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Supplements

Table S 1: Additional simulations for sensitivity tests

No. Simulation ID HR: N,Os HR:HO, HR:RO;
1 FCTHR ho2-10 X x10 X
2 FCTHR.ho2-5 X x5 X
3 FCTHR.ho2-2 X X2 X
4 FCTHR.ho2-1.5 X x1.5 X
5 FCTHR.ho2-0.5 X x0.5 X
6 FCTHR.n205-10 x10 X X
7 FCTHR.n205-5 X5 X X
8 FCTHR.n205-2 X2 X X
9 FCTHR.n205-1.5 x1.5 X X
10 FCTHR.n205-0.5 x0.5 X X
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5 Figure S1: Observations and simulations for SO4 and NO3 mass concentrations at EANET stations. Legend: dotted-black, observed;
red, CHASER (STD).
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Figure S2: Observations and simulations for HNO3, NOx, and O3 gaseous concentrations at EANET stations. Legend: dotted-black,
observed; red, CHASER (STD).

-l J ’Im - ﬁ“ EMMM h s
AV ) :




10

PM, 5 (Hg/m’)

. Bangkok( p7s 1 Eanryu( (lihaTgPhueak(l}) CheJu|} o] Chiangmai :i Happo 1 ‘:: Hedo =|HoaBinh 0. ljira '
; e ko - A i)
" B s 4 I

] W AR IRV, AN A 1 oy
= Kanghwa )N «{Khanchanaburieo Mant-:iarla‘yrl 3 Mét{oMaﬁi\a(U)lO Oc‘hiigﬁi : N Ogasawa":":!mm Ol;i ““’f“’e‘"”m Rishiri ; 150 Sado-self

00 20 s 9 25 5 i
25 & - s B . T
- Wl o . PM : % ] 'j:j“wﬂu
# “l M\M U MJ 5 A\ﬁv\/w o wrhmpielby | © : WUU "h’_J:_'___ LTy M il JWWW
& Samutprakarn u)Tappl i Ulaanl;aaf;ar(%j) Yu\suhe.lra 1 * 0Bs o o

5 N —— noHRs

& ik * — MOwaos
. )‘“w “\ % M A A g —
. J\U."h\jw -JMW m N . M\‘W‘ WS o

Figure S3: Observations and simulations for PM2.s mass concentrations at EANET stations. Legend: dotted-black, observed; red,
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Figure S5: Observations and simulations for SO4 and CO concentrations at EMEP stations. Legend: dotted-black, observed; red,
CHASER (STD).
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25 (STD).



K K 0

e A

. 19.ATOOSOR

>

20.BEOGOLR »-

21.BEOO32R

TAMO001R . [2ZATO002R . 3,ATO005R . [ZATo030R
- a B
» - x
4 n .
AT R Sy i
10.ATO041R « [ILAT0042R 2 W - [15.AT0044R
s {‘ E E ; 1 @ :

03 (ppb)
w 5.ATO032R ”

Ay doy g

ATO045R

541

% »
5 P
» »
“ 2

£ A Moy A

W

15.ATQD46R !

K o

7.ATO037R ©-BATO038R 9, ATOO40R

= .

L3 B "

- ¥ =

« =)

" i

-~ e N Wy T Ny 2 :

® w 17.ATO048R *718.AT0049I

«[T6.AT0047R E

ey 2 Ko

M Mt 3 P

B 2 A

' 23.BGO053R

»
-
o
»
»

»
»
@
o
»
»

24.CHOODIG: :

y 25‘CH0002R4
.

.26.CHO003R

27 .CHO004R

Ko By s,

Ghannt s, L ; it g S i i :
28.CHOOOSR | | ,[29.CY0002R  ©:30.CZ0001R | | *[31.CZ0003R | | w.32.CZ0005R | .. 33.DE0001IR 34DEQOD2R | = 35.0E0003R y .. 36.DEQ007R
» » ¥ “ = = -
T e ¢ »
- = “ - E3 10-
- = 2 i e
#1 x = = s rid
37.DE0OQOER 38.DECOO9R 5. 39.DK000SR « |40.DK0010G v 41.DK0012R {43.0K0041R « 44 EE0009R .. 45.EE0011R
: " i ¥ - _
“ 2 “. X " ¢ « » “
. ] - 0. - E 0.
"
: - ' <
? » »- g g - & »
o : . 7z - o]
e o Ly Ry e e ey Ty 1 g g ey > s e s oo r—— oy gy U o g g B a0y ey g s Wy o e > By e g g = -
46.ESO001R *147 ESODOSR ,)_45 ESQ006R ™ |49.ES0007R . 50.ESO008R :: 51.ESO009R 52.ESO010R w53, ESO0L1R .. 54.ESO012R
s 5 = = ¢ A E
N P @ , - w
a4 5 £ ® i | ke . aze
"
= ~ »e » o u-
- )
. . - it
55.ES0013R *56,ES0014R »-57.ES0016R *|5B.ESOOL7R =-59.FI0009R ul 60.FIDOL7R - 61.FIO018R 62.FI0022R
s | 2 * . ac
o 2 ! .
a i " . n -
) . g
64.FIQ096G L 66.FRO009R .. BBFROO13R - . 7LFRODI6R 72.FROO17R

Figure S8: Observations and simulations for O3

(STD).

concentrations at EMEP stations.

