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New perspective of studies on ice core—polar sea ice—marine aerosols
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RO RKDOMBNIEN D, ZOEDT 4—R Ry
JHEREIE, TS T VAR T 40— Ry 7 E U TRSGR#
SIVTWB[BI 21X, Budyko, 1969; Qu and Hall, 2007],

i FASRG S DAEBNSZE L T T 555 AUY
3x, EENTBYEHREOLE LS EEZT, &
BUN ST, BB T DRI ST, T RO
I3, BREL, BN, B KICL DR E, KOS R
BENDNZ AL LU TRIESND[BIZIX, Armstrong
and Brun, 2008], —f%\Z, AEHNZIBITLTNHDEL
797 ADMKHED W CUX, B IS O
R REWHIA 238 D Z LD BTV [ B2
I%, Armstrong and Brun, 2008], = D72, @hEZ%S
ZDOBRIE, FEETNAVASRICETHE B THZENME
AR R THD, 1980 FRHIENDAEIINATOIEG
DIZBFRIIFEIC LD L, BT LRI, Ik
(5 A =0.4-0.8 pm) I W TITFESE NEBIAFAES
DAY (Light Absorbing Impurities; LAI,
BIZINE, TT70 I —RRFAR) DR FEEITRAFL
[Warren and Wiscombe, 1980], 1#T7R#Mik (L = 0.8-3.0
um) [ Z BN TIEFE B RRIAK AT T D[ Wiscombe and
Warren, 1980],

KEMHFEHTTIEL, 2000 FRIEDD, LlL7RES
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T ISR O E VR RARAF Rt 2 5/l E =
HIIZFHR 3D 2 AN T REZR KA — K RN & U
IGEEET NV EBAFE L CE 7= [4oki et al., 1999, 2000,
2003], HXHERFA UL L7z 2000 FARAPIFRE I
%, ﬁ?@ﬁ#ﬂ;ﬁ@/ﬁ{tﬁi‘ﬁﬂ?@%{%‘/x?“‘b(@JZ X
KINZLRFEF T VAR T =R\ 7 E2fr LT KRS
b72E) 1252 50 BRR B2 IR 22 8%
R oD DI TE M LA i £ o CTE T2, Hansen and
Nazarenko[2004]1%, REKGE T T WMIZ LD ER
LR 2l —Tar B FEML T, 1880 4525 2000 4F(Z
AT TS = 2 ER O RIR R F7- R0 1/4 BEK
[HICILE LT T h—R e DIFEICERNT ST
NANMETIZE> TR ATEETH D, LFERLT,
Painter et al.[2007]1%, S HILREEET L (RKE
TNERTEDONDZEN SO ER T T LD —FE,
R AANEDT TICRKE T B EN R KA T
RS EE ST ZEA T HMELTERY, LTLY
FENOYBLRRZFHMICE EL TV DT T
3720, ) ZHWT, FENEROX ANDOIFENFE
HE OB R OLRAMIZ G 2 D5 8% E &I
FELDZ LTSI LT, [EMFZERTCIL, £ DREET
X, TP ERORK — BB E S ETT
IV EL YRR G s TOK BB [Aoki et al., 2003;
2006, 2007; HARLH S, 2008]0DFA TIZHE A E
T, MENHERO RS AT M H 2 D85 BAR
) et 3305 b e N R 5 RS Nt B i 7) | QA S RS
ZHLT, FENEE LAI OIFEN AT /LR K
TS CRMED G LR, @ - T ERE I LA FE S
B MZFH I L TR T VSRR TS, @l
e —EINE T, EVIIEDT 4—R /w77 at A
(Aoki et al., 2007; HFAREH T, 2008) DEE|EZ
HREE L, 2o FaY# it o F, IPCC
(Intergovernmental Panel on Climate Change) & 4 ¥X
FEAM R 75 3 (AR4; 4th Assessment Report) [[PCC,
2007]( 1%, FEPIAFAET D LAL O RN R
(ZB89%R0iR 2% IPCC i &5 BRI TR b,
AROELES (FETF) 1%, 2008 HFIZKGHIFEHT

[ZELEL, BB HIERO KL AT M- 2 D548
IO IEMEIZ R 2 2 &2 BT~ E
TV TP E F LIz, —BICET V7 W5EL
EoTh, 7RI T DOHLTOIULRWDITT
1372<, ZARRBIBLIIZ R IEAT TIT-C, &
T I X DR R B R EH T 528
ISLEEARRI R T, ARTI, £7°, Fox 2L
O AbiEE R AR R AP JEFT#R S TEMEL THD
KRG TOKBN BT D, D%, Fx B3BAFEL
TEIFFMREEEEET V(BEET VO —F;
FE L <% % it ) SMAP ( Snow Metamorphism and
Albedo Process) [Niwano et al., 2012, 2014]& SMAP
AV ARIA FNT MK P E 7 /L NHM-SMAP (Non-
Hydrostatic atmospheric Model and the Snow
Metamorphism and Albedo Process) [Niwano et al.,
2018, 2019; FERF, 20191% 43T %, BhHEL T, BifE
DOHROHIEAZ2 =T A ITBTDWET L DALE
ALEIZOWTH I D, it I, FHRkDEK
FT VT DI IHECHOW TR T Do

