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THE SENSIBLE AND LATENT HEAT FLUXES FOR
GURUPI RIVER, BASIN - AMAZONT¡. - AND SOME
LOCATIONS OF NORTHEAST REGION OF BRAZIL

A.B. Novaes and K.J. Bignell

Depto de Geofísica Nuclear, Institu[o de Física/PPPC - Universidade l'ederal da Bahia,
40210-350, Salvador, BA, Brasil

Atmospheric Physics Crou¡r, Department of Physics - Irnperial College, London, UK

This paper describes an inüestiga[ion of the he¿t fluxes over a pe-
riod of ühree ¡nonths (Muy to July) in Austral Autumn/Winter of
1983 in the Curupi River Basin, Amazônia - and some locations of
the Northeast Region of Brazil. A ¡rortable self-contained reversing
instrument lv¿ts constructed for measuring the Bowen ratio. Thè
Amalon Region at, this tirne was experieniing its "dty" sea.son, so
that high Bowen ratios, usually around unity, were found. In regions
of Sobradinho Dam (Northeast, Region), under drought condit-ions,
tl¡e Bowen ratio was usually in the range 3 - 10. The Northeast
Region (Recôncavo and Contäs River. Basin, the wet, coastal zone)
with abundant moisture, the Bowen ratio was found to be between
0.10 and 1.0. It is concluded ühat in this part of the Amazon Region
the latent heat flux accounted for only iO to 50% of the net roäia-
t,ion during the dry season. In the arid Sobradinho Dam region, the
sensible heat accounted for about 80% of the net radiation. fn the
coastal wet regio_n (part of Contas River Basin and Recôncavo), the
latent accounts for more than 80% of the net radiation.

FLUXOS DE CALOR SENSÍVDI E LATENTE PANA A BACTA DO RIO
GURUPI . AMAZÔNI.A, . E ALGUMAS LOCALIDADES DA REGIAO
NORDESTE Do BRASIL Os resultados de urna pesquiso sobre os
tluros de color sensíael e calor latenle, realizada na Bacia do Rio
Curupi - Amazônia Oriental - e ern alguns locais do Nordeste
Brasil.eiro, durante um período de três tieses (maio a julho) no
ano de 1983, são aprcsentatlos. Äs medidas mostram uma R.azõ,o
de Bowen próúma u I, enquanlo que em uolta da Banagem tle So-
bradinho, no Polígono das Secas do Nordeste Brasileiro, mostram ø
citada razão entre 3 o 10, Esse resultado inesperado na Amazônia,
característico de tíreas com limítodo s'uprimento d,e tígua, é deuido o,o
período ern gue med,idas loram feitos, quando o região estaua nø suo
,ípoca d,e seco, Em outras tíreas estudodas no Nordeste (Recôncauo
e na parte úmida do Bacia do Rio de Contas), dreas de alta umi-
da,de, os valores dø Razão de Bowen lì,caram entre 0,10 e 1,0, como
esperodo. Concluí-se que nesta parte do Região Amazônìca ape-
nas 30 ø 50% da radíaçao líquida é utilizado pelo fl,uoo de calor
Iatente. Nos proaimidades tlä Børragern d,e íobrotlinho, o calor
sensíuel contribuiu cotn apros,imadarnente 80% do flwo total d,a ra-
diøçõ,o líquidd. Nas outras tíreos do Recôncaao e-Bacia do Rio de
Contas houae inaersã,o nesses fiuros.
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INTRODUCTION

