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PREFACE 

Rapid urban and industrial growth along the Natal coas t 

has occurred with little concern for charac t eristics of local climate. 

In general, industrial growth has t~~en place without taking into 

account t he po tential for pollution transportation during the winter 

season; ur ban areas have developed without consideration for the 

vital need in sub- tropical latitudes to maintain adequate mixing of 

the lower atmosphere. The apparent inadequacy in planning for 

climate has partly been due to a lack of understanding of ~he nature 

and characteristics of loca l wind systems. The motivation for this 

study stems , therefore, from the need to evaluate the influence of 

l and- sea and topographically- induced wind systems upon certain as­

pects of weather and climate on the Natal coast. 

During summer, moist and r e l atively cool a i r is advected 

almost dail y over t he Natal coast by t he sea breeze . Observations 

of spatial and temporal va riations of these winds were made in the 

period 1963- 69 from recording stations in the Dur ban area and along 

a 40- mile transect approximately normal t o the coast a t Durban. 

Comparable observations have not as yet been made in South Africa 

nor have there been a ttempts to examine the influence of sea breezes 

upon selected climate and weather phenomenon. In thi s latter connec­

tion the role of the sea br eeze is examined in two separate £ields 

in this study , namely urban climatology and thunderstorm development . 

Climatic discomfort caused by the combined e£fect of hi gh 

temperatur es and humidities on the Natal coast, is at a maximum i n 

urban areas . Since these areas are also highly populated , a need 

exists to evaluate the ability of the sea breeze t o reduce urban 
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temperatures by advection of cooler air over the area, by eddy 

diffusion of heat or by displacement of urban temperatures aw~ 

from poorly ventilated areas. Thus climatic discomfort in these 

areas may also be reduced. Detailed observations of the influence 

of the sea breeze, in particular, and wind in general, upon the 

spatial variation of temperature , humidity and human comfort were, 

therefore, undertaken in the Durban area. It is believed that this 

i s the first time an attempt has been made to describe the spatial 

distribution of a comfort index in an urban area. The results 

should be of interest to the a rchitect and town planner. 

The sea breeze, strengthened by gradient and valley Vlinds, 

is shown to penetrate at least 40 miles inland . In accordance with 

thi s , it is sugges ted that the inland invasion of marine air ta~eB 

place in response' to lowered pressure in adjacent inland areas in 

southern Natal and provides the moisture required to feed thunder­

storms which develop in this area. These storms subsequently move 

towards the coast following the retreating convergence zone between 

winds with an onshore and offshore component of motion and reach 

Durban after sunset. 

Land breezes are best developed in winter. Observational 

techniques were similar to those employed in the sea breeze study 

and provide the only detailed examination of spatial and temporal 

variations of land breezes in South Africa. Until recently the 

nature and characteristics of topographically-induced winds in Natal 

were also a relatively unexplored feature of local atmospheric cir­

culations. However, Tyson (1967) has examined local winds in certain 

Natal valleys and his prediction that mountain- plain winds reach the 

coast during the night is also examined in this study_ 

While the relatively weak. and shallow land breeze may be of 

secondary importance when compared with the sea breeze, it would be a 

mistake to underest..i.m ... "-~ the im-p,ortance of these winds upon certain 



xxi 

aspects of coastal climate. In p~rticular the tendency for land 

breezes to initiate cloud and precipitation at night is examined 

while the potential for the transportation of atmospheric pollution 

by these winds is also briefly discussed. 

A study of the diurnal variation of precipitation at 

Durban reveals a high frequency of low intensi~ precipitation at 

night. The nature of this precipitation differs in both frequency 

and" amount from high intensity rainfall which is the product of 

thunderstorm and frontal activity. It is suggested in this study 

that the land breeze plays a dominant role in providing the buoyancy 

necessary to cause nocturnal drizzle precipitation from shallow 

stratus cloud. 

The thesis is divided into four parts. Part I examines 

details of the physiography, weather, climate, observati~nal methods 

and analysis techniques. Because of the variability of weather on 

the coast of Natal that section is dealt with in more detail than 

Vlould have been deemed necessary for a similar study inland. \'li thout 

knowledge of the characteristics of the atmospheric circulation, the 

behaviour of local wind systems in relation to large scale systems 

could not be adequately discussed. 

In Part 11 land and sea breezes and topographically-induced 

wind systems are examined in detail. Emphasis is placed not only on 

the observational characteristics of these winds such as onset, depth, 

velocity gradient, surging, relation to gradient winds and dissipation 

but also on their relation to theoretical models of the relevant wind 

system. 

The influence of local wind systems upon selected climatic 

elements is dealt with in Part Ill. Characteristics of the diurnal 

variation of preCipitation are examined in Chapter 6. Rainfall 

frequencies and amounts are shown to be highest in the first half 
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of the night and a model is developed to explain the influence of 

land breezes and mountain-plain winds upon low intensity but high 

frequency nocturnal rainfall. High intensit,y but low frequency 

rainfall produced by thunderstorms also occurs soon after sunset 

and a further model is advanced to explain this phenomenon in 

relation to the sea breeze. 

The effect of air movement upon the spatial variation of 

temperature, humidity and a discomfort index in both summer and 

winter is examined in Chapters 7 and 8. The relationship between 

these elements has permitted the development of an empirical model 

to predict values across the city of mean midday summer and winter 

temperatures as well as discomfort index values. 

In Part IV the most significant aspeots relating to the 

study as a whole are sU!!llllaJ 'ised. In conclusion the potential f or 

the transport of pollutants by land breezes and topographically_ 

induced winds is briefly discussed as an aid t o planning and siaple 

spatial models are given showing generalised air movement and ven­

tilation characteristics in the Durban area and along the Natal 

coast. 
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by a generous grant from the Council for Scientific and Industrial 

Research. The nature of the work required numerous fieldworkers 
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Meteorological Office for ma-~ing weather records available, y~. 

Hurrypursad whose assistance in the darkroom was invaluable, Miss 

K. Mack who persevered ;vith the draft typing with cons iderable 

patience and Mrs . Foster- Storey \'I'ho typed the thesis. Grateful 

thanks are also extended to Professor P.D. Tyson for some most 
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PART I 

INTRODUCTION 
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CHAPTER 1 

TOPOGRAPHIC SETTING. WEATHER AND CLII-IATE 

1. 1 Topographic setting 

The Natal coastal belt, defined here as the area lying 

below 2,000 ft in altitude, widens from 15 miles at Durban to 35 

miles at Richards Bay and 60 miles at St . Lucia Bay (Fig. 1.1). 

South of Durban, incision by rivers through granite and resistant 

sandstone has produced deep, narrow valleys which extend to the 

coasti to the north the coastal strip becomes increasingly 10w­

lying and river valleys shallow and wide. The coast is not in­

dented but its smooth line is broken at Durb~~ by a steep-sided 

sand ridge, known as the Blu~'f, which diverges from the normal 

line of the Natal coast at an angle of a bout 14°. Similar sand 

deposits line the coast and in places stand as ridges above the 

beach zone. 

The Bluff ridge, which extends seawards at Durban, rises 

above 250 ft in altitude and dominates the coastal topography in 

th i s area (Fig. 1.2). The ridge forks 3.2 miles from its head and 

is approximately paral~eled 0.9 miles to the \'lest by the \'ientworth 

ridge. West of these coastal ridges a further ridge, known as the 

Berea, parallels the coast and rises above 400 ft in altitude. Due 

to . the divergence of the Bluff ridge from the line of the coast, 

the corridor between the coastal and Berea ridges widens towards 

the sea in the north . At Jacobs the distance between the base of 

the Wentworth and Berea ridges, taken as the 50 ft contour, is 0.3 

miles. The corridor then widens to 1.8 miles at Umbilo, 2.2 miles 

at Congella and 3 . 5 miles at the northern end of the Bluff. 

Natal Bay lies between the l)Juff and Berea ridges and is 
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enclosed to the north by a curved spit called the Point. The 

.floor of the corridor between the rid6'8S is flat and low-lying 

and consists largely of alluvium depo s ited by the Umbilo and 

Mhlatuzana 'Rivers which enter the bay in the south and the Ugeni. 

River which entered the bay prior to 1860 in the north. This 

latter river has since changed its course to drain into the sea 

3.5 miles north of Natal Bey. Further detai l s of the configura­

tion and geometry of the Durban area are given in Table 1.1. 

Table 1 . 11 Details of the configuration of the Durban 
area 

Approximate Approximate Trend 
Slope Altitude 
(deg) (ft) (deg) 

Berea ridge (east f ar:ing) 7 440 30 
Bl uff ridge (\'lest facing) 39 290 38 
Wentworth ridge (west facing) 18 270 38- 45 

Rivers in the Durban area h,ave entrenched narrow valleys 

through the Berea ridge . Table 1 . 2 shows that the Mgeni River 

valley through the ridge , is the most narrow and is referred to in 

this study as the Springfield Gap_ 

Table 1.2: Configuration details of valleys through 
the Barea ridge 

Width Trend 
(ft) (deg) 

at 2CO ft contour 

lolgeni River 1950 90 
Umbilo River 2250 140 
J.thlatuzana River 24CO 120 
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Fi g . 1 . 3 : UAP to Show physiographic regions of the coastal bel t 
at Durban: 

1. Bluff ridge 
2. Coastal alluvial .flats 
3. Coastal sand ridge 
4 . Hi l l and valley region 
5. I nterfluve region 
6. Pine town basin 
7 . Dissected valley- gor ge r egion 
8. Kloof plateau 

", .. 

Fi g . 1.4' Relief and location map of the Pine town basin 
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West of the Berea ridge a low- lying hill and valley region 

slopes up to interfluvial heights separated by entrenched east- west 

valleys (Fig. 1.3). The interfluves rise gently to 1,300 It east of 
t .:;7"r"L. 

the Pinetown basin, the average elevation of which i s about 1,100 ft . 

A sharp escarpment ris i ng to above 1,700 ft f or ms the 'ft'es tern edge or 
the Pine town basin above which the Kloof- Hillcrest pla teau extends 

westward for some 5.5 miles . 

The Pinetown basin is partly cut off from the sea by the 

1 , }OO ft Cowies Hill ridge . Fig . 1 . 4 shows that the floor of the 

bas in also constitutes the watershed between north flowing tribu­

taries of the Mgeni River d. south fl owing tributaries of the Umbilo 
/< 

River. Details of t he configuration of the basin are given in Table 

1.3 . 

Table 1.3= Detail s of the configuration of the Pine town 
bas in 

Approxi~Ate Slope 
(deg) 

SE VI 

15 18 

Width 
(mile. ) 

Approximate Altitude 
Ut) 

between 1,100- 1,200 ft contours at crest of scarp 

N-S E- V/ E w 

2.0 1.7 

In common with much of the geology west or the Berea, the 

Kloof-Hillcrest plateau i s cut across Table ~ountain Sandstone . The 

re sistance t o weathering and erosi on of the quartzitic strata in this 

s t ratigraphic series i s r esponsible for the steep- sided nature of the 

va lleys which the rivers have cut as they ad justed to base level .. 

Cons equently the Idgeni River fl?ws about 1,700 ft below the crest of 

the planed , gent ly seaward sloping Kloof-Hillcrest pl ateau region 

although only some 12 miles from t he coast . 
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The north- west margin of the Kloof- Hillcrest plateau is 

bounded by the steep- s ided slope of the west-f~cing Hillcrest 

fault-line scarp (Fig . 1.5). Below this scarp lies a highly dissec­

ted region drained by the Mgeni River. The interfluve region be­

tween the Mgeni River to the north and the lnazi River to the sou th 

extends almost to Pietermaritzburg as an upland area between 2,000-

2.5<XJ ft . 

1.2 Weather and climate 

1.2.1 Characteristics of pressure systems 

Atmospheric circulations over the Hatal coast are primarily 

influenced by sub- tropical anticyclones. These are most numerous 

along 36°S in summer, 320 S in winter and 34°S in the inter~ediate 
seasons (Taljaard,1967). A seasonal meridional oscillation of the 

,mean position of the Indian Ocean high i s largely due t o interhemi­

spherical mass transport, which is responsible for a pressure rise 

from January t o July in the southern hemisphere and e f all in the 

l atter half of the year . Vowinckel (1955) shows that from January 

to April, mass flux: from northern to southern hemispheres between 

longitude OOE and 9OoE, bypasses the still overheated African con­

tinent and is transported to the middle latitudes where , over the 

Indian Ocean, an extensive pressure rise results. By April, however , 

the cooling African sub-continent is able to accommodate the mass 

transport from the north and a pressure rise begins in sub- t~::-p~cal 

latitudes to reach a maximum i~tensity in July. 

The increase of pressure over SC'l'.! i;hern Africa is accoCIpallied 

by a movement of the Indian Ocean high into the western part of this 

ocean and it reaches ah.out 650 E in June (Vo~inckel,l955). This makes 

it the only maritime sub- tropical high pressure cell whose centre of 

gravity moves into the western part of an ocean. van Loon (1961) 
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attempts an explanation or this phenomenon by suggesting that the 

circulation over Australasia may influence the seasonal movement 

of the Indian Ocean high . Rapid cooling of the Australian contin­

ent in winter produces a source of cold air over the land with a 

relatively warm surrounding sea contributing to what amounts to fi 

warm source. A split in the upper westerlies results, an occurrence 

marked by the development of highs further south than elsewhere in 

the southern hemisphere and by cold pools and depressions at upper 

levels. It may be possible , therefore, to connect the mean zonal 
, 

high pressure oscillation in the Indian Ocean with the development 

and disappearance of the split in the westerlies over Australa~ia. 

The intensity of the wi nter anticyclone in the Indian 

Ocean i s greater than is to be found with anticyclones over all the 

other oceans (Vowinckel , 1955) . This characteristic, together with 

the westward and northward shift of the mean position of the high, 

exerts a profound effect upon the nature and characteristics of 

vlinter climate on the ' Natal coast. Lengthy spells of warm , dry, 

cloudless weather which accompany anticyclonic cells provide ideal 

conditions for the development of land breezes and topographically­

induced wind systems. These local winds also provide a mechanism 

for the transport , rather than dispersal, of atmospheric contaminants 

which collect beneath subsidence or radiation inversions. However, . 

in this season frontel depressions also penetrate further north than 

in summer to produce weather along the Natal coast which is imore 

charActeristic of temperate than of sub- tropical latitudes. The 

development of local wind systems is then inhibited by the ... stro.ng 

winds, cloud and possible rain that accompanies these depressions 

while accumul ated atmospheric pollution is rapidly dispersed . 

During summer the inter-hemispherical mass flux is reversed 

and movement is towards the northern hemisphere . This is succeeded by 

a weakening of the Indian Ocean high pressure cell end is accompanied 

by an eastward shift of the centre of gravity of the high to aaoE by 
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December (Vowinckel, 1955) as ~ell as by a southerly displacement 

of the axis of the belt. This latter movement is primarily re­

sponsible for a reduction in summer of the frequency with which cold 

fronts penetrate into sub- tropical latitudes. However, throughout 

this season the lower atmosphere along the Natal coast is well mixed 

due l a r gely to strengthened sea breezes and gradient winds and 

weaker subsidence inversions. 

1.2.2 Characteristics of weather systems 

, 
1. 2.2 . 1 lrnticyclones 

The Indian Ocean high must not be regarded as a permanently 

established element but rather as a composite of eastward moving 

~dividual cells. The movement of these anticyclones in t~e Indian 

Ocean belt occurs along a more restricted latitudinal zone than is to 

be found in the other oceans (Ta1jaard, 1967). In summer, for instance, 

the belt is only 8_12° ~ide with highest frequencies of anticyclone 

centres at 37°S (Taljaard and van Loon, 1963). Many of these cells 

skirt the Cape and south- east coast of South Africa, while the re­

mainder extend ridges eastward across the continent. The longevit,y of 

these cells is remarkable and attempts to trace their lifespan have 

suggested periods of up to 24 days. 

Subsidence from anticyclones result in the development of 

temperature inversions or quasi- isothermal layers at the boundary 

between cool, moist surface air and drier, warmer upper airl. At 

Durban two such stable discontinuities are frequently present. The 

1 Taljaard, Schmidt and van Loon (1661) define an inversion as "a 
rise in temperature exceeding 0.5 C over an interval pr 50 mbs 
in an up'"ard direction" and a quasi- i sothermal layer as "one in 
which the lapse rate is less than the saturated adiabatic lapse 
rate but in which the increase in temperature with height does 
not exceed O.5t?C per 50 mbs. 11 
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upper: generally above 700 mbs divides continentally modified tropi­

cal air from overlying superior air, while the lower divides tropical 

or polar maritime air from overlying continentally modified tropical 

air (Taljeard, 1955) . In Table 1.4 stable discontinuities in summer 

are shown to increase in frequency from the surface to 800 mbs but 

to decrease upwards in winter . This indicates a high rrequency of 

near- surface inversions in winter which differ from nocturnal inver­

sions by their presence throughout the day or for as long as the 

anticyclone persists. 

Table 1 . 4: Percentage frequency of stable discontinuities 
over Durban (after Ta1jaard, 1955) 

Elevation (mbs) Winter Summer 

1000 34.3 4.9 

950 13·0 12 . 9 

900 11.8 16.5 

850 9.5 19·7 
800 9.9 21. 7 

750 7.0 8.8 

700 2 . 1 2.2 

1. 2 . 2.2 C~clones 

In general the sub- tropical anticyclone belt overlaps the 

zone of cyclonic e.ctivity on its poleVlard side. However, in the 

western Atlantic Ocean a deviation from this pattern occurs. In 
o winter , cyclogenesis is most frequent in the belt between 25 Sand 

;5°S which is north of the zone occupied by most anticyclonic centres 

(Taljaard and van Loon , 1962) . From these latitudes cyclones move 

west- north- west to east- south- east in the Atlantic Ocean in a belt 
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which stretches from approximately 22°5 55OY, to 40°5 2QoE. The 

mean winter track of cyclones crosses the anticyclonic belt in 

mid-Atlantic so that only the effect of a trailing cold front is 

likely to be experienced along the south and east coasts of 

Southern Africa. 

Summer cycl ones exhibit the same directional character­

istics a s in winter. However, cycloge~esi9 now occurs more fre­

quently between 55°5 and 70°5 which is in accordance with the 

southward displacement of the pressure belts. The northern limit 

of the belt of high frequency cyclogenesis stretches f rom about 

40°5 off the coast of South America to SOoS in mid-Indian Ocean 

(Taljaard and van Loon, 1963). 

The seasonal meridional oscillation of the mean position 

of the sub- t r opical high pr~s9ure belt is r eflected in the f r equency 
1 o£ northward penetration of cold fronts. Table 1.5 shows that over 

a 3 year sample period, the highest frequency of cold fronts which 

passed Durban occurred in the winter months and the lowest frequency 

in the summer months . 

J 

1 

Table 1. 5: Frequency per month of the movement of cold 
fronts past Durban 1965- 67 (after S.A. Weather 
Bureau daily synoptic charts) 

F A J J A S o N 

1 .8 2.8 

D 

In order to r educe confusion over the identification of cold fronts, 
Taljaard, Schmidt and van Loon ( 1961) have suggested that they 
conform to ta narrow sloping layer with a vertical extent o£ at 
l east 3 kms , across which the temperature changes sharply in a 
horizontal direction by an average of , at least }oC in sub- tropical 
regions t • Thus a cold f ront is quantitatively defined in terms of 
its vertical extent and horizontal temperature gradient. 
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An example or atmospheric circulations and weather charac­

teristics associated with the passage of a cold front over South 

Africa is given in Figs . 1.6 and 1.7. At the surface the passage of 

the cold front which moved eastward across the country between 17 

21 May 1966, could be recognised by a temperature discontinuity . 

However, to understand the severity of the weather changes which 

accompanied the surface front, characteristics of the upper air wave 

pattern must be examined. 

By 21 May, a deep trough was located over the country . 

Cold but dry air was being circulated over the South African plateau 

so that no precipitation occurred. Between 17 - 20 May similar cool­

ing but with a corresponding increase ~n the moisture content of the 

air is shown to occur above 400 mbs at Durban. This was associated 

with deepening of an almost stationary low off the Natal coast. 

Divergence at 300 mbs to accommodate lower level convergence into the 

l ow was assis t ed by 110 knot wind over Durban. Precipitation under 

these conditions was continuous and heavy along the Natal coast on a) 

and 21 May . 

Coastal lows 

The term tcoastal low· is used for the relatively small and 

shallow low pressure systems, or pressure minima, ~hich develop over 

" and move in close proximity to the coast of Southern Africa between 

Walvis Bay and Lourenco Marques . At the surface the passage of a low 

is represented by a sudden change in temperature, pressure, wind direc 

tion and wind speed. Prior to the arrival of the low at Durban the 

temperature rises, the pressure falls and the pressure gradient steep­

ens so that north-east gradient winds freshen and may bloTI strongly. 

When this wind moderates the front is imminent and is generall y intro 

duced by si;rong and gusty winds from the south- l/est . Temperature now 

falls rapidly and pressure rises. 
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ISOTHERMS O. DAILY MINIMUM 
TE""PER ... TURES IN ·C. 

ISOHYETS OF" O.t.ILY RAINFALL IN 
"'ILLIIoICTRES. 

Fig . 1.7 Variations of daily mi nimum temperature 
(CC) a~d rainfall (mms) over South Africa 
with the passage of a cold front, 17- 21.5 .66 
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no sati sfactory explanation of these l ows exist. Rattle 

(1944) and van Lingen (1944) envisaged lows as endowed with fronts 

and represented them as waves travelling along a t semi- permanent 

south- east coast front ' . This front is defined as the discontinuity 

between mild Indian Ocean tropical maritime air and warmer continen­

tal or subsided air. 

Tal jaard , Schmidt and van Loon ( 1961) have examined coastal 

l ows in r elation to pseudo- frontal characteristics ahead of cold 

fronts and describe the existence of a ' leader front ' along which 

cool tropical maritime air displaces relatively uarmer tropical con­

tinental or subsided air. The movement of a leader front ahead of the 

cold f r ont along the south and east coasts of Souther n Africa frequent­

ly coincides with the presence of a pr essure minimum s ituated over the 

coast. This pressure minimum is found to coincide with the l owest 

elevation or the disturbed sub- tropical inversion and, therefore , r e­

presents the position or greatest subsidence and diver gence. The low 

i ndicates that divergence above the level of the inversion is in excess ~ 

of convergence near the surface. 

Although coastal ,lows are clearly related to the nature and ! 
movement characteristics of the large scale pressure patterns, they are 

not necessarily linked with cold 'fronts on t he Natal coast. As summer 

approaches the frequency of occurrence of coastal lows increases while 

th~t of cold fronts decreases . Table 1 . 6 shows that in summer the ' 

monthly frequency of these lows is considerab y_ higher than the cold 

front frequencies gi ven in Table 1.5 and in all seasons they are re­

sponsible for repeated weather changes a long the Natal coas t. Since 

l ows are as sociated with a decr ease in air temperature they may a l so be 
, 

r ecogni sed by variations in the height of the surface in response to 

the hydros tatic balance requirement s i n cold air. This i s demonstrated 

in Figs . 1.8 and 1 . 9 by a comparison of c~nstant pressure surfaces in 

January and July 1967 at Durban . The seasonal variati ons in occurrence 

of lows i s shown by more height changes below 2000 m in the for mer 
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1.8 I January 1967 vertical time section at Durban to 
shc\? 24 hour height change (metres) of' CODstant­
pressure surfaces 

Fig. 1.9 July 1961 vertical time section at Durban to 
show 24 hour height changes (metres) of constant­
pressure surfaces 
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than in the latter month. 

J 

9·0 

Table 1.6: Frequency per month of the movement of 
coa.stal lows past Durban 1965- 67 (after 
S .A. Weather Bureau daily synoptic charts) 

l! 
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I The model presented by Taljaard, Schmidt and van Loon ( 1961) 

offers an explanation of coastal lows which are linked to cold fronts . 

However, lows independent of cold fronts still defy a satisfactory 

explanation as to their origin and subsequent behaviour. The fact 

that coastal lows are preceded by upper winds with an offshore compo-

nent may be a pointer to ~he required solution . Their existence 
--'-l 

mainly over the sea also suggests that upper air divergence, which - . - -..-.:::-~ 

maintains the low , cannot cope with increased convergence produced by 

frictional inflo"R over the land4 

1. 2 . 2 · 4 Berg winds 

The domination of the atmospheric circulation over Southern 

Afric~ by a semi- permanent high pressure cell explains the occurrence 

of west to north- west air flow of continentally modified mariti me air 

and continentally modified superi9r air in the upper air over Durban 

(Taljaard, 1955)4 These winds contribute to yet another pre- frontal 

characteristic, namely the Ber g wind . These winds occur mainly from 

Apr~l to September and pr oduce the curious anomaly that the highest 

temperature of the year may occur in the winter season. 

