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Introduction

* Overview on the variability (i.e., trends & weekly cycles) in tropospheric gases and >0

light-absorbing aerosols in the Greater Tokyo Area in recent years. Focus on NO,
(mainly) as well as HCHO, O, and light-absorbing aerosols from multiple platforms.

* Nitrogen oxides (NO,) are among the main drivers of air quality degradation in urban
areas. Fossil fuel combustion is the dominant source. NO, are precursors of
secondary aerosols and catalyze tropospheric O3 formation with consequences for
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* Formaldehyde is released by both anthropogenic and natural sources. Here, it is used as a VOC proxy.

* Light-absorbing aerosols in the BL estimated by combing SKYNET and MAX-DOAS obs.
 The COVID-19 pandemic gives an opportunity to assess human activity's impact on the environment -> focus on 2020
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Datasets and methods

Main datasets used

The MAX-DOAS utilizes the differential absorption structures of the oxygen collision complex (O,) in
UV-VIS to derive information on aerosol and tropospheric gases. Scattered sunlight is measured at
various elevation angles to below 10° and spectra were recorded in the 310-515 nm range. The

retrieval is based on DOAS and optimal estimation methods (Irie et al., 2011,2015). Partial column

below 1 km of O;, NO, HCHO and AEC recorded at Chiba U. and Tsukuba were used.

TROPOMI/S5P satellite. The L2 NO, and HCHO offline (OFFL) products are used as a proxies of NOx
and VOC, respectively. Retrieval algorithms use the DOAS method and are based on the DOMINO
retrieval (van Geffen et al., 2019) and previously developed OMI QA4ECV products (De Smedt 2017).

It renders a tropospheric column density. The profile shape of the TM5-MP model is used to

compute the AMF without accounting for aerosol.

OMI/Aura satellite. We used NO, tropospheric column in 2005-2020 (from NASA/GES DISC).
Air quality surface network (NIES Environmental Numerical Database). Surface punctual obs.
SKYNET observations (aerosol optical properties)

Chemistry Land-surface Atmosphere Soil Slab (CLASS) model (van Stratum et al., 2012).

Additional datasets

Ozonesonde observations at Tateno (Tsukuba/Japan) recorded by JMA
Google Mobility data. They show how visits to places are changing in each region

CAMS global reanalysis (EAC4) of ECMWF and MERRA-2 NASA’s reanalysis

Population density map (persons/kmz2) Terrain map (m a.s.l.)
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Changes in mobility in 2020 (due to COVID-19)
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Changes in mobility in 2020 (due to COVID-19)
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TROPOMI NO, , HCHO trop. column and meteorology in 2019 and 2020
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TROPOMI NO, , HCHO trop. column and meteorology in 2019 and 2020
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NO,, HCHO, O; and fAAQD in the partial column (0-1 km) at Chiba

100
50

0

=

50 MAxX-DOAS

100F_CAMS
2010 2012 2014 2016 2018 2020
Year
100F ]
E (b):
50 Q =
0:— ........... M /p\A/\ Am /A /Z\X/A /\\ / AT
g WAVAAVA VAR
-50= \1ax-pons .
-100F_CAMS [0-1km]]
2010 2012 2014 2016 2018 2020
Year
200E 3
100 1 ( )—;
0} -b- -4/ A e i
-100E \ax-poAs =
-200E_CAMS [0-1km] 3
2010 2012 2014 2016 2018 2020
Year
200 JJ (d)-
100 W A =
OF -y AR “'U"'Wv\ﬁﬁwlﬁf\vﬁm
-100E ‘
fAAOD [0-1km]
-200 E-fAAOD column 7
2010 2012 2014 2016 2018 2020
Year

e

\

J

e | i
o Chiba Tsukuba 1

NO,
(ppbv)

O N RO N D ODN PO

MAX-DOAS
{North) .

HCHO
(PPbV)

MAX-DOAS
(East)

MAX-DOAS
~(South)

HCHO/NO,

10 km
typical observationg "
spatial scale b 21

A O
o O

O3
(ppbv)

20 [ i q-1 km_, Mar]-Oct. ]

2014 2016 2018
Irie et al., 2021 Year

Joining optical properties from the MAX-DOAS and sky radiometer instruments to
reproduce the variability of the aerosol concentration

[ R@357nm=0.85
[ slope @ 357 nm =0.0182

0025 [ inter. @ 357 nm = -0.001

[ N@357nm=65

go.ozog "
S : o

S 0.015" T
g 0010, ¢ 32 e
&= o i “.... °.

