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ABSTRACT 

A baroclinic, 3-D model is described. It is adapted to a Barents Sea 

situation in order to simulate the currents in this area. The model is 

of a so-called level type which contains fixed, but permeable levels. 

It also includes thermodynamics which allow freezing and melting of 

ice. Using density data obtained during the autumn 1988, a current 

pattern, driven by density and bottom topography is simulated. No wind 

is applied. The simulated current pattern gives an overall picture 

which is similar to what is observed through the few measurements that 

are available. Good agreements with the observations is found on the 

Svalbard bank, Tromsøflaket and along the Nowaya Zemlya Coast. In the 
\ 

Bear Island/Hopen depth the model predicts a large eddy which has not 

been observed. Several smaller, topographical steared eddies are seen 

in the eastern part of the model area. 
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INTRODUCTION 

There are three main water masses in the Barent Sea, which are related 

to differnent current systems: The Norwegian Coastal current, the 

Atlantic current, and the Arctic current system. According to Helland

Hansen and Nansen (1909) the Atlantic water is defined by salinity 

above 35.0. The temperature is above 4°C at the entrance to the 

Barents Sea, gradually decreasing eastwards. The Coastal water has 

almost the s~e temperature as the Atlantic water, but is 

characterized by lower salinity. The Arctic water has temperature 

usually below -1°C and salinity between 34.4 and 34.8 (Loeng, 1988). 

During summer, ice melting creates low saline surface water in the 

northern part and, in south, increased river runoff decreases the 

density of the coastal water. During winter, ice freezing and low 

runoff increase the salinity and accordingly the density in Arctic and 

Coastal water, respectively. 

Only the general features of the circulation pattern are well known. 

Earlier descriptions of the circulation were mainly based on the 

distribution of temperature and salinity in different depth layers, 

and a few current measurements. Agenerov (1946) studied the available 

current observations, and both Tantsiura (1959) and Novitskiy (1961) 

made a comprehensive analysis of the currents of the Barents Sea. The 

current map shown in Fig.l is based on the mentioned work, but 

espcially in the south-western part, a lot of corrections are done. 

These are done on the basis of current measurements carried out mainly 

during the last 10 years and recent hydrographical observations. The 

map shows that there are two main current directions. In the southern 

part the currents are towards the east, while in the north the Arctic 

water flows in the opposite direction. The details of the current 

system are, however, still poorly known. By means of a numerical 

model, we hope to reveal same details in the water circulation and, in 

addition point out where to make new current measurements. 

The density structure indicates that a numerical model of the Barents 

Sea must be of a baroclinic type. This has been confirmed through 

simulations with a depth integrated model which gave a current pattern 

very different from what has been observed (Slagstad, 1987). The 

present paper describes a 3-dimensional, baroclinic model developed at 

SINTEF, Trondheim and tested against hydrographical and current 

data from the Institute of Marine Research, Bergen. 
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Figure 1. Surface currents in the Barents Sea, based on hydrographical 

data and current measurements. (----~) Atlantic currents, 

( .... ~) Costal currents and(--~) Arctic currents. 

From Loeng 1988. 



MODEL EQUATIONS 

The equations describing motion of water on a rotating earth, 

incorporating horizontal and vertical diffusion of momentum can be 

written: 

Velocity in x-direction: 

o u fv - u o u o u 
-= V--
ot ox o y 

Velocity in y-direction: 

ov ov ov 
-=-fu - V-- u--ot o y ox 

Vertical velocity is found from 

ow 
oz + 

o u 
- + ox 

and surface elevation 

'l = I wdt 

where 

ov 
oy = o 

o u 1 o p ~V2u +~A ou (1) w-- -+ oz Q ox oz V oz 

ov 1 op 2 o ov (2) w oz -+~V u+- A oz Q oy oz v 

the equation of continuity: 

(3) 

(4) 

u,v - horizontal velocity components in x- and y-direction, 

respectively 

w - vertical velocity component 

'l - height of the free surface from the undisturbed mean 

f - Coriolis parameter 

Q - density 

~ - horizontal eddy diffusion of momentum 

~ - vertical eddy diffusion of momentum 

p - pressure found by the equation 

o 
p = I Qgdz 

z 
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The space-time variations of water density, Q, are found by the 

functional relationship 

Q = g{S,T) (5) 

where S and T are the salinity and temperature of water, respectively. 