2. FLIRICHITHR R
e 20
RN R0

EKE A
FTiE, 2000 AERANEAD D, AbiffE K7
A& LG THLIRIZ d 1T D505 - oK Bl
2B LTz, FLIRIC IS IT 28U, RE<H B)RE
BH2E & (Automatic Weather Station; AWS) (2L 5%
W~ =27 L TEMEL TR S Wm0 DA
REND, BIE T, ZHEEZERH RS FKE
FN 1 R CRGESITWD, —JF, $REE, 1
T 2 [EIOMAE TEMSI, SN ERIE
RV TV T RERISNTND, FEY 7L
IXRG TR R CHE S, 7Ty 1 —R -
z‘~7a:~y77‘a»—ﬂ</-§7xm% LAT JREEDNE
%o B OB f LA, BIAEIZHNT T, JIE L
W DB FEALCHIZR D AT T AR WA T,
AARZRET DK G - SKBHIL R E72> TN D,
AWS THUGENDT —&I%, LW (11~4 A) [RE
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o,

eee
Proces: O
model

Atmosphere @
Solar

Longwave radiation
radiation sv
LY [

1-a)S*+ L'+ '+ H + H, + H, + H, =Q

Fluxes are positive when they direct into the surface

g

Q,,.. > 0: surface heating

""" Q. < 0: surface cooling

Turbulent heat
exchanges

Show L@ Hs

€ 08 .

Z a2 Conductive

o 06 heat flux

[y

© 04 g * Phase change

3 ¢ Water percolation

5 027 * Compaction

004 s [&=— *+ Snow metamorphism

soil ' -15 0 150 300 0 PSSR 1

() (kg m=) (%) (mm)
temp. density water grain
content size

Ground heat flux

Melt wate
W@ Niwano et al. (2012, 2014)

1 BELEETILSMAP D =R, FHMITAXESE,

TIEHDHHDD, Niwano et al.[2020)12L-> THFE=R
2= T ATAESNTWD, — 7, BEV 7 V2
Rl TR 352 LIk 7 V2 — | END LAI
OHEBARIELZFER (LAI ORENSLND) L,
T =R T B I B W BV FEE VT 1L
H— b T NE T LT RER (T Ty —R &
A= =7 I —R e DEPRENFOND) AL G
52 ETHOLNDIEZ N LALIE X Kuchiki et
al.[2015]i2& > TEED B, BED RO FETO
HE ARSI TN D,

2018 4F, IPCC AR6 IZHERT LA HAYEL T,
EBEBESETAVMALREBE 70y =7 ESM-
SnowMIP[Krinner et al., 2018 FEfiSiz, K7 'm
TN, ROEFET VAL L KR
RECEITL, TONRTp—v U A& IR LT, D7
DI, HEFRAEDD 10 7 FrOBHAT A MR E SN,
B E T T VEREN T — 2 LT LRI T — 208
DT [Ménard et al., 2019], % OFLIE AWS
X, 7T DM, TOBATANEICRES N,
ARERE T 0y =7 NOHEREIZRWDICE B L 72, ESM-

SnowMIP (21X, BT — 2 D H7259 SMAP 125D
TRalb—rarfERLEH LN, FOEIZHONWT
I3k T35,

3. BELHEETI/L SMAP
HENHIEROREL AT M E- 2 D BEBHT)
DIEMEIZRAME 52 L% BRI T 4 058 FLICHES
ETVCT7MRET, METNLVXNYEET L
(Physically Based Snow Albedo Model; PBSAM )
[Aoki et al., 2011 D BAFEN DA IG E -T2,
PBSAM [IHiiERS A7 1€ /L (ESM; Earth System
Model) [Yukimoto et al., 2012\ ZF A IA FNAH T EZHI
LU TR RSN, Aoki et al.[1999, 2000, 200311285
FEHR TR b O DOFHRE AR E ) M R —
TS ok R IR EET T V6 L AR R D
bz 352 TR LT, doki et al.[2011]1FFL
W CHRGSN TR E LALIEREBN T — 2% A
JJLTPBSAM ZBRENL, FHASIVZT VAR OKEE
ATV, IEF ISR OWHBMEEARL CNDEIEE
L7z, PBSAM HIERS AT LNE T WATH AAIA
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FNDREL, T ~D LAI JLE &1L ESM (ZHLAIA
FNTWAILEIETE T L MASINGAR| Tunaka and
Chiba, 20051755252 N HRDL OO, FESHL
AT B2 D F i THIRE T VNE CTEHE T4
HR3Ho7,

