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ON WAVES, STORM SU_R

Latest Developments to Improve Operational
Storm Surge & Tide Forecasting Systems

at the US National Ocean Service
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* Extratropical Forecast
 ESTOFS-Atlantic
e« ESTOFS-Pacific
* ESTOFS-Micronesia
* Dissemination
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* Alaska Coastal Ocean Forecast System (ALCOFS)
 On-Demand Forecast (HSOFS)
* Hindcast / Reanalysis (Named Storm Event Model)
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* Modeling Frameworks & Infrastructure
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* Precision Navigation
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NOAA / Ocean Service Storm Surge Products

*  Extratropical Storm & Tide Operational Forecast System (ESTOFS) - ran by NCEP/NCO continuously

*  Hurricane Surge On-Demand Forecast System (HSOFS) - ran by NHC pre- / post-landfall
*  Short-Term Ensemble Forecast
e Post-Landfall Ensemble Hindcast

*  COASTAL Act Named Storm Event Model (NSEM) - post-event coupled reanalysis
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Component ESTOFS-ATL ESIOES-PAC ESTOFS-MIC HSOFS-ATL HSOFS-ATL NSEM
(forecast) (hindcast) (COASTAL Act)

m GFS 13km GFS 55km GFS 13km NHC Advisory NHC Track HWRF/URMA/ RTMA

S R B E T O
Forecast frequency/ 4/day 4/day 4/day Every near- Post-landfall Post-landfall
lead time up to 7 days up to 7 days up to 7 days landfall advisory hindcast hindcast/reanalysis

Inland flooding Yes _ Yes Yes Yes Yes




ESTOFS — Atlantic

In operation since 2012

Major Upgrade (April 24 2017)

» Covers US East and Gulf Coast + Caribbean
* HSOFS grid + inland flooding

* 200 m coastal resolution

* 1.8M nodes

* GFS 13-km forcing

Cycles 00z, 06z, 12z and 18z
6-hr nowcast + 180-hr forecast

* Provides live boundary conditions for

Nearshore Wave Prediction System (NWPS)
 6-min water levels at 128 coastal tide gauges
* Hourly water levels for the whole domain

https://polar.ncep.noaa.gov/estofs

Latitude, °N




ESTOFS - Pacific

In operation since 2014

* Covers US West Coast + Hawaii Model Coverage
 1-3 km coastal resolution
* 132K nodes

* No inland flooding

* GFS 55-km forcing
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Cycles 00z, 06z, 12z and 18z

6-hr nowcast + 180-hr forecast S

e Provides live boundary conditions for Nearshore Wave
Prediction System (NWPS)

* 6-min water levels at 71 coastal tide gauges

* Hourly water levels for the whole domain

Future upgrades will include
* Increase forcing resolution to 13km
* Update model grid

https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




ESTOFS — Micronesia

In operation since Feb 2018

« Covers Palau, Mariana Islands, Fed State of Micronesia,

Marshall Islands, Wake Island
e Up to 200 m coastal resolution
* Overland up to 10m elevation
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GFS 13-km forcing

24-hr nowcast + 180-hr forecast

Will provide live boundary conditions for regional
wave models

Water levels at 4 CO-OPS tide gauges and 40+
populated islands and warning points

NOAA / National Ocean Service




Dissemination

ESTOFS - Combined Water Level - 20191003 12z f030
GFS - Pressure (EMSL) - 20191003 12z f030

_ 00 UTC
Digital: E s
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Basic Graphics:
Ocean Prediction Center (OPC)
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Dissemination

w C AS ™ NOAA's Web Mapping Portal to Real-Time
V now Coastal Observations, Forecasts, and Warnings
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https://nowcoast.noaa.gov
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NOAA / National Ocean Service




Dissemination

Experimental Dissemination on Polar

https://polar.ncep.noaa.gov/estofs

Storm Surge & Tide
Operational Forecast
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Dissemination

= OBSERVED = STORM TIDE
NOAA / OCEAN SERVICE ESTOFS Forecast Cycle 10/03/2019 12UTC @ Apra-Harbor-Guam (NOS:1630000 NWS:APRP7) ASTRONTIDE —— STORM SURGE

