IFAS Extension

UNIVERSITY of FLORIDA

UF

AESE7

https://doi.org/10.32473/edis-AE587-2023

Estimating the Frequency of a Storm Event: How to
Use NOAA Atlas 14 Point Precipitation Frequency

Estimates’

Young Gu Her, Eban Bean, and Christopher Martinez?

Introduction

Information about storm frequency can help to better
communicate the probabilistic nature of rainfall events,
which is used as a basis for design in many engineering
fields. Communicating storm event characteristics, such as
size and duration, is critical to agriculture, transportation,
construction, natural resources management, and other
fields affected by significant rainfall events. The probability
of a certain size of event occurring within a set duration
can be determined from historical rainfall records. Such

an estimation process is called rainfall frequency analysis.
The analysis can be used to calculate the probability of a
storm event of interest occurring during a year or within a
number of years (Her et al. 2018). Moreover, estimating the
probability of a certain storm (or rainfall) event occurring
can help people anticipate and prepare for the impacts. For
example, hydraulic structures, such as canals, levees, dikes,
dams, stormwater pipes, and ponds, are typically sized

and designed for events of a certain historical rainfall or
flood frequency. The National Oceanic and Atmospheric
Administration’s (NOAA) National Weather Service (NWS)
has developed a publicly available tool to quickly and easily
estimate the frequency of a storm event: NOAA Atlas 14
Point Precipitation Frequency Estimates (https://www.
weather.gov/owp/hdsc). This article introduces NOAA

Atlas 14 and explains how to use it to help Extension
agents and the general public estimate the frequency of any
storm event of interest. The frequency estimate of a storm
event using NOAA Atlas 14 helps the user to understand
how large a storm is in relation to the historical storm
events that occurred at a certain location. In addition, the
information on the estimate’s confidence interval provided
by NOAA Atlas 14 is expected to help people better under-
stand the probabilistic nature of rainfall events.

NOAA Atlas 14 Point Precipitation

Frequency Estimates

NOAA Atlas 14 provides the depth estimates for a rainfall
event of a certain duration and probability in a year and

is the official estimate of precipitation frequency for most
locations within the United States (except for Idaho,
Montana, Oregon, Washington, and Wyoming). However,
because it is based on historical rainfall records, it does
not take into account any effects of climate change. Users
should follow appropriate current procedures for using
these data for future scenarios (NOAA NWS 2023; NOAA
CPO 2023). The resulting probability (or recurrence inter-
val) is determined from the depth and duration of a rainfall
event for a location. The web-based system of NOAA Atlas
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14, Precipitation Frequency Data Server (PFDS), offers an
easy interface for using NOAA Atlas 14. Users can select

a location of interest on a map or specify the location by
selecting a weather station nearby, or by providing the
latitude/longitude or address of the location (https://hdsc.
nws.noaa.gov/hdsc/pfds/pfds_map_cont.html). The system
will then provide a table and plot showing the depth (or
size) of a rainfall event that corresponds to the duration (or
intensity) and probability (or frequency) of interest.

Example 1

This example discusses estimating the depth of rainfall
that may occur with a certain probability and last a certain
duration in Union Park, FL.

1. Navigate to NOAA Atlas 14 Point Precipitation Fre-
quency Estimates (https://hdsc.nws.noaa.gov/hdsc/ptds/
pfds_map_cont.html).

2.Put the location of interest, Union Park, FL, USA, into the
text box next to “c) By address” (a box with a dashed line
in red in Figure 1).

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: FL

occurrence) is 10.7 inches. In addition, the estimate of
10.7 inches has a 90% confidence interval of 8.25 inches
to 14.40 inches. This means that, based on historical data,
there is a 90% probability that a 24-hour event with a 1%
probability of happening each year would have a depth of
8.25 inches to 14.40 inches.
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Data description

Data type: | Precipitation depth | Units: [English v] Time series type: [Partial duration v

Select location

1) Manually:
a) By location (decimal degrees, use " for S and W);  Lalitude: 27.14340) Longitude: ~82.33741) [ Submit
b) By station (list of FL stations): | Select station vl

)8y address Unon Par. 7L, USA

X[Qa])

2) Use map (if ESRI interactive map is not loading, try adding the host: https:/jjs.arcgis.com! to the firewall, or contact us at hdsc questions@noaa gov)

a) Select location
Move crosshair or double click

y ok
Map  v] | \\

Terrain %, \\ : £
3 : e
a— ) g

b) Click on station icon
() Show stations on map

3 Location information:
Name: Union Park, Florda, USA®
Latitude: 26.5697°

Longitude: -81.2321°
Elevation: 70.36 ft **

* Source: ESRI Maps
H ** Source: USGS

Figure 1. Selecting the location of interest (Steps 2 to 3).
Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

3.Click the magnifier icon right next to the text box.

