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DURATION: 6 TO 24 HRS 

FIGURE 2-14.-Depth-duration diagram for 6- to 24-hr. PMP. (See 
fig. 2-16 for example of use.) 

2.7 Computation of PMP 

2.7.1 24-hour PMP. The 24-hour PMP at any point 
was obtained from the product of the maximum storm­
efficiency index multiplied by the maximum Wv. The 
maximum index for any point in Alaska was obtained 
from the P/M ratio map (par. 2.6.7). Ratios for all 
points on lee slopes and for points with elevations over 
1,000 ft. on windward slopes were adjusted by the ratio­
elevation curves (fig. 2-10), the barrier-crest elevations 
being estimated from the map of figure 2-11. P /M ratios 
were thus obtained for the grid of figure 3-5. The sea­
sonal variation curves of 50-year 12-hour persisting dew 
points (par. 2.5.10) showed the maximum moisture for 
summer was in mid-July (fig. 2-8) and for winter, in 
mid-October (fig. 2-9). Mid-July or mid-October Wv was 
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FIGURE 2-15.-Depth-area-duration diagram for PMP for durations 
under 6 hours for use with figure 2-13. (See fig. 2-16 for example 
of use.) 

estimated for each grid point and combined with the 
corresponding cold or warm season P /M ratio to yield 
24-hour PMP (fig. 2-12). 

2.7.2 6-hour PMP. Data were inadequate for devel­
oping the 6-hour PMP directly. The ratio of 6-hour to 
24-hour precipitation is a relatively stable value and may 
show little variation over relatively large meteorologi­
cally homogeneous regions. The 6 :24-hour ratios were 
determined in two different ways. One value was com­
puted on a within-storm basis, i.e., 6- and 24-hour amounts 
from the same storm. The other was from 6-
and 24-hour amounts not necessarily from the same storm. 
In general, the differences between these two ratios show 
a small random variation. Examination of the 6 :24-hour 
ratios obtained indicated a mean value of 50 percent over 
southern and southeastern Alaska to be reasonable. An 
average value of 60 percent was more appropriate for the 
region north of the southern coastal areas and south of 
the interior continental areas. For the continental and 
Arctic regions a mean 6 :24-hour ratio of 70 percent was 
used. Examination of 6 :24-hour ratios for other climato-
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FIGURE 2-16.-Depth-area curves for PMP for durations from 6 to 
24 hours for use with figure 2-12. 

EXAMPLE: Determine the hourly increments of 12-hr. PMP 
for a 100 sq. mi. watershed centered at 60°00'N. 153°30'W. The 
6- and 24-hr. point PMP for that location are found to be 10.0 and 
20.0 in., respectively. Plot the 6- and 24-hr. value on the depth­
duration diagram of fig. 2-14 and draw a straight line between 
the two plotted points. The point PMP values for 9- and 12-hr. 
from the line drawn on the diagram are: 12.8 and 15.0 in. Figure 
2-16 indicates 100 sq. mi. reduction factors of 89, 90, and 91 per­
cent for the 6-, 9-, and 12-hr. durations, respectively. Application 
of these factors to the point PMP for the corresponding durations 
yields 8.9, 11.5, and 13.7 in. for the 6-, 9-, and 12-hr. 100 sq. mi. 
PMP, respectively. Figure 2-15 indicates adjustments of 24, 44, 
and 58 percent, to be applied to the 6-hr. point PMP to yield the 
100 sq. mi. 1-, 2-, and 3-hr. PMP. These computations will result 
in values of 2.4, 4.4, and 5.8 in. for the 1-, 2-, and 3-hr. 100 sq. mi. 
PMP. The adjusted values, 2.4, 4.4, 5.8, 8.9, 11.5, and 13.7, are 
then plotted against duration and a curve is drawn through the 
points. Values for every duration up to 12 hr. are obtained from 
this curve and are used to compute the required hourly incre­
ments. 

logically similar regions indicated that the Alaskan ratios 
were of the proper magnitude for their respective areas. 
The ratios were then applied to corresponding 24-hour 
PMP values (fig. 2-12) at the grid points of figure 3-5 to 
obtain the 6-hour PMP (fig. 2-13). Discontinuities at the 
boundaries of regions with different ratios were smoothed 
subjectively. 