WATER LEVELS, meters MSL
WATER LEVELS, feet MSL

e OBSERVED =— STORM TIDE
NOAA { OCEAN SERVICE ESTOFS Forecast Cycle 10/03/2019 12UTC @ Pago-Bay-GUAM (NOS:1631428 NWS:PGEP7) ASTRONTIDE  —— STORM SURGE

WATER LEVELS, feet MSL
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N e OBSERVED =— STORM TIDE
ESTOFS Forecast Cycle 10/03/2019 12UTC @ Wake-Island-Pacific (NOS:1890000 NWS:WAKP8) ASTRONTIDE —— STORM SURGE

Domain Reports:
e Max Forecasted Elevations
e Time Series + Observations

WATER LEVELS, meters MSL
WATER LEVELS, feet MSL
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https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




Dissemination

NOAA f NATIONAL OCEAN SERVICE ACTIVE STATIONS

MEAN WL ANOMALIES. (IN METERS MSL) AVERAGED OVER 2 UTC DAYS PRIOR TO :20191003 : : : '

Observed Coastal Water Level Anomalies

https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




Global ESTOFS

DD4: Pringle

Amplitudes and phases for M2 tidal harmonic derived from 90-days preliminary test run
with 4-20 km spatial resolution
(global ADCIRC setup and mesh provided by Johannes Westerink, University of Notre Dame)

https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




Global ESTOFS

Tentatively scheduled Q4FY20

Maximal 7-days CWL forecast, issued 20191003.t00z Maximal 7-days GFS winds, issued 20191003.t00z

https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




Global ESTOFS estofs.glo.2019103100.htp




Global ESTOFS estofs.glo.2019103100.cwl




Global ESTOFS estofs.glo.2019103100.swl




Global ESTOFS

Proposed features:

* Driven by GFS (FV3)

* Includes ice drag in high latitudes (ice cover input)
* WL correction from RTOFS baroclinic component
* Possible combination with WL Data Assimilation

* Refined coastal & upland res at the US lands

* Provides Boundary Conditions to NWPS anywhere in the world

* Provides Initial Conditions for relocatable HSOFS anywhere in
the world

* Provides coastal anomaly estimates along the US coasts Future upgrades

e Further refinement of the mesh resolution in the US
* GFS Precipitation

* NWM River Coupling

* Sea lce Model Coupling

 Waves?

https://polar.ncep.noaa.gov/estofs

NOAA / National Ocean Service




Global ESTOFS

https://polar.ncep.noaa.gov/estofs
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ka Coastal Ocean Forecast System (ALCOFS)

Joannes Westerink!, Dam Wirasaet?, William Pringle!*, Guoming Ling?, Mindo Choi!, Clint Dawson?, Kyle Steffan?,
Ayumi Fujisake-Manome3*, Philip Chu3, Jia Wang3, Jesse Feyen3, Haoguo Hu3" Carol Janzen*, Molly McCammon?, Jesse Lopez5, Rob Bochenek?,
Sergey Vinogradov®, Saeed Moghimi®, Edward Myers®, Andre van der Westhuysen’, Ali Abdolali’

lUniversity of Notre Dame, *Joint University of Notre Dame & Argonne National Laboratory,

2University of Texas at Austin, 3GLERL, 3*CIGLR/GLERL, A00S, 5Axiom Science,
6CSDL NOS NOAA,’NCEP NWS NOAA E1: Westerink

ALCOFS framework for multi-physics fast operational modeling

CFSv2 Global Atmospheric Model © Multi-physics interfacing heterogeneous
models over a unified domain

ADCIRC 2D . .

. . . Dynamic coupling of

- Wlth baro'chmcpres'sure gradrent, ADCIRC 2D, and

A L L
2000000000 44ttt
ShuhwhONDLODwDWLE

Interleafing over a unified domain on
heterogeneous grids communicating through

ESMF/NUOPC
WAVEWATCH Ill Wave Energy

CICE Regional Sea Ice Model @|ndicates standalone model component

HYCOM 3D Global Circulation ©
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On-Demand Forecast

Custom Ensemble Perturbations
Track Shift + Any other parameter perturbation

al012018 2018052700 veer perturbations. al012018 2018052700 size (RMAX) perturbations.
T T

al012018.2018052700 maxWindSpeed perturbations.

