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TROPOSPHBRIC OZONB MBASUREMtrNTS AT
THE BRAZILIAN ANTARCTIC STATION

V.\ /.J.H. I(irchlroff ancl E.V.A. Marinho

Inslitrr[o N¿rcional rlc l'cs<¡rrisas lis¡ra"r:iais - lNl)E
Cl,P.,lr15,, I'2'201-970, S¿io Jostl rlos (latrr¡ros, SP, Rlasil

'froposplrc:rir: ozorre nrcasr¡rclrlcnts ¿lre desr:riberl fronr observations
¡n¿dc al, thc llr¿rzili¿rn Anl,¿rrctic S[¿r.tiorr Cl<¡nrarrcl¿rntr: l"erraz (02.1oS,
fi8.4'W). Ozor¡t' r¡rcasurcrìrcr¡ts ¿rt t,l¡c sur'lacc wct'c lnarlc alrlrost
c<-¡¡ttiltt¡ously <ltrrirrg sc,vcl'al yc¿ì,rs, usirrg r¡ltr¿rviolct absor¡ltiorr plro-
l,omclcrs. lrr l,l¡c lrl)l)ol tt'<l¡ros¡rlrer'o, oz()t¡c c<lrrcclrt¡'¿rtiorrs rvclc oll-
taincd using b¿rlloon sorrclr:s, larrnclrcrl i¡r l,lrc sunrììer oI lf)91 a.ncl

betwcr:¡t M¿rrclr ¿r.¡rcl Octolrcr', lf)f)2, Sur'[¿Lcc oz()no r:orrt:t:rrt,r¿r,l,it¡rrs
show stronl{ sc¿ìsor¡¿rl v¿rri¿rtio¡rs c¿rt:lr year. 'lhr: rnirri¡rnrnr rrrorrtlrly
¿ùvcrírgo oc('ut's itr llcbrrt¿u'y, I1.7 ppllv (¡rtrrls ¡rcr billiorr by vt.,ltrrrrc)
¿urtl l,lrc rrr¿rxinrrrrrr irr.lrrly,29.0 ¡r¡rlrv. 'l'lrt'r'r: is rro;r¡r¡ralt'ul rliur'-
¡r¿l vari¿rl,iutr. Sporadic f¿rst rlcclca,scs irr t¡zt,rrc ¿lrr: asst¡r'i¿rl,crl wiLll
sytro¡tl,ic sr:;rle ¡rcrtt¡t'b¿rl,iotrs rlulirrg frorrt ¡rassir¡1t:s, u,lrr:rr tlrc' r¡zorrc
lrrixing t'tttio ntay tlro¡l by l0-20 ¡rpbv'for'¿tl¡out 6 lrorrrs or rrrort:. 'l'lrc
ozo¡¡csotrtlc rl¿ll,;r, slrorv a, u'cll-rlt.firrctl local rrrixirr.q la-t,r'r'. 'l'lr. ozo¡rc
rrrixirrg r¿rtio rkrcs rrc,t c'lrilngt: al, Ilrt: rrl)l)('r'l)()un(l¿ì.r'y of't,llt: rrrixing
la,ycr, inrlicatirrg lit,t,lc r¡r'rro ¡rlroIot:lrt:r¡ric;rl lr:tivity. 'l'lrt: rrrixirrg rt-
t,io follows ¿t. vc¡'l,ic¿r.l tlist,¡'ilrrrtit¡r¡ rvil,lr a sn¡all ¡rosilivt'gllr,licrrI of
abor¡t 2.,'r ¡rpbv/krn.

MDDIDAS DD C)ZÔNI() N/\ ',l'lì.OI'OSt¡!)nA t)A ttS'I'/\ÇÃ() AN'rÁtt-
TICA Bn.ASILDIItA I)cstt't:ut:ttt-st tttrdilus ilr. ozònio ,Le Lt'opos-

