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l:\THODCCTIOX 

~\JllOllg till' Yill'iOIlS ('limntie f,l('tol'S of h,nlL'ologie and. ug-l'iclIlturnl 
significHnC'l' LlH" rl'llll'J1 of moistuL'l' to llH' almosph('I'P from lwlul'nl 
land slIl'fn('(ls hilS L'Psi:-;tt,d Jl1enSl\I't'llll'lIt mos! strongly and is ('ons('­
q lIl'nU.\" ]t'llst \\'l'1L known. As pl'ceipi l:ltiotl and n'll-ofr, wn t('t' is 
in th(' liquid slate and elUl be J1H':lsul'("d hy lllt',lIlS or straightfol'ward 
sampling tl,t'ilniqul's, but upon ('\-npOI':tling, wah'l' i)l'('ollH's an im'is­
iblC' gus wllich mix('s with till.' oth(,/' gnst's of tIll' atmosphl'!,(1 and is 
dissl.'minatl'tl througlI it. 

For till' fnrJl1(,\' tIll' soil is a l'l'sl'LToi/' into whidl watN is ('011 ll'ibu tl'd 
by prC'C'ipitntioll und frolll which it is withdrnwll by c\'npom.tion and 
tm,nspi\'lllion from the growing crops. During 11 prolonged period 
without ruin the soil moisture mny hI.' d\'llwn upon until n dl'fieil'IlCY 
that npproaelll's the wilting point is prOdUl'l'd and plant dt'nlopllH'nt 
is retarded Hnt! ('rop yiplcIs r('duc('d. ~\l tltl' time of n. storm, prccipi-

I Hecch'NI for publication, JUlie 2.'i, lIH I. 
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tntion can partly 01' wholly replace tho moisture tha!' has been lost, 
but, during the period following the storm, evaporation and trans­ • 
l)iration will ugttin deplete the moisture supply, III determining 
drought IHtzard, !)1eUSUl"ement of the varying rate's of ('vapom,(;ion 
nnd tmnspirntion is ns ('ss('ntinlns iufo["Jnntion concerning the amount 
und distribulion of minfllll, bpclulse they detenninp til(' rntf' at 
wbieh the wnt;er supply is consumed (3),2 

'Vlll'l'ells ngricultul'ists arC' ("olltC'f"llNI ("hiefly wi th the portion of tho 
pl'ecipitation HwL cnlel's th" groulld I1nd is aynilnhlp to plants, I~ydrol­
Ogist5 aI'£' COlleel'llC'(\ primarily with the pOl'tioll Lhlit rUlls on', RtU1-0ff 
Yllrips greatly front plac(' to plncl', t'Vt'll in sllln.il waU'rshN\s, bpcause 
of difl'C'I'(,lIt('S in field moisLlll'(' el1,UsN\ by l'\'llporn.lion l111d lrnnspirn.­
tion b('Lw('cll millS, "ThPIl fht' soil is dr,\', \ittk run-off will OCClll', 

CXP('pt in yt'ry intellSt' Ol' pro1ongt'd l'nins, bl'CtttlS(' tilt' grentcI: pnrt 
or tll(' rainfall will bl' llSNl to r('pi<'nish soil moistul.'t', As a l'ul(' , 
only Uft('I' th(' soi! lH'COllH'S sntul'ntNI will wnt('1' flow fl'(1m the Jand 
us rUIl-ofL 1'hn,.;, to pn'ilid from ObSl'lTn,tions of rainfall lhr amount 
of moistu('(' l\vuilnbll' I'M ('\lIl-ofr, all lI('('lIrntc m('IlSlIl'l' of the rate nt 
which the soil dl'it's olltis highl,Y dpsirn.blC', 

Sdl'nUsts 1111\'(' long recog'ni:wd t11(' S('I-jOllS 11('('(1 for n. method of 
measuring waleI' Inss('s by ('yapomtion from land surfncps :IS w('l1 as 
from frN'-wH,tl'I' slIrfnr('s. On'I' hO(\1('5 of frc(' wH,ler, a continuous 
suppJ}T of moisiul'(' is lwnilnhl(, for ('\-aporntion n.nd the nctunllosscs 
!ll'(' dC'pe11dl'nt dir('clly Up011 ('limn,tic flJH\ mrtrol'ologir fn.ctors. Ifor 
Uds 1'('lIson il Jms be(,11 possible to d('wlop empirical fOl'lllUlaS which 
])('['mi t tht' ('om pH Lnt ion, with ]'('nsonahlc n('l:lIrne,Y, of the nil ticipntcd 
wtlll'l' 108:-;(>s from lukes 01' 1'('s('I'\"oil's in tt'l'lllS of meteorologic chlln 
nlonl' C!", PJ1, :228-:26'/i; 8; rJ.i; 96;118), 

'1'11(' rn,ll' of (·111.ission of W:1.\('1' n1.pOI' from a Jmim'nl b,nd. surface 
('1),llnoL h(' dd(,l'miJl('d h~r SlIell nwthods, "'11('11 tll(' sUl'fn,('(' soil is 
moist., ('Yn.POl'iLtion ma~- be 1I10re rn,pid tl1l1.11 from a fl'e(' ,,-at('1' SUl'fllCC 
!wen,us(' I.h(, soil ,,-ilh its minut(' irl'l'glllal'i(i('s \\-j][ PI'('st'nt a ]n.rg'('r 
pya.porn.ti.ng surfac(', As tIlt' sw:fac(' soil becotn('s dl',v e\-npomtion 
105ses dilllini:;h p;r('l\.tly ('\'(')1 (h()\I~h th(' s\lhsoil l'Nnains moist. Re­
p1n.(' ('111 ('11 t. of sllrfa('c wn.tp(' f('ol11 brIo"- by ('n,pllln.l'Y fl,('tlon is ('xtJ'(,1l1('Jy 
slow, and the soil moi:;tUl'(' ('nn l':;(,:1.1)(' Lo the ou tl'l' nil' onl,Y as Ynpor 
hy diffusion tJlI'oll~h tIl(' soil nil', li'u('t!tt'('1l10('(', ns the growing 5(,I1S0n 
nd \"I1ll('(\S, fojjap;(' S1Ii(']tls 111(' ground s\II'fl1,(,(" CtLUSi11g n· progrC'ss.iw 
dimimltion in thl' dil'('d ('\'H,porn.lion fmlll t.he soil e\-en thollgh WH.tC'I' 
loss('5 by tl'H.nspil'j),tion in('l'('nst', 

The phys.ienl pro('('ss of Imnspil'l1JiOlI is not. yet ('omplddy tmder­
stood (B5, 80, 171), hul i (~is J'('eog'lIizNI lhnt the nmoll.n t of wnt('l' lost by 
trn,llspimtioll from an n.1'(,H. d('P('lllls on 111(' d!'Il!';il}' and dlnrn.d('r of Ihe 
Y('geLation ns w('H ns 011 n.tmospllt'l'ie ('onditions, Tmnspi['fltioll iJl­
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EVAPORA'l'ION FROM LAND A.~D WATER S'URFAOES' 

creases with v1ant development until maturity is reached, Inrgcly 
because of increase in t;1Ie area of the tl'unspiring sUl'fn.ce n.nd in the 
Dumber of stomn.tal openings. Plant adivity subsides 'Yith mnt.urity 
und tl'n.J)~pimtion mpidly diminishes. TJle amount of wn.tel' remoYl'Cl 
from a field by LmllspinLtion depends 011 the wn.ter requirements of 
the pln.nts growing ill it n.nd on tJwir growth, which in turn may be. 
limited by Uw al110llnt of water availabll'. Thus, water losses from 
In.nd surfiL'~es, reslIllulg f!"Om evaporation 11JId tmnspimtion, lwnl' no 
direct reln.tion to mr apomtloll losses from fl'ee-wn.tN surfaces. There­
fore, no ompil'i(,lLl formuln. employing ordin(l.ry meteol'Ologicnl data 
could be expc'cted to give re1ill,ble vn.llles of evaporation nnd Lrlinspim­
Lion from land surfa('('s. Similarly, evnp0riLUon from pans Ol" atmo­
ll1et('l'S cannot sllPply even n. rc1atin~ mensuro of water loss f!"Om 
lHLtUI"Il.l slII'fnces (5). 

Some information has boon obtained on the amount of tmns­
pirn,tion from vn.rious spoeies of plants growing in poL:., tn.nks, n.nd 
lysim0tors thn,t (,·U.I1 be weighed continuously or n.t periodic intorvnls 
(1.~, 15). Beeause of the necessn,l'ily limited surface arell of such 
eontiliJl(:j'~ und becallse their wulls eonfme the pla.nt roots n.nd restriet 
Ute norml1\ movement of watel' in Uw soil, this method ercatcsl1ighly 
nrtificin.l eOlldiLions lind enll yield I'esults only roughly indiclLtive of 
the mugnitude of evnp0l'ation ILnd tn1.llspil'n.lion from natuml SUl'­
filees (110, 158, ]i. 23). 

Th(' laek of n. (]il"(,('t nl('USUl'C' of ]OSSI'S by C'YIl.POl'lLtiOll fl'om lln.tUl'U.l 
slll'fn('ps hns It'd to the' (\ ('\'(']0])111 en t of mnny ('mpiJ'ieal fOl'm ulns for 
expl'('ssiJlg UJ(' dl'C'din'll('sS of pl'('('ipi t:1.lion. Tl'll.ns('Il.ll (167), 011(' 
of tIw earliest to be e011('('I'I1('(\ with the' pl'oblC'lll, usC'd tll(' quotient of 
total IlH'itsUI't'd l'Hinfall divided b~T eOlnputl'd fn't'-\\"atN e\"l1.poration 
ns it moistul'C' ind('x HJld prepn,l'('d a map of th(' ':llslel'J1 purl of the 
eniled Slnh's to sho\\' t.Jw distl'ibu lion of this qun.n ti ly. LivingstoJl 
itlld 1:11Ir('\'c (87, ]i. 325), follo\\"ulg TmnS('fLll ,mn.d(' iL .mup of the dis­
tl'ibution of the ndi() of pl.'('eipiln.tion to ('Yn.pol'alioll OVt'r the entire 
V"nited SlaLe's (fig. 1, A). Lu,ng'" (7'8) (/ ntill fn.eiol'," tIC' IVfn.l'to/lnc's 
(92) It index of ft.l'idity," nJe'yeJ"s (95) "N-S quoti('n t" 3 and the 
If hygl'ometrie quotie'nt." of Silymkimri('iI (14.7) l'('pn~sen t othel' attempt,; 
to deiNmillt' ('rrcdin pl'('eipitn.lion. Th(' climatic elnssificn.tions of 
Koppen (71,72,73,74,75) unci Thomlhwnit{, (155,156') both employ 
means for detc'i'minillg t'fl'(,etiY(~ prccipitn.tioll (fig. 1, B). However, 110 
e\rtLporn,Lioll illdc'x deri·,r,·cl iJl(\ireetly by ('omputation cn.n take 010 
i:'t ...~(' of fl.('tun.l llH'IlS(ll'CIllC'Jl ts of evapol'ldioJl. 

If n('eumte 11I(,IlSUI'l'm('Jlts of preeipit:Htioll !Lnd ['un-ofl' nrc availnble, 
integrated v!lIues of tIJ(' loss('s by tmnspirn.tioll and evn.pomtion eltll 

be obLllil1('d by simple su\)tmc!.ion. Surh v!l1ues pl"Ovidc gf'J1C'rnl 

, ;\rc~w's 1\-8 ~:-1!~derschlcg·Sllttignn~sd~ri7.if,) qnOlil'lll is ohtnined lIy dividing depth of precipitation 
In millinwh'rs b,' snturnlion dene'it. (~xpn'ss('d h, lllilliull.'1<'rs of Illcrcury. 
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iHformutioll on thc uYcrngc effectiveness of pn'('ipitution oye1" long • 
periods; they alsl) servc for ('ompnriJ1g wakr losses ill regions of 

• 

• 
MATK TYPE'" 

A -s.,p..,.nu/NJ 

8 U,",,"4 

'_' lot ...... ~\I\I.....M 

~'d Uo, ~uC"""""d 

L SUr:al<j 

£ ,,,"Hd 


l"weng 1.-A, l'n'cipitnf.ioll-('\'HIHJI'ntioll I'u.tinsill til(' Fllilpd Statl':; for the 
IlY('rtl/.((, fro::;U('ss ::;('a~oll, nfll'1' Lh'illgKlon nlld :;;llI'l'\'c (S7, p. S.2ii) , I !)21; B, 
prl'(,'ipilHtioll-pfr('()li\'('l\(';;~ [p··EI il1die,'~, nfl('1' Thul'lIl1l\mill' UJJ, li,6), 1£)31. 

diir('rC'IlL yq:;ptnl eo"I'/'. KiltI'pdgl' (fJtJ) JI:l-S L't'('l'nt!y mild/., 115l' of 
nXililil.blt, tlVl'mgp :l.I11IUld I'uinfali f),lld rUll-ofr dat.a, nnd lW$ pn.'pn,red 
It Illap sJlow.ing till' distributioll of thl' H\'Pl'llgP HlllHml waleI' losses 
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to the atmosphere in t.he United States (fig. 2). Workillg independ­
cntly, but using the sa1l1e method, Baulig (9) prepared a similar map 
for the cent-rnl find castern part of UIC United States. Accurate 
detcrmination of evaporation losses for periods of a year or less lS 
not possible by t·his method because of lag in both run-off and evapo­
ration. 

FortUlHtic'ly, the rn,pid devclopmcn t of avia.tion during the last two 
d('c!l.dcs hilS lcd to dl'Ln.iled investign,tiol1 of the nature of the lower 
layers of the n.tmosphl'I·C Ilnd hns rcsultcd in notnblc advances III 

our Und(ll'shLnding Qf th(' l11Cdln.ni('s of moisturc and heat transfer 

, 	 i 
I: 

I 
r.• l 

! 
,'··l : \, 

) .!'> 

.t 1._,' .... _.. ~ 

FH,eHE 2.- A1'l'l'I1ge Bnlltlnl water l(lss('" in inch('s dUll to tmnspimtion and 
('mpomt.ion, after Kittl'l'c1gc (69), 1938. 

ihl'oll~h 1l1('~(·II),);('l's. Tlli~ knowl('dgC' hns madc possibl(' thC' dl'vl'lOP­
l11('lIl of /I, t (,('lIlIi([lI(' for t11{~ <Ii 1'('(' (, J1WllSlll'('ll1Cn t of eYltpomlion and 
tl'l1.lIspirn,lioJ1 from lHLLul'il.[ sllrfac'C's (16'0). 

'''lll'l1 wn.tt"· vapor ('nh'l's tIl(' atmospllc'l'e from 111(' ground or from 
plilJ1t~ it .is tl'n.nsmitl('d. IIpwlU'l1 in(o Ih(, I)'il' to some indefinite distance 
from fht' ground. 'I'll(' tmnsf('r of moisture from the ground IS 

a('('ornpli~lll'd lhrough UIC' irr('gular 01' IlIrbul('Jlt mixing of the lower 
ail', by wlli('l1 bolli!'s of the lllois(pr u.ir fl'om ]){'tLl' UH' ground nre caI'.l'ied 
upward iLnd I'('pln.('t'd by drie!.' bodies brought dow11 from n.bovc ill 

fhp PI'O('PSS of luruuh'nt mixillg. 
'1'll(\1I10"('I1WII t of smok!' (/rlllonstrnt{'s pIn in]y UIC l11!Xlllg of the 

n.ir UlaL In.k('8 pln,C'n JI1 the tUl'bul('ll ti In,yrl'. 'Yhcre a visible gn.s, 
h:wing npproxi.ll1n.!('ly Ihl' slime' (iP.lIsily as the ail'. is released, as in 
jigure 3, thc' l'f\\'C't of tlll'hulcnt mixing is n.ppnrcnt. 'rIle witteI' vapor

• 
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in the air is invisible, but its concclltmtion can be measured by means • 
of a number of familial' insLnunents. 

When water vapor is emitted i'rom an evaporating surface and is 
tmnsported upward in the Lurbulcnt eddies the total moisture COI1­

centmtion of the air will be greatest at the surface and will diminish 
with height. Since the rate of JIow of moisture upwai'fl from an 
eYapol'ating surface and t,he intensity of the turbulent mixing deter­
mine t.llC grltdiC'J1 t of moisture concentmtioll in tlH' overlying ntmos­
phere, it follows that the rate of evaporation can be determined by 

• 


.\<'](ll'HE 3.--Thc ll1o\'emcnt of i>llIokc demonstrates plnil'ly the mixing of the air 
thal lakes place in the Lmbulcnt byeI'. (Courtesy of Chemical \Yarfarc 
Sc-r\"icc, Ullited Stutes \\~nr Dl'partlllclIt.) 

measuring Uw Illoistul'e gmdiPll t and the turbulellce (fig. 4). 'fhis 
blll\('llll disCllSS('S UH' nallll'p of (,yt\,pol'II.tion, OIl' theory of turbulence 
HS it relntes to lhe n1l'HSUI'PIlll'llt of e\"H.poratioll, and tJl(' prohlems 
inyokNI. in JlIaking the lle('('SSlH',Y physieal nWHStll'ellH'llts of nt.mos­
pltt'I'ic llloistuI'c :111d wiml y(,loei!,\'. 

'YaleI' (,0\'('/'8 III 0 1'(' tlln.1l four-fifths of the surl'!\.L'(, or (11(' cnl'th, IlJ1d 
watt'!' vapor is pr('sP.1l t. .ill YH.I',YiJlg' ('Ol1C('Jl trntioJl m'cl.',Ywhcre jJl the 
10w('1.' iI.tmosphc'J'(', Thc moh'clll{'s tltll,t Inn,);;!' lip til(' wall'L' on the 
carth's stIl-fac(' Hilt! Ul!' WII.!!' I' vapor in til(' n.tmosphC'l'(' arc in ccftscless 
molion. 80111(' of nil' Illol('ctl.h's of Lit {" liquit! acqll.l!'C' sufTici!'nt mo­
menlum to bl'('ak tllrough th(, SlirraCe nllt! ('scH.pe into the fJ'C'c air, 

• 


At thC' same tinH' some of UH' molecllks of w/I.tel' yapor in the air 

• 
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7 EVAPORATION FR,OM LAND AND WATE'R SURFAQES 

• 	 strike the water sUl'faee aud are ullable to leave it, Strictly speaking, 
the movement of molecules from water to ail' is evaporation and the 
revcrse mo'.'cment IS condensation, Popularl~)T, eYl1porat,ion IS con­
sidered as 11 llet loss of ml1SS from 11 liquid I1nd condensation I1S a net 
gain to 11 liquid I1S 111'esult of this l'xclmJlge, 

The mil' n.t which molecules lel1ve 11 Wl1ter surfl1ce depends solely 
on the chl1I'1wtcristics of the Wtttl'l', An increl1sc ill the kinetic energy 
of the lllolc(,lI\t-s llWl1nS Umt all increasing number I1rc able to lel1ve 
th0 liquid, Si!l('l' un ill('r(·n.se ill its molecular C'ncrgy signifiC's l1 rise 

• 
.-'­

/~ Air morion '. Atmospheric moisture 

• 
l"l()rltE ·J.,-··To dct l'l'IuillU thc rtI te of t rnnsfcr of llloistlll'c frolll the ground Lo the 

I1lmo,.;phl'r(' it i~ Ilcccssnry Ollly to lllca.,nrre the humidity of the air at two lc\'ols 
nnt! the mil' of mixing of lll(' nil' b('lw('cn (JIC1l1, 

111 thl' t('mllt'rH,t ure of the Wlttl'r, tIlt l'n.l.c ut wllieh molecules break 
It\\'ny 1'ronl Uw water surfacC' \!l'lwnds 011 its l(,IllIWl'H,turC', 

Th(' l'itt~, :),t whieh watt'l' moll'cull's l'l'(,l1 b'I' Ull' liquid (\C'pends solely 
011 tIlt' COlleNI t mtion and ll'IllIWl'lItlll'(' of UI(' wiLtcr ViLpor ill the air, 

It is fl. mnttl'l' of ('0ll11ll011 C'xpericnec thn,t watel' ('xposC'd to the open 
nil' "'ill ordinnrily disfl'PPt'nrmpidly, If, howPyel', a body of water is 
t'xpost'd in nn ('!lclosrd v('sst'! tht' lwt loss of ,,-ntt'I' is smull, l'('gl1l'dless 
of tIll' wati.'[' t('mpern.tUl'(', ('\'t'11 though lht' spn('(' It.boye the wntN' was 
originully ('ompldply dry, Although Iht' molecule's of wakl' vapor 
l'lltt'ring thC' .sPlt('\' 111)(w(' tht' \"fl.tt'r surfan' :lrf' confinC'd by the wnlls 
of the \"(':3s('I, n.t first thl'n~ n.ro so fcw tlmt 111(' nmnbN' thnt J'C'tUl'll Lo 
the liquid is smnll, 1Il'1I('(' til(' numbt'r of molPeules in the cneloscd 
spnp(' in('l't'Hsl'S rnpidly, "-ith nn illCI'('flSC 111 lhe cOJ1('elltra1iOIl of 

• 
wnt('r yn])or, thN'(' is nn im'l'('nsl' in til(' rnk of rC'tUl'll of the molC'('ules 
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to the liquid. En:'lltllfl.lly, the vl),por concl'nlration becomes such 
that just flS mnny molecules ret.urn to the water as l('ll.ve it. At this • 
tim;; equilibriulll l)('tWCl'l1 the liquid Itnd its vapOl' is n.ttnined, and, 
strictly spcn.king, the mll' 01 (wnpomlion .is then equn.l to the mt.e of 
condcnsfl,Lion. 

TIl(' mole'cull's of the vapor l'xl'rt fl, pn'SSUl"e against the confining 
WilHs of the Yl'ssd, and wlwll l'qllilibl'LUlI1 is l'stablislie'd this pl"essure is 
equal to UJ(' fol'(,(' wilh which til(' ll10lecult's len,Yo tht' surfn,ce 01 the 
liquid, 'l'h(' PI't'SSW'C of th(' Vlt,pot', like tho toln.l prt'ssul"e of the 
ntmosplH'rl', is ordinarily mellsul'l'C\ in tt'l'ms of the hl'ight of the 
column of l1H'I'(,UI"Y it will bnlanco, This equilibrium prcssul'e is 
cnllt'd the Iltn,xilllum or snLurntion 'vl\,po1' pressure. It dept'nels on Uw 
t£.'mpem,tllt'e of tht' liquid (2,1)71.121,.-128) . 

.As the h'll1]Wl"n.t1lI'e of II, liquidi!i l"fLis('(1 the saturn.tion vnpol" prcssure 
is iIlC1"('nsN\ nc('ol'ding to n, well-known lit\\' (4/J, 1), 107). HowC'vC'l", if 
",nt('1" is ht'n,te<1 undC'1' consill,nL ])n'ssul't', It,S for C'xn,mpl(', in UJ(' open 
nlmosphC'I'(', It tC'll1]wrn.{ul"l' is soon ]"NLC1H'd nL whieh hubble's of vn.por •form lhl'oughout th(' liquid. This tt'Il1PC'I"n.tu('(' is {,lined. til(' hoiling 
point. It. hns hCl'1I founel ('xpC'rinlC'ni'nlly thfl,t til(' sntlll"ation YfLpOr 
prC'SSlU'(' n.t lh(' boiliJlg poillL is rqun.l t~) thC' C'xtp1'lllll Pl"C'SStll'C'. This 
farl proyid P8 It l'OIl\"Pll it'll t Hclld l'ltSY 11wlhod for determining the 
snturn.lioll \~npol' pn'ssure. cor]"e'spoJldillg to diJrl'J'('nL temp(,l"H,tul"es of a 
liq \lid by ns('el'tn,inillg its boiling point 1111c\(,(, YHcl'iolls ('xtC'J'Jlnl Pl'C'SSlll"('S. 

If nil' Jills lltt' spae(' iI,bo\"(' Ill(' liquid, ('yu]1ol'lt,tion will procC'l'd 
nlnJOsl us ir tit!' S]li1.('P WC'I'l' pmpty, Thl' pl'C's('nCl' of nnindiffl'J"C'nL 
glls do('s 1'('dU(,l' Y('ry slifrlltly tll(, sn,lurn,tion \,;),POl" PI'('SSlIre, hut for fLU 
prndic'1I1 PUI'POS('S this J'C'dlldioll is lH'gligib1p, 

TIlt' sn,i'ul':lIioll YflpOI' PI'('SSU.I'P 0\-1'1" n. liquid ]liwiJlg fI,8\11'I':1('(' with 
(,OlWt'X elu'v:tt UI'(' .is gn'll t ('I" limn thn l on'I' OJl(' h:wing fI, plane surl':1(,C',4 
Thp inC'l'l'l1sC' ill Y:! pOl' pn'SSlll'C J'('slrlliJlg hom ('1I1Tn tUI'(, of til(' slIrJ"iH'e 
is YC'I')- smBll, and l'.X('l'pt in shldil's of ineipil'nl ronde'llsat ion OIl millute 
llllC'\(,i is gc'n1'l':llly 11l'gligilJ1r,. B('Jllldl (to) Itns ('om]llll('d lhiLt two • 
drops of WilU't' of tl'mjWI'n.tlll'C' IOc C" OIl(' ofrndius 10-5 em. and the 
otll('l" of rae! illS ]()-G ('111., wouldhn,\"(' nrpol' prrssul'l's 1.2 jle'I'C'('n t :1 lid 
12.7 ]H'I'(,l'Jlt, f"('sp!'din'ly, nh(w\' tht' sntlll"atioll ynIlI\' o\-er n f1n.t 
SUl"ftH'P. 

Of gl'en tel" im pOl'tn nc(' is lhl' dl'])J'ession of Yil pOI' ])I'('SSIII'(' fl t the 
slIl'fn('('s of nqllC'OllS solulions, Enlpol'nlion from n, pnn of wnter will 
he I'('(lu (' ('(1 , for instnllC'(', if sHIt is dissoln'r\ in the wntl'I', in n, dl'gI'N' 

• In 18,0, Kelvin (6';) poilliell 0111 thul ('on\'ex ['IIr1'Ullln' tellds 10 illrrens~ thp ynpor pressure nccording 
to thl'ln\\" 

t' :!.~ 
lolt C -;:P7f'i" 

wherl~ pI' is UIO V1\110r JlfCSSUre (IH\r n slIrfn(,p with rndills or ('Uf\'ntllrtl T, t~ the vnpor pr~$sutt" o,~er n plnno 
surfnce, • !JIG Surflll'" [elision ()f !.Ill' liquid, p th~ dpnl'£I)' Qf Oil.' liquid, R lhl' gns cQnslnnL for the \'npor, und 
'p the nh~oll1to t~n\I>llrnture. 

• 
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pl'oportional to tho snIt C011c('n trntioJl, In Pfil't, this efTect results 
fl'olll tIlO faet thn.t fiS snIt enters into the solution some of tbe sodiulll 
aud chlorine iOlls ill'e n,t the sul'face nnd inh'rfere with the escape of 
water moleculcs Jl'Om Lhe liquid. Thc suppl'ession of evuporn.tion may 
filso be due to un attraction which may ('xist between tbe molecules 
of the solute itlld the wn.l;cI' IHOIN'llles,W'aiC'I' 1l10lecuks cnn cntel' the 
liquid from tilt' nil' fibout ns fn'ply ns ('\'CI', but fewel' C/lIl ('seape aeross 
the sUl'flH'l' to the nil' tlwn from pUl'l' wttll'I', 

Thc (,(!\'ct or ol'dilllll',Y sodium ehlol'ide is such that in 11 sn,tul'l1Led 
solution III onlinlll'Y nil' tt'l11p('rn.tul'es the YUPOI' PI'('SSUl'C of the liquid 
is l'edutl't1 to thl'('l'-roul't.hs of its 1l01'IIWl \'tlltH', If lhl' satul'ntl'd solu­
t.ion and tilt' on'dying nil' have thl' SIl.IlW tClllp('l'atUl'l', ('quililJl'iull1 is 
l'stn,blisIH'd, fllld ns rnn.ny WHlpl' lllOh'<'ltlt'S I't'Lul'J1 to the liquid IlS leave 
it whell lit(' niL' is 75 1Jl'L'C'C.nt sn,lul'nlt,d, Ollly if the 1't'lntivc humidity 
of tllP nil' is Ipss tllftll 75 ])('1'('('11 t. is thpI'o u. net loss of Wl1tt'I' 1JI01t'cHIt's 
fl'ol11 lite' liquid, 

Ynl'iOllS sllbstall('('S dissoln'd. ill wntl'1' will 10w('1' its Yn.pOl' ]ll'('SStll'C 
hy d i ff('f'{'l1 t nmOll.1I ts. .A snt ul'H.l<'d solution of liUlium dllol'id(" foL' 
illstnnt'(' •.is in l'![uiliiJriUll1 with lll(' nil' at ollly IG ]1l'l'l'l'nt of snlul'IlliOIl. 
On lll(' oUl('1' JllllHl,. n, sn,tul'nl('d nqul'ous solution of potassiulll nitrate' 
is ill ('(luilihl'ittrll ~witll UI(' nil' wll('u il is US lWl'('('1ll satul'n.tt'd, TJle 
illt(,l'ft'I'l'Il('P of liUliull1 chloride is so g'1'(':tt UJII,l UIl' I'ntl' or ('S{,Il.Pt' of 
wn,(t'l' .rnok('uh's rmlll UIl' SUrra('l' or (lIP solution .illto Ul(' nil' is only 
O.Hi or the' .l'llll' or ('SCHill' fl'OIll purl' \,'at('I', 

Tlll' d('Jll'('~si()1l of '":LpOI' pl'('SSul'l~ 0\"('1' fin' COlll1l101l solutioJls at 
YIl.riolis tt'll1jJl'l'ntul'l's is sl I(),,"J I in tah]!' I, 

TAIlI,g J,' -Hdllti,'C humidities main/ail/cel at Sll<,c(/iccl 1f'IIl/W'olllr('s by t'oriolls 
solllro/cd scrllm' solut[o/ls 

-.-~ ---~-- --~ ~ ~ ~........ __"-"7+'_"___ ,,,_____ _____ ___ ....... _'--.__ •. ____
, 
l!"'n(iI'~ htllllidil.y ohlnined using sntmnled solution 0(-­

"rt'tnpPrtllUr(\ 
~-----~.(" F,' l KS(h : 

I 
Su('f j\~~~r~(~~~:;'~j LiCl 

j '''-'--, , 
,Percclil Perrelli: Pacellt Percellt ; Percent10-1. •.•...•...•. 	 I~I ,5 ' 33 i JO 

I),' : 75 t :13 1 J6~~.: :~: .. _. - . 	 i},1. ; 75 t ;1:1 1 1Il
i7 _.w'"w .......... ~. 	 ( ... 75 
 ' 	 32 I 10OS..... 95 75 : 	 32 I JG.)H. _ un , 70liO ____ •• :ll i 16 

41....... . .. g~ ~~ 1 
32. 	 ~a ! 18 uo : ,0 i 	 30 10 

- . --'-"-.-----~-.---~-------------~-----.- --.--~~-------'----,.--

E\"n.pomtioJl in tll(, popular S(,IlSl' 1ll('H-ns tll(' loss of' mHSS of IL iluiel 
by YII,porizfl.tioll, Sillce' It liquid t('.llds to los(' moh'(,ld('s nJ it 1'11,(0 

d('IH'Jldpllt ollly 0.11 Ult' ph,\'sil'itll'ollliition of tll(' liquid, ilny influl'llCC, 
such as the nppliell.liOJl of 11('11.1, absorption of J'adiation, 01' introduc­
tion of solutes will pl'odu('p sOllie cltnngp ill llie ml(' of t'\-npomtiol1. 
For ILny gin'll fixed (,I)ndition or UI(' liquid, tllP mle of loss of mass 
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depends in Yel's(·ly upon (·hemte at which molecules retUJ"1l to the liquid, 
whidl depends solely upon Lhe condition of t.he vn.por (158). If the • 
molecules thnt lelwe the liqui(l ure carried n.wn.y from the vicinity of 
its smfnce there will be fewcl' to return, nnd 11. loss of mn.ss willl'esu1t, 
This point should be emphnsized, Unless there is some mechanism 
for decl'pasing the number of molecules tImb would ordinnrily return 
to the' liquid, (h(,1'e cnn be no npPl'ecin,ble loss of mn.ss, Ahnost the 
entire 10ss from the liquid would. be the snuLll number of mo1pcuks 
nec('ssltry to 1'ltise Lhe vapor pressure in Lhe nil' immediately abovo the 
liquid to its stt(,umtion vnIue, 

~Jolecl\l('s mo\'(' awny from t.he vicinity of n.n e\Tnpol'll.ting surface 
by the ol'dillltL'Y phenomenon of diffusion, But diffusion is so slow 
thnt the]'o wOllld nlwn.ys be Jl('II,rly ns 111l\.lly molecules flying back into 
tll(' liquid liS are flying nwn.y from it, and CYl\.pol'll.tion would be an 
extremely unimpol'tn.nt 1)J'OC<'SS if the molccul('s were not removed 
from the vicinity of the surface of the liquiclin some olllet' way. 

