Variations in Stratospheric Aerosol Layer and Aerosol Microphysical Processes Following the 2021
La Soufriere Eruption: Insights from in situ and Satellite Observations

Yaowei Li!, Corey Pedersen!, John Dykema!, Jean-Paul Vernier?, Felix Wrana?, Christian von Savigny?, Sandro Vattioni*, Amit Kumar Pandit>,
Andrea Stenke?, Elizabeth Asher®, Troy Thornberry’, Michael Todt®, ThaoPaul Bui®, Jonathan Dean-Day!?, Frank Keutsch!, NASA DCOTSS Team

1. Harvard University; 2. NASA Langley; 3. University of Greifswald; 4. ETH Zurich; 5. National Institute of Aerospace; 6. NOAA
GML; 7. NOAA CSL; 8. Finnish Meteorological Institute; 9. NASA Ames; 10. Bay Area Environmental Research Institute

IR
|71

2021 La Soufriere eruptions and observations Variations and characteristics of the lower volcanic plume Contrasting aerosol microphysical processes

4\ | IApril 9%, 2021, explosive eruption - - - : 1thi i
T INOAA GOES16 satellite visible imagery . o 550 J”F‘e Auggst 2021] 550 May July 2022 | Airborne DPOPS measurements of within the upper and lower volcanic plumes
fown ) ?‘W { : : Diameter > 300 nm Diameter > 500 nm
e rere veiicane TR & the lower plume at mid-latitudes . . . . . |
w2 13.33°N, 61.18°W >00/ 7 26 (@) = — 08/23/2021 -
s H A | b d f S
e < < Crosol nNumoer (an surrace o = ——— 08/25/2021
R g — 450 - ‘ : : i — — i
----------------------- SaSgeid [ = area) density in the lower e N 08/27/2021
G.a7 . , = = . 22 == -
T oo 2 5 400 380 K 5 stratosphere was 2-4 times | | _ e ==
onasin B 4 -3-’ B B . R I P 370 K | . . . E 20 | rt:: - -
" AR ‘ 350 | : higher 1n summer 2021 than 1n = =
o # WU ETRNELN e o e oy .. S 18} "= -
: ol e « o _ ' w B Photo: Navin Pato Patterson 200 | 1 | the mlmmally perturbe d E ——
‘ o o . 1 0. 0 10 20 30 40 < 16l e —— =
B [a Soufriere (13 N, 61 W) erupted >2( times between Aprll 9 llth, 2021. Particle number density (#/cc) Particle number density (#/cc) summer of 2022 1k 2 —
. o . | == .
The eruptions injected ~0.4 Tg of SO, into the UTLS (based on the o o o (T S ———
| , Meridional variations Zonal variations el
TROPOMI analysis). Plumes reached up to 23 km (Horvath et al., 2022) 550 -————————————— Ces0— 50— o 12F 5 -
(a) :22-:; : > (b) (a) —85-90 W % 550 b) T ' ' S e —]
April 2021 May 2021 June 2021 —49-54N 2 500 | - e} 5500 - " S | ! ! ! — - ! !
30" E . ém, "3 - %:\ — ) 500l tropopause i 2450 i 500 - tropopause range | g450 i 0 200 400 600 800 1000 1200 O 50 100 150 200
— ¥ < July 16, 2021 2 400 o z;gszegriﬁ |5|§;C|)12t102, £ 400 j Particle number density (# L )
F 3 3 450 (Research Flight 01) | ‘3501 5 450 03, 05, and 06) 3% B DCOTSS balloon-borne POPC measurements launched over Salina, Kansas
; - & 2 C %0 250 a0 350 400 450 I @ %09 ' ' ' ' . .
: AL . Efoctive diameter (nm) : O fectve diameter () (39° N, 98° W) detected a thin layer of aerosol enhancement for particles larger
" e | B 400 | Q0.4 S 4001 S04 — -
o I 8 400 > S 400 > . .
o Sl Peaklayer | 5 g1 430450 K than 300 nm at ~21.5 km (a transient filament excursion of the upper plume)
q 9 2% g 2% ‘
3 F S| 350 | Eozy i 350 HE B The upper plume likely consists of larger particles due to an extended process
: - § 3" e time within the tropical reservoir, likely involving condensation growth.
' E 3000 5I 1'0 1I5 2I0 2I5 30 <q:> (1)00 2(I)O 3(.)0 560 T 000 3000 f:) 1I0 115 2I0 2I5 30 <th (1)00 260 . 360 560 o 000 Eﬂective radius: March 2021 EﬁeCtive radiUS; OCtOber 2021 [nm]
Particle number density (# cm ™) Diameter (nm) Particle number density (# cm ) Diameter (nm) 30 BEET RLE. T LN UL R 30 ! FTTTTTT[T7]300¢
Latitude (* N) B Meridional variations in number concentration profiles: poleward isentropic transport + downwelling i ] : .

