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FEHEZD THLMNC LI TH D, (Mori et al., 20205 Mori et al., 2021)

o BAEETNMZLZIMBBCORBRAERTEDOHE (7T —~2)
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(2022¢)? Fig. 555,

BIRAT ORETIX, X020k 7 ISR S Bl L, W KRR (1w A 7 = A — bILREITE)
TIIEERL TR ELGFHET D EBRHL N E o7z (X-3.4) . 72, b0 RAERZIET B B2 E
BT, W00 O EATE & 2 W EITHIRE OFIG 23 2 Wi B EGE DN 5 < 72 D & TR o0 Al A3 1S
Z DN A LN, [IBOCU ECTEREN =T vy VRl & BRI T OR FFESIXRC X 5
EmERL, 2L O T R Y VRN ERMEEE L THEEEL-Z 2R LT, — T, KB (—4C
PIF) TEHERSNEERER T, =7 Y VR IR A MR TE2% &R/ L, XA ML FKE
DO CKEEERIT) E U CHRELAZZ L 2R L (K-3.5) , £72, KR 7L L THBREL 724 %
MRiFEELEBXONLIHEE, =7 v Y VR FHOX A MRLFOMREZHER LI A, ¥ZXA D
FEEDITIIRERBEVNRALN RN, —JF T, KL LT mTREMENR & 5 4 A MR 11T
A OB WHECHENZ MNET 2BmR AL (M-3.6) , AFRETHONI-E T HMEE 2 H
WAL OB FIZEF B Lic=7 1 Y VR & ERRIER - OFEM R L, =7 vy VO EE: -
MM DR OBEMICE T HERTHY . FFICABIE TORBERBICEE L SNDHBRAEZEOMRA =
ALDO—MEHLMI L, ZRLO/REIX, 77—~ (2), ) DOHREERDTA kv 7 KLV LKOH
e ndeEE L EEBFHRCE LTHR L (Adachi et al., 2022¢) 2.
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oL, OMFA310-903—F » Z A )L &7, Adachi et al. (2022¢)? Fig. 11753,
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X-3.6 W EIRA L2 X A ML OB FBEMEEm G, 2208 E FBRMEEmG ., A23% 8RR O0h %R
T, ARSI Z A b, NaRCI BB DIFEE L 74, Adachi et al. (2022¢)? Fig. 2768 H,
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A Il =—F VA TOEREMBINCINZ, BIRO =T v v LR T ORI
borltEZONDZZT RNV FIZE LT, < OB TEMEMITCET VA 2R B G LN,
Z N ORI L E R R i&bfﬁ%bf%@ AP EETITENENOMEZTRT,

eikickB i 5227 1 Y LORE ZIRICHY 72 22 [ 3 AR & BRAE T 5D 72 D PAMARCM PAT 22 #& 81 I
iZBWT, 7 )~/7/F&177~/D/\/V§%%HL@$§A7 IR, BRI ZREBHEIR ATV, B
FEAMEE 2 WG T 24T o 72, £ ORER., @EIS Uk, ke, RaREBOZE/I 38l s
A, ARSI 3T D EERIME BURL 7 D FERE 2 R TR R G S e (K-3.7/4)  (Adachi et al.,
2021% ; Ohata et al., 2021%), ¥, 4F 0 A — F LU LEDOEEICBOTHEMALDEENET L L
BUHIOME 2 SBR S ., MIE~OFMAKSEREZ T VOEERHALNERoT-, AT, RITHE
B & R AT o BRI W T, 7 —r T RE=— A A BN B THE L
ZAToTc, T THRLAERBZMBITL, ZOWMELLKL, ETLVOMERLEDLE T, T bLDOKT

