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Vertical distribution of nighttime stratospheric
balloon measurements:comparisonwith models
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Abstract. Vertical distributionsof NO2 and 03 mixing
ratios and the aerosol extinction coefficient

were measured

by nightbetween18 and32 km altitude(9-80 hPa) at mid
latitudesusing the balloon-borneinstrumentAMON on
March 24, 1994. The NO2 profile is comparedwith results
of simulationsinvolving the REPROBUS 3D ChemicalTransportModel and a Lagrangianmodel in which the
ozone mixing ratio and the aerosol surface area are
initialized using AMON measurements(other mixing
ratiosare initializedwith REPROBUS). As confirmedby
Lidar observations,
the surfaceareaswere largerthan the
monthlyand zonally averagedSAGE 2 dataavailablefor
March 1994 at 45ø N. The Lagrangianmodel shows
relativelygoodagreementwith AMON resultsfor pressure
higher than 40 hPa and smaller than 15 hPa, but the
computedNO2value is too high between15 and 40 hPa.
This seems to indicate that heterogeneousreactions
involvingthe NOv speciesin the aerosollayer are still
incompletelyunderstood.

Here we present new measurements of NO2
concentrationin the aerosollayer that were made at mid
latitude by night using the balloon-borneinstrument
AMON duringthe SecondEuropeanStratospheric
Arctic
and Mid-latitude Experiment(SESAME) in March 1994.
Ozoneand aerosolextinctioncoefficientprofileswere also
obtainedby AMON. Measurementsare comparedwith

simulations
of a Lagrangianmodelinitializedwith outputs
of a 3D Chemical-Transport
Model and constrainedwith
the ozone concentrations and aerosol surface area derived
from AMON data.

Observational method and vertical profiles

AMON (French acronym for "Absorption par
Minoritaires Ozone et Nox") is composedof a 20-cm
Cassegrain
telescope,a grating spectrometer
designedfor
continuouscoverageof the UV and visible wavelength
domains, and a CCD detector [Naudet et al., 1994].
Spectraare sampledat 0.14 nm per pixel. During the
stratospheric
flight, the instrumentwas mountedonboard
the stabilized platform of the Geneva Observatory.
Introduction
Observationswere made using the stellar occultation
method,
which allowsretrievalof the slantcolumndensity
Previous work [e.g. Hofmann and Solomon, 1989;
speciesfor differentlines of sight below
Brasseurand Granier, 1992] has shownthat the vertical of atmospheric
NO2 distribution is very dependentupon the sulfate the balloon horizon.
The flight took place on March 24, 1994, from the
aerosolcontentin the lower stratosphere.
This dependence
launch
siteat Aire-sur-l'Adour,France(43.7ø N, 0.3ø W).
is based on the high probability of heterogeneous
hydrolysisof N205 in theseaerosolsand its conversionto Useful observations were made from 22:37 UT to 22:58
HNO3. Several measurementsof the nitrogen species UT at a balloon altitude of 34.1_+0.1km, using the star
partitioninghave shown that best agreementwith the Rigel (• Orionis).NO2 absorptionwas observedaround
models is achieved when this reaction is taken into
440 nm, whereits spectralsignatureis easily detectable.
account[McElroy et al., 1992; Rinsland et al., 1994; The slantcolumnswere retrievedby applyinga differential
Websteret al., 1994]. However,the assumedprobability method,which allows the Rayleigh, aerosolsand ozone
to be removedby a high-passfilter, and by
coefficient(T = 0.1) has beenfound in somecasesto be contributions
using
the
NO2
cross-sections
measuredby Coquart et al.
too high [McElroy et al., 1992; Toumi et al., 1993] and,
recently, Renard et al. [1996] have shown that [1995]. The contributionof aerosolswas retrievedin the
discrepancies
existbetweenthe resultsof a box model and residuum of this spectral domain, and the ozone
verticalNO2 distributionmeasuredin the aerosollayer on contributionwas extractedin the Chappuisband (around
is
October 1993 at mid-latitude, even when assuming 590 nm). A detaileddescriptionof the dataprocessing
given
by
Renard
et
al.
[
1996].
hydrolysisof N205.
The vertical profiles were obtained by applying a
•LPCE-CNRS,
3A Avenuede la Recherche
Scientifique,tangent ray-inversion technique. The 03 and NO2
concentrations
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were retrieved for the

