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FACTORS CONTROLLiNG T! 115 PKECIPITATION/WATER YIELD KELATJONSiUP

1. HYDROLOG ICAL EQUJ L.l.i

The cquation o T hydrological equ.il i brium implies that the,
watcr input tnto a hydrological system such äs a catch=
nient must in tho lang terni bo balanced by the water out =
put and nny change in the water stored within the system,
that i s

I - O - A S
where I = water entering the catchment

0 = watcr leaving the catchment
S = change in storage within the catchment

* nP'*t (I) comprises
prcc i p itation fallitig on the catchment,
surfacc inflow,
subsurface inflow
imported water

The output (O) comprises
- 0- , being the surface and stibsurface outflow and exported
water,

- Oj , being water incorporated in products leaving the
catchment,

- Oj, water vapourised by evaporation and transpiration

Schematically

•3» CATCHMENT

> 0,ö vapourised water

12» Oj = incorporated water

Oj s water yield

that is -

l = O 4- AS
.-0, + O2 4- Oj 4-4 S
= (o + t - f i ) 4- Oj •*• ( S 4- g) 4- .A S

wherc
I a input
0 = output
0,= vapourisod water
c = evaporation
t = transpiration
1 = nct interccption loss
Oj = watcr incorporated in products leaving the cntchment
Oj= total water yield
s = surface wnter yjeld
g = ground-watcr yield
'S = change in storage within thc catchment.

Üi , represcnting what is commonly denotcd äs "wnter yield"
or "watcr resources", together with Ü2 (gcnerally much
smallor), can be regarded äs potentially prodtictivc water,
in contrast to 0 which is regarded äs wator "loss".
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To maintnin the hydrolog icnl cquilibrimn, a c l um EP in any
tcrm(s) tmist cffcct a compensating changc in one nr moro
of tho other tcrms. Whilo equal but oppositc in absolute
vaiuc, this compensating öffnet mny bc vcry difforont in
thc relative scnse, duo to thc wide disparity in tho
qunntitics of water represented by the various terrns.

It follows that water yiold (0? ) can bo influenced by
- a changc in iiiput, especially precipitation, and/or

by
- such changcs in thc system (that is, on thc catchmcnt)

through which the input is routcd, äs can alter the
partioning of the output between the "loss" and the
"yiold" terms.

In a stob In catchment with a more or loss fixcd relation«
ship betwoen O, and Oj , both are largely predictablc in
terms of I. But should the character of the catchment
through which the input is ronted alter radically - for
exatnple, by the conversion of short, shallow-rooted
grassland to tree plantations - thcn a quasi-permancnt
chango in the relationship between the water "loss" and
"yieJd" terms will likely ensue, äs well äs a change in
tho time distribution and even the quality of the water
yiold.

In gcnerai, thc longcr water is rctaincd on thc catchinnnt
thc grcator is the opportun!ty foi~ vapour losses, which
prococd at the cxpeiise of water yield. A seentingly
negljgible change in a major component of the cycle can
induce a fnr grnater relative compensating change in a
smaller component. For exmnple, assuine the mcan annual
rainföll over a catciimant to be 500 mm of which 'i5 mm
runs off, and that a change in .Land use reduces run-off
by 15 n««. The increase in retention is a mere 3% whereas
run-off is reduced by 33%«

The following sections concern the major process govcrning
the preci p itation/water yield relationship.

2. 3NTBUCISPT.ION

2.1 The proccss: Intcrccption by Vegetation intcrrupts thc
ircoTäll öf rain and partitiona it into
- throtighfall, drj}) and stemflow, which i M h the grouitd,

n n 11
- walor retained on the foliage, which evaporatos and

const i tti t c s tlir gross interceptiori loss.

2.2 Crini.ro l l i ng vnrinl)lcs:

2.2.1 'riit- s (.orn^c_ capn_c i I.y o t' (.Im vegntation

ItttcrccptioH loss i s inainly a function of the cnpacity
of a plant to retain water temporarily, which depends
on
- thn po i n t reached between tiic pionocr and cl i.mox

wtage.s of ccologlcal succession,

3 / ..
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- ihr specics cotitpos i t i. cm ,
- (he plant vo i.iitno per iinlt of iand surfacc arca (alter=

Mal '. i vo l y tho biowass, or density of thc stand)
- morpho.log.icn l chnractcristics such a.s tiie .si/>e, shapo,

posl t.i ouing and i.ncl ination of thc loavos,
- thc length of ti. mc that the plant is in leaf,
- tho age of thc plant, that is, its sine and stagc of
dcveloptnont ,

- the surface tcnsion relations bctween thc leaf surface
and wntnr,

- Management pract.i.cos (o.g. thiuning of trees, Clearing
undcrgrowfch , vcld grazing).

