transport has been shown to occur over entire oceans and continents (Prospero ef al., 1981;
Muhs ef al., 1990; Swep e al., 1993) and has implications for global climate change (Garstang
et al, 1996} Tyson ef al., 1995; Tyson et al, 1996). Moreover, since the layering acts as a -
. vertical barrief, convective rainfall ovet the subcontinent will be regulated to some degree by the
physical structure of the discontinuities,
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Figme 12 The Hadley and Ferrel Colls in relation to suuthern A ffos (after Newoll ¢
al., 1972)

In as much as elevated absolutely stable layers control pollution transport and mixing in
the vertical, they are in turn controlled by prevailing synoptic circulation (Taljaard, 1955; Diab,
1975; Preston-Whyte and Tyson, 198%; Tyson et al,, 1995), A predominant belt of subtropical



CHAPTER 1

INTRODUCTION

1l ~ INTRODUCTION

Elevated absolutely stable layers were identified at various aititudes over southerit
Aftvien during the Southern Aftica Fire Reseurch Initiative (SAFARI) (Garstang et al., 1996),
They were found to be both temporally persistent snd steucturally continuous over the
subcontinent. The presence of these layers has obvious implications for local as well ag global
pollution trangport, since stable discontinuities frap pollutants below their bages by inhibiting
mixing in the vertical and acting as upper air boundaries (Fig, 1.1) (Munn, 1966; Diab, 1975;
Hobbs, 1980; Oke, 1987; Tyson et al., 1988, Preston-Whyte and Tyson, 1989).

anticyclonic subsidence

Figure 1,1 Bubsiding afr crenting an elevated obsolutely stable [ayer, which
suppresses wrbtiedes (after Preston-Whyte and Tyson, 1989)

Wherens both surface- and elevated absolutely stable layers may lead to local high
concentrations of pollution in the troposphere, it is the elevated layers which play an imporant
tole in controlling long-range wransport and recireulation of acrosols and iace gases (Taljaard,
1955; Preston~Whyte and Tyson, 198%; Garstang ef al, 1996; Tyson ef al, 1995), Such
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(i) determine daily variability of elevated absolutely stabie layers over the
subcontinent, and '

) cstablish to what extent the results found during SAFARI are representative of
South Aftica's gencral climate. .

The disseriation is divided into six chapters, In Chapter 1 absolutely stable layers are
defined and the literature reviewed, Applications of the research are aliuded to. Chapter 2
describes data soutces as well as the statistical and empirical methodologies which are
employed, A climatology of elevated absolutely stable layers by synoptib type is presented in
Chapter 3. Chapter 4 presents a synthesis of the climatology where the ggnefal structure of
the discontinuities is expounded, The resulis for all the synoptic circulation types are averaged
giving a climatology for the entite year, In Chapter 5 the clevated abéo]utely stable layers are
analyzed for the month of July, where atmospheric stability is at & maximum, Resuls of this
chapter ate campared with previpus research and the climatology for archetypal synoptic types.
The daily persistence of discontinuities is also examined. Results are summarised in the
Chapier 6.

Data used in the analyses were provided by the South African Weather Butesu,
Mention must Me made of Mr M, Edwards and Mr D, Wuldie for their always eagoet assistance
in obtaining the data, Thavks is extended to Dy S, Mason, for his contribution on the
programming side. Iam grateful for the collective input of Dr P, D'Abreton, Mt 8, Crimp, Mr
J. Hamilton and Mr A, Joubert who have helped out with theit general comments on the work
and their assistance with many computer hussles. Miss L. Harris conteibuted to the research in
the first chapter, The cartographie work of Mr P, Stickler is ncknowledged, and the assistance

" of Mr O, Kritzinger with the diagrams is greaily appreciated, Iam indebted to Mys 8. Cosijn for
her invaluable support and hard work on many of the diagrams and her help in collating the

- docwment, The supervision and continuous encouragement of Prof. P, Tyson is acknowledged
with gratitude, '
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PREFACE

Numetous temporally persistent and spatially continuous eleﬁated abs.olutelly stable
layer= were ilentifiedl throughout the vertical profile of the troposphere over southern Africa
during the Souther: Africa Fire Research Initiati\fe (SAFARD), Stability over the subcontinent
is attributed to anticyclonic cireulation and uppéf alr subsidence associated with the Hadley and
- Ferrel cells, Thus the Sh_'ll(:ttlt‘e and characteristios of the Jayers are determined, to a large

degree, by prevailing synoptic ch‘cuiatiott.

The physica! structure and temporal persistence of stable discontinuities have a
significant impact on convective tainfall and pollution dispersicn, Pollutants tend to
accumulate below the layer bases, since stability inhibits turbulent mixing in the vertical and
acts as an upper air boundary, Stable discontinuities thereby control both the vertical amnd
horizontal circulation of aerosols and trace gases. Such regulation of the distribution of these
poliutants on a macroscale level and in the free-air has implications for global climate change,
In order to gain greater insights into long-range transport mechanisms over southern Aftica and
Snuth Afriea's contribution toward global warming, a climatology of elevated .absolutely stable
layers based on, synoptic circulation is requited.

In this dissertation, spatial and temporal structures of elevated absolutely stable layets

are examined over the subcontinent, More specifically, the objectives of the research are to:

@ determine the horizontal and vertical structure of elevated absolutely stable
layers for different synoptic circulation types.

(i) ascertain the temporal persistence of elevated absolutely stable layers by
synoptic citculation type,

@iy examine the most extreme stability conditions assoclated with anticyclonic
circulation in July.
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ABSTRACT

Recent research has highlighted the lack of information on elevated absolutely stable
lhyers per se throughout the troposphere over the southern Afiican subcontinent, Hence a
climatology of elevated absolutely stable layers is derived for each of four predominant synoptic
circulation types over southern Afiica; namely semi-permanent confinentsl anticyclones,
transient mid-latitude ridging anticyclones, westerly wave baroclinic disturbances and
barotropic quasi-stationary easterly waves. The horizontal and vertical structures as weli as the
temporal persistence of elevated absolutely stable layers are analysed uéing radiosonde data
© from nine South African aerological stations from the period 1986-1993. In addition, a
climatology is derived for the mid-winter stability maximum, dusing the month of July from
1989-1993, in order to gain gieater insig11ts into the infiuence of anticyclonic circulation on the
elevated absolutely stable layeré. Four non-sutface stoble layers are identified over the country,
at approximately the 800 bPa, 700 hPa, 500 hPa and 300 hPa levels. The lower of these layer
occurs only over the coastal regions. All of the discontinuities exhibit a high degree of
persistence and appear to be rapidly reconstructed subsequent to synoptic scale disturbances.
The presence of these layers has obvious hnplicaﬁons for local as well as global pollution
transport, since stable discontinuities trap pollutants below their bases and act as upper air
boundaries, As a consequence, global—écale trahsport of aerosols and trace gases in the free air
is conirolled to a large degree by these discontinuities. Greater insights into the mechanisins
controlling such large-scale transport are essential in ascertaining southern Afiica’s contribution
to greenhouse gas concentrations. Moreover, the persistence and strength of the discontinuities
have implications for rainfal] over the subcontinent, with the lower layers in particular acting as
a vertical boundary to tur’sdence and mixing, and thus hindering the development of convective
precipitation.

I



T declare that this thesis is my own, unaided work,
and that it has not been ¢ ibmitted previously
as a dissertation or thesis for any degree
at any other University

Canc Gz QQ::»}».

University of the Witwatersrand, 1996

1I



STABLE DISCONTINUITIES IN THE ATMOSPHERE
OVER SOUTH AFRICA

C. COSUN

University of the Witwatersrand, Johannesburg
Department of Geography and
Environmental Studies

Dezrse awarded with distinetion on 25 June 1996.

Dissertation submitted to the Faculty of Science,
University of the Witwatersrand, Johannesburg
for the Degree of Master of Science



stablg layer for six hours hefore the arrival of the front. Vo Gough and Tyson (1977) note that it is
puossible for elevated stable layers 1o be rapidly reconstructed once the front hag passed.

Figure 1,13 Thiriy-day time-helght sections dutlng January and July to shaw the
offoet of passing weather disturbaices on pressure departures (liPa) from
monthly means at Durban {after Proston-Whyte and Tyson, 1989)

134 Coastal Lows
Although congtal lows are not ane of the four predominant circtlation types upont which the
gtable layer climatology in this dissertation is based, it I3 considered necessary to mention their
effect on absolute stability as their influence on the coastal regions is marked and frequent, Specteal
- gnalysis of surface pressure fuctuations along the corst indicate disturbances influencing the region

14
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Figure 111 Schematic diagram to show subsidence inversion helght vartation with the '
passage of o cold front and attendant cuatal low along the sothern and
enstern consts of southern Afvles (atter Dinb, [975) .
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Figora 112 A sixedny sequence to show the effect of & westerly low and cold front on
the vertienl distribution of temperature (after Proston~-Whyte and Tysot,

1980)

The influence of westerly waves may be cither ghallow or may peneteate through the entire
troposphere. As is stiown by Figures 1.12 and 113 the passage of cold fionts exert their control
throughout the troposphere with little time lag. Thete is uncertainty & to cxactly when stable layers
are lifted or eroded, with the approach of a front. Lamb (1972) suggests that it is immediately prior
to the arrival of the front. In a similar study, Elliott (1958) observed that there i no indication of o

13



133 Westerly Waves

Transient baroclinic westerly waves influencs predominantly the southern parts of the
coupfry during the winter months, During the austral summer they occur well to the south of the
subcontinent exerilng little direct influence on South African weather. During winter, the westerly
waves migrate northwards with the Southern Hemisphetic high pressure belt and may penetrate
infand if the disturbance is deep and intense, and if the first non-surface inversion is weak. This
typically occurs during the transitional seasons (Tackson, 1933; Prestbn-Whyte and Tyson, 1989).

Westerly distutbances are gssociated with ralnfall between Aptil and October along the
south-western, southern and eastern coastal regions of the country, Near-surface divergence to the

enst of the itough promotes favoutable conditions for stable layer development, Nearsurface

convergence develops to the west of the irough (Fig. 1.10d), with the consequence that the castward
moving wave destroys, weakens or forces the lifting of any stable discontimsities that were present
with pre-frontal conditions (Fig, 1.11) (Taljaard, 1955; Taljaard ¢f al,, 1961; Byets 1974 Proston-
Whyte, 1975; Tyson e/ al., 1976 Tyson ef al., 1988),

WESTERLY WAVE

near-surface

Flgure 1.10d A schematic reprosentation of neac-suefhee and 500 WPa cleeulatlon
associoted with o westerly wave (after Prestorn-Whyte and Tyson, 1989)

12



discontinuities (Taljaard, 1955; Preston—\%yte and Tyson, 1989); and secondly, anticyelonic
recitculation over the subcontinent has the potential tov compound atmospheric pollution
accumulation under the stable layer bases (Annegarn ef al, 1993; Garstang ef al., 1996; Held et dl,,
1994; Tyson et al., 1995, 1996), )

1.3.2  Easterly Waves

Quasi-stationary casterly waves ate tropical disturbances oceurring over the north of the
conntry during the austral summer. They migrate northwards during winter, exerting little divect
influence on South Africa during these months, Typically, they ure shallow systems which are
experienced weakly at the 500 hPa surface, and ate overlain in the upper air by warm-cored
anticyclonic circulation (Preston-Whyte and Tyson, 1989}, ' '

BASTERLY WAVE

w. L.
near-avrface

Figure 1,10¢ A schenatle representation of near-surfhce and 500 hifa clrculation
agsociated with an eagterly wave (after Prestan-Wiiyte and Tyson, 1989)

Near-surface convergent activity develops to the enst of the trough, with near-sucface
divergence to the west (Fig. 1.10¢) (Preston-Whyte and Tyson, 1989). Under such conditions,
gtable layer development is favoured (o the west, but hot to the cast where convective activity
d :stroys the layets or forces them to higher altitudes (Byers, 1974: Tyson, 1976 Tyson ef al., 1988).
Above 500 hI'a subsiding air from the overlying anticyclone promotes the formation of absclutely
siable Jayers.

1



CONTINENTAL ANTICYCLONE

sy o
near-surface

Flgwe 110 A schematic representation of neorsurface and 300 hPn clreulation
- asgocioted with a rldging antloyelone (after Preston-Whyie md Tyson,
1989)

RIDGING ANTICYCLONE

Jp-.:"'_‘-ru

near-surtace

Flgre 1.10b A schematic roprosentation of near-surfice and 500 hPa circulation
ngsaclated with o continental hlgh pressure system over sauthern Aftien
(nlker Preston-Whyte and Tyson, 1989)
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than any other anticyclone over the oceans (Vowinckel, 1955a),,and therefore exetts & significant
control upon the stability regime over the east coast (Diab, 1975),

SOUTH INDIAN ANTICYGLONE
Laxffucincd movemen

BT TR e

Lo it
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Figire 1.9 Anmual varlation in the position of the South Indian Anteyclone
{modified afler Vowinckel, 1955; MoGee ard Hastenrath, 1966)

The continental autlcyclone is petsistent aver the plateau i‘ur the majority of the year, but is
pmﬂcularly deep, intense and frequent duting the winter months, Tt is characterised by near-sutfuce
divetgence and upper troposphetic convergence fogether with subsidence theough the 500 hPa
surface into the lower atmosphere (Fig, 1,10b). These factors provide atmospherie conditions which
patticularly favour the development of both elevated and surface-based stable layers, The northe
westward displacement of the continental anticyclone with altiiude (Fig, 1.10b), from its near-
surface position over Mpumalanga, Gauteng and the Northern Province promotes fivourable
conditions for upper air stability over Botswana and northern Namibia (Preston-Whyte ef ¢, 1977,
Preston~Whyte and Tyson, 1989),

The influence of aniicyclonic circulation over the subcontinent is two-fold, First, latge-scale
subsidence associated with anticyclonic conditions promotes the occturerce of multiple stable



The interaction between the South Atlantic Anticyclone and local sea-breezes induces strong
~ low-level invetsion conditions over the west coast of South Africa during the austral summer
(Taljmard, 1955). The mean seasonal displacements of this synoptic system are shown in Figure 1.8
(Vowinckel, 1955b), Over a period of days, however, the auticyclone may ridge around the south of
the subcontinent in the les of westerly waves. This ridging activity hes a bimodal maximum
frequency during February and October, and may bring rainfall to the south-eastert parts of the
'couniry (Fig. 1.108), particularly the coastal regions. Ovet the south-westein parts of the country,
near-surface divetgence and fine, hot weather are associated ‘with enhanced stable layer
development, The ridging antihyclone_ system may vary in depth from below the escarpment to
above the 500 hPa surface (Preston-Whyte and Tyson, 1989),

SOUTH ATLANTIC ANTIGYCLONE
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Figme 1.8 Annual varjatlon in the position of the South Atlantie Antieyclone
{modified after Vowinckel, 1935; MeGee and Hastenuth, 1966)

According to Diab (1975), the annual cast-west oscillation of the South Indian Ocean
Antioyclone (Fig, 1.9) plays a large role in controlling the weather on the east coast of the country,
The anticyelonic influence is most strongly felt during June, when it Is at its westerr-most location, _
and is Jeast experienced during the sinumer months (Diab, 1975), The intensity of the cell is greater



¢

. 80% .
0% &
60% i
&§0% .
40% |
30% .
20% 4
10%

0% Ja. -

J

Flgure 1.6 Four predominant synoptic ciruulation types over southern Africa (after

Preston-Whyte and Tyzon, 1939)
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Flgure 1.7 Frequency occurrence of predominant circitlation types over southern
Aftica (after Preston-Whyte and Tyson, 1989). {Abscissa represenfs
months of the year)
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Figure 1,5  Elevated sbsolutely stable layer caused by upper air subsidence under
antieyolontc eleculation (aRer Ahrens, 1993)

upward niovement of air, which penetrates the stable air, and etodes the base, The stable layer is
weakened by the mixing, is lifted to higher altitudes and the base height variability is increased
(Preston-Whyte and Tyson, 1989). '

1.3.1 Anticyelonic Circulation

As South Afvica is situated in & subtropical belt of high pressures (Newell, et al., 1972;
Preston-Whyte and Tyson, 1989) the predominant circulation over the majority of the subcontinent
is anticyclonic, occurring with a maximurm frequency during the austral winter (Fig 1.7) (Jackson,
1952'; Taljaard, 1953; Tyson, 1976, 1987). Thiee semi-permanent anticyclones are observed to
influence the climate over the subeontinent; namely, the South Atlantic Antieyclone, the South
Indian Ocean Anticyclone and the continental anticyclone.



cold front

Figure [4  Blevated Inversion layers itduced threugh frontal activity (aftet Preston-
Whyte and Tyson, 1989)

cause the layer to become more stable (Fig. 1.5). This ﬁhenomenon is most likely to occur aloft
during anticycionic circulation, but may occasionally occur at the surface (Oke, 1987; Ahrens,
1993), The induced stability would usually act to inhibit convective mixing in the vextical,
Alternatively, if the convection is strongly fo'rced, the layer would be eroded and/or forced to
higher altitudes (Preston-Whyte and Tyson, 1989).