18-32

km

altitude

range,togetherwith the aerosolextinctioncoefficientat
440 nm (Table 1), the measuredprofilesbeing obtainedat
approximately22:30 local time. NO2 and ozonemixing
ratiosversuspressurewerederivedby usingpressureand
temperaturemeasurementsmade during the balloon's
ascent(seealsoTable 1). The measuredaerosolextinction
coefficientwas convertedto an aerosolsurfacearea by
usingthe conversionfactorcomputationsgiven by Jaeger
et al. [1995] and available for March, 1994, at mid-
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latitudes(Jaeger,persormal
communication).
The resulting
aerosolsurfaceareaprofile is shownin Figure 1, together
lO
Lidor OHP
with the profilederivedfrom Lidar backscatter
coefficients
[Chazetteet al., 1995] measuredat the Observatoirede
•
AMON
Haute Provence(OHP, 43.9ø N, 5.7ø E) on March 23,
--SAGE 2
1994, at 20:30 UT (David, personnalcommunication)
and
convertedby usingJaegerfactors:very good agreementis
obtainedbetweenthe two profiles. SAGE 2 data are
availablecloseto Aire-sur-l'Adouronly on March 11 and
lO0
April 5, nevertheless
good agreementis obtainedbetween
o
1
2
3
4
5
6
the SAGE 2 extinctioncoefficientprofile at 453 nm on
Surfoce oreo (microns2/cmS)
April 5 (not shownhere) and the AMON profile. The
SAGE 2 profile on March 11 is significantly• lower, Figure 1. Aerosol surface areas derived from AMON
indicatingan increasein the aerosolcontentat Aire-sur- measurements
of theextinction
coefficients
compared
with
l'Adour on March 24 relative to the beginningof the results derived from Lidar observations at OHP and from
month. Such an increase was also observed at OHP from
SAGE 2 (zonally and monthly averaged)available for
March 13. The monthly and zonally averagedprofile 45øN in March 1994. Error bars on the aerosol surface
(Lenoble,personnalcommunication)availablefor March areas derived from AMON observations are also shown.
1994 at 45ø N, is shown in Figure 1. It is mainly
representative
of the conditions
prevailingat the beginning speciesalongtrajectories
of air-parcels
thatendat the exact
of March.
locationand time of the AMON measurements.
Mixing
ratios of the chemical species are initialized by
REPROBUS outputsat the startof the trajectories,
except
Modeling calculations
for ozonefor whichthe AMON mixing ratio is used(it is
Two modelshave beenusedto establisha comparison in fact very similar to the REPROBUS mixing ratio
with the AMON NO2 profile:
between 15 and 50 hPa). Aerosols are transportedas
-The
3D CTM REPROBUS, in which wind and passivetracersby maintainingtheir surfacearea,which is
temperaturefields are prescribedevery six hours by derivedfrom AMON, constamalong the trajectory.The
ECMWF analysis. Description of the REPROBUS trajectories
(not shownhere) follow the externaledgeof
chemicalpackage,which covers42 species,is given by the polar vortex aboveabout20 km. They reachlatitudes
Lefevre et al. [1994]. For simulation, the model was ashigh as 70øN about4 daysbeforetheir arrivalat Aireconstrained
by the monthly and zonally averagedaerosol sur-l'Adour.
Ten-day trajectorieshave been computed; this is
surfaceareaderivedfromSAGE2 data(Figure1); aerosols
were not transportedin this versionof REPROBUS.
sufficientfor the partitioningin the nitrogenfamily to
- A Lagrangianmodel,in which 47 species,135 reactions adjust to the large aerosol surfaceareas used in the
in gas phaseand 2 heterogeneous
reactionsare included Lagrangianmodel comparedwith those used in the
[Lateltin et al., 1994]. For our calculationsthe more REPROBUS model. With these large aerosol surface
importantheterogeneous
reactionis thehydrolysis
of NeO5 areas,the reactionratesfor the hydrolysisof N:O5 ranges
for whichthe probabilitycoefficientasbeenassumed
to be fromhalf-a-dayto two days.To estimatethe uncertainties
¾ -- 0.1. Hydrolysis of C1ONO2is also included.With in NO: concentrationsdue to possible errors on the
this model it is possibleto computethe evolution of trajectories
followedby the air parcels,computations
were
Table

I.

