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Abstract-Remote sensing measurements of ozone in ultraviolet, visible and infrared domains performed 
in September 1983 by means of stratospheric balloons during the M~/GLOBUS campaign in France are 
presented and discussed. Ozone concentrations deduced from planet and solar occultation measurements 
in the Huggins and Chappuis absorption bands are given with an uncertainty of * 10%. The results 
obtained from absorption measurements in the Chappuis bands give systematically higher concentration 
values than those deduced from in situ techniques. Discrepancies of the order of 20% are found between 
24 and 34 km altitude. They are larger below the ozone maximum and above 35 km. The analysis of the 
data shows an aerosol contribution in the measured optical depth in the Chappuis bands for altitude below 
28 km, giving overestimated inferred ozone concentmtions. Discrepancies at higher altitudes with in situ 
soundings are difficult to explain. 

INTRODUCTION 

Quantitative measurement of ozone concentration in 
the stratosphere is of fundamental importance in 
order to understand the aeronomic processes con- 
trolling the ozone budget and to distinguish between 
possible changes due to natural variations (e.g. solar 
variability response, see Brasseur and Simon, 1981; 
Garcia et al., 1984) and those due to anthropogenic 
influences. 

Several methods are presently used to derive the 
ozone vertical profile from balloon observations. 
Among these, remote sensing methods based on solar 
occultation in the ultraviolet and in the visible ranges, 
similar to satellite observations on infrared emis- 
sion and on planet occultation in the visible range, 
have been used during the MAP/GLOBUS campaign 
in 1983 in order to compare results obtained from 

*Joint publication of results from the MAP/GLOBUS 
campaign of 1983. 

The data reported and analysed in this work were 
obtained from three different instruments separately 
integrated in three gondolas carried by stratospheric 
balloons. Table 1 summarises the information con- 
cerning these three flights. 

“yNow at Kayser-Threde GmbH, Munich, F.R.G. The first flight carried a stabilized platform of the 

different techniques. Previous campaigns (Aimedieu 
et al., 1983 ; Hilsenrath et al., 1986; Robbins et al., 
1985) have already pointed out systematic differences 
among various methods of observations. 

The purpose of this paper is to present the inter- 
comparison of remote sensing measurements of ozone 
performed in September 1983 by means of balloon 
observations in the frame of the MAP/GLOBUS pro- 
ject (Offerman, 1983). Ground-based remote measure- 
ments made during the same epoch are reported by 
de La Noe et al. (1987). 

PRINCIPLES OF MEASUREMENTS AND INSTRU- 

MENTATION 

595 
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TABLE I 

Flight 
number Gondola Date 

Time 
(U.T.) Observation method Institution 

29 G5 

34 Gl 
37 G2b 

13-14 Sept. 

23 Sept. 
28 Sept. 

Night Planet occultation LPCE, Orleans 
(Chappuis bands) 

4:30 i.r. Emission (9.6 pm) Univ. of Wuppertal 
Sunset Solar occultation IASB, Bruxelles 

(Huggins and Chappuis bands) 

Geneva Observatory (Huguenin and Magnan, 1978) 
in which a double grating spectrometer JY DH 10 was 
integrated. This instrumentation has been extensively 
described by Rigaud et al. (1983). Ozone is measured 
by its absorption in the Chappuis bands, from 647 to 
672 nm, during the night, by observing Venus occul- 
tation by the Earth. 

The second flight measured the thermal infrared 
emission of atmospheric trace gases by means of an 
Ebert-Fastie grating spectrometer working in the 
wavelength interval 5-19 pm. Ozone emission at 9.6 
ym were measured by vertical limb scanning per- 
formed by a mirror, covering k2.43 with respect to 
the balloon horizon. The whole instrument is cooled 
by liquid helium. An extensive description of instru- 
mentation and calibration methods is given by Rippel 
et al. (1987). 

The third flight measured the ozone content by 
absorption in the ultraviolet and visible domains, 
using the Sun as a source. The instrument is a double 
grating spectrometer with holographic gratings of 10 
cm focal length made by Jobin-Yvon. A silicon pho- 
todiode EG & G type UV444-B is used as detector. 
The wavelength range extends from 250 to 700 nm 
and the band-pass of the spectrometer (FWHM) is 1 
nm, with a triangular shape. A high-pass filter with a 
cut-off at 300 nm has been set in front of the detector. 
Wavelength scans below this limit provide accurate 
measurement of the instrument “optical zero”, includ- 
ing the electronic and telemetry offset and possible 
residual stray-light. Two wavelength intervals, namely 
320-340 and 54&660 nm, corresponding to the Hug- 
gins and Chappuis absorption bands of ozone, are 
used to measure the solar absorption during sunset. In 
addition, differential absorption method as developed 
for nitric dioxide measurements between 430 and 450 
nm can be applied in the Huggins bands for com- 
parison purposes with Bouguer’s plot. A more 
detailed description of the instrumentation is given 
elsewhere (Simon et al., 1987). 

