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THE INFLUENCE OF LOCALITY FACTORS ON MEAN ANNUAL 

RAINFALL 

J.S. WHITMORE 

INTRODUCTION 

When evaluating water resources available for 

irrigation, industrial and municipal use or for power 

development, flow of ungauged rivers must •·ften be es­

timated from rainfall data. Rainfall is measured at 

over 3000 points in South Africa and by world standards 

this coverage is good, but unfortunately there is often 

a dearth of rain-gauges in the hydrologically important 

mountain catchments because of their remoteness and in­

accessibility. Although these mountainous headwater 

regions may comprise only a small part of a river catch~ 

ment they generally contribute a major portion of the 

flow since they are invariably the regions of highest 

rainfall. The importance of making the best possible 

estimate of the ave r ag e rainfall along mountain water­

sheds where direct measurements are not feasible, is 

therefore self-evident. 

A rain-gauge measures the precipitation occurring 

at that point but its record can also serve a broader 

purpose as it refl ects the combined influence of all 

lo·cality/ • • • 
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locality factors, such as pos ition, altitude and aspect, 

which govern the incidenc e of rainfall. If the data 

from many gauges are pooled, the relative importance of 

each of these locality facto rs, and the manner in which 

each operates, can be identified by means of multiple 

regression analysis. Once these laws of nature have 

been revealed by analys ing exis ting data, they can be 

used to estimate the average r a i nfall of r egi ons devoid 

of rain-gauges. 

The region selected for an inves tigatio n of the 

combined i nfluence of locality factors upon average 

annual rai nfall was that part of the souther n Cape Province 

extending inland to 32°00' 3 and bounded by the meridians 

20°30'E and 25°00 'E. Withi n this tract the mean annual 

rainfal l vari es from l ess than 4 i nches to more than 40 

inches; clearly environmental facto r s must interact 

s trongly to cause the mean annual rainfall to vary so 

widely within so small an area. 

TOPOGRAPHY • . 

Dominating the topography are the pa rallel ranges of 

fold mountains which t r end east - west . The southern 

facing slopes often fo r m an escarpment. Where the moun­

tains intersec~ the oblique coastline they form c liffs up 

to 500 fe et high, and prominent headlands and bays . 

The/ ••• 
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The southernmost range comprises ~he Langeberge , 

Out eni quaberge and Tsitsikammaberge and at t ains a 

maxi mum height of about 5, 500 feet in the Outeniquaberge 

withi n a few miles of the coast . 

Some 50 miles further inland l i es a more prominent 

range compris i ng the Witteberg and Gr oot Swar tber g , 

whose maximum height exceeds 7, 500 feet . Eastwards the 

r ange cont i nues as the Bavi aanskloofber ge whi ch 

bi fur cates into the Gr oot Wint erhoekberge and t h e 

Elands berge . Slightl y to the north l i es yet another 

fold r ange which , however, tends to be over shadowed by 

the Swar tberg range except in the east wher e it attains 

pr ominence as the Klei n Wi nterhoekber ge. 

Lying in the shel ter ed depression betwe en t~e 

Lang eberge and the Swartber ge i s the arid Little Karoo, 

reudered broken and ~even aa a reeult. ot 8irea. ~.­

Juv~ation. The l a r g e wes tern bas~n is drained Q: tr1• 

QU~aries ·o f the Gouri t z Ri ver but the eastern region, 

where the topogr aphy is r ende r ed more Qgmplex ~ the 

interposition ofthe Kammanass i eberge and the Kgugaoerge, 

is drained by affluents of the Gamtoos Ri~er. 

Near/ • • • 
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RAI NFALL . 

There i s a transition eastward s fro~ a p redominance 

of r ain i n winter to a pronounced summer .maximum but 

the result of this intera ction is a more sustained 

distribution through the year than elsewhere i n South 

Af rica . 

The winter rains a r e a ssoci a ted with the passage 

of depr essions in the path of the westerly wind belt 

which a t this season is located at it ' s most northerly 

position resulting from the shi f t northwa rds in winter 

of the hig h - pressur e belt . The start o f a spell of 

unsettled weathe r is mark ed by the backing of the u pper 

winds from north- east to north- west and west , foll owed 

a few hours la"ter by westerly winds at the surfac€ 

whe r eupon i t gener al l y starts to r a in 9 the i n t ensity 

increasing as the wi nd bac~to south- west . 

