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Abstract. The stratospheric water vapour mixing ratio in- crease in stratospheric water vapour (Oltmans and Hofmann,
side, outside, and at the edge of the polar vortex has beeh995; Evans et al., 1998; Oltmans et al., 2000, Rosenlof et
accurately measured by the FLASH-B Lyman-Alpha hygro- al., 2001) is believed to contribute to the recent downward
meter during the LAUTLOS campaign in SodarkylFin-  trend in stratospheric temperatures (Forster and Shine, 1999;
land, in January and February 2004. The retrieve® Igro- Smith et al., 2001; Oinas et al., 2001), and its changing con-
files reveal a detailed view on the Arctic lower stratosphericcentration modifies the stratospheric radiative balance. Fur-
water vapour distribution, and provide a valuable dataset fothermore, stratospheric humidity has an influence on ozone
the validation of model and satellite data. Analysing the mea-depletion by affecting both the formation temperature of po-
surements with the semi-lagrangian advection model Ml-lar stratospheric clouds (PSCs) and the polar vortex temper-
MOSA, water vapour profiles typical for the polar vortex’ atures themselves (Kirk-Davidoff et al., 1999).

interior and exterior have been |dent|f|ed, and laminae in the In the absence of Condensation, the Stratospheric water
observed profiles have been correlated to filamentary strucyapour abundance is controlled by photochemistry and dy-
tures in the potential vorticity field. Applying the validated namics. In the upper stratosphere, methane oxidation ac-
MIMOSA transport scheme to specific humidity fields from counts for the primary water vapour source within the strato-
operational ECMWF analyses, large discrepancies from thephere (Abbas et al., 1996; Michelsen et al., 2000), generally
observed prOfileS arise. Although MIMOSA is able to repro- |eading to an increase 0f2|@ from the lowermost strato-
duce weak water vapour filaments and improves the shape &§phere to the stratopause. In the tropics, vertical transport
the profiles compared to operational ECMWF analyses, bothrom the troposphere provides the other important source of
models reveal a dry bias of about 1 ppmv in the lower strato-stratospheric water vapour, limited by freeze drying at the
sphere above 400 K, accounting for a relative difference fromeold tropical tropopause (Brewer, 1949).

the measurements in the order of 20%. The large dry bias in o o\ erall hemispheric water vapour distribution arises

the anal_ys_|s re_presentat|on of stratospheric water vapour "®om the superimposed general circulation that accumulates
the Arctic |mpI|e§ the need for future regular measuremgntstrace gases by descent within the polar vortex. While in the
qf water vapourin the pola_r stratosphere to allow the V""“da'midlatitudes rather constant values of about 4 to 5 ppr® H
tion and improvement of climate models. are found in the lower stratosphere (Ovarlez and Ovarlez,
Keywords. Atmospheric composition and structure (Middle 1994; Schiller et al., 1996), the downward transport within
atmosphere—composition and chemistry)— Meteorology andhe polar vortex yields higher water vapour mixing ratios
atmospheric dynamics (Middle atmosphere dynamics; Polafrom the source regions. Consequently, a horizontal gradient
meteorology) across the vortex edge arises in the lower stratosphere with
higher mixing ratios inside than outside of the vortex as far as
dehydration by sedimenting PSC particles can be excluded.
The water vapour mixing ratio inside and in the vicinity
of the polar vortex has been accurately measured by several
Water vapour is a chemically, physically, and radiatively ac-Palloon-borne sensors during the LAUTLOS campaign in
tive trace gas, and its distribution in the stratosphere deter>0dankyd, Finland, in January and February 2004. The re-

mines significant climatic implications. The observed in- riéved RO profiles reveal a unique view on the lower strato-
spheric water vapour distribution in the Arctic, and present

Correspondence tdvl. Maturilli a valuable dataset for the validation of model and satellite
(mmaturilli@awi-potsdam.de) data. The actual quantity of stratospheric water vapour in the

