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~IRRIGATION REQUIREMENTS FROM EVAPORATION
AND CLIMATIC DATA
“by

J. E, Christiansen® and G, H. Hargreaw}esb

Introduction

Evepotranspiration data are available from lys.imeters, field
plot sampling and other methods for a variety of crops at various
'locations. At a given lecation there is frequently considerable
5pread or scatter in the data. This paper presents formulas and
,rpefhe,doldgy for est?imating evaporation equivalent to Class A pan
evaporation from a standerdized exposure, for estimating potential
e;ra;potrapspiratiqn. from climatic data, for estimating actual or
normal evepotranepiration from evaporation or from potential
Tei'apelt:pa»ns,piration, and for estimating irrigation requirements,

l ‘jﬂ«'Ijli;}e~,fre1atiOnships between evaporation, potential evapo-
transplratlon,and climatic data have been determined from computer

55?1)‘}"1511169,;,">Daffe‘:from experimental work at Davie, Caiifornia, using

, Professor, Agncultural and Irrigation Engmeermg, Uta.h Water :
: Research Laboratory,, Utah State Un1vers1ty, Logan, Utah a.nd Techmcal
0 Coordmator, CIDIA'I‘ Mer:.da, Venezuela,
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ageicultirel Advisos, USAID, Colombia,



(6 1 meters) : _
'd1ameter wetghmg lys u’neter planted to: rye 'grass as desérlbed

;",'-;.by _.rultt and Angus (22 23) were Aused to develop formulas for

otent1a1 evapotranspu'atlon. In th 5 paper:potent1a1 evapotransplratxon b

18 'cons 1dered the evapotransp" » atlon equ1valent to that V\‘rom rye grass

Potentla ;‘eva 'otran‘“ p1rat1on;est1mate jlfrorr\ the formulas

'_':f.presented a.re beheved to 'be reasona’bly rellable for use in nearly

'-:_f';‘all:parts of the world and for varxous levels of data avallablhty. Crop

:fcoefflments are presented for the pr1nc1pa1 1rr1gated crops grown under

:zvcondltxons of good growth and for a fa1rly h1gh level of product1v1ty.

»These"’wﬂl vary w1th the varmus factors that’ 1nﬂuence rates of growth
j;."roughness coefﬁc1ents, and crop cover., Therefore, /it seems desirable
;that add1t1onal work be undertaken m the more unportant irrigated areas so

4333‘?9 frrr_lo‘reij a‘c cur_at_ely_-,‘deﬁnef_the crop _co_ét'ﬁ_cients.:for local cultural

r;prac"tic"e s f 'a'nd*ffco

Irr1gat1on requlrements may 'be estnnated from crop evapo-

;.q‘ :

;transp:.ratxon takmg;mto cons'lderat1on leachmg requxrements,

'_Errngatmn eff1c1enc1es, and 'theﬁutlhl a.ble ramfall Thls paper is

rxttenffor use:by hose: engagedﬁn research for 1rr1gat1on planmng

o Nmnbers in- parentheses refer:to correspondineg numbers in'tha’
appendix references.



by (ZIIDIA.Td for the preparatlon of 1rr1gat1on manuals on a. country 'by ‘v

;»country basxs. Some work has been m1t1ated for Venezuela, and 1t 1s

':anttc 1pated that the fu'st natlonal 1rr1gat1on manual w111 be for that

.country.,

. 'Rél\ationéhip'ﬂOf;Ejvaﬁ'otranspiration to Evaporation

Euaporatlon frorn an eva.poratmn pan, or from a free water surface,
is a’ physxcal process that depends on the availability of energy to
_evaporate the water.. ‘This energy may reach the water surface by
rad;atlonv‘:lrom the ‘sun and sky, or by conduction from the air or through
Vthe--urall:s”’of the-evaporation pan. The rate of evaporation is, therefore,
.largelyj _depentlent'.on the eolar radiation and climatic parameters such
as airf,temperature,. wind ve‘lo’.city, and relative humidity, The solar
’r‘adiaﬁbn’ reaching the earth!s surface depends on the ext_raterrestrial
| racllation; or theoretical ra}diation reaching the outer surface of the
atmosnhe're, and the factors affecting the transmission of that energy
through th,e}atmlosphere such as the percentage of possihle sunshine
an;'dvithe elevation of the station, |

Evapotransplratmn, which includes the dz.rect evaporatmn from
‘:jrnozst surfaces such as leaves and 5011, in add1t1.on to the. transpi.ratlion
through the leaves of the crop, is su'n}la.r to evapor_ano_n.- in many 1 | L

}-:.i._‘,‘:especte,' -'but"l it alsolinvolves the,phys‘iblo‘g'ical ree’ponees}otthe‘ R

o dCentro Interarnerlcano de Desarrollo Integral de Aguas y T1erras,
PrOJect 213 of the Program of Technical Cooperation of the OAS in
Cooperatlon with the Government of Venezuela, University of the Andes,
Du'ected by Utah State Umversxty, Logan, Ut'ah : e




‘vegetation,’

the ‘availability of soil moisture to the crop,: the crop cover,

‘and leaf surface-are not limiting factors

Evapo ration;v'fr,om""ai"b_a,:rea sorlva.rl.esfrom approxnnately that for-

a‘free: waterlsurface when"the"siirfac‘e“iis ‘m01‘s;t ‘and"dark"in color, -

neghgrble a.mount when the surface so11 has been drred to a depth

jfo 15 cm (6 .nches) or so. Thus, the evapotransprratron frorn bare

;soﬂs before the emergence of annual crops may vary from approxunately
‘vthe _‘potentlal rate to a much smaller amount dependmg on the frequency
_of precrprtatron or the 1rr1gat10n practlce. 'm»ar,ld ‘r'eg-lons » Where

"precrprtatmn occurs mfrequently, the mean evapotranspn:atlon during

'the penod between plantmg and ’emergence may be in: the order of 20

;'to 30 percent of the potent1a1 rate as shown by Grassx (6) and Hansen (7).

""Evaporatmn from ;a standard pan, such as the Class A pan, is




j._':the kmd of pan used Standards (28) have been pubhshed for the L

i mstallatxon and operatmn of Class A pans, ’but many mstallatlons do
not meet theseﬁstandards, and thus the reported evaporatton rnay exceed": -
that from a standard mstallatmn by as much as twenty percent as -
_dreported by Prnxtt (19)
Sorne factors that mﬂuence the evaporation from pans, and result

| in e‘rr_o"rs_‘ tn‘the repor,te:d valu'es, are variations .in size and shape of -
t_he pans;, the depth of water in the pans, the color of the pans, whether
unpa_inted, ' alnrninum-.color, or white, and the exposure as related to
;the su"rrounding area, whether on grass, bare soil or gravel., Cleanliness,
‘the presence or absence of algae, the specific methods of measuring
the .}o’ss ‘of'water from the pans, and protection against use of the water
b;" hird's anduanimals are factors that influence the accuracy and
reIiabilityof the data, Some pans are located near the edge of a lake
or reservotr and the prevailing wind direction makes an important
difference in the recorded evaporation, For climates where there
are alternately wet and dry seasons, the pan may be surrounded by
green rapidly growing vegetation part of the time and by a dry arid
en\tironrnent ;at,_other times,

: In fsp‘;té .of these limitations, evaporation pans do provide fairly
.sati:s‘factory i.ndices of evapotransp{ration, especially wherevinstallati’on,’:’v

E;‘and’ operatmg standards are comphed with, A very good statement of f

vbyaPrmtt ~(21) He showed a very good agreement betwee 1:the o o



ey aP tran"pxratlon for alfalfa and ClasslwA"Pa-n, evaporatlon at several

catmns{ w:.th a 1 to 1 ratlo. Jensen and M1ddleton (14) reported

omputed,from‘_.several we11~, kn'ownvformula‘s.. Pru1tt ( 20) demonstrated

1:;-3 hl.gh degree of correlatlon between evapotransplratlon and pan g

‘.f;evaporatxon for Ladmo clover durmg stages of rap1d growth He

fﬂ'reporteda ratlo of 0, 92 for the evapotransp1rat10n to Class A pan
e&am‘rat;on:; ) AT

