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THE STORM SURGE HAZARD
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The Vision

Highly accurate,
relevant, and timely
information

which results in reductions in loss of life and
ensures communities are resilient

Jesse C. Feyen, Jamie Rhome



The Bottom Line for NOAA

Who will get flooded? 1. Accurately predict and assess
How much? storm water levels
When will it arrive and — Total Water Level (TWL) models with
leave? surge + tides + waves + rivers

: — Account for uncertainty (ensembles,
What will the impacts be? probabilities)
How often will it occur? 2. Intuitively describe inundation as
How should | act? flooding above ground level

— In statements and maps

3. Communicate actionable
information

— Based on social science



STORM SURGE is an abnormal rise of water generated by
a storm, over and above the predicted astronomical
afe[=}

STORM TIDE is the water level rise during a storm due to
the combination of storm surge and the astronomical

tide

15 ft Surge




Sea, Lake & Overland Surges from
Hurricanes (SLOSH)

SLOSH is a numerical model developed by the NWS to estimate storm surge
heights resulting from historical, hypothetical, or predicted hurricanes taking into
account atmospheric pressure, size, forward speed, and track data.

SLOSH model physics are applied to a specific locale's shoreline, incorporating the
unique bay and river configurations, water depths, bridges, roads, levees and
other physical features.




SLOSH Inundation
e Subtract Land (per grid cell)

k@ SLOSH Display
File [ | ChangeBasin Select-Storm Animate Tides Download Help
i v Label Counties Storm: Dir nne: Cat 2: 20 mph High Tide
- B[R M il Bl 1 [ ioos[ T fsus pre]
Label NOS Stations
Label NDBC Stations
v Surge
o v Tracks
v SLOSH Grid
Entire Grid
v Subtract Land
Lat/Lon Grid
Units
Zoom
View
Value Follow Mouse
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Basin: Biscayne Bay v4 <mi3> Storm: C:/slosh6 pkg/sloshdsp/rexfiles/andr hmi3  Basin: Biscayne Bay v4 <mi3> Storm: C:/slosh6 pkg/sloshdsp/rexfiles/andr_hmi3 = Basin: Biscayne Bayv4 <mi3> Storm: C:/slosh6 pkg/sloshdsp/rexfiles/andr hmi3
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NHC Advisory/ NWS Local

Statements
Probabilistic Storm Surge Probabilistic Storm Surge
Response (<48 hr of landfall) *MEOWS

t 3
Maximum Envelope Of Water b
Hezleliiass (e — 129 b of Liediall) *MOM:s
Maximum Of the MEOW:s *MOMs

Planning / Mitigation (>120 hr of landfall)



& Hurricane Tracker

File Options Zoom Track Sequence Animate Cut

W @ HURRICANE KATRINA

# Huwiricane

4 Tropical Storm ) :

¢ Tropical Depression ks
i L = ATZABANM A
. % VIS SISSIPP j

: 3 7 o
\ ] ] SCAGLE L7 75 | ”:’&5@:‘%:%:‘?3% |
Create more forecasts, first varying N N
across the track \\:13:1{
*Distribution based on known h
historical errors with NHC’s
forecasts I’W

*Chose to have forecasts spaced
Rmax apart at the 48hr forecast
point




& Hurricane Tracker
File Options Zoom Track Sequence Animate Cut

W @ HURRICANE KATRINA
# Hwiricane

4 Tropical Storm
¢ Tropical Depression

______"—_F

5
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J‘KV% !
__,"H!}rq-‘ f
FS & i

More forecasts created by
varying size (pictured left) as
_CUTYTIZN A well as intensity and forward

I speed for all possible tracks, 3
variations for each.

