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Table S1. Vertical layer definition for EPICC simulations.

Layer Height above ground (m)

1 36
2 72
3 110
4 150
5 190
6 240
7 300
8 360
9 420

10 500
11 600
12 700
13 800
14 1000
15 1200
16 1500
17 1900
18 2300
19 2800
20 3300
21 3840
22 4710
23 5760
24 7030
25 8540
26 10 350
27 12 530
28 14 710
29 17 180
30 20 000

 

  



  T
ab

le
 S

2.
 P

ar
am

et
er

iz
ed

 H
O

N
O

 s
ou

rc
e 

m
ec

ha
ni

sm
s 

to
 b

e 
co

up
le

d 
in

 th
e 

m
od

el
.

So
ur

ce
R

ea
ct

io
n 

ra
te

 c
on

st
an

t
Pa

ra
m

et
er

iz
at

io
n

U
nc

er
ta

in
ty

Fi
rs

t-
or

de
r

se
ns

iti
vi

ty
Se

co
nd

-o
rd

er
se

ns
iti

vi
ty

D
is

tr
ib

ut
io

n
ty

pe

E
∗
∗

tr
a

f
fi

c
E

tr
a

f
fi

c
=

f 1
(

E
N

O
x
,

f H
O

N
O
/N

O
x

)

f H
O

N
O
/N

O
=

1
.7

%
0
.3

%
⩽

f H
O
N
O
/N

O
x
⩽

1
.7

%
0.

12
0.

58
L

og
-n

or
m

al
E
∗
∗

b
io

m
a

ss
E

b
b
=

f 4
(

E
C

O
,

f H
O

N
O
/C

O

)

f H
O

N
O
/C

O
=

1
.1

8
×

1
0
−

3
( m
ol
/m
ol

)
9
.5
×

1
0
−

4
⩽

f H
O

N
O
/C

O
⩽

1
.4
×

1
0
−

3
(m

o
l/

m
o

l)
—

—
L

og
-n

or
m

al
E
∗
∗

so
il

E
so

il
=

f 2
(

F
N
,o

p
t(

H
O

N
O

),
E

a
,T

s
,S

W
C
)

0
.3

1
⩽

F
N
,o

p
t(

H
O

N
O

)
⩽

2
5

7
.5

0
(

ng
·
m
−

2
·
s−

1
)

(−
86

%
, 2

61
%

)
0.

00
05

0.
00

04
L

og
-n

or
m

al
E
∗
∗

in
d

o
o
r

E
in

d
o
o
r
=

f 3
( K

A
E

R
,C

in
d

o
o
r
,C

o
u
td

o
o
r
,N
,H

)
C

in
d

o
o
r
=

4
.7

( p
p

b
)
,K

A
E

R
=

0
.6

5
(−

61
%

, 3
6%

)
0.

01
−0

.0
1

L
og

-n
or

m
al

N
O
+

O
H

k N
O
+

O
H

k N
O
+

O
H

(−
28

.6
1%

, 2
7.

59
%

)
0.

09
0.

03
L

og
-n

or
m

al

H
et
∗
∗

a
er

o
so

l
H

et
a
er

o
so

l
=

1 4
v N

O
2

(

S V

)

γ
a

γ
a
=

5
.0
×

1
0
−

6
γ α

: (
−4

3%
, 5

1%
)

0.
3

0.
01

N
or

m
al

H
et
∗
∗

a
er

o
so

l_
h
v

H
et

a
er

a
so

l
=

1 4
v N

O
2

(

S V

)

γ
a
lig
ht
in
te
ns
ity

3
0

0

γ
a
=

5
.0
×

1
0
−

6

lig
ht

 in
te

ns
ity

 (
dy

na
m

ic
)

γ α
: (

−4
3%

, 5
1%

)
k l

ig
ht

-a
er

os
ol

: (
−6

0%
, 6

0%
)

γ α
: 0

.3
k l

ig
ht

-a
er

os
ol

:
0.

07

γ α
: 0

.0
1

k l
ig

ht
-a

er
os

ol
:

0.
13

L
og

-n
or

m
al

H
et
∗
∗

g
ro

u
n
d

H
et

g
ro

u
n
d
=

f
×

v d h
f
=

0
.5
,v

d
 (

dy
na

m
ic

)
f: 

(−
33

%
, 5

66
%

)
v d

: (
−5

0%
, 1

00
%

)
f: 

0.
2

v d
: 0

.1
7

f: 
0.

19
v d

: 0
.4

2
L

og
-n

or
m

al

H
et
∗
∗

g
ro

u
n
d
_h

v
H

g
ro

m
d
=

f
×

v d h
×

(

1
+

lig
ht
in
te
ns
ity

3
0

0

)

f
=

0
.5
,v

d
 (

dy
na

m
ic

)
lig

ht
 in

te
ns

ity
 (

dy
na

m
ic

)

f: 
(−

33
%

, 5
66

%
)

v d
: (

−5
0%

, 1
00

%
)

k l
ig

ht
-g

ro
un

d:
 (

−6
0%

, 6
0%

)

f: 
0.