- HFt:r the purpose‘ of estunatmg water.requu'ements for irrigation,
‘;:‘one 1s mterested \m two marn aspects ‘of evapotransplratlon

(1) The seasonal varlatmn and especially the mean maximum
value for a perlod of from 2 weeks to.a month

A 2) , Th_e‘ total] 'seas onali "requ‘lr emcnt.
The »,'appllicationof';.f'a‘rg'e‘.;e\'xeeﬂs’_s‘esk_;off irr‘igation water over the
actual r,equire_me_nts ‘is -o'f_tno val de;f'an_d"oftyen'very detrimental in that

:*i!{;‘v_may, Create ah1ghwa.tertab1eandcauseserlous drainage and

:‘in decreasedf_yrelds" ‘Thus, 1 "imﬁ'ortant‘forvi the ir‘r‘igation engineer .

charged w1th'the'i“'planning or':bd: slgn of '1rr1gat10n systems to have a

~‘knowledge of_actual.requrrements mstead of relymg on, the old rule of

'one ltter per. secondx per' ectare, " whtch has been the basrs



Formulas for E sfﬁhatin‘g- Evaporation and; EQap"ét’f an s’pifzﬁ:ibri:

_Unfdrtunaj:ely, ‘Class A pan evaporation is'~nc/)tha'v\'r‘av_'ilé,'bg'lé mmany :
i)l‘a;ces whéreééfhhateS» of evapotranspiration'ar‘é nee,&éd: Aléd‘;,‘
be‘caﬁse_ of exposure coﬁditions, or for other reasons m_enti'oned'~ R
a;bov'e, ’ava,ilablig pan evapo‘r‘atibn data may need to b.e"standai;c:liz‘ed .
'b‘efqré it should ‘befuvs:ed in order to obtain reliable estimates of eva’.i:o’-
transpiration. Pan evaporation estimated by means of a reliable
formula m_a.fgive more reliable results than reportedifaﬁ evaﬁoration;

Both ‘ro‘fy-thke au’.thoré have been interested in estimating evaporation
and/or .evipotranspiration and irrigation water requirements, and they
have both developed formulas for this purpose. Many others have also

»deyeloped_apd proposed such formulas but space does not permit a

discussion or comparison of these formulas.

Hargreaves Formulas

Hargreaves (8, ‘9, ‘10, 11, 12) proposed the use of Class A pan
evaporation as a ciimatic index and basis for estimating actual
evapoffé.nspir-afion as early as 1948, 'Bet;:ause pan evaporation data
ér,é-nbt "ﬁ.lw;ys a:_vaila:.bl‘e, and due to. the variation in measured |
g\&apo'ratidn Witil pan .e:gpos;ire, he ;ieveloped an equation’ vfor' cpmput-i.ﬁ_”g.
a. ql‘ln'.n;at‘ic factor equal to Class A pan éirap,ora‘tion frotn,aL panlocated
in ;jstén:dqf&izgd ex'vpo'aSurje, or in ;i.—;rgje "ir’i','i_ga_‘..fe}c,l ,a';;r;gla.. j Theformula

_ developed can be written .




'whlch‘-"' Ev~ 1s Class A an evaporatmn m mches per month D 1s a

“monthly. da.ytnne coeff1c1en‘ ‘wh1ch 18 the bratlo of the mean day lengthv o

_‘{‘:for{the month to 12 hours tu'nes the ra.txo of‘ the number of days in the'

"}-‘;_’o 3 humxdlty a 511 00 and 17 00 hours -can be used s.ztlsfactory). T 1s

;'mean monthly temperature m F. Exp_ress,ed Lvm;metnc units the

;fav.bove::formul‘al b‘ecomes,

Ev = 17.4DTe (L.O-H) . + + « « +« « + . (2)

an

mwh1chEv ié ?C'l’a"s”s'A.‘ pan-zv’eiia_.pdfation in mm. ; and Tc is mean
3-_5month1y temperature in. C. 'The'sevformulas are used to compute

.-eva.potransplratlon, Et, from the rela.t1onsh1p
Et = k Ev ' o o [ ! . . . L] ] . L) . . . (3)

m whxch k 1sfav’crop factor or crop coe£f1c1ent

written

By = AT4 D Tc, FH &l wF SF E e

cand’

- (4a) i“


http:0.59-.5n

Fy = 0.75 +0.125 Vw-kh‘ e '('46) |
Fg = 0.478 +0.585 . . . % . . . . . (4a)
fE = 0,950 + 0, 0001 E .. Coe e e e T '(4e‘)‘

where Hn is the mean noon hmnidity expressed decimally; W, . is the

kd

mean wind velocity in km/‘da-y at a height of 2 meters; or, th is the
mean wind velocify_in km/hour at a height of 2 meters; S is the sunshine
: percentage, expressed 'deci.mally; and E is the elevation in meters,
Sometimes publ'ished data for noon humidity are not.available, but
either fneah huniidity, or mean maximum, and mean minimum humidity

are available, Noon relative humidity can be estimated with reasonable

accuracy from the expressions

2

Hn 0,40 HM +0,60Hm . . . . +« +« .« « « (5)

Hn 0.40Hi+0.10Hx+0.18Hrn-i-0.32Hmz. . o+ (6)

where Hm is the rr'xea.r; daily relative humidit.y, and Hi and Hx are
minimum and maximum values, all expressed decimally.

| The values ofleach of the corre;tion factors can be tabula.ted-f@g
.cénveriience:' as kg_i‘ven in Table 2, When data for wind velo.cit;y orsunshme

."a‘rﬁe.;n‘p; l‘aya,il'a;blve;, an estimate may be made or a\va,lu_é::of L, OOusédfo

the factor. pre,\},e,zj , it sht_')qkld"}be’tpoj:gd “fizéo'rhn' : ,a,n.}ir;‘;“s'pe‘étioﬁ 0

that evaporation is reduced appreciably with decreasing percentages of

~ possible sunshine,



::"JChrlst1ansen Formulas -

"Chr1st1ansen:_4’ 5) and co-‘“'rorkers f1rst_developed a formula for '

:ﬁestu'natmg Class A.pan evaporatmn usmg as a basls extraterrestnal

.A'f radlatton, Rt, and chmat:.c ::tata. v He 1ater developed forrnula.s for

‘f‘}relatmg potentlal evapotranspn'atlon to pan evaporatmn, and also

(T:‘iformulae relatmg‘ both pan evapora.tmn and evapotransplratnnn to
‘[‘"r'nea.sured xm..ormng rad1at1on and chmat:.c data.

= “In the developrnent o‘f the formulaa and procedures dtscussed
"‘:_here,. ‘certain ‘con.sxderatlons a.nd lmntatlons were kept in mind, These
5:.;‘may be enumerated as follows:

(l) Only data of the kind that are readily available to the user
. 'should be required for application of the procedure, and -
. only such data should be used in the development of formulas,

.(2) - The procedures or formulas should utilize all of the available
© " climatic parameters that are found to significantly affect
evaporation or evapotranspiration, but they should permit
“use of more limited data.

(3)-‘ The procedures should requu'e a minimum of personal
- judgment on'the part of the user. :

(4)“ The formulas developed should be dimensionally sound, and
- should be: apphcable in etther Enghsh or metric units,

- (5). vThe forrnulas should, msofar as posszble, provxde the .
R practmmg engineer with a working tool that will give
- reliable results when applxed to climatic data from any
"part of the world o

Formula £or pan evaporatmn usmg extraterrestrlal radlatxon, R.t

as a base. The baslc form" "‘for pan evaporatmn, based on data froma |

ma.ny' countnes of the world and a W1de range of chmatlc cond1t10ns p »13


http:many-countries.of

" where

Rt

extriterrestrial radiation reaching‘fhe earth's atmosphere,
cdmputed from a solar constant of 2 calories per cm’
per minute"‘,“ Tables 3 and 4,

The coefficients given in the dimensionless form are!

