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Learned during Isaac, Irene and Sandy
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National Hurricane Center Mission

o Provide accurate real-time storm surge
forecasts during tropical cyclone events
o Lead National Weather Service
official forecast process
o Briefings and decision support

Support coastal community
preparedness and resiliency through
storm surge vulnerability and risk
analysis
o Drives U.S. hurricane evacuation
zones and planning

Increase awareness through outreach
and education
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| essons Learned

o Consistency/Communication
o Communicating consistent information
IS absolutely critical for the proper
response
o Distinction must be made between
model guidance and official forecast

o Know Your Audience
o Local versus regional
o Technical versus non-technical
o Different needs and language

o Vertical datums
o Inconsistent reference levels can
cause considerable variation in
forecast information
o Not well understood
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Technical versus Non-Technical: Make
the Distinction
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Deconstructing Sandy

NOAA/NOS/CO-OPS

VERIFIED WATER LEVEL VS. PREDICTED PLOT

The Battery, NY
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Deconstructing Sandy

DECONSTRUCTING SANDY

Understanding Storm Tide

| Water Reached
|7 4.72 ft Above Pier

9.4 ft = STORM TIDE |-

1
Hl STORM SURGE =861t

[ ""“_
PREDICTED TIDE=2.1 ft *. ANOMALY = 0.8 ft

National Ocean Service (Center for Cperational Cceanographic Products and Services, and Office of Coast Survey)
National Weather Service (national Huricane Center
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A/ Hurricane Irene, Advisory #27

Potential Storm Tide Inundation, Correct Datum

Evacuation Zones

m National Hurricane Center

ﬁ Storm Surge Unit

Zone B remains dry
when tide on correct %
vertical datum added §9
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"2 Hurricane Irene, Advisory #27

Potential Storm Tide Inundation, Incorrect Datum

Evacuation of Zone B
~ 450,000 residents
~ $75 Million

Zone B becomes wet
when tide on incorrect

vertical datum added

Evacuation Zones
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Proper Use of Model Guidance

o Deterministic Versus Probabillistic
o Deterministic guidance does not

properly account for forecast

uncertainty
Timing uncertainty/tide
Meteorological uncertainty
Hydrodynamics
Run to run changes

one Storm Surge Heights (NGVD-29)
in 10 Chance of Being Exceeded
Sterm Isaac (2012) Advisory 23
rom 95 PM _EDT Sun Aug 26 to 10 PM EDT Hed Aug 29

o Research Versus Operational Models
o Research models often contain
numerical instability or haven'’t
been properly vetted for
operational application
Unknown performance/biases and
lack of forecaster familiarity

3 5 g 11 . 13 15 a7 _ "._ ?{3 25 27 29 3 33 5
ight {in feet abowve NG Ll
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The NOAA/NWS Vision

Improve Storm Surge Guidance

o Produce water level analyses and forecasts that
Include all contributions to total water level rise

o Surge, tides, waves, fresh water, background
anomaly

Transition from deterministic to probabilistic approaches
o Multi-model ensemble

Inundation Products
o Provide information about the water depth over the
land (inundation) above ground level (AGL)

Communicating Actionable Information
o Provide information that people can act on
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Modeling Upgrades

o Deterministic Versus Probabilistic ') d, NATIONAL WEATHER SERVICE
o Eliminated dissemination of o '
deterministic iInformation
o Official forecasts now based on
probabilistic guidance

o Total Water Level
Tidal constituents added to
probabilistic guidance
Background (i.e. steric) anomaly
Initialized via an initial water level
Loose ocean/riverine coupling
Addition of near-shore waves (setup)
still under research and development

o Vertical Datums
o Upgraded from NGVD29 to NAVD88

o Additional vertical datums added for
Increased versatility
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Increased Customer Engagement

and Integration of Social Science

N Assess Public Need <+ | Assess Partner Needs -~ | Decision Support for EMs

38 Phase 1 (TC) and Phase 2 (ET) % fa Phase 3 g WXEM - Tropical use case in NC

§ Lazo & Morrow: interviews, focus 24 Lazo & Morrow: media web 2 RENCI, UNC-CH, ECU: multiple
groups, public surveys = interviews and online survey methods to assess EMs

Product Prototyping and Evaluation
Phase 4 (TC): Inundation graphic, Storm Surge
watch/warning
ERG: prototype evaluations via interviews, focus
groups, public surveys

NWS/HFIP

Experimental Products
Inundation graphic, storm surge watch/warning

NWS/NCEP

Marketing
and Outreach

Integrating new
products
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Operational Products
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NWS/NCEP

Irene¥Sandy Service Assessment

hurricanes.gov/surge @NHC_Surge




New Product Timeline

o NHC Advisory Text/Format
o Completed 2012
o Storm surge inundation graphic

o Experimental in 2014
o Storm surge watch/warning
o Experimental in 2015
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Storm Surge Inundation Graphic

Hurricane X
-,

o The entire graphic including colors,
labels, thresholds, wording - was
tested extensively by social scientists
with focus groups

