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to December), late-summer 

(January to March) over South NIN03 

region in A' .... _ •. __ • where in the case 
-

late-summer showed much spatial coherence than in the case for early-summer. 

on late summer. The the quasi 

18-20 summer rainfall on of events was 

also and it was during an 

a moderating is evident on the severity events so that on 

even above-nonnallbelow-normal rainfall is events. 
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PT\JlfPP'n equatorial 

during certain above results were then verified model runs, to 

further the relationships not to be and to more degrees freedom. 

results were then <;:pr1'~r~tp j-ArnrA1"Af'i for each V'-"HV'H_"~' of seasons g. 
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16.00 20.00 26.00 30.00 36.00 

Figure 1.1. Outline of southern Africa, showing rainfall regimes a to d over South Africa, 

with a, indicating the region of maximum rainfall in winter, b indicating all year rainfall, c. 

monsoonal type, 'with maximum rainfall in midsummer, and d, monsoonal type rainfall with 

maximum rainfall during late summer or autumn (after Schulze, 1965). 

1.2. Mean circulation patterns over South Africa and its relation to rainfall distribution 

during austral summer 

"It is necessary to identify the circulation patterns over South Africa to be able to proceed 

with the establishment of the charaGteristic weather associated with each pattern"- (Taljaard, 

1995). In this study only typical summer circulation patterns and its associated weather are 

considered. In summer, rainfall is concentrated mainly in the northern and eastern regions, 

i.e. type c and d regions indicated in Figure 1.1. Figure 1.2 sho\\'s the mean 850 hPa 

geopotential height pattern for January for the period 1981 to 1990, as shown in Taljaard 

(1995). 
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Figure 1.2. Mean 850 hPa contour for January for the period 1981 to 1990, based on 