2.7.3 PMP for durations between 6 and 24 hours. 
Figure 2-14 shows a generalized duration-interpolation 
diagram for determining precipitation amounts for inter­
mediate durations when the 6- and 24-hour values are 
known. This diagram is the same as that used in Weather 
Bureau Technical Paper No. 38 [6] and No. 42 [7]. While 
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there may be regional variations in this type of relation, 
it was not possible to evaluate them. To use the diagram, 
a straightedge is laid across the values for 6 and 24 hours 
obtained from the maps of figures 2'---12 and 2-13, and the 
values for intermediate durations are read at the proper 
intersections. 

2.7.4 PMP for durations less than 6 hours. PMP 
values for durations from 1 to 6 hours can be read from 
the depth-area-duration diagram of figure 2-15, which 
shows the values in terms of percentage of the 6-hour 
amount. The 1-hour point value on this diagram is an 
average 1 :6-hour ratio for stations in Alaska, California, 
Oregon, and Washington. Percentage values for other 
durations were obtained from relationships based on data 
used in previous studies. 

2.7.5 Depth-area reductions. All mention of PMP 
thus far applied to point values. In order to reduce these 
point values for size of area, it is necessary to refer to 
the diagrams of either figure 2-15 or 2-16. Figure 2-15 
is used for reducing point values for durations up to 6 
hours, and figure 2-16, for durations from 6 to 24 hours. 
The latter depth-area diagram is the same as presented 
in Weather Bureau Technical Paper No. 38 [6], except 
that the curves for durations under 6 hours have been 
integrated in figure 2-15. 

2.8 Chronological distribution 

2.8.1 For durations up to 24 hours there is no consis-

3.1 Basic data 

3.1.1 Only stations with at least 5 years of record 
were used in the frequency analysis. These are listed in 
table 1-1 by length of record. Stations with records of 20 
years or more were used to define the frequency relation­
ships, and those with records between 5 and 19 years were 
used to help establish the regional pattern. The Canadian 
stations, which bordered Alaska, were used to aid in the 
definition of the regional pattern in the eastern portion of 
the State. The seven recording gages with periods of 
record in excess of 10 years were used to aid in developing 
statistics for rainfall durations under 6 hours. 

3.1.2 True maximum n-minute amounts. Analysis of 
hundreds of station-years of precipitation data has pro­
duced a factor of 1.13 for converting observational-day 

14 

tent or typical chronological distribution of precipitation 
in outstanding storms. In the absence of any observed 
definite order within the maximum 24-hour period, it is 
suggested that the PMP increments be distributed in the 
most critical sequence. 

2.9 Appraisal 

2.9.1 There is only one way in which the accuracy of 
PMP estimates can be definitely established and that is in 
the negative sense only.. In other words, if a PMP esti­
mate is exceeded by an observed rainfall, the estimate is 
undeniably too low. If it is equalled by an observed rain­
fall, the estimate may be adequate but there is greater 
probability that it is too low. A PMP estimate may be 
excessive, i.e., it is beyond the limits of meteorological 
possibility. These limits are what PMP evaluation pro­
cedures attempt to establish, of course, but the required 
data and procedures are only barely adequate to provide 
approximate solutions to the problems involved. 

2.9.2 Statistical methods of estimating PMP have 
been suggested by Hershfield [8]. This and other statisti­
cal procedures utilized are severely limited by the quality 
and quantity of the basic precipitation data available. An 
additional 20 years of records and an adequate network 
of favorably located recording gages would have done 
much to increase the reliability of the statistical approach. 
The statistical estimates of PMP were used as an aid in 
determining the extreme values of PMP, i.e., the highest 

Chapter 3 

RAINFALL-FREQUENCY DATA 

and clock-hour data into true maximum 1440- and 60-
minute rainfalls. This empirical factor was tested for 
several stations in Alaska and found to be valid. 

