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l.El:..fl.TIOlJ~, BETWEEN :NAPOEJ.TPT!'.t'Y AND E'i~~PORATION FROM SOILS !tl CONTACT WITH 

A WATER l'ABLE 

INTRODUCTION 

An evalt~tion of tha hydrologic cycle necessarily involves 

corputo. .ion of so~r a or the terms in the familiar equation 

P .., E .t •.s = R 

where P ~ Precipitation 

E - EYaporation 

4.'3 - Change in at.orage 

R ~ Runott 

The enporation term 11E11 may refer to evaporation trom water 

surfaces, transpiration by plants, or evaporation from soils either in 

contact or not in cont&lct vi th a water table.. This paper is a presenta ... 

tion or experimental.Naults on studies ot the evaporation t.9rm "E" from 

three soil types i n contact 'With a va tar table. Field condi tiona coJJP 

parable to those simulated by these laboratory studies fD8.7 b9 found in 

maey areas or tha i rrigated West where accumulations or excess irrigation 

water in low-lying areas presants problsm or drainage and harmful accumu= 

la tiontl or salta. 

In the case or saturated soil there is little reason to expect 

evaporation from soU to ba different :tr om evaporation from a tree=water 

surface. As the soil surface dries beyond tield capacity, howewr, the 

process or vapor di ttusion through the soil becomes increasingly' important 

in the evaporation process.. The study reported here is concarnad with the 
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tr !.llai Uon betwe1e1.. mois-'~uro contents cf complsto saturation in which the 

fl:>lll' is antirely :ln the liquid pha.ee, e.nd f'iald capacity, in vhich the flov 

is largaly by dif~usion in the vapor baseo 

EXPERIMENTAL EQUJ:Pt-1ENT AND PROCEDURES 

'ftlree St::il typos were placed on a rotating table at equal radii 

in a specially coL9tl'u.nted chamber in which a constant temperature, humidity, 

and level of' inf' ""red radiation could be maintained., Slide 1 shove the 

Slidt !.t. Soil colwnns and lr'Ella ted equipment in poai tion on the 

turntableo 

The columns wre insulated to minimise radial telllPerature gradi ... 

ents. Thermocoupl es were placed in the columns to measure vertical 

temperature gradit!ntso Radiant fjnergy vas supplied by turning on various 

combinations or t he intra-red lamps above the turntable .. 

Water waa supplied to the baee of the column at constant pressure 

from Mariotte=siphon bottles., A achelll8.tic diagram or the arrangement of 

the column ie shown in l!"ig., 2. The l EJngth or the column was increased b7 

adding lucite sect ions. The water-table depth vas fixed by the vertical 

position or the Mariotte=siphon bottle.. Rate or evaporation vae determined 

by periodic weighi ng or the bottleso 

In a fourth column or fine ~d on the turntable the va.ter tabla 

w.s maintained at tho swrface. Thie eolumn is hence forth termed a "free= 

water surface". Evapora ti vi t y, defined e.s the potential rate or e•apora tion 

produced by ambient conditions, ws ma~&sured by the rate of evaporation from 

this "tree-va.ter surf'aco"., 



Nine combinatiom: of ambi.ant faetorrs vera used to produce a . . 

variuty of evaporation ra'f;.ros,. Fig., 3 shows th® l'atE: of 0vaporation from 

the i·rae ... watar flurfaco for ea.eh or tha nina seta or ambient conditienfJ., 

Addi t.ionnl rune uer~S made \d th deeper vatflr-table daptb.s simulated 

l;y ampplying t.he water to t.h& base <lf' the column at pretm\U"ea le•• t~ 

etlooapheric through a. cenll'.lic plate as show in Fig .. 4, 

RESULTS 

Evaporation ratae f'rom the soil (e8 ) as a function of evapora= 

tivlty aa meaBured by the rat<! of evaporation from a tre()..vater ew.oface 

(er) tU"e show in Figo 5.. Emmins.tion or these f'igtllras shows that each 

l!oil type exhibits similar characteristics., For ehe.llou vater tables and 

lov evaporativity there ifl nearly a onec-to~ne correspondence between e 8 

and ero As the water table vas low1•ed and evaporntivity incraased, the 

relation changed so that finally an inverse relation was found ~tvean 

evaporativity and evaporation f'rom the soils., 

Sine~ a m~~or pmrt of the increased a~aporativity vaa caused by 

increased infra=~d radiation on the soil surface it vas tiret believed 

that the ihv'er·stl · relation observed was caused by the effoct on vapor move= 

men't. of a dovnr,;ard temperatura gradient in t he soil profile aa suggested 

by Philip.* Additional exporiments were conducted, using simulat~ 

deeper Vater _ta.bleevith the appe.rs..tua described in Figo 4• The results are 

shown in Fig. 6 .. 

