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Figure 1: September monthly mean SST (coloured)
and SSH (contoured, interval 10 cm) from year 4 of
the model run. Features of note are the meanders in
the North Atlantic Current, Agulhas rings moving into
the South Atlantic and coastal upwelling off Western Iberia, the Cape Ghir region and the West African
coast near Cape Blanc.

Atmosphere Model
The atmosphere component, which also includes the land surface, is based on HadGAM1, the atmosphere component of
HadGEM1, but with the horizontal resolution increased to
1.25◦ zonally and 5/6◦ meridionally with 38 vertical layers. The
model is fully documented in Johns et al. (2006).

The ocean model is based on the ocean component of
HadGEM1 but with increased horizontal resolution and improvements to some model physics. The horizontal resolution
is 1/3 ◦ zonally and meridionally. There are 40 vertical levels, with thickness increasing from approximately 10 m near
the surface to nearly 300 m at depth. The stretching is based
on an analytic function which renders the vertical differencing
second order in space (Marti et al., 1992). Bottom topography is derived from a combination of the 1/60 ◦ GEBCO (2003)
and 1/30 ◦Smith and Sandwell (1997) datasets. The model
is initiallised to NODC/WOA (2001) potential temperature
and salinity, with ice thickness and concentration interpolated
from the HadGEM1 initial ice fields.
The main physical parameterisations are:
• A linear implicit free surface scheme based on Dukowicz
and Smith (1994).
• Advection of tracers by the pseudo fourth-order scheme of
Pacanowski and Griffies (1998) with upwind advection at
the bottommost level. Momentum advection is second order.
• Lateral tracer diffusion comprises the isopycnic scheme
(Griffies et al., 1998), the adiabatic biharmonic scheme of
Roberts and Marshall (1998) and horizontal biharmonic
diffusion in the top 2 levels.
• Biharmonic lateral momentum mixing.
• Vertical tracer mixing based on a hybrid scheme with a
bulk mixed layer scheme (Krauss and Turner, 1967) and the
Peters et al. (1988) Richardson number scheme below this.
• Vertical momentum mixing with a quadratic profile for the
diffusivity in the mixed layer and the Peters et al. (1988)
scheme below this.
• The McDougall et al. (2003) equation of state.

The sea ice model is similar to that used in HadGEM1 with
changes to some resolution dependent parameters. A full description is given in Johns et al. (2006). The main features are:
• The ice pack is modelled as a 5 category ice thickness distribution (ITD).
• Ice velocities are calculated using elastic-viscous-plastic
(EVP) dynamics.
• A linear remapping scheme is used to compute the thermodynamic transfer of ice between categories.
• Mechanical redistribution is represented using the CICE
model ridging scheme.
• The thermodynamic growth/melt of each category is represented by a zero-layer model.
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Figure 3: Mean Atlantic meridional overturning (contoured, interval 1 Sv) and zonal mean salinity from 4
years of model run. The figure illustrates the relatively
saline NADW moving south with less saline AAIW
and AABW moving northwards.

Latitude

Northward heat transport (PW)

3

Northward heat transport (PW)

Atlantic Ocean

1

0

Figure 5: Standard deviation of model sea surface
height (lower figure) compared with combined ERS
and Topex/Posiedon altimeter data (upper figure). The
model standard deviation is from 4 years of 5 day
instantaneous fields. The spatial pattern of model
variability compares well with the altimeter data, although the magnitude is somewhat smaller.

Summary
Initial results from the model are very encouraging but it
will require longer runs to examine the model performance
in detail. The combination of high resolution atmosphere and
ocean models is proving important for the representation of
small scale air-sea interaction processes which are described
on James Harle’s poster No 65: Tropical air-sea coupling in a high
resolution climate model.
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Figure 2: Annual mean zonal wind stress (N m−2) from
years 1-5 of the model run (lower figure) and SOC climatology (upper figure). The structure and magnitude
of the wind stress fields compare well except in the
Southern Ocean where the model wind stresses are
slightly too strong. A feature of the model field, not
evident in the climatology is the effect of the Hawaian
Islands.
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The UK-HiGEM consortium has developed a new coupled
atmosphere-ocean climate model, based on the UK Met Office HadGEM1 model but with increased horizontal resolution
and improvements to the models physics. Early runs indicate
that the mean climate and large scale measures of the model
performance are generally in good agreement with observations and other models. The SST errors are generally smaller
than in HadGEM1 and the transports through key sections are
comparable with observations and other models. The meridional overturning and global heat transports agree well with
observational estimates.
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Figure 4: Annual mean meridional heat transport from
years 2 - 5 of the model run for the Atlantic Ocean (upper figure) and Global Ocean (lower figure) with observational estimates.
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