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TROPOSPHERIC OZONE MEASUREMENTS AT
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Tropospheric ozone measurements are described from observations
made at the Brazilian Antarctic Station Comandante Ferraz (62.1°5,
58.4°W). Ozone measurements at the surface were made almost
continuously during several years, using ultraviolet absorption pho-
tometers. In the upper troposphere, ozone concentrations were ob-
tained using balloon sondes, launched in the summer of 1991 and
between March and October, 1992. Surface ozone concentrations
show strong seasonal variations each year. The minimum monthly
average occurs in February, 11.7 ppbv (parts per billion by volume)
and the maximum in July, 29.6 ppbv. There is no apparent diur-
nal variation. Sporadic fast decreases in ozone are associated with
synoptic scale perturbations during front passages, when the ozone
mixing ratio may drop by 10-20 ppbv for about 6 hours or more. The
ozonesonde data show a well-defined local mixing layer. The ozone
mixing ratio does not change at the upper boundary of the mixing
layer, indicating little or no photochemical activity. The mixing ra-
tio follows a vertical distribution with a small positive gradient of
about 2.5 ppbv/km.

MEDIDAS DE OZONIO NA TROPOSFERA DA ESTAGAO ANTAR-
TICA BRASILEIRA Descrevem-se medidas de ozonio na tropos-
fera observadas na Fstagio Brasileira Comandante Ferraz (62.1°5,
58.4°W). As medidas de ozonio de superficie foram feilas quase que
continuamente durante virios anos, usando fotometros de radiagdo
ultravioleta. Na troposfera superior, as concentragoes de ozénio
foram medidas usando sondas de ozonio luncadas em balao, numa
campanha do verdo de 1991, € em oulra realizada entre marcgo e
outubro de 1992 (inverno). A cada ano, as concenlragoes de ozonio
de superficie mostram inlensas variagoes sazonais. A média men-
sal minima foi observada em fevereirvo, 11,7 ppbv (partes por bilhio
por volume), e a mdzima em julho, 29,6 ppbv. Nao existe variagdo
diurna regular. Rdpidos decréscimos esporddicos de concentragio
de ozénio sdo associados a perturbagées de escala sindptica durante
passagens de frentes, quando a razdio de mistura do Oy pode ter
uma queda de 10-20 ppbv durante 6 horas ou mais. As sondagens
mostram wma camada de mistura bem definida. A razio da mistura
do ozénio ndo se altera no limite superior da camada de mistura, o
que parece indicar falta de atividade fotoquimica. A razdio de mistura
seque uma distribuicdo vertical com um pequeno gradiente positivo
de 2,5 ppbv/kmn.
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INTRODUCTION

The Brazilian Antarctic station Comandante
Ferraz has been established at King George (62.1°S,
58.4°W), one of the South Shetland islands near the
top of the Antarctic Peninsula. King George island
houses also at least seven other stations of different
countries, but closer contact is kept with the Chilean
base Marsh, which offers the facility of an air strip.
The Brazilian Antarctic station was established af-
ter 1982, when the Brazilian Antarctic Program was
created (CIRM PROANTAR Program), with logistic
support of the Brazilian Air Force and Navy. The
objective of the program is to carry out scientific
projects to study the Antarctic region. One of the

research themes is the Antarctic atmosphere.

This report describes ozone measurements in the
troposphere of Ferraz station: surface ozone mca-
surements, and ozone profiles obtained from balloon

horne ozonesoundings.

DATA DESCRIPTION AND TECHNIQUES

The air sampling facility for ozone measurements
operates from a separate building (metallic container)
that has been assembled at Punia Plaza, Ferraz sta-
tion, at a distance of about 500 m from the main
building.  Power supply is provided by an electric
power line coming from the station diesel generation
plant. A cone shaped aluminum foil protects the air
inlet teflon tubing (length 3 m, diameter, 1/47) rom

rain and snow.

