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What is NOAA Atlas 14?

Q Since early 2000s HDSC has been updating precipitation frequency estimates for various parts of the
United States and affiliated territories.

O Updated estimates with relevant supplementary information are published in NOAA Atlas 14
“Precipitation-Frequency Atlas of the United States.”

O Funding model dictates that Atlas 14 updates
are done in stages based on state boundaries.

2004: VolIs 1 & 2 (19 states)

2.(.).13: Vols 8 & 9 (17 states)

2015: Vol 10 (7 states)

2018: Vol 11 (TX)

???7?: Vol 12 (ID, MT, OR, WA, WY).
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What are Precipitation Frequency Estimates?

Precipitation Frequency Estimate (at a given location):
Precipitation Depth (or Intensity) for a specific Duration that has a
certain Frequency of occurring.

Frequency:

Annual Exceedance Probability (“1-in-N event”)

= Probability associated with exceeding a given amount of
precipitation for a specified duration at least once in any given
year.

= Ex. AEP of 1-in-100 equates to a 1% chance of the amount
being exceeded at least once in any year.

Average Recurrence Interval, Return Period (“N-year event”)

= Average time between precipitation events exceeding particular
magnitude for a specified duration.

= Ex. 100-year amount on average occurs every 100 years.
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Where are Atlas 14 Estimates Used? — Storm Analysis

d  NWS uses Atlas 14 estimates for monitoring observed/forecasted rain to indicate flooding threats.

O Widely used to estimate severity of historic events.

HDSC analysis of selected historic events Media

The Rainfall In Texas Is
Changing And Here Is Proo

Evept |

Imelda, 16-20 September 2019 Frequency analysis of
Remnants of Barry, Arkansas, 15-16 July 2019 .
Hurricane Harvey

= -
S

South-Central Nebraska, 8 July 2019
Arkansas River Basin, April - May 2019
Hurricane Florence, 13-18 September 2018
Michigan and Wisconsin, 14-18 June 2018
Ellicott City, Maryland, 27 May 2018
Hurricane Maria, 20 September 2017

Ehe Washington Post

der D 7
Democ racy Dies in Darkness

Wankbiog -

Hurricane Harvey, 25-31 August 2017
Missouri, 28 April - 2 May 2017
Hurricane Matthew, 6-10 October 2016
Louisiana, 11-13 August 2016

Ellicott City, Maryland, 30 July 2016

Houston is experiencin

flood in 3 ye g its third "500-year’

ars. How is that possible?

Northern Wisconsin, 11-12 July 2016 ; ort Arthur-{ HOUSTON CHRONICLE

West Virginia, 23-24 June 2018 / ! .
Lower Mississippi River Valley. 8-12 March 2016 (USTONPOLITICS

Corsicana, Texas, 24-25 October 2015 g etEeSt 1a§SifY ‘100-year storm
Austin, Texas, 30 October 2015 NOAA may reclas torms have
South Carolina, 2 - 4 October 2015 s because HOUStOD S

Central Texas, 23-24 May 2015 defmlthD €

Oklahoma. April - June 2015

Phoenix, Arizona. 19 August 2014 been SO bad’ . USA TODAY

Islip, New York, 13 August 2014
Pensacola, Florida, 29-30 April 2014
New Mexico, 9-16 September 2013 »
Colorado, 9-16 September 2013 O 22 o 7 aroun
Southern Missouri, 29 July - 8 August 2013
San Antonio, Texas, 25 May 2013

y
Ellicott Cit rainstorm confirmed as 1-in 1,000 event —

Oklahoma City region, 31 May-1 June 2013 Hurricane Harvey, 25 - 31 August 2017

Tropical storm Debby, 24-27 June 2012 Annual Exceedance Probabilities (AEPs) for the Worst Case 4-day Rainfall

Duluth, Minnesota, 19-20 June 2012 Hydrometeorological Design Studies Center - £ - A @

Tennessee, 1-2 May 2010 L jumy,  Natenal Ouesrlo and Atmosphec Admimictrstion. N @ii0o- 150

Southeastern New England, March 2010 w g‘&'r_, A s:ggg:ggg o N el WEATHER RTA I ON AIR
Southeastern United States, September 2009 P Rl ® 1/1000 - 1/500)

Ohio Valley, 23 - 27 March 1913 < 1/1000 ORECAST MAPS & RADAR SEVERE WEATHER ALERTS ~SCHOOL CLOSING ALERTS  WEATHER STORIES

