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Abstract: An EOF of the onshore flow of moisture along the west coast of southern Africa using NCEP-DOE AMIP-2 re-analyses suggests two dominant modes of variability that are linked to (a) variations within the circulation linked to the mid-latitude westerlies and the South Atlantic anticyclone, (b) the intensity of the westerly flow from the tropical
Atlantic. The second mode, referred as the Equatorial Westerly mode, contributes the most to moisture input from the Atlantic onto the subcontinent at tropical latitudes. This mode appears to be associated with large-scale rainfall anomalies over the upper lands surrounding the Congo basin in January-February, with potential impacts on land hydrology
persisting until April-May to the east of the Great Rift valley. It is preceded in November-December by a strengthening/weakening of the South Atlantic anticyclone. Enhanced (reduced) advection of moisture over the Congo basin is accompanied by increased (inhibited) convection processes. In the positive phase of this mode, the excess water vapour is
channelled from the Congo basin to the east and southeast at surface, while the southern extension of the African Easterly Jet (AEJ) could play a role in transporting more moisture southwards at mid-tropospheric levels, leading to above-normal rainfall. During its negative phase, often related to ENSO, an eastward shift of the ascending branch of the Walker-
type circulation is found to reduce convection and thus rainfall over the upper lands surrounding the Congo basin. In conclusion, the study of water vapour transport may help in explaining southern African rainfall variability and thus, more globally, in assessing issues such as climate predictability as well as potential impacts on the hydrological cycle over the
continent, in particular for tropical regions which are of the less documented.

Introduction Data & Method
Within tropical areas of southern and central Africa, rainfall regimes are >S-EOF analysis on zonal moisture fluxes computed from 2.5° resolution
largely dependent on deep convection processes and water vapour NCEP R2 dataset (Kanamitsu et al., 2002) and averaged along the west coast
convergence at different tropospheric levels. Considered as the main of southern Africa from 1979 to 2000,
sources of moisture for the subcontinent, the Oceans exert controls on
the large scale circulation, thus impacting rainfall and the water cycle. The >Heterogeneous and lagged correlations between leading modes of
South Atlantic has been regarded for long as a secondary source of variability in zonal moisture fluxes and,
moisture but recent studies have shown its substantial importance to -rainfall estimates at a 0.5°x0.5° spatial resolution from the CRU TS 2.0
southern African climate variability (Cook et al, 2004 : Reason and dataset (Mitchell et al., 2004),
Jagadheesha, 2005a). -land hydrology parameters, NDVI version 3 (Myen/ et al., 2002) and
We present here a multivariate analysis of zonal moisture fluxes along the NOAA NCEP CPC soil moisture (Fan and van den Dool, 2004),
west coast of southern Africa. Strong connections are found between
rainfall over the surrounding uplands of the Congo basin, and moisture input »>Composite analysis on Hadley SSTs, ERA-40 SLPs, zonal moisture fluxes,
from the tropical Atlantic in January-February. 850 mb winds and vertical velocity from NCEP R2.

Water vapour transport

Moisture from the oceanic basins appears to converge at tropical
latitudes within the summer position of the ITCZ (Figure 1),
particularly to the east of the Conge basin, around 30°E where an

area of pronounced convergence can be identified at 850 mb. .
Centered at about 17°S over the Bie plateau is a local feature T o i B Sy
known as the Angola low. Stronger divergence at 700 mb over south expansion coefficient for the
Angola suggests substantial convection mechanisms there, but less Equatorial Westerly mode.
deep within the air column. A third low-level convergence zone is ?'ﬁ:(;ed)::_?s '("d'CG:F )
found to the south of Botswana at about 25°E corresponding with S G iR
the subtropical heat-low location in summer (Preston-Whyte and y Y °
Tyson, 1988). - 2

latitude) together with contours of moisture convergence (in gkg™. During summer, some key features are highlighted in zonal moisture & Positive/negative events linked to the Equatorial Westerly mode (selected from Figure 5)

Positive values contour areas of moisture divergence at given levels.

