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derivative, respectively :

z(k) = h(i; j) z 0 (k)
e3 (k) = h(i; j) z00 (k)

(4.15)

where h is the depth of the last w-level (z 0 (k)) defined at the t-point location
in the horizontal and z 0 (k) is a function which varies from 0 at the sea surface to
1 at the ocean bottom. The depth field h is not necessary the ocean depth, since a
mixed step-like and bottom-following representation of the topography can be used
(Fig. 4.5d-e) or an envelop bathymetry can be defined (Fig. 4.5f). The namelist
parameter rn rmax determines the slope at which the terrain-following coordinate
intersects the sea bed and becomes a pseudo z-coordinate. The coordinate can also
be hybridised by specifying rn sbot min and rn sbot max as the minimum and
maximum depths at which the terrain-following vertical coordinate is calculated.

Options for stretching the coordinate are provided as examples, but care must
be taken to ensure that the vertical stretch used is appropriate for the application.

The original default NEMO s-coordinate stretching is available if neither of the
other options are specified as true (ln sco SH94 = false and ln sco SF12 = false.)
This uses a depth independent tanh function for the stretching [?] :

z = smin + C (s) (H � smin) (4.16)

where smin is the depth at which the s-coordinate stretching starts and allows
a z-coordinate to placed on top of the stretched coordinate, and z is the depth (ne-
gative down from the asea surface).

s = � k

n� 1
and 0 � k � n� 1 (4.17)

C(s) =
[tanh (� (s+ b))� tanh (� b)]

2 sinh (�)
(4.18)

A stretching function, modified from the commonly used ? stretching (ln sco SH94 = true),
is also available and is more commonly used for shelf seas modelling :

C (s) = (1� b) sinh (�s)
sinh (�)

+ b
tanh

�
�
�
s+ 1

2

��
� tanh

�
�
2

�
2 tanh

�
�
2

� (4.19)

where Hc is the critical depth (rn hc) at which the coordinate transitions from
pure � to the stretched coordinate, and � (rn theta) and b (rn bb) are the surface
and bottom control parameters such that 0 6 � 6 20, and 0 6 b 6 1. b has
been designed to allow surface and/or bottom increase of the vertical resolution
(Fig. 4.7).
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FIG. 4.8: A comparison of the ? S-coordinate (solid lines), a 50 level Z-coordinate
(contoured surfaces) and the ? S-coordinate (dashed lines) in the surface 100m for
a idealised bathymetry that goes from 50m to 5500m depth. For clarity every third
coordinate surface is shown.

has the advantage of resolving diurnal processes in deep water and has generally
flatter slopes.

As with the ? stretching the stretch is only applied at depths greater than the
critical depth hc. In this example two options are available in depths shallower than
hc, with pure sigma being applied if the ln sigcrit is true and pure z-coordinates if
it is false (the z-coordinate being equal to the depths of the stretched coordinate at
hc.

Minimising the horizontal slope of the vertical coordinate is important in terrain-
following systems as large slopes lead to hydrostatic consistency. A hydrostatic
consistency parameter diagnostic following ? has been implemented, and is output
as part of the model mesh file at the start of the run.

4.3.5 z�- or s�-coordinate (add key vvl)

This option is described in the Report by Levier et al. (2007), available on the
NEMO web site.

4.3.6 level bathymetry and mask

Whatever the vertical coordinate used, the model offers the possibility of re-
presenting the bottom topography with steps that follow the face of the model cells
(step like topography) [?]. The distribution of the steps in the horizontal is defined
in a 2D integer array, mbathy, which gives the number of ocean levels (i:e: those
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