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ABSTRACT: Circulation anomalies associated with dry summers over northeastern South Africa are
considered. Dry summers occurring during El Niño/Southern Oscillation (ENSO) episodes are examined separately from those during non-ENSO years, for which a greater mid-latitude influence on
South African summer rainfall is evident. During the ENSO dry summers, anomalous upper tropospheric westerlies are dominant over most parts of the subcontinent and make the upper flow
unfavourable for rain-bearing disturbances over northeastern South Africa. The barotropic instability criterion is not satisfied over most of tropical southern Africa and the maximum baroclinic shear
south of Africa tends to be shifted west into the Southeast Atlantic; thus, conditions are unfavourable
for tropical–extratropical cloud-band development and South African rainfall. High-pressure anomalies exist over southern Africa, suppressing convection, while the ascending branch of the Walker
Circulation shifts offshore into the western Indian Ocean to lie over anomalously warm sea-surface
temperatures (SSTs) there. During the non-ENSO dry summers, there is a less obvious indication of
significant warming of SST over the southwest Indian Ocean or coherent offshore shift in the Walker
Circulation. Instead, mid-latitude circulation anomalies tend to play a larger role such that increased
advection of cool, dry South Atlantic air occurs over South Africa with an increased mid-latitude
westerly influence. The location of maximum westerly shear is shifted westwards, and conditions are
generally unfavourable for cloud-band occurrence across South Africa; hence, rainfall is reduced.
KEY WORDS: Northeastern South African rainfall · Circulation anomalies · ENSO and non-ENSO
droughts · Composite analysis
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The region of interest in this study, northeastern
South Africa, is prone to significant drought and flood
events; together with neighbouring southern Mozambique, it experienced devastating floods in February
2000. It is an important agricultural region with a
relatively large rural subsistence population and also
contains the Kruger National Park. Significant
drought and flood events in this region can therefore
impact severely at both local and national levels. A
better understanding of the mechanisms associated
with these events is of great importance in improving
seasonal forecasts and the mitigation of adverse
impacts.

The global and regional precipitation and circulation
patterns during extreme El Niño/Southern Oscillation
(ENSO) events have been studied previously (Ropelewski & Halpert 1987, 1989, 1996, Kiladis & Diaz 1989,
Reason et al. 2000, Richard et al. 2000, Cook 2001). El
Niño events tend to be associated with dry conditions
over much of southeastern Africa (Ropelewski & Halpert
1987, Janowiak 1988, Nicholson & Kim 1997). ENSOrelated sea-surface temperature (SST) anomalies may
affect rainfall over southeastern Africa through modification of the Walker and Hadley circulations and midlatitude storm tracks (e.g. Lindesay 1988).
In southern Africa, the occurrence of extreme summer rainfall anomalies (droughts and floods) has been
linked to tropospheric circulation changes (Tyson
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likely to influence cloud-band occurrence and hence
rainfall. Regional drought may therefore arise from
either local or remote forcing (or a combination) that
acts to shift preferential areas of tropical and midlatitude weather, suppresses convection or otherwise
makes conditions less favourable for cloud-band occurrence across South Africa.
Section 2 discusses the data and methodology followed in this study. The circulation changes associated
with ENSO droughts are given in Section 3, while Section 4 deals with those associated with non-ENSO
droughts. A synthesis of the results and conclusion are
provided in the final section.
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Fig. 1. Study region of northeastern South Africa and Swaziland (Area 8). ×: rainfall district

1981, 1984, Miron & Tyson 1984, van Heerden et al.
1988, Barclay et al. 1993, D’Abreton et al. 1993), quasibiennial oscillations (Mason & Lindesay 1993, Jury et
al. 1994), regional SST anomalies (Walker 1990, Goddard & Graham 1999, Landman & Mason 1999, Reason
1999, 2001, Reason & Mulenga 1999, Jury et al. 2000)
and ENSO (van Heerden et al. 1988, Jury et al. 1994,
Rocha & Simmonds 1997, Reason et al. 2000, Richard et
al. 2000).
In this paper, the circulation changes associated with
strong ENSO-related droughts in northeastern South
Africa as well as those significant droughts in this
region that do not occur during ENSO events are
investigated using NCEP/NCAR Reanalysis data
(Kalnay et al. 1996). The purpose of the study is to use
these data to investigate, in greater detail than previously, the circulation patterns associated with droughts
during ENSO events and also to see how such patterns
may differ from those found during droughts that occur
in other years (non-ENSO droughts). Since ENSO is
primarily a tropical Indo-Pacific phenomenon, it is natural to consider whether ENSO droughts over southeastern Africa essentially arise from modulations to the
local Walker Circulation and SST in the neighbouring
tropical Indian and Atlantic oceans, while non-ENSO
droughts might involve greater influences from the
mid-latitudes. Much of southeastern Africa’s summer
rainfall arises from tropical–extratropical cloud-bands
and associated disturbances; hence, both tropical and
mid-latitude influences on regional rainfall may be
considered. Widespread rain typically occurs over
South Africa when the cloud-band stretches northwest –southeast from its tropical source (heat low over
southern Angola–northern Namibia) to a mid-latitude
disturbance southeast of South Africa (Harrison 1984).
Thus, factors that change the location and intensity of
the tropical and mid-latitude systems are therefore

