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=7, FPEREEEORB LT,

WETIE, A T ERWERAD S EOREID
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" Total Ozone Trend Analysis
Tsukuba (36.1°N, 140.1°E)

T
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trend
trend+intra-annual
error of slope

Total Ozone [DU]

B

200 1{Trend (00-13):0.046 %/yr 1(14-):-0.473 %/yr
1 Test (00-13):insignificant I (14-):significant
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B1 AV EEORFEEIET T4 HI(2KIF)

Total Ozone Trend (2018-2021)
ErRT b s A e A 5

2 2018 ELIEDO KA 2EFL UK

ZE XHk

WMO (World Meteorological Organization) (2018),
Scientific Assessment of Ozone Depletion: 2018, Global
Ozone Research and Monitoring Project Report No. 58,
588 pp., Geneva, Switzerland.
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KA (05) 1F, IR RANCH G- D41, 5872 b E LT A O RECHEY) D YA Rk
PEICE A FREEL 525 ML HD, SHIT, LT SOCm R CHE R EI 24, ki O K KUER 5P
BEALOIHZE 25 T, 0 ORIECX B NS BT A5 B OHE TR TEETHDH, T TARIFEIX, 711
Z—_y 7% Tz O TS FEAZG B L, 3 05 O =R FENARRT (A0 = (1+570)/(1+8'%0)F - 1; B =
0.5279) #HIE LT, F7= A0 ERK~_VVY L7 ('Be) OFHEAZFIHL T, B O3 O3t ~D it A &% E &
L7,
- 4T

2017 4 9 A D A 1 [BIOBEE T4l B RKFAENEFTERICB WO CREGUB A HE LT, 5 LT, NaNO, %
RSB BT AV A— I KGR E BB ST, 05 & NOy oI RIGSE T NOs{EL., ARk L7Z NOs DE2
FRINCARHLAL D O3 DERFE RN AR Z R D72 (Xu et al., 2021), K5 HNO; 1% NaNO, 157 4 /L2 — DRI T
AR TANE—FR B L, BRELT, Fio, SR E ISR il B iR 3 5720 Wa &I 5 L/min (232
ELTo, 7402 — FICHE LT NOs I MK CTHiH L7z, —#ICH SN REIED NOy 1E 7 P b/k#E (N3H)
EUINT5ZLT, BRAUIZ N,O /EL TERZELTZ (HNO, + N3sH — N,O + HyO + Ny), @ _E T, Chemical conversion
HEEFAVT, NOs % NoO (28 HA L | sy LBt A RIL 7= 1 CL Au filBECOfiEL T OB L., #ifse 7 o —RL o [RIfL
REESHTE (MAT252) (238 AL T, AVO EAMIE LT, 20 NOs DI R AHLA) S NO Ik D O Ji1-D
FHHRLTANS—T T I EfIET HIET, O OFEERNLIRHLALZ R DT, 7088, K FIETERINDEEE FNIK
FEIT, O3 23 FH D4 O JiLF DB AAR L (ATO(Os)pur) Tl ZHF-50FThHDH Os DIMUNALET 2
O JRF D RINEAKEEL (ATO(O03)ermina) TDo XU KRG HD Be R (2 #H 1 [B) 13- DEHIIT OLRT—
S2EFIHLT,

HR-ER
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NDHZEERMLIZbDEE Z D, o, BLHIHI D AT0(05) EORIZE(LE DL, 4 HIZEbE L AT0(05)
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1.9%0) 1FHIRAT T D EE T THEML 03 D A0 HEEZLND, KIEE O; © AVO A +51.2 + 5.2%0
(Krankowsky etal., 2007) SE T2 E, SBLHIFAIZOWTHRERE Os DA 53 fZRDHIENTED, TDORER,
AT RO AL 0.7 £ 9.8%05 43.2 + 10.3%DMIT, EHIEO fEIT-4.9 £ 9.2%05 25.4 + 8.1%D I,
T 14.8 + 8.8% (4 H =) BEON11.6 +10.2% (H1R) LieoTz, Fio, fIEOFEELICE B 358, BRICKLE
< (A2 :19.6 + 9.8%; #k:23.0 £ 10.0%), HZFITHEBIX (44 2R 8.0 £ 6.2%; #TiK :4.1 + 7.3%) A~ LT-,
ZAUFIE 2 CHASER (23RO T2 B (F:21.1%., E :5.9%; Nagashima et al., 2010) &—EL7=,
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5113 Y (Bloomer et al., 2009; M1 (2021)), D
IRREEIC X DR OBEREMA GRS D, LR
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OB L > TEEOXIRE 05 O
F\T7 D 2 EDMER STV 5 (Gao et al., 2013, Zhu
and Liao (2015)), —F T, VE— ¥ A FTHES
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Y (Parrish et al.,2013), RAEZEENZ K 5 AiEEE O
BRI DAL O3 FHIAINIHEL 52 5D TliX
ROMEZBZ LN TND, LLREL, fFREROK
EZEALS O3 ZEEIAENC 5 2 5 B8 2 iin L o9
IFATDALTUV RV, ARAFSETIX, CMIPS TEHR S 4
TR ORGEEA L Z IR R E T T M E 2T, %
KIZH T D 0s OFHIZLE 2340 L=, £ DS, [k
DEERT L EZ OB DEEEZDH Z &
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0 Os DEFEE 2 5B L2 EHERT 5,
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Je AU T2090~20944F L SR OIEFEFHE 21T - 72,
TV UEMEBDOEEILFE

A DZEFIA B I Parrish et al. (2019)<°Cooper et
al. 2020)I2fRFESINDHIEIT, A FHREITRL TER
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7% (Cleveland and Devlin 1988)% VT, A R EE
DI RINT —2u R 2B, TR D3R5 R
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— VB EEHA L, 74 0T 4 VBB EREL
7=. AHBFZE Tldtwo-harmonic sine functionz F VY TO;
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KRR OIAD FEOWFZEFZEE), aUROINL, U FEE
B0 &AL ROSEEZ O T DI, avk
A U EEELT2H T EEBIT, R EkzBRL Tl
BRO BN N TR O B T D, T FETH A M
Ikt L CE 7= pE P B S AL IR OYEE EO KK D—
fibar 3 (10) BUANCEY, #EmE KR (SST) 2@
WO KRG TV RIRENE W ENALNITRDD
D[], AHFFETIL 2021 £ 5 AR 7 H EAID
WEEHERDF IO [0 | ComE SST ik Coav &
DB T OV THE 5,

£
WEHERRFZEM [ 250 12T, MAX-DOAS {5 &M
END KL ER AL Z 8 T — v 78
WFEICLD—BRbavE 10) BHl, Fr=AF—K
REREUZED CHsl B, OsEfe Bl A =il 7=, %l
BIHAREIZ20214E5 H26 H ~7H7H T&5 (MR21-03fT
W), IROMIEA K TR T,
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it sy /*\

508 %S&ﬁprmb\ S o, i J L
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1 2021 %5 A 26 A~7 A 7 BOE¥HBkFE
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(22), %57 MRS DB BLIIRKUITTE R Ch o7z,
BILZIO BEIIZNETO [HBV ] TOBMIG
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molec/cm?; 420, [X2), FrIZAKHESE - = SSTHEIK T

KARVEZ3, M. Van Roozendae?,
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3:db ¥ K%, 4: BIRA-IASB
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2
2021
2 202145826 H~7 B 7 RIZH1+5 03, CHal,
#BEE, SST, 10, BLEDERT,
EVMEM A BB (K1, 2), ZO/E BT eTHFGEE

—HT 5 [1], LMD, 0@ WIEE TEV,
CHsl 1 H AT TV MR (1 pptv >) 2372723, Kk
I TR WA SRV A BB (K2), 4
BT T LV I WTZIORE O E &b a2 5 e
LHIZ, Ry AET L ERHLFEEGEET LA HWT
a??% T AT BE LT AL SOSRAR (2D W TR
W3 2TETHD,

Bt

[Zx 50N | MR21-03fi O BLRI CIIhEA e 320, 8L S B
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B DRI HIERATERN = A 775 U & HWie,
[1] Takashima et al., ACPD, 2021. doi.org/10.5194/acp-
2021-680.
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EFENO)DIRELHET LT, JEEH KK
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Y D1->THHESADTROPOspheric Monitoring
Instrument (TROPOMI) 3 %km U 5 0 7K S 55 i BE
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DTROPOMIT — X% IRAEL . AT ADJFR [N % & 22
Lo T EBMICEANOSYE S A EFIH LT
TROPOMI T —# DAl IE{E A MR FTL . NOSR B 5347 D
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2 Ak
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(kDM BB AT o 7, BRI A ZE TIEMAX-
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KR ENO, D ZEM 3 i ~DT T u—F &{To7-, 477
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DIFFADT — Sy M AERL , RN AT 572,

B 1

4 A MAXDOAS LERIA M
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IR EX

212773 DM TROPOMIE4 L FAMAXDOASIZ L
5201944 H O XL EINOL I 7 LR FE T — X2 D Lk f
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L2 WD LRI E LT,

HI1ODH J172JF IR THDHNOSRE /AR D /SA T A
DB EEN O DT, 47 FAMAXDOASIZ &
HNOLENE. 7 17 7 A )L ETROPOMID 7 R —3
B —F IV AK)ZEFIH LU a2 1T o7, iR 31
RTIINC M EZ TREIANATAOKENLLNT
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IE5HREINODSHIE 7 17 7 A )V DEEEN KELEI G- L
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Mo A EEFMEFERO P TIIERPEW o,
CODORKH TOHEIRRE DI LIFEETHD,

AW ZE TIE . KA ik £ 7 /L NICAM-TM
(Nonhydrostatic Icosahedral Atmospheric Model-based
Transport Model) CTHHH S 7-2COT —# (NICAM-TM
CO) & i &2 Terra #4 # ® MOPITT ( Measurement of
Pollution in the Troposphere) T X 7-COT —#
(MOPITT COT — %) & A Bk - Ik Bl bk L |
NICAM-TM COJ= EE D RF DR A7 72 7, FLIE D
R, MR AL EZ2 0 JRWELPH TE 7 /L 2320-30%F2
E O/l R L2285, BT MZE 25TV
HCODPEH =3y ar DL R AT,

2. FRT—%

AHFETIL, NICAM-TM [Niwa et al., 2011, 2012,
2017]°C, fEHE - /R E2.5° 7 Uy R | 40K T CRifish
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(v4.3.2) 128D A REHES . GFED (v4.15) (2 &5/ A
F=2BREE. VISIT [Ito et al., 2018]ic k51 7Lk
BB M ., BEONICAM-TM CH, OB LA 525
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MOPITTIZ DWW TiZ, /L F UK (BGRATIR N
R4+ ARINIR A R) DL~ L2 7 ak 7 dV8DCO
WRET —2&M LT, 7235, MOPITTOV8DCOR &
DT =G 13T — 4 LD Hl (2 S RFEARAT A3 5
fESAL TV 5 [Deeter et al., 2019],
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MAX-DOAS 310 ~515 0.4
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2T K12008 DIF S b AR LIz, £z, f#f
1 BT IC LTS BT RRICN 2.0 D MIME & 22 E %
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' Nakagawa et al. (2021),
DOI:10.1109/JMASS.2021.3093549.

AWFFEIIHRHEE OB G WL K D T=D DOWFFE B %
(JPJ000254)(Z L ~»THEfiL 7=,

B (5.8 GHz)

EKIE H4k{E

K#& (m?) 0.150 x 0.120 x 0.040 (+0.005) 0.154 x 0.125 x 0.040
B2 (kg) <1.0 0.70
HEED (W) &IN5 MXREIEIZK Y 5~10
AR &6 (GHz) 55-6.5 5.33 —6.65 (BPF 5.5 - 6.5)
FAL4F2vH LT (dB) 30 30 <

B BREFYoRIL 16,384
SMERE  F ¥ U3 JLRERR (kHz) <100 81.25
(kHz) Y2 TF) DT RERE (Gsls) 2.6624
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BRALIK SR DA 72 E D NZHIER . & D\ MTHEED
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T 5, £lo. BRI RKHTOHT 20 Wi K Dk
LA LR HERIERE TH D T E BB TV D, T4,
KFT TERALRFE AP L x b F—J & LT
HEHSNTERY, FEROEER R T A &HIE O
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EMEIC RS 272012, BUEDKF ORI & £
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WHEER &2 EREAICEET 2 AR FikD—2IZ,
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FNARE A T O (DI X » TR EN S,
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D
8D Y%o| = )x1000 R, = H—" €))

Rysuow X
(VSMOW : 7 4 — B XT3 ¥igK)

F72. 1 ppm K OMEARZREL ZRET 5729
Wi, TSR ICE AT 2 AN R AREE S KFE D
Koy B L, ARIE CIRME S D RILBE RN LB & 70 %
AITALEEIE FE X Rhee(2004), Kawagucci(2010).,
Komatsu(2011) 512 & » TBEICHREI R e ST b
23, AR O = A MESCHIE R O %EE, HE
FEEOMN EIXKARE L TEERFETH S, LR
S CTARMFIE Tl E & fE AL U 72 min L R 2 (E Y
L. KFEOLREFRMLIREZ 30 23FLE O ERE 2>
5% NOREECHIET HZ & & HIET,

2. EEBAHZE

X LRV R ORERE X2 7R3, B ChorHT
ANZELF2T——T3A, BIEHMTHEINT 2K
HITLICELF 2T —L —T5AZTHEANLL TENE
TFE ALz, L7 ORI > THREERET 2L
NTE, AENEHT L3OFAlZLTH 72D X 1R D
TRIIE AL 2 T A7 a~ 7T 7 - [F AR LS
B HTEHGC-IRMS) TorfT L7, £9°, MALAKHR
N7 R E TR ENDZ L2 R T 572D, ~Y
2 2% AR U TR FE 3B D TR E 21 T -
Too SHIT, BRI E O @O Bl o —Fl LT, S
FEEE 2014453 H 1235 pE S 2R AT I TR B L 7234
FESGRED I E AT -T2,

HRELOWE TIEF v U 7 H AP E % 2.0 mL/min
WCERIE L, B T D3 ZRIRERITR LTkee Tilkl 2
A LT, ZD%., FEBRIYIZRD 7= e i B (7
MERTRERERD LGOI B 27, ZO#ME
ko> T T v T ENTKFEERNAKLE &oNE
~NEALT, B— 7 mfE R OV E RN 2 HlE L
7o 728, FLAMEARGUEIOJIE TIE, sUEHAREZ 1 mL
WCHEE LT,

