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What is at Stake? What are the Costs?

Billion Dollar Disasters

Weather Disasters (1980-2016) (2017-2019) (Totals)

Severe
Weather
Eyents

Source: NOAA National Centers for Environmental Information

Drought .................. 24
FlOOAING 54 i3 o5 evovininic 26
Freeze .........covviiininn, 7
SevereStorm ............... 83
TropicalCyclone ............ 35
Wildfire .................... 14
Winter Storm ............... 14

Average Cost (billions)

Drought.................. $9.3
Flooding «.c: s o povinenin $4.3
Freeze .........ccovn... $3.6
SevereStorm ............. $2.2
Tropical Cyclone ........... S16
Wildfive oo i sccciisiiins $2.4
WinterStorm ............... $3

2
6
2
30
9

$9.6
$4.6
$3.4
$2.2
$21.5
$5.0
$2.9

26
32
9
113
44
17
17

$249.7
$146.5
$30.5
$247.8
$945.9
$84.9
$49.3

America’s Coasts

40% of the population, 10% of the land mass
$7.9 trillion in goods and services

54.6 million employed

$3.2 trillion in wages

Coastal Management
“Balancing competing demands for
coastal resources. This often
involves property rights, economics,
safety, and natural resources.”




North Atlantic Coast Comprehensive Study

The U.S. Army Corps of Engineers produced North Atlantic Coast Comprehensive Study (NACCS) in
2015 to address coastal storm and flood risk in the North Atlantic region. The study was designed
to:

* Help local communities better understand changing flood risks associated with climate change
* Provide tools to prepare for future flood risks that can be customized for any coastal watershed

The Northeast Regional Ocean Council (NROC) worked with RPS to extract key model data and
statistics and develop tools and services to easily work with these data.

www.northeastoceancouncil.org/naccs

PS5 NERACOOS

~ NROC

Northeast Regional
Ocean Council




What to Expect

Session 1 - NACCS overview: Informing coastal decisions in the Northeast

* A high-level overview of the NACCS and how it can be applied to coastal
management in the Northeast and Mid-Atlantic.

Session 2 - NACCS technical session: Understanding what’s under the hood

* Building on Session 1- NACCS overview offered on Oct. 21st, this more in-depth
session will explore the technical components of NACCS.

* When? Session 2 will be offered twice to provide flexibility in scheduling:

* October 27, 2020, Tuesday | 10am - 11:30am Eastern Time
* October 29, 2020, Thursday | 10am - 11:30am Eastern Time



Outline

* Introduction
* Coastal flooding assessment and management

* Publicly available modeled datasets, useful for coastal planning
-North Atlantic Coast Comprehensive Study (NACCS)
-FIRM

- Some regional and basin-wide models

* Example of NACCS uses

- Dynamic modeling: Nonlinear interaction of tide, SLR and Storm Surge

F Dr. Tayebeh TajalliBakhsh
J Oct. 2020



Introduction
* Our story

* The goals of this session
OA high-level overview of the NACCS (goals, approach, outputs,
access points) to the coastal management professionals in the
Northeast and Mid-Atlantic to inform their work.
0Other datasets used for planning (cannot be compared or
replaced by each other) and their strengths and limitations.
OHow NACCS can be used and applied locally

rpr Dr. Tayebeh TajalliBakhsh
J Oct. 2020



Coastal Flooding;
Flood Risk Management

* Inundation of a coastal environment caused by a
short-term increase in water level due to:

Storm surge
e Extreme tides
* Tsunamis ‘ =

e Storm surge: The magnitude and extension depend =
on the coastal topography and broader bathymetry of* ==
the coastal area.

e Understanding the flood hazard:

Site specific flood elevations and its probability.

* Assessment of the possible damages/cost of the
flood

to support planning efforts and mitigating the risks.

MPS



Coastal Flood Assessment

* Probability-Based

* Based on a statistical combination of different storm
scenarios

* Floodplain management, permitting, construction standards, '
hazard mitigation planning and projects.
* Event-Based
* Historic event
 Advisory, public outreach/education purposes.

e Scenario-Based
* Hypothetical event or composite of events

* Used operationally to develop evacuation zones.




