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Abstract. We use the 3-D FinROSE chemistry trans- tions and FInROSE show a decrease of ozone of 20—30 % at
port model (CTM) and Atmospheric Chemistry Experiment 30-50 km from mid-February to mid-March. In the model,
Fourier Transform Spectrometer (ACE-FTS) observations tathese ozone changes are not related to the descent but are due
study connections between atmospheric dynamics and midto solar activation of halogen and N©hemistry.

dle atmospheric NQ(NOx =NO + NOy) distribution. Two
cases are considered in the northern polar regions: (1) de-
scent of mesospheric NOn February—March 2009 after a
major sudden stratospheric warming (SSW) and, for com-
parison, (2) early 2007 when no N@escent occurred. The In the Stratosphere odd nitrogen (N@ NO + NOZ) is pro-
model uses the European Centre for Medium-Range Weathefuced mainly by oxidation of nitrous oxide §8). Sig-
Forecasts (ECMWF) operational data for winds and temperjficant production occurs also in the lower thermosphere,
ature, and we force Nat the model upper altitude bound- around 110km, through photoionization of By extreme

ary (80 km) with ACE-FTS observations. We then comparejtraviolet (EUV) and soft X-ray radiation. In the polar re-
the model results with ACE-FTS observations at lower alti- gionS, another important and highiy Varying source OfXNO
tudes. For the periods studied, geomagnetic indices are lows jonizing energetic particle precipitation directly affecting
which indicates absence of local N@roduction by parti- a3 wide range of altitudes from the thermosphere down to the
cle precipitation. This gives us a good opportunity to study stratosphereRarth, 1992 Vitt et al., 2000. Because NQ
effects of atmospheric transport on polar NOThe model  |oss is driven by photodissociation, in the absence of solar ra-
results show no NQdescent in 2007, in agreement with djation NQ, is chemically long-lived and therefore strongly
ACE-FTS. In contrast, a large amount of N@escends in  affected by atmospheric dynamics.

February-March 2009 from the upper to lower mesosphere |n the recent years, observations have shown that dur-
at latitudes |al’gel‘ than B(N, i.e. inside the pOlal’ vortex. |ng winter times NQ can be eﬁectiveiy transported down-
Both observations and model results suggesk N@reases  wards inside the polar vortexegnke et al. 2005 2007

of 150-200 ppb (i.e. by factor of 50) at 65km due to the de-Haychecorne et al2007 Seppla et al, 2007 Randall et
scent. However, the model underestimates the amount of 2009, after NQ, is produced by particle precipitation
NOyx around 55 km by 40-60 ppb. According to the model jn the mesosphere-lower thermosphere (MLT). Although the
results, chemical loss of NOs insignificant during the de-  satellite observations of NQoften cover altitudes up to
scent period, i.e. polar NOs mainly controlled by dynam-  middle mesosphere only, the connection to lower thermo-
ics. The descent is terminated and the polarNounts  spheric NQ production has been established using VLF
return to pre-descent levels in mid-March, when the polar\ery Low-Frequency) radio propagation data in the case of
vortex breaks. The break-up prevents the descending NOthe 2004 descent ever€llverd et al, 200§. Previously
from reaching the upper stratosphere, where it could particiit had already been suggested that,N@nsport could pro-
pate in catalytic ozone destruction. Both ACE-FTS observavjge a connection mechanism between particle precipitation
in the MLT region and stratospheric ozorigo{omon et a|.
1982 Siskind et al. 1997 Callis and Lambet1998. Sev-
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atmospheric compositionggel et al, 2008 Baumgaertner condition (UBC) based on ACE-FTS observations between
et al, 2009 Reddmann et gl2010. Callis et al.(2000 sug- 75 and 85 km altitude. Compared to earlier studies of other
gested that changes in N@oncentrations due to particle NOy descent events utilizing ECMWF data (eviggel et al,
precipitation and variations in transport could have a com-2008 Reddmann et 312010, in this study we use ECMWF
parable effect on the amount of ozone in the upper stratooperational analyses for dynamics up to 80 km, which gives
sphere as changes in UV radiation at lower latitudes. At mid-us the opportunity to study the N@escent starting as high
dle to high latitudes this coupling between N@nd ozone as from the upper mesosphere. The 3-dimensional CTM used
may have a significant effect, again comparable in magnidin this study provides a complete coverage of the polar area,
tude to that of UV radiation, also on the dynamic3al- which thus enables also the study of any possible changes in
lis et al, 200% Langematz et al.2005. It has even been o0zone concentrations not seen by ACE-FTS due to its lim-
suggested that these changes could affect the polar regiondkd spatial coverage. For comparison, we also simulate the
ground-level climate although the linking mechanisms arewinter of 2007 when no comparable SSWs or Nd&scent

