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The Problem

1.  A silent threat?
Volcanic islands are a source of various hazards, including sector collapses and 
their consequecial tsunamis. The accompanying seismic signals are usually too 
weak to be felt or registered by global tsunami warning systems, as these are de-
signed to detect tsunamigenic earthquakes. Thus a better understanding of 
which volcanic islands are more prone to collapse is needed.

2.  An ocean of secrets
While sattelites provide high resolution elevation information with resolutions in 
the metre-scale, only about 25% of the seafloor is mapped with shipborne bathy-
metric data <400m (1). Coastal areas are especially difficult to survey, often lead-
ing to a “coastal white ribbon” of a lack of data. This includes the submarine 
flanks of volcanic islands, which usually make up the majority of the volcanic edi-
fice (Figure 1). Nevertheless, bathymetric data often presents the only available 
information below sealevel, especially in remote, uninhabited areas. 

Figure 1: A world map of marine volcanos (triangles). The submarine flanks of the volcanic islands are often not well 
covered with ship-based bathymetry (light colors). The dark red triangles, representing full coverage, are rare. 

The Idea

We are creating a database of geomorphometric information derived from Digital Elevation Models (DEMs) from online 
plattforms, such as GMRT (2) that cover the entire volcanic edifice from summit to seafloor. First, we need to define the 
outline of the volcanic base. We use a semi-automated approach, where the 3-degree slope contour line is used and 
modified by hand where necessary (3). For the extraction of the geomorphometric parameters, we use our algorithm 
created with the free software QGIS and Python (inspired by (4)). The 24 parameters consist of three main categories: 
size (height, area, volume, radius), slope (from the DEM and H/R) and shape or asymmetry parameters (Fig. 2). All the 
information is gathered in a database, which can be analysed statistically, to find correlations between the geomorphol-
ogy and the instabilty of volcanic islands. 

Figure 2:  Sketch of geomorphometric parameters. They include size, slope 
and asymmetry related parameters.

The Results

So far, we included 47 volcanic islands in our database. The distribution of 
the parameters are shown in Figure 3. The islands on the x-axes are sorted 
descending by their total height in all subplots. Our study covers a great 
range of sizes of volcanic islands from Genovesa (Galapagos), with 78m the 
smallest island by elevation above sea level to the great Hawaiian Islands 
which reach more than 4000m a.s.l. The size parameters generally follow 
the law of high numbers, meaning that there are a few very large volcanic is-
lands and a significantly higher number of smaller volcanic islands. This is a 
welcoming evidence that our chosen sample is representative.

The Helpful GEBCO?

To adress the lack of high resolution bathymetry data on the submarine 
slopes of the islands, we investigated how well our method performs, when 
using the data of the General Bathymetric Chart of the Ocean (GEBCO) (5). 
This is a global dataset of 15 Arc second resolution (appr. 450m) which relies 
on predicted bathymetry from satellite measurements, where no shipborn in-
formation is available. For the comparison we calculated the deviation D of 
the parameters calculated with GEBCO from those derived from the 
high-resolution grids. Additionally we investigated the influence of the DEM 
and the Delineation of the results separately.The results are shown in Figure 
4. In summary, 20 out of 24 parameters show <±2.5% median deviation, and 
quartiles <±10%. Only the slope parameters (Slmn, Slasl,mn, Slbsl,mn) and 
Hasl have systematic deviations greater than that. See (6) for more detailed 
information.

The Future

With the confirmation that most of the parameters can re-
liably be calculated from  the world-wide, low-resolution 
grid of GEBCO, we will be able to expand our database 
significantly. We are currently investigating how to inte-
grate coastal volcanos, like the Etna in Sicilly, which are 
only partially sourrounded by water.

With a more extensive database a probablistic approach 
to finding correlations between the geomorphology and 
the instability of volcanic islands become more reliable. 
We are planning on making the database publically avail-
able upon its completion, so that it can be implemented 
into existing hazard assesments in the future.
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Figure 3: An overview of the geomorphometric parameters of 47 volcanic islands sorted by their total height. 

Figure 4: Deviation of the geomorphometric parameters calculated with 
GEBCO from those derived from high-resolution grids. The total Deviation D 
is shown in grey, the influence of the DEM in pink and of the Delineation in 
light blue. 