0.005 o ."“"!8..

00 0.2 0.4 0.6 0.8 1.0
BC surface (ug/m3)

Damiani, Irie et al., 2021




NO2 (%)

03 (%)

HCHO (%)

fAAOD (%)

NO,, HCHO, O; and fAAQD in the partial column (0-1 km) at Chiba

100F
50
0
-50= \ax-Doas
-100F_CAMS ‘ ‘ ‘ ‘ :
2010 2012 2014 2016 2018 2020
Year
100F T ]
- (b)3
50— -
] A N AL L ]
VAVATATASRES:
-50 ? MAX-DOAS i
-100F_CAMS ‘ ‘ ‘ ‘ [O-‘lkm]a
2010 2012 2014 2016 2018 2020
Year
200E ) 3
()
100 E
OEf-\ -+ - ?
-100 £ \1ax-D0AS =
-200E_CAMS ‘ ‘ ‘ ‘ [O—‘lkm]g
2010 2012 2014 2016 2018 2020
Year
200
100 £ =
o :
100 =
= fAAOD [0-1km]
-200 E-fan0D column 3

2010

2016 2018

Year

2012 2014

100

200
100

fAAOD (%)

-100
-200

F '2013 2014 2015 2016 20192020. . _ (. )
FMAX-DOAS E
ECAMS  -------- ) ) ) ) 7
2 4 6 8 10 12
Month
F 2013 2014 2015 2016 2019 2020 (f)g
FMAX-DOAS E
ECAMS  -------- ) ) . . -3
2 4 6 8 10 12
Month
3 (8)3
?MAX—DOAS é
Soams oo 201320142015 2016 20192020
2 4 6 8 10 12
Month

(h)

= fAAOD [0-1km] ———
=-fAAOD column ~-=-= - 2013 201‘4 2015 2016‘ 2919 2020 =
5 4 6 8 10 12
Month

NO2 (%)

03 (%)

40

30
20

10

-10

-20
-30

F2020- 2019 (i') ;
}MAX—DOAS {
[ CAMS ]
2 6 8 10 12

Month
£ 2020 - 2019 (j) 3
% AX-DOAS é
SCAMS ‘ ‘ 5
2 6 8 10 12

Month
£ 2020-2019 (k)3
éMAX—DOAS j
ECAMS ‘ ‘ ‘ 3
2 6 8 10 12

Month

F2020-2019

TTTT[TTTT‘TTTT[

lllxlllllllll

AAOD [0-1km[]
_ fAAOD column

10 12



[NVaSe WL VAY

~A In/n

HCHO (%)

fAAOD (%)

NO,, HCHO, O; and fAAQD in the partial column (0-1 km) at Chiba

PHN

(a)]

Sugawara et al., 2021

Mmoo

20 ,
— 15 =
:;"’
‘€ c
o] 10 3 1
g \
2
% 5 or _
2 ¥ —O-- 2016 -%- 2017 -f8- 2019
S —e— 2016, 2017, 2019 mean
o —o— 2020
0
CO, flux in Tokyo decreased by 20%
AN N TR NN NN NN SN MO AR NN N NN N
0 2 4 6 8 10 12 14 16 18 20 22 24 26
LST
Year
200 — 3
()
100 E
OEf-\ -+ - ?
-100 £ \1ax-D0AS =
-200E_CAMS ‘ ‘ ‘ ‘ [O—‘lkm]g
2010 2012 2014 2016 2018 2020
Year
200F =
100 E- 3
oF =
100 <
= fAAOD [0-1km]
-200 E-fap0D column ‘ ‘ ‘ ‘ E
2010 2012 2014 2016 2018 2020
Year

35 35.50 36 36.50

34.50

139

139.50

140

140.50

141

Decrease by 20-30 %

-20-15-1.0+-05 0.0 05 1.0 1.5 20 25 3.0 3.5 4.0

May 2020 — May 2019 ‘ NOZ
139 139.50 140 140.50 141

139

139.50

140

140.50

141

139

139.50

140

S€ 09°'se 9€ 059¢

0S'v¢€

NO2 (%)

03 (%)