fun obscruudas nu Ilsluçuo llrusilrit'tt ('uttttuttluttle llct't'uz (6!!.1",5,
58,/t'l'I/). As tnr,tlidus tlt: o:onio dt' su¡ttr'!ít:ie totnrtt lt:ilus qtlilsc quc
ct¡¡ttitt,ua¡¡tct¿l.e duranlt: uúrios r¿,¿os, ?¿.rr¿,¡ do folômel ros dr: tuiliuçíío
ullruuiolcl,a. Nn l.roposJi'rrt stt¡tt-r"iot', tt.s t:o¡tt't:nlxt.ç'ttrs tlc r¡:ônio
toruttt tttctlidus usuttlo sot¿dtLs tlc ozônio l,trtçttlns t:rtt ltn,lìto, ntLrn(
rttrtt¡ttttt,ltu, do uct'tio tlr l!)!)1, r: trtt outru xuli;uiltt etrlre tnat'Ço c
otLlubru dc 1992 (hucrno). tl atdu utt(,, (rs t'urtrcttltnç'rjr:s de ozônio
tlc su¡tt rfícic tnoslru"¡r¿ i¡rlr;l¿sas wLt'iug:oe.s sazo¡t¡tis, tl ntétliu t¡t.t:tt-
snl tnínintu J'oi obsu'utlu. r:tn J'cuct'r:it'o, I l,? p¡tltu (¡tut'lt:.* ¡tot'bilhtio
¡tot'uolutrte), e u ntrí.ritttu t'ttt.jtilln, 99,() ppbu, Nrìo rris/r unriução
I.iut'ntt n'gulur. Il.úyidos drt't'ti.sritnr¡s rspot'úlictt,,,lr trtrttrrtlrttç'ïto
lc o:onit.t.'-rir,r r¿s.sor,:iutlos u ¡tr:t'l ut'buçõr..s rle rst'tiltt .sittóplit'rt. ltt.t'u,nl r:

prr.ss(¿rlr,¿ò- dt J'n:nlcs, t¡uutttlo u rn:äo dc tnislutu do (\ podc l.er
tttrtrt. t¡tt,eilrt lt' l0-')0 ¡tpbu durunttt:0 honts r¡u tttoi.s, As sortdngcns
nto.slt'tt¡n'uttt'l. c(nttudu ilc: ¡¡¿isluru bern delinida. A ntzäo tln t¡tisltt¡rt
do ozônio t¿tio se nll cru no litnile sttprt'iot'dl. t'ttnttttl rt. lr tttislunr, o
qu( I)et\x:e indiuu'lulln lr utiuiduilc lolor¡uírrtit'tt. tl nt:tio lt: ¡tti,sluttt
s(!Ju.e tt,tnu ilislt'ibrtiç'ùo tt't'lit'ttl (otn tutt l)('(lut tt(, r¡ trtilit'trlr ¡xtsiliuo
Ir !!,5 ¡t¡tbu/kttt.

Ilcuisla IJrusilci¡u ile Gcotístc,t, l'itl. l0(:! )
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INTN,ODUCI'ION

'l'l¡e llraziliu¡¡ Ânt¿rrctic st,al,ioll Clo¡¡¡¿r¡¡dar¡te

Ferraz has been establi;lred aû l(ing Gcorge (62,1oS,

58,4oW), one of the Soutl¡ Sl¡ctlar¡d islonds nea¡ l,lre

üop of tl¡e Ânt,nrct,ic Pe¡¡insula. l(ing Gcorge islnnd

housce aleo at, le¡¡.st seven ol,hcr et,atio¡rg of diflerent
courrl,ries, but closcr contacü in kcpt, with tt¡e Cl¡ile¡n
bare Marah, whicl¡ offcre tlre facility of an air aürip.

The llr¡zilian Â¡rt¿rctic station was established af-
ter 1982, wl¡en tl¡e Brazilien ¡\¡¡tarctic program was

created (CIRM PIIOANI'^R Prograrn), witlr togistic
eupport of the lJrazilin¡r Âir l¡orce and Nuvy. ,l'hc

objcctive of tl¡c progrstn ir to carry out scient,ilìc

projects to study the Ântarctic region. O¡¡e of the

rercarch thenrcs is the Ântarctic atmos¡llrere.

Thie report tlcscribes ozone measure¡r¡ents in üt¡e

tropoephere of Ferraz el,ntio¡¡: surf¡rcc ozone nlcn-
Euretnents, and ozo¡re profìlee obl,¡ri¡¡cd fror¡r b¿lloon
borne ozonceoundings.

DATA DDSCn,TPTION AND TECHNIQUES

Tl¡e air saln¡rling facility for ozc¡ne tnoü"eurcn¡cnl,g

operatee fiorn e separatc buildirr¡6 (rrrctallic colrtuirrer)
that ha¡ been assellrble<l rt l)u¡¡t¡r lrlnzr, Ferl¡rz ntr-
tion, al, o clistat¡ce ol eboul, 500 ¡¡r fio¡¡¡ tl¡c l¡oirr
building. Power supply is provided by arr electric
powcr lirre corning f¡.o¡r¡ tlre sl,ut,ion dicsel gcrrcrnt,iorr

plant. Â cone shaped alur¡¡i¡u¡llr foil protcctr l,l¡e air
inlet teflo¡r tubing (length 3 rrr, tlirlrrrctcr, l/4") lrorrr
rain nnd enow.

