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Ramfall Intens1t1es for Local Dramage Des1gn
in the United States

 PREFACE

This report has been prepared for the Airfields Branch, Engineering Division, Military:Con-
struction, Office of the Chief of Engineers, to provide rainfall intensity-frequency data for design
criteria: in: estimating required capacities of drainage systems for various types of military
installations. These data consist of the 5 to 240-minute rainfall mtens1t1es expected tobe equalled '
or: exceeded on an average of once in 2, 5, and:-10 years ;1 y

Wh11e a new ramfall 1ntensrty frequency study for the entire Umted States is greatly needed
financial limitations. precluded an undertaking of such- magmtude at this'time. Consideration of
available funds, adequacy of previous studies, and priorities of mlhtary construction projects
led to the conclusion that this report should deal with that portion of the United States lying west
of the 115th meridian: The study area may be extended eastward, in which case the: results w1ll -
be pubhshed as another part of th1s report. ' : ~

At meetmgs between representatwes of the two cooperating agencies durmg the planmng stage of
this investigation, the following decisions were made: (1) Because of time and cost limitations,
the study was to be based on readily available data, most of which was in published form. This
“eliminated the tremendous cost involved in evaluating high, short-duration intensities for thou-
- sands of station-years of raingage charts, with, it is believed, very:little sacrifice of accuracy
in the final results. (2) For convenience in design use, the results were to be presented in the
form of 1-hour rainfall maps and intensity-duration curves suitable for use with current Engi- -
neering: Manuals of the Corps of Engineers. ot ‘

The general plan of the study was to determine first the 2—year clock-hour ramfall amounts for
the hundreds of stations for which clock-hour data are readily available. These 2-year clock-
hour amounts were then converted to 2-year -maximum hourly amounts for the maps of item (2)
above by theuse of relations basedon 13 stations for which maximum hourly data were available.

~ Other relations based on 34 long-record stations provide a means for converting the 2-year to.5
and 10-year amounts.  Finally, intensity-duration curves were constructed so thatintensities for
any duration from 5 to 240 minutes could be readily obtained if the hourly amount were known.
These intensity-duration curves were basedon 33 long-record stations for which annual maxu:num
rainfall amounts for durations of 5 mmutes to-24 hours were avallable ,

The investigation was- conducted under the d1rect superv151on of J L. H Paulhus, Chief of the
Cooperative Studies Section, coordination with the Corps of Engineers being effected through
Kenneth S. Eff of the Airfields Branch. W. E. Hiatt, Chief of Hydrologic Services Division, and
his assistants, M. A. Kohler, A. L. Shands; and W. T. Wilson, served as consultants. Others
contributing were D. M. Hershfield, project leader; C.W. Cochrane and M. A . Bilello, technical
assistants; G. M. Foster, R. J. Haley, Mrs. B. A ‘Littler, Mrs. R. A. McCrory, and W. G.
McMillan, clerical aids. Drafting was by I."A. Santiago; typing by Mrs. B. R: True. ,

In this new ed1t10n a fewrevisions have beenmade and a few small errorshave been corrected.
However ; the fmal results are exactly the same as those in the or1g1nal ed1t1on. :




“BASIC DATA

SOURCES

1. Sources of pubhshed hourly and daily precipitation data were the Hydrologic Bulletin and the
Climatological Data, together covering the period 1940-1951. The hourly data contained in these
two publications are clock-hour amounts, i.e., amounts for 60-minute periods beginning and
endmg on thehour suchas 1 to 2,2 to 3, etc The term "clock-hour'" is used with the same mean-
ing in the entire report to distinguish these amounts from maximum hourly amounts, which are
the maximum amounts for any contmuous 60-minute period.

