2 1.1 \.4 1.9 2.2 - - 3.5 - 4.7

5000 sq miles 0.2 0.7 1.0 1.3 1.6 - - 2.7 - 3.7

10000 SQ miles 0.1 0.5 0.8 0.9 1.3 - - 2.0 - 2.8
20000 so miles 0_1 O.S 0.6 0.8 1..0 - - 1.6 - ,2.\..

~ . , ~

lortn or Siorm Cenier NameI

I
I

I
I
I

I
tCrtTl OalerS) '.~

tqrm rYD~ .
, tOrtl) ~0cat(6n

tor.m (enler EJeVat.lon
'recioitation Total & Duration 10 so mi

2127-3-3/WZ8.
O.eneral
~33.70N. 1l1..60.W.
2'300 . non:oroarachic - .

I
orni ReDl:~entati~e_DewDoint

tOrtl) Reorese.ntatiye.DewDoint location
n-pJac.e M3.X!mUlp·OewnOint_

Moisture !nfl9~ Veclor~

58.5 f .
32..60N

ssw i'iiJ. too

24hr ave \<.GB"N, KDMA KTUS KFHU
111.83 W

I
n-DliiceMii,wn:i~ailon'factor

emDoral Transposition '(Date)
ransDOsition .Dewooint Location
ransDOsitiop.,~axiJ11l.J,lll Dewpoint

15-Feb
32.40 N .
61.0 F

verify
'.112.80 W

I
ransoos.ition. Ad'ustment E:'actor
verage Basfn Ekvatlol\
i JhesfEleyation in Basin
:ighm: of Basin, I;'levationltnflow B~rrier Height

. {evation Ad·u.stment Factor

3650
3,655
3650
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I
I
I
I
I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Du'ration (!tours)'
,. , , ..

"
.Ar~a (mi') 1. 2 3 4 5 6 12 18

..
24 36, ,48 .72 Total

,.
u.l7 1.2 ' 3.89 ' 4.89 . 546 6.13 9.61' 12.04 12.23

1 096 3.64 4.61 5.18 5.87 9.33 11.71 11.92
5 0.96 3.64 4.61 5.18 5.87 9.33 11.71 11.92
10 0.96 3.64 4.61 5.18 5.87 9.28 11.57 11.77
20 0.96 3.5 4.44 4.96 5.63 8.99 11.21 11.41
SO 0.86 2.97 3.68 4.43 5.32 8.18 10.15 10.44

100 0.84 2.49 3.25 3.95 4.9 6.85 9.02 9.54
200 0.79 2.14 2.75 3.43 4.33 6.48 8.31 8.64
300 0.75 1.86 2.53 3.13 3.93 5.7 7.68 8.07
SOO 0.67 1.75 2.22 2.68 3.4 5.11 6.81 7.28
1000 0.39 1.36 1.89 2.12 2.8 4.36 5.86 6.28
2000 0.16 1.12 1.47 1.92 2.26 3.85 4.9 5.32
SOOO 0.16 0.74 1.06 1.32 1.6 2.76 3.77 4.05
10000 0.15 0.56 0.85 0.95 1.31 2.11 2.89 3.22
20000 0.13 0.5 0.62 0.86 1.02 1.66 2.2 2.48
SOOOO 0.08 0.3 0.45 0.55 0.7 1.13 1.38 1.57
51059

..

SPAS #1150 DAD Curves - Zone #1 Southern Deserts
Statewide Arizona, February 27- March 3, 1978

100,000 _1-h:>ur

-0

.~O -6-hoUf

10,000 -.0

'~'Q. 12""'"
......... 0

1,000 "-.. ~O ~1J..ho"

.- ~O..s --. 0.. ......0" _24-hour

.(
"'-s..,,E:J100

....... 0

"""""'
-0

10 \0

\0
-a-72-hour

o Total slo rm
(9&hour)

0 2 4 6 8 10 12 14
Maximum Average Depth of Precipitation (inches)I

I
I
I

I

I
I

I
I
I
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11 21 31 41 51

83

61 71 81

18

17

16

15

14

13

12
12.287"

11

10

9

8

7

6

5

4

3

2

1

0

91 101 111
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SPAS storm number: 1150
Lat/Lon box: 38,2 -114,8 311,2 -107.5

Begin date: 02/27/1978 for hourly stations, 2/28/1978 for daily
End date: 03/03/1973

Number of hours (for hourly data): 120

I
I
I
I
I
I
I
I
I
I
I
I
I
I

11S'OW

38'O'N

37"0'N

36'O'N

3S'O'N

34'O'N

33'O'N

32'O'N

11S'OW

l14'OW

l14'OW

l13'OW

l13'OW

112'OW

l12'OW

111'OW

11l'OW

110'OW

110'OW

109'OW

109'OW

IOS'OW

~-~~-f-i+-37"O'N

36'O'N

35'O'N

34'O'N

33'O'N

32'O'N

10S'OW

N

A

o 25 50I
I
I
I
I

._~'=::J__C:::==:::::JI Miles
100

__==-_l:i::=====:l Kilom",e::.:t~er~s,'----.,_--__r----.,...,
Stations 0 55 110 220 330 r-

0.00 -1.00 _ 6.01 - 7.00 _ 12.01 -13.00 • Daily

_ 1.01 - 2.00 _ 7.01 - 8.00 _ 13.01 - 14.00 • Hourly

_ 2.01 - 3.00 _ 8.01 - 9.00 14.01 - 15.00 0 Hourly Pseudo

3.01 - 4.00 _ 9.01 - 10.00 015.01 - 16.00 • Supplemental

04.01 - 5.00 _ 10.01 -11.00 <> Supplemental pseudo

5.01 - 6.00 11.01 - 12.00

84



Browns Peak, AZ
December 17-19, 1978

Storm Type: General Frontal
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I
I

The total adiustme~1 factor is

The in-place maximization factor is
The transposition factor is

The elevation/barrier adjustment faclor is

T.emlloral Transllosition Date 1-Dec

Lat Long

~torm center location 33.43 N 111.45 W

IStorm Rep dew point location 25.00 N 118.00 W

~ransposition dewpoint location 25.09 N 119.08 W
lIJ.sin IQC!ltioll 33.55 N 112.55 W

-

·inches.

inches.
inches.

miles

feel

feet

feet

:i.2o 
2.47
2.32

69.5 F
72.0 F
70.5 F

.70.5 F

S\v@720

3,650

3,400

3,650

If'rofes: DaHy SST used since moisture source on land not found b<X:ause"ofrain
Ioontamination arrl unrepresentative values. In-place maximization factor of
1.83 calculated, but held to 1.50.

rMoisture lona", Direction:

lBasin Elevation

~torm Elevation

!Effective Barrier Height

Storm Adjustment for the White Tanks #4

1.03

1.14
0.91

1.00

wilh 10lal precipilable water abOve sea level o·f .

wilh lotal precipitable water above sea level of
with total precipitable water above sea level of

which subtraclS 0.65 inches of precipitable waler at
which subtracts 0.71 inches of precipitable water at
which subtracts 0.72 inches of precipitable water at

. whichsubtracls 0,72 inches ofOl;ecinitable water at

69.5·F

n.OF
70.5 F
3,400
3,400

3,650
3650

The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
, The inOow barrier heiclJtlbasin eleyation isI

I

I
I
I

·.SPAS-II34-arawns.Peak Zone ~

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours

I s miles 0.7 2.1 2.2 3.2 5.0 5.3

10 miles 0.7 2.1 2.2 3.2 5.0 5.3

100 sq miles 0.7 1.8 1.8 2.8 4.2 4.6

200 miles 0.7 1.4 1.7 2.7 4.2 4.5

500 sq miles 0.7 1.1 1.6 2.5 3.8 4.1

1000 s miles 0.7 1.0 1.4 2.2 3.5 3.8

2000 sq miles 0.6 0.9 1.4 2.0 3.2 3.3

5000 s miles 0.5 0.7 1.1 1.7 2.7 2.7

10000 sq miles 0.3 0.5 0.9 1.5 2.3 2.4

20000 s miles 0.2 0·.5 0.7 1.2 2.0 2.0

torm or Slorm Center Name

_.
.:.~; ;;:- ,.,;' ~,,', ,::

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 HoursT 36 Hours 48 Hours 60 Hours 72 Hours

I sq miles 0.7 2.2 2.2 - 3.3 - - 5.1 - 5.4

10 sa miles 0.7 2.2 2.2 - 3.3 - - 5.1 - 5.4

100 sa miles 0.7 1.8 1.8 - 2.9 - - 4.3 - 4.7

200 sq miles 0.7 1.4 1.8 - 2.8 - - 4.3 - 4.6

500 sa miles 0.7 1.2 1.6 - 2.5 - - 4.0 - 4.2

1000 sq miles 0.7 1.1 1.5 - 2.3 - - 3.6 - 3.9

2000 SQ miles 0.7 1.0 1.4 - 2.1 - - 3.3 - 3.4

5000 sq miles 0.5 0.7 1.2 - 1.8 - - 2.8 - 2.8

10000 sa miles 0.3 0.5 1.0 - 1.5 - - 2.4 - 2.5

20000 sa miles 0.2 0.5 0.7 - J.3 - - 2,1 - 2.1
.. .. - ..

I

I
I

I
I
I

I
tor.ID Date s ..
torm Twe
.tOrIll LOGation,
to'(ln Cent~r E(evation .
reCillitation Total &0 Duration (10 SQ itii)

.. Gen.eral

3.3.43 N ~II i.4$\Y. _
3400 . oroaraohidirst lJ[islooe 911tside of Phoenix
5.6f.iQches 72 hours S,PAS 1134 DAD.

I
t01::1O Renr.ese;ntative Dewnoint
Jorm ReDiesen-t~ti.ve OewDoiot Loe3ti.on "'.

69.5 F
,25..00 N
72.0 F
SW I@ 720

24hraye KTUS KQ~;\53

32.18N 110.85W.

., 72.

I
n~DI,!ce Ma~imization I:(ic.tor

emD.oral Transoosition (Date)
ransoosition Dewnoint I.-e:eation
r~nsoosition MaxlQ1um Dewooint

I-Dec

.25.09 N
70.5 F .

119.08 W

I
rans'oosition Ad'u~tmel)t Factor.

- vera~e Basin Elevation

i·"h~ pfBasiQ EleYation/l.nflow:8arrier Hei;ht

Ievalion Adiustment Faci.or

3650
3655
3,650'
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I

ourati"on

Are.a (ml2 i 2
, ..

3 4 . 5 6 12 . 18 24 .36 48 .12 . 96. Total 12G-hr.
O. 1.05 2.38 . 2.41 3.56 5.34 5.6

1 0.68 2.14 2.15 3.21 4.97 5.25
10 0.68 2.14 2.15 3.21 4.97 5.25
25 0.68 2.14 2.15 3.04 4.78 4.9
50 0.68 1.96 2.04 2.99 4.65 4.86
100 0.68 1.76 1.75 2.84 4.21 4.56
200 0.68 1.38 1.74 2.71 4.19 4.48
300 0.68 1.30 1.73 2.64 4.17 4.32
500 0.68 1.12 1.58 2.45 3.83 4.11
1000 0.67 1.04 1.42 2.23 3.48 3.75
2000 0.63 0.93 1.37 2.02 3.18 3.26
5000 0.52 0.67 1.12 1.71 2.69 2.73
1QOOO 0.33 0.48 0.93 1.50 2.34 2.41
20000 0.22 0.46 0.69 1.22 1.99 2.03
33934 0.05 0.37 0.56 0.99 1.57 1.61

SPAS #1134 DAD Curves - Zone #1 Southern Deserts
Arizona, Dec 16-20, 1978

100,000
_1-1"0,....

~
.

~6-ho",

10,000

,
"

-Q-h:llr

1,000 ~ --24rour

g .'\.
.. j \. 48-hour

"< 100 ,
~

_72-hour

.,<

10 • . 96-1'<>u•

/
0 Tetal sto rm (120-

"0<-<)

1

0 2 4 6 8 10
Maximum Average Depth of Precipitation (inches)

88



SPAS 1134 Storm Center Mass Curve
Arizona

DAD Zone 1: Southern Deserts
Dec 16, 1978 (0700l) - Dec 21, 1978 (0600Z)

Lat: 33.425 Lon: -111.445
c::::::2lncremenlal

--Accl.muated

21 31 41 51 61

89

71 81 91 101

12

11

10

9

8

5.62"
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I

35'O'N

34'O'N

37'O'N

36'O'N

33'O'N

32'O'N

10S'OW

lOS'OW

IOg'OW

109'OW

110'OW1WOW1I2'OW

112'OW

31'O'N.,....---...".--_....,-r*.......:....,-~_....:; ......-r--l-.............--r_---J.

113"OW

113'OW

114'OW

114'OW

37'O'N

32'O'N

33'O'N

3S'O'N

36'O'N

34'O'N

31'O'NI

I
I

I
I
I
I
I
I

Total Precipitation
SPAS Storm 1134

12/16/1978 ·12/20/1978
I
I
I
I

Precipitation (inches)

_ 0,02·1.00 _ 4.01 ·5.00 _ 8,01 - 9.00

_ 1.01 ·2.00 _ 5.01 ·6.00 _ 9,01 ·10,00

2,01·3,00 _ 6,01.7,00010.01,11.00

o 3,01 ·4,00 _ 7,01 ·8,00

~"?'*_.::::-__. -:·!::!:l:=:;:::::::3.i Miles

0204080

• Daily

• Hourly

o Hourly pseudo

• Supplemental

Q Supplemental estimated

N

A

~.st.aVAWA Oclobet" 10, 2()Qg

I
I
I 90
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Crown King, AZ
February 13-22, 1980

Storm Type: General Frontal
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I
I
I TemDo~a"rranSDosition Date 15-Feb

Storm Adjustment for the White Tanks #4

I
~torm center location
~torm Rep dew point location

tI'ransposition dewpoint location
lBasin I.ocation

Lat

34.01 N

32.48 N

31.98 N
33.55 N.

Long

112.26 W

112.35W
112.61 W
112.55 W

~oisture Inflow Direction:

tftasin Elevation

~torm Elevation

!Effective Barrier Height

S@12()

3,650
2,900

3,650

miles'

feet

feet

feet

The total adiustment factor is

The in-place m'aximization factor is
The transposition factor is

The elevationlbarrier adjustment factor is

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.410 inches of precipitable water at
which subtracts 0.42 inches of precipitable water at
which subtracts 0.52 inches of precipitable water at
which subtracts 0,52 inches of precipitable wa.\er at

I
I
I

The stann representative dew point is
The in-place maximum dew point is

The traDspositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
Jhe infloW' barrier hei 'htlbasin elevation is

60.0 F .
61.0 F
61.0 F
2,900
2,900
3,650
3650

'1.06 .

0.91
1.00

,0.96

1'/otcs: 24hr ave KP65. KTUS. KLUF

1.38
1.45
1.45

60.0 F
61.0 F
61.0 F
61.0J

inches.
inches.
inches.

