ons: AIRS and IASI retrievals
of SO2 and fine ash particles

Dr Fred Prata
Department of Atmosphere and Climate
Norsklnstittut fur Luftforskning (NILU)
Kjeller, Norway
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Mt St Helens (5) 1in 10 years
Krakatau (6) 1in 100 years
Tambora (7) 1in 1000 years

VEI~2 1 every 2 weeks
VEI> 7 (~100,000 years - Toba)
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Volcanoes and Climate

STRATOSPHERE
possible injection reflection of
into stratosphere . incoming solar
_ radiation
HCI 30O photochemical sulfuric acid aerosols
2 reactions £ 5 ?Wz/jf
- CO, S dispersion BRI L LPAOUIE 2o - THR 5 G
O, gas &= S
Wo?aka v greenhouse “%’ HCl : '
acn ic’r absorption r :
" 1 /) k / S cloud nucleation
o greenhouse
. TROPOSPHERE absorption

fallout of volcanic ash
and lava ‘bombs’
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Global temperature change (°C)
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Aviation Hazards
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o Growth in aviation traffic

Annual average growth rate of passengers

(percentage)
2001-2005
Europe 2.3 4.5
Africa 3.3 5.0
Middle East 6.4 4.0
Asia and Pacific 4.1 7.5
North America 1.8 5.0
Latin America and Caribbean 2.9 4.5
World 2.7 6.0

Freight & mail
(% change in ton-km)

Source: International Civil Aviation Organisation
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Global aviation threat
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SO, measurements from satellites

INSTRUMENT From
e TOMS 1979
e TOVS 1979
e MLS 1991
« MODIS 1999
e ASTER 1999
e ACE 2003
e TES 2004
« SCIAMACHY/GOME 1998
 AIRS 2002
e OMI 2004
« SEVIRI 2005
e [ASI 2005
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o Measuring SO, from satellites

i JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 112, D20204, doi:10.1029/2006JD007955, 2007
ic
ere

for
Full
Article
Retrieval of volcanic SO, column abundance
from Atmospheric Infrared Sounder data
A. J. Prata’ and C. Bernardo®

Received 23 August 2006; revised 25 June 2007; accepted 16 July 2007; published 19 October 2007.

:Norwcgian Institute for Air Research, Kjeller, Norw:
“Auspace Ltd., Mitchell, ACT, Australia.
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Spectral matching

 Many molecules have distinctive absorption

bands S o,

il

CH, CO

SO,

J'N

« Using theoretically-derived spectral shapes,
molecules can be identified by comparing (or
matching) the observed shape with theory.
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Courtesy Pierre Coheur
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i Spectral matching (1)

Radiative transfer equation

o[z, q1(2), Q2(3')---(ln(3')]> d»
0z -

Iy — [1/_.3 + [) BII[T(:)] (

Choose absorption region and split integral into 3

parts:
L 71 B,,[T(z')] (c‘-')r,,[z,qg(:)...qn(Z')]) d» Below gas layer
0 0z )
n “ B,[T(2)] (371/ [-‘-ﬂ(11(3);-)f12(3)~~-(1n(3)]) d» Ingaslayer
| z
+ [ BI()] (m”[:’ q'z(,(f)“'q"(:”) dz. Above gas layer
Z9 -
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Spectral matching (2)

(x;.
I, = 1I,qexp {—/ k,,(z)q(z)dz} Beer-Bougier-Lambert law
0
/ o0
v a [~ oYl o
A, = — 111{1 } = / ky(2)q(2)d Absorbance spectrum
o,V o
10— ——— s N — —————]
& 13 7.3 ym SO, feature E
. 300f 0 = -
Q TF - n ¥ .
g 280 .!‘:'."l'f‘m”\., -5F WWW
u N v F -
= b W0 E
% - | n ]
8 ok
E 2205_ - ]
D L “Pbo— 12— — 13— ———t3h——— a1t~ b
e n
0 f oy I_lLU _ oot ey j
Wavenumber (cm-)
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o~ Spectral matching (3)

