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Abstract

Several recent studies have shown significant
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global surface salinity (SSS) changes at scales ranging Regime A trend [PSU (0yr) ]
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from regional to global (Antonov et al., 2002; Boyer et
al., 2005). Durack & Wijffels (2010) found that SSS
increases in regions dominated by evaporation while
freshening occurs in precipitation-dominated areas.
They suggested the change was a consequence of an
intensification of the global hydrological cycle.

The question is whether these SSS changes are due
to: 1) a regime shift in which the SSS has moved from
one equilibrium state to another (maybe even several
regime shifts); 2) a constant SSS trend (no new
equilibrium has been achieved); 3) a varying SSS
trend (not only is SSS changing, but the rate of
change varies); or 4) a combination of the above.

In this study, we separate the different components of
the global SSS (1950-2011) using Expectation-
Maximization to distinguish, not only the means
(regimes), but also the trends. The procedure uses a
non-subjective method (BIC) to extract the optimal
number of means and trends. Data comes from the
UK Met. Office Hadley Centre, with SMOS satellite
data used as a reference. A future goal is to use
satellite data from SMOS and Aquarius to determine if
the estimated means and trends are realistic.
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Method

A Gaussian Mixture Model (GMM) is a model of random 0

processes whose PDF is a sum of Gaussians.

Expectation Maximization (EM) produces a maximum 0.1

likelihood estimate of the parameters of a GMM (T, 02

probability of regime k; pkand =k, mean and covariance

of the kth component). The method has an expectation
step in which the likelihoods, wk(t,,), are computed:
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The maximization step produces optimal weights. »
Frequencies are computed and normalized: |/
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and the mean, trend, and covariance of the kth
component are computed: L n
i =St )w )
m=1

EOF modes can easily be extracted:
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Means vs. Means + Trends
The SMOS satellite data
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When the global SSS monthly data from UK Met. 02
Office Hadley Centre (Ingleby and Huddleston, !
2007) is analyzed, the EM method distinguishes two s
separate regimes. These regimes are characterized

by different means but also different trends. The
separation between the two regimes occurs in 0
2004. Regime A (1950-2004) is consistent with the
results obtained by Durack & Wijffels (2010) and
the references therein. Regime B (2004-2011)
exhibits saltier mean values in low- and, especially,
mid-latitudes. The trend associated with Regime B
exhibits increased magnitudes (positive trends
being more positive and negative areas being more
negative). In both regimes the trends are consistent
with an intensification of the global hydrological
cycle (suggested by Schanze et al., 2010; Yu,
2011).
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The method also

allows for the
separation of the
modes of variability.
The 1st EOF of
Regime A is spatially
consistent with
Regime B, but its
magnitude is much
smaller. The 24 EOF
for both regimes is
quite similar.
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