
\
MODELIN(; YIELI)S FROM RAINFALY - -' 

AND SUlIPLENIEN' AI. IRRIGATION 

By George t1.Hai greaves,' Fellow, ASUE, Zohrab A. Samani, 2 

end Edgar Zuniga3 

AaSTRACT: re,,qutkt , til. ma olit pood ll,stitate lor itigiatiOll far 
that for M cichatieLtt V LtI is,a alcilI for111a\1i0rtt11 cr )I productio. DC. 
anid/or olici, -.re otcti rT.tuircd rcla11 e t)firs iucL, laud ShoUld be irrigated 
,ith lotitofd v ni ,uppIte, or thelscl otdeticit irrmC'ation desrabhc. The use of 

,crop-.ield models prct'iles a tool for d.iiing tos hest t comfrine heiefils 
frci: rain allaindatirrigation. SoiL dc cl jim.ntes ac d ,esret _ lfat facilitate tlhe 

,
illodlill(ifclop \ elk; . A mtiold dlict Ilitilres oti1 tetlip.atue tticaSUreiecnts
ikor reliable estimaites ii iclliates liod,_liigllail:A Ipottitia! ciaotraillpirati at 

.o'caiionls icre,lore clmatit, rla
ciimIIplete ditje inot ta l]hi A 'kc, ft.,rsliimU
i.ltioiproc.cliLC that prs\ties grood ".,ittout caliiiti antdrequiresicstilt , 

hcal 

oll.,;iiirllftl, elimat o takes it
riIn porsirlc to lscclop a v., rrikh id.climatic data
 
base foruse ith i' ICtld 0thirs StC rclitL' [te asail-
V.i 111 iti g crop- 1t011e-11li 
arilit rldail clitt tti,.: Fstni pril C iC iiI' \ kids or agl fatt a:t'd ,alr i i aii-fed 

ricIlture, aild with 0t irticartl ittlndsitl 
 ii tPAitI i . l' c .ClUlatedwgitfl a
 
. i :tod'! tMA' i :.tl if. hdiiat 'Asiw tlIIiil. ,, irllie i/C iu l ;a i4itini",
 
climiatic alila 
 it icld calcuiiledbase. Ie it irtt' els lii hisiorical daa anti 
s itth i/cSjCd dlati sMi ti1)111 t1 0 17'; 

INTRODUCTION 

Throughout much -.ifttLworld, irrigation IssuppICntental to tiinfall. Tlin 
:kre.i,of 121od qua'ility lands for crop productiont trequcntfv far exceed the 
areai !lat can hc irri eawd .otn dculopcd or developahle water Sulplies. 
Those responsible for the planning aid dcsig_,nin of i r:igation pro jects may 
need a niethod or criteria ior deciditge the tost acceptable dk tec of defiit 
irrigation or the probanle hcm fits froll irrigation stl-pj)letitIenal to ra:nfall. 

Harg, caves and Samani 1 1I,4) found that the econonmic bencl'its rotl def
icit irrig',ition are stroniziv influt.nccd by the percentage of total watcr re
quiremnents provided by rainf'1ll. Agricultural deveioptneln planning can be 
sinificantv improvcd by prOividingi crop growth and developti;cit models 
to be used for conlparill probable yields fron raint-led agrictikUlt: ,kith those 
indicated when ic, twt, o itore supplettIental irrigations are applied.

DCcisions ciclitiVC I, thc land area to be inileatCd witii imited water sup
plies ,honuld be largeIV ha s,c.l pot predcteimined gotals and an1evaluation 
as to the most efficitit 'llears of acCillplishillt the desired guials. The fo
lowing ate sugs estcd as possihle ohi:tjvs: 

ltP rontoting the production i11Ilt: Itia.lifltt attlOill0i of food. 
Maimi,2 ecooimic returtins from the itestinenit. 
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* ProdtUcif] 11 a Lare' 1nCres, if( lj rl)OriurlitIc, Ior rural eillploVl* Benefitillg 'nt. argc numbcr.. of* (lerreratmne orecii file rural po.e\cl'hfle earliilL',. 