Studies and Datasets

» Federal:

* USACE NACCS
* FEMA FIRM

» Non-profit:

 First Street Foundation

»Some Regional/States:
* Maine: Ransom
* Massachusetts : WHG
* Rhode Island: URI StormTools
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NACCS

North Atlantic Coast Comprehensive Study
(NACCS), a two-year study by the USACE
Included atmospheric, wave and storm surge
modeling for the North Atlantic region,
including coastal areas of all NROC member
states.

To provide critical information for effective
flood risk management project planning,
design, and performance evaluation, providing
the joint probability of coastal storm
environmental forcing parameters.

To provide tools to better prepare for future
flood risks.
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Goals of NACCS Modeling Effort

StormSim JPA - USACE NACCS
Save Point 10429 (41.6047°N, 70.9179°W)
CC - Base, Post96RT

o

 Compute the joint probability of coastal
storm forcing parameters for the North
Atlantic Coast

e Simulate storm winds, waves, and water
levels along the coast for both tropical and
extratropical storms.

Water Leve! (m
e = N W A O N ® ©
> S A U ol t ; 2

* To support coastal resilience initiatives by
providing actionable information critical for
effective flood risk management project
planning, design, and performance evaluation
to the planning and management
communities.

13



NACCS

Climate and Hydro Modeling
PBL Cyclone Model .l ;wm;_ _);

— Water level (storm surge, astro
tide, SLC)

—~ Currents

- Wind speed, direction

- Wave height, peak period, direction

ADCIRC

NACCS
GRID lovel2N OW! Winds
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CSTORM-MS ==
High Fidelity Modeling

Water-Surface Elevation (ft msl)
N

10/29 10/30 10/31
Hurricane Sandy 2012

101 11/02
%
Cyclone Wind Model
(MORPHOS-PBL)
- ; _
ADCIRC' —
L TS

" Wind & Pressure +
Waves +Surge <

STWAVE

CSTORM-MS: Coastal STORM Modeling System

WAM: WAve Prediction Model
STWAVE: STeady-State Spectral WAVE model
ADCIRC: ADvance CIRCulation Model
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NACCS

Mesh Module Grid spacing

* The result of this effort is a catalog of storm
surge, wave heights, and extremal statistics
derived from each model run and stored at
high resolution stations along the coast.

* The database offers a new opportunity to
extend high fidelity model data to studies at
the regional and local level.

15



NACCS Coastal Storm Risk Management Framework

INITIATE ANALYSIS

Identify Stakeholders, Partners, and Authorities
Identify Constraints and Opportunities

Formalize Goals

Determine Spatial and Temporal Scale of Analysis

CHARACTERIZE CONDITIONS

Define Physical and Geomorphic Setting

Compile Flood Probability Data

Establish Baseline Conditions and Forecast Future Conditions

ANALYZE RISK AND VULNERABILITY
Map Inundation and Exposure

Assess Vulnerability and Resilience

Determine Areas of High Risk

IDENTIFY POSSIBLE SOLUTIONS
Assess Full Array of Measures

Consider Blended Solutions

Develop Performance Metrics

Establish Decision Criteria

STEPS COMPLETED AT A CONCEPTUAL LEVEL BY THE NACCS

EVALUATE AND COMPARE SOLUTIONS

Develop Cost Estimates
Assess Benefits

SELECT PLAN

DEVELOP IMPLEMENTATION PLAN
Complete Pre-construction Engineering and Design
Consider Operation and Maintenance Issues

Establish Adaptation Thresholds

Develop Strategic Monitoring Plan

WORK AT REFINED SC!

