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Foreword

The mission of the Federal Highway Administration (FHWA) is to continually improve the quality of our Nation’s highway system and
intermodal connections in a manner that protects and enhances the natural environment and communities affected by transportation. The
FHWA must develop and disseminate research products that help FHWAand its partners implement surface transportation programsin a
manner that protects and enhances the natural and human environment. More specifically, the Office of Office of Project Development and
Environmental Review of the FHWA strives to develop and disseminate skills, tools, and information to redesign Federal environmental and
transportation decisionmaking, and to ensure an integrated process at the Federal, State, tribal, and local levels. These toals, techniques and
methods are designed to reduce direct and indirect adverse impacts of highways on water quality, habitat, and ecosystems to preserve and
enhance human health, biological productivity, and ecological diversity.

This report, the associated computer applications, and data provide tools and techniques for developing planning-level estimates of
stormflows at sites receiving highway runoff. This information is vital for assessing the potential for adverse effects of runoff on receiving
waters throughout the Nation and it should provide transportation agencies with the tools and information to improve project delivery without
compromising environmental protection.

Patricia Cazenas Highway Engineer Susan Jones Highway Engineer
Office of Project Development and Environmental Review Office of Project Development and Environmental Review
Federal Highway Administration Federal Highway Administration

For more information on FHWA-USGS Runoff-Quality Studies:
World Wide Web: http://ma.water.usgs.gov/fhwa/
World Wide Web: http.//www.thwa.gov/environment/ http://environment.thwa.dot.gov/
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Notice

This document is disseminated under the sponsorship of the U.S. Department of Transportation in the interest of information exchange. The
U.S. Government assumes no liability for the use of the information contained in this document. This report does not constitute a standard,
specification, or regulation.

The US. Government does not endorse products or manufacturers. Trademarks or manufacturers’ names appear in this report only because
they are considered essential to the objective of the document.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high-guality information to serve Government, industry, and the public in a manner that
promotes public understanding. Standards and policies are used to ensure and maximize the quality, objectivity, utility, and integrity of its
information. FHWA periodically reviews quality issues and adjusts its programs and processes to ensure continuous quality improvement.
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Overview of Studies Characterizing Storm-Event
Precipitation Statistics

By Gregory E. Granato

Introduction

The stochastic empirical loading and dilution model (SELDM) uses storm-event precipitation
statistics to estimate storm-flow statistics for a highway-site of interest and the associated upstream
basin. The average, standard deviation, and lower bound of precipitation statistics are used in SELDM
to generate a random population of stormflow volumes. The precipitation statistics are the number of
storm of events per year, the annual precipitation volume, the storm-event precipitation volumes, the
storm-event durations, and the time between storm-event midpoints. Precipitation statistics are used
with selected probability distributions to generate a random population of storm-events, which are
coupled with a random population of runoff coefficients to estimate storm-flow volumes from the
highway site of interest and the associated upstream basin. Conceptually, this approach is based on the
assumption that the highway and the upstream basin will be affected by the same storm. This appendix
is a brief review of the literature that describes methods for estimating precipitation statistics and re lated
probability distributions that were considered for use in the SELDM deve lopment process.

Characterizing Storm-Event Precipitation Statistics

For more than 30 years, many researchers have examined methods for statistical characterization
of the occurrence and properties of storm events. Table 3-1 is a summary of information from 42 reports
published during the period 1971-2006 that document approaches for quantifying precipitation-event
statistics for various uses in hydrologic studies. In general, storm event arrivals are modeled as a
Poisson process; individual storm events are modeled with right-skewed probability distributions; and
storm-event hyetographs are modeled with various geometric shapes.

Appendix 3 in FHWA-HEP-09-005 1
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The Poisson process

Although various approaches are documented in these and many other reports on precipitation
statistics, a common approach is to model the occurrence of precipitation events as a Poisson process.
The Poisson process is a statistical description of the probability of occurrence of discrete, inde pendent
events on a continuous time-scale (Haan, 1977; Chow and others, 1988; Salas, 1993). A Poisson process
is commonly used to define the occurrence of events and the number of storms per year (table 3-1). Ina
Poisson process the number of events is an integer, but the probability that an event will occur during a
given time interval (the time between events) is continuous. The probability distribution of the number
of events during a given time interval is the Poisson distribution. As the number of events in a given
time period increases the Poisson distribution approximates a truncated histogram for a normal
distribution with a standard deviation that equals the average number of events (Saucier, 2000).
Application of statistics for the Poisson process has been used successfully for analysis of precipitation
data from many sites with different climates that represent conditions found throughout the United
States (table 3-1).