Actunll~r, the phenomenon of turbulent trnnsfel' in th(' atmosphere •is by fnl' tIl(' most (,rl'('clive fadOl' in calTying wn.tel' molecules lI,wny 
from an (·vnpol'll.ting smfn.ce. Tl'll.nsf(,l' by tUl'buknt mixing is usunlly 
nt l('ast 25,000 til11l'S as efi'eetive as mol('cu1nr diffusion, and it mny be 
considl'\"Nl almost wholly ]'(\spoIl8ib1c for fl,ny loss of moisture from all 
0VapOl'fl.ting surfaC'Cl ft-edy ('xposcd to the nil', 

HEVIEW OF J>REVIOUS M.ETHODS OF DETER;\n~JNG 


EVAPORATION 5 


Since tht' rn.te of ('lllission of wnJ·el' yapOl' from a land, walcr, or 
pJt1J1 L sllrftl.('C' ("n.nnot, he J1\('[l,sUI'C'll (HI'C'eny, ns efln thc mtc of WlttCI' 
aCC'l'clion to t11(~ sHrIn,('c, nml sin('(' thc lllCttsUI'('(l mte of loss of wntC'l' 
from fL pn,11 or nJmometC'1' ('n,nnot gin~ this mte of emission, the JllC'as­
lU'C'lllC'1l Lof ('ya110\'f\ Uon must )(' n,pprotl.ehecl ill n.n indirect lllfLllJ1C'1', 

ObSC'l'\Til.UOm; of C'vapomtion from 1n.kcs, l'l'sPl'Yoirs, n,nel pails hn.ye • 
bp('ll lIs(,d in till' d(ln\opnwnt, of many pmpirien.l fonllulns in wllich 
eVil.pomti011 is C'XI)J'l'SS(,(\ fLS n. fUl1dion of l11l'tC'orological data such as 
tPJ11IWI'lthl(,(" J'(,l:ttiyp lllunidity, bal'ometrie pn'SSUl't', wind Yl'Ioei!.y, 
and solar J'lI.dild ion, ])il.Hon (20) was Ow first. to pOill t out that 
C'\Taporll,tion is proportional to the difl'('rcnee bcl\\T('C'lt yapol' prC'ssUl'C 
of (hI' n.il.' n,t UI(' ,mU'l' fll1rfn,cc and thn.t of th(' on;rlying ail', n.lthough 
appnl'l'lI tly hp Jlt,\T('r (':~p('(\sspd this rclatio:nship in TI11LtllC'lnntical tCl'ms. 

Rohw('l' U1S) ]Ins pn'S('11 t('(] n.nd discussed n. :111111 bC'1' of c\Tapol'ation 
formulas, ~rost of Ih(\so formulns contnin the C':q)]'('ssiol1 (e.-eel), es 
bring tIl(' Yn.por I)),(,SSUI'(, n.!'. ill(, sllrfncp of n~p liquid nnd (el tllp Yn,pol' 
pr(\ssul'l' of !II!' nil', nnd n. ffLetor lr, whieh (,XPI'PSS{'S tli(' influPl1e(' of 
wind Y('l()('il~-. HO]I\\'('r's empirical £ornlll])t is: 

g= (0.'1-1 +O.l!RW)(f'.-l'e/), 

I 8t1l1111l0rl7.cel rrom 'l'hurnthwllitl' 011(1 lIolZlIlon (100). • 
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in which E is evnporntion in inches in 24 hoUl's, IV is mean velocity 
of surfa('c wind in milC's per hour, and e. and e,t are mean vapor pres­
sures in in('hos of nH'rcury at, the wu.tl'[' surface llJld in the nil', respec­
tively, Rohwer mcntions the simiIa.l'ity of t.his formula. to Dnlton's 
original formula: 

E=G(e,,-e<l) , 

A diO'erl'nt a.ppronch to the problem of clett'l'mining eya.poration 
from lakes and oLhl'r iJodil's of watl'l' has becn suggcsted by Angstrom 
(1), He indica.U'd thn.t thc'l'e must be a bnlallce of l'lH'l'gy between 
thc insolnUon nbsorhl'(1 by n body of wntl'l' nnd the Clll'l'gy cxchanges 
clue to rndint.ion, eOl1YccLion, conduction, :md the Intent hcnt of cyap-­
omtioll, fLnd that CYfl,pomtion migh t be dl'tl'rll1illPd by measming 
t.ll(' lll'c('ssn.I'Y C'ompOM.Ilts of this C'quiIibriuIll, Ridlardson (111,112) 
ilmI Cummings (20) hn.w uSNl this pri.llC'iplc in dctl'rlllining eYn.pom­
tion lossl's, but; the' difIieuHy of obln.ining vn,rious cssl'nlial ml'fLSUl'C­
Jl1l'n ts, su('h fLS t('m]H'rn.tuJ'c gm<iirn ts wi thin the body of watcr and 
hen.t ex('hallgl's dill' to ('(lIlVl'CtiOll, pl'cYrn ts the dctrrminaLiol1 of ac­
('uI'ate 1'hol'l-(in1(' l1len.SUl't's of cYn,pol'n.iion fLnd prohibits the deter­
minn.tion of moistlll'p lossps from In.nd fLt'en.s, Yn.mn.moto (180) has 
mndo simillu' lISl' of thl' principle of COnSl'lTn.tioll of elll'!'gy in his 
studit's of condellclfLi.ioll of tll'w, 

Studi('s of the stl'lletuJ'c of Ow low('[' ntmosphel'e made in reccn t 
Yl'H.I'S haY(' yiel<1l'd TllUdl l'1'sl'llUuI infO.J'mnt.ion on tlll'bulenel' and the 
int('nsity of tUl'bulC'llt .mixing ill UIl' ni,', In tlw turbulent In.yt'l' the 
mixing PI'O('PSS dl'Pl'lHls on the shl'n!'ing stl'esses nssocin.ted with the 
I'OUgllllN1S of tlH' ground nlld wi th wind vl'loel ty, n.nd incl'ensl's fLS the 
\'aIllt's of these fneto!'s i]HT<'fLSl', '1'ho mixing process nlso depl']l(ls 
upon thl' stnhility 01' lll'nsit,y Stl'lIctUl'l' of the n,i1', the intcnsity of 
mixing diminishing, llIHIl'I' otll(~I'Wise constant conditions, fiS stnbility 
in('I'l'118l'S, Bl'llt'ath Ule tlll'bulcllt,ln.yl'1' tlll'l'l' is n shallow layer, Ule 
Uliekn('RS of which is usun.lIy l11enslI.J'rd in milliml'il'I's, enlkd the 
In,minnl' ] n.)'('1' , in whieh nil.' flow is .lnmin:1.l' and vcrtical t.rnnsfl'r of 
1I10111(,l1t um al1d admixt.ul'('S pl'oel'eds solrly by diffusion, ']'he vl'rlicnl 
mot ion of UIl' n.i [' in 01(' tUJ'bul('n t 1n.),(,,' tends to rstablish a.Jl ndifLbntie 
disLributiOll of tpm])('l'll.tU]'l' and .n, uniform nclmixt,Ul'c of wnkl' vapol', 
nnd thus to ('limi11nt(' difl'l'!'l'llCeS in moisture eoncl'ntl'lltion, If mois­
tun' is Jll'iUI('1' nd<kd to 1101' withdm.wlI from the tU.J'buh'nt In.Yl'I' its 
111oisllll'(' ('onlt'nL quickly ])('com('s uniform thl'oughout. 

On tll(' OtlH'l' hl1Jld, w:J.tc'!' vn.po,' emittl'(l from n.n cnLpol'n.ting 
sUl'face is l rn.nflpOI'(NI upwul'd and SCH,U l'1'('d throughou t thl' turbull'n t 
In)'(,I', 'I'lnls, ns .long ns 11 stl'Pum. of wn.(el' vnpol' flows l1pwnni into 
111l' tUl'huil'.Ilt I n.yl' I' tllP lIloisLu]'r ('on('rntrn,tion will b(' highl'st at its 
bns!' H.nd dilllillisllPs upwllrd, and I\. moist.ul'(' griHlil'lIt diJ'('clNlu]l"'fl.l'(l 
will bp ('stnblighed, HllC'h n. gl'l1.di('nt ('nn 1)(' mniJltninl'd onI}' so long 
ns moishll.'t' eOlJt·iml(,g to hn 1).(1dNI 1)('10\\', Soon nftp!, ('vnpomtion 
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Cell.Sl'S, the moisture is dis(I'ibu(;ccl uniformly throughout the In,yel', 
unci the mOls(,ure grn.dicnt, is OH'I'C'by (Jpstl'Oyed, Simi1urly, if wn,h'l' • 
Yll.POl' is ILbstmcted 1'1'0111 t.he bast' of the In.yt'l' by eondensation in tho 
form of dew 01' frost, the Illoistlll.'o concentrn,L1on lil(,J'e will bt' rec1uct'cl; 
alld so long ns l'eH1oYu.L of moisture COll Unlles, a moisture grnc1iell t 
directed dowllwu,rd will 1)(' mil,in tn,ined, TJIO gren,tt'I' tlle in (:e.l1si ty of 
tUl'bulell t mixing, the gJ't'nit'r is tho telldc'lIcy to\\'fi.l'd the cstub1ish­
mcn t of llllifol'mi (y of mois(uJ'C' COJ1C('lI !J'ntion H..n(l the gJ't'n.lel' the 
oyapomtioll or ('ondellsn.t.ion ]'('qu in'd (.0 mn.in tn,ill it COJlstnn (, gmdi('ll t 
upwnnl 01' downWll I'd , Similn,dy, lllt' steC'p('L' thp 1ll0iS(iUI'(' gl'n.dit'nt 
whi('h p('I'sis(s in nil nil' ('olumn with n. giYl'n ri\.te 0[' turbulent. mixing, 
tl\p gTL'n.{('I' is (h('I'n.lt' of ('\'n,porn,tion l't'quil'l'd Lo product' it, 

From (ht'st' Jnds it is t'yiell'll L Ulfl,(. ('vll.poration ['rom nny sllI'fnec lllity 
be dt'tcrmineel by Luking into consid('I'nJion lllt' YI'!'!ien.1 distrihution of 
moist1l1't' ill !lH~ ail' :l.nd (iH' inlt'llsily of turbllh"nt mixillg', Tbe 
gel1C'rnl I'oI'm of an l'Cillal iOIl for I'atc' of C'Yltporn.tioll bnsNI on thesE' 
CO]1s.i(\('mliOl1s is 

dq
E=-A·-Z -' 

(Z 

in \\"Jli('h ~:l .is (hl' eopfii('il'll t of (\II'lmkn t mixin~, 01' the" Allstn.llsC'h 
codlieie11t" of "rjlhc1m Sdllnidt (12.9), n,nd dq/riz is the rn,te of chn.ngr 
of moisturc ('IH1(,(,11 (·I'n.t.ioll wilh l'I'Spcct. 10 hci~ht above 010 evn,pol'atin~ 
surface, Obs(>1'vntions l'Nluir('d (0 Hl('n.f;UI'C ('vn.pol':1.lion n.l'e t.he 
moist.uro concclltmlioll at (WO 1('vcI8 wilhin tllP lUI'b1llent ]n.yrl', lhe 
hrighLs of the' (\\"0 obs('IY:t(ions, so Un1.t. lhr Illoistul'l' gmdicnt ma)' be 
obtn.ined, n,lId l1H'nSUl't'Il1C'n(s of wind ,"('loeity n,t two or mol'C' l('\'('ls 
i'l'Olll whidl lhe inlcnsi()r of (.lll'hu1ent, nlixin~ may Ill' ('ompu{('cl. 

,Tt,rl'n')'s (i;7') :1.1 HI CliblPl t (-'to) W('I'P nm()Jl~ !lIP t'n.l'lipst innslignJors 
to stud)T lh<' probkm of ("':l,poI'Htion in kl'IllS of n,tlllosplll'l'ie tUl'bu­
len('p, J10\\"('\"('I', }WCtl,IISt' of \';\.I'iolls nOlll'igol'olls assllmptions re~n,l'd-
ing lilt' nn.tlll'C' of llH' Allsln,llsch {'odTicient., lhe valu(' of (]wil' l'('SllltS • 
is limited, and Ul[',Y ('Hll b(' n,pplit'd only to (JI(' p\'lLpol'n.lion frolll 
bodi('s of wa(N (n, pp, 270,,2(6), RIl( (011 (18f'), lllILking lISt' of 
'l'ILylol"s (151) rt's!'fLI'('h('s,hns cX(·PIH}t'd ,Tl'fl'I't'ys' nna.lysis by assnming' 
(hn.t Ule AIlShwsell ('o('lli('i(,ll( va,ri('s with ht'i~ht, His tl}t'ol'eticnl 
wOJ'k is in Yt'J'Y good n~I'l'('nH'n ( wi ih (he.' ('xlwl'ill1l'ntlLl ]11 t'ILSlIl'emt'll t 
of e\'ftpom( iOI1 foJ' vll.l'iousl)" shapt'd fl,I'PU.S, Schmid t (130) hns mn.dc 
usc of IL fOJ'Jllllla d('yist'd by Edt'l (3f) fol' cnlculn.(lllg (11(' Allstn.lIsch 
('o('flkit'n(, lllld claims to IlHY(' IllNISllJ'l'Cl the n.chml eV:1,poJ'lttioJl 
fJ'om n.m('n,do\\'. 

])llrin~ (.]H' Just. (wo d('('nd('s gl'l'u.t jJl'Ogl'l'SS in (11(' theo]'e tical 
tJ'cn.tm(,llt of the mc('hnllisl1l of llll'bulC'llt. int(']'ehan~e has been 
ll11tde hy vaJ'iolls n.('I'O(lynfLlll i('is( s, ind udillp: Tttylor (149, 150, 
1M, 152, 163, 154), Pl'n.ll(H1 (JOd, 10.1, lOi;, l06), Yon KllJ'1ll11J1 (59, 
60,61,62), nlld otht'J's (tl. 118.11.1. 11/;), In 1935, Yon Klhnll1.n 
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(61) published all excellent SUllunltry of {,he problems associated with 
the various theories of turbulence, llossby (123, 124-, 125) lIn.s made 
use of VOll Ku'l'ln{\.II's postulate of dynamic similarity Itnd the cOllenpt 
of mixing length in Ids impol'tnn t J't'seltl'ches on ntmosplwl'ic turbu­
lence, Sverdrup (141), extt'ndillg Hossbyis resenrches, has added 
much to om' lmowledge of the val'iation of t.he COI'fIieien t of eddy 
viscosit,y UJl(kl' changing conditions of thl'L'll1nl stn.billty, 

Although tho Ulcol'(,tien.l il't'!ttml'llt of problems of turbulencc is 
still in the ini Un.! sing(', l'.IIoughhas been H('complished to provide !tIl 
undl'rstnndillg 01' the llH'e1l1lnism of evaporation Itnd to pel'mit the 
denlopnH'nt of a fOl'IlIUltL hy llH'n.ns of whieh cvaporn,tion from lltnd 
nm] \\'nU'I' slII'Jn.('('s n.Jikp mlLy be dl'iPrll1incd, 

A diflieulty ill the usp of the theory of turbulence in tbe deliermina­
Lion of ovaporntion is tho fn.ct that thl' laws of moisture trallsfer are 
difl'l'rcnt in {ho Inmilln.l' and turbulent lnYl'rs, \wing lineal' in the former 
nncl nonlinear in the In,ttcr, J.,l'ighly (82) avoided the t1ll'bulent lltyer 
enlil'ply null eonfilwd his study to the laminar or boundary layer, where 
til(' sjH'cifie humidity gl'lLdi('nt is ]inca!' nnd where the coefficient of 
diffusion cun be llspd, Since the houlldn.I',Y lnyer is very thin if the nil' 
is ill motion, Ll'ighly's method WQuld be useful only for determining 
CYHJ>Ol'ntioll from small ur!'HS, (Hc thinks tbat the limit is n. dimneter 
not much gl'l'n tel' Lhn.ll 4 feet,) In fnct, the making of moisture de­
terminntions nti two 1('\,(,]s in n layer ns thin ns the boundary layer 
would I't'quirc n. type of instl'lllllentaLioll not now ILvailn.ble, vVith 
(\xist.ing instrumellts it. is quill' impossibk to recognize Ynpol' lU'('ssurc 
dj£l'ercnces "within n. dis{nnc<' of n. fl'w millinwtl'l's, 'I'hus, the use of 
L(\ighly's Jnethod must n,wnit the d(l\'t'lopnlPllt of llew illstl'll111cnts, 

'1'h(' prohlt'm of the difl'el'l'IH'(' of the moisturc gl'ndil'nt and thc 
PI'OCCSS of .rnoistlll'e tl'U I1sf('l' in the boundn.r'y and tu l'buknt lnyers 
c()nfl'ont.l'd Sn'rdl'up (1-12, 1,14) in his study of l'yn;pol'l1,tion OVl'I' the 
o('('nllS, "\rith the llll'agl'l' dftllt at Ilis disposal, consisting ooly of wind 
Ydoeity and moistul't\ conc('ntrn.Lion n.t OIlO level in the turbulcnt 
1ny('l' n.nd tho tcmpcl'lttul'o n.nd salinity of the ocean watl'l', he wns 
forced to ('onsider the gmdicnts ill both the lnminnr and turbulent 
Inyet's, Although this WIIS accomplished with gl'ent ingenuity, the 
final ('01l11Hllations cal1 be eonsidel'('(] only as rough indications of 
ocennie evapomtion, :'Millar (DO), in his study of evaporntioll from 
thl' Gren.t Ln.kC's, npPl'onched the problem in much thc same mannpl' as 
Sverdrup, and his results are subject to the same li.mitn,tiolls, :MOllt­
gOJ11l'r,Y (07) in 1!)<10 published a serit's of observations of the vertical 
distl'ibuLion of temJ)('I'aLuJ'(l n.ud moisture mncle during July nnd 
AUgUSti H)35 over tlte snl'fnce of the North Atlantic, He made no 
mcnsUl'cments of willd n']oeiLy gradient, and thc formula he developed 
for tvnpol'l1.tioJl from the sen. surface is of the snme geneml forIll ns those 
of Sverdrup and 1vIilln.I', 
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At this point it is possible to consider the physical limitations of the • 
vai"ious empirical formulas based on Dttlton's la·w, which have been 
presented in an earlier pal'ngmph. 'fh('se formulas are developed for 
determining ('vaporntion fl'om free wntel' smfaces and make use of 
obs('rvations of the tempemtme of the water surface (from which the 
Ynpor pressure of the aiL' in dil'l'ct contact with the wa,ter is determined) 
and tbe vapor pressure a,nd wind vdo,eity at some le\Tcl in the turbulent 
layp!', Because of the previously mentioned difference in the moisture 
grnciil'llts nnd the processes of moisture t,l'allsfer ill the boundr..ry and 
tlU'bu\c'nt layers, it is impossible to derive simple empirical constants, 
to be used in eonnedioll with the difl'erpllce betw('en the vapor pressure 
of the \Vatet· smfaec and the overlying air (cw-eu) and a wind factor, 
that will gi\'e more than a statisticu.l a,pproximation of the cvapomtion 
from free water surfaces. If Sverdrup's method of integmting through 
the boundary layer is used, more satisfactory results, at least for huge 
water bodies, can be expected. UU(kL' no cirClUl1stances can such ob­ • 
senTations be used for detcrmining evaporation from land or trans­
piration from vegetation. Those formulas employing the so-called 
n1por-pressure deficit (6), the d ifferellce between the saturation vapor 
pressure and the actual vapor pressure at some level in the a~r (Ed-ed) 
are unrelated to the physical principles of cvnpomtion ttnd cannot be 
expected to yield satisfactory results. 

THg MEASUREIHENT OF TURBUI,ENCE 

Ail' flowing along the surface of the gl'Ound encounters a frictional 
resistaLlce and is slowed down. The effect of this resistance is felt 
for hundreds of feet a.loft. "'iVithin this zone of frictional influence 
eneh succe'ssively higher layer of air moves faster than the one im­
mediately benenth so that shearing stresses are set up between them, 
which result in the upward and downward displacement of small 
masse's of air, eltell tending to preserve the horizontal velocity that it • 
had previously, If n. Jllass moves upwn.rd to a faster moving In,yer, 
in the process of mixing it will tend to retard the air in the higher 
layer. Similarly, a mn.ss of n.ir moving dOWllWnl'Cl will tend to speed 
up the air ill the lower ltty('r. Thus, the difIel'enc(' in velocity between 
two adjacent levels tends to be equalized us horizontal momentUJll is 
tl'HllsfeL'red downward and ultimately dissipated at the grolUld. The 
tendency toward equalization of velocity depends on the rate of verti­
cal muss il1tel'chnllge, or the intensity of turbulent mixing (fig. 5). 

'1'11l' greater' the difl'el'l'ncl's jn velocity bct.wef'll adjacellt layers, 
or tJlC stronger lhe shC'lu', t.he grentC'r is the tendency for turbulence to 
develop and to reduce UI(' s]\('ltr. If tJH'l'e were no ext('rnal influences 
helping to main tain the difTel'('Jlces in wind vl'locity at difl"eren t levels, 
turbulent mixing would (''1'('11 tUltlly equalize the velocities in all levels 
and the ail' would moye as a solid. However, since the supply of • 
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• momentulll in the upper ftil' is pl"itdicH.lly iJ)exhn.ustibll', and since 
1110111 en tum is constftn tly being ('011 v(,1'lt'l1 in to h('u.t and lost itt the 
ground sllt'faC'l', wind yeloeitil's in dif)'('l"t'nt lpn'is IU't' 1I('V('1" ('ompletl'Ly 
cqunlizell. Thus, u.lUlOugh (lI['buh'Hel' tenels to dpstl"oy shl'ftl', nevl'1'­
thdess the strongest mixillg ILt ft fixed lcv('L j)(.'1L1" th(' gl"ound is nsso­
('iilted wi tll the strongpst ShN11', 

The dej)endl'JIC'C of V('I'tical difl'C'I"('J1ees in "L'loeity Oil Ull' intl'Jlsity 
of tUl"hul('nt mixing is illlpol'tn.nt in UI(' 1l1(':ISUl'('llwrll of ('\'n,pomtion 
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VELOCITY (miles per IJour) 

• 
FJ(aTlu; :5. \\'hell \'('1'1 ielLl llIixing is slight because of weak turbulence, wind 

\'elocity dilllinishes mpidly ncar thc ground and reachcs zero some distance 
abo\'e it. As turbulence becomes sl,ronger, \'crtical mixing increa:;cs and wind 
n)locit.y diminishes less rapidly until \'cry close to the ground and reaches 
zura nearer the ground surface. 

h('cn.lIst' it ('lIilb1t>s LIS to detl'l"miJH' the' mil' of mixing in tllC' ntmOf'p}1Cl'C 
by m('n.surin~ tile n'rticui ~rn.dic'l1t of wind velocity. 

'1'11(' \'c'rtical (TansIl'!' of horizontal mOIlH'ntUlH (the shl'ltring stress) 
is I'('PI'PS('J) t('(\ by th(' qUiI.1I ti Iy T zz, whpJ'c it is assumed that the chief 
flo\\" is in Ulp ,r c1iJ'(,etion, 'I'll(' aetual hOl'izontnlmollH'nlulll in ftny 
Il'vl'1 in UIl' 1l,(mosph('I'l' is Ull' produet of UH' n'\ocity, 1/, alld the muss 
of the ail', /il, ftt tllnt len'I. If, in JiguJ'(~ (j, j'y rt'pre'spnts a giVl'n hori­
zontal CL'OSS sc,etion UII'ou~h Ul(, ntmospit('I'(', and if a, b, c, ... n 
and a/, b', c', ' , , n' an' hod ie's of ail' it!; lPn'is n,bo\'c n,nd l)('\ow it, 
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rcspcctinly, then in time, l, the toinl momentum tmnsfrl'l'{'d llpWl1rd 
1111(1 downward throll~h this CI'OR8 sl'('lion will he: • 

1/'. 1"2:1I1 1'1l l" (1) 
i'=II' 

1/ 

t2:m,u" (2) 
i=ll 

•FlGt'H~; G,--:\!nsses of nil', (I, b, c, n, ar(\ tmnsfrrrcd clo\\,llward 1I1It! lllt\~;;('H 
a', 1/, c', ' -I/.' nre trnnsfl'I'I'C'd IIjJwnrd M'ross horiz',mia[ jJ[aue -T!J, 

Thl' net transport of 1l\(Jllwrl!1I11l dowllwflJ'd will he thl' dirl'('l'{'I1('\' 
bd WP('11 (2) nnd (I): 

11 'II' 

1'",} =:8111(11.(- ~m("u(" (3)
;=(1 j'=u' 

but till' y('lo('it,,' nl nn,\' gi\'('11 ]('\"(,1 1ll:ly J1(,' ('XPI'l':2Hl'l! fl8 a d('pn:'tiJ~'(\ 
from tlIl' ,>('I(l('ily nt xy, Thus, III I1lld lit' IlIn,\' 1)(' \\Tillpll :15 follows: 

elll 
1ll=llo+A'·~/--' (4)

( :: 

(/11 

•11(1=110- Ai' -l-' (5)
( .Z 

wll('J't, 'Ii. 15 till' nlo('i(y III tilt' :r-diJ'l'etioll 111 pll11H' Xii, A.t nnd At' 
nl'(' till' P('I'Pl'IHli('ulnr dis{ull('('S of i nlHI i' [rom ,fY, Hnd du.'</:: is til(' 
rnil' of ehnllgp of wind \'('locily with 1'('81)('('( to Ill'iglIl. 

Substituting foJ' 11{ nnd "II' ill (:n: 

1(' 11 

The terms 2:ml' nnd :8111 ( drsignnir Ule totnl mllSs of nil' trullS­
i':o;:u' ;=(1 

ported upwHrd nnd dowl1wflnl, l't'RI)t'ctin·ly, ThuH: 

11 11' 

:8mil/.o=~m./'1ID' (8) 
i=fI ;'=:0' • 
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Ilnd 

(9) 
n 

ill which ~mIAI+L:ml'AI' represents the cornbillNl sum of all the 
i=u i'=tt' 

mass('s of nil' tl'Hnspn,1,('d both upward nnd dowlI",nl'd through th('il' 
I'('sp('('tin' distallc('s, A, ilCl'OSS s('(,tion xy hlLying al'(':1./ jn linl(' t, 

For unit IlI'C'U and unit time t.his C'xpl'('ssion would be 

1/ '/IlIAI '~m/A/, 1nA 
~-- i-~~~--, or sImply ~- . , 
j"'a .it i'=u'.it .it 

This f'Xpl'(,l"sioll is an indrx Ot' ('oC'fIicicnt of flll'bukllt illtl'l'elmnge of 
mOllH'ntulll, 01' thr AusUllIs('h eodfieiC'lIt, A, It is nlso ('nll('l1 the 
eodfici(,lIt of ('del,\' Yiscosit~~, 

..'1 = ')':111 A,

• (10)
k...J .it 

The nd downward tl'l11ll"pOl't of mOl11rnlum, Tu ~,is the sll('al'ing 
I"ll'l'ss, w]lich is .I'('])I'C's('nl.('(1 by the symbol, r, Thus, the g(,l1cl'l11 
l'\junlioll for Sh(,Hl'illg sft'(,SS ifl 

dur=.I1-, (11)dz 

By ('onsidel'ing tilt' PI'OI>I('J11 fl'Olll fI slightly difrel'('lIl yil'wj)oint, a 
s('('ol1l1 rqlliltion 1'01' I he shl':ll'ing sln'l"s mn)' 1)(' oblninNI, nnd the 
Ynlu(' of.:1 ill (·quntioll (11) cnnlw drl('l'miuNI. If Ihe' llWnll nlluel" 
of til(' Y('1()cil~' ('ompOlwnl of thl' nil' in the Ihl'('e din'clions, ;l', 1/, and 
z al'(' illdi('I1.lpd h,v 1l, l', Tr, nntl !ll(' .infltantnIH'OUfl dl'yiations from 
lh('s(' )11('1111 \·n111('s by 'u', v', nlld Ul', Ihe fle-tul1l n·1ociti('S, 11, v, and 11', 

would bt' 

• 'll=U+11.', 
'1.'=1:+1)', ) (12) 

1l'=w+u.", 
SilH'l' th(, (ll'il1('ipal flow is nsstIJlH'd to hl' ,'plocity 11 in till' :r-dil'('ction, 

y('loeilies to lhp I'ig-ht nile! I('fl ('Olllll!'rbahulC{' ench other) as do 
upwlIl'Cl find downwlIl'd y('loeili('s, (\m5C'qlll'ntly, th(' n\'rl'ug-t' '.'(·10('­
iti('s to lll(' righl nnd 1t'ft (r), and lip alld down CU.), :In' >lel'O, Thus, 
'/'=1" and w=w', 

'1'h(' 1I111S5 of nil' pnssillg' lip 01' down thl'ollgh a unit al'l'U of the 
hOl'i>lontnl plfl.JH' ill an ('1('lIH'lIt of liIll(' will b(' pu.y/t, '1'hl'momentum 
of this muss, huying vl']ocity 1l in tilt, ::.:-dil'('ction, will Ill' pll1Cdt, Ilnd 
this is tl'tlnsf('ITl'd \'t'l'ticnll,Y upwlll'd through th!' hOl'iwntnl plant', 
Til ('1'(,fol'C': 

'1'" t = p1l1l'dt, (13) 
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Substituting- the vnhH.'s of 1t 11n(1 10: •1'" 'I = ;:(iI+u.') ('w+w')dt, (14) 

Tu t =p(tlw+u1O'+u'w+u'w')dt. (15) 

Sillce the 1I11lill flow is U in the :r-direction, the actual velocities upwlll'd 

will be cqunlto those downward, and the mean Yllluc of these verticnl 

nloeity compollcnts 10 will be ('qunl to zcro, ThC'n: 


Tu i = p(Ti:w' +'l/.''lv')dt. (Hi) 

This equation gins the' transfC'r of momentum (luring time intCl"\'al 

elt. Onl" 11 longel' lWl'iod of Lime, T, the ayemge momentum tl"tUlsft'l" 

will be: 


f 1 ,\ _'_'_1 ~I I I, t'1 11 I -- '1' [7'
p(IlW +'lI. w )dt, (17) 

o. 

or from (13): 


1 ]"1' (18)I'll i =1'0 pu.'ll.'dt, 

f
,r 

• 
But the expression (1/1')0· p'l/,wdt merely rcprcsents the an:,mge 

momcntum imnsft'l' ill ullit timc, or simply p'lLW (mean yalue of puw). 

1'" i =pUW: (I!) ) 

Similnrly, from the relations expn'ssed in (17): 

1'1/ i =p'iiw' +Plt''lV', (20) 

Alt.bough 10', till' nH'nn vnltl(' of w', is 7.e1"o, it does not follow that 
the Il101l11 yalm' of the product n"w'is likewise zero. That U''lV' does 
not equal zero is due to the fact that tht're is a llegati\re correlation 
l)('i w('en 1l' nnll 'Il". llowen'r, the h'rm uw' equals zero because u 
for n ny gi \'I'll si t llflLioll is n. ("onstall t. Thel'efore: 

(21) •
Sin("(' 

'1'" t =-'1'u i , 
Rncl '1\ J is th(' forel' whieh tlJ(' upper nil' ex('rts on the lower, or T xz , 

it follows thnt 
T r= ':C== - p·lI,'1(/ ' (22) 

B('cfiuse of (ht' normnlly 11('gaiin' ("olTt'lntion betwe('1l n' nIHl 'lV', Trz 

is nctually normnlly posiliw, us should be ('x[H'etcd from the fnet that 
the fnstl'r HiI' dmgs (ht' slclwl'r with it. 

'fhe Il('gntin' eOITl,ln.t.ioll iwLwe(,1l 1/' and 10' rt'sults from the fact 
t1l1lt the horizontl1ll'OIllPOIH'lIt of wind v('lo('ity incr('l1ses with height. 
"'hell n mllss of nil' ris('s (0 a highl'r \tonI its nrticnl vt'\oeity, 10, is 
positin', lind IW(,lllls(\ the Il\'t'mgl' Yltlue of the Y('rtienl \'('ioeity, W, is 
zero, 1l" is Il]so positive, As it rise's, it tends to retuill its initial hori­

• 
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zontal nlocity, '/(" and sillce this is kss than the nvel'llgc llOl'izolltnl 
n~]ocity, U, at the new lc\7el, 11/ is ll('gn.tivc', Simiil'lrly, when nil' moves 
to n 10\\"01' len'I, fl.nd 10' is Iwgntive, its \'clocity, 11" is greatel' tlmll the 
fl\-Cl'ngl' velocity, 14, in thl' Ilew cll\'!l'onrnt',nt, and 11, is positive, Thus, 
thc' lnstnntull(\OUS dl'\Tiatiom, of thc yp!L.:'ity 1t' and '1.1)' are of necessity 
opposite in sign; when 011(' is posiLivt." Lhe OtlH'l' is llegati\'c, find the 
pl'oductu/1l" is negnti \'C', 

The shenring stl'('SS, '-pn'w', 01' the average tl'fl,nsf('l' of momen­
lum, reJH'('S('nts n. tll,ngl'lItiu] fol'c(' JH'I' uuit ul'ea thnt is cuLil'ely due to 
til(' tmlmknt Jl101ionin :ll(' lIuid, 1\ctunlly, the totnl shearing force 
must also tak<, accollllt of It force that is due to the viscosity of the 
fluid, Thus: 

(23) 

whel'l' Jl is til(' codlici!'nL of moleculHr viscosity nnl.! diI/dz is the 
g'ruciic'nL of thc 11WHn n·loeity, 

In the iJluIH'd in 1(' yieini ty of a solid boundary surfac(', the turbulent 
stl'!'ss 1)(1('01111'8 Z('I'O I)('CilUSe' the eddy Yl'[ocity componcn ts become 
"flnishingl,\' slllull. r1'll(' lnyel' 01' WIlt' dil'ectly in contact with the sur­
fn('(' is known flS lhc' Inminnl.' In.,p'I'; only 11('I'e is the t(,I,'m Jl (dUjdz) of 
!lny impol'lnncc', :I II till' tUl'bulent byel' PI'OPPI', the S!t0lll' tpl'm due to 
llloJc.('ullll' yiseosit,v is so smnll ill ('o.mpfll'isOIl with --pY!1ilthnt it 
mny he entin']y lll'gIPdNI. 