EXECUTE PLAN

NAL STEPS TO BE COMPLETED IN FUTURI

DDITIC
REPLICATIONS OF THE FRAMI

MONITOR AND ADAPT

and Benefit Production
16

Assess Resilience
Adaptively Manage



NACCS

* The storm set included:

e 1050 synthetic tropical storms, joint
probability method with optimized
sampling

e 100 historical extratropical storms
strategically selected to characterize the
regional storm hazard, peaks-over-
threshold (POT)

* Extremal analysis techniqgues were
applied to develop statistical wave and
water level information (i.e. return

periods) for the study area. Storm Selection

| Characterization of
Storm Climate
(Forcng)

" Tropical Cyclones = Extra-tropical Cyclones
(Synthetic) | _(Historical)
l’ ‘ 17

[ Developrhént of JPM Development of }
StormSet =~ Composite Storm Set |



NACCS Outputs

« Compute probabilities of coastal storm parameters

Qutput
« Data at Save Points (not full grid)

*1-10,000 year return periods:

ADCIRC model save points
* Storm recurrence rates
e Peak water levels from

e 1050 Tropical Cyclone simulations (synthetic)

» 100 Extra Tropical simulations (historical)
* Water level return periods with associated
confidence intervals

STWAVE model save points
* Peak wave heights from STWAVE

surge height vs return period based on NACCS estimates
oint #1056

Latitude 41.44474
Longitude -71.34537

Return
Period
(yrs)

Surge Height (MSL feet)

———---- Surge Only ——————
Mean Upper 95%
Confidence

(m) ¢ (m)

££)
0.72 2.4 1.58
0.93 3.1 1.78
1.21 4.0 2.12
1.42 4.7 2.42
1.64 5.4 2.74
1.98 6.5 3.13
2.30 755 3.46
2.63 8.6 3.79
3.05 1c.0 4.21
3.35 11.0 4.51
3.63 11.9 4.79
3.96 13.0 5.12
4.19 13.7 5.35

Save Pt ID =1056

—— With Tide: Cf95
—— With Tide: Mean

Surge Only: Cf95
Surge Only: Mean

10*

Return Period (years)

18



NACCS Output
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& FEMA's National Flood Hazard Layer (NFHL) Viewer
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‘<15feet
Limit of
BFE ~ Flood level W ~Properly elevated building base

\ inc?'dln'g flooding
______ Yo lwive effects and waves
100-year ™~ ~ Y
stillwater elevation \Y.

Sea level ~ Unelevated building constructed before community entered the NFIP

= T [ [ [ I

/
8 Shoreline  Sand haach Ruildinas Overland Vegetated Limit of SFHA

* Flood Insurance Rate Maps (FIRM).

* BFE: Base flood level associated with a single likelihood of occurrence of 100-year flood
* Also shows insurance zone designations, and floodplain boundaries.

F E MA » Useful for risk assessments that do not need to consider increasing risk due to climate
change or sea level rise.

e Used in design and construction of new buildings, the improvement and repair of
existing buildings, and additions to existing buildings.

23



FEMA

Readily available, baseline information for estimating risk,
but FIRMs do not account for the following:

A
* Shoreline erosion, wetland loss, subsidence, and relative )
sea level rise
* Not showing worst-case scenarios: only the 100-year S i SO
storm. AR
L] | PANEL 559 OF 606
* Some engineering studies are decades old. § - a—
g
* Total Water Level as linear combination of the Still g
Water Level (SWL) and, the wave setup. '31 =EE—
. : = S
e Over/underestimation: Some coarse-scale studies RI% e
interpolated or transect calculations for wave runup, SRt

and overtopping

* Missing changes in storm climatology (frequency and

severity)
24



US : FSF

First Street Foundation(FSF), a nonprofit research and
technology group, https://firststreet.org/

CO, - equivalent (ppm)

Difference in number of properties at

IPCC Representative Concentration Pathways substantial flood risk* (FSF) compared to FEMA

More properties at risk

750 in FSF model ——
650 — r
RCP 8.5 [ | I | No data
550 RC 05x  Ix  2x  3x 4x 5x  6x 7x 8x
450 . - -~
350 !
2000 2025

realtor.com® included Flood Factor™ e L Nl ;e

A Flood Factor™, a risk score ranging from 1 to 10,
which reflects a property’s risk of flooding over the
course of a 30 year mortgage.