Problem: How do you find the “best” reference pixel?
Solution: Search all pixels for best spectral match
Z;:ol A;S;

R— n—1 {1 2000.0,10.160 Lon=145.00° Late 15.60°N [046,104] 80y 240U =098,
- 1 i 21 -2 . Ref 143.87°E, 15.79 °N [059,104]
n— 1 Z A n—1 5
< A; — min(A;)
A.’, — !oe
max(A;) — min(A4;)’ i

(
Si — min(.S;)
~ max(S;) — min(S;)’

02
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NILU

Single Lorentz line Retneval
AAv = / {1 — exl):—-l- /:2 _0q(2) d:‘]}dl/,
Av mJz

mJa (Vv —1p)?+ a?

AAv = 2map[Lo(¥) + Li(v¥)] exp{—1},

| Su
L‘ = - \
27T0t

For a band with temperature dependent line strengths and line
broadening, an “off-line” radiative transfer model is needed

T = (KTK’)—lKTyi Least squares solution
X layer absorber amounts (N layers)
? observed absorbances (M wavenumbers)
K: is an MxN matrix of absorption cross sections
15 October 2008
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SO, column (DU)
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Other spectral regions
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|AS|

Atmos. Chem. Phys. Discuss., 8, 16917-16949, 2008 --/\ Atmospheric
www.atmos-chem-phys-discuss.net/8/16917/2008/ Chemistry
© Author(s) 2008. This work is distributed under G and Physics
the Creative Commons Attribution 3.0 License. Discussions

This discussion paper is/has been under review for the journal Atmospheric Chemistry
and Physics (ACP). Please refer to the corresponding final paper in ACP if available.

Tracking and quantifying volcanic SO,
with IASI, the September 2007 eruption at
Jebel at Tair

L. Clarisse', P. F. Coheur', A. J. Prata®, D. Hurtmans', A. Razavi’, T. Phulpin?, J.
Hadji-Lazaro®, and C. Clerbaux”"’
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Fig. 1. Top panel. Two spectra (in brightness temperature) from 30 September 2007. The
spectrum in blue is taken from inside the initial plume of the Jebel at Tair eruption, the spectrum
in red is from a nearby pixel, just outside the plume. Bottom panel. Ratio of the two spectra
from the top panel.
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4 Volcanic ash — Detection and
discrimination

Prata, A. J., 1989, Infrared radiative transfer calculations for volcanic ash,

Geophys. Res. Lett., 16(11), 1293-1296
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Operational use of the
“reverse absorption”
algorithm

Kasatochi eru pt| on AVHRR 4m5 — Left: NOAA-15 2008/08/08 16:41 UTC
AVHRR 4mS5 - Right: NOAA-16 2008/08/08 17:09 UTC
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-~ Chaitén, Chile

First rho

=<

litic ash eruption in the satellite era (~30 years)

" T -
P\ e - g \, Wl AR . | I=‘§i
- N 3 = - i) } } i 1

S.A. Carn, J.S. Pallister, L. Lara, J. Ewert, G. Villarosa, M. Fromm, S. Watt, A.J. Prata, D.M. Pyle, T.A. Mather, N. Matthews,
R.S. Martin, A. Pavez, R. Aguilera, R. Thomas, W. Rison, P. Krehbiel, J. Johnson, A. Folch, D. Basualto, T.J. Casadevall, M.
Guffanti, C. Benitez, J.G. Viramonte, 2008, The awakening of Chaitén volcano, Chile, EOS Trans. (to appear).
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= Concavity index increases
detectlon tlme and dlstance
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Sensitivity to
particle size and
composition
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SO, (milli atm-cm)
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S0, (milli atm-cm)
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SO, (milli atm-cm)
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|JASI| — Dust detection

(based on the Concavity index)

August 2008 pm.

(Courtesy Levien Clarisse)
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