Tlie' willd Yl'loci ty t('I'IllS in t't(llil.[ion (22) Urt' tilt' iIlSl:I.n ta.llC'OuS 
dn'i:1,tiolls of horizon!n] \"(llo('ily Il' ill tht' x-dil't'elioJl amI thc' illstnll­
tn,Il('OUS d('\'iatiolls of \-(,I'tienl n]oeily '/V' ill t.he z-dil.'l'etioll. These 
ntlups ('nn ht, II1('HSlIJ'('t] ollly with V('I',V s]weializl'd equipnll'nt. Sinc(' 
only tll(' ll1<'nll y:t1u(' of (lIt' "dueity in lh(' x-dil'ection, u, is I'eadily nlld 
I'('glllnrly Ilwnslll'C'd, fl/l'llH'1' dl'n']OPIIll'llt of t'qunJioll (22) .is necessary 
iii 01'<1(,1' Ihat. (ht' SIiNI.l'ing Stl'('SS mil)' bc' l'xpl't'ssed in ('nRily mensumbk 
qUllntit it'S, This is :lc'complisIH'd thl'ough till' lIS(' of Prnndtl's illPOI'Y of 
1l10IHPIllUl1l trnnsf('1' (82l. 

l.f a pnl'('t'l of nirlin.ving lIH'ftll \'('Ioeily :u is tm.llsf(,l'l'ed upwllrd 
t hl'ough d istn,I1C'(' }. whl'l't, til(' IIH'lIn Vl'loci ty is :u -I- }.(d:Ujdz), and its 
illitial 111l'lln nlot'il.r is PI'psl'n'NI in thp llt'\\, ('1l\-il'onnH'lIl, it follows 
t.hnl 

, - 'U- (lU) =-}.-.1£ =1£-(- f- }.- rEi 
dz dz 

:'o.lenSllJ'('Illf'nls hn.\'(' shown t hn.t on the n,\'('l'nge in the turbulent 
atmosp]l('J'(\ t hl'l'(1 Ill'(' ('q ual amounts of kin('lic ellNgy nssociflted with 
ItU thl'N' wind v(']ocity components, 1/.', v', lLnd'l.l)', 11(,11ce, 10' must, 
on the 1l.\-l'I'n.g<', he pl'Opol'liolln.l to thl' distn.Il('(1 A, through which the 
turhulc'nl t'ddi<,s tJ'lwpl il.lld to d:U/dz, so thn,l 'W' is of the for/11 }.(du/dx) 
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although not necessarily equal to it. Rememberin~ thltt 1t' 

fire opposite in sign Ilnd substituting in (22) WI' obtain: 
find w' • 

ZZ(d7ii)2
r=p dz, ' (24) 

in whieh A is rt'pl:w0d by l, wllieh is :L 1I1(,lllllellgth know]1 as th(l mixiug 
length. 

The mixing kngth is ('onsidl'l'l'd as I:ht' Y(,l'tienl dislfill('(1 il'iwell'(l 
by th(' eddil's from the lenl ",1)(,1'l' t.hl'y ol'iginn.ll'd to lhl' lew'l wll('l'c 
they lose their individualily 1111d mix with the tUl'buiPnt fluid sur­
rounding th(,1I1. This "pltth of mixing" is l'l'lalNI to the Si7.l' of till' 
eddi('s; thl' largc'l" thl' din,llH'tt'l' of lin ('ddy, tht' gl'pntl'l' thp dislnncl' it 
may trn.n'l l)('fol'(' it disiJl Irgl':I,('s. Appal'l.'lI t1y, too, lhe si7.l' of lin 
eddy is dir('('lIy propol'lionn.l to the distn.lI('l' from th(' boundnl'Y sUl'fa(,e 
fit whi('h i L fo 1'1115, Thus, tll(' mixillg ]('lIg'lh is proportional to the 
hpi~dlt (32, JllJ. 2/j0-£fl5; 50; 00; 105; 10(J, 1J7J.1£3-135), This rl'ln­
tiollship is shown 1)y I Ill' l'xpn'ssion 

• 

l=7,,0=, (25) 

ill whi('\1 ko is:r. ('01lSlnlll. of proportiollality, knowll :lS Ihl' "lIl1in~l'sal 
tUl'bu\('llGe ('onstnnl," 01' \'011 Klll'lI1ul1'R constant. 

,At linH's of YPl'y light willds :111(\ strong I'lldi:l.tiollftl cuolillg ll('~{t, 
to thl' gl'oulld-Ihat jg, with high nlnlosplr<'l'i(' sl:Lbility·-thl' mixing 
1l'Ilf!"th nlHy l10t 1)(' propol'linn:d 10 Il(·ight. 1I0""l'\"('I', thl'I'('is n IIl)'l'l' 
"'ithin Hi fl'd or thl' gl'oUlld wit('I'!' til(' I'p!:llioJll=h:oz is \"('1'.'7" ciogp l'\"('JI 

un(\('1' ('oll(\ilioJls of ('Xlrc'lll!' stability (188, 1.11, 1.~3, 1.15, 1,10). 
Sllbstitlltill~ fOI'l ill (2.1) w(' hn,y(~ 

( 

.(m\ ~ 

F'::' p(k'O=)2 (rc)' (26) 

By ('omhining tll(' two l'qllnliOJI':'i 1'01' glll':ll'illg sln'ss, (11) 
nJl ('xpl'('ssioll fol' till' Austnllscil c(wflil'i('nl is oblailH'd. 

1 (/.)o(d/ii)L.=p ':0:::' d::: . 

:llld (2()), 

(:27) 

• 

Solving for (lUldz in (2G) \\r(' obt:tin: 

du 1 r;
d;=koz-Vp' (28) 

'I'll(' sh(,:ll'ill~ sln'ss, T, ('1111 h(' ('onRi(\l'J'NI as l'Ollsln,n( within 20 or 
30 f('d of lhe ground, fI('col'ding to PI'f1ndtl (Win, f),nd (lip YC'rtienl 
difl'('r('lH'(,S ill (\('llsity HI'(' so small wilhin Ihis distnn('(' thnt thl'Y ('an 
be lIegkd('(1. Thus, ('(fllU.lioll (:2H) (,Hn ('nsily he ill tl'gl'ntl'd. IlIll'­
grlltillg ht'l""('('11 til(' lillliis iT l l1nd :u~ for thp nlo('ily, nlld ZI unci Z2 for 
tlip Iwight, We' han' 

(29) 

• 
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• 	 Soh'illg (01" .Jrlp: 

(;)0) 

Comhinillg (2"1), (28), Hnd (30) we 11[\,\"r n simplifiNl expression for the 
Austn.lIselt ('odlki(,llt: 

(a 1 ) 

Equn.tioll (31) shows thnt ~l is Pl"o])ol'liolln.l to z, or in otller words, 
thl' AlISUWSl'i1 vnl"irs din'elly with Iwight, h('('l1.lIs(' in n.ny given situ­
ation ttl! the other U'fms n,I'l' cOllstnnt. 

TilE E(.ll'ATIOl';FOR E\-APOIL\'rJO~ 

• 	 ~\[oistun\ is trnnsfl'ITl'll up,,-nL'd Ihl'Ough lhe almosplH'l"L\ by the 
SiUll(' tlll'lJlrlPll t motion tltn t {'nust's n downward tl'llllsf('l' of mOllwn tum, 
and IlS' :III n!ltdy! ie:1! t I'PH [111('11 t similar 10 litH t pmploYl'd in til(' cll'n'l­
OPIlH'lIt of ('qll:llion (J]) it ('/111 1)(' showll lhat. 

." dqIf c .. - .\-----, 
J , • d;:; 

ill witie\t 1'; is eYapornlioll, dqfd;:; is the' grndit'lltofmoisllll'l' ('oll('('ntl'l1­

lioll, Hnd A is agai1l llt(' Allslnww\t co(,fIj('ic.'nt, 01', in this (,IIS(', tilt' 
eodlieil'Jlt of ('(leIy t'o1ldueli,-ily. Sin('!' it is rNlsoIlnhly f1SS11lll('(llhnt 
the AuMnus('lt for momt'nt;lIllt nne! JIl:),tt('1' :ll'l' til(' SHllH', till' ynllle of 
~1 in C:U) cnll Ill' SlIbR(itulrd ill (a~): 

• 	 ("")00 

nnd 

(34) 

Tlti:-; t'C[IIH.tioll ('nil (,:lsil,)' ht' in(('~I'nL('d Iwtw(,(,11 lwo difrt'rcnt lc\-cls in 
ilw 1\ {mo8pIH'!'P: 

(35) 

(36) 

• 
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In case the mCliSlll'ellH'nts of moistme nnd wind nrc not made at 
thc sa11le lcvels n, more g('J)(,l'Ill Conn of the eqlllltion is required: 

(37) 

wh('re ZQ2 and 2QI nrc it'v('Is where moisture lllenSlll'ements firc madc 
nnd ZU2 and ZUI :ne the levels cOI'l'csponding to the wind mCfisur('ments, 
TIl(' much gn'atrl' COl1Yrllienee of equation (36) indicn tcs that whcrcyer 
possible, thn llWnSUl'ell1el1 t of moistul'e nnd wind should be made at 
th(' snme len'Is. All vnh/('s an' in CGS units, 

The formula gh·ing ('\'npol'lllion in inclH's depth p('r hour is 

E=1.34 ko2P(QI-Q2)(U2-.:ll), 

(T+459.4)(IOgc~} 
(38) 

\\'11('1'(' 1"0 is the till iVt'l'snl tUI'i>ult'nce constan t, P the pressure in inches 
of mC'rcuJ'Y, !b nnd fb the spreific humidity in grams of moisture prr 
kilogr:l11l of air, U2 nnd 111 tit(' ml'1l11 willd vdocitirs in miles per hour 
nt heights Z2 nnd =1. nnd T the tCl11pel'lltul'c in dcgrecs Fn,hrenheit. 

Freqm'nl1y lhn \\'aler "';\,P01' ('oJl('('ntrn,lion at the two lcyels is most 
conYl'ni('nlly ('xpJ'C'sst'd as \'npor pn'PosuJ'(', e, OJ' ns absolute humidity, 
Pu:' '1'I1('s('. "nlues :11'(' J'l'lnll'd to Popl'l'ifi(' humidity, q, ns follows: 

eq=0.6221', (39) 

when' P is loud PI'PSS1U'(, of the ail', 01' 

PrD'1=--' (40)
Pa 

wlt('[·c Pa is dC'lIsity of the nil'. 
Thus, ('qwl.lion (:)R) ma~' 1.)(' written ns 

E.,8~a kn2(el-('2)(1l2-71~1), 

(T-I-459.4)(logr:
2y (41) 

""'1 I 

",hpJ'(' ('I lind ('2 nre ill millinwtel's of mel'cul'Y nt ZI nlld 2~. Sincc t.he 
dellsity difl'('l'('J1C(,R in tllP nil' within a few ('('Pt of t11(' ground enn he 
lleglC'ctrd, 

I ? .- O,OG:3 l':o2(Prrl- PIP2)(11?-111) 

,._- (IOgr~Y , (42) 

whero E is U)(' total t'YapoJ'ntioH in the tin\(' int('I'Yal, Pwi n,nd Pw2 nrc 
the n,\'(·rnge Ilhsolut(' humiditit'S nL ZI Ilnll 22, t'xpr('ssecl in grams of 
moisture pel' ('ubi(; mete!' of nil', nlld 111 nnd '112 IlI'P totnl milps of wind 

• 

• 


• 


in thc t.ime iJlL(,JTnI. 

• 
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• 

• 


• 


• 
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Foul' tC'l'll1S nppC'111' in lh(' ('vn.pol'ulion C'qwttion; the univel'sul 
turbulcllec COllstunt, k,,; the rn.tio of the heights of Lhe two pOiJlts of 
obs(,I'vaLion, Z~/Zl; the moisll\l'e grndi('lll, gl-lj2; nnd the wind gmdil'll t, 
~12-11I' The n,CeUl'iWY with whi('h ('vn.porMion is del('l'Illilled deppllds 
011 the' u('curn.cy of 1l1nnSUl'P1I1pnt of each of thC'se tprll1S, ThC' problrms 
of I1lNISUl'C'menl will be dis{'ussNI in til(' followiJlg s(,(,.tioJls, 

THE DI~TEHMI~ATI0:\' OF THE QUA~TITY =2/:;1 

From C'qunlions (2fl) n.nd (:35) it ('ould 1)(' pl'C'dieteu that the vel'tit'HI 
distribution of both wind "doeily n.nd moisture conccntl'lltioll would 
follow n. lognl'ilhmic lnw within lIH' Pl1l't of thc llll'bulent Inyer where 
shC'u,ring strcss, T, und dpnsity, P, lIlny 1)(' considpl'C'd constant; lI,nd 
lIe-tuIIl obsel'Y!,:,tions hlwe 1'C'1)('11 Il,dly deJllOlh,( rn\;C'd this to be true, 
Of ('omse the 10gn,riUunic In,\\, n.ppli(·s only abo,'c the I('\'r1 wherc 
net i\To turbulcnt transfel' b('gins, 

0,,(,1' IL smooth surfilec U1C'I'e is n Inmilmr laYI'I', only a fpw milli­
mC'tPl'S thick, belu'n.Lh \ilH' llll'bulent JnyC'r, ill which tmbulC'llce doC's 
not opl'rllt.C' but ll10ml'nlllJII is trnnSfl'lT(,(1. by intel'Jl1olC'culn.1' friction 
!lnd moisilll'(' by JIlOlc('lr1ltl' diffusion, If thc logal'ithmic law iH'id 
dO\\'ll to the' (op of til(' In,ll1innr Inypl', wind v(,Iocili('s would l'C'uch 
7.('1'0 at itsmnll dis(nn('p nboyc the' physienl bOlUlding sllrfll(,0, So, within 
the 1mbul(·nllnc,VI'I', Actually, thol'C' 1I1'C' smitH finitc vdocitiC's in tho 
InmiJlilr J!tyC'r nnd in the Lurbllh·nt subln.yer inullC'dinLely nbovC' it, 
Tn the turblllt'n t suhln.Y0l' Lhe Sil('llring sll'C'ss is no longer eonstant 
hut dilllinishes I'n,pilily ns t.he laminar lny!'r is n.ppron,('itC'd, Con­
sequently the Iogaritiunie lnw doC's not apply in lhl' lo\\-esl plLrt of 
thr turbulenL Il\.y('I' itself. 

A 1I10st important. influc'Il(,(, on the op('I'alion of lIw 10gnrillul1ic law 
is thp prl'!:Wnc(' of:1. ('0\-('1' of ypg'dntion oY('r the gl'ound sudncC', In a 
Jit'ld of gl'llin mu('h of the mom('ntllll1 of thl' 100n'L' lpn-Is of thl' nlmos­
phl'l'(' is (rnnsfN,[,l'd downwnnl to Ihp gwund along til(' plnnt stC'ms 
nnd \'PI'Y littll' by fUl'bllll'IH'(', Thus within thC' ]llnnt mnss th(' slll'ar­
ing stn'ss, T, is gr0nUy J'C'<iu(,pd, and the lognrithmie 11l\\' conspqlH'ntiy 
dO('::; not apply, 

l;('ftlLu (81), p, 78) hns 1'l'n.<'hC'd lhe eonelusion that moiP('uln.r eOIl­
dudion Ilnd diff'usion 1I1'C' the j)l'ineipnl J11PIWS of II'f1nsfN' in the 
ntmospitC'['P within 01' hel!)w 11. thick plnn! (,IIJlOPY nnd cit('s I1S C'Yi­
<I I'n ('(' thl' work of Ot'igl'r (SO) on hpnt lrnnsf('r, It is probnble that 
only in tlll' d('nsest ngdlltion is tllrbulNlt transf(·!' enlil'ely snppr('ssecl, 
A thick IIlYl'l' of sphnglllull mORS would pro\ride suell IL (,over, ~fnss 

trnnsf('I' of m01l1C'lItllIll nnd moiRtul'(~ tnkcs plnce within the plant 
muss in II. gl'llin fi(·ld 01' in n woodlnn<l 01' forC'st hllt nt IL grclltl,Y reduced 
rnle', whieh is rllu('h less thnn tlw( in tht' nil' :tbon' thC' tops of the 
plnnts, 

Sin('(' Iho lognrifhmic lnw IIpplies only nl>o\-(' tlw lrvel where I1ctive 

http:belu'n.Lh
http:u('curn.cy
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turbuleuce begins, this l()n~1 rnthC'I' thnu the ground level js the base 
of referellce fOl" the wind-vcloeily profile and may be designated the • 
source sur-fnee for turbulent tmnsfer, Through thl! sen.son, ns plants 
grow to maturity, the source surCace gmdually moves awny from the 
gr-ound and the 11lyer' ill whit-h the logarithmic Inw dors HoL opemLc 
becomes thick('I". As wlWII,t 01" com ((e\'Plops, the sOlll'(:r surfnce 
rises, Ilnd iti; IWl'rnge position j"('mnins lll'nr tlw tOPi; of tht' plants, 
'YIIPIl tIl(' CI"OP is hnIT('st<'d (hp SOUI'Ct' surfa('p drops Lo n position 
closp to the ground 11('111.' tlH' top of the· stnbblt', In n, fOJ'('sted lu'pa 
thl' 10gn.rillnni(· 1nw of wind distl'ibution would be I'xpect:NI to npply 
oltl~.. nbo\'(' the tops of the t I'P<'S, nnd thl' SOlll'C(, sud'nce is at slleh It 

h('iglrL that ollly lhe (alks!: tl'\'I'S ('x\l'nd Ithow it, Thus, 11l IL mature 
fon'st til(' SOUl'C(' Slll'f/H'(' mighl <'!lsily 1)('100 f(lpt aboyC' the ground, 
with most of till' 1Il0JlH'llt um of th(1 nt.lllosph('I'l' r('uching the' ground 
nlong til(' tn'u tl'llnks, Wind mO\'I'l1lJ1lll within til(' JOI'l's!: d<'lllon­
Stl'lltc's the failure of {he logn.rillunir' Jnw, 

The hId\: of ('Oill('idell('p of 1IH' S(lure(' slIrfil('(' Wilh tilt, ground Sllr­ •fllel' is nppUI'l'nt in winL!'I' art('1' II fnlL of sno,,", As snow lleeuIllulnil's 
on thl' grollnd thl' 1(,\,(,1 of tilt' SOIll'(,(, slIl'fu('(', ill this e:1S(' [liso the 
('\-npol'nting' slll'fue(', I'isl's, As III(' SIIOW m('\(s nWIlY, th<' ::;ollree 
sllrfnc(' gl'ndually l'l'tlll'n" to tilp gl'OlInd 1('\'(,1. 

It is nC'('('ssnl'r to dislillguish h('tw(,l'n lhe gl'ollnd slIl'fnc'c' nne! til(' 
SOU ITt· sUl'fael' IWC':llHW the HlC'nSlln'nwnls of wind n'lo('ity and mois­
tmp ('oll('('ntrillion n1'(' madl' n.t fixl'd hpigh Is uho\'(~ the grollnd Slll'­

fa('p, "\viH'rPHS the iognl'itillni(' I:l\\' nppiit's with ilil' Som'c(' sl1rface as 11 

basl' of 1'('1'(11'('11('(', TilliS, ItS th(1 ,,0111'(,(' surf:H'" risl's willI (hp H('(,U.lIlll­

lnlion of snow on thp gl'ollnd 01' thl' gl'owlh oj' Y(lgl'tn,lioll thpl'l' is:l 
rl'd lid ion in Ihe ('ffed i \'l' height at. which lIll' ObSl'ITn.( ions of wind 
n'lo('ity nlld. mois( lIl'e ('on('('nt ral iOll lll'r- mn.<ic', TillIS, 

==h-ho, 

in which Ii is lhl' iH'ight n.llo\'(' (ht' ground ()[ thl' inslnUlll'llts lIs("din •
the obsl'l'nlliol(s nnt! ;; is lI11'il' II('ighl, abo\'(' lhp SOUI'C(' SUI'f:lc(', 

Tile {PI'ms :::~ find =1 in lhe ('\'nl)()I'illioll pf[lInlion, tLll'l'efOL'l', do not 
1't'pt'{'S('llt h(,ighls nl,o\'(' th(, ground hu( rilt!!('I' IwightR noo\'(1 lhe 
SOUI'('{, stlrf:l('p for adin' I Ul'blll(,llt {I'Hllsl'('J', Sinc(' lh('~~ 11111)' din'or 
gl'(':llI,v froHt tht.' llwnsuJ'(ld ht'igllts nhon' th\' gl'ound, "2 and hl' it is 
1l(,('pssnl',Y to dt't'('I'mine lilt' h('ighL of til(> SOlll'l'P Rurl'upe lto' 

Tht:' wind wloeit,Y profilt' 0\'('1' (III'N' tYJ)('s of SIII'I'I1('(IS is shown in 
figul'(' 7, Th(, slll'fn('(' in figtll'(' 7, ..'l is smooth, und the source sUl'fncc 
nnd til(' nnllll'ni sUl'l'n('(' l'oin('idl', U(,llc(', =:1, =2, and Zl ill'l' the same 
ns h3• 112, nlld hi, As thp log-nl'iUunie distrihutioll is l'xtl'l1poiated 
downwHl'd wind velociLy would bl'('OJIlt' /';C'I'O nt height 2 0 , Actuuliy 
thl' iognl'il.hmie law fllils It. shol't dislllll('(1 nhoYl' =., nnd s1111lllfinitc 
Y('ioeitips Ill'(' to Iw found down t hl'Ollgh lhp Inminnl' ill-yct' (ineluded 

• 
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in zo) to the actual physical surfnee. The surfacc in figure 7, B is 
('oveL'ed with dense vpgetation. H('rc the somcc surfnce is a distnncl', 
11. 0, i\.bove the ground surface nnd =3, 22, and ZI are less than ha, h2' nnd 
hi by thnt dislnncC'. By ('xlm,po!n,Uon of the logfil'ithmlc distribu­
tion downward Zo is SC\'11 (0 bp n short distance nhove 71,0' Actual!y 
wind \rdocity dops not disnpP('lu' nt Zo but continups down t1l1'ough 
the \'pgl'tntion Lo the ground. Tn fi~ul'(' 7, (1 (h{' surfn,c(\ is I'(,PI'C­
scnl('(l. ns lwing eO\'('I"('<I with n, mnn!l{' of snow. 1'11(' situntion JJ(·re 
is similar to thaI. of lhe smoolh RUlofacC' (figure 7, A) exc('pt lhnJ the 
hpights Za, =2, and ZI nrc It'RS thnn !t~, !t~, nlld hi b)T nn nmollnt, ho, 
{'qual to tlH' thi('knpss of lh(, sno\\' manU('. 

A / B c 

• IJ, 

iT' . 

VtI ' r 

z'o ~. . fl. 

'7:~~,,:,n;t':~~X%{~k7 ~N;~Y!~~~~~~~~~ 

FlGl'l!g 7.- l'ehl'lIlali~', n'prt\~('lIla(iOIl of lhc wind yclocity profile near the 
ground: (A) (h'er a 511lo()(h 5\1 I"fnec; !.iJ) 0\'('1' a \'('gelaliun-co\'(~rcd surfacl'i 
(C) OYl'I' II 1'1l0W-f'O\'l'l"p(\ slirfucc, 

• 
SOll1(·!.iml·S til(' SOUI'('\, RIII'I':1('(', ho, ('nil 1)(· lll('flSlll'(I(1 din'elly, and 

SOJlwt.iJ1)(·s, liS 0\'('1' II W:lll'l' RUI'I':1('(' 01' 0\"('1' n bnl'l' smooth n('ld, it is 
so SJIl:11l that il ('nn h" i~llol'l'll. H C:11l I'PIHlily hI' dl'lpI'minN1 [I'om 
mNISIII'('J]WlIls of wind \'plo('it.\, :It tllI'('(' le\'('ls within til(' 7.011(' wh(,l'e 
tilt' loglll'ilhmic law holds. ]I' th(, Irpiglrls 01' tilt' poillts nt which wind 
ypiocit if'S 1/3, 112) Ilnd III 111'(' obs('I'Vl'<\ ill'C' h:l' 1t 2, Illld hi, U\('Il, ns in 
fi~ul'(' 7, B, 

ha-lio=za) 

li 2-h"=;:h (43) 

1I 1-li o=;:I' 


B('cil.Us(' of it.s log:lritillnie \'l'l'fienL distl'ihutiOIl, \\'ind vdoeity cr.n 
h{' l'l'lat('(1 to hl'ight by tlw l'qunlioll 

(44) 

in whieh 'wind nloeity b('comcs 7.('1'0 at some finite distanc(', Zo, nhon~ 
till' p\rnpol'nling Stllofll\'C', This may 1)(' l'('Wl'ilt('ll in (he fOl'1ll 

• loge (h-h")=log,,zo+ulog.b. (45) 

http:B('cil.Us
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Substituting thc values for three given poiuts (UI' hI), (U2' h2), and 
(11'3,71.3), we Ilfl.ve: 

log e (lIa-hQ) =log eZo+U3 log. b, 	 (46) 

loge(h2-ho)=10gezo+u210gcb, 	 (47) 

10g<(hI-ho)=logezo+ullog.b. 	 (48) 

Subtnwlil1g: 

logc(lt3-lto)-[og.(ht-ho)=(1l3-UI) log.b, (49) 

log e(h2-ho)- log c (l1'I-ho) = ('U2-1ll) log .b. (50) 

\!"rom (49) l\I1d (50) we obtn.ilt: 

ha-ha[00' -- ­
·1l;\-·1l1 _. b·hI-h. (51) 
1/2-'/l'I--I h•. ...:...h;

00' c--_·­
b hl-ho 

It is not ('n"-,, to soln' this ('qllntioll for hOI but the uetennination of • 
till' nllllc'S of (113-111)/(1/2-1ll) whieh COITl'spond to givcn values of ho 
el\D be mndl' wil hout diHil'ulty. In tn ble 2 the YlL\ues of ho cOlTcspond­
ing to gh'l'll valups 01' ("IIa-111)/(1l2-111) nrc givcn 1'01' an installatioIl 
wll(,t·(, wind yplocity 111(>!tstJrCJIlPl I ts al'l~ made 4, 8, find 16 feet fibove 
til(' ground. 

TABLE '2.-1'a/lICS of h. for corrcsprJ1l(tiny va/urs of (lIa-1I1)!(U2-111) where h3=16 
feel, h2=8 fal, !lnd hi =4 feet . 

-"~""'''''--.-''-''~'-- :--'-"-~I--"---~;-"---'-""-i-"""ii--'----r~-

1/;-11, . 11,-1/, I I ii'13-I1' h !'~ 1/,-11, I h 
h oiL;=Ut :; 1~ 10.: ll'!-Ul 

'1' u; li2=«t t " 
-_.._-.- .~. ,-;:-1-----':---;;;;:1

1 
Feet 

1.21 . . 3.0,5 1A1. 3.01l1 I: 1.01 ........ 2.S2S! 1.8L __ ..._...... 1.726 

1.22..... 3.0ao I 1.·12... 3.0:14 .j 1.02 ........... 2.880 It 1.82.___ •______ • 1.052 

1.23. 3.0tl21. 1.·1:1... :1.(1)61 t.lN._.......... 2.831 /l.8:L •.• ____ ._. 1.577 

1.2·1.... .. 3.0M.! I.H ..... :1.5ii 11.01.......... 2.781 1.8·1.-••••• _... 1.500 

.t.25" .... ~ .. _ ;LtH5"!; IA5 ..... a..5·17 1 1.65 __ .... _~ ... ~~_ 2~721J l.S5.~ .. _~_ .. _~~.... 1.421 

1.~G.... . a.\):\" , UIi.. a.slIl !: I.UG ............ 2.6,(\ 1.Sti.. •• _•• _.... 1.340 

1.27.... ... 3. \12·1 " IAL....... :t,.t8·1 lll.(ji ............ 2.622 \1.8i ••••.._.... 1.258 
 •1.28...... :U1I2 1..18..... :1.4.;1 I I.tlg ........... 2.567 1.88.......... _.. .1.174 

1.2U .... a.SHU Ull... ....... :l.·lli jl.lm............ 2.510 I1.S0............ 1.088 

l.:l0 . 3. ;,,5 U>(l ... ".. ..... 'l 3S') • I iO ., ·15') I \10 1.000 
1.31 " ....... , :!.~iO I 1.51 ........_. II:il:::"::::::: 2:ail~ l:Ul:::::::::::: .910
3::1:16 
1.32" 3.8ftl 1; 1.52 ~~"'" :tallu 1.72... ~"' .. _~_ 2.!l:l2 l.U2,~ ... _____ .... _ .818 
1.:13. a.8:17 , 1.0:1 _ 3~2;1 I 1.7a ._~~~~~... 2.27U 1.93., ..... ~_. __ .. __ .723 
UI . a.RIO: l.f,1 ;J, 2:J~ ill.~·:' ...._.......; 2. 207 l.Q~ •• , ......... , .020 
.1.:15 3.'Oll; 1.55. .1.19_ ,1. 1...1.......... I 2.14:1 1.0.1,......... .527 
l.30 :t.il'O· 1.50 a.151 It 2.07, 1.96.. _... ___ .....1 .420l,i(L........

1.3i. 1 :to i,ill ' 1.57 :1.1001 1.i7 .,. . 2.010 1.0L.___• ___"\ .32:3.'j
l.3S 3.7:10 1.5S :J.IJGG il 1.7S.. ...... 1.9·11 I.tls.. ...... _... ! .218 
1.39 :to il2 ll •.~?. :1.021 1 1.711. ... ".... 1.8il 1.\)9........ ,,,.. .110 

1.·10 	 a.liS7 vv 2.975 I 1.~O ........ '. 1. i99 2.00........_.! .000 

....._,•. ___.,.__1 __• ~ ..._ 

'fhp lll'igh Ii of lhl' SOUl'('P SlI rfnce abovc Uw nn.LU:-ill surfacc will 
dl'I)('IHl 011 s1II'fllce rOllglu1l'ss, whieh rt'sults hom irrcgularities ill thc 
Slll'fnce itself and in til(' difltl'iblltioll of ycgetntion and othcl' objects 
upnn it. Over n. smoot.h icc SlIl'fnel\ the sOlll'ee slIrfacc will be near 
thc physie:ll sUl'fncc. Whcre t1Wl't1 n.re SUl'Jl'lC(\ irrcguhtritics the two 

• 
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surfaces will not coincide, but the effective source surface will be 
above the natural surface. The height of the source surface also 
depends upon the shength of the wind and rises with increase in wind 
velocity. 

Another important influence on the height of the source surface, 
ho, is the vertical temperature structure of the atmosphere. When 
the lower Ienls of the atmosphere become increasingly stable, as 
when the air adjacent to the ground is cooled more rapidly than that 
above, there is fln increasing tendency for the various layers to remain 
in their original position. Thus, the intensity of turbulent mixing, 
meflsured by the Austausch coefficient, is rcduced and there is a 
smflllet· downward transfet· of momentum. Thet·o is, tberefore, less 
tcndency for the equalization of wind velocity in tbe source levels, 
nnd the wind velocity grndient tends 110 increase. As a result, the 
position of the source surface is rn,ised n,nd the layer within which the 
logarithmic law does not opcmte becomes thicker (fig. 6). This change 
hus nothing to do with the chamcter of the roughness of tho surface 
bu t is related solely to the stability of the atmosphere.6 

Extrapolation of the logarithmic distribution of wind velocity down­
wurd to the source wrface yields a mean velocity of zero at a small 
distance i),bove it. This distance is the height, zoo It hns been known 
tB the roughness coefficient and hns been considetwl to be a physical 
constant for ench type of surface; it is quite small, averaging only about 
0.4 centimeters (.97, 120, 141, 14-3, 145, 14.6). In the In,yee between 
tbe sOllTC'e surfacc and the height Zo, tmbulcncc would still exist and 
the!'p wouh1 be a small mixing ll'ngth ill which the eelation 

l=koz, 

would apply just ns in the higher lewIs. 
Actually thrrl' is 110 physical justification for extrapolating the 

logdrithmic distribution of ,vinci velocity dowmmrd to the source 
surface, since wi thin the trn,usitionnllayee ncar the som·ce sudace the 
shraring stress, " is reduced and the logarithmic law doe~ not apply. 
\Yincl yploeity mrasltrements near the smface are regularly higher 
thUll. would be e::-'''Pected on tho basis of a logarithmic distribution. 
Probably neither 1.0 nor Zo has any physical reality, but they are 
both 1ts('ful stati"tical concepts. Even though the logn,rithmic law 
does not apply 'within the laycr itsdf, thl' height ho supplies a base oi 
refercnce for deb.'rmining the riLtio ZdZI for the leyels where it does 
apply. 

