NOAA'’s Coastal Ocean Reanalysis (CORA):
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CORA: Background
What is CORA?

NOAA’s Coastal Ocean ReAnalysis (CORA) is a
collaborative, community-based model effort

e Includes a coupled model of ADCIRC and
SWAN, forced by ERAS reanalysis data.
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e Assimilates long-term water level
observation records to improve
performance.
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e Bridges gaps in coastal long term water
level observations, providing 44 years of
hourly water level and wave data at native
mesh nodes and interpolated onto a 500m
resolution grid.
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Cloud Optimization

CORA-GEC
e Gulf and East Coast uses HSOFS Mesh (~1.8 million
nodes)

e 44 years of hourly data along the coast, including
within bays, estuaries, and coastal river mouth
entrances

e Full model output is ~70 TB
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Data Processing & Cloud Optimization

Original data had a chunk size of ~1.8 GB which was leading to slow access times

Rechunked the underlying netCDF to manageable chunk sizes

Leveraging Kerchunk (to create virtual zarr representations) and intake catalogs (to provide aggregations)
Much faster access time for both extracting a time-series and the entire grid

Interpolation to 500-m grid: inverse distance weighted interpolation using surrounding nodes from triangular
mesh

,open_catalog('s3://ncdis-ra/ncdis_intake.yml"')

Intake Catalog
[S-WaterLevel-1979-2021"'].to_dask()

sources:
NCDIS-WaterLevel-1979-2021:
driver: intake_xarray.xzarr.ZarrSource
description: 'NCDIS Water Level, 1979 - 20211
args:
consolidated: False
chunks:
time: 240
node: 160000
urlpath: "reference://"
storage_options:
fo: 's3://ncdis-ra/jsons/fort.63_post_197¢
remote_options:
anon: false
remote_protocol: s3

ta' (time: 376943, node: 1813443)
Array Chunk

497TiB  292.97 MiB -
, 1813443) (240, 160000)

1813443

37694

3853 Tasks 18852 Chunks

float64 numpy.ndarray
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Cloud Optimization

2 s to extra a one-month time series
3 m to extract 141 annual time series
6 s to compute the daily max for the grid

%%time
water_level = ds['zeta'].sel(time=slice('1980-01-01', '1980-02-01'),

node=1477363) .plot(aspect=2, size=3) il

zeta_sel = ds['zeta'].sel(time=slice('1985-01-01', '1985-01-01'))
grid_max = zeta_sel.max(dim='time').load()

CPU times: user 300 ms, sys: 16.7 ms, total: 317 ms plot_gridded_output("Daily maximum", grid_max, "turbo", 500,250)

Wall time: 2.24 s

_ = CPU times: user 1.18 s, sys: 285 ms, total: 1.46 s
X = -62.14 [degrees_east], y = 31.24 [degrees_n... Wall time: 6.31 S
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CORA Data Availability
AWS S3 Explorer @ Hide folders? R Folder ¥ Bucket ¢ c 2(‘,’:

50 4 entries per page Search:

Object A Last Modified Timestamp Size

V1.1/

V1/

CORA_intake.yml a year ago 2024-05-23 09:35:51 3 KB

CORA_V1.1_intake.yml 4 months ago 2025-01-06 10:54:11 5 KB

fort.14 2 months ago 2025-03-05 09:08:19 223 MB
Showing 1 to 5 of 5 entries « < > o»

. V1&V11
. Intake Catalogs (YAML)
. Native grid (fort.14)
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CORA Data Availability

AWS S3 Explorer noaa-nos-cora-pds / V1.1 / assimilated

@ Hide folders? A Folder ¥ Bucket * co

50 4 entries per page Search:
Object é Last Modified Timestamp Size
500m_grid/
native_grid/
Showing 1 to 2 of 2 entries « |« > | »

Model output available as
. Native Grid (1.8 million nodes)
« 500m Grid (1.1 million cells)

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




CORA Data Availability

LUUARERSTILICIE noaa-nos-cora-pds /| V1.1 / assimilated / native_grid @ Hide folders? R Folder ¥ Bucket c C i .
Native Grid (yearly netCDF):
50 4 entries per page Search: ) Hourly Wa‘ter Ievel (~1 1 9 GB)
Object ¢ Last Modified Timestamp Size [ ] Dally max Water |eve| (~1 10 MB)
e Wave direction (~119 GB)
fort.63_1979.nc 5 months ago 2024-11-27 01:46:32 119 GB ° Slgnlflcant wave helg ht (~1 1 9 GB)
fort.63_1980.nc 4 months ago 2025-01-09 14:11:37 119 GB PY Peak period (~1 1 9 GB)
fort.63_1981.nc 5 months ago 2024-11-26 21:34:47 119 GB
fort.63_1982.nc 5 months ago 2024-11-26 19:34:24 119 GB . .
500m Grid (daily netCDF)
fort.63_1983.nc 5 months ago 2024-11-26 17:25:14 119 GB
fort.63_1984.nc 5 months ago 2024-11-26 14:50:59 119 GB . Hourly Water Ievel
fort.63_1985.nc 5 months ago 2024-11-26 11:41:10 119 GB
+ 41 [ANT) RR1.2R727 | Mahila 41 [ANT) RT7A_RVAR | kallv knaa/mtatratarh rom T