2. There were about 650 recording gages in the s,tudyrarea for which published clock-hour data
were readily available for the period 1940-1951 or portion thereof. Published daily rainfall a-
mounts were available for the same period for some 1300 nonrecordmg gages. However, datafor
‘many stations had-to be discarded for the following reasons: (1) The period of record was: less
than five years making it unreliable for determination of rainfall amounts having the required
“recurrence intervals. (2) There were significant changes in the location of the gage during the
period of record. (3) Large rainfall amounts in the published data could not be verified from
original records. (4) In the case of the nonrecording gages, their data were not used if there
~was a recording gage at or near the same station; and neither were they all used when located
close. together in areas having homogeneous rainfall characteristics. “After these discards had
~ been effected, there remained about 500 recordmg gages with an average record of slightly less
than 10 years and about 400 nonrecordmg gages with an average record of about 10years onwhich
to base the study.

3 The data for the long- record stat1ons used to demve relatxons for convertmg (a) clock hour -
‘data to maximum hourly, (b) 2-year values to 5 and 10-year, and (c) 1-hour intensities to those
~for 5 to 240 minutes were obtained: from unpublished sources. These sources; available for :
Weather Bureau first-order stations only, were the Local Chmatologwal ‘Record and Weather

Bureau Forms 1001 and 1017. The Local Climatological Record and Form 1001 contained the
maximum 5, 10, 15, 30-minute and 1, 2, and 24-hour rainfall amounts for each month of record ,
‘Forms 1001 and 1017 and some old WPA tabulations yielded clock-hour rainfall amounts for the
period prlor to 1940 whlch was not covered by either the Hydrologlc Bulletin or Chmatologlcal,
Data ! Ll :

4 Smce the data of paragraph 3 were to be used to develop relations havmg a fairly h1gh degree
of reliability, it was important thatonly stations having relatively long records be used. Weigh-
ing the advantages of very long records from afew stations against those of shorter records from
- a larger number of stations; it was demded that a'minimum record of 15years would provide the
‘required degree of reliability and a satisfactory network of stations. There were 33 stations
west of the Continental Divide with the required minimum record, 27 being in the study area
proper. The average record for the 33 stations was about 40 years. Because of their use in the
o study, the 33 statmns will be referred to in the remamder of this report as control stations.

SURVEY OF DATA FOR FREQUENCY ANALYSIS

5 In surveymg the bas1c clock-hour data for frequency analy81s, only amounts equalto or above
~ a selected base value for- a part1cular stat1on were cons1dered ‘The magnitude of the base value
ord i.e. ' for a statlon havmg a 10- year record the survey had to yxeld at 1east the 10 hlghest
valuesl. The only restriction affecting this rule was that there. should be nomore than one clock-
hour -amount in any 4-hour period. In other words, a minimum interval of 3 hours was required
between any two successive selected values. This particular minimum interval was selected
- because it'yields results suitable for the requlred drainage-design criteriaand because it is con-
: smtent with the current mstructmns2 concermng the deﬁmtlon of excessive prec1p1tat10n

1 Tabulations of these hlghest values for 1nd1v1dual stations are avallable for inspection in the

Hydrolog1c Services Division, U.S. Weather Bureau, Washington, D.C. The materialis notnow

in sultable form for photographic reproductlon, but future pubhcatlon is belng con31dered

2 WBAN Manual of Surface Observatmns Circular N, U.S. Weather Bureau, June 1951



6. For an example of how the survey was conducted consxder the followmg observed sequence
of tabulated clock- hour amounts (R
CUnl it L e ;A.'M; Hour:Endingo,» o
1 2 3 4 5 6 7 8 9 10 11 12
r .01 .02 .08 .24 .43 .36 .35 .42 .61 .72
o o P. M. Hour Ending »
123 4 -5 6 7 8 9 10 11 12
.61 .43 .44 .52 .72 ;68 89 .71 “63 .75 S.32 g

Assummg that the base value for the statxon whlch recorded the above prec1p1tat1on was . 50, it «

is immediately obvious that several amounts should be considered in selecting data for the fre-
quency analysis. Examining the above sequence, the .89-inch amount ending at 7 p.m. was se-
lected because it is the highest amount. Its selection automatically excluded the amounts for
three hours on each side' because of the minimum interval of three hours specified above. Re-
examination of the sequence reveals that the .72-inch amount ending at noon is also eligible for
selection, eliminating the amounts for the preceding and following 3-hour periods. Since there
are no other amounts meeting the base value and 3-hour restr1ct10ns, this particular sequence
contributed only two amounts for frequency analy.&ns