Summer precipitation is likewi se often associated 

with the passage of off-shore mi g ratory pressure systems 

so that pr ecipitat i on is again l a r gel y of the fro n t a l 

type a lthough convectional r a i ns in the form of after ­

noon thunderstorms a re also prone to occur in the 

int erio r . 

This/ • •• 
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This gen eral pat tern is profoundl y mod ified by 

the t opog r aphy, t he wi ndward s l opes of the fol d mo"Ull-

tains and the Escarpment experi encing a much higher 

mean ann ual r a i nfall than the s h e l te red v a l leys and 

bas i ns to the lee . 

Prel i mi nary s crut i ny of existin g r a i nfal l dat a 

ind icated that there are 4 main envi r onmental fac t o r s 

int e r acting upon t he mean annua l r a inf ?ll at a po int 1 

namely a l titude , aspec t , continentality and longitude . 

As the r e could be no a priori assumption that these re-

l at i onships would be linear, r e cour se was had to the 

semi- g r aphical method of mul tiple curvil inear r egr ess i on 

an alys i s d~scribed by Ezek i el, (l) Rhich deman ded no 

assumptions as to the nature of the net rel at i ons n i ps 

be t ween mean annual rainfall and the sev eral env i r on-

mental influences but permitted each of them t o be 

i so l ated by successive a;proximation . This method i s 

v er y suitable for explorato r y studies ~ 

IVIETHOD . 

Briefl y , the method assumes t hat the dependent 

var iabl e - mean annual r ainfall - is a combined func -

tion of the independen~ _ variables comprising the va-·- ~ . 

r i ous envi r onmental factors , i.e . 

y = I .. . · .. 
..... 
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wher e Y =mean annual r ainfall , in mm ., 

x
1 

= altitude above sea level , in metres , 

x2 = continentality , being the distance inland (in 

minutes of latitude) from the coas t, measured 

along the meridian, 

x
3 

= longitude, measured in mi nutes east of the 

boundary meridian 20°30 ' E., 

x4 = aspect relative to the main axi s of the nearest 

mountain range , measured in di rectional units 

of 10° clockwise from north , 

a = a constant whose value depends mainly on the 

units select ed for the i ndependent variables, An~ 

f i s a general term denoting a non- specific func ­

tional rel at i onship . 

• 
The choice of the X variables was limited by the 

requirement that they s hould be ind ependent of each 

other . 

Regarding the index of continentality, the slight 

v a riation in the length of a minute of latitude was 

ignore d as the span is not more than 2°. 

The/ .•• 
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The study was based on data pert a i ning to 288 

r a i nfall stations whose period of r e cord c over ed a t 

least 20 years. Tho ~~lue3 of mean annual rainfall 

(Y) pert ained specifically to the period 1920- 1960( 2), 

the v alues for stations wi th a shorter or longer re-

cord being suitably adjusted by reference to stat i on s 

with the corre ct 40- year r e cord. 

The first step towar ds isolating the several 

partial (or ' net') regression curves was to derive the 

linear mult i ple regression f r om the 288 sets of data, 

and then to c a lculat e estimated val ues of Y for each of 

the 288 observations by substituting the corresponding 

v alues of X1 , x2 , x3 and x
4 

in the equation . These 

estimat es of Y were then subtracted from the a ctual 

v alues of Y, g iving pos i tive or negative res i dual~ . 

The net regression of Y on ~ was plotted, showing 

the change in mean annual rainfall with change in a l-

titude while the remaining var i a bl es were held constant 

at thei r average values~ The residuals were grouped 

for suitable claas intervals of x1 and averaged within 

each group . These g roup mean residuals were then 

plotted as deviations f r om the net r egr ess ion line , 

whereupon a smooth c urve of b est fit was d rawn through 

the po ints 1 t h e cour se of the curve being dictated by 

logi c rather than by idiosyncracies i n the scatter 

diae:;ram/ .. • 
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diagram. Similar first approximations to the net 

regression ~urves for Y against each of the remaining 

thr ee independent variabl~were then compil ed . 

As in each case t he net linear effects of the 

r emaining variables had been eliminated , the p r ocess 

was r epeated to det e rmine more exactly the true r elation 

of Y to each independent variable i n turn by e l imi nating 

the c·u rvilinear effects (so far as they wer e manifested 

by the f irst approximati ons) of the remai ning i ndependent 

variables . To do this, revised estimates of Y were 

calculated from the set of first a pproxima tion curves 

and the differences b etween thes e new estimates and 

the actual v alues of Y wer e calculated ; as before these 

res i duals wer e grouped i nto suit a ble classes b 8sed on 

values of x1 and the g roup a verages plotted as devia­

tions from the f~1·st approximation regression cur¥ e of 

Y on x
1

, whereupon the curve was mod i fied where re­

q u ired . Similar adjustments were effected to the net 

r egression curves of all the other variables . 