not yet understoodRozanov et a).2005 Seppla et al, was observed.

2009 Baumgaertner et al2010. Also other mechanisms

connecting geomagnetic activity and middle atmospheric dy-

namics have been proposedmold and Robinsor(200) 2 Model and measurements

suggested a coupling of geomagnetic activity to atmospheri
waves. Lu et al. (2008 suggested that geomagnetic and
far-UV perturbations might haye an indirect conne_ction 10 FinROSE is a global 3-dimensional CTM designed for mid-
the stratosphere. Along the lines Afnold al_wd_ prlnson dle atmospheric studie®amski et al. 2007. The model
(2003, Lu et al.(2008 also concluded that this is likely due gy namics (i.e. temperature, horizontal winds and pressure)
to coupling between the mean flow and atmospheric waves, e from external sources i.e. changes in atmospheric com-
Satellite observations have shpwn that exceptionally Strongbosition do not affect the model dynamics. Vertical wind
NO descent events occurred in 2004, 2006 and 2009 aftejg 5|cylated inside the model by using the continuity equa-
sudden stratospheric warming everfagdall et al.2009  ion | this study FinROSE is run with 41 vertical levels
Manney et al.2009. These events are related to reforma- (0-80 km), a horizontal resolution of 16 5° and is driven

tion of the vortex following its split/displacement. One of by operational analyses from ECMWF. The analyses are

the strongest major SSWs on record occurred in the Northerfy,seq on ECMWF simulations of a general circulation model
Hemisphere in January 2008lgnney et al.2009. Accord- (G M) using four dimensional data assimilation (4D-VAR).

ing to observations of the Microwave Limb Sounder (MLS), The horizontal resolution and the number of vertical levels
the stratopause broke down in late January and then reformeg| FinROSE can be modified depending on the resolution of

at very high altitudes around 80km. During the major SSW o meteorological data. The model calculates distributions

the polar vortex split, but reformed after the SSW in the upperg¢ 49 species and families taking into account both chemistry
stratosphere where it became stronger than it initially was

and dynamics. However, only to the long-lived constituents
Randall et al(2009 used ACE-FTS data and showed that 5re transported. The model includes about 120 homoge-

following the SSW stratospheric Nancreased due to strong - haqs reactions and 30 photodissociation processes. Chem-
downward transport by factor of approximately 50 comparedc| kinetic data, reaction rate coefficients and absorption

to winters without descent events. Because geomagnetic a¢goss.sections are taken from look-up-tables based on the Jet

Fivity was low at th_e time, ind_icating tha_t th.ere was n_o signif- Propulsion Laboratory compilation ander et al(2008),
icant NQ, production by particle precipitation occurring, the |, ding updates from the available supplements. Photodis-

NOx enhancement in 2009 was likely driven by the meteorol-qiation frequencies are calculated using a radiative transfer

ogy. Randall et al(2009 further concluded that significant ., qel Kylling et al., 1997. In addition to homogeneous

effects on ozone were neither expected nor observed sinCghemistry, the model also includes heterogeneous chemistry,
the descending NPenhancements never reached altitudes

; : i ““~}.e. formation and sedimentation of PSCs and reactions on
where NQ is most effective at catalytic ozone destruction. PSCs. Chemistry is not defined in the troposphere, but the

However, they also pointed out the limitations of these con-y4hospheric abundances are given as boundary conditions.
clusions, which were based on data not covering the wholey; the ower boundary, monthly averages from ECMWF are
polar night region. used for ozone and water vapour, while methane is relaxed

In this paper we analyse the dynamics and meteorology,\arqs climatological distribution and other long-lived trace
of the winter of 2009 in the northern polar region using gases towards long time trends.

