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Temperature & salinity section taken from Fram
A warm sub-surface ”Atlantic”
layer is located beneath a low
salinty, less dense surface
water that isolates the ice
from the heat stored in the
warm layer.
Nansen, 1902

What happens when ice encounters warm water?
I: Ice melting directly on top of
the water.

II & III: Ice melting on the
water but in a metal bowl.

IV: Ice melting in a bowl above
the water (Radiative cooling).

Nansen, 1912

The salinity & the freshwater content in the upper layer separated into:
Water in the
The winter mixed layer
The winter halocline
Seasonal Ice melt
Relative to 34.3

Oden 1991 stations

Rudels et al., 1996

The low salinity upper layers in the Amundsen, Makarov and Canada basins are mainly
supplied by water from the shelves (and from the Pacific Ocean)
The low salinity upper layers in the Nansen Basin (and in the northern Barents Sea) are, by
contrast, created by ice melt.

Rudels et al., 2012

Heat loss of Atlantic water to ice melt and to the atmosphere

Station positions

Rudels, 2012

Filled diamonds indicate all heat to ice melt.
Open diamonds, only a smaller fraction goes to ice melt

Heat is lost to ice melt and to the atmosphere, which creates a low salinity
surface layer that deepens and becomes colder and fresher with time.

Rudels et al., 1999

The heat Qi transferred through the ice to
the atmosphere is approximated by:

 i KU Ta  T f 
Qi 
 i  KUd

i = 2.0 oC-1 m-1 s-1
K = 1.43 J oC-1 m-3
Ta  Tf =  25 oC
U = 5 ms-1

Heat lost to Ice melt and the atmosphere leads to a buoyancy input:
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SA = 35 is the salinity of the Atlantic water, and DT is the difference in temperature
between Atlantic TA and the surface water T1.  is the fraction of heat going to ice melt
The buoyancy has two positive terms due to ice melt and two negative terms due to
cooling of entrained water and the mixed layer
The entrainment velocity based on the Kato-Phillips entrainment model becomes
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is the friction velocity

u = 0.00742 ms-1 ; C = 1,1 × 10-3 , U = 5 ms-1 , a = 2 kgm-3 , w = 1000 kgm-3 ,  = 1 for B>0 and  = 0.05 for B<0.

The entrainment velocity can be written as:
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Since the entrainment velocity and the depth H are related by:
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we can form the differential
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We assume that the ice thickness does not vary significantly because new ice
is continuously advected towards Fram Strait, which keeps the heat loss to
the atmosphere reasonably constant during winter .

The minimum heat flux to
sea ice is found from:
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and the fraction  going to ice melt becomes:
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Since  increases with increasing T warmer
water melts relatively more ice!



where only the last factor depends upon .
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Oceanic heat loss Q' (arbitrary scale)

The heat given up by the
ocean can be written as:
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The salinity in the upper
layer S1 is given by:
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Salinity in upper layer

34.8

S1 is close to the observed
salinity in the upper layer
S1
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S1 decreases with increasing
temperature difference
between the upper and
deeper layer.

SA = 35

33.6

Since (SA  S1)  2DT, the
density difference between
the layers can be
represented by DT

Upper layer at
freezing point
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If Qi is assumed constant,
the expression:
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gives the thickness He of the
entrained Atlantic water as
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The thickness of the upper layer
decreases with increasing
temperarure difference and
increasing heat loss.
The melt water input decreases
with increasing heat loss and
increases weakly with increasing
temperature difference.
Upper layer thicknesses between
60m and 100m with a melt water
content of 2-3m when T1
reaches the freezing point are
close to the observed values.



