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• Coastal Flood Hazard Analysis Overview
• What is the NACCS

• Limited direct use
• Penobscot Bay Model 

• Validation
• Probalistic Sea Level Rise
• Current Coastal Storm Hazard
• Future Hazard
• Risk Analysis

Outline



• Tides, Storm Surge, Waves
• Extra-tropical events (e.g. Northeaster, Southwester)
• Tropical events (e.g. Hurricanes)

• Analyze Historic Records (models where there are no gauges)
• Joint Probability Analysis (Possible events, simulate synthetic storms)
• Combined approach

• Sea Level Rise
• Scenario Based Approach
• Probalistic Approach

Coastal Flood Hazards



What is the Hazard?

A increase sea level, above the normal tide, caused by wind 
stress and changes in barometric pressure during a storm event.   
AKA “Wind Setup”.

Highly energetic fluctuations in the water surface caused by local 
winds (seas) and/or generated from distant winds (swell).  

Rising water at a range of time scales

Gradual increase in the mean water level due to increased 
volume of ocean water, subsidence, changing large scale ocean 
currents. 

Hours

Seconds

Decades

Storm Surge:

Relative Sea Level Rise:

Storm Waves:

Presenter
Presentation Notes
When people ask me how much sea level rise they should expect,  I like to tell them, “It is highly likely we will experience 8 to 12 feet”.  And then when they ask by when?  I’ll say, “pretty much twice every day.”



Storm Surge

“The flood in Bangor was due to a 
combination of strong, prolonged, 

south-southeasterly winds and 
high astronomical tides. Storm 

rainfall, ice jams, and streamflow 
were not major factors causing the 

flood.”

“ Water surface elevation
in downtown Bangor reached 
17.46 feet (5.32 m) (NGVD),

approximately 10.5 feet (3.2 m) 
above predicted astronomical

tide.”
Morrill et al. 1979. Maine Coastal Storm and Flood on 

February 2, 1976,  Geological Survey Professional Paper 
1087,  Joint report by the U.S. Geological Survey and the 
National Oceanic and Atmospheric Administration. 

Presenter
Presentation Notes
Emphasis on storm surge, vs wave and tide.   Wind (mean of waves), and atmospheric pressure



Storm Waves

“Waves caused by high winds can be more of a 
factor in flooding and damage than the 

combination of surge and tide. Flooding from wave 
action can take many forms.  The storm surge may 
not reach the height of a seawall, but waves may 

overtop it.  Water passing over (overwash) a 
barrier can damage structures behind it.”

- Gadoury, R.A. 1979.  Coastal Flood of February 7, 1978 in Maine 
Massachusetts, and New Hampsihre. Water-Resources Investigations Report 
79-61, U.S. Geological Survey. 

Presenter
Presentation Notes
Emphasize susceptible locations are exposed, not everywhere succeptible.  Debris, erosion, high velocity currents.



Sea Level Rise

A gradual increase in the mean water level due to increased volume 
of ocean water, subsidence, changing large scale ocean currents, etc.

The magnitude of sea level change over the past century has 
been very small compared to sea level change experienced on 
a twice daily basis in Maine.  

Presenter
Presentation Notes
Info from NOAA Tides and Currents for Portland tide gauge. Storm damage most likely to occur from a discrete extreme event rather than gradual sea level.   



Sea Level Rise

Sea Level rise impacts will 
almost certainly manifest 
through discrete extreme 
events, rather than a gradual 
“flat” increase in the mean high 
water.

Although interesting, tools such 
as this have limited utility since 
they cannot take into account 
the highly dynamic nature of 
actual coastal flooding.

The flooding they portrait is an 
unlikely future reality.  

Presenter
Presentation Notes
Storm damage most likely to occur from a discrete extreme event rather than gradual sea level.   By “Flat”  I mean Bathtub, or linear superposition methods that do not take into account hydraulics beyond simple connectivity, and do not consider dynamic behavior of tides and storms. 



Storm Surge – Gauge Data Analysis

Strategic Alliance for Risk Reduction. (2012). Updated 
Tidal Profiles for the New England Coastline

L-Moment Analysis

Annual Maximum Series

Wakeby Distribution



Storm Surge – Single Event Numerical 
Modeling

FEMA used the RMA2 model to simulate a single
“100-year” storm, recognizing that the gage analysis
Does not necessarily 
give accurate results 
complex Maine 
coastline  

Strategic Alliance for Risk Reduction. (undated). Coastal 
Hydraulics and Hydrology.



Storm Surge – Probabilistic Modeling
Joint Probability Methods (JPM)

• Simulate hundreds to thousands of storms that could occur as well as many 
that have. 

• Based on Joint probability of storm size, intensity, speed, approach angle, 
landfall location. e.g. North Atlantic Coast 

Comprehensive Study (NACCS).

Simulate Sea Level Rise cases to assess 
one aspect of climate change

Nadal-Caraballo et al. 2015. Coastal Storm Hazards from Virginia to Maine, 
ERDC/CHL TR-15-5

Presenter
Presentation Notes
Central pressure, size rmw, approach speed, approach angle, landfall location.  



