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NOAA is the U.S. National Oceanic and Atmospheric
Administration. The National Centers for Environmental Information
(NCEYI) is the part of NOAA whose mission is to preserve
environmental data for future generations. The Cooperative
Institute for Research in Environmental Sciences (CIRES) is
located in Boulder, Colorado, and works under a contract with
NOAA NCEI to manage data and develop products and services.
NOAA/NCEI Boulder, Colorado, USA, and co-located World Data
Service (WDS) for Geophysics provide long-term archive, data
management, and access to global tsunami data.
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NCEI archives and quality-controls tsunami-related data as part of
the U.S. Tsunami Warning System. We receive high-resolution
coastal tide gauge data from the Tsunami Warning Centers and the
Center for Operational Oceanographic Products and Services
(CO-OPS) (green arrows). We receive high-resolution DART data
from the National Data Buoy Center (green arrow).



NCEI| Water Level Data Products and Services

Archive > NCElI is the long-term archive of water level data in
support of the NOAA Tsunami Program and the World Data
Service (WDS) for Geophysics.

Analog Tide Gauge Records (Marigrams)

e Tsunami event-related data from 1854-1994

Digital Tsunami-capable Tide Gauge Data:
e CO-OPS (~220), 2008+
e NTWC (9), 2014+
e PTWC (14), 2013+

DART Ocean Bottom Pressure Data:
e PMEL (R&D), 1983-2004
e NDBC (39), 2002+
e Some international
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NCEIl is the long-term archive for all NOAA coastal tide gauge and
deep-ocean pressure data:
e 1-minute water level data from the NOS/CO-OPS and high-resolution
water level data from the NWS/PTWC and NWS/NTWC.
e NCEI stewards pre-digital-age tide gauge data (1854-1981) capturing
tsunami events. Paper tide gauge records are also called marigrams.
e NCEIl is working to ensure that all coastal tide gauge data is in an
archive and has been working together with our NOS partners to
eliminate gaps. We
e also archive 6-min, hourly, daily, and monthly mean water levels for all
NOS stations, and 15-sec data for tsunami events.
e Archive DART deep-ocean pressure data from the NWS/NDBC.

NCEI Products:

e Post-processing is a current project at NCEI - we provide the
quality-controlled water level data, computed tides, details on the
harmonic tidal analysis results, spectra, and wavelet analysis on the
highest resolution data files.

NCEI support data discovery and access:
Standard data formats

e Map services

e Timeline inventories

e Indexed in NOAA catalog



Coastal Tide Gauges

» Sensor Types

o Air: Acoustic Time-of-Flight
Air: Microwave Radar
Underwater: Pressure

GPS Tide Gauge
Float + Analog Data Recorder (old)

o O O O

* Confirm Arrival of Tsunami L
« Validate Tsunami Models i

tps://oceanservice.noaa.gov/facts/tide-gauge.html
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https://oceanservice.noaa.gov/facts/tide-gauge.html

Analog Data Records (Marigrams)

cnne i
1960 tsunami at Pago Pago, American Samoa

e Over 3,000 historic paper records (between
1854 and 1994)

e Collected from U.S. and international
stations

e Measurements from marigrams provide
researchers with important information f
linking earthquake rupture to tsunami e X R
generation and propagation characteristics. | « @& o

| Use: Validating Tsunami Modeling | https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search
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Marigram Scanning

e NCEI has converted tsunami marigrams from analog (microfiche) to
high-resolution digital images. Microfiche were created in the 1970s
from deteriorating paper records. The project to scan the paper records
was a multi-year effort, tasked through NCDC’s Climate Database
Modernization Program (CDMP). The collection includes records from
1854 to 1994.

e The marigrams are from U.S. and international stations. Most
marigrams in the collection are from Pacific coastlines, but also include
a small number from the Indian and Atlantic Oceans.

Marigram Search:
https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search

Marigram Story Map:
https://noaa.maps.arcqis.com/apps/MapSeries/index.html?appid=c466d46575
0f4e1b8d737cc3e7c0046f



https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search
https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=c466d465750f4e1b8d737cc3e7c0046f
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=c466d465750f4e1b8d737cc3e7c0046f

Marigram Digitization

Scanned Image of Paper Record
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Marigram Digitization: Making Data Useful

e Two small grants from the Big Earth Data Initiative (BEDI) allowed us to
digitize the scanned images from 9 large tsunami events from 1854 to
1968, making the data easier to use by researchers to validate tsunami
models.