i} PW.li},, Jo Ro Evaporation, and mo~.aturta and heat field in the soilo 
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For t a f"ourt.h run all scnlX'Ces of 1nf'ra=red light verc elimin= 

a.t L 1 ll t the ~~aporation rates f't>om the soils did not recover ·~ the 

~l' dant vas n t the eole~ causa o~ t.he obaeNI!)d inwrsa lt'Ole.tion beitveen 

cvar rativit,v and eva.pore.t ior1 f'l"'rl! !!Oils in con·t;act '!dth a wte1· ta.bleo 

Fig I) 7 shows the results of another similar serlllls of rwtll 

W.th eeper va.ter tables {60 to 88 inches). For t is seri~s siuilar 

ett• e·iis were noted, but experlmental uncert.aintiea wfu•e larger i n tb!a 

ca.Se than praviously, and wro probably ot t11a aa.mn mt.gni tuda ao the 

diffetrences obzerv&d b!tw-een runs, 

SIGJIFICJ\HCE 

The preceding experlr.1enta1 erld<ancll incili<t:a. tes the to :Loving 

ehak~ctoristics concerning tho invaTaa relation bat~n o porativit7 

and ftVaporation from soils in contact t:d.th a wter talll<u 

lo 'Iha inve:r e rnlatio>l. can erlut. 



s:.n. t of 

f ·om o aporP. ~·.em pan a.rc entirely 

u.ur · h.'-=~ all i!tdice. ru oi' e~;·11poration from soilao 

4\" U. ' .. • :3c n.: i tiona su·:!h that the n or e rele. ion occurs, 

1 .. po~"tlt:lvi t~ produces mo:i.sture con ervation 

5co T.le tJC::&a-renae or - in :oerse ir'Glati n is pro~~bly a 

f~ction r aoil propertie rather than a function or 

t! te method by which evapore.tivi ty is ncreasedo 

Co:'-lMENTS REGARDING OIL PROPERTIES 

Space does not pormit a detail d~ cription or the d minant 

~le played by :1oil properties in the production of the invarse relation 

noted, but a re 1 or t he highlight wll Gt.Un:ilarised heroo 

lo Az.~ dryin ' o.. the surf'aae !aYQJr produces a c ndi tion i 

the aoil prof:'i.h such tha:~ the capablli ty or the soil to t.ranud. t water 

ie reduced, The: eoil can transmit w.tor mo rapidl,y through a satuntecl 

soil profile thE:.n can b!El imbibed upvard t.hrougb a partiall¥ dry eu.rtac 

layero 

2o ne edruL~ism by whi ch the eoil profile rapidlJ loses it 

capability to t J•anam.i t r. ater upward as i ni t desaturation occurs can 

be explained :3ai;isf'a torlly in terms of hys tereai property or the 

soilsof This p1~per~ i nvolves multi=~lu~d relation bet een moiatuze 

tensio and mointure cortent that depend on hethar deaaturation or 

i1tbibition is oc.curring ~ 

~ The Role ot H~steresie in Reduci ng Evaporation from Soil in Contact 
with a Water 'J'abu, b R.. Ao Schleusener ud Ao To Coreyo Submi ttod 
tor publice.tic ~n in Tr sact one , .A.merlcan Geophysical Union, July, 1958o 
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I , J.. .\ddi tionsl ex ~ ii'ilOn , re "G be an pei:forn:.sd 1:.o ls.rif'y the 

•ole of soil properti s in th. p · ucUc.n of th :· nwersa r el ation betve·!n 

• epcrat.ivity and evap:J.ration fr :.n ao:tl ... n l.as bGen poasi ble to dupli= 

ca this phanomenoF.l uain:.. s.n oi" = :a syswu under carefully controlled 

coLdi tiona vith no t~mpa~tU!o g·~·ient~o Tbi ie consi dered to be 

urt.t:er oxper1.mantal v r f'ica.tion r 'the concapt t hat the production of 

the; inver rcla·~ on d scribed i n thia paper ia1 a r sult {tf oil prO=> 

pertiee and not a f uncti on or the msUU)d by which evaporativity is inc~Jas&do 

1oreo.ver, it :i . .a evidence that a dowvard temperatun gradient is not 

_uired .or this phenomenono 


