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RADIATIVE FORCING

ATMOSPHERIC COMPOSITION

EMISSIONS FROM NATURAL SYSTEMS
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r xtreme weather condmons
7 High air temperatures (t >4 °C)
7 Drought
# High concentration of CO,

| Plant responses

4 v new crop varieties
ghtand temp lerant)

v advanced irrigation efﬂclency
¥ improved pest management

- yield and yield variability (25% of yield losses)
- more transmitted diseases by insects
- lower nutritional level of 5ra|ns

(Zarkovi¢ and Radovanovié, 2022 )

0, damages stomatal functioning and inhibits hormone
signalling affecting gas exchange, water use efficiency
and transpirational cooling

\ l 6Tempemure and relative humidity affect gas exchange

Aerosol (or particulate matter) 4

reduces total solar radiation and "%#%%2

increases the diffuse radiation

fraction which affects photosynthesis @ Increased CO, can reduce stomatal conductance and lead to
reduced O, uptake and consequent damage

Increased O, concentration results in higher g, [})° Aerosol can alter the canopy
b " microclimate leading to cooling
[ and tolerance to heat stress

0, uptake and hence greater likelihood of
damage to photosynthesis, growth and yield

Increased CO, can increase Leaf Area Index which can
@ increase total O, deposition and stomatal O, uptake and
determine photosynthetic response to diffuse radiation
Increased O, concentration

Precipitation alters the reduces above ground
level of soil moisture and biomass and yield.
Wes, hence soil water stress i
%% which will influence I ¥ can also reduce below
stomatal conductance A ground biomass and hence

reduce water uptake

| 0, concentrations and temperature alter the timing and duration of the growing season which can modify
the likelihood of the growing season overlapping with O, episodes and periods of higher aerosol load

e e ol e s s o ook STIMann et al., 2021 )
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Wheat
180
160
§ 140
120
8 100
% J
E Flood
[ 8071 Drouéht Of e Unusual
@0 60 - _17%, / DProught Climate
=% Bllght -29% Events
@ 404 -18% Drouoght
> Wet spring,  ~26%
20 A early frost
-16%
o T T T T
1960 1970 1980 1990 2000 2010

Year (USGCRP, 2009 )
Rice (Tian et al. 2016



Fiml Iraf 7 s 2013 Chopr § 00T W1 Fith Aussosmsant Raport

Chapter 8: Anthropogenic and Natural Radiative Forcing
Coordinating Lead Authors: Gunnar Mykre (Norway), Drow Shindall (U2A)

Lead Anthors: Frangois-Maris Bréca (Francs), William Calling (UE), Faz Feglosrvedt (Norway), Tanping
Huang (China), Derothy Koch (UF5A), Jean-Frangoi: Lamarqua (USA), David Lea (UE), Blana Mendoza
(Momice), Teruyuki Wakajima (Tapaz], Alan Robock (USA), Grsme Sephens (USA), Toskihiko Takemur
(Iaz). Fua Zhang (Chizy)

Contributing Authors: Olivisr Bouchar (Franzs), 5tig B. Dalioren (Morwary), Tokm 5. Danial (U5A), Piars
Forstur {UE), Claire Granisr (France), Joanna Haigh (UE), Sivind Hednebrog (Morway), Jod 0. Eaplan
(Switzeriand Belgium U5 4), Brizn €. O'Neill (U54), Clans J. Nislsen (Norway), George Mamion (UE),
(len P. Petars {Noray), Fulia Peagrate (Garmany), Michasl Prather (US4), Venkatachalam Ramaswansy
(USA), Raphael Roth (Switzerland), Leca Eotstayn (Australia), Steven . Smith (USA), David Stevensen
(UE), JeazrPaul Varnier (USA), Paul Young (USA), Oliver Wild (UE), Borgar Aamaas (Nemway)

Review Editers: Daziel Jacoh (USA), AR, Favishankera (USA), Keith Shing (UE)

Diaie of Drafi: 7 une 2013

Table of Contents
Extcutive Summary. 3
81 Radiative Farcing 7
A1 The Radvarree Forcimg Cancept 7
Bax B.1: Defizition of Radiative Forcing (RF) and Effective Radiative Fercing (ERF) ... ... 9
Bax B.2: Grouping Forcing Compeunds by Common Propertie 1o
A.1.2 Calrwiznon of Radisire Forcmg due o Corceniration or Emssion Changes ... —....—w.— 11
8.1 Armospheric Chemistry 1z
821 Mtroduction i
§.2.2 Uiiobal Chemestry ModelTng m CMIPS i
8.2.5 Chemucal Processes and Trace (as Budges. i
8.3 Present-Day Anthropogenic Radiative Forcing 18
851 Upduted Undersamding of the Spectral Properties of GRGs and Radiatve Transfer Codes... 1§
8.5.2 Well-mred Greerhouse (ases i
8.5.5 Czone and Sraiospheric Water Fapour n
8.5.4 Aerosols and Clowd Fffects M
8.5.5 Land furface Changes n
8.4 Namral Radiative Forcing Changes: Solar and Veleanic 3
841 Solar frradiance LH)
H.4.2 Voloame Radtrve Farcng Li]
Bax 8.3 Veleazic Ereptions a3 Analogues 3
8.5 Syotheris of Global Mean Radiative Forcing, Past and Future 35
A5.1 Sammary of Radamee Forcmyg by Species and Dncertamttes.... e 1
4.5.2 Time Fvoheton of Historical Farcmg H
453 Future Rachatrve Forcing i
8.6 Geographic Distriburion of Radiative Forcing a
.61 Spanal Dusributton of Cwrrent Radiivee Forcimg, i
A.6.2 Spenal Fvalinon of Radiatrve Forcmg and Respanse over the fndistral Fra...... o ¥
A.6.3 Spanal Evolvnion of Rodative Forcirg and Response for the Future 5
8.7 Emiszion Meirics M
A1 Memic Comcepis 54
Bax §.4: Choice: Required When Using Emizsion Memric: M
8.7.2 Application of Merics. il
FAQ 81: Hew Important I: Water Vapour to Climare Change? &7

Tho Mot Cite, (ustt or Disribate (3 Toal pager: 0

AR1
1994

AR2
1996

AR3
2001

AR4
2007

AR5
2013

ARG
2021

InCC

INTERGOVERNMENTAL pANEL on ClimaTe change

Climate Change 2021

The Physical Science Basis

Warking Group | contribution to the # R
Sixth Assessment Report of the @ w
Intergovemmental Panef on Climate Change wMo UNEP




W17H WM Ao e wF R il R Vol 17 No. &
2021 £ 11 A CLIMATE CHANGE RESEARCH November 2021

DOT: 1012006/ is=n 1673-1719.2021.191
BedE. EiE. Bx . % PCCARGR&NE. fMER Y, “ERERDUREEE (1 COREhmadts 2021 17 (6): 691-658
Zhang H, Wang F. 7hao S Y, er al. Barth's enerzy budget, climate feedbacks, and climate sensitivity [J]. Climate Change Ressarch. 2021, 17 (6): 691-