AMON

measurements

Altitude

Pressure

(km)

(hPa)

Temperature NO2 concentration

(K)

( 109cm-3)

32.0
31.5
30.8
30.1
29.4
28.8
28.1
27.4
26.5
25.5
24.5
23.6
22.5
21.6
20.5
19.3

8.90
9.60
10.64
11.84
13.13
14.43
15.89
17.64
20.22
23.54
27.43
31.95
37.46
43.54
51.29
61.93

220.5
217.8
217.1
214.4
212.5
211.2
210.4
210.5
211.0
211.0
210.5
210.5
211.0
211.0
210.3
209.1

1.760
2.107
2.425
2.120
2.275
2.401
3.121
3.203
2.590
1.834
1.765
1.502
0.873
0.320
0.136
0.022

+ 0.193
__+0.318
+ 0.309
__+0.302
__+0.306
__+0.381
__+0.380
__+0.390
__+0.362
__+0.334
__+0.344
__+0.314
__+0.311
__+0.254
__+0.305
+ 0.370

18.!

74.66

210.8

0.015 __+
0.450

03 concentration

( 10•: cm'3)

Aerosol

extinction

coefficient
(10'3km-•)

1.492
1.561
1.712
1.845
2.121
2.521
2.917
3.294
3.449
3.710

__+0.178
__+0.234
__+0.246
+ 0.258
+ 0.238
+ 0.239
__+0.261
__+0.270
+ 0.274
+ 0.258

0.018
0.019
0.040
0.052
0.125
0.177
0.229
0.240
0.328
0.530

__+0.004
__+0.056
__+0.039
+ 0.052
+ 0.097
+ 0.113
__+0.111
__+0.109
+ 0.115
+ 0.122

3.955
4.340
5.004
5.167
4.519
4.202
4.444

+ 0.244
+ 0.259
__+0.287
__+0.312
+ 0.281
__+0.269
+ 0.299

0.744
0.925
1.150
1.473
1.970
2.151
2.359

+ 0.1 !5
__+0.122
__+0.114
__+0.119
+ 0.111
__+0.133
+ 0.124
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also made of eight trajectoriesthat end close to the
locationof AMON measurements,
respectivelyat +50 km
10

in east-westand north-southdirections,and +_250m on the

vertical.The locationsat the beginningof thesetrajectories
were found to be very different, but the Lagrangian
calculations have shown that the differences between the

o

o

variouscomputedNO2 mixing ratios at the end of each
trajectoryare lessthan 10 per cent. This is becauseall the
trajectorieswere very close to eachother during the last
threedays.
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Discussion

For the comparisonbetweenmodel results and NO2
measurements
to make sense,it is necessary
that the total

Figure 3.
Comparison between AMON NO2
measurements
and results from Lagrangiansimulations.
Uncertainties on model results due to uncertainties on the

