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Abstract. A total ozone depletion of 687 Dobson units be- 1 Introduction
tween 380 and 525K from 10 December 2002 to 10 March

2003 is derived from ozone sonde data by the VOrtex-averageyq o;0ne content in the Arctic stratosphere is dependent on

method, taking into account both diabatic descent of thechemical and dynamical conditions and shows great interan-

air masses ?‘”d transport of air into the vo_rtex. When thenual variability. Chemical ozone loss occurs during winter
vortex is divided into three equ_al-area regions, the resultg o, the polar vortex isolates air masses which exhibit sig-
are 85:9DU for the collar region (closest to the_edge), nificantly lower average temperatures than the air surround-
52#5 D.U for the vortex centre and &g DU for the middle ing the vortex. In very cold conditions polar stratospheric
region in between centre and collar. clouds (PSCs) can form and in sunlit conditions give rise to
Our results compare well with other studies: We find good|arge chemical ozone losses. The formation, evolution and
agreement with ozone loss deduced from SAOZ data, withpreak-up of the vortex as well as the occurence of strato-

results inferred from POAM Il .Observa..tions and with re- Spheric Warmings are Subject to huge variations from each
sults from tracer-tracer correlations using HF as the long-yinter to the next.

lived tracer. We find a higher ozone loss than that deduced

. ) The amount of column ozone in the Arctic decreased and
by tracer-tracer correlations using ¢H

_ ) exhibited increased variability in the period 1992-2000, and
We have made a careful comparison with Match results:he major part of both the decrease and variability in March

The results were recalculated using a common time periodeap, he explained by chemical ozone destruction in winter and
vortex edge definition and height interval. The two methodsspring @ndersen and Knudsef002. Likewise, observa-

generally compare very well, except at the 475 K level which jons presented birex et al.(2004 indicate that about half

exhibits an unexplained discrepancy. of the interannual ozone variability is due to chemical ozone
destruction. During the past four decades the coldest winters,

Correspondence tof. Christensen where extreme ozone losses occur, have grown colder, and

(tic@dmi.dk) the record volume coverage of PSCs has increased steadily.
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132 T. Christensen et al.: Arctic ozone depletion 2002/2003

Table 1. The limits defining the vortex edge at eight different potential temperature levels. The limits are given as modified potential vorticity
(MPV) in units of PVU.

350K 380K 400K 435K 475K 525K 600K 675K

20 Dec. 2002  32.0 28.7 29.4 30.2 32.9 37.2 50.5 311
30 Dec. 2002  32.2 28.6 29.2 30.1 32.7 33.2 314 39.5
9 Jan. 2003 324 30.2 30.8 32.0 36.5 32.3 371 40.9
19 Jan. 2003 334 311 32.3 35.6 37.8 39.2 42.1 37.6
29 Jan. 2003 33.3 29.6 30.3 33.2 38.5 36.7 40.8 37.5
8 Feb. 2003 33.2 29.9 30.9 334 36.2 36.9 38.7 41.3
18 Feb. 2003  33.7 29.7 31.8 36.0 38.3 37.8 37.9 39.6
28 Feb. 2003  33.7 30.4 33.4 36.3 37.8 40.2 39.5 38.9
10 Mar. 2003  33.2 29.1 30.2 32.3 40.4 35.8 35.9 39.1

The reason for this change in polar vortex climate conditions2 Vortex area definitions

is not entirely explained. An empirical linear relation be-

tween PSC volume and chemical polar ozone loss is reportefquivalent latitude and potential vorticity (PV) criteria are

by Rex et al(2004 who conclude that about 15 Dobson units Used to define the extent of the Arctic vortex. The equivalent

additional ozone loss can be expected for each Kelvin of aviatitude of an air parcel is the latitude encompassing the same

erage Arctic stratospheric cooling. The detailed mechanismgoleward area as the PV-contour through the parcel.

of chemical ozone loss in the Arctic and the connection to The PV value exhibiting the largest gradient in PV as a

climate change seems to be insufficiently explained by curfunction of equivalent latitude is used as the edge of the vor-

rent models, stressing the importance of continued researct¢X. In case of multiple maxima within 10% of each other

in Arctic ozone losses. the PV value closest to the previous day is used. If the PV
gradient with respect to equivalent latitude is smaller than