IPCC ARS R 7% -

HIKEEEWST. SERIR
FOS foc i B &

E'E- ﬁl.ﬂ.ﬂ' i ;FE:.I1 ﬂ“i-;_ﬂ.ﬂ' _m. 2$_-1

| FELAEHAFFEIREFEZLRAEELAEET, &7 100081,
P AR IS AT HMAMES

HRBRA T, & 210044,

3o Bk IR LA A, £ E 430078,
£ PEALLEL - AT ASFLENMSTESEET, £ 10008

G0

B E. R IPCC ENRImERY (AR6) F—IfHA (WGI) {R&a¥ - ERE Ty, TRERNUR
SR P WE AT T RS, AR EORE RS, BERT, BT EEGLE, ARED
B EEAH AR A (ERF) 272 [1.96 ~ 3.48) Wind, J0eR, M50 & M S U AT TIAR Y 332 3,03 ~ 3.61] Wim®, T
A REAO TR —11 [-1.7 ~ —0.4] Win', AT TREIMEBECY 116 (181 ~ —0.51] Wim® T), ERTRERE
T B A R . S TR ORI (ECS) Filads MR (TCR) W T ey ok Fiokh s LR Wi S5
R R AR TENEAHETFR, Ecs fn TCREBEE T2 8% 3020 ~501CR 18012 ~ 24]T,

X817, HNEH®A (ERF), TREW, FREREEE (ECS), BETRFRE (TCR)



1750—20194FE A [E] [

PCTIANEA SE 1

LA

I

(Bf5

T B O S 5 E 2R

lﬁomwﬁﬁ&%%ﬁﬂm§1

AAAAAAAAAAAAAA

AAAAAAA

— Lk

K R R E UL
RE

FiEKAR

MR R ER

BI%EL

SER

4 CH, N.O

VKA S 3R B9 R R

__fJ_-—~

Lm’F’A 483%1

ERIAAGEE

AFH

IPCC ARG

(7K1, 2021)

BRgRARE (Wm)

vvvvvvvvv

rrrrrrr

X [6]5%~95% )

ERF (Wm™2)

2.16[1.90~ 2.41]

0.54[0.43~ 0.65]
0.21]0.18~ 0.24]

0.47[0.24~ 0.71]
0.05 [0.00~ 0.10]

-0.20[-0.30~ -0.10]

0.08[0.00~ 0.18]
0.06[0.02~ 0.10]

-0.22[-0.47~ 0.04]
-0.84 [-1.45~ -0.25

2.72[1.96~ 3.48]

-0.02[-0.08~ 0.06]



1750—20194E 8] /S [ 338 [ T 2 BRE ML T A R

-
BRI TTER A AT e (BfE X [EN5%~95%)
FHXT T 1750F/im EZ=Z=1 I3 A
e e ek o e We cemaea e B e e W e o
1 — —=ita® (co> — kW
| —— i (CH, ) e =
T e SALIEE, (N.OD — &=.F0
. Smmm— = 1A=
29 (O3)
—  HTRESUAR
05 - H 4th, A 4 5FEEi8
| ——  =meilszmia
5 ]
0.0 o7 A‘,'i':'v/z i
_0‘5 — :
_1 _0 == :
1750 1800 1850 1900 1950 2000

ko, iR ESAmE (REHNSREHEESEN0,) FBHIGSATES
P B B2 SR S BRGSATA Al H AR BHEH -

IPCCAR6  (IkfE, 2021)



Alr Climate

Pollution Change
Aerosol




O, and particle interaction

4 Gas-phase products |

Secondary
HO, ) :’I

organic
aerosol

Total

Difference
4N FIG2

B A Tt ]

Photolysis

CO, RH, RCHO

H;80; —————
|
|
|
1
l
|
|

Aerosol Phase (D, < 10 pm)

| |
IN i i
| ‘ NH, t \i
| Y |
: NO. 5 HNO \[ ’ I
N,O.—>HNQ, ! ¥ 4
% < |
I ; /: | I
| i NH, | |
| l | [
| | | I !
' |
-.._...L.._.__..____J_._.__L__..L_x_

Droplet Phase (D, = 10 um)

' Chemical Coupling Between Atmospheric Ozone
and Particulate Matter
Z. Meng, et al.
Science 277, 116 (1997);
DOI: 10.1126/science.277.5322.116 (Kumar et al. 2014)



O, and CO, Interaction

Seasonal Effect of Ozone on NPP

800

Felzer(2004) found NPP was reduced 2.6%-6.8% by O, _
thus reduction of CO, absorption 18-38 Tg C yr! 500 - AN

400 -

200 A

NPP (Tg C md")

land use
—--—-——-- land use with ozone
— — — — land use with F

- land use with F and ozone

'200 T T T T T T T T T T
1 2 3 4 5 6 7 8 =] 10 11 12

month
Low ozone sensitivity

180° 90° W o= 90° E
=30 =20 =10 -5 5 10

Change in GPP due to O, (%)
(source: Stich et al., 2007)

»  Excessive O5 exposure can damage plant cell, reduce photosynthetic

rates . Global GPP is estimated to reduce 14%o to 23% .



b) Guyaflux (5.280°N, 52.926°W)

Particle and CO, interaction = B

aHigh PAR — - Observations
| :Medlgm PAR Model
direct PAR O — 30

LW Nm |
diffuse PAR .E

AVAVAS @ o f

B S 20
o E :
N
sunli ?‘5 10%
:“1».. o; (source: Rap et al., 2018) :
L 0.0 02 04 06 08 1.0
Diffuse fraction
: (a) ANPP by ALL changes ( 0.24)
had o
S0°N
(@) —4— AOD —¥— VPD —0O— stem daily growth
69 4 S 120 4{]“‘ H
54 = 100 g
24 a
44— - 80 f_:i
g o] o § 30°N
A [, 5

245 24 50 ‘g‘

. 2014:*&1'1 2014171 2014:'8.’1 2014/9M1 201871 2015;’&'1 2015}9!_120 ?ED E gﬂn E Iﬂﬁn E 1 Eﬂﬂ‘ E 135ﬂ E
K @ = = 1.5 -1 .5 I .5 1 15
& IS =022 = 1. = 1. = = - " .
: P oo o0 o peonoi (source: Yue et al., 2017)

%% E; 01 ~_ g .
i 28] Corige » Aerosol can alter plant production through
7 8 E ] . ..
g 35 0 changing the diffuse radiation, surface
§ o ot “ % o temperature and hydrologic cycle.
o 4 5 T 2 35 0 05 00 05 10 15 20

(source: Wang et al., 2018)

Detrended ACD Detrended VPD (kPa)



PM,: and O; level in China during 2015-2019

Zhou et al. (2021)
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Summer monsoon index
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RegCM—-Chem