1 Introduction
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1512 M. Maturilli et al.: Stratospheric water vapour in the vicinity of the Arctic polar vortex

Arctic is an important parameter not only for ozone chem-the long-established NOAA-CMDL hygrometer, and the in-
istry, but also to infer the radiative budget and the resultingstrument has been approved to provide stratospheric water
vertical motion inside the polar vortex. vapour data of similar quality (%mel et al., 2005. Good
In our study, we combine the stratospherigQHprofiles  agreement of the FLASH measurements has also been found
measured by the FLASH-B Lyman-Alpha hygrometer during with ground-based microwave observations (Deuber et al.,
the LAUTLOS campaign and the semi-lagrangian advection2005).
model MIMOSA (Hauchecorne et al., 2002). The model has During the campaign, 11 profiles of water vapour in the
been validated earlier and proven to be an excellent tool testratosphere have been detected by FLASH between 29 Jan-
analyse small scale dynamical structures at the edge of thegary and 25 February 2004. The stratospheric payloads were
polar vortex (Heese et al., 2001;(Mer et al., 2003). To pro- launched at 17:00 UTC, reaching the stratosphere at about
ceed from qualitative studies to the quantitative comparisonl8 UTC. Due to contamination effects while ascending in
of measurements and model analysis, we introduce operadhe plume of the balloon, only descent data are taken into
tional stratospheric ECMWEF specific humidity analyses toaccount. Overall, measurements have been taken inside, out-
be compared with the measured®iprofiles. Taking advan- side and at the edge of the polar vortex according to its lo-
tage of the high resolution achieved with the MIMOSA ad- cation relative to the launch site. During the campaign pe-
vection scheme, we further analyse the Arctic water vapourriod, the lower and mid-stratosphere showed a highly dis-
distribution by applying MIMOSA three-dimensional field turbed temperature and circulation pattern as a consequence
reconstructions to specific humidity fields. of a major warming. At the end of January 2004, the vor-
tex split into one centre over the west-siberian plain and a
second centre over northern Europe. The cold pool was situ-
2 Balloon-borne measurements of stratospheric water ated over Northern Siberia where the main vortex reinforced
vapour in the Arctic during February.
The correlation of the dynamical progression of the po-
During the LAUTLOS campaign in Sodankyl(26.65 E, lar vortex and the stratospheric water vapour distribution is
67.25 N), Finland, in January/February 2004, different analysed by applying the semi-lagrangian advection model
balloon-borne water vapour sensors were launched in comMIMOSA as described in the next sections. The LAUTLOS
bined payloads for intercomparison. The participating in- campaign yields the first dataset of high-resolution strato-
struments suitable for the detection of water vapour in thespheric water vapour profiles in the Arctic over a time period
stratosphere were the NOAA-CMDL frostpoint hygrometer of about 1 month, and thus provides an excellent source for
(Vomel etal., 1995; Oltmans et al., 2000), the Colorado Uni-model validation.
versity cryogenic frostpoint hygrometer and the Fluorescent
Advanced Stratospheric Hygrometer for Balloon (FLASH- ) ) o
B) that has been developed at the Central Aerological Ob3 Behaviour of water vapour in the proximity of the po-
servatory in Russia (Yushkov et al., 1998; 2001). Due to larvortex

the more consistent dataset during the campaign, we rel— the ab ¢ d i dqf . ¢ .
fer in our study to the measurements of the FLASH-B hy- " \'¢ @bSence ot condensation and freezing, water vapour is

grometer, in the following noted as FLASH. The instrument a valuable tracer for stratospheric transport processes since

applies the photofragment fluorescence method (Kley andts photochemical lifetime in the lower stratosphere is in the
Stone, 1978; Bertaux and Dellanoy, 1978) which is base

