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» Expertise in atmospheric/regional climate
modeling (creating data to support
decisions about climate and extreme
weather)

« Expertise in extreme rainfall in a warmer
climate

« Passion for climate services — informing
decisions related to weather and climate
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S North Carolina State Climate Office

A UNC System Public Service Center
dedicated to serving the needs of North
Carolinians by translating climate
information into useful and usable
knowledge and bridging the gap between
scientists, decision makers, and community
members.
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Learning Outcomes

1. Explain rainfall intensity, duration, and frequency of
rainfall events.

2. Describe methods and data sets that support
RalnDROP.

3. Provide examples of how RalInDROP and atmospheric
model experiments are being used to inform long-term
flood resilience.
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Event-driven applied climate research

Total Precipitation from October 7-9,2016

R{} Wind gusts in mph
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State of North Qaroling

ROY COOPER
GOVERNOR

October 29, 2018
EXECUTIVE ORDER NO. 80

LEARN NORTH CAROLINA’S COMMITMENT TO ADDRESS CLIMATE CHANGE AND
“l LISTEN & TRANSITION TO A CLEAN ENERGY ECONOMY

QCIENSTERh eI (LAY Sep. 13-17,2018 @ CLIMATESEEICE

¥ @Ncsco
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2. Cabinet agencies shall evaluate the impacts of climate change on their programs and operations
and integrate climate change mitigation and adaptation practices into their programs and
operations. Council of State members, higher education institutions, local governments, private
businesses, and other North Carolina entities are encouraged to address climate change and
provide input on climate change mitigation and adaptation measures developed through the
implementation of this Executive Order. Consistent with applicable law, cabinet agencies shall
actively support such actions.
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Flooding, especially from Tropical Cyclones,
continues to be a big problem for NC communities

Our Worst Tropical Events  As of Sep. 2025 ermoLins
Primary local impacts: 2
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NCDOT recognized rainfall frequency and intensity changes
And cost - pipes damaged after Matthew and Florence

N »
Legend s ¥ 4
* Pipes damaged after M atthew (RP 2021-03) Legend
NG County $ X ¥

* Pipes damaged after Florence (RP 2021-03 & Survey 123 Combined)

CINCDOT Division "4';::‘?;?;?-’:» ‘~;;::=:{ INEP MG, WSGE, NASK ESAMET NC County
CINCDOT Division Eari ..-;-::ni“ WER.SCING, USGS, NASA ESA MET!
i{@' ' Pipes Washed Away
Figure from NCDOT Project 2021-08
CLICK,LISTEN LEARN (Fig J ) ABWA,

Intensity-Duration-Frequency (IDF) Curves

. IDF curves for Raleigh, NC Frequency or
Rainfall Data Annual ( Aflla’sn 4)  Return
(Observations needed Maximum Period (yrs)
for a long record (e.g., .

30 years) Series . "
for different durations (max. rainfall for that £ : L 5
e.g., 24 hour) duration In ayear) E. Hurricane T
pa Fran 1996
= — 25
a 50
et er IDF Curves 100
Distribution (find desired — 200
Fitting cumulative Frequency 500
G lized Ext probability to the fit :
eneravgﬁje) Heme curve; e.g., 1-in-100 L }or Retu rn P?”?ﬂ 1000
yr event = 0.99) Duration (hours)
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NOAA Atlas 14 — U.S. Standard Reference

« Assembled and updated asynchronously
in geopolitical regions (“volumes”)
— Missing Pacific Northwest
— Discontinuities across states
— Different lengths of obs records
— Some updated for recent extremes

— Static: doesn’t consider changes in
rainfall (historical trends / plausible
future changes)

* Need - address these issues "‘R“ﬁ\
(NC efforts w/ RalnDROP ; future Atlas 15) ~ ftpsi//hdsc.ns.noaa.gou/pfds/

Precipitation Frequency Data Server (PFDS)

State:\ Choose a state (or click map) v || Load

CLICK, LISTEN & LEARN ,42_‘@.

s PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)! Precipitation Frequency Data Server (PFDS)
1 — 5 Average recumrence interval (years)
_Q L 1 2 5 10 25 50 100 200 500 1000 State: | Choose a state (or click map) v |[ Load |
S S i 0.304 0.451 0520 0.587 0.646 0.689 0726 0.758 0.792 0.212
w (0.352-0.429) (0.423-0.503) (0.487-0.577) (0.538-0.639) (0.590-0.703) (0.825-0.748) (0.857-0.739) (0.682-0.825) (0.707-0.862) (0.724-0.892)
< — 0.629 0.737 0.848 0.939 1.03 110 115 1.20 1.25 1.29
{0.578-0.686) (0.677-0.804) (0.779-0.924) (0.861-1.02) (0.840-1.12) (0.987-1.19) (1.04-1.25) (1.08-1.31) (1.12-1.36) (1.14-1.40)
S 0.787 0.927 1.07 119 1.30 139 1.46 152 1.58 1.62
(0.722.0.857) (0.850-1.01) (0.986-1.17) (1.08-1.29) (1.19-1.42) (1.26-1.51) (1.32-1.59) (1.36-1.65) (1.41-1.72) (1.43-176)
S0min 1.08 1.28 152 112 1.93 2.09 2.24 2.36 251 262
(0.990-118) || (1.18-1.40) (1.40-1.66) (1.58-1.87) (1.77-2.10) (1.90-2.27) (2.02-2.43) (212257) 224273 (2.32-2.86)
= 134 1.61 1.95 224 257 283 3.08 3.1 3.60 3.82
(1.24-1.46) (1.47-1.75) (1.80-2.13) (2.05-2.44) (2.35-2.80) (2.53-3.08) (278-3.34) (2.98-3 60) (3.21-3.92) (3.33-4.17)
] =S o3k 1.56 1.86 2.29 265 3.08 343 3.76 4.09 451 424
Q : & (1.42.1.71) (1.71-2.04) {209-2.51) (2.40-2.90) (2.78-3.36) (3.09-3.74) (337-4.11) (364-445) (3.98-4.92) (4.24.529)
S S - 1.65 1.98 2.44 284 3.34 3.75 415 456 511 556
w (1.52-1.81) (1.82-2.17) {223-268) (2.58-3.10) {3.02-2.64) (3.38-4.09) (3.72-4.53) (4.06-4.97) (4.48-5.57) (4.84-6.07)
< T 2.00 2.40 2.95 3.44 4.06 458 510 563 6.34 6.93
(1.84.2.18) (220-262) (272-322) (3.15-3.74) (3.70-4 40} (4.15-4 95) (458.5.51) (5.01-6.09) (5.57-6.85) (6.02.751)
_— 2.37 2.84 3.52 412 4.90 5.56 6.23 6.04 7.90 872 )
(2.20-258) (2.63-3.09) (3.25-3.82) (3.78-4.47) (4.47-5.30) (5.04-5.99) (5.596.71) (6.15-7.45) (6.89-8.48) (7.49-9.37) A
—_— 2.83 342 427 493 5 6.54 7.26 7.99 8.98 9.76 e,
(2.65-3.04) (3.20-3.67) {4.00-457) (4.61-5.28) (5.43-6.24) (6.08-7.00) (6.72-7.78) (7.38-8.58) (8.26-9.66) (8.94-10.5) TR, T
o 3.26 3.03 4.86 559 6.55 8.07 2.84 0.8 10.7
aay (3.04-351) (3.67-4.22) (454.523) (5.20-5.00) (6.08-7.05) (6.75-7.86) (7.45.8.69) (8.13-953) (9.05-10.7) (9.75-11.5)
] . o o
. 3.45 414 511 5.86 6.38 7.67 8.47 9.29 10.4 1.2
..‘, || pasar (3.87-4.45) (477-5.49) (5.47-6.29) (6.39-7.38) (7.11-8.24) (7.83-9.11) (8.55-10.0) (9.52-11.2) (10.3-12.1) D€Slgl’llng lnfrastruCture to a
= 3.64 436 5.36 6.14 7.20 2.03 8.88 973 10.9 1.8 .
: u Ay (3.41-390) (4.08-4.68) (501-574) (5.74-6.58) (6.70-7.72) (7.45-8.62) (8.21-9.54) (897-105) (999-117) (108-127) Standard dul"atlon and
S} 7 422 5.03 6.10 6.5 210 001 0.04 109 122 134 . .
il (3.96-4.50) (4.73-5.37) (573-652) (6.52-7.42) (7.58-8.65) (8.40-9.63) (9.24-10 6) (10.1-11.7) (11.2-13.1) (12.1-14.1) return perlod dependlng on
’
10.day 4.79 5.69 6.83 772 8.92 2.86 10.8 11.8 134 144
(4.51-5.11) (5.35-6.07) (6.42-7.28) (7.24-8.23) (8.35-9.52) (9.21-10.5) (10.1-11.6) (10.9-12.6) (12.1-14.0) (12.9-15.1) H H H
: i 6.39 754 2.90 999 1m5 126 13.8 15.0 16.6 17.8 its funCtlon and llfchCle-
o Y| (e.026.82) (7.10-8.04) (8.37-9.50) (9.37-10.7) (10.7-12.2) (11.813.5) (12.8-14.8) (13.9-16.1) (15.3-17.8) (16.4-19.2)
o= i 7.03 933 108 120 135 14.7 15.9 174 18.6 19.8
) (7.48-8.45) (8.79-9.92) (10.2-11.5) (11:3-12.8) (12.714.4) (13.8-15.7) (14.317.0) (159-18.3) (17.3-20.0) 18.3-21.3) m - -
s 101 1.8 136 149 16.6 17.9 19.2 205 222 234 For exa ple' a 24 hour’ 25
m “ (9.62-10.7) {11.3-12.5) (129-143) (14.1-15.7) {15.7-17.5) (16.9-19.0) (18.1-20.4) (19.2-21.7) (20.7-23.8) (21.8-24.9) l . h .
— — T nz 2 60 74 52 205 2is 51 27 %9 year storm at Raleigh, NCis
: Yl ms128 (13.5-14.9) (152-16.8) (16.5-18.3) (18.2-20.2) (19.4-21.7) (20.6-23.1) (21.8-24.4) (23.2-26.2) (243-27.5) ’ . @
0 " Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). 5 = 8 3 ’ w l't h' a 9 o / o
Numbers in parenthesis are PF estimates af lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average o .
recurrence inferval) will be grealer than the upper bound (or less than the lower bound) is 5%. Estimales al upper bounds are nol checked against probable maximum precipitation (PMP) co nf[ de nce [nte rUal of 5 4 3 ”o
estimates and may be higher than currently valid PMP values. .
Please refer to NOAA Atlas 14 document for more information 6 24 ”
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Insufficient U.S. Hydrologic Design Standards
The problem is larger than NC