With the heat loss through the ice constant during the
winter, the time tf required for the upper layer to reach
the freezing point can be estimated from:
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Time to reach freezing point (months)
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Only times less than 6
months are realistic,
implying a heat loss of
 60 -70 Wm-2.
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When the upper layer
reaches the freezing point,
net ice formation begins
and the salinity starts to
increase.
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To obtain estimates of transports additional information is needed.
1) Determine the amount of Atlantic water
being transformed into low salinity water
from observation of the inflow through
Fram Strait
Rudels et al., 2012

2) The amount of ice melted by the Atlantic inflow

3) The amount of oceanic heat given up to the atmosphere northeast of Svalbard

4) The thickness of the outflow of Polar water in the East Greenland Current

To obtain estimates of transports additional information is needed.
1) Determine the amount of Atlantic water being transformed into low salinity water from
observation of the inflow through Fram Strait

2) The amount of ice melted by
the Atlantic inflow

3) The amount of oceanic heat given up to the atmosphere northeast of Svalbard

4) The thickness of the outflow of Polar water in the East Greenland Current

To obtain estimates of transports additional information is needed.
1) Determine the amount of Atlantic water being transformed into low salinity water from
observation of the inflow through Fram Strait

2) The amount of ice melted by the Atlantic inflow

3) The amount of oceanic heat given up to
the atmosphere northeast of Svalbard:

4) The thickness of the outflow of Polar water in the East Greenland Current

To obtain estimates of transports additional information is needed.
1) Determine the amount of Atlantic water being transformed into low salinity water from
observation of the inflow through Fram Strait

2) The amount of ice melted by the Atlantic inflow

3) The amount of oceanic heat given up to the atmosphere

4) The thickness of the outflow of Polar
water in the East Greenland Current

Rudels et al., 2012
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If the corresponding outflow of the freshwater is
geostrophically balanced the thickness m of the melt
water is found from:
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This gives a freshwater layer of 7.12 m

The thickness of the upper layer Hegc carrying the
freshwater can then be estimated using:

Thicknessof freshwater (m)

Assume that F= 25 mSv freshwater are added as
melt water to the upper part of the inflowing
Atlantic water.
The input is only weakly dependent upon the
temperature of the Atlantic water.
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The outflow of upper layer water M, the sum of entrained
Atlantic water and melt water, then becomes:
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M and Hegc co-vary
because the increased
density difference
balances the reduced
height.
Hegc  300
and
M  1 Sv
are reasonable values.
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We may note that if 1/3 of the  3 Sv Atlantic inflow through Fram Strait occurs in the
upper 100m, it corresponds well with the outflow volume of transformed Atlantic water.

Thickness of ice cover (m)

1.6

The thickness , d,
of the ice cover
conducting the
heat to the
atmosphere can
be estimated
from:
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With a heat loss to the atmosphere of
50-60 Wm2 d must be  0.4m
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To explain the amount of added melt
water, 2-3m, ice must continuously drift
towards and over the Atlantic water.

Will a seasonal ice cover lead to less ice being available, or will this compensated by a
stronger ice production?

The input of buoyancy, caused by the ice melt, slows down the deepening of the upper layer.
If the ice disappears the entrainment velocity would increase significantly. becoming:
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Should this uccur when the upper layer reaches the freezing temperature a little more
than doubling of the upper layer depth could lead to overturning.

If ice is present, when the upper layer convects, warm water will be brought to the surface
and come in direct contact with the ice, leading to ice melt and the recreation of the low
salinity surface layer. Several convective events might be required before the ice disappears.

What is the likely situation in the Nansen Basin in the future?

In a situation with a thin ice cover the change from a by-passing haline convection and a
gradually deeping thermal convection will depend upon the temperature of the second,
Atlantic, layer. A warmer layer induces a stronger stability and the ice will disappear
more quickly, leading to thermal convection, as in the present day Greenland Sea.

Rudels, 2010

This would likely be the case also in a future, seasonally ice covered, Nansen Basin

If the Nansen Basin loses its ice cover in winter, the more rapid entrainment and
density increase will lead to convection into the Atlantic water.

Instead of transforming 1 Sv of Atlantic water into low salinity Polar water, the Nansen
Basin would add to the density increase the Atlantic water has experienced in the
Norwegian Sea and provide still denser water, strengthening the overflow.

Furthermore, areas of open water would form in winter in the Nansen Basin, and
likely also in the northern Barents Sea. This would increase the heat flux to the
atmosphere and affect the atmospheric circulation.

Possible areas of increased heat loss from the two Atlantic inflows in the future.
Open water during winter could strongly affect the atmospheric circulation.

Thank You

The research leading to these results has received funding from the
European Union under grant agreement n.308299 NACLIM www.naclim.eu