30
20

10

-10

-20
-30

state of emergency

F2020-2019

TT‘TTT[

[ MAX-DOAS

[ CAMS X
2 4 6 8 10 12
Month
= 2020-2019 (j) 3
- MAX-DOAS E
= CAMS E
2 4 6 8 10 12
Month
£ 2020-2019 | ‘ ' (k)3

F MAX-DOAS
FCAMS 3

2 4 6 8 10 12

F 2020-2019

TTTT[TTTT‘TTTT[

lllxllllll

AAOD [0-1kmT]
_ fAAOD column

2 4 6 8 10 12



NO2 (%)

0 533

-10

-20

-30

-50

First 10(icitief (pop. > 0.5 M) with the largest weekend effect (< 30“%
8 3¢( v E¢g £ R €

Weekend = Sunday

583885

Why does examining the weekend effect (WE)?

¢ g&e;'&gsf’f‘

§352fa32823555¢

Holiday = end of the year

Y? )g¢ £

JAPAN
V¥ Greater Tokyo Area

hers in Japan

Pry 1EA7

9E+16

8E+16

7E+16

6E+16

SE+16

4E+16

3E+16

2E+16

1E+16

NO2 (molec./cm2)

N e
OMI NO, weekend effect (Sunday) in 2005-2020

The decreased urban NOx emissions caused by
traffic on weekends gives an observation-based
natural test to study the sensitivity of O3 to
NOX.

NO2




NO2 (%)

-10

-20

-30

-50

First 1

Weekend = Sunday

Why does examining

O(icitief (pop. > 0.5 M) with the la

\

Holiday = end of the year

JAPAN

rgest weekend effect (< 30“%
2 - ¢, § ¢

V¥ Greater Tokyo Area
hers in Japan

1E+17

9E+16

8E+16

7E+16

6E+16

SE+16

4E+16

3E+16

2E+16

1E+16

NO2 (molec./cm2)

e [ T P yeekendeffect |

the weekend effect (WE)?

NO2 (%)
-72.0 -63.0 -54.0 -45.0 -36.0 -27.0 -18.0 9.0 0.0 9.0 18.0 27.0 36.0 450 54.0 63.0 72.0
P

e OMI NO, weekend effect (Sunday) in 2005-2020




NO2 (%)

-10

-20

-30

-50

First 100 cities (pop. > 0.5 M) with the largest weekend effect (< -3
LYWy VY P, FE ,

Weekend = Sunday

Why does examining the weekend effect (WE)?

\

Holiday = end of the year

)

JAPAN
V¥ Greater Tokyo Area

ngfhers in Japgan

1E+17

9E+16

8E+16

7E+16

6E+16

SE+16

4E+16

3E+16

2E+16

1E+16

NO2 (molec./cm2)

OMI NO, weekend effect (Sunday) in 2005-2020

Altitude (m. a.s.l.)

3000

2000

1000

NO2 (%)

05 holiday effect

End o‘f the year

()

-20 0 20

Ozone (ppbv , %)

MAX-DOAS [0 1 k]

40 60

72,0 -63.0 -54.0 -45.0 -36.0 27.0 -18.0 -9.0 00 9.0 180 27.0 36.0 45.0 54.0 63.0 720



35 35.50 36 36.50

34.50

NO, weekend effect (WE) in 2015-2018: surface, partial and trop. column

OMI tropospheric NO, column
| *  MAX-DOAS NO, partial column (0-1 km)

NO, concentration at surface

" MAX-DOAS
‘(North) )

MAX-DOAS
2 (East)

\

9

)

A

® o

7

()
@

Y

=

o'

NO2 (%)

NO2 (%)

N
141

139 139.50 140 140.50

L L L L L L
,8 -40.6 -37.5 -34.4 -31.2 -28.1 -25.0 -21.9 -18.8 -15.6 -125 -9.4 -6.2 -3.1 0.0

year

Chiba

60T ' " Urban

40F MAX-DOAS 2015-2019 (< 1 km) 1
S
(o}
o
pzd

-60F .. . .4 AZ MAX-DQAS (9'.15 LT) .