Geophysical Research Letters

RESEARCH LETTER  U.S. Hydrologic Design Standards Insufficient Due to
e Large Increases in Frequency of Rainfall Extremes

Key Points: . o 1 . 1 5 " 2
+ Conyendonalanalysesvigies Daniel B. Wright™ "/, Christopher D. Bosma™ """/, and Tania Lopez-Cantu

trends in extreme rainfall events

such as the 100-year storm, which 2 .. . . . . . . o
are critical for engineering design Department of Civil and Environmental Engineering, Carnegie Mellon University, Pittsburgh, PA, USA

A regional aggregation approach
reveals significant trends in very
extreme rainfall in the United States, Abstract Evidence for intensifying rainfall extremes has not translated into “actionable” information
mainly due to climate warming needed by engineers and risk analysts, who are often concerned with very rare events such as “100-year
Existing hydrologic infrastructure » : = £ = : . . .

and analyses in much of the United storms.” Low signal-to-noise associated with such events makes trend detection nearly impossible using

States may be underperforming due conventional methods. We use a regional aggregation approach to boost this signal-to-noise, showing that

to Increases in storm activity such storms have increased in frequency over much of the conterminous United States since 1950, a period

. . characterized by widespread hydrologic infrastructure development. Most of these increases can be

Supporting Information: . h N o . :

+ Supporting Information S1 attributed to secular climate change rather than climate variability, and we demonstrate potentially serious
implications for the reliability of existing and planned hydrologic infrastructure and analyses. Though
trends in rainfall extremes have not yet translated into observable increases in flood risks, these results

Correspondence to: nonetheless point to the need for prompt updating of hydrologic design standards, taking into consideration

D.B. Wright, recent changes in extreme rainfall properties.