DEBRALT T DFEM KRG 21T > 72 (Adachi et al., FW3C¥EMT) . £/, Mk TozT7 oY L
AR E L CHRRAKOBEEEREZEZONTEY, TOHRKAENLHHB ST v /LR FIC% H
ZLIEETHEMBEIIT 21To72, TORE, ZhETHSICRBIN TV ied o T uNE= T v v LkL
FOEERHENERY | FOEBAR~DELIZONTOHRANE SN (K-3.7%)  (Adachi et
al., 2022a) °, F7=, At Z2 &GO SRR CTEER X X MUARE L THONDZ T ATWEN D
OKEMBPALTOEESL, BN OZT v Ve EOEEMP 2 B L LB R 2@ Lz
(Adachi et al., 2020) 9, Mz C. Wz G 2ERAKTOR -7 o VYV VR FEIHRE L <,
FBBAHROMRICERZ LT 21T o7, TORR, Sk~ 2 v LEHIEEL LT, BAKTE 5
o7 u Y VRIS EESY 1 A — P ETCHEBENESWHIGEEZ R T I AP LT L (K-3.7
H) o TNUHORFHEER~DEENEZ O, FICT v VTR R &0 2 gz s\ T HE
ﬁ&ﬂ%%tf EMRBENDHERTH o7 (Adachi et al., 2022b) 7, 72¥. Z DRGSO IE

BT DRI HEEE ZHFICZ O TT LR ) =R %2 To7c, LB FBMBELZHWZHHITNZ
T\#77%70%00&@%LT\:%ﬁwz/ BT HCOSMOS (2 & BBCOBLM % fkfe LTIV, &
DT =2 DO FEDEIToT-, TN HOREIL, Ohata et al. (2021) Y ([Z#d L. LM OBCRE O
IRFZ2 ] A3 A IS B9~ 2 B IS H Mk L 72,

4 + iR WUNRELF + A PEA + FiERiE

JL# : Adachi et al. (2021) FIA K © Adachi et al. (2022a) bl : Adachi et al. (2022b)
M-3.7 kxRS ERT T Y VKT, o AL ORATHABI U TR S -85 &R D 1R G kL
To TR HRMRKE T ORET R O NTWNK E A OIRERL T, 4« BRI A Lo BE AT R
B, ThZhos AP 2 MEERO FILRT,

WY 7T —< @) TITo 7 B ABHICONWTOMEREAL £ L5 &, LI IT 5 E#EY
ﬁﬁ@ T, WERMNOE ARV TSI THMLR TV o7 o Y vk O - MERNRICEL T, Hxo
B DOFCIR A IRBEBICE T 28 20 b7z (Adachi et al., 2022c) 2, &%, bWz &t
BERGEOBRICEE IR LA REEN S L H =7 u Y VR A RIC OV TOHE H1T-> 72 (Adachi
et al., 2022a”, 2022b7) , AN&FAERENOEEN - CHEE LR 52 TCOTT 1 VI Llgkc
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B % AR b @ L2 (Adachi et al., 20209, 2021%) ., ZH 6 O@HITIX, @EAKFI2BET 52
0 RTOMATIZE EF BT, T VM & O 72 2 ERBUR T O s @ R 0 K& OB L IR H 1T
Sfc, MAT, EBFBMEET — 2 ZH W T, RHEERER CHFET DD LEE & O RMRGEHIT - 72
(Yoshida et al., 2022) ¥, JtWKICB T AT By LOREEE LIRS A7-DI21Z= 7 1 v Lk
FTORGFENEETHL I LEZP LML, ZTOREEmRCTHE LT,

(2) REET VI K DG
TEDOBENC L 5T NV DBEE
R[RRHEFTHIER > 27 570 (MRI-ESM2. 0) 12 K 2010 MREOFHE (2008-20204F) &4
Ehi S 7-BHEDlRIZE Y, ETAVORIEZER L7, ZNb08HT —% Lok, 77—
~MOBEEEIZ LV ITbNTZ, 77 AF « N —IZBW\W T, 20134 LIFECOSMOSIZ X v Bl < iu7- K& HBC
BT, £ BEFRCHRKLEZCEDT L0 FHZ{LA /R L TEHY . MRI-ESM2. 0% [AIER O FRHi %
&R L7 (Mori et al., 2020) ¥, FE7/ZMRI-ESM2.0(%, Nu—|[ZB W TEH SN 7-FEE PBCIEE %2
EUNOREECHEL L (Mori et al., 2020) ¥, BEHERFHFIZOVWTHBIRNC L2 RIEETTV,
CMIP6Z I DMLE 7 /L & bble LT, MRI-ESM2. 01X H 7 < 7 ik C#LHI & 47 Hi EPM2. 5 fE A 8 L 7=
(Turnock et al., 2020) ', MRI-ESM2. 0DZEIZHOWT HMAEAZITV, EROET VTR LT, Mt
REIZETHETAEREDPRESGLTIND Z LT, BEBRAFEORIALLEL TR, ZOKED
K « A=A LZP SN LT (Kawai et al. 2021) 'V,