Thc cvaporotion of wal,er fro¡¡r l,hc ea¡.l,lr's sur_

f¿ce to the at,nros¡ll¡ere has bec¡r t,he subjcct ot.¡rrucl¡
re¡enrch owing to ite irnportorrce in lrydrology, rvlrich
enco¡npaaneo etudies of evaporntio¡l ovcr lnkes, clran_

nele and rcscrvoir¡. Bvapotrurspiral,io¡r cot¡sunles

l¡¡uch of tl¡e water nrrd energy tl¡an ig nvail¿ble to t,he

l¿nd eurfece of tl¡e earth and corrser¡uerrtly irrflucrrcer
all hydrological and most rr¡el,eorologicat processee.
'l'l¡ere is now ð nccri ft¡r regular r¡easuretnenl,s ovcr
largen areas, if possible the synopüic l¡el,work. ll<¡w_

ever, tlris is nol, sirrr¡lly a¡¡ inetrur¡¡errl,al problerrr, lluI
nl¡¡o involvce e throrrglr co¡rsiclernl,ion of the intcr¡rr.e_

l,ation of 
'teå.slttctnet¡l,s 

tr¡atle ovcr ltc.tero¡¡c'cor¡s ¿¡r_

e¡L9.

A¡r csl,ublislrerl tcchrrir¡rrc [r_¡r evnluutirr¡6 thc
cvaporation is tlre crrergy budgcü nrct,lrod, wlriclr co¡l-
sist¡ of cetirrrntitrg the prrrtitiorr ol r¡ct radint,ioll usecl

in evaporetion. Bowc¡t (1020) slrowctl tlrat the par_

titior¡ of sc¡¡sible ontl lolel¡t t¡cul, al, a wuter sutface
could bc dcter¡nincd in a relat,ively sirrrple rntnlre!
from gratlients of tempcreture nud lrurnidiüy ¡¡ear [l¡e
surfnce, Several typee of inst,ru¡¡¡e¡¡ts cxis[ to nrea_

sr¡re the llowen ratio (e.g. Ill¡rck ¡ut<l McNaughton,
l07l; Lourcnce and pruil,l,, l96g; McCnuglrcy, lggl
and Spittlehouse snd Black, lgg0), but ¡ro¡rc of tl¡e¡r¡
ic etuy to use, particularly in rerr¡ote [rc¿rs euclr us

Àm¡¡zonia and Braziliar¡ Norl,heucl,.

1'he Â¡r¡azon Basin plnys an irnportant role in
t,he atnron¡rhere circulation. In s¡rite of its irrrpor_
tance, relal,ivcly little is known aboul, evrpo¡ntio¡l ancl

energy and water balance of the region (Shuttlewortlr
ot al,, 1984, a¡¡d Shutt,teworth et al., lggT), We lrave
perforrnetl rnore than fìfty Bowen ratio ¡ncueurc¡¡¡entn

at thin tropicnl rairr forcet. The secol¡d aren of i¡¡ter-
eet is tl¡e llrazilian Nort.heast. This rcgion is rvell-

k¡rown ns tl¡e "drought, polygon", Ol¡ l,hie B¡.ea, we
have pcrforrncd ¡r¡ore than o¡le l¡u¡¡dred Bowen ratio
rnea.suren¡enl,s fro¡¡l t,he hurnid arco close to l,lre coasl,

Rewsls B¡usilei¡u de Geofisicø, Vol. t0(l)

'l'he ser¡uible arrd Lntc¡rt llear, l'luxcs for Gurupi lì,iver llosin

(sugarcane, cocoa plantal,ion and cail,le activity) to
the drouglrt, regiorr in tl¡e vicinity of t,he recent ¿rti-
flci¿l lake of Sobratli¡rho, with an orea of 4,214 kmt
of water, Thia study givce an opportunity to under-

sta¡¡d the effect of fctcl¡ o¡¡ tlre üornperaturo and hu-
rnidity gradiento in tl¡e downwind of a diecontinuity
surface. TÌ¡e results el¡ow th¿t, the new equilibrium
is acl¡ieved in tl¡e downwind dietance at about 200

times tl¡c height of tlre upper sensor.