,// In)
: Trace GC ULTRA
HSD l- Valve (Thermo scientific)
SESLY / TR
(SHIMADZU Corp.) (O]
N/

Delta V Plus
(Thermo scientific)

Column 2
1 RILE- S ITEERIEER

3. EBER

BU2IZHERHE I BT DK EEA R, B — Tl &
TE RN A R, RREAFRET L T8 AL KE R
ISR CE — 7w R AR AR Z R LTS, F2, 6
DI A £ 1.5~74.4 nmol DL T —#(n=24)T-193.0 =
6.5%0. E A 7.4~74.4 nmolDT —#(n=18)T-193.6 +
4.2%0 72577,

50 -160

* Peakarea 48D y = 0.6243x-0.4687
r=0.999 P -170

Column 1 { Column3
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E2 HAHeREREHH, | 2%) EARKO Y — 7 EERURERGEL

— 5T, WAL RE O § DIZFEHEE10.6~17.1
ppm®D 25 EHn=8) T-684.7+31.8%0, 14.8~17.1 ppm®
AEHN=6)T-688.7£6.8%0L 72> 77, AEERTILILATHF
ZETHEIN TND EEKRFRAEIRIZHITH § DL
5 U TRV M & 720, Walter(2012) B35 L 7= AW
HRKFED 6§ DRI T D5 R LreoTz,

4. SHEORE

10 ppmZ 2 HIRE DK FEFEHI I T, ZEFNL
IREGHIE DY AT REL 2R D IR ME 2 A TH T E DN TETZ, KRR
FEDIKFEFELDO 3BT T, BUERE AEFEZ 0L T
HiE - IR ATOM R DD, LTzd - T, S %ILIXI T A#R
EROD AT B Te R 2R TORMLEEFE DR AT,
ZOGEIT, MAKRERF YV T H AR RERED#E SR
e DS [ Ny /A STy et 3 S Rt A
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Single-Particle Extinction and Scattering{kZH 7z
Y73y AR 4 AN T O 8t ]

*HEEL ORAREZR?, BRIOEE?, AR K
1[5 57 F B ZE BT, 2000 R 52, 3R A R AT

1. [FE&HIC

FIEOR AL > TRAETIHEMS AT 1/ Vi,

RIS AR EAERLIZY BEEREZOK M EL T
BN R AERERICMERER L MRLIZV T2
DTHERKRIZI W TEHERERIZFED, L72i->T
e F AT N OBIT — 2 &2 ERET DI,
FDORNERBE PR T HI-OIZEHETHD, LinL,
WS AR T v VORISR LV o T ) P 2 v e ]
SRRE THIE T 57 EIIMNL SN TEL T, K
Al AT D7D I BRI E OB T — 2 A EE T 5T
EMBUR TITEEL VY,

A FE T I U A B 36 2% i AT & T U S Single-
Particle Extinction and Scattering (SPES) V5! 38542 A
MR- DR B X ORI D E&IZFIH TEH)E90
R REA AT o 72, SPESIE I [E KL T 1L —H — i
(632.8 nm) Z T 22 & THAET LIS BELLZ I
LHZET, B TITn b OB B BELIRIES»E WO
ML m MR THIETD5IENTED, Spldhs
FDOERBITRCRLBNANRAFT 2D T, iy DERRD
WiA-% 3 FAL TE ORI AHNE TELEMfFSND,

2. IRFE

Bk % 72 57 O BRKRL 1% K IZ /3 B S CSPESIE T
HETHIET, R PR T EICED LI 72S0nDEZED
ORI, B F ANT A H RS LR LT
72 ATRSE I IS £ Sy ThH— 7, bk
T~ B OGBSy EUTIRE T D, 22T, RIFFET
IS O IR LR L BRI A E LT, BREE
OFH ARAEHZ DUV TIEKGa-1b, NX illite, 71>
F T ARNL AR (ATD) , FE RO Z R E L=,

KEEREE P OE AR XL Z ARDIENCT Z
w7 =R (BC) REMRL - DNTFAET D, &2 CTAME
F2Cld, BCOEHEY)E L L Clullerene soot% . A=WpkL
F-OIEHEME L LTI TIT B REENCHDHSnomax®%
HAWTSnIEE T2,

3. FEREER
BI1TIE Y I FERS,T —# 1 (ReSx,
ImS») DA A FLD TS, LTRSS LTkl < 72
ImS,/ReSntbZt, > TEY ., 2TV 7 VB OERIE
PrEROENE L TND ],
FIQEILL L DFEM Z A MR- 13 ek 3K LBl 7= 45 A
EIRLTCWDAIEN I oT-, ZIVb DRI 137 A Bt

T THLHEB 2R D, FRODIE AN 1@
ImS»/ReSntb > ThY | M LRI LA %
IRLTCWDZEMN oz, ZIVHDRL i3k gk 3o
WA PE DR NG ThHDHEE 2 HID, eI
D8V Mullerene soot?DSnT — & SbHEAL SR 1D 1D
2R E N ImSw/ReSyn e 2 > T %, F£7- . Snomaxfi
DSnT — X WAL A B SL I RL - D Say T — X A5
ARV HIRN ImS/ReSn 2R L TEY, 2Ll
Snomax DA K% 57 TH D/ X7 T VT DIEITERD FZHMN
TABYEE R TIRWZ E R ML TWAEEZ S
nod,

KNS NDINT, T ABRIEIL D ST — X 734
IEfullerene soot&Snomax DT —F A LIF LA LR~ T
WU, TV, SR Z AR, BC, AWk MREA LT
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1Moteki, N., J Quantitative Spectrosc Radiat Transf, 243, 106811, 2020.
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BE, 6: [E L AR HATF, 7 ¥ & W98 K K5
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FrnZ AN AW LR — IR 172 & D IR AT
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OFENZ R EL CRZRBEBIR EANE T 5 FiEIL, B
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ZDEAECINPS~DHF H- O BRI+ Th D,

WA KISy B U T8 Bk - 12 L — Y — % B
L. EDAH LRI BELE DTG KL O K
R BEITROERETG T HEE NSRBI
(Moteki, 2020; 2021) , ZOF{EIF, FiZHT7Irmhi
F % 4y BT kF % & L 7= Single-Particle Extinction and
Scattering (SPES) 1<, SPESTE D K HUKI % 1 JH A 41k
e U PR 5w B 2 6% 1 1F 25 S 472 Complex Amplitude
Sensing (CAS) iEEFEIZIL TS,

AWFFETIL, 4 RBICBW TR —R R —h7 4L
AR LI KR =7 o L EiAKICy #E, FEK
TAMERL 12 SPES#: (& Tt Ui, 15075 5 DR
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MZUTz, o BEFEO 7 ay VIEER I LD 8 &
[RIFRFIZATV N, SPESEEE A N =7 4 )V 2 5T FIE DR
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A OWME

BT AR IR

AR : 2021484 A 27 H-20214E5 420 H

s 770000 (13 B moRE ST T,
SPES¥E{E CTIEKIAME T 1Y VOB LR EL ., B
THEE (SEM) THL T O RC e E & T LTz, A

Z A 438 i, Single Particle Soot Photometer (SP2)
TBCORLR R R FE 2 M 22 L | Optical Particle Sizer
(OPS) TaTT =Y/ )LD R PRI B 20 B L7z,

RLEE
SPES#E (& TR 2% L TS H LD 1 3 Ril 7 #UEL
YRTE (Sx; HEFEER) D FEEREHE BB OO HAT X D RN
BCLHEESNAR DT —Z & LT, s D
ki 71%, BRIBAICGEL, L— — 5 (633 nm) (Z%f9°
LA AT R D FEHE A3 1.45-1.60D i ki - % Dust-
like. 1.33—1.40D #alFH >R+ % Bio-like &I B L 7= (18
FIEITRIEITILOEAE) » BRI BEORLEEHLH X
{RFESEAT RIS T, BC-like: 0.3-0.7 pm, Dust-like: 0.4—
1.2 um, Bio-like: 0.5-2.0 um 2 LHEESNTZ,
BC-like i 1~ D FE 13, SP2 Tl E XN 7= BCEL I
JE (RI£%0.32-0.65 pm) & WFHEIHY (R = 0.92) | I
JE DS BEda— B L TS (JFL A 4 38 5 18] i B
DREX730.69) Z M35, SPESEEE 2 W=7 1 )L X3k
BT D YA R AR RN (K1),
Dust-likeh7 - D i FE 13 OPS 0 HL KL -5 i i
FEBEAL (R = 0.81) . FRELHIC5 A9 H 2 & Teik bl o e
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b= (K1A), 20 BIXBAE /R B ORENHY, &
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4% | Bio-like i 1 D EL i £ A B O IR0, Kk 1
FEDINPEIRE~D X G TH DD T ETHD,
5| F ik

N. Moteki, J. Quant. Spectrosc. Radiat. Transf., 243, 106811, 2020.
N. Moteki, Opt.Express, 29(13), 20688-20714, 2021.
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LSR8 A, 2.1 7 F 28 B J8 B A, 348 [ K72, 4000 K

1.5

ELAE2.5um A T O KA ok - (PM2.5) IC13 BB
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T, BIEIAD I, b L AIZBUBI S A Wi T
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2O (AT AR RACIC T 20BN HDHT-80) , A
HITIZGEDIZIVRL R LT FE =R A Ar T AT
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/
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—FD R FROPM, 1T, /L —FbD R
BEDOHEINZ S TR LTV, £2 T Va—24
ETVBIOERET VEREAL, BERLL—
"NBDPM,; OIIT7 Ty 7 AEHEELTZEZ A,
BAALREfE] - L — b B BEBES 720 | 280~480
mg/m-sEHETE STz, o, BRI L — Ml
|8 AN Y A R NG TSV AW = e
He, Bl 2 OBTH RO &I LZ
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SNIEE
B 55 B 40 O B 2 R
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Nakayama. T., Matsumi. Y., Kawahito. K., Watabe.Y
(2018). Development and evaluation of a palm-sized
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DAL T 2 )L Ok ARSI TERY (B G,
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ELAODD 22 8 B4 & BRI T 22 L& H iR L
T2,

FRT—2LETAE

AMFFE T L7= AT = 7 2 L7 — X INASA
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Multi-Axis Differential Optical Absorption Spectroscopy
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TH BU% 2 (Aerosol Extinction Coefficient; AEC) Tdh D,
M IFIAIAT VA A—H—LEMAX-DOAS T, £ <
A12009—2019 4£L£2014—2019 4ED9—15 Hrod 1
M1 ©. MERRA-2D T —Z b BN A A
kgD & W5 24 F L 7= (7272 LMERRA-2 AECI%3
Wefil /5 > 7 — %), 7%, AOD &£ AAOD , AEC /L
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[1] Uchiyama et al., 2019, BUNSEKI KAGAKU, 69, 45-
68. (in Japanese)

[2] Sugo et al., 2020, J. Jpn. Soc. Atmos. Environ., 55,
101-115. (in Japanese)

[3] Kajino et al., 2021, Geosci Model Dev., 14,2235-2264.
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NGV R2-T T L DI RN T D EAY
J—— & CH;CHOO (LA T C,SCI IZidk &AL
D FPEDN N anti (83 L OVKZRR E D FGHEDEN
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CHy | H o,
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1 C2SCl D&

EER
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WIm—F 2—7 (FT) # IO TEREIT72, FT ~h
TURLT T, AV, KR, KR, OH TV A VA
AL T rund 28 AL, FT HANSL00T
AD—TREACTFA T ACE B IR EERINAY YR EE
FEANEHAL T LTz, CoSCI 1, FhRE LUK
(TEERMH0)n 28T) EORIGIZEY, ZNEFN
Hydroperoxyethyl formate (HPEF) ([X] 2) 3 XY 1-
Hydoxyethyl hydroperoxide (HEHP) (IX] 3) 24 %55,

CH=—O0
H3C\ /
/CH—O
HO—O

2 HPEF &

H,C
\C

H—OH
Ho—o”

3 HEHP DO#&iE

syn REKZRS, K ZBEREDOPOSITER TTHEK
TEL, LTFD 6 DDRISIZEASUNTHE R AT L

7o
anti-C,SCI + HCOOH —  HPEF kia
anti-C,SCI + H, O — HEHP koa
anti-C,SCI + (H,0), — HEHP + H,O k3a
anti-C,SCI — products kan
syn-C,SCI + HCOOH —— HPEF kis
syn-C,SCI —— products kap

ZZC products (ZHy 1RO LR E, k 135X
D EER =TT,

BRLER

FPFBEEALET, K- BAEORIGNERTES
TG S0k (RSB RH < 1.7%) TRERIEEZE
EEEDEEBREIT, kunalkon ZIRTE LTz, Fz, [FEED
IR SR CARARIRIEZEEL, FRRELE(bS
WDEBREITUN kialkoa ZRTE LT, RIT, KAKIRE
ZEEL, SHRREL LS E5ER%E, RH 3 ~62 %
DOFHTITV, K T BEIKO G EE D AT D
faalloa BRTE LT, 21T, SO E A W T
syn KO E TR DI, kaplkip Z R E LT,

anti K& H,0, (H20)2 & D S FE E B O FHXHE,
ksalkon IEAHFFEDH(1.2 £ 0.1) x 103 ERdBN, Fex
DB ETHAAE LT, (3.6 £4.3) x 102[1]LDBREZED /N
SRMEEPETHIENTEZ GRZEIX 20),

JUE 21 (500 Torr) T, AL T L /LD N4 RT
AR LTZ CoSCI ZxLC, e THFZE[2] Tt ST
B ko, kaa O ksalkoa = 3.4+0.7) x 103 ERFEL DAL
%o KRR THEONIEIL, ZORITHIZEID RELD
NIZEDOK) 3 /3D 1 THY, ZHUXEEILI)—F—
A D AR T EOEWB LI ONERSDE 11 0%
WL COWB ATBEMENR B 2 5D,

SEXH

[1] I8, 5 24 RS R, AR (2018)

[2] Lin et al,, Phys. Chem. Phys. Chem., 2016, 18,
28189-28197.
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RRERA R i R TOOHK T HIZEBITS

