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EFER (2o D) R ELIT — 2% 78 IR AL,
GNN 7 /VHToy UGN RE 2 7t L7z, #F
ORER, REET TR 90% DTy % FEiEEE
FRECHY, ZO7 7T m—F PHH UL DOERIZE
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PO 3 B TR RAL TR N TR AR T
REIRRTRA—HD—DTd, L DEERGED
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IR TR, DI, BRICFET DG
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IFFFELZR W, LU, 4TI 78 o F 1 %
AL LT — 2By hOBEfHINETRLL THD, #
Z1ZE, [AESSTIL Grambow HIZX5H0 12,000~
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fbFAF ACREZEH LT E &S T — 2% Hv
TETNVAFEIE, IR E LR 5 T k6
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U, HL RIS R T D I 38 1T D IR EE
FHIINA T, 1 BB FERES AL TR W DR
FEGREEL LD BIIZEB W THHE A THD, iz,
HETTIE 2013 AELLRITOD PMys BT — 2 3D 700
7280, TNLLHTO T — X&) T 1T 8 T 7
NEIEH LT~y T RIS T B[l
IX, Xiao et al., 2018], H RIZEWTEH PM,ys DE=
2V 7 BitRIX 2010 A2 THY, ZALLLATD PMys i
OB T —ZIZIEFITROEINTWADTZ0, PMas
~O R IR R SRR R O B A S L7
AT RO TS, 22 TEH DL, PMys OFE=
2V T BRSNS LRI DO WA T e PMas DR
BT — AT DIC, REE T T L
LS [AREFD, 2025], HIERFL 2T T /L (il
HWIVRLTUE) R EXI G L Ui =T v
il - (SatPM2.5, Shen et al., 2024) & D HHHE R L5
OETHIT 5,

W7V 7 ETIR M EB T — 2 2 NE 5
ZET 2010 4E-2020 4EIZEITS PMy s R S A HE R
Uiz, — 05, H28 £ 7 L Cld 2012 42020 4%
Al R EL, LT L2 2RI, 2000 4
2020 FEDOFHHEEFE[LIZ, WT RO FETH, A
ARENZEITD 15 km Ay 20 PMays O H R

EHERH U7, B £ 7 L TlT lightGBM 438841
L, NA/N—/RTA—=Z D Fii{bIZI3 optuna /X —
AU, SAEBIC KRG ET L (WRF v4.1.5)
LA F 2k E 7 L (CMAQ v5.3.2) O &1 B s 5
[Chatani et al., 2023], BL KK F FREAR S CHIlE
SNz 4 %45 (SPM, Ox, NOa, SO,) D 71U
FERAFIH LTz, FIHATREZ: PMys O EE=2Y>
7 HI BT 2008 AELLATIC 5-8 HUE Th-o72723,
IRAAZHEINL T, 2017 4 LARRIE: 800 Hitsilh E&Zeo
7=

lightGBM THEFHS A7 PMas B SE¥IfED CV A2
T, 2012 FFELBEITEE 2V 7 J0b TR
WHDD, AT AL E3%LUNTH -7, AL
BLA S LAY 105 HiuSoD 2011 T Z7UX
7 LRIFREECHY, [A] 34 HiR7E 72 2010 4 Cldid
WIVX LTINS @A T Thote, £, BT —
ZHRAA5378 2010 FLARNC BT DML T —2&D
RRREIZI VT, PM2.5 I3 £ 6% LN DN

(a) Obs (FY2002)

46
f§;'

(b) Obs (FY2010)

4
g ’
o
-]

o (c) Obs (FY2018)

Latitude

130 135 140 145 130 135 140 145 180 185 140 145
Longitude Longitude Longitude

o (d) LGBM (FY2002) o (e) LGBM (FY2010) © (f) LGBM (FY2018)

Latitude

NMB = 002
RMSE = 1.52

NMB = 004 I
RMSE =2.12 30 s
PCC = 0885
n =432

NMB = 006 ;
RMSE =3.76 30
PCC = 0754 o
n=96

il PCC = 0881 5
28 }.' n=9913

130 135 140 145 130 135 140 145 130 135 140 145
Longitude Longitude Longitude

(g) SatPM2.5 (FY2002) % (h) SatPM2.5 (FY2010) (i) SatPM2.5 (FY2018)
i3 “ = u =

Sl 2 &

236 236 2 15 «
- - - 7
3% 34 Vo s .
. : . w o0
NMB = -0.30 Y NMB = -0.10 ',," NMB =022
30 RMSE =8.27 30 ’ RMSE =3.98 30 72 RMSE = 3.59
PCC = 0067 - PCC = 0477 b PCC = 0595 5
28 n=91 28 o n =393 28 Ly" n = 9160
2% 254 2 T 0