HOME > WEATHER > STORIES

1000-Year Rainfall in Ft. Belvoir

http.//www.nws.noaa.gov/oh/hdsc/aep _storm_analysis/index.html
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Where are Atlas 14 Estimates Used? - Infrastructure Design

Highway culverts

RTORT . Low traffi
O NOAA precipitation frequency estimates serve as the de-facto standards for E— i

designing, building and operating infrastructure to withstand the forces of heavy H_H;sh "Zfﬁ:
= 8 ighway bridges
precipitation and floods: geconydar_v sg)‘slem
Primary system
= municipal stormwater management systems, sediment control measures on P s
construction sites, culverts, roadways and bridges, wastewater treatment U,E“Ch”
an drainage
plants, etc. Storm sewers in small cities
_Storm sewers in large cities
Q Design criteria are governed by cities, municipalities, local or state governments A'L'f:‘vdfm e
and depend on an acceptable risk of failure. Intermediate traffic
High traffic
= smaller structures are designed to frequent events, uz,ffsfa,ms
Around cities
= extremely rare estimates are used to assist in design and planning of dams Dams with no likelihood of
loss of life (low hazard)
and nuclear power plants. Small dams
Intermediate dams
. . . . . L. d
O Also used for floodplain mapping and regulation of development in floodplains Dama:g\:it:r;:obable loss of life
(National Flood Insurance Program). ‘Sslf;'lﬁ;:;‘ Hikzecd)
S

Generalized design criteria for
water-control structures.
From Chow, Applied Hydrology
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Why Is It Important for Regulatory Authorities to Reference
the Most Recent Estimates?

Over-estimated precipitation frequency estimates can cause unnecessary cost to taxpayers or developers;
under-estimated can result in destruction of property and loss of human life.

Atlas 14 supersedes NOAA publications HYDRO35, TP40, TP49 and Atlas 2 published in 1950s to 1970s.

New estimates are superior to superseded NOAA estimates in terms of accuracy, reliability, and resolution.

Example from Volume 11 (TX): Atlas 14 — TP40

City of Austin analysis 100-year 24-hour estimates.

(Colorado River floodplain excluded) TR T

500-year floodplain is now 100-year floodplain
100-year floodplain increased ~25%

number of buildings in floodplain increased
from ~3700 to ~6500

NA14 - TP40 (inches)
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Where to Find Atlas 14 Estimates?

NOAA's National Weather Service

O NOAAAtlas 14 products can be downloaded wegh Lvdrometeorological Desidn SriiINED
from Precipitation Frequency Data Server M y Pooci AW F"g] ey Datgsmer o :j)

(P FDS) Home Site Map News Organization
(hdsc.nws.noaa.gov/hdsc/pfds/index.html)

General Information Precipitation Frequency Data Server (PFDS)
Homepage
Progress Reports
. ‘g . FAQ ’ i v
D Estimates for a SpeCIfIc location S State: Choose a state (or click map) Load

can be retrieved by clicking on appropriate state e

on the map or selecting the state name from the Falaea

drop-down menu GlS Grids

Maps
Time Series

Temporals
Documents

Q Estimates applicable across states in each

Probable Maximum

vol ume Precipitation
. . Documents

Can be retrieved from side menu under .
. . » iscellaneous
“Precipitation Frequency” tag Publications

Storm Analysis
Record Precipitation

Contact Us
Inquiries

. Updated data available
Sel;cled Pacmc ]slands . 7,

Efjb\s:\

PFDS homepage
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Atlas 14 Products for Selected Location

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: NY PF graphical
DATA DESCRIPTION

QO DDF estimates with P
confidence limits & Hy
Available in tabular and g
graphical format.

SELECT LOCATION
1. Manu:

General Information
Homepage
Progress Reports
FAQ

Q Supplementary information Glossary
= Documentation Precipitation

= GIS grids Data Server

GIS Grids
] Maps Maps
= Temporal distributions Time Sarie
emporals
- Seasonality charts Documents PF tabUIar o mecrmonmsaumer s

« Data Probable Maximum e | & rirse

Precipitation . -
PDS-based precipitation frequency estimates with 90%

« Rainfall estimates DoAnereh —_— =
= Information on nearby Miscellaneous oo o [ ol o : 5
. . Publicati P s ‘ =
NCEI climate stations and iy R :

Storm Analysis

Watershed (EPA) Record Precipitatiol

Contact Us

Inquiries
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Atlas 14 Products Covering Whole Area within Each Volume

PP DOWNLOAD GiS DATA: A 30 arc-sec GIS precipitation frequency grids

Homepage with 95% confidence limits for 5-min to

The files can either be downloaded 1) via pull-down menu, 2) by anonymous ftp or 3) via web browser. Ftp is .
P [ rt - -
LRI R recommended for multiple-file downloads. To obtain precipitation frequency estimates without downloading 60 day dUI'atIOHS and Up tO 1 1000 year AR' .