Tl¡e st¡rface o?onc ¡net¡.surcu]enl,s wcle ¡¡¡¿clc

wit,h a celibrntcd ozone photorrrel,cr, whiclr providcs
ozone nrixing ral,ios evcry l5 scconds. ,l'lre tcclrnir¡ue

and prcvious Ìcrit¡l[s l¡avc l¡ee¡r dcscribccl, for cxu¡¡-
ple, in I(irchlroff (lf)BBn), l(irclrl¡oft arrd Silva (lggg),
Kircl¡hofT (1989), l(i¡.cl¡holt ¿¡ncl Rnsnrussen (1g00),
Kirchl¡off anrl Pcreira ( l086), and I(irchlroff (l ggSb).

Sr¡rfoce ozonc t¡¡e¡Lqr¡re¡¡¡ents at Ferruz gtatiolr wete

started during the er¡¡¡lner of lgg4-gS. Durirrg lggg,

fteudsla ß¡usileira tk Geo[ísicu, Vot. I0(p)

'fto¡r<lsplreric ozor¡c' f\,le¡usr¡len¡er¡ts ¡rt, tlre ßrazili¡¡¡ Ântarctic st¿l,ion

1000 a¡rd 1091, ¡t was poesible üo ¡naintain the moni-
toring activities during the wl¡ole year, including the
lvi¡rter period.

'fhe sounding equipmenü uses a nrodern phase

ehift automatic direcüiol¡at a¡rtenna (nranufactured by
ÂlR lnc.), which receives ¡ad¡osonde and ozonesonde

signnls at 1080 Mllz. The sondeg uae <ligital tranr
¡nission. During ascent, the sondee ca¡¡ ¡n¿ke an aver-
trge of ¡bout 00 obgerv¿üions per krn, including tem,
perature, pressuro, rel¿üive humidity, tempereture of
the oenaor, battery voltage, and ozone. Ìbr a typical
sounding height of 26 krn, thir represents ùhe coilec-

tion of about 9000 dato pointe.

'fhe ozonesonde is of the DCC (Electrochemi-

c¡l Concentration Ccll) type (l(omhyr, lg6g; Komhyr
and Harris, t97l), This sounding techniqua has been

used exûengively in the tropics by Kirchhoff et al,
(1991), and elsewhere by Oltrnan¡ ancl Komhyr (lgZ6,
1986). lü uoes an iodine/iodide redox cell, where two
platinum electrodea are imme¡¡ed in neut¡al bullered
iodide solution ofdiflerent concentrations in the cath-
ocle and onode. Tlrie providea an intern¡l amall volt-
age dilTerence which allows s current to flow between
ül¡c electrodes, when air containing ozone ie pumped

irrto the cathode. 'lhe electrical eignal i¡ then con-
ve¡'tcd to parüial pressure of ozone. Balloona of 1200

¿nd 2000 g were uead. The major difficulty during
l¿unch are the strong surface winds in Antarctica.
By the time the balloon reachee heighta of l6-20 km,
the range to tl¡e balloon ir already 100-160 km, which
is the limit for the radiosonde transmitter. For many
of our soundinga, the üransmitted signale were logt
before the bnlloon ¡eached heighta of 20-25 krn.

The soundings for lgg2 are listed in 'lable l.
'l'hey include launcl¡e¡ before and during ttre period of
the formatio¡r of ühe Antarctic ozone hole (Stolareki,

1988) in the atrttosphere. The resultg ofrtratospheric
ozone will bc described elsewhere. t¡¡ the summer of
l99l anothc¡ set of sondeg were lnr¡nchecl as ehown in
'lhble 2.
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Table 1, Ozonesonde launches frorn !'erraz stal,ion in 1902 for studieg in l,he tropoaphere

Lançameúos ¿e ozoniossor¿as ilø eslação Fcrmz en Ig02 parc esludos na lropostem

# D¡fTE .fROPOPAUSE

llEIGllT(nrl¡)

.IROPOI'AUSE

TDMP,(c)
MIXING

llDlGllT(ml¡)
WINDS

I 27 MAll 320 .51.3 700 s,sw
2 28 MAR 222 .õ0,õ 800 sw
3 04 APR 220 -0¡. I 640 sw,w
4 2I APR 209 -0 1.0 800 sw,w
5 II MAY 200 .70.0 050 U

6 I3 MAY ut,220 -õE.0 E60 W,NW
7 IO JUN 250 -05,0 860 w,Nw,N
E 20 JUN u,350 .53.0 790 sw,w
I 29 JUN 280 -08,0 800 SE,S

l0 O? JUL 205 -07,8 700 sw,w
n IO JUL 2,10 -n9.6 900 sw,w
t2 28 JUL 200 -64.0 680 SW

t3 05 AUC ¡80 -?3.0 700 w
l4 07 AUG 240 -69.5 800 sw,w
l5 II AUG 300 .5tl.5 850 w
l6 I3 AUG t72 .7i.ß u,650 w
t7 I6 AUG 200 -72,0 800 sw,w
t8 IE AUG 200 -74.0 850 wrNw
l9 22 AUG 250 .64.ô 700 w,Nw
20 23 AUG 200 -67.0 860 w
2t 25 AUG 300 .04.0 840 sw,w
22 30 AUG 260 .67.0 E50 sw,s
23 04 SEP u,200 -68.0 u,900 w,Nw,N
24 O(l SDP u,3oo -56.0 u,900 s,sw
28 l0 stit, U,2oo -06.0 u,900 U