>

X o S {EFE T .Re2CM

RegOM ERBF L TFLEERASHZAHL NCAR), &
St i E FRIE R B bl (1CTP) S 4P A B ik — S 0iE
LRI

1989  RegCM2 1999  RegCM4

—

RegCM1 1993 RegCM3 2010

12 51 F 153 RegCM-Chem

0,2 No. METEOROLOGY
ATMOSPHERIC “"/ T . d Q) [

CHEMISTRY OoH” -3 . ( - 2 \ ot =-V-Vx+F, +F, +T, +le_Rw,Lr -Rw,cum-Ddep +2Qpi_Qti

{ S Y b 3 ]
ML Nq hro T TRANSPORT e ek EE G

Ro“_\\\ni_o&”lao “
| wamight
/ NO, 5™ 0, . 4> (Solmon et al., 2006).
EMISSIONS EFFECTS >
voe o Vvoc a0, . CBMZSHE{LEHLHI (ShalabyZ, 2012)
] NO, | HNO, \ \\\\‘ - WE&ER (Zhou, 2013)
ol ‘°RE§S & . SOA-VBS A% (Yin, 2015)
s - ISORROPIA 11 (ZRFHLED (LisF, 2016)

¥ (Liu, 2016)



Development 1:
SIA scheme(ISORROPIA)

Thermodynamic equilibrium model ISORROPIA
(Nenes,1998 )

m Calculate the concentration under the state of equilibrium from the viewpoint of
chemical thermodynamics

m 15 equilibrium reactions, include species:
Gas phase: ~ NH,;, HNO,, H,O
Liquid phase: NH,*, H*, NO,, SO,>, HSO,, OH-, H,O
Solid phase:  (NH,) ,SO,, NH,HSO,, (NH,) ;H (SO,) ,,
NH,NO,, H,SO,



Reaction

Constant expression K° AHO(T) ACy Unit
Q9815K) “gr . g °

e K, 2
HSOy g == H{y + 505,

T K, T
"\‘HS(g) —i ,-\JHS(M)

. Ky -
NHs o) + HyO g 23— NH oy + OH [,

HNO:

[T a—
higy € Higgy+ NOy

HCI, fan)

K
"l g) > Higgy + C

K, -
Hﬂomql - H(Jrr'q) +0H(aq)

. K. . -
NaySOy ) = 2Nal,,, + 5055,

r K - -
(N ), 80y 5y 22 2NH 1) + S04

i’ K, i’
NH Clyy =5 Ny, + HCly
AT K, ; [
NaNOy ) =2 Nalyp + NO )

- K Pt
NaCl,) == Nay, + Cliy,
NaHS0, %1 Nal, ) + HSOF o

NH,NO;,, ¢ NH,

s T NGy )

NHyHSOyp) <22 NH 1 + HS Ol

(NHq)yH(S0y), ) s

T - -
INH; ag) + HS O30, + 5030,

1015102 885 2514 molkg'

0
[HSO;] ¥ pwor

(877300 5.764x10" 1379 539 molkg' atm™

[P ]

[N O] Y i Your 1.805x10° -1500 2692 molkg!

[J\"Hl( aq) ]a w o VwH

[11*] w05 2.511x10° 2917 1683 mol’kg” atm™
Prwo, Vi Ty
[#]er 1.971x10° 3020 1991 mol kg? atm™
o twvor
HCT
Hon 1010x10™ 22532 2692 mol’ ke?
Vi Yoy~

a,

[ [s0 st 4.799x10" 098 3975 mol’ kg’

2 a7 0 3, 3
[NH;] [505—],@”:750}7 1.817x10 -2.65 38.57 mol kg
P, Prica 1.086x10"¢  -71.00 240 atm’

[0 [ 05 Jr s 1.197x10" 822 1601 mol’kg®

[5e*] [ e 3.766x10" -1L36 1690 mol*kg?

2.413x10* 0.79 1475 mol’kg’

[N“*] [HSO:]YM*YHSLT‘
- 5.746x107 7438 612 atm’

0 a 2 -2
[’\H}] [HSO‘;}Y.NHrYHSD; 1.383x10 -2.87 15.83 mol” kg

[t [0 sz 2.972x10" 519 5440 mol kg?

]
Vg ¥ sV wsop

Aerosol Equilibrium Calculations

ZVyM:O

| > vu(T)
K/(T)= exp ——T

New Equilibrium Reactions
Considered in ISORROPIA II

Equilibrium Reaction
CaNOs)g) > Cajyy + 2NO5 )

CaClys) > Cafyy) +2C1 )
KiSOu) 5 2K7yy) + S030y)
KHSOyy <> K(:,q:, + HSO(4g)
KNO3 <> K(*,‘,q) + NO3(ag)
KCl € K + Cllg)
MgSOss) € Mg (g + SOiTag)
Mg(NOs)xs) €5 Mgiy) +2NO3(sg)
MgChyy <> Mg +2ClT,)

Binary activity coefficients in the new code are calculated using the
Kusik-Meissner relationships (Kussik and Meissner, 1978), while the
multicomponent activity coefficients are calculated using Bromley's
formula (Bromley, 1973). Water uptake is calculated using the ZSR
relationship (Robinson and Stokes, 1965).

A B -
2.7,T oz (K F

T+E 2wz oy s
0 0 0 A1
F=Yylogy, + ¥ logy, + Yy log g +...+ l_':Il."Z

x (212210 + 212, ¥y + 2,26V + )

1/2

F, =X, log py + Xy log s + Xy log ?'soz '*'~--+1__:‘FT

X212 X 10 + 2323 K 33 + 2523 X5y +..)

K(T):Koexp;—w _Tz-l)_.‘_ﬁfz 1+1n(£°_\_5.
R TR ) T F



Development 2:
SOA scheme 1 (SORGAM)

The concept of two-product
module:

The products are lumped into
two main categories: 1. high
volatility; 2. low volatility.

SORGAM

Secondary Organic Aerosol Module

==

------------------------------------

:ROG + oxidant (OH, NO;, Gy );

W/

low volatllitr condensable prodncts
C‘VA RO1 CVALKI CVAPI] CVLIMI
CVAROZ CVOLEl1 CVAPIZ CYLIM2

J

SOA parameterization (reversible
gas-particle partition )

+ OXIDANT, .f}.q_,,JPl + o P2,

Equilibrium
(Kom, )
> f(POA)

interacting compounds {guasi-ideal solution)

quastideal solution)

SOAARO1

secondary organic aerosol

SOAALK1 SOAAPI1 SOALIM1
ARO2Z SOAOLE1 SOAAFPI2 SOALIM2

anthropogenic

biogenic

1

3

production of semivolatile
condensable products
(gas phase)

gas/particle-partitioning
thermodynamie equilibriom

secondary organic aerosol
(particle phase)




Development 2:
SOA scheme1 (SORGAM)