Marigram Search:
https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search
Marigram Story Map:
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=c466d46575
0f4e1b8d737cc3e7c0046f



https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=c466d465750f4e1b8d737cc3e7c0046f
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=c466d465750f4e1b8d737cc3e7c0046f

+ Two-component System
o Surface Buoy for Floor-to-Shore
Communications

o Bottom Pressure Recorder (BPR)
for Observations of Ocean Bottom
Pressure

» Advanced Warning of Tsunami
+ Validate Tsunami Models

Mater Column Height at Station 46402
nage Credit: NOAR/NUS/NDE
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https://nctr.pmel.noaa.gov/Dart/

Deep-ocean Assessment and Reporting of Tsunamis (DART®)
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https://nctr.pmel.noaa.gov/Dart/

Water Level Data Uses

Hydrographic Surveys Marine Navigation Marine Boundary Marsh Restoration
and Shoreline Mapping Determination &

International Water Resource
Management

%
5|

Validating Storm Surge Real-time Decision Long-term Analyses - Climate Research
and Tsunami Modeling Support for Coastal Sea Level Trends/Sea

Level Rise
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How water level data are used:

e Beyond the products NCEI creates for real-time decision support for
Tsunami Warning Centers and for validating storm surge and tsunami
propagation models, water level data are used for:

1.

2R

Making tide corrections to hydrographic surveys so that nautical
charts may be made

Enabling safe marine navigation through ports (and under
bridges)

Defining coast lines for referencing marine boundaries and
managing shared water resources (e.g. Great Lakes)
Understanding the impacts of tidal variation on wetland
restoration

Calculating sea level trends and monitoring nuisance flooding
events (sunny-day flooding)

Understanding the impacts of climate change



NCEI| Water Level Data Products and Services

* Monitor > Monitor ingest and archive process and take action if problem
* Rescue > |dentify, recover, and backfill data gaps
» Reformat > Reformat water level data to standard formats (netCDF, CSV)
» Digitize > Digitize marigrams to make historic records “ready-for-use”
+ Quality-Control > Quality-control water level for instrumental issues
« Tidal Analysis >
o Model tides to reveal tsunami-event signals
o Tidal constituents for predictions
» Discover >
o NOAA Catalog (ISO-compliant Metadata Records + DOI/How to Cite)
o Map Viewers
o Timeline Inventories
+ Access >
o Map Viewers and Timeline Inventories link to Station Pages
o Station Pages link to data on THREDDS Data Server
o RESTful API for CO-OPS to access and display NTWC data
» Tsunami Event Pages > Gathers together water level data per tsunami
* Engage Users > Requests
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Coastal Water Level Map Viewer:
https://maps.ngdc.noaa.qgov/viewers/hazards/?layers=5

Coastal Water Level Timeline Inventory:
https://www.ngdc.noaa.gov/hazard/tide/

DART Map Viewer: https://maps.ngdc.noaa.gov/viewers/hazards?layers=4
DART Timeline Inventory: https://www.ngdc.noaa.gov/hazard/dart/

All water level data on THREDDS Data Server:
https://www.ngdc.noaa.gov/thredds/enhancedCatalog\Waterlevel.html



https://maps.ngdc.noaa.gov/viewers/hazards/?layers=5
https://www.ngdc.noaa.gov/hazard/tide/
https://maps.ngdc.noaa.gov/viewers/hazards?layers=4
https://www.ngdc.noaa.gov/hazard/dart/
https://www.ngdc.noaa.gov/thredds/enhancedCatalogWaterlevel.html

Quality-Control and Tide Modeling
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Quality Controlled water level data from a DART system (left) and tide station (right) to remove the tidal signal and reveal true
height of tsunami wave. Japan 2011 event.
e NCEI quality controls the data and models the tides to isolate tsunami waves (and
hurricane/storm surge).

e DART systems are the first to see tsunami waves as they travel across the ocean and give a
more refined estimate of the tsunami source resulting in a more accurate forecast at the coast.

e Tide gauges confirm the arrival, size and direction of travel along the coast.

Uses: Validating Storm Surge and Tsunami Modeling
Real-time Decision Support for Coastal Hazards
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NCEI Products: Quality-control and Tidal Analysis

NCEI quality controls (QC) water level data and models the tides to
isolate tsunami waves (and hurricane/storm surge).

The tidal models are used by Tsunami Warning Centers for real-time
decision support

The QC’d data are used by researchers to validate storm surge and
tsunami propagation models.

These quality controlled data improve the forecasts and models
necessary for sound management and planning of coastal communities.