WIND SPEED, KNOTS

2D_ '

T T T T T T T
2018-05-27 2018-05-29 2018-05-21 2018-06-02 2018-06-04 2018-06-06 2018-06-08

NOAA / National Ocean Service




On-Demand Forecast

HSOFS: Hurricane Storm Surge On-Demand Forecast System

HSOFS v1: June 2016
HSOFS v2: June 2019

* Provides 6 member ensemble guidance for tide and surge
from tropical cyclones impacting US East, Gulf coasts and

the Caribbean:
*  NHC Official advisory

* Custom combinatory perturbations HSOFS Ensemble Tracks and Ensemble Peak
Flood. 2016 Hermine

84

 Assimilates the observed WL anomalies

e Uses ADCIRC to provide a large scale domain with local

resolution down to 200 m and employs advanced physics
* HSOFS grid is 1.8M nodes
* Covers entire US East/Gulf/Caribbean up to 10m elevation

* Shares the grid with Extratropical Storm and Tide
Operational System (ESTOFS)

HSOFS Coverage/Bathymetry

2016 Season:
* Hermine
e Matthew
 Nicole
2017 Season:
* Harvey
* Irma
* Nate
2018 Season:
* Florence
e  Michael
2019 Season:
* Barry

NOAA / National Ocean Service




On-Demand Forecast

Florence 2018

Max winds

Max water
elevations

MAX VAL=39.0 m/s

NHC Track

MAX VAL=39.0 m/s

HC Track, 33%
smaller RMW

NOAA / National Ocean Service




On-Demand Forecast

Florence 2018

HSOFS experimental, fcst cycle [al062018.2018091106] ens=[ofcl.000] :: MAX Z = 20.9 feet MSL

VMAX, KNOTS

1
o
Maximal water levels, feet MSL

LONGITUDE
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On-Demand Forecast

Relocatable worldwide
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Hindcast / Reanalysis

Wind, Precip
Reanalysis

The Consumer Option for an Alternative System to Allocate Losses (COASTAL) Act

* NOAA develops multi-component Named Storm Event Model (NSEM) to lower costs
to FEMA’s National Flood Insurance Program (NFIP) by better discerning wind vs
water damage in “indeterminate losses”

Surge Model
* Detailed post-storm assessment in the aftermath of a damaging tropical cyclone Wave Model
that strikes the U.S. or its territories, 90% accuracy required Hydrology

* The skill analysis is confined to a duration of an event, e.g.:

* High-water mark (HWM) data validation
» Skill against coastal tide gauges during the storm

* Lastissued inundation forecast to guide placement of HWM data

e Coastal anomalies to reduce hindcast bias

* Fully coupled ADCIRC/WaveWatch Il to hindcast the best estimate of
inundation

JJ3: Moghimi

BB3: Abdolali 1J1: Flowers

https://www.weather.gov/sti/coastalact

-Afvterrpathof Hurricane Michael in Mexico Beach; FL—
2.Photo/Gerald Herbert : ‘

NOAA / National Ocean Service




Modeling Frameworks & Infrastructure
Optimal Mesh Generation

* OceanMesh2D
* Developed by UND (William Pringle and Keith Roberts)
* Coastline-driven
*  MATLAB-based

e Geomesh
* Developed by CSDL (Jaime Calzada)
* DEM-driven
* Python-based
* Using Jigsaw core triangulation

Model Automation

e ADCIRCPy
e Developed by CSDL (Jaime Calzada)
e End-to-end preprocessing

Operational Support

e (CSDLPy2

e Developed by CSDL (Sergey Vinogradov)

e ESTOFS, ETSS, SFAS parsers

e Validation tools -- PARA, PROD, HINDCAST
Graphics

NOAA / National Ocean Service




Precision Navigation
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Precision Navigation

Beyond paper charts:
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Precision Navigation
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