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 Low, flat topography

 Large fetch of bay/ocean

 Coastal-based public infrastructure 
and economy (recreation, 
aquaculture, beach-driven tourism)
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Our region’s complicated climate system….
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Delaware is impacted quite often by coastal storms
33 days, 26 events, 15 Dec-May events per year

“Storm” defined by closed low-pressure center off 
coast of Lewes, DE. 

Preliminary research…



Storm frequency
- Winter/spring (mid-lat cyclones)
- Late summer/fall (tropical)

Storm intensity
- Less intense May-Aug
- More intense Oct-Apr

http://cema.udel.edu/

Delaware Coastal Storm Frequency, 1945 - 2018
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Preliminary research…



Vulnerable areas: low elevation, overtopped dikes, exposed 
infrastructure, high surge, erosion, limited dunes/berm protection



1. Long-term, gradual impacts:
 High tide flooding frequency
 Loss of low-lying ag fields, forests/wetlands
 Saltwater intrusion into groundwater

2. Short-term, episodic impacts:
 Damage to property from surge flooding
 Rapid erosion, beach sand loss, dune breaches

3. Economic and societal (indirect) impacts 
through tourism, real estate, social services, safety

SLR enhances the risk potential…
http://www.dgs.udel.edu/slr



Delaware Emergency Management Agency (DEMA)





The data are noisy..
but the trend is clear!

15.7 in. since 1900



https://crt-climate-explorer.nemac.org/



Hazards Climate Sea-Level Rise

2017



 Delaware State Agencies…to 
address the causes and 
consequences of climate change

 Including …to avoid and minimize 
flood risks due to sea-level rise



 13 members, scientists and planners
 DNREC Delaware Coastal Programs sponsored
 Delaware Geological Survey-led committee
 Task: To update future SLR projections for Delaware to be used in 

planning activities.







Global planning scenarios.  
Localized to Delaware based on 
tide gage data.

Quadratic time evolution.



 Statistical relationship between global temperature (or associated 
forcing) and global sea levels.
𝑑𝑑
𝑑𝑑𝑑𝑑
𝐻𝐻 𝑡𝑡 = 𝑎𝑎 𝑇𝑇 𝑡𝑡 − 𝑇𝑇𝑇 + 𝑏𝑏 𝑑𝑑

𝑑𝑑𝑑𝑑
𝑇𝑇 𝑡𝑡 ,

Maybe simple relationship is best in a complex system?



Scenario-driven (realistic range, no probabilities)

NOAA Tech Report 083 (Sweet et al., 2017)
Global and Regional SLR Scenarios for the U.S. 

2.5 m – Extreme
2.0 m – High
1.5 m – Intermediate High
1.0 m – Intermediate
0.5 m – Intermediate Low
0.3 m – Low 



 Incorporates IPCC AR5 process-based 
GCMs, NOAA tide gage data, and expert 
assessments 

 Full probability distribution – per RCP 
scenario

 Relative contributions and uncertainty of 
each SLR factor

 Widely used by states and federal agencies



SLR Planning Scenario Probability SLR by 2100

Low Scenario 5% 0.52 m
Intermediate Scenario 50% 0.99 m
High Scenario 95% 1.53 m



SLR at 2100
High = 1.53 m
Intermediate = 0.99 m
Low = 0.52 m



• Select an appropriate time horizon for 
planning or design 

• Think of scenarios to represent risk 
tolerances…, NOT as predictions!

• Different scenarios for different projects! 
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Global 2.00 2.50 2.40 2.70 1.90 2.22 1.55 1.76 2.47

Delaware 3.44 3.28 1.93 2.13 3.01

 “Long tail” effect of risk distribution 
 SLR > 95% is still 1:20 chance 
 Small odds vs severe consequences 

 High uncertainty in ice sheets
 Greenland and West Antarctica





Natural variability can be larger than signal/trend.
Projections are a baseline on which variability acts.

Lewes monthly
water levels



Natural variability is not completely random!

Lewes monthly
water levels

- El Nino Years



The Escalator

https://skepticalscience.com/escalator



Image source: https://crankyuncle.com/



https://crt-climate-explorer.nemac.org/







http://declimateplan.org/



Thank  You!

John Callahan
Delaware Geological Survey

University of Delaware
john.callahan@udel.edu
http://www.dgs.udel.edu

More information on 
Delaware’s climate at
http://cema.udel.edu/

www.dgs.udel.edu/slr
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