OBSERVATIONS AND DATA ANALYSIS 

The balloons were successfully launched by the 
Centre National d’Etudes Spatiales (CNES) from the 

French balloon launching facility situated at Aire sur 
I’Adour (France, 43”42’N, O”15’W). Table 1 gives the 
dates, time of observation, type of measurements and 
wavelength ranges used for ozone profile deter- 
minations. 

(a) In the case of planet occultations, the reference 
spectrum (called the extra-atmospheric spectrum of 
Venus) is recorded at zenith angles smaller than 80”. 
For the float altitude of this flight, namely 39 km, 
the optical depth due to absorption of atmospheric 
constituents is negligible for such zenith angles in the 
wavelength range of the observations (647672 nm), 
and cannot be detected. 

The wavelength scale of each spectrum is adjusted 
to the Ha line at 656.3 nm. A synthetic attenuated 
spectrum is fitted to each measured transmission dur- 
ing occultation, by using the least-squares method. 
The ozone absorption cross-sections are those com- 
piled by Ackerman (1971). Attenuation due to Ray- 
leigh scattering is calculated using the extinction cross- 
section formula published by Nicolet (1984) and a 
density profile taken from the U.S. Standard Atmos- 
phere, 1976. For the lower altitudes of the line of sight 
(tangent height below 20 km), the residual optical 
depth is attributed to stratospheric aerosol assuming 
no wavelength dependence in the observed wave- 
length range (647672 nm). A more complete descrip- 
tion of the experimental procedure and data analysis 
has been published by Rigaud et al. (1983). 

(b) For solar absorption measurements in the Hug- 
gins and the Chappuis bands of ozone, the Bouguer 
law was applied to determine the total content of 
ozone along the line of sight. The so-called reference 
spectrum has been recorded for a solar zenith angle 
of 82” at about 29 km altitude. Consequently, this 
measured spectrum has been corrected for residual 
ozone absorption in the wavelength ranges of interest 
and also for Rayleigh scattering extinction according 
to the formula published by Nicolet (1984). The rep- 
resentative ozone vertical profile defined for the 
MAP/GLOBUS campaign (de La No& et al., 1987) 
given in Table 2 and model pubiished by Krueger and 
Minzner (1976) have been taken for altitudes above 
the balloon. The abso~tion cross-sections measured 
by Bass (1984, private communication) have been 
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TABLE 2. MAP/GLOBIJS REPRESENTATIVE ATMOSPHERE. 
Average 9-28 September 1983 

591 

TABLE 3. WAVELENGTH TRIPLETS 

Wavelengths (nm) 
Altitude 

(km) W) 
Temperature Ozone cont. 

(K) (cm-‘) 

14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 

150 
107 
17 
56 
41.5 
30.2 
22.5 
16.3 
12.0 
8.7 
6.5 

208 
211 
215 
218 
220 
222 
224 
228 
233 
238 
243* 

1.11 X 10’2 
1.72 
2.70 
3.86 
4.61 
4.67 
4.43 
3.50 
2.65 
2.03t 
1.58.l 

*Extrapolated values. 
TKrueger and Minzner (1976). 

used for absorption correction computation up to 
340 nm and those published by Griggs (1968) for 
the Chappuis bands. Ratios between the corrected 
reference spectrum and spectra recorded for zenith 
angles larger than 90” have been calculated. Their 
natural logarithms have been plotted vs absorption 
cross-section of ozone. Intensity values have been cor- 
rected for Rayleigh scattering extinction along the 
optical path corresponding to each recorded 
spectrum. The integrated content of ozone is given by 
the slope of the linear regression in equation : 

&v 
In m - 44 = No,~&) 

where 

L is the wavelength ; 
I,(l) is the solar irradiance above the atmos- 

phere ; 
WI is the solar irradiance after its absorption in 

the atmosphere ; 
ZRS is the optical depth due to Rayleigh scat- 

tering extinction ; 

NO3 is the total content of ozone along the line 
of sight (cm-“) ; 

O% is the absorption cross-section of ozone. 