3.2 Frequency analysis 

3.2.1 Two types of data series. The partial-duration 
series, which includes all values above a selected base even 
though several may have occurred in the same year, was 
required for this study. However, the processing of 
partial-duration data is very laborious. Furthermore, 
there is no theoretical basis for extrapolating these data 
beyond the length of record. For these reasons an alter­
nate procedure was used. The annual maximum event 
was collected for each year to form the annual series. 
After analysis for frequency, the annual series statistics 

and lowest values considered possible. They also aided in 
establishing the general level of PMP. 

2.9.3 The ratio of 6-hour PMP to 100-year 6-hour 
rainfall provides a rough index of the geographic consist­
ency and relative probability of the PMP estimates. In 
the contiguous United States the ratio for 6-hour rainfall 
has been found [9] to range generally from 2 to 9. The 
low ratios are usually found in the wetter regions where 
the occurrence of high intensity rainfalls is relatively 
common. The highest ratios are found in arid or semi­
arid regions where high intensity rainfalls are possible, 
but the probability is extremely low. This trend is found 
in Alaska. The ratio map of figure 2-17 indicates the 
PMP estimates to be reasonable. The ratios range from 
about 2 to 6. The lowest ratios are found in southeastern 
and southern Alaska while the highest ratios are found 
in the interior and Bering Sea regions of Alaska. 

2.9.4 The estimates given in figures 2-12 and 2-13 
are much greater than the maximum observed amounts 
(fig. 2-1). This does not necessarily indicate that the esti­
mates are excessive. The period of rainfall observations 
was relatively short, and the station distribution was far 
from ideal for sampling maximum precipitation rates. In 
spite of the relative inadequacy of the basic data and the 
shortcomings of the procedures used in computing PMP, 
the estimates appear reasonable. 

were converted to partial-duration statistics for corre­
sponding return periods, and the rainfall-frequency maps 
presented in this report thus, in effect, represent the re­
sults of a partial-duration series analysis. Table 3-1, 
based on a sample of 50 widely scattered stations in the 
United States, gives the empirical factors for converting 
the partial-duration series to the annual series for return 

TABLE 3-1.-Empirical factors for converting partial-duration 
series to annual series 

-~~:~~~~- __ co_nv_er_"'_m _r_:~:-1 
2-yr 0 88 I 
5-yr 0 9f> 

10-yr 0 99 _ ___:______ __ 
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periods up to 10 years. The two types of data series show 
no appreciable differences for return periods greater than 
10 years. 

3.2.2 Duration-interpolation diagram. The general­
ized depth-duration relation presented in figure 3-1 pro­
vides a means for computing rainfall depth for any dura­
tion between 1 and 24 hours if the 1- and 24-hour amounts 
for a particular return period are given. The generaliza­
tion was obtained by the method described by Weiss [10]. 
This relationship was compared with the diagram devel­
oped from data for 200 U.S. Weather Bureau first-order 
stations for use in "Rainfall Frequency Atlas of the 
United States" [9]. The two methods produce identical 
results. 

3.2.3 Rainfall values for durations between 1 and 24 
hours are obtained by plotting the 1- and 24-hour values 
for the same return period on the corresponding duration 
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FIGURE 3-2.-Return-period-interpolation diagram. 

lines and laying a straightedge between the two points. 
Intersections of the straightedge and intermediate dura­
tion lines yield corresponding rainfall values. Tests with 
recording-gage data showed that the depth-duration dia­
gram yielded reasonably accurate values. The 30-minute 
rainfall values for a particular return period were ob­
tained by multiplying the 1-hour rainfall for that return 
period by 0.79. Amounts for 5, 10, and 15 minutes can be 
obtained by applying the factors of table 3-2 [9] to the 
30-minute values. 

