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Figure 4.--2-year 60-min preaipitation (inahes)--adjusted to partial duration series. 
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Figure 5.--100-year 60-minute precipitation (inches)--adjusted to partial duration series. 
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return period) for each box were plotted at positions within the box de­
termined by weighting the latitude and longitude of each contributing sta­
tion by its length of record. In some regions of sparse data, only one sta­
tion was available within a 4° box, but more generally the station years per 
box exceeded 100. The computer smoothing program was also run on the sta­
tion 5-min values within the scan radius increased to 4°. Station ratios of 
5- to 60-min values were similarly smoothed. 

In summary, data used in construction of the 5-min maps included: 1) fre­
quency values computed from all station data within each 4° latitude-longi­
tude box and centered according to station location and length of record, 
2) the computed frequency values and 5-min to 60-min ratio for the indivi­
dual stations, 3) computer smoothed grid values for both frequency values 
and ratios, and 4) the isopluvial pattern developed for the 2-yr 60-min map. 

The character of the 2-yr 5-min data (fig. 6) (and the climate) required 
an unorthodox analysis in the central part of the country, the shaded area 
labeled 0.45 region. All points within the area are to be considered to 
have a 2-yr 5-min frequency value of 0.45 in. (11.4 mm), with values grad­
ually increasing southward and decreasing northward beyond this region. 
Considerable time and effort were spent attempting to define a precise lo­
cation for the 0.45-in. isopluvial. The station data and the several forms 
of grid point data indicated that within this area values were equal to or 
within a few hundredths of an inch of 0.45, with no definable gradient. 
Since the placement of the line is a subjective judgment, the decision was 
made to treat the area as one broad line with all values equal to the value 
of the isoline. 

15-Min Maps (Figs. 8 and 9) 

As previously mentioned in the section "Methodology, Isopluvial Maps," 
the relationship between the 5-, 15- and 60-min precipitation frequencies 
was found to vary both geographically and by return period. Therefore, as 
an aid in the drawing of 15-min maps, the computer smoothing program was 
run on station values of the coefficient c15 : 

(6) 

separately for the 2- and 100-yr return periods to obtain grid point values. 
Successive iterations of computer smoothing followed by manual adjustment 
were made to obtain consistent smooth fields of both c

15 
and R15 , holding 

R60 and R5 fixed. 

MAINTENANCE OF INTERNAL CONSISTENCY 

Once preliminary 5-, 15- and 60-min isopluvial frequency maps for the 2-
and 100-yr durations were completed, values were read from the analyzed maps 
at 0.5° latitude-longitude grid points. These values were used to produce 
maps showing ratios at the grid points between the various durations and re­
turn periods. The ratio fields were then scanned for consistency and cor­
respondence to ratios from the station data. The preliminary isopluvial 
maps were adjusted to remove any inconsistencies in the ratio fields. Next, 
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differences between adjacent grid points on the six maps were compared to 
discover any places where one map or set of maps showed increasing values 
where other maps or sets of maps were indicating decreasing values. This 
does not imply that values on all maps must move parallel to each other, but 
that nonparallel movement be examined to insure that. the trends are intend­
ed by the analyst. A case of validated nonparallelism is illustrated in the 
Northern Plains States, where the ridge in the isopluvials shifts westward 
with increasing return period. 

INTERMEDIATE DURATIONS AND RETURN PERIODS 

10- and 30~Min Relations 

The procedure discussed under "Methodology" was used to derive equations 
to estimate the 10-min values from 5- and 15-min, and 30-min values from 
15- and 60-min values. The station data were first grouped geographically, 
and separate equations derived for each area and for the 2- and 100-yr re­
turn period. Neither geographical nor return period differences were signi­
ficant, and one equation for the 10-min estimation and one equation for 
30~min estimation were adopted. They are: 

10-min value = 0.59 (15-min value) + 0.41 (5-min value) (7) 

30-min value = 0.49 (60-min value) + 0.51 (15-min value) (8) 

The graphical solution to these equations is shown in figure 10. The 
ordinate scale is linear. It is left unlabeled so that the user can label 
as appropriate for the range of data being used. 

