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L1-01

Impact of atmospheric radiocarbon and stable isotope measurements
on understanding the global CH4 budget over 1750-2015

Ryo Fujita' and Heather Graven'

'"Department of Physics, Imperial College London, South Kensington Campus,
London, United Kingdom

Despite the advantage of stable isotope measurements in atmospheric CHs (8'°C-CH4, SD-CHa) for
separating the contributions of individual CH4 sources and sinks to the atmospheric CHa, recent
estimates of the global atmospheric CH4 budget using the stable isotopes are still inconclusive when
given the uncertainty in their source and sink isotope signatures. Radiocarbon measurements
(A™C-CHa4) could provide stronger additional constraint on the fossil-fuel CHa4 sources (i.e.,
4C-free), but the uncertainty of '*CH4 emissions from nuclear power facilities and a lack of data
have limited such utilization. Here we describe a new approach to estimate plausible global CH4
source and sink scenarios over 1750-2015 using historical observations and one-box model
simulations of atmospheric CHa, 8'3C-CHa, 8D-CHa, and A"C-CHa. As inputs to the model, we
prepare a priori bottom-up CH4 emission inventories, total atmospheric CHy4 lifetime, source and
sink isotope signatures, nuclear power facility database and their uncertainties. We then run a Monte
Carlo simulation of atmospheric CHa, §'*C-CHa, §D-CH4, and A'*C-CH4 over the period using the
inputs with the uncertainties. By using the observational CHs4 and three isotope constraints, we
derive the best combinations of the source and sink parameters. First, with our default source
isotope signatures setting following Sherwood et al. (2017), we find that reconciling 8'*C-CHa,
8D-CHa, and A'*C-CHj observations indicates that (1) natural geologic emissions are less than half
of the current bottom-up estimates, 45 [27-63] Tg CHa yr !, (2) biomass burning and anthropogenic
fossil emissions are larger than current bottom-up estimates, (3) biogenic emissions are slightly
smaller than current bottom-up estimates, and (4) sink-weighted total KIE® is higher than 1.007,
suggesting a contribution of CH4-Cl reactions. However, if we apply a different combination of
source isotope signatures from within their prior uncertainties, the obtained plausible source and
sink scenarios become still uncertain, except the natural geologic emissions. We also investigate
how much respective three isotope observations can constrain each source and sink parameter. The
results indicate that historical A'*C-CH4 observations can strongly constrain the geologic CHa
emissions, but without additional §'*C-CH4 and SD-CH4 observations, modern anthropogenic CH4
emissions cannot be estimated robustly.
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2007 ; ATH & LA, 2000 ; /el BT, 2004),

GOSAT/GOSAT-2 RiERMi DT — 2 T T ¥
T OPEHE AW T D L 91T, WERT — % & H
WTENPEH EZ i CE 20 TRV, £
RV HEHEET AV Z S E L TENE, BRI
PRI BHEEHC B EHBCE 2O TIERW DY, T O WHE
PEZPRD L, PR 21T > 7,
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i EREET — 21X, REOFERICBVTKHER
AFALRBERMET A7 v~ 87T 7EITE 0 H
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DAF LT, 1557 X4[ER 6 73 X 10 FOFHHING 1
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(http://www.data.jma.go.jp/gmd/env/data/report/data 3
& O http://db.cger.nies.go.jp/portal/geds) .

BEH &7 — ¥ 1% EDGAR (The Emissions Database
for Global Atmospheric Research ; https://edgar.jrc.ec.
europa.eu) v5.0 Zff fl L 72, EDGAR 1323, BE3EWY),
PRIE < 72 & O N BT REG T, Wi, ZRARKK,
vu7 )R EOHRNREE ER, ZERMRGE Tk
BERREE 0.1 ETH Y, ARNTH MIEZEEHN L,

FRAT R RN B ATT — 2 Ofii 5 2015 D 1 4F
M & L7c, 2 DI 488 B M C CHs A IIE ST,

3. WRLEE
CHs O H RAKIREE 1 XE S, HAEORBET 5114
IZREER ST, %@ﬁiﬂ/7777/%&f ﬁw
EEZoND (RIE S, 1997), Fig. 1 £IEI& R
Héﬁ%ﬁ%ﬁ@ﬁ$ﬂﬁ@wb@émtflf&
5. 7 A&ER/NETDREEEFRD L, R
5@%@& B4 D, B VUSNALH B 5 = DU (56
D) XFEELA (LoO) EmER (FoO)
@%K&ihf%@,%<@mﬁf5%ﬁ@ﬁm@
MRREEZRL TS EEZLND, TD—FHT 6
ANSAIDEN-T2D, TARLS HDNEEE LY
BT 0T 250, ZOHBIIRRFTHD,
HERIKIREN Ry 7 7T 0 v RREZILT 50
Thiux, HiR%E (= HREEE-HRIKRE) 135
TR 7 B2 BT 5 LB 2 6 b (RiH B, 1997),
H #7200 HSESEO R EIMEE, F R O E S
570y RIZET 5 A M & & RkOFEH LB %
RLTZ (Flg.l/ﬁ)o L LR RplNcH5 &,
IR T R T H S DRI I K X W R M SRR

hi- (Fig. 2), EiRo X 512 EDGAR I3 A AJEO 7
RO, 25 LI RIZAREOREE# %720

REMERH 5, %727% mH &b H S HERED 1
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1. [FC&®IC

KRRHF 7T (Ar) - 2FE (N2) b (S8(Ar/Ny))
VAR O ZEBNZLE Ar & Ny OIRFREE N LB T 5
Z & CERE S v, SRR O KR A B ORI 7
% EMIFESILD (e.g. Keeling et al., 2004; Ishidoya et
al.,2020), —JF . RKHEESR (02) - Ny b (8(02/N2))
& TERMEERSE (COL) IENBRO B D KREART v
¥ VEESE (APO=0,+ 1.1xCO,) 1ZFE FHEiE®E) I
RTHRGEETHY, KKWBLEHR O 0, 23 L | Fe L
M & 0./COy AL B 72 DAL AIRENE E B L OY
REEER CO, KMz K L TEET L (eg
Tohjima et al., 2015), Z D 9 HRKUFFER] D O 25 Hk
VRV AR LR B & A YTE B O A L0 BEEh S
B, Ar & O IERE DI S TEY | 8(Ar/Ny)
& APO D [FRIEFELHIA S APO ZENC (58 D IRREZ
BOFLG LI TE 5, T, (BABREHEE KR
SR COL B D %5 - % KRR HEET V% VT
FEE L. APO 8N 56 DUFEAMIEEI OS5 %5y
B CX 2 LI SN D, AMETIZAAREN &
P MR RN L HE L2 35 1T 5 8(Ar/N2) 38 LY APO D& I
BL BETNICLDBYIalL—a URERND  APO
DL L ORE A OLBNER 2 HFd 5,
2. BHEIEETML
KREBIENTACHEETE AR, RS < I, B
Wy, vHRIRERME ., R EEB L O
REFEEHIC BV CTIT R o 72, DL IEH TIXE By
Fratic L2 e8Iz L0, ot A b TIXRESHT
FHC LD 7 7 A aREGUEL O 4347112 &0 §(A/N,),
(0N F LY CO, IR ZBLMI L 7= (Ishidoya &
Murayama, 2014) . F 7= H AR L OFEE EoRiE
\2d& D Ar, Opy No OO FHEB B ORI OFEEE & L
T, Ny ORERMARLSSN & [F B B L 7=,
S(Ar/N,), §(02/N2), 8N B LU COIE 7 7 2 2k
BEORR Y R UG I3/ =7, £3, £1.5 permeg 35 &
V0.1 ppm TH Y | AZHET ZAORMLZENE (1
E) 13RI 1.6,£1.5,+0.5 per meg I L U4+0.05 ppm T
H b, 3 WILKRAETE T /L1E NICAM-TM (Niwa et
al., 2017) & GSAM-TM O 2 ff¥H A H\\ -, K&
PERI AT A flux 1229V TlX, ERAS 12 K A heat flux (2
S < KRWFER Ar B X OYN; flux & . TransCom O
KEMFLER 0, B LY N, flux, B L O Takahashi et al.
(2009)IZ & % CO, flux M7=, bk CO, flux
IZIX CDIAC #tT —# 2 LTz, £/, KKDIE

BT BED R /0 T HEE A BB L2 2 RotET V%
i/ L 7= (Sugawara et al., 2018; Ishidoya et al., 2020) ,
3. HERLEE

BUHI S HU728(Ar/Ny) & APO 1TV b B TR
ER DA E R LT, T2 LIRS LU0 ME
B COA/N)FHIZ BT FEfEE O A ML
TR TH D, F£7-. ERAS heat flux (253 <
Uz b—va VIESAN)EHI A # 2 K< FELL
72 APO ZEENEEN NG . S(Ar/NIZHFES < IRRRFEZE
DG (APOterm) & ET A0 Bkl L 7oL AR
BHEE B X OKRKIFCER] CO 22D 274 1 5] <
Z & T, WEAEMIEBOFHIZL D APO FEILE)
(APOnewio) & HEE L7z, ZFEIRIE L CRIZGEIC,
APO ZFHZENC 5D D APOmerm D F5-13K9 2 H,
APOyeio DT HITZ D AERRETH D Z L7 5H APO
ZEEIA BN B AR E) (8 AEHRE KB
H) L EBE#HIN Wb EEXBND,

APO F I O /34O T, Tohjima et al.

(2012, 2015)1T & 2 VE RSEVE IR C o R E Ik O iRk &
AEERHEE O/ NN L < B Tnd, £Z TR
FZECIX, IRONTZBHATIEH 223, %A (43°N)
Bl (36°N) . R (24°N) 38 L OWEFT (69°S) @
S(A/Ny) & APO - FHIMEIZDWT, A3 R8T BfED
B8N THIE L. APO #4534 D A8 BN BN % 5T
fili L7ze AAFZED 24 —43°N 12T D APO 4EE-HHE
D43A4iilE Tohjima et al. & FEAHITH Y | APOperm
FENZD 7 EIZ 5D LFERE 7257, —J7, ERAS
heat flux IZES5< v 2 =2 b— 3 > TlilE APOwem
DOFH1T 3 BIFEE TH Y . ERAS IX, MBEND KA
AOFRWE IR CTH D B ARJE L O] heat flux
ZiE/NFHE L TWBD oMb LivZewy, £z, BFio
SN 1HflH 1 MZE L TR 1 permeg K<, 2 IRoCE
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155 BiESOMGARZ O W5 g N C OIREIR B Bl 7 &L MR
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Study the methane interhemispheric transport pathway
using observations by the GOSAT/TANSO-FTS thermal
infrared sensor
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1 Center for Environmental Remote Sensing, Chiba University, Chiba, 263-8522, Japan

2 Research Institute for Global Change (RIGC), Japan Agency for Marine-Earth Science and
Technology (JAMSTEC), Yokohama, 236-0001, Japan

1. Introduction

Observations of long-lived tracers indicate that mixing
tropospheric air between the Northern Hemisphere (NH)
and Southern Hemisphere (SH) extratropics is about 1-1.5
yr. The importance of the seasonal migration of the
zonally averaged Hadley circulation on interhemispheric
(IH) transport of tracers has been recognized. The
mechanisms for transport through the tropics and the role
of the monsoonal circulation, however, are not well
understood. This study aiming to identify the transport
pathways that connect NH and SH by analyzing
measurements from the thermal infrared (TIR) band
observations by the Thermal And Near-infrared Sensor for
carbon Observation-Fourier Transform Spectrometer

(TANSO-FTS) onboard the Greenhouse gases
Observation SATellite (GOSAT).

2. Method

The GOSAT satellite performs simultaneously

measures greenhouse gases CO, and CH4 on a 666 km
sun-synchronous orbit with a 3-day revisit cycle, a 12-day
operation cycle, and the local solar time of 13:00 = 15 min
[1]. Equipped with the TANSO-FTS instrument GOSAT
detects short-wavelength infrared (SWIR) light reflected
from the earth’s surface, and the TIR radiation emitted
from the ground and atmosphere [2]. Therefore,
GOSAT/TANSO-FTS can simultaneously observe
column averaged dry-air mole fractions and profiles of
CHy in the same field of view, corresponding to a nadir
footprint diameter of 10.5 km.

This study used instantaneous along-track profiles of
the GOSAT-TIR V1 CHs product [3] on 22 fixed pressure
levels (from the surface to 0.1 hPa) retrieved using
temperature and water vapor profiles provided by the
Japan Meteorological Agency Grid Point Values (JMA-
GPV) dataset, and the a priori profiles simulated by the
National Institute for Environmental Studies (NIES)
transport model [4]. The product is released for the period
from April 23, 2009, through May 24, 2014.

3. Results

In this study, we have investigated the transport
pathway from the NH to the SH and the underlying
mechanism using GOSAT-TIR CH4 observations.

We found several tropical zones of active IH transport
located at the upper troposphere and lower stratosphere
(UTLS) level (300— 200hPa). Amazonia, the tropical

Atlantic and tropical Africa support exchange both for
boreal winter and summer. While the Asia regions is
experiencing significant seasonal variability.

Presented results confirm the role of monsoon zonally
asymmetric heating on interhemispheric transport and
highlight that the monsoon-induced eddy circulation plays
an important role in the interhemispheric transport of
long-lived chemical constituents. The dual role of the
Asian Summer Monsoon (ASM) has been revealed. On
the one hand, its influence blocks IH in the tropical zone
of the Indian Ocean and Southeast Asia. On the other hand,
it enhances vertical ventilation in northern India, where
significant CH,4 fluxes are concentrated. Fast convective
transport caused by ASM accelerate the saturation of the
middle and upper troposphere with methane-rich surface
air. These stratospheric levels are origin of two west
directed jets the upper-level Tropical Easterly Jet (TEJ),
the mid-level African Easterly Jet (AEJ) transported air
mass to the tropical Atlantic.

Overall, these results indicate that there are excellent
opportunities for investigating the impact of ASM on
global UTLS chemical and aerosol composition over
tropical regions and in SH via aircraft-based research
campaigns, other satellite missions, and model (backward
trajectory) simulations. As the Asian continent is projected
to be a major contributor to the emission of reactive gases
and aerosols during the course of this century.
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GOSAT X GOSAT-2 BEERANA v ¥ 7 NRIEDOHEE

AP E L IR, NEE !, KIUtE S Y, R EE 2, Tran Thi Ngoc Trieu!, Frey Matthias

Max!, #4573,

KRR 2, BALEE 4, B HEE 4, Ben Liley®, WMRFBIZZ 3, & M =4

FAKTEIE LRSS Y, SR ', B H 2 ', TCCON partners®
1| BB BN TP, 2 E BRI ZE, 3 ][R W8T, 4 28 K%, 5 NIWA Lauder, 6
https://tccon-wiki.caltech.edu

FERIREDRAT A TH D LK FE (COy) <
AKX (CHy) OEERDAT & Z OEENFEEZ D
MITT 52 & a2 BRI, IRERIR AT A B 2
(GOSAT . Greenhouse gases Observing SATellite) 7%
2009 4F 1 A 23 HICHTH EiF bz, BUE S %8
HEE T, ZE T 1R EOBT — 2 3 & T4
ENTVD, 2D GOSAT 7 v=7 M, BRIEA.
FHM 2T IEP AR . [ENLBREENTIERT 0 =& Tt
FHEE STV D,

GOSAT I[Z##t S v/ 7 — U = ZH#H 5y Gt
(TANSO-FTS, Thermal And Near-infrared Sensor for
carbon Observation - Fourier Transform Spectrometer)
I X B E ¥ E RSk (SWIR, Short-Wavelength
InfraRed) A X7 kL7 5 CO,, CHy M OVKZAR
(H20) DO J1 T KPHJIREE (XCO,, XCHy & OY XH,0,
GOSAT 7—#) M sibd, GOSAT 7 —#E—
A ST D,

Full physics 1512 & 5 GOSAT LUV 2(L2) v X7

N DEHT/N— 2 1EV02.90 KT V02.91 THY |
V02.90 DOERBLANZST 5310 T AR P D/RT
YL, L ERRERL O o fREE FTS 8l v b U —
7 (TCCON, Total Carbon Column Observing Network)
T — X % FW T XCO, 1 —0.35 ppm K& TF 2.19 ppm,
XCH4 1L —2.2 ppb T 13.4 ppb, XH,0 1X—0.8% K& T}
323%EHEMHSNTEY, Fi/N— 2 V02.81 &I[A
FORMPER/RTND, ERDEEE/EZHfEL T,
lidar X° skyradiometer #BLll7 — % % H\ 7= GOSAT 7
—HDERLTT 0 KD EEOREA &Mk L.
ST 7 v Y v KIEKEIC K D REE T =
Vb, R SRS L GHliZ ED T D,
T, A FTS Bl R v h 7 — 2 (COCCON,
Collaborative Carbon Column Observing Network) 7 —
% % T2 GOSAT 7 — % ORGEMENT & TR 0 |
TCCON (T & % WiaEMEHT & A ORER AL 2 &2
T&E TV, Z? COCCON 7 —HIZ & sl
RBZNRA AT —Z OBGREFT T A D K D127 -
itk BRESCHBUEHNOHEL SOOI
TCCON 2 X % WREHIH O FER 03 - T 5 R %
HORERRT HZENTEDHEZEZTND,

GOSAT DOtk CdH 5 GOSAT-2 iL, 2018 4 10
H 29 BIZITH BiF o, BIEEIHEERF TH 5,
GOSAT & [RI4£IZ FTS (TANSO-FTS-2) M #5# <41,
SWIR A7 FLinh, ZHETON AFEIZMAT

—M{LIRFE (CO) LB INAD T LIThoTND,
MEHT FVEIT full physics TEIZHIZ T, proxy IEIC &Y
XCHs, XCO OEH BTN D (L. GOSAT-2 |2
£ % XCO,, XCHs, XCO KT XH,0 %”GOSAT-2 7
— &7 LIES), GOSAT-2 7—#1%, WFIEAZE TR
ST RE AR ST 5,

TCCON 7 — % % 7= GOSAT-2 7 — % O Fikfi
Fris BT, LLF @Y T 5, Proxy 512 X 5 V01.03
ORI (2019 4E 3~10 A) ICKT 2534 7 2 K%
RED/NT Y % XCHy 1L —3.0 ppb T 12.7 ppb,
XCO (% 11.0 ppb 2T 8.2 ppb LH I EL TV 5D,
Proxy XCH, (% GOSAT full physics XCH, & [RIFRE D
T — X 'E T, proxy XCO (4] TROPOMI XCO &
FRREDT —2E Thb 5, —J. full physics {EIZ K
% V01.02 OFEEEM (2019 45 3 H) ([Zxd 534
T AKRRED/RT Y FT, XCOz 1—5.98 ppm KX
3.77 ppm, XCH4lZ—33.6 ppb & T} 17.7 ppb. XCO 1%
13.6ppb & T8 7.7 ppb. XH0 X —0.63% K% 18 25.1% &
B S T 5, Full physics V01.02 XCO, } T} XCH,4
D 2%FFOEDINA T AL IpoTWDHA, HEE B
DELIBZ LIMEESHE L2 73 XAZH
TEHENT VOL.04 1H, A T ABRKIBIZHESN
TNDHZ &> TEY MEHFET 2 ED TV 5,

T, WLZEREBLAI TR DT COL IR EE O @& /3 AT
T—2 %Y EICHE SN XCO, & A T BREEAEAT
H &~ T Vv %5, CONTRAIL (Comprehensive
Observation Network for TRace gases by AlrLiner) 7 —
X % H\ 7= full physics XCO, O 1 alEfEHT & 1%,
TCCON 7 —# & HW=56 & RO R 25 Tn
%, CONTRAIL 7—# # /=854, TCCON 7 —
& % N TZWEE TR B TAT 2 72O HES LR o K AiE
HLARETH HD T, WEOBLI OEWNIT XD
GOSAT-2 7 — 4 DF#EROFEEITO TETH 5,

GOSAT-2 7 — % O—ft~D/ABA#% 1%L, GOSAT &
I GOSAT-2 T — X DESLTZT u Yy M LD
BIZONWTCHRAET HFHETH 5,

HFTIL, GOSAT KN GOSAT-2 DEHGFER &~
147 MEREOEPRR IOV THET 5,

HEE

L Ze ks BLIN 7 — & % FIu 7= GOSAT-2 full physics
XCO;, DRAED 72812, CONTRAIL & — ¥ % Tt
THVN=, CONTRAIL Y'u ¥ =7 MIEHHELET,
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1. [FC&®IC

2015 AR EERUEZ# MK (United Nations
Framework Convention on Climate Change : UNFCCC)
%20 ERENESBEICB W TN #E (Pars
Agreement) DERAR A1, T TOMKIE R BRI
# A (greenhouse gases : GHGs) HEH A > <> KV

(emission inventories : EIs) ZigHi3 25 Z Lz ~7=

(Fa7k « B 2019). NV WED BARZRE 215
72012, EEAEES 2R ORI R O ERE % 5 4
TEICEHM T A AL LT e — L s A Ny
TA DTN AHZ L LD, ZOH 1 [EN 2023 4
W2, ENUREIX S EEICEsND & 7otz
ZM&EE, ZOA SNy 7747 %EE 2T NDC

(Nationally Determined Contribution, H E23\RET 5
BHEK) MR - b T AMNERSH L. Z 0
728, ER El Z 1IEMEICRD D EEMIIETEIEE
S TW5%. El DIEfEMEZRFES 2 2 & ITEMBORE

IZE& S THETH DA, FH EHEHREX—ZADR
N ATy IR LRSS S I, GHG HEH & o [E B H#E
E@K@,W%éﬂé?—?@g'%&?—5%ﬁ
BANSEIEOVRAET, SElEE L i LG EETIR
RHeFEMED K Z U (Jonas et al. 2010 ; Oda et al. 2019) .
F7o, MEBERPEHIR, RAOPEHIR, KR oHE
28 ER0E BE S O~ — 2 O HLE A3 R 7 Hiik
BT RS OREN M SN TN D,

WEN— A THEINTZER Bl OISR
EI BB & 41, ERI EI ORI - BEEICH W S5,
O NENEE 2 BT 2 RIKT7 4 L LT, K
R (R 1 km) - @RER 0 fERE (1 REfE) 2322
INTEY (Ciaisetal. 2015), WHFFERDEI T u X o
MERRDOBENE 23855 (21X Odaetal. (2018) (2K
%4 ODIAC). %72, EI & K&UEHRH S HEH&E
EHEET D by XU ELHWLRTEY,
OPEHHETE FEZMAMMICER T2 2 & T, $ED
Ak CIEEmVMEBEMEE L L >0 H D (B2,
Bunetal. (2019) 12X %K —7 > RiElkod GESAPU
1 X 1kmHEHE). L Lans, fERICFEAH,»
% T2 8D SedtE[E O FFE DR THIE T b E IR 22 BT
W<, & EEECIIERBEPEL WD, 1k
DFEIC RO JRHIPH %2 7 N —T & 5w
OBRAITIEEZTD AN T LERH B.