I
I
I
I
I
I
I
I
I
I
I
I

.' '.' -....,.
I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 Hours I 72 Hours

150 miles 0.8 23 2.8 4.3 5.7 - 6.2 6.9 - 7.8
1050 miles 0.8 23 2.8 4.2 5.5 - 6.0 6.7 - 7.5

10050 miles 0.8 1.8 2.1 3.1 4.2 - 4.6 5.0 - 5.8
20050 miles 0.4 1.6 1.7 2.6 3.6 - 3.8 4.2 - 4.9
50050 miles 0.3 1.0 1.5 2.2 2.5 - 3.1 3.5 - 4.0

1000 SQ miles 0.3 1.0 1.3 1.8 2.4 - 2.6 3.1 - 3.5
2000 sq miles 0.3 0.8 1.1 1.4 2.1 - 2.4 2.7 - 3.2
5000 SQ miles 0.3 0.7 0.9 1.3 1.7 - 2.0 2.3 - 2.7

10000 SQ miles 0.2 0.5 0.8 1.0 1.5 - 1.6 2.0 - 2.3
20000 SQ miles 0.2 0.4 0.6 0.8 1.2 - 1.3 1.6 - 1.8

.. .'
.- . -

~: ,...
I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours

I sq miles 0.8 2.2 2.7 - 5.5 - 6.0 6.7 - 7.6
10 50 miles 0.8 2.2 2.7 - 53 - 5.7 6.4 - 7.3

100 50 miles 0.7 1.7 2.0 - 4.0 - 4.4 4.8 - 5.5
20050 miles 0.3 1.5 1.7 - 3.4 - 3.7 4.1 - 4.7
50050 miles 0.3 1.0 1.4 - 2.4 - 3.0 3.4 - 3.8

1000 SQ miles 0.3 0.9 1.3 - 2.4 - 2.5 3.0 - 3.4
2000 sa miles 0.3 0.8 1.1 - 2.1 - 2.3 2.6 - 3.0
5000 SQ miles 0.3 0.7 0.9 - 1.7 - 1.9 2.2 - 2.6

10000 sq miles 0.2 0.5 0.7 - 1.4 - 1.6 1.9 - 2.2
20000 SQ miles 0.2 0.4, 0.6 - I.L - 1.3 1,5 - 1.8

.. ...

torlD or Storm Cen.ter Name .SPA5-1138-Crown'Kinr. Zone (
torm Date!s) 211.3,22/1980
torm Type General
torm Locatio!) .34.01 N. 112.26 W
torm Center Ell"'ation 2900 non:<lfoQraphic .
recioitation Total & Duration 10 sa.mi) 8.09 it\ches 72 hours I I.I 0"216 hrs SPAS 113'8 DAD

tor n ReorCS!'otalive Dewooinl 60.0 F 24hr .ave P65 KT\.IS 'KLUf
tonn Reoresent~tiveDewooint Locatio", .32.48 N 112.35'W
n-olace t\.:Iaximum Deweolnl

..
6[.0 F

..

liioisture Inflo·I1< Vector S <@. 120
...

n-oliice Mixinlization Factor
... ..

-
emporal Transposition (Date) 15-Feb
ransoosition OeWu.oint Location 31.98 N 112.<!1 W
ransDOS.iliOn Maxi\qum Dewpoint 6(.0 F

..
r:ansDOSition Ad'ustment Factor

' . ..

vera)?e Basin Elevation. '3650
,!!hest Elevation in B"sill 3 655

...
i!!her.of llasin, Elevation/Inflow Barrier Ildl!.ht 3,650
lev,ation Ad'ustloent .Factor
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I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)-
Duration (hours)

Areatmi') 1 3 6 12 18 24 36 48 n 96 120 144 168 total
0.27 1.12 1.90 2.55 3.14 ·4.61 5.98 6.50 7.16 8.09· 9.18 9.33 9.60 10.33 11.10

1 0.60 1.60 2.28 2.82 4.29 5.67 6.19 6.92 7.84 8.94 9.05 9.34 10.06 10.87
5 0.80 1.60 2.28 2.82 4.29 5.67 6.19 6.79 7.76 8.78 8.95 9.10 9.88 10.46

10 0.80 1.60 2.28 2.82 4.24 5.53 5.95 6.66 7.54 8.31 8.59 8.80 9.50 10.18
25 0.80 1.60 2.17 2.52 4.02 5.21 5.64 6.29 6.97 7.96 8.12 8.36 9.12 9.68
50 0.80 1.46 1.98 2.51 3.70 4.79 5.16 5.77 6.54 7.30 7.48 7.67 8.67 9.24
100 0.77 1.25 1.80 2.11 3.11 4.15 4.55 5.03 5.75 6.50 6.64 7.05 8.05 8.70
200 0.35 1.16 1.59 1.n 2.57 3.57 3.81 4.23 4.85 5.85 5.93 6.28 7.47 8.14
300 0.34 1.07 1.39 1.64 2.44 3.08 3.39 3.96 4.58 5.34 5.34 5.88 7.16 7.78
500 0.33 0.89 0.99 1.49 2.17 2.46 3.09 3.48 3.99 4.77 5.08 5.50 6.73 7.34

1,000 0.33 0.75 0.97 1.32 1.77 2.44 2.55 3.12 3.52 4.26 4.48 4.98 5.93 6.62
2,000 0.32 0.67 0.84 1.13 1.44 2.13 2.41 2.68 3.16 3.82 3.95 4.36 5.30 5.88
5,000 0.29 0.52 0.74 0.90 1.31 1.73 2.02 2.28 2.66 3.27 3.33 3.58 4.35 4.82

10,000 0.23 0.30 0.53 0.77 0.98 1.49 1.64 1.97 2.25 2.80 2.80 2.96 3.61 4.02
20,000 0.16 0.29 0.42 0.60 0.83 1.16 1.33 1.60 1.83 2.30 2.30 2.43 2.89 3.20
50,000 0.03 0.09 0.20 0.39 o.pO 0.71 0.92 1.12 . - 1}7 1.71 1.74 1.80 2.1~ 2.30I

I
I

I

I

o Totalstorm
(21&-hour)

__ 12o-hour

--48-hour

16B-hour

----3-hour

~18-hour

144-hour

-a-96-hour

--72-hour

-W-3&-hour

--&-hour

-W- 12-hour

SPAS #1138 DAD Curves Zone 1: Southern Desert
Crown King, AZ. February 13 (0800Z)· 22 (0800Z), 1980

100,000 ,----------------------------------------, r __---:l-:-h-ou
-r--j

10,000

1,000

N

I...
~
< 100

0

10 0

0

I

I
I

I
I

I

Maximum Average Depth of Precipitation (inches)I
o 2 4 6 8 10 12

I
I
I
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= Incremental
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SPAS 1138 Storm Center Mass Curve: Central Arizona
February 13 (0800Z) to 22 (0800Z). 1980 Storm

Zone 1: Lat: 34.0125 Lon: -112.2625
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11.'OW

lWOW

113'OW

113'OW

112'OW

112'OW

l11'OW

111" OW

110'OW

no'ow

109'OW

109'OW

IOS'OW

10S'OW

37'O'N

36'O'N

3S'O'N

34'O'N

Preclp,

.0.18-1.00 05.01- 6.00 .10,01 -11.00 .15.01 -16.00

.1.01 - 2.00.6.01 - 7.00 .11.01 -12.00 16.01 -17.00

.2.01 - 3.00 .7.01- 8.00 .12.01 -13.00 0 17.01 -18.00

• 3.01 - 4.00 • 8.01 - 9.00 • 13.01 - 14.00

4_01 - 5.00 .9.01 - 10.00 .14.01 -15.00

"_-==::JI_~.==::::J'MIes
0' 25 50 100

Total Rainfall (216-hours)
Crown King 1980 Storm

Stonn #1138 February 13 (0800 Z) to 22 (0700 Z), 1980

N

__-=::::J__===::I!Il Kilometers

o 40 80 160' 240 n~=r==r===j=;=I::;--\1
Hourly Pseudo

Supplemental

• Daily 0

• Hourly 0

Guages

I

I

I

I

I
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Harquahala Valley, AZ
September 1, 1984

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

Temporal Transposition Date

Storm center location

Storm Rep dew point location

ransposition dewpoint location
J;lasio_locatjon .

15-AuQ

Lat

33.49 N
33.17N
33.18 N
33.50 N

Long

113.25 W

114.72 W
113.94 W
112.52 W

Moisture Inflow Direction:

Basin Elevation

Storm Elevation
Effective Barrier Height

WSW@85

3,650
1,200

3,650

. miles

feet

feel

feel

Jhe total adjllstment factor is

The in-place maxi'mization factor is
The transposition factor is

The elevation/barrier adjustment factor is

.with total precipitable water above sea level of
with total precipilable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at

which subtracts 0.00 inches of precipitable water at
which subtr~cts Q.OO inches of precipitable waJer at.

I
I
I

The stOnTI representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at

The inflow barrier hei~ll/basin.elevationis

17.0 F
82.0 F
82.0 F

o
o
o
o

1.25
1.00
1.00

1.25

3.14
3.92
3.92

17.0 F
82.0 F
82.0 F
82.0 ~

otes:" No adjustment made for elevations belo\\- 6000 feet following HMR
·uidance for local storms. Ratios for I to 10.50. 100,200, and 500 sqmi taken
rom SPAS 1086 stonn analysis because of lack ofdata on storm. 24hr values

use 6hr ratios. I'" total storm valuye invalidated based on funher analysuis.

inches..

inches.
inches.

I
I
I
I
I
I
I
I
I
I
I
I

,:r "-, .'" .',,' ".J,; ,." .. -,
L Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 3.1 5.2 7.4 7.7 7.7 7.7 - - 7.7 -
10 sq miles 2.6 4.7 6.5 6.5 6.5 6.5 - - 6.5 -
50 sq miles 1.8 3.5 4.9 4.9 4.9 4.9 - - 4.9 -

100 sq miles 1.4 2.8 4.0 4.1 4.1 4.1 - · 4.1 -
200 sq miles 1.0 2.2 3.1 3.1 3.2 3.2 - - 3.3 -
500 sq miles 0.6 1.4 2.0 2.1 2.1 2.2 - - 2.2 -

1000 sq miles . - - - - - - - - -
2000 sq miles - - - - - - - - - -
5000 sq miles - - - - - . - - .

-
~r.:~. 1- .":

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I SQ miles 3.8 6.5 9.2 9.6 9.6 9.6 - - 9.6 -

10 SQ miles 3.2 5.8 8.2 8.2 8.2 8.2 - · 8.2 -
50 SQ miles 2.2 4.4 6.2 6.2 6.2 6.2 - - 6.2 -

100 SQ miles 1.7 3.5 4.9 5.1 5.1 5.1 - · 5.1 .
200 SQ miles 13 2.7 3.8 3.8 4.0 4.0 - - 4.1 -
500 SQ miles 0.7 1.7 2.5 2.6 2.7 2.8 - · 2.8 -

1000 SQ miles - - - - - - - -
2000 SQ miles - - - - - - - -
5000 SQ miles - - . - . . - -

torm !)r Storm Center Nanle SPAS-II~22-HarQuali:ilaValley _.
torm Date s 9/1/8.4
torm TYQe..

:
Local Storm -

iorm_Loca!i!)n 33.49 N I f3.25~W
torm .Cente! Elevat,on 1200 non-oroaraohic. .'

.eeipitation Total.& Duration (10 s<i mil 4.34 inches I ho~r 8.98" in 6hrs (S_PAS 109~ D.AD)

lo~m Reoresentative Dewooint 77~(j F 3hrave KYUM J.(BLH

torm Reoreiientative.Dewopint LOcation 33~J 7N 114'.72W
~ .

n-oface MaximumDewpoint 82,0 F
V10isture Inflow Vector ~W~;W (alS5

n-olace Maximization Fa.ctor
-

emooral Transposition (Datel 15-Aug~

ransoosition Dewpoint Location 33J8 N 113.94 W -

.ransposition Maximum Dewpoint 82.0 F
ransDosition Ad'ustment Factor
verage Basin Elevation 3,650
ighest Eleva.!ion in {lasin 3 655
igher of Basin Elevation/Inflow BarrierHeight 3 650

Elevation Adiusbnent.Factor
Ifotal Adil\Sbnent Factor 1.2~5~
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I
I
I SPAS Storm 1122 - Harquahala Valley, AZ. Sept. 1-2, 1984

I
I
I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
.. ... . "

Duration (ti~ursi'

,Areall11J'1 1 2 3 4 5 6 .. total (24hr)
0.28 3.16 5.57 7.68 8.00 8.02 8.02 8.05

1 3.07 5.21 7.35 7.67 7.70 7.70 7,72
5 2.76 4.99 6.91 7.00 7,02 7,02 7.05

10 2.58 4.67 6.53 6.53 6.53 6.53 6.52
20 2.30 4.21 5.92 5.93 5.93 5.93 5,90
50 1.75 3,51 4,93 4.93 4.93 4.93 4,94

100 1.37 2.84 3.96 4.05 4.09 4,11 4.12
200 1.02 2.17 3.06 3.06 3.22 3.24 3.25
300 0.83 1.76 2.61 2.64 2.74 2,77 2.78
500 0,63 q8 2·04 2,10 ).14 .. 2.22 - .. 2.23.. .. .. . .'

I
I

SPAS #1122 DAD Curves
Harquahala Valley, AZ.

Sept. 1-2, 1984

10,000,---------------------------------------,1

1,000

----'-1-hoor

-+-2-hour

~3-hour

I
I
I

~ 100
"-
.§...
f!
< 10

-+-4-hour

---l+- ~hour

---6-hour

~ Total (24-hour)

121110456 7 8 9
Maximum Average Depth of Precipitation (inches)

32

o +---'---+--'---+----'--+---'---+--'---+----'--+-----'--+--'-----+----'--+-----'--+--'-----+----'--1 L -I
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13

SPAS 1094 Storm Center Mass Curve
Arizona

DAD Zone 1

7

Sep 1 (0800Z) - Sep 2 (0700), 1984
Lat: 33.4875 Lon: -113.2542

~I
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102

Precipitation (inches)

0.01 - 1.00.3.01 - 4.00.6.01.7.00 • Daily

• 1.01 • 2.00 • 4.01 • 5.00 0 7.01 ·8.00 • Hourly

o 2.01 • 3.00 5.01 - 6.00 0 Hourly pseudo

• Supplemental

34·0'N

33·0'N

N

A

112·0W

112·0W

o 12.5 25
_-==-_-=======~iMiles

50__-='::J_-======-__Kilomelers

o 12.5 25 50 75

SPAS Storm #1122
HARQUAHALA VALLEY, AZ

9/1-3/1984

113·0W

113·0W114·0W

114·0W

33·0'N

34·0'N

I

I
I

I

I

I

I

I

I
I

I

I
I

I
I
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Knoles Hole Spring, AZ
January 5-10, 1993

Storm Type: General Frontal
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I
I
I Temporal Transposition Date 20-Dec

Storm Adjustment for the White Tanks #4

I
Storm center location

Storm Rep dew point location

Transposition dewpoint location
nasin location

Lat

33.04 N

31.95 N
32.46 N
33.55 N

Long

111.00 W

110.91 W

112.45 W
112.55W

Moisture fnnow Direction:

Basin Elevation

storm Elevation
ffective Barrier Height

S'@75

3,650
2.900

3,650

miles'

feet

feet
feet

I
I

The stann representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow barrierheiclttlbasin elevation is

60.0 F
62.5 F
62.5 F
2,900
2,900
3,650
3650

with toial precipitable water 'above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.41 inches of precipitable water at
wh ich subtracts 0.45 inches of precipitable water at
which subtracts 0.55 inches of precipitable water at
which subtracts (j.55 inches of Precipitable water at

1.38
1.60
1.49

60.0 F
62.5 F
62.5 F
62.5 F

inches.
inches.
inches.