December 2002 was chargcterized b)_/ very low tempera, PVU/degree (1 PVU:IGSK?%) for an isolated point, the
ture; and large areas of possible l.DSC existence were deducggerage PV value of the previous and the next day is used. If
by Tilmes et al(2003. Around mid-January 2003 the vor- two or more points have a gradient below this limit, the vor-

tex became perturbed, and during 19-21 January 2003 thf:éx is considered broken down or not yet established. In such

\k/)ortex was split in tW(i'. Inlearlly It:ebruary 2003, thtehvorteﬁtcases the PV value of the “edge” is determined such that the
ecame more symmetrical, only to Experience another Spil equivalent latitude is the same as for the level above. This

tzlrzlgFarl;Jund Zgol(:)zblfrrr? ry 20t03’ Into ttwo"pabrts Iiha(; reunited Oaﬂethod of determining the edge of the vortex is quite similar
ebruary - Ihevortex eventually broke down arounGy, ot ofNash et al(1996, but simpler to use because wind

mid-April 2003. fields are not necessary.

In order to determine the chemical ozone loss from the At475K and above the vortex was established by 10 De-
observational data it is important to separate the effect of dye€mber 2002, and did not break down before April. At435K
namics affecting the ozone content. There are two main apthe vortex was established on 2 January 2003. At 400K and
proaches: Transport can be determined by measurements B£IOW no vortex existed at any time in the winter 2002/2003.
long-lived inert tracers or by Langrangian trajectory calcula- !N Table1 the PV values defining the vortex edge by the
tions based on meteorological analyses. A description of five2boOve criteria are given using modified potential vorticity
different methods is given biarris et al(2002 along with ~ (MPV) defined asl(ait, 1994

a careful comparison: Using the same regions and time peri- 0 -3
ods for the four different Lagrangian approaches they foundviPVv = PV (—) , Q)
good agreement between the methods; better than otherwise 475K

seen in the literature. In this work we use an approach knowrwheref is the potential temperature.

as the vortex-average techniquafris et al, 2002 and ref- The vortex is divided into three equal-area regions depend-
erences therein) to filter out the transport. From a large numing on potential vorticity. The lowest potential vorticity re-
ber of trajectories on selected isentropic surfaces the averaggion, closest to the edge is called the collar, the region with
vertical advection of the vortex-averaged ozone profile is cal-highest potential vorticity is called the centre and the region
culated. Our resulting ozone losses are compared to resulis between is called the middle. The vortex regions at 475K
from tracer-tracer correlations, SAOZ data and POAM Il ob- are depicted in Figl, and it can be seen that the regions, as
servations, and a careful comparison with Match results ign this case where the vortex is highly elongated, can have
accomplished by a recalculation of results. odd shapes and discontinuities.

Atmos. Chem. Phys., 5, 13138 2005 www.atmos-chem-phys.org/acp/5/131/
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3 Observations

The full data set available for this study comprises 603 ozone
sondes from 25 stations north of 48 in the period from 2
November 2002 to 28 March 2003. 60

For each sonde the ozone mixing ratio is calculated at eight
potential temperature levelg£350, 380, 400, 435, 475, 525,
600 and 675 K) from the median of all measured values of the
ozone partial pressure inde5 K 6 interval.

The potential vorticity corresponding to each ozone mix-
ing ratio value is derived from European Centre for Medium-
Range Weather Forecasts (ECMWF) analyses.