13 - THE INFLUENCE OF SYNOPTIC SCALE CIRCULATION ON THE
QCCURRENCE OF ABSOLUTELY STABLE LAYERS

The structure and distribution of stable discontinuities are influenced significantly by
prevailing synbptic conditions. The four most frequently accurring synoptic scale circulation types
over South Africa aie semi-perinanent continental anticyclones, transient mid-latitude ridging
antieyclones, quasi-slationaty easterly waves, and westerly wave baroclinic disturbances (Fig. 1.6)
(Tyson, 1987; Preston—Whyte et al, 1989). These provide the basis for studying the stratigraphy
and distribution of absolutely stable Iayers aver the cauntry,

Synoptic circulation is instrumental in controlling verticat divergence and convergence,
which in turn direotly control the temporal and physical structures of stable layers, Subsiding air is
associated with surface divergence and initiates conditions which are favourable for the formation of
steble layers. The layers themselves tend to be shallow and intense, exhibiting low base level
fluctyations. Vertical convergence, on the other hand, is associated with surface turbulence and the
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Fignure 1.3 . Absolute stabifity, conditional stability and absolute instability, where T is
temperature, Z is height, I" i5 the dry adiabatic lapse rate (DALR}, I is the
saturated adiabatic lapse rate and o, o, and oy are three hypothetical
environmentsl lapse rates (ELR) (pfter Preston-Whyte and Tyson, 1989)

ait, ot adigbatic warming from upper air subsidetce, usuvally associated with anticyclonic
conditions (Munn, 1966; Longley, 1970; Oke, 1987; Preston-Whyte and Tyson, 1989; Ahrexs,
1993). Radiative cooling generally dccompanies the formation of inversions and stable layets
which are surface-bage. These fall beyond the scope of this study and will not be considered
further, Cold air advection and subsidence will be discussed in more detai’ s they typically
result in the development of elevated absolutely stable layers in the free air.

When katabatic flows or cold fronfs advect cool air into an avea, the den:  .old air
undercuts the warmer ambient air, resulting in an inversion layer at the interface between the
two ajr masses (Oke, 1987; Preston-Whyte and Tyson, 1989) (fig. 1.4). In contrast, the
development of subsidence inversions can be best understood if an example is taken of a thick
layer of unsaturated air covering a large area. Assuming that this layer were to undergo
subsidence, induced by upper air convergence and surface divergence (as typicaily oceurs in
anﬁcyclonic conditions), the layet would be compressed under the increasing weight of the
atmosphere as it descends, The top of the layer would therefore descend further from its
original position than would the base, experience greater warming and congequently



high pressures over South Afiica is caused by the descending limb of the Ferrel and Hadley
Cells in the southern hemisphere (Fig. 1.2) (Newell, ef 4l 19'?2; Preston-Whyte and Tyson,
1989). The resultant dominance in anticyclonic circulation with its associated upper air
subsidence, promotes the formation of persistent absolutely stable discontinuities throughout the
vertical profile of the troposphere (Taljaard, 1955; Preston-Whyte and Tyson, 1989).

Uniil their identification during SAFARI, southern African elevated absolutely stable
layers per se, throughout the troposphere have not received much research attention. Numerous
questions concerning their temporal and strictural nature remain as yet unanswered, This

digsertation therefore attempts to:

(Y] deterntine the vertical = * ° ° utal structure of elevated absolutely stable
layers for different synoptic circulation types. |

(i) ascertain the temporal persistence of elevated absolutely stable layers by

gynoptic circulation type.

(if) examine the most extreme stability conditions associated with anticyclonic
cir¢ulation it July.

i) defermine daily variability of elevated absolitely stable layers over the
subcontinent, and

) establish to what extent the results found during SAFARI are representative of
South Africa’s general climate,

12 ' DEFINITION OF AN ELEVATED ABSOLUTELY STABLE LAYER

An absolutely stable layer is defined as having an environmental lapse rate (ELR) which
i less thau the saturated adiabatic lapse rate (SALR) (Fig. 1.3) (Berry et al., 1945; Mcllveen,
1986; Preston-Whyte and Tyson, 1989). Temperature inversions are an extreme form of
absolute stabiﬁty where temperature increases with height (Berry ef ol., 1945; Oke, 1987;
Preston-Whyte and Tyson, 1989).

The fortation of both absolutely stable layers and temperature inversions may occut as

a result of tadiative cooling from the earth's surface, horizontal advection of warmer or cooler



CHAPTER 2

DATA AND METHODOLOGY

2.1 PHYSICAL CHARACTERISTICS OF THE SUBCONTINENT

South Aftica lies in the tegion between 15° and 35° East and 22° and 35° South. For the
purpose of this study the area is broadly divided into two rugions, namely, the plateau and the
coastal reglon (Rig. 2.1). The regions are separated by the escarpment which varies
significantly in height, reaching its highest elevation of 3000 mesets in Lesotho, The plateau
generall'y gtands above 1000 meters and has an average altitude of about 1590 meters, The
escarpment constitutes a major clifnetological and 1neteoroiogical barrier (Jackson, 1947), and is

likely to exert a significant impact upon the occurrence of stable discontinuities in the lower
troposphere,
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Fpure2,]  Genernlised retlef of southern Afiea (aller Cole, 1961)
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16 CONCLUSIONS

1t is appatent that the majority of the earlier reseatch hias been concerned with the most
exireme case of absolutely stable layers, namely temperature inversions, No resgarch. except that of
SAFARI, hns focused on absolute stability per se, thtoughout the troposphere. Of the free-nir
inversion studies, most work has focused on the first non-snrfice inversion. The work of Garstang
 etal. (1996) has clearly shown the Importance of researching not only temnperature inversions, but
all absolutely stable conditions, MOreOVef, attention should be given to ¢levated ubsolutel'y stable
layers throughout the vertical profile of the troposphere, and not just to the first elevated inversion,

BOoW ok ok ok ok ¥

‘The fundamental concepts of elovated absotutely stablo Inyers have been Introduced Ly this
chaptet, Pravious research hing been raviewed and the influence of synoptic seale elienlution
funtures on stable Joyers have been discussed, Datn and methotdology fo be vsed e
discussed In Chupter 2. '
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minimum séa—surface temperetures in the Aguihas (Grindlingh, 1987) ocour simultaneously with
highest and lowest inversion bases at Dutban, but not at Port Elizabeth (Matrison, 1993). Factors
influencing inversion development over the coastal tegions are not yet fully understood, and reqjuire
further research,

1.5.2.3 The West Coast

The South Atlantle Anticyclone is typically quoted as being the predominant mecharism
controlling inversion frequencies over the west coast (Diab, 1975; Preston-Whyte et al, 1977).
Although the South Atlantic Anticyclone is ot its eastern-miost position when ifversions are
steongest and inversion bases are lowest, the core of the civeulation system lies west of the
Greenwich Meridian (Fig. 1.8) (VoWinckel, 1955b), and this is the time of yéar when anticyclonic
cireulation is wealkest, Low-leirel- diabatic control is rejected as an influence, since the highest bases
occur close to the period of minimum surface temperatures (Harrison, 1993), Consequently,
Harrison (1993) proposes two factors to control west coust inversions. The first is upper air
subsidence associated with outflow from convection over the interior, Durlng winter the outflow is
associated with the Asian summey monsoon and thug subsidence 18 limited, causing higher inversion
bases, The second, and probably more important factor, is the influence of heat fluxes from the
Benguela Cutrent. During summer, meximum atmospheric cooling (Hastenrath and Lamb, 1578) is
coineident with maximum inversion frequenicy and intensity,

1,5,2.4 The Southern Aftican Subcontinent

Theron and Hamison (1991) found that the inversions are dynamic and thermodynamic
interfaces demarcating the three levels at which ait flow directions reverse. The coustal inversion
lies within the boundaty zone, which has its upper limit ai the plateau inversion, near 700 hPa.
Decoupling generally occurs between the sueface layers up to the coastal inversion, and the layers
between the coastal and plateau jnversions. Above the boundary layer lies the batotropie zone, and
above that the jet-stream zone, The boundary batween these latter two layers is also maked by a
temperature inversion at approximetely 200 hPa, This inversion may be associated with both the
Jet-stream (Harr{son and Theron, 1991) and the tropophuse (van Loon ef «/,, 1968; Labitzke and van
Loon, 1972; Newell e/ al., 1974),
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motton over the Indian Ocean is 1000 km (Stefanick, 1980), Hence, it is supgested that the
anticycloni¢ circulation over the subcontinent forms independently from the South Indian Qcean
Antieyclone (Streten, 1980). |

A suggested process maintaining strong low-feve! inversions, given the above conditions, is
sub-inversion diabatic cooling via long-wave radiation cscape through a dry atmosphere (Harrison,
1986). Turbﬁlent mixing of cooled air below the nociurnal surface inversion, in addition to an upper
tadiational surface of particulate matter trapped below the inversion, will help to preserve the
relative coldness of near-surface air (Flartison, 1993), The fact that the inversions are maintained by
strong jocat disbatic controls is indicated by Jowest iaversion levels being coincident with lowest
ternpetatures (Diab, 1977; Harrison, 1993).

- Whereas invetsion heights are a function of low-level dinbatic processes, inversion depths
appeat not to fit into this cyele, To suggest, however, that the dépths may therefore be dey - wdant on
subsidence intensity would imply that subsidence intensity is spatially and temporally restricted
across the plateaw, which is unlikely to be the case, A possible alternative interpretation is that the
results of the research may be data dependant rather than indicative of process changes, due to the
fact that the depths fluctuate very littie during the year (Hartlson, 1993).

1.5.2.2 The Eastern and Scuthern Coasts

Over all of the coastal regions, except Durban, maxinum sucfice pressures are synchronous
with maxlmum inversion frequencies, strengths and lowest base heights, indloating that low-level
diabatic procesees are involved in the inversion formation (FHarrison, 1993). An alternate hypothesis
to one of low-level diabatie conirol is ﬁpper gir subsidence, not through the influence of the South
Indiah Ocean Anticyclone (us is discussed above), but possibly due to outflow from the interior
agsociated with summer convection, causing suppression around the coastal regions. This process
would explain the phage reversals between the coast and the interjor (Harrison, 1993),

Over Durban, however, maximum inversion frequencles are associated with minimum base-
levels and minimum temperatures, during July (Theron and Harrison, 1991) pointing to the lack of
low-level diabatic control. Possible alternative inversion controls over the east coust are ocean (o
atmosphere heat fluxes over the Agulhas Current. which are at a maximum in December (Walker
and Mey, 1988, Hawison, 1993), aud sea-breezes (Preston-Whyte, 1977). The maximum and
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oceuss at this height during mid-summer and for the latter, during September, Base heights decrease
- during mid-winter to minimum values of 1600 meters for Pretola and 1730 meters for
Bloetmfontein, undet the influence of stronger subsidence closer to the core of the continental high
(Diab, 1975). Taljantd (1955) observes winter inversions at a mean height of 1760 meters over

Pretoria.

Intericr stations experieﬁce pealt frequencies during the winter months, and minima during
sumpner (Fig, 1.17e, 1.17f) (Preston-Whyte ef af,, 1977; Hurtison, 1993). During the winter months
anticyclonic ¢irculation is more interse over the plateau causing nonw-surface inversions to be even
MOte Profiow wed and frequent. Over Pretoria, first clevated inversion frequencies renge from 68-
16% during June and Febroary respectively (Diab, 1975; Preston-Whyte ef af, 1977). The
frequencies over Bloemfontein are 40% in June and fall to 3% in December. Taljnard (1955),
however, obsetved much higher inversion frequéncies over the platean, in the order of three out of

- every four days (75%) during winfer, and one out of every two days (50%) in sunumer, '

In summary, all the stations except Cape Town appear fo follow a dominant annual
frequeney oycle (Flatrison, 1993). Furthermore, a counﬁy-wi'de semi-annual cycle is evident with
the interior experiencing maxima during December and January, and the coastal stations
experiencing maxima during February and March, A prominent 'antiplmse refationship existy
between Preforia and Lrurban (Farrison, 1993),

152 Recent Developinents in Understanding the Controls of Non-Surfuce Inversions

Harrison (1993) comments on some of the possibly simplistic explanations put forwatd
concerning the mechanisms controlling non-gurface inversions, in earlier studies, He suggests that
in some tnstances syhoptic features may have been eltributed with more influence than is tenable,
and that there may be other influetices Involved which ate not necessarily synoptic in nature.

1.5.2,1 The Plateau

It has been suggested that the western limb of the South Indian Ocean Anticyclone is
responsible for maximwom inversion frequencles over the interlor duting winter (McGee and
Hastentath, 1966; Diab, 1975; Preston-Whyte ef al., 1977), Harison (1993) suggests that this is
untikely as the mean western-most extent of the South Indian Ocean Anticyclone is only 64°E (Fig.
1.9y (Vowinckel, 1955b; Streten and Pike, 1980), and the characteristic scale of transient system
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and Hatrison, 1991), whilst the lowet inversion is most frequent in spring, It is likely that these two
inversions have besen confused to some degree by including the data for both inversions in fhe
analysis by Diab (1975) and Preston-Whyte ¢ al, (1977) (Harrison, 1993).

The lower of the two layers is observed at 1000 meters over Durban and Maputo duting the

- winter and rises to between 1200 and 2000 meters during the summer months (Taljaard, 1953),

Diab (1975)'and Preston-%yfe ef al. (1977) suggest that the frst elevated inversion height ranges
between 1360 and 1675 metets (Fig. 1.16d), with the base of the inversion lying closest to the
surface during July and August. This winter decrease in inversion heiplht is attributed to the
influence of the South Indian Ocean Anticyclone (Diab, 1975;. Preston Whyte et ak, 1977). In
comparison with the west coast, the east coast inversion generally occuts at higher ultitudes (Diab,
1975; Preston-Whyte and Tyson, 1977),

Lowest inversion frequencies (40%) over the east coast occur during earl.y winter, and
highest frequencies (84%) during spring (Fig. 1,17d). However, i.mliké the layers over Port
Elizabeth, the period of low frequencies does not coincide with an increase in inversion height
(Diab, 1975). Diab (1975) contends thei the mactoscale influence of the South Indian Ocean
Anticyclone serves to explain the seasonal trends over Durban, but that flyciuations over & short
time frame are associated with the passage of depressions along the coastal reglons.

1.5,1.5 The Plateay _

Duting summer, inversions over the plateau are weaker than during winter, and ocour at
higher altitudes due to eastetly wave convective activity (Taljaard, 1955; Preston-Whyte et af.,
1977). Moreover, the greater altitude of the plateau and frequent diumal convective mixing over the
plateau typically cavse stable layers to oceur at higher altitudes over the interior than over the coastal
regions (Taljaard, 1955; Preston-Whyte et al., 1977). In contrast to the coastat stations, there is an
absence of free-air inversions below 500 meters altitude over the interlor (Diab, 1975} Harmonice
analysis indicates that at most of the statlons there is a dominant annual eycle in inversion base
levels (Marrison, 1993), with highest levels over the interlor occur during the summer months in the
reglon of 600-700 hPa. '

The mean maximum height of the first elevated inversion over Pretotin and Bloemfontein
- are 2495 meters and 3185 meters, respectively (Figs. 1,16e and 1.16f). For the former the layer -
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the mean monthly altitude of the inversion base has an annuat range of 1120-1485 meters (Fig,
1.1613). The discrepancy between the findings is most probably due to the use of different data over
different time periods. In addition, the layers are highly variable duting summer, with factors such
as strong southerly winds causing the inversions to tise more than 4000 meters, thus, possibly piving
exaggerated tesults (Diab, 1975). Concirrent with the increased height of the layer during winter is
a weakening of inversion strength to a quasi-isothermal layer, denoting the strong influence of the
westerly wave disturbances (Taljaard, 1955).