: [65 FRODOSR ~{67 FROO10R ' '69.FRO014R .|70.FRO015R
1 x a4 » « » i
nla 1 ” R o » . o
. . - N " & o
& P x * an
b ] i =
» *®
e » » -
Smes Py ¥y Vg Mre n Vg Fing 7, A, i e iy iy 2 Va; ay rg Fing g g g oy iag e g ¥ & iy oy ng A R g 1, oy iy Morg iy iy Ty vy g 5 g Ty ng g Vg

Legend: dotted-black, observed; red,

CHASER



O3 (ppb) cont.

"

»[73.FRO018R ©:74.FROOISR »-75.FRO023R »|76.FRO025R 77.FROD30R +- 78.GBO0OZR «179.GBOO0ER **80.GBOO13R 81.GBOO014R
. e
“ - oo " 4 L3 2 -
« = = n.
@ P = ol
= x ® e
“ - =
E = - - e i
» E e > = -
2 . E o <. o~ z

[83.GBOO3IR |
o

[65.GBOO3SR | |

87.GBO037R

89.GBO039R

N Moy s o

~191.GBO045R -»|92.GB0048R “ 93.GBOD49R «194.GBO050R -95.GBO0S1R * 96.GBO052R « 97.GBO053R 2-98.GRO0O1R
- 3. - &
i B o « 2 “ ‘1
E " . -~ »e
‘ = i =
5 = =
" » = "
o .
Vs i o s
**1100,HUODO2R, #31101.IE0Q01R .. 102.IE0031R «{103.ITO001IR 104.ITOD04R » 105.LTO015R *1106,LVO010R “-107.LV0016R
" £T] L - w T
- na s n- +
» ”s % a- - =
e na - .
. Y g . el
« v B : »
oL T
«|108.MTOO01R * 110.NLOOO7R *[122.NLOOIOR *-113.NLOO11R = 114.NLOO91R #1115 .NLO644R ©-116.NO0001R
w a - a- “ 2
= -
s B
el x = i . x ~
oo & N Wy My e W " y M Ny Mot M o My Ay Ny, o g o B »., A =
.

+|118 NOGO15R

L

119.NOOO39R

Wi

a1 A Mg Ay g

120 NO0042G

“129,RODCO3R

121.N0Q043R | |2

o By, Aig A

" |130,R00008R

g g 0

» 131.SEODDSR

122.NOD05 2R 20e

123.NOOO55R

124 NOGOS6R

125.PLOOOZR

B g g o,

. 134.SE0013R

%-98.GROO0ZR

it

. 10BMKQOOTR | FMRQO0TR

-
0.

126.PLO0O3R

135.5E0014R

. [127.pLocosr *|128.PLO0OSR 3
“a - -
« = o -
x =] 2 -
136 5E0018R | ,|137.5E0019R  , 138.SED32R »|139.5€0035R | 140.SEOD39R .. 141.5I0008R «[142510031R )\ **143.510032R » 144.5I0033R
a a . L &) - - .
» »
i . g = u « . -
i % .
n
. - N -
“1145 SKOOO2ZR *1146.SK0004R i "147.SK0D06R, «{148 SKOOO7R
= 2 st L
= s =
. w
@ o i "
: -
« = » »
n = =