1'he objective of thie work ie to eetimatc the
Bowe¡l ral,io to assese the eensible and latent heaü

flr¡xce in some locations of Âmazo¡¡ ancl Northeast
rcgions of Brazil. Â¡¡ eco¡rolnic¿l and liglrt-weight in_

stlul¡rc¡¡t of Novaes end Bignell (lggg) is used.

EXPERIMENTAL SITES

'I'lr e cx ¡l eri r rrelr tal ¡ ¡ ¡easu rel ¡ ¡en l,s wcre per formed
at flve sitcs in the Northeast Region of Brazil during
l,he period Mey 2 to June 25, lg8g and two aitee in
lhe Gurupi River Basin, A¡r.¡azo¡¡ Region from July 6
to July 9, l08lJ (Novaer, lg85).

Tl¡e Nort,heast Region of Brazil lie¡ between 3oS

to l70 ¿nd 3õoW to 45oW ¿¡¡d it has an area of 1.0 X
103 krn¡, Tlris ia thc l¡ot,test part of the country and
its dry Eeôson ie from May to November with a range
of tomperat,urc 34o . 36r, The reg¡on ie characterized
by variable rainfall gornet,imeg experiencing extreme
drouglrt conditions (t(ousky, lgTg; Ilastenrsth End

Ileller, 1977). 'l'lre Nort,heast Region is normally di_
vided irrto th¡ee rn¿in nubdivisions from the coa¡t to
chc interior, based on precipitat,ion, ooit and vegeüa.
tion, 'Il¡c l¡unrid coast,al lowland (,,Zona da Matar)
varies in width from 100 to lS0 km. tt is a very fer-
tile arrd l¡u¡ni<l zone wil,lr deop soil ond receiveo up
üo 2000 nln of rair¡ distril¡utcd unifor¡nly throughout
the ycar. Ân upland trensiüional zone (,,Âgreete',)
gete an average annual precipitatior¡ of g00 mm to
100 mnr. The "Sertão" is a se¡niorid plaüeau. In this
area t,he annual svcrage precipitation is leas than 600
mm (Pig, l).
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Ficuro l. The ühree eubdivieions from tl¡e co¿¡sù to tho irrterio¡ of the Northeast Region. "'Lon& da Maü8" is a wet

;;i"i;i;;,',ai';.rü;lî ñd;ildi;ie zorrc nnd "Serl,ðo" a ee¡ttiarid zone. The dóts indicate tl¡e mea¡urement

site¡ locatione.

Ae lrês cubdiaisões do lcrrilótio, da cosla ptra
túmida da cosla, o Agreste, que é uma .região in
d¡ddcam a locilização dos sítios de nedida.

o inlet'ior do Nordeste. ,4 Zonn da Mata, qac é luma ngião
lernrcdióúa, ¿ o SorSÃo, que é, luma tegião senri'dtidø. Os pottoe
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Tl¡e Âlnazon cli¡nal,e is nlwlys l¡ol, l¡rd hurrrid,
with daytinre tcrrrperatures rtngirrg lì.o¡¡r 2loC l,o

32oC. 'Iherc are ¡¡o seiu¡ons i¡¡ tl¡c l¡onr¡ul sensc - il,

ie eitl¡er thc dry Be&son or tl¡e rnirry sc.usorr. 'lb t,hc

north of tlre F)c¡uator, l,lre rairry se¡ßon is gorrcrnily

from March to July and to t,he soutlr, f¡o¡¡¡ October
to Àpril, 'l'he rnnuel rainfalt irr tlrc rogiorr is betwcc¡r

1700 ¡n¡n anrl 3000 mrn (Figrreroe a¡¡d Nobrc, lgg0).