This process of success ive correction was re-

peated until stability - represented by the mini mum 

s t andard · error of esti mate of Y- was attained . In 

all, five successive approximations we re drawn , the 

standard error of esti mate of Y for the f ina l version 

being 32% l ess than that for the i n itial linear 

relationship . / ..• 
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relationship. 

RESULTS . . .. ·-~ ~ - .. ~- ~ 

The four net regress i on curves a re shown in the 

a ccompanying figures . As the main interest lay in t he 

relat i onship between mean annual rain fall(Y ) and altitude 

(X1 ) this is portra yed directly in the fi r st curve, the 

cont r ibuto ry role of each of the thr ee other fa c to rs 

being shown i n the form of adjustments to be made to the 

estimate of Y based on x1 . 

The followi ng features merit comul ent: -

The initial fairly sudden increase in rainfall with 

altitude (X1 ) is probably due both to the f ac t t hat the 

mer e passage of moist air from the sea to the land 

(shear) is con ducive bo convergence , uplift and hence 

p r ecipitation, as we ll as to the fa c t that cliffs 

sev er2l hundred feet high overlook the sea along much 

of the c oastline . There is a marked steepening in the 

rat e of precipitatio n i ncrease abo ve 800 me t res but 

this is not maintained i ndefinitely . However, no attempt 

has been made to extrapolate to altitudes h i ghe r than 

those covered ~y the data . 

It/ . .. . 



- ll-

It should also be noted that i n this ins tance 

a l titude above sea level is not a true reflection of 

relief due to the rising base level (that is, of the 

valleys and basin floors) northwards. This effect might 

have been eliminated by including it as yet another in­

dependent variable~ but it was omitted as it is 

confounded with continentality. 

Referring next to the n et regression cur ve fo r 

cont i nentality (X2) , the most noteworthy features are 

t h e i nc r ease in mean annual rainfal l occasioned by forced 

uplift against the first mountain barrier range ( i rres­

pective of cons~a erations of height) and the very 

rapi d diminution i n mean annual ralnfall beyond the 

barrier. Of all the net regression relationships this 

was the most domin3nt and the least subject to change 

dur ing success:;_-:ie: a}I.!J.L'vrimations . As already ment ioned, 

this curve represents the combined effect of increasing 

distance from the sea and the general rise in base­

a l titude inland; it was not possible to separate the 

two as they are correlated . 

The net r egress i on curve for l ongitude (X3) reveals 

a slight tendency towards increasing rainfall ·from 

west to east in the direction of i ncreasing predominance 

of rain i n summer. The dip in the curve towards i t ' s 

western extremity represents a rain- shadow in t he region 

The/ . .• 
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The final net regression ~curve, that for aspect 

(X
4

) 7 is the one exhibiting t h e g reate3t s catter of the 

group averages . Thi s is doubtless due to the fact tha t 

the criterion for aspect i s somewhat subj ective; asp ect 

was t aken to be the di r ect i on of slope normal to the 

main axis of the most prominen~ topographic feature in 

the vi c inity (in order to eli minat e the effect of minor 

topog r aphic v ari ati ons too small to affect the i n cidence 

of rainfall ) but t Lere was sometimes doubt as to which 

of several alternatives was the dominant mo~tain range 

in a reg i on of complex topography, and a lso sometimes 

uncerta inty as to the ma i n directi on of th e a xis• Neve r­

thel ess the curve clearly illustrates the marked 

di fference in precipitation on windward and leeward 

slopes . 

CONCLUSION. 

Use of a semi-graphical metho d of multipl e curvi­

linear regress i on an a l ysi s has enabled the individual 

and combined influenc e of altitude , aspect , continentality 

and long itud e on mean annua l r a infall to be i dentifi ed . 

As the region to whi ch the analysis has b een 

applied is fairl y large, it i s likely that the standard 

er ror of estimate could be r educed somewhat by carrying 

out separate analyses for l ongitudinal sub divisions of 

the/ ..• 
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the area. It is a l s o posstble that further improvement '· 

could be effected by investigating joint, as distinct 

from indivi dual relationships, especially the joint 

relationship of aspect and altitude . 
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