Bcoause of thctr largo leaf areo/ground area ratio , grasscs,
shrubs and crop plants can intercopt surprisingly largo
quantities of watcr at maturity ( sotnct.itnes comparablc to
that of forcst) but their growing season is generally
sliort .

Conifers arc said tc? intorccpt more water than dcciduous
trcos of comparablo s i »G in füll leaf.

Thc leaf littnr beneath trees may intercept more water
than tho trccs thcmsclves.

2.2.2 Weit i. n g

Whcn rann bcgins sowie timc is rcquired to saturatc the
foliagc. Initialiy only scattcred drops pcnotrntc tiio
plant canopy and reach tho grotmd, but thosc grndually
increasc, and oncc thc volume of water rctaincd cquals
thc stornge capacity of thc plant, the plant will siied
rain äs fast äs it falls (except for somc los,«? by eva =
poration). As intcrccption is greatest at thc stnrt
of a showor, i. t rollows that thc greater thc number of
prccipi tation cvcnfcs (individuaJ showers, rain-days)
tho groato.r will bc thc total interception loss ovcr a
scason or a ycar. Thus , other factors V>cing equal, the
combinnd i ntorcoption loss front threc showcrs of 3 mm
cnch will cxccrd tiiat from a siugle showcr of 15 wm.
Trocs i.ntorcopt 25 - 100?« of showers less than 10 mm,
and 10 - 'lO porcent of showcrs over JO mm.

2.2,3 Kvfnpora t i o n

Oncc tho storago capacity of tlie Vegetation hns bron
sä t i sf imi , tho amoitnt of precipi tation ccasos to affoct
tho intcrccpt ioti loss. which thcn reduces to tho j'c-
plon i shmcnt r) r ovaporation loss during thc showor, and
tiius bocniiins t i nse dependont . livaporation oppor tun i ty ,
antl honco Lntorcopt.i.on loss, will bc greater during
Lntnrmittent tlian con t.i nuous rain. Interception loss
will bo a functioti of all thosc meteorological factors
affoct i ng cvapoj'at i.on rate, such äs

- r a d i a n i ' and « i d v o c t i v e cnergy
- üinb.i. ont toinpcraturc
- r e l a t i v e h u i n j d i . ty
- w i nd

Kvaporation atul honce i n to rcept iou loss jnc«-r;i^ps with

/l /
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wind sprrd dur i ng 1. i.ght wind. Hj gh w.i.nds i .ncroase dr i p
by shakittg watrr off thc Icaves. Tho impact of largo
drops has tho same offect - hencc intorcopt.ion loss is
n L^o affected by rainfall intcnsity, nnd hcnco by soa.sonal
and regional dif f creuccs .in the incidencc of prr;c i pi. tat icm

2* 3 J üt^L'f}? *- '

Iittcrccptioti loss is water that would otherwiso iiavc reached
thc so.ii surfacc and thcn run off, infiltratcd or cvnpora =
tcd. Thc rninfall reaching thc ground IK commonly assumcd
to bc tho s am o äs that rccordcd in a raingauge at an un=
obstructcd site, but in fact both the point and timo distri-
bution of the raJit reaching ground level may be modificd
coiis.i.dcrably by j uterccption . Thus run-off is affectcd not
on.ty by thc reduction in tho quant.ity of precipj tation
reaching the ground but also by the change in intensity and
distribution characteristics.

Througlifall beneath trees tends towards greater tin i forrni ty ,
small raindrops collecting on thc ieaves and coalcscing
into drip, wliile large raindrops are brokeri into smallcr
droplets on striking the foiiage.

Indirectly in ttjrcopt ion rcduccs thc dra.in on soll moi sture,
for transpiration is rcduccd wliile intcrccptcd \vater eva--
poratcs. Nevcrthcless , despite this compensating f actor ,
there is gcnerally still some net intercoption loss -
occasioncd, for example, by the evaporation of intercepted
water at night when inost plants cease transpiring.

In cortain circumstances interception can increase the supply
of availnble water if plants iritercopt water (termed occult
precipi tation ) from ground fog or low send, or collect dew.