2. BEBACLLIBHEHRT
BIRENZIE DO EREE THEY 72 A LR

A 71T
B & K g 2% T

*IF B L, AR
1 [E 37 Br 55 AF 28

F 7= A ;@ﬁ
VA

A L NE mR 2

Ar, 2 USRA

BHEEZ1T) FiEE LT, BUE, REFBHHEICK
HHEHBEHEE M T O TR Y, ZHHE A8
HHEH S b a e Sk D COr HEH B E ~DF)
AriEgmsh s, L#L(Da%@@ﬂmf
LR AL IR D B e 52 T YR B O HETE A& K LT
W5, £Z T, E%l@%%%xiﬁwNm£®k
KU % RIEEEHAIT 5 2 & T CO, HEH BHE TR FE 4 1)
E&X¥% GHG & K&UE (GHG-Air quality : GHG-AQ)
RIFEFHHI OFK AR HED DIV TN D, 2023 4EFEFT S E
P E D GOSAT-GW TlE, GHG 1212 NO, D & fif
BEBRSTEINTEY, HEBRI vy a %
PR — b LY BHEE 217 9 72O O KRG Fis T
TIVORELHBEEDDLVLERDD.

3. KRRBEETIOERE

FEIKET L WRF T CO, Hiiik &4 5 €7 LTI,
FEEDOHTREIZB W TR EEREE (8 1km) « &
s fRGe (1 HRR) T COHEH &2 b %25
BLTWAER, ZOEFALTIEINO, 4> TR,
— 5T, NO, 25 Z LN TXHEEETLE LT
WRF-CMAQ, K T WRF-Chem 23A< b TRV,
FERINZIE CO Mk A D ET NV ERE SALDH M

W%, FEMCET LV OMIZ, EERET L OF M ATRE
PEB MR L7, RER—ERO SRR RIL, o

OFFE#Z O CTHHkEN2ETH D, —FH, &
BRKET /L NICAM TIZA ML v F 7 U » KRR TS
BET, FEEDOHHE O L% R fiME L5 Z &
NTX%. NICAM I8\ T CO, ks 5> ETF
WV ENO, DALFRIGE R 5 T VOFEITRETH
D0, AR yF Ty RERAOUEBRENRGHE
a A N CHEHEHEE IR TX 2 AREMES V. &
DX HIZ, D GHG-AQ [RIKFF 21T 5 fr 2810
SyvarEYAR—hbT5EFE LT, EETET
AOMIZA Ly F 7Y v RORERET L OFHAf
REMER D 5.

4. FEO

FEROfEBINIR v > a2 2B 5 GHG-AQ [FF;
FHZ Y AR — b9 D KKUEE T /L O EEIZONT
LE=2— L7, BRofEEET L, 2T itic
COBEAEH ) ET /N & NO, & ] D ET N EHET
HUERHLEO0, FERETLOMIZA NL vTF
TV ROBKETLNHY, TNENOREEZ A
NEDHABRICFIH LTS ZENRFEFE LU,
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EHEE THE T 2 # S FE MAX-DOAS 8 #lic &k 5

SEZ]
i

TROPOMI %t i

NO: 7 — & DKRFE

*EARPEE Y, & B A PE 2, Martina M. Friedrich?
14 ] R e B, 2 8 I KB, 3 L & — 28T i 22 WF 42 A

1. [FL&IC

R (NOx = NO + NOy) T4 BN D KK
BIZE > THBERMET AD—>ThHY . #HEBH
XL, fkax)E— U BN - T
1T T& 7z, MKENOMET 2 ZBHT5 ) £
— hEr VU TBRITFED 1 S THDH MAX-DOAS
(Multi  Axis  Differential  Optical  Absorption
Spectroscopy) [THIZZATITD NO, IZFRWVEE 2R b |
H o O 72 SR IE A HIE S ATRE T 5, A ik
WZHB VT NOx 1E, HEHHIROZEMBBEHRE X & NOx @
HFEMMECL > T, RYEIIHMT D ERbI
TW2% (e.g., Martin et al., 2006),

oz 1%, IO NO, DZEMIARLE M5 B 5 M
T 570, @ETTNO 2 HS TR MAX-DOAS
B AZAT > T 5, 2 HSAR O MAX-DOAS 13459 4.5
km BfEAL 7o HRIZEE L, (3.5~7.0km X 7.0km) DZE
4 fERE 2 £5> N Lf# & Sentinel 5-Precursor [Z#45#{
S #U 7= TROPospheric Ozone Monitoring Instrument
(TROPOMI) 7 —# O 7 &)V 15ORFEICFIH T &
5. AENE, £ 14450 2 HiS MAX-DOAS 5 —
X Zffi > 7=, TROPOMI O 5}ii& NO, O b i FEAS
HIZHOWTRET,

2. BB - fRAT

MAX-DOAS #1345 [ 77 N O ] K% (33.55°N,
130.36°E). #LJ (33.58°N, 130.35°E) @ 2 #,5CTF1-
7o (B1), A& R RS AR T H O o0 e AR > & #R T
LT A A2 B L, AR SRR O Hos B
M 2B U7z, Mz T NOy DERE S AR & Y
NO; Vertical Column Density (NO,VCD) % K[l /) i AE
4 3y CBIIL 7=, ARl EiKFICET 5 MAX-
DOAS 1% 2019 4 6 H~2020 45 6 A, #HFEIZBIT D
MAX-DOAS I 2020 4 3 H~2020 4 6 A £ CTH#j
MOT — X BN L, &6 _E22% TROPOMI
D3I T 5 B D£15 43 NO,VCD 4 % LRk H
V7=, £ 72. TROPOMI |Z X » CTHLH & 7= NO,VCD
%, 33.55°~33.65°, #XE 130.34°~130.44° D
[H 2 Pl b Sz O 72,

3. WR-EE

R RFIT BT D5 MAX-DOAS THUHI S iz 14
14> NO,VCD & TROPOMI @ NO,VCD % kr#zd
% & TROPOMI (ZIX ¥ LTH 4 BIFEEDOE DN
AT ARSI (K 2), BATHFZEICB W T
TROPOMI @ NO,VCD (1%, 25~50% A D/ A T A
NHDHZENRESINTWD (eg, Kanaya et al.,

2014; Compermolle et al., 2018), F7=. TROPOMI ®
NO,VCD % 2 #t,50 MAX-DOAS ® NO,VCD ¢ k.
B L7 fE R, R ARG A LY BT L
RIZGEDFHTFPNADINSA T ABRRKEVER DA B
7o ARFEFR TIE. 2 #S R MAX-DOAS & TROPOMI
DIBHRFEN B &F LT, FEBIOA D NSA T X
&I TERIIOWTHET S FETH D,

T T
P

335 e 4

130.3 130.4 130.5
1 MAX-DOAS @l i Xt i !N o gl K7, 4
JD 2 WS TIT - 72, KENX MAX-DOAS O#LHI
A7, IR EE [(m] 2T,
Trop. NO2VCD 201906-202005
(Cloud Fraction <= 20%)

w
o

e MRS
O Y=0.7+0.62X (N = 120)
[ R2-0.67

n
o

e
o

TROPOMI [105 molec/cm?]

o

o
=4
o
n
o
w
o

MAX-DOAS [10'® molec/cm?]
<Fukuoka_Univ.>

2 2019 4F 6 AN 2020 4F 5 A OHIRIIZE RN K
20 MAX-DOAS & TROPOMI (2 L » CEHEI &=
%7 P& NO,VCD [10' molecule/cm?] O A<,

[FEE] A 2213~ % — 52 1 i 22 #F 92 it ©
QDOAS (Danckaertetal., 2013)Y 7 b7 = 7 i L
F L 72, TROPOMI @ NO-7 — # | £, KNMI(Koninklijk
Nederlands Meteorologisch Institute) Level 2 7 — 4 %
EALE L,
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B —R
F—1C XA REER LY

AT A=+ Alessandro Damiani'

1 F3E R

1. MREOESR
FEROEWBEEB O TRNZBNT, =7 1 /L idhk
KORHEEMEEZ -5 L T3S (IPCC,2013), F D
RHEEME R S5 720120F, =7 1 vy
e OBEN AR R TH D, EHER=T Yy /LD
EOTHIAMTT 0 TR TIL . F D
HHINIIIEAEDRETTNVNTAE INTE T,
LML G, IEOENERSBIING . BRI
G B AR BV TRV ERINME A AT T o v
H—R (BrC) MdH DI ENHERIN, 7T v o h
—R> (BC) USNDIED RGN HGTH=T
nYyNLELTERISN TS,

2. HAROHE®

KRR DT v LHFE S (AAOD) I
9" BC & BrC O%F 5% ERK O EMBIHT— % H
5 E BRI IR 5,

3. [EAT—4

SKYNET O THEDBMIY A & (35.625°N, 140.104
°E) IZBITAH, FxoT7 /N X/ r—3 SR-
CEReS (Moketal.,2018) iZX->TVU MU —2LER
TEANA T VA A—=Z—DT —4 (340-870 nm, 6 I
) #HW, I8 Z4D7- 2005 49 A0S
BHT D 2020 £ 8 H £ TOH 15 E/ T, ZOHND,
RELTHDHRI (01341 A~4 A.2014497 H)
OMRE EEL DRAZED LA K & < ABHEEE DK\ A
(201547 H~9 A, 2018 4 8 A) X THftT &
117,

4. BEWAHE

BC /R &5 2 LD RFFRE (B 21F, BRI
PWROFE OWEMAEENAE TIT W ) 2%
B LT, BC BHERE FOT —X 2T 57200

AAE(Observation)

AAODg,
(550 nm)

s} AAEg.

AAOD

0010= AAODg,
550 nm)

L1l
2 3 34 565 67
4 4 80 05 70

0.007 L A

Wavelength (nm) *
1 : AAODgc, AAODgc D H DO

&t (BC Conditions) Z1ERK L7=, 15 MDA A
SIF A —Z—15 2O BC Conditions Zii7~F
— & &R L, BC ® AAE Z3KR7- (AAEsc), Z D
AAEgc Z T, ZBLHITH G2 AAOD 225
AAODgc ZHEE LT=, & BHIZEED AAOD 725 2D
AAODgc #51< Z & TAAODgc &1 L .BC & BrC
DRI DEIE %KD T,

5. #R

BC Conditions THiIH L7277 —Z 253K 7= AAE
DFHEIL 1.117£0.134 (=AAEsc) ThoT-, T D
AAEpc #H\WT, HEH L7= AAODpc (550 nm) &
AAODgc (550 nm) DOENEORERZK 2 12777, X
2TCRLTCHIBERITISFEROTEH LI-EALEZ
Hb, 2 ZTOD Mean, Max, Min I£Z 1L E4L AAEgc
DEFEZEZE L7~ AAEsc=1.117. AAEpc=1.251.
AAEpRc=0.983 DIFORERZEL TWD, ZHHDOHE
B e, AAOD (550 nm) 128175 BC OF 51X
88.2~91.4%, BrC MO % 5-1% 8.6~11.8% & #HEE S 7=,
F£77. AAEpc DiEAEZEE L TH AAOD (550 nm)
IRITDHHROEIHREIL 32%LNTINES Z LA

ot

AAOD (550 nm)

—_ 10.1% 8.6% 11.8%
=

‘—E) o | 4
@&

()]

% 60 i
SN s0.9% [ 91.4% [l 88.2% |
&

(]

% | |

0

Mean Max Min

[X] 2 : AAODgc & AAODgc DEIE (550 nm)

Z OFERIZFE SR OB OB - FHETRD S
N7~ #E 5 (AAODgc : AAODgc=92.3 : 7.7, 550 nm, Cho
etal.,2019) & HITVMEZ R LTEY , RKUFFEOR R
R LE, AFETIREDIC, IV EEREMD
AAOD (340nm) Tl BC D% 5-1% 72.2~80.1%. BrC
DFFHIL19.9~27.8% L HEE S, =7 v Y LicEiT
DWW D HF5-FIZ BT BrC 1T B TX RVMET
HDZEWGyINoT,
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BTS2 CORESMBAIC LI RBEROHERE

LA ED

AU 2

1 AL R 52 K2 e 8 5L R 2 AT JE #F, 2 1B 37 8% 85 4T 52

1. [XC®IC

—fR bR FE (CO) 1L EITLARELDOBRIES /A A
~ ARBE, IRILKFEDORILIZ L > TEKRENS. CO
WXt A B A DRI E TH D & L HiZ, OH
Z I E DR L o THEX 72 KRR E Ry DTF
ERICHELY 5 2 52O KREALFTB O TlD THE
ERWETHDH. RATTIIEEM~ 2 » HEED
Fmafib, T OFERESLHEATRICITHIEA 72/ v
N5, ITHE CO DRI 7R IBERLIC K& 7R
Zh 2 TWD 7 D7 Ml Tid X 0 IEME AR B O PR
DLETHY, HRTOBMIT 7 Hilko CO O
FRARICEBRCTE 5. 2 <1 (36.05°N, 140.12°E) Tl
2001 4 5 AHb@Eafiae 7 — VU =B H#IR5 55 t#
(FTIR) 12 &2 KREMEK T OBRZIT> TN D,
FTIR 1% O @50 fge (0.0035ecm™) A4 L
B L 72U AT NIV ORI D HIFE RO & Sy
DY MY — UMM AERETH D, ARIFETIE, o<
1E EZ2D CO MIEATRE L O AR 2 07 5 M2 d
5 LEHME LT, COBLOBYT 1 k/kFE (HCN)
DOE S Hi & V- CO BRAERDOHEEZTT-7-. K
Ko HON IIHEREOHGEEDL, FIo (44
vx%m Ko TAEREND. KFENTIZFVT HCN
BN G RRBEO T 0L LTHWE.

2. TR EBEWMFE

2010 4F 4 H —2019 4£ 5 H oHEIz>\T, o<
1D FTIR B AT F Uiz X % CO L OVHCN @
EESA OB EIT 72, BUIAT MVOFRFTIC
I3 Y Y — XD ETE  (Rodgers, 2000) % 5512
B SN A 8= g U7 e 75 L SFIT4”
ZERA LU=, RISV T, CO, HCN &5y
i OFHRAfRNT, KT — %, RIFEREET 2 VT,
DX EZED CO OFRAEPRE L O A OHETE %
1To T BAMIBKOHEEIZIZ AN THE Terra/Aqua 5
#H o MODIS YU B kKT —F LR
METEX (Z X % t& RIS fEAT Ok R 2 H L7z,

3. fRMHER
U hU =L THLNEZ CO DEESIOWVTE
JE 0-5km, 5-18km O "B L, [RU AR, SE
[ZXkHid % HCN SttE & oM 217 -7-. fi#
WrofER, EFEBIOKED CO & HCN OXHFE
&%UT = 5-18km (2B B2 ENFNDOMHEDOM
BB S s (. 1). F 2 EE 0-
ﬁmik%fiﬁn@W%%M#mb%ﬂ@#ot

FABEMEMT 2> B 453 5 7= CO/HCN e o, & 5-18km
EEB I OMEBOZHEIZOWVWT, KEHD CO A
& (total-CO) (2331 D /3 A A~ ARBELLIR CO D
TFEROEIE 2RO T-. FE 5-18km D 3-5 HB LW
9-11 HIZHR W TS A~ ZIRBELPED CO (biomass-
CO) DEIRITZENEINTEIT 54%, 52% FRIETH
HEHEIEND (K2) . KT —H L% ITRINR AR
MrofsiR, BRZMEBEBEENSALNIZEEL LW
EIZBNT, FEACHE DS A F~ A PRBEE IR O
CO Th D alEtE R &z (K 3).

= =
o N
(=] (=]
.

P

co
[=]

* +*
. *

y=1.67x+36.52
R?=0.75
0 10 20 30 40 50
HCN (molec/ml) /1014

s
=}

CO (molec/m?) /1018
=] 2

[=]

B 1 FKFE (9,10,11 H) &L 5-18km (281 %
CO mfEai (H¥Y) & HON xifEes (H 1)
DA BB

- 100 M biomass-CO  m total-CO

S 80

~

=~ 60

% 40

e H n B
o O

© 9 10 11 ave

month

X2 FkZ (9,10,11 H) &E 5-18km |

CO & biomass-CO DTFERE:

BT 5 total-

X3 2015410 Al
# (5days, #2:2000m, 36.05°N, 140.12°F)

D KKT—2 LiEITRIBR
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BLEY 7 IVRY LBV U ¥ (SMILES)D JA &5 F 21 #|
WX AL KBRORETH a7 7 A NVDO Y HEREE
IR V2, Rk Y, WS E 2, ABPAR R 2, AR 12
1 1 # B 5 pF e RS, 2 B0 R

1 EE-BM BAIIZEE T0km L [ 7 e

KA DR FAL AL 80%LL BN A AR T
B, AV URBMEO—KNTHD Z LDk
BTN TV, O H T HELKFEHCH) LK
BETTEED 95%D b, U ——L LTOk
HEH S FEEHBNZESVW T HCl O A 47— L
TORZEEDNIEANATONT NS — 7, #st b7
SITENT 2B ORNEE S S HHEE D S EE T
B TIEBIANC EE SO e BT3RS S T2z,

ERFH AT — v a U EY 7 I VY A
Y7 o Z(SMILES) I, Bl 02252 A
TAIHNWS Z LT, HEROREFERE LD H 10~20
fEIK ) A XDARXT NvEZIE LT, ZHAU2d& v,
WO THREE L ECHEFBC S ORI E LT
%[Sato etal., 2012], AHAFFETIL, HCl DR DN
DOUWT, FERE R A & T EREAE & C o JAFLPH &
FEENIC T 572, SMILES BUHIC L » TEHX
M7= HCl O E A OB T TV & g L,
BHMEDOZ Y2 RFET 5,

2 Ak

2.1 SEATHIIE & DL

SMILES L2 #f%E7' = & 7 |k v3.0.0 ® HCl 7—#
Z . w20 — 60 km o EE I CIREEAS 53 S &
NTVW5b Aura f#i5 25 H Microwave Limb Sounder
(MLS) & SCISAT-1 f# 2 #5# Atmospheric Chemistry
Experiment - Fourier Transform Spectrometer (ACE-
FTS)IZ X 2 B Ml fE . & OK € 7 /L Whole
Atmosphere Community Climate Model (WACCM)(Z &
L EHEAE & ik A T o 7,

2.2 FEFEMRAT

SMILES T, Ik KFRMERHEEEICLY . Bl
AR M ET T — RET L DEEBI ALY b
N T 5 2 8T b DD LU HCL @B A
ZHEE T S [Baron et al., 2011], Z OERIZEH L7z
T A—H DT K o THAERIZ S RFER AN AL
bHo T TEBRIMER LIERT A—ZDfE L TR
ZETZT NS BTl & 2 ORMFETHEE S iz
fFAERD S % KD D Z & T, SMILES (2 X% HCI
AAERT — # RO RFRA iR 2% E EAIZFHm L 7=,

3 HER-FR ETHREDOLE

SAEET L WACCM & DG T T2 f58R, Yo
FBEE - BEHP T HCl OOMMITERMICHER SN
TEY ., FFICHEE 80km LLETIX HCl OFAEIZ &
5 WA fR(HCHD v (A <220 nm)—H+CHIZ & - THEE
DOEFEEBIHFERDOHD 2R L, —FTE

MLS

T SMILES IZ & %51
T 23 1k 2 1238 KT
ALY AV Y (W

F - B & otk
0TI, M 40 km £+
FETIH 1o INT—
HLTWB—H, 40 -
60 km T I % ~ |
SMILES DRI /3 16
/N e DAE T S LS
N7=(X 1), Z OHLEH

Altitude [km]
3

- [
< -10-05 0.0 05 1
Abs diff [ppbv]

MLS(v4.2) - SMILES(v300)

1 2 3 4
VMR [ppbv]

X 1 % : SMILES(&) &
) " IMLS( 7 ) @ $ B 5 i
fli & DINA T AT 5%

Eﬁﬁ%m@ﬁbﬁwiﬁwﬁﬂ%%

ZLEMBRMNIR b D EE X REMITIZ L > TR
KIDFFE 2 A T,

4 HR-BE
FRAT DAE R, SELH)
Lo TL HEEIT,
30 km BA R CI3E
TIMEFRE (Yair) & & D
IR ER L (ngyy ) M OV
HRERFE . 30 — 60 km T
I XEIEAR S, B 60
km LL ETIiL45 6 E
(AOS)IZHI SRk L 7= 3R 2
ThHI LEERL
72(I4 2), = 80 km f+)
ST HCl BRI IX
3.0 ppbv FEETH U |
ZAUTACK 0.4ppby DR A LY bAEICKE D
572, SMILES (Z XV, FfEE & OZE FEICIs i
% HCl DIRDFENE RO TBIANZ L W /R LTz,
F£7-. ACE-FTS & MLS 2NEH4 5 HC 1 fFEHE
L DENEES0-60km TRE L RDERKE LT,
FEBHEERHI AT A =2 L LTHOWTWHEES
077 A VOEOZER 0.1 -0.2ppby FEEE 5 LT
WL Z EEHBMNZ LT,