Oorder of years (Brasseur and Solomon, 1984). Along with the
on the photodissociation of4® molecules when exposed to general circulation, stratospheric water vapour is descending
radiation with wavelengths<121.6 nm (Lyman-Alpha hy-

inside the polar vortex, causing both a vertical gradient with
drogen emission), here provided by a hydrogen discharg@!gher mixing ratio in higher altitudes, and a horizontal gra-
lamp. The generated electronically excited OH relaxes to

dient across the vortex edge. The vortex edge itself is usu-
the ground state by fluorescence in the 308-316 nm rangea,"y not characterized by a simple first order discontinuity in
as well as by collision with air molecules. FLASH detect

s potential vorticity, but tends to filamentation caused by the
the OH fluorescence with a photomultiplier run in photon

irreversible breaking of planetary waves (Appenzeller and
counting mode, and the intensity of the fluorescent light iSHoIton, 1997). These mesoscale filament structures and the
directly proportional to the water vapour mixing ratio un-

according distribution of tracers in the proximity of the polar
der stratospheric conditions with negligible oxygen absorp-vorte);_lfli_re cortrr]]monlyt smu(ljatedt_usTg E'ther th\?vrevehrs? O:O'
tion. As the instrument uses an open layout it is only suit-Man fitling orthe contour advection tec nique (Waugh etal.,
able for nighttime measurements at solar zenith angles larg

eJr994; Newman et al., 1996). Also Lagrangian models have
than 98. FLASH-Bis a Iight-\(veight(vl kg)' and smaI.I size Lyémel, H., Yushkov, V., Khaykin, S., Korshunov, L., KyrE.,
(150 mmx 200 mmx 350 mm) instrument with an estimated and Kivi, R.: Intercomparisons of stratospheric water vapor sensors:

total uncertainty of less than 10% under stratospheric con+LASH-B and NOAA/CMDL frost point hygrometer, J. Geophys.
ditions. The FLASH measurements have been validated byRes., submitted, 2005.
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Fig. 1. Upper panel: MIMOSA modified PV (Lait, 1994) normalized at 475 K, with contour lines every 6 PVU for the time period 01 to
25 February 2004 above SodarikyCentre panel: MIMOSA equivalent latitude (Nash et al., 1996) with contour lines e¥éoy Bie same

period, with dotted lines indicating the date of the profiles shown below. Lower panel: Profiles of water vapour from ECWMF T106 analyses
(black lines), and as measured by FLASH (black crosses) on 06, 11, 17, and 23 February 2004.

proven to reliably reproduce filamentary structures especiallywind and temperature data extracted on pressure levels with
in the polar regions (e.g. McKenna et al., 2002). In our1.125x1.125 horizontal resolution, the MIMOSA trans-
study, we apply the semi-lagrangian advection model MI-port scheme produces tracer fields with°Oh®rizontal res-
MOSA (Hauchecorne et al., 2002) to the period of the LAUT- olution on interpolated isentropic surfaces. To analyse the
LOS campaign. Based on the operational 6-hourly ECMWFdynamical influence on the measured water vapour profiles,

www.ann-geophys.net/24/1511/2006/ Ann. Geophys., 24, 18321-2006
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ECMWF _ FLASH tional PV’s exponential growth with height for an isother-