'l'hc field rnerLsurc¡¡tents il¡ thc Â¡¡razo¡r lì.egiorr

wcrc car¡icd out ilr tl¡e Gurupi Rivcr ll¡usi¡r irr two scp-

arnte eiten nbout 300 knr soul,l¡eact of lleló¡¡r. llot,l¡
sil,ce (Veneza Farrn) nrc a¡rproxirnatcly 5 k¡¡rz ¡ulrl rue

locnterl i¡¡ area-s where l,lre forert l¡rrs beerr ptrtitlly r.c-

¡noved ar¡d c¿l,tle acl,ivit,ies lrnvc bce.¡r st,nrted (l¡ig, 2),
'l'hc ¡ne¡u,lr¡rcr¡re¡¡l,s werc l¡¡ade nenr ül¡c ce¡¡tcr of encl¡

ßqrrnre. 'l'l¡e surrourrding generally flat tcrruir¡ rv¡u

predorninnntly forest nbout 25 ¡netcr.s trll.

EXPDN,IMENTAL AND TDC}INICAL DD.
TAILS

'll¡e lJowc¡t rrrtio were obt¡¡inctl rvil,lr ülre ¡lsy_
chro¡ncl,er ayatctn, wl¡ich is a portnbLl urrit,, weiglrt-
irrg a¡r¡rroximatcly 2.0 kg (Novtos nrrrl llignell, l0gg),
'l'hc lnain corrrpolrents of tl¡is r¡rrit nre¿ elcctric pack-

age (forrr Bcr¡sorat Whcatsto¡le briclgc nnd lrnplificr),
shiclds and ¿lun¡inr¡rn frtnrcwork. 'l'l¡e ternperature
Bcrlsora uscd to tne¡Burc the gr.ldicrrts of wet and clly
bulb terrrpcrature wcrc placed aü 2.1 ¡r¡ a¡rcl 0.50 ¡r¡

above tl¡e eurface (Nordon nrrtl Brui¡rbriclge, 1002).

3.1 Noü Radintiorr

Tl¡e net, radial,ion wus rr¡crsured using two
metcl¡cd I Ngl4 dioclee as sencors, Tl¡e cflects of wir¡tl
worc reclr¡ced, but not enl,irely cli¡r¡i¡¡¿tcd by rlrielcl-

ing tlrc flux plnta with a tl¡i¡r filnr of polyeühylene,

l'he dio<les wcrc connectcd to a brictge circr¡it, fecl by
two I V batteries and the tcmperature diflarence ac_

croea thc plote, mcasured by tlre voltage output, repre-
aent,ing, was arn¡rlifìed by a Z4l operal,ional arrr¡rlißer
and dieplnyed o¡r tl¡c sarne digital volt,mcl,erg used the

Reuisla llrusileira tlc Gcofisica, Vot, t0(2)

'l'l¡e sc¡¡eible and Ltrte¡¡t lleat l¡luxcs for Gurupi River llasin

diflcrclrti¿¡l psyclrronrcl,or.'l'l¡e radiorr¡el,er wa¡ cali-
l¡rrtcd witl¡ a sta¡rd&rd vc¡¡t,ilated nct rediomotcr on

thc roof of lrrr¡rerial College, London (Novace, lg85).

Nct, radiat,iorr wr¡Ár r¡¡easured al, a heiglrt of 1.0

¡¡r above üllc surface at, tl¡c sarne placce, wlrere the

Bowcu ratio was perforrrrcd,

3.2 Tlro Bowr¡u Rutio Method

l'l¡e lJowc¡¡ ratio (p) was calcul¡tcd f¡om verti-
cal gradierrùs of l,ernper¿Iüurc nleasurelr¡clrtg, Fluxee

of late¡rt, hcat (LE) r¡¡¡d cc¡¡sible hcat (tt) wera deter-
n¡irtcd fro¡¡¡ tl¡e for¡r¡ul¡re

LD - (lty - G)/(p * t) uul

ll = p(tt¡¡ -C)/(p+t) (r)

We ¡rccd l,l¡e ¡¡et rurlialio¡¡ (F¡y), groru¡d heat

flux (G) antl É to obtair¡ Lli r¡¡rl ll.'It¡e or<ler of
rnagnit,utle of Ci is vcry stnell corrr¡rared to l¡¡y, i.e,,
Ci=Q.¡l'¡y (Do llrr¡in a¡¡d lloltslng, lgB2; !.ucha and
lludas, 1072), So, wc did ¡¡ot considcr G vatr¡cs in the
com¡rutal,ion of rcsults.

