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Science Drivers

Where will the water be?
- when will it come? What streets? What depth?

How will the urban infrastructure react?
- transportation, power grid, food, water, healthcare, etc?
How best to communicate risk and uncertainty?
- visuals?

What will be people’s perceptions, expectations,
and intentions?
- government? industry? the public?



Flood Forecasting on the Human Scale
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Development of a Dynamic Overland Inundation
Modeling System for Preparation, Response and

Coastal Resiliency Planning

 Based on verified,
operational ocean
circulation model,
NYHOPS (NY Harbor
Observation and
Prediction System)

e Derivative of the
Princeton Ocean
Model (POM)

* Verified Operational
NOAA |100S Forecast |
Model




Operational NYHOPS Forecast model & srmves
3D General Circulation and Surface Wlnd Wave Model

OPS includes
548 Buoyant

Input forcing:

v’ Tides

v’ Offshore Surge and Steric
v’ Offshore Waves

v’ Surface Winds/Pressure
v’ Heating and Cooling

v’ 239 Rivers and Streams
v’ 280 Major Dischargers

v’ River Ice

Distributed
Inflows and
Effluents

External data
and models

Real time
Observations

Output:
hindcasts+72-hr forecasts 4x/day

Results every 10min, since 2006.
» Total water level.
>3D Currents, Salinity, :
Temperature.

»Significant wave height and wave
period.
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Existing Focused Products Supported by NYHOPS

MARACOOS
Ocean Information for a Changing World
MARCOOS Capabilities
MACOORA | Weather Mesonet HF Radar Statistical STPS Satellite Glider Surveys
Themes Network Forecast Imagery
1. Maritime Operational input to | Operational input Operational input
Safety USCG SAROPS to USCG to USCG
SAROPS SAROPS
Z. Ecological Cuculation and SST & Color Subsurtace 3-DFieldsof 1, S,
Decision drvergence maps for habatat T&S for circulation for [
. Supnart for habitat habitat habitat
3. water Winas tor mansport, | >wiiace cwrents Swiface curents Ocean color for | Nearsnore Surtace cwrents 1or
Quality nver plumes, & for floatables, for floatables, nver plumes dissolved floatables, bactena,
bactena, spill OXYgen swveys
nund a tic ensembles
Ishe lonca -oupled ocean-
Energy & wand model analysis & wind analysis suface | analysis
validation model validation fronts & plumes | subswface for resowrce
for sihng fronts & plumes -
G, gmors  wems  gem  gowe oeows FORERME Storm Surge Warning System (SSWS)
Storm Surge Warning System Architecture
Plot or Download Data Sandy Hook M) - elevation relative to HLLA (ft)
Slat [Tz SetSwn J,'». 5 v r
g::‘g [2009-11-15 " SetEnd N I V\é \/ﬁ\f\/ ,\VN
Datul:n: MW~ ‘\ .V e

Units: English  ~
Time
Zone:

e
Each hour water level [/,
Data arrives at the SSWS -
server \ \

Eastem Local ~

The data is processed
through QA/QC algorithms

&

If a flood level is
exceeded, the warning
system is activated

Surge levels and predicted
water levels are calculated

Data is posted in graphical
format on web interface



Existing MARCOOQS Storm Surge Products
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Storm Surge Warning System
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Storm Surge Warning System
compares observed
a n d N Y H O P S Plot Series or Download Data Atlantic City W) - Hater level relative to HLLA (&) .

Station: | Atlantic City NJ

forecasted water = o N ; | B,
. Date: 2013-07-28 Set Start B
elevations e ==

Date:
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* |f water elevation is et
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Surge Impact Table

OCEAN COUNTY, New Jersey

ALL HEIGHTS ARE IN MEAN LOWER LOW WATER (MLLW).

9.3
9.2
8.9
8.8
8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.6

FT —
FT —
FT —
FT —
FT —
FT —
FT —
FT —
FT —
FT —
FT —
FT —

December 11, 1992.

September 14, 1944 (Hurricane).

September 27, 1985 (Hurricane Gloria).

March 6, 1962; August 9, 1976 (Hurricane Belle) and October 31,
SEVERE TIDAL FLOODING BEGINS.