ZIT, MEWNEORZR T 07 7 A VORI ZEAL
FHETLOIEN A RAME R ILET NV
SMAP[Niwano et al., 2012, 2014]% B3 L 7=, SMAP
1%, ESM {23\ T PBSAM (ZREShi BB A 154
IR =R NOEEL R O721F Te<, PBSAM %
WEBIZHE AN TEAZ R T e — DIEFET L EL
THIATHRBERD IR F S TND, ST, 1R
— RS T T VL, BRI, KKET
JAZBLIERT2 T LR R0 55 I O 1 D 20 % Y
HIXRWZEND, FENEO IR 720
(LS TWDDON I Th D, £z, FEET /L
RiZ, SRR O -0, &6, iR, ROBS
H ORI E OB (T AZYE—a) TR
BEN T\ 21E, Ou and Hall, 2007], — 77,
PBSAM TWELRDHFEERADFFHITIL, IEFIC
PR E A E IR (S OREMIESCE KEZE
LICERR T H5EEE) BT 2MANLETHD,

ZOIH7RM AT, BN O E S A G
HUCER2SH THZEBTOEELEET L
DO EFIZB W TIEL TV, Foxld, 7704
THBIN TWDIEELEET /L Crocus[Brun et al.,
1989, 1982; Vionnet et al., 20121 AA A TR I T
WHIEE A T T /L SNOWPACK([Lehning et al.,
2002a, 200b]2 2 & (2L C, Fkx NEKHL BT
BTWERBINZ, SMAP (CHE S 28 E a4 528k
L7=[Niwano et al., 2012], SMAP 1%, K54 DA H)
PSBREN T 5 5 [ B X DI IR A L CREM 281
TOHRMENMW R (FR, BE, /K8, K,
EH) %, AL, KOoBE), £, KOBMELER
CEBBLUCEEHETS (X 1), SMAPET /LI,
PER, ERRFIEOT-OIIEHSNI-EELE T
IV MG IR ARG B3 ] L7 5 Tl B TH

£ 1 BELEETI SMAP #EEIT 5-HITBHELRE
=, Niwano et al [2012]Z%EE(Z4ERK,

EES HAL
[/ ==+ mm
RE hPa
JEGE m/s
SR °C
SATAE:S %
IR EELE, AR, AR & W/m?
IR EELE, AT, AR RO REL Wi
5%
TR E R & W/m?
(HERHEICHT D) I mEE W/m?
FEEWNIIAFAET D LAI(T Ty 1 —R

ppmw

VEFAN) EERE

%2 BELHEETILSMAPIZE-THEINDIREHN
TSI E, Niwano et al [2012]Z% /B,

U= HAL
FEETR m
AT LR

AR T SR

(SR 2NN

R °C
(T I D) BB RIS W/m?
(T D) BB I W/m?
(BHIZHTD) BHEL W/m?
(T D) IEEN W/m?
(THE TR D) BEAKIZ I DA W/m?
(FHEIZHTD) TRl W/m?
ER T a7 7 AL °C
BET0T 7L kg/m?
BEEKYET BT 7L kg/m?
GKETaT AV kg/m?
Vit R kg/m¥/s
MHEERRT 77 AL mm
EH IO T AL
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(a) Sapporo 2007—-2008 Obs
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(b) Sapporo 2008—-2009 Obs
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(d) Sapporo 2008—-2009 SMAP
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2 BEZLTHEETI SMAP 2L TEHESN-FLIRDEE DIREE. (2)2007-2008 £Z-Hi K TUN(b)2008-2009 ZHANDEHEER
AER & (c,d) FIZHAB D SMAP ETILETERER, B LT B Fierz et al [2009](CKRPEBEE HFEERL, ENOHE,
CLFEYE, LEYE, CLITOHE, LEIHHE, REAR, SoHE, RUKIRERT . Mwano et al [2012] KYERE, B &

D —kIE, #EKIED 0°CEMA -EMERT

b D%, FENEO K BEFTH % Richards =
WIS e 5 T E E AL L C[Niwano et al.,
2014], BUED R AR EEEI LI, 7 V2 BRH)
THDITM LI D HEHRL, FHRINARER
BEZNZENE 1 LE2ICELDT,

FLIRIZH1TD SMAP T /VHGIERS B D — 2 #7
4%, M 2 12, 2007-2008 K T} 2008-2009 £ 4o
FLE CElEN =B EOFHEE, TDOET LY
ol —varfE Raerd, FHEIL, Fierz et al.[2009]
X TR EED LTI O EH RSB JEI 0
S TCrHli3 %, 2007-2008 4 H11%, MRS T
HoT=DIZxL, 2008-2009 2 AR R IRRE T
ol EBE, BEOHIMTIE, 1~2 HOmAHIC
BOTHHEBICKIRD 0 °CEBZ T (X 2), i
AWM &L, SMAP 1, BUHITRONDRHE (B 212,

