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8- c.u amm uf %tm lme6p mume stat- 

rwu- tW&qiugctZ I l i l l r rsr forca~Qfam~ua~,  uat3mpbm 

oe m u  iWma a s e e  & the StabBIE@ 

va- JmaQw3ma rU ~9~0~8adaWm% 



Zrr U & a t f n a ,  PleGbUF Qn t ~ ~ i P r ~ ~ i t 3 1 ~ ~  

a b m t 7 6 ~ ~ w a ~ i k e m m ~ ~ u ~ a ~  

- - * o r s S k r * d i ~ O C I ~ I t n 3 9 7 1 *  T h e e  

a2euf.y slxm& %bat RM:* brrRl mat. OJtrjarr 4s d h  h w  

vatat mdth am3 that shft ercq[ajtfilrdl it w ehe X u t  d;sap. 

ALSO* it WpUr ccl.6rUltgr est&suAm3 that thu &arpas$ d be 

a#* cmzy by t& ~10n;j- SmB sg w sea- va#lrr.+ 









!Fhm stat& of tha wrtru: b r J ~ l b ~ ~  HQ be re-d a8 

an applicaUo~ ia hydmba]l af ths: prbaMPe ef oosscllmr*Wm 

of rrasrr, ofmn mf4rred tm rar #m O M I ~ & W ~  aquatiklm* 

Accardfng te *a eqyaum, 1E;(U: m y  adbierlwy ololwRe aab 

druiag any periab of fB. .diffematm batweem b o a  

input and -t woU4 k bdrsodl by tks changr af w a t . t  

stiosags w f t h h  ths wlm. %a -mrdr therefsre, rue of 

water balance techniqw -4 ~~ummmeat  of both 

rtaragbrs and fluxas or xa-a 8f fLQV @% water. Howvar, 

by app~copriate scblecacioa 8e -&tam aad period of  k h e  

for wlhich Ute balance weu&d b. q p p l i d ,  mm me-atr 

night; be elirina-4. 

T b  water b a l m  .qaa%%@n &r a3y n&kval are8 

or wakr  body would iabicratm t@m r+rstllvr) v&es oe fa- 

flow, olp~W!hw and change i n  watmr 8Wraga for the area 

or Wdy, In general, the 1s- OO the equratid,a 

wuA8 coaaist of prrcipiWtion amdl mlcr atad mbrtiurfacr, 

watus hflw ante t;hs barrin ore wa- brdtp frorr 0gt;rridr 

sad %he otltfbw park wmld ef wap@raWn fran 

the and lmlmwfai~n 0lbBffaW ~LOI;  t)LB basin or 

water b&y. Tha mtal wa4ms 8Q~bsqp in tka bmly ~ a t l b  

inc t6wa whem fhr i n f l w  irr mfhf Wwm ti?m mtffow and 

vics..9raucsae Aa a l l  the water b r l w  



L F ! .  2 . 1  THE HYDROLOGIC CYCLE 
- -- -- - .- _ .._ -- _-.._-___ J 



mbjw 4s eFlk)mr at  br ww-8  wabr 

br3.m ~ Q W W  &a J- i#tlw a~~ 
43ms8qwatlr water balance foz ~ - 4 a s  bodp rrad urjl 

t S m  kafzuval  ig i t 8  gaaoxj, ;fbm 6 4  be smpr(,- by 

tM follwiag qaatlon.  

w h 4 f ~ 1  P f a  the pte~iplkt&m asnor tb barks or ths watu 

bbwr OaX W8d M .ab 8e88d.a 

iota tb. b u i n  or W 8 a u  bodg. . O d p I R ~ t h . m r i . e r  

aaQ mburbaccr  outflaw froa .4rbsr -&a or w o w  q, S i s  

thg evapefatloa fmm the b.rr;lra er wa-r i e r  

crhage fa  water steracl. &a tb. buia or w8t .r  .od 7 
i 8  tho dlscrrrpupctt wxa. (OIIEBQOI 1974) 

Sur qplp2hUaa W a v d w  of water balancer 

colq#mW fher k, a - l u u  8s 

rpn ODA~&%, brp.dlirrp 6#1 hhrr av-sbta iaiW b a a  

the gurparur of amputa+ion+ of bo4y-rAmr beah 

or artAfiolaLIy SgperateQ add&m&U*. district* 2- 

or zwmrtroir a4a. - an8 the QirwaadMu, of the YIWS 

iQr ~~c aad hqtMI~&g%c f ~ - + e  tha &a- 

of @!he b.Lartc#, rll.., intenal, & Ow, ph4.s of - 
hydmlogical mghm - fa-& b~ flow - far whtcrh the 

ratex Waacs i. a m p a w  



T h s w a t u W a n o a ~ Q k ~ f ; s b f ~ r b l l ~ U l l l l  

i n t e n d .  Wmwu dirthetion 8bulS  tar nadrlr b.-a meua 

waQr brltamerr wad b a l m  *r 8pedEia period. srr 

M-Q. 1lbllM8~ -8 .fQ*, mtl--- CZIJI8d CIVmf BCIC: 

~ ~ 8 ' k & &  W a - f  b a m 8 . i  

t n  tho ewmprrOartLbn et rrrrls~ .a#rrJ ntu Warns 

(for an urararl, cpcsl*, cUen4ar year, at: hytkm5ogfc.i yeas rard 

for a rauan ar roortu, tk. &mga i m  va- 

#harags in t?# b.s2d W?d&'t . ~ a  diffmlt; bO - 
asd Wupta, aould be dhm$mw& mi8 becmmau po88ibaa 

kc.tur, w u  a torrq gmdtA01 a08 negaav. wa- 

84mrrgr vas&at;i0118 fex &adMdudl f + ~ 1  mPld WUBO. d 

m , i r a 6 t ~ . l w a t t h r , . a b o b a m g a r S a d W d W B o  

.em, 



Tbs rhottcrrr t)p. tLI irrtuvals. ?he mn prscirur mu14 

b. the r#itrrirrr+lrt;. fur ammummeat 0r ~f the 

w a t u  bdlaaccr croqpo- epd Slrre rotr W v l d e d  8'hould be 

fhr v a w s  of  A riC urd W&s eIemutu. 'Ebis waruld -malt 38 

a aaaplax water bal- m- tso Qiff fd*  ta o&se w i t h  

acceptable err~rr. Isr ega- jlkr 82sort i n t 4 ~ d a .  fhe 

ehaage i a  Wtal water A8 i n  a mall rb+ss, baria 

right be .ubdirtdd in- ehubg.8 sf rr~is-m storagr Ua the 

ttpg.r la of roil ( A H  1, 5a lgPifi- ( A a), in likes aab 

rr.urroira ( A st), h rgvet ~hamg.&8 (  AS,^), in @.cieru 

( A 8  ) mi l a  anew oars  ( ~ 8 ~ ) .  Sm waterbalaarsl, @ 
equaUon weuld -a W e  tBo fhnr, 

2 3. mf a feataams 6f Chll waWr balance equation for 

wafmr badisrs of difirlcwat -8d0m8. 

The walsr bubuwe cmuP4 bm -trrd for water bodies 

of &my sire. but the o#p&.xiw af -tation &d dspsad 

en tbu a&mt of arrr ancbz I t t  has beem fawad that 

W ot 00lputaUoa mad frrcmam w t t h  MI imzrmase 

in #e area ef the rSvcrr bu%n, T)ris i s  ro because in tk 

o w  of ul l  basins, thar rstimat&on ef ae~osduy  aoapmmnt8 

of tRa, maace mok as - W&ea? axohaagcr w i t h  rdjac(rat 
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densiq InqPimQ gar flaO seg&ena of tiamperate maitsrramaa 

and tropicrd mrrcrr wlaald be em a t a w n  per; 600-900 rrrqr&, 

relrraabh tp orso 8tatj .u~ par 6 0 ~ ~ Q  oq,kn. for cooltrier, 

w i t h  1init.td fuAbrr* ppa%%tion or: atdies f a c t o r s  stacfi as lack 

of oormuaicrcatioa. 00r m m n t a i c ~ o t ~ s  magions of -temperate 

mdikarrumasr tropical wms the orsmspondfag figulc~s 

would be 1 per 10h$M 8q.h. .ad 1 p u  2-1000 8q.a 

rsspective~, ;Car arid or pelax toaer, a r i n i n u r  ihsns&t]l 

of 1 per 1500110000 sq.har. has been rwnmended. 



Kaor & Upadslipay (1987) ob8ervml mart the pf~LpAtrthm 

in roatataAnmw rrg;rlons had N g M r  spaUal v.tiab%liW arrd 

that the c#)rr~~liaU~a belwamn pS.O;Lp&01t;tSa 8erICIa rcrcaorded 

at 8taUonar di#taQ)B * m e  upact 4Wxaa~18 with @a@ at a 

far-r rate than in plain ar- A prvsaadttn for tba 

rrvrlart;io~~ of nst w r k  &m.Sw wx mmaWmivu8 crat&mmalss 

wau b v a W p d  aad them f l l w l s ~  far %he lhw o a t a m &  

Hall (1972) bur rYOiIV+b t S  d 5 f f m n t  m W  rrul 

~ O S  8s-ttf8g -& ~ 8 & U f &  md 8 @8&UC%&€?m of -84 w&t;h 

emmats h.s b.sa presemtud by R u m  hsakm* (t97S). 



Ulawr far vuirUoR i n r  rtatioa 

amity* Btl* arlraa* raLa allwuwa 

far utlrq.gsd uurs of r o r a  

rain2 Uf wMCph maur frrllctrpfidatly. 

TLU -* mirjhhsng 

ia@~rs u e t  bar rrcaorpu4adJ &r 

cmuy ar-rkhtAUfs; 9f repo-g 

.fr$&?88* Can be nr.613y 

om@m8r;i884 w i t h a t  b . u  ef 

---=-Ye 

A b t ~ d a k d  $ 8 ~  Tbiesrrtn mtwt *r eaab 
Xsspematm& rwr- 8 - W  $8 m m U P i e d  by ekr ratio 

4$lu f a k r # n  fhlygoar, &&&a8 a 

d$wtamrt for. er@gmpM~ 

m u- effrcrta *A& do #re 

ohurg. ~lh+iu]~ fre#r #born W 8 - a  



orsi*%Ang f~olbPxs are brscd on 

adttplla regzeaaLan d L f i d e ~ m  

wUch a m  & W d  fra a rrril-e 

ngrrs&a .p?~k&oh whg t b  leaat 

wfusres lrsfheQ &ma& rrfafatl in 

the fdobpta& m w  frr ha4 

QapgmWm1: v d W 8  urb 8- 

rainf.l&s u u  t B q  in&p&u~t 

~ 5 a b t e ~ r .  8trrple W ~s#r m- 

Uses tk -;kB haw e% planes 



ion wuld dkpad on a m&mr of tasters iacfwUng utd 

stat@ of .oil, gEommd Qovrr oto. 

mapera-a aaad  be &fine% ar a;)ts p-rr by & i  

a liqrtid $8 clrurgcsd ts a -tar er a $88, r)ra 

priacriple of wajwratioa fror a fx&o water H a m  w u  

wmanaiatzed by LZktt3Og An imf. bl'l 





-.it, Il94@) afiard PemUrl t v a p s t r ~ a l t i c m  

U th W a W m  P i m a  w q f m t 8 t i a s  

land -face+ with adqaata mbetam rt: alf all---, ~ l r r  uam& 

ag aq¶Qtl~*i&l rrsllatloabNs, be- amaa maaRfp twpuawBm 



8bz8+ .rmtx1 , tm&PIgqP&.  ~ ~ W W I l f . x I I  

s Q c r h U r a 9 I $ b a n a ~ ~ ~ * C ; * ~ ~  + b *C* X * 
-er -& but;- fbW) mmbaWmeF SI m&wie@of 

~ b w + L U o u  24,=g4 gd . * qkiolrl. - 0.OQOonl  xZ + 
wikau el! PET W 8, 

w ~ ~ a c r t t u s l Q l p ~ t ~  8W Saasprcnrt;b+ 



Temperature, oC 

T7 C 
11 i y .  2.3 .,I ope o f  s-lturn-Lecl v a p o u r  p r e s s u r c  vs .  

t erxpernt,ure curve.  

F i  ,y. ? .I( ::dt.urntec-l vFlpour p r e s s u r e  versus  t e m p e r a t u r e .  



oE 8 p ~ l f f c  h a t  of Jt 09 thb lawat heat of wa- 

B h m y  a1991 ersduae {S4)bb) O)Db(UtY(bd thCLt the aammt 

of waurr m m ~ t i w l y  usard by crcspc #%ring thmJr $rwhg 

v a a  e l i o ~ l y  carrelated with m - r a m 8  

.aa day liW lmaz8. maati6uhip a#rlid )#, rgatrd o 



l3mmtbs & R a t +  t tO?S)  rerja8tuS t b  ruccr af tmp 

w f f & ~ i + r r m  (XI i n  t h ~  ~ f A Q i # a l l  ~ U O B . .  Tblrp 

i n t m d w d  th. cosorqr+ of n f m r w m  ump ave#mtrrab.piraWm 

(rWD1, wltJeh w r r  drtiw U am r.trr of wapmrampif.tk,m 

frorn aa axt8hai9t~ n a r f e t ~ d  ef 8 d. tO 15 an. grrwrn 

grau ob-r ef l s i f e ~ l l  MLa(ht, grwlagl cmple tu ty  

8hdiw t)8s .ad -4i OE ~ ( ~ t s a ~ a  M t s ~  wu 

-ted by 88y of the Cows mfhodr prma@#teu, am me of 

criga f-1c. (he) am&$ be w d  tO &te&nca crop 

wapetaan#pirat?Lon &T e m .  



w h s n  T - =am daUy -. Xn *C over the month considered, 

P n 1 - a ~  drily p.roIIItyy of w t a  an- dalf tires hrs. 

obtahd fror 1SppQtndir t few .a given nontb and %at%.f;tlBe, 

c w adjustment frrcbarr w'lAictb &pads on rim tsllaMw 

)rrriBiqr m~Bir~6 sib bay ti#r wind estirra-. 

Pig, 2.5  odd b6 \re+d Br, ea thats  SSQ g-hicaly. 

Aecardfng to the Radiation Wb- 

rm = e (-1 W6ay - (2.11) 

where Ra = Solar: radiauoa in qalvafeat evarporatA~a in 

mqldasg I. Ra (0.35 + 0.50 3). W m wigbeiag facbor whkch 
Ibt 

&pads en e t a -  and altl%udo (kppaobix 7 )  anb 

C - adjustlsrrt faa-r wkich dgpeads on #raa ZruibfW and 

day tim wind o o d l i t b n s ,  P - rakb of acWal masbPt.d 

bright soashim hmars W maSma porrs&ble sunshfae Rrs, 

aad IL. - extra k x x w s t r i a l  r.birlttoa crsrg3w~aed in equivalent 

evypsratiba in rr/&j, Value# of 19 aab Ra Eor different 

mnl3m aab fa4&Wdes cad& bs d6tekmWeQ E r m  Appcradk 2 &ad 

3 respcretinly an4 Em croad ba de-Ed,ued graphiceilly 

fm Pig* 2.6, 

%he rrsdifirsd Pessaur aquaW0rr suggur~teb to detmrdae 

EB, isva lms a revf~ed wind A!tmctioa fszu, 



Fig. 2.5 Predict ion of ETo f rom Blaney-Criddle f factor  fo r  different conditions 
of minimum rela t ive  humidity, sunshine duration and day t ime  wind. 
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Fig. 2.6 Prediction of ETo from W.  RS for different conditions of mean 
relative humidity and day time wind. 



w i n d  aad huri8iw (Appoadh 6) .  asd iaa r set rsdlaaoa m 

ubn d - rmflw-a oolrfficimtt a 0.35 for m a t  c r ~ p r r ,  

R n l m  f(t). f(@. f t  tb~~vrrlusmof whicrhhrtnbamglvaa 9 
i n  4 p u a d i a a  9, 16 urd X i  nurpr#);Lvaly, and c I .djnmt 

where Ppan - pan svaprrtlloa %a &day (IIC~WJ drilp waXw 

o f  the perm coasiber~4) aad Itp r pan b e f  f i c i c s m h  



(prig, 2,3), POX If@#@ W b.9 *x-ed seilu kc valves 

m&git~amedadrswr#uaoQfeuta~~tby~t301LaRbaatgpvud 

adjua-nt Lr). 115s mmpa@%ivw&y. kc valu.8 for aqua?& w e e d 8  

and c&lsf ficients nalatfstg q6en w a t e r  8wqmtaUoa (Irs) to 

$- warre at- ~ E ~ H O -  (AJPP.RdSx %b) r -8c)rc1g&t~ and 

Xsbes wla;R 4mp# grrrater than 25 ~k. k vaJIgea Right be 20% Wa 

301 W r  i a  aprlng and early mmer aud 20% to 30% f t i g b r  

drving late mamw, 

Br\rt saert (t965) ~eveded tht tbe evapottacrspiratloa 

rsasuxad in thm lpilrcrter cormlatad battar with thm 

evrpottan8pirat;Sos cmqmtad by tch. P~a#ra or Bl~ney  nbrin 

sqwrtSon8. 

Xn m i r s i s g  varhua 84wSe8, tkrraaarlas (1930) 

coscllaa;rbsd that Q, prodraco raW8frertsrjl sssulta watsr 

balaace wiklu i n  trop1c.t sugi@*8 8 W d  haw a frrrsddity' 

wirrd term 4m auve aa an iad#c of tbe rarra eraasfar 

-neat: and rrrl .borcted energy Wnr for the, effect of 

w u r n  dry aabr whiuh prevaU &rag t'lhe Ury .eaaora, km 

of the ompsricrl qpmtiatl. d d  be ercscrsiaer~d eaUru1;y 

8aeiu188crOary i n  this re- 

Housein (1969) has mao~sntrrb that csalpirical eqwaUoe8 

l e e  tha Smrnt)ar.f,ta, Bla&r~r  - GWbdlle und bzzy - Johssaa 
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f requency of i r r iga t ion  a n d / o r  s i g n ~ f i c a n t  r a i n  



spiva a hioh,? 4%- tar wqmtraarrpiEat;ioa 

wUuh Its tam umlb 1,- bO umbs odllrbag the arrifabte 

water ~mnsrQ(I8.  