2. 'l t'2t!Ü?Llia5:

The gcnnral form of most interception cquations is

1 = 0 + E T
where I = thc interception loss during a storm

C = storage capacity of tho Vegetation
K - evaporation rate during thc storm
T - duration of the storm

Kormulac of this type arc applicable only to falls of
raiu cxcceding the storagc capacity of the Vegetation,

3. l N IM l, TU AT ION

3 . l Tho proeess:

V a r i m i . s dr f i n i t i ons o T i n r i ] t ra t ioii havc bcen p r o p o s e d .
I n tho p r e s o u t c o n t o x t i l re la tes to thc e n t r y of u a t n r
i n t o thr* so . i i Mirougi i the surface laycr, thn tonn per--
c . o l a t i o n r o f c i T L n p to t l i « ? f u i* thc r downwnrd n i o v c i n r n l a t i d
d i s tr i hu I; i on of t h a t moi . s tu re through tlic unsnturated
/ lone. C l . e a r l . y , howove r , Infiltration i .s c l o w c l . y re. latcd
to p e r c o l at i O M , h a v ' i n g iwo c o i ü p o n r n t s , nanioly
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- a dilTnsion componrn t, bc i .11 «a; thc proccss whorcby watcr
gradual ly f i l Ls (,hc po.ro spaces in the soll from thc
snrfacc downwards, a t n rl i tu i n i .c?h i ng rate, n ml

- n trnusm i ss i on eomponent which reprcscnts thc oninipcdcd
flow of wator through thc soll and i s thcrcforc constant.

These coHipoitcnts aro ombodied in tiic .i.nf j.l tration oquation

/2
l

J = T + D. t"
whcrc l -•= Infiltration rate of any instant

T ~. transmission constant of tho so.L l
I) -- diffnsic»n constant of thc soil
t - t i nie elapsed since tlic rain bcgan

In tho present contcxt Infiltration capacity denotes tho
maxitiinitt rate at which soil in a givcn conditioii can absorb
water, thc tcrm infiltration rate rcferring to tho actual
rate at which watcr pcnetratea the soil, this often being
lowcr than the infiltration capacity.

3.2 Controlling variables:

Thc variab.il ity of infiltration, botb arcally and with t ime ,
Can bc markcd. Thc main govorning factors arc the following:

3.2.1 Kai n l all, i ntens i ty

Jf thc rainfal.J intcnsity excecds tlic infiltration capacity
of thc .soil, the excess watcr will f'irst collect in dcpressions
on thc snrfacc and thcn cvaporate or run off äs ovcrland
flow to thc river chaiinols, cvcn though thc soil ha.s bocn
on l.y partly wettert. Tlie Situation i s «rj;>e,i-***''--i_fc.ed by various
advoi-M« cffocts on tbc abs<»rj>i»vc capacity of t1>c s<. *-*,
snrfncc, result »t»g Cfntu the impact of l arg* drops f a Hing
a t high jntr.Hsaty» (scc 1.2.2.2)

3.2.2 So i l s i t r C a c e

3 .2 .2 .1 T e N t n r c : A wf» I I -aggrega ted , coarse - t e x t u r c d or b r o k e n ,
KI" T T - äe ra ( cd ^o i 1 s n r f a c e c o n t a i n i n g a l a rg« 1 p r o p o r t i o n
of i i o n - c a p i i J a r y ( n i a c r o ) porcs ha.-, .1 h i g h I n f i l t r a t i o n
• i p a r i f y . A h t g h p r o p o r t i o n o f c l a y i n t h c s u r f a c c s o i l
n o t on l v r edncos t In.1 s i x,c and nn inbc r of mac t o -porös b n t
cansi's the s o i l to s w e l l , and form a w a t c r p r o o f l a y c r whcn
wc t.

3 « 2 . 2 . 2 Coiupac f i f>n : T h i s is a inajor i nf .1 . ucnco . Coiiip.ir t. i on by
t h c f o r c p w i t b w h i c h l a r g e drops f a l l i n g a t h i g h i n - -
l ' - n s i l y s t r i k i 1 thc g i - o n n d i .-,• « n t t r c pronolinccd on cxposcd
c l ay -o i l , - - t h a n on s a n d y so i l . Coiupact ion by l r a c t o r s
and o t . h e r h c a v y v c h i c l c s and by t r a m p l i ng by g r a / i n g
an i.nia l s r c r h i c e s e s p c c i a l l y l;lic n o n - c a p i l l a r y coinponont
u f t o t a l p o r o s i t y , pari: i cn l ar ly w h c n tho s o i l is wc t.
< n n > p a ' - s o f a t r a c t o r has bcen K n o w n t o r e d n c c i nac ro -
p o r c s p a t c b y h a l f a n d I n f i l t r a t i o n r a t e b y ( ' ( ) " „ .