For mean temperature in degrees Fahrenheit, for To = 680,

Co =-0,0673 + 0,8976 (T/T0)+O.l722(T/T0)2. . e e . (T2)

‘For mean temperature in degrees centigrade, for T0 = 20°

CT‘= 0..393+0.5592(Tc/T0)+0.04756(I‘c/T0)2 .« . . (M)

For mean wind velocities above the evaporation pan, height above ground

2 feet, for W_ = 60 miles per day, or 96. 56 kilometers per day,

0

CW = 0,708 + 0,3276 (W/Wo) - 0,036 (W/WO)z e e (7c)

For mean relative hurhidity at noon, or average humidity for 11 and 17

hours, for H_ = 40%, or 0.40

0

Cy = i.zso - 0,348 (H/Ho) +0.120 (H/HO)Z - 0,0218 (H/Ho)4

’ - L] [ ] | L) (7d)
: \ Lo
Or, where mean humidity is available,.

| CHm"1265 - 0. 7-49:.(Hr.n/Hmo) - 0,016 (Hm/Hmy)" . " . . . (Te).
5 = 60%, or 0,60

where Hmo



12

For mean suishine percentage, for S = 80%, o 0,80

Forelevatwn,forEo=1000 ft,, or 305 meters, r

e : nthly coeff1c1ent CM,' is the ratm of the reported pan

eva‘.poration to the computed value, wh1ch appears to vary somewhat
fromplace totplace and poss1b1y depend on factors not taken into
conszderatlonm the forrnula such as the pan-:expos'ure, days of
: precxpl.tatmn, and shadmg of area. from mounta.ms. The mean value of
CM 1s l 00 a.nd the standard dev1at1on for 3928 months of data from
Qiﬁoré ,than,80 statlons‘f1n‘.k8~coun‘t‘r1es.Was. 0.1186, Tabulated values for
these'locattons vl/ere summarlzed 'by ('lhrlstlansen (4),

: Tabulated values of CT, :CW, C-H, :‘CS and -C are éiven in
'I‘ables 5, 6, 7 8 and 9. o These tables gWe the logarlthms of the

j coe£f1c1ents so. that a. computat:.on» of_'Ev can readﬂy be made by addmg

the loganthms of the coef£1c1ents a.n‘ .:of the constant and Rt values ) and

takmg the ant 4 f 'I‘he equat ons for the coeff1c1ents m simphfzed

form are gwenw at the bottom of the tables. S

g Formulas ’for potent1a1:"evapotranspl.ratlon,' vEtp. i Threeformula.s

"ve been deve.oped for potent1al evapotranspuatwn usmg data..“from o

: (6.1 meters) ' e ot e
g Pruitt for rye grass from a ZO-foot diameter we1ghmg lysunete, PECRING

‘ hese evapotransplratmn data were recorded to: 1 /l 000 mch per day e


http:recorded.to

q 1/40 mm) a.in_.d‘all ‘.¢1,if;1é.t’iq,,;£actors g’enera‘llly"vc'pns;idé'z“'vedjzfvv"e'f.éic.a;réf‘_ﬁﬁv)ﬂrvf':\. -

. measured,

Using measured.pan evaporation, Ev, as a base. A. formuls
relating po‘téntbi:é.l évap‘otranspi'rati.on, Etp, to pan evaporation, Ev,
can be expr_egsed‘by the equation

Etp = . 0. 755 EV CTZ CWZ CHZ Csz . . [] . [N [] ‘n . (8)

where Ev is:measured Class A pan evaporation

Gy = o.67o+o.f176 (T/Tg) - 0.146 (T/T )" . . . . . (82)

where. T is. the. mean temperature, oF, and T0 = 68° F. In metric units,

S : ; .2 .
CTZ'- 00862 :"0.179 (TC/TCO) - 0. 041 (TC/TCO) . Ac . ] . (Sb)

where 'I‘c is the mean temperature, oC, and Tco = 20°C
. . . 2 )
ngz- 1.-189 - 0,240 (W/Wo) + 0,051 (W/Wo) v e e (8c)
where W is the mean wind velocity 2 meters above ground level in miles

per day or km per hour, and WO = 100 miles per day or 6, 7 km per

hour ‘
Cpgp= 0:499 +0.620 (Hm/Hm ) - 0,119 (Hm/HmO)z voeoe (89)
»-Wh?re H‘m.;:isf; t':hg mean re’la_tive humidity, expressed ‘decirnally‘g- '

£ 60% = 0.60, and H

0" ”0".'69

Gy 0904+ 0:,0080 (5/54) +0.088 (5/3,)". e e e c(Be)

exprossed decimally



Using extraterrestrial radiat ion, ‘Rt, 'as'a base. The formula’ -

'f{”""relatm potentxa : 0 ran'5pir‘ati6n 't"o‘"extr'aterr'éSt‘rial:Lradi‘at"ifdil\ﬁ,ﬁ‘dd?}f‘}‘,

.:'-_L‘,chmattc factors can’ ’be 'expr‘essed by the equatmn

Cpp= 0174 40; 428 (T/T )+ 0.398 (T/T ) C e e e (%)
whereT ,i,S',th?’?mééﬁf?@????f&tw?‘:; "';:F,' apfd To 68 F. In metric units
this becomes

g Gt s ety sa e L L
‘whers ' Tc. is,the mean temperature in °C

Co672+°406 (/W) - 0.0780 (W/W)E L ... (%)

where W is- the mean wmd velocrty 2 meters above ground level, and

Wo 100 ml.les per day or 6 7 km/hour .

LCHT- 1 035 +o 240 (Hm/Hm 2. o 275(Hm/Hm S . (94)

;where Hm s the mean relative hum1d1ty expressed dec1ma11y and

: Hm 0 60




.....

i Using measured incoming radiation; ‘Rs, .-é.é,f‘é'.‘;ibéfé'é. . The formula.
" ‘relating potential e'vapbtfatnspifa'.tioﬁ,'j'Et‘p,‘i.tov 'rri:é'ayéﬁréd“i‘incoming‘ r_adiatidn, EREP
as "afbase can 'be Writtéh :

o Etp—0492RsC L)

T'I‘ WT HT )
) Whéfre«."’\Il{'s"‘;-'i's’;;"the "mea‘sur‘e‘df?‘incoming golar radiation expressed as
equwalent ‘,d'ép‘th of evaporation, 'The equations for the coefficients,
, CTT:" CW-'I"_ and'(.?HT are the same as given in Eqs., 9a, 9b, 9c, and 9d.
- The meaqﬁred jncoming solar radiation is generé.lly reported as
-.-l'a.‘ngleys;pei' d'a.y‘(caiorie‘s per cm2 per day). The equivalent depth of
. evaporiatih‘on per day is obtained by dividing langleys per day, Rly, by
‘ thel&téni‘. heat of vaporization, L,
Re = RIy/L o « « & + o o o o o « « o« « o (l0a)
‘At a temperature of 20°¢C (68° F), L has a value of 584, 9 calories

per-"‘gvr,a..‘m. For other ?empératm.'es in oC, the relation is

L =  §9‘5.'9-0.55 £ T ¢ U
an'd;ffg?; ~temp}e‘r‘_a%turjes in OF,
L ;’l'vég‘s’.'é:’-‘q.‘sos (T,'-32’) T ()

~,_'fToV'obta.1n, Rs for the month one must mu1t1p1y the mean da.:.ly va.lue of

f’vi"l_.the value fo T ZQ C 15 gene' ally used



.. an)