QQ danielb.wright@wisc.edu
Y
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!Department of Civil and Environmental Engineering, University of Wisconsin-Madison, Madison, WI, USA,

)
|

The Concern — Increasing Weather Fuel
nearby oceans are warming = inc. atmospheric moisture

Daily SST, Gulf of Mexico (20-30°N, 82-98°W) Monthly Global Precipitable Water (in) (1940-2025) @BenNollWeather
Dataset: NOAA OISST V2.1 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine Data: ERAS
32 — 1991-2020 — 2023
- -1982-2010 o~ 2024

+ Preliminary 05 N m— 2025

— 2026 / \
2025
2024
2023
2022
2021
2020
2019

Temperature (°C)
2

e 2

208

o Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec v
Daily Gulf Of Mexico SST Monthly global precipitable water: ERAS,
Source: https://climatereanalyzer.org 1940-2025. BenNollWeather, via Albany “MAP” list

CLICK, LISTEN & LEARN
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These changes result in a future intensification of

the water cycle
“ Warme 2l

increased water vapor
H,0 H,0 H,0

HO ¢ HO0 ¢ HO0 * HO H,0 H,0 H,0 H,0 capacity
H,0 H,0 H,0 H,0 H,0
Rainfall Water Vapour Water Vapour More Rainfall
Warmer SSTs - more
/ / / evaporation
More More evaporation -
Evaporation Evaporation more water va por

ﬂ : n : More water vapor >

potential for more rain
0 0 owd ded science info o
CLICK, LISTEN € LEARN ,42_“@;

Rainfall extremes within the SE US during the
summer and fall seasons (when oceans are the

warmest)
100 year (24hr) storms (Nov.-Apr.) 100- -year (24hr) storms; (May Oct )
P = e SR
5 Mw‘::NNESSCE Knoxvilles mm,suw.czsgm‘\ - s R o & .% ;‘;. *
e ke Fniles o % —r e " w' .'
\ ‘ OOOOO 0. ° . e
77777 oo o ° e ?
e 4 . el oW Montgomen cccmg g
» M:?o uuuuuuuuuuuuuu »e mm;go.& L.
( :
te University tlas 14 MIAM@
2 ) > Universty 3

N N
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Rainfall characteristics are changing and
projected to intensify

Observed Changes in the Frequency and Severity of Heavy Precipitation Events

a) Total precipitation on b) Five-year maximum c) Annual maximum

heaviest 1% of days CQ daily precipitation % daily precipitation
~ 3 ~

Change (%)

1 [

0 10 20 30 40

o Source: 5th National Climate Assessment
.80

CLICK, LISTEN & LEARN
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To quantify the growing risk of precipitation
extremes requires using climate model data

CLICK, LISTEN & LEARN




Global Climate Models (GCMs)
Model resolution typically hinders the ability to simulate
extreme rainfall events and requires downscaling methods

Downscaled GCM rainfall
“Fit for purpose”

GCM Rainfall

L T 1T T T T e [ — = [ T [ T [ T 7T
0O 40 42 44 46 48 50 52 54 56 58 60 62 68 70 0 40 42 44 46 48 50 52 54 56 58 60 62 68 70
“m
r-l
‘..
GLICK, LISTEN & LEARN ,_Am:__

Considered many different model inputs
(LOCA selected; 17 different GCMs downscaled using a
statistical methodology)

I Statistical Dynamical (Regional Climate Models); CX=CORDEX
GCM Downscaled JLOCA JMACA-Livheh JMACA-Metdata JWRF-EPA JWRF-CX JRegCM4-CX |JCRCM5-OUR-CX JCRCM5-UQAM-CX JCanRCM4-CX

CNRM-CM5
CanESM2
GFDL-ESM2M
HadGEM?2-CC

IPSL-CM5A-MR
T L i
.
Available
Not Available

AR,




Use downscaled climate model data to

create future Intensity-Duration-Frequency
(IDF) Curves

e IDF Curves
Data Annual Distribution (find desired
(Downscaled Model Maximum Fitting cumulative