T T
130 135 140 145 130 135 140 145 130 135 140 145
Longitude Longitude Longitude

3 2002 £E[E, 2010 4EFE, 2018 FEEIZH(TD PMys FHE
EDOEBE(-c)&ETIVETEME(-), CV Ra7ILAFHIE
FEICHHE
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ATATHEIENTZ (K 3 d)-()., —FH, Lo
SatPM2.5 TIZ, 2000 FARATHAZ 20-30%F2 i)
JNEEAM, 2010 AR I 20-40% D 3 R EEAT &%
AR _AT ARFEAEL T2 (K 3(g)-()) . HERT-
WRRESRIEN RIRD T D BB R BT TERWA, K
SAG YL IR EE 1T B RBIG D 7 T Ml = & DL
2 RRFTR BV Yt K72 8 OBUR O BE 2T 5
7o, T EORMAZ R LT~y B 7 DBEET
HHTELETRIELTNVD,

P2

4. $EEE

I, REAEZEDFIZBWTHLHEEET L (CTM
RRBET NRE)ITNAT, T —4ERE e T v
(B 2B T V70 8) ORI AR EIRICHE A TND,
AFE TR LT2E 7 /013 F i i Bl b 7 £
TN THLN, BRERRKGE T, FeRAITH], 2
VA= T [Wong et al., 2024; Sekivama et al.,
2023172 ERE & 3 BRI B W T, T — A ERENRL S
IV (FITIRIEFE T W) TR OW BT T LT Pt
MU D RS E DR R Z, IR CEBL A HEE LT
X, WERIVE YT T =2 EWHED S D 5T KA
LRI B 1T — X BREV AT 7 L EOFPEIT R
WD, WELE T L ET —FBRENELE T L A R TR
G HIET, A% OSHIRDHF IO R A F
.,

anh

ATt

Y A i SN A LA Gl /) F=R VAV sl Y sl 1177 S A
K, CTM #HERE R 82 TR 272V g 58
K, KRR, 7 VEEZ I U IoARR B IK,
ARSI E 2R T D, AWFFEO—EBIZISPS F
WFE (23K 11411, 24H00763) (280 Efi 7=,

% XXk
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Kinetic study of atmospheric chemical reactions

RER"

REBBRORARIZIE, LV DRERDEACE D B BAAEL TS, (LR L EBI SR L
U CHEAT 320 B0 ifenm 92712, BUSEE R I DM AR A K Thod, ARETIE, FEER
KEALFZEA DD SIS HE R 7E D — il L CHED TE 27—~ Th D, (kT T L& vz
7)) —F—HEA (CD O RGBS, SIS FEBRIZED Cl ORY— KNG HBITHET I
7, BLOBERR RIS LA B E A B 92582 W\ T, BEfEFSE DL B a— ko4
g a R, BB T, EBHEOEKNRERELT, ZTRETHLMCEN TORD S TR BN LR
B& CI &2 7EM CL D=7 o VAR A~D % 5-%0, FHEEIELT 2 71 /1 L ZBEAVHTEE O SUSE E EH
PMENWZED R, R —FOGSHIZI1T2D CL DAL A BT 5 R KRB R BT 1 B 3~ DA SR

DT %,

1. [FCHIZ

ZOREEE 21 B A ARSUL PR E LI KR
BHZHDLEERG L CTHEZHBIZHINREI TSN E
T, FEREE ERMIESZ0IHY, SBboLBAE
NEWVHIELZ T B> TRV ET, FARKILE
DIy B R E B AN T=DIL, ARG HERE S5
10 /D 2015 FITHVET, HGRFEIHL Q28
FERDD HUR A BR B PR ZE AT I I L 72 2 e 8 &
SHNTC, E I A B EIZ R T AR A
4 (VOC) 5 D R 5T5 BB HE & o 7EAl > Pk
HEHERHE T L OMEE, (L HEET LICEDR
SRR BT DA 1T o QU EL T, 2021 4R
\ZHLFT B Th 2 PEE AT AW ZEFTICE - T
1%, R FEW B OREE L LR D 5E 2 D
TEY, R B O KK 70K KGO B
MHERR B ARAERBROREITE T W FER R LR
HIOHEL WD EZATT,

BIE, REHSIF T o037 —~<IZHVHHA
TWET, =D HOT—~I%, KUEEECHS <

2t AMAREIRE AN, SR O A <00 s
BRI E IR EE A BT 2R 78 ThY, EIT
ITBL D BRI A 720D DR L7022 LOBVAR A
TWET, Z2OHOT—~F, 7V —F—H K
B 2RISR E R FIEET V7, EORR
7 ) VA R~ D F 5- ORI B 3 2 B
R TT, — D HOT —<IBFERFETHEZR
MERETDLTETHDHIEND, AfaTIE —>H
DT —~ThHhH7)—F—H RO FRORHE T2
BOGEFE R 2B DIFFRIC O\ T, e TafgED L E
2 — LA CHED TEI ROV TR L £,

