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Volcani injections in r her : o :
olcanic SO, injections into stratosphere Simulated and observed SO, in the lower Stratospheric aerosol radiative forcing,
Volcano Altitude SO, Mass 185hPa
Region Time Latitude  Longitude (km) -TEI{I:} Stratos p h ere
Ruang 26 Sep 2002 2 125 18 704 80°N O 80°N ] , ' . | - . 0.04
Reventador 5 Nov 2002 0 80 19 49¢d 2 I 0
Rabaul+Mayon 10 Mar 2003 —5,13 150, 124 17,15 15¢ 1 —0.04
Ulawun 9 Apr 2003 -5 151 17 188 40°N 0.5 40°N . —0.08
Anatahan 14 May 2003 16 143 17 16° ) 1 ~0.12
Soufriere Hills 13 Jul 2003 16 —62 15-18 51d 0.2 i ' ' | ‘ . r f ah -0.16
Gamalama+Japan 22 Aug 2003 1,33 128, 131 16 27 0° 0.1 0° i | i _0.2
Lokon+Masaya 26 Sep 2003 2,12 125, —86 16 16 0.05 — ' I‘” *"' | _0'24
Manam? 21 Oct 2003 5 145 16 16 o o '
Philippines? 10 Nov 2003 5 120 16 20° 40°S 0'0?5 40°S — . ' : B —0.28
Colombia? MIPAS 25 Dec 2003 5 78 17 13 0.0 o ; T o | i - —0.32
Manam? MIPAS 9 Jan 2004 _5,5 1407 17 27 80°S 0.005 80°S \ | > L E i y " | —0.36
Langila 3 Feb 2004 5 150 17 14 0 —0.4
Soufriere Hills 4 Mar 2004 10 —62 17 22¢ SDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMUJUSD SDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMUJSD
b A s - > 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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e s s o - = SO,, EMAC, ppbv, 17km, weekly Eruptions visible as peaks Forcing at tropopause, W/m?
anal Thoraooe 1 - 19 169 i . Neglecting smaller volcanoes causes a strong underestimate of forcing
Anatahan + Soufriere Hills 23 Apr 2005 16 143, -62 16 504 80°N |||||||| I””H ||||~I|||||F|Iq | |I|””r¥ I‘ll | l"vl | |"||HR I |\ 2 pcon b b b b b b b b e
Anatahan + Fernandina 17 May 2005 16,0 143, —91 15 27d | | ” |H|| |” | | | | ||| | | _ |
Anatahan 12 Jun 2005 16 143 15 25 40°N | | | r
Anatahan + Santa Ana 12 Jul 2005 16 143, -90 15 264 ‘ ) | | | 0.5 —
Anatahan + Conception 5 Aug 2005 16 143, -85 15 42 I | | 0.2 B
Siora Nogrs oL S | i ' ‘ i D Less volc
Karthala 24 Nov 2005 —_m _43 16 28 | ‘ 0.05 B
i fre-oRe B S A I | ‘w|| 1] {1 W O A O O i
Tinakula + Lascar 18 Apr2006  —5,-23  152,—68 17 35 | ! il lll | w | ‘,‘ | AU'\‘ A | | HL”N ' iﬂw 0.005 B
Soufriere Hills 21 May 2006 16 _62 19 147¢d 80°S al i IS | ki Wl anll ') | | O. X Solomon
Ulawun + Ecuador 16 Jul 2006 -5 150, —80 17 20 L X 4 2011 (from
Rabaul 17 Aug 2006 - o - 88" SDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMUJSD L
Rabaul 9 Oct 2006 -4 150 17 1504 2002 2003 2004 2005 2006 2007 2008 2009 2010 201'] T T T T T T T T [T T T [ T T R T T [T T T [T i Observa'
Peru (?) + Pit.Fourn.R. 240ct2006 -20,-10  —70,57 17 48 1 JSDMJSDMJSDMJSDMJSDMJSDMUY SNS DMJ$SDMJSD tions)
Ambrym 8 Nov 2006 —10 160 17 40 MIPA 7km —
Nyamuragira I 20 — - 66¢ S0, S, km, S5—day 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Sulawesi + Japan 24 Dec 2006 5,30 125 18,15 34 ; 2
Nevado del Huila 19 Feb 2007 0 70 16 23 Global forcing at tropop., W/m Still something missing?
