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Motivation 

Durack and Wijffels (2010): zonally-
averaged salinity trends 

•  Trends in salinity observed both around the Antarctic (e.g. Meijers et al., 
2011; Purkey and Johnson, 2012) and in the South Atlantic (e.g. Durack and 
Wijffels, 2010; Giglio and Johnson, 2017) 

•  Impact on formation of water masses that sequester heat and carbon, as 
well as on the global hydrological cycle 

 

Meijers et al. (2011): Southern Ocean salinity trends 
between 1992 and 2010 

Giglio and 
Johnson 2017 
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Motivation 
•  Trends in salinity observed both around the Antarctic (e.g. Meijers et al., 

2011; Purkey and Johnson, 2012) and in the South Atlantic (e.g. Durack and 
Wijffels, 2010; Giglio and Johnson, 2017) 

•  Impact on formation of water masses that sequester heat and carbon, as 
well as on the global hydrological cycle 

•  Although freshwater system is not 
one of ORCHESTRA’s objectives, 
salinity can be used in combination 
with other tracers to understand 
fluxes and budgets for the South 
Atlantic box 

 



•  30 full-depth CTD stations 
•  Repeated almost annually for the past 25 years 

•  23 occupations in 22 seasons, 93/94 to 17/18 

SR1b 



•  Mean temperature and salinity 
(colours), neutral density (gray 
contours), and water mass 
boundaries for mean section 
(black contours), light to dense:  

•  Antarctic Intermediate 
Water (AAIW) 

•  Upper Circumpolar Deep 
Water (UCDW) 

•  Lower Circumpolar Deep 
Water (LCDW) 

•  Antarctic Bottom Water 
(AABW) 

SR1b temperature and salinity 



SR1b temperature and salinity 
•  UCDW and LCDW occupy most of 

the section area 
•  Only lighter varieties of AABW 

found on SR1b 



•  Freshening in southern part of 
section and below 2000 m, 
strong salinification in north 
above 2000 m 

 

Salinity trends 



Salinity trends 

Linear trend component of salinity at beginning (dashed) and 
end (solid) of time series, at latitudes from south to north 

•  Freshening in southern part of 
section and below 2000 m, 
strong salinification in north 
above 2000 m 

•  In T-S space, freshening 
signal looks more like 
cooling, suggesting 
water mass property 
changes 



Salinity trends 

Linear trend component of salinity at beginning (dashed) and 
end (solid) of time series, by dynamic height 

•  Freshening in southern part of 
section and below 2000 m, 
strong salinification in north 
above 2000 m 

 

•  Trend is reduced when 
considered in 
streamfunction 
coordinates, suggesting 
role for heave 



•  In situ property change: change 
on isopycnals + change due to 
movements of isopycnals 

 

•  Freshening of denser waters, 
salinification of somewhat lighter 
waters, and mixed signals for 
the lightest waters 

•  Strongest salinification signal 
almost entirely due to heave 

 

Isopycnal-heave 
decomposition 
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•  System of isopycnal 
temperature and salinity 
changes can be attributed to 
pure warming (surface heat 
flux), pure freshening 
(surface freshwater flux), 
pure heave (Bindoff and 
McDougall, 1994) 

•  Assuming a single 
mechanism, can look at 
% variance explained 

Drivers 

•  Warming appears important only where 
the salinity trend signal is small, or for the 
densest AABW 

 



•  System of isopycnal 
temperature and salinity 
changes can be attributed to 
pure warming (surface heat 
flux), pure freshening 
(surface freshwater flux), 
pure heave (Bindoff and 
McDougall, 1994) 

•  Assuming a single 
mechanism, can look at 
% variance explained 

•  AAIW freshening easily 
explained by freshening 
from surface 

•  CDW salinification better 
explained by heave for 
UCDW, decreased surface 
freshwater flux for LCDW 

 

Drivers 

•  Warming appears important only where 
the salinity trend signal is small, or for the 
densest AABW 

 



Salinity inventory and 
fluxes 

•  AAIW freshening (as previously 
observed) 

•  Also warming (not shown) 

•  Transport-weighted salinity, and 
salinity flux, increasing 

•  Change in AAIW average salinity 
dominated by intensification of 
minimum 



Averages, inventories, 
and fluxes 

•  Average salinity increasing 

•  Transport-weighted salinity, and 
salinity flux, decreasing 



Averages, inventories, 
and fluxes 

•  Average salinity, maximum salinity, 
and salt fluxes all decreasing 



•  Both AAIW and denser waters (AABW, LCDW) in Drake 
Passage are cooling and freshening on isopycnals, while 
UCDW becomes warmer and saltier 

•  Salinity flux trends are contrary to inventory trends for 
both AAIW (increasing salt flux) and UCDW (decreasing 
salt flux) 

•  Future work:  
•  Full warming-freshening-heave decomposition 
•  Use of Argo data to address shorter-term variability 
•  Improved barotropic reference velocity (important for 

AABW layer transports) 
•  Combination with data from other sides of South 

Atlantic box to determine flux divergences 

Summary 



Thank you 
 


