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Emission and removal of solid organic aerosol particles from biomass burning and
their climate effects

Adachi, Kouji
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Tarballs are spherical organic aerosol particles emitted from biomass
burning and have an impact on global climate. This study reveals their physical/chemical properties,
optical properties, atmospheric abundances, and atmospheric removal processes based on samples
collected from direct emission and long-range transport (e.g., Arctic region) and analyses using
transmission electron microscopy. These results provide information on the climatic influences of
tarballs. Our study has implications for improving climate modeling in the future.



Tarball; TB
0.27-0.002 TB
TB
TB
TB
TB
TB
TB
TB
TB
TB
TB
AQ
ASIA-AQ
FIREX-AQ
NASA DC-8
2022
ASIA-AQ 2024 23
TB
BBOP FIREX-AQ
TB
2024 EGUsphere
TB
TB FIREX-AQ

Adachi et al., 2024 EGUsphere
0.13+0.04

200
30 40

TB

2013
2018

B
100
B
FIREX-
2019 6 9
20
BBOP
2
B
3-5

Adachi et al., 2019 PNAS; Adachi etal.,

10.1 £4.6 ugm3
0.06 = 0.03

Chakrabarty, Adachi, et al., 2023 Nature Geoscience



TB
TB
Adachi et al., 2021 ACP
B Yoshizue, Adachi et al., 2020
TB
TB Adachi et al., 2022
ACP; Adachi etal., 2023 AE TB TB

Adachi et a., 2024 EGUsphere

FIREX-AQ
Adachi etall., 2022 JGR B

Proceedings of the
National Academy of Sciences of the United States of America PNAS  Atmospheric Chemistry and
Physics Journal of Geophysica Research 6 1
Nature Geoscience

ASIA-
AQ 2

Adachi, K., Sedlacek, A. J., 3rd, Kleinman, L., Springston, S. R., Wang, J., Chand, D., Hubbe, J. M,
Shilling, J. E., Onasch, T. B., Kinase, T., Sakata, K., Takahashi, Y., and Buseck, P. R.: Spherical tarball
particles form through rapid chemical and physical changes of organic matter in biomass-burning
smoke, Proc Natl Acad Sci U SA, 116, 19336-19341, 10.1073/pnas.1900129116, 2019.

Adachi, K., Oshima, N., Ohata, S., Yoshida, A., Moteki, N., and Koike, M.: Compositions and mixing
states of aerosol particles by aircraft observations in the Arctic springtime, 2018, Atmospheric
Chemistry and Physics, 21, 3607-3626, 10.5194/acp-21-3607-2021, 2021.

Adachi, K., Dibb, J. E., Scheuer, E., Katich, J. M., Schwarz, J. P, Perring, A. E., Mediavilla, B., Guo, H.,
Campuzano-Jost, P, Jimenez, J. L., Crawford, J., Soja, A. J., Oshima, N., Kajino, M., Kinase, T.,
Kleinman, L., Sedlacek, A. J., Yokelson, R. J., and Buseck, P. R.: Fine Ash-Bearing Particles as a
Major Aerosol Component in Biomass Burning Smoke, Journal of Geophysical Research:
Atmospheres, 127, 10.1029/2021jd035657, 2022.

Adachi, K., Tobo, Y., Koike, M., Freitas, G., Zieger, P, and Krejci, R.: Composition and mixing state of
Arctic aerosol and cloud residual particles from long-term single-particle observations at Zeppelin
Observatory, Svalbard, Atmospheric Chemistry and Physics, 22, 14421-14439, 10.5194/acp-22-
14421-2022, 2022.

Adachi, K., Tobo, Y., Oshima, N., Yoshida, A., Ohata, S., Krejci, R., Massling, A., Skov, H., and Koike,
M.: Composition and mixing state of individual aerosol particles from northeast Greenland and
Svalbard in the Arctic during spring 2018, Atmospheric Environment, 314,
10.1016/j.atmosenv.2023.120083, 2023.

Chakrabarty, R. K., Shetty, N. J, Thind, A. S,, Bedler, P, Sumlin, B. J., Zhang, C., Liu, P, Idrobo, J. C.,
Adachi, K., Wagner, N. L., Schwarz, J. P, Ahern, A., Sedlacek, A. J,, 3rd, Lambe, A., Daube, C., Lyu,
M., Liu, C., Herndon, S., Onasch, T. B., and Mishra, R.: Shortwave absorption by wildfire smoke
dominated by dark brown carbon, Nat Geosci, 16, 683-688, 10.1038/s41561-023-01237-9, 2023.