mal atmosphere. While the first stratospheric payloads were
launched inside of the vortex, the station was clearly out of
the vortex after 8 February 2004. In the last third of the cam-
paign, the soundings were performed in the vicinity of the
vortex edge, as confirmed by the vortex edge criteria defined
by Nash et al. (1996). In the centre panel of Fig. 1, a similar
cross-section shows the equivalent latitude estimated from
the PV field according to Nash et al. (1996). The equivalent
latitude represents the latitude that an air mass would have
if the polar vortex was centred at the pole, as the Ertel PV
isolines are transformed on an equivalent area map projec-
tion, symmetrically arranged around the pole. The advected
equivalent latitude thus allows a better characterization of the
air mass origin in terms of original location relative to the po-
lar vortex rather than in terms of geographical latitude. Un-
derneath the cross-sections, examples of water vapour pro-
400 files measured by FLASH are given together with the wa-
-3 3 ter vapour profiles from the closest grid point in operational
.y ECMWEF analyses (Fig. 1, lower panel).
HZO DeV|at|O n / p pmV On 6 February 2004, the secondary vortex centre was cov-
ering northeastern Scandinavia, and the balloon entered the
Fig. 2. Difference in water vapour mixing ratio between ECMWF Vortex at about 400 K. The smooth increase of water vapour
T106 analyses and the 11 FLASH measurements (grey lines), thevith altitude observed by FLASH represents the typical ver-
mean deviation profile (black line) revealing that the ECMWF anal- tical distribution inside the polar vortex, where large scale
yses are about 1 ppmv drier than the observations. descent replenishes water vapour from the high stratosphere.
While below the polar vortex, in the lowermost stratosphere,
a water vapour mixing ratio of about 4 ppmv is found, val-
the MIMOSA model is operated advecting potential vortic- ues above 550K exceed 6 ppmv. The high equivalent lati-
ity (PV) in order to reproduce the large and fine scale structude confirms that the hygrometer sampled air from inside
tures of the polar vortex. It should be mentioned that ad-the vortex.
vected potential vorticity is a derived quantity that is con-  The polar vortex had then moved further eastward, leaving
served on isentropic surfaces and correlates with the ozongcandinavia under the influence of mid-latitude and tropical
or water vapour concentration in the lower stratosphere. Ad-air in the stratosphere on 11 February 2004. FLASH has
vected potential vorticity values are probably higher than PVdetected air from clearly outside of the polar vortex. Water
within filaments since the latter is poorly conserved due tovapour mixing ratios are about 4 to 5ppmv throughout the
radiative and dynamical processes. In order to correct fofprofile, as typical for mid-latitude air (Ovarlez and Ovarlez,
diabatic changes, the advected PV field is continuously re41994; Schiller et al., 1996). Equivalent latitude values ranges
laxed toward the ECMWF PV (that takes into account for from 45° in the lower part of the profile to 25n the upper
radiative processes and vertical descent) with a time constargart.
of around 10 days. In fact, potential vorticity is assumed to  On 17 February 2004, the vortex was located northeast of
be conserved on isentropic surfaces in the lower stratosphergcandinavia with large filaments wrapped around the edge
in a period of 1- 2 weeks (Hauchecorne et al., 2002). A firstcaused by the stirring dynamics of the preceding days. The
comparison between MIMOSA advected potential vorticity balloon trajectory transits mid-latitude air, polar air and air
and water vapour in the lower polar stratosphere has beefrom lower latitudes. The measured water vapour peaks at
found a good proxy to qualitatively explain water vapour lay- altitudes of 525 K and 450 K potential temperature, indicat-
ering (Muller et al., 2003). ing the encounter of polar vortex filaments. While the mid-
As the polar vortex deformed and shifted largely dur- latitude air holds less than 5 ppmw@, the vortex filament
ing the LAUTLOS campaign, the balloon-borne instrumentsat 525K holds about 6 ppmv 4@. The equivalent latitude
launched in Sodankildetected different parts of the polar field shows the presence of layers originating in mid-latitude
vortex' interior and exterior as shown in Fig. 1. In the upper regions (lower part of the profile) and at the vortex edge
panel, the MIMOSA results of PV advection on isentropic (525K). In the upper part of the profile (575K), air from
levels are presented as contour cross-section in function dbwer equivalent latitudes (3 pronounces the strong verti-
time and altitude, applying modified PV according to Lait cal water vapour gradient observed around the polar air peak
(1994) normalized at 475K in order to remove the conven-at 525 K.

Ann. Geophys., 24, 1511521, 2006 www.ann-geophys.net/24/1511/2006/
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Fig. 3. Water vapour from ECMWF advected with MIMOSA on the 555K level on 17 February 2004 (left) and on 23 February 2004 (right).
The black line shows the location of the cross-section shown in Figs. 7 and 8.