"f:'.f;‘iThJ.B equatxon, developed eolely. fromkbaws, Cahforma, data may be '
compared ;avlth an equatloo developed byAPJ.z'arro ( 18) from a’study of
mcommg rad1at10n from 38 U‘ S. Weather Bureau stat1ons we11 dtstr).buted
- geographxcally over a11 of the contmental Umted States.“ an'arvzv:o’s‘
,equatxon 'c.:an, be wntten,; _

RSP= 0640th:SP Cg v v v e e e e e e . a2
i cSP= ~»O_Y.j;.'iv281>‘-l;'9,:83.'2.'«,_:“‘(45-/5'0)' - 0,160 (s/so)z.- Y § )
-_ and tC‘ﬁ."ii'_s thle‘_srame ia‘s_ltg"ivenain_ Eq. 7g.
' ThedﬂferencebetweenEqs, 11 .and 12 is well under 5% for most

 values of S,

Ch‘r‘ie'ti'ah's en - vHa"'rgreaves‘ Fo rmula

- A formula of the Hargreaves type, for Etp in mm per month
‘ '-usmg mean temperature, 'I‘c, m C, was developed from the Davis,

B gCahiorma, :data._ i '

.s.;rstn 838DTFECHHCHWCHS R ue_)

ey



CCHy = 0.43940.850(W/W) - 0.289 (W/W))E L L L

" \li‘rhéi"e, W is the wind velocity 2 meters above 'g_fr’Ouh'c‘ivlé'vézl a,ndW0 is

.10 km per lour, or 14.91 “mile’é per day
CHg = 0.475 +0.964 (S/Sp) - 0,439 (5/5)° . . . . . . (l4c)

0

For Etp in inches per month, and the mean temperature, T, in

where S, is 0.80 (80%).

oF, Eq. 14 becomes

Etp = 0.183 D(T-32)Fp CH, CHy CHg . . . . . . (1s)

It may be of interest to compare the fit obtained with Eqs, 8, 9,
16, and 14 for the 10-day mean values of evaporation, evapotranspiration,
and clirnafig data at Davis, California, on the basis of mean absolute
differences expressed as a percentage of the mean value of Et,

Mean Absolute
Eq. Base Error, %
8
9

Ev 7.64
Rt 5.46
10 Rs . 6. 04

14 D Tc 9.22

This shows that the best fit of the data was obtained using as a

- bqs"g the extraterrestrial radiation, Rt, Eq. 9, .the next best fit

~ being the measured incoming radiation, Rs, and the t}izifglfb_ges;t ifit;.j
- being the measured pan evaporation, Ev. This may be due

that Et-values were reported on a daily basis to'the nearest.0; 001-inch (0.025m



(V. &oemm)

?:-Pr.mtt (Zl)has reported that,‘ except for per1ods of strong a.dvectlve '
the_ north the rat1o‘o£ Etm to Ev was approxunately 0. 80

:tfbut that durméthese per1ods, the rattos, Et/Ev were lower, sometu'nf:s
.ﬁa..s low" as‘ 0. "50 | Frorn Eq: ,8, ’11: “}111 be’ found. that for a mean humidity

;of 0‘ 46 k other factors rememlhg hormal the rat1o of ﬁt/Ev would

;be 0. 550 | For e. vhnd veloc1ty of: 250 miles per day,ié.or?abo“}:/gl\g}.lcrg

iifthe mean average tralue, other factors remaining normal, the ratio

' (16.75 krn/hour)

;would be 0 68 A combma.tmn of a wind of 250 miles per day\and

meanhumtdxty of;O;A 40‘.:(',4_0%)'would reduce the ratio, Et/Ev, to 0,50.

_I_J' se of ?Evapotr‘a’n:s’i)iration in Computing’ Irrigation Requirements

E&époffaﬁspirétidn.data e.re generally used indirectly for the

",'computatxon of 1rr1gat1on requ1rements. EvapotranspiratiOn for each

.stage of the cropf‘grow'mg season constltutes only one of the factors,

'ﬁShockley' (25) has: :presented the 1rr1ga.t10n water: req\nrements equation

a.s follows




eff1c1ency, anch =",’ convey"ance and operatlon losses. vThe rarrous
"~£actorsvary greatly. In arld areas LR may be hxgh and Pe almost |

. neg11g1b1e and ln areas where water is relative pure -and ramfall suff1c1ent‘
for- leachmg, LR.* "may be zero. I depths to groundwater are in excess

- of the depth of the root zone Mg can be disregarded,

‘Various methods are available for estimating the effective
precipitation. . One of the most satisfactory methods of computing
utilizable precipitation is that published by the U, S. Soil Conservation
‘,Service (27).

Possibly of more importance than the effective precipitation as
used by Shockley, would be the dependable precipitation, or the amount
of precipitation for each month that can be depended upon to occur a
given percentage of the time. A study of precipitation in Uruguay (3)
using data from 13 stations indicated that the average .pre‘cipitation that
occurred 15 out of 18 years of record (83%) varied from 33 to 51 percent
of the mean precipi.tati'on for different months, with an overall average
of 43, 5% of the mean for the 6 months, October to March, Likewise,
the average minimum precipitation (lowest of record) varied from
i3 to 29 percent of the mean, with an average of 21,5%, In most arid
and semi-arid place's, the dependable precipitation is much less than
"the;mean pref:rpitation, and this is an important con'sideration
in connect,ion with the determination of water requirements for

_ irrigation,




'j_Crop“, Evapotranspiration Coefficients’

‘The relatxonsl‘up of evapotranspxratmn to Class A pan evapora.tlon

has been used by many engmeers and techn1c1ans for the cornputatmn of o

crkop cons'_:v ptwe use coeff1c1ents., Hargreaves (8 10 11 12) used

datarf m Dav1s, Cahforma., to calculate monthly and seasonal

”consurnptwe use coeffw.crents for 15 crops, and data from Puerto

’R'rco (9) to calcuiate c‘oeff1c1ents for sugar cane.A He compufed

| coeffxcrents by percent m’dervals of the crop growmg season for 7

| crop groups and for rlce. He prepared crop consumptwe use
coe£f1c1ents 'by percent of the crop growmg season for 21 crops

hased upon available data from many sources., Jensen and Middleton (14)
gwe coeffmtents, Kc, for standardlzed modified Class A pan data for |
Cirops;after' reaching full crop cov_er, Anderson (1) gives ratios of

| e’vapotranspiration:to‘.Cl/’avss ‘A.zpan.evaporation (Et/Ev) b&r percent of
the crop growmg season for 8'crops; Thompson, Pearson, and

| Gleasby (26) gwe ra.t1os of eva.potransplratmn to Class A pan evaporation

for full canopy of. sugar cane.‘ Brutsaert (2) gives monthly Et/Ev

| ratios for Bahlagrass. y-‘Lopez and Matheson (16) give Et/Ev ratios

for Bermuda grass. Grassx (6) gwes data on eva.potranspxratlon and

20

by an empirical formula as a standard and have computed crop curyes and.



{:;op: co efficiéxit‘s{f fr orjh: the: éémputed values and expe rirﬁénﬁal. ‘e'vétptd-

ti'a;népiratibn.' data., Rol\ib’(-2‘:4)fgiVes crop curves of evapotranspiration to

potential evapotranspiration ('Et/Etp) for 7 crops. These values
multiplied by 0.88 are approximately equal to Et/Ev values. The
USDA, -Soil Conservation Service (27) uses crop growth coeffic-ients,
~Kc. Values of Kc x 0,78 approximate values of Et/Ev., However,
values given of Kc fc;r grain and sugar beets are higher than those
available from most other sources and were, therefore, not us.ed in
,‘-obtaining the factor of 0, 78. Ménthly values are given of Kc for 8
?:‘rops. Values are given for 13 crops based upon the percent of the
crop growing season, Jensen (15) has developed crop curves for 15
or more crops showing soil-plant-air transfer coefficients, Ket,
Values of Ket x 0,90 are roughly equal to Et/Ev. McDaniels (17)
uses use coefficients KU which are ratios of evapotranspiration to
computed lake evaporation. KU x 0, 70 gives a good approximation
of Et/Ev.