HELILEVE D5 ORET, 2007-2008 4 H D
FEAMNCBITHLEVFE DR, KT 3 HLAFEO#R
EHFICRBITAIODEO L) IZRIEZLN TN
BLIENGI DD, —H T, LbE L ERLK RO FH
PEIZITRRED R > TS, 7238, KR D AR BRI,
AALAD SNOWPAK ET /IR THiREEE/ 2> T
BY, ZOHOEE PRSIV T\ D[ Wever et al.,
2016],
ZDIDNTET WTRIRE L TREETIZR VB DO,
3R T INTHEBEROFHNE LT BRFHL
TW/e, £Z°C, Niwano et al.[2012]1%, Painter et
al [2007][FERIZ LAI 27 /L ASis4h L ¢, AR
A2 “pure snow” ZARE LTE T /VIEE EEREZIT -
72 (X 3), ZORER, FLIROFE A LAI OFTEICE
ST 2 HREOLIL TV ZEEIALNIZ LTz, &
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Snow depth [m]

1.2 , . ;
(a) Sapporo 2007-2008
1.0 f—o0bs
E 08| —smAP PURE
<
a
& 06
el
2 o04f '
c
[72]
02 [
00 uunr-lL A ! 1 I
Nov. Dec. Jan. Feb. Mar. Apr.
Date

1.2 . " .
(b) Sapporo 2008-2009
1.0 f —obs
0.8 [ —SMAP PURE
06 [
04 [
02}
00 __hL.JL\ i | i A
Nov. Dec. Jan. Feb. Mar. Apr.
Date

3 FMRDBEEIxTBLAIDA 73Tk, (2)2007-2008 £ £ K TUN(b)2008-2009 X HAD RSN -TEE R (R4R), SMAP
[CE-TEHESN-BEZEGRE), LAIZATIZLTITof= SMAP StE#ER (FR) ., Mwano et al [2012] &Y E5H;,

D%, FLRORM B K T 57 Ty I —R o LH AL
DRI G- DNRIR[201 T L > TSN, BiE
DIFT NASRIK TSR U TR I R X722 8%
B2 QW2 e g notz,

BUE, Fex X, SMAP ZFLIRLAAN D55 AT I 1k H
T TEE D CTD, 22T, £, ENEHFD
SEEWA AT DRI SMAP %1 H LaTfiZ
IToTZ[RERFIEDN, 2017], #I ER S ERIT, [EGT
DT A 2B T — 2% ER LTz, LnL, 7AX AL,
Rk &, RUE, KOR, EUEHLHEL TOZRWes,
DKL EFE (R DIFRGTOEEIEFH1FRK
&7 /L NHM (Non-Hydrostatic atmospheric Model)
[Saito et al., 2006]> I =L —a fERAFHLT-, £
7o, & 1 ITRENTWD HHELBEE (FEE T O
\ZBIT BB RS E ) A~ B R G eT52 ext
I TR, ZEEHE TIEHLLODOHENE N
F D H IR e R A B L TS T
REZ 0 °CREE (T AV 7V EBEREM) L9528 Txt
JELTo LAL JEEEIZHSOWTE, RETERSL-ES
T T NGRS R A BB R OREFEMEEAEL T, &
T AL AYANCR—IZ 5272, L EORETEML
72 SMAP E7 NVEHRICEOEZ IR I —vav il
FETAZACTHB SN R LZEZA, £
DFERIL, ET VO TEHFE T DREAKDNE 57
WCRESBEL ST HZ DAL RS T, — RIS,
BNSNDBKEI, MEFOKYEORFITHY,

ZNOEBLIHITE BN/ BET 22 LT BUIR R T
W, ZOGrEEFRER, BIIEE T VO E T
AL T HZENMETHD,

SMAP ZALIRLIAA OGN H B+ 2 —8REL T,
ESM-SnowMIP[Krinner et al., 2018(ZZ @ L, {5
FHD 10 2 FT OB A N Ménard et al., 2019107
—HEFALT-ET V2 —ar B E iU,
F 1RSI TS LA Z#BR<EH#IT, 2 TH—H
TAY =R, TORFRTIE, LAIOZIR
EPHCE B L THEE T VRO HREEZITOIESET
E SMAP LISMIAFIEL 23> T2T2b Th D, £ 2
T, Fx 1%, LAI L (pure snow) Z {5 ELT, €T
IVEHEEITW, FEREZR M LT, 7235, Krinner et
al.[2018] 23 /R LT\ % iE Y, ESM-SnowMIP (21342
28 HOFEEET ANBIMUIN, FERRIE A E
E7 b (GRS Cld “snow physics model” EFRSA1T
Wh)ESFEINTWD DL, Eikd Crocus,
SNOWPACK, KU SMAP D& Tho, 4L, (Gt
FaXRO @) FM72 R L B E 5808,
RO T NIRRT — DR ET Y T VR
HEDETHIMEN KD IRDET VAR E 2K
HINCERDEVI BT RO, ~ VTFYET T
JVET IVH L TVD, ESM-SnowMIP (21X, £ D
JORET AN 2 B T, FEZRET VI
A E#IX, Menard et al.[2020)128-> CF &N
IE20THDA, SMAP (T RAFAefE RAa "L T
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AN