Projections - :
For Baseline Historical Series (Generalized Extreme probability to.the fit
And Future Scenario) (daily rainfall) Value) curve; e.g., 1-in-100
yr event = 0.99)

Develop Apply to
Scale Factor Observed
» Future/ GETE
f_ Historical Depths
~ IDF Atlas14
L&V

CLICK, LISTEN & LEARN (24h r) ABHA

Plausible scenarios for future IDF curves

Cumulative total anthropogenic CO; emissions from 1870 (GtCO5)
1000 2000 3000 4000 5000 6000 7000 8000
T T T T T T T T

RCP4.5 (middle of the road) ;

limit global warming to 3°C (5.4°F) by
end-century

RCP8.5 (high emission scenario)

global warming exceeds 4°C (7°F) by end-
century

Temperature anomaly relative to 1861-1880 (°C)

She— A— istorical
RCP4.5 RCP range
60 — 1%yr'CO,
— RCP8.5 1% yr' CO, range
O )
1 1 1 1
0 500 1000 1500 2000 2500

Cumulative total anthropogenic CO, emissions from 1870 (GtC)

2%y 1 Figure source: IPCC Summary for Policymakers
,L. ¢ |

CLICK, LISTEN & LEARN
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Future time horizons for IDF curves

We provide future estimates for two 30 year future periods
relative to a historical period

Historical: (1976-2005) — overlaps with Atlas14

Mid-Century (2040-2069)

End-Century (2070-2099)

End-Century RCP8.5 = high impact low probability
event

Mid-Century RCP4.5 = increasing probable event but
with smaller impacts

Figures Courtesy: NCDOT ADUA

CLICK, LISTEN & LEARN

Example Scale Factor (downscaled model)

GFDL-ESM2M Northern_Coastal Plain 100yr RP

36.3N

. ; O 1976-2005
357N o | O 2070-2099
o g 1 ! Scale
o | Factor
- - : =1.32
- |
o (o)
Historical median 5 - : .324
(1976-2005) : lnc'rease_
of grids within q | daily
climate division s | : 100-yr
Future median s / L rainfall
_______ (2070-2099) = 1

]
of grids within 100 150 200 250 300
climate division




Example (scaling Atlas14 point observation)

Haywood County — Helene region
High emission scenario shown

Haywood County Daily Scaled Rainfall
LOCA at End—Century for RCP8.5

Future Now o —— 1000yr
(end-century) ~ End-century
10 year 25 year
25 year 50 year = -+ - = 1000 yr
A . : Atlas
50 100 I i s
A VEED == - =10yr Atlas
mmj - - F B & prY)

Scale factors generated using downscaled
climate data are applied to NOAA Atlas 14
point estimates; average of all 17 models

Smoothed Scaling Factors RCP 8.5 End of Century

2yr ARI S5yr ARI 10yr ARI
36.5°N ! 36.5°N = 36.5°N
36°N <« — 36°N ' ; 36°N
35.5°N d . 35.5°N 35.5°N
350N HE A 35°N L3 35°N
34.5°N . 34.5°N 34.5°N
34°N ! 34°N 34°N
84°W 82.5°W B1°W 79.5°W 78°W 76.5°W 84°W 82.5°W B1°W 79.5°W 78°W 76.5°W 84°W 82.5°W B1°W 79.5°W 78°W 76.5°W

50yr ARI 100yr ARI
36.5°N 36.5°N 36.5°N
36°N 36°N 36°N
35.5°N 35.5°N 35.5°N
35°N 35°N 35°N
34.5°N 34.5°N 34.5°N
34°N 34°N 34°N

84°W 82.5°W B81°W T79.5°W T78°W 76.5°W 84°W 82.5°W B1°W 79.5°W 78°W 76.5°W 84°W 82.5°W B1°W T79.5°W 78°W 76.5°W

f | L I B S |
111 113 115 121 123 125

117 119
Scaling Factor

AR,




Rainfall Intensity, Duration and Return for
Observations and Projections (RalnDROP) Tool

A way for engineers, planners, and policy makers to
quantity and visualize future rainfall projections to aid in
resilient design of infrastructure