Based upon the above data and other sources, monthly crop
consumptive use (evapo.tra.nspi'ration) coefficients, or Et/Ev ratios,
for U,S, A, locations were determined as shown in Table 10, Care
sl;ould be exercised in using monthly coefficients for other climatic
gdnditions. Crop coefficients by percent of crop growiné season are

given in Table 11. . These data should be inore reliable for other

latitudes and climatic conditions, Evapotranspiration f:om»th_‘e' 20-foot (6.1 me{:e;'s

weighing lysimeters planted to rye. grass ‘at.DaVis,k Califoxniﬁ, 'indic's:‘atle |

2
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‘ mt:’ thxs:standardlzed evapotranspu'at” ':‘n' potentlal 15 usually above .

:1']{80 «perceht of. standardlzed Class A pan evaporatlon. Et/Ev ratlos

f;i{‘multxphed 'by 1 25 therefore, may 'be used to obtain coefflclents for:

F{i:potenhal evapotransplratxon as’ developed from the da.ta from Davis,

Cahfornla T

e Smce coné‘idei‘fabl:e"ecai;vte'zf«: exists in most evapotranspiration
data, theselectlon of 'e‘onsutnptiv'e use coefficients is subject to
consxderable Judgment . Values shown are those associated with
h1ghy1e1ds 1a:gely under experirnenf station conditions, Because of
the scatterof the data, ;coefﬁcients lare founded_ to the. nearest five

, m thelast ;eig‘nifieant‘ﬁ_.’gure. Ratios given in Tables 10 and 11 are
to "be»used wi}t_';h.ystandardized measured.or computed Class A pan
»ie\“‘raporation data, ~.and when multiplied by 1. 25 they may be used with
f computed potential fevapotran’sp.iratio.n to obtain monthly crop evapo-

transpiration, or crop evapotranspiration by percent.of crop growing

season,

~ Conclusion’

. Panevapratmn,asmeasuredw1th a Class A pan under

- standardlzedcondltlons,1s a,: :;;eldiahlef-'in'de:;,of climate as it pertains

apotiansp'ir ation; 3 ;Panuevapbrat'idn :is“*no'\iv‘;being- measured in

;';,:imany places in’ the world 'but when 1t 1s not ava11ab1e it may be

K

’{;}"iestimated from» many formula.s, some of whxch are mcluded here.

'Ii.j,ifPotential evapotransptration can be estlmated from pan evaporatmn '

ox computed directly from radlation and climatic data. Actual R


http:percent.of
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‘evapotranspiration vaties with crops, and miany factors besides climate, -
:'B_ﬁt\é»aﬁ be. besf,'e‘sfi:éé.ted<fr§m potentiai evapdtr;népiré.tiot; ‘or dlrectly
from pan evap_¢ra£ion.

Irfriga.’tiop water requirements depend basically upon the
evapotranspiration, but a]:so upon many other factors including

‘preéipitiation and water ap.plication efficiency., As water resources
become more limiting, the need for better estimates of evapotranspiration

will increase.
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TABLE - 1. . MEAN MOKTIILY VALUES OF THE DAYTIME COEFFICIENT, D.
LATITUDE f;j_‘,: ~© (FOR USE WITH ALL HARGREAVES FORMULAS)

DEGREES JAN. "FEBs. ; “MAR. APR.  MAY JUME  JULY “AUG. SEP.’ OCT. ~NOVs ~-DECs .
NORTH,‘T“'*Jw‘"" L ' : ' < R A B
60 55 . 67 .97 1.17 1.42 1.51 1.50 1.30 1;032.gw.as,J.>.59,’.;yua;
55 «Hlp 71 298 1.13 1.34 1.40 1.40 1.25 1.02 "eB6 o677 60
50 W71 75 .98 1.1l 1.29 1.32 1.33 1.21 1.02 . "89  .T72 W67
45 T W76 73 499 1.09 1.24 1.26 1.28 1.18 1.01. .91  &77 W73
U W8l WBD L 499 1.07 121 1,22 1.23 1415 - 1401 093" 80 - W75
35 ¢ o HY 82 1.00 1.06 1e17 1.18 1.20 113 1.00 - 494 [ '¢83 - +82°

Tor2UuT T 993 67 1.01 1.02 " 1.10 1.08 1.11 1.08 i1.00 g W91
N -1 B8 1401 . 1.01 1.08 1.06 1.03 1.06 «99 599>~“5§93;7 :
S F10 0 @88 490 1401 1.00  1.06 1.03  1.06 1.05 .99 1000 . .95 . 497
"B 1400 491 1.62  1.00 1.04  1.01  1.08 1.03 .99 1.01 .97  1.00

6 -7 1402 .92 1.02 . .99 1.02 .99  1.02  1.02 .99 1.02 .99 1.02

I SR Y /I3 «83 . '1.02 .08  1.00 .96 1.00 1.01 .98  1.03 1. n1f 1404
=20 . 1.11 .57  1.03 .95 Ok .89 . .03 .96 98 1.06 1.06 1.12
=30 . 1l.16 1.00 1.04 .93 .89 .83 .87 .93 .97  1.08  1.11  1.18"

-55 L 1020 140 02 100"’ ) « 9l .86 «80 osu .91 097 1.10 101"" . 1022 )
=40 . 1.23 1.04 1.04 .90 83 « 78 «80 « 9 « 97 1.11 1. 17"f1J26
=50 1.33  1.09  1.05 .86 75 .65 .71 P37 .96  1.15 1. 25 1,36
-55 v 103‘5 T l.13 - 1.06 « 54 «69 B «HA <6t A= « 95 _1018 1-31 :1‘0""_;"';
=607 1.49 0 1.17 - 1.07 &1 e62 . 17 ST JTh .94 1.21  :1.38 1.56



"TABLE 2. vA;_ﬁEs.;QF»éb'iiR,E_;q'noN,FAcFrQst;gpgfg‘Q;; £ e

_Relative Hunidity | - Wind Velocity at'2 Meters .~ Sunshine ‘.| . ‘Elevation

~Ho | Hm - FH { YWia | Fw Wen 'FW_ 15 | Fs

’a_,_tv"“_ .:i:iéa’:m' o .' :_kilo- . ' kilo- | ‘ rper:‘c‘éfit"‘ o _ilj'l'j1r‘1‘v{s’.“-ﬁ“
_moon |- daily | . - fmeters{ | meters - possible.] ") meters).
. percenff percent’ s i|ecper 1. per T N R ER I [ S
T D e B *lda)"»' - , - hour | . DU B R Sl
@ ey @ | e | e | @ | ® | 9 | o] qy
Tas [ase | 20 | oses| 1o | | 20 | eees| o oo
46 | o0540°| 40 | o.om1| 2.0 | 0.927 | 30 | b.713 | 500 |
| 60 | o.948| 3.0 | 0.966 40 | o.761 |
521 8 | 0.978| 4.0 | 1.000| 50 0:809 |
[ 100 | 1,005 | 5.0 1,030 | 60 | 0.857:f °
| 125 | 1es| 6.0 1.056 | 70 | ‘0.905 [
| 150 | 1oez| 7.0 | 1081 so | o.es2 |
| 175 | 1.087| 8.0 1.104 | 90 | 1.000 |
- 200 L1 9.0 | 1.125] 100 | 1,048 |

“From Eqs. 4a to e.