IEEHDORY— kDR E

SORBE T2, PeE 2, AREPIK, W L, R 2

OHZ ¥ 1)V (LA FOH) O Bt (T 28 B8 ) 13 i
AR KON TR AR G I B D FEE AR A
FTHD, KKIBITH0HD K GEMEE, Z2L<D5A%
F % N RINOH G ME EFEIE DI E 23 R #4720 (b 27 A
H Sk D SUOGHETEO BTN, ZORMOHSGMED
EIRIE, (1) — WS DRAWE &2 Dbt
B, Q)BEFME D NE L TR T HEMRM THD,
KEALFET Vo DT BERE O KK AL A R
DRINOHSEME~DEF G- OFHE N IFFS LT D,

Ve (Sato et al. 2017)IXAE YT F v/ R—TF
v EEF TR OWTOHZBRIAHI & LT ezl
B FEERZATUN, FROH B & & Fl AL 2 pk o0 IR FE D
I TE il & 5 A K K L5 &7 LT o HMCM (Master
Chemical Mechanism) & tL#L7-, FDfE R, UL RE
R M S G, HEHBMEAL A% (SVOCs) 12X
D IR BRI A COBE I~ DR E BT LA W
TZOHBUGHE TN E > TERETHD AREM 2R LT,

ARWFFETIX, ATV T F ¥ 3—% U TSVOCsAE L
BEDRILDAV TV, aBE R BLOM-F 2L ZD0
TRFRAL S FEBR A ATV, IR A KR 1A o B 1
DWW AE A NVTEMCME B L #7528 T, R
PJ— 14 JBFE O OHBUGE Tl ~D 52 B A R L 72,

EXT Wb

ERRITE SR IEFT D AT YT T ¥ 3—& Hu
TREIACFIEZRAY T, ab R ob L Im-F
YL VINO v )Tl 7o 70, T v N — NI H i i
725 L 45T SO (550-780 ppb) , NO(200 ppb), %ppb
DAF )L F AT A MCH;ONO)Z RIMUIBHR L 721, ¥
Y T T BRI E L CTHRET L CH;ONOZ Y f#
BESEHZETOHZAE AL KRR RO AL S S
EHEITSE T, FX o =N TOERY DI E I,
% BN S FT-IREZ WU 7 L2 A BEIEET T
7o [ARFCTF ¥ R —NO KEGREH B R B L —
P T VR OH S S AR E LT,

— 5T, TRAHERL A R SOBE I~ D I AL A
IAATEMCMEFE 1T\, (Morino et al. 2020) EHIEHh
TZOHBU L e 5 28T, R — 4L\ R DOH
B T I~ 0D B 8 % ST 7=,

2: [ 57 B8 55 A 2R AT,

RLEE

AV TV DFERITBNT, R —{HKERE %
LARWEAIZB W TY, 7 /WITOH D F2ER %
J<HBIL, — T, R¥—HRBREEZEE LRV
A, m-FUL ol R T, ROSERINELRDI
DKL ET VAR TEBEL 72, SVOCS A RREN i
HE W R ATBWT, WEOEIT ZFEEOLEY
TR ERoT2, ZOFE R, SVOCSOOHB T
BIA~DOARE]—HRIBFRD B2 R LTS,

X 1ot 1 DERLIG T IR AR L 72 VOCsHi 3k
DOHEEIZ DWW TEBREEE T VIR LD i %
Y, ARE) I RIBREE BB LSS, RKEFHmIEE
DH5DODET NVICEIDERMEOFELME XM ELT-,
SVOCsD N2 KU D RLARH D A EEEGH R D 1015 &K
ELCEHRELIESG S, ERiEE LB,

DL EXY, BEMWE O KK IR A ) O A OH X
ISEA~DOFF 5-OFHIIZ KKALFEET VE WSS E,
SVOCsD AR¥)— I fi % % B3 DML EMEI RS
7oo RRUFAIBRDARIR BE SR I2 I T DRRAEN A 4 202
Thd, T2, A —HRBEOFHEIZBTLET L
INAT ADAIREVED/RIB S, 5B OFREE R -T2,

m Obs. MCM (std)
fffff MCM (w/o hetero) —— MCM (Vp x 10)
600 -
a-pinene I .
w400 -
To
o
>I
&
200
0 f+—Art—
-50 0 50 100 150 200 250

Time (min)

1 bR DN BT 2 “IRAE KA Y R
e OH SUGPED M2 E) (W EBRE, K :MCM
(BEHE) , A : MCM (KL -k - BEVE S L), B
MCM (ZE s g fn 28 5UE 10 £%)

2% 3Lk
Morino et al. ACS Earth Space Chem. 4, 1931 (2020).
Sato et al. Atmos. Environ. 171, 272-278 (2017).
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How do missing OH reactivity and heterogeneous HO2/RO:
radicals loss affect ozone production during the 2020

AQUAS (Air QUAIity Study) Kyoto campaign?

*Li Jiaru', Kohno Nanase', Sakamoto Yosuke'?, Murano Kentaro', Kajii Yoshizumi'*?

1:Kyoto University, 2:National Institute for Environmental Studies

Background
Tropospheric ozone is hazardous to humans, vegetation,

and the ecosystem, which mainly comes from the
photolysis of NOz. The latter are oxidative products of
HOx cycling reactions with the inclusion of VOCs and NO.
However, the relationship of ozone and precursors is
nonlinear as the reduction of VOCs and NOx cannot lead
to mitigation of ozone in observations. In addition, there
are unknown kinetic facts about the HOx cycle, which is
composed of OH, HO2, and RO: radicals. Unknown
reactional pathways of OH form more HO2 and ROz,
which have provided extra sources of ozone after
oxidizing NO. Moreover, peroxy radicals might lose due
to the aerosols uptake. A field study in a clean city area
investigates the HOx cycle and aims to explore ozone
production from the effects of missing OH reactivity and
heterogeneous peroxy radical loss quantitatively. This
study is the first application of RO2 radicals loss on
ambient aerosols uptake for ozone production analysis.

Methodology
A robust field observation was conducted from Sep 4 to

Sep 16, 2020, in Kyoto (KUj; 35°01'N, 135°46'E). Total
OH reactivity (which equals the inverse of OH lifetime)
was measured continuously by laser-pump and laser
induced fluorescence technique (LP-LIF), together with
ancillary measurements of NOx, O3, Hz, CO, and in total
62 VOCs by commercial instruments. Trace species
concentrations and corresponding second-order rate
constants with OH can be used to estimate calculated OH
reactivity, as shown in Eq.1. The difference between total
OH reactivity and calculated OH reactivity is named as
missing OH reactivity (see Eq.2), which is a parameter for
assessing the loading of unknown trace species.

kear = Zkionl] Eq.1
miss — ktotal — PRcal Eq.2

HO:z reactivity from gas-phase reactions and aerosols
uptake procedure was detected by another set of LP-LIF,
which was run jointly with a versatile aerosol
concentration enrichment system (VACES) in two modes:
filter-on and filter-off modes. The discrepancy between
the two modes refers to the loss rate of HO> radicals by
acrosols uptake. Isoprene-derived RO reactivity was
detected alternately by the same VACES-LP-LIF system
as HO», which was configured automatically using a
three-way solenoid valve.

Ozone production analysis

concerning  ozone

production potential and ozone production regime is
discussed here with the effects of k'miss and aerosols uptake.
The estimation methods for ozone production potential
and regime can refer to ! and 2, respectively.

Impacts of k'miss and heterogeneous peroxy radicals
loss on ozone production

Ozone production potential from k'ca, ko1, and the
consideration of heterogeneous radicals loss were
compared, as shown in Fig. 1. Basically, missing OH
reactivity could enhance the production of ozone
especially under low NOx conditions with a factor of 1.9
on average. In addition, heterogeneous loss of peroxy
radicals decreased ozone production, which also indicates
larger influences in low NOx conditions due to
comparative competition between aerosols uptake and
gas-phase reactions. The heterogeneous effects caused an
average reduction of 39%.

Ozone production regimes in three scenarios were
analyzed, as a conclusion, both missing OH reactivity and
heterogeneous peroxy radicals loss can convert VOC-
limited into NOx-limited regime. The conversion of
regime appeared randomly during the observation,
specifically on Sep 12, the whole day was changed into
NOx-limited condition. Such alternations emphasize the
role of unknown trace species and aerosols uptake effects
in ozone formation.

25

o ki + Kiptar + HO2/RO, loss
Ktotar
T 20 A
=
=
@
2
g
< 154
= *
5 Ay
kol > 38
9104 T xuy 4
% *-,'b*')i . *A*x
A
| S A
N 5( AL
© 54 Y *.”..l*** 5e
2 ﬁ.f' s eee B . xL T x
o o Te Ten®t, . 'y
IS . % 3 e
A l)\
0 T

10.0 12,5 15.0 17.5 20.0
NOy / ppbv

00 25 50 75

Acknowledgement: This work was supported by the Japan

Society for the Promotion of Science (JSPS) KAKENHI (grant

nos. JP16H06305 and JP19H04255).

Reference:

1. Li, J. et al. Total hydroxyl radical reactivity measurements in
a suburban area during AQUAS-Tsukuba campaign in
summer 2017. Sci. Total Environ. 740, 139897 (2020).

2. Sakamoto, Y. et al. Relative and Absolute Sensitivity
Analysis on Ozone Production in Tsukuba, a City in Japan.
Environ. Sci. Technol. 53, 13629-13635 (2019).



03-01

H BRI T X BAERNAZ VBREORELEL
oK T
g H KT
1. FLs®Ic 2018 LRI 1.97 ppm THH Z &b, i

DABETIEA Z > (CHa) BED 1 RERHMEDS, 22
500 59D REIHERE AR (LU, WEDR) THIE
SNTWD, MIEETKRIERA A AT & 7
Arm~ NTZT7HETHY, 1553 X4[ER 6 55 X 10
@@ﬁﬁ%ﬁmglwﬁT?W%ﬁ%@%ﬁéh/mpmc
HAL TRk ST 5, T—HIXR N E Z 5T 1976
’$F7)Eﬁﬁféhﬂw\éo LWL S, ZOEK
&?H&%%ﬁbt$mibfﬁbwﬁw(t&z
I¥, Kanayaetal,2021), FHIIVEFE ORI
w<,:@?~&@ﬁ@&_omf%wm&ﬁﬁ%
TV, ERRAZ A Xy Y EREEAICTE AT Ee
R L AR LT (K, 2020), ATERITIAFET — X
O 5 2015 F-0 1 FRIOHRFHIRIR T - 72D T,
AT N AR U TRERE L Z RIS bITHR
FtatED T,

2. Ak

W R T — 2 X E BRI O BREEEE T — ¥
~— R (http://www.nies.go.jp/igreen/) &Y, AFEIREA
TAFAHEZR 2009~2018 FEDT =X %X T 1
—Pbtom%&ﬁwﬁmuzﬂﬁﬁ®?—&ﬁ$
R KD AFRRETH DN, FrE BIBIR~OfER]

75)7%& 16 HEBAFUR D F 7% [ESLER B S P BR S 1
?Ec*IUZ DANTF LT, BNL 1976 SEEMN L DT — X %
e, M OEITE/NEALDY 100 ppbC ThH o7
FRIEDERNS OREREEE B2 b0nRH b,
EEAE L, WERIIEEMR EIRET D2 L
Mo, KRR E L TRRTIC L DER O T — 4
(http://www.data.jma.go.jp/gmd/env/data/report/data )
LM LT,

IKHESMRHN D D A & e S, B/ RE R
7V VISIT IZ & D HERHE (D, 2021) ZFIH L7,
ANRESNTND T —Z ITHEEEREE 0.5 FEO A HfET
o, B, BEEW, WRBE - IR EDNBIFRIZHS
vV TiX EDGAR (The Emissions Database for Global
Atmospheric Research ; https://edgar.jrc.ec. europa. eu)
v6.0 Zf#fH L7, EDGAR (21, T, #RpkAK,
r7 VR EOBEKREITE RN, 2 W%@Viﬁ
JERREE 0.1 FETH 523, VISIT IZA DT 0.5 I
RFLTHEM L7z,

FERTRF ST I 1989 472 5 2018 4R F T Oficz 30
FEHPDEERE L, BREEIREDOMBEIX
openair (Carslaw and Ropkins, 2012) i L 7=,

3. RRLEE

At 22 M R T BB AL O BRI AL L

2018 4 DAEERIRIE N2 Rfm D 2.68 ppm T
o7z, AR HH) 13 km B 72 JE BT BEE)R O

&ﬁi%ﬁ%ﬁ%éﬁ@%@k%<£?f“ék%

2 HiLD, 2010~2018 D 9 T IS IT 2K D

A B AR EE X 0.011 ppm/yr TEH L=, Zh

ITREHE (0.008 ppm/yr) ERIFEETHDH Z Enb, &

ROz K L= b D E WD, — 5T, HiER

72 (= FhemiRE-H SR E) oA SFEEIT 0.012

ppmyr TL5 L, R HIE 72 8 b 4 2 B LT,

T HITRK, 6 HIZH/hN & D iz L,
RIZEKR, BRI 720 BZEED & HIZBAIER
Th b, WRENHEE L7225 DITFES L < IR
(1m/s Kiifi) FrCTH Y, JHO I TFFITR AR &
D EHEREIND,

EDGAR (T J AU, 15 R & & TR 0.5 BE%
T-DON&PEH R EaR o 9 4 TR 1 Bl LTk
D (5.83—5.23 gm?/yr), = D% & A E13 ENF (Enteric
fermentation ; & DIFNFEEE) OMICL D H DT
&7z, VISIT TlXiEHDFE A& 1T 0.14 g/mYyr FEE
i, WIS, EERRORE EAEMITY 7
U FOPEHE E% LBEEZDORRYTHD,

TR R T E R RIS RE T N
(IAZES D73, 23D IR BT 2 H A5 RIRH A
LRI TWoHI T 5, 2018 A2 EE DT
EERIZR < 230 ppm TH Y, JEilfF (1.94~1.95
ppm) KV BALMNTE, H ) H EAREREIE 2010
~2018 £ 9 [T 0.006 ppm/yr D LFHTHY,
1989~2018 =D 30 4-fA] TIX 2005 4F- Z A £ TOHED
i DA 52 1 C L FAE L 0.005 ppm/yr & T
VY, HEGZET 30 4R/ T 0.002 ppm/yr DK FE T Z
b5, FREET 0.5 KT O NBHEHE SRR
DEMIZH Y, BREEbOBERIE—EK L, FED
R E 721307 D OMUERFIC A iR @i EEAN HBL L T
B, EFERAEROREL R 2T T2 LRB S v,
B
TEPENTTZE B FE A D AN 172> & 13 e i
Z THH L 72, 2008 4-EE LLRT OO KR LR T — &
(XIE BRI BR B AH R I B == L 0 B0 LT,
5| FASAR
Carslaw and Ropkins, (2012) Environmental Modelling &

Software. Volume 27-28, pp. 52-61.