S BT S - AMAPIZ351) D SLCFsIZ BT 5 Bl O Ml A C L IEFEOEB OB T — % (M
e AR - WM - BUZERE - T A 23 7)) LMRI-ESM2. 02 SISO T AR R R AL, T
OMFEAE FEHE L7= (Whaley et al., 2022) ¥, ZOfEH, 2014-20154E O LA T OBCHE E L Mk
TT | Y VIREIZOWTIE, MRI-ESM2. 012 & 2 FHEME & BLINIE & D SFHEJFAZEIT10%LL T & AMAPZ N O A
EFFALLED H/E L, MRI-ESM2. 0 TOdEMR T T = Y VIREOBBMER B W LRSS (1¥-3.8)
(AMAP, 2021) ', Z @ X 9 IZMRI-ESM2. 01, AbMIickB iy 2 =7 vy Vo FBEMERKE M E LR
W, ERLY BEEEORVT o Y VO BRI ESCKEEBOREN AR TH D,
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T, AR & RFHNIMRI-ESM2. 0% 7723, MMMIZ~ /L FEF L EE E 7T, AMAP (2021) ¥ Figure 7.67
T,

MRI-ESM2. 0iZ & 5 B Zh ikt s ] H o HEE
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TT B YOI K D ER RS 7] (ERF) ZHEE L2 (X-3.9) m%maMal 2020) W, AKHFZE
éi CMIP6 % #§ /K 3 D REMIP & AerChemMIP Dl 4 T HJil S 7z, KR ERIZI 1T 2 REREH O 42 A4 i
AFFOIEROERFIZ1.96 W m 2t HiE S, 2T FEI Mmmﬁ(L%WM%\fg/(QﬂW
W)\Amww$/@(0%Wmﬂc_;éﬁ®%ﬂﬁt£:7n/w(ﬂa2wW)K;éﬁmﬁﬁ
HTHERENTWE, 227 0 Y VICXDERF~D% 501X, =7 v V)V — RS AEER (-0.32 W n?)
223%, =7 Y L —EZMAENER (-0.98 W m?) N71% HoN 7Y LEERETHIHERT LN
N2 LS (0.08 Wm?) Thol, =7 1Y )b —HHEAENIC X DERFIZ, KEGHST 2 WL 2 Kk
BRFOT T w7 —ARy (0.25 Wm?) X DIEDQME ))& BELFRE 2 R O fiEgE (-0.48 Wm?) & A
Br7meyn (0.07 Wm?) ICKD2AOMEINOEFICTHERIIL., =7 1Y e ZORiBEYE D PEH
SNDHFHAERIKCHE ChoTe, =7 vy V—EMAAEHIZ X DERF (ERFaci) 133K E Z DR T
BTHETHY, ZNHIETREEOEREESLER OFIREDOH KITER LT\, [FFRFIZMRI-ESM2. 0

