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The need for precipitation-frequency values 
for durations under 1 hour has increased greatly 
during the recent past. Drainage design for 
shopping center parking lots, cattle feed lots, 
storm sewer systems for urban developments, and 
other small drainage areas with their short peri
ods of concentration require precipitation-fre
quency values for these durations. To partially 
meet this need NOAA Technical Memorandum NWS 
HYDRQ-35, "Five- to 6Q-Minute Precipitation Fre
quency for the Eastern and Central United States," 
[Frederick et al. 1977] was published. This pub
lication, unlike its predecessors, defines the 
geographic and frequency variation in short-dura
tion rainfall over the relatively uncomplicated 
terrain of the Eastern and Central United States. 
Another common procedure is to develop ratios of 
the short-duration value to 1-hr (6Q-min) value 
derived from more abundant data. This procedure 
is used in the 11 Western conterminous United 
States where short-duration rainfall frequency 
values are still obtainable only as fixed ratios 
of the 1-hr values from NOAA Atlas 2 [Miller et 
al. 1973]. These ratios are based upon a nation
wide average relationship developed from data 
for 200 National Weather Service stations and do 
not vary with region nor with return period. 

For durations from 1 to 24 hours, NOAA Atlas 
2 incorporates elevational, geographical and fre
quency differences in relations between the var
ious durations. For durations less than 1 hour, 
there are few stations having N-min data extract
ed from their records. This has made a study of 
such relations difficult. There is, however, one 
data set that can be used to investigate such 
relations. The Resources Agency, Department of 
Water Resources of California, has abstracted 
annual maximum values for short (less than 1 
hour) duration rainfall from recording raingages 
distributed throughout that State. These rain
gages are operated by a variety of federal, 
state, and local organizations and private util
ity companies. The data have been published in 
11Rainfall Analysis for Drainage Design, Volume 
1, Short-Duration Precipitation Frequency Data," 
Bulletin 195, Department of Water Resources State 
of California [Goodridge 1976]. The data are 
also available on magnetic tape. 

The annual maximum amount for 5-, lQ-, 15-, 
3Q-, and 6Q-min durations were extracted for 
each station in the data set which had at least 
15 years of record. Only those years were used 
where data were available for each of the 5 du
rations. The data were used to form N-min (N•5, 
10, 15, 30) to 6G-min ratios. 
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There were 250 such stations distributed 
throughout the State. Elevations of these sta
tions range from 30 feet below sea level to over 
8,000 ft mean sea level. Figure 1 shows the geo
graphical distribution of these stations. Stations 
at elevations above 4,000 ft are indicated by an 
X. Although the stations are reasonably evenly 
distributed, there is more concentration in the 
San Francisco and Los Angeles metropolitan areas, 
and a lack of data for the lee slopes of the 
Sierra Nevada, Death Valley, and Northeastern 
Desert areas of eastern California. 

California is a State with a wide diversity 
of topographical and climatological regimes. Thus, 
state-wide averaging was not considered to be the 
best method. We, therefore, divided the State in
to 14 reasonably meteorologically and topograph
ically homogeneous regions, figure 2. One of the 
defined regions, Death Valley and the northern 
part of the Desert, could not be analyzed since 
there were no recording raingage stations with 
data for durations of less than 1 hour for 15 or 
more years of record. The region east of the 
crest of the Sierra Nevada was analyzed in less 
detail than the remaining regions since there 
were a total of only seven stations in this region 
and the northern stations showed distinct differ
ences from those south of approximately 39°N. 
These two regions are indicated in figure 2 as 
regions of no data and limited data, respectively. 
During the investigation comparison of station 
ratios indicated the three regions along the 
Sierras could be combined into one region, and 
those of the coastal mountains south of San Fran
cisco Bay could be combined into another region. 
The preliminary boundaries are shown as dashed 
lines on figure 2 and the final regional boundaries 
by solid lines. Table 1 shows the number of sta
tions (grouped by length of record) within each 
of the final regions. The average record length 
for the stations used was slightly over 25 years. 
The longest average record lengths were in the 
Central Valley, slightly over 30 years, North 
Pacific Coast, nearly 30 years, and the Sierra 
Nevada, slightly over 25 years. The shortest 
average record lengths, just over 20 years, were 
in the San Jacinto Basin and Southeast Desert. 

