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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

Dr. Jared Bowden, Interim Director 
State Climate Office of NC



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.

Learning Outcomes

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

2. Describe methods and data sets that support 
RaInDROP.

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



Event-driven applied climate research 

Flooding, especially from Tropical Cyclones, 
continues to be a big problem for NC communities



NCDOT recognized rainfall frequency and intensity changes 
And cost - pipes damaged after Matthew and Florence 

Pipes Washed Away
(Figure from NCDOT Project 2021-08)

Intensity-Duration-Frequency (IDF) Curves

Rainfall Data
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curve; e.g., 1-in-100 
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NOAA Atlas 14 – U.S. Standard Reference

https://hdsc.nws.noaa.gov/pfds/ 

• 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 

    (NC efforts w/ RaInDROP ; future Atlas 15)
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Designing infrastructure to a 
standard duration and 
return period, depending on 
its function and lifecycle.

For example, a 24-hour, 25-
year storm at Raleigh, NC is 
5.83”, with a 90% 
confidence interval of 5.43”-
6.24”.



Insufficient U.S. Hydrologic Design Standards  
The problem is larger than NC

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

Daily Gulf Of Mexico SST
Source: https://climatereanalyzer.org

Monthly global precipitable water: ERA5, 
1940-2025. BenNollWeather, via Albany “MAP” list



These changes result in a future intensification of 
the water cycle

increased water vapor 
capacity 

evaporation

more water vapor

potential for more rain

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.)



Rainfall characteristics are changing and 
projected to intensify  

Source: 5th National Climate Assessment 

To quantify the growing risk of precipitation 
extremes requires using climate model data



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

GCM Rainfall 
Downscaled GCM rainfall

“Fit for purpose”

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



Use downscaled climate model data to 
create future Intensity-Duration-Frequency 
(IDF) Curves

Data
(Downscaled Model 

Projections
For Baseline Historical
And Future Scenario)

Annual 
Maximum 

Series
(daily rainfall)

Distribution 
Fitting

(Generalized Extreme 
Value)

IDF Curves
(find desired 
cumulative 

probability to the fit 
curve; e.g., 1-in-100 

yr event = 0.99)
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IDF

Apply to 
Observed 
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(24hr)

Plausible scenarios for future IDF curves

RCP4.5 (middle of the road) ; 

limit global warming to 3ºC (5.4ºF) by 
end-century 

RCP8.5 (high emission scenario)

global warming exceeds 4ºC (7ºF) by end-
century

Figure source: IPCC Summary for Policymakers



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

Historical median
(1976-2005)

of grids within 
climate division

Future median
(2070-2099)

of grids within 
climate division

Scale 
Factor 
=1.32

32% 
increase 
daily 
100-yr 
rainfall 
depth

Example Scale Factor (downscaled model)



Example (scaling Atlas14 point observation)
Haywood County – Helene region 
High emission scenario shown

Future
(end-century)

Now

10 year 25 year

25 year 50 year

50 year 100 year

100 year 500 year

10yr Atlas

1000 yr 
Atlas

1000 yr 
End-century

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



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

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

resilient design of infrastructure

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

Select maps to compare

Example for
24-hour rainfall depth:

Atlas 14 – 100 year (top)

RCP8.5 – 50 year (bottom)  

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



Pick a point and get estimate

Example for
24-hour rainfall depth:

Atlas 14 – 100 year (top = 7.66”)

RCP8.5 – 50 year (bottom = 8.130 
in)  

Future 50yr exceeds current 100yr



RaInDROP (data) supporting state resilience
NC Flood Resiliency Blueprint

Increasing community resilience to flooding throughout NC 

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

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

Regulatory
1% Annual Chance
(100-Year Floodplain)

NEW Advisory (2D hydrology modeling)
1% Annual Chance
(100-Year Floodplain)

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

Figure Credit: Stuart Brown (DEQ)



Using RaInDROP to support Helene rebuilding 
Future design flows – Primary routes 

Credit: David Markwood (SUMMIT Engineering)

State agencies’ adoption of climate data/tools + 
contractors = increasing use with municipalities

• Data used to help justify higher stormwater design standards

• RaInDROP 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 RaInDROP 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

Knightdale, NC – Mingo Creek 2D Analysis

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



Potential Uses

• RaInDROP 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 RaInDROP 
(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 RaInDROP

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



RaInDROP Tool…

…is a 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. 

Learning Outcomes

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

2. Describe methods and data sets 
that support RaInDROP.

3. Provide examples of how 
RaInDROP 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

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

Contact:
Jared Bowden
jhbowden@ncsu.edu

Questions?