4.Scroll down and find a table, “PF tabular,” showing the
depths of rainfall events by their “Average recurrence
intervals (years)” (or return periods) and “Duration”
(Figure 2). From this table, we can find that the expected
depth of a 24-hour rainfall event with a 100-year recur-
rence interval (return period or 1% probability of
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Estimates from the table in CSV format: | Precipitation frequency estimates v || Submit

Figure 2. A table from NOAA Atlas 14 showing the depths of rainfall
events that have various durations and recurrence intervals (or return
periods) for the location, Union Park, FL, USA (Step 4).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

5.Click the “PF graphical” tab to see plots showing depth-
duration-frequency curves (Figure 3). This plot contains
the same information as the previous table but presents
the expected rainfall depths graphically. For example,
cross boxes in red on the two different depth-duration-
frequency (DDF) curves of Figure 3 indicate the same
amount of 10.7 inches (on the y-axis) that corresponds to
the depth of a 24-hour rainfall (on the x-axis in the top
plot and on the dark-blue line in the bottom plot) with a
100-year recurrence interval (on the x-axis in the top plot
and on the light-blue line in the bottom plot).

6.Click the “PF estimates with confidence intervals” tab
to see the ranges of the estimated precipitation depths
corresponding to the “Duration” and “Average recur-
rence interval (years)” (Figure 4). This plot contains the
same information as the previous table but presents the
expected confidence intervals graphically.

7.Click the “Supplementary information” tab for more
detailed and technical information. In the tab, we can:
1) read documents that describe the procedures and
background theories applied to the frequency analysis;
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2) convert the map of estimates to an ASCII file that

is compatible with GIS software; 3) create a PDF map
showing the spatial variations of rainfall depths expected
for a combination of certain return period and duration;
and 4) create a table showing the temporal variation of
rainfall depth expected to last a certain duration within
the event (Figure 5).
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I. Document

Click here for this volume's document
II. PF in GIS format

Spatially interpolated precipitation frequency estimates (with upper and lower bounds of the 90% confidence interval) area available in GIS compatible format (ascii file). For
default download page click here.

Average recurrence interval: 2-year  v| Duration: 60-minute v | Set:  Precipitation frequency estimates v || Submit

. PF cartographic maps

Cartographic maps of precipitation frequency estimates were created for selected average recurrence intervals and durations. We recommend that these color maps are
used as visual aids only. For default cartographic maps' page click here.

Average recurrence interval: | 2-year | Duration: |60-min || Submit
IV. Temporal distributions

Temporal distributions are provided for 6-hour, 12-hour, 24-hour, and 96-hour durations. The temporal distributions for the duration are expressed in probability terms as
cumulative precipitation totals for more information). To provide detailed information on the varying temporal distributions, separate
temporal distributions were derived for four precipitation cases defined by the duration quartile in which the greatest percentage of the total precipitation occurred.

Duration: | 24-hour v || Submit
V. Seasonality analysis

VI. Rainfall frequency estimates

Rainfall (liquid precipitation only) frequency analysis, done for durations between 1 and 24 hours, showed no difference between rainfall and precipitation frequency
estimates for any location in this state, so separate tables for rainfall frequency estimates were not created.

s

. Time series data

series pri s available for stati

VIII. Climate data source
Precipitation frequency resuits are based on data from a variety of sources, but largely from the National Centers for Environmental Information - NCEI (formerly National
Climatic Data Center - NCDC). For more information about observing sites in the area, regardless of if their data was used in this study. please visit NCEYs Climate Data
Online.
For detailed information about the stations used in this study, please refer to NOAA Atias 14 Document
IX. Watershed information
Click here to get the watershed information for this location from the U.S. Environmental Protection Agency's (EPA) site.