2. DATA AND METHODS
Summer (DJF) rainfall data for northeastern South
Africa (Fig. 1) was obtained from the South African
Weather Service for the 1921–2000 period. The region
considered is known as homogeneous rainfall Area 8,
based on a cluster analysis of South African rainfall
(South African Weather Bureau 1972). These data
were then area-averaged to form a northeast rainfall
index for each austral summer, and standardized
anomalies are plotted in Fig. 2. The National Center for
Environmental Prediction (NCEP) Reanalysis data
(Kalnay et al. 1996) are used to assess circulation
changes associated with ENSO and non-ENSO
droughts. This study utilises the NCEP data with a
monthly time resolution and a spatial resolution of 2.5°
latitude × 2.5° longitude. It should be noted that the
spatial resolution of these reanalysis data does not
resolve the topographic details of northeastern South
Africa well, and therefore we have used station rainfall
data to determine the dry summers. However, for the
purpose of analysing the large-scale circulation anomalies over the South Atlantic–Africa–south Indian
Ocean region that may be associated with rainfall variability, the NCEP resolution is adequate. Indeed, a
number of climate variability studies for Australia and
elsewhere in the Southern Hemisphere have used
NCEP Reanalysis data in a similar way (e.g. Kiladis &
Mo 1988, Mo 2000, Godfred-Spenning & Reason 2002).
It is noted that some problems have been identified in
the reliability of NCEP Reanalysis data for the 1950
and 1960s, prior to the availability of satellite data;
thus, the data during this period should be treated with
caution. The quality and validity of the NCEP Reanalysis data have been discussed in a recent monograph on
Southern Hemisphere meteorology (Karoly & Vincent
1998). Over Africa, regional advantages and disadvantages of the data have been documented (Trenberth &
Guillemont 1998, Camberlin et al. 2001, Grist &
Nicholson 2001).
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The severe ENSO and non-ENSO droughts are then
defined as those for which the summer rainfall is equal
to or falls below 1 standard deviation from the mean.
Circulation changes during those droughts in the
1949–2000 period for which NCEP Reanalysis data are
available are investigated. It is important to note that
there were significant dry summers in various years
prior to 1949 (e.g. early 1940s, late 1920s); however,
these cases are not considered herein. It is also noteworthy that the region has experienced some significant wet years, most notably in the 1970s and in 1995/6
and 1999/00. The nature of these wet years, possible
ENSO relationships, and associated circulation patterns will be investigated in a subsequent paper.
For the post-1949 period, Fig. 2 indicates that the
region experienced severe drought as defined above
during the following strong ENSO summers: 1972/73,
1982/83, 1991/92 and 1997/98. Strong ENSO years are
as defined in Allan et al. (1996) and Reason et al. (2000)
on the basis of departures in SOI (Southern Oscillation
Index) and SSTA (Sea Surface Temperature Anomalies) in the Niño 3 and Niño 4 regions. There are also
significant dry summers during non-ENSO summers;
namely, in 1950/51, 1951/52, 1962/63, 1967/68 and
1981/82. Investigation of the circulation and SST fields
during these years indicated that a composite
approach to the analysis of the ENSO droughts was
warranted, consistent with previous ENSO studies
(e.g. Rasmusson & Carpenter 1982, Ropelewski &
Halpert 1989, Allan et al. 1996, Reason et al. 2000). To
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assess the sensitivity of this analysis, composites were
also formed with the strong ENSO of 1986/87 included
and little difference was found. Note that the summer
of 1986/87 was the next driest strong ENSO case
(about 0.75 σ; σ is the SD of the summer index) for
northeastern South Africa during the 1949–2000
period.
Although the ENSO summers already mentioned
appeared to have sufficient commonality in the circulation and SST fields for a compositing approach to be
a useful way of focusing on the salient features, this
was not the case for the various non-ENSO drought
years. These years tended to show strong mid-latitude
influences on the rainfall, particularly via shifts in the
ridges and troughs of wavenumber 3 (Tyson 1986,
Karoly & Vincent 1998). Compositing tended to smear
out these shifts, and it is preferable to consider the
cases individually so as to demonstrate how these midlatitude differences can also significantly impact on
rainfall over northeastern South Africa. Focus is placed
on the 3 most severe post-1949 non-ENSO droughts,
namely 1951/52, 1967/68 and 1981/82.

