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Abstract

Rainfall depth estimates of a particular return frequency and peak storm
duration (e.g., 3-hours), are usually developed by fitting an adopted probability
distribution function to rain gauge data, and regionalization of particular
parameters of the distribution across a region of study.

In this paper, we introduce a simple procedure to test the validity of the
statistical estimates derived from the usual adopted statistical methods. The
procedure is simple to apply, and requires little statistical manipulation.

As a case study, the County of Orange, California, is examined by
application of the test.
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of Orange, California, for the chosen peak duration of 3-hours. Note that in
the January 1995 event, although a significant portion of the storm fell
outside of the study region, £, only the area of the storm inside the region is

measured for use in Eq. (1).

The values from Eq. (1), R, j = 1,2,..,N, are all assumed to be mutually
independent. The expected (or mean) area coverage proportion, R, for the
selected storm peak duration and return frequency, To, is simply the usual
average usual of the Rj values from Eq. (1).

The next component needed in our procedure is the number of the
severe storm events, N, that are used in Eq. (1). It is assumed that the severe
storm events under study are all mutually independent (given zero
intersection of storm aerial coverages for any given single year) or, if more
than one such event occurs in one storm season, any storm overlap in area is
excluded from being double counted (that is, analogous to computing the
probability of the union of the two sets A and B by Pr(AUB) = Pr(A) + Pr(B) -
P;(ANB)). Then, for M years of rainfall history, we have N events, giving an
estimate of a proportion, p, defined by

=N
P = (2)

where p can be directly used in the standard binomial distribution (which is
used for many applications including how to analyze the flipping of a coin).
Here, p can be interpreted as an estimate of the probability of a severe storm
in Q (i.e., greater than or equal to To) being born in any one year. For the case
of Orange County, California, M = 50 (years) and N = 8. Table 1 lists the eight
severe storm events, the rain gauges. impacted, and the return frequency
estimates of the peak 3-hour duration, provided by a regionalized statistical
estimation procedure of the available rainfall data in Q. Itis noted that the
December 1997 event contained return frequency estimates in the several
thousand year category. The question arises whether the statistical estimates
might be underestimating the rainfall depths; that is, "are we really having
such rare events, or should the estimated rainfall depths be increased?”
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e Is the number of 3-hour 100-year exceedances, in 25

years, consistent with the definition of 100-year
events?

o [f there are a large number of sites, there are

probably a few with 25 years of record, that “seem”
to contain too many 100-year events.

e Events at various sites are correlated:

A 100-year event at one site may also occur at
another site.



e In Orange County, the 8 severe storms experienced
in 25 years, produced coverages of 2.6%, 3.1%, |

3.8%, 6.5%, 17.7%, 20.0%, and 21.9%.

e Interpret coverage as the probability that each
storm would produce an exceedance at a randomly
chosen site; then the expected number of
exceedances observed at this hypothetical site is:

026 +.031 +.038 +.065 +.177 +.200 + .219 = .823



¢ Probability of occurrence is :

0.823 =0.03292
25

or, a return frequency of 30.37 years.

e Is the hypothetical number of events so unlikely
that p = 0.01 (100-year storm) can be rejected?



¢ The probability (1 or more events in 25 years), at
p=0.01, 1s:

1 —(0.99)* =0.222
(Note: 1 event used, not 0.823)

e Thus, if p is 0.01, then about 22% of the time, we
would experience what has occurred.

¢ The data makes one suspicious, but not
confident, that the true return frequency is less
than 100 years.
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