3.2.4 Return-period-interpolation diagram. The re­
turn-period diagram of figure 3-2 is obtained by the 
method described in [10]. Comparison of this relation-

TABLE 3-2.-Average relationship between 30-minute rainfall and 
shorter duration rainfall for same return period. 

Duration (min.). . . . . . . 5 10 15 
1---·--------------

Ratio............... 0.37 0.57 0.72 

SOUTHERN CALIFORNIA 

1
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FIGURE 3-3.-Variation of 2-yr. 24-hr. rainfall with elevation for 
stations on the windward slopes of the southern California coastal 
mountains and Cascade Range . 

ship with one developed from data for 200 Weather 
Bureau first-order stations [9] showed neglig~ble differ­
ences. If values for return periods between 2 and 100 
years are read from the return-period diagram, then 
converted to annual series values and plotted on either 
Gumbel or log-normal probability paper, the points will 
very nearly define a straight line. 

3.2.5 Tests for secular trend. The use of short-record 
data introduces the question of possible secular trend and 
biased sample. Routine tests with data from records of 
equal length but for different periods showed no secular 
trend. The use of short-record data thus appeared 
justified. 

3.3 Isopluvial maps 

3.3.1 Rainfall-frequency-elevation relationship. Of 
-the 184 stations available for the Alaskan area, 88 per­
cent have an elevation of less than 1,000 ft. (fig. 1-2). 
Only two stations had an elevation above 2,500 ft. To 
define the rainfall-frequency regime over the wide range 
of elevation in Alaska, it was necessary to determine the 
variation of rainfall-frequency data with elevation in 
other parts of the United States with similar climatic 
regimes. Two criteria were used in the selection of suit­
able regions: (1) similar rainfall-frequency characteris­
tics for low-elevation stations; and (2) similar topography. 
The areas which most nearly met these criteria were the 
Cascade Range of western Washington and the Salmon 
River Mountains and Bitterroot Range of southern Idaho 
and Montana. 

3.3.2 Initial attempts to show the variation of the 
rainfall-frequency regime in the Cascade region of Wash-

15 
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FIGURE 3-4.-Relation for adjusting 2-yr. 24-hr. rainfall data for 
elevation. 

ington were based on data used in the preparation of 
"Rainfall Frequency Atlas of the United States" [9]. 
With the exception of two stations between 6,000 and 
6,500 ft., the data were restricted to stations below 4,500 
ft. Since this sample did not adequately cover the wide 
range of elevations required, data for another region were 
studied. The coastal mountains in southern California 
have had for several years an extensive precipitation net­
work with a wide range of elevations. The rainfall­
frequency data from this network were used to develop 
an elevation relationship for the windward slopes. The 
curve (fig. 3-3) is expressed in percent of the value at the 
base of the barrier to facilitate comparison between re­
gions with different 2-year 24-hour values. A similar 
curve for the Cascade Range in Washington is shown al-so. 
The two curves suggest that the variation of the rainfall-
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FIGURE 3-5.-Points for which probable maximum precipitation and rainfall-frequency data were computed. 

frequency regime with elevation is about the same for 
these two regions. 

3.3.3 In order to depict the entire range of elevation, 
a 15-minute grid was used on the 2-year 24-hour map of 
Weather Bureau Technical Paper No. 28 [11] for the 
Cascade Range. This relationship, which is shown as the 
maritime curve in figure 3-4, is considered applicable to 
the mountainous regions of southern and southeastern 
Alaska. Although there was considerable scatter of the 
data about the curves, attempts to introduce other para­
meters, such as orientation, exposure, distance to moisture 
source, etc., failed to produce any improvement. 

3.3.4 Another relation was developed for the interior 

regions of Alaska. The region extending northeastward 
from the Snake River between Boise and Pocatello was 
selected as most nearly meeting the established criteria. 
Sufficient station data were available for this region to 
show the variation of the rainfall-frequency regime. The 
relationship is shown as the continental curve in figure 
3-4. As with the maritime regions introduction of other 
parameters did not improve the relation. 

