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A B S T R A C T

Monthly mean s e a - l e v e l  p re s su re  over  the  oceanic  areas  

ad jacen t  t o  th e  Kepublic o f  South A fr ica  i s  analysed .  Rela­

t i o n s h i p s  between th e  oceanic  p re s su re  and r a i n f a l l  over 

t h i s  p a r t  o f  th e  c o n t in e n t  a re  d i s cu s s ed .  P r in c ip a l  compo­

nen ts  a n a ly s i s  i s  used to  d e r iv e  u n c o r re la te d  fu n c t io n s  of  

th e  o r i g i n a l  p re s su re  v a r i a b l e s .  Three major p re s su re  f i e l d s  

were i d e n t i f i e d ,  termed a g e n e r a l ,  a l o n g i tu d in a l  and a l a t i ­

t u d i n a l  p r e s su re  f i e l d .  The r e l a t i o n s h i p s  between p re s su re  

and r a i n f a l l  a re  a sse ssed  by r e g r e s s in g  monthly r a i n f a l l  on 

th e  p r in c ip a l  comnonent s co res .  R a in fa l l  in  w in te r  maxima 

a re a s  appears to  be d i r e c t l y  r e l a t e d  to  oceanic  s e a - l e v e l  

p r e s su re  s i t u a t i o n s ,  whereas the  r e s t  o f  the  country  shows 

an o u t -o f - s ea so n  r e l a t i o n s h i p  between r a i n f a l l  and p re s su re  

over n o n -c o n t in e n ta l  a re a s .



P R E F A C E

Atmospheric c i r c u l a t i o n  over the  no r th e rn  hemisphere 

has  been well  documented, u n l ik e  t h a t  over the  southern 

hemisphere.  The lack o f  d e t a i l e d  knowledge concern ing annual ,  

seasona l  and monthly v a r i a t i o n s  in the  a tmospheric c i r c u l a ­

t i o n  may be a t t r i b u t e d ,  in p a r t ,  to  d i f f i c u l t i e s  in o b ta in in g  

d a ta  over the  la rge  oceanic  a reas  t h a t  a re  c h a r a c t e r i s t i c  o f  

the  southern  hemisphere .

Whereas c i r c u l a t i o n  over the  subcc tenen t  i s  well  u n d e r ­

s tood and has been fo r  many y e a r s ,  the  same cannot be said  

fo r  the  s i t u a t i o n  surrounding southern  A fr ica .  The region 

l i e s  a s t r i d e  the  s u b t r o p ic a l  high p re s su re  b e l t ,  w i th  the 

A t l a n t i c  Ocean high to  the  west and the  Indian Ocean high to  

the  e a s t .  Southwards i s  the  low p re s su re  trough a s s o c i a t e d  

with the  w e s te r ly  c i r c u l a t i o n .  L i t t l e  work has been done to  

d e f in e  the  i n t e r a c t i n g  components o f  s e a - l e v e l  p r e s su re  ovei 

th e  oceans surrounding the  c o a s t s  o f  southern  A f r i c a .

In o rd e r  to provide f u r t h e r  informat ion  the  fo l lowing 

hypo thes i s  i s  i n v e s t i g a t e d  in t h i s  d i s s e r t a t i o n :  t h a t  changes

in the  oceanic  p re s su re  f i e l d s  surrounding the  Afr ican  sub- 

c o n t e n e n t , and t h e i r  components, are  of importance in s p e c i f y ­

ing the  manner in which mois tu re  i s  t r a n s p o r te d  i n t o  c i r c u l a t i o n
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s y s te m s  p r e v a i l ^  a v e r  t h e  c o n t i n e n t s ,  a r e a .  More s p e c i ­

f i c a l l y ,  t h e  o b j e c t i v e s  o f  t h e  d i s s e r t a t i o n  a r e :

(1) to  conduct an ana lys is  o f  monthly s e a - l e v e l  pres- .  

sure over the oceans adjacent to  southern Africa  

using princ ipal  components a n a ly s i s ,  and

( l i )  t o  i n v e s t i g a t e  t h e  l i n k  b e t v e e n  t h e  d e r i v e d  o c e a n i c  

p r e s s u r e  components  and  r a i n f a l l  o v e r  t h e  su b c o n -

t i n e n t .

a c tu a l  methods o f  mois tu re  t r a n s p o r t a t i o n  and th e  p r e c i p i -  

r a t io n -p r o d u c in g  mechanisms over : h t  >utxont:im.i 

considered  in the  s tudy .

Chapter 1 an h i s t o r i c a l  background and a review o f  

southern  hemispher ic  c i r c u l a t i o n  p a t t e r n s  is  p r e s e n te d ,  

s p e c i a l  no te  o f  p r i n c i p a l  component s tu d i e s  p re s su re  a n a b  

s e s .  Pressure  d a ta  and th e  method o f  a n a l y s i s  used to  i l l u s ­

t r a t e  the component p re s su re  p a t t e r n s  as well  as r a i n f a l l  

d a t a  and the  technique  used t o  i n v e s t i g a t e  r e l a t i o n s h i p s  

between r a i n f a l l  over th e  Republ ic  and p re s su re  

in Chapter 2. The fo l lowing t h r e e  c h a p te r s  p r e s e n t s  t h e  

r e s u l t s  o f  th e  a n a l y s i s  o f  p re s su re  d a ta .  Chapter 6 d i s c u s ­

ses  both d e t a i l e d  and general  i n t e r r e l a t i o n s h i p s  between 

oceanic  s e a - l e v e l  p re s su re  and r a i n f a l l  over  South Afr ica  

concluding remarks are p re sen te d  i n  Chapter 7.
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C H A P T E R  1

H I S T O R I C A L  B A C K G R O U N D

1.1 INTRODUCTION

A la rge  amount of work has been c a r r i e d  out to  determine 

the  n a tu re  o f  the  genera l  c i r c u l a t i o n  of th e  n o r the rn  hemi­

sphere and i t  can be f a i r l y  claimed th a t  t h i s  is  now well  unde r ­

stood. Reviews o f  Northern Hemispheric c i r c u l a t i o n  p a t t e r n s  

may be found in Palmen and Newton (1969) and Barry and Perry 

(1973). Fewer advances have been made in unders tand ing  the  

c i r c u l a t i o n  of  the  Southern Hemisphere, owing to a p a u c i ty  

of d a t a , p a r t i c u l a r l y  over  the  oceanic  a r e a s . The IGY (195“ /

58) provided much a d d i t i o n a l  d a ta  concerning c i r c u l a t i o n  

within  the  hemisphere ( f o r  example T a l j a a rd  1966, 1967, 1969; 

van Loon 1964, 1965, 1967). This knowledge has been augmen­

ted by th e  I n t e r n a t i o n a l  Southern Hemisphere D r i f t i n g  Bouy 

program o f  the  WHO.

Over the  subcon t inen t  of  southern A f r i c a , mean c i r c u l a t i o n  

p a t t e r n s  a re  well unders tood as a r e s u l t  o f  the  work of Jackson 

(1947, 1952),  T a l ja a rd  (1953),  Rubin (1956) and o t h e r s .

Throughout the  y e a r ,  the  mean c i r c u l a t i o n  p a t t e r n  i s  a n t i c y c l o n i c ,



i s  stronger in winter than in summer, and i s  d isplaced north­

wards during the winter The l ink between mean c ir c u la t io n  

patterns and the occurrence o f  r a in f a l l  i s  not always good. On 

a d a i ly  s c a le ,  c i rc u la t io n  and p rec ip i ta t io n  are well under­

stood fol lowing Longley's app l icat ion  o f  Lund's technique  

(Lund, 1962) for developing a typology o f  synoptic types for 

South Africa (Longley, I-1 6) .

Descriptions o f  the atmospheric c i r c u la t io n  over the 

adjacent oceans are only to be found in general -orhs r c l a t -  

ing to the hemisphere as a whole (for example Vcwinkel 1953; 

Newton t :: 1972; Taljaard 1966, 1969; van Loon 1961,

1967b; Taljaard S van Loon, 1960, 1964). South Africa l i e s  

astr ide  the subtropical high pressure b e l t  which a f f e c t s  the 

whole of the southern hemisphere (Fig 1 .1 ) .  Anticyclones  

occur to the west of the subcontinent,  the South Atlantic  

Ocean high (referred t e a s  the Atlantic  Ocean high) and to  the

r t—hi m
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Fig 1.1 Southern A fr ica



e a s t  the  Indian Ocean h igh .  Mean p r e s su re  in th e  Indian 

Ocean high i s  g e n e r a l ly  lower than  t h a t  over th e  A t la n t i c  

Ocean h igh . To the  south  p re s su re  v a r i a b i l i t y  in c rease s  

towards th e  low p re s su re  b e l t  a s s o c i a t e d  with th e  w e s t e r l i e s .  

Although d e t a i l e d  a n a l y s i s  of th e  seasonal v a r i a t i o n  of  the  

harmonic components o f  the  mean atmospher ic  c i r c u l a t i o n  are  

well  documented (van Loon 1967a; van Loon 6 > n n e .  19 2J,  

seasonal  v a r i a t i o n s  in  the  c i r c u l a t i o n  p a t t e r n  pe r  ** a re  not 

. e l l  unders tood .  I t  i s  a l so  not known how th e se  d i f f e r e n t  

components o f  p re s su re  i n t e r a c t  o r  how they can be s epa ra ted

over the  oceanic  a r e a s .

The aim o f  t h i s  d i s s e r t a t i o n  i s .  in th e  f i r s t  in s t a n c e ,  

co co. luct  an a n a ly s i s  o f  monthly s e a - l e v e l  p r e s su re  over 

the  oceans ad jacen t  t o  southern  Afr ica  f o r  th e  per iod  1951 - 

1970. P r in c ip a l  components a n a l y s i s  w i l l  be used to  d e t e r ­

mine components o f  th e  oceanic  p re s su re  f i e l d  and t h e i r  spa­

t i a l  and temporal v a r i a t i o n s .  Secondly,  th e  l ink  between 

the  de r ived  components o f  the  su r face  p re s su re  f i e l d  and 

r a i n f a l l  over  the  subcon t inen t  w i l l  be a s se s sed .

in  so doing th e  fo l lowing hypo thes i s  i s  examined; t h a t  

changes in  th e  oceanic  p re s su re  f i e l d s ,  and t h e i r  components, 

a re  o f  importance in  s p ec i fy in g  th e  manner in  which mois tu re  

is  t r a n s p o r t e d  in to  c i r c u l a t i o n  systems p r e v a i l i n g  over  the 

c o n t in e n ta l  a r e a .  Whereas t h e  general  c i r c u l a t i o n  over  the 

oceans ad jacen t  to  South A f r i c a  e x e r t s  s t rong  in d i r e c t  con t ro l
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on weather and c l im a te ,  i t  i s  the  a c t u a l  systems p r e v a i l i n g  

over  the  subcontinent t h a t  produce th e  d i r e c t  c o n t r o l s  of 

the  p r e c i p i t a t i o n  p a t t e r n s  t h a t  p r e v a i l .  For t h i s  reason i t  

i s  to  be expected t h a t  no s t ro n g  c o r r e l a t i o n  between derived 

oceanic  p re s su re  paramete rs  and l a i n f a l l  over th e  Republic 

w i l l  be ev id en t .  The a c tu a l  p r e c i p i t a t i o n - p r o d u c i n g  mecha­

nisms over the  subcon t inen t  of sou thern  Afr ica  w i l l  not be 

cons idered .