5 fEww

PLEX Y, SMILES ® HCl O&HIE X, RE 7 1
T 7 ANV EENERIEDRT A —F DEIC L - Tl
N ST B ATREME DN B B & AR AT T2,
AP TIIMAFZE & DRI R 2 72 3@ A & FEE S
DOFEM, RAEMATIC L > TR N7 e 7 7 A4 LD

FRE DR, SR OMEFITOWVTREREZIT I,

-#- Intensity
-+ Yar
- nar

A -3
/ 10~

=+ Yar (03)
o nair (02)
Antenna
+ A0S
g --- Noise
1072 . mooth
3 — Paem

/1072

1 1,
00 02 o4
VMR foobv]

2 FRZEMRMTIZ XD HE
ESNT, /3T A—H
W2 & BRI =
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CHASER(MIROC-ESM)IZ B i} %
EOXNTEALFEG ~ DR
G, R AR 2
14 B R R F e B2 58 0 8, 2 1 v F 78 BR ¢ B A

1. [XC&®IC
KEFOAERSIE, A 2 (03) R0 A % o (CHy) |
EFHRMY (NOx) . Wi {k® (SOx) =7 vy
VDR - HBRICERER S L, KRBRECRUEA )
ICH 2 D8 REWV, 20k ) R REICFERIGIT
0; DN L D HFRBER ST X - THE X
LIz, ENMICRELSEAESND EEZLND,
ARFZE TIEEIC R E O K5 L FS I3t LT, ER

JeREEETE 2T LT LD & D R A LTV D7,

RELFERET T LV ([R5 #EE T /L CHASER) &
B (A - iz T—4 ., BT — 2 2
Ab¥b LT, ERBMNRHEE  BiEE21T-o 72,

2. A&

T K D xHRBED LG~ DB A HEE T D A
L LT, ETAHOEORHBIMEICOWNT, RS
BT — 2 SCHMNT T — % # O CHGEE T 72,
TN DELSADOFEIZ X, CALIPSO-GOCCP <°
ISCCP ® D2 5 —4# . JRA-55 72 ¥, ¥ DT —4+&
v MR\, ZOBE, REEZ T TR L H .
FTEEEDOFNEFNICOWVWT LRI IT- 72, 7.
ETINOEO S EK IOV TEH JRA-SS R
CERES OF —# Z W CTHREEEIT > 72,

KIZ CHASER |2 X 2 J% 52801 K 0 | SefRiEim s
Wk D EDO S A FRGIE L=, £ D% NASA IZ
X o TUTbN T Zeic X 5 KRS b8 o5
—4 (ATom-1,2,3,4) ZH\\T, &7 /LHOEIK
T B RGN FS DS E 2 WEE LTz,

3. RR-EBE

ENRFET HRE FICBWT, 7 VA28
T B RN T — Z IR BN D RERSLED
SR OEERSAA AR E S HHE L TWD Z &5
BENTZ, LML, FTRERIZOWTE, mEE
S EPNGE (e RRY (A NSy g Wl
ETIVHTEDONMEMEIR ~DOWELEZET S,
FIT LW 2HEHOREEROFE R, EOFER
OH 7 ¥ B VIR JE % 2Bk P35 © L3R i A+ 3 TIER
5% EED L L BT, EETIEHRN 15%nEY
L EWrRESE (M), ZHUTEICEFEEICEX
BRI DOBEL « AR 2 R LR E B 2D
. AT L LEENTH D, RROEERLEE D
FEECH & 5T OH 1L, ZEOMFEEICLY
FI1T%EEINT 2% Z EAVURS NIz, 2O OH JREDOH
IMEFNZ IR, EORS R T <, —iBIL CH,
DWW LD T 4 — Ko 7 &8 TS AEMEN

b5, FTo, XUEHE O I IT B CHiZR H
TR 3% L. EZ2 TR 0.5% ML=, 2

5 DOEFNDOERIZ OV TIE NOxX° OH I DL %
BSE 2. BEEEIT-> TV 5,

WUZERS BT — 2 2 W= RREE Cld. BT LIS
WTCENBEYNCEE SN F2, LV EfCET v
DBl S 72 OH X O3 IREAZFHELT 5 Z LR
Niz, Fio. BT VIIHEEBR L BENREL 2R
JRENR D S5 A BT B INE DS OH R TIEA 2%,
O3 JRFECTII 8%IERT 5 Z LR &Tz,

PLEX V., EOFEIC L D ICREEETE~D R
BERKEALF Y. FFIC OH IES 2 K& AT D
ZENERMIRS N, OH I CHy °— (bR F#
(CO). CFCs %, KMoty Vg\c 8% T4 &
BB OWRERY T L TWAHT20, ENMOLEEN
INOOWE S RKRE LB SE, &KfE - KRB
BEE BTN 72 28 % I F 9 n REME DS ARHFZT G B
MORE I B,

BAE, BHlD MIROC 12 & » CEFE SN - T
BPE I 2 b— g UiER%Z, CHASER £ /L(Z
TV TTHERLERTTHY . KEET AT
DERBOBONDRTILFIHICEDOREOREL
=T OPREEEIT> TS, ZOFRERICHONTE
FRFFZHEGR L2V,

4. B

KREHRO—IL, ESLRENFEFTARE T 2 A —
/=23 ¥ a—% (NEC SX-Aurora TSUBASA)% H
WTITOIVE LT,

2001-2018 Annual mean [OH]

Pressure (hPa)

-80 —-60 -40 -2 20 40 60 80

0 0
Latitude

-40 -20 0 20 40
The difference value (%)

B4 1. PG OH IR EEAEE) (%)
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—BRILERDOERK O =BRRFNMAEHEEDOEE

Pl E S,

OF i B HE !

1 %E%jﬁ%jﬁ%ﬁmf/ﬂfi #f %% £t

1. B=-8BM
KEFIZHEN S e —m{bZE# (NO) X, KA+

DOF V2 (0) R Rt xI 1T 2 H L (HO,) .

HHGEERLT ¥ L (ROy) 72 & & i LT:EEH:%
F (NOy Et78b ., SHICHEE (HNOs) ([ZEE kS
WMFIZRET D, 7272 L. NOy 134 %#%%x TZ)&
JEfEEEL T NO Z BT 5720, NO—NOs i
Wb D NOTEERMNRNLT D Z E03b 5 (X 1)0

Z D NO; DWARBER L. Sk O 24K 5
HERNTH D, NO+O; SHIZ L » TAHERK L=
NO, 2NVEfREET D13 IERD 03 AT e & 72
A5, NO+HO»/RO, ST & » THARL L7z NO, 2558
fREET D55, IEBRD O3 E 725, - T, &K
SBETIZE T 5. OANOIZ LD 5 NO, kD NO
DIRA ., @4 N0 12 58 D NO+HO/RO, )i H 3k
D NO, DIRE, OEZLIIMD TEETH D,

% ZCARMZEIL. NO KON NO, DZEFRLERINLIK
e (B3N fE) &R ZERNARIL, FRZ =R [FNL
RS (AVO i) 1I2& A Lz, A0 E & IXEEFE FINL
R BI OB A R IE LT fREE T, AVO(NOL)fEIE NO
B NOy ~E A MR E T~ 72 O HRD O
B EEERT 5, Li2n-> T, #5925 NO
D A0 EBHFRFICERET D Z & T, ATONO)HE A
LORVQERMLHZ ENTES, £72.NO D
D NOp E RGN AR AW ST - T2 8E 1%, By
RN I K - T SPN(NO) = 3N(NOy) & 72 5

W% LT, NOx JRER ME AL L. NOy [l CEEH A
NAR A TS S S gl S 9 5 & . 8PN(NO) <
SPNINOy) & 72 B Z EMMFHLTE Y (Freyer et al.,
1991; Freyer et al., 1993), MEFM D §"N HDOZE «o

(=(8N(NO)+1/(3N(NO)+1)) 75, 5 KEEREE T
BT D NOERZHEE TE 5, LovL, #BEICH
B ENTZ NO D 85N fiEIX NO, @ 85N D B 2 bh
D#EINTZHDOTHY (Freyeretal., 1991), &5
I AVOEIZEEEDNRE THo 72720 WTh
FRENTFAE L o7z,

& 2 CARWZETIZ.NO L TNNO, D PN E & A0
BRI E &EZ BRI L, &l RAHIZBIT 5 NOk
HEER DRI PRk L7,

2. Ak

F 9", NO; &% E*% Triethanolamine (TEA) &% 7 «
A — FITHE LT 90%LL E&FrE L7 EC. NO
% o 7= NO, & & % (T 2-Phenyl-4,4,5,5-
tetramethylimidazoline-3-oxide-1-oxyl (PTIO) KOV
TEA &% 7 4 /L% — EIC NOy & L THligE L, ki
FhH U7z, filiH L7z NO KOV NO, B3k D NOy 1E 7 &

bk & BUG ST NoO ([T Ha L, B orihicE
ALTNEEZEE L, 512, NoO ZEGiRIZ
koT 0, z:vk%ﬁbf:if%fi%ﬁpir TEALT
A0 fEEERE LT,

3. WR-EBE

7 4 )L F — FICHIEE L2 NO TN NO, D[RS A
X, FEREORINAKR DRI T T v 7 L DIRAB DR
EZFHZENWSNE o, FIT, BB 4
A — ED NOSHERREEZET M L, Tz 32
EIZH#EHAT 5 2 & TNO K ONNO, DRI O Bl
ZRDTI,

2020 -4 A K ONS AIZA HRRTFAENCTHER L 7=
TEIOBEIEICIHBWT, NO IZHRT NO, RAEICH
W OPNAE (a>1) Z7R L, NOLTEER MG T IZHETT L
TWAZERH LML oT-, L L, WED SN
T HEH L2 NO D2 HE RN RS R (a) 1F, W
TG FNAZH A L AEICEVWEZ R L

(K 2), Zid, B HERG CRELZME L Z & T,
VY 8N A~ 91 (NO—NO, IR AA[#) @
NO 73, it SN7= NO O KES %2 5= 2 & NR
KC&H D AREMED Y,

A% AV0 ﬁwﬁiﬁﬁ %D NOK M DAL
DEFHER, KO4 2D 5 EEPEN B RO NO
& NO, Hi3kd NO é:@/E'b EEHT S, 51
B % 53T THIE 21TV, NOK IO IED H BWI:

SV THAET 5.
0,
A0 =+35%0
NO —0/RO, | HO';/RO') NO. — HNO
/ A0 = 0%0 2 3~L

ﬁ o
“

ﬂ:%@ﬁ:ft%}iﬁiyﬁ & A0 fE

This study —e—— ZHE(20205F4A8)
This study —e— AHE(202055A)
Freyer(1991) Fai—'vE e
Fans T
_____ - [ ]
Begun (1960)

0.98  0.99 1 101 102 103 104 105
((BBN(NO)+FD/(8N(NO)Y+1))
X 2 ERFENAESH (o) DL
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MERBFEARADORERE S/ HFOHNED T
PP M2, R BT R BEVE S, 9B RIS, S M
7 W E RN R
| SRR LK, 2 PR S BT S A R, 3 [ SE R BERT IR, 4 A F 7 BF S

de =2
1 B=

WLZekete D 2 1%, H b S BEZ8ICE D £ TRIAWD
FEBU R 7 2 ELERALRS U, BEEUT W TR R
#% &I 3 (Masiol and Harrison, 2014), @522
BUS2HE O EEMIX, EZECTHEHIN DM
(BC) 76 DOFRATIRZE - B (contrail cirrus) DAL
To D (Kircher, 1999), 7=, E7/LFHE TIIMZE
BPET AN T 1 v )R T~ K& 7 5 RIFET
ZEDRENTWD (Righietal,2016), —J7, HiFE
FHE TR E L ~ DR ENRE S I TV D,
B, REEPET R34 T LB ER SR R ICE
BhAH 252 EDIRBEISNTODH, RHEEREIY
23% N (Oberddrster et al., 2005),

WL ZE B HERURL 1 D 2 B 43 1 LB A%/ VR 7+ (UFPs:
100nm LA T) 18 2D, BOREE TIFRAEE 10 nm I
ZLBGHETDHZENRHMTHD, =P T AR
TR DY AREIEIL SAE M CTED LT
B (SAE, 2018). 350°CHIZA & i i 5451 (CS)
CHIFE MR 2 BRZE L 72 121T, ARHERS MR- 450 B
PHIET D, 2720, BWH o7 o 7EEFRICE
BRI 10 nm (T ORL TSR E <, I HITHE
P& 20 nm F2PELL N IR R OAHE B ROHEL S b
% % (Wiedensohler et al., 2012), Z D7z, KifE 10
nm T OHEHEEIC O WD TIERIEEMEDR K E ),

Fex L, 2018 4F 2 HICHCHERRZEHO A VEEK
Vs CHEf B A E i L 7= (Fushimi et al., 2019;
Takegawa et al., 2020b), 2019 FDORKK5LF 7w T
IFEPBHIOMEIC SOV TR L, KEETIE,
K% 10 nm LA R O AREPERL 72OV THEKRT D,
2. T—4

AFZETIE, =7 v Y VR HEE (TSI +:
UCPC-CPC). KL F-#hife 4340 (TSI #1: EEPS+SMPS),
CO, (LICOR £ LI-840) ®F — 4 % H\ 7=, UCPC &
CPC | I ZE RSB A 0 > A7 L (Takegawaetal.,
2020a) LB L7-bDOTH D, LLF T, Kifk 2.5
nm LL_EOR T ERE % Nys, BIFE 10nm LA _E DRI 1
IR & Nip & 95, UCPC, CPC, SMPS ® Eifiic
ARERFS L OUMBVE 2 3% (8 L. FEINEE 350°CHn#EL
EUID R, ZHIZKD | BRI D Nos & Nipw A
FERMRL T D Nas & Nig DEEEIT-> T2,

ARFFET AW INEVE 1 X H A2 SUS B TH D | 4k
BT 272010 T =2 —4% CS TV T
WRWN, ZOTD MBI 5 B AR O A B S
PRI DBREHRIZ OV CREMA R 21T o 70, B
AERIT DWW T, ABLISGAE CIIdES 2 plume 13+
ARSI NTEY | BRI LUIB AR O

BT CE D LHEE SN D, BREDRICOWV TR,
PFERRAFIZEBWT SAE #Its LML T R a v & v
(CqoHgo) Wi+ %34S THEREZIT\V, SAE itk &
RZEDOMERETH D Z L DHER S iz,
3. WR-EBE

X 1132018 4= 2 H 15 HIZ EEPS GEMEY) B L
JINEA SMPS C[RIFFHIE & 4 7= A IE MR- ORI Sy
DB THDH, 9. EEPS LINE SMPS |2 K& 73
ENDDH T END, MZEEHET AR DI E L ER
FRMERLTTH DL EBDD D, ZORITEATHE
EEAENTH D, —FH. WEROWFIE TIT A MR
FOF— NRIFIE 20-60 nm (27, 531, Wb B soot
mode & U CHAMEIZERILT U=, LU & KA
BTIHENE TR B 0M 22 L TRY., hifk
10 nm FEELLFIZE — FRNTFET D iTREME S R
ST, FHERTIE, BATHE & OFERIME & FHERIC
SOWTCHELL T D,

10 |

February 15
EEPS

— 18:40
----- 20:00 (BG)
350C SMPS
— 18:40

---- 20:00 (BG)

dN/dlogD {cm )

o R A S R AN

Mohbility diameter (nm)

1 2018 452 A 15 HIZ EEPS GEMEY I L UVNEL SMPS Tl
B T8 & AL 72 AR MR - R B4y A D5l

HEE: AMSTITRBEI SR B HELERY (5-1709) X ViThhvE L
Too Fio. BREEBRZEHEEASAE (NAA), 5 EERZE kiR i 2
(NPF), FHMZEHZeR3EME JAXA) O haTEEE L,

ZE3CHk

Fushimi, A., Saitoh, K., Fujitani, Y., and Takegawa, N., Atmos. Chem.
Phys., 19, 6389-6399, 2019.

Karcher, B., Surveys in Geophysics, 20, 113-167, 1999.

Masiol, M., and Harrison, R. M., Atmos. Environ., 95, 409-455, 2014.

Oberdorster, G., Oberdorster, E., and Oberdorster, J., Environ. Health
Perspect., 113, 823-839, 2005.

Righi, M., Hendricks, J., and Sausen, R., Atmos. Chem. Phys., 16, 4481-
4495, 2016.

Society of Automotive Engineers, 2018, https://saemobilus.sae.org/
content/ ARP6320/#scope.

Takegawa, N., et al., J. Geophys. Res. Atmos., 10.1029/ 2019JD031448,
2020a.

Takegawa, N., Murashima, Y., Fushimi, A., Misawa, K., Fujitani, Y.,
Saitoh, K., and Sakurai, H., Atmos. Chem. Phys. Discuss.,
https://doi.org/10.5194/acp-2020-395, 2020b (under review for ACP).

Wiedensohler, A., et al., Atmos. Meas. Tech., 5, 657-685, 2012.
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BEESHETHEORBILETOKRK T 7 v

I —RUVBEINE  PECTCOREERERF HE S OFM

*ENAm Y, L — AR, m IR, A — ', Yongjoo Choi!, KFEL !, ITHEE 3,

B I o s 41, Zbigniew Klimont®, [ H X HL ¢ gl B R A8 ©, B 1E S 7,

BARMELT

1 ¥ EEAF 20 B M A, 2 M 7 K5, 3 [E N7 AR H A 98 Fir, 4NASA JPL,
5 FEBRIGH S A T A B RF R AT (ITASA) , 6 B 5T K %%, 7 [E 57 Bg 55 B 22 A

1. [FL®IZ

7T w7 —R o BORIFIE. ARBIEENC X 51k
FPREFE DIRBESC AR MK KT K - TRE I
Shd, KEOBEBERINCEE % OB K K 3%
KT ABIEEZ T 720, BCIREE - HEH O T Hizk
B LEZS IR ZFT—HEHREEEL N TS, TE
b O BC HEHEIT R O AR O 30%I12% F
HESINTEEN, KEEOR MR ET 55K
5 U2« ARV C OB Z W=7 T 20 6 2009 4ELA
FED 10 4F TR 4 B D O 2%, BIE T4
FEA 2 b UHERHEDIE B> & OFPHO TRRAEIC
TN & T & XA T 5 202 L 7= (Kanaya et al.,
2020), L2 L7227 i # o hED b O &I,
ANAYS720 Tl L7356, BARD 3[R & KR
ELTEL, SO0 MHNRA BETd < RPIC
bb, TOEE, SBOMRERD LD LT HD
WZIE, ERPEHE N FER IR 72 Doy, FEE - dk
IR DN BT 2 e iR L 725, Lol
R, AEERFERICE S FHRPEH A 2 b
U CTH, FREERTFREAICE L TIE 20-60% & K& 72K
EEMNH VD, REEIT 72 ST 2o 7z, 2020 4
2-3 A Hl v FoMITICL Y, THIR G CHIE
TORFITREE TFBRZ 72, TOB, PEZE - Tk
FRFE 2 5 OPEH DS KIBIR T3 25—, FEEHFA 5
OHEHNTHERF ST 2 & & 2 b 7= (Forster et al.,
2020), 413 Z OB OEITE TOBM T — % % 5|
LT, FEaehEla 2 540 L=,

2. Hik

FEIT S R BR BE B 7% (32.75°N, 128.68°E) 2%
VT 2009 AR Biffk#E L CHUES LTV % BC (Thermo
MAAP, Kanomax BCM @ —fEDESE NS DT — X &
e Lizcbo), —mbiRFECAKE CO, Thermo, 48C)
BT — 2 2Rt LTz, OB, HEAR L O
TR TCRITICE SRR A LI KBE & 3 U 72 R C
A ECTOmMBREOHEBNERCE LT X DI %E
B L, 2020 /£ & 2019 FF 0 2-3 HEXEE L7z, R
7 U7 Ml KRS E T L WRF/ICMAQ %, &
GO 2L ~FE 4 BB OB IET D120
o, HEH B2 OB 2 1 KEfEOBH/E 7 v
BELLOWEFINOHEE L, ZOdil, ET/Y
Ralb—Ya Tl EZ B %2 T 2008 4
REASV2.1 O (LAREFEHEPEH & & 0E.5) IC[EE L7z,

3. HRLET

2019 4E2-3 F | 2020 4F 2-3 A D445 — % TOH
/T VD R 1% BC Tl 0.53+0.05, 0.44+£0.09
EREMIN., IS ORISR A SR EICRT
NZZENZENOETHN SN BCIRELZET LN
FHLIDZ ENDIoTz, 2020 D 2019 FITx%f
T 5T 0.82+0.18 £ 720 Z D 18%DJD 1IN FE
JELIANOERM  (PEZE - Sk 72 &) 6 ok &
BAIZREO T o2 bDEEZT-, 2B, FEU
SERFS D Z OEF OTEENT 2R L2 b Tl <,
ZOIEENR TN S0%RE & AL b Tnbhe®d
(Forster et al., 2020), 18%®D 2 {%® 36%7> 2019 4FiZ
IEFELSMTM NS E T D EHEE L,
D D 64£35%NFIEFM N6 0P TH D LR
L7z ZOZENG, HTOFRHZBWT, FET
@ BC HEH O T/ e IXFEER Th 5 Z &
fEmOT b, ARINTWVDLA Ry MY o
Cl&. ECLIPSEvV6b(2015 H) 3 FEEH % 5- % 63% &
HELTEBL, 2% & LEDL > TW5D
EDGARS5.0(2015 )X W EREA EL < KBRL TV D
ZENRBENT,

RO % ACO (N— R T A VREZE LG E#E,
T ALEER) @A L7ZE 2 A, 2020 40 2019
T HPEH I 0.65£0.07 £ 720 . o w FiRAT
BEZ BC OFED 2 550, 35% S OFEHEIK T2
HolcZ ENRMEESINTZ, £, FEROBRNG,
FEELIAE D53 70% & RE WD LN boT-,
BC LV % CO THELINRIA G253 K & VRN
REASv3.1(2015 4 ), MEICv1.3(2017 4 ),
ECLIPSEv6b(2015 4F), CEDS(2014 )& HFEASHT
BTy, WLFHE TOFRFELIN %523 AR
& L TW% EDGARS.02015 ) TIHMEENMLETH
HEEZ BN,

PLEIZE Y & 5725 FE 5 O BC HEHEIIC I
FREEIR BC 2R T2 ENAHTHDZ LN
IRENTz, RESFINC BT 2 FRAHIE H % 594 L 7=
TR IHTHRERICONWTH RTINS TETH S,

5| 3Tk

Forster, P. M. et al, Nature Climate Change, (2020).
https://doi.org/10.1038/s41558-020-0883-0
Kanaya, Y. et al, Atmos. Chem. Phys.,
https://doi.org/10.5194/acp-20-6339-2020, 2020.

