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RAINFALL ANALYSIS

A New System for Analyzing
Precipitation from Storms

To prepare probable maximum precipitation studies, hydro

project owners need specific data to develop storm climatology

updates, including a comparison of rainfall from recent storms 1o

historic storms that affected the watershed. A new software

package provides hourly data that project owners can use to

quantify the spatial and temporal distribution of storm rainfall,

while decreasing the time and money required for storm analysis.

By Tye W. Parzybok and
Edward M. Tomlinson

o accurately quantify the spatial
Tand temporal distribution of storm

rainfall over watersheds, Applied
Weather Associates LLC and Metstat
Inc. developed Storm Precipitation
Analysis System (SPAS). This rainfall
analysis software package uses digital
precipitation and Geographical Informa-
tion System (GIS) data to analyze rain-
fall associated with extreme storms in a
GRASS GIS environment.' The soft-
ware provides high-spatial-resolution
hourly rainfall fields. These fields then
can be used to produce hourly rainfall
amounts over user-defined watersheds.
The availability of detailed rainfall
information allows for runoff model cal-

Tye Parzybok is president and chief

Storm Precipitation Analysis System
(SPAS) meteorologist for Metsiat Inc. Ed
Tomlinson, PhD, is president and senior
meteorologist with Applied Weather
Associates LLC. Metstat and Applied
Weather Associates developed SPAS.
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ibration and verification with improved
precision and reliability.” The software
lets users retain spatial characteristics of
the hourly rainfall fields, or average
rainfall amounts over watersheds can be
provided. Additionally, the analyzed
rainfall fields provide the information
required to produce storm depth-arca-
duration tables. These analyses provide
rainfall depths over standardized area
sizes and durations.

Hence, extreme storm rainfall can be
compared to determine which storms
produced the greatest rainfall amounts
over various area sizes and durations.
Rainfall associated with recent storms
can be compared directly with historic
storms that occurred over the same cli-
mate region. These analyses are required
for storm climatology updates used in
site-specific probable maximum precipi-
tation (PMP) studies.

Until the 1950s, the Weather Bureau
— now called the National Weather
Service (NWS) — and the U.S. Army
Corps of Engineers routinely performed
detailed storm rainfall analyses. Since
the 1950s, only a few select storms have
been analyzed. SPAS applies the same
basic approach as the Weather Bureau
and Corps took, thereby achieving a
level of consistency between the newly
analyzed storms and the historic storms
previously analyzed. SPAS also applies
several enhancements, including a more
advanced daily to hourly rainfall algo-

rithm, higher spatial resolution, and
more quality control checks to identify
erroneous rainfall reports.” SPAS has
been rigorously tested, both with a theo-
retical storm where the exact rainfall
rates and spatial distribution are known
and with historic storms. SPAS analyses
also have been completed for several
relatively recent extreme rainfall storms,
including Hurricane Floyd (September
13-17, 1999). (See Figure 1.)

SPAS analysis results for several
extreme rainfall storms have been incor-
porated into updated technology applica-
tions for PMP and probable maximum
flood (PMF) analyses.” One example is
site-specific study performed for the
Great Sacandaga Lake drainage basin in
New York. The Federal Energy Regula-
tory Commission (FERC) required that
Reliant Energy Corp., then the owner of
a dam in the basin, perform the PMP
study. (The dam is now owned by Brook-
field Asset Management). Reliant Energy
used SPAS output for Hurricane Floyd,
as well as data from several extreme rain-
fall storms from Hydrometeorological
Report (HMR) 51.* However, depth-area-
duration tables for more recent (after
1972) storm events had not been pro-
duced. So Reliant Energy used SPAS to
analyze two rainfall centers, then incor-
porated this data into the PMP study.
The study results provided reduction of
10 to 50 percent from the generalized
HMR 51 PMP values (25 percent for the
1,000-square-mile area size and 72-hour
duration that most affected the site-spe-
cific study), thereby greatly affecting the
costs of dam remediation.’