WAL, SMAP %, ERNO AL T, 275K
BRINHETTL QWD — 0 T RKEIZH 95
WFFEEAT > TOD[EEF, 2019], 2012 45 7 A, Z7U—
IV RIKIRIZEWT, ITFEORT B R Ko
F T AR T AR S S ST [Nghiem et al., 2012], %
DI, Fex X, LTV —2F RKE ED SIGMA-
A YA N[Aoki et al., 2014a]iZHEEL T, AWS D% E
ERGEOREFBNEERL TV, xR
SIGMA-A ([ZHfEL TV 2 6 H~7 HZEXZIZ,
SMAP ICEAFEEDET NI Iab—arZEfiL,
BT BRI 2 MBI 7 207 i (FE SR
KT &ZET WV CHBT ISR LT[ Niwano et
al.,2015], ZOFEE, K47 — X% ik AWS THL
WENTERE G5 272, —7, LAL JREIE, 8RBT
HE 7 VA B IR L TR A 7 1 H—
WZHIZEL, 2N E KBTI R b f- CE EHIE
AL A D T LT e [Aoki et al.,
2014b; Niwano et al., 20151% =, ZOMF3EEEL
T, Fox i, BRI 5 SMAP OB MMEEfEEL
7=

4. BESIEET )L NHM-SMAP

L ETRTERIDIZ, Fx ik, ERSMCEITS
SMAP DOFMEEFZFEL TE7208, ZBIFRA Uk

R — )L COMRETHY, TS AT DR
T O T DIIT 5 Chadvotz, 22T, Fx i,
SMAP % NHM][Saito et al., 2006]E /A A HHTEH
K O F R R L L 72 I & & 7 /L NHM-
SMAP[Niwano et al., 2018, 2019]% 3522l
Tro ZORKIIMNCTV—0 T U RKIEERIREL
TR0, LT I, MK T 7 L EfRd
%o NHM (Z&o TREY: D =R TR fE 28{b 2
HEL, X TELNOM FR R ESE (1) 2 SMAP
WZAILT, RN ERIRREO IR R AL &7 L,
BHINDEFE KT VAR EEKImIREZ KK D T
REMFELT NHM (TR T, 2OV A7V %404

100

€ ) 2012 | ]
c 1
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3 60l \(\ ]
©
g J
S o[ W\
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g ‘ .
IR
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100 r - T T T T
2 (b) =———Observation
< 8 2013
c
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]
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4 BESEETIL NHM-SMAP [2&->TY3alb—bk
ENFE=H)—2SURKKERTERMABIY 7 DR,

(a)2012 £ &(b)2013 FEIZDOWT, BEBAFKR (EH)
[Mote, 20071 ETILETERER (#&#R) &R T . Niwano et
al [2018]kVERH,,

ZETRMIRGEHREAER T D, —FH, 7oy —
RURH ARV ST LA DFEFEIZOWTIL, doki et
al.[2014b]IC &~ T, V=T RKIR DB (57
VS CEDLILD) ICB W TR 2~ CIE
IR T VAR~ DA AL T K&
AT, LSS TEZE) D, pure snow ZRE
LCRHETDZEELT, — 5, ZU—2 T RKED
JEfF AR5y T, NSRS 23 mlf L CHUK
R D5 T GHFESD) 23R 23> Tnd, BLIR,
PBSAM [ZHUKE 7 /LR OEFEIZ TS L THS
T, BT VNI CREA SN K E O LT H#%
BRE7R ST AR P — a2 h > THEAEL TV, B
HLUC, I B SN QWD DK E oSG %
FEOEKRMAED [ 21X, Shimada et al., 2016;
Takeuchi et al., 2018; Onuma et al., 2020] D228 ¢, 4=
KEBENTELT, Z07avAZBICEEH
kD HOKIE T L REE T L % BA%E L C NHM-
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SMAP (ZHLAaATe Z E NBIEDOFRETH 5,

V=2 F U RCORRIL, [EGHT O 5 D P
W —#4 JRA-55[Kobayashi et al., 2015]% NHM-
SMAP Ol R KM E 2D THEITL, §HA
ST ERBERSCE KD EL R Y TET VR
ERH AT > 7= [Niwano et al., 2018], [X] 4 |2, 2012
L 2013 DOV V=T RKIKR EIZH1F 252 il
iRt T FEE| A ORI 2L ic W T, EBIRICED
it B[ Mote, 2007]LE T /L Ial —as it BA L
#:LCRY, Nghiem et al [2012]238 45172 2012 4
7 H ORERHIZRR R EFEA SR ET ML T
FEE R<HEREN TWD IR ESND, — T,
2013 I IAHRI BN I 70 TR FRLAR OB TR
o=, FORMLET VT ICRKHTHIL
[ZEREIL T\ D, BIFE, NHM-SMAP 2 3=l —3 g
FERAE WA 2 22T E FLIZLZATHD, £
FLERIFEIZ, NHM-SMAP % Fa oK AR L 2 F 95k
FHHAIT> D[ Niwano et al., in preparation],