TABLE. 3. MEAN MONTHLY VALUES OF EXTRATERRESTRIAL RADIATION
LATITUDE ;j;f_m; g EXPRESSED AS EGUIVALENT EVAPORATION IN MILLIMFTERS PER DAY
'DEGREES JANvfi:FEB.;; MAR. APRe  MAY JUNE JULY “AUG. SER. ocr;_f;Nov,*;:pg¢;

NORTH S e . Lo

.a755j; 2.55 u}sa a 08 12,18 15.55 17.18 16.50 13 .71 9.77 s;gs S 3.11 2002
250 - 3477 5489 09,23 12.98 15,93 17.30 16473 14.34 10.79  7.09 435 3.21
45 0 5,04 .. T.14° 10.30 13.69  16.23 17.38 16.91 14,87 11.74 8.30 5.63 4,46
< B0 632 ¢ 8436 11430 14431 16445 17.38 17.01 15.32 12.59 9.5  6.90.  5.75
35. . 7.59 9. 53 12421 14.82 16458 17.30 17.01 15.66 13.35 10.54 '8.15 .7.04

30 .8.84% 10.64 13.03 15.23 1660 17.13 16492 15.90 1401 11.55 9.36 8. 32

.25 10 05 11.68 13.75 15.52 16.51 16.85 16.72 16.02 14,567 12.48 10.53 9,56
© .20 11.20 12.64 14.37 15.70 16.32 16.48 16.42 16.04 15.00 13.33 11.63  10.76
18 12.29 13.51 1i%.88 '15.77 16.02 16.00 16,02 15.93 1533 14.07 12.66 11,91
.10 13,30 14,28 15.27 15.72 1561 15.42 15.51 15.72 15.54 14,71 13.61 12.98
S8 14423 14.96 15.55 15.55 15.09 14.74 14.90 15.39 15.63 15.24 14,47 13.°8

0 15.07 '15.53 15.71 15.27 14.47 13.97 14.19 14,95 15.61 15.66 15.23 14.90
=570 15481 15.98 15.75 14.88 13.76 13.12 13.39 14.41 15.46 15.96 15.89 '15.72
=100 16445 16433 15.67 14.37 12.95 12.18 12.51 13.76 15.20 16.15 16.45 16.44
=15 16498 16.55 15.48 13.76 12.06 11.17 11.54 13.01 14.82  16.21 16.89 17.06
=200 7 17440 16466 15.16 13.05 11.09 10.10 1051 12.17 14.33 16.16 17.22 17.57
- =25 + 1771 16.65 14.73 12.24 10.05 8.97 942 11.25 13473 15.99 17.43 17.97
;f}O - 17491 | 1652 14.19 11.34 8.95 7.80 8.28 10.25 13.03 15,70 17 54 . 18.27

.=35 17.99 16427 13.54 1036 7.80 6.61 7.10 9.18 12.23 15.29 17.52 18.46
T#0 - 17.98  15.92 12,79 9.31  6.61 5.40 5.89  8.06 11.33. 18.78 17.40 18.54
I35 17.86 15.46 11.9%  B8.19  S.41 4,19  4.69 6,89 10.35 14.16 17.18 18.54
T30 . 17.66 14,50 11.00  7.02  4.20 . 3.02  3.49  5.68 9.29 13.45 16.87 18.46
255 17040 14,25 9,98 5.81  3.01  1.90  2.3% 4.4  #.16 12.64 16.49 18.33
© =60 17.12 13.54 8,88 4.57 1.88 «91  1.28  3.24  6.97 11.76 16.07 18.20



_TA&LE 4. NEAN MONTHLY VALUES OF EXTRATERRESTRIAL RADIATIO“.

}LATITUCE iczf,ﬁf“f EXFRE;SED As COUIVALENT EVAPORATIOV IN INCHES PER MONTH

EDEGREES d“”"f7FEB° MAR. . APR. MAY  JUNE  JULY - AUG. SER.7 0CT$ ;{uiﬁ
{1«35311 g - - o ) S e

L1473 3.70  8.40 13.35 18.47 20.04 -19.83 15.90 10.24 S, .59 2.
C 3411 .5.100  9.87 14.33  18.98 20.29 20.14 -16.74 11.54° 7.14°. 3,
L4460 6449 11.26 - 15.33 19.44  20.43 20.42 17.50 12.75 B.66 5414 7 3.
o 6.13._V7 87 12.53 16.17 19.81 20.53 20.64% .18.15 13.86 10-13”;a6 65 5.45-
. 7.72 79421 13.79 16.50 20.08 20.53  20.76 18.70 14.87 11.54 - 8.15 - 7.092
©9.277 10.50 14.91 17.50 20.23 20.4% 20.76 19.12 15.77 12.86 ﬁ;9 63 859

© 10679 1173 15.91 17.98 20.26 20.23 20.65 19.40 16.55 14 10 11 06ﬂflqgl5
L 12.26 12.87 16.79 18.33 20.16 19.91 20.41 19,56 17.20 15.24 12.43 11,67

13467 13.93  17.58 1855 ..19.92 19.46 20.04 19.57  17.72_ 16.26 13.74 13.14
0 rS.00 14.89 16.16 1£.63 19.55 18.89 19.55 19.45 30.11 17.17 14,95 114,53
717.37 16.49  16.98 18.37 18.42 17.41 18.18 18.78 - 18.46 18,60 © 17.09..17.07

'”fls;qo 17.12 19.17 18.04 17.67 16.50 17.32 18.25 18.43 .19;11‘-17 9qf}1§;;8

q19q30v 1762 19422 1757 1679 15.42 16,34 17.5° 18.26 19.u48 18 77;f19618
~ 20.05 16.00. 19.13 16.97 15.81 14.39 15.26 16.79 17.95 19.71 19.43 20.07
20473 18.24 1E8.39 16.25 14%.71 13.19 14.09 15.88 17.51 19.79 19.95 .20.82
21.24 18.36 18.50 15.41 13.53 11.93 12.83 14.R6 16.93 19.72 20.34 . 21.45
S 0 2l.62 18,35 17.95 1445 T 12.26 10.60 1.49 13.73 16.22 19.51 20.59 21,94

S 21485 18421 17.32 13.39 10.92. 9.22 1N.10 12.51 15.39 19.16 V?O’?llv22930T

21496 1T.9% 16.52 12.28 9.52  7.80  8.66 11.21 .14.44 18.67 20.70 22.53
21.94 17.55 15.61 1C.99 A.07 6.38 7.19 9.83 13.38 18.04 - 20.56 22.63