By 23 February the polar vortex had shifted towards Scanthe water vapour quantity, the measured profiles are now
dinavia, however the modified PV shows that it was rathercompared to the stratospheric water vapour distribution as
the inner vortex edge region that covered the stratosphergiven by the operational ECMWEF stratospheric humidity
above Sodank@l. The complex structure of the measured analyses. The ECMWF parameter specific humidity has been
water vapour profile again indicates the influence of differ- converted to water vapour volume mixing ratio by multi-
ent air-masses. Below 450K, the constant values of abouplying with 1.6x1C® in order to allow the direct compari-
4.5ppmyv are obviously related to air originating from the son with the humidity quantity measured by the FLASH in-
mid-latitudes, as confirmed by the equivalent latitude. Abovestrument. In the vertical, the ECMWF analysis data have
that level, the profile is composed by interleaving layers orig-been interpolated to potential temperature levels with steps of
inating from middle to high equivalent latitudes, giving a 25K. A first confrontation of ECMWF analyses and FLASH
very irregular vertical gradient to the measured water vapourmeasurements is given by the water vapour profiles in Fig. 1

Overall, the high-resolution PV fields and equivalent lat- (lower panel).
itude simulated with MIMOSA allow to interpret the differ-

ences in the measured water vapour profiles to be caused tn/l Tr? rsystlergagcgllzgr;alyfeﬁ'l[he ﬂe\\/llatlg)n (r)1f a(ljl pr:)flclief, ttf;]e
the different origin of air, with vortex air containing about 1— gn-resolutio profiies have been adapted to the

2 ppmv more water vapour than the surrounding midlatitude25 K height steps by averaging the water vapour mixing ra-

air. The good correlation of MIMOSA PV structures and the tio in the according theta level +/5K. The deviation of the

observed water vapour profiles implies that the lower strato-oDer"’ltIonal ECMWF humidity analyses from the measured

spheric water vapour distribution in the absence of conden-prOfIIes up to 625K is shown in Fig. 2. Obviously, in the

sation is controlled by dynamics which are well representeojOWer stratosphere above 400K the analysis data are gener-

: L . ally much dryer than the observations. No dependence on
he horizontal wind field provi ECMWEF. . . . .
by the horizonta dfield provided by EC the location relative to the vortex was substantiated, e.g. if

the profile was detected inside, outside or at the edge of the
4 Comparison with Stratospheric hum|d|ty ana|yses polar vortex. Yet, Iooking Separately at each of these three

subgroups assorted according to the relative vortex location,
The observed vertical water vapour distribution has qualita-it was found that the deviation slightly increased with time
tively been proven to be affected by large scale vortex de-during the campaign period, indicating a possible problem
scent and mesoscale processes at the vortex edge. Regardwgh the vertical replenishment in the model. On average,

www.ann-geophys.net/24/1511/2006/ Ann. Geophys., 24, 18321-2006



1516 M. Maturilli et al.: Stratospheric water vapour in the vicinity of the Arctic polar vortex

06 Feb 2004 11 Feb 2004 17 Feb 2004 23 Feb 2004
T |#v T T ++| T T LARRARANT T T T
600 | g o{e00f 600 : {600} o
550 1550 550 %@ 550} ¢++# ]
R 2. o
- R %
= ; O
© 500 1500 15001 § 1500 : %‘:
pe ] H qg;
E : P4
450} 1450 lasol i & {a50}
400 400 o dt00b i & 1400 1
3 4 5 6 7 3 4 5 6 7 3 4 5 6 7 3 4 5 6 7
H20 {ppmv} H20 {ppmv} H20 {ppmv} H20 {ppmv}

Fig. 4. Profiles of water vapour on 06, 11, 17, and 23 February 2004 as measured by FLASH (black crosses), as well as from ECMWF
analyses advected with MIMOSA (black lines).

a dry bias of about 1 ppmv is found throughout the lower gions where strong gradients in humidity occur. Obviously,
stratosphere, accounting for a relative difference from thethe largest horizontal water vapour gradient is found at the
measurements in the order of 20%. polar vortex edge where filamentation leads to laminae struc-