2. ) —F—hEARORTILEDE R
71— — [ {K (Criegee intermediate; CI) I,
C=C —EBEATIAL 74004V (05) 12k
LAV S TER T DIV AR =L F KD T
%, ZTOALFHIZRIE LT 1900 FEARHIERETHY,
1949 4-(Z Rudolf Criegee (249 9, 10-Octalin @ Os
P L ROSHE D RIBS LT, CLOTFEN T E SN
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[Criegee and Wenner, 1949; Hassan et al., 2021], [X
JCHERE ORI 1 IRLZ@YTHY, L7 1
O ZEAEAIZ O3 BAIIL T—% A =K (primary
ozonide; POZ) # kL, =D #% IZIRENEhE IRRED
CI (vibrationally-excited CI; vCI) &1 VR =/ L&)
(TR FIT VT ER) IZ0#ET 5, SHITVCHITE
REDRNIEEIRE =K AL ZE L TLEL Cl
(stabilized CI; sCI) &725%,

() -

\ / 7’ \O 0 /
C=C_+ 03 —> —b_¢— —)>\0=d + 0=C
/ 0\ / / * \
Alkene POz Criegee intermediate

1 ZILTo D O BE RISIZ & B9 —F—hRAD £
B AN=X Ls (Hata et al, 2025a (CC-BY-NC 3.0)),

REALFH TN T CL DRRFE G ~DFF
B PRI TR, ZORIGHED @ SHIZ B
F 72 RSB S0 B s BE TE 2 D R I X R H 7
572, 2008 FAZT AT DMFET N—TN, THRTY
HNAZED VAT VAV RF L RDOKFEF RS E,
ZD%RDOEEFES T (02) EOE IR TAEK T DD H
#i7z2 CI, AV LT LT ERA UK (CH00) %, A
FACE B HEIC R E BRI T 5L
YyL7=[Taatjes et al., 2008], 512, 2012 FZT AV
DI N —T PR THD T —RAZ Doy ik
#eft D O MBS ZEFHIE T HZET, CHX00 DR
AR LA T ACE B TIEICELD CL O,
CH,00 &—fit{k#Es# (NO), k=% N0y, —
FRALAR P (SO2) , K53 1L D I i e Fa 5
BHZERIN LT[ Welz et al., 2012], TALLLREIIIEEL
DRI ERTFEEZHA W BT, CI ORI Rt
L — 5y e i O = G T E OREST 3 T
PASu et al., 2013], Ko FEDPKREL, Kol ik
WEA T2 CLIZH I H S L [RIRFIZ [ Taatjes et al.,
2013], Eikd> NO, NO,, SO,, /KIZMz, Z DAt
i 2 DR E & O SO B EeA Y =
~— b &G Lo SOSBIRE DR A S BRI, FREHA T
L TIT O LT D [Sakamoto et al., 2013; Qiu &
Tonokura, 2019; Chhantyal-Pun et al., 2020; Caravan

etal.,2024], FFiZ CI & SO, X R - IR DA HEIR
ED SR FE EHIE 10" ~ 1071 em® molecule! s &
PR IUTIENZEND, ZDOH DL A ET IV
(CTM) 128D CI DRKERBL R BORF I HhF
FETBNT, RRULFARIRA L T DR SDIREH
T & 72 [Khan et al., 2018; Caravan et al., 2020;
Caravan et al., 2024], KZJE T TIIRKHLFY)
BED ZARIED B2, NEMET AL OEZET
T —BENEIEWERE BRI C LS CT AF O
53 FINEPEALEUG T OH 79 1V A Rl 2 ROG B
HHAFAEL, CI ORKIERBRED FER LS TN
D[Kidwell et al., 2016; Vereecken et al., 2017; Lester
& Klippenstein, 2018], LA XV, SHHH C1 D)8
FEFRIC BT DA S0 TS, B B i
HHESSRGAL T 2 DI FE BRI kot B
NIRENILIDY, ATeBRE IRy 7 LTl
Zefotld TUD,

