University of New Hampshire

University of New Hampshire Scholars' Repository

Center for Coastal and Ocean Mapping Center for Coastal and Ocean Mapping

11-2001

Hypsometry and Volume of the Arctic Ocean and Its Constituent's
Seas

Martin Jakobsson
University of New Hampshire, Durham

Follow this and additional works at: https://scholars.unh.edu/ccom

b Part of the Oceanography and Atmospheric Sciences and Meteorology Commons

Recommended Citation

Jakobsson, Martin, "Hypsometry and Volume of the Arctic Ocean and lts Constituent's Seas" (2001).
Progress in the Arctic Ocean Research Over the Past Decades (PAOR). 720.
https://scholars.unh.edu/ccom/720

This Poster is brought to you for free and open access by the Center for Coastal and Ocean Mapping at University
of New Hampshire Scholars' Repository. It has been accepted for inclusion in Center for Coastal and Ocean
Mapping by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact Scholarly.Communication@unh.edu.


https://scholars.unh.edu/
https://scholars.unh.edu/ccom
https://scholars.unh.edu/ccom_home
https://scholars.unh.edu/ccom?utm_source=scholars.unh.edu%2Fccom%2F720&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/186?utm_source=scholars.unh.edu%2Fccom%2F720&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholars.unh.edu/ccom/720?utm_source=scholars.unh.edu%2Fccom%2F720&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:Scholarly.Communication@unh.edu

Hypsometry and volume of the Arctic Ocean
and its constituent seas

Martin Jakobsson
Center for Coastal and Ocean Mapping/Joint Hydrographic Center
University of New Hampshire

Abstract

Hesearchers have for long been interested in the
Earth's hypsometry -- the distribution of surface
area at various elevations of land and depths of
ocean. Menard and Smith [1966] published the first
computer analysis of the hypsometry of the world
ocean basin provinces, which provided a new
perapective on large-scale seafloor morphology.
They based their study on the most up-to-date (at
the time) American and Hussian bathymetric charts.
However, the least known of the regions they

studied was the Arctic Ocean, which, due to its =reenland
thick perennial sea ice cover, had limited
geophysical data available, E 3

During the last decades icebreakers have bean able
o penetrate the pack ice to carry out geophysical
measurements and, in addition, nuclear
submarines have operated under the pack ice
collecting geophysical data over large areas,
Studies of these data have answered many
questions about the history and evolution of the
Arctic Ocean Basin and changed the understanding
of the seafloor morphology. During the spring of
2000, a Beta wvergzion of the International
Bathymetric Chart of the Arctic Ocean (IBCAQ) was
released which incorporated all the available
bathymetric data at the tme of compilation
[Jakobsson etal., 2000]. Since the IBCAOQ is a digital
grid model (2.5 x 2.5 km grid cell spacing) it is well
suited for numerical analyses.
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In this work the latest updated version of IBCAO,

wersion 1.0 [Jakobsson et al., 2001], and the Global

Seafloor Topography from satellite altimetry and Greenland

ship soundings [Smith and Sandwell, 1997] have ,
been used to estimate the hy psometry and volume [ | I

of the entire Arctic Oocean and its constituent seas.
An initial calculation of seafloor area and ocean
volume was carried out by using the limits for the
Arctic Ocean and its constituent seas as defined by
the International Hydrographic Organization (IHO)
(Figure 1). However, the main part of this work will
be focuzed on the "high Arctic Ocean” constrained
by the Fram Strait, western limit of Barents Sea,
Berings Strait and the Canadian Arctic Archipelago
(Figure 2}). Since the IHD subdivision of the Arctic
Ocean is merely political it is of limited use for
oceanographic/geclogic/geophysical discussions.
Therefore, the IHO defimitions within our area of
interest (the high Arctic Ocean) have been modified
to better reflect the seafloor provinces, These

Defining Physiographic Regions

Menard and Smith's [1966] study analyzed the
ocean floor classified into physiographic regions ==
that are groups of features with distinctive
topography, characteristic morphology  and

Fored and volurrs s of e Asclic Ok dan consbbesnt S35 (IHD Ssfinlions

EHN

Greanland Sea

modifications consist of adjusting the shelf seas
outer limits towards the deep Arctic Dcean so that
they reach the shelf break instead of adhering 1o the
IHO defined boundaries (Figure 2), The shelf break is
here defined as the as the seaward extension of the
continental margin along which were there is a
marked increaze of slope. Bathymetric profiles and a
slope model based on the IBCAD model were used
to delineate the shelf break (Figure 2 and 3). Finally
physiographic provinces of the seafloor are
classified wusing image processing and GIS
technigques and their area relationship with the
entire high Arctic Ocean will be analyzed.,
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relations to other provinces. For the Arctic Ocean no
physiographic provinces had previously been
defined and Menard and Smith used information

fraom the Russian Tectonic Chart of the Arctic Ocean
for their classification. Classification of seafloor
maorphology is alarge and complex topic in itself and
it is not the focus for this present study. Therefore, a

very simple approach has been taken to perform an
initial segmentation of the seafloor by using a slope
model (Figure 3 and 4). The results from the
segmentation are wused for a subsequent
classification of the Arctic Ocean seafloor into
physicgraphic regions. However, this is work in
progress and the final classification is not presented
here,

Volume and area calculations

The area and volume calculations hawve bean carried
out using batch tools awvailable in Intergraph's
software Terrain Analyst on a triangulation model
(TIN model) of the merged IBCAD and Global
Seafloor Topograply. This TIN model was simply
constructed by Delaunay triangulation of the grid
maodel, The reason for using a TIN model rather than
a grid model for these calculations is o be able o
estimate the surface area of the topography in
addition to the projected surface area. The volume
and area of each of the Arctic Ocean seas was
caleulated within the constructed polygons defining
the seas in increments of 10 m, from O m to a depth
of 500 m depth and in increments of 50 m, from 550
m down to the deepest depth within the enclosed
polygon. The 3D visualization in Figure 5, made
using the software Fledermaus, illustrates how the
area and volume calculations were carried out.

Results
The resultz from the area and volume calculations of
the |HO defined Arctic Ooean constituent seas ans

summarized in Figure 6 and 7. Figure 8 shows the

hypsometry of the Barents Sea as an example, An

o s Sy ol et o iy Excel spread sheet with the result from the

e e - ¥ it calculations at each depth interval of all the

;?:;rrﬁ_:lﬁdﬁm: ml'lﬁtitUEnt.EE'ilE will be_aunilf.!ble, Agide from the

e T T central Arctic Ocean Basin the Barents Sea has the

e S v e T T largest seafloor surface area and the Norwegian Sea

the greatest volume., The entire Arctic Ocean as

defined by IHO makes up ca 4 % of the entire world

ocean area (Area of the entire World Oceans from

Menard and Smith, 1966). With its mean depth of

1207 m it is the shallewest of all the major Oceans

{Pacific Ocean, Atlantic Ocean, Indian Ocean with

adjacent seas). The results from the redefined "high

Arctic Ocean”™ and its constituent seas area

summarized in Figure 9. In the high Arctic Ocean the

portion of shelf compared to the entire area is as

large as 53 %, which is significantly larger than for

the rest of the Worlds' major oceans, This is work in

progress and the results from analyses of the

physiographic provinces are currently undergoing
Processing.
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Figure 7
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