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ABSTRACT

Monthly mean sea-level pressure over the oceanic areas

adjacent to the Kepublic of South Africa is analysed. Rela-
tionships between the oceanic pressure and rainfall over

this part of the continent are discussed. Principal compo-

nents analysis is used to derive uncorrelated functions of

the original pressure variables. Three major pressure fields

were identified, termed a general, a longitudinal and a lati-

tudinal pressure field. The relationships between pressure

and rainfall are assessed by regressing monthly rainfall on

the principal comnonent scores. Rainfall in winter maxima

areas appears to be directly related to oceanic sea-level

pressure situations, whereas the rest of the country shows

an out-of-season relationship between rainfall and pressure

over non-continental areas.



PREFACE

Atmospheric circulation over the northern hemisphere

has been well documented, unlike that over the southern

hemisphere. The lack of detailed knowledge concerning annual,

seasonal and monthly variations in the atmospheric circula-

tion may be attributed, in part, to difficulties in obtaining

data over the large oceanic arcas that are characteristic of

the southern hemisphere.

Whereas circulation over the subcc tenent is well under-

stood and has been for many years, the same cannot be said

for the situation surrounding southern Africa. The region

lies astride the subtropical high pressure belt, with the

Atlantic Ocean high to the west and the Indian Ocean high to

the east. Southwards is the low pressure trough associated

with the westerly circulation. Little work has been done to

define the interacting components of sea-level pressure ovei

the oceans surrounding the coasts of southern Africa.

In order to provide further information the following

hypothesis is investigated in this dissertation: that changes

in the oceanic pressure fields surrounding the African sub-
contenent, and their components, are of importance in specify-

ing the manner in which moisture is transported into circulation
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systems prevail”® aver the continents, area. More speci-

fically, the objectives of the dissertation are:

(1

to conduct an analysis of monthly sea-level pres-
sure over the oceans adjacent to southern Africa

using principal components analysis, and

(li) to investigate the link betveen the derived oceanic

pressure components and rainfall over the subcon-

tinent.

actual methods of moisture transportation and the precipi-

ration-producing mechanisms over :ht >utxont:im.i

considered in the study.

Chapter 1 an historical background and a review of

southern hemispheric circulation patterns is presented,

special note of principal component studies pressure anab

ses. Pressure data and the method of analysis used to illus-

trate the component pressure patterns as well as rainfall
data and the technique used to investigate relationships

between rainfall over the Republic and pressure

in Chapter 2. The following three chapters presents the

results of the analysis of pressure data. Chapter 6 discus-
ses both detailed and general interrelationships between

oceanic sea-level pressure and rainfall over South Africa

concluding remarks are presented in Chapter 7.
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CHAPTER 1

HISTORICAL BACKGROUND

1.1 INTRODUCIION

A large amount of work has been carried out to determine
the nature of the general circulation of the northern hemi-
sphere and it can be fairly claimed that this is now well under-
stood. Reviews of Northern Hemispheric circulation patterns
may be found in Palmen and Newton (1969) and Barry and Perry
(1973). Fewer advances have been made in understanding the
circulation of the Southern Hemisphere, owing to a paucity
of data, particularly over the oceanic areas. The IGY (195%/
58) provided much additional data concerning circulation
within the hemisphere (for example Taljaard 1966, 1967, 1969;
van Loon 1964, 1965, 1967). This knowledge has been augmen-
ted by the International Southern Hemisphere Drifting Bouy

program of the WHO

Over the subcontinent of southern Africa, mean circulation
patterns are well understood as a result of the work of Jackson
(1947, 1952), Taljaard (1953), Rubin (1956) and others.

Throughout the year, the mean circulation pattern is anticyclonic,



is stronger in winter than in summer, and is displaced north-

wards during the winter The link between mean circulation

patterns and the occurrence of rainfall is not always good. On
a daily scale, circulation and precipitation are well under-
stood following Longley's application of Lund's technique

(Lund, 1962) for developing a typology of synoptic types for

South Africa (Longley, I-1 6).

Descriptions of the atmospheric circulation over the

adjacent oceans are only to be found in general -orhs rclat-

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 lies

astride the subtropical high pressure belt which affects the

whole of the southern hemisphere (Fig 1.1). Anticyclones

occur to the west of the subcontinent, the South Atlantic

Ocean high (referred teas the Atlantic Ocean high) and to the
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Fig 1.1 Southern Africa



east the Indian Ocean high. Mean pressure in the Indian

Ocean high is generally lower than that over the Atlantic

Ocean high. To the south pressure variability increases

towards the low pressure belt associated with the westerlies.
Although detailed analysis of the seasonal variation of the

harmonic components of the mean atmospheric circulation are

well documented (van Loon 1967a; van Loon 6 >nne. 19 2],

seasonal variations in the circulation pattern per ** are not

.ell understood. It is also not known how these different

components of pressure interact or how they can be separated

over the oceanic areas.

The aim of this dissertation 1is. in the first instance,

co co. luct an analysis of monthly sea-level pressure over

the oceans adjacent to southern Africa for the period 1951 -

1970. Principal components analysis will be used to deter-

mine components of the oceanic pressure field and their spa-

tial and temporal variations. Secondly, the link between

the derived components of the surface pressure field and

rainfall over the subcontinent will be assessed.

in so doing the following hypothesis is examined; that

changes in the oceanic pressure fields, and their components,

are of importance in specifying the manner in which moisture

is transported into circulation systems prevailing over the

continental area. Whereas the general circulation over the

oceans adjacent to South Africa exerts strong indirect control



on weather and climate, it is the actual systems prevailing
over the subcontinent that produce the direct controls of

the precipitation patterns that prevail. For this reason it

is to be expected that no strong correlation between derived
oceanic pressure parameters and lainfall over the Republic

will be evident. The actual precipitation-producing mecha-
nisms over the subcontinent of southern Africa will not be

considered.

1.2 ASPECTS OF SOUTHERN HEMISPHERIC CIRCULATION

In 1869 Buchan published maps showing the mean sea-level
pressure distribution ot the southern hemisphere, de Sort
(1893) produced the first upper air charts for this hemisphere,
extrapolating pressure values up to 4 km First monthly mean
charts of sea-level circulation patterns south of 30° were
constructed by Meinardus and Mocking (1911). Other studies
of pressure patterns on the southern hemisphere were carried
out by Meinardus (1928, 1929), Wahl (1942), Palmer (1942),

Vo- inckel (1955) and Schwerdtfeger and Prohaska (1956). Obser-
vations made during the ICY have done much to expand hemispheric
knowledge (for example, Taljaard 1966, van Loon 1965, 1967).
A brief outline of current knowledge of atmospheric circula-

tion in the southern hemisphere follows.

Atmospheric circulation patterns of the southern

hemisphere may be divided .nto zonal and meridional features,

(Fig 1.2).



Fig 1.2

Hediev
cell

Schematic representation of the principal features
of the general circulation for the Southern lemis-
phere showing the meridional circulation (right)
anu zonal circulation (left). (Pittock (197f)).