FAQ S 2
files, please visitthe PFDS interface. . .
Glossary Q Cartographic maps for selected durations

‘recipitation 1)Vi,a PdowR Mo and ARI
‘requency Region:
Data Server |NOAA Atlas 14 Volume 7 (Alaska) L] 0
GIS Grids Type:
Maps Precipitation frequency estimates ~|

T | e L 0 Temporals

Series:
|Partia| duration series

Time series data used in analysis

Temporals
Documents

@O Documentation

Average recurrence intervf| |

Probable Maximum |2-year 'I
Precipitation

Documents

NOAA Atlas 14

Duration:
I&minute 'l

{V Precipitation-Frequency Atlas
S5 of the United States

Miscellaneous
Publications
Storm Analysis

Volume 11 Version 2.0: Texas

<) 24-hour duration

Sanja Perica, Sandra Paviovic, Michael St. Laurent,
rian Wilhite

100 Carl Trypaluk, Dale Unruh, Or:
Record Precipitatio =
S 90
=
B 8 77
g 70 T
Y so%
s 60 77 > 1—
Contact Us 5 o o
f= 1026 / ¥ us. 'Deparlmen(
Inquiries T S ] 40 o
TICUT TTS, @ V /
NEW HAMPSHIRE, NE! HODE ISLAND, VERMONT -‘% 30
ittt e sxmeesld
i .
3 10
o Silver Spring,
O 10 20 30 40 50 60 70 80 €O 100 Maryland, 2018

Cumulative percent of duration
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How are the Estimates Calculated?

o @
T

1. Data collection, Annual Maximum Series (AMS) extraction and QC
= Data collection, digitization, formatting
= Examination of geospatial data and station cleanup
= AMS extraction for 17 durations and quality control

2. At-station DDF/IDF curves
= Regionalization
= Derivation of estimates and confidence limits

-~
i

Daily precipitation (in})

WQJQD 1991 1992 1993 1994 1995 1996 1997 1998 1999

2

1.5

1

05

1hr 23 6 121day 2 34 710 2030 60

3. Interpolation to 30 arc-sec grid
» PRISM statistical-geographic approach

0.4

S 03

N o2

4. Peer review
 Funding agencies, HDSC list-server subscribers, others

1thr 23 6 121day 2 34 710 2030 60

5. Revision (back to steps 1 to 3)

Preciptaton (in)

6. Supplementary information
= Documentation, confidence intervals, cartographic maps, etc.

7. Web publication
& NATIONAL WEATHER SERVICE
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What are Major Sources of Error? - Data!

Record length Quality control

n latest w0l ® codeo r—
‘ — years ilgs= 15 Lo snawfatl o\
100-yr range: 6.6 — 17 in - Rhinebeck g , 1‘
inebec - N~
20
= B 4 T T e o e 1 RO i Bt St S Tt H St
5 100 4SE, NY gf N AR .2 LA
o] 1 9 in of snowfall £
% . = 5 R P 0944741999 - eomoaonn
N SO in 2005 e )
. e S8
Er archived as 9.00 | |* | e
oL ! , m— in of liquid L sy amaeseet® |
i i i initati L RS e B Low outliers treshold
2 5 10 50 100 500 preCIpltatlon 1 = e
. . Average reccurence interval (years) i RS Medrari-Zstd J
Mlsslng data 2 5 10 20 100 500101

I 100-yr: 1.6 vs 2.5 in
E] . R % °
\M’W\AL -

R
N

ITHACA, NY. Hourly record

extended 49 years i s
(pre-1948) through T ’

digitization

N

Precipitation [in]

5 10 5 1o 50 1

Average Reccurence Interval - ARI [yr]
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What are Other Major Sources of Uncertainty? Methods