TOL
Species in . —
P dith Reactions taken
SORGAM and the . CsL
Into account
pa EINEES CSL
HC
; OLT
Precursor SOA Model Classes MW P0298k9 AHmp OLT
Remarks
Classes Gas Phase  Particle Phase ~ &/mol pa kj/mol OLT
ToL.xyL. CVAROl  SOAAROL 150  5.7E-5 156 Reaction products of OLI
CSL CVARO2  SOAARO2 150 16E-3 156 aromatic precursors OLI
Reaction products of OLI
HC CVALKl  SOAALK1 140  50B-6 156 ]
higher alkanes API
Reaction products of
OLT. OLI CVOLEl  SOAOLEl 140  5.0E-6 156 } API
higher alkenes
CVAPI1 SOAAPI1 184  4.0E-6 156 - AFI
: Reaction products of
API . LM
CVAPI2 SOAAPI2 184 1.7E-4 156 g-pmene
CVLIM]1  SOALIMI 200 2.5E-5 156 Reaction products of
LIM _ LM
CVLIM2  SOALIM2 200 12E-4 156 limonene -

OH
OH
OH
NO;
OH
OH
NOs
Oy
OH
NOs
0y
OH
N
O3
OH

WO

O

A IR I IR AR A

|

l

0.039 CVARO1 + 0.108CVARO2
0.039 CVARO1 + 0.108CVARO2
0.039 CVARO1 + 0.108CVAROQ2
0.039 CVARO1 + 0.108CVARO2
0.048 CVALE]1

0.008 CVOLE1

0.008 CVOLE1
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Development 2:
SOA scheme2 (VBS)

The concept of VBS:

The reaction products are expanded to
more categories, and the aging processes
of these products are considered.

[R. Ahmadov et al., 2012]

[Manish K.
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al., 2008]
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O = Particle Species <€--» = G-P Partitioning

O = Vapor Species
Table 4. SOA Mass Yields [Mwrphy and Pandis, 2009] for the VOC Precursors and Volatility Bins Used in WRF-CHEM"

—> =Rxnw/OH

High NO, Conditions

Low NO, Conditions

VOC 1 10 100 1000 1 10 100 1000
HCS 0.0000 0.0375 0.0000 0.0000 0.0000 0.0750 0.0000 0.0000
HCS 0.0000 0.1500 0.0000 0.0000 0.0000 0.3000 0.0000 0.0000
OLT 0.0008 0.0450 0.0375 0.1500 0.0045 0.0090 0.0600 0.2250
OLI 0.0030 0.0255 0.0825 0.2700 0.0225 0.0435 0.1290 0.3750
TOL 0.0030 0.1650 0.3000 0.4350 0.0750 0.2250 0.3750 0.5250
XYL, CSL 0.0015 0.1950 0.3000 0.4350 0.0750 0.3000 0.3750 0.5250
1SO 0.0003 0.0225 0.0150 0.0000 0.0090 0.0300 0.0150 0.0000
SESQ 0.0750 0.1500 0.7500 0.9000 0.0750 0.1500 0.7500 0.9000
API, LIM 0.0120 0.1215 0.2010 0.5070 0.1073 0.0918 0.3587 0.6075

*Yields are for four volatility bins with saturation concentrations of 1, 10, 100, and 1000 p.g-'m'} at 300 K and depend on RO,/NO, conditions as described

in the text.



Development 3:
Schemes for direct and indirect effects

Direct effects

T (1) =M, (1-RH) Kasten( 1969
L Pue | Pua Kiehl and Briegleb (1993)
Pat ey +B,5 RH+S ) .
Other- T, ( ,1) — |\/|i ,B. o8 4.3 14,5 and Kiehl et al. (2000)
aerosols ’

M : Conc of aerosols; f:Specific extinction
A: Wave length; i: Species (N, S, BC, OC)

First indirect effect

162xlog,,(Na)—273 (Ocean) S: Solution fraction
C =
298x log,,(Na) —595 (Land) N: Number conc of aerosols

Na = Zi S.N. Gultope and Isaac (1999)

Second indirect effect

P=C .t p! p(@p! p, N H(r, —r,)  (enand Conon 1987

Boucher and Lohmann.

C, =0557"k(3/4)* (1.1, k =1.18x10°/cm/s 1995)

“1Laut



Development 4:
CO2 source, sink and transport

B ICBC (initial condition and boundary condition):
carbontracker global simulation
» horizontal resolution: 3° *2°
» vertical resolution: 34 layers
» time step: 3 hourly (6 hourly for use)

W Emission: carbontracker global flux
» horizontal resolution: 1° *1°
» time step: 3 hourly
> 4 type:
fossil fuel terrestrial biosphere,ocean,fire
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Development 5: Coupling with YIBs

» The Yale Interactive terrestrial Biosphere model (YIBs), which is a process-
based vegetation model developed by Yale University.

e

RegCM-Chem

|

Parameters

Land Surface

(Yueetal., 2015)

Nitrogen
Deposition

Climate

Atmospheric

Ozone

Atmospheric
co2

|
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C v %
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|

|

|
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|
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|
|
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|
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|
|
|
|
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Nitrogen ’/// ‘\\\
Photosyn Plant
thesis Respiration
Stomatal ,///’ P
Conductance \\\\\ ‘/////
Net Primary
0zone Productivity Soil
Respiration
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competition

Vegetated Area

Leaf Root

Stem

S~ N /S

Soil Carbon
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> YIBstE:\ZYue and Unger (2015) FF & /Y. ETHEYEBIENZNSERRE, EBRIUEYIA
SEER. IRER. RBSE. EHYERFEEIE

Geosci. Model Dev.. 8, 2399-2417, 2015
www.geosci-model-dev.net/8/2399/2015
d01:10.5194/gmd-8-2399-2015

@ Author(s) 2015. CC Attribution 3.0 License.

(Mol .
Ator = min (Je, o, J.) (1)
The Yale Interactive terrestrial Biosphere model version 1.0:
description, evaluation and implementation into NASA GISS c;—T,
ModelE2 Clmx( : ) for C3 plant
X. Yue and N. Unger JC = Ci— + KC (1 + Ol/KO} L) (2)
School of Forestry and Environment Studies, Yale University. New Haven, Connecticut 06511, USA VC]II?]X fOl‘ C4 plﬂIlT
;i — Ty .
co, Light Temperature || Nutrients || Water (turgor) 7 — ] @eat % PAR x a x P tor C3 plant 3)
e — i * s ~
| Ajeaf X PAR x o tor C4 plant
[
0.5V, for C3 plant
SOURCE: Carbon v J. — cax C; P (4)
assimilation SINK: Growth (tissue s Kg X Vipax X —  for C4 plant’
(photosynthesis) expansion, meristematic Py
activity)
Apet x RH
g =m—""——— 4, (6)
Cs
LAT
GPP = / AordL. (7)
0

Export (root exudation,
mycorrhiza)
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> YIBs#E AR i Sitch et al. (2007)$2 Hi 1)
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A=A XF
F=1—-a X max[FO3 — Fo crit 0.0]

_ _[0s]
O3 = yptker!
p 1 1
TS - 1 F-
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BT
1.5
/= B
E=RE
=
Q
&
) C4 Shrub
=
o S Foserie (nmol m™ s 1.6 1.6 5.0 5.0 1.6
o= -
O 2 J= =l = % | I S —
ool lﬁ%—fﬂﬂ&@z%;& | High' a (mmol” m~) 0.15 [0.075 1.40 0.735 0.10
] ‘Low’ a (mmol”’ m~) 0.04 |0.02 0.25 0.13 0.03
—0.5 : *FJEHHVIK(BT)\ %TﬂjL?F)Ii(NT)\ Ef@,(C& C4) . ?%ﬂ((Shrub)
O 20 40 50

CUO1.6, mmol/m?2 (Sitch et al., 2007)



Development 6: Radiation effect of CO, and O,

® The simulated CO, and O, concentrations with a spatiotemporal
variation were taken into the radiation module and improved the
associated radiation effects.