These circulations may be summarised as follows:

(i)

(ii)

(iii)

(iv)

a shallow belt of polar easterlies extending
equatorward to about 65° latitude at the surface

but varying with the seasons;

a broad band of mid latitude westerlies increas-
ing with height to a maximum which is strongest
(greater than 40ms'1) and at its lowest latitude

(around 30*) in winter;

a zone of Trade-Wind easterlies separated from
the westerlies by subtropical ridges which slope
equatorward with heightfrom around 50° at the

surface to about 10* at200 mb;

a three-cell mean meridional circulation with
ascending motion in theequatorial belt and around
latitude 60° and with descent over the poles and

in the vicinity of latitude 30* (Pittock, 19 8).



The subtropical high pressure belt is found between 23° -
42° S and is centred around 30° S. At sea-level, the belt
exnibits a series of quasi-permanent anticyclones, separated
from each ether by continental masses. Equatorwards, tae
anticyclonic circulation results in the equatorial easterlies.
To the south, westerlies develop. Subtropical anticyclones
weaken with increasing altitude, eventually disappeaiing.
Seasonal variations result in both zonal and meridional move-

ment of these anticyclones.

The tropospheric circumpolar vortex dominates circula-
tion patterns south of the subtropical highs. The vortex
consists of strong westerly winds which reach their maximum
velocities in the upper troposphere and which contain trains
of travelling cyclones and anticyclones (Lamb, 1959). Cores
of strong westerlies, the subtropical jet streams, are found
at 10 - 15 km and characterise a sharp poleward temperature
decrease in the troposphere (Tucker, 1978). 1Ihe circumpolar
vortex is not entirely symmetrical around the south pole,
owing to the irregular distribution of oceanic and land

masses.

As is characteristic of the northern hemisphere, 3 mean
zonal standing waves characterise the circumpolar vortex in
the southern hemisphere (van Loon and Jenne, 1972j. These
waves are less well developed than the”r counterparts in the

northern hemisphere, owing to fewer land masses, .onal wave 1



defines the eccentricity of the circumpolar vortex and
shows a ridge in the subtropical Atlantic Ocean and a trough
in the Pacific region. Wave 2 has a large standing compo-
nent over Antartica. In all months, wave 3 is well defined

between 25° S and 6C° S [Pig 1.3].

Fig 1.3 The position of the ridges of standing waves 1, 2
and 3 in the annual mean 500 mb map, and of wave
3 at 200 mb in January, (van Loon Jenne, 1972)

1.3 PRINCIPAL COMPONENIS ANALYSIS OF PRESSURE FIELDS

Principal components (also known as eigenvectors or empi-
rical orthogonal functions) have been used in many studies of

atmospheric pressure and other related meteorological parameters.



In an early study Das (1956) employed monthly sea-level pres-
sure data from 9 stations down the ecast coast of Australia

to investigate the intensity and position of the subtropical

high belt. Orthogonal polynomials (the forerunner of prin-

cipal components analysis) combined with tests for serial

correlation, showed that the belt moved slowly southward

during the period 1909 to 1954.

Veitch (1965) used principal components analysis to des-

cribe daily mean sea-level pressure values for the Australa-

sian area. In addition to confirming the eastward succession

of mid-latitude cyclones and anticyclones and the oscillation

of zonal pressure indices, he was able to show that an impor-

tant source of pressure variability was a qua si-periodic oscil-

lation of 10 to 40 days over eastern Australia.

In a somewhat different ‘tudy, Trenbeith (1975) investiga-
ted monthly mean sea-level pressure anomalies and monthly sea

surface temperature deviations from the normal. In a later

extension to his work, Trenberth (1976) used the results of
the principal components analysis to derive general circula-

tion indices for the Awustralasian area. Maps of the principal

component scores represented sea-level pressure anomaly pat-

terns over time. Regimes of weather were investigated by

linking derived indices with indices of zonal and meridional

airflow. The time series of the principal components were

used to show that whereas the first two pressure anomaly



patterns appeared to affect weather regimes, precipitation is

poorly correlated with these.

Examples of other principal component studies in which
relationsips between pressure and variables such as tempera-
ture, wind speed and direction are discussed, are to be found
in the work of Winstanley (1973), Haworth (1978), Kidson (1975a)

and Kutzbach (1967, 1970).

Winstanley (1973) related fluctuations to changes in the
rainfall patterns of the Middle East, Sahel zone and
Mediterranean area to changes in the general circulation of
the atmosphere. The zonal circulation over the northern
hemisphere was found to be of great importance in regulating

percipitation in these areas.

Using principal components analysis, Haworth (1978)
conducted an analysis of surface pressure anomalies combined
with sea surface temperature anomalies. In most months of
the year, variations in sea surface temperature in the
tropical east Atlantic were shown to be related to the
surface pressure distribution. Long term changes in the seca
surface temperature in this area were related to variations

in sea-level pressure in the higher latitudes.

Kidson (1975a) examined the relationship between monthly



means of surface pressure, temperature and rainfall 'ey using

principal components to analyse their hemispheric data matrix

in botn hemispheres. Results showed that rainfall components

were of a regional nature, whereas temperature and pressure

showed hemispheric coherence.

Grouos of monthly mean sea-level pressure, surface

temperature ... precipitation over North America were related

(Kutzbach 1967, 1970). In the first study, emphasis was laid

on principal components analysis of the three variables for

this region, the structure of the covariances between them

being confirmed by reference to actual synoptic situations.
In the second study, data from Januarv and July mean monthly
sea-level maps were used in a principal components analysis

to define spatial patterns of circulation variability over

the northern hemisphere. The f rst few eigenvectors described

the major circulation features within the atmosphere, such
as the winter Siberian high, the summer Asiatic low and the

subtropical high pressure centres. Time series analysis of

the principal component scores identified the early to mid-
1920's and early to mid-1950's as periods of climatic change
in hemispheric circulation which were associated with

changes in the positions of large scale features of the

general circulation.

Recently, Walsh S Mostek (1980) completed an eigenvector

analysis of surface temperature, precipitation and sea-level



pressure over the United States. Derived anomaly patterns
showed that large percentages of variance were accounted for
by the first three principal components of each parameter.
Cross correlations between the amplitudes of the eigenvectors

are statistically significant and often seasonally dependent.

Examples of upper air pressure data analysis are found
in the work of Craddock and Flood (1969) and Craddock and
Flintoff (1969). Daily grid point data were extracted from
hemispheric synoptic charts. A set of principal components
were derived representing large-scale features of the height
of the 500 mb surface over the Northern Hemisphere. Each
resultant eigenvector was discussed as a feature of the
general 500 mb surface circulation. For example Eigenvector 1
accounting for 58,6 of the total variance in the pres-
sure data, was a general field devoid of strong gradients.
Eigenvector 2 (3.4%) indicated the vortex over Greenland,
whereas Eigenvector 3 (2.9%) corresponded to the Aleutian
high. More recent work on the 500 mb level was carried out
by Rinne and Karhila (1979) and Rinne and Jarvenaja (1979.
In the first work, empirical orthogonal functions (princi-
pal components) were determined for the northern hemisphere
to describe the 500 mb level. The second presented a study
of the effectiveness of the components previously derived,
the results indicating that the method used was stable over
time and that the very large data matrix had been reliably
reduced to 175 principal components. The work of Craddock

and Flood (1969) and Craddock and Flintoff (1969) emphasised



the actual physical features whereas that of Rinne and Jar-

venaja (1979) discussed the technique in depth and investi-

gated its reliability.