In a Poisson process the time between event arrivals is an exponential distribution. Many studies
in the literature have modeled event arrivals as an exponential distribution and various event statistics
with one or more right-skewed probability distributions (table 3-1). The standard deviation of the
exponential distribution is equal to the mean, resulting in a COV of one (Haan, 1977; Chow and others,
1988). The right-skewed probability distributions that are commonly used to characterize storm-event
statistics include various parameterizations of the exponential, gamma, generalized Pareto, lognormal,
Pearson type 3, and Weibull distributions. These right-skewed probability distributions are used because
they generally include only positive nonzero values and these distributions have a relatively large
number of small values and relative ly few extreme values. The properties of and parameters for these
distributions are well defined, documented, and readily available in hydrological and statistical texts (for
example: Haan, 1977; Chow and others, 1988; Stedinger and others, 1993; Saucier, 2000; National
Institute of Science and Technology, 2004).
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Probability Distributions for Modeling Storm-Event Statistics

A number of right-skewed probability distributions have been used to analyze and model storm-
event statistics in the literature (table 3-1); each may be considered an approximation for characterizing
the properties of local storm-event statistics. These distributions include the one-parameter exponential
distribution, the two-parameter exponential distribution, the two-parameter lognormal distribution, the
two-parameter gamma distribution, the Pearson type 3 distribution, the generalized Pareto distribution,
and the Kappa distribution. Each distribution may be considered an approximation for characterizing the
properties of local storm-event statistics. Different distributions have been selected based on available
data and the purpose of the analysis. Selection of an approximate probability distribution is a balance
between theoretical rigor (for example, Asquith and others, 2006) and practical and tractable estimation
techniques that will be acceptable to practitioners, planners, and decision makers (U.S. Environmental
Protection Agency, 1997).

Precipitation studies indicate that further work is needed to update available planning-level
storm event statistics to provide greater geographic and temporal coverage for future work. Palecki and
others (2005) used 15-minute precipitation data from 3,700 rain gage stations in the conterminous
United States that were collected during the period 1972-2002 to develop seasonal precipitation-event
statistics that include storm totals and storm durations for storms with a 6-hour minimum event time
(table 3-1). Palecki and others (2005) interpreted statistics from each precipitation gage to identify 9
noncontiguous rain zones. However, they do not provide annual planning-level statistics, statistics for
the time between storms, for the number of storms per year, or for individual site statistics. Asquith and
others (2006) did a comprehensive statistical analysis of precipitation data collected during the 1990-
2005 period at 774 rain-gage locations, but their study was limited to areas in New Mexico, Oklahoma,
and Texas (table 3-1). Efforts of this magnitude and scope are needed to develop appropriate
precipitation statistics for runoff-generating events throughout the United States because spatial
variability and temporal trends limit the application of older analyses. Such a comprehensive analysis on
a national scale, however, is beyond the scope of the current study.
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Storm-Event Hyetographs

A hyetograph is defined as the temporal distribution of rainfall within a storm event (Yen and
Chow, 1980; 1983; Chow and others, 1988). Highway, urban, and BMP studies commonly use a
rectangular hyetograph to represent storm events for planning-level analysis because these studies are
focused on results from complete events rather than within-event processes (Driscoll and others, 1979;
Goforth and others, 1983; Adams and others, 1986; Driscoll, Shelley, and others, 1989; Strecker and
others, 1989; Driscoll and others, 1990a; b; Adams and Papa, 2000). Use of a rectangular hyetograph
provides an estimate of the average precipitation intensity during the storm as the quotient of total
volume and total duration. In reality, storm-event hyetographs are highly variable and the average
intensity will substantially under-represent the peak intensity. Therefore, this approach should not be
used for hydraulic design of drainage structures. For example, the safety, hydraulic performance, and
water-quality treatment of structural BMPs may be affected by within-storm variations in precipitation
intensity and associated variations in runoff flows.

If within-event processes are important for runoff-event analysis or BMP design, then the
triangular hyetograph provides a good first-order approximation for these purposes (Yen and Chow,
1980; 1983; Asquith and others, 2003). Yen and Chow (1983) examined a number of design hyetograph
methods and developed a nondimensional triangular hyetograph by analyzing 293,946 storm events
from 235 precipitation monitoring stations in the United States and determined that the triangular
hyetograph serves as a first-order approximation for a design-storm concept. Yen and Chow (1983) also
provided a National map of dimensionless time-to-peak ratios indicating that the time-to-peak ranges
from about 25 percent of the storm duration in the southeast to 45 percent of the storm duration in the
northwest. The time-to-peak is about 30 to 35 percent of the storm duration in most of the conterminous
United States. Similarly, Asquith and others (2003) studied more than 1,600 storm events that produced
runoff from 91 small watersheds in Texas. They found that the triangular dimensionless hyetograph,
with times-to-peak ranging from 23 to 35 percent of the storm duration, is a good design approximation
for within-event precipitation patterns. The USEPA tool for managing watershed mode ling time-series
data (WDMULil) uses a triangular hyetograph to disaggregate daily precipitation into hourly data if data
from available hourly precipitation-stations are not sufficient for watershed modeling (Hummel and
others, 2001). The peak intensity of the triangular hyetograph is twice the average intensity, which is a
better approximation of peak rainfall intensities than the average intensity provided by a rectangular
hyetograph (Yen and Chow, 1983). For example, figure 3-1 shows seasonal ratios of average 15-minute
precipitation intensities to average storm intensities for 9 rain zones. The data in this figure was
compiled by Palecki and others (2005) from 30 years of 15-minute data at 3,700 precipitation
monitoring stations within the conterminous United States (table 3-1). These boxplots indicate that
triangular hyetographs are a good first-order design approximation for storm-event characteristics
because these peak intensities commonly are between 1.5 and 2.5 times the average storm intensities.
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Figure 3-1. Ratio of maximum 15-minute precipitation intensity to the mean storm-event
intensity (total storm volume divided by storm duration) indicating the potential sutability for
use of the triangular hyetograph (Data from Palecki and others, 2005).
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