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Supplemental Texts

Text S1: NOx Emissions During the Pandemic

The impact of the 2020 epidemic on NOx emission reductions in Ukraine was relatively modest and
transient compared to the effects of the war. The widespread outbreak of the coronavirus disease in
Ukraine in 2020 commenced in April (Malarvizhi et al., 2023) and was accompanied by a notable
reduction in emissions, followed by a comparatively smaller decline in emissions observed in May.
The industry sector was the most affected during the 2020 pandemic, although to a lesser extent than
during the war. A 15% (23.3%) reduction was observed between April and December. Transportation
was the second-most affected sector during the pandemic, exhibiting a greater decline than housing and
agriculture. Energy consumption data from SSCU indicate that Ukraine's coal and oil consumption in
2020 decreased by 6% and 3%, respectively, compared with those in the baseline year. This also
corroborates the impact of the pandemic on Ukrainian industry and transportation. The seasonal
fluctuations observed in the industrial and transportation sectors were more pronounced, with notable
declines in emissions occurring in April and June (Figs. S7, S8). In contrast, both the agricultural and
residential sectors exhibited a return to similar levels of emissions as those observed in regular years
following a significant decline in April.

The NOy emissions in Ukraine during the pandemic exhibited a stronger decrease in the western
regions, although the relative difference was not as significant as that in 2022 (Fig. S13-S15). The
observed changes in emissions across all sectors in the Eastern Ukraine and Western Ukraine were
smaller than those observed in 2022; however, the reduction in transport emissions during the Western
Ukraine epidemic was comparable to that observed during the war. This can be attributed to the fact
that the epidemic did not result in a significant loss of population, and that the home quarantine policy
implemented during the epidemic reduced transport emissions while suppressing the reduction in
agricultural and residential emissions. Compared with that of 2022, the impact of the 2020 epidemic
appears to have been more evenly distributed across the different regions of Ukraine. Emissions from
the industrial sector remained the most affected but decreased by slightly over 10% in both the Eastern

Ukraine and Western Ukraine. This is partly because the industrial sector is the largest source of NOy



42 emissions in Ukraine, and partly because of the challenges posed to industrial production by both

43  epidemic and war.
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46  Fig. S1. (a) Number monthly averages of daily (red) and monthly-scale (blue) valid observation grids of TROPOMI in Ukraine in
47  2019~2022. (b) Ratios of monthly averages of daily (red) and monthly-scale (blue) valid observation grids of TROPOMI to the total
48  number of grids in Ukraine in 2019~2022.
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50 Fig. S2. Seasonal changes of sectoral NOx emissions in Ukraine in 2022, and the relative changes with baseline year.
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52  Fig. S3. Spatial distribution of monthly NOx emission changes during the war (March to December) in 2022 relative to the baseline
53 year.
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55 Fig. S4. The Spatial changes in satellite-observed NO2 VVCDs are illustrated during the war (March to December) in 2022 relative
56  to the baseline year.
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19 epidemic (April to December) in 2020 and war

58 Fig. S5. Spatial variation of sectoral NOx emissions in Ukraine during COVID-

59

(March to December) in 2022.
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61 Fig. S6. Changes in sectoral emissions during war. Relative changes in (a) Western Ukraine and (b) Eastern Ukraine
62 sectoral emissions in March to December of 2022 relative to the baseline year; and (c) Western Ukraine and (d) Eastern
63  Ukraine sectoral contributions to the decline in emissions in March to December of 2022.
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baseline year, (b) relative changes in monthly emissions in 2020 and 2022 compared to the baseline year. contribution of
different sectors to the decrease in emissions during COVID-19 epidemic (April to December) in (c) 2020 and war (March to
December) in (d) 2022; and actual (e) and relative (f) changes in different sectors during COVID-19 epidemic of 2020 and
war 2022 compared to the baseline year.