L 21.80 17.04 14.57 9.67 6.60 H.95 5.72 8.0 12.23 17.28 20.30 22.63
L 21453 16.82 13.53 2.29  5.13 . 3.6 U4.26 6.93 10.98 16.41 19.93 22.53
LT 21.28 0 15071 12418 6.86 3.68- 2.25 2486 © S.lh 9.6 15,43 19.48° 22,37
20489 14.93  10.84 5.40 2.29 . 1.07 1.56 3.96° 8.24 14.35 18.98 22,21
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TABLE 5. MEAN TEMPERATURE, T AND T_, COEFFICIENT OF TEMPERATURE, Cp» AND LOG Cp.
. Te Or L8Cp | T T, Sy LesCp | T T ¢y LegCy
oF ‘l OC . . --;"- - ———- . OF OC e . - OF OC ' L e
I, ) 56 13.33  ,787. .,1040 81  27.22 1.243 ,094%
32.. 70.00 - -.393  -,4060 57 13.89 .804  -,0946 82 27.78 1.262 .10L0
33 0.56 .408 -.3891 58 14.44 ,822 -, 0853 83 ° 28.33  1.281 .1076
34 1,11 424 .,3727 59 15.00 .839  -,076l 84 .28,89 1.300 .Il4l .
-35. 7 1,67 .440  -,3569 60 15.56 .857  -.0671 85 29.44 1.320 .1205
36 2,22 .455 _,3415 61 16,11 .874  .,0583 86 30.00 1.339 .1269
37 L2.78 471 -.3267 62  -16.67 .892  -.0495 87 30.56 1.359 .1332
38 3,33 .487  .,3122 63 17.22  .910  -,0410 88  31.11 -1.379 .1394
39 3.89 .503 ., 2982 64~ 17.78 .928 - -.0325 89 31.67 -1.398 .1456
40 - 4.44 ,519 -, 2845 65 18.33  .946  -,0242 90 ' 32.22 1.418 1517
41 5,00 .53 .-,2712 66 18.89 .964  -.0160 91 32,78 1.438 1577
42 5,56 .552 -, 2582 67 19.44 ,982  -,0080 92 33,33 1,458 .1637
43 . 6.11 ,568 ., 2455 68 20.00 1.000 . 0000 93  33.89 1,478 . .1696
44 6.67 - .585  .,2332 69 20.56 1.018 .0078 94 34,44 1.498 .1754
45 ©7.22 .601 -, 2211 70 21.11 1.037 . 0156 95 35.00 1.518 1812
46 7.78 .618  -.2093 71 21.67 1.055 .0232 96 35.56 1.538  .1870
47 8.33 ,63¢  -,1978 72 22.22 1,073 .0307 . | 97 36,11 1.558°  .1927
. 8,89 .651 -.1865 73 22,78 1.092 . 0382 98  36.67 1.579  .1983
| .668  -.1755 74 23.33 1.110 . 0455 99  37.22 1.599 .2039
: -.1647 75  ° 23.89 1.129 .0527 100 37.78 1.620 .2094
-.1541 76 24,44 1.148 - 0599 101  38.33 1.640 .2149
-.1437 77 25.00 1,167 .0670 . | 102 38.89 1.661 .2203
-.1335 78. 25,56 1,186 . 0739 103 39.44 1.682. .2257
-.1235 | 79 26.11 1,205 . 0808 104  40.00 1.702 .2311-
8 770 -.1137 80 - 26.67 1.224 . 0876 105 40.56 1.723 .2364
€. =+-0,0673 4 0.0132 T + 0.0000367 T2 Equation 7a | N

CT 0,393 +10.02796 T_ +0.0001189 Tcz Equation 7p
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TABLL 7. RELATIVE HUMIDITY, Ha AND Hm, COEFRIAD NTS, an

AND Tt AND LOGARITHMS OF Cppn AND c .‘“

sf‘

E --...-.-:.—.r_-.._......—'---.._m_--— = R S S T R S S T I T S SIS S W—-.._..::M L X .au'.:x::;
I-lp C!&’n . Log C ;xm : CHm Log C C s
%/ 100 ' ' %J:)C | )
0.10 1.170 0. 0683 G.10 1,223 0.0876
0.15 1.136 0.05354 0.15 1.203 0. 0202
0. 20 1.105 0.0432 0.20 1.182 - 0.0726
0. 22 1,093 0.0386 0,22 1,174 0. 0665
0. 24 - 1.082 0.0341 | 0. 24 1,165 0. 0664
0. 26 1.071 0.0296 0. 26 1.157 - 0.,0633
0.28 1,060 0,0253 0.28 1.149 C¢. 0502
0.290 1. 050 ¢.2210 0.3¢C 1,140 0, 0570
0.3z 1.029 0.0168 0,32 1,132 G, 0538
0.34 1.030 0.0126 0,34 1.122 G. 0505
0.36 1,020 0.0088 0.34 1.iLt5 ° 0,0472
0.35 . 1,010 0. 0043 C.38 1,106 0.04£39
.0.40 1.000 0. 0000 0.40 1.098 0. 0404
0.42 0. 990 -0, 0042 0.42 1.08¢ 0. 0369
0. 44 0. 981 -0, 0085 0,44 1,080 - 0,0334
0.4% C.97¢ -0,0130 .46 1,01 ¢. 0297
0,428 0. 960 -0.0177 0.48 1,062 G, 0259
0.52 0.938 «0,0277 0.52 1,042 0.01¢€0
0. 54 0.927 «0,0331 0, 54 1,032 0.0138
0. 56 0.914 -0, 0339 0.56 1.022 . 0. 0094
0. 58 0. 902 . -Oo 9450 oo 58 1. 01! 00 00‘1'7
0. 60 0.888 «0.0517 0. 60 1.000 -0, 6000
0,62 - 0,873 _«0,0588 0.62 0.983 -0, 0052
‘0, 64 0.858 =0, 0666 0,64 0.975 «0,0i108
0, 66 0, 841 -0, 0751 0.6% 0.962 «0, 0167
0.68' 0.823 -0, 0844 0. 68 0,943 -0, 0231
0. 70 0, 804 0. 0945 0,70 0.933 -0, 0300
0.72 0. 784 «0,1057 0.72 0.917 -0, 0374
0. 74 G, 762 ' -0,1130 0.7¢ 0.900 -0, 0456
0.76 0.738 = 0.2317 | 0.76 0.882 | 20,0545
0. 78 00 713 .AOQ 1469 0. 78 0. 862 . -0.106"1'3
0. 80 0. 686 ‘O. 1638 0. 80 ' . 0. 841 .oo 0751
0.82 0. 657 -0,1827 0.82 0.818 -0,0872
0. 94 0..625 «0, 2040 0, 84 0,793 -0, 10905
0.86  .0.592 -0, 2230 0.86 0,767 -0.1155
0.88. 0. 555 -0, 2553 0.88 0.737 ;0;1324.
l 00. ! 0 280 «-0,5528 .l 00 » O 500 - «06,.3010
Gy, =71.250-0.87Hn 40,75 Ha - 0.85 Ha*  Equatlon 7d
' . C = 1,265 . 0,415 Hm = 0. 343 Hm6- o Equationﬁe

~Hm



‘TABLE 4. SUNSHINE PERCENTAGE, S, GOEFFICIENT OF SUNSHINE, e 4

AND LOG CS

%o vg;j;;-- S T P % ~--- - _‘;,zg,x;g;;;;; g;;;;6a;
L2660 26 .708  :,1499 51 .829  ..0813 Zﬁsk’.;f.97z*,if- 0125°
- .558° . ..2536 | 27 .73 - -.1467 | 52 834 -.0787 | 77 .979 ' . 0094
.565 _.2477 .| 28 .718 -.1436 . 53 .839 . -,0761 | 78;;'fx.986*'n1;;00631
.573 . ..2420 | 29 3724 -.1405 54 .844  _,0736 79 0 ..993 _.0031
7 4580.. . 2365;}* 30 ;729 -.1375 55, .849  -.0710 | 80 1.000  .0000 "

©.587 ©..2311 | . 31 734 .-.1346 56 .8%4°  _-.0684 | 81 1. ooai‘ ’0033
'\?;594?._'>- 2259 32 .738  ..1317 | 57 859 -.0658 - |' 82 1.015 . 0066
- .601 . -.2209 | 33 743 -.1288 58  .865 -.0632 | 83 1. 023‘, .0099
.608 - -,2160 34  ,748  _,1260 59 .870 -.0606 - | 84 1, 031,A 7.0133
~.615 -.2112. | 35 - -, 753 -.1232 60 .875 --0579 | 85  1.039 ._:0167_

. .621 . ..2066 | 36 758 -.1204 61  .880 -.0553 | 86 . 1.047 '020L_
o S -v2021 | 37,763 - 1177 62 .886 -.0526- . | 87  1.056 . .0236

. =.1978 | 38 767 -.1150 63  .891  '-,0499 88 1.064 0271
=41935- | - 39 772 -.1123 64 . .897 -.0472 89 1, o73];, J0307
--1894 | 40 - 777 -=.1096 - 65 .903 -. 0444 90 . 1. 0825' 0343;

T84 | a1 182 -.1070 66 .908 -.0417 | 91 1,091 0379}
L6597 1814 42 . 786 -.1044 67 .914 -.0389 S92 1,101 - ,0416
18*7ﬁ:664' - 1776 43 . 791 -.1018 68 .920 -.0361 93 1, 110"‘ 0454ﬁ
19 - 1670 -.1739 1 44 796 -.0992 69  .926 -.0332 94  1.120 .0491 -
20,676 - -.1702 45 .80l -.0966 70 ,932 -.0304 95 11;130~‘, osz9p

21 .68l -.1666 46  .8G5 -.0940 | 71  ,939 -.0275 96  1.140 .0568
22- 687 -.1631 | 47 810 -.0915 72 - .945 -.0245 97  1.150 .0607 -
23 .692 -.1597 .48 .815 -. 0889 73 .952 -.02i6 98  1.160 -~ ' .0646
24 .698 -. 1564 49  .820 -. 0864 74 .958 -.0186 99  1.171  .0686
25 .703 - ..153] 50 .825. -.0838 75 .965 -.0156 100 1.181 - 0725

S Ov®mNe nhWND.