March 29, 1984.

October 25, 1980.

January 4, 1992.

March 19, 1996.

March 2, 1994.

MODERATE TIDAL FLOODING BEGINS.

Bay View Avenue in Seaside Park begins to flood. *

Local roads in Ocean Gate (including Bay View Avenue) begin to flood. *

Historic water level observations and impacts tabulated by local NWS Forecast Office
for each coastal county. Allows for the delineation of minor, moderate and sever flood
levels relative to MLLW.
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Storm Surge Warning Mode
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Pager

If surge levels are predicted
To exceed minor, moderate,
or severe flood level...

.. a subscriber database of contact
information is accessed and ...

.. a tailored text message
is transmitted via email
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O Hudson River at Albany NY (Minor Flood)
O Schodack Island, NY (Hydrological) (Near Flood)

[ Tivoli Bays South, NY (Hydrological) (Near Flood)

[ Norrie Point, NY (Hydrological) (Moderate Flood)

[ Hudson River below Poughkeepsie NY (Moderate Flood)
[ Newport RI (Minor Flood)

Hudson River at South Dock at West Point NY (Moderate
Flood)

O New London CT (Minor Flood)
I New Haven CT (Moderate Flood)
3 Bridgeport CT (Moderate Flood)

Storm Surge Warning Sysftem

[T Kings Porn
[l The Battery NY (Moderate Flood)

[l Bergen Point West Reach NY (Moderate Flood)
[ Hudson Bay at Freeport NY (Major Flood)

NY (Moderate Flood)

Sl [l Jamaica Bay at Inwood NY (Major Flood)

B Reynolds Channel at Point Lookout NY (Moderate Flood)
[ East Rockaway Inlet at Atlantic Beach NY (Moderate Flood)
[l Rockaway Inlet near Floyd Bennett Field NY (Moderate Flood)
[ sandy Hook NJ (Major Flood)

[ Sshark River at Belmar NJ (Major Flood)

[ Barnegat Bay at Barnegat Light NJ (Moderate Flood)

I Little Egg Inlet near Tuckerton, NJ (Moderate Flood)

W Atiantic City NJ (Major Flood)

[ Great Channel at Stone Harbor NJ (Minor Flood)

Il cape May NJ (Minor Flood)

I Lewes DE (Moderate Flood)

Urban

Ocean Observatory at the Center for Maritime Systems

ARITIM Present NYHOPS NJ Coast Storm Mobile cMs Data & Gnb| STEVENS
YSTEMS Conditions Forecast (CMN) Surge Stations Partners Time Series

CMS Storm Surge Warning System
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Overland Inundation Forecasting

* Model grid was expanded
to include overland areas
along NY Harbor urban
coast.

* High-resolution LiDAR
derived DEMs used define
topography.

* |nundated model cells
employ depth averaged
flow equations to predict
water levels and overland
currents

81’] d 0
D)+—\vD)=

> ax(u )+ y(v )=0
8L7+L78u+‘7817_f‘7:_g8n €.~
ot % dy ox p,D
v _ov _ov . am T, Ty

+ + =— :

ot uax v8y+fu gay+ p,D




Hudson
River

)
c
(@
p -
[
L .
Q
)
s




Boundaries

Choosing
Domain/
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Model Calibration

* Model calibrated with
Sandy hindcast wind
and pressure fields.

e Battery tide gauge used
as calibration point in
Upper Harbor.

* Available NOAA and
USGS regional water

level data used for NY
Bight

Feet NAVD88
>10
Tto10
4t07
<4




Model Validation

* Peak over ground water levels predicted by
the model were compared to maximum storm
surge extents published by USGS.

* Local water level data recorded by USGS
water level sensors used for point verification

* Crowed sourcing used to estimate peak water
levels.