3.3.5 2-year 24-hour map (fig. 3-54). Because of the 
greater quantity of 24-hour data available and the smaller 
error associated with the estimates of the shorter return 
periods, the 2-year 24-hour map was constructed first. The 
initial step required analysis of the map for the low-
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elevation stations, which, in effect, provided a map from 
which the 2-year 24-hour values at the bases of the various 
barriers could be obtained. A grid (fig. 3-5) was then 
placed over the mountainous regions, and elevations at the 
grid points were determined from the generalized contour 
map of figure 2-11. The 2-year 24-hour values for various 
elevations were then obtained from the base values ad­
justed by means of the relation of figure 3-4. The values 
estimated from figure 3-4 and those computed for stations 
with elevations in excess of 1,000 ft. were plotted on the 
map, and the analysis over the mountainous regions was 
revised. 

3.3.6 100-year 24-hour map (fig. 3-59). Relatively 
few stations had records of sufficient length to be used 
directly in the determination of the 100-year map. An 
indirect method of arriving at the 100-year map was thus 
deemed appropriate. The 100-year to 2-year ratio is sub­
ject to less variation due to orographic effects than are 
the frequency values themselves. A ratio map will gener­
ally show less geographic variation, with more easily 
definable regional patterns. The 100- to 2-year ratios 
were therefore plotted on a map, and isolines were drawn. 
The 100-year map was then constructed by applying the 
ratio at each of the points on the grid of figure 3-5 to the 
corresponding 2-year value from figure 3-54. 

3.3.7 Estimating 1-hour data. The paucity of record­
ing-gage data necessitated the synthesis of an hourly 
rainfall regime based partly on Alaskan data and partly 
on relationships based on data from other regions of the 
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United States and Canada. The frequency regime of 
short-duration precipitation can be reasonably estimated 
from climatic and topographic parameters. In the present 
study three parameters were used to synthesize the 1-hour 
rainfall-frequency regime: (1) the 2-year 24-hour pre­
cipitation; (2) mean annual number of thunderstorm 
days; and ( 3) elevation. Figure 3-6 shows the relationship 
developed from data for 59 stations in Canada and the 
United States. 

3.3.8 The use of figure 3-6 necessitated the develop­
ment of a map showing the mean annual number of 
thunderstorm days (fig. 3-7). The map is based on 127 
stations, having from 5 to 40 years of record. Only 36 
stations had records in excess of 20 years. 

3.3.9 2-year 1-hour map (fig. 3-19). Values of the 
2-year 24-hour precipitation, mean annual number of 
thunderstorm days, and elevation were determined for the 
grid of figure 3-5. The 1-hour amounts were then esti­
mated from figure 3-6. These values together with those 
from the seven recording gages were plotted on a map, 
and isopluvials were drawn. At a few points the 1 :24-hour 
ratio was found to be less than 10 percent. On the basis 
of tests with Alaskan and other data indicating such low 

ratios to be unrealistic, the 1-hour map was adjusted 
where necessary so the minimum ratio was 10 percent. 

3.3.10 100-year 1-hour map (fig. 3-24). The 100- to 
2-year ratios were computed for the seven recording-gage 
stations with more than 10 years of record. The ratios 
were plotted on a map, and isolines were drawn. Ratios 
for the grid of figure 3-5 were read from the map and 
combined with the corresponding 2-year 1-hour values to 
provide the 100-year 1-hour map. The 1 :24-hour ratio 
was computed for the 100-year return period and plotted 
on a map as a consistency check. The ratios were com­
pared with a similar map for the 2-year return period to 
determine if the ratios were everywhere consistent. Some 
minor adjustments were made in regions where the 100-
year 1 :24-hour ratio was less than 10 percent. 