Steyaert ef at (1978) studied atmosphe .c pressure and

its relationship to wheat yields in the United States, Canada

and the Soviet Union. Principal component analysis was used
to represent the large scale atmospheric features which, xn

turn, wets then used as predictors in a linear regression

analysis on wheat yields. A wheat yield model with high opera-

tional significance was provided which explained over 90",

of the total variance in wheat production, the model provid-
ing estimates within two quintals per hectare of the offi-
cial estimates for 1975 and 1976. Similar results were
obtained from an analysis o. ,aize production over southern

Africa and sea-level pressure over the Indian and South

Atlantic Oceans (Gillooly & Oyer, 1980).

Principal components analysis will be used in this study
to decompose oceanic sea-level pressure data into component

parts by deriving uncorrelatcd pressure fields. The amount

of data to be considered is reduced and all variables are

rendered uncorrelatcd. Details of the technique to be used

are considered in the next chapter



CHAPTER 1

DATA AND METHODS OF ANALYSIS

2.1  INTRODUCTION

Sea-level atmospheric pressure data for the oceans sur-
rounding southern Africa are available at equally spaced,
10° latitude and longitude grid points o''cr an area of ocean
defined by 10" Wto 00" E and 20" S to 40° S. Principal
components analysis will be employed to derive pressure
fields from the actual pressure data matrix and to ensure
that the resulting fields are uncorrelated. The time series
scores from the principal components analysis will be cor-
related with rainfall data from twenty district rainfall
regions over the Respublic of South Africa, using stepwise
multiple regression. In this chapter the data and methods

of analysis 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-
lysis (Fig 7.1). Monthly mean values for each grid point

for the period 1951 to 1977 are used. Consequently, the



analysis of pressure data i. based on 12 individual matrices
being of order 27 x 19, where rows are years and columns
grid point , data being presented in whole mbs. Data were

obtained fro: the South \frican Weather Bureau.

;rid point  is.d f> v,-level oceanH $
data .

IV IPM.  :OMPONENIS ANALYSE

HiKorrelated pressure fields have been derived from the
totn 'ress.,re data matrix u-ing principal components analy-
i Th method of approach has two important characteris-
tic fir t, it usually reduces the dimension of the data
iatrix that needs be finally considered; secondly, it
shows move clearly the interrelationships wit! the original

data matrix (Maxwell, 197""'.

Principal components analysis provides a mathematical
reorganization of the original data matrix. lhe new varia-

bles, principal components, are uncorrelated linear functions



of the original variables. The total number of variables
remains unchanged and the total variance ot the data set

is retained. However, the principal components are so der-
ived that the greatest proportion of the total variance,
obtainable by such a linear combination, in the data matrix
is accounted for by the first component, the next largest
amount by the second, and so on. Consequently the order in
which they are formed is related to the proportion of total
variance for which they account. Thus only those components
accounting for most of the variance need be considered.
Often the first few principal components account for a large
proportion of the total variance, reducing the dimension-
ality of the problem (for example, Craddock, 19~3; Kendall,

1975).

The pressure data used in this study, where a high degree
of intercorrelation exists between the variables is well
suited to principal components analysis. If little intercor-
relation existed, it would be pointless to attempt to derive
uncorrelated linear combinations since most components would

then represent individual variables only.

The analysis has been based on the correlation matrix
which reduces all the variables to equal importance as meas-
ured by scale, since large scale patterns were sought as
opposed to more localised effects. Because the variables

are standardized when using the correlation matrix, the



local variation is removed by virtue of having divided each
variable by its standard deviation. Eigenvectors have been
extracted from the correlation matrix for the pressure data
matrix of individual months. Principal component scores

of the original data matrix were calculated and plotted,

as were loading values, or the coefficients of the linear
function which the eigenvectors def.ne (Davis, 1973).
Because of the ambiguities that are present in the litera-
ture, it is well to define certain expressions v .I in prin-
cipal components analysis. First, the elements of an eigen-
vector matrix are scaled (Maxwell, 1977) and are termed
eigenvector loadings, or simply loadings. These loadings
provide the value of the correlation between each variable
and the respective principal component. 'riie component
scores are the same as the term com; t amplitudes, or
coefficients sometimes seen in the literature. In the pres-
ent work, loadings are on grid points, and scores form time
series of pressure anomalies. A cut-off value of 1.0 was
used for the eigenvalues, this being Kaiser's criterion
(Child, 1970), to determine the importance of the patterns
obtained from the above analysis. Rinne and Karhila (1979)
indicated that whereas most of the variance is explained

by the first few components, high-indexed tail components
describe noise and errors of the original data. For this
study the individual components soon accounted for minute
amounts of variance only, as well as becoming extremely

difficult to interpret. Thus, instead of having to consider



19 variables, it was necessary to deal with, on average,

no more than five.

2.4 RAINFALL DATA

Rainfall data for this study have been taken from the
South African Weather Bureau publication 'Climate of South
Africa. Part 10. District Rainfall' (South African Weather
Bureau, 1972). The country has been divided by the South
Xfrican Weather Bureau into a number of homogeneous rainfall
districts, each district value being a mean of station rain-
falls for a given area. Such values may be accepted as the
relevant, district rainfall provided that the number of sta-
tions is adequate 'greater than 5) and that they are fairly
evenly distributed. These conditions having been met, a
district series then has the advantage of applying a slight

smoothing to the data and thus decreasing noise effects.

In this dissertation a coarse grid of 20 u.strict centres

3

C S0

6l

Fig 2.2 Rainfall district centres
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has been used (Fig 6.2') to provide monthly totals of rainfall
(mm) for which data were available from 1951 to 1975.
Unavoidably, this is two years shorter than the pressure data

series.

2.5 STEPWISE MULTIPLE REGRESSION

Many different regression techniques are available to
determine the form of a linear relationship between a given
dependent variable and a set of possible explanatory varia-
bles. Stepwise multiple linear regression was chosen for
reasons of economy to describe the relationships between
pressure fields derived by principal components analysis
and monthly rainfall over the Republic of South Africa. Rain-
fall, the dependent variable, was regressed on the time series
of principle component scores which were taken as the indepen-

dent variables in the regression.

Ordinary multiple linear regression analysis pulls in
all the independent variables offered up to the procedure.
Alternatively the stepwise method considers the effect of
each variable on the whole regression. It therefore provides
information about the order of importance of the individual
independent variables in relation to the dependent variable,
given that the previous independent variables are already
in the regression. Forward selection (Chatteriee & Price,

19. ) was used to insert variables into the regression



equation. This process is terminated when the partial l-value
at some convenient level of significance becomes statistically
insignificant for the most recently returned variable. The
order in which variables are included depends on the partial
correlation coefficients. These are a relative measure of
the importance of the variables, not yet entered into the
regression equation, ability to account tor the depend .t
variable's variance. In the present case an F-to-enter of
10’ was used (Draper and Smith, 1966). At each step, var-
iables already in tne equation are re-examined in the light
of their interrelationships with the variables entered at

a later stage. Any variable thus found tc no longer make

a significant contribution in explaining the dependent
variable's variance are then removed from the regression
equation. This feature, therefore, also makes stepwise
multiple regression suitable for data matrices with a high
degree of col linearit/. However, since principle components
are uncorrelated, this facility was not utilised in ihis

work.