When the ',,ols o- obijcClives hanve been clearly dciie,difficult to Ltintil, it is frequentl,tlhe influence tf \ali([u:, (esietion .yields, prn) t, or operlin! decisionsoi nu ihei,, no perHis belief ited if] variousever, crolp- ielid wavs. Howillodels canefits froml ,lifflz 1
pro\ ide d uIsefll tool for eva:luatiing. i t'rop prodtncijiri] praJctices. relative bell

N|anl crolp rI.hIlidels la,,c IcCn devehpe(l. JNiost ofof these requirL ll h use tle llore relia leof"datily r taltl oncliiati,., data. ss;ater ;saiiabilitv anMd other dI lyRecent rCsetrch anrMddc','Clolniieit ofIofit'ersivtlh Statedescribed hw Saiiai , al.(1987). hll' rc'ulted in an improved procedureda esti jnil '- cropiar ill ] Ix%irrI,C reLl i ['l ii c iit s, anti( f oI'O r ,.vilthesijm1 d i y cdltal thereby sjr iifviinO dil\, Climaticc'iI p'rtiallrr.iitiirt'iiicnts 11)r iilolitl,-i rnCtl re l I Cing the data rccr)p .\ields. 
Fl-rmnclv'e', et l1. I I) pi-lploe d atil equationspiiatiorn I fIr poltential cvapotr.l-nIi that requires oll', iiMeaisured 

i-esl\cs valuc, oh tciperatui.c llirltl ailli
ili I I S) c1)iiipaie t fit '1( titP silities frO ii - s iie tCls ante d to c 1OO0-s ea i i ie d \salli , aii d "rs.'Cn lutl eti h at theeiliperatilre-I',ch
c' itlllil PIosideld a beCtir htII ithtilemontihly'ilt.s,, ioiliLr IN' rtililertha eilulatiolln s il e rll.vl ce'., ._ller-
II....1 S7"
) de el-OpeJi a Caelhcir-illikcr Model silllitla"io PlocedureI\V,\,iAK] nodel)'elie tin. ' dtily sailie, ' lotii forlolnlltly clirimiaiic/iiiiiila dafi bis_.(iNt7) e\,uitllllcthe \ViN.Yieldsof corl 
1KFR iMrodel by' Cllipaill predicted-ccl;.id rlii
I icat l ic ,lred tliil) cliatiti daa\ ~i', I'i'(il.re sithtlhen d \V i.\1:,1 tliladCi'i'Cd fioiiIase. Yields 1ro011 inoilthlv caiiiitit tathe ilanrks 11 74) plant ,rowlJonie , and lKiini-, Qs) lli ANi RO(t an tilheilo ll rt S Vlilh sis(((ci:nS)-Nl)-i/c


iitotlels \,cr, eilctlI;t l siil1. bolh ctluall and silliillttl dtia.liniated foill tile iW 'file 'ields es-Models 101roini llbothctuail atil siilileiCd
sinijlar !;tai quitewerea nd illc Wch casC adC(llmnic hlr purpose,O pl inii aiiid policy de
cisioni'.

Water aaiilal ill tehcr..lp tepends ulliiuo maui. ri.ii.iland L'rOsvlh cLiIrCi'.lstiC', i the crop rooting:ild the c;ipaci\ of tihe soil towater \\irhill store aailailelhecro lt u [olic.iilols seltThe 
 \ 
or pOtelltial \l niitdehS estillite illtiVeelt, for- knos. ii 
of* the 

or asstillitt crop anid soil conditions. A version(.'lR's-\ai, model cailculates tlme assimilation of' nitrogen therebyindicating how( ferilliiV in PLICrltis crop ields. 