Doo~rcrabos rsad M t a :  (tW?)) ummIu&d that ?ha 

nodiffad ?amatl vtfvad wuld Mfex tncb beat rsaujtta wit)r 

miahma pa88ible runor sP 1- Sa m r  QnB \rpW 20% 

tuads~ ~ r p 0 ~ 8 t % t l ,  d W @ U *  TIwl rathod W&S Qrrb.O1 

g.att E d I L a e  by R-8- d roditi+d Blaarg - Griddle 
mof;hobs i n  tsat order, 

ltaa .ad v r c l k v a  (f986) 8 t a U W l ~  

evapporatAoa rat+# frorr d u a  A ogwa p.a, QcI M O  aud 

Cbl~rrdo Saakea prru rurdat brordd tmapioalL mrrdi-8 and 

cmapslsbd Wie abnmmd wagof~ttfoS -8 w i C h  that 

e s u a t a d  by ths rsdifi.d PIglVR ~ Q U Q ~ O I I .  TB. 

v6tSatlors of evapmratbn u u  )ilpgb a0 be beQHu 4 am a 
10 -4qy iad vQtirttoa S8 mvqpmsatioa d m  t;o a;hs a;tpp. ef 

pan ll#d W C r  PpW 3 ww* ThO (ntllp~18Uol~ 

V&\PI~ uam within 3 Wday f x a  thl mamasad va&1~1. 



IIIuDoQf d d  be 4afPned u th.t pad, of t9m pseaipitatios, 

as well as say 8-r fllsw ~10ntrdBPtioa8~ which ~p.!&r Pllt &a- 

streaaru sf either pmankf .  intrrrritteal: fora. Thfrr flew 

collec4sd froa tb. ataimg~ bwiA or watex~~hed wotrld a ~ r p e u  at 

am cmuet! of tbo ba~ia .  Prom total prec4atioa W 4otal maoff 

th4 d i f f e r e n t  tam could bar r e l a w  aa rhows ta PIS. 2.8. 

Stream Elow wad b u & t s m  bp the t0110yiag w-dr. 

1. Werabtartmeat o f  rivu #tag, twh#g tarboa m s  

of stags mcorders .sd tka mp&oyiag atagr 

di~~harm -8. 

3. By s.lt dirution 88d r& &tl, tracer re-. 

I. ~f using oxygen palaregrupha. w i x a  -wr4 
slectro4mgea6k&c or atrooafc? f;low m h r s .  
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Kha8la (1949) 4+Ei~!id a rafi&afrlt ~ f f  -la 

hued @a 011 rlreouel aaampt as Z)u 8- Rmj~tr 

off ww trlua ar, the rarrjW ef # r J c a i r l &  J W r  dadmtSu10 

bf b~ bo w-tS-0- krrs- bP )IJJ. 



XavglLa C DsR 8cmsa (1930) rPrdr, a cmitJca& 8tWy of 

taiafalf  aad runoff of tha Scmhy - Bwaaa urea YktCh A 8  

crrir. - -8-63 by ?Paps, m&Vu& lkhh& sea, KrAjtlhM, 

Ouk prrrbha G W a r Q h r  tSvera. For baain8 i n  t b m  wortam 

Cilbt8, b d a r g  luge eaWmenta .with tainfalf, vuyiag fma 

SO i m k a   DO 2m ill~hm st W- il- w ~ t ,  

o f f  w u  4akat-a QII am &-.$dm& ef sdafsrl llf0.r &&ueaoll 



.p.w=d 
rl: -- tag frr,vmt# *-a@=& ,.cfggf* ft) 

w- -fYII) PIA - 3.3 emF OtG av d ' m m W ~ * f u  

$3- f r 3 o T u  OrQr+.nsd a-4 -wlll*-~ ma- 

tsz0t)  - r -Its am- 



lkrrfa PWO (i9lr4) lu#l pmmted eq&s&c;ral fonrrtlw 

fat ea~tJIU+-ing .Borslrl -ff &m mma r&mr buSa8 i n  ma, 





4Wamlmtiaaof t-t#-ruuh&a4mmclElrosbrat&eth+rrgprr 

mil lqu d.r buim of ( t lLt .rrwt .  iBapa+~ti* rP14 h. 



grrwrCl water a M  rwrfatm uatu a m  laWr ra&sted 

Wmir watuaM+$ bmmUms&m & a041 asu~rrarily 

~ofacfdrll* 



i).laKm ~~~ o i  .rrb buriar* a tOY ICPC.. *f IJ& 

ri.u buiu (1000 ma - i2oa 7 by L.Lra 

rrg-irr+ * u s  tuB& furoat, LrtiQ8W .r te8i-d 1- 

rwrprr *aaem me. fkr *# tsl) ha- 
M d  Lwr b u d  -Sag m .oapurl thQl rpscsffa 

rc.- ba.aescr. og tbur, pswumu MBUe I& agpa 

c l o r # r ~ + k r r 2 6 i k B o S B Y * f * l m a l P o l t a u u ,  lei+ 



Zf 4&a river wamR as m d  on a 1 ~ g r s  8- Pbr 

prsmmysr 8wmcbEF Uawuj)., bar tucra o x  *xm- 

E l # P a l * ~ ~ n 8 i M b ~ ~  P d P l C ~  "a 
w8-I 8 M d  ba antmaam4 u. aQu8ueu 2.3% 



i s  the m-effioirat of ri+.r elow &8 bs grow w a I r e  

Zndicatimg tb. preportiom ot &Ilgutn- f0rd.p 

wader- rwofi into riwm8 .ad % @he ~qbCD~a%bfJ em- 

sffieisah. T b  total in f f l txat ion  ~f .a area, wiW - 
-tioll of &m.s of r&infal1 .ad aar r a t  rater by 

i n f i l i ~ a t i o n ~  wold isduda~ arrrgoratdon frc#r tha w8t.s 

nuf.n and evapratiea af w a t u  wet tin^ the dtsLalge 

basin 8 u E e c s  rab aecw~ahlstag i a  Jam f ~YI;B) &pro8&mI 

Tbosr, two wurma ef psecipi6ation &@am## wmalb be qfrritr, 

high i n  reg%ens w i t h  a high perocMt.rga of 1-8 88-4 

foras- p a r t l d a r l y  I n  f&at drdaag. basin6 wi- a $ro8* 

aub+r of daprsssio@s. 

Par .a w d o ~ d  rfrer basin, t)oc, ewltf am fnfldm 

Q~ 
ud ud.ww& $alrflw & f t o  d f a e m t  are.. . m a d  

be rdd.6 i a  sq\ratLoas (2.37) bo 42.40). The bal- 









m e  stand trmrptra*a @a OIlb p&e t:& be 

dete*md by the expatias* 

Par the -tat* of evaporrtim &mm forer8.t: 

tesrain8 u s i n g  the heat balance wth6d, i n i t i a l  datsa ray ba 

obtk.Lasd by reaaa or gtaaentr mmte i n s a l e d  in the foreat 

aad M l p ~ e d  w i t h  I & W S O ~ & Q ~ C ~  W3d ~Uaovtr ie  f ~ e - m  

TW rasts s b u l d  M located in #a lBetvrrt at a as- 

froat - fkmrt edge equal tx, 50 te 60 tfrolrs tbs tsee MlqBb 

2.5.2.4. ZrrlgaW sad Qahed land, 

Xrrigated areas c?ou&U be avM&ddad &dFOwa&& fat0 

welt &aim4 Imds w i t %  -(iro\und nurofE p m w a t i r r g  

acing o\ttfLav cwrp3amw of 43~1 brlaaee and poor&y 



w h r a  f l  ..d f a  SmS0i.W WL- f&w du Co ii%trsCLor 

f r #  u t f $ , 8 a  yd irtig.ai.. QIJ* t) = tb. l l f l O w  of 

irrigatloa w . t a  or, tL. t h M  nst.o., t - am- .t 

itfigaH011 yIf;rrr flnw tha Ud& 4 r J z r i ~ a t b m  walt.r 

W d  r m  8.rul8. pu ua om Lsh.tm mar& hfam 
rda.biZcwofnrt .ow.Qrs# 4prcl40i-tntr 
imflm U3d 43t)tflOY af IOU rmQllriP Aa a48 mm%?waw 10LD.(, 

& & mhU Wid U&tfw of 8- 

gmmaU *.us. & # OQi @r iaaifw ud ntfbr 

at (Crorrlrrrd *a-r irarr fawor ufa i fua*  i!t rr -1c.iWu frarr 



ub.m S, ad 8, ulr wamr .a#rrg. vuia+ioo ol, tlr 

roili QIPa, tm rftaw racwmlartiart rad water m a t i o n  

i n  tb. dbpfoasion, rosg+c~vaty. A am, be, and A N  

oorr3td k amputecl ur thr Q i a m m a a  brrtmma va10~1 of 

ths -rr w 8 t u  Whmaa rlamwa4fia at am smd cad at r;)r+ 

kgianiag of tb bal- gmrAisd crd bo @ma&& k cr#pr;ka by 

~ a r i s g  w r t r x  ba~rrrcs ~ t t u r r  Per s m m ~  w a t u .  

tXP b ~ ~ P ~ ~ . 1 1  field., milklig 48- ammmt tha mete Ud 





grorrY1 mt.r L.CZo*. Pb 0 psw&pfk* cw: tbe 1- rpufr#r, 

8& - mporaCior f r a  th. &&a &#I)+ Qm 1 -.a mat- 

flor fm tho 1Ua or z m m l r ,  % - - -- 
~ 1 ~ g  p ~ o l a U o 0  8hma* ob. (Ir .lid AS& - ve-  

af n8.r *rage &a Wm 1- for ?ho Wwwa p.tkrd, 

tor &aqp lakes muS mummi= Q)I#b WfoO 

~ d b . m b & ~ i & d i o Q D i a f & a u g f r o r C b . ~ a t r r r u d  

aatiasrl iotro* 0, 

QSX % + o r  .t (a.st) 









d d  be e a u m 8 a  b7 mmm of 

gxmam&mtar PlOv a, aka .sprWm ef 

gmma& ww mtha,  SM knr aa#sJd b. a8tLMO.6 OII 

the -is bf a- -urn ms rgsrimgs IIL#l fpmw 

mD.r f k r  ~ ~ a ~ a  a#? q,yad% r* %he neb mlsa 

ot grand wati8-Z b* Llt t t t rat fo l l /  $ - (Ld caU 
bo utirrfi.d u i a g  rOft 110irQltrr bsltma qaaU,on. 

wbc.ra P * pmofpiutloa, B - Svap@x.+iogr U* V,, $8 tb. 

ow? larrd f low in* fo the rOnrsra ehwM~o1 m ebitga 

i n  1011 mla- aterage. 0.tP . ~ ; t b s f . ~  a q & f ~ ~ 8  UQd 

~ I t a q p  wllr cottld be was4 iCllo, arS4~ts ?h@ fourth lurn ira 

+qaatian 2.S. 



used. 
, 



I n  QZlPVlilJ t r e e  ma ps# , taf  prQQtioa, h.. bema 

to take 6 8 crurac per dZ1X4n .Q. jEtr af mttml unr 

a8 w w  30ssl~lls f r ~ n  m ~ a # *  fiUicwibg &&UI 'b.rr 

d m  beta f)llLA, 





f ldQ ~ o t S . ~ l ~ ~  31 u &M&w fr~lr (IRsWL~. 01#I bo- 

afflllheRlt napage &!4 ri-a rwmaa* O mtffow 1Po 8m.s 

maC.&d. th b u L I  St h808 &a0 trP em@e~8BmphRtiSi4MB frOI 

W@-S blg .-a, TP PUrpagb of 

watex i n  f;h4 basin Eor irrigeUea and e@&r -8s and 8 r 

&a grotlllpd; watu eberagls* All thrs mmgmmaw ~ l f  q* 

(2.65) t9Irhnt thgs ~&f&) ,  w d  b8 08-W 

u t h g  the relwuaa ~tlmZ@#c?J md ~~Wwwlegieal infa-tkg+ 

Rainfall xaschuge carrrfd #nn be o&&lcitl&t.d* W o  2.4 8hua 

am valwzr of oolaf fiaien- fa* r rracrwgr p&r Umlt 

of nriafdl fur a o n  eratcc)raaW Am 8-t.dr8h e 8 C i r r W  

uirrg tM. me- 



-- (3P"nt Q U U T ~  * aqp+rllunnw a w e 8  * 
deteming the -ahQYFI for dsrtk oqvJfrr8 ba llerbh 

Llmcenshirrr rrad drtFaSsPgnd 6& t o e a  

R s e h ~ g ~  0.15 \ + 0.15 4% - %I if 1 1  - t2.W - o,rs n, u *, < L - tige7) 

Hatmy (1979) ~arried aut b~rrt&qle#&ua $a br- uh 

equation for estrrratfng the arr~urls ~f 8cmpap tO8C e r a  a 
resarmfr in relati(rPa bo th8 kp&aW Mad belPfad Qk 







4aeuds8 irrd P a m 8  (1,93S) brvelmpad a ~lilr-tlea2 

for thrr V ~ l n s r  B a n  &a UDtQLpradeuh W &Wmai~% tjy WUw 

mull, uml w a t e r  bcruruw srdlrble for thta yaw 

$971 T b  8 - m  & tn E U U ~  W 8 8  a8-W U 

4s350'1h&.R. a r b b a u , s d b u g m ~ ~ ) r c r f f - w ~ f Q l g U d Q D k l ,  

0.32. '~hirr crtosmiy cogt..+8 w i t k  etwr valw, of rwzhuga ea- 

Ufroi.rra (0.3138 & t ~ ~ g  * -W Mfur;r: 

isd 8PkmBM ( ~ 9 7 ~ )  00gdtSct.Q S &-dl W8- 

b8&.tran 8- ot Zhs oan* * Rluargmo(p kwb ia t b  .Uuda l  

pawins UE #taw ~f W - U M ~ ~ ,  nY -k of d* 

pta oorm&atlc#r wm wu.6 as &vdap e Ilimu tytrrrsrsfon 

v-0, -bm C)w &a-8 0s t)w p- ~ ~ & D @ C J  

a# wUamm4 b ~ t s  04 m W  ng8nerttSos mb 

baw fknr Ita arlwr aadoi'axanr amm4WtWg to 

#rtu br5uwr, and. -at. SlWmmBxf of rn 
w.rktrf ngS# a r  the hSQoZogia pu 193% - 1972 w~ dm@, 

m a  hv8al.d that the dfsatlbst- of BsP%rll p m & p X t a t i a P  

fITld&g en ths Qab arcri wU4 im wwa xamff 44% ma- 

w gmuad tcerktr 23% aad ~~~ 3- Tk, ..f. 

yktQandotiti#rbt.r;hlQ.dm6N1P#1llu88c.irarclnCDBIL 

4e0%r1100 )uk crab 3'81*@0fl &, -tc111~. 



An109 (1904) smdhU tzh8 W8QsE ball- of &a rlD4s 

F s a m i m ~  R i v u  bar- in ILb. ear~mm n g b a a  ad! 

mli~lil, A p - i ~ r ~ n q  QW- oe * basis* -- 
ing oety i t s  m U J C  averago mi-* Illdir.r_aW a i 4 1 O  am 

praa&pitaf;fo~, r ZlllW arrr (Msr) wapetsampiratioa m4 

3% R U  (11%) ~ f &  T h  9 , rb l i~  Waf;+r -lfP. 
6 3 lmm 8awMslA at; 4970 It 10 a * A PBW- ~ l l t W L t r  kJy~o.@ 

euaaMuwt.Jr-efIwrb.l:wadrsp- Z b h  



fv-v (1984) lsba w(rlu,z WU~~CLB Whgfque t~ r r u e  

tks dmage of w a t u  -rag. &n #&a kJrm iaad Ckrlvllrrr 

Ilrrrmmtrrr (VBlga  am3 Syrrdujer b.rW1 ampu+air mx#mU@g 

tlw B a n ,  ~ & a ) r  t b  V-8 oliQtJjrrd fm t b  5-tw -8 

for Wm petiod llaxcrk - B a e e d ~ ~ ~  194% 

A dmtatled watbr bjanco u- t ~ g  t)as 8.- Bar- t. 

m g p r - h  by llrtaiith (1947) 8 k n d  ~L.c .am .oil 

r i m -  ~.&asge em%& b. e@eLaaa;+a by c m p ~ ~ l h i s g  mammal 

ma rcinf.21, w1tb rtm~bf. k U  hwa8%gatioa of tba %Am 





The .psoff;Ltr objdtncr sf thir projrlrc* uera a e  

f 6 & & W & ~ g 8  

A) %b u t b B k 8  ths MrQ@@ W O ~ P  lcdsfdll thrr 

brsia for th. g s ~ : M  1976 .0p t983. 

U) %b ooa9ucr.tr f- ~ a l y a a ~  ob mrinfdl  gar 

psrtsur dbu:at;iam8* 

iii) m Bstcunniss t b  tsotaf  mm@ff Frsar tho bm~ia 

fer the period $976 +a a985 lrnd W Bonfop a 

comma- raiafaU with ~isoFf. 

iv )  To ccrthata the wagmWaaapLrr,W from 4tbe 

PEW 1976 1985. 

v) %?@ 8tt4 tram amtmy we- 1C#laRmo fOr 02# barrla 

i n  ordu k, e8tSaatr th. grorrad w 8 t u r  rsdhajrg. 

ar bepla$ion, for Wm par- 1q76 bo 1WS. 