3. CIRCULATION CHANGES ASSOCIATED WITH
ENSO DROUGHTS

STANDARDISED ANOMALIES

In this section, the circulation changes associated
with the ENSO drought years are considered. Previous work (e.g. Lindesay 1988, Jury 1992, Cook 2000,
Reason et al. 2000) has found evidence for an offshore shift of the
4
ascending branch of the local Walker
Circulation so that it lies over the
western Indian Ocean rather than
3
over southern Africa during ENSO.
Such a shift tends to result in dry
conditions, since it is favourable for
2
the offshore shift of tropical−
extratropical cloud-bands that are
important for summer rainfall over
1
South Africa (Harrison 1984, PrestonWhyte & Tyson 1988). Thus, when
the local Walker Circulation ascends
0
over tropical southern Africa, the
cloud-bands extend southeast from
southern Angola and out over the
-1
southeast coast of South Africa,
resulting in significant rain over
northern and eastern South Africa.
-2
21/22
30/31
40/41
50/51
60/61
70/71
80/81
90/91
00/01
Idealized modelling studies by Cook
SUMMER YEARS
(2000) suggest that some droughts
over southern Africa could possibly be
Fig. 2. Time series of standardised summer (December–February, DJF) rainfall
linked to ENSO-driven warm SST
index values (bars) over northeastern South Africa (Area 8) and the 20 yr
over the Pacific Ocean through atmosrunning mean (line)
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Fig. 3. Composite DJF geopotential height anomalies at 500 hPa (interval = 10 gpm) based on ENSO droughts (1972/73, 1982/83,
1986/87, 1991/92 and 1997/98). Shaded regions indicate where the anomalies are statistically significant at the 95% level.
Negative values are indicated by dashed contours

pheric teleconnections via the propagation of Rossbywave-like features. Upper-level convergence over the
tropical eastern Indian Ocean–Indonesia region acts
as a source for these Rossby-wave-like features that
propagate the signal southwestwards across the Indian
Ocean to impact on southern Africa. By the ENSO
mature phase (January–March season or austral summer following the first significant warming in the
equatorial Pacific), large-scale positive pressure anomalies extend across the Indian Ocean–southern Africa
region (e.g. ENSO composites of mean-sea-level pressure [MSLP] and 500 hPa geopotential anomalies
shown in Kiladis & Mo [1998] and Reason et al. [2000]).
Fig. 3, showing the 500 hPa geopotential anomaly for

3

the ENSO drought summers, is consistent with these
results, and unfavourable conditions for tropical convection and cloud-band alignment over southern
Africa are suggested. The positive height anomalies
centred over Namibia and southern Angola act to
weaken the continental Angola–Botswana low, thus
reducing the development of easterly waves and the
formation of cloud-bands.
In the southeast Atlantic Ocean region, Fig. 3 and the
MSLP composite (not shown) suggest an equatorward
expansion of the mid-latitude westerlies and an increased tendency for a drier South Atlantic air-mass to
be advected over South Africa, consistent with the earlier conceptual model of Tyson (1986) that was derived
from station data. While these circulation changes suggest an increased
westerly influence over the southeast
72/73 82/83 86/87/ 91/92 97/98 850hPa WIND COMPOSITE ANOMALIES (m/s)
Atlantic region, the positive anomalies
10 N
2
1
south and southeast of South Africa im2
1
ply that the mid-latitude systems are
0 N 1
1
more likely to be weaker and to track
further offshore from the land-mass
10 S
1
(i.e. poleward). As a result, the mid-lat20 S
itude link and westerly trough devel1
opment over this part of the southwest
2
30 S
Indian Ocean that is needed for exten1
1
sive cloud-band formation is far less
2
1
40 S
likely to occur during these summers.
1
The South Atlantic inflow which
50 S
feeds into the generally anticyclonic
circulation over subtropical southern
1
1
1
60 S
Africa is clearly evident at the 850 hPa
40 W
20 W
00 E
20 E
40 E
60 E
80 E
level (Fig. 4) or just above the height of
the interior plateau. At 700 hPa, the
Fig. 4. Composite DJF wind anomalies at 850 hPa (interval = 1 m s−1) based on
ENSO droughts
anticyclonic anomaly (not shown) is
1