The height 20 cHnnot be measured directly, but since it is the level 
at which wind veloeity becomes zct'O by downward extmpolation it 
C'iln be determined from measurement of wind velocities at two levels, 

• Th~ InUu~nce of stnblllty was disC'l!ssed in n serirs or pupers by Pueschke (JOO), Sutton (138), nnd Sver· 
drup (141, Tid, I~,j, /.161, 
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h2 and hi, provided the value of ho is known. From equation (44) 
we obtain: 

h2-ho=z.&U', (52) 
hl-ho=zoblll. (53) 

Hence: 
(hi - h.) U'= Zo"'b" I+U" (54) 
(h2-ho)II=ZO"lb",+UI. (.55) 

Diyiding: 
(h l -ho)lI, Z 1/.2-U,1 (56)(hrJ-ho) III 0 , 

z =_r (/1'I-ho)Il']I" 1Ill. (57) 
o L(h2-ho)'" 

Tnble 3 gives the aYCI.·ngc hourly vnlues of the tCl'1ll 20 for 7 months 
at the evaporation station at Arlington, Va. There is a dcfinite di­
urnul yurin,tion in eycry mont/h, with Zo reaching its maximum height 
in the hours nenT midnight and its minimum about noon, in direct 
relation to the diul'nn1ll1arch of stability of the lower layers of the • 
atmosphere and in illVersc l'elntion to the diul'llal march of wind 
yelocity.7 The gmduu.l lnCl'enSe from Jallunry to :May mny be due 
to increascd rouglllll'ss of the surfnce associated with the growth of 
the vcgetation, and the decrcases in June nnd July may have resulted 
from rcpeatedmowing of the field. 

TABU] 3.-Dlllrnal tlUriation of Zo by 1I10nths at Arlin(/ton, Va., 19S.9 

AVl'rngn Zo for hour ending nt­

1 10Month I 1 2 :1 ·1 5 6 I 7 I 8 0 . 111' 12 
___. ______ ~~~~~~ a.lll. ~ n.m. ~~,~ 

ICm. CIII. Co;:. Cm. Cm. Cm. Om. Om. 0111. Om. Om. j Om. 
January••.•• _.. _ ....... 0.220 0.155 0.205 0.210 0.230 jo.435 0.270 0.329 0.099 0.049 0.018.0.017 
Mnrch .. _... _._ ..... -..... 2401 .306 .4[>7 .402 .390 .488 .421 .125 .067 .073 .040 .027 
April ..... _._ •...• _ .•.•• I. H3 1. 671i 1. Hfi .853 1.210 1. 774 1. 082 .084 .860 .208 .274 .350 
Mlly..... __ •___.......... 1.570 2.134 l.uOO .(;0·1 .567 .5a3 .7ti2 .610 .a06 .226 .244 .414 
Junc......._..... _.•.• _.•• I.SJ4 1.78:1 1.5:lO 1.896 1.372 1.420 .014 .853 .329 .183 .2:18 .134 
Jul)·...................... 1.0,IS 1.100 .975 .9]4 1.052! .9t-1 .820 .497 .5551,984 .902 .616 
Augusl;........... __ ••••• 1.219 .457 .014 .524 .[>IH .110 .110 .116 .024 .111l ,067 .073 • 
"\\'~rngo '''''' ...___=. 1.037fOilGILoi8r~I-:7OiJ ~1-:G28r-:50:l1~1~7iT~255~ 

A ycrage z. for hour ending nt- I 

Month 1 2 I 3 4 5 I 6 7 8 I 9 / I 11 i 12 I' "'n~c:-10 

______I_P_._Il_,. p. \11'1 p. III. p.lII. p. III. p. III. p. III. p. III. p. Ill •. p.m.l p.l1I. : p.l1I. 

Om. Om: IOm. C1!" O%'~ C~;'~ c:,~,. 0~1·1 0':1'1/om., 0,:,. iOm. --;;;;­
Jnnu?ry...._...__ O. 007 O. O~hO. 0101 ,0.O,lq 0. 1.1 0, 1.1 '0. :lbO 0'1~U 1°.305 0. ~~? ,0. ~o~ 10' 4~1 O. ,1~4
l\fllrch. ___........ O,HI .0.7 .001 .0·lh .110 .213 ••150 ..lUG .518 .al.J .049 .510 .2,3 
.ApriL._____....... :15,1 .56·1 .:100 .·1-15 .326 .8U6 1.402 2.07:1 2.19·1 1.5:16 1.52-1 1.329 1.038 
MII)' ... _____•• ___ .290 .HO .3a5 .8UU .780 1.311 3.0,18 :1.7.\9 3.00~ ['1.389 13.(j58 '2.13-1 1.431 
JUllO.____......... IS:! •a5U • ·102 .:150 .57:1 .594 . HI 1. 021 .8,/1 I .930 11. 494 1. 768 .001l 
Jul~·.....-.--- __... U70 ,1i\1I .628 .8:18 .1108 .Il:!:! 1.2U5 1.8!10 2.012 '1.1j;18 11.082 .994 .907 
AugusL..... __.••. 071i .067 .1(1-1 .00·1 .177 .:1:15 .070 .:157 .488 .36(j .-172 .579 .33P1 1 
A "crago.__ ...._.. --:2:i4 -:208 -:285 -::i8l-:42iJI-:ti2(i l.J.2O l.4i2 Ms7'jl.'397!l."m 1.il8r--~ 

7 Observations mude nL Beltsville tluring 10011 hnve shown thut z. is 0.-1 om. ollly when the wind approxi· 
mates 3H miles pcr hOllr at tho -I-foot level. "'ith wind \'clooitics of I mile pcr hour z. is greater thnll 0.60 
em.. but lit 0 m. p, h. it Is only 0.06 om., • 
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Tbe influence of stnbility on ho is not significllJlt in determining 
evaporation, nnd hl inslallations where there is 110 otiter rCllson for 
the evnporation surface to be otLcr than the Jlntuml surface no nppre­
ci.able error will result from consiti0riJlg Z2 and ZI to be cquat to h2 
fmel hi. 'Htere this can be clone with snfety, Lhe quantity Z~/Zl 
becomes n. COJIStUllt which can be combined with the oill('l' eOJlsUlJIt 
in tho 0\·n1)orn Lion equn.tion, and wind velocity IllcnSlIrCJlleJl Is nt oldy 
two len~ls will be requircd. For evaporation installations lwer most 
land surfaccs, lio must bc takell iJlto eOllsideration 1I1ld ('ilher obtnillcd 
by direet Jll('IlSUl'ell1l'lIt 01' ('oll1puU'd from 1IlC'IlSUrclIlclI'ts of willd 
yelocity. 

'.I'll EC~IYKRSAL TUHBL'LE,\CE CO:\STA~T 

The ('onstnnt of pI'opodiollHlit.Y, ko, j'(,!att's oIt' mixing length, l, 
to height, z, fInd.hns lH'colll(! known ns tht' unin'J'slil tUl'buh'nce COIl­
stnnt. The YHlue of ko hilS lll'('n 'ddt'rlllinNI mainly from JlleHSUl'e­
ll11'llLs of Y(,loeity distributions of Wl\tt'l' in Sll100UI illl<.l rough pipes 
and 1'1'0111 wind tllllllel mensul't'lI1c'nts find JIllS ':nriously been foulld to 
be Q.au, 0.38 (123,1)· (j), nnd 0.40 (00, ]1.11). A l'ect'nL study of Jlow 
of wntcr in OP('U e,hnnnds hns illtlienU'd thnt ko mny hnyc Y:llues bc­
t"'et'n 0.22 nnd O.'1a, dq)(lntiing on the g('omdl',Y of the chn.lH1C'1 (148, 
1)· 6.~.s), bu t tllPI'C npIH'tlrs to bt' considl'nl bit, un('('l'la illty nbOll t the 
eOlT('ct ddl'nninl1.tiOll of the shC'Hl'ing stl'(,S8. 

Thc' dt'tl'l'minntion of 111.:0 t1lll.t is nppropriall' for eOlHlilions in wind 
tUIll1l'ls nnd pip('s is stl'n.ightfOI'WHl'd h('enust' indl'I't'ndpnt n1l'asure­
l1l('uts of the sht':lt'ing slress nlily l>e1l1n(\(' in ll'rms of llll' pl'essurt' 
distribution ns wPll :1s Ole n'[o('itX distribution. Xo suC'h slmight­
fOlw:\l'd pro('('dll1'(~ ('nn Ill' used in t.iIt' 1'1'('(1 nil'. C'onsl'qtH'ntly, thl' 
YUlllC of 1.:0 JInS n('\'('1' bC't'1l dt'tl'l'lIlincd 1'01' UIl' ntll1osphcl1'(l. In the 
('0 I1lp U tlLtion of' tJle t'ynpom Iion dll tn ",hidl fIrc ])I'(,SNI ted in n. In tel' 
sedion (pp. 47-62), tiIt' vnluc 0.38, fol\o"'ing Hossby's usnge (U24, p. 6), 
has b('c'lI cmployed, 1\[olitgon1L'l'Y (97') suggests thnt a ynlllC some­
whnt highl'r thnn 0.38 IlIHy be mol'(' n.ppI'opl'iat(' for UIC ntmosplierc. 

lDl'tei (31) JI:1S d('\'('lopc(\ a fo1'111 llirt by menl1S of ,,'hich thc Austnuseh 
eodlirienl Inny be df'tC'1'll1illl't\ frolll observations of short time f1uc­
tuntions of flny physiel11 Pl'OI)(,l'ty of tJlC ntmosphC're, such ns momell­
tum, tempC'l'u lU1'e, speeific Jllllnidity, or dust. Leitnu (84) nnd 
:'liiller (98) hl1YC mnd(' lise of El'td's Auslnuseh formuliL for wind nnd 
telllpCI'nturC', 1'C'RPP('tiydy, nnd lfritzsellc nncl Sblllg(\ (36) hnYG 
npplit'c\ it to n study of the vertiCil} tempernlure distribution over n. 
Ilwtl'opolitnn 111'Cl1. Schmidt hns nlso usC'd Edel's formuln, for deter­
mining tlip Auslil us('h from \'ery detniled wind ObSCl'VH tions. In 
ndditiol1, Schmidt exU'nt!('d his AIlStllusch mcnstu'pnH'nlS to the 
yn.por trnnsport problem nnd clnims to 1In.ve mensure(\ the evapora­
tion from an open grnsslnnd (130,1)]).365-367). 
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Ertel's Austnusch equation do('s not contain tlte proponionniity • 
factor, ko• Thus, if it is equilted to the Cxpl"(·ssion fOl: the, Austuusch, 
given in equation (31), it is possiblc to det{'rmine the vnlue of ko from 
mensuremcnts of the short-time fluctuntions of wind velocity. 

Ertel's formuln for determining the ,Austnllsch for momentum is 

Jdll)
pcrll'u\dt

4=-----, (58) . (~y 

where p is (he density of lhe nil', 11. is the Ilctual wind yelociLY nt 
len'l z. du!dt is the chn.n~e ofwindvclocity with time, d7!i/dzis thcclumgc 
of llYernge willd Yl'loci ly wi th height, ern is the slnndn,rcl c\C'\-in.tion of 
11, tmd er(duldt) is the sUllldnrd de\-inlion of d1ljcit. 

Combining the two Nillations for A, c:n) nnd (58), we get the 
follo\\-ing C'xprC'ssion for k}: 

d1/')1 zo •'. rfll,.(f( elt og cz~ 
(.59)"'0-=--'-' . 

du,)or:;; - )::( (r::: -\112- 7I [ 

but from (28) nnd (30): 

(60) 

Substituting in ('<lnn,lion (59): 

• erll.a(0¥)z(IOg r~)3 
(61)I.: Q-= ("112-1/1)3 . 

TIn> It'rm~ all nnt! aelll/tlt ('nn I)!' dd('rmilwd with the \,tid o( the f01- • 
lowing fOl'll1ullls, wlH'J'(' t h(' c'lt'Ill('n t 11 is obs(II'\'('(1 n(equnl short time 
inl.l'ITtlls find lIftS:l sl'l'i('~ of vftlu('s 11{(i=1, 2, 3 ... /I'): 

(62) 

(63) 

If lh(' lilll(' inl<.'n'nl h('LwC'(,1I slIctPssin' obs('l'yn,tions of u is tltl then 

erllu/rll mlly 1)(' ('Illt'ulnied with till' aid of til(' formula: 


(64) 

• 
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THE ~lEASUJU~.M.ENT OF ATMOSPHERIC MQISTJJUF 

In the (','npol'l1 tion equation tIl(' moistul'(, term appears as a differ­
ence bet\\'ecll tlw humidity al two levpls in thp fltmosphf'l'e, fl difTprence 
which is usually '"('IT smnll. Pl'opoltionn.tt.J,y smnll (,1'I'OI'S in OhSPITIl­
tion cnn I'Pslllt in Inrg(' IWI'cpn tuge ('I'1'OI'S in the d ilr('l'(~n('e flnd conse­
quently in the filial computlltion of the t'Ynpol'l1tion. Thus nccurntc 
/11 ('ilSllI'('lllC'lI ts of ntmosphel'ie moistUl'e nrc indispensahle to the SUCC('SS­
ful appli('11 tion of tIlt' JIldhod. 

Although for llllllly YPiU'S thpl'(, han' been n lHunbc'I' of wnys wltl'l'eby 
thl' amount of wntrl' YlLpOl' ill til(' atmoSpll('I'l' ('ould bt' mensured, nonc 
of UIPlll is i<it'nlly lulnptNI to Uw problem of mensul'ing the trfll1sfpr 
of moislul'(' b('lwN'!l the ground surfa('c IllH] thl' utmosplwl'P. TIl(' 
four I1H'lhods of (jpterminillg ll.tlllosp\H'l'ip moioi.lll'(, in most (,OllUllon 
USl' II n' (1) the' e1wmicnl-n.hsol'pt ion mdhod; (2) til(' tplll]Wl'ntUl'e of 
('ondpnsfltion, 01' dl'w-poill t JIldhod; (:3) thp psychl'onwt l'ic 1I1l'thod; 
nnd (4) the hygl'oscopiC' ('xpnllsioll llH'tlioci. Allnl'l' w('11 kllown flnd 
1lC'(,([ 1)(' dpsel'ibNI ollly hl'ipfly (;2, llJl. 135-160; 34; 56, 1)]1. 12~16; 101, 

In thp C'\H'mi(,1l1 mdhod Il mensul'ed yoltunr of nil' is 1>:15s('(1 thl'Ough 
(u bps ('on tnining a, (ic'si('en t ing IIln (prinl, such liS phosphol'us pC'n (oxidl', 
and tlH' wn tPL' nbsorlwd fmlll thl' ail' is IllPllsUI'l'd, llsunlly HS :1 gain in 
wpight of the' nppnrntus dUl'ing n. dl'signn.tNl ppriod of tillH', l'ndpr 
fil,"ornhl(' C'onditions lhe :1"('I'ng(' llhsolut(' humidity us nn intc-gl'nted 
\"ldlll' for (ht' pt'riod of n day ('nn 1)(' dpL('nuilwd to within 0.1 pN('cnt 
of its trul' ynltH', WitP!'(' n sn.rnplf' of n.ir ('nn hp quit'kl}" withdr:nn1 
from the n till ospitl'I'l' its moist ILl'(' f'ol1(,pnll'll tion Ilt n, gin·n lllOllwn t ell n 
1)(' d('({'rmllH'd with t'C]ufI.lllc('ul'ncy. Thp chcmical ahsorption mdhod 
hilS h('Pll gPlwrnlly l'l'gl1rd{'d IlS lH'ing pl'iJlC'ipnlly a Inboratory t{'('11­
niqllc' nnd of Jimit!'d ntllll' for mnking fipld lll('nSUl'enH'l1ts. 

In til(' ('olldpl1SI1 tion 1l1('titod the {'ssen tinl nppn.l"iI tus ('onsists of 11. 

polishc'd 111('(nl mirror whidl Ciln be' ('OOINI s(,YCI'fd dpgl'('('S bplow nil' 
LellllH'rH tun' nnd whose' t('IllIH'I'n (w'p cnn hp OhS{'ITPd or r(,(,ol'ded. III 
OP('I'il.tion, niP mirror is ('ookd until Illoislul'(' ('ondplls('s on its sUl'fnce, 
nL witi('it time its icmpprnluI'p is ObSt'IYt'll. The mirror is tlwn 
nllowNI to wnl'lll up until til(' moisture disnppelll's, nn(l tht:' tl'I1lIH'['n­
tun- .is ng:l in obs('['\"('(1. TIl<' mNU1 of til(' t,,"O ohselTnt ions is ('on­
si(iPrcd (0 hp til(' dt'\\" poin t. Thp ('ondpnsntion llH'thod is not ol'(\i­
nnl'ily ('Illplo,Yed in lllllking llwl<'oJ'ologi(,lll obs('I'Vn.tions. 

The' wd- nnd dry-hulb psychl'olllet('i' is perhaps the most fnmililll' 
instnUlU'nt for mnkillg d(-t('l'lllinntions of Iltmospheric humidity, It 
consists of two ll1llt('hNI thermonwt<'rs, the bulb of onc heing wrapped 
with n Jl1\lslill wick, whicit is wpt WlWll obs....rvntions 11.1'(' to be tuken. 
Air is eil.'('.ulntNL pust tItp hulbs, pith(,I' by melll1S of n. '._~n 01' by whirling 
niP th(-rlllOIlll'L<>rs. Th(' dry-blllb thN'mOllll'tt'1' giws a rpl1.ding of nir 
tempPI"U tlll'e; the tpmpprn LlII'e of the 'Vl·t blllb is clt'prcssed by an 
alllO Ull t; dep('IHI('n t. on til(' 1'1l,(;p of cyaporation of the wfltpl' from the 
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wick, which in turn dl'pcnds upon thl' drynpss of tilt' flil". Hdntin 
hlUllidity is c\ct('l"lIlint'd by rpf('L"('n('p to psyelll"lmH'tric tablPs. The • 
method is n. f:woritp 011(' hN'nUS(' of its simplieil.\-, but it is subjpet to 
instrumclltnl nnd obseLTH.tionnlt'IToI"S IUHi oftl'n fails in Wl'n.UL('[" \\'.hell 
the wfLtt'r fret'zt's in UI.(\ wiek of the wet bulb, and in exll"C'mrly <iIT 
w('nth('\" ridi('ulous l"C'sulls nl"(' sornl'tilllC's obtnilwd (101). 

InstrUIll('llts utilizing the' pl"incipil' of tltl' wl't- fllle!. dry-bulb 
psychrou1('it'l" thnt gin' iL eonlilluous rpcord han' h('PIL built, but 
in tlLPI1l tilp PITOI"S inhpl"{'nt in tltt' llwthod m'l' SUbjl'ct to furthpl" 
pxnggl'L"fttioll. 

Fibt'r5 of llygl"os('opi(" 11I1l.tl'rialinc!"('ns(' ill IplIglh \\"1\('11 ('xposcd to 
:lil" of higll rl'lfLtiy!' llumidity nlld shl"illk. ill dry nil". In UIP hygl"onwt('r 
SOI1W hygros('opie subStH.tI('P i::; atlndll'tJ lo :1.11 intiielLlol" IH'pdlt, so tllil.t. 
th(' Bl't'tllt, is dt,f1('cl('d "'ith change::; ill I"plnlin' lllunjdit~r of OIl' ilil" (7'7"). 
Tn tht, hygl"ogrnph i11H'1I lhnt nlllk(,s n, conlinuous !"l'cOl'd or Ull' rela­
tin' hlUllidity is n('tinltl'd tltl"Ough :1. R:n'!('!ll of le\'l'rs by it llygros('opic 
sllbsltttl(,('. 

~I:lny hygms('opi(' IlIntt'l'inls bofh Jlalmn! illld synUlt'tie Ilftn' 1)('('11 • 
used ('xIH'l'inH'ntnIly in Itulllidity-indi(':llin~ and hlllllidi!.'--Iw·ol'ding 
in;;lI"UIl1t'lIts but nOll(' ll:lR ."C'! bl'l'l1 foulld t.ltat is mOl"(' snlisfn('­
tory tilnn .!tumlin llnil'. TIll' lnlil' llygToll1l'Ll'l" is (lxtl"('rnl'ly s('Jlsiliw' 
to ehangps ill ntmosphl'I'ie humidity, hut il posst'ss('s llt(, im'mll,hl(, 
(It,ft'et of drifting 0111 of cil,librnlioll. Furtl\('rmol'<', (,llch inslnUlH'llL 
musl h(' ralihr:l.t('d illdi\,jdu:l.I1~· in 1!'I"I11S of sbl.lld:lre! kllown hUl1lid­
iti('s. Xo bail' hygl'o~nlph ('an bl' t'xpt'('(l'd lo gin' n n,li:l.hlt· ]"('('ol'd 
unlt'ss it is dll'ck('d alld J"('ralibnl,Il'd at fl"<'tIUl'llt illt('I.'\'als (o,f. 132). 

To Iw of jll'lletirnl URI' ill th(' d('('l"milllltioll or a'!'ll1osplH'l"ie humidity, 
instrulIH'nls should bl' l"('lIsollahly ill('xpl'l1sin' 11.1111 so simpll' ill OI)t'l"iL­
tioll tlntl obs('I.'\':l.tioIlR ('nn 1)(' !I1Hdt' n(,(,()l"din~ to iL pn's('l'iiJt'd routine 
by iJIt'XIH'rit'IJ('C'd ObS('ITl'l'fL .Ji'or IIl:1J 1"(':1;-;011 nH'l('or()I()~i('n.l pnt('[ i('e 
in til!' IllNISllt'l'l1ll'lIt or humidil.\- ill {li(' Cnit('d Sla.ll'S is limilt'd lo the 
\1'('1- nnd dl'~--I)\r1b pS.'TI\I"()J\1('tl'1' :tnd UH' lmir llygt'omPiI't', d('spit(, the •
Iw'ogniz('d dd('ds of bofitinsll'lllll('nts (lOt, p. 1'1. 

TIH' h:lil'll:q'~rogrflph is lhl' Ollly in;-;trllLlwlltiJl eOlll11l0Jl uSP lhal will 
mnk(, :1 ('oJltitltJolls r('('ol"<I of :ttmospll('l'it' JIIlJ\lidit~·. It \\"!.IS this fnet 
lltn.t I('d. to till' ;,!'ll'ctinn or til(' llyg\"()llll'rtllO~rnph for USt' in tIle 
origin:d ('\'nporalioll JlH':lSUr('lIll'J1ls. 

CSE OF HYGHOTIIEIDIOGIL\I'IIS ]:-i E\'''I'OHATIO;X ~\IEASI:HIDm;XTS 

'1'11(' hair hygrOllH'(l'I" is J"('('ognizNl ns hl'ing dl'fi(,jPIlL .in mallY 
["('sped:;, nnd Ull I('ss gl"C':I,t (':\.1"(' is lIst'<\, sat israelory I"l'slrlls ('il11.l1ot bl' 
eXl)('et.l'(1. 'rILl' chid (\rfi('i('llcil's ani UIl' IUl('prlninly of l't'gistl"tllioJl 
of Y<:'ry lligll and \'pry low \'nltJ('s :lnd fliP It'nd(,IIt·." 1'01" t'Heh inslnlml'nt 
to <Ipnlop indidduHI 1)('ndiHrit it'S :IS n. rl'sull or llit, particular ehnngl's 
to which it llns bt't'll slIbj('('[l'<\. 

• 

http:illdi\,jdu:l.I1


33 

• 


• 
.' 


• 


• 


EYAPORAl'lON FROM LAND AND WATER SURFACES 

'flip fnel thn.t pnil's of insll'ullH'Jlts ronlimlP 1'01' 50111(' tinH' Lo b<.'iHl,vl' 
simi1!ll'1y nftel.' t!tIT hn.\'{' b('<.'n CH.l'pfully eaiibl'ltted nnd IllntdH'd, P1'O­
"idl'd tlIP~' nl'(' kl'pt logethpl' :lJ1d JI:we UJ(' Sllllll' history, mn.k('s it 
possibk 10 uSp hygl'olht'l'lllo!;'mpJIl> su('('('ssfully in ('y:tpol'Htioll llH'HS­

lIl'('lIH'nts, Ddil,ilt'd insll'lll'tions 1'01" UI(' e:llibl'n.tioll of hygI'Olh('rmo­
grn,phs Hilt! instructions for thpil' lISl' in l'\'upol':1,tioll JIH'aSlll'C'IllC'llts 
han' b(,l'n prl'sl'll{ed (,ls('wJl('I'l',s It should Iw bol'J\(' i.Jl mind Ulltt no 
mnllllf:lctlll'l'1' ('nil t'xl'l'('is(' lilt' JIl'{'(,SS:t.I',\Y Cftl'l' in ('fdihnl,tion; thllS, .IH'W 
insll'lllllt'llls must 1)(' ('n.libnl((,d Iwfol'l' UII'Y C:l1l 1)(' lISt'li. 

1n ol'cl!'1' to lit, ('Pl't:lin of th(, I'('stdls oht:lil\(,d by till' liS!' of hygl'o­
U\l'I'!ll(lgl':tphs in t'\':lpol'alioJl slalioJls, six instl'unll'nl:; shollld be lIFl'(1 
Oil (,:)('h illsl:tllatioll, ~\II six illStl'lIllH'lIts Illllsi (il'sl 1)(' eal'PI'ully cali­
brated; IlI('n thl'Y Ill:l~' hI' grolll)('d ill pH.il's and uS!'d in SIIC'('('ssioll Oll 
(hI' (OWl'l', Bd(H'(' {\\'O instl'uII1I'1I1s 111'(' uSl'd !JH'Y should hI' gin'lI :t 

backgl'oulld I'UII sidt' by sid!' Ollt of dOI)!'s ill :\,11 illsl ru 1111'11 I sh(,ltt,I', 
Aft!'1' USl' (IlP,\' Illllst Ill' gin'lI allothl'1' Iw('kgl'oulld I'lln nncl tlH'n :1. 

(,:tlibl':l t iOIl I'llli ill Ill(' moisl lll'!, ('h:II11IH'I', 
At tllP origill:lll'\'nponltioll ;-;(nlion ill ArlillgtOIl, liygl'Ollll'l'lllogl'nplis 

\\'('1'(' 1Is('d (0 dl'tl'I'lllilH' till' Illoislu)'(' ('OIl('('lItl'atioll at t\\'o 1t'\'l'ls ill 
til{' ntlllosplil'l'l', A to\\'('1' W:lS (,I'pdt'd so lhn! nil illstl'UIIH'lIt Slil'ltl'l' 
Inl'gl' ('1I01lgit to itollsl' a hygl'otll('l'mogl':lpit l'ould 1)(' misl'd 10 a ht'ight 
or ~.'i f(,p[ nnd h)\\'PI'!'d for sl'lTieillg, Another s\ll,ltl'l' :\('('OIllIlHHIn.It'd 
a Sl'l'(llld 1I,\'grnlit('l'Il1ogl'llpll ~ fl'I,t 1'1'0111 titl' gl'oulld (fig, 8). All th(' 
dHta (lI'('s!'llt('d :llId dis('lIsspd in Illt!'1' s('('(iolls \\'1'1'(' ohtnilH'd fl'Olll this 
or H. sinlilnl' iIlSt:rll:ltioJl, 

Sa,lisfnl'tol'Y l'l'{'ol'ds Ill:l.\" hl' ohl:lilll'c1 in tltis 1I1111111l'I', 1)lI( th(' high 
illilinl ('ost or illstl'llll)l'lItS lind tI\(' l'IWI'1ll0llS lahol' ill\'oln'd ill lIlakillg 
th(, nbSl'IT:lliolls pl'oitibit Ill{' us!' of 1t~'g-rotlt('I'Il\()gl':lplis ill nlly 
(ll'n.('t il':ll pmgnllli for 1l11':lSlIl'illg ('\':1 (lor:! tioll, 

Th(' Pl'illlHl'Y objl'di\'p of tit(' ('\'HPOl'ilt iOll st udy is to dl'\'plop :I lH'W 

tyP(' of c1illl:ltic dutil, nllllll'ly, p\'npol'iltioll from lIll'l\:)tllntllnnd 8UI' ­

fu('('. tUld to oiJl:lill ! lH's(' dnta 1'01' IllnllY dirrt'l'l'JII tnH'S of tll'(':lS ill lhe 
\'l1l'iOliS P:ll'tS of till' ('OIlJltl',\', 'Witlt I Ill' gun!. of l'stllhlisliing lJ('l'it:1PS 
hlllldl'('ds or ('\'ul)()J'nl iOIl s(nl iOlls it b('('HIll(' ('\'id('lIl t1wl IIH' ('ost of 
illslnllatiol\ nlld OI)('I':1tioll \\'(Hdd Illl\"P 10 IH' I'Nlul'l'd to :I minilllum, 
Thus, it \\':lsl'(,lliizpd tllllt til(' IIS(' of hygl'otitl'l'lllogl'llpits, in\'(,[\'illg n 
Illgit ill i t i:tI ("osl nlld I'Pq 11 i I'illg ('OilS I :Ill t slll'\'t'iIlUlI(,{, nlld fl'('q 1I(,1I t 
l'('('nlihl':ltiolls, wOllldllO[ lH'rlllil till' (';-;tnblislullc'J1l of tltl' llumb!'I' of 
lilntiOJlli dl'sir('(l. C'OllSl'«II!'llt Iy, ot hl'l' I)()ssibll' Illl'lltods of Illeasuring 
nlmosplH'ri('lllllllidity ltn\'(' bpl'JI ('X:lI11ill('d, 

f "1~1I0H~TIIWAIT":. C. \\'. 1I.\.:\PBUOIi ron ('L!.\I.\1·OUHaSl'$. r. IxsrHlTrross "'Olt Tin! .\1 f-:ASL' ItKll EXT' 

Ill' y.r,II'OltAl'IO:-l l'ltO.11 ",I'r\ II II. ~\,HI'.lrf~, 2~ I'P .. i1111~, WaH, ],\1 illll'!l~ral'llI',1.1 
('Ollll'l:-I. I.I;O\.11I1l II, 1\~Tltn"THI\S rOil ,'111: 1"''''1'.11.1 Ill()\ Of' 1:I'.II'OIl,I'fIOS' St.1110\8. III IJnnclbook 

rllr (,JlllIllt(;I()~hts, pI, 5, .11'1' ,I" ~l 1'1'" lillI', m:l!l, I~I hll,'o~I'nJlh~.I,l 
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THE WET- AND DRy-BULB PSYCnRO~IETEIl •
Wct- and dry-bulb psyclu'ometcrs have been used by Sverdrup 

(141), 'Montgomery (91), SpilluUls (133), ami Church ~ for llH'aSmC­
mcnt of moisture gradients in the atmosphere over the ocean. The 
customary proc('durc is to obtain simultlll1eOllS readings from Assman 
psychromet(,l"s at two or 1110]"(' le\T('ls at I5-minutc intervals. Sincc thc 

• 

• 
WR-13-16 

FIG{:'IU; B,··Tlw ori~iJltllev!\ponltioll ins.\allntio\l at Arlingtoll, \'a. Tilt' humidity 
of th(' nil' "':IS dl'\rr)1litl('d at \ \\'0 IC\'cls with hygro(.hcrlnog1'llph;;. ''lind \'cloc­
ity was. de\('rlllillcd at thrce lc\'('I:5 \\'Ilh whirling cup nncl1lol11clcr:". 

consUtnl flHC'ntion of n~ lenst one observer is rcquir('d at NI.('11 ohs('1'YfI­
tion station, iL is oIn'iotls that the mdhod. eould 1H'\"l'1' be uspd on any 
widespread scalc h) s('('urc obsP1'\'nl iOJls for any long Iwriod. 

HecordiJlg wd- nlHi dry-bulb ps),c\)l'omdp],s nrc 1111H.1e, but to SCClIJ'C 
mellSlll'pm(,JlIS of sufli('ient nccllI'lley with thcm would bc 110 ellsier 
than wiUt htl.ir hygromelNs. 'rite priJl('iplc of wct- tUld dry-bulb 
psyclu'ometry (66) hilS nlso b(,(,n extended to titermo-eleeLrienl tech­
niqu('s (1S, 67. 8.1,102, 17S) to aid in measurillg moisture, but nIl these 

• rnl'uhlf$h~d mnnuscrlpt. • 
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teclmiques huye their limitntions und nrc not conveniently suituble 
for field work. In addition, the fact that they fuil almost completely 
in win leI' makes them of littlc vahlG for e\'aporntioll studies, 

TilE DEW-POINT RECORDEH 

The simplest and OJ1C of the earliest methods of measuriJlg the con­
centration of moisturn in the atmosphere is to determine the dew 
poin t. Air is cooled until ils moisture reaches the point of saturation i 
the lempernture is the;!l observed, und Lhe vnpor pressure is obtuined 
by rC'felTing to Uppl'opJ'ittte hygrometric tables, This method depends 
011 the fnet that the pl'l~SSUl'e of wuter vnpor does ]1Ot chnnge as the ail' 
is cooled but l'cmnim, the SUIne until saturation is l'eachrd, The 
temprrnt.u]'e nt which the n.ir bl'comes satumted is cuiled the dew 
poin t. 

All typrs of appill'ntus for determining the dew poiJlt possess a 
surfu('e,-usufilly a polished meLul mirror e:\.-poscd to the ail' so that 
('ondrJls('d moistuI'(," rfln be detectcci--which Cfin be cookd severnl 
d('gl'C'('s l)(l[()\'" nil' t(,ll1pcl'atu)'c and whose t0mperntlll'e can b(' obsrl'w'd, 
Th(' l'xpospd slIl'Jnre is cooled slowly until condrnsation appeal'S, at 
which timp its i<'!l1J)('l'I\,tlll'r is obs(,l'vr((, This t0mprl'nlul'c is the' 
d 0"" po ill l. 