3.2, The ~ v o ~ L ~ o ) ~ :  R i v u  lurta. 





datroisfrrrr UP fOIs d & u a a m  of Un -la) w i t h  th. -]I* 
lebw mud& ritrrr f&w8 u88*4wa8 WpCo ~ a f a c t r I ~ ~ .  and tkll3l 

r o l o t ~  gg)ta m n u s t u a  b.- fmrntag -u4s t h l n l l i e  

uad e e q w a U y  t;o ttw m a *  rrrrd $@&king tk+ &t 

PaS.k.6.w nu Iljn4wgmbai* Thr, Gik4-w C the Muply ElRW 

wasbrucdr tkmgb &a- f@rcllst rab t thm~ joOn WgeM.r at 

$3- f30 tom ths -1 ~ V U *  T b  CAW 

E I w a  in 8 wrkrly tU% t+ joisr th ri.srli to 

69m abrI tswnaarau.si~~ Tlu-ttwrr fhso t dms  8 

- datlth wabrtlip dJirarUm,aM Smn r ws#Wrlly amra8+ JUt 

&&me joidag t&r W a t , 1 ~ . #  it bi&amatw uld opr bt- 

~ I I  bswubb ~rh,\ith ?a joia the Ihr tyu  8% e-m whtl. 

thrr e-r brraQh f-8 ~tthwas48 urd mbrs tha &abi.a m 

a* C J b r s b M .  

iED r r i d . t m f l [  cmt#e&rtLoP rbrrdka bva a# far 

wbb fer -8 bur&. W r i s g  W -1s fo-a l$u a # # # ~ %  

yL.14 r u  um...d RJa - U b8#7&W3 Ud th. rt&&iW&. 



Z9-m )laechi lrrigaCJos projabch the onSy major ltrrm 

i on  pmject a* present bcated iar U s  b s i m  i s  bu&Xk -88 

tbQ AVIT a* ?craQN. In-smioudl  i n  1957. fS# .QIR1Y) 

c s o r s i s ~  af a raroaw d a  of *e *W.iCIQt ~0p-W 23- 

b a g  rad 39m Ugh urd a diatr&bmUmn 8yatfaih tmapxa(l4dtg @me 

left and right bank eaaals, me rawrprofir h w  a 

capaaitg of 1%3.227m3 sad serns aa ~ a a  of aboa.t: &?,IS5 8.. 

for Ist and 2nd crrrps incxlitadtag a108 b., oP Irob XamUa 

for .She Pugoh8 crop. 9eke water 8pred asma at -1 z e m  

levell LBI 5 BQIJQI. 

fn addiUoa there arc 3 rwinor irrdga-a (Class P) 

8-0, 77 m i n o r  irrsgataon s c h a a s  ( G l a s s  Zf) am3 6 %Sf* 

irrigation mhesaes which serve i11130\t.O MU0 hk of ~ Q I L ~ Q  

for wT3 crop.. 

m x  pmading iltrlgatba fwiUa18 W all tlB. wtr 1aatb 

of lh baain for three -8 asd for nrht;rag &~~)Lgrlr;;tewr 

needs of the garden lands an -4$egraksd p - j w  ea&&d GQhimtW 

- Mapli - lble P r o j e c t  has been fwma&~rW 

The CWa@rl- 9 note W l v e a  

1, t.b. wnatrwt iaa of 4am rCrPraga rrmmwirrr, ##am a& 

on ltPrpli & Clb;Lrrosi trSmCQ1:her t b  K~~ riw* 
for irrigation. 



2. thm csonutmet&m at t#lo regatZaWrs o m  at -tkrra& 

and a-r at V d l i a t m  dot: pm-triag tM -88 of 8rlt 

vatax. 

3. tb. di*.raioa of apart of  t b . ' m p x i  StoS8ge w&a33proh 

a fautncrl UPd canal, aysbrr ee tths VotriLiRPrmgat. .rrllay ~o 

M g a W  3 orop. f s  100 hr, of Mgb 1 m l  liaads .nB 

4 the rscal8MtSoa of g1w ha. of &ow 3yhg ko&e&al&b 

tegmther wie tb crzbastzwt&mt t#f 8 -+ ffioed oubset ?n 

tha sea arf; 1CotturagaJtm. IIWaiaM&yr the pro j e  30 

estimated w -fit a ompgmll area of $@,d00 ha. kale 

proj%ct .arilragas fitlb ffood c~aat;r~trr LacrwkkaX, Perehr#thodu - 
Chirakkall tho- Herbert Q U ~  8M canal nrgrr]iaWrr 

in ac8dAti.m to the s x i s ~ n g  @a6 La h5s9 lEn.rrulttcal- -?ad 

Woosleasrd caaal, WWrk oa a8 CUmnIri prc~jarct is pmwsriag. 

PSU* 3*3. shows t b  map of 1E& &mavasnw riwrr b u f m  

b;LQag w i a  the &caWa sf rrigtliult9r stations ia Us basb, 

Data  zqpraa$  mnmy M a % &  a* vasbus rrji-~~, 

statioar ia tho bas& hr,r ths v L o Q  ZW1i ta 19liS ware ootleob 

ed e~ the Water maeumeu lUWrioa.1, Qff ice, W.5. P*W,E),, 

mniaer, IWaf a l l  datrrr at Pet- m a l a m  uRd *fchu 

1I.GC. w a d  ware w o t  tilLcrn W%e soc~orr i~ t  aa be mt 



axeelbl m r  tk. .roCI&sr lg+lrJod of s w l y *  Rainfal l  &at8 at 

%@rupu bar as p d M  iPT@ ab 1983 w# aoQ waU&le am¶ 

hame tihis stat&?a w u  rl-res mt iw&uded in the cumgmtatiern 

of mnWy nra rrrd rriaSa1, Ltfafarlil data at Xdajala- 

lwda far the you8 398% .rrb 19%S sad a t  Thanipadam far the 

yesro Z884 eml t9$5 wrurr J m  mt available, T N a  w a r  

wPlerr Pi, PI, P3 and Px sepsuent th. r . f n f d l  of the loom 

a t  8-Wm ir 2.3 ud & Mi. Mae I) ucd HX r r p ~ e m t  tR. 

arrrragb m d  raiaball at #taffoar;. 1. 2, 3 snd It, X rap- 

seats thcr atatbm w i t h  rrirrriag mc@rd and 1. 2 aad 3 -re- 

s e w  W e e  marby ramgauge r t m l t i ~ ~ ,  

FOX the computaWon of lib average area% raAlafcS1 2Uessrl)a 

~ S J I Q B R  mt8od was used* Ptg. 3.3. -8 the ?PBIeawm 

peLygen ooastructed for a s  purpom. rFRQI m a  e u g  tmdu 

ehrr ~ Q ~ ~ W B Q ~ O  of each station waa  areammd. ('hble 3.1) 



Note: Notation of ra inguuye  stations as in Fig. 3.2 

FIG. 3.3. THIESSEN POLYGON FOR ESTlMATlNG MEAN AREAL RAINFALL 







RIVER GAUGE AT KARW-R BRIDGE 





Cbapmtet a ~ & y 8 & 8  w# Qsn i n  6mSex tXP d e t e d n e  the 

oarre5ation b e k o s ~ w  rrtmtuS rafafelL .ItB an- mmff and 

w drevmlop equatc50ns for pradtcftLag nmff fmra r a i n f a l l  

daZa wing the ahCsory of ma&Uple re$~res8A@n, 

mqdzs4 fez this purpose was cdbW&LaQ gsor W Oiatf iCt  

agrldtoral Pgna a t  Maantrtm arb wm AQmQ8t  ---@BotX 

a t  V e l l s n i l r k u ~  X.tt was arr- tbrtt d)# -hie aeedll- 

m & d  M n  the same at; a&& W@ms pasrts ef ba8h 

Wirta air - r a w  ilor saob raath [a waa talcma u 

ws~cagd of Wm man nollrthtf nruriftrna and IRAQ- tempi. 

8rabrul.sa. #or ocrldaOiag m ~ r  l ~ ~ M l y  1tf1atAve 3nmUUty 

(W naa) WWB average ot ts&, mra rron#&j 

m & S l l r  ml~tdva mQ1-r waiu deW~mtMa, W i m d  s p a  (td 



awt4tsaS-t loo *w - 0 

l m n n b  El%rrlCIll 



The m t  wave radiation iinL + f (t). f (ed) . f f ~ ) .  m 
The values of f (t) , f (ad) rand f ( ) we- obtained from tables fl 
A.9, A.10 aad A.11 rcaapectively. The net rerdlatfon Ra = 

Pox calculating actual 6waptrimsplraLion ( E T ~ ) ,  the 

level of .t;he PntaSlablc soir we- should be considemad* The 

rnaximuar ~wap0traxmpfrat;ton (EW in taa/day gar the period 

consfclnsmd be obtained using the equation, 

where kc .r crop factor. A c W  evapoeEaasp5ration would be 

equal to the auximum evapotsal~.pitatiOn only when them is 

adaquata soil  water available Co thss m. How-, ETa 

would be lea8 than E W  when ifva2lrabIe mi l  water i s  IMM. 

1718 attailable s o u  wacer cou;ld be defined as the fraction (p) 

to whfch t h e  totax avaflabfe soil watsr could be dap3eststcZ 

wi-ut causing ETa to beeam lass than ~!lb and the total 

available so '-3 watar ( ~ a )  cauld be defined as the of 

water in mrJJaa so i l  depm betwen the soil water ankent at 

field cagacPty and the wil WWS content a% w i l t i n g  p i n & ,  

As a general m k a t i ~ n ~  Sa &m Eor dffgemnt sail  b ~ ~ t u r t t ~  

coLld m e n  as fallows: 



r_;at&~n - bavy rizin fTabb &17) end iks m n M p  ~ ~ f & t i c b  



Pe r effective sainfaU in Wwnth ,  i . 4 3  m actual d t h  of 

avaflabrs 6011 w i s e r  at begfniag of the math i n  nra/root 

depth aaLl [(l-p) Sa. D] - d.pth of raroaiDirrg available s o i l  

$or +Yhe A S I  it has been asstntrsii that Xr: + Ps when 

smcllsr than or equal to 30 ERn would fully contr&bute tx, 

the eve;potriinspiration and no deep percolation or mmoff 

w0uJ.d occur, It has also baren ass-d that mean m t h l y  

ETa would be affec-d orily by the off la,  Pe ancf Wb arid 

not by their Wtrihution over the month, 

> h n  A S I  7 a, ETa r E l f n  and tsfren ASJC 0, crop grorth 

is hardly poarsjble mceept when ETm i s  &aw and th@ rrusafaiRg 

available aoS1 wa-t i s  high, 

Due to lack of data, the ctoneept of available mil  

water: fndex could tpot bQ use8 for ewtkmating the man monthly 

actual s~)lapotr~~apAratS~n. Jxrstsad, dt was asaujr~arb that 

actual arvagotraarsgAzation wu&Let mmain W same duriag all 

irrigation intrrvals and hem T a b b  17 of the aloag 

w i t h  squation 3.5 was used for  e s a t i a g  actual evapotranspl- 

rat&on. Thrg vturiow crop IcrorrdbhaWnr9 fn the basin  were 

&etemlmtd and t;ia area mcZer each of combinations was 

cesthat;ed, For the cmputatbn of E%& the value 02 the 

fsaction 'pa w a s  W e n  as 0.5. Total mailable sof l  watex 

(Sa) w a s  assumed 4m be equal tso 200 mxt/m, for heavy tetlctum?d 



In the cam of irrigated crops, the drrigation Inter- 

val w a s  assumed ta biBr 8 daya for the aa~ff(7hs of Jaauaq tm Hay 

and for N e m u b e r  asnd ileeanJwr. Thh xeearlcaracg inta-1 of 

asfgn$fhant m i n  was -en as 3 Bay. Eor: the months of Sum, 

July and August. The aorresp;ie&fag Pfgwms for September 

OctoMr ware ass- 4a be 6 b y 8  and 4 Binys reqymtAvelye 

In the ~ a s g  of non irrigated cxcpsO Ihe calculation of 

ac.t.;ual ~va&mtranrslpira.t=ion during the rafnay months (via. %ty to 

Pldovedmrr) was dune %n the way a23 ~ U X  fmlgated crops. 

Por d c u l a t i n g  the actual e~qpokranspfrat%on during the dxy 

m o n w  (vise lleambr, J m d  P e b m w ? y ,  EIarch and lrpsfl), a 

constant value was M a n  for the availabh soil water (D6a) 

for a21 the moaafis (for egg- 72 nm h the case of cocor#rb 

60 mn, An the case of tubber ~ ~ t ; c k )  in&tfally. Thsa value of 

@tO in equation 3,s was taken as 31 days for -, 62 dayr 

for days for 38nUay0 90 dsys fof Pebmusy aad 121 &aye Eor 

Wueh c s ~ .  The values of meran po~thly eetua3 evapkranspirat- 

ion (Em) h aan/&ay o b a i a d  usrdrsg #is method was ~ Q U M ~  t;o 

be ~ora@W&abb, W m  B % ? ~ & I O W B & ~ S P ~ ~ P ~ ~ R  & h g  

thm dry -11 ueewded ttie ammuat of ava/lab%e water fn the 

s0i;d. Hence w e  BmQmd cmuf*d not b - p w .  

5S13~b no other mthOd wacl availabb Eor estfsne;lting 

actual glvapotxana~phaW.on, 01 k&ue oE ETa in asn/chy was 



cslcullated using eqm- 3.5 &P thie mat- dry s p P f  

preceding the fkst rain, The vaxue of  't' i a  equaUoa 3,s 

was taken as the g of days s ince  the cressation of rain 

(at tSra end of the rairmy seawon) to the Lasbginnkng of Eher 

mnth in which ttae sum of the rsofl m>istu*rt balance and the 

effeetfve ra infa l l  exceeds Lhe available sail water. (D,s~). 

Once th&s waa caZcu&ate& actual evapc?tran@piratian during 

each math could b &~tennlned. Z f  conrsMerable ratin accused 

during a dry mon- (for e ~ t -  Aprik t985) WE? efiective portion 

of it was detennfncd a d  a&led d o n g  w f t k  the value &Wried 

using above mtsthod W get the tot&& war~0transpf;ation 

£ram kh,e basin* 

kc vztlues for calculating thar evapratfon f m m  barar 

so i l s  anrfa watcr rourface we- taken d z o m  F$g, 2.6 an4 Table 36 

o f  ths Apps* raasge&vlbly* 

3.3.4. Inflow b t c P  khe bas$# fsocs irrigation. 

s q p m ¶ i n g  the amau13t of water raleaared for irri- 

gation Erom PeecM Resamob was ~ ~ l l e e t e d  from the [ .Jaw 

Resourerrs Dfvisional Off icer ,  Triehw Qtnd the Instmanentation 

r)ivbAon4 KERI, P e w h i .  However Eor othws ametll Lrric:ation 

ucbermasi, tNs data war not  arvdlable, XrxtgaUon water dong 

w i t h  xain9al.l would Sorm th@ Wut in- the basin. 

Th is  was taken e ~ s  W balance obtabe& after deducteng 



the sum of  the runoff aad the actual evapo.f;ranspiration fmm 

the fnput into thf3 basin* 

Pre~uency anaZys3.s a£ rainfall Eor various durations 

was done for the O l l u k k z s a  raingauge statfon. W l y  rain- 

f a l l  &ate for a period of 20 year8 was collected, Ths suar 

of s~cessivet OW dayr d q r  t k m  dayJ SOU dffPY U f f ~  

day rainfalls we- Cketanaiaed for the entire period. In each 

cetse the Wghttst mnw va&ws 8o obtafa98 w e r e  ranked in the 

descending order, Rank was maoAg3d ta each value and the 

rearmnee iatexval oE each rainfall was ckdetc-4. 





The results of the water balaascs study of the Ki?auvatamrr 

rivet basin have been di4seusd in the follwiag seatiaas, 

4.1. Rainfall, 

T a b l e  4.1 gives the valuetcr of mean wonthly an& 8m.a 

am-1 rain2 all 5n the Kamvmmur h a f  n ibz the period 1976 to 

1985, !Phe taAe clearly &wrr that a m$or part&oa of tbe 

raiafairrl irr the bwin (about 6WA) ~ C C U Z : ~  &uci~g the m t h s  

f- m t;o ~ugurse. m-r, J-L P e b m  and W 

atrs, 20- to be dry wraths,, 

The ivtrerage annual rainfall in ths basin* es%hnated frora 

longterm records, is 3033,SOm, Prcrm the point of v h w  0.E 

total rainEd1 received fa a year, five years are %und tu be 

bad years viz. 1976, 1982, 1893r 1984 artrdl 19W. raia- 

fall M i c i e n c y  i a  1976 may b@ tammki uSargse* la thfa ratrrafn- 

ing years, annual xraf.afal1 has bwa saem or less trO 0s 

greaLc;er than the average annual rainfall in the 

Ewsnthclugh l ow  rainfall hrPs been EEwQlriQ+rS cfuririg the pars 

9982 tn 1985, ft i s  too early to sqly tbrP+ thb f9 an & M ! l b a U n  

of a Dchzmuiag trendlo i n  rarisZel.1. 

shg. 4.2 shows the vazhati~n of ared rrrnall  

frcrrr the average annual ririnfPrlt1 in tks bas* and Pig*  4.2 

ggvbtar an indication of the dJlsW&but&m of raA&W the 



Table 4.1 M e a n  monthly rainfall i n  the Karuvannur Basin h) 

M o n t h  

- 
1 

January 

February 

March 

A p r i l  

M a y  

June 

July 

August 

September 

October 

November 

December 

Mean Annual 2123.16 3002.68 3277.16 3085*93 3769.16 3526,99 2630,17 2868.40 2685.43 2651.47 
~ a i n f  af 1 
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different months &ing the years 2981 and 1982. Dux* thm 

perrfda of s w *  tzmsdmm annual areal rafnPall occur& i n  

1980 (376Q,%6m) atad m i n i m a n  rainfall occured i n  1976, 

(2123.16m). The aa@uP.ts o f  We f r e q w ~ c y  analys$s o f  gain, 

f a l l  a* 01Lukksua Ear variow durations have also been present- 

ed. (T&b 4.2 aad Pig.4*3). 