26 IS SBP 300 -59.5 820 sw,w
27 25 SDP ?00 -70,s 850 sw,s
2e 29 SEP 243 -6 t.9 850 D,ND-S,SW

29 03 OcT 240 -?0,0 800 w

+ designal,ee s tropoprruse rrot wcll-dcl'ined

freúets Bmsilci'ra de Geoftsica, Vol. l0(9)
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Table 2. Ozonesonde lauct¡es fro¡n l¡crruz, st¿rl,i<¡¡r ir¡ l09l for str¡dies irr tlrc troporp¡ere.
Lançameilos de ozoxìossortlac da estaçõo Fenr¿¿ etn !ggl ¡ta,m esludor nu lroposfem.

t# D/ft'tt TROPOI'AUSE
llDlCllT(n¡l¡)

TROPOPAUSE
TEMI'.(c)

rvuxtNc
tlDlCII'l'(rnb)

WINDS

I I7 JANI 290 -48 000 N,NWa, I9 JANI 310 -oÐ ?00 NW
3 2I JAN 900 -62 U s,sE
4 22 JAN 300 5'l 600 NW
5 23 JAN 250 -5E 800 NW
6 25 JAN 3,10 -47 800 U
7 26 JAN 290 .55 8t0 w
E 29 JAN 300 -62 Et0 wI 3I JAN 240 -54 ?90 w
l0 02 Ftilt 350 -40 800 wu 03 ltEB 2t0 .6t 950 U
t2 06 t¡DB 300 .48 750 S,SE
l3 06 f¡Du 300 .4E 700sw sw
l4 07 t,'Dß 240 68 800 U

* Orrly rndioconde datr.

RESUITS AND DISCUSS¡ON
lemperature

The temperature profile i¡t tl¡e Ántnrctic region
doe¡ not follow tl¡e general puül,errr of decrcnsing l,en_
peraturec in the tropoepltere, foltorvecl by irrcreaaing
üemperatures in the etral,os¡rhclc, ns ia l,lro case il¡ the
tropica and mid laüitudes.

Fig. I shows four tenr¡leral,ure ¡rrofilea, two of
which have well-defìned tropopauses ¡ncl üwo othera
for which it is not obvior¡s where the tropopruue ia.

Tb avoid overlapping, curve 4, for Âpril 04, lÉ102, rvns
plotted adding *6oC to nll clnta points; to curve Z,

for Auguat 23, lgg2, -?oC were acldetl, nr¡d for cu¡.ve

l, for July 28, 1992, -l6oC we¡e ncldod. ,l,lrc 
rliflerenü

eymbole were plotted ai r ral,e of orrly orrc cvcry lõ
dal,a pointe,

Very olrarp tro¡ropnuacs c¡rn be ¡een for curveß
3 and 4, followed by et.rong gradienl,a of tlre ozol¡e
mixing ratios. Ilight after ühc l,ernperal,ure pause, the
temperature i¡rcrcascs with height for about 2.3 knr,
a¡ i¡ nornrnlly tlre case for ül¡e sl,ratosplrere, bul, tlten
ühe tcmperature rgnin etart.e to docrease wit,lr trcight.

û,cuisla B'asileifl, dc Geoftsìca, lrol. t0(2)

Figurc, 1. . Âtnroeplreric ternperoture r¡rofìleg in
^nt,ercü¡cs 

etrowì1t two ca¡es whero the üropopauae
is w.ell-dclìned (May ll and April 4) and twobther
pronres wtrere ure tropopause ia not, well-dcffned.

Pcrti.s d,e .lenrpcralun dd alnroafc.u A¡ltlrlica
ntoc¿tilndo dotE catos en que a llpopaaeø I bam
úetinida (naio_u -e dôri.t i|¡.e aoií íoiã-, ,^ go,
ø lmpopausa rnão é, ben detìuídd.
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In fall and winl,er periode, ühc lowesü temperatures itt

the etrato;phere wcre similar in magnitude to thal, of

tlre tropopauee. Itr ühe rpring period, ltowever, moat

eoundinge ohowcd stratoepheric temperatures muclt

lower ühan the tropopause valuee. This is ¿lso l,l¡e

case for the July and Âugurt, curveo I and 2, ahown

in Fig. I'

The tropo¡rnr¡se lrc'igltt is an irnportant, paranr.