1.2 ASPECTS OF SOUTHERN HEMISPHERIC CIRCULATION

In 1869 Buchan publ ished  maps showing the  mean s e a - l e v e l  

p re s su re  d i s t r i b u t i o n  o t  the  sou thern  hemisphere,  de Sort 

(1893) produced the  f i r s t  upper a i r  c h a r t s  fo r  t h i s  hemisphere ,  

e x t r a p o l a t i n g  p re s su re  v a lu es  up to  4 km. F i r s t  monthly mean 

c h a r t s  of  s e a - l e v e l  c i r c u l a t i o n  p a t t e r n s  south o f  30° were 

c o n s t ru c ted  by Meinardus and Mocking (1911). Other s tu d ie s  

o f  p re s su re  p a t t e r n s  on the  sou thern  hemisphere were c a r r i e d  

out by Meinardus (1928, 1929), Wahl (1942),  Palmer (1942),

Vo- inckel  (1955) and Schwerdtfeger and Prohaska (1956). Obser­

v a t io n s  made dur ing  the ICY have done much to  expand hemispher ic  

knowledge ( fo r  example, T a l j a a rd  1966, van Loon 1965, 1967).

A b r i e f  o u t l i n e  o f  c u r r e n t  knowledge o f  atmospheric c i r c u l a ­

t i o n  in the  southern  hemisphere fo l lo w s .

Atmospheric c i r c u l a t i o n  p a t t e r n s  of  the southern

hemisphere may be div ided  .n to  zonal and merid ional f e a t u r e s ,

(Fig 1 .2 ) .
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Fig 1.2 Schematic representation of  the principal features  
of  the general c ircu la t ion  for the Southern 1 emis- 
phere showing the meridional c ircu la t ion  (right)  
anu zonal c ircu la t ion  ( l e f t ) .  (Pittock (197f) ) .

These c i r c u l a t i o n s  may be summarised as fo llows:

( i )  a shallow be l t  of polar e a s t e r l i e s  extending 

equatorward to about 65° la t i tu d e  at the surface

but varying with the seasons;

( i i )  a broad band o f  mid la t i tude  w ester l ie s  increas­

ing with height to a maximum which i s  strongest  

(greater than 4 0 m s ' 1 ) and at i t s  lowest la t i tude  

(around 30*) in w inter;

( i i i )  a zone of  Trade-Wind e a s t e r l i e s  separated from 

the wester l ies  by subtropical ridges which slope  

equatorward with height from around 50° at the

surface to about 10* at 200 mb;

(iv) a th ree -ce l l  mean meridional c ircu la t ion  with 

ascending motion in the equatorial  be l t  and around

lat i tude  60° and with descent over the poles and

in the v i c i n i t y  o f  la t i tude  30* (P it tock, 19 8) .
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The subtropical high pressure be lt  i s  found between 23° - 

4 2 ° s and i s  centred around 30° S. At s e a - l e v e l , the belt  

exnib i ts  a s er ie s  o f  q u a s i -permanent ant icyc lones ,  separated 

from each ether by continental masses. Equatorwards, tae 

ant icyc lon ic  c ircu la t ion  r e su l t s  in the equatorial  e a s t e r l i e s .  

To the south, w es ter l ie s  develop. Subtropical ant icyclones  

weaken with increasing a l t i t u d e ,  eventually  disappeaiing.  

Seasonal var iat ions  result  in both zonal and meridional move­

ment of these ant icyc lones .

The tropospheric circumpolar vortex dominates c i r c u l a ­

t ion  patterns south of  the subtropical highs.  The vortex 

c o n s is t s  of strong westerly  winds which reach th e ir  maximum 

v e l o c i t i e s  in the upper troposphere and which contain trains  

of t ra v e l l in g  cyclones and anticyclones  (Lamb, 1959). Cores 

of strong w e s t e r l i e s ,  the subtropical je t  streams, are found 

at 10 - 15 km and characterise  a sharp poleward temperature 

decrease in the troposphere (Tucker, 1978). Ihe circumpolar 

vortex i s  not e n t ir e ly  symmetrical around the south pole ,  

owing to the irregular d is tr ib u t io n  o f  oceanic and land

masses.

As i s  charac ter i s t ic  o f  the northern hemisphere, 3 mean 

zonal standing waves characterise  the circumpolar vortex in 

the southern hemisphere (van Loon and Jenne, 1972j. These 

waves are l e s s  well developed than the^r counterparts in the 

northern hemisphere, owing to fewer land masses, .onal wave 1
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d e f in e s  the  e c c e n t r i c i t y  o f  the  c ircumpola r vor tex  and 

shows a r idge  in the  su b t ro p ic a l  A t l a n t i c  Ocean and a trough 

in the  P a c i f i c  reg ion .  Wave 2 has a la rge  s tand ing  compo­

nen t  over A n ta r t i c a .  In a l l  months , wave 3 i s  well  def ined  

between 25° S and 6C° S [Pig 1 .3 ] .

Fig 1.3 The p o s i t i o n  of  the  r i d g e s  o f  s tand ing  waves 1, 2 
and 3 in the  annual mean 500 mb map, and of  wave 
3 a t  200 mb in January ,  (van Loon Jenne,  1972)

1.3 PRINCIPAL COMPONENTS ANALYSIS OF PRESSURE FIELDS

P r in c ip a l  components (a l so  known as  e ig en v ec to r s  or  empi­

r i c a l  orthogonal fu n c t io n s )  have been used in many s tu d ie s  of  

atmospheric p re s su re  and o th e r  r e l a t e d  m eteo ro log ica l  paramete rs .



In an e a r l y  study Das (1956) employed monthly s ea - lev e l  p r e s ­

sure  d a ta  from 9 s t a t i o n s  down the  e a s t  c o as t  o f  A u s t r a l i a  

to  i n v e s t i g a t e  the  i n t e n s i t y  and p o s i t i o n  o f  the  s u b t ro p ica l  

high b e l t .  Orthogonal polynomials  ( the  fo re runne r  o f  p r i n -  

c i p a l  components a n a ly s i s )  combined with t e s t s  fo r  s e r i a l  

c o r r e l a t i o n ,  showed t h a t  the  b e l t  moved s lowly southward 

dur ing  the  p e r io d  1909 to 1954.

V e i tch  (1965) used p r i n c i p a l  components a n a l y s i s  to d e s ­

c r ib e  d a i l y  mean s e a - l e v e l  p re s su re  va lues  fo r  the  A u s t r a l a ­

s ian  a re a .  In a d d i t io n  to  confi rming th e  eas tward success ion  

of m i d - l a t i t u d e  cyclones  and a n t i c y c lo n e s  and the  o s c i l l a t i o n  

o f  zonal p r e s su re  i n d i c e s ,  he was ab le  to  show t h a t  an impor­

t a n t  source of  p re s su re  v a r i a b i l i t y  was a q u a  s i - p e r i o d i c  o s c i l ­

l a t i o n  of 10 to  40 days over  e a s t e r n  A u s t r a l i a .

In a somewhat d i f f e r e n t  ‘ tudy , T ren b e i th  (1975) i n v e s t i g a ­

ted  monthly mean s e a - l e v e l  p re s su re  anomal ies  and monthly sea 

su r face  tem pera tu re  d e v ia t i o n s  from th e  normal.  In a l a t e r  

ex tens ion  to  h i s  work, T renber th  (1976) used the  r e s u l t s  of  

the  p r in c ip a l  components a n a l y s i s  to  d e r iv e  general  c i r c u l a ­

t i o n  in d ic e s  fo r  the A u s t r a l a s i a n  a r e a .  Maps of  the  p r i n c i p a l  

component s co res  r e p re se n te d  s e a - l e v e l  p r e s su re  anomaly p a t ­

t e r n s  over t ime. Regimes of  weather were in v e s t ig a t e d  by 

l in k in g  der ived  in d ice s  with in d ic e s  o f  zonal and mer id ional 

a i r f l o w .  The t ime s e r i e s  o f  the  p r i n c i p a l  components were 

used to  show th a t  whereas the  f i r s t  two p re s su re  anomaly
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p a t t e r n s  appeared to a f f e c t  weather regimes,  p r e c i p i t a t i o n  i s  

poor ly  c o r r e l a t e d  with t h e s e .

Examples o f  o th e r  p r i n c i p a l  component s tu d i e s  in which 

r e l a t i o n s i p s  between p re s su re  and v a r i a b l e s  such as tempera­

t u r e ,  wind speed and d i r e c t i o n  a re  d i s c u s s e d ,  a re  to be found 

in  the  work o f  Winstanley (1973), Haworth (1978),  Kidson (1975a) 

and Kutzbach (1967, 1970).

Winstanley (1973) r e l a t e d  f l u c t u a t i o n s  to  changes in the  

r a i n f a l l  p a t t e r n s  o f  the  Middle E as t ,  Sahel zone and 

Mediter ranean area  to  changes in the  genera l  c i r c u l a t i o n  o f  

th e  atmosphere.  The zonal c i r c u l a t i o n  over the  n o r the rn  

hemisphere was found to be o f  g rea t  importance in r e g u la t i n g  

p e r c i p i t a t i o n  in these  a r e a s .

Using p r in c ip a l  components a n a l y s i s ,  Haworth (1978) 

conducted an a n a ly s i s  o f  su r fa ce  p re s su re  anomalies combined 

with sea su r fa ce  temperature  anomalies .  In most months of  

the  year ,  v a r i a t i o n s  in sea su r face  tempera ture  in  the  

t r o p i c a l  e a s t  A t l a n t i c  were shown to  be r e l a t e d  to the  

su r face  p re s su re  d i s t r i b u t i o n .  Long term changes in the  sea 

sur face  temperature  in t h i s  area  were r e l a t e d  to  v a r i a t i o n s  

in  s e a - l e v e l  p re s su re  in the  h igher  l a t i t u d e s .

Kidson (1975a) examined the  r e l a t i o n s h i p  between monthly
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means o f  surface pressure ,  temperature and r a i n f a l l  'ey using  

p r i n c i p a l  components  t o  analyse th e ir  hemispheric data matrix 

in botn hemispheres. Results  showed that  r a in f a l l  components 

were o f  a regional nature,  whereas temperature and pressure  

showed hemispheric coherence.

Grouos o f  monthly mean s e a - le v e l  pressure,  surface 

temperature a n d  p r e c ip i ta t io n  over North America were re la ted  

(Kutzbach 1967, 1970).  In the f i r s t  study, emphasis was laid  

on principal components a n a ly s i s  o f  the three var iab les  for  

t h i s  region, the structure o f  the covariances between them 

being confirmed by reference  to actual synoptic s i tu a t io n s .

In the second study, data from Januarv and July mean monthly 

sea - l ev e l  maps were used in a princ ipal  components ana lys is  

to  define sp a t ia l  patterns of  c i r c u la t io n  v a r i a b i l i t y  over 

the northern hemisphere. The f  r s t  few e igenvectors  described  

the major c i r c u l a t io n  features  within the atmosphere, such 

as the winter Siberian high, the summer A s ia t ic  low and the 

subtropical high pressure cen tres .  Time s e r i e s  a n a lys is  of  

the principal component scores id e n t i f i e d  the early  to mid- 

1920's and early  to mid-1950's as periods o f  c l im at ic  change 

in hemispheric c i r c u la t io n  which were assoc iated  with 

changes in the p o s i t io n s  o f  large s ca le  features  o f  the 

general c i r c u l a t io n .

Recently,  Walsh S Mostek (1980) completed an eigenvector  

analys is  o f  surface temperature, p r e c ip i ta t io n  and s ea - lev e l
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p re s su re  over the  United S t a t e s .  Derived anomaly p a t t e r n s  

showed t h a t  la rg e  pe rcen tages  of  v a r ian ce  were accounted for  

by the  f i r s t  th r e e  p r i n c i p a l  components of each paramete r .  

Cross c o r r e l a t i o n s  between the ampl i tudes  o f  the  e ig en v ec to r s  

a re  s t a t i s t i c a l l y  s i g n i f i c a n t  and o f t e n  s ea so n a l ly  dependent.

Examples o f  upper a i r  p re s su re  da ta  a n a l y s i s  a re  found 

in the  work o f  Craddock and Flood (1969) and Craddock and 

F l i n t o f f  (1969). Daily  g r i d  po in t  d a ta  were e x t r a c te d  from 

hemispheric  synopt ic  c h a r t s .  A s e t  o f  p r i n c i p a l  components 

were de r ived  r e p re s e n t in g  l a r g e - s c a l e  f e a tu r e s  o f  the he ight  

o f  the  500 mb su r face  over the Northern  Hemisphere. Each 

r e s u l t a n t  e igenvec to r  was d iscussed  as a f e a t u r e  o f  the  

genera l  500 mb su r face  c i r c u l a t i o n .  For example Eigenvector 1 

accounting fo r  58,6^ o f  the  t o t a l  va r iance  in the  p r e s ­

sure  d a t a ,  was a general  f i e l d  devoid  o f  s t rong  g r a d i e n t s .  