'.). 2 • 2 . j ' • l ' i y. y i n v, : l ,t >n • •<• du • l u , t •. he < l i n l • > l In 1 so i l , and l i n e
p a r i . i r l i % s d i s l odgctl f r o n i so i l a g g r o g a t o s by i a i n d r o p
i i u p a r l o r bv s l a U i n g d u r i n g j t r o l o n g e d we t p e r i o d s ,
« ' a n r l r a s t i ca l l v ! o u i - 1 - i i > e . i n f i l t r a t i o n r.-il.t» bv -., < ? . i l i n <;
1 . 1 1 e i u i rc ., i n J l M • - . r • i ! .-: 11 r l a < : e .
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3. 2. 2. 'l C r a c k i n g : shr i nka^o of c l ay so l l . H in p a r t J c u l a r on
d r y i n t ' caiisr.s c racks (o dcvcl.op w h j e.h sul»KO<|UCHt-ly
i n c r c a s c I h r . i n i t i a l . Infiltration rate. u n t j L Ihn

u c l . i o d s o i l swc l l s and tbc crnoks dose..

J . w . 2. 5 '^ '° |"% : l * l " i - o f f and l h r o u ^ h r l oiv i . n c r o n s o w H b s l opc ,
.\ l. t hc c \ p c i i sc o l i n r i | |, i a t i mi .

3. w. Ü . 6 Cove r : l ly i n l r r r u p t i ny; thc f r o e f. H l ö l ' d r o p s , v«'.t:ru:
t n t i o n and p l a n t i , i ( ( er absorb thc.i . r k i n e i . i c r n o r . ^ y ,
p r o t c c t (.Tu; so i l f rou i Ihr d i r e c t i m p a c t öl' l a r . ^ n
d r o p s , h r r a k l l i r i n J n l;o sina.1 I. o r d r t > | ) l r (,s a u f ! r r l . n r « !
I h c ra l . ' - a I . w l i i r l » w a l r r rcacbcs ,-uid f ' l o w s o v r r t ho
s o t L, l . lu i s (Michaile i nj; ab.sorp t i .011 . Th«; niat of C « M > I , N noar
(:ho s<i.i l sncfac»; incrcasos übe pci'incab i l i ty and honen
tln-- i 11 f i i t ra t.i 011 capnc i ly of tlic soll , wli.L.1. c: 1 1 u.«
or ,c;aHic i n a t i n r n f f c c t s both tbc s t ab j l i t y nnd si. xc of
s o l l Aggregates and l icncc ( I I P porc sizc distribution
spoc truin.

At l .bt; o t l i f r n x t r e u i ü a r n Ihn s o l i d H t ruc i,ur«;s and j>avcd
s u r T a c n s i n u r b a n a r ras , wltoso I n f i l t r a t i on c a p a c i t y
i s HP a r l. o s.v. ro .

3«2 . . ' ) T r an MII i s s i «n |i roj'p r l i es o f i:br so i l

F t o t n 1 1 »r l ' o i -pg«> i ng i t i s c l .onr t l iat »10 m n t t o r bow ,i;ood
t.bo d j ' a i n a j j o n f t l ic so.il , i t will rcniai i t undcrchnrgccl w i t b
w a l ( M " i f coinpaction ot^ snal iiiR of thn su r f acn i n b i b i t s
I n f i l t r a t i o n . Tbo convcrsc also hnlcis , «ni i i r l . y t b a l l i o w n v c r
h i i ; h t l u > i n l' i l { ra t i on c a p a c i t y at tbo s t i r fac» ; mny bn »
w a t o r r , u » n o t c o n t i n u o to foe nbsorbod f a s t o r (l»a>r » t can h« 1

t r a n s m i l Ird « l o w i i w a r d tbron^b tl»e sol l . Tbu.s .vn i m p r o v r m c n L
i n s i n - f a c p c o n d i l i o n s w i l l n o t bnvn t b c drs i*'«?d r l ' l ' r c t
i i n l i ' s s l lu! t ransiii i ss i on c a p a b i l l t y of tbo s o « f t nwtnbly
tluit o ( tbc I n a s t pc r i iu ' a l> i r l ayc r , i. r f

3 . I I .3 .1 N o n - c a p i ! ! ary po ros i ty : Tbo immbrr of mac ro-poi es , r a t l i r r
thnii"tötrtl"i»öro5ity7"i» onc of t l in m .-»in f a c t o r s p o v n r n i i i K
I n f i l t r a t i o n c a p a c i t y , nnd dcpcnd.s not n n l . y on so i L t c x t u r o
( i t u » i n f i l t r a t i I M I c a p a c i t y of snnd t u - i n ^ fa r in r xccs s
of L b a t of a c lay so i l ) but on sol l s t r u c t u r o , n o f a b l . y
( hc s i / c and s t a b . i l i t y of soJ l agg rowa t c.s . Tbc ( c n d c n c y
f o r a t i j r . r c j i a tcs to d i s i n tcgra t c o r SKC l l . i ^onc ra l l y r c s u l t s
(Vom l hc p r c s c n c c of c c r t n i i i c l a y w i n c r n l s . Chanuc l s
I c f t by dccaycd r o o t s , car tbwor ins nnd by b n r r o w i . n R i.n.sc.cts
a n d a n i i i i i t l . s a l l c i i cbancn t b o Infiltration c a p a c i t y ö l thc-
so l l .

