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Abstract

A balloon borne diode laser spectrometer was launched in southern France in June
2000 to yield in situ stratospheric CH4 and H2O measurements. In the altitude region
ranging from 20 km to 25 km, striking large spatial structures were observed in the
vertical concentration profiles of both species. We suggest these patterns are due to5

the presence of long-lived remnants of the wintertime polar vortex in the mid-latitude
summer stratosphere. To support this interpretation, a high resolution advection model
for potential vorticity is used to investigate the evolution of the Arctic vortex after its
breakdown phase in spring 2000.

1. Introduction10

A better understanding of the transport and mixing of ozone and other chemically-active
trace constituents from the wintertime polar vortex into the mid-latitude stratosphere is
needed to address the observed decline of mid-latitude ozone (Hauchecorne et al.,
2002). Hess and Holton (1985) suggested that remnants of the polar vortex could
persist a long time after the spring breakdown as ‘frozen’ in the mean summertime15

flow. During the Stratospheric Photochemistry, Aerosols, and Dynamics Expedition
(SPADE) campaign in late April 1993, the existence of such vortex remnants was con-
firmed in the spring mid-latitude stratosphere by investigating in situ measurements of
O3, CH4, N2O and CFCs obtained during several flights of the ER-2 aircraft from Mof-
fett Field, California (Newman et al., 1996). Orsolini (2001) further studied these vortex20

remnants using a high-resolution stratospheric chemical transport model applied to
some selected simple long-lived tracers. He predicted some ‘fossil’ debris of the cir-
cumpolar vortex subsisting even in August in the lower stratosphere and being slowly
advected by the summer easterlies wind regime. He further underlined the need for
tracer measurements at summertime to confirm the real existence of these long-lived25

vortex remnants. The important pending issue is the impact on mid-latitude ozone of
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potentially chemically-active and ozone-depleted polar air subsisting a long time after
the spring vortex break-up and being advected to mid-latitude where it is likely to finally
mix down through small-scale turbulent processes. In this paper, we examine in situ
balloonborne methane and water vapor measurements performed at mid-latitudes in
late June 2000 that have revealed large and unexpected spatial structures in the lower5

stratosphere. We think these striking variations in the tracers concentrations could be
the signature of ‘fossil’ debris from the Arctic polar vortex, confirming thereby the former
predictions of Orsolini (2001). We support our interpretation by using a high-resolution
advection model for potential vorticity to investigate the evolving of the circumpolar artic
vortex from its spring break up until the time period of the in situ measurements.10

2. In situ observations

The SDLA (“Spectromètre à Diodes Lasers Accordables”) is a balloonborne tunable
diode laser spectrometer devoted to the in situ monitoring of H2O and CH4 in the lower
stratosphere by infrared absorption spectroscopy (Durry and Megie, 1999). With the
SDLA, two near-infrared telecommunication-type laser diodes are connected by means15

of optical fiber to a two-mirrors multipass optical cell operated open to the atmosphere
that provides a 56 m absorption path length. The laser beams are absorbed in situ
by the ambient methane and water vapor molecules as it is bouncing back and forth
between both mirrors of the optical cell. In situ absorption spectra of methane in the
1.65-micron region and water vapor in the 1.39-micron region are recorded simultane-20

ously at 1-s-intervals at the cell output using a differential detection technique (Durry et
al., 2000). The Beer Lambert law is then used to relate the absorption of laser energy to
the molecular concentration. Practically, the molecular mixing ratio is retrieved from the
absorption spectra with a non-linear least-squares fit to the full molecular line shape
in conjunction with onboard in situ atmospheric pressure and temperature measure-25

ments and by use of an adequate molecular model. The concentration data reported
in this paper were obtained by processing the in situ spectra using, respectively, the
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HITRAN molecular database for CH4 and our revisited spectroscopic parameters for
H2O (Parvitte et al., 2002). The achieved precision error in the concentration measure-
ments of both species ranges from 5% to 10%. More details on the used laser probing
technique, the concentration retrieval and the various sources of errors are given in
(Durry et al., 2002). The SDLA was flown on 20 June 2000 within the framework of5

the Third European Stratospheric Experiment (THESEO-2000) from Gap in southern
France (44◦ N, 6◦ E). The achieved methane vertical profile is reported in Fig. 1. It is
made of a few thousands of concentration points obtained in situ at 1s-intervals during
the ascent of the gondola in the middle atmosphere. Two large and unexpected spatial
structures are observed in the 20-km-to-25-km altitude region indicating a sudden de-10