7, 7D Oz BALBUSIETCR, AL
3B, FEIZIEFI LS O A BB CHgR SN DT
LN, RERULTF THamS AR 12013 1970 LA
M Cd~7-[Hassan et al., 2021], HHES 5 OWAH
(S RO IR LT CL A, RULKT A7 D
O3 FRAL RS CARRLIZ VR =) UL A EFRE AL,
WAV =R (secondary ozonide; SOZ) 4% T 5%
Fe SR DNETT T %, KA ORUNRLT- R HRLEN
IZBITD, KM HE /L 7 NICIB W TR A LS
REFERIZ SOZ DVERKTHIENMBNTED, &5
(R CTHNRRERY, SV DOREVEEE % A
SHD[Wang et al., 2023], Tz, KRS E /L7 T
VIR AN 2 R0 SR LN B 1T DA FE AR KNS
K550 FRIOKFBBESNETHTETMA,
SV DYLEAR RN R & OGS LIS DB RGHE A ED
BHEIRRZTOR L, KAHSIT R R E %
AT DHLE, 2024], SRIESAHS/ V2280 % Cl
DAL, BB HTEE - T A R IRAT 00
) )Rt R W RS RS DET V712 &
Y, CLEARR NV BRISFOGT D2 TH R L
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MOERRBIERELDHZE, KRS I D06
DEFGNENZENRALIIESINTWD[Zhu et al.,
2016; Enami, 2017; Zhong et al., 2017; Qiu et al.,
2018], B2, KK/ SV NS E LD~ s
BRNBIEZ D, il FOSYEE TR, 21320
TRRAGROYLHIAD ~FERIR S OB EE S
SEAHFOSET APEBSTERY, CI DfbFaes
Te R —FUS O HFRI R PED SN TWND
[Smith et al., 2003; Shiraiwa et al., 2013; Gallimore et
al., 2017; Berkemeier et al., 2021],

EH DR T DI —T TR Th, CL DL
BAL CHRBREBEGRFHA, CTM ([CXAWF A D T
712w, T TCICHR LS TVD N2 H1 L
T I

3. [HR D RIS EE R
31 JHERV—F—REEOIEREEET T
CTM &M\ CLICRL=T7 oy VAERICEE T2
REERBE R ESLMIIZTIE 2010 4R LARE, E NS OHF
FER LD B BRI TR 2 i T3 s T
WO, DT\ b, FRIHE T v L (SO~
(p)) LA~ D FF 52RO HEFHMEIISCRRIC LD RE <5
720, 1~20 %DWEN B D[ Percival et al., 2013; Sarwar
et al., 2014; Vereecken et al., 2017; Khan et al., 2018;
Newland et al., 2018], FtHE XS HHUIKDE NS
RAWDET NOENRE, IBRHHIEITIIE < 725
KI23E 2 HALHDY, MAIATe RS Z AN I RS U3
DNEVHTEN DD EER K T L7025, FrZHIH]
DOHFFETIL CL D HLSy - R EBUS A A T
WRTZZER0, KO AR E C1 OO R EE E
D/ NI Tl o 7o Z &0 5, CL R BE O RKFEAm A3
bol-tWLEIND, T2, ZLOBEEMIETIX sCI
1285 NO, X SO, DAL E# 2 T0DHD, E
IROIHZ CARKRE D vCI IXRNEEL By 7-f e
L, OH 7V NV ELER T %, 200 OH 7371/ %3 NO,
R SO, HxBLTHETH T VAERKIZE S
TH0, 2O vCl FEHOZT oy )WVAER~D T 5%

TEmMNR U= S B X )~ 72, Hata et al. [2025a]
T, 2023 FEEETICBEERFFED FBRCH iR A
THELILTNS, sCI & NO X° NO,, SO,, HfELD
TR TEELRC sCL D B3 e S ok B
8, KEDRSHEE EHZLE 2— L TR CTM (2
FAIA TR, SHITKO—BIRE Z BIRO V5 B4k %
ZIELTKE sCl ORIGHEEERA R T 5708
DITHREL, C1 DT/ )VARR~DEEBEZ AR
720 EBIZ, VCI 15 sCIIZKIETDEI A ZBEEF 72
MOARE USaunders et al., 2003], & EAIZHHGINZ
725 TR vCI DBy FIREESUG R D OH T3
TIAZX DT B WAERRA~D TG4, BEJEfENTT
L7,

CI 28 SOZ(p)DERRIC B2 DR (37 5-5R) %[X] 2
WRT, PO 5 LU IR K TH 0.5 %2
ETHY, INETICEFRSNTEHFHE (=K
T 20%FRE) LT DLW F G THHZ LIRS
Nico Flo, 7T~ VBRI A —ARZ YT D EL
5 AR D BVOC HEHH &2\ itk ¢, CI o
SOZ(p)ERA~DFENREZNZENDND, HiaA
\ZA—ARZUT OHRLETH Cl OFHFHRREN
0, ZHOIIMEMEIAEFTL QWL —H Ik
9 5[Guenther et al., 2006; Winters et al., 2009],