The three regions with the most topographic 
variations are the Sierra Nevada, North Pacific 
Coast, and South Pacific Coast. Figure 3 shows 
by 1,000-ft elevation bands the percentage of 
stations for these three regions and for the 
entire state. Although a majority of the stations 
within these orographic regions are at the lower 
elevation, there is a reasonable percentage of 
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FigW'e 1. --Geographic distributions of stations used in this stud:f. 
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Table 1.-Distribution of stations within each of the major geographic regions grouped by length 
of record. 

~of cord 
yrs) 15-19 20-24 25-29 

Sierra Nevada 3 12 8 

Central Valley 2 1 2 

North Pacific Coast 3 1 4 

South Pacific Coast 26 15 20 

Lee of Coastal Ranges 4 1 1 

Southeast Desert 1 7 2 

San Francisco Bay 13 9 5 

San Jacinto Basin 2 2 1 

Other 1 3 3 

Total 55 51 46 

stations at the higher elevations. For example, 
within the Sierra Nevada over 20% of the stations 
are above 4,000 feet. 

For each of the 250 stations having at 
least 15 years of annual maximum 5- to 6D-min 
amounts, frequency values were determined by 

I 
SAN JACINTO BASIN 

Figure 2.--Major geographic regions in California 
used to study short duration precip
itation-frequency ratios. 
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fitting the Fisher-Tippett Type I Distribution 
to the series of annual maxima. The fitting 
method used was that developed by the late E. 
J. Gumbel [1958]. All subsequent analysis was 
done using ratios of 5-, 1o-, 15-, and 3Q-min 
values to the 60-min value determined by the 
station-frequency analysis for return periods of 
2, 5, 10, 25, SO, and 100 years. No attempt 
has been made to draw isopluvials of the N-min 
frequency values. ~e are instead seeking dimen
sionless relations between the N-min and 60-min 
values which can then be used in conjunction with 
the 1-hr (actually 60-min) values in NOAA Atlas 2, 
Volume XI: California. 

For each of the physiographic regions origi
nally outlined, an average of the station N-min 
to 60-min ratios for each duration for each re
turn period was computed. At the same time a 
standard deviation (not shown) was computed to 
have a check on the internal consistency of the 
ratios within each region. This was done not 
only with equal weight for each station, but also 
with stations weighted by length of record. Re
sults were so close between the weighted and un
weighted values that it was concluded that no 
differences were involved. The results presented 
are for unweighted averages. Weighted standard 
deviations are, of course, smaller because of 
the apparently larger sample size. 

The unweighted average ratios and standard 
deviations were compared for each of the 12 
regions originally selected for which values 
could be determined. These comparisons showed 

· that the three preliminary regions within the 
Sierra Nevada and the three preliminary regions 
of the South Pacific Coast had only negligible 
differences for the four ratios and six recur
rence intervals considered. For this reason, 
the three regions of the Sierra Nevada and the 
three parts of the South Pacific Coast were each 
combined. Figure 4 is a plot of the average 5-
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2-YR 5/60-MIN RATIO 
1 00-YR 5/60-MIN RATIO 

•soUTH PACIFIC COAST 
<500 ft 500- 700 ft 

.278 .262 

.330 .307 

Figure 4.-- 5- to 60-min ratios for the 2- and 
100-yr return periods jor major geo
graphic regions of CaZifornia. VaLues 
for South Pacific Coast Region are 
for stations at eZevations >700 ft. 

to 6G-min ratio for the 2- and 100-yr recurrence 
interval for the various regions. The lowest 
ratios are in the orographic and coastal areas. 
The highest ratios are in the Central Valley 
and the Southeastern Desert. These higher ratios 
are indicative of the more convective and short 
lived nature of the precipitation in these latter 
two regions. 

In orographic and coastal ~egions, there is 
a continued vertical air motion resulting from 
topographic features that is relatively indepen
dent of atmospheric process. In mountainous 
regions during storm situations the prevailing 
winds blow against the mountains causing a forced 
ascent and vertical motiono In coastal regions, 
the prevailing winds move from a relatively 
frictionless surface to one with greater friction. 
This results in a horizontal convergence and some 
vertical motion. This is combined, even in the 
San Francisco Bay region, with ascent over coast
al hills. These continued vertical motions in 
the atmosphere tend to prolong the precipitation 
and thus reduce the ratios between values for 
short durations. In addition, in the coastal 
regions and the Sierra Nevada the 5- and 6D-min 
values nearly always come from general cyclonic 
storms during the colder portion of the year. 
In the Desert and Central Valley, in addition 
to having precipitation values from the general 
cyclonic storms during the cooler season, there 
are convective showers and thunderstorms that 
occur during the warmer months. 

