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Motivation

Sea surface salinity (SSS) integrates evaporation, precipitation, and runoff:       
the “ocean rain gauge”

SSS and SST determine surface density

The North Atlantic subpolar gyre (SPG) is particularly important for vertical 
exchange and deepwater formation: potential influence on the Atlantic meridional 
overturning circulation (AMOC)

Long time series beginning before the 1950s are rare, limiting our ability to resolve 
modes of variability and separate the forced signals



Previous work

Reverdin (2010 ): interannual SSS, SST, and 
surface density from 1896 Ð2009 in the 
northeast SPG
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Introducing BINS

Dataset of co - located SSS, SST, and surface density, 200 Ð500km length scales

Data binned into 34 boxes from 40 ¡ Ð70 ¡ N, mostly avoiding fronts and shelves



Dataset construction: data sources and errors

Multiple sources: oceanographic sections, weather ships, ship-of-opportunity 
transects, Nansen bottles, CTD casts, PALACE and Argo floats

Good data availability except around 1900 and war years
Outliers excluded based on variable threshold
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3-month seasonal means are averaged annually, weighted inversely by error, with a 1-2-1 
filter applied

Generally high correlations between seasons

Some seasons are excluded, e.g. autumn data in the Labrador Sea, winter data before 1947 in 
the Norwegian Sea and Labrador Sea
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Dataset validation: ship track data

Comparison with high - resolution SPG ship track TSG data from 1993 Ð2015 
(Reverdin et al. 2018 )



Dataset validation: hydrographic sections 

Comparison of BINS with long - term hydrographic profiles and time series

�ï!"#

�ï#"$

#"#

#"$

!"## !"$# !"%# !"&# !"'# $###

( )*+,-./01.2-.34-0(*.

567(
(8$#−9#:;

(8$#−$##:;

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

<4=>.//0?-4@AB(

567(

(8C#−'##:;
567(0!$ −$

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

74-,B06=*/.+305.DE+(

567(
(29089#−%##:;
(,908#−$##:;

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

74-F*AE.+0(*.(

567(
G(089#−$##:;
G(08!#−9#:;  72¡W 

  54¡W   36¡W   18¡W    0¡  

42¡N 

  48¡N 

  54¡N 

  60¡N 

  66¡N 

Rockall
Trough

Sb5
St5 Norwegian

Central
Labrador

Hydrographic time series

�ï!"#

�ï#"$

#"#

#"$

!"## !"$# !"%# !"&# !"'# $###

( )*+,-./01.2-.34-0(*.

567(
(8$#−9#:;

(8$#−$##:;

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

<4=>.//0?-4@AB(

567(

(8C#−'##:;
567(0!$ −$

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

74-,B06=*/.+305.DE+(

567(
(29089#−%##:;
(,908#−$##:;

�ï#"!

#"#

#"!

!"## !"$# !"%# !"&# !"'# $###

74-F*AE.+0(*.(

567(
G(089#−$##:;
G(08!#−9#:;

(Holliday et al. 2015)
(Yashayaev and Seidov 2015 )

(Yashayaev and 
Loder, 2016 )



Dataset validation: objective analyses

Comparison of BINS with 1°×1° gridded objective analyses from 1950:

EN4 (Good et al. 2013) and ISHII (Ishii et al. 2006)
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Dataset validation: gridded SST

Comparison with 5°×5° uninterpolated HadSST3 (Kennedy et al. 2011)
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Long - term variability: 1896 Ð2015 linear trends

¥ Broad -scale SSS freshening, especially in the 
central SPG and the Labrador Sea

¥ Strong SST warming in the Gulf Stream 
extension, cooling in the Labrador Sea

¥ Density decrease in most regions, especially 
in the west and central SPG   72°W 
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Long-term variability: interannual RMS variability
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Modes of decadal variability

EOF1 for SSS and SST 
are basin -wide and 
highly correlated in -
phase (data are 7.5 yr 
filtered, normalized 
and detrended )
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Summary

• We present a long-term dataset of North Atlantic SSS, SST, and surface density 
at 200–500km length scales north of 40°N, from 1896–2015, known as BINS

• BINS generally compares favorably with hydrographic profiles, objective analyses 
and gridded datasets, with some exceptions such as the central Labrador Sea

• BINS resolves small-scale spatio-temporal patterns:
• Long-term trends show strongest freshening in the central SPG and Labrador 

Sea, with strongest warming in the Gulf Stream extension
• Interannual variability is largest in the Grand Banks / Labrador Sea, where 

the SSS contribution to surface density variability is strongest

• Leading SSS and SST EOFs have coherent in-phase variability



Thank you



Modes of decadal variability

EOF2 for SSS and SST 
are north -south 
dipoles, correlated in -
phase (data are 7.5 yr 
filtered, normalized 
and detrended )
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