oy By o g

30 Figure S8: (cont.)

S

ez ez g g oap g g

oz g Ty Yy ing g ey



35

S042° (ug/m3) aNOs~ (ug/m?) ___HNO; (pph)
6 R=0

) NO. (pph)
- kR =0.37 % R=0.5 2 =0.379| .| R=0177| = ~R=0233 8 - R=056
bias=-7.526 bias=1.048 bias=-0.395 . bias=0.311 - bias=-3.929 + bias=3.927
120 N=22 2 N=45 20 N=45 al o N=45 i N=21 w5 fo £6
100 » &
& g* £ % B ’
v 0 w [%] n [n]
< < 15 : < < a
T e = z I IS
o [ Fre| DL Q: Q s
w s " . 10 N4 et
2 e e T § ’ v ' .t 1y .
n e s tte b ses b e o o 0 o °
o 25 0 75 100 125 150 L] 5 0 15 20 23 ?'W B . 5 -;-. 10 B ;D. 30 o 20 4'0 60 &0
08S OBS 0BS 0BS
PM2. s (ug/m3) 5042 (ug/m3), _aNO;~ (ug/m3®  _ HNOs(ppb)
R =0.475] sy R=0633] " . R=0715| ° R=0.116| = £=0.698| ) |
® bias=-2.966| * % bias=0.784[ bias=0.273 . bias=0.081 bias=-0.773 bias=4.071
N=58 N=63 . N=49 N=32| *® N=100 N=148
o o o : ‘
; « «
2 £ 2 . £ £ £
[=F"3 G, o 3 o o o
s S, . 5
ol I , . s = s
- i o i Franr o = 5 |
R IR L] W 15 e 75 w0 us N T T T T I ] I D I XIEXS
0BS oBs 0BS 08s 0BS 08BS 0BS

Figure S9: Model correlations and biases of STD run with EANET (upper row) and EMEP (lower row) observations for aerosol and
gaseous concentrations. 3 sigma-rule outlier detection is applied for each station before calculating all data. For NOx, all data was
filtered once more time by the 2 sigma-rule. NV is the number of available stations.
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Figure S10: Correlations and bias of STD run with MIRAI's CO and O3 data.
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Figure S11: Observations and simulations for NO2, OH, O3, and CO levels during ATom1. Legend: black, ATom1; red, CHASER
(STD). Shaded areas show data for P> 600 hPa.

11



NO; (ppt) OH (ppt) CO (ppb) Oz (ppb)

- R=0.529 R=0.683 R=0.642 R=0.742 -
bias=-7.626 0s{bias=-0.023 20 hjas=-4,467 *1bias=15.337 4ae
400 . o, 250 4004
é 300 é B ﬁ 20 gxu‘ 300
% % 04 : % 150 %
O 200 o *| O © 200
3 100 *q.‘t"
100 PR + 50 1004
o - 0.04 4 0 04
0 100 200 300 400 500 0.0 0.2 04 0.6 0.8 ] 100 200 300 o 100 200 300 400 500
OBS 0OBS 0OBS 0BS
NO; (ppt), P>600 hPa OH (ppt), P>600 hPa CO (ppb), P>600 hPa O3 (ppb), P>600 hPa
0| R=0.598 .,|R=0.654 =0{R=0.805 »]R=0.679
bias=-0.614 " | bias=0.036 oo bias=-9.42 bias=2.162
0.64 HHH
600 - b 60
5 : g 0 :
] U 04 7] 0
< 400 < < <L a0
5 Foa 5 w0 5
200 L - 20
HHH 0.1
it H
0 0.0 o 0
o 200 400 600 800 0.0 0.2 0.4 (X 0 50 100 150 200 250 o 20 40 60 80
OBS OBS OBS OBS
NO; (ppt), P >600 hPa, NP OH (ppt), P>600 hPa, NP CO (ppb), P>600 hPa, NP O3 (ppb), P>600 hPa, NP
40 7
R=-0.125 R=0.701 ~+ R=0.918 R=0.755
*1bias=8.364 oa{bias=0.104 *1hias=-16.548 %1hias=-0.239
= 140 50 W
*ﬁ.
5o g o] B atees
g 5 % 0.2 é‘ g 1 :-i-
oL (] U 100 i + 10, o+
10 &l *
01 80 T .
0 0.0 L i ’ 2
o 10 20 30 40 0.0 0.1 0.2 03 0.4 60 E‘U 100 120 140 160 o 20 40 &0
40 0OBS 0BS 0OBS 0BS

Figure S12: Correlation between CHASER (STD) and ATom1 for NOz, OH, CO, and O:s. First, second, and third rows respectively
show data from all flight altitudes, lower troposphere (P > 600 hPa), and the North Pacific (140-240 E, 40-60 N, P> 600 hPa). Two
sigma-rule outlier detection was used for observational NO2 and OH; a 3 sigma-rule was applied for CO and Os.
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12



90°s -, - = s o
0°E  60°E 120°E 180° 120°W 60°W 0°E  60°E 120°E 180° 120°W 60°W

0 100 1000 500 7000 10000 20000 5000 © 10 S0 100 250 500 700 1000
b jom? smifem?
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(b) Effects by HR(HO,) at the surface, fact=10
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Figure S16: Effects of HR(N20s) in zonal mean calculated by FCTHR_n205-10 run (a) and effects of HR(HO:) at the surface
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calculated by FCTHR_ho2-10 run (b). Note that the colour scale for (a) is different from that for (b).

15