N,DSULTS AND DISCUSSION

Tl¡e wo¡.k describcd here w¡u conducted during
the pcriod frorn May 2 to Ju¡re 25, l0gJ at the Brazil-
iun No¡.tlreust, and from July 5 to Juty g, lggg ¿t the
Gurupi River lìasill in tl¡e Âr¡rnzon Regiorr (Novaes,

1085), During this period ir¡ tlre Ânrazon Region the
winds were rnainly fronr east or northeast, and in ühe

Northeast ltcgion they were fiom tt¡e easü. The diur-
nul l,crrrperature range wus about 22o Ç Lo 3Bo C and
2lo C to 32'C in the ¡\¡¡¡azon a¡¡d Norühcast Regiona,
reapectively. ln l¡ol,h regions, l,he period wa¡ inter-
nrit,tcrrl,ly cloudy even ¡lt the Northcost area, where a

long drought was tukirrg place. The Ârn¡zon lì,egion
¿t, this tirrre wu.r exper.icncing ¡ts ,,dry" season and
high llowcn ratios, at, l,hc sclccted sitcs were, rurprie-
irrgly, around unity, clr¡c to subst¿ntinl soil lr¡oi¡ture
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BRAZIL,S REGIONAL DIVISIONS
r - LOCATIONS OF MEASUREMENT

SITIES

Sigure 2. Âmazon Region. 'I'he dots inclicate thc mcasuren¡ertl, sil,es.

A ngião Amdzônica. Os potrlos il¡dicarn a localização dos locais de ¡neditlu.

l0l

The other sites of the "6ona da M¡ta"

(lìecôucavo ancl Gongoji Rivcr) have shown similar

dnily t,rcnde of the Bowen ral,io and he¡t, lluxes as in

"S¿¡rte Luzir" fortrr, wlrete t,he laterrt he¡t accounücd

for nrore t,l¡¿¡¡ 80% <¡f tlre racliation,

Fig. 4 slrows ühe daily pel,tcrns of the Bowen ra.

t,io v¡lues ancl heat fluxeg for 18 Ju¡¡e 1983, at Sobra.

dinho danr (eenriarid zone). Thie aite has an exten¡ive

gravel surface with spsroe deciduous thorn vegettüion

I to 3 nreters üall, and it is 300 metere ewsy from ùhe

Sol¡radinho lake altoree. At this location the lake is

about 7 km in width. The wind direction was pre.

domirrurtly from the east or southeast, and the ¡ur-

facc watcr tcrnpcrature wa¡ 2õ' C. Because of the

large bare soil exposure to eolar radiation and the

large water deficit, the daytinre Bowen ratio value is

always high and it is usually well in excess of uniüy.

The energy partition of sensible and latent he¡t in
Fig, 4 ehows that the ecnsible heat flux accounüg for

about 80% of the net radiation and closely follow¡ the

nct radiaüion diurnal cycle.

'Ihe variation of Bowen rat,io a¡ a function of the

deficit. On ùhe other hand, ths Bowen rttio exceeded

3 in regione of the Sobradinho dant, uttder tlrouglrt

conditiona, since the menaurements were perfortrred

cloce ùo tl¡o sho¡e of tho reeorvoir. 'l'lre largc valucs

in the region are quite re¿sonoble l¡ccutt¡¡e tlre lakc ig

local,ed in the heart of tl¡e "drouglrt polygon" of l,lte

No¡thea¡t Region. At the ot,her siteg of tl¡e Norttr'

east Region ("Recôncavo" and "Cont,as" River Basin

- the weù coastal zone) with abu¡rdant nroieture, tha

Bowen r¿tios wcre found to be bcüwecn 0.10 and 1.0.