E igenvector 2 (3.4%) i n d i c a t e d  the  vor tex  over Greenland, 

whereas Eigenvector 3 (2.9%) corresponded to the  A leu t ian  

high.  More recen t  work on the 500 mb level was c a r r i e d  out 

by Rinne and Karh ila  (1979) and Rinne and J a rv en a ja  (1979.

In the  f i r s t  work, em pir ica l  o r thogonal  func t ions  ( p r i n c i ­

pal components) were determined f o r  the  no r th e rn  hemisphere 

to  d e sc r ib e  the  500 mb l e v e l .  The second p resen ted  a study 

of  the  e f f e c t i v e n e s s  of the  components p rev io u s ly  d e r iv e d ,  

the  r e s u l t s  in d ic a t in g  t h a t  the  method used was s t a b l e  over 

t ime and t h a t  the  very  l a r g e  da ta  m at r ix  had been r e l i a b l y  

reduced to 175 p r in c ip a l  components.  The work of  Craddock 

and Flood (1969) and Craddock and F l i n t o f f  (1969) emphasised
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the actual physical features  whereas that  o f  Rinne and Jar-  

venaja (1979) discussed the technique in depth and i n v e s t i ­

gated i t s  r e l i a b i l i t y .

Steyaert et  a t  (1978) studied atmosphe .c pressure and 

i t s  r e la t io n sh ip  to wheat y ie ld s  in the United S t a te s ,  Canada 

and the Soviet Union. Principal component ana lys is  was used 

to  represent the large sca le  atmospheric features  which, xn 

turn, wets then used as predic tors  in a l in ear  regress ion  

analys is  on wheat y i e l d s .  A wheat y ie ld  model with high opera- 

t io n a l  s ig n i f i ca n ce  was provided which explained over 90",

o f  the t o t a l  variance in wheat production, the model provid-  

ing est imates  within two qu inta ls  per hectare of  the o f f i ­

c ia l  est imates  for 1975 and 1976. Similar r e s u l t s  were 

obtained from an an a lys is  o .  ,aize production over southern 

Africa and sea - lev e l  pressure over the Indian and South 

Atlantic  Oceans (G i l loo ly  & Oyer, 1980).

Principal components an a lys is  w i l l  be used in t h i s  study 

to  decompose oceanic s ea - l e v e l  pressure data into component 

parts by der iv ing uncorrelatcd pressure f i e l d s .  The amount 

of  data to be considered i s  reduced and a l l  var iab les  are 

rendered uncorrelatcd. D e ta i l s  o f  the technique to be used 

are considered in the next chapter
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C H A P T E R  2

D A T A  A N D  M E T H O D S  OF A N A L Y S I S

2.1 INTRODUCTION

Sea-level atmospheric pressure data for the oceans sur­

rounding southern Africa are ava i lab le  at equally spaced,

10° la t i tude  and longitude grid points o''cr an area of ocean 

defined by 10" W to oO" E and 20" S to 40° S. Principal  

components analys is  w i l l  be employed to derive pressure  

f i e l d s  from the actual pressure data matrix and to ensure 

that the resu lt ing  f i e l d s  are uncorrelated. The time ser ie s  

scores from the principal components ana lys is  wi l l  be cor­

rela ted with ra in fa l l  data from twenty d i s t r i c t  r a in fa l l  

regions over the Respublic of South Africa ,  using stepwise  

multiple regress ion.  In th is  chapter the data and methods 

of analys is  are discussed.

2.2 OCEANIC SEA-LEVEL ATMOSPHERIC PRESSURE

Sea-level pressure data at 19 grid points over the 

oceans surrounding southern Africa are described in the ana­

ly s i s  (Fig 7 .1 ) .  Monthly mean values for each grid point 

for the period 1951 to 1977 are used. Consequently, the
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a n a ly s i s  of  p res su re  da ta  i . based on 12 in d iv idua l  m a t r ices  

being of order  27 x 19, where rows a re  years  and columns 

g r id  p o in t  , data being p resen ted  in whole mbs. Data were 

obta ined  fro: the South \ f r i c a n  Weather Bureau.

;r id poin t  i s . d f  >r v,.- lev el  oceanh  $ 
data  .

IV 1PM. :OMPONENTS ANALYSE

HiKorrelated p re s su re  f i e l d s  have been der ived  from the 

to tn  ' ress . , re  data  matr ix  u - ing  p r in c ip a l  components analy-

i Th- method of approach has two important character is ­

t i c  f i r  t , i t  u s u a l l y  reduces the  dimension o f  the data 

i a t r i x  that needs be f i n a l l y  cons idered ;  secondly,  it  

s h o w s  move c l e a r l y  the  i n t e r r e l a t i o n s h i p s  wit! the  original  

da ta  matrix (Maxwell, 197""'.

Principal components analysis  provides a mathematical 

reorganization of  the or ig ina l  data matrix. 1 he new varia­

b l e s ,  principal components, are uncorrelated l inear functions
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o f  the  o r i g i n a l  v a r i a b l e s .  The t o t a l  number o f  v a r i a b l e s  

remains unchanged and the  t o t a l  v a r ia n ce  ot the  da ta  se t  

i s  r e t a i n e d .  However, the  p r i n c i p a l  components a re  so d e r ­

ived th a t  the  g r e a t e s t  p ro p o r t io n  of  the  t o t a l  v a r i a n c e , 

o b ta in a b le  by such a l i n e a r  combination,  in the  data  matrix 

i s  accounted fo r  by the f i r s t  component, the  next l a r g e s t  

amount by the  second , and so on. Consequently the  o rde r  in 

which they a re  formed i s  r e l a t e d  to the  p ro p o r t io n  o f  t o t a l  

va r iance  fo r  which they a c c o u n t . Thus only  those  components

accounting fo r  most o f  the  v a r ia n ce  need be cons idered .

Often the f i r s t  few p r i n c ip a l  components account f o r  a la rge

p ropor t ion  o f  the  t o t a l  v a r i a n c e , reducing the  dimension­

a l i t y  o f  the  problem ( for  example, Craddock, 19~3; Kendal l , 

1975).

The p re s su re  da ta  used in t h i s  s tudy ,  where a high degree 

o f  i n t e r c o r r e l a t i o n  e x i s t s  between the  v a r i a b l e s  is  well 

s u i t e d  to p r i n c i p a l  components a n a l y s i s . I f  l i t t l e  i n t e r c o r ­

r e l a t i o n  e x i s t e d , i t  would be p o i n t l e s s  to at tempt to de r ive  

u n c o r re la t e d  l i n e a r  combinat ions  s ince  most components would 

then r e p re se n t  in d iv id u a l  v a r i a b l e s  only .

The a n a l y s i s  has been based on the c o r r e l a t i o n  matrix 

which reduces  a l l  the v a r i a b l e s  to  equal importance as meas­

ured by s c a l e ,  s ince  la rge  s c a le  p a t t e r n s  were sought as 

opposed to more l o c a l i s e d  e f f e c t s .  Because the  v a r i a b l e s  

a re  s tanda rd ized  when us ing  the  c o r r e l a t i o n  m a t r i x , the
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loca l  v a r i a t i o n  i s  removed by v i r t u e  o f  having d iv ided  each 

v a r i a b l e  by i t s  s tandard  d e v i a t i o n .  E igenvectors  have been 

e x t r a c t e d  from the  c o r r e l a t i o n  matr ix  for  the  p re s su re  da ta  

m atr ix  o f  in d iv id u a l  months. P r in c ip a l  component scores  

o f  the  o r i g i n a l  d a ta  matr ix  were c a l c u l a t e d  and p l o t t e d , 

as were loading v a l u e s , or the  c o e f f i c i e n t s  of  the  l i n e a r  

func t ion  which the  e ig en v e c to r s  d e f .ne (Davis , 1973).

Because o f  the  am b ig u i t i e s  t h a t  a re  p re s e n t  in the  l i t e r a ­

t u r e ,  i t  i s  well  to  d e f in e  c e r t a i n  ex p re ss io n s  v .1 in p r i n ­

c ip a l  components a n a l y s i s . F i r s t , the  e lements o f  an e ig e n ­

v ec to r  matr ix  a re  sca led  (Maxwell, 1977) and a re  termed 

e igenvec to r  lo ad in g s ,  or  simply load ings .  These load ings  

provide  the  va lue  o f  the  c o r r e l a t i o n  between each v a r i a b l e  

and the  r e s p e c t i v e  p r i n c i p a l  component. 'r iie component 

scores  a re  the  same as the  term com; t  am pl i tudes ,  or  

c o e f f i c i e n t s  sometimes seen in the l i t e r a t u r e .  In th e  p r e s ­

ent work, loadings  a re  on g r id  p o i n t s ,  and scores  form time 

s e r i e s  of  p re s su re  anomal ies .  A c u t - o f f  va lue  o f  1.0 was 

used fo r  the  e ig en v a lu e s ,  t h i s  being K a i s e r ' s  c r i t e r i o n  

(Child ,  1970), to de te rmine  the  importance o f  the  p a t t e r n s  

ob ta ined  from the  above a n a l y s i s .  Rinne and Karh ila  (1979) 

ind ica ted  t h a t  whereas most o f  the  v a r i a n c e  i s  expla ined  

by the f i r s t  few components , h igh- indexed t a i l  components 

d e sc r ib e  no ise  and e r r o r s  o f  the  o r i g i n a l  d a ta .  For t h i s  

study the  in d iv id u a l  components soon accounted fo r  minute 

amounts o f  va r iance  on ly ,  as well as becoming extremely  

d i f f i c u l t  to  i n t e r p r e t .  Thus, in s t e ad  o f  having to cons ide r
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19 v a r ia b le s , i t  was necessary to deal with, on average,  

no more than f i v e .

2.4 RAINFALL DATA

Rainfall  data for t h i s  study have been taken from the 

South African Weather Bureau publication 'Climate o f  South 

Africa.  Part 10. D is tr ic t  Rainfall '  (South African Weather 

Bureau, 1972). The country has been divided by the South 

Xfrican Weather Bureau into a number o f  homogeneous r a in fa l l  

d i s t r i c t s ,  each d i s t r i c t  value being a mean of  s ta t ion  ra in ­

f a l l s  for a given area. Such values may be accepted as the 

relevant, d i s t r i c t  ra in fa l l  provided that the number o f  s t a ­

t ions  i s  adequate 'greater than 5) and that they are f a i r l y  

evenly d is tr ibuted .  These condit ions  having been met, a 

d i s t r i c t  s er ies  then has the advantage o f  applying a s l ig h t  

smoothing to the data and thus decreasing noise  e f f e c t s .

In th i s  d i s s er ta t io n  a coarse grid o f  20 u . s t r i c t  centres
3

SC so
♦ -
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Fig 2.2 Rainfall  d i s t r i c t  centres
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has been used (Fig 6.2') to provide monthly t o t a l s  of  ra in fa l l  

(mm) for which data were avai lab le  from 1951 to 1975. 

Unavoidably, th i s  i s  two years shorter than the pressure data 

s e r i e s .

2.5 STEPWISE MULTIPLE REGRESSION

Many d i f feren t  regress ion techniques are ava i lab le  to 

determine the form o f  a l inear  re la t ionsh ip  between a given 

dependent variable  and a set  o f  poss ib le  explanatory va r ia ­

b le s .  Stepwise multiple  l inear  regress ion was chosen for 

reasons o f  economy to describe the re la t ion sh ip s  between 

pressure f i e l d s  derived by principal components analys is  

and monthly ra in fa l l  over the Republic of  South Africa.  Rain­

f a l l ,  the dependent var iab le ,  was regressed on the time s er ie s  

o f  pr inc ip le  component scores which were taken as the indepen­

dent variables  in the regress ion.