2 H)—F—dEEOFEIT 7OV IILER (ASO ()

~DEFE 5 (Hata et al, 2025a (CC-BY-NC 3.0)),

HE (CHI: JEs), A RAND:7V—), F§7 7Y
T IEFE (ZAF : r—7"527 ), =AU 7 (AUS:
UR=—48), BIORYET (BOL: 7~ By
FIAR) D 5 Hilsk 235175, sCI & vCI @ S04 (p)E Ak
~OFHRHRE ORBE O R AKX 3 (2777, CHI X
IND, ZAF 3BTRS 9523, sCLEE#ELL, vCI
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\ZHIKT5 OH TV 0 E SO DIJEH SO (p)
A KB T oz, — 5T, mRHicxs 35
AUS & BOL Tl sCI & vCI D5 RFRIFEE Th-o
720 AR TIL NO, 2 HNO; 2 sCI DAX X
T NEL, SO, EDOSIEDIMHIESNDZED, AR
T sCI @ SO (p) L ~DFHRE MR FL R & &
2 DD, FATHFFETIE, sCl OSUGHEE IR 55
BT — AN ELE SN TE WD, A7 101tk
BD O3 BALSEEWHTAR T, sCL Db E
(iR R CHRFICEE THHZ LA R R TH
Do

~

| sc1 [ o

Sensitivity (x107%)
N w H (6)] »

-
1

o
|

CHI IND ZAF AUS BOL
Country

3 BED)—F—hREA (sCl) LRSI Y ) —F—
FRRS4R (VvCI) DBREET 70V LA K (ASO2 (p) ~D R E
(Hata et al, 2025a (CC-BY-NC 3.0)) ,

EROISNC, RFFRORKETIX, CT OF 51T
M TRATS 0. 5%&\5%*%(*3%;@ FoTx
HZH Cl DAL AT RRERBRIZIZ LA B LW O
ﬂif;v\ﬁxa\’mﬁ%@bé AFFEII AR CTM
THEHL TRY, ZOMFIREEIL 2° x 2.5°TH-
720 CLOALZE SO L LT CL OB IR DI L A5
L, 7> Arrhenius ZHEIRICH U CIEFE LB %k
B EL B35, HLZRAS -5 BE DA TIE, —o—
DD FNOWE IR ER KRG 2 L THRWY
W, Xo T, LEZITRATHIIZ VOC <X° 03, SO, %
DOHTERPYE IR LR RIRDEME T 30D L, Ak
Cl (I2&p= 7y WAER~DFGNELIRDHEH

RAIZBWThH, ZOBRE B CERW A REIERD
%, Hata et al. [2023]& Nakamura et al. [2023] Tl
[FRR DAL AT =KX L% FAWT, 77 (%1
FRAZEE 45 km X 45 km) <> H A D B AU (8 7%
4% 5 km x 5 km) T Cl ODFH5E2RHE L7, BVOC
@?JFHjEz’JvJ 7RWBIRTTIE, CI O SO (p) A= fd %t
THEGIIEFECaTho- 7, BCHRETYT
faﬁ&:%b\f%ﬁwz/c:ﬂaﬂ@“é CI 2R T 3%53,
T NV ERICET LTS A REME DS RIR S LT,

AL CL ET KR 7 v kAL 7 48D
RIGEEEENEB VLW ESN TEY
[Chhantyal-Pun et al., 2019; Watson & Beames, 2023],
Cl IT&DTT vy LA R R U5 G B O 2k
WEEA~DO7 5%, CTM AW CTREEIC AL -
TV EDR B D,

3.2 AHRBEILSUNILE SO, DRIE
BHGRBERLT 2 10 (RO X OERLAILL
THIBI, FFIZ NO EEUGLT NO, DFAERKIZED
HOx VA 27 /L ODRHER LINHI T D, CIO KK
RSB D LRIFIZ, — DD EERIN T,
CI & SOy DI iH E EE13~10"" cm? molecule™ s™!
ERZVDIZ, 721 RO, & SO» D EELITIE
HHENTETOHRODNENIZETHD, LM
TELIZEZA, HEGFE THOy AT L~ ULAF
TVHIN, TF AL T VIV ELE SO, DIENE
ﬂ:iz‘\ﬂ/%“~€f%ﬂjbfb\éﬁ‘ﬁﬁfﬁ%ﬁﬁ&;@ i
OFEM L= F — 1T @m<, KIS Tl
ZEDURB I T [Kurtén et al., 2011], f:f:, 1=
IR 72 SO IR B T E U B3 D013 72<, Lo T
ISR TE A RAED DL, A YICRKIR G2
INEENODERFET D2 &0, RN ALV E
TOEHRNODLOTIIEE 2=, #ZC, Hata &
Tonokura [2024] Tl%, 22EK VOC FEHI & D 60 %LA E
L LEINDA T LD, OH TV HMIZEDEE
LR & TR % RO,, isoprene hydroxy
hydroperoxyl radical (ISOPOO) Z%}5&L, SO, D
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JR s o P T H B R R TR L7,