Intermediate Return Periods 

A mathematical solution of the Gumbel equations for the partial duration 
series results in the following equations to compute values for selected 
return periods intermediate to the 2- and 100-yr values. 

5-yr 0.278 (100-yr) + 0.674 (2-yr) (9) 

10-yr 0.449 (100-yr) + 0.496 (2-yr) (10) 

25-yr 0.669 (100-yr) + 0.293 (2-yr) (11) 

50-yr = 0.835 (100-yr} + 0.146 (2-yr) (12) 

INTERPRETATION OF RESULTS 

PHYSIOGRAPHIC AND METEOROLOGICAL EFFECTS 

The center of low precipitation frequencies depicted in Northern Missouri 
_is validated by the fact that this is also a center of low frequency of 
tornadoes (Fujita 1976) compared to the surrounding regions. High-intensity, 
short-duration rainfalls and tornadoes are both associated with convective 
storms. We do not know whether this anomaly is a shadow effect of the 
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Figure 10.--DuPation-interpolation diagram for 10- and 30-min estimates. 
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Ozark Mountains impeding the low-level moist inflow from the Gulf of Mexico 
or is due to some other cause. 

The isopluvial discontinuities appearing across the Great Lakes occur be­
cause warm land surfaces to the windward enhance the development of summer 
thunderstorms, while the cool lake water surfaces tend to inhibit this type 
of weather. The data confirm this and suggest higher values on the upwind 
(west and south) shores of the Great Lakes than on the downwind (east and 
north) shores. A similar effect is noticeable in Florida, with the lowest 
values near the coast, especially the east coast in the summer easterlies, 
with higher values inland. Coastal effects are also noted along the middle 
Atlantic coast, being most prominent on the 5-min and 15-min 100-yr maps. 
The tongue of high values aligned north-south in the Western Plains coincides 
with the well-known nocturnal maximum of thunderstorms in the region, and 
with the frequent development of a band of strong winds from the south, 
called the low-level jet (Pitchford and London 1962). The trough of lower 
values paralleling, and northwest of, the Appalachians suggests that shield­
ing by that mountain chain in a south to southwest flow has more impact on 
frequencies than does orographic simulation that might be expected with a 
west-southwest to west flow. 

COMPARISON WITH PREVIOUS STUDIES 

In both this study and TP-40, the 60-min map is the anchor map upon which 
precipitation-frequency values for shorter durations are based. Comparing 
the 60-min maps in the two reports at the 2-yr return period shows good cor­
respondence with no overall trend to higher or lower values or pronounced 
regional differences. 

The major difference is the greater detail with which the later map has 
been constructed, especially in the Appalachians. The largest increase in 
values, somewhat in excess of 20 percent, is at the triple point intersec­
tion of the borders of North Carolina, South Carolina, and Georgia, on the 
south-east flank of the Appalachians. An increase of less than 20 percent 
in northern Minnesota results from more northward penetration of the 
midwestern tongue of high values on the later analysis. Decreases of about 
15 percent occur at points on the western shore of Chesapeake Bay, result­
ing from cutting back a tongue of high values east of the Appalachians. Most 
other changes are less than 10 percent and tend to average out over a given 
region. On the Florida peninsula, the general level of val~es is unchanged, 
but the later analysis gives more recognition to the stimulation of intense 
thunderstorms by solar heating of land (supported by the data) and places 
higher values in the interior of the peninsula than over the adjacent sea. 
For similar reasons, the north-south gradient is reduced in southern 
Louisiana. 

Differences in the 60-min 100-yr maps are similar, with larger percentage­
wise changes in the Appalachians. This is expected, since more variation of 
both the mean of the annual series and its standard deviation have been 
introduced. 
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The largest differences between the new study and TP-40 exist at the 5-min 
duration. The present study shows values in Maine and parts of the northern 
plains 30 to 40 percent greater than values derived by use of the duration 
table in TP-40. Along the Gulf coast, on the other hand, the new values are 
about 20 percent less than those derived from TP-40 at the 2-yr return period 
and 30 percent less at the 100-yr return period. Values are also lowered 
along the Atlantic coast. 

