\

([
STEVENS

INSTITUTE OF TECHNOLOGY
1870

Quantifying the historical
intensity of Hurricane Helene
& Milton using a data-driven
vulnerability model

2025 FSBPA Conference

Matthew S Janssen PhD PE

Assistant Director CPTAS | Research Assistant Professor

s ' Coastal Engineering Research Group
_ m——

February 2025



Collaborators

AN

lan J Day Stevens Pouya Darestani Farahani Stevens

Jon K Miller Stevens

* STEVENS INSTITUTE of TECHNOLOGY



Hourly Storm Intensity
Hurricane Helene Gulf Coast
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Hourly Storm Intensity
Hurricane Milton Gulf Coast
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e Why...?
/
\

e Parameterization of Storm Intensity and Beach Resilience

e Physically Informed Probabilistic Fragility Model

* Trained on 34-year observational record
/
\

e Statewide Forecasts, error estimates

e Comparison with notable storms

RULSUSSII © Explore variation between Anna Maria Island and Longboat Key
Helene & Milton )
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Probability

Prob. major dune damage
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Motivation

Spatial
scale

Simple
decision trees

Empirical
models

Process-based
models

Temporal
scale

Model
complexity

Leaman (2022)
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Hurricane Sandy Dune Damage
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Winter Storm Orlena (2021)

Jersey Shore beaches were torn apart by winter
storm; N.]. urges feds for emergency aid

Updated: Feb. 09, 2021, 12:30 p.m. | Published: Feb. 09, 2021, 12:30 p.m.
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Many of the deaths were preventable.



The model
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Damage Class apply to the Dune Erosion only

Volume loss (% of

Class pre-storm dune Interpretation
volume)
Minimal < 5% No measurable
impacts
Visuall
Moderate 5% to 40% |su§ y appargnt
erosion/scarping
Overwash likely;
Major > 40% Onset of
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damages upland
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Storm Hazard Matrix

Erosion hazard scale
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Storm Hazard Matrix
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Probability

Prob. major dune damage
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Dune Engineering Demand Parameter (EDP)
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Hourly Storm Vulnerability
NJ Shoreline Segment 5

Storm Parameter Time-Series
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Model Sensitivity & Parameter Isolation

Hurricane Sandy
(2012)

= Change in vulnerability
as a function of dune
volume
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Winter Storm Winter Storm | zzy
Orlena (2021) (2022)
= Change in vulnerability = Captures spatial
as a function of berm variation in storm
width intensity

Combining Storm | ntensity with Dune Volume and Berm
Width as a modified moment of inertia is an efficient way to
characterize the capacity of a dune (Day et al, 2023)
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Hurricane Helene & Milton
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What about beach state?

Extracted (3) profiles across each segment
18 transects in total

In 9 profiles, we could not identify a dune
Elevation from 2022 USACE NCMP

2022 USACE NCMP Topobathy Lidar DEM: Gulf
Coast (FL) [ InPort

* STEVENS INSTITUTE of TECHNOLOGY
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Hourly Storm Intensity
Hurricane Milton Anna Maria to Longboat Key
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Storm Intensity, Beach Resilience, and Vulnerability

Hurricane Milton
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Takeaways

Storm intensity perspective:
- Helene - near Cedar Key compares to Hurricane Opal; forecast generally underestimated
- Milton - near Manasota Key compares with Hurricane Michael; forecasts generally overestimated

For the area of interest (e.g., Holmes Beach & Longboat Key) both storms appear to have similar
- Provides an interesting case study; is the damage due to Helene or cumulative impacts?

Suggestions welcome & collaborators are welcome
- areas of interest or notable differences in outcomes

We anticipate running forecasts for Florida for any event modeled by CERA for 2025 season. If
interested:

mjanssen@ stevens.edu or jmiller@ stevens.edu

* STEVENS INSTITUTE of TECHNOLOGY
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Likely Storm

Likel
, Approximate kely Dune Hazard Matrix
Storm I ntensity . Volume Loss
|El Range Return Period | mpact scale
Class . (order of
(Current Climate) magnitude) (Leaman et al.,
9 2021)
Overwash;
Extreme 120 < | El >50-yr >40% | nundation; Dune
Retreat
Severe 100 <I1El <120 27-yrto 50-yr <40% Dune Face Erosion
Collision, Dune
. _ _ ~ 0 VA
Nuisance 70 <1El <100 6-yrto 27-yr 10% Face Erosion
h, Mi
| nsignificant lEl <70 < 6-yr None >was nor

Beach narrowing
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Hourly dune vulnerability for Hurricane Sandy
with SSP2-4.5 SLR

NJ Shoreline Segment 5

Storm Parameter Time-Series
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Probability of Dune Impacts for Hurricane Sandy (Weibull)
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Probability of Dune Impacts for Hurricane Sandy (Weibull)
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Probability of Dune Impacts for Hurricane Sandy [meull
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Prnbablll of Dune Impacts for Hurricane Sandy (W mbull
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Variation in Storm Climate Across NJ under SSP2-4.5