I
The in-place· Inaximization factor IS

The transposition factor is

The elevationlbarrier adjustment factor is

The total adiustmenl factor is

U9
0.8t
1.00

0.97

INOles: 24hr ave trom KTUS, KDMA, KDUG

I
I
I
I
I
I

'~'<;~' ,'1 ,.' .. - , ' ";C~

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 HOUTS I 72 Hours
I sa miles 0.4 2.0 3.3 5.7 5.4 - 7.8 6.3 - 6.7

10 sa miles 0.4 1.8 3.2 5.6 5.3 - 7.5 6.1 - 6.4
100 sa miles 0.4 1.5 2.1 4.0 4.0 - 5.7 4.5 - 4.9
200 sa miles 0.4 1.3 1.6 3.5 3.3 - 4.7 3.9 - 4.3

500 sa miles 0.4 1.1 1.3 2.7 2.7 - 3.9 3.3 - 3.5
1000 sa miles 0.3 0.9 1.1 2.4 2.4 - 3.4 2.9 - 3.0
2000 sa miles 0.2 0.8 1.0 2.1 2.0 - 2.9 2.4 - 2.6
5000 sa miles 0.2 0.6 0.7 1.6 1.6 - 2.3 2.0 - 2.1

I 0000 sa miles 0.2 0.5 0.7 1.3 1.3 - 1.9 1.6 - 1.8
20000 sa miles 0.2 0.4 0.5 1.0 1.1 - 1.5 1.3 - 1.4

~~. .., ,~I ", , If<- .. ,,,,.' ,0; '" ,- -'~ ".C

I Hours 6 Hours 12 Hours 18 Hours 24 HOUTS 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
I sq miles 0.4 1.9 3.2 - 5.2 - 7.5 6.1 - 6.5

10 sa miles 0.4 1.8 3.\ - 5.1 - 7.3 5.9 - 6.2
100 sq miles 0.4 1.4 2.0 - 3.9 - 5.5 4.4 - 4.7
200 sa miles 0.4 1.3 1.6 - 3.2 - 4.6 3.8 - 4.2
500 sq miles 0.4 1.0 1.3 - 2.6 - 3.8 3.2 - 3.4

1000 sa miles 0.3 0.9 1.1 - 2.3 - 3.3 2.8 - 2.9
2000 sq miles 0.2 0.8 1.0 - 1.9 - 2.8 2.3 - 2.5
5000 sq miles 0.2 0.6 0.7 - 1.6 - 2.2 1.9 - 2.0

10000 sq miles 0.2 0.5 0.6 - 1.3 - 1.9 1.6 - 1.7
20000 sa miles 0.2 0.4 0.5 - 1.1 - ;.5 1.3 - 1.4

SPAS-\I39-,Knoles Hole Sprinit-Zone i

I
lonn Date 5

toqn Loqltion
torm Ce,nter Elevation,
recioitation Total & Duration 10 sa mi

1/5-10,'1993
Gene.ral
33.04 N, 111.00 W

2900 ,non-oroaraohic
7.99 inches 72 hours (SPAS 1139 DAD)

I
I

torlll~eorCS!'ntative Qewooint
t.orm. Reo-~CS!'ntati\(e Dewoomt Location
n-Dlac.e Ma~imum DeWDoint .

oisture tn flQW Vector .
it-Dlace Maximization Factor

emDoral TransDOsition (Date)'
raDsDOS~ti9n DeWDOin~ Location
ransoosition Maxim.urn Dewooint

60.0 F .
3L95_N

,62.5 F
S Ia) 7.5

,20-Dec
32.46 N
62.5 F

24hr ave KTUS KDMA KDUG
IIQ.9f \\1

112.45 W

I
I
I

ransnosition. Ad'ustment Factor
vera!!.e Basin, Elevation, 3650
ij,$est Eleyation .in Basin 3,655-
il!her .o£.E!asin. tlevation/ln'noY' Barrier Hei!!.ht 3 650
levation Adiu,stment Factor

104



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I105

I



I
I
I
I
I
I
I

. MAXIMUM AVERAGE DEPTH OF PRECIPITATION (III!CHES)

Duration (hours)
Area (mi2

) 1 3 6 12 18 24 36 48 72 96 120 total
0.27 0.92 - 2.07 . 3.35 4.98 5.96 7.25 7:99 9.17 9.76 9.81 11.08 11.15

1 0.52 1.84 3.08 4.74 5.73 7.03 7.77 8.96 9.55 9.57 10.88 10.97
5 0.52 1.84 3.08 4.74 5.73 7.03 7.77 8.96 9.55 9.57 10.85 10.92

10 0.52 1.84 3.08 4.51 5.55 6.85 7.54 8.66 9.15 9.27 10.56 10.62
25 0.52 1.70 2.75 3.93 5.11 6.27 6.77 7.71 8.28 8.28 9.62 9.81
50 0.52 1.58 2.37 3.43 4.66 5.72 6.38 7.36 7.86 7.87 9.06 9.11
100 0.52 1.36 1.96 2.94 3.98 5.00 5.67 6.43 7.00 7.09 8.21 8.33
200 0.52 1.14 1.68 2.29 3.46 3.90 4.71 5.51 6.08 6.09 7.44 7.55
300 0.52 1.08 1.59 2.19 3.11 3.76 4.40 5.21 5.53 5.55 6.85 7.09
500 0.48 0.92 1.45 1.87 2.70 3.23 3.91 4.70 5.00 5.01 6.34 6.48

1,000 0.27 0.79 1.20 1.53 2.37 2.81 3.37 4.07 4.32 4.43 5.61 5.71
2,000 0.25 0.73 1.02 1.41 2.05 2.40 2.85 3.46 3.69 3.72 4.86 5.01
5,000 0.16 0.37 0.76 1.05 1.59 1.88 2.32 2.79 3.04 3.30 4.05 4.18
10,000 0.15 0.33 0.57 0.96 1.28 1.50 1.91 2.30 2.54 2.85 3.53 3.60
20,000 0.14 0.29 0.42 0.69 0.98 1.20 1.52 1.89 2.02 2.37 2.98 3.03
50,900 0.09 0.18 0.30 0.50 0.66 0.83 1.07 1.37 1.52 1.79 2.20 2.29. .. . . . . .

I

~6-hour

--3·hour

o Total stor
(144·hour)

--.-12·hour

--.- 36-hour

--72-hour

--48-hour

---24-hour

--18-hour

__ 96-hour

--.- 120-hour

SPAS #1139 DAD Curves Zone 1: Southern Desert
Central Arizona January 05 (OaOol) - 11 (0700l), 1993

10

10,000

100,000 ,.-----------------------------------, r__--
1
:-.:-

ho
-
u
-r-j

1,000
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:§..,
~
< 100

I
I
I

I

I
I

Maximum Average Depth of Precipitation (inches)I
o 1 2 3 4 5 6 7 a 9 10 11 12

I
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7.99"
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131101 111 121918171

107

61514131

SPAS 1139 Storm Center Mass Curve: Central Arizona
January 5 (0800Z) to 11 (0700Z), 1993 Storm

