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A 12m micrometeorological tower has been used to lrlea,sure fluctu-
ation of vertica,l velocit,y, teln¡rera,trrre a,ncl wa,ter va,por clerrsity a,t
three levels, 3, 5, and 9.40rrr, a,¡rd horizontal z and u ðonrponerl,s at
l1.5rn with a sa,nr¡rle r¿rte i-10 IIz. Sirnultaneously, mea,surements
of net radiation 2rn above the surfa,ce ancl heat fh¡x in the soil ale
also ca,rried out. '['he area, aroun<l t;he mea,surement site is fl¿it and
occupied by a corn fielcl cluring the surnmer a,ncl short grass cluring
the winter. The nreasurenìent site is located aL 22.5- S, 120 krrì
westward from the Atlarriic Ocea,n, approximately 600 rn above the
mean sea-level, in the S[ate of São Paulo, Brazil, T'he verl,ical evolu-
tion of the local Planetary Boundary Layer (PBL) was also followecl
by a tethered ballon systern. Four carnpaignò weró carried otrt, three
during summer condil,iorr (March 1991,,92 ancl g3) and one during
winter conditions (July, t992). The main objective o[ these caml
paigns was to describe the PB[, in typical areas of the Subtropical
regions in order to investigate it,s impact in the local dispersion con-
ditions of-pollutants. During the summer (rainy sea,son), the Ptlt, is
strongly dependent from the cloud activity, that inhibiis its vertica,l
evolution to 1300 m. In the absence of cloud activity the vertical
extent of the PBL was observecl to reach 2000 m above the surface.
During the nightime, the PBL lieight was characterized by stable
conditions its height was around 300 m coincident with low ievel.jet
maximum wind speed in both seasons.

Reuislø Brasileira de Geofísica, Vol. 12(1), 1994



56

INTN,ODUCTION

'['he Planetaly lìorrnclary Layer is tlre region of

t,he atrrros¡rltere adjacetrt to t,he surfa,ce where t'he

t'irru: a,ncl s¡iat,ial cva,ltt¿rt,iort of it,s rlynarrric arrd tlter-

rnoclyuarrrir: strur:t,ure a,rc tlre lesult of l,lle illt,e¡'a.c-

tiorrs be{,ween tlre al,rrrosphere and t,he st¡rfa,r:e, In

gr,nera,l , rrrost, polhrtants are releasecl within the PRL,

t,hr:refort: t,o urr<lolsla,rrr,l anrl preclict tlre belra,vior of

rnost, ¡rollrrt,ant,s il, is necess¿ìry to ha.ve a <¡ttatrl,ilat,ive

<lr.scli¡rt,iorr <,f Llrc ¡rlrvsic¿rl process t,lrat, cont,rols t,lre

l'llf, t volrtl,ir¡n.

lr¡ I,lro l¿rsl. t,rr,o .yt:a.rs â gr()ul) oI lVlicrotnct,srro-

logiral Sl,rrrli,'s fìrrrrrcrl lry rt:scarr:lrt'rs ftr¡nr I,lrc l)r'

l>¿rrl,rncrrl, of Âl,rrrrs¡rlrelic Sciel<:c (lÂ(l/llSf') arrtl

l)r'¡rall,rrrcrrt, t,f'l)lrysics (tf ¡'SM) lla.s carricrl out, t,t¡r-

lrul,'rrcc nr('a.srrr('rÌrcnt,s wit,h a l2rn I,owerr <lttring frrt¡r

<:ir.rrr¡ra.igrrs r¡f t,wo wceks in t,lle (l¡rnt,ro llxJ,r'ritncn-

l,al Â ra,rrra.r, Sl,at,c of São I'a,ulo. Sirnull,¿r.trrxrttsly, t,lre

( l()l'l,lsl' c¿lrrierl out, vert,ical ¡rrofiles of l,t.urper¿rturc,

hrrrrriclil,y, win<l speecl a,nd direcl,ion wit,h a t,ethered

lra,lloon at¡d r¿r<lioson<le syst,enrs.

'l'his rrol,e will sttrnarize a few observ¿rt,iolra,l re-

sr¡lt,s of forrr fielcl rnissions carried ollt, l)y this grou¡r

in the Sta,te of São Parrlo, as well a"s clescribe the frr-

t,r¡¡e fiel,l observations that will be carrierl or¡t; in l,he

l,herrrrocler:lric power plant, Ciancliot,a, in tlle Sta,te of

R,i,'¡ (lr¿r,nrle do Sul.

SITD AND INSTN,UMENTATION

'l'lle luea,surernent,s reported lrere were taker¡ at

Llre nr¡<:lc¿rr ins(,a.llation rrarnecl Centro llxperirnerrtal

Aranra,r, loca.ted at l;lre countrysi(le o[ State o[ São

[)a,rrlo (2il"2lt' S, 47o3lt'W), approxirnat,ely 120 knl

fì'orn l,he Atla¡rtic Ocean coa,stline a,nd 500m above

t,he rnean sea level. The area site is flat, with a high

elt:vation rnountai¡r al, SW (Araçoiaba Sierra) with

pea,k of il00 rn. 'l'he area is crossed by the lpanema

rivcr ir¡ t,he Nr¡rt,h-Sorrth directiolì, a,n(l by the Soro-

caba, river in the West-Ða"st clirection; these rivers are
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srnall, and are located at the bottom of a 50 tu tlee¡r

valley.

t.our fielcl campa,igns were carriecì out <ltrling t,lrr:

last two yeat's, tluring tlre srrrrrtrter, itt M¿llclr lf)f) l,

1992 and 1993, ancl during t,he winter, in Jtrly l99iì.

