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INTRODUCTION
Near-surface ocean is characterized by variations in temperature and salinity
due to air-sea interactions with the atmosphere (heat, momentum and mass:
precipitation). See Fig. 1: 10 min T and S variations in top 10 m from SPURS-2
mooring.

PROBLEM
How to model these variations in an atmosphere-ocean coupled general
circulation model in a computationally cost-effective manner?

Such a model is expected to improve predictions and satellite data assimilation
for reanalysis.

POSSIBLE SOLUTIONS
A. Simply refine the ocean model vertical grid.
B. Develop a parameterization that models near-surface stratification which
builds on top of the ocean model resolved T and S.

SOLUTION A: Refine Vertical Grid
• Consider a state-of-the-art Ocean Reanalysis: ORA System 5 (ORAS 5) from
the European Center for Medium-Range Weather Forecasts (ECMWF).

• It has 75 vertical levels: 10 in the top 10 m.
• Daily Mean values from the Copernicus Marine Environmental Monitoring
Services (CMEMS) shown in Fig.2 clearly illustrate deficiencies in
representation of:

• Stratification in salinity, specifically at 1 m and overall variability.
• Temperature is consistently under-estimated, including variability
at different depths.

• The addition of 10 vertical layers in the upper 10 m does not seem to provide
sufficient resolution. Yet, it has a steep price!

SOLUTION B: Parameterization Combined with 
Vertical Grid
• We start with vertically modestly resolved ocean model, for e.g., top level is

at 5 m depth (as in the GEOS-S2S-3; see presentation by Eric Hackert).
• Using T and S at 5 m and an assumed profile for the variation of T and S in

depth (z), we prognostically model time (t) variations: T(z, t) and S(z, t).
• Such a prognostic model has the following advantages:

• Expense is minimal.
• By construction it preserves budgets of heat and fresh-water

flux.
• It can always be turned off: resulting the default ocean model.
• With minor modifications, it can be coupled to different models.

• GEOS-S2S-3 currently uses such a parameterized model for T(z,t).
• Fig.3 shows the modeled diurnal variation (bottom panel) in

temperature that is comparable to observed temperatures at 1 m
and 2.1 m.

• This prognostic model for T(z,t) takes as inputs the net heat flux
and wind stress (shown in top panels of Fig.3). They serve as
driver and modulator respectively for the modeled diurnal
warming. However, precipitation is neglected (thermal
stratification is destroyed by rain: red arrows in bottom panel of
Fig.3).

• This parameterization is being extended to include S(z,t) variability and
impact of precipitation.

• Fig. 4 shows preliminary results with such a model.
• Freshening at both 1 m and 2.1 m depths is captured when there

is a local freshwater (evaporation – precipitation < 0) flux. Fresh
water advected cannot be captured in this offline single column
model case (see 2016-09-29 in last panel of Fig.3).
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MORE INFO: Fig. 2
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https://resources.marine.copernicus.eu/product-detail/GLOBAL_REANALYSIS_PHY_001_031/INFORMATION