The surface ozone measurements were made
with a calibrated ozone pholometer, which provides
ozone mixing ratios every 15 seconds. The technique
and previous resulls have been deseribed, for exam-
ple, in Kirchholl (1988a), Kirchloff and Silva (1989),
Kirchhoff (1989), Kirchhoff and Rasmussen (1990),
Kirchhofl and Pereira (1986), and Kirchhoff (1988b).
Surface ozone measurements at Ferraz station were

started during the summer of 1984-85. During 1989,
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1990 and 1991, it was possible to maintain the moni-
toring activities during the whole year, including the

winter period.

The sounding equipment uses a modern phase
shift automatic directional antenna (manufactured by
AIR Inc.), which receives radiosonde and ozonesonde
signals at 1680 MHz. The sondes use digital trans-
mission. During ascent, the sondes can make an aver-
age of about 60 observations per km, including tem-
perature, pressure, relative humidity, temperature of
the sensor, battery voltage, and ozone. For a typical
sounding height of 25 km, this represents the collec-

tion of about 9000 data points.

The ozonesonde is of the ECC (Electrochemi-
cal Concentration Cell) type (Komhyr, 1969; Komhyr
and Harris, 1971). This sounding technique has been
used extensively in the tropics by Kirchhoff et al.
(1991), and elsewhere by Oltmans and Komhyr (1976,
1986). It uses an iodine/iodide redox cell, where two
platinum electrodes are immersed in neutral buffered
iodide solution of different concentrations in the cath-
ode and anode. This provides an internal small volt-
age difference which allows a current to flow between
the electrodes, when air containing ozone is pumped
into the cathode. The electrical signal is then con-
verted to partial pressure of ozone. Balloons of 1200
and 2000 g were used. The major difficulty during
launch are the strong surface winds in Antarctica.
By the time the balloon reaches heights of 15-20 km,
the range to the balloon is already 100-150 km, which
is the limit for the radiosonde transmitter. For many
of our soundings, the transmitted signals were lost

befare the balloon reached heights of 20-25 km.

The soundings for 1992 are listed in Table 1.
They include launches before and during the period of
the formation of the Antarctic ozone hole (Stolarski,
1988) in the stratosphere. The results of stratospheric
ozone will be described elsewhere. In the summer of
1991 another set of sondes were launched as shown in
Table 2.
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Table 1. Ozonesonde launches from Ferraz station in 1992 for studies in the troposphere.

Langamenlos de ozoniossondas da eslagdo Ferraz em 1992 para esludos na lroposfera

# | DATE | TROPOPAUSE | TROPOPAUSE MIXING WINDS
HEIGHT (mb) TEMP.(c) HEIGHT (mb)
1 | 27 MAR 120 -51.3 700 S.SW
2 | 28 MAR 222 -50.5 800 SW
3 | 04 APR 220 -63.1 640 SW,W
4 | 21 APR 206 61,0 800 SW,W
5 | 11 MAY 200 -70.0 950 U
6 | 138 MAY U*,220 -58.0 850 W,NW
7 | 10 JUN 250 -65.0 850 W,NW,N
8 | 20 JUN U,350 -53.0 790 SW,W
9 | 29 JUN 280 -68.0 800 SE,S
0 [ 07 JUL 205 67.8 700 SW,W
11| 19JUL 210 -69.5 900 SW,W
12 | 28 JUL 200 64.0 680 SW
13 | 05 AUG 180 73.0 700 W
14 | 07 AUG 240 69.5 800 SW,W
15 | 11 AUG 300 -59.5 850 W
16 | 13 AUG 172 -74.6 U,650 W
17 | 16 AUG 200 72.0 800 SW.W
18 | 18 AUG 200 -74.0 850 W,NW
19 | 22 AUG 250 -64.5 700 W,NW
20 | 23 AUG 200 ~67.0 850 W
21 | 25 AUG 300 64.0 840 SW,W
22 | 30 AUG 260 -67.0 850 SW.S
23 | 04 SEP U,200 68.0 U,900 W NW N
24 | 06 SEP U,300 56.0 U,900 SSW
25 | 10 SEP U,200 65.0 U,900 U
26 | 15 SEP 300 59,5 820 SW,W
37 | 25 SEP 200 705 850 SW.S
28 | 29 SEP 243 61.9 850 E,NE-S,5W
29 | 03 OCT 240 -70.0 800 W

+ designales a tropopause not well-defined.
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Table 2. Ozonesonde lauches from Ferraz station in 1991 for studies in the troposphere.