From the full ozone sonde data set a mapping of ozone 0
mixing ratio as a function of potential vorticity and poten- MpPV
tial temperature is made, dfary et al.(1995 and references
therein). Sobel et al.(1997 showed that reverse domain-
filling trajectory calculations tend to give substantial spuri-
ous transport into the vortex due to errors in the analyzed 2003_0119
PV. This is partially avoided here by centering the PV bins Theta = 475 K
used in the P\¢ mapping at the edge of the vortékr{udsen  Fig. 1. Modified potential vorticity MPV north of 50N in units of
et al, 1998. Eight bins of 6 PVU width centered on &6, PVU at6=475K on 19 January 2003 from ECMWF analyses. The
+12,+18 and—24 PVU relative to the vortex edge (positive Yellow contour line shows the vortex edge, the orange contour line
values are inside the vortex) are used. shows th_e limit betweep t_he vortex collar and mi_ddle and the red

Only data from the period 10 December 2002 to 10 Marchcentour line shows the limit between the vortex middle and centre.
2003 for points within the vortex, as determined by the PV
value at eactd level, are used in the ozone depletion calcu-
lations. Not all sondes have successful measurements at allne 0zone mixing ratios used in the heating rate calculations

eightd levels. At 475K that leaves 201 sondes. are obtained from the P¥-mapping (described in Sed)
of the ozone data. The water vapour mixing ratio used is

4 ppmv from 350 to 400 K, 7 ppmv above 625K, and a linear
4 Ozone depletion calculations variation in betweenNluller et al, 2003. Below 350K the
ECMWEF water vapour mixing ratio is used.

15

4.1 Diabatic descent
The accuracy of our diabatic cooling has been checked

against tracer descent lines fradreenblatt et al(2002) for

Values obtained early and late in winter at the sa@mevel ; : ) .
cannot be directly compared. Over such a long time interthe winter 1999/2000 vortex. The comparison is shown in

val the diabatic cooling, which is causing a slow descentF19- 2. With cl|matolog|cal ozone fronfrortuin and Kelder

of air masses across the isentropic surfaces, must be takdf998 we obtain a descent from 11 January to 15 March
into account. Air masses that on 10 March 2003 are at the?900 Which is substan'tlally qloser to the tracer descent lines
isentropic surface of 475 K have on average descended frorf{12n the SLIMCAT Chipperfield 1999 model results pre-

a potential temperature of 556 K since 10 December 20025€nted by Greenblatt et al. (2002).

This diabatic cooling was calculated along Langrangian tra- Taking tracer mixing into account would increase the
jectories using areverse domain-filling trajectory a_pproachTracer descent above the bottom levétay et al, 2002, but

The calculations use six hourly ECMWF analyses in & 1.5 ;ing actual ozone instead of a climatology would probably
latitude-longitude grid based on a T79 truncation. The ré-5 54 jncrease the modelled descent, to some extent cancelling
verse domain-filling trajectory calculatlonKmudsgn a_nd the effect. For the 2002/2003 calculations for the period 10
Grooss 2000 are perfomed in an equal-area grid with a pecemper 2002 to 10 March 2003 the descent to the 475K

grid distance of 1 by latitude ¢~111km). The calculations |eye|is 81 K using observed ozone and 68 K using the ozone
are started on the eight aforementioned potential temperaﬁlimatology.

ture levels and performed ten days backwards in time. The

calculations are three-dimensional as the potential temper- The diabatic cooling ten days back in time was calculated
ature is changed by the diabatic heating in each time stepfor air masses ending inside the vortex. Fig8rghows the
Heating rate calculations are done for clear-sky conditionscalculated diabatic cooling for each of the three vortex areas
using the version of the ECMWF radiation schenho(- (defined in Sect2) for the period 10 December 2002 to 10
crette 1991) which became operational in September 2000.March 2003.

www.atmos-chem-phys.org/acp/5/131/ Atmos. Chem. Phys., 518812005
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Table 2. Transport of air from outside the vortex into the vortex collar at the 475K isentropic level. The dates are where the air masses
end, i.e. where the trajectory calculations ten days back in time begin. The column Entry gives the percentage of trajectories with air masses
ending in the collar that originated from outside the vortex. Sample is the total number of trajectories with air masses ending in the collar.
The next three columns give the average mixing ratio as deduced for the entering aigmass, as observed for the vortex collggyps,

and the mixing ratio obtained after correcting for the inflyx,-. The last column gives the change in mixing ratio due to the correction.

