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the extreme wind speeds, two methods have been proposed in the literature for estimating wind
loads corresponding to various mean recurrence intervals. A first method uses time series of
extreme wind speeds to fit an Extreme Value distribution to the data and estimate percentage
points of the wind speeds. The estimated percentage points of the wind forces are then propor-
tional to the squares of the estimated percentage points of the extreme wind speeds. A second
method is based on the time series of the squares of the extreme wind speeds. (By definition, these
are proportional to the dynamic pressures.) From these time series an Extreme Value Type 1
distribution is fitted to the squares of the wind speeds, and estimates are made of the percentage
points of the squares of the extreme wind speeds. It has been suggested in the literature and in
standards committees that estimates of wind forces based on the second method may be closer to
the “true” percentage points than estimates based on the first method—see Refs. [1,2].

Differences between load estimates based on the two methods are significant. Monte Carlo
simulations were reported by Simiu et al. [3] for 1000 sets of size 50 taken from an extreme wind
speed population with Gumbel distribution and the reasonably typical expectation 30 m/s and
standard deviation 4.5 m/s. The simulations showed that, under Cook’s assumption [1] that both
the extreme dynamic pressures and the corresponding extreme wind speeds have Gumbel dis-
tributions, the ratios of wind loads calculated by the second method to those calculated by the
first method are 0.93, 0.85, and 0.78 for loads with 100-, 1000-, and 10,000-y mean recurrence
intervals, respectively. These results are consistent with estimates by Cook [1].

In this paper we offer a contribution to the debate concerning the relative merits of the two
methods just described. In Section 2 we review and assess the fundamental assumptions on the
basis of which it has been stated that the second method is superior to the first: that it is possible
to identify aparent population of the extreme wind speeds, and that this population is best fitted
by a distribution that is, at least approximately, of the Rayleigh type [1,2]. In Section 3 we present
results of PPCC analyses concerning the relative goodness of fit of the reverse Weibull distribu-
tion to sets of maximum yearly speeds on the one hand, and of the Gumbel distribution to the
corresponding sets of dynamic pressures on the other. Section 4 contains our conclusions.

2. Hourly time series of wind speeds and the assumption of Rayleigh-distributed parent
populations
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Fig. 2. Histogram of wind speeds measured at 1-h intervals, Valentine, NE.
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Fig. 3. Histogram of wind speeds measured at 1-h intervals, Harrisburg, PA.
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Table 1

Probability plot correlation coefficients (PPCCs) for 100 records of 23-y to 54-y length. For each station, following the
years of record (in parentheses), the first and second number are the PPCC for reverse Weibull distribution of extreme
wind speeds and Gumbel distribution of squares of extreme wind speeds, respectively. The closer the PPCC is to unity,

the better is the fit of the distribution to the data.

Birmingham, AL (1944-1977):
Montgomery, AL (1950-1983):
Tucson, AZ (1948-1987):
Yuma, AZ (1949-1987):

Fort Smith, AZ (1952-1982):
Little Rock, AK (1943-1981):
Fresno, CA (1939-1975):

Red Bluff, CA (1945-1986):
Sacramento, CA (1949-1987):
San Diego, CA (1940-1987):
Denver, CO (1951-1983):

Grand Junction, CO (1947-1979):

Pueblo, CO (1941-1983):
Washington, DC (1945-1984):
Atlanta, GA (1935-1976):
Macon, GA (1950-1982):
Boise, ID (1940-1987):
Pocatello, ID (1939-1987):

Chicago Midway, IL (1943-1979):

Moline, IL (1944-1987):

Peoria, IL (1943-1984):
Springfield, IL (1948-1979):
Evansville, IN (1941-1984):
Fort Wayne, IN (1942-1987).
Indianapolis, IN (1944-1979):
Burlington, IA (1942-1964):
Des Moines, TA (1951-1987):
Sioux City, IA (1942-1987):
Dodge City, KS (1943-1983):
Topeka, KS (1950-1983):
Wichita, KS (1941-1981):
Louisville, KY (1946-1984):
Portland, ME (1941-1983):
Detroit, MI (1934-1979). .
Grand Rapids, MI (1951-1979):
Lansing, MI (1949-1986):'
Sault Ste Marie, MI'(1941-1987):
Duluth, MN (1950-1985):
Minneapolis, MN(1938-1979): -
Jackson, MS (1948-1976): .
Columbia, MO (1950-1985):
Kansas City, MO (1934-1984):
Springfield, MO (1941-1984):