2

1

1
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1
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(divergence) (Fig. 7) across the northwest –southeast-oriented band from
Angola across Botswana and Zim0 N
babwe to eastern South Africa (in the
tropical western Indian Ocean) is con10 S
sistent with the anticyclonic circulation
over the subcontinent, with reduced
8
4
20 S
rainfall there, and with the offshore
4
4
8
shift of the Walker Circulation and as8
8
4
4
30 S
sociated convection.
12
8
8
4
Further evidence of unfavourable
4
40 S
conditions for cloud-band formation
4
and rainfall is provided by the changes
50 S
in vertical shear (baroclinic instability)
4
and in the criterion for barotropic insta60 S
bility. It should be noted that these re40 W
20 W
00 E
20 E
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80 E
sults should be viewed as indicative
Fig. 5. Composite of the circulation moisture flux at 850 hPa for ENSO droughts.
rather than conclusive, since the relaArrows show the direction of the vector fluxes and units are g kg−1 m s−1
tively coarse resolution of the NCEP
Reanalysis data means that calculations
of derived meteorological parameters
such as wind shear and the barotropic instability critefound to be centred over Botswana, again discouragrion are appropriate only for large scales (on the order of
ing tropical convection and cloud band formation. At
1000 km). The barotropic instability criterion is given as
200 hPa (not shown), the westerly anomalies over
β – d2U /dy 2 = 0, where β is the gradient of the Coriolis
Angola and Zambia reflect a weakening of the mean
parameter and d2U/dy 2 is the second partial derivative
flow associated with the location of the ITCZ here
of the zonal wind. The distribution of vertical shear (the
while the stronger westerlies southwest of South Africa
difference between 200 and 850 hPa zonal wind) for the
and weaker to the southeast are consistent with the
unfavourable shifts in mid-latitude storm tracks
ENSO years shows easterly shear in the equatorial region and westerly shear in the subtropics (Fig. 8). During
already mentioned.
ENSO years, there is a westward shift in position (20° E,
The analyses presented so far essentially confirm the
40° S) of the maximum shear (> 25 m s–1) compared with
circulation anomalies occurring during ENSO events
that were inferred by previous workers from the limited
the long-term mean position (30° E, 40° S). This shift suggests a tendency for the baroclinic waves and hence the
data sets available at the time (e.g. Harrison 1984, Lindesay 1988). To extend this further, we
consider anomalies in moisture flux,
convergence in this moisture over
southern Africa and various instability
criteria. The low- to mid-level anticyclonic circulation over subtropical
southern Africa weakens the input of
moisture from the relatively warm
southwest Indian Ocean as confirmed
by the 850 hPa moisture flux anomalies
(Fig. 5). Increased moisture flux is seen
over the tropical western Indian
Ocean consistent with the ascending
branch of the local Walker Circulation
being located there rather than over
tropical southern Africa during ENSO
and with high-pressure anomalies extending out over the Indian Ocean
from Australasia. The enhanced diFig. 6. Composite of DJF divergence anomalies at 700 hPa (interval = 0.5 ×
vergence (convergence) at 700 hPa
1000 s−1) for the ENSO droughts. Shaded areas denote negative values. t-values
greater than 2 are significant at the 95% level
(Fig. 6) and upper-level convergence
4
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Fig. 7. Composite of DJF divergence anomalies at 200 hPa for the ENSO
droughts. For details see Fig. 6

mid-latitude part of the cloud-band (i.e.
the frontal system) to be located further
west, which is unfavourable for cloudband development across South
Africa. The 200 hPa barotropic instability criterion (Fig. 9) is met over the
Congo Basin, Tanzania and Ethiopia,
consistent with the tendency for
above-average rainfall in those areas
during ENSO. Over southern Africa,
these increased westerlies means that
the criterion is generally not met; thus,
there are likely to be fewer barotropic
disturbances and less chance of easterly
waves/tropical depressions and cloudbands.
In summary, the anomalous circulation patterns during strong ENSO dry