eter for ozone ntutlics i¡¡ tlre tropospltcre since it ig

at this boundary that t,he ozone mixi¡rg rat,io eud'

denly otarta to increa¡e to it¡ sl,raüoepheric volue. Ât

ühe Brazilia¡t station Fetraz, the tropopausc occurrcd

rrrocl,ly ncar 200-250 rtb, as sl¡ow¡¡ tttoro exacl,ly iu

Fig, 2, Of the 20 observations, I I lrnd tl¡e tropoptuse

between 200 and 2S0 ¡nl¡, oncl l0 ca.scs were below

200 mb. Tlre tropopnuee tetrtperatttre wu¡ bcttvcc¡¡

about, -60 ¿nd -70oC, As showt¡ in [ig, 3, nine sou¡¡d-

ings obaervetl tropopause üetrtperatttres bet,wce¡t -66

and -70'C, ancl I cnses obscrved tcmperaturcs bc-

tween -60 and -65oC, Tl¡o lowest tetnperatttres i¡r tl¡e

etrntosphere re¡ched ttearly -80oC,

t'ig. 4 sl¡ows a plot of tlte ¡rreasure.lteighl, tetrt-

perature pair for t,he tropopausc. Nornrally, a lriglrcr

tropopnueo should h¿ve e lower tropopause tettt¡rcr-

ature, and vice-vers¡. Fig, 4 showe thia, brrl, wil,h

a large dispereion. The tenl,ative lincar fit sltorvs a

correlaüion coefticient of only 0.6, i¡rdic¡t,iug a Lctn-

perature drop wit,h height of nearly -7oC/km (rrcnr

the ¡urface the adi¡batic lapae rate is -9.8'C/krrr),

'l'l¡e lower tropoaphere showe a well-dcfincd rnix-

ing lnyer in mo¡t of l,l¡e eoundingr. The hisl,ogrltrr o[

Fig. S showe that, in l6 cases, the nrixing lnycr hciglrt

wa¡ observed between 000 and 800 nrl¡. Tlrc rrrixitrg

layer height i¡ often visually deflrrcd by a ternpernlttre

invereion, and/or a et,rong drop in lrunúdity. 'fhis is

shown in Fig. 6, for June 20, 1992, Ozone and l¡unrid-

ity are shown as a function of height. Tlre hurrridity

¡howa ô ¡harp drop, from about 95 to 46To tt aboul,

770 mb or 1.8 knr, indicating the end of l,lrc mix-

ing layer and beginning of the planetary boutt<lnry
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Co1nlagño cnl'r- prceaõo c lempcralura úu lro¡to¡raa-

layor. The inüereel,ing feaüure hme ie l,traü tl¡ere i¡ no
corretponding clrnnge in t,l¡e nrixirrg rnl,io r¡f ozone.

Sinco ühc miring lqyer ie ir¡ direct, contacü witl¡ tl¡o
rurfacc, iü i¡ in t,hia layer th¡ü n¡ost of t,he a¡¡ül¡ro-
pogenic activity occurs. ln a pcrturbe<l rrrixirrg layer,
lergor ozono concentr¿üions may be expected, but in
¡ yoly ctear troporplrorc üherc ¡hould be no difÍerclrce
in conccnür¡tion, as i¡ the casc ¡hown in Fig. 6. The
oton€ concentrationa, cxpreaeed in mixing ral,io, hcvc
no change in v¡luo abovo tho mixing layer, indicating
¡ well-mixed ¿nd clc¡n üroporplrore,

In conürast l,o the Anl,arctic prolllo, arrother pro.
fila ia chown in Fig. ? for porto Nacionrl, (l0o$,
48'W) Brazil, for a ¡ounding during the Brazilian <lry
æaoon period. For ihi¡ da¡ Septernber l?, the rnixing
layor üop is much highur aü |rorüo Nocional, rouglrly
3 km or 660 mb. lt i¡ ¡ clear casc when ühc nrixing
layor rhowe moto ouonG th¡n the planctary bountlary
layer above, in thi¡ caâo o re¡ull, of nearby biorna¡¡
burning which produccd o¿onc in tho mixing layer,
At abouü tho boundary of tho mixing laycr üherc io a

fr,ctitlø B'ro'úlcin dc Geofhica, Vot. t0(2)
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l'igrrlc 8, Muss plot oI ii',' fir¡rt. l0 tropoapheric
ozorrc profilcs,

Superposiçito úos l0 pnrrueitus putìs dc ozôúo na hv-
poslem.

Figrrre 7. Ozo¡¡e alrd l¡u¡¡ridity nt l'orto Nnciorr¡rl
(10'S, 48"W) as a function of height (urrd prcssttrc)
for September 17, 1992.

