Multi-scale climate modelling over Southern Africa
using a variable-resolution global model
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Abstract
Evidence is provided of the successful application of a single atmospheric model code at time scales ranging from shortrange weather forecasting through to projections of future climate change, and at spatial scales that vary from relatively
low-resolution global simulations, to ultra-high resolution simulations at the micro-scale. The model used for these
experiments is a variable-resolution global atmospheric model, the conformal-cubic atmospheric model (CCAM). It is
shown that CCAM may be used to obtain plausible projections of future climate change, as well as skilful forecasts at the
seasonal and short-range time scales, over the Southern African region. The model is additionally applied for extended
simulations of present-day climate at spatial scales ranging from global simulations at relatively low horizontal resolution, to the micro-scale at ultra-high (1 km) resolution. Applying the atmospheric model at the shorter time scales provides the opportunity to test its physical parameterisation schemes and its response to fundamental forcing mechanisms
(e.g. ENSO). The existing skill levels at the shorter time scales enhance the confidence in the model projections of future
climate change, whilst the related verification studies indicate opportunities for future model improvement.
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Introduction
Dynamic climate models have become the primary tools for
the projection of future climate change, at both the global
and regional scales. Dynamic models are based on the laws
of physics applied to the earth system. When stated in mathematical form, the laws constitute a set of complex partial
differential equations. The equations in discretized form are
solved numerically within dynamic climate models, with
processes that cannot be resolved at a given grid resolution
described by parameterisation schemes. Projections of future
global climate change, such as those described in Assessment
Report Four (AR4) of the Inter-Governmental Panel on
Climate Change (IPCC), are based on coupled global climate
models (CGCMs) that simulate the coupled ocean, atmosphere
and land-surface processes. CGCMs are computationally
expensive. On present-day super-computers, when used to
simulate climate over a period of a century or longer, these
models are typically applied at horizontal resolutions of about
100-200 km. However, more detailed simulations are needed
for regional climate-change impact studies and to drive
application models (e.g. hydrological models applied over
small catchments). Dynamic regional climate models (RCMs)
are used to obtain such detailed projections. These models
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are applied at high-resolution over selected areas of interest,
and may be forced at their lateral boundaries (in the case of
limited-area models) or in the far-field (in the case of variableresolution global models) by the output of a CGCM. Typically,
RCMs are atmosphere-only models that are also forced at
their lower boundaries by the sea-surface temperature (SST)
and sea-ice simulations of a CGCM, and by static descriptions
of the land-surface. Present-day computing power allows
RCMs to be applied at the continental scale at resolutions of
about 50 km, and at even higher resolutions when applied
over sub-continental or smaller regions (e.g. Lal et al., 2008;
Roux, 2009).
Although the projections of dynamic climate models are
being used increasingly to inform climate-change adaptation
studies, they are sometimes criticised as not being verifiable,
the argument being that it will only be possible to verify the
reliability of the projections several decades into the future.
In this paper, however, we argue that confidence in projections of future climate change may be enhanced through the
application and verification of the models used for climate
projection over multiple time- and spatial scales. Indeed, a
new generation of climate models is currently under development, which is sufficiently versatile to be applied across the
range of time scales relevant to short-range weather forecasting, seasonal forecasting and the projection of future climate
change (e.g. Davies et al., 2005). Moreover, these models can
be applied at spatial scales ranging from global simulations
at resolutions of 100-200 km, to the micro-scale at resolutions as high as 1 km (e.g. Janjic et al., 2001; Davies et al.,
2005). Applying a model that is traditionally used for the
projection of future climate change for short-range weather
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