Lancamentos de ozontossondas da eslagdo Ferraz em 1991 para esludos na troposfera.

# | DATE | TROPOPAUSE | TROPOPAUSE MIXING | WINDS
) HEIGHT (mb) TEMP.(c) HEIGHT (mb)
1 17 JAN* 200 -18 GO0 N,NW
2 19 JAN* 310 =55 7[){) NW
3 21 JAN 900 -52 U 5,5E
4 22 JAN 300 -54 590 NW
il 23 JAN 260 -58 800 NW
G 25 JAN 340 -47 800 U
7 | 26 JAN 290 -55 810 w
8 20 JAN 300 -52 810 w
9 31 JAN 240 -54 790 w
10 | 02 FEB 350 -49 800 w
11 03 'ER 210 =61 950 U
12 | 05 FEB 300 -18 750 S5,5E
13 06 FEBR 300 =48 T005W SW
14 | 07 FEB 240 -58 800 U
+ Only radiosonde data.
RESULTS AND DISCUSSION
Temperature
The temperature profile in the Antarctic region
does not follow the general pattern of decreasing tem-
peratures in the troposphere, followed by increasing e : L A A
a2 1002
temperatures in the stratosphere, as is the case in the 28 TRMPERAT IR
A i i 1 2 o~ MAY 1}
tropics and mid latitudes. i % — O AL 04
E 297 — A JULY 28
Fig. 1 shows four temperature profiles, two of = TR Aususr
which have well-defined tropopauses and two others 5 e FERRAZ
R : ) a 0821 8, 68,4 w)
for which it is not obvious where the tropopause is. I 10
To avoid overlapping, curve 4, for April 04, 1992, was
5 - =
plotted adding +5°C to all data points; to curve 2, “:ﬁ".ﬁ
for August 23, 1992, .7°C' were added, and for curve 0 - e — L )
[¢]

1, for July 28, 1992, -15°C were added. The dillerent,
symbols were plotted at a rate of only one every 15

data points.

Very sharp tropopauses can be seen for curves
3 and 4, followed by strong gradients of the ozone
mixing ratios. Right after the temperature pause, the
temperature increases with height for about 2-3 km,
as is normally the case for the stratosphere, bul then

the temperature again starts to decrease with height.,
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Figure 1. Atmospheric temperature profiles in
Antarctica showing two cases where the tropopause
is well-defined (May 11 and April 4) and two other
profiles where the tropopause is not well-defined.

Perfis de lemperatura da  almosfera Antdrtica
mostrando dois casos em que a tropopausa ¢ bem
definida (maio 11 e abril 14) e dois casos em que
a tropopausa nie € bem defintda.
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In fall and winter periods, the lowest temperatures in
ihe stratosphere were similar in magnitude to that of
the tropopause. In the spring period, however, most
soundings showed stratospheric temperatures much
lower than the tropopause values., This is also the
case for the July and August curves 1 and 2, shown
in Fig. 1.

The tropopause height is an important param-
eter for ozone studies in the troposplere since it is
at this boundary that the ozone mixing ratio sud-
denly starts to increase to its stratospheric value. At
the Brazilian station Ferraz, the tropopause occurred
mostly near 200-250 mb, as shown more exactly in
Fig. 2. Of the 29 observations, 11 had the tropopause
hetween 200 and 250 mb, and 10 cases were below
200 mb. The tropopause temperature was between
about -60 and -70°C. As shown in Fig. 3, nine sound-
ings observed tropopause temperatures between -65
and -70°C, and 8 cases observed temperatures be-
tween -60 and -65°C. The lowest temperatures in the

stratosphere reached nearly -80°C.

Fig. 4 shows a plot of the pressure-height tem-
perature pair for the tropopause. Normally, a higher
tropopause should have a lower tropopause temper-
ature, and vice-versa. Fig. 4 shows this, but with
a large dispersion. The tentative linear fit shows a
correlation coeflicient of only 0.5, indicating a tem-
perature cllrnp with height of nearly -7°C/km (near

the surface the adiabatic lapse rate is -9.8°C/kin).