Improvement of the WO model representation in the tures in the ve.rtical KO p_rofile. Due to the small S(_:ale
lower stratosphere is expected to be achieved by reconstructlUCtUres, a high resolution of transport Processes 1s nec-
ing the analysis humidity distribution with the MIMOSA ad- essary to resolve the vortex edge region and the according
vection scheme. In a first approach, the MIMOSA transporttracer distribution in a realistic way. Th? MIMOS.A horizon-
is directly applied to the operational ECMWF analysis hu- tal trerl]nshportbbaseddon the ECMWF wind fle(de IS pro?./en. tol
midity as initial tracer. The fine scale horizontal watervapourmat(? the o Serve _trage gas structqres and to qua |ta.t|ve y
distribution from MIMOSA-ECMWF on the 555 K potential provide the HO dIStI"Ibl.Jtlon in the Arctic stratosphere. Stl!l,
temperature level is shown in Fig. 3 for 17 and 23 February._the quantitative deV|at|or_1 of the M.lMQSA advected humid-
The first case is characterised by the presence of an elorﬁy to thE mdeasbgred_ progles :jeLnalr;]s !n_t_h?é)(r:d'\i\rlvog Lppmv
gated filament peeled off the polar vortex. A thin tongue of uﬁ to_ tr? r):j. 1as mtlro uce U Yt ?El(r:]:;[/II%VF d §tr:atrc])-
mid-latitude air originating from the North Pacific region is spheric humidity analyses. Using ata with the

enclosed by the filament and the vortex. By February 23 th igher vertical resolution of model levels instead of pressure
polar vortex had moved, covering the northern part of SCan_evels may result in a better representation of small scale

dinavia while the major part of the former vortex filament _structure_s, bl_:_thha&l&%ssig\ngiéiﬂn\}vrﬂuemﬁ on the E“m‘d'
is now explicitly separated from the vortex. In fact, higher ity quantity. € - overall stratospheric

water vapour mixing ratios originating from vortex filamen- water vapour distribution above Sodariys shown in the

tation are now found in the North Pacific region. Similar phe- altitude-time cross-section in Figure 5, reflecting the vortex
nomena on larger time scales have been described by Dur ovement above the station as described by the modified PV

and Hauchecorne (2005) for mid-latitude stratosphes©H Fig. 1.
soundings during early summer. As for the Sodaaky#O In a second approach to improve the@imodel repre-

measu_rement on 23 February, the hygrometer was IaunCheéjentation, the correlation between water vapour and mod-
m_the nner vortex edge region Whgre both®irich and . .ified PV is used to reconstruct the,@ distribution with
drlgr ar-masses are present, originating from polar and mld'MIMOSA. Here, the quantitative correlation between mea-
latitudes, respectively. sured water vapour and MIMOSA modified potential vortic-
In Fig. 4, some examples of 3@ profiles resulting from ity (MPV) is calculated on individual potential temperature
the MIMOSA advection of ECMWF humidity are shown to- (®) surfaces, for convenience grouped to 3 major potential
gether with those measured by FLASH. For the profiles com-temperature layers centred at 395K, 490K, and 595K, re-
posed of layers with different origin (e.g. 17 and 23 Februaryspectively. These layers (350 to 440K, 440 to 540K, and
2004), MIMOSA is capable to produce filamentary struc- 540 to 630 K) have been chosen to cover the maximum num-
tures in water vapour. Generally, the largest improvementder of available measurements as well as the maximum vari-
of the MIMOSA three-dimensional field reconstruction com- ability in PV. For all February measurements, thgCHdata
pared to the operational ECMWEF analysis are found in re-are included and combined with the MIMOSA MPV values

Ann. Geophys., 24, 1511521, 2006 www.ann-geophys.net/24/1511/2006/
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Fig. 5. Water Vapour from ECMWEF analyses advected with MIMOSA, for the time period 1 to 25 February 2004 above Sada@hkyl
dotted lines indicate the date of the profiles shown in Fig. 4.
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(red), and 595 K (yellow), with the vertical lines indicating the standard deviation for all measurements attributing to the according potential
temperature range (350 to 440K, 440K to 540K, and 540K to 630K, respectively).

