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1. Introduction

The U.S. NOAA National Centers for Environmental Information (NCEI) has more 
than 3,700 tsunami marigram (tide gauge) records in both image and paper format, 
capturing worldwide observations of more than 390 tsunami events from 1854 to 
1994. The majority of these tsunami marigram records were scanned to high-resolu-
tion digital TIFF images during the U.S. NOAA Climate Data Modernization Program 
(CDMP) which ran from 2000 to 2011. Additional, uncatalogued physical records 
exist on microfilm rolls and paper at the David Skaggs Research Center (DSRC) in 
Boulder, Colorado, USA. For many tsunami events prior to 1994, data resides only 
on the marigram records, making them of great historical significance. Nine of the 
12 uncatalogued microfilm rolls have been scanned by NCEI to produce over 4,000 
TIFF images. During 2025, we will be working to catalog, archive, and make these 
images discoverable and accessible online. We will identify any duplicates by com-
paring to the existing catalog of marigrams already archived at NCEI. Given the large 
number of uncatalogued images, we are exploring automated approaches to har-
vesting metadata from the images to aid in cataloging. Here, we present the project 
background, goals, and initial results of this effort. 
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We will continue to examine the images to identify metadata to aid in search and dis-
covery, and group images together that belong to the same time-series to prepare for 
long-term archive and for access via direct download.

NCEI has an existing collection of scanned images of paper water level records (mari-
grams or mareograms) that includes over 3,000 historic paper records (between 1854 
and 1994), covering observations of more than 390 tsunamis.  These records were 
retrieved from U.S. and international stations, and are a few days to a few weeks 
long--capturing conditions before and after the tsunami arrival.  These images were 
previously cataloged to enable search by country, area name, location name, lati-
tude, longitude, and date using NCEI’s Hazards Event Lookup (HazEL) search tool: 
https://www.ngdc.noaa.gov/hazel/view/hazards/tsunami/marigram-search/.  Preview 
images and high-resolution TIFF images are linked in the search results for direct 
download.  We plan to do the same with the 4,000 microfilm images.

We received funding in 2017-2018 to digitize se-
lect marigram images.  Ten events were select-
ed based on their impacts: 1854, 1883 (Krakatau 
eruption), 1896, 1933, 1945, 1946 (M8.6 Alaska), 
1952 (M9 Kamchatka), 1960 (M9.5 Chile), 1964 
(M9.2 Alaska), and 1968 (M8.2 Japan).  A total of 
48 marigrams were digitized into a tabular format, 
improving the usability of these in situ data to vali-
date tsunami models.  Challenges included faded 
ink in traces and in annotations, paper creases 
and tears, trace wrap-around, recorder idiosyn-
cracies, and the need for manual point-picking 
and sleuthing of location, time-zone, vertical da-
tum, and units.  
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About 10% of the 4,000 images have been assigned a country, area name (state, 
prefecture, region, or other administrative unit), location name, latitude, longitude, 
and record start and end dates.  Descriptive text on the images has been captured in 
a comments field in the resulting table.  Grouping of images that belong to the same 
time-series has been a manual process.  Tsunami event dates will be filled in by com-
paring the record start and end dates against the dates recorded in the NCEI/WDS 
Global Historical Tsunami Database.

To support search and discovery, the following metadata will be identified: country, 
area name, location name, latitude, longitude, scale factor, and record start and end 
dates.  Descriptive text on the images will be captured in a comments field to provide 
historical context and support further refinement of data usefulness, for example, the 
identification of vertical datum and scale.  Optical character recognition has been 
employed to aid in text capture.  Not all of the images present on the microfilm are 
marigrams, some are tide tables, so some additional effort at image classification is 
necessary.

Some of the difficulties encountered include poor image contrast, poor text legibili-
ty, lack of information, and the need to identify and group images that belong to the 
same time-series.

Figure 2: A sequence of images from a single roll of microfilm.  The images are of varying quality.  The first two images belong to the same time-series (Acapulco, Mexico, in December 1950).  Poor image 
contrast and “noise” presents challenges to metadata identification as well as data usability.

Figure 1: A sequence of images from a single roll of microfilm with good contrast.  As indicated by the hand-written annotation on each image, the first four images belong to the same time-series (La Libertad, Ecuador, in May 1968), 
while the fifth image belongs to another time-series at another location (Chimbote, Peru, in May 1968).  The vertical scale factor is not present on every image.  The vertical unit of measure and vertical datum are absent.  Clock times 
are likely in the local time zone, but require validation against known tsunami event and runup times in UTC, as recorded in the NCEI/WDS Global Historical Tsunami Database.
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