The lower troposphere shows a well-deflined mix-
ing layer in most of the soundings. The histogram of
Fig. 5 shows that in 16 cases, the mixing layer height
was observed between 900 and 800 mb. The mixing
layer height is often visually defined by a temperature
inversion, and/or a strong drop in humidity. This is
shown in Fig. 6, for June 20, 1992. Ozone and humid-
ity are shown as a function of height. The humidity
shows a sharp drop, from about 95 to 45% at ahout
770 mb or 1.8 km, indicating the end of the mix-

ing layer and beginning of the planetary boundary
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Figure 2. llistogram showing the pressure height of
the tropopause at Ferraz station.

Histograma mostrando a allura em pressio da
lropopausa na eslagdo Ferraz

FERRAZ 1992
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Figure 3. llistogram for the tropopause tempera-
ture at Ferraz station.

Histograma para a lemperalura da tropopausa na es-
lagao Ferraz.
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Figflu'e 4. Correlation between tropopause pressure
and temperature,

Correlagdoe entre pressio e Lemperalura da lropopau-
sa.

layer. The interesting feature here is that there is no
corresponding change in the mixing ratio of ozone,
Since the mixing layer is in direct contact with the
surface, it is in this layer that most of the anthro-
pogenic activity occurs. In a perturbed mixing layer,
larger ozone concentrations may he expected, but in
a very clear tropospliere there should be no difference
in concentration, as is the case shown in Fig. 6. The
ozone concentrations, expressed in mixing ratio, have
no change in value above the mixing layer, indicating

a well-mixed and clean troposplere,

In contrast to the Antarctic profile, another pro-
file is shown in Fig. 7 for Porto Nacional, (10°8,
48°W) Brazil, for a sounding during the Brazilian dry
season period. For this day, September 17, the mixing
layer top is much higher at Porto Nacional, roughly
3 km or 650 mb. It is a clear case when the mixing
layer shows more ozone than the planetary houndary
layer above, in this case a result of nearby biomass
burning which produced ozone in the mixing layer.

At about the boundary of the mixing layer there is a
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Figure 5. The mixing layer pressure height.

A altura em pressio da camada de mistura.
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Figure 6. Ozone and humidity at Ferraz station
(62°S, 58°W) as a function of height (and pressure)
for June 20, 1992.

Qzinio ¢ wmidade na estagio Ferraz em Jungdo de
altura (e pressio) para 20 de junho de 1992,
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Figure 7. Ozone and humidity at Porto Nacional
(10°5, 48°W) as a function of height (and pressure)
for September 17, 1992,

Qzénio e umidade observados em Porlo Nacional
(10°S, 48° W) em fungio de altura (e pressdo) para
17 de selembro de 1992,

drop of the ozone mixing ratio from about 90 to 75

ppbv.

Fig. 8 shows a mass plot of the first 10 ozone
profiles obtained at Ferraz station in 1992 (from 27
March to 07 July, see Table 1), showing the gen-
eral behavior in the troposphere and lower strato-
sphere. In the troposphere, the ozone mixing ratio
shows a small continuous vertical gradient of about
2.5 ppbv/km, with no apparent difference in the mix-
ing layer and the layer above. This vertical mixing
ratio gradient is about one hall of the gradient ob-
served in the tropics, about 5.5 ppbv/km (KirchholT
et al, 1991). 'The large variability above about 8
km is the result of the vertical displacement of the

Antarctic tropopause,
SURFACE OZONE

Surface ozone has been measured at about

1.5m above surface level using the UV absorption
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Figure 8. Mass plot of (e first 10 tropospheric
ozone profiles,

Superposigio dos 10 pruneiros perfis de ozénio na tro-
posfera.

technique, which has been used extensively at other
sites (Kirchhoff, 1988a; Kirchhofl and Rasmussen,
1990).

Surface ozone mixing ratios are obtained at ev-
ery 15 seconds and are recorded on a strip chart.
Since most of the time the variations are rather
smooth, it is usually suflicient to register the values
at the full hours. For every day, there are then 24
hourly ozone values. The average daily ozone is the
mean of these 24 values. From these, the monthly
inean is obtained, which is useful to display the sea-

sonal variation (Fig. 9).