A Berg wind is a hot, dry wind blowing from the interior, 

a condi tion commonly associated with a high pressure pattern with 

weak pressure gradients over the interior and an advancing depression 

over the coast . In the transitional zone bet"Reen anticyclone and ad­

vancing depression, pressure gradients, which trend parallel to the 
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coast, are steepest and subsidence and divergence occurs . The 

increased ;'Iind velocities break do .... n the sub-tropical inversion 

and air, already warmed by subsidence , is transferred downwards 

by t urbulence (Jackson, 1947; Tyson, 1964). 

A typical example of air movement characteristics under 

Berg wind conditions is shown in Fig. LI0. Throughout the morn­

i ng and early afternoon north-westerly winds prevailed to 5 ,000 ft 

and the offshore (negati ve) component of air movement is, therefore, 

consideraqly greater than the component parallel to the coast . 

Under these conditi ons large positive departures of temperature 

usually occur with height , humidity is low, skies are clear and 

turbul ence active . Berg wind conditions ceased with the arrival of 

the coastal low, which is shown to be shallow, of the order 2,000-

3,000 ft , with strong negative components of air movement parallel 

to the coast . 

Autographi c records which sho" the occurrence of a Ber g 

wind and a coastal l ow ere given by Fig . 1.11. Winds backed during 

the morning from north to north-west and this was accompanied by a 

sharp rise in temperature, fall in relative humidity and steadily 

decreasing pressure . At about 1120 the wind backed sharply to south­

south- west with the arrival of a 30 mpb wind. It is apparent that 

the temperature i mmediately fell while the relative humidity and 

surface pressure as suddenly rOse . 

1.2., Characteristics of cZimate 

Wind 

Mean monthly surface wind speeds at Durban reflect seasonal 

variations in pressure gradients of the large-scale pressure systems, 

the intensity of local circulations and stability characteristics of 
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air layers near the ground . Uean wind speeds are lowest between 

May and June when the frequency ruld intensity of anticyclones over 

the Natal coast is at a maximum (Fig. 1 .. 12). Relatively higher 

mean wind speeds during the warm season , November to April, axe 

due to steeper pressure gradients of the large- scale pressure 

systems as well as to stronger north- east sea breezes. Highest 

mean wind speeds occur from September to October, a transitional 

period at the end of winter which is a.ssociated with a reduction 

in the stability of the winter anticyclone and an increase in the 

northward ,penetration of frontal disturbances. Mean wind speeds 

in January and July for each direction are given in Table 1.7. 

Table 1.7: Mean wind speeds (mph) for each direction 
at Stamford Hill airport , Durban (after 

S.A. Weather Bureau 196:::» 

Wind direction January July 

N -5.6 4.7 
NNE 9.4 9.3 
NE 10.2, 8.4 --- ----.,.....--
ENE 8.1 6.7 
E 5.9 5.5 
ESE 5.2 4.4 
SE 5.8 5.1 
SSE 8.1 6.9 
5 _ 1; .8 11.5 
5$'1 15~ _ 15·7 

;;;;;:r- -sIr 9.6 10.8 
I7SW 6.; 8.0 
W 5.7 6.5 
WNW 4.9 6.2 
NW 4.8 5·7 
NNW 4.0 4.2 



2} , 

'0 

6 

• 
M.p.h . 

, 

2 

J f M • J J • • 0 " 0 

M ills. 

Fig. 1.12: Mean wind speeds (mph) for each month at Louis 
Botha airpor t, Durban (after S . A. Weather Bureau , 
1960) 

M.P. H, 

'6 

,. 
" 

" .. 
6 

• 
• 

' .. -----. .--.,------
... -........ . 

, , , 
/ 

... / 

, , , 

. , , , , 

, 
I , , , , , 

I 

. / 
./ 

..' 

./ 
i 

! 

.•.... .... ........ .. ......... 

.... --. ,. " 
.' , , " 

, , , , 

.... 
'. 

-. 

". 
'. •... 

• , 
" , , 

'. ....... 
.•.•.•.• , •.•••..••..•. Ju"e 

OL-'2~---:.----'.r----.6.---~'O,---"~2.---~' • .---C,~ • .---7,~.----'2nO---C2~2;---~2" 
.... tS 
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for each hour at Louis Batha airport, Durban 
(after S.A . Weather Bureau , 1960) 
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The diurnal variation of wind speed under goes a slight 

change in amplitude rather than in phase during the year (Fig . l . 13) . 

Maximum wind speeds occur at about 1400 but mean wind speeds at al l 

times are highest in October and lowest in June . High nocturnal 

mean wind speeds in October, relative to other months, are due to 

strong south- west 'Winds which blow at the rear of frontal depressions 

and may persist throughout the night. 

Wind measurements are also affected by exposure. Fig . 1.14 

shows that mean wind speeds are consistently higher at station 15 
(Louis Botha airport, see Fig. 2.1) where channelling of south- west 

or north- east Ylinds occurs, than at station 13 (Stamford Hill airport). 

On the other hand station 12, at a height of 932 ft was exposed to 

winds on all sides and in the summer season recorded higher mean wind 

speeds than station 15 . 

1. 2 · 3 . 2 Temperature and humidity 

February is the warmest and July t he cool est ~onth (Fig. 

1.15) . In summer vapour pressure and, therefore, r elative humidity 

is high, particularly at night, when l~~Ye nocturnal cooling at 

constant pressure soon causes the air to approach saturation. With 

high near surface absolute humidi ties the atmosphere is also kep,t 

warm at night by absorption and re-radiation of long wave radiation. I 
By day, eddy diffusion of heat by the sea breeze is mainly respon- J 
sible for lowering surface temperature but addition of mois ture to ~/ 

the atmosphere by this wind maintains a re~atively low saturatio)l ,ei~ "--. . ., :;;. £:: t.Lu." /<£/ _..,. ..... 
defl.cl.t, part~cll"- ly near the coast .. "1" L-~ ;';.' 
./<cw<'~[w -&y'-4 t:. .Jhe.- ~ ,;..L'(; [, 
f', er '( (.... r \' 

The winter months are cool and dry. Of interest is the 

occurrence of lowest relative humidity at 1000 in June. This is a 

period of calm and rapid surface heating, transitional between the 

land and sea breeze circulation. 
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STATION 12 
R ESE R vOIR Hil l S 

Ho y •• 

STATI ON 13 
!.UN fOllD HIlt 

STATION 15 
l OOlS e Ollu. 

Fig . 1.14 : 130pleth graphs showing monthly variations of mean 
hourly wind speed (mph) at Stamford Hill (station 
1 3) , Louis Botha airport (station 15) and Reservoir 
Hill s (s t ation 12) (partly after S . A. Weather Bur eau 
1960) 
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In fine weather produced by anticyclones , r apid surfac e 

cooling t akes place at night with t he subsequent devel opment of 

steep near-surface temperature inversions. Winter lapse rate 

measurements on 28 July 1967 to 400 ft at station 18 (see Fig. 2 . 2) 

~ Pine town showed that on this occasion t he inversion broke down 

at about 1000 and r eformed at about 1700 under clear sky and low 

wind condi tions (Fig. 1.16). Below 50 ft, mean l apse r ates over a 

10 day period, which included calm and unsettled weather condi t ions , 

indica ted a similar pattern with t he exception of an earlier inver­

sion breakdown (Fig. 1.17). 

The seasonal variation of temperature is not confined t o 

t he surface alone but extends throughout the atmosphere. Fig. 1.18 

shows that below 500 mbs atmospheric temper atures undergo a reduc­

t ion of 5°C to 7°C between s~~er and winter. Variability about 

the mean temperature is caus~d by the passage of coastal lows and 

cold fronts in winter and coastal lows in sucmer . In winter atmos­

pheric cool i ng by cold fronts i s expected to take place throughout 

t he atmosphere and a quasi- constant standar d deviation occurs at all 

levels (Fig. 1.19) . In autumn t his does not take place to the same 

extent. Although the winter anticycl one i s weakening in this season, 

near-surface subsidence inversions still exist and the breakdown of 

the inversion by more f r equent coastal lows produces a high standard 

devi ation below 700 mbs . During summer and spring subs idence inver­

sions are weak or lacking altogether and this effect is less obvious. 

* * * * * * * * * * * 

Characteristics of the ",eather and climate along the Natal 

coast have been dealt with in more detail than might seem necessary 

for a study of local circulations _ However , weather along this 

coastline is so variable at all seasons and the influence of 



travelling depress ions upon local winds is so !IlaI'ked that without 

an introductory reference to large scale weather systems , the 

nature of local wind systems could not be appreciated in their 

correct context. 
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CHAPTER 2 

OBSERVATION AND ANALYSIS 

2.1 Introduction 

The measurement of local climatological elements does 

not necessarily require a long-term period of observations before 

certain conclusions can be reached concerning time and space varia­

tions of the parameters. This reasoning has been recognised by 

Geiger (1965) and has been applied by Fisher (1960) and Frizzola and 

Fisher (1963) in the study of sea breezes, TYBon (1967f'\') in a study 

of topographically-induced wind systems and Goldreich (1969) in a 

study of urban temperatures. The analysis of short-term measurements 

of certain climatic elements has also been applied in this study. 

Local circulations were recorded at intervals during July 1963 and 

over a 4-year period from 1966-69 . The measurement of spatial tempera­

ture variations were made during July 1968 and beb/een November 1969 

to February 1970. In addition hourl y precipitation records extending 

over a lO-year period from 1958-67 were obtained from Louis Botha 

airport. 

2.2 Instrumentation and location 

2.2.1 The measurement of ~ind by balloons 

Wind measurement by balloons depends upon theodolite 

observations at regular intervals. Both the single and double theodo­

lite methods were adopted with the choice of method dependent upon 

t he parti cular requirements in terms of tracing air movement. 

The single theodolite method relies upon a constant rate 
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of balloon ascent.. A balloon to w.'1.ich a pre- determined weight is 

attached, is filled with hydrogen until it floats. Upon removal 

of the weight the balloon is no longer in equilibrium with its 

surroundings and rises with a lift determinted by the removed 

weight. The rate of ascent is expressed by the equation 

v = 
(L + W)t 

(2 .1) 

where V denotes rate of ascent in ft/min, W weight of the balloon in 

grams , L free lift in grams and q a constant taken as 275 for balloons 

with a diameter less than 90 inches (HMSO 1959). 

The pilot balloon theodolite records the angular position 

of the balloon at a particul ar instant by means of its az~muth and 

elevationa The former term denotes the direction of the point on the 

ground i~mediately below the balloon measured in degrees from true 

north; the latter term gives the angular height of the balloon above 

the ground. Since the height of the balloon is known from the rate 

of ascent, the application of trigonometrical ratios fixes the balloon 

position at each reading. Both direction and speed of air movement 

may be obtained from the balloon trajectory, the latter calculated 

from the balloon displacement per unit time. 

Results obtained using the single theodolite method are sub­

ject to errors, caused by departures from the computed rate of ascent 

of the balloon, which may be caused by vertical responses to isolated 

buoyant currents or downdrafts and to heating of the balloon . Error 

is also accumulated under "strong wind conditions. The accuracy of the 

single theodolite method has been examdned by Arnold (1948) and Ayers 

(1958) who compared this method to double theodolite measurements which 

served as a standard. A mean error in speed of approximately 1.0 m/sec 

and a height error of between 10 and 15 per cent was generally found. 
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Ball oon releases at regular time intervals using the 

single theodolite method varied 1rom 5- 60 minutes depending upon 

the measurement requirements. For instance, measurements aimed at 

recording win·d surge characteristi cs by day or night required 5- 10 

minute r eleases, whi l e over a 10-12 hour period local wind condi­

tions could be adequately described by 30- 60 minute releases. 5 

gram balloons were used with an average rate of ascent of 350 ft/min 

by day and 200 ft/min by n i ght. 

A pr imary concern of this study being the measurement of 

l and and sea breeze characteristics, wind speeds obtai ned from 

single t heodolite measurements were converted to onshor~ (positive) 

and offshor e (negative) wind components. In all cases the orienta­

tion of t he coastline was taken as 320. The variation of these c om­

ponents i s described by velocity isopleths in metres per second on 

vertical time or space secti ons. Wi nd direction to sixteen compass 

points is also accommodated on these diagrams. 

The double theodolite method requires a theodolite posi­

tioned at each end of a base line. Upon release of t he balloon , 

r eadings of azimuth and elevation are simultaneously taken at con­

secutive time intervals. The base l ine was drawn on a map with 

scale 1:18 , 000 and this line was used to plot intersecting azimuth 

angles thus giving the fix of balloon positions in the horizontal 

plane. Wind speeds were calculated from the spacing of balloon 

positions at time intervals while wind direction was given by the 

hori zontal displacement of the balloon. Since the elevation angle 

and horizontal dis t ance f r om the balloon release points was known, 

the height of the balloon at each reading was calculated from 

tangent tables. 

The main disadvantage of the double theodolite method is 

the difficul ty , along the Natal coast, of locating sui t able base 

lines in the horizontal plane appr oximately normal to the wind 

1 
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directionl • However , a constant r ate of balloon ascent is not 

assumed and changes in balloon height , due to diffusion of gas 

or vertical displaceoent of the balloon, i s ~easured . This method 

was used at times when it Vias necessary to record the character­

istics of lO\l - level air movement and on these occasi ons balloons 

were adjus t ed t o maintain a constant elevation or to ascend at a 

gentle rat e . Since the mai n concern of t he double theodolite 

method was to r ecord drainage winds rather than land or sea breezes, 

only true wind speeds were represented on vertical time sections. 

Low- l evel balloon flights using the double theodolite 

method require a slow rate of balloon ascent. To prevent the effect 

of r adiat i onal heating, a bal loon developed from a transparent poly­

thene material called Mel i nex was used during t he day. This material, 

which is transparent to solar radiati on and absorbs heat to an insig­

nificant degree in the infra- red wavelengths, proved most satisfactory . 

Diffus i on through the non- extensible Melinex balloon was negligible 

and could be i gnored as a force calculated to affect buoyancy within 

the period the ball oon "as likely to r emain visible. A double rubber 

30 gram balloon was a lso used t o counteract diffusion, the inner 

balloon containing hydrogen and the ou ter balloon air . The rate of 

loss of buoyancy would be initially zero , the gas escaping froe the 

i nner balloon being held in the outer balloon . The escape of gas 

through the outer balloon envelope only proceeds when an appreciable 

concent ration is built up in the interspace (Luces t Spurr and 

Vlilliams . 1951) . 

Night ascents r equir ed a light attached beneath the balloon. 

The weight of battery power ed lights proved prohibitive while the 

intensity of l i ght thus generated decreases with time . Ins t ead candle 

1 Another severe practical limitation of the double theodolite 
method is the number of fieldworkers required for its 
operation. 
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lanterns, in which the intensity of light emitted r emains constant 

until the candle i s exti nguished , were used in preference. It was 

also hoped that the increase in buoyancy credited to the balloon 

by the wasting candle would help counteract the loss by radiational 

cooling. The lantern was suspended about 6 ft beneath the balloon 

to prevent heH.ting errects . 

By day solar heating of the balloon caused an additi onal 

component to the r ate of ascent but diffusion of gas through the 

rubber membrane partly counteracted this effect. However, as 

balloons were tracked for only 10- 15 minutes it was felt that the 

error thus accumulated was within reasonable limits. 

Air movement in the Natal Bay area was observed by the 

single and double theodolite method and base linea and theodolite 

stations are shown in Fig. 2 . 1 . Theodolite stations were also 

located in the Ltgeni River valley to record topographically- induced 

wind systems and at sites along a line approximately normal to the 

coastline and extending ,6 miles inland (Fig . 2 . 2). The latter 

stations were located on the interfluve area between the J.igeni 

River valley to the north and the Mlazi River valley to the south. 

These stations were sited to record land and sea breezes and were 

l ocated as f ar as possible away from the influence of wind circula­

t i ons developed in deep valleys. 

2 . 2 .2 

1. 

The measurement of wind by anemometer 

Casel la anemometers were used for the measurement 

of low velocity nocturnal air flow in the Mgeni 

and Umbilo Ri ver valleys (stations 1, 2, 4). 

The instruments were mounted at the end of cross­

bars fixed to an aluminium mast 3 £t and 18 ft 

above the ground . A sensitive wind vane was 

mounted on the opposing end of each crossbar . Re­

cordings of wind speed and direction were taken 

a'~ 5 minute intervals • 
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A Lamprecht anemometer was u sed to obtain 

12 months· uninterrupted record from June 

1967 to May 1968 at station 12. 

The measurement of temperature and humidity by 

motor vehicle traversing 

With limited resources, motor vehicle traversing i s 

the most effective method of gathering a suitable a rray of tempera­

ture and humidity data and this method was adopted- £or data collec­

tion in Durban . Two thermistors, one to r ecord dry bulb and one wet 

bulb t emperature, were housed in an aluminium tube with length 8 ins 
~ 

and diameter 2.4 ins . The tube was mounted beside the f r ont left­

hand door of a rear-engined motor vehicle 54 ins above the ground and 

7 ins from the vehicle . Adequate protection from the direct rays of 

the sun was provided by the ~ and vent i l ation of the thermis t ors 

was a chieved through the movement of the vehicle. Readings were taken 

only when the vehicle was in motion at speeds be tween 20 and 30 mph . 

A potentiometer (a helipot graduated 0 -1000 was used in 

this case) balanced the voltage between a standard r esistor on one 

leg of a transistorised r esistance bridge circuit and the thermistor. 

The helipot readings were then calibrated to degrees centigrade 

against a standard mercury thermome ter. Frequent checks nere carried 

out against sudden deviat i ons of the thermistor from the original 

calibration but no significant change was per ceived over the field­

work period. 

Temperatures were recorded by day a t 110_ stations along a 

26 mile traverse shown in Fig. 2 .3. The traverse was started at 1229 

and t ook approximately one hour to complete. Since temperatures at 

the beginning and end of the treverse seldom differ ed significantly , 

no correction was applied to reduce temperatures to a common time. 
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Over a summer period from late November 1968 to early 

February 1969, ~ daily traverses were run in continuous spells 

of about one week irrespective of Vleather conditions. Winter mea­

surements were carried out over 10 days during June 1969. In both 

seasons the frequency distribution of temperature shows an almost 

normal distribution and it is felt that the data r epresent a reason­

ably good estimate of mean midday temperature over Durban. 

The spatial variation of ~inimum temperature over Durban 

was recorded by 5 traverses during July 1968 at 86 stations along 

a 39 mile route shown in Fig. 2.4 . These traverses were started at 

0400 and run only under calm, clear cloudless conditions. 

~ 

( Traverses in the Pine town ba~in were recorded a Q ta-

tions along a 24 mile route shown in Fig. 2 . 5 . This fieldwork was 

~ ~arried out in July 1968 and maximum (midday) and minimum (pre- dawn) 

~emperatures were recorded over 10 days . 

, 

2.2.4 Lapse rate measurements by tethered balloon 

Lapse rate measurements were accomplished by the suspen­

sion of a radiosonde beneath a Kytoon whi ch was tethered at the sur­

face in the Pinetown basin at s t ation 18. Similar me~surement9 could 

not easily be made i n Durban due to the danger to commercial aircraft . 

Movements of en artificially ventilated bi- metallic strip within the 

r adiosonde, caused by variations in air temperature, were converted to 

morse code and transmitted to a receiver at the surface. Temperatures 

were thus recorded at 25 ft intervals and the Kytoon was able to lift 

the instrument to 400 ft in cer tain conditions. This technique is 

complicated by wind . The Kytoon does not fly vertically under these 

conditions and an elevation angle measured by theodolite is required 

to obtain the correct height. 

, 
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2.3 Harmonic analysis 

Harmonic analysis is a standard technique and has been 

clearly outlined by Conrad and PolIak (1950,), Brooks and Carruthers 

(1953) and Panofsky and Brier (1963) . The technique permits any 

curve described by an array of data arranged in a natural time or 

space sequence to be expressed as the algebraic sum of a series of. 

sine functions. Each sine wave is successively called the first 

harmonic Vlhich has one maximum and one minimum, the second harmonic, 

with two maxima and two minima, etc. The harmonics are objectively 

described by values of wave e.mplitude and phase angle . In each case 

the total abscissal length of the harmonic remains the same and 

phase angles are obtained by shifting the curve to the left thus 

changing the values at which maxima or minima occur. 

This tech.."1ique has been widely used to define pe:"iodic 

fluctuations within a time or space series (Sutton 1953, Bryson 1957, 
Sabbagh and Bryson 1962, Horn and Bryson 1960, McGee and Hastenrath 

1966, Tyson 1968a, 1968b, 19698). Tyson (1969b) points out that the 

method consists of representing fluctuating data by a series of sine 

functions such that the variate X
t 

at time t is 

N/2 
= X + :E 

k " 
( 21Tkt ~) 

N + ~k (2.2) 

where X denotes the mean of the series Xt (t:::{), ••• ,N- l), rr = 180 

degrees, ak denotes the amplitude of the kth harmonic with phase 

angle CP k and N the total length of the period. ak and $ k are deter­

mined from 
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and 

tan $k 
P. (2.4) q. 

where 

N-l 
2 L X

t 
cos 2trkt (2.5) P' 0 

N t oO N 

and 

N-l 
2 L Xt s in 2trkt (2.6) q. 0 

N t oO N 

except in the case where k = N/2 when p is half the value g iven 

in Equation 2.5 and q is zero. 

If the variance components of the harmonics describing an 

observed curve are summed together the curve is closely fitted . 

However, the variance component of each harmonic is independent of 

the other harmonics so that the contributi on of the variance of the 

first harmonic to the total variance indicates the degree to which 

the first harmonic , specified by t he parameters amplitude and phase 

angle, fit the observed curve. The variance contributed by indi­

vidual harmoni cs to the total variance is given by 

except in the case of N/2 harmonics where the variance contribution 

is twi'ce the value given by Equation 2.7. Since the variance contri­

bution of each wave to the. total variance is known , a variance 
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spectrum may be obtained by plotting the variance ratio against 

the 1"requency (kill) or period (ll/k) 01" each harmonic . 

* * * * * * * * * * * 

Harmonic analys is ~as applied t o obtain an objective 

description of both temporel and areal varia tions of selected 

climatic elements. All calculations were performed on the I.B.U. 

1130 computer at the University of Natal. Periodic surges in 

land and sea breeze velocities obtained from balloon releases at 

5 minute intervals were examined by applying this method to en 

array of wind speed measurements arranged in a natural series . 

The spatial character of mean summer and winter te~peratures and 

summer discomfort index val~les over Durban was also examined by 

this technique . In this case the data array was ob tained from 

temperature or discomfort index measurements at regular intervals 

along a base line . An expression Vias then developed to describe 

the variance contribution of each harmonic to the total variance. 

Summation of each harmonic fUnction pr ovides a close fit to the 

spatial variation of these elements along the base line . 
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PART 1I 

. CHARACTERISTICS OF LOCAL WIND SYSTE~1S 
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CHAPTER 3 

SEA BREEZES 

3.1 Introduction 

~ing summer, moist and r elatively cool air over the see 

is advected almost daily over the Natal coast by the sea breeze. 

The characteristics of the circulation in terms of adjustment to 

the r otation of the earth and seasonal variations in the depth of 

the system have been descr ibed by Jackson (1954) . To add to this 

work summer variations in the depth and velocity of the sea br eeze 

at the coast as well as characteristics of its inland penetration 

have been examined. It is recognised, however, that the spa breeze 

is seldom unaffected by gradient winds of the large scale pressure 

systems and by topographically- induced winds in the dissected 

coastal hinterland. 

3.2 General characteristics 

The occurrence of a sea breeze during both sumoer and 

winter is a predictable event in fine weather conditions . In summer 

the sea breeze prevail s for about 11 hour s from 0900 until 2000; in 

winter the duration of t his wind is r educed to 7 or 8 hours and it 

blows from about 1000 or 1100 until 1000 (\'leather on the Coasts of 

Southern Afr ica 1941). 