The soutl-west coast has signiﬁcaﬁtly lower inversion frequencies than does the west coast
Fig. 1.170). With a winter minirum of 56% and a surmer maximum of 73%, the south-west coast
follows the same seasonal trend as the west coast, but with a lower inter-seasonal t‘requency
vmablhty (Diab, 1975)

1.5.1.3 The South Coast

Late autumn shows g relative decrease in both the first elevated inversion height and
fiequency over Poxt Elizabeth, due to the northward rriigmtion of the high pressure belt and the
gassage of westerly waves (Diab, 1975). A maximum frequency is apparent during January (86%)
and a minimum during June (60%). Relative to the west and south-west coasts inversion
frequencies over Port Elizabeth are lowet than Alexander Bay, but slightly higher than Cape Town,
" The magunitude of the annual frequency variation is similar to that of Cape Town (Fig, 1,17¢) (Diab,
1975),

During summer there appeats to be Jess variability about the mean inversion height than over
the west and south-west coasts, which may be attributed to the vidging of high pressute systems
around the south of the subcontinent during this time of year (Diab, 1975), Otherwise, the inversion
regime is, on the whole, similar to that of the south-west coast, with mean invetsion heights ranging
between 780-1490 meters for March and September respectively (Fig, 1.160) (Diab, 1975).

1.5.1.4 The Bast Coast
Over the east coast two clevated absolutely stable layers are apparent, which are seemingly
formed by different processes (Taljaard, 1955; Diab, 1975; Hartison, 1993). The upper layer is most

frequent in winter and is most probably an extension from the inversion over the interior (Theron
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Tyson, 1977, Von Gough, 1978, 1979). What is known of elevated inversions is due mainly to the
work of Taljaard (1955), Diab (1975), Preston-Whyte ef al, (1977) and Haatison (1993).

1.5.1 Spatial and Temporal Distribution

1.5.1.1 The West Coast

The west coaét is chargeterised by relatively low-level hon-sutface inversions, which are
regulated by pressure fiuctuations and the cold Benguela Current (Taljaard, 1955; Diab, 1975). The
inversions occur at apptoximately 500 meters altitude fhroughout the year and seidom rise above -
800 meters (Fig, 1.168) (Taljaard, 1955; Diab, 1975: Preston-Whyte e al, 1977). Maximum
inversion frequencies of 98% dre experienced duting summer, under the influence of the South
Atlantic Anticyclone, and a minimum of 66% during winter, The laver shows extreme nersistence
on an anmal basis, with frequencies of below 70% duting only one month of the year, and often
exceeding 80% (Fig. 1.17a) (Taljaard, 1955; Diab, 1975; Preston-Whyte ef al., 1977).

A separate, weaker inversion layer, is identified at approximately 2300 meters. It is
presumed to be separate from the lower inversion as it has a maximum frequency during winter and
A minimum during summer (Diab, 1978). The shallow first elevated inversion demarcates the
boundary between moist, cool maritime air and the overlying warm, dry continental ajr (Taljaard,
1955; Diab, 1975). :

1.5.1.2 The South-West Coast

Although the west and south-west coasts both fall under the influence of the South Atlantic
Anticycloue and the Benguela Cutrent, and have similar stability regimes, the inversion heights for
Cape Town are greater than those over Alexander Bay (Fig, 1.16b) (Diab, 1975). The additional
influence. of ocean to atmosphero heat fluxes from the warm Agulhas current may contribute
towards the development of these higher layers, '

Taljaard (1955) identifies the first elevated stable discontinuity at approximately SO0 meters
along the south-west coast during summer. It increases to 1000 meters altitude during winter, due to
the passage of westerly wave disturbances, and the fact that maritime subtropical and polar air
masses are deeper during winter. Diab (1975) and Preston-Whyte et al. (1977), however, show that
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Flgure 1,15 Stable discontinuitles at Pretoria durlng the 1992 SAFARI field
experiment (after Garstang ¢/ af,, 1996) :

- The 550-500 hPa layer was more persistent than the 700 hPa layer which was broken
oceasionally by thé passage of a westerly wave disturbances, The former layer occurred for a
maximum run of 53 consecutive days with only one break, despite the passage of westerly wave
disturbances, whereas the latter had a longest period of occurrence of 7 consecutivé days.
Anticyclonic circulation was present on 55% of the days, with westerly disturbances exhibiting a
frequency of 41%, and easterlies occurring 4% of the time, All of the laysts were obsetved to be not
only temporally persistent, but spatially continuous as well (Garstang ef al., 1996), and were found
to influence air transpart significantly, North of 15°8 the Iayefs were found to rise in altitude aid
ultimately to dizap, e regions of enhanced convection over the tropics,

1.5 ~ PREVIQUS INVERSION STUDIES

To date relatively little research has been done on the structure and occurrence of stable
discontinuities and elevated absolutely stable layers over southern Aftica. Most of the research has
focused on boundary layes inversions (Tyson, 1963; Hart, 1971; Keen, 1971; Diab, 1975; Boegman
et al,, 1975; Tyson et al,, 1976; Langenberg, 1976; Von Gough and Tyson, 1977; Diab 1977, 1978a,
1978b; Tyson et al., 1988) and urban het istands (Hart, 1971; Tyson et al., 1973; Von Gough and
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every three to six days (Fig, 1.14) (Preston-Whyte and Tyson, 1973), While macroscale synoptic
features influence the subcontinent as a whole, these coastaliy-trapped Kelvin wave disturbances are
local festures influencing the sub-escarpment region only (Tyson, 1987).

Figure 1.14  Spectra of surfaca pressure fluctuations at statlons around southern Africa,
Ninety-five percent confidence linits are included (afier Preston-Whyte
and Tyson, 1973)

Cooler air behind the coastal low is usually separated from the drier subsiding air above it by
an inversion layer. The influence of the system extends to an altitude of approximately 1000 meters,
with Inversions oceurring at sea-level on the leading edge of the low, and anywhere between
surface-level and just below the escarpment on the trailing edge of the low. If a subsidence

inversion is not present in the low, the system is most probably a surface reficction of a mid- or
upper-level trough or low L..stie, 1984),

14 ' PREVIOUS RESEARCH ON ABSOLUTELY STABLE LAYERS

During the SAFARI field observation period from August 15 to QOclober 31 1992, four .
pefsistent elevated absolutely stable layers wete identified over Pretoria (Fig. 1,15), The first was
associated with the top of the mixing layer at 700 hPa (approximately 3000 meters), the second was
associated with the main subsidence inversion at 550-500 IiPa (approximately 5000 meters), the
third layer occurred at approximately 350 hPa (approximately 8500 mieter.) and the fourth layer was
always associated with the tropopause (Fig. 1,15) (Garstang et al., 1996).

13



CHAPTER 3

SYNOPTIC CIRCULATION AND THE OCCURRENCE OF
ELEVATED ABSOLUTELY STABLY, LAYERS

31 INTRODUCTION

Duting the SAFARI field observation period of sprihg " four persistent stable layets
were identiffed at Ptetbria over a theee month period (Garstery, of e, 1996), It is not known,
however, how tepresentative this layering is of the general circulation over the subcontinent
throughout the year, This chapter is therefore aimed at determining the physical and temporal
. characteristics of stable discontinuities over South Aftica,

Four predominant synoptic circulation types explain much of the circulation vatiance
over southern Africa (Preston-Whyte and Tyson, 1989; Garstang ef al., 1996); namely, semi-
permanent continental anticyclones, transtent mid-fatitude ridging anticyelones, quasi-stationaty
easterly waves and westerly wave baroclinic distutbances, Event days have been identified
whete each of these cireulation types are archetypal and persistent for five-day time periods
between 1986 to 1993, The clevated absolutely atabl« layers associnted with them have been
analysed,

Three persistent elevated absolutely stable layats are identified aver the interior and four
layers are abscrved over the coasta) regions with all four of the synoptic circulation types, The
thiee layers ate avident over the interlor abd ocour persistently in the region of the 700 hPa, 500
1iPa and 300 hPa ievels neross the entive country, They ate spatinlly continuous over the platesu
and extend out over the coastal regions. The acditional layer is present only over constal areas
and oceurs at 800 hPa, below the mean level of the esearpment, The structures of these elevat: -
absolutely stable layers are discussed below with regard to their horizontal and vertical
phmu_cteriéties as well as their temporal persistence,
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The 95% confidence interval (C1) is determined from the difference betwveen the upper
and lower 95% confidence limits,

It should be noted that sometimes the 300 APa siable layer coincides with the
tropopause. When this happens the stable layer extends upwareds .indeﬂnitely intv the
stratosphiere. A value for the top of the troposphetic layer cannot therefore be ascertained and a
 limit must be assipped. An arbitrary value of 200 hPa is assigned is such coses ag the
uppefmost limit, This has the effect of distorting the depth of the 300 hPa layer, but has little
affect on the values for the basal heights of the layers,

2.5 " MAXIMUM ABSOLUTE STABILITY OVER SOUTH AFRICA

As onticyclonic clrenlation predominaies over southern Afilea and associated
subsidence {s the primary mechanism in the fortation of the elevated absolutely stable layets, a
mate detoiled analysis of the layers dutlng the mid-winter stability maximum (July) is
considered necessary. Radiosonde data for flve consecutive years from 1989-1993 is used for

this purpose.
T R R

The resenrch has been plased in contoxt of the physlography of South Altlen and daty,
mathodologies and siatistlenl technlques bave been explained. The avalysts of clevated
absolutely stable layers for archetypal syneptle clveulation aver South Afvien (s untertaken
in the following chopter,
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whete 5:' is the mean, v is the sum of the values belng analysed and n is the number of stable

layer events,
It is important that the tems height and depth are not confused. Heiglt refers to altitude
of the base or top of the layer above ground, wheteus depth refers to ihe difference between the -

upper and lower limits of the discontinuity.

Percentage frequencles (f) ate given by:

where 1 is the number of stable Jayer event days within data set, and N is the total number of
days constituting the data set,

The vasabilily between stations moy be determined from the standard deviation (o)

oY)
oo fZ(xn 7

where x Is an individual value, and ¥ is the mean for all of the individual values,

given by:

Tntra-gtation varistion, indicating the degree of vaviability about the mean bage helght, is
defined by the 95% confidence lirr s (C1,) fror.:

1950

CL=—F=~ %%
Vn
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indlvidual five-day sequences (Fig. 2.4), from which mean conditions for ail events have been

derived over the entire time-period,

The layers so evalvated fall into one of four broad categories: the lowest layer which
oceus at abouf the 800 hPa level, the second at approximately 700 hPa, the next in the region of
500 hPa and the final one at the 300 hPa level. In the above exampie, the lowest layer identified
over the five days is assigned to the 700 hPa layer as it oceurs int the region of the 700 hPa
surface, The rext layer up is assigned to the 500 hPa layer and the one above thal to the 300
hPa layer, Itis seldomm that o layer is'assigned to the 800 hDa layer for a station over the interlor,
as the 800 LiPa stable layer is a feature Which ocours almost exclusively over the coastal regions.
Absolutely stable layers which oceut below the 700 hPa layer over the intetfor, or which oceur
within 100 hPa of the surface ate generally considered to be surface invefsions ot surface-bound
absolutely stable layers, Only non-surface absolutely stable layers are considered for analysis,

The layers do not always conform to this categorisation scheme, The third day of the
above sequence is « cage in point where a weak layer oceurs with its base at 500 liPa above the
second layer, (Fig. 2.3c), The problem of how to classify such a layer is generally resolved by
an examination of the peeudoadiabatic diagram, On investigation of the ascents made during
the previous and subsequent days, if there is evidence that the so-called problem layer has split
away from or joined together with one of the categorised layers, it is included in the categorised
layer. It is evident that layer 2 in Figure 2.3 has split into layets 2a ond 2¢ in Figure 2.3¢.
Alternatively, if the stable layer approximates the saturated adiabatic lapse rate {e,, between the
400 hPa and 300 hP*a heights in Figure 2,30) it may be considered to be neutral, and is ignoted

2.4 STATISTICAL ANALYSIS
Oncee the layers have been entegorised, statistionl analyses are performed on encht layer
over each Individual station. For all of the calculations the population distributions ore assumed

{0 be normal.

Mean base heights and upper limits of the stable layers are caleulated from:
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Figure 2.4 Time-height sequence depicting a vertical cross-section of the

layers over Pletersburg over n five day tlne period
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codrse hotizontal resolution of the data if is not unreasonmable to use these stations for

ascertaining trends in upper level absolute stability.

* PRETDRIA

EETHI_.EHE“

* UPINGTON _
‘BPRINGBOK pogmronmy  DURBAN

 Pigure2.2  Location of serological stations {modifiad after Diab, 1975)

In 1987 the meteorological station at Alexander Bay was discontinued and was moved
to Springbok. Although Alexander Bay is a coastal station and Springbok occurs slightly
inland, the two stations oceur within the same immediate geographical location and should:
exhibit glevated absolute stability chacacteristics similar enough to be considered a3 one station.
Thus, henceforth they will be considered as one station and will be referred to only as
Springbok,

In terms of the future applications of this research, it *vould have been beneficial to
include neighbouring countries such as Mozambique, Namibia, Botswana, and Zimbabwe, so
that a climatology could be derived for the whole of southern Africa. Howevet, the data for
many of these stavions is sparse and incohsrent, Grootfontein, Windhoek and Maun would have
~ been particularly valuable in the study of easterly waves, Radiosonde data for Bulawayo and
Harare are more readily available, but only early morning ascents are done and therefore have

been excluded on the bagis that the they may give misleading results,
Radiosonde data is plotted on psendoadlabatic diagrams (Figs, 2.3a-¢). Stable layers are

defined where the gradient of the environmental lapse rate is less than the gradient of the
saturated adinbatic tapse rate. The daily occurrence of the layers have been determined for
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22 SYNOPTIC CONDITIONS

The four predominant synoptic circulation types identified by Garstang et al. (1995)
have been selected for analysis. They are semi-pertmianent continental anticyclones, wansient
mid-latitude ridging anticyclones, quasi-stationary easterly waves and westerly wave baroclinic
disturbances (cf. Fig. 1.8), |

The time frame for the investigation is the eight year period 1986-1993. During this
interval events have been identified when the above-mentioned synoptic types were archetypal
and persistent over a petiod of five consecutive days. The identification of the event dates is
based on South Aftican Weathes Bureau surface and 850 hPa synoptic charts, The dates for the
observed events are l{sted according to synoptic type in Table 2.1,

Continental High

* Ridging High

| ._Bastérly Wave

Westerly Wa?e-_,.

1987/06/29 - 1987/07/03

" 1988/05/01 - 1988/05/05 |

1986/09/22 - 1986/09/26

1988/02/14 - 1988/02/18

| 1987/02/24 - 1987/02/28

1988,"{?7!' 14 - 1988/07/18

1989/01/09 - 1989.-"01.’13

| 1987/07/18 - 1987/07/22

1986711707 - 198611111 |

IQSWD@Q@___I_Q_E?{Q@I‘;%___ 1989/12/07 - 1989/12/11 ( 1988/09/13 - 1938;09;17’_’_
| 1990/05/01 - 1990/05/05 | 1788/10/10 - 1988/10/14 |
90/07/14 | 1988/11/09 - (988/11/13 |

[ { 198B/11/15 - 1988/11/(9

Dfﬂﬁ{{)g - 1990/06/06 |
6/25 - 1990/06/25

1992007/ __-'1_9_92f°7f06 { 199108710 - otosria | T | 199407002 - 1991407406
| 1993/05/05 - 1993/05/09

| 19862711 - 1992/02/15 |

Table 2,1 Tnclusive dates of events analyzed accotding to civenlation type

23 RADIOSONDE ANALYSIS

Data for midday radiosonde ascents were obtained for nine aerological stations in South
Afiica for the dates of the individual synoptic events, In iotal, 1575 radiosonde ascents were
anaiysed for the stable layers by synoptic type, and 1350 ascents were analysed for the mid-
summer maximuni, giving a total of 2923 analysed uscents, The stations used are Pietersburg,
Pretoria, Bethlehem, Bloemfontein, Upington, Springbok or Alexander Bay, Cape Town, Port
Blizabeth and Durban, Their geogtaphical tocations ate indicated in Figure 2.2, Despite the
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3.3 STABLE LAYERS ASSOCIATED WITH RIDGING ANTICYCLONES

The four petsistent layers during continental anticyclonic citculation are present during
ridging anticyclonic events, The statistics for these layers are presented in Tables 3.4, 3.5 and
3.6, | |

33.1  The sub-escarpment 800 hPa layer

The base height of the coastal 800 hPa layer is relatively constant over the coastal
regions (Fig. 3.6) and is marginally highe: during ridging enticyclonic circulution (843 hPa)
than it is during the continental aﬁticyc.l_onic events (876 hPa), The meximum mean base helght
oceurs over Upington at 781 1Pa and decrenses to & minimum of 876 hPa over Cape Town,
The bése height varies fittle betweer coastal stations, exhibiting a standard devintion of 12 hiPa,
if the dnia for Upington are excluded. It rises to 33 hPa if Upington s included. (For reasons
discussed below, the Upington elevited absolutely stable layers during ridging anticyclonic
conditions appear to he an anomaltous).