Yarnell (1935) published pioneering rainfall frequency maps for the United 
States based on data through 1933. He had available essentially the same 
network of first-order NWS stations available to this study for N minutes 
(fig. 1) but 40 years less record. The overall patterns and levels of values 
on Yarnell's charts and the maps of the present report are similar and are a 
testimony to the stability of the climate with respect to short-duration 
rainfalls. It has been possible to attain a finer scale of subregion detail 
in the later work, as well as provide the more detailed analysis in the 
Appalachians, which has been referred to. Values have been raised substan­
tially in the Northeast in the present study compared to Yarnell. Identify­
ing the reason for this would require repetition of Yarnelll"s analysis. 
Coastal patterns have been modified and the north-south axis of high values 
in the Plains States, prominent in all studies, is depicted farther to the 
west in the new study. 

ILLUSTRATION OF THE USE OF PRECIPITATION-FREQUENCY MAPS, 
DIAGRAMS, AND EQUATIONS 

1. Two-yr and 100-yr values for the duration of 5, 15, and 60 min are read 
from the six maps (figs. 4-9). Example: for the point at 37°N and 93°W, 
these values read by interpolation are entered in table 3. 

2. Intermediate return period values are calculated using equations 9-12. 
The calculation for the 25-yr 15-min value (using eq. 11) is: 

25-yr 15-min = 0.669 (1.79) + 0.293 (0.94) = 1.47 

3. Values for intermediate durations are calculated using equation 7 or 8 
or by plotting as in figure 11. The 100-yr 10-min value (using eq. n is: 

100-yr 10-min = 0.59 (1.79) + 0.41 (0.85) = 1.40 
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Table 3.--Precipitation frequency values (in.) for 93°00'W, 37000'N) 

5-min 10-min 15-min 30-min 60-min 

2-yr 0.45 0.94 1.59 
5-yr 

10-yr 
@) 25-yr 

50-yr 
(!J]) 100-yr 0.85 1.79 3.43 

Note: Circled values are computed from the other values. 

ACKNOWLEDGEMENTS 

Sponsorship and financial support for this project were provided by Soil 
Conservation Service, u.s~. Dept. of Agriculture. Coordination with 
the Soil Conservation Service was maintained through Robert E. Rallison, 
Chief, Hydrology Branch, Engineering Division. 



34 

REFERENCES 

Atmospheric Environment Service (Environment Canada), 1974: "Short Duration 
Rainfall Intensity-Duration-Frequency Data," (unpublished graphs and com­
puter output). 

Barn~s, S. L., 1963: "A Technique for Maximizing Details in Numerical 
Weather Map Analysis," Technical Report ARL-1326-8, Atmospheric Research 
Laboratory, University of Oklahoma Research Institute, Norman, Okla. 

Chow, V. T., 1950: "Discussion of Annual Floods and the Partial-Duration 
Flood Series, by W. B. Langbein," Transactions of American Gegphysical UniorL, 
31, pp. 939-941. 

Cressman, G. P., 1959: "An Operational Objective Analysis System," Monthly 
Weather Review, 8~ pp. 367-374. 

Environmental Data Service, 1950-72: Climatological Data, National Summary, 
Annual, NOAA, U.S. Dept. of Commerce, Asheville, N.C. 

Environmental Data Servic~ 1951-72: Hourly Precipitation Data, NOAA, U.S. 
Dept. of Commerce, Asheville, N.C. 

Fujita, T., 1976: "Graphic Examples of Tornadoes," Bulletin of the American 
Meteorological Society, 5~ pp. 401-412. 

Greene, D., (Texas A & M University, College Station) 1971: "Numerical 
Techniques for the Analyses of Digital Radar Data with Applications to 
Meteorology and Hydrology," Ph.D. Thesis. 

Gumbel, E. J., 1958: Statistics of Extremes, Columbia University Press, New 
York, 375 pp. 

Hershfield, D. M., 1961: "Rainfall Frequency Atlas of the United States for 
Durations from 30 Minutes to 24 Hours and Return Periods From 1 to 100 
Years," Technical Paper No. 40, Weather Bureau, U.S. Dept. of Commerce, 
Washington, D.C., 115 pp. 