FIZANBERT 7y 7 =R 28R ET D EEE (38 CLLTORIR) DKEEIREDHEKIZ
LU BRICEHHRIRIC B W T, BHE R A O RERFaci B X OBAE 72 IFE O R ERFaci N HEE S iz, K
FRZOBETIE, ZNOOKREREADOHEREIINZENCKE DA RE SR, EEOKETHEE 2
FERBEC L2 REMBAES SR T2, ZOBRIEI=Te LV EKEOHEEROEEEZREL
TWb, =7 r YN EKREOHMAERZH] > ZEETT VL, RO OCMIP6E T /LT O &
LRONDTZD, KR TR LI T v YL EKREOHAFEMOBEEMIL, 5% OO Fntkz R
LTWb,
el ic B 2 KRR LicB I 2 AARFERA L =7 n Yy W X 2ERFA2H#EE L7z (X-3. 10)
@wmaMaL,%%)woik%iﬁaﬁ@E%@H@i%@ﬁ@ﬁHéf@ﬁ@fEf%U\7?
I AR B ETLHMRET VN NMETOMRIFLE L TV, EMETIZT 7 v 7 h—R T
TIELKRFBICRNT HFEHICKE WIEQERFZFFSZ ERHA LN Y . Z o R AeiRRR LIz B0
CT T v H—RrPNEERERHZ R AEEZ REBLTWD,
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W OBAEIZIEWR DM (W m?) %777, Oshima et al. (2020) ' Figure 8% thZ5,
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2. 70 —2 5 FEEDSE-Dome A ~ (67.2° N, 36.4° W) TOT A Z 2 7THIND & ok % £
L7z, ZOWETIE, TETAVHREICEDHEREZA LI 572012, 102 2 N—OEHERFHEIC X
DT TNV E R WL, TA A a7 TR S LT T v Y Lk BE 1970 RIS R A
R L. 1980ELIREITIAD 2R LTE D . MRI-ESM2. 0l 26 DR LA 2 EBICHER L (K-
3.11) (lizuka et al., 2022) 'O, FET VRtAEMEEL ALRIHE BARRFICKBILIZE 25,
9T0FER DA T v Y VikEBOMWKIZIABEROEBEZM Z T TW el e bnt ol (K
=3.11) o ZTNHOREFEIT. MRI-ESM2. 02 X 2B EBRF RO LML RT & L biT, 19T0FERDO A%
BT 7 v Y L OBRPFEROKRELZENCH S L T2 aREEE RE L TV 5D,
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FEE BRI ALERER= T 0y VO RBITE b, lizuka et al. (2022) ' Figure 55V 5,
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201t #2517 2 D b ARIR BRAL & 2014 H & A D bR AL D BER

btk TIR20tEALHTY: (19404FEEH) (ITRBE (LS E &, 20tthd T 24 (19704 ) ([2Em{bA i & T
W5 (M-3.12) , L2 LARL, MEROKBEET LTINS O EKIEZLOBFBERENR 5 Th
572, WBDOCMIPBIZSIN LT D OET VTl EROZEET T /L TIEEE L 2o 7o dbfiih F5R
OB L, MRI-ESM2. 012 & 2 i s EBREHRIZ I W T b 201k AT 0 iRk & 201t ke i & A o0 5%
BALOEBMENRRKE < ELE (K-3.12) (Aizawa et al., 2021) 'V, ARH#FFETIX., CMIP6°DAMIPIC
ZMUTZRMEET AVHEORENT 21T 5 2 & T, BHIRBSROAERE - & B4 B o P B) 23 R R EE O K
X X T0HARATEDOIRIBEBLICE LS L TWEZ 2R L= (Aizawa et al., 2021) 7, F7-[FkE
OFEFNTEATH 2 & T, 204 P ZA 0B ERLITIE, RO ANERFE=T 2/ VoK L H+E
FONMEBMNKELS FEL W EE2HALNE L (K-3.13) (Aizawa et al., 2022) ¥,
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HERS R T BDETNMCRBIT D RMERFDORHEEME D EEL

AWFZETIL, MRI-ESM2. 0 COXMER B D RHEFEMIC O W T O ERRTHE A2 I Lz, HEKS 27
LETIOVTIE, a2 TIRESCLEMZR Y H Wil —A~A =R BbnsZ &N, 7
NOBWHTENIHEFICREREEEZEZHENDD, ZNHOHIZIE, RNT A =D FRfE, LR
i, AF—A07 1t 2AOBIEIZ L Don/off, 20D A% — A ZWAT L CEINTH 10D B % HEflh i 12 B
A SRERRE R, WELBROFMARBERRIE, NI RENFGEND, TTADORTRAZYE—
3BT DHE) LERECH WD, T NVICEITHEORIC, SRR O T RIS T K
XREBERTIENBD, L LT, 29 LERODA 37 M, RT A&V P—3 3 oL
RHAF—LDOHA, FrFLOWTHREBOBMAREICE DA 7 PV REVWIELHD, 22, —
I, D LI A X — A0 BUE O BN FEMICER SN D —FH T, 2L AERNFIIZENL LD
AR MNEFOSZ LD, v AT IR DY PO OFERITEIIT EFEMICIT TN RN &R
2\, ZOEBERFICOWVWT, M E > TEEREICEET 2042 P OICEEMICHE L, SfEmic
T, L ELTHMLE (Kawai et al. 2022) 9,