Crippa et al., (2021) http://data.europa.eu/89h/97a67d67-
c62e-4826-b873-9d972¢4f670b

HK (2021) 2 26 RIS LRt

Kanaya et al. (2021) presented at JpGU.

FEE (2021) PEBARERE T /L VISIT (2 K HIR=ES)
R AWK LOREMER Y R = L—a V)
T —4 ver.2021.1, doi:10.17595/20210521.001. (=
HE 1 2021/9/25)
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CH, surface flux estimation using local ensemble transform
Kalman filter

Jagat S. H. Bisht', Prabir K. Patra'?, Masayuki Takigawa', Takashi Sekiya', Yugo

Kanaya', and Naoko Saito?

1: Research Institute for Global Change, JAMSTEC, Yokohama, 236 0001, Japan, 2:
Center for Environ. Remote Sensing, Chiba University, Chiba, 263-8522, Japan

Methane (CH4) is an important greenhouse gas
which is substantially increased during the last
decade. The rise in CHs has been attributed to
emission sources based on inverse modeling
techniques, which are performed on very coarse
resolution or on a limited number of predefined
regions. It is essential to take the full advantage of
the recent progress in satellite observations with
global coverage and also prepare a roadmap for
future satellite missions for estimation of CHas flux.
Present study attempts to estimate the CH4 fluxes
using Local Ensemble Transform Kalman Filter
(LETKF) data assimilation technique using Model for
Interdisciplinary Research on Climate based
Atmospheric Chemistry Transport Model (MIROC4-
ACTM). We first test the performance and ability of
our LETKF system against the known truth; hence
this work performs sensitivity experiment on
Observation System Simulation Experiment (OSSE)
setting by updating observed changes into surface

CHs concentration and column averaged CH4

concentration. In this study, we use two covariance
inflation methods; fixed multiplicative (FM) and
relaxation to prior spread (RTPS) for CHa flux
estimation and found that RTPS inflation outperform

FM inflation method (Figure 1).

10 Normalized flux RMSE

— M
--- RTPS
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Figure1. Time series of normalized RMS error of surface
CHy, flux analysis, for 1 year of data assimilation using fixed
multiplicative (FM) inflation and relaxation to prior spread
(RTPS) inflation methods over global landmass region.
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EOHEEDTOINTODEN, ALV THLELHT —
S XBLHELI A EAR TR EBIZ AL QOB 6IEE
727, ZOEREBO— O3RN T — 2 D%
MR A AL T34 T AO D HF DO EEL ST
HY RATADOHIEIEIZ LY T ERLIR BN L RT A
DRESEAT AT H D, 5 ENIZNETITH
L CEIIh E T2 DR BT — 20T
AMHIEIZED, AU IR BN N T ADFA L2 AR L
DO B B HELRI O OF I L0 R b IR 3
BEOMNT R AT S RS T D,

2. RMFE

R T — 23BN TROEYM ORI T —
BHEABHT LN TELHGOSAT SWIR L2 XCO2 (Ver. 2.9X)
AW, #EBNT —Z DO AT AL, ST RN
— & (£1) ZHWCRHIL ., 2T —20 5550
HXCO2 LML FRAT B 3R S HXCO2D 2 (4 1
R0 A W) 2 2R T — X BT BNNAT AER
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DOAE %2 DXCO2% FEH L, MANZIRNTE N DI 7 <1
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TR (COy) A (CHy) . —BRfL 2%
(N20) 72 E DK E P I ENTIFAE T DIREL A AT,
HERIRIEAL 2RI TRIT 572012, BEMMIch
DEE LT HIENRO LI TND, KHABIHITIX,
BT —2OFEAME - FEMOMRNERET, 207
DT, AR E B HIRAVE TSI AEHETT A C
RO TPRER T — N E LD OIEEZ - CHERFEBLL
TV, BHEBIOIEET ADFRBIZH SR TWDHE
ERAEIT. mbREE O B WVEYE G GHEET, )
Sy IREE (&) 1L, FUBH T AD G 80 bitE 3N
Do LINUZRDNG | e, A [ ] ST AT YE 52 i fF 48 it
Miller® (Anal. Chem., 2015) 07 AV 1 g K5 R D
Hall® (Atmos. Meas. Tech., 2019) (25> T, COAZEHED
AHHEZEDR L NIBFIE T H721F TCO R B 23
0.2ppmEEEEALL CLEIZENME SN TR, £D
TR L TBREBRIZBITHC0E ER Ay (BR) D
Sy B (GBI R ARSI CnD, B EILIREIEDS
A BESIELTAR SRR T, R (B
JECOMENENT R) T T DHNER DD, £ DB
FEERFD 73 BIZh FAZ KD | RSN T HETT A D 5y
RENEEOENOTILCLEIZERHERISNTZ, &
T, INFTRELESN TWOIERFHENIER THY,
BHEIEGEDOEHRIEZIE TS TWARIEEERH D,
DT Fox ik, DRI PNVE EHIRAE TS
NIABRET AD R IR FEIZ G- 2 DB DWW TN T2,

EER

AWFFETIE, COAUTONT, HEIIR AL TS
A% BRI B E T AR #s N O COR T B2 D45 %
WEE~ DL 36 LU FRIERF O 43 B B 5 D 5 28 %3
R, WAEH R OW T, BET AR g7 70D D KK
BEL~LDCOy/AIRA T A% 11 MPa)> 51 MPall7s
% ETHEKEHY T PicarroG2301 12 AL T, COL R E D
ZAbz R IE L7z (Decanting 3288) , S5O N RET —4
(ZLangmuir®O W & FIR A2 EH 35281280, B
BEIZ & T HCO % RAES o7z, B2 T
X, "Mother B #8” I INTZ KRB EL LD
CO/Airlit & H A% 225 | & LT="Daughter K #s " ~B 7t
HLZBDOCOREDEALND, BFREFEDCOD 5y
BItR%k % R AED - 72 (Mother-Daughter 8 7 1 5 6R) , &
=~ R D B EE D COY/AITEEHEH 275 K L
AUV DFEYEN 2% 6 ARFHRIL T, i COYAIrfEHE S
A DCOHREMNZ DI E BEIZEL VI - &%
Rayleigh modelZ FIVNTA#HT 9228 T, EREO T il
FRIZBIT D0 EE R o1, &%, Rl R

& Wk ZE Pt

DEEZ TV B AN (CO LR Az H R A
TRKIREL L DCOAMFEHET A 8T 5 F 1545
LT, ZOEMETALBEAFOE & HIEAETHREL
7= COAEHEN 2% HrEg LT,

BRLER

DecantingZEB% 10 L7 A= AF 2 CTRIFE /L T,
B NBE~DOWE BEEZRBENOLYE &I T 5
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DT DIV B D EMERE~ A 7 & ST EE3
(Advanced Microwave Scanning Radiometer 3: AMSR3)
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Zr ¥ & L CTROPOMICEHI &N TWABCOT —
X & T

4 MHEBORE

HRO8S>DOA T T 4 HIK, VYK, v,
AoNR_A, =a—FVY—, —a—3a—7, JtE, L
W) 2o\, BNy 7 7 F 2 R & ik &

DIREREZRDT=. Ny 7 77 Rl 60 Lo
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MENRH 2 (Yamaji et al., 2020). = ORIE S & fER
T A0, BIROET L TEETE TWARVWMEFEK
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HY, SOFAEIBFEZ DL D DAL IIL TR0,
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Mk UEENT 5. AVODSHTIE Z i E TRIM AR
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(Ishino et al., 2021; Hattori et al., 2021) , ENTO#]
BIFNZZRN, 22T, B BERINIALE T 5 4R K
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A2 SR A SRR L > THr LTz, =510l
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Abstract

Since 2020 the world has been fighting against the pandemic of COVID-19. Reduced emissions of NOx and
PM2.5and improvement in air quality have been reported in many countries during lockdown. In this study, we
examine the air quality in Delhi, India from Mar 1 to May 31, 2020 which includes the lockdown period (Mar
25 to May 31), from both ground-based observations and regional model simulations. Ground-based
observations in Delhi demonstrated that the concentrations of NOx, PMzs and Ozone in 2020 were statistically
different from those in 2016-2019 (p <0.05). Comparing before and during lockdown, NOz and PMz s decreased
by about 48% and 26% respectively, while Ozone increased by 48%. Regional meteorology-chemistry model,
NHM-Chem, simulation prescribed with reduced emissions of NO2 (denoted by 2020R) agree with observations
(R =0.62, NRMSE = 0.48) significantly better than the one without reduced emissions (R = 0.29, NRMSE =
0.88). While the simulation 2020R captures well the diurnal variation and evolution of NO2 and O3, mean model
biases with respect to observations are -1.72 pgm™ and +32 pgm? respectively. The model bias of PMz.sis
about -27 ugm over the whole Spring 2020. The change in the concentrations of NO2, Os and PM: s is
principally attributed to the reduced emissions, however meteorology impact is shown to play a role. Further
study is required to understand how Ozone concentration responded to the emission changes during lockdown
period, and this can be accomplished by model simulations with up-to-date emission inventory for 2020 in
future. Lockdown period provides an opportunity for understanding the air quality specific to a city or a region,
and insights on construction of an effective and location-specific air quality policy.
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Figure 1 Concentrations of NOz, O3 and PMa.s, during Spring (1% March to 31% May, 2020), prelockdown (1*
March to 24™ to May, 2020) and lockdown (25" March to 31t May, 2020) periods. Observations are shown in
colors and NHM-Chem, regional meteorology-chemistry model simulation results are shown in grey. The
shading of each bar depicts the 10", 25" 75" and 90™ percentiles. Red line and circle on each bar represent

median

and mean respectively.
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NOx emission changes
60N S

‘#, . 1 N
N Sl a*‘“t w) CONGh
Y

f|£ \ " A -
v ‘\ A ( / o
EQ ‘ w,

-

308 ‘ | “x )

0 60E 120 180  120W  60W
SO2 emission changes

60S

60N -
3N
£Q-

308

60S

0 60E  120E 180 120W (;dW »
-l 00
-30 25 -20 -15 10 -5 O

12020 £ 4 AIZH13 NOX(LER) . SO2(TE) ?
E I8 ENZEIL (%) .

NO: ver. 1.2 VR — 31 SOz verl.l URU—/ 31
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SO HI FENO2, SORED IR ZZNE NN T,
%HEFEINO, - SO 7 BB HHEE L 72,

FEINFT VNIV ASEEARICH (3D HEH = R
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Tix, vy Xy U HERTO2020F O PEH & & [FRF
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COVID- 19 E R Dy 720 o D3 FAIZAT
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1FEAE DOHIIZ I T NOGEH &L A %7208
D EPINSUVMENZH STz, L, I —my /307 A
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s s LD,
R7O7 -0.4 -15.9 -5.9
X7 A0H -6.6 -5.6 -3.7
I—AyN -6.2 -12.8 -7.0
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WACCMIZ X B 19804EH>H20404EF F TH Y I 2 L —
va rOER EZEICBIT A EESA (K1) &
AV, 533635 A — X [INASA/JPLY L— 712 L5 5
ELG3 N ST A—5% Nz SR U O &) B 53 A 1 8
I B X4 HONCEP Reanalysis A 2357 — &% v iz,
2019-20204F I UG S T2 T — & b LT fE R, F
YTIX10P emZPBREDH T A EBEEE-N, E50X
NREL, BFEECIIERICRKRE R AREMENE - T
WL Z EDBbhol,

FFETIT, T FIEOFEME S %O RIE L
THET D,

ZOW

WACCM 40 yrs run over Rikubetsu

' a{:erage (bold line)
max. and min. (dotted lines)

Altitude (km)

0.5 1 1.5 2
Isopren VMR (ppb)

X 1 WACCM [Z&BRER LZ=ETOAYTILUEES
%, 1980-2040 FE DA D THIE (KiR) L/ K&/
(B ETT,
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%/’r‘/v«\"ywzr*/“:/ﬁa\ﬁ@b>6&%¥k?ﬁﬁﬁ:7uy“zvéﬁw§%@

*LAE S, B2, JE R

1AE RER B B2 Bt 2040 K Hi BR BR 858

#

i

E T (CroH )BT, HIERRE T O IR A
TT7 1Y ) (SOA)DFHRFEERTHDL EEZ BN
TWb, LELEHENDE ) TAXUVETHD
0-E R DAY RO BRI O @Ry
T-(HOM) DAk %38 L C, FPhL 1A p(NPF )i 2 7
TeSOAERRICE G- 5 Z L ¥R STV BN, £
DAL FFERE XD E 2R SN E W,

ARFZETlE. SOALFRICE LA ke DR % B
B LT, a-E R DOF Y USRS S AT 5
SOA L HOMIZ %} LT, KZ&KF L OHFHHEAI DI
TN R\ E T B % BRI FH 7=,

HERIZE

FEER L, IRFERI500 LOT 7 a8 208y 7 %
AT, HREFOEBRTIL, MiZERN. 02) & a-E
R DRETIREZ Ny TWIZRB L, # ZITEREK
RT T D DEZEEESN A 22 R IR LR AR
S/ AY U EBANTDHI LT, AV RN E
BAtAE L7-, MBSO ERIT, KEKDLH LD
MATRERIZAT 272, Flo, A VO fRBOG THARR
THOHT P HNDFEELRET D720, OHHEA
LLT /IS BRI L ERBITo 72,