In precipitation-frequency studies it has 
been hypothesized that as the duration decreases, 
the N- to 6Q-min ratios are less dependent on 
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elevation. The relation of N- to 6G-min ratios 
to elevation was examined by correlating the sta
tion ratios with elevation within each region. 
The result confirms this hypothesis. In a few 
areas and for some return periods, the correla
tion coefficients did reach values in the 0.30 
to 0.50 range and in most cases there was a neg
ative correlation. However, it was not stable 
and not persistent. For example, in the prelim
inary north Sierra Region at the 2-yr return 
period correlations were -0.50 to -0.60. Corre
lation fell off rapidly as the return period 
increased, and at the 25-, so-, and lQO-yr return 
periods the coefficients were small with two pos
itive and two negative ones. In the South Pacif
ic Coastal Region, the correlations for the 5- to 
6Q-min ratio with elevation varied between -0.31 
for the 2-yr return period to 0.04 at the lOQ-yr 
return period. 

Another method of examining the variation 
of ratios by elevation is to group stations by 
elevation bands. Figure 4 shows average 5- to 
6Q-min ratios for the South Pacific Coastal 
Region by such elevation bands. Examination of 
these ratios shows a progression up the coastal 
ranges. For the area below 500 feet the ratio 
is 0.278. It decreases as one goes into the 
mountains and is 0.262 for SOG-700 ft and 0.246 
for the region above 700 ft. The ratio for all 
stations within the South Pacific Coastal Region 
for the 2-yr return period is 0.254 (not shown 
on fig. 4). When the data for the lOQ-yr recur
rence interval is examined, however, one sees an 
interruption in the progression of the 5- to 6Q
min ratios the values being 0.330 (<500 ft) lower
ing to 0.307 (500-700 ft), then rising to 0.315 
(>700ft), and 0.394 (Desert), respectively, and 
for the region as a whole it is 0.317. The low
est ratio is now in the SOQ-700 ft elevation band. 
Scatter plots and plotting of the ratios on maps 
failed to reveal any factor which could produce 
a significant improvement over the average ratio 
showno 

Figure 5 shows the 3Q- to 6Q-min ratios for 
the 2- and lOQ-yr recurrence intervals. The geo
graphic pattern is similar to that shown for the 
5- to 6Q-min ratios. The lowest ratios again are 
in the coastal and orographic regions with the 
highest ratios in the Central Valley and Desert 
areas. If one again examines the ratios preced
ing eastward across the southern California 
coastal mountains, we see a decrease in ratios 
from the lowest elevation band, stations near the 
coast, into the lower foothills, elevation band 
500 to 700 feet, and onto the slopes of the San 
Gabriel and San Bernardino Mountains and then an 
increase into the desert areas. Although the 
changes are consistent in both the 2- and lOQ-yr 
recurrence interval, the differences between the 
ratios are small. The 3Q- to 6Q-min ratio for 
the entire South Pacific Coastal Region is 0.679 
for the 2-yr return period and 0.731 for the 
lOQ-yr return period. None of the differences 
between similar regions, e.g., the North Pacific 
Coastal and the South Pacific Coastal Regions, 
are meaningful at the 2-yr recurrence intervals. 
However, the differences between regions are 
larger and are greater than one standard devia
tion at the lOQ-yr return period. 
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Figure 5.-- JO- to 60-mir. ratios for the ~- and 
100-yr return periods JOr major geo
graphic regions in CaZijornia. VaLues 
for South Pacific Coast Region are 
for stations at eLevations >700 ft. 

The San Jacinto Basin in southern California 
is a relatively arid region. Moisture bearing 
winds must enter from the south-southwest or 
south across the Coastal Plain or across the 
barrier of the Santa Ana Mountains on the west 
that averages approximately 3,000 feet in ele
vation. These sheltering effects are evident 
when a comparison is made of ratios for stations 
in this basin with ratios from stations on nearby 
exposed coastal mountains. As expected, ratios 
for the sheltered valley stations are higher. 
They are slightly lower than the ratios for sta
tions in the Central Valley. Ratios for this 
basin are probably indicative of those that would 
be found in other reasonably large sheltered val
leys along mountain ranges. Valleys of more 
limited extent and those with a direct flow of 
moisture bearing winds would not show this dif
ference in 3Q- to 60-min or 5- to 60-min ratios. 