Ordinary multiple  l inear  regress ion analys is  pu l ls  in 

a l l  the independent var iables  offered up to the procedure. 

Alternat ive ly  the stepwise method considers the e f f e c t  of  

each variable  on the whole regress ion.  It therefore provides  

information about the order of  importance of  the individual  

independent variables  in re la t io n  to the dependent var iable ,  

given that the previous independent var iables  are already  

in the regress ion. Forward se le c t io n  (Chatteriee & Price,

19. ) was used to insert  var iables  into the regression
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equation. This process is  terminated when the part ia l  1--value  

at some convenient leve l  of  s ign i f ican ce  becomes s t a t i s t i c a l l y  

in s ig n i f i c a n t  for the most recent ly  returned variable .  The 

order in which var iables  are included depends on the part ia l  

corre lat ion  c o e f f i c i e n t s .  These are a r e la t iv e  measure of  

the importance of the var iab les ,  not yet entered into the 

regress ion equation, a b i l i t y  to account tor the depend . t 

var iab le 's  variance.  In the present case an F-to-enter of  

10”, was used (Draper and Smith, 1966). At each step, var­

iab les  already in tne equation are re-examined in the l igh t  

of  the ir  in terre la t ionsh ip s  with the variables  entered at 

a la ter  stage .  Any variable  thus found tc no longer make 

a s ig n i f i c a n t  contribution in explaining the dependent 

v a r ia b le ' s  variance are then removed from the regress ion  

equation. This feature ,  therefore ,  also makes stepwise  

multiple  regress ion su i tab le  for data matrices with a high 

degree of col 1 inear i t / .  However, since pr inc ip le  components 

are uncorrelated, t h i s  f a c i l i t y  was not u t i l i s e d  in ih is  

work.

*  *  *  *

The techniques discussed are well suited to determine 

the nature and spatial  v a r i a b i l i t y  of  he pressure f i e ld s  

over the oceans surrounding southern Africa and for the study 

of  the re la t ionsh ips  between r a in fa l l  and the derived pres­

sure f i e l d s .  In the following chapter the f i r s t  of  the pres­

sure f i e ld s  defined by the ana lys is  w i l l  be considered.
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C H A P T E R  3

MEAN P R E S S U R E  P A T T E R N S  AN D  T H E  G E N E R A L  

P R E S S U R E  F I E L D

3.1 INTRODUCTION

Whereas i t  i s  the departures from mean c ircu la t ion  pat­

terns that produce the weather-forcing mechanisms, i t  i s  neces  

sary to define and understand the underlying controls  r e f l e c ­

ted in the mean pattern. Decomposition o f  the oceanic sea- 

leve l  pressure data by principal components reveals  three 

maior pressure f i e l d s .  In th is  chapter the most important 

of  these f i e l d s ,  termed the general pressure f i e l d ,  i s  d i s ­

cussed .

3.2 MEAN MONTHLY PRESSURE PATTERNS

Mean monthly pressure maps have been constructed to show 

the annual march o f  s ea - leve l  pressure over the oceans sur­

rounding southern Africa.  Oceanic s ea - lev e l  pressure,  in 

general , may be described in terms of  two major high pressure 

centres .  The Atlantic  Ocean high is  s ituated o f f  the west 

coast of  the subcontinent, the Indian Ocean high o f f  the east  

c o a s t .



- 21 -

In both summer and w in te r ,  the  mean c i r c u l a t i o n  i s  lomi- 

na ted  by the h igh p re s su re  c e n t r e s .  The h ig h e s t  mean pr ;s sure  

va lue  over the  A t l a n t i c  Ocean (1024 mb) i s  found in  Jul  

while the  Indian Ocean maximum (1025 mb) occurs  in August 

(Fig 3 .1 a ] .  During these  w in te r  t e n t h s ,  pre s su re  c e n t r e s  

are c l o s e s t  to  the  su b co n t in en t .  Lowest p re s su re s  a re  found 

over both  oceans dur ing  February [Fig 3 .1 b ] .  A complete 

monthly set  o f  mean p re s su re  c h a r t s  i s  given in Appendix 1.

20
• 10

20

SO

20

August

•o20

10
to

10
• 0

February

Fig 3.1 Mean monthly p re s su re  d i s t r i b u t i o n s .

P res su re  va lues  a re  given as mean s e a - l e v e l  p res  
•ures ♦ 1000 mb i . e . ,  20 must be read as 1020mb.
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Two a s p e c ts  o f  the  d escr ib ed  mean pressure system stand  

iut in  th e se  maps. F i r s t ,  a i e . d - l a g  r e la t io n s h ip  e x i s t ,

.etween the  s u n ' s  apparen t  m ig ra t io n  in  d e c l i n a t i o n  and months 

showing the  maximum and minimum p re s su re  s i t u a t i o n s .  The summer 

s o l s t i c e  occurs  on 21st  December when th e  sun reaches  i t s  maximum 

sho u th e r ly  d e c l i n a t i o n ;  the  w in te r  s o l s t i c e  xs on 

Secondly,  t h e r e  i s  an unequal annual change in  i n t e n s i t y  and 

p o s i t i o n  o f  t h e  two h igh  p re s su re  c e n t r e s .  The A t l a n t r c  Ocean 

h igh  i s  r e l a t i v e l y  s t a b l e ,  e x h i b i t i n g  only  a s l i g h t  s h i f t  

southwards dur ing  th e  summer months. The range o f  mean p re s su re  

o f  t h e  c e n t r e  o f  t h i s  a n t i c y c lo n e  v a r i e s  from 1020 mb to  1024 mb. 

The cenre  o f  the  Ind ian  Ocean h igh  on the  o th e r  hand, s u f f e r s  

a f a r  l a r g e r  d i sp lacem en t ,  but t o  th e  e a s t ,  dur ing  th e  simmer 

months and has a wider p re s su re  range o f  1015 mb t o  1025 mb 

in  th e  a rea  under c o n s i d e r a t i o n .  The maximum eastward d i s p l a c e ­

ment of  t h i s  c .M  i s  c en t r ed  a t  approximate ly  SO’ E and i s  not 

apparen t from the  a rea  under c o n s id e r a t i o n  (Fig 5.21.

Pressure g r a d ie n ts  a s s o c ia te d  w ith  th e  mean monthly f i e l d s  

vary a cro ss  the  oceans throughout the  year . Gradients appear 

Sharpest around the  A t la n t ic  Ocean h ig h ,  w hile  th ose  around the  

Indian Ocean high show v a r ia t io n  with i t s  approach and departure  

from the su b c o n tin e n t .  To th e  so u th ,  th e  Indian Ocean high  

pressure cen tre  g ra d ie n ts  are weak from September through to  

A p r il ,  a f t e r  which contours show a s teep er  g r a d ie n t .  The 

s i t u a t io n  to  the north o f  th e  Indian Ocean h igh  show, r e l a t i v e l y  

e+.an orntHents throughout the year.
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Fig 3.2 Mean s e a - l e v e l  p re s su re  d i s t r i b u t i o n  ( a f t e r  
C r i t c h f i e l d , 1966).
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3.3  PRESSURE FIELDS

Principal components an a lys is  has been used to i s o l a t e  

uncorrelated patterns in the monthly oceanic s ea - l ev e l  pres­

sure data. Resulting patterns  o f  s e a - l e v e l  pressure f i e l d s  

have been sorted bv the month. Whereas Craddock and Flood 

(1969) have carried out pr incipal components an a lys is  on a 

s in g le  s e r i e s  con s t i tu ted  by monthly values  over a number 

of  years ,  in th is  study twelve d i f f e r e n t  s e r i e s  o f  monthly 

pressure values from 1951 - 1977 were analysed.

Of the  n ine teen  components de r ived  f o r  . ^ . h  month, onlv 

four  to s ix  met K a i s e r ' s  c r i t e r i o n  of  g r e a t e r  than u n i t y  

( g r e a t e r  than one) .  For each o f  th "  four  to  s ix  s i g n i f i c a n t  

components,  monthly maps o f  the  s p a t i a l  d i s t r i b u t i o n  of  e ig e n ­

v e c to r  loadings  were de termined.  These were then s o r t e d ,  by 

v i s u a l  i n s p e c t io n ,  in to  t h r e e  d i s t i n c t l y  ev iden t  p a t t e r n s  

with  common c h a r a c t e r i s t i c s .  The th re e  p re s su re  f i e l d s  are  

hence fo r th  i d e n t i f i e d  as :

( i )  a general  p r e s su re  f i e l d ,

( i i )  an e a s t -w e s t  p r e s su re  f i e l d  in which lo n g i tu d in a l  

c o n t r a s t s  predominate  (hencefo r th  c a l l e d  the  l o n g i ­

tu d in a l  p r e s su re  f i e l d ) ,  and

( i i i )  a n o r th - so u th  f i e l d  showing s t rong  l a t i t u d i n a l  

c o n t r a s t s  (hencefo r th  c a l l e d  "he l a t i t u d i n a l  p r e s ­

sure f i e l d ) .
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The principal component d is tr ib u t ion  for each pressure f i e l d  

is  given in Table 5 .1 .

The general pressure f i e l d  accounts for an average ot 33 .-  

percent of the to ta l  variance encountered in the overal l  pres­

sure f i e l d .  The longitudinal f i e l d  accounts for an average 

of  22.1 percent and the la t i tud ina l  for 15.3 percent (Table 

3 ,2 ) .  The percentages apply to the year as a whole; they do 

not n eces sar i ly  apply in the case of  individual months.

Table 3.1 PRINCIPAL COMPONENT DISTRIBUTION (by number) 
ACCORDING TO PRESSURE FIELDS.

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

GENERAL LONGITUDINAL LATITUDINAL

3

3

3

*.

3

3

3

3

TOTAL
VARIANCE

73.5

75.3

66.4

74.6  

72.9

67.0

61.1

66.3

76.4 

69.8

76.4 

77.1
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...r , a re  '■ • ! von t a in  mostly p o s i t i v e  Loadings with high 

v , lue v r ioth oceans . October through March snow high 

1 iir.g over the A t l a n t i c  Ocean, whereas May tc  August,  w ' tn  

the  except ton o f  J u n e , have larg- va lves  o ' e r  the Indian 

O c e a n .  Both x  an- -re equal ly  emphasised during April and

September.
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Most g r id  po in t s  have p o s i t i v e  e igenvecto i  loadings for 

the  general  p re s su re  f i e l d  (Fig 3 . 3 ) .  The loadings a re  ci 

r e l a t i o n  c o e f f i c i e n t s  between the  components ,nd the  o r i  ! in -1 

p re s su re  da ta  and hence,  high values  fo r  a g r id  poin t  ind. .r 

t h a t  i t  i s  well rep resen ted  by the  general  pr ir I 1 and

v ice  versa) .

3.5 SEASONAL CHANGES IN GENERAL kl UR1 ILLO

Summer c o n d i tm r

During the  uner period , October t "ai h.  c e r t  n 

common c h a r a c t e r i s t i c s  a re  apparent in  the general  pr< 

sure f i e l d s .  In October,  h igher  load in; re ound * 

the w e s t , south-west ind south o f  Sout Vfric (i . i . . 

By c o n t r a s t , in the Indian Ocean s ec to r  Loadings ir some­

what lower. However, in g e n e r a l . the  r e l i e f  o f  the  c o r ­

r e l a t i o n  f i e l d s  is  not pronounced. November shows a 

s t reng then ing  o f  values  to  the  west of  the  subcontinent 

(Fig 3 . 4 b ) , whereas the  f i e l d  over the  Indian Ocean 

shows l i t t l e  r e l i e f .

