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ARTIFACTS IN THE ARCTIC DIGITAL BATHYMETRY
MODELS
A. S. Abramova 1
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ABSTRACT
Several types of artifacts have been identified in digital bathymetry models
which represent shape of the Arctic seafloor. This work presents the classification of the types of artifacts encountered in several versions of bathymetry grids
such as IBCAO, GEBCO grid, SRTM30_Plus and Global Topography. All of the
above-listed products are publicly available through the internet. The artifacts
observed could mislead geological interpretations; therefore it is necessary to
emphasize the limitations of the portrayal of the seabed by digital bathymetry
models. Any digital bathymetry model is a compilation of various data sources
with different accuracies, resolution and distribution. Artifacts in the bathymetry grids are characterized by presence and distribution of the source data. They
can be caused by systematic errors in the source data, differences in source data
horizontal resolution, by the lack of source data, by gridding algorithm and
interpolation method (e. g. filling data gaps with gravity, spline interpolation).
The encountered artifacts were classified according to the sounding source data
types which characterize them. These include: multibeam surveys, singlebeam
surveys, single spot sounding, depth contours digitized from contour maps,
“patching” different data sources, coastline dataset used for gridding, as well as
the lack of any data. The observed artificial “morphology” in bathymetry grids
include small and large scale artificial features: ridges and troughs, peak-like or
pit-like features, flat areas, deeps and rises, artificial steps, terracing on slopes
and negative depth values on land.
Keywords: artifact, digital bathymetry model, IBCAO, GEBCO, Arctic

INTRODUCTION
The release of global (e. g. GEBCO [13], SRTM30_Plus [2], Global
Topography and regional compilations (e. g. IBCAO [6]) improved
our understanding in the most of earth processes, since bathymetry
serves as the base map for any geological, geophysical, environmental or oceanographic investigation. Beyond fundamental research
bathymetric applications vary from navigation purposes to studies
of coastal erosion and environmental issues. The off-shore continental shelf bathymetry is of particular interest to coastal states’
resource sovereignty, exploration for natural resources, submarine
cable planning, habitat mapping, fisheries management, predicting
landslides and modeling tsunami impact [1]. Nowadays there is a
drastic increase in the number of applications of digital bathymetry
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and not only for the scientific purposes. Ever since the release of
such exploratory tool as Ocean layer in Google Earth, basically anyone can explore and interpret marine environments and the shape
of the ocean floor.
Meanwhile even in the current bathymetric era of high resolution
and accuracy multibeam echo sounding and global remote sensing
technologies (satellite radar missions), global and regional DBMs
of the ocean floor provide limited representation of the shape of the
seafloor. Especially such remote and ice-covered areas as the Arctic
lack detailed accurate data coverage. Only ~11% of the IBCAO bathymetry model, the most authoritative representation of the Arctic
seafloor, is based on multibeam surveys while the remaining ~90%
of the Arctic seabed are characterized by single beam soundings
from national hydrographic archives, historic point soundings from
ice camps and hydrographic charts and in many areas on digitized
contours from paper charts [6]. The resolution of digital bathymetry
models is defined by the resolution of underlying bathymetric data,
which has very sparse density and irregular distribution of source
data of various resolutions, which is too inadequate for many marine
applications [7]. These data limitations leave the question of accuracy and quality of the DBMs [1].
Artifacts are widely known and common in DBMs. Practically any publication on marine application of DBM mentions artifacts in the models. For many applications the absolute accuracy of the model is not
as important as the consistency in the relative change of values. Any
operation on the neighborhood values such as aspect, slope and other
local derivatives will be affected by the inconsistencies (or artifacts)
in the surface [3, 7]. The DBMs are very prone to errors for the reasons of large data gaps that has to be filled by interpolation and wide
range of data accuracies [4, 8]. Construction approach of DBMs can be
opposed to terrain modeling methods which are often locally adaptive
to important landscape features such as ridges and stream lines [14].
One of the main applications of terrain modeling includes hydrological
analyses; therefore modeling of land topography is produced on the
elements that are hydrologically important. The fact that the surface
drains water down the slope provides information to adopt gridding to
the directions of the flow, and at the same time serves as a powerful
tool for detecting artificial features, such as sinks (pits or depressions)
[15]. In the bathymetry world (at least for global products), there has
2
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been no attempt yet to constrain gridding by geomorphologic information, which is one of the reasons for distinct artifacts in the bathymetry
surface.
All the working groups involved in digital bathymetric modelling examine optimal gridding methods which minimize artifacts caused by
interpolation on large data gaps [11, 12, 4, 6]. There is a great number of studies on elimination of artifacts specific to particular data acquisition sensors, e. g. multibeam sonars [5, 8]. Smith addressed the
main problems of gridding bathymetry from contour data and errors
in DBMs created by systematic errors in singlebeam data. Marks and
Smith addressed errors in six publicly available global bathymetry
compilations, such as some interpolation artifacts (terracing effect, visible tracklines in the bathymetry, edge matching) and misregistration
errors. Meanwhile there is no recent systematic overview of the types
of artifacts that can be encountered in the global and regional digital
bathymetry compilations.
This work presents classification of the artifacts encountered in current and previous versions of regional and global digital bathymetric
models, which provide the Arctic coverage. The analyzed grids include:
regional grid IBCAO and global DBMs SRTM30_Plus, Global Topography and GEBCO_08. Illustrated artifacts originate from different versions of these models. We present typical artifacts caused by the data
of particular type (singlebeam, multibeam, single soundings, contours),
the interpolation method (e. g. filling data gaps with predicted bathymetry), or gridding algorithm used. In the DBMs which use predicted
bathymetry (such as Global Topography, GEBCO and SRTM30_Plus)
the artifacts are more emphasized due to the gridding algorithm used:
the original measured depths are restored into predicted bathymetry
surface with smooth transition using spline in tension algorithm [2,
12]. At the same time IBCAO shows more smooth appearance due to
improved gridding algorithm, so-called stacked spline method, which
yields preserving bathymetric detains of high-resolution data and suppressing the single trackline artifacts [4].
Three regions were chosen for visual inspection for the presence of artifacts in order to cover all types of source data. The types of source
data correlate mostly with different morphologic provinces. The following regions were chosen:
Region 1: Shelf area — mainly singlebeam soundings and historic sin3
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gle soundings; correlation of gravity with bathymetry is poor because
of assumed crustal density and sediment thickness;
Region 2: Abyssal plain — singlebeam soundings and multibeam coverage; correlation of gravity with bathymetry is poor because of the great
sediment thickness;
Region 3: Mid-oceanic ridge — multibeam combined with singlebeam
and hydrographic soundings; correlation of gravity with bathymetry
is good because sediment thickness is low (depending on the local geologic conditions).
The types of artifacts encountered are classified according to the nature
of the source data types which characterize them. The classification table and description of the artifacts’ “morphology” is given in Table 1.
Table 1. Classification table of types of artifacts encountered in the
DBMs, classification is given according to the source data types which
characterize them.
Source data type