B iR B B 2%, Byring D23 i pE
BIRREEERR (CTST) &, —iB, B FREHESUG O
JIE 17 12 B9 LTI Rice-Ramsperger-Kassel-
Marcus (RRKM) #5a1&, %258 % O 55 5T AL Ol
RIS IR B — x v ¥ — B &) 5 #2 X (Master
equation; ME) #0751 7=, RRKM/ME {41240
¥ U7 [Gilbert & Smith, 1990], £7=, CTST =
RRKM/ME FtHECHEL/eS, KGN H5 7O
G R (=0 THE) Lo x X —F#R (=01
W= RLF —, BRI RLX—, @& 0K
TRV —) B BFL SRR TR L2, ISOPOO
(ZIE 6 FEOMEE BMARDFEAET D03, AFe Cldfl &
LT 1,2-ISOPOO & SO, DI DfE R AR <D,

13.9 kcal mol-!

8.76 kcal mol-! 12182

1,2-TS1

|'|'|3('D'!D<OW W30

1,2-ISOPOOSO,s
| 5.60 kcal mol-"!
1,2-ISOPQOOs + SO,

-18.6 kcal mol!
1,2-ISOPOs + SO,

7.26 kcal mol!

4 1,2-ISOPOO & SO, DRIETRILF—E, RIGITE
ZREE1,2-TS1 2B AL THREE K 1,2-1SOPO0S0, &
TRk, ERIKRE 1,2-TS2 Z#BHAL T SO, 4L (Hata &
Tonokura, 2024 (CC-BY-3.0)) ,

B HbSERHE TELNTZ 1,2-ISOPOO & SO, DX
T F—[EK 4 12~ T, 1,2-ISOPOO & SO,
DN TBERIREE 1,2-TS1 AL, RS EAT
&5 12-ISOPO0SO, %Ak 35, D%, 1,2-
ISOPOOSO, D HI3 iR TT VATV 7
JVISOPO & SOs (243 iR HZ LRS-, CTST &t
FHOFER, ISOPOO + SO, 7°5 ISOPO0SO; %4k
T DGO E EHITIE 300 K 2B\ T~107
cm® molecule! s B2 C, CI + SO, D )iinif £ E 4L
LIk DL 10 HiDA—H —TIRWMETH-T2, —

fIXIZ RO, & CI ORKHFIREITZNZTL 10° & 10
molecule cm™ FEE CTHY, Lo T ROy & SO, DR
HEIX CT+ SO, LEE#EL, 102 x 108107 x 10 =107
ST EWIENRIRENTZ, EBHIT, 4 Xy
ISOPOOSO, P B3 -l S D /L 26 — [RBE S
W EVE BN e D%, RRKM/ME (240, H
3 TRBES G S ASD oyl be A U TR 5,
KTH 102 FRETHHLIEN DN STz, ZOZEND,
ISOPOO + SO, 725 SOz &4l S DFRFE B
WETHT 102 cm® molecule™ s LLFTHY, SO,
DOEACROGIEEIL CL LR 107 f5/h&nze, X
ST SO&(p)E B L ERL[HFO=T oy )V ARRIZIE
IEEAE BN EE R,

4. [RFRE/BERDY)—F—hREADE
TV

LIRSV 752D CLOALZECBEL T, 38T
EhiL CEXTAbFREET V7 EEL O FIETK
KT Y L O A KRR ] T E 2R RS
LCW5, 1| BETEMLIZIOIZ, iR VN
DY FZFENI AL — MG T 52800, ¥—
F T KA D IS IH BE TE A AT R B C
T HZLIFREETHD, — 5T, KIS/ v
WO CLOBIZENE, SOSIEHRATET U
T EIVTCTETCUWND[Smith et al., 2003; Shiraiwa et al.,
2013; Gallimore et al., 2017; Berkemeier et al., 2021],
FOSYEBTFERE TV ClE, AT O3 ORISR
TOWPLAEEFUGITIRED, 7SIV 7 LD E A, /X
NVINTORISEILEZ E L THBY, CI DL
RO SR S it &L 7 N OB RS 1 AR & 5l ks
THZENWREL 2D, UL TR NET V&
W, BR 2 R BRBESR M TSR DRI/ SV
O R DA FE BN IR L B2 R TAZ T AL,
CTM [THEAIA N THL 7 4D O3 FEAL G D RER
R LTH T 52 &% HERITHF A D TUD,