Table 4.3 gives the total mwff fmm the Kanwivlnur bash 

during each month of the period 1976 tn t985. Xn gsraeral, it is 

found that &rtbg the maths o f  heavy ra infa l l ,  xtaam4S i n  the 

rims is high an6 viceversa. 

The rwoff c9lcsfficfent E Q ~  the bauriw, oa thr bur;&# of W&8 

10 yeata o f  m r d ,  S~QWEC oonsi8srablls warfaeon. (f- 0.63 to 

about 0.94). OR an amz:aWc t b  m f f  C ~ g g i a 5 e : n t ;  for the 

basin works out to 0,667. 

V e h g  tihe griaciplu oe rQq3142 aad W w  m%mas*ar 

aquations have W n  deveJjop3 oomw$+-fftg  mall W mff e 

Tham equations are 

*1 = r a i n f ~ 1 1  i n  th. year ir, m3 ~RCI p2 m ~ M a t l .  h th. 

*revlous year t o  Ma3. 



3 
Tabla 41.3 T o t a l  Runoff from K-rannur River Baain (* ) 

Y a a r  1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

February 32.74 33.67 64.76 50.29 49.11 67.11 52.07 39.67 44.19 29.94 

Harch 29*47 42.09 38.41 30197 47.08 41.99 26.17 31.72 18.47 27 26 

Aprll 62.39 50093 43.24 49.93 60*70 69.73 63.78 15.45 60.40 16.29 

57.47 128-17 121.19 79.43 859 21 11Oe2O 89.92 30.45 50.32 36.80 nay 

June 83.34 181.10 325.34 252.21 256.15 528.43 244.15 51.28 288.06 435.40 

July 284.21 612.2s . 535+38 557.49 860.44 288.70 339.88 418,48 658.05 610.S2 

AUQU~ t 305.45 111.42 536.52 455.76 479.57 347.44 4X8.05 581.71 248e71 384.99 

153,06 147.77 162.69 168.43 132.07 405.88 89.04 419.07 113.64 a33.50 September 

144.90 28S018 68-84 219.81 318.28 124058 109.20 123.30 310.44 168.9~ October 

November 140.47 309.79 182.47 139.57 146.00 121.68 111.91 10S008 150.20 148oOO 

61.19 134.66 76,64 95.10 137 ,I2 94.41 79.69 90.79 50.19 50.71 December 

TC t a l  1401.44 2163.16 2267.35 2160.16 2634.66 2294.52 1771.97 1954.70 2075.80 2068.35 



Tt is found that Wlgh cx)creSst5on e t s  between t2ae 

sues of r a i n f a U  and r m ~ o f f  dwAi~g the gsx:kx!i 1976 to 2985, 

nK correXaWn cso-e?lltiff&at iar equal txs 0,935 f a  a . l L  the 

thxee cases. Pig, 4.4 shawas the grcaphiaal ~ m t 6 e n t a t ; C o n  of 

(~bqwtioas (4.1) and (&a]. The obmsvd va3urpa ham afso 

been plotted. Pig 4.4 charly elhews that e;hat s-ls 1-near 

equation (mpation 4.173 rrpmaaats ratisfarct;ariAy the r e l a t  

ionship between lrafnfall urrd AVW~ f, 

Zt beur k0 brs ee~tesd a t  ths 8- L ~ D W  #WB 

XCummmulf ri.vu. teWn for water belaace eomutationrs, is not 

msaa~s-d at the outfall of the rfmr into the sea but a Eew 

kras. of 1% h te, va~faus mctiedk Z i r n i t a t b n r j l a  

A l s o ,  t l m  quantAw of water that is taken from .t.31e river %r 

various purposes IncXudfng ir=Tigat5on 3,s not known, Moreovere 

stream flow in the dry =nth8 have been msmd.  All these 

f ac.t;ors are expected effect ttPe accuracy of stmam flow 

values to some exant. 

Table 4.4 g i w  a c%etai54 wtmmt of the conputation 

of mfemncs crop arvapo~anspit.~Woa fos each of the 

year: 1977, The vdLTuats of mean aronthly mferanca crop 

evapotrarupkatioa ( E T ~ ]  for tks perlob 1976 .t;o 1985 

also been tabuhted. (TarblQ 4.5). 
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T a b l e  4.4 Ooclputmtion of rrforrn08 amp rv.potrar~8piratioa 

f o r  the y o u  1977 

t(.c) RH mean uat k uat ;lr 68 irr od in w 1-w a I 
X ( W d a y )  ( W d a y )  -bar m. bar (hrd (hr.1 -k 

J-=r 

X u c h  
April 

h Y  
Jpp. 

J a y  

A w - t  

WtrJwr 
O c t o b e r  

So-r 



Table 4.4 (oontd.) Cbqmtation of refamace crop wrpotr .n .p irat ion  

for th y a u  1977 

1977 R. Rn8 f(t) f h d )  f(8) h 1  Ra Emt STe f (u) (*.-ad) 
Grddr~) ( 4 - 1  H ( W d a y )  (m/dar) a b u  (WW) (Pa\J&s) 

J-w 
February 

nurh 
April 

e 
Jurrt 

J ~ Y  
AUQP.t 

-P- 
O c t n k r  

k-r 
D e e r  



T a b l e  - 4.5 Valma of refereace crop e w a r p o t t ~ A r a t h , n  E m  W - 1  for each 
nubath M n g  thMI year8 1976 - 1905 
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-Wfs~eace atrog ~~rsgert;rawpkation (Em) vduss are 

high c%ad.ng tha of Dra-. Jwmary, Beb-, March 

aad A p r i l .  Thiia asrry be beeaxma of  the lops mllatim ImmtAdIw 

end th& graater mmhsr off bright rrunahi~lb burs &;lag 

s 4 J-w, a af;Eow W- 

ced i r ?  WQ barsrirl h also cmaa&dw& 46 brs r raajox factar 

pzoducfng higher wqpo.t=rar~lapkatk,n~ Wbg WlRI wathB Of 

June, SuLy and A u g w h  Em ttajbues arar found to ber low. 

T a k e  4.6 ($1 W 4.6 -1 gf-8 a a~C0Wt QZ *e 

calculation of actua3 evapotrwpirat9.on f m  the basin Ear 

the year 2977 and T a b l e  4.7 give8 a&a3 evapotxanspkai- 

ion fro= the basin during eaah mnth of ther period 1976 In 

1985, 

# W e  caloulatlng actual ~ v ~ ~ ~ ~ ~ B ~ c , R ,  the 

variation in the area mder dif ferent  crops or crop c0Mbinat- 

ions fmm year to year have be%n igrrorsd for the ar- of 

airqplicfty, Aim, it is a~ssumd that bn the cam of m a  

irrigated craps, evaputranspk%eioa wad c\=cu: at a uni2orrsa 

rate W i n g  tha dry nronw ml;il the ow-t of rain, In f e I  

during W Brpr months, &a rat- of mvaputsans' ireition wuld 

be wirrasa in early ~ ~ r *  Thedarer it w i t 1  continlously 

dekeream wtl l  the xains -Aver T b  exact pat;tekn of 

decay $111 a e  rate of wa~po-t~spiratfon i a  not kww% Ths 

ass\9qption of a uaffone raw of evrpoWanapiratbn w % U  

affsca the accurwy of mnWp actual evapotranspfratbn 



4.6 (1) COMPUTATION OF kCTUAL EVAPOTRABSPXRATIO~ POR JANUARY 1977 

D Sa DSa kc ETo E m  eTa Roeof Total  Area Total 
(4 I)mW (llaJday) (Pdbay) (Wday) day6 in  ET (.q.h4). ET 

the m a t h  (am) (ma3) 

Coconut . 1 2  60 72 0.85 5.82 4.95 0.476 3 1 14,756 50.40 0.74 

-orrut w i t h  Coooq/ 
-ioca/banana 

Cocalut with Cocoq/ 
pung woonut under 
planted with tapioca/ 
banana etc, 1.2 60 72 1-20 5.82 6.98 6.07 31 188.17 42.70 8.03 

Coconut with miac. 
tree crops 

Burma 
I Tapioca 

Rim 1 5-82 6.40 - -* 
6.40 21 134.40 128-00 

L.12 3-LE 0.1~ G.Si 10 65.23 226.30 17.57 
1.10 5-02 6-40 6-20 3 19.20 106.00 

Poreat 1.2 60 72 0.75 5-02 4.37 0,476 31 14.756 345.00 5.090 

Bare Sol1 0,125 5.92 2-73 2-72 31 22.63 98.55 
28 20.44 95.37 5.15 

Water 
18 13-14 10.63 

1.15 5-82 6.69 6-69 3 1 207.39 4.00 
%tal ET ( h 3 )  57.18 

mltl 



Table 4.6 (ll) ~ A ! l ' I O N  OF XlVAL EVAPOTRANSPIRATION FOR FEBRUARY 1977 

D S a  DSa kc EllO ETm ETa %o,bf n a t a l  Arra mt i l  
(3 (-1 ( a d  (Wdw) (~W3.y) ( 4 - 1  d-8 in ET ( 8 q - h )  ET 

the =nth (4 oh3> 

Coconut with Q c s  J 
tapioc~anan. 
(2 tie) 1.2 60 72 1 1  6.18 6-80 5.96 28 166.88 40.20 6.71 

Ooconut with CocoaJ 
young cocomrt 
underplanted with . - 
trrpiocq/baaana etc, 1-2 60 72 1.20 6.18 7-12 6.33 28 177.24 42.70 7.57 

mconut w i t h  roiac.trte 
crop. 1- jack, =ango 
eta. (intensity of  
oocomat about 50%) 1.2 60 . 72 0.75 6-18 4.64 0,476 28 13-93 56.50 0.75 

Banana 

Fodder 
Ginger and Turmeric 
Rubber 

Pu&es/Vegetablea 
S l a m  

Rice 
Forest 
Bare Soil 



CoconW with Coooa/ 
tcrpioca/ban.na (2 tier) 1.2 60 72 1.10 6.91 6.61 5.85 3 1 181.35 40.20 7.29 

Qconut v i a  Cocoa/you.ng 
coconut underplanted with 
ta,pioca/ban.na etc. 1.2 60 72 1.206.01 7.21 6.21 3 1 192.51 42.70 8.22 

. .- 
Coconut with mi.~;- 
crops like jacbnwmgo etc. 

aboat 50% 1.2 60 72 0.75 6-01 4.51 0.476 31 14,756 56.50 0.83 

Banana 1.0 60 60 1.00 6.01 6.01 5.19 31 160.89 6.00 0.97 

Tapioca 0.5 . 60 , 30 0.60 6.01 3.61 2-81. 31 87.21 6.00 0.52 

Fodder 1.0 60 60 1.05 6.01 6.31 5.32 31 164.92 0.39 0.06 

Ginwr aad !Curnric 0.3 60 18 

Rubber 1 . 0 60 60 0.60 6-01 3.61 0.397 31 12.307 46.56 0.57 

Pulses/Vegctablea 

Sasamln 

Rice 

Forest 
Bare Soil 
Water 



Table  4.6 ( i v )  Colaputation of a c t u a l  evapot ranmpora t ion  for A p r i l  1977 
- - - - --- - - - - - _ C  -_ - - - - _  - -- 

P a r t i c u l a r u  of  c r o p  murface 
D 8a  DSa k c  ETo E%. No-of Tota l  Ares Tota l  

( )  (4.1) bun) (mnJday) ( W d a y  ) (mn/day) the in ET a .  ET (Ian) ,..-~ 3,  
--. -- month 

(rn 1 
--.-- -- - 

G o c o n a t  1 . 2  60 

Coconut wi th  Cocoa/tapioca/ 
bababa ( 2  t i e r )  1.2 60 

Coconut wi th  Cocoa/young coconut  
under p l a n t e d  wi th  tcjpioca,  1 . 2  6 0  
banana etc. 

Coconut with misc.tree c r o p s  
l i k e  jack,  mango etc .  ( i n t e n s i t y  1.2 60 
of  coconut about  50%) 

Cauheu 1 . 2  60 

Banana 1  .O 60 

Tapioca 0.5 6 0 

Fodder 1.0 6 0 

Ginger and Turmeric 0.3 6  0 

Pulses,  Vegetables  0 . 5  200 

R i c e  

Forest 

Bare Soil 

Water - - 
T o t a l  ET(Mm fi 



Table 4,6(v) COMPUTATIW OF AClWAL EVAPOTRAUSPIRATIW FOR )CAY 1977 

Particular8 of 
crop/.urf ace 

D Sa DSa kc ETo E'b ETa Yo.of day8 Total Area no tal 
(II) ( 4 d  (IIII) ( W d a y )  ( d d a y )  ( 4 d . p )  in the E . h e  ET 

month. h 3 )  

Coconut 1-20 60 72 0.85 4.13 3.51 3.46 3 1 107.>6 50.4 5.41 
~ o c o n o t  w i t h  cocoa/ 
tapdnce4bana.n. ( 2  tier) 

Coconut w i t h  cocoa/young 
coconut under planted 
w i t h  tapioca,banana etc. - -  1.20 60 72 1.20 4.13 4.96 4.67 31 144.77 42.7 6.18 

-nut w i t h  rise. t m e  
crop. 1- jack* -go 
otc. ( l n t a n a i q  of coconut 
about 50%) 1.20 60 72  0.75 4.13 3-10 3.06 3 1 94-86 56.5 5-36 

C u b  1.20 60 72 0.60 4.13 2-18 2-46 31 76.26 18.7 1.43 

Banana 1 . 0  . 60 60 1.00 4.13 4.13 3.97 3 1 123.07 6,O 0.74 

' h p i ~ 8  0.50 60 30 0.60 4.13 2-48 20* 3 1 68.51 6.0 0.41 

?adder 1 e00 60 60 1.05 4.13 4.34 4.10 31 127-10 0.39 0.05 

G i n g . t  and TUmetic 0.30 60 18 0.50 4013 2.07 1.95 3 1 60.45 0.55 0.03 

Rubber 1.00 60 60 0.60 4.13 2-40 2.45 3 1 75.95 46.56 3.54 

Pulses and Vegetables 0.50 200 100 

R i m  1.10 4.13 4.54 4.54 15 68.10 150 10.22 
Pornst 1-20 60 72 0.75 4.13 3.10 3.06 3 1 94.86 345 3 2.73 
0- m i l  0.49 4-13 2.02 2.02 3 1 

16 16.64 
15 

Water 
- - - - - -- - .-- 

1.15 4.13 4.75 4.75 
- - - - - - - - -- - 3 1 147.25 1 

- 
mtal ET (h3) 88.16 



Table 4 .6 ( v i )  COnPUTATIOIS OP ACNU, EVAPOTRlrWGPIRATIOU PoR 1977 

Particulars of D Sa 06. kc ISTO E h  ETa ; -,of ~ o t d  &ea 'lbtal 
crap/autf ace (1) W m )  d . (wbrg) ( r d d . P T )  ( w h y )  d.01~ b L T ~  (4,k.k) ET 

th8 
month 

o h 3 )  

Coconut 1.2 60 72 0.85 3.25 2.76 2.76 30 82.8 50.4 4.17 

Coconut with o o c d  
taploc./b.nuaa ( 2  t i e r )  1.2 60 72 1.10 3.25 3-56 3.58 30 107.4 40.2 4.32 

Coconut with cocodyoung 
coconut under planted 
with tapioca,banraa etc. 1.2 60 72 1.20 3.25 3.90 3.90 30 117.0 42.7 5.00 

Coconut with risc. tree- -crop8 
like jack,mango etc. ( i n t e n s i t y  
of coconut about 50%) 1.2 60 72 0.75 3.25 2. 44 2.44 30 73.2 56,s 4.14 

Cashew 1.2 60 72 0.60 3.25 1.95 1.95 30 58.5 18.7 1.09 

BUlan. 1.0 60 60 1.00 3.25 3.25 3.25 30 97.5 6.0 0.59 

T-ioc. Om 5 60 30 0.54 3.25 1.76 1-76 30 52.8 6.0 0.32 
Fodder 1.0 60 60 1.00 3.25 3.25 3.25 30 97.5 \0.39 0004 

Ginger and &ric 
Rubber 

Pul8.8 .ad Vegetables 

Seaamua 

R i c e  

S o i l  

Water 



Table 4.6 ( ~ i i )  COMPUTATION OF X T U A L  EVAPOTRAUSPIRATIOY FOEL JULY 1977 

--- 

D Sa DS. ETo I S ~ '  LTa *,of Total Araa T m a  
(r) (I=/& (la) ( I d d a y )  (Wdap) (eq/Qay) dry. in =(Pa3 (em-) ZT 

the (Ha 
-nth 

Coconut 1.2 60 72 0.85 3.15 2.68 2-66 3 1 83-08 50.4 4.19 

Cocorrat vith coco J 
tapiocq/bmanr (2 t l e r )  1.2 60 72 1-10 3.15 3.47 3.47 31 107.57 40.2 4.32 

Cocornrt with cocoq/young 
cocoaut under plantad - -  
with tapioc.lbman8 etc. 1.2 60 72 1.20 3.15 3-70 3.78 3 1 117.18 42.7 5.00 

Coconut with d.c- 
tree crop8 lUa1 jack, 
rango etc. ( i n t e n s i t y  o f  
CoCOnttt .kwt SOX) 1.2 60 72 0.75 3.15 2.36 2.36 31 93-16 56.5 4. 15 