Calculates the probabilistic future risk of flooding by
incorporating the output of an ensemble 21 Global
Climate Models (GCM) ; 0.2%, 1%, 10%, 20%, 50%

“hazard layers”

Most appropriately used for informational or e

awareness purposes

Should not be used as the sole source for specific risk
management decisions at the parcel level.

Depth of

3

o
Np Moy : ., YT bc
.°. @ o 2% 27% 47% @6% . 100%

30-year cumulative (non-linear scale)

Higher flood risk ——>

Low Moderate  Major Severe  Extreme
IE—— ]
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https://firststreet.org/
http://realtor.com/
http://floodfactor.com/

Examples of Regional Datasets
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Maine, Ransom

436

e Extreme Storm Coastal Hydrology & Numerica
Modeling, York and Cumberland Counties,

Maine.

S
o
PN

e Can be used in site-specific analyses to
evaluate overland flooding, wave run-up and
overtopping, and erosion hazards,

Degrees Latitude

* Provides estimates of the water levels and
associated wave conditions over a range of
possible flood events from 10-year flood to
500-year flood.



Maine, Ransom

e Storms producing a peak water level greater than the
50-year return period water level at save points.

e Using the same numerical modeling(ADCIRC+SWAN)
and statistical analysis methods as NACCS and FEMA

guidelines and specifications
Limits:

* Considers the Total stillWater Level (TWL) and
incident wave conditions that are needed to
compute the coastal BFE, but it does not provide the
BFE.

* Does not provide inland hydrologic information
related to precipitation, rainfall runoff, or stream
discharge; effect of climate change

https://ransomenv.sharefile.com/d-s477b8ab8aba4599a

Water Surface Elevation (ft-NAVD)

J
9 9,1 9,2 9,3 9,4 9,5 9,6 9,7 9,8 9,9 18 16,116,216,310,416,5 10,¢

Extra-tropical Storm . Only*500-year T Wt

Data SIO, NOAA, U-S: Navy; NGA, GEBCO
Image Landsat/ Copernicus

Google Earth

29
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Massachusetts
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|| MassDOT Focus Land Areas
ADCIRC Grid
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MCFRM, WHG

Massachusetts Coast Flood Risk Model
(MCFRM)

(1)

(2)
(3)
(4)

(5)

dynamic model including (winds, waves,
wave-setup, storm surge, wave run-up
and overtopping,...)

calibrated to historical storm events that
impacted MA

high resolution (flood pathways, complex
topographies)

includes effect of climate changes on
hurricanes and nor’easters

captures effect of varying storm types,
magnitudes, and frequencies.

Example of the hlgh-resolutlon MCFRM modelmg :
mesh for Boston and Nantucket @ ™\




MCFRM: WHG

* Dynamically simulates
hundreds to thousands of
storms.

Tropical and Sea Level Rise

* Scenarios being simulated | e Topic

inthe MC-FRM include | \\
present day, 2030, 2050,

2070, and 2100 climate

conditions.

* The depth of flooding
associated with the 100- o+
year, 200-year, 1000- year | ?: il n . @ s

annual exceedance
pro babil ity levels. " Overarching approach using dynamic probabilistic modeling.

32




Arcadia
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StormTools RI, URI

StormTools Model Setup StormTools Model Analysis
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Web Interface | : : S 4'

Maps of flooding from sea level fruses .
rise (0 to 12 ft);

25, 50, and 100 yr and 500 year B
Storms; model inputs

™
jo |

o ~

Web Services

Nuisance flooding maps (1,2, 3, ,.... i i

5 and 10 yrs), at a 95% Eeo;gﬁsd ot JJ
confidence interval e Sl

Flooding from historical storms
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and Sandy- 2012) Haces
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StormTools RI, URI

ADCIRC, STWAVE , XBeach

Predict storm surge and wave, combined with shoreline**

change maps (erosion), and damage functions to
construct a Coastal Environmental Risk Index (CERI).

Surge levels and associated offshore waves used to
determine BFEs were obtained from the NACCS
hydrodynamic and wave model predictions.