Th(' most flllllilinl' dp""-poinl hygl'onlpfrl' is a 1lI0(lifien,lioll by 
AHlI:ml of an nppn.l'ntlls dC'sigllC'd J1(,f1.l'ly :t ('('11tUJ'Y ngo by HegJ1:1.u\l. 
Tt consists of n. small ]'rctnllgu\nl' n1<'tn\ hox whose surfacC' is si\n'l' 
plnt('d nnd polished, '1'11(' box ('ontnins C'Lllpl', whi('h is Ynpol'ized HncI 
('oo\C'd flS nil' is fOI'('('d thl'ough if. Till' slIl'fnC'0 of lhr box is similurly 
etloll'd, nml til(' t('I11J)(,1':1,11l1'p n L which <lP\\" is obsC'lT('(l to npppnr und 
disnplw:u' llpllll .il is c\p!{'rrniJl('c/ by nwnns of n spnsiti,'r tilf'rmOInrtt'I' 
:-;URI)('1Hlc'd ill I h(, pU)('l', 

'1.'hp prin('iple of the c/(\""-poiJlt hyg],OInrLC'l' ]1I1S bren llsrd ill the 
(\P:-;igll of un insfl'lln)('llt, iIIusll'H.lrd ill JigUl'0 !), which wiII giye u 
('ollLillUOliS 1'(\(,ol'd of Ihp dew ])oinL of thp nfmosp/tc'l'P.JO 

Tht' pss('ntin\ rlC'nleJlt of the insfl'lIJHrllt is n. polis\lf'd metal mil'l'or 
whosp /(lIllIH'l'ntlll'(' enn be contro(Jpd ut t1l0 dew point nnd rccordrd, 
.\ thin, polisJIPd, ('h1'o111('-platr(\, ('opprl' disk (10) npproximntely the 
dinlHetrr of It dime is nflix('(\ to the ('11(1 of It copprr rod (11) imwL'trd 
through 11. stoP]WI' (/2) of low hent COlltlllctiyity into It convcntiollnl 
tllrrmos boWr (14) colltuinillg n, cooling m('dium sueh ns watel'-icr 
with snIt 01' solid (,lll'bon dioxide with 01.' without nleohol. Heat is 
conductrd dowlIwurd n.Iol1)!; the COPPt'l' rod, nnd the mirror is cooled, 
Embrdd('d in the ('])(\ of th(' rod dil'rctly beJ1('nth the mirror is n small 
l'lretl'icul hrnting c1rnll'nt (16) wllich counterncts the flow of heat 

10 For rt'f<'rt'urt'S on instrurm'nts ror Ust' In determining the lIloislurt' COltrt~nlrnllon or nuc gnscs nnd the 
tlC\\' potut of distilllllcs or ror usc III cOlllrolling lIir·cOlldillollill!; equiplIlent sec 'J'hornthwnite Bnd Owen 
(161,/00/110(,6, 1', 31.5l. 
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from the mil'l'ol' whm tlte cirC'uit is closed, Liglt t from nn inenndes- • 
cell t bulb (J 7) is J'(,{l('ct('d from the surface of tlte 1I1il'l'0[, to it photo­
electric cell (1 S), The pil'elrie CUI'l'('l1 t grl1('rltt<'d by tlte photoeLectr'ic 
cdl OP<'l'fltl's It S('llsitiv(\ reln.)r, whieh in tum ('lIl'rgizes It power relny 
(19) wltich opens 11 s,,-iteh (~O) ngninst: tltr netion of fl, sprillg (21), 
nnd tile opern.tion of tltl' \Il'nting dC'm('lIt (Ui) \)(,l1C'nth the 1n11'1'Ol' is 
pr('\"l'1l tN\, 

lfl'ilt from themiL'ro[' is CO)I(\ut'il'd nlollg tlte rod l.Intilmoistun' from 
tilr surrounding n tlllospliert' cOlld('llSeS 011 its rdll'cling surfllct', This 

19 

" 

22 

• 

Recorder 

FIGt'lIE 0. ;-i('\I(,llIalie rt'pl'l';<(,lli:liiull·of dt'II'·point n'('onl('r, 

(,,)lIdel1sntion low('r:> fill' 1'l'[\C'Ctillg ('flieieney of till' mirror. thl' ligltt 

l'('flehing tJl(' pltO(OP!I'('( ric (,(,II i;; l'l·d\l('PlI. alld tJl(' (,UI'I'('l1t g(']l('l'ntl'd • 

is 110 \ongC'r ~;lIf1ici('nt to ('Il('rgiz(' tlt(' rp\ny (H)), ('OIl:-H'lfU(·Jltly. tJll' 


!.)witch (20) is e/o'H'd by tltl' spl'ing ('21), nnd Ul(' Itl'atillg l'lellll'lIt wnl.'IllS 

lite mirror to n. POilli wll('I'l' llt(· ('oJl(I('J\sntion fOI'JIlPd 011 il~ slll-fnc(' i~ 


('YllpornLNI. 'l'lJ(' J'(,J[('eLillg' l'(Jil'iPllCY of tltt' mirror i~ tlll'I'pby 1't'~lol'('dJ 


tll(, photod('etl'il' ('('II is ngnin ('x('ift'd. nlld tlt(' swiL('h is opl'lH'd b)' UI(, 


PO\\'C'I'I'('lny, '1'11(, JIe'llLlllg eI( llH'llt th('ll ;;Lops funetiollillg, IH'rmittill~ 


h('n.t front tite' mirror to flow :t10Jlg !lIP rod, and tlIp ('Iltil'(' ('y('\(' of 

GjwrnLiomi j:; I't'Pl'1l [('d, 


A 111(,1'(' film or moi;;t Ul'(' 011 Illr mirror, ill\i;;iblt' to till' ('y<', is 
l"u{\jei('nL to I'e(\u('(' tlie output of Ul(' photOl'Il'dril' ('pll by 10 micro­
Illlll)('rl's, wllielt is (ht' 1'I111gl' Witilill ",Jlidl n SPllSili\'p Trln.y will 01H'I' ­

nit', COlls('(llI('ntly, tltl' il'lllp('.I'at.ure of Lhe mirror l'('mnins Yl'I'Y 
dose 1.0 lltp dpw point, Y:trying ollly slightly nbo\'l' nnd bdow ns tlte 
mirl'or .is n\t('l'Ilntely h(,:ttl'd find coo\(,<1 , Tltt' tl'Il1j>l'r:lillI'C is dc­

• 
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tel'lllined by 1l1('flnS of II thcrmocouple, the cold jUllction of whieh is 
It purt of the mirror, 'fhc wunn junction of tlle thermocouple is 
mllintltillc(i nt n. standurd te1l'lpemtUl'(', Any stiU1(lurcl clectricnl 
rcconlcr mlty be used to obtnill It rccord of the dew point, 

For usc in thC' dew-point illstrumC'Jlt It photogrnphic recordCL' hus 
ccrtnin po:'nts of supcriority OHI' olle which opemtes clectl'icnHy, 
'fhe thermocouple is connected tll1'ou~h It gnlviUlOlllcter, A light 
b<'tlIl1, l'C'f\('ctC'd by IhC' gn]Yonomct(,I' mirror, is dirccted through It 

slot onto scnsitized photogrnphie pnlll'l' which I'CYo]yCS on It dnl1l1 01' 

cylin(\C'r, A switch ill till' light circuit is n.ttnehC't\ to the power' reiny 
(If,)) so thnt tho li~htflflshcs mOIlH'lllnl.'ily just ns the incipient eon­
dmsntion nPlwnl's 011 Ih(' milTol', Thus, the l'l'conl is It series of 
poill ts all nl UIC' dC'w poin t rntil('l' thnn n con tinuous, wlwy lin(' rn.llgin~ 
nboyC' Itnd b(,low tho (iPw point. SillC'C It complete eyclc I't'quil'es 
only nboul ;)0 s('conds lhe sel'i(':; of points npproximntc It contirnlOus 
IiI1£', 

In figul'(' lO, tllC' I'(,(,ol'd of c\(']ll'l'ssioll of lh(' d('w poillt brIo\\' nLmo.,­
ph('l'ic: t('mpl'rnllll'(, for II, pC'riod of 14 JIOIII'S 011 .June 10-20, 1040, is 
(,OIl1pnl'(,ci with n, I'('co['{l of rl'irttin II1Imidity for tIl(' snml' pC'riod 
pl'oducC'<\ by it .hnirhygrogrnph, '1'11l' g('J1('I':ll paU('I'1I of both eUITe'S 
i~ the Snll1l', hut Ill(' llIuC'h gl'C'nt<'I' s(,J1siti\'ily nll!L ~I'l':tter dq!r('C' of 
rl'lInellll'nt of lh(, d('w-point I'l'('ord is nppnl'l'llL 

COllsidl'I'ilbll' impro\'C'ment in lh(' ([('w-]Joint 1'('('01'(\('1' WfiS nchi('Yt'd 
b~' r('d('siglling th(' In>llrllllll'JlI: and subslitlllulg I'ildio nmplif~'illg tubl's 
nIHI lIoll-s('lf-gt'lH'r:lling IYI1(' pholol'I('dl'ie tubc's for till' lll!.'ehnnicn] 
rl'lnys nlld Ihp Sl'If-g!'Hl'rn t ing pholol'lC'eil'ie (,(,lis IIs!'d ill tht, originn.l 
dl'sign (fig, 11), .\.s b('l'ol'('. llll' mirror is eoo](ld by dry icC' nnd h('ntl'!] 
hy nil ('I('l'trienl h('nling 1'1 ('ll\t'J II , hut ill till' JI('W imitrU!ll(,llt tht' amount 
of h<'llting is. lllll<i{' 10 "Hr,'- with Ill!' amount or IHnistul'l' con(\('llsNI 011 

Ih(' mirror, TIll' tll('rmos bot! 1(' is plne!'d UI 1m u\'n'ried position so 
lhnt th(' dr~' ic(' nlwnys 10lldl('s III(' StOP])l'!.', Hlld n. long eopp('l' rod 
('xle'Jlriillg 10 till' bottom of till' bottle is U1I11CC(,SSHry. 

A polish(ld 1Ill'lnJ mirror (10) is :lflix('d to It sioPI)('I' (11) of low hent 
('OlldUcliyil~' .nnd COllJll'('[!'d by JlI(,:llIS of n. ('opper win' Ol' rod 10 it 

1lll'lnl plntl' (I~), nil of "'hieh is uls('ri(,d ill!O the mouth of nll in\'l'r('ri 
lh('rrnos hot! 1(' (n) whic'h contnins n ('oolulg m('diulll such as solid 
cllri>oll dioxi<il'. 11('llt is ('ondu\'l('d from th(' mirror to UI('· solid 
('nrb01I dioxide'. find [he mil'l'ol' i::; ('ooll'(l. III ('10::;(, proximity 10 the 
mirror is n. slIlall ('lpetrie:ll h('ulillg C'lt'n1C'nt (13) which eoullt('rHets 
the 1\o\\' of 11('111 from Ihp mirror, 

1'11(' rnil'l'or forms Il purl of llll' inJl('/' sUl'fll('e of lh(' lop of n smull 
lighttight box (14) with hi~h 1'('f\('ctiJlg inll('r wnlls, Li~ht from n. 
SOlll'('r (I ii) is pnss('d thl'(Hlgh tube (It)) nnd is 1'<'fI('ct('(J ft'Olll the 
surfn('(' of flit' mirror (10) nnd passed dowlI lube (17), where it is 
n.bsorbrd, 
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A photoelectric cell (18) mounted in the box (14) is connected 
through suitable amplifying tubes (19) to the electrical heating 
clemen t (13). 

Heat from the mil'l'or is conducted to the solid cllrbon dioxide 
until moisture from the ail' in the box begins to condense on its 
reflecting surfnce. This incipient condensation tends to lower the 
reflecting efficiency of die mil'1'ol:, and the light no longer passes en­

or--.---r---r--.---r--~---r---r--.---r--'r-~__-r~ 

'---.-. L-'r""~- " -':-~:F'-=-~~:":f::-~ 
5 

l' I' ',. , .._' j •• ,.j; .~ t' ·:I::-·-,:'t--' i '" r-'j::-,:-- ~ 
t- ~-~--l ~- - .......... -t--~...,.....-- !-~IA'I l----i


+- -, . "1-' ,..J.--__, -!-.-I--- .. , 
z r t +'- 4~, 1- - t I ~ 
o + \,..···t ... ~--+-.-, r" .r ~'i. 

I II 1 • + ' .j... • ~ t ~ , • 'I' .. , t, . ., 

It: 
W 

r--r":~: "~-=1:.~. --r:-~-i11. 
W 15· 't . ... ,- ~+ 
a • 
~ 
z 

25' ' J 
,. 

30 L 1 
> 100 r,
t= 
~ 80; 
~- ' 

i ~60 ~ 


u 

~ &40! t! !i=- i- j- •. + . '! " t.. _---t---I---j:3 20, 
w i i ! : f ---~~ --

It: 1
0 t .. L" ....L 1...---''-.--1

G 7 8 9 10 II 12 2 :3 4 5 6 7 8 
a.m. p.m. 

FWl'IlE !O.~nr('ord of de'\\'-poin( <lrprrssion in OF. (A) nnd rclnliyc humidity in 
perCI'1I1, UJ) for till' period 0 p. Ill., JIIIIC'! 0, to 8 n. Ill., ,rune' 20, IIHO, nt Arling­
ton, "n. 

tin'ly out of the box Lhl,'oug-It tui)(' (1.7) but is ilt part sentt('I"('d \\'ithin 
the box and energizes [lil' pholo(,I('cLI'ic cell (is), The illcreased 
electrical output of the photo('\(>etric cell, aftel' ut'ing grently nmplifiNI, 
goes to Lhe electrienlll('aling ('Il'llwllt lind WI1I'I11S the minor, and the 
condensed moistul'l' tl'IHJs to b(' l'ecvnpol'atcd. The device cnll bl' 
adjusted so that thel't'is a g!'(~a~ variation in Itt'ating of Lhe milTor 
with Y('l'y slight VlII·illlion ill its reflecting efficiency, Thus the 
tcmpcrnLurc of lhe milTOI' (,lin be l11nintnin('d IIllllost precisely Ilt the 

• 

" 

• 


• 


dew point. 

• 
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• 	 :Much deyclopmcntili work remains to be done beforo the de\\r-point 
recorder can be considercd to be a pl'llcticnl field illstl'Ument. How­
C\"(!l', since it conblins no element thnt hus not been used muny times 
in other I1pplicntiolls) there is no l'enson to doubt tlmt it will eYelltunlly 
be pel'Cect('(1. 

The d('w-:point recorder will prohnbly neyer be nn instrument for 
untrninNi ObSClycrS, Fol' that 1'C'I1S011 it muy lley(' I' be munu­
fl1clurcd in llll'ge J1Ilmhers, llnd the pl'icC' will he relnJively high, 
Although i11C' d('\V-point l'C'cord(,l' shollid occupy 1111 impol'tnnt 1'll1c(' 

9 

• 	 1 
20~ 

·21 

14-

Recorder 

'------tII,]11-1----L--_________________ ..... ~ 

• 	 FIGt'ng 11. '''])('w-poiIlL r('l'OI'<i('r ui'illg rndio tuiJe;;; in plrtC(' of lllechunicni relays. 

in ('\'jl(10rlltion RLudiC's, it is 110t. lik('ly thaI; nn C'\'npOl'atioll SUITC'Y of 
lht' Whole ('ollnt,'Y, slleil ns iR contC'mpln tNj in the extension of the 
work n t preSl'nt lIndt'I' wny, could Iwullt!crLnkt'n with this instl'umcnt. 

T"E PAN JIYGHO')IETEH 

A lH'W mclhod, difl'C'ring from those inl'cgulnr usc, bllt combining 
f('ldul'('s of the e1l('micnl absorption nud thc psyellromdl'ic methods 
nlld gi\'ing nn intcgrn.l('d \'nlll(' of Ynpor prcssUl'c (W(,l' nny givcn time 
inll'ITld, WitS c1ev('lop('d jn the hope thn.t it might b(' of vnhle ill the 
('nlpol'lltion study, AlLhollgh the m('thod proV('d to be impl'Ilcticnl 
for fidd use it is thcol,(,tieully sound nnd mnT find some-usc in 
hygrometry, 

• 




40 TECHXI('AL Bl"LLETIX S 17, U, ~, DE..Pl', OF AG1UCrVITHE 

The fundullH'utfll ('qufl,t iOIl for (,Vii pomlion from n froe water smfflce • 

(G5) 

in whi('h 
r is thc 1'~1l(' of (,Yfl,porat.ion, 
1)1 is lito co('ffkiont fol' YI1pOr trflnsport within the lominfll' 01' 

boundary InY(,I', 
his 11\(' thi('kn('sl:; of litc IH.ycr, whi('h in tum dep('nds lIpon the 

physi(,HI ritilrHclcristies of Ol(' pHn, of cxposmo, ond of wind 
mO\'(,J1lcnt, nnd 

('10 ilnd ('" ilre YHPO!' 1)I'Ol:;Slll'OS of tit(' w:tt('r surfnec and th(' nil' Itt 
tIro top of tllC hounclnr,Y In,\'p1', l't'spN'(i\'('ly, 

'l'rflllSfol'l11ing lh(' ('qllnt ion, \\'(' lilld: 

«(i(i) •If two PHIIS hH\'ing titl' 511111(' pll,Ysienl ellill'l1cu'!'islies one! containing 
solutions of dif\'('I'('1I1 Yltpor pr(,5sur('s nt lh('ir slIrf:lcos were ('x posed 
logrlh(']' so 1I1111 th(' qUHlltilips 111 find h n:I'l' t11(' snmc in bolh cnscs, we 
would hOY(l l\\'o l'q lin t ions 1'01' (',,: 

«(i7) 

((is) 

By H simpll' nlgchl':1ir mnnipulalion we g(ll nil equntion for ('" in l(ll'ms 
of lht' (,1,'lI,pol'H,lioll fl'Ol1l tlil' two pnlls find till' Ynpol' IH'('ssurc of tlic 
two wHtrl' slIJ'fuc('s, ill which III nnd h do not ap]Jon.l': 

(GO) • 
FI'OIIl this ('qll:l(ion \\'P ('fill obtnin tlw average f\,tmosphcl'iC' Ynpar 

Pl'l'SSlIl'l' 1'01' nil,\' pNiod b.\' n1l':l8I1Til1~ (ht' c1lnnge ill muss of tbe 1\\'0 
liquids l1nd thc' tl'IllIWl'IlIllI'PS of thn ",nt('l' sul'fuC'ps durillg till' p(,l'iod, 

.It: should 1)(' poinll'd oul lIml pqunlioll ((i(;) i;:; of the snmp form ns 
thp gl'nl'rnl psyclll'ol1lpll'ic ('(llIll.lioll: 

(70) 

in \1'1\ ieh H is bn I'omp! I'ic 1>I'(,:;SII1'(' n nd ,A. /1, fnclol' which \'l\.l'i{'s slightly 
with YUpoJ' PI'(,SSIIl'p or the f),il' flni! Il'II1I)('l'ullJ)'c. of the wet hulb nlld 
whirll is l'lIlpil'icfllly d('(01'I1IilI('d, Sillf'{' f,~ is obt.ninNI ns the snturn.tion 
\. 'il'f)J' pr(,85111'0 nl th(' (OIlIIWI'I1,lu1'(' of 1I1(, Wl't. bulb U\(\ elTOl'S in the 
d('l\'nnin!l.\ ion of :1 t lllosph(,l'i('\'npol' pl'e:;:;u 1'(' by I1W:lns of n, psyehl'om­

• 
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etcr n.rc duc not only to possible erro]'s of the empirical constants, but 
more hugely to el'rors in the determination of wet-bulb temperaturc 
itself. 

Sincc equation (G9) conlains 110 empirical constants and includes 
only factors which con be meosured eOi3ily and accumtely, it is believed 
that it supplies a method which is more 1'eliable thlLn the psychrometric 
method for the determinlLtioll of atmo'Jpheric humidity. The instru­
ment lacks the flexibility lLnd simpliciLy of design of tho wet- (mel dry­
bulb psychrometer, however, I\,/HI for that rcason it can ne\Ter be 
e-xpected to replace the InltCl". 

One wILy to obtain dif}'prent Vn,POl' pressUl"PS O\Tcr wn,tee suefaces in 
the two pans would be to mnintain the wah'r temperatures at constant 
but difl'erenL precldermined ntlues. Equiplll('nt fOl' watet' tcmpcl'lt­
t.lll'C eontrolis stn,nelard nncl ren.dily obtainable but expensive, Ho\\,­
('\-('1', wilh wnt(')' lempt'J'fl.tUl't' eonirolleti, lhe tel'IllS foe vapoe pe('ssure 
of the wnt('l' surfnec bcconH' cons tan ts, and the d('tcrminntion of 
fa is furthcr simplificd, 

A Inon' practi(,ld wnoy to obtain diffcrent vapor pressu),cs nt the 
surfac('s of the two liquids is through the usc of sn,tul'ltted aqueous 
solutions, Those listpd in tnble 1 hnn' pron'd. 10 be satisfactory, 
.:\ctunlly, pure wat0r mny be used ill one pH,n, ~Iost desirable for 
the oth('I' is fl solu Lioll sUe'h ns Illagnesi urn chloride, ill \dlich the n1pol' 
PI'l'SSI,II'C is ('onsidl'rH,bly d("I)l·('SsNI. 

SUl'cessful npplie:ti,ion of this mdhod rcquircs identity of ('xposure 
of thc two pttllS, and lhis is not easy to nehiC'vC', Howcn'l', nfiC'r:1 num­
bpI' of fniitn'('s, 11 cylinclrienl shelter made up of a series of horizontal 
cells find eovered with rn,bbit wil'c prond to gin~ satisfactory results 
(fig, 12), In tho finn'! Illod!'l the pans wcre mounted on scales so 
thnt n continuous 1'c(,oI'([ of thcir \n'ight was obtained. Bimetallic 
strips supplied 11 continuous 1'1.'('01'<1 of the temperntul't·s of thc liquids 
(fig. 1:3), 

In fin altl'll1pt to gl't n prnelie:1blc fi('ld instl'llllll'nt, pans only 9 
inc\H's in dilllll\'lC'r nnd 2 ,ill('hC's high Wl'!'(' used, The !'esult WfiS 

that ill high wind 11 plLl't of til<' liquid spilled out of the pailS, fi very 
s('riom:; diff1cully. This diflleul ty could I)L' oYt'rcomC' by using clecper 
pnns or by I'(\(ksigning' tilt' slll'Itl'!' so as to ('ut down the nil' flow. 
How('\Tr, t.o the pl'C'scnt, 110 fu!'th!'I' work has bp('n dOlle on the pan 
hygrometer, 

Tm: ell E.\1ICA I.-A BSOHPTrOX IIYGHo)IETEIt (159) 

liol' del('t'minillg th(' cOIl('entmtioll of moistUl'c in the atmosphere 
no method could be mo['(~ direct than thnt of I'('moving all the water 
vnpor from tl measurcd "olutne of nil' nnd weighing it. 'fhe custOIl1al'y 
laborntory pro('cdure of Illeasul'ing n. volume of ail' by allowing it to 
displacc fi giv'cl1 yolumc of water 01' some olhcr liq uicl as it flows from 
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a closed container is not adapted to field usc. On the other hand, • 
pumps that will deliver air at the rate of only 5 to 10 litres per hour 
with the necessary accuracy were not available. 

• 
FIGURE 12.-Various types of shelters designed in the attempt to secure identity 

of exposure of two pans. 

• 


75554 

FIGUnE 13.-Pan hygrometer unit to record weight and temperature of the 
liquids ill the two pans. 

However, a dual mercury pump having the needed capacity wus 
designed and built. The essential clement of the pump is ahorsoshoe­
shaped glass tube, open at both ends and pal·tly filled with mercury. 

• 
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A rocking motion of the tube causes the mercury to move back and 
forth from one end to the other, alternately forcing the ail' out and 
drawing it in. Since the total volume of the tube is constant, the 
amount of air entering one end exactly equals that being forced out 
the other. Equipped with suitable valves, both ends of the tube 
become individual pumps identical in capacity. 

The pump was at first driven by a small 110-volt A.-C. motor. 
Later it was found that a D.-C. motor designed for the Coast Guard 
to operate for an entil'e year from a single 6-volt dry battery has 
ample power to drive Lhe mercUl:y pump. 

A chemical-absorption apparatus using this pump was installed in 
the field ttt Arlington Oil Noyember 1, 1940, n,nel was operated suc­
cessfully un til the middle of December, d ming which time reasonable 
daily values of evaporation and condensn,tion were obtained. It was 
mounted ilt the bn,se of a stanclard wind tower, and air was drawn 
from the 4-foot n,nd 16-foot len-Is through }{-illCh copper tubing, the 
silmples being taken exactly in the horizoilta.l planes where wind 
yt-loeili<,s are determined (fig. 14). In order to exclude dust, rain, 
and insects, the ends of the tubes wel'e bent downward and were 
fittcd with copper ~wool filters. The indicators for wind mileage at the 
two 1e\Tcls were moun ted above (fig. 15). Although evaporation 
JllCasurenHmts were not; made after the middle of December, the pump 
continucd to nm without interruption until April 1, when it ,,~as 
disl1Ul.n tIed. 

An improy<,d c1evic<', using two glnss hypodermic syringes as pump 
cylindcrs and pistons nnt! having diaphragm va.lYes, dri,rell ns bdore 
by the cOllstnnt-specd, bntlel'y-opemted motor, wns received in 
Febmlll'Y 194J. For sumll1Pl" nnd winter operation, this pump unit 
~will dl,;twHccurntely 4.501' 0.0 I. of nil' pel' hour through the absorptive 
apparnlus fl'olH <'Hch of the two lenls. Although tllt' instrument hns 
not yct IWcll ndequn.tely t(\sted, it promises to provide nll accurate 
menlls of mNlsurillg f1tll1ospilcric mOIsture and will permit the es­
tnblishllH'lIt of simple and i]lt'xprllsive evaporation stations (fig. 16). 

The c1l('micnl-n,bsorption hygrol}l('ter requires a suitnble drying 
ngelli. Such flll agent should remove nU the "rater vapor from the 
nil' and should IUlXe a larg0 \v1I,LN'-holding capaci ty. It should be 
grnuu]I1T to anow an unimpeded flow of nil' through it. It should 
be capable of n-acLi\rnLiOJ1, so thnt it can be used repentedly, nnd 
should be snfe to hall(lle in the fic-ld as wdl ns in the laborntory. 
'rhe lust two requi1'('ll1cnLs diminated the otherwise efficient phos­
phorus pentoxide (P20S) and sulfuric acid (H2S04), 

Tuble 4 givcs the results of tests of a, Humber of drying agents made 
by Bower (13) n,t the Bureau of Standards and shows the amount 
of residunl wH,ter vn,por thnt each ngent was unable to remove. 
Although nluminn. (AI20 3) is not th~ most efficient drying ~gent it is 
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well within the limits of flCellnley 1'C'quiJ'C'd, and it ,\'flS s('kctcd hecause 
it is convenient to lISC, IS (,platinly illC'XPC'llSiw', find ('ill1 be C'flsily • 
l'cflctivatcd. 

• 

FH;t'ItE 1·1. ~- ('lwll1iC'al-llb:mrp(,ioIl Hpparatus in the field at A rlinp;lOlI, \·a., 
XO\'C'lIlbl'r 19·10. 

'1'" Bl,g·1. .11 ill iyroillS of l'csiciuol/('o/l'r ]I('r lila of II ir dried 1 •
.~--~--..-,~. ---'---~ 

,'ohml(' or nir 'I'nlul nlhllll~ of : 
l11.'r hour p('r nir pt'r lUI of i{psitiuul WtltPT IK'r lilPr I)r
JUt dp~j('('llul d(.'sireHl1t lIir \ll1gl 

(1111> d i 

.--,---­
('uSo. (nnlL I 3(; to 50 0.·15 to n. , 2.h ("-,- La 2.!1)
CnCh Cgrllll.) liO to It.;'i I)~ 1 to ~H~ 2 1.5 f1.·1 l!I 1.01 
CnCh ({('ch. allh.) J 15 to IfiO 4.0 to ii,1; , 1. 2.:i (1.2:1 LU 1.2jl
%n('h (sticks) J20 to 3ar. ,,", til 2.1 ,\Is I.U,1 to I.U2)
Un lelO,)' (nllh.) :.!G to :lIi 2.3 til a. '7 ~') ,( ,71i \(J .:-."x!lon (slicks). iTt to 170 : 2.3 t<l .,,9 ,~O . ;S tn .sa,
CI,CIt (ullh.) ~. 75 102-1() f 1.2 to I.b. .3n ( .33 to .:IS)
;II g (C10,h.31I,O 11[, to l(iO 4.n In 7.2 .0:11 l .n~~ to • O:l:! , 
~ilfcn g~1 ., n:i to 1:1.1 0.5 to 7. 'i .n:l ( .112 to .(HI
KO 11 (slicks) . 5;' to (i5 .3 .J (II 7.2 ,0\·1 ( .010 If) .01,1
AhO,. . .... fjlj tv 1:,t5 1 0.5 lu ,., ,(~);, ( .()(H 10 .oml)
('II;:;O.(nllh.) ... 75 to 150 L:! III I~.•j .m5 ( .001 to .001.\1 
CnO ..... ~ • HIll!) UO I 7. ti to 1II.1 i .I.I:! ( .!KI:! to .ooj\ 
M/:(C'IO,}z(llllh.l 05 to lao , Ii. ,I In I:J.:! .012 ( .002 .n(~Hto 
UnO ...... IH (Il nG \II,n tn ~5 .1)XlG5 ( • (}()(J(\ to .00181 

.~------.-

, Adnpted IrOIll l)ower (13, ,,,I!I( J, 1" f,I')'. 
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• 	 Aluminll will hold nenrly 20 perc<'nt of its weight of water I1lld 
picks up nll but 5 X 10-3 mg. of water ynpOl' pel' liter of air, which 
nlUOtUlts to ouly about 0.1 pl'rcent Ilt 32° :F'. At higher tempera­
tures mHI higher moisture concelltra,tions the percentnge of moisture 
not remoy<'d from Ill<' nil' is much less. 

Alumina de])ellds for its C'ifici(']1cy not only on absorption but on 
ndsor-ption ns w('11. Absorption is a chl'JUicnl process and results 
in the chemienl eombinlltion of wn tpr molecules with the Al2 0 3 mole­
cull·s. Adsorption is merely Il physicnl process in which molecules 

• 


• 
F 10 l"In~ 1ii," ()ptaiipr\ \'it'\\" of eh('lllk:t1-nb~()rptioll hy~rornl'lC'r cOlltnillill~ mercury 

pUlllp. 

of \\':It(,I' ndli(·/"(· to tll(' surfnet' of 111(' drying llgl'llt. To incrt'nsc the 
ndsorptiy(' eflici(,]lc'), of tht' Hhnninfl it is sp('('iully pr<'pllred us Il col­
loidal gel, by which Jl1('fIJlS its surfnt'1' HI'('n. is (,]IOrlllously in{'f"('n!wd. 

A\umin:1 will ndsorb (,lIrboll dioxidt' from th(' nil' i.ll smull umounis. 
HC)\\'pypr, it quiekly r(,Hehes C'quilibrium with the eOlI('entmtion of 
(':lrhon dioxid('.in tll(' nir, so it ('nn be :-;atuI'ntl'd with cHrbon dioxide 
without J"C'<luciug its ('upn('ity for water by passing tl frw liters of 
dr~' nil' thl'ouglt tilt' tul)('s b<'fore UIC'Y nrc used. 

Stnntiul'll U-sllnprd gl:ISS dryillg hlbrs wprr used to hold t.he drying 
ngpnt. '1'1t(' tllhl'S {'nell hn,"(' two glnss Si(lPnl'lllS to [I1('ililltte mnking 
('olll1C'etiollS to til(' pllmps H11I1 til(' snmpling tubes. '1'lH'Y nlso luwe 
ground glnss stoppt'rs for s('nliJlg \\,11(']) snmph·s nrc' not beillg taken" 
EYen ",lIen the tubes w('re c1osl'd til(' It.iulllinn. pit'ked 11]> nbout 1 mg. of 
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water per day. All leakage was prevented by conting the stoPlW1"S • 
v.ith a thin fUm of pet-cock gl"case. 

To achieve the desired accuracy great care must be exercised in 
weighing the drYlllg tubes. An flJlalytic balance sensitive to 5XlO-s 

gm. III 100 gm. is n('eded, and standard laboratory procedures should 
be employed. 

Since the drying tubes contain some air, the fnct that the weight 
of air change'S with change in temperature and pressure must be 
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FIGl'HE lO.-Detuilcd \·it)w of 	 chcmical absorption hygrometer containing 
piston pump. 

tnk('ll into ('on;;idt'rntioll. A closc'd empty tube of 35 cc. capaeit.y 
will illcn'nsl' hy OX1O-5 gm. III Wt'ight with a. rise III tempemtmc • 
of 1 ° F. nl :~:20. or I1Nl.r1y :2 mg. with n. tempernture rise of 30°. The 
huoyul1cy ('nil be minimized by k('eping the bnlnl1ce room n,t a nearly 
constant tempel'lltul'(' lwd o)wning the tui>t'S momentarily to allow 
them to come to pressurf' 1.'(luiliilriul1l with tbe nil' in the room before 
weighing. TIll' lIS(, of l\, t:lr('. consisting of a tuhe filled with alumina 
in tho regul:lr rnnnll('I' hut Ilot exposed to tlw nil', is recommended. 