llourly heaü lluxee and tlre Bowe¡¡ ratio were

mcasured on 20 May 1983 at, "Santa Luzi¿¡" Falrn

("Contas" Iìiver Basin) and they are illrrstrsted i¡r

Fig,3. The daytirne Bowen ratio varietl betwee¡r 0.10

and 0.75. lt appcored that soil w¡¡ter wru not linrit-

ing evapol,ranspiration. Fig, 3 shows the drily cyclc

of the grnaslanrl radi¡üion componenta. 'I'hc rnaxi-

rnum hourly net radiat,io¡l ovcr l,he grassland during

daylighl, is obaerved arouncl 11.00 hours. Similar en-

ergy balance resulte have l¡ee¡r reported by Yap and

Oke (197a) for a grass eurface with high values of soil

water potential.

ßeuisla Bnsilcint dc Gcotísica, Vol. 10(9)

rO
ùc

occ4,j 
oo

EOL Y A

o
¡.-¡.+¿

t tl3|LrA



t0'¿
'l'lrc st:¡¡siblc' arrrl L¡rtc¡rt lleat l,'lr¡xes fclr. crrrupi ltivc¡. lJ*sirr

I
CONTAS RIVER BASIN
(SANTA LUZIA FARM)
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Figure 3' Etrergy flux-diagralrr for Mny 20, 1983, at Sarrta Luzi¿ l¡ar¡n (Contas River Ba¡in), a wet, graselandrcgion (l4ol6's,39o45'w). Late¡¡t hcnt il,B) uu¿i"nr¡rri. i*"r_tul ur..*i.utui.a lr"r,, p ancl F¡y, The aymboloere: F- fos, c- ctoud,.s_sunrry, ss'_ sí¡¡ser, N -',i¡giii, ti".i;y-ü;lb-;;;,;;;;irreand Tw - wer, butbtemperal,urc.

Diagrana de fiuo de energiø .,tara ntaio 20, tgïJ, ttt lu,rcndu Sattla.Luzia (ttacia tto rio conlas), uma ngião
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Figure 4, Energy flux diagrarn for Ju¡¡e t8, l98ll, at Sobradinl¡o Dam (SERTAO), a ¡emiarid region (9o6'W,
40048'W). Lal,ent heat (LE) and sensible hcut (ll) a¡'c cnlculaüed lronr É a¡¡d F¡. The rymbols are as in Fig. 3.

Diagrdnn de fluro d,e euergia para jurho 18, /,983, para a represa tle Soltratli¡tho (dcrlão), rcgião æmi.úrida
(Y6'5, lf 18'W). Calor lalente (LE) e seusíuel (ll) são calculddos dc p c Fx. Os shnbolos são iguais øos da
Fis. 3.
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di¡ù¡nce from the lakc ehore is illuetratcd in Fig. 6.
ln¡tc¡d of remaini¡g in tho rarne place during tho
wholc da¡ thc mca¡uremcntr warc donc sts¡ting vcÌy
cloec (6 metcrr) to üho watc¡ and cuccerrively going
away downwind from the lal¡c ¡ho¡c for threc kilo-
motcr¡ in ordcr ùo cv¡luate thc influcncc of thc lakc
on the infc¡rcd Bo*rn ratio¡. Thc effect of fetch on
thc mca¡urcmcnt of fluxc¡ ha¡ bccn roportcd by fcw
¡ùudior. So, wo facl th¡t thir typc of rùudy i¡ furthcr
neccllaty to cxploro variou¡ rlpcct! of fcùch on flux
mc¡¡uromcnù¡.