CLICK, LISTEN & LEARN

https://products.climate.ncsu.edu/climate/raindrop-tool/ .,

]
RalnDROP Tool
Rainfall Intensity, Duration and Return for Observations and Projections Tool for North Carolina
Maps - IDF Precip Depth
Map 1 Dataset: Map 1 Duration: Map 1 Return Period: Click Map To Get Value Data Min (in):
Atlas 14 v 24-hour Precip Depth v 100 Year v 5.5
PR et 7 merong Data Max (in):
Select maps to compare +
- 13.8

Legend (inches)

Example for
24-hour rainfall depth:

550" - 6.33"
Wo3s-716"
717" - 799"
[l 800" - 882"
[]883"-965"
66" -10.48"
W 049" - 11.31"
W 11321 - 12.14"
W 125" - 12.97"
B 12.98" - 13.80"

Atlas 14 — 100 year (top)

RCP8.5 — 50 year (bottom

1-in-100yr could occur at
a 1-in-50yr frequency

Basemap: OpenStreetMaps | Data: NOAA, NCSCO




Pick a point and get estimate

Example for
24-hour rainfall depth:

in)

Atlas 14 — 100 year (top = 7.66")

Future 50yr exceeds current 100y

Selected Coords:
35.7374°N, -79.2282°E:
Grid Point Coords:

35.7330°N, -79.2279°E: Datll Max (in):
Grid Point Value: 7.660 in

Map 1 Dataset: Map 1 Duration: Map 1 Return Period: Rata Min (in):

Atlas 14 e 4 24-hour Precip Depth v 100 Year

Uymetiforg fichrond

Legend (inches)
[]550" - 6.33"

: i We34"-716"
& 747" - 799"
W s.00" - 882"
5 [Jese3"-a65"
[ 966" - 10.48"
ol W 10.49" - 11.31"

& 100 mi Atiants

o Basemap: OpenStzag W 132" - 124"
Map 2 Dataset: Map 2 Duration: Map 2 Return Period: Selected Coords: 12.15" - 12.97"

- 35.7374°N, -79.2282°E: 98" - 13.80"
RCP8.5 End of Centur v 24-hour Precip Depth v ‘ Grid Point Coords: ’

35.7330°N, -79.2279°E:

RCP8.5 - 50 year (bottom =8.130 - Grid Point Value: 8.130 in

tometora Hichrond

Basemap: OpenStreetMaps | Data: NOAA, NCSCO

Y
|
1

lable _IDE by Dataset

AM Tuse !He map or enter below

Atlas 14
[JRCP4.5 Mid Century (90 Percentile)
[CJRCP4.5 End of Century (30 Percentile)
[JRCP8.5 Mid Century (90 Percentile)
RCP8.5 End of Century (90 Percentile)

[JRCP4.5 Mid Century (Mean)
[CJRCP4.5 End of Century (Mean)
[JJRCP8.5 Mid Century (Mean)
RCP8.5 End of Century (Mean)

Lon (°E): Use the map or enter below Update the table below by clicking o

-79.2136

[J1-hour Precip Depth (in) [[12-hour Precip Depth (in)

Atlas 14

Atlas 14

RCP38.5 End of Century (Mean)
RCP8.5 End of Century (Mean)
RCP8.5 End of Century (90 Percentile)

RCP8.5 End of Century (90 Percentile)

(Thi

[ 3-hour Precip Depth (in) [716-hour Precip Depth (in)

[ 12-hour Precip Depth (in) 24-hour Precip Depth (in)
[J1-hour Precip Intensity (in/hr) [0 2-hour Precip Intensity (in/hr)
[ 3-hour Precip Intensity (in/nr) [ 8-hour Precip Intensity (in/hr)
[[112-hour Precip Intensity (in/hr) 24-hour Precip Intensity (infhr)

Precip Depth (in) and Intensity (infhr) estimates for 35.70833°N, -79.21668°E:

s the nearest grid point to your selected location of 35.7046°N, -79.2136°E)

Note: Intensity is calculated by precip depth (inches) divided by duration (hours)