Yoshizue, M., Taketani, F., Adachi, K., lwamoto, Y., Tohjima, Y., Mori, T., and Miura, K.: Detection of
Aerosol Particles from Siberian Biomass Burning over the Western North Pacific, Atmosphere, 11,
10.3390/atmos11111175, 2020.

Adachi, K. et a., Occurrence, abundance, and formation of atmospheric tarballs from a wide range of
wildfiresin the western US, EGUsphere, 2024



28 27 16 16

Adachi Kouji Dibb Jack E. Scheuer Eric Katich Joseph M. Schwarz Joshua P. Perring Anne 127

E. Mediavilla Braden Guo Hongyu Campuzano- Jost Pedro Jimenez Jose L. Crawford James Soja

Amber J. Oshima Naga Kajino Mizuo Kinase Takeshi Kleinman Lawrence Sedlacek Arthur J.

Yokelson Robert J. Buseck Peter R.

Fine Ash- Bearing Particles as a Major Aerosol Component in Biomass Burning Smoke 2022

Journal of Geophysical Research: Atmospheres 1 22
DOl

10.1029/2021JD035657

Yoshida Atsushi Moteki Nobuhiro Adachi Kouji -

Identification and particle sizing of submicron mineral dust by using complex forward- 2022

scattering amplitude data

Aerosol Science and Technology 1 14
DOl

10.1080/02786826.2022.2057839

Ohata Sho Koike Makoto Yoshida Atsushi Moteki Nobuhiro Adachi Kouji Oshima Naga Matsui 21

Hitoshi Eppers Oliver Bozem Heiko Zanatta Marco Herber Andreas B.

Arctic black carbon during PAMARCMIP 2018 and previous aircraft experiments in spring 2021

Atmospheric Chemistry and Physics

15861 15881

DOl
10.5194/acp-21-15861-2021

Adachi Kouji Oshima Naga Ohata Sho Yoshida Atsushi Moteki Nobuhiro Koike Makoto 21
Compositions and mixing states of aerosol particles by aircraft observations in the Arctic 2021
springtime, 2018

Atmospheric Chemistry and Physics 3607 3626

DOl
10.5194/acp-21-3607-2021




Kajino Mizuo Deushi Makoto Sekiyama Tsuyoshi Thomas Oshima Naga Yumimoto Keiya Tanaka 14
Taichu Yasumichi Ching Joseph Hashimoto Akihiro Yamamoto Tetsuya Ikegami Masaaki Kamada
Akane Miyashita Makoto Inomata Yayoi Shima Shin-ichiro Khatri Pradeep Shimizu Atsushi
Irie Hitoshi Adachi Kouji et al
Comparison of three aerosol representations of NHM-Chem (v1.0) for the simulations of air 2021
qguality and climate-relevant variables
Geoscientific Model Development 2235 2264
DOl
10.5194/gmd-14-2235-2021
2
SIGMA ArCs 11 2021
169-191
DOl
68
2021
5 12
DOl
10.24761/tenki .68.1_5
Hartmann M. Adachi K. Eppers 0. Haas C. Herber A. Holzinger R. et al. a7
Wintertime Airborne Measurements of lIce Nucleating Particles in the High Arctic: A Hint to a 2020

Marine, Biogenic Source for lce Nucleating Particles

Geophysical Research Letters

DOl
10.1029/2020GL087770




Sun Cuizhi Adachi Kouji Misawa Kentaro Cheung Hing Cho Chou Charles C.- K. Takegawa 125

Nobuyuki

Mixing State of Black Carbon Particles in Asian Outflow Observed at a Remote Site in Taiwan in 2020

the Spring of 2017

Journal of Geophysical Research: Atmospheres -
DOl

10.1029/2020JD032526

Takegawa N. Seto T. Moteki N. Koike M. Oshima N. Adachi K. Kita K. Takami A. Kondo Y. 125

Enhanced New Particle Formation Above the Marine Boundary Layer Over the Yellow Sea: Potential 2020