CMIP6 RS D £ 7 V18 A LB B 98 & TPCCEE 6 R BT A it 5 E~ D H R

CMIP6 % 4% il ¢~ D RFMIP, AerChemMIP, DAMIP72 & o [EBRH 22 Ml 7 C it L 72MRI-ESM2. 012 K % #5
R, WE - BUE - FERICE T D EH . KRB, SR, BAK, B &, S, E~og ik
EOkEx RBFRICTERA SN, B e L THR S (Zanis et al., 2020%”; Oshima et al.,
2020'Y; Allen et al., 2020%", 2021%%; Turnock et al., 2020'”; Moseid et al., 2020%*¥;
Thornhill et al., 2020*Y; Griffiths et al., 2021%%; Aizawa et al., 2021'7, 2022'®; Yukimoto
et al., 2022°°, Ushijima et al., 2022%7; Maki et al., 2022%%; fté6fm) . Z 45 DOHFZEALFED—
o (FE8HmaRm S - W 20, 2D, 22, 29, 20, 290y g TPCCH IR TS . G UERE S DOF6E, HT
#. Annex 11) ThHIH &Nz, Fx BT — XA L7z, AerChemMIP CTOMRI-ESM2. 012 & % €& 7 /L FH Bk
IR TR HIZE <. MRI-ESM2. 01C L 2 35 7 — X IXIPCCEE 6 IR F-A i  E DO KR ITTEH S 47,

JEMREEES - AMAP T OSLCFsEHBEE E~D BB

JEMFEE S « AMAP CTOSLCFsEEFIZE 7 )L — 7 A L 3— L LT, MRI-ESM2. 0% W C, =7 a V)b « &
Ve A B EEDSLOFs A AUAR KU T BT T 5 & B L 72, AMAPTlX. CMIP6 T HJ# dDSSP2-4. 537
U A Y 4 % Bk — 2 DCLE (Current LEgislation) /7 U A RCH il IC SE L vl RE 72 fic K I & 5
Jii L7234 OMFR (Maximum technically Feasible Reduction) VU A 72 8234 S 4. MRI-ESM2. 0
EELEODOHERY AT AT VTR DR TREF R LOEHEY TV A LHAGDbELET LT
2 b—H—%HW\WT, SLCFsOHEHEHIEN&KEE RQE DO HICRIEFTEELZ Tl L7~ (von Salzen
et al., 2022) ¥, BIEICKT 520504E 1281 5 bt LR B LIZOW TR E Z A, MFRV T
U4 ECLEY T U A OFHBEREOEND, FFROSLCFsOFIRIC L 5 KAE Dck#EIL, MgEz 7o
NOWDIZ L DILREAZ S SR TN, 77 v 7 H—Rr & A X OHIBEITS 2 & T, Bkt
OB L S EE FRAMBET S 2 L RRE I (von Salzen et al., 2022) ., Zh b DfEHE
NE, TR LRFEOEROPEHEHICINAZ T, 77 v 7 1=K A X &2 ELSLCRsHEHED X 5
72 D HIE, BB L OB W TEETH D Z ENRBI N, ZIE OMIEEREIX, AMAPD
SLCFsaT Al 5 E D 8 1250k & #u7= (AMAP, 2021) 9,