B Evolution of La Soutfriére volcanic plumes observed by CALIOP/CALIPSO: Brewer-Dobson circulation at mid-latitudes; minimal variations in aerosol size profiles 25 | - 2sf — 250 |
Two distinct plumes were identified 1n the tropical lower stratosphere, one B Zonal variations in number concentration profiles: synoptic variations; minimal variations in size E 1E |
between 17-19 km and another between 20-22 km (Li et al., 2023) T = o3 e

— e 550 —— 0.3 — 5 k- " 200
__ | Salina, CA o | 420 K level — volcano (2021) < | 1< | :
< 500 Q0. T — baseline (2022) 15 | Ty = -
o O o - - o e B B = - - - - =
NASA Earth Venture Suborbital 3 .a -Q 02+ -1 -1
Dynamics and Chemistry of the Summer Stratosphere (4] > ) K HS 1 -1
6450 s @ 10 b b L Y W T - 10 SN ZPWS e il it l.,100
o = 60 -40 20 O 20 40 60 60 40 20 0 60
qE) = June 02-27, 2022 g 0.15F Geographic latitude [°] Geographic latitude [°]
400 —=July 12-29, 2021 | -§ B Satellite observations from SAGE III-ISS also indicate a reduction in aerosol
© tropopause range ~ 01t , o ,
= | S size within the lower stratosphere, as affected by the lower volcanic plume
B O
- S 350 S 0.05 - (Wrana et al., 2023)
: 31 flights < .. . . . o
x 1 ' B Additionally, SAGE III-ISS has observed an increase in aerosol size within the
. . . 300 ‘ ' ‘ ‘ 0 ‘ e o . . . o
B Dynamics and Chemistry of the Summer Stratosphere (DCOTSS) 1s a NASA 250 300 350 400 100 200 300 500 1000 upper volcanic plume (~21-23 km), predominantly contained within 30 ° N.
EVS-3 project with ER-2 aircraft flying over North America in summer 2021 Cltective diameter (nm) Diameter (nm) N SAGE III-ISS Effective Radius 10°-30° N
. B The eruptions resulted in a smaller aerosol effective diameter in the midlatitude lower stratosphere. The variance 1n volcanic
and 2022 (up to 21.5 km). The DPOPS instrument onboard the ER-2 measured p b — January . .
number density and size distribution of particles between 140-2,500 nm B Volcanic eruptions are generally thought to lead to an increase in aerosol size. However, the 2021 La 28 - —— February aerosol microphysical
’ —— March
. . ¥ ° : ' ' ' rocesses between the
SEereter. Ballleai_berne messmeimnets T DCOMTES 2007 sllas mneasrried] Soufriere eruption led to an increase in the number concentration of small particles (< 400 nm). 6 - April P - .
: : C e : : , —— June tropical reservolir (upper
number density and size distribution of particles larger than 300 nm diameter. i Global TOA Clear-Sky Forcing Ozone Column Depletion e _ JAU et P (upp
| | kdsoufierdEruption] | | | | | ‘ ‘ ' Small radiative E =2 = plume) and the
= [ 0.75 — —— September
b 005 N - i " . () . .
Data and Acknowledgements § //\/\/\/\/\//\ o 50 - 050 £ and ozone impacts 3 22 S— Octobekr) midlatitude lower
- : : = 0.00 = - .. = —— November
- ﬁll D/C/JOESIS data p resen/ted },leriglzg?;l;d%’?aﬂab; a 1 by NASA < - b X La Soufriére eruption B % as 1ndicated by < . Sesariber stratosphere (lower
ttps://asdc.larc.nasa.gov/project . 1'h1is work was supporte rant o —0.05F D= -0.00 © : : :
I gov/proj pp y g 2 2 > observationally- plume), along with their
8ON'SSC19K0326. i 2 —0.10f 13 e . 18 -
s —— Shortwave o 0500 constrained consequence on changes

References & -0.15[ i e s L B ' '

Scan here tO —— Net J l -0.75 SOCOL_AERV2 16 - 1n aerosol S1z€, warrants

Horvath et al., Atmospheric Chemistry and Physics, 2022 Jor T : . .| e e e o e e - —— -1.00 . . : . . : S :

o o P L 5 B . AN N P Ol M ! | ' ' - further exploration.

Li et al., Atmospheric Chemistry and Physics, 2023 et view the paper NSNS ATAN DS 2850 9298 n T 0321 0821 0122 06/22 1122 simulations 100 150 200 250 300 350 400 LUrther exploratio

| | . ; 9OF 90> 0k 90k q0% g0 Q90> 90 "0k S Date Effective radi
Wrana et al., Atmospheric Chemistry and Physics, 2023 F - ective radius (nm)

*Correspondence to: Yaowei Li (yaoweili@seas.harvard.edu) @YaoweilLi6 [@]: yaoweili96.github.io



mailto:yaoweili@seas.harvard.edu
https://asdc.larc.nasa.gov/project/DCOTSS