Date Entry Sample Mixing ratio (ppmv) Change
Xinflux  Xobs  Xcorr [Ax]

20 December 2002  14% 674 251 294 3.01 2%

30 December 2002 9% 678 2.96 3.05 3.06 <1%

9 January 2003 2% 584 271 268 268 <1%

19 January 2003 8% 411 291 256 253 1%

29 January 2003 22% 493 2.82 254 247 3%

8 February 2003 5% 514 2.71 235 234 <1%

18 February 2003 16% 403 2.66 237 231 3%

28 February 2003 6% 416 2.94 239 236 1%

10 March 2003 6% 325 2.38 260 261 <1%

800 T T
¥
© 600
2
: ; g
550 - - 2‘ 500 -
] g
s
£ 4001
1= . £
& 500+ ) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘EJ" T 10DEC 20DEC 30 DEC 9JAN 19JAN 29 JAN 8 FEB 18 FEB 28 FEB 10 MAR
=
© Fig. 3. Diabatic cooling during the winter 2002/2003 calculated
2 1- . along Lagrangian trajectories ten days back in time for air masses
g 450 - ending in the vortex. Solid line: vortex collar. Dotted line: vortex
= T middle. Dashed line: vortex centre.
3]
g
T 400~ - . 4.2 Transport into the vortex
Air from lower latitudes is to some extent transported across
| ] the vortex edge. When the vortex-averaged ozone mixing ra-
350 - - tio at the beginning and end of winter are compared to each
1= ==+ 50 ppbv Nzo 100 ppbv Nzo 1 other in order to determine the chemical ozone depletion, the
1----150 ppbv N_O 200 ppbv N_O ] amount of transport into the vortex must be taken into ac-
1= = = +250 ppbv N,O —— model descent 1 count. o )
300 . , . , . . . The vortex-averaged mixing ratiog,s, for eachd level
0 30 ] is calculated from ozone measurements within each vortex
2000 day number area at the end of each ten day period. The percentages of

trajectories where air masses ending in the collar stem from
Fig. 2. Comparison of the BO descent lines frorreenblatt et al. PUtS'de t.he vortex, are given in Tablefolr 6=475K. At t.h's
(2002 and our modelled diabatic descent for the whole vortex (solid ISENtropic level the transport from 0Ut3|de_ the vortex into the
black lines) based on climatological ozone for the winter 1999/2000middle and centre regions of the vortex is never more than
vortex. 3%. In Table2 are also given the average ozone mixing ratio

for the entering air parcelsy;,s...x, estimated by interpo-

lation of the PV® mapping (described in Sed@), and the

Atmos. Chem. Phys., 5, 13138 2005 www.atmos-chem-phys.org/acp/5/131/
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Table 3. Vortex-averaged ozone depletion from 10 December 2002
to 10 March 2003. The depletion rates for the collar, middle and
centre regions in units of ppbv/day are derived from the best linear
fits displayed in Fig5. The depletion rates for the whole vortex are
60 likewise derived from best linear fits. The quoted uncertainties are
the one sigma standard deviations of the linear fits.
45
30 0 Whole vortex Vortex collar  Vortex middle  Vortex centre
K ppbv/day ppbv/day ppbv/day ppbv/day
15 525 -53+20 -120+26 —-15+16 —-2.5+09
475 —-112+15 —1494+2.7 -9.1+11 —-9.5+1.6
0 435  —139+0.7 -16.9+14 -126+09  -123+0.7
mpv 400 -109+08 —-104+16 -127+1.1 —9.8+0.8
380 -100+11 -9.0+24 -110+1.9 -99+12
350 —4.74+2.0 -4.3+1.7 —-6.5+1.1 —7.0+£0.9

20030218
Theta =475 K

Table 4. Vortex-averaged column ozone depletion in Dobson units
Fig. 4. The splitting of the vortex on 18 February 2003. Modified between 380 and 525K from 10 December 2002 to 10 March 2003.
potential vorticity MPV in units of PVU a#=475K from ECMWF
analyses.

