
Pooling Our Research: Updating 
Precipitation Frequency Estimates
Why a Pooled Fund Study?
When designing hydraulic structures such as drains, 
ponds, culverts and water quality devices, engineers must 
make sure that the structures are adequately sized to 
handle the quantity of water flowing through them. Drain-
age structures that are smaller than needed could lead to 
flooding, while those that are larger than required waste 
money. The design of these structures is often based on 
precipitation frequency estimates from the National 
Oceanic and Atmospheric Administration (NOAA).

For many years, Minnesota and other states have relied on 
rainfall estimates from a 1961 Weather Bureau publication 
(Technical Paper No. 40) to develop equations predicting 
runoff and on the June 1977 NOAA Technical Memo NWS 
HYDRO-35 to create rainfall intensity-duration-frequency 
curves (graphical representations of the amount of water 
that falls within a given time period) for typical design 
frequencies. However, estimates in these documents were 
based on a limited amount of data, and there is some evi-
dence that rainfall patterns have been changing. Neverthe-
less, precipitation frequency estimates for Minnesota and 
other regions had not been updated for 50 years, and transportation agencies may have 
been using outdated and inaccurate data for their hydraulic designs. 

Consequently, NOAA has been updating its precipitation frequency data for various U.S. 
regions with funding from a variety of sources, and publishing this data in a series of 
volumes as NOAA Atlas 14: Precipitation-Frequency Atlas of the United States. In 2008, 
Minnesota helped create a new pooled fund study to generate precipitation frequency 
estimates for Midwestern states using the same state-of-the-art statistical techniques 
NOAA has applied to updates in other regions of the country. Minnesota’s share of this 
study is supported by MnDOT research funds, the Legislative-Citizen Commission on 
Minnesota Resources through the Minnesota Pollution Control Agency, and Minnesota 
cities with State Aid funds.

What is the Pooled Fund Study’s Goal?
The goal of this pooled fund study is to review and process available rainfall data for 
participating states to update precipitation frequency estimates for durations ranging 
from 5 minutes to 60 days and for 1-year through 1,000-year average recurrence inter-
vals (ARIs). An ARI is the long-term average number of years between the occurrence of 
precipitation as great as or greater than a selected event.

How Did We Do It?
Researchers began by collecting weather station precipitation data from a variety of 
sources, including MnDOT and the Minnesota State Climatology Office at the Depart-
ment of Natural Resources. They formatted, analyzed and conducted quality control on 
this data; this process included tests of reliability and consistency of data, the accuracy 
of weather station locations, and screening for duplicate records and removing outli-
ers. Researchers also improved methods for analyzing and interpolating precipitation 
frequency estimates with better statistical approaches and algorithms. 
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NOAA has completed updating 
precipitation frequency 
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regions in the United States, 
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TOTAL PROJECT 
CONTRIBUTIONS TO DATE:

$2,011,629

MnDOT CONTRIBUTIONS
TO DATE:

$282,374

PARTICIPATING STATES:
CO, IA, KS, MI, MN, MO, ND, NE, 

OK, SD, WI  

T R A N S P O R T A T I O N  P O O L E D  F U N D 

P R O G R A M

TPF-5(187): Updating 

U.S. Precipitation 

Frequency Estimates for 

the Midwestern Region. 

This study is updating 

decades-old precipitation 

frequency estimates that 

are used by practitioners to 

design small drainage 

structures such as inlets, 

storm drains and small 

culverts. 

RESEARCH 
SERVICES

O F F I C E  O F  P O L I C Y  A N A L Y S I S , 
R E S E A R C H  &  I N N O V A T I O N

http://www.weather.gov/oh/hdsc/PF_documents/TechnicalPaper_No40.pdf
http://www.weather.gov/oh/hdsc/PF_documents/TechnicalMemo_HYDRO35.pdf
http://www.weather.gov/oh/hdsc/PF_documents/TechnicalMemo_HYDRO35.pdf
http://www.nws.noaa.gov/oh/hdsc/currentpf.htm
mailto:Andrea.Hendrickson@state.mn.us
mailto:Deb.Fick@state.mn.us
http://www.pooledfund.org
http://pooledfund.org
http://www.pooledfund.org
http://www.pooledfund.org
http://www.research.dot.state.mn.us/
http://www.research.dot.state.mn.us/
http://www.research.dot.state.mn.us/
http://www.research.dot.state.mn.us/
http://www.research.dot.state.mn.us/


Researchers then conducted a peer review of this data, sending a request to a list server 
with 750 subscribers and to other interested parties. Potential reviewers were asked to 
evaluate the accuracy of station metadata and the reasonableness of point precipitation 
frequency estimates in addition to their spatial patterns. Researchers revised precipita-
tion data based on feedback from at least 46 individuals at various agencies, including 
the U.S. Army Corps of Engineers, U.S. Geological Survey, state climatology offices, 
water management districts and weather forecast offices. 

What Have We Learned?
In April 2013, NOAA published precipitation frequency estimates, with upper and lower 
bounds of 90 percent confidence intervals, for 11 Midwestern states as NOAA Atlas 14, 
Volume 8. NOAA’s Precipitation Frequency Data Server provides access to mapping, 
charts and related reporting. With data from the Web, users can incorporate digital 
versions of the estimates directly in their applications without using an expensive and 
error-prone digitizing step that was required in the past. The server presents precipita-
tion frequency estimates in geographic information systems-compatible formats, in-
cluding estimates at a given point on a map (after entering the latitude and longitude); 
temporal distributions of heavy precipitation for durations of six, 12, 24 and 96 hours; 
seasonal information for annual maxima data used in the frequency analysis for selected 
durations; and cartographic maps of precipitation frequency estimates.

What’s Next?
MnDOT will issue a technical memorandum with guidance for incorporating new Atlas 
14 information into its design of hydraulic structures that will supersede its existing 
Drainage Manual. In some cases, precipitation estimates have changed significantly and 
will have a marked impact on the way MnDOT designs hydraulic infrastructure.Produced by CTC & Associates for: 
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This Technical Summary pertains to the ongoing Pooled Fund TPF-5(187), Updating U.S. Precipita-
tion Frequency Estimates for the Midwestern Region. Details of this study can be found at 
http://www.pooledfund.org/Details/Study/410. 

For more than 25 years, FHWA’s Transportation Pooled Fund Program has been providing state 
DOTs and other organizations the opportunity to collaborate in solving transportation-related prob-
lems. The TPF Program is focused on leveraging limited funds, avoiding duplication of effort, under-
taking large-scale projects and achieving broader dissemination of results on issues of regional and 
national interest.

NOAA’s Precipitation Frequency Data Server lets users access frequency estimate 
maps, charts and reports online. Minnesota data was recently made 
available as part of NOAA Atlas 14, Volume 8.

“Original precipitation 
frequency estimates were 
based on limited data 
and skewed by the Dust 
Bowl era. New estimates 
are based on significantly 
more data and should be 
far more accurate.”

—Andrea Hendrickson,
MnDOT State Hydraulics 
Engineer

“We saw significant 
increases for some 
precipitation frequency 
estimates, and these 
will definitely affect the 
design of hydraulic 
structures.”

—Sanja Perica,
Director, 
Hydrometeorological 
Design Studies Center, 
National Weather Service, 
National Oceanic and 
Atmospheric 
Administration
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