Impact of wildfires and volcanic activity on the effective radius of stratospheric aerosol: insight from the BSAP network

Introduction
The Balloon Based Stratospheric Aerosol Profiles (B2SAP)
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network launches high-altitude balloons (surface — 28 km : B.ackground : : : : :
altitude) from a range of latitudes to characterize the There arg aergso!s at.dlfferent. levels of the atmqsphere ano! the §|ze of the particles determines the impact they have on thelr.enwroan\ent.
background stratospheric environment. AerosF)I Size .dlst'rlbutlon descr'lbes the range of 5|z.es of particles |r1 the atmosph.ere. POPS me.asur.es t?etV\{een 140 nm — 2 um sized particles.
The payload measures water vapor, ozone and aerosol size Effective radius is a way to gstlmate the average size of these parjucles for any given aerosol size distribution.
distribution. Aerosol number concentration — a count of aerosols per cm? of air
Surface area concentration —the summed surface area of the particles in cm? of air
Volume concentration — the summed volume of the particles in cm3 of air
Water vapor —
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Frost Point Aerosol — Characterize stratospheric background effective radius for 1 launch site. Assume stratospheric aerosol are mainly sulfuric acid
Hygrometer Portable Optical | and water, index of refraction (R.) = 1.45 + Oj
Particle . . Effective radius
Ovone — NOAA Spectrometer Hunga eruption (Hunga) occurred in Dec 28
GML ECC ozone (POPS) 2021 and the aerosol plume traversed
sonde the globe. Image of Hunga aerosol plume 2b -
(red c.a. 30 km altitude) taken at _i:.__
Balloon launch sites | atitude LaReunion. The aerosol vertical profile 41
was recorded by balloon-borne POPS, 5o
launch from Lauder in May 2022 and the _
Hunga aerosol plume was observed as an gE_, 20 -
enhancement in effective radius at 20 — 2
26 km altitude. E 18 - ESE Glos
* 16 - Australian wildfires (ANYSO) occurred in Jan
2020. Estimated 243,000 km? burnt. R_; from
14 —_ POPS in smoke.
e R = 1.54 + 0.018j used for the smoke
127 E particles between 15.5-18 km. The aerosol
0 . | | | | | profile was recorded by balloon-borne POPS
100 200 300 100 500 600 launch from Lauder in Jan 2020. The wildfire
Effective radius (nm) plume was a narrow band of enhanced
effective radius at 16-18 km.
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Why are stratospheric aerosol measurements important? j’é o é - % .
o Play arole in global radiation budget = = =
o Impact climate change 16 - 16 - 16 -
o Chemistry on surfaces - 12 ' — Baseline -.1 o L e 3
o Important for ozone layer chemistry —— Hunga eruption % LU Huriga efuntion &
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Knowing the aerosol size distribution is crucial for determining how 100 10? 102 102 10" 100 10° 10° 10-6 10~ 10~ 10-3 102 10"
changes to the characteristic background stratospheric aerosol will Aerosol conc (cm™3) Surface area (um? cm™) Extinction
impact the Earths climate A plume from the Hunga eruption was observed by POPS as: The Wildfire plume was measured by POPS as:
Large scale events on the surface, such as volcanoes and wildfires Er.whan.cement |.n effective radius between 20 =26 k.m altitude, . _ .
can introduce aerosols to the stratosphere. Slight |r1crease |r1 aerosol concentration > 18 km altitude. - A narrow enhancemen.t in effective radius |
This perturbs the background stratospheric state and impacts the Larger mqease |n. surface.area > 18 km. | - A sharp enhan.cement |r1 aerosql conce:ntr.atl.on and surface .area |
alobal radiative balance, chemistry and dynamics. Increas.e in effective area is therefore caused by larger particles but the amount - Therefore, the increase in effective radius is likely due to an increase in
of particles per cm3 wasn’t enhanced much above background. aerosols per cm3, rather than particles increasing in size.
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Hunga volano erupted in 2022 — Image from ABC California wildfire— Image from Business Insider " Now at Finnish Meteorological Institute, Helsinki, Finland

News