Impacts on Cloud Condensation Nuclei

Journal of Geophysical Research: Atmospheres -
DOl

10.1029/2019JD031448

Yoshizue Momoka Taketani Fumikazu Adachi Kouji Iwamoto Yoko Tohjima Yasunori Mori 11

Tatsuhiro Miura Kazuhiko

Detection of Aerosol Particles from Siberian Biomass Burning over the Western North Pacific 2020

Atmosphere -
DOl

10.3390/atmos11111175

Kleinman Lawrence 1. Sedlacek 111 Arthur J. Adachi Kouji Buseck Peter R. Collier Sonya 20

Dubey Manvendra K. Hodshire Anna L. Lewis Ernie Onasch Timothy B. Pierce Jeffery R.

Shilling John Springston Stephen R. Wang Jian Zhang Qi Zhou Shan Yokelson Robert J.

Rapid evolution of aerosol particles and their optical properties downwind of wildfires in the 2020

western US

Atmospheric Chemistry and Physics 13319 13341

DOl
10.5194/acp-20-13319-2020




Adachi Kouji Oshima Naga Ohata Sho Yoshida Atsushi Moteki Nobuhiro Koike Makoto 21

Compositions and mixing states of aerosol particles by aircraft observations in the Arctic 2021

springtime, 2018

Atmospheric Chemistry and Physics 3607 3626
DOl

10.5194/acp-21-3607-2021

Adachi Kouji Oshima Naga Gong Zhaoheng de Sa Suzane Bateman Adam P. Martin Scot T. de 20

Brito Joel F. Artaxo Paulo Cirino Glauber G. Sedlacek 11l Arthur J. Buseck Peter R.

Mixing states of Amazon basin aerosol particles transported over long distances using 2020

transmission electron microscopy

Atmospheric Chemistry and Physics

11923 11939

DOl
10.5194/acp-20-11923-2020

Adachi Kouji Sedlacek Arthur J. Kleinman Lawrence Springston Stephen R. Wang Jian Chand 116
Duli Hubbe John M. Shilling John E. Onasch Timothy B. Kinase Takeshi Sakata Kohei

Takahashi Yoshio Buseck Peter R.

Spherical tarball particles form through rapid chemical and physical changes of organic matter 2019

in biomass-burning smoke

Proceedings of the National Academy of Sciences

19336 19341

DOl
10.1073/pnas.1900129116

Ching Joseph Adachi Kouji Zaizen Yuji lgarashi Yasuhito Kajino Mizuo

Aerosol mixing state revealed by transmission electron microscopy pertaining to cloud formation
and human airway deposition

2019

npj Climate and Atmospheric Science

DOl
10.1038/s41612-019-0081-9




Kinase T. Adachi K. Oshima N. Goto- Azuma K. Ogawa- Tsukagawa Y. Kondo Y. Moteki N. 125

Ohata S. Mori T. Hayashi M. Hara K. Kawashima H. Kita K.

Concentrations and Size Distributions of Black Carbon in the Surface Snow of Eastern Antarctica 2020

in 2011

Journal of Geophysical Research: Atmospheres -
DOl

10.1029/2019JD030737

Adachi Kouji Oshima Naga Takegawa Nobuyuki Moteki Nobuhiro Koike Makoto 3

Meteoritic materials within sulfate aerosol particles in the troposphere are detected with 2022

transmission electron microscopy

Communications Earth &amp; Environment -
DOl

10.1038/s43247-022-00469-8

Adachi Kouji Tobo Yutaka Koike Makoto Freitas Gabriel Zieger Paul Krejci Radovan 22

Composition and mixing state of Arctic aerosol and cloud residual particles from long-term 2022

single-particle observations at Zeppelin Observatory, Svalbard

Atmospheric Chemistry and Physics

14421 14439

DOl
10.5194/acp-22-14421-2022

Chakrabarty Rajan K. Shetty Nishit J. Thind Arashdeep S. Beeler Payton Sumlin Benjamin J. 16

Zhang Chenchong Liu Pai Idrobo Juan C. Adachi Kouji Wagner Nicholas L. Schwarz Joshua P.