These scalar fields are modelled by a balance equation in the form 
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o c o 
(uc)-

o (ve)-
o 

(wc) 
2 o (K oc) -= + KH'IJ c +-

ot ox o y oz oz V oz (6) 

where c = s or T and the operator 'IJ2 means 

'IJ28 o28 o28 
= -- + 

oy2 ox2 (7) 

8 is any function of x and y. 

Most ocean basins are aften more or less stratified with horizontal 

dimensions much larger than the vertical dimension. A three-dimen-

sional, finite-difference model can be visualized as a leveled model 

defined by a sequence of fixed, but permeable, levels. In this work 

the levels are taken to be horizontal. Each level has a fixed thick

ness except the level near the surface and the level that happens to 

be near the bottom. Thus, the number of levels will be a function of 

the horizontal coordinates. The present version of the model has ten 

levels (10, 15, 20, 25, 30, 50, 50, 100, 100, 100 meters). The 

horisontal grid point distance is 20 km. 

Figure 2. Vertical configuration of the multi-level model. 

The notation used is 

H is the total depth from the undisturbed surface. 

hk is the thickness of level number k. 

Hk is the time variable thickness of level number k. 



A multi-level model can be derivied by integrating Eqs. (1) and (2) 

over the depth intervall representing ane level. We then obtain depth 

integral models which are, in a way stacked on tap of each other. The 

time derivatives of flow in x- and y-directions for level no. k are 

Hk op 
- --+ 

Q ox 

ovk 
-fU -

ovk ovk ovk 
ot = k Hkvk oy - Hkuk oy - Hkwk az-

~ op 
Hk 

o 
(~ 

ovk 
) 2 + SBY --+ oz az- + HkAHV vk Q oy k 

The vertical velocity is calculated from the equation of continuity 

(13) 
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The surface elevation is found by integrating the vertical velocity of 

the air-sea interface, w1 . 

Oil = w1 ot (14) 

zk-1 zk-1 

uk = I udz vk = I vdz {15) 
-zk zk 

zk - is the distance from the undisturbed surface to the 

interface between level k and k+1, and z is equal to Il· 
o 

SB - wind and bottom stress which only applies to the surface and .k 
bottom levels, respectively. 

"C for k = 1 s 

SBk = o for 1 < k < K (16) 

for k = K 

where K is the deepest level. 
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In a shallow part of the model area it may happen that the surface and 

bottom levels are the same, then 

SB1 = ~s - ~b (17) 

The bottom stress, ~b' is calculated explicitly by a quadratic 

formulation 

-cb = cdiVIV 

T where V = [u,v] . 

Vertical mixing 

(18) 

We assume that the vertical eddy diffusion coefficient is a function 

of the vertical buoyancy gradient, only. The following relationship 

is assumed: 

where 

{A -a 
db o < db < 2 . 10-4 

mx A dz dz 
Av,Kv = 

10-4 (19) db A dz 
> 2 . 

mn 

A - maximum vertical eddy diffusion when the buoyancy mx 
gradient is zero 

A minimum vertical eddy diffusion when there is a strong mn 
buoyancy gradient 

aA - parameter calculated as 

A - A mx mn 
a = 

A 2 · 10-4 

b - buoyancy calculated as 
Q - Q o 

b=-g~--
Qo 

The parameter values are: 

A 1.0 10-4 2 -1 
= m s 

mn 

A 300 10-4 2 -1 
= m s mx 

Qo = 1027.5 kg m- 3 
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Numerical approximation 

The equations of momentum and continuity are solved using a finite 

difference technique similar to that of Tingele et al. (1979). The 

state variables are discretized in space on a staggered grid known as 

Arakawa C grid. Central differencing is used in space whereas a two

level, semi-implicit scheme is used in time. Advection of temperature 

and salt is approximated by a second order upstream scheme. More 

details can be found in Slagstad (1987). 

Made splitting 

In order to increase computer efficiency a made splitting technique, 

not unlike the ane described by Berntsen et al. (1981) is used. The 

horizontal velocity vector v is decomposed into the vertical 

" average value V and a deviation from the mean value v. 

V = V + V and 

where H = Tl + h. 

1 
V=

H 

Tl 
J 

-h 
~dz (31) 

A complete description can be found in Berntsen et al. (1981). The 

finite differencing technique is, however, different from their leap

frog scheme. 