Zone 1: Lat: 33.0375 Lon: -111.0042

11 21

c:::::::::::J Incremental

--Accumulated

o +-+-+--+--+--+-.......~~

2,-------

1.5

0.5



I
I

Total Rainfall (144-hours)
Central Arizona 1993 Storm

Storm #1139 January 05 (0800 Z) to 11 (0700 Z), 1993

33'O'N

34'O'N

32'O'N

>6'O'N

31'O'N

,......'V'~'rr35·0·N

10B'OW

10B'OW

~~~~ir3B'O'N

109'OW

109'OW

Coordilate system: GCS North American 1983
Scale: 1:5,188,415

~"t33}.J'~ Sf,tHt btrD3, UO'l)

110'OW

110'OW

N

111'OW

11l'OW

108

112'OW

l12'OW

_r;::::-'E:::====:JIMiles
o 30 60 120

, Kilometers

55 110 220 330 r-:r=r=1rSr=:=l~==~

113'OW

l13'OW

o

114'OW

114'OW

11S'OW

'11 S' OW

116' OW

• Daily

• Hourly

<> Hourly Estimated

o Supplemental

38'O'N

37'O'N

~»J~

36'O'N

116'OW

3S'O'N

33'O'N

Precipitation (inches)

.0.01- 1.00.5.01 - 6.00 .10.01 -11.00

.1.01 - 2_00.6.01 - 7.00 .11.01 -12.00

.2.01 - 3_00 .7.01 - 8.00 12.01 - 13.00

03.01 - 4.00 .8.01 - 9.00 0 13.01 - 14.00

04.01 - 5.00 .9_01 - 10.00

Gauges

I

I

I

I

I
I

I
I
I

I

I
I

I

I
I

I

I



Tucson,AZ
September 3,1996

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

Temporal Transposition Date

~torm center location

~torm Rep dew point location

~ranspositiondewpoint location
lBasin location.

18-AuQ

tat
32.39 N

32.65N

33.75 N
33.55 N

Long

110.80 W

114.60 W

116.36 W
112.55W

(Moisture rnnow Direction:

~asin Elevation

~torm Elevation

iEffective Barrier Height

W@220

3,650

5,750

3,650

miles

feet

feet

feet

The total adjustment factor is

The in-place maximization'factor IS
The transposition factor is

The elevation/barrier adjustment factor is

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 . inc"es ofprecipitaple waler at

I
I
I

The stonn representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storIn elevation is

Basin elevation at
The inflow bilJrier heil!ht.ibasin elevation is

77.5 F
82.0 F
81.0 F

o
o
o
o

1.22
0.96
1.00

1,17

3.21
3.92
3.76

77.5 F
82.0 F
81.0 F
,81.0 f:

Notes:' No-adjustment made forelevalions below 6000 feet following HMR
'uidance for local stonns. KYUM 3hr ave on the 2nd from 9·12Z

inches.
inches.
inches.

.:.7. ,;:.,- .., '£. ,"
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I so miles 3.2 4.8 5.2 5.5 5.5 5.5 6.9 . . -
10 sq miles 2.7 4.3 4.7 4.6 4.6 4.6 5.9 - - -
50 sq miles 1.8 3.2 3.5 3.5 3.5 3.5 4.1 - - -

100 sq miles 1.4 2.6 2.8 2.9 2.9 2.9 3.2 - - -
200 sq miles 1.1 2.0 2.2 2.1 2.3 2.3 2.6 - - -
500 sq miles 0.7 1.3 1.5 1.5 1.5 1.6 1.6 - - -

1000 so miles 0.4 0.8 0.9 1.0 1.0 1.1 1.2 - - -
2000 so miles - - - - - - - - - -
5000 SO miles - - - - - - - - - -

.,'_\..i'D,:·~' .~.~ - ~'i,.~~ ;.,

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 3.8 5.6 6.1 6.4 6.4 6.4 8.1 - - -
10 sq miles 3.2 5.0 5.4 5.4 5.4 5.4 6.9 - - -
50 so miles 2.1 3.8 4.1 4.1 4.1 4.1 4.8 - - -

100 sq miles 1.7 3.1 3.3 3.4 3.4 3.4 3.8 - -
200 sq miles 1.3 2.3 2.6 2.5 2.7 2.7 3.0 - - -
500 sq miles 0.8 1.5 1.7 1.8 1.8 1.9 1.9 - - -

1000 so miles 0.5 1.0 1.1 1.2 1.2 1.3 1.3 - - -
2000 sq miles - - - - - - - - - -
5000 so miles - - - - - - - - - -..

I
I
I
I
I
I
I

tOPlJ or Stonn Center" Nal'ne

tonn Date(s)

torm ~ation

torI), Cente( 1;.leya.tion ,
recipi~tion T9ta1.& Duration (10 so mi)

SPAS, I 086-Tucson

9/3/96
Local Storm
32.39 N 110.80 W

5750. OJoQraOhic
3,31 inches I hour 5,,47" in 3.hrs (SPAS IQ86 DAD)"

lil(/1er pfBasin Elevaiionllnf)Qw BarrierHeij(llt '3 650,

veraj(e ~s.i.n E;levat.io,n 3,650
IIl!hest Elevation in Basin ' 3,655

I
I
I
I
I

tOPTI RePresentative beWDqint
Stonn'RePresentat.iYe oewooint Locatio!,
n·place Maximum Dewooint

Moisture Inflow Vector
n-olace MaXImization Factor

empornl Transposition (Date)
ransPO~ition DeWDoint Location
",nsPOsition Ma,ximum Dewooini
ransi>o~itionAdiustment Factor

Elevation Adjustment Factor
otal Adjust'l1ent Factor

77.5 F
32,65N
82,0 F
W lal220

18-Auj(
33.75 N

.117

3hrave KYOM
114.60W

I (1i.36 W
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I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

SPAS Storm 1086 - Tucson, AZ Sept. 3-4,1996

..
<- . "

IDuration (hours)

Area (mi2
) 1 2 3 4 5 ,6 12 total (24-hr;

0,4 3,31 5,13 5,47 5,70 5,70 . 5,70 7,37 7,37

1 3.21 4,80 5.24 5.47 5.47 5.47 6,94 6,94
5 2.89 4,60 4,92 4,99 4,99 4.99 6.45 6.46

10 2.70 4,30 4.65 4,62 4,62 4.62 5,85 5,86
20 2.41 3,88 4.22 4,17 4,18 4.18 5.08 5.20
50 1.83 3,23 3,51 3,50 3,50 3.50 4.09 4.11

100 1.43 2,62 2.82 2,89 2,91 2.92 3.24 3.36
200 1.07 2,00 2,18 2,10 2,29 2,30 2.55 2.62
300 0.87 1,62 1,86 1,88 1,95 1.97 1,97 2,24
500 0,66 1,27 1.45 1,50 1,52 1,58 1,61 1.77

1,000 0.43 0,82 0,93 1,00 1,04 1.07 1.15 1,16
1,213 0.34 0,68 0,77 0,83 0,87 0,89 0,97 0,97

. .,. " ... .. .. . .I
I
I

I
I

I
I
I

SPAS #1086 DAD Curves
Tucson,AZ

Sept. 3-4,1996
10,000,-----------------'----'----------------------------,

-..-1-hour

_2-hour

I
I
I
I

__ 3-hour

1,000

N

'E
';;;' 100
~
<I:

10

o 234
Maximum Average Depth of Precipitation (inches)

5 6 7

I
I'
I 112
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113

SPAS 1086 Storm Center Mass Curve
Tucson, Arizona

DAD Zone 1
Sep. 2, 1996 (2200Z) - Sep. 3, 1996 (2100)

Lat: 32.3899 Lon: -110.8000= Incra:nental

--ACCUITlJIated
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Stations

0,00 - 0,50 2,51 - 3,00 5,01 - 5.50 • Daily

0.51 - 1.00 _ 3.01 - 3.50 _ 5.51 - 6.00 • Hourly

_ 1.01 - 1.50 _ 3.51 - 4.00 _ 6.01 - 6.50 C Hourly estimated

1.51 - 2.00 _ 4.01 - 4.50 6.51 - 7.00 • Supplemental

02.01 - 2.50 _ 4.51 - 5.00 0 7.01 -7.50 0 Supplemental estimated

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

3J·O'N

32·0'N

31·0'N

112·0W

112·0W

111·0W

111·0W

Total Precipitation
SPAS Storm #1086

Sep. 2, 1996 (2200Z) - Sep. 3, 1996 (2100)

_ • !Miles
o 5 10 20

~--=::J-lllllllli:'====-__ Kilometers
o 10 20 40 60

114

110·0W

110·0W
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Harquahala Mountain-Nora, AZ
September 25-27,1997

Storm Type: Remnant Tropical
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I
I
I Temooral Transoositlon Date 10.Sep

Storm Adjustment for the White Tanks #4

I
Storm center location

Storm Rep dew point location

Transposition dewpoint location
nasin location

Lat

33.82 N

33.00 N
32.69 N
33.55 N

Lon-g

113.34 W

113.00 W

112.18 W
112.55 W

Moisture Innow Direction:

Basin Elevation

Storm Elevation

Effective Barrier Height

SSE@60

3,650

4,900

3,650

mires

feet

feet

feel

I
I

The stonn~ representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inOow barrierheiJ:ht/basil\ elevation is

73.5 F
76.5 F
76.5 F
4,900
4,900
3,650
3,650

. wilh tolal precipitable water above sea lever cf
with tOlal precipitable water above sea level of
with tOlal precipitable water above sea level of

which subtracts 1.02 inches of precipitable waler at
which subtracts 1.13 inches of precipitable water at
which subtracts 0.88 inches of precipitable water at
Which SUbtracts 0.88 inches ofprecipjtable.\I'ater al

2.67
3.07
3.07

73.5 F
76.5 F
76.5 F
76.5 f

inches.
inches.
inches.

I
Th'c in-place ma'ximization factor~is

The transposition/elevation factor is
The barrier adjustmenl factor is

, The lotal adiuslment factor is

U8
1.13
1.00

1.33

otes: stann rep taken from 24hr ave KYUM, KBLH: KSDL.

I
I
I
I
I
I
I
I
I
I
I'
I

',0.;:;

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours I 36 Hours I 48 Hours
I so miles 3.4 4.1 4.7 5.1 5.8 6.4 9.9 12.0 12.1 12.1 12.1

10 sq miles 2.7 3.4 4.1 4.8 5.4 5.9 9.0 10.9 10.9 10.9 10.9
100 so miles 1.6 2.3 2.6 3.3 3.8 4.1 5.8 7.2 7.3 7.4 7.5
200 so miles 1.5 2.1 2.4 2.8 3.2 3.5 4.9 6.1 6.1 6.3 6.3
500 so miles 1.3 1.9 2.2 2.4 2.7 3.0 4.0 5.0 5.0 5.1 5.2

1000 so miles 1.1 1.7 1.9 2.1 2.4 2.6 3.5 4.2 4.2 4.4 4.4

2000 sq miles 0.8 1.3 1.5 1.7 2.0 2.2 3.0 3.5 3.6 3.7 3.8
5000 sq miles 0.5 0.9 1.1 1.4 1.6 1.8 2.3 2.7 2.8 3.1 3.1

10000 so miles 0.4 0.7 0.9 1.1 1.3 1.4 2.0 2.2 2.3 2.6 2.6
20000 sq miles 0.3 0.5 0.7 0.9 1.0 1.2 1.6 1.7 1.9 2.1 2.1

-n' ,~. ..- ("~';,, ,", .. ,c- .,.... ',.';".' "'-
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours 48 Hours

I so miles 4.5 5.4 6.3 6.8 7.7 8.5 13.1 16.0 16.0 16.0 16.0
10 so miles 3.6 4.6 5.4 6.3 7.2 7.8 12.0 14.4 14.4 14.5 14.5

100 so miles 2.1 3.0 3.5 4.4 5.0 5.5 7.8 9.6 9.6 9.9 9.9
200 so miles 2.0 2.8 3.2 3.7 4.3 4.6 6.5 8.1 8.1 8.3 8.4
500 so miles 1.7 2.5 2.9 3.1 3.5 4.0 5.3 6.6 6.6 6.8 6.8

1000 sq miles 1.4 2.2 2.5 2.8 3.1 3.4 4.6 5.6 5.6 5.8 5.9
2000 so miles 1.1 1.7 1.9 2.3 2.7 2.9 3.9 4.7 4.8 5.0 5.1
5000 sq miles 0.7 1.2 1.5 1.9 2.2 2.3 3.1 3.6 3.7 4.1 4.1

10000 so miles 0.5 0.9 1.2 1.5 1.8 1.9 2.6 2.9 3.1 3.4 3.5
20000 sq miles 0.4 0.7 0.9 1.1 1.3 1.5 2.1 2.3 2,·5 2.8 2.8

ton.lA-or Storin Center Name :SPAS-I084-Harquaha'a Mtrl"!',orl!- ..
tcrm Date s' . 9/25-2711997
tonn Type, .. T(Ooical .
tonn~tocatjon 3:i.'82 N 113.34 IV
tOr\n Center Elevation '\900 orooraDhic iSolated ndoe-same as White Tanks , .
(ecioiiation Total 8< Duration 10 so mi 12.09 in~hes24 hours SPAS 1.084 DAD

,.
tonn ReDresentative Dewooinl 73,.5 F 24hr ave K"UM KBLH kSDL
.!orm- ReDresentatiye Dewooinl Location 3.3.00 N 113.00 IV
n-Illace Maxilllum Dewooinl 76.5 F
"'oisture lnnow Vector, SSE (a) 60
n-ola!=e Maximiza-tion I:actor

emooralJ"ransoosiliQll Date 10·Sen
ransoosition DeWDoint Location 32'-69 N 112.18 IV
(ansoosit;on Maximum'Dewooint 76.5 F
ransDOSition Ad'ustment Factor
vera!!.e Basin Elevation :i 650
il!hest f:l.evation in Basin 3 655

..
..

iJ:her of Basin Elevation/lnnow Barrier Heil!ht 3 650
l~vation..Ad·ustmentFactor

116



117

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
·.

Duration (hours)

Area (mi2
) 1 2 3 4 5 6 12 18 .. 24 36 total

. 0.4 3.46 . 4.16 4.50 . 5.23 . 5.89 6:51 10.03 12.08' . 12.09 12.13 . 12.13
1 3.38 4.08 4.73 5.11 5.81 6.42 9.85 12.04 12.05 12.09 12.09
5 3.09 3.79 4.45 4.96 5.64 6.18 9.48 11.52 11.53 11.57 11.58

10 2.73 3.43 4.09 4.78 5.42 5.88 9.01 10.86 10.87 10.93 10.94
25 2.11 2.92 3.56 4.37 4.96 5.36 8.00 9.66 9.65 9.73 9.76
50 1.68 2.53 3.15 3.89 4.43 4.79 6.96 8.47 8.49 8.59 8.69

100 1.59 2.25 2.62 3.29 3.80 4.12 5.84 7.24 7.26 7.43 7.49
200 1.49 2.13 2.41 2.77 3.22 3.46 4.93 6.12 6.13 6.27 6.34
300 1.40 2.05 2.23 2.61 2.90 3.18 4.47 5.58 5.59 5.71 5.77
500 1.30 1.91 2.16 2.35 2.65 2.98 4.00 4.95 5.00 5.11 5.15

1,000 1.09 1.66 1.91 2.08 2.35 2.59 3.48 4.20 4.22 4.35 4.43
2,000 0.80 1.30 1.46 1.74 2.03 2.22 2.96 3.53 3.60 3.74 3.84
5,000 0.49 0.92 1.11 1.41 1.63 1.77 2.34 2.69 2.82 3.06 3.11
10,000 0.36 0.71 0.93 1.14 1.32 1.43 1.96 2.20 2.30 2.56 2.60
20,000 0.27 0.50 0.68 0.86 1.00 1.15 1.59 1.72 1.92 2.12 2.14
50,000 - 0.25 Q.35 0.43 0.52 0.60 0.89 098 1.13 1.23 1.25

" " . '.

I

o Total storm
(48-hour)

__ 5-hour

__ 3-hour

__ 2-hour

__ 4-hour

--6-hour

--.- 12-hour

__ 24-hour

--.- 36-hour

--18-hour

13121110987654
Maximum Average Depth of Precipitation (inches)

32

SPAS #1084 DAD Curves Zone 1: Southern Desert
Harquahala Mtn, AZ September 25 (OOOOZ) - 27 (OOOOZ), 1997
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2.00
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SPAS 1084 Storm Center Mass Curve: Harquahala Mtn, AZ.
September 25 (OOOOZ) to 27 (OOOZ), 1997 Storm