daily grid point values (in gpm) of the 14:00 

Weather Bureau (Taljaard, 1995), 

synoptic maps the South African' 

~~~~~~~~~~' Over the west coast the Atlantic ridge"mostly imports very dry 

west of the trough. This is probably the main reason 

summer rainfall in the east compared to lower rainfall west of the trough. The mean 850 hPa 

contour patterns for each January from 1981 to 1984 were constructed (Figure 1 They all 

the same genera~ circulation pattern in common but significant are evident. 

For example, in January 1981, which was a wet month, the 850 hPa heights were 20 to 

gpm lower all over the than January 1983, when it was dry. It is thus 

inferred that the higher 850 hPa gpm heights in general might 
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model is associated with wi1l be further discussed in Miron 

Lindesay (1 showed that In airflow between the 1971/2 to 1 

wet spell and 1963/4 to 1970/1 dry spell can to atmospheric circulation "'''.''u~~'''' 

High rainfall over the northern and of from the 

predominance of waves and development of cyclonic upper 

levels. conditions were associated with the development of high at upper 

Considering period 1963 to 1979, Miron and (1984) showed that wet 

conditions are with anomalies geopotential over the continent 

and positive anomalies over oceans to the monthly, seasonal and 

near-decadal scales, and vice versa dry conditions. the 

anomaly fields were shown to produce adjustments in the atmospheric of...mQtion 

responsible for rain-producing conditions. Tyson (1984) showed that it is primarily variations 

in the field of motion at the 500 hPa level that are responsible year-to-year 

fluctuations in annual rainfall totals. (1986a) stated during a spell, more 

and anticyclones are present in the zone 35 to 500 S than during a dry spell. 

the latter situation more than nonnal number of cold and low-pressure 

move along the same zone. Thus, the meridional pressure and temperature gradients, and thus 

the westerly winds, are relatively weak during spells and relatively 

dry over the southernmost part the and over the zone 35 to 

Mason and Jury (1997) 

atmospheric circulation 

on 

a broad overview of studies on 

wet dry conditions over subcontinent. 

circulation are firstly, . 
normal geopotential heights, latitudinal displacement systems (Torrance, 

between 

and Jury, 1991; van den 1994; Shinoda and Kawamura, 1996) . .;!!..!.::W~~~~;.f" .... , 

1995; Jury, 1996). 

(D' Abreton and Lindesay, 1993; D' Abreton and 
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trough over subcontinent (D' Abreton Lindesay, a northwest to 

1993; van den 1994; D' Abreton Tyson, 1995; 1996; Jury, 1996). a 

displacement or weakening trough cause rainfall over the subcontinent (Lyons, 

1991 ). 

1.3. overview of the relationship between summer rainfall in South Africa, 

and atmospheric circulation patterns over subcontinent. 

The relationship between summer rainfall the Oscillation was found as as 

1930 (Walker and Bliss, 1 But South full att.entiul1 

was captured .......... _~_.....:--..~......:.....:...-__ ---;..........!:-=-:...:.........: __ ~_~:.....-:::......::.........:-=-=...:...:...:..:.:...:..=~~:... 
realised. It 

----1984; Hattie and Webster, 1 1985; 1987). In (1984), 

atmospheric circulation anomalies over South Africa the 1982/83 rainfall season were 

further 

------_ ...... 
By r'nAnth of October 1 with of previous years a high-

over tropical Pacific was Pacific as well as in 

anomalies south of subcontinent with negative anomalies over . 
the western parts of Atlantic were also evident. anomalies were caused by fast 

moving lows north usuaL Van Loon and Madden (1981) found that 

the SOl, are weaker of 

. The summer of 1982/83 showed the same tendency. 

to on variations in rainfall mainly 

on the temporal aspects these variations (Tyson et al., 1 Tyson, 1978; 

Dyer, 1978; Tyson, 1980), on their (Gillooly 

Lindesay, 1984). to 1 most to relate rainfall variability to 
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circulation adjustments have considered circulation parameters only in the immediate vicinity 

of South Africa (Tyson, 1981, 1984; Miron and ; Miron and Tyson, 1984; 

Taljaard, 1986a; 1986b). The work of Dyer (l 1979) is an exception. his work he 

relates the index the latitude of the Southern high-pressure belt off the 

Australian east coast (Pittock's L index) to South In his research unit of 

1978, 18 rainfall series of within a latitude belt to 300 25'S were investigated 

for relationships with Pittock's L index for latitude of the SUbtropical belt 

and the SOL Positive rainfall in the south were associated anomalies 

the north. This is a is likely to prevail as a result 

the fluctuating movement of the Indian anticyclone. It was found that.- useful 

relationships between rainfall and Pittock's L index but there was no to 

that the same situation applies for the SOL 

Another exception is the work and Tyson (1978) in which between 

annual changes in the positions of the South Atlantic and South Ocean anticyclones 

other of circulation are shown. Both the South Atlantic 

Indian Ocean anticyclones have shown to exhibit major v ... :~r_'"_' 

latitudinal position. finding, while in itself offering no explanation the quasi-periodic 

20-year fluctuation in summer rainfall over South Africa, that detailed analysis 

of co-spectral changes in and annual anticyclones would be worthwhile. 

works, together with the work of Vines (1982), in which similarities South 

South rainfall are shown, the importance of 

circulation influences on rainfall over South Africa. 

Only recently has attention been to the of adjustments in the Southern 

Hemisphere circulation on southern African rainfall and circulation parameters (Harrison, 

, 1986; Nichols0!1, 1 1986b, 1986c; Nicholson and 1987; 

1986). most important these adjustments is the Southern Oscillation. Lindesay (1988) 

established that rainfall in the to zone across central 

summer rainfall region of South Africa is directly related to the cycle 

in the rainfall-SOl correlations is in with the November and February turning points of 

a semi-annual In atmospheric circulation South Africa. «PTPt"r. 

to 1.4, (1986) shows that, during the phase of the Oscillation, 
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this modulation and SOl-rainfall are to relationships 

in the rainfall season. a wetter or season occurs after SOl been in low or 

high phase. 

and (1996) found the strongest 

rainfall are in eastern equatorial and ENSO 

to modulate 

the rainfall 

positive 

anomalies 

commences to south and propagates northward. A strong tendency 

anomalies to exist the first half of an Nino season and 

second half. This with cold 

oceans where cold phase brings 

the Atlantic Ocean 
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warm 

fluctuations in 

rainfall during 