Figure 5. Supplementary information for the rainfall frequency and
depth estimates (Step 7).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

Example 2

This example discusses estimating the frequency (or
probability) of rainfall that occurred in Sarasota County,
FL, on September 28, 2022. In this example, we are going
to use the records of rainfall depth observed at the North
Port Florida Automated Weather Network (FAWN) station,

Figure 3. Plots showing the depths of rainfall events that have various
durations and recurrence intervals (or return periods) for Union Park,
FL, USA (Step 5).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.

html)

which is located within the county.

1. Visit the FAWN database (https://fawn.ifas.ufl.edu/data/
reports/) and download the records of a rainfall event (a
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CSV file) that occurred in Sarasota County on September
28,2022 (Figure 6).

2.0pen the downloaded FAWN report (in the CSV [Excel]
format) and find the depth of the rainfall as well as the
depth of the rainfall event of interest (Figure 7). In this
example, the depth is 13.67 inches.

3.Find the latitude and longitude of the North Port FAWN
station from the FAWN website (https://fawn.ifas.ufl.
edu/tour/location_info.php) (Figure 8). The table shows
that the station is located at a latitude of 27.14340°
(or N 27.14340) and a longitude of -82.333741° (or W

Figure 4. A plot showing the 90% confidence intervals of the
estimated depths of rainfall events that have various durations and
recurrence intervals (or return periods) for Union Park, FL, USA (Step
6).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.

html)
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82.333741).

4.Visit NOAA Atlas 14 Point Precipitation Frequency
Estimates (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_
map_cont.html).
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Data Access / Report Generator

REPORT GENERATOR
Please Note: This tool i designed for data summaries and limited samples of 15 min data. Please visit our FTP ste for ful yearly data sets you can openin Excel.

Please choose from all four sections

LOCATIONS (CHECK ALL THAT APPLY)

ledie cia iy Okatumpka
Avoska Clewiston Kenansvitl e
Arcadia Dade City Lake Alfred one

avion DeFuriak springs Lecanto Paimasle
sabson park Dover Live Oak o

Baim Fort Laudardale Maceionny Putnam Hall
Belle Glade FortPlrce warianna Quincy
Bristol Hastings wayo Sabring
roridcn Homestasd Monticalo St Lucle West
Brooksville South Immokalee @ North Port Umatilla
Corrabelle ey Ockdavara walington
OAllohservations (15mi) O HouryAvgs  @DalyAvgs O Monthiy Avgs O Avg Entirs Peiod

DATE RANGE

3Days 7Days 14 Days 30 Days ® Specify Dates.

From(seo  v[23 v[2m v| o[  v[m vz v

“Temperature (60cm) ") WetBulb Temp. 'Wind Speed (10m)

‘Temperature (2m) Relative Humidity 'Wind Direction (10m) (all obs)
JTemperature (10m) Rainfall ET (hourly/daily/monthly only)

Soil Temperature (-10¢m) Solar Radiation Barometric Pressure(2m)

Dewpoint (2m)

Notice: If you request a large amount of data (many locations, all/hourly data, long date range) your report may silently fail If this occurs, please try fewer

locations, measurements, etc., or visit our FTP site for full year data sets in CSV format.

GENERATE REPORT AS: | ML table | [ csv (Excel

Figure 6. Example of using the Report Generator of the FAWN
database to obtain the rainfall depth records made at the North Port
FAWN station in Sarasota County (Step 1).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

AutoSave FAWN_fe... L

v »

Page Layout

Her,Young Gu (HG ) -

File Home Insert Formulas Data Review View Help Acrobat

D27 v

FAWN Station Period 2m Rain tot (in) 2m Rain max over 15min (in) N (# obs)
North Port 23-Sep-22 96
North Port 24-Sep-22 96
North Port 25-Sep-22 96
North Port 26-Sep-22 96
North Port 27-Sep-22 . . 96
North Port 28-Sep-22 96
North Port 29-Sep-22 96

1
2
3
4
5
6
7
8

©

a| = O

» FAWN _report (3) HEK 3
Ready 3 Accessibility: Unavailable B - —3—+ 100%
Figure 7. Find the depth record of the rainfall event of interest in the

downloaded spreadsheet (Step 2).

Credits: Young Gu Her, UF/IFAS

LOCATION INFORMATION FOR ALL STATIONS

L& Display Settings

station station Latitude  Longitude  Elevation
Name D StartDate Facility Name County (deg) (deg) (#) Soil Type
North Port 480 7/5/07 T. Mabry Carlton, Jr. Sarasota N w 16 Pineda,

Memorial Reserve 2714340 8233741 EauGallie/Myakka fine

Figure 8. Locational information of the North Port FAWN station (Step

3).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.

html)

5.Put the location of interest, the North Port FAWN station,
into the text boxes next to “a) By location (decimal
degrees, use “-“ for S and W)” (Figure 9).