on ®-levels in steps of 10K, thus about 1006BGMPV data  vapour field for the MIMOSA advection is then generated
pairs contribute to the correlation of each potential temper-via the PV field by applying the retrieved empirical correla-
ature layer shown in Fig. 6. Clearly, the validity of such tion. The approach is justified by the fact that the compar-
an empirical correlation between water vapour and modifiedson between MPV and water vapour has been shown to be
potential vorticity is restricted to the time and region of en- robust. Nevertheless, this second method can be considered
hanced stratospheric water vapour measurement activity, resalid only for the PV range where sufficient water vapour
spectively, as well as to conditions where stratospheric watedata points are available.

vapour can be considered a passive tracer. The initial water

www.ann-geophys.net/24/1511/2006/ Ann. Geophys., 24, 18321-2006
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Fig. 7. Longitude-altitude cross-section for the transect on 17 February 2004 indicated in Fig. 3, showing ECMWF water vapour advected

with MIMOSA (left) and reconstructed water vapour applying the empirical MP®Horrelation to MIMOSA PV fields (center). The
right panel shows the profiles from ECMWF humidity analysis (black line), MIMOSA humidity reconstruction based on ECMWF humidity
(dotted line), MIMOSA humidity reconstruction based on MPV correlation (dashed line), and as measured by FLASH (crosses).

The altitude-longitude cross sections of the water vapourall bias. In general, the measured® data show a larger
distribution as reconstructed with both approaches, the Ml-variability at the edge of the polar vortex with respect to the
MOSA advection applied directly to ECMWF humidity on ECMWF analyses humidity. Combined with the broad range
the one hand and associated with the empiricgDHIPV of PV values in the vicinity of the vortex, a more detailed
correlation on the other hand, are shown in Figs. 7 and 8&nd more accurate description of the verticaOHgradient is
together with the measured water vapour profiles above Soachieved when applying the;®-MPV reconstruction.

danky® for 17 and 23 February, respectively. Similar analysis can be carried out for 23 February, when

On 17 February, the filamentary structure identified earliermeasurements were taken in the proximity of the vortex
in the horizontal map appears from 500 K to 600 K in the ver-edge. The constant low water vapour values measured be-
tical and is tilted with longitude. Moreover, air with low,©® low 450 K suggest that the hygrometer was outside the polar
mixing ratio is confined between the filament and the vortex.vortex in this lower part of the profile. Above, it is possi-
The water vapour distribution achieved from theGHMPV ble to identify a main layer of vortex air, interleaved with
correlation shows a similar pattern, but the absolute valuesemnants of mid-latitude air between 500 and 525K, and by
cover a wider range and the filament appears more clearlynner-vortex air at 550 K. Both ECMWF humidity and MPV-
defined. In fact, the comparison of the measured and reconH,O MIMOSA reconstructions qualitatively show the pres-
structed HO profiles (Fig. 7, right panel) shows that the PV- ence of such structure, but only the PV-based reconstruction
based reconstruction allows not only to reproduce more acimproves also quantitatively by better representing the verti-
curately the vertical gradient but also to minimise the over-cal gradient and significantly reducing the bias.

Ann. Geophys., 24, 1511521, 2006 www.ann-geophys.net/24/1511/2006/



M. Maturilli et al.: Stratospheric water vapour in the vicinity of the Arctic polar vortex 1519

Reconstructed H20

UARRR RN RARRRRRE RRERRRRRRRNRRRRRRRRN
.