There is no diurnal variation of surlace ozone
at Ferraz station, contrary to what occurs at mid
and low latitudes, where a distinet daytime maxi-
murmn is observed (Kirchhofl, 1988a, b; Kirchhoff and
Rasmussen, 1990). This behavior has been described
previously at Ferraz station (Kirchhoff and Pereira,
1986) and also for other Antarctic stations (Oltmans
and Komhyr, 1976; Robinson et al., 1983, 1984). It

is interesting to note that the absolute values of mix-



68

Tropospheric Ozone Measurements at the Brazilian Antarctic Station

ing ratios observed at Ferraz station and Natal (G°S,
35°W), for example, are similar, of the order of 20
ppby, although the air masses have coimpletely diller-

ent origins,

Surface ozone could change its concentration by
cither ozone loss/production by chemical reactions,
or ozone losses by contact (loss reactions) on sur-
faces. It has been shown (Wesely et al., 1981) that
the ozone flux to the ground is larger than that to wet
(water, snow, ice) surfaces. The largest. downward
flux of ozone oceurs in forest areas where the numer-
ous leaves present a very large effective contact area,
which makes the ozone concentrations sinall, as in the
Amazon lorest, for example (Kirchhoff, 1988a: Kirch-
hofl et al., 1988). At Ferraz station the air I1asses
near surface lack the necessary chemieal ingredients
to produce ozone. On the other hand, the rather
smooth contact surfaces of snow, water, and ice de-
stroy ozone at a relatively small rate. In addition, the
surlace is often isolated from the troposphere above,
by temperature inversion a few meters above surface.
All these factors contribute for an almost constant
ozone mixing ratio near the surface during the diur-

nal period.

Fig. 9 shows the scasonal variation of surface
ozone at Ferraz station using all available data from
1985 to 1992. The vertical bars represent + one stan-
dard deviation from the average. The seasonal varia-
tion is quite large, almost a factor of 3 between min-
ima and maxima. The maximum is centered around
July (winter) with 29.6 ppbv and the minimum is
observed in January-February with about 11.7 ppbv,
Also shown in this figure are the maxima observed
each month. These maxima are not much above the

averages plus standard deviations.

The seasonal variation is believed to be a con-
sequence of tropospheric large scale air circulation,
The whole Antartic troposphere is influenced by cell
motions that include vertical and horizontal branches

which, besides influencing ozone, also have a strong
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Figure 9. Overall surface ozone mixing ratio
monthly averages for all available data, between 1985
and 1992, Standard deviations from the mean are
shown as vertical bars,
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elfect on other atmospheric parameters, such as tem-
perature, for example. One of these early models of
circulation affecting Antarctic stations, has motions
towards the pole from subantarctic latitudes, with
subsidence to the surface, and equatorward outflows
(Wexler et al., 1960). Another candidate process for
contributing winter maximum ozone concentrations
near the surface is downward transport of ozone from
stratospheric heights, as for example, in tropopause
fold events (Browell et al., 1987).

Fig. 10 a and b show strong perturbations of the
ozone record during abrupt frontal passages. The air
masses, having different origins and different meteo-
rological histories, also have different chemical com-
position as clearly shown by the examples of Fig. 10
aand b. For the period in August 1990 there is excel-
lent correlation between atmospheric pressure varia-
tions at the surface and the surface concentration of

ozone. This is also seen in the October 1990 event
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gshown in Fig. 10 b.

SUMMARY

Tropospheric ozone measurements are described
at the Brazilian Antarctic station Ferraz. At the sur-
face, UV photometers have been used to study ozone
variations, and above the surface ozonesondes have
been used. Important results of this research are sum-

marized below:

1 - Average ozone concentrations at the surface
vary between 12 and 30 ppbv, in February and July,

respectively.
2 - There are no systematic diurnal variations,

d - During distinct frontal passages of air masses
there may occur an abrupt change of the surface

ozone concentration.

4 - The average mixing layer height is observed
between 900 and 800 mb.