3 . U . 3 • '-' So i l p r o f i l c : So i l t cnds to s t r a t i f y 1 1 1 ( 0 b o r i / . o n s u l i < i s r
pi ' r i u i ' . i h i l i ( y o r t e n , al. fbou.«;b not invoriably, dccroascs
v«.' i l 1 1 < ! i - 1 ) 1 1 1 .

.! n add i l i on , m i n o r a l ^ and f . i j u ; p a r t i c l . c s l . c a c b c d S"ro tn tbc
• ' M r f a i ' p .--o i l mav ac r n i n t i l a tc I o w o r down to f o r m a "bnrdpnil^
ö l ! niv p r n u c a b i i M . y , \ » ' l n c b can c a t t s c « wntor.l.ojcg i n,c; abovo
i t . . On w o r k i ' d l and a conipac U:d " p l o t i j r b s o l o " may d c v c l o j i
h c l . o w i l i c d r n l b of cu i t i v,-\ t ion , w l i i c b l i k o w j so i i n p c d c s
d i a i na.«:. c of K , i ! , ' - r t b r o u . u b tue so i l .
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3»2.3«3

3. 2. 3. 't

Tho t. h i i* Kness öl" soi !. above a hör i x.oii of i OK porninab i. li ty
de (;«' nn i nejs hoK inuch waier can Jnfi.l träte and thc timn
that w i l l e'lapso boforo thc availablc storago capacity
ii f Ihr so i l i s doplotod and Infiltration rate dcclincs
to a consfant m i n i »min.

Moistnro content: Infiltration rate tcnd.s to dimi.tii.sh
äs thc soil iiioi.sture coiitont increasc«. Th i s is
a s « o c j a t c (J w .i. 1 1 1
- thc gradna.l. fili.i.ng of tho poro spacos, wlu rccJuccs

the capacj. tv of tho so i L to absorb inoro watcr,
- tho strong capillary forccs crcatcd whon thc sur.facc
of dry so i l i .s wctted, which augmcnt the force of
gravity in drawing water into the soll,

- the KWO L l i ng of colloids, which roduces pore siac
and tfhr.inks' crncks.

l'ropcrtios of the inf i J. traurig water: Thoorot ical ly thc
töüiporä türö ~öf "watr!*~tv i T T äffect. T. t s viscosity and licuco
tlu- i n f i l l. ra ) i <»n raio, hui ix «>f m«**«»*' si ,u;n i ff

IJoth tho phy.sioal. aud (. IHMII i ca.l q t t a l J t y of the i n f i l trat ing
watcr arc i tupor tan t . Water rendered turbid by dust, clay
and ,-i.L.lt partic.Lt'.s in busjjcnsion blocks soll. j»oi"c« and
cnu.scs puddl. i. ng. tCspecialiy in alkaline soils dissolvod
sal. Is niay äffect tho viscosity and honcc tho rato of
atlvanco of the i n f i l trat ing wntor, and furm coinplexoa
w.i. th the coj.lo.ifls wlijch äffect thcir rate of surniling.

Tho deopcr tho water <in the surfacc, tho groator i s thc
liydranlic hond, but if thc dcpth is Icss than about 12 HUIJ
it.s cffect on j Jif il trat j on rate ii»