-

600 -

550

Theta
Theta
Theta {K}

o

=3

=)
T

450

40001111

10 20 30 40 50 10 20 30 40 50 3 4 5 6 7
Longitude Longitude H20 {ppmv]}

H20 {ppmv}

Fig. 8. Longitude-altitude cross-section for the transect on 23 February 2004 indicated in Fig. 3, showing ECMWF water vapour advected
with MIMOSA (left) and reconstructed water vapour applying the empirical MR®Horrelation to MIMOSA PV fields (center). The

right panel shows the profiles from ECMWF humidity analysis (black line), MIMOSA humidity reconstruction based on ECMWF humidity
(dotted line), MIMOSA humidity reconstruction based on MPV correlation (dashed line), and as measured by FLASH (crosses).

5 Discussion yet implemented (Simmons et al., 1999). This high level
H,O source has now been amended, and the representation

It has been shown that MIMOSA is able to reproduce weak®f the ECMWEF stratospheric humidity distribution has been

water vapour filaments from ECMWF analysis humidity, but further improved with the higher vertical resolution of the
obviously the large bias induced by the initias® field ex- model, as transport processes are reproduced on more real-

ceeds by far any improvement introduced by the better relojstic timesqales in the 50-level simulations (Simmons gt al.,
resentation of the dynamical field. When comparing the wa-1999)- Yetin the ECMWF analysis system, stratospheric hu-
ter vapour data given by the initial ECMWF humidity field Midity evolves solely according to the dynamical and param-
and the balloon-borne FLASH measurements, large discrepgterized physical processes within the model and thus de-
ancies are found because the model strongly underestimaté$nds completely on the tropical tropopause temperature as
the lower stratospheric humidity. While we focus on the Arc- Stratospheric entry parameter, as well as on the strength of
tic lower stratosphere, similar deviations of the model haveth® meridional circulation.

been noted earlier for aircraft measurements in the extra- The underestimation of stratospheric humidity may lead to
tropical UTLS region (Ovarlez et al., 2000) and for UARS large errors e.g. in the calculation of radiative heating rates,
data in the tropical middle stratosphere (ECMWF Newslet-or in the determination of the potential polar stratospheric
ter No.82www.ecmwf.int/publications/newslette)s/ It is cloud volume that critically depends not only on tempera-
known that ECMWF stratospheric analyses had been too dryure but also on the water vapour mixing ratio (Hanson and
when methane oxidation in the upper stratosphere was ndvlauersberger, 1988; Marti and Mauersberger, 1993). Our
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study underlines the need for further reliable measurementsiation of the model from the observations emphasizes the
of stratospheric water vapour for the validation of climate problem in using ECMWF analysed stratospheric humidity
models. for e.g. the calculation of radiative heating rates.
To achieve an improvement of the simulated stratospheric
water vapour in the vicinity of the polar vortex, we calcu-
6 Summary lated the quantitative correlation between water vapour mea-
sured during the LAUTLOS campaign and the modified po-
During the LAUTLOS campaign in January and February tential vorticity. The MIMOSA transport scheme was then
2004, water vapour profiles have been measured from Sanitialised with the given MPV-correlated water vapour dis-
dankyh, Finland, by different balloon-borne sensors. The re-tribution, reproducing water vapour mixing ratio in good
trieved dataset of high-resolution stratospheric water vapoutigreement with the measurements. The method may improve
profiles observed by the Russian FLASH-B instrument pro-the model description of the water vapour in the stratosphere,
vides an excellent source for model validation in the Arc- but is clearly restricted to periods of enhanced stratospheric
tic region, as the measurements cover a period of about ong,0 measurement activity.
month. As the polar vortex deformed and shifted during the The presented comparison has impressively proven that
campaign period, the water vapour mixing ratio was detectedhere is a large dry bias in the ECMWF analysis represen-
inside and in the vicinity of the polar vortex. To analyse tation of stratospheric water vapour in the Arctic, and that
the effects of the winter stratosphere dynamics on the watefuture regular measurements of water vapour in the polar re-

vapour distribution, we combined the@ profiles measured  gions are essential for the validation and improvement of cli-
by FLASH with the semi-lagrangian advection model MI- mate models.

MOSA. By correlating water vapour and potential vorticity
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