7. Realizing that the length of" themimmum 1nterval between amounts selected for frequency
" analysis would have some effect on the results, a comparison was made between 2-year clock-
hour amounts obtained using a 3-hour interval and those obtained using a 24-hour interval. The
comparative tests werebased ondata for 15 stations, the method of frequency analysis usedbemg
the same as described in paragraphs 8-9, The results are shown in Table 1. As might be ex-
pected, there is a slight tendency for the data selected on the basis of the 3-hour limitation to
yield slightly higher values for the same frequency than do the data selected on the basis of the
24-hour limitation. However, the differences are small, the largest being .06 inch at Opid's
Camp. Of the stations with atleast 40 years of record only Tatoosh Island shows any difference
whatever. ,

Table 1

COMPARISON OF 2-YEAR CLOCK-HOUR AMOUNTS
"FOR 3 AND 24-HOUR INTERVALS

Record 2-Yr Clock-Hour Amounts (in. )

Station ~(years) 3-hr interval 24-hr interval
Baker, Ore. 45 .36 .36
Big Bear Lake Dam, Callf 11 S.79 o .74
Boise, Idaho 53 s .31 .31
Cajon West Summit, Calif, 11 - .38 : .35
Hetch Hetchy, Callf ) 11 .50 .50
Kalispell, Mont. . .52 : .37 ) - .37
Mt. Wilson, Calif. R S R : .87 .83
North Head, Wash. : 50 .45 i . .45
Opid's Camp, Calif. e ‘11 1.14 1.08
Portland, Ore. - 62 ‘ .40 - .40
Reno, Nev. 46 ) - .36 .36
Tacoma, Wash. 44 .37 .37
Tatoosh Island, Wash. . 49 - .55 .53
Walla Walla, Wash. 4T - .30 b .30

Winnemucca, Nev. g 46 : .29 s .29

TWO, FIVE, AND : TEN-YEAR ONE{HOUR« RAINFAI'.LV DATA;

FREQUENCY ANALYSIS OF CLOCK-HOUR RAINFALL

8 The first step in preparmg the data selected as descrxbed in paragraphs 5 6 for the frequency
analys1s was to tabulate the amounts in decreasing order of magnitude for each station.. The
hrghest clock hour amount fora statmn was ass1gned the ser1a1 number 1 the second hlghest

/




“number 2, etc. The so-called "California" method was' then used to compute the plotting posi-
tion of each amount. The plotting formula is Ty = t/m, where T, is the return period in years

. of the item having serial number m in aseries arranged indecreasing order when t is the period: -
of record in years. The percentage frequency may then be computed as 100 divided by Ty.

9. After the plottmg positions of tabulated clock- hour amounts for a statlon had been computed,
the amounts were plotted against return-period or frequency onlogarithmic paper. ILines of
best fit were then drawn by 1nspect10n Figure 1 shows examples of the tabulations, plotted data,
and curves. In the majority of cases, the curves were practically straight lines, as for Kneeland.
However, there were also many cases where appreciable curvature, asfor Del Monte, was indi-
cated. It was from -curves such as those of Flgure 1-that the 2-year clock-hour amounts were

‘ obtalned for each statlon : , e : , , e ,

FREQUENCY CURVES OF CLOCK HOUR RA!NFALL

1,60 — : -
o : EI(IEEST CLOCK-HOUR RAINFALL
: 140 AMOUNTS AND RETURN PERIODS*
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390 N .51 2.5 43 2.0
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2 go| | | S N - S U G SRR U
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$ . : i
I
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I
.30 : - — -
10 8 6 5 4 -3 2 : » : ’ : |
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Figure 1