2019 4F, IPCC AR6 IZHERT LA HAYEL T,
IV—2 T RKREFRICBITDENKE BE A5
B 28AEE 7 VO EEEAE A [Fettweis et al.,
2020113 FE S, FaxbSE L, K7 vy =7
1, RO 14 FHOLBIEET LV OFHER R RS
iz, ZZTh, ESM-SnowMIP[Krinner et al., 2018]
FIERIZ, WONDIAT DT IVHBFIET DN,
LIS R RN B ES N TOA LT
LR EETAVIE, T —27D
HIRHAM[Langen et al., 20171, X )L ¥ — @D
MAR([Fettweis et al., 2017] , & 7 > X @
RACMOI[Noél et al., 2018], } T NHM-SMAP D7
Thb, 2%, ZOHIZ, FKMEM O EZTIE
ELTWDET /TN, £ 7 /VH A LB O R,
BIRELTCHDLE, LRl ST T /L OB <
TN UAD, FRREKRZ = DORBLO 5T
LR, UL, ORI Vi T v
RGN A REZR (722 7 L b ik R BT T
JWEREEE R L TR RV EZ R Uz, D7

W, ZHLDET VL, hRIEREES—T v eT D
HEBOFEIZBWTRARLL THEHTHLEE X
DI, 7k, BN LI, 13 HOET LOT
Yo T NWAEEEDSHBL D ey BU VAT p— v R
LTz, ZOZEE, BT VONRAT ANRET L]
TRMINAFET DD TR (BT VOREIZ
IXREIRNTOENRDH D) BB T D,

5. BIKETUVT DFFXR

Niwano et al.[2012)I285-> T LAl ZHEELEET
VN CH PO R A2 SV TLARKE, Crocus B
FTN—T%, [ARROWISEBT A T LT, Tuzet et
al[2017]1%, FEIE K &L 52825 E 7 /L ALADIN-
climate[Nabat et al., 2015|353+ 35 LAI L& &L
AWS TELHIEIDR G T —# % Crocus D HThit (F
BT NRREY RN G R RS Ko m E L 72
—VaNIZATIL, EENHICEITS LAI OB @,
TSR A~O BTN A E i L7, BUE, Bz i,
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FEHOLID, FAUTIME OWFFEELTTTLIZRTD
KEWEERRIZIE B LI 21T o7,

& B U720, TTL &b s B i B i oo K UR
B DOFRAEZEAL DN A8 V& PN O 1 T 7 B d FE L 13l
ST B KR KA A BB S EH 28 THY, ik
FRIRATIZ D 2N EHEE T D2 L a3 AT [Inai, 2018,
TTL % iR ELTo S R4 7 BRI 21T,
1980 =75 2016 4= F TO R A4 i fg 8 35 TTL ~
BATHRKAOEIGZFHE LR, 1980 F05
2000 FEIZHNT THE B RO R HINL, £
LRI T8V BRI (L RSz, 20D
ZAVITAG R Tt B R i Bl s 1T 2 i g T K
SAEROR U RICH IR CER W EE KT, B
RHYRME T R S RRHBI I LD e Db DD, B



KEALFARIE 5 44 5 (2021)

JEENOEED HZ2 BB LT GEIGHAEINLLMN
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Carbonaceous aerosols are key components of atmospheric trace constituents affecting earth’s
environment. They could be emitted from fossil fuel combustions, biomass burning, biogenic sources,
and secondary oxidation in the atmosphere. Depending on regions, the sources of carbonaceous aerosols
varied largely. In this paper, examples are introduced regarding source apportionment of carbonaceous
aerosols based on ground-based observations in lands, open fire occurrences detected by satellites, and
atmospheric transport models. Black carbon and organic compositions were quantified either by on-line
observations or laboratory analyses focusing on mass spectrometry technologies. Moreover, as open fires
are major natural sources of carbonaceous aerosols and remote sensing techniques have large uncertainties
of fire detection due to coarse resolution, the Moderate Resolution Imaging Spectroradiometer (MODIS)
burned area was validated in the boreal Eurasia using higher resolution satellite products such as Landsat
7 ETM+, RapidEye, WorldView-2, and GeoEye-1. Lagrangian transport models, FLEXPART and
HYSPLIT were also used to investigate source regions and sectoral contributions to carbonaceous
aerosols in East Asia and the Arctic. The findings emphasize the importance to unveil the sources of

carbonaceous aerosols to better understanding their variations and effects on climate and environment.