Results in 270 total possible

forecasts, run within multiple

basins; p-surge completes its
run in approx. 30min




q:’ Tropical Cyclone Storm Surge Probabilities K »
\ii' Chance of Storm Surge >= 5 feet at Individual Locations ﬂ.i'ﬁ
Hurricane Irene {(2011) Advisory 30 W

Valid from 05 PM EDT Sat Aug 27 to 10 PM EDT Tue Aug 30

R,

=7

S

5% 18% 204 30% 40% 5074 607 1080%
Probability

Irene adv 30



Tropical Cyclone Storm Surge Exceedance 3 A
Heights Which Have a 104 Chance of Being Exceeded 7“‘*
Hurricane Irene (2011) Advisory 30 W

Valid from 05 PM EDT Sat Aug 27 to 10 PM EDT Tue Aug

RS,

| R | [

3 9 7 9 11 13 15 17 19 21 23 29
Height {in feet above nornal tide)}

Irene adv 30



Rationale for PHISH

P-surge gives results above datum,
which can be confusing for some users.

How to move p-surge to above ground

level?

e Subtract land from p-surge products
— Could work for exceedance product
— Unable to subtract land from a

probability
e Subtract land before combing into
probabilities

— Expert users may still need above
datum product, so cannot replace p-

surge
* Create a new product (PHISH)

Mean Sea Level

Mean Sea Level

New Method: Storm Surge Above Ground

1FT
4FT 2T

Old Method: Storm Surge Above Datum




Probability 54 16% 207

P-surge (above datum) PHISH (above ground level)
Probabilistic product Probabilistic product



Probability 54 16% 207

P-surge (above datum) PHISH (above ground level)
Probabilistic product Probabilistic product



Hurricane Arthur Example

F

Potential Storm Surge Flooding®

- Up to 3 feet above ground

|:] Greater than 3 feet above ground
[T7] Greater than 6 feet above ground
B Greater than 9 feet above ground



Hurricane Irene, Advisory #22 ™ — Hurricane X

Storm Surge Warning PROTOTYPE
North Fort Myt .,\,‘. ‘l

]
N o o Cee — T T [ NWSINHC Storm Surge Waring § Low
Moderate 1o ¢ e

High .
B Extreme 10 12 teet or

| National Murricane Center

a Storm Surge Unit




Updated SLOSH Basins (OR3 vs. CP5)

The new Norfolk basin (OR3), completed 2012
The new Chesapeake Bay basin (CP5), completed 2014

CP5 represents the first large SLOSH basin transitioned to the NOAA
supercomputer.

The increased computing allowed for the inclusion of more storm tracks and
scenarios, over double that included in the previous grid. For example, slower storm
motions were included within the Chesapeake Bay area. Additionally, CP5 has much
higher resolution, includes tighter track spacing, larger radius of maximum wind
storms, and the overall grid is larger than previous grid.
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Direction Speed (mph) Intensities
WNW 10, 20, 30, 40, 50 1 through4-

NW 10, 20, 30, 40, 50 1 through4-
NNW 10, 20, 30, 40, 1 through 4
N 10, 20, 30, 40, 1 through4-
NNE 10, 20, 30, 40, 1 through 4
NE 10, 20, 30, 40, 1 through 4

Parallel to Coast 10, 20, 30, 40, 50 1 through 4

Table 2 - New Chesapeake Bay Basin (CP5) - Hvpothetical Storms Modeled — (16.320 runs)

Direction Speed (mph) Intensities Tracks
WNW 5,10, 20, 30, 40, 50 1 through-1-

5, 10, 20, 30, 40, 50 1 through 4

5, 10, 20, 30, 40, 50 1 through 4

5,10, 20, 30, 40, 50 1 through 4
5,10, 20, 30, 40, 50 1 through 4
5,10, 20, 30, 40, 50 1 through 4

Parallel to Coast 5,10, 20, 30, 40, 50 1 through-1-
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ET Modeling Strategy

e Storm Surge Roadmap is coordinating development of
multi-model ensembles of total water level guidance,
leveraging extensive federal investments

— SLOSH (ETSS)

* Uses simplified physics and efficient numerical scheme to run
extremely quickly, enabling a large number of ensemble runs

e Operational for TC and ET across US coasts
* Developing tide and wave coupling, nesting

— ADCIRC (ESTOFS)

e Uses advanced physics and a complex numerical scheme to provide
high fidelity predictions but are costly to compute, minimizing
ensemble members