On the other hand, the three-wavelength differential 
absorption method has been used for analysing the 
same data in the Huggins bands, according to pub- 
lications of Brewer et al. (1973) and Gillis et aI. (1982). 
Table 3 defines the maxima and minima in the absorp- 
tion cross-sections selected between 320 and 340 nm. 

(c) The infrared emission measurements at the limb 
were performed only at 36.5 km altitude because of 
the failure of the spectrometer cryogenic system. 

Triplet Min Max Min 

1 321.250 322.250 323.850 
2 323.850 324.950 326.700 
3 326.700 327.900 329.475 
4 329.475 330.925 332.575 
5 332.575 333.750 335.600 

Consequently, the observing time was reduced to 10 
min. A more extensive description of the experimental 
procedure and data evaluation is published by Rippel 
er al. (1987). 

DISCUSSION OF RESULTS 

Figure 1 shows the integrated concentration along 

the line of sight for flights 29 and 37 performed 
respectively on 14 September and 28 September 1983. 
The comparison between these two observations is 
not straightforward because, first, of the differences 
in balloon altitudes during the occultation measure- 
ments and, second, observations were made eastward 
by pointing the planet Venus and, obviously, west- 
ward for sunset. The lowest tangent altitude is respect- 
ively situated at about 500 km away from the balloon, 
North of the Observatoire de Haute Provence (OHP), 
and at about 200 km above Bordeaux. Differences 
between the two curves on Fig. 1 are explained by a 
longer optical depth for flight 29 for which the balloon 
altitude during occultation is 38 km instead of 29 km 
for flight 37. When optical depths become compar- 
able, the two curves merge. 

It should be mentioned that the Bouguer law as 
described in the previous section is not verified over 
the wavelength interval 540-660 nm used for solar 
occultation measurements on 28 September 1983. 
Deviation from this law increases for lower tangent 
altitudes of the line of sight and cannot be explained 
either by errors on ozone cross-sections or Rayleigh 
scattering corrections. According to the 2 y of obser- 
vations made after the eruption of El Chichon in 
April 1982, by means of an airborne lidar at various 
latitudes and reported by McCormick and Swissler 
(1987) the aerosol loading in the stratosphere is still 
very important in September 1983, at latitudes cor- 
responding to the balloon flights (44”N). This fact is 
also supported by the Solar Mesosphere Explorer 
(SME) satellite observations showing an important 
increase of limb radiances at various wavelengths after 
April 1982, between 20 and 38 km altitude (Thomas 
et al., 1986). The residual optical thicknesses have 
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FIG. ~.COMPARI~~NBETWJEN INTEGRATEDCONCENTRATION OFOZONE ALONGTHE LINEOFSIGHT IXDUCED 
FROM ABSORPTION MEASUREMENTS IN THE CHAPPLJIS BANDS PERFORMED ON 14 SEPTEMBER 1983 (VENUS 
OCCULTATIONAT 38 km ALTITIJDE)ANDON 28 SEPTEMBER 1983 (SOLAR OCCULTATIONAT 29 km ALTITUDE). 

been evaluated for both balloon observations in the 
Chappuis bands. The data inversion yields to a peak 
value of 8 x 10m3 km-’ at 16 km altitude. The vertical 
profiles are systematically higher than those deduced 
from previous balloon flights performed in 1980 and 
1981 (Naudet, 1983). In addition, for solar occultation 
measurements, the residual optical thickness strongly 
increases for wavelengths lower than 620 nm (Simon 
et al., 1986). This fact could explain the higher values 
for the ozone integrated con~ntrations deduced from 
the data around 620 nm and below. A more detailed 
analysis is presented in Simon et al., (1987). 

Figure 2 gives detailed results deduced from the 
data measured during flight 37 on 28 September 1983, 
by using the Bouguer plots in the Huggins and Chap- 
puis bands and also the differential absorption 
method applied to the Huggins bands. 

The differential absorption method gives sys- 
tematically higher values with an average divergence 
of 20%. This difference is difficult to explain except 
that when using the Bouguer technique, the integrated 
ozone concentration is deduced by a linear regression 
through about 80 data points scattered in the Huggins 
bands instead of five triplets, namely only 11 different 
wavelengths, for the differential absorption (see Table 
3). This could introduce an additional but not sys- 
tematic error. 

