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The Problem: Available forecasts focus on a specific metric 
(e.g., wind, water level) and are difficult to interpret 

WaveWatch III (Wave height)
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ADCIRC (Water Levels)
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Instantaneous Erosion Intensity 
(IEI)

IEI 𝑡𝑡𝑖𝑖 = 𝑊𝑊∗
0.068𝐻𝐻𝑏𝑏 𝑡𝑡𝑖𝑖 + 𝑆𝑆 𝑡𝑡𝑖𝑖
𝐵𝐵 + 1.28𝐻𝐻𝑏𝑏 𝑡𝑡𝑖𝑖

Lemke and Miller (2020)
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Engineering Demand Parameter 
(EDP)

Janssen and Miller (2022)



Mantoloking

Point Pleasant Beach



Mantoloking

Point Pleasant Beach

Point Pleasant Beach, NJ – Post Sandy
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Mantoloking, NJ – Post Sandy



Hurricane Helene & Milton
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Winter Storm Fern (2026)
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Winter Storm Hernando
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Winter Storm Hernando
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Tropical Storm Erin (2025)



28



29



October 2025 Noreaster
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New Jersey SEI Climatology (Lemke and Miller, 2020)



Storm Erosion Index
Miller and Livermont (2008), Lemke and Miller (2020)

Instantaneous Erosion Intensity 
(IEI)

Storm Erosion Index (SEI)

Cumulative erosion potential

Peak Erosion Intensity (PEI)

Peak erosion potential
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IEI 𝑡𝑡𝑖𝑖 = 𝑊𝑊∗
0.068𝐻𝐻𝑏𝑏 𝑡𝑡𝑖𝑖 + 𝑆𝑆 𝑡𝑡𝑖𝑖
𝐵𝐵 + 1.28𝐻𝐻𝑏𝑏 𝑡𝑡𝑖𝑖

𝑆𝑆𝑆𝑆𝑆𝑆 = �
𝑡𝑡𝑑𝑑

IEI 𝑡𝑡𝑖𝑖 𝑃𝑃𝑃𝑃𝑃𝑃 = max 𝐼𝐼𝐼𝐼𝐼𝐼 𝑡𝑡𝑖𝑖 : 𝑖𝑖 = 1 … 𝑡𝑡𝑑𝑑

Instantaneous erosion potential

(Janssen et al. 2019; Lemke and Miller 2021). 



Dune Erosion damage classifications
Lemke and Miller (2021)
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Class
Volume loss (% of 
pre-storm dune 

volume)
Interpretation

Minor < 5% No measurable 
impacts

Moderate 5% to 40% Visually apparent 
erosion/scarping

Major > 40%
Overwash likely;

Onset of damages 
upland
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𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑃𝑃𝑃𝑃4

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑉𝑉𝑉𝑉𝑉𝑉 𝑥𝑥 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 2
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The EDP Fragility Curve

𝑃𝑃 𝐶𝐶 𝐼𝐼𝐼𝐼
𝑅𝑅𝑓𝑓

= 𝐸𝐸𝐸𝐸𝐸𝐸 = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒
−𝐸𝐸𝐸𝐸𝐸𝐸
𝜆𝜆

𝜅𝜅

 IM = Storm Intensity Measure

 Rf = Beach Resilience (e.g., beach width)

 Fit Coefficients:
- κ  ( 1.14 | 1.32 )
- 𝜆𝜆 ( 570 | 4428 )

Janssen and Miller (2022), The Engineering Demand Parameter and 
Applications to Forecasting Dune Impacts
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Observed Impacts of Hurricane Sandy
Spatial Variation
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South North

Landfall

Measured Dune Losses based on NJBPN

NJBPN
Stockton University Coastal Research Center



Well-documented impacts and drivers

Storm Intensity spatial gradient
Correlations between beach state and damage

 Barone, D.A., McKenna, K.K., Farrell, S.C., 2014. Hurricane Sandy: Beach-dune performance at New Jersey 
Beach Profile Network sites 82.

 Overbeck, J.R., Long, J.W., Stockdon, H.F., 2017. Testing model parameters for wave-induced dune erosion 
using observations from Hurricane Sandy. Geophysical Research Letters 44, 937–945. 

 Walling, K., T.O. Herrington and J.K. Miller, 2016. Hurricane Sandy damage comparison: Oceanfront houses 
protected by a beach and dune system with vs. without a rock seawall, Shore & Beach, 84(3), 35-41.
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Influence of Storm Intensity
Spatial Variation
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South North

Storm intensity gradient explains 
much of the variation in observed 

impacts, but not all of it.

Lemke and Miller, 2020
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