Tapioca 0.5 60 30 0.41 3.15 1.29 1.29 3 1 39.99 6.0 0.24 

Poddot 1.0 60 60 1.00 3.15 3.15 3.15 31 97 65 0.39 0.04 

Ginger and turmeric 0.3 60 18 0.91 3.15 2-87 2.87 31 88.97 0.55 0.05 

m. 1.0 60 60 0.60 3.15 1.89 1.89 3 1 58.59 46.56 2.33 

hrlsas and V e g e t a b l e s  0.5 200 100 0.97 3.15 3.06 3.06 31 94.86 6.00 0.57 

Rice 

Forest 
Bare S o i l  0.94 3 . 5  2.96 2.96 3 1 91.76 97.00 17.83 

Water 1.10 3.15 3-47 3.47 31 107.57 83.00 3 
81.56 

~ o t a l  ET (m3) 



Table 4.6 ( v i i i t  00)01 05 W-IRATIOW ?m ma[lST 1977 

Coconut 1.2 60 72 0.85 3.7 3.15 3.15 3 1 97-65 50.4 4.92 

Coconut with Cocoa/ 
taplocalbanana (2 t i er )  1.2 60 72 1.10 3.7 4.07 4.07 

Coconut with Cocoa/young 
coconut under planted 
with taploca/banana etc,  1.2 60 72 1.20 3.7 4.44 4.44 31 137.64 42.7 5.88 

Coconut with misc.tree 
cmps l ike  jack, mango 
etc .  (intensity of 
coconut about 50%) 1.2 60 72 0.60 3.7 2.78 2.78 31 86.18 56.5 4.87 

Cashew 1.2 60 ' 72 0.60 3.7 2.22 2.22 3 1 68.82 18.7 1.29 

Banana 1.0 60 60 

Tapioca 0.5 6G 3 Q 

Fodder 1.0 60 60 1.00 3.70 3.70 3.70 31 114.70 0.39 0.05 

Ginger and Turmeric 0.3 60 18 1.05 3.70 3.89 3.89 31 120.59 0.55 0.07 

Rubber 1.0 60 60 0.60 3.70 2.22 2.22 31 68.82 46.56 3.20 

Pulses/Vegetables 0.5 200 100 1,015 3.70 3.76 3.76 31 116.56 6.0 0.70 

Sasamum 0.6 200 120 

Rice 0.6 200 120 1.041 3.70 3.85 3.85 3 1 119.35 150.00 17.90 

Pores t 1.2 60 72 0.75 3.70 2.78 2.78 31 86.18 345.00 29.73 

Bare Soil  3.70 3.40 3.40 31 105.40 109.00 i:::: 21.96 
Water 3.70 4.07 4.07 31 126.17 83.00 

Total ET (rtn3) 95.64 
- - - - - - - - - -- -- - - - 



Table 4.6 ( ix) mm U8 kCIPAL w- 101 ~ P T E U B E R  1977 

..rtiorJu. *f k Dk Lo Bm m &.of - An. w 
 mur ria am -. & (ly9 W u"-lWbO) ( d d q . )  mi. * (.q.W = 

8 h . m  (d (Pa3) 

Coconut 1.2 6 0  7 2  0.85 4.05 3.44 3.44 30 103.2 50.4 5.20 

Coconut with Cocoa/ 
tapioc*anana (P t i e r )  1.2 6 0  7 2  1.10 4.05 4.46 4.42 3 0 132.6 40.2 5.33 

Coconut w i t h  Cocoa/ 
young coconut under 
planted with tapioca/ 
banana e tc .  1.2 60  7 2  1.20 4.05 4.d6 4.79 30 143.7 42.7 6.14 . . 
Coconut with misc.tree 
crops 1.2 6 0  7 2  0.75 4.05 3.04 3.04 3 0 91.2 56.5 5.15 

Cashew 1.2 6 0  7 2  0.60 4-05 2-43 2.43 3 0 72.9 18.7 1.36 

Banana 1.0 60 60  0.70 4.05 2-04 2.84 3 0 85.2 6.0 0.51 

Tapioca 0.5 60  30 0.35 4.05 1.42 1.42 30 42.6 6.0 0.26 

Fodder 1.0 60  6 0  1.00 4.05 4.05 4.05 3 0 121.5 0.39 0.05 

Ginger and Turmeric 0.3 '60 1 0  1.05 4-05 4-25 3.41 3 0 102.3 0.55 0.06 

Rubber 1.0 6 0  6 0  0.60 4.05 2.43 2.43 30 72.9 46.56 3.39 

Se s amum 0.6 200 120  

i?ice 0.6 200 4-05 3.95 3.95 1 3  51.35 153,OO 
4.05 4.46 4.46 2 5 111.5 1 1 . 7 1  22.05 
4.05 4.46 4 -46  25 111.5 1x2 

Forest 1.2 60 7 2  0.75 4.05 3.04 3.04 3 0 91.2 345 31.46 

Bare 5011 4.05 2.27 2.27 30 68*1 963 7.21 

dater 4.05 4.46 4.46 3 0 133.8 5 

Total 2T (r4m3) 88.28 
L__- --.___ - _ _ -  -- - - - - ---- 



Table 4,6(x) COMPUTATION OF M=TUAL EVAPOTJUNSPIRATIObl POR OCTOBER 1977 

P a r t i c u l a r #  of 
crop/surf ace 

D Sa RSa kc E m  ETm E T a  &.of T O W  Are a %tal 
(m) h d m )  (.m) ( W d a y )  ( W d a y  ( a d d a y )  day8 I n  E T  ( 8 q . b )  ET 

the w n t h  (nun) (Ian3) 

C o c o n u t  1.2 60 72 0.85 4.27 3.63 3-63 31 112.53 50.4 5.67 

C o c o n u t  w i t h  C o c o a /  
tapioca b a n a n a  ( 2  t i e r )  1.2 60 72 1.10 4.27 4.70 4.70 31 145.70 40.2 5.86 

C o c o n u t  w i t h  Cocoa/  
y o u n g  c o c o n u t  under 
p l a n t e d  w i t h  tapioca/ 
b a n a n a  etc. - \ 1.2 60 72 1-20 4-27 5.12 5.12 3 1 158.72 42.7 6.78 

C o c o n u t  w i t h  m i s c . t r e e  
crops 1.2 60 72 0.75 4.27 3.20 3.20 3 1 99.20 56.5 5.61 

C a s h e w  

B a n a n a  

Tapioca 

F o d d e r  

G i n g e r  and Il\nferic 

R u b b e r  

P u l s e s / V e g e  tables 

S e s a m u m  

R d c e  

F o r e s t  

Bare Soil 

water 

T o t a l  ET (m3) 



Table 1+.6 (xi) QI A V - v  IKY NOVEMBER 1977 

coconut 

Coconut with Cocoa/ 
tapioca banana ( 2  t i e r )  
Coconut with cocoa/ 
young coconut under 
planted with t a p i o c d '  " 
banana etc. 

Coconut with mist-tree 
crops 

Cashew 

Banana 

Tapioca 

Fodder 

Ginger and Turmeric 

Rubbc r 
Pulses/VegetaSles 

Se s amum 

Rice 

Forest 

Bare Soil 

dater 

Total ET (h3) 83.90 

- --- -- - -. ____ _ _ -- - 



T a b l e  4.6 (xu) CWPUTATION OF ACTUAL 6NApoTRAXSPIRATIObi FOR DECEMBER 1977 

P a r t i c a l l a n  of 
Crop/arrf ace 

D S a  DSa E l b  E'm ETa m,of Zbtal Arua Ptal 
63 ( d m )  (4 ( d d a y )  ( w & y )  (nnJdap) day. in ET ( 8 q . h  

the 0 

coconut 

Coconut with Q q/ PO tapioca banana 2 tier) 

Coconut with coooa/young 
coconut under planted 
w i t h  tapiocafbanana etc. 

Coconut with misc. 
crop. 
Cashew 

B a n a n a  

Tapioca 

Fodder 

Gigner and Rvnraric 

Sesamum 

R i c e  

B a r e  Soil 

Water 



T a b l e  4 . 7  A c t u a l  f v a p o t r a n o p ~ ~  a t i o n  f rom t h e  b a s i n  (nrn3) 

Year  1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

Month - - -- -- - - - - --. -- A - 

J a n u a r y  

F e b r u a r y  

March 

A p r i l  

May 

June 

J u l y  

Augu s t 

%, ? :!-!~T-'L 

O c t o b e r  

November 

D o c p p h e r  





XEEfg&t;iQn w b t ~  is other smmm oS 4apwt iato &e 

LwrrU, igwuitjtiy af ixrig&t;S68 mtat mAe& f r o ~ n  tFta 

Pe~scS-d Rammmir kbas M n  

regw3fng the Sn~igartha w @ W  m.. flcoa ~ t i - m f  s c f i m  

rarsr aat. aEv\FkLl&le and &Ubo Q~WWX& 

Igaoz* thrt qwat&.t;y of ~~ $ 3 ~  fxrigatA3n Emm 

0- ssQ!-s ia Utcroly 4s a w l & &  for 

lffouna wa- J!sw 0s 

flQIef vjLust~ w&i din the ~ W T  lxkhmce caqmtataaa os4Am~esd 

t;o be lass than EhRj a c W  vahm+ Wm e.mmf In- by 

igFaos5ng t2L.b pcaFe of t':'et iImigat;iotl input may mt 2x2 consW~r*c 

a* 



The abatxact of tkka watex balasce statmamnf: OR an yeafly 

bmsh hR3s also b l i l  pmseat48. ( ~ B r b l e  4.9). 

Ratcharge to the cjsmmd water zeaammfr occws mainly 

i n  Ehe month8 of Jw, July and August. Zn some yeam, 

recharge occurs during ther months of &Say, Slsptembu, O c t o b s  

and ZRwmbt~s also, T b  b@ance available for ground w a t a r  

accretion, (unaccoun*d water) 9s m m  ef ther i n  Jum or 

July, During the mmafning months. the bdance lazks ouk to 

b mgatfve, This Ilndica"as #at water i s  w i t h d a w n  Emm t h a  

ground water mi?santoir, 

When the water balarice o* tlw bash iS calculated on 

an annual basis, it i s  fouM that the balance available for 

gmmd water accretion (u~eiccrsunW water) f a  negatSve In 

1976, 1 9 a  and 1985. It may M noted Wat low sair.fal1 has 

been msmzdotd In these three years. A.hhou~h low rainfall 

was rsc~&d fn $982, t l ~  balm- ~ r b  out be W S A ~ W ~  
3 (+ 58.08- ) -Maxlrmna oanua2 rainfall (3972.70Hxi3) was 

rec~rdgca i n  1980, Kahi.e.tter tha bal- ear w u n d  wakelc 

acczetion was madmum in 1981 (+ 581.137 Mm3j, the year ia 

whsch the naxt higheat ra infdl  ~?ccumd* Thfs  is because of 

Wre oomgaratively 3xswsr va&- of evqp4xmspirat9~n aad 

stream flow in 1981. 

Whrsn the values of the bakmcs water available for 

ground water arccret&on or dep1e.t;fon (unaccounted water) are: 



Table  4 . 8  Monthly Water Balance  Statement (1976-1985) 

-- - -- -- - - - - . - - - - -- - 

-- - . 
I n f l o w  

- . - - 
Plon th  I r r i g a t i o n  Tota l  

Rainf  a1 1 water r e l e a s e d  i n £  low 
f r o n  Peechi  
Reservoir  

1976 - 
January 

February 0 10.915 10.915 

June 

July 

August 423.116 - 423.116 

September 134.787 11.056 145.843 

u c r o ~ e r  L L ~ .  ~9 I I l ; b Y &  ~ 4 3 . ~ 9 3  

November 238.547 4 . 8 8 3  253.430 

December 15 .983  15.312 3 3 -  3 2 5  

Evapotran- Stream 
s p i r a t i o n  f l o w  

Balance e v a l l -  
able for ground 
water deple t ion  
o r  accaet ion  
(unaccounted 
water ) 

Cumulative 
Bale nce 



Table 4 . 8  (Contd. ) . Monthly Water Balance Statement (1976-1985) 
- - . - - - - - -- - - 

Inf low Balance a v a i l -  Curnula- 
- Stream able  for ground Evapotran- f l ow  

Total 
water aep le t ion  Bal 

Ra in fa l l  I r r i g a t i o n  s p i r a t i o n  Month o r  accretion water r e l e a s e d  inflow (unaccounted 
from Peechi water 1 
Reservoir 

~m h3 h3 Hm3 t4m h3 
- - - - 

1977 - 
January 

February 8.612 0.998 9.610 51.65 33.67 -75.710 -213.180 

April 

July 797.475 - 797.475 81.56 612.21 +103.'505 i24i .BG5 

August  

October 403.248 17.i00 420.348 107.58 285.18 s ~ i . 5 G G  . - - -  . ~ t  8 A / , * *-- 

November 471.339 11.500 482.837 83.90 309.79 + 89.147 +286.632 

December 0.047 L3. 3 3 3  25.336 ? 3 . 2 3  3 4 .  lib -182.504 +134.?28 



Table 4 . 8  (Contd.) Mdnthly Water Balance Statement (1976-1985) 

Month 

I n £  low - Balance ava i l -  
Evapotran- Stream a b l e  f o r  ground Cumula- 

I r r i g a t i o n  s p i r a t i o n  flow water deple t ion t i v e  
Ra in fa l l  water  To ta l  o r  acc re t ion  Balance 

released inflow (unaccounted 
from Peechi water 
Reservoir  

m3 m3 m3 ~m ~m ~m 

1978 - 
January 

February 

March 

Apr i l  

Mav 

. / l l k J *  

J u l y  

August 

e . . .  
r - V -'tjnYri & 

October 

November 

December 

88.19 

64.76 

42.09 

43.24 

121.19 

3 2 5 . 5 4  

535.38 

536.52 

. < I ,  62 

aa .  84 

182.47 

76.64 



Table 4 . 8  (Contd. ) . Monthly Water Balance Statement (1976-1985) 

Mon tb 

I n f l o w  Evapotran- Stream Balance a v a i l -  Cumula- - tapiration f l o w  a b l e  f o r  ground tive 
I r r i g a t i o n  water d e p l e t i o n  Balane 

R a i n f a l l  water T o t a l  o r  a c c r e t i o n  
r e l e a s e d  i n f l o w  (unaccounted 
from P e e c h i  w a t e r )  
R e s e r v o i r  

h3 ~m Mm ~ r n  h3 urn 

1979 - 
January 

February 

March 

A p r i l  

May 

June 

J u l y  

Auygst 

September 

October 

November 

3rcembei 



Month 

Table  4 . 8  ' ( ~ o n t d . )  Monthly Water Balance Statement (1976-19851 
- - - -- - - -- --- - -. 

In£  l o w  
-- Evapotran- Stream 

I r r i g a t i o n  s p i r a t i o n  f l o w  
water 

R a i n f a l l  r e l e a s e d  T o t a l  

from Peechi  i n f l o w  

Reservo ir  

Mm3 ~m ~ r n  b3 

Balance a v a i l -  
a b l e  f o r  ground 
water d e p l e t i o n  
or a c c r e t i o n  
(unaccounted 
water)  

Cumula- 
t i v e  
Balance 

1980 - 
January 

February 

March 

A p r i l  

Mar 

June 

J u l y  

August 

October 

December 



Table  4 . 8  (Contd . )  . Monthly Water Balance Statement (1976-1985) 
- .- - -- - -- - 

I n f l o w  - Balance sva i 1 - 
Evapotran- Stream a b l e  for  ground 

Month Irrigation s p i r a t f o n  flow water d e p l e t i o n  tive 

R a i n f a l l  water T o t a l  or a c c r e t i o n  
r e l e a s e d  (unaccounted Balance 

from Peechf in£ low water 
Reservo ir  

1981 - 
January 

February 

March 

Apr i 1 

May 

June 

J u l y  

z 

September 

November 

December 



Table  4.8 (Contd.) . Monthly Water Balance Statement (1976-1985) 

Month 

- - - -. . . - -- - - - -- - 

Inf low Balance a v a i l -  
- 

Evapotran- Stream a b l e  for  ground Cmuls- 
I r r i g a t i o n  s p i r a t i o n  f l o w  water deple t ion  
water T o t a l  o r  accret ion  BdBnCe 

Rainf e l  1  r e l e a s e d  i n f l o w  (unaccounted 
from Peechi water) 
Reservoir 

1982 - 
January 

February 0 12.201 12.201 55.25 52.07 - 95.119 +1579.397 

A p r i l  65.024 2.285 67.309 80.93 63.73 - 77.401 +1423,488 

June 846.171 - 846.171 85.74 244.15 +516.281 +1890.509 

J u l y  636.858 - 636.858 85.23 339.88 +211.748 +2102.257 

September 90.870 I?. 242 108.118 112.15 89.04 - 93.072 +2033.611 

October 250.094 27.342 277.436 126.13 109.20 + 42.106 +2075.717 

November 112.930 24.466 137.396 111.43 111.21 - es.244 +1990.473 

December 3.797 23.386 27.183 78.45 79.69 -130.957 +1859.516 

-- - L -- - - - - - - - - - - - - - 



,Table 4 . 8  ( C o n t d . ) .  Monthly Water Balance Statement (1976-1985) 

.- -- - -- -- - - - - -- . -. 