3 . 2 . k

I n f i l t r a t i o n r a t u is g o n o r a l . I y highost during thc f i r s t
pnr t of a s t o i ' i n , b c i n g govorncd inn. inly by the s i / e , n i i i u b c r
and coiH i i i u i t y of s d f j e r -cap i l l ary or i t iacro-pores i n t f i o
s o l l ( .hi 'on.ch w l i i c . h iva ter can casi.ly movc. T h o r o a f t e r (; .)io
i n f i ! t i ' a t i o n r a t o d rc roases i ' a p J d l y and the i i niore s l o w l y t o
a c o n r s t a i i t in t n t mnn i r a t e ( c .oivrospoiul i ng to the t rans in i ss j b i L i ty
of the l o . i s t . pe r n i e a l » l o l . a y e r ) , due to i,l\c f.i l l i ng of tho
p o i e . s w i Mi w a f e r , the t l i in i n i «h i n g s tornge capac i i.\ ( t h e
l . a t t e r lie i u,c, d e t e r m i n o d i n i t i a 1. l y by the t h i c ! \ n e s s aiul
p i i r o s i t y ( > f j ; | io s o i l , a n d t h e a n t e c e d e n t » i i o i . s f n r o c o n t o n t . ) ,
( .!u> dec r o äs i ng hydran . l . i c g r a d i e n t äs thc w a t e r p o n o f r a t o >
d e r p i - r , < hanivr ,'- i n l .he so i i c a > i s c d l>y comjiac ( i on , s n r f a c e
s e a l i i i g a n d p n d d l i n j : , tho i a t t c r r e . s t i l t i n p f r o i n d i ' op i m p a c . t
• i i u l cl i s i. t i fcogra t i oti of so i l a g g r o g n t o s , and to swe l . .1. i.ng of
f. ö l l o i f l . v , -«nd c . i o s n r o of ina c ro ~ por e.s and c r a c k s . The
• l i f f c - r o n r e I I C ! . \ > - « M M I thc i n i t i a l inax i 11111:11 and u! l i i n a t e
in i n i i i i i i i n i n f i l i r ;» t i on c apa r i ty d n r i n g p r o l o n j x e d ra i n v a r i e . s
c o n s j dorabj y b o f i » \v i th l . l i e type of so i l and i i. s r.ond i t i o n .
Thc d i f f o r o i j c e i s n e g l i g i b . l e ( a n d tho r a t o con s i ,s t r n l i y
b i r;!) - of i h«1 o r ( i < M ' of '^"> inm/hour or m o r c ) in t l i o case of
j i n i - o u . ^ ^ a m i y --oi. I . and i n c r o a . s e w ns t h < ; so i . l t e x t u r e beconio
f i n r r .

i n the n n am i es of

u / • • •
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es:

't. 2. l. E yap o rat i_o ji £ £Qjn __ s ° 11.

Evaporation from es wet, irregulär soil surface may equal
and even exceed that from free water since the total area
of soil exposed to evaporatIon i s greater than that of a
plane water surface witli th«> same projectlonal area.
Evaporation will remain high if the soil i s saturated or
if there ±s continual upward capillary movement from
a free water table, but in unsaturated soil the evaporation.
rate ditninishes rapidly oncc the surface layer dries.
Thus the rnain loss by evaporation occtjrs from the top
few centimetres of soil although its influence can be
detected in normal soil to deptha of 30 cm or more.
During prolonged dry seasons rnoi sture may move upwards
from depth in the vaporir phn.se against the temperature
gradient, coiidense near the surface aiid then evaporate.

Decause of the high initial rate of evnporation from a
wet surface, it. follows that total evciporatiori loss over
a season is largely a functjoti of the nurnber of
occasions on which thv soil 1s wetted anew, rather than
on the amount of rain.

Evaporation rate i s generally higher from compact than
From loose soils, from granulär than from aggregated soils,
arid from dark than from Light so i l«.

.̂2.2 Tra^nspirat ion

Physically the procees i s the sanie äs that of evaporation.
The difference lies in the riature of the surface, for
whereas evaporation takes ploce from a free water surface,
transpiration loss occurs from leaves composed of thin
walled, moist cells (mesophyll) covered by a layer of
cells (the epiderrnis) which are relatively impervrious to
moisture arid gnses, but wJi.ich i nclude stnal.1 elongated
pores (stomata) through \vhich moi sture that collectis in
the intercellular spaces in the mesophyll escapes äs
vapour. Opening and closure of each stoma is effected
by changes in the. turgor of two adjacient guard cells, in
reaction not only to the internal supply of water to the
leaves but to changes in light intensity, temperature,
humidity, c5tc, in response to these external stimuli,
generally upivards of ()5% of the transpiration loss occurs
during the daytime. When the .stomata are open, transpi =
ration i s governed by the same factors that control eva =
poration - hence transpiration exhibits much the same
diurnal and seasonal trerid os Insolation and temperature.

The water extractecl by a plant from the soil plays an
essential röle in the uptake of nutrients, in photosyn=
thesis arid in the transport of substances through the
plant, but the quantity of water so used is very small
relative to the vast quantity of water transpired.

l O/
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Tmaspi rn t i 011 wotild thotrfore seom to ho largnly a
passive procnss forced by i, IIP evaporativo powrr o f
Ihr n i r, not proportionately relnted to growth, and
.Inrgoly iinnvoidnble ntid nncontrollable - honen t.IIP
inipnrtanco nf sccking to attain the mnxinmm crop retnrn
from t bis ma ,jor water loss.

Of tho weather vnrinb.trs controlling thn pvnporn t.i vn,
powpr of the air, sol nr rad iat ton (Insolation) is tho
nltimate source of cnergy which fvirnishos thr latent
hent roqnired to vapoviri.se wntorf whethor by evaporntion
or tr nnspiration. It also plnys o vital r öl o in photo-
snthesis.

T njii p Pri\ i MI r o, being n fnnction öl' the intensity and dnration
of Insolation ns well äs of hent exchange, i s a usoful
crilerion of plant growth potentinl, and combines with
relative butnidity nnd wind speed to govnrn the rate of
vnponrizntion of woter.