Fig. õ rhowr th¡ü whilc thcrc i¡ con¡idc¡¡bla fluc-
tu¡tion in tho infcrred Bowcn rutior, therc i¡ an ovcr-
ell ü¡ond to highæ v¡luc oway from tho cdgc of thc
¡oscrvoir. At thc watcr,¡ edgc, thc Bowcn ratio i¡
found to bc that cxpcctcd for ¡ watcr ¡urf¡cc ¡t 260 C;
beyond ¡bout 600 m fiom thc watc, infencd Bowcn
r¡tio¡ eoem to h¡vc reachod a rtcady vcluc typical of
arid ¡oil. In thc inü*mcdi¡tc zonc, thc value¡ vary in-
dicating th¡t thc humidity and tompcreture profftos
havo not yet rcadiuetod to the ncw ¡urfaco. Iù ¡ecm¡
ühal adjurümcnt ir compleùcd at a di¡tencc downwind
by about 200 timc¡ thc hcighù of the upper senlor, I
volue in good agrcemenù with Andcrson (1g54) and
Webb (1960).

Fig. 6 ¡how¡ hourly Bowen ratio¡ at Veneza

Farm (Gurupi Rivcr Ba¡in - Amazônia). The me¡-
Butemento were performed in deforeeùation ¿¡eac i¡r

the middle of the dry season whcn ühe soil become¡
dry and the vegetetion i¡ undcr rire¡rr and thc plante
them¡olvcs limit evaporation. Thc reeult¡ ehowed

th¡ü the latent heat flux accountcd for 30 to 50% of
thc nct ¡adiation. Tho bchavior of H snd LE ia simi-
lar to th¡t obeerved by Black (lg?g) ovcr fo¡egù with
¿ eoil wate¡ deftcit. Lfe found that the Bowen r¿tios
cre in excese of unit¡ and e tendcncy of LE to re¡ch
iüs pcak in thc afternoon.

Rcusla Blro,stlct¡t dc Gcofísica, Vot. t0(2)

Thc Scn¡iblc a¡¡d Latenü Hc¿ù Fluxcr for Gurupi Rivcr Ba¡in

CONCLUSIONS

Analyrir of thc encrgy balance obt¡incd from
thc Bowcn ratio and nct r¡di¡tion meuurcmeaSl, et
thc ¡ii oxper¡mencsl cites, produced ¡cvc¡el intcrc¡t-
ing rceultr. The en*gy b¡lance graphr indic¡tc ùh¡t
thc Recônc¡vo, Sania Luzia Fa¡m and Gongoji Rivcr
eitos wcrc wct regionr, whcn thc cvrpo¡r¡Epir¡tion
¡ccounicd for mo¡c th¡n B0% of ¿hc net ¡¡di¡tion. It
sppcsrs thaù tho soil wate¡ wa¡ not limitiu¡ rvrpo.
trurpiration in thcir ¡itc¡. On üho oüher haod, in
thc ¿rid Sobradinho a¡ea thc aensiblc he¡¡ ¡ccouut¡
for morc th¡n 80% of tho ¡v¡il¿blo encrgy, duc to high
air tcmpcreturc. Tl¡c variation of Bowcn ratio ¡¡ ¡
function of di¡tance from thc lckc ¡horc ¡howt th¡ù
thcrc i¡ an ovcrall trond to highcr vilucr awey from
thc cdgc of thc reaervoir. ¡lt tho w¡tcr'! odgc, thc
Bowen raüio i¡ found to be th¡t cxpocted for ¡ w¡tcr
eurfoce aù 25o C, I = 0.10; beyond about 600 m from
thc w¡tcr inferrod Bowen ¡stios gecm to h¡vc re¡chcd
B steady valuo typical of ¡¡id soil, p > 2.0. tn ühc in-
üermcdiaùe zone, the values vary indicating thai thc
humidity and temporature profilec h¡vc not yet rcad-
jueted to thc new surfscc. Iü eecmr thel adurtmcnt
ia completod et a distance downwind by about 200
timc¡ thc hcighl of the upper senlor.
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