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Did the Great Salinity Anomaly really prevent deep onvetion in the
Labrador Sea from 1969 to 1971?
Renske Gelderloos 1, Fiamma Straneo 2, Caroline A. Katsman 1

In the winters of 1969 to 1971 deep onvetion in the Labrador Sea wasentirely shut down. It is ommonly assumed that the low surfae salinity,brought about by the Great Salinity Anomaly, was the ause of this remarkableevent. It seems however that we annot neglet a sizeble in�uene of theunusually mild winters in these years. Furthermore, lateral oean �uxesseem to play a vital role in the mixed layer properties in all years.
S, blue line: S = 34.75

de
pt

h 
(m

)

 

 

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
−1500

−1000

−500

0

34.5

34.6

34.7

34.8

34.9

θ

de
pt

h 
(m

)

 

 

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
−1500

−1000

−500

0

2

3

4

5

σθ, solid line: σθ = 27.73

time

de
pt

h 
(m

)

 

 

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
−1500

−1000

−500

0

27.4

27.6

27.8

Figure A. Time series of the oeanographi measurements at Oean Weather Station Bravo [1℄. Upper: Salinity [psu℄; the blue line isthe S = 34.75 psu isohaline. Middle: Potential temperature. Lower: Potential density [kg/m³ ℄; the thik solid line is the σθ = 27.73kg/m³ .
1. The Problem

Figure B. Overview of the fators at play. Bf is buoyany �ux.
The Great Salinity Anomaly [2℄, visible as thelow SSS in Fig A, is ommonly reognized asthe ause for the shutdown of deep onvetionin the winters of 1969 to 1971. Fig B showsthat other fators ould also be at play here.

2. Atmosperi foringBoth a high surfae air temperature (SAT) anda low sea surfae temperature (SST) an ausea low heat �ux:
Q = f (SST - SAT)

Fig C shows that in winter any variation in Q ismainly due to variations in SAT. Fig D shows aremarkable orrelation between Q and mixedlayer depth (MLD).Atmopheri foring (Q)wasvery low from 1969-1971, oiniding with theshallow mixed layers.
3. Oeani resistaneFig E shows the buoyany required to remove
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Figure C. Time series of 3-hourly measurements of Sea SurfaeTemperature and Surfae Air Temperature at OWS Bravo. Qmainly depends on the SAT.
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Figure D.Winter mean heat �ux (blak), MLD (blue), and oeaniresistane (red).
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WGC layer
IRC layer
to top of LSW layer

Figure E. Exess buoyany stored in the old and fresh West Green-land Current layer (above the thik blue line in Fig A), in theIrminger Current layer (between the thik blue and the thik blakline), and in the two layers together.

for deep onvetion per year as a measure forthe resistane of the oean to onvetion. In1969 the resistane was not unusually high,but it was onentrated in the upper (old andfresh) layer. A surfae feedbak through thethermal expansion oe�ient α therefore de-reased the buoyany �ux by 10-20%, whihmade it more di�ult to remove the requiredamount of buoyany.
4. 1D Mixed Layer Model Results
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Figure F. 1D mixed-layer model MLD results for 10 initial pro�les(of all 10 winters and 10 forings (of all 10 winters).
Quanti�ation of the relative in�uene of theoean and atmosphere requires a model. A1D mixed layer model (Fig F) underestimatesthe MLD beause of the lak of lateral �uxes.Inluding them will be done shortly.
5. Conlusions� The lower SSS during the GSA inreased theresistane of the oean to onvetion.� The atmospheri foring was unusually low,whih likely played a signi�ant role as well.� Lateral oean �uxes are very important forthe mixed layer properties in all the simulatedwinters.
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