Rainfall studies and SPAS
The Weather Bureau and Corps pro-

duced many storm studies for extreme

rainfall events that occurred during the
first half of the 20th century. NWS hy-
drometeorologists used the depth-area-
duration tables from these studies o
compare rainfall events and to deter-
mine PMP rainfall amounts in HMRs,
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Figure 1: This analysis of total storm precipitation in northeastern Virginia associated with
Hurricane Floyd (September 13-17, 1999) was created using Storm Precipitation Analysis Sys-

tem (SPAS). The software package combined

Objective procedures were used in
these analyses, augmented with subjec-
tive judgment by qualified hydrome-
teorologists.®” The SPAS analysis in-
corporates earlier procedures while
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several hourly readings to arrive at the total.

providing updated techniques, along
with GIS, to improve the quality and
speed of the analyses.

With SPAS, storm analyses (including
storm-centered depth-area-duration

tables and mass curves) can be com-
pleted much quicker and with more detail
than historic analyses. In the past, a
detailed analysis of a storm’s precipita-
tion required extensive manual labor,
making it time-consuming and prone (o
human error. SPAS is largely automated,
yet the software provides flexibility and
enhancements over the old storm analy-
sis procedure. In the past, it was time-
and cost-prohibitive to produce hourly
precipitation maps, so assumptions had ©
be made in the computations of the depth-
area-duration results. SPAS requires
fewer assumptions because it can better
resolve the storm'’s precipitation through
the use of GIS algorithms and hourly
precipitation grids. Table | compares the
procedures used historically by the
Weather Bureau and those used by SPAS.

Developing SPAS

One of the most significant strengths of
SPAS is its ability to convert daily meas-
ured precipitation into hourly precipita-
tion — known as timing — using several
nearby hourly stations. In the past, timing
of daily measured data was accomplished
by associating each daily station witha
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single nearby hourly station and distrib-
uing the daily precipitation exactly the
same as that hourly station.®” However,
SPAS uses several (user-defined) spa-
lially weighted hourly stations to time
each daily station, thereby allowing the
hourly precipitation distribution to be
| unique at each daily station.

The transformation of daily data into
hourly precipitation depths is a spa-
lially-based approach that uses the per-
cent of hourly precipitation at the hourly
gauges. These percentages are spatially
interpolated to a grid. Because the per-
centages typically have a high degree of
spatial autocorrelation, the spatial inter-
polation carries skill in predicting the
percentages at daily-only reporting sta-
tions. The end result is a percental grid
for each hour of the storm, which the
software then uses to create simulated
fourly rainfall amounts for daily station
ninfall data. Percental values are sequen-
tially extracted from the hourly percental
grids and converted into estimated hourly
precipitation values for the daily station.

Plots of the incrementally accumu-
lated precipitation data (known as mass
curves) are created for each daily station

Table 1: Comparison of Storm Analysis Procedures used by Weather Bureau

(Historical) and by SPAS

Topic Weather Bureau

SPAS

Timing of daily stations Mimicked hourly distribution of

the nearest single hourly station.

Did not use a systematic proce-
dure for including ancillary infor-
mation.

“Pseudo” data

No base map, 100-year 24-hour
precipitation frequency map, or
elevation map.

Based on a hand-analyzed total
storm, isohyetal map.

Base map options

Depth-area-duration

calculations
Automation None.

Reproducibility Largely not reproducible,

Uses nearby hourly stations.

Various options to account for
complex terrain, unique meteoro-
logical conditions, or other ancil-
lary information.

Multiple, high resolution base map
options.

Based on high-resolution hourly
GIS-created precipitation grids.