During December the general  p re s su re  f i e l d  begin: 

to s t reng then  markedly to  the  south-west of  Cape Town 

(Fig 3 . 4 c ) . At: the same time in  the Indian Ocean s e c to r ,  

p a r t i c u l a r l y  i the n o r t h , the  f i e l d  has weakened. This 

trend i s  cons tan t  tnrough January to March, p a r t i c u l a r  

emphasis being plac d on the south -weste rn  oceanic  areas  

south o f  the  mbcr t "ini - i t .
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Fig 3.4 General  p re s su re  f i e l d :  summer c o n d i t io n s
(e ig e n v ec to r  loadings  x 100)
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The Winter P a t t e rn

Unlike the  summer months, May, J u ly  and August show 

high e igenvec to r  loadings  over the  Indian Ocean. In June 

the  a rea  west o f  the  subcontinent i s  emphasised.

During May, h igh va lues  a re  found e a s t  of  the  South 

Afr ican c o as t  (Fig 3 .5 a ) .  Eas t -west  g r a d i e n t s  a re  found 

over the  A t l a n t i c  Ocean, but t h i s  a rea  i s  l e s s  well r e p r e ­

sented by the  genera l  p r e s su re  f i e l d .  In Ju ly  high load­

ings  (g r ea te r  . han « \7 ,  t h a t  i s ,  70 on th e  maps) a r e  found 

over the  ..hole Indian Ocean area  (Fig 3 .5 b ) .  The i n t e n ­

s i t y  and s i ze  o f  the  f i e l d  d ec rea se s  somewhat dur ing 

August (Fig 3 .5 c ) .  The w in te r  months, May to  August, 

a re  predominant ly  c h a r a c t e r i s e d  by la rg e  p o s i t i v e  anoma­

l i e s  over  the  Indian Ocean a rea  ( s e e  A p p e n d i x  3 ) .

T r a n s i t i o n  Periods

April  and September r e p r e s e n t  between-season cond i ­

t i o n s .  Both months show equal loadings  over both oceans 

(Fig 3 . 6 ) .  During A p r i l ,  the  high va lues  south-west of 

Cape Town c h a r a c t e r i s t i c  o f  the  summer months,  weaken ana 

the  beginning o f  the  win te r  Indian Ocean predominance in 

the  general  p re s su re  f i e l d  i s  observed. The r e v e r se  

takes  p lace  in September as the  Indian  Ocean e igenvec to r  

loadings  decrease  in i n t e n s i t y  and s p a t i a l  coherence and 

A t l a n t i c  Ocean va lues  begin  to  i n c r e a s e .
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he general pattern that emerges from t h i s  d iscussion of  

umer condit ions  i s  one o f  developing p o s i t i v e  anomal ie s  

o the south-west o f  the subcontinent in the v i c i n i t y  of  

ongitudes 10- E to 10" X and la t i tu d e s  30' S to  44* S.

S.6 TEMPORAL VARIATION OF THE GENERAL PRESSURE FIELDS

Monthly principal component scores show l i t t l e  systematic  

year-to-year var iat ion  (Fig 3 .7 ) .  The s e r ie s  are too short 

t o  c a r r y  out spectral m alyses .  K e n d a l l  s t u r n i n g  po 

t e s t  (1973, was used in s tead  to in ves t iga te  a n u l l -hypothesis  

of  randomness in the s e r i e s .  In no case could the 

n u l l . hypothesis be rejected at the SL l e v e l ,  suggesting that  

the component scores f l u c t u a t e  in a random manner.

Examples o f  mean monthly synoptic s i tu a t ion s  are given 

for some years with high scores (Fig 5 .8 ) .  The anomal.. 

pattern for October 1973 represents a summer s i tua t ion  (that  

i s .  the eigenvector loadings are representative  o f  pressure 

deviat ions  from the long-term mean). During 1973, t h i s  month 

achieved a high negative score.  The mean monthly synoptic  

s i tu a t io n  for t h i s  month compares well (except for s ign ,  with 

the general pressure f i e l d  shown in Fig 3 .3a ,  the sign of  

the eigenvectors being arbitrary (Barry and Perry, I V " ) .

Fi e  3.8a i l l u s t r a t e s  the physical r e a l 'tv  of the d,rived
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p re s su re  p a t t e r n s .  Tn the  second i n s t a n c e , quoted in 

Fig 3 .8b ,  a t p i c a l  example of w in te r  s i t u a t i o n  

(August 1967) shows s t rong  p o s i t i v e  p re s su re  anomalies over 

the  Indian Ocean s e c to r  and i l l u s t r a t e s  a s i t u a t i o n  r e p r e ­

sented by F g ' . 5 c .

3.7 DISCUSSION

During the  summer high p o s i t i v e  load ings  in the 

south  A t l a n t i c  a rea  to  the  south-west  o f  Cape Town are  

prominent f e a t u r e s  o f  the  genera l  p re s su re  f i e l d .  By 

c o n t r a s t ,  in win te r  the  mass balance changes and lower 

v a lu es  o f  anomalies appear to  be the  c 1im ato log ica l  norm 

fo r  the  southern  A t l a n t i c  Ocean area  south-west or 

Cape Town. Such changes occur as r e s u l t  o f  changes in 

the  A t l a n t i c  Ocean high and probably can be r e l a t e d  to  

the  seasonal  v a r i a t i o n  in the  p o s i t i o n  ol the  su b t ro p ic a l  

r i d g e  of  the  zonal s tand ing  wave 1 (Fig 3 .9 ) .  This peak 

e x h i b i t s  a 5° l a t i t u d i n a l  s h i f t  poleward from summer to  

w in te r  (van Loon 8 Jenne ,  197 2).
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I t  has been shown th a t  the  general  p re s su re  f i e l d  e x h ib i t s  

d i s t i n c t  seasonal  changes t h a t  can be r e l a t e d  to s im i la r  

changes in the  general  c i r c u l a t i o n  of  the  atmosphere. This 

f e a t u r e  i s  c h a r a c t e r i s t i c  o f  the  A t l a n t i c  Ocean to the sou th ­

west of  Cape Town dur ing  the  summer pe r iod ,  and of  the  

Indian Ocean during the  w in te r .  East-west  changes a re  a 

f e a t u r e  o f  the  general  p re s su re  f i e l d  to be d iscussed  in  the 

fo llowing chap te r .
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C H A P T E R  4

T H E  L O N G I T U D I N A L  P R E S S U R E  F I E L D

4.1 INTRODUCTION

The longitudinal  pressure f i e ld  co n s i s t s  of  loading pat­

terns from principal components two ;.nd three (Table 3.1)  

and has been id en t i f ied  by s i m i l a r i t i e s  in the spat ia l  pa t ­

terns of  the anomaly f i e l d s .

Contours cons t ruc ted  from the e igenvec to r  loadings  rep re  

sent the  c o r r e l a t i o n  between the  re le v an t  p r in c ip a l  component 

and the o r i g i n a l  s ea - l e v e l  p re s su re  d a t a . Those a reas  of  

the  f i e l d s  with l a rg e  contour  values  ( r e g a rd le s s  of  sign) 

a re  o f  major i n t e r e s t  because they w i l l  be the a reas  most 

s t rong ly  rep re se n te d  by the p r in c ip a l  component. Negative 

va lues  a re  found in a l l  c o r r e l a t i o n  f i e l d s , in c o n t r a s t  to  

the  general  p re s su re  f i e l d  where few n o n -p o s i t iv e  va lues  were 

encountered . Within the long i tud ina l  p re s su re  f i e l d  negav• a 

anomalies tend to  c h a r a c t e r i s e  one ocean and p o s i t i v e  the 

o th e r ,  e igenvec to r  loadings c l e a r l y  show t h i s  dichotor.tous 

t rend  between the  oceans (Fig 4 .1 ) .  The balance of  load ­

ing values  i s  seldom equal between the  two oceans and two
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major temporal and s p a t i a l  p a t t e r n s  may be d i s t in g u i s h e d :  

f i r s t ,  t h a t  emphasising the  Indian Ocean area  (October to 

March); and secondly emphasising the  A t la n t i c  Ocean (April 

to September).  The p ropo r t ion  of the  t o t a l  p res su re  va r iance  

accounted fo r  by lo n g i tu d in a l  changes in the p res su re  f i e l d  

i s  about tw o - th i rd s  t h a t  accounted fo r  by the  general  p r e s ­

sure  f i e l d  (Table 3 .2 ) .

4 .2  SEASONAL CHANGES IN THE LONGITUDINAL PRESSURE FIELD.

Summer eondit ions

During October to March, high loadings  occur over the  

Indian Ocean. Prominent va lues  dur ing October a re  cen te red  

around 30" S 50° E (Fig 4 .2 a ) .  Anomaly g ra d ie n t s  are  

g e n e ra l ly  weak for  the  remainder of the  f i e l d .  January 

shows a north-ward extens ion  o f  the  area  s t ro n g ly  r e p r e ­

sented by the lo n g i tu d in a l  p re s su re  f i e l d  (Fig 4 .2b) .

During March, anomaly g ra d ie n t s  a re  again  weak, but 

the  whole Indian Ocean sec to r  has loading va lues  g r e a t e r  

than 0.6 f th a t  i s ,  60 on Fig 4 . 2 c ) .  The o th e r  months, 

November, December and February a l l  show Indian Ocean 

dominance in loading values  (see Appendix 4 ) .

The Wi nt e r  P a t t e r n

The long i tud ina l  p re ssu re  f i e l d  emphasises th e  A t lan ­

t i c  Ocean region to the west and south-west of  South A fr i ca ,
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Fig 4 .1  Longi tudinal p re s su re  f i e l d :  summer cond i t ions
(e igenvec to r  load ings  x 100)
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encompassing the  a rea  south o f  25° S and west o f  IS0 c. 

during May, s t rong  p o s i t i v e  anomalies occur south-west  

o f  Cape Town (Fig 4 . 5 a ) .  Anomaly g r a d i e n t s  weaken markedly 

towards the  I. . . ian Ocean s e c t o r .  Ju ly  shows the  maximum 

northward expansion of  high loading va lues  (Fig 4 .3 b ) .

The g r e a t e s t  e ig en v ec to r  load ing  va lues  a r e  encountered 

in the  a re a  3 i°  5- and 0e dur ing  August (Fig 4 . 3 c ) .

Marked p o s i t i v e  anomaly g r a d i e n t s  c h a r a c t e r i s e  t h i s  month.

4.3 TEMPORAL VARIATION OF THE LONGITUDINAL PRESSURE 

FIELDS

The lo n g i tu d in a l  p r e s su re  f i e l d  was not c h a r a c t e r i s e d  by 

high scores  f o r  s i m i l a r  years  from month to month. ihe most 

p e r s i s t e n t l y  high sco res  occurred  in April  to  J u l y ,  1973, 

and in January  to  r t A l ,  1974 (Fig 4 . 4 ) .  The mean monthly 

synopt ic  c h a r t  fo r  January  1961 p rov ides  an exan ' e  o f  ac tua l  

summer anomaly c o n d i t io n s  fo r  a yea r  of  high score (Fig 4 . 5 a ) .  

This c h a r t  shows a p o s i t i v e  - n e g a t i v e  anomaly p a t t e r n  i n d i c a ­

ted  fo r  January fo r  the  l o n g i tu d in a l  p r e s su re  f i e l d  (Fig 

4 .2 b ) .  The w in te r  d e v i a t i o n  p a t t e r n  i s  well i l l u s t r a t e d  

by the  synopt ic  c h a r t  fo r  May 1973 (Fig 4 .5b) which shows 

anomaly p a t t e r n s  c lo se  to those  found in the  lo n g i tu d in a l  

p re s su re  f i e l d  fo r  May (Fig 4 3a).
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( a )

January 1961: summer condit ions

(b)

*;

May 1973: winter pattern

_____________  mean sea - lev e l  isobars (mb)

------------------  deviation from 10 year mean (mb)

Tig 4.5 Mean monthly synopt ic charts (S A Weather Bureau).
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4.4 DISCUSSION

The lo n g i tu d in a l  p re s su re  f i e l d  shows a d i f f e r e n c e  m  

sign between e a s t  and west.  Although d i f f e r e n t  oceanic  sec-  

t o r s  a re  emphasised dur ing summer and winte r  p e r io d s ,  weaker 

anomalies o f  oppos i te  sign c h a r a c t e r i s e  the  o th e r  p a r t s  of 

the  p re ssu re  f i e l d .