The base of & = layer has a maximum 95% confidence interval of 48 hPa over Upington
and 46 hPa over Poit Elizabelh (Fig, 3.6), This maximum iz only in the region of 15 hPa
greater than the minimum over Cape Town, resulting in a standard deviation of only 6 hPa for
the layer over the entire country. The stable Inyer for all intents occurs at a constant altitude
over the sub-gscarpment tegions, The values compare favourably with those of Diab (1975) for
Duwrban, Port Elizabeth and Cape Town during the mouths of maximum ridging frequency
{February and October), However, the present study indicates a much higher layer over 'thé
west const than wag previously observed, Becnuse there Is s little country-wide variation in ti.
confidence interval it can be assumed thet local boundary layer u:fuences do not have a

: signiﬁcant coniral cver the fluciuations of ithe 800 hPa stable layer base ngsociated with the

ridging high,

Although the mean depth of the stable layer over the counity (Fig. 3.6) is fairly similar
to those observed during continental anticyclonic cireulation. the depth standard deviation of 14
hPa is substantially greater during ridging high events, This greatr infer~station \}ariation is dua
to the influence of both surface convergence and divergence over ilie coumtry during ridging
highs. Surface convergence increases the stable [ayer depths ag twrbulence and uplift weakens
the structure of the layer; surface divergence and subsidence enhance stab.'ity and compress the
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Figure 1.6

Stable layers (shaded) for ridging antioyelones over Piotersburg
(PD), Pretorln (PR}, Bethlchem (BE), Bloemfonicln (BL),
Upinmon (UP), Spiingbok (SP), Cape Town (CT), Port
Elizabeth (PE} and Durban (DB).  Upper and lower 95%
confidencs Llimits for ths bass heights of the layers as well as the
condinantal surface are shown in each cose
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The greatest depths of approxirately 50 hPa occur over Pretorin and Bethlehem and
dectease with distance from this area (Figs. 3.1, 3.4c). Pietersburg has the shallowest layer of
38 hPn, Although the depths do not vary significantly over the subcontinent, with the standard
d_v-iation being only 4 hPa it should be noted that these values may be misleading due to the
upper cut-off level of 200 hPa, employed in the analysis.

STATION | 800 kPa| 700 hPa| 500 hPa| 300 hPa
UPLATEAUC L
SR < SUUR NUURN DU T N I
VBB o] 88 T2 90
LOBL b % o %
SURC LA SRR IR S R S N\ A
Comean I 2 I 9
i s B e
T et RN i
B U IR R T R
CBE |4 w78 ] 80
DB 6 | % L
7 R R L R B

sﬂ!dev . ” 9 e .. | I

fotalpiens | 69} 84 | 77 85
S0 it RN A WA

Tatde3.3  Contlnental antleyclone stable layer menn frequencies

The 300 hPa layer exhibits a high degree of persistence at this altitude, The lowest
frequeney of oceutrence oceurs over Durbean (78%), The rest of the stations have trequencies
ahove 80% and over the interior the layer persists 20% of the time, Thus a genersl south to
north frequency increase is evident (Fig. 3.5¢).
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Flgure 3,5

Mean frequencies for continental notleyelone (n) 700 bPa, (b) 500 hiPa
and (c) 300 hPa sable layers
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N

over Pretorta and Upington at »7 hPa and minimum values over Springbok at 41 hPe, The layer
oceuts with a mean valué of 59 iPa across the subcontinent.

The mean country-wide frequency of accurrence of the 500 hPa layer is 77% with the
prevalence of anticyclonic conditlons. Highest frequencies ranging from 80%: to 88%, otcur in
a ridge fiom Cape Town up the centre of the countty, (Fig, 3.5b). Pietersburg and Springbok
have thie lowest frequency of stable layers, of between 60% and 70%.

STATION|  800hPa | - 700hPa 500bPa | 300hPa
[ Tower [ Upper | C! Lower | Upnor or | awer Uppet | o | wer Uppar .CI
L Limit | Limit Limit | Limit | ° Limit | Limit Limit | Limlt
PLATEAU U © 1l b o b e i b L
Pl b [T TS [ 24 ) 617 ] 569 ¢ 4B 34 ¢ 301 1 40

373 s1a 60 ) sad | 202 ) 32

26 (549 S0 AR o387 | 31 | A6
L) 37 529 48 1 338 f 298 ) 40

A0 | 602 | 554 | 4B | 356 | 318 | 38
S84 | sa3 | 80 | 34 | 30¢ ] 39

B A0 - N O 20 I

RO )

18 | sseTY sIo) dE | U7 3894 s2
JE4Lf 42 ) 349 | 303t d6
.89 | 361 f 28
R I
53| e | 43
e e |y
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foindstddey |19\ B} 6 ATl a2 5 [ | |

Table 3.2 Continental antfeyelone stable layer 95% conflidence litnits nnd intervals
n

3.24 The 300 hPa layer

The 300 hPa layer base has & different general topography over the couniry from the
underlying layers, and appears not to be influenced significantly by the continental anticyelone
(Figs, 3.1, 3.2¢). The exact causes and controls of the 300 hPa layer have yet to be ascertained.
The altitude of the layer decreases concentrically outwards from Port Elizabeth, With a base
height standavd deviation of only 19 hPa over the subcontinent, the base of the layer varles as

little as the three lower layers. The mean 93% confidence interval for the Inyer base over the

country is 41 hPa with a standard devintion of only 7 hPa (Figs. 3.1, 3.3¢). There is no
significant difference between the mean platea (39 hPa) and coastal (43 hPa) Intra~station base
height variation.
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Figurs 3.4

Mean depths (hPy) for continenta! anticyclone (a) 700 hPn, () 500 hia
and (e) 300 HPo stable layers
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continental anticyclones prevail (Fig. 3.5). Frequencies decrease with distance from the core
of the anticycione and reach a minimum of 70% over Springbok.

STATION|  800hPa |  700hPa | -~ 500kPa | ~ 300hPa
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Table 3.1 Continental anticyclone stable layer mean base sl upper limit nitituces,
and depths ' .

323 The 500 hPa layer

The 500 hPa layer base has a similar topography over the country to the 700 1iPa layer
{Figs. 3.1, 3.28, 3.2b), As the displacement of the centre of the continental high ocours to the
north-west with height, one would expect the topography of the layer to move correspondingly
in relation to the 700 hPa layer. This is not the case, The north-east plateau again experiences
the lowest bese levels (593 hPa), Over the eastern and western niargins of the country the base
level increases to 2 maximum of approximately 535 hPa. Similar to the underlying Jayer the
500 hPa layer exhibits very little base height variation over the country, with a standard
deviation of 21 hPa,

Ninety-five percent of the time the basal variation about the mes tur the coutry is 48
hPa (Figs, 3,1, 3.3b), The platenu and coast both yield similar vadves to the country average,
The depth structure is relatively homogenous over the subcontinent, exhibiting a depth standatd
deviation of 9 hPa. Two troughs of comparatively shallower layers are apparent over the
enstern plateu and from Springbok to Bloemfontein (Figs, 3.1, 3.4b), Maximum depths occur
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Flowre 3.3 95% confidence itervals (hPa) for continental antieyclone (a) 700 hPa,
{b) 300 hPa and (¢) 300 hPa stablo layers
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- 322  The 700 hPa layer

The 700 hPa layer is evident as a spatially continuous surface across the entire country
with the occutretice of contihental anticyclones, “The mean varfation in base Licight over the
country is relatively small (Figs. 3.1, 3,2a), but is slightly greater than the ovmlymg layers,
owing to the influence of diabatic heating and boundary layer mixlng,

Lowest base levels ocout over the intetior at Upington (780 hPa). The layer increases in
altitude with distance away from the cote.of the continental anticyclone, as the controlling
subsidence intensity decreases (Fies, 3.1, 3.2a), Durban has the highest layer at 706 hiPa and
may be influenced by the same mechanisms which cause the layer over Bethleliem fo liave a
similatty high altitude (715 hPa). Over. the south-west coast, where one would expect the layer
to ocour at a relatively higher altitude due to the passage of westerly and coastai disturbances
during this time of year, it dectenses to 758 hPa. Over the country ns a whole, however, the
layet base varies little, with a standard deviation of 22 liPa. |

The layer base has liitle intra-station variation, with a mean country-wide 95%
confidence interval of 39 bPa and standard deviation of only 12 hPa. The maximum fluctuation -
about the mean base height is 62 hPa over Port Elizabeth, The minimum confidence interval
occurs over the eastern plateau in the region of 25 hPa, clearly indicating the strong influence of
the continental anticyclone (Figs. 3.1, 3.3a), The layer base deviates about the mean slightly
more over the coastal stations (50 hPa) than over the interior (30 hPa), due to the passage of
coastally-trapped disturbances.

The depth of the 700 hPa layer appears to have a geiieral spatial coherence conforming
to the control of the continental anticyclone. The discontinuity exhibits deepest layets over the
western parts of the country where the influence of subsiden: = is not as marked (Figs, 3.1, 3.4a),

The layer is shallower over the eastern platean under increased anticyelonie subsidence, Over
the Western and Northern Cape the layer has a similar depth to that of the central plutean, Asis
the case with the discontinuity base heights, depths do not vary significantly across the country
(Figs. 3.1, 3.4a), ylelding a country-wide standard deviation of only 7 hPa. The difference
between the muximum and minirum depths is only 23 hPa.

The influence of synoptic controls on the 700 hPa layer Is clearly evident over the
eastern parts of the country, with the layer occurring in the region of 90% of the time while
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32 STABLE LAYERS  ASSOCIATED WITH  CONTINENTAL
ANTICYCLONES

~ When enticyclonic eitculation prevails four elevated absolutely stable layets oceur
preferentially; three over the plateau and four over the coastal regiotis. Details are presented in
Tables 3,1, 3.2 and 3.3.

3.2, The sub-escarpment 800 hPa layer _ _ _

The mean base of the coastal 800 hPa layer is observed to occur at relatively constant
altitude over the coastal regions, decreasing in altitude from 850 hPa over the west coast to 892
hPs ovei' the east coast (Fig. 3.1). Ahhough this appears to contradict the tasults of Taljaard
(1955) and Diab (1975) who observe that the first non-surface inversion . wcreases in height
from the west coast to the vast coast during winter, two points should be noted, First, the results
of a study of the seasonal trends in inversion heights irtespective of synoptic circulation, are not
necessarily diréctly comparable with the results of a stable layer analysis based upon a single
synoptic circulation type. Secondly, of greater significance than the geography of the
f‘luchmﬁon in base height is the magnitude of the fluctuation, Across all the stations the
standard deviation of the ». an base height exhibits a value of only 16 hPa, which is so slight as
to be insignificant. Consequently, it can safe’y be deduced that the layer height is invariant over
the coastal regions around South Aftica.

Not only do the mean base heights of the discontinuities ocour at approximately the
same altitude across the subeontinent, but the intra-station base height variations about the mean
are also very small. The 95% confidence inferval of the buse altitude ranges between a
minimum of 26 hPa over Springbok and a maximum of 44 hPa over Port Elizabeth (Fig, 3.1),
with a standard deviation over all stations of only 6 hPa.

The layer is deepest over the south and south-west coast and decreases in depth over the
east and west coasts, yielding a mean base depth over the country of 51 hPa (Fig, 3.1). The
gtable layer over the south and south-west coasts experience slightly greater depths due to the
turbulent influerice of coastal breezes, oceanic i.nﬂuences and coastally-trapped disturbances,
Furthetmore, maritime subtropical and polar air is deeper dwing the winter months causing a
basal height increase. Durban on the other hand falls under the influence of the continental high

with its associated subsidence causing the layer to be compressed over this location,
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Figure 3.1

Stalle layers (shaded) for continental anticyclones over
Pietersburg (PI), Pretoria (PR), Bethlehem (BE), Bloemfontein
{BL}, Upington {UP), Springbok (SF), Cepe Town (CT), Poxt
Elizabeth (PE) and Durban (DB), Upper and Jowet 95%
confidence limits for the base heights of the layers as well as the
continental surface are shown i each case
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likely to have little control ovet the 800 hPa layet, except over Springbok. The base of the
coastal 800 hPa layer has a standatd deviation of 36 hPa, which ig markedly similar to the

equivalent value for the ridging high. It is significantly greater than the 700 hiPa and the 500
hPa layers for this circulation type. The layer base oceurs at a minimum altitude of 891 hPa
over Cape Town and a maximum of 801 hPa over Springbok, which {s significantly higher than
the rest of the stations (Fig. 3.11), The stable layer altitude differeice between the west coast
and the rest of the coastal regions clearly indicates that Springbok is influenced by different
ciroulation; namely the ensterly wave, Again all stations except Springbok compare well with
the typical results found by Diab (1975) for stnter non-surface inversions.

Ninety-ﬁve percent of the time the layer over the country has a base level fluctuation
about the menn of 46 EPa (Fig, 3.11), which is slightly greater than the equivalent value during
antieyclonic circulation, Maximum intra~station variability is apparent at Port Elizabeth, (52
1iPa) and minimum values oceur at Dutban (38 hPa),

The layer maintains a mean depth of approximately 51 hPa and a standard deviation of
12 hPa. The deepest part of the layer is found over Port Elizabetn and the shallowest over
Springbok (37 hPa) (Fig, 3.11), The preatest frequency of occurrence of 79% is evident over
the east coast, with a progressive decrease to 62% over the south-west and west coasts (Table
3.9).

342  The 700 hPa layer _ _

The 700 hPa layer base ocours petsistently at similar altitudes acrass the entire
subcontinent (Figs, 3,11, 3.12n), yielding a standard deviation of 19 hPa. Averaged over all the
stations, the liyer occtirs with a greater base altitude (708 1iPa) than those of the equivalent layer
during both enticyclonic circulations, Base levels are lowest over the south-west coast (746
11Pa), where the influence of the easterly wave is not felt, and rise in altitude in a south-west to
nottheeast axis across the country os they increasingly fall under the Influence of surface
convergence in the lee of the easterly wave,

Convective activity and mixing to the cast of the trough results in twbulence
penetrating, weakening and eroding the stable layers, As a consequence the layer over the
north-castern plateau is deeper (approximately 55 hPa) and presumably wesker (Figs, 3.11,
3.14a), Surprisingly, the intea-station base level variation is lower over the eastern plateau than
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the same height as the 500 hPa layer's upper limit, The mechanisms conirolling the
| .development of elevated absolutely stable layer bases over the Northetn Cape are obviously
different to those for the test of the countty. They are almost certain to be & vciated with
easterly waves occumng smultaneously over the regxon whilst ridging highs occur over the
eastern parts of the country.
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Table3.6  Ridging anticycloﬁe atnble layar mean frequencles

3.4 STABLE LAYERS ASSOCIATED WITH EASTERLY WAVES

'.Easterly waves influence the northerh pats of South Africe. Four elevated sbsolutely
stable lnyers are obscrved with the easterly wave circulation. In many respeets they have
similar characteristics to those of the continental and ridging anticyclonic cirevlation types.
Details of these layers ere given in Tables 3.7, 3.8 and 3.9,

341 The sub-escarpment 800 hPa luyer
 Sinee the easterly wave influences only the northern parts of the countey, the wave i3
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The 500 fiPa layer displays a similar frequency regiine to that of the layer below. The
frequency of the layer decteases in a notth to south trend (Fig. 3.10b). A ridge of highest
|  frequencies exceeding 90% occur from the notth-western to the south eastern plateau, with the
lowest frequency of 44% over Cape Town, Inter-station frequency variability over the countty
is highest at this level for tidging highs (17 iP&).