* Extensive set of grids developed for federal projects
e Operational for ET Atlantic
* Couples to tide, wave, and hydraulic models



MDL's Gulf Coast Extratropical Storm Surge Grid

2 %’f e

http://www.nws.noaa.gov/mdl/etsurge/

http://weather.noaa.gov/pub/SL.us008001/
ST.expr/DF.gr2/DC.ndgd/GT.slosh/

http://www.opc.ncep.noaa.gov/Loops/
SURGE GOM EAST/
SURGE GOM EAST 96 HR.shtml

viop

0 60100 200 300 400/ .
- — — Miles”



Extra Tropical Storm Surge Model Development

e Extra Tropical Storm Surge (ETSS) model with overland and
tide capabilities
— Introduce tide versions of SLOSH
— Nest with SLOSH's finer (< 500 m) overland tropical grids

* Probabilistic Extra-Tropical Storm Surge (PETSS)

— Forcing via the 21 GFS ensemble members (scalable to include other
ensemble model's members)



Organization

NCEP Newsletter
Marine Weather

Ocean Products

ESTOFS STORM SURGE MODEL GUIDANCE AREAS

(Mouseover and click the arez where you would like to view the

ESTOFS Model
Probabilistic Guidance
General Information

Contact Us



ESTOFS Overview

* Purpose

— Provide an operational set of forecast guidance
for extratropical storm surge that includes tides

— Supports coupling to wave models

* Provide surge+tide boundary conditions for NWS’s
Nearshore Wave Prediction System (NWPS)

* Mimics WAVEWATCHIII® (WW3) set-up for future
coupling

— Leverages community-based model ADCIRC



ESTOFS Output

Delivers three types of water level

— Combined Water Level (CWL): Surge + tides

— Harmonic Tidal Prediction (HTP): Astronomical
tides

— Subtidal Water Level (SWL): SWL = CWL — HTP =
“surge”

Generates output on ADCIRC |

unstructured grid




Sandy Supplemental ESTOFS Upgrade
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ing to develop ADCIRC TC ensemble
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Coastal & Ocean Modeling Testbed

* Provides NOAA with shared, systematic
methodology for evaluating benefits of research
models for transition to operations

» Coastal inundation subgroup

— Round 1 evaluated 4 models for tropical (lke, Rita) and
extratropical (Scituate, MA) surge+wave prediction

— Delivered SLOSH coupled to SWAN wave model,
ADCIRC surge guidance system for experimental use

— Round 2 in Puerto Rico to evaluate wave-dominated
inundation; includes SLOSH, ADCIRC, SWAN, and
WAVEWATCH Il

testhedsuraiorg ARSI 1Y%

35



Storm Surge Social Science Strategy

Assess Public: TC & ET Partner Needs: TC & ET Decision Support for EMs

Phase 1 (TC) and Phase 2 (ET) Phase 3 WXxEM — Tropical use case in NC
Lazo & Morrow: interviews, focus Lazo & Morrow: media web interviews RENCI, UNC-CH, ECU: multiple
groups, public surveys and online survey methods to assess EMs

NOS/CSP &
CSDL

Product Prototyping and Evaluation

Phase 4 (TC): inundation graphic, watch/warning Funding shown in blue
NHC GIS Prototyper and ERG: prototype development,

evaluation (interviews, focus groups, public surveys) TC = Tr0pica| CyCIOne
MSU: cartographic viz techniques

NWS/HFIP &
NOS/CSP

ET = Extratropical

Experimental Products
TC: 2013-2015 season Education and
Inundation graphic (EM decision support), surge watch/

warning (public, media) Outreach
Education, product roll-out

Operational Products
TC: 2014-2016 seasons
Inundation graphic (EM decision support), surge watch/
warning (public)

36



Clarifying Water Levels and Datums

National Ocean Service worked with the National Hurricane

Center (NHC) to alleviate confusion regarding tidal datums

 NWS forecasts describe height of water | UNDERSTANDING STORM TIDE

above ground

« Mean Higher High Water (MHHW) is

being used to approximate where

inundation could begin

o Storm Quicklook and NOS web services

include water level data relative to MHHW



Combining different models into an ensemble
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Advancement of Ensemble TC Guidance

