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Location of the study area (green polygon), the mesh grid and bathymetry

West Spitsbergen Current - warm and salty waters from the North Atlantic
Sørkapp Current - fresher and colder water masses from the Barents Sea. 

Hornsund fjord
• surface area: 275 km2
• Volume: 23 km3
• 30 km long 
• entrance is ca. 10 km wide and 
• faces west towards the Greenland Sea
• The shoreline is complex, 
• with a lot of bays with glaciers 

entering
the fjord. 

Study area



General circulation

Streamlines (white lines) and current speed (colour-
coded) over domain and time averaged in Hornsund for
January (a) and July 2008 (b)

• The influence of the rotational effects on the general circulation in
the Hornsund fjord

• The residual current which enters the fjord on the southern side
and then recirculates along its northern part

• In winter (January) the volume exchange between the fjord and
the shelf is much smaller than in summer (July), a cyclonic motion
is observed in the central part of the fjord.

• In summer (July) the shelf waters penetrate much further into the
main pool of the fjord and reach the entrance to the inner pool
called Brepollen, the cyclonic flow is disturbed by intensive fresh
water circulation from terrestrial and glacial sources.

• Circulation at Brepollen, the easternmost part of the fjord, is also
characterised by seasonal variability

Motivation



1)Model engine – MIKE by DHI (commercial product)
Sigma coordinate model ( 35 vertical levels) with variable horizontal resolution
(mesh grid).

Open boundary conditions

• Data (temperature, salinity, barotropic velocity) from Norway Arctic Model (ROMS)
– 800 meters horizontal resolution

• Tidal sea level data from Global Tidal Model (0.25 degrees resolution)
• At the lateral boundary implemented Flather boundary (combined sea level with

barotropic velocity)

.

Numerical model for the fjord Hornsund 



Numerical model for the fjord Hornsund 

2D field was interpolated for the upper boundary layer

• Mean sea level pressure,
• Wind speed and direction,
• 2 m potential temperature,
• Cloudiness,
• Precipitation,
• Sea ice concentration,
• Sea ice thickness.

Atmospheric fields were prepared on the basis of the 
ERA Interim reanalysis data set (from the European 
Centre for Medium-Range Weather Forecasts) and ice 
coverage was taken from the S800 model.

Pulina & Jania 1994 Weslawski et al. 1995

FRESH WATER SOURCES:
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Baroclinic Rossby Radius of deformation R1

a) Sturm-Liouville eigenvalue problem
(numerical method)

Barotropic Rossby Radius of deformation R0

b) Wentzel-Kramers-Brillouin
method (WKB)

n=0 n=1

Material and methods

𝑁^2=-𝑔/𝜌 𝑑𝜌/𝑑𝑧



Results:

𝑅0 =
𝑔𝐻

|𝑓|

The barotropic Rossby radius in the Hornsund fjord R0



Results:

The complex variety of factors :
the influence of WSC and SC on the Hornsund
waters, wide opening, the numerous glaciers in the
fjord, all together make the hydrological conditions
in the fjord highly variable.
These factors can affect the hydrodynamic
condition of water in short scale - days or weeks, as
well as in a long scale - annual or multiannual.

The structure of a water column in the Hornsund
fjord strongly depends on the time of year.
The data analysis confirmed the seasonal
variability of the vertical structure of water in the
fjord - sezonal variability salinity, temperature and
density which leads to cyclic changes in the
vertical structure of the Brunt-Vaisail.

• Seasonal variability of water temperature, salinity and density





The largest values of R1 were observed in late
summer when temperature stratification is
strongest, whereas the smallest values were in
winter.

• Geographical variability of The baroclinic Rossby radius 
Numerical methodWBK
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• Geographical variability of The baroclinic Rossby radius 
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Results:



Short-term variations

A combination of factors is most likely responsible for such rapid changes in  changes in stratification composed of advection,



Final remarks
• Changes in the vertical structure of the Brunt-Vaisail frequency lead to the seasonal variability of

baroclinic Rossby radius of deformation
• R1 has a large spatial and temporal variability, can be different even at points close to each other.
• The largest values R1 are in late summer, the smallest in winter.
• R1 depending on the adopted calculation method. WKB method gives smaller values than numerical

method, WKB gives proper results if the variability of BVF in the vertical direction is weak.

• WKB gives proper results if the variability of BVF in the vertical direction is weak. 
In the Hornsund fjord, the halocline and the seasonal thermocline and highly influence BVF. 
Therefore, the numerical solution is more appropriate.

• Taking into account melting of glaciers at the model boundaries and updating freshwater sources from 
land should improve the results obtained from the numerical model 

• It is supposed that the interannual variation of the baroclinic Rossby deformation radius may be 
significant, possibly even greater than the seasonal variation due to the advection of salt water from 
the shelf 

• Running longer simulations can help observe changes in the deformation radius on a multi-year scale 
and how these changes affect the circulation of the fjord

CONCLUSION



Thank you for your attention