crease in the methane content of approximately 0.8 ppmv. The same phenomenon is
featured in the methane profile yielded by the SDLA during its slow descent in the lower
stratosphere, reducing thereby the likeliness of some instrumental artifact. To compare
with previous CH4 measurements at mid-latitudes, the data yielded by the SDLA in
May 1999 (THESEO) and October 2001 (validation of the ODIN satellite) from Aire-15

sur-Adour (43◦ N) in southern France are added in Fig. 1. The stratospheric methane
concentration reaches a minimum near 0.5 ppmv at 22 km for the flight in June 2000.
This value can be further compared to the methane measurements yielded by the
SDLA in February 1999 in the polar Arctic vortex as the sensor was flown from Kiruna
(67◦ N) in northern Sweden (THESEO). The matching between both methane values20

was an impetus for us to further investigate the possible presence of polar air remnants
from the 2000-Arctic vortex at the time and place of the SDLA flight in Gap. The H2O
profile yielded by the SDLA during the slow descent of the gondola in the lower strato-
sphere is shown in Fig. 2. The water vapor profile features both spatial structures in the
same altitude region, with a sudden striking increase in the water vapor concentration25

of more than one ppmv. With the molecular hydrogen not taken into account, the total
hydrogen budget [H2O]+2[CH4] is found at approximately 6.9 ppmv ±0.1 ppmv in the
altitude region where the structures occur. This value seems in good agreement with
former balloonborne measurements of the hydrogen budget in the Arctic Vortex (Engel
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et al., 1996; Zöger et al., 1999). The anti-correlation found between methane and water
vapor is further an indication that the increase in the H2O content is not an artifact due
to water vapor outgassing from the balloon envelope or from the spectrometer itself
(Durry and Megie, 1999)

3. Interpretation and conclusion5

To understand the significance of the observed patterns in the CH4 and H2O measure-
ments, we use the simulated potential vorticity distribution on several isentropic levels
obtained during the period from May to June 2000 with the ‘Modele Isentropique de
transport Mesoechelle de l’Ozone Stratosphérique par Advection’ (MIMOSA), a high-
resolution advection model for potential vorticity (PV). The MIMOSA model performs10

high resolution advection calculations based on the ECMWF wind field to provide PV
fields on isentropic surfaces (Hauchecorne et al., 2002). Basically, the model advects
PV on several isentropic levels by the horizontal wind components on a x-y grid cen-
tered at the North Pole with a resolution of 6 points per degree. To preserve the homo-
geneity of the field, a regridding of the PV field on the original grid is made every 6 h.15

The diabatic evolution of the PV field at large scales can be extracted from ECMWF
fields. In MIMOSA this is made by applying a relaxation toward the ECMWF PV field
with a time constant of 10 days. Using this procedure, it is possible to run continuously
the model during long periods and to follow the evolution of polar and tropical intrusions
at mid-latitudes (Heese et al., 2001). However, the application of a relaxation term pre-20

vents to follow the evolution of a given structure for a period longer than 15 to 20 days.
In order to follow the advection of vortex remnants until mid-June, 1.5 month after the fi-
nal winter vortex break-down in early May, MIMOSA was run in a special mode in which
the relaxation term is suppressed. This can be done in May-June because the easterly
summertime circulation is almost perfectly zonal and there is very little deformation25

of air masses. However, the expected uncertainty on the location of advected struc-
tures is increasing with time. The advection calculation was initialised with the 590 K
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ECMWF PV contours on 1 May and with the 590 K daily winds extracted from ECMWF
analyses at 00:00 UT. The results are presented on Fig. 3. A stratospheric warming
occurred at the end of March and the polar vortex splitted in 2 parts. A well-defined
vortex structure originated from one of the 2 parts is observed over northern Asia on 1
May (Fig. 3a). In May, the vortex slowly deforms and filamentary structures appear as5

well as some debris resulting from some splitting of the vortex, which are further mixed
down. Nevertheless, some coherence of the core of the vortex is maintained (Fig. 3b).
In June, the vortex starts to propagate westwards in the summer easterlies regime. It
is deformed in a ribbon-like shape (Fig. 3c) but a certain coherence is still maintained
which is likely due to the weak meridional shears characterizing the easterlies regime10

(Hess and Holton, 1985). Finally, the polar air masses arrive over southern France in
the mid-June period (Fig. 3d). The day of the SDLA-flight, high-PV polar air masses
are predicted over the Gap region as illustrated in Fig. 4. A meridional section of the
PV distribution with potential temperature is shown in Fig. 5 for the day of the SDLA-
flight, featuring two regions of high–PV polar air around 600 K and 550 K. This analysis15

gives a hint to the presence of polar air masses causing the two large spatial structures
observed in the SDLA methane and water vapour concentration profiles.