Inhomogeneous CO,

Radiation module
iosmodel NN | inthe Regclv
YIBs model Chem-YIBs model

Inhomogeneous O,

€ The previous version RegCM-Chem-YIBs model simulated the radiation effect that
considers spatial-temporal variations of aerosol only.
€ The air CO, and O, concentrations in the radiation module were constant in the year to

calculate the radiation.



Development 7: Impact of aerosol on photolysis

The photodissociation rate for each Aerosol optical parameter inputs:
chemical species:

Solar Radiation
Reflected Back
to Space

Limits of Earth’s atmosphere

J = /f (N)ao(N)d(N)dX = /f(k )o(N)d\

 C00

where the actinic flux f(X\) depends on local optical
conditions, absorption cross section og(\), and quantum
yield ©o(\) of the molecule of interest. For simplicity, we
assign the product of absorption cross section gg(2\) and
quantum yield ¢(\) as an effective cross section o()\). The
actinic flux varies according to atmospheric absorption and
molecular (Rayleigh) and particle (Mie) scattering. Atmo- .
spheric absorbers include oxygen (Schumann-Runge and ---> Diffuse radiation

Aerosols

~ \\

N
Leaf photosynthesis
\

Shaded leaves PAR

Hertzberg structures) and ozone (Hartley, Huggins, and B
Chappuis structures). A host of other gaseous absorbers [Kanniah et al., 2012 ]
(sulfur and nitrogen dioxides) can attenuate the actinic flux

under polluted conditions. The effect of Rayleigh-scattering Species: AOD,SSA

on actinic flux is relatively well known and is routinely oL .
modeled. However, Mie-scattering due to the presence of The extinction effect of the particles can
clouds and aerosols is more complex, depending upon the be fed back to the photolysis reaction
composition and distribution of the particles. A detailed correctly

description of the TUV model is provided by Madronich
[1987].

[Tie et al., 2003]



Development 8: Heterogeneous reactions

Reaction rate

Heterogeneous reaction :

The heterogeneous reactions on black

carbon were added to the model

coefficient

kpj= /kdj(r n(ryd

[Helkes and ThompsonTie, 1983]

Gas-to-particle p 47D}V
mﬁﬁg&ﬁw 471 Kn[h+4(1—7)/37]
(b) fEHEWSIENR M [Fuks and Sutugin, 1970]
¥4 T Ry BE
Os (g) — Os (ads) 1000 (Tie 2005)

OH (g) — OH (ads)

HO: (g) — HO: (ads)

NO»(g) — 0.5 HONO + 0.5HNO;
NO;: (g) — HNOj; (ads)

N20s (g) — 2ZHNO; (ads)

HNO: (g) — HNO:; (ads)

18x107%xe T

5.0x102
1.0x10?
5.0x<104
3.0x107
1.0x10
4.0x10°
2.0x104
1.0x107

(RH<0.5)
(RH=0.5)
(RH<0.5)
(RH=0.5)

(Slade and Knopf 2013)
(Saathoff et al. 2001)
(Lei 2004)

(Saathoff et al. 2001)

(Saathoff et al. 2001)

(Rogaski et al. 1997)




.5- Development 9:/85C0, BEITHE

HE AR F—,{—xahxﬂp{:ﬂﬁ Wanninkhof (1999)

F N5 co2 Tl &, k AR ERIEE (cm/h); o, N CO2 7E
WK A RTARRE 280, ApCO2 2K 5 KA pco2 £

(1) f& s ik
3 ~1/2 Wanninkhof 99 (Wanninkhof
kp = 0.0283 Uy, (S:/660) and McGills, 1999)
U10: 10KXUE; Sc: FEZSFEL, k&8fi: cm/h
et e S . QT 0 ) - CO2 38 it B PP A R AL
Jits Z R Sc (0~30°CYE I /K CO2) CRAT) ) o B RS9, 2015.10
Sc = 2073.1-125.62*SST+3.6276*SST2-0.43219*SST3
sea surface pCO2 smoothed
(SSTin C) —
60°N *,i%?\m %}\f’ iﬁ,\ﬁ: et e
Vs \sz" 67 2
2) HFPECO24M K (pCo2) o f f}" N
N4 ‘\‘ o )\\*-‘/M‘ )
o FF 734 T 500 9pCO2 - N
3008 [
0°S

https://www.ncei.noaa.gov/data/oceans/ncei/ocads/data/0160558/
MPI_SOM-FFN_v2020/spco2_MPI-SOM_FFN_v2020.nc
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.5' Development 10: 5APSIM#

RV EFRFEI8s (Agricultural
Production Systems Simulator, APSIM) |

7.10hR(Holzworth et al., 2014)H8AFIF

BRI =R T AARZEZE (CSIRO) ZEsLFF
&, SLURICKREREVEEIRTRE, SiEY
®=F. 288 (. =, B8 &8, K
MFEDRI. R, £EfsssEsws .
o, LARXSAEEYIBNERIR N, APSIM AL

Crop production

Transpiration

f Evaporatlon ’ - A e

L Soil/and residue f 0 ol ofb ¢ Crop
Weed 8o, o management / &P 8 o :;;:f.' R anagement
AGRICULTURAL PRODUCTION SYSTEMS SIMULATOR o [ L~
NI\
AN

' Drainage

Runoff, erosion,
chemicals

APSIMIEHITFE TIME




Ozone Impact on crop yield

» The change In crop vyield due to

{ Carbon neutalty ] meteorological factors was calculated as
Low carbon emission
Chin Word follows:
— ; : le,n _ sz,n

Emission reduction Global climate f =

[ in China ] [ change J met,n Yb aselinen
RegCM-Chem-Y1Bs ’

Variation in / Change of A0T40 = Z 1([03] _ 004)

ozone concentration meteorological factors

RY = f(AOT40)

@ » Changes in crop yields under the influence

of both O, concentration variation and

meteorological factors were calculated as

>

[ Crop yield changes }

follows:

in China

. Y. XRY, -Y. XRY,
lllustration of the method min min—Iim2n m2,n

fboth,n —

YpaselinenXRY paselinen
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Evaluation of surface CO,
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o) MODIS annual mean ADD (Z006-2015)

Evaluation of AOD

a) RegCM4-Y|Bs annual mean 40D (F006=2015)
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Model domain and scheme set

The vertical resolution is set to 18 levels
up to 50 hPa.