The techniques discussed are well suited to determine
the nature and spatial variability of he pressure fields
over the oceans surrounding southern Africa and for the study
of the relationships between rainfall and the derived pres-
sure fields. In the following chapter the first of the pres-

sure fields defined by the analysis will be considered.
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CHAPTER 3

MEAN PRESSURE PATTERNS AND THE GENERAL

PRESSURE FIELD

3.1 INTRODUCIION

Whereas it is the departures from mean circulation pat-
terns that produce the weather-forcing mechanisms, it is neces
sary to define and understand the underlying controls reflec-
ted in the mean pattern. Decomposition of the oceanic sea-
level pressure data by principal components reveals three
maior pressure fields. In this chapter the most important
of these fields, termed the general pressure field, is dis-

cussed .

3.2 MEAN MONIHLY PRESSURE PATTERNS

Mean monthly pressure maps have been constructed to show
the annual march of sea-level pressure over the oceans sur-
rounding southern Africa. Oceanic sea-level pressure, in
general, may be described in terms of two major high pressure
centres. The Atlantic Ocean high is situated off the west
coast of the subcontinent, the Indian Ocean high off the east

coast.
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In both summer and winter, the mean circulation is lomi-
nated by the high pressure centres. The highest mean pr ;ssure
value over the Atlantic Ocean (1024 mb) is found in Jul
while the Indian Ocean maximum (1025 mb) occurs in August
(Fig 3.1a]. During these winter tenths, pressure centres
are closest to the subcontinent. Lowest pressures are found
over both oceans during February [Fig 3.1b]. A complete

monthly set of mean pressure charts is given in Appendix 1.

10 Z)
20
0
20
August
0 0
10
to
10
0
February

Fig 3.1 Mean monthly pressure distributions.

Pressure values are given as mean sea-level pres
eures ¢ 1000 mb i.e., 20 must be read as 1020mb.



Two aspects of the described mean pressure system stand

iut in these maps. First, a ie.d-lag relationship exist,

.etween the sun's apparent migration in declination and months

showing the maximum and minimum pressure situations. The summer

solstice occurs on 21st December when the sun reaches its maximum

shoutherly declination; the winter solstice xs on

Secondly, there is an unequal annual change in intensity and

position of the two high pressure centres. The Atlantrc Ocean

high is relatively stable, exhibiting only a slight shift

southwards during the summer months. The range of mean pressure

of the centre of this anticyclone varies from 1020 mb to 1024 mb.

The cenre of the Indian Ocean high on the other hand, suffers

a far larger displacement, but to the east, during the simmer

months and has a wider pressure range of 1015 mb to 1025 mb

in the area under consideration. The maximum ecastward displace-

ment of this ¢.M 1is centred at approximately SO’ E and is not

apparent from the area under consideration (Fig 5.21.

Pressure gradients associated with the mean monthly fields

vary across the oceans throughout the year. Gradients appear

Sharpest around the Atlantic Ocean high, while those around the

Indian Ocean high show variation with its approach and departure

from the subcontinent. To the south, the Indian Ocean high
pressure centre gradients are weak from September through to

April, after which contours show a steeper gradient. The

situation to the north of the Indian Ocean high show, relatively

et.an orntHents throughout the year.



Fig 3.2

Mean sea-level pressure distribution (after
Critchfield, 1966).

January



3.3 PRESSURE FIELDS

Principal components analysis has been used to isolate
uncorrelated patterns in the monthly oceanic sea-level pres-
sure data. Resulting patterns of sea-level pressure fields
have been sorted bv the month. Whereas Craddock and Flood
(1969) have carried out principal components analysis on a
single series constituted by monthly values over a number
of years, in this study twelve different series of monthly

pressure values from 1951 - 1977 were analysed.

Of the nineteen components derived for .~.h month, onlv
four to six met Kaiser's criterion of greater than unity
(greater than one). For each of th" four to six significant
components, monthly maps of the spatial distribution of eigen-
vector loadings were determined. These were then sorted, by
visual inspection, into three distinctly evident patterns
with common characteristics. The three pressure fields are

henceforth identified as:
(1) a general pressure field,

(i1) an east-west pressure field in which longitudinal
contrasts predominate (henceforth called the longi-

tudinal pressure field), and

(i11) a north-south field showing strong latitudinal
contrasts (henceforth called "he latitudinal pres-

sure field).
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The principal component distribution for each pressure field

is given in Table 5.1.

The general pressure field accounts for an average ot 33.-
percent of the total variance encountered in the overall pres-
sure field. The longitudinal field accounts for an average
of 22.1 percent and the latitudinal for 15.3 percent (Table
3,2). The percentages apply to the year as a whole; they do

not necessarily apply in the case of individual months.

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

GNRAL  LONGITUDINAL ~ LATITUDINAL  y2pil o
Oct 3 73.5
Nov 75.3
Dec 66.4
Jan 74.6
Feb 72.9
Mor 3 67.0
Apr 3 61.1
May . 66.3
Jun 3 76.4
Jul 3 69.8
Aug 3 76.4

Sep 3 77.1
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Most grid points have positive eigenvectoi loadings for
the general pressure field (Fig 3.3). The loadings are ci
relation coefficients between the components ,nd the ori !in -1
pressure data and hence, high values for a grid point ind. .r
that it is well represented by the general pr ir I1 and

vice versa) .

3.5 SEASONAL CHANGES IN GENERAL kI Rl ILLO

Summer conditmr

During the uner period , October t "ai h. cert n
common characteristics are apparent in the general pr<
sure fields. In October, higher loadin; re ound *
the west, south-west ind south of Sout Vfric (i L1
By contrast, in the Indian Ocean sector Loadings ir some-
what lower. However, in general. the relief of the cor-
relation fields is not pronounced. November shows a
strengthening of values to the west of the subcontinent
(Fig 3.4b), whereas the field over the Indian Ocean

shows little relief.

During December the general pressure field begin:
to strengthen markedly to the south-west of Cape Town
(Fig 3.4c). Arm the same time in the Indian Ocean sector,
particularly i the north, the field has weakened. This
trend is constant tnrough January to March, particular

emphasis being plac d on the south-western oceanic areas

south of the mber t"ini -it.
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Fig 3.4 General pressure field: summer conditions

(eigenvector loadings x 100)
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Fig 3.4 fcont.) General pressure field: summer conditions
(eigenvector loadings x 100).
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The Winter Pattern

Unlike the summer months, May, July and August show

high eigenvector loadings over the Indian Ocean. In June

the area west of the subcontinent is emphasised.

During May, high values are found east of the South

African coast (Fig 3.5a). FEast-west gradients are found

over the Atlantic Ocean, but this area is less well repre-

sented by the general pressure field. In July high load-

ings (greater .han «\7, that is, 70 on the maps) are found

over the ..hole Indian Ocean area (Fig 3.5b). The inten-
sity and size of the field decreases somewhat during
August (Fig 3.5c). The winter months, May to August,
are predominantly characterised by large positive anoma-
lies over the Indian Ocean area (see

Appendix 3).