As long itS both ))LIlIlPS drn,w (,X:lctly the Sfl.me amount of nil' from 
both luyc·ls ill II giy('ll timc int('l'vulwost of tlll'S(, possible errors nre 
Ilc'lILl'l1liz('d when fl.bsoillte Illunidit}r gl'adients are determined. The 
menn YillllC of the absolute humidity gmdiellt fOI' :1, giYt'll 1(:'l1gth of 
(iIlH' is obtnilled by dh'iding the diffcl'cncc III milSS of water "apor 
('ollcctccl from th(' two l('y('ls by Ule yolume of nil' drilwn through 
ench tubc. 
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THE MEASURE.MEN'!' OF WI~D VEJ.,OCITY 

W"ind yclority is less diffiGult to 1I1C'fLSllI'e tlum iLtmosplleric mois­
ture, A lHnnh('r or difl'('l'('l1t whirling-cup iUlem01l1etCl'S urc avu.ilable 
that either rC'gistC'l' totnl miles of wind passed in n given time intervu.l 
Or giyc continuous l'c'col'cls of wind yC'locity, Tllese instruments 
I1lCfiSUl'P only the UYC'l'ugc values of the hori:wntul componel1t of the 
wind, To l1leHSUl'C lhe inslunbtueous yeloeitics ill tit(' mn.jor dircc­
lion, as well ns UIOS(\ to the right iu1tllcft tlnd IIp lind down, is much 
moro difficult Hnd l'C'quil'C's spccinJizcd C'quipmcnt. PrC'ssul'c-plu.tc 
llneIl10metC'l's, 1Io\-wil'e ItllC'1ll0Ilwtl'l'S, or pl'esslll'e-tubC' n.llcrnographs 
ilre gf.'J)ernlly wwd for Ihis purpose, n.lld till' scnk nnd froquency of the 
f1uetun.l iOlls llH'nsur{'(1 d('Pf'IHIs upon the illC'l'liil, of the instl'lllllent used, 

The wind 1Ill'tlSUl'elllt']l ts requil'l'd ill til(' evnp 0 I'll tion C'q uution 
eml b(' obb1inl'd with stiUldnJ'(\ instrUn1Pllts, 'Wind v('locity is meas­
lll'C'c\ Ht two lpyds with n, pail' of cOlltading cup-typP lUH'lllometers, 
\rind dir('ction is IlH'uSUI'('d fit UI(' UpPC'1' lC've\ ollly, 

'rltt' type' of willd l'I'cOrdl'N(lliro<l d('IWn(ls on the kind of humidity 
inslrulllC'nts I)('ing lIsC'd, If ('onlilluous r('C(ll'(ls of atmospheric mois­
turC' are being obtnined, :l.s from dC'\\'-point recordcrs or hygl'othermo­
grn.phs, continuous ]'(\('onls of wind \'elocily will be required in order 
to d('l('rll1iJlf.'. litC' l'H.lo of (,\"Ilpol'il.tion fol' short time iniC'rnlls, If, 
how('\'N, only ill\C'grntt'd YHlu('s of n.tmosphcl'i<: moisture H.rc being 
obtn.inp(\, ns frOllt e1IPllIicH,l tliJSOl'ptiOIl hygl'Om('ters~ continuous 
I'P('ortis of \\'illl!. yt·loeity n,l'(: UIlIl('CI'SStlr,Y, but only nn jndication of 
the lotnl milps of wind JlilSSed durillg til('. limp int('JTal for 'which the 
moisturC' JlwnSUI'l'IllOJ1ts n.ppl,'" 

'1'11(' fllet tha.l Ih(~ }'('quir('d wind \-nlue ill the p\'apol'utioll equation 
is lho dill'l'I't'l1l'e in n~locity at the two 1m-pis makes it UIlneCeSSal'Y to 
IIpply It (,OI'l'('C'tiOIl fn,('{o]' to 111(' l'l·ndings of either illstrument. ",rind 
,"ploeil.." C'ni('rs Ill(' forllluia nlso .in tho d{·tNmination of Z2/:::;I, and 
Ill'I'O nduul yplo{'iti('s nl'(\ ],(·quired, Howo\-er, f:1.ilure to apply the 
5m:111 ('OJ'l'('eliOll fll·e[on; to get ll'lIC wind speeds at the h,-o levels 
will )'C'sult ill l'I'I't)]'5 so slllull they ('I\.n be nogloelC'd, 

A YKY/l OF EY1\POIL\TIOX AT AHLIXGTO.\', VA,II 

All C':qH'rirnC'lltn.1 ('vapnrn.lion :;illtion wns C'slnbli:;ItC'c1 :1,t the Cnitccl 
StntC's Dqmrt mont of Agl'icult UI'(' l~xpprim('nlill Farm in Arlington, 
\"11", in lIIC' t.utlllllll of In:)8, DUJ'illg 19:19, dl'ort wns ('oncontmted 
on lhe ohj('('lin' of Sl'ClIrlllg n. complete record of ('nlpOl'tltion n.I1d 
('ondellsnlioll [(/I' :1, yt':tl', "JnstnIllH'lIt f'nilul'e un(l otll('1' diflicultics 
prC'\'ollll'd lilt' full tl,('('oll1plishll1C'llt of this olJjeeti\re, but lhe gaps in 
tho ,'('('onl:; do llot\lilJlinislt their YilllH'. gronlly, llygl'othC'l'I\1ogrn,phs 
\\'('I'C' u:;ed fol' thC' dC'tol'minn,tiOI1 of humidity, 

" Port or tilt' 111111",1111 In this sft'tioll hilS IIppenn'd pr~\'iously (!GO, /11!, 1C3" 
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During 1940 ati.en tion was focused on tlle problem of seeming • 
improved instruments, and fI, number for mensuring n.nd recording 
moisture and wind W('l'(' dt~signed n,ne! (('sled. 'l'he more imporlnnt of 
these ]l/lYe alrcady been d('scribcd. Figure 17 shows the YnriOllS 
instrumen tnl instn.llatioJlS (hnt were being tesLcdin Novelli bel' 1940. 
The tower n,t the extrcllle Id! is n, complete slntion, from which obser:­
yalions of both wind \-('Iocit.y and humidity at two I('\-cls an' obtu.ined. 
The ehl\llIicnl-n.iJsorpt ion iLygl'Omet('r is used for lhc moisture deter­
minnlions. TlIr JI('xt tmn'r to tIl(' rig-ht is til(' pnn-iIygrol11ett'r instal­
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Fwnll; 17." TIll' ('\'Il]loJ'at iOIl ~tHli()1l al AI'IiIl~ton, '"Il, , )\0\"'1I1bcl' 1!).IO, 

Inl ion for llIoistul'r dpl('rlll illat iOlls ollly, Fl'om (he lIext tower 
Il"IrnSllreJlll'llts of wind, \'"Iocily nt fOlir I('"pls :UIl] of wind din)clion m'e 
oiJtnined. At til(, l'xII'OIll(, right Ill'hind n, standard \Veatlwr Bureau • 
shd!t'l' is the dpw-point 1'0(,OI'del'. Ht'J'() lhe dew-point tnl,nslllitters 
lin' fI I the n ppropriaf e 1('\'('ls, wht'n'ns ill lho illlproypd instl'lIlll(,11 t, 
1I0t sh(nnl ill this view, ail' is drn,\\'1l 1'1'0111 the proppr ]('ycls 1.0 tlw 
inst rumoll t, wh ieh is on titC g-I'ound. Thoinst l'lIlIlCn is w('('(' locn.l('r/ 
in n. h:l." fi('ld Oil [ltr ]'('I:llin'I.\T flat top of n. g-entl(' ridge. • 

The first usabl!.' l't'('ords of lIloist un' ('ollc(,lltTntion wer(' ohtairll'd on 
OctolH'l' Hi, ] 0;)8. \\Tind-"n'lo('ity lII('nsuI'Pf)]('lIls beg-all );"0\-('1111)('1' 2:3, 
1938, find lho first ('0111 pit tat ions of (wn.porn.tion '1'('1'0 mndt' for D('cem­
hl'l' 10, ]\):)8. Tlto stlllioll (,Olltillll('d ill op('f'f1lioll Ihroug-houL the 
cnlrndnl' ."(,flr H);W, hut 1)(,(,H.lIsP of insi.I'II1IH'nlal diflicuiti('s llnd the 
ll('('('ssily for t'xlwrilllPnling witlt \'IUiOIlH typ('s of (lqllipment ther'c 
nl'O n, lIum!Jrl' of 1I1li\,\'oidu.hh.' g-a.ps ill lite 1'('('ord8. ~lost of tit£' usable 
hourly \"nlll(,s of l('mpcrn.lur(', SI)('('ilie},lIlIlidily, nlld willd y('lo('ity 
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• 	 for the various len'ls obtained during the yenr are presented JI1 the 
appendix tnbles 10 to 12, pp. 70-118. 

To giye an indicntion of the diurnnl ehnnges jn moisture and the 
changes .in grndicnt; for vflri01.1S I\,ir mnsse8, the obseryn,tions for n 
number of dnys nre discussed ill some' detail. Figure 18 shows 
tho Il1m'ch of moisture conc(,ll(rn.lion nt (he two 1('\'eI8 for 2 dnys in 
en]'}y autumn, during which time n, modified Polnr Continelltnl nir 
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FlaUHE IR. <\foi;.;tUrL' ('(JJ]('C' 11 I rat iOIl al two IC'H'I:; and Jl1oh;(1Jrc !!rndient, October 
]ii and Hi, J!J3S, at Arling:{OJl, Vn, 

/Hnss romnin('d O\'l'r Iho :"I1"ell,. The sky was denr, and modcrnte 
i(\lnporntures pre\'il ii<'d. Thl' n.ir Il1n~s was reln(iyel~' stngnn.n t, and 
winds were Jig-h {, nllel \·nrinhle. Sign ificlW t rn.din.t iOllnl cooling occurred 
throughout tite, night, and. n. 1ll0tiPI'Iltl' ground fog condition limiting 
visibilities to 1 to 2 mill's wns ollse1'\'('(\ 1I.l the airport, lcss llum n 
mile [mill (h(l c\'n.porntion statioll. 

Durillg thl' first night thr moisturl' cOllc('nirntion of the n.il' dropped 
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to fi minimum of 5.4 !l.nd 5.8 gm. in the lower n,nd upPt'l" lc\rels becausc 
moisture WfiS fthstmded by condensation at the ground. As SOOIl as • 
the ground l){'gnn to Wftl·m up nHer sunrise ftncl l'\~aporn.tion COlll­
lllenced, moisture COl1c('J1trcl.lion rose rapidly, beginning fit the lowe[· 
level n,nd produeillg n. 1"l'\'C'rsn.l in the grndiC'lIt. Shortly before noon, 
thermtll conncl'ion hfld deY010ped to ft point Whl'l"(, th(' moisture \,'ltS 
cnrri('d to the upp('r nil· fnst(,l· I1mll it \\'ns r('cpiyC'C[ from the ground, 
nnd th0 conc0ntmlion fit hoth lenls diminishc'd fibout 0.8 gm. In 
IM(' fiftel"!1oon, with a d iminu lion of cOlwcctioll) tll(' eYliporn.tion ngftin 
('scN'ded the nne of tnHtSport nloft fmd the moisture eoncentrn.tion 
1"080 to the high point of th(' cln,)r. Between 6 and 7 p. m. the cooling 
of tIlt' ground surfnc(' bq:~an, find soon the conc('ntrn.tioll at both lcv('ls 
wns th(' smn('. 'Yilh cOlllillu('d cooling, cOlldcnsfltion begnn, flnd as 
moisture wns nbstrn.ded from th(' lower level the grnclit'nt wns 1"('\'(,l"s('<1, 
find lIl(' ("O]1ceninl!ion nt both It'Yels diminish('d tIn·oughout the njght. 
In th(' mOl"lling ther(' wns n, 1l<'n,vy dew d('posit. 

The snm(' seq u('nce of ('ond i lions \\'ns Tep('atecl th(' n('st clay; first, •nn upwn,Td shift of grndi('nt fo1\ow('(l b)T a rnpid im'I"('nsc' of moisture 
conc('ntrntion ns ('yn.pomlion proeC'('d('d; th('n, n diminution of con­
e('ntrn.tion with n continued lIpwnr<l-dirl'el('d gradient ns th('nnal 
eonyrction cn,rriNl th(' moislure to lit(' drir!" 1<'\'('1s aloft; th('n, ns 
COl1Y('CliOll suhsid('d. a rn,pid incr('nsl' in concentration; ftnd finally, 
with UlC' ons0t of ground mciinJion at th(' ('nd of th(' dfLY, eond('nsation, 
n grndiC'nt din'rlC'd downwi!.rcI, :11\(1 n, rnpid (lirnillutioll of moisture. 

1\. fpw dny:; lftt('r. with the pnssngp of n wpIl-mnrkwl front, the 
trnnsitiOllnl P()lilr Continental ftir m:1SS \\'flS displn.c('d b)T a fr('sh 
poInr nil· 111il;;S. TIl(' moistur(' COil (" ('n t l"Ittion clroPP0(\ within tIl(' ("omso 
of n, f('\\' hours from n.hout 10.5 to nh(lut 4.0 gill. The moisture gl"fldi­
('nl pn.tt(,l"l1 fOI· tIl(' 2 dft)'s following is shown in figur(' 19. Esc('pt for 
sC'ntt('r('cl eirrus ftl1d n, few sca!tl'["('d cumulus clouds during the aft('r­
1100n Uw sk)' wns d('nr thmughout 1IH' 2-da~y lwriod. For IH'I1Tly the 
('ntirp first (\f1." fh0 wind dirretion WftS pl"('dominanlly from ill(' w('st •
and W('SI-110l"lh,,"{'st, nnd y('10citi0s ral1gN1 from 5 to 15 miles 1)('r 
bour. Th(' moistur(' gl"fldi('nt, although small, wns c1ir('cl('cl upward 
for n.pproximat!'ly 28 hours afl(,l" lhe' inyftsion of th0 polar air mass. 
Th(' rnoistul"P ('ol1c('nlrn,lion ]"(,ll1nin('d n,1most stn,tionary at about 4 
gill. lin Iil npprosimn,('ly :~ p. tn., W!tNt ft moli('rt\,t0 amount of conv('c­
lioll for('('d a smn,lI d('{'\il1(,. It is of int('rC'st to note thnt scnUl'red 
cumulus clouds WC'I·(, ohs('I"\'('(1 b('tW(,l'l1 3 ftncl 5 p. m., which coillcidC'd 
with thC' OhS(,ITPd d('eiin(' in 11loistmc ('oncentmtion. During th(' 
rr(,l1ing, ('\'i),pon1.fion cOl1linu('d and lhe cOllcC'ntnllion rosc more thall 
n gl"flm. Nol ul1lil I),ftc'r 10 p. m. did ill(' grndicnt turn downward 
nnd eondC'nsntiol1 (,OIlUI1('nc('. 

Throughout th0 J"('mnind('r of till' llight sllrfnc('. wind vdoeiti('s 
were gel10l"nlly Irss thnll 2 to 3 mil('s P('l" hOllr, nnd with moistUl"c 
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abstraction going on at the ground, the moisture concentration slowly 
declined. The gradient pattern of the second day resembled those 
of the two earlier days shown in figure 18, nlthough the rate of evaporn­
tion was considerably reduced. The important difference ill pattem 
is that tIl" moisture gradient was directed upward until 11 p. m., the 
moisture concentration contiuuing to rise lmtil that time. 

Figut'e's 20 and 21 show the moistw'e grndicnt pn,ttem nml the 
hourly rnt('s of evaporation for Dt'cembel' 11 to 14, dmillg which time 
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Fl(lt:IlE 1n.' Moislurt' c:oncC'ntration at tll'O Ie \'('1" and moist.ure gradient, October 
21 alld 22,1938, nt Arlillgt.on, \'a. 

It Polat' COJ) I iJl(lll!nl 1111' IllltSS dispJnc'('d n. sou Ihcrly cut'ren t of well­
Illodifil,d polul' ail'. On DCI'l'lllbct' 11, thc' sYlIoplic wN"ther chart indi­
('nt ('d flIt' PI'('s(,J1Cl' of it wp]]-modifi('d l'Plul'11ing flow of poln.r nil' onr 
tJll\ l'n:;U'l'JI pllrt of Ut(' Fnill'd Stnh's. The sky conditions liS ObS(,ITCd 
H.t Ull' ,,\~n.f;Jlington nirport, wh i('h ndjoins nt(, Arlington Filrm, yuried 
gl'('u,ll,v from Jlour to hOllr. '1'h(, thin, brok('l1 to on'rcflst, nHostratus 
('loud::; whiC'h PJ'('dOllliJlu\cd durillg the ('arly mOl'11ing nnd f01'('11001'l, 

lhi('kl'ncd during the n.flt'l'nOOll and en~nJJ1g 10 n. lll'nl'ly continuous 
lW<'J'('n,f;t wjth 1\, base n.t 0,000 10 7,000 feet. During this t.ime the 
sp('('i(ie-lllllnldity gl'l1d i('ll t wns c1il'ccLt'cl upwHl'd. 13ct\\'een 5 nne! 7 
p. m., the <"louds bl'('ILl11e sctlltel'ed HJld broken, and rndiationnl cooling 
of Ut(' gl'ound hastl'llNl [he usun,] l'e,'el'snl of the spccific-humidIty 
gl'lldil'llt. As !lll' O\'('I'Cus[; thkkcllNl agn.ill, ilw gmdient- shifted 11])­

wn,rds tcmporllrily fOl' nn hOlll'. Thcrcuflcr the gradicllt ",us direcled 
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dowlIward ex('('pt fot· it. pcriod bl'tw('('11 midnight Ilnd 3 a. m. of 
December 12. The upwfil'{1 gmdi('nt Itt tllis lime was probnhly due to • 
It slight inercllse ill sHrfilC'(' temperature caused by the downwfird 
transport of hC'i1L by tmbull'lH'C indu('('(1 by the il]('('('ilSl'd wind 
vdocities which pre\'i\iied dming this period. 

During (lIl' l'ud.,~ mOJ'llillg of ])('('el11l)('r 12, UI(' douds w('r(', ill 
gCllcrnl, high and scnttl'rcd, find calm or l'xlrl'ml'ly light winds ])1'C­
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FI!:nu; 2(). :\[uj::;ltll'e ('oJlt'('ntI'llLiol1 Ht lll'o le\'eli', lIloisture gl'lldi(,llt, nnd hourly 

('YilJlol'lltioll, Dl'('emlwr II lind .J2, IfIHR, Itt Arlington, Ylt. 


\'nilt'd. TIH' .1lloisluJ'(' !!l':Idil'nl ('WlliIlIH"d dO\\'m\':lrd, find n Jig-lit (kw 
fOI'l11:llion n·stJ![('(1. ~\( nn. Ill., (hl' sky lH'('flmt' OVC'('('lIst wi[h upper 
nIto:';tmllls n.!Id low!'r sl rntoculllllius d('('ks, ll<'l'il.ldi!lg- [hl' n.ppro:lch of 
n ('old {'ron!. O('('i\siol\ill sprillklt's W("t'l" notNI. liming Uw hour ('n<iing 
Hl 9 11. 111.. :lnd light ruin wus obs('rnd b('t\\'('I')1 JO:IO nnd 11 :2;,) n., 111. 

'1'11(' :llllo11nl or rnilli'nll, 1 IO\\'!' \'''1', w:tsl(,ss Ih(l.n [UH in('h. '.1'11<' front, 
which mllrkt'd (Itt' Ih)lllldlll'.\' or Po)nr ('ontillt"ntul nil', pnssl'd (]l(' 

stnliOIl n[ nppr<lXinlnll·'." 11 n . .Ill. lind \\'11:'; nss()('int('d with :1, wind 
shift to t\tp !Io('lll\q's! !lilt! fI dissiplttioll of the stmloClllllulllS deck. 
During !lw (I.nsuillg 30 houl's, [h(' willd 1'('ll1niJwd ill Ule nortl)\\'('st, 

• 
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• with velocities gCllerally bel\ncn 8 fll1d 15 milt's per hour. The 
speeifie-humidily gradit'nt was dirt'eted upwnrd for the two hours 
preceding the {ron lnl pilssnge lind conlin ued to 1)(' din'l'tt'd upwnrd 
until U.\e Jl10millg of the 14th. The grnliiellt shiftNI dowmnml at this 
limp, lInd n· helty)' fl'ost l'IlSIIl'd. 

It is to be llot.ed tlllLt on thp J3th thr1'r WitS no drop in specific 
humidity resulting fl'om 111rg('-scnle tltermnl M .coJln'etiyc turbulence 
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FI()l'm, 21.- )[OJ,,(UI'C' (,OIlCl'lItl'ali()1l a( (11'01('\'('1:-;, lIlois(llI'e gradient, and hourly 
C'\'npornOoJl, ])ec('lIlbl'l' 13 ami 1-1, I!J3R, al Arling(on, \'n. 

such :15 WtlS ill \1;;[ J'H tl'd ill fi~\1 1'(' l~. This J:; ('xpl:lil1l'd b.\- U1(' fnet 
thill ('OJl\'pd in' t \Il'hlllell(,{, WilR lilll ited to lllP thiek In.nr of polt!r ni!', 
witJlill whi('h mixing- by 1lIl'('h:tllil'nl lurbulpJl('l' JlHd nll't'ady l'slabli~hed 
complt'l<' ulliformity of moislure C'OIl('Plltnltioll. Thus th{'rp was no 
po;;"ihillt.\, of )'(lphl('(IIlH'lIt of llip nil' fll UI(, lPn'1 of {lip obs(ln-ntiolls 
by dril'!' n.ir hOIll alofl. 

On ])('('('1111)(11' 1-1, lio\\,('\'('I', nl(' wi.lld n'lo('ilips in Oil' poln!' 11i!' \\'('1'(' 

• light nllt! Yiu'.iilblp Itlld ili(' tJli('kIH'SS of Ull' 1l1('('lWlli('ilUy turbulent 
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ltl~yer was much less than t.hat on the 13th. From 11 a. m. to 3 p. m. 
the chal'lletcl'isUc conycctiye turbulence was manifested by a steady • 
drop in the specific 1I1I1111<1i Lies in spi te of the fact that oyaporation was 
continuously adding moisture to the atmosphere. A secondary de­
crcasc in t.he spcdfic humidities bcginning at 8 p. m. was also due to 
mixing "'il.h dricr nil' aloft. TIlc wind velocities increascd at this time, 
shifting from south at 3 mil('s pCI' houl' to w('st-llol'thw('st at 15 milcs 
P(,1' hOllr, cH.lIsing a rise in surfacc tempcJ'll.turc from 38° to 42°. 

o~~-------I~~------~~---------------_________________ 
LEGEND 

gm Ro •• 

o S.o. 
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_ Sno .. o"field 
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FHa'HE 22. Daily tolnb of ('I':tJlOl'Utillll and condensation fo!' the 'IIlonth of 
.fllllll:l!'.'" H)30, at Arlington, VII. • 

TIlP \\"utPI'j()SS from Ull' Illlld slIrfae(' n.t Al'linglon Fn./'lll, combining 
t'\"It[lorll lion from UIl' soil, ('\'ll.porn.tioJl of dt'w n,nd frost, nlld tl'H.nspirn.­
lioll, for UIt' " dn.y:> DpCPlllh('I' 11, 12, l;~, .n.wl ]4 wns 0,0026, 0.0137, 
n.D 1:32, Hlld o.mao inC'll, l'(ISI){'('l.i nly. 

Figun' :!2 shows tIl(' dnily (1\"nl)(H'aUOn I1nd COll(\t'nsntioll IOI' lIlt' 
nl()lltJl of J·nnUluT. Tn tnhh· [) lilt, tYI)(1 of infol'D!fl,[ion obtained and 
Uw JlOudy (lYflporntion Ynlu('s for ,Tallun.ry 27, 10:,31), flrc prcsl'lltcd 
111(·I'(·ly for jJllIs[r!l.tin~ plIrposps, 

During Lh(' first 4 dfl.yS ill January, the ground surfn.ce was dry and 
the moist mc WitS fl.ppal'el)!ly l'en1o\'('d chidly hy trn.nspirn.tion (169). 
Variable high scattered clollds and light yal'inble winds pl'cyailcd dur­
ing this period, and H.ppreeinblc amounts of dew condcnsed dm'ing the 
early morning hours. On JllnuHI'Y 5, a low stratus overcast prr.vn.i\l'Cl • 

http:surfn.ce
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TABLE 5.-Data for the computation of evaporation and the cvaporaUon at Arlin(Jton, Fa., for the 24-hour period Jan. 27, 1939 

--~~- " ....~~---,-
lionr cnrling: at-


Ohservations and compnted evaporation ,--- ., .'._-,-- -'__ ~____'.. _____ 


,____ L7n.lII.!~.~~L:n._I::J:a~:J.~.~~t~.:J DU.llI. L~.~.:.~~.:.1~1~~I~ln.m·112m._ t<l 
-<Upper observations:. . I _ ry _. '_. ry I' _ '__ '0 ' _ I r. I >

RelatlvehullIldlt). __........ ,__ • __ ••. percent II,r.,. ,D.R W.O 80.1 81." /".1 5.. 0 40.4 143.0 , >-c45.2 41.0 39.4Temperaturc•• __________ ._._.___...<lel,7ees }'.__ 20. R 20.3 20. I 18.9' 18.7 19.3 22.8 23.3 24.0 o25.1 26.5 28.5Vapor pressure_____ ". ______ inches o[ mercllry .071,.074 .07S .079 .079 .075 .061 . 055 •054 ::l:l.059 .o,'ii .001WincL ____________________ •• ___miles per hour, 5.1' '3.S ·1.0 1.8 1.5 3.5 9.0 5.8 1 13.5 >12.8 19.2 12.5Lower observations: tjHelatlve humidity__ ._._.....__••___ .. pcrcent _ 7'1.G 71;' 7 SO.n 8,1.9 87.9 81.2 5S,8 52.5 51.4 50.0 .J5.5 42.0 oTemperature_____ •__ ..... __ .••. ___.degrees F .. 10.4 IQ.5 17.5 le.5 16.0 1').5 20.5 21.0 22.4 21.P 2fi.9 29.-1 'ZVapor pressure _____ . __ . ____inches 01 ,11rrcury , .07;j ,0;·1 .0;-1 .074 .075 .073 .002 .O;ji .OGO .005 .065 .067 " Wind ________________._._._••• milt,s per liMlr" 3.2 2.0 1.8 1.0 .2 1.5 5. ~ 8.2 12.8 8.5 >:j
Difference: I ::l:lV!lpor pressurp.._. ________________~-------jnch 3. :02 " 

.00·1 .ono -.004 -.002 .001 .006W lD(L _____________ •. _____ ..._.IDlles I,~r hour. .008 .000-:gO.') I lJ04 7:~001.8 I I. ~ 2.!? 2.0 3.2 2.!l 0.0 " 4.6 0.4 1.0E\'aporatlon ,____________ •___ .. __ . ___________ inch. ~ .0003 I .0000 -.0003 -. 0001 I -.0002 -.0001 .0001 .0002 .0013 .0010 .DOIS .0008I 

Z
I p. ;:~I..:.~!...:l..:~L:.:~:_:~.J ~~ p. 111:...1 I s p. m. ~'~~ 11 p. ID.:../12 p. m. 

~ 
7 p. ID. t:l 

Upper ohservations: I I 'I I
Relative humlclity_______.....___... __ pereent 31i.5 3,1.2 31.0 I 32.0 aLI 3;;,3 35.5 35..; 37.r. ·!l.0 43.0 47.5 > 
'fernpcraturc....___ •• __ ...........degrees F." aO.5 32.;; 3·!.P 3,1.0 :11.0 33.0 3~.a 131.7 31.0 30.0 2~.3 2f>. .'i Z 
Vapor pressure._............ inches Of mercury.. . Oil! .OG3 •QuI .062,.007 . (luO .065 .063 .061; .00.5 .005 .Ofo7 t:l 
Wlnd __.....___.. ___ ......... ___ lllilespcrhour__ 1:U; 15.2 ll.S I 12.2 t 11.5 11.2 8.0 7.2 5.0 3.5 2.8 4.2 


Lower observations: ' 1 ::i1
Rclative humidity........____ •____ pcrceut. 3Q.0 :11.2 32.0 i ~'1.5 3n.9 39.3 41.5 I '11.1 43,1 I .'0.0 r,1.0 71.4 

Tcmpernturc..... __ ......__ .. ".__.degreesF.. :lI,P 3:1.0 al.o :13." 32.9 :1I.4 ~0.4 2'JA 29,4 ?O.:l 22.0 ZI.1 
 ...., 
Vaporprcs~ure............. inchcso[nwrcury" .flIjq .007 .065! .06G. .01.;0 .0!lO .070 .006 .onn •Oil . Dill .0iO t<l 

Wlnd........_.................milespcrhour !I.2 10.5 0.8 9.8 n.O ~.O 5.0 ,J.2 2.8 1.8 .0 1.2 ::l:l
I > 

DifTcrenrc: 
VaporpreSSllrc .... '" .......... _....Inch! .007 .nol .001 .001 .002 ,003 .005 .003 .00·1 .ooa . OIL .012 
Wlnd _____.......... , ... , ...miles pcr hOur-- ·· ·1. a .1. 7 5.0 I 2.4 5..' :l.2 3.0 3.0 2.2 I 1.7 2.8 :1.0 ~ 

::l:l~~aporntlo.:.'=~~~_::....~~_-- ...._--.--illCh.c._l ... ~uOII.~n~7L .P~~~~ .000·1 .000:, .000:; .0003 .0003 .0002 .0010 .0013 >:j
> 

INegati\'c cmpornti(.n is cQudensation. 'rotnls fur tit!' pI'riorl: ·EntpornticlI. 0.0120 inch; condcnsatlon, 0.0007 inch. ~ 
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tluonghout the greater pad of the day. Intermittent sprinkles and 
occasional light rain totnJing 0.07 inch occurred during the 24-hour • 
period. In spite of the cloudy conditions and the precipitation a 
measurable moisture gradient directed upward was detected, and 
0.0103 inch of evaporation OCCUlTed. The following dny, January 6, 
the sky was reln,tively clear, modern,te wind velocities were observed, 
Ilnd the evn.porn.tion WitS gren.tly incI·en.sed, n.mounting to 0.0544 inch. 
On the 7th, 8th, n.nd 9th, vadn.ble high clouds to clear skies prevailed, 
but the dn,ily evn.porn.tion totnJs were, n.s was to be expected, less thn.n 
thn,t of the 6th, when the ground surface was moistened by the previ­
ous dflY'S l'ainfnll. On the 8th, the eyn.poration wn.s slightly gren.ter 
tllltn 011 Uw 7th 01' 9th n.nd lIlay be explained by the moderate wind 
,-e}ocitil's, oceflsionn.lly I'('fl.('hing 22 mill'S pet· hour. Light min amount­
ing to 0.07 inch fclllwLwN'n 7 11. m. n.nd 9:80 n.. m. on January 10. In 
spitl' of tht' llloisturl' on Lhe ground fmd a mOlIern.te south-southwest 
wimI which \"tll'ied betwcl'n 8 and 12 miles per hour, the evaporation 
ill1lotll1tl'd to only 0,0276 inch. Tht' supprt'ssion of evaporation on •thi" day tn:),y Jw l'xplnined by the diminution of the moisture gradient 
by ill£' invl),sion of more moist nil' from the south, which catised an 
in('reHs{' in specific lllllnidity from :3.5 to approximatel)T 7 gm. On the 
following dn,y, there was only slightly more evapomtion. However, 
by the morning of the 12th, fresh l)oln,r ail' had invaded the area, n.nd 
the specific humidity dropped to 2,2 gm. The wind blew prevn,ilingly 
from the nortll\\'C'sl', with It velocif'.ymllging he (ween 5 n.nd 15 miles per 
hOlir, n.ncl in spi te of n. high ovel"Cnst the eYn.portl.Lion n,ttn.ined n. value of 
0.0;j85 iJl('h, 'l'lll' incrensed cvn,porn.tioninto pobr air masses, which 
hns b('Pl1 fOlllld cOllRis('ntiy in Ollr obsprvat.ions, wns anticipflted on the 
bnsis of the cycle- of nil' masse's (51,157). 

Tlu' high n.llostratus overeast t.hat was ]w('se'nt throughout the 12th 
stl'Hdily 10w('rNl fwd thickened, lH'ralding the appron.ch of a warm­
front storm. On the' 13th, It mixed preeipitatioll of freezingrn.in, sleet, 
and sno\\' fell throughout Ou' grl'n.tl'r part of the day. On the 16th, a • 
light snow fell bdween G 1\,. m. n,n(\ 11 11.. m. On the 18th, snow began 
falling shortly nfter midnight and continued throughout th(' day until 
10 p. m. A light snow, nssoeinted with an upper cold [wnt, occurred 
on till' 20th b('l\n'en .5 p. Ill. and 9 p. m. Thus fwm the 13th through 
till' 20th the. si t{' of Lhe evn,pomtion staLion was covered with snow 
mnging in d('pt:h from 1 to 6 inches. 

During this IH'riod the bln.nkpt of snow was fundnmentnlly responsi­
blp for the suppression of eVftpomLion. A snow coyer mny suppress 
evaporation in l), number of diirt'rcnt ways, nHhough the moisture 
10ss('s by evapomtion fWIll a snow field may be lnrge when suitltble 
ntmospheric conditions previti!. Be('ltllSe of the difference in the 
physicnl chltrHC'(£'ristics of a snow coyt'r and a grass COY!:'l' there must 
obviously be n, eli A'erencn in the roughness factor c11aracterizing the 

• 
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type of surface and a consequent difference in the in tensi ty of tUl'bulen t 
mixing, 

Table 6 gives the avemgc hourly values of 20 for the pCl'iod in Janu­
Ilry during which the field was snow covered and for thC' remainder of 
the month. The avern.ge for the dn.ys with snow wns 0,11 cm, n.nd 
for those without·, snow, 0.28 cm. 'Vith the CO\'CI' of snow the ratio 
Z2/ Z1 dropped from 25,2:3 to 25.09, n.nd the c\'apol'n,tioll should 1aye 
been increased O.G percellt as a rcsult of lhis c1mnge. This extremely 
small increase is morc than ofl'set by other influences. 