* Improving utility and accuracy of P-Surge
forecast guidance

— 2015: Efficiency, increase lead time, include trop
storms, upgrade tide accuracy

— 2016: Nesting, simultaneous storms
— Hawaii operational implementation
 Enhance ensembling capability

— 2015: experimental ADCIRC tropical ensemble
— HWRF coupling, evaluation of StormSurge Viz

39
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NWS Wakefield Total Water
Level Pilot



Total Water

Components of M

Total Water

Wave runup

wave crest (total water level)

wave setup

wind setup
pressure setup

Shoreline -

Kinetic Analysis Corporation © 2007

Total water level =
Storm surge +
Tides +
Freshwater
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VAZ095>098-100-020200-
/O.EXT.KAKQ.CF.Y.0033.141101T1900Z2-141102T1300Z/
NORFCLK/PORTSMOUTH-SUFFOLK-CHESAPEAKE-VIRGINIA BEACH-
NORTHAMPTON VA-

154 PM EDT SAT NOV 1 2014

¢ Provides hydrographs e o e s e e« o

* LOCATION...NORTHAMPTON COUNTY AT KIPTOPEKE BEACH.

a n d e n h a n Ce d Wa rn i ngs * TIMING/IMPACTS...MINOR FLOODING POSSIBLE WITHIN 2 TO 3 HOURS ON

EITHER SIDE OF HIGH TIDE LATE TONIGHT.
* TIDES...TIDAL DEPARTURES WILL AVERAGE 1.5 TC 2.0 FT ABOVE NORMAL
"’ I [ DURING HIGH TIDE LATE THIS AFTERNCON AND EARLY SUNDAY MORNING.
’ I nteg rate I nto AH I S AT KIPTOPEKE...HIGH TIDE OCCURS AT 421 PM EDT THIS
AFTERNOCN...AND 405 AM EST SUNDAY MORNING. A PEAK WATER LEVEL OF
ARCUND 4.9 FEET MLLW IS EXPECTED EARLY SUNDAY MORNING. MINCR

with all river flood data e oo momee s cone oo
AT SEWELLS POINT...HIGH TIDE OCCURS AT 459 PM EDT THIS
AFTERNOON...AND 431 AM EST SUNDAY MORNING. A PEARK WATER LEVEL OF

AROUND 5.1 FEET MLLW IS EXPECTED EARLY SUNDAY MORNING. MINOR
FLOODING BEGINS AT 4.5 FEET MLLW.

’:‘ Coo rd i naﬁ ng With N OS ALL TIDE HEIGHTS ARE RELATIVE TO MEAN LOWER LOW WATER.

TIME OF HIGH TOTAL TIDES ARE APPROXIMATE TC THE NEAREST HOUR.
FLOOD CATEGORY BASED ON TOTAL TIDE.

on a one stop sho szwiis romT va
MINOR 4.5 FT, MODERATE 6.0 FT, SEVERE 7.0 FT
TOTAL  ASTRO

[ ]
I n t e rfa c e DAY/TIME SURGE WAVES FLCOD
() CATEGORY

CHESAPEARKE BAY BRIDGE TUNNEL VA
MINCR 5.0 FT, MODERATE 5.5 FT, SEVERE 6.0 FT

TOTAL
DAY/TIME FLOCD
CATEGORY

01/04 PM
02/05 BM




JAMES RIVER (VA) AT SEWELL'S POINT

Universal Time (UTC)
18Z 18Z 182 18Z 182 18z 18z 182 182 182 182
Jan2 Jan3 Jan4 Jan 5 Jan 6 Jan7 Jan B8 Jan 9 Jan10 Jan1l Jan12
7