An exact treatment of t he problem of developing a sea 

br eeze model was first attempted by Jeffreys (1922) who considered 

land- sea circulations as antitriptic winds in which only the fric­

tional and pressure gradient forces are s i gnificant . That this early 



model does not conforo more closely to reality is due to neglect 

of the influence of the earth ' s rotation . Jackson (1954) points 

out that as the sea breeze circulation on the Natal coast grows 

with time , the wind backs from east to north-east to make a small 

angle with the coastline. This observation is in agreement with 

the theoretical model developed by Haurwitz (1947) which shows the 

rotation of the sea breeze with time under the influence of the 

Coriolis force and observations by Staley (1957, 1959), Dexter 

(1958) and Fisher (1960) . 

Surface friction seems to be an i mportant consideration 

in the variation of sea breeze velocities during the day . In the 

simple solenoidal model developed by Bjerknes et al (1933), the sea 

breeze must be expected to set in at the time of maximum surface 

heating and reach its greatest velocity when the temperature gra­

dient changes from onshore ~o offshore. This is far from reality 

and the effect of friction was suggested by Godske (1934) to be an 

important contributing factor to closer agreement between the phase 

difference between the time of maximum land-s ea temperature differ­

ence and maximum velocities in the sea breeze circulation. This idea 

was examined in more detail by Haurwitz (1947) who showed, using 

Bjerknes ' circulation theorem, that by varying the friction term the 

maximum sea breeze velocities could be made to occur at different 

time intervals after the t ime of maximum land-sea temperature differ­

ence had been reached. He concluded that from friction terms observed 

on land, the maximum sea breeze should occur about 3 hours after the 

maximum land- sea temperature difference. Table 3.1 shows that mean 

hourly wind speeds recorded in February at Durban occur at 1400, 

approximately at the time of maximum temperature difference between 

land and sea. This shows that the friction terms used by Haurwitz, 

although they do not give close agreement with observations, are 

clearly acting in the correct direction. 

A clearly defined and dramatic 'frontal ' type onset of the 
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Table 301: Mean hourly r.ind speed (U) in mpn and the 
mean hourly l~~d-sea te~perature difference 
(.o..T) in QC during February a...'1d July at 
Durban (after S.A. "leather Bureau, 1954, 
1960; Wellington, 1955) 

February July 

Time U aT u 

8 2.7 -0.7 1.6 
9 3.3 003 1.9 

10 3.9 1.0 2.2 
11 4·5 1.4 2.6 
12 4.9 1.7 3·0 
13 5.1 1.9 3.5 
14 5.3 1.9 3.7 
15 5.2 1.6 3.8 
16 5.0 1.2 3.6 
17 4.7 0.7 3·3 
18 4.5 0 2.8 

aT 

-4.6 
-1.9 
0.5 
1.5 
1.8 
2. 0 
2.0 
1.7 
1.2 

-0.1 
-1.5 

sea breeze is not characteristic of the circulation on the Natal 

coast nor is it to be found in the h~~id tropics where, according to 

Kimhle (1946), steep land-sea temperature gradients are not common. 

Instead WexIer (1946) points out that the highest frequency of fron­

tal type sea breezes occurs in temperature latitudes. The absence 

of a frontal onset over the Natal coast is largely due to gradient 

winds over the sea which, due to frictional inflow or isobaric 

orientation, blow onshore once the land breeze has subsided. Cooler 

sea air is t hen advected over the l and and this inhibits the develop­

ment of a steep temperature gradient over the coast, particularly as 

the land-sea temperature difference is already smallo The basic 

ingredients for the occurrence of a well - developed sea breeze front 

are offshore gradient winds which advect strongly heated land air 

towards a markedly cooler sea so that a steep temperature gradient 

i8 established. 

Sea breeze circulations are considerably affected by 
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lati tude . In low latitudes v,here gradi ent winds and the Corielis 

force is weak and surface heating is strong, the sea breeze cir­

culation may dominate daytime air movement over the coast. In 

middle latitudes gradient winds invariably affect the sea breeze, 

either as a strengthening or as a weakening influence , while the 

Corielis force is more effective in rotating the wind during the 

day towards a small angle with the coastline thus reducing the on­

shore component of air movement while strengthening the component 

parallel to the coast. The Natal coast lies in sub- tropical lati­

tudes midwa,v between low and middle latitudes so that it is not 

surprising that the characteristics of both latitude zones should be 

found in the sea breeze circulation. 

3·3 Frequency of occurrence 

At its onset the sea breeze blows east- north- east to 

north-east as the example i n Fig. 3.1 indicates. Table }.2 shows 

the high frequency of these wind directions during both January and 

July the only other directions with comparable frequencies being 

south, south-south-west and south-west. These latter directions 

are, however, due to the passage of frontal systems past Durban. 

Although these post- frontal winds are associated with high wind 

speeds which tend to subdue the sea breeze circulation, a variation 

of wind direction is nevertheless usually evident during the day as 

winds back from south- south-west and south-west to south-south- east 

and south- east . 

The sea breeze occurs more frequently in summer than in 

winter. The highest path taken by the summer sun is only 6° 20' 

from the zenith so that surface heating is more intense and of longer 

duration than during winter when the maximum angle of the mid- winter 

sun is 53° 20 ' from the zenith. The sea breeze can only set in when 

land temperatures exceed those over the sea. Consequently, reduced 

I 
"I 

I 
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Ta.ble 3.2 : Frequency of wind. direction per 500 f or 
the 12 daytime hour s only at stati on 1 3 , 
Durban (after S.A. Weather Bureau 1960) 

January July 

N 3.1 8·3 
NNE 49.1 40 . 9 
NE 74·7 59.2 
ENE 53 .8 18.1 
E 11.0 6. 9 
ESE 8.9 6.4 
SE 19.3 11.3 
SSE 23.6 14·1 
S 49· 4 32 . 2 
S5'.7 79 · 9 51.8 
sw 40 . 6 36.7 
VlS\7 5.5 11.6 
VI 0.4 3·4 
YINW 0.6 7.4 
NW 1. 6 19.7 
NNW 1.4 19·8 
CALM 75.9 153.2 

surface heating in winter tends to inhibit the gro'nth and duration 

of a Bea breeze circulation. That conditions are more favourable 

for the continued existence of an offshore temperature gradient 

during ,,.inter mornings, is suggested by the relatively high July 

frequency of occurrence of offshore north-west and north- north­

west winds . 

. 
Inl and penetration 

The diuinal variation of wind direction at the coast, 

which varies from offshore at night to onshore during the day, may 

be found to occur throughout Natal. Tyson (1966, 1968a)has des­

cribed the development of a mountain- plain wind during the night 

and valley winds during the day and he suggests that both these 
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winds extend across Natal from the Drakensberg to the coast . 

However, these circulations are topographically-induced and to 

them must be added the effect of land- sea circulations and gradient 

winds. It will be shown in a later chapter that the land breeze 

d:::o::e::s~n::o::t:-.:e::x:.t::e~n:.:(l::·_Ill::::o:or.::e~. -,t",h"'Bl1 .20 mil~_~ inland as a sep-~§._te circul§o_tion. 

However, the sea breeze may under" sui table eondi tions and strength­

ened by gradient winds, extend considerably further . This is de­

picted in Figs. 3.2, 3. 3 and 3.4 which show the onset and develop­

ment of an onshore circulation at recording stations situated pro­

gressively .further inland as far as Mpushini (station 21). 

The sea breeze circu lation penetrates without difficulty 

to above the Kloof plateau. Fig. 3. 5 shows that by 0900 on 6 De­

cember 1967, the shear line, marked by a 'l'/ind shift between on­

shore east- north- east winds and offshore northerly winds, lay be­

tween stations 17 and 19. ~y 1000 the sea breeze had extended 

beyond station 19 although on this occasion a shallow northerly 

wind still persisted at the surface . No dramatic frontal change 

accompanied the wind shift and onshore winds were weak at first but 

strengthened later. Maximum onshore wind components tended to occur 

over the coastal area and to weaken progressively with distance in­

land. 

The depth of the onshore wind system increases in the 

vicinity of station 17 and this must be partly attributed to the 

abrupt 700 ft altitude rise from the Pine town basin to the Kloof 

plateau surface. A particularly good example of this deepening 

from observations made on 4 January 1968 is shown in Fig. 3.60 

Having ascended onto the Kloof plateau the wind shear 

advances across the J.'i1azi - Mgeni River interfluve and reaches 

Pietermaritzburg on occasions . Fig. 3. 7 shows that on 11 Janua ry 

1968, onshore winds, possibly cf marine origin , passed station 21 

by 1000 . In general the rate of movement of the shear line varies 
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considerably from the relatively rapid advance of about 8 m/sec 

recorded in this example to much slower rates of about 4 m/sec . 

The onshore air layer deepened during the morning and by 1500 the 

height of zero wind component was 1,700 ft at station 21 and 1, 500 

ft at station 10 with a f amiliar bulge in the height of zero wind 

component over station 17 where the layer was 2,400 ft deep . On­

shore wind components were stronger seaward of station 17 at 1000 

and 1300 and this suggests that the main energy of the sea breeze 

circul ation and probably the zone of strongest land- sea temperature 

gradient was concentrated in this area . By 1500, however, backing 

of the wind in response to the Coriolis force weakened the onshore 

wind components near the coast. 

Although the sea breeze circulation appears to be strong 

and deep enough to move across the Kloof plateau, it is suggested 

that further inland penetr ati on is accomplished by the additior~ 

assistance of other wind systems . By 1500 on 11 J anuary 1969 , 

east- north- east winds at station 21 showed a strong onshore com­

ponent relative to the coastal area and seem , therefore , to be the 

product of forces generated other than by the sea breeze circulation. 

Valley winds which deepen to above ridge level (Tyson, 1968f'~) offer 

one explanation; another may be sought in the combined effect of sea 

breezes and gradient winds particularly as onshore circulations have 

been traced from the coast . A more probable conclusion, however, is 

that these winds represent the combined effect of all three wind 

systems. 

Valley winds which i nfluence air movement over stati on 21 

would be generated mainly in the Mgeni River valley. As these winds 

d~epen to above the level of the inter fluve which separates the 

Mgeni and Mlazi River valleys, entr ainment into the combined onshore 

g:i-adient \vind and sea breeze system would occur . Observations on 26 

January 1968 shown in Fig. 3 . 8 indicate north- east winds at the coast 

but easterly winds near the surface further inland .. It is suggested 
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that in this case east is the resultant wind direction between 

deepening valley winds and the gradient wind- sea breeze system. 

Unlike an advancing sea breeze front , which is associated 

vii th strong vertical currents usually identified by cloud (Leopold , 

1949), the moving shear line in Natal is not accompanied by cloud 

development. However , vigorous cumulus growth in the Kloof pl ateau 

area, coupled with a tendency for the altitude of zero wind com­

ponent to increase in this area, does suggest a zone of str ong ver­

tical motion 10- 15 miles inland from the coast. 

The movement of a shear line separating onshore from 

offshore wind components was not traced beyond station 21. However, 

from obser vations by Tyson (1963a)it seems likely that much 01 this 

onshore air movement is integrated, near the surface, into a regional 

valley wind which by day bl')W9 east- south- east to south-east over 

Natal. 

I t is di11icult to evaluate the influence of pressure 

systems in Natal upon these local wind systems. In particular the 

presence of a lee depression in East Griqualand and southern Natal 

may be r ecognised by consistently lower pressures recorded at Kokstad 

than at Umtata, Cedara or Estcourt (Table 3.3). 

Table 3. 3: Mean height in geopotential metres of the 
850 mb surface during Ja~uary 1969 at 
weather stations in the Transkei, East 
Gr iqualand and Natal (after Durban Meteoro­
l ogical Office daily 1400 synoptic charts) 

Umtata Kokstad Cedara Estcourt 

501 480 494 492 
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An example of 1400 synoptic conditions on 11 January 

1968 shows that a1 though pressures reduced to 8:0 mbs v:ere 

generally low over eastern South Africa, lowest pressures over 

the land were to be found over the interior of southern Natal 

and East Griqualand (Fig. 3.9). Although this low may reflect 

pressure variations over a much larger area than the Natal i nterior, 

it was probably intensified by the development of a lee depression 

caused by strong north- west winds blowing over the Drakensber g. 

This low may produce a monsoon effect and be responsible for an 

added component of onshore winds towards the lintal interior. 

Depth and velocity characteristics 

The depth and velocity of the sea breeze is characterised 

by day to day variations. ?his may be attributed in particular to: 

(a) Changes in the strength and direction of the prevailing 

gradient wind . This is of particular significance on 

the east coast of South Africa where the high frequency 

of coasta l lows pr oduce a Vlind shift from north- eas t to 

south- west every few days . 

(b) Changes in lapse r ate. Wben unstable atmospheric conditions 

persist near the sur face, heat generated by r adiational 

warming of the land is spread through a deeper l ayer than 

under stable conditions and this would tend to r estrict the 

development of a steep thermal pressure gradient. However, 

cloud development is also characteristic of unstable ai r and 

the release of the latent heat of condensation may more than 

counteract the initial reduction of a land- sea pressure 

gradient. 

(c) Varic.tions in surface heating. The formation of a cloud 
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cover over the land soon after sunrise retards surface 

heating and thus inhibits the sea breeze circulation. 

Nocturnal rainfall, a common phenomenon at Durban, not 

only cools the air layer near the ground but also delays 

the daytime rise in temperature nhile the saturated soil 

dries out . 

Certain variabl es remain unchanged, however, and they must 

exert a considerable influence upon the sea breeze. These include: , 

(a) The topography which is deeply incised by rivers 

.flowing north- west to · south-east. Topographically­

induced up-valley winds must strengthen the sea 

breeze particularly in the lower layers. 

(b) With the exceptio:"\ of urban areas the landscape is 

largely grass-covered so that the rate of surface 

. ~ heating affected by this factor would not differ 

significantly from area to area. 

In fine weather the sea breeze deepens steadily over the 

coast. Fig . 3.10 shows that a well - developed sea breeze circulation, 

r ecorded on 28 November 1968 from station 2, deepened from 1,100 it 

at 0920 to 2,700 ft by 1220 at a rate of 9 ft/min. On this occasion 

east and east- south- east winds near the surface were due to the in­

fluence upon the sea breeze of low-level gradient winds over the sea 

which were veering in response to an advancing coastal low. The 

height of zero wind component at 1100 was about 2,000 ft and it is 

interesting to note that this is in approximate agreement with the 

model developed by Fisher (1961) for a sea breeze circulation at this 

hour (Fig . 3 .11). Fisher used sea breeze observations from the lfew 

England coast aB a basis for the integration of non-linear sea breeze 

equations at consecutive time intervals . 
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,r"'rom components of mean winds norm9.1 to t he coast 

observed from pilo t balloon ascents a t Dur ban , Jackson (1954) 

concludes that in summer t he onshore air current is between 2,000 

and 3 , 000 ft . In addi tion t his height "as found to vary in accor­

dance with the stabili ty of th e upper air with shallow sea br eezes 

associated with low- level subsidence invers ions . The infrequent 

occurrence of onsho~e winds above 3,000 ft is also shown in Table 

3.4 which indicates resultant wind directions computed from Decem­

ber to February 1965-66 1400 radiosonde ascents at Durban. Re­

sultant winds are easterly at 1000 mbs and northerly at 900 mbs . 

Table 3. 4: December to February wind resultants over 
Durban (after S.A . Weather Bureau Rawin 
data 1965- 66) 

Pressure Me-m Height Resultant Directi on 

(mbs) (rt) (deg) 

1000 }5} 92 

900 }}}5 }56 

800 6628 302 

The increased stability of the upper a ir during winter and 

the greater frequency of subsidence inversions at levels lower than 

those characteristic of summer (Taljaard t 1955) means that in general 

sea breezes would be s hallower in winter than in summer. Fig. 3.12 

shows tha t on 7 July 1967 the onshore east and nort h- east wind deep­

ened over s tation 18 from 200 it at 0845 to 2,000 ft at 1800 at a 

rate of 3 . 24 ft/min. At l}OO the height of zero wind component was 

some 1,740 ft below that predicted by Fisher for a simila r hour. 

Despite the gradual deepening of the sea breeze circula­

tion over the coas t during the day, the zone of maximum onshore wind 
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components remains approximately constant . This is apparent in 

Fig9.3 . 10 and 3.13 a.'1d mean values of the components shown in 

Fig. 3. 14 indicate that maximum velocities were located between 

500 and 1 ,000 ft. In the ~odel developed by Fisher (1961) maximum 

onshore components are located between 640 ft and 1,300 ft. 

On some occasions the wind profile r ather than the zero 

vdnd component is an i mportant indicator of the presence of a sea 

breeze circulation. On 3 December 1968 (~g . 3. 13) a fluctuating 

zero wind component was clearly not associated with the sea breeze 

but was due to · slight variations of t he gradient wind away from a 

direction parallel to the coast . Upper gradient winds suppressed 

any tendency of the sea breeze to deepen and its existence could 

only be recognised by maximum onshore components below 1,000 ft. 

3. 6 Surging 

In the zone of maximum onshore wind components in Fig. 

3.10 and Fig . 3. 13, clearly recognisable surges are pr esent. This 

aspect of the sea breeze appears to have r eceived very little atten­

t ion although Wallington (1959) has recognised surges at the sea 

breeze front over south- east England and Pearce (1962) describes 

10 minute pul ses in sea breeze velocities from anemogram recordings. 

Pul sating variations in the wind at inland stations are also recog~ 

nised in the model devel oped by Pearce (1962) although they do not 

seem to appear in similar models developed by Fisher (1961) and 

Estoque (1962). Pearce cites sur ge-type solutions found by Ball 

(1960) to be associated with the Coriolis terms in the equations of 

motion as a possible explanati on of this phenomenon . Ho ..... ever, it 

may also be suggested that as onshore components of air movement due 

to the sea breeze and gradient wi nds increase, temperatures in the 

lower layer of the atmosphere may be temporarily lowered by advection 

of cooler sea air over the land and to eddy diffusion of heat. The 
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sea breeze component or t he onshore air movement may t hen be 

temporarily weakened by reduced baroclinity. A return to the 

previous velocities takes place as a surge and this a.waits upon 

t he renewal of the pre- existi ng temperature gradi ent by s urface 

heating . 

The process described above could a ccount for periodic 

surges in the sea breeze and since surging seems to take place as 

a low frequency velocity oscillation it can be described by har­

monic analysi s . A variance spectrum is ob t ained by plotting the 

variance r atio given by Equation 2.7 against the period of each 

har monic . By t hi s method wind speed measurements on 28 November 

1968 and 3 December 1968 from stati on 2 give periods of 60 and 120 

minutes (Fi gs . 3 . 15 and 3.16). The period ' .... oul d , however, be 

expected t o vary from day t o day with changes in direction and 

speed of gradient winds and variations in the land- sea t emper a t ure 

gradient . 

3.7 The effect of gradient winds 

Prevailing directions of gradient winds along the Na t a l 

coast are north- eas t and south- west . The former is the result or 

air circul ation about eastward moving highs; the latter due t o the 

orient ation of pos t - frontal pressure gradients . The sea breeze 

circulation is super imposed upon t hese winds and the nature and 

char acteris tics or the r esultant wind is considerably determined 

by the speed and directional characteristics of the gradient wind. 

\~nen the pr essure gradient about a prevailing high is 

slack, 10\'1 velocity north- east gradient l'"inds r esult and it is under 

these conditions that characteristics of the sea br eeze can be best 

observed. Subsidence and upper air stability are usually associated 

with these pressure gradient conditions so that a shallow sea bree ze 

must be expected . The inland penetration of the shear line be tw een 
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onshore and offshore wind components is slow and the velocity of 

onshore wind components weak. HO\7eVer, in the vicini ty of the 

coast, grouth of the sea breeze circulation generates progressive­

ly stronger onshore winds. On 16 January 1968 each of these 

characteristics were observed from balloon ascents (Figo 3017). 

AB a cold front advances north-east up the Natal coast, 

pressure gradients steepen and north- east gradient winds blow 

strongly. Under these conditions it is difficult to separate the 

weakened sea breeze components from the gradient wind. Observations 

on 22 January 1968 shown in Fig. 3.18 suggest that pressure gradients 

steepened sharply after 1200 as a low advanced up the coast, so that 

by 1500 the principal component of onshore east- north- east winds was 

derived from pre- frontal gradient winds rather than from land-sea or 

topographically-induced wind systemso 

Post- frontal south- west winds are usually strong and turbu­

lent and are associated with cool near-surface atmospheric tempera­

tures . Cloud is common and rain may fall. Warming of the land is 

inhibited by these weather conditions so that only a weak sea breeze 

is usually apparent . Observations on 20 J~~uary 1969 shown in Fig . 
3. 19 indicated the periodic occurrence of a possible sea breeze 

effect as stronger onshore components of air movement appeared in the 

form of surges. These southerly winds were then overcome by south­

squth-west gradient w"inds. 

On other occasions such as 5 July 1961 (Fig. 3.20) a sea 

breeze blew south- south- east from 1030 having backed from west- south­

west and south- sbuth- west. Maximum onshore components occurred at 

1400 approximately at the time of grieatest land-sea temperature 

difference. It is interesting to note that a clearly defined west­

south-west return current prevailed above the sea breeze with maximum 

offshore wind components in phase with maximum onshore wind compo ­

nents. 
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tions . Observations on 5.7.67 from station 
18 
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Anticyclonic cells which move eastward behind cold 

front s cause gradient wind direc tions to return t o north- eas t and 

bring i1armer, clearer weather. It is not unusual, therefore, f or 

winds to back through about 2250 from an offshore west- south-west 

land breeze direction in the early morning towards an offshore 

north-north-east direction in the evening. Such an occurrence 

is shown in Fig. 3.21. 

Less usual is the swift change in wind directi on from 

south-west to north- east. Observations on 26 July 1967 indicated 

in Fig. ,.22, show that onshore south- south- west and offshore south­

west winds prevailed until 1400 abruptly followed by onshore north­

east winds. The model developed by Estoque (1962) and observations 

by Koschmeider (1941) suggest that in this case the advection of 

warmer land C!oir towards the sea by o.ffshore winds tends t o produce 

a strong horizontal t emperature gradient within a thick layer of the 

atmosphere and, therefore, a correspondingly steep pressure gradient 

near the surface . The sea breeze arrives as a local front when the 

onshore pressure gradient exceeds that generating the south-west 

wind. It must be emphasised, however, that this case is also associa­

ted with a return of' the gradient wind system towards the prevailing 

north-east direction. 

* * * * * * * * * * * 

The influence of the s ea breeze upon certain climatic 

elements is considerable and this topic is examined in greater de­

tail in later c~apters. However, at this stage it should be noted 

that during the summer months, the cool, strengthened sea breeze 

lowers the level of' climatic discomfort and displaces the urban 

heat i sland away from the Durban centra l business district. It is 

suggested that these winds are also indirectly associated with the 

l 

• 
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occurrence of evening thunderstorms over the Natal coast. Finally, 

ventil ation of the atmosphere by the sea breeze lowers the level 

of atmospheric pollution. 
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CHAPTER 4 

LAND BREEZES 

I ntroducti on 

It has generally been assumed that the seaward movement 

of cool air ~ the natal coast ~ n!ghtjs due to a land breeze 

circulation alone (Weather on the Coasts of Southern Africa 1941; 

Jackson 1954). However, Tyson (1966) has suggested that mountain 

winds, which originate in the deeply incised Drakensberg valleys, 

deepen and ultimately reach the coast as e mountain- plain wind 

where it is taken for or superimposed upon the land breeze. In 

addition drainage winds , which are confined to river valleys a l ong 

the Natal coast, contribute an additional component to the offshore 

circulation. The purpose of this and the f oll owing chapter is to 

examine the nature and characteristics of these wind systems and to 

evaluate the contribution of each to the total offshore air movement~ 

4.2 General characteristics 

In contras t to the sea breeze circulation the land breeze 

has received little attenti on . In general it is assumed tha t the 

sea breeze mechanism also functions for t he land breeze with the re­

placement of land surface heating by surface cooling so that a 

baroclinic atmosphere i s maintained between land and sea surfaces 

and the circulation around isobaric-isosteric solenoids is reversed 

from onshore to offshore. The circulation has not been simulated by 

the integration of non- linear land breeze equations performed at 

consecutive time increments and few comments are to be f ound regard­

ing the influence of friction and the earth1s rotation upon this 
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circulation. 