NOv concentration be well simulated in the REPROBUS

trajectoriesof the air parcels(as discussedin the text) are
model, the outputsof which are used to initialize the not shown here. The two dotted curvesrepresentthe
Lagrangiancalculations.Measurements
of the total column minimumand maximumNO2 mixing ratioscomputedin
of the majorNOv species,HNO3 and CIONO2, weremade assuminguncertaintieson the aerosolsurfaceareasderived
at Jungfraujoch(46.5ø N, 8.0ø E) in the Swiss Alps, not from AMON measurements
shownin Figure 1.
too far from Aire-sur-l'Adour(43.7øN, 0.3ø W), on March
20, 21 and 22, 1994, with Fourier-transform-spectrometers
clearindicationthat NOv behaviorandphotochemistry
in
[Rinsland et al., 1996]. Figure 2 shows very good the gasphaseareprobablywell simulatedin the model.
agreement
betweenthe REPROBUS resultsand a) HNO3 - Between 15 and 40 hPa, some discrepancies
appear
column measurementson March 20/21, b) C1ONO2 betweenthe AMON measurements
and the Lagrangian
columnmeasurements
on March21/22. Model outputsare results.The maximum disagreement
is observedfrom 35
just slightly above the measuredvalues of the HNO3 to 25 hPa (23-25 km), wherethe measured
NO2 mixing
column on March 22 and of the CIONO2 column on

March 20. Moreover, the day-to-day variation of the
columns is well reproduced.Although no definitive
conclusions can be drawn from this very partial
comparison,
the goodagreementof measuredand modeled

ratio is 2.8 + 0.6 timesthe computedmixing ratio. In this
pressurerange,the aerosolsurfaceareais relatively large

(between
1.0and3.5gm2.cm'3).

- At 42 hPa,assuming
the largerelativeuncertaintyon the
measurement,
thereis goodagreementbetweenthe AMON
values bolsters our confidence in the NOv behavior
andLagrangian
results.For pressures
higherthan 50 hPa,
simulatedby REPROBUS for this period.
AMON gives only upper limits for the mixing ratio.
Figure3 gives a comparison
betweenthe NO2 AMON Model resultsare not in disagreement
with thesevalues.In
profile and the resultsof the Lagrangiansimulation.It is thispressurerange,the aerosolsurfaceareais large(more
seen that:

-Between 10 and 15 hPa, there is a good agreement

than4 gm2.cm
'3)

Three explanationscan be proposedfor the observed
betweenthe AMON measurements
and the Lagrangian disagreement
in the 15-40 hPa range.The first of these
modelresults.In thispressure
range,the aerosolcontentof relatesto the computedNOv mixing ratios; assuming
the atmosphere
is very low (Figure 1) and the resultsare largermixingratiosin theLagrangian
modelcouldexplain
closeto thosethatwouldbe obtainedwhenassumingonly the disagreement.We neverthelessthink that this is
reactionsin the gasphase.This goodagreement
is another unlikely. Figure 4 showsthe NOv mixing ratio profile
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Figure 4. NOv mixing ratioscomputedby REPROBUS
Figure 2. Comparison
betweenREPROBUSoutputsand andusedto constrainthe Lagrangian
calculations
(dashed
measurements of HNO3 and CIONO2 columns measured at line) and NOv profile necessary
to explain the AMON
Jungfraujoch(46.5ø N, 8.0ø E). Both sets of data are measurements
of NO2 mixing ratios shown on Figure 3
diurnalaveragedvalues.Error bars on measurements
are (full line). Calculationof the errorbarstakesinto account
shown.
theuncertainties
on the measured
NO2mixingratios.
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computedby REPROBUS at the startof the trajectories, Brasscur, G., and C. Granier, Mount Pinatubo aerosols,
chlorofluorocarbons,and ozone depletion, Science,257,
aswell astheprofile neededto explainthe measured
NO,_
1239-1242, 1992.
profile' it appearsthatthe mixing ratiosneededin the 35Chazette, P., C. David, J. Lefr•re, S. Godin, J. Pelon, and G.
25 hParange(morethan20 ppbv)arequiteunrealistic.

M6gie, Comparative lidar study of the optical,
geometrical, and dynamical properties of stratospheric
post-volcanic aerosols,following the eruptions of E1
Chichon and Mount Pinatubo, J. Geophys. Res., 100,

Errors in the assumed aerosol surface areas could also

explain the disagreement.Figure 3 shows negligeable
uncertaintieson the NO2 profile dueto uncertainties
on the
measuredextinction coefficientsby AMON, but larger

23195-23207,

errors could result from uncertainties on the assumed
aerosol size distribution to convert aerosol extinction to

1995.