Ozôûo c untidade obsenad
(lFS, lFW) em lunção dc
17 dc aelcmbro dc /,002,

oE etn
altu'v

Porlo Naci
(e prcssõo)

otal
piltv

drop of t,hr: ozone rnixirrg rat,io fror¡¡ eL¡out 00 to 75

ppbv,

Fig. I el¡owe I rr¡aso plot of ül¡c first l0 ozorrc

profìlea ohtai¡retl at l¡orraz station in 1992 (florrr 27

Ma¡cl¡ to 07 July, see 'lable l), showirrg t,he gctr-

eral behavior in tl¡e troposplrcre a¡¡d lolvcr gtrut<¡-

aphere, ln the troposphere, tlre ozone nrixirrg ratio

¡how¡ n e¡nnll cont,i¡ruous vertical grndicrrt oI tbot¡t

2.5 ppbv/krrr, witlr no epparcnt diflcrcl¡cc ilr t,lrc nrix-

ing layer and the layer above. 'll¡is verl,iurl trrixitrg

ratio gradient ie obout onc lrall of tlre grttlient ob-

nerved in t,lre tropics, aboul, 5.5 ppbv/krrr (l(irchlroll

et al., l00t). 'l'lrr: lnr¡çe vruinbility above about, I
k¡n is tl¡e resr¡ll, of l,l¡e vertical dis¡rlacerrrerrl, oI tlrc

Ântarctic tropo¡rattsc.

techuique, whicl¡ l¡as l¡ec¡¡ used exücnsivcly at other

ritcs (l(irchhoff, 1988¡r; l(irchhofl attd Rncnrueeen,

r ee0).

Srrrf¡rcc ozot¡e ¡rtixi¡¡g rnt,ios arc obtti¡¡cd r¡t ev-

cry l5 sccotrcls ¿tttd ¡trc l'cc<¡rtled otr e sl,rip chart,

Sirrce r¡rost of tl¡e l,it¡¡e l,l¡c varintiol¡s trre ratl¡er

srrroot,lr, it, is rraually sufficie¡¡t, l,o regieter the values

nt tlrc full lrours. For cvcry day, ültere ¡¡re then 24

h<lully ozo¡¡e v¡rluee. 'l'he nver¿rge daily ozonc in the

¡¡rea¡r of these 24 velucs. I¡rotrr tlrcse, the rnotrthly

tncur¡ i¡r obtaitred, wl¡icl¡ is useful to r.lisplay t,lte eca-

so¡r¡rl vari¿tiotr (Fig. 9).

Tl¡erc is ¡¡o diurtttl v¡rrintio¡r of nt¡¡face ozone

l! l¡erraz etat,iotr, cotrtrary to wl¡ut occttrs at mid

arrtl low latitudc's, wltere ¡r distinct, daytirrre maxi-

rnunr is obscrve<l (l(irclrhol[, 19884, b; l(irchhofl nnd

Rasrnusscn, 1000). 'l'his bel¡nvior has been deecribed

prcviously aû Ferraz atatio¡¡ (l(irchhoff attd Pereira,

1980) and aleo for othcr A¡¡tarctic ¡tal,iona (Oltnrane

and l(orrrhyr, 1970; Robinso¡¡ et al., 1983, 1984). lü

is iutercstirrg to notc thut thc obsolute v¡rlues of mix-

SURFACE OZONE

Surface ozone hus bee¡¡ ¡neasurcd nt al¡out

l.5m above ¡r¡rfnce level using the UV tbsmptiorr

FERRAZ 1992

Reúila Brusilein de Geofísica, Vol. l0(2)



(;,.1

ittg rnl,ior ollscrvr.tl ¡rI t,ìrrrr¡z sl,i¡l,ior¡ rurtl Nnt.;rl ((i.,S,

J5'W), frrr r:xltrr¡rlc, .rr(ì situil¡r, r,I t.lrr ,l.rlcr of Z0

¡rpbv, all,lrorrglr l,lrr: ¡rir rr¡n..¡scs lrlvc corrr¡rlctr,ly tlillcr_
etrt origirrs.

St¡rf¡rr'c ozorrr. r:orrltl clttttrgc il,s r:t¡ttcct¡l,t¡ticlrr þy

'il,lrcr 
r¡zr,¡¡* l'ss/¡rr,rtlucr,i'rr [ry clrr,¡r¡ir:irr r.¡rcIior¡Br

or ozl)l.r lossr-.s lry r:otrl,act (logs r,t¿r, li,,¡¡¡¡) ¡¡¡ g¡r_

f¡rccs. ll, l¡rrs lrt:c¡r slrt¡rvrr (\Vescly ct, ¡r1., lggl) that
t,l¡e ozotr,' llr¡x to l,lre ¡¡rorrrrtl is llrgcr l,lrir¡¡ l,lrrrl, l,o rvct
(wrrl,er, srrow, icc) srtrf¡rcr,s. 'l'lrc lrrrgcsl, <lorv¡¡wu¡,cl