Transition Periods

April and September represent between-season condi-
tions. Both months show equal loadings over both oceans
(Fig 3.6). During April, the high values south-west of
Cape Town characteristic of the summer months, weaken ana
the beginning of the winter Indian Ocean predominance in
the general pressure field is observed. The reverse
takes place in September as the Indian Ocean eigenvector

loadings decrease in intensity and spatial coherence and

Atlantic Ocean values begin to increase.



10

40

(b) 23

July

40

40

August

Fig 3.5 General pressure field: winter condition
leigenvector loadings x 100)
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he general pattern that emerges from this discussion of
umer conditions is one of developing positive anomalies
o the south-west of the subcontinent in the vicinity of

ongitudes 10- E to 10" X and latitudes 30' S to 44% S.

S.6 TEMPORAL VARIATION OF THE GENERAL PRESSURE FIELDS

Monthly principal component scores show little systematic

year-to-year variation (Fig 3.7). The series are too short

. out spectral malyses. Kendall s turning po

test (1973, was used instead to investigate a ....-hypothesis

of randomness in the series. In no case could the

«w11. hypothesis be rejected at the SL level, suggesting that

the component scores fluctuate im a random manner.

Examples of mean monthly synoptic situations are given

for some years with high scores (Fig 5.8). The anomal..

pattern for October 1973 represents a summer situation (that
is. the eigenvector loadings are representative of pressure

deviations from the long-term mean). During 1973, this month

achieved a high negative score. The mean monthly synoptic

situation for this month compares well (except for sign, with

the general pressure field shown in Fig 3.3a, the sign of

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

Fie 3.8a illustrates the physical real'tv of the d,rived
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Fig 3.3
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pressure patterns. Th the second instance, quoted in

Fig 3.8b, a t pical example of winter situation

(August 1967) shows strong positive pressure anomalies over
the Indian Ocean sector and illustrates a situation repre-

sented by F g '.5c.

3.7 DISCUSSION

During the summer high positive loadings in the
south Atlantic area to the south-west of Cape Town are
prominent features of the general pressure field. By
contrast, in winter the mass balance changes and lower
values of anomalies appear to be the climatological norm
for the southern Atlantic Ocean area south-west or
Cape Town. Such changes occur as result of changes in
the Atlantic Ocean high and probably can be related to
the seasonal variation in the position ol the subtropical
ridge of the zonal standing wave 1 (Fig 3.9). This peak
exhibits a 5° latitudinal shift poleward from summer to

winter (van Loon 8 Jenne, 1972).
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It has been shown that the general pressure field exhibits
distinct seasonal changes that can be related to similar
changes in the general circulation of the atmosphere. This
feature is characteristic of the Atlantic Ocean to the south-

west of Cape Town during the summer period, and of the

Indian Ocean during the winter. East-west changes are a

feature of the general pressure field to be discussed in the

following chapter.
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CHAPTER 4

THE LONGITUDINAL PRESSURE FIELD

4.1 INTRODUCIION

The longitudinal pressure field consists of loading pat-
terns from principal components two ;.nd three (Table 3.1)
and has been identified by similarities in the spatial pat-

terns of the anomaly fields.

Contours constructed from the eigenvector loadings repre
sent the correlation between the relevant principal component
and the original sea-level pressure data. Those areas of
the fields with large contour values (regardless of sign)
are of major interest because they will be the areas most
strongly represented by the principal component. Negative
values are found in all correlation fields, in contrast to
the general pressure field where few non-positive values were
encountered. Within the longitudinal pressure field negave a
anomalies tend to characterise one ocean and positive the
other, eigenvector loadings clearly show this dichotor.tous
trend between the oceans (Fig 4.1). The balance of load-

ing values is seldom equal between the two oceans and two
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major temporal and spatial patterns may be distinguished:
first, that emphasising the Indian Ocean area (October to
March); and secondly emphasising the Atlantic Ocean (April
to September). The proportion of the total pressure variance
accounted for by longitudinal changes in the pressure field
is about two-thirds that accounted for by the general pres-

sure field (Table 3.2).

4.2 SEASONAL CHANGES IN THE LONGITUDINAL PRESSURE FIELD.

Summer eonditions

During October to March, high loadings occur over the
Indian Ocean. Prominent values during October are centered
around 30" S 50° E (Fig 4.2a). Anomaly gradients are
generally weak for the remainder of the field. January
shows a north-ward extension of the area strongly repre-
sented by the longitudinal pressure field (Fig 4.2b).
During March, anomaly gradients are again weak, but
the whole Indian Ocean sector has loading values greater
than 0.6 fthat is, 60 on Fig 4.2c). The other months,
November, December and February all show Indian Ocean

dominance in loading values (see Appendix 4).

The Winter Pattern

The longitudinal pressure field emphasises the Atlan-

tic Ocean region to the west and south-west of South Africa,
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encompassing the area south of 25° S and west of ISO c.
during May, strong positive anomalies occur south-west

of Cape Town (Fig 4.5a). Anomaly gradients weaken markedly
towards the I...ian Ocean sector. July shows the maximum
northward expansion of high loading values (Fig 4.3b).

The greatest eigenvector loading values are encountered

in the area 3i° 5 and Oe during August (Fig 4.3c¢).

Marked positive anomaly gradients characterise this month.

4.3 TEMPORAL VARIATION OF THE LONGITUDINAL PRESSURE

FIELDS

The longitudinal pressure field was not characterised by
high scores for similar years from month to month. ihe most
persistently high scores occurred in April to July, 1973,
and in January to rtAl, 1974 (Fig 4.4). The mean monthly
synoptic chart for January 1961 provides an exan 'e of actual
summer anomaly conditions for a year of high score (Fig 4.5a).
This chart shows a positive -negative anomaly pattern indica-
ted for January for the longitudinal pressure field (Fig
4.2b). The winter deviation pattern is well illustrated
by the synoptic chart for May 1973 (Fig 4.5b) which shows
anomaly patterns close to those found in the longitudinal

pressure field for May (Fig 4 3a).
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January 1961: summer conditions

(b)

May 1973: winter pattern

mean sea-level isobars (mb)

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

Tig 4.5

Mean monthly synoptic charts (S A Weather Bureau).
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4.4  DISCUSSION

The longitudinal pressure field shows a difference m

sign between east and west. Although different oceanic sec-

tors are emphasised during summer and winter periods, weaker
anomalies of opposite sign characterise the other parts of

the pressure field.

The nature of the teleconnection between the Atlantic

and Indian Oceans adjacent to southern Africa immediately

brings to mind the 'Southern Oscillation', which is the fluc-

tuation of pressure between the Indian and Pacific Oceans

as first noted by Walker (1923. 19:4, 1923) and Walker and

Bliss (1930, 1932). Many explanations for this observed

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

-960) considered it a standing wave in the atmosphere. Schell
(1956) attributed its existence to the difference between

temperature of the cool south-east Pacific and the relatively

warm "acific-Indian Ocean region, a mechanism also proposed

by Wright i!975).

It is possible that the observed teleconnection might

be a feature of the temperature discontinuity between the

cooler Atlantic Ocean and the warmer Indian Ocean. Mean sea

surface temperature fields were produced from monthly mean

temperatures presented in * 'Climate of the Upper Air -

Part I - Southern Hemisphere' (Taliaard, st at, 19691



both during summer and winter, the Indian Ocean is markedly

warmer than the Atlantic (Fig 1.6). A full set of monthly

charts is presented in Appendix 2.