“Morphology” of an artifact

multibeam and other swath data (Fig.
2, Prof.1)

artificial high frequency peak-like
features in the bathymetry
linear artifacts such as artificial
«ridges» and «troughs» or point features
like those caused by single soundings
artificial peak-like («bumps») or pit-like
(«holes») features
terracing on slopes, or artificial
features where contours don’t agree
with surrounding soundings

singlebeam (Fig. 2, Prof. 2,3,4)
single soundings (Fig. 4)
contours (Fig. 3)
interpolation artifacts in the areas
with large data gaps (Fig. 5)

flat areas, artificial deeps
artificial deeps and rises in the areas
where there is no correlation between
bathymetry and gravity

no sounding data in predicted
bathymetry (Fig. 1)
edge artifacts — patching several data
sources (Fig. 2, Prof. 1)

artificial steps
negative depth values on land,
artificial islands

coastline dataset

CONCLUSION
This work presents classification of the artifacts encountered in current and previous versions of regional and global digital bathymetric
4
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Figure 1. Explains artificial deeps in the SRTM30_Plus (ver. 6.0) bathymetry, in
the areas where no correlation between bathymetry and gravity is observed (abyssal plain with high sediment thickness). The dots on the maps (d, e) show the
sounding source trackline coverage used for construction of SRTM30_Plus. As discussed in [12], the gravity (a) is scaled by correlation coefficient to the predicted
depths (b), and then the measured depths are “polished” to the predicted bathymetry grid to create the final bathymetry grid (c). As can be seen from the profiles,
the bathymetry is taken from scaled gravity in the area with no sounding coverage
(yellow arrow). Although when gravity and bathymetry profiles are compared in
the area where the source sounding data is present (red arrow), there is no observed correlation between them.

models, which provide Arctic coverage. The DBMs include: IBCAO,
SRTM30_Plus, Global Topography and GEBCO_08 grids. We present
typical artifacts caused by the data of particular type (singlebeam,
multibeam, single soundings, contours), the interpolation method (e. g.
filling data gaps with predicted bathymetry), or gridding algorithm
used. Since the artifacts coincide with the source data coverage used
for construction of the grids one of the methods to identify an artifact
is to look at source trackline information (e. g. SID). The types of source
data correlate mostly with different morphologic provinces, therefore
somewhat artifacts also have this correlation. Any DBM is prone to
have artifacts, but depending on gridding algorithm they will stand
out more or less — e. g. IBCAO bathymetry shows more smooth appearance due to improved gridding algorithm, while datasets which include
5
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Figure 2. Global Topography bathymetry (ver.13.1) in the mid-oceanic ridge area
overlain by source tracklines (white dots) from the Source Identifier file (SID). Artifacts observed: Profile 1: artificial step in bathymetry (patching different data
sources), high freq. peak-like features (multibeam); Profile 2,3,4: artificial ridges
and troughs (singlebeam). Rainbow depth color scale: from 1200 m (red) — 3600 m
(purple). Vertical exaggeration is used.

predicted bathymetry will have more emphasized artifacts. The scale
of artifacts varies: from artifacts that can be neglected in deep water
areas — to the most pronounced artifacts with the amplitude up to 50%
of water depth observed on shelf in DBMs which utilize predicted bathymetry.
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Figure 3: GEBCO_08 bathymetry (ver. 20091120) in shelf area overlain by source
tracklines and contours. Artifacts observed: terracing on slopes due to using contours for interpolation. Rainbow depth color scale: from 120 m (red) — 360 m (purple). Vertical exaggeration is used.