AHPS Interface s

'E o b J Bau v A
- é‘ f’ P ’ » Switch Basemap

I
AN

DELAWARA

Reset View

Near Flood Stage

‘Cbservstions Are
Not Current

Out of Service

1pm 1pm 1pm 1pm 1pm 1pm
Sun Mon Tue Thu Fri Sat Sun Mon
Jan 4 Jan 5 Jan 6 Jan7 Jan8 Jan9 Jan10 Jani1l Jan12
Site Time (EST)
---- Graph Created (1:01PM Jan 5,2015) —— Observed —s— Forecast (issued 5:37AM Jan 5)
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Flood Categories (in feet)

Moderate Flood Stage: 6

| Action Stage: 4

Chesapliike 4 At or Below Low
Bay, ' Water Threshold

Last map update: 01/05/2015
at 01:08:28 pm EST

01/05/2015 18:08:28 UTC -

Historic Crests

(1) 8.02 ft on 08/23/1933 (P)

(2) 7.89 ft on 09/18/2003

(3) 7.75 ft on 11/12/2009

(4)7.55 ft on 08/27/2011 (P)

(5) 7.22 ft on 03/07/1962

(6) 6.81 ft on 10/29/2012

(7) 6.72 ft on 09/18/1936

(8) 6.63 ft on 11/22/2006

(9) 6.58 ft on 02/05/1998

(10) 6.52 ft on 10/07/2006

‘Show More Historic Crests

e

SO \ | ' ! :
IS e anfsyill : g -
- # ' 3 . :

t “Highland ,S}:fr?' ;Y iy Disclaimer
X ] > L A

Bl

KML

(P): Preliminary values
subject to further review.

Recent Crests

(1) 5.47 ft on 03/06/2013

(2) 4.62 ft on 02/08/2013 \

(3)6.31 fton 1012912012 e Crusenave |

(4) 5.99 ft on 10/28/2012 | | |

5) 5.34 ft on 10/29/2011 —= 10
o st ey VITA, Esti, HERE, DeLome, | (=53]
(7)7.75 ft on 11/12/2009

Gauge Location (@) Disclaim
Show More Recent Crests Latitude/Longitude Disclaimer: The gauge location shown in the above map is the
approximate location based on the latitude/longitude coordinates provided to the

| Esri, DeLorme, FAO, USGS, EPA, NPS

(P): Preliminary values NWS by the gauge owner.

Plan to add the following as they come online in cooperation with the
USGS and NOS;
Colonial Beach (Dahlgren)
Suffolk (tide guidance could be problematic)
James R and Weyanoke Point (HECRAS model in development)

Working with NOS to develop a prototype interface focused on Norfolk expanding
beyond AHPS expanding impact statements and visualizations.



Digital Coast SLR Viewer
(ESRI Story Maps)
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Use the slider bar above to see how various levels

of sea level rise will impact this area.

Levels represent inundation at high tide. Areas that
are hydrologically connected are shown in shades

of blue (darker blue = greater depth).

Low-lying areas, displayed in green, are

hydrologically "unconnected" areas that may flood. s,

They are determined solely by how well the & =4 A L ‘ . : / PR / 5 y S g o
elevation data captures the area's hydraulics. A ‘ i ;
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© Understanding The Map

© Additional Information ) ) ) )
© Use the slider to view a simulation

Comparable to a forecast of 7.5 ft MLLW — Major Flooding (Hurricane Irene)



* Breaking waves also contribute to the total water
level through wave runup/setup

BREAKING WAVES FEEL BOTTOM DEEP WATER
WAVES AND STEEPEN WAVES NOT AFFECTED BY BOTTOM

< > < >




Wave Set-Up

©The COMET Program

<[/ [1p>>




~ The Dangers of Using Single Track
Deterministic Guidance

* Users will go “weather shopping” with other model guidance.
Users need to be aware of what they’re looking at.

* (Can be visually appealing, while suggesting a degree of accuracy
and precision that cannot be justified.

 Most storm surge models perform quite well and comparable
only if meteorological conditions are perfectly correct.

* Deterministic/Single Track runs are subject to a host of potential
errors, including...

— Direction — where/angle storm will approach coast
— Forward speed — when storm will approach coast
— Intensity and size of wind field
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