(2020).
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T VU —DRKE - BRE~KTTEEMFAAOHE

RS, MREER T 2, RILEE Y, SRR

fh 2, EMAAR S, Prabir Patra®, ZHEE A 7 KON

A HER B BE S F 22T Aakash 72V =27 FOHAK - £V ROF— AL A N —
1 4R, 2HMAEMEREREN, 3 SR XK, 4 EIHK, 5 ZH K, 6 JAMSTEC, 7 W%

1. ®E
BAHERBREEZBFZ2FT (RIHN) 12T TG, &
RAETAER X OFRt vl e/ ¥4 B 2Bt « 4t
A ROFEREE OFEH (BEFF Aakash) | &V H 7'
Y/ b (U—F—:AH) 23202044 A L0 EX
Bt SNz 1], A > RAEWEEBICALE T B0 Y
T —TMBLENY ¥ —F—MIZEBWT, 10-11 HiZ
1T DG ES O R X 12 L - TRAE
THRGHRIA « ALY, AOHIECT ) — 5 Hh
B CIXRA e RRIBEMB SR ST b, 20
RAREMER D 7= . LLFE D 3 S0 FH TR Y #is,
1) RRIGYE DORAESLTT - & - Bika T 5,
B A CANE ICEREE OREBEO AR 27,
2) K&IGYL L fEFEOBLEOFHECEHERE 218 L
T, EFE~OB#REELET S,

3) FRELZ BED R WA IR AL Z . U7 5
RN, BN TOERLEL TRET S,

1) 2) OF7 7 a—FTld, B TR REEHH
DARFRTHDH, 72— A K (< $1,000)THOIEE
DOFEWFHAEEE % A4 > R 57 U —F THugic
ZHERE L CRRIGEME OB E) & 28 OB REfEH
2179 (K1 BMR), Sbicar 7 MefERR o
A2 SR OERIZESE L TH S » TRABREME
DOfE N B R & IR O BE A AT 5 2 & 25
B LTWA, D7, BHICN %2 ORGUZE DE
ToARRE 2 T D/ NGRS E 2 B BR LT B
HCIE T 2 W 2 D TV D, o TERNRAR

P
Y 44a
Si Vi W Ldor
o G..g g © @ @ i
a
. ® e @ . e e " o °
. o-55 T et
Rontak @-= /@b N
L ° Y L] L L &%w.
s-unh X ¥ za-Fy-
3 * Y e . » Q. ©  Newpeni

2 aCeeg New Delhi =2
s

B2 A FIESORmESE L7 Y —omic
SO KR GEE R E T,

HEZRI T T, 42 FMIA > S— |23 E - FHAIL
THEH 70, A2 R~DOHEiEEERL TV D,

2 BRBO/NKRSERIEE

R T Y =7 (BR) THMUBZBRR LTz &k
7 PM2.5 UM ALTWS 2], X 2 (ZEER
DOREFHZEE ONE & /~T, 7 AR —s34A CPU
THIE - FEFRL TWD, U TIE A LO/NUFIRES
DB, INBIZHRGEE =4 % HDMI 77— 7 )L T
RIFIX, I TRRPEAND, £, EERN/ENE
ZATH 50 emf DO KGHFEE/ SHK /LT, 24 K 1
FEHERERFATE TN D,

3. ENREER EH OIS

SR R PM2.5 U A IS EY 1T, HEEEE
T 24 FMLL LB 2 @A BB L T\ 5,

M2 B L7k A A, PM2.S &
YL, EESETE T A U (NO,
NO,, CO, Ox 72 &), CO, & o Y- DH5# & Al e,

B3 4FTIC 2B T o0 [ A 3
BB 7 — & 1L AR I R,

[1] G HEREREE W ICAT Aakash 7' 12 ¥ = 7 h OFFI 48— L-X— https://aakash-rihn.org/
[2] Nakayama et al. (2018), Aerosol Science and Technology, http://doi.org/10.1080/02786826.2017.1375078
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K ehdzTa S VR FOBRRE
R4 A 1, SR A
L& B % 7

1. KBERERESRTLA

ST RE R B A b7 5T EOMHMIT. NED
PRIz E > TRIBE & 72 D KA TRIOEE /2 F %
2725, EVTHI I ERORT « BEAklz K& < 85
%8 FRIOKERLRE ORH A BRI AR E L TR,
KB 2 Rl DO R E I REEEN & /e > T
W5, EIXEEHELE(CON)NC L D AKERF & K
(INWZ LD KERL N B2 TNFNTRERS
SETRAN I OWRINEE & N o T R SN % . %t
Wi BFEARA~ORBL R D, o, KER 7L
KERI D EH S HNFE L TV HIREHEDEK
BT A ERIIARE LTV D,

HHE FEE 2R KIE-38°CLL T & Tl B 220, IN A2RK
OIBFRITIL, W N3-38CLL T Tl D ¥ — B ERk & |
FNEVHERESETIN O L ERLnT YL
Kiv (INP) DHRET AR —EAERNH H, R
— KA RRIIOK A AR FE b < . INP MFAET D8R
BEF T, EWRESCREICHT HEEIIRE N,

— BN IR AN A A= T a S DA
B2 INP & LTSN TETWD, LA LKDRL
FITHMmP L7 ot A CHETXF, INP 2
FEOW B « (LM RFE-CK BT EGRFE O FEf 72 &R
AN S EREINTRY, 2L EEMT2Z en
HETH D,

AW TIIBFET 1 Y F L0 INP & 8
T, ZOWH ALFRRFESC IN AR A I =X L%
HigS 5 L2 HET D,

2. WIRFELHER

FRIZ I FTEMSE (Axio Imager M2m , Carl Zeiss,
Tokyo, Japan) & fi e BE il 480 < 745 HUMBAR 7 — &
(Rh10002L, Linkam Scientific Insturument Ltd., Water
field, UK)& H\ ., BAMEEBIE T =7 =y L alkl %
WHL, 40CLLTF T IN AT D0 2B LT,
=7 Y VRN, TRl 2OFETERR LT,

& AT UHF—kUHLTT— (AN200, Sibata
Scientific Technology Ltd., Saitama, Japan) “C#
KMLER LTe "= F A& Cu 7Y v R
LTS D

® B: "1 27 ¥ —(Arios Inc., Tokyo,
Japan) CTCu 7'V v KN hiZ=7 1 v Lk
AT 271k

A FETIE, H T ARUEEDOY > T RE b

BT HZENTE D, £DH, A FETITE
P HTAREOF T VAR y MBRKZTE T
L. EOWRMEOWFEIREZNEST 22 LT, Ao
INP NELSFET D ETFRESNL T T otz

1Tolm, ZOROBFEEEZHZEL, 77U v FR
B +omdfafisctob bK< D EmAILA~
5C/min), IN ERT 2R 72 EE L, T OB IR
LT, ZOFETIE, INP BEWT T ILo
fEfEIR A7 )V —=2 7 WA[EETH Y | kb IN BEN
BRI A2 N RAICERBE CTE | Z OREO KSR b
0~+5CREEDRRAETEI Z ENTX D,

—J7. B FEOBAITITHIDO R 4% e
VTV TTHIENARETH D, T, EERTE
RN LI E CH D 72D, xS T
TV TTHIENTES, ERIERHLEZZY v
RECEHZ-15°CRRE Clfafic e s L9 ICRBE L2
M C-40CE TRIZH AN (30°C/min) L, -40°CE
R CHAE T DR 2B L, ZOFIETITHM
IKEREIRE LRI CH D &R 2325 2 L 23 RE
ThoH, V7 VERMA N D ICEEGRE L,
Hipbxz7ay MEAIREET IN ARAED X H I
W2 BN EFR~T-,

FEFETHE L2 INP I A T ZNGREIOSHA I
I AEERE CMEE (SEM; SU3500, Hitachi High-
Technologies Co., Tokyo, Japan) . 7' U v RilEtDO5A
\IEE IR EFIEMEE (TEM; JEM-1400, JEOL Ltd.,
Tokyo, Japan) Z T, FERIMEE A B2 L7, E70kL
F DAL TE AL IV D SRS EE 5
Z TV D TR —4E X 562 (EDS; E-Max
50, Horiba Ltd, Kyoto, Japan & T} X-Max 80, Oxford
Instruments, Tokyo, Japan) (Z & 0 7047 L7=, AKIEFERT
1L FEREBRTHEETEZINP &, TR0 OFEMSHT
ERICOWTHRMNT 5,

(a)

-3.0°C -15.0°C -16.2°C
A T o
(b) )
% -30°C ‘s -15.0°C

B

LR RN RN ) =

1. H T AR EORLF SRS DT
(@) AT 1 VL ORI R &
(O)FERL T D F-E AR ISR &2 7R T,
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HIRER ¢

#FE B X OF TEM 82210 & % F 4

F N BRMBER 2, AR, ARKK 2,

=R E 2

W

%Eﬁ%k¥32ﬁﬁﬁﬁﬂjtﬁ3ik%jt%

1. [XC&®IC
{EAREEDIREED B HEH Z 40D A A TXFR R
MWaEHTHIEREEME TH D, ART, BREHCHE
HIRF O R FYRFE 1T K > THIKM: « BKME DO FREE A3 5L
@é“ ZD XD IR REOMWE OEVIL, K
BT DAL ROLSORL - DK b AZRE I BIfR 9~ 5 HR

T%U\%®M%®ﬁm$f®ﬁg%ﬁﬁ\%%ﬁ
B AT DAEER S D, L, Bk e dEHIR
DHHRKFDOAADREIREN ED L D THDL)
LA ST, FENRIERL 7 A EEERE R (CCN)
L7 BRSBTS SclX, R rOEEE, KEDH:
fihf O IR FT D Do BUKPERLFITHE, 9 AR E N
BUKMERLIE E S idmvy, —F, Witz &t
KiF-0D S lF WM E DL & B RS BT 5,
FENRWRMEATE T IERIBIERL T D S, &2 K&
SIRTFEED, AR TIE, #fika=7 1 Y LVhL
FATH U, IR S, ATUT D CCN RE % I E
T5HZ LT, %ﬁ% %@#%ﬁiﬁ%@@ﬁmm
BRAT, S5, BEBRETHMEE (TEM) |
%ﬁ&wﬁb\wﬁ®%éﬁ\ﬁiwxxﬁ%@
FRHEREEDEWOHE 2] 5002 LTz,

2. BIEAHE - A

JEE R AR & RS B BIRL - A Xy kA
(DMA3081, TSD) |2 & U HZBREAE 203 nm {208k L
7 EER& %, CCN &t (CCN-100, DMT) & EEfEE%
(CN) #HlEss (CPC3775, TSI 12430 LT, CCN
L CNREZ RIRFCHIE L7z, CCN R, i
BAFNJE 0.88,1.04,1.18,1.36, 1.85%SS % 12 4343, 1 B
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1. Introduction

a-Pinene is one of the most important biogenic volatile
organic compounds (VOCs) that contributes to the
formation of secondary organic aerosol (SOA).
Photooxidation reactions accounts for 42% of the sink of
a-pinene in the global scale (Capouet et al., 2008).
Nevertheless, the influence of environmental factors (e.g.,
temperature and acidity of preexisting particles) on the
yields and products of a-pinene photooxidation SOA are
not well understood. In this study, the temperature- and
acidity-dependence of SOA yields from a-pinene
photooxidation was studied based on laboratory chamber
experiments. The possible reasons and mechanisms that
caused the differences are discussed.

2. Experimental

a-Pinene photooxidation experiments were carried out
in a compact type Teflon chamber (volume 0.7 m?) under
low NOx (ppbv[a-pinene]/ppbv[NOx]>1) and varied
temperature (room (~25 °C) and low (~11 °C)) and seed-
particle acidity (neutral and acidic) conditions. H>O, was
used as the OH radical source. The SOA yield is defined
as the ratio of the mass of SOA formed to the mass of the
reacted a-pinene. The SOA mass concentration was
derived from the aerosol volume-size distributions
measured by a scanning mobility particle sizer (SMPS
3938L72, TSI) assuming a particle density of 1.34 nug
cm 3. The concentration of a-pinene was measured using
a proton transfer reaction time-of-flight mass
spectrometer (PTR-TOF-MS 1000, Ionicon Analytik
GmbH). In addition, aerosols under different settings of
temperature and seed-particle acidity conditions were
sampled onto Teflon filters. They will be analyzed using
electrospray ionization liquid-chromatography time-of-
flight mass spectrometry (ESI-LC-MS) for detailed
chemical information soon.

3. Results and discussions

Figure 1 presents the mass yields of SOA as a function
of SOA mass loadings from o-pinene photooxidation
experiments under different temperature and seed-particle
acidity conditions. The SOA yields at low temperature
were higher than those at room temperature under both
neutral and acidic seed conditions. Further, they increased
under acidic seed conditions compared with neutral seed
conditions at both low and room temperatures.

It is expected that the temperature dependence of SOA

yields is mainly caused by the temperature dependent
partitioning of oxidized organic compounds from a-
pinene photooxidation; and the enhanced SOA formation
under acidic seed conditions is mainly driven by acid-
catalyzed esterification reactions between organic acids
and alcohols considering the fact that hydroxy radical is a
main chemical function of photooxidation SOA products
(Gaona-Colman et al., 2017). Future detailed chemical
analysis by ESI-LC-MS will help to illustrate these
assumptions and/or supply more insights into these
tendency of SOA yields.
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Figure 1. Mass yields of SOA for increasing SOA

mass loadings. Markers are measured data and curves are
fitting of measured data using a four-product VBS model
(Donahue et al., 2006). Panel (a) presents results under
neutral seed conditions, and panel (b) presents results
under acidic seed conditions.

References: Capouet et al., JGR, 113, D02308, 2008;
Donahue et al., EST, 40, 2635-2643, 2006; Gaona-
Colman et al., RSC Adv., 7, 2733, 2017
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1. Introduction

Although estimates of aerosol absorption optical depth
recorded by skyradiometers are among the few constraints
of the global radiative forcing of black carbon (BC),
relatively few studies analyzed them along with the
associated aerosol concentrations. Here, we report the
results of a recent campaign linking surface mass
concentrations of BC and fine particulate matter (PM2.5)
with aerosol optical properties recorded at Chiba
University during the 2019-2020 winter, with an emphasis
on the ultraviolet (UV) spectral region.

2. Data and methods

Ambient mass concentrations of BC were estimated by
the continuous soot-monitoring system (COSMOS;
Kondo et al.,, 2009), which is a filter-based optical
instrument. A photometer measures the transmittance of
light at 565 nm while particles sediment on it. The
accuracy of BC measurements by COSMOS was
estimated to be about 10%.

PM2.5 observations were carried out by means of a
compact PM2.5 instrument (Nakayama et al., 2018). The
computation of the PM2.5 mass concentration is based on
the distribution of light scattering intensity by accounting
for the relationship between scattering intensity and
particle size. Data from this sensor have been shown to be
in good agreement with data from standard instruments.

To compute aerosol optical properties, the
skyradiometer measures direct and angular sky radiance
with a resolution of 10 min. Here, we used observations at
340, 380, 400, 500, 675, 870 nm retrieved through the SR-
CEReS (Center for Environmental Remote Sensing)
version 1 (Mok et al., 2018). The SKYRAD.pack version
5 (Hashimoto et al., 2012) was implemented within the
SR-CEReS for near-real-time data purpose.

The MAX-DOAS instrument measures scattered
sunlight at various elevation angles with a time step of 15
min. The off-axis elevation angles are restricted to below
10°. High-resolution spectra are recorded from 310 to 515
nm with a full width at half maximum (FWHM) of 0.4 nm
at 387 and 476 nm. The retrieval of aerosols and their
gaseous precursors is based on DOAS and optimal
estimation methods. Details of procedures and error
estimates were reported in Irie et al. (2008, 2015).

Here, we joined the aerosol profile information from
MAX-DOAS and the columnar aerosol optical properties
from the skyradiometer as follows:

fAAOD;[0-1km] = AOD,[0-1km] x [F2.5] x [1-SSA;] (1)

fAOD,[0-1km] = AOD,[0-1km] x [F2.5] 2)
with AOD = aerosol optical depth, AAOD = aerosol
absorption optical depth, SSA = single scattering albedo,
and F2.5 = fine-mode fraction of aerosol particles with a
diameter of less than 2.5 pm. In our approach, the AOD[0-
1km)] is retrieved from the MAX-DOAS instrument and
corresponds to the AEC[0-1km] at 357 nm, while F2.5 and
SSA are retrieved from the skyradiometer.
3. Discussion and conclusion

Mostly due to the inherent difficulty of comparing the
surface layer with the column of air, the correlation
between the aerosol absorption optical depth (aerosol
optical depth) of the fine fraction, i.e. fAAOD (fAOD),
and the BC (PM2.5) concentration was moderate when
only skyradiometer data were used. Although BC
dominates the total absorption in the NIR spectral range,
we found higher (lower) [fAAOD , BC] correlations in the
VIS-UV (NIR) range, along with no wavelength
dependence of the [fAOD , PMZ2.5] -correlation.
Nevertheless, by combing skyradiometer and MAX-
DOAS retrievals at UV wavelengths (1,2), we showed that
the fAAOD (fAOD) of the lowest 1 km layer is better
related to the variability of the BC (PM2.5) than the
corresponding column-based estimates (Fig. 1). After
removing the potential brown carbon (BrC) influence, the
ratio of the fAAQOD to a uniformly distributed 1 km layer
of BC resulted in being comparable to the expected mass
absorption cross-section of the BC. Overall, our results
stress the well-known sensitivity to the aerosol absorption
in the UV spectral region and highlight the efficacy of
combined MAX-DOAS & skyradiometer observations.

T T
0030: R @ 357 nm = 0.95
[ slope @ 357 nm =0.0261
0.025 & inter. @ 357 nm = 0.000 ]
—_ [ N@357nm=18 © ]
E 0.020F ]
- [ R@550nm=0.93 e 1
1 r //
o [ slope @ 550 nm =0.0119 -
E 0.015F inter. @ 550 nm = 0.000 ]
2 E N@550nm:108 5
< 0.010f .
- [
0.005[ © ;&7 ° :
-
0.000t &5, . \

0.0 0.2 0.4 0.6 0.8 1.0
BC surface (ug/m3)

Fig. 1. (a) Scatter plot between daily COSMOC BC mass
concentration and fAAOD[0-1km] at 357 nm (black) and
at 550 nm (red) for days with SSA <0.95 and AE > 1.
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1. [XC&®IC
ANAERKERL T vy L, #fiERO RTINS %2
B &8, EEEMUKORELB 25 &7,
LML G, T E TICE SNzt ko&fEe
TIAZ KBS ER D OHEE TIX, FRlc= T e YL
REIZHT HHEE T, KX ARMEENE E T
7o 2O, [EBEWMIEFTTIL, TERDOET NMITE
%L DUBREEMTDHZ LT, H6MEAET M
HLb#EtiE (CMIP6, Eyring et al., 2016) (2[R 7237
L WK fiEk S 2 5 A5 /L ver2.0 (MRI-
ESM2.0, Yukimoto et al., 2019) % BH¥E L7z,

2. AMgtETHhDOHE

PESE B AR (1850 4F) & FLuE L L 7= BifE (2014 4F)
B A ALRESAL =7 v v X 5 a8k
5 il 7] (effective radiative forcing, ERF) % MRI-
ESM2.0 % W THEE L 72, MRI-ESM2.0 I3 KK ET
v KRB EER) 120 km) . WEET L, =70y
NETIV (AR 180km) . KEALFET /L ([RF) 280
km) 23FE G L CRERK S 4L, KK O E MR 1L 80 &
(B 0.01 hPa) ThH D, AWFICIE. CMIP6 % H§Hk
I 5 S 5R ] 1 T VR A LLEEE R (REMIP, Pincus
etal,2016) &t =7 1Y LB I OKEILEICET S5 E
7 )UHA A He#% E ] (AerChemMIP, Collins et al., 2017)
DPEFL A CISE S iz,

KK ST T 2 2EEE O N AERAEF O E
M ERF (X 1.96 Wm 2 & H#EE v, ZHudFic /g
fbik#E (1.85Wm?2), A¥ > (0.71Wm™?), 1l
— AR (030Wm™2) (kD EDHH ) & T n
Vv (-1.22Wm™2) 2L BADET TR ST
W, 27 a Yz kb ERF ~OFEZ, =7 o
VL= EAER (-032Wm™2) 2% 23%., =T 1
VOV —EMEER (-098Wm2) 2N 71%., FEVN=T
Ta Y v EER EF HMEm T L RE(E (0.08 W
m?) Thol, =7 a Y L—RHAEERICLD
ERF %, KBH 2 W3 2 etk &2 FE o Bk 37
(BC) (0.25Wm™2) (2 X BIED5H S & HELEE %
FFORifetE (-048Wm™?2) a7 1YL (-0.07
Wm?2) 2K DEOEH T OEF CRER S L, =7 1
VIV EZORIBEYE DS HEH S D R AT CTHE T
Holz, =7 vV —EMAIERIZ L% ERF(ERFaci)
IRRAEIR E T OE T CHEETHY ., ZNHIETF
JEZE D EEAEZOERL O E OB RITERK LT
77o [AIRFIC MRI-ESM2.0 Ti, EIC ALK BC %
FRET5H EEE (-38°C L FOKIR) OKEEEKE
FEDOHARIZ LY | FRICE I IC B8V T, B e