At night thermal stability in the land breeze l ayer 

inhibits turbulence so that surface land temperature, which rela­

tive to daytime is less affected by vertical diffusion of heat, 

cools further below the sea temperature than it ri ses above it by 

day_ This occurs during both the warmest and coolest months al­

though Table 4.1 shows that in July the maximum nocturnal land- sea 

temperature difference, AT, exceeds the February value by a factor 

of 1.97. Throughout the night and in both months, negative aT 
values are greater than positive daytime values (see also Table 

3.1 )0 This characteristic has al so been recognised by Kimble 

(1946) who points out that even in the wet tropics land- sea tempera­

ture differences are greater by night than by day. 

r 

The land breeze i s universally acknowledged as being 

we~~er then the sea breeze and Kimble (1946) gives mean values of 

1 . 0 m/sec for the tropics and Jackson (1954) 3.5 m/sec for the Natal 

coast. Paradoxically, the land breeze, both ~n summer and in winter 

prevails for a longer period than the sea breeze . Table 4.1 shows 

that the summer AT value at Durban is negative for 14 hours; the 

winter value for 17 hours. The duration of the sea breeze is usually 

less than 10 hours while the land breeze prevails for about 13 hours 

in summer and 16 hours in winter. This is in approximate agreement 

with Kimble (1946) who gives average duration times at Batavia of 9 

hours for the sea br eeze and 14 hours for the land breeze. 

While it is acknowledged that a critical negative land- sea 

temperature gradient is necessary to initiate the land breeze , it is 

not possible to state exactly what the value must be locally. None­

theless , under ideal conditions ~T increases during the night and 

once started land breeze velocities should undergo a corresponding 

increase and reach maximum values at dawn. Mean winter wind speeds 

in Table 4 . 1 show a slight tendency towards this condition. After 
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Table 4.1: Mean hourly wind speeds eU) in mph 
and the mean hourly land- sea tempera­
ture difference ( A T) in QC during 
Februa ry and July at Durban (after 
S .A. Weather Bureau, 1954, 1960 ; 
Wellington, 1955) 

February July 

Time U AT U 

16 9.8 +1.2 8.2 
17 9.2 +{l.6 7.5 
18 8.8 0 6.4 
19 8.0 -0. 5 5·3 
20 7·5 -0 . 9 4.9 
21 6.9 -1.3 4.7 
22 6.3 -1.6 4.2 
23 5.6 -1.9 4.1 
24 5.2 -2.2 4.1 
01 4.5 -2.4 3·9 
02 4.1 - 2.6 4.1 
03 4.1 -2.9 4.2 
04 3.6 - 3·1 4.1 
05 3.7 - 3.3 4.2 
06 3·7 - 3·3 3.9 
07 3·7 - 2 0 6 3·7 
08 5.2 -0.7 3.7 
09 6.5 +{l·3 4.2 
10 7·7 +1.0 5.0 

AT 

+10 1 
-0.1 
-1.5 
-2.7 
-3·4 
- 3.9 
-4.4 
-4.9 
-5.1 
- 5. 6 
- 5.8 
-6.0 
-6.2 
-6.5 
-6.5 
-6.5 
-4.6 
-1.9 
+0 .4 

sunrise t surface heating reduces ~ T and the land breeze weakens. 

Under fine winter weather conditi ons on the Natal coas t a period 

of stagnation with a duration as l ong as 90 minutes commonly 

preceeds the onset of the sea breeze. 

Although the sea breeze circulation cannot be adequately 

described without recognition of the Coriolis parameter, the land 

breeze is usually regarded as a purely antitriptic wind . Munn (1966) 

points out tha t the air trajectories at night are rarely of suffi­

cient length to make the Coriolis force worth consideration while 

relatively low velocities also reduce the effectiveness of this 
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Fig. 4 . 1 s Profiles and horizontal component s of balloon 
trajectories to show the onset of the land 
breeze on 1.7.68 at station 19 t Bothas Hill 
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Fig . 4.2 1 Profiles and horizontal components of balloon 
trajectories to show the onset of the land 
breeze on 12.7.68 at station 20 , Cato Ri dge 
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parameter. 

4., Frequency of occurrence 

The land breeze on the Natal coast is here defined as a 

cool nocturnal wind with speeds not exceeding 4.5 m/sec a t the 

surface end with an offshore direction which ra."1ges from 248
0 

to 

360°. North-west is the most common direction (Figs. 4.1 and 4.2) 

but gradient winds frequently cause the land breeze to fluctuate 

within the above limits. The stipulation that wind speeds must 

not exceed 4.5 m/sec reduces the possibility of a north-westerly 

Berg wind being mistaken for a l and breeze. 

Weather Bureau measurements at Louis Botha airport 

(station 15) 

breeze since 

sults in the 

usually less 

anemometer. 

are unsuitable for frequency _ me~reme~ts of the land _... -» 

in fine weather thermal stability near the surface re­

suppression of turbulence so that wind speeds are 

than the 1.3 m/sec recording threshold of the Dynes 

Comparison of wind records from the Bluff signal station 

(station 14) and Louis Botha airport shown in Fig. 4.3 clearly indi­

cate the infrequent penetration of the land breeze into the valley 

between the Bluff and Berea ridges. Wind data was, therefore, ob­

t ained from a Lamprecht anemometer which was set up at station 12 

and maintained for 12 months from June 1967 to May 1968. 

The 

quency in 

The frequency of land breezes per month is shown in Table 

highest frequencies 

July 1967 exceeding 

occur in the winter months, the fre-

that in January 
I • 

Land breeze occurrences numbered 191 over the 

by 

12 

a factor of 3.7. 

month period of 

which 38 per cent prevailed over the three winter months May, June 

and July and only 14 per cent over November, December and January. 

During the spring and autumn months 23 per cent prevailed in the 

former and 25 per cent in the latter season. 

\ 
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Table 4 . 2: 1.1onthly frequencies (per cent) of land 
breezes recorded from JWle 1961 to May 
1968 at station 12 

J A S o N D J F M A 

84 48 37 55 33 32 23 32 55 

].I 

74 

4 . 4 Depth 

The stable str ati fication found over the land at night and 

the l ack of thermally i nduced turbulence ensures that the land breeze 

syst~m is shallow . Bo th Kimble (1946) , who takes examples from the 

East Indies , and WexIer (1946) from the Black Sea, give observed 

depths of 500 - 600 ft . Howe·.rer, in a theor e tical model developed by 

Schcidt (1947) for equatorial regions , the depth of the land breeze 

is placed at about 1,,00 ft . Pre- dawn depth evaluations at Durban, 

carried out using the double theodolite method with balloons set to 

ascend at a slow rate , indicate that in fine weather the mean depth 

of the land breeze lies approximately midway between these two heights 

(Table 4.3). 

Table 4.3: Exampl es of pre- dawn directions and depths 
(ft) of the land breeze over Durban 

Land Br eeze Upper Wind 
Date Direction Depth Direction 

27.6 . 63 WNIV '/00 SE 
6.7 . 63 NW 950 NNE 
7. 7. 63 VI 500 S\'I 
8.7 . 63 \7 1000 NE 

10.7 . 63 VI 950 S 
15. 7.63 NW 850 N 
16.7.63 VI 700 SE 
17.7.63 W WO SE 
MEAN 781 
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The land breeze does not always deepen at a constant rate 

and it is more commonly found tha t the upper level of this wind is 

periodically depressed by turbulence in the gradient wind above. 

For example, on 4-5 July 1967 (Fig . 4.4) the land breeze set in at 

the surface at station 18 soon after 1600 but onshore gradient winds 

persisted above 400 ft until 20 ~ . Deepening of the land breeze 

was accompanied by initial backing of the upper gradient winds to 

north and north-north- west which later veered to north- north- east 

and north-east. With each change in gradient wind direction the 

upper level of the north- north- west land breeze was temporarily 

lowered . After being reduced to 350 ft at OJOQ the depth of the 

north- north- west land breeze increased to 850 ft by 0600 and maximum 

offshore wind components were also recorded during this early morn­

ing period. 

The ceiling of the land breeze is not always clearly de­

fined by a direction shear and Fig. 4.5 shows that a transition zone 

between upper gradient winds and the land breeze may exis t in which 

veering with height is accompanied by reduced offshore wind compo­

nents. On other occasions a direction shear separating the land 

breeze from upper gradient winds is often found to be l acking al­

together. For example, Fig. 4 . 6 shows north-west winds ,'hich extend 

from the surface to above 4,000 ft . On this occasion the onset of 

the land breeze was retarded by north-east gradient winds which blew 

strongly during the. day in response to a steepening pressure gradient 

ahead of an approaching depression. Consequently the offshore wind 

backed slowly during the night to north-west by 0100. By 0500 the 

infl uence of the approaching low on ~he land breeze is shown by 

further backing to west- south- we.st at the surface and south- south­

west by 08)0. In this case the upper north- west wind is probably a 

gradient wind blowing in response to the isobaric pattern about an 

approaching depression . Ho~ever, Tyson (1966) has suggested that a t 

night these winds may receive an added component due to a mountain­

plain wi nd system. It is maintained that mountain winds originate in 

r 
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deeply incised Drakensberg valley& by the combination of drainage 

winds in individual valleys which deepen to above ridge level. The 

i ntegra tion of these local mountain 'i'/inds with a regional mountain 

to plain circulation takes place in response to t he development of 

a pressure gradient between the mountain and coastal areas. These 

winds may deepen ~o } ,OOO ft and blow for 3- 4 hours after sunrise 

in \'tin ter . If these winds can be recognised at the coast , the con­

ceptual framework of the nocturnal circulation along the Natal coast 

would requir e revision. 

4.5 Land breeze and mountain- plain wind interaction 

Tyson (1966) has r ecognised mountain- plain winds at re­

cordi ng s t ations situated between Cato Ridge and the Dra.l(ensberg 

and suggests that these winds penetrate to the coast as a regional 

offshore wind . The lack of published literature concerning the 

nature and characteristics of the land breeze on the Natal coast 

made t his a justifiable conclusion at the time . In addition his 

hypothesi s was strengthened by the observation of a one hour lag 

between onset times of t he mountain- plain wind at Cato Ridge which 

is situat ed 27 miles inland and the land breeze at the coasta 

Observations in the coast'al area during the course of this 

study show that i n the early hours of the night the mountain-plain 

wi nd cannot be mistaken for the land br eeze . Simultaneous wind 

measurements at 3 and at times 4 recording sta tions aligned normal 

to t he coast, show beyond r easonable doubt that the land br eeze 

circulation is ini t ially independent of t he mountain- plain wind. A 

t ypical example shown i n Fig. 4 . 7 indicates that an offshore compo­

nent of air movement replaced onshore north- east winds between 

1600- 1800 on 16 June 1967 and that these winds had backed to north­

west by 2000 . By 2200 the height of zero wind component had deepened 

and nor therly winds wi t h an offshore component extended further inland . 

l 
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Fig. 4.8 I L~~d breeze - mountain- plain wind intEraction on 1.1.68 
in the Durban area. Velocity i sopleths in m/sec 
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The problem of classifying the northerly wind is here apparent ('.!ld 

two possible explanations may be advanced: 

Ca) That it represents a transitional zone between 

a north-west land breeze and a north- east 

gradient wind above. 

(b) That it i s a mountain- plain wind. 

In order to achieve greater understanding of the inter­

action between the land breeze and mountain- plain wind , observation 

stations were located further inland than in the previous example. 

Once again the initial independence o~ the land breeze was esta­

blished and Fig. 4.8 shows the r eplacement of an east- north- east 

sea breeze by a westerly land breeze over the coast and inland to 

station 17 by 1900 on 1 July 1968 . Although wind components were 

offshore at station 19, the north- north- east wind direction suggests 

that no mountain- plain wind had as yet reached this point. Between 

1900 and 2100, however, cold air draining down the Mgeni valley 

deepened until it ultimately extended to the level of the Kloof­

Hillcrest plateau region. By 2100 the north- west mountain wind had 

envel oped t he plateau area , deepened to 340 ft, and merged with the 

l and breeze. Similar results were obtai ned by Tyson (1966) who found 

that the overfl ow of a mountain wind onto the Cato Ridge plateau was 

accompanied by a temperature drop at the surface and intensification 

and deepening of the nocturnal inversion. Although winds recorded 

at station 19 were unaccompanied by l apse rate measurements , the 

mountain- plain wind is distinguished from upper gradient winds by a 

direction shear between north-west and northerly winds at 2100. By 

2200 an approaching low had suppressed the land breeze near the 

coast but the mounta i n- plain wind with maximum component velocities 

at about 2,500 ft prevailed above low- level south- westerly winds. 

On occasions when north- east or north-north-east gradient 
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winds over the coast are str ong , the land bree~e is subdued and 

the mountain- plain wind does not reach the coast as a recognisable 

circulation. For instance on 8 July 1968 onshore gradient winds 

persisted until 2100 at the coast despite the appearance over the 

Kloof- Hillcrest plateau of a shallow north-west mountain-plain wind 

(Fig. 4.9). By 2200 this circulation had not advanced seaward and 

the cool north- west air current was entrained into the stronger 

north-north-east gradient wind instead. 

The existence of a mountain-plain wind over the Kloof­

Hillcrest plateau is explained by the deepening during the night 

of the stream of cold air dr ainage in the Mgeni River valley until 

this air is aole to overflow along the Hillcrest scarp region and 

ultimately envelope the plateau . It has been mentioned that Tyson 

(1966) has observed a similar characteristic at Cato Ridge but it 

i s interesting to note that the rate of deepening and, therefore, 

the time of overflow at Cato Ridge (station 20) and Bothals Hill 

(station 19) varies. Fig . 4 . 10 shows that on 10 July 1968 the 

mountain - plain wind set in at Cato Ridge at 2100 while winds at 

Bothals Hill were still approximately parallel to the coast, i. e . 

north-north-east . On 12 July 1968, hO\'fever, the mountain- plain 

wind had appeared over the Kloof-Hillcrest plateau by 2000 and only 

became recognisable at Ca to Ridge by 2300 (Fig. 4 .11) . 

Deepening of mountain-plain winds above plateau level may 

lead to coalescense of these winds with the land breeze and ulti­

mately the development of a regional mountain wind system which ex­

t ends to the coast. It becomes difficult at this point to ascertain 

the degree to which the land breeze retains its identity. Mean pro­

files of the land breeze - mountain-plain wind calculated from simul­

taneous balloon -releases from stations 10, 17 and 19 (Fig. 4 .12) 

indicate a velocity maximum at 400 ft at station 10 which exceeds 

that at station 17 by a factor of 1.85. This suggests that low- level 

offshore wind speeds receive an added component over the coast from 
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the land breeze. Both profiles differ in form from that calculated 

for station 19, the maximum offshore component in this case lying 

at 900 ft. It is conceivable, therefore, that instead of immediate 

coalescense of the two wind systems, the mountain-plain wind over­

tops the land breeze at the coast. 

4.6 The effect of gradient winds 

Although the usually strong and turbulent south-west 

winds that follow at the rear of a depression may suppress the 

development of a vigorous land breeze circulation, a weak diurnal 

variation of wind direction is usually perceptible . Fig. 4.1} shows 

t hat on 5- 6 July 1967 a west- south- west land breeze was able to pre­

vail throughout the night despite the presence of upper south- south­

west winds. Y,'here gradient l,inds parallel the coastline with low 

pressure at sea, seaward frictional inflow may cause low-level off­

shore winds . Cool land air may thus be advected seawards to strengthen 

the horizontal temperature gradient between land and sea and, there­

fore, the pressure gradient in the surface layers. This process 

probably contributed an added component to the weak land breeze and 

on this occasion strengthened the offshore wind below 1,000 ft. 

An increase in gradient wind speeds may partially or totally 

suppress the land breeze. For instance during the early part of the 

night of 3-4 July 1967 a west- south- west land breeze prevailed be­

neath south- south- west gradient winds (Fig. 4.14). At 0200 the gra­

dient wind speed increased and veered to south-west and it is doubt­

fUl .. hether the re- instated offshore wind was due to a reinvigorated 

land breeze. The "lea..\,;: offshore wind co:nponent, the excessive height 

of zero ,'lind component under these conditions and the relatively 

unchanged wind direction near the ground suggest that some other 

mechanism, possibly frictional inflow towards lower pressure a t sea, 

was responsible for the offshore component of a ir movement . 
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Seaward penetration 

The layer of seaward moving land-cooled air is made 

up of drainage winds in river valleys and the l~~d breeze strengthened 

by a mountain-plain wind above. In fine weather the discontinui~ 

between the ofte~ smoke-laden land air and the cleaner sea air is 

clearly visible. Flights through this land-sea air front at 100 ft 

. above sea level are invariably accompanied by turbulence. From 

aircraft it is also evident that cool land air penetrates an estimated 

5 miles seawards although the overall drift of cool air may be locally 

strengthened by air drainage from river valleys. Fig. 4.15 shows 

westerly air movement near the mouth of the Mgeni River on 27 June 

1963 veering to west-north- west further seaward. Winds draining from 

the Mgeni valley prov;ided the offshore wind below 200 ft in this re­

gion. This is shown by the mean velocity of 7.5 m/sec in this layer 

which is in contrast to 4.5 m/sec r or the mean velocity or the l and 

breeze above 200 ft. Low south-west gradient ~ind speeds of the order 

of 1.9 m/sec were the result of a weak pressure gradient. 

'then wind directions over the sea are north- north-east 

to north- east, the land air over the sea is moved southwards down the 

coast. Since the air layer retains its stable characteristics until 

well after sunrise, air movement within this layer is relatively non­

turbulent. 

* * * * * * * * * * * 

The seaward drift or a deep l ayer of land-cooled air pro­

vides an ideal vehicle ror the transportation or atmospheric pollution 

and this is visually evident on any fine winter morning. The ten-

dency for some of this pollution to be returned to the land by 

1'reak sea breezes has already been"noted. However, because or the 
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remarkable fetch and immense volume of air transported by the 

Imld breeze - mountain- plain wind , the potential for a pollution 

pr oblem over the coast with regional l y based rather than local 

pollution sources must be emphasi sed . 

As with the sea breeze , the land br eeze produces certain 

cli matic phenomena . I n a later chapter the diurnal variation of 

r ainfall at Dur ban is examined and an attempt is made to expl ain 

t he part played by the land br eeze in contributing towards the high 

frequency of occurrence of low intensity rainfall o 
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CHAPTER 5 

DRAINAGE WINDS 

5.1 Theoretical models 

Local thermally-induced air circulations are a common 

feature in regions of dissected ~errain and can be separated into 

slope and valley wind systems. Both winds are best developed under 

fine weather conditions when heating or cooling is at a maximum. 

During periods of nocturnal cooling, slope wind s are 

directed downslope . Radiational cooling produces a steep horizon­

tal temperature gradient between the air near the slope surface and 

the air at the same level over the valley. The effect of the down­

slope bending of isotherms is to cause pressure surfaces to bend up­

slope and the air layer near the surface soon becomes str ongly baro­

clinic . A slope wind is generated by a solenoidal circulation in 

this layer causing in~ernal heat energy to be converted to kinetic 

energy . Tyson (1967h)points out that the energy exchange mechanism 

i n t he case of downslope winds is complicated by the conversion of 

geopotential energy (the product of gravitational attraction and 

height) into kinetic ener gy a9 well. Thus downslope winds have two 

components, one thermal and one gravitational. 

Vari ous attempts have been made to erect theoretical models 

of slope wind behaviour. Wagner (1938) recognised a binary set of 

circulation cells over a valley in which downslope winds at night 

occur in association with a vertical current in the centre of the 

valley. The form and extent of slope winds have also been examined 

by Defant (1951) and Prandtl (1942) who assume heat flow normal to a 

uniform slope over which a horizontal pressure gradient exists due to 

horizontal temperature differences. The profile advanced by 

I 

I 
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Prandtl (1942) is or the rorm 

exo(1r4) 
s i n (1r 4) 

sin (z1T/H) exp [- (z1r/H) ! 

where Um is the observed wind speed maximum, H is the depth o:f the 

air stream and z is height . 

A pressure gradient necessary to generate valley winds is 

consequent upon temperatur e variations in the valley. V/agner (1938) 

noted that the diurnal temperature variation in selected Alpine 

valleys up to the height of the ridge crest was more than tr.ice as 

large as variations within a similar layer over the plain . Thi s 

is largely due to: 

(1) The warming o£ a smaller mass of air within a valley 

to that over the plain by radiational beating over 

the same hori zontal area and at the same eltitude 

over the two 1ocalities. A V- shaped valley is 

estimated to contain about half the amount of air 

over the plain for the same area of insolation (Tyson, 

1967a) . Similarly the loss of heat by radiation at 

night is applied to a smaller air mass; 

(2) Slope winds add heated slope air to the valley through 

the circulation which descends over the valley centre . 

Thus the temperature in the centre of the valley con­

t inuously incr eases during the day and decreases at 

night when the circulation is reversed (Wagner, 1938) . 

The pressure gradient f r om valley to plain or vice versa thus 

produced is steepest near the surface and decreases with height 

to disappear near the r idge level . 
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The diurnal periodic fluctuation of topographically­

induced winds has also been described by Defant (1951). This 

model requires that at night slope winds be ini tiated first followed 

by mountain winds and finally mountain-plain winds. Deflection of 

the slope winds occurs in a down-valley direction as these winds 

merge with the mountain wind which, constrained by the form of the 

valley, flows parallel to the axis of the valley. Down-valley winds 

fill the entire valley and slowly deepen t o ridge level with a con­

sequent reduction of slope wind effectiveness. The model, therefore, 

requires two wind systems to maintain conditions in the valley; one 

consists of flow parallel to the valley axis produced by pressure 

gradient forces, the other is the slope wind with flows over the 

ridge produced by thermal heating and cooling. 

Gleeson (195,) has examined the periodic valley "rind as a 

function of time and elevation in terms of the diurnal t em?erature 

variations, valley floor slope, horizontal pressure gradient and 

Coriolis force. Only the longitudinal profile of the valley was con­

sidered in the circulation equations and the heating and cooling in­

.fluences of the valley sides were ignored. The maximum wind speed of 

the valley wind occurs at some height above the surface. Above this 

height velocities decrease as the differential heating and cooling of 

the air by the ground becomes less effective. Gleeson also suggests 

that a more realistic representation of the valley wind is possible 

when the effec t of the Coriolis force is co"nsidered than when it is 

neglected. 

The equations of motion for a compressible fluid cooled at 

the bottom by contact with a radiating surface of uniform slope and 

l arge extent have been derived by Feagle (1950). This model is con­

cerned ,dth mean flow within a cooled layer rather than with the form 

of wind profiles. The mean drainage velocity is expressed as a func­

tion of friction, slope and the mean rate of cooling near the surface. 

According to his dynamic model, so called because of inclusion of the 



105 

inertia term in the model, Feagle predicts that the mean velocity 

in the layer Wldergoing cooling , 

Ca) i s proportional to the net outgoing r~diation, 

Cb) is inversely proportional to the thickness of the 

l ayer which undergoes cooling, 

(c) begins by varyi ng periodically and gradually be-

comes cons tartt , 

Cd) is inver sely proportional to the slope of the ground. 

The lack of a comprehensive model of topographically- induced 

''1inds as functions of all three space coordinates and veloci ty compo­

nents of time, pressure , temperature and density, spurred Thyer and 

Buettner (1962) to make a numerical study of valley winds. The model 

thus produced shows a system of slope winds, valley winds and anti­

valley winds, updrafts over the ridge and dovmdrafts over the valley. 

Recognition of drainage winds on the Natal coast is compli­

cated by t he overriding influence of the land breeze . Since most 

river valleys are aligned normal to the coast line, and , therefore, 

parallel t he land breeze direction, it is often difficult t o dis ­

t~nguish be~~een these two circulations. Both winds occur under 

conditions of thermal stability so that the vertical exchange of 

momentum is suppressed and drainage wind velocities of the order 

2- 3 m/sec may not produce an easily recognisable wind shear at the 

land breeze - drainage wind boundary should it exist. Never t heless, 

observ,ed vertical profiles suggest that in the lower layers at 

least, drainage winds may be independent of the land breezeo 

, 
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5.2 Onset 

Drainage winds in river valleys on the Natal coast fre ­

quently set in berare the land breeze. This is primarily due to 

more rapid cooling in valleys than at ridge-top level since the 

loss of heat by radiation is applied to a smaller air mass than 

- that over a horizontal surface. The drainage wind sets in once 

the pressure gradient in the valley reverses from up- vall ey to 

down- valley. In the example shown in Fig. 5 . 1 west~rly down- valley 

f l ow at station 4 commenced 90 minutes before the south-westerly 

gradient wind was replaced by a westerly l and breeze. The onset is 

normally sudden and occurs as a local front of cold air advances 

down- valley. The passage of a front is a typical characteristic of 

these winds and Tyson (1967b),working in Natal, has recorded tem-
o perature discontinuities of the order 3 .0 - 5.5 C. In contrast the 

t emperature drop at the mouth of the Umbilo and Mgeni RivF' r valleys 

is seldom more than 2oC. The small temperature discontinuity pro­

duced by the do~n-valley advection of cold air at the coast is due 

to the existence of a warm ocean which does not cool during the 

night (as does a plain over land). Consequently valley air which is 

heated above sea temper atures during the day does not cool appreciably 

before an offshore temperature gradient is established. 