Vertical profiles of ozone were derived by using a 
non-linear iterative inversion method (Naudet, 1983) 
for flight 29 and a layer-by-layer linear inversion 
method for flight 37. Results are summarized in Fig. 
3 with the data obtained at 36.5 km from infrared limb 
emission measurements performed on 23 September 

1983. Corresponding numerical values are given in 
Tables 4,5 and 6. The uncertainties on inferred ozone 
concentrations from planet and solar occultation 
measurements are * 10%. 

The error sources for these observations come from 
the signal-to-noise ratio, absorption cross-section 
values, ozone concentration above the balloon, air 
masses along the line of sight, altitude determination 
and resolution and refraction for altitudes below 20 
km. According to Rigaud ef al. (1985), uncertainties 
due to the signaI-to-noi~ ratio is less than 22%. The 
absorption cross-section values are generally accurate 
to within rf5%. Possible errors due to their tem- 
perature dependence could be excluded (Humphrey 
and Badger, 1947). The balloon altitude and the 
geometry of the line of sight are based on pressure 
measurements performed by sensors integrated in the 
payload. An altitude accuracy of the order of 500 m 
can only be estimated and affects the vertical profiles 
by approximately the same amount. The altitude res- 
olution is very good in the case of planet occultations 
but decreases from 230 m to 1.4 km during solar 
occultation for flight 37. The ozone concentration 
profile above the balloon altitude is based on the 
aforementioned models, introducing an error of about 
*6% mainly for the first ozone concentration value 
nearest to the balloon altitude. Calculated air mass 
values for atmospheric layers below the balloon alti- 
tude could introduce errors of f 3%. The errors bars 
on Fig. 3 illustrate the total uncertainty of + 10% 
except for the solar absorption data in the Chappuis 
bands which also include the unce~ainties coming 
from the Bouguer law departures. 
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In situ average profile deduced from measurements per- 
formed on 24 September 1983 is also shown for discussion 
purposes. The Bight dates refer to the following institutions : 
I4 Sept. 83, LPCE, Orleans (P. Rigaud); 23 Sept. 83, U. of 
Wuppertal (D. Offennann); 24 Sept. 83, in situ average 
profile (Aimedieu et al., 1987); 28 Sept. 83, IASB, Bruxelles 

(P. C. Simon). 

At 36.5 km altitude, the only ozone concentration 
value deduced from infrared remote sensing is in 
agreement with the ozone profile obtained by planet 
occultation measurements. This latter method gives 
systematically higher values than the representative 
model of ozone based on in situ soundings made from 
OHP and Biscarosse (de La Noe et al., 1987). 

Differences are between 10 and 20%, except below 
24 km altitude where day-to-day variations due to 
dynamicai changes in the lower stratosphere should 
be taken into account. In addition, aerosol absorption 
becomes significantly more important, also leading to 
larger discrepancies. Solar occultation measurements 
in the Huggins bands give ozone concentrations in 
agreement over 3 km in altitude with in situ soundings 
except at one altitude, namely 27.7 km. The same 
observations in the Chappuis bands at 25.5 and 24.2 
km altitude yield values very close to those obtained 
from planet occultation. This fact supports the 
assumption of an important contribution of aerosol 
in September 1983, even around 660 nm, to the optical 
depth measured below 28 km of altitude. 

Systematic discrepancies with in situ measurements 
at higher altitudes reported by Aimedieu et al. (1987) 
are difficult to explain in terms of aerosol loading of 
the stratosphere. On the other hand, direct influence 
of transport is weak in such a region (above 30 km 
and at 44”N) where the ozone budget is chemically 
controlled according to the 2-D model of Garcia and 
Solomon (1985). However, the comparison of other 
trace species observed during the same campaign 
shows similar discrepancies. These have been ten- 
tatively interpreted in terms of wavelike dynamical 
disturbances (Offermann et al., 1987). 

In conclusion, ozone measurements by occultation 
techniques are very precise but the final accuracy 
depends upon a good knowledge of all atmospheric 
absorptions along the line of sight. Such a knowledge 
can be reached by extending the wavelength range of 
observation out of the absorption bands of ozone in 
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TABLE 4. GONLWLA G5 ; 14 SEPTEMBER 1983 ; NIGHT 

Pressure Altitude 0, cont. 0, mixing ratio 

(mb) (km) (cm-) x lo-“) ( X?? “) (ppmV) 

15.1 
55.3 
40.5 
29.1 
21.9 
16.2 
12.0 
8.9 
6.6 
5.0 
3.8 

18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 

4.94 kO.50 1.95 
6.33 *0.42 3.43 
5.97 kO.33 4.45 
5.34 +0.21 5.41 
4.92 +0.22 6.91 
4.28 +0.14 8.21 
3.25 +0.11 8.50 
2.31 +0.08 8.20 
1.75 +0.07 8.50 
1.37 kO.06 9.10 
0.95 +0.09 8.56 

Errors related to altitude uncertainties are not included. 