A DI ERFaci 3 L OBAE 72 1E D K ERFaci 23
ESNT, BN OB TIE, ZhbDORERIE
ADORBII NI AWK DS NL, EED
KEIIBEE R B L 2 RGN E g & =4
o, TORKRIZ=T e YV EKEOHBEERD S
DM O EEEEZ B L TN D,

A NBAEIFAFOIEWD ERF 36RO 1FIF4
TOFETIETHY . BC 2K LT HHFEHRmT L
R NETFTORENEE LTz, bl <l BC 1
TEERFBIZIRNT ZFEHIZKEWIED ERF % Ff
DI ENRALNTRY . ZoERITIBIERELICE
WC BC N EE B2 F 7o J rlRetE 2 /e LTy
Do

7ok, ARWFIERE OFERIZ OV TiX, Oshimaetal.
(2020) ZFIE STV D,
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HFLHDL R ERERLEESH - RBENEEL L5,
I ANREBEI O A2 5T 55k « RIEICH L L.
ZHEVDLNTEY, SERNREETHE ¥ —
Wb ARG T 1 )V OETE T L~ DE AR
ZREMACHED TN D, O X ) ICEER S - R
7 - BB L OB TH DN, fFROXEL
VR RS PR~ OEIEEN ED L ) I8
LT 2OV TCTIRELE S REARE LTV
VN, SRS OO FE AR T R 1 53T 00 LR S0 Hh 3R 1 O IR
(F&E. T8Ok, WHE, A% ICIEFICHUET
B, INODOEMRTRNEFICEH LD TH
5, Alal, K[EWFITETNBRE LIz B S 27 AET
w@mumMmmﬁA%Tmew@ﬁE«me
OFRFEREZHNT, EHPORERELZNICEDD
KRR T A — B ORI T WG R O %23 AT,

2. MBWFE

MRI-ESM2 (Yukimoto et al., 2019) X KK, VBIE.
Pk, =7 m YL, RR(IEFEOKMEEY =2 — /LN
BT T =R LTS SN ER 2T 2T
T D, MRI-ESM2 [ I5ME T % FE72 4 —7 v K
LLTWAN, TV a— LOHAEEDLEELE 2D
Llizk ., [REITOEW TR (KR+=7 1Y),
AR T (KRR +KEEE) bV sty
%, CMIP6 FEERITI5 1T 5 MRI-ESM2 DR8I Z KA
23 TL159 (KFEHET-[MEA 120km), =7 &7 /L3
TL95 ([Al#) 180km) . K&ALA3 T42 ([FIF) 280km)
THDHe AU N=HIL5 TIR04 1 AMND 2014 4E
12 AETOBERREREZITV, ZLIEE 2100
FERAFEFTTHEDssp T VAERET-TZ (FD
I HRRmIRM ST U A (ssp370) OIS T
VTN A NS T a VT VIR TN
BAFE 21T - T & 7~ MASINGAR mk-2 (Tanaka and
Chiba, 2005) ThH %, ZDOFEF/LIIHX AN GERD) .
Wit . WiEstE. BC. A= 7 oy L aAEHIES L L
THRYHH->TNDB, 6L, BRER=T 1
VDX AN WEEIZ OV TIE MRI-ESM2 TR &
N L mEmRELZ LICRAEREZHE L TV 5D,
ASEDT—<ThHdHHF A ML CITEREE, +
BKSy, HEA, BEEHEDONRTA—F L0 Z 2 NI
BERHETHAX— A%%%waé;t%%f@
2050 AEROHT PTICBIT D EMEAREICET S
T ARG R 2T,
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T UAERICBITOEREZX 1 12R7, £LERE
FELUERRIZE T 5 1980 £~2010 4~ F£ TD 30 1)
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LCTWb, KERDE, BRI HFEVEE RN
F VA (K1 K EE) SEB Kb ET T U A
(K1 FE) CTHEMBARICKRELRBITIAOH
eV, —, ssp370 O SET Y TR R (K1
HILAHT) DXL SENKEL, HDHT VT
AUNR—TITEWREENRKRE D —TF, HDHV
F U A TIFBHERE/NMNCEL 2ot A%
fbERAHE (K. 1 Ave 3 AL TdEny
TV AR ssp370 OT LTIV A R — 4 EA K
HEAM 1980~2010 FDFE¥ XL 0 /NE < 2 B \N
Ronf, TO—o20FERKN L L TIXEmBARKICE
JABEEEORM (KK B2 55,
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7 1 2050 ARz
BAEMR DO EM AR HOWTHICHENT 2D,
DY HICREEIT) TETH D,

4. BiEF

ARFIE LB B eR S HEE T (5-2001) 35 L OFE
WFFELA B4 (19H04316) D3R %521 Tz,

5. BIRAX#E
Yukimoto et al., IMSJ, 2019.
Tanaka and Chiba, JMSJ, 2005.
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1. BFX

HERIERZ(LIX, 1910~1940 4E(Z2MF T 20 fitfd
AT OMBEL & . 1970 FELAFRBAEICE 5 20 HAd
EORBICT B D, 1970 FLAEOIRBEIT A
EREVIZHEE Z > TV B 23, 20 fitkeaidoiRBE (LI,
Early Twentieth Century Warming (ETCW) & FEIZ 4, b
I CORBEEICR LN L W) BEID D (eg.,
Johannessen et al. 2004; Shindell and Falvegi 2009;
Yamanouchi 2011),

20 HACLHE O HERIBRE (L O 53 PL Eid, AR
DBH T)~DIE L L TR 51TV % (Bindoff
etal. 2013), — 7 T 20 HEALRTIZI 1T 2 N B EIED
SR, BUELEE L THRD /NS, i
72U TIZ ETCW #13 & A ER T & e, BERETR
DOFEH ST CREBIEEh O & KILTEE Ok, B &
UWHEZE) S ETCW 25| &I L) 2%KE LT

EZHITW5D (e.g., Meehl etal. 2003; Shiogama et al.

2006; Chyrek et al. 2009), L72>L ETCW (Zxf9 % H
SRIRH T~ DRI E DEBREEIZ DWW T, ANHEE
PERRE S BUETH TR S TR,

KW R T IX . Coupled Model Intercomparison
Project Phase 6 (Eyring et al. 2016) <> Detection and
Attribution MIP (DAMIP, Gillett et al. 2016) % (X L& &
L7z 72 MIP (B L, 2 - BIFE - FFR oK
B a2 BRI 5720, HEKS A7 LAET /L (MRI-
ESM2.0, Yukimoto et al. 2019) % B % L 7=,

ABFFEIE, ETCW (Z31) % bk o0 KR 222 %f
DRk & R NER TR ) D% 5 % . MRI-ESM2.0 %
AV 7= DAMIP EBg &~ /L FE T IVIRNT 2> & 78 R
(ZRHIT % & & BT, 24 HIAMBIRMHISE A 30 4E51
BEOWERZZE) & b L7z & Z(2, iE Ry 7 F 1
EOMERGET 22 L2 AL 5,

2. ETILEEBETILFETILEMN

MRI-ESM2.0 IZLL Tz v R—3 > F THL S
%o RKZFET VIZ MRI-AGCM3.5. fif g BE 13K 1.125
FE. SAE 80 JB (TL159L80). ¥EVEE T /L% MRI-
COM4.4 (Tsujino et al. 2017), fREEE TG 1 £, B
46 0.5 E RERFITIX 0.3 ), $hE 61 B ThDH,
72 MRI-ESM2.0 (21, =7 v Y U {bEmEET L &
KEALZETANEGEENTEY, =70 Y LCH A
DR T~ DEIEISENZ D W TR 5 = & 23 Al BE
T & % (Oshima et al. 2020),

ARWFZE T, 5@l % 1850 FIZE E L 7o
piControl (CNTL) 3% 1 A L /N—600 4-fH], FEfH
AT %2 TOHI /) % 5 2 7= historical (HIST) %

Bz 5 AL 3—165 £/ (1850-2014), {E=NFEA A
DO F% 5 -z - hist-GHG (GHG) B, AN4&RJH=T
0 Y VD&% H 77 hist-aer (AER) SEBr, B IKEIR
SR JICRBG & ki) DI % H-Z 72 hist-nat (NAT)
BRZa 4 3 A /N—165 ] (1850-2014) 1772, &
7 BERSREIINE & & DIZFEMIC T T 5 72dlz, K
PG D #r % 5- 2 7= hist-sol (SOL) Bz 3 A 2N
—165 T2 72,

< VT TR W2 T L BCC-CSM2-
MR, CanESM5, CESM2, CNRM-CM6-1, FGOALS-
g3. GFDL-ESM4, GISS-E2-1-G, HadGEM3-GC31-LL,
IPSL-CM6A-LR, MIROC6, NorESM2-LM,
MRI-ESM2-0 T 5,

3. fRMHER

MRI-ESM2.0 @ HIST FHki%, 20 Hidic@ifll i
7 ALAIR O KR A ENZ SV T ETCW %25 1940 4F
D5 1970 AR T Thie < 2 bds KOV 1970 4 LARE
BUEICE 2 2l 2R L O FBLI R LT,

ETCW (Zxtd 5 &AMMIR SIS Z 2> & O BRIK % E &
FICRAE S 572912, GHG. AER, NAT (Z2OW T 7T
YT NEE LT 5 ERBENEY I E SR (SAT) &
WK EAE DRI DOUNT 1911~1940 4ED 30 4E[H]
BT DRI N Ly REdRE Lz(X 1), SAT iX, FF
RAN & FHET DRI 70~90 ECTEMTEY SN
TW5, NHEBOEES L THDH, ETCW IZxt
T 5 AbH SAT @ BRI E X, 0.88 (‘C/30yr) &
HAES b, NEBEB)OHRIE 0.68 ((C/30yr) & iz L
T13FTHY, BMERINETHDZ LR 5D,
ETCW (2%}~ 2 KEHEEh IR T ) ~D LB ITTH T2
K IIIEEN2S ETCW O—ERTHDH EEZ HILD,

< IVT BT IENTORE R, B RREISE X ETCW
DFERO—DTHDEZENDh-oT-, £7-. B
SNz ETCW 23 AFEDOWNEREE) DB % 51T C
WD ERET D L. BARTREISE & N A B LR

EOREETHDLAEML biLE,
Rates of changes for 30yrs (1911-1940)

15
;:‘ : _ z HIST
- 05 I | ik GHG
] l I F m "q &&ﬂ NAT
= -05 | | il
E ‘g 1 4. Walsh et al (2017)
g 4 ;
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WEREH ff#é@@i X Sk O A Rk ﬁ
FITEUC L BB E BN D2 X - TR P~k S
ERERERZ  (CON) oK ABFZRCKL T~ (INP) &Lﬁ%@%
5, FrZ INP JERRICB W T, Ao 7 e L
(A F =7 v ) 3o IN JEMHRL T (BERI
HAR) LHARTEHBSEAETTIN EEE S OFEN
. FEEITCOKEF ORI LT, FEETOR
AEESCEBEESO INP JERORFE L CTEELE
ZHND, L LS OB TR
THO, XA AT a ) VOEERCWEE—RKEART
DOFHEAEH, B A~O%HEOFIFIZZ L

W,

NAFZT e VOFHIEE LT, 73/ BOM
ffEsE & W o AR O I - iz EkT 2 BE
ORI T 2 HENE SN TE T, £4Amik
TR OFkR - FEEE Lot as 2 VT
Yt BRI B CHE E A WET D, BT
FELEDETHWLONTE -,

ABFFE IR R O E PR IZ DWW TN &
—ULREFEEHEE L, BAEREZ Z DN 5HEKT
DEYIFEFERER T-EMRIE (Zea 7 41,
NRITVT) EORGEE S LT, (D) HEEAIEIR
e %E%hﬁ@oéﬁﬂﬂ4ﬁi7m/w@tﬁ
CLTERHLTWAEN? Q14T gy Ld3
AEITERALAREN 2 D 2 JJlZ oW T, G-
T =X AW THFEEIT> 7=,

2. B

NABLENL 2019423 A 6 H~3 H 25 HE T, &
AR (FeF~HAR) Zxtges LT, WEH
ERIFFC T2 50N @ MR18-06Leg4 #iiyfE C 5k i
7o KRR T #EEHRFOWNEIX., WIBS (Waveband
Integrated Bioaerosol Sensor)-4A Z /= HE &
HAETOA T A il E &, DNA Yefthik & B
EBEAMBEDETA T T4 RED 2 >DFik
TIThiviz, WAKF O VIREKEER T (520
(TEP), & & v /378 (CSP)) DIEEEREIX, A
TV T 4B BIZEKE AEB LT 4V H BITKL
TERREL, 7o NZ EYREOK, AREWOLERE
THZ LI LT Tz, AL T D7
WCHREICRE LA R 2a— 2% 7T %
WTC, 1B o7 icoE 2 g, ATET7 4 VX B
RGBT OHEEIT- T,

3. fERBIOEE

5 H WDk 7 TRBMREENT £ 0 L 3/6~3/18 IXHEEME
KB, 3/19~3/25 IXFHEKFEC H A Z: E O &
TOURTE « BRI 7 OKILD BN b~ 12 = & D3R
XN, N"NARY a— LAY TS TREBEINT
PM2.5 7 4 /& DAL AT Cld, MEEMER SR
ELik4 2 H#ifE T oM. nss—sulfate WENENETN
YT 38%, 25%, 30% TV . UEE & AHERE(LAW
NELFEL TV,

WIBS THUS SN7-EA 0.95 wm DL o eEs:
FOHNRE— b LT, F1 (R 280 nm,
JhECIZ R 310-400 nm) & F3 (EOEEE : 370 nm,
IR : 420-650 nm) T 69%, F2 (FOLIEE : 280
nm, JhEEE : 420-650 nm) T20%TH V., FiosHs
He X — o DRI BENEIRD 89%% 58T -,

wIZ F1, F2, SRV AWl ‘)i % A Sl A
T, AEWiEE (v aa 7 40, NTTUT)RAEYR
TRAHRELSY (TEP, CSP) &AHBEMERN & 2 H kst
L7=, F1, F2, F3 otk +480=E L TEP H 5 W
1% CSP B s & ORI HFEEE DM Z R L7220 (R:
0.5~0.6), NI T VT a7 ¢ VEPRE L I3
BANE o T, — . EWRE-CAE MR A B RE L

EMCREENTEDLEDL Z LI Lo TRICE D
JENSDEE BN ZEE LA, otk
BEEEIX.TEP o7 7 U 7 & L0 @ HBAR > 0.7)
s LT,

INDORERNG . KR8 SR HR 1
N7 T Y TRTEP &\ o T2 MR T 5 5 W3 AR
WA S L JRE TR AETH Y | JEE EH
B, SN D OAEMERK F238E EARAY & LBk
K~ LW S, KRB odoetEki 1 (N 4
Tay) L UTEET D Z ERRB ST,
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KR OZT v VLK S %2 %I - #EL3 5
ko THEBEMIC, £EEREE (CON) & LTE
A LERMICES 5 Z L2 k- THRIEMIZEEIC
TS, EORKABE U7 0 Y VO
OREL VIIAREEMENRE L, RR=T vy LcE
FND CON DR O, RROEMHEEE 25 b
THEHETHhD, EFIHEEDEBHOERILIZE D
72 o CHFEAMRIRE Y & 51—k « —RKBL1D
RN EZ VL3, InbeRn=T v Y VR
FER CON JEMEIC AT 53 D Al REMED & 5

AR TIE, BES L7 — A AR EE
R BT SR TR o =T v Y kL
oA & CONTEMEZ AT L. MEk & OBIfRe=7 1
VIVDREIR, CON JEME DB R IOV THELE LT,

2. B

RAABLNIT 2015 42 3 H 6 A25 26 HETO 21
H . HFZeMms B EGL (KH15-01 fifiye) 12 T30 L
77o PM2.5 VA 7 &@ L T T v Y VR &
FERENOMRIEIEE I AL, EEXNETE Y T 4%
—T A TN AP (MPS) ZHNTC 5T kiceT v
>V IVRIER 53 AR (
14.1~710 nm) Z#E L1z, 7z, EEREE Y 7 o
CCN Z3HT > AT A (SMCA) Z FVY, 20432 L1123 DD
EAAFNEE (0. 1%, 0.2%, 0.6% SS) ZH) 0 &% T, CCN
NRARY SV ERAS LT, R NOx 3F, A >
#H.BCE=H#—THA (NOx, Noy, 4>, BC) %,
PTR-QMS TKR& * ¥k Vocs (DMS, A YV 7 L>)
AR TCHEILZ,

F- EFRICAARY) 2—2 Y0 7T 2R E L,
F[PET 4 VE BICRAERSIT 5 Z &Ik - TR
SETRHO=T oy v VRS LT,

3. MRBIUOHBE

HHEREE D BB ORI D 1= 8 Ji\a) B IZ L 5T —
HADAT ) == T hiTo721% (BRERILY), =T
0 NVORELEZDESOHEED DI, =Ty
IR DA & RERDH A « =7 1 )k L O
KBS DPLEE % %5212 PMF f##T (EPA PMF ver

5.0) &3 Lz, RAEDAMITIARICTZA B .
BHE— R o702 IS 2R LTy, IR
FoTE 3 F—FDOoM R Lic, BAERDEITIZ
MWD HRFEIE, QEEZ b L2 6 KTz M LT,

6 SOKFIE. (1) (2) NOox « NOoy, (3) BC & 4E:HE
%5y WSOC, (4) FHHgw & Mgy, (5) DMS, A Y
FLr (K&). (6) DMS, A V7L (FEHAK).
smanu” 4)va (REWK) ., HHE L OBFRN RO
Too RIFEEIRES LI G | KRS ITOkE
W B O ORI L DIBY DB %% T -
HoO, QFFHEE TN E L7z, O
KENODOFLE, O3 O>OFELEZZITTNDHEE X
5D,

¥7-3/14 15:00~3/15 15:00 £ TKI 1 BEIch
720, BERND A M= NICERZ DO
IR A DIRIFE R 72 88N & R DR A X2 R 0SB
STz, A2 FHIET O 5 B O% T TR AT
TIX B MR Bk I < . kR E L 3/14
13:00~15:00 (2T TW o7 AME T L721% (~300
# em ). 16:00 LLFEIC 2B L= (~20000 fi cm”
%) 13:00~15:00 (Z7/>F T PMF i TIZ@ D E 50
FESNTEY ., F7= CON JEHALRIE DR T W
WM N T A —H (k :1.2) 2D bHBERE D DK
R[RADTHEPRE STz, — 7 THUNRL T DI
PRYEINE A IXIB AT EE 0. 2%, 0.6% TOWIRM <
FA—=HITMEL (k :0.05-0.1), RN VMER
TR 7 23FFE LTz, CON B, THMbEIE
LR LI E# Y — 2R LTz, RO KKT
T Y L DRI AR A ) 8 2 R
GO 506 ZHHTED, A MZBWTHEE
(LB % 2% < & eI 22 B INBL T INMFE LT 2 &
BoRIET B,

TS OFEFRIL, B B OB B DIE
Yel o 7o NABBERIZINZ T, BEOAWEIRY
BOMFERE DS OFEN, WERKZT 7Y LD
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We SICBWTAEMARERZIERIL S, RFEMHEERIC
b B %A KIF L 9 B (Martin and Fitzwater, 1988), & O
7o, SROMERF I BT HIEER Z R BT 5
ZEFHEERHBETHDL, KR=Tr YLD,
PEHEO S EMBETOSNEE L b —FH, A
27 IR REE 72 & CRAT D IREER ISR I, BEH
BIID 20 O DORMPEDR T2 D AR
5L 95 2 EHE 2SR &5 2 51T 5 (Jickells
etal., 2005; Sholkovitz et al., 2009), KR MFEE T /LI
Ko TENENDORKS DOFEHOHEENTHOIL TN D
—J7 C(lto etal., 2019), BLHIA> & EIRB] D F 5% HEE
T5Z LIXEEL <, FRIAMNERIC IS T 2 A BRI ER
DELGIIREHTH -T2,

CHETEELIT, ABREIRAEEIC XL RBE
T HRBERCIRER S . — 4% F2t FE D $% %2 1€ RN AR L
(8Fe) & Rt S EE(0.0%0) M D RRME L 0 b
FEFITIRWY 8Fe 2T ZEEZHONIZLTEL
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EHIF RN D, AR TIE, RIS IS
LT Y )V OERZERBARGHT NG, (D)EROER
BIOTFHEHEE 2TV, RRMEETT VI L DHEE &
DL ZAT 9 Z & )RBEEIRER DAFTEDNIET T
0 VORI EOREFET 500 E BT 5
ZEEHEHME LT,

2. HH-F&

HBL KH-13-7, 14-3 YAMUHE(PE AL EEER) 12 8
VW PTFE 7 4 V% — FICEE S N R 2 /oyl
Ta YRkt E W, =7 a Y LEEHIER R
KDy F 7 MK THH S 772 T pk
FENEIUS LT, FEREE T T A~ E BTG
(ICP-MS) % W CECM TR DR E ST 21T - 7=,
FTo, BRZERNARDITIXZ ER R ICP-MS %
Mz, &5ic, BRPESPEIR, KR TOKGEH
i3 27, X ARG IE (XAFS) L& V7 8k
LR HT HAT o T2,

3. RR-EFE
BTN OFE RN D, =T v Va2 GTe%E
KOOI E R Z T V7 K, FR - X
WPEH R, ALREEHSRIC KA Lz, /7 U7 Bk
DR CIRERIR L 2SR R RSROREL L Y bmdo

7o FEREOMEIL, HRIZZWT X 2 AN&RFEY
BOWEKEL 725 3T U7 ARIREIZONTH RS
N, W7 VT HEOREHTIE K « A& 5T o~
T VOB EZTRETH D Z Nyl

PR ERNRL L, T 27 kR OB O MU INRL
T (<2.5um) 23 —0.5%07> 5 —2.2% K T, HLkL
F(CE 0.1%) 125k L CIHFITIRWVEEZ R LTz, AB
B E T b D —BRLIR T DIRFE LI OIRMER I
BRI N D §5Fe MEVMEZ7RTZ &b
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L Z G- 50RHE, R - BURL T & b Ik o
PIE 0%l ZITVMEZ R T H DR E o T2 hd, — R
BECIFIMiER L v S K 0.7%0mE ) 8°Fe 2k L7z, &
OHME L L TEO=7 o VLot 5 FE
PR RI, @BRIEL IR ERCHL ) BE LLA L D LR D 8% D
WENEZBRD,

W7 U7 HEDEKIL A3 E T, 8°°Fe MK
WIE EmWIEIREREZ R THm A oIz, ZoZ &
X, BRBEEIRER O EF 5 R DI DRI BV T,
TDOFHENEROEIRERE AT HRERERTHD
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FX 8°Fe & ORFEMIL/ L MOERNEFET D
TENTRBEINT, XAFS B LD HEE SN EE
REALFRED 5 B BRI BV ferrihydrite
X, FEEk S B L CEORIE N E Ao T, TAUEK
KAE R OBMEME L OIS LD EEZ B, 8
RO FE LB 265,
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Light absorption properties of brown carbon aerosols at
Fukue Island based on filter observation and remote sensing
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1. Introduction

Brown carbon (BrC) aerosols are highly light absorbing
in the ultraviolet to visible spectrum. Global model works
indicated that BrC is accounting for ~25% to ~35% of
direct radiative forcing by carbonaceous aerosols at the
tropopause globally (Zhang et al., 2020). However, the
role of BrC in contribution to the radiative balance are still
largely uncertain. BrC aerosols are emitted mainly from
natural sources such as burnings of biomass and solid fuel.
Reaction of ammonia with secondary organic aerosols
from biogenic and anthropogenic precursors is another
category of BrC source. Recent studies indicated that BrC
could also be emitted from biogenic sources. To better
constrain the radiative transfer models for more accurate
prediction of future climate, it is of fundamental
importance to unravel the optical properties of BrC.