Coastal Water Level
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Coastal Water Level
Timeline Inventory (2008+)
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https://www.ngdc.noaa.gov/hazard/tide/

Coastal Station Page

CO-OPS station 1612340: HONOLULU, HONOLULU HARBOR, OAHU ISLAND
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https://www.ngdc.noaa.gov/hazard/tide/stations/1612340/?year=2011
https://www.ngdc.noaa.gov/hazard/tide/stations/1612340/?year=2011

Ocean Bottom Pressure
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Pre-DART Ocean Bottom Pressure
Timeline Inventory (1983-2002)

Bottom Pressure Recorder Data Inventory o

(See also DART Inventory)
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DART Ocean Bottom Pressure
Timeline Inventory (1998+)

DART® Bottom Pressure Recorder Data Inventory +
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https://www.ngdc.noaa.gov/hazard/dart/

Tidal Harmonics

DART Deployment Page
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DART® 32413 Deployments
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https://www.ngdc.noaa.gov/hazard/dart/deployments/32413/?deployment=32413_20100822to20120217
https://www.ngdc.noaa.gov/hazard/dart/deployments/32413/?deployment=32413_20100822to20120217
https://www.ngdc.noaa.gov/hazard/dart/deployments/32413/?deployment=32413_20100822to20120217

NTWC Support Services

CO-OPS pulls NTWC data from NCEI for display

Tsunami Warning Center Water Level Data Extract Service 1

RESTful API JSON, XML User On-demand Graphical Display

" &) sinami Capable Tide stations

o GET request o URLS i

2018110711730 00zsend-201311- *1 *2019-11 157021331008 / "\J' \

Tides Data Extract Services

Tsunami Capable Tide Stations

iz . https://oceanservice.noaa.gov/education/
tutorial_tides/tides07_cycles.htm
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https://www.ngdc.noaa.gov/hazard/twc_waterlevel_extract_service.html
http://tidesandcurrents.noaa.gov/tsunami/
https://oceanservice.noaa.gov/education/tutorial_tides/tides07_cycles.html
https://oceanservice.noaa.gov/education/tutorial_tides/tides07_cycles.html

Water Level: Additional Products

NCEI Water Level Report - Tsunami Hurricane Analysis
(biannual)

CEI vel Data Archive
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NCEI Water Level Report - Tsunami: Feb. 2020, Aug. 2020, Feb.
2021
e On the state of NCEI water level products and services that
support the NOAA Tsunami Program (new data, tsunamis,
meteotsunamis, etc.)
e Distributed biannually - contact haz.info@noaa.gov to receive
updates

2017 Hurricane Poster:
https://www.ngdc.noaa.gov/hazard/data/publications/hurricane2017
water-level-data.pdf
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https://www.ngdc.noaa.gov/hazard/data/publications/reports/water-level-report-tsunami-508-compliant.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/hurricane2017water-level-data.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/reports/water-level-report-tsunami-508-compliant.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/reports/water-level-update-tsunami-2020-08-508-compliant.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/reports/water-level-update-tsunami-2021-02-508-compliant.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/reports/water-level-update-tsunami-2021-02-508-compliant.pdf
mailto:haz.info@noaa.gov
https://www.ngdc.noaa.gov/hazard/data/publications/hurricane2017water-level-data.pdf
https://www.ngdc.noaa.gov/hazard/data/publications/hurricane2017water-level-data.pdf

Tsunami Online Event Summaries

11,2011 JAPA;

* Authoritative Event reports
* Tsunami source & impact
* Latest confirmed casualties
* Past events in same region
* Field surveys & photographs
* Source documents

+ DART® & Tide Gauge data
* Including international data

e Tsunami-Travel-Time maps

~— v
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Immediately following event:
Questions that can be answered from our data (media, senators, emergency
managers, public):

Have similar events occurred in the region?

Did previous events cause deaths/damage?

What is the frequency of this type of event?

Is this the largest and most deadly event of this type?

How does this event compare globally?

Online Event Summaries linked from Recent and Significant Tsunamis Page:
https://www.ngdc.noaa.gov/hazard/recenttsunamis.shtml

20


https://www.ngdc.noaa.gov/hazard/recenttsunamis.shtml

Future Work

e As the World Data Service (WDS) for Geophysics, NCEI seeks to
provide archive, processing (quality-control and de-tiding), and access
services for additional DART and tide gauge data from international
sources

e As funding permits, NCEI hopes to continue digitizing marigrams and
making these data available online
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Questions?

Contact us at: haz.info@noaa.gov
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