5 •. ' Damming and channelling 

Cold air which issues from the mouth of the Umbilo and 

~fulatuzana River valleys moves across the alluvial flats at the head 

of Natal Bay to dam against the western flank of the B~uff ridge. 

However, stagnation of this air does not take place. Instead westerly 

a i r drainage at the valley mouths and over the alluvial flats at the 

head of the bay becomes south- west and south- south- west as the cold 

air is channelled north- east between the Bluff and Berea ridges 

(Fig. 5.2) . The lack of a s~gnificant topographic gradient in this 
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area means that south- westerly air movement is partly in response 

to a pressure gradient set up between radiationally cooled alluvial 

flats which are cooled further and to a greater depth by drainage 

winds 
bayl 

than the. warmer air over Natal Bay and the ei ty north of the 

Drainage wind velocities vary between 1 and 2 m/sec. 

The south- west drainage wind only sets in after a build-up 

period over the alluvial flats at the head of the bay. A north-west 

l and breeze may , therefore, persist at the surface north of the 

alluvial flats during the pre- onset period. Surface cooling over 

the alluvial flats must proceed until a temperature and, therefore, 

pressure gradient parallel to the ridges produces air motion which is 

l arge enough to replace the land breeze. The arrival of the drainage 

wind at 2030 at station 9 shown in Fig. 5.3 is a good estimate of the 

onset time at this point under clear weather condi tions. 

Further damming of cold air takes pl ace against the obstacl es 

presented by the multi- storied buildings which line the north- west 

flank of Ne tal Bay. Some cold air moves over" the city bu t the main 

exist is via the narrow harbour mouth. 

The volume of air transported by drainage winds in the Natal 

Bay is calculated by the product of the cross-sectional area between 

the ridges and the mean wind speed in the layer. By assuming that a 

section across the Natal Bay (A- B in Fig. 2.1) is the upper side of a 

1 Topographic channelling of cold near-surface air is not 
common only to Durban but has also been observed at Richards 
Bay where the topography is essentially similar to that 
at Durban (Fig. 5.4). Balloon releases from station 22 
revealed near-surface north-east drainage winds which paralleled 
the 150-200 ft high sand dunes north of the lagoon mouth 
(Fig. 5.5). Although not recorded by balloon traverses, it 
is also likely that air drainage from the Mhlatuze River valley 
at the head of the lagoon would initiate south- west air "move­
ment parallel to the sand dunes south of the lagoon mouth . 
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trapezium , tbe area may be calculated by 

(A + B) z 
2 

where A and B are parallel sides, in this case the valley base and 

a level above and z i s the perpendicular distance between them, 

t aken here as 200 ft . Changes in the volume of air with variations 

in mean ffind speed are shown in Table 5.1. 

Table 5 . 1 : Volume (m~ of air transported by drainage 
winds of var ying speed (m/sec) past the 
section in Fig. 2.1 

11 

Vol 

1.0 

5 
3.3 x 10 

1.5 

5 
4.9 x 10 

2 .0 

5 6.6 x 10 

The pattern of air movement described above remained basi­

cally unchanged on 10 out of 13 days during June- July 1963 and there 

is no reason to suppose that drainage winds do not occur nightly 

under fine weather conditions . On the 3 da ys dur ing which this 

pattern did not emerge a strong gradient wind had overcome the local 

circulation. 

5. 4 Depth 

The depth of the drainage wind in the Natal Bay area is 

de t ermined by a direction shear of 70-1000 between the drainage wind 

and the land breeze above and during the vdnter of 1963 was found to 

be approximately 200 ft. Where no topographic barriers exist to 

divert drainage winds, such as a t the mouth of the Mgeni River valley, 
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the depth of this wind is less easy to de ter mine a s drainage wind 

and land breeze directions are quasi-parallel. 

Cold air which flows down the Mgeni River valley must 

pass through the narrow Springfield Gap through the Berea ridge~ 

SchnelIe (1956) has shown that where valleys narrow, air drainage 

is effectively impeded and damming occurs up-valley. That this 

also occurs in the Springfield flats is recognised by the tendency 

for near-surface air motion to stagnate. Fig. 5.6 shows that on 

15-16 July 1968 at station 1, wind speeds 6 ft above the surface 

decreased gradually throughout the night. In simil ar calm, clear 

weather conditions on 9-10 July 1969, drainage wind speeds at 

station 2, beyond the Springfield Gap, were found to increase 

slightly with time. Gradually strengthening wind velocities, east 

or the Springriel d Gap may be i n pr oportion"to deepening of the 

cold air layer in the Springfield rlats and to a strengthening 

t emperature and, thererore , pressure gradient between this area and 

the sea. 

Air movement and depth characteristics or the drainage 

wind in the Mgeni River valley are shown in Fig. 5.7. By 0200 

drainage winds were well-established and little variation in the 

height or the system can be recognised. The maximum orfshore move­

ment occurred at a height approximately the depth of the Mgeni River 

valley at the Springrie1d Gap and the profile of the drainage wind 

approximates to that predicted by Prandtl (1942) for a local wind 

of purely thermodynamic origin (Fig. 5.8). Although Tang (1960) 

maintains that the Prandtl model does not hold ror slopes of less 

than 110 it appears that the model is valid for gentler slopes in 

t he Natal Coast area under certain weather conditions. In addition 

Tyaon (l967b) has shown that mountain winds in the Natal midlands 

which blow over slopes less than 110 also conform to the model. 

The drainage wind does not normally show a finite upper 
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limit due to the presence of offshore land breezes above. However, 

if H is taken as the height of the mean minimum offshore wind 

component on this occasion, and h is the height of the maximum 

offshore wind component, h/H ~ 0 .25. This is in contrast to the 

mean ratio of 0 . 5 computed by Davidson (1961) in Vermont valleys 

under clear sky conditions but is in closer agreement with measure-

. menta by Tyson (1967b) in Pietermaritzburg, Natal. 

Al though a low-level veloci ty maximum is a common rea ture 

of air movement with an offshore component in the 1fgeni River valley, 

a finite upper limit to the wind profile required by the Prandtl 

model is usually only present when the upper . land breeze is suppressed 

by a gradient wind with an onshore component. Fig. 5.9 shows that 

even with the small offshore component provided by north-north- east 

gradient winds the correlation between the observed mean wind p.ro­

file and the Prandtl model is poor (Fig~ 5.10). 

5.5 Surging 

The tendency for cool downs lope winds to exhibit surge 

characteristics is well-known. Intermittency of slope winds has been 

described by Defant (19}}), Scaetta (19}5), Nitze (1936), Reiher 

(1936) and Klittner (1949) . The last two authors were also concerned 

with periodicity of the surges and their measurements revealed a 

period of approximately 5 minutes. A longer period of 20 minutes has 

been recorded by He~,ood (1933). 

Intermittency in mountain and valley winds has been noted 

by Thyer and Buettner ( 1962) and Tyson (1968b). The latter author 

describes surges in the mountain wind recorded between 2 ft and 20 ft 

at Pietermaritzburg which varied be~veen 45 and 75 minutes. Surges 

with a 20 minute fluctuation are also described in the Pietermaritz­

burg area, the maxi mum turbulent energy occurring at the ~OO , 400 and 
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500 ft levels rather than neer the surfac e . 

Surges are a lso char acteristic of drainage winds at the 

coas t and on 11 July 1969 a marked surge period of 50 minutes with 

a lesser period of 80 minutes was r ecorded at 200 ft at station 2 

in the Mgeni River va lley (Fig. 5 .11 ) . Surging i s clearly related 

. only to t he drainage wind and in this case disappears with increas ­

ing height. 

The cause of intermittent surges in the drainage wind is 

not well understood. An attractive explanation is, ho,;,/ever, ad­

vanced by Feagle (1950) who maintains that the cause of periodic 

wind fluctuations lies in the compressibility and consequent 

adiabatic heating of the atmosphere . As ai r accelerates downslope 

under the influence of a thermally- induced pressure gradient, a 

point i s r eached when adiabatic heating 'exceeds radiational cooling . 

This results in an oppositely directed pressure gradient which slows 

air movement until r adiational cooling again reverses the pressure 

gradi ent . Thus a periodically varying velocity is produced . 

5.6 The effect of gradient winds 

Under s trong north-east gradient wind conditions the 

amplitude of the diurnal variation of wind direction is reduced and 

components of air movement normal to the coast are weak. Instead 

of the seaward movement at night of cool land air on a r egional 

scal e, localised tongues of cold air drain from r i ver mouths and 

their seaward pene tration depends largely upon the s trength of drain­

age winds as opposed to the gradient winds. These conditions were 

f ound to prevail during the night of 30 June - I July 1963. Pressur e 

gradients steepened during this period as a depression approached 

Durban and fresh north- east gradient winds per sisted throughout the 

night and suppressed the development of t he land breeze. Fig. 5.12 
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5110"13 that despi te the a.bsence of a land breeze, westerly drainage 

vlinds. prevailed unde r the shel tered condi tions provided by the 

Mgeni River valley. The cold air which drained seawards from the 

valley mouth is shown to entrain into the north-east gradient wind 

over the sea a..'1.d move back towards the land and over the city. 

The suppressing effect of strong north-east or south- west 

gradient winds is initially felt by the land breeze. If the 501e­

noidal field between land and sea is not weakened beyond the 

threshold required to initiate an offshore component of air move­

ment, a weak, shallow north- north- east or north offshore wind may 

appear. However, in north- west - south-east valleys, which are 

l argely sheltered from the upper gradient winds, drainage \?inds may 

still persist and even strengthen throughout the night. Fig. 5.13 

shows that on 19-20 ~my 1967 at station 2, a northerly land breeze 

prevailed below north-east gradient winds. Although drainage winds 

set in at 1930, one hour after the onset of a weak offshore compo­

nent of air movement at the surface, they are clearly influenced by 

the upper gradient winds and until 2330 the direction shear separat­

ing land breeze and drainage wind \~as small. However, as drainage 

winds strengthened the influence of gradient winds became less 

effective and backing to a parallel- valley direction was observed 

near the surface. 

The occurrence of drainage winds under condi tions not 

usually conducive to the development of local circulations must be 

a t tributed to the nature of the terrain and to the presence of a 

warm sea. The deeply incised valleys along the Natal coast lose the 

sun fairly early in winter so that a lengthy period of cooling can 

be expected. If strong gradient winds prevail this process is slowed 

by turbulent mixing of cool near- sur face air with warmer air above. 

Nevertheless, once the temperatures within the valley are lowered 

below those beyond the valley mouth and" over the sea, the pressure 

gradient reverses and the onset of the drainage wind can be expected. 
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Even so downward turbulent t ransfer of momentum from gradient winds 

may errect the direction cbarecteristics of drainage winds particu­

larly beyond the valley mouth. The observed backi ng of t his wind 

with time is mainly due to : 

1. Steepening of the down-valley pressure gradient as 

falling temperatures in the valley increase the 

temperature differential between valley and warm 

sea. 

2. Deepening of the layer of cold air in the valley 

bottom which becomes better able to resist the 

downward momentum transfer of upper winds . 

3. The cross-valley component of air movement induced 

by upper northerly winds , blowing over a north-wes t -

south- east al i gned valley should cause an accumula­

tion of air on the southern wall of the valley and a 

depletion of air on the northern wall. A crOSB­

valley pressure gradient would, therefore, be directed 

towards the nor thern wall. 

5·7 Di ss ipation 

The na ture of the vertical structure of t he wind field a t 

the time of reversal from mountain to valley wind seems to vary 

f r om place to place. Defant (1951) and Thyer and Buettner (1962) 

report initia l ground level changes or simultaneous r eversal s a t 

all levels , while Hewson and Gill (1944), Ayer (1961) and Davidson 

and Rao (1963) have observed dissipation of drainage winds from 

ridge level downwards . Tyson (1967b)has observed both character­

istics over Pietermaritzburg but maintains that ground level dissi­

pations are the more ccmmon. However, little at t ention seems to 
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have been directed towards the dissipation of drainage winds under 

land breeze conditions. 

The dissipation of the south- west drainage wind in the 

Natal Eay area was found to be unvaried and was accompanied by the 

progressive downward penetration of the north-west land breeze. 

Lowering of the top of the drainage wind varied with the relative 

strength of the land breeze and drainage wind circulations. For 

instance, in Fig. 5.2 lowering at the rate of 20 ft/hr is consider­

ably slower than the rate of 18 ft/hr shown in Fig . 5.14. 

Davidson and Rao (1963) have suggested that the decay of 

the cold air stream from above is due to initial heating of ridge­

tops and the response of the general wind to irtcreased instabil ity 

at these levels by the descent of this wind into the valley. Since 

most valleys along the lfatal coast are aligned north-west to south­

east, initial heating of north facing slopes would produce a cross­

valley pressure gradient and Gleeson (1951) maintains that a com­

ponent of air movement would then be generated in the direction of 

the warmest slope . Turbulence associated with this wind may be 

responsible for the establishment of com~ective mixing on the upper 

slopes of the valleys before the valley bottoms. Uore important, 

however, is that the source of cold air from valley sides is shut 

off by slope heating. Consequently, draining away of the cold air 

l ayer in the valley bottom would be accompanied by a reduction in the 

depth of the layer in the Natal Bay area. 

* * * * * * * * * * * 

The nocturnal channelling of cold air between the Bluff 

and Berea ridge must be regarded as one of the most important aspects 

of air movement in the area. The low wind speeds , the depth of the 



wind systems and the stability of the air layer means that a 

considerable volume of relatively non- turbulent air is moved 

towards the central business district from the south- west. Simi­

l arly cool land air from the Mgeni River valley is shown to reach 

the city after entrainment with north-east gradient winds. The 

potential for the transport of atmospheric pollution by these 

winds towards the city should be viewed in a serious light by 

planning authorities. 
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PART III 

THE EFFECT OF LOCAL CIRCULATIONS UPON 

SELECTED CLH1ATlC ELE MENTS 
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CHAPTER 6 

THE DIURNAL VARIATION OF RAINFALL AT DURBAN 

6.1 Introduction 

The diurnal variation of rainfall must be one of the 

l east studied aspects of rainfall characteristi cs in South Africa 

and to the author1s knowledge no detailed r esearch into the field 

has been published in this country. An explanation of diurnal 

variations of hourly rainfall frequency and mean hourly rainfall 

amount can be a useful indicator of local atmospheric circulation 

characteristics. The purpos e of this chapter, therefore, is to 

estimate the signi£icance of land and sea breezes as factoTs in 

the rainfall process . 

The records used in this study were obtained from an aut o­

matic raingauge at Louis Bothe airport (station 15) and cover a 

10 year period f r om 1958 to 1967 . These ''1ere supplemented by 5 

daily raingauges in the purban area each wi th a similar 10 year 

r ecord. These gauges are aligned approximately normal to the coast 

and inland as £ar as Bothas Hill. A 10 year rainfall record is too 

short £or useful climatologica l analysis and no such attempt is made . 

Instead this study is concerned with the type and cause of rainfall 

and for this purpose a relatively short record length is usually 

adequate. 

Haurwitz and Austin (1944) maintain that in maritime areas 

a high proportion of rainfall occurs at night. Thi s characteristic 

i s a l so found at Durban. I n this chapter the diurnal variation of 

r ainfall at Durban is analysed and it is shown that rainfall can be 
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attributed to undercutting of moist sea air by the land breeze , 

cold front activity and nocturnal thunderstorms. 

6. 2 Theories of nocturnal ratnfal l 

In low latitudes rainfall is largely controlled by diurnal 

pr ocesses. In coastal areas it i s the land and sea breeze r egime 

that governs the diur nal course of rainfall and cloudiness in un­

disturbed weather conditions . The actual processes involved are 

a l so considerably affected by local topography so that explanatory 

models that fit one area may not suitably explain the rainfal l 

character istics of another . 

Riehl (1954) shows that in undisturbed conditions at 

Puerto Rico an orographic-convection cell pattern at the sea breeze 

front produces cumulus development and showers inland from the coast 

during the day while the coastal region remains clear and dry. As 

the sea breeze weakens in the evening these clouds dissipate and 

cloud development and shower s now occur over the coast as cool land 

air undercuts humid, warm air over the sea . 

On the west coast of Malaya late night and early morning 

summer rainfall is associated with the interaction between local and 

meso- scale wind systems. Watts (1955) points out that line squalls 

( l ocally called ' Sumatras') which seem to originate in convection 

among the Sumatran ranges before sunset, later travel eastward at 

night.. As a ISumatr a ' approaches the Malayan coast , uplift i s ini­

tiated by a land breeze vlhich undercuts conditionally unstable air 

over the Malacca Straits . Radiation from the top of cumulus clouds 

may fur ther increase the instability and convection. 

The tendency for cool offshore winds to initiate rainfall, 

particularly as thunderstorcs, is also examined by Neumann (1951) who 
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shows that areas of increased nocturnal thunder activity correlate 

well with the .frequency of of.fshore winds and the shape of the 

coastline . Where coasts contain large emba~~ent9, the quas i­

radial convergence of cool air t o undercut warmer sea ai r is 

sufficient t o initiate t hunderstorms . 

The r ainfall process appears to be different for the east 

coast of J.la1aya. Ramage (1964) discounts the effect of t he land 

breeze as part of the nocturnal s~~er rainfall mechanism and his 

model is based instead upon movement of the sea breeze .front. As 

cumulus cl ouds deepen at the sea breeze front, the upper return 

branch of the sea breeze combines with the gradient wind to cause 

the upper porti ons of t he convergence cloud to drift seawards and 

produce showers at the coast. As the sea breeze weakens the con­

v ergence zone, with associated rainfall , r etreats towards the coast 

and the evening rainfall ma~imum occurs a s this zone crosses the 

coast . 

In middle latitudes the diurnal rainfall curve i s complicated 

by frontal discontinuities which may arr ive at any time. Haurwitz 

and Austin (1944) maintain, however, t hat nocturnal radiational cool­

ing of upper air, with little diurnal temper ature change in the sur­

face l ayer s , produces convective ins t ability. Frontal weather would 

a l so be affected by this process end it may be expected that frontal 

precipitation would be greater at night t han during the day. 

Variou s o t her a ttempts have been made to explairi high 

nocturnal frequencies of rainfall occurrence and amount . Hewson 

(1937) suggests that t his phenomenon could be caused by instabili~ 

in the cloud layer which develops as a r esult of radiational cooling 

of the top and radiational warming of the bottom l ayer o.f t he cloud . 

Means (1944) has criticised this idea and maintains ins tead that 

radiational cooling of the top of the cloud l ayer would lead to the 

development or intensification of a stable layer above the cloud t op_ 
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This would tend to suppress vertical motion. According to Means 

nocturnal r a infa ll, particularly from thunderstorms , could result 

from warm air advection in the lower layers of the at!Dosphere . 

The effect of this would be to reduce the stability of cooler air 

l ayers above. 

In the Hydrometeorologica l Report (1947) the suggestion 

is made that higher relative humidites at night reduce evaporation 

of falling precipitation . Bleeker and Andre (1951) point out, 

however, that the r ate of evaporation of precipitation elements is 

not dependent on the relative humidity of the air but on the differ­

ence in vapour pressure over the precipitation element and the air . 

This difference is unlikely to have a diurnal variation. 

Dexter (1944) shoYls that warm front rainfall in the British 

Isles occurs "i th a maximum in the l atter part of the night. He 

maintains that during the day warm sector air becomes potentially 

nore unstable and that uplift along the warm front at night soon 

releases the insta.bility. At night, hm7ever, near sur.race warm sector 

air layers become more stable and during the day must be li.fted to 

greater altitudes up the warm .rront sur.face to l"elease the instability. 

It appears that diurnal rain.fall characteristics along coasta l 

areas are better understood in the tropics than in the middle latitudes . 

At Durban, situated in the sub-tropics, no simple explanation o.r the 

diurnal rain.ral l distribution can be advanced since rain.ra ll is pro­

duced by processes reminiscent of both the tropics and the mid-

lati tudes. 

6., Characteristics of the diurnal variation of rainfall 

Raint'all at Durban is largely a summer phenomenon with a 

3. 65 times increase in raint'all amount from July, the driest month, 
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to February, the wettest month (Table 6 .1) . Rain does , neverthe­

l ess '. fall in winter and the months June-August account for 12.7 

per cent of the annual rainfall. This i s in contrast to the in­

t erior of Natal where the divi sion between the dry and \,et seasons 

i8 more marked. For instance, rainfall over a similar period at 

Newcastle (27°45 15; 29°55 IE) provides only 4 . 4 per cent of the 

. annual r a infall. 

J 

Table 6.1: 30 year (1921-50) rainfall normal. for 
Durban Point (after Climate of South 
Africa , 2, 1950) 

F A J J A s o N D 

119. 6 157.5 144.5 84.6 79.3 55.4 43 .2 49 .0 67. 8 100. 6 126.5 131.6 

The diurnal variation of mean hourly rainfall over Durban 

from 1958 t o 1967 shows a predominance of evening precipitation with 

a maximum at 2100 (Fig. 6.1). Sixty-four per cent occurs between 

1900 - 0600 and the remainder between 0700-1800. , Hour by hour the 

pattern of high nocturnal precipitation is maintained throughout the 

year a lthough i n winter this effect is much reduced (Fig. 6. 2). It 

is a l so apparent that the hourly frequency of occurrence of precipi­

tation closely follows the pattern described above (Fi g . 6.3). That 

there is a high correlation between rainfa ll amount and rainfall fre­

quency i s self evident. 

In order to establish characteristics of the duration and 

period of precipitation, the frequencies with which a minimum of 

0.1 mm r a infall was recorded between 0700-1800 and 1900-0600 were 

examined and found t o be s i gni f icantly differentl • Table 6.2 sho~s 

1 At the 0.001 level. 

, 

! 
I 

1 
: 

i 

i 
> 

I 
1 

\ 



131 

80 80 

~,o 
60 

'0 

60 

.0 50 
0 

0 -
.0 ; ' 0 , --= , 

30 '. '. 30 
---- ----

20 20 

'0 

0 ,. 0'L.--~2----~.r---~6t---~8----~'0~--"~2C---~"'---~'~.---"~8~--;20n---'2~2--~ 
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Fig. 6.2 1 Mean hourly rainfall anount (t:'.ms) by month at Loui s Botha 
airport , Durban , 1958- 67 
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that 89 per cent of raindays included rainfall between 1900-0600. 

On 47 per cent of the raindays, precipitat ion occurred during the 

night but not during the day_ This strongly suggests the exist­

ence of a precipitation process which is operative only at night. 

Table 6 . 2; Frequency of raindays during specified 
hours recorded at Louis Botha airport, 
Durban, 1958- 671 

0700-1800 1900-0600 

Rain No Rain Rain No Rain 

J 75 77 137 15 
F 60 68 III 17 
M 61 72 122 11 
A 58 48 96 10 
M 35 30 55 10 
J 2~ 18 37 8 
J 35 30 53 13 ' 
A 29 30 49 10 
s 52 54 99 7 
0 89 59 134 14 
N 95 76 155 15 
D 97 73 147 19 
Total 709 635 1195 .149 

% 53 47 89 11 

On 53 per cent of raindays, precipitation was recor ded 

between 0700- 1600. However, on only 11 per cent of the raindays 

did precipitation occur during the day but not during the night . 

It would appear that precipitation beginning during the day is 

likely to continue into the night, as is expected with the occurr­

ence of general rainso 

1 If rain occurred throughout a day it was recorded in both 
categories. 
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The exami nation of correlations of mean , median and 

upper quartile ra infall figures f or each hour at Durban indicates 

a higher degree of pos i t ive skewness during the summer than the 

winter months (Figs. 6 . 4 and 6.5). Hourly me~s are usually 

higher than the corresponding median which in most cases is less 

than 1 .0 mm. In addition in 30 per cent of the summer and 12 per 

. cent of the winter cases, hourly means also exceed the uppe~ 

quarti l e figure . 