In the Eastern and Central United States, 
the N-min to 60-min ratios decrease with increas
ing return periods, i.e., 5- to 60-min ratio at 
the 100-yr return period was smaller than at the 
2-yr return period. In the California sample, 
the reverse is true. For example, in the San 
Francisco area the 5- to 60-min ratio at the 
100-yr return period is 116% of the same ratio 
at the 2-yr return period. Figure 6 shows the 
variation of ratio of 1Q- to 60-min values with 
return period for four of the regions of Cali
fornia. The variation for the other regions 
and durations is similar: the ratio increases 
as the recurrence interval increases. The 
increase is not linear and has some tendency to 
become asymptotic at some point. The short 
record does not permit any conclusions on when 
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this point is reached. The important thing is 
that the ratio increases for all regions. Of the 
250 stations, only 18 had each of the 5-, lo-, 
15-, and 30-min to 60-min ratios that decreased 
with increasing return period. Forty other sta
tions had one or more N-min ratio that decreased 
with increasing return period. The other 192 sta
tions had N-min to 6Q-min ratios that all increas
ed as the return period increased for all dura
tions. 

Another duration investigated in this study 
was the 15-min period. Table 2 shows the 15- to 
6Q-min ratios for the eight geographic regions 
investigated. The same feature evident in the 
data for the other durations is evident here. 
The highest ratios are in the Central Valley and 
the Southeast Desert with the San Jacinto Basin 
being somewhat intermediate becween those and the 
orographic and coastal regions. The lowest ratios 
are in the coastal areas with the Sierra Nevada 
being just slightly higher. The ratios increase 
with increasing return period. 

There are seven stations in the region to 
the lee of the Sierra Nevada crest becween 36° 
301 N and nearly 41°N, a distance of about 350 
miles. The stations range in elevation from 
approximately 3,800 feet to slightly over 6,500 
feet. The four southern stations, which include 
the lowest and highest elevations, have ratios 
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TabLe 2.-- 15- to 60-min ratios for maJor geographic regions of CaLifornia 

~rn Period 
(yrs) 2 

Sierra Nevada .485 

Central Valley .551 

North Pacific Coast .467 

South Pacific Coast - >700 ft .461 

South Pacific Coast - 500-700 ft .481 

South Pacific Coast - <500 ft .495 

South Pacific Coast - Entire Reg. .469 

Lee of Coastal Range .470 

Southeast Desert .633 

San Francisco Bay .481 

San Jacinto Basin .504 

which are similar to those in the lee of the 
coastal mountains. The three northern stations, 
all north of 39°N, have ratios that are approx
imately the same as those in the Southeastern 
Desert. It is impossible, therefore, to draw 
any conclusions. It will require considerably 
more data or the ability to relate these varia
tions to some other physiographical factor be
fore reliable ratios can be used in the lee of 
the Sierra Nevada. 

It was the initial aim of this investigation 
to develop meaningful relations that could be 
extended by use of index relations to other parts 
of the west. We have been able to define varia
tions between geographical regions in California. 
The Central Valley, a wide flat agricultural 
valley, is different from the Southeastern Desert 
Region of California. These two regions have 
different 5- to 60-min, 10- to 6D-min, etc., 
ratios than the slopes of the Sierra Nevada or 
the coastal mountains. It would be misleading 
to take a limited sample of stations with short
duration precipitation that are located primarily 
on valley floors and to extend these ratios into 
the surrounding mountainous regions. If the 
(primary) interest, however, is in peak rates 
of runoff use of valley ratios and thus concen
trating precipitation into shorter time incre
ments would produce a higher peak. This use of 
ratios determined from valley floor stations 
would then tend to be conservative. Investiga
tions are continuing with the intent of develop
ing a methodology which would permit the use of 
a limited sample of stations to develop meaning
ful geographic variations in the relations of 
extreme short duration precipitation to 1-hr 
values. 
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Number of 
10 25 50 100 Stations 

.554 .571 .581 .589 40 

.616 .632 .641 .648 19 

.534 .554 .565 .574 16 

.505 .516 .522 .527 77 

.507 .514 .518 .521 9 

.531 .541 .546 .550 20 

.510 .521 .526 .531 106 

.552 .572 .583 .592 9 

.661 .668 .671 .674 10 

.512 .520 .525 .529 33 

.575 .593 .603 .611 6 
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