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Description

The largest full-depth water property changes in the modern instrumental record have occurred in the North Atlantic system of advection, convection, overflows and entrainment that ventilates the deep basins of that ocean.  Between 1965 and 1995, an excess of freshwater amounting to approximately 26,000 km3 – equivalent to a 3-meter thick layer spread over the Nordic and subpolar seas – diluted the watermasses formed in these regions. That 30-year period of freshening has since reversed and the 60-year record of observed freshwater storage changes in the high latitude basins is distinctly sinusoidal in form.  Over the same 60-year time period, however, salinities in the upper subtropical North Atlantic exhibited an upward trend, particularly in the watermasses formed by net evaporation and subduction between 20-30°N.  

From a variety of independent observational and modeling studies, the amplitude, timing and dynamical underpinnings of the observed salinity changes are beginning to emerge.  The high latitude fluctuations in salinity can largely be accounted for by factors associated with the North Atlantic Oscillation (NAO) – variability of storm tracks, exports of Arctic sea ice, and cross-gyre exchanges with the subtropics –   which interacted to alternately flush the subpolar basins with cold, fresh waters of Arctic origin and warm, saline inflows from the lower latitudes.  In the subpolar North Atlantic, natural variability, which is reflected in the long control runs of fully coupled ocean models such as HadCM3, is quite large and the recently observed cycle appears to be within that range, albeit near the extreme bounds.  The subtropical salinity increases, however, appear to have exceeded the range of internal unforced variability and have begun to exhibit the signature of anthropogenic influences on the surface fluxes of freshwater in the lower latitudes.
In the 21st century, it is expected that the ocean signatures of anthropogenic forcing will continue to emerge from the background variability.  Under greenhouse forcing scenarios, HadCM3 predicts significant amplification in coming decades of the recently observed salinity changes.  Low latitude upper ocean salinities persist in their upward trend, while high latitude cycles of freshening and salinification in the Atlantic exhibit much larger peaks and valleys.  Such redistributions of salt and freshwater will be diagnostic of shifts in the hydrologic cycle over the ocean, but can also directly influence the strength of ocean circulation, mixing and uptake of carbon dioxide – particularly in the North Atlantic.  Monitoring salinity changes to the greatest extent possible will therefore be extremely important for tracking the causes and consequences of impending changes in the global and regional climate system. 