Implementation of experimental
tropical cyclone inundation graphic in
2014

Lays the foundation for extra-tropical
iInundation graphic

hurricanes.gov/surge @NHC_Surge




Southwest Florida Evacuation Zones - T, A, B,

Evacuation Zone




NHC Experimental Inundation Graphic

Which product will drive inundation?
o Experimental psurge2.0 (includes tides)
o 10% Exceedance
Grids
o Latest SLOSH basins updated to NAVDS88
Topography/DEMs
o NOAA CSC Sea-level rise DEM
o Resampled to smoother resolution
o Augmented with USGS NED
Processing
o Locally using ArcGIS for Server and Desktop
o Working toward automation for 2014 season
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Basin Name File Name | Datum
Penobscot Bay pr2 NAVDSS
Providence/Boston v NAVDSS
New York ny3 NAVDSE
Delaware Bay de3 NAVDSS
Chesapeake Bay cp2 NGVD29
Norfolk or3 NAVDSS
Cape Hatteras/Pamlico Sound ht2 NAVDSS
WilningtonMyrtke Beach iB NAVDSS
Charleston Harbor ch2 NAVDSR
SavamalyHilton Head svd NAVDSS
Jacksonville ix3 NAVDSS
Cape Canaveral o2 NAVDSS
Palm Beach pb3 NAVDSS
Lake Okeechob ok2 NAVDSS
Biscayne Bay mid NAVDSS
Florida Bay ke2 NAVDSS
Fort Myers fined NAVDSH
Tampa Bay p3 NAVDSS
Cedar Key cd2 NAVDSS
Apalchicol Bay ap3 NAVDSS
Parama City pa2 NAVDSS
Persacola Bay pmd NAVDSS
Mobile Bay mo2 NAVDSS
New Orleans 57 NAVDSS
| Venmilion Bay ] NAVDSSE
Sabine Lake bp3 NAVDSS
Gulveston Bay o NAVDSS
Matagorda Bay ps2
Corpus Christi Bay crd
Laguna Madre br3
Bahanas bha
Puerto Rico sju
Virgin Islands vi2
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SLOSH Basins and DEMs
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Inundation Graphic
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Geoprocessing

- Interpolation
Processing with elevation data
Smoothing

Consider Shoreline/ high tide
Publish to web
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Smoothlng versus Raw Depth Raster

Shurce ‘s, cubed | USOA LUSGS AEX CooE) napmrrhers Shiitce Een |-cubed WSDA | USGS AEX GHOEY
Elid the IS serSommunity E g i fhd tha (GILS L ear Communiy.
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Storm Surge Watch/Warning

o Developing a collaborative process
between the National Hurricane Center
and local forecast offices to issue tropical
cyclone storm surge watches and
warnings

o Collaborative process ensures
consistency across all dissemination
platforms and offices
Incorporates expertise from local
offices and the NHC

A/ Hurricane Irene, Advisory #22
Storm Surge Waming PROTOTYPE

Experimental tropical cyclone storm
surge watches and warnings in 2015
o EXxpanded to include extra-tropical
storms (2016/2017)

hurricanes.gov/surge @NHC_Surge




Takeaways

Physical science alone will not holistically address storm
surge challenges

o Social sciences must be incorporated

Clear/consistent communication is critical

Language/words matter
o Consistent definitions and frames of reference

o Use of technical language for a non-technical audience
causes confusion
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NHC'’s Storm Surge Unit

Jamie Rhome, Team Lead
Dr. Cristina Forbes

Dr. Brian Zachry
Tarah Sharon
James Brinkley
William Booth
Nathan Hardin
Ethan Gibney

ncep.nhc.ssmia@noaa.gov
(305) 229-4448
hurricanes.gov/surge
@NHC_Surge
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Storm Surge Key Milestones

Date Action Status

Apr 2013  |Storm Surge Inundation Graphic approved by Social Scientists
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Interpreting Surge Forecasts

What does 20 feet of storm surge mean?

20 feet of storm surge above ground?
20 feet of storm surge above mean sea level?

What is mean sea level?

All water level observations and models referenced as height
above a vertical datum

A vertical datum is simply a reference level, a zero surface to
which storm surge heights are referred
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It's Complicated: Don’t Go it Alone
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Probabilistic Versus Deterministic

Tropical Cuclone Storm Surge Heights (NGYD-29) Tropical Cuclone Storm Surge Heights (NGYD-29)

That Hawve a 10 in 10 Chance of Being Exceeded That Hawve a 10 in 10 Chance of Being Exceeded

Tropical Storm Isaac (2012) Advisory 21 . Tropical Storm Isaac (2012) Advisory 23

k\:alid from 05 AM EDT Sun Aug 26 to 10 AM EDT MWed Aug 29 k\:alid from 05 PM EDT Sun Aug 26 to 10 PM EDT MWed Aug 29

13 195 17 19 21 23 13 195 17 19 21 23 23 27 29 31 33 35
Height {in feet above HGYD-29} Height {in feet above HGYD-29}
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