I n f l o w  Balance ava 11 - 
able for ground =mula- 

I r r i g a t i o n  Evapotrana- Streaan water d e p l e t i o n  

Month Rainf a1 1 water  T o t a l  p i r a t i o n  flow o r  a c c r e t i o n  
released (unaccounted B a l  an- 
from P e e c h i  i n f l o w  water 1 
R e s e r v o i r  

wn3 r-bn3 mrn M~ h3 mI3 
-- - - - - - . . -- - - - . -- -- 

1983 - 
January 0 1.531 1.531 64.24 53.25 -115.959 +1'143.557 

February 0 13.111 13.111 48.18 39.67 - 74.739 +1668.818 

A p r i l  9.864 - 9.864 30.30 15.45 - 35.886 +1557.881 

- SO. 091 78.07 30.45 - 48.429 +1509.4Si 

- 425.716 -.. ~ ~ 1 . 2 5  5i. 2 6  +263. i66 +177 i .a4u  

J u l y  807.521 - 807.521 92.08 +296.961 418.48 +2069.601 

August 798.406 - 798.406 87.65 581.71 +129.046 +2198.647 

November 114.818 77.4R0 142.298 116.?1 - 79.502 +2?50.?90 105.08 

December 43.954 27.566 71.520 79.96 90.79 - 99.230 +2056 -960 



Table 4.8 (Contd.  ) . Monthly Water Balance S t a t e m e n t  (1976-1985) 
----- -- - - - - - - - - -- 

I n f l o w  Evapot rans -  Stream Balance ava i  1- Cmul 
9 i r a t l o n  f low able f o r  ground 

Month I r r i g a t i o n  w a t e r  d e p l e t i o n  Balance 

T o t a l  
or a c c r e t i o n  

Rainf a 1  1 w a t e r  
r e l e a s e d  i n f l o w  (unaccounted 

from. P e e c h i  
w a t e r )  

R e s e r v o i r  

h3 h3 h3 Mm3 h3 Mm3 

January  1.150 3.993 5.143 66.04 70.28 -131.177 +1925.783 

F e b r u a r y  12.393 13.142 25.535 70.68 44.19 - 89.335 +1836.448 

June 923.950 - 923.950 82.56 288.06 +553.33 +2214.029 

J u l y  797.809 - 797.809 93.76 658.05 + 45.999 +2260.028 

Sep tember  143.879 18.473 162.352 119.47 113.64 - 70.758 +21?6.497 

October 397.578 25.217 422.795 119.47 310.04 - 7.185 +2109.312 

November 19.978 25.364 45.342 75.38 150.20 -180.238 +I929 -074 

December 17.831 27.144 44.975 83.08 50.19 - 88.295 +1840.779 

-- 



Table  4.8 (Contd.)  . Monthly Water Balance S t a t e m e n t  (1976-1~&5! 

Month 

1985 - 
January 

In£ l o w  Balance aveil- 
Evapotrans- S t r e m  able f o r  ground 

Irrigation p i r a t i o n  water d e p l e t i o n  

T o t a l  or a c c r e t i o n  
R a i n f a l l  water r e l e a s e d  i n f l o w  (unaccounted 

from Peechi  water ) 
Reservo ir  

m3 ~m m3 m3 nm 
3 

--- - - - - - - - -. -- -. - - - - - - - - - - 

Cmula-  
t i v e  
Bal ance 

February 0.446 7.895 8.341 58.04 29.96 -79.659 +1677.155 

March 0.577 15.151 15.728 67.18 - % m e 4 7  -69.902 +1607.253 

Apri l  35.379 - 35.379 68.45 16.29 -49.361 +1557.892 

Yay 202.351) - 203.35G 111.01 36.8G +55,546 +-;.5;;.* J L  

June 1026.985 - 1026.985 83.22 435.40 +508.365 +2121.797 

J u l y  547.194 - 547.194 93.70 610.52 -157.026 +1964.771 

September 136 -699 25.406 162.105 105.24 133.50 - 76.635 +1857.37? 

October 277.444 23.179 300.623 125.83 168.90 + 5.893 +1863.267 

November 29.450 27.480 56.930 74.98 140.00 -158.050 +1705.217 

December 49.861 23.536 73.397 91 -99 50.71 - 69.303 +1635.914 



Year 

k P ~ ~ s i ( -  s-am E3abme 
fation flow grouad wa&f 

R a h i t a Z l  XrzigaWn Icbte3 aarpIrUoa ex  
8 i n f l a w  ~~~CN~IOCL 
era;rebdfroat 
ths Pee- 

h u l a m u d  
w a t e r )  

WLMICI IP~~~~ 

m3 m3 m3 n3 ma3 la3 



s c u l e :  
X a x i s :  1 c m = l  m o n t h  
Y a x i s  :1 cm =50 t4rn3 

I- * 

J F M A M J J A S O N D  
MONTHS 

__- - _ _-__ _ - _ _ _  . _ _ _  _ _ - - _ -- _ - 

FIG. 4.7. UNACCOUNTED WATER DURING DIFFERENT MONTHS OF 
1977, 1981 AND 1985 



aumu.la-& wry ktgh v ~ t m 8  are obtaipgd. T h i s  due@ mt 

mat7 that tjlfil wUDW watep rWsage ha8 hppowrrd s i n c e  

January 1976, Xum&%ataly fellcming ths rainy season. a 

cansfdls;rectb%e &op in tftg lewl of the water occurs, Even 

& z i n g  the rainy reamnl Che waOer t&le level wduld go 

down considerably If *cam is no rain. for;_- three or faur 

days ~ ~ ~ r ,  T h b  i s  a char indication of c~nslder~rrble 

mount of #t&suz.fam nu~oflE tjk212g place e m m  the b a s h  

Partion of the ruaa%f wa-r fltwe in ta  the Kole lands w i t h -  

out joining tha K-u Bimr, Theare quant5ties have 

not bemn EK~COUI~M fur iR W;LI 8kutSy due lack of data. 

a result, tha d a t e d  0~311~4~8 of tha baLaracre wetax &a 

fouaa to be hi** 

In this art*, the baai.4 $a wnsAdemd as an tndqmnd- 

a n t  hydsolsgic unit, Surfam asB subtm&ace &nf low fron 

other basiaa and ouWlaw 4s othrb~ basins are as~urwtd to be 

negligible, A betailed water bahXmce stWY* w i l l  mire 

stccwate Iztrpsesmenl. of surface, land subsw5ace inf low a d  

outflow, irrigation wa -er wlfed etc. 

Tha s.tudy cAearly skwrars that in years wSth heavy rafa- 

fall, khe balanoe avdable  r n ~  $round w a t e r  xcmtbn 

pos;Ctive and in othrss y e w  it &a napt2ve* Tha l0itgijt;ive 

balance occurs mainly because of the re&a.t%vely high values 



m f f ,  By adopting appropriate rain waur harvesting 

IIWhQdSr a conaiderab2e portion o f  the m f f  watBUC i n  the - 
dry ~noatbs can be conserved. T b  water m oollected may 

be used for mating irrigation aad other demands, Optimum 





Th;ts study was undertakan to ~tt4~3atwely  assess the 

waterr rernurces of  ehe Karzyvnantv R i v e r  B a s i n  and to study 

the ~cronttily wa- balance fn ordsr fa eathate the balance 

for p u a d  watex mcharga or depfeUan chu:fng the perjiod 

1976 to 1985. 

Tha mean monthly rainltlall, ovex: the basln during t2m 

period 1976 - a985 was detserdned by Thk8saen polygon method, 

Data regarding the amount of w a t u  r a l w e d  for kr iga t ion  

from tihe Peechi Ras~mro&r was aha coZLwted. Due to lack 

of data, contrihutbn from othsr roarcsrai was not  W a n  

account. The totA nu~lff f rc r r~  thsr beuia during each wnth 

of +hi. period was Ostmdasd. Th vmious crop ambina+ions 

in the basin w e n t  EdsntlfSQdl a& ths m a  Wer each of there 

was estimated, Tlm actxal ~ 1 v e p o ~ p ~ a t i o ~  during each 

month warar estfnratc~B \using tfPer tae- out3-4 by Doornubor 

and Kasserm, ThQ bwfn was ry;lardsd err pm iadapeadaat 

logic unit, H.mw -ace sod subnvfacs inflow and outflow 

w~rric bu9s-d to h R8@igFb%@. 

It was $uund that high carrerlaaon exist6 betwen 

annua3 rafnf all and annual mf f. Equations for pm&iclAng 

annual tuaoff f r o m  annual rainfall1 values have been developed, 



The results of the fmqwacy analysis of rainfall at 

Ollukkara for v ~ e d u  durations haw bemn present& 6p'apf-J- 

e a l f  y, 

Thrirr study s h w  that accxetfon b g r ~ w d  w a t e r  occurs 

minZy 5a JUQ~,  July and A ~ Q u B ~ ,  m h ~ g e  ITBY occuz 

in my, Septmber, October and November alsro. Except  during 

the laJ rafnfdl years viz, 1976, 1984 and 1985 the balatlce 

available for graund watzr: accretion or depletion works out: 

to be pdsStlttte 

When the valtues o f  the unaccounted wa- were cumulated 

very Ngh values were obcdned. Tkds may be because of 

factore w h i c h  have not been U&eu account in t h i s  s w  

such as s u b s w 2 ~  rurtof r from the basins, unaccounted g o ~ t i ~ n  

of #&ace etc. 

By adoptfng appropriate rain tsrotsr h a m s a n g  methods 

runoff during the dry rwontkm can bm l~lsduced and qr~uad wer.t=er 

artoracJa can be increased, * t h u s  chvelopment of  w a t e r  

nesourcas can bg ac2Wev~rd os2y thruugh the conjuncttSve use 

of  surface and ground waterl 
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APPENDIX 1, Mean Daily Percentage (p) of Annual Daytlme Hours 
Sol- Different Latitudes 

North Lat~t l lde 11 South- 

Jan Feb Mar  Apr May June July Aug Sept Oct Nov Dec 

July Aug Sept Oct Nou DPC Jan Feb Mar  Apr May June 

60° 
58 
56 
54 
52 

50 
48  
46 
44 
42 

40 
35 
30 
2 5 
20 
15 
10 
5 
0 

. I 5  .20  .26 .32 .38 . 4 1  .40 .34 . 2 8  .22 . I 7  . I 3  

.16 . 2  1  .26  .32 .37 .LO .39 .3L .28  . 2 3  . I 8  . I 5  

.17 .21 .26  .32  . 3 6  . 3 9  .J8 . 3 3  . 2 8  . 2 3  . I 8  . I 6  

. I 8  .22 .26  31 .36 .38 .37 3 .28  . 2 3  . I 9  . I 7  

. I 9  .22 7 .31  .35 .37 .36  .JJ  . 2 8  .24  .20 . I 7  

.19 . 2 3  .27 .31 .I& . 3 6  . 3 5  .32 . 2 8  .24  .20 . I 8  

.20 . L 3  .27 .31 .34 .36 .35 .32 . 2 8  .24 .21 . 1 9  

.20 .23  .27 .30 .34  .35 .34 .32 . 2 8  .24 . 2  1 . 20  

.21 .24  .27 .30 .33 .35 .34 .31 .28  .25 .22 .20 

. 2  1 .24 .27 .30 .33 .34  .33 . 3  1 .28 . 2 5  .22 . 2  1  

.22 .24 .27 .30 .32 4  .33 .31 . 2 8  . 2 5  .22 .21 

.23 . 2 5  .27 . 2 9  .31 .32 .32 .30 .28  . 2 5  . 2 3  .22 
-24  . 2 5  .27 .29  . J1  .32 .31+ .30 .28 .26  .24 . 2 3  
.24 . 2 6  .27 .29  .30 .31  .31 .29  .28  . 2 6  . 2 5  . 2 4  
. 2 5  . 2 6  .27  .28  .29  .30 .30 .29  .28  . 2 6  . 2 5  . 2 5  
.26  . 2 6  . ? 7  .28  .. 29 . 2 9  .29 .28  .28  .27 .26  . 2 5  
.26  .27 .27 .28 . 2 8  . 2 9  .29  .28  .28  .27 .26  .26  
-27  .27 .27  . 2 8  . 2 8  . 2 8  .28  .28  . 2 8  .27  .27 .27 
.27 .27  .27 .27  . 2 7  .27 .27 .27 .27 .27 .27 .27 

11 Southern latitudes : apply 6 month dllfererlce a s  shown. 



APPENDIX 2, Mean Dai ly  Dura t ion  of Maximum P o s s i b l e  S u n s h i n e  H o u r s  (N) f o r  Dif ferent  Months  and La t i tudes  

N o r t h e r n  
I an  L a t s  Feb M a r  A p r  May June  July Aug S e p t  Oc t  * N O V  Dec  

Sou the rn  July  Aug  S e p t  Oc t  N o v  D e c  Jan  Feb h l a r  A p r  May  June  L a t s  
- -  

50° 8 .5  10.1 11.8 13.8 15.L 16.3 15.9 I .  12.7 10.8 9.1 8.1 
48 8.8 10.2 11.8 13.6 15.2 16.0 15.6 11.3 12.6 10.9 9.3 8.3 
46 9.1 0 . 4  11.9 13.5 I .  15.7 I .  1 . 2  12.6 10.9 9 .5  8 .7  
44 9.3 10.5 11.9 13.4 14.7 15.1 15.2 I .  12.6 11.0 9.7 
42 

8.9 
9.4 10.6 I .  1 . 4  14.6 15.2 1L.9 13.9 12.6 11.1 9.8 9-  1 

40 9.6 10.7 11.9 13.3 4 15.0 14.7 13.7 12.5 11.2 10.0 9.3 

3 5 1 C . l  11.0 11.9 13.1 1 . 0  1L.5 I .  13.5 12.4 11.3 10.3 9.8 
30 10.4 11.1 12.0 12.9 13.6 lL.0 13.'?* 13.2 12.L 11.5 10.6 10.2 
2 5 10:7 11.3 12.0 12.7 13.3 13.7 13.5 13.0 12.3 11.6 10.9 10.6 
20 13.0 11.5 12.0 12.6 13.1 13.3 13.2 12.8 12.3 11.7 11.2 10.9 
15 11.3 11.6 12.0 12.5 2 13.0 12.9 12.6 12.2 11.8 11.4 11.2 
10 11.6 11.8 12.0 12.3 12.6 12.7 12.6 12.4 2 . 1  11.8 11.6 11.5 
5 11,8 11.9 12.0 12.2 12.3 12.4 12.3 12.3 12.1 12.0 11.9 11.8 

0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 



APPENDIX 3, Extra Te r r e s t r i a l  Radiation (Ra)  expressed in equivalent eva~ora t ion  in rnrn/day 

-- - 
Northern Hemisphere 

Ja r  Frt, Mar Apr May June July Aug Sept Oct No\, Dec 

3.3 6.1 9 . L  12.7 15.1 17.1 16.L IL.1 10.9 7.4 L . 5  3.2 
i . 3  G.6  9 . 6  13.0 35.9 17.2 16.5 14.3 11.2 7.8 5.0 3.7 
~ . 9  7 .1  1 0 . 1  13.3 lG.0 17.2 16.6 1L.511.5 8.3 5.5 4.3 
l.;j 7.6 :(J.C; 13.7 16.1 17.2 16.6 lL.7 11.9 8.7 6.0 L.7 
3 . 0  8.j 11.0 1L.0 16.2 17.3 16.7 15.0 12.2 9.1 6.5 5.2 
6 . L  8.6 11.L lL.3 16.L 17.3 16.7 15.2 32.5 9.6 7.0 5.7 
6.9 9.0 11.8 lL.5 16.L 17.2 10.7 15.3 12.8 10.0 7.5 6.1 
7 . ~  p . ~  12.1 x . 7  16.L 17.2 16.7 15.4.13.3 10.6 8.0 6.6 
7.9 9.8 12.4 14.8 16.5 17.1 16.8 15.5 13.4 10.8 8.5 7.2 
8.3 10.2 12.8 15.0 16.5 17.0 16.8 15.6 13.6 11.2 9.0 7.8 
8.8 10.7 13.1 15.2 16.5 17.0 16.8*15.7 13.9 11.6 9.5 8.3 

Lat 

w0 
L8 
L6 
U 
L2 
LO 
38 
36 
3.4 
32 
30 

9.3 11.1 1 3 . ~  15.3 16.5 16.8 16.7 15.7 14.1 12.0 9.9 8.8 28 
9.811.';13.7 15.3 16.Ll6.716.615.714.312.310.3 9.3 26 

10.2 11.9 13.915.4 1 6 . ~  16.616.5 15.8 14.5 12.6 30.7 9.7 24 
10.7 12.3 1 ~ . 2  15.5 16.3 16.4 16.L 15.8 14.6 13.0 11.1 10.2 22 
11.2 12.7 14.4 15.6 16.3 16.L 16.3 15.9 14.8 13.3 11.6 10.7 20 
11.613.011.615.616.116.116.1 15.814.913.6:2.011.1 18 
12.0 13.3 14.7 15.6 16.0 15.915.9 15.7 15.0 13.9 12.4 11.6 16 
12.4 13.6lr(.915.715.815.715.7 15.715.1 14.1 12.812.0 1L 
12.8 13.9 15.1 15.7 15.7 15.5 15.5 15.6 15.2 14.4 13.3 12.5 12 
13.2 14.2 15.3 15.7 15.515.3 15.3 13.5 15.3 14.7 13.6 12.9 10 
13.614.515.315.615.31S.01~.1 15.415.314.8.13.913.3 8 
13.9 14.8 15.4 15.4 15.1 14.7 34.9 15.2 15.3 15.0 14.2 13.7 6 
14.3 15.0 ~5.515.511.914.414.615.1 15.315.1 14.514.3 L 
14.7 15.3 15.6 15.3 14.6 14.2 W.3 14.9 15.3 15.3 14.8 14.4 2 
15.(1 15.5 15.7 15.3 14-4 13 5!4.J 14,815 3 15.4 15.1 14.8 0 
- -- - - - - - ----- --- .--- - ! 