Fig. 8. Composite of the vertical shear of the zonal wind (interval = 5 m s−1) between 850 and 200 hPa for the ENSO droughts.
Shaded areas have negative values; dashed lines represent negative values

Fig. 9. Barotropic instability criterion evaluated at 200 hPa for the ENSO droughts. Shaded areas have negative values; dashed
lines represent negative values (interval = 5 m–1 s–1); continuous lines represent positive values (interval = 10 m–1 s–1)
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summers which discourage convection and cloudband formation across southern Africa are as follows:
• Anticyclonic conditions centred over Namibia and
southern Angola with associated stable conditions
and regional subsidence.
• Low-level divergence and upper-level convergence
along a northwest –southeast-oriented band across
southern Africa associated with an eastward shift of
the ascending branch of the Walker Circulation and
cloud-band occurrence over the Indian Ocean.
• Increased westerly flow in the mid-latitudes favouring more frontal systems over southwestern South
Africa and advection of dry South Atlantic air over
northern South Africa.
• Increased upper-level westerlies and the jet core
positioned further westward.
• Reduced upper-level easterlies over low-latitude
southern Africa which decreases the frequency and
growth rate of tropical disturbances that are needed
to promote the source of the cloud bands over this
region.
While analysis of station data (e.g. in Tyson 1986,
Lindesay 1988) has enabled some of the above points
to be inferred previously, the NCEP Reanalysis discussed above confirms and extends these considerably. In particular, the assessment of the moisture flux,
divergence, vertical wind shear and the barotropic
instability criterion gives more confidence in the validity of these results.

4. CIRCULATION ANOMALIES ASSOCIATED
WITH NON-ENSO DROUGHTS
The previous section discussed how the circulation
anomalies that occur during northeast South African
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dry summers coinciding with strong ENSO events act
to suppress convection and hence rainfall. These
anomalies arise out of the re-organisation of the global
tropical circulation that occurs during ENSO. As Fig. 2
has shown, there are several noticeably dry non-ENSO
summers in northeastern South Africa, and the purpose of this section is to investigate their associated circulation patterns and mechanisms that may lead to
reduced rains during these seasons. As a result of the
greater mid-latitude influence that was found to occur
for these droughts, it is preferable to look at specific
cases individually rather than present composites
which tend to smear out the extra-tropical features of
influence. The 3 driest non-ENSO summers since
1949 — 1951/52, 1967/68 and 1981/82 — are considered
below.

4.1. Case 1: 1951/52
Like the ENSO composite, the low- to mid-level circulation over southern Africa during the 1951/52 summer was also anticyclonic (Fig. 10); however, more pronounced negative anomalies are evident in the
mid-latitudes and these extend into the tropical South
Atlantic. The wind anomalies at 850 hPa (not shown)
suggest increased advection of dry South Atlantic air
over much of South Africa, and there was little lowlevel inflow of moisture from the southwest Indian
Ocean or Congo Basin (Fig. 11), consistent with what
one would expect for a dry season. The moisture inflow
from the western Indian Ocean over southern Africa
occurred much further north during this season.
Over southern Angola, moisture was transported off
the continent rather than being imported from the
tropical southeast Atlantic, as would have occurred if

Fig. 10. Geopotential height anomaly at 500 hPa (interval = 10 gpm) for the DJF 1951/52 drought. Negative anomalies are shaded
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the heat low was strong and cloudband generation was favoured.
Calculation of the barotropic instability criterion over the region indicated
that this was only possibly satisfied over
Madagascar and not on the mainland
(not shown). The mid-latitude wind
shear between 850 and 200 hPa
showed the maximum to be displaced
westward to 22.5° E, 40° S (not shown),
again unfavourable for cloud-bands
across South Africa. The upper-level
wind anomalies (Fig. 12) were westerly
in both the tropics and mid-latitudes,
suggesting a weakening of tropical
convection over southern Africa and
increased mid-latitude influence. The
actual 200 hPa flow itself is more reminiscent of a winter pattern, with maxima
just east of South Africa. Relatively
strong convergent anomalies were
found (not shown) at 200 hPa over the
zone northwest –southeast from Angolan to South Africa implying reduced
tropical convection and cloud-band
occurrence.
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Fig. 12. Wind anomaly at 200 hPa (interval = 4 m s−1) for the DJF 1951/52
dry summer

