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Hurricane Helene rainfall,
September 2024

Annual exceedance probability

S>1/10
1/50 - 1/10
@©1/100 - 1/50

@1/200 - 1/100
@ 1/500 - 1/200
@ 1/1000 - 1/500
@< 1/1000

https://www.weather.gov/owp/hdsc_aep
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Helene, 23 - 28 September 2024
Annual Exceedance Probabilities (AEPs) for the Highest 3-day Rainfall Period

National Water Center <>1/10
Office of Water Prediction, National Weather Service <1/50 - 1/10
National Oceanic and Atmospheric Administration @1/100 - 1/50
https://www.weather.gov/owp/hdsc €1/200 - 1/100
@ 1/500 - 1/200
Created 30 September 2024 @ 1/1000 - 1/500

Precipitation frequency estimates are from NOAA Atlas 14 Volumes 2 and 9.
Rainfall values come from 1-hour Stage IV multi-sensor data. &< 1/1000



https://www.weather.gov/owp/hdsc_aep

Terminology

AAnnual exceedance probability (AEP): based on past rainfall data

and statistical met hods, othe pr
given amount for a specified duration and at a given location in any
gl ven year at | east onceo

AAverage recurrence interval (ARI), or return period: the inverse
of AEP. If a rainfall amount has a 1% AEP, it has an average
recurrence interval of 100 years.

AlIn other words, at that location, that rain amount should be expected to be
exceeded, on average, once every 100 years
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Terminology

AAEPs and ARIs are also calculated for different rainfaltlurations
AAnywhere from minutes to weeks

ANOAA Atlas 14: the current official source of precipitation

frequency estimates in the US.
AHas been expanded across the country over the last ~20 years.

AFirst editions released in 2004, most recent update was the interior
northwest in 2024

AAtlas 14 still does not exist for Washington and Oregon

ANOAA Atlas 15: updated precipitation frequency estimates
currently in progress. Expected release in 2026.

COLORADO STATE UNIVERSITY



Fort Collins, CO: most iday rainfall in each year

FORT COLLINS annual maximum 1-day precipitation, 1893--2024
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Sort these from lowest to highest, calculate a return period
based on the data alone

FORT COLLINS return periods: 1 days, 1893--2024

e empirical
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Because the 1997 storm
happened once in 132 years,
we could say it has a 132year
return period

(Is this a good assumption?)

return period (years)
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These points appear to follow a curve, so we can use
statistics to estimate that curve

FORT COLLINS return periods: 1 days, 1893--2024

e empirical
normal
—— Gamma
| — GEV

0 GEVO:
Generalized
SUCEINERYCIE
distribution,
which is
commonly
used
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What else needs to be considered?

Al f CoCoRaHS has taught wus anyt hi
over small distances. So we should probably also consider data from

nearby stations if we have them.

Al f it has rained that hard on the ot
that hard on your side of town too.

AThe most rain that could fall in a 24-hour period might not line up
exactly with the 24-hour period when the observations are taken.
Should account for this also.
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These factors are considered in NOAA Atlas 14, and their
rain amounts are a little higher than our simple GEV fit

FORT COLLINS return periods: 1 days, 1893--2024

® empirical
normal
— Gamma

| — GEV NOAA Atlas 14
—— NA14 lower bound

NAL4 in black
{ —— NA14 upper bound
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PDS-based depth-duration-frequency (DDF) curves
Latitude: 40.5747%, Longitude: -105.0825"

Fort Collins, Colorado Average recurrence

interval
(vears)
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https://hdsc.nws.noaa.gov/pfds/pfds_map_cont.html?bkmrk=co

Fort Collins, Colorado

Duration
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NOAA Atlas 14, Veolume 8, Version 2 Created (GMT): Sun Jun 15 22:54:37 2025
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Fort Collins, Colorado, 24 -hr duration, confidence intervals
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— Upper bound of the 90%
canfidence interval

— Precipitation frequency estimates

— Lower bound of the 90%
confidence interval
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https://hdsc.nws.noaa.gov/pfds/pfds_map_cont.html?bkmrk=co

Why do the ranges get so large?

AWe generally have 100200 years of data at best, so there is a lot
more uncertainty for the rarer events

ABut still possible to make an estimate of the 1000-year rain amount even
without 1000 years of data!

|l nterested in trying this yourself? Thereds a nice tutori a
https://comptools.climatematch.io/tutorials/W2D3 ExtremesandVariability/student/W2D3 Tutorial2.html
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https://comptools.climatematch.io/tutorials/W2D3_ExtremesandVariability/student/W2D3_Tutorial2.html

Adding more data can
change the estimates
INn a significant way

Atlas 14 was updated for
Texas in 2018, after
Hurricane Harvey

100-year, 24-hour ARI
amounts increased by
>20%, In large part because
data from Harvey was
Included

@ COLORADO STATE UNIVERSITY

«« https://lwww.weather.gov/media/owp/oh/hdsc/docs/
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Atlas14 Volumell.pdf
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Figure 7.4. Map showing percent differences in 100-year 24-hour estimates between NA14 and TP40.