(a)

February

(b)

August

data from 'Climate of the Upper Air - Part I - Southern
Hemisphere (Taljaard t il, 1969)).

Fig 4.6 Mean sea surface temperature fields, °C.

During th = summer months, October to March, strong ano-
malies arc found over the Indian Ocean sector. By contrast,
the south-weit \tlintic Ocean shows strong loadings during the
winter months of April to September. Standing zonal wave 1

exhibits a 5° longitudinal shift between summer and winter
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CHAPTER 5

THE LATITUDINAL PRESSURE FIELD

5.1  INTRODUCTION

The latitudinal pressure field in which north-south
contrasts predominate is represented by the third principal
component for two-thirds of the year and by the second for
the remainder of the rear. As in the case of the longitudi-
nal pressure field, strong regional changes are apparent
throughout the year. Whereas the previously discussed longi-
tudinal pressure field showed contrasts between the Atlantic
and Indian Oceans, latitudinal gradients characterise the
latitudinal pressure fielu. The eigenvector loadings for

the latitudinal are presented in Fig 5.1.

The latitudinal pressure field exhibits two character-
istic features: one characterised by high eigenvector loading
values over the northern oceanic areas (December to May);
the other by high values in the southern parts of the oceans
(June to November). Whereas the two previous pressure fields
showed initiation of patterns in October, the latitudinal
field shows important changes in December and June. Charts

for all months are given in Appendix 5.
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SEASONAL CHANGES IN THE ZONAL PRESSURE FIELD

late summer con'iition”

During December to May highest loadings are found

in the northern sections of both the Indian and Atlantic

Oceans. The northern area of the Indian Ocean is best

represented by the latitudinal pressure field for both

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

months, the northern areas of the Atlantic Ocean gain

in importance. By March these areas are dominant

(Fig 5.2¢).

Late winter condit

The latitudinal pressure field is strongly repre-

sentcd in the Atlantic Ocean area south-west of Cape

Town (Fig 5.3). In July an area of high loadings is

found at 33° S and between 5° Wand :S° E, due south cf

the subcontinent. During September, the area contracts,

shifting to 15° £ to 35° E without any latitudinal change,

that is, the main anomaly pattern is still south of

the subcontinent. Spreading is again evident in Octo-

ber. Strong anomaly gradients are often associated

with the Atlantic Ocean.
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5.5 TEMPORAL VARIATION OF THE LATITUDINAL PRESSURE
FIELDS

Each month produces high principal component scores on
some y.irs (Fig 5.4). However the years emphasised varied
from month to month. The year 1953 consistently produced
high scores from January to May, 1970 also showed a persis-
tent tendency during August to November. February 1971
showed a high negative score which is reflected in the strong
positive anomaly south, and a negative anomaly to the east
of the subcontinent on the mean monthly synoptic chart
(Fig 5.5a): An anonal\ chart, based on 27 year means, shows

the same characteristic? (Fig 5.5b).

5.4 DISCUSSION

The latitudinal pressure field shows pronounced north-

south gradients throughout the year. The area of strongest

pressure anomalies is found to the south, and to a lesser
extent, to the south-west of Cape Town. The latitudinal pres
sure field is linked to the northward displacement of the cir
cumpolar westerlies during winter and the development of a
standing trough of low pressure to the south of southern
Africa. During summer, the maximum tonal westerlies are
situated at 45° S in the Atlantic and Indian Oceanic sectors
of the southern hemisphere. The middle latitude tone is

also characterised by frequent cyclogenesis (Taljaard, 1967).
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Fig 5.5 Mean monthly synoptic chart and deviation chart tor
February 1971.



It Is therefore probable that the tonal pressure field
epresents the movement of the westerly wind belt. During
he summer months the poleward movement of the belt results
in pressure anomalies in the northern sections 'secoming

important, whereas during the late winter months the north-

ward movement of this belt is emphasised.

The latitudinal pressure field exhibits loading values
f opposite sign over the northern and southern portions of
he oceanic area under consideration. The high anomaly
malues south of Cape Town during the winter months suggests
, .inter northward extension of the circumpolar westerlies
south and south-west of the subcontinent. Relationships

between rainfall and the three pressure fields that have

Gratified arc discussed in the following chapter.



- 60 -

CHAPTER 6

RELATIONSHIPS BETWEEN OCEANIC SEA-LEVEL

PRESSURE AND RAINFALL

6.1 INTRODUCTION

Synoptic situations producing daily rainfall are well
understood for South Africa. Howevei . long term causal rela-
tionships are more difficult to determine. In this chapter
an attempt will be made to compare the effects of the oceanic
sea-level pressure situations with rainfall over the Republic

on a month to month basis.

6.2 ANNUAL MARCH OF RAINFALL OVER SOUIH AFRICA

Using a brcud classificatory system, four basic rainfall
patterns may be distinguished over the Republic oc South Africa
(Griffiths, 1972). Fig 6.1 shows the annual pattern of rain-

fall for representative stations.

Cape Town represents the south-west area of the conti-
nent which is characterized by winter maximum tainfali. George

shows the characteristic pattern of the area between the winter



maximum in the south-west and south-east. n<i pelt has a
double maximum found in the spring (October] and ear ly autumn
(March). A distinct summer maxinun is experienced over the
rest of the Republic, with the grc test amount of rain falling,
on average, in the summer months of December to icbruan.

A similar belt of summer maximum rainfall may be traced from
tbe southern Cape to Windhoek. Th this area, however, -ne
winters ore particularly dry and mr.ximum rainfall is lound

in the month of March. Thus assuming a hydrological year
beginning in October, the eastern part: of the country

receive rainfall first, that is, in December to February.
Maxima also occur in the south-east during this period (usually
in October and again in March. Next is an area with a single

March maximum stretching northwards between .eorge ?nd Windhoek.
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Fig 6.1 Characteristic rainfall patterns over southern
Africa (after Griffiths, 1972).
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Rainfall relationships .'tt t . . fi
High coefficients of determination (R2 >20) exi t
between rainfall over the continent and the general
pressure field. During the summer months, for exampl
November, strong interrelationships exist over th<
northern parts of South Africa (Fig b.2a). From Nov
ember to April a gradual shift takes place (Fig 6.2b
The general pressure field during the winte: monthl
related to rainfall over the south-west Cape (T (
With low loadings for the general pressure field r
the south-west of the Cape, in the area where tonal
standing wave 1 e.'presses itself, rainfall over tV.

south-west Cape is enhanced.

field.