TAlll,g 6.-Di1lI'nal vuril/Uon oj z" Jor Ihe days H'ilh anilll.'ilholll snow rover in 

JaILlI ar!l1939 


.A \"(Irag:(' ~(' for hOllr (lllding Ht··-· 

Condition Ofgl'(HlJ1d" ])nysl r 
. I I 1 2 i:l ·1,'" 0 7. S n 10 ~ I I : 12 

j n. 111. n~ Ill. In. 1Il. f 11. lit. n. m. ; U. Ill. n. III. ; n. Ill. n. frI. u. m. n. m. t tIl. 

------.----:.-..... 1 !. -~"~-.-.-~ I--i" ---. - _._-!"-_ .._ ..~.--~ -~',--i---0= 

,.\11.111., , I I ' ! 1 I 'I 
I bcr ! CIII. ; CIII . . CIII. CI/I. I CIII. 'CIII. CIII. i CIII. CIII. CIII, I CIII. em. 

Snow"O'We'''.. U:O. Hi2S 0. :W,iS O. :1:1.;:1 O. ·1~77 0.27·1:10.2:177 O. ~I:H O. 171,~ O. lall n. US:?:! 0.02-14'0. OSIS 
Frcc (rolll snowv.,,_: 2:!11.2IiS:.!; .11~t) .155·1 .. 17:t7 j • 24:iS .3!W2, .1~~li .21:H .1l2S .0701: .tt~·I·I~ .017l 

, ' 1 f i ! I· ; t 

I I I ,> I II r. ,~ - ,. '.1 I-O·--Il----I~_~--- " ! j (),.I 0 jIfl· Ill. fl~ III. p. m. p. III. i p. HI. p. 1II. p. Ill. ' p. III. p. 1lI. p. nl.. J). Ill•. p_ nl.

I .- ...----- ~_.I -~- •. - .. .' ,. . ...• -.-.-. ----.. ___ 

i ICUI. CIII, i CIIl. , ('m. ~ ('Ill. rill.' ('m. ("111. Cm. ('m.! CIIl. ; Cm. 
Snow cO"('red _ •.. ! 1110.00111 U.1J1l1U O. (XIII:IIJ. (K)()5,O.IXI:JO O. O~·I·I O.O()·I(iO.IlI·I:J O. (J~~I' II. UlU7 O. 021a O. u:mli 
~'n'errolllslJow·_·_1 ~2' .0271 ,02W l ,1I51S .QVI·I, ,21l~1' ,aSIO ,010 !.O:Jn:l .•1i20 "157~ .2591 ,7925 
- __•._________1__._. L._.... ________ -'-_.___I._, 'i ' 

.A \'erngc: ~1l0\\" CO\'t'I"l,t!, O. 1127; (n'(,1 frolll snow, O. !!,s.11. 

An importallt, fH('tol' gov(ll'lIing th(· rnlt' of ('\-npol':llion from the 
snow is tiH' l('J1lpl'I'Htlirr' of lhl' snow sul'fn('(' (7). It is w('11 kllown 
tlwt fl snow slIl'f:tC'(' ratiilltl's ('IH'l'gy ns dol'S n, blnek: body (17.1), alJd 
On a ('Ii'HI' ('ulm ]light ('x('C'ssin' il1\'Pl'siolls of tellljWI'lI turf' llJH~~ bl' l'S­
tn,blishC'(/ in til(' nil' lI(lxt, to til(' sno,,'. During th(' dnylig-ht hours 
111 lI('it of t hI' ill('i(iPli t rnd in t iOIl is rdkdl'cl n Ild til(' SIlOW sUl'fn('p U'm­
P('I'H LUI'ps IIlny 1'1'111 II ill w('ll bp]ow tilt' dt'w-]loin t It'lllj)C'l':l t ure's of tht' 
ail'. In nil)' ('\'('11 t, till' tf'JlJJ)t'l'nlm'C' of til(' snow sllrf:l(,p must remnin 
/1.(; til(' f'I'N'zing tt'IIlj1(11'ntw'(' ulltil nil titl' snow .is 11\('1t('d. A grnss­
cO\'('J'(,(l (i('ld nlso I'lldin Ll'S l'lI('rKY ns does n. hlnck bod~., hut durillg the 
dnylight hours 1110s(; of tht' iJl('i<il'lIt l'lIl'I'g-y is niJsorhed find th(, surfnct' 
h'lllJwrnt.lIl't'S mny hl' grNl.tly illcrPlls('d, so thnt trnllspimti011 of the 
pIall is ill('['C'HS('B. Tnl I1Bpil'l1 Lion mlly 1)(' r('glll'dt'd ns t1[(' most dr(,c­
tin~ 11lechnnism whprcby moist-ul'1' is I'dlll'lWd. to til(' ntmospit('L'(' from 
Inl1(l areas (169), A SIIOW COvet' olwiollsly pl't'dudl'S tlt(, O]H'l'lHion 
of thc PI'OC('SS of trnnspirntion. Thus, it will 1)(' p\'idl'llt that unlcss 
the nil' dew-point t('m])('rntul'cs :In' lower tllllll t1u' sllow-sul'fn('c tl'111-

p('I'n.tul'('S (vapor Pl'('SSlU'(\ gradient dil'C'ctl'll UPWill'c!S) t1l('re ('iUl be no 
evap0l'ation, If, liS may fr-equ('IJ Lly he 1I1l' eaSt', the air dew-point 
tempcrn.turc eXCCl'ds thn.t of till' SIIOW COYPI' (YllPOI' pl'Pssure gmdient 
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directed downwards), a, frost condcnsation must be occurring on the 
snow surface. This cxplains what took pInel' between the 16th and • 
20th, when an appreciable amoun t of frost was condensed OIl the 
snow sm·face. 

On the 22d and 23d, only patches of snow remained on the field, 
and by the morning of the 24th it had entin'ly disappeared. The 
increase of ('vaporntion during the period lwtween the 22d and 27th 
on'r thnt of tIll' period between the 14th ancl21st is to be attributed 
dir('ctly to lhe disappefirnnce of the snow COY('1". lIowevt'r, even with 
the disnppenrnnc(' of the snow it is to be noticed thnt the nn'rage 
daily enlporntion rat('s for til(' period from tiLl' 21st to the 27th were 
lower tlum thost' for tIl(' pNiod preceding the first snowfnll. This is 
aCCOlUl tNt for by tiLr g-renJly decn'ased lempNature of the ground 
during tilt' Iilst hnlf of the month. 

Cold and dlT Polnr ContilH'ntnl air occupied the nn'n on the 27th 
but wns displnc('{1 hy n southw('sll'r1'y ('urrrnt of ll'flllsitiolLnl tropical 
air on thl' 28th. Th(' dl'\\'-point temJ)t'rntul'rs of the polnr nir aver­ •ag-rel npproximfllC'ly 12° :F. but increnst'd to nbout 2Co in the modifi(,d 
air. Thr ground tl'1l'Iprrntur('s werr still low, and ,,·',th the illYasion 
of the modifil'd nir with inerl'nspd s])('cifie humic' les the moisture 
gradient wns (lil'l'etC'd downward for a, good part of the day, and 
apprecia.ble cond('llsnlion 01 frost OeCIlITl'(1. The 29th was oYcrcast, 
find light )'nin bpgnn nt, 11 n. m. and continul'd until after midnight. 
The cloud bfiSP, which ],pmnilwd b('low ] ,000 feet, lowt'red to the 
ground .in the l'\'(~ning, resulling in foggy condilions. On thc 30th, 
n low i'trntlls ov('rcnst with ('pilillgs ynrying I)('t\\'('en 200 nnd 600 feet 
andlighL ruin or mist and fog prrsisled dlll'ing Lhe ('ntire day. '1'11e 
rnin Cl'ilSNI in the ('arly Hlol'lling of th(' 31st, whell a poInt' air muss 
ngniniIlYn<iC'd thl' ('astern pnrt of til(' rnitl'd Stales. Prnctienlly no 
('\'apol'il.lion OC(,UITNI On til(' 29th or thC' 30th. On both of these clays, 
ho\\"cn'r, sigllifienllt nlllounts of ('olldt'nsntiOIl occlllTed. The small 
0vnpomtion of thC' 31st \\'HS associntNI with thC' invnsion of the polar • 
air mass. The total fl1ll0unt. of C','n.pomtion at the .Arlington :FaL'Ill 
fOl' lh(' month of ,T:lnuary 1939 11J1101lnt('d to 0.4905 ilL('h. '1'he totnl 
amollnt of eoncjpnsntion ns eompllted was 0.0753 inch. 

Dnily vnlul's of ('\'apom!ion, condensation, and pl'l'C'ipilntion for 
the ('ntire ycn!', ('x('('pt for thl' months of Februnry nncl ScpteJ1lbl'r, 
nl'l' giYl'n in tabl('l. RC'cords for titt'SC two months lU'e missing be­
CfWSI' of til(' interruption of the ObSPITHtions by instrumrntnl fitilure 
and the inslnllnlioJl of nt'\\' l'quipmC'nt. Tllc' ('('cords of 11, few dnys 
during thr 10 months firC also missing or incompkteY 

12111l~rrulltjoIlS in lhl' '<'('(Ird Meurrl'11 WhC'll birds nttClIlplcd to IIl'st in the hygrothcrlllogrllphs. IIsing 
the hnir ~In!lcnts for huihling nlllh·rlni. nnt! whcn on st~"crnl oC'cnsions sphll'rs in Inrge !lumbers cnused 
trouble not only in thl' hygrothcnnogrnphs hut in the lInolllonll'krs lind wind rCL'Ortil'rs liS weil. 

• 
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EVAPORATION FROM LAND AND WATER STJRFAOES 

TABL~) i.-Exchange of moist1lre between the ground and the atmosphere, 

Arlington, Va., 1.939 1 
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TADI,E i.-Bxcllllll!/1! of mois/llre lietll'('en IIw grollnd (Inri Ihe atmosphere, 
Arlill{/to/l, Va., IOBt) I-Continued. • 

Xet Net('on· Enl\! ­HllinDnle dpl1sn~ OI'O~ 
~\·np· Hnill (~~~;;. e\·ap·Dn!c'filii om· lora·lion tion foil lioll
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'l'AIJI.E 7.-·/l'xrhall{/c of 'lllOistul'r beil('een thl' (/round lind the atmosphere, 
.1"/£lIgtoll, I'u., [f}.:1[) 1-C'ontirllIcd. 

~ --> ~ ~ -,.-~ -----_. ---- ~-----.......~.~-
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! :\0 t!l1tH for FtthrtJory Hud :-:,'ph'IlIIJ"f hl'('uu$(' of lhl: iJltl'rrupliUIl of I he ohsl'n'ntiOlls hr instrlHIl('utul
(uUun' nnd till' IH$tnlhniun of 11(1\\ t.'quipIl1PlIl. 

! IIlt'ludt'S ('stunHh'd "uhlt's for Ihl\ dllYS on whil'h tlll' dlltn fln\ IIllsnti:-;rU(·tory or hl('()Jupll'll' hl:'('~lUSl' of
iu:;trumllntal fuilllrfl'. 

I Huinfnll dn(n fur XO\'CJ\llJt'r nntl J)~Cl'lIIh('r Ink!'" from \I'I'nlh~r lIurt'!lu r~(·()rtls for \\·!IshinglQn. D. C, 

Tllt' ob:wryntions of l)rc('ipitnlioll, ('\-npornti()l1, nllcl ('ondt'llsntioll 
Hl'(' S11111l1lilriz('d by monlllS ill lnbll' R, During til(' 10 months the 
totnl ('oJllr'ihulioll of moislure to til(' ground b)' ]lJ'l'eipitn.tion wns 
:?G.34 illch('s nll<l by ('on(iPJlsnlioll, 1.RI illt'hes. '1'JI(, totnl loss b)T 
('YHporntioJl :1nd tl'ilnspiralioll WHS ] 1.\)7 illCh('s, B)~ suhtrnction, n 
yulu(' of HUR illl'il('S is obtniJH'd for rUll-of]' Hilt! il1('I'P:1s(' in ground 
storngt'. 

'1',1111.1'; 1-( H.r:"'Wllf/c of lI/()i,~IIlI'(' bl'/ll'(,('11 the 111'01111(1 (lw/lhe atmosphere, .·b·lingloll, 
Va., for lite ycur 1/),)9 

PrN'ipi. ('oudt'n-' 1':\'nJlol'n~ !,fll( i}li.. Cou~ll\n"l E \'~por·;\Iolllht:.uion ~lIlhHI ~ nOon {n(i~m sutton 1 uliOn 

I11l('/l(s Illdles i luehe.Ii : Illc/II,' Illcllr.' I hl,.IIrsJOlluurr :), ·11 11.0' ; 11.-10, .\ U~u;ol .. 2. \I~ 0 III ' 1.·10
Jo'~hrunrr I I ~eJH('lI1lwr l 

;\IOrt'l1 :!..... I .11:1. . U!.! (klOht1f .~r, . is
.\ )lril 2.m ' .:\1 I. 07 r :'\'oH'lJIlwr 
 .~:! ' .50.\1(lY "~u .11 1.1i5 ! l>ll('('l1lli(11' .11 ; .55June 5 .. ~; .!!fI ~. [,;J

July !!.Iti • !.!~ 1.11:1 'I'!)I:!I . 


I Jm'Ollll'illtc f(>('onl.. 

'1'11(' 108;:('8 to ill(' ntmosplt('I'(' \\"(>I'P fit n 1lllJl1ll1tlIl1 in WilltN', wh('n 
('\-UpOrH liol1 WilS suppn'ss('d by low ~1'()\I11d tt'Ill]H'rn tUres nnd trnns­
pirntioJl wus ulmost ('ompl(,jl'I,\- iJlndin'. LOS8(\8 by ll'HllSpil'ation 
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were greatest in June, when the vegetation had nearly reached ma­
turity find growth WfiS still active. Transpirntioniosses were reduced • 
in July and August by mowing. 

Precipitation was very scanty in :MflY, find the soil moisture WfiS 
reduced nearly an inch nml a hitlf by evapomtioll and trlUlspimtiol1. 
Howeyer, much of this soil-moisture loss WitS restored by a rain of 1.17 
inches on June 8 IUld a min of 1.88 inches, on June 13, of which 1.51 
inches fell in a single houl·. 

EYnpornJion losses to the atmosphere in June were fiye times ns 
greitt ns in JIWUtl.I·Y. Precipitation in winter, however, is ncurly IlS 
grellt as in SUllUnCl" 1111c1, ill Ilddition, mn,y be stored on the ground in 
the form of snow. Thus, Ule ChlU1CC that general floods will occur in 
the colder SCftSOns is greatly enhnJlccd. Actunlly, the flood hnzard is 
greutest in early spring, whel1 evapol'n,iion losses are still small and 
wnrll1 J"it.ins, together with tJle melting of itccmllulated winter snow, 
are most likely to oYcrtn.x dminnge chrulJlels. 

In the c(mtrnl nJHl eastern parts of tIle United States Jlearly all 
mnjor flood-producing storms are terminated by lllYnsions of relatiycly 
dry nil' masses· of polar COli tin('1l tal origin eharn.ctel'izecl by a thick 
turbulent In,yer flll(1 low concenimtions of watel' yapor. Th('se air 
mnsses provide conditions most fn,yornble to e,Taporation and arc 
able to nhsorb enOrmous ql1llntiti('s of moistul'c from the raul-chcnchcd 
I:wd, SillCC floods on lurge wfti.('rshcds nre most frequently due to 
f!,'rl1rnll storInS which must fin,t restore to the soil 1'('s(,I'\'oi1' wntcl' 
lost by pl'C'vious (',-nporn.tioll nnd tnmspirntioJl, it is cyidcnt that 
inlld lise prnetic('s fnYOl'ulg ('Yfl,pol'lltioll ,,-ill ncC'ol'dingly lessen the 
blmlpn im.po~:;pd Oll sll'('nm chmlll('\s by rxcC'ssiy(' rnul':;, both by rc­
tnrdiJlg inmH'din.tC' run-orr nnd by cl'rnting a wntcl'-stornge capncity 
in th{' .;;oil. 

The loss('s of moist\ll'C' from a fi('ld ill Arlington into contiJlC'ntal 
nJl(I mnritinll' nil' mnss{'s <luring .TullC' nnd July 19aO nrt' ShOWll in table 
0. Although til(' mnritilllC' nil' wns cOllsid(,l'fIbly Will'IllC'l' tllnn the 
(,Oll tUH'n till n iI', its dn ily J'llt(' of ill blkt' of 1ll0istm'C' from th(' ground wns 
only 5R ]wl'c('nt ns gl'Ntt. 'J'hn t cYllpornt.ion into cOJltulentnl 11lilSSeS is 
gl'putf'l' thill! il1to polnl' mnsses lillS he('JI vC'l'ifipd b~r obseJ'vntion of the 
chnnge in watpl' ('olltcnt of U!{'se mnss('s IlS th{'~r trnY(,I's{' thc COUJltl'Y 
(51), 

TA 1I1.1~ 9.-B,T:rha ngrs of wlI/er vapor bel I('ccn the ground (lnd cOlllincnl(l{ (lIlel lIl(lrUillle 
(IiI' lIlasses durill{l .Julie (lnd July 19;39 at lh~ Arlington experiment station 

I \\WI:~~"r<llnIT:l:I-I~~::;IO:: I ,\~~~:,~: 
·Month nnd nlr lUnss tYII" Dnys ("lIllll'rlI' l!\'nporn· conrt,'ncll' froUl I d!llI~'loss 

_..._,_~ .._.__.__ .____._.__ ._ ! ..~ .._~~~~___ti~_1 ~~::~.J g~~~:::d_ 
JIIlll': X,IIII',er I 0 "', Incl, Illeh \ Illeh I' Illeh 

Con!in~ntnL .. ; 10 7·1.0 0.8.'1,,7 O.OOi~ \' O.~!~ 0.0881 
1IInriliUl(' " I' II I iG.4 ,t, ,71S~ .150f. .56/0 .0510 

Julv' .! I 
'('ontinenlnl . I 12 n.7 .lJ7.1O .01105 .0015; .07,'>1 
;\Inritimc . '.~""':' __ • __.~~._.___7\'. 2 .7SiS ,!G70 . . G20S ' ,OH3 
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EVAPORATION 	 MEASUREMENTS IN AGRICUI,TUUAI... 
RESEAllCn 

In the deyclopmen t of tho seiencc of climatology there has gmdually 
emerged the t'oncopt of c.limate as the in tegmtion of tompemturo, 
wind, sunshine, moisture, and othcr factors within a region which give 
it personality lWei individunlity. Ingenious and accurate instrulllents 
lliwo been deyeloped for meu.stn'ing nnd recording some of the clements 
of weu.ther nnd elimnte. There nrc" 11owon'1', lloinsiruments for 
measnring tho climfLtic complcx. li'llrlhol'more, thero nrc not a few 
elcl11ents of the climu.to thfLt eitl\(']' arc Jlot mensured ndoqllittcly or arc 
not ll1(1nsmed at all. Finally, (,here is Ii Wo dou bt thfLt there nTe 
signifi('n.llt fnclors of ('limn.tc, the 'Tcry cxistence of which nrc todny 
unknown . 

• In lS(H, ~rn,rsh (DO, 11. B,n wrole as follows: 

• Thrre is one brnnch of rcsearch which is of til(' ut.most importance * * * 
bllt which, from th" gT('n(. dillieuIty of direct observation upon it, has been less 
"UC('t':iHfllll.1" studicd than nllllO!-;li !lny other probl(,1Il of physical scicn('c. I refer 
to the proporl ions bet 11'(,(,11 precipitatioll, superficial dmilln~c, absorpLion, nnd 
l'\'apomtioll. l'l'C'ci;;e :I('llInl lIlelll'lIl'('IJIC'nt of these Cluantities lIpon cven u single 
tH'rc of f!;l'olJud is illlpos:;ible * * * 

Tn tll(, .inlr]'nning yen,rs much progrrss has boen mnde in tho 
I1lt'aSUTPll1rnf. of pl'p('ipilnlioJi and run-ofl', and }'r('ently much n.ttention 
hn;; bron gi\'(,11 to tho prohlrllls ilwoly('(l in (he meftsurCIl1f'nt of infll­
tl'lIlion inlo difl'(,l'l'nt soils and UIl(IPl' c1ifl'rl'C'Ilt fOl'ms oJ soil munfLg'C­
11H'1l t. Btl t thr III pnslll'(,111 ('II t of' t'nlpol'lttion ]ws ('011 tin urd to be 
illlj>nssibl(', dospit(' tho fad lhatil hns br('omo in(,l'flftsingly ncccssnry 
ItS lllC'USlI]'('ments of J'n.infnIJ, run-ofl', nnd infiltmtion hn,,"o b('cn 
i 111 pro \"1'< I. 

• 
Xot until lhe last c1('cl1do lwl thr d(','rlopnH'nt of th(' lht'ore'li('nl 

st udy of nliuo;;ph('ric t urhulc'ncc Pl'o<l lIc('d l'Psuits \\"h it'll suggrstcd it 

IllrlU1S of milking Olis importnnt but pro,"iously impossible Il1NLSlIl'e­
IllPI1t. Tho t!trot'eliell,1 foundation of the method is sound; it remains 
to imp1'()\-e nnd simplify lhe il1stl'umellts for making the .nccessnl'y 
II1cilsUl'emcnts of f1,tlllosphrl'ic humidit.y fLnd wind Yclo('ity and to 
obtain n. moro l'rtin.ble ynluo for the uni\'cl'sn.l tlll'bulcn('e constant. 
Th<' finnl sl<,p will he to lest. the method by determining lhe eVfI,pOl'ft­
tion from the Rllrfnco of U10 wn.ter in n. l'rscl'Yoir, where the loss cun 
also be determilled ill<iependllnUy by direct llH'nsuremout. 

Until recently, no sntisfnctol'Y (edlllique for the mensuJ'('Il1('nt of 
H('lunl moisture loss('s from nntul'ul surfnccs such l1S fidds 01' wntcl'­
sh('cls hns been deycloprd. Cons('quently, the nonlysis nnt! solution 
of mHlly elimnlic fl11d hydrologic problems havo been dP]nyed bceuust' 
of Oil' In('k of the J1('c(lssn1'y evnpomtion l1nd trllnspirfLtion tlntn. 
The futuro promises thnt llH'flSll1'ements of the trnnsfcr of moisture to 

• 
the n.lmospll('I'o f!'Om nil LYPt's of geogl'uphie smfnccs will become 

http:climu.to


64 TECHXICAI:' BGLLETIX S 17, r. fO. DEPT, OF AGHlreLTl'nE 

Ilnlilnb10 nnd tbnt tlilT will pl'o\'idl' inforJl1ation on lhl' moisltll'(, 
.l'Nlllirl.'IlIt'IHS o[ ynrious (,I'OPS nnd tYI)('S of IIntlll'nl \"l'~(,tuli()11 n.n<i • 
Oll til(' l'frpl'tin'lll'SS of \'nriolls rn()istun'-('onsl'n'in~ PJ':lct i('ps, "'illl 
tb£' ncclIJl1l1lnlion of Ulis infol'lllntion till' intl'ITf'lntiolls of c1irnnl£', 
hydl'olo~y, nnd ngl'icultlll'C' will 1)(' mort' ('\(on.l"iy undl'rslood, 

Il1liml1lt'iy nss(}cintl'd \\ illl tlll' problplll o( rl'tnniin~ :Inc! ("('dll('in~ 
run-ofr fOl" flood ('ontrol is n knowllld~l' of eh!' IlW!lIlPI" ill whit'h nnd 
till' I"llll' :It wbich till' soillosl's Illoistul'!' 10 th(' :)'mosphl'rt,o J)lIrin~ 
ruinless periods, soil llloi;;tul'l' is diminisll(,t1 nt raLl's fUlidulll(,lIl:llly 
dpl)('ndpl1t UpOIl lh(' l'('ol!)~i(' ('omplex. This i,.; t!"lll' IH't'ilUSl' ll':lns­
pirn.tioll is th(' eJd(lf Ilwchnnism wIH'I"l'by \\On tl'l' is lost from thl' soil 
(llWI. (;('n!'rall.," Sl)(':lkin~, wlll'n min falls on till' lund, 0111." thl' 
purt in ('XCl'S'; oj' thnt (H'I'tIed to 1"l,,.;tOI'I' lIll' ~(lil moistu\'(' to its fllll 
st()r:1~1' l':lpnl'ity will nln ofr. Ol)\'iousl.", tlll'lI, in thos!' ("('~ions 
whl'l"{' fl()od-pl"Odu('in~ rnins 111'(' ('0111111011, :I plnnt (,0\"('1' hnYin~ Ili~h 
trnnspirnlion\':llul's should hI' f:l\"oJ'('d so thlll nppn'l'illbk soil­
Illoislut·(, dl'fi('il'nci!'s Ill:l," Iil' huilt up hl'Lw(,pn rains; nlld to Illinillliz(' •('mil fnilltrl' in :I('('n,.; of ili~h dl"Ou~lIt in('id(,IH'I', plnnts \\'illl small 
tmnspi r:l t ion \":d 1I1'S should h(' fn \'ol'('d. ,,'hl'n nH'nS1U'PIlH'1I t s of 
1',·n.J)orntion, ('olldl'IIS:llioll, Hlld trallspiration from lI:ltllrnl SUrf!!!.'I's 
llnrll'l' difrp('pnt tnH'S of plnn! ('(J\'(II' :11'(' n"nilnhlp for :1 Inr~l' numbl'!" 
of IO(,:llions thr()lI~lt()l(l tIl(' ('Olin (1'.", rt'finI'IIH'nts in Ill('tl'orolo~y, 
It'ydl"Olo~y, Hnd n~l'il'lIltllrlll elirnntolog'.\' nol no\\' possihle ('nn Ill' Ill:ul('. 

Sl' ,\I~IA I{ Y 

Tlli" stlldy is lin lit t('lIlpl to S:II isf,,' :1 lon~-rplt n('l'tI fOI':l rnl'lhod of 
dp(!'l"lIIillin~ \\"tlt('.I" loss(':; to [11(' n(moSpht'I'I' 1'1'0111 1:llld sUl"fat'Ps 
P()ss(',.;sin~ nll'ioll" (YPl'S of \'('~dal ('()\'('l' m; wl,1I as f!'Om [n'l' w:llpl" 
::;11 1'[:1 ('I'S. ~~ill('l' till' W:lt('1' l'lltl'l'ill~ till' ntmo:;phl'I'(, h('('olll{,:; H ~as 

:Inti is ill\'isihlp, tlin'l'i nlP(llods slIt'h :IS thOSl' in us!' for nll':1sul"ill~ 
pn'!'ipilntioll 01' I'lln-ofl' ill stl'(':lI11S (,:1llnot 1)(' l'llIplo.n'd. • 

H(,('l'll ( st IIdips of til r1nrll'lll'l' in thI' I()\\"('I' 1('\(,ls of I hl' n I IIIospliPl"{, 
han' sllpplil'd ('ssl'lllinl inforlnntion [hat m:d~(',.; possihlto till' {\('('I'­
mination of 111(0 nltl' of [l'nnsf(,I' of Illoistlln' frolll :I ll:ltul":I1 SUl"f:l('(' 
into th,' :ltlllospll!'I'£'. ..\n 1'(Jll:lti()n is Iwl'l' dl,\'('lopl'd tlIBl ~i\'t,,,; this 
I'al(' of 1ll0j,;IUI'I' t!':JIIS!'!'1' ill ((,I'II1S of 1I1l':lSlll'(,Ill('lIt,; of willd \'!,Io(,j(y 
nlld hllillidil," tit two I,'\'pls dil'('dl .... :IIH)\"(' thl' SO 1'1':1('(', 

'1'11<, 1ll('nSIII't'Ill!'nts of both willd Yl,lo('it." :Ind 1IIIIlli<iit), mllst he 
mud(' with :I hi~lt oI'd ('I" of :1('('UI':I('.'" Thus (,:tr('flll stud)" of Y:ll'ious 
lYPI'S of Jlygl'Ollll'I('l"S find :1n('Ill()1l1('ll'J"s W:lS rnnd(' alld SOIl1(' 11('\\' 

insll.'lI.l1l('nls ,,'('I"l' d(',.;i~lll'd lind tpst('d. A snit JIY~I"()(Jll'l(,I", n l'IlC'll1iC:ll­
nbsorbtion Jly~l'(lml'l('I', nnd :l d('\\""poillt 1'('('01'<11'1' :I1"l' dl''';(,l'il)('d, 

All ('Y:lpol'ution stlltion \\"IIS (lst:lhlis\ll'd on'l' 1\ III £'ndo\\' nl till' 
gxpl'rinl(lntnl !o'neill ill Arlington, \':l., in Int(l :l1I(ullln, I n:~s. TIll' 
~llll ion \\' liS OIH'l'iI t pd tilrollgJI 10:30, lind :1 IIt':lrI)' ('olllpit'll' bou rJy 

• 
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• record of ('Ynporn lion nnd ('olldpllsn (ion frOIl1 UIl' fi(,ld wns obtllinC'd, 
Tltblps pn'st'nt('d ill tll(' bulll'lin ineludl' JI()llrly vnlu('s of lcmperntul'c 
.nnd of spC'cific Ill111lidil,\' al two knols Hnd hourly vulups of wind 
mOY('11I('nt nt foul' 1('n~ls, 'fill',\' nlso illdut\p dflily (otllls of ('ondensn­
Lion and l'yuporalion; ill(' first J'l'('ol'd or its kind (W('I' mndc, rl'hc1'c 
fin' n f(',,' lInnyoidnbll' g-nps in till' 1'('(,0 I'd , 

• 


• 


• 
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TABLE lO.-Temperature at indica/cd lCVelf} Arlington Experiment Farm, Va., 1939--Conlil1ucd 	 00 
00---------- --------~~--•.. ~•.. 

'~· I: ~ ",! A \'~rngc for hOllr Pllclin~ nl-	 8lDute 	 '~;!;5' : !" j' : j 1--1---,..'--·----' , , ;, , - l':l 

!;§c';;~ 1 I 2 , 3 ! 4 5: n 7 S ,10 Il i 12 : 1 j 2 , :J 1 4 ! 5 0 7 1 S ~ n : 12 : 13 ! 12 I E 
._ !a.rn.;n.lll.ia.n1. a.lll. n.m. n.nl.!n.lll. a,Hl.;n.lll.'H.JU.:3.m.! m. ,p.m. p.m. p.m. p.m. p.m. P.lll'IP.m. p.ln.;p.n\'r p,m"p.lIl.:p.m' J ri ~ 

--- -;-~-'ec-I j-O-P-.!~~'P. '-o-p-,i-o-p-.'-.-P-.l-o-p-.,-'o-P-.i~.~I-o-p-. !-o-r-.I-o-p-.;-o-P-.'-o-P-.!-o-P-.i-~~r:;~f-'-p-.I-o-p-.;-o-P-.,-o-P-.i-'~~j-O-P-.i-o-p.-i-o-p-. •-o-P-. § 
Aug. 1: 24.5 75.5 I, 75.0 74.0,73.0' 71.5 ; 69.0 172.0 ',' 77.0 i 81.0' 83.0 8,5.0 86.0 87.0 i 88.5 I 89.0' 89.5 t 89.5: 89.0 187.0184.0 1 82. 81.0 I SO.O !80.5 I' 81.2 ~5 

1! 02 _ 7·L5 i I3.5 I2.5] ~~.5 'Zl.0 !!B. 5 , Z~·O •Z7.0 ,82.5 8~.5 8~.~ ~.O ~9.0 90.~ 91.0 91.0 I 90.5\' sg.~ S7.~ I' ~.518J.5 IO.5, Z8.5 Z~·5, 81.3 
21_4.0 80.0: ,0.0 ,S.O, ,0,0 ,4.5 ,6.0 ",.0, ,9.0 i 81.0 83.0 80.0 8'.0 89.5 89.0 90.0 90.0180.5 5,.0 8,6.0 83.5 81.0 1 ,9.01,8.0 t 1(.0 i 8,2.4 OJ 

2 79.0,79.0 77.5,75.5 73.0,75.0 77.0 170.5 82.5 83.5 87.5 90.5 02,0 02,0 91.5 91.0 01.0 S7.0 86.0 82.5 80.0 78.0 77.0170.0 82.6 
3 24.5 75.5' 74.0 n.5 ' 72.5 72.0; 72.0 74.51' 77.0 82.0 84.0 87.5 89.0 90.0 90.5 00.5 90.5 89.5 87.0 82.5 78.0 72.5 72.0 12.5 72.0! 80.0 

2 75.0 n.o 72.5 71.5 71.0' 71.0 75.0 79.0 84.0 87.0 89.5 91.5 92.5 93,0 93.0 03.0 91.0 86.0 82.5 77.0 73.0 72.5 72.5 72.0 80.7 ~ 1 l':l4 24.5 71.0 70.5 70.5,71.0 71.5 71.5 72.0 72.5 73,0 76.5 79.0 82.0 83.5 84.5 84.5 85.0 86.5 85.5 83.0 SO.5 78.0 77.0 75.0 73.5 77.4 ,..:; 
o~ ZI.0 ZoO. 0 !~. ~ I ~1. 0 ZI..; 71. ~ ______ I_~'-:- ~4. ~ ZO. ~ 80.0 85.0 86. ~ 8~. 5 8~, 5 87.0 88.5 86. ~ 8;,5 Ig· 5 I7. ~ I5. ~ I4,0 TJ·O ZS.4 
_1.5 ,3.0 ,3.0 ,~.o, d,O 10.0 69.0 69.0 11.0 d.o 19.0 82.0 83.0 84.0 80,0 80.5 84.5 84.5 8,1.0 8_.0 1(.0 1·1.0 11.0 105 ,0.0 16.8 ~ 2 72.5 72.5 71. 51 70.0 09.0 08,5 09.5 72.0 70,0 80,0 84.0 85.5 87.0 87.5 85.5 85.0 85.0 85.5 82.0 74.5 72.0 70.0 69. a 68.5 76,8 

6 1 24.5 69.5 69. a 68.0 67.5 67.0 68.0 70.0 71. 0 75.0 79.5 82.0 84.0 85. a 84.0 85.0 85.0 84. a 83.0 81. 5 78.5 i,;.5 74.5 73.0 71.5 76.3 00 
2 68. a 6i.5 06.5 66.0 06,0 67.5 70.0 71.5 76.0 81. 5 84.5 86.5 88.0 87.5 88.0 87.0 86. a 84.0 81.5 7fl.5 73.5 73. a i'0.0 70.0 76.5 .... 