llrrx of ozo¡¡s 1¡sç¡¡¡s ir¡ fon:st ¿rrc¡Ls wl¡(:rc tl¡e t¡r¡¡l¡cr-
ous lo¡¡vcs prcscnl, ê very ltrrgc cflccl,ivu cotrl,acl, arc&,
wl¡icl¡ ¡rr¡rkes Itrc .zorr. c.r¡cer¡l,r.ul,iorrn nrrr*ll, ns i¡r t,l¡e
Âr¡¡azor¡ forest,, for oxnlrr¡rk, (liirclrlrol[, IflStJa; l(ilclr_
lrofl el, nl,, lf)88), Â1, trr:¡.r^z ¡rl,¡rt,ior¡ l,hc ¡rir 

'r¿Ls$(:st¡enr nrtrf¡rcc lt,.k l lre tcr:1,s¡¡¡r,..u cllr.lrrir.¡¡l i rr¡1re<lierr[s

l,' ¡rr'rlrr.e ()z()'(ì. O¡¡ t,lr. r,l.lr.r lrrrrrrl, l,l¡c 
'^t,l¡erntrt,'l,l¡ e.r¡l,nct sutfirt:.s .f s.,rv, lv^tcr, nttd ice dc-

rl,roy ozorre ¡t a relnl.iv¡ly srrr;rll r¡rl,t.. lrr rtltlition, the
Rt¡rl¡rce in r¡ft,e¡¡ i¡¡olntc<l l"rr¡¡¡r l,lrc l,r.t,¡los¡rlrctc nllove,
lly terrr¡rcraü¡¡re ir¡vcrsi'r¡ * f.w t¡¡.te's ¡rbove sulfrce.
All tl¡ese fncl,ors rro¡¡l,ril¡rrl,r: fr¡r nr¡ ¡lrrrosL consl,nnl,
ozone lr¡ixir¡g rttio rcor l,lro rrrrf¡rce rlrrrirrg l.lrrl dir¡r_
rral period.

t'ig, I sl¡ows l,l¡rl sr.,¿uqol¡nl v¿rri¡rl,io¡¡ of sr¡l.lacc
()zone trt lrerraz sr.¡rr,ir¡rr rrsirrg nil nvr¡il^r¡rc crata frorr¡
l08l¡ to 1992. 'l'l¡c vcr.l,ir:r¡l lrrrrs re¡,rr:sclrt * one ¡ll,alr_

clnrrl devi¡tio¡¡ fiorr¡ tlre avcrlgt:. 'r'l¡c seasor¡i¡r r'¡¡¡.ia-

tion is qrril,e large, nlllrosl, r¡ flcl,r¡r of 3 betwec¡¡ rrri¡r-
ir¡r¿r a¡¡d'trìx¡lr¡r.'l'l¡e l¡rnxit¡rrrrrr i¡l ce¡¡l,etetl nro'lrd
.lrrly (winter) with 2g,ll ¡r¡r[,v ntrtl tlle n¡ir¡irnrrrn is

ol¡servcd in Jrrrunry-l¡cbrrr;rry wil,lr nl¡or¡1, t 1,7 ¡r¡rbv,
Âlso showrr i¡¡ l,hi¡r fi¡¡rrre rrrr: tlrr. r¡¡;¡¡i¡¡,,, ol¡sctvcrl
eacl¡ mo¡rth. 'l'l¡cse l¡¡lrxi¡ur tlc ¡¡or, r¡rr¡cl¡ ¡rrrovr,. r,l¡c
ever¡rgcß pl rre nl,nrrrlnrrl tlevirrtiorrs.

'l'l¡e ne¡usorrnl v¡rri¡rl,i,r¡r is llelieverl l,o l¡e n cr¡rr-

sequer¡cc of tlopos¡llrcric llrge scalc air ci¡,<:rrlnIio¡1,
'Il¡e wl¡ole Â¡¡tarl,ic trop<tsplrere is ilrflr¡c¡lr:erl by ccll
¡not,ions l,hat i¡rclrrde vcrl,ical ar¡d holizor¡t¡rl l¡rarrclres
wl¡ich, hesickx irrllrrorrcing ozon(:, also l¡nve n slrorrg

lleuisla llrusilei¡n h (ieolísrcu, Vot. t0(p)

l\'o¡ros¡rlrelic ozor¡tr l\,lr'irsrrrcr¡r¡rr¡r,s r¡t tl¡e llrtzili¡r¡¡ Ârrr.;¡rctic sl,ntiorr
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Figrrr.o g. Ovcrall..sur[u.ce ozo¡¡c ¡l¡ixi¡rg ratio
rrr'trl,ùly it'cr.gcs. [<rr. ¡¡ll av¡¡il¡¡llle tlal,a, ]¡eLwcc-¡l lggS
n¡¡<l 1002. Sl.¡u¡rl¡rrrl ckrvi¡rtio¡rs frol¡r tl¡e nrcrn aresl¡ow¡¡ ¿rs vr.r.l,icnl bars,