Largely automated.
Reproducible.

and then combined into a single plot
with other nearby stations for evaluation
(see Figure 2). This allows immediate
evaluation of the magnitude and tempo-
ral characteristics of each station as
compared to its neighbors. This is one
of several ongoing quality control pro-
cedures that take place during the course
of the SPAS analysis to ensure the input
precipitation data is accurate.
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The use of “base maps,” which are
existing GIS grids of topography or cli-
mate or weather variables, assists in
defining the spatial variations of the
rainfall fields. The spatial patterns of the
base maps aid in the interpolation
between points of observed precipita-
tion. The use of precipitation estimated
by Next Generation Radar (NEXRAD)
as a base map has allowed SPAS to bet-
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Figure 2: This mass curve, generated by SPAS, shows precipitation at the storm center associ-
ated with Hurricane Floyd (September 13-17, 1999) in northeastern Virginia. The curves are
created for each daily station, then combined with other nearby stations into a single plot.

ter resolve the relative magnitude and
small-scale spatial details of storm pre-
cipitation; however, gauge data is the
basis for the actual precipitation depths.
SPAS base map options include:

— Elevation, Digital Elevation Model
(DEM);

— Mean monthly precipitation, Para-
meter-elevation Regressions on Inde-
pendent Slopes Model (PRISM):*

— Precipitation frequency grids. e.g.
NOAA Atlas 14° or TP-40;"

— Mean  annual  precipitation,
PRISM:*

Visit us at HydroVision 2006, Booth 430

— Total
PRISM:" and

— NEXRAD estimated precipi

Once the hourly precipitation
are quality controlled and finalized, a1
subset of hours during the storm can
summed together, displayed, and |
lyzed. Additionally, any analyzed ral
fall field (each hour, summation of §
eral hours, or total storm duration) ¢
be clipped to user-defined watersh
boundaries with explicit rainfall amou
over that watershed provided (eil
spatially distributed or averaged).

Practical uses of SPAS

SPAS quantitatively describes the (g
poral and spatial characteristics of ap
cipitation event, thereby providing
ful information for a number of p
applications. Although SPAS origin
was designed to provide the necess
data to calculate a depth-area-dura
table, it has been used in runoff mot
calibration and validation studies.

monthly  precipitatig

Runoff model calibration and
validation

Researchers involved in a study}
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Chippewa Flambeau Improvement Co.
in Wisconsin used SPAS
model calibration and validation for the
Rest Lake and Turtle-Flambeau dams.”
Both dams are located upstream from
hydropower projects. After completing a
storm search using station data to iden-
lify the most extreme historic rainfall
events over the basin, stream gauge data
availability was evaluated to identify the
most appropriate storms for use in model
calibration and validation. Hourly rain-
fall analyses were completed, explicitly
providing amounts within the basin
boundaries for each hour during the
storm period for calibration. For exam-
ple, the detailed high-spatial-resolution
hourly precipitation allowed for accurate
determination of the volume of rainfall
that fell directly over open water, as well
as the hourly volume of rainfall that fell
over regions with varying soil types,
infiltration rates, and lag times. The high
spatial- and temporal-resolution output
from SPAS allowed an accurate assess-
ment of historic storm runoff and estab-
lished a better understanding of how
high-runoff events behave and develop.
For this study, the detailed rainfall

for runoff
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Figure 3: This storm-centered depth-area-duration graph, generated by SPAS, shows the rain-
fall associated with Hurricane Floyd (September 13-17, 1999) in northeastern Virginia. Hourly
precipitation grids serve as the basis for computation of the depth-area-duration statistics.

information allowed modelers to deter-
mine that rainfall directly over open
water provided almost all of the runoff
from the watershed. This level of cali-
bration and runoff evaluation was made
possible using the SPAS rainfall analy-
ses results together with GIS analysis of
the watershed characteristics to better

define the topography of the watershed.
The use of SPAS allowed once-difficult
hydrologie techniques to be solved with
ease, accuracy, and efficiency. Users say
SPAS “simply solved practical problems
that had dogged the analysis of the
watershed for years — indeterminate
topography and lack of rainfall data —
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Table 2: Storm-Centered Depth-Area-Duration Table for Rainfall in Northeast Virginia
from Hurricane Floyd (September 13-17, 1999)