By day and by night, irrespective of t he season, it i s 

apparent from Table 6 . 3 that much of Durban's rainfall occurs as 

gentle showers which do not produce more than 1.0 mm/hr. 

tation lesB than 1.0 mm/hr ac counts for 63.2 per cent of 

and 58 . 7 per cent of July rainfall . In both January and 

major part of this l ow intensity rain occurs at night. 

Table 6 . 3: Percentage frequency of rainfall inten­
sities (mm/hr) between 0700- 1800 and 
1900-0600 in January and Jul y at Louis 
Botha airport , Durban, 1958-1967 

Precipi-

J anuary 

Jul y the 

January July 

0700-1800 1900-0600 0700- 1800 1900-0600 

0 . 1 - 1.0 20-3 42 . 9 22 . 2 36.5 
1.1- -2·5 8 . 3 11 . 0 7·5 14.7 
2.6 - 5.0 2. 7 7.1 5.6 4 · 9 
5.1 - 10.0 1· 7 2·5 1.8 3·0 

10.1 - 15 .0 1.0 0 . 9 1.5 1.1 
15.1 - 20 .0 0 .0 0.8 0.4 0.4 
20.1 - 25 .0 0 . 1 0.5 0 .0 0.4 

> 25.1 0.1 0.1 0 .0 0.0 

Low intensity precipitation which is res tricted to the day 

or ni ght i s usually of short duration and differs both in frequency 
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Medi an and upper quartile rainfall plotted against 
mean hourly r ainfall (mms) recorded in December, 
January and February at Louis Botha airport , Durban, 
1958- 67. The straight line indicates equal values of 
upper quartil es or medi~~s and means 
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Fig. 6.5 : Uediall and upper quartile rainfall plotted against mean 
hourly rainfall (n~s) recorded in June , July and AUgu3t 
at Louis Batha airport, Durban, 1958-67 . The straight 
line indicates equal values of upper quartiles or medians 
and means 



and intensity from more continuous rains . Table 6 . 4 s hows that 

hourly rainfall continuous by day or night over a IQ- hour periodl , 

has a low percentage frequency but high per cent age contribution 

t o the total monthly rainfall. 

Table 6 . 4; Percentage frequency of oc currence and 
percentage contribution t o t otal monthly 
rainfall of 10 hour continuous rainfall 
at Louis Botha airport, Durban, 1958-
1967 

Amount Frequency 

J 25 ·7 7.3 
F 27.7 5.3 
hi 18·5 2·9 
A 56 . 2 9.2 
M 5-$ . 6 12.3 
J 32 . 7 8.3 
J 41.0 7.1 
A 53·9 10.0 
s 31.5 7·9 
0 50 . 5 9.3 
N 25.1 6.3 
D 37.2 5.3 

No single factor can explain the diurnal rainfall charac­

teristics at Durban. It may, however, be possible to classify three 

separate rainfall types in terms of the processes responsible for 

precipitation. The cause of high frequency occurrence of low 

intensity rainfall at night may be explained by the undercutting 

of moist sea air by the land breeze. Continuous rainfall of higher 

'intensity is caused by frontal depressions. Finally, high intensity 

but short duration rainfall which accompanies thunderstorm activity 

1 An arbitrarily chosen period. , 
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is pr ecipitated after sunset over Durban. It seems that ~ese 

storms are connected with a process involving diurnal var~etions 

and the influence of the sea breeze in t his connection is 

s u ggested. 

A model for low intensity nocturnal precipitation 

over Durban 

Sunset, f ollowing a r el at i vely cloud-free day over the 

Natal coast, is often accompanied by the development of lo~ stratus 

cloud followed by light showers. This frequently occurs after t he 

passage of a coastal low or weak frontal depression has lowered 

atmospheric temperatur e and r aised dewpoint temperature but failed 

to initi ate precipitation. Although these weather systems may not 

themselves produce rain, they bring cool er, moister conditions 

which raise the wet bulb temperature near the surface thus making 

t he l apse rate potenti ally unstable. 

A r apidly cooling land surface is a feature not easy to 

reconcile with precipitation. The problem is clearly one of pr o­

viding a mechanism by which moist air, which may contain consider­

able numbers of large condensation nuclei , is lifted up to condense 

into str atus cloud the d r oplets of which grow to precipitate 2-3 

hours after condensation. Since a cool l and breeze usually prevails 

at night it is suggested that this wind provides the necessary up­

lift by undercutting warmer air over the coastal mar gin. 

A model which describes the a ir movement characteristics 

r esponsible for nocturnal cl oud and precipitation at t he coast is 

shown in Fig. 6.6. In (a) as moist air is advected over the land by 

the sea breeze, and strengthened in most cases by onshore gradient 

winds, condensation and cumulus cloud for mation is initiated both 

by slope convection over the Kloof plateau and by the inland 
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vertical ascent normally associated with the sea breeze cell. 

i7i th the cesse tien of' the sea breeze and the wea..1cly organised 

vertical motion in the sea breeze convergence zone, the cumulus 

cloud degenerates into . a stratus cover. \'/ith the onset of the 

land breeze (in b) low stratus cloud begins to form over the coast 

due to the undercutting (and hence uplift) of warmer sea air by 

the cool land air. The land breeze circulation, strengthened by 

drainage winds in river valleys, deepens and migrates further 

inland with time (c) . Concomitant with this is the formation of 

cloud &.nd the occurrence of light showers likewise migrating in­

l and .. 

Highest rainfall has been shown to occur at 2100 at 

Durban. Some mechanism is required to inhibit further precipita­

t ion arter this time, except possibly as sporadic showers spread 

at intervals throughout the night. This i s accomplished by the 

mountain- plain wind which by 2100 - 2200 reaches the Kloof plateau 

and merges with or over- rides the land breeze at the coast (d). 

A deep layer of cool , dry stable air now moves seaward. Little 

condensation is likely to take place within the land breeze- mountain­

plain wind layer, and air rorced to rise over the coast by the under­

cutting or this wind is likely to produce only shallow non- precipi­

t ating stratus . 

The distribution of mean annual rainfall in the Durban­

Pinetown-Kloof area shows that the highest rainfall occurs seaward 

of the Berea ridge crestline and over the Kloof plateau (Fig. 6.7). 

The rainfall distribution in the former area strengthens the case 

for the model. Over the Kloor plateau, however, it is difficult to 

separate orographic from other inrluences · in determining the cause 

of rainfall. 

The contention that nocturnal rainfall is associated with 

offshore winds is supported by Table 6.5. Over the six- month period 
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Table 6.5: Frequency of occurrence at Station 12, 
of wind components normal to the coast 
during periods of rainfall from July 
to December 1967 

Wind Components 

Onshore 

Offshore 

0700 - 1800 

46 

29 

1900 - 0600 

53 
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examined, 70.6 per cent of rainfall was recorded at night and 49.8 

per cent with offshore windsl • 

Evening thunderstorms over Durban 

Thunderstorms on the Natal coast differ in frequency and 

time of occurrence from those in the interior. There are approxi­

mately 100 days per annum with thunderstorms in the Drakensberg area 

decreasing to 20 to 30 on the coast (Cliwate of South Africa ,1965) . 

These storms a re largely a summer phenomenon and tend to o.ccur in 

mid to late afternoon in the interior of nataL On the coast, 

however, they occur most frequently during the evening (Jackson , 

1966). 

It is difficult to make a meaningful contribution to the 

understanding of coastal storms without reference first to storms in 

the interior of Natal. The main problem 9f forecasting storms lies 

in the recognition of the large-scale situations which are favourable 

1 The two independent samples given in Table 6.5 are significantly 
different at the 0 0001 level. 
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for storm development. Severe storms in the interior of Natal 

are usually associated with the passage of an upper level trough 

eastward across the country . Strong north- westerly gradient winds 

which are generated on the eastern limb of the trough provide the 

wind shear which Newton and Newton ( 1959), Dessens (1960) and 

Ludlam (196,) hav"e recognised as a necessary condition for the 

, development and maintenance of storms. 

I t may be expec ted t ba t nor th- wes terly air flow over the 

Dr akensberg would tend towards the formation of a lee depression 

in southern Natal and East Gr iqualand. During January 1969 the 

mean height of the 850 rob sur face in Table 3.3, which shows l ower 

pressure at Kokstad than at Umtata , Estcourt or Cedara, supports 

t his contention. I t has a l so been suggested that marine air brought 

onshor e by the sea breeze and gradient winds is drawn towards this 

area of lower pressure . Thus a further necessary conditi0n for the 

development of storms may be ful fi lled, namely the availability of 

abundant moistur e in the lower levels. 

A field of large scal e upward motion is most pr onounced 

i n strongly baroclinic zones . Jackson (1966) maintains that with 

the eastward movement of a t r ough and the barrier effect of t he 

Lesotho mountains, westerly t o south-westerly winds advect cool air 

a+ound t he sout hern edge of the mountain barrier. A zone of con­

ver gence betweeri warm moi st north t o north- east wi nds and cool er 

wes t to sout h-wes t winds forms with almost frontal characteristics . 

The moisture front thus f ormed may be related to a si milar front 

whi ch ext ends across the hi ghveld (Tal jaard, 1959). 

Because of the l ack of upper ai r soundings in t he Natal 

i nteri or , instability characteristics of the prevailing air mass 

cannot be defined . I t is neverthel ess likely that during the first 

half of the day an inversion separates moi st marine type air f r om 

drier subsiding air above the convergence zone. Fulks (1951) 

, 
/. 
j , 



Upper w i nd • 

+ ". o KOKSTAO 
+ .,. 

o 'IET[RUARITZeURG 

----~ 
.. tUS 

+ 30' 30' 

". 

Fig. 6.8 , Track of thunderstorms which move towards Durban from the 
interior of Natal 



144 

emphasises the importance of an in .... ersion during the productioIJ, of' 

an unstable air mass since it prevents the penetration of convection 

from the lower moist layer into the upper troposphere . Thus the 

lOVler moist layer can be increased in warmth and moisture content. 

If at the same time drying takes place in the upper troposphere, a 

progressive increase in potential instability results. With the 

introduction of some dynamic mechanism for the release of the in­

stability an explosive overturning takes place. 

The mechanism by which atmospheric instability in the 

Natal interior is released is open to debate. Beebe and Bates 

(1955) have shown that a stable layer may be eliminated through 

persistent organised vertical motion. Superposition of upper-level 

divergence over low- level convergence could satisfy this demand in 

Natal where convergence towards a lee depression by north-east winds 

or along a front separating north-east from south- west ai~ flow, is 

probably more than compensated by diver gence along the eastern limb 

of an upper air trough. Surface heating causing buoyant air parcels 

to rise to condensation level and beyond must also contribute to the 

instability release mechanism. 

Storms that build up along lines or in areas in the Natal 

interior describe definite patterns of movement usually from v/est­

south-west to east-north-east . It has been confirmed by radar ob­

servations at Durban that it is the afternoon thunderstorm develop­

ment in the Kokstad district some 110 miles to the south-west which 

is most likely to move eas~'ard and reach Durban by evening (Fig. 6.8; 

personal communication, Durban Weather Bureau forecasting staff). 

3ackson (1966) points out that the speed of movement of this storm 

system, which may be made up of a series of developi ng cells, can be 

as much as 9 m/sec . 

It has been known for some years that thunderstorms in the 

northern hemisphere move systematically to the right of winds in the 
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middle and upper levels of the troposphere (Hoecker , 1957; 

Fugita, 1958; Hamilton, 1958; Douglas and Hitschfeld, 1959; 

Browning and Donaldson, 1963). This characteristic has been 

clearly defined by Newton and Katz (1958) who found that on 

average convective storms moved about 25° to the right of and 7 

knots slower than the mean wind in the 850-500 mb layer. In the 

. southern hemisphere, Carte (1966) describes a similar character-

istic with the difference that storms move to the left of the mean 

wind. This explains the tendency for storms in Natal to move in 

an east-north- east direction when upper winds are westerly. 

The explanation offered by Newton and Newton (1959) and 

Newton (1960) for this phenomenon is based on the existence of a 

wind shear through the atmosphere layer. Vertical mixing or 

momentum within the layer would produce an average in-cloud motion 

indicated by dashes in Fig. 6.9. The motion or the ambient air 

r elative to in-cloud air is into the left rlank in lOVler levels and 

away from that flank in upper levels. This ravours growth on the 

left flank which when added to the tendency for existing cloud to 

drift with the mean wind results in the deviation of the storm 

motion to the left. 

An explanation is now required as to v/hy conditions, which 

favour thunderstorm development in the Natal interior during the 

afternoon, do not similarly affect the coast while in the evening 

this position is reversed. Clearly the lack of a well-developed sea 

breeze convergence zone along the coast during the day and the ab­

sence of any mechanism which could cause the release of instability 

should it exist mitigates against daytime thunderstorms near the 

coast particularly while a sea breeze prevails . It has been suggested, 

however, that the sea breeze near the coast and gradient and valley 

winds further inland are r esponsible for the penetration of marine 

air into the Natal interior. It ia this air which feeds into the 

lower left flank of an eas t'·lard moving thunderstorm. 
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As t he inland directed circulation weakens during the 

late .afternoon, the convergence zone between near surface north­

easterly and south-westerly winds over the interior must wi thdraw 

towards the coast. The eastward movement of thunderstorms is 

probably coincide~t TIith this withdrawal. By sunset in summer 

this convergence zone nears the coast and thunderstorm activity 

' may be expected at any time in the early evening (Fig. 6.10). 

The model can be tested against observations and synoptic 

charts for 9 January 1968 and autographic r ecords for a ~ical 

evening thunderstorm over Durban on that day are shown in Fig. 6.11 

and 6.12. Lowest surface pressure east of the escarpment is shown 

to occur in East Griqualand and southern Natal. It is suggested 

that a lee depression existed in that area caused by air flow about 

a shallow trough over South Africa which at 1400 produced 30 knot 

north-westerly winds at 500 robs and 50 knot north- westerly winds at 

300 mbs over Durban. A shear zone separating onshore from offshore 

winds advanced ' inland during the morning and by 1400 wind directions 

'at Estcourt and Cedara 'were onshore east- north- east. South- westerly 

winds were recorded at Kokstad at 1400 so that a convergence zone 

must have separated these two winds. The t hunderstorm which reached 

Durban originated along this convergence zone and moved to the left 

of t he upper winds in an east- north-east direction as shown by the 

west- south- west direction of the downdraft. Although the downdraft 

p~oduced an immediate fal l i n temperature the pressure jump waited 

upon the onset of high intensity rainfall o 

* * * * * * * * * * * 

While acknowledging that large-scale circulation patterns 

are the dominant controls of precipitation patterns over any area, 

it is important to recognise the influence of local circulations 

< 
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upon the mesa- scale occurrence and distribution of rainfall. 

These circulations have been shown to induce precipitation in 

tropical latitudes but no attempts have been made to trace 

similar characteristics in South Africa. However, this study 

indicates that parallels do exist although Bome characteristics 

common to the Natal coast do not seem to have been r ecognised 

. elsewhere. In particular the effect of the mountain-plain wind 

in suppressing preci pitation should be noted in this r espect . 
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CHAPTER 7 

WIND AS A FACTOR IN THE FORI·! OF DURBAN'S 

HEAT ISLAND 

.7.1 Introduction 

Local climatic variations between a city environment 

and its surroundings have been well documented. Roward (1833) 

showed the mean urban temperature of London to be in excess of 

its surroundings and this characteristic has since been confirmed 

by Chandler (1965). Renou (1862) compared temperatures within and 

without Paris and found that urban temperatures had a higher minimum 

and smaller diurnal range. Automobile traverses by Schmidt (1927), 

Peppler (1929) and Riechel (1933) showed that the built-up areas 

of Vienna, Karlsruhe and Berlin were warmer than surrounding rural 

areas. More r ecently studies by Duc~~orth and Sandberg (1954) , 

Landsberg (1956), Mitchell (1961), Bornstein (1968) and Munn et al 

(1969) have confirmed this climatic characteristic of cities. 

Various explanations to account for the heat island have 

been advanced. Howard maintains that urban temperatures are raised 

by self- heating due to industrial and domestic combustion. The 

absorp tion and r e-radiation of terrestrial radiation by atmospheric 

poilution i s considered by Kratzer (1956) as the prime reason for 

large nocturnal urban temperature excesses. Munn (1966) points out 

that the upward flux of terrestrial radiation is less in urban than 

in rural areas, particularly where buildings are tall and narrow, 

while back radiation is greater. Mitchell (1961) emphasises the 

l arge heat capacity and conductivity of the urban fabric while 

Bornstein (1968) has suggested that with reduced evaporation and 

transpiration and, therefore, lowered humidities in cities, the 

available solar radiation must go into heating the city s treets, 

buildings and air. Chandler (1965) maintains that by day upward 
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turbulent transfer of heat will lower the urban temperature excess, 

at times below that of surrounding areas. However, Mitchell (1961) 

visualises buildings as barriers to the penetration of cool air 

into the city. 

Clearly the heat island effect i8 the net result of several 

. competing physical processes each of which acting alone could produce 

relatively large temperature contrasts between the city and ita 

surroundings . For instance, radiation exchanges in the city are 

complicated by the numerous vertical surfaces and by atmospheric 

pollution, evaporating surfaces are reduced, thermal capacity and 

heat storage capacity is high and the city is also an emitter of heat 

by combustion. In general, however, ~he mean temperature differential 

between city and country is not l arge so that a tendency for cancella­

tion o£ t hese processes obviously exists. l~p (1969) suggests, for 

instance, that a decrease in evaporation towards the city centre, 

which should account for increased temperatures , is balanced by the 
--/ -

increasing size of buildings and this augme s the di£fusion of heat 

I, upwards by mechanical turbulence. In a numerical model MyTUp (~96~) 
shows that the most important parameters which determine the size 0 

the heat island are the reduction of evaporation in the city, the 

thermal properties of buildings and paving materials and wind speed 
I 

During the day reduced evaporation is the most important parameter; 

during t he night the thermal properties o£ the urban £abric. 

Heat islands are more intense by ,night than by day. Although 

perhaps not a general rule, some cities such as Vienna, Bath and London 

have been shown by Kraus (1945), Balchin and Pye (1949) and Chandler 

(1965) respectively to have summer daytime temperatures which on 

occasions are lower than surrounding areas. In contrast Duckworth and 

Sandberg (1954) describe a nocturnal temperature differential of the 

order 11.OoC on one occasion in San Francisco. 

1 In some cases the thermal response of a built-up area may 
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be partly influenced by local circumstances. For instance, the 

high albedo of near-white limestone, which is widely used for 

buildings in Bath , is suggested by Balchin and pye (1949) to con­

tribute towards a low urban temperature by day. In general, how­

ever, city-country temperature differentials are variable froe day 

to day and appear to be affected by particular meteorological con-

. ditions. In an attempt to define the underlying causes of the 

temperature difference betl'leen the urban heat i sland and the surr­

ounding rural areas, Sundborg (1950) developed for Upsala empirical 

equations for day and night of the form 

A T (day) o 
= 1.4 - O. OlC - 0.09U - O.OlT - 0.04< 

A T (night) o - 2.8 - O. lC - 0.38U - 0.02T + 0 .03< 

where AT is the temperature differential in °C , C is cloudiness in 

tenths, U is wind velocity in m/sec, T is temperature in °c and e is 

vapour pressure in mbs. The equations show that by night the influence 

of cloud upon ' AT increases by a factor of' 10 and wind by a factor of 

4, relative to day conditions . By day only the wind parameter has some 

modifying effect upon the undefined constant which essentially repre­

sents all the stati c city influences such as heat conductivity and 

r adiat i ve screening of built- up areas . 1,'li th increasing wind speed the 

temperature differential decreases. An expr ession of this form has 

been calCUlated by Chandler (1965) for London and the general direction 

of the above relationships have also been substantiated by Duckworth 

and Sandberg (1954) for San Franciscoo 

During the day and the night the urban heat island is 
~ I 

usually characterised by an isotherm configuration ~hich, assuming 

low relief, ;conforms to the shape of the city. The nature of this 

cellular form may, however , show day to day changes particularly when 

influenced by winds which tend to displace the heat island in a down- ~ 

wind .direction (Munn et al , 1969) . However, mean temperatures should 

indicate any tendency for the heat island to be persistently displaced 
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by the wind . Local circulations et Durban could produce such an 

effect and this chapter is concerned with an examination of the 

changing form of Durban ' s heat island and the development of an 

empiri cal model to describe the mean spatial distribution of 

temperature across the he~t island. 

7.2 The urban setting 

The work zone shown in Fig. 7.1 i s located on alluvial 

flats that surround the harbour at Durban and occupies land less 

than 30 ft above sea level. From the point of view of the urban 

temperature field, the unifying chara~teristics of the region are 

the close proximity of buildings, which are bounded within e. grid 

network of macadamised streets, the high density of motor vehicle 

traffic and the lac~, with one exception, of large open rp.creational 

space. Multi-storied apartments which line the seashore cause the 

higb residential density in that area. 

The alluvial flats are backed by the Berea ridge, which 

rises with a 7 degree slope to an altitude exceeding 400 ft. The 

decrease in residential density up the Berea ridge is accompanied by 

a corresponding change in the urban fabric. The region of high resi­

dential density located along the lower slopes of the Berea ridge 

consists of single-storied t closely- spaced houses set in small pro­

perties in narrow macadamised streets . With increasing elevation up 

the ridge, decreasing residential density coincides with larger 

houses set in more spacious propertieso 

Land breeze - drainage wind modification of the 

temperature field 

The measurement of nocturnal temperatures in the Durban 
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area was only undertaken in clear settled winter weather, local 

circulations being best developed under these conditions ~ An 

isotherm map based on mean 0400-0500 temperatures recorded during 

July 196~ is shown in Fig. 7.2. A two- cell urban heat island is 

evident over the city , the eastern cell located in the high density 

residential zone which flanks the seashore and the western cell 

situated over the western edge of the central business district. 

Temperatures in the work zone r egi on are higher than other areas 

on the low-lying alluvial flats but compare with t he thermal belt 

l ocated along the Berea ridge. Predictably, lowest temperatures 

are found in t he river valleys . 

Drainage winds from the Umbilo and Mhlatuzana River valleys 

are largel y respons ible for the low mean temperatures in the respec­

tive valleys and over the alluvial f lats at the head of the Natal 
1 Bay . Channelling of these winds between the Bluff and Berea ridges 

accounts for temperatures along the northern and western baysida which 

are l ower than are to be found within the two heat island cells. It 

may also be expected that the drainage winds receive an added velocit y 

component in response t o the temperature and, therefore, pressure 

gradient between the alluvial f lats to the south and the urban heat 

i s land to the north of the bay. The characteristic of local winds to 

be attracted t owards urban heat islands has been noted by Pool er 

(1963), Crow (1964) and Smith (1967). 

1 The effect of topographically-induced winds upon temperature is 
also clearly evident from 0400"{)500 mean winter temperatures over 
the Pine town basin (Fig. 7.3) . Low temperatures, usually with a 
steep local temperature gradient , are restricted to the river 
valleys l ocated to th~ east of the basin ~'here drainage winds are 
likely to be well-developed. The temperature gradient within the 
basin is shallow north of the built- up area but steeper i n the 
shallow south- draining valley south- west of this area . The urban 
heat island is situated squarely over the business district and 
there is no evidence of its displacement by the land breeze . 
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The existence over the city of two separate heat island 

cells is due to penetration of cool stable air into much of the 

work zone area. Consequently maximum urban temperatures are only 

to be found west of the main stream of cold air and in the sea 

front zone where heat is trapped behind closely-spaced apartment 

blocks. It is also conceivable that the higher temperatures evi­

. dent in the eastern heat island may be partly due to displacement 

of heat generated within the business district by westerly to north­

westerly land breezes . 

It has been shown that drainage winds from the Mgeni 

River valley are entrained into north-easterly gradient winds over 

the sea with the result that cool air is moved southwards . Tempera­

tures along the seashore and alluvial flats south of the Mgeni River 

mouth are lowered partly by this phenomenon and partly by radiational 

cooling. 

A tecperature inversion up-slope at night is an expected 

phenomenon and in this case radiational cooling of the lower Berea 

slopes is assisted by drainage winds. The well-developed thermal 

belt that extends almost the length of the Berea ridge is partly due 

to this phenomenon and partly due to lowering of temperatures along 

the ridge crest by the cool land breeze. Although the thermal belt 

is located on the leeward side of the Berea ridge away from the direct 

inSluence of the land breeze, nocturnal temperatures must also be kept 

high in t his area by the urban fabric and by the well-developed 

vegetation cover. 

