Early Ozone Loss in the Arctic in winter 2011/2012

_4‘
F. Goutail, F. Lefevre, A. Pazmifo, J. P. Pommereau, LATMOS/IPSL/UVSQ - CNRS, France, LATM ‘S

M. Chipperfield, W. Feng, U. Leeds, UK, M. Van Roozendael, BIRA-IASB, Belgium , P. Eriksen, DMI, Denmark, K. Stebel, NILU, Norway, V. Dorokhov, CAQ, Russia, E. Kyré, FMI, Finland, C. Adams, X. Zhao, K. Walker, K. Strong , U Toronto, Canada.
Contact: florence.goutail@latmos.ipsl.fr

n
(b}
p -
4
ey
c
(=]
-
—
n
<D
S
(<
(72}
N
(3~
(=8
D
=

Objectives and Method UV-Visible SAOZ UV-Visible SAOZ network TOTAL OZONE LOSS
- Quantification of chemical total ozone loss inside Vortex » Zenith sky UV-visible spectrometer A 5 5 _
. . - Differential Optical Absorption Spectroscopy ST S ...Zhigansk / Example: Sodankyla (Finland) . . .
- Comparison between modeled passive ozone and measurements - Ozone: Chappuis bands (450-550 nm) \ - : (CNRS/CAO) Top Compamson To P revious W|n1'er'5
+ Consistency between stations: 3% (NDACC Intercomparisons) P <~/ - Black: REPROBUS passive O3
MOgEDLCSTN\ * PSC days removed using a color index s . ﬂ— |:|ink: SAOZ O3 columns Minimum Temperature (K) Ozone Reduction (%)
) e ey e g . AN b 0 o) | — T  — L L L L
initialized on December 1, 2011 from ECMWF ozone fields ~ | CANADK SO0 T) - Salekhard - PV at 475 K from Mimosa contour advection model and vortex 200&7\ | ?/9:11 MW § 23 - 179
=> REPROBUS (ECMWEF, 1000 - 0.1 hPa) Thuw R o Aad - (CNRSI/CAO) edge (Nash criteria) 190 i 0
=> SLIMCAT (ECMWEF, 1000 - 0.3 hPa) . s M) S (NILY) o o | | | ;33
2 runs: a) Passive Ozone TR . , ol e mseonm S ] 190
b) Full chemistry Y, g . Sodankyla S
ScoresbySund R ‘-‘fr*( (CNRS/FMI) 2 400
MEASUREMENTS : (CNRS/IDMI) [ s d ey S
+  Total ozone=> SAOZ/NDACC UV-Visible network - & s 12 o 2 300
Twice daily during twilight Hapestia & G S e
a I MIMOSA PV FIELDS ,
Cold Temperatures from Early- ) SO INVortex >
December to mid-January Z 8 R — |
é 4 ol Dayof:z((::ar2012
210177177 T T T T T T T T T T T ™ g D | T
_ i 11/12 e i Ng 3.0 I T T | T T | T T | T T ] .
%/ 200 —BBOK, o 20 | A I I STGT'O“S
g | f/\y _ CEN _‘ Dec 20 Dec 30 Jan 15 Feb 5
L whs A 8 . | - ity (pwvu) 20 december 2011 12 MOS, v [pvu) 30 december 2011 1ZL MIMOSA @ Potential Vorticity (pvu) 15 jonuary 2012 1207 MIMOSA © Potential Vorticity (pvu) 05 february 2012 1207
E‘ 190 Wu’w N - W N A ‘ f _ i (pw) 15 jonuon *
B -1 50 I | | I | | I I | I I
180 L | | ] | | | ] | | | ] | | I NA 40 — - ]
Dec Jan Feb Mar  Apr B S 5% -
o 30 i 7 - =
= 9 i ——— —t——-
Tempera'rures below TNAT formation in December g 20~ g § 30 _ Observed: N
until January 20. B 10 ~ S SAOZ 7 1
Minor warmings in end of January, early and mid- ~ . . . -40 O ZHIGANSK O SODANKYLA - g
Febl"ual"y 0 5 @ Surface 0 2011 12UT Reprobus : S 5011 12UT Reprobus T T M SALEKHARD <A> SCORESS]?Y-SUND i
. 5 K a0 | ) ) . r[flu - ~unamee T . [ : = Sran s T Vv THULE NY ALESUND
Major warming at the end of February. = = = - PO[[B pummka  FEARSUA ] .
Top:  PSC Surface at 475K PSC NEC JAN FEB MAR AR ]
One of the coldest winter in Middle: Sunlit PSCd surface at 475K S L . 19%_
December Bottom: Cumulatedsunlit PSC surfac = 1/Chlorine Activation Index 0
- 23%7
20T 1994 1995  — 1996 o 0 | | | | | | | | ;\j A N L y —