Correlations between the time series scores or the
principal components analysis for the longitudinal pres-
sure field and rainfall over the Republic, show thi h i-
est coefficients of determination (R-) in the region
the central Cape in January (Fi® 6.3a). Since at thi
time of year it is the Indian Ocean sector of the long!
tudinal pressure field that is predominant, it appear
logical to infer that it is pressure changes in this
sector that are of greatest importance in ['eterminv
rainfall over the central Cape. By contrast, du', ;v
a typical winter month (Fig < 3b), the vn. .ati n

field i1s flat.
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0 4) S0
(a)
to
November
April
(c)
0
July

Fig 6.2 Coefficients of determination (R2). as a percentage,

between rainfall and the general pressure field (b 1000)
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January

(b)

July

Fig 6.3 Coefficients of determination (R2), as a percentage,
between rainfall and the longitudinal pressure field
(mb * 1000).
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Rainfall relationships
field.

with th

On the whole, the latitudinal pressure field does

not account for much of the variance encountered in the

rainfall patterns over the subcontinent. .In-re is

suggestion that during the late summer the field is

most strongly associated with rainfall over the south-
west Cape (Fig 6.4a). By contrast, the winter months,
March to October show a relationship between the zonal

pressure field and rainfall over the south-western and

central parts of the Cape. During the winter, the wes-

terly wind belt exhibits a northerly displacement over

the area under discussion. As expected rainfall over

the south-west of South Africa (the winter raintall

region) is sensitive to anomalous situations in the

westerly wind belt south of the subcontinent.

»¢ of the three of the pressure fields described shows

rons correlation patterns with raini.il 1, >wt

vos some indication of the relationship between the

messure field over the ocean and the transport of

jisture of the subcontinent. However, in no way is

his indicative of the process operating to produce

ainfall.

ish restriction regression analysis

Using a higher level of restriction, that is 10 percent

evel of significance, to govern the entry of variables into

. . . mans
*w. -.-ww.sion analvsis, a different

set of correlation



March (late summer)

W)

*0
40

October (late winter)

Fig 6.4 Coefficients of determination (R l.as a percentage, between
rainfall and the latitudinal pressure field (mb + 1000).
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may be derived to link pressure changes over the oceanic
areas to rainfall over the subcontinent. In preparing these
maps, the combined coefficient of determination (R2) of all
nineteen principal components derived in the original study,
was determined for each rainfall district and contour maps
for each individual month prepared therefrom (Fig 6.5).

The resulting fields showing the spatial distribution of R2
indicate the combined effect of the linear relationship
between rainfall and the various pressure fields taken toge-
ther and not individ’allv as in the previous low restriction
analysis. Regression equations for individual stations are
given for each month (Appendix 6). Tables indicating the
pressure components that were pulled into the regression
equation at the 10" level of significance for each station,
are presented in Appendix ?. Few variables entered

persistently and systematically into the equation.

From October to January, the area of maximum corre-
lation between the pressure f elds and rainfall over South
Africa migrates from the east coast (Fig 6.5a) to the
west coast (Fig 6.5d). Whereas October shows two small
areas of high correlation on the ecast coast, November shows
a northward and eastward spread (Fig 6.5b). During Decem-
ber, the central Cape area is included with the area of
high correlation in the east (Fig 6.5c). January and

February represent maximum summer conditions (Fig 6.5d 5 c).
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(a)

October

(b)

November

Fiz b.5 High restriction coefficient of determination, by month,
between rainfall and the combined principal components.
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\ dj chotomous field may be observed by May (Fig b.Sli),
March and April being relatively weaker fields (Figs 6.5f S
June reverts to west coast interaction patterns (Fig 6.5i
The R2 fields for July to September show areas of high

correlation in the north-eastern region® of South Africa.

During the winter uniformly high coefficient of
determination extend across most of South Africa. From
this it is clear that in the winter a large amount of the
variance encountered in out-of-season rainfall is asso-
ciated with pressure changes over thr oceanic areas. n
summer, by contrast, this situation does not obtain owing
to the high degree of convectively-induced rainfall over
the subcontinent. Of the entire country, the south-west
Cape shows the most consistent patterns of correlation
between oceanic pressure and continental rainfall ‘or both

in-season and out-of-season rainfall.

6.4 SEASONAL DEPENDENCE OF RAINFALL-PRESSURE INTERACTION.T

It has already been noted that the coefficient of deter-
mination shows distinctive spatial organisation from month to
month. In order to discuss the implications of this, the

seasonal dependence of the above results will be considered.

The contribution of the pressure anomaly fields to rain-
fall variance over South Africa, presented in Fig 6.5, may

be evaluated ig !nst the South ifri- an rainfall trends.



Immediately it can be noticed that with the exception of
the south-west Cape, the arcas of highest R do not corres-
pond in large measure to the secasonal maximum rainfall

periods.

The south-west and western Cape receives most rainfall
during May to August (Fig 6.1). Fig 6.5(f)-(h) shows that
during this time period over o0' of the variance in rainfall
is associated with sea-Wei pressure patterns. Highest

values are found in May and June, the first months of high

r2 for this region. However, large percentages of variance

(greater than 601) of rainfall are also accounted for in

the months December to April. The remaining months, October

to November, show little association between the rainfall of
the south-western regions of the subcontinent and the oceanic

sea-level pressure patterns.

Results indicate that oceanic sea-level pressure influen-

ces the winter rainfall area, the south-west Cape, as anti-

cipated because the tip of the subcontinent is also affected

by a succession of eastward moving cyclones, associated with

disturbances in the westerlies (Tyson, 1969). Since the

westerlies move northwards during the winter, a good correla-

tion between the pressure systems and rainfall was expected.

The centra' Cape interior, mainly the area of dual maxi-

mum rainfall months, shows associations between oceanic



sea-level pressure and rainfall over this area for the
months December to February and April to July. Conspicu-
ously absent are such associations for the months of October

and March, when maximum rainfall is found.

In the summer rainfall region from May to December,
that is winter to mid-summer, appreciable areas of the region
are related to the pressure changes over the oceans adja-
cent to South Africa. Whereas for the period quoted 60 per-
cent of the variance between pressure and rainfall is accoun-
ted for by the regression analysis, in the period January
to March, that is from mid-summer to Autumn the percentage

variance drops to 20 percent.

6.5 DISCUSSION

Low restriction analysis shows that high correlations
are not found between periods of maximum rainfall over the
subcontinent and changes in oceanic sea-level pressure. This
result is not unexpected as no analysis of continental pres-
sure changes have been made. With the exception of the
south-west Cape, rainfall is largely dependent on anticyclonic
moisture transportation, from the Indian Ocean over the
northern reaches of the country (Taliaard, tJS5, Rubin, 1956;

Longley, 137<?

The high restriction analysis, however, has shown an



out-of-season correlation between rainfall and the pressure
fields. It is proposed that when rainfall producing pres-
sure situations are strongly developed over the continental
area, oceanic sea-level pressure changes appear to be of
little importance to these features or their development.
However, once thev weaken, the oceanic sea-level pressure

situations arc related to that rainfall which does occur.

Relationships between the pressure fields and rainfall
have been discussed. Only small amounts of the variance in
rainfall could beaccounted for by the individual pressure
field*. However,a strong association was noted between out-
of-season rainfall and the principal component scores of all

the pressure fields.



CHAPTER 7

CONCLUSION

In this study an attempt has been made to describe the
monthly variations of oceanic sea-level atmospheric pressure.
Principal components analysis of oceanic sea-level pressure

over 19 giidpoints for the years 1951 to 19™7 has been used

to identify pressure fields oxer the oceans surrounding

southern Africa. An investigation into the relationship

between these pressure patterns and rainial 1 over th>

Republic has also been undertaken.

The specific results of the study may be summarised as

follows:

(I) Principal components analysis of ocean.c sea-level atmos-
pheric pressure indicates that three disiintive pressure
patterns, designated pressure fields, may be idrntitied

for all montns. These pressure fields are

(L) a general pressure field

fii) a longitudinal pressure field

(Ui) a latitudinal pressure field.