low-latitude Atlantic 

warm phases 

warm phase 

phase 

Indian Oceans. 

the Atlantic Indian 

rainfalL It seems that 

it 

over are 

of note warm events drought over large parts of southern 

Africa are Stoeckenius (1981), Mo and (1985), ( 1988), 

Halpert (1987, 1989), Ropelewski (1992), (1995), Moron et. 

al. (1995) and (1997). El (La Nina) are not 

synchronous with dry (wet) over subcontinent, as shown by Mason and 

Mimmack (1 

1.4. Aims of the study 

The emphasis of study'is to identify relationships that possibly exist 

bet\veen events, atmospheric circulation anomalies rainfall in summer rainfall 

region southern study is to 

2 the relationship between 

summer over South Africa is confirmed, but with a much amount of rainfall 

than used previous The is sufficient to isolate 

regions of some relationship between 

3 first is to identify the main rainfall cycles in the summer-rainfall 

then to compare the ENSO events on summer-rainfall during epochs 

below-normal and The associations equatorial Pacific sea-
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surface and circulation patterns over southern Africa are investigated 

canonical correlation analysis in Chapter 4. results are then compared to general 

circulation model runs with observed equatorial Pacific sea-surface temperatures as boundary 

conditions. interpretation of the results of Chapter 4 is conducted in Chapter 5, 

the aid maps different combinations 6 

the and the the 
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CHAPTER 2 

THE RELATIONSHIP BETWEEN EQUATORIAL 

PACIFIC SEA-SURFACE TEMPERATURES AND 

SUMMER RAINFALL 

2.1. Introduction 

Van et al. (1988) established that there is a association between warm 

seasons where the 

rainfall 

temperatures are anomalously high, and 

remained 

south-east 

related to 

are 

over the summer rainfall of South relationship 

since at least I Lindesay (1988) that rainfall in a to 

zone across the central summer rainfall region South Africa is directly 

SOL the it was also from statistical that 

and spatially between Nino-Southern 

Oscillation and South rainfall the late-summer season (January to March) than for 

the season (October to It is attempted, with a much 

previously unavailable to more clarity on finding more exact 

South African early- and late-summer rainfall equatorial 

Data 

To the between equatorial Pacific 

summer rainfall over South Africa, two are needed. The first data set is 

monthly time of 510 rainfall stations, well throughout South 

The distribution of in 1. This 

a climate period from 1930 to 1995, a total of is described by 

Kruger (1996). 
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· Figure 2.3(a). of correlations between NIN03 total 

rainfall for the period October to December (5% level). 

Figure 2.3(b). The same as(a), for the period January to March 
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CHAPTER 3 

THE INFLUENCE OF THE INTER-DECADAL 

VARIABILITY OF LATE-SUMMER RAINFALL ON 

THE IMPACT OF EL NINO AND LA NINA EVENTS 

3.1. Introduction 

In Chapter 2 it was confinned that late-summer rainfall over a large area is associated with 

ENSO. This chapter attempts to shed more clarity on the question of the variability of the 

impact of EI Nino and La Nina events on the late-summer rainfall of South Africa. 

Although the EI Nino phenomenon is associated \vith below-nonnal late-summer rainfall 

over the summer rainfall region of South Africa in the majority of events, it is also apparent 

that it cannot be assumed that the summer rainfall region of South Africa will ahvays 

experience below-normal rainfall during an EI Nino event and vice versa during a La Nina 

event. Historically, seasonal amounts for a specific region differed considerably from one 

event to the other. The 1997/98 rainfall season is a good example where even above nonnal 

rainfall was experienced over certain regions of the summer-rainfall region of South Africa 

during an EI Nino event, opposite to the general tendency. 

Another aspect to recognise, for which there are no explanations in tenns of the general 

rainfall tendency during El Nino and La Nina events, is that there are seasons where an EI 

Nino event has not occurred, where much below normal rainfall was experienced over the 

summer rainfall region, and also seasons with much above normal rainfall, without the 

simultaneous occurrence of a La Nina event. This reiterates the fact that the occurrence of 

anomalously high or low late summer rainfall is not solely dependent on occurrences of EI 

Nino or La Nina events. 
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3.3. The same as 3.2(b), but for c. 

the period 1 to 1991, are depicted in Figure 3.2(b). Easily are the 

above- andbelo\v.:normal rainfall with a period of about 20 The same test was applied 

to show some with NIN03 namely C, F, G 

In 3.1. results, which are similar to that region are shown in 

to 3.6. 

By 3.2(b) to it is clear that the 1960's and 1980's are characterized by 

normal rainfall, above rainfalL part the 1 that 

was part of the calculation shows signs above-normal rainfalL applying the 

cumulative points of and below-

rainfall, vice versa, are to be around .1 960, 1969170, 1 for 

regions A and H, 1980/81 for regions C, F and and /1992. For 

1959/60,1969/70,1980/81 and 1991/92 are as turning points. 
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mean spatially anomalies over tropical to 
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late summer rainfall anomalies associated with each of events for "'J;:;l'UHC:> A, F, 

some rlpnrrpp by El Table 3.l(a) and 

(b). (b) are and 51.9 

respectively, which significantly from each other at the % confidence level. The 

method of this is fully by (.1 958). To test 
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whether the inter-decadal behaviour, described previously, is forced partly by El Nino/La 

Nina events, regression analysis was performed using average late summer NIN03 SST's 

and late summer rainfall for each of the above regions. Differences were taken between the 

predicted and observed rainfall values, which gave an estimation of the rainfall time series 

excluding the linear influence of NIN03 SST's. An example is given for region F in Figure 

3.7. By calculating 1 I-year running means, similar periods of above- and below-normal 

rainfall that was observed before the exclusion of the NIN03 influences were still clear. 

Table 3.1(a). Seasons ofEI Nino and associated rainfall index anomalies over regions A, C, 

F, G and H during the late summer rainfall season. 

Year 

Region 1952 1958 1964 1966 1970 1973 1977 1983 • 1987 1988 1992 

A -70.4 10.3 -52.4 -60.5 -125.9 -42.1 80.2 -124.1 -39.2 41.7 -148.6 

C -22.5 14.9 20.9 -66.8 -100.0 -2.5 -23.5 -151.7 -49.0 118.7 -93.0 

F -31.5 -5.8 -73.2 4.7 -90.6 -57.0 40.3 -135.3 -73.2 186.0 -163.0 