Sun Mon Tue Wed Thu Fri Sat
¥ Chiba
0 ET T Sunday s

E MAX-DOAS (mean) Holiday suus 3

-10 E mMAX-DOAS N E

E MAX-DOAS W E
-20 E MAX-DOAS E -
E MAX-DOAS S S
-30F Surface ~
o
-40F P

_50 g_l-l-l' ----------------- -

-60 s ) Relductions on Sundayg

2005 2010 2015 2020

=

Decreasing trend in OMI

NO, WE (e.g., Stavrakou
et al, 2020).

Despite the lowest NO,
levels in 2020, the WE in
2020 was larger than that
of previous years.

60

[ MAX-DOAS 2015-2019 (< 1 km
40} (<dim)

-20F
-40}
601

0F
10}
-20§
-30
40
50

-60
2005

NO, (ppb)

Tsukuba

20}
of - - -

Sub-urban ]

1 AZ MAX-DOAS (9-15 LT) 1

Sun Mon Tue Wed Thu Fri Sat

‘ Tsukuba

T Sunday s

E MAX-DOAS Holiday s=as

W

Reductions on Sunday

2010

2015
year

Tokyo NO2: Daily cycle

n. 87 stations

8 10 12 14 16 18 20 22
hour

—o— Winter Fall —#— Golden Week

—— Spring —#— Allperiod —#— Obon

—e— Summer  —»— New Year

pr——



NO, , HCHO,

MAX-DOAS 03 (%) MAX-DOAS HCHO (%) MAX-DOAS NO2 (%)

MAX-DOAS HCHO/NO2

H D
o O

201

3.0

2.5¢
2.0¢
1.5¢
1.0
0.5}

0.0

Chiba

2015 2016

Urban

4 AZ MAX DOAS (9 15 LT)

20192020  (a)

Sun Mon Tue Wed Thu Fri Sat

4 AZ MAX DOAS (9-15 LT)

(b)

Sun Mon Tue Wed Thu Fri Sat

4 AZ MAX DOAS (9 15 LT)

(c)

Sun Mon Tue Wed Thu Fri Sat

4AZ MAX DOAS (9-15 LT)

(d)]

Sun Mon Tue Wed Thu Fri Sat

MAX-DOAS O3 (%) MAX-DOAS HCHO (%) MAX-DOAS NO2 (%)

MAX-DOAS HCHO/NO2

Tsukuba

2015 2016

| Sub-urban

1 AZ MA)( DOAS (9 -15 LT)

20192020 (e)

Sun Mon Tue Wed Thu Fri Sat

1 AZ MAX DOAS (9-15 LT)

()

Sun Mon Tue Wed Thu Fri Sat

\
»
)

1 AZ MAX DOAS (9-15 LT)

(g)

Sun Mon Tue Wed Thu Fri Sat

1 AZ MAX DOAS (9-15 LT)

(h)

Sun Mon Tue Wed Thu Fri Sat

MAX-DOAS AOD[0-1km] (%)

fAAOD[O-1km] (%)

2]
o

40f

20t

O, and fAAOD weekend effect (@0-1km)

Chiba

72015 2016 20192020

Urban

Sun Mon Tue Wed Thu Fri Sat
FAAOD[O-1kM] mmmm  AES1
' BC

Lo S

F g Holiday[2015-2019]
) 4 AZ MAX-DOAS (9-15 LT)

Sun Mon Tue Wed Thu Fri Sat




OMI and TROPOMI NO, weekend effect
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Conclusions

We analyzed the variability (i.e., trends & weekly cycles) in NO,, O;, HCHO, and light-absorbing
aerosols from multiple platforms in the Tokyo region looking for the impact of COVID-19.

NO, and absorbing aerosols in 2020 were the lowest on records, but the potential COVID-19
impact was superimposed on a decreasing trend. No changes in O; and HCHO partial columns
were found.

During the “lockdown”, NO, decreased by about 25 % compared to the same period of 2019.
Agreement among the NO, weekend effect (WE) at surface, partial and tropospheric column.
Despite the lowest NO, levels in 2020, the NO, WE in 2020 was larger than that of previous
years.

WE in HCHO and fAAOD were identified only in 2020 by ground observations. No change in
MAX-DOAS O;

In Japan, mobility reduction in 2020 was smaller than that of western countries. Nevertheless,
the reduction in weekend mobility was even more significant than that of business days. In
contrast, western countries mostly showed the opposite behavior. It suggests a larger reception
of the recommendations to limit the spread of COVID in Japan despite the lack of legal
restrictions.