A MONTHLY CLMATIC DATA BASE
 
[le data required lo- the WMAKEIR 
 nodel are tihe iean inoilnt niof' potentiali evapotranspiratinri values 

I -l.P), temipetrature.rainfaull atniotits, tiuinber- of, rainy days.,aniithe standard tieviatiois of
ptp(r,ses of evaluatitrii 
each (;! these vaittes. For
the \V,1AKiR iiodel aid crop-yield aind developlclit tirodels a1 llo ihl tbail wasri seata 
 C 'o 1" lC ;Iill,
front daily cliliatic d
Daily data aare iore difficuli se.;id e'inenisiv' llo obtain thati niothlY valuesaid inmat.' cises '.rC lot available 'he ise of' daiilyt:t(Idels vales with crop-yieldilSo reqtllir-es iln ll effort. I-or these reasoins it was considered de
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TABLE 1. Eztmple of Monthly Climatic Data Base Compiled from 85 Years of

Monthly Data from Quixeramobim, Brazil (Lat 5018 ,S; Long 39018 ' W; Elev 199.0 m)
 
Values January February March April May June July August September October November December
 

t) (2) (3) (4) 15) (6) (7)1(8 (9) (10) (11) (12) (13)
 

IM.AX 34 32 31 W III o ;11 321 11 ;4 14 

TMIN 26 216 2, 25 24 24 21 24 
 2S 25 25 26 
Li'P ISO 12h 121 11.; Irs [113 I 1i, 147 I ' 155 154 
TI'Alt 28 2S 27 27 2r 20, 2t, 2 2 2 2S 2) 
SDI O)$ 1 1 I I I I 11? 

I'M 01 11 172 I 1 I 10) SrO 21 1I 2 7 21
 

I i I 2 i I. 0 S (Ith 

RPAR 118 II 2 7 J .(0 1 7 1tI I)(1, i (I A )

5I)IM I 51 ,i '4 8.1h 7 4X 13 8 
 5 14 32RDA.N (14 1ti')I 1 , 10 0 I11 ,4 1 1 2 'S6ti II (1 1 _ .1 4 1 .1 . I t 1 1 0 , I I 2 2 

No'te I M AX r n r r rr I daI ,ninlr.- ll rrrIII rIiIL]Irc I. I'MIN :lLrt I1r1111n11 - polcrllhlrtltrlrtraturc I ().IIT'P 

cr('.ririir<Iratl~rr rn.. IL ritrir dtd, icrrpcrarurc I (' lhe .'-ir.,r2 I t.t.\ 
arrIdPMINI. SI) the *andIard
 
tlccr~nirrt r I t I(' M 
 l nI rI',S rtl, ( iril. RPAR thegamral idt tor miitllt I, pr r rraClthonr, 
51)PM tIhe 'rirrdrtIl rcI..,rrii tre,,lrthmoor l r RIt)-i lrlr.,rl .I.,irt,rilhl,Dlrrrrtl Ih¢ tiil',, 'I rairlr, andStIRD 
tIIeS IlIrM l I II'NIl. rI I i h rI ItII I r ' I irlli, i
 

sirable to develop and publish a monthly climatic data base. Because of dhe
 
food shortages in Afri,:a and 
 tne attention being giveni to that continent, it
 
was decidcd to first p;cpare a monthlyv data base fOr Africa and proceed with
 
data from L.atin America and other areas.
 

Worldwide climatic data are availabte froni the National Oceanic and At
mospLeric Administration (NOAA) oin computer tapes. These data were 
sup
plcmented with values fromllFod and Agric, lnIrc Organization if the United
 
Nations (FA) 198.1. 1.1*5) and from bl'e/s eTempe'raturc,
4 Relative HIu-
Iyiditv and jPrecypitaijo n fir the World. Part I (Her %Majesty'sStationery
Offieo: 1980). Part 11 (1978), Part 11 (1983). and Part V (1978). From these 
data mnnthly climatic data-base tables were prepared for Atfrica. Latin Amer
ica, and selected Asian countries. Table I illust'ates the data content and 
format of the monthly climatic data-base tables. 

Daily climatic data frot Brazil and El SalvadorW Creused to prepare monthly
climatic data-base tables for the purpose of comparing predicted yields f'roil 
synthefic data with those from the actual dailyv values. 