Zone 1: Lat: 33.8150 Lon: -113.3350c:::::::J Incremental
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116'OW

116'OW

11S'OW

11S'OW

114'OW

114'OW

113'OW

113'OW

112'OW

112'OW

111'OW

111'OW

110'OW

110'OW

I o 30 60

o 45
• HOUrly Pseudo

<> Supplemental

CoordiJate system: GCS North American 1983
Scale.· 1:4,274,365

180

N

90Gauging Stations

• Daily

• Hourly

Hourly Estimated

Precipitation (inches)

0.00 - 1.00 • 3.01 - 4.00 • 8.01 - 1000

.1.01 - 2.00 .4.01 - 6.00 .10.01 - 11.00

D 2.01- 3.00 .6.01 - 8.00 011.01 -13.00I
I
I
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Sols Wash, AZ
August 29, 2000

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

Temporal Transpositijln Date

Storm center location

Storm Rep dew point location

[rransposition dewpoint location
Basin location

15·Aug

Lat

34.13 N

33.00 N

32.34 N
33.55 N

Long

113.08 W

113.00 W

112.45 W
112.55W

Moisture inflow Direction:

lBasin Elevation

~torm Elevation

!Effective Barrier Height

S@80

3,650

2,650

3,650

miles

feet

feet

feet

. "(he tOlal adiustment factor is

The in-place maximi"zatioil factor is
The transposition/elevation factor is

The elevationlbarrier adjustment factor is

with total precipitable water above sea level of
with total precipitable water al:x>ve sea level of
with total precipitable water above sea level of

which subtracts 0.56 inches of precipitable water at
which subtracts 0.715 inches of precipitable water at
which subtracts 0.96 inches of precipitable water at
)"hich $ubtracts 0.96 inches of precipitable water a\

I
I
I

Thestorm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
. "(he i!1flQw Qarri.er height/basin,elevation is

71.5 F
79.0 F
79.0 F
2,650
2,650
3,650
3650

1.47
0.91
1.00

1.34

2.42
3.44
3.44

71.5 F
79.0 F
79.0 F
79.0. F

Notes: Stann rep detenninaf from combination ofKGBN aooKLUF us(ng
12hr average. Because this was a 12-hr event, used the normal procedure COl"
levalion adjushnerns.

inches.
inches.
inches.

I
I
I
I
I
I
I
I
I
I
I
I

.
.",- .?;., ..;.I .

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours
I sq miles 1.4 2.5 2.9 3.5 4.1 4.6 5.4 5.4 5.4

10 sq miles 1.4 2.4 2.9 3.5 4.0 4.5 5.3 5.4 5.4
50 SQ miles 1.3 2.2 2.8 3.4 3.8 4.1 4.8 4.8 4.9

100 sq miles 1.1 2.0 2.7 3.2 3.7 3.9 4.5 4.6 4.6
200 SQ miles 1.0 1.8 2.4 3.0 3.4 3.6 4.2 4.2 4.2
500 SQ miles 0.8 1.4 1.9 2.5 3.0 3.2 3.7 3.7 3.7

1000 SQ miles 0.7 1.1 1.6 2.1 2.5 2.8 3.3 3.3 3.3
2000 SQ miles 0.5 0.9 1.3 1.6 1.9 2.1 2.6 2.7 2.7
5000 SQ miles 0.4 0.7 1.0 1.2 q 1.4 1.8 1.8. 1.8

... ::-L::.... "" _:'.~~ .:...:.~:::~.~7.ljYff-:~ift~~n"~!NW'~i~·F~~ ..\?~~ r - 11;., ~;,~

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours
I SQ miles 1.9 3.3 3.9 4.7 5.5 6.1 7.2 7.2 7.3

10 sq miles 1.8 3.2 3.9 4.7 5.3 6.1 7.1 7.1 7.1
50 sq miles 1.7 2.9 3.8 4.5 5.1 5.5 6.4 6.5 6.5

100 sq miles 1.5 2.7 3.5 4.3 4.9 5.2 6.1 6.1 6.1
200 SQ miles 1.3 2.4 3.2 4.0 4.6 4.9 5.6 5.6 5.6
500 sq miles l.l 1.8 2.6 3.3 4.0 4.3 5.0 5.0 5.0

1000 SQ miles 0.9 1.4 2.1 2.8 3.4 3.8 4.4 4.4 4.4
2000 sq miles 0.7 1.3 1.8 2.2 2.6 2.8 3.5 3.5 3.6
5000 sa miles 0.5 0..9 1.3 1.5 1.7 1.$ 2.4 2.4 2.4

-

.IorIO or StO,1O ·Center Name SPAS-I043-Sols Wash ...
tPt:lD Oate(sl August 29' 2000 .'
tQrm TyPe Local Storm
ioim.Location 34.13 N 113.08 W
.!<;>rin Center. Elevation 2<\50 npn-OrOqraDhic ..
rectoiiation Total & Duration (10 SQ mil 4,70 inches 6 hours 5.54" in 24h" SPAS 1043 DAD) ....

-
tor!!, Representative Oewpoiill

..
71.5 F 12hr ave KGBN KLUF -

torl)l.Repr~sentative oewpoin't Location 33.00 N 113.00 W
n-place Maximum Oewpoint 79:0 F
,Qisture Inf1o~ \fector S@l80 ..
n,olace Maximization Factor

..
emporal Transposition (Oatel 15-Aug
ransDOsition Oewpoin~Location 32.34 N 112.A5.W
ransDOsition Maximum Oewpoint 79.0 F
ransDOsition Adiustment Fac.!o·r

. verage Basjn Elevatiol\ 3'650
'i"hest Elevation in Basin 3 655
jgher of Basin Elevatiollllnf1p.w Barrier Height 3.650
levation Adiustment Factor
.otal Adiustment Factor 1.34
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Duration (hours)

Area (mi2
) 1 2 3 4 5 6 ... 12 18 24 Total

0.28 1.48' 2.58 3.03 3.63
..

4.18' 4:70 5.53 5.54 . 5.54 5.54
1 1.39 2.47 2.91 3.51 4.09 4.59 5.42 5.42 5.43 5.43

10 1.38 2.42 2.91 3.51 4.00 4.53 5.30 5.35 5.35 5.35
20 1.35 2.32 2.91 3.50 3.95 4.36 5.19 5.19 5.20 5.20
30 1.32 2.26 2.88 3.46 3.84 4.28 5.04 5.07 5.07 5.07
40 1.29 2.20 2.85 3.42 3.83 4.18 4.92 4.96 4.96 4.96
50 1.26 2.16 2.81 3.38 3.82 4.10 4.80 4.83 4.87 4.87
60 1.24 2.12 2.78 3.35 3.79 4.05 4.76 4.76 4.80 4.80
70 1.21 2.08 2.74 3.31 3.75 3.96 4.71 4.72 4.72 4.72
75 1.20 2.07 2.73 3.30 3.74 3.94 4.62 4.70 4.70 4.70

100 1.09 1.99 2.65 3.21 3.66 3.91 4.53 4.56 4.57 4.57
200 1.00 1.78 2.39 2.96 3.41 3.64 4.17 4.19 4.22 4.22
500 0.80 1.36 1.94 2.50 2.99 3.24 3.71 3.74 3.74 3.74

1,000 0.65 1.08 1.59 2.06 2.51 2.82 3.29 3.30 3.30 3.30
2,000 0.49 0.94 1.34 1.61 1.93 2.12 2.64 2.65 2.66 2.66
5,000 0.36 0.67 0.95 1.16 1.30 1.35 1.76 1.76 1.80 1.80

10,000 0.25 0.28 0.56 0.70 0.83 0.94 1.24 1.24 1.27 1.27
. 20,000 0.11 0.22 0.31 0.41 0.44 0.46 0.79 0.79 0.84 0.84.. , .- .... . . . . .. T _ _ ~

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

SPAS #1043 DAD Curves
Sols Wash, AZ. August 29 (0100 Z) - 30 (0300 Z), 2000

__ 5-hour

__ 1-hour

__ 2-hour

o Total storm
(27-hours)

__ 3-hour

__ 4-hour

-- 6-hour

__ 18-hour

__ 24-hour

-a-12-hour

6543

124
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Maximum Average Depth of Precipitation (inches)
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c:::J Incremental

--.t'>ccumulated

SPAS 1043 Storm Center Mass Curve
6 ,------------August 29 (0100 Z) - 30 (0300 Z), 2000 Storm----------,

Lat: 34.13 Lon: -113.08

5

o.J.-....,.....----..-..----r-____._-.-----r---.----,,.....-"I"C:r;::~...u....,....LL.,.l....L,....u....,...u..,....L.J....,..JL..J....,..Ll...._el_.,_____..-~....,.....____._-.._______I

8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/29/2000 8/30/2000 8/30/2000 I
0100 0300 0500 0700 0900 1100 1300 1500 1700 1900 2100 2300 0100 0300
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111"OW

111"OW

Coordinate SJSem: GCS North Amer;;an 1983
Scale: 1:2;342,749

112"OW

112"OW
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8J

N

A

113"OW

113"OW

_ _ tMles

o 12.5 25 9J

o J) 4)

Total Rainfall (27-hours)
Sols Wash, AZ 2000 Storm

Stonn #1043 August 29 (0100 Z) to 30 (0300 Z)" 2000

114"OW

114"OW

Gauging Stations

• Hourly • Daily • Supplemental

Precipitation (inches)

.0.00- 0.5001.51- 2.00.3.01- 3.50.4.51- 5.00

.0.51 - 1.00 .2.01 - 2.50 .3.51 - 4.00 5.01 - 5.50

1.01 - 1.50 .2.51 - 3.00 .4.01 - 4.5005.51 - 6.00

3S'O'N

34'O'N

33'O'N

32'O'N
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Castle Hot Springs, AZ
August 27, 2003

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I

I

Temporal Transposition Date

Storm center location

Storm Rep dew point location

Transposition dewpoint location
)lasin locatio~ .

15·AUQ

Lat

33.95 N

33.50N

33.05 N
33.55 N

Long

112.34 W

113.00 W
113.18 W
IIZ.55W

~oisture Inflow Direction:

!Basin Elevation

~torm Elevation
~ffective Barrier Height

SW@50

3,650

1,850

3,650

miles

feet

feet
feet

The total adiustment factor is

The ill-place maximization factor is
The transposition factor is

The elevationlbarrier adjustment factor is

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which subtracts 0.000 inches of precipitable water at
which subtracls O.OQO incll~s of precipitable waler al

I
I
I

The storm'repreSentative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place stonn elevation is
The in-place stann elevation is

Basin elevation at
The i!lflo,:,: barrler height/basin elevation is

74.0 F
79.0 F
79.0 F

o
o
o
o

1.26
1.00
1.00

1.26

2.73
3.44
3.44

74.0 F
79.0 F
79.0 F
79,0 F

[Notes: No adjustment made for elevations below 6000 feet following HMR
'uidance for local stonns. 12 hour average used from KGYR and KCGZ.

inches.
inches.
inches.

I
I
I

.~\.: .', '';;;, ~',;;. :; ',' "
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I SQ miles 4.1 4.9 5.0 5.0 5.7 8.8 9.8 10.0 10.1 -
10 sq miles 3.5 4.2 4.3 4.3 4.8 7.3 8.0 8.2 8.3 -
50 sq miles 2.1 2.9 3.1 3.2 3.2 3.6 4.5 4.8 5.1 -

100 sq miles 1.7 2.5 2.7 2.8 2.8 2.8 3.5 4.0 4.2 -
200 sq miles 1.0 1.8 2.0 2.0 2.0 2.1 2.5 3.0 3.1 -
500 sq miles 0.8 1.2 1.4 1.5 1.5 I.S 1.7 2.0 2.3 -

1000 SQ miles 0.3 0.6 0.8 0.9 0.9 0.9 1.1 1.4 1.6 -
2000 sq miles - . . . - - - - - -
5000 sq miles - - - - - - - - - -

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours
I Sq miles 5.1 6.2 6.2 6.3 7.2 11.1 12.3 12.6 12.7 -

10 sq miles 4.4 5.3 5.4 5.4 6.1 9.1 10.1 10.4 10.5 -
50 sq miles 2.7 3.6 4.0 4.0 4.0 4.5 5.6 6.0 6.4 -

100 sq miles 2.1 3.1 3.4 3.5 3.5 3.5 4.4 5.0 5.3 -
200 sq miles 1.3 2.2 2.5 2.6 2.6 2.6 3.2 3.7 3.9 -
500 sq miles 0.9 1.5 1.8 1.9 1.9 1.9 2.2 2.5 2.9 -

1000 sq miles 0.4 0.8 1.0 1.1 1.1 1.1 1.4 1.7 2.0 -
2000 sq miles - - - - - - - - - -
5000 SQ miles - - - - - - - - - -

"

I
I
I
I

,tgn,! or Stonn Cen.ler Name
torm,Date(s),

tonn Twe
lonn loca,tioll
t9rlll,Center.Eh;vatlon

. reeipi.tation Total & Duration (10 sq mil

SPAS-.l094-Cas\ie Hot Sprin~

,8127103:
LOcal Storm
33,.95 N 112.34 W
1850 non-orociraohk
4.34 i!IChes 1 ho~r.8.98" in 6firs (SI'AS IQ94 QADl

igher orBasin Elevation/Inflow Barrier Height 3650
, ighesi Elevation in Basin' 3,655
, yerage Basin Elevation 3 656

I
I
I
I
I

to,nn Representative Dewpoint
torm ,RCQresentative 'Deweoint, Lo!:atiQil
n-DlaceMaiimum DeWtioint
Vlois.!ure Inflow Vector
n-D!ace Maximization Factor

emporal Transposition (Date~

ransDOsition Deweoint locatio~

ransDOsition i';f~ximum Dewooint
ransposition Adiu~tmerit Factor

Jevation Adiustmen't Factor
ota1 Adiustl)1ent Fa~tor

33.50N
79.0 F
SW (alSO

IS-Aug'
)3.05 N
79.0 F

1.26

12hr ave KGYR, KCGZ

113.00 W

.113.. 18 W
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I
I
I
I
I
I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
" .. , ., ~ -, . ...

IDuration (hours)

. Area (mi2
) . 1 2 3 4 5 6 12 .18 24 total (33-hr:

. OA' 4.34 5.12 5.16 5.18 6.02 8.98 9.93 10.05 10.17 10.17
1 4.07 4.92 4.96 4.98 5.69 8.80 9.75 9.98 10.09 10.09
5 3.95 4.62 4.67 4.70 5.35 8.06 8.98 9.10 9.19 9.20

10 3.48 4.24 4.28 4.27 4.83 7.25 7.98 8.23 8.31 8.33
20 3.13 3.85 3.87 3.88 4.21 6.39 7.17 7.23 7.4 7.40
SO 2.42 3.22 3.29 3.30 3.59 4.91 5.47 5.95 6.07 6.13
100 2.13 2.88 3.14 3.19 3.20 3.61 4.45 4.78 5.09 5.14
200 1.69 2.45 2.69 2.75 2.75 2.78 3.52 3.99 4.19 4.26
300 1.41 2.15 2.38 2.42 2.43 2.43 3.09 3.57 3.7 3.77
SOO 1.03 1.77 1.99 2.04 2.04 2.06 2.51 2.95 3.09 3.17

1,000 0.75 1.2 1.42 1.47 1.50 1.51 1.73 1.95 2.3 2.37
2,000 0.31 0.63 0.80 0.85 0.89 0.91 1.14 1.37 1.56 1.57
2,105 0.58 0.75 0.80 0.84 0.86 1.09 1.32 1.49 1.50

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

I
I

SPAS #1094 DAD Curves
Castle Hot Springs, AZ.

10,000 ,- ---!.A"'u"-"-'u"'s'-'-t-"2""5-"-2"'7'-'--"2""0-"'03~ __,
_l-hour

___ 2.nour

I
I
I
I
I
I
I
I
I
I
I

1,000

I 100co
'"<

10

o 2 3 4 5 678
Maximum Average Depth of Precipitation (inches)

130
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_3-hour

_4-hour

_5-hour

~6-hour