4.2. Case 2: 1967/8
The 1967/68 summer is the driest
non-ENSO season and is also drier than
all the ENSO droughts identified in
Fig. 2 except for 1982/83 and 1991/92.
The circulation anomalies associated
with the 1967/68 summer are also quite
different from those shown for the
ENSO composite or for the 1951/52 sea-

Fig. 13. Geopotential height anomaly at 500 hPa (interval = 10 gpm) for the DJF 1967/68 dry summer
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son. The most prominent feature is a large cyclonic
anomaly immediately south of South Africa with associated advection of cool, dry South Atlantic air over South
Africa (Figs. 13 & 14) and little inflow of moisture over
northeastern South Africa from the Indian Ocean or the
Congo Basin. Relative divergence was evident at the 850
hPa level over the zone northwest –southeast from Angola to eastern South Africa (not shown), discouraging
tropical convection and cloud-band occurrence. The
barotropic instability criterion was found to be unfavourable over southern Africa (not shown), and the
vertical shear maximum occurred west (20° E, 40° S) of its
mean longitude (Fig. 15), discouraging cloud-bands over
South Africa. The existence of a pronounced mid-latitude westerly influence over South Africa is also marked
at the 200 hPa level, where a strong westerly trough
extends into low-latitude southern Africa (Fig. 16).
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Like the ENSO composite, this season shows positive
pressure anomalies over southern Africa (Fig. 17);
however, there are also very strong anticyclonic anomalies over the neighbouring mid-latitude oceans which
are still apparent at 200 hPa (not shown). These midlatitude anticyclonic features are reflected in the moisture flux (Fig. 18) with relatively cool, dry South
Atlantic air over western South Africa and a weakening of the onshore flow of moisture from the southwest
Indian Ocean. Given the poleward shift of the south
Indian Ocean anticyclone, the winds over the waters
just east of South Africa become more northerly and
less onshore, hence reducing the onshore advection of
moisture. Furthermore, low-level divergent anomalies
are again present over the zone northwest –southeast
from Angola to eastern South Africa,
and there are marked convergent
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4.3. Case 3: 1981/82
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A common feature of the non-ENSO
droughts seems to be an increased
mid-latitude influence on the circula-

Fig. 15. Zonal wind shear between 850 and 200 hPa (interval = 5 m s−1) for the DJF 1967/68 dry summer
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tion in the South African region and increased advection of cool, dry air from the south or southwest over
the country. In the mid-latitudes, the maximum wind
shear is shifted west from its average position,
thereby discouraging the mid-latitude component of
the cloud-bands from lying across South Africa. Relative divergence at the 850 hPa level across a northwest –southeast band extending from Angola to eastern South Africa with a weakened or absent tropical
low over Angola–northern Botswana is also noted.
These common features are unfavourable for convection and cloud-band occurrence across northern
South Africa leading to the dry conditions observed.
It should be emphasized, however, that the significantly enhanced inflow of South Atlantic air and lowlevel divergence during these dry summers come

about through different large-scale circulation patterns and hence do not stand out when composited
together.