Area (Square Miles)

Duration of Rainfall (Hours)

3 6 12 24 48 72
1 3.5 6.4 9.8 15.3 16.4 16.6
10 34 6.3 9.5 15.0 16.0 16.2
100 3.0 5.7 8.7 13.6 14.7 14.9
200 29 5.4 8.4 12.8 14.0 14.2
500 2.7 50 7.9 12.0 13.2 134
1,000 25 4.8 7.6 11.6 12.7 12.9
5,000 21 3.8 6.5 9.8 114 11.2
10,000 1.2 3.1 5.6 8.4 8.6 9.7
20,000 11 2.0 3.7 5.7 6.6 6.7

adding value to an otherwise conven-
tional PMF analysis.™

Analyzing storm depth, area, duration

Storm depth-area-duration analyses are
the best means for comparing the magni-
tude of extreme rainfall storms. (See Fig-
ure 3 and Table 2.) The hourly precipita-
tion grids generated by SPAS serve as the
basis for the computation of depth-area-
duration statistics in SPAS. The SPAS
depth-area-duration functionality has
been rigorously tested both with a theo-
retical storm where the exact rainfall
rates and spatial distributions are known

and with historic storms analyzed by the
Weather Bureau. The depth-area-duration
process, by nature, is computationally
intensive, hence forcing time-saving
assumptions in storm studies conducted
by the Weather Bureau, as shown in
Table 1. SPAS, however, uses today’s
computer power and GIS algorithms to
compute precise and perhaps more accu-
rate depth-area-duration analyses.

SPAS uses the same general method
for determining the storm-centered
depth-area statistics as the World Mete-
orological Organization’s Manual for
Depth-Area-Duration Analysis of Storm
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Precipitation." However, SPAS does|
make the assumption that the h
storm precipitation pattern is constan
dictated by a manually analyzed (0
storm isohyetal map. Rather, it chan
from hour to hour throughout the stor

In real storm cases, the SPAS dep
area-duration tables results were
ally within +/-5 percent of the publis
Weather Bureau results for the Westfi
Mass., storm of 1955 and Ritter, oy
storm of 1953.'""* These results conf
the reproducibility of not only the sta
centered depth-area-duration resu
also the spatial and temporal characte
tics of the storm precipitation.

Future SPAS development

SPAS is optimized to be a post
analysis tool. However, there is
in developing a near-real-time or &
time version. Such a version would p
vide hydrologic engineers and decis
makers important detailed informal
about real-time rainfall events. i

SPAS provides a tool for analyz
storm rainfall patterns with improved
tial and temporal resolution that ca
used in runoff model calibration and y
dation, The improved spatial data enab
variations in soils types, infiltration r
and lag times to be associated
detailed rainfall rain rates and volus
Additionally, the hourly rainfall
allow for improvement in runoff t

There is a large backlog of exire
rainfall storm analyses that shoul
completed. With rare exception, exi
rainfall storms that have occurred i
past 50 years have not been analys
Without storm  depth-area-dural
tables, comparison of rainfall 4
from extreme rainfall storms for
area sizes and durations is not po
The storm databases in most of
rent HMRs are significantly out
(the most recent storm used in
occurred in 1972).*

Using SPAS, this backlog in i
analyses can be addressed.
important, storm analyses could
vided in near-real-time, using rain
observations that are not include
official archives and providing @
gency managers with some m
how extreme the storm rainfall ame
over various area sizes and for var
durations are when compared 100
storms, published return frequency
ues, and published PMP values.

M. Parzybok may be reached at Mel
Inc., 4764 Shavano Drive, Windsor,



80550; (1) 970-686-1253; E-mail:
ep@metstat.com. Mr. Tomlinson may
be reached ar Applied Weather Associ-
ates, P.O. Box 680, Monument, CO
80132; (1) 719-488-9117; E-mail:
awai@adelphia.net.
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