3.34 The 300 hPa layer

The base of the 300 hPa layer, averaged over all of the stations is higher during
continental anticyclonic citeulation (327 hPa) than it is during ﬁdging anticyclones (346 hPa).
An undulating north-south gradient of base heights is observed, with the base heights generally
incredsing from south to north (Figs. 3.6, 3.7¢), The base of the 300 hPa layer exhibits a
standard deviation of 24 hPg, indicating a reduced variation over the country in comparison to
the underlying layets, The mean 95% confidence interval (Figs. 3.6, 3.8¢) is 48 hPa and the
country-wide standard deviation for the confidence interval is 6 hPa, showing very similar
values to the equivalent layer for continental anticyclones. Maximum confidence inferval
values ocour at the norh-eastern and south-western extremes of the country,

"The depth structure for the 200 hPa layer is the reverse of the underlying layers (Figs.

3.6, 3.9¢). The deeper parts of the layer occurs over the south-western and central portions of

the country, becoming shallower to the east and north, Maximum deptly measuring 79 liPa

oceur over both Bloemfontein and Cape Town., Shallowest values are evident over Upington,
whete & depth of 40 hPa is evident,

The frequency occwrrence of the 300 hPa layer ranges from 78% over Cape Town to |
96% over Durban (Fig. 3.10c), A frequency standard deviation of only 7% indicates that the
inter-station frequency varies significantly less than the layers below if. An area of higher
frequencies in the range of 95% extends across the country in a north-west to south-east ridge,

For ridging anticyclonic citcutations conditions the elevated absolutely stable layers at
Upington are anomalons fhiroughout the troposphere in comparison with the rest of the country,
The coastal 800 liPe layer is ptesent over Upington only during ridging anticyclones and occurs
at a higher altitude relative to the test of the stations, The 700 hPa layer base also occuss at a

comparatively higher altitude, the 500 hPq layer is anomalousty hilgh in comparison to the rest
of the plateau stations and the mean base of the 300 hPa layer is anomalously low, occurting at |
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Figure 3.10  Mean frequencies for ridging antleyclone (a) 700 hPa, (b) 500 hPa and (c)
300 hiPp stable layers
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3.3.3  The 500 hPa layer

The stable layer base heights for the 500 hPa layer vary litile over the subcontinent,
exhibiting a standard deviation of 37 hPa (Figs, 3.6, 3.7b). Lowest bases ocour over the
southern coastal (570 hPa) and eastern coastal regions (572 hPa), The layer increases in height
in a south to north gradient, in contrast to the south-east to north-west gradient which is
apparent for thie 700 hPe layer. |

A mean 95% confidence interval of 52 hPa for the entire sibcontinent indicates a greater
bese level deviation about the mean than is evident for the 760 hPa layer (46 hPa). It is #ls0
slightly preater than the cotresponding value for continental anticyclones (48' hPa) (Figs. 3.6,
3.8b). Intra-station variance incieases concentrically with distance from Durban when ridging

- anticyclones are prevalent, | ' |

The general depth structure of the 500 hPa layer is fairly similar to that of the 700 hPa
| layer in that the shallowest layers occur over the western portions of the country (43 hPa and 40
hPa for Upington and Cape Town respectively) and deepest layers over the east (82 hPa for
Bethlchern) (Figs, 3.6, 3.9b). Depth standard deviation averages at 13 hPa over the entire

| country. |
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Table 3.5 Ridging anticyclone stable layer 95% confidence limits and intervals (C1)
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Flgure 3.9

Mean depths (hi"a) for ridging anticyclone (n) 700 hPa, (b) 500 hPa and
{c) 300 LiPa stable layers
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_exhibiting a general north to south increase (Figs, 3.6, 3.8a). The coastal stations experience a
greater mean confidence interval than do the interior stations.

STATION 800 hPa . 700 IiPa 500 hPa 300 hPa
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Table3.4  Ridging anticyclone stable 'layer mean base and upper {imit altitudes, and
depths

On the whole the 700 hPa layer has a mean depth structure which conforms well to the
mean synoptic controls (Figs. 3.6, 3.9a). Although anomalonsly shallow layers occur over
Bethlehem and Pretoria, the majority of stations over the eastern parts of the country are
weakened and deepened to 60-90 hPa by surface convergence. The layer over the west is
compressed to a depth of 50-60 hPa,

The layer over the north-eastern and eastern parts of the plateau occurs with frequencies
it the region of 75%, when ridging anticyclones are prevalent, This is high for an area under
the influence of surface convergence, Durban has lower frequencies in the region of 65%.
Bloemfontein and Upington have the highest frequencies (88% and 87% respeciively) and the
Eastern Cépe coastal region expetiences the lowest frequencies with & minimum of 55% over
Port Elizabeth. Thete is a general north to south decrease in stable layer frequency, with a mean
frequency over the interior (80%) far exceeding the mean frequency for the coast (63%) (Fig.
3.10a),
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Figure 3,8

95% confiderice intervills (hPR) for nidglng anticyetone (a) 700 hPa, ()
500 hPa and {c} 300 hPa stable iayers
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layet. In comparison the continental high exeris only a divergent influence over the countty at
surface level and consequently mean depths vary less over the subcontinent,

Surface convection and twbulence over th_e south-eastein parts of the country,
frequently associated with ridging highs, causes the layer to oceur less ﬁ'equeﬁtly and the mean
depth of the 800 iPa stable layer to be significantly greater than it is over the rest of the coastal
areas. The stable layers over the Eastern and Western Cape coastal regions ail have similar
depths (Table 3.6) and are all controlled by vertical subsidence. This surface divergence over
the western regions leads to favourable cunditions for the formation of stable layers, and
consequently the layer occurs with greater frequency over these areas. Springbok has the
greatest ﬁﬁequency (78%), '

332 The 700 hPa layer

" 'The mean altitude of the 700 liPa layer base (726 hPa) is slightly greater than it is during
continental anticyclonic events (740 hPa) (Figs. 3.6, 3.7a). Over Upington the layer occurs at a
maximum altitude of 651 hPa, It is likely that local controls exerted by the easterly wave cause
this antomaly. Pietersburg, with its low base (759 hPa) is too far north to fall under the regular
control of ridging anticyclonic circulations, and the layer is somewhat anomalous in this locality
as well, Relatively higher bases ranging from 706-728 hPa occur over the eastern parts of the
country under the influence of surface convergence, with lower values over the southern and
south-western parts of the Western Cape in the range of 732-742 hPa due fo vertical subsidence
associated with surface divergence. Dutban has the lowest base of 801 LiPa, and is obviously
influenced by local mechanism other than surface turbelence and mixing,

The mean base of the 700 hPa layer has a greater base height standard deviation for the
ridging anticyclone (39 hPa) than it does for the continental anticyclone (22 hPa). Nevertheless
the standard deviation for this layer across the country emphasises, rather the lack of variation
of the discontinuity base heights than the fact that in the eastern parts of the subcontinent the
layers are higher than the rest of the country (Figs. 3.6, 3.7a).

_ Averaged over the country the mean 95% confidence interval for the 700 hPa layer base
(46 hPa) is approximately the same as it is for the 800 hPa layer (41 hPa). The confidence
interval exhibits an inter-station variability of 12 hPa {double that of the 800 hPa layer), The
intra-station base variation ranges from 68 hPa at Port Elizabeth to 24 hPa at Pietersburg,
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Tabie 4,10  Pre-frontal stable layer mean base and uaper Yinait altituces, nnd depths
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Table3.11  Poatfiontal stable layer meait base and upper limit altludes, and depths
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oceuerence of the coastal 800 hPa layer is approximptely 85% over Port Elizabeth during botlt
conditions (Tables 3,14, 3,15). As in all the pesvious situations the layer ls absent over the

intetior,

352 The 700 hPa layar

The general structure of the 700 hPa layer mean base height is similar during both pre-
fiontal and post-frontal circulation conditions with a base height decrease from south to north
{Figs, 3,16, 3.17, 3.18a, 3,19a), Greater inter-gtation variation in height ocours ovet the interiot
 during pre-frontal conditions, Yieldin'g a standard deviation (38 hPa) twice that of the post-
frontal standard deviation (18 hi*a). The layer over the coast decreases In altitude after the fiont
has passed, but remains fairly constant over the interior, increasing only 7 1. a with the
transition. The 95% confidence Intervals indleate that the vatiability about thie mean over each
station I8 greater during pre-frontal conditions (74 hPa) than they are for the post-flontal (51
1Pa), With the exception of Springhok and Upington, base height variability decreases afler the
wave hag pagsed over the stations, with both circulation types exhibiting similar intra-statian
base height structures across the country (Figs, 3.16, 3,17, 3,208, 3.21a),

The mean dopth. of the layer over the entire couniry is the same for both conditions (60
hiPa) (Figs, 3.16, 3.17, 3.22a, 3.23a). However, the depth structures for the two cireulation types
are markedly different across all the stations, The pre-frontal layers over the coast and interlor
have a mean deplhi of 72 hPa and 46 hPa reSpéctiver, whereas the post-fiontal equivalent
appears to be the exact opposite (48 hPa and 74 hPa for the interior and const respectively). The
layer over the western and southern coastal regions becomes deeper after the front hay passed,
owing to post-frontal mixing, The same is true of Pretorin, The rost of the statlons in an cast-
west band aoross the country experience a decrease in the 700 hPa stable layet depth under post-
frontal conditians, Upington experlences exceptionally desp loyers durtng pre-frontal
cireutation (130 hPa), The snne applies to Cape Town during post-frontal conditions (115
1iPa). No coherent picture emerges,

Contrary fo expectation, the frequency of the layer increases frort 65% to 77% wiih the
passage of frontal disturbances over the country (Figs, 3.24a, 3.25a). One would expect sutface
conpvergence nssociated with post-frontal conditions to lead to n signiﬂcatut decrease in the
stable layer frequency, The layer is not apparent over Upington during pre~frontal circulation,
This is most likely a fonction the data rather than the station expertencing a genuine absence,
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The stable layer occurs with extreme persistence at 300 hPa, reaching highest
frequencies of 97% over Pretoria, and lowest frequencies of 79% over Springbok. The general
structure shows that the layer occurs with relatively greater frequency over the eastern parts of
the country end decteases in frequency over the western coastal regions and Northern Cape
(Fig. 3.15¢).

3.5 STABLE LAYERS ASSOCIATED WITH WESTERLY WAVES

Westerly waves are transient, fast-moving synoptic systems, making the determination
of mean ateas influenced by surface divergence and  vergence problematic. Consequently,
each day is analysed individually in order to ascertn where the areas of convergerice and
divergence oceur at the specific time of the radiosonde ascent, The structures of the layers for
pre-frontal and post-frontal conditions are thus dealt with separately. Details are presented in
Tables 3.10 to 3,15, '

3.5.1 The sub-escarpment 800 hPa layer

Although the coastal 800 hPa stable layer has a similar mean height over the entire
country during both the pre-fiontal (848 hPa) and post-frontal conditions (845 hPa) (Figs. 3.16,
3,17), significantly greater between, station deviations in the layer height oceur during pre-
frontal cireulation period, Coniteary to expectation the standard deviation of the layer Is 31 hPa
before the front and only 7 hPa after the front has passed. This decreased base variation is also
observed in the 95% confidence iterval, where the pre-frontal value is 78 hPa and the post-
fontal value is 51 hPa, The cause of the exceptionally high pre-frontal Inter- and intra-station
bage height variance lies in a few outlier values; namely an anomalously low Port Elizabeth
bage helght (892 hPa), a high Springbok, base heiglit (305 hPa) and a high Port Elizabeth base
height confidence interval of 120 hPa, Should these figures be excluded the mean values for
each candition would be more similar, The depth of the layer to the west of the moving wave
(51 hPa) is slightly greater than it is to the east (39 hPa). One would expect the layer depth to
increase under conditions of uplift and convection behind the front (Figs, 3.16, 3.17), -

The lyer is present with a stightly greater mean frequency before the wave passes over
the stations, due to the mixing and upliRt of the post-frontal conditions. Nevertheless, the fact
that the layer is present 67% of the time during post-frontal conditions is an indication of the
persistence and strength of the layer dosplte synoptic controls, The maximum frequency of
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Figure 3,15

Menn frequencies for ensterly wave (a) 700 hPa, (b) 500 hPa and {c) 300
hPn stable layers
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344 The 300 hPa layer

The 300 hPa layer is too high to be influenced by surface-induced eastarly waves.
Nevertheless, the structure of the base heights across the subcontinent appears to be the same as
the 500 hPa layer in that the layer decreases in altitude in a south to north _direction (Figs. 3.11,
3.12b, 3.12¢). A base height standard deviation of 41 hPa shows that the variation &: -1se
 height over the country is much greater in the cases of the underlying layers.

Deeper layers as well as lower base heights are observed over the northem central parts
of the country, with a maximum depth occurring over Bloemfontein (91 hPa) (Figs. 3.11,
3.14c), The shallowest part of the layer ocours over Pietetsburg and Port Elizabeth (54 hPa and
55 hPa respectively). The mean 95% confidence interval is 56 hPa with a standard deviation of
10 hPa (Figs. 3.11, 3.13c), indicating the same degree of base height variahility over all of the
- stations, There is a general east to west increase in confidence jntervals across the country,
much the same as the underlying layer. The layer exhibits maximum intra-station variability at
Upington (70 1iPa) and minintum aver the eastetn parts of the country (approximately 45 hPa),

STATION | 800 hPa| 700 hPa | 500 hPa 300 hPa
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Table3,9  Easterly wave stable [nyer mean trequencies
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~ Figure3.14  Mean depths (hPa) for ensterly wave () 700 hPa, (1) 500 hPa and (c) 300

hPa stable iayers



hPa) (Figs. 3.11, 3.13b). Neither of the above-mentioned stations are located within the control
of the easterly wave. Again the synoptic control is evident with relatively less deviation about
the mean base height over the eastern plateau under the influence of anticyclonic flow, and the
variation increasing over the centrai narts of the country just to the east of the wave, One
would, however, expect greater standard deviations across the country for the layers under
strong convective systems such as the easterly wave,

STATION 800 hPa _ 700 hPa ~ - 500 hPa 300 hPa
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Table 3.8 Engterly wave stahle layer 95% confidence limits and intervals (CI)

The 500 hPa layer has a mean depth (67 hPa) which is somewhat greater than the 700
hPa layer (44 hPa), The Iayer is deepest in a north to south ridpe over the central patts of the
country due to the uplift of air immediately to the rear of the wave (Figs. 3.11, 3.14b). 1 .yer
depths decrease over Up.ington and Springbolk under the influence of upper air subsideticy to the
west of the wave,

The layer occurs with & frequency of 90% over the castern parts of the country and
decreaée to 60-70% over the western parts of the country (Fig, 3.15b). A comparison of the
layer frequencies to the east and west clearly indicates a significant difference in the influence
of the regimes on either side of the wave.
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Figme 3.13

95% confidence intervals (hPa) for easterly wave (a) 700 bPa, {b) 500
hPaand (¢) 300 hPa stable layers
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it is for the majority of the country. To the west of the trough, subsidence compresses the layer,
resulting in a shallower, but stronger layer over Upington (37 hPa) and Springhok (35 hPa}
which exhibits fat less base height variability, especially over Upington (28 hPa) (Figs. 3.1
3.13a, 3.148)

The structure of the stable layer frequencies conform well to the synoptic controls at this
altitude. Highest frequencies oconr in the high pressure areas to the rear of the trough, in the
range of 80-90% (Fig. 3.15a). Upington has a lower fiequency of occurrence of 45%.
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Table 3.7 Easterly wave stahle layer mean base and upper limit altitudes, and depths

343 The 500 hPa layer

Base heighis for the 500 hPa layer decrease from a maximum of 498 hPa over Dutban to
a minimum of 582 iPa over Bloemfontein. The mean base height for all stations is 546 hPa and
the conttrol of the easterly wave is evident even at tiis height. However, contrary to expectation,
the wave over the northern central part of the conntey induces a trough of relatively lower base
heights (Figs. 3.11, 3.12b), A compatatively small base lieight variation occurs across the
country, with the layer exhibiting a standard deviation of 25 hPa,

Variation about the mean base height is at its maximinm over Porl Elizabeth vibere a

95% confidence interval of 78 hPa is apparent, Minimum variation occurs over Durban (32
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waves occurs 45% of the time, the 700 hPa layer over Bethlehem acenrs 48% of the time for

-pre-frontal westerly waves and Springbok during post-frontal circulation has frequencles of
33% and 44% for the 300 hPa and 800 1iPa layers respectively, 1t is evident that the layers
ustially occur with these low frequencies in geographical locations which are not directly
infiuenced by the individual synoptic circulation type being examined. Hence, the low
persistence may generally be ascribed to other controlling mechanisms, and is not necessarily
representative of the archetypal synoptic situation being investigated, Alternatively it occurs in
regions of strong convergence where the layers are elearly destroyed.