i _— —_ d L] u L L] u u
D v ey e el e 5 Size distribution parameters, accumulation mode, tropics
Vanuatu, Japan + Kam. 13 May 2007 —15, 35 150 16 Pl
Llaima + 23 May 2007  —25-15 —70 15 25
Lengai +7 2 Jul 2007 —2,20 29 16, 15 22 '
Raung, Monsoon? 27 Jul 2007 -5, 35 110 15 23d 32
Manda Hararo 11 Aug 2007 15-35 40 15 32
Vanuatu +? 20 Sep 2007 -5 1657 16 22 28 0.019
Jebel al Tair 1 Oct 2007 1540 42t 16 74d £ _ 0.1 ‘
Nicaragua 5 Nov 2007 15 —B85 16 27 =~ 0.08 28 0.017
Soputan or Krakatau 14 Nov 2007 -5 110 15 35¢ N 24 B ' 0.015
Talang (7) 9 Dec 2007 -5 100 16 244 = m 0.06 0.013
Mexico? Llaima 29 Dec 2007 5, —35 —751 17 274 20 — — |
Nevado del Huila 8 Jan 2008 1 —71 15 30 | Lo E 24 E ! : o 0.011
Ecuador, Mexico? 28Jan2008  -5,15 —80? 16 32 6 : : 'ﬂ' : .m ' : B 0.02 P = l g I 0.009
E_cuad?r? 1B1F;Eb;|§[?§ _1_:5 72? 12 ??83 IIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIII|IIIIIIIIIII O <20 1 0'007
szﬂgtﬁimi{a[?} EB;;QDDB e o7 e ” SDMJSDMJSDMJSDMJSDMJSDMJSDMJISDMJISDMUJI SD . 0.005
Bigma,[kg_JrEg'Dn 12 Apr 2008 _5:5 152, 122 15 27 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 _ 0.003
Mexico+ Chaiten 3May2008 15-5-35 —90,—70 16 22d , Moré and Iarger part|C|es 16 J 0.001
Mexico+Barren I.+Chaiten 12 May 2008  10,-35  —90,90 16 29 Wet radius, um, 205—20N ti —0.001
gi;arasua?'iﬂputan? 16JJur|'-EDDE 5 —85,1-1';15 16 35 ganer eruptions SDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMJISDMJSD
mo 13 Jul 2008 53 —168 15 8
Kasatochi 8 Aug 2008 52 175t 1317 376 18 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 t t I
Colombia+Dallafilla 12 Nov 2008 5 —78,40 17 ggd 32 .
Ecuador+Kamchatka? 17 Dec 2008 5, 40 —80,160 17,15 35 12 Aerosol heating, K/d, 205—-20N Ola
Karangetang? 2 Jan 2009 2 125 17 29¢
Indonesia? 27 Jan 2009 -5 100 16 26% c 28 12
Ecuador+Villarrica 16 Feb 2009 -5, -35 —75 16 28 k~; 1 0 0.013
Redoubt 23 Mar 2009 60 —155f 13 1054 . 24 g 28
Fernandina+ 8 Apr 2009 0 _90 16 28d N - 0.011
Rinjani ? 7 May 2009 5 120 15 28 0.009
Rinjani+Vanuatu? 22 May 2009 5, —15 116, 165 16 274 20 4 ’
Sarychev 14 Jun 2009 48 153 16 5624 F ’ ir ”w : " .? , '1 2 § & 0.007
Vanuatu+Mayon 4 Oct 2009 —15, 25 165, 120 17 27€ 16 | =
Costa Rica? 24 Oct 2009 5 83 16 26¢ 4 0 < 55 0.005
Ecuador? Langila? 3 Dec 2009 -5 _78, 148 17 29d SsDMJUSDMJSDMJUSDMIUSDMJISDMJISDMISDMJI SDMJI SD 0.003
Nyamuragira + Tungurahua 2 Jan 2010 =5, 15 30, =75 16 30° 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 0'001
Turrialba? 17 Jan 2010 5 —82 16 29 .
Suufrierle Hills 13 Feb 2010 16 —62 16-18 42d N’ agcum, cm_3, 208_2@[\] _0.001
Costa Rica 2 Apr 2010 9 —84 15 34 -
Tungurahua ? 2 May 2010 -5 —78 16 3g¢ SsDMJUSDMJSDMJSDMJUSDMJUSDMJIUSDMJISDMJISDMUJI SD
Pacaya 1Jun 2010 15 —91 17 49° 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
wisdsnrarmbim oot dce el dppced 2 | Optical depth of strato$pheric aerosol (above 185hPa), visible
Karangetang, Nicaragua 10 Aug 2010 9,35 128, -85 16 38 - Aerosol sw—heating K/d, 20S—20N Solar (mosﬂy near |R)
Galeras + Sinabung (?) 27 Aug 2010 5, 25 —77,100 16 3déd ’ ’
Karangetang + America? 4 Oct 2010 5 128, —80 16 42 ) [ ]
Merapi 6 Nov 2010 —7 110 18 1079 80°N v ’ 0.028 - . :
Java, Ecuador, Villarrica  24Dec2010  -5,-35  110,-78 17 51 0.024 Volume mixing ratios of aerosol types, tropics (20S-20N)
Villarrica + Java 7 Jan 2011 —45, -5 —75,110 16 35 40°N .