Samani et al. 1987) compared relative probable yields of corn grain es
timated by the PI.ANTGRO model for A,ssniedplanting dates and soil con
ditions for rainfed production at four locations (two in El Salvador and two 
in Brazil). For one location yield estimates were also made assuming one 
irrigation applied 70 days after planting. Differences in estimated probable 
yields from the actual daily climatic data and daily data generated from the 
ntonthly data base tables and the WNI/KFR model varied from zero to about 
17 . 

METHODOLOGY
 

The data presented irn Table I are adequate for use with the WMAKER 
model with the exception of the standard deviation of ETP (SDETP). Some 
methods for estimating ETP are temperattre-based. It was assumed that SDETP 
may be correlated with the standard deviation of temperature (SDT). 

An inspection of the monthly data-base tables for Africa and other regions
indicates little torre!ation between mean monthly temperature (TEMC) and 
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SDT. At Marrakech. for the frost-free months (March-Novemlber) linear 
regression produced a value of r"(coefficient of determlination) of only 7%. 
There is, however, a 'airly good correlation between SDT and latitude. At 
the equator S1)T averages ah )Lit ).5 ('. SI)T increases linearly with depar
ture from the eqtlaor tip to a0oLt 311 north or SOtIih and then there is little 
or no chance in mean SDT%with incrcasine vltues of' latitude. There is sig
nificant variation in the increase and additional evahlation may indicate the 
importance of some factor other than latitude. :\I initial stud' of values of 
SI)T for I locations in Africa ftom 4 south to 3) north indicated a mil-

LrU \vLue of SI)T of U).5 C at 4 south with an increase of' 0.02(" C per
degree of departlre trnl 4 South. l'he cocificient of determination (1.2)for 
tilelinear recression \',ss 7'; 

Aln cValuation usinuc more data tront Africa and latin Anerica indicates 
that SI)T ,iveragcs about (.5 C at the Cquliator and increases with departure 
from the cItllator up to an averace oflabout I.2 or 1.3 , C at 30" north or 
3) south latitude. 

The equation used '0calculat l-TP Itlargrcaves et al.I)85: Hargreaves 
and Sainatli It)85) call be \ iittCn: 

IhT ((.0I23 R 'A 1( 17.S) 'l'l ..................... (I)
 

in which L-IP arx etr-aterrc,,trial radiation (RA) are illtiltsame units (usu
all\ millmeters) of utiivalelt water cvalportiot: I'NIC - mean temper
attire in degrees cInAirade: ard II) - TMAX TIMIN in degrees centi

11rad CIpe'lIttie iui-1 mean linimul of the dailylean asirutlI 

trilperIre. vaIlan C). 
The data baseu pr.esentCd in Table I doe', not include "alties of tilestandard 

deviation of [:,I'll SDI:') M"lhIII mcan, of TMAX and TMIN from var
iolls locations illdifferllt climateCs anid latittides \,ct-c used s ith tLj. I to 
Comrirpare the cotfficielts of saratfioll (standald dcviations i percent of mean 
Values) f an FAT ald (AVITF rSpcSIctivelv). The data eval-I'I-NIC I'd 
Llated byI laria2lCse,, and Samani I988) indicated the folowine eqlatiol: 

(CVIIT - (V12.30 01()27 I.) .15 KI 1.)..................... (2)
 

.latitudein which I.1) dcparturc tomi 4 soutth: antd KIII. :-elevation, in 
kill(I 1)O) I ). 

Front lirited dara Ilarcreavc arid Sarrnani concldCd that S)] is nl.ini-
Irlttir at 4'south latitude. Ihowe"er, after coMpletin thel da!a base tables 
fer Latin America and Africa. it appears that Illinillll valtes of 1)'T occur 
at tileequator. )al 1'1'0om other I0Catioris d1o tril ColnfirlIll the correction for 
clCVatitm. This iridicatstIlhal I-q. 2 should be iriodifiedt as foll'ows: 

'VI T I' ( V lh2.2 0 .(127 !.,%1 ................................. (3 )
 

illwhich IAT - latitude illdece, (CtthCr 1torl Or sotith). Additional eval
uation of Eq. 3 indicates a good averace relationship d(Ig dry molhstile 
whe i,'ligation is reqtired. I losv,V. tie ratio of ('V-TP/cVT is usually
significantly greater durinl tnonhis \when rainfall is generally adequate for 
crop prodiuct iot. 