___ 2-nour

__ 1'l-hour

...... 24-hour

o Total (33-hour)
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SPAS 1094 Storm Center Mass Curve
Arizona

DADZD 1ne
Aug 26 (1800 Z) - Aug 28 (0300Z), 2003

Lat: 33.95 Lon: -112.34 1>.17"'

I
c= Incremental

I"iil --ACClJrnJated V
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Precipitation (inches)

0.00· 0.50 0 3.01 • 3.50 _ 6.01 - 6.50 9.01 - 9.50

0.51 - 1.00 3.51 - 4.00 _ 6.51 -7.0009.51 -10.00

_ 1.01 -1.50 _ 4.01 - 4.50 7.01 - 7.50010.01-10.50

_ 1.51 - 2.00 _ 4.51 • 5.00 7.51 - 8.00

2.01 - 2.50 _ 5.01 - 5.50 _ 8.01 - 8.50

o 2.51 • 3.00 _ 5.51 ·6.00 _ 8.51 - 9.00

N

A

112'OW

112'OW

• Daily

• Hourly

• • _Kilometers
048 16 24

- -- - •Mileso 4 8 16

113'OW

113'OW

Total Precipitation
SPAS Storm #1094

8/25-27/2003

34'O'N

33'O'N

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I



Cypress Mountain, AZ
September 18-20, 2004

Storm Type: Remnant Tropical
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I

miles

feet

feet
feet

SW@170

3,650
2,400

3,650

MOIsture IDRow Direction:

Basin Elevation

Storm Elevation
Effective Barrier Height

Storm Adjustment for the White tanks #4

Long

113.86 W

115.10W
113.76 W
112.5;; W

5-5eo,' '

Lat
34,52 N

32,98 N
31.97 N
33,55 N

TemDoral. TransD9sitio'n Date,

Storm center location

Storm Rep dew point location
Transposition dewpoint location
8asin IjlC,a,io~I

I
I

TI ~ tQtal ad'ustment fact9r is

The in=p"lace Inaximlzation factor is
The transposition/elevation factor is

The barrier adjustment factor is

with total precipitable water above sea level o(
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.55 inches of precipitable water at
which subtracts 0.64 inches of precipitable water at
which subtracts 0.94 inches of precipitable water at
which subtra,ts 0.94 ,inche~ "fDreciD,;taple wat,er at,

I
I
I

, The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
T.he inflow parrier heil!.btJPasin eleYation is,

73.5F
78.5 F
78.5 F
2,400
2,400
3,650
3650

I:i9 '
0.89
1.00

1.15

:NOles: 12hr ave KY(JM, KNYL, KIPt

2.67
3.37
3.37

73.5 F
78.5 F
78.5 F
7~·5F

inches.
inches.
inches.

. . . , "

~,,;,

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours I 48 Hours
1 sq miles 4.5 . 4.8 - - 5.3 6.6 . 6.8 6.8

10 sq miles 4.3 . 4.6 - - 4.8 6.0 . 6.2 6.2
50 sa miles 3.4 - 3.5 - - 3.8 4.8 - 5.1 5.1

100 sq miles 2.8 - 3.0 - - 3.3 4.3 - 4.5 4.6
200 sq miles 2.1 - 2.4 - - 2.7 3.4 - 3.9 4.1
500 sq miles 1.4 - 1.8 - - 2.1 2.7 - 3.1 3.4

1000 sa miles 0.8 - 1.3 - - 1.9 2.1 - 2.6 3.0
2000 sq miles 0.3 - I.2 - - 1.4 1.7 - 2.2 2.6
5000 sq miles 0.3 - 0.8 - - 1.2 1.2 - 1.7 2.1

10000 sq miles 0·3 - 0,6 - - 0.8 0.9 - 1.3 1.7

'1)1' ~~l F:f ~ ~:'':'''''', .t.I:T\~-~_~~·~-·,"'''~~~;~~l;~r~~~~·=il::~~a·'~~ ..~;~,~~;€r~~aJ1~ {~~·i;:~/..;;'~ , n.-/--

~. . -, - .
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours

I sq miles 5.1 - 5.5 - - 6.1 7.5 - 7.8 7.8
10 sq miles 4.9 - 5.2 - - 5.5 6.9 - 7.1 7.1
50 sq miles 3.9 - 4.0 - - 4.3 5.5 - 5.8 5.9

100 sq miles 3.2 - 3.4 - - 3.7 5.0 - 5.2 5.3
200 sa miles 2.4 - 2.8 - - 3.1 3.9 - 4.5 4.7
500 sq miles 1.6 - 2.1 - - 2.4 3.1 - 3.5 3.9

1000 sq miles 0.9 - 1.5 - - 2.1 2.5 - 3.0 3.4
2000 sa miles 0.4 - 1.4 - - 1.7 2.0 - 2.5 2.9
5000 sq miles 0.4 - 0.9 - - 1.3 1.4 - 1.9 2.4

10000 sa miles 0-.4 - 0.7 - - IJO I.l - 1.5 2.0
- " . - , ,

I
I
I
I
I
I

tor)ll OJ Storm Center N'ame SP.'\S-1088-Cvore~s,M9imtai!i-Zone I

'Lo!:al,JroDic!;!

24.06 ' non-oro~faphic ,

1,I5.fQW'

113,76W

12,1u ave J<,YUM ~YL KJ~L,

6,99 'i,ches 48 hours t1~"-in Ihr,and ~,88" il) 31m CSJ,'AS lQ88 pAm

78,S F',
SW«« 170

73,5,F

3I.97N
5-SeD'

, ~i,98 N

ransPOsitionDewnoinl Location
emporal Tran'sDositlon (Date)'

,tonn'Rel)l'\'sentative D!'WPOint Lo<;ation'
n-olac<; Maximum Dewnoint
V1oi~tuie.lnflow yector
In-place Ma~unizaiion !'actor

torm o.a te s '

torm Center Elevation
reciDit"t'!'" ro'till &,Duration (10 sa mil

tOrm Rel)re~eutative D<;WPO(nt .

.to,jn lol:atlol) ,

I
I
I

veral!.e :Basin, Elevation ' 3 650
ighest Elevation in Basin 3 655
'i~her of Basin Eievaiion/lnRow Barrier Height 3 650

I
ransoPsit,i9n Maximu)n Dewnoint
ransoOsition Ad'ustme,ni Factor

78,S 'f

I
levation Ad'ustmentfactor

134
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I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)..~
Duration (hours) I

Area (mi') 5 is
..

1 2 3 4 6 12 18 24 48 Total (~9-hr;

0.39 4.74 4.98 5.63 6.76 6.99 6.99 6.99
1 4.48 4.76 5.30 6.56 6.80 6.80 6.80
5 4.48 4.75 5.11 6.28 6.45 6.48 6.48

10 4.29 4.57 4.84 6.02 6.18 6.20 6.20
20 3.96 4.24 4.38 5.54 5.74 5.77 5.77
50 3.36 3.50 3.75 4.77 5.10 5.14 5.14

100 2.78 3.00 3.25 4.32 4.52 4.63 4.63
200 2.12 2.43 2.72 3.42 3.94 4.06 4.06
300 1.69 2.24 2.37 3.23 3.63 3.74 3.74
500 1.43 1.81 2.11 2.69 3.07 3.43 3.44

1,000 0.81 1.32 1.87 2.14 2.61 2.97 2.98
2,000 0.34 1.19 1.44 1.71 2.16 2.55 2.56
5,000 0.33 0.80 1.16 1.18 1.69 2.07 2.11

10,000 0.31 0.61 083 0.94 1.30 1.71 1.77
20,000 0.15 0.41 0.61 0.65 0.94 136 1.36

.. ... .. . . ... ~

I
I

I
I

I
I

I SPAS #1088 DAD Curves - Zone #1 Southern Deserts
Sep 17,2004 - Sep 20, 2004

100,000 ,..------------------------------------------,

Maximum Average Depth of Precipitation (inches)

I
I
I
I
I
I

10,000

1.000
N

I
'"
~

100

10

o 2 4 6 8

12·hllr

~24-rour

a Tolalstonn
(4g.hllr)

I
I
I
I 136
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SPAS 1088 Storm Center Mass Curve
Arizona

3.5 DAD Zone 1: Southern Deserts 12

Sep 18, 2004 (1000 Z) - Sep 21, 2004 (1100 Z) 11

3 Lat: 34.52 Lon: -113.86
c::::=J IncrerneJlt aI 10

lil --Acc<.mJated
9Ql

2.5 -'=
<J

lil
c:

8
Ql c: 6.99"-'= 0<J

! 7c: 2
c: 'a.
:8 '(3 6

l!!
~ 1.5 D.'a. "0 5
'(3 Ql

l!! OJ
4D. 3

Oi E
C :;]

3<J
Ql <J
E <
l!! 2<J 0.51:

0 0
11 21 31 41
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I
I

~===~~~::::;:===::;::;:::;::=~_......,.....;U31'O'N

Precipitation (inches)

0.00 - 1.00 _ 4.01 - 5.00 _ 8.01 - 9.00

_ 1.01 - 2.00 _ 5.01 - 6.00 9.01 -10.00

2.01- 3.00 _ 6.01 -7.00 0 10.01 -11.00

03.01 - 4.00 7.01 - 8.00

34°0'N

35'O'N

33'O'N

32'O'N

109'OW

IOg'OW

Mel$laVAWA AuguSl 26, 2009

N

A

110'OW111'OW

111'OW

112'OW

112°0W

138

• Daily

• Hourly
o Hourly estimated

o Hourly pseudo

• Supplemental

<> Supplemental estimated

Total Precipitation
SPAS Storm 10'88

09/17/2004 - 09/20/2004

113'OW

113°0W

--iC:?-IIIII'E=':=:::::====::=::11Miles
o 35 70 140

_-=::::::1_-========- Kilometers
o 40 80 160 240

114°0W

114°0W

llS'OW

l1S'OW

37"O'N

36'O'N

34°0'N

3S00'N

33°0'N

32'O'N

I

I

I

I

I
I

I

I

I
I

I
I

I
I

I

I

I



Big Pine Flat, AZ
February 10-13,2005

Storm Type: General Frontal
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Storm Adjustment for the White Tanks #4

I
I
I
I

TemD~ral TransDosition Dat~

Storm center location

:storm Rep dew point location

n-ransposition dewpoint location
lBasin locatJon

. 15-Feb

Lat

33.36 N

32.25 N
32.40 N
33.55 N

Long

111.33 W

110.93 W

112.12 W
112.5~W

MOIsture Inflow Direction:

Basin Elevation

~torm Elevation

!Effective Barrier Height

SSE @ 100 miles

3,650 feet

2,450 feet

3,650 feet

The_total ad'ustment factor is

~ T The in-place maximization fador IS

The transposition mctor is
The elevationlbarrier adjustment factor is

with total p'rec'ipitable water above sea level of-'
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.330 inches of precipitable water at
which subtracts 0.35 inches of precipitable water at
which subtracts 0.52 inches of precipitable water at
which subtracts 0..52 inches of preciDita!>le ~ater at

I
I
I

The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow. barrier heigllt!basiJJ elevati.on is

58.5 F'
60.0 F
61.0 F
2,450
2,450
3,650
36.50

1.08
0.84
1.00

0.91

1.28
1.38
1.38

58.5 F
60.0 F
61.0 F
61.0 F

No"tes: 24 hOur average taken from KPHX. KI\VA. KDMA. and KTUS

inches.

inches.
inches.

:...
I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 Hours I 72 Hours

I sq miles 1.0 2.5 3.7 4.7 5.2 - 5.5 5.6 5.8
10 SQ miles 1.0 2.5 3.4 4.2 4.7 - 5.2 5.4 5.6

100 SQ miles 0.7 1.7 2.7 3.2 3.7 - 4.3 4.5 4.7
200 sq miles 0.6 1.6 2.4 2.9 3.4 - 3.9 4.2 4.4
500 SQ miles 0.4 1.4 2.1 2.4 2.9 - 3.4 3.7 - 3.9

1000 SQ miles 0.3 1.1 2.0 2.3 2.8 - 3.2 3.4 3.5
2000 sq miles 0.3 1.0 1.8 2.1 2.4 - 2.8 3.1 - 3.2
5000 sq miles 0.2 0.6 1.4 1.8 2.0 - 2.3 2.4 - 2.8

10000 SQ miles 0.2 0.6 1.0 1.4 1.8 - 2.1 2.3 - 2.4
20000 SQ miles. 0.1 0.5 9·9 1..2 1.5. - 1.8 1.9 .. - 2.0

-- " ... . . . .

:r.li"-~ ref. ''; -' ,T< J"._~' !-:-rr·.r~~~~JJ..,.~"'~W:"~'~~::j~~~~~',,\~:,~yni .:.,..:~

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
1 SQ miles 0.9 2.3 3.4 4.3 4.7 - 5.0 5.1 5.3

10 sq miles 0.9 2.3 3.1 3.9 4.3 - 4.7 4.9 5.1
100 SQ miles 0.6 1.6 2.4 2.9 3.4 - 3.9 4.1 4.3
200 sq miles 0.5 1.5 2.2 2.6 3.1 - 3.6 3.8 4.0
500 SQ miles 0.4 1.2 1.9 2.2 2.6 - 3.1 3.4 - 3.6

1000 sq miles 0.3 1.0 1.8 2.1 2.5 - 2.9 3.1 - 3.2
2000 SQ miles 0.3 0.9 1.6 1.9 2.2 - 2.5 2.8 - 2.9
5000 SQ miles 0.2 0.6 1.3 1.6 1.8 - 2.1 2.2 - 2.5

10000 sq miles 0.1 0.6 0.9 1.3 1.7 - 1.9 2.1 - 2.2
20000 SQ miles 0.1 0.4 0.8 1.1 1.4 - 1.7.. 1.7 1.8

-

I
I
I
I
I
I
,I

torm or Storm Center Nim~
.toun .Qate s
tonn TvOe . ,
tonn "LoeatiQIl'

Stor 11. Center EI~vation

S.PAS-l t47-Bil!, J>jne Flat-Zoqe 1
2/10-13/2005.
General
3.3.36 N' 111.33 W
2450 non-orooraphic
6.06 inGhes 72 hours (SPAS 1147 DADl ..

I
I
I
I
I

reeipltation.Tot.al.&c Duration 00 SQ mil .

Si9.rm ReDresent~tive Dew'ooiqt'
Storm'Reoresenjative Dewooini Location
n~()lace Ma1\(mum, Dewooint

In-Dlace Maxiinization Fa,tor

"mDoral.TransPOSition ([iate)
.ransPOsitiOll DeWDOint Localion

. ransoosition Maximu 11. Dewooint
ransPOsition Adiustment fa,tor
verage Basin Elevation'
liQhest Elevation in Bas.in
ligher of Basin ElevatioqlInflow Barri.er Hei"ht
'Ievation AdiuslJnent ['actor

58.5 F
32:25 N'
60.0 F
SSE (iiJ .l00

1~·Feb

3i.40 N

3,650
3655
3,650

24hr ave.
.110.93. Vi

140

KPHX. KIWA KIWA KDMA KTUs



141

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



o Total storm
(72-hour)

__ 1-hour

__ 24-hour

--W-12-hour

-48-hour

--6-hour

____ 36-hour

--18-hour

6543

142

2

Maximum Average Depth of Precipitation (inches)

__ 3-hour
-,--------------------------1

SPAS #1147 DAD Curves Zone 1: Southern Desert
Workman Creek, AZ February 10 (0800Z) - 13 (0800Z), 2005

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

100,000

10,000

- 1,000
N

.§.
nl
CII

100...
<C

10

1

0 1

....

Duration (hours)

Area (mi2
) 1 3 6 12 18 24 36 48 total

0.4 . 1.27 . 2.22 2.77 3.96 . 4.93 . . 5.48 5.84 5.90 6.06
1 1.01 1.95 2.54 3.69 4.67 5.18 5.52 5.59 5.83
5 1.01 1.95 2.54 3.57 4.26 5.07 5.23 5.57 5.73

10 1.01 1.95 2.52 3.37 4.23 4.71 5.16 5.41 5.55
25 0.91 1.70 2.29 3.14 3.93 4.43 4.79 5.11 5.29
50 0.81 1.22 2.09 2.93 3.48 4.08 4.58 4.87 4.99

100 0.69 1.03 1.74 2.66 3.15 3.69 4.29 4.53 4.69
200 0.58 0.91 1.61 2.41 2.86 3.41 3.92 4.21 4.37
300 0.52 0.91 1.55 2.35 2.76 3.21 3.78 3.94 4.10
500 0.40 0.84 1.36 2.13 2.38 2.90 3.43 3.74 3.90

1,000 0.30 0.72 1.07 1.99 2.28 2.78 3.17 3.35 3.52
2,000 0.28 0.56 1.02 1.78 2.14 2.39 2.78 3.05 3.16
5,000 0.19 0.44 0.64 1.40 1.79 1.96 2.29 2.39 2.75

10,000 0.16 0.34 0.61 1.03 1.44 1.82 2.09 2.30 2.41