Processes – Sea Level Rise

Presenter
Presentation Notes
But how likely are the scenarios?  We need to ask the experts

According to Kopp, data (on next slide) there is about a 70% chance SLR will be at or greater than HIGH scenario in 2030, but only about a 15% chance it will be at or greater than HIGH by 2050, and 5% chance by 2100…



Figure from Grinsted, Aslak, S. Jevrejeva, R. E. M. Riva, and D. Dahl Jensen. Sea level rise projections for northern Europe under RCP8.5.  
Climate Research.  Vol 64: 15-23. June 17, 2015.

Processes – Sea Level Rise Probabilistic Guidance: e.g.

Presenter
Presentation Notes
Read the footnote from the 1995 EPA report



Localized, State-of-the-Science, Probabilistic Guidance: 

Data From:

Kopp, R. E., R. M. Horton, C. M. Little, J. X.
Mitrovica, M. Oppenheimer, D. J.
Rasmussen, B. H. Strauss, and C. Tebaldi
(2014), Probabilistic 21st and 22nd
century sea-level projections at a global
network of tide-gauge sites, Earth’s
Future, 2, 383–406,
doi:10.1002/2014EF000239.

Presenter
Presentation Notes
This if for Portland. SLR probability distributions may take on different shapes for different time frames.



About the NACCS
• Sandy Inspired
• CSTORM-MS (PBL - WAM -

ADCIRC+STWAVE)
• JPM-OS with 1050 Tropical Cyclones 
• 100 Extratropical Cyclones 

“This study did not include 
engineering calculations, 

such as wave runup, 
nearshore morphology 

change, sediment transport, 
probabilistic analysis of 

riverine stage, or overland 
flooding.”      -TR15-14

Presenter
Presentation Notes
The goal of the North Atlantic Coast Comprehensive Study (NACCS) modeling effort was to ultimately compute the joint probability of coastal storm forcing parameters for the North Atlantic Coast of the United States as this information is essential for effective flood risk management project planning, design, and performance evaluation.  - TR15-14
 



In “Tightly Coupled” surge and wave modeling 
the wave model inputs are the surge model 
outputs and vice versa. 

NACCS – STWAVE Files

• Winds, Water levels, Wave 
heights, Wave Periods, Wave 
direction.  

• 3 STWAVE domains cover ME, 
NH and part of MA coast

Presenter
Presentation Notes
All necessary information for a localized study is available from regional STWAVE model files.  These are much smaller (~ 2Gb per simulation) than ADCIRC model files (>10 Gb per simulation)



NACCS Central Maine – Wind
1976 Groundhog day storm

Presenter
Presentation Notes
This is an animation



NACCS Central Maine - Waves
1976 Groundhog day storm

Presenter
Presentation Notes
This is an animation



NACCS Central Maine – Water Level
1976 Groundhog day storm

Presenter
Presentation Notes
This is an animation



NACCS Central Maine – Water Level close-up
1976 Groundhog day storm

Presenter
Presentation Notes
This is an animation



NACCS Model – Local Validation
Historic Extra-tropical storms at Bar Harbor

Presenter
Presentation Notes
Scatter plot illustrates bias and root mean square error,  numbers indicate storm,  time series shows significant under-prediction of peak for storm 0032 (1976 groundhog day storm)



NACCS Model Grid
FEMA Region 2
FEMA Region 3
NOAA New England 
Vdatum + overland areas 
to ~ Cape Ann

Presenter
Presentation Notes
The northern portion of this study reach (Maine to New York) is part of FEMA Region I where another methodology was applied, and therefore, no JPM-OS-based analysis exists for this region. FEMA Region I therefore required more development for storm selection, forcing conditions, and grid development.  - TR 15-14 



NACCS Grid



NACCS Grid



Penobscot Bay ADCIRC Model

Presenter
Presentation Notes
Now talk about the improved model.  Higher resolution of physical processes, more accurate results, correction for biases…



Refined model, driven by results from 
NACCS model will be used to develop 
spatially refined estimates of the 
extreme storm surge and wave 
conditions for the critical locations.
Results will also be used to evaluate 
Nonlinear residuals due to tide and 
sea level change.  



ADCIRC Grid and Bottom Elevation

Grindle 
Point

The 
Narrows



Penobscot Bay ADCIRC+SWAN model – Water Level
1976 Groundhog day storm

Presenter
Presentation Notes
Animation



Penobscot Bay ADCIRC+SWAN model – Water Level
1976 Groundhog day storm

Presenter
Presentation Notes
animation



PenBay Model – Validation
Historic Extra-tropical storms at Bar Harbor

Presenter
Presentation Notes
Scatter plot illustrates bias and root mean square error,  numbers indicate storm,  time series shows significant under-prediction of peak for storm 0032 (1976 groundhog day storm)



PenBay Model – Validation
1976 Groundhog day Storm HWMs

Presenter
Presentation Notes
Scatter plot illustrates bias and root mean square error,  numbers indicate storm,  time series shows significant under-prediction of peak for storm 0032 (1976 groundhog day storm)



PenBay Model – Validation
1976 Groundhog day time series

at Bar Harbor

Presenter
Presentation Notes
Scatter plot illustrates bias and root mean square error,  numbers indicate storm,  time series shows significant under-prediction of peak for storm 0032 (1976 groundhog day storm)



PenBay Model – Validation
1978 February 7 Blizzard HWMs

Presenter
Presentation Notes
Note underprediction,  this storm was adjusted for STATS,  also note missing Jan 9, 1978 storm was not included in NACCS data set, this storm was higher in some points, so double counted highest storm in stats.