Simulation time: 2015%12060
Anthropogenic emissions are derived
from a mosaic Asian anthropogenic
emission inventory MIX with a spatial
resolution of 0.25° X 0.25° .

Initial condition (e.g., tree height and soil
carbon pool) for YIBs model comes from a
30-year spin-up procedure.

Scheme

Explanin

Cumulus convection
scheme
Boundary condition
scheme
Boundary layer scheme
Radiation scheme
Ocean flux
Meteorological boundary
conditions
Chemical boundary
condition

Sea surface temperature

(Grell, 1993)

relaxed boundary
condition
(Holtslag et al., 1990)
(Kiehl et al., 1996)
(Zeng et al., 1998)

ERA-Interim

MOZART
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Simulation scenarios.

Simulation scenarios and emission data

Scenarios Description

Baseline Global Climate and China’s Emissions in 2015.

BE Global Climate in 2015 with China’s emissions in 2060.
CE Global Climate and China’s emissions in 2060.

» The flux of CO,, SO,, NOx, NH,, VOC,
CO, OC, and BC in 2060 is based on the
source emission inventory (Ambitious-
pollution-Neutral-goals) generated by
Tsinghua University using Dynamic
Projection model for Emissions in China

(DPEC) .

» The RCP2.6 scenario in the Representative

Concentration Pathways (RCPs) proposed
by the IPCC was used as input for the
2060 meteorological boundary field.

B 3
15 i 2015 2030 2060 o §
Baseling i #
9 2 ®
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o) E 8430 Of te0 §
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ENEGR N ¥
2015-level 2015 2015
Ambitious-pollution-1.5°C-goals
Ambitious-pollution-Neutral-goals
Ambitious-pollution-2°C-goals 2030 2030
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Current-goals
Baselinc NN | NN N
Ambitious-pollution-1.5°C-goals
Ambitious-pollution-Neutral-goals
Amt?l'tlouspollu.tlon-Z C-goals 2060 2060
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Current-goals
Baseline
0 5 10 15 20 250 8 16 24 32 400 2 4 6 8 10 12
S0, emissions (Mt/yr) NO, emissions (Mtyr) PM, ; emissions (Mtiyr)
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Future anthropogenic emission pathways

and energy transitions over China.

(Cheng et al., 2021)



Impact of carbon neutrality on air temperature
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» Global climate change has warmed all of China by at least 1°C,reducing
emissions inevitably diminishes the cooling effect of particulate matter.
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» A substantial reduction in
emissions led to a sharp decline
in PM, 5, with a maximum
reduction of up to 92.2 pg m3.

Strict carbon neutral emission
reduction policies could lead
national average annual O,
concentrations of 63.0 pg m?,
respectively, in 2060.

Both regional emission
reduction and global climate
change would reduce CO,
concentration of at least 8 ppm
by 2060.
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Impact of

Combined with

Impact of carbon neutrality on crops yield

Result 1: Changes in maize yield

BE vs. Baseline CE vs. BE

CE vs. Baseline

! Result 2: Changes in rice yield
I
: CE vs. Baseline

BE vs. Baseline CEvs. BE
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The national yield decreases for the four crops ranged from 1.0% to 38.0% owing to
meteorological factors, while O reduction resulted in additional yield increases ranging from

2.8% to 7.0%.

(Xuetal., 2023)



Impact of

Combined with

Impact of carbon neutrality on crops yield

Result 3: Changes in soybean yield Result 4: Changes in wheat yield

BE vs. Baseline CEvs. BE CE vs. Baseline BE vs. Baseline CEvs. BE CE vs. Baseline
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The combined effect of carbon neutrality, which included both meteorological factors and O,
concentration, resulted in changes to the yields of maize, rice, soybean, and wheat of +4.3%, -
7.3%, -24.0%, and -31.7%, respectively. (Xu et al., 2023)
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The mutual interactions among ozone, fine particulate matter, and carbon
dioxide on summer monsoon climate in East Asia
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Abstract. Despite the implementation of the Clean A Action Plan by the Chines: government im 2013, the
izeme of inceasing serfsce arone () conceniraticns remains = significant eow iroomentzl concern i China, In
thi= sindy, we u=ed 2n mproved megional climstes chemidry—ecolegy made]l (ReglTMW-Chem-Y1H=) o imve sti-
gate the impact of anthropogenic emissions, meteorological Bolors, and (OO changes on summer surface €13
kevels in Chima from 2008 o 2015 Compared to its pedeor ssor, the mode] has been enhanced concemming the
phoiodysis of (M and the radiative impacts of 005 and (5. The e stigations showesd anthropogenic emissions
wemn the primary contribulor to the 5 increase i China, responsible for 4.08- 125] ppb in the North Chima
Flain However, changed meteorological conditions played a cucial ol in decresxing O3 in China and moy
have 2 mon sigmifican! impact than anthropogenic emissions in some = gions. (Changed CCl; played a critical
rale im the variability of €= through edisfive forcing and isopene emissions, particularly in scuthern Chima,
indurcing an increase in Oy on the southeast cosst of Chima (L 28- 046 ppb) and a decrease in soutbrecest and cen-
tral China {—{L51 o —L11 ppbl Owr study comprebensively anahred OF variation across China from various
perspectives and highlighted the imporance of comzidering (02 variatinns when dexigning lomg-term O3 control
policies, e specially in high-vepetation-ooverag: areas.



RIS R

mZ{EREI SHUHTE
SH PiEH
RPROAM Wil 3 Grell 5 %
PUR S ICES FAGIL S (R ED)
VRIS CCM3
W ETT %R Holtslag PBL 5 %&
FRHET & Monin-Obukhov /5 %
KIRTT R BAKETHE
¢ B E TR Zeng et al (1998)
‘ T TG MO Ol_WK
*ETU\ liﬁj@ KEVGH T ERA-Interim

> DYPEER: KFE60km, EEH23E

> HiUER: FEZREHRBIEEMEIC

> THRmMEWHETHIE: MODISHIAVHRRIEE ES kT BE A FIHIE, 658
B A Y

65



RIS R

(R Tastan

WIS WBE g  COH AWHE )

35°N

= . "
= [2]] i)' B ..
Base 2008-2018 B4, B, By
20°N
SIMpieT=2008 2008 2k 2
2009-2018 15°N
SIMco2-2008 B4k, 2008 234k,