ECMWF operational analyses. Building on the observational

analysis ofRandall et al(2009, we use the FInROSE chem- 2.2 Observations

istry transport model (CTM) to simulate this winter and the

strong descent event of NOThis is done by constraining the We have used observations from the FTS (Fourier Trans-
model NQ, by enforcing a time-dependent upper boundary form Spectrometer) instrument onboard the ACE satellite

°z.1 Chemistry transport model FinROSE
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Fig. 1. Daily medians of ACE-FTS measurement locations north 6fQtop) in 2007 (blue asterisk) and 2009 (red asterisk). The figure

also shows mean NQconcentrations measured by ACE-FTS between 75-85 km altitudes (red crosses) and two-day means calculated from
the observations (blue line) for 2007 (middle) and 2009 (bottom). Two-day means for 2009 are based on interpolated values between 10 and
28 February (blue circles).

(Atmospheric Chemistry ExperimenBérnath et al.2005. previous two-day mean. The UBC is taken uniform at ev-
ACE-FTS is a solar occultation instrument launched in 2003.ery grid point between 6IN-9C N. It should be noted that
The instrument operates in the wavelength region of 2.2-the instrument changed the direction of the measurements
13.3 um and measures vertical profiles of temperature, presowards lower latitudes after the 5 February, which can be
sure, density and 18 atmospheric constituents in the altiseen as a decrease of about 400 ppb in the 2009 riNi®-

tude range of 10-150km. Figufeshows the daily medi- ing ratios (Fig.1). Around 16 February ACE-FTS continued
ans of the measurement locations north gfl80n January—  measuring on northern latitudes §0° N) and NG, concen-
March 2007 and 2009. We have calculated the median onlyrations increased because of this. The effect can be seen as
when there are at least five measurements available during minimum in the 2009 N@mixing ratios between 10 and

a day. Otherwise the measurements for that particular dap8 February in Figl. This means that the ACE-FTS mea-
have been neglected. In most cases ACE-FTS makes abogtirements do not give a representative general view of the
10 measurements per day. The figure also shows that thsituation in the polar region during this time period. To re-
measurements represent almost the same latitudes from yeduce the influence of the change in the measuring direction,
to year. Measuring error for NOdepends on altitude and we replaced the 2009 ACE-FTS observations with interpo-
concentration (not shown) so that at 80 km altitude the erJated values over the minimum (blue circles in Fig.and

ror is 1-3 % for mixing ratios such as in late February—earlyneglected the largest values. This is somewhat arbitrary, but
March in 2009 and increases up to 10-15 % forNounts  perhaps the best approach taking into account the lack of us-
observed in January 2009. able data in this time period.

In this study we use ACE-FTS observations of N& an
UBC for FINROSE (Figl). We first calculated daily medi- 3 Results
ans from the observations northward of 80for 2007 and
2009. As a result we got one value per day representing ap3.1  Meteorological conditions
proximately a zonal average at the median latitude. Using
these daily values we then calculated two-day means, whiclin this section we use the ECMWF operational data to anal-
we in this study use at the upper boundary of the modelyse the meteorological conditions and their differences in
This two-day mean value is used on every time step for twoearly 2007 and 2009. We are aware of the possible short-
days after which the next two-day mean is used. In case otomings of the datalanney et al.2008, but for this study
missing data for both of the days in question, we use thdt is important that the ECMWEF fields extend up to 80 km,

www.atmos-chem-phys.net/11/4645/2011/ Atmos. Chem. Phys., 11, 46852011
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Fig. 2. ECMWF zonal mean temperature (K) and zonal mean zonal wind &at 75 N as a function of time and altitude for winters 2007
and 2009.

allowing us to model the NQdescent starting as high as latitude. The poleward temperature gradient reversed during
from the upper mesosphere. both winters. In 2007 the temperature increase was fairly