FOSEBOT T T L O OMEEDE T VW)
BELT, mRBHAATNENEE CHLA LA B
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RATT Vv, ARNREIERE CEER T 2=y Mi
IR EBHWBIVTUNS[Shiraiwa et al., 2013; Willis &
Wilson, 2022], & RSESHARLFRNERIL C=C &
faafATHDT, Oy MILRNIZED CI #H DY)
AL AR OMIEICHEL TWDIE, S FREBREL
ARREDMENZ LSS DB TN T NI E
NEZBND, Fiz, AL AVREAITL IR,
YOS ThHZEND, FHERHMOME M IZLY,
FERKUHEHHEN D LW iDL, REAHICHEITS
RN L E TH T2 EWITEN, FFFEDREANC
HEA TEXTB I CTh5H[Hou et al., 2025], Hata et al.
[2025b] Cl, KA H /S ZIZBIF DAL 700D
O3 BV S OFHE SO BE B H e ST AR T AR
B, RSO FRERE T V- 5L, 4
VAVEED O3 BRALISIZ R DA LA R FE Ok
EHHLCELMRFIL,

0.051 .
e @ Experiment
% 0.04 O Calculated
% 0031 — Fitted curve
o
£ 0.021

5 [ ]
~< 0.011 o
%0
0.00 T T T T T T
0 2 4 6 8 10 12

d (um)

5 ERERGILBETIVICEDA LAV BOAY
IERIEEEE kon DIEEIKTEFM (Hata et al, 2025b
(CC-BY-NC-4.0)),

FIELLTTET, BL o AbHEEN (ZnSe) 12,
TH )= VTR VAV B A AT 1S, RSt
HTETHAL AL BEDOTENEAAERILT-, ZnSe %M %77
FTARMZEOAT, FTIR WIZERERZIC 05 ZHA
L, AL AUD O3 AV FUCZFHE LTz, FTIR TA
LAVTED C=0 MffEHREN DO AR L2 G
FTHILTAVA L BEOBRREZ R LT, Hix 72
FUA VBRI E TR F T 52 L CTIREA 2L
S, PR DR A R U T, HEERL T

BOSHERCE 7 VIS BB R TR BT 07 HREL T,
R Z OA TEREDIEIR., Mt 2 FEBR & RS YR
BRET VA THELNIA L AU EEE O3 DFRRFEK
IS TEHL koa X 5 VTR T, BENHEL/RDIZD
HL, koa DML TWDD, ZIUTBEE S HEEE K
T M7 SR S0 S S LY DR BN IR 72 BT
CIZRK T2, KONEB A RERET VX, BE 0.5
pm T OMEORE A FRE, FERRE R A ISHET
LTl R LT, Fio, BOSEBET VAW TR
A &SV DT OA + O3 DRUGIZ 5L
TWOINEE AT ML= L A, BERIZKST 8
FNIKI AT TORUSRFETHY, 7RO D 2 Fl
SV NS RER T 5282 R LT, ZIVHD X
I, PO IR L EH & LB UL RR B D T5 705 4 ff Ik
FEDE\MIEBHEEO R THHZ AR LT,

5. £&H

AR TIE Cl ORKERFZERHMRICEALT, Zh
FTIEME L TEIFEIC OV TR L 72, HFI2R
FHSRD CI D FUSEEGRHIZOWTIE, R i Bl
2B LR KT DN EBRAY - B AR 0 B E 4
ZRELTRY, HEEHOR LN ERTIIR
P T — 2 IHEA->TNDEEZBND, 7272, CI
R DI TS, TN OHE EE O
WEERL QLS Wb FLL THEETHD,
— 7 T CIDORRERFE B HOWTE, CTM DA
TR RO RS, A RITRLfE R A
6, AR THER N LI DN D IRAED L E L
EZHND, 2L CL ORISIZRES T, 20K
SACFELUSIZOWTHRIBRDZENF 2 5,

B TR A~/2IDNL, BUEDHIZET —~ D RPeL
LT, O MARARIREAIC LD KRB B B O
&, QAR TIHAMA L Cl 28T KEALF G
EEIC BT A 2 L CE b, QDT —~
IWEZDARETHY, “ROEHEZBENTNDIZD,
— D= ODDNEEHRIETHIENELETE Qg
ZANBDLN, ZNHLEBICH I EZ 0N TREALE
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1. General information

The 6th International Workshop on Frontiers in
Atmospheric Radical Measurements took place at the
Stanford Center of Peking University in Beijing, China,
on 23 and 24™ November 2025. Around 50
participants joined in person or online from China, the
UK, Germany, France, Japan, and the USA. A brief
history of the workshop can be found in Table 1. In
1971, Levi first suggested a method of measuring OH
concentration using O3 photolysis as the main source of
OH. The following year, a frequency-doubled dye laser
was developed for measuring OH at high
concentrations (10'> molecule/cm®). Since then,
significant progress has been made in the development
and application of HOx measurement techniques over

the last five decades.