To conclude, there are several lines of evidences from the balloon measurements
(low CH4 concentration values, hydrogen budget) and from the modelling (advection
calculations, intrusion of high-PV polar air) to support the hypothesis of polar vortex20

debris subsisting in the mid-latitudes summer stratosphere until end of June. An im-
portant pending issue consists of investigating the ozone chemistry inside these vortex
remnants and trying to better understand the turbulent mixing and transport processes
that will finally mix down the remaining polar air masses with mid-latitudes air. We in-
tend to further address this issue using the high resolution (1◦×1◦) chemistry-transport25

model MIMOSA-CHIM (Marchand et al., 2003). This model couples the high-resolution
advection model MIMOSA with a radiation scheme and with the full stratospheric chem-
istry package of Reprobus (Lefèvre et al., 1998) and was used to to study the dynamical
and chemical evolution of polar filaments during winter 1999/2000.
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 8

 

Figure. 1. In situ vertical concentration profiles of CH4 yielded by the SDLA balloonborne 

laser diode sensor at mid-latitudes in southern France in 1999, 2000 and 2001 (in red, black 

and green) and in the wintertime Arctic vortex in northern Sweden (in blue) in 1999. A strong 

decrease in the methane content was observed at mid-latitude in June 2000 between 20 km 

and 25 km. 

Fig. 1. In situ vertical concentration profiles of CH4 yielded by the SDLA balloonborne laser
diode sensor at mid-latitudes in southern France in 1999, 2000 and 2001 (in red, black and
green) and in the wintertime Arctic vortex in northern Sweden (in blue) in 1999. A strong
decrease in the methane content was observed at mid-latitude in June 2000 between 20 km
and 25 km.
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Figure 2. The H2O vertical profile yielded by the SDLA during the flight from Gap on 20 

June 2000. The water vapor data were obtained during the slow descent of the instrument in 

the lower stratosphere at nighttime. The corresponding methane measurements of the SDLA 

(Figure 1) were scaled to –2 x [CH4] + 6.9 ppmv and added to the figure.  

 

 

Fig. 2. The H2O vertical profile yielded by the SDLA during the flight from Gap on 20 June 2000.
The water vapor data were obtained during the slow descent of the instrument in the lower
stratosphere at nighttime. The corresponding methane measurements of the SDLA (Fig. 1)
were scaled to −2×[CH4]+6.9 ppmv and added to the figure.
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Figure 3. Results from a 590K high resolution advection integration obtained with the 

MIMOSA model. Contours are of potential vorticity (10-8 K m2 s-1kg-1). (a)-(b) In May 

2000, a remnant of the wintertime vortex is observed over northern Asia. (c)-(d) In June, the 

vortex is propagated westwards in the summer easterlies regime. The location of the SDLA 

flight at mid-latitudes is marked with a white circle in (d). 

 

 

 

 

Fig. 3. Results from a 590 K high resolution advection integration obtained with the MIMOSA
model. Contours are of potential vorticity (10−8 K m2 s−1 kg−1). (a)–(b) In May 2000, a rem-
nant of the wintertime vortex is observed over northern Asia. (c)–(d) In June, the vortex is
propagated westwards in the summer easterlies regime. The location of the SDLA flight at
mid-latitudes is marked with a white circle in (d).
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Figure 4. An expanded view on the PV distribution at 590K from the MIMOSA model on 20 

June 2000 at midnight. Units are in Figure 3. High-PV polar air is predicted in the region of 

the flight that is marked with a white circle. 

Fig. 4. An expanded view on the PV distribution at 590K from the MIMOSA model on 20 June
2000 at midnight. Units are in Fig. 3. High-PV polar air is predicted in the region of the flight
that is marked with a white circle.
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Figure 5.. A meridional section of the PV distribution with potential temperature on 20 June 

2000 at midnight yielded by the MIMOSA model. Units are in Figure 3. Two regions of high–

PV polar air around 600 K and 550 K are observed at the latitude of the flight. Near 600 K 

and 550 K, two large spatial structures were observed in the CH4 and H2O measurements 

(Figure 2). 

 

Fig. 5. A meridional section of the PV distribution with potential temperature on 20 June 2000
at midnight yielded by the MIMOSA model. Units are in Fig. 3. Two regions of high-PV polar air
around 600 K and 550 K are observed at the latitude of the flight. Near 600 K and 550 K, two
large spatial structures were observed in the CH4 and H2O measurements (Fig. 2).
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