Figure2 shows zonal mean temperature (two top panels)_s'm‘?II (v10K) and lasted only about 10 days. The warm-
and zonal mean zonal wind (two bottom panels) & N5 ing in 2009 was more pronounced and the temperature gra-

for 2007 and 2009 as a function of time and altitude. Thedi€nt was positive for approximately 20 consecutive days in

meteorological conditions show remarkable differences be—the polar region. The figure also shows that the zonal mean

tween these two years. The winter of 2007 was rather Sta\_/vind at 10 hPa reversed from westerly to easterly at the same
ble whereas early 2009 was dynamically quite exceptionaf'rg_e whenhthe temperature gradlen(tj l?e(t:)an;]e pOS'twe' This
as the stratopause warmed and dropped below 30 km in latd! |catﬁs t _at a major SSW occurred In otd_wm':)er;. HOW'
January. In early February the stratopause reformed arounave:j’_t_ e s,tuau;m 'Tj 2007 Le.t%rr?e to undistur ef Wlnt_er
80 km, which led to very low temperatures between 30 andconaitions in a few ays, which IS more common for mi-
50km. The same figure also shows that the warming in"°r SSWs. In'2'009 the qu reversal to westerly took abqut
2009 was accompanied by a rapid change in the direction of’hne month, giving ﬁnm/llgh time for thﬁ vortexhto re_CO\_/erf n
the zonal flow (from positive/westerly to negative/eas;terly),t € upper stratosphere °"fV_er mesosp he re. The Cl’ltel’l?)l orka
which persisted until early March. This one month period major SSW in 2009 were first met on the 24 January (blac

of easterly winds in 2009 led to low wave activity above the vertic;al dgshed line). q L(2 hat th
critical level, which for stationary waves corresponds to a It has been suggested Byanney et al(200§ that the

level where the zonal wind speed equals to zero, and enable_'(:jCMWF operational a_nalyses l_mderestimate the variati_ons
the formation of a strong polar vortex, which did not break " th_e_ stratopause a'“t!Jde during extreme meteorological
until early March. Changes in the wind direction took place qu;]d't'onﬁ: Ths operguonalfanalysesdagree, however(:j.well
also in early and late February 2007, but these changes lastd}fh satellite observations of MLS and SABER (Sounding

only for at most~10 days. Extreme changes in stratopause0 the Atmosphere using Broadband Emission Radiometry)

temperatures, as in 2009, did not occur in early winter stratopause temperatures. Compared to the

] o ) MLS measurement$fanney et al.2009 the ECMWF oper-
According toMclinturff (1978, the criteria for a major  ational analyses underestimate the altitude of the stratopause
SSW are fulfilled when the latitudinal mean temperature atreformation in 2009 by about 5km. The zonal wind, in-
10hPa £30km) or below increases poleward of'80and  stead, resembles MLS measurements also at higher altitudes.

the zonal winds are reversed from westerly to easterly in thege|ow 50 km altitude the MLS observations and operational

zonal mean zonal wind at 10 hPa as a function of time and

Atmos. Chem. Phys., 11, 4648655 2011 www.atmos-chem-phys.net/11/4645/2011/
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Fig. 3. ECMWF zonal mean temperature (K) and zonal mean zonal Windérhai 10 hPaf30 km) as a function of time and latitude. The
vertical black dashed lines in figures representing the year 2009 show the date when the criteria for the major SSW were fulfilled.

3.2 NO descent tion is thus similar to the upper stratospheric vortex recovery
that occurred after a SSW in winter 2005/2008afiney et
Figure4 presents N@ observations measured by ACE-FTS al., 2008. In mid-March the descent stopped and N¢édn-
in 2007 (top) and 2009 (bottom). Plotted are daily medi- centrations decreased back to the level on which they were
ans north of 60N, which correspond to measurement loca- before the SSW. At this time the stratopause had already re-
tions shown in Figl. The observations show that there were formed and the zonal winds had started to reverse back to
large differences in the distribution of NChbetween years westerly (Fig.2) allowing planetary waves to propagate up-
2007 and 2009. In 2007 the mesospheric maximum of NO ward, interact with the vortex, and mix the low-N@ir from
reached 60-65 km in the beginning of the year and then aseutside the vortex with high-Ngair inside the vortex.
cended towards the spring. This can be explained by changes Figure5 shows NQ timeseries calculated from FinROSE-
in the zonal mean temperature and wind fields (F&yand ~ CTM results. The data are daily means, calculated using only
3). The stratopause was quite stable until the beginning othe grid points corresponding to ACE-FTS measurement lo-
February, when the temperatures increased for a few daysations (Fig.1). The model reproduces the distribution of
and the westerly winds weakened. Warm midlatitude air withNOy reasonably well compared to the observations shown
low NOy concentrations mixed with the colder polar air and in Fig. 4. The maximum of N in the beginning of 2007 at
decreased the NCxoncentrations. This warming did not dis- about 75 km is of the same order of magnitude (800—900 ppb)
locate the stratopause and the temperatures remained quiés in the observations, but extends 3-5 km lower in the mid-
high even after the warming. The warming in late Februarydle atmosphere. In 2009, the observations and model results
produced no significant effects on NO show an increase of NQo 150-200 ppb at 65 km. The mod-