17.7 16.4 14.3 11.6 9.3 8.2 8.6 1o.L 13.0 15.L 17.2 17.9 
17.616.414.4 12.0 9.7 8.7 9.1 10.913.215.517.217.8 
37.516.514.6 12.3 10.2 9.1 9.5 11.2 33.1 15.617.1 17.7 
17.1 16.5 14.8 12.610.6 9.6 10.0 11.6 13.7 15.7 17.0 17.5 
17.3 16.5 15.0 13.0 11.0 10.0 10.4 12.0 13.9 15.8 17.0 17.L 
17 .116 .~15 .1  13 .211 .4 l0 .410 .812 .31L.1  15.816.817.) 
16.916.4 15.2 13.511.7 10.6 11.2 12.6 1L.3 15.6 16.7 16.8 
16.716.415.3 13.712.1 11.2 11 .612 .9IL .515 .816 .516 .6  
16 6 16.3 15.4 14.0 12.5 11.6 12.0 13.2 lL.7 15.5 16.1 16.5 
16.4 16.3 15.5 14.2 12.8 12.0 12.4 13-5 IL.8 15.9 16.2 16.2 
16.1 16.1 15.514.413.1 12.412.713.71L.915.816.016.0  
i5.8 16.0 15.6 14.7 13.4 12.8 13.1 14.0 15.0 15.7 15.8 25.7 
15.5I5.815.614.~13.813,213.4 14.315.1 15 h 1 5 . i l 5 . 4  
15.3 15-7 15.7 15-1 14.1 13.5 13.7 14.5 15.2 15 5 15-3 15.1 
15.015.515.'7 15.314.L 13.914.1 14.6 15 .3  15.L 15.1 14.8 

---- - 

- 

Southern Hemisphere 

Jan Feb  Mar Apr May June July Aug SeptOct  Eov Dee 

17.51L.7 30.9 7.0 L.2 3.1 3.5 5.5 S.9!2.915.51t3.2 
17.6 1L.9 11.2 7.3 L.7 3.5 L.0 6.0 9.3 13.2 16.6 IS.? 
17.7 15.1 11.5 7.9 5.2 L.0 L.L 6.5 9.7 13.L 16.7 13.3 
17.8 15.3 11.9 8.L 5.7 L.L 4.9 6.9 10.2 13.7 16.7 18.3 
17.8 15.5 32.2 8.8 6.1 4.9 5.L 7.f 10.6 1L.0 lh.8 15.3 
37.9 15.7 12.5 9.2 6.6 5.3 5.9 7.9 11.0 1L.2 i6.9 1F.3 
17.9 15.8 12.8 9.6 7.1 5.8 6.3 8.3 11.4 1L.L 17.0 19.3 
37.916.013.2 10.1 7.; 6.3 6.8 8.811.7 I L . 6 1 ~ . 0 1 8 . 2  
17.8 16.1 13.5 10.5 8.0 6.8 7.2 9.2 12.0 1L .g i7 . l  153.2 
17.8 16.2 13.8 10.9 8.5 7.3 7.7 9.6 12.1 15.1 17.2 18.1 
17.8 16.L 14.0 11.3 8.9 7.8 8.1 10.1 12.7 15.3 17.3 18.1 

L 



APPENDIX 4 Saturation vapour pressure ea i n  m bar 
as function of mean air temperature t i n  'C. 

Temperature ea 
m. bar 



APPENDIX 5. u2 Values of Wind Function f(u) = 0.27 (1 + 1100 ) 

for Wind Run at 2 rn h e i ~ h t  in kzn/day 



APPENDIX 6,  V a l u e s  of  W e i g h t i n g  F a c t o r  (I-W) f o r  t h e  E f f e c t  o f  Wind  a n d  Humldi ty  o n  E T o  at D i f f e r e n t  
T e m p e r a t u r e s  a n d  A l t i t u d e s  

APPENDIX 7 .  V a l u e s  of  W e i g h t i n g  F a c t o r  (W) f o r  t h e  E f l e c t  of  R a d i a t i o n  o n  E T o  a t  D i f f e r e n t  T e m p e r a t u r e s  
a n d  A l t i t u d e s  

T e m p e r a t u r e  OC 

(I-W) a t  a l t ~ t u d e  m 
0 

9 0  

1  000 

2  008 

3 000 

000 

T e m p e r a t u r e  .OC 

2 L 6 8 lo 12 1; 16 18  20 22 24 26 28 30 32 3L  36 38 40 

0.57 . .51 .48 .L5 .L2 .39 .36 .3i  .32 .29 .27 . 2 5  .23+ .22 .30 . I 9  . I 7  .I6 . I >  

.SG .52 .Lg .L6 .4; .LO .3$ .33 .33 .3@ .28 .26 .2L .22 .21  . I 4  .I8 .36 . I 5  .I, 

. .5l  .L8 .L5 .L2 .39 .36 .3L .31 .29 . 2 7  . 2 5  .1'3 . 21  .T'P . I S  . 7 . I 5  . IL .13 

.51 .LS .L5 .L2 .39 .36 .3L .31 . 2 9  .2; . 25  .23  .21 . I 9  . I S  .I6 . I 5  .1L . I 3  .12 

.L8 . i j  .42 .2g .36 .3L .31 .29 .2: . 2 ,  . 2 3  .21  . I 9  .I8 . I b  I . I L  . I ?  . I 2  .11 

.L6 .L2 .39 .36 . 3 L  . ? I  .29 .2 ;  . 2  J .23 .21 . I 9  .I&? .16 .1; . l L  . I >  . I 2  .11 . I 0  



APPENDIX 8. Converslor, Factor for Ext ra -Ter res t r ia l  Radiat~on (Ro) to Net  Solar Hadiatlon (Rns) f o r  a Given 
Reflectiond of G.25 and Different Ratios of Actual t o  Maximum Sunshlne Hours ( I - ~ ) ( 0 . 2 5  + 0.50 n/N) 

APPENDIX 9, Effect of Temperature f(T) on Lon~wave  Radiation (Rnl) 

APPENDIX 10. Efrect of  Vapour P r e s s u r e  f(ed) on Lonpwave Radiation CRnl> 

APPENDIX 11, Effect of the Ratlo Actual and hlsximum B r i ~ h t  Sunshine Hours f(n/N) on L o n ~ w a v e  Radiation (Rnll 

ed m b a r  

f ( e d ) = 0 . 3 L - 0 . 0 L ~ ~  

6 8 10 12 14 I 6  18 20 22 24 26 28 30 32 3L 36 38 LO-I 
I 

0.23  .22 .20 . I 9  . I 8  . I 6  . I 5  . I 4  . I s *  . I 2  . I 2  . I 1  .1O .09 .08 .08 -07  .06 1 
-- 



APPENDIX 12. Adiust~nent I'actar ( c )  ln Presented Pennlan Eauat~on 

7 

R s  rnmlday 

KHmax = 60% 

3 6 9 12 

RHmax = 90% 

3 6 9 12 

Udcty III /  scc Uday/Unlght = L.0 

1 .oZ 1.06 1.10 1.10 
.99 1.10 1.27 1.32 
.9d 1.30 1.26 1.33 
.88 1.01 1.16 1.27 

.86 I .oo l..00 
3 ( .79 .8L .92 .97 
6 1 .68 .77 .87 .93 
9 1 . 5 5  . G j  .78 .w 

.36 .98 1.05 1.05 

.92 1 .OO 1.11 1.19 

.85 .96 1.11 1.19 

.76 .88 1.02 1.14 

Uday/Unight = 3.0 

0 
3 
6 
9 

.96 .98 1.05 1.05 

.87 .96 1.06 1.12 

.77 .88 1.02 1.10 

.67 .79 .88 1.05 

.86 .w 1.00 1.00 

.76 .81 .88 .94 

.61 .68 .81 .88 

.46 .56 .72 .82 

1.02 1.06 1.10 1 .10 ,  
.94 1.04 1.18 1.28 
.86 1.01 1.15 1.22 
.78 .92 1.06 1.18 

Uday/Unlght = 2.0 - 
0 
3 
6 
9 

.86 .90 1.00 1.00 

.69 .76 .85 .92 

.53 .61 .74 .84 

.37 .48 .65 .76 

Uday/Unlght = 1.0 

.96 ,98 1.05 1.05 

.83 .91 .99* 1.05* 

.70 .80 .94 1.02 

.59 .70 .84 .95 

I 
j .86 .go 1.00 1.00 

.89 

.79 

.70 

1.02 1.06 1.10 1.10 
.89 .98 1. lo* 1. lb* 
.79 .92 1.05 1.12 
.71 .81 .96 1.06 

.96 .98 1.05 1.05 

.78 .86 . gL+ .99* 

.62 .70 4 .93 
-50  .60 .75 .87 

1.02 1.06 1.10 1.10 
.85 .92 1.01" 1.05* 
.72 .82 .95 1.00 
.62 .72 .87 .96 



APPENDIX 13,  Pan Coefflclent (Kp) fo r  Class  A Pan for  Dlffersnt Groundcover and Levels 
of Mean Relatlve Hu~nldlty and 24 hour W ~ n d  

------ 
1 Class  A pan Case  A :  Pan placed in short  green Case  Pan  placed ~n d r y  
p --- 1 

f A l l n v r  8rr-a 

RHmean 76 low medium hlgh 
(40  40-70 >70 

Wlndward sldc W~ndward s ide 
W~nd dl stance distance 

1 krnlday 1 of green crop of d r y  fallow 

Moderate 1 / 175-425 1 . 5  
10 .6 

I loo .65 i 
I I 000 .7 .8 

APPENDIX 14. Pan Coefflclerit (Kp) for  Colorado Sunken Pan fo r  D~ffcren t  Groundcover and 
Levels of Mean Relatlve Humid~tv and 24 hour Wlnd 

S u n k e n -  
Colorado 

RHmean % 
-- 

I Wind 
km/day 

' Case  A :  Par, placed ~n s h o G E c e n I  cas-%an_ placed in d r y  I 

distance 
of green crop I 

- cropped a r e a -  
I low medium high 

' h i n d w a r d  rid; I (40 I 40-70 1 >70 

dis tance I of d r y  fallow I 

- 
fallow a r e a  - 

low 

Light 
( 175 

Moderate 
175-425 

Strong 
425-700 

Very strong > 700 

medium 

I /  For extensive v rea r  of bare-fallow rol ls  and no agncul rura l  development, ;educe Kpan by 20% ' - 
under hot, windy condltlons; by 5- 1 0 %  for  moderate w ~ n d  , temperature and hulntdlty cond~tions.  

m 

1 
10 >, 100 

1 
10 

2100 

1 
10 >, loo 

1 
10 

>loo 

high 
> '70 < 40 

Windward s ide 1 40-70 

.75 
1 .o 
1.1 

.65 

.85 
-95  

.55 

. 75  

.8 

. E; . b5 

.7 

m 

1 
10 

100 
I 000 

1 
10 

100 
I 000 

1 
I0 

100 
I 000 

1 
10 

loo 
1 000 

- 
.75 

1.0 
1 . 1  

. 7  

.85 

.95 

.6 

.75 

.8 

- 55 
. 7  
.75 

.8 
1.0 
1.1 

- 7 
.9 
.95 

.65 

.75 

.8 

. G 
- 7  
-75 

I .  1 
.85 
75 
7 

.95 

.75 

.65 

.6 

.8 
-65 
.55 
- 5  
.7  
.55 
- 5  
-45 

1.1 
.85 
.75 
- 7  
.95 
.75 
.65 
.6  
.8 
.65 
.6 
-55 
.75 
. 6  
.55 
.5  

1.1 
-85 
.8 
.75 
.95 
.75 
.7 
.65 
.8 
.65 
.65 
.6 

-75 
-65 
.6 
-55 



APPENDIX 35, Ratios Between Evaporation from Sunken Pans  Mentioned and From Colorado 
Sunken Pan for  Different Climatic Conditions and Pan  Environments 

, Climate 

Groundcover surrounding pan 
F W  m o r  more) 

EXAMPLE : CGI 20 in seml-arid climate, d ry  season, placed in d r y  fallow land; 
f o r  glven month Epan CGI 20 = 8 rnrn/day. 
Corresponding Epan sunken Colorado is 1.25 x 8 = 10 mm/day. 

f- 

CGI 20 dia. 5 m, depth 2 m 
(USSR) 

Sunken pan dia. 12 ft ,  
depth 3.3 ft. (Israel) 

Symmons pan 6 ft2, 
depth 2 ft (UK) 

BPI dla. 6 ft, depth 2 ft 
USA) 

Kenya pan dla. 4 ft, 
depth 14 In 

Australian pan dia. 3 ft, 
depth 3 It 

2 Aslyng pan 0.33 m , 
depth I m (Denmark) 

i CG1 3000 dia. 61.8 cm, 
depth 60-80 cm (USSR) 

I , junker. pan dia. 50 cm, 
depth 25 cm (Netherlands) 

Ratio Epan mentioned and 

Humid -temperate climate 

Pan  r e a  
m 8 
20 . 

10.5 

3.3 

2 .6  

1 . 2  

0 .7  

0 .3  

0 .3  

0 .2  

cover green 

1.0 

1.0 

Epan Colorado 

Arid to semi-arid 

Dry fallow 

1.1 

1.0 

95 

(dry 

cover 
Short  green 

1.05 

1 .O 

1.0 

season) 

Dry fallow 

1.25* 

1.0 

.95 



, APPENDIX 16. k c  V a l u e s  f o r  Acl1 la t1cWcc .d -  a ~ l d  C o e I l i ~ i ~ ( l ~ ~ t s  tor Open \&'ate!: 
-- - 

. - -- 
I 

Type of vegetation 

Submerged (crasslpes) 

Floatlng (duckweed) 
Flat leaf (water l ~ l l e s )  

Protruding (water hyacinth) 

Reed swamp (papyrus, cattails) 
standing water 
molst so11 

Open water 

H u m i d  D r y  

l igh t  to m o d .  
w I-n d  

1.1 

1.05 

1 .05 
1.1 

.85 
65 

1.1 

-- -- 
1.15 

1.05 1.05 1 
7 

1.1 

1.15 

.8; 

.65 

1.15 

> 

1.05 

1.15 I I L  

-9 
- 7 5  

1.15 

95 
8 

1 . 2  



.wPENDW 17* Mean Actual  Evapotranspiration (ETa) in mm/day ove r  the Irrigation Interval 
for  Di f fe ren t  Y ic lds  of ETrn (mm/day), D .  S n  (rnm) and p (fraction) 

r 

ETrn = 2.0 rnm/day 

j p 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 35 40 

25 0.2 2.0 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.2 1.1 1.0 0.9 0.9 0.8 0.8 0.7 0.6 
0.4 2.0 2.0 2.0 1.9 1.7 1.6 1.5 1.4 1.2 1.2 1.1 1.0 0.9 0.9 0.8 0.7 0 . 6 .  
0.6 2.0 2.0 2.0 1.9 1.7 1 1.5 1.3 1.2 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.8 2.0 2.0 2.0 1.9 1.7 1.5 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 

50 0.2 2.0 2.0 2.0 2.0 1.9 1.8 1.8 1.7 1.6 1.6 1.5 1.4 1.4 1.3 1.3 1.2 1.1 
0.4 2.0 2.0 2.0 2.0 1.9 1.9 1.8 1.7 1.7 1.6 1.5 1.5 1.4 1.3 1.1 
0.6 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.7 1.6 1.5 l i 4  1.2 
0.8 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.6 1.4 1.2 

lo0 0.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.9 1.9 1.8 1.8 1.7 1.7 1.6 1.6 
0.4 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.9 1.8 1.7 
0.6 2.0 2.0 2.0 2.0 2.0 1.9 
0.8 2.0 2.0 2.0 2.0 

150 0.2 2.0 2.0 2.1, 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.9 1.9 1.8 1.8 
0.4 2.0 2.0 2.0 2.0 2.0 2.0 1.9 
0.6 2.0 2.0 2.0 
0.8 2.0 2.0 

200 0.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.9 
0.L 2.0 2.0 2.0 2.0 
0.6 2.0 2.0 
0.8 2.0 2.0 

\ .  
300 0.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

0.4 2.0 2.0 
0.6 2.0 2.0 
0.8 2.0 2.0 

ETm = 4.0 rnm/day 

2 5 0.2 3.9 3.4 2.9 2.5 2.2 1.9 1.7 1.5 1.4 1.2 1.1 1.0 0.9 0.9 0.8 0.7 0.6 
0.4 4.0 3.7 3.2 2.7 2.3 2.0 1.7 1.5 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.6 4.0 4.0 3.5 2.9 2.4 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.8 4.0 4.0 3.8 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1,O 0.9 0.8 0.7 0.6 

50 0.2 4.0 3.9 3.6 3.4 3.1 2.9 2.7 2.5 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.4 1.2 
0.4 4.0 4.0 4.0 3.7 3.5 3.2 2.9 2.7 2.5 2.3 2.1 2.0 1.9 1.7 1.6 1.4 1.2 
0.6 4.0 4.0 4.0 3.8 3.5 3.2 2.9 2.6 2.4 2.2 2.1 1.9 1.8 1.6 1.4 1.2 
0.8 4.0 4.0 4.0 3.8 3.4 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.6 1.4 1.2 

100 0 . 2  4.0 1.0 4.0 3.9 3,s 3.6 3.5 3.4 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.3 2.2 
0.4 4.0 h.0 4.0 4.0 4.0 3.9 3.7 3.6 3.5 3.3 3.2 3.1 2.9 2.8 2.5 2.3. 
0.6 4.0 4.0 4.0 4.0 3.9 3.8 3.6 3.5 3.3 3.2 3.0 2.7 2.4 
0.8 4.0 4.0 4.0 4.0 3.9 3.8 3.6 3.4 3.2 2.8 2.5 

150 0.2 L a 0 4 . 0  4.0 4 . 0 4 . 0  3.9 3 . 8 3 . 7  3.6 3 . 5 3 . 5  3.4 3 . 3 3 . 2  3.1 2 . 9 2 . 7  
0.4 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.8 3.7 3.7 3.6 3.5 3.2 3.0 
0.6 4.0 4.0 4.0 4.0 4.0 3.9 3.9 3.8 3.5 3.3 
0.8 4.0 4.0 4.0 4.0 4.0 3.8 3.6 