ARI ARI ARI ARI ARI ARI

Duration 2yr Syr 10 yr 100 yr 500 yr 1000 yr
24-hour Depth (in) 358 448 519 6.14 6.9 768 9.57 10.44
24-hour Intensity (infhr) 0.15 0.19 0.22 0.26 0.29 0.32 0.4 0.44
24-hour Depth (in) 4.08 5.2 6.02 718 8.07 9.06 11.48 12.63
24-hour Intensity (in/hr) 017 0.22 0.25 03 0.34 0.38 0.48 0.53
24-hour Depth (in) 4.65 5.96 7.27 878 10.01 1.37 14.93 17.33
24-hour Intensity (infhr) 019 0.25 0.3 0.37 0.42 047 0.62 0.72
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RalnDROP (data) supporting state resilience
NC Flood Resiliency Blueprint
£;D‘59‘3) ) | | Divisionsv  AccessDEQv  Outreach & Educationv  Energy & Climate~v  News v Aoutv

Flood Resiliency Blueprint

Increasing community resilience to flooding throughout NC

https://www.deq.nc.gov/energy-climate/flood-resiliency-blueprint
AouA

Communities able to see plausible future flooding
extent within the NC Flood Resiliency Blueprint

Regulatory
1% Annual Chance
(100-Year Floodplain)

IN EW Advisory (2D hydrology modeling) X
1% Annual Chance '
(100-Year Floodplain)

INEW Future (Example using RaInDROP)
1% Annual Chance
(100-Year Floodplain)

Figure Credit: Stuart Brown (DEQ) ABUA




Using RalnDROP to support Helene rebuilding
Future design flows — Primary routes

Design Discharge Development for US
74A Rebuild, Gerton to Bat Cave to
Chimney Rock, NC

Broad River, Hickory Creek, Reedy Patch Creek

Credit: David Markwood (SUMMIT Engineering)

] ECRAaTD HEC-RAS Rain-on-Grid 4 N
Flooding | FEMA Effective 1D | poterence tine/ | 25- | 2% | so- | 5% | 100. | 29 | 50p. | 5% 1000. | 100
Source River Stations FEMA 1D RS? Year Year Year Year Year Year Voar Year Year Year | Helene
EoC EoC EoC EoC EoC
RS 256241023441 | HickoryCk_23441 | 500 | 842 | 706 | 1,170 | 940 | 1,560 | 1,690 | 2,820 §2,100 | 3,420 | 2,310
RS 23145 to 20230 HickoryCk_20230 636 | 1,100 | 915 1,530 | 1,240 | 2,060 | 2,190 | 3,600 §2,670 | 4,400 3,070
) RS 200381016920 | HickoryCk_16920 | 781 | 1,400 | 1,160 | 1,980 | 1,600 | 2,670 | 2,890 | 4,870 §13,590 | 5970 | 4,220
Hg:: 'k" RS 163731012800 | HickoryCk_13217 | 861 | 1,590 | 1,310 | 2,290 | 1,830 | 3,120 | 3,390 | 5,690 §4,220 | 6,940 | 5,020
RS 12257 to 7444 HickoryCk_7444 | 1,080 | 2,000 | 1,650 | 2,850 | 2,290 | 3,850 | 4,60 | 6,960 M5,150 | 8550 | 6,200
RS 7037 to 5648 HickoryCk_5648 | 1,460 | 2,940 | 2,340 | 4,390 | 3,420 | 6,100 | 6,630 | 11,500 [§ 8,400 | 14,100 | 10,600
RS 5358 to 0 HickoryCk_112 | 1,660 | 3,250 | 2,590 | 4,850 | 3,770 | 6,690 | 7,270 | 12,600 [ 9,170 | 15,400 | 11,500
RS 344921 0 340563 | BroadRv_UpStrm | 3,880 | 7,650 | 6,110 | 11,500 | 8,750 | 16,000 | 17,200 | 30,600 21,600 | 38,800 | 33,800
Rszﬁs RS 34012110 338916 | BroadRv_339664 | 4,560 | 8,870 | 7,140 | 13,200 | 10,100 | 18,400 | 19,800 | 35,200 124,800 | 44,500 | 40,100
RS 33847110335672 | BroadRv_335672 | 5,890 | 11,200 | 9,100 | 16,400 | 12,700 | 23,000 | 24,700 | 44,700 31,200 | 57,000 | 53,900
RS 335672 t0 329566 | BroadRv_329566 | 5,970 | 11,300 | 9,210 | 16,600 | 12,800 | 23,200 | 24,800 | 45,200 §31,600 | 57,700 | 55,100
RS 329065 to 327997 | BroadRv_328346 | 5,980 | 11,400 | 9,240 | 16,600 | 12,900 | 23,200 | 24,800 | 45,300 §31,700 | 57,800 | 55,300
R;z:‘;ﬂ_ RS 327674 t0 327409 | BroadRv_327409 | 6,020 | 11,400 | 9,300 | 16,700 | 12,900 | 23,400 | 25,000 | 45,600 §31,800 | 58,100 | 55,800
RS 326905 BroadRv_326905 | 6,120 | 11,600 | 9,430 | 17,000 | 13,100 | 23,700 | 25,300 | 46,200 §32,200 | 59,000 | 57,000
RS 326493 t0 321151 | BroadRv_321729 | 6,180 | 11,700 | 9,520 | 17,100 | 13,200 | 23,900 | 25,500 | 46,500 §32,500 | 59,500 | 57,600
Reedy RS10000t0 8486 | ReedyPatchCk_9600 | 2,010 | 3,110 | 2,600 | 4,230 | 3,440 | 5520 | 5900 | 9,570 §7,130 | 11,400 | 7,440
Zz:t RS 8019 to 0 ReedyPatchCk_1200 | 2,550 | 4,530 | 3,730 | 6,350 | 5,090 | 8570 | 9,230 | 15,600 §11,500 | 19,100 | 13,500