Estimating the Frequency of a Storm Event: How to Use NOAA Atlas 14 Point Precipitation Frequency ...

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: FL
Data description

Data type: | Precipitation depth v Units: | English v | Time series type:  Partial duration v

Select location

1) Manually:
) By location (decimal degrees, use ™" for S and W): ~ Latitude: 27.14340) Longitude: -82.33741)| Submit
b) By station (list of FL stations): Select station M
©) By address Q

2) Use map (if ESRI interactive map is not loading, try adding the host: https://js.arcgis.com to the firewall, or contact us at hdsc.questions@noaa gov)

Gainesville
Map v \Paim Coast | a) Select location
Terrain Norida Move crosshair o double click
r | b) Click on station icon
A4 [ Show stations on map
lortando
e Location information:
ThmpacLakeland X Name: Venice, Florida, USA®
Paim Bay | o
T8 Heteraturh Latitude: 27.1434
| Longitude: -82.3374°
| Etevation: 18.5 1t **
1 lPortstLucie
I West Paim
Cape Coral Deech |
° Freepont |
Guif of
Mexico Coral Springs, 202"
Y fPompano Beach
Miami
100km |
* Source: ESRI Maps
oot | ** Source: USGS

Figure 9. Selecting the location of the North Port FAWN station (Step
5).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

6.Click the “Submit” button in gray right next to the text
boxes. The map will focus on the location of interest
(Figure 10).

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: FL
Data description

Data type: | Precipitation depth | Units: [English v | Time serles type: | Partial duration v

Select location

1) Manually:
) By location (decimal degrees, use ™" for S and W): ~ Latitude: 27.14340) Longitude: -82.33741)| Submit
b) By station (list of FL stations):  Select station v

<) By address | Union Park, FL, USA

X Q]

2) Use map (if ESRI interactive map is not loading, try adding the host: https:/jjs.arcgis.com’ to the firewall, or contact us at hdsc. questions@noaa gov):

Map  v| a) Select location
Termain Move crosshair or double cick

b) Click on station icon
() Show stations on map

Location information:
Name: Venice, Florida, USA*
Latitude: 27.1434°
Longitude: -82.3374°
Elevation: 185 ft **

+]

* Source: ESRI Maps
** Source: USGS

Figure 10. Selected location of the North Port FAWN station (Step 6).
Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.
html)

7.Scroll down and find a table, “PF tabular,” showing the
depths of rainfall events by their “Average recurrence
intervals (years)” (or return periods) and “Duration”
(Figure 11). From this table, we can find that the 13.67
inches of a 24-hour (or 1-day) rainfall event is close to
13.3 inches of a 200-year rainfall event. Thus, we can
say that the event of 13.67 inches for the location has a



200-year return period or the 1/200 (or 0.5%) probability
of occurring in any year. The confidence intervals of

the 100-year, 500-year, and 1,000-year rainfall events
also cover the recorded depth of 13.67 inches; thus, the
frequency or return period can be 100, 200, 500, or even
1,000 years. However, the best estimate of the return
period is 200 years because its estimate of 13.30 inches

