Appendix B

Synthetic Rainfall Distributions and

Rainfall Data Sources

The highest peak discharges from small watersheds in
the United States are usually caused by intense, brief
rainfalls that may occur as distinct events or as part of
a longer storm. These intense rainstorms do not usu-
ally extended over a large area and intensities vary
greatly. One common practice in rainfall-runoff analy-
sis is to develop a synthetic rainfall distribution to use
in lieu of actual storm events. This distribution in-
cludes maximum rainfall intensities for the selected
design frequency arranged in a sequence that is critical
for producing peak runoff.

Synthetic rainfall distributions

The length of the most intense rainfall period contrib-
uting to the peak runoff rate is related to the time of
concentration (T,) for the watershed. In a hydrograph
created with NRCS procedures, the duration of rainfall
that directly contributes to the peak is about 170
percent of the T,. For example, the most intense 8.5-
minute rainfall period would contribute to the peak
discharge for a watershed with a T, of 5 minutes. The
most intense 8.5-hour period would contribute to the
peak for a watershed with a 5-hour T..

Different rainfall distributions can be developed for
each of these watersheds to emphasize the critical
rainfall duration for the peak discharges. However, to
avoid the use of a different set of rainfall intensities for
each drainage area size, a set of synthetic rainfall
distributions having “nested” rainfall intensities was
developed. The set “maximizes” the rainfall intensities
by incorporating selected short duration intensities
within those needed for longer durations at the same
probability level.

For the size of the drainage areas for which NRCS
usually provides assistance, a storm period of 24 hours
was chosen the synthetic rainfall distributions. The 24-
hour storm, while longer than that needed to deter-
mine peaks for these drainage areas, is appropriate for
determining runoff volumes. Therefore, a single storm
duration and associated synthetic rainfall distribution
can be used to represent not only the peak discharges
but also the runoff volumes for a range of drainage
area sizes.

Figure B-1  SCS 24-hour rainfall distributions
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The intensity of rainfall varies considerably during a
storm as well as geographic regions. To represent
various regions of the United States, NRCS developed
four synthetic 24-hour rainfall distributions (I, IA, II,
and IIT) from available National Weather Service
(NWS) duration-frequency data (Hershfield 1061;
Frederick et al., 1977) or local storm data. Type IA is
the least intense and type II the most intense short
duration rainfall. The four distributions are shown in
figure B-1, and figure B-2 shows their approximate
geographic boundaries.

Types I and IA represent the Pacific maritime climate
with wet winters and dry summers. Type III represents
Gulf of Mexico and Atlantic coastal areas where tropi-
cal storms bring large 24-hour rainfall amounts. Type
I represents the rest of the country. For more precise
distribution boundaries in a state having more than
one type, contact the NRCS State Conservation Engi-
neer.
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Figure B-2

Approximate geographic boundaries for NRCS (SCS) rainfall distributions
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Rainfall data sources

This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of 105th meridian

Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of 105th meridian

Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vol III, Colo-
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing-
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD. :

Alaska

Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii

Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura-
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands

Weather Bureau. 1961. Generalized estimates of prob-
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.
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298 Chapter 7 ‘Hydrologic Processes
where i is the design rainfall intensity in inches per hour, Ty is the duration in minutes, and ¢, e,

and f are coefficients that vary for location and return period. Other forms of these IDF equations
include the return period, such as

er™
L 7.2.4
I=r (72.4)
and
v %
g (7.2.5)
I

where T'is the return period. In Chapter 11, these IDF equations are used in urban drainage design.
Chow et al. (1988) describe in detail how to derive the coefficients for these relationships using
rainfall data.

Synthétic Storm Hyetograph - v~ Ni=lS (S cs ) MeTho ‘9/..;

In many types of hydrologic analysis, such as rainfall-runoff analysis, to determine the runoff
(discharge) from a watershed the time sequence of rainfall is needed. In such cases it is standard
practice to use a synthetic storm hyetograph. The U.S. Department of Agriculture Soil Conserva-
tion Service (1973 and 1986) developed synthetic storm hyetographs for 6- and 24-hr storms in
the United States. These are presented in Table 7.2.2 and Figure 7.2.16 as cumulative hyeto-
graphs. Four 24-hr duration storms, Type I, IA, II, and III, were developed for different geo-
graphic locations in the United States, as shown)in'Figure 7.2.17. Types 1 and IA are for the
(NRCS -

Table 7.2.2 SCS Rainfall Distributions

24-hrstorm 6-hr storm

P[P 2

Hour ¢ t/24 Type I Type IA Typell ~ Typelll Hour ¢ t/6 " P,/Pg

0. 0 0 0 0 0 0 0 0
20 0.083 0.035 0.050 0.022 0.020 0.60 0.10 0.04
4.0 0.167 0.076 0.116 0.048 0.043 1.20 0.20 0.10
6.0 . 0.250 0.125 0.206 0.080 0.072 1.50 1025 0.14
7.0 0.292 0.156- 0.268 0.098 0.089 1.80 0.30 0.19
8.0 0.333  0.194 0.425 0.120 0.115 2:10 0.35 0.31
8.5 0.354 0.219 0.480 0.133 0.130 2.28 0.38 0.44
9.0 0.375 0.254 0.520 0.147 0.148 2.40 0.40 0.53
9.5 0.396 0.303 0.550 0.163 0.167 2.52 0.42 0.60
9.75 0.406 0.362 0.564 0.172 0.178 2.64 0.44 0.63
10.0 0.417 0.515 0.577 0.181 0.189 2.76 0.46 0.66
- 105 0.438 0.583 0.601 0.204 0.216 3.00 0.50 0.70
11.0 0.459 0.624 0.624 0.235 0.250 . 330 0.55 0.75
11.5 0.479 0.654 0.645 0.283 0.298 3.60 0.60 0.79
11.75 0.489 0.669 0.655 0.357 0.339 3.90 0.65 0.83
12.0° 0.500 0.682 .  0.664 0.663 0.500 420 0.70 0.86
12.5 0.521 0.706 0.683 0.735 0.702 4.50 075 = 0.89
13.0 0.542 0.727 0.701 0.772 0.751 4.80 0.80 0.91
13.5 0.563 0.748 0.719 0.799 0.785 5.40 0.90 0.96
1 14.0 0.583 0.767 0.736 0.820 0.811 6.00 1.0 . 1.00
16.0 0.667 0.830 0.800 0.880 0.886 '
20.0 0.833 0.926 0.906 0.952 0.957
24.0 1.000 1.000 1.000 1.000 1.000

Source: U.S. Department of Agriculture Soil Conservation Service (1973, 1986).
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Figure 7.2.16 Soil Conservation Service 24-hr rainfall hyetograplfxs (from U.S. Department of
Agriculture Soil Conservation Service (1986)). .
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Figare 7.2.17 Location within the United States for application of the SCS 24-hr rainfall hyetographs (from U.s. Department of
Agriculture Soil i ice (1986)). ; = ; :
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