Hershfield, D. M., 1962: "An Empirical Comparison of the Predictive Value 
of Three Extreme-Value Procedures," Journal of Geophysical Research, 67, pp. 
1535-1542. 

Hershfield, D. M., anc. M. A. Kohler, 1960: "An Emprical Appraisal of the 
Gumbel Extreme-Value Procedure," Journal of Geophysical Research, 65, pp. 
1737-1746. 

Miller, J. F., R. H. Frederick and R. J. Tracey, 1973: "Precipitation-Fre­
quency Atlas of the Western United States, Vol. I: Montana; Vol. II: Wyo­
ming; Vol. III: Colorado; Vol. IV: New Mexico; Vol. V: Idaho; Vol. VI: 
Utah; Vol. VII: Nevada; Vol. VIII: Arizona; Vol. IX: Washington; Vol. X: 
Oregon; Vol. XI: California," NOAA Atlas 2, National tveather Service, NOAA, 
U.S. Dept. of Commerce, Silver Spring, Md. 



Pitchford, K. L., and J. London, 1962: "The Low Level Jet as Related to 
Nocturnal Thunderstorms over Midwest United States," Journal of Applied 
Meteorology, 1, pp. 43-47. 

Weather Bureau, 1940-48: Hydrologic Bulletin, U.S. Dept. of Commerce 
Washington, D.C. 

Weather Bureau, 1936-49: U.S. Meteorological Yearbook, U.S. Dept. of 
Commerce, Washington, D.c. 

Weather Bureau, 1948-51: Climatological Data, U.S. Dept. of Commerce, 
Washington, D.C. 

35 

Weather Bureau, 1953, 1954a: "Rainfall Intensities for Local Drainage 
Design in the United States for Durations of 5 to 240 Minutes and 2-, 5-, 
and 10-Year Return Periods," Technical Paper No. 24, "Part I: West of the 
115th Meridian," Washington, D.C., Revised February 1955, 19 pp., "Part II: 
Between 105°W. and ll5°W.," U.S. Dept. of Commerce, Washington, D.C., 
9 pp. 

Weather Bureau, 1954b: "Rainfall Intensities for Local Drainage Design in 
Coastal Regions of North Africa, Longitude ll 0 W. to l4°E. for Durations of 
5 to 240 Minutes and 2-, 5-, and 10-Year Return Periods," u.S. Dept. of 
Commerce, Washington, D.C., 13 pp. 

Weather Bureau, 1955a: "Rainfall Intensities for Local Drainage Design in 
Arctic and Subarctic Regions of Alaska, Canada, Greenland, and Iceland. for 
Durations of 5 to 240 Minutes and 2-, 5-, 10-, 20-, and 50-Year Return 
Periods," U. S. Dept. of Commerce, Washington, D. C., 13 pp. 

Weather Bureau, 1955b: "Rainfall Intensity-Duration-Frequ~ncy curves for 
Selected Stations in the United States, Alaska, Ilawaiian Islands, and Puerto 
R. II T h i 1 1co, ec n ca Paper No. 25, U.S Dept. of Commerce, Washington, D.C., 
53 pp. 

Weather Bureau, 1956: "Rainfall Intensities for Local Drainage Design in 
Western United States for Durations of 20 Minutes to 24 Ho·1rs and 1- to 100-
Year Return Periods," Technical Paper No. 28, U.S. Department of Commerce, 
Washington, D.~., 46 pp. 

Weather Bureau, 1957, 1958, 1958, 1959, 1960: "Rainfall Intensity-Frequency 
Regime," Technical Paper No. 29, "Part 1: The Ohio Valley;" "Part 2: 
South~astern United States;" "Part 3: The Middle Atlantic Region;" "Part 4: 
Northeastern United Stat~s;" "Part 5_: Great Lakes Region," U.S. Dept. of 
Commerce, Washington, D.C. 

Weather Bureau, 1963: "History of Weather Bureau Precipitation Measure­
ment," Key to Meteorological Records Documentation No. 3.082, U.S. Dep_t. of..: 
Commerce, Washington, D.c., 19-pp. 



