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BATHYMETRIC COMPILATIONS OF THE SEAS AROUND ISRAEL
I: THE CASPIAN AND BLACK SEAS
John K. Hall
Geological Survey oflsrael, 30 Malkhe Yisrael St., Jerusalem 95501, Israel

INTRODUCTION
Like topography on land, the bathymetry or
morphology of sea floors gives an insight into the
ongoing processes that occur there. For the past two
?ecades, as part of its responsibility for developing
mfrastructure, the Geological Survey oflsrael (GSI) has
played an important part in two pioneering international
projects compiling what is known about the seas on
planet Earth. To many it may come as a surprise that we
know more about the topography on the back side of the
Moon, Mars, and even the hot corrosive surface of
Venus. In fact, to date less than 10% of the world's
oceans have been mapped in detail.
As part of the GEBCO (General Bathymetric Chart
of the Oceans) project, which is celebrating its
centenary in 2003, and the IBCM (International
Bathymetric Chart of the Mediterranean), the GSI has
shouldered the responsibility of producing gridded
bathymetric data sets for the neighboring seas. To this
end, in addition to collection of survey soundings and
underway track data as part of the MEDMAP effort
well over 1,000 navigational charts have been acquired
and the myriad spot soundings digitized.
This article presents the compilations recently
prepared for the centennial GEBCO Digital Atlas (GDA).
Unlike earlier editions of the GDA, which consisted of
digitized 500 m contours, plus 200 m contours for the
Mediterranean and Black Seas from the mCM, the latest
GDA, to be released in April 2003 during centenary
celebrations in Monaco, will consist of a seamless
gridded topographic and bathymetric database on a grid
of l' or one minute of arc (1,852 m at the Equator). This
is a quantum improvement over the revolutionary
ETOP05 dataset on a 5' grid, and even the most recent
ETOP02 with global elevations/depths on a 2' grid.
THE MARINE DATA SET
For this compilation an incremental approach was
used. It was decided to initially use the harmonized
charting of only one hydrographic service. The
Russian hydrographic effort was chosen since it easily

outweighed that of any other country for the shear
breadth of their global coverage, their inclusion of
soundings from the charts of other countries, and
especially their close collaboration with all datagathering activities of the USSR, i.e., scientific,
academic, military, commercial, fisheries etc.
Many hundreds of recently accessible charts were
ordered from the Head Department of Navigation and
Oceanography of the Russian Defense Ministry in Saint
Petersburg. These were scanned at 200 dpi, and were
then digitized to extract soundings, bottom attributes,
wrecks etc. using software for PCs develop~d from the
earlier production of the DTM of Israel. The locations
of the soundings on the charts were determined using a
scheme of finite differences with a rubber-sheeting
component on the digitized map graticule (Doytsher and
Hall, 1995).
In most of the charts for the Black Sea, and all of
those for the Caspian Sea, a Mercator projection was
used on the Pulkovo 1942 datum based upon the
Krassovsky 1940 reference ellipsoid used extensively
by the USSR and later by the Russian Federation. The
Krassovsky 1940 ellipsoid has a semi-major axis of
6,378,245 m, a semi-minor axis of 6,356,863.019 m,
and a flattening of 1/298.3. Datum transformation of the
Pulkovo coordinates to the GPS based WGS-84 datum
(PGSC, 1999; IHB, 1994) give shifts for the Black Sea
in the range of -1.0 to +0.2 sec in latitude, and -4.4 to
-5.8 sec in longitude, or 100-125 m of horizontal
displacement, and for the Caspian shifts of -0.4 to +0.6
sec in latitude, and -3.2 to -4.6 sec in longitude, or
75-100 m of displacement. For this initial gridding, the
transformation was not applied.
THE LAND DATA SET
For the adjacent land, the best available seamless
dataset is the HYDR01K 1 km grid produced by the
U.S. Geological Survey. This dataset is downloadable
from the HYDR01K home page at:
http://edcdaac. usgs .gov/ gtopo30/hydro/.
The dataset is based upon the GTOP030 (30 arc sec or
926 m at the Equator) digital elevation model, but with
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Surface at -27 m-107 HONO Charts -185,957 soundings - Multiquadric 0.25' grid
Figure I:

Hysometrically colored relief image derived from a digital terrain model (DTM) on a 0.25' grid for the Caspian Sea. The marine
areas are based on 185,957 spot soundings extracted from 107 digitized navigational charts of the Russian Federation's Head
Department of Navigation and Oceanography. The image was produced using the new Surfer 8 mapping software package
(Golden Software Inc., 2002).
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Figure 2:
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Hysometrically colored relief image derived from a digital terrain model (DTM) on a 0.25' grid for the Black Sea. The marine
areas are based on 186,434 spot soundings extracted from 162 digitized navigational charts of the Russian Federation's Head
Department of Navigation and Oceanography. The image was produced using the new Surfer 8 mapping software package
(Golden Software Inc., 2002).

corrections to ensure that streams do not have local
sinks (Verdin and Greenlee, 1996). This dataset is
available for six inhabited continents. The datapoints
are on a 1 km spacing on a Lambert Azimuthal Equal
Area projection. For gen~ration of the grids, the grid
nodes were converted back to their latitudes and
longitudes so that they could be merged with the
bathymetry. Over the seas the HYDR01K grid nodes
are set to -9999 m. This was suitable for the Black Sea
whose level is essentially at sea level, but caused
problems with the Caspian Sea whose baselevel for the
Russian charts was at -27 m (Zifayat Kerimov, Caspian
Environment Program, pers. com.).