3.3.11 Additional isopluvial maps. The 2-year 1-hour, 
2-year 24-hour, 100-year 1-hour, and 100-year 24-hour 
maps were then used in conjunction with the duration and 
return-period relations of figures 3-1 and 3-2 to obtain 
38 isopluvial maps for intermediate durations and return 
periods. The computations were made by a digital com­
puter. Values were computed for and plotted on the grid 
of figure 3-5, and the isopluvials were then drawn with 
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reference to these grid values. The seven 30-min. maps 
were developed from the relationship 0. 79 times the values 
on the 1-hour maps for corresponding return periods [9]. 
The 49 rainfall-frequency maps are presented at the end 
of this chapter (figs. 3-11 to 3-59). 

3.4 Smoothing data read from the maps 

3.4.1 The complex patterns and steep gradients of the 
isopluvials combined with the difficulties of interpolation 
and accurate location of a point on a series of maps might 
result in inconsistencies in data read from the maps. Such 
inconsistencies can be minimized by fitting smooth curves 
to a plot of the data obtained from the maps. Figure 3-8 
illustrates a set of curves on logarithmic paper for the 
point at 65°N., 145°W. The interpolated values for a 
particular duration should very nearly approximate a 
straight line on the return-period diagram of figure 3-2. 

3.5 Depth-area relationships 

3.5.1 There are two basic types of depth-area rela­
tionships: ( 1) storm-centered relations, and (2) geo­
graphically fixed relations. The depth-area curves of 
figures 2-15 and 2-16 are storm-centered, i.e., they were 
developed from rainfall data in storm centers. The fre­
quency-derived, geographically fixed, depth-area curves 
of figure 3-9 are based on data from different parts of 
different storms instead of on the highest amounts sur­
rounding the storm centers. Since the area is geographi­
cally fixed, its precipitation stations measure rainfall 
sometimes near the storm center, sometimes on the outer 
edges, and sometimes in between the two. The averaging 
process results in the geographically fixed curves being 
flatter than storm-centered curves. Each type of curve is 
appropriate for its respective application-the storm­
centered for PMP, and the geographically-fixed for fre­
quency data. 

3.5.2 The depth-area curves of figure 3-9 are based 
on data from 20 dense precipitation networks and are 
identical to those of Weather Bureau Technical Paper No. 
29 series [12]. 
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3.6 Seasonal variation 

3.6.1 The frequency analysis discussed followed the 
conventional procedures of using only the annual maxima 
(annual series) or then maximum events for n years of 
record (partial-duration series). Obviously, some months 
contribute more events to these series than do other 
months, and some months may not contribute at all. As a 
matter of interest the annual maximum 24-hour data were 
analyzed to determine their monthly distribution. The 
data for all Alaskan stations with 15 or more years of 
record were used. This provided a total of 2,464 station­
years of record. These data were then classified accord­
ing to month of occurrence and return period. Examina­
tion of the data disclosed four regions with different 
seasonal characteristics. After the stations were grouped 
by region the frequencies were computed for each month 
by determining the ratio (in percent) of the number of 
occurrences of amounts equal to or greater than the value 
for a particular return period to the total number of oc­
currences (total years of record). Cases of nonoccurrence 
as well as occurrence of rainfall events were considered 
in order to arrive at numerical probabilities. The proba­
bilities were then plotted as a function of return period 
and season and smoothed isopleths fitted to the probabili­
ties. Figure 3-10 shows the monthly distribution for each 
region. The boundaries for these zones cannot be consid­
ered as a sharp line but rather as a diffuse zone of transi­
tion from one region to another. 

EXAMPLE: Detm·mine the monthly probabilities of 5-yr. 
24-hr. rainfalls jot· June thro·ugh October for Umiat and for 
August through December for Juneau. Figure 3-10 shows the 
required probabilities for the region in which Umbt is located 
are 2, 5, 6, 3, and 1; for Juneau they are 1, 3, 5, 3, and 2. In 
other words, the probability of a 5-yr. 24-hr. rainfall in June of 
any year for Umiat is 2 percent; for July, 5 percent, etc. For 
Juneau in August the probability of a 5-yr. 24-hr. rainfall is 
1 percent; for September, 3 percent; etc. 
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