10.. Itis nowin order to explam why 5 and 10-year clock- hour amounts, although required, were
not obtained from these curves. Tests based onseveral long-record stations indicated that 5and
10-year values obtained from records of not more than about 10-years could be extremely unre-
liable. Figure 2 shows the results of the test based on rainfall for Salt Lake City, Utah. The
- curves shown were constructed exactly as described in paragraphs 8-9, one being based on the
record for the period 1940-1951, and the other on that for the period 1894 1951. For the 2, 5,
and 10-year return periods the short record curve yields clock-hour amounts of .55, .69, and
.82 inches, while the long-record curve yields .42, .56, and .68 inch, respectively. It is im-
possible to explain these differences as resulting from changes in gage site during the record
period. The station history makes no mention of any significant change in gage location, and a
double mass :malysm1 revealed no 51gns of such a change. The dlfferences ex1st only because i

s

: 1 Kohler M A On the Use of Double-Mass Ana1y51s for Testmg the: Consmtency of Meteoro-
loglcal Records and for Making Requlred Ad]ustment Bull Am Met. Soc » vol. 30, p 188, 1949.
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COMPARISON - OF RAINFALL FREQUENCY CURVES
" BASED ON SHORT AND LONG RECORDS

@
w
I
2
= i
j Nﬁ o ° .82 ‘
;.8 ; 894753, ~ /90, /957
z : \ 8 69 o
¢ ° ° N. o
« . | .55

6 56 sV,
8 e ° &\
E - .
% St
8 ? TRl .
J 4 Y
o y N
- ;
17
w
T
3 .
x SALT LAKE CITY, UTAH

2 |

100 - g0 25 - 10
RETURN PERIOD (YEARS)

]
n

Figure 2 -

several of the highest clock-hour amounts of record at Salt Lake City just happened to occur
during the period 1940 1951.

11. There were sufficient discrepancies like those for Salt Lake City to determine that the 5
and 10-year rainfall amounts read from the frequency curves for stations with about 10 years

or less of record were generally unreliable. In fact, the Salt Lake City data, showing a dif-

. ference of .13 inch, or about 31 percent of the value indicated by the long-record curve, sug-
‘gest that the rehablhty of 2-year rainfall amounts obtained from a recordof only about 10 years
should be investigated also.

LONG-RECORD VS SHORT-RECORD 2-YEAR CLOCK-HOUR RAINFALL

12. The percentage ratios of long-record 2-year clock-hour amounts to short-record values for
30 long-record stations are plotted on the map of Figure 3. The two 2-year clock-hour amounts,
- in hundredths of an inch, for each station are shown in parentheses. Ratios below 100 indicate
" that the 1940-1951 period yielded higher 2-year values than did the total period of record, and
vice versa. It should be noted that small differences between the 2-year amounts may have a
large effect on the ratio. For example, at Port Angeles, Wash., the 2-year values of .29 and
.27 inch have a ratio of 107 percent. While there is some evidence of specific areas showing
either high or low ratios, there are enough cases of high and low ratios at adjacent stations to
suggest that there may be local variations in the ratios that may be as great as any large-scale
variations apparent from this map. It was therefore decided that reliable adjustments could not -
be made from the limited data available. This decision appearseven more justifiable when it is
considered that differences in fitting the frequency curves to the plotted data could account for a
' few hundredths of aninch, which could affect the computed ratiosby as.much as 10 to 15 percent.

MAXIMUM HOURLY VS CLOCK-HOUR RAINFALL

13. Thus far, only clock-hour amounts have been considered. In order to convert these clock-
hour values to the required maximum hourly intensities, a relation was developed between the
two types of data. This was done by first obtalmng the maximum hourly amounts and times of =
~occurrence for each ‘month for about 10 years of record at 13 control stations. The individual:
amounts at each station were then plotted against the higher of the two clock-hour amounts into
which the 60-minute period of maximum intensity extended. : Class intervals were selected so as
to yield groups of approximately, equal size, and the mean for each group was then computed.
Straight lines fitted to the group means by inspection and passing through the origin very closely
approx1mated the lines of best fit (Flgure 4). The inset map of Figure 4 shows that there is no