is closest to the depth of 13.67 inches compared to the

PF tabular PF graphical Supplementary information N
PDS-based precipitati q i with 90% intervals (in inches)’
= ‘Average recurrence inerval (years)
T 2 5 0 % 5 00 200 50 1000
— 0.593 0.667 0.784 0878 1.00 1.10 1.19 12 139 147
04940714) | (0554.0803) | (0640.0947) | (0722107) | (0792125 | (0845139) | (0880155) | (0902172) | (0.940194) | (0.9692.10)
o | 0.869 0.976 115 1.29 1.47 160 174 187 203 215
0723105 | (0811-118) | (0950139) | (106-156) | (116-183) | (124204 | (126227) | (132252) | (1.38284) | (1.42.307)
P 1.06 119 1.40 157 179 1.9 212 221 247 262
©881127) | (0980143 | (116169) | (129190) | (141224) | (151249) | (157277 | (161308) | (168346) | (1.73375)
i 159 179 210 2.36 270 295 319 343 373 395
(132191) || (149215) | (74256 | (194286) | @13337) | (227375 | (237418 | (243464) | (253521) | (261-565)
o 206 232 273 307 353 387 422 456 5.00 533
(172248) | (193279) | @26330) | (252373 | @79442) | (99484 | (313553) | (323618 | (340700 | (352763
2% 253 285 336 378 436 480 524 569 628 672
(12303) | (238341) | (280403) | (313456) | (347543 | (373600) | (392.684) | (406767) | (429874) | (4.47955)
it 276 310 367 416 484 537 591 6.47 7.23 781
(232328) || (260369) | (307.430) | (345490) | (388602) | (410680) | (4447.71) | (464871) | (497-100) | (521-11.1)
P 313 354 425 488 581 657 7.37 8.22 9.41 104
(265370) || (2994.19) | (358504) | (408582) | @71724) | (518831) | (559960) | (59511.1) | (653-131) | (6.96-146)
e 353 403 494 578 7.06 8.15 9.32 106 124 139
(GO14.14) | (343473) | (.18582) | (486684) | (578881) | (648103) | (44421) | (175142) | (71172) | (9.43105)
i 4.09 467 578 6.84 851 9.96 1.6 133 159 180
(350476) | (400545) | (493676) | (579804) | (705108) | (800-126) | (892150) | (982478) | (12219) | (123250)
E 486 554 685 8.12 101 1.9 139 16.0 192 2138
V| @19562) | @r7ean | 688795 | (692948) | (©47-126) | (964150) | (108179) | (19214) | (137263 | (15030.)
o 536 616 765 9.07 13 132 153 76 210 27
Y | (4646.18) (5.337.10) (6.59-8.84) (7.76-10.5) (9.44-13.9) (10.7-16.5) (11.9-19.6) (13.1-233) (14.9-286) (16.3-326)
e 582 670 831 9.82 121 141 163 186 220 2438
V| wosess) | (581770 | (18958 | (84341.4) | (102149) | (15175 | (127208 | (139245 | (57209 | (17.1340)
T 7.3 813 9.90 15 139 159 8.0 203 236 262
V| e2814) | 709929 | @8013) ©93133) | (116168) (130195 | (141228) | (152265 | (169317 | (182357)
prom 828 9.36 12 129 153 73 193 215 246 271
V| 2942 (8.19-10.7) (9.78.128) (1.1-14.8) (12818.3) (14.121.0) (152243) (16:2:27.9) (17.7:33.0) (18.8-36.8)
e 15 128 15.0 168 19.4 214 234 254 28.1 302
Y| 01129 | 113145 | (1921700 | (147192 | (163229) | 175257 | (184289) | (191325 | (03372 | (212407
Wia 143 159 18.4 205 23 253 274 293 319 338
V| u26160) | (14017.8) | (162208) | (179232 | (196272) | (08302) | (16336) | 21372 | @31419) | (238454)
" 181 200 231 256 287 310 331 351 376 392
Y| 61202 | (78225 | (05260) | (225289) | (242333) | (255368 | (262403 | (268442 | (1.2489) | (217525
p— 215 28 215 302 338 363 385 4056 430 446
V| 0912000 | 12266) | (43308) | (26734.0) | (285390) | (209427) | (06467) | (308509) | (31.2558) | (31.6595)
 Preciptation frequency (PF) eslimates in this table are based on frequency analysis of partal duration series (PDS).
Numbers in parenthesis are PF estimates atlower and upper bounds of the 90% interval. The precipitation freq (for and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) s 5%. Estimates at upper bounds )
estimates and may be higher than currently valid PMP values
Ploase refor to NOAA Allas 14 document for more information
Estimates from the table in CSV format: | Precipitation frequency estimates v || Submit

Figure 11. A table showing the depths of rainfall events that have
various durations and recurrence intervals (or return periods) for the
North Port FAWN station (Step 7).

Credits: NOAA (https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.

html)

Summary

NOAA Atlas 14 Point Precipitation Frequency Estimates
are a useful tool that can aid in estimating the depth of a

storm event to occur with a certain frequency or probability
in any year. As demonstrated in the examples of this article,

the tool does not require any background knowledge of
statistics and frequency analysis—only the locational
information for a place of interest, the rainfall depth, and
the duration of a storm event of interest. The two examples
focused on Florida, but the tool can be applied to most
other places in the United States (except for states in

the Northwest). The tool is expected to help users better
understand how the rainfall depths of storm events can
vary by location, duration, and frequency.
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