'.lhe first carnpa.igtt nteasuretl turbulettce at, t,lte stll'-

face, usitrg a 6nr tower with ¿r sottic arlettt<;ltttrt,ct,

fine wire thertnotnt:t,er arrtl kry¡rtott ltytlrottte{'cr (st:t,

o[ turbulence sensors nrarle by CAMPI]IDLL) at, l'rrrr

¿rlrove t,he surlace. ln the ot,lrt¡r t,ltrr:t: t:a,ttr¡raigrrs t,lrrerr

t,r¡rbr¡lence sensors were lrt()¿r,sllrirrg Irrrbrrlcrlce a.t jì.5

¿r.rrrl 9.4rr¡ ahove t,lre sttrl¿rce irr ¿r, l2rrr torver. 'l'lltrstr

s(:rns()rs allowt tl t,lrt¡ lrrr:¿rstttt:rtrrr¡tt,s of' flrr<:t,tra.t,io¡r <il'

vclt,ical velocit,y, air t,etrr¡rela,t,ttrc ¿rtt<l wa,t'ct va¡>ot

rlensit,y wilh sa.rnpling frequency t,ha.l varie<l florn I

t,o l0 llz. Ne-t, r¿rdi¿rtior¡ arrd soil llc¿rt fltrx rrr(ì¿ìsrrrc-

¡r¡elrt,s wett: carrie<l orrt clrrrirrg t,ltesr' fottr ca.ttt¡ra,i¡çtrs

(Oliveira, I992). Vert,ical ¡rrolilr:s <>f air t,ct¡rltera.l,ttre,

lnoist,r¡r'e ancl lrorizont,al win<l rvert: obl,¿rirrerl rltrrirtg

tlrese f'orr¡' field ca,rnpaigus ea,c,lr t,wo lrottrs, rtsitrg a

tethere<l balloorr systerl. I¡r M¿r.¡clr 199 I anrl .lrrly

1902 tlre sttrl¿rce was covercrl lry slrort, ¡4rass ll-r r:trt

high. Irr IVlarclr l!192 ancl l99il t,hc srrrf¿r<:c was (:ov-

r:red liy a cortì fiel<l 1.5 and 0.5 nl t,all res¡rect,ivcly.

PBL OBSENVED CHAIì,ACTEN,ISTICS

illre vert,ical extent o[ thc I'l]1, is ¿r. frrrr<:l,ion oI

t,urbr¡lence inlensity ¿rncl lhe sta,t,ic st,a.l¡ilit,y of t,lrr:

free attnos¡rhere ('l'ennekes, l97lì).'l'he t,r¡¡'br¡len<:c

is lnaintainecl by the proclucliorr (tlrcrrrra.l ¿rrrrl ¡rrc-

charrical) aud t,hc destructi<ln (tlrerrrra,l arrtl viscosil,y)

of turbulent kirret,ic er.lergy, wl¡ich in t,t¡nr ¿rrc rel¿rte<l

to radiative heating (and cooling) of t,lre srrr[¿rcr:. 'l'he

sensible heat and latent heat fìuxers ¿rre st,rong irrclica-

tion of how the surface uses the energy fi'orlr ra<lial,ion

to heat and charrge the moisture content of the l'llf,.

The sensible and latent heat fluxes were evaltr-

ated using the covariance method applied to t,he t,ur-

bulence nìeasurements in the tower. Net radiat,ion

and the s<¡il heat fluxes were rrreasrlrecl <lirectly at 2 ln
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above ancl I cm below the surface respectively. Dur-

ing the sltnrr¡ler canrpaigns the sensible heat fluxes

are snìaller t,h¿rn t,he latent heat fluxes. During the

srunÍler, t,lre sensible heat fluxes are larger than the

la,t,ent,. ()ornparatively, there is less available energy

for t,lrese processes.

'l'he height ol the PBL was estirnated during the

dayl,irne as t,he verl,ical extent of the rnixing layer and

niglrt,t,irrre a,s tlre to¡r of tlre surlace inversion layer. In
the surrrnrer of lg0 l, lor an undisturbecl period, the

hcight of t,he PllL variecl frorn B00m during the sta-

hlc rr:girrrc I,r¡ rnore t,h¿rn 1000 m dr.rring the convective

regirnc. 'l'lrr: <la.l,a ana,lysis [or the otlrer ¡reriocls of <¡b-

scrva.l,iorrs ilr<licat,r:s a sirnilar pattern, with a stronger

al¡rl slla.llowcr surface inversion layer cìuring t,lle rvin-

tcr of ltl92 an<l a higher PIìL during the sumrner ol
I9f)3 (rlricr I,harr rrornrer.l).

Wit,lr rcspect to the horizontal wincls, the int,en-

sit,y of t,herlrral irrdrrcecl nrixirrg w¿rs sufficie¡rt to pro-

rlrrcc a lrornogeneotrs PIIL during the daytime. Al,

rriglrt,, low level .jets of maxinurr¡r speed as ltlrge as

l-r-l0 rn/s were frequently observecl over the site.

CONCLUSION

Sonre resrrlts of lour observation carnpaigrìs at â
rrrrclc¿lr installat,ion irr the subtropical region of Ilrazil
where t,r¡rbulence intensit,y in the surface layer antl

¡lrofilcs of wind, tenrperature and ntoisture of the

l)lì[, were r]leasured simrrltarreorrsly, are presented.

'l'lre results indicate a daytime rnixed layer dur-
ing the suntnter and the winter and nighttime surface

inversion layer and resiclual mixecl layer. The winds

a,re well mixed during the day time and a low level
jet was observed cluring the nighttime.

These observations will be used to evaluate the
dispersion conditions at the particular site through
numerical and analytical models.
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