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coefficient. Fu , Fv , FT and Fs represent the horizontal momentum, thermal, and salt 

diffusion terms. The total water column depth is D = H +ζ , where H is the bottom depth 

(relative to z = 0) and ζ is the height of the free surface (relative to z = 0). p = pa + pH +q 

is the total pressure, in which the hydrostatic pressure pH  satisfies  

                                     ∂pH
∂z

= −ρg⇒ pH = ρogζ + g ρ dz '
z

0

∫                               (2.8)  

The surface and bottom boundary conditions for temperature are: 

∂T
∂z

=
1

ρcpKh

[Qn (x, y, t)− SW (x, y,ζ, t)] ,   at z = ζ (x, y, t)                                              (2.9)     

∂T
∂z

= −
AH tanα
Kh

∂T
∂n

, at  z = −H(x, y)                                                                          (2.10)                    

where Qn (x, y, t)  is the surface net 

heat flux, which consists of four 

components: net downward shortwave 

radiation, net downward longwave 

radiation, sensible, and latent fluxes, 

SW(x,y,ζ,t) is the shortwave flux 

incident at the sea surface, and cp  is 

the specific heat of seawater. HA  is 

the horizontal thermal diffusion 

coefficient, α is the slope of the 

bottom bathymetry, and n  is the 

horizontal coordinate shown in Figure 

2.2 (Pedlosky, 1974; Chen et al., 

2004b).   

The longwave, sensible and latent heat fluxes are assumed here to occur at the ocean 

surface, while the downward shortwave flux ),,,( tzyxSW is approximated by: 

                  SW (x, y, z, t) = SW (x, y,ζ, t)[Re
z
a+ (1− R)e

z
b ]                  (2.11) 
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Fig. 2.2: Illustration of the bottom boundary 
condition for temperature over a sloping 
bottom.  
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