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Introduction
Curation of data enabling community preparedness and resilience to 

coastal hazards, including:
• Maintaining the global historical tsunami events database 
• Archiving and processing of Deep-ocean Assessment and Reporting 

of Tsunamis (DART®) and coastal tide-gauge data 
• Creating coastal digital elevation models (DEMs) 
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Tsunami Program Mission
To provide support and manage the NOAA Tsunami Program on both 

domestic and international fronts, including reliable tsunami 
detection, forecasts, and warnings and education and outreach to 
promote community resilience 

“End-to-End” Program

NCEI and co-located World Data Service for Geophysics 
provide long-term archive, data management, and 
access to global tsunami, earthquake and volcano data.
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Historical Hazards Data
Know the past to better understand the future

The Historical Database is an authoritative source for historical tsunami 
event data with the database continuously updated based on new sources. 
Includes wave/runup information as well as economic and human impacts. 

https://www.ngdc.noaa.gov/hazel

https://www.ngdc.noaa.gov/hazel/view/about
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Tsunami Source Events and Wave 
Observations

2,500+ global tsunami events 
(over 1,200 confirmed)

27,000 global
runups (i.e. wave 

observations)

https://maps.ngdc.noaa.gov/viewers/hazards

https://maps.ngdc.noaa.gov/viewers/hazards/?layers=0
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Historical Tsunami Data Fields
Source and Runup Location: Regional, 
Country, State/Territory, Lat/Long

Source: cause (e.g. earthquake, landslide, 
volcanic, etc.), validity

Runups: type of measurement (e.g. tide gauge, 
eyewitness, BPR, post-event survey), heights, 
inundation, max arrival time, first arrival time, 
etc.

Source and Runup Effects: deaths, injuries, 
damage

Data is downloadable
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Source Documents
Over 4,000 documents that describe damage and effects from tsunami, 
earthquake, and volcano events. Types of documents:

• Diaries, ships logs, newspaper reports 
• Tsunami, Earthquake, Volcano catalogs 
• NOAA National Weather Service Tsunami Warning Centers 
• US Geological Survey National Earthquake Information Center
• International Tsunami Information Center, Caribbean Tsunami Warning Program 
• Web articles, e-mail, journal articles
• International Tsunami Survey Teams
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Historical Tsunami Data Supports
Operations, Mitigation, Education, Resilience

• Outreach & Education
• NOAA Tsunami Warning Centers 

• Decision-making
• Media response

• IOC/UNESCO and NTHMP
• Assessing the Tsunami Hazard – US and Worldwide

• NOAA and other Tsunami Research
• Model Calibration and Validation

• Land use / Codes / Engineering Criteria
• Tsunami effects on structures (buildings, power plants)
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Global, Regional and U.S. Tsunami Products
U.S. National Tsunami Hazard Assessment
(partnership w/ NTHMP and USGS)

Global Tsunami posters (partnership w/ ITIC and CTWP)

Regional Tsunami posters (partnership w/ ITIC and 
CTWP)

• Caribbean (Eng & Esp), Hawaii, New Hebrides Trench, 
Tonga Trench, Papua New Guinea and the Solomon 
Islands 

Regional tsunami sources map viewer
(partnership w/ ICG/CARIBE-EWS)

U.S. Historic Tsunami Calendar
(partnership w/ NTHMP)

https://www.ngdc.noaa.gov/hazard/data/publications/tsunami-hazard-assessment-2015.pdf
https://www.ngdc.noaa.gov/hazard/tsu.shtml
https://www.ngdc.noaa.gov/hazard/tsu.shtml
https://maps.ngdc.noaa.gov/viewers/CATSAM/
https://nws.weather.gov/nthmp/documents/tsunamicalendar.pdf
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Natural Hazards Image Database
1550+ images, including 
90+ tsunami events

• Free for public use
• Lots of requests from 

textbook publishers
• Images are archived
• Please consider 

contributing!
• Partnerships have 

included: ITIC, CTWP, 
USGS

https://www.ngdc.noaa.gov/hazardimages/

https://www.ngdc.noaa.gov/hazardimages/
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Water Level Data
Archive ➤ NCEI is the long-term archive of water level data 
in support of the NOAA Tsunami Program.