Y Gk ot
kW
.‘5-“,:
O
ier
00

o

ok
-

= 0.542 +0.80S - 0,78 s2 +0.62 s3 Equation 7f



TABLE 9. ELEVATION E, COEFFICIENT OF ELEVATION, CE’
AND LOG C._..

E

Elev. Elev. Cw Log C, Elev, Elev. Cp LogCp,
E . E

1000 1000

feet meters feet meters

4.0 0 . 970 -.0132 | 5.5 1676 1.135 . 0550

.5 ' 152 . 985 -. 0066 6.0 1829 1.150 .0607

1.0 305 1,000 . 0000 6.5 1981 1.165 . 0663
1.5 457 = 1,015 . 0065 7.0 2134 1.180 .0719
2,0 610 1.030 . 0128 7.5 2286 1.195 . 0774
2.5 762 1,045 .0191 8.0 2438 1.210 ., 0828
3.0 914 1.060 . 0253 8.5 2591 1,225 . 0881
4.0 1219 1.090 . 0374 9.0 2743 1,240 ,0934
4.5 1372 1,105 . 0434 10,0 3048 1.270 .1038
5.0 1524 1.120 . 0492 11,0 3353 1.300 .1139
C. = 0.970+4+ 0.030 E (E = 1 for 1000 feet) Equation 7g

E



MONTHLY CROP CONSUMPTIVE USE COEFF ICIENTS Et/ Ev RATIOS
) (To be multlphed by actual or estimated Class A Pan Evaporatxon)

ST - Sourc_e :
CROP: - of

. Dat:ab Jan. Feb. March April May June J uly’ Aug. Sept. Octs Nov. ' Dec.
Alfalfa - (27) 0.55 0.65 0:75- 0.85 0.95 1.00 0.95 o0, 90 - 0.85 .80 0.70 0,55 °
Avocados (27) 0.20 0.35 0.45 0.55 0.60 0.65 0.60 0.60. 0.60 0.40 0.35 0.25-
Citrus =~ {27) 0.50 0.50 0.55 0.55 0.55 0.55 0.55 0.55 . 0.55 0.55° 0.50 0.50
Dates ™ (14) 0.85 0.85 0.80 0.80 0.75 0.75 0.75 0.80 0.85 0.90 0.90 0.90
Dates with heavy cover (15). 1.05 1.00 1.00 0.95 0.95 0.95 0.95 1.00 1.00 1,10 1.10 1. 10
Deciduous Orchard (27) 0.15 .0.20- 0.30 0.50 0.70 0.75 0.75 0.65 0.45 - 0.25 .0.15 - 0.10 -
Grapes = © (27) 0.15 0,20 0.25 0.40 0.55 0.60 0.60 0.60 0.50 O.40 0.25 0,20
Orchard with clover (27) 0.50 " 0.55 0.65- 0.75 0.85 0.90 0.85 0.85 0.75 0.70 0.60 0.50
Oranges & lemons  (15)- 0.45 0.40 0.35 0.35 0.35 0.35 0.40 0.45 0.50 0.55 .0.55 . 0,50
Pasture grass = '(27). .0.40 0.45 0.55 0.65 0.70 0.70 0.70 0.70 0.70 0.60 0.50 -0.45
Bahiagrass . (2) 0.65 0.70 0.75 -0.70 0.75 0.70 0.70 0.60 - 0.60 0.60 0,67 0.65
Bermuda grass (16) 0.75 0.70 0.75 0.80 0.70 0.70 0.70 0.70 0.75 0.75 0.80° .0.75 .
Pangola grass ~  (I13) 1.15 1.05 0.80 1.00 G.90 1.20 1.10 0.95 -0.80 0.60 1.00 1.05
Trenza grass - (13) 0.80 0.80 0.90 .1.20 1.30 1.60 1.20 1.45 0.80 0.95 1.30 1,30
Platano® (13) 0.80 0.90 1.10 0.85 .0.85 0.70 0.70 0.75 0.85 1,00 . 1,10 . 0.95
Sugar Caned (9) 0.75 0.70 0.50 0.50 0.55 0.55 0.60 0.75 0.85 0.85 0.90 0.85 -

0.55

Walouts - (21) 0.05 0.10 0,20 0.35 0.70 0.75 0.70 0.55 0.40 0.25 0.10 -

'Ihese values multiplied by 1.25 may be used with potential evapotranspiration estimat.ed;fi'o.m‘_ Egs. 8, 9, 1 0, -
a.nd 14 e e

'beambers in parentheses refer to corresponding numbers in the appendix references.
- SDgta’£0r month of planting and following month disregarded.

quElafnted late in March and harvested in April following year.



TABLE 11, CROP CONSUMPTIVE USE COEFFICIENTS BY PERCENT oFr GROWING SEASON
Et/Ev RATIOS

(To be multiplied by actual or estimated class A Pan evaporation)

Percent of Crop Growing Season

CROP . 0 10 20 30 40 50 60 70 80 90 100
Beans ~ 0.20 0.30 0.40 0.65 0.85 0,90 0.90 0.80 0.60 0.35 0.20
Corn 0.20 0.30 0.50 0.65 0.80 0.90 0.90 0.85 0.75 0.60 0.50
Cotton 0.10 0.20 0.40 0.55 0.75 0.90 0.90 0.85 0.75 0.55 0.35
Grain sorghum 0.20 0.35 0.55 0.75 0.85 0. 90 0.85 0.70 0.60 0.35 0.15
Grain spring 0.15 0.20 /0.25 0.30 0.40 0.55 0.75 0.85 0.90 0.90 0.30

Grain winter 0.15.0.25 0.35 0.40 0.50 0.60 0.70 0.80 0.90 0.90 O0.30
Melons & Cantaloupes 0.35 0.35 0.45 0.50 0.60 0.65 0.65 0.60 0.60 0.55 O. 55
Nuts-pecan 0.35 0.45 0.55 0.75 0.75 0.65 0.50 O0.45 0.40 0.35 0.30
Peanuts 0.15 0.25 0.35 0.45 0,55 0.60 O0.65 0.65 0,60 oO. 45 0.30
Potatoes 0.20 0,35 0.45 0.65 0.80 O. 90 0.95 0.95 0.95 0.90 0.90
Rice 0.80 0,95 1,05 1.15 1.20 1.30 1.30 1.20 1,10 0.90 0.50
Soybeans 0.15 0,20 0.25 0,30 0.45 0.55 0.70 o0.80 0,70 0,60 0.50
Small Vegetables 0.25 0.30 0.45 0.55 0,60 0.65 -0.65 0.60 0.55 0:45 0,30
Sugar Beets 0.25 0.45 0.60 0.70 0,80 0.85 0.90 0.90 0.90 0,90 O. 90

Tomatoes 0.20 0.25 0.40 0.60 0,70 0.75 0.75 0.65 0.55 0.30 0.20

Vegetables, shallow rooted 0.10 0.20 0,40 0.50 0.60 0.60 0,60 0.55 0.45 0.35 0,30

Source: Melons and cantaloupes, Soybeans and Small Vegetables (27); Tomatoes (1); Other crops (12)

These values multiplied by 1.25 may be used with potential evapotranspiration estimated from
"Eqs. 8, 9, 10, and 14.