GENERATION OF THE GRIDS
The grid generation consists of merging the x,y,z, triads
of the land data with those of the bathymetric data, and
then using commercial gridding routines to produce the
grid. In the case of the Black Sea, this was straightforward since the nodes over the sea, with values of

-9999, could easily be filtered out. In the case of the
Caspian Sea, where data values were given over the
non-zero sea, it was necessary to separately grid the two
data sets and then merge them using a mask defined by
the confining polygon around the marine data.
Gridding could not be carried out in one step
because of the extreme variability in the data
distribution. Instead, four steps were employed, using
the radial basis functions (Hardy, 1971) in the Surfer 8®
contouring and 3-D surface mapping package (Golden
Software, Inc., 2002). These multi-quadric functions are
computation intensive, but they exactly fit the irregular
data points. The data were gridded four times, at 2', 1',
0.5' and 0.25', with the grid nodes from the previous
pass added each time to the original data.
In the case of the Caspian Sea, the polygonal
boundary of the marine data was used to mask the
final grids. The new grids have blanked-out values
(equal to 1.70141-1038 ) which can be replaced by the
corresponding complementary grids.
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THE CASPIAN SEA
The Caspian Sea (Fig. 1) is the largest enclosed body of
water on Earth (Caspian Environment Programme,
2002). Its width ranges from 196 km to 435 km, and its
length is 1030 km. The coastline is some 7,000 km in
length. It covers some 386,400 km2 , and encloses some
78,700 km3 . Its salinity is about one-third that of normal
seawater (i.e., -1 %).
The Caspian is bordered by Iran and the Elburz
Mountains on the south, Azerbaijan and the extension of
the Caucasus on the west, Russia and the Caspian
Depression on its northern half, and Turkmenistan and
the Ustyurt Plateau on the east. The deep southern basin
has up to 1025 m of water. The central basin has depths
to 788 m, while the shallow northern basin has depths to
about 8-9 m. The ENE-WSW trending scarp in the
central basin, clearly seen in this dataset, is related to a
deep crustal lineament.
THE BLACK SEA
The Black Sea (Fig. 2) is surrounded by mountain
belts, with the Carpathians on the west, the Caucasus
on the north and east, and the Pontides to the south. It
is bounded by Turkey, Bulgaria, Romania, Ukraine,
Russia, and Georgia. The area of the sea is about
423,000 km 2 , about 38% greater than the Caspian,
with a volume of about 534,000 km 3 . The shallow Sea
of Azov is in the northeast, and the deep Sea of
Marmara lies in the southwest, south of the connection
to the Aegean Sea via the Bosporus. The flat deep
basin has depths of 2100-2200 m, and its margins are
incised by myriad submarine canyons. Details of
the oceanography, and adjacent and underlying
geology can be found in Ross et al. (1974) and Benton
(1977).
LATER REFINEMENT OF THE GRIDS
The present grids have several artifacts that need to be
removed, but which do not seriously impact the
hypsometrically colored shaded relief plots. For the
datasets to be used in the GDA and the Second Edition
of the IBCM (which will be on a 0.1' grid), it is planned
to generate a separate raster file with a depth of one byte
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giving the distance in grid nodes to the nearest data
point. A further refinement under consideration is a
similar raster masking file indicating whether each pixel
is land, sea, lake/river, tideland, reef, or permanent ice.
ACKNOWLEDGEMENTS
I gratefully acknowledge the able assistance in many
thousands of hours of heads-up digitizing of Bracha
Moalem, Miguel Calventes-Chazanoff, Audrey
Shamesh, and Orit Pinhas. Norman Z. Cherkis of Five
Oceans Consultants in Alexandria, Virginia, USA
contributed significantly to this work. The scanning
was carried out by ITTI in Bne Beraq, and Supergraph
in Jerusalem.

REFERENCES
Benton, J., 1997. Exploration history of the Black Sea province.
In: A. G. Robinson (ed.), regional and petroleum geology of
the Black Sea and surrounding region. Am. Assoc. Petrol.
Geol. Memoir 68: 7-18.
Doytsher, Y., and Hall, J. K,. 1997. Gridded affine transformation
and rubber-sheeting algorithm with FORTRAN program for
calibrating scanned hydrographic survey maps. Computers &
Geosciences. 23(7): 785-791.
Golden Software, Inc., 2002. Surfer 8® User's Guide. Surfer 8.
Golden Software, Inc., Golden, CO, 640 p.
Hardy, R. L., 1961. Multiquadric equations of topography and
other irregular surfaces. J. Geophys. Res., 76(8), p.
1905-1915.
International Hydrographic Bureau, 1994. User's Handbook on
Datum Transformations involving WGS 84. IHB Special
Publication No. 60, Monaco, 92 p. Program MADTRAN.
PAR Government Systems Corporation (PGSC), 1999. User's
Guide for 'Geographic Translator (GEOTRANS) Version
2.0. Prepared for the U. S. Army Topographic Engineering
Center, Alexandria, VA, 122 p.
Ross, D. A., Uchupi, E., Prada, K. E., and MacIlvaine, J. C.,
1974. Bathymetry and microtopography of the Black Sea.
In: E. T. Degens and D. A. Ross (eds.), The Black SeaGeology, chemistry, and biology. Am. Assoc. Petrol. Geol.
Memoir 20, p. 1-10.
Verdin, K. L., and Greenlee, S. K., 1996. Development of
continental scale digital elevation models and extraction of
hydrographic features. In: Proceedings, Third International
ConferencelWorkshop on Integrating GIS and Environmental
Modeling, Santa Fe, New Mexico, January 21-26, 1996.
National Center for Geographic Information and Analysis,
Santa Barbara, California.

Ministry of National Infrastructures

Geological Survey of Israel

CURRENT RESEARCH
VOLUME 13

Edited by Ron Bogosh

Jerusalem, December 2002