7.4 Sea breezes and the urban temperature field 

The measurement of day temperatures over Durb~~ were 

undertaken from 1230-1330, approximately at the time of maximum 

surface temperature. To evaluate Durban's heat island in terms of 
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purely u rban conditions, height effects "tere eliminated by reduc ing 

all ~ean maximum temperatures to sea level using the obs erved l aps e 

rate of 0.4°C/1OO ID that prevailed between the lowest and highest 

~tations~ This lapse rate was determined by regression analysis of 

temperature on heights based on data from 9 "'eather Bureau. stations 

in the area ranging in height above sea level from 23 ft to 2,292 ft . 

Fig . 7.4 is based on mean summer temperature traverses 

under north-east sea breeze conditions . These breezes, s trengthened 

by gradient winds, blow strongly during the summer months . Table 

7.1 s~ows the high frequency of the north-east sea breeze which blows 

obliquely off the sea. 

Table 1.1: Percentage frequency of wind observations 
from December to February at Durban (after 
Weather on the coasts of Southern Africa 
1941) 

Knots 

3 - 13 
14 - 27 

28 - 40 

N 

3 

NE 

30 

5 

E 

12 

1 

SE 

12 

S 

10 

10 

sw 

2 

10 

1 

w NW Calm 

4 

It is apparent that an elongated heat i s land extends along 

the foot of the Berea ridge wi th its centre situated west of t he 

central business district over a relatively flat area occupied by a 

market, an extensive car park, "Ride streets and buildings which are 

lower than those in the business district. This anomaly is due to 

the displacement of the heat island. by the sea breeze away from the 

heat sources provided by the business district. The energy of the 

sea breeze as it blows over t he aerodynamically rough surface of the 

central business district is r educed near the surface so that wind 
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speeds in the heat island area are low. Turbulent diffusion of 

accumulated heat iS t therefore, also low. 

Temperature gradients are relatively steep along the 

seashore east of the work zone and along the foot of the Berea 

ridge. The gradient is due in the former area to the presence of 

multi-storied apartments which block penetration of the sea breeze 

into the work zone; in the latter area t o variations in the charac­

ter of the residential setting. In general, however, reduced tem­

peratures are lowest along the seashore and crest of the Berea ridge. 

7·5 Gradient wind modification of the temperature field 

North- east sea breezes prevail in warm anticyclonic weather 

conditions in which skies a.::.e cloud- free and gradient winds, supple­

mented by the sea breeze, produce only moderate winds . However, with 

the passage of a depression and accompanying steep pressure gradients, 

winds strengthen and veer to south-west, temperatures drop, a low 

stratus cloud cover forms and precipitation may occur . It would not 

be surprising, therefore, to find that under these weather conditions 

surface temperatures over Durban would be generally lower than in the 

sea breeze case. This is confirmed by Fig. 7.5. With south-west 

winds the mean temperature over the work zone is lowered b~8 -

I.ooe relative to the mean temperature under north- east sea breeze 

conditions. 

It has been shown that during the day south-westerly winds 

back to south and south- south-east in response to a sea breeze effect • 

These winds are responsible for the 

the business district to a position 

• 
displacement of heat provided ---=--- ~~­
north-west of this area . An 

by 

elongated heat island still extends along the foot of the Berea ridge 

but with two centres of equal intensity located north-west of the 

heat island shown in Fig. 7.4. Furthermore, frictional slowi ng of 

1 
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surface winds over the aerodynamical l y rough surface of the work 

zone lowers wind speeds both in t he business district ~~d in the 

l ee of thie region, i . eo over the heat island. Eddy diffusion 

of heat i n this latter r egion is consequently l ow. 

7.6 Comparison of mean summer and winter reduced temperature 

Contrary to the findi ngs of Balchin and Pye (1949) for 

Bath where summer day temperatures were found to be les8 in the 

city than without, mean midday temperature s over Durban show the 

existence of a heat isl and in summer as well as in winter (Figs. 

7. 6 and 7. 7-.- Because of the high frequency of north-east sea 

breezes in both seasons, the centre of the heat island is displaced 

away from the central business district and is located at the foot 

of the Berea ridge. 

Mean temperatures over Durban are expectedly lower in the 

winter months and in addition the seasonal temperature range in­
creases with distance away from the coast (Table 7.2). This suggests 

that an additional component, namely distance from the sea, must be 

considered as a factor i n the urban energy balance at Durban. 

Table 7.2: Seasonal range and mean extreme temperatures 
(OC) along the east- west section G-H through 
the heat island 

Berea crest (H) Heat island Seashore (G) 

Summer 25.8 26.8 25.6 
Winter 21 . 0 22·4 21.8 

Range 4. 8 4.4 3.8 



166 

During winter sea breezes, weakened by reduced baroclini ty, I 
are less effective as a cooling agent on the coast and this is shown 

by a weak temperature gradient a long the seashore relative to summer. 

However, in this season the development of an urban heat island 

would, in addition to normal production and retention of heat within 

the city structure, be assisted by reduced mechanical turbulence due · 

·to low mean wind speeds and by increased counter- radiation from an 

atmosphere that frequently remains polluted for much of the day. It 

is surprisi ng, therefore, to find in Table 7 . 3 that the mean winter 

temperature differential between the heat island and the coast 

differs from the mean s~er value by a factor of 2 . 

Table 7.3 : Mean seasonal temperature differentials, b.ToC, 
between the seashore, heat island and Berea 
crest, along the section line G-H 

I 

Heat island - Berea crest Heat island - seashore 

Summer 

Winter 

1.0 

1.4 
1.2 

0.6 

An explanati on for the low winter ~T value between the heat 

island and the seashore must be sought in the energy balance charac­

teristics of tbe work zone region. At noon the azimuth angle of the 

sun is 0° but the solar elevation varies rrom 84 . 60 at mid-summer to 

35.6° a t mid-winter . By mi dday in winter because of the low elevation 

or the winter sun, the main streets, which are aligned approximately 

east-west, are still in deep shade with only the tops of tall north 

facing buildings receiving insolation. The street blocks are long, 

from 600 - 1,000 it and this reduces warming of the city by solar 

heating of the narrow north- south aligned cross streets. In addition, 

the increased winter air pollution concentration must reduce solar 

energy reaching the ground (Sheppard,195S) . In combination these 
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factors serve to weaken the heat island in winter. 

The value of ~T between the heat island and the Eerea 

crest is higher in winter than in summer and i s caused by lower 

temperatures on the Berea ridge relative to summer months. The 

high temperature range on the ridge gjven in Table 7.2 shows this 

to be true. Once again the lack of solar heating in winter is 

attributed to this phenomenon. At midday the low solar eleva­

tion means that many buildings on the south-east facing Berea 

ridge are in shade or casting long shadows. 

7.7 A spatia l model of the urban heat island 

As an alternative to describing day by day changes of the 

urban temperature field, an empirical model of the spatial distribu­

tion of mean midday tempera tures recorded in Durban during the summer 

and '7inter of 1968- 1969 is presented. To develop a quantitative 

model of the spatial variation of Durban's heat island, 12 equidistant 

points were linearly extrapolated along the section lines given in 

Fig. 7 . 8 and submitted to harmonic analysis (Conrad and Pol lak, 1950; 
Brooks and Carruthers, 1953) . The resulting equation describing the 

temperature field is of the form given in Equation 2.2 so that 

6 - " T = Ts + k!;l 

\1here Ts is the space mean temperature, ak the amplitude of wave 

number k with phase angle f/Jk and where d = 0,1 ... 11 measured in 

units of 0.3 miles from the points of origin A,C, E ,G and I on the 

section lines of Fig. 7.8. 

The heat island can be precisely described by determining 
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the amplitudes and phase angles o£ the temperature variations 

along the section lines cutting the heat island. Table 7.4 shows 

the spati al variation of these parameters for mean summer and 

winter reduced temperatures . 

Tabl e 7 . 4: Spatial distr ibution of mean summer and 
winter reduced temperature (QC) expressed 
by Equation 7.3. S k denotes cumula ti ve 
peroentage contr ibution to the total 
var iance. 

Summer 

Section T. a <I> a <I> a <I> S S 
1 2 2 3 3 1 2 1 

A - B 26 . 5 0 . 24 297 0 .07 113 0 .04 360 BB 95 
C-D 26.5 0.43 242 0.17 200 0.14 249 75 B7 
E-F 26.2 0.56 255 O.OB 139 0.06 304 94 96 
G- H 26.2 0.45 2Bl 1.10 65 O.OB 323 90 95 
I-J 26 . 2 0.42 2B5 0.17 90 0.11 333 Bl 94 
Mean 26.3 0.42 272 0.12 121 0.09 314 B6 93 

Winter 

A - B 22.1 0.22 256 0.11 157 0.07 270 72 B9 
C-D 22.0 0.27 276 0.13 109 0.06 303 76 B4 
E-F 21.9 0.39 2B3 0 . 16 57 0 .06 326 eo 94 
G- H 21.B 0 . 47 304 O. lB 49 0.15 0 74 B5 
I - J 21.B 0.47 313 O.lB 71 0.14 21 70 eo 
Mean 21.9 0. 36 2B6 0.15 B9 0 .09 IB4 74 B6 

S 
3 

9B 
95 
97 
9B 
99 
97 

95 
BB 
96 
93 
B7 
92 

The degree to which a particular wave fits the observed 

temperature variation through the heat island is given by the percen­

tage variance contribution of the wave to the total variance and is 

expressed by Equation 2 . 7 . The lowest percentage variance contribu­

tion of each of the first three sine terms in Equation 7.} to the 

total variance about the space mean summer temperature is shown in 

Table 7.4 to account for 15 per cent, 87 per cent and 97 per cent 

of the total variance ; the highest percentage variance contribution 
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accounts for 94 per cent, 96 per cent and 99 per cent of the total 

variance. The percentage variance contribution of the first three 

sine terms about the space mean winter temperature is also high and 

the lowest variance contribution for each wave accounts for 70 per 

cent, 80 per cent and 87 per cent of the total variance. 

Phase angles for successive harmonics calculated along 

each section line do not vary greatly and amplitudes are approximate­

ly constant fractions of the space mean temperatures. Mean amplitudes 

and phase angles may, therefore, be taken as representative of the 

area covered. Mean values of R
1

, R
2

, a 3 are respectively 1.6 per cent, 

0 . 46 per cent and 0.34 per cent of the mean summer Ta and 1.6 per cent, 
-0.68 per cent and 0.41 per cent of the mean ~inter Ts. The expressions 

T (Summer) _ Ts + .016 Ts sin(kd + 272°) + - ain( 2!cd + 121°) .0046 Ts 

+ .0034 Ts sin( 3kd +. 314°) 

T (Ylinter) _ Ts + .016 Ts sin(kd + 286°) + .0068 Ts sin(2kd + 89°) 

+ .0041 Ts ain(3kd + 184°) 

where k B 30 degrees for d=O,l ••• ll describes, therefore, the mean 

spatial temperature distribution for the two seasons. 

(704) 

(7.5) 

Harmonic analysis provides a technique to ascertain the 

degree to which a symmetrical heat island over a city can be adequately 

described in a quantitative sense. The close correspondence of the 

mean spatial temperature wave over Durban to a single sine wave i s 

demonstrated by the model which also provides £or the prediction , from 

relatively few measuring points, of the spatial variation of tempera­

tures over the city. The extent of other influences such as winds 
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which persist from one quarter to produce a steep temperature 

gradient at the edge of the built-up area are also reflected in 

the amplitude of the succeeding harmonics and the contribution of 

each wave to the total variance about the space mean temperature. 

* * * * * * * * * * * 

Although day by day isotherm patterns over Durban are 

largely dependent upon the nature of the weather conditions and 

upon the direction of gradient and local winds, the mean summer 

and winter isotherm pattern describes "a heat island cell which 

persists by day along the foot of the Berea ridge on the westward 

s i de of the centra l business dis trict. .In planning for climate and 

human comfort the empirical model developed for determining space 

mean temperatures over the city and across t he heat island would be 

particularly useful. However, temper a ture alone is not a complete­

ly satisfactory measure for determining climatic comfor t for man 

and a model which defines the spatial variation of a climatic dis­

comfort index is also desirable. This is examined in more detail 

in the following chapter. 
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CHAPTER B 

PHYSIO- CLJl.1ATIC VARIATIONS IN THE DURBAN AREA 

8 . 1 Introduction 

The effect of atmospheric conditions on comfort and 

health has been well documented . One of the earliest accounts 

based on scientific enquiry came from Benjamin FrarL~lin (1750) 

who considered the cooling effect of evaporation on human skin . 

Other empiri cal studies were made by Lining (1148), EIlis (1758), 

Blagden (1775). Haldane (1904) and Leferr e (1911) . In addition 

the associati on of climatic conditions and human behaviour was 
• 

reported at length by Huntingdon (19}9 . 1945. 1951). 

More recently workers in this field have attempted to 

define a comfort zone for humans. This zone has been placed 

between }2 . 2oC and 2} . 2oC by Bedford (195C) and 15.6oC and 24.4°C 

with relative humidity at noon varying from 40 to 70 per cent by 

Markham (1947). Brooks (1950) maintains that the comfort zone lies 

between 14.4°C and 21 . 1oC in Britain, 2006°C and 26.7°C in the 

United States and 23 .30C and 29 . 40C in the tropics with relative 

humidity between 30 and 70 per cent. The comfort zone does not have 
~ 

distinct boundaries; instead a sensation of thermal neutrality, 

slight stress and discomfort shade into one another. The problem is 

further complicated by individual physiological responses while 

thermal requirements also vary with age and sex (Olgyay, 1962) . 

The problem of translating physi cal data about the atmos ­

phere into physiologically useful indices has been discussed by 

Landsberg (1960). Terjung (1966) has attempted to fulfil this need 

by the development of a physio- climatic classification. However, 



113 

detailed knowledge of t he manner in which weather and climate 

are related to human physiology clearly precede this development 

and this problem has been investigated by Lind (1964) , Blum (1964), 

Jankowiak (1964), Gold (1964) and Kreider (1964) . 

It has been shown that urban areas are generally warmer 

. than surrounding areas both by day and by ni ght , the isotherm con­

figuration of the urban heat island normally conforming t o the shape 

of the built- up area. Both absolute and relative humidities are 

usually lower (Chandler, 1965; Kratzer, 1956) although studies in 

Leicester by Chandler (1967) suggest that whil e relative humidity 

responds to the thermal effect of the heat island as well as to t he 

vapour content of the air, vapour pressure may frequently be higher 

within cities than without . In addition i ncreased friction encount­

ered by winds over cities results in lowered mean wind speeds (Maurain, 

1947). In hot climates the~e conditions may combine to produce an 

intolerable degree of discomfort yet, to the author's knowledge, no 

attempts have been made to map physio-climatic variations in urban 

areas. 

To what extent the urban environment contributes towards 

illness and morbidity has been the object of considerable research 

most of which has been directed towards the air pollution problem 

(Prindle, 1964) . However, Brezowsky (1964) emphasises the close 

relationship that exists between temperature, vapour pressure and 

man and points out that a warm, humid environment, as well as being 

responsible for discomfort, is also accompani ed by an increase in 

infections. Where cities are located in warm climates, the added 

heat component derived ~rom the high heat capacity of the urban 

fabric may increase temperatures beyond the comfort threshold. The 

tendency towards this condition is assisted by high absolute hUlili­

dities and low wind speeds. 

Ventilation of built- up areas in hot climates is of 
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paramount importance if thermal comfort is to be maintained . Not 

only is air temperature lowered by turbulent diffusion of heat but 

t he cooling sensation, due to heat loss by convection and evapora­

tion from the skin , is increased . High absolute humidities may be 

accompanied by a sense of depression which becomes noticeable when 

vapour pressure exceeds 20 mbsj beyond this mark each additio~~ 

millibar of pressure can be countered with 0 . 59 m/sec wind speed 

(Olgyay, 1963) . 

Numerous indices have been developed to measure heat 

stress upon humans . In some, such as the Index of Physiological 

Effect (Robinson et aI, 1945) , the Thermal Acceptance Ratio (Plummer 

et aI, 1 945) , the Predicted Four Hour Sweat Rate (\'fyndham et aI, 

1952) and the Belding-Hatch Heat Stress Index (Ee1ding and Hatch , 

1955) , many variables are involved, some of which require di rec t 

measurement on the body. In others, such as the Effective Tempera­

ture Index (Roughton and Yaglou , 1923; Yag10u and ~,~i11er , 1925), the 

Wet Bulb Globe Index (Yag1ou , 1923) and the Temperature-Humidity 

Index (Thom, 1959) an attempt is made to combine into a single value 

t he thermal e£fect of climatic elements such as temperature, humidity , 

radiation and wind. These l a tter indices have been criticised by the 

tendency towards a progressive reduction in accuracy a t high s tress 

levels (Lind, 1964). However, they a r e simple to use and i n areas 

which experience environmental temperatures which are not excessive 

can be of great value. The Effective Temperature Index is a sensory 

scale of warmth co~bining air t emperature, humidity and air movement 

in a single index. The We t Bulb Globe Temperature Index is determined 

from dry bulb, wet bulb ana bla ck gl obe temperatures . Air movement is 

not measured since t his is reflec ted by globe temperatures. The t em­

perat"..lXe-Humidi ty Index, n~w used by the United States Weather Bureau 

in several parts of the country as well as in its daily forecasts, i s 

most convenient t o use being expressed by 

THI = 0.4 (Td + Tw) + 15 (8.1) 

1 
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where Td is dry bulb temperature and Tw is wet bulb temperature 

in d~gree9 Fahrenheit. 

The Temperature- Humidity Index requires only two 

variables and is, therefore, suitable for the measurement of dry 

bulb and wet bulb temperatures at a large number of stations. 

Largely because of this it was used as the discomfort index, the 

spatial variation of which is discussed in this chapter. Accord­

ing to Thorn (1959) people feel discomfort as the index rises 

above 10, with over half uncomfortable with the index over 75. 

All are uncomfortable by the time the index number reaches 79, 

some feeling discomfort acutely. 

8. 2 The spatial variation of temperature 

It has been shown that both in summer and in winter an 

elongated heat island extends along the foot of the Berea ridge 

with its centre situated west of the central business district over 

a relatively open area occupied by a market, an extensive car park, 

wide streets and buildings which are lower than those in the busi­

ness district . It was suggested that this anomaly was due to the. 

displacement of the heat island by the north-east sea breeze and by 

south- south- east gradient winds away from the heat provided by the 

business district. In general mean temperatures were found to be 

lowest along the Berea crest and the seashore. 

The distribution of mean temperatures uncorrected for 

a l titude are given in Figs. 8.1 and 8 . 2 and Berea crest temperatures 

are shown to be lower than in Figs. 7.6 and 7.7. In terms of human 

comfort, however, the occurrence of stronger winds along the ridge 

crest and the seashore than in the built-up area is more important 

than the altitude effect, a cooling sensation being enhanced by greater 

evaporation from the skin. This is particularly important during 
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the summer nonths. 

From the Ber ea cres t to the Kloof pla teau the land 

ri ses approximately 1,400 ft, with an average gradient of 1 : 38 . 

A steady decrease of mean midday t emperatur e \,i th height is shown 

in Fig. 8 . 3 and regression analysis of mean temperatur e , T QC, 

against distance inland in miles, d, yields an equati on of the 

form 

T = 24.82 - 0 .16 d (8.2) 

8.3 The spatial variation of vapour pressure 

Spatial and temporal vari a tion.s of vapour pressure over 

Durban are l argely controll ed by diurnal, synoptic and seasonal 

changes in temperature and air movement . The advect i on of warm, 

moist air from s ea to land by the north-east sea breeze is the main 

diurnal control and Fig. 8 .4 shows that, not unexpectedly , highest 

mean midday vapour pressure occur s a l ong the seashore with a steep 

vapour pressure gradient over the all uvial flats south of the Mgeni 

River mouth. This area i s largely used for recreation and is not 

built over so that onshore penetration of moi s t a ir is unimpeded . 

The vapour pressure gradient is s teep along t he foot of the Berea 

ridge but further ascent up the ridge produces surpri s ingly little 

variation. This may be ascribed to t he nature of the urban fabric 

on the l ower slopes of t he Berea ridge , closely spaced houses set in 

small properties being a characteristi c of the area . Frictional 

slowing of t he wind and reduced eddy diffusion inhibits mixing of air 

in this area . However, with increasing elevation up the r idge and 

more spacious properties, turbulent diffusion main tains a nor mal day­

time humidity l apse. 

The va pour pressure gradient over the work zone region i s 
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steep along its eastern and ','Iestern edge but gentle over the 

central business district. Tall apartments that line the sea­

shore block penetration of moisture into the built- up area and 

this accounts for the steep vapour pressure gradient along the 

seashore. Moist air which does penetrate into the city i s trapped 

between buildings and because of lowered mean wind speeds over the 

city mixing with drier air from above is reduced. The relatively 

steep vapour pressure gradient along the western edge of the busi­

ness district marks the transition to better mixed, drier air over 

the slopes of the Berea ridge. 

After the passage of a lOVl,winds veer to south and south­

south- east in response to a sea breeze effect. This explains the 

high vapour pressure values slightly west of the central business 

district (Fig. 8.5). Low wi nd speeds in the work zone region r ela­

tive to the Berea ridge inhibit mixing of moist air trapped be~veen 

buildings and west of the business district the transition to drier 

ai~ along the "Berea ridge is sharp. 

A marked "seasonal change in the spatial variation of water 

vapour over the city is shown by an increase in mean summer vapour 

pressure values relative to winter by a factor of 1.65 in the busi-

r 
ness district, 1.BO along the seashore and 1.88 along the ]erea 

crest (Figs . 6 . 6 and 6 .7). This is primarily due to a higher water 

vapour capacit y of the warmer air, weakening of the influence of anti-

cyclones and associated near surface subsidence in "this season and 

strengthened onshore advection of moist a ir by the sea breeze . In 

I both seasons the orientati on of high mean vapour pressure isolines 

is east-west over the work zone, evidence of trapping between build-

I ings of mOist air advected into the area by southerl y winds. North 

of the \"Iork zone moist air advection by the north- east sea breeze is 

r esponsible" for vapour pressure is01ines with an inland gradient that 

para llel the coast. 
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The difference in vapour pressure values between the 

seafront and the Berea crest is approximately the same in both 

seasons; 1.7 mb in summer and 1 . 4 mb in winter. The gradient is 

steepest over the alluvial flats north of the work zone region and 

gentle with ascent up the Berea ridge. This phenomenon may be ex­

plained by the existence during the day of a humidity lapse which 

is produced by vertical mixing of air by relatively strong turbulent 

winds along the Berea ridge. However, in the badly ventilated high 

and medium density residential areas, moisture is trapped between 

buildings and this reduces the mixing of moist air with drier air 

above. 

Local variations of vapour pressure are of i nterest. For 

i nstance, the cell of relatively low vapour pressure on the eastern 

side of the work zone in summer lies landward of a 30 ft high sa~d 

dune that parallels the seashore. The effect of the dun~ in blocking 

penetration of the north- east sea breeze is accentuated by multi­

storied apartment blocks constructed along the crest of the dune. 

Regression analysis of the decrease of mean vapour pressure, 

e, along section line G-H (Fig. 7.8) results in expressions of the 

form 

e (mbs) summer _ 21.2 - 0.369 d 

e (mbs) winter - 10.9 - 0.387 d 

where d is distance in miles. I t is interesting to note that although 

the value of the intercept varies between summer and wi~ter , the slope 

constant remains approximately the same. 

The decrease of mean summer vapour pressure v~lues from 

the Berea crest to the Kloof plateau is less steep (Fig. 8.3), and 

may be expressed by 

e (mbs) = 21.0 - 0.18 d (8.5) 

>;' •. 
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8.4 A spatial model of physio-climatic variations 

The aim of the Temperature-Humidity Index is to estimate 

the impact on human comfort of combined temperature and humidity 

during the summer months. This index was based on earlier esti­

mations of tEffective Temper ature I which were developed to indicate 

values of temperature, relative humi di ty and air movement that gave 

the same degree of 'average comfort'. The Temperature-Humidity 

Index is an empirically derived expression that agrees closely with 

Effective Temperatures at extremes of temperature and humidity 

(Field, 1964). 