av Ik ALEREYE OHEHERD I 5 [EE M

Bl am oA LA EYE (COVID-19) OFATICL Y, FEN v v 7 XU SO TEHIREZ#RT =

LT, TR FER EDIRENRATARCANBER =T 0y )V EOPHEIL, FEESE ML ORIFEL Tk
HLRELSED Lz, 2nb0HEHERD NREICRIETHELZFMT 57201, ERASEORXEE TV
ROz, EHEE T — A2 K D CMIP6 DA A & i L 7= 7 V0 A HCEGHE] (CovidMIP) 2NERAT
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S B ol (HARD DIXMEFEFJE B B AE & [RTREM AT NS |) . AL Tk, 3Ll o LE®
ER 71 haaE AT, MRI-ESM2. 0% &t R D120 Bk 27 AT V&2 AW TEH300LL LT >
U TNEREEEM LT, AT ET AN EZERT D Z LT, 2020~20214F D 24F [ O —REHY 72 A %
EFREE OPEHEOBAC LY | 2020~2024 O RT TR T VT TOT v Y VEFEA L (K
SREITSGE) | M RICBEET S EE ST KT 58, H ERIROEKE~OFEREE IR TR
WZ EMNFRENT (Jones et al., 2021) *¥, COVID-19D 4T & V9 FHIE 22RO HikE o6t L, i
RoOWseE NI L, EEN RS TOET VARG E 225 B, FEEO &V B
ZzEMTELI RS, RFROBBELRRR LB X 6N D, RUFFERRIT. IPCCHE RGN & &
FUEER 2 OBURREE AT EEK (SPM) ITRE#E S Tz,

5. W%t B ZEDZERIRIL

KYTTF—=< (3) TEMLIZZT oY LGHIcoWnTIiE, S0 BICK LT, CoVID-1912 L %
R OEBEN D> T b 00, B H#FCMY 77—~ O/ HE O ) TEl i e < Bl 217
I EMTER, TOME, =7 v Y LR+ & BRERN T E O Te48R B 2 I L7z, £ 6 OalE
% W BEREE T L7k, AR = 7 v Y L O A B R LR - MR IR ICE T D ARG S
. TOREEZFMFRCE LTHR L7, Mx T, 2B TORER X, JUEZZEICED 2 ATHE
PR D DT a Y VKA ORREIT O R E, BHPOFHELL EOBENGE ST,

RAEET VIZ K DFHMETIZ, V7 7T —~ OB EEZ @ U lotkx R8T — 2 2 Wiz ET L
MAEIC XV . KB HER Y 25 5FF /L (MRI-ESM2.0) TOdMR 7 o Y /L OBEBEMENR W & &
e C& 72, MRI-ESM2. 0% HW\W T, @kl L OVbigklc VW, E¥EE M4 KR L L-BEICBS T
HANBEFEEE T 0y M X5 EH 2 REICHEET S & L b, Ik TIET 7 v 7 h—
AT ZBALRFBICROD T ZFEHICRKREWEOKKNRE N ZFFO>L WO MEAN GO, &2, =7
Y EREOHBEERZH] S KJEET VT, HAROEEOCMIP6ET /L THHFEFDOLLIROIL DT
O, RFFETZT YNV EKEOHREEROEBE.Z /BT 52 LT, SBROMEO ML RT 2 &
MTET, b, 20MALAT O bR BE (b & 201kl Z A O ALk m b 0 BR % @ Er9ICHEE L, 20
fithlf S A DML AR ER =T v Vv L HERBEONEE S FERE 2 R LTnWeZ &
ZH BT L7z, MRI-ESM2. 0% FH W72 CMIP6BEE oD & 7 /L #H A ELE IR ST I B9~ 2 sl R IE 2 < OFmc & L
THR S, 2095 BL8mOFm I IPCCEH6R AT & FH CGHEIEXEs) TIH S, £7-MRI-ESM2.0
WX DHET — X IZIPCCHEORFIMHEEDOKETIEA SN S/ L, IPCC 12X L TEHERFEEWN TX
7oo AR B DS EOCOVID-1912 £ 5 RE B DWW T b . [E B 7o Fefil e © L (S8 0 B BB EE
iffi 2 HOH I FEhE T &, & DORCRITTPCCHE 6 R FHAil i 15 F 55 LIE 3 = O BUR L EF 171 BEK) (SPM) (27D
I, FoAEWIEEES - AMAPOSLCEs RFEHREEICHHESR & L TEBR L=,

AKY 7T —=~ (3) ICLDHIERIFIEL. ARUFFEHIM T (202044 H LIKE) (46RO A il FsC &
L CHIR 4, IPCCRALMFT S ~DEBEREIR BT ) 2N TE ey, BELARE LELZHEEZ H
FHZENTET],
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Feomb et R EHE &

