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The DARLAM domain covers the entire SADC region. Therefore, an important
feature of the simulations is the inclusion of extensive regions north and south
of the equator (see section 2.3.1). It might be expected that DARLAM would
perform better over mid-latitude than tropical regions. Weather systems
generally move slower in tropical regions and internal quasi-stationary
systems may evolve within the nested model domain independent of the
boundary forcing (Walsh and McGregor, 1995, also see section 2.3.1). lt is
also worthwhile to note that large regions of southern Africa are influenced by
both tropical and mid-latitude systems. The LAM’s domain size (figure 5.1) is
considerably larger and both the horizontal and vertical resolution much finer
than used in any previously performed climate simulations over the SADC
region. The results presented here also include the first July climate
simulations over the SADC region.

The DARLAM simulations of climate for January (the peak rainfall month over
southern Africa) and July are qualitatively compared with observations as well
as results from the AGCM. Of interest is the extent to which boundary forcing
supplied by the AGCM influences nested model simulations, as well as the
extent to which the higher resolution of the nested model results in improved
climate simulations of surface and lower-tropospheric conditions over the
region.

5.2 EXPERIMENTAL DESIGN AND VALIDATION DATA

A one-way nesting technique is used in these experiments. Every 12 hours
lateral boundary conditions are supplied by the CSIRO9 AGCM. At each time
step the outermost DARLAM boundary grid rows are relaxed toward
interpolated AGCM values. The nesting procedure of Davies (1976) is used,
but with exponentially decreasing weights. Initial atmospheric conditions for
DARLAM (including soil moistures) are supplied by the forcing AGCM and
SSTs are prescribed every 12 hours by the AGCM.

Nine separate 30-day simulations have been performed for both January
(mid-summer) and July (mid-winter). The averages of these simulations
constitute the model climatology for these months. The 30-day simulations
incorporated both diurnal and seasonally varying radiation but were initialised
separately with output fields taken from the CSIRO9 AGCM. No vertical-mode
initialisation has been performed. A short spin-up period of about two days
allowed for the moisture cycle to reach equilibrium. Similar experiments over
the Australian region indicated that the spin-up process has a negligible effect
on the DARLAM climate (Walsh and McGregor, 1995). For surface pressure
and temperature the boundary fields are altered to compensate for any
differences in height that may arise in the interpolated topography of the
AGCM relative to DARLAM.

In this study January resembles mid-summer (austral summer) conditions,
since it has been shown that most of southern Africa receives a pronounced
summer rainfall maximum during January (Tyson, 1986). July represents mid-
winter conditions. Mean circulation, temperature and rainfall fields as
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simulated by both the AGCM and LAM are compared to observed fields.
Observed mean sea-level pressure (MSLP), 10 m u and v wind components,
2m-temperature and rainfall were obtained from 4-hourly NCEP (National
Centre for Environmental Prediction) reanalysis data (Kalnay et al., 1996).
The fields constitute 40-year (1958-1998) mean monthly climatologies for
January and July on a 2.5% 2.5° grid resolution. The relatively low spatial
resolution of the observed data compared to the 60 km resolution of DARLAM
renders the data unsuitable for quantitative model verification.

DARLAM simulations has been performed on a Pentium Il computer with two
550 MHz processors. It took 11-minutes (CPU time) to simulate a model day
at 60 km resolution with 18 levels in the vertical. An advective time step of 15
minutes was used.

5.3 MODEL TOPOGRAPHY

The interior of South Africa is characterised by an elevated plateau with
altitudes in excess of 1000 m. Maximum altitudes in excess of 3500 m occur
along the South African eastern escarpment, as well as over Tropical East
Africa. The coastal margins along the east and south-east coast of southern
Africa are narrow and marked by steep topographic gradients. The R21
spectral resolution of the CSIRO9 AGCM uses a significantly smoothed
topography as lower altitude boundary (figure 5.2a). The plateau is narrow
and maximum altitudes are under-estimated by as much as 2500 m.
Topographic gradients along the escarpment are also very gentle (figure
5.2a). In the AGCM'’s representation the topography of Madagascar is poorly
resolved and extremely smooth over the entire island. Islands such as
Mauritius and La Reunion are not even captured by the AGCM topography.
The spectral method requires that the surface topography is spectrally fitted to
a wave resolution of R21. The initial observed topography consists of a 1°x1°
data set that is spatially averaged to the 64x56 global Gaussian grid of the
CSIROS AGCM, and then spectrally resynthesized to R21 resolution
(McGregor et al., 1993a). A consequence of this procedure is non-zero and
even negative sea elevation (blue regions in figure 5.2a) which is caused by
the Gibbs phenomenon (McGregor et al., 1993a).

With a horizontal resolution of 60 km, DARLAM provides a more detailed
representation of observed regional topographic features over southern Africa
(figure 5.2b). More realistic maximum elevations occur over the escarpment of
south-eastern South Africa (in excess of 2400 m above sea level) and
Tropical East Africa (in excess of 3000 m above sea level). In general,
DARLAM contains much more detail at 60 km resolution than found in the
associated AGCM topography field, for example features such as steep
topographic gradients along the southern African escarpment and the
Namibian highlands are well captured. The eastern mountain ranges of
Madagascar are more obvious and realistic. Even smaller islands such as
Mauritius, La Reunion and the Comoros are visible in the DARLAM
topography field (not shown). This is a significant improvement on the AGCM
topography.
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In contrast, DARLAM’s January climatology over the central parts of the
model domain differs from that of the AGCM and is a better representation of
observations. This is particularly true of the low-pressure cells located over
Namibia and Botswana. The DARLAM January rainfall distribution between
10°S and 20°S and over the south-eastern parts of South Africa provides a
better representation of the observed west-east gradient of maximum rainfall
than CSIROS AGCM. In the latter, the rainfall pattern is aligned north-east to
south-west.

DARLAM underestimates the intensity of the observed winter (July)
subtropical high-pressure region over the subcontinent. This contributes to a
severe overestimation of July rainfall totals over the south-eastern parts of
South-Africa. In this respect the DARLAM simulation is inferior to the CSIR0O9
AGCM simulation that successfully captures the intensification of the
subtropical high during winter.

DARLAM simulations produce more than twice the amount of rainfall
observed over regions with steep topographic gradients, such as the South
African eastern escarpment and Madagascar. This result has also been noted
in other atmospheric models (Giorgi et al., 1994, McGregor and Walsh, 1994,
Walsh and McGregor, 1995, Jenkins and Barron, 1997). The overestimation
may be attributed to the fact that too much moisture is available in the model
domain. Because DARLAM successfully captures events of low-level mass
convergence along the eastemn escarpments of South Africa and Madagascar,
the excess of moisture may result in simulations with excessive rainfall.
Another possible contributing factor to the overestimation of rainfall is the
mountain resonance effect (Rivest and Staniforth, 1994; McGregor, 1997a)
which may be present in DARLAM's semi-Lagrangian dynamical formulation.
It should be noted that the solution advocated by Rivest and Staniforth (1994)
to the mountain wave resonance problem is not incorporated in the DARLAM
code used in the present study. The effectiveness of the proposed solution
over the steep eastern escarpment of South Africa needs to be investigated in
future experiments.

Despite the problems that occur when simulating observed rainfall magnitudes
over regions of steep topography, DARLAM provides a more accurate
simulation of observed rainfall distribution, particularly in regions where the
AGCM's coarse resolution does not permit regional topographic features to be
resolved. These preliminary simulations indicate that DARLAM is capable of
simulating details on the regional scale with greater skill than the CSIRO9
AGCM.
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