~,24.5 70. ~ 69.0 li8. 5167. a 66.5 66.5 70. a 7~. 0 79.0 83.0 84.5 85.5 87,' a 87.0 87.0 87. 0 8~. ~ 85. ~ 82. ~ §O. ~ Z9.0 II. 5 !.~. 5 zo.o Zs. ~ 
2 69.0 69.0 68,0 66.0 65.0 05.0 69,5 70.0 SO. 0 86.0 88.0 80.0 90.5 90.0 90.0 89.0 81.0 84.0 81.0 IS.O ,8.0 (t.0 10.5 "3.0 18" 

8124,5 76.0 70.5 75.5 75,0 73.5 74.0 75.0 7~.0 83,0 83.5 85.0 80.0 87.0 88.0 88.5 89.0 89.5 88,5 85.0 82.0 80,0 79.0 78.0 77.5 8J..! 
2 76.0 76,0 75.0 74.0 72.5 73.5 75.0 79.5 84.0 85.0 87.0 88.5 89.0 89.5 90.5 90,5 01.0 89.0 84,5 80.5 78.5 77.0 76.0 76.0 81.6 ~ 

24.5 	 76.5 77.0 77.0 76.0 75.0 74.5 76. 5 80. 0 83. 5 h7.0 89.5 93. a 93. 5 94.0 04.0 93.5 03.5 93.0 90,0 84.5 78. 5 78.5 iO.O 79. [) 84.0 
2 75,0 75.0 75,0174.0 73.0 73.0 7(.0 81.0 85.0 89.0 92.0 95.5 96,0 07.0 90.5 95.0 94.5 92,5 89.0 83.0 78.2 78,2 78.2 77.5 $,1.2 !'l 

10 24.5 78. 0 78.0 77.5 76.0 74. 5 73. a 74.0 75,0 77.0 78. 0 79,0 81. 0 83,0 85.0 80,0 86.5! 87. a 87. a 84.5 81. 5 79.5 79.0 77.5 76.0 79.7 
2 77,0 77.0 76.0 7'1.5 72.0 71.5 75.0 77.0 79.0 81.0 83.0 85.0 87.0 89.0 88.5 88.0 88.0 86.5 80,0 70.5 77.0 77.0 711.0 74.5 79,g t; 

II 24.5 74.5 74.0 73.0 72.5 70.5 70,0 77.0 79.0 81.5 83.5 85.5 87.5 89.0 89.5 90.0 89.0 87.5 84.5 81.0 78.0 75.0 74.5 74.0 SO. 0 l':l 
2 I 73.0 72.0 71. 5 70.0 68.5 68.5 70. a 81. 5 M.5 87.0 80,0 90.5 01. 5 93,0 93.0 91. 5 88,0 IS:I. 5 78. a 75.5 74.0 73.0 72.5 SO. ,I I-::: 

12 24.5 73.0 72.5 71.0 71.0 71.0 70.5 73.0 77.0 79.0 82,0 85.0 8U.0 87.5 88.0 89.0 88.5 87.5 87.0 85.0 82.0 SO. 0 79,0 77.5 76.5 80. Ii ~ 
2 71.0 70.5 69.5 U9.5 69.0 68,5 73.0 78.5 81.0 85.0 88.0 90.0 92.0 92.0 92.0 91.0 90.5 88.5 84.5 81.0 79.0 78.0 77,0 75.5 80.6 

13 24.5 75. a 74.5 73. a 72.5 71..5 71. 5 73.5 77.5 81. 0 84.0 87.0 87.5 88.5 80.0 88.5 88.5 88.5 88.0 86.5 84. a sa.5 82.5 81. a 79.5 81. 5 o 
2 74.5 73.5 72.0 71.0 70,5 70,5 75.0 80.5 H5 88.0 91.0 92.0 93.0 92.5 93.0 92.0 91.5 90.5 80.5 84.0 S3.5 sa. a 81.0 SO, a 83.1 ':j 

14 24.5 78,5 77.5 77.5 7G.5 75,5 ;:4.575.0 76,0 77.5 80,5 82.5 84.0 85,0 8.1.:; 85.5 84.5 83.5 82.0 81.0 79.5 78.0 77. a 7.1.5 75.0 71l..i 
;;­

15 24.5 74.0 73.5 73.5 74.0 74,0 i4. a 73.5 ;.J. 5 76.5 79.5 82.0 85.5 87.5 89,0 90.0 91. 0 90.0 80.0 85.5 82.5 80. a 78. 517S. a ".0 80.5 Cl 
2 73,0 72.5 73,0 74.0 74,0 74.0 74.0 76.0 79.0 82,0 86.0 90.5 91.5 93,0 94,0 94.0 92,0 89.5 84.5 81.0 170.0 77.0 76.5 76.0.81.5 

2 77.5 76,5 i7. a 76.5 75.0 73,5 75, a 77. a 78.5 82.0 84.0 87.0 89.5 89,1 88.5 85.5 83.5 82.5 81. a 79. a 77. 5 71i,5 75.0 74.0 SO.O 

~ 
16 24.5 76.5 76,0 75,5 75.5 75.5 76.0 76.5 77.0 77.5 83.5,85,0 87.0 90.5 93.0 93,5 93.0 87.0 8:3,0 80.0 79.0 79.5 79.0177.0 75.0 i SI.:! n

2 75,5 75,0 74.5 74,5 75.5 70.0 76.5 78.0 80.0 85.5186.0 90.5 93.0 95.5 96.0 93.5 86.5 82.5 79.5 79.0: 79.5 70.0,77.0 74.5,81.8 
17 24.5 ~3.5 ~~.o !:2.0 !:1.5 Z1.~!!:1.5 Z4.5 77.5 8;.0 8~.0 \187.0 89.0 OO.~ ?1.5 90.5 88.5 ;x>.~ 89.0 86.5 8~,0! 81.0 Z9.5! Z~'O Z~.5. 81.~ 

d 
2 12.5 ,_.0 12.0 11.0 10.D 11.0115.0 78.5 8•. 5 8,.0 90.0 92.5 93.0 04.5 02.5 86.5 90.0 90.0 86.0 8_.0 80.5 ,9.0 11.0 10.0,81., S 

18 2!.5, 76.0 ~6.0 75.0 !:t.o Z4.0 I4.5 ~(1.0 79.5 81.5 83.0 8:!.0 84.5 84.5184.5 84.0 83.0 182.5 81.5 81.~ !:9.5 Z~.O !:8.0 l, I~·5 Z6.~· :;:9.~ G 
_ 75.0 15.0 73.5 1_.5 12.0 112.5 15.0 80.0 83.5 84.5 8,.0 86.5 86.0 86.0 85.0 84.0,83.0 81.0 80.0 ,9.0 11.5 ,7.5, (/,0 15.0 ,0.0 ~ 

19 24.5 i 76.5 ,75,0 75,0 75.0 74.5: 74.5 ,75.0 75.5 75,5 75.5\ 76,5 78,0! 7U.0 ,80.0 80.0 SO. 5 , 81.5 81.0 77.0 73.5' 72.5 71.5 ,71.0 70.• 1 76.0 trl 
2 I75.5 j 74.5 74.0 74,0 74,0' 74.0 : 74.5 75.0 75.5 76.5 77.5 79.5. 81. 0 I 81. 0 80.5 80.5 I 82.5 SO. 5 76.0 72.5; 72. 0 , 71. 0 ' 70.5 70.0 75.9 

20 24. 5 ~G. 0 I 6~. 0 6~, 0 ~7. 5 1 ~7. 0 I 67,0 : ~9. 5 ~3. 0 Z7.0 80.0 83. () , 85,0 87.0: 89.5 ?O.O 90,5 1 89.5 8(.0 85.0 81. 5 I Z~, 0 : ~6. 0 , :;:4. ~ ; Z4.5 ' 7S. ~ 
2 60.0 I 61.5 61.0 66.5.66.5.66.5 t 10.0 14.0 18.5 82,5.86.0.88.0,90.5 92.5 91.0 92.0 189.5,80.0 84.0 80.5 (/.0,,5.5 I ,4.0 '14.0 78.1 
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21 24.5 7,4.0 7·1.5 7·1.0 73.5: TJ.5 73.0 74.0: 75.5: 78.0 Iso. 5 • s,1.o 85.0' S,G.5 I Sf.S 87.5 ~ 87.0' &0.5 SG o· $.1,0 '.' SO.O . 77.5 I 76.0 I 75.5',75.0. ,70.,1

2 73.5 ,·LO 73.5 72. .5 t 72.5 72.5 73.5,76.0 79.0 80.5; 8-1.5 ~~o.o b7.5 ~!J.O hS.5; &~~fj 87.5 85.5 ~1.5 7~ 0 . 76.5 75.0! 7-1.5 {.1.0. 79.3 
22 2·1.5 7-1.6 74.5 75.5·75.0 7a.0 72.0 73.0' 74.0 . 75.0 77.0 7S.0 79.0 81.0 b2.0 h2.5· h~.5 b2.5 83.0' l'O.5 . 75.0 'J.O: 71.0 69.5. r,~.5 70.3 

2 73.5 7·1. 5 75.0 .4.0 72.5 72. () 73.5 75.0 76.5 79.0 SO. 5 S2.5 R4.0 S·U 84.5 H. () H·1. () '<;.1. 5 7S.5: TJ,O 70.5 (ill. 5 OS. 5 (\8.0 7G.7 
23 2~.5 6~.S r;~.~ 6~.0. 6~.5 07.~ !l7.~ nr·~ ~?5 ~G.5 11811~ 8,2.5 8~.~. b,':!'~ : l>6. Q, . b~.~ b,~.5 S~5' &~'2 I SL~ . ~9.~ . ~~.5 F.q ~~.o. ~5.~ , ~~Il 

- Gr.5: hl,o 61.0 6100 flftn GG.v fi9.v ,3.5 ,KO 82.::> h!i.O S.')..1, !-;"D . }).'"i,Ol ~\i.il nl,O 8".0 ~~_.i): HO.;) ',g.Q 1/.5, di.n ,D.O. f4.v 11.,1 

2·1 2~.5 I ~4.5 ~t~ ~.O ~2~ ~2.5 I ~~.~ ~~.5 ~~.g 7?,'0! ~3.Q ~~.2: kC,.O . ~,.n RK2 ~9.0 ss.~ b~.O '~I.~, ~2.g ~~.~. ~G.~ , ~:I.~ , y.s '~~'Q ~9.4 
I). r,- - !~.u ::;,,) !.->~ !.l.~ :..1.5 !.;;'" !.~"O !.~.t1 ~_.o I' ~6.~) ~/~5 1 ~,6 UO.O !.X.!..1 !.~.o ~?a ~S.Q ~O.D, !.~.o, !..~.iJ !.:!.n !."'.t) i ,a.Q !.?~ :9.8 
... 0 ,,_:~.v !.... ,~ !.;;.~ ;,1. a !..L~: !.l.? !.;;'() !:;,~ !._,O :..3.0 !..~.2 !..~.~, : ~:-~ ,KO dJ.O !~.~ !..~.O !.., .. O: !..6.~ !.o.~ !'to: ~.l> !.._,~, :..:1.3 i:'l 

~ 
'J f'1- - I !.2.~ :.._.0 :..1,5 !O. .,' !;,j) f :.-.0 !..-.{); !3.~: !,-I.O, !.OJ,n f.,I.D:;.., __( :;'<>-,... ... :, ':"'oJ !.,~~ I!.~.O !.~.\): !.~.i1 !..~.O I !;;_O, !~.iJ ~ !,tu
_0 I _~.o :1." :.J.O. :1.0 ,:I.~ :._.0 1:.1.0 :.05, !~.~ i :.3,0 :.4. 2 , :.:,0 , :.~..o , ,.0.0. ,9.U ,o.~ .9.u >;00. :.9.•') :.~.~. :;.5 :.-.0 :_.0, !_.Q . :_.0 !4.J ::­

"C~_ I ~- _ :0.0 :.0.0. :0.0 :.0.0 :.1.0 :0.0: :.0.5 :.;.'" :~.~ :4.~. :.!.O • :.,.0 ,~p,1J •~O.() SO"u ~~l,~ 2l1.0, :.9.5 :.~.o :_.Q :.~.5 :.l.~! !J.o :.~.9: :.4.! C-, ,_'1.", .1.0 11.0 ,1.0 iI.O, .1.0, .1.0, d.U ,_.0 '_. ., ,3.v. ,1,.0 ,.~.O ,9.0 .,0.0 i.(J.fl ,9.0 ,g.O .~.O 11.0 ,5.0 ,0.0 ,·1.0. ,3.0, ,_v' ,.1., ::0 
I) ; 1)2 _ ; ~~.5! ZO.5 ZO.O ~9.~ I Q9.5 q9.~: ZO.5 Z~·5 za.o Z~·5, !~..i: !~.~: ~2·~; ~~.5 ~.O ~~.;; ZS.~ Zi,O i !~.~ I ~.L~ ~4.~: !3.~! ~2.0 ?l.O !~.~ ~ 2S l-!·D !.-.Q t(l.~ '.~1.~ !.O.n ~?O h9.~ ~ !.O.~ !.;-.~ !~.q !~.O :!.~ l ~~.~ 1 !.!:~ t !.,.Q ,!tiU !.OJ,~, !.4.~ !.!.Q I!._.n !1.~' ,?~ 'P.... I 49.0 h~.~ !?~ 

- I ,O.n . G.).;, hU,n: ,0.0: bO.O 69.<>' ,O.n I.i.a la.a" 11.5 lid): ,8.n j (f.il . ,(tn ,H.O ,.1..'1 ,3.a I_.n d.S, ,O.n (i9. .'l 6U.O! 69.0 6S.;) '_.0 "" C29 ! 2!.5 , fi~, ~ flS.O, OS.5 . 6~. ~ , I)~, ~ . !l.~. ~ , r,~. 0 U,o. ~ , ~1. 0 I~!l. 0 Z4,•• 5' ~~. 5 I ~.~. 0 ; ~~. 0 ' ~7. ° ~2. ~ 6~. 0 . i!~. 5 , ~~. 5 . G~. ~ 6~. ~ i ~Ii. a IoZ· 0,. f\~. 0 !i;1. S 
t - 6"" r,~.(). r,~.o ,61.01 ",.0 fl,." GO. 0 flU. 0 d.O ,·1.5 ,h.O 11.0: 11.0.11,0 .G.O h9,0 6,.0 {'".O, ('''.0 60. v 6.'). v , "".0 {),.o, 0(,0 09.G ~ 

30 ! 2k 5 r~.~ fiZ~5! GZ·o i ~~.~ r~~.~ G~.~: Il~.g , ~9.5 ; I~'O !~.5 !,:n: 79.5 : S~.5 ,~;.~ . ~2.~ !~.u !~.~' Z~.() ~~.~ !2.~ Z1.5; ~1.~ i ~l.~ i 7L~ !:to 
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2 39.5 39.5 39.0 3~.5 39.0 39.0 39.0 39.0 41.0 4~.5 4.J.U {.17.5 49.0 49.5 '10.0 47.5 4,1.0 42.0 -III.U 37.S 35.U 3·1.0 33.0 32.0/40.S
2·1.5 	 33.0 32.0 31.5 31.0 30.5 29.0 .28.5 29.5 a3.5 n5 ·10.5 f 40.5 55.0 59.0 59,0, GI.1l 60.5 flU. 0 5S.S 5 •• 0 5U.0 1i30 .'i".0 53.0 46.2 -. 

'J 30 0 0 9 5 °9 - 9 0 0 9~ 0 9- - 0- 0 os· - '''J () 3-') I' 0 ' 'I 0 'I' 0 '9 0 .. - , C'o 0 61 - '" - '" - 'I' 5 ,., "I 5 "0 0 '6 5 '5"<)_~ 	 ~. _. ",_.,) _. ~. _(ot) .. f. _~.o') v-:' !.., ''1;, lU. ~)'~I~' '?:'S·~,2-·~ ).i) o.:!,v "'2'" {))" ,H:'l.':! n. u:;~ 0<), 't:~ 
8 .4.0 ,,1.0 49.0 41.0 40.0 40.0 44.0 +1.5 4".0 ·16.0 4•• 0 ·IS.O 49.0 50.0 ,,1.0 01.0, ,,0.0 '10.0 4 •. 0 40.0 ·J5.0 ·1.1.0 43.0 ·1_0 ·1 .. 0 41,., 

~ 2 _ .5:1.0 51.0 50.0 4Q.O 4~.Q :t5.~ +~.O ·15.0 45.Q 4~.0 ,!~.o: ~l.~ ~!..5· 52.5 1;3.0 I 1;3.0 ~~.Q 5!.0 ~.U I' g.O ~I.U .!~O '!1.~ ~".51 !~.~ 
9 2·1." 40.0 40.0139.0 30.0 30. ., .13.0 3_.0 3·1.5 39.0 40.0 0_.0 04..> 0,.0 60.0 60.5, flO.O il •• O 50.5 <>1.0 1;3.5 1;3.0 .1_.0 aO.o: .iU.O I I... 
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13 	 24.5 3S. 0 ~~. q :to. 0 :lQ. ~ ?~. () 39. 0 :I~. 0 4Q.5 ·J2.0 ,15. ~ I ,15. Q 4? ~ ·12.5 '10.5 40.0 :til. Qi fO.o ·10.0· 30. 0 3~. 5 ?7. 0 ~~.II ~o. 0 42. Q 4?.1 c 

02 _ 3~.0 3,.0 38.0 3 •. 0 ;1:.Q ~o.~ ;1/.0 ~~.O ;II.~ :14.~, :14.n 43." ·IUI ~O.() :10.0 i ?~.~ j ?~.5 ~~,~ ~r,." ~.!.O t ?~.5 ?.~ ~U.5 n·o ~.I.~) '=; 
14. 	 .~. 0 4•. 2 41. 0 ~ 1. 2 ~~. Q .19." ?9." ?~. ~ ~.1. 0 I ;l? 0 39." f ~~. ~ 40.0 ·10.0 .10.0 3;.5 ;18,. ~ I .l~. 0 :1': 0 30. 5 :1~. 0 , ;1.>. 0 ;l~ ,I .H .• 1 ;10. 0 :~~.! 
_ 9. 42. 0 40.0 ~?o :l~'~ ?*.O 3H.~ ?"O .lO.O ;1.1.0 ?~.~ \ ~:.~ ~O.~ 40.0 40.0 30.0 ~~.., I?,.5 ;1~.0 ?~.O ?~.~. ;!~.IJ :1;.1I ~.1.5! :H.~ ,;1 •. " E;

10 .~.5 ??O no .!.l.~ ~•. " ?-.Q ?I.a ?1.0 ~!.O :11.0 ~~." I' ;l~.~ 3~." 41.0 4;.~ 4~.O ;l.l.~, 3~.O ;l~.O ?:.O :l~'" .I~,IJ ?~5 .15.0. ;15.", .l~.~ 
~• 33.f) 3•• 0 31.0 30.0 30.() .lO.1l 30.0 _.1.0 31.0 .1.1.0 .If.O ·lb.5 45.0 4_.0 4•. 0 39.0,3,.5 30.0 3n.0 3.1.5 30.0 .10.0 35.0, .15.0 i 3"._ 

16 24.5 3n.0 :W.5 :m.5 30.5 3·i.0 :li.O 3i.5 38.0 39.0 ·10.0 ·11.0 ·11.0 46.0 4S.5 '19.0 48.51'18.0 47.5 47.0 47.0 ·111.0 47,(1 ·tn.O 14S,O , ·12.R '1
2 35.5 36.0 3(tO 36.5 37.0 37.5 :18.0 as.5 30.0 40.5 41..5 43.0 40.0 48.5 49.0 4R.0 46.5 45.0 14.0 44.0 42.5 ·13.5 4(;";,40.5: 42.0 r::

17 	 24.5 47.0 45.5 45.0 43.5 43.0 43.5 44.5 45.5 48.5 47.•514H.0 51.0 50.5 I 61.5 f>3.0 65.0 I G5.0 '62.5 59••; 5i.0 55.0 IH.O 50.0: 47.5 52.0 r:2 144.0 41.0 40.0 30.0 39.0 40.0 ·10.5 41.0 46.0 ·!G.O 40.0,50.0 I 50.0 i 62.• 5 64.0 05.0' 64.0 61.0 5S.5 5·1.0,52.5 51.0 47.0 43.0,49.6 

18 24.5 45.5 4'1.5, ·12.0 41.0 30.5 39.0 37.0 37.0 38.0 41.5: 48.5 57.0 i .19.5; 62.0 (l:1.5 64.0: 62.5 5S.0 54.0.52.0, ·19.5 '10.0 4•. 5: 47.0; 49.1 

.... 
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 " 19: 24.5 45.0 4:1.0 '12.0 41.0 40.5 :lO.O 3S,5 38.0 :19.0,4-1.5 50.0' 5·1.0 50.0; 59.5 62.5 fi2.5 GO. 0 : 57.0 55.0' 52.0 51.0 ·19.0,50.5.50.5 49.2 
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[ 2 t 41.5 a9.5; as.o :17.0 3t)'5 3li.0. :J5.5 35.0 36.0; 4:1.5 51.0 55.0 5S.0 i 62.0 63.5 63.0 5S.0 [~i.l), 52.5 4".0 47.5 '17.0' 4S.5 49.0' 47.3 
20 ' 2·1. 5 , 53,0 53.0; 52.5 ' M.5 i 56.5 5Ii.0; 55.0 55,5 5G." 50.0 49.5 40.0. -Is. a : ·17.5 47.5 4S.0 47." ·Hi. 0 45..5 45. U ·J.!.5 ·12.5 ·tll. 0 3S.5 ·IU, 2 

i 2 i 51. 5 51. 5 51. 0 53.5: 56.0 50.0 i 54.5 , 56.0 57.0, 50.5 50.5 50.0, 49.0 49. a 49.0, 49. a 48.0 41l.5 ·10.0 45.0. 44.0 ·1t.O 36.0 30.5 49.0 
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22 21.5 35.0 I a5.0'3,1.5 31.5 35.5 35.0 315 35U 35.5 31i.0 37U 3,.0 3\10 .11.U,.]].5 4fl.U :lUl) a,o 37.537.0 30.!i 31)!i.:lO.5.30.5 30.H 
2 36.0 j3o.5 35.0 35.5 I 3,j. U 35 5 35 () :15 0 31l 0 3,.5 3,. r, , 40.5 ·]2.0 42.5 42.5 11. [) 3U 5 3, U 3,>.0 :17. (I :1,.0 37. (] , 37.0 :lfl.5 37.7 
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0 '" , Q' 

2 34.0 :l:U 33.5 31.0 33.5 :12.0 305'20.0 2').0 28.0 2S.0 12U.O 311.5' 31.0 32.5 :13.0 j33.0 31.5' 30.0 20 5 ~'!J.O' 20.5 30.0 20.5 130.0 t.=J_a 2~.5 ~1.0 ?,o.o ;0.2 *(!.~ f :12.0 t 31.~ a.1 0 i 31.0 I ~.1.5 ~~ II ~~.~ I;;•. 0 ~~.u f 3U.0 :l9.U I~R.~ ~~.~ ~ 3~.O 31].0 :1~.0· ?~.~ : ~~,~ a~.~ I 35.3Sf! 
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'''' "" .~.5 31.5 ?~.~ 3S.0 ?~.,i I :1~.513~ 5 3~.~ 1.1~.O j .1~.51 yu.O :I!J.~' 41).0 'I.~ H.O ·ll.a I ·1l.5 41.~ 39 a :l~.O ~~ 0 ~:..n ~i.~ l.l~.O 3~.~ 38.9 ~ 
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T.\DLE 11.-8pccijic h'tl7nidity at indicalcd lel,tls, Ar1i710/on F.':r:pI'Timcnlal Farm, l'a., 1989 
'-.--~- ~--~-~-- -' ......--------------­

--.---.-----.~--... -~--.-~- .. - . 
'O.§ Al"rr:l~e fnr hour PIHling 'It- t-3 

lr-J 
Date l-r~ - ! ' I I .--.---- I I I -I""','", ~ I 2 i 3 I 4 I 5 I G : 7 I S I 9 ! 10 I 11 ! 12 1 I 2 ! 3 4 5! n 7 I S 9 10. II 12 ~ 

___.~o ~~~~.~~:~.~~.:/.~~~~ !I.m. ~,~~,~._~ P.Ill.,p.m·i~ p.m.lp·m'lp·m.!p.m·t~ p.m. ~jP.m. p.m.~=--
Om. Gill. 10m. 10m. 1 0m . Gill., Om. Gm. Om. Om. Om' l Om. Om. Om. Om. Om. Om. Om. Om. Om. Om. Om. Om. Om. Om. , • i ! j I I I I I I I t I I I I

t"~ ~ ~l~ ~ ~Im ~ m m ml~ m ~ ~)~ ~ m ~ ~ ~ ~ ~ ~ ~ 
Feet 11lI • my. mg. 111'1. mg.! my. r 1110· I mO· mg. mo·, mo. Imo· 1110· my. II mo· 7IIg. mg•• mo· II ma. 1110. 7110·

3
9 1110· mg. 7110·...u' mlT• on "U 09 3 0 ')81 0 - OIl 31 'j" 3 9 3' t:d

0' '11 "6 31 "8 "0 on "01'11 'j" 20 
Jan. 24.0 _.' 1 _ _. y _. -. I . I . - -. .. ..,.... .. ... .." .. " . . '" -- -- ... ... . d.•J •• -. 

2 2.8 2.9 3.0 :1.2 2.S 2.8 3.0 3.2 a.2 3.a 3 I 2.9 _•• , 2.9 2.0 2.9 a.l 2.9 I ;1.1 1 a.l 3.1 3.2 3.3 3.5 3.111 t<
2 24.5 3.3 3." 3.2 3.1 a.1 :l.l 3.11 2.0 2.8 2.9 2.7 1.9) 2.0 1.9 2.1 I 2.2 2.4 2.n 2.8 I 3.2 3.5 3.5 3.7 3.7 2.0 

2 3.:! ~.~ ~.Q ~.n ~.O :l.Q ?O ~.~ :1.0 3.q 2.~ 2.2 I 2.3 2.~ ?O 2.!; 2.§ 3.~ 3.:! 3.5 3.8 ~. 7 3.8 3.~ :l.l 
24. 5 3. I .1. ti 3. I .1. S .l.li 3. oJ 3. D 3. U 3.9 3. S 3. U 4. aI 3.0 3. S 3. 3 3.. 3. , 4.3 4. " 4.6 4. 9 0.0 4.9 4. I .1. 0 ~ 

2 3.S 3.7 3.S 3.7 3.7 3.4 3.3 3.4 4.1 3.8 3.0 4.1 4.2 4.2 3.0 3.S 4.1 4.6 4.7 4.8 4.8 4.S 4.7 4.5 4.1 
24.5 4.n 4.-1 4.n .l,;l 4.a 4.64.34.44.44.4 4.3 .I.~l •• 2 4.2 ·1.4 4.0 4.6 4.S 4.8 4.8 4.8 4.8 4.8 4.8 4.5 ~ 
2 4.2 4.2 4.2 4.2 4.0 .j, 3 4.4 4.5 4.5 4.5 4. fj 4.6 4.5 4.,1 .1. 5 4.7 4. S ·1.9 5.0 5.0 5.0 5.0 5.0 5.0 4.6 

0024.5 4.S 4.8 4.8 4.8 4.8 4.9 5.0 5.1 5.2 5.1 5.3 5.0 5.9 0.5 7.0 7.0 S.O 7.8 7.S 8.0 S.O 8.5 8.6 8.9 6.4 
2 5.0 5.0 5. 0 5.0 5.0 5. 1 5. 2 5.3 5.3 5.3 5.4 5.7 O. 1 0.5 i.2 7. 1 8.4 8.0 8.1 S.2 S.7 8..j 8. r, 8.9 6.5 .... 

'I01 2-1.5 ;'.! :.,.9 Z.O 7.; ~.S 5.6 U 4.:! ~.8 4.Q 3.3 3.4 ~.~ 3.3 ~.2 ?~ 3.2 3.3 ?.4 3.4 3.5 3.51 3.6 3.8 4.5 
_ 2 _ S., 1.9 ,.S 7._ 0.0 Ii. 0 5.0 'f.! 0.1 4.1 ·1.0 'f. 0 ?~ 3.~ 3.~ 3d 3.~ 3.( ?8 4.0 4.1 4.; I ".0 4.~ 4.0 
I 24.0 4.0 3.8 4.0 4.0 3.0 3.9 4.0 3.1 3.8 ·1.1 ·1.0 3.S 3.0 3.0 3.6 4.0 3.0 3.·j 3.7 3.S 3.0 4.. 4.2 4.. 3.0 ~ 2 4.3 4.0 4.0 4.0 3.8 3.8 3.8 3.6 3.9 4. oj .1.4 4.2 4.0 4.0 4. 1 4.2 .1. 2 .1. 3 4." '1.4 4.5 4.6 .I..j 4.2 .1.1 
8 24.5 4.2 4.1 4.3 4.1 3.9 3.8 3.8 3.6 3. D 3.8 3.0 1.8 1.0 1. 9 1. S 1. S 1.0 1. S 1. S 2.1 2.8 3.1 3.2 3.2 3.0 m

2 4.2 4.1 4.2 4.3. 4.0 3.9 3.0 :1.7 :l.S ·1.2 3.3 2.4 2.4 2.4 2.6 2.4 2.5 2.5 3.0 3.4 3.0 3.6 3.6 3. Ii 3.4 
24. 5 :J.2 3.3 a.2 3.4 3. 2 3. :l 3. 3 :l.3 3.4 3. 5 3. S :1.4 2.4 2.4 2. G 2. 6 2.5 2.7 2.9 3.1 3.4 3. U 3. 7 4.0 3. 2 
2 3.6 3.6 3.6 3.5 3.5 3.5 3.5 ;1..) 3.6 3. S 4.1 :l. 62. 9 3.0 3.2 3.2 3.5 :l.7 :1. U .1. 0 4.2 4.3 4. -I 4.5 3.7 t; 

]0 2.1.5 4.0 4.3 4.4 4.5 4.7 4.S 5.0 5.S G.1 6.1 U.O 5.9 5.7 0.2 11.4 0.5 G.O 6.0 6.9 6.9 6.8 6.0 5.7 6.0 5.7 ~ 2 4.5.1. S 4. S 4.9 5.0 5.1 5.4 0.7 0.6 6.6 0.2 6.0 6.2 0.3 6 . .J n.o D. S 6.8 6.0 7.1 7.2 6.2 5.8 6.0 6.0 
Il 24.5 IU 4. 7 4. 5 4. 5 3. 0 3.4 a. a 3. 2 3. 0 2. S 2. S 2. S 2. 7 2. 5 2. ·1 2.2 2.2 2. 2 2.:l 2. 4 2. 6 2. 7 2. S 3.0 3.1 ~ 

2 .5. S 5. 1 5. 1 4. 6 4.0 3.6 3. :l 3. -I 3. 2 3. 1 3. 1 :l. 1 3.2 2. S 2. 6 2. 6 2. -I 2.8 3. 2 :1.2 3..J. 3.4 3.6 .1. 0 3. 5 
12 2,1.5 2.8 2.8 :l.0 2.7 2.9 2.8 2.0 3.0 :l.l 3.1 2.0 2.8 2.5 2.·j 2.2 2.0 2.0 2.0 2.0 2.2 2.'1 2.0 2.0 2.0 2.5 o 

"':l 
1324.5 2.1 2.01.9 1.0 1.0 2.2 :1.6 3.4 :1.4 3." 3.3 :).2 3.1 3.1 3.1 :l.l :1.2 3.1 2.0 2.82.8 2.0 3.1 3.0 2.9 

2 :l. S 3.6 3. 7 3. 6 3.11 3. U :l.2 3.4 3. 6 :l.4 3. 1 3. 2 2. S 2. {i 2.-1 2 . .J. 2.2 2. 2 2.0 2. (j 2. oj 2. -I 2. -I 2. -I 3.0 

> 
H 24. 5 a. n :l.O 3. ] 2.9 2. 0 2. S 2. S 2.8 2.7 2. ·1 2.2 2.0 1. S 1. 7 1. 7 1. 6 I. 6 1. 6 1. 0 1. 7 1. 7 1.7 1. S 1. 7 2.2 

2 2.4 2.4 2.2 2.2 2.2 2.5 3.7 3.8 3.0 3.7 3.7 :1.4 3.4 3.4 3.3 3.3 3.4 3.4 3.1 3.0 3.0 3.1 3.3 3.2 3.0 
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103 EVAPORATION FROM LAND AND WATER SURFAOES 
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