China is promoting shift of energy use from fossil fuel
to sustainable resources, to which BrC emissions are
predicted to increase in the coming years. BrC could also
be emitted from crop residue burning in China and forest
fires in Russia, the latter is predicted to occur more
frequently in 2100 (Veira et al., 2016). However,
observation about the light absorption properties of BrC
aerosols is very limited. Ground-based remote sensing
observation, such as those based on SKYNET network, is
a powerful platform to provide long-term optical
properties of carbonaceous aerosols including BrC. On the
other hand, filter-based observation could provide
accurate results which could be used to validate remote
sensing observation. In this study, we investigated the
light absorption properties of BrC based on filter-bsed
observation and ground remote sensing at Fukue Island.

2.  Methods
2.1 Filter-based observations

PM, s samples were collected to Teflon (PTFE) filters
automatically using the Continuous Particulate Monitor
with X-ray Fluorescence (PX375, Horiba Inc.) by
attaching a cyclone in the sampling inlet at Fukue Island.
Organic aerosols in the filters were extracted using
methanol followed by syringe-filtration to remove black
carbon (BC) and mineral particles. The light absorption
coefficient and Absorption Angstrom Exponent (AAE) of
BrC were quantified based on measurement of light
absorption spectra in the UV-visible light (300—-800 nm).

2.2 Ground remote sensing observations
The SKYNET observational data at Fukue Island were
used to derive the absorptive aerosol optical depth

(AAOD) based on the aerosol optical depth and single
scattering albedo. AAE of BrC based on remote sensing
observations will then be derived based on the light
absorption characteristic differences among BrC and BC.

3. Results and discussions

We found that AAOD of BrC agreed well with filter-
based estimation of light absorption coefficient (r=0.86, p
< 0.01), which co-varied with BC as well. Such results
indicated that BrC is mainly from fossil fuel combustion
and biomass burning in the source region. Filter-based
AAE showed a linear correlation (r= 0.96, p <0.001) with
those derived from SKYNET observation but 43% higher
values, suggesting that BrC based on the SKYNET
observations should be upward corrected. Further
investigations are needed toward the effects of aerosol
vertical profile, size distribution, and humidity conditions
on the correlations.

Comparison of extraction methods indicated that
methanol is more representative for filter-based study of
BrC light absorption than using water. Based on
atmospheric transport model Flexpart and VIIRS fire
hotspots, we identified high BrC event being related to
open burning in Northern China. The study adds
information to better understand the dynamics of light-
absorbing organic aerosols in East Asia.
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Figure 1. Comparison of AAE of BrC derived from
filter-based observation and ground remote sensing.
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T\ Y VR O E TR FRICE R B
U, il7e SIERKIBEYENE R 208 LT, e
ML FICRE R E L2 5 %2 % (Mahowald et al.,
2018), £72, ZOHF T, XA FHEKOEKTIF TR,
N&W IR BRI OB N EE 2 & E 2 H > T D =
ELHLMNER Y OOH D (Ttoetal., 2019),

ek, =7 Y R OMESRRIE. T VS
—ERI & FHRA LTIV ERT DN
SIEOLTHoTen, IEFEHEY T L2 A4 ATOFH%E
AIHE L T A RIS S BER S s CRGRERTRL PX-
375; Asano et al., 2017), & OO KKK ST & D
FREHRA L EE T T LR L L OE#EN b= T 0
VOV TR D & 5 7 2 BRI A 0 D,
AR TIE PX-375 % Rl WAL 2 38 Tl
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2. KK#HA

2018 FEHEFICEIF REITE RKBLRAT (b
32.75 &, H#% 128.68 fE) @ JAMSTEC =7 FIC
PX-375 #%i& L. PMysH v ROH A 7 1 (URG)
WZE D BUNEICERERY . EFET ARKE TRR
BL A F2hE U7z, A Bl DTSR 3R (S). $h
(Pb). 4 (Cu)., ¥~ > HF> (Mn)., £ (Fe). B/l 7 A
(Ca) L5, TOMORKKHRLE LT, [AIKREFHII S
N7 —{bkFE (CO, model 48TLE, Thermo Fisher
Scientific) V7 7 v 7 J1—7AR > (BC, MAAP model
5012, Thermo Fisher Scientific) & & #>¥ THEHT L 7=,

3. ETML

AL TIEBUINE 5y 72 77 v VRO F8 A L
PraeBIc, 7L EDhBa To7, LT
7 JV ¥ IMPACT (Integrated Massively Parallel
Atmospheric Chemical Transport Model, e.g., Ito et al.,
2019) T, Z/fFEHBEICL VIOV TIIZ A B
ELIR - PRBEECIR & 0B L CRIETE 5, HEHA
> FY & LT, CEDS & MEIC 2fIH L7z, £
L2014 FEIRFALES TN 2017 4RIRE AR A\ A EL IR HE &
ZRIZLTEY, TFO BC R EIZBWNWTIE- &V
ENRDBRIN TV D PEO AL IR & ORI O
R (Kanaya et al., 2020) ZfR7E L 72,

4. HEEREE

INETEL BN TWDEY  BC X CO & [FIEE
2, T RIR CTh DRI HONWT HFEE>HF
DOFEHZE N ER L, FHEOE(LIZHIS LT, ®T
CTOTURTa—RINDDORELSNVEIEZT
WABHZ EWbolz, Pb X Cu & W o725 iE BC
200 L BVWHBEZESZ L b0 . %ITENR
fifMT LA G DR T v b U MEF D L,
EEs bk 3040 %) oSN SN D56
WCERE L 70> T2, BKEEE R/ NRIZ LT
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PRIEEC IR Bk 2 BETEAFZE (Yoshida et al., 2018) Tix
ENTWD BC Lol EM L, 2kl Okl
O, Muh=7 v I VES OO FERSITE A IR
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LIRBEEIRSR OB R i L & 2 A, FRIC
CEDS (2014 FFE S OHEH EHEFH) LV & MEIC
(2017 FRESOPEH EHER) & T FHRE BRI SE
ELJRER 2 8/ N 2 CTh o 7, FEICEIT S
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7 B —DRBERIEER DS ENEE TH DH Z LB h
ot b NAERIEMEORFEAEITH HH
T T HIZBW T, A% blkin e ko N AR
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F L7,
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1. [XC®IC

A X HEk O bl IR EDSEITL TV D
IR THY | [IRITEERFEE OB LZE 2F0OHET
EHLTWE, 77 v h—ARr (BC) IE. KB

EWRIRT HMHERH Y, KAEMA LY, MEC
WK IZIEE L CRIG D KEFRE TP, JXKOF
fEARtET 5 2 & T, [UEEE A INES 5 ATREMEN
s Tns,

JEBRE 2 31T D BC OFAETFRRCRME~ DA 1
T 5121, BT X DA BC D22 258
HENRAIKRTHD, L., [{LFHEwEET L2
FEMEE T LTI O BC R DA E) 4 FREL
THZELIFELL, EFAMDIEL DX REWNWT
I TWS, T MIZE D BC OFENK
PR L LCIE, £ BC PR EOHEEHCITRX
TRARREEVEDN BV, FRlZAbMI o BC 2k LTI,
WHDA X N UIZEEINTOZRWIAETRD S O
EAELRT LN TWD, £, BT VOARMEEMED
IR, mzmﬁm@ﬁ%#%ﬁmﬁﬁ%A®ﬁ
B, MR EIEBEN ISR STV N
ZEDERITWS

AW T, 2ERILS#EEE T /L GEOS-Chem %
AW, EEDNLEFRA X2 YO BC HiHE
EAEE LTH 2 -RHE 21TV, dCkiE o BC B
FE D B %~ 7~ . GEOS-Chem D EFEIZIZZ 7 K
L—H—3EE2 WD Z LT BEHA XU N Y O
M X B AL BC ~D 8288 2 48 AL TR HUR B2 431 €
AR L 72,

2. ETIFHE

AKHWFZE THE A L 7= GEOS-Chem v9-02 1%
NASA/GMAO 72329 % 5545 GEOS-5 THEE) -5
BERKGACFEETT LV TH Y | fREEIT 2°x2.5°,
$0NE 47 JE TEE L7-, GEOS-Chem DEFHEICIL, #
7 L—H%—iE (Ikeda et al., 2017) & VN, FEAIR

DOFEHNIANBEIL & A A~ ZARBEZ KR LTV D,

NG REIR O AP L 16 SEEIC B L ] T 27
WIT 4 sl (AR, sifErs, b M E) .
woX, By 7 AEKFEOHEE AR E LT,

AWFFE TRV NARRIRO 2ERPEH A X R Y
% . HTAPv2, MACCity, ECLIPSEv5a, CEDS,
EDGARvV432 CTh 2, Fiz, TV THEERNRLE L
72 REASV2.1 s T axG e LizAf v kY
(Huang et al., 2015) Z&EkA > X kU (HTAPv2)
EMABRDTER BT -T2, A A~ AREEERIFR O

A~ VU IZIEX GEFDv3.l Z#EH LT~ EFLE
B X 2009-2011 FE D 3 B ZRERITIT > T-,

3. HRLET

JcHE[E > Barrow, Alert, Ny-Alesund, Tiksi (Z31F %
BC O#h FBIHNME & &7 1 L D HERE 2 il L
7o TNHDOHA T, BCIREN EH L, A&
JHBC OFENVRE L DA FE~FRIIBNT,
HA R R TICEBENRKEL 2572, Barrow (7
ZAJ) TiX, TTAO 1 AFEEMEIX 33-110 ng/m?
ThY, RKELRMETH 3 EOREENRLLN
7= (20072011 £ OBRMEIE 54 ng/m®) . B b
UM AR L7Z D13 CEDS % W= 35 T, éwvt
ECLIPSEvSa s m < . I/MNE & 70 o 72D
EDGARv4.3.2 Tdh -7, %éﬁﬂﬂ%@bv%#%
ERDHE, ABIERORERELZ R LTZOIX, Y
TiEPRD BC TH Y . 1 HFHfEIL 5-50 ng/m® & 5
KA (CEDS) & #x/IME (EDGARv4.3.2) (2 10 fD
ZEN R B, Barrow [ZBW T, T T EERD BC
X, FF G A) lce—2 &L, T A0 HEHE
I% 14-32 ng/m*® & XM (ECLIPSEvSa) & fic/)ME
(EDGARV4.3.2) IR 2 (0N BTz, HT ¥
TR BC OEEZET, FiCHEIEE O BC &
DA X NYRBOENRKMINTZHDOEEZ B
5,

AempE Atk (AbkE 66°-90°) Tt L 7= BC DK
BIRE DFRE AT OW T, 6 FFOHEH A
NI LD ET AR O R A i Uiz, HiZmEmm
OEE 8 km F TxRE 2K TA xR Y OFEN
IZ & o T, 20-50ng/m® DEN LT, HiFEE TO
BC B IL. R & f/MEIZ 47 ng/m® DENDH -
7oo B THJED BC 121X 35 ng/m® DENRH VD | Hi
Fmi D BC REZADOERIFIN & 2o Tz, <tk
HEDOEE 5 km TlE, A X MU OEWNIL-
T20ng/m’® DERH -7, ZON 10ng/m? i, W7
UTEFED BC DEIZLDZ LD TH T2, A X
Y DEWIZ LD BC R EZEITALMRE N O &I X
ST, WETRAERMMMN R ->TEY, ik
FEAPRHIRIC L 2 BIEEE OE Y (22 7R BC
IR AT Tk S AL, T YT IR BC kil
g S ALRE AT 5) BRBES TV D,

5| F3CHR
Ikeda, K. et al. (2017), Atmos. Chem. Phys.,
https://doi.org/10.5194/acp-17-10515-2017.
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LA RGED, 2 BARABBHEMFEFT, 3 M5 K5, 4 BB

1. [XC&®IC
KREIE R E DFAE - Bk - (LS - LED—

O &2 BUEAIC KRB L, KRIGRDE DIRED
H#ﬁﬁ%ﬁ1h%&§+§%‘T B (LS E T UL, BUNRL T
KE (PMas) FOBNREMATICAHZRFILETH S.
L2~L, —ﬁx IZET VL PMys 2 28/ NG9
DAEIAINZ S D (Yamaji, 2020). P23E D PMys D FH
D% f%ém%ﬁ(KWdtﬂbfm,—ﬁ%Kﬁ
M%%%%TWiE%ﬁﬁﬁ&%%ﬂjOﬂéﬁ,W

ZAXAZ IR/ NG 3 B E 712 & 5 (Itahashi et al.,
2019) . AAFZECIL, T VHBRMEOREBIZ B L,
IV —X—HEEADOKIGA N = AL EEANTH I L
RO FERICONWTHRET 5.

2. Fi&

KEBRBEAE TN A —T Y —A L LTABLT
VY% Community Multiscale Air Quality (CMAQ) version
52.1 W= (EPA,2018). ET L~DASJT —4
ThHPHET -2 BLORRT —Z1%, bBREOD
EFVHMAE 7 1Y =27  (Japan’s STudy for
REference Air quality Modeling; J-STREAM) |Z X AL
7 —# ZF|H L7z (Chatanietal., 2018).

FT L TIE SOZ DAERIBFRIZ DUV T, KRG T
OH 7 v & Ofgfbz, WEHEISIE H0, 213 T
5 FEOMIERZBE L TWD. AFETIE, %
FTLUTFD 9 DOIERUIZHONT, 7 U —F—fifi R
ZERFREREOIC L.

O3 + ethene — ... + 0.370xSCI1

O3 + propene — ... + 0.185xSCI1 + 0.075xSCI2

Os + 1,3-butadiene — ... + 0.185xSCI1

O3+ OLEIl — ... +0.185%SCI1 + 0.159xSCI3

O3 +OLE2 — ... + 0.024%SCI1 + 0.065xSCI2

+0.235xSCI3

O; + isoprene — ... + 0.204xSCI1

O3 + lumped isoprene products — ... + 0.100xSCI1
+0.372xSCI3
+0.172xSCI1 + 0.068*xSCI3

O3 + sesquiterpene — ... + 0.172xSCI1 + 0.068xSCI3
Z Z T SCI1, SCI2, SCI3 F/IEIZ CH,00, CH3;CHOO,
(CH3)2COO0 TH Y, BUSHFOUEIT CMAQ THI]
JAIfEZ: SAPRC-07 KAHSUGA D g, Felk, 70
A UIRONEEZZNENFIH L7z, OLEl & OLE2
(T OH & DIUSHE THH LT VI v fid. %
D LT, SOFAEMUARDIRD 4 Nz FH T ITEA LT,

SCI1 + H,O —

O3 + terpene — ...

SCI1 + SO, — formaldehyde + H>SO4 R
SCI2 + SO, — acetaldehyde + H.SO4 (R2)
SCI3 + SO, — lumped aldehydes + H,SO4  (R3)

, Hidl — 0, Re R
Wt 52 BT

ZZThk=39X10" (Welzetal., 2012) , ky=4.55X%
10" (Taatjesetal.,2013) ,k3=1.3X 10" (Huangetal.,
2015) T 5. SC2 DEMEKITEBE L TV RNz,
ko W ZEMERBI O E O & L=, SCI1 & H0 d
T TH2139.0 X107 (Stone et al., 2014) Z FHV 7.

3. HEREE=

X 1 ITIZAFTHEO SOFPRE L, 7 U —F —Hfi
WEEANLZZ LICLDREOREMEZ T, W#E
NEHEARIZHT T 5~10%IF CEENREML, 5
NVEBVEDNR ET 5 2 LR T E L.
ARFTIE, LT L > TA—F —TRRDLHEE
ERNRE S TWD SCI & H0 OFEER~D
RENESC, thoZEdEiz T 5 BEMEICOWT, XD
PRI R AT O TETH D.

n
o
[guwy6ri] uonesusouod rOS

[%] esen-aseg wouy abueyo aAnejey

1 (1) CMAQ OAZEH) SO&RE, (F) 27V
—XF—hREOEAIZ L 2 SOMRE DHENR

SEXH

EPA (2018) https://doi.org/10.5281/zenodo.1212601
Chatani, S. et al. (2018) Atmosphere, 9, 19.

Huang et al. (2015) PNAS, 112, 10857-10862.
Itahashi, S. et al. (2019) Atmosphere, 10, 544.

Stone et al. (2014) PCCP, 16, 1139.

Taatjes et al. (2013) Science, 340, 177-180.

Welz et al. (2012) Science, 335, 204-207.

Yamaji, K. et al. (2020) Atmosphere, 11, 222.
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IMPACT ET VCTORKRF A =T v VEFHE
*GEEE L !, Adeyemi A. Adebiyi %2, Yue Huang?, and Jasper F. Kok?
VEFEMETCBA ARG, 2 D ) 7+ L =T K%

1. [FL&®IZ

HERIR AL KT SR O A 2 B 0 PR 72 [ /3 U B |
TIE, PEEFXEEMUATPORRIZEZY 9 2 5IE LA
Z 2 BERTICIR D &) BEEZ BT Tnb, L
L. HiEKiRE(L 2 T3 2 B o Kt 7 L Tk,
BRI =7 1 v W2 K2 R bc =2 8l
TR, ZO72D, mEOKIRHFHER =T
Y LD HE R A L OFRER L REES 02 X
ST, R, 2 EE LRISZENPBAFERLR S TTH
Shd, TO—RELT, =Ty i2kd
RO RN ZE T b Db, =T L
I, BB X OREONEZRIN - #ELT 5 Z L2 X
0. BEEEICKES LR B2 D, £ 2T, i
TLICEBNEN DI T v s K D IERIY -
ELRFE OB ER ORI, BRER=T 1
KO R OB R AZM S LB 2 bIvD, AW
ZETIX, RRALF LT T VIR EETT 2 — L
BEALT, bhx Rl EEREIT- T2,

2. F&

KEfbFEes v e LTk, [IMPACT) %AW
7o ZOFEMEET VO THIKERIZ., BiEET VIEEA
g7 m Y e/ ML CRAF O T vy VBl
R LZHWT, ZRETIHHENTE TS (Ito
et al., Sci. Adv., 2019) ,

BIZHME LTeA 7 T4 v OHREE T L (Tto et
al., Sci. Rep.,2018) 1%, ¥ A h=7 Yy /M L5 EH
DS FICBE LT, RIS iz FiEx H
WTWD Z R, BRI TV, RBFE T,
WHHrEET 2 —/ & LT, [RRTMG] (laconoetal.,
J. Geophys. Res., 2008) % IMPACT €7 /WIZE A L7,
ZOBMEET 2 — /WL, BRx RREET L REL
FHEETT LV THON LN TN D,

FEIZHE L72F9E (Adebiyi et al., Atmos. Chem.
Phys., 2020) (2% ¥, IMPACT €7 /L%, /K1 %
WERFEAM L HLAOR 728/ Nl -5 2 & A3 FE &
iz, 2T, BoOHFEZ X0 < EBEICANE
DustCOMM | 7 —# -t > k (Adebiyi & Kok, Sci.
Adv.,2020) ZHWT (K1), KR BB 2858
TT B VIR R R B X 53T A —H —|C
B3 2R R 21T o 7o,

3. HRLEER

BRI, YANTHENSREAE LM T oy
W & BRI, BN S W HEE & By —
BER LT, HIWTERICEHER LT 217 - 725
B, BT — XX DHIGMT 2RI 255
HARZ A T vl X BRI R 2 BRI X

LHFOFME OB TRFER & i L TRESHEHL
7o RIS, L0 IRVIEBRILZIRIT, L0 WD
EWEEE A WD Z LIk o ThEH SN,
FNHIZHART, KR L MEEREDO X A =
T VI N B~ DR TN E o T,

A LNTRERN S HERBIC VT, S5
T 1Y K DR DR LR R NME & | %
IR XD REWADRIL, FTHHEINsZ &R
R E NIz, 2T, KRR & BT
REHF CoFEMMNEL, REOZEMBHNRRD,
FOH, BEFRIC, KFFBEREAPMTIZEWT,
KBLFMNE Y mVIER (b2 b6 L, [fE7 4+ —F
Ny JIZEBERITTZENTREND, /o T,
HMRF A =T vy BT dEIR, 4%, HiEk
VAT AETNVOBRBIINE LD,

HIER IR
WL

0.01 0.04 0.8 0.2
Dust load (g m?)