ST ARE D A R & KA R ) FE 0D IRp T 48
b4, SRR A R EERE & SOCl A 3 EE A A
vl LTk A F AL E &AW EHCIMS) TERZE
NWHIE LTz, F72. kifR9.82-4142 nmE TO#HIPFH T
AR U T2 R F ORI 5341 2 SMPS(Scanning mobility
particle sizer) C2.50 B XIZHE L., £ IR0
R EE FE Co(em™), MIAFEIR FE Co(nm?® em ), 15
B (nm) & R D 7=,

FOGBHIRRED a- B % B L O Y OFFERA
IXZHEH 450-600 ppbv 35 L TF 800-900 ppbv T >
7o o MR SeAE D F2BR T OFXHEEE 134 30% Th > 72,
OH A2 M2 1= FEBRICB W T, KnBltEE o /
LT OIRE I 600 ppmy & RS Hi
2o V— RRIFIIMMA o7,

BRIER

B 1124 St T O ROBL 8 B B Co D RER 28 b %
R, Cold. OHFRHEAIZ2 L - #2451 (@) Tieb Ei<,
WD CTOHMHEANIZ2 L - MBS (A) . OHFHHEAIHY -
Lt (X)) DNEE 72~ T2, MBS TlX, AV 9y
R CHENT D7) —F —H RO —EI IS5 &
o ZOFERIT. a- R 025 ONPFIZ, OHEE{LIX
i & A RO DO TR G L T\ I kAR

B2t ZE e 3015 32 BR 5 F 58 B

BLTEY, a-E 06 ONPFERE & LT, OHER

(BRI DA RSB 545 2 L AR L

TV DInomata? L AT 5, — 5., ®IGT DR FEE

FEC ORI b & X212~ T, Cob . OHAfi#EAl 72 L -

WS CR b E < 2o 72, OHFEHEAI 72 L - INi

S L OHHHEAI B U LB GIECIRIFE L 2o T,

FEF T, CIMS TR H S 7= A8 2B sl i FE Dt
HBHEH T, 0-E % 5 DONPFE L USOARLE D1k
T o T A
X 103

2 -

—&— w/ n-hexane, w/o water
—®— w/0:n-hexane and water
—&— w/0 n-hexane, w/ water

9

Total number concentration ,
C,[cm™

0 [ 1 1 1 1 1

0 . 0 . 100
Reaction t15me , t [min]

1 BAFEHREOREZEL

350
300

NN
S W
oS O

—&— w/ n-hexane, w/o water

C, [nm*/cm?]
O
[«]

—_

S

(=]
T

—®— w/0 n-hexane and water

Total volume concentration ,

50 —&— w/0 n-hexane, w/ water
0 1 1 1 1 1 1
0 50 100
Reaction time , 7 [min]
2 BABREORMZEL
SE Xk

(1) Ehn, M. et al.,, A large source of low-volatility
secondary organic aerosol. Nature, 2014, 506, 476—
479.

(2) Inomata, S., New particle formation promoted by OH
reactions during a-pinene ozonolysis. ACS Earth
Space Chem., 2021, 5, 1929-1933.
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trans-3-hexene DA VU K ) BT AsCIH E R OHRIMNTHh B

N Y, A R B s
1: B K | 8h 5 0F 58 gy, 2:[F 57 B8R 55 0F 28 A

[FL&HIZ

T IV DA RSOGO PR T, 7V —F
— HF A (CD) EFFIE D SOS F RS A Bk 52 &3
FNHIVTND, CHE, BRI =R X —%F 2 T
DI Moy 13RS D0 MDA 0 Ll 22t Fn L
TR =L B LIZCI(sC) 25, &+
(L2 FHFEIC LD, CIB X OSCUZ X5 T BAMEIA (synfi L
antifR) BNIFET AR, CIBX OsCIAfR L T, OH
TN ERTHZENHESNTND,

Fx XN ETIZ, OHT ¥ VIR EITsyn-CI D
HERRENADIZK L, TV H 2 Hanti-ClhH> & R i
WAERESNDHIZEH LT, O3+ T L7 UGN D
Danti/syn-CIO Ay b 2 HEE 3 5 Hik a2 L
T &7, AFENX. trans-3-hexene DAY U ER VIR IC
sCHH A TH MR EZRMT 52 LT, CIBL Y
SCINGDT NA U BLOOHT LD ERIZE 2
BB e EBICHE Lo THET 5,

EEHE

FEBT, ENLBREEI T D6 mD AL FEAEY S F
X N—F NIz, Fro " —NICE R R
FELIZDG, 4 OHR —H—(1,3,5-hJ AF /L
B2 TMB) , sCUHA A (BEfE) . ZLTT L7y
(trasn-3-hexene) DONEIZ V> T IV EE AL T, Kz B
MhEH T, RSB IOERY OREIL, FT-IR
FeEER B8 E221.5 m) ICXVBIEL-,

SCIOAE R EDEWICLDIEELFAETH-0I1,
sCHRERI ORMESC, B7e D 15 CTHEBREIT-
Too EBREMFEERNCELEDD,

RLEE
1. ZILHL D HEBRUERIE
trans-3-hexene DA S bldmZ (CoHg) DA
S HERR S AT, exp.] ~exp.4IZ3 T, CoHeE BRI
R, sCHEEA OB EICEHHLLT AT R I RS
AU, ZONEEIF0.082+0.010 TdH > 72, exp.5 &
exp.6 DAXSE (0.1 atm) 54 F Tl IXUESRMF T THS
N=ARRIR IO @72 0D 1RJESME: T LR
KR, sCHIER O TN LB E BRI ROEAIZ RS
Niphotz, Zhi, 7V h  NE 2R A2 5% DRI
CINBAEKR TWAHIEERL, X DINETODE XL
FHIEZ2 N,

2. OHS DAL D & B E B E

sCHREAI ORI ED 72 Dexp.1 ~exp.4lZBUT,
sCUR R O UM E N T HIZLT223> T, OHAERK,
PR T I AE A bz, 2k, OHZ Vv
INE L2 A2 T DRI O CLE L OME 2258 fn 452 1) 7= 1%
DsCIMHHLAERKL TWAZ AR L T, Hakara and
Donahue (J. Phys. Chem. A 2018, 122, 9426-9434) D
RLBEAHTHHT,

sCHH RN 2 U U 22 VKL S (exp.1) |« sCLi 7
Al & T U7 AKE (0.1 atm) 2548 (exp.6) . 1L S
(exp.4) IZHBWT, OHT VIV DA RKINRIL, N ZF
30.67. 0.578 X 1VN0.26870-7-, 2 &, OHF Vv
L ARJE (0.1 atm) ST, RENEFZEREZZITS
AIDOCIMNBAERL TWHIE, 1RJESMTIE, sCInb
#940% (0.26/0.67) AR SILHZ LD RIBS LT,

®1 EBREHLER

Initial conditions Results
exp.No Pressure trans-3-hexene O3 TMB a;:;tcljc CzTg OH yield
[atm] [ppm] [pm]  [ppm]  [ppm] | *¢
exp.1 1 2.5 0.45 0.49 - 0.094 0.67
exp.2 1 2.5 0.45 0.49 0.79 0.082 0.37
exp.3 1 25 0.44 0.50 1.7 0.072 0.31
exp.4 1 25 0.46 0.48 3.1 0.089 0.26
exp.5 0.1 25 0.44 0.42 - 0.143 0.74
exp.6 0.1 2.5 0.45 0.50 3.0 0.143 0.57
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—Aﬁéﬂc'ﬂﬁﬁiﬁﬁgﬁ' &?iﬁ WFE S B
THE)—)VTIVEF LV DKEBE T TOR i E
EBEE, EmREa, @\ FH 2, L3, R, T k!

LU K52, 2:4 IR K5, 3:[E 37 BR B3 A 98 At

1. [FC&IC

HIBRIRIRALRI R & L C. KSR BATORERFT )
HHEH S D SR bR FE(COL) % 4B « [EI L, %IJFH
HDHWITHIZIEAT D COy BN - FIA - 7
(CCUS : Carbon Capture Utilization and Storage) it
DEHSINTWD, BT OREE E LT3k
IVE(R IR\ R R S8 D), BB (CO, DN
W BRETERGTT D), WEEWRERNIEE S
%), WERIERINRIC B ED CO, MBIk
W EH5), RO DEEERMRIR TR IR D=
R LU COBET 2)E0RMFET D, ALFEWRINE T
PEH ATEEND COy % T VT U PRI I &8
HZ ET, MO E ST S, COy DWINIKD
BHRBAOO L DITHEET I ThH D,
AW L DA - BIERDEICHRKT DT
NIPERDKREALF T HED v TE 7203, IT4F,
ko> CO, [mULE AT &5 B & LT, AFZED BN
BE-oTW5, 7 UrORGALFERIGIE, ofR L
NO; 7 ¥ H/v, OH 7 V1< O3 % DERLA & DL
MNZE D HDONETHY | ZfE & KRB R DK E
Gty v VR, EHEOWE)OM G TR Z 5,
AWFFETIE, KFEIZB T =X ) — LTI L O;
DOISHEEER, EME b= v X — L BHER %2R
7,

2. =R
(1)2-(Dimethyl)aminoethanol(DMAE) (2)N-
Methyldiethanolamine(MDEA) (3)2-

(Methylamino)ethanol(MAE) . (4)2-Aminoethanol(AE)
D AFEEOTH ) —)LT I NZOWTEREIT- 72,
03 & DFRUSHRE L X 70 v — A EES T HL
JEFHSHIMADZU/UV-2600)% IV CHIlE L7, R
OE T O3 & ATE Y ERFEENR 3.5 mL 1T tert-
Butanol & U » AR Z £~X > R T100 uLii F L.
[FERIZRUBHANC X Os 2B ATE Y ERFRTE#R 3.5 mL
WX ) — VT I A ET tert-Butanol &V R
FEEHL Z 100 uL i T L, Wl L2241 [E
RoTHhHEBEARLE =2y b U, KSR
AHRE/LVNTEITIEZ, O DWINE— 7 HETH
% 260 nm [Z[EE LT, [Os]DORFHEIZ(LZRIE Lz,
5, 10, 15, 20, 25, 30, 35, 40 ‘CTZILZ 4L 300 R H]
ExEIToT2,

I O3 BEEIZ 10~60puM & L7z, =X ) —)LT 2
HDEEE X, FI12(1)DMAE 4 mM, (2)MDEA 1 mM,

(3)MAE2mM, (4)AE 15mM CTHIE&4T-72, 7=,
FINENIT tert-Butanol | mM 2RI L 7=, FOHH
X, O3 EHEEW) O SOGEFRIZ BV THERT S OH 7
CHNEZH )T U E ORGEIEIT S 7
HTH D, tert-Butanol & Oz DI EERIT ~
0.003 Mls E/hE <, —J5 OH & OFEEEIL 4.8
X 108M ISt REREE LD, $72, WIKF T 031

H Ik o THfESN D728, & TOERIFEIZY

ﬁﬁ%ﬁ@mﬁz(pH—z.w)%ﬁHw‘_o

3. R

()DMAE, (2)MDEA, (3)MAE, (4)AE ® 25°CCT®D
B B B A Table 1 1R 3, %% OSAET T 3 [
PLEMIE L7z, (1)DMAE, (2MDEA. (3)MAE [%[0s]
C[=H =T I U] IRAFT D 2 IR, (9)AE
IE[0:] & [AEP IZKAFT 2 3 IR ZRE L CHENT
THE[TH ) —NT I UNTHELFE L7 WG E R
Bohl, BHIEIBET TH D, BT T
(BT IV EONIT T o i ALENTWST2D 0;
EIHIFEAERIE LRV OT, B Faf v EOH)%
BTAHTNa—NARN 0 EELTNDLEEZ LR
5, TORED, B RuXxTRoETEENEGL 2D
FE O3 EDOPRUSHEERED S RoTNDH EER
T35,

15, 20, 25, 30,35 CTOT L= A7 1y b) b
BonEH b AN X —(E) EBHER T U) %
Table 1 {2779,

7 1 (1)DMAE, (2)MDEA., (3)MAE, (H)AE & ¥k
B PE E B & TG b kL — & LR -

k(25°C) E. A
(HDMAE | 0.58+0.04 M's"| 75:2kJ | 8.6x 10" Ms”
(QMDAE | 23:02M's"| 732K |1.3x 10" M's”
(MAE | 0.21+0.01 M's"| 8122kI |3.6x10° M's"
(4)AE 43+0.6 M7s"| 544K | 1.6 x 10" M7
4. fim

EER GRS T D 2 &N TE -, CCUS Tl
INTWDHZH ) — /LT IHEE Oy DKRFIZET
D RO ER, IEE b= X — BHER &%
BRENIC RO B Z LR TE =,

5. BEWRXL
H. Yamada, Polym. J, 53, 93-102 (2021)
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K[UAENO LG L KIKB RO AR B — Kk

* P, L
LU R 22 R B i &

1. [FC&HIC

Y FEALEMTIRKFITIBNT, SR A o ofih
PR 53 i 0 K ER DR AL SR 72 Bl ko> TRAER BRI
A KT T, AtkinsonHIZE DY =y T VR L TOE

HARE BRIz D L, IOD AR S K I B2 A B 2350 |

WERENITFED Y —AL72 > TS A REMEINVRIZ S
TV, Ll %ﬂ%kﬁ%@ar?%ﬁﬁzﬁ@ﬁ%fw:
RILZHONTHE, J<bho TR, fE kDS
MRS 72 TR E LT oA i iélzéﬁm:ﬁ%%
SN TWDY, Z DD ATHENEE L CTARBFE TIEINO2IZ
A& B L7z, NOoJ(g)ik, EfRDav by A (KD EDAR
B)— RO E0 ()& R T A Z R HESITNDD
D, A A % LK ED BT DOV TR ZED
ThN T, TD7=d | IEE AT KENON(g)ED
SO EDLAERIZ DWW TR & T o7z, TR E LLFE
HEOBR, SONEIZAER LT &8 X b LT=L(g) ik
HIHEIZ DWW THE T2,

2. EE&

TR FHAE L 72 KK IR (0.0050~1.0 mM) %263 K
HIARNVNTHEIL, 1.2 mmOKZAERIL 7214
253 KETHEA NI, BRI AENN—ILFYE T4
V72745 3% (CRDS) (249532.874 nm~532.920
DX —2AT AL RELT, BEH AERREISX
10" molecules/cm*DONO(g)WZFIVEE % | J£ 71760 Torr,
155 secem Tt T 2 & LV S BRAA L 7=, BB
BED> 52047 FTIE R (532.885 nm, 532.914 nm) %
30RPT LI AN Z N ERITEL , 2057 LARR XS0 T &
2y AT IVRIE LL(g)iR EAF H L72, ZDh(g)iE
JEN—E LR DETNOAg) &It LT, BUSHKE THITOK
BURINL . VIR ZE W TEE FHZ LD I A7 RV (200
~400 nm) ZRELNOs -, IRELZF L, Fio, F7
FNZF LoV T IR EEIEIZIY | SOSEEEIE D
NO; REZHIELZ, FEBRIE[KI(aq)] = 0.10 mMTiI3
[B], OO ECIX1ET 2177857,

. ER-EE

4 [a], CRDSOJIEFFH THDHE/WIZITL(g) Dl
IZHNONAL)BTFIET D, T2, L(g) LA D KAR DI A ik
T HARENEL D, T D78 BEH O WL IR i fE & E

LTI A MV IV CIa(g)]. [NOA) | E HL7=%%

ZDWRREPOFEIIDWIN AT ML EFEFRD A
MV Z S 52 & T ISR IUZ 2 EE T D KUR D 720
ZEEHER LT,

XK FE Sa(g) i FE D BIR 27k 97, ZDIx(g)
B E L, — & &7~ T-L(g)E FE ENOa(g)ifit &, K

=2, R EPeE R, JHHEBY,
BTN, 20ESRENIET, 3: /2R RFPHE FE

T RE!