5. DISCUSSION AND CONCLUDING REMARKS

3

2

This study has considered the circulation anomalies
and mechanisms potentially associated with extreme
dry years in the summer rainfall region of northeastern
South Africa. This region is important to southern
Africa for agriculture, tourism and biodiversity and
also contains a relatively large rural population.
Severe drought (as defined by the seasonal rainfall
being at least 1 standard deviation below the longterm mean) was found to occur during almost all strong
ENSO events as well as during several
non-ENSO years. Of the strong ENSO
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σ). In fact, the only strong ENSO event
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during the 1921–2001 period that did
1
30 S
1
not appear to produce below-average
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rain over the region was 1957/58.
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ENSO season was unusual in that
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Fig. 17. Geopotential height anomaly at 500 hPa (interval 10 gpm) for the DJF 1981/82 dry summer. Negative values are shaded
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Africa are responsible for a large proportion of the summer rainfall over the
0 N
region (e.g. Harrison 1984, PrestonWhyte & Tyson 1988). During the dry
10 S
summers, these systems tend to be
shifted offshore over the southwest In20 S
dian Ocean or be suppressed. This may
happen if the ascending branch of the
30 S
local Walker Circulation shifts offshore
4
8
and/or if positive pressure anomalies
12
40 S
and associated subsidence exist over
southern Africa. Another important fac4
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tor that is commonly associated with
8
dry summers over northeastern South
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Africa is advection of relatively cool, dry
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South Atlantic air over South Africa
Fig. 18. Moisture flux anomaly at 700 hPa (interval 4 g kg−1 m s−1) for the DJF
rather than inflow of moist warm air
1981/82 dry summer
from the north or the east.
During the strong ENSO dry summers, the large area of positive prescyclonic anomalies over southern Africa favourable for
sure anomalies that extends out across the Indian
above-average rainfall, as in fact occurred during this
Ocean–southern Africa–Southeast Atlantic region
season.
from its centre over tropical Australasia leads to local
Given that the mechanisms are different, it was
subsidence and suppression of convection over southdecided to separately investigate strong ENSO dry
ern Africa and weakening of the tropical low over
summers from those that occurred during non-ENSO
southern Angola that is the source region for cloudyears. This investigation was restricted to the
bands. This ridging also leads to an equatorward ex1949–2000 period given the reliance herein on NCEP
pansion of the westerlies over the southeast Atlantic
Reanalysis data to derive the circulation anomalies.
and South Africa, again unfavourable for cloud-band
Composite analysis was found to be appropriate for the
occurrence over South Africa. The upper-level westerly
ENSO dry summers, while the greater mid-latitude
anomalies represent a weakening of the flow over lowinfluence during non-ENSO dry summers necessitated
latitude southern Africa, reducing the tendency for
dealing with these cases on an individual basis.
barotropic instability and convection. South and southThe tropical–extratropical cloud-bands that extend
west of South Africa, the upper-level westerly anomfrom an easterly disturbance over low-latitude southern
alies may act to steer frontal systems more towards
Africa to a westerly disturbance southeast of South
southwestern South Africa and less to the southeast of
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Fig. 19. Zonal wind shear between 850 and 200 hPa (interval = 5 m s−1) for the DJF 1981/82 dry summer
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the country, which further discourages cloud-bands to
extend northwest –southeast across South Africa. The
neighbouring tropical oceans show warm anomalies
(Reason et al. 2000), which tends to attract convection
away from southern Africa and reduce its rainfall.
While the ENSO dry summers result from significant
changes in the tropical circulation and SST, the analysis suggests that mid-latitude influences play a much
bigger role in the non-ENSO dry seasons. Like the
ENSO dry seasons, there is relative advection of cool,
dry South Atlantic air over South Africa, which is
unfavourable for cloud-bands; however, this tends to
come about more from relatively large pressure anomalies situated in the mid-latitudes rather than from
changes centred in the tropics as occurs during ENSO
years. SST changes over the neighbouring tropical and
subtropical oceans are much smaller than during
ENSO years, and there is little evidence of any influence on rainfall. Over tropical southern Africa, the
low- to mid-level circulation is generally, but not
always, anticyclonic, further suggesting that it is the
mid-latitude influence that is more important for dry
summers during these non-ENSO years.
The significant mid-latitude influence during the
non-ENSO dry summers may pose greater difficulties
in forecasting them rather than the ENSO dry years,
due to the weaker coupling between the ocean and
atmosphere in the extratropics, less coherent signals in
SST and potentially a greater role of internal atmospheric instabilities during non-ENSO cases. However,
it should also be remembered that the ENSO signal
over southeastern Africa tends to be less strong and
coherent than that nearer the core tropical Indo-Pacific
region (e.g. northern Australasia; Allan et al. 1996),
and indeed, as already mentioned, there are strong
ENSO years when conditions over northeastern South
Africa were not particularly dry (1965/66) and in one
case (1957/58) wetter than average. Unfortunately, this
implies that South African seasonal forecasting is challenging during both ENSO and non-ENSO seasons
and that a multitude of factors needs to be considered.
These include regional and remote SST patterns,
Antarctic sea-ice extent and thickness, pre-season soil
and vegetation conditions over southern Africa and
near-global circulation anomalies associated with phenomena such ENSO, the Southern Hemisphere annular mode and the interdecadal Pacific Oscillation.
Future work is aimed at assessing these influences as
well as considering the nature of wet seasons over the
region.
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