Together these- three account for an average of 1 t@ ot

the total wvariance over all months.



(3)

4)

(%)

The general pressure field fhows a strong seasonal

variation over the oceans. In summer, highest loadings

occur to the south-west of Cape Town in the region of
Gough Island where the subtropical ridge of tonal stand-

ing wave 1 finds its expression in the southern heai-

sphere. By contrast, in winter highest loadings for the

general pressure field arc to be found to the east of

Natal over the Indian Ocean.

The longitudinal pressure field shows an cast-west Bal-
ance between eigenvectors of different signs. The
summer pattern emphasised the Indian Ocean sector, pos-

sibly reflecting the temperature difference between the

two oceans. The winter pattern suggested the importance

of tonal standing wave 1 found south-west of the sue-

continent.

The latitudinal pressure field appears to be associated
wxth a amm aole displacement of eigenvector values

during the hydrological year. Hi"h loadings found

directly south of the subcontinent suggest a winter

northward extension of the westerlies in a trough to

AL 1t-"

A Stepwise multiple regression analysis with a iow
restriction on variables included in the regression

equation produced a monthly series of raintall



pressure fields of interaction over the Republic.

(D The strongest relationship between the general
pressure field and rainfall over the Republic
occurred over the western sector of the Cape

Province.

(i1) The longitudinal pressure pattern showed a strong
association between loading values over the
Indian Ocean and rainfall during the summer
months and rainfall over large parts of the

Republic.

(iii) As expected, the greatest interaction between
the rainfall and the latitudinal nressure field
is found over the western Cape during the
winter months, which is the maximum rainfall

season for this region.

(6) The high restriction analysis, using a 10 percent signi-
ficance level for inclusion of the principal component
scores, produced a value for the coefficient of determi-
nation for each station per month. Prom this analysis
it is evident that no strong relationship exists between
oceanic sea-level pressure and periods of maximum rain-

fall over the Republic.

Precipitation processes have not been considered in this
dissertation « ce. Notwithstanding, relationships between
rainfall over the Republic and pressure fields over the
oceans surrounding southern \frica have been demonstrated.

Such results support those of Tyson (1980) who has shown that



wet spells of the quasi 18-year oscillation on rainfall

over southern Africa is strongly related to positive anomaly
sea-level pressure conditions to the south-west of the sub-
continent. In this region the subtropical ridge of the

first zonal standing wave in the 500 mo surface has I<s expics-

sion in the southern hemisphere.

The present analysis has shown that during the winter month

a large amount of the variance encountered in out-of-season
rainfall is associated vith pressure changes over the oceans
surrounding the subcontinent. However, this situation is not
found during the summer months as much of the continental
rainfall is convertively induced and only weakly related to

the oceanic pressure s>stems. The south-west Cape is the

only region directly influenced by sea-levcl atmospheric cir-
culation over the oceans. For this area consistent corre-
lations arc found between oceani - pressure and continental

rainfall for both in-season and out-of-sea son conditions.

In any explanation of regional precipitation patterns
an understanding of the general circulation is of great
importance. In this dissertation changes in sea-level pres-
sure patterns over the oceans adjacent t southern Africa
have been evaluated and the foundation has been laid for
further in-depth studies of the way in which the circulation
of the African sector of the southern hemisphere is modulating

rainfall on seasonal, annual and even decadal scales.
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APPENDIX 1

MEAN MONTHLY PRESSURE CHARTS
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APPENDIX 2

MEAN MONTHLY TEMPERATURE CHARTS
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\PPENDIX ?

KAJ PRESSURE PTELD AND
CONTOURS FOR RAINFALL
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APPENDIX 4

LONGITUDINAL PRESSURE FIELD AND
R* CONTOURS FOR RAINFALL
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APPENDIX 5

LATITUDINAL PRESSURE FIELD AND
R2 CONTOURS FOR RAINFALL
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regression EQUATIONS
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APPENDIX 7

PRINCIPAL COMPONENTS ENTERED INTO REGRESSION EQUATIONS

(PER RAINFALL DISTRICT)

HAInCall Distrlcte

03z vt 30 32 33 38 <2 S0 o 63 & a
21
IT 111!
0 1y
ti
J—i
Kit)  *3im Mis s P e 6w 1M HIMI7I1 <1K1
January
W D23 23w ®
u
18
19 _L )
=) 86 o 1. 1lii

February



WilitlaUDUtiloti

larch

»'(«)

April
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Palnfall D I*trlcf

I I i 1 1 X X
2 I+ X X X X X
3 t X X
4 t I X 1 X
1 1 i X X X X
4 1 X 1 1 X
1 I X X
a X X X X
9 I X X
10 X X
i i t X %
12 X X 4 X 1 X
13 1
14 X X X J
I X X
14 X %
17
I 4
19 1
§* [S» as 83 43§ 14 T2 21 IS so 91 #1 <¢ 47
May

Mtrf*U nssirivte

2 1 1 X 1

3 [ 4 1

4 X * X
S 1 1 1 i

4 1 1 i

, 1 X X

1 X X X

s X 1
10

11 1 y I

12 X X i 1

13 X 4 i 1

14 4 X 4 X i

IS 1 X X
16 i X

17 X 1

11 % X 1 1 *
19 X 4
td) K % S/ 2 s4 11 6 S3 S8 T

June

Is

60

61

A3

68

9 4493
X .
(I
X
X X
X
X 4 J
4
X
*] 1
4 77j 45
M 4 a
X
X
X
X
X X
X
X
4



Ulsttlet.

29

July

aietrlits
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[S—p

1 1 *

33 ‘B 38 14 60 17

September

October
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Rainfall Dtattlcta

21 30 32 33 38 42 so 61 63
X
X X X
X
" X
X < X X X X
1 x X X
X
3 X < X
X 1
X X
1 I X
X o1 X X X
1
1 X+ X
I X X
X X
1 I
X 1 I
s4 54 T4 SO 0 W 11 9289
MiInf«ll Dlenrlcte
26 30 32 13 38 42 90 61 61
I X 1 X
X 1 X i X
X
X X
X 1 1 X
1 X
X X
1 1 X
1 X
X
X
X
I
X
X
X
1

57

71

49

84
1
X
1
I
1
X
X X
X
v
57 11
79 64
X
9
1
X
1
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Rainfall
6 30 3L 218 42 M0 6 & 93

“p

0

1%

17

8

'

*1n HI 23 13 « If H 30 333 10

!

Noven.ber

17 4 1C 13 24 26 30 32 33 38 42 so i:x 63 66 71 7L< 13

1 ' < I X X I X X rX 1

2 1 X X T X s

3 X Xy 7,

4 X X X | X X X « 1

s 1 1

6 (1 X 1 X X X xoox X1 X X X x
b | I X 1 % X X X | .
=
E e 1 X X ( i
PR X X 1
o
-1 X X 1 X X 1
oo i i X X X
o X X 1 I

13 1 X X X

14 1 i X X X 1

IS X | X 1 1

X

16 X X « X L i 1 1

17 1t X 1 X o

18 X X X 21

19 X X X 1

«*(*) 52 37 44 82 70 88 78 83 18 s8 92 60 67 42 64 7T« 13,

December