Coquart, B., A. Jenouvier, and M.F. M6rienne, The NO2
absorptionspectrumtemperatureeffect in the wavelength
surfacearea.Sucherrorsare inherentto all remoteoptical
region 400-500 nm, J. Atmos. Chem., 21 (3), 251-261,

1995.
techniques.Nevertheless,calculationsshow that errors
Hofmann,
D.J., and S. Solomon, Ozone destruction through
would haveto be large; between35 hPa and 25 hPa, a

heterogeneouschemistry following the eruption of E1
Chichon,J. Geophys.Res., 94, 5029-5041, 1989.
Jaeger,H., T. Deshler, and D.J. Hofmann, Midlatitude lidar

surface
areaas low as 0.7 Bm2.cm
'3 wouldbe needed
instead
of 2,6& 0,3Bm2.cm
-3.

We think it morelikely thatthe disagreement
is due to
backscatter conversion based on balloon borne aerosols
a still incompleteunderstandingof the heterogeneous measurements,
Geophys.Res.Lett., 22 (13), 1729, 1995.
reactionswhich take place on sulfate aerosolsor, as Lary, D.J.,R. Toumi,A.M. Lee,M. Newchurch,M. Pirre,andJ.B.
suggested
by Lary et al. [1996], to the presencein the
Renard, Carbon aerosolsand atmosphericphotochemistry,
stratosphereof soot from commercialair traffic. Soot
J. Geophys.Res, accepted,1996.
particleshavethe ability to convertHNO3 to NO [Thlibi Lateltin, E., J.P. Pommereau,H. Le Texier, M. Pirre, and R.A.
Ramaroson, Perturbation of stratospheric nitrogen
and Petit, 1994] andhavebeenmeasuredby aircraftflying
dioxide by volcanic aerosol in the arctic, Geophys.Res.
at 20 km [Blakeand Karo, 1995]. They could be present
Lett.,21 (13), 1411-1414, 1994.
at higher altitude, up to 25 km, where the maximum
disagreement
betweenmodel resultsand measurements
of Lefevre, F., G.P. Brasscur,I. Folkins,A.K. Smith,and P. Simon,
NO2 is observed.

Chemistryof the 1991-1992 stratosphericwinter: threedimensional model simulations, J. Geophys. Res., 99,

Finally, it should be pointed out that the maximum
8183-8195, 1994.
disagreement
observedbetweenmeasurements
and model McElroy, M.B., R.J. Salawitch and IC Minschwaner,The
for March 24, 1994, is locatedin the samealtituderange
changing stratosphere,Planet. Space Sci, 40 (2-3), 373(23-25 km) asthe disagreement
observedon October1993
401, 1992.
at the samelocation [Renardet al., 1996]. It is clearthat Naudet J.P, C. Robert, and D. Huguenin, Balloon
measurements of stratospheric trace species using a
other studiesare neededto understandthis phenomenon
multichannel UV-visible spectrometer,Proc. 14th ESA
moreclearly.

symposium,ESA SP-355, 165-168, 1994.
RenardJ.B., M. Pirre, C. Robert, D. Huguenin, G. Moreau, and
J.M. Russell, Nocturnal distribution of stratospheric03,
Measurementof the NO2 mixing ratiosat mid-latitudes
NO2 andNO3 from balloonmeasurements,
J. Geophys.Res.,
in press, 1996.
by night in March 1994 have shown thesevaluesto be

Conclusion

higher than the model mixing ratios in the 15-40 hPa Rinsland, C.P., M.R. Gunson, M.C. Abrams, L.L. Lowes, R.
Zander, E. Mahieu, .& Goldman, M.K.W. Ko, J.M.
pressure
range.The discrepancy
is maximum in the 23-25
Rodriguez, and N.D. Sze, Heterogeneousconversion of
km altitude range.This resultis consistentwith previous
measurements made at the same location in October 1993

and couldbe dueto a still incompleteunderstanding
of the
heterogeneous
reactionson sulfateaerosols.It couldalso
support, at least qualitatively, the hypothesis of the
influenceof sootparticleson the partitioningof speciesin
theNOv family. Otherstudiesarenecessary
to resolvethis
problem.
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