EFRAC B e e v % — Uik B
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LA BRERC A AR ORBEC KRR EN 2T T OERD TH LT 7 v 7 —HR 2 (black
carbon; BC) (. KFEN O 5 BAOWKA (KESITEREL pmELT) TH D72, RGBS %@
SR L, RREMAT 28E1"H D, £z, BCIIEKmICIEET DL, MEOKKNELZEKT S
EKDOBIGRZRHET 5720, BCOMBG RIZHICIAMTREL 2%, BCHIBORBEIC S 2 55
BEWET D012, ZOEMOMZ EFEICIEETAIVNERH DL, ZOZ LT, ZNETOES
< O#FgEebiaEEE 2 (Arctic Council) @ & & 12974410 T & 72SLCF (Short-lived Climate Forcers; %2
FKAETE Y E) DR 7L —7 Ll L7~ AMAP (Arctic Monitoring and Assessment Program)
WEETHLHEMINTE A, LrL, ZOBBEOHEBIA+0THY, TORENRERIITHT
RFEEBINCESSENLETH D, Brxid, TN E THEBEICEERE L CEX BN TEE,
AT L TRE S HEIE, BCOFEBZMHH LT,

BCH &R & O RWBLIMNIL, BCOPEH - ik - LA OWMBEOEENEM L OBl EFTH~5 LT
VERAIRTH D, Fox O L7-COSMOSIIBCHEE 2 15% DS E THIETE 5 Z L 2 EiEL T&
7o LU THWOL N TWAMOMIE 7 V— T ORIES TlL, 7 4 V¥ — EIZHifE L7=BCD Y
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— AT —hA T LT, ET VL EGD ., BCORMEEBOFMMNIALITADZ & &2 AREIZ LT,
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[Abstract]
Key Words: Global Warming, Environmental Change, Arctic, Aerosol, Black Carbon, Cloud,

Ice—Core, Climate-Model, Assessment Report

In this project, black carbon (BC) particles, one of the Short-Lived Climate Forcers (SLCFs), have
been intensively studied in the Arctic. We used COSMOS, a high-accuracy instrument developed in Japan, to
measure BC concentrations in the atmosphere at four Arctic or high-latitude sites. At these sites, BC
measurements have also been made using other BC instruments by other groups. We made detailed comparisons
between COSMOS and these other measurements and developed a method to convert their values to COSMOS-
scaled BC mass concentrations. We then constructed a unified dataset to study spatial and temporal variation of
BC in the Arctic. In addition to these ground-based measurements, we also analyzed vertical profile of BC
obtained during PAMARCMIiP2018 aircraft experiment to study a year-to-year variation of BC in the Arctic. We
also measured BC mass concentration in precipitation (rain and snow) and estimated wet deposition flux. We
validated and refined our global models (CAM-ATRAS, Nagoya University, and MRI-ESM2.0, Meteorological
Research Institute, Japan) by comparing them to various observations. Using these models, we reveal that the
source contribution of each region, such as Asia, to the BC mass concentrations and radiative effects in the
Acrctic differs significantly. Effective radiation forcing of BC at the top of atmosphere was found to be the second
highest after CO2.

In addition to BC, we studied other aerosols and their possible impacts on radiation and clouds in the
Arctic. We developed a technique (Complex Amplitude Sensing, CAS, technique) that can simultaneously
quantify the chemical species (complex refractive index) and particle size of solid aerosols, which are considered
important as ice nucleating particles (INP). Various standard solid particles (mineral dust, biological particles,
etc.) were examined and we confirmed that these particles can be successfully measured. We also sampled
atmospheric aerosols and cloud residuals at Ny-Alesund in the Arctic and analyzed them using various
techniques, such as electron microscopes. We successfully reveal a seasonal variation in INP concentration,
differences in chemical composition between aerosols and cloud-residuals, and functional groups of organic
aerosols.

Finally, by analyzing an ice core from Greenland, we obtained BC and mineral dust data with high
accuracy and high time resolution covering the last 350 years. Chemical composition of mineral dust varied on a
multidecadal scale over the past hundred years. Various emission inventories were examined by comparing
numerical model calculations with these ice core data.
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