SI)IzTP is influenced bN latitude. Clevation, 1rrth rainfall. It thicrefore seems 
evident that whcre these conditions are similar. values of SI)FTP frt,., one 
location caln e tiscd " I simrilar location ,ICli data are inadequate or are 
not available for the calculation of SI)I-TP. 
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The indicated average relationships are recomienm ,d for use with the 
monthly data-base tables illustrated in Table I and other similar data until 
additional or improved analysis becomes available. Use of approximate av
erage values of SDETP is expected to result in reasonable crop-yield values 
for comparisons and for agricultural planning and development However, 
additional evaluation of Eq. 3 is recommended together with .udies to de
termine the degree to which errors in estimating CVF.TP iAfluence the re
liabi!ity of crop yields estimated by the crop-yield models. 

Crop yields were estimated with the PLANTGRO model developed hy 
Hanks (1974) with adjuStmcnt [or the uSC of 'q. I for estimating E'P. The 
PLANTGRO model was operated with the historic daily data and also with 
data simulated from the mnnthlIV inca ns and standard dCviat ions. 

[he WMAKER model was used With a monthly data base to develop daily 
simulated values of' climate to be used instead of the actual daily climatic 
data. The PLANTGR() model was operated with the simulated data and the 
results of predicted probable yields at Various locations aid conditions were 
compared with those obtained i'10111 tile Measured daily data. 

The comtparisons reported by Sazali, et al . 11987) indicate that synthetic 
weather values generated by the WNIZAIKIIR model can be used satisfactoirily 
lor predicting plant growth and developirient. Piobable rclative yields esti
mated by crop todeIs fron 20 to 3( years it' gelcrniated daily weat hert values 
are of the same order of rnaernitude as those estimated lrotl the actual his
torical measured daily weather values. 

It is anticipated that the WMAKIR nLrdcl and modifications and ,op 
yield models wkill beco ire incictsirinl usCLul for estimting extrcin:c rainfall 
amounts, watershed :uid IVid1rio0gic modeling,. mgrotechnoogv transfer, and 
the estimation of the perforianCe 1 various culiVars. However, for irri
gation it is anticipated that the principal use will be that of evaluating the 
probable benefits poss.lc from prosidillir one or nimore irrigations supple
mental to rainfall. 

The influence of' irrigaltion supplcn. 'ntal to rainfall was modeled for var
ious locations in Brazil. Africa and 1I Salvador. For La Union, El Salvador, 
tle soil was as oii red to be of' ilICd liln textutire. The ef'f'ective root depth of' 
a corn crop was assumed to be 6) cm. A Phlnting date of' May I was used. 
Crop yieIIs Werc ode led for rainfed prd uCtio aiLd for one and two sup
plen retal irrigations applied at 75 and 85 days 1r phaltiiig. Irrigation amounts 
were sufficient to fill the 6) cm deptllh of' soil to the field capacity. 

RESULTS 

Fig. I was produced With tile I'IAN'I'(),O rIdel using daily or historical 
data from La Uiion, El Salvador. and WMAKER data for ri,in-lcd produc
tion, with one inigation and with two irrigatilons. The maximuni dif'f'erences 
between the yields prcdicted froirn the historical data and the synthesized data 
is for the rain-fed corn pr'odtuctiorr. The Maxiitmi diflereice iin yields in
dicated by the two data sets is aibotit 13 i. 