Uses estimates of (BFE), explicitly including the effects
of sea level rise (SLR); the structure types, first floor
elevation (FFE); and damage curves from NACCS

Determine the damages to structures for the study
area.
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StormTools RI, URI

Limitations:

* No freshwater flooding from rainfall or rivers
(except Pawtuxet river)

* Flooding through stormwater drains

https://stormtools-mainpage-crc-
uri.hub.arcgis.com/

PRl Most Likely

® 76-100%

® 51-75%
26-50%

e 0-25%

Below MSL

Structure

damage % MassGIS,

- Inundated by
2100

D Moderate

; fj High
[ J Severe

MassGlIS, E
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Coastal Flooding of North East National Parks

Statement of Purpose

* Create the data infrastructure and technical procedures that will be
used in preparing for and responding to storm events at three
National Parks — Fire Island National Seashore (FIIS), Gateway
National Recreational Area (GATE), and Assateague Island National
Seashore (ASIS).

1. Extension and enhancement of URI’s “Monumentation” Project for
the National Park Service

2. Enhance sentinel site database and network for FIIS and GATE.
3. Tide gauge infrastructure and gap analysis
4. Environmental Outreach

5. Inundation Modeling
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Characterizing reg

onal 100 year event

NACCS
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Atmospheric Forcing
NACCS Synthetic Tropical Storm Forcing

Find and model a 100 year flood event
* uses NACCS output to identify 100 year event

* use track from event for wind and pressure forcing
:‘Use Holland gradient wind model

\
Pittsburc \\

o k:.
< \ \m\
N Jashin:

\

Holland Identify NACCS output

ol gradient 100 year
wind model event

NACCS Master

Park ID Subregion Track O0(deg) [ AP (hPa) | Rmax (km) | Vf (km/h)
FIIS 355 2 10 -60 78 51 36
GATE | 362 2 11 -60 68 61 26
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Water Levels

Sea Level Rise Scenario (2050) based on: The nonlinear interaction of Sea Level Rise
and storm surge; without changes in vulnerability or storm pattern.

SLR at the site adopted from high emission scenario (2050) evaluated by
corpsclimate

FIIS/GATE SandyHook, NJ 8531680 0.735m

Datums for 8531680, Sandy Hook, NJ

All figures in meters relative to station datum

2.5
MHHW: 23592

s DHQ: 0.101
MHW: 2.258

‘DTL: 1.562




Maximum Inundation Envelope

739°W 73.89°W

39w 73.89°W 73.88°W 73.87°W
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Maximum Inundation Envelope
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4~
Maximum Water Level (SLR+MHHW)
Maximum Water Level (MHHW)
§ 2 SLR+MHHW W 74w 39 W 738 W
| e aont e L /e trna e R, S e P e el | 1 L W0 Arrecten| o i tels
= N SRR, N I, ;. RS NAVDSS ol e e . -
8
g
% 2 Bathy/Topo
(4
E
£o
g 40.6* N (o |406' N
w -6 A\‘J
B
8 | | | | | |
0 500 1000 1500 2000 2500 3000
Distance Across the Transect(m)
Transect FG w5t o
4 E
o/
3
g .F_’_.G
<
=z
2 =40 4'N
o
2
©
©
(4
E
s
2
E T T T T
> T41W “w Tew new
2
w

.8 | I I I | | | | I |
J 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Distance Across the Transect(m)




Nonlinearity: Maximum Inundation Envelope




Final Note

Discussed:

* NACCS and other coastal flooding products
* So many maps .... most appropriately for education/awareness purposes
* Should not be used as the sole source for specific risk management decisions.

e Use case(s) of NACCS

* Nonlinear interaction of tide, sea level rise and storm surge
* Limitation of bathtub approach

Next session:
* NACCS modeling details
* How to access and analyze the NACCS from NROC (Demo)
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THANK YOU!

Questions?

Jamie.Carter@noaa.gov
tayebeh.tajallibakhsh

MMMMMM
rpf Eouiss
rpsgroup.com J
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