The spatial variation of the Temperature-Humidity Index, 

TBI, west of the city from t he Berea crest to the Kloof plateau may 

be described by simple regression analysis of discomfort index on 

distance in miles t d. The r~sulting equation describing the varia­

tion is of the form 

TB! = 73.59 - 0.14 d (8.6) 

Areas of high temperature in t he Durban area are associated 

with relatively high humidities and it is, th,erefore, not sur prising 

that maximum discomfort areas should correspond closely to the elon­

gated heat island which extends along the foot of the Berea ridge 

(Fig. S.S). The 75.0 discomfort index line, which determines the 

point at which half the population feels heat discomfort, conforms 

closely to the shape of the work zone region. Two cells with a dis­

comfort index more than 75.2 are loca ted on the western side of thi s 

region. A third area encompassed by a 75.0 discomfort index isoline 

is located over the high density residential area at the foot of t he 

Berea ridge and north of the work zone region . As with the mean 

summer temperature map , the mean gradient is relatively steep along 

the seashore east of the work zone and along t he foo t of the Berea 
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ridge. Due l argel y to the cooling influence of the sea breeze , 

areas of relative maximum comfort are located along the seashore 

and crest of t he Berea ridge. 

By the use of harmonic analysis the spatial variation of 

the Temperature- Humidity Index over the city can be precisely des­

cribed by determining the amplitude and phase angles along the 

section lines cutting the cell of maximUm discomfort index. Table 

8 . 1 shows the spatial variation of these parameters . 

Table B.l: Spatial variation of mean summer Temperature­
Humidity Indexo Sk denotes cumulative percen­
tage contribution to the total variance . 

Section ~HI a , '" a 2 '" aa '" S, S2 Sa 1 2 a 

A-B 75.3 0 .32 234 0.13 123 0.02 224 82 96 97 
C-D 75.2 0.35 265 0.07 126 0.02 269 89 93 93 
E-F 74.9 0.58 284 0 .15 79 0 .06 326 92 98 99 
G-H 74.9 0.56 302 0.16 57 0 .12 351 84 90 94 
I - J 74.9 0.56 312 0.26 53 0.13 7 79 94 98 
Mean 75.0 0.47 279 0.15 88 0.07 235 85 94 96 

The first three terms in Equation 2 . 2 are shown in Table 8.1 

to account for more than 79 per cent, 90 percent and 93 per cent of the 

variance about the space mean discomfort index. As i n the case of the 

heat island model, phase angles for successive harmonics calculated 

along each section line do not vary greatly and ampli tudes are approxi­

mate constant values of the space mean Temperature-Humidity Index. 

Mean .amplitud.es and phase angles may, therefore, be taken as represen­

tative of the area covered by the section lines. Mean values of 

a ,a ,a are respectively 0 . 63 per cent, 0.2 per cent and 0009 per cent 
1 2 a 

of the mean discomfort index and the expression 
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THI • THI + .0063 THI sin(kd + 279°) + s s 

+ .002 THI sin(2kd + 88°) + 00009 THI sin(3kd + 235°) 
5 • 

where k = ;00 £or "d=D, l, ••• ,ll describes the mean spatial distribu­

tion of the index. 

The empirical expression developed for the spatial varia­

tion of cl i matic discomfort is similar to that developed to describe 

the heat i s land over Durban. The clos e correspondence of the mean 

spatial Temperature-Humidity Index wave over Durban to a single sine 

wave is demonstrated by the model . The value of this model clearly 

lies in the provision for the determination, from relatively few 

measuring points, of the spatial variation of a discomfort index over 

the city. 

* * * * * * * * * * * 

During summer in sub- tropical latitudes, ventilation of 

urban areas is essential in order to reduce the sensation of dis­

comfort which is induced by combined high temperature and humidity. 

The effect of poor ventilation upon climatic discomfort is clearly 

shown by the relative difference between mean summer Temperature­

Humidity Index values in the area of closely-spaced housing a l ong the 

foot of the Ber ea ridge and the better ventilated Berea crest and sea­

front. This pattern may well change \1i th the implementati on of planning 

schemes. However, the present distribution of mean sum.tner Temperature­

Humidity Index values over Durban should be of interest to the archi­

tect and town planner . 
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PART IV 

CONCLUS IONS 
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CHAPTER 9 

SUI'it·1ARY AND CONCLUSIONS 

It has been shown that certain characteristics of 

weather end climate along the Natal coast are intimately related 

to local wind systems . The main features of these circulations 

t ogether with their influence upon selected climatic elements 

are briefly summarised as follows : 

A. Sea breezes 

1. The sea br eeze i s a periodic and predictable wind of 

thermodynamic origin which blo'RS during the day and throughout 

the year from sea to land. At first the circulation is associated 

with a marked onshore component of air movement . However, this 

component weakens as sea breeze velocities increase and the cir­

culation grows horizontally with time. This takes pl ace as the 

wind backs in response t o the Coriolis force to assume a direction 

parallel to the coast. 

2. During summer months , increased surface heating ensures 

a higher frequency of sea breezes than duri ng winter months. The 

sum of north- north-east, north- east and east- north- east wind fre ­

quencies per 500 for the 12 dayt i me hours at Durban (S.A. Weather 

Bureau, 1960) increase in January relative to July by a f actor of 

1.5. Mean wind speeds for the same directions increase cor respond­

i ngly by a ractor of 1 014_ 

The onset of the sea breeze circulation takes place some 

2 hours earlier in summer than winter but maximum hourly wind 
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velocities in both seasons occur approximately at the time of 

maxi~um land- sea temperature difference. 

The duration of the sea breeze under fine weather con-

ditions is a function of surface heating, gradient wind direction 

and speed . The onset of the sea breeze is seldom delayed by off­

shore gradient winds along the Natal coast and in summer onshore 

winds appear over the coast by 0900 and prevail thereafter for 

about 11 hours . In winter, however, the onset of the sea breeze 

awaits upon the breakdown of a deep nocturnal inversion. This 

must be accomplished by surface heating which is weak in winter. 

Star ting at about 1100 the sea breeze usually prevails for about 

7 hours in this season. 

5· Normally gradi ent winds over the Natal coast blow with 

an onshore component of air movement. Although sea breeze velo­

cities are strengthened by this addition, the sea breeze circula­

tion as a whole is wea.1cened. Advection of cool sea air with a 

large inland fetch inhibits the rise in temperature of the atmos­

pher e over the land and consequently the development of a steep 

hor izontal temperatur e gradient within a thick layer of atmosphere. 

Under these conditions the onset of the sea breeze can seldom be 

identified by a sea breeze front. 

6. Day to day variations in the depth of the sea breeze are 

determined by a number of factors which include changes in lapse 

r ate, direction and speed of gradient winds and surface heating. 

Despite these changes the level of zero wind component , which 

separates onshore from offshore wind components, usually occurs 

below 3,000 ft . 

The wind pr ofile is a useful indicator of the depth and 

cean velocity characteristics of the sea breeze particularly where 

onshore gra dient winds are deep_ Maximum onshore wind components 
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in the sea breeze occur below 1,000 ft, usually between 600 -

800 ft. 

8. Steepened pressure gradients ahead of a coastal low 

or cold front cause strong north- east gradient winds . The sea 

breeze circulation is weakened by the reduction of the land- sea 

temperature gradient under these conditions and it becomes diffi­

cult to separate the two wind components. 

9. Under post- frontal weather conditions strong, cool 

south-west gradient winds tend to subdue the sea breeze circulation . 

Despite adverse conditions for sea breeze development , a component 

of this wind may frequently be recognised by backing of the wind to 

south-east during the day. This is follovled by a return to south­

west at night. 

10. Surging of sea breeze velocities is recognised. As sea 

breeze velocities increase the land- sea solenoidal field may be 

weakened by heat diffusion and cool air advection. The resulting 

reduction of the sea breeze component of the onshore 'wind lowers 

the mean wind speed . A decrease in heat diffusion allows the sole­

noidal field to strengthen and the return of the sea breeze to its 

former strength occurs as a surge . 

11. The periodicity of surges in the sea breeze varies with 

changes in gradient wind velocities and the land-sea te~perature 

gradient. Surges tend t o be confined to the zone of maximum wind 

veloci ty below 1,000 ft and were found to occur with periods 

ranging from 60 - 120 minutes. 

12. The sea breeze, strengthened by gradient winds, advances 

inland as a shear line marked by a wind shift separating winds with 

an onshore and offshore component of motion . It is recorded as 

penetrating at least 40 miles inland and may extend ev~n further. 

! 
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13. Valley wind systems extend from the coas t to the 

Drakensberg escarpment during the day t o produce east-south-east 

to south-east winds over Natal . However, the observation in this 

study of east- north-east and north-east winds in the 40 mile wide 

coastal belt, suggests that onshore sea breezes, strengthened by 

gradient winds, may overlie the valley wind system in t his area. 

Where deep ening of the valley wind take s place to above ridge 

level, the resultant wind may be easterly. 

14. Maximum upward vertical motion associated with the sea 

breeze circulation is nor mally located at the convergence zone be­

tween onshore and offshore winds. However, the deep inland pene­

tra tion of onshore gradient winds prevents the development of a 

convergence zone of this f orm in the immediate coastal hinterland 

and l ocal deepening of' t he sea breeze over the Kloof plateau is 

probably due to or ographi c convergence a The bank of cuu;tllus clouds 

tha t line the escarpment under theGe conditions bears testimony to 

the presence of' this vertical motion. 

15. The location of the Natal coast in sub-tropical latitudes 

places this region in a belt within which climate and weather is 

characteristic of both tropical and middle latitudes. Surface heat­

ing in summer is mor e typical of tropical latitudes but increased 

gradient wind speeds and Coriolis force is more characteris tic of 

middle l a titudes. 

B. Land breezes 

1. In i'ine weather over t he Natal coast the l and breeze blows 

from land t o sea as a north-wes t wind wi th speeds l ess than 3. 5 m/sec . 

The Coriolia force is insignificant due t o the low velocities and 

small fetch of this wind . 
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2 . I n both summer and winter the duration of the land breeze 

exceeds that of the sea breeze . This is caused by more effective 

noct urnal cooling of the near- surface air layer than daytice heat­

ing . At night , thermal s tability in the loner atmospheric layer 

inhibits turbulent mixing so t hat in cloudless weather , radiat i onal 

c ooling takes place in relatively undisturbed conditions . Conse­

quently the maximum nocturnal land- sea temperature difference is 

l arger than daytime values by a factor of 3. 25 in winter and 1.74 

in summer. This results in a land br eeze duration of 16 hours in 

winter and 13 hours in summer. 

The deeply d i ssected and wide Mgeni River vall ey west of 

the Kloof plateau is reduced to a comparatively narrow gorge north­

eas t of the plateau (Figo 9 . 1) . The onset of the mountain wind over 

the pl ateau takes place as cold air accumulates upstream of the gorge , 

deepens and finally overflo~s onto the plateau. With similar deve ­

l opment in other valleys a mountain- plain '/ind devel ops, at first as 

a shallow wind but deepening throughout the night . 

4. The land breeze circulat i on i s shall ow at first and re-

stricted t o a narrow coastal belt. As the circulation grows with time , 

the belt of offshor e winds deepen and migrate inland ultimately to 

surmount the Kloof plateau by 2100. Concomitant with t his development 

is the deepening to above ridge level of mountain winds in natal river 

valleys and the subsequent development of a mountain-plain wind bl ow­

ing towards the coas t. Integration of the mountain- plain wind into 

the land breeze takes place over t he Kloof plateau (Fig. 9 .2). 

5. The pre-dawn winter depth of the land breeze over Durban 

was found t o be about 800 ft. This is in excess of mos t publ ished 

observations of t he land breeze depth . 

6. i'then land breeze and mountain-plain wind directions coincide , 

the upper limit of the land breeze is difficult to define. Under 
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these conditions the combined circulations may deepen during the 

night. to above ~ ,OOO ft. 

The seaward movement of the land breeze at first takes 

place in a shallow layer which later deepens by addition of the 

mountain- plain wind component. By sunri se a layer of cool land air 

may extend to the base of the subsidence inversion ~~d penetrate 

some 5 miles seawards. The discontinuity between the land and sea air 

ia frequently sharp and clearly visible due to accumulated atmos­

pheric pollution in t he land air. 

c. Ora i nage \'Ii nds 

1. The onset of drainage winds in coastal valleys takes pl ace 

at night when the thermally-induced pressure gradient reverses from 

upvalley to donnvalley. The arrival of the drainage wind is marked 

by an abrupt temperature drop as a local front of cold air advances 

downvalley. 

2. The t emperature change assooiated ~ith the onset o£ drainage 

winds is smaller than recorded in t he Natal midlands. On summer days 

the mean maximum land- sea temperature difference is only o£ the order 
o of 2.0 C. Since the diurnal temperature change over the sea is small, 

land heated air i s not required to cool as far as that in inland areas 

before the temperature gradient is reversed in river valleys. 

In the Durban area cold air t whioh drains from the mouth of 

the Umbilo River valleYt moves aoross the alluvial flats at the head 

of Natal Bay, dams aga~st the Bluff ridge and i s then channelled 

northwards betneen the Bluff and Berea ridges. Low velocity south­

west drainage winds in the Natal Bay area occur nightly in fine winter 

weather. 
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4. The mean depth of south-west drainage winds over natal 

Bay is approximately 200 ft. 

5· Where land breezes and drainage winds have the same 

direction, it becomes difficult to separate the land breeze com­

ponent from the drainage wind. Under these conditions the wind 

profile of the downvalley component of motion does not normally 

show a finite upper limit. The maximum velocity of this componen~ 

is shown to occur at 200 ft in the Mgeni River valley and, by 

comparison with drainage winds in the Natal Bay area, this suggests 

aome integration of drainage winds and land breezes. 

6. Periodic surging seems to be a characteristic of low-

level air movements in the Mgeni River valley. A measured 50 minute 

period at 200 it falls within the time range for periodic surges in 

the mountain wind over Pietermaritzburg. 

7. Under strong gradient wind conditions, the development of 

a land breeze circulation is inhibited before the suppression of 

drainage winds. On occasions cold air movement is restricted to 

river valleys and the seaward penetration of this air depends upon 

the relative strength of the drainage and gradient winds. 

8. Westerly drainage winds from the Mgeni River valley entrain 

cold air into the gradient wind over the sea . When this latter wind 

is north- east the valley air is returned to land and moves over the 

Durban central business district . 

9. After sunrise the source of cold air from valley sides is 

shut off by slope heating and accompanying convective mixing. Without 

replacement of the cold air in the valley bottoms, the depth of the 

dra inage wind in the Natal Bay area i s progressively reduced. The 

dissipation of the wind i s usually accompanied by downward penetra­

tion of the north- west land breeze. 
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The influence of l ocal winds upon selected 
c l imati c el ements ; n the Durban area 

Nocturnal precipitation 

1. Throughout the year the diurnal variation of' rainfall 

frequency and amount over Durban is higher by night than by day . 

Both measures reach a peak at 2100 and decline sharply thereafter. 

Prec i pitation is largely a summer phenomenon, however , and the 

mean February raiclall amount exceeds the mean July amount by a 

f actor of 3.65 . 

2 . The f requency distribution of hourly r ainfall occurrence 

betvleen specifi ed limits is positively skewed with 63.2 per cent 

of January and 58.7 per cent of July rainfall occurrences pr oduc­

ing precipitation less than 1.0 I!1Iil/hr . Much of this low i ntensity 

rainfall is precipitated a t night, 42 . 9 per cent in January and 

,6.5 per cent in July . 

,. On 47 per cent of r aindays precipi t ation over the period 

1958-67 was restricted to the night period a lone. However, when 

r ain does fall during the daytime it is most likely t o continue 

into the night. On only 11 per cent of raindays \"Ias pr ecipitation 

restricted to the daytime period. The operation of two main rain­

f all processes is thus suggested. 

4· Low intensity but hi gh frequency nocturnal rainfall occurs 

most frequently in r elatively unstable air at the r ear of coastal 

depressions. By undercutting moi st , unstable sea air the land 

bree ze ac ts as a trigger to release the instability and rainfall 

results. This precipitation is inhibited after 2100 by the arrival 

of mountain-plain winds over the co·aat. 

i . 
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5. Rainfall which occurs through the day and night is the 

prod~ct of frontal depressions and is not related to local circu­

lations . 

6. A t hird rainfall pr ocess, lees distinctive on rainfall 

r ecords because of its l ow f requency of occurrence, is caused by 

thunder storms . These storms occur mainly after sunset during 

summer. 

7· Radar observations show that thunderstorms which reach 

Durban i n the evening, originate during the early afternoon in the 

Kokstad area some 110 miles south- west of the city. The suitability 

of thi s area as a breeding ground for storms is suggested by the 

possible existence , under particular synoptic conditions, of a lee 

depression in this area into which moist onshore winds converge from 

the north- east . 

8. It is sugges t ed that thunderstorms are maintained at the 

convergence zone be~1een onshor e and offshore winds over Natal. The 

onshore component within 40 mil es of the coast is maintained by sea 

breezes as wel l as gradient wi nds so that the seaward movement of 

storms must await upon the weakening of' this zone. This takes place 

towards evening as the sea br eeze circulation dies and the subsequent 

movement of thunderstor ms towards the coast is probably in phase with 

t~e retreating convergence zone. 

Temperature 

9 . Cold air which drains south-west in the Natal Bay dams 

against tall buildings that line its northern shore . Part of this 

air flow is diverted towards the bay entrance while the remainder 

penetrates the work zone r egion from the south . Consequently the 

mean winter nocturnal heat island is split into two cells one lying 
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west of the main stream of cold air and the other in the sea. 

.front zone. 

10. A thermal belt extends the length of the Berea ridge on 

winter nights . This is primarily caused by lowering of ridge top 

temperatures by the land breeze and along the base of the ridge 

by radiational cool ing and drainage winds. 

11. By midday in summer t the mean position of the urban heat 

i sland i s displaced westward of the central business distr ict by 

t he nor th- east sea br eeze . Turbulent dissipation of the energy of' 

the sea breeze over the aer odynamically rough surface of the busi­

ness district , results in low wind speeds in the heat island area . 

Consequently diffusion of accumulated and locally generated heat is 

l ow . 

12. When winds blow south- east the mean position of the midday 

summer heat island i s displ aced north-~est of the central business 

distri ct. Tall buildings that line the northern bayside are, however , 

partly effective in blocki ng penetration of these winds into the city 

and t his is shown by a s t eep temperature gradient in this area. 

l } . Mean midday temper atures in the Durban area show a heat 

i sland situated on the western flank of the central business district 

in both summer and winter. This is in contrast to the expected 

pattern in which the centre of the heat island coincides with the 

centr e of the city as i n Johannesburg (Go1dreich, 1969). 

14 . By midday under both north-east and south-"est gradi ent 

wind conditions , a sea breeze component causes onshore winds over 

Durban . Strengthened onshore winds which advect cool sea air over 

the city cause temperatures to be lowered most along the seashore 

and Berea ridge crest . 

I 
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15. Both in summer and in wi n ter the mean spatial tempera­

ture wave over Durban corresponds closelycto a single sine wave . 

This i s largely due t o the sea breeze which lowers temperature 

along the seashore and ridge top and displaces the mean midday 

heat island to a position approximately midway between these areas . 

This enables the spatial variati on o£ mean temperature across the 

heat i sl and t o be described by a simple harmonic model. This model 

also facilita tes t he prediction of the spatial variation of t empera­

ture over the city from relatively few measuring points. 

Physio-climatic variations 

1 6 . In the summer months, climatic discomfort in sub-tropical 

regions is caused l ar gely by combined higb temperature and humidity. 

Under these conditions the role of wind in the partial a~leviation 

of heat discomfor t is important. 

17. As with the spatial variation of temperature over the 

city , vapour pressure variations are also influenced by air movement 

and the urban fabric. Under north-east sea breeze conditions, 

highest summer midday vapour pressures are located over the seashore 

and these values decrease inland. Al ong the foot of the Berea ridge 

low wind speeds , induced by the physical nature of the high density 

residential area, reduce the r ate of mixing of air. Consequently 

the vapour pressure gradient i s steep in this region relative to 

more elevated areas along the ridge. 

18 . Tall apartments that line t he seashore east of the central 

business district bl ock moist air edvection over this region by the 

Bea breeze. Consequently mean midday su~~er vapour pressure is 

slightly lower over the business district than north of the work 

zone in less built- up areas . 
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19. With south to south- ea:st winds the zone of steep 

vapour pressure gradient is located along the foot of the 

Berea ridge north- west of Natal Bay. 

20. A two_fold incr ease in mean vapour pressure values 

takes place between winter and summer with highest humidity in 

the latter season. 

21. Because of the association of high temperature with 

r elatively high humidity over Durban, maximum discomfort areas, 

defined by the Temperature- Humidity- Index, correspond closely 

to the elongated heat island that extends along the foot of the 

Berea r idge . 

22. The spatial variation of the Temperature- Humidity 

Index over the city is precisely described by a simple h" rmonic 

model . As with t emperature, the mean spatial disco~ort index 

wave shows a high correspondence to e. single sine wave. 

The nature and char acteristics of local wind sys tems on 

t he Natal coast which are described in this study also provide a 

means of assessing the potential for the transport or dispersal of 

atmospheric poll u tion. \Vhile it is not the intention to examine 

Durban's air pollution pr obl em , it is perhaps appropriate to con­

clude by indicating briefly the manner in which the information in 

t his study may be used to show bow polluted air can be transported 

over the city and coast. 

I n fine winter weather, poll ution emitted at night from 

sources along the Nat a l coast is moved seawards by the land breeze­

mountain-plain wind. Pollution emitted from a s ingle source \L~der 

these conditions stays visible for a considerable distance and can 

J 
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Fig. 9.3 : The move~ent of atmospheric pollution from a s ingle source 
by l ocal circulations and gradient Vlinds on the Nat al coast 

Fig. 9 .. 4 : Diagrammatic model to show nocturnal local air circulations 
during winter in the Durban area 
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be u s ed as an indicator of loca l circulation characteristics . 

Aircra ft observations indicate that the north- west land breeze 

veers to north or north- north- east over the sea at the land breeze­

gradient wind boundary . Consequently a plume at first carried sea­

ward by the land breeze- mountain-plain wind soon turns to parallel 

the coast . Individual plumes which behave in this manner have been 

visually traced by the use of aircraft for over 60 miles (Fig. 9 . 3) . 

Veering or the gr adient wind to east-north-east or the onset of a 

weak sea breeze can return this pollution to the l~~d many miles 

downwind from its source . The existence of these winds and their 

potential for the transport of atmospheri c polluti on should be re­

garded as a primary consideration for a l l planning along the Natal 

coast. 

Atmospheric stability during the winter months, the nature 

of the topography and the characteristics of local topographically­

induced winds as wel l as l~~d and sea breezes are major factors which 

could produce a serious air pollution problem over Durban . At night 

the upper l evel of the nocturnal radiation inversion is frequently 

found to be associated with a low-lying subsidence inversion and 

under these conditions turbulence in near surface winds is damped out 

and ventilation of the area between the Bluff and Berea ridges is 

particularly poor. 

Air drainage down the Umbilo and Mhlatuzana River valleys 

and over the alluvial flats at the head of Natal Bay provides a 

vehicle for the nocturnal transpo~tation of polluted air from these 

areas. Since this air is diverted to move between the Bluff and 

Berea ridges below 200 ft , pollutants in the drainage wind may con­

tribute to the contamination of the air over the cit~~ (Fig. 9 .4). 

Polluted air from the Springfield flats is initially moved 

eastward by the drainage wind and its seaward penetration depends 

upon the strength of the drainage winds relative to gradient winds 

I • 

• 



over the sea. Entrainment of the cool land air into a north-east 

grad~ent wind may cause an advection of the polluted air over the 

city . As the advection is slowly retarded by gentle convergence 

with the south-west drainage wind from the opposite direction, 

the situation is exacerbated. Consequent upon this condition, i£ 

climate alone is considered, the Springfield flats is a highly 

unfavourable location for industrial development. 

* * * * * * * * * * * 

\Vhile it must be acknowledged that large-scale circula­

tion patterns are the dominant controls of weather and climate, 

this study clearly shows that the influence of local air circula­

tions upon the mesoclimate of Durban should also be recognised. 

The considerable effect of land and sea breezes upon mean urban 

temperatures has been described. In addition these winds are shown 

· to be closely associated with certain precipitation processes along 

the Natal coast. Finally, the significance of local winds as a 

means of transporting a i r pollution has been briefly mentioned . It 

is to be hoped that future planning along the Natal coas t will take 

these features into consideration. 
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