Table 1. A brief history of the HOx workshop.

Year Theme Location
1982 Assessment of Techniques for NASA,
Measuring Tropospheric HxOy Palo Alto,
California,
USA
1985 Future Directions for HxOy SRI,
Detection Menlo
Park,
California,
USA
1992 Local Measurement of SRI,
Tropospheric HOx Menlo
Park,

California,
USA
2005 Free Radicals in the Leeds, UK
Troposphere: Their
Measurements, Interpretation
of Field Data, and Future
Directions
2015 Assessment of local HOx and Julich,
ROx Measurement Techniques: Germany
Achievements, Challenges, and
Future Direction
2025 Measurement of HOx and ROx Peking
radicals from ground, ship and University,
airborne platforms: Instrument Beijing,
Development and New China

Chemistry

2. Highlight of the 6™ workshop

The 6™ workshop introduced a robust set of
instruments, including laser-induced fluorescence fast
assay by gas expansion (LIF-FAGE), chemical
ionization mass spectrometry (CIMS), peroxy radical
chemical amplification (PERCA) and differential
optical absorption spectroscopy (DOAS) for measuring
OH, HO», RO,, and OH reactivity. Specific issues
addressed include: 1) OH calibration source and OH
interferences; 2) HO» interferences from complex RO»;
3) data utilization across short-term and long-term
More techniques for

campaigns. recently, new

measuring OH reactivity and HO; concentration have
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emerged using a faraday rotation spectrometer, which
can selectively measure magnetic-sensitive radicals
[Fang et al., 2025]. The workshop also addressed the
active role of women in the HOx community, especially

their leadership across different countries.
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Photo 1. Group photo of all participants taken at the
conference hall. Photo credited to the Local Organizing
Committee.

This workshop included a total of 22 oral
presentations and two discussion sessions, covering
new instrumentation and new chemistry. The talks
focused on the context of instrument development, with
a particular focus on the LIF-FAGE system. Field
campaigns were conducted using ground-based,
aircraft-based, and shipborne observations. The results
of some campaigns were used to discuss ozone
production and oxidation capacity [Tan et al., 2026].
Additionally, the LIF-FAGE instrument was used in the
CERN CLOUD Chamber to study isoprene chemistry,
revealing that the oxidation pathway varies with the
presence of NOx [Russell et al., 2025]. New methods
and results for RO, measurement using CIMS and
PERCA were introduced. A new idea for OH
interference in the FAGE system was suggested:
trioxide ROOOH decomposition [Fittschen et al.,
2019]. In addition to quantifying OH reactivity across
different in situ and chamber studies, researchers also
expanded their measurements to HO, and RO
reactivity to investigate the HOx loss during

heterogeneous processes [Sakamoto et al., 2025].

Photo 2. Dr. Yosuke Sakamoto (NIES) gave a talk with
the topic of LP-LIF Applications for ROx Uptake
Measurement: From Lab Studies to Field Observations.
Photo credited to Jiaru Li

3. Challenges and outlook

A Global Monitoring Network for Atmospheric
Radicals and Global Research Alliance was proposed
at the end of the workshop. For a long time, the HOx
radical has been considered a key species in
atmospheric chemistry that controls the oxidative
capacity of air. However, since its initial observation,
much work remains to be done. The next workshop is

planned for 2030.
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2. Experience at the JpSAC 2025 Annual
Meeting [Kwok]

I was very glad to be able to join the JpSAC 2025
annual meeting. This time, I joined with a poster
presentation on the Pandora Spectrometer in Sapporo.
The most rewarding aspects were the opportunity to
connect with both familiar and new people in person;
and I have received a lot of useful comments on my
research.

It is my first time joining the JpSAC’s meeting. I feel
encouraged to know that there are also many students

working in many different aspects of atmospheric
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chemistry, and I was able to make a few friends. Also,
I was delighted to meet some researchers whom I talked
to in the JpGU, and I also got to meet some other new
people whom I have read about before but never got to
know them.

For my research, I was originally a bit lost and stuck
before I came to the meeting, so I was hoping that I
could get some inspirations — it turned out great. I am
very grateful that many researchers came to my poster
just to share with me their related experience and any
idea that may be helpful to my research. I am very
grateful to everyone I had the pleasure of speaking with.

I also joined the ZB#1<> on the second day of the
meeting. The atmosphere and food were really nice and
enjoyable. I really had a great time at the meeting all in
all, and I am looking forward to joining the meeting

again in 2026.
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