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Intense Arctic Ozone Depletion in the Spring of 2011
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Greenland. The ozone total column amount of 290 DU measured on 18 March 2011 is the lowest value from the 12-year 
observation record and represents an ozone depletion of up to 48% of a typical March column. The unique 2010 – 11 vortex was 
characterized by sustained low stratospheric temperatures and stability that resisted breakup through March. Simultaneous 
observations of O3, HF, HCl, HNO3, and ClONO2 demonstrate strong subsidence and substantial conversion of chlorine from 
its normal reservoirs. 
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à Thule, au Groenland. Le 18 mars 2011, la colonne d’ozone total a été mesurée à 290 DU, ce qui représente la valeur la plus 
faible depuis que les observations ont commencé à être consignées il y a 12 ans. Cela constitue un appauvrissement de l’ozone 
allant jusqu’à 48 % de la colonne typiquement enregistrée en mars. Le vortex unique dénoté en 2010-2011 était caractérisé par 
des températures stratosphériques faibles et soutenues ainsi que par une stabilité ayant résisté à la dissipation jusqu’en mars. 
Des observations simultanées de O3, HF, HCl, HNO3 et ClONO2 ont démontré une forte subsidence et une conversion substan-
tielle du chlore à partir des réservoirs normaux. 
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OBSERVATIONS

Since 1999, continuous observations have been made 
at high spectral resolution (0.0035 cm-1) of the infrared 
(750 – 4500 cm-1) absorption by the atmosphere from a 
VLWH�DW�7KXOH��*UHHQODQG������Û�1������Û�:������P�DVO��E\�
a solar-viewing Fourier transform spectrometer (FTS). The 
observation program is operated as part of the Infrared 
Working Group (IRWG, http://www.acd.ucar.edu/irwg) of 
the Network for the Detection of Atmospheric Composition 
Change (NDACC, http://www.ndacc.org) (Kurylo, 1991; 
Kurylo and Zander, 2000). The network integrates chemical 
constituent and temperature measurements of the remote 
atmosphere from more than 80 sites around the globe that 
are instrumented with several types of remote sensing or 
balloon-borne sensors. Of these 80 sites, 17 are active 
FTS sites, four of which are in the Arctic. Vertical column 
DPRXQWV�DQG�ORZ�YHUWLFDO�UHVROXWLRQ�SUR¿OHV�DUH�UHWULHYHG�
from the absorption spectra for a number of gases impor-
tant to stratospheric ozone chemistry and to greenhouse 
warming effects (Hannigan et al., 2009). Measurements 
are archived as part of the NDACC and can be publicly 
accessed at www.ndacc.org.

Since the FTS is a solar viewing instrument, observa-
tions at Thule are discontinued each winter while the sun 

is below the horizon, from approximately late October to 
late February. When measurements resume at each spring 
SRODU�VXQULVH��ZH�PD\�RU�PD\�QRW�¿QG�WKH�$UFWLF�SRODU�YRU-
tex to be in the vicinity of the Thule site, and often, the vor-
tex will be in some stage of breaking apart. Consequently, 
the springtime evolution of gases involved in polar ozone 
depletion, chlorine reservoir species, and tracers will reveal 
some details about the later stages of the winter’s polar 
ozone loss. These gases include ozone (O3), hydrogen chlo-
ride (HCl), chlorine nitrate (ClONO2)�� K\GURJHQ� ÀXRULGH�
(HF), and hydrogen nitrate (HNO3), which are among those 
routinely measured at the site. Other species important to 
polar chemistry, for instance ClO or the ClO dimer, have 
concentrations below the detection limit of the instrument.

Data presented here are computed from chemical vol-
XPH�PL[LQJ�UDWLR��905��SUR¿OH�UHWULHYDOV�DV�GLVFXVVHG�LQ�
Hannigan et al. (2009). The independent information in the 
SUR¿OHV�GH¿QHG�DV�WKH�GHJUHHV�RI�IUHHGRP�IRU�VLJQDO��'2)6��
(Rodgers, 2000) ranges from 1 (ClONO2) to 4.5 (O3) and is 
between 2 and 3 for HCl, HF, and HNO3. Hence only total 
columns are reported for ClONO2. For the other gases, the 
UHWULHYHG�SUR¿OH�LQIRUPDWLRQ�LV�LQ�WKH����±����NP�UHJLRQ�DQG�
higher to approximately 40 km for O3. There is little infor-
mation from the troposphere for all gases shown here; the 
905�SORWV� �)LJV�� �� DQG���� VKRZ� WKDW� WKH�SUR¿OHV� WHQG� WR�


