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Motivation: Seasonal Variability Maps from 
(a) Aquarius, (b) Argo, and (c) model  
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 Focusing on Regional Mechanism 
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Underline physics: 
I: river runoff and/or surface freshwater  
II: monsoon-wind driven ocean currents mixing 
III: surface freshwater (E-P) flux 
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Model SSS & Currents 
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Study suggests: 
•  dynamical differences lead to different vertical salinity stratifications locally; 
•  explaining the differences between Aquarius (~cm), Argo (~5m), and model’s 

representation of averaged salinity.  
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Improve Model Representation of 
Aquarius and Argo 

Figure B1. Error due to vertical salinity stratification for in situ references at the surface (top row) and at 5 m (bottom row). Stratification
q520:2 PSU occurring with probability p5:16.

Main Issue: Near-surface salinity stratification 
Related references: Alory et al. 2012; Boutin et al. 2013; Drucker & Riser 2014 

 Tony Song, Nov.  2014 
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The Non-Boussinesq Global ROMS 
(1/4-degree, sea-ice coupled) 

Heat & momentum: 

•  NCEP SST & flux 

•  NCEP winds 

Freshwater flux: 

•  -E+P+R==GRACE; 

•  Greenland melting 

•  River runoffs (256) 
since 2011 

 Tony Song, Buenos Aires, Nov.  2013 
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Extended Surface Salinity Layer (ESSL) 

 Tony Song, Nov.  2014 

ESS = S1 + ΔS ✕ CF ✕ c0 
ES1 = S1 – ΔS ✕ CF ✕ c1 
ES2 = S2 – ΔS ✕ CF ✕ c2 

•  CF = Correlation Function: between 
S1 and E-P 

•  c0, c1, and c2: empirically and 
mathematically determined constants 

 6 

introduce the proposed ESSL methodology. Section 3 will introduce datasets and model 107 

outputs. Section 4 will discuss seasonal variability of the global SSS in terms of 108 

amplitude and phase. We will then focus on analyzing near surface stratifications and 109 

determining the reference state of global mean salinity in Section 5 and 6. A summary 110 

and discussion are given in the final section. 111 

 112 

2. Extended surface-salinity layer 113 

First, we explain how the top-layer salinity is modeled in ocean models. 114 

Numerically, the surface precipitation P or evaporation E flux has to be applied to the 115 

top-layer of the ocean model instantaneously, i.e., averaged by the thickness of the top-116 

layer of the model as: 117 

𝝏𝑺𝟏
𝝏𝒕 =

(𝑬 − 𝑷)
𝒉 𝑺𝟏 + 𝑶𝑫 

(1) 118 

Here h is the thickness of the top-layer of the model, S1 the model top-layer salinity, and 119 

𝜕𝑆  the salinity changes within the time increment of 𝜕𝑡. The OD term represents 120 

contributions from ocean dynamics, including horizontal advection, entrainment, and 121 

diffusion. The equation indicates that the surface E-P flux is instantaneously averaged 122 

within the model’s top-layer. Physically, this is not necessarily true. Depending on the 123 

thickness of the top layer and the strength of vertical mixing, light freshwater can stay in 124 

the upper portion of the top-layer for a considerably longer time than the model time step 125 

due to buoyancy or be evaporated back into the atmosphere without reaching the bottom 126 

of the layer. Similarly, any salt upwelled (through vertical advection/entrainment) to the 127 

top-layer from below due to ocean dynamics would be mixed or averaged within the 128 

E-P: NCEP and/or OAFlux (Yu et al. 2008) 
River: Dai et al. 2009 
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Correlation Function (CF) 

 Tony Song, Nov.  2015 

ESS (t) = S1 (t) + ΔS (t) ✕ CF (x,y) ✕ c0 
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Annual Amplitude 

V(t)=A * sin (B * t + C) 

 Tony Song, Nov.  2014 

Model-Data improved 
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Comparisons in depths 
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Regional 
improvement 
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Finally: Global mean SSS 

 Tony Song, Nov.  2014 
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Tropical SSS 
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Summary: The ESSL scheme allows extrapolating sub-surface ARGO salinity 
to the skin-layer for a “global mean salinity” reference. 

Aqu-Argo error = 0.03 PSU 