https://www.weather.gov/media/owp/oh/hdsc/docs/Atlas14_Volume11.pdf
https://www.weather.gov/media/owp/oh/hdsc/docs/Atlas14_Volume11.pdf

Adding more data can change the estimates in a significant

Asheville Area return periods: 3 days, 1869--2023

e empirical

=
o

(00}

(#)]

0
Q
K
|9
o
C
e
]
©
=
o
|9
()
pust
o

3-day annual maximum
rainfall at Asheville, NC, data
through 2023

101
return period (years)
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Adding more data can change the estimates in a significant

Asheville Area return periods: 3 days, 1869--2824.

e empirical
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3-day annual maximum
rainfall at Asheville, NC, data
through 2024
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And measuring rainfall is
difficult!

Operational Product Viewer

32, Lat: 38, Q3 Radar QPE - 24 hr F— - [otiozozs 1z00utC )
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NOAA Atlas 14 maps

1% AEP (100-year), 24 hour 0.1% AEP (1000-year), 24 hour

100-year, 24-hour average recurrence interval (inches) 1000-year, 24-hour average recurrence interval (inches)

0.5 1.5 3.0 6.0 10.0 : . 0.0 0.1 0.5 1.5 3.0 6.0 10.0
precip (inches) precip (inches)

COLORADO STATE UNIVERSITY 18




random distribution of points exceeding 100-year recurrence interval through 1 years
total unigque points exceeding = 4472 , 0.971 % points with more than one event in period=0.0 %

After 1 year:
44732 -yedr0O
rail nstor ms
this map
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random distribution of points exceeding 100-year recurrence interval through 2 years
total unique points exceeding = 8977 , 1.95 % points with more than one event in period =46 , 0.01 %

After 2 years
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random distribution of points exceeding 100-year recurrence interval through 5 years
thotal unique points exceeding = 22327 , 4.849 % points with more than one event in period = 438 , 0.095 %

by &,
g

After 5 years
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After 10 years
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random distribution of points exceeding 100-year recurrence interval through 20 years
890, 18.219 % oints with more than one event in period = 8053 , 1.749 %
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After 20 years
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random distribution of points exceeding 100-year recurrence interval through 30 years
total unique points exceeding = 119870 , 26.033 % points with more than one event in period = 18139 , 3.939 %
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After 30 years, each
point has a 26%
chance of seeing a
100-year rain
event!
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And nearly a 4%
chance of getting
more than one of
them!
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A 100year rainstorm Is rare at any given
location, but we expect many of them to occur
*somewhere* each year

Return periods are defined by the probability at a single
point

COLORADO STATE UNIVERSITY
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The chance of occurrence Is the same In each
year, so it Is possible (though unlikely) to get a
100 year storm in back-to-back years

(assuming the estimate of the 10@year threshold reflects
Af 3 AAA3 | 7~ A3 ;A3 Yt E Y% Yttt A/
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A 100year rainstorm does not necessarily lead
to a 100 year flood!

The flooding could be more or less extreme,
depending on the spatial extent of the rain, the
characteristics of the watershed, the terrain,
whether soils are wet, and so on

COLORADO STATE UNIVERSITY -
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scattered
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rainstorms in the US!
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Data and methods

APRISM daily precipitation analysis (Daly et al. 2021), 19812023

AGauges + radar
ALeans heavily on CoCoRaHS observations!

ANOAA/NCEP Stage IV analysis (Nelson et al. 2016), 2002024
ARadar + gauges

ADatasets analyzed for 24 h periods ending at 1200 UTC, all

regridded to a consistent grid (4-km PRISMIat/lon grid) over the
CONUS

ACoCoRaHS observations, 2002024, matched to nearest grid point

COLORADO STATE UNIVERSITY 2



Data and methods

AExtreme rainfall is defined by exceedances of average recurrence interval

thresholds from NOAA Atlas 14

A Here, focusing on 100-year (1% AEP) and 1008/ear (0.1% AEP) over durations of 2472
hours. Pacific Northwest excluded from analysis because Atlas 14 is unavailable.

100-year, 24-hour average recurrence interval (inches) 1000-year, 24-hour average recurrence interval (inches)

0.0 0.1 0.5 1.5 3.0 6.0 10.0 : . 0.0 0.1 0.5 1.5 3.0 6.0 10.0
precip (inches) precip (inches)




Stage IV
ranple potlen . R
1000-year, 72-h ARI
ABiggest rain event in
Tennessee/Alabama history?

ANo, some kind of weird radar
artifact
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Example problem

PRISM has fewer of these, but

sti || gui te a fg

Use a combination of
automated and manual
processes to remove spurious
oeventso, Q€9%dI
database for each precipitation
dataset
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Points exceeding the
1000-year, 72-h ARI
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Points exceeding the 1% annya&larex ae end an d €028
PRISM analysis (gauge + radar), periods ending 1200 UTC

Color shaded
by year

N WAYR{
information
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