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Sulphur dioxide (SO2) is an important atmospheric constituent that plays a crucial role in many atmospheric processes. For example the current hiatus in global warming has been suggested
to be caused by low level volcanic activity. Volcanic eruptions are a significant source of atmospheric SO2 and its effects and lifetime depend on the SO2 injection altitude. In the troposphere E—— : ith CAL IOP Grimsvotn eruption
SO2 injection leads to the acidification of rainfall while in the stratosphere it oxidises to form a stratospheric H2SO4 haze that can affect climate for several years. The Infrared Atmospheric eight comparison wit DL 1 eStoaet V5 1 201 152511325250 e o CHLLID Lt —VofStage 3-01.201 1=05-27112- 21020l Suost
Soupding Instrument (IASI) on the Metop satellite can be used to study volcanic emission of SO2 using high-spectral resolution measurements from 1000 to 1200 cm  and from 1300 to 1410 _ _ o | | | '*' = ’ &
cm ~ (the 7.3 and 8.7 mm SO2 bands). The scheme described in Carboni et al. (2012) has been applied to measure volcanic SO2 amount and altitude for most explosive eruptions from 2008 | Comparison with CALIPSO.: _ - _ _ e ‘ EEE i
to 2014, including large eruption such as Nabro and less intense events such as Etna lava fountains and the recent Bardabunga eruption The work includes a comparison with independent | The CALIPSO data are preselected with SEVIRI to identify the location of volcanic plume (G. =4, °f < 49 =Her 5 _E
measurements: (i) the SO2 column amounts from the 2010 Eyjafjallajokull plumes have been compared with Brewer ground measurements over Europe; (i) the SO2 plumes heights have | Thomas, personal communication). o 4 “ MBI ol e o { E E
been compared with CALIPSO backscatter profile. The results of the comparisons show that IASI SO2 measurements are not affected by underling cloud and are consistent (within the Here the height of the SO. ol ¢ the IAS| pixel cl f 10 CALIPSO track otted ot F [ 1 ek oars i | | ’ :
retrieved errors) with the other measurements considered. The series of analysed eruptions, between 2008 and 2012, show that the biggest contributor of volcanic SO2 was Nabro, followed or?rtﬁe (? ALe|IIDQS Oobaclfscattzeﬂr?mero;ﬁ;n € PiXel closest o rack, are overplotte oo OU %ﬁ ol ot AR T R o 0 R .
by Kasatochi and Grimsvotn. Our observations also show a tendency of the volcanic SO2 to be injected to the level of tropopause during many explosive eruptions. For the eruptions o e g protiie. . L . K ° » . *
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observed, this tendency was independent of the maximum amount of SO2 erupted (e.g., 0.2 Tg for Dalafilla compared with 1.6 Tg for Nabro) and of the volcanic explosive index (between 3 : ) ) TR . : g o 8
i measurements. With this relatively ‘strict’ criteria only the two Icelandic eruptions (reported here) 5 L e g
B have some coincidences (ideal coincidence between Metop-A and A-train is at ~70 deg. lat.). A : - - s = ; - W. = il
g : greater time difference allows comparisons with more eruptions, but the quality of the B -
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Retrieval scheme Total column amount of SO comparison will decrease and the plume evolution may be needed to be considered.
) ) : 2 Note that CALIPSQO’s backscatter signal comes from ash and/or H,SO, droplets (mostly from the
The SO, retrieval algorithm uses measurements from 1000 to 1200 cm and - Altitude H oxidation of SO,). _
from 1300 to 1410 cm (the 7.3 and 8.7 um SO2 bands) made by IASI (Carboni - Thickiaess s —
et al., 2012). Uses the detection scheme (Walker et al. 2012) applied to pixels - Surface temperature Ts Comparison with Brewer ground data
for the full retrieval (Carboni et al 2012). T 71T . ) ol oud d ot th I
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This retrieval scheme determines the column amount and effective altitude of . |y =0.258 + 0.729x A B - / e B R S e T g
the SO, plume with high precision (up to 0.3 DU error in SO, amount if the F(x) Forward model: fast radiative transfer 8 o Thessaloniki (GROC) <, | Scatter plot of IASI S0O2 5 | | o8 L 3
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(1) IASI makes measurements both day and night (so has global coverage _ O | e Valentia (IRL) SR | from  Brewer spectrometers. = [T RN T i
every 12 hours), IASI measurements OE retrieval = | Murcia(ESP) oo | Different colours correspond to a . Y 3
(2) the IASI retrieval does not assume plume height but retrieves an altitude J = (y - F(x) b)TS‘1( F(X) = b)+ (X - X )TS'1(x X.) < 4r TR e ; | different ground station. Black o " #% , E
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concentration of SO, follows a Gaussian distribution). y Is the measurement vector, x the state vector, I N7 e | errors; dotted error-bars are the x
(3) IASI retrievals is not affected by underlying cloud (if the SO, is within or F(x) forward model, Se error covariance matrix oL g 5, A A/ T E | standard deviation of the IASI gl 2
below an ash or cloud layer its signal will be masked and the retrieval will best estimate of stare vector: [ / ; i l{ : 1 data Wit_hin the selected dista_mce. iaas:a g
underestimate the SO, amount, in the case of ash this is a posteriori discernible Ts ' o 3 1 Black lines represent the ideal " .
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This is derived from an error covariance matrix that is based on the SO,-free JEEEEE which are not explicitly modell_ed. The mgtrix 5 constructed_f_rom differences between_FM calculation_s _(for Brewer SO, [DU]
climatology of the differences between the 1AS| and forward modelled spectra clear-sky) and actual IASI observations for wide range of conditions, when we are confident that negligible
' amounts of SO, are present.
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