[_)is:tribution AR Potential Regionalization
fitting - (years) | PFrange}.., ‘
Distributi : . 100 11-13in ;
istribution - sy ., —=1[T 1000 | 1322mm |
selection e —ow : :
Parameterization ¢ ==
method &
Stationary vs
non-stationary ! :

Average reccurence interval [yrs]

Optimization & consistency checks Interpolation

=
L — NA14 - TP40 [inches]
1000-yr 182150 [_]151-200

Atlas 14-TP40

= Regional

251 [ -1.49 --1.00 [] 2.01-2.50
[ -0.99 - -0.50 [[] 2.51 - 3.00
[ J-049-000 [ 301-350
[ Joo1-050 [N 351-4.00
[Jost-100 [H401-450
J1ot-150 T

— Adjusted

20

NOAA

0 i - L L L i L [
15m 30m 60m 03h 06h 12h 24h 48h 04d 10d 30d 60d
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Atlas 14 Proposed Upgrades and Updates - Methodology Changes

O Current
= Atlas 14 approach, developed in 1990s is based on assumption 5 LOC'T A s s
that extreme precipitation characteristics do not change in time. g4 8 24 oo
ga .’r .*/ / gs > -
D Future 52 /9#/ %2 » . .
= Stationary Atlas 14 method will be replaced with non-stationary 1 %1 /
approach that can efficiently translate future climate scenarios v 5 3 & oo/ ——————
into a product useful for NOAA Atlas 14. Model(Inches) Model(Inches)
= Outputs from two downscaled data sets from CMIP5 ( LOCA, Observed vs modeled mean AMS
University of Wisconsin -UW) will be used (instead of time) to Each point fopresonrs oo station from Vol 10.
produce projected estimates under RCP4.5 and RCP8.5 emission
scenarios.

() Datasets evaluated relative to Atlas 14: BCCAv2, LOCA, NA-CORDEX, UW.

(2 Development was done in collaboration with Penn State University,
University of lllinois at Urbana-Champaign and University of Wisconsin-Madison.
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Atlas 14 Proposed Upgrades and Updates - Additional Products

O Areal Precipitation Frequency Estimates _ owerawo, T

—_— 2e-HoUR

= BACKGROUND: Atlas 14 estimates are point estimates. ARFs are used to
convert point precipitation to average precipitation over a watershed.
Many ARF methods have been proposed, but Weather Bureau’s ARF curves

from 1958 are still commonly used. k e N P B
= PROPOSED: Derive regional ARFs and develop web tool to delineate watershed K \T’\l i
estimates. >

30 1 150 300 350 400

o 200 250
AREA (SQUARE MILES)

Weather Bureau’s ARF curves (1958)

o
~ ™

3-Ho!

PERCENT OF POINT RAINFALL,
FOR GIVEN AREA

O Atlas 14 Design Storm

BACKGROUND: Atlas 14 provides precipitation frequency estimates for a given duration, but designers often need
information on how precipitation is distributed in time and not just the total amount.

= PROPOSED: Develop Atlas 14 design storm product with guidance on how to use the product.

@ Confidence Intervals

= BACKGROUND: Atlas 14 provides only bounds of 90% confidence interval
= PROPOSED: Development of confidence intervals of variable width

& NATIONAL WEATHER SERVICE
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Atlas 14 Proposed Upgrades and Updates - Funding Approach

O CURRENT < R NI (L
100-yr 24-hr estimate (inches): | N2
s i '

4.4 (Vol 2) v7.1 (Vol 10)

= Estimates are updated in Volumes as funding becomes available.

(Vol 2, 2004)}" =

R 2 e

= Approach results in discontinuities at volumes’ boundaries and creates issues
for users that typically consider watershed (and not state-based) boundaries.

Q PROPOSED

- Estimates should be updated on a regular cycle of ~10 years to take advantage 77 ]
of more stations with longer records, addition of most recent data in the analysis gl A [}
and use of modern methods. 1§ 0 -19% - -t0% [ 31% - 40%
[-9%-0% [ 41% - 50%
= Boundary issues could be avoided by updating all states simultaneously. (s -tow [ 1 - so%

[ 1% -20%

Having a continuous and sustainable funding approach will be a small
investment that would result in significant return and benefits for
infrastructure design in the U.S.
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How to Contact Us?

Web: www.nws.noaa.gov/oh/hdsc

Email: HDSC.questions@noaa.gov
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