Lokon-Empung, Planchon? 26 Feb 2011 5, —40 110,-75 16 364 | i 0.02 N
Rabaul + Merapi? 25 Mar 2011 -5 150, 107 15 27 21 0 |
Colombia? Karangetang 12 Apr 2011 5 —77,128 16 224 Qe 0.016 —
Tungurahua, Rabaul 2 May 2011 _3 —78,150 16 38d 0.012 19.0 F L
Grimsvotn + Rabaul 27 May 2011 65, —5 —20,150?7 14,16 48° ' 17.0 —
Nabro 13 Jun 2011 10-55 41f 16-19 386° 40°S 0.008 15.0 u
7 _ d o
E’:,f:fa;?m; ESSE%H _125 1;95 12 §‘L 80°s A n i 1 " 1 0.004 SDMJSDMJSDMJSDMJSDMJSDMJSDMJSDMJISDMUJSD
350, masses above 14km in low latitudes, above 13 km in midlatitudes, and 12km in high ' L i T i ' ' A : 0 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
latitudes. The altitudes and latitudes refer to the maxima in the zonal mean “plume” in the MIPAS SDPMJUSDMJUSDMJIJSDMJIJSDMJIJSDMJISDMJISDMJSDMUSD
50, data if available. On several days more than one volcano has to be considered. The 50, is 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 —
injected at the listed days, in most cases based on the strongest signal(s) in OMI data, i.e, not 21 .0 B
necessarily the first day of an eruption. For eruptions lasting over a period of months or years : 19.0 —
this can be several days. Most volcano names are from the Smithsonian database (http//www. Strat. OptICO| depth’ 230nm 17.0 ' | f f ’ F ¥ ] fr' r F ! ’ [ F 1 ¥ C
e Observations simulated, all volcanoes shares of aerosol types 150 C
dApprﬂxima‘[erasinﬂtherSimuIatiDn. LeSSVO|03noeS, 0012 oo b b b b b b oo Lo Lo SDMJSDMJSDMISDMISDMISDMJISDMJISDMJISDMUJSD
o o In ovner smulation:__ blue curves 10 - _ SAGE+ 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Longitudinal sawtooth function. 0.010
N Nk’ PR e oD
~_ - L 19.0 —
EMAC (V1.9/1.10) 0.005 SRR IR :
*‘MECCA1 chemistry module, modified for SOx 0.004 — _ Aer. water 15.0 -
(with COS and DMS oxidation, enhanced H,50, - - sulfate 20022003 2004 2005 2006 2007 2008 2009 2010 2011
NIR photolysis [966nm, g=0.2] and SOx sink on  [\|%-%% _ L oc ]
meteOrlth dUSt) + GMXE aerOSOI mOdUIe (4 OOO T T[T T T T [T T T T T T T T T T [T T T [T T T T [T T T T T [T T T T T[T T T T T[T T T rT T 210 [
soluble and 3 insoluble modes with EQSAM 20022003 2004 2005 2006 2007 2008 2009 2010 2011 138 Fogr | F e i e 13 L =
chemistry, o, ..=1.99, 0,,.=1.49, 0=1.7; lower 15.0 ' =
mode boundaries aitken 0.006, accum 0.07, AOD 550nm, 205-20N SDMJSDMJSDMJSDMJSDMJSDMJSDMJISDMJISDMJIS D Aerosol
coarse 1.6um) + scavenging by clouds Nleglectilng or ulnderelstimatipg volclanoeslcausels too Iolw AOD 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 water, ppbv
.AEROCOM aerOSOI emiSSionS at Surface 0024_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LE ittt ier iyt ieintiiiininil IIIIIIIIIII_
(sulfate, organics; Dentener, ACP 2006) - ﬁ - Monsoon,
*Resolution T42/L90 (to 1Pa with internal Quasi- | |%-°4° ] [ C o "
Biennial Oscillation), GCM ECHAMS. 0.016 — " OSIRIS 000 0.022
. . ] — 0.05
*Optical properties of aerosol from lookup-table 0.012 . - Al N 0018
. .04
(Mie based, types: H,O, water soluble, OC, BC, 0.008 —~ \ C [l5es valls - 0014
dust, sea salt) = ) AL NIVAS EANA - | 001
’ S : : : 0.004 —| OGN J — 002
*Aerosol radiative forcing calculated diagnosticly = ) C o 0004
(multlple Ca”S Ofrad|at|on rOUtlne On“ne, Wlth OOOO ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 0 0.002
aerOSOI and feedbaCk tO dynamiCS and WlthOUt SPMJUSDMJSDMJUSDMJSDMJUSDMJUSDMJISDMJISDMJ SD 0° 100°C 160°W 60°W o° 100°F 160°W 60°W
aerosol and feedback) 2002 2003 2004 2005 2006 2007 2008 2009 201 O 201 1 Black Carbon, ppbv, Jul/Aug 2007 BC Organic Carbon, ppbv, Jul/Aug 2007 OC AOD, Jul/Aug 2007 AOD
AOD 530nm, 45—70N 18km tropopopause
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