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Figure S1. Geographical distributions of the multi—source in situ measurements used for independent model evaluation. Also shown are the
pan—Asian region, GEMS observation domain, and clean reference region for defining the observation uncertainty of GEMS tropospheric

NOxg retrievals.
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Figure S2. Hourly distributions of GEMS tropospheric NO retrievals counts for all observations over the pan—Asian region.
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Figure S3. Geographical distributions of monthly counts of GEMS tropospheric NO; retrievals for all daytime observations.
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Figure S4. Geographical distributions of monthly counts of GEMS tropospheric NO retrievals for observations at 13:45 local time (Korea
Standard Time).

Ss



0445 Daytime Daily

S 2 9~ a s s s » b s 3 3 = € based i
° . s 2 @ GEMS-based a posteriori < - ©  CEMSDased a posterion S N SEE: Sl a”:“e”m
o ® LEO-proxy a posteriori 150 | Mg & © LEO-proxy aposterion g 5o | & © TEO-proxy aposteron
130 —¢ >20% N - >20% © ® apriori g’é >20% ® aprion
10-20% ; @ poprien 10-20% o % va 10-20%
510% v A
125 v A 15% 125 — v Ao 15% 125 — v A 15%
O C <% [eNe} [eNe]
REF — — _
=~
a ~a 1-20201
~ 2-202101
Z0.75 ~ 3-202102
@ \\ 4-202103
5-202104
0.50 Vv f\w \ 6 - 202105 0%
N N 6202107 5. 202107
5 A 9-202108 9-202108 .
0.25 \ 10 - 202109 10 202109 X . . 0.99
Vi \ 11-202110 11- 202110
123202111 12-202111
0.00 | | | | I | i 10
000 025 050 075 REF 125 150 000 025 050 075 REF 125 150 000 025 050 075 REF 125 150 )
L LEO-proxy GEMS-based =y g
a priori _an L proxy GEMS-based LEO-proxy GEMS-based
d a posteriori a posteriori e a priori aposteriori ™™ 2 posteriori a priori aposteriori ™™= 2 posteriori
1.0 f
1.0 1.0
0.8 0.8 0.8 4
% 061 ] z
= %06 = 0.6
2 7} o]
8 0.4 3 o
0.4 4 4
H g So4
NI . =1l | “1 I
0.0 : m - WL 0.0 | | 0.0 W e JJJJ
LRSI USRS RS R IR R LR S ot R T O D > S B D ® S
UK
NSRS I R SN e gte SRR R RS S SRS SR AR R RS S NSRRI SRS RIS SRS SR R g
AR R g gl o gl gl R gl R s N ST I S e e S 2D oD A W D P D W A WY
T P NG N G P g g g g o gl R N i g ey
G e i R L U L U I U

Figure S5. Same as Figure 3 but for columnar NO; measurements from the Pandonia Global Network (PGN).

S6



a priori LEO-proxy a posteriori GEMS-based a posteriori

a b C
0.0012 1 R=0.67 | Slope=0.27 1 R=0.72| Slope=0.44 1 R=0.69 | Slope=0.48
r’r‘ R=0.21 | Slope=0.33 R=-0.04 | Slope=-0.05 R=0.20 | Slope=0.16
E 0.0010 + b E
o
E
€ 0.0008 - B 1
£
=
©
Y 0.0006 - B B
™
-
]
~ 0.0004 4 b 1
Q
Z L
® 0.0002 - _ i _ | @4 |
Summer Summer o® Summer
Non-summer . ™ Non-summer ﬂ-“ Non-summer
0.0000 4 B 1
T T T T T T T T T T T T T T T
0.000250.000500.000750.001000.00125 0.000250.000500.000750.001000.00125 0.000250.000500.000750.001000.00125
Pandora NO; total column (mol m~2) Pandora NO; total column (mol m~2) Pandora NO; total column (mol m~—2)

Figure S6. Scatter plots between modelled and observed columnar NO from the Pandonia Global Network (PGN) at the Beijing-RADI site.
The modelled columnar NOs is driven by a priori (a) and a posteriori NO, emissions from both the "LEO—proxy" (b) and "GEMS-based"
(c) inversions. The points distinguish between summer (orange) and non—summer (blue) months. The linear correlation coefficients (R) and

linear regression slopes between the modelled and observed columnar NOg are also shown for each case.
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Figure S7. Same as Figure 3 but for surface NO2 measurements from the China National Environmental Monitoring Centre (CNEMC).
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Figure S8. Same as Figure 3 but for surface NO2 measurements from the Central Pollution Control Board (CPCB) of India.
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Figure S9. Hourly distributions of GEMS tropospheric NOg retrievals averages for all observations over the pan—Asian region.
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Figure S10. Geographical distributions of monthly averages of GEMS tropospheric NO retrievals for all daytime observations.
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Figure S11. Geographical distributions of monthly averages of GEMS tropospheric NO2 retrievals for observations at 13:45 local time

(Korea Standard Time).
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Figure S12. Results for April 2021 from the “LEO—proxy” and “GEMS-based” inversions, along with a comparison between them. Panels

a-i specifically show percentage values corresponding to panels a3, b3, c1, a9, b9, ¢3, a8, b8, ¢2 in Figure 4.
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Figure S13. Stem plot of model-observation bias in columnar O3, surface NO», surface Os, surface CO, and surface SO2 over the North

China Plain and Northern India subregions in April 2021.
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Figure S14. Geographical distributions of the observational part of the cost function (Jops) at 07:45 (a), 08:45 (b), 09:45 (c¢), 10:45 (d),
11:45 (e), 12:45 (f), 13:45 (g), 14:45 (h), 15:45 (i), and 16:45 (j) local time (Korea Standard Time) for April 2021. Panel k shows the sum
of Jops across all hours. Panel 1 shows the scatter plot between the sum of J,s across all hours and the J,ps at 13:45 local time, with the

Pearson correlation coefficient (R) annotated. Panel m shows the contributions of J,s at different hours to the total J,ps across all hours.
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