20,000 0.13 0.26 0.47 0.90 1.19 1.51 1.82 1.90 2.03
50,000 0.07 0.16 0.29 0.50 0.77 1.00 1.36 1.41 1.47

~

.. .. ..
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-Accumulated

I
I

8.00 I
7.00 I6.06"

6.00

5.00 I
4.00 I
3.00

2.00 I
1.00 I
0.00

60 70 I
I
I
I
I
I
I
I
I
I
I

5040
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302010

c::::::J Incremental

o

SPAS 1147 Storm Center Mass Curve: Workman Creek, AZ.

i
-;======-_--,FebrUary 10 (0800Z) to 13 (0800Z), 2005 Storm2.00

Lat: 33.3550 Lon: -111.3250

1.50
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115'OW

3S'O'I/ .F.:+--=Uo

37'0'1/.".,-.'0<-.' _

35'0'1/

34'0'1/

33'0'1/

32'0'"

31'0'1/

30'0'1/

115'OW

114'OW

114'OW

113'OW

113'OW

112'OW

112'OW

111'OW

111'OW

110'OW

110'OW

109'OW

109'OW

10S'OW

10S'OW

107'OW

107'OW

38'0'11

35'0'"

34'0'"

33'0'11

32'O'N

31'0'1/

30'0'1/

Total Rainfall (72·hours)
SPAS Stonn #1147

Feb 10, 2005 (0800Z) • Feb 13, 2005 (0800Z)I
I
I
I
I
I

Legend

• Daily

• Hourly

o HOUrly Estimated

• Hourly Pseudo

o Supplemental

Precipitation (inches)

0.11-1.00.3.01-4.00.6.01-7.00

.1.01- 2.00.4.01 - 5.00.7.01 - 8.00

o 2.01 - 3.00 • 5.01 - 6.00 0 8.01 - 9.00

~. _ .Mles
o 30 60 120

WM ~bme~ffi

o ~ 60 120 180 240

N
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Camp Creek, AZ
September 3, 2005

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

TemDoral TransDosilion Date

~torm center location

~Iorm Rep dew point location

[Transposition dewpoint location
lBasin location

18-AUQ
Lat

34.04 N

33.18 N
32.63 N
33.55 N

Long

111.81W
111.81 W
112.52 W
112.S5W

Moislure Inflow Direction:

Basin Elevation

:storm Elevalion

Effeclive Barrier Height

S@60

3,650
2,750

3,650

miles

feet

feet

feet

I
I

The storm representative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place stonn elevation is
The in-place storm elevation is

Basin elevation at
The inflow barrier hei rht/basin.elevation is

68.0 F
81.0 F
81.5 F

o
o
o
o

with total precipitable water above sea h:vefof
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00" "inches of precipitable water at

2.05
3.76
3.84

68.0 F
81.0 F
81.5 F
81.5 F

"inches.

inches.
inches.

I
The in-place maximization factor is

The transposition factor is
The elevationlbarrier adjustment factor is

The total adjustmenl factor is

"1.50
1.02
1.00

1.53

NOles: No adjustment made for elevations below 6000 feet "foltowlng HMR
'uidance for local storms. In-Place max factor 1.83 calculated. held 10 1.50

I
I
I
I
I
I
I
I
I
I
I
I

a.-
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I so miles 3.0 4.2 4.4 4.4 4.4 4.4 4.5 - - -
10 so miles 2.5 3.5 3.6 3.8 3.8 3.8 3.8 - - -
50 sq miles 1.7 2.6 2.8 2.8 2.8 2.8 2.9 - - -

100 sq miles 1.3 2.1 2.3 2.4 2.4 2.4 2.4 - - -
200 sq miles 0.9 1.6 1.7 1.7 1.7 1.9 1.9 - - -
500 sq miles 0.5 1.0 1.1 1.1 1.1 1.3 1.3 - - -

1000 50 miles - - - - - - - - - -
2000 50 miles - - - - - - - - - -
5000 sq miles - - - - - - - - - -

~ _JleDllt.Afta.Dartdoa ,""
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 4.6 6.4 6.7 6.8 6.8 6.8 6.8 - - -
10 sq miles 3.9 5.3 5.6 5.7 5.8 5.8 5.9 - - -
50 so miles 2.6 3.9 4.3 4.3 4.4 4.4 4.4 - - -

100 sq miles 2.0 3.2 3.4 3.6 3.6 3.6 3.7 - - -
200 sq miles 1.4 2.5 2.6 2.6 2.6 2.9 2.9 - - -
500 sq miles 0.8 1.6 1.6 1.7 1.7 1.9 1.9 - - -

1000 so miles - - - - - - - - - -
200050 miles - - - - - - - - - -
5000 sq miles - - - - - - - - - -

"'

tonn or Siorm Cen'ter Name SPAS-1091-Camp :Creek-Zone I
t.9~m Qate<s) 9/3/0~

torm Tvoe LoCal Storm
!orm Location 34.04 N ".\I L81 W
torm Center Eleya.tion 2750 non-oroQraDhic _
recipitation Total & Duration (10 so mil 3..34.inches I hour 4.82" in 21m (SPAS i091 DAD)

",
I

"torm Reoresentatfve D<:WDoint 68.0·F 3hr ave K1WA, KCHD, KCCZ
Storm Reoresentative DeWDoint Location -

33.18 N 1\1.81 W
In,place Maximum Dewooint 81.0 F

,"

Moisture Inflow Vector S (al60
'n-place Maximization Factor ""

emporal Transposition (Date) '.IS,Aug

"ransDOsition DeWDoin.t Location, 32.63 N 1\2.52 W
ransDOsition Maximum'DewDoint 8].5 F
ransDOsition Adiustment Factor

"verage Basin "Elevation ' 3650
ligllest Elevation in "Basin 3 655
!Igher of Basin ElevationlJnflow Bari:ier Height 3,650
levation Adjustment Factor '

, olaf Adiystm~nt factor "1.53

146



147

I
I
I
I
I
I
I
I
I
I
I
.1
I
I
I
I
I
I
I



I

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES).... .. .. . .

IDuration (hours)

Ar~a (mi2
) 1 2 3 4 5 6 12 total (14-hr:

0.39 3.13 4.26' 4.47 4.51 4.53 4.55 4:55 4.55
1 2.99 4.15 4.36 4.41 4.41 4.41 4.45 4.45

10 2.54 3.49 3.63 3.75 3.76 3.79 3.82 3.82
25 1.93 2.97 3.21 3.24 3.24 3.27 3.29 3.29
50 1.67 2.56 2.79 2.81 2.84 2.84 2.87 2.87
100 1.29 2.12 2.25 2.36 2.37 2.38 2.41 2.41
121 1.21 1.99 2.08 2.19 2.23 2.23 2.27 2.27
135 1.16 1.93 1.96 1.96 1.96 2.18 2.20 2.20
150 1.10 1.86 1.94 1.94 1.95 2.10 2.13 2.13
200 0.92 1.64 1.67 1.69 1.71 1.89 1.92 1.93
300 0.76 1.37 1.44 1.48 1.55 1.62 1.64 1.64
475 0.53 1.06 1.09 1.09 1.09 1.29 1.31 1.31
500 0.52 1.03 1.07 1.08 1.08 1.26 1.27 1.28
933 ... Q.49 0.74 0.76 0.78 0:79 O.~O .. (J.ao

. - -

I

I

I
I

I

--2..rolX

o Tota (lI-h:"r)

_1-h:H.J"

5 L.- -'42 3
Maximum Average Depth of Precipitation (inches)

o

SPAS #1091 DAD Zone 1
Camp CreekAZ

1,000 .-__---.c-----..,.,.-- -'S=-e::..c..:t=e:.:.m:..=b:..=ec:...r .=2_-4:.!.•.=2.=.00=-5=-- -----,

100

N

I
"'
~

10I

I

I

I

I
I

I
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5.00

= Increrr<Jllai

4.50

4.00

3.50
Ii)

3.00 iQl
.=
0.=
c

2.50 i~s
'Q.

2.00'(3

~
Q.

iij 1.50
"E
Ql

E 1.00
~
0
~

0.50

0.00

SPAS 1091 Storm Center Mass Curve
Arizona DAD Zone 1

Sep 3 (1900 Z) - Sep 4 (0800), 2005
Lat: 34.04 Lon: -111.81

149
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5.00 I
4.55" I4.00

I
3.00

I
2.00

I
1.00

I
0.00
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Precipitation (inches)

0.00 • 0.50 • 2.01 • 2.50 • 4.01 • 4.50 • Daily

• 0.51 • 1.00 • 2.51 • 3.00 0 4.51 • 5.00 • Hourly

o 1.01 • 1.50 • 3.01 • 3.50 (J Hourly pseudo

o 1.51 ·2.00 • 3.51 ·4.00 • Supplemental

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

35·0'N

34·0'N

33·0'N

113·0W

113·0W

112·0W

112·0W

Total Precipitation
SPAS Storm #1091
09/212005 - 914/2005

-- .' . IMileso 5 10 20
_ _ Kilometers
o 12.5 25 50 75

150

111·0W

tl1·0W

N

A

MersuW'AWA ugust 14. 2009



Cooks Mesa, AZ
November 30 - December 2, 2007

Storm Type: General Frontal

151

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I

Storm Adjustment for White Tanks #4

I
I
I

Temporal Transposition Date

f5torm center location

Storm Rep dew point location

~ranspositiondewpoint location
lBasin location

15-Nov

Lat

35.41 N

31.70 N

29.85 N
33.55 N

Long
114.16 W

111.11 W ,
109.54W,
U2.55W

Moisture Inflow Direction:

Basin Elevation

Storm Elevation

Effective Barrier Height

SSE @310 miles

3,650 feet

4,900 feet

3,650 feet

The !Qtal ad"ustment. factor is

. The" ill-place maximization factor is .
The transposition factor is

The elevationlbarrier adjustment factor is

with total precipitable water above sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.72 inches of precipitable water at
which subtracts 0.76 inches of precipitable water at
which subtracts 0.60 inches of precipitable water at
which subtracts 0.60 inchC$ of precipitable water at

I
I
I

The storm represel'ltative dew point is
The in-place maximum dew point is

The transpositioned maximum dew point is
The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The inflow barrier height/basin elevation is

63.5 F
65.0 F
65.0 F
4,900
4,900
3,650
3,650

·-1.05

1.16
1.00

Notes: -24hr ave KCGZ. KOLS, KFHU. KPHX, KTUS

1.68
1.77
1.77

63.5 F
65.0 F
65.0 F
65.0 F

inches.
inches.
inches.

35.4'i N . r(4.i6 W
Gen~ral.

1900 orographic Mt Lemmon-

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
I s miles 0.8 3.2 3.8 6.2 6.5

10 sq miles 0.8 3.2 3.8 5.6 6.0
100 s miles 0.8 3.2 3.8 4.5 5.2
200 s miles 0.8 2.8 3.6 4.4 4.7

500 s miles 0.8 2.7 3.3 4.2 4.5

1000 s miles 0.8 2.3 3.2 3.9 4.2
2000 s miles 0.7 2.2 2.9 3.6 3.8

5000 s miles 0.6 1.7 2.3 3.0 3.3
10000 s miles 0.4 1.5 2.2 2.7 2.9
20000 s miles 0.3 .1.3 1.7. .- . 2.3. 2.4

.lorin lQcat.ion
storni:Center Erevaiion

I Hours 6 Hours 12 Hours 18 Hours 24 Hours 30 Hours I 36 Hours 48 Hours 60 Hours I 72 Hours
I sq miles 0.6 2.6 3.1 . 5.1 - - 5.3 - -

10 SQ miles 0.6 2.6 3.1 - 4.6 - - 5.0 - -
100 SQ miles 0.6 2.6 3.1 - 3.7 - 4.3 - -
200 sq miles 0.6 2.3 3.0 - 3.6 - - 3.9 . -
500 SQ miles 0.6 2.2 2.7 - 3.5 - - 3.7 - .

1000 sq miles 0.6 1.9 2.6 - 3.2 - - 3.4 - -
2000 SQ miles 0.6 1.8 2.4 . 2.9 - - 3.2 - -
5000 sq miles 0.5 1.4 1.9 - 2.5 . . 2.7 - -

10000 sq miles 0.3 1.3 1.8 - 2.2 - - 2.4 - -
20000 SQ miles 0.3. 1.1 1,4 - 1.9 - - 2.0 - -

-. --

I

I

I

I

I

I

I

I
P~ecioltat;Qn Totar &.Dpration (10 SQ mi\

tonn Representitiye Dewpoint.
tonn_Reo'resentatlve :Oewooi·nt lJ>cation

.n-ol~ce Maxiin~ beWaoint .

63..5 F
31.7Q N
<15.0 F.-

2~hr aV,e KCGZ J:<OLS KFHU KPHX KTUS
fll,fl W

I
V1oisl\lre Inflo\\' Vector.
n-placeMaximi~atiQn I'actor

.inooral TransoO!;itioii (Date)
. ransDOs;tioll.DewtXiint Location

IS-Nov:
29.85 N .109.54 W

I
ninsoositioll.Maxi.muni OewOOint
-ransDOsiti()n Adiustm~nt Factor
ver_ge Basin E)eva-tion

ighest Elev.aiion in Basin
irrher o(Basin Ele.vation/lnflow Barrier Heirrht

65.0 F

3,655
3650

I
Eleyaiion Adiustll1Cnt.Factor
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I
I
I
I
I
I
I

.. MAXIMUM AVERAGE DE,PTH OF !,,~E~IPITATION (INGHESI
.. _. .. .,. Duration' (hours} , I

!'rea (m;') 1 2
.. '

3 A 5 6 12 1'8 .24 ,36 48
-, ,-

Total (49-hr'
u.~9 1.02

., ,.,

2.92 . 3.44 5.~6' ' ' - 5.57
1 0.64 2.60 3.09 5.11 5.31
5 0.64 2.60 3.09 4.90 5.21
10 0.64 2.60 3.09 4.56 4.96
20 0.64 2.60 3.09 4.36 4.70
50 0.64 2.60 3.09 3.96 4.44

100 0.64 2.60 3.09 3.71 4.25
200 0.64 2.30 2.99 3.62 3.87
300 0.64 2.27 2.88 3.53 3.80
500 0.64 2.22 2.67 3.46 3.68

1,000 0.62 1.90 2.63 3.23 3.41
2,000 0.59 1.80 2.42 2.93 3.15
5,000 0.49 1.43 1.85 2.49 2.73

10,000 0.33 1.26 1.78 2.22 2.40
20,000 0.28 1.08 1.41 1.86 2.01
50,000 0.17 0.76 1.12 1.38 1.45
56,916 0.14 0.71 1.05 1.28 1.35

.. . - . .

I SPAS #1149 DAD Curves - Zone #1 Southern Deserts
Nov 30 , 2007 - Dec 2, 2007

__ 1-hour

Maximum Average Depth of Precipitation (inches)

I
I
I
I
I
I
I
I
I

100,000

10,000

~ 1,000'"
.§.
ClI
Q)... 100<

10

1

0 2 4 6 8

--3-rour

--6-rour

--Series2

-+-24-rour

• 48-rour

o Total storm
(49-rour)

I
I
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I==::J Incremental

SPAS 1149 Storm Center Mass Curve
1.5,..-------- DAD Zone 1: Southern Deserts

Nov 30, 2007 (0400Z) - Dec 2, 2007 (0400Z)
Lat: 35.41 Lon: -114.16

I
I

12 I
11

10 I
9

8 I5.57"
7

6 I5

4

I3

2

I
0

41 I
I
I
I
I
I
I
I
I
I
I

31
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I
I

o

Precipitation finches)

_ 0.00 - 1.00 _ 3.01 - 4.00 6.01 - 7.00 •

_ 1.01- 2.00 _ 4.01 - 5.00 _ 7.01 - 8.00 •

o 2.01 - 3.00 _ 5.01 - 6.00 0 8.01 - 9.00 0

•

38·0·N

3g·0·N

36·0·N

35·0'N

34·0·N

33'O'N

32'O'N

N

A

t07'OW

10row

....~--...;.:~t-I-37·0·N

10S'OW

10S'OW

log'OW

I09'OW

ll0'OW

110·0W

Daily