Zarr:
Native Grid: ~20TB of data; ~5TB per varlable e Aggregations

500m Grid: ~3.5 TB of data (hourly water level)
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CORA Derived Products (500m Grid)

et o s

Daily Maximum Water Level | Highest water level in every | Complete; post to NODD

calendar day for all 500m pending

grid cells
Monthly Statistics (mean Uses a low pass filter to Draft approved, processing
sea level, mean high higher | remove high frequency final this week
water, mean low lower variability; cells must be wet

water, variance, maximum) | for two weeks per month
with no more than a 3-hour

gap

Peaks over Threshold Calculated in half foot MHHW daéum Ca'C‘ga:C”l/i” f
. progress: Computed the % wet for
increments over MHHW each node, using 95% threshold.
(8301 EPCOH) MHHW.
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CORA’s impact:
Spatially continuous high tide flooding outlooks

King Tides, rain bring more flooding threats as
Charleston seeks broader mitigation strategy

BY EMMA WHALEN EWHALEN@POSTANDCOURIER .com
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LOCAL NEWS

Charleston area roads close

belimRenaad o address flooding in older West Ashley
neighborhood

King Tides, rain bring more ﬂoodlng threats as
Charleston seeks broader mltlgatlon strategy

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
LT, 2022
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= Charleston State of the City address touches on
flooding, affordable housing and crime

BY EMMA WHALEN EWHALEN@POSTANDCOURIER.COM
JAN 24, 2023
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Charleston, SC Daily Highest Tides and High Tide Flooding since 1921
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NOAA'’s Monthly High Tide

A novel statistical approach
to predict seasonal high
tide flooding

& frontiers ‘ Frontiers in Marine Science

Gregory Dusek™, William V. Sweet*, Matthew J. Widlansky?,
Philip R. Thompson??® and John J. Marra*

Jan Apr Jul Oct Jan Apr Jul

Astronomical Tide
Predictions

SLR Trend
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Flooding (HTF) model/outlook

Data-driven Subseasonal to Seasonal (S2S) Prediction

Daily likelihoods (probability of threshold exceedance)
for each day up to 12 month lead time.

—— Northeast
Mid Atlantic —— Pacific Islands ||

——Southeast —— Caribbean

—— Gulf Coast

‘West Coast

4 6 8 10 12 14 16 18
Apr Jul Oct Lag (months)

Residual (m)

Monthly distribution
of non-tidal residual

Relative to a
flood threshold

Persistence, previous
monthly anomaly
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NOAA’s Monthly High Tide Flooding (HTF) model/outlook

Region Select: @

Month Select: @ Map: Region Calendar Seasonal About
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- = Station Links v
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Charleston ?
+ J\ Likelihood of high tide flooding is based on a probabilistic statistical model derived from past tide predictions, sea level rise trends, and
- ; i seasonal changes in coastal sea level. Percentages represent the daily likelihood that a higher than normal high tide may lead to at least minor
Ll AN, & Developed by NOAA/NOS/CO-OPS | Attribution

This map shows the maximum daily likelihood of high tide flooding at National Water Level Observation Network stations for the selected month
represented by color-coded pins. The National Ocean Service minor flooding threshold layer is supplied by NOAA's Office for Coastal
Management

Last model run: 2025-03-10

coastal flooding in flood prone areas. Tides tend to be higher on and around the dates of the full and new moon. Real-time weather conditions

may still cause flooding outside of dates identified in this product. Within 5 days, refer to the National Weather Service for forecasts of potential
flooding

Only at tide gauges
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Goal: Community-level HTF predictions

e Move from point (tide gauge) to
gridded product using data from
NOAA’s Coastal Ocean Reanalysis
(CORA)

o Build regional demonstration
in the southeast

o Develop website display and
functionality through
stakeholder engagement
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Goal: Community-level HTF predictions

Region Calendar Seasonal About

Latltudel Longltude 12 Month Outlook View: 7@ & e
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—— Gauge == CORA

How accurate are CORA-derived  :1"™/1i1i
HTF predictions? . T ill

(b) Cambridge, MD
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e HTF predictions from CORA similar to
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—e— Gauge predictions  =—e— CORA predictions
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Demonstration of high-res HTF predictions around Charleston

O Low risk @ Moderate risk
O Slight risk @® High risk

Barrier island communities
may have different HTF
probabilities on bay- and
ocean-facing sides

-79.80 -79.75 =79.70

Bl i Local HTF risk could be
different than that from the

2.8 e}

—— 3 Z; iy closest tide gauge
32.5 4

32.4 A

CORA enables the delivery of
community-level HTF
decision-support information.
20km Next step: scale up!
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Thank you!

karen.kavanaugh@noaa.gov | matthew.conlin@noaa.gov
kelly.knee@tetratech.com | cheryl.morse@tetratech.com

Additional Resources:
e (CORA Data on NODD

5 =
NOAA's Coastal Ocean Reanalysis (CORA) Dataset

[ooiciure ] [civote | [ erirormental] [catrer |

Description Resources on AWS

NOAA's Coastal Ocean Reanalysis (CORA) for the Gulf of Mexico and East Coast (GEC) is Description

prods hourly water levels from the Center of Ops NOAA's Coastal Ocean Reanalysis (CORA) Dataset NetCDF
Oceat s & Services (CO-OPS), through hydrodyna ing from Resource type

Adv: DCIRC’ S3 Bucket

aaaaa ed, cor rance and

skill assessment with additional verified tide station-based observations. Amazon Resource Name (ARN)

Details for CORA Dataset AWS Region

e (CORA: Coastal-Ocean-Reanalysis-CORA
e Monthly HTF Outlook:
Seasonal High Tide Flooding Prediction
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https://github.com/NOAA-CO-OPS/CORA-Coastal-Ocean-ReAnalysis-CORA
https://github.com/NOAA-CO-OPS/Seasonal_High_Tide_Flooding_Prediction
mailto:karen.kavanaugh@noaa.gov
mailto:matthew.conlin@noaa.gov
mailto:kelly.knee@tetratech.com
mailto:cheryl.morse@tetratech.com