The results presented In Fig. I illistrates the \aliIe 0i tile WMAK[I R model. 
The diff'erence betvecn yi elds predicted frort the actual and the WMAKER 
data at the various locations evaltuated istall' varied 'ro 01 to 17+A. Many 
years of yield trials in trc field would be rerLMred to def'iine optiliuni planting 
dates and t'-c potential benefits frotm one orI more irrigations applied at var
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LA UNION, EL SALVADOR
 

90 	 0 I 

I, X 

so-
 Legend
 

La 	 * RAINFED.ACTUAL
 
1 ONE IRRIG.ACTUAL \ \
 

70. 	 * TWO IRRIG.. ACTUAL
 
0 RAINFEQ. WMAKER
 

* ONE IRRIG_..WMAKER 

X TWO IRRIG.,WMAKER 

60
 
0 0 20 30 	 40 50 60 70 8'0 90 100 

PROBABIUTY 

FIG. 1. Probable Relative Yelas of Corn Grain at La Union, El Salvador 

ious times. The 'Iescribed procedure requires historical monthly records 	ofsufficient length 	!o as to provide a monthly data base as indicated 	 in Table1.This data 	b ie can then be used to provide as much irifo niation on the
probable yields from various practices as could be obtained froni mary yearsof field experiments. 

PRACTICAL APPLICATION 

For rain-ted 	agriculture, yields are largely determined by the amount anddistribution of water available to the crop. 	Hargreaves and Samai (1 4)indicatc 	 that supplemental irrigation for maximtm yields is seldom (-._,nomical. In arLa-. where crops can be grown during both the dry season and therainy season, irrigation projects are frequently designed based on the maximum area that can be irrigated during the dry season by accepting somedegree of deficit during years of low rainfall. However, during the rainyseason a much larger land area can be irrigated with the same amount of 
water. 

The recently developed monthly data-base tables and the crop-productionand weather-generation models are recommended for the following purposes: 
Comparing probable relative yields for varous planting dates for rain-fed 

agriculture. 
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* 	 Determining rieativce lenefits frto dry-season irrig!ation with those pos
sible lrom supplemental irrigation dwing the rainy season. 

* 	 Decisions relative to the time and aiounit oft, watCr to be applied per unit 
of' land area. 

* 	 Use with infi rniathioi oi costs and bChn,._lits to dcvCloli cconomic models 
to aid in planinimtad IIIiangdIrel[ 

The H,ureau for Science and Tclinohmn.v of tie AIe ic for International 
Develptment is ,pwisorin a project for interatio al Bentchmlrk Sites Net
work fbr Agricultural Tech nilogy Tiransicr ( SNA''). 
For crop y'ieldmoldels
 
are availalc from IBSI'IAT. the ('IhRIS models for 'hea, soybcans, rice.
 
and ni:ii6e. Other models 
 planned fin fLtnIrc cornplctioi arle Io''sort'hut1,.
Millet. potattoes. barley, and field beai,. The contractor for :he IBSNAT 
prioject is the Departinen of'\tAglrony and Soil Science, ('ollce , trll
ical AgricuLture aiid luhnnan Resources. tnivcrsitv of Ilawaii, associated with 
the l)eplrtneit of Aeronol aind Soils, ('iOllcC Of* A,,ricultural Sciences. 
thriversitv of PIuerto Rico. 

ThseLi f coirpttrs advaiiein gvery rapidl. ii the deve lpirt cou ui
tries. if suitable tlaining in colpllitcr 1rsar.IC alticrop rodcling can be ar
rallel. it is rccommnnended that te sxeatlrrsrinlatitoiliceculire, the crop
vicld irrotlels. aid the iiiinit\i dta1 base be placed onIcOliIltlICI diskettes
 
and li/cld avail:ablC 10or\\kdCspicld Use. paitictila.rlV ill tie dc'clpirig 
 Loull
tlies. tloxx,cer, it seeins advisable that distl'ibtlioll Of tlie retUiNrd Colllpliter

iadC \600sOft,,'aC liot be ithi1i1t iClclltat. training in the Use arid signrificance
 
of tileimodels.
 

rop-\i ichd riidsls tilliire 11101itl\ 
 Cli.atic L httldl be Used toCetler 
kitili costs Of pl'iidiillhtii cr11vl vhICrnd neS to dlC op prOccdnres for l'ur'ther
 

definition Of the ccoioiic cOisideralionis Of the colitliClikx Ise Of rain and
 
irrigation and Of deficit nniuatim.
 

