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                    Abstract
A series of schemes designed to include various representations of the Ekman-driven heat fluxes in slab-ocean models is introduced. They work by computing an Ekman mass flux, then deducing heat fluxes by the surface flow and an opposite deep return flow. The schemes differ by the computation of the return flow temperature: either diagnosed from the SST or given by an active second layer. Both schemes conserve energy, and use as few parameters as possible. Simulations in an aquaplanet setting show that the schemes reproduce well the structure of the meridional heat transport by the ocean. Compared to a diffusive slab-ocean, the simulated SST is more flat in the tropics, and presents a relative minimum at the equator, shifting the ITCZ into the summer hemisphere. In a realistic setting with continents, the slab model simulates correctly the mean state in many regions, especially in the tropics. The lack of other dynamical features, such as barotropic gyres, means that an optimal mean-state in regions such as the mid-latitudes will require additional flux corrections.
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Appendix: Sea-ice model
Appendix: Sea-ice model
The simple thermodynamic sea-ice model used throughout the paper was built to provide an interactive representation of the sea-ice, of a complexity comparable to the one of a slab ocean. Changes in the sea-ice model, or in parameters such as the snow albedo, can have a large impact on the simulated climate, changing the ice extent and the global temperature through the ice-albedo feedback. This effect is however largely independent of the heat transport schemes that are the focus of this paper.
1.1 Representation of the ice
Over each grid point, the sea ice is represented by a uniform layer of depth H and fractional area f. It may be covered by a layer of snow that has a zero heat capacity. The temperature at the bottom of the ice layer is always equal to the freezing temperature of sea water T
                              0, while the surface temperature T
                              
                      s
                    , seen by the atmosphere, can vary. The temperature profile within the ice layer is assumed to be linear, so that the mean ice temperature is \((T_s+T_0)/2\). The evolution of T
                              
                      s
                     is then given by:

$$ \frac{\partial T_s}{\partial t}=\frac{2}{\rho_i C_i H}\left(F_{a-i}-F_{i-o}\right) $$

                    (8)
                

Where ρ
                      i
                     and C
                              
                      i
                     are the volumic mass and specific heat capacity of the ice, and F
                              
                                 a−i
                               and F
                              
                                 i−o
                               are the heat fluxes from the atmosphere to the ice, and from the ice to the ocean. The latter is computed from the temperature gradient within the ice layer:

$$ F_{i-o}=\frac{\lambda}{H}\left(T_s-T_0\right) $$

                    (9)
                

with λ the conductivity of the ice.
1.2 Ice formation and melting
As soon as the temperature of the surface slab ocean layer falls below freezing, the temperature is set back to T
                              0, and the resulting energy difference is used to build ice mass and, if ice is already present, to bring it to the same mean temperature. A set of rules is used to determine how the new mass is divided between an extension of the fractional area and a thickening. If the ocean temperature becomes positive, ice is melted and the ocean temperature brought back to T
                              0 in a reverse process.
If the surface temperature of the ice T
                              
                      s
                     becomes positive, through surface heat fluxes, it is similarly brought back to freezing level, and the energy difference in the ice layer is used to first melt the snow mass, if present, then part of the ice mass. Any energy left after all the ice is melted is used to warm the ocean, ensuring energy conservation.
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