Whole vortex Vortex collar  Vortex middle  Vortex centre

68+7 DU 85+9DU 68+7 DU 52+5DU

average mixing ratio for the area, as calculated from ozone

measurements;,,s. One trajectory had a PV value falling

outside the PV range of the mapping. In this single case

the ozone mixing ratio corresponding to the closest PV value

within the mapping was used in order to avoid extrapolation.(Tilmes etal,2003. On 18 February 2003, the transport into
A corrected ozone mixing rati(xcorr’ considered to rep- the collar is also h|gh 16%. On this day the vortex is also

resent the air masses that remained within the vortex and wagPlit into two parts, see Figh. At both these times of very

subject to chemical ozone depletion, is calculated as: high entry rate the vortex is highly disturbed, and the air en-
‘ tering from outside the vortex actually has estimated ozone
Yeorr = M (2)  mixing ratios 0.4-0.7 ppmv higher than the collar-average.
—r

where r is the number of trajectories entering the vortex area

from outside relative to the total number of trajectories end-5 Results

ing in the vortex area. This ratio, r, is given as a percent-

age in Table for the vortex collar ag=475K. The lasttwo ~ Ozone mixing ratios are binned into ten-day intervals and

columns in Table2 show the corrected ozone mixing ratio, into the potential vorticity bins representing the vortex col-

xcorr, and the difference betweemn,,. and x,»s Which does lar, middle and centre. The average ozone mixing ratio cal-

not exceed 3%. culated for each bin, corrected for diabatic descent and the
The corrected vortex-averaged ozone mixing ratio is usedeffect of transport into the vortex, are shown in Figfor

when calculating the total ozone depletion. If a trajectory six potential temperature levels. With these two effects re-

starts in the vortex, leaves and re-enters the vortex within thenoved it is reasonable to ascribe the remaining decrease in

same ten day period, that trajectory is counted as if it staye®zone mixing ratio over time to chemical ozone depletion.

within the vortex the whole time. If a trajectory leaves the The best linear fits to the data points results in the depletion

vortex and re-enters in a later ten day period, it is counted agates given in Tabl&. The uncertainties given are the stan-

an outside entry in the latter period, and not counted at all indard deviations of the linear fits.

the first period. The integrated column ozone loss from 380K to 525K
The highest entry rate at 475K is found on 29 Januaryfrom 10 December 2002 to 10 March 2003, calculated from

2003, where 22% of the trajectories show air masses crosghe depletion rates in Tablgis given in Tabled. The verti-

ing the vortex edge and entering the collar. During the 10cal integration of the ozone column loss is approximated by

day period 19-29 January the vortex is highly disturbed (see sum, cf.Atkinson and Plumi{1997, their Eq. A5). It is

Fig. 1), actually splitting into two parts during 19-21 January assumed that no chemical ozone loss take place above 525 K

www.atmos-chem-phys.org/acp/5/131/ Atmos. Chem. Phys., 518812005
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o 1 cooling is changed by20%, the slopes in Fighare changed

by less than 20% for the levels 380-475 K and by 30—-40%
for 350 and 525 K, while the height-integrated ozone loss
is changed by 10-15%. Errors in the cooling is probably the
most important factor in determining the uncertainty. Overall

an uncertainty of 10% for the height-integrated ozone loss is
adopted.

525 K

475K

6 Comparison with other results

Using tracer-tracer correlations with HF as the long-lived
tracer, Tilmes et al.(2009) find a column ozone loss (380—
550K) of 3A-9 DU from 16 December 2002 to 25 Febru-
ary 2003, and 4410DU from 16 December 2002 to 19
April 2003, using the vortex definition dash et al(1996).
The height range and vortex edge definitions are very close
to ours, but the derived ozone losses for both periods are
| | | | | | | | | considerably less than the £8 DU found in this work for
250 i 10 December 2002 to 10 March 2003. Using £&k the

g chemical tracerTilmes et al.(2009 find instead 66:12 and
71+13 DU, respectively, for the two periods and the same
height range as for HF. These values agree with our results,
but Tilmes et al.(2004 note that the Cl mixing ratios for

435K

400K

Ozone mixing ratio [ppmv]