¥ ook R ok B ok W

The structural and temporal characterisites of four elevated abisolutely stable
discontinnities have beett presented for difforent citculation types, In Clinpter 4 the
vesults nve summesised end diseussed, In addition, mean conditions for generatly
fadi-weathor events, inespeetive of synoptle type, will be considered.
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central parts of the country experience a slight decrease in the layer frequency after the front has

passed over, but the stations to the east und west of this area experience an increase in

- frequency, Duting pre-frontal conditions the layer occurs 100% of the time over Bloemfontein -

and Upington, The frequencies décrease concentrically outwards from this ridge. During post-
frontal conditions the layer occurs with frequencies in the regioﬁ of 90% over the most statiots,
with the notable exception of 33% for Springbok which is the lowest frequency observed for
any layer in the analysis, '

STATION | 800 hPa| 700 hPa| 500 hPa| 300 hPa
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Table 3,153 Post-frontnl stable Jayer mean froquanclos

Since all of the post-frontal layers exhibit frequencies significantly greater than would
be expected under strongly convective conditions, the implication is that clevated absolutely
stable layers over the subcontinent are rapldly reconstructed after the passage of the front. Von
Gnugli and Tyson (1977) have alluded to thils rapid reconstruction over Johannesburg, The
layers seldom decrease in frequency ocourrence to below 50%, repardless of symoptic
eirculation type. However, it is found that at least one of the values oceurs less than 50% of the
time for each individual synoptic circulation itivestigated, For the continefital antleyclone, the
800 LiFn layer over Poit Elizabeth ocours with a frequency of 48%, for the ridging anticyclone
the 500 hPa layet over Cape Town is preécnt 44%, the 700 hiPa layer over Upington for eastetly
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Figure 3.25

Mean frequencles for post-frontal (g) 700 bPa, (b) 500 hPa and (¢} 300
11Pa stable layars
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| periphieral regions of this band, over Durban, Pretoria and Springbok (Figs. 3.16, 3.17, 3.20c, -

3.210). Goterally, the synoptic controls on the layers ave eviciunt over the country,

‘Mean depths over the countty are 69 hPa during pre-frontal circulation and 82 iPa
during post-ﬁ‘onfal. Over the eastern plateau the depth increases from a range of 47-73 liPa
during pre-fiontal conditions to 87-118 hPa at the tiailing edge of the wave. Shallow layers lie
over the central platenu and increase with distance from this core during pre-frontal conditions,
After the passage of the wove the shaflowest layers lie on the east and west consts, with the
deepest layers occurring ot the north-east and south-west extremities of the country (Figs. 3.16,
3.17,3.22¢, 3.230)
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Table 3,14 Pre-frontal stable layer mean frequencies

Mean frequenicles of the layer over the comstal and infand stations do not alter
significantly from pre-fiontal to post-frontal conditions (Figs. 3.24¢, 3,25¢), The standard
deviation of the layer frequency does, however, ineredse significantly from pre-frontal to post-
frontal conditions over the coastal regions, and decreases over the interior, The stations in the
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Figire 3,23 Mean depths (hPa) for post-fionial (a) 700 hi’g, (b) 500 hPa and (o) 300
hPa stable layers
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Fipure 322 Mean depths (Pa) for pre-Trontal {a) 700 hiPa, {b) 500 hP*a and (c) 300
hPa stable layers
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which is very similar to that of the pre-frontal layer (78%). A minimum frequericy of 50% is
evident over Pretoria and a maximum frequency of 96% oceurs over Bloemfontein. Again there
is a general north to south increase, with the exception of Pretoria which has a relatively lower
value (Fig. 3.25b).

STATION | - %00 hPa . 700kPa. | 500hPa 300 hPa
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Table3,13  Post-frontal stable layer 95% confidence limlts and intervals {CI)

3.54 The 300 hPa layer

The base of the 300 hPa layer remains fairly constant under both pre-fiontal and post-
frontal circulation types, with a mean base height over the country of 394 hPa for the former
and 400 hPa for the latter (Figs. 3,16, 3,17, 3.18¢, 3,19¢). The general structure of the layer
base remains similar undet both conditions over the country, with the higlier basses oceutring
over the southern areas and a sharply decreasing gradient to the northern interior,

Under pre-frontal conditions the 95% confidence {nterval of the layer ranges from 36-
136 hPa over the subcostinent, over Springbok and Pietersburg respectively, with a mean of 89
liPa. The posi-frontal conditions have a greater range, from 40 hPa to 160 hPa at Bloemfontein
and Spfingbok tespeetively, Variation about the mean base height decrenses in an area from

Cape Town to Bloemfontein and Uplngton after the front has passed, but increases on the
T
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Figure 3,21

045% eonfidence Intervals (hPa) for post-f’rontal (a) 700 hPa, (b) 500 hPa
and (¢} 360 hiPa stable lnyers
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Flgure 3.20  95% confidence intervals (bPa) for pre-fronta] () 700 hPa, (b) 500 hPa
nnd {¢) 300 hPa stabie layers
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3.53  The 500 hPa layer

_ Tﬁe general country-wide structure of this layer's base height remains similar over the
subcontinent both before and after the passage of westerly wave disturbances (Figs. 3.16, 3.17,
3.18b, 3.159b). The mean base of the layer decreases from 545 hPa for pre-frontal conditions to
585 hPa under post-frontal conditions. In general the lay=r appears to be lower over the plateau

fhign over the coastal areas.

Intra-station base height fluctuations aﬁout the mean increasé during post-frontal
conditions, except over a small area of the southern coast and Bloemfontein (Figs. 3,16, 3.17,
3.20b, 3.21b). Averaged over all the stations the mean confidence interval is in the negibn of
100 hPa during post-fronta) and 70 hPa during pre-froital conditions, Depths in the region of
45 hPa over the interior increase to 72 hPa with post-frontal conditions, Coastal layer depths
vary little in the transition (Figs, 3.16, 3.17, 3.22b, 3.23b).

STATION{ = - 800 hPa 700 hfa - 500 hPa 300hPa -
Lawer | HUpper ci Lower | Upper o Lower | Upper | o, | Lower | Upper oI
Limit | Limit Limlt | Limit Limit ] Limlt Limit | Limit
PLATEAU ] T _
P R 794 1 746 | 48 | 658 | 566 [ 92 | 561 f 425 | 136
TR - ' 784 1706 + 78 ) 609 | 543 | 66 | 470 | 39 ] 96
BE e ). 385 687 68 1 582 | 528 | 54 § 443 | 379 | 64
BL | | 833 | 787 | 46 | 606 | 546 | 60 | 430 | 318 § 112
L | o 4 84T L 799 f 4R [ f | 8§ 493 1 427 [ 66
T Tmenn o 803 | 75 |38 el | 546 | 54 | 470 | 385 fil4
st dev T T FE] 28 VI | a4 F7 MR A
e . ) L0 D . L . L -
5P 349
S
DB - e
mean -
stf dev
"fotaf wenn
" toial st dev”

Table 3,12  Pre-frontal stable layei 95% confidence lmits and intervals (CI)

The 500 hPa layer frequency Increases from 50% over Springbok to 100% over
Bloemfontein, Pietersburg and Pretoria. Tlete is a general south to north increase in frequency

(Fig. 3.24b). Under post-frontal conditions the layer occurs with a niean frequency of 76%,
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Figure 3.19  Mean base levels (hPa} for post-frontal (a) 700 hiPs, (b} 500 KPa and (c)
300 iPa stable layers
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- and minlmum petsistenice of 75% occurs at Springbole, It is during ridging anticyclones and
easterly waves that the layer occs with the greatest frequencies (91% and 90% respective, , \,
and during westerly wave disturbances that it has the least persist-nce of 79%.

As of yet, the causes of the 300 hPa layer remein somewhat unclear, There is little
dotbt that it is o subsidencé feature, Other causal mechanisms may be dynamical In nature as
the layer most likely coincides with the interface between the jet-streaun and barotropie zones
(Hartison and Theron, 1991} Theton and Murison, 1991; Hayrison, 1993). A more in-depth
study of the controls on this discontinuity is requived, but is beyond the scope of this

dissertation.
STATION | -~ 800 hPa . 700 hPg 500hPa | 300 hPa.
Bawe T UpPer | o | Brse | UBFOT ] Tiae | Vppat TTiwse | Uppet |
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Table 4.1 Annual stabla Inyer tean base and apper limlt althudes, and dopths

4.2 SYNTHESIS

The layers incrense in frequency with height, exhibiting lowest frequencies at the 800
hiPa level (70%) and highest frequencies (85%) at the 300 hPa lovel, All of the layers ate more
persistent over the platean than they are over the constal reglons, sometimes by as much as 15%.
Between station base height vaviability is grentest af the 300 hPa layer, exhibiting o
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Flgure 4.5

Annual mesn froquencies for the (2} 700 hPa, (b) 500 hPa and (&) 300
- 11Pa stbio layers
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The 500 hPa stable discontinuity 1s maintained by descending air associated with the
anticyclonie cutvature of airstreams, the ganeration of antieyclonic vorticity and large-seale
subsidence, It is mostly associated with the main subsidence inversion,

41,4 The 300 hPa layer _

The average base of the 300 hPa layer oceurs at 368 hPa, with a standard deviation of
only 6 hPa over the coastal areas and 18 hPa over the platean, The mean height of the layer
over the subcontinent ranges from 333 hiPa fo 411 hPa at Durban and Pietersburg respectively,
again depleting the south to north base heipht decrense {Figs, 4.1, 4.2¢). Highest base levels
occur for continental anticyclonic cireulation (327 hPa) and lowest for pre- and post-frontal
conditions (394 hPa and 400 hPa respectively).

The depth of the layer decreases slightly in an cquatorwared direction. A mean value of
66 1Pa and a standard deviation of only 6 hPa are observed, A maximum mean depth of 77 hiPa
ocenrs at Cape Town and a minimum of 54 hPa over Upington (Figs. 4.1, 4.dc). Post-frontal
conditions induce the 300 hPa layer to occur o maximum depth (82 hPa), which is almost
double that of the shallowest layer (46 hPa) which occors during continetinl highs, Agnln it
should be noted that an upper threshold of 200 hPa altitude is used in the analysis, causing the
300 hiPa layet to appear somewhat shallower,

Ninety-five percent of the time the layer has a mean confidence interval of 67 hPa, The
mean confidence interval only increases above 70 hPu over the enst const and extreme north-
eastern pacts of the country (Figs, 4.1, 4.3¢), Again mazimum values occur during post-frontal
concitions (100 hPa} and minimum valies are found for continental anticyelones (41 hPg), The
layer base has a much greater Intra-station variability sveraged over the country and n standaed
deviation for the 95% confidence interval during westerly wave disturbances than it does during
antlyclonie ciroulation and ensterly waves, Depths are similady infiuenced by these
disturbances,

The layer consistently exhibits menn frequensies in the range of 80-95% over the

subcontinent, with a ridge of maximum frequencles exceeding 90% in a norib-woest to south-
engt axis aeross the country (Flg, 4.5¢). Maximum persistence of 94% occurs at Bloemfontein

03



a)

b

e)

Flguro 4.4

Annual mean depths (hPa) for the (7)) 700 hika, (b) 500 hPa and (¢) 300
P stablo layers
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413 The 500 hPa layer _
The mean base of the 500 hPa stable layér is little affected by different synoptic types
and maintaing a markedly similar topography to the underlying layer, The layer ocours ot
slightty higher altitudes over the coastal regions (538 hPa) than over the intetiot (563 hPa), with

a magimum height over 'Springbok (527 'hPa) and a minimum over Pietersburg (591 hPa), The

annual base helght standard deviation is 17 1iPa for the entire subcontinent. Ridging highs
induce highest basal heights of 527 hPa and post-frontal conditions result in lowest base levels
of 585 hPa averaged over all stations. Greatest intec-station base height variations actoss the
country oceur with post-frontal westetly wive citculations (49 WPa) and lenst for continental
anticylcones (21 hPa) (Figs, 4.1, 42b). '

The annual mean 95% confidence Interval for the country us a whole is 65 hPa. The
annual intra-station variability meximum and minimum are juxtaposed next to each other at
Springbok (89 hPa) and Upington (F0 hPa) (Figs. 4.1, 4.3b). With the provalence of post-frontal
westeriy waves the mean Y5% confidenc: interval averaged over the country is notably largest
(98 hPa), exhibiting the highest value of 160 hPa for the entire analysis at Springbok, The
lowest mean 95% confidence interval of 48 hPa ocours with continental highs, Annually the
topography for this layer shows an east to west trough of Jow confidence intervals from the enst
.coast to Upington, The values increase concentrically outwards from this trough,

The depth of the layer appears not to be influenced significantly by changing synoptc
citculation (Figs. 4.1, 4.4b). The average annual depth of ull stations is 65 hi*a, with a countey-
wide standard woviati=n of only 2 hPa. Amually, Pletersburg has the minimum depth of 5¢ hPa
and Pretoria hae she maximum of 73 hPa, The mean depth of the layer is least for continental
nnticvelones (5% hPa) and gregtest for post-frontal disturbences (74 hPa),

© The layer ocours with a mean annunl country-wide frequency of 78% for all synoptic
types, showing a maximum mean frequency over Bloemfuntein (31%) and o minimum rangge of
frequencies flom 65-68% over the west, south-west and southern constal regions (Fig, 4.5b). As
with the underlying layer this layer's frequency distribution cleatly shows the influence of
~ continental antieyelonic circulation. The Jayer occurs with & maximum mean persistence of
82% for easterly waves and between 76% and 78% for the rest of the circulation types.
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Figure 4.3

Atmual 95% confidence intervals (hPa) tor the (a) 700 hba, (b) 500 P
* and {¢) 300 hPn stable layers
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The layer's mean annual fequency of occurrence and standard deviation of ﬁ'équency
are 74% and 6% respectively (Fig. 4.5a), Anticyclonic circulation conditions lead to the layer
occuriing with greatest frequencies (84%), and westerly wave pre-frontal conditions cause
lowest frequencies (65%). Geographically the layer increases in frequency from south to north,
on an annual basis, '

The discontinuity exhibits similar depths over the plateau to those over the coastal
regions (Figs. 4.1, 4.4a), with a mean depth of 57 hPa and a negligible standard deviation of 6
hPa, Ridging highs induce deepest hyers (67 WPw) and, surprisingly, ¢astetly waves the
shallowest layers (44 hPd). Amnually the .layer_mainwins a fairly constant depth. over the

subcontinent, with the deepest part of the layer occurting over Plstersburg (67 hPa) and-

shaltowest over Bethichem (43 hPa).

Annual intra-station base height variability actoss South Afiica averages at 52 hia and
exhibits & standard deviation of 12 hPa. Both the 800 hPa and 700 hPa layer mean 95%

confidence Intervals are somewhat lower than the overlying two layers, A minimum base level

vatiation of 39 hPa veeurs under continental anticyclonic circulation and a maximum of 74 hPa
is evident under pre~frontal conditions, The mean annual base height veriability shows a clear
decrense to the south as the layer ig influenced less by anticyclonic controls (Figs, 4.1, 4.3a),
Highest meat annual intra-station base level fluctuations occur over the coastal regions with a
mean constal value of 63 hPa. By comparison the interior yields a mean varlability of 43 hPa,

The 700 hPa layer is usually associated with the top of the midday mixing layer ovet the
platean, The fact that the layer extends out over the coastal areas suggests that mechanisms
other than bounclary layer processes are vesponsible for its maintenance, Subsidence with its
associnted adinbatic heating is without doubt a major sustaining mechanism. The layer is likely
to be synoriymous with the interface hatween the barotropic and boundaty zones (Harrison and
Theron, 1991; Theron and Ilarrison, 1991; Hartrison, 1993), suggesting that additional
therntodynamic mechanisms play a role In its development,
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~ The persistence of the layer ap‘péars to vary minimally with changes in synoptic
ci. -ulation, ranging from a frequen;:y maximum of 74% under pre-frontal conditions to a
minimum of 67% and 68% for post-frontal and ridging anticyclonic conditions respectively.
Under generally fine-weather circulation conditions the layer oceuts in a frequency range ovet
the country of 64% at Durban to 73% at Upington and Cape Town (Table 4.3).