(SR

State agencies’ adoption
contractors = increasing use with municipalities

<CFAYETTEVILLE!

of climate data/tools +

AMERICA’S CAN DO CITY

» Data used to help justify higher stormwater design standards

 RalnDROP was used in the design phase of a large capital
improvement project to evaluate the level of service to the

project

-




City of Fayetteville — Russell/Person Street Bridges

» City used RalnDROP to review
precipitation data and after
discussions with NCSU, requested

further analysis

» Sensitivity analysis using 15%
increase rather than 6% increase
from watershed studies

* Outcome was Railroad requested

higher freeboard criteria that
resulted in a more conservative

design
FAYETTEVILLE:
* L]

AMERICA’S CAN DO CITY

Knightdale, NC — Mingo Creek 2D Analysis

e\e‘?"

« Currently, working with ESP
Associates to use future
rainfall from RalnDROP data
for a watershed assessment

KNIGHTDALE
< APUA

start something




Potential Uses

» RalnDROP tool provides information in a way that
engineers and consultants are comfortable with for
planning and design

» Sensitivity testing for the level of service

» Hydrologic modeling (2D rain on grid) with RalnDROP
(gridded) rainfall values

 Education/awareness of future extreme rainfall risks in a
warmer climate

 NC is a good test case for applications of Atlas 15
Volume 2 via RalInDROP

(SR

NOAA Atlas 15

« Stationary assumption to nonstationary assumption
* Volume 1 (updated metods + recent data)

* Volume 2 (Similar to RaInDROP — future risks
associated with extreme rainfall for hydrologic design)

« Potential challenges
— Different sources of information, differences, & the implications

NOAA ATLAS 15:

Update to the National Precipitation
Frequency Standard

-




CLICK, LISTEN & LEARN

p——

RalnDROP Tool...

...IS @ resource to assist with
flood resilience, especially
stormwater design.

...allows users to compare two
maps with different
precipitation frequency
estimates to help plan and
design for future
environmental uncertainties.

CLICK, LISTEN & LEARN

p——

Learning Outcomes

1. Explain rainfall intensity,
duration, and frequency of
rainfall events.

2. Describe methods and data sets
that support RalInDROP.

3. Provide examples of how
RalnDROP and atmospheric
model experiments are being
used to inform long-term flood
resilience.




Supporting Long-Term Flood Resilience with
Climate Data and Tools

Jared Bowden, PhD; Haven Cashwell, PhD; Alicia Lanier, PE, CFM

CLICK, LISTEN & LEARN
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Questions?

Contact:
0 Jared Bowden
@O jhbowden@ncsu.edu

https://products.climate.ncsu.edu/climate
/raindrop-tool/

<CFAYETTEVILLE!