ORMENOLE L, KNI RT LI, [Kl(aq)] =
0.05 mM CIIKIHJE E1(g) i HIE B2 X LB BIER I H D
ZOFERMND, [KI(aq)] =0.05 mM T, L(g)hk Hizxf
T O DISRENIN THLZ N MRS ND, £,
[KI(aq)]=0.10 mM T (g HHiE EE DA B BRI 28
HD.050 mMTIHIK FL7Z, EBRHDO—>2LLT,
L(aq)+1 (aq)S1s (aq) D V-1 1315 (aq) 2E A SIS IMEAL T
BB LG~ IS WZERnEZILND,
[KI(aq)]=0.50 mM Tl&, RS IZT DYWL A~
NMUDSHERS AL, ZOHERZ AT DGR L7207,

K202 % 1 E 1 OKLE FE 2 381 5 Sk % T IR O
NO, (aq)¥R £, NOs (aq)i & HE SN2 IR EE R T,
Kl LA ICfE W EBIRE N B 2 -, £72.
NO, (aq)¥# £ 1X[KI(aq)] =0.050 mM T o1 i Ji b4
L2yo72, — 77, [KI(aq)]=0.10 mM T %, NO, (aq)i
JE LT BT IR ENAED NOs (aq) i E S EH-LT-,
ZO—NELT, [Kl(aq)] 3\ A K FmIcH L
72KI(s)ENO(2) & D T LVKNON ()3 AR L, (1)
D FIENT > TKNO(s) 28 1H 2 S . KNO3(s)H3 A ik
L7=EE 2605,

KNOx(s) + NOa(g) — KNOs(s) + NO(g) (1)

1.5E+11

1.0E+11

5.0E+10

d[ly(g)l/dt

[molecules cm2 3'1]

0.0E+00
0.00 0.25 0.50 0.75

[Ki(aq)] [mM]
X1 REATKEEEE(g) R H EE O BE &%

—o— HEI NO: - —A—NOs"
0.20

0.15
0.10
0.05
0.00

E [mM]

-
=

0.00 1.00

[K|(GQ)] [mM]

M2 RICHEKIREERISEDHEE,
SR

4. CHk

1) H. M. Atkinson, et al., Atmos. Chem. Phys., 2012, 12, 11229
2) J. W. Halfacre, et al., Atmos. Chem. Phys.,2019, 19, 4917

3) E. O’Neill and R. Z. Hinrichs, J. Geophys. Res., 2011, 116, 1

NO2 ., NOsEE®
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HRET— A VWTHAKHNO OB H

PR T, I B T2, GRS RE Y, A T

115 ¥ 18 15 AIF 72 BE A

[FL®HIC

W L2 AT DML, IR ERD BT ALK KIE )
BOPEHIRDO —>THDHMN, T, T ORBENELT
HHTEND, [E R EHE] (IMO) T, NOxX° SOx7¢
EDORKIGEE ORI 221 2016 4, 2020 -
HIRIEL TWD[1,2], BUIE, MM GHEHSLD KA
HYE DE=4) 7%, # B0 LB 5
T NVRIERHLTHY, Mg EOEBER OO
VR R SR A S0 - 22 R A 72 IS ME SRR S > T
)

AWFTE T, R A BT 572 DI FHN OO
BT —H2 AW NO, DR HEZR T, R T —
NI T NVRIEC KL TR E MR, i —i %
W2 DZEM D FRRED /2N LD, ZETHEH T AD
BHIIREE S S TR, ERRKELEEC)TH-
722018 4= 7 H 2 H OHH A E T3 D AE X5
WD TIRRAES NI BN TEAET D[3], AMFZED B I,
ARURIIZ NO, DAL CWVBEREDILD 2021 4E 3
H NS A K] CH A LTz KRB R S 2 e R 1
FHNLOMAAINO, BEHE=#V > F O Al HEMEESHIZ
MEETHHLDTHD,

ERT—%

412 7 — %1% TROPOMI/Sentinel-5p CHIE S 7= &
SIREEE—R NO, 287 —# (5.5km x 3.5km) i /i
U7z, fairiE SRR, Anin B Ehaski 24 (AIS) 226
DRSO NG B2 E T IVEAF L2, Z2TIE, NO,

HENZWRIOEMINE S T — DI a3 LT,

A EER-BE

ST B3k |3 A o TR JE ) OO B 32 FE~38 JE, k&
22 E~28 DR LTz,

112, AT KGENZ 31T D JEERE S i 1% (2] A3 B
L7 3/30 705 4/5 O 7 B O KRR ORI E NO, &
DRI~ 7 /T, IAOHTE IR 572 NO, B DHY
KBABND, K2 (2 BEAL THEEE AR O NO, &
DOHERZRT,

FRT R VSR R o 3/1~3/29 O EALO
NO, ¥ HT 28T 6.2~6.3x107 [mol/m2|FLE, Fik
#% 3/30~4/20 OFEEALOFE T LEIL, 7.4x10°
[mol/m2] TV, 2 EFRLEDHINA ST, FiZLY
FEIAL T OMMAA, BREEEHIEMZ TR
AL sNA,

2k ety —=2—X

Sentinel5p L2 NO2 20210330-0405 mol/m2

rrrrrrrrrrrrrrrrrrr 27.5°N

27°N

................................. 26.5°N

26°N

TR 25.5°N

25°N

--124.5°N

Vessels

33.5°E 34°E 34.5°E 35°E 35.5°E 36°E  36.5°E

0.00000 0.00002 0.00004 0.00006

NO2_column_number_density mol/m~2

1 AL XERBIE & O B DEE 0 NO, RE S

0.00008 0.00010

’

750 le—5 Sentinel-5p No2 colums Area total[mol/m2]
195 ERICED
' ] AR AR

6.75

6.50

6.25

6.00

0301-0307  0308-0315  0316-0322  0323-0329  0330-0405 0406-0412 0413-0420 0421-0428

X 2 RTXERELDEE D NO, B E D BEH#FE
BhYIZ

ET — 2L T — 2O & ZAWDAZEITLD,
2021 4E 3 HIZ AT RIEN CI A LT FERES i i, fni
BOHINCED NOy 2N 2 B KL T2 EN
GyinoTe,

SE Xk

[171 IMO: Nitrogen Oxides (NOx)-Regulation13

[2] IMO: Sulphur Oxides (SOx) and Particulate Matter
(PM)-Regulation14

[3]1 A. K. Georgoulias et al: Detection of NO, pollution
plumes from individual ships with the TROPOMI/S5P
satellite sensor, Environ. Res. Lett. 15 124037, 2020.
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EL I TOXRIUETRAER AT LOEE

R A, R R

KA 1

A DI

TAEVD Y, RHERA, RE#KRE L, WA 0,
TEE BT

LB AL S K5, 2 B R K5, 3R H K5, 4.5 M RS K5, 5.8 L IR
B2 —

1. #8
BEILTEX S E 3776m @ H HXEEICH Y, 15 7
SR IRBER SN DB YR KRR AR Z DD L THD.
FOI%, TNFEFTEZOE HILUTEIZBWT, SO, 78
@jtmﬂ?”%t B OBINZEIT - TXI=M, A RIASEH Sk
TSR E D K ILTEBN L i S d K LtES
AP ESNLFFIR AL, £, BB RS K
e DFEKME KNG 300 FLLEREL, WO KA E X
THEMNLLARW. Zod, B Lz WOk LE
ﬁz@:&:é?uVﬁ‘&iﬁ)ﬁﬁé&:&ﬁfé:kbif‘%é. P
BIROF AN TE 2N, FLEL AT TIETHTE
WL B DT R TIE, BHME O D70
SO, BIUH,S HA B Y —Z2HWCTEEILTETOYT
/véwAiEEéﬁiﬁlJ(@ﬂéﬁiﬁw TIINE TSty =R i bl b
RIE T DI L STEICB W/ NI OIS AT A OB
%%,%maéf;&%%@bum%éﬁ{ﬁl%ﬁb\, Tk
(AR A S HZ L& BFEL TS,
2. SO2, H:S HRtEVH—

SO,, HxS @ | E I ,Alphasense £LD T A& —
(SO»-B4, H,S-B4) Z 7=, SO, ¥ —i%, EBr=E
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Light absorbing organic aerosols at Fukue Island:
comparison of 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 filter-based estimation of light
absorption coefficient co-varied with BC (r=0.61, p <
0.0001). 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 (rs =
0.77, p < 0.1) with those derived from SKYNET
observation but 33% 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 central East 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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S N

R.OMBER VAT (K, PM2.5) DFER

BEREEEHE BRHTRIE  Mk1 Fk2 | RETRIE  PM25
TRA [bg/L] [bg/L] [ng/m’]
1 Li 0.1 - 100 0.07 N.D. N.D. 0.20 0.33
2 Be 001 - 10 0.006 N.D. N.D. 0.017 N.D.
3 B 01 - 100 0.03 3.7 8.9 018 * 7.2
4 Na 05 - 100 0.4 2802 7088 64 x 708
5 Mg 01 - 100 0.02 146 365 1.08  * 83
6 Al 05 - 100 0.2 6 10 74 x 186
7 Si 5 - 100 3 53 121 18 * 292
8 P 1 - 100 0.20 1.0 3.2 086 * 5.0
9 S 5 - 100 1.8 216 475 95 x 1314
10 K 05 - 100 0.2 46 118 3.6 * 307
11  Ca 1 - 100 0.1 51 136 70 *x 134
12 Sc 0005 - 10 0.006 N.D. N.D. 0.019 0.020
13 Ti 005 - 100 0.01 0.40 0.64 098 % 9.4
14 Vv 0001 - 50 0.002 0.047 0.056 0015 * 0.59
15 Cr 005 - 50 0.02 0.039 0.053 022 * 1.0
16 Mn 001 - 50 0.004 0.21 0.58 0.126 * 9.9
17 Fe 05 - 100 0.1 8.3 13 6.6 * 154
18 Co 0.005 - 100 0.004 N.D. 0.0071 0.010 0.060
19  Ni 005 - 100 0.016 0.82 20 0.092 * 0.67
20 Cu 05 - 100 0.05 1.1 1.1 0.22 3.8
21 Zn 05 - 100 0.1 151 631 2.4 21
22 Ga 0005 - 100 0.015 N.D. N.D. 0.042 0.17
23  Ge 005 - 100 0.06 N.D. N.D. 0.16 N.D.
24 As 005 - 100 0.014 0.023 0.059 0.050 * 0.92
25 Se 01 - 100 0.05 0.13 0.13 0.14 20
26 _Rb 005 - 50 0.010 0.032 0.074 0.030 051
27  Sr 001 - 50 0.020 1.11 2.8 0.058 24
28 Y 0.005 - 5 0.0017 0.0026 0.013 | 0.0055 =* 0.13
29  Zr 0005 - 100 0.003 0.0081 N.D. 0029 * 1.7
30 Nb 0001 - 100 0.001 0.0012 0.0017 [ 0022 * 0.026
31 Mo 001 - 10 0.009 0.043 0.13 0039 * 0.45
32 Ru 0005 - 10 0.003 N.D. N.D. 0.009 N.D.
33 Rh 0005 - 10 0.003 N.D. N.D. 0.062 * N.D.
34 Pd 0.01 - 10 0.004 N.D. N.D. 0.012 N.D.
35 Ag 001 - 50 0.04 N.D. N.D. 0.15 * N.D.
36 Cd 001 - 10 0.008 0.032 0.23 0.024 0.25
37 In 0005 - 10 0.0013 N.D. 0.0078 | 0.0082 * 0.017
38 Sn 005 - 10 0.010 0.012 0.070 0.063 * 1.2
39 Sb 0005 - 10 0.004 0.019 0.060 0.011 0.92
40 Te 01 - 10 0.14 N.D. N.D. 0.40 N.D.
41  GCs 001 - 10 0.004 N.D. N.D. 0.012 0.064
42 Ba 001 - 10 0.002 0.18 0.88 0.195 * 7.9
43 la 0005 - 10 0.0002 0.011 0.010 | 0.0028 =* 0.18
44 Ce 0001 - 10 0.0007 0.005 0.010 | 0.0075 =* 0.35
45 Pr 0005 - 10 0.0013 N.D. 0.0015 | 0.0039 0.037
46  Nd 0005 - 10 0.0015 0.0035 0.0049 | 0.0047 =* 0.10
47  Sm 0005 - 10 0.0029 N.D. 0.0013 | 0.0083 0.015
48 Eu 0001 - 10 0.0011 N.D. N.D. 0.0033 N.D.
49 Gd 0001 - 10 0.0025 N.D. 0.0033 | 0.0071 0.014
50 Tb 0001 - 10 0.0011 N.D. N.D. 0.0031 N.D.
51 Dy 0.001 - 10 0.0014 N.D. N.D. 0.0040 N.D.
52 Ho 0001 - 10 0.0011 N.D. N.D. 0.0032 N.D.
53 Er 0001 - 10 0.0010 N.D. N.D. 0.0029 N.D.
54 Tm 0001 - 10 0.0005 N.D. N.D. 0.0015 N.D.
55__Yb 0001 - 10 0.0018 N.D. N.D. 0.0053 0.0054
56___Lu 0001 - 10 0.0019 N.D. N.D. 0.0054 N.D.
57 __Hf 0001 - 10 0.0019 N.D. N.D. 0.0056 0.047
58 Ta 0001 - 10 0.0007 N.D. N.D. 0.0021 N.D.
59 W 0001 - 10 0.0020 0.0037 _ 0.011 0.0059 28
60 Re 0005 - 10 0.0019 N.D. N.D. 0.0084 * N.D.
61 __Os 0.005 - 10 0.04 N.D. N.D. 0.20 * N.D.
62 Ir 0.005 - 10 0.01 N.D. N.D. 0.41 * N.D.
63 Pt 0.005 - 10 0.003 0.0093 __0.010 0012 * N.D.
64  Au 1 - 10 0.5 N.D. N.D. 1.4 N.D.
65 Hg 05 - 50 0.07 0.29 0.32 0.20 N.D.
66 TI 0.005 - 5 0.0017 0.0019 0.0062 | 0.0053 * 0.10
67 Pb 0005 - 10 0.001 0.80 3.2 0.056 * 8.16
68 Bi 0005 - 10 0.0009 0.0041 _ 0.016 | 0.0027 0.84
69 Th 0001 - 10 0.0011 N.D. N.D. 0.0032 0.021
70 U 0001 - 10 0.0009 N.D. 0.0036 | 0.0026 0.011
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BRI L 727wy Va2 -V T TR0 B 23l
TOEBREAT T,
SPESHE (& o>z - #: 200 == D FAh
T A IV BZ ISR~ ORI A D 53 RN RO F A
BAET T 7 DR
74V E Sy BRI LD E A E O R
KB DO IR E 1T LD E ~ D DT