The na tu re  of  the  t e l e co n n e c t io n  between the  A t l a n t i c  

and Indian Oceans ad jacen t  to  southern  A fr i ca  immediately 

b r ings  to  mind the 'Southern  O s c i l l a t i o n ' ,  which i s  the  f l u c ­

tu a t i o n  o f  p re s su re  between the  Indian and P a c i f i c  Oceans 

as f i r s t  noted by Walker (1923. 19:4,  1923) and Walker and 

B l is s  (1930, 1932). Many ex p lana t ions  fo r  t h i s  observed 

phenomenon have been put forward.  Berlage and Boer (19.9 ,  

-960) considered  i t  a s tand ing  wave in the  atmosphere.  Sche ll  

(1956) a t t r i b u t e d  i t s  e x i s t en c e  to  the  d i f f e r e n c e  between 

tempera ture  o f  the  cool so u th -e a s t  P a c i f i c  and the  r e l a t i v e l y  

warm " a c i f i c - I n d i a n  Ocean reg io n ,  a mechanism a l so  proposed

by Wright i!975) .

I t  i s  p o s s ib le  t h a t  the  observed te le co n n e c t io n  might 

be a f e a tu re  of  the temperature  d i s c o n t i n u i t y  between the 

coo le r  A t la n t i c  Ocean and the  warmer Indian Ocean. Mean sea 

sur face  temperature  f i e l d s  were produced from monthly mean 

temperatures  p resen ted  in ^  'Cl imate  o f  the  Upper Air - 

Par t  I - Southern Hemisphere'  (T a l i a a rd ,  s t  a t ,  19691



both during summer and w in te r ,  the  Indian Ocean i s  markedly 

warmer than the  A t l a n t i c  (Fig 1.6).  A f u l l  se t  of monthly 

c h a r t s  i s  presen ted  in Appendix 2.

*0 69
(a)

O ;

February

(b)

*0

August

data  from 'Cl imate  of  the Upper Air - Part  I - Southern 
Hemisphere (Ta l jaa rd  t  i l , 1969)).

Fig 4.6 Mean sea su r face  temperature  f i e l d s , °C.

During th ■ summer months , October to March, strong ano­

malies arc found over the Indian Ocean s e c t o r . By c o n t r a s t , 

the south -wei t  \ t l i n t i c  Ocean shows s trong loadings during the 

winte r months o f  April to September. Standing zonal wave 1 

e x h ib i t s  a 5° longi tud inal  s h i f t  between summer and winter



'. nn<

t u d i n a 1 p re s su re  f i e l d  r e p re se n t  t mding zonal wave 1 dur

i n i t s  win ter d isplacement.

The lo n g i tu d in a l  pro -.are . Id he.’., at. ea st-wes*

divi " : ■ of  p r e «sure  tmortal i« as evidenced by J< v. • . alue •.

Pu a; ir nt d i  totem) ha- been 1. d d to the temperature d i f ­

fer-; ra. n ’t i c c a b l e  between the two oceans adjacent to the sub-

c "r . nt a no i mphais .1 f  > r the .-urnmer months. Winter con-

; •. oo t.iuhns 1 otance o f  standing zonal wave 1

in * jceanie v i - l e v e l  c i rcu l  t i on .  In ontrast  to the

c .  • -  st  11 v i s :  o f  1 adin. , i north-south trend is  found

" f  . ‘ * : n l i l  pr f  : n t :v

f o . . wi n o eh i p t . •*.
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C H A P T E R  5

T H E  L A T I T U D I N A L  P R E S S U R E  F I E L D

5.1 INTRODUCTION

The l a t i t u d i n a l  p re s su re  f i e l d  in which nor th -sou th  

c o n t r a s t s  predominate is  r ep resen ted  by the  t h i r d  p r in c ip a l  

component fo r  tw o - th i rd s  o f  the  year  and by the  second for 

the  remainder o f  the  r e a r .  As in the case  o f  the  l o n g i t u d i ­

nal p ressure  f i e l d ,  s trong reg iona l  changes are  apparent 

throughout the  y e a r . Whereas the p rev ious ly  d iscussed  l o n g i ­

tu d ina l  p re s su re  f i e l d  showed c o n t r a s t s  between the  A t la n t i c  

and Indian Oceans, l a t i t u d i n a l  g rad ien ts  c h a r a c t e r i s e  the  

l a t i t u d i n a l  p ressure  f i e l u .  The e igenvec to r  loadings  for 

the  l a t i t u d i n a l  are  p resen ted  in Fig 5 .1 .

The l a t i t u d i n a l  p re s su re  f i e l d  e x h i b i t s  two c h a r a c t e r ­

i s t i c  f e a tu r e s :  one c h a r a c t e r i s e d  by high e igenvec tor  loading

values  over the nor thern  oceanic  a reas  (December to May); 

the  o the r  by high va lues  in the  southern  p a r t s  o f  the oceans 

(June to November). Whereas the  two previous  p re s su re  f i e l d s  

showed i n i t i a t i o n  o f  p a t t e r n s  in October,  the  l a t i t u d i n a l  

f i e l d  shows important changes in December and June.  C h a r t s  

f o r  a l l  m o n th s  a r e  g i v e n  i n  A p p e n d ix  5.
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5.2 SEASONAL CHANGES IN THE ZONAL PRESSURE FIELD

l a t e  summer c o n ' i i t i o n ^

During December to May highest  loadings are found 

in the northern sec t ion s  o f  both the Indian and Atlantic  

Oceans. The northern area o f  the Indian Ocean i s  best  

r e p r e s e n t e d  by the la t i tu d in a l  pressure f i e l d  for both 

January and February (Fig 5.2a S b , . During these  

months, the northern areas o f  the At lant ic  Ocean gain 

in importance. By March these  areas are dominant 

( F i g  5 . 2 c ) .

Late winter condit

The la t i tu d in a l  pressure f i e l d  i s  s trongly  repre-  

sentcd in the Atlantic  Ocean area south-west o f  Cape 

Town (Fig 5 . 3 ) .  In July an area of  high loadings is  

found at 33° S and between 5° W and :S° E, due south c f  

the subcontinent.  During September, the area contracts ,  

s h i f t in g  to 15° £ to 35° F. without any la t i tu d in a l  change, 

that i s ,  the main anomaly pattern i s  s t i l l  south of  

the subcontinent.  Spreading i s  again evident in Octo­

ber. Strong anomaly gradients are often  associa ted  

with the Atlantic  Ocean.
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Fig 5.2  Latitudinal pressure f i e l d :  summer c o n d i t i o n s
(e igenvector  loadings x 100) .



- ' 5  -

* ' SO 6 0(a)

SO23

4 C

Ju ly

(b)

23

SC

•0

September

(c)
20

4 0

*0

sc

October

Fig 5.3 L a t i tu d in a l  p re ssu re  f i e l d :  w in te r  p a t t e r n
(e igenvecto r  loadings x 100).



- 56 -

5.5 TEMPORAL VARIATION OF THE LATITUDINAL PRESSURE 
FIELDS

Each month produces high p r in c ip a l  component scores  on 

some y . i r s  (Fig 5 .4 ) .  However the years  emphasised varied 

from month to  month. The year 1953 c o n s i s t e n t l y  produced 

high scores  from January to  May, 1970 a lso  showed a p e r s i s ­

t e n t  tendency dur ing August to  November. February 1971 

showed a high nega t ive  score which i s  r e f l e c t e d  in the  s trong 

p o s i t i v e  anomaly sou th ,  and a nega t ive  anomaly to  the eas t  

o f  the subcont inent  on the mean monthly synoptic cha r t  

(Fig 5 .5 a ) :  An anonal \  c h a r t ,  based on 27 year  means, shows

the  same c h a r a c t e r i s t i c ?  (Fig 5 .5b ) .

5.4 DISCUSSION

The l a t i t u d i n a l  p res su re  f i e l d  shows pronounced no r th -

south g rad ien ts  throughout the  year .  The a rea  of  s t ro n g e s t  

p re s su re  anomalies i s  found to  the south ,  and to a l e s s e r

e x t e n t ,  to the south-west o f  Cape Town. The l a t i t u d i n a l  pres

sure f i e l d  is  l inked to  the northward displacement  of  the  c i r

cumpolar w e s t e r l i e s  during win te r  and the development of  a

s tanding trough of  low p re s su re  to the  south of  southern

A fr ica .  During summer, the  maximum tonal w e s t e r l i e s  are

s i t u a t e d  a t  45° S in the  A t l a n t i c  and Indian Oceanic s ec to r s

of  the southern hemisphere.  The middle l a t i t u d e  tone i s

a l so  c h a r a c t e r i s e d  by f requent  cyc logenes is  (Ta l jaa rd ,  1967).
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F e b r u a r y  1971 (S A Weather Bureau).
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Fig 5.5 Mean monthly synoptic  char t  and d e v ia t io n  c h a r t  tor 
February 1971.
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l t  l s  t h e r e f o r e  probable  th a t  the  tonal p re s su re  f i e l d  

ep re sen ts  th e  movement of the  w es te r ly  wind b e l t .  During 

he summer months the  poleward movement o f  the  b e l t  r e s u l t s  

in p re ssu re  anomalies in the nor the rn  sec t io n s  '•ecoming 

im por tan t , whereas dur ing  the l a t e  win ter  months the n o r t h ­

ward movement o f  t h i s  b e l t  i s  emphasised.

The l a t i t u d i n a l  p re s su re  f i e l d  e x h ib i t s  loading  va lues  

f  oppos i te  sign over the  n o r the rn  and southern  p o r t i o n s  of 

he oceanic a rea  under c o n s id e ra t io n .  The high anomaly 

■alues south o f  Cape Town dur ing  the win ter months sugges ts  

,  . i n t e r  northward ex tens ion  o f  the  c ircumpolar w e s t e r l i e s  

south and south-west of  the  subcon t inen t .  R e la t io n sh ip s  

between r a i n f a l l  and the th ree  p re s su re  f i e l d s  t h a t  have 

_  G r a t i f i e d  a rc  d iscussed  in the  following ch ap te r .
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C H A P T E R  6

R E L A T I O N S H I P S  B E T W E E N  O C E A N I C  S E A - L E V E L  

P R E S S U R E  AN D  R A I N F A L L

6.1 INTRODUCTION

Synoptic s i t u a t i o n s  producing d a i l y  r a i n f a l l  a re  well  

understood fo r  South A fr i ca .  Howevei . long term causal r e l a ­

t io n s h ip s  a re  more d i f f i c u l t  to  de te rmine .  In t h i s  chap te r  

an attempt  w i l l  be made to compare the e f f e c t s  of  the  oceanic  

s ea - l e v e l  p re s su re  s i t u a t i o n s  with r a i n f a l l  over the  Republic 

on a month to month b a s i s .

6.2 ANNUAL MARCH OF RAINFALL OVER SOUTH AFRICA

Using a brcud c l a s s i f i c a t o r y  system, four bas ic  r a i n f a l l  

p a t t e r n s  may be d i s t in g u i s h e d  over the  Republic o c South Afr ica  

( G r i f f i t h s ,  1972). Fig 6.1 shows the annual p a t t e r n  of r a i n ­

f a l l  fo r  r e p r e s e n t a t i v e  s t a t i o n s .

Cape Town re p re se n ts  the south-west  area  o f  the  c o n t i ­

nent which i s  c h a r a c te r i z e d  by win te r maximum t a i n f a l i .  George 

shows the c h a r a c t e r i s t i c  p a t t e r n  of  the  area between the win ter
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maximum in the  south-west and s o u t h - e a s t . n<i pe l t  has a 

double maximum found in the  spring  (OctoberJ and ear 1y autumn 

(March). A d i s t i n c t  summer maxinun i s  experienced over the  

r e s t  o f  the  Republic,  with the grc t e s t  amount of  r a in  f a l l i n g ,  

on av erage , in the  summer months of December to  i c b r u a n .