At the apen boundaries, the Sommerfeld radiation condition is used 

(Orlanski, 1976) 

SIMULATION RESULTS 

The model area and the bottom topography are shown in Fig. 3. The 

western boundary is closed. At the southern boundary a constant input 
-1 . 

velocity of 10 cm s 1s applied for the Norwegian Atlantic Current 

increasing to 30 cm s- 1 close to the shore in the Coastal current, 

depending on the density gradient between the Coastal and the Atlantic 

waters. Between Nordaustlandet and Franz Josef Land a weak inflow 

equal to 2 - 1 cm s at the surface is assumed near Nordaustlandet 

(Aagaard et al., 1983), decreasing to zero near Franz Josef Land. In 

deeper layers, flow will be a function of the density gradient. 

Between Franz Josef Land and Novaya Zemlya the surface is adjusted to 

allow an outflow of 2 Sv (2'106 m3 s- 1
). 



Figure 3. Bottom topography of the model area. An isobath is shown for 

every 50 meter. 

The density field (Fig. 4) is based on measurements from 590 hydro

graphical stations carried out during the autumn 1988. There is no 

data available north of 78° N. For this area we have used data from 

1979 and interpolated between the data sets. This is possible because 

usually there are relatively small variations in the hydrographical 

regime in that area. The low density in the north, especially above 

the Great bank is due to ice melting. 

The simulated surface currents (Fig. 5) have features which are quite 

similar to current map constructed by observations (Fig. 1), but there 

are also some profound differences. 

9 
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Figure 4 Density field (at) at the surface used in the simmulation run. 

The Coastal current and the Norwegian Atlantic current divide into 

two separate branches on the south-western slepe of Tromsøflaket. One 

branch follows the coast and has velocites of 15 to 20 cm s- 1 • The 

second branch continues northwards along the western slepe of the 

bank, enters the Barents Sea in the Bear Island channel and moves 

south-east along the eastern slepe of Tromsøflaket. The two branches 

reunite again near the coast of Finnmark. The velocities here are 

great, 50 to 60 cm s-
1

• This is in very good accordance with the 

results from drifting experiments (Loeng and Sundby, 1989). 

On the eastern slepe of Ingøydjupet there is a current leaving the 

coast. This current, which is confirmed by drifting bouys (Loeng and 

Sundby, 1989) may be important for transport of eggs and larvae from 

the spawning grounds near the coast. 
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In the Bear Island/Hopen depth there seems to be a great eddy which is 

insensitive to change in inflow and outflow at the northern boundary. 

The available data do not show clear signs of this current pattern. If 

this eddy is real, it will certainly affect the residence time of 

planktonic animals in the area. 

On the Svalbard Bank there is a permanent eddy which probably is of 

great importance in order to keep the pelagic stages of the bottom 

animals within the area. The hydrographical data and drifting bouys 

all confirm this eddy (Loeng et al., 1987) 

Figure 5. Simulated, density driven surface currents in the Barents 

Sea. Velocities less than 1 cm s- 1 are indicated by a dot. 

The east-going current, north of the Murman Coast (USSR), is strengest 

at the slope between 200-300 meters. This current continues along the 

coast of Novaya Zemlya and can be observed from surface temperature 

maps as a branch of relatively high temperature penetrating an area 

with colder waters. 
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Near the bottom, in the level between 200 and 300 meters, the currents 

(Fig. 6) are quite similar to the surface currents, except in the Bear 

Island/Hopen depth where the eddy is less pronounced. This would 

certainly be different if we had applied wind stress on the surface 

(Ådlandsvik, 1989) 

co LI o cm/ s 

Figure 6. Simulated, density driven currents between 200 and 300 

meters. Velocities less than 1 cm s- 1 are indicated by a dat. 

The hydrographical data indicates that there is an east-going current 

near the bottom in the channel between the Central bank and the Great 

bank. The simulated current has the opposite direction. Sensitivity 

analysis has shown that it is possible to get an east-going current 

by manipulating the amount of water that is allowed to flow out in the 

north-east. However, this gives an unrealistic current pattern in the 

whole northern part of the model area. Previous simulation runs 

(unpublished) have indicated that winter cooling may produce an east

going current in this channel. A possible explanation here is: 'The 

water masses on the Central bank are, during the summer, partly 
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replaced by relatively saline water of Atlantic origin. This water has 

a potential to become denser when cooled than the water masses on the 

Great bank which have lower salinity. The density gradient which then 

arises may produce an east-going current during the winter time. 

The simulated current pattern in the northern part of the model area 

is uncertain due to lack of density data and more or less unknown 

boundary conditions. This emphasizez the need for current measurements 

both at the northern and eastern boundaries of the Barents Sea. 

Sensitivity analysis has shown that the currents in the southern part 

are relatively independent of the boundary conditions in the north. 

The currents in the south are governed by the density field and the 

bottom topography. 
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