Hourly

Hourly psuedo

Supplemental

Supplemental estimated

156

11l'OW

111'OW

_E::::::::J_E:::=:::;;:=::J1 Miles
o 35 70 140

__-=::I_.-::===-__Kilomelers

210o 35 70 140

112·0W

112·0W

Total Storm Precipitation
SPAS Storm #1149

Nov. 30, 2007 - Dec. 2, 2007

113·0W

Il3·0W

114'OW

114'OW

11S'OW

11S·0W

38'O'N

3g·0·N

36'O'N

37·0'N

35'O'N

34·0'N

33·0·N

32·0·N

31'O'N

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



Magma,AZ
July 10, 2008

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

, ,.,.

TemDoral Tra,nsDos,ition Date

Storm center location

Storm Rep dew point location

Transposition dewpoint location
Basin,loqtion

25-Jul

{at

33.20 N

32.20 N
32.50 N
;33.55 N

Long

111.35 W

110.93 W

112.10 W
112.55W

Moisture Inflow Direction:

Basin Elevation

Storm Elevation

Effective Barrier Height

SSE@75

3,650

1,800

3,650

miles

feet

feet

feet

The total adiustment factor is

The in-place ma'ximization factor is 

The transposition factor is
The elevation/barrier adjustment factor is

with total precipitable water above sea level of

with total precipitable water above sea level of

with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at

which subtracts 0.00 inches of precipitable water at
which subtra~ts 0.00 inches of precipitable water at

I
I
I

'The storm rePresentative "dew pOint IS

The in-place maximum dew point is

The transpositioned maximum dew point is

The in-place stonn elevation is
The in-place storm elevation is

Basin elevation at
The inflow.barrier, height/basin elevation is

73.5·F

80.5 F

80.5 F
o
o
o
o

1.38'

1.00
1.00

1.38 .

2~67

3.68

3.68
73.5 F
80.5 F

80.5 F
gO.5 F

lNotes: N'o adjustment made for elevations below 6000 feet following HMR
~uidance for local Slonns.

inches.

inches.
inches.

DvatIon
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours

I sa miles 2.2 3.6 5.3 5.5 5.8 5.9 6.1 6.6 6.6

10 sq miles 2.2 3.5 4.9 5.5 5.6 5.8 6.0 6.4 6.4

50 sa miles 1.9 2.9 4.1 4.8 5.2 5.4 5.5 5.8 5.8

100 sq miles 1.8 2.9 3.7 4.5 4.9 5.0 5.1 5.4 5.5

200 Sa miles 1.6 2.6 3.5 4.1 4.5 4.6 4.8 5.0 5.0

500 sq miles 1.2 2.1 2.8 3.4 3.8 3.9 4.1 4.3 4.3
1000 sq miles 0.8 1.4 1.9 2.3 2.7 2.8 3.0 3.2 3.3
2000 sq miles - - - - - - - - -
5000 Sa miles - - - - - - - - :...

..
[)lJserWd A.relI-JJaraamt

I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours

I sa miles 1.6 2.6 3.8 4.0 4.2 4.3 4.4 4.8 4.8

10 sq miles 1.6 2.6 3.6 4.0 4.1 4.2 4.3 4.7 4.7

50 sa miles 1.4 2.1 2.9 3.5 3.8 3.9 4.0 4.2 4.2
100 sq miles 1.3 2.1 2.7 3.2 3.5 3.7 3.7 3.9 4.0

200 sq miles 1.2 1.9 2.5 3.0 3.2 3.4 3.5 3.6 3.7

500 sq miles 0.9 1.5 2.1 2.5 2.7 2.8 3.0 3.1 3.1

1000 sa miles 0.6 1.0 1.4 1.7 1.9 2.0 2.2 2.4 2.4

2000 sa miles - - - - - - - - -
5000 sa miles - - - - - - .. - - -

.. ' ..

I
I
I
I
I
I
I

torm oj St()rm (;el1ter !fame
tonn QateCs)
torm Tvee .

torIn ,Loc,aJion,··
(Ofm Center Elev~tion

recil1itation Jotal & Duration (lQ sa mil

SP.AS-IOS!-Ma!!ma
Julv 10 200l\'

Local Stann
3j.20 N 111)5 W
!800 ... non:oroQraphic

I
I

.tornj'(l.eoresentatiye Dewooint

tonn Reoresentative DeWDoint Loc;ltion
n-olace Maxlimim' Oewo<iint

\il.oi~ture lIinow Vector
In-place rvhixi~nization factor

emDoral Transposition (Date)
qmsoosition Dewooint Lpcation
ra,nsoosition-Maximu\n DeWDoint

n:5 F'

25·]u(

32.50 N
80.5 F

3hr ave.-

110.93 W

112.10 W.

I
ransD9sition Acti\lslJ!leni Factor
yerage)lasiI!..-i'levation. -. :i 650

Hi!!her of Bas-in ElevatioiVlnflow .Barrier Height 3 650
. ievation Ad'ustment Factor

I
I

rrotal Adjustment Factor' 1.38
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. . ..
Duration (hours) ,

Area (mi2)

..

1 2 3 4 5 6 12 18 24 Total
0.28 1.72 2.72 3:89 4.12 ' - 4.32 4.45 4.55 4.87 4:8"7 .' 4.87

1 1.60 2.61 3.81 4.01 4.18 4.29 4.41 4.79 4.79 4.79
10 1.60 2.57 3.58 3.96 4.09 4.24 4.33 4.65 4.65 4.65
25 1.50 2.41 3.21 3.76 3.94 4.09 4.18 4.45 4.47 4.47
50 1.41 2.14 2.94 3.49 3.77 3.89 3.96 4.23 4.24 4.24
100 1.30 2.09 2.67 3.23 3.52 3.65 3.73 3.92 3.96 3.96
150 1.22 1.97 2.59 3.07 3.36 3.48 3.57 3.78 3.78 3.78
200 1.16 1.88 2.51 2.96 3.24 3.36 3.48 3.64 3.65 3.65
300 1.06 1.72 2.36 2.78 3.03 3.15 3.24 3.45 3.45 3.45
500 0.89 1.50 2.06 2.45 2.73 2.84 3.00 3.12 3.13 3.13

1,000 0.59 0.98 1.39 1.69 1.94 2.00 2.20 2.35 2.36 2.36
1,064. - 0.94 1.31 1.60 1.84 1.94 2.16 2.26 2.26 2.26

, .

24-hour

;« 4-hour

• 12-hour

o Total storm
(25·hours)

__ 1-hour

__ 3-hour

__ 2-hour

---5-hour

--18-hour

--6-hour

6543
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2
Maximum Average Depth of Precipitation (inches)

SPAS #1051 DAD Curves (Zone 1 zoomin)
Magma, AZ July 10 (1800 Z) - 11 (1900 Z), 2007

1

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

o
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10,000,------------------------------------,
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I

0.5

5

4.69" 4.5

4

3.5

3

2.5

2

1.5

SPAS 1051 6-hr Storm Center Mass Curve
July 10 (1800Z) to 11 (1900Z), 2008 Storm

----------,-
Lat: 33.1796 Lon: -111.2296

c:::;:::::J Incremental

--Accurrulated

2 r-;========::;---
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162

34'O'N

33'O'N

111'OW

111'OW

Coordinate Sfstem: GCS North AmeriCan 983
Scale: 1:2,133,219

112'OW

112'OW

N

A

__-=::1_-='==:::J1Miles
o 10 20 40

••.c:::J.-;;::::==-__ Kilomelers
615""36 60 90

113'OW

113'O'W

Total Rainfall (25·hours)
Magma, AZ 2008 Stonn

Stonn #1051 July 10 (1800 Z) to 11 (1900 Z), 2008

Gauging Stations

• Daily 0 Hoorly Pseudo

• Hourly • Supplemental

Precipitation (inche.s)

.0.00 - 0.50 01.51 - 2.00 .3.01 - 3.50 4.51 - 5.00

.0.51- 1.00 .2..01 - 2..50 .3.51- 4.00 D 5.01- 5.50

1.01-1.50 .2..51 - 3.00 .4.01 - 4.50

33'O'N

32'O'N

34'O'N
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Wenden Bouse, AZ
August 26, 2008

Storm Type: Local Convective
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Storm Adjustment for White Tanks #4

I
I
I
I

w
Temporal J'ransposilion Date 15·Aull

Lat Long

~torm center location 33.92 N 113.91 W

Storm Rep dew point location 33.20N 114.00 W

Transposition dewpoint location 32.78 N 112.61 W
~l!Sin ~ocation 33.55 N 1I2.55 :w

Moisture Inflow Direction:

Basin Elevation

Storm Elevation

Effective Barrier Height

S@SO"

3,650

1,200

3,650

miles

feet

feet

feet

I
I

T-he stonn representative dew point is

The in-place maximum dew point is
The transpositioned maximum dew point is

The in-place storm elevation is
The in-place storm elevation is

Basin elevation at
The i,nflow barrier heil!ht/basi)1 ele,vation is

73.0 F"
81.5 F
81.5 F

o
o
o
o

with total precipitable water abov"e sea level of
with total precipitable water above sea level of
with total precipitable water above sea level of

which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable water at
which subtracts 0.00 inches of precipitable waler at
wllich sl!btr~cts 0.90 inches of precipitable water at

2.60
3.84
3.84

73.0 F
81.5 F
81.5 F

,81.5 F

inches.
inches.
inches.

I
The in_cplace niaximization factor is

The transposition factor is
The elevation/barrier adjustment factor is

The total adjustment factor is

1.48
1.00
1.00

1.48

!NOles: No adjUstment made for elevations belo\v 6000 (eet "following HM R
~idance for locaJ stonns. 3hr ave KNYL. KBLH, KGBN

De Idoa
1 Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sa miles 3.7 3.8 3.9 4.1 4.1 4.3 4.7 -
10 sq miles 3.2 3.5 3.7 3.8 3.9 4.3 4.6 .
50 sa miles 2.6 3.1 3.2 3.5 3.7 3.9 4.3 -

100 sq miles 2.3 2.8 3.0 3.3 3.4 3.7 4.0 -
200 sq miles 2.1 2.5 2.8 3.1 3.1 3.4 3.8 -
500 sq miles 1.6 2.1 2.4 2.7 2.8 3.1 3.4 -

1000 sa miles 1.3 1.8 2.1 2.3 2.5 2.7 3.0 -
2000 sq miles 1.0 1.4 1.7 2.0 2.1 2.3 2.6 -
5000 sq miles 0.6 1.0 1.1 1.4 1.6 1.8 2.,0 -

""

MmleGStorm on -
I Hours 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours 12 Hours 18 Hours 24 Hours 36 Hours

I sq miles 5.4 5.7 5.8 6.0 6.1 6.4 6.9 -
10 sq miles 4.8 5.2 5.4 5.6 5.7 6.3 6.8 -
50 sa miles 3.8 4.5 4.7 5.1 5.4 5.8 6.3 -

100 sq miles 3.4 4.2 4.4 4.8 5.1 5.4 5.9 -
200 sq miles 3.0 3.7 4.1 4.5 4.6 5.1 5.5 -
500 sq miles 2.4 3.1 3.5 4.0 4.1 4.5 5.0 -

1000 sq miles 1.9 2.7 3.1 3.4 3.6 4.0 4.4 -
2000 sq miles 1.4 2.1 2.6 3.0 3.1 3.4 3.8 -
5000 sa miles 0.8 1.5 1.7 " 2.Q 2.~ 2.6 3.0 -

"" " .

I
I
I
I
I
I
I

ton.11.0r ~to,nn Ctinter Name~
lonn [jate(s)

torm TVoe
tonn LoCation .
to~n;1 Ceilter Elevati.on

recipiiation rotal &. Duration (10 sa mil

S~AScI08$-WendenBouse
8/2'6/08
Local Storm
33.92·N, 113,91 W

120b . non,oroaraobic
3.78 inc!)es I hour 4.91 n, i,) )hrs (SPAS io.85 DAD)

I
I

torin Representative DewiJoint '
torm Reoresetltative Oewpo,int Location"

,n-place M~ximuni"Oewpoinl .

Vloisture Inflow Veclor
n-olace Maximiz3,tiol1. Factor

. emporal Transposition (Date)
. ranso:osition Dewooint L~atl.on

·ra.rlsDosition Ma.'1'imum De"Wooint

73,0 F
33",20N

SraJ. 50

1,5-Aug

3h, aveKNYL IqlLH KGBN :
1)4,00 W_

I
r~nsDpsiti9r. Adiustt:nent "F~clor
verageB~sin Eleyation 3650
i"l!he:St Elevaiion in Basin' 3 655
il!her of Basin Elevation/inflow Barrier Heil!ht 3.650
levation Adjustment Factor

I
I

o(al Adjustment Factor 1.48
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100,OOO,..---------------------------------j"------,1
__ 1·hour

Duration (hours)

An~a (mi2) 1 2 3 4 5 6 9 12 total
0.28 3.78 3.92 4.01 4.15 4.17 4.42 4.78 4.81 4.82

1 3.69 3.84 3.93 4.06 4.13 4.30 4.66 4.68 4.68
5 3.49 3.69 3.82 3.94 4.01 4.28 4.62 4.65 4.66

10 3.24 3.50 3.69 3.80 3.87 4.25 4.56 4.61 4.63
25 2.88 3.30 3.41 3.64 3.81 4.09 4.37 4.44 4.44
50 2.57 3.05 3.16 3.48 3.65 3.90 4.13 4.25 4.26

100 2.31 2.81 2.97 3.28 3.44 3.67 3.95 4.01 4.02
200 2.06 2.52 2.80 3.07 3.11 3.43 3.70 3.75 3.76
300 1.88 2.36 2.62 2.92 2.97 3.27 3.54 3.59 3.60
500 1.63 2.12 2.35 2.71 2.78 3.06 3.29 3.36 3.38

1,000 1.28 1.81 2.08 2.29 2.47 2.71 2.93 2.99 3.03
2,000 0.96 1.43 1.73 2.00 2.12 2.33 2.53 2.59 2.66
5,000 0.55 0.99 1.13 1.38 1.58 1.76 1.92 2.02 2.13
10,000 0.34 0.63 0.89 1.04 1.19 1.31 1.57 1.70 1.72
20,000 0.24 0.30 0.51 0.65 0.77 0.91 1.10 1.24 1.29

. . ..

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

o Total storm
(14-hour)

--5·hour

--2·hour

__ 4·hour

___ 3·hour

-.-9·hour

--6·hour

--12·hour

65432
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Maximum Average Depth of Precipitation (inches)

1

SPAS #1085 DAD Curves
Wenden & Bouse, AZ. August 25 (21 OOZ) - 26 (1 OOOZ), 2008
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4.00

3.00

2.00

1.00
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SPAS 1085 Storm Center Mass Curve: Wenden & Bouse, AZ.
August 25 (2100Z) to 26 (1 OOOZ), 2008 Storm

Lat: 33.9150 Lon: -113.9050
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Ccordnate system: GCS Nort/J American 1983
Scale: 1:3,175,582

N

Total Rainfall (14·hours)
Wenden & Bouse, AZ 2008 Storm

Stonn #1085 August 25 (2100 Z) to 26 (1000 Z), 2008

114'30W 114'OW 113'30W 113'OW 112'30W 112'OW 111'30W Ill'OW 110'30W 110'OW

Pntcipitation (inches)

0.00 - 0.50 1.51 - 2..00 .3.01 - 3.50 04.51 - 5.00

.0.51 - 1.00 .2.01 - 2..50 .3.51 - 4.00

1.01 - 1.50 .2.51 - 3.00 .4.01 - 4.50
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