K vnpo r n t i o n, b e i n g the not transfer of water molocnles
into thn air, cnn occur only if there is a vnpotir pressnre
grodiont bntween the evaporating surfnee and the air, and
i s thcrefore also n fnnction of the relati vc humidi ty of
tho nir.

|}y rnmoving water vnpour that ha a been evnpornted or trnns-
pired, and by renowing tbc supply of nnsaturatcd air to
tbo evapoj-nting/transpiring snrface, wind spood_ also
effects evaporation rate although its influonce i s gene-
rally sccondary to t Im t of Insolation«

Transpiration depends not only on the evaporntivr power
of the air Init also on the a va i l n bi l i t y of mo i s t n r e in
thn soil. Thi.s depends on the field capacity and wijting
point of the soil, nnd on the rooting habit of the plant,
for the depper and niore raniifled tbe root system, the grenter
thn störe of water that. can be reached by thn plant.

'l.2.3 Pojl;_o- n t i. a l n ynpo t r n n s p i r n t i on (P ET )

Tf the iiioistnre content of soil is maintained at or nnnr
finld capacity (t!ie maxinium rjuantity of wntnr tbe soil
cnn hold ngninst gravity), then the evnpotrnnspirnt ion
rat r for alt short dense crop covors of more or loss
tho snmo colonr and rrflectance (albcdo) will be
approxi nin t e ly tho snmn irrespective of tho type of soil
or plant - nnd will be detormined by prevailing weathor
coiid.i t i uns, notnbly thn total availnble energy. 1t pro-
vidoH an estimate of mnxiituim crop water requi roment s and
hence i s pnrticulnrly nseftil ns a bnsis for calcninting
watnr qnotas nnd schednling irrigation.

In no part of South Africn does tbe mcnn monthly ralnfnll
oxcned mean mont hly I'KT throughout the year olthongh
t bore ni*n sonsonal surplnses.

'l . ') Kormii! a«1

(}| l ! ) « • n i . i i i y f o r n i n l a o t ba t h . ivc bcen d e v c l n p f t t - i n . i i n l y < o
c a l c n l n t n i 'KT - «omn a re bnscd on the n e r o d y n a m i c ( m a s s
t r n u s f o r ) m o t h o r i , soiiH1 on tbo energy budget m c t b o d ,

l l
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are corabinations of the t wo approachcs, while others are
empirical. Atnongst the most populär are those of Lowry-
Johnson, Dlaney-Criddle, Hargreaves, Thornthwait s and
Penrnan.

k. k

It is the loss of water from the leaves in response to the
evaporative "pull" of the atnosphere that initiates the
series of processes whereby water is abstracted from the
soil through the root hairs and pulled through the stems
to the leaves to replenish the transpiration loss. The
plant thus contains a continuous column of water that is
moved upward through the xylem, a hydraulic conductor of
low resistance, at rates of up to niany cubic metres a day
and to heights of up to 100 m or rnore. One of the theories
to account for this is that it is accomplished by the consic
erable tension that can be transmitted up the thin xylem
capillary tube by the cohesion of the water molecules.

In effect, transpiration i s the cause, and not the result,
of the movement 01 water through a p3.ant.

It is also itnportant to recognise that transpiration is not
a measure of growth« A plant whose growth is stayed by
lack of nutrients continuss to transpire, äs does an annual
whose growth stops on reaching maturity,, Conversely, growth
is not a measure of transpiration, '\3 is evident from the
fact that a well fertilized crop i/ill heavily outyield an
unfertilized stand großen und er the same rainfall conditions
and therefore transpi.ring substantially the same quantity
of water.

As the soil mo/.sturo section increases from +0,1 bar at
field capacity to + 15 bar at the permanent wilting point
of the soilj the enercry reqtiired to e::tract a given quantity
of water fron the soil incr-rasec a£ the soil dries. Some co]
tend that transpiration and the growth of plant s must like=
wise decrease äs the soil dries. Kowever, äs has already bei
raentioned, growth and transpirsticn are not necessarily
proportional t o each othc-ro Furtherraore it has been calcu=
lated that in the case of a tree 10 m high transpiring in
air at 30 C and relative humidity 40%, the total energy
required to extract water from the soil at permanent wilting
point is only 0,O7% more than that required when the soil
is saturated, and that äs this is such a negligible dif=
ference water can be regardeü äs being equally readily
available to the plant between field capacity and the
wilting point, As the adheronts of both viewpoints can
adduce substantiating evidence; other influences have to
be considered to resolve these seeming inconsist encies,
such äs the prevailins tenipsrrture and humidity of the
air, and the moisture transmissibility of the soil.