MSL Reference Year
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Baseline S5P1-1.9 S5P2-4.5 SSP35-8.5 S5P1-1.9 SSP2-4.5 SSP3-8.5
2050 2050 2050 2100 2100 2100
Nuisance Storm Class (IEI = 70)
Hours 19 53 59 66 139 248 434
Storms 4 10 11 12 20 29 45
Severe Storm Class (IEI = 100)
Hours 2 4 6 8 13 16 37
Storms 1 1 2 2 2 3 7
Extreme Storm Class (IEI = 120)
Hours 0 0 0 0 3 4 10
Storms 0 0 0 0 1 1 2
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Variation in Storm Climate Across NJ under SSP2-4.5
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SLR Effect on Storm Intensity
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The Engineering Demand Parameter (EDP)
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= Eliminate highly correlated parameters

= Emphasize easily measurable parameters

* STEVENS INSTITUTE of TECHNOLOGY

CrestZ
ToeZ
Fvol
FWidth
MHWVol
BWidth

BSlope |X

ISlope
FSlope
d50
ToeFB
CrestFB
DVol
SE|

PEI
cumk
MaxWL
MaxHb
td
DLoss
DLossPCT

1
|

HEEEEEE

Rf (Morphologic) - 0.8

0.6

104

M

10.2

| mpacts

1-0.2

-04

-0.6

-0.8

X

NaN

CrestZ
ToeZ

FVol

FWidth
MHWVol

SEI [ X|X
PEI
cumE
MaxWL
td
DLoss

ds50
DLossPCT

ToeFB

CrestFB
MaxHb [X

BSlope
ISlope
FSlope
DVol

BWidth

Lemke (2021)
65



Dune Loss [%] Dune Loss [%] Dune Loss [%]

Dune Loss [%]

une Loss (%) vs EDP 1
1007 B850, @@B) c’bu‘z{ 0
| J 'S o o @]
s0f | O 0100 o) O
| ) Lamy 1 OD OO O Major
l l @ O Moderate
» @ oy % X X Minimal
| ———— Cat2
-50 [ | ———— Cat3
: : ———— Cat4
-100 |>< * L I ! 1 1 1 | —— — — Cats
200 400 600 800 1000 1200
EDP 1
Dune Loss (%) vs EDP 3
o g8 Loss () vs o)
O @] Major
O (@] Moderate
pad Minimal
* ———— Cat2
———— Cat3
— —— — Cat4
1 >I< 1 1 1 1 ] - cat 5
0 500 1000 1500 2000 2500 3000 3500 4000
EDP 3
100 O
S0 @] Major
O Moderate
or P4 Minimal
———— Cat2
50k ———— Cat3
— —— — Cat4
.100 ii ii s PR i PR i PR il il ————Cats
1071 10° 10’ 102 10° 10* 108
EDP 5
Dune Loss (%) vs EDP 7
100 | (%) | @ @00 o
| %3 (
- l e
50 : ( O Major
O Moderate
I
of X Ko X Minimal
I I ———— Cat2
501 I * I ———— Cat3
: XX : : ———— Cat4
-100 Lul A I ><‘ " x. L. ul ol — T T~ Cats
1072 100 102 104 108
EDP 7

Dune Loss [%] Dune Loss [%] Dune Loss [%]

Dune Loss [%]

Dune "f ED
100 o%% SRk oQ P2 Q) 0o 00
[ @“m g
' 10 o©
I 0 o O @] Major
l . @] Moderate
* k4 Minimal
———— Cat2
———— Cat3
——— — Cat4
, . ———— Cats
50 100 150 200 250 300 350 400
EDP 2
1005 | Py, 08 § O Dune Loss [BIVSEOPE o
o Y080
9 § .
>0 &} o o @] Major
qsiéf%?) v O Moderate
g 8 ho . Minimal
% %
é( )i{(% " X ———— Cat2
-50 H oK * ———— Cat3
: : ——— — Cat4
-100 ~ L % I L | ; — —— — Caths
0 1000 2000 3000 4000 5000 6000
EDP 4
Dune Loss (%) vs EDP
1001 | (%) &mm@ag o 0
I
501 I o]
l > O o Major
! O Moderate
or * X Minimal
X ———— Cat2
=50+ ——— — Cat3
——— — Cat4
100 | MR P M | N . | — — — — Cat5
1071 100 10’ 102 10° 10* 10°
EDP &
Dune Loss (%) vs EDP 8
100 | %) D@0 ©
l .Y
sob ! y 0 ©
l o) o O @] Major
! O Moderate
or * K >¢@< R * Minimal
I 4 ‘ I X ———— Cat2
-50( ! X KK ' ~——— cat3
>0 : xx x % 61 : ———— cat4
-100 T R R M| R R l.|>< e ) — — — — Cats
1072 107 100 10" 102 103 104 109