The mean annual inira-station: varigtion about the mean base altitude is small (50 hPa).
The layer has a 4648 hPa deviation about the mean base for all stations except for Port
Blizabeth where the fluctuation reaches 61 hPa (Fig, 4.1). The maximum 95% confidence
interval, avetaged over all coastal stations ocors during pre-frontal conditions (78 hPa), owing
to anomalously high values at Port Elizabeth (130 hPa). The minimum confidence interval
oceurs during continental highs (36 hPa),

The discontinuity has an annual average depth of 51 hPa, with wn inter-station variation
“over the country' of 6 1Pa (Fig. 4.1). An annual maximum depth at Port Elizabeth (57 hPa) and
& tinimum at Springbok (41 hPa) are identified, indicating a low infet-station layer depth
variability (Fig. 4.1). Post-frontal westerly waves expetience the shallowest layer averaged over
the entire country (39 hPa) and ridging anticyclones exhibit the deepest mean layer (60 hPa)
with the rest of the stations occutring with identical depths of 51 hPa.

The coastal 800 hP - stable layer Is maintained predominantly by anticyclone associated
subsidence. Coastal boundary layer mechanisms such as ocsen to atmosphere heat fluxes,
diabatic conttols, topographical infl1ences and sed breezes may also contribute towards the
development of stability at this altitude.

412 The 700 hPa layer

The basnl Jevel of the 700 hPa stable layer varies littie over the country (Figs, 4.1, 4.2a),
yielding an annual country-wide standard deviation of only 13 hPa. The discontinuity base
level s highést over the cast coast (714 hPa) and west coast (716 hPa) and generally decreases
in height in an equatorward direction, A mean base height of 733 hPa is observed. The layer
o.ccurs at a maximum mean altitude of 708 hPa for ensterly waves and a minimum of 751 hPa
for post-frontal circulation over the subcontinent.
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Mean apnual stable layers (shaded) over Pletersburg (PI),
Pretoria (PR}, Bethlshem (BE), Bloemfontein (BL), Upington

* (UP), Springbek (SP), Cape Town (CT), Port Etizabeth (PE) and

Dutban (DB), Upper and lower 95% confidence limits for the
baga heights of the layers as well as the continenlal surface are
shown in each case
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CHAPTER 4

" THE DOMINANCE OF STABLE DISCONTINUITIES

Elevated absolutely stable discontinuities generally maintain remarkably constant
heights, depths, 95% confidence intervals and frequencies, regardless of the synoptic controls
placed upon theha. Combining the samples to give conditions more representative of the
circulation as a whole' is thus not umeasonable, The combined data based on radiosonde
ascents, thus give results which are tepresentative of mean annual simple circulatidn types.
They are not typical of complex situations Involving a variety of combined circulation types and
unclassifiable situations, It should also be borne in mind that the events analysed have, by and
large, been chosen to represent fait-weather conditions. Had rain producing situations been
chosen instead, the outcome would have been markedly different. Details of the results are
given in Tables 4.1, 4.2 and 4.3, ' '

4,1 THE STABLE LAYERS

4,11 The sub-escarpment 809 hPa layer

 The 800 hPa stable layer is identified 6nly over coastal regions, excépt at Upingfon
whete it oecurs with the prevalence of : idging antieyclonic ¢irculation. The base heipht of the
layer ocours on average at 842 tPa over tlie entire country, with a standard deviation of 22 hPa
and an altitude range of 830 hPa (Springbok) to 872 hPa (Port Elizabeth) over the coastal region
as a whole (Fig. 4.1), The mean layer base is, not surprisingly, lowest for continental
_aniié.yclonic circulation (876 hPa), Highest mean bases occur at 843 hPa for ridging higlis and
848-845 ' for pre- and post-frontal conditions respectively, The easterly wave influences
only a small portion of the 800 hPa Inyer, with the rest fatling under predominantly anticyclonic
influences. As a consequence the layer has a base altitude very similar to the equivalent iayer
during conitinental anticyclones (862 1iPa).
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54 DAILY PERSISTENCE OF THE STABLE DISCONTINUITIES

D\iring SAFAR], layered stable discontinuities were found to persist for extendec
periods of time. The 500 hPa layer on one occasion was present for 53 consecutive days with
only one break between nﬁd—Sejntember snd eatly November 1992 (Garstang, ef ., 1996;
Tyson et al.. 19965. By way of compatison, two specific cases from the present study will be
presented, in order to illustrate the daily persistence of ihe Iayers. Both will be taken from the
month of July only. '

An example which best illustrates, not oply the persistence of the stable .layers per 56,
but also the consistent layeted structure under strong mid-winter anticyclonic conditions is
given for Pieteraburg during July 1990 (Fig. 5.6). All three layers at 700, 500 and 300 hPa ate
clearly identified irrespestive of the changlng synoptlc situation. The 500 hPa layer is absent
for onlv one day, on the 22nd, during the imonth and is ot broken by the passage westerly
- waves, It ocours with the greatest persistence (96%) of the three layer and is found to be similar
to the layers identified during the SAFARI field observation petiod, In contrast the 700 hPa
luyer is destroyed on the 8th, two days after the passage of the fitst cold front. The second
westerly wave disturbance on 13 and 14 July was neither strong enough nor d'eep shough to
have any effect on the 700 hPa stable layer, but the layer is absent agein on the 18th and from
the 29th-31st, vielding a petsistence of 84%. The 300 hPa layer was present on only 24 days
out of 31 over Pietersburg, The 500 hPa layer oceurs with the greatest persistence and is found
to be similar to the fayer identified during the SAFARI field observat.on period,

The esaniple for Pretoria during July 1990 illustentes conditions where the 700 hPg layer
wag absent for only 2 days of the mowth (Fiyg. 5,7) and was not distupte - by any of the four
westerly wave disturbances passing through durier the month., In contrast, die 500 hPa layer
oocutred 71% of the time during the month, and the 300 LiPa layer for 90% of the time. Yet, ns
was mentioned above, over the perlod mid-September to carly November 1992, during
SAFARI, the 500 hPa layer has its persistence maximum of 53 days of continuous oceusrence

“over Pretorin, unculating up and down in posttion, The 700 Py layer over the same time period
during SAKARI seldom persisted for more than 7 days at n time without being dismpted
(Garstang, ef of,, 1996: Tyson ef e, 1996). It is thus evident thet although under complex '
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Figure 5.5  Menh frequencies for the (a) 700 i, (1) 500 hPa and (o) 300 hPa stable
Inyers for the July months frorh 19891993 :
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Figwe 54

Menn depths (hPa) for the (a) 700 hPa, (b} 500 hi%a and () 300 hPa stable
[nyars for the July months from [989-1993
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with a trough of relatively lower values extending from Port Elizabeth to the eastern interior.
This structure is evident only fov this layer, The iayer is telatively invariant over the countty
with # standard deviation of 28 hPa,

The mean depth of the. layer (62 hPa) is simila to those of both the two underlying

Inyers (55 hiPa and 57 hPa for the 800 hPa and 700 hPa layers respectively), and the depth of the

500 tiPa layer for continental aaticyclones throughout the year (59 hPa). The gfeatest depths of

apptoximately 70 hPa ocour over all of the interior stations, and decrease to just greater than 50
11Pa over coastal areas (Fig. 5.4b).

534 The 300 hPa layer L _

The 300 hPa layer base height for most stations is observed close to the mean value of
296 hPa, except for Pretoria where it falls to 318 hPa (Figs. 5.1; 5.2¢), The standard deviation
of the base height is 17 hPa. The form and spatial distribution of the base height of the layer
(Fig. 5.2c) the confidence interval (Fig. 5.3¢), depth (Fig, 5.4¢) and the frequency ocourtence of
the layer (Fig, 5.5¢) all suggest that upper air subsidence is the primary mechunism sustaining
the stable air, The base of the layer Is almost invariant with a maximum 95% confidence
interval of 26 Pa over Durban, |

The layer is deepest (84 hPa) over the south coast (Figs. 5.1, 5.4c). The discontinuity
mesn depth is 62 hPa which is approximately 15 hPa preater than during continental
anticyelonic circulations throughout the yeat, This increase in depth may be attributed to the
influence of westerly wave disturbances which penetrate even t» this altitude.

The mean frequency over the subcontinent (84%) is almost identical to the 300 hPa
layer during the continental anticyclonic citeulation (85%), The layer occurs with highest
frequencies over the southern constal and southern plateau regions (90%) (Fig. 5.5¢), and is
always present greater than 75% of the time.
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Flgute 5.3

95% confidence intervals (hPa) for the (1) 700 L, (b} 500 hPa and (e)
300 hPn stable layars for the July months from 1989-1093
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Interéstm_gly, for the i)revious si:udy the layers wete found to ocour with a 71% and 61%
persistence for Port Elizabeth and Durban respectively, and for the current findings the reverse
has been found with the layer vielding a persistence of 61% for Pott Elizabeth and 70% for
Duthban,

532 The 700 hPa layer _
~ Both the base height and the 95% confidence interval of the 700 W% stable layer are
lowest over the interior (Figs. 5.1, 5.2a, 5.3a), with a minimum base height of 756 hPa-at

Bloemforitein and a minimum 95% confidence interval of 16 hPa at Pretoria. Mesn base height

and bese height variability about the mean increase with distance towards the east coast |

reaching a maximum of 651 hPa and 32 hPa respectively over Durban, The increased
varigbility and height of the base over the coastal regions is atiributed fo the passage of constal
disturbances. The base heiglit of the 700 hiPa layer has the greatest Inter-star. -, varlability of all
the discontinuities during July, with & standard deviation of 40 hPa, This value [ substantially
higher than that of the equivalent layer for archetypal continental anticyclone (22 hPa)
throughout the yeat,

Conirary to expeclation the depth of the layer is preatest cloger to the core of the
anticyclone (Fig, 5.48), A maximum depth of 72 hiPa occuts over Pletersburg and minimum
depths in the region of 50 hPa are evident over Bloemfontein, Durban and Port Elizabeth, The
topogtaphy of the layer depth over the country is thus the reverse of the equivatent layer depth
during archetypal anticyclonic clreulation.

Highest frequencies for this layer are evident over the eastern plateau (91% for Pretorin
and 92% for Pletersburg) glving an indication of the strong continental anticyclonic controls
(Fig, 5.54), Port Elizabeth yields the lowest frequency of 72%.

533  The 500 hPa layer

‘The 500 hPs stable layer is similar in Its general strustuc: to the 700 hPa layer with the
stable layer buse height decreasing and the depih incrensing with distance fromn Durban (Figs.
5.1, 5.2b, 5.4b), The maximum base heipht (478 hPa) and frequency (93%) oceur over Durban,
and the lowest base (561 hPa) is evident over Port Elizabeth, A minimum frequency of 70% is
observed over Pretoria, The 95% confidence intervals and frequencies have a curlons structure,
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5.2 TI-IE SYNOPTIC CIRCULATION DURING JULY 1989-1993

Over the five July's during the time-period 1989-1993, continental highs were present
77% of the time and 40 westerly waves passed over the country, influencing mainly the coastal
regions, Of these 14 were sirong enough to penetrate into the interior, Ridging highs prevailed
with & frequency of 10% over the subcontinent, and no easterly waves were present. The
synoptic sitvatlons thus depicted wete by no means archetypal as they were in the petvious two
chapters. Rather they were complex situations whese more than one synoptic circulation type

“was concuttently preseht aver the sttbeontinent,
3.3 MEAN JULY ELEVATED ABSOLUTELY STABLE LAYERS

-Four elevated absolutely stable layers ate identified over the subcoitinent during July,
cortesponding to those present throughout the year, Details are presented in Tables 5.1, 5,2 and
5.3,

53,1 The sub-escarpment 800 hPa layer

The constal 800 hPa absolutely stable layer can be identified over both Durbin and Port
Elizabeth at the 838 hPa and 863 hPa respectively (Fig. 5.1). By comparison with the
anticyclonic circulations throughout the year, the mean bage height for the two stations is higher
at 851 hPa (Fig, 5.1). The layer base over both coustal stations fluctuates very little around the
mean altitude, exhibiting a mean country-wide 95% confidence interval of 22 liPa, Conlrary to
expectation this deviation about the mean base height is less than it is for continental highs,
Likewise, the depth of the layer does not vary significantly between the east and south coasts,
with a mean value of 55 hPa (Fig, 5.1). With a mean frequency occurrence of 66%, the 800 hPa
layer occurs less often than the overlying layers (Table 5.3). The passage of westerly wave
disturbances and local boundary layer mechanisms such as diurnal mixing over land, ocean to
atmosphere heat Tluxes over the sea and the otowrence of thermo-topographic winds and sea-
breezes conttol the frequency of the l'ayer.'

The regults in general ate similar to those of Diab (1975), with the first non-surface

inversion ocemring at 1570 meters and 1.80 meters for Port Elizabeth and Durban respectively
duting July, and yielding depths of 360 meters over Port Elizabeth and 460 meters over Dutban.
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Figure5.1  Stable layers (shaded) for the July months from [989-1993 over
Pietersburg (PI), Pretoria (PR), Bethlehem (BE), Bloemlontein
{BL), Upington (UP), Springbok (SP), Cape Town (CT), Pori
Elizabeth (PE) and Durban (DB). Vpper and lower 95%
confidence limits for the base heights of the layers as well as the
continental surface are shown in each case
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CHAPTER 5

MID-WINTER MAXTMUM ABSOLUTE STABILITY IN THE
- TROPOSPHERE

5l INTRODUCTION

The climatology presented in the previous chapters gives an indication as to the
oceurrence of absolute stability in the free-air throughout the year as a whole, It considers both
individual archetypal synoptic citculation types and the combined averages of those circulation

types, giving an annual representation. In this chapter the strongest stability conditions in the

annual eycle, namely those in mid-wisiter, will be considered for all 155 duys during the July

montk: from the period 1989-1993, irrespective of synoptic fype. July is the month during
which anticyclonde circu'ation is at its maximum frequency (cf. Fig, 1.7) (Preston-Whyte and

* Tyson, 1989). The influence of anticyclonic air flow on the development of elevated absolutely

stable layers is important for two reasons, First, it is the predominant circulation type over
southern Africa and as a conéequence has & major impact upon the general circulation; and
secondly, it is anticyclonic circulation which is the most instrumental in the formation of non-
surface stable layers, This aspect of the study is directly comparable to the previous research
(Taljaard, 1955; Diab, 1975; Preston-Whyte et gl,, 1977, Harrison, 1993) which has been
undertaken on non-surface inversions,

Only five of the nine aerological stations around the country are considered in this
analysis, based on their proximity to the enstern portions of the country, since these are the areas
most influenced by surface continental anticyclonie circulation. The five stations are
Pietersbutg, Pretorin, Bloemfontein, Post Elizabeth and Durban,
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couttiry-wide standard deviation. of 26 WPa; it is least variable at the 700 hPa layer with a

‘staindard deviation of 13 hPa. For most of the ldyets the base height inter-station fluctuations is -

greater. over the interior than the coast, Intra-station base height deviation about the mean for
the country as a whole is greater at the 300 hPa level (67 hPa) and least at the 800 hPa level (50
_hPa). Confidence intervals are lower over the interior than over the coast. The deepest layers
are those at the 500 hPa ¢nd 300 hiPa levels (65 hPa and 66 hPa respectively); the shallowest are
the 800 hPa and 700 hPa layers (55 hPa and 57 hPPa respectively). The layer depths are typically

the same over both coastal and plateau regions,

_ Over the central and eastern. plateau the average number of non-rain ddys per year varies
from 225-245 days per yeat. ... 61-67% of the time (Preston-Whyte and Tyson, 1989). The
500 hPa layer has an 85% frequency occtrrence and the 300 hiPs occurs close to 90% of the
time over the plateau throughout the year, The 800 hPa and 700 hPa have slightly lower
frequencies of oceurrence of 73% and 76°0 respectively, It would appear that the jayers are
only absent with active cumulus convection or widespread, strong and deep uplift associated
with near-surface convergence in rain-bearing systems, The lower layers are evidently
influenced to a greater degree by convection and turbulent mixing., In addition it should be
noted that the analysis time period was a dry spell over the subcontinent, which may sccount to

some degree for the high persistence.