380 K

15 mm o v 2002/2003 may be problematic due to signal saturation prob-
Lor \ B lems.
051 : From SAOZ measurements of the total ozone columns at

w w w w w w w I seven Arctic stations an ozone loss of 90 DU is calculated
10DEC 20DEC 30DEC 9JAN 19JAN 29JAN  8FEB 18FEB 28 FEB 10 MAR . . .
using transported passive ozone from the chemical transport
_ o _ ) model REPROBUS bysoutail et al.(2004 for the period
Fig. 5. Ozone mixing ratios, averaged over ten-day intervals andq pecember 2002 to 10 March 2003 using the vortex edge

over vortex areas (collar, middle and centre), corrected for diabaticdefinition of Nash et al(199§ at the 475K level to deter-

descent and transport into the vortex. Linear best fits to the data_. . . i .
. . i mine whether a particular station was within the vortex. This
are shown for each area and each ofsitevels. Circles: vortex

collar. Diamonds: vortex middle. Crosses: vortex centre. Solid'S s!lghtly If'irger than our res_ul_t _Of 687 DU _Wh'Ch is for a
lines: vortex collar. Dotted lines: vortex middle. Dashed lines: Similar period and vortex definition. The discrepancy might
vortex centre. be explained by the difference in time period: PSC exis-
tence were predicted for 1-10 December 20lRr(es et al,
2003. Also it cannot be ruled out that some ozone depletion
and below 380K, but actually there may have been a smaltould have occurred outside the height range studied in this
amount of chemical ozone depletion at 350K since the dework.
pletion rate found is non-zero. Calculating the column ozone = Singleton et al(2004 have used the chemical transport
loss from 350K to 525K averaging over the whole vortex model SLIMCAT to infer ozone losses in the Arctic vortex
gives 94£9 DU. The fact that no vortex existed at 400K and (as defined byNash et al(1996) from POAM lIl satellite
below impairs the confidence in the calculations at these levobservations of ozone for the period 1 December 2002 to
els, but does not entirely remove their significance. 15 March 2003. We find quite good agreement when we
The uncertainties in the calculations of transport into thecompare our results for the whole vortex to their results from
vortex are mainly caused by errors in the calculated 8&(  the Pure Passive SLIMCAT runs: For thdevels 400, 435,
bel et al, 1997). In order to estimate how sensitive the PV- 475 and 525 KSingleton et al(2004 their Fig. 9) find ozone
mapping is to PV errors, calculations were done with doublelosses of about 0.7, 1.2, 1.0 and 0.7 ppmv, respectively, (hav-
bin size (12 PVU) and with half bin size (3PVU). These cal- ing subtracted the 0.3 ppmv bias due to initialization errors
culations resulted in ozone loss rates and height-integrateétom the values read from the figure), while we find£@1,
ozone loss within 4% of the presented results. 1.3£0.1, 1.Gt0.2 and 0.5:0.3 ppmv, respectively (the un-
The accuracy of the calculations of diabatic descent arecertainties given are based on the one sigma standard devi-
hard to assess, but we have tested the sensitivity of the resultgtion of a linear fit for the whole vortex (not shown) to the
presented above to errors in the cooling: If the amount ofozone mixing ratios in Figb.)

Atmos. Chem. Phys., 5, 13138 2005 www.atmos-chem-phys.org/acp/5/131/
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Table 5. Accumulated ozone loss from 10 December 2002 to 10 _Stan.dard devia_tiorjs of Iinegr fits (not shown) similar to those
March 2003 from the Match technique and recalculated with newin Fig. 5, but with just one fit for the whole vortex at eagh
parameters for the vortex-average method. The Match ozone lostgvel.

at 389K is a lower limit. The vortex-averaged column loss is cal-  For the height-integrated ozone loss and for the accumu-
culated between 380 and 525K, while the Match column loss islated losses at levels below 475K the two methods agree,
calculated, using the six levels mentioned in the text, from 380 topyt at the 475K level there is an unexplained discrepancy.
500K (for both methods the integration limits atdevels of 30 The Match approach is sensitive to imhomogenities in ozone
March 2003). loss rate; possibly this can explain the descrepancy. The
two methods deduce different amounts of diabatic descent
at 475 K, where the Match analysis finds a 45K cooling, sig-

6 (10 March) Match ozone loss Vortex average ozone loss

479K 1647315 ppbv 1008:200 ppbv nificantly less than the 81 K found by the method described

433K 1374£197 ppbv 1258-97 ppbv in this work. Generally, an underestimation of the descent

409K 1239181 ppbv 1028-104 ppbv will lead to an underestimation of the ozone loss, but Match

389K 745219 ppbv 1006:140 ppbv finds a larger ozone loss than the vortex-average method.
Column 75:5DU 6947 DU

With the vortex-average method we find a total column
loss between 380 and 525K of £9 DU. Using the Match
technique 755 DU is found, integrating from 380 to 500 K.