269177 O =53 =2 5.
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-RELATION OF MAXIMUM HOURLY PREC‘IPITATION
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orderly geograptuc variation in the slopes obtained for the 13 statmns The 'meanf slope for the
.13 stations was 112 percent i

14, In deriving relations like those of Figure 4, hourly amounts for a wide range of magnitude:
were used. This was done to determine as reliably as possible if the relationship was linear or
curvilinear. After the relationship had been determined to be linear, the relations were recom-
puted using only hourly rainfall amounts in the range of interest for this study, that is, above
‘about the 2-year values. Straight lines through the means and origin ylelded a mean slope of
113 percent for the 13 stations. This was the value selected to adjust all clock-hour data to maxi-
mum hourly intensities. - It should be noted that a factor of 1.14 was obtamed in an mdependent o
studyl based on six Florida stat1ons , ;

'I‘WO YEAR 1-HOUR RAINFALL DATA FOR FINAL MAPS
- 15. After all 2-year clock-hour ramfall amounts had been converted to 2-year 1-hour intensi-
ties by applying the 113-percent factor, the adjusted values were plotted on maps for the approxi-
 mately 500 stations for which they were available. These stations, but not the plotted data, are
shown on the maps of Figures 7-9 at the end of the report,
RELATION OF 2 YEAR 1-HOUR TO 2-YEAR DAILY RAINFALL

16.  In order to supplement the plotted hourly pre01p1tat10n data of the preceding paragraph ‘data

from nonrecording gages were utilized. Thiswas accomplished by developing relations between

the 2-year 1-hour and 2-year daily rainfall data from recording gages. In orderto limit the ef-
fects .of possible geographic variations, separate relations were derived for each of the maps in
" Figures 7-9. Figure 5 shows the relation for the area shown in Flgure 7. A least-squares

line fits the data well, although the true relation should be deplcted by a curve through the orlgm .

: The three relatxons y1e1ded standard errors of estimate of 08 10 and .11 mch

17. Tests were made to determme whether relatlons of the type shown in Flgure 5 are affected
by the time of observatlon Computatmns of 2-year 24-hour ramfalls based on’ 24—hour per1ods

Max1mum Station Precipitation for 1, 2 3,6, 12, and 24 Hours, W B. Tech. Paper. 15,
Part or: Florlda, pp 2-3, 1952 :



RELATION': BETWEEN. I~HOUR AND 24-HOUR RAINFALL
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endingat 8 a.m., 6 p.m., and midnight, respectively, at nine stations yielded the results shown
in Table 2. Thesedifferences are relatively small and no period shows a consistently larger or
smaller 2-year 24-hour rainfall amount than that of any other period. Hence, in developing re-
lations between the 1-hour and 24-hour rainfalls‘, it was assumed that there was no difference.

Table 2

COMPARISON OF 2- YEAR 24-HOUR AMOUNTS
FOR THREE OBSERVATION TIMES.

24-Hour Period Ending:'

Station . 8.a.m, 6 p.m. mid,

‘Boise, Ida. S .80 .80 .88
" Greenwater, Wash. = = 2.55 2,30 2,45
Los Angeles; Calif. 2.27 2,20 ©2.35:
North ‘Head, Wash. 2,04 2,18 2.32
Pullman, Wash., il 1.28 1.20 .1.30
‘Tacoma, Wash. . 1.80 1.79 1,74
Walla Walla, Wash. 1.20 1,12 1,21
Winnemucca, Nev, 1.03 .98 .92
Yakima , Wash. ' W77 .75 77
Totals 13.74 13.32 13.94

Means 1,53 1.48  1.55
- TWO-YEAR 1-HOUR RAINFALL MAPS

18. The 1sopluv1a1s of Figures 7-9 were fitted to the recording-gage data, using the data from
~the nonrecording gages. for mterpolatmn purposes. Inother words, data from nonrecording gages
were d1scounted when in apparent disagreement with the recordlng gage data. ‘Although no de-
tailed mvestlgatmn of topographic influences on rainfall intensity -frequency data was made, some
of the influences ‘were recognized from exammauon of the plotted data and were ut111zed sub-
]ectlvely in constructing: the 1sopluv1als o , ;