LI B B N A

The mean conditions for predomlnantly falr-weathier events have been discusged,
and the stable discontinuities for predominant syvoptic circulation ¢ Jes have been
compared. Tn the next chapter mid-stmmer maximum absolute stabillty [s
considerod,
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7"4

7.5

'The average depth across 1] stations of the shallowest layer is 55 hPa at
the 800 hPa layer and is deepest at 62 hPa for the 500 hPa and 3110 HPa
layers. The standard deviation of the depths ranges froth & minimum of
6 hPa at the 800 hPa layer to o maximum of 12 hPa for the 300 hPa
layer, |

The daily persistence of the discontinuities varies significantly and Is not
necessarily dependant upon the prevailing synoptic cireulation,

The representativity of the SAFARI findings:

8.1

82

Four elevated absolutely stable layers were identified ovet the plateau
duing the SAFARY project at mean altitudes of approximately 700 hPa,

550-500 hPa, 350 l1Pa and the final was associated with the tropopause,

These base heights are verified by the current research ns being typical of
general circnlation over South Afilen,

The discontinuities during SAFARI were spatially coherent and
temporally persistent over the entire subcontirient. This is shown te be
case in the current findings.

Sustaining processes:

9.1

9.2

The sub-escarpment 800 hPa layer Is maintained predominantly by
subsidence. Coastal boundary layer mechanisms such as ocesn to
atmosphere heat fluxes, diabatic controls, topographical influences and
sea-breczes may also play a role in the development of stability at this
altitude,

The 700 hPa layer is sustained by upper ait subsidence over hoth the
constal and plaicau regions, Boundary layer mechanism such as mixing
and turbulence are prominent over the inteiior and influence the
development of the layer, In addition, this loyer over the coast
frequently forms a dynamic and thermodynamic interface between the
undertying boundary layer maritime air and the overlying subsiding aly,
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62

62.1

6.2.2

6.2,3

624

6.2.5

Post-frontal circulation: _

The rhosi frequently oceurring discontinuity, averaged across the country
as a whole, is the 300 Pa layer (79%) and the least frequent is the 800
hPa layer (67%). |

The mean base heights across the country, of the four layers are at 845
hPa, 751 hPa, 585 hPa and 400 hPa, with 2 minimum standard deviation
of all base heights of 7 hPa for the 800 hPr layer and a maximum of 55

* hPa for the 300 hPa layer.

Averaged across all stations, the 95% confidence interval for base
heights is lowest at 51 hPa for both the 800 hPa and 70 hPa layers and

highest at 98 hPa and 100 hPa for the 500 hPa and 300 hPa layers

respectively.
The shallowest layer averaged across all slations iy found at the 800 hPa

~level (39 hPa), and deepest at 300 hPa (82 hPya) which is the preatest

meat: depth value observed for the entire analysis. The standard
deviation of the depths ranges from a minlmum of 12 1iPa at the 800 hPa
Jayer to a maximmm of 25 hPa for the 700 hPa layer.

The 300 hPa layer over Springbok oceurs with 33% persistence which is
the lowest observed for the analysis aud is notably anotmalous,

Discontinuities at the time of mid-winter maxinwum stability:

7.1

7.2

?I3

Stable layers, averaged ncross all stations, occur with frequencles
ranging from 66% at the 800 hPa layer to 84% at the 300 hPa layer,
Mean base heights of 800 hPa, 700 hPa, 500 kPa and 300 hPr stable
layers are 851 hPa, 718 hPa, 531 LiPa and 296 hPa, The standacd
deviation of base helghts over the country varles between 13 hPa for the
800 hPa layer and 40 1iPa for the 700 hPa layer,

Averaged across all stations, the 95% confidence interval for base
heights ig lowest at 20 hPa for the 300 hPr layers and highest at 28 hPa
for the 500 lPa layer. | '
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52

53

54

The respective base heights of each layer over all stations occur at 862
hPa, 708 hPa, 546 hPa and 375 hPa, The maximum standard deviation
of base level iz 41 hPa for the 300 hPu layer and the minimum is 19 bPa
for the 700 hPa.

Averaged over the country, the base height intra-station variability of the
300 hPa layer is preatest with a 95% confidence interval of 56 hiPa; that

" of the 800 hPa layer is the least with 46 LiFg,

The deepest Jayers ate found at the 500 hPa and 300 hiPa levels (67 hPa),
and shallowest at the 700 hPa (44 hPa). Averaged over the whole
country, the standard deviation of the depth of all layers ranges from 10-
13 hPa for the three upper layers.

Stable discontinuities ussociated with westerly waves:

61

6.1.1

6'1‘2

6!1.3

6.1.4

6.1.5

Pre-froniy! cireulation:

The most frequently oceurring clisdontinuities, avetaged nctoss the

country as & whole, are the 300 hiPa layer (79%) and the 500 hPa layer
(78%). The least frequent is the 700 hPa layer (65%).

The mean base heights across the country of the four layers are at 848
P, 741 hPa, 545 hiPa and 394 hPa, with & minimum standard deviation
of all base heights of 31 hPa for the 800 hPa layer and a maximum of 51
1iPa for the 300 hPa layer,

Averaged neross all stations, the 95% confidence interval for bese
heights 1s lowest at 68 tPa for the 500 biPa Jayer and highest at 89 hPa
for the 300 kPa layer,

The deepest layer avernged across all stations is found at the 30¢ hPa
level (69 hPa), and shallowest at BO0 hPa (51 hPa), The standard
deviation of the depths ranges fiom o minimum of 12 hPa at the 800 hPa
layer to & maximum of 26 hPa for the 500 hPa layer., '

The 500 hPa layer is not present over Upington when post-frontal
circulation is prevalent,
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The standard deviation of the depths ranges from a maximum of 21 hPa
for the 700 hPa layer to 13-14 hPa for the rest of the layers.

4.5 Only with ridging highs does the 800 hPa layer not occur exclustvely
over the comst. With such circulation the 800 hPa stable layet is
identified over Upington 73% of the time, with & base height of 781 hPa,
a 95% confidence interval about the base level of 48 hPa and & depth of
54 hPa,

100
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Figure 6,2 Stable layer menn frequencles for continental antieyclones (CH}, ridging
asnticyelones (RH), ensterly waves (EW), pre-frontal westerly wowves (PE),
post-frontal westerly waves (PO) and annual elrculation comprising the
averaga of ali of the above (ANN]) for the time period 1986-1993, ond for
the July months from (9891093

5. Stable discontinuities associated with sasterly waves:
51 The 800 hPn and 700 hPa layers both have a frequency occurrence of

70% for the country as a whole, whereas the 500 hPa and 300 hPa layers
occur with higher frequencies of 82% and 90% respectively.
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Stable discontinuitics associated with continental anticyclones:

31

- 3.2

33

34

Stable layers oceur with mean frequencies across the country ranging
from 69% to 85%:; the 800 hiPa has the lowest frequency and the 300 hPa
layer hag the highesf. _
Across all stations mean base heights of the 800 hPa, 700 hPa, 500 hPa
and 300 hPa stable layers are 876 LiPa, 740 hPa, 554 hPa and 327 hPa.
The standard deviation of base helghts aver the couniry varies between
16 hPa for the 800 hP# layer and 22 hPa for the 700 hPa layet.

Averaged across all stations, the mean 95% confidence interval for base
helghts is lowest at 36 hPa for the 800 hPa layer and highest at 48 hPa
for the 500 hPa layers, . '

The average depih over the country of the shallowest layer is 46 hPa at
the 300 hiPa layer and is deepest at 59 hPa for the 500 hPa layer. The
standard deviation of the depths ranges from a minimum of 3 hPa at the
800 hPa layer to & maximum of § hPa for the 500 hPa layer.

Stable discontinuities associated with ridging anticyclones:

4.1

4.2

43

44

The three lowest layers, the 800 hPa, 700 hPa and 500 hPa layers, have
mean frequencies of oceurrence of 63%, 73% and 76%. In contrast the
300 hPa layer poeurs 91% of the time,

Mean base heights across the country of the 800 hPa, 700 hPa, 500 hPa
and 300 hPa layers are 843 hPa, 726 hPa, 527 hPa and 346 hPa, The
standatd deviation of base height over the country varies between 24 hPa
for the 300 liPa layer and 39 1iPa for the 700 hPa layet, '
Averaged across all stations, the 95% confidence interval for base
heights is lowest at 41 hPa for the 800 hiPa layer and highest at 52 hPa.
for the 500 hPa layer,

Ovet the whole country the nverage depth of the shallowest layer is 60
hPa at the B0O hPs layer and is deepest at 67 hPa for the 700 hPa [ayer.
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Fipura 4.1

Stable layers (shaded) for continental anticyclones (CH), ridging
anticyelones (RH), ensterly waves (EW), pre-frontal weslarly
waves (PE), post-Frontal westerly woves (PO) and annual
cireulation comprising the avernge of all of the abovr (AN) for
ihe time period 1986-1993, and for the July months from 1989-
1993 (JUL), Upper and lower 95% confidence limits for the
base heights of the layers ara shown In each case
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1. QGeneral characteristics of stable discontinuities over South Afiica:

Ll

13

14

- Four persistent elevated absolutely stable discontinuities have been |

identified over South Africa at the 800 hPa, 700 1iPa, 500 iPa and 300
hPa levels, .

The lowest discontinuity occurs below the mean height of the
escarpment at approximately 800 1iPa over the coastal regions.

Three overlying layers have been identified at the 700 liPa, 500 hPa and
300 hPa sttfaces. They occur both over the plateau and coastal regions.
The base height, depth, 95% confidence interval and frequency
structures of the stable discontinuities remain fairly constant irrespective

prevailing synoptic circulation,

2, Mean annual stable discontinuities:

21

2.2

23

24

For the year as a whole the 800 hPa layer occuts with a 70% frequency,
the 700 hPa layer with a 74% frequency, the 300 hPa layer with a 78%
frequency and the 300 hPa Jayer with a 85% frequency.

Annual mean base heights of 800 hPa, 700 hPa, 500 hPa and 300 4Pa
stable layers are 842 hPa, 733 hPa, 552 hPPa and 368 hPa rospectively.
The standard deviation of base heights vaties between 13 hPa and 26 hPa
over the conntry, '
Averaged acrogs all stations, the annual 95% confidence interval for base
heights is highest at 47 hPa for the 300 bPa layers and lowest at 50 hPa
far the 8§00 hPa layer.

The gverage annual depth across the country of the shallowest layer is 51
hPa at the 200 hPa layer and is deepest at 66 hPa for the 300 hPa layer,
The standard deviation of the depths renges fiom a minimum of 2 hPa ai
the 500 hPe layer to a maximum of 6 hPa for the rest of the layers,
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CHAPTER 6

CONCLUSIONS

Stable discontinuities act as vertical barriers to mixing and convection, inhibiting the
development of convective rainfali, The Iayers trap aerosols and trace gases below their bases,
constraining vertical dispersion and }imiting transport to the horizontal. Consequently, elevated
absolutely stable layers play a iarg'e role .. controlling the transport of greenhouse gases over
extenisive distances,

The ocearrence of inversions and stable discontinuities Lave long been recognised to be
of importance over southert Africa. Only tecently, however, has It been realised how persistent
elevated absolutely stable layers might be and how stable the layering structure may be
throughout the troposphere, In this dissertation the issue of the ocourrence and characteristics of
absolutely stable layers throughout the troposphere over South Africa have been addressed by
synoptic circulation type. These circulation types have been chosen to represent simple
circuiation patterns that have persisted at any one time for periods of up to five days at time,
Complex synoptic circulation types have not béen incorporated in the study, except when mid-
winter conditions have beet examined irrespective of synoptic type: A total of 2925 radiosonde
ascents were analysed to provide the climatology prosented. It must be borne in.mind that the
results obtained apply mainly to fair-weather conditions under which stable discontinuities are
most likely to form. No attempt has been made to determine the stability structure of the

atmosplere on rain days.

The main findings of the research may be summarised in Figures 6.1 and 6.2 and are

reviewed ags follows;
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LI B

Absolute stability has been analysed for complex synoptic circulation during mid-
wiater. The daily persistence of the stable discontinuities have been discussed and
compared with mean conditions for fair-weather svents and | revious findings,
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synoptic situations the elevated absolutely stable layers persist to varying degrees, they
nonetheless remain prevalent tropospheric features over the subcontinent,

5.5 SYNTHESIS

The structure of stable discontihuities in the troposphere over South Africa, comprising
four layers over the coastat regions and three layers over the interior plateay, dominate the mid-

 winter maximum conditions, With a greater degree of subsidence in anticyclonic conditions at

the time of the mid-winter maxitnum, stable Iayering' of the atmosphere over the subcontinent
might be expected to increxse. This is found not to be the case. The mean frequencies of the
discontinuities for all stations are almost identical to those for stable layers with continental
anticyclonic circulation, yieiding values of 63%, 83%, 82% and 84% for the 800, 700, 500 and
300 hPa layers respectively during July.

The mean intra-station variability for all stations, as determined by the 95% confidence
interval is significantly lower for all of the discontiiivities during July than for any of the
individual synoptic circulation types. Obe might have expect it to be greater because of the
increased frequency of westerly wave disfurbances affecting the country during winter with the
poleward migtation of circumnpolar westerties,

The depths of the 800, 700 and 500 hPa mid-summer stable layers are similar to those
for ali-year continental circulation conditions. The 300 hPa layer has a depth similar to the
mean depth of layers associated with easterly waves and ridging anticyclones, Mean base
heights for all layers, during July occur at similar heighis to those for ridging anticyclone
circulation types. The 300 hPa layer base height does however appear to be slightly h1gher than
the rest of the cireulation types.

A final and important point is that the SAFARI observations appear to have been highly
representative of conditions identified during mid-winter and indeed throughout much of the
year for non-rain days. Elevated absolutely stable discontinuities over southern Africa are
petsistent features of the tropospbate with continental and ridging highs, eastetly waves and
westerly waves, They maintain faitly constant heiglts and depths over vast areas of the
subcontinent much of the time.
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Figure 5.7 Stable discontinuities over Pretoria during July 1990
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Figure 5.6  Stable discontinuities over Pietersburg during July 1990
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suggesting that thermodynarnic mechanisms may contribute to its

development. _

9.3 The 500 hPa layer frequently coincides with the main subsidence
invetsion, and is maintained by thermodynamic heating and persistently
descending air. |

94 The 300 hPa layer is a subsidence feature, possibly associated with the

jet-stream and the tropopause. Its exact cause remains to be determined.

In conclusion, absolutely stability in the fres-alr of the troposphere over South Aftica
oceurs in a distinetly th_ree-iayered stracture over the plateau and a four-layered structure o.var
the coastal areas. it is a pervesive feature of the regional atmosphere throughout the year and the
layers are remarkably persistent at all four levels,

The consequences of the layering for rminfall as well as the accumulation of
anthropogenic and biogenic products in not only the lower atmosphere, but aiso throughout the
troposphiere are considerable. ‘With regard to the former; the persistence and strength of the
digcontinuities contribute towards the regulation of corivective rainfall, as the layers act as
vertical barriers to turbulence and mixing, Concernipg pollution accumulation the vertical
fransport of aerosols and trace gases is controlled by the layers both from the surface up and
from the stratosphere down. Once pollution has penetrated through one layer, accumnlation
will occur below the next and so on, The effects of the accumulation are evident to the naked

~ eye at 700 hPa and 500 hPa over interior of South Aftica, particulatly in winter. Frequently

distinet dust and haze belts are clearly apparent at these two levels. Once accumulation beneath
8 discontinuity has occuzrad, horizontal transport occurs preferentially at that height and tends to
be capped by the layer above, Vast amounts of aerosols and trace gases are recirculated over
the country as weli as being transported out of South Afica in this way. Hence, the

implications for pollution dispersic n and global change are considerable.
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