Ahern Adam Sedlacek Arthur J. Lambe Andrew Daube Conner Lyu Ming Liu Chao Herndon Scott

Onasch Timothy B. Mishra Rohan

Shortwave absorption by wildfire smoke dominated by dark brown carbon 2023
Nature Geoscience 683 688

DOl
10.1038/s41561-023-01237-9




Holzinger Rupert Eppers Oliver Adachi Kouji Bozem Heiko Hartmann Markus Herber Andreas
Koike Makoto Millet Dylan B. Moteki Nobuhiro Ohata Sho Stratmann Frank Yoshida Atsushi

309

A signature of aged biogenic compounds detected from airborne VOC measurements in the high
arctic atmosphere in March/April 2018

2023

Atmospheric Environment

DOl
10.1016/j -atmosenv.2023.119919

Kinase Takeshi Adachi Kouji Hayashi Masahiko Hara Keiichiro Nishiguchi Kohei Kajino Mizuo

290

Characterization of aerosol particles containing trace elements (Ga, As, Rb, Mo, Cd, Cs, TI,
and others) and their atmospheric concentrations with a high temporal resolution

2022

Atmospheric Environment

DOl
10.1016/j -atmosenv.2022.119360

Li Weijun Riemer Nicole Xu Liang Wang Yuanyuan Adachi Kouji Shi Zongbo Zhang Daizhou
Zheng Zhonghua Laskin Alexander

Microphysical properties of atmospheric soot and organic particles: measurements, modeling, and
impacts

2024

npj Climate and Atmospheric Science

DOl
10.1038/s41612-024-00610-8

Moteki Nobuhiro Ohata Sho Yoshida Atsushi Adachi Kouji

57

Constraining the complex refractive index of black carbon particles using the complex forward-
scattering amplitude

2023

Aerosol Science and Technology

678 699

DOl
10.1080/02786826.2023.2202243




Ohata Sho Moteki Nobuhiro Kawanago Hikaru Tobo Yutaka Adachi Kouji Mochida Michihiro 57

Evaluation of a method to quantify the number concentrations of submicron water-insoluble 2023

aerosol particles based on filter sampling and complex forward-scattering amplitude

measurements

Aerosol Science and Technology 1013 1030
DOl

10.1080/02786826.2023.2223387

Pasquier J. T. David R. 0. Freitas G. Gierens R. Gramlich Y. Haslett S. Li G. Sch?fer 103

B. Siegel K. Wieder J. Adachi K.

The Ny-Alesund Aerosol Cloud Experiment (NASCENT): Overview and First Results 2022

Bulletin of the American Meteorological Society

E2533 E2558

DOl
10.1175/bams-d-21-0034.1

Pereira Freitas Gabriel Adachi Kouji Conen Franz Heslin-Rees Dominic Krejci Radovan Tobo 14

Yutaka Yttri Karl Espen Zieger Paul

Regionally sourced bioaerosols drive high-temperature ice nucleating particles in the Arctic 2023

Nature Communications -
DOl

10.1038/s41467-023-41696-7

Adachi, K. Dibb, J. E. Katich, J. M. Schwarz, J. P. Guo, H. Campuzano-Jost, P. Jimenez, J. L. -

Peischl, J. Holmes, C. D. Crawford, J.

Occurrence, abundance, and formation of atmospheric tarballs from a wide range of wildfires in 2024

the western US

EGUsphere

DOl
10.5194/egusphere-2024-880




6 2 5

Kouji Adachi, Jack E Dibb, Joseph M Katich, Joshua Peter Schwarz, Christopher D Holmes, James H Crawford

Atmospheric tarballs from western US wildfires during FIREX-AQ campaign

AGU Fall meeting 2023

2023

Adachi Kouji

Physical and chemical analyses of aerosol particles from biomass burning using transmission electron microscopy

Pacifichem2021

2021

38

2021

Adachi K, Takeshi Kinase, Eric M Scheuer, Jack E Dibb, Joseph M Katich, Joshua Peter Schwarz

Spherical tarballs form through chemical and physical evolution of primary organic particles in biomass-burning smoke

AGU Fall meeting 2020

2020




Adachi K

Spherical tarballs form through chemical and physical evolution of primary organic particles in biomass-burning smoke

JpGU-AGU Joint Meeting

2020

Adachi K., T. Kinase

Single-particle analyses of aerosol particles using transmission electron microscopy and cold stages with an optical and

scanning electron microscopes

American Geophysical Union 2019 Fall Meeting

2019

(Moteki Nobuhiro)

(20507818)

(22604)

NASA

NOAA

Stockholm University