PenBay Model – Validation
Feb 7, 1978 Blizzard

at Bar Harbor

Presenter
Presentation Notes
Scatter plot illustrates bias and root mean square error,  numbers indicate storm,  time series shows significant under-prediction of peak for storm 0032 (1976 groundhog day storm)



Presenter
Presentation Notes
100 randomly generated synthetic “storm” peak surge values based on cumulative probability distribution derived from NACCS ARI curves



Presenter
Presentation Notes
Similar random generation method to produce a set of possible sea level rise values for 2100 based on CDF of sea level rise



Note: here we may also incorporate distributions for other types of uncertainty (aleatory 
uncertainty in surge predictions, error estimates for non-linear residuals, etc.)

Additional re-sampling is done for a series of years with non-stationary probability 
distributions for SLR. 

Presenter
Presentation Notes
Do this for each random storm peak



Presenter
Presentation Notes
Can be used to generate empirical estimate of water level exceedance probability



Presenter
Presentation Notes
Can be used to generate empirical distribution of surge+sea level rise probability for 2100



Presenter
Presentation Notes
Now the plot the curve in terms of annual recurrence interval (after NACCS)  This gives “One Number” for flood future flood hazard considering all possible sea level rise scenarios. There is no need to ask “which SLR scenario did you use” , by aggregating risk year after year we can answer questions like: “how likely is it to get flooded between now and 2050.  Effectively the choice of which scenario has been eliminated by relying on the experts in sea level rise processes to quantify the uncertainty in future sea level rise and tell us (based on a combination of ensemble climate modeling and expert opinion) how likely every possible sea level rise scenario is. 



Grindle Point Results
FEMA flood zone VE16-VE15



Grindle Point Results
PenBay Model – 2017 sea level – 5-yr (20% water level)



Grindle Point Results
PenBay Model – 2017 sea level – 20-yr (5% water level)



Grindle Point Results
PenBay Model – 2017 sea level – 100-yr (1% water level)



Grindle Point Results
PenBay Model – 2017 sea level – 5-yr (20%) Wave Envelope



Grindle Point Results
PenBay Model – 2017 sea level – 20-yr (5%) Wave Envelope



Grindle Point Results
PenBay Model – 2017 sea level – 100-yr (1%) Wave Envelope



Grindle Point Results
PenBay Model – 2037 sea level – 5-yr (20% water level)



Grindle Point Results
PenBay Model – 2037 sea level – 20-yr (5% water level)



Grindle Point Results
PenBay Model – 2037 sea level – 100-yr (1% water level)



Grindle Point Results
PenBay Model – 2037 sea level – 5-yr (20%) Wave Envelope



Grindle Point Results
PenBay Model – 2037 sea level – 20-yr (5%) Wave Envelope



Grindle Point Results
PenBay Model – 2037 sea level – 100-yr (1%) Wave Envelope



Grindle Point Results
PenBay Model – 2067 sea level – 5-yr (20% water level)



Grindle Point Results
PenBay Model – 2067 sea level – 20-yr (5% water level)



Grindle Point Results
PenBay Model – 2067 sea level – 100-yr (1% water level)



Grindle Point Results
PenBay Model – 2067 sea level – 5-yr (20%) Wave Envelope



Grindle Point Results
PenBay Model – 2067 sea level – 20-yr (5%) Wave Envelope



Grindle Point Results
PenBay Model – 2067 sea level – 100-yr (1%) Wave Envelope



The Narrows
FEMA 100-year 
Floodplain
VE16



The Narrows Results
PenBay Model – 2017 sea level – 5-yr (20% water level)



The Narrows Results
PenBay Model – 2017 sea level – 20-yr (5% water level)



The Narrows Results
PenBay Model – 2017 sea level – 100-yr (1% water level)



The Narrows Results
PenBay Model – 2017 sea level – 5-yr (20%) Wave Envelope



The Narrows Results
PenBay Model – 2017 sea level – 20-yr (5%) Wave Envelope



The Narrows Results
PenBay Model – 2017 sea level – 100-yr (1%) Wave Envelope



The Narrows Results
PenBay Model – 2037 sea level – 5-yr (20% water level)



The Narrows Results
PenBay Model – 2037 sea level – 20-yr (5% water level)



The Narrows Results
PenBay Model – 2037 sea level – 100-yr (1% water level)
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