2
v d

: 0
.1

7
k l

ig
ht

-g
ro

un
d:

 0
.4

f: 
0.

19
v d

: 0
.4

2
k l

ig
ht

-g
ro

un
d:

0.
09

L
og

-n
or

m
al

P
h

o
t∗
∗ ni
tra
te

P
h

o
t
=

f 5
(

V
d

H
N

O
3
,V

d
P

N
O

3
,J

n
it

ra
te
/
J H

N
O

3

)

J n
it

ra
te
/
J

H
N

O
3
=

3
0

1
0
⩽
k n

it
ra

te
−

p
h
o
t
⩽

6
5

0
0.

03
0.

02
L

og
-n

or
m

al

E
∗
∗

tr
a

f
fi

c
E
∗
∗

so
il

E
∗
∗

in
d

o
o
r

H
et
∗
∗

g
ro

u
n
d

H
et
∗
∗

g
ro

u
n
d
_h

v
H

et
∗
∗

a
er

o
so

l

H
et
∗
∗

a
er

o
so

l_
h
v

P
h

o
t∗
∗

n
it

ra
te

T
he

 H
O

N
O

 s
ou

rc
es

 in
cl

ud
e 

th
e 

ga
s-

ph
as

e 
ho

m
og

en
eo

us
 r

ea
ct

io
n 

of
 N

O
 a

nd
 O

H
 (

N
O

+O
H

),
 v

eh
ic

le
 e

m
is

si
on

s 
(

),
 s

oi
l e

m
is

si
on

s 
(

),
 in

do
or

 e
m

is
si

on
s 

(
),

 th
e 

he
te

ro
ge

ne
ou

s 
re

ac
tio

n 
of

 N
O

2 
on

gr
ou

nd
 s

ur
fa

ce
s 

(
),

 th
e 

lig
ht

in
g-

en
ha

nc
ed

 h
et

er
og

en
eo

us
 r

ea
ct

io
n 

of
 N

O
2 

on
 g

ro
un

d 
su

rf
ac

es
 (

),
 th

e 
he

te
ro

ge
ne

ou
s 

re
ac

tio
n 

of
 N

O
2 

on
 a

er
os

ol
 s

ur
fa

ce
s 

(
),

 th
e 

lig
ht

in
g-

en
ha

nc
ed

he
te

ro
ge

ne
ou

s 
re

ac
tio

n 
of

 N
O

2 
on

 a
er

os
ol

 s
ur

fa
ce

s 
(

),
 a

nd
 th

e 
ph

ot
ol

ys
is

 o
f 

pa
rt

ic
ul

at
e 

ni
tr

at
e 

(
).

 

  



 
 
 

Table S3. Chemical mechanisms, parameterization schemes, and emission inventory inputs configured for the baseline (S0) simulation.

Model component Description and reference(s)

Advection Walcek and Aleksic (1998)
Convection Emanuel (1991)

Turbulent mixing “K-theory” approach
Photolysis Tropospheric Ultraviolet–Visible radiative transfer model version 4.5 (TUV4.5)

(Emery et al., 2010)
Gas-phase chemistry Carbon Bond 06 Mechanism revision 5 (CB06r5) (Yarwood et al., 2020)

Inorganic aerosol thermodynamic process ISORROPIA (Nenes et al., 1998)
Secondary organic aerosol 1.5D Volatility Basis Set (VBS) module (Yang et al., 2018)

Aqueous chemistry Regional Acid Deposition Model mechanism
Heterogeneous chemistry A dynamic, heterogeneous chemistry module (Li et al., 2018)

Aerosol microphysics Advanced Particle Microphysics module (Yu and Luo, 2009)
Dry deposition Zhang et al. (2001, 2003)
Wet deposition Regional Acid Deposition Model mechanism

Meteorological initial conditions/boundary
conditions

FNL data

Emission Anthropogenic: MEIC (China), EDGAR (outside China); Biomass burning: FINN;
Biogenic: MEGAN

 

 
 

Ozonesonde Surface Ozone

Fig. S1. Observation stations used for the global evaluation in this study.

 

 
 

  



 

Fig. S2. The OH burden from the (d) EPICC model compared with the climatology of (a) Spivakovsky et al. (2000)
and other simulations [(b) GEOS-Chem (Lu et al., 2020); (c) MOZART-4 (Emmons et al., 2010)]. Red lines are the
simulated tropopause height.
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Fig. S3. Observed (blue) and simulated (red) vertical profiles
of the annual O3 mixing ratio (1400 LST) for Beijing, China.

  

  



  

Fig. S4. Simulated mean biases of MDA8 O3 over China under the (a, d) S0, (b, e) S3, and (c, f) S4 scenarios during (a–c)
January and (d–f) July 2021.
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