12/
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5» C A TC11 ME N T M_A NAG E MB NT

Even n .«Light changc in thc quantity of watnr retained on
the cxpanse of a cntclimont will havo a groatly antplified
cffcct on thc gonorally nwch smallcr quantity that runs off
and i s thon cotifincd within a rtver channcl.

Land Management changes integrato thc effcct on water yield
of tho "loss" proccss alre«dy dealt wjth, namcly intcrcop-
tion and evapotranspiratitm» Wicht has incorporatod gcncral
conc.lus.ions on thc jLnflucncc of Vegetation on strcam dis-
chorgc, in thc following wcll-formtllated, tonabla hypothesis

"The hydrological influencoa of Vegetation, all other
factora bcing constant, are corrolatcd with thc dogrce
to whi. c h i t uti Ilses thc site . Dcn.se, ful ly-stockod
forest will, owing to the considorablc vnpour lossos
causcd by precipitatIon, interecption and transpi rat ion,
äs weil äs thc incrcascd lag of intpcdcd .surfacc flow and
frcor Infiltration, rcduce flood peaks and the rate of
spatc-djscharge gencrally. Dcnsc forost \*ill also do-
crcaso the total, water yield, and in long dry soasons,
it will causc ttiore rapid baseflow recession so that tho
water suppli.es towards tho end of a dry period will bc
roatrictcd. Tho transpiration of ßhreatophytea and thc
Substitution of evergrocn for dormant Vegetation, will
ittcroasG the vapour losses. Rcduccd dcnsity of plant
c»vcr cvcn to thc extreme "ccmcnt paving" coriditlon,
will incrcase thc peaks of spates, thc ratcs of discharge
gencrally and tho total disciiarge from catchmcnts becauso
Infiltration will bc reatricted and tlie watcr movement
will be Icss intpcdcd, immcdiate and rapid. Streams from
dcntidcd catchwtents will soon dry up during dry periods".

•%r

( Tlie dogreo of utilization might be indicated by the
density of aeric»! find Underground vegctal pnrts or' the
total aniount of living plant material above and bnlow
tho ground, i.e, the phytomass),

Many analyscs of" trends in run-off per nn i t of rainfal.1
liave boen niado ovnr the yoara, tising covarlance and other
«tatjstical tcchni quos. Thoso havc reccfitly heen up-
datcd and Consolidated in a study involving tlie atialysis
of the Hydrographie rccords of 50 long term rlvrr gauging
Station« in South Africa-, In gcnoral, A he higher thc
mcan annual ra.infal.1 (tliat 1s, in goneJal , the greatcr
the LntonalfIcation of forming) thc g^catcr has been thc
rcduction in run-off. As there i s no evjdence of any
consistcnt diminution in rainfall., thc trend i *•; ahnost
certainly the rcsult of intensificd Land uso associatcd
with South Africa's explosive economic growth. This
fcod-back effect whcrcby the factors that forco np water
deniands also tend to dintinish the effcctivc supply, is
shortcnlng the timc still availnblc in which to scck
means of mecting therlsing deniands for water ottce thcy

13/.-
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niitsl.rip Ihn snpply n v a i l . - i b l r front convont l.ortii f soiiren«.
Tho roKults of this .si.iidy hi.ghli.ght ihn necd l.n oxnmine
all rtm-off rocords for trends and then to adjust thcm
nccordlngly so ns to arrivo at realistic estimatrs of
curront inonn nnntinl. run-off.

Only in Ihn cnsn of afforostnfcion lins tlu: öffnet of 1.nnd
Management on cntchmcnt wntor y.icld bcon studicd in
dcpth. Evon loss rcscnwch lias bcon donc on Ihn cxtcnt
to whlch thc wntcr yield of catchments covild bo Incroascd
by judictous J.and use Systems and managoment prnctices
without detriment to yield or to < soll stability. Some wor
has bonn done on tho effect on strearo ftow of phreatic
Vegetation nnd its femovai, but very little is known
about the hydrological effects of, say, bush nncroach-
mcnt, vnrious Systems of vold managoment, alternative
cropping prnctices, and the 11 ke. Practices whi.ch could
incronso wntor yield includo: reduction in interceptiori
nnd cvapotranspiratIon by Management practicrs (judicioua
gazing, burning and movrlng) that keep pasturc short
oxcept ot sccding tinio, eradiction of broad-leaf, deep
rooted weeds, combating buah oncroachment, selcction
of crops that are short, ahallow-rooted and have a
nnrrow leaf rathor than those that are fall, denso,
deep-rooted and broad leafed, possible use of anti-
trattspirants and defoliants, measures for rcducing
evaporation from soil, and the practice of "wntcr harvcs-
ting" from treatod surfaces.
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