1. Introduction

Aerosols affect climate change, biogeochemical
cycles of major nutrients such as nitrogen, phosphorous
and iron, and human health. Progresses have been
achieved to wunderstand the climatic and
biogeochemical effects of aerosols, while large
uncertainties still exist due to the complexity of aerosol

composition, sources and transformation processes in

the atmosphere. As one of the key components,
carbonaceous aerosols are of fundamental importance,
yet our understandings are inadequate. Carbonaceous
aerosols are composed of black carbon (BC or
elemental carbon, EC) and organic aerosols (OA, or
organic carbon, OC). BC has a large contribution to
global warming

among all atmospheric trace

components. In comparison, organic aerosols have
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A

been generally deemed to cause cooling effects (Penner
et al.,, 1992), while the light-absorbing parts, brown
carbon aerosols, would result in global warming.
Carbonaceous aerosols are originated from various
sources. Specifically, fossil fuel combustion, biomass
burning, biogenic emissions and secondary formation
are the major source streams. In East Asia, along with
the rapid growth of economy, emissions of
carbonaceous aerosols from fossil fuel combustion had
been increased for the past decades, although a recent
study found decreasing trend of BC emission in China
since 2010 [Kanaya et al, 2020]. Meanwhile,
emissions from biomass burning had large interannual
variations, depending on regulation policies on
residential and open biomass burnings, as well as
weather conditions. Biogenic emissions are changing
depending on seasons and years as well, under the
global warming scenarios with changing emissions of

biogenic volatile organic compounds. To better

understand the characteristics of carbonaceous aerosols
and the effects on climate, it is therefore advantageous
to investigate the chemical components and sources.
Examples of aerosol source apportionments based on
chemical properties, validation of the Moderate
Resolution Imaging Spectroradiometer (MODIS)
burned area in boreal Eurasia and simulation of Arctic

BC sources are introduced in this paper.

2. Aerosol chemical properties and source
apportionments
2.1. Transboundary pollution from residential burning,
forest fires and open crop residue burning

Biomass burning largely affects the chemical
composition of carbonaceous aerosols. Study at Cape
Hedo, Okinawa Island, from 2009 to 2012 indicated the
abundances of levoglucosan and its isomers, mannosan
and galactosan. All of these anhydrosugars are tracers

of biomass burning [Zhu et al., 2015]. A clear seasonal
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Figure 1. Seasonal variations of levoglucosan and elemental carbon (left) at Cape Hedo, Okinawa, from October 2009 to February

2012. Typical events marked I (November 2-9, 2010) and II (December 28, 2010-January 4, 2011) were analyzed in details for

air mass origins (right). In the right panels, clusters of 5-day backward trajectories arriving at 500 m a.g.1. at Cape Hedo, Okinawa,

are given. The numbers in each panel indicate the percentages of hourly trajectories in the events with such origins. Fire spots in

East Asia during (I) October 28—November 9, 2010 and (II) December 23, 2010-January 4, 2011 are also shown. Reproduced

from Zhu et al. (2015) under the Creative Commons Attribution 4.0 License, and the copyright is belonging to the authors of the

original paper.
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trend of levoglucosan and EC with winter maxima and
summer minima was found (Figure 1). Levoglucosan
was also found to have a positive relation with nss-K*
(r =0.38, p < 0.001), another biomass burning tracer.
Air mass trajectories and fire hotspots indicated that the
seasonal variations of anhydrosugars are associated
with long-range transport of biomass burning
emissions from the Asian continent. Winter maxima of
anhydrosugars were related to open burning, and
domestic heating and cooking in northern and
northeastern China, Mongolia and Russia under the
enhanced westerly winds. For example, as of event I in
Figure 1, air masses were originating from northern to
northeastern China, along with high loadings of fire
spots. Of event 11, relatively small number of fire spots
were observed, and domestic burning for heating and
cooking from a region of 30-60 °N, 80-120 °E was
likely the emission source.

Furthermore, the ratio of anhydrosugar isomers is
inferable on the burning sources. The monthly averaged
levoglucosan/mannosan ratios were lower (2.1-4.8) in
May—June and higher (13.3-13.9) in November—
December. The lower values were related with
softwood burning in northern China, Korea and
southwestern Japan, whereas the higher values were
related with agricultural waste burning of maize straw
in the North China Plain. Based on a tracer method, it
is estimated that residential burning in Northeast China
could contribute up to ~30% of aerosol OC, suggesting
an important source of transboundary pollution in
winter.

Similarly, equivalent black carbon (eBC) particle
mass along with the absorption Angstrom exponent
(AAE), atmospheric CO and CH4, as well as
levoglucosan in total suspended particles were

quantified on Rishiri Island in northern Japan from

April 2014 to March 2015 [Zhu et al., 2019]. Sixteen

high eBC events were identified and the sources
examined using the FLEXPART and HYSPLIT
transport models supported by VIIRS fire hotspots.
These events were analyzed for the variations of AAE,
CO, and CHa, and the slopes of the BC—CO and CHs—
CO correlations were investigated under different
emission source regimes. It was found that the high
eBC events in northern Japan are affected by long-
range transport of pollutants emitted by different
sources at different times of the year. Fossil fuel
combustion in China were affecting eBC at Rishiri
throughout the year, while forest fires in Siberia and
crop residue burning on the Northeast China Plain were
important sources in summer and autumn, respectively.
It was also found that the high eBC events caused by
fossil fuel combustion emissions were associated with
low AAE values of ~1, a reasonably low BC—CO slope
of ~3-6 ng m>/ppb, and a background levoglucosan
level of <1 ng m™>. In comparison, high eBC events
caused by biomass burning emissions were associated
with AAE values of ~1.5-2.0, a BC—CO slope of >7 ng
m/ppb, and a notable increase of levoglucosan to >20
ng m . These results emphasize the effects of Siberian
forest fires and open crop residue burning in China on

carbonaceous aerosols in the western North Pacific.