200 0.2 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.9 3.8 3.8 3.7 3.6 3.6 3.5 3.4 3.3 3.1 
0.L 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.9 3.8 3.6 3.5 
0.6 4.0 
0.8 4.0 

L.0 4.0 4.0 4.0 3.9 3.8 
4.0 4.0 4.0 

300 0.2  4.0 4.0 4.0 4.0 6.0 L.O 4.0 4.0 4.0 4.0 3.9 3.9 3.9 3.8 3.8 3.7 3.5 
0.4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.9 
0.6 4.0 1.0 4.0 
0.8 4.0 4.0 - 



APPENDIX 17 ( C 0 n a . I  

ETm = 6.0 mrn/day 

D.Sa p 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 35 40 

25 0.2 5.5 4.3 3.5 2.8 2.4 2.0 1.8 1 . G  1.4 1.2 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.4 5.9 4.8 3.7 3.0 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.6 6.0 5.2 4.0 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.8 6.0 5.7 4.1 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 

9 0.2 6.0 5.5 4.9 4.3 3.9 3.5 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.8 1.7 1.4 1.3 
0.4 6.0 5.9 5.4 4.8 4.2 3.7 3.3 3.0 2.7 2.5 2.2 2.1 1.9 1.8 1.7 1.4 1.3 
0.6 6.0 6.0 5.9 5.2 4.6 4.0 3.5 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.5 1.3 
0.8 6.0 6.0 6.0 5.7 4.9 4.1 3.6 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.4 1.3 

100 0.2 6.0 6.0 5.8 5.5 5.2 4.9 4.6 4.3 4.1 3.9 3.7 3.5 3.3 3.1 3.0 2.6 2.4 
0.4 6.0 6.0 6.0 5.9 5.7 5.4 5.1 4.8 4.5 4.2 4.0 3.7 3.5 3.3 3.1 2.8 2.4 
0.6 6.0 6.0 6.0 6.0 5.9 5.6 5.2 L.9 4.6 4.3 4.0 3.7 3.5 3.3 2.8 2.5 
0.8 6.0 6.0 6.0 6.0 5.7 5.3 4.9 4.5 4.1 3.8 3.6 3.3 2.9 2.5 

1 9  0.2 6.0 6.0 6.0 5.8 5.7 5.5 5.3 5.1 4.9 4.7 4.5 4.3 4.2 4.0 3.9'3.5 3.2 
0.4 6.0 6.0 6.0 6.0 5.5, 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 3.8 3.3 
0.6 6.0 6.0 6.0 6.0 6.0 5.9 5.7 5.5 5.2 5.0 4.8 4.6 4.1 3.6 
0.8 6.0 6.0 6.0 6.0 5.9 5.7 5.4 5.1 4.9 4.2 3.7 

200 0.2 6.0 6.0 6.0 6.0 5.9 5.8 5.6 5.5 5.3 5.2 5.0 4.9 4.7 4.6 4.4 4.1 3.9 
0.4 6.0 6.0 6.0 6.0 6.0 5.9 5.8 5.7 5.6 5.4 5.2 5.1 4.9 4.6 4.2 
0.6 6.0 

I 
6.0 6.0 6.0 6.0 6.0 5.9 5.7 5.6 5.4 5.0 4.6 

0.8 6.0 6.0 6.0 6.0 6.0. 5.9 5.4 4.9 

300 0.2 6.0 6.0 6.0 6.0 6.0 6.0 5.9 5.8 5.8 5.7 5.6 5.5 5.4 5.3 5.2 4.9 4.7 
0.4 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.9 5.9 5.8 5.7 5.4 5.2, 
0.6 6.0 6.0 6.0 6.0 6.0 6.0 5.9 5.7 
0.8 6.0 6.0 6.0 6.0 

ETm = 8.0 mm/day 

25 0.2 6.7 5.0 3.8 3.0 2.5 2.1 1.8 1.G 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.4 7.5 5.4 4.0 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.6 8.0 5.8 4.1 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0 .70.6  
0.8 8.0 6.1 4 .2  3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 

50 0-2 7.8 6.7 5.8 5.0 4.3 3.8 3.4 3.0 2.7 2.5 2.2 2.1 1.9 1.8 1.7 1.4 1.3 
0.4 7.9 7.5 6.4 5.4 4.6 4.0 3.5 3.1 2.8 2.5 2.2 2.1 1.9 1.8 1.7 1.4 1.3 
0.6 8.0 8.0 7.0 5.8 4.8 4.1 3.6 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.4 1.3 
0.8 8.0 8.0 7.6 6.1 5.0 4.2 3.6 3.1 2.8 2.5 2.3 2.1 1.9 1.4 1.7 1.4 1.3 

100 0.2 8.0 7.8 7.3 6.7 6.2 5.8 5.3 5.0 4.6 4.3 4.0 3.8 3.6 3.4 3.2 2.8 2.5 
0.4 8.0 8.0 7.9 7.5 6.9 6.4 5.9 5.4 5.0 4.6 4.3 4.0 3.7 3.5 3.3 2.8 2.5 
0.6 8.0 8.0 8.0 8.0 7.6 7.0 6.4 5.8 5.3 4.9 4.5 4.1 3.8 3.6 3.3 2.9 2.5 
0.8 8.0 8.0 8.0 7.6 6.9 6.1 5.5 5.0 4.5 4.1 3.8 3.6 3.3 2.9 2.5 

v * 

1 9  0.2 8.0 8.0 7.8 7.5 7.1 6.7 6.4 6.1 5.8 5.5 5.2 5.0 4.7 4.5 4.3 3.9 3.5 
0.4 8.0 8.0 8.0 8.0 7.8 7.5 7.1 6.7 '6.4 6.0 5.7 5.4 5.1 4.8 4.6 4.1 3.6 
0.6 8.0 8.0 8.0 8.0 7.7 7.4 7.0 6.6 6.2 5.8 5.5 5.1 4.8 4.2 3.7 
0.8 8.0 8.c 3.0 '7.9 7.6 7.1 6.6 6.1 5.7 5.3 5.0 4.3 3.7 

200 0.2 8.0 8.0 8.0 7.8 7.5 7.2 7.0 6.7 6.5 6.2 6.0 5.7 5.5 5.3 5.1 4.7 4.3 
0.4 8.0 8.0 8.0 8.0 7.9 7.7 7.5 7.2 6.9 6.6 6.4 6.1 5.9 5.6 5.1 4.6 
0.6 8.0 8.0 8.0 8.0 8.0 7.8 7.6 7.3 7.0 6.7 6.4 6.1 5.4 4.8 
0.8 8.0 8.0 8.0 8.0 7.9 7.6 7.2 6.9 6.5 5.7 5.0 

300 0.2 8.0 8.0 8.0 8.0 7.9 7.8 7.6 7.5 7.3 7.1 6.9 6.7 6.6 6.4 6.2 5.8 5.5 
0.4 8.0 8.0 8.0 8.0 8.0 8.0 7.9 7.8 7.6 7.5 7.3 7.1 6.9 6.5 6.0 
0.6 8.0 8.0 8.0 8.0 8.0 8.0 7.9 7.7 7.6 7.1 6.7 
0.8 8.0 8.0 8.0 8.0 8.0 7.7 7.1 



ETm = 10.0 mm/day 

D.Sa 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 35 40 

25 0.2 7.8 5.4 4.0 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.4 8.7 5.7 4.1 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.6 9.5 6.0 4.2 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 
0.8 10.0 6.2 4.2 3.1 2.5 2.1 1.8 1.6 1.4 1.3 1.1 1.0 1.0 0.9 0.8 0.7 0.6 

- 

.$I 0.2 9.4 7.8 6.4 5.4 4.6 4.0 3.5 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.4 1.3 
0.4 10.0 8.7 7.0 5.7 4.8 4.1 3.5 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.4 1.3 
0.6 10.0 9.5 7.6 6.0 4.9 4.2 3.6 3.1 2.8 2.5 2;3 2.1 1.9 1.8 1.7 1.4 1.3 
0.8 10.0 10.0 8.1 6.2 5.0 4.2 3.6 3.1 2.8 2.5 2.3 2.1 1.9 1.8 1.7 1.4 1.3 

IOO 0.2 10.0 9.4 8.6 7.8 7.1 6.4 5.9 5.4 5.0 4.6 4.3 4.0 3.7 3.5 3.3 2.8 2.5 
0.4 10.0 10.0 9.5 8.7 7.8 7.0 6.3 5.7 5.2 4.8 4.4 4.1 3.8 3.6 3.3 2.8 2.5 
0.6 10.0 10.0 10.0 9.5 11.5 7.6 6.8 6.0 5.4 4.9 4.5 4.2 3.8 3.6 3.3 2.9 2.5 
0.8 10.0 10.0 10.0 9.3 8.1 7.1 6.2 5.6 5.0 4.5 4.2 3.9 3.6 3.3 2.9 2.5 

150 0.2 10.0 9.9 9.4 8.9 8.3 7.8 7.3 6.8 6.4 6.0 5.7 5.4 5.1 4.8 4.6 4.0 3.7 
0.4 10.0 10.0 10.0 9.7* 9.2" 8.7* 8.1* 7.5" 7.0 6.6* 6.1 5.7*5*4 5.1 4.8*4.2 3.7 
0.6 10.0 10.0 10.0 9.9 9.5 8.9 8.2 7.6 7.0 6.5 6.0 5.6 5.3 4.9 4.3 3.7 
0.8 10.0 10.0 10.0 10.0 9.6 8.9 8.1 7.4 6.8 6.2 5.8 5.4 5.0 4.3 3.7 

200 0.2 10.0 10.0 9.8 9.4 9.0 8.6 8.2 7.8 7.4 7.1 6.7 6.4 6.1 5.9 .5.6 5.1 4.6 
0.4 10.0 10.0 10.0 10.0" 9.8* 9r5* 9.1" 8.7* 8.2 7.8* 7.4 7.0'6.7 6.3 6.~5.4 4.8 
0.6 10.0 10.0 10.0 10.0 9.8 9.5 9.0 8.5 8.1 7.6 7.2 6.8 6.4 5.6 4.9 
0.8 10.0 10.010.010.0 9.8 9.3 8.7 8.1 7.6 7.1 6.6 5.7 5.0 

300 0.2 10.0 10-0 10.0 9.9 9.7 9.4 9.2 8.9 8.6 8.3 8.0 7.8 7.5 7.3 7.1 6.5 6.0 
0.4 10.0 10.0 10.0 10.0 10.0 9.9 9.7 9.5 9.2 8.9 8.7 8.4 8.1 7.8 7.1 6.5 
0.6 10.0 10.0 10.0 10.0 10.0 9.9 9.7 9.5 9.2 8.9 8.5 7.7 7.0 
0.8 10.0 10.0 10.0 10.0 10.0 9.9 9.6 9.3 8.3 7.4 



A p p E ~ ~ u  18. Monthly Meall Actual Evapotranspiration (ETa in mm/day) fo r  
ASI. Remaining Available Soil Water when ETa < ETm ( [(I-D) 
Sa.  D ] .in mrn/rzot depth) and Maximum ~ v a ~ o t r a n s ~ i r a t i d n  ( ~ t m  

in rnm/day) 

I 
1 (1 -p)Sa. D ETm, mmlday 

mm/root depth 2 4 6 8 1 0  
I 

(1-p)Sa.D 
mmlroot depth 

2 5 
50 

100 
150 
200 

AS1 = 0.67 
ETm, mmlday 

L 4 6 8 ,lo 
1.8 3.3 4.8 6.1 7.5 
1.9 3.6 5.2 6.7 8.1 
1.9 3.8 5.5 7.2 8.8 

AS1 = 0.83 
ETm, mm/day 

2 4 6 8 10 
1.9 3.8 5.6 7.3 9.1 
2.0 3.9 5.7 7.6 9.4 
2.0 3.9 5.9 7.8 9.6 
2.0 4.0 5.9 7.8 9.7 
2.0 4.0 5.9 7.9 9.8 

ETm, mm day 
4 

1.6 2.8 3.8 4.8 5.8 
1.7 3.2 4.4 5.5 6.5 

I 1.9 3.5 5.0 6.3 7.6, 
1.9 3.7 5.3 6.7 8.1 1 - 1.9 3.7 5.4 7.0 8.5 

ETm, mm/da ETm, mm/da 
2 4 6 8Y 10- 2 4 6 10, 



APpENDIX 19. Average Monthly k l f e c t ~ v c .  Ra~ntdll ds Keld ted  to Averdye h401lthly 
E l  crop and Mean  Monthly Rdlnlall 

(USDA (SCS), 1969) 

mean 12.5 25 37.5 50 62.5 75 87.5 100 112.5 125 137.5 150 162.5 175 187.5 200 
, rainfall mm 

A v e r a g e  monthly effective rainfall in nimZ 
Average 25 8 16 24 
monthly 50 8 17 25 32 39 46 
ETcrop 75 9 18 27 34 41 48 56 62 69 
mm 100 9 19 28 35 43 52 59 66 73 80 87 94 100 

125 10 -20 30 37 46 T j  62 70 76 85  92 98 107 116 120 
150 10 21 31 39 49 57 66 74' 81 89 97 104 112 119 127 133 
175 11 23 32 42 52 61 69 78 86 95 103 111 118 126 .I34 141 
200 11 Z 33 44 X 6L 73 82 91 100 109 117 125 134 142 150 
225 12 25 35 47 57 68 78 87 96 106 115 124 132 141 1% 159 

L 250 13 25 38 50 61 72 84 92 102 112 121 132 140 150 158 167 
%Where net depth of water that can be stored in  the soil at time of irrigation is  greater o r  I 

smaller than 75 mm, the correction factor to be used i s :  

Effectivestorage20 25 37.5 50 62.5 7 5 100 125 l!jO 175 200 
S t o r a ~ e  factor .73 7 7 .86 .93 97 1.00 1.02 1.04 1.06 1.07" 1.08 
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Watss balance -eh&guets axe a way of wlvjsrg Smprtaa-k 

thsorsticd and grerctfcsl hy&olog$caZ pmblems, By using t?m 

watet balauce appmachg it fs possible to make a quantitative 

evalua-~ian of ths waWr mmo8s  and to a s e s s  any chaqges 

that might occu: tlucough the infjluellcs of maa8s actAv&.t;ier, 

T;w broad objective of th;f*s project was to maker a quantb 

tat ive evaluation of the watwsr z%mmxmt% oof the lQsuvaSulur 

R i m  Basin. %b ulthate objeo2Sww was to st* tho monthly 

w a t x  baPcnace fox the basirrr An 0-r to satbate the balance 

available Eor ground w a t s r  me- ot & s e t i o n  during t b  

geriOa 1936 to 196)!5. 

Monthly rainfall d ~ t a  st all rain gauge sltat1.0kls &a thrr 

baaria w e r e  oollectad, The -mean asoathly rdnfa l l  in the basil 

for each math of the perW 1996 ta 1985 waa calcnilated using 

TNessea p l y g o n  rmtli9d. Irrigatioa wetex was Adentffied as tha 

other A r t g u t  into the W i n ,  Bate maprdiCIg t h  amount o f  watctt. 

released for irrigatbn fm trhg Peechi ZW-#exv~ir was col lscWd,  

Dua tn lack of data, contt;ibutba &om o w  source# was not 

taken Anto account. Surface a ~ d  meace in E M  and out flaw, 

Into and fsosn tho bash, were arssumetd ta 'be negligible. 

Data regarding total num$f f r o m  the basin W i n g  each 

mnth of the above period was alisa ooUecke4. The arawsuat oL Orate 



ureQd rrp i n  m t i n g  empotraurlrrpiration mquAramnts was 

estcisbaw, 

rainfalli data at O l l W c a r a  fior a prim3 of 20 pears 

was czolletcted and a frsguancy isaaXy111iir was done. %he rcsu2t 

has baen pss-aCQd g r i a ~ W l y ,  

JEquationa for predicting annual runoff Emm the basin were 

develogcsd. It was found that a Ugh degse of w ~ r e l a t b n  

exirrts between annual runoff an8 annual r d n 9 a l l  value#, 

For each =nth during the gebriod 1976 Co 1985, the Watlce 

water, wtailable fur grauaa w a t u  -tion 01: to be lbet f- 

the ground w a t a r  rcbmmmir* (xmawmmked satex) WB(B e~tirnatd. 

I t t  waa found that ~ccrsrtion to QgEOZUDa watw occurs drily in 

Juac~. JUry U A u ~ t o  Saoas Ray -u in * maw 

of  my, w-, Octobrar awl SmmmMr also* 

When t3m water balance Aa aa3c-tulatied on an annual basis, 

kt W- that the balance et~kflsbl+ h r  gr;oulpd waku: wml 

tfon is negative i n  1976, 1984 a%% 2985, frQW raiRfd1 had been 

mcordsb 4ur;lrrg ttmm thrsQ yeass, 

Thrs valuers of the balance watarr avdlable far ground water: 

accrrstion or  ailrpletfon (uuacmtRba wa-1 when cumulated gave 

very hfgb values. =Is may be bsc- of tmacaountrsa faclam 

such as uubta-ace runoff from the basing unaccountrma gurtion of 

s e a c e  rur#sff from the basin erkc. These factors could uot & 

accounted for due k, lack of 



ThQ! skudp tm%wlW t h ~  mcm@sity gof using the 

availuble water resiliourcea mu+ fWciously. It eqphasisftis 

the aeesd Eor adoptlag appmpsiiate rain water harvestlag 

methoas for ~ ~ 3 ~ c i n g  nz~off  during the dry months* C?ptimum 

deva3opman.t: of watex xewutcws can be achieved only thmugh 

the conjunctive uss of s&ace and ground wakrrs, 
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