In contrast, the major SSW in 2009 had a great impactelled and observed NOboth descend to about 55km, but
on NQ. A tongue-like structure of descending N@om at this altitude the amount of NGs underestimated in the
the mesosphere to the stratosphere after the SSW is clearipodel by 40-60 ppb. The descent also starts 3-5 days earlier
seen in Fig4. High NO, amounts were transported from and lasts 3-5 days longer in the model than in the observa-
80 to 55km altitude in about 40 days. The descent tooktions.
place during the recovery of the polar vortex and is also dis- In order to test the robustness of the results, we averaged
cussed byRandall et al(2009. Comparison of N@Q and  the model NQ over the whole polar cap (BON—9C° N) in-
isentrops calculated from ECMWEF operational data indicatesstead of sampling at ACE locations, but found this to have
that the NQ concentration isolines crossed the isentrops (notonly a slight effect on the results (not shown). Compared
shown), suggesting that the descent was diabatic. The situde the sampled results (Fi§) the descent stopped a couple

www.atmos-chem-phys.net/11/4645/2011/ Atmos. Chem. Phys., 11, 46852011
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Fig. 5. NOy time series (ppb) as daily means from FInROSE-CTM. White dashed line indicates the time point, when the criteria for the
major SSW were fulfilled in 2009. The upper panel is for 2007 and the lower for 2009. White regions indicate missing ACE-FTS data or not
enough ACE-FTS data.

of days earlier above 60 km, but continued longer until latewe used the following upper boundaries: (1) a constant
March between 60 and 50 km with NGnixing ratios of  value (~670 ppb) between the 11 February and the 4 March
50-100 ppb. Otherwise the concentrations were of the samand (2) a two-step increment of NGo that the first step
magnitude as in the sampled results. The similarity betweer{~190 ppb) is located between the 11 and 21 February and
the sampled and whole-polar-cap results from the model sugthe second one~540 ppb) between the 22 February and the
gests that NQdid not reach upper stratosphere anywhere in4 March. The results (not shown) for case 2 are in agreement
the polar cap region. with those obtained with the interpolated upper boundary

To estimate the effect of different UBCs on the N@e- shown in Fig._l._ In cor_1trast, case 1 produces about .100 ppb
scent we made two additional model runs. In these runJ]Igher NG mixing ratios between 60 and 80 km during the

Atmos. Chem. Phys., 11, 4648655 2011 www.atmos-chem-phys.net/11/4645/2011/
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Fig. 6. ACE-FTS NQ observations (red line) and model results (blue line) in ppb at 80 (top), 68 (middle) and 54 km (bottom) altitudes as a
function of time in 2009.

descent event until early March. At this time the mixing ra-  Figure7 illustrates the modelled distribution of N@n the

tios are about 50 ppb higher. However, N@escent stops northern polar region (S0N-90° N). The descending NQ

at the same altitude as with the interpolated upper boundaryeaches 69 km altitude already on 6 February with amounts
As expected, the different upper boundaries change only thef 80-100 ppb. The circular structure of N@ the polar
amount of descending N(because in all model runs the de- region is due to the existing or evolving polar vortex. The
scent is driven by the same ECMWF meteorological data. effect of photochemistry can be considered negligible during