0.98981, 0.98920
0.96001, 0.92078
0.97203, 0.96020
0.99129, 0.98962
0.97079, 0.96857
0.99056, 0.97900
0.99377, 0.99346
0.98424, 0.97722
0.98148, 0.97218
0.95433, 0.91381
0.99027, 0.98949
0.98009, 0.97517
0.99085, 0.98958
0.98629, 0.98935
0.99530, 0.98584
0.99499, 0.99425
0.99100, 0.98997
0.97735, 0.97108
0.99578, 0.99438
0.98855, 0.98246
0.99266, 0.98744
0.98090, 0.97633
0.98777, 0.97947
0.99034, 0.98960
0.96430, 0.93478
0.97539, 0.96788
0.98460, 0.98665
0.98525, 0.97108
0.99437, 0.98348
0.98295, 0.97328
0.98329, 0.96684
0.99119, 0.99156
0.97946, 0.96357
0.99185, 0.99068
0.97941, 0.97690
0.98407, 0.98267
0.99333,'0.99188
0.99352, 0.99218

. 0.96500, 0.93869

0.98611, 0.98309
0.99128, 0.97394
0.99321, 0.99136
0.98520, 0.97639

(continued on next page)
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Table 1 (continued)

North Head, WA (1912-1952): 0.83733, 0.88610
Spokane, WA (1941-1987): 0.99011, 0.98738
Tatoosh Island, WA (1912-1965) 0.98857. 0.98863
Green Bay, WI (1949-1984): 0.94201, 0.95575
Madison, W1 (1947-1987): 0.98563, 0.98189
Milwaukee, WI (1941-1982) 0.99322, 0.99092
Cheyenne, WY (1936-1981): 0.99226, 0.97843
Lander, WY (1946-1987): 0.99127, 0.98850

Sheridan, WY (1941-1984): 0.98236, 0.97781

no support for the belief that the time series of the extreme dynamic pressures has a Gumbel
distribution.

3. Results based on sets of maximum yearly wind speeds

We show in Table 1 the PPCCs calculated for 100 full sets of maximum yearly speeds under the
assumption that the sets are best fitted by reverse Weibull distributions, and the PPCCs calcu-
lated for the corresponding sets of dynamic pressures under the assumption that those sets are
best fitted by the Gumbel distribution. A comparison between the respective PPCCs shows that
for 88% of the stations the fit of the reverse Weibull distribution to the wind speeds is better than
the fit of the Gumbel distribution to the dynamic pressures. In our opinion this suggests there is
no support for the belief that fitting a Gumbel distribution to extreme dynamic pressures yields
better estimates of extreme wind loads than fitting a reverse Weibull distribution to the corre-
sponding extreme wind speeds.

4. Conclusions

e For physical reasons—the unrepresentativeness of low wind speeds from the point of view of
extreme wind speed estimation—probability distributions fitted to time series of wind speeds
recorded at small intervals (e.g. 1 h) are in our opinion unlikely to provide a useful basis for
inferences on extreme wind speeds.

e Seven sets of data recorded at one-hour intervals over two years at stations chosen randomly
from stations not subjected to hurricane winds were subjected to probability plot correlation
coefficient analyses. The distributions that were tested were: Weibull, power lognormal,
lognormal, reverse Weibull, Gumbel, Fréchet, power normal, normal, Pareto, and Rayleigh.
In all cases the Rayleigh distribution was—by far—not the best fitting distribution.

e Probability plot correlation coefficient (PPCC) analyses of sets of maximum yearly speeds
and of the corresponding sets of squares of the wind speeds showed that, for 88 of the 100
stations for which analyses were performed, the fit of the reverse Weibull distribution to the
sets of maximum yearly wind speeds is better than the fit of the Gumbel distribution to the