G -32.1 3.5 -99.1 -27.4 -103.9 -11.3 45.9 -107.6 -83.8 149.0 -102.9 

H -7.7 -71.8 -94.2 -72.6 -92.4 10.4 34.8 -28.8 -103.8 11.8 -60.1 

Average -32.8 -9.8 -59.6 -44.5 -102.6 -20.5 35.5 -109.5 -69.8 101.4 -113.5 

Table 3.1(b). Seasons of La Nina and associat,ed rainfall index anomalies over regions A, C, 

F, G and H during the late summer rainfall season. 

Year 

Region 1955 1956 1957 1965 1968 1971 1972 1974 1976 1989 

A 212.6 49.6 0.8 -130.5 -82.4 3.7 127.4 50.0 130.9 5.8 

C 85.4 0.9 17.2 -103.9 -118.7 -9.7 62.2 164.9 251.8 -5.6 

F 61.4 97.2 -22.2 -95.2 -83.4 -11.7 153.8 152.2 190.3 66.9 

G 59.2 2004 -28.9 -95.0 -76.2 1.4 65.0 309.6 235.4 44.9 

H 58.2 136.6 2.4 -13.0 -40.6 -25.9 83.2 313.4 298.3 22.5 

Average 95.4 60.9 -6.1 -87.5 -80.3 -8.4 98.3 198.0 221.3 26.9 
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could be The are shown Table 
3.2(a) and (b) 

and turning 

Nino La Nina seasons 

Table Nino events over regions C, G and H 

the late summer rainfall season. R indicates E epoch, A above normal 
value, B the normal - below epoch, and normal epoch. 

Year 

Region 1958 1964 1966 1970 1973 1977 1983 1987 1988 

I RIE RtE RtE RtE I RtE RtE RtE RIE RtE I 
A Al+ 

I 
B/- B/- B/- B/+ .4./+ BI- B/- Al-

e AJ+ B/- B/- B/+ B/+ B/- B/- A/-

F B/+ B/- Al- B/- B/+ AJ+ BI- B/- Al-

G A/+ B/- BI- B/- B/+ Al+ BI- B/- A/-

H B/+ BI- B/- B/- Al+ li1+ K/- B/- Al-

Table 3.2(b). same as Table 3.2(a), but only seasons of Nina events. 

\"1 

6 1989 
! I 

RtE I RtE RlE RtE RtE I RlE RtE RlE RtE RlE 

A Al+ Al+ Al+ B/- B/- AI.,. Al+ AJ+ I Al+ Al-

e Al.,. Al+ 1\/+ BI- B/- B/+ A/-" Aj+ ! A/+ B/-

F AI+ Al+ B/+ B/- B/- B/+ 1\/+ Aj+ Al+ A/-

G I Al+ Al+ B/+ B/· B/- Al+ A/+ Al+ A/+ Al-

H Al+ Al+ Al+ BI- B/- B/+ Al+ Al+ A/+ Al-

From it is evident that is a remarkable association between rainfall and 

the that only EI events were 

Below rainfall was ext)en:en(::ed rainfall and versa 

of cases; i. e. 14 out of 45 cases. peculiar season in this regard is the 

1988 with above-normal rainfall all the regions, fact that 1988 

epoch from 1980/81 to Table 3.2(b) 

below-normal rainfall epochs of below-normal and 

with 

versa. On the whole, 

only out cases did not 
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which we can see that during an Nino season during a below

a La Nina season during 

was 

above-normal El Ninos 

is significant at the % confidence level. 

difference between 

during below-normal 

m gerlenu. The 

to EI Ninos during 

same level 

Ninas 

or La 

rainfall the normal value was experienced during epochs 

rainfall below the normal value was 

summer 

of 

index 

and below 

and 

epochs 

El Nino 

regIOns G 

Region EI Nino-above EI Nino-below La ~ina-above La Niiia-below 

normal epoch normal epoch normal normal 

A 16.0 -60.1 82.1 -69.0 

C -3.7 -38.0 81.8 -76.1 
, 

F -7.5 -30.3 88.7 -37.2 

G 12.7 -45.5 9~.6 -42.1 

H -8.9 -63.3 123.7 -lOA 

A' 1.7 -47.4 94.2 -47.0 
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3.4. Conclusions 

In this it was ......... ,,,,. .... and further confirmed that are non-random epochs 

below-normal These epochs above and below-normal 

and 1991 as well as the points np''''''''''n epochs were established 

t-statistic an 11 as well as deviations. It seems 

the epochal behaviour is not events. 

was also concluded by Kripalani study of 

monsoon rainfall. in turn the impact Nina events in 

a way during an of above-nomlal rainfall a is evident 

on 

during 

have a 

event. 

Nino events so that even above the 

opposite is true in that an of belovi-normal rainfall will 

effect on enhancement rainfall experienced a La 

It also seems that extreme events of usually occur an El occurs during an 

epoch of below-normal e. g. the 1982/83 season, when a Nina occurs 

an epoch e. 1975176 season. Figure 3.7 case 

it was that seasons a1>:l'V'-.la with were During the 1 

not as severe as the 1980's. El Nino events during 1 e. 

the 1 season, could thus be moderated, as was case. If 199 IS 

assumed to 

above- or 

a turning from below- to rainfall, and an epoch 

next point will be. 

for more or less a 

findings be utilised 
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CHAPTER 4 

ASSOCIATIONS BETWEEN EQUATORIAL PACIFIC 

SEA-SURFACE TEMPERATURES AND 

CIRCULATION PATTERNS OVER SOUTHERN 

AFRICA 

. Introduction 

In this it is 

circulation 

the 

cannot approached 

same 

to identify relationships equatorial S 

Africa. effect of relationships on the 

Chapter 5. In light of the inter-decadal In 

and South African summer rainfall, this study 

manner. It will rather assumed that 

between equatorial 

relationship 

SST's is of 

rainfall, some general exist. 

Different 

probable 

are available to investigate 

of a it was 

a potential relationship. 

that ...,UHeVLue..., .. " 

is the most appropriate CanonIcal correlation analysis (CCA) is at top of 

the of modelling approaches (Barnett and as it is 

the of regression, mUltiple rpo'rp<;;<;;',,--.n 

CCA was applied to different combinations of data-sets, some based on 

findings in '--'u .... ..., • ...,. 

equatorial 

comparisons are made 

4.2. Data 

Following approach of 

case 

most relationships might between 

atmospheric circulation over Southern In 

the CCA and available climate runs. 

and (1 predictor data are defined, 

SST's. Ocean (GaGA) 
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(Pan 1 Lau 1 of 

in the equatorial Pacific Ocean were used. This data set 

latitude-longitude, was obtained 

Optimum Interpolation (01) 

the period 1 to 1 

latitude-longitude) are interpolated to 

period 1958 to I 

(Reynolds and 

UIVU'-'~,U (2° 

grid, 

predictand should be data with which it is 

to to 

a resolution by 7.50 

Blended 1988) 

1994) have obtained 

data (10 

to detect from the 

circulation at significant 

500hPa rp.Qt,p..~t 

levels. Here it is thought that 

for] 

Greenwich meridian to 500 E, and to 15°S 

relationships between equatorial Pacific SST's 

for 

are sufficient to 

the 

possible 

atmospheric circulation patterns 

over Southern South Africa is in the subtropical high pressure and the 

and movement these 

are a major control 

position and 

weather over 

of troughs at 500 

more or less 

1994). 

account for 

1000 hPa level, 

favourability of 

rainfall or not, particularly when is a simultaneous supply of moisture the lower 

study will 

(January to 

levels (Taljaard, I 

only focus on 

March) 

analysis. The 

points in the 

4.3. Methods 

Because it was previously in Chapter 2 that 

data 

chosen 

studied. 

the season, only three-monthly 

to 1 (40 

above region on a 2.5° x 2 i. e. 273 grid 

With SST data predictor data and the geopotential fields the predictand data, CCA 

the optimum linear combination between the predictor and fields. Both 

predictor 

systems are 

sets. This is 

are 

that optimally 

as an 

product 

product 

the cross covariance 

problem. ~.,..,_u,,.. 