appear to be preceded in November-December by a strengthening/weakening of the
South Atlantic anticyclone (Figure 6). The warming/cooling found in the eastern tropical
Atlantic suggests the advection of warmer and moister/cooler and drier air over the
subcontinent at these latitudes.

fluxes along the west coast of southern Africa (Figure 2):

>From the Equator to 15°S, a westerly monsoon-like flux is
present at surface and low levels. At mid-tropospheric levels,
overlying this westerly flux, is found the southern extension of the
African Easterly Jet (AEJ) as described in Hastenrath (1985),

Enhanced/reduced advection of moisture over the Congo basin is accompanied by
Figure 6: Mean (top), and November-December composites prior to  favoured/inhibited convection (Figurer 7). In the positive phase of this mode, the
positive/negative January-February events (bottom left/right) linked fo  excess water vapour is channelled from the Congo basin to the east/southeast at surface,

>To the south (between 17°S and 32°S), prevails an easterly the Equatorial Westerly mode for SLPs (confours), SSTS (color) and 850 while the southern extension of the AEJ could i ; ;
. ) . b ; « sterly mode irs), play a role in transporting more moisture
flux linked to the tfrade winds driven by the South Atlantic :‘;Y‘f”"d‘ (streamlines) significant at 90% confidence level of Student - 5o\ thyards at mid-tropospheric levels (Figure 8), leading to above-average rainfall.

anticyclone. During its negative phase, often related to ENSO, a shift eastwards of the ascending

branch of the Walker circulation acts to reduce convection and thus rainfall.

Figure 2: Mean ver'r;ml structure (a) of zonal moisture fluxes along the west southern African coast (in gkg.ms™) >South of 32°S, a westerly flux associated with the mid-latitude
for January-February together with its stationary (b) and transient (c) components. Positive values correspond fo _ Circulation is occupying the tropospheric air column. The fransient
westerly fluxes while negative values refer to easterly fluxes. analysis suggests latitudinal variations within this flux associated

with mid-latitude perturbations at mid-tropospheric levels.

Figure 8: Mean (top),
positive/negative composites

(middle/bottom) for HF zonal

moisture fluxes averaged over
[2.5°N-5°S] (left), and [5°S-
15°5] (middle), with positive
(negative) values
corresponding to westerly
(easterly) orientated fluxes,
together with NCEP R2 HF
vertical velocity (right)
averaged over [10°E-40°E] in

Variability along the west coast

Due to abrupt shifts in the computed zonal moisture fluxes (not shown), they were filtered at
8 years and EOFs techniques were applied fo their high-filtered (HF) component along the

west coast of southern Africa using the covariance matrix (Figure 3). Figft;re 3:(rs;x;riald » January-February with dark
o P o, q p a q ¥ patterns (Top) an " o d light shaded
»>The first mode, contributing to about 25% of the variance explained, is typical of the @ temporal variability Figure 7: (1990, 1995 and 1998) and (1983, 1988 and 1992) composites (top ::préggn:in; 9257::;?90%
migration in latitude of the circulation linked with the mid-latitude westerlies and South I \ (bottom) =N f:i";"g:;’;“)ﬂf"‘: “J'iﬁzu':s ;‘:b:::'rf"gs""ﬁ:? ;x?r:“’sg:ff'i::s 2309'5",5’ confidence level of Student 1-
i ;i H i — . —— > sent 1 - o 3 i
Q‘rllun‘ncd qnhz;.‘yclov;e. Logdmgs are par‘rlculav:y ;fr‘long'from the surface up to 600 mb and are I iy ;ﬁ_"s';es :wcgEOg e confldence levellof Stident-est)) 5 fest respectively.
alanced in the subtropics at upper tropospheric levels. — leading modes in HF s

i | 0] Il | zonal moisture fluxes
>The second mode, representing about 11% of the variance explained, characterizes the | | |, Jll Il I r "':,I 1j ; L‘I 'IH. along the west coast
monsoon-like westerly moisture flux in the tropics, from the equator to about 15°S. It hasa |} lm[hflh | |'],I | "11 LAl i-nhlr IHMLH of southern Africa.
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simultaneous loading at surface between 20°S and 30°S. In the following we will refer to this
component as the Equatorial Westerly mode.
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