Figure 6 shows the model results and ACE-FTS observa-the polar winter on latitudes poleward of@9. As Fig. 6

tions at 80, 68 and 54 km altitudes. Differences at 80 km alti-already showed, with time NQ's transported at lower alti-
tude during 10-28 February are due to the interpolated UBQudes with mixing ratios of 60—80 ppb finally reaching 54 km

at that time. However, the modified UBC improves the agree-on 15 March. ACE-FTS measurement locations are marked
ment between the model and observations at lower altitudesn the figure with filled white circles. As mentioned already
There is a reasonable agreement between the model and tlire section 2.2 ACE-FTS makes about 10 measurements per
observations at 68 km altitude. An overestimation of aboutday. In cases when some of the data are corrupted and ex-
100 ppb occurs after the 8 March, consistent with the fact thatluded from the analysis, even fewer observations are left to
the descent lasted longer in the model than observed by ACErepresent the whole polar cap region. This might lead to dif-
FTS. Significant differences are found at 54 km where theferences between observations and the model results, espe-
model produces 40-60 ppb smaller values than found in theially close to the polar vortex edge. In addition, the closest
observations. The observed maximum of N@curs about model grid to ACE-FTS measurement covers by definition a
10 days earlier compared to the model results. Overall, thdarger area (10x 5°) than the point-form observation does
model succeds to reproduce the descent of N@th no in-  and can also be inside the vortex, although the measurement
situ production included in the model, reasonably well com-was made outside the vortex. This can partly explain the dif-
pared to the observations and confirms the resulRamfdall ~ ferences between the model and observations.

et al. (2009 about the importance of dynamics on the dis- 4 ogtimate the effect of chemistry on descendingNO
tribution of N_Q(. Although this is not a direct measure, thg we have analysed the NQracer in the model. The tracer
NOx comparison suggest_ that the_ECMWF data are in t_h's ses the same boundary condition asNiiuit is not affected
case usable in atmospheric modelling also at mesospheric ag'y chemistry. Transport is thus the only factor that affects the
titudes. tracer. The relative effect of chemistry can be calculated by

dividing the difference between NGnd the tracer with the

www.atmos-chem-phys.net/11/4645/2011/ Atmos. Chem. Phys., 11, 46852011
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Fig. 7. Distribution of NG in ppb at 69, 60 and 51 km altitudes (rows) on 6 and 26 February and 15 March (columns) in the northern polar
region (50 N-9C° N) calculated from the model results. White circles indicate the measurement locations of ACE-FTS on that particular
day.

amount of NQ. The model results indicate that the chem- ACE-FTS observations and FinROSE model results of ozone
ical production of NQ is not effective during polar winter in early 2009. Analysing the Qtracer in the model (not
and, furthermore, the relative chemical loss is only 3% orshown), similarly to the NQtracer earlier, we find that the
less (not shown), meaning that chemistry does not affect thévehaviour of ozone until mid-February, including ozone de-
NOy concentrations during the polar night. Therefore,NO crease in late January and early February, was largely de-
can descend inside the arctic vortex with only little interfer- termined by the dynamics. The model results show lower
ence by chemistry. In addition to gas phase chemistry, als@zone mixing ratios around 40km compared to the obser-
photodissociation processes affect the amount of MQhe vations, which can partially be explained by the non-perfect
middle and upper atmosphere. The time period from Jan<orrespondence of the closest model grid point with the daily
uary to March in the northern polar area is very dark leadingmedian of the observations.

to only weak photodissociation processes and thus to longer goin ACE-FTS and FiInROSE show ozone decrease after
photochemical lifetimes. The photochemical lifetime of NO mid-February 2009 starting from around 50 km (F8y. The

was nearly two months in early January decreasing to aboUpservations indicate a decrease of about 20 % between 30—
5 days tovyards the end ofIMarch in the altltude_range of 6050 km lasting one month and recovery in early March. In
80km. This is a further evidence that N@as mainly influ-  the model, ozone depletion is about 10 % stronger than ob-
enced by atmospheric dynamics during the time period undegeryeqd while the recovery takes place later in mid-March.