A s im i la r  b e l t  of summer maximum r a i n f a l l  may be traced  from 

tbe  southern Cape to Windhoek. Tn t h i s  a rea ,  however, - ne 

win te rs  ore p a r t i c u l a r l y  dry and mr.ximum r a i n f a l l  is  lound 

in the  month o f  March. Thus assuming a hydrologica l  year 

beginning in O c tober , the  e a s t e rn  pa r t :  o f  the  country 

re c e iv e  r a i n f a l l  f i r s t , t h a t  i s ,  in December to  February.

Maxima a lso  occur in the so u th -eas t  during t h i s  period (usually 

in October and again  in March. Next i s  an area  with a s ing le  

March maximum s t r e t c h i n g  northwards between .eorge ?nd Windhoek.
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Fig 6.1 C h a r a c t e r i s t i c  r a i n f a l l  p a t t e r n s  over southern 
Afr ica  ( a f t e r  G r i f f i t h s ,  1972).
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: v v  f pr .rv) were pul led  in to  t h :  r e g re s s io n

intion ;n lues if t i l a t i v  • c o n t r i b u t io n  o f

• » v, 1. ' v every r a i n f a l l  d i s t r i c t ,

i - r : . a! 1 'i nent ilte.l in a change in the

.ei;! ic ie r  i na t ion  i . i t  en tered  in to  the 

v ;• el. !’he inwr i it R accounted fo r  by ea. h

•;; ! at i n  ible w; thvti l o t t e d ,  per component .

, a -t • ; • i i n f i l l  xl, t r i c t  with which i t  was asso- 

: iate- .
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Rainfall relationships  • 'tt t  ■. ■ f i
High c o e f f i c i e n t s  o f  de te rm ina t ion  (R2 > 20) exi t 

between r a i n f a l l  over the  c o n t in en t  and the  general  

p re s su re  f i e l d .  During the  summer months , fo r  exampl 

November, s t rong i n t e r r e l a t i o n s h i p s  e x i s t  over th< 

nor the rn  p a r t s  o f  South A fr ica  (Fig b . 2 a ) . From Nov 

ember to April  a gradual s h i f t  takes  p lace  (Fig 6.2b .

The general  p ressu re  f i e l d  during the  winte: month1 

r e l a t e d  to  r a i n f a l l  over the  south-west  Cape (T (

With low loadings  for  the general  p re s su re  f i e l d  r 

the  south-west of  the  Cape, in the  area  where tonal 

standing  wave 1 e . 'p resses  i t s e l f ,  r a i n f a l l  over tV. 

south-west Cape i s  enhanced.

_

f i e l d .

C o r re la t io n s  between the time s e r i e s  scores or the 

p r in c ip a l  components a n a l y s i s  for  the lo ng i tud ina l  p r e s ­

sure f i e l d  and r a i n f a l l  over the Republic,  show thi  h i- 

e s t  c o e f f i c i e n t s  of  de te rm ina t ion  (R-) in the region  

the  c e n t r a l  Cape in January  (Fi^ 6 .3 a ) .  Since at th i  

time of  year i t  i s  the  Indian Ocean s ec to r  o f  the  long! 

tu d in a l  p re ssu re  f i e l d  t h a t  i s  predominant,  i t  appear 

lo g ica l  to in f e r  t h a t  i t  i s  p ressu re  changes in t h i s  

s ec to r  t h a t  are  of  g r e a t e s t  importance in I 'eterminv 

r a i n f a l l  over the c en t r a l  Cape. By c o n t r a s t ,  du ', ;v 

a t y p ic a l  win te r  month (Fig < 3b),  the  vn. .a t i  n 

f i e l d  is  f l a t .
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(a)

t o
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Ju ly

Fig 6.2 C o e f f i c i e n t s  of  de te rm ina t ion  (R2) . as a percentage ,  
between r a i n f a l l  and the general  p re ssu re  f i e l d  (mb 1000)
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(b)
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Ju ly

Fig 6.3 C o e f f i c i e n t s  o f  de te rm ina t ion  (R2) , as a percentage ,  
between r a i n f a l l  and the lo n g i tu d in a l  p re s su re  f i e ld  
(mb * 1000).
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R ain fa ll re la tio n sh ip s  w ith  th

f i e ld .
On the  whole, the  l a t i t u d i n a l  p re s su re  f i e l d  does 

not account fo r  much o f  the  v a r ian ce  encountered in the 

r a i n f a l l  p a t t e r n s  over the  su bcon t inen t .  .In-re is  

sugges t ion  t h a t  dur ing  the  l a t e  summer the  f i e l d  i s  

most s t rong ly  a s s o c ia te d  with r a i n f a l l  over the  south- 

west Cape (Fig 6 .4 a ) .  By c o n t r a s t ,  the  winter months, 

March to  October show a r e l a t i o n s h i p  between the  zonal 

p re s su re  f i e l d  and r a i n f a l l  over the  south-weste rn  and 

c e n t r a l  p a r t s  o f  the  Cape. During the  w in te r ,  the  wes­

t e r l y  wind b e l t  e x h i b i t s  a n o r t h e r l y  displacement over 

the  a rea  under d i s c u s s io n .  As expected r a i n f a l l  over 

the south-west o f  South Afr ica  (the win te r r a i n t a l l  

reg ion)  i s  s e n s i t i v e  to  anomalous s i t u a t i o n s  in the 

w es te r ly  wind b e l t  south of  the  subcon t inen t .

„e of the  th ree  o f  the  p re s su re  f i e l d s  descr ibed  shows

r o n s  c o r r e l a t i o n  p a t t e r n s  with r a in i . i l  1, >wt 

vos some in d i c a t io n  o f  the r e l a t i o n s h i p  between the  

■essure f i e l d  over the  ocean and the  t r a n s p o r t  o f  

j i s t u r e  of the  subcon t inen t .  However, in no way is

his i n d i c a t iv e  o f  the  process ope ra t in g  to  produce

a i n f a l 1.

ish r e s t r i c t i o n  r e g re s s io n  a n a ly s i s

Using a h igher  level of r e s t r i c t i o n ,  th a t  is  10 percen t  

evel o f  s ig n i f i c a n c e ,  to  govern the en t ry  o f  v a r i a b l e s  in to  

•w. - . -ww.s ion  a n a l v s i s ,  a d i f f e r e n t  s e t  o f  c o r r e l a t i o n m a n s



*0

March ( l a t e  summer)

»0

SOso

*0
4 0

October ( l a t e  win te r)

Fig 6.4 C o e f f i c i e n t s  o f  de te rm ina t ion  (R l . a s  a percen tage ,  between 
r a i n f a l l  and the  l a t i t u d i n a l  p re s su re  f i e l d  (mb + 1000).
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may be derived to  l ink  p res su re  changes over the  oceanic 

a reas  to r a i n f a l l  over the  su b co n t in e n t . In prepar ing  these  

maps, the  combined c o e f f i c i e n t  o f  de te rm ina t ion  (R2) of  a l l  

n ine teen  p r i n c ip a l  components derived in the  o r i g i n a l  study,  

was determined for  each r a i n f a l l  d i s t r i c t  and contour maps 

fo r  each ind iv idua l  month prepared there from (Fig 6 .5 ) .

The r e s u l t i n g  f i e l d s  showing the  s p a t i a l  d i s t r i b u t i o n  o f  R2 

in d ic a te  the  combined e f f e c t  o f  the  l i n e a r  r e l a t i o n s h i p  

between r a i n f a l l  and the  va r ious  p re s su re  f i e l d s  taken to g e ­

th e r  and not i n d i v i d ’a l l v  as in the  p rev ious  low r e s t r i c t i o n  

a n a l y s i s .  Regress ion equat ions  fo r  ind iv idua l  s t a t i o n s  are  

given for  each month (Appendix 6 ) .  Tables i n d i c a t in g  the 

p re ssu re  components th a t  were pu l led  into the  r eg re ss io n  

equation a t  the  10" level o f  s i g n i f i c a n c e  fo r  each s t a t i o n ,  

a re  presented  in Appendix ? .  Few v a r i a b l e s  entered 

p e r s i s t e n t l y  and s y s te m a t i c a l l y  in to  the equation.

From October to January, the  area o f  maximum c o r r e ­

l a t i o n  between the  p re s su re  f  e lds  and r a i n f a l l  over South 

Afr ica  migrates  from the  e a s t  coas t  (Fig 6 .5a)  to  the 

west coas t  (Fig 6 . 5 d ) . Whereas October shows two small 

a reas  o f  high c o r r e l a t i o n  on the eas t  c o a s t , November shows 

a northward and eastward spread (Fig 6 .5 b ) .  During Decem­

be r ,  the c e n t r a l  Cape a rea  i s  included with the area  of  

high c o r r e l a t i o n  in the  eas t  (Fig 6 .5 c ) .  January and 

February rep resen t  maximum summer cond i t ions  (Fig 6.5d 5 c ) .
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(a)
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(b)

30
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Fiz b.5 High r e s t r i c t i o n  c o e f f i c i e n t  o f  de te rm ina t ion ,  by month, 
between r a i n f a l l  and the combined p r in c ip a l  components.
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Fig 6.5 (Continued)
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Fig 6.5 (Continued)
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Fig 6.5 (Continued)
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\ dj chotomous f i e l d  may be observed by May (Fig b.Sli),  

March and April  being r e l a t i v e l y  weaker f i e l d s  (Figs 6 .5 f  S 

June r e v e r t s  to  west coas t  i n t e r a c t i o n  p a t t e r n s  (Fig 6 .5 i  . 

The R2 f i e l d s  for  Ju ly  to  September show a re a s  o f  high 

c o r r e l a t i o n  in  the n o r t h - e a s t e r n  region^ of  South A fr ica .

During the win ter uniformly  high c o e f f i c i e n t  o f  

de termina t ion  extend ac ross  most o f  South A f r i c a . From 

t h i s  i t  i s  c l e a r  t h a t  in the  win te r  a la rge  amount o f  the 

var iance  encountered in o u t -o f - s e a so n  r a i n f a l l  is  a s s o ­

c ia t ed  with p re s su re  changes over t h r  oceanic  a reas .  n 

summer, by c o n t r a s t , t h i s  s i t u a t i o n  does no t  ob ta in  owing 

to  the  high degree of convec t ive ly - induced  r a i n f a l l  over 

the  subcont inen t .  Of the  e n t i r e  country ,  the  south-west 

Cape shows the most c o n s i s t e n t  p a t t e r n s  of  c o r r e l a t i o n  

between oceanic p ressu re  and c o n t in e n ta l  r a i n f a l l  ‘or  both 

in -season and o u t -o f - sea so n  r a i n f a l l .

6.4 SEASONAL DEPENDENCE OF RAINFALL-PRESSURE INTERACTION.1'

I t  has a l ready  been noted t h a t  the  c o e f f i c i e n t  o f  d e t e r ­

mination shows d i s t i n c t i v e  s p a t i a l  o rg a n i s a t i o n  from month to 

month. In order  to d iscuss  the im pl ica t ions  o f  t h i s ,  the  

seasonal dependence of the above r e s u l t s  w i l l  be co n s id e re d .

The c o n t r ib u t io n  of the p re s su re  anomaly f i e l d s  to  r a i n ­

f a l l  va r iance  over South A fr ica ,  presented  in Fig 6 .5 ,  may 

be evaluated  ig: !ns t  the  South i f r i -  an r a i n f a l l  t rends .



Immediately i t  can be no t iced  t h a t  with the  except ion of 

the south-west Cape, the  a reas  o f  h ighes t  R* do not c o r r e s ­

pond in la rge  measure to  the seasonal  maximum r a i n f a l l  

p e r i o d s .

The south-west and western Cape r ece iv e s  most r a i n f a l l  

during May to  August (Fig 6 .1 ) .  Fig 6 . 5 ( f ) - ( h )  shows that  

dur ing t h i s  t ime pe r iod  over oO", of  the  va r iance  in r a i n f a l l  

i s  a s so c ia t e d  with s e a - W e i  p res su re  p a t t e r n s .  Highest 

va lues  a re  found in May and June,  the f i r s t  months of  high 

r2 fo r  t h i s  reg ion .  However, l a rge  percen tages  o f  va r iance  

(g rea te r  than 601) o f  r a i n f a l l  a re  a l so  accounted for  in 

the  months December to  Apri l .  The remaining months, October 

to  November, show l i t t l e  assoc iat ion  between the r a i n f a l l  of 

the  south-weste rn  reg ions  of  the subcontinent and the oceanic 

s ea - le v e l  p re s su re  p a t t e r n s .