For both methods the levels defining the integration limits
6.1 Careful comparison with Match are those of 30 March 2003.

The Match techniqueRex et al, 2002 and references
therein) samples the same air parcel several times. From t
first identification of the air parcel, trajectory calculations
are used to determine later positions. Match results for thqJ

winter 2002/2003 are described by Streibel (to be Sme'ttedSteepest gradient in potential vorticity the vortex-averaged

2005). In order to compare our results with the Match re- ) N )
sults, both Match and vortex-average results are recalculated“O"¢ deplet|or_1 f°f the Arctic winter and spring 2002/2003
IS deduced, taking into account the dynamics that also effect

using the same vortex edge definition, the same height ran . : . :
9 9 9 Y%he ozone content: diabatic descent of the air masses during

(to the extent possible) and the same time period. . :
o . the period and transport of air masses over the vortex edge.
The common vortex edge criteria adopted for this com- . .
The resulting total column ozone-losses presented in Ta-

parison are: The vortex edge in units of MPV is the same

for all potential temperatures. From 10 December 2002 to 9b|e4 are r_10t S|gr_1|f|cantly affected by air entering ihe vortex
nf]rom outside: Without transport over the vortex edge taken

to 31 to 36 PVU, and thereatfter it is fixed at 36 PVU. Due to into account, the ozone loss would be 3DU less for the col-

the consistency of Match analyses from year to year, the Ievlar region and 1 DU less for the whole vortex. The expected

els available for comparison are Match air masses ending ?ﬁect of fransport over the vortex edge is an influx of air .Of
380, 400, 425, 450, 475 and 500K on 30 March 2003, everl®V€" 0ZONe content, but under the disturbed meteorological
thotjgh tr,1e co,mmo,n period of comparison is 10 Decémbe'condlt!ons W.'th two vor.tex sphttmgs, Itis po.ssmle that much
2002 to 10 March 2003 for both the Match and our approach.Of the |nflu?< IS ozope-nch polar air re-er.lterlng the vortex.
The Match air masses correspond to 389, 409, 433, 456, 479 Comparisons with ozone losses derived for the same pe-
and 502K on 10 March 2003, and we consequently interpoi0d, 10 December 2002 to 10 March 2003, by the Match
late our results to air masses ending on these values. Accj€chnique show good agreement. Great care was taken to use
mulated ozone losses for the four levels relevant for comparl0t only the same time period but also the same vortex edge
ison are listed in Tabls. Due to differences in vertical res- definition and, to the extent possible, the same height interval
olution comparisons are made only for the levels ending orf©" the recalculated results used in the comparison.

10 March at 389, 409, 433 and 479K, those that correspond Comparisons with other results for the winter 2002/2003
best to levels in our calculations. The Match-deduced ozoné&how quite good agreement with the column ozone loss de-
loss at 389K is a lower limit, as the Match analysis does notfived from SAOZ observations using REPROBUSo{tail
extent below 400K, i.e. the integration is stopped when theet al, 2004 and with accumulated ozone loss inferred from
400K level is reached, which happens around mid-February®OAM III observations using SLIMCAT Singleton et a|.

The uncertainties given for the vortex-average method are thé004. Results derived from tracer-tracer correlations for the
height-integrated ozone loss using HF as the chemical tracer

1streibel, M.: Chemical ozone loss in the Arctic winter (Tilmes et al, 20_04) are substantially smaller than_ our re-
2002/2003 determined with Match, Atmos. Chem. Phys. Discuss.sults, while we find very good agreement comparing to re-
to be submitted, 2005. sults using CH as the chemical tracer.

Conclusions

sing a vortex-edge definition based on the location of the

www.atmos-chem-phys.org/acp/5/131/ Atmos. Chem. Phys., 518812005
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