between two 

uu.~_~~. skill, its the 

3] 

of Coordinate 

between two 

is obtained from the cross 
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eigenstructure maximises skil1. resulting eigenvalues are called canonical 

coefficients represent levels of COITel,atl()ll between patterns variables 

of predictand variables. 

The predictor and predictand fields, T respectively, can now be by 

their component vectors: 

r 
Y(x,t) = I>J (x) 

j=l 

and 

T(x',t) (t)h k (x') 

where Uj Vk are the ,","'"'u,",,", canonical component We 

hk(x') (Y(x',t)vk(t)}: 

(x)= t)uj(t)), 

where hk are which are vectors whose components the 

at a lOCaUC)ll (x or x') .... .,..,,,.,,'>'" Y or T and their 

om1Donlem time (j or k). 

Six ++",y·", ... t combinations of years data-fields, at both 1 000 hPa and hPa 

respectively, were used as data sets. Thus, a of 12 

sets were for the The for different 

into account the of Chapter 3 of the below- and above-nonnal rainfall cycle, are as 

follows: 

(40 

b) 

c) (l0 years) 

d) La (7 years) 

during nonnal 

f) during below nonnal years 

seasons (c) example, to 

basis anomalous in the equatorial 

32 

rainfall 

rainfall 

circulation 

between 

3) 

(9 years) 

Nino 

seasons on 

Ocean. higher or lower 
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El Nino seasons can associated different .... , .... ,'vu patterns over the 
subcontinent same to (d) in the case of La years. 

to Chapter the of an inter-decadal cycle in the summer rainfall 

of South was identified. sections and 4.4.1 0, 

between extreme equatorial Pacific SST's, during ENSO and 1000 or 500 hPa 

heights the above-normal part rainfall cycle are In sections 11 

12, same is done, but the below-normal part of the 1 ..... "'~,a.Ua.l rainfall 

4.4. Results 

The results of 

level and 

analyses are given in the same order «(a) to (f)) as above; the 1000 hPa 

the 500 hPa for combination e. g. only 

of 

G-maps 

whether correlation nprU'PF'n 

4.1.), and meaningful. 

vectors on the same coordinate 

for 

vectors are 

with 

depending 

(see 

temporal variability of canonical 

coefficients the patterns, inferences about the nature of ocean-atmosphere 

interactions that contribute to anomalous circulation conditions over the 

can drawn. 

4.4.1. All years (1000 hPa) 

correlation obtained "'''''''''AC>" the canonical vectors was at 

of confidence. By investigating temporal variability of (Figure 

4.1.) the 4.2. and we see that the equatorial 

Ocean are anomalously high (low), it can associated with anomalously high (low) 

1000 hPa heights over whole subcontinent and oceans. similar u."'~'U'-'HAL:'VU 

can from second mode to 4.6.), which also has a 

correlation between the predictor predict and it can be seen 

anomalously high (low) SST's are associated with anomalously high (low) 1000 hPa 

over the western half the subcontinent with a maximum over the ocean. 

association is over the n-east,ern ocean areas. 
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AU ...... ""' .. "" a strengthening of synoptic the 
west (east) versa for low-pressure synoptic at the e. high 

systems west the subcontinent will be than usual, and will ridge stronger from 

west or south-west. 

values correlation Table 4.1. 

confidence different data 

n I 
5 

6 

7 

8 

9 

10 
I 

12 

14 

16 

18 

20 

22 

24 

26 

30 

40 

4.4.2. All years (500 hPa) 

lengths N (n 

The correlations between the canonical vectors were 

the mode. From the graphs and maps for 

to at 5 level of 

the of 

r 

0.830 

0.775 

0.727 

0.686 

0.650 

0.619 

0.568 

0.527 

0.493 

0.466 

0:442 

0.421 

OA03 

0.387 

0.361 

0.312 

for both the first and 

mode (Figures to 4.9) it can be 

seen that similar to the 1000 an n"",< .LI£1 anomalously high 
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(low) anomalously high (low) 500 over whole subcontinent. The 
same association is from the OT;J'nnC and figures 4.10 to 

12), but with an opposite tendency, 500 heights decreasing (increasing) towards 

to of so that 

equatorial Pacific SST's and 500 hPa heights to the south 

a negative correlation 

subcontinent. 

From above it can 

more """'.u .. "' ...... while 

inferred that a high pressure system over the subcontinent will be 

systems to south will be deeper (more shallow) with 

anomalously positive equatorial Pacific in same 

was found by (1988). 

4.4.3. Onzv EN SO (1000 hPa) 

To possibly associations only extreme 

deviations during late summer, only combination of 

to 1 a total of 17 are identified the Japan 

Meteorological Agency (see Chapter association between 

first canonical vectors was even stronger than for as anticipated. this mode it is 

seen, from 13 to 4.15, that there is a close association anomalously warm 

(cold) and anomalously high (low) 1000 hPa heights over the 

over western to northern as well as an area south-east of ".<LLYU.,5U":''''LU 

(increasing) southwards, 

It is inferred from this case, that there is a positive association between 1 000 hPa heights to 

the west the subcontinent as well as of An 

during EI Nino 

as 

of low-pressure 

areas. 

over interior south subcontinent. Thus 

Nina) a strengthening (weakening) of high pressure systems west of the 

while a uet:oemnlg 

are nlf"rrl-'f! for the south-eastern interior as well as 
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4.4.4. On (v (500 hPa) 

were chosen on a similar basis as 

proved to associations 

from the 

anomalously warm 

the whole subcontinent, especially 

With similar as with the case 

IS 

the surface and versa for 

above is evident the oceanic areas 

4. Only Nino years (1000 hPa) 

4.4.3, but only 500 hPa 

canonical vectors. Similar to 

(Figure 4.16 to 4.18), that 

500 

all years were taken into account, 

modes 

In 

is a close 

over 

Nino (La 

possible high systems over the interior at 

pressure to the 

of the subcontinent 

An attempt is 

during El Nino 

subsequently 

seen that 

equatorial 

subcontinent, 

the ocean. 

to find laHVlh> between only 

and were 

1, it can be 

general 

the surface, but 

result is that 

be stronger 

systems, 

A total of 10 

in the analysis. 

is a close 

years were 

the first mode, 

from 1 

Figures 4.19 to 

between anomalously high (low) over the 

1000 hPa heights over the entire 

an over 

seasons, it can inferred that strong (w'eak) Nino seasons, 

are 

can have a 

over west 

to the west and over the interior of 

an El Nino. opposite 

subcontinent at 

applies. 

subcontinent will 

low pressure 

on the favourability of rainfall over the interior of 
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4.4.6. Only Nino years hPa) 

From similar to section 4.4.5, an IS 

found between anomalously 

to 

(low) anomalously (low) 500 hPa heights 

over the subcontinent. 

. It IS inferred possible at the hPa will be 

for a on the of 