1 DustCOMM (Z £ DRiFBID # A N A DK
A% Tk, DustCOMM % FV T, IMPACT €5
JVTO, UKL OEKFHE, 3 L, K70
it /NG 2 A E L 72,
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RADOEMFHIREME L OKBZE L OB EME

[T, R 2

S ER A 2 AR R,

1. [[FLC®»IC
EWICREBEEIN DM X A S BKREKFIZE T DK
fuf% (INP:Ice Nucleating Particle) & L CH B 7l &
%%O:&ﬁ%¥ﬁﬁui%%ﬂ%%%éh1%k
. EOWERR < ALERIRRE EOKREZRE & OB
ho“fiﬁ%<ﬂ BENLEFEE o7, THE,
A2 BRI O INP IEVEDS TR DAL, S 2 B
WZHOTNIEEND I Y A DFENZE D INP G
HERESDITHIEELRBERTHD Z EREHIN
(Atkinson et al., 2013) . LAKE, 7280 U RA (FFIZ
Microcline) 28 F7UE EE v INP IEMHE 2 FF2 DD
W, B, R, ST e BRI DRk
TRMFFE N T O TN D, RIS TIE, EAORmE
EIZHEE L. i i b Cilbm HKRE DS EAE T D8k
TEBETHZ LT, BB, YBRRREE
EHREIRE & OXIGE ET Lz,

2. ZERFE

AP TIEA Y A 7 Vv—T1ZJET 5 Microcline,
Sanidine & BHEA 7V —71ZJ@T D Albite DFF 3 il
DOFRELE W, RiiotE & oREMEIcFEET 57
O, FEREE 025um £ TTOMERE AET—L T
FTA U E—F AW THRMIFE 2TV, SRR %
ER L7,

EERTIX, EooERhREzAEe rFOa—L

K 27— (THMSG600, Linkam Scientific Instruments,

UK) EIZB L, R BSEBEE T cmA, M ki
K ZAVERL L CHlAE T DL 2 Bleid 5 2 & TRl
g & O BSEEM: 23X 7= (Iwata and Matsuki, 2018),
T E AT 5225 (0.5 L/4) DFEM%Z-6°C~-3C
DOFFIC, 23—V RAT— LDV v FIVIRE % -
2M>m%®ﬁﬁﬁﬁ%h%h%%#é:km;m
EE%H‘L \_7J<?r§§’§$"*7k EEI}BE‘Z‘?‘ DERT %%ﬁ

Too Fio, BABLEET-RITBEMEL (AFM)TH ﬁb
R OYBERE 2B LI-, EPMA Z W THER
BHZ & ENDLHEOEN « EROWTEIT- T2,

3. MR -EE

B =MORAHER 280 SR, BisiR
JE X Microcline, Albite. Sanidine DEIZ BV ME A 23
HBIL, ZAUTTEROHRREZ Wi v 7 To
INP IEHFHEDORE R EEENTH -T2, T2, B
K R IEM: 2 7k U 7= Microcline 3% i & )51 -] 77 BE#%
81 (AFM) % HWWCBIZE L7223, wifs T & R o
Yy PR RO B E M (IR T E o e, — T

DrRERE Y 3, K BEadT 4, *IR K& S
&R K F B ARB 05 F Zﬁmm&%jv%ﬁlﬁﬁﬁ 3i§%ﬁ%ﬁﬂl%ﬁ 4 &
SR KFEBRAARBHRREMN T ¥ —

ER/NUN

BLRZEVZ & 12, Microcline (Z—#3& £ 5 Na (2
BT ERNL CHEESENTOK SR ST AR S 2 B D3 el
- (K1), ZoZ Ehvs . Microcline 7)@%’3 INP
EMHEIZ, TORBHEEDL Y UL

Microcline REZ D H DO TiE72<, LA Mlcrochne
R ﬁ%ﬂé/q—ﬂw’ MEfET O (FRU D
LCBLEDRERICOEEL TWD) bR
Alblte M_L CHERT B ATREME R S v,

SE XM

Atkinson et al., The importance of feldspar for ice
nucleation by mineral dust in mixed-phase clouds,
Nature, 498, 355-358 (2013)

Iwata and Matsuki, Characterization of individual ice
residual particles by the single droplet freezing method:
a case study in the Asian dust outflow region, Atmos.
Chem. Phys., 18, 1785-1804 (2018)

1 Microcline i 308 00 Y S B MBS i 1%
(). ﬁi@HMAViéﬁi(m)?/Eyf

(‘F) Na \—EEI@’JB Of7kﬁa®ﬁ/m%ﬁﬁuuo
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2018-2020 FIZEHIR A A VY ~—’Cﬁ{ﬁu LEEEREEREIC
B@ﬂ“éﬁ
*REIL G E LAB K LM E LVEREFLHEKE BB FEIRE CEREE S
1$ﬁﬁﬂk$,f%k%ﬁimmk%4%”ﬂ%&mﬁﬁﬁﬁﬁ

1. [XC&®IC

T a Y VKA RDEREIZ LD *«#F
(CCN) & LT Z L TEDORFERESLEMICE
BrhH2 5, i T a Y Vki2 CON 12721
D BIINE D INTE O KK ORI, KL D H g
Rift, BLXOWRMEIZ L > TikED, TNHNDHE
HEN DB EN NS WEEZT vy ik
CCN (272 0 07\, ZAVE TOMFSE Tl 2
AR e & RN T TE 723, #HE T
@D CCN OEHIBRENT D72\, WRADA YV —
(35 710°N, 139.810°E) > 458m M2 & 2 &1 M5

VERRETLIEETESEL S, R EEHT
%5%%#&6 F7-. HHIXRAENEET HT-
DI RROEELZZ T 5 —F, KEIFIKRENLE
T 520, BB SN BRBLOREE 2T 5
AREMEN B D, T TCAMIE TIIHR A A Y Y —
T CCN OEM# BT, BERAEAND LIX
Bl N E2 &< BBRT =GB OENIZL D
CCN #HEDE N EZ TN B,

2. BAFE

2018 410 A 11 H2>5 2020 £ 9 A 25 HO/],
AT A YV —458m CTiERBII AT > T IEB K 7
A ¥ — %l LA 30%2L TR S E 78R %
AR B ORI E S (Scanning Mobility Particle
Sizer : SMPS). ZEE:#E#%FT (Cloud Condensation
Nuclei Counter : CCNC) {238 L C, RiFRBIEIEE Neo
L 45D ZEfIFE (SS; 0.1, 0.2, 0.5, 0.8%) T
TP CCN BRI Neen ZHE LTz, ZHHOBIT
— X nh . CONIEMEI(AR), BR R HLERIRR (D). %
B RT A =2 (k) fFiz, klZ=T a0 fbs
FRRDOIRIE L 70D, Fo, BEREEEIZY —r A —
Z—nbH#EE LTz,

3. #R-E®

BRI BIEE Nen Neenw AR, k O HZEAL & BT RE
FEOE(bEEE Lz, K 11X201941 H 16 HD
BHELTHD, Z OB IEEERIKOMRE 74T 0
KERLE T 0 FAKIZR Do T2, BERE & )Y 458m
BB Z T2 9 FE~11 RO &2 7LD SR E i E D
ERELHICH ED NOLIREE, SO IR, PM2.5 IR
B ARsso s MK 725720 — . Nens Kssonoes H%2E
%E— K (~30nm) KiFHEIRE, =f hr o E— R
(30~100nm) ki A 13 E < 72 > 72, £ 72, ARsso.1%
THEVEN Lo T, BT — NOR 1231
ZTCWAHZ L, mode 2 20-30nm £ TR TV

5 EDB. SS0.8% (D=40-60nm) T > TH CCN
ELTEMEIL L2 o7c, —F . SS0.1%TliE De 23
100-150 nm F2/E TH D720, /NS WK DD
B T T AEEER B Lo TcbB 2N B,
16 BEEED BT HNT T ARsso.1% & K sso 13 mm < 7o
TW3a, ZiUIEERETE— RO A MroEe—
ROK.F23Y . mode BRKRKEL oz & T
SS0.1% T HiEMAL T DR F 238 2 TR K-
EEZOND, MOZFEHIOHEIZHOWT ST 2
HED, T HTETHD,

BEE [m)
BN ow
S 9 o
8 8 8

458m

30 FARRN —e—320m
e, ’
w0 |/ N e -=-GND

——320m
.} -=-GND

-

—e—320m

[ug/m?]
588380

----GND

o

:g ‘ ) BREE
) PM2ERE (o) [Ppb] NOXEE [ppb]
y

o
=1
=1
=]

—+—Ncn

" S
% 1000

5 ===-0.10%

] —+—0.80%

=4-0.10%

—=—0.80%

—4--0.10%

=m0 80%

- HENE—F —e—TA LTV E—F —a—EHEE-F  -e--modef®

0:00 6:00 12:00 18:00 0:00
X1 2019/1/16 ® BZAb (L SEEREEE, NOJEE, SO, i
B, New & Neoow AR, k. D, E— REORTEREE & mode £)

SE X

[1] Juranyi et al., Atmospheric Chemistry and Physics., 10,
7891-7906 (2010)

[2] ¥EDRK, FORER R TR FRE 55 (2014)
[3] Rose et al., Atmospheric Chemistry and Physics., 10,
3365-3383 (2010)

[4] PRI, HORBRRLR A 3E5m 5T (2020)
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REBTBAINERK T e VO EREREE T
RN Y AARETS Y, MTE 22, SHmE?
1A B RFAER I, 2 I8 B KRS KRFEBER A & o B =0 58 B
3R HEA KR E

1. [XC®IC
KEFOZT o VR FITREIC R A2 52 HiE
PR L B R 2 Ko, M RITER R
T Y VR EESERE (Cloud Condensation Nuclei;
CCN) & LT 2 & TEDOER/RMESFHFm 2 21
S HIER D BN S R KA (B 1 72 5T,
H SRR Tld CON MTELE L2 I U EITTERR S 9,
JE [ 0D 7K 75 A B D B Sohr - D B R S . R A
REWFEZ T 1Y LT CON 12720 030, ik
SR N5 2 5 EBFEEDRO RE S U IZITFRENK
=< BIEABRMRE MRV, T T a LN
2 B WA A RS Z ERRRTH D L E X
LD, T TARHZETIZENORRIMNI I T 5 ZE
ZL® CCN #EDifEZ B, KRRz 7r Vv
BRI ZIT -T2,
2. BAIES XU

202044 H 18 H~5 H2 H. 6 4 18 H~6 H 25
HEB L8 H1 H~8 A 15 HIZ, IRBRKFHIEE S
¥ U N ARE RO (M 8 B B EIC TR
[T NVBEIToT-, SEBRT A Y Z@ LT
FRXHIEFE 30% 0L T H2: & 7= AR & e R 15
% (CPC3007, TSI) etk I M OVE RS %
FH %% (CCN-100,DMT) (ZE AL, KAF D=7
VOVEIRE (Nen) LaBBaFIE 0.1, 0.2, 0.5%I2350F
% CCN i FE (Neon) 2 JIE LT, £ 72 LK (PM>25)
BLOWUN (PMas) i+ O FFA A flidy & KEE
YA OE BIRE 25720, fAFiliiE~ v
Z iz 24 BRI T 7 v Y VR OREEIT -
7o Floxm7 ~ AfEERREE 2 NOAA HYSPLIT €5
JVCHE SR TR E D TET L, =7~
A % 38 LTe o Non & B AAFIEE D Neen 25 CCN T
PEEE (Neen/New) 2 HLH UL ARSERERR & £ 057 RRER &
LI HENT L=,

3. HMRLEE

LITBAFIEE & Neon, X 2 IZ1E BTN & Neon/Now
DR ERT, 4, 6. 8 ADBWEIFIE 0.2%I281F 5
Neen O -HE = FEHE(F 713, 1267 =765, 1000568,
6431391 cm™ T > 72, Non DO FHIME R AER 1
4, 6. 8 AIZHBUT 56124192, 3789+1950, 4769
£2714em> Th o7z, REEROZT v ANETH
o7 4 X, Nen D3XEW—F T, CCN iEMEE MK D
ST b B MEIME RN S WKL TN %
Mol bEZ N5, 6 AL CONEMHEEREL., B
AENOEELZ T -2 T~ ADHFEENREI N L
ME, m—H VAR B PR S RO K&
WRIFDEIGNRE o7t EZ2 NS, B, 6 A

ORI F I 3HERR AT DY B ARZN S ORI L
BB S e o T2, 8 HIXRFEREO =T
CANETH Tz, — I, KREERIRIZ YR
TR D Neen 1 HEW =9, 8 A 1T 4172 Neen D3 4,
6 AT~/ NS WD L EEAETH D,

B 1ICHT 7 TOWEE (Schmale et al., 2018)
LLTHER L Y ONLDT — X 28 CTRT, Neen i
VoL, BB, HIBEDIET/NHhELShote, Y UL
X7 7 KR FEERO REIGY DT Neen 3%
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Direct measurement of aerosol acidity using pH test paper
*Qinping Song?, Kazuo Osada®
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1. Introduction

Liquid phase acidity of aerosol particles is an important
parameter in atmospheric chemistry, often it is converted
and expressed as pH. It can affect the gas/particle phase
partitioning and the formation of secondary organic
aerosol. Generally, aerosol acidity is estimated by
chemical thermodynamic models such as the E-AIM etc.
Because estimated results from the models are sensitive to
input data including water soluble gases such as NHj etc.,
large uncertainties are often expected. To understand
aerosol acidity clearer and apply the model better,
development of a direct measurement method is needed.
However, because of the low water content and high ionic
strength of the liquid phase in aerosol particles, the direct
measurement is difficult. Currently, several measurement
methods exist using the colorimetry/spectrometry or
micro-Raman spectroscopy, however, they are complex
and laborious to apply various real atmospheric samples.
The purpose of this study is to develop a measurement
method of aerosol acidity by using a pH test paper.

2. Experiment and Method

Many pH test papers are available from some
manufactures. We tested six pH test papers from 4
manufactures by applying 3 steps as the following.

Firstly, we prepared five kinds of salt solutions
(ammonium salt mixture with sulfate, nitrate, and
chloride) in different concentrations to check color
response of the pH paper under moderately high ionic
strength. The pH of these salt solutions was also measured
by a pH meter (Horiba, LAQUA Twin pH-11B), and the
results of pH test papers were compared to it.

Secondly, we tested the color response of the pH test
papers under the realistically high ionic strength of the salt
solutions. The salt solutions of high ionic strength were
prepared by using the nature of hygroscopicity at high
relative humidity (RH). We utilized saturated solution of
KNO; with water, keeping the equilibrium RH at 92% in
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10 12 3 4 5 6 7
pH values measured by pH meter
Fig.1 Comparison of the pH of salt solutions measured
by pH test papers and the pH meter.

a closed experimental box. A small amount of the same
regents used above was placed in 92% RH condition, then,
droplet formed by moisture absorption was a subject to
examine the pH paper under high ionic strength.

Finally, we analyzed the relationship between pH and
temperature as to show slight change of pH under high
ionic strength in the droplets. The dissociation constants
of H,O and NHy4* are temperature-dependent. Therefore,
color change of the pH paper was monitored for 6 stages
of chamber temperature.

Digital images of the resulting color of pH test papers
were used for estimating pH by comparing the hue values
of the samples with pH color-scale from the manufactures.

3. Results and Discussion

Fig. 1 presents the comparison of salt solution pH
measured by the pH meter and six pH test papers. Among
the six pH test papers, the results of the No.3 pH test paper
were the most consistent with the pH meter results (Fig. 1,
red diamonds). Thus, further steps were only tested for the
No. 3 pH test paper. The results of the second step showed
that the No. 3 pH test paper can change its color according
to the droplet acidity (not shown). In the 3rd step, changes
in color with temperature were observed for the No. 3 pH
test paper (Fig. 2).

To apply the No. 3 pH test paper for measuring the
acidity of real atmospheric samples, we investigated the
amount of aerosol particles to form a detectable size of a
droplet developed under 92% RH. The atmospheric
aerosol particles in various air volumes were collected
using an inertial impactor with 19 nozzles of 2.0 um cutoff
diameter. Major ions of some spots collected on a sheet
were analyzed by ion chromatography. According to try
and error experiments on the droplet growth under 92%
RH and ionic constituents of the particles, more than 6.0
pg of the total major ions per spot was need to form a
sufficient droplet size for the No. 3 pH test paper to
measure acidity.
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4

pH values using No.3 pH test paper
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5 15 25 35
Temperature, "C

Fig.2 The relationship between temperature and droplet
acidity measured using the No.3 pH test paper.
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1. Introduction

Air quality on our planet has been changing since the
industrial revolution (1750s) because of anthropogenic
emissions. The COVID-19 pandemic has drastically
changed our lifestyle around the world, and
unprecedented NO> column decrease was observed over
widespread area in January — April 2020 using the satellite
remote sensing [Bauwens et al., 2020]. A global standard
to quantify the level of air cleanliness is swiftly required.
The most commonly used index is the Air Quality Index
(AQI) in US, but it was reported that AQI underestimated
the severity of the health risks associated with exposure to
multipollutant air pollution [Hu et al., 2015].

2. Clean alr Index (CII)

We defined a novel concept, namely "Clean alr Index,
CII" in order to establish the global standard for
quantifying air cleanliness [Sato et al., GC, 2020]. The
purpose of CII is to comprehensively evaluate air
cleanliness by normalizing the amounts of common air
pollutants with numerical environmental criteria.

N

Cll=1- lz M

© 0 NZais[i]
Here, x[i] is the amount of ith air pollutant, s[i] is the
numerical criteria for the normalization of x[/], and N is
the number of air pollutants considered in the CII. A CII
value of 1 indicates completely clean air (no air pollutants),
and 0 indicates the presence of air pollutants up to
numerical criteria for the normalization. The air pollutants
used in the CII were taken from the WHO Air Quality
Guidelines, namely Os, particulate matters, NO, and SO».

3. Model simulation

In this study, we chose Japan as a study area to evaluate
CII because of the following reasons: i) accurate
validation data provided by the Atmospheric
Environmental Regional Observation System (AEROS),
i) obvious numerical criteria given by the Ministry of the
Environment. The amount of each air pollutant was
calculated using the Weather Research and Forecasting
(WRF) and Community Multiscale Air Quality (CMAQ)
models for 1 April 2014 to 31 March 2017. The CII values
calculated by the WRF-CMAQ model showed good
agreement with those by the AEROS measurements with
a correlation coefficient of 0.66. Using AQI, the
correlation coefficient between WRF-CMAQ and AEROS
was 0.57, smaller than that of CII. The CII averages air
pollutant amounts normalized by the numerical criteria,
while the AQI employs only the highest effective air
pollutant and the others are ignored.

4.  Visualization of air cleanliness

The WRF-CMAQ model showed that the extremely
clean air, CII ~ 0.90, occurred in southern remote islands
and around west of the Pacific coast during summer with
transport of clean air from the ocean. The CII values
averaged for the study period was 0.67, 0.52 and 0.24 in
Tokyo, Seoul and Beijing, respectively, thus, the amounts
of air pollutants in Tokyo was 1.5 and 2.3 times less than
those in Seoul and Beijing, respectively (Fig. 1). In this
presentation, we also evaluate the air cleanliness around
the world using CII based on the ground-based
measurements.
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Fig. 1: Histogram of average CII over the study period
(FY2014-2016) for each municipality in Japan. The
dashed lines represent the average CII of Beijing, Seoul,
and Tokyo (23 wards). [Fig. 6 in Sato et al., 2020]

5. Conclusion and perspective

We defined a novel concept of indexing to quantify air
cleanliness, namely CII. The CII can be used in various
scenarios, such as encouraging sightseeing, migration,
and city planning. The CII is a simple and fair index that
can be applied to all nations.
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&7 /L (Chemical Transport Model, CTM)IZ £ % &
L2 b= a IENRTFETH DL, EOR
BITHEH A o R MU ICKRELEAEND, T
IO, FFIZNH; OFEHET — X 2R S
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Seasonal mean NH; distribution :: MAM
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SO THHMN, —EDEIETCO & S, COS
ES HERT AR BFEIKICAL D
(Singleton et al., 1988), HRHIATH D CS TS
SICEFE R &L G LT OCS 72 &Rk
%o

o CSyiE. 280-350 nm FRE DR DERIRIC K
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Figure 1: CS2 network
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T4 —REFT AV Ialb—a VITEBELAER L
724N A-TFTA AR LD HMEEHETH D,
4336737 A — & X High Resolution Transmission
(HITRAN)7 —Z X— 2 LV EfH L TW5D. KEK
KRTEERDTH D CO, DEHWUHE LR S, £
@ CIA(Collisional Induced Absorption)iZ HITRAN 7
—HR—ZALVEHL TS, 5.5 58 GHz OH[H
JERH(F) TIEBR N L 5T CIA O I 23
RoND0, A7 MIEDBEO ELER 5y DOBR
ER O ERFDOIEAER Y FVRE & L C O H %
ML TV 5.

P-20

TINNVIBU VT AT LD
KB KRB R EE R
S, T
S 12 B 78 K A

B 2 1385 FHE, aE T a7 7 A VOB kT
LBPART MABEORKELZR LI-bO(Pay
TNTH D, BENTFITHENSEE 60 km (30T,
KA FILEEE 30 km (I E TREENRSH S Z L300
L. ZOYavr T v E AT, £ FEBEEMRAT S ATRE
LD (X 3), BHIRRESL T A U — RET LD/
A—HEE, BT 0T 7 A )VOEFERSAMICE
0, XA RHEEE R O TR 21T 5 .