5 - There is no ozone concentration change at

the boundary of the mixing layer,

6 - The tropopause height is observed between
200 and 250 mb.

7 - The tropopause temperature is between -65
and - T0°C.

8 - There scems to be a correlation between the
tropopause height and tropopause temperature, but

with large dispersion.
ACKNOWLEDGMENTS

We want to acknowledge gratefully the support
of the CIRM-PROANTAR. program and especially
thank Roberto Costa Ferrenho, secretary, and An-
tonio Carlos Monteiro, subsecretary. Special adviser
André Chiaradia has helped us solve many logistic
problems. At CNPq we are grateful to Laurentino F.
Batista, coordinator for the Antarctic projects, and

special adviser Henrique Costa Ferreira, and to su-

Revista Brasileira de Geofisica, Vol. 10(2)

perviser Maria Carmen Arroio, and Anisia Lutf. We
had many opportunities of collaboration with Enio B.
Pereira. Among those directly involved in the field
work, we thank Adauto Motta, José Ribeiro Alves,
Francisco Raimundo da Silva, Rémulo Alves Barreira,
Maria Angélica de Jesus, José Roberto Chagas and

Isa Maria da Silva.

REFERENCES

BROWELL, E.V., DANIELSEN, E.F., IS-
MAIL, S., GREGORY, G.L., and BECK,
S.M. (1987) Tropopause fold structure deter-
mined from airborne lidar and in situ measure-
ments, J. Geophys. Res. 52, 2112-2120.

KIRCHHOFF, V.W.J.H. and PEREIRA, E.B.
(1986) Medidas de O3 na Antdrtica, Rev. Bras.
Geolis., 4, 143-148.

KIRCHHOFF, V.W.J.H. and RASMUSSEN,
LA (1990) Time variations of CO and Oy con-
centrations in a region subject to biomass burn-
ing, J. Geophys. Res., 95, 7521-7532.

KIRCHHOFF, V.W.J.H., BARNES, R.A. and
TORRES, A.L. (1991) Ozone climatology at
Natal, Brazil, from in situ ozonesonde data, J,
Geophys. Res., 96, 10899-10909.

KIRCHHOFF, V.W.J.H. (1988a) Surface ozone
measurements in Amazonia, J. Geophys. Res,,
93, 1469- 1476.

KIRCHHOFF, V.W.J.H. (1988b) Variacoes tem-
porais da concentragio de ozonio de superficie,
Rev. Bras. Geofis., 6, 3-8.

KIRCHHOFF, V.W.J.H.,, BROWELL, E.V,

and GREGORY, G.L. (1988) Ozone measure-

~ ments in the troposphere of an Amazonian rain-

forest environment. J. Geophys. Res. 93, 15850-
15860.



70

Troposphieric Ozone Measurements at the Brazilian Antarctic Station

Qm rlllll‘lllllll[l'l_lIll'l’lll‘I'lr 35
Ly +QZONE (a) i
il — 30
o 980 - L _
E >
s a
w -2 7
(14 i —
S 970 - ) w
= ~H— PREssuRe | =
w ! o
(11 - Lo}
o ! o
o 960 - FRONTAL PASSAGE | 15
10,11,12 AUG 1990
Fi L
— 10
B0 T T T T e
0 6 12 18 24 30 36 42 48 54 60 66 72 78 B4 90 9%
ke L LD 8 N S R R ps m e P
........I'\.J —3— PRESSURE (b) [
o —&— OZONE ~ 20
£ 980 -
b- =
S a
(=8
w o =15 B
& =
=2 [ w
®» 970 - *
0 -10 ©
w ~
o 4 - o
& FRONTAL PASSAGE 5
960 - 12,13,14,15 OCT 1990
GBS0 L R D I M) e U W e T i [ ok

0 6 12 18 24 30 36 42 48 54 60 66 72 78 B4 90 96
LOCAL HOURS

Figure 10. Decreases in atmospheric pressure and surface ozone mixing ratios during frontal passage in (a)
August 1990 and (b) October 1990.

Decréscimos da pressio almosférica ¢ da razio de mustura do ozénio de superficie durante pussagem de frentes
em agosto (caso a) e outubro de 1990 (caso b).
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