SUMMARY AND CONCLUSION 

l)ne t)Ilirited \atcr sipplics aid tie various areas where giod lands are 
less lirinri, it is frcqrclritly desirablc that dcCisions be iriade relative to the 
permrissible dgcrc of dcficit irrilati l.The policy selected is often influercecL by ifliticl c'Olisi.I'ratioiis ProcdurCs ac presented that provide rcl
alive evaluations of valiouls Cotibirillolils o the C'ilJltinCtivc Usc of' rainfall 
and irrigatiii. 
The iipri'r'edl c'dualIatiirs described he1C.ii depend upon the tvo fillw'irrg 

ilpot'titil dcloprlicllts: 

1. \ relialeIC 111iCI,'itic lIMi C'ilCLtlalirg poitcntial cv. p)otralnispiraiitiil that re
cltires only 1iic Isuini \alieC o, iiof iMihicritirCllc'rittllc. 

2. .\ \,c.itlr r-il-it i 1 ritti pir.ccdilr. that rcdltri'c.s a ititllh ,climatic daatbase
for irpcratmrig the ioc reliablc ;id(iiisplis icatcdl f the crol-yield Irodels. 

E'stiilatecl relative ViChls for various hoctiitrns arid dillcrigL soils ar1d cli-
IItic citldilOns wcre cmilparcd using rriikels xwith daily (a;ctual) da1ta aid 
with the illliitlily 'ata base. ('trmiparismis of' plrirable yielcls ir1c ,ohvrn in 
Ihis paper for,,'wo of the hic';ttiOrs. l)iffercICCcs ill rc.sulting 'iechls at tile 
various Iocatiihrrs Mid differCn! colnditiots Were usually in tile range 'OF0
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17%. One or more irrigations were assumed and results compared botl' ,vith 
daily and monthly data. The monthly data base appears to provide results 
that are within the limits of accuracy normally found in field irrigation re
search. 

Monthly climatic data-base tables have been prepared for Africa. Liatin 
America, and selected Asian countries and similar tables could be prepared
for other :areas from world-widc cliimatic data. The data-base tables were 
designed for ise v. ith the WIMAKER model. With a suitable worldwide data
base publication and/or software and crop models for the basic food and 
other crops, probable increases in yields can be readily estimated [or various 
levels of the conjunctive use t rain and irrigation. 
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APPENDIX IL NOTATION 

T'/Io/wi ll this paper:smbols are utsed in 

CVETP = coefficient of variation of FTP; 
CVT 
FTP 

= coefficient of variation of tc,,.perature in degrees C: 
poteritial cvapoiranspiratlon with cool-season grass iAIt.a fes
cue) as reference crop, illnm 

K FL elevation in ki (I ,00(1 11) 
LID - degrees of lati lide departure from 4' C: 
PM tuean tnonthly precipitation itl n11: 
r-

RA 
coceicient of' ttervminlai on r variance predicted; 
extraterrestrial radiation il Cluivalhntl Mi of water evapora-

RI)AY - ;(c'e ntAti 'o" r.ain da's illIItot11: 
RIPAR - tnmia lactor or monthly prccipitttion: 

S)Tl -- standard deviation of I-' 
Sl)P, - tandard deviation of l)Nl: 
SI)RI) statdard dcviatitltt of RI)AY; 

S I) -- statndard deviation of tCnpertUI,. in detzrees C: 
HIA I =-- ttmean air tetuper, turc in lcUrCes C: 

1ID - mean daily 1ta,imtu1 utnits mean daily minimum tenlperil
ttire: 

"I'MAX - mean daily tuaxitItuto temperature in degrees C: and 
TNIIN - mean daily minitIttm temperature in degrees C. 
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