Model Validation
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Max Water Depth
Extreme > 9 ft
High 6~9 ft
Moderate 3~6 ft
Low 0~3 ft

Ground

USGS Peak Surge Extent Predicted overland surge depth







Model Validation Points

Model Validation
8 I [ :
X USGS WM A N REr o
X Crowd Sourcing | 1 ) :
711 X Photo/Video | o
" i
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(Xiox 5

Observed Water Level over Ground (ft)
B

R?=0.9247
STD-=0.25 t
RMS = 0.60 ft -

3 4 5 6 7 8
Hindcast Water Level over Ground (ft)

The correlation coefficient (R?) between the water mark observations and the model is 0.93.
The standard deviation of the residual error is 0.07 m.
The simulated inundation levels at 78% of the data measurement locations have <20% error.



Model Application
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@ THE INNOVATION UNIVERSITY

DAVIDSON LABORATORY

CENTER FOR MARITIME SYSTEMS

FLOOD PATHWAYS
Hurricane Sandy, 2012
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Ensemble Modeling: North Atlantic Forecasts
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Research on Forecasts and Ensembles
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Street-Scale Modeling of Storm Surge Inundation along the New Jersey
Hudson River Waterfront
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Stevens Instisee of Technology, Hoboken, New Jersey

(Manuscript received 11 November 2014, in final form 10 April 2015)

ABSTRACT

A new, high-resolution, hydrodynamic model that encompasses the urban coastal waters of New Jersey
along the Hudson River Waterfront opposite New York City, New York, has been developed and validated
for simulating inundation during Hurricane Sandy. A 3.1-m-resolution square model grid combined with a
high-resolution lidar elevation dataset permits a street-by-street focus to inundation modeling The water-
front inundation model & a triple-nested Stevens Institute Estuarine and Coastal Ocean Hydrodynamic
Model (sECOM) application; SECOM & a successor model to the Princeton Ocean Model family of modelks.
Robust flooding and drying of land in the model physics provides for the dynamic prediction of flood ele-
vations and velocities across land features during inundation events. The inundation model was forced by
water levek from the extensively validated New York Harbor Observing and Prediction System (NYHOFS)
hindeast of that hurricane.

Validation against 56 watermarks and 16 edgemarks provided via the USGS and through an extensive
crowdsourcing effort consisting of photographs, videcs, and personal stories shows that the model is capable
of computing overland water elevations quite accurately throughout the entire surge event. The comrelation
coefficient (R) between the watermark observations and the model results is0.92. The standard deviation of
the residual error is 0.07m. Comparisons to the 16 flood edgemarks suggest that the model was able to

flood extent to within 20 m. Because the model was able to capture the spatial and
variation of water levels in the region observed during Humricane Sandy, it was used to identify the flood
pathways and suggest where flood-preventing interventions could be built.

1. Introduction

Storm surges are among the world’s most costly and
deadly disasters, and recent hurricanes like Sandy and
Katrina and Typhoon Haiyan highlight the threat
worldwide. Modeling inundation in coastal cities and
towns (defined as the area within 100km of a coastline)
has become important because the world’s inland rural
population is moving to the coast (Creel 2003). Over
39% of the US. population lived in coastal shoreline
counties in 2010 (NOAA 2013). Over 50% of the world
population lives in coastal areas, and this percentage is
projected to keep increasing for the foreseeable future
(Creel 2003: Tibbetts 2002). In the largest coastal cities,
the 136 port cities around the world that have more than
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E-mail: alanblumberg@stevens edu
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1 million inhabitants, there is a population 0f400 million
people (Hallegatte et al. 2013).

Increasing damage from coastal flooding is one of the
most certain impacts of climate change, with storm
surges coming on top of rising sea levels, and with the
potential for intensified storms and increased rainfall
in the northeastern United States (Walsh et al. 2014).
Sealevel rise is expected to accelerate over the twenty-
first century, primarily due to increasing expansion of
warming seawater and accelerated melting of land-
based ice sheets. A conservative estimate of 30-60cm
for New York City, New York (NYC). by 2080 will
change a 100-yr flood event to a 30-yr flood event: the
latest localized projections show a 25% chance of sea
level rising more than a meter over this period (Horton
et al. 2015). Using recovered archival tide gauge data
back to 1844 for New York Harbor, Talke etal. (2014)
showed that flood levels in New York Harbor have
been increasing due (o rising sea levels and also due to
increasing storm tides, the latter for unknown reasons.
The annual likelihood of overtopping seawalls has