REFERENCES
[1] Abramova A. S. Comparison and evaluation of global publicly
available bathymetry grids in the Arctic. M. Sc. Thesis, Ann
Arbor: University of New Hampshire, USA, 2012, 173 p.
[2] Becker, J. J., Sandwell, D. T., Smith, W. H., Braud, J., Binder,
B., Depner, J., Fabre, D., Factor, J., et al., Global bathymetry
and elevation data at 30 arc seconds resolution: SRTM30_Plus,
Marine Geodesy, vol. 32/issue 4, pp 355–371, 2009.
[3] Florinsky I. V., Digital Terrain Analysis in Soil Science and Geology, 2nd ed., Amsterdam: Elsevier / Academic Press, 2016, 486 p.
[4] Hell, B., and M. Jakobsson, Gridding heterogeneous bathymetric data sets with stacked continuous curvature splines in
tension, Mar. Geophys. Res., vol. 32/issue 4, pp. 493–501, 2011.
7

St. Petersburg, Russia, 17–19 May 2018

Theory and Methods of Polar Science

Figure 4: Global Topography bathymetry (ver.13.1) in shelf area overlain by source
tracklines. Artifacts observed: artificial “bumps”, “holes” and “troughs” caused
by singlebeam, historical single soundings and interpolation with predicted from
gravity bathymetry. Rainbow depth color scale: from 120 m (red) — 360 m (purple).
Vertical exaggeration is used.

[5] Hughes-Clarke, J. E., Mayer, L. A., and Wells, D. E., Shallow-water imaging multibeam sonars: a new tool for investigating seafloor processes in the coastal zone and on the continental shelf, Mar. Geophys. Res., vol. 18, pp 607–629, 1996.
[6] Jakobsson M., Mayer L.,
Coakley B.,
Dowdeswell J. A.,
Forbes S., Fridman B., Hodnesdal H., Noormets R., Pedersen R., Rebesco M., Schenke H. W., Zarayskaya Y., et al, The
8

Proceedings of International youth scientific conference on the polar geodesy, glaciology, hydrology and geophysics

Figure 5: (left) IBCAO (ver. 3.0) bathymetry in the region of Gakkel ridge, unique
values color scheme is used (individual color is assigned to each depth value) in
order to highlight artifacts. Artifacts observed: artificial plain (red-blue feature),
artificial star-like feature caused by lack of data in the area, as well as other artificial funny-shaped features; (right) same as (left) with ship trackline coverage and
contours shown in black.

International Bathymetric Chart of the Arctic Ocean (IBCAO)
Version 3.0, Geophysical Research Letters, vol. 39/issue 12,
L12609, 2012.
[7] Lecours, V., Dolan, M. J., Micallef, A., Lucieer V. L., A review
of marine geomorphometry, the quantitative study of the seafloor, Hydrology and Earth System Sciences, vol. 20, pp 3207–
3244, 2016.
[8] Lecours, V., Devillers, R. Lucieer L., Vanessa & Brown, Craig,
Artefacts in Marine Digital Terrain Models: A Multiscale Analysis of Their Impact on the Derivation of Terrain Attributes,
IEEE Transactions on Geoscience and Remote Sensing, vol. 55.
pp 5391–5406, 2017.
[9] Marks, K. M. and Smith, W. H. F, An evaluation of publicly
available global bathymetry grids, Mar. Geophys. Res., vol. 27/
issue 1, pp 19–34, 2006.
[10] Sandwell, D. T. and Smith, W. H. F., 2009, Global marine gravity from retracked Geosat and ERS-a altimetry: ridge segmentation versus spreading rate, Journal of Geophys. Res., vol.
9

St. Petersburg, Russia, 17–19 May 2018

Theory and Methods of Polar Science

114/ issue B01411, pp 1–18, 2009.
[11] Smith, W. H. F., On the accuracy of digital bathymetric data,
J. Geophys.Res., vol. 98, pp 9591–9603, 1993.
[12]		Smith, W. H. F. and Sandwell, D. T., Global sea floor topography from satellite altimetry and ship depth soundings, Science,
vol. 277/ issue 5334, pp 1956–1962, 1997.
[13] The GEBCO_08 grid, version 20091120, British Oceanographic Data Centre (BODC), http://www.bodc.ac.uk/data/online_delivery/gebco/, 2008.
[14] Wilson, J. P., Gallant, J. C., 2000, Digital terrain analysis, in
Terrain analyses: principles and application, eds. Wilson, J. P.,
Gallant, J. C., John Wiley & Sons, Inc., pp. 1–28, 2000.
[15] Wise, S., Assessing the quality for the hydrological applications
of digital elevation models derived from contours, Hydrological
Process, vol. 14, pp 1909–1929, 2000.

10