19 As mlght be expected the rehablhty of the maps decreases as the ruggedness of the terrain
‘increases. This is due to two factors: (1) the areal representatlveness of the data for a station
in rugged terrain is extremely limited, and (2) there are usually fewer stations in the more rug-
ged areas. Item (2) is exemplified by the relatively flat centers of high rainfall intensity along
‘most of the western slopes of the coastal ranges as compared to.the several small sharp centers
‘along the d1v1de near Los Angeles where the gage network is much denser. . '




 FIVE AND 10—YEAR RAINFALL DATA

20. Thus far only the hourly intensities for a: 2- year return per1od have been discussed. The
reason why the 5 and 10~year l-hour intensities were not obtained in the same manner as the 2-
year was given in paragraphs 10-11. Briefly, therecords were, in general, too short to permit
reliable estimates of the 5 and 10-year values. It was therefore necessary to determine how the
5 and 10-year amounts were related to the 2-year from long-record stations. There were 34

‘such stations west of the Continental Divide with an average record of about 40 years, no record

being less than' 17 years. Frequency curves of the clock-hour amounts for these stations had
already been constructed, as described in paragraphs 8-9. It was a simple matter, therefore,

“to obtam the 2, 5 and 10-year clock-hour amounts.

21 In order to determme the relat10ns between 5—year and 2-year and between 10- year and 2- -
year 1l-hour rainfall, the clock-hour data for the 34 stations were plotted onthe charts of Figures

~10-11. ‘Examination of the plotted data revealed evidence of a geographic factor. While the data

are too sparse to delineate accurately the zonesof influence, the divisionof the plotted data sug-
gested two zones and an approximate location-of their common boundary. However, it appears
logical to assume that ‘the geographic factor is probably mostly of orographic origin. Conse-
quently, the divide of the coastal ranges is used, in general, as the common boundary of the two
zones, namely Zone I to the west and Zone II to the east (see Figures 7-9).

22. As can be seen from Figures 10-11, straight lines through the origin and the means of the
groups fit the-data very well. - While these relations:are based on clock-hour amounts, they are
considered applicable to maximum hourly amounts because they and the relations between the
two types of data (pars. 13-14) are linear and through the origin. This means that the slopes of
the lines of Figures 10-11 can be used'as adjustment factors for obtaining the 5 and 10-year 1-
hour rainfalls from the 2-year values. Consequently, the 5 and 10-year 1-hour rainfall for any

_ point on the maps of Figures 7-9 can be quickly obtained by reading the 2-year value from the
“map and multiplying it by 1.24 and 1.48, respectlvely, if in Zone I or by 1.40 and 1.76, respec-~

tlvely, if in Zone II..

23. It should not be inferred that the relations of Figures 10-11 account for all topographic in-
fluences. Actually, there may be areas within the delineated zones where the true relation would
be much different from those shown. This is probably true for those areas at high elevations
which experience frequent and heavy rainfall. There is reason to suspect that the slopes of the
relation would be less than shown for such regions because of the higher expectancy of consxst-
ently heavy rainfalls. , j

INTENSITY-DURATION RELATIONS

24. While the objective of this study was to determine the rainfall 1nten51t1es for duratlons of
5 to 240 minutes expected to be equalled or exceeded on anaverage of once in 2, 5, and 10 years,
the only duration considered thus far is the 1-hour. The original plan of the study called for the
‘construction of isopluvial maps for the 1-hour duration and intensity - durat1on charts for obtain-
ing the intensities for other durations. This chapter deals with the preparatlon and presentatmn
of these 1ntens1ty—durat1on data. ,

FIVE TO 240- MINUTE INTENSITIES FOR RETURN PERIODS OF 2 5, AND 10 YEARS

25 As may be recalled from paragraph 3, tabulations 'of the maximum 5, 10, 15, 30, 60, and

" '120-minute” rainfall amounts for each year of record were readlly avallable for 33 long- record

stations west of the Continental Divide. Similar tabulations of 24-hour amounts were also avail-
able. The 2, 5, and 10-year rainfall amounts for all these durations were determined by the
Gumbel metho,d1 and then plotted on logarithmic paper. For each station smooth curves were:

, 1 Evaluation of Climatic Extremes, Environmental Protection Section Report Nyo,.y 175, Research
and Development Branch, Military Planning Division, Office of the Quartermaster General, March
1951.