investigation. Although coinciding with the NQ descent, the ozone de-
crease is not directly linked to the descent as discussed ear-
3.3 EffectsonQ lier. The dynamics could, on the other hand, lead to ozone

decrease at 40km through transport of low ozone concen-
The descent event of NOn 2009 was one of the strongest trations from above. The ,Qtracer analysis, however, indi-
observed. If transported down to the stratospherey Bf®  cates that transport of air with low,@&oncentrations cannot
fects ozone balance through well-known catalytic reactionexplain its decrease. Similar to NQ@lescent, the descent
cycles Grenfell et al, 200§. Although we do not expectto of low Oy air did not affect altitudes below 50 km. Below
see any NQ related changes in stratospheric ozone in this50 km the downward transport was too weak to explain the
case (the descending N@id not reach stratosphere before observed structure of ozone. In the model, ozone destroying
vortex breakdown) we are interested in any effects this mesubstances, such as kl(bromine and chlorine, were pro-
teorological event might have had on ozone. Figdishows  duced after mid-February as the solar radiation increased and
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Fig. 8. ACE-FTS (top) and FInROSE-CTM (bottom) ozone time series in ppm as a function of altitude for early 2009 in ACE-FTS measure-
ment locations.

the chemical processes, including photodissociation, started We would like to point out thaRandall et al(2009 and
to play an important role on atmospheric composition. Thesé/ogel et al.(2008 have shown that the observed ozone loss
substances, with the help of a strong polar vortex, enabled thin early 2004 can be attributed to a N@escent event sim-
catalytic cycles destroying ozone and caused the observeitar to that of 2009. Compared to the 2009 event, the SSW
depletion at 40 km. When the solar radiation increased, théhat caused the NQOdescent in early 2004 occurred about
production of ozone began to dominate. This led to increasene month earlier, i.e. in late December, allowing enhanced
of ozone in both the observations and model results in earlyNOy to reach the stratosphere. Therefore, strong €&
March at 45 km altitude and then gradually also at lower al-scent events seem to decrease stratospheric ozone only if the
titudes as shown in Fi@. corresponding SSW occurs early enough in the winter period
(by ~early January), although this time condition would ob-

i ) viously be relaxed if in-situ production of N(by energetic

4 Discussion particle precipitation occurred at altitudes below 80 km. If

the SSW occurred later than early January, it might actually

LIL:?ee dcziis;fgg?ﬁss\f: Lheor?cgh[ |aﬁ Sl :gtn ?egiﬁiigt ueveg: %%ead to weaker connection between MLT N@roduction
' P bp and stratospheric ozone, i.e. any enhanceg Bi@ounts al-

stratosphere and thus did not affect ozone. The model re- . . . .
. X ready in the mesosphere would be mixed with outside-vortex
sults show this behaviour throughout the northern polar ca

p. : .
region, in agreement with the spatially limited ACE-FTS air during the SSW, and the after-SSW descent would start
; ) too late to transport NOfrom the upper mesosphere to the
observations. However, based on a single case of descen? .
stratosphere, as in the case of the 2009 descent event. In such
conditions, the effect of EEP-N(bn stratospheric ozone in

presented in this paper, we cannot in general dismiss thé
possible connection between descendingN@pper strato- SSW years could be equal or smaller compared to years with-

spheric ozone decrease, and subsequent changes in dynam- . . o
ics. If the SSW had occurred earlier, NGvould have out a SSW. This could be one potential reason for the find

. ings ofLu et al.(2008 andSepjala et al.(2009, who have
Poarg trggrsotrltr:f ;?eglficslggli?”iggg&?n;hfoSttrzgt?:ggeelr?e?%emonstrated that changes in stratospheric and tropospheric
sults, NQ rapidly descended from mesosphere to Stra,[o_dynam|cs actually correlate with geomagnetic Ap index bet-

. . : ter when the SSW-years were excluded from their analyses.
sphere with a velocity of about 700 m dayin February and It is evident to us that more research is needed to answer the

early March 2009. In contrast, average descent rates in theuestions concerning NOO interaction and possible con-
polar vortex are typically less than 200 m ddy Assuming d 9 b

velocity of 700 mday?, the descent should have started 10— nection to stratospheric/tropospheric dynamics.
30 days earlier in order to reach 50-35 km altitude.
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