rainfall. Well-defined In the upper-air are unfavourable for 

occurrence of subcontinent. 

7. Oilly Nina (1000 

combination of a of7 were From to 

4.27 it can seen there is a very anomalously high (low) 

NIN03 and NIN04 and anomalously high (low) 1000 over 

Coast and ocean. The opposite 

subcontinent surrounding oceans. 

the 

probable 

(weaker) 

(northward) 

applies the rest of 

seasons a 

to the west of subcontinent, as well as a (weakening) troughs over 

interior can be deduced. a positive ... ,,"'v"' .... ,,'v .. P. "'/PI"'" moisture over 

interior tropics the 

4.4.8. Only La Nina (500 hPa) 

the mode, trom 

between anomalously high (low) 

whole and 

Nina. 

to 4.30, it can seen that there is an association 

and anomalously low 500 hPa over the 

oceans. 

It is that no associations between the strength La and hPa 

geopotential over region can be 
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4.4.9. ENSOyears during o/the decadal rain/cd! cycle 
(lOOO hPa) 

total 8 ENSO were identified to have the above normal part the 

decadal cycle. Only 

proved to be 

association is found 

correlations n""~'n~'",,,, 

95 % of confidence. 

anomalously high (low) 

canonical vectors the mode 

4.31 to 4.33, an 

anomalously (high) 

1000 from northern Namibia south-eastwards over the subcontinent, as 

well as the far ocean areas. opposite association over the western coast of 

the subcontinent adjacent ocean area and the part subcontinent 

A discussion on the ~++"~+~ 
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4.5. Verification of results with model runs 

that the relationships Pacific equatorial precipitation and 

1000 and hPa geopotential anomalies over the subcontinent by 

are not coincidental, were Model Intercomparison 

(AMIP) 1992) atmospheric model runs general circulation 

model (GCM) (version which was the period 1 to ( 1 0 

years). AMIP model simulations use observed as boundary conditions. 

compansons were NIN03 500 hPa 

geopotential height simulations and simulations for period to 

Unfortunately the the model during above-normal periods of near-

decadal could not be examined the simulations, this should 

possible as more AGCM model runs become available. 

The GCM 2.0a) circulation 

(AGCM) coupled to multilayer 

m slab layer with "''''''''''''-' 

an 

vegetation; soil

transport. The 

and a 

1 resolution with 

18 atmospheric levels, while the models have a x 2° 

1997). more detailed description of the can found in Thompson Pollard 

(1997). 

4.5.1. AMIP simulations for late-summer to 1988 

,.aUH""" for precipitation, 1000 and 500 hPa 

to 1 for southern are shown in 4.46, 

4.48 (in mm.day"l) one can see the minimum over the 

western of subcontinent, increasing towards the north-east during 

although somewhat (Hudson, 1 The average 1000 hPa gejJD()[elli 
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4.46) shows an underestimation subtropical cell east 

subcontinent. Hudson (1997) found that the spatial extent 
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more than the westem high, may to period simulation, which the 

drier part of near-decadal rainfall cycle in Chapter 3.During 

western the a probably 

south-west and reduced influx moist air from the east. simulations 500 

hPa (1997) them to be 

simulations 

unable to simulate 

4.5.2. Results 

values due to the coarse resolution of 

steep meridional pressure 

As the average NIN03 SST anomalies are compared with 

1000 hPa 500 height simulations forJFM 
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observed anomalies the period are shown in it must be noted 

that all available years in the AGCM runs were utilized according to their NIN03 anomalies. 

whether they can be ael:mc:a as or not. 

4.5.2.1. Observed SST's compared to precipitation anoma~v simulations 

4.49 to 4.58 show 

1 

average precipitation anomaly 

1980, 1986 and 1988 

for JFM for 1 

relationship 

to 

that Except 

(below)-nonnal 

re!;:lOI1S indicated in 

are associated with below (aboye)-nonnal over the 

I.e. 70%. The 

opposite 

for the 

but a more neutral 

1980 season falls in the above-nonnal 

in seven of 10 cases by the 

simulated for 1980, however, does not show the 

"r<ll~tpr with near zero anomalies simulated 

it must also be mind that 

of near-decadal rainfall it is not 

an Nino 1986 season has a simulation not deviate from the nonnal 

for almost the whole of South Africa. The 1988 season, shows an opposite 

association to the remainder the precipitation simulations that indicates that it cannot 

explained by the in this study alone. 

Table 4.2. Average NIN03 JFM for 1979 to 1988. 

Year A' NIN03 SST ,maly for JFM COC) 

1979 0.18 

1980 0.38 

1981 -0.32 

1982 0.27 

1983 2.89 

1984 -0.10 

1985 -0.90 

1986 -0.39 

1987 1.29 

1988 0.47 

-
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4.5.2.2. SST's compared to J 000 hPa and 500 geopotential anomaly 

simulations 

Figures to 4.68 show the 1000 hPa height anomalies for 

1979 to 1 respectively while 4.69 to 4.78 the same for the hPa level. 

For the simulations to the same relationships as that found with analysis, 

1000 500 hPa heights over the subcontinent adjacent 

areas (below)-normal SST's. are 

indeed with the of model except height 

anomalies 1979, 1980, (with an opposite east of the 

subcontinent), and 1988 (only 500 hPa height Thus a verification is 

obtained 14 of the 20 i. e. 70%. 

4.59. Average simulation for 1000 level for JFM 1 (gpm). 
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Figure 4.60. same as Figure 4.59, but for 1 
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Figure 4.70. same as 1980. 
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4.78. The same as 4.69, but for 1988. 

4. Precipitation anomaly simulations compared to 1000 hPa and 500 hPa geopotential 

To obtained with (below)-normal 1000 500 hPa 

height anomalies should correspond to below (above)-normal precipitation anomalies over 

area of the shown in Figure 2.3(b). is case most 

seasons except 

anomalies for both 

precipitation Olnn,,,...,> 

anomalies. 

height anomalies 1979, the 1984 geopotential 

the south, east and northeast of the subcontinent, the 1 

1986, and 1988 500 

hold again for of the 20 cases, 
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Conclusions from COIDDllrUlon of CCA results with model runs 

model runs 

relationships between 

geopotential 

correspondence was found 

most of the model ""U~"""""U'JU" 

(version 2.Oa) model in general the 

anomalies, 1000 hPa and 500 

from a 70 % 

above relationships Fortunately 

in the same part (below-normal) the inter-decadal 

rainfall cycle, so that between seasons could made without the 

additional complications that can be brought about by this cyclic of the rainfall. 

Although the AGCM outputs been used to provide additional degrees of freedom, it can 

also provide a means 

aec:::re,ase during ",,','H'_ 