lll,!t_r¿.r,rexrorr. d,a ru¿ão dc tnislutu.do ozônio dcsuperytcte pilt'a toúos os úudos jó obtidoc enlre Iggíe IyyZ. Uarras uerlicait são os desuios.padrão da
nédia,

cllect r.¡l¡ otl¡cr atlt¡osplrcric ¡rlrlrlrctcrs, ¡r¡cl¡ ¡rs tet¡¡-
perat,rrre, fcrr exnrrr¡rle. Orrc of t,lrcsc early rr¡oclels of
circulat.io¡¡ rrflcct,irrg Â ¡ll,nrcl.ic sl,tt,iorrs, l¡as motions
t,orvards tlre ¡lole fro¡¡r sub¡¡l¡l,nrr:tic l¡rtil,r¡dcr, wittr
subsidelrce to tl¡c surlìrr:c, ¡u¡<l 0(ptatorword outflows
(Wexler ct, al., lg00). Âlrotlurr crrrrrlitlate proceaa for
colrtribuiitrg wirrter ur¡xintulr ozone co¡¡centrations
¡rear t,l¡c surface is dow¡rw¡rrd tr.urrs¡lort'f ozo¡le fro¡n
stral,ospheric heights, r¡s for r:x¡r¡r¡¡rlc, irr tropopause
fold eve¡rt,s (Browcll c[ nl,, l0B7),

l¡ig. l0 a ulrd l¡ show strorrg perturbntions of thc
ozot¡e r(.(Ìot(l drrrirrg allrrr¡ll, frolrt,¡rl p¡rss¡rgcs. 't.hc air
rrr¡Lss(Ì$| lrnvirrg dif[erc¡¡l, or.igirrs ¡¡rr<l diflcrent nteteo_
rologicrrl lristories, also lr¡¡vc diflì:rc¡rt clrc¡nical com_

¡l<.'sitiorr rw clearly shorvr¡ by tlrc cxarrrples of Fig. l0
a a¡¡rl b. l¡or tl¡e pcr¡od irr Ârrgust, lgg0 t,lrere is excel_

lc¡¡t corrch¡tior¡ bctwccrr utrrros¡llreric pressure vsr¡e-
t,i<¡¡rc at tl¡o surface ¡rrrd tlrc srrrfacc cr¡¡rcentration of
ozot¡c, 'l'lris is also scctr ir¡ tlre Octol¡er lgg0 evcnt,

-{- MAXTMA
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V.W.J,ll. Ki¡chhoff and D,V.Â. Morir¡l¡o

show¡t in Fig. l0 b.

SUMMANY

'flopoeplreric ozone n¡easuretnente ¡re dcacril¡ed

at the Br¿zilian Ântarctic et,ation Ferraz, At thc sur-

face, UV photonreters have been used to etudy ozone

variations, a¡rd above the eurfirce ozoneeondcs have

been ueed. lnrportrnt results ofthis re¡earcl¡ are sutn-

marized below:

I - r\verage ozono concenürutio¡¡s et the aurface

vary between l2 and 30 ppbv, in Fcbruary and July,

rcepecüively.

2 - 'Il¡ere are no eyatenratic dir¡rlrnl variations.

3 - During disl,inct, frontal prss¡rgcs of ¡rir masoes

l,lrt:re rrrny occur an abrupt clrnrrge of tl¡e eurfilce

ouor¡e cor¡cent r¡t ion.

4 - The sverege nrixing lnyer height is observcd

bel,ween 900 ¡nd 800 mb.

5 - The¡e ie no ozone col¡ce¡¡tratiorr change at,

the bout¡dary of lhe rnixing layer.

6 - 'Ihe tropopause heiglrt is obscrved l¡etwee¡r

200 and 250 mb.

7 - The tropopauae terrrpcrat,ure is betrvccn -05

arr<l - 70'C.

I - The¡e seen¡s to bc a corrclation l¡eüwee¡r tl¡e

tropopauae height and tropopause temperut,urc, but,

wil,h large diaperaion.
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Figrrre 10' Decreascs in.tl,trros¡rltcric l,rc,s¡rr¡r'c a¡rrl sr¡rf¡rce ozo¡¡c lr¡ixi¡r¡g rntios durirrg fro¡rtrl pusaage in (a)
Âugrrnt t990 ancl (b) Ocüober lf)90.

I)ecré$citttos d,a presñ,o ul.rnosfíricu e da ra¿tio le tntsluru ûo ozôttio úe superlície durtntle passßgct,t de f¡¿ttlesem agosto (caso a) e ol,tubro ite tggO (caso tt),
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