Result s  in d i c a t e  tha t  oceanic s ea - le v e l  p re s su re  i n f l u e n ­

ces  the w in te r  r a i n f a l l  a re a ,  the  south-west Cape, as a n t i ­

c ipa ted  because the  t i p  of the  subcontinent i s  a l so  a f f e c t e d  

by a success ion of eastward moving cyc lones ,  a s so c ia te d  with 

d i s tu rbances  in the  w e s t e r l i e s  (Tyson, 1969). Since the 

w e s t e r l i e s  move northwards during the w in te r ,  a good c o r r e l a ­

t i o n  between the  p re s su re  systems and r a i n f a l l  was expected.

The c e n t r a '  Cape i n t e r i o r ,  mainly the  area  of  dual maxi­

mum r a i n f a l l  months,  shows a s s o c i a t i o n s  between oceanic



sea - le v e l  p re s su re  and r a i n f a l l  over t h i s  a rea  fo r  the 

months December to February and April  to Ju ly .  Conspicu­

ously  absent a re  such a s s o c i a t i o n s  fo r  the  months o f  October 

and March, when maximum r a i n f a l l  is  found.

In the summer r a i n f a l l  region from May to  December, 

t h a t  is win te r  to  mid-summer, a p p rec iab le  a reas  o f  the  reg ion  

are  r e l a t e d  to the  p re s su re  changes over the  oceans a d j a ­

cent to  South A fr ica .  Whereas for the  period quoted 60 p e r ­

cent o f  the va r iance  between p res su re  and r a i n f a l l  i s  accoun­

ted  fo r  by the  reg re ss io n  a n a l y s i s , in the  period January 

to  March, th a t  i s  from mid-summer to Autumn the  percentage  

va r iance  drops to 20 pe rcen t .

6.5 DISCUSSION

Low r e s t r i c t i o n  a n a ly s i s  shows t h a t  high c o r r e l a t i o n s  

are  not found between per iods  of  maximum r a i n f a l l  over the 

subcontinent and changes in oceanic s ea - l e v e l  p re s su re .  This 

r e s u l t  is  not unexpected as no a n a ly s i s  o f  c o n t in e n ta l  p r e s ­

sure  changes have been made. With the except ion o f  the 

south-west Cape, r a i n f a l l  is  l a rg e ly  dependent on an t icycIon ic  

mois tu re  t r a n s p o r t a t i o n ,  from the Indian Ocean over the  

nor the rn  reaches o f  the country  ( T a l iaard ,  t JS5 , Rubin, 1956; 

Long ley ,  i37<? .

The high r e s t r i c t i o n  a n a ly s i s ,  however, has shown an
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o u t -o f - s ea so n  c o r r e l a t i o n  between r a i n f a l l  and the p re s su re  

f i e l d s . I t  i s  proposed th a t  when r a i n f a l l  producing p r e s ­

sure  s i t u a t i o n s  are  s t rong ly  developed over the  c o n t in en ta l  

a r e a ,  oceanic  s ea - l e v e l  p r e s su re  changes appear to  be of  

l i t t l e  importance to  these  f e a tu re s  o r  t h e i r  development.

However, once thev weaken, the  oceanic  s ea - le v e l  p ressu re

s i t u a t i o n s  arc  r e l a t e d  to  th a t  r a i n f a l l  which does occur.

*  *  *  *

R ela t ionsh ips  between the  p re s su re  f i e l d s  and r a i n f a l l  

have been d iscussed .  Only small amounts o f  the  va r iance  in 

r a i n f a l l  could be accounted fo r  by the  ind iv idua l  p re ssu re

f i e l d * .  However, a s trong a s s o c i a t i o n  was noted between out-

o f - season  r a i n f a l l  and the p r in c ip a l  component scores o f  a l l  

the  p ressu re  f i e l d s .



C H A P T E R  7

C O N C L U S I O N

In t h i s  study an a ttempt has been made to d esc r ibe  the 

monthly v a r i a t i o n s  of oceanic s ea - l e v e l  atmospheric p re s su re .  

P r inc ipa l  components a n a ly s i s  of  oceanic s e a - l e v e l  p re s su re  

over 19 g i i d p o i n t s  fo r  the  years  1951 to  19™7 has been used 

to  i d e n t i f y  p re ssu re  f i e l d s  oxer the  oceans surrounding 

southern A fr ica .  An in v e s t ig a t i o n  in to  the r e l a t i o n s h i p  

between these  p res su re  p a t t e r n s  and r a i n i a l  1 over th>'

Republic has a l so  been undertaken.

The s p e c i f i c  r e s u l t s  o f  the  study may be summarised as 

f o l l o w s :

(1) P r inc ipa l  components a n a ly s i s  of ocean.c  sea - leve l  atmos­

pher ic  p ressu re  in d i c a t e s  t h a t  th ree  d i s i i n t i v e  p re s su re  

p a t t e r n s ,  des igna ted  p ressu re  f i e l d s ,  may be id rn t  i t  ied 

for a l l  montns. These pressu re  f i e l d s  a re

(L) a general  p re s su re  f i e l d  

f i i )  a long i tud ina l  p re s su re  f i e l d  
( U i )  a l a t i t u d i n a l  p re s su re  f i e l d .

Together these- th r e e  account fo r  an average of 1 t0* ot 

the t o t a l  va r iance  over a l l  months.
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: )  The general  p re s su re  f i e l d  fhows a s t rong  seasonal

v a r i a t i o n  over the  oceans.  In summer, h ig h e s t  loadings 

occur to  the  south-west  o f  Cape Town in th e  region of  

Gough Is land  where the  su b t ro p ic a l  r idge  of tonal s tand- 

ing wave 1 f in d s  i t s  express ion  in  the  southern hea i -  

sphere.  By c o n t r a s t ,  in  win te r  h ig h e s t  loadings  fo r  the 

general  p re s su re  f i e l d  a rc  to  be found to  the eas t  of 

Natal over the  Indian Ocean.

(3) The lo n g i tu d in a l  p re ssu re  f i e l d  shows an cas t -w es t  Bal­

ance between e ig envec to rs  o f  d i f f e r e n t  s ig n s .  The 

summer p a t t e r n  emphasised the Indian Ocean s e c t o r ,  pos­

s i b l y  r e f l e c t i n g  the tempera ture  d i f f e r e n c e  between the  

two oceans.  The win te r  p a t t e r n  sugges ted  the importance 

of tonal s tanding  wave 1 found south-west  o f  the  sue- 

c o n t i n e n t .

:4) The l a t i t u d i n a l  p re s su re  f i e l d  appears  to  be a s so c ia te d  

wxth a cnun aole displacement of  e igenvec to r  va lues  

dur ing the  hydro log ica l  year .  Hi"h loadings  found 

d i r e c t l y  south of  the  subcont inent  suggest  a win ter 

northward extens ion  o f  the  w e s t e r l i e s  in a trough to

. % . A. I .  1 t - '

(5) A Stepwise m u l t ip le  r eg re ss io n  a n a ly s i s  with a iow 

r e s t r i c t i o n  on v a r i a b l e s  included in the  r eg re ss io n  

equation  produced a monthly s e r i e s  of  r a i n t a l l
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pres su re  f i e l d s  of  i n t e r a c t i o n  over the Republic.

(1) The s t ro n g es t  r e l a t i o n s h i p  between the general  

p re s su re  f i e l d  and r a i n f a l l  over the  Republic 
occurred over the  western s ec to r  of  the Cape 

P rov ince .

( i i )  The lo n g i tu d in a l  p re s su re  p a t t e r n  showed a s trong 

a s s o c i a t i o n  between loading values  over the 

Indian Ocean and r a i n f a l l  during the  summer 

months and r a i n f a l l  over la rge  p a r t s  o f  the  

Republic.

( i i i )  As expected,  the  g r e a t e s t  i n t e r a c t i o n  between 

the r a i n f a l l  and the l a t i t u d i n a l  n re s su re  f i e l d  

is  found over the  western Cape during the  
w in te r  months, which i s  the  maximum r a i n f a l l  

season for t h i s  reg ion .

(6) The high r e s t r i c t i o n  a n a l y s i s ,  u s ing  a 10 percent s i g n i ­

f icance  level for  inc lu s ion  of  the  p r in c ip a l  component 

s co res ,  produced a value for  the  c o e f f i c i e n t  o f  de te rm i­

na t ion  fo r  each s t a t i o n  per month. Prom t h i s  a n a ly s i s  

i t  is  evident tha t  no s trong r e l a t i o n s h i p  e x i s t s  between 

oceanic s ea - l e v e l  p re s su re  and pe r iods  of  maximum r a i n ­

f a l l  over the  Republic.

P r e c i p i t a t i o n  processes  have not been considered  in t h i s  

d i s s e r t a t i o n  • c e . Notwithstanding, r e l a t i o n s h i p s  between 

r a i n f a l l  over  the Republic and p res su re  f i e l d s  over the 

oceans surrounding southern \ f r i c a  have been demonstrated.  

Such r e s u l t s  support those o f  Tyson (1980) who has shown th a t



wet s p e l l s  of  the  quasi  18-year o s c i l l a t i o n  on r a i n f a l l  

over southern Afr ica  i s  s t rong ly  r e l a t e d  to  p o s i t i v e  anomaly 

s ea - l e v e l  p r e s su re  cond i t ions  to  the  south-west  of the sub­

c o n t in e n t .  In t h i s  reg ion  the su b t ro p ic a l  r idge  of  the 

f i r s t  zonal s tanding  wave in the 500 mo su r face  has 1 <-s exp ics -  

sion in the  southern  hemisphere.

The presen t  analys i s  has shown t h a t  dur ing  the  win ter month 

a l a rge  amount of  the  va r iance  encountered in o u t -o f - season  

r a i n f a l l  i s  associated vith pressure changes over the  oceans 

surrounding the  su b co n t in e n t . However, t h i s  s i t u a t i o n  i s  not 

found during the  summer months as much o f  the  c o n t in e n ta l  

r a i n f a l l  i s  co n v e r t iv e ly  induced and only weakly r e l a t e d  to 

the  oceanic p re ssu re  s>stems. The south-west  Cape i s  the 

only region d i r e c t l y  inf luenced  by s e a - l e v c l  atmospheric c i r ­

c u l a t i o n  over the o ceans . For t h i s  a rea  c o n s i s t e n t  c o r r e ­

l a t i o n s  arc found between oceani - p re s su re  and c o n t in e n ta l  

r a i n f a l l  for  both in -season and o u t -o f - s e a  son c o n d i t i o n s .

In any exp lana t ion  of reg iona l  p r e c i p i t a t i o n  p a t t e r n s  

an unders tanding of  the  general  c i r c u l a t i o n  is  of grea t  

importance.  In t h i s  d i s s e r t a t i o n  changes in s ea - le v e l  p r e s ­

sure  p a t t e r n s  over the  oceans ad jacen t  t southern Africa  

have been evalua ted  and the  foundation has been l a id  for 

f u r t h e r  in -dep th  s tu d ie s  of the  way in which the c i r c u l a t i o n  

of  the  African s ec to r  o f  the southern hemisphere i s  modulating 

r a i n f a l l  on s e a s o n a l , annual and even decadal s c a l e s .
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APPENDIX 2

MEAN MONTHLY TEMPERATURE CHARTS
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APPENDIX 4

LONGITUDINAL PRESSURE FIELD AND 

R* CONTOURS FOR RAINFALL
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LATITUDINAL PRESSURE FIELD AND 

R2 CONTOURS FOR RAINFALL
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APPENDIX 7

PRINCIPAL COMPONENTS ENTERED INTO REGRESSION EQUATIONS 

(PER RAINFALL DISTRICT)
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