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Erosiviry VarLues ror INmivipuaL DEsiGN Storms®

Discussion by George R. Foster®

The author developed regression equations for estimating maximum 30-min
intensity and erosivity for Soil Conservation Service design storms. These
equations can be improved by a more detailed analysis of storm energy.

Where rainfall hyetographs are smooth, continuous, single-peaked functions
like the SCS curves, Lotal storm energy E can be calculated from:

D
E=S eidt ... e e e e (8)

]

in which e = rainfall energy per unit rainfall: i = rainfafl intensity as a function
of time; 1 = time; and D = storm duration. Substituting the author's Eq. !
for ein Eq. 8 gives:

I

E =916 P+ 331 S flogide .. .. . 9

in which P = amount of rainfall in the storm. After normalization of intensity
and time by i = iD/Pand 1, = 1/ D, Eq. 9 becomes:

P t
E= P[9l6 + 331 log (B—) + 331 S i, logi, dt, ] ............ (10)

since §idr = Pand §,i, di, = 1. The sum in brackels gives average energy,
€, per uait rainfall for the storm. The term:

P
e =0N6+3lbog\— ) ........ . ... .. 1)
() (

gives energy per unit rainfall based on the storm’s average intensity (P/D).
The term .

]
e, =331 S fologiydi, ..o (12)

v

accounts for the nonuniformity of rainfail intensity and depends only on the
normalized distribution of intensity and not on volume or duration. Eq. 12
was numerically integrated for the SCS curves. The result is exact. except
for errors due 10 numerical intcgration that can be made as small as desired.
Values for ¢, are given in Table 6. Therefore, Eq. 10 and Table 6 are a means
of almost exactly computing energy for the SCS design curves.

*June, 1980, by Keith R. Coaley (Proc. Paper 15462).

*Hyds. Engr., U.S. Depl. of Agric., Science and Education Administration, Agticultural
Research, Dept. of Agricultyural Engrg., Purdue Univ., Lafayette, Ind.
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The author's Eq. 2 for maximum 30-min intensity can be rewritien as

= (£>(«- DY (13)
D

in which a’ = n coastant lo be determined. When D = 0.5 h, / mus.l c.q:ml
P/D. which can only occur if a’ = 2. Therefore, Eq. 13 can be rewritten
as:

in which v is evaluated from the author’s 8 as | + B. Values for y are given
in Table 7. Eq. 14 climinated the author’s parameter a.

TABLE 6.—Factor Accounting for Nonuniform Distribution of Rainfall for Computing
Storm Energy for SCS Design Storms

SI;)rm type 7 Nonunilormity factor ¢,
(n (2
T 28
A
: o
I 142
1A 257

TABLE 7.—Exponent for Equation for Maximum 30-min Intensity

Storm type Exponent
{1) (2)
0.44
‘IA 0.60
1 0.75
HA 0.864

Combining Eqs. 10, 12, and 14 gives an cquation for £/ th;.\t i's very accuratc:
assuming that the author's equation for maximum 30-min intensity is very accurate:

! T D’ .. (1S
EI=P’[9I6+33II(:g(-I-;) +e,]z D (15)
Storm crosivity can also be written as:

....... (16)
El=Pl. . . e e

- . . . c
Assuming that average unit encrgy, €, for a storm is a power function of averag
intensity, £/ 8. lor the storm gives:
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which substituted in Eq. 1 gives:

uzv P’ t
El= W ................................ (18)

Eq. I8 has the form of the author’'s Eq. 3 where the exponent 2 + € was
approximated with a function of rainfall duration, D. However, the exponent
§ depends on P, D, and SCS-1ype curve, as can be seen from Eq. 10, which
suggesls that the author’s exponents fD and B should also be functions of
duration, volume, and type of SCS$ curve.

An r? of 0.98 indicates that Eq. 3 did not fit perfectly. Although this is
a very high r’, indicating a very good fit, some indication of magnilude of
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FIG. 5.—Cumulative Pracipitation where Intensities Have Baen Arranged from Largest
1o Smallest

crrors and the condition of their occurrence is needed. Especially, were errors
large for exiremes of P, D, SCS-type curve, or their combination?

The author showed that SCS curves more nearly represent actual storm
distribulions when variables for time and precipitation are normalized. However,
visual comparison of observed rainfall data with SCS curves is still difficult
using the author's Fig. 2, because the time of peak intensity for the observed
data and the SCS curves do not coincide. However, the curves can be replotied
to facilitate the comparison.

Storm energy depends only on magnitude of intensities within a storm and
not their order. For single-peaked storms, maximum 30-min intensity depends
on cumulative precipitation on cither side of the time of peak intensity. Therefore,
EI can be computed from intensities that have been arranged in descending
order. Fig. 5 is a plot of cumulative precipitation from intensities rearranged
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in this order. Although curves can be compared over the entire time duration
their critical point is the normalized time, 30 min divided by storm duration,
For example, the 30-min normalized time for the 3.53 h, August t7, 1957 storm
is 0.14. At this point, the observed rainfall curve in Fig. 5 is above the Type-11A
curve, indicating that actual Ef is al least as greal as that estimated from a
Type-1IA curve. The Seplember 10, 1967 observed rainfall curve suggesls an
E1 value slightly less than that for the Type-11 curve. The actual value is about
halfway between the values for Type-l and Type-Il curves. The July 24, 1972
curve suggests an E/ value slightly above thal halfway between values for Type-1
and Type-ll curves. The actual Ef is slightly above the £/ for a Type-I curve.
This shows that data from observed rainfall having a single peak intensity can
be rearranged to allow visua!l selection of an SCS curve to compute £/.

This discussion was wirilten in cooperation with the Purdue Agricultural
Experiment Station (Purdue Journal Na. 8218).