— 1997 | 1998 1999 TR § G 5 08/09" A ' ] 0 I I I
=== : 2l | simulated: | mE_ MV 1 e %
B 2006 — 2007 2008 g _ - e —
=== g -0 ey S | 5Bk 2 e, | REPROBUS | BV . . ., 4 wb®®. . . ., .. .
g 2 | v Thie O NyAlesund E oo’ 1 T 1 JI—J__— T 1T
% " % il 2 ol B Eureka X Harestua - 200 A W _ el \/_\ |
% \‘ S - _ | Ly e W S :;, 4oL 09/10 | | l il
) -30 [—=@=-Observed 03-loss . e e Y ey W T T 1] O e e e B B B S
190\ B . e . e N - DEC JAN FEB MAR  APR 200 = A J”"JV <
L B et Preduction 301 4.1 7 oprosun 001 41 7 i etvarferosn 001417 - 190 ffﬁ WJ__ 20 38%-
. . . . . . - . et Ol D C ooy COx Conbe) - obront O (2R O VT Feprobuy G0 (oobu]__ Febriaty 2012 e e L 180 Lo UMM Y : b Y |1 ]
e | o | | | | | | | | o DEC JAN FEB MAR _ p . . R L l'l/izl I R N T [ 4'75}'< i 0 |"_|\\ I I I T I I I
Dec Jan Feb Mar Apr 4 I = 0 N, 200~ JAA.‘_’//\ M —— 550K 20 x 1 4%
. . . 190 = A v = - — ™1
Comparison between cumulated sunlit PSC surface and O3 loss in 2012 . e : ISON A N e
| | | l l % ‘I fp. ,Aa"",'.s :1 6+ 3% s i mul a.r e d: Dec Jan Feb Mar Apr Dec Jan Feb Mar Apr
475 K Pearson coeff: 0.9 = 20" | SLIMCAT .5 -
40 | ] N s 5 . : I ! [ . I ! I : I : | ! I ! I : [ ’ | |
ACknOWIedgemenTS o © a0l N GeiEd A gcg?:slgflSund T a0} SAOZ ozone loss
30 December 2011 12UT sprobus : O3loss (%) . O3loss (%) 5 ; 20 s : O3loss (%) 2 vV Thule <> Ny Alesund ] >
e Y o= . . o gl © e BEEEL— - *r 150 §
-The authors thank the SAOZ stations 30 - W - —_— b 3 Z:: _ g
operators and ECMWF for the 9 DEC JAN FEB MAR APR sl 100 £
meteorological analysis. 3 e | ] E
2 Lol - 2005 Observed .l Tog B
-This work was supported by the French S g o | =
CNES and CNRS/INSU within the 2 R - Total ozone reduction in Vortex: 14 % + 4% or ~ 60 DU °T
NDACC/OVSQ program. s * Loss rate © est 1eo5 109 2000 2002 2004 2006 2008 2010 2072
10 - *‘0.35% per day between end of December and early
-The SAOZ  network is part of NDACC e 1005 Chlorine activation Vortex fully Ozone loss at Vortex split February Simulated Warm winters - very limited loss 5 - 10% 1998, 1999, 2001, 2002, 2004
(Ne’rwork. for Detection of Atmospheric s in December activated vortex edge - limited loss 10-20% 2006, 2009, 2012
Composmon ChGﬂgCS). Ot | | | | | | | 1 - REPROBUS: 10 % or ~ 50 DU . . .
0 20 40 60 80 100 120 140 160 Cold winters - large loss 207%- 30%
- The authors thank gra’refully C. Boone Cumulated illuminated PSC surface (x106 km2) - SLIMCAT: 16 % or~70 DU B 19(915l, 199368"’/19'972’021?00’ 2003, 2005, 2007, 2008, 2010
: . - Record loss 38% in
at the Centre for AT'T‘OSPhe"r"C Che?wls‘rry Consistent correlation between cumulated sunlit PSC surface and O3 loss, but . . . . ..
Products and Services "ETHER" for || i) larger loss on cold highly denitrified years (1996, 2003, 2008, 2007, 2010 Conclusion 2012: record cooling in December, early ozone loss in late December but limited
providing MIMOSA and REPROBUS maps and 2011) i ina i id - i
T D | data above SAOZ stations ) significant depletion even in the absence of PSC (1998, 1999, 2001, 2002, total depletion because of early warming in mid-January. Early loss slower in REPROBUS
2004, 2006, 2009) due to gas phase NOx chemistry and fas1'er‘ 14 SLIMCAT