AFEFE TIE EFRMRAT O FEM M O, KRR ZHLRR D
HZEAL « ZEEAN D, KT AT LI CTRUHIFRER
ROBENEERL, HIFSNDHBZNA )7 MIC
DOWTCHET 5.
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SO FTIR CBAEIENT-F Y UV EEST DR

*FTHE !, bE ®E

—H- 372/ 2’1

, AR

B2om H&ED?

PR R R R B BR B R ST SRR, 2 [ L BR BE A 2 P

WAL K L E S BREMNSEHT TIE, o< X To
NDACC #HIFRANC IS < FTIR Bl % 1998 4F D
ToTWb, SHHAETLH4 Y 2O TR
NDACC/IRWG TIE 10 u m H TOENHTR I T
VW55, Bruker IFS 120 HR 12 X 281 21T - T /=
L XIZIL TCCON & DFRIAVT 10 um Hr 2 B3
% MCT Mg z2 A L TR =8 s H 0 |
Z Z i Bruker IFS 125 HR |12 & 5 MCT #i &% H
W 2 BB L7 2014 SEDIMEZ SR LT 5, 72
. 2006 ££LLATIZ & Bruker IFS 120 M (2 X % MCT
MiHgs 2 AW 3NZIT > TV A A, YFTEED
HHRFHFE N AT TH Y . @SESAMA OB IEE
&R D EEE RS A W B A MV ORIEN E
PHORFETCE TWRWE=D, SENExSHI & LT
W5,

AT IEn Uy — R EE AN ART ML T 4
7 4 v/ 717 I SFIT4 % iV NDACC/IRWG T
HELEG B it /)7 A — % Z VT 1000.0 — 1005.0
em’! OHFAILD AT N VinD A @ A %
U7z, ZOEEEIRICIZZ DA IR
FEL, ZNLDOEREMARDEDLZ EICE-T
MSE UTo m S s D HZZ Td % DOFS 73 5 R &
EVMEREOND, 7o, FHEBEHICE L CQE8ifE
85/ LTV % Bruker IFS125HR 13GEHEHEE AT 58
AC, HBr B/ % W @B o flE T & BN
RN ENHERENTWATED, MIEIX T TR
A

A ORI OE A ORRFEIZIL Brewer 4y
Wit U T OB T — X B HEX DT,
FTIR Ot FEOKFEE LTI EFAY 0 TITH

Tsukuba FTIR

Ave =1051

-
-

Fregvn

FTIR/Brewer Ratio

-
-

015 20191 20192 2019.3 2019.4 20195 20196 2019.7 20198 20199 2020
YEAR

1. FTIR B X U Brewer 23 YeE TR S iz
F R D R

ZENRZW, Bzo IFogAITEEEEEN T
WS B0, BHHSEOBENERIZ L T
WIETHRITH D, BFET —# 121X WOUDC (2% 8%
SNTWAETROA Y V2B INE Y Y T T
— X EFEH LT,

K1z, FTEEICELTFTIR o8I
LD Brewer 73 Ytit OBMIMEIZ x4 5 FhZ 2019 FiT
SN Ty hLEEbOERT, HITBLZE 1.0-1.1
OFPHIZ A L TRV FHIIZIE 5% £ FTIR ©
FNRREL RoTWDZ LN ND, Z O[T
Vigouroux, etal.[2008] & —E L Tk v | BZ &5 <RI
BIBEDNRA T AZELDLEDOTHAH, B, 77
ZIFA TEFICE AT IRVER S Ao b 7o
B, Hy0 72 EEENTREIR IR D & D T HR DI XL D
WELEZ LN, SR ILICKRIENRLETH D,

HE TR, AV Y T E ORI K D R
BEORERGED 7D THRET 5,

Abbreviation:

NDACC: Network for the Detection of Atmospheric
Composition Change

IRWG: InfraRed Working Group
TCCON: Total Carbon Column Observing Network
DOFS: degrees of freedom for signal

WOUDC: The World Ozone and Ultraviolet Radiation
Data Centre

Reference:

Vigouroux, et al., Evaluation of tropospheric and
stratospheric ozone trends over Western Europe from
ground-based FTIR network observations, Atmos.
Chem. Phys., 8, 6865-6886, 2008.
http://www.atmos-chem-phys.net/8/6865/2008/.
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1. F#

AN S (HONOY X KB e IZ K - THeMiBE L. ik
FAX X NMERIZBE S5 OH 7 Vv E AR
T 5, WAbFA R o R AR DR D 72 D1
IX. OH 7 ¥V OHIERYE TdH 5 HONO D EYRESF
ANEETHDH, YRR TITASHEL L SN
% HONO OHEHFREDHERF 24T - T & 7=, ARFZET
X, BEVEHEL T A B (2009 AFHEHTA A HL]) LA
ANC S Sz BBV 2 RIS, RS v B 7 o
HABE e I (IBBCEAS) 12K 2 BEjHHER A A H
@ HONO B L OF O oS ORIE 217
VN, HONO OHEH %% (Emission Factor : EF) B % Ht
ELF-DOTHET S,

2. ZEBAE
FRIZENIBRBEMN T OV ¥ o —F A FEA—H
— CEREREUERE (CVS) ZHWTiTo7-, EBR
A v —FAFTEA—F—ITHREL, T—/b
INA T CVSIZED AT MBI S =BT ZER
THRTAEZH R LT, FRINTZHR T A %
IBBCEAS ~EEEA L, HONO BLXU'NO, DU 7
VA A DIE &A1T - 72, HONO JITE &[RRI HER
AN OFERS (CO, CO,, NOx, THCs, CHy) @
HIE (MEXA-7200,HORIBA) %1772, FEERIZHW
TZHAEIL, 2009 FEPEH T A BHI LARTIC g <7z 2
BOH VY FEHAFENO.I,NO2)THD, ZNZEND
Bl OFEMER 1 IR T, BEHEOETE— NIL 3
fEF (JCOS(C/H), EH AT 60 kmh™ 100 kmh™) % 138
R EEITE— FICR LT3 ERBRETE2IT- 72,

#if NO.1 NO.2
it (kg) 1,400 220
FETTHEE (km) 71,500 60,716
TRk HN v HN
Wt (km/1) 11.7 18.3
GiRE 1998 1998
R HA& H#

F1 2 E6ORBREHOFEM

3. HERLEE

AREBRICL > TEHEONIT V) ABEORELT
F— FIZHITH HONO DOFHRE X 1 12R7,
No.l C{Z JCO8C £— K, No.2 TIX JCO8H E— R T
HONO BENK K EmoT-, Fl-T _XRTOETE—
RC No.1 DM No.2 DIEE% kA~ 7,
X212, % HBHEO EF 4 R~d, 2009 4£H @)
PEH AT 236 A L O B (1,2) L AEBR TSRO B

7o EFfEZ i3 % &, RIERO EFERA T Y Y B
HE(1)D BFED 4~40 5 THY . 7 4 —E/LHEEH
(2Q)D EF fED 0.7~7 5 CTh o7z, Z OFERITPEH S
A ORI, EE R EKR S & R
HONO OHEHEN T Y U v T4 —EB/LHBE L §
Wz 6 TNnWHZEEZRLTVD,

AFEER TR 57 HONO/NOx EEDfE 1% 20 4
PLERTOWEEG, 4) L FRETH S -DITH L,
2009 AEHIHIEAH(1,2) & il d 5 & | REBROE I
HIY U ED I~ fETHY ., T 4 —E/LEERED
1/60~1/5 5 CThH-7-, ZOFER LY BENEPEH T A
HH D82 - T NOx [T RIEARHIEAA ST
Z &Kk L. HONO #2JEI% NOx JEEIZEAENLD
AUT FERTEYIZ HONO JBES EA L7 Z & 2R LT
W5,
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4. BEXH

(1) Y. Nakashima and Y., Kajii, Sci. Tot. Environ., (2017),
575, 287-293.

Q)G fth, 25 60 HIRSBRE AR EAE SR

(3) 1. G. Calvert et al., Res. Chem. Intermed., (1994), 20,
463-502.

(4) J. N. Pitts Jr. et al., Geophys. Res. Lett., (1984), 11,
557-5601984.
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1. #S
BITEHARTIX, < ORKIGRYE BRI EE
BLTETWD, LoL, HeFEdFr &y MIkR
BHENZITER SN TORNWE T TR, THEHR
DFF BN TV D, HEEAEHRILEY (VOC) X
HALFA XX NOFRRMED—D>ThHh D7D,
VOC OZFF 24 - & I RRBEERED - DI HE
EThDH, AHFETIE, #HRIDMNK E RFE
ANBEIRTHLHEND OHET A DFEERRKE N
FIVINDZER L Dl 24T - 7=,

2. EE&

TR OFEF & U THAHNL KFF KR F v /3R
(TMU) (27T 2016 4F 6 A 75 2020 45 7 H O HEH
YT T EAT o T, W —[RIOBEE T 24 BRI T
TEBAZRCHK 2mL/min TRREZEI L7-1%. 9
DEDICEBFZTMERIR L=, F RN TOH
U 71 2020 £ 1 HICNEFROILISHET D
OEEV L (BEEM1km) TiTo7z, A
T 75 LRy T EHANT 1S TEBERIZ AN,
59U FNERI LT T, B G (Entech
7000) & GC-FID (HP6890) (ZTo#T L7=, VOC 23
58 FEIRA LI-FENET 2 (PAMS-J58, FAHE(L) %
T, EM - EEE{To70,

3. WRRUBE

3-1. TMU D@ E RS 2R M O Hi 22 B

TMU @ {RZFE/7e 5 FHO VOC O@FORPERS
B2 1127, EARIZ VOC IXESMEL . &
L EWERIZ bR R T, ZHIXEFIZITHROK
L[OIRES OH T VBT XD VOC BBER SN 4
Bl s st B2 605, — T THY
BIROA YV 7TV id, BITEITH A EE DAL
TN OERICEBEEL T,
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oo, MRS L 2 e RB L TV U HE
TIEH VUG THD T Z RN UN X
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FHUNEL, ENENFEREHAD LP T ARLKFHN
DEBEORELEZOND, M RANITT V7
VERE L BEODHEH SN TV IR R 3R
DNIZONBREREDEALBE L 7roToE X BN
Do HERIILEN & Oy b IR U X 9 7R
FEE L Tp o,
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1. [XC®IC

W7 VT MR ORFE IR BRI, BB RKIE R
BRI TWD, AR FEBICALE T S
BRI & 2 B IRKFREHE A — N—H 1 | (dbfk 37.46
B, B 137.36 FE) 13EED 120m 1T EICLE L
TEY., WERIZX > TEENTL 2HET 27 #ilik
MODEZHWAARICASTL AEETED LY 2
HLOTHDONEBNT L0 L TW\WD, fERME
FHLAY (VOC) 13k Ax v & v Mok 74E
FICBE 5572, Mg (#iiEk) coflE
L AT TV D2, 1EER Y E— Mk ToH|
EITZL RSN TWD, VOC IIWEIZ X - TITKREA
HEMPHLRERLS, VE—MATLHHRE
DORETHEL, BREfRXEIC L2285, H
RKOFULHIIFEE DN > 7 75 R#LEIZB W T
VOC BN ED L) RRESLEHEEZ T 5D EH
BUANC X 0 R~

2. BAIAFX

201443 705 T~ EE OB THRM O KR
DY 2TV T aAT ol 6L OBIBEGIA T 7
7 LR TEANT LMY TV 7L, AU
MRFDFEREIZR > TOMEAT o7, RiEERE
(Entech7000) (2T 500cc Z i L CAH5 GC-FID
(Ageilent6890) 12XV i3t &{T -7, VOC fRUED
2 (PAMS- 158, fEACKIL) Z MWW TEN - EE&Z R
Cheolz, 72, 2018 LD Y TILRK R DOKE
JEREDHE S GC-RGD GEICHEH A HER) 12k b
BIllolz,

3. MRLEE

3.1 VOC B
BINY A MIIEES 120m IEEIMLE L TWD
B, BAHRICE > I T EFORAESC N AITE O

B, EEHARENORBREZTDZEBRHDTD,
TS OREEAZY R K912 L, VOC &y
TEDWEMETH D ET NI R REE SO, &
DHTHRFEENZE < 2R DITHONTREA P Hn A
7pB7e, FHREBIR o7,

32 EHMEH

HIE L7z VOC T—FRKHFHMmNE < HAE 72
REFHEHEZT X OREX 1R d,
AR DE VOC 12 DWW TIEA T2\ e i |
BRIRRE L 25 MNP RN, ZHUTH
HOBNEZRIIHREKRKEZRD OH 7V VI X BE
SO DZEZALSe, BT IR EE D KRR D
BEZ T W LTINS, KATHmNm
RBlzon, FEEMIH E VHMTIEI R 2D,
AT VLU EORMYEBEKD VOC 1XEFIC &R
IR DML R BN D D, KA T S EE
REROT, a— I NIEEDRETHLEEZD
nas,

33 Ny T—Fr32xy bY—f

NOAA @ HYSPLIT Trajectory Model % FHVT,
Backward trajectory %17 - 7=, Jil[a) & A SEEE, RE (-
W) . wEE A, mE, deEiiE, oKDl L
oo 1O X AREZZEZHEIR T L I23iFTF
2y FLThd, KFERFEDO L SIRRETH Y |
E (B B &0 L JITERE & 722 A A
Hohiz, LinL, 20X REHMOBIRERICE
W, ZERBETR & OZFHIC L DB DOFEVN
RESMESNTLE D, ERIER T L ORI
WIEIZ LD HEBDELE RDT-DIIIFHERET S
RELTHET 2M0ENRD D,
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1. [XC&®IC

LR A LAY BVOCs 13X IR A=
7 1YL SOA SRR A v O DORIERA L L CTH
WCHEH SN TW5S, BVOCs D% < 1% C=C _HEHiES
EHL, O3 IGHEEL 725, Fx 1L BVOCs @ ff
g2 B LAY RIS Ros (= ki [VOC(3)])
DOHIELEE (Ros 7l) ZHEHE L TX 7, BVOCs iEE
EFD Ros 1Z. Os WSHIFFD BVOCs+0; G2
O D OFEEERIEICL Y EET D, 05 UG LA
WT IV T L7, Z3VE TIZ BVOCs % Ros
& U CHEFRRYIC IR 4 2 2EE 2 U SEBR ) T3
LU, BRI RS C OB KBRS & 5t L T,
HREHA P ORI EAITE Ros HIEMENHEINT 5 1R
FEARAFIE 2 95 & & bIT, ERIE THITE N #E /e
RPN ERST S O3 KO FF 59 5 aleetE b or L7 [1].
VLA E 2 2RO L LT, EEOWMN S K
LU &5 BVOCs % Ros sHZ L0 HEETRE L.
BHRKRKKBE THED Ry 7 — X LHlAHDLET
BVOCs W FHE A i35 Z L PFRE L 70 5, — i
MI7efE i BVOCs O EBERIEIZIX, o7 nm
— V¥ —ED XD I ADINEFIEN VS
%o & ZTAMETIE, 94 F TORKEHGEFR
BEEFNCHEEL . BRMRKE Ros 7T — X IZHESWTHE
H9"% BVOCs I EICOWTHEFZIRD 5, =
N EWAT L CUEW I BVOCs & Ros & L CHEMT
BR[O E R ) A fEST 3 2 W & LC,
FEAETRD B K~ S D RSy & I 2 AR SRR R
EREE L CEIERBR 21T/ o 72, 7o BARWFEIL, K
YUEXT R O 7= OEEHFIE L L CTEM L7z,

2. FMKRKBBFERD S 575 H1&RFE
FMRKRKBITD Ros 77— X DML HEMEE
HRT D791, LTFTOKIER 23 HMICHEE L 7Z -
(1) REHEERSY (05 = NO) DO (2) /B
IRF DAEE MERE & HEE O RHEEM:. (3) Ros DIFRS
T LA 2 DL (4 RS D RS
f%43(VOCs, NO, NO)DWNGER, (5) Ros HIEAE Dl E
IKIEME & B LN Z— 2 (1) 9 HifE Oy D
IIARLEE I TRY I TE D 2 &, FEMD
FEERNCHER LTz, — . O KL D3V NO D% 5
Rno 1Z. NO RINFERRDOFE R 2 EE L TG
Rae 72605 L. VOCs HRDOK S Ros B H9
% FhEZ ML Uiz, 7272 LT T Ruo R OFER
FBEEELIZEZA, NO BENKE < EHEH

HYEIT. Ros & LT ORI 72 AR ENES(Ros) D3 H
KLU72o Ros DHIE &fRATOBRIZIE, HFE NO &%

DEBOIEMREENHEETH LD Z & el L,

(3) (4) 5) TlXo(Rox) = B JE L CHIEM DA B % 1
AE Lo, BIHIGE RICBIT 2 BRE 2O I GEHITFE
2%@ THEAT T 1E)o %@915)(4)“(?31 RauL DNFRZFE
\ZE D 7=z, RS T RarL X Ros DFHBE %
WNMIDE%$ﬁﬂ®$&m$@ﬁWmPM)
BLOY FH(FPPOSHITIEL, Tﬁm@®mé&5#@
é‘ 1.0 @E‘?f% (R03—1 0 RALL) OVC/\XE ]\/71; Z
@E#Fﬁﬁ%ﬂi\ NO IZ X5 RALL’\O)?/ o j:/J\‘CS_SZ?)’J 7~
(Ros=RaLL) 9 Z. K TOD Ros DAHE LHIE(Ros -
6(R03)>0) MDERSNT=, Z D HIX P04 (2= AR
M 362CICREL-EIERH THhotz, £/, P04 &
P.05 @ Ryo ZENFHEHT/NE Hro 7=, [7] H DEFT(P.03)
TIE, HE 1.0 OB LY FITENGA LODORHEE
PERRRRENZ LD, Rvo DAHG EEHNRAS
NP3, Ros A BNZHEHE L7, BT — % OREED
FES, BVOCs & A EACHHE L7k TR E D &R T
TNO EN/NSWZ & 2ERTLHENTE T,
3. MHRIE ROEEITME T - EFERAR
WIZ, FHRE SR O JFRBEO RS & FNEDOME D 7=
K\ﬁﬁ£%+%ﬁ¢Lf@*m&&m%ﬁﬁ%
% FhE LT, ﬁf%%+f1 BRI
T=RATED & O RSy TEPEDIEEHLER & k
BB L M*”_ﬁlbfﬁfﬁm%w
ST, AENIEHR W OfERMEE & LT, REEEK
B 6 0 Co, it &St —Tlll>72, CO,
IR E Y —CHIERTRETH Y . i & AR EE
BT IURRESLE PRITE 5720, HHERIESRD
RREEIZE T 5 & B 272, RBROMSE, PRFHEIC X
O BB RTREZR PR E A b 2T, £, ¥ T Ly
bmftwwl%%mfﬂiﬁ%LM SR B W
ARERIZRE) LTz, A RHIHCHIE 5B O WA 7o i 2
k%ﬁﬁﬁm&%btoéﬁﬁRm%kWMME%
ZHLAE, BVOCs HHIE DR %X 5,

B 5 10 15
Ry /104 s
1 &4 Y UG Ra & VOCs %75 Ros DAHEE
(IR & PO3,P04,P0O5 I3 CH M),
HE ORI, BEHAEE K EE 17K20048 B L O
20K 12152 DBk % 52 ) T S iz,
SEXH [1] BARE, KRR 043A01 (2020).
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HATERZ LY —JRE L TRHAES N TWDbA
BREHTI AR CEREAMAKRE VD, ZNCEDDRE
B O/PNSNZ R F—FE L TKEZRLE—D
FIAPMMEESN TS, HRTIIKZEAT—va v
23 2020 4 8 AHLE 133 HPTREE L Tk 0, 2025 4F
FTIFEF 320 EATOREE BIE T 72 &, AT~
DI Z N %2 X9 & LTW5b, ki /k#EDH]
PN, KRR A~DKER &IN5 &
EZOND, KFEHNIRGKF DNy 7 7557 K
JREE L LT 530ppb FREEAF(E L T 5, il Ze & o
FAEFRTIE IO DET Hy IREOREMMA RS
N5, HHOKEZTRLE—FIHOHEIMT X 5 8

EZHET MIEEOBRETETILNERD B,

AHFFETIE, REH Ho IR E OBLR 2 51 5 72 DI H R
ERLTO Hay JBEERIE ZAT o 70, MZ T, AW OKE
TE DT OFEFMER LG (VOO IR 2 & LIEH
L7z,

2. GHI%E

IR RSP/ ET DR L~ LDk FE 2
ET D HELE LT, SRI fED&E T A A s
(Reduction Gas Detector : RGD, SRI 110) & H\ 7=, =

“Eﬁ@k*ﬁmﬁn:ﬁﬁﬁﬁx%ﬁT:kf
ARl U 7o K ER(He) & SR /MO TE TR - 5 TR B 4 5
D, WlHE ORKKUZE £ DHIE TN A 21T Hy OIS
—MLRFBCODR DY, ZhbEHTAZa~ T T
7 4 —(GO)THBET 2 XN H DH, GC 1L SRI
8160C Z VY, 7 A% MS13X(1.8 m)& i f L7=,
X UT HRIZAIrZ25ceM TH L I T L1E50C.
R HER L 3000C T—EIC Lz, o7 IlmL OH
AL NV TV EHNTEALE, b - EEIZ
W RERET 203, Air 78R 0.97 ppm @ Hp, Air 7
R 1.61 ppm ® CO TH 5D,

BE Y > 7 NATH LML T D B AR BR B B 2
ZeAT (LX) TERENT-L0E AWz, SEUHE
FEIX 2018 4 6 A 205 2020 4F 3 H £ Tkl 2 [,
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