TABLE 5. GONDOLA Gl ; 23 SEPTEMBER 1983 ; 4:30 U.T. 

Pressure Altitude Oj cont. OX mixing ratio 

(mb) (km) (cm3 x lo-“) Accuracy (ppmV) 

4.85 36.5 1.25 +15% 8.50 

TABLE 6. GONDOLA G2b; 28 SEPTEMBER 1983 ; SUNSET 

Pressure Altitude 0, cont. Mixing ratio 

(mb) (km) (cm-’ x 10-r’) @pmV) 

Huggins Chappuis Huggins Chappuis Huggins Chappuis 

13.8 29.1 2.73 f 10% 6.31 
14.2 28.9 3.17-3.87 7.10-8.67 
14.7 28.7 3.13 + 10% 6.16 
16.1 28.1 3.00-3.96 5.88-7.76 
17.2 21.7 4.28 + 10% 7.81 
20.7 26.5 4.42-5.40 6.63-8.10 
22.2 26.1 4.27 + 10% 5.96 
29.5 24.2 4.82-6.50 5.01-6.76 

order to accurately determine optical depths of the 

stratosphere at various wavelengths and to reveal 

atmospheric extinction by other species like aerosols. 

A good altitude resolution is needed in order to resolve 

possible layer structure in aerosol profiles. 

AcknowledgemenrsThis work was partly supported by the 
Bundesministerium fiir Forschung und Technologie 
(F.R.G.) and by the Centre National de la Recherche Sci- 
entifique and Centre National d’Etudes Spatiales (France). 
The support given by the CNES balloon center at Aire sur 
1’Adour and the MAP/GLOBUS 1983 coordinator Prof. D. 
Offermann is gratefully acknowledged. 

REFERENCES 

Ackerman, M. (1971) Ultraviolet solar radiation related to 
mesospheric processes, in Mesospheric Models and Related 

Experiments (Edited by Fiocco, G.), p. 149. D. Reidel, 
Dordrecht. 

Aimedieu, P., Krueger, A. J., Robbins, D. E. and Simon, P. 
C. (1983) Ozone profile intercomparison based on sim- 
ultaneous observations between 20 and 40 km. Planet. 
Space Sci. 31, 801. 

Aimedieu, P., Matthews, W. A., Attmannspacher, W., 
Hartmannsgruber, R., Cisneros, J., Komhyr, W. and 
Robbins, D. (1987) Comparison of in situ strato- 
spheric ozone measurements obtained during the MAP/ 
GLOBUS 1983 campaign. Planet. Space Sci. 35, 563. 

Brasseur, G. and Simon, P. C. (1981) Stratospheric chemical 
and thermal response to long-term variability in solar UV. 
J. geophys. Res. 86,7343. 

Brewer, A. W., McElroy, C. T. and Kerr, J. B. (1973) 
Nitrogen dioxide concentrations in the atmosphere. 
Nature 246, 129. 

de La No&, J., Brillet, J., Turati, C., M&e, G., Godin, S., 
Pelon, J., Marche, P., Barbe, A., Gibbins, C. J., Dawkins, 
A. W. J. and Matthews, W. A. (1987) Remote and ground- 



Ozone measurements fro] m stratospheric balloon 

based measurements of ozone profiles during the MAP/ 
GLOBUS 1983 campaign. PZa&. Space Sci. 35, 547. 

Garcia. R. R. and Solomon, S. (1985) The effect of breaking 

Megie, G., Arijs, E., Ingels, J., Nevejans, D., Attmannspa- 
cher, W., Cisneros, J. M., Dawkins, A. W., Demuer, D., 
Fabian, P., Karcher, F., Froment, G., Langematz, U., 
Reiter, R., Rothe, K. W., Schmidt, U. and Thomas, R. J. 
(1987) Disturbance of stratospheric trace gas mixing ratios 
during the MAP/GLOBUS 1983 campaign. Planet. Space 
Sci. 35, 673. 

gravity waves on the dynamics and chemical composition 
of the mesosphere and lower thermosphere. J. geophys. 
Res. 90, 3850. 