Gumbel, E. J., On the Frequency D1str1but1on of Extreme Values m Meteorolog1cal Data, Bull
Am Met. Soc., vol. 23, pp 95-105, 1942. ’




fitted by inspection to the data for each of the three return periods. The 2, 5, and 10-year rain-
fall amounts for durations of 5, 10,:15, 30, 60, 90, 120, 150, 180, and 240 minutes ateach sta-
t10n were then read from these curves: and converted 1nt0 mtensmes in terms of 1nches per | hour

ONE-HOUR INTENSITI'ES VS INTENSITIES FOR OTH ER DURATIONS

26. The 1- hour 1ntens1t1es for all 33 statlons and for all three return per1ods were then plotted
against the intensities for each of the other durations. Figure 6 shows one of these plots -~ that
for 10-minute -intensities ‘vs the l1-hour. Here again, there is definite evidence of a geographic
factor. In general, the data appear to separate quite naturallyinto the same two zones delineated
_ in paragraph 21, and shown on the mapsof Figures 7-9. Straight lines through the origin and the
_group means appear to fit the data well. The separation of the data into two distinct groups or
zones and the good fit of straight lines through the origin' and group means were evident on the
-intensity charts for all durations. It had been intended at first to derive separate relations for
each -of the three return periods. However, the means for each return period were found to lie
close to the line through the mean of the three return periods and the origin, and it was decided
that one slope for each zone would suffice for all three periods. The relations (slopes) obtained
" between the 1-hour intensities and those for various*other durations are listed in Table 3. :

Table 3

RELATIOKS BETWEEN INTENSITIES FOR l-HOUR AND FOR OTHER DURATIONS

Duration e i ZONE I s ZONE II
(min,) G :
.5 ' ‘ 3.57 . 4,37
10 N e 2.54 ©.3.20
15 2,06 ' 2.55
30 Vel 1.44 '1.64
-90 .80 .73
120 : ‘ .68 .58
©+'150 , il .60 i .49
180 i e O : i .42

240 , .46 . .34

27. The relations between the 1-hour intensities and those for other durations,' obtained as des-

. cribed in paragraph 26, were used to construct the two sets of curves of Figures 12-13. The

‘reliability of these curves is, of course, subject to the limitations of the representativeness of
" the relations on Wthh they. are based

28. The curves are labeled with the 1- hour ramfall 1ntens1t1es whlch would be obtained, for any
particular point, from the maps of Figures 7-9. If concerned with the 2-year return periodonly,
the user would then proceed directly to either of Figures 12 or 13, depending on whether the
, pomt was located in Zone I or Zone II. The curve labeled with the 1-hour intensity obtained from
- the map would then reliably. depict the 2-year 1ntens1t1es for other durations. If5 or 10-year in-
tensities were also required, the 2-year intensities should be multiplied by the proper factors"
1nd1cated on e1ther Figure 10 or 11, Wh1chever is apphcable A spec1f1c example follows

EXAMPLE OF OBTAINING INTENSITY FREQUENCY DATA FROM FIGURES 7 13

28, Assume that the 2 5 and 10-year ramfall 1ntens1t1es for duratlone of 10, 20 30 .45, and
60 minutes are required for the point at 36°N and 119°W.. From the map of Figure 9 the ap-
prox1mate value of .40 inch is obtained for the 2-year 1-hour rainfall. Since this site is in Zone
II, Figure 13 is used to obtain the intensities for the other required duratmns Using the curve
labeled 0. 4 the followmg 1ntens1t1es, in 1nches per hour are obtamed e 3