atmospheric pressure during dry years, and 

"''''''N''''''''''' falls beyond this study. 
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5 

INTERPRETATION OF RESULTS 

5.1. Introduction 

With the in 4 it can be that, in general, periods or seasons ..... .J"'V"'i' ...... ~' ..... 

with anomalously are also with anomalously 

1000 as well as 500 hPa ('fpr\1"v\tpn over As high 

(low) are rainfall (Chapter 2), this 

the findings of 

Matarira and Jury (1 

Gouws (1 I, 1 (1 

Shinoda and Kawamura (1 It is only with more 

inspection of Chapter 4, that other become apparent. To 

assess the anomalous on atmospheric circulation over the 

';'UP' .. ';',:,,.. circulation maps tor six combinations years. H.I.vlUll.l'"''''' m for both 

under consideration (1000 and 

or equatorial 

circulation during conditions g. only £1 

is then 

5.2. Interpretation of results 

1. All years 

The the 1000 hPa 500 

period 1958 to 1997 JFM, are shown in 1.1 and 5.1.2 '-"''''''t>f'rn 

5.1.1 one can see that the "'UP'"'''''''''' circulation at the 

subcontinent is 

subcontinent, a low 

'smaller low pressure 

by two high 

over NamibiaIBotswana 

the Mozambique 5.1 the 

years) 

for the 

African 

but 

show a from west over subcontinent at about to 

76 

5 

INTERPRETATION OF RESULTS 

5.1. Introduction 

With the in 4 it can be that, in general, periods or seasons ..... .J"'V"'i' ...... ~' ..... 

with anomalously are also with anomalously 

1000 as well as 500 hPa ('fpr\1"v\tpn over As high 

(low) are rainfall (Chapter 2), this 

the findings of 

Matarira and Jury (1 

Gouws (1 I, 1 (1 

Shinoda and Kawamura (1 It is only with more 

inspection of Chapter 4, that other become apparent. To 

assess the anomalous on atmospheric circulation over the 

';'UP' .. ';',:,,.. circulation maps tor six combinations years. H.I.vlUll.l'"''''' m for both 

under consideration (1000 and 

or equatorial 

circulation during conditions g. only £1 

is then 

5.2. Interpretation of results 

1. All years 

The the 1000 hPa 500 

period 1958 to 1997 JFM, are shown in 1.1 and 5.1.2 '-"''''''t>f'rn 

5.1.1 one can see that the "'UP'"'''''''''' circulation at the 

subcontinent is 

subcontinent, a low 

'smaller low pressure 

by two high 

over NamibiaIBotswana 

the Mozambique 5.1 the 

years) 

for the 

African 

but 

show a from west over subcontinent at about to 

76 



IOS,...-------------------;--------~---1 

15S 

205 

25S 

30S 

35S 

<.oS 

455 

6 

with a 

5E 2C£ 25€ 3CE 

LONGITUDE 

1000 hPa 

to 1997. 

southwards. 

4SE 50E 55E 

to section 4.4.1 to 4.4.2, one can see that anomalously high equatorial 

SST's are with a _ .. ,~ ... _ ... , .. ,..., of the ridge on the western side of the 

and a weakening on the eastern side. This is significant in the sense that 

for the influx of moist air from 

western ridge is U.:h>V\.;U;.","' .... with a southern to south-western influx 

on eastern 

should air will be transported the area over 

causes 

from subcontinent 

For case opposite uU'.UoULVH IS 

77 

IOS,...-------------------;--------~---1 

15S 

205 

25S 

30S 

35S 

<.oS 

455 

6 

with a 

5E 2C£ 25€ 3CE 

LONGITUDE 

1000 hPa 

to 1997. 

southwards. 

4SE 50E 55E 

to section 4.4.1 to 4.4.2, one can see that anomalously high equatorial 

SST's are with a _ .. ,~ ... _ ... , .. ,..., of the ridge on the western side of the 

and a weakening on the eastern side. This is significant in the sense that 

for the influx of moist air from 

western ridge is U.:h>V\.;U;.","' .... with a southern to south-western influx 

on eastern 

should air will be transported the area over 

causes 

from subcontinent 

For case opposite uU'.UoULVH IS 

77 



lOS 

( 
r' 

155 1 

205 

\ 

255 

30S 

355 

405 

455 

o 5~ .15£ 25E 30E SOE 55£ 

GITUDE 

5.1.2. same as 5.1.1, but the 500 

with a influx moisture dry the south to south-west, 

the result that more interior. the 500 level an 

over subcontinent and ( decrease) of 

surrounding oceans periods of anomalously high (low) SST's. 

ridge on level over 

development 

systems. 

strong 

Only years 

(weaken), inhibiting 

over interior are 

Figures 

ENSO 

1 and show the average 1000 hPa and hPa geClDO{ennal 

i. e. El La These look similar to 

78 

lOS 

( 
r' 

155 1 

205 

\ 

255 

30S 

355 

405 

455 

o 5~ .15£ 25E 30E SOE 55£ 

GITUDE 

5.1.2. same as 5.1.1, but the 500 

with a influx moisture dry the south to south-west, 

the result that more interior. the 500 level an 

over subcontinent and ( decrease) of 

surrounding oceans periods of anomalously high (low) SST's. 

ridge on level over 

development 

systems. 

strong 

Only years 

(weaken), inhibiting 

over interior are 

Figures 

ENSO 

1 and show the average 1000 hPa and hPa geClDO{ennal 

i. e. El La These look similar to 

78 



10S.,.---------------------

15S 

20S 

255 ' 

I 

35S 

405 

455 

o IOE ISE 2eE 2SE 30£ 

LONGITUDE 
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5.1.1 and 5.1.2 are can 

either very high or very low. The and are at about the same positions strengths 

at both 1000 hPa and 500 hPa. Referring to 4.4.4 one can 

anomalously (low) the same anomalous conditions in the 1000hPa and 

500 hPa heights as was the case all were taken into 

5. Only Nino years 

synoptic situations during Niiio only are shown in 1 and 

the 1000 hPa 500 hPa levels respectively. This is thus the average situation 

with equatorial If we the circulation at 

situation all the on side of the 

are slightly stronger, especially on eastern side. low pres~ures over 
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Figure 5.4.1. The same as Figure 5.1.1, but for La Niiia seasons only. 

subcontinent, but a significant ae(~penmlg of the low over BotswanalNamibia and 

accompanying strengthening the associated trough extending southwards at the surface. 

This improves the chances for convective development over the interior as well as influx of 

tropical moist air from the tropics. At the 500 hPa level a reduction in heights over the whole 

area consideration compared to average is evident. This also 

enhances the chances for troughs to develop over the interior with improved influx of moist 

air from the tropics. 

The analyses in sections 4.4.7 and 4.4.8 associate higher (lower) with higher (lower) 

1000 hPa geopotential heights adjacent to the Northern Cape and Namibian coast; also lower 

(higher) over the interior, especially Namibia, and to the south. This suggests a probable 

northward (southward) displacement of the ridge!o the west of the subcontinent as well as a 
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SUMMARY 

An overview of previous studies on relationships between 

rainfall, and atmospheric circulation anomalies is given Chapter 1. 

attempted to broaden our knowledge on the above by: 

The use of more comprehensive data-sets in previous studies. 

seasonal 

this study it was 