Garcia, R. R., Solomon, S., Roble, R. C. and Rusch, D. W. 
(1984) A numerical response of the middle atmosphere to 
the 11 -year solar cycle. Planet. Space Sci. 32,4 11. 

Gillis, J. R., Goldman, A., Williams, W. I. and Murcray, 
D. G. (1982) Atmospheric ozone profiles from high 
resolution UV spectra obtained with a balloon-borne 
spectrometer. Ap& Optics 21,413. 

Griegs. M. J. (1968) Absorntion coefficients of ozone in the 
ui;aviolet and visible regions. J. them. Phys. 49, 857. 

Hilsenrath, E., Attmannspacher, W., Bass, A., Evans, W., 
Hagemeyer, R., Barnes, R. A., Komhyr, W., 
Mauersberger, K., Mentall, J., Proffitt, M., Robbins, D., 
Tavlor. S.. Torres. A. and Weinstock. E. (1986) Results 
from the Balloon Ozone Intercomparison Campaign 
(BOIC). J. geophys. Res. 91, 13137. 

Huguenin, D. and Magnan, A. (1978) Nacelle astronomique 
stabilisee avec detecteur U.V. a galette de microcanaux. 
Proc. Esrange Symposium. Rep. ESA SP-135. 

Humphrey, G. and Badger, R. (1947) The absorption spec- 
trum of ozone in the visible. J. them. Phys. 15, 794. 

Krueger, A. J. and Minzner, R. A. (1976) A mid-latitude 
ozone model for the 1976 U.S. standard atmosphere. J. 
geophys. Res. 81, 1477. 

McCormick, M. P. and Swissler, T. J. (1987) Temporal vari- 
ation and decay of the El Chichon stratospheric aerosol. 
J. geophys. Res. to be published. 

Naudet, J.-P. (1983) Mesures de constituants minoritaires de 
la stratosphere. These de doctorat. 

Nicolet, M. (1984) On the molecular scattering in the ter- 
restrial atmosphere: an empirical formula for its cal- 
culation in the homosphere. Planet. Space Sci. 32, 1467. 

Offermann, D. (1983) MAP/GLOBUS Campaign 1983. 
Handbookfor MAP (Edited by Sechrist, C. F., Jr., 8, 17. 

Offermann, D., Rippel, H., Aimedieu, P., Matthews, W. A., 

601 

Rigaud, P., Naudet, J. P. and Huguenin, D. (1983) Sim- 
ultaneous measurements of vertical distribution of strato- 
spheric NO, and 0s at different periods of the night. J. 
geophys. Res. 88, 1463. 

Rigaud, P., Naudet, J. P. and Huguenin, D. (1985) Mesure 
de la repartition verticale de l’ozone atmospherique par 
spectrophotomitrie d’absorption dans le visible, in Atmo- 
spheric Ozone (Edited by Zerefos, C. S. and Ghazi, A.), p. 
509. D. Reidel, Dordrecht. 

Rippel, H., Hilbert, L., Jarisch, M., Kampf, D., Offermann, 
D. and Schneider, R. (1987) A helium cooled balloon 
borne infrared experiment for measurement of strato- 
spheric trace gas. Submitted to Appl. Optics. 

Robbins, D., Evans, W., Louisnard, N., Pollit, S., Traub, 
W. and Waters, J. (1985) Ozone intercomparison from the 
balloon intercomparison campaign, in Atmospheric Ozone 
(Edited by Zerefos, C. S. and Ghazi, A.), p. 465. D. Reidel, 
Dordrecht. 

Simon, P. C., Peetermans, W. and Plateau, E. (1986) Strato- 
spheric ozone and aerosol measurements by solar occul- 
tation with a balloon-borne spectrometer. EOS Truns- 
actions, American Geophysical Union 61, 876. 

Simon, P. C., Peetermans, W., Vandeneede, P. and Plateau, 
E. (1987) Stratospheric ozone and nitric dioxide measure- 
ments from U.V. and visible solar absorption observations 
by balloon. To be published in Ann. Geophys. 

Thomas, G. E., Rusch, D. W., Thomas, R. J. and Todd 
Clancy, R. (1986) Long-term changes in the stratosphere 
due to the 1982 eruption of El Chichon. Workshop on 
ozone variation on climatological time scales: obser- 
vations and theory, and perturbations by U.V. solar flux 
variations and the eruption of El Chichon. Salzburg, 
Austria, 19-22 August 1985. 