36 

Weiss, L. L., 1964: "Ratio of True to Fixed Interval Maximum Rainfall," 
Journal of the Hydraulics Division, Proceedings, ASCE, 90, HY-1, Proceedings 
Paper 3758, pp. 77-82. 

Yarnell, D. L., 1935: "Rainfall Intensity-Frequency Data," Miscellaneous 
Publication No. 204, U.S. Dept. of Agriculture, Washington, D.C., hR nn. 



(Continued from inside front cover) 

NWS HYDRO 15 Time Distribution of Precipitation in 4- to 10-Day Storms--Arkansas-Canadian River Ba­
sins. Ralph H. Frederick, June 1973. (COM-73-11169) 

NWS HYDRO 16 A Dynamic Model of Stage-Discharge Relations Affected by Changing Discharge. D. L. 
Fread, December 1973. Revised, September 1976. 

NWS HYDRO 17 National Weather Service River Forecast System--Snow Accumulation and Ablation Model. 
Eric A: Anderson, November 1973. (COM.::.74-10728). 

NWS HYDRO 18 Numerical Properties of Implicit Four-Point Finite Difference Equations of U?steady 
Flow. D. L. Fread, March 1974. 

NWS HYDRO 19 Storm Tide.Frequency Analysis for the Coast of Georgia. 
(COM-74-11746/AS) 

Francis P. Ho, September 1974. 

NWS HYDRO 20 Storm 'Tide Frequency for the Gulf Coast of Florida From Cape San Bias to St. Petersburg 
Beach. Francis P. Ho and Robert J. Tracey, April 1975. (COM-75-10901/AS) 

NWS HYDRO 21 Storm Tide Frequency Analysis for the Coast of North Carolina, South of Cape Lookout. 
Francis P. Ho and Robert J. Tracey, May 1975. (COM-75-11000/AS) 

NWS HYDRO 22 Annotated Bibliography of NOAA Publications of Hydrometeorological Interest. John F. 
Miller, May 1975. 

NWS HYDRO 23 Storm Tide Frequency Analysis for the Coast of Puerto Rico. 
(COM-11 001/ AS) 

Francis P. Ho, May 1975. 

NWS HYDRO 24 The Flood of April 1974 in Southern Mississippi and Southeastern Louisiana. Edwin H. 
Chin, August 1975. 

NWS HYDRO 25 The Use of a Multizone Hydrologic Model With Distributed Rainfall and Distributed Par­
ameters in the National Weather Service River Forecast System. David J. Morris, August 
1975. 

NWS HYDRO 26 Moisture Source for Three Extreme Local Rainfalls in the Southern Intermountain Region. 
E. Marshall Hansen, October 1975. 

NWS HYDRO 27 Storm Tide Frequency Analysis for the Coast of North Carolina, North of Cape Lookout. 
Francis P. Ho and Robert J. Tracey. November 1975. 

NWS HYDRO 28 Flood Damage Reduction Potential of River Forecast Services in the Connecticut River 
Basin. Harold J. Day and Kwang K. Lee, February 1976. (PB-256758) 

NWS HYDRO 29 Water Available for Runoff for 4- to IS-Days Duration in the Snake River Basin in Idaho. 
Ralph H. Frederick and Robert J. Tracey, June 1976. (PB-258-427) 

NWS HYDRO 30 Meteor Burst Communication System--Alaska Winter Field Test Program. 
ford, March 1976. (PB-260-449) 

Henry S. Sante-

NWS HYDRO 31 Catchment Modeling and Initial Parameter Estimation for the National Weather Service 
River Forecast System. Eugene L. Peck, June 1976. (PB-264154) 

NWS HYDRO 32 
( 

Storm Tide Frequency Analysis for the Open Coast of'Virginia, Maryland, 
Francis P. Ho, Robert J. Tracey, Vance A. Myers, and Normalee S. Foat, 
(PB-261-969) 

and Delaware. 
August 1976. 

NWS HYDRO 33 Greatest Known Areal Storm Rainfall Depths for the Contiguous United States. Albert P. 
Shipe and John T. Riedel, December 1976. 

NWS HYDRO 34 Annotated Bibliography of NOAA Publications of Hydrometeorological Interest. John F. 
Miller, December 1976. 