b) The use of more data to find more detailed relationships or associations 

between anomalous SST's, rainfall, and circulation. 

all the study, this approach produced desired relationships 

between equatorial Pacific SST's summer rainfall already been established it was 

possible, in Chapter 2, to fmd a much idea temporal and spatial extent the 

summer-rainfall region that can be with equatorial Pacific This proved 

useful to the extent that only studies on late summer-rainfall were conducted in further parts 

of study, of the more coherent structure rainfall region <.<",,,,.v,",,:u..,,,,u .. 
. with equatorial Pacific Consider this 

Chapter 3 impacts different ENSO events on the late summer-rainfall South 

during different periods 1950 1996, based on the well quasi 18-20 year 

which is evident over summer-rainfall region, were investigated. Above-

below-normal periods of this cycle with turning points between these periods were 

established. Nmo and seasons were the periods which they 

occurred, i. e. in above- or below-normal periods. Average rainfall totals were then 

compared. In summarizing the results it was found that during an epoch of above-normal 

rainfall a moderating was on the impact El events so on 

even normal rainfall is 

summer rainfall season. Rainfall during 

normal epochs e. the 1976 

' ... L"",,,,,,,, during the 1998 

Nina events was further enhanced during above

............. season. It was found that opposite is 

true that during an of LOVv-norrnal ~u.U''''''''''' El seasons are more severe e. 

g. the 1983 rainfall season. There is also 'Hr. ....... ' ......... less rainfall during La seasons 

-. 
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during below-normal rainfall epochs. See Table 3.3 for a summary of the results. These 

results gave more scope to the study, in that differences in the associations between 

circulation anomalies during different epochs and equatorial Pacific SST's were investigated, 

. to find more detailed relationships that possibly exist between equatorial Pacific. SST's, 

atmospheric circulation anomalies and rainfall over the subcontinent. 

Subsequently, in Chapter 4, different combinations of data sets for the 1000 hPa and 500 hPa 

heights over the subcontinent and surrounding oceans, from 1958 to 1997, were used to find 

associations between circulation anomalies at those levels and equatorial Pacific SST's. In 

general a confirmation of previous studies was found that above-normal equatorial Pacific 

SST's are associated with above-normal heights at both the 1000 hPa and 500 hPa levels over 

the subcontinent, although different results were found for regions over the surrounding 

oceans. But other associations also became evident. The most important of these are that 

higher (lower) equatorial Pacific SST's are especially associated with higher (lower) 1000 

hPa geopotential heights on the western side of the subcontinent. Also, when only ENSO, i. 

e. EI Nino and La Nina years, were used in analysis, the associations found for all years were 

emphasized, because more extreme high and low equatorial Pacific SST's were taken into 

account. El Nino (La Nina) is associated with higher (lower) geopotential heights at both the 

1000 hPa and 500 hPa levels over the subcontinent, while the opposite association is evident 

over the southern oceanic areas, similar to the findings of Miron and Tyson (1984). When 

intercomparisons between different El Nino seasons were made it was found that the stronger 

the EI Nino, the stronger the negative factors for rainfall become at the surface as well as the 

500 hPa level, where geopotential heights are- higher in conjunction with stronger El Nino 

seasons. Again, when intercomparisons between La Nina seasons were made, it was found 

that the stronger the La Nina, the stronger the positive factors for rainfall become at the 

surface, where stronger troughs over the interior and a weakening and southward 

displacement of the western high pressure cell are suggested in conjunction with stronger La 

Nina seasons. Other associations were more fully discussed in Chapter 5, with the aid of 

long-term average maps. 

It was demonstrated in Chapter 5 that it is possible to physically explain rainfall anomalies 

during specific types of rainfall seasons by considering the anomalies at the 1000 hPa and 

500 hPa levels over the subcontinent and surrounding oceans during those seasons, while 

these seasons were also associated with anomalously high or low equatorial Pacific SST's. -. 
91 
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This was done by investigating the effects on the Atlantic Indian 

Ocean high pressure cells as well as the that usually occur over the of 

ub(~ontment at the as shown by average circulation maps at surface. Also 

a;:)i.'j'''';:)')Vu. was the weakening of circulation features at the 500 hPa leveL 

differences between the circulation patterns for the and below-normal parts 

inter-decadal rainfall cycles could also somewhat it seems that above-normal 

. rainfall during the above-normal part of the rainfall is caused by a 

"trru.,lT,"'r inflow moisture from the east of the subcontinent because a Indian 

Ocean high, while a stronger low area in the Mozambique channel causes moisture 

flow to be diverted northwards during the below-normal part of the inter-decadal rainfall 

with subsequently rainfall over the more southern parts of the subcontinent. 

verifY that relationships found between Pacific equatorial precipitation 

1000 hPa and 500 hPa geopotential height anomalies over subcontinent found in Chapter 

4 are not coincidental but can be explained by known and proven physical processes, 

relationships were compared to the AMIP atmospheric model runs of the 1 GENESIS 

general circulation modeL These model runs were available for the period 1979 to 1988. The 

....,"'v .......... Ju"" found by these runs compared well with associations found by in about 

70% of cases assessed, and it can therefore be concluded that these associations found 

between equatorial Pacific 1 000 hPa and 500 hPa height anomalies, and rainfall over 

southern Africa, are supported by the GCM simulations. 

Comparing this study previous ones in the same field, it is proven that, the more variables 

and data the more the between equatorial 

rainfall over the subcontinent of southern Africa oeC:OITles. 

By more levels of geopotential height data applying to more atmospheric 

... ,.,>c'",,,""" levels, the associations Pacific equatorial and rainfall over South 

Africa might proven to be even more complex as already shown. It is hoped, that 

the results obtained will the possibility of into relationships 

between equatorial SST's and rainfall over South Africa, making these associations 

more clear to both the climatologist and rainfall Tn .. 'p.f'~~<:!t~· .. 
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