Analog Tide Gauge Records (Marigrams)
● Tsunami event-related data from 1854-1981

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

DART Ocean Bottom Pressure Data:
● PMEL (R&D), 1983-2004
● NDBC (39), 2002+
● Some international
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Water Level Data
● Monitor ➤ Monitor ingest and archive process and take action if problem
● Rescue ➤ Identify, 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 ➤

○ Model tides to reveal tsunami-event signals
○ Tidal constituents for predictions

● Discover ➤
○ NOAA Catalog (ISO-compliant Metadata Records + DOI/How to Cite)
○ Map Viewers
○ Timeline Inventories

● Access ➤
○ Map Viewers and Timeline Inventories link to Station Pages
○ Station Pages link to data on THREDDS Data Server
○ RESTful API for CO-OPS to access and display NTWC data

● Tsunami Event Pages ➤ Gathers together water level data per tsunami
● Customer Service ➤ User Requests
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Marigrams
• Over 3,000 historic paper records (1854-

1981)
• Converted from analog to digital media, 

some digitized time-series

Scanned Image of Paper 
Record

height vs. time (point time-series)
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Water Level: Quality-Control and Tide Modeling

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

● 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.

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

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.
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Water Level: Additional Products
NCEI Water Level Report - Tsunami 

(biannual)

Hurricane Analysis 
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Tsunami Online Event Summaries
• Authoritative Event reports for 

select events: 
• Tsunami source & impact 
• Latest confirmed casualties 
• Past events in same region 
• Field surveys & photographs 
• Source documents 

• DART & Tide Gauge data
• Tsunami-Travel-Time maps

DART

Onagawa
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Digital Elevation Model Development
NOAA develops and uses digital elevation models (DEMs) to support a variety of mission requirements including coastal flood 
forecasts and warnings due to tsunamis, hurricanes, and storm surge, marine habitat research, and sea level change studies.

In Support of:
● U.S. National Tsunami Hazard Mitigation Program
● COASTAL Act
● United Nations Development Programme (UNDP) 
● Office of U.S. Foreign Disaster Assistance (OFDA),United States Agency 

for International Development (USAID).

In Coordination with:
● NOAA Pacific Marine Environmental Lab
● NOAA Caribbean Tsunami Warning Program

The DEM team at NCEI have developed custom 
scripts that make use of free open-source 
software such as GDAL, MB-System, GMT, 
VDatum, etc.

U.S. DEMs integrate bathymetry and 
topography seamlessly and are tiled to enable 
targeted, rapid updates as new data become 
available.

https://coast.noaa.gov/dataviewer/
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• Gridded representation of the Earth’s surface
• Integrated topography and bathymetry
• One Continuous surface 

Interpolation 

Input Data (Points) Output Data (Grid) Processing

What is a Digital Elevation Model?
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NTHMP DEM priorities

• New data released
• Areas of interest
• Date of last DEM
• News of upcoming data collections
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Tiled DEM updates

• Use federal planning web maps to identify and prioritize DEM update areas

• Targeted update reduces lag between source data release and integration into 
DEM

• More up-to-date DEMs 

Version 2
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Spatial Metadata
● Future data products to enhance value of DEMs (In Progress) 

○ Spatial Metadata
○ Vertical Uncertainty

● Spatial Metadata provides users with information on input 
elevation data used in the DEM development

● Important information includes:
○ Collection agency
○ Date of the data collection
○ Instrumentation (lidar, sonar, satellite, etc.)

● Vertical Uncertainty provides users with quantitative estimate 
of quality of the DEM values

● DEM quality can vary across space:
○ Integration of different data (e.g., old vs. new 

technologies)
○ Terrain (e.g., flat or sloped)
○ Interpolation (estimating elevations in areas of no data)
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DEM Access
• Most recent topo-bathy and bathy DEMs available via 

Digital Coast
• Discoverable via NCEI Bathymetry Viewer 



Questions & Comments?

THANK YOU!

National Centers for 
Environmental 
Information (NCEI)
January 2021

NOAA
nicolas.arcos@noaa.gov
aaron.sweeney@noaa.gov
kelly.carignan@noaa.gov

General inquiries on data: historical tsunamis, images, water level. 
Email Haz.Info@noaa.gov

General inquiries on DEMs. Email DEM.Info@noaa.gov

mailto:nicolas.arcos@noaa.gov
mailto:aaron.sweeney@noaa.gov
mailto:kelly.carignan@noaa.gov
mailto:Haz.Info@noaa.gov
mailto:DEM.Info@noaa.gov