80°E 90°E 100°E 110°E 120°E 130°E

7833

PIRHEIISE— BT O

> BN B 4~8H, H4H R AT 7B
vBase: BIESIRSHHOMNRE PP 4 HOMERZIRE

VSIMyerosos: SBIFIRFEIE20084E PP FthBase, BEISRFMAMITOMRBERLHL M
v'SIMcopmsoos: CO,FEBARIFFE20084E p ) XtHiBase, BRICO HEBAE IO BEZE L MR
v NRHBROREBEIEN PP OJKEBL-SRAMRR-COHMM TR

66



FRFTENIE

m SR

! @ FEFRENEE

> M E R A 1 -

v SR = AR AEE H 0 (WDCGG) , CO,, A3
v EZFHERERNK , Oy, PM,s, B/NE

v EERSERMIN(AERONET), AOD, Ay

> DEiERATEE -

2.
= |7
45

v’ MODIS-Aqua, =&, 1° X1°, H-F

~e
&

H {23z -

R 0o FE 23 T RHERA-Interim), I8 5 . R AT X7
MERRAZE 5 %45, 0.5° X0.625° , H-FH

GPCP, f#/K, 05° X05° , HFH

N N\ N\ Vv

67/35



FIFIEX O 1CO, B A4F1IE

e L‘ J

AL

2015

45N [ -
40°N
35°N
30°N
25°N
20°N
15°N

90°E  100°E 110°E 120°E 130°E

[ | | (>
20 30 40 50 60 70 80 90 100

80°E

(© ppb

2017
45°N -
40°N
35N
30°N
25N
20°N
15°N

90°E  100°E 110°E 120°E 130°E

HE) I (BE)=R B HRItL

2016 ppb  (a) 2015 ppm  (b)
. \; 45°N
40°N
35°N 35°NT N\
30°N i

v 3
80°E 90°E  100°E 11

90°E  100°E 110°E 120°E 130°E 0°E 120°E 130°E

LM | | [ >
20 30 40 50 60 70 80 90 100

(d) | 2018 ppb

80°E

l E
350 360 370 380 390 400 410 420 430 440 450

(d) 2018 ppm

350 360 370 380 390 400 410 420 430 440 450

(c) 2017 ppm

40°N

40°N
35N - e 5N
30°N |, -~ 30°N
25°N 25°N |

20°N
15°N

f- . )
¥ (i
. &
L S 1

90°E  100°E 110°E 120°E 130°E

5
:
1 il i \6.2_,‘ 1

90°E  100°E 110°E 120°E 130°E

80°E

90°E  100°E 110°E 120°E 130°E

80°E 80°E 80°E
LM | S| | | i [
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100 350 360 370 380 390 400 410 420 430 440 450 350 360 370 380 390 400 410 420 430 440 450
Species Year OBS SIM MB RMSE R
2015 402.82 406.98 4.16 9.37 0.44 - .
o (oom, 2018 40712 41044 332 B2 069 t=3LISIIE(Base)
2 1P 2017 40835 41362  5.27 11 0.39
2018 409.61 416.68 7.07 11.32 041 > RegCM_Chem_Yl BS*ﬁﬁﬁE%iﬁﬁ?
2015 48.77 44,75 -4.02 29.39 0.57 S
HBEAUL 7R 7 b [X O, FICO, I3 FE 7K
MDA8O, 2016 50.16 4695 -321 2756 0.60 i thedihyny
Z N
(ppb) 2017 55.43 51.87  -356 2155 0.74 SR A 8] 73 Afi
2018 5553 5208 -342 2478 0.73 08




2008~2018FO,;iREZTL

20 30 40 50 60 70 80 90 100

(b) 201 OjOOS () 2011-2008 (d) 2012- 2008 (e) 201 3)2008

AasoN b
40N -
35N -
RECES
26°N
20N -
150N -

45°N +
40°N +
35°N
30°N
25°N
20°N +
15°N +

/s -
40N
35N -
NESE
25N |-
20
18N -

L 1
80°E  90°E 100°E 110°E 120°E 130°E 80°E  90°E 100°E 110°E 120°E 130°E BO°E QDE 1OOE |1OE 120°E  130°E 80°E 90E 100°E 110E 120°E  130°E 80°E SOE 100°E 11OE 120°E  130°E

(f) 2014-2008 (9)  2015-2008 2016 2008 (i) 2017-2008 (1)} 2018-2008
45°N 45N £\ 45°N | AasN - / /a5 -
40°N 40°N ~ 40°N 40°N - 40°N
35°N 35°N 35°N 35°N + 35°N |
30°N |- | aoen F " 30N " | 30N F “|3oen F
25°N | 25°N + 25°N | 25°N + 25°N |
20°N 20°N 20°N 20°N + 20°N

i
150N A . 15°N

80°E  90°E 10$°E 11(‘!°E 120°E  130°E 80°E  90°E 100°E 110°E 120°E 130°E 80°E  90°E 100°E 11(‘)°E 120°E  130°E 80°E  90°E 10(;°E H(I)"E 120°E  130°E 80°E  90°E 100°E 116“5 120°E  130°E
[ | [ fi
-32 -28 -24 -20 -16 -12 -8 -4 Ob 4 8 12 16 20 24 28 32
pp

> 2008 20184F 0], A [ A HE 79 b X I 3 1 Og 3K FE B AF- 48 n, £
LY TR A G I BN 2

15°N 15°N -~ 15°N -

69



[ = LA

52
5!/

b (S

FZEALITORERS

onortvwave Clouas Precip MDAS8 O,

wina speea

100°E

L
10°E

1206 130°E

40°N

BN

30°N

25°N

20°N

15°N

80°E

90°E

100°E

100°E

"4 S
100°E

10

10°E

10°€

A M N
< S

120

120 130

120

130°

PreG-2008 (©  PostG-2008 ) - ——
P o @ o S VA .. R
b iwd N § N 810 o r “
& } &7 [ — 35° N 24 \ \
d b (\,_ 3 2 285 ‘\v G
— r : = 200% 30N - ,{f‘
3 285 —‘\ G-
3 - NI = j :32 25N - oy =) 7
) D - b
¢ { » 3, 7 e -
: | W A\ e g i / /g@ \
C M 15°N 260 % {
e . |l " SR CENGTE 10 A L ;
&(1'5 90E  100°E  10°E 120 130°E B 9°E 100 110°  120°F  130°E 8°E  90E  100°E  10°E  120°E  130°E so E 90 E 1006 110°E 120E 130°E WE SE I0E MOE  120°F 190E
-/ 1|

mmvday

RN

crmRHBRBRESEERES

90°E

100 110°E 120°E  130°E 100°E 10°E 120°E 130°E 90°E  100°E  110°E 120°E  130°E

PreG: 2009~2013
PostG: 2014~2018

fKIZn  EREeTRL
SEIEN R
SN BRESETE
sssusw ¥

PreG I #H7/> 05, PostGHﬂL,HMEE%Bi
i EEACE RN

HOE

100°E 130°E

YZO“E
N =]
L

45N

4N

3N
N
2 h

20°N -

15°N = //z\

i
100°E

130°E

100 110°E 120°E 130°E ED“E W°E ||0“E |20’E



Precip CO, MDAS8 O,

Isop

45°N

40°N

35°N

30°N

25°N

20°N

15°N

100°E

10°E

120°E

CO,HERZALXTO iR ERI RN

(b)