2.2. Fungal spores dominant bioaerosol mass in mid-
latitude forest

In forested regions, both primary biological aerosol
particles (PBAPs) and oxidation products of biogenic
volatile organic compounds (BVOCs) contribute
significantly to organic aerosols (OAs). Biomarkers of
PBAP and secondary organic aerosols (SOAs) for their
diurnal variability in a temperate coniferous forest in
Wakayama, Japan were investigated [Zhu et al., 2016].
Significantly higher levels of PBAP tracers, fungal

spores, trehalose, arabitol and mannitol, were observed
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in nighttime than daytime (p < 0.05), associating with
the nocturnal sporulation under high relative humidity.
On the contrary, substantial photochemical SOA
formation was observed as BVOC oxidation products
showed higher levels in daytime than nighttime. Using
tracer-based methods, it was estimated that fungal
spores account for 45% of OC in nighttime and 22% in
daytime, respectively. In comparison, the contributions
from BVOC oxidation products were 15% and 19% in
nighttime and daytime, respectively. These results
indicated that fungal spores overwhelmed BVOC
oxidation products in contributing to OA, especially in

nighttime.

3. Validation of burned area in boreal Eurasia

Carbonaceous aerosols emitted from wildfires in
boreal Eurasia can be transported to the Arctic,
accelerating global warming following subsequent
MODIS burned area product,
MCD64Al, is the basis of fire emission products
Global  Fire

deposition. The

Emissions  Database.  However,

uncertainties due to the “moderate resolution” (500 m)

characteristic of the MODIS sensor could be introduced.

= MODIS (500 m)
= Landsat7 (30 m

51°54'N

51°51'N

51°48'N

37°45'E 37°48'E 37°51'E

Figure 2. Example burned area map showing a comparison
of MODIS MCD64A1 and Landsat 7 ETM+ products for

croplands.

To solve this point, a size-dependent validation of
MCD64A1 with reference to higher resolution (better
than 30 m) satellite products (Landsat 7 ETM+,
RapidEye, WorldView-2, and GeoEye-1) for six
ecotypes over 12 regions of boreal Eurasia were
conducted [Zhu et al., 2017]. The 2012 boreal Eurasia
burning season were considered when severe wildfires
occurred and when Arctic sea ice extent was
historically low. Among the six ecotypes, it was found
that MCD64A1 burned areas comprised only 13% of
the reference products in croplands because of
inadequate detection of small fires (<100 ha) (Figure 2).
The results indicated that over all ecotypes, the actual
burned area in boreal Eurasia (15,256 km?) could have
been ~16% greater than suggested by MCD64Al
(13,187 km?) when applying the correction factors. The
findings implied the effects of wildfire emissions in
boreal Eurasia on Arctic warming could be greater than

current estimate.

4. Simulation of Arctic BC sources

The Arctic environment is undergoing rapid changes
such as faster warming than the global average and
exceptional melting of glaciers in Greenland. BC
particles are one cause of Arctic warming and glacier
melting. However, the sources of BC particles are still
uncertain. The potential emission sensitivity of
atmospheric BC present over the Arctic (north of 66
°N) were simulated using the FLEXPART Lagrangian
transport model (version 10.1) [ZAu et al., 2020]. This
version included a new aerosol wet removal scheme,
which better represents particle-scavenging processes
than older versions did. Arctic BC at the surface (0-500
m) and high altitudes (4750-5250 m) was sensitive to
emissions in high latitude (north of 60 °N) and mid-
latitude (30—60 °N) regions, respectively. Geospatial

sources of Arctic BC were quantified, with a focus on



emissions from anthropogenic activities (including
domestic biofuel burning) and open biomass burning
(including agricultural burning in the open field) in
2010. It was found that anthropogenic sources
contributed 82% and 83% of annual Arctic BC at the
surface and high altitudes, respectively. Arctic surface
BC comes predominantly from anthropogenic
emissions in Russia (56%), with gas flaring from the
Yamalo-Nenets Autonomous Okrug and Komi
Republic being the main source (31% of Arctic surface
BC). These results highlight the need for regulations to
control BC emissions from gas flaring to mitigate the
rapid changes in the Arctic environment. In summer,
combined open biomass burning in Siberia, Alaska, and
Canada contributes 56%—-85% (75% on average) and
40%—72% (57%) of Arctic BC at the surface and high
altitudes, respectively. A large fraction (40%) of BC in
the Arctic at high altitudes comes from anthropogenic
emissions in East Asia, which suggests that the rapidly
growing economies of developing countries could have
a non-negligible effect on the Arctic. This year-round
evaluation of Arctic BC sources being performed using
the new wet deposition scheme in FLEXPART provides
a scientific basis for actions to mitigate the rapidly

changing Arctic environment.
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