10



Transport

Month

04

03

02

(e)

01

11

12

11

10

Transport

09

o8

07
Month

06

05

04

03

02

3 3 b
m g |l ISP SIE-EE m
1 ) 1 1 o 1 -m (-] 1
L - = J S S S M A B T T R ) B R N i
I Lol I It wn 1 Lol 1
i h— | | | = |
i = | o2 |t 2 | !
s =
4 2.2 N E LR T
i W_s 1 1 Lo 2 1 Q H !
= | =
H ] 9A | i @ I ] 9R RTINS S W
T re -r=- -] b "] Te 0 T
W _ " ! g " £ "
| ! _ " i ! !
B +-Hg  |be-fd-le —-op---18 | A ..... i
1 1 1 1 1 1
1 1 1 1 ] 1 I 1
, _ “ ! “ “ “ “
T -5 e |1|A -8 £ —r==={r---- 1-T8 & Hinatlaty s el T
i 1 1 - 1 1 - 1 1 - 1 1
I 1 1 £ 1 1 c 1 1 c 1 1
I 1 1 (-] 1 1 o 1 1 -} 1 1
. oHegE i Hez o dileE |l i
oo [ 1 1 1 1 1 1
o [ 1 1 1 ! ! !
r 1 1 1 1 1
(=] ] (=] ] 1 ] 1 ]
s e A s A b
N [ ~N 1 1 1 1 1
[ | 1 | 1 |
H _| il LG _I o |_ I _|I|4 R Lo _|I
fa--1h by e 3
i i i i i i
Q 1 Q 1 1 1 1 1
I T (Efoefiedtd pheeeopofeodogg fheeoopofendo
1 1 1 1 1 1
2 3 11 _ | | |
8 i vis IR s cont o RN et
1 1 1 1 1 1
| HEA N 1| |
| LNl I G “ Py _
e e 2 2 2 92 < Q 2 2 e 2
e s & © & o =] o o ] =) o
=+ N L a 0 n 0
(%) ﬂ/?ﬂ sabueyd “ON \_ —.._/ (%) sabueyd “ON h_, (%) sebueyd “ON
S’ N’ o S’
] B B =) e ] T 1
I v o ) ~N H ﬂa I I i |
” 5|8 £ g PSRN
LN L
. SEE-Tt =g THE Mg
] — * , o I 1 1
: b1 t = | tlemd |1 “
oo 2.2 | e = ARE-R SR
W b o Ll M t % I 1 1 1
, e |2 £ e |11V
= - @
I - ! 1 =kt
e - mERE g 2 AR
I s 2 i I 1 1
i i le I | 1 1
I - I i 1 1
< Tt 8 * R
_ _ | A
I 1 S
A - = I i 1
CT 188 [ 5 °E TR
1 I
N g | § |- e |1 N
FT I & A e
o | i I 1 1
m, H " i - . Lo e |
b= . - - SN ——4=
o e H & i W e TN
o~ 1 ] 1 1 ~N 1 1 1
: “ “ 1y I
= . —— L TTTTT T 4 + ———
HE : i ) “ A, N &
v | : i Lla o Sl
-~ v
E - T8 e 8 T T° [E-SKE T
g | AN L [N
= = e L
P8 - ere g | 15 (A
+ oo | 1 i + 1 1
[ 1 1 I i 1
e L g : = N B
f—t—t—+ 3 — s o o o 4 . .
e e 9 a Q e - @ n ~_—~ S e & o
© B ¢ M N S 1w © - e u\ & A
uow x = m NN [P uow ¥ d N H o
a ) “oN e (Yauow/pi) *oN " w ) “oN = (Uauow/y) “ON

01
71 Fig. S8. Seasonal changes of sectoral NOx emissions in Ukraine in 2020, and the relative changes with baseline year.
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73 Fig. S9. Monthly average NO2 VCDs estimated from the prior and posterior emission inventories versus satellite-
74 observed NO2 VCDs seasonal changes from 2019 to 2022.
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