130°E

30°N =

25°N

20°N

15°N

45°N

40°N

35°N

30°N

25°N

20°N

15°N

45°N
40°N
35°N
30°N
25°N
20°N

15°N

h4

90°E

100°E

110°E

120°E

1
130°E

80°E 90°E 100°E 110°E 120°E 130°E
J ]

i ' [ i
/ *‘\»_}'

8 son

450
440
430
420

a0
400§
390
380
370
360
350

260
240
220
200

180
= 160

g
30°N

PreG-2008

45°N

40°N

35°N

25°N

20°N

15°N

90°E

100°E

1
110°E

120°E

130°E

45°N

40°N

35°N

30°N

25°N

20°N

15°N

90°E

100°E

1
110°E

120°E

130°E

45°N

40°N

35°N

25°N

20°N

15°N |-

100°E

110°E

120°E

130°E

45°N

35N 3

SO‘E

100°E

110°E

120°E 130°E

140 £
120 =
100
80
60

| 40

20

30°N
25°N
20°N

15°N

B
fﬂ\b

£

£

80°E

90°E

100°E

110°E

120°E

130°E

3

I SRR ¥
LT

o » A RwONEO®
ppm

rEEm N

(T
s hhbhbLioawnmesaa
mm/day

bbb bbonsom
ug/m*

>

PostG-2008

45°N

40°N

35°N

30°N

25°N

20°N

15°N

80°E

90°E

L
100°E

1
110°E

120°E

45°N

40°N

35°N

30°N

25°N

20°N

15°N

80°E

90°E

100°E

L
110°E

120°E

130°E

45°N

40°N

35°N

30°N

25°N

20°N

15°N

80°E

U]

1
90°E

100°E

110°E

120°E

'
130°E

45°N -

40°N -

35N - {

30°N -

25°N
20°N

15°N

80°E

90°E

100°E

1
110°E

120°E

130°E

bbb bhbonmasoo®
ppm

3

h b bR Lo N aa
mm/day

COHERZ=AL
> T [E 2R i T I O 38
0.28~0.46 ppb, 1M PhF

A B X

0.51~0.11 ppb

71



A?SIHFESZ ﬂsijOgi?RF' RS2

O,;iREEMN - SR FAHRITTRER— COHFBIRISIRR
20°N - Q‘rj
Y, AFHERRS O ;iR E RIS
8(2“(;) 90°E  100°E 110°E 120°E 130°E 8(2(;) 90 E 100°E 110°E 120°E 130°E
. = NS . J i~ N
:z: & L 2 o] )3 :Z: ~EN < . Py 5 v Regions Period ALL Emis Met CO,
@ L o @j} el ) (ppb) (ppb)  (ppb)  (pph)
Eonl € V™ o | ¢ PreG 3.27 4.08 088 007
ITREN S - S A N NCP " posta 18.42 1851 004 -0.05
20°N - 4 & - 20°N -
o L2 S b N ) WP PreG 3.63 5.15 141 011
szg)gjoom 110°E 12&5 e 80" . PostG 10.9 11.5 -0.09 -0.51
& - - PreG 2.98 4.10 -1.03  -0.09
N~ 4 A h RIS 42 by YRD POStG 10.07 11.17 096 -0.14
o 5575 ;:—-f j%f Y 5 W Y ij} PRD PreG 2.56 2.33 023 046
S ¢ P#" oo | € POSIG 4.94 5.74 108 028
2o | F (NP O O B PreG 3.67 4.38 041 -0.30
20°N (] 20°N - L".:“‘ . s -
o ﬂ <— LT R POStG 11.21 10.80 071  -0.30
S(ZgE) 90°E  100°E 110°E 120°E 130°E B?E) 90°E  100°E 110°E 120°E 130°E
N -y B o W B T e an
P s {j Do AR
S YT e | € 4 . M H N ¥ )
< 0TV em b S > NN o E O 9« B 385 i i 32 22 5
20°N - ) . 20°N |-
vl Nt Sl /’L K, fEHRIEF R 51 1 4.08~18.51 ppb

80°E 90°E 100°E 110°E 120°E 130°E 80°E 90°E  100°E 110°E 120°E 130E E/Jijj
B I

32 24 -16 -8 0 8 16 24 32 72



2008-2018F0,iRET(LAE

a) North China Plain b) Fenwei Plain .
35 @ 35 ®) (c) Yangtze River Delta
ALL Met Co, Emis ALL Met Co, Emis 35 -

30+ 30+ 30l ALL Met Co, Emis
o 25| o o
825 825 2 5
20 20 =
o o 5‘ 20
oo 15 og 15 15

10 < 10 ﬁ
a A a 10
= s = st > 5

0 0 0

2008 2010 2012 2014 2016 2018 - 2008 2010 2012 2014 2016 2018 sL— ' ' ' ' '

N (d) Pearl River Delta y (e) Sichuan Basin 2008 2010 2012 2014 2016 2018

30b ALL Met COQ Emis ALL Met C02 Emis
- o 30+
a2 225
cn 20t |
o 8 20
oo 15+ oo 15+
< ol <
) o) 10 -
= st S 5l

0F 0k
2008 2010 2012 2014 2016 2018 S 008 2010 2012 2014 2016 2018

O,RE3E

> AWHERC: RO MBI L ZUR A,

> REEHE ERLEHTME S AR RATY, 2EYRDAIPRDSINEMX HIE K,
> COMIN: FEMMTERITYRDAIPROMKEME NG S, MIEH, LANHERIHHEL.

73



e T Y VN s N e e e V. L . . T VA T N

AT AT TS

LY

L

AT AT

NS

(%

L

"

W

R E=
> IRINAE R
> N s

+
> ICNE |:I XEE

¢
p
<
<
<
[
¢
<
<
¢
<
L
{
L1
<
¢
<
€
<
<
<
<
¢
<
<
¢
<
¢
€
<
<
£




»

R ENES S RS ER

RegCM-Chem-YIBs
8 e | e ald EEO L rR Lt Lk

§
[
.. Fihfg £ E

)b tenms
== (hinz Weteorological Press

o7 0 3 3 o

3514‘& UIErs, 258, WS, XN

122G M SR
L5

2. X BSR4 R A

T RegCM-Chem-YIBs

4. R X K SIE

3. X AR A ETHEE

LED)

5. 2R N HE X jﬁ"'ﬁiﬁ/ﬁ‘fu\
6. 75 WL X S IR A R A KIS

B3R

7.5 MHE [X _ﬁﬂf»ﬁ%ﬁw
8. R A NFR AT — EMBRIK

isqin)=Al
9. & ER/SMEZA TR
VERAY A

I Y
N

ol

10.RegCM-Chem-YIBstE = {5 F

TR