; 10 min. 20 min. : 30 min, - 45 len. 60 minl
2-year 1.2 0.8 S06 05 0.4

~ Since the 1-hour value was for a 2- -year return period, the above 1nten31t1es are also fora 2-year
return period. However the 5-year and 10-year 1ntens1t1es are quickly | obtalned by mult1p1y1ng :

10




U.S. DEPT. QF GOMMERGE

WEATHER BUREAU

GOOPERATIVE STUDIES. SEGTION:

RELATION BETWEEN 10-MINUTE AND I-HOUR RAINFALL INTENSITIES

I~HOUR RAINFALL INTENSITY (INCHES PER HOUR)

Figure 6

11

.00

3,40 t
) Ny
3,20 2
; e
Q
N
3,00 Q
K2
194 »\9
2.80 i ,
: 3 |77
: LEGEND o2
ZONE I = ZONE I RETURN PERIUb {)‘s .
. o 2-YEAR /8 e so-
260 — o o 7 5-YEAR =
+ - 10~ YEAR
H-22
2.40 AN D4
S /+29
T S o544
2 )
22,20
o
ul
a
g 2,00
-5 4
2 I+ S
Z'1.80
7
Z ; .
e STATION INDEX
2
—1.60 . 1.BAKER, ORE.
4 2..BOISE, IDA.
3 3..EUREKA, CALIF.
w 4. FRESNO, CALIF.
= 5..6RAND JUNGTION, COLO.
<1.40 6. KALISPELL, MONT.
E= 7. LEWISTON, 1DA.
w 8..L05 ANGELES, CALIF.
= 9. MODENA, UTAH.
z - 1 O.MT. TAMALPAIS, GALIF.
=1.20 11..NORTH HEAD, WASH.
S 12..PHOENIX, ARIZ.
= 13..POGATELLO, IDA.
14.POINT REYES, CALIF.
15..PORT ANGELES, WASH.
1.00 16..PORTLAND, ORE.
17..RED BLUFF, CALIF.
%5 18..RENG, NEV.
23 i 19..ROSEBURG, ORE.
80- o 20_SACRAMENTO, CALIF.
= 2/.SALT LAKE CITY, UTAH.
/5 22..S4N DIEGO, CALIF.
23..5AN FRANCISCO, GALIF.

:24..5AN JOSE, CALIF.

25..5AN LUIS OBISPO, CALIF.
-60 26..SEATTLE, WASH.

- 27..SPOKANE, WASH.
28..TACOMA, WASH.
29.TATOOSH ISLAND, WASH.
30..TONOPAH, NEV. .

40 3/ WALLA WALL A, WASH.
32. WINNEMUCCA, NEV.
33.YAKIMA, WASH.
.20
0 -
o] 0 .20 30 407 .50 .60 .70 .80 .90 110 1.20 1.30




the 2-yeaf amounts by the factors indicated for Zohe II in Figures 10-11, namely, 1.40 and 1.76.
This adj’ustme'nt yields the following intensities: ‘ ' : i

; 10 min. 20 min. 30 min. 45 min. 60 min.
5-year 1.7 1. 0.8 0.7 0.6
10-year 2.1 1.4 1.1 0.9 0.7

30. If preferred, the 5 and 10-year intensities may be obtained by first estimating the 5 and 10-
year 1l-hour intensities, namely, 0.6 and 0.7 inch per hour, as above, and using the proper
curves of Figure 13 to obtain the intensities for the other durations. The following intensities
are thus obtained: : ‘ ER :

lOmmin. 20 min. 30 min. =~ 45 min. 60 min..
5-year . 1.9 - 1.3 1.0 0.8 0.6
10-year 2.2 1.5 1.2 0.9 - 0.7

" Theoretically, there should be nodifferences between these values and those obtained by the first
method used in this example. This is so because the relations basic to the operation, namely,
those of Figures 10-11 and those exemplified in Figure 6, are all straight-line relationships
through the origin. However, as noted by comparison of the 5 and 10-year intensities obtained
by the two methods, differences. as large -as 0.2 inch per hour -will be observed frequently be-
cause of inaccuracies in reading intensities from the curves and because of rounding off decimal
values. ! : . k o
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