3. MEREER

O 5D FE TR HUR B 4 W E L 72 PSLAy ik %
AW TSPESHEE 12 X DRI HIE 21TV & Ok 11
Hi %h 2 & KL ££0.51-0.90 um (2 %F L T 0.0149 +
0.0007 % CF-¥) +1o) LR L7z, (K1), ZOR+1
HEhHIL, EEN TR EASNS7r—8/L
D RARDEFR IR EIK T DR M T 5
DOFMEDITHYTHEEZ NS, AFFTRDOE
BRZE T CIIohifR0.30 umDPSLKL -3 HH FIRIZIT

@O

<V FERAE L1 pymTEBHE S OIS0,

RN DME T LT,

@ FEBHETZT Y NALLTZPSLEL 7% 7 4 VX ITH
LU 3B O I e A F T FETRLK L2 4y
BESETGE DR Bsh =%, Fift0.51-0.90 um?
PSLK: T2 L T68.4 + 16.5 % Td - 7=,

@ KREBLHER CHESIFTITo T2 BE7 773K
BEORIEIC IO ST 7 AV Z IS T2 DRI
I3, 4 d B CEERLZZ 1300 1B S 720 1 14.2
m3DZER & PRI TR ST SE R 5T/ L
BC: 0.5 %, $EMZ AR 1.2 %, A4 =7/ 1:3.7 %
ThoT, oAM= T o i kG DR R »
KL, 7T 7B D ERN NSOGB fETEL T2 8
O, FERICERE RS ETHD,

@ HEE4T mmO T VAR E R4S EIL KT 4 VE T
DEEBZAETDHZEICLD, SEItkAHETELZ, £ L
T, WEILI-ZNZ DT AN HRE DR T-Z #KIC
Y HRSHSPESHEE CHIE LTG5, o El CHiIEL 72
T ANV 720 ORI FE O | E O I
KT AEUERF T8 % TH-o7=, 2K, 7414
RBE B T—EE R DM ] TXHZ L4
L7,

B 4R TERLIETANZ OB T HiAIC 2 s
FTHELNTZAREHZOWT, S BE#ICHIEL- 5
A ORI T HE SIE TR E L7218 O# HIRL
T A LR Uz, BCROA AN T Vb - B FE 3 == 9.
PREELS %LINOHEIITEZEL TWDDIZXHTL, 3 A
FxTa )V ESR. B R O B E X
25 %N 72, B8 IS A N B L 72 rTREME 2SI
SN, KA BB IR T AL E R DD EE
Z b5,

5| FHk

N. Moteki, Capability and limitations of single-particle
extinction and scattering method for estimating the
complex refractive index and size-distribution of
spherical and non-spherical submicron particles, J.
Quant. Spectrosc. Radiat. Transf., 243, 106811,
https://doi.org/10.1016/j.jqsrt.2019.106811, 2020.

0.016
PO HGF M S M A
0.012
00t0
o008 |

0.006 |

Detection efficiency [%]

0.004 |

0.002

0.000-~

T T T T T T T
0.4 0.5 0.6 0.7 0.8 0.9 1.0
PSL diameter [pm]

1. SPES ZKE DM FIRHMED PSL MEKFMN



P-24

BILELLETROKRR =T/ VDL ERE /R L
EHBRRELRSD

*NEP OFRERRY, KE Jb=F!, KJH #£!', Dhananjay K. Deshmukh?, Bhagawati Kunwar?,
PR METC, HH OTEY F% B0, A BE, WA A2 i 2O, Rl R
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1. [FLHIC

KERTT U, JEERE O 2R DR, TLv
XF—EBRL A XL, ErOREAZETLIRKS
YBE L CTIHE SN TWD. ZOREREL | X
TAAL D1, =7 a LR Of{LIE TTiE Y E
DS, KN TR bR T A7 VA U CIENERR S DPE A
ZBIEL, ZNNERICEASNDZETHEKITH LT
AL AR A% 5| &R T Z RIS TVD.

BUE, LA RAZFHER T D=7 0 L OTEMERE S
FEAERE S (LIRRIXER L REE L.55) OMIEEEL T, VF
A bl A h—/L (DL-dithiothreitol: DTT) 7 & A 23 i< fifl
HESn s, iU, B EODTTIHE EE N
T VORI AT & AR LT B
HETHD. A5 HETDTTT v eAZ W TR N 24517
DINTNDED, EDLHIRZ AT DREATT 0/ /VHEE
(LREIC R ELS B E T 2D T 43T 00> TZRu.

FZTARMIZETIE, KEEH DT 0 )LD 52 4515
ThOHREIR R ETEILEE, B chLE M4
HEHICBWTREAZ T aY VAL, (LRSS D
HIEEDTTT v EAIZLDBILRED EREIToT2. T
D2H I BT BB HE R G DU TEAT L7 fs e
WET5.

2. A&

20194 A ITHEILE T, [AIF8~10H 14 iR Th
AT =R AT BT T NAR 22— b T
7'F% U TPMy o5 (RI£0.95um Rl D= 7 1>/ L) D
KEFRBEERILT-. 7 V2RI KRBT
DN, TeHRRIRFE (EC) BLOHERFE (00), KR
PEAREIRFE (WSOC), M A4 253 Hr L7z, ECK Y
OCIL, ZA4NENBEIVE -T2 EEE16 mmD T A VH 7
ZHWTRESHTEFHTLVIMPROVE A .par. 7 1hoL
ZHWTERLEZ. WSOCOBIETIX, B34 mmD
T4V T ERI10°C T304 [, Hffik20 mlizdk > T
TR L, 7o EL iR e LTz, ZoR
B DA BERE IR 3 A VT LI, A A D
HIE T, BEA20mmD 7 VA &85 7K 10ml T30
SRS L, 742 B UEIR AR R L
7=, ZOREEAT L 7N T TITEAL, At L
A4 EELT.

DTT7 v A TlE, EA34mmD T (V& ZiBilik

10mITEBHF L, 74V 2@ gk a2 L
=, ZOREHIDTTZRIL, 37°COIEIRZRN T15%)
M (—EB3055 ) RSB T2, RIS, 3BHTS5,5-2F
FEe 2 (2-=ba2 EERE) (DTNB) &2 TGS ZE 1E
L, ¥A7a7L—hK—% T K412 nmOW G FE %
EL, BB 7-DTTA E &L T b iEZ R 7=,

. IEREER

KR TT 0/ VB O BRI 2 %1 G2 &9~ D 1% 5 it B
BRATICID, BILE ClEa—T 3 7 KbeH kD 22R
BB Z 0L Z T TWAZEDVRENT-. BUTHEILE
TEHRL7-=7 2/ Ui, K& o — ki
VAR ROV S S 0D 25 - e B2 R B2 1T T
WAHZENEZDND. —JF, TR TIEKEENLD
KEDTADSI, BRI ST Tl En7=—k
L) D % 5% JLVFRSZ T TWAZERHERIE LS.

FILE LA RO o/ LB DA KSR
57 ODTTIEE 3 FE DO NV-IEIE, F3E410.64+0.26,
0.88+0.28 nmol min~! m> T -7z (S FEIE IR A
HNOVEZERERCE DT FHE) . PMoosDE 247200
DTTIHE EE (CLF(bie) 1L, MiLE 4 R TER
Z10.08+0.04, 0.10+0.03 nmol min~! pg ' THY, 4 iy
BIEILEIVDL3EE WS R o728, SEE
DK T 2T =)V F ORE TlEpEA0.138720, A
BRREimiobiienot.

— 7, MR ESDTTIHE I L EPMo.os & B LD
MIZIE W IEOFBENFRO ST (FHERE AR
T0.74, 4 BT 0.86) . PME & I3k AEA 8L
HETHRNATHDHEE 2, USRI OERLEEN KEL
IEDRN ST AE R LI, PME BRI
BERLUERR TE DR U AL FFLCWD. E7-, DTTIHE
L L PMoos{b R0 EE (EC, OC, WSOC, TN,
NO;~, SO, NHy") ORI TlE, FFICECOHEIZIEDHH
B IR (R BAFRER A8 VL1 C0.77,44 15 = C0.88) &
DRESNT, REER R IRV AT DRy, HLLUITE
O L DI AR A FF Oy =T 2 L ORR{LRE
(IR CWD ATREME R B 2 55,

HEE - HFEERKICIE, DITTY vy EADERFEIZS
WTTEBZ W2 %, BRI, bEofrHo >
AIVE T OVERAZ T DN =720 .
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RAfE !, M
4@%@1

TR

1 & RS R

RIVAT IV
D = BB, AR, R EH
M%%K%H
. [ELsiz

KEHFD H02 1, O3 B4 LTz Ab e 72 £z
Ko THEMEIL, SO, DIEHTOmILAlE L TH<
Z el PEEFEIEZ RS- L CW\WA, HCHO I, 1k
TR DR SEEBREE ST L0 —REEH Eh A
CHy 72 COBLBRICB W T kARSI D,
HCHO %, HyO, N A2 L TV AR FIZEB W T SO,
L OWRFERSICE DV E REF T A E U AV T 5 VB
WEERSED, T, SO, & HLITEE D FEIEf
RENEE L7250, ENTORKRERIESFFILIER
Wb 7e < RRICHT U7k 22T H0, & HCHO
OBHENT (HE S OFHBIOMIZIT) 1TEAERESR
TV, AFETIE, SROM EB IO~ 2
7 —ZFH LTz EERKH O H0, & HCHO
DOHIE % SOy, Oz P, B T-EELE EEFHI & 3L1cqT
VY, SO, DIRFEER{LRE )° 7 1 Y VR A R~ D
N HOWTEZE L

2. Ak

Az cix, () 7 FRX A R 7 —#h
(https://www.addair.jp/) PRA D R44 L4 N3k D ~Y
a7 —ZFH L CTEILRSKT 2220 K810 %
ﬁotoﬁm%f(mmﬂamomkiwsm0ﬁ
(2400 m)) 1ZFB\ T 10 S RIFEEKFERITL, 2 A b
Ty R XY RAF OB em<7 v e R
AR L, BEETORBREK TH, HHiC
BRSNS RS (B ILREKT) N~ TR L., itk
2 ANIVTZ R U R & R 22 TR T S FEREA~ED,
HSC)MT HPLC » AR A M1 A+ @ORIERIC X 0 W
BT oT-, FNAST T ERE L%, RO EE
~EH U, BOGREHERES KO v 7Lk, o
BiTolz, iz, NV a7 X —DHBEEERIZ 03, SO,
HERBLON—F 4 7 V7% — (OPC) %
&L, HEEHEZITS 72,

Fze K& Hy0, & HCHO D [EIFFAIEIL, 2016
11 A 30 H, 201743 A 17 A, 2018 4 3 A 28
H. 20194 12 A 25 H, 2020 48 A 5 H., 2021 4F
3A 17 HBXOV2021 4£9 A 23 HICHEE LT-, 72
B, 2021 45 9 A OB TIX A ARAKEDOHRIE & 7
24172,

3. HREEE
H,0, i3 X v & FzeTEm < R AN S,
8000 ft (9 2400m) THi b EMN-7z, —H T

HCHO B LSOy i@ F H ETE < E22 TR - 72,
FEEIIZB W TIE SO, LV & Hy0, B E MK < . S02
DOIREBE~DWARBRILR M Z 6N TW2b D EEZD
N5, £7-. 0, LV & HCHO IEE D i m<, b

Ruds A2 27 3 RGOS RERYE A= ik &
DHEE LT VWEREThHoTmEEZBND,

2020 4E 8 H LA, V62 B OWEKIEEI OR8N
Peh 5 E CELTHY, BHAEMHE 8 A5 H) IX
PM, 5 X2 SO 2N ERFE T o 72, GHA L 720718 45 i
FEITHE BB L OVEE 1200 m CTHEFICE -T2 |
72 8000 ft CIIRZ<IKTF Lz, O BEIIEF L
LCIFEFIRRECHY (=7 vy vEmH AR ET
D) SO, BBIbDT=DEE I N TV EEZEZ LD
(Watanabe et al., 2021, SOLA),

B 112,2021 43 A 17 B OBHEE R 2 /~r7, 2021
3 H 17 B OB BT R AIE O K & A B RbE
SNBSS, B 1200 m DLT CHUOR T8 5
FEMFETNT @ o 72Dy, P8ISR 5500 B 1 X LL R )
1Ko T2, HiOp IREIFIEF IR . BPhI 712X 5