1
—~
At.l
N | N
“| =
|_|Hb
—~~
| o
<|
| —
mnnw+
O.B
-

’ 1E1<r,.>=m<r,.){

67

* STEVENS INSTITUTE of TECHNOLOGY



New Jersey SEI Climatology (Lemke and Miller, 2020)
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# of storms

Fig. 7. Totals for three parameters, summed over the 34-year record, with median values presented as horizontal dotted lines.
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Storm Erosion Climatology [1980 — 2013] (Lemke and Miller, 2020)

during the duration of the 34-year period of study

Baseline Storm Erosion Climatology [1997]

Add 2050 GMSL projections

(IPCC, 2023)

Add VLM contributions

2050 Storm Erosion Climatology

Detrend climatology to eliminate the effects of local sea level rise

Add 2100 GMSL projections

(IPCC, 2023)

Add VLM contributions

SSP1-1.9

SSP2-4.5

SSP5-8.5

2100 Storm Erosion Climatology

SSP1-1.9

SSP2-4.5

SSP5-8.5
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Global Sea Level Rise from IPCC

Three SSP scenarios outlined in the IPCC’'s Assessment Report 6 listed with the projected global sea
level rise with respectto 1995 - 2014 GMSL and global surface temperature difference with respect to
1850 — 1900 levels

S!:fafio SLR 2050 (m) SLR 2100 (m) Degrzefgov‘z(?é;"'ng Notes
Sustainable pathway with low greenhouse gas and
SSP1-1.9 0.18 0.38 1.4 CO2 emissions declining to net zero around 2050
“Low” (0.15-0.23) (0.28-0.55) (1.0 - 1.8) then remaining at levels of net negative CO2
emissions
SSpy.4.5 0.20 0.56 5 7 Interm.ediate gr.eenhous.e gas and CO2 emis§ions
“Middle” (0.17 - 0.26) (0.44-0.76) (2.1 - 3.5) which rernam at their currently Iev.el.untll
approximately 2050 before declining
SSP5-8.5 0.23 0.77 4.4 Very high greenhouse gas and CO2 emissions with
“High” (0.20 - 0.29) (0.63-1.01) (3.3-5.7) no decline
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Loca I Se a Leve I Ri Se Estimated vertical land movement from long-term tide gauges via NOAA

. MSL trend Est. VLM
Station Record Length (mm/yr) (mm/yr)
Technical Report NOS CO-OPS 065 Sandy Hook 75 3.90 -2.27
8531680 (3.65-4.15) (-2.34--2.20)
Estimating Vertical Land Motion from Atlantic City o6 3.99 -2.17
. 8534720 3.81-4.17 -2.28 --2.06
Long-Term Tide Gauge Records ( ) || )
Cape May 42 4.06 -2.10
8536110 (3.32-4.80) (-2.35—--1.85)

Increases inlocal sea level (m) by shoreline segment relative to 1995-2014 mean sea level using the
|PCC’s global sea level rise projections as a baseline

Segment WL Station SSP1-1.9 SSP2-4.5 SSP5-8.5
“Low” (m) “Middle” (m) “High” (m)
2050
NJ1-NJ5 Sandy Hook 0.282 0.302 0.332
NJ6 - NJ9 Atlantic City 0.278 0.298 0.328
NJ10 -NJ13 Cape May 0.275 0.295 0.325
2100
NJ1 - NJ5 Sandy Hook 0.596 0.776 0.986
NJ6 — NJ9 Atlantic City 0.586 0.766 0.976
NJ10 -NJ13 Cape May 0.580 0.760 0.970
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Observed Impacts

Spatial Variation

Hurricane Sandy Dune Damage 140
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of Hurricane Sandy

Measured Dune Losses based on NJBPN

Spatial Gradient in Observed Dune Loss
by NJBPN Profile
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Well-documented impacts and drivers

Storm I ntensity 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.

= Qverbeck, 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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Storm Intensity — Hurricane Sandy

Spatial Variation
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Beach profile parameters

Farrell et al. 2013; Lemke and Miller 2021

Spatial Variation
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Beach profile parameters — pre-Sandy

: Lemke and Miller 2021
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Resilience and demand — Sandy

Spatial Variation

Resilience Factor
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Resilience and demand — Sandy

Spatial Variation
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Predicted Impacts of Hurricane Sandy

Spatial Variation
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Latitude

Driving parameter isolation — beach resilience

Spatial Variation

Hurricane Sandy Dune Vulnerability
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Spatial Variation
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Driving parameter isolation — storm intensity

Spatial Variation
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The EDP Fragility Curve
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In final form...

EDP =
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Dune Vol x Berm Width 2
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