O, (ppb)
0 20 40 60 80

3000 ; .
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E 2000
(]
B
=
+ 1000
<
0 L 1
0 1 2 3 4
H,0,, HCHO, SO, (ppb)

OIRORBLEZ T WAL E X BN D, 2021
9 BIZEE L7-8HITiX. SO, XY H.0, D0 E
BETHY ., SO, DIFHTOMILEE N+ TH D
LWz B,

X1 202043 H 17 HO®E LRE /KT B2k
% H,0,, HCHO, 033 XU SO, & (ppb) DERE
07y A
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COVID-19IZ XA R AR DR RG] ~DE BT M

ERR, AR

1:[E 57 8% 5% 4 98 P

H#E
2020FEHJEAED B AR HFICOA T -T2, Filan )
7 ¢ L ZJEYYE (COVID-19) WATIZ Xk 2 & E DI 7HE)
HIFROFEIZ L0, EHREBIEY (NOY X° _i{bixkFE
(COy), NLEFET v LOHEHEIZ > TR W
Wb % FAk7-, [Miyazakietal., 202172 £ —J5, #8ifi
HE 7R & Dk LW TENRIRFEE S TE W HAREN
DOERHINZ BV TIE, COVID-1995 KFHIE D 7= 8 D4 TH)
HIFRIC & 2 KEIGYWE OB DV T OIS
1T 7ew, i, Bivr 7 XU ERREIT SN
T2 EAOER T & e L C, BARENTIZ A% O17H)
HIFRIC L D23 LI W, 2T, AWET
IR T — 2 %A VT, lEGERRIC R 1T 5 COVID-
19ERIZHED Nx DITEVERIZL D, KA~
ERNR AN AT &2 HNE L,
RIFFETIINOyRO:72E D KKIE G EZ>WT
COVID-19DJE G YL RN EEST220194-12 H b D
BT —HE T, ZOEMGACIERYIN R el
EAT U=, B BB T — &2 &L TR O OMI (Ozone
Monitoring Instrument ) <> TROPOMI ( Tropospheric
Monitoring Instrument) 2 FH L C, HAGERRBOAR ik
bz RKIGYE DT 28 A SEEEE LT,
Fo, ET XD O, BEE DO KRIRE
BE RN L DIRFEIRA L (VMR) O A SE¥EZE L
72 COVID-191Z L5 RK&MAL~D 5 2% 5F Al 5 7

lel6

e

(&)

35.82°N 219/3 ....... 1.5 g
! )

g Nt AU Waec N 1.0 €

35.62°N |- o i £
0.5 o

35.42°N|..4 ; 4
138.05°F 139.35°F 130.75°E o

OAZ, FEIALK AT O I TH 20194 DR A A 15
EE D EATIR 0Tz,

TROPOMI 2 (2 L ANO R E T A& (VCD) @
201943 A £2020423 A @ A A (molec cm2) D,
0.05°x0.07° Ay 2 TO IR 7oy bR 1R T, £
HHDFIZOWTY, HIE R R TONO, VCDIED
JRETROZ2 BN Ab, TS0 EEiiE b OBk
HEEZLND, T2, NOOEEIA RS- iz >
WTC, WAETHEST 5L, COVID-19DFAT# 020204
TIX20194F H THIZ0% DONO, VCDIE DI 75 JLb 4
720 202043 A RERU T, BINTORGFREE SRS
AT TS T=b DD, R ORI E 1077
ANZBZTEY, BN~O NHAFRAHELH O H FEHE1E
MHHI25% I L TWDHZEND, HFTEE O REES
N & DITENVER BINOEH DWW AN DI in o785 %
b, ZOFERIE, Keller® (2021) (2 XD HE D H- 5
7 Y7 TORI20%IX°, Miyazakit (2021) 12X 5 H:
EDOMRM ALK TD18-25% AR TH -T2,

FE0

FEFh &L LTl LW RO 200 B AR [E N2
W, #PIC I T DR TE B <° A\ O (5925%)
BROLN, EIMCBIT a7 Z T O R LEFRRRED
KRETGYE O &R (F130%) 28 b vz, 7§
FTIE, ZORERITINZ, o AFE ks O i 2 8L
DEFERI 72 LSRG o w7,

lelb6 (T'E
\f1s @
35.82°N S
o
35.62°N 1.0 £
. e O 8

i .5
35.42°N}|-, i >N
o
138.95°E 139.35°E 139.75°E =z

1 TROPOMI B2k YERIST=- 2019 F 3 A (X)L 2020 £ 3 A (B) D NO2SrEAS L= A FHES T

225 3Lk

Miyazaki, K., et al., Global tropospheric ozone responses to reduced NOx emissions linked to the COVID-19 worldwide

lockdowns. Science Advances, 7, eabf7460, 2021.

-Keller, C. A, etal., Global impact of COVID-19 restrictions on the surface concentrations of nitrogen dioxide and ozone,
Atmos. Chem. Phys., 21, 3555-3592, https://doi.org/10.5194/acp-21-3555-2021, 2021.
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BAR4A# RSB H EVE— ey S TR0
TTuaY VKRR I LD R AL PM2s, BCIR E DR B f# AT

B

AT, FR R, R B AR, BRI

LTRERFEREVE -7 R Z—, 20 R R RFEBKE - BREFFiRE
WEFERE, 3TN R Z2IE 0 20 JE P, 40 36 B 6 & AF 52 B

BELEM

PMoslofAESNAT T 1 VR T, KAEZE B ZEAT
WCRERAMEFEEEL LT HRO — 2> THD, R
FMARB O T2 N TH RS @ 225 fRfe D=7
Y AERBN M EIZR D0, EDKIS0%E 5 5 H
FAFE O T 7 VR A RS s TIN5
ZERT XL DU TR LTS TS, R
B XA MBI O T o VRO EHEE 21T
7002, H I E W RE AR o Y E— R
A S IR A= Yo Yy =t 7))
MEE2ZAEALTHZENNETH S, Damiani et
al.202D) ik, HE O FVE— N v T g s
JAWAZETFAOD (5 5 1 kmBENIC 31T HR1£52.5 mm
LLF D AOD: Aerosol Optical Depth) *fAAOD (5 1
kmPENIZE 1T HR£52.5 mmEL T DAAOD: Absorption
AOD) M &5 AL, FHxHEE LA 7 A e — AN ChL
BEOFEHE) 70 & ORI SED L EPMy s E fAOD., BC
(T T1—R) IRELTAAODD I ZF N E U AE RS
1%550.92. 0.85D R BT,

AWFGEIX, T V7 OBEEH Y OB ZZ T30
BT CfAODEFAAODD A A A MRAE T 5L EhIT, &
HEoUEEE DT HARDAH 5 TIAODETAAODE
Wb U ROfREZ BRIEL T0D,

5 R Hh £ & A2 AT HA RS

B ST IRIZ A T LB TH D,
THE  (36.625°N, 140,104°E) : 201246 4 -20214£9 H
< 1£(36.114°N, 140,096 °E) : 20144F1 7 -20214F9 H
FH  (33.524°N, 130.475°E) : 201441 H -202149 H

(32.752°N, 128.682°E) : 201946 H-20214-9H
BRI AR SRR S
MAX-DOAS (multi-axis differential optical absorption
spectroscopy) (Z&o> TRUHIS L7251 kmENDAEC
(Aerosol Extinction Coefficient) & Skyradiometer(Z 5
F2.5 CRLfE2.5 mm ELF O /R D HI 5 ) LSSA
(Single Scattering Albedo: K5 H THEF 2N BELENLD
EEYEFAWT, L F O TFAODEFAAODEH L=,
fAOD, = AEC,[0 — 1km] X F2.5
fAAOD, = fAOD, x (1 — SSA,)
fAODIZ £ 1 kmPE N DO AECHH BHHRIFE2.5 mmLL T
DR/ INBL &R L TEY, TAAODIZFAODDHH Wk Y
Gy RF ORI (BC, AR, # AN 2R L TD,

HREER

fEITIE, BAROMVEIINLE THIENDEA T, F£F
THRT T DLEW IR EL AND B 5 5T 52 & T/
KBLT-EIENREL FANDEEEZIFIZN T L
R CHERE 2 W fRAT IR B Cho 7=, LLE ARD
S Tdho THIAODE M b TS U7 PM, sTi &
DBUREREE L E T ZEMTEZ (K1),

T3 BT, o<IE, BEHIZBIT 5202048 A D
202147 A £TOFAOD (500 nm) D H SR fE A2 HE R 7513
Z 1L U 0.044+0.027, 0.052+0.055, 0.072+0.036,
0.075+0.043 Cho7c, AT IR N Kb EN -T2
HETIZFAOD EFAAOD D R R L o RIFBAMEANZHY |
BFIZTAAOD O K # ML > R e 47 BF 98 (Mori et al.,
2020)\Z LA B OBCIR E O R 2208 2 R4 %
WREo (M2),

Daily
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o '-5.
I LY

f& L
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<
0.02
0.005 10 20 30 40
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AV RIZBITIBEaANTEEN T — X T5
NI R RBBEE O30EDOREREE : Aakash7’uy =7k

e AET, P EE, REER T, EmAENR,

LRSS,

Iy e =2 T, ] AR PR

B, I
1:4 RFEHMERM, 2B K%, 3RS MR, 4. 8B LK. 5:H#H K%

WA HER BR BE S F 98 BT @ Aakash 71
eI (RE R EH 2020-2024 )
https://aakash-rihn.org/

T, AL AR OFG o5 B X R B 2k
LT, K&REL, AREEBLORft
AREREBEXEOEBEZBEELTNDS, £
DTl O—FRELT, Ny T
W CORMOOEENRIK /2> T=a—
TV — A B £ I R B - i RE
LR EEZLTWIMEOMHE N B
FOML Z R ORI 2L S5
Bkt RERAEICLEIIEL TS,
FORED, RNV T M nbma—T—
@ 300 kmfH O F HL A T, N HOR R
BB B O & P D30 5 O EEE
ZLTWAEZATHA (X 1 BIOK
2) o ORI IT. KT Y= T
W 2 MBI L), BLEIXEE D
L ELTAK 10 555+ E 5L
PR T A TELL912o TS,
AVRTEZHIBEMT L, BB KIZ
HEIWICZTURY — R — & G
B CTT —HE2HIT DL 2> TN 5D,
Ml X, F % & Panasonic THH
FLT-Em R PM2.5 By EO
Alphasense fL D &E XL F &% (NO,
NO;, CO, Ox=03+NOy) O 4 ffi & &
LTWs, BAAICHRE TEHLOICH X
DHHT TR AN E T Z I
LTW5, EIROWNWLEZADTEHITK
b5 % B /SR VEREY I KIS LTV D,
M HORAF—TIHZ DO/ KA E
ROFEMIZOVWTHBHAL, HH Y
DT —H %K WK B &5 & b s
Lzl BRI WTRETD, F24
VRIZESTZ30 B DR K ToMEE
RRFEAE RICOWTHRETD,

loT F—F
EREEERE—F
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PiA+ (CPU)
]
NERISRTRHE

09/18 11:30
PHood T29.%

BEERY
N |
b2+ nEM
PM2.5t 4

1 A1VFIZBET2HBAON B XK EREEE A%
(PM2.5, NOx, 05, CO) X EMNE K ELTH AR,

o~ 3 a0 7 | 10-11AICTRD S EMR LT = '\
AV L b K F R E PRI %

YRR LEEBE &
LG RIDARE%E

sofED/PEAREAIZRE
EEREORIICEL, BEO
HAREEBHOAOBRMT
TRAERTHE

B (>1000pg cm?) Za—F-—
opv2sE RFEEE | HEE
2 AVFONRYCY T A DOBbHOO R EN L & Sk o
BEEELZHBOTCWIBEBERZBLAD LT RDLHIT/N
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COALA-20208LH1 IV TA —ANFV T TR LT
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*RPH BEZE Y, KRR, BULZ 72, fL+JE ot 22, Dhananjay K. Deshmukh?,
Bhagawati Kunwar?, {f[ /7 /A [%3, Sonia Afsana', Quang Dang*, Clare Palton-Walsh*

1:4 B R, 220725l —E X, 3. # K5, 4:University of Wollongong

1. [FLHIC

F—ANZVT T, 201947520204 (20N TRH
T2 2R kS5 (bushfires) 2338 LT, ZOHEM A ST
I, 7 — A EERIZ0 kmICETELZZENRIES
FUCHY (Ohneiser et al., 2020), F7=, kKHKOZT
oY VBRI ST T b DT e — I
ol TEIUICATREE N FE RIS 41T D (Tang et al.,
2021), ZNHOHENE, KKDOFALZE D Ttk
BWT, 2O N —LbNKREREELLT-H LR
RLTWA,

ZDORBIKFA RO A G 7020208 D1~3 A
\Z, Fx IXZCOALA-202081H|D—EBrEL T, A — AT
U7 e =a—HP 7R z— LM IZBWTRER T T ey L
DT ANZEIREAT T, ZOFEHE VT, YA
SEDBLIA T F - 7 1 L D W U - W A
AT+ HZ L2 L TEBY, ZTNET, ZOHMELLRS
LRy DIRIT 2T > TUND, KRR TIX, 205
IINTDFEFNZDNT, BRSO FRET 1/ ~D
FEHEIZEB L S>OWHET 5,

2. AHOERES

KRAxT7 o VREIORIUL, A —ANUT +=a—
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Chen et al., Environ. Sci. Technol., 50, 10,351-10,360,
2016a; Chen et al., Environ. Sci. Technol., 50, 1721-1730,
2016b; Chen et al., Environ. Sci. Technol., 51, 8293-8303,
2016c¢; Ohneiser et al., Atmos. Chem. Phys., 20, 8003—
8015, 2020; Tang et al., Nature, 597, 370-375, 2021.
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T IR i 2 R — LT B S S =2 823D
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DI DT — Xy NEEIZ S, =— R — A<y
F LT DI DI EL IR 5,
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Moteki, N., and Kondo, Y. (2007), Aerosol Sci. Technol.
41, 398-417.

Miyakawa, et al. (2017), Atmos. Chem. Phys., 17
(9):5851-64. doi:10.5194/acp-17-5851-2017.
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