SUSTech | School of Environment
AR KINEZ R

[ L LI
3. gl KYzwa=j uase

2025W € . K NP

GORSCAC

."mo! of o
vy I 215 7 S Sk [ i
’ﬂ A INEZF R - AERREASHES SRR

Guangdong Provincial Observation and

&/ SUSTech | School of Environment

Research Station for Coastal Atmosphere and
Climate of the Greater Bay Area




— N

-4

Greenhouse gases

F-gases
CO,
Montreal Protocol Kyoto Protocol
(ODSs) (GHGs) sF, CH,
CFCs HFCs — pFcs
HCFCs _A NFs 'N,0
substitutes substitutes

SO,F,

A Potent greenhouse gases
A From anthropogenic emissions

A Wide range of industrial applications

CFCs, HFCs

HCFCs) HFCs,

CFCs

HCFCs, HFCs,
CFCs

“

Halons, HFCs
€ [

-‘_\

Yietal.,

2023, ES&T

PFCS, SFG, NF;

\ £ _
Chloromethanes,
PCE, CH:CCls =

\ﬂ\
,mu B

SO:Fz;, CH3Br




i oyM mA @G !

(a) Effective radiative forcing

1750 to 2019
Emitted Components A The ERF due to direct emissions of F-
s gases is about 0.41 W m2 from 175071
:ZH; 2019, equivalent to 19% of CO, and 76%
CFC + HCFC + HFC of CH,.
NO,
R A Considering additional chemical
— adjustments to the atmosphere through
Organic chfbon & changes in ozone, methane, and aerosols,
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The Kinetic Pre-Processor
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Local scale
Shorter chemical characterization

Long-term simulations
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Non- real- time dynamics
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GEOS-Chem is a state-of-the-science global 3D Eulerian CTM

F————— e —— - Bcc-GEOS-Chemv1.0 | —— — — — — —— —

. Park et al. [2004] for aerosol chemistry;

. Y.X. Wang et al. [2004] for the nested model;

. Henze et al. [2007] for the model adjoint;

. Selin et al. [2007] for the mercury simulation;

. Trivitayanurak et al. [2008] for TOMAS aerosol microphysics;
. Yu and Luo [2009] for APM aerosol microphysics;

. Eastham et al. [2014] and for stratospheric chemistry;

. Keller et al. [2014] and Lin et al. [2021] for HEMCO:

. Long et al. [2015] for the grid-independent GEOS-Chem;

. Prather [2015] for Cloud-J:

. Eastham et al. [2018] for the high-performance GEOS-Chem (GCHP);
. Hu et al. [2018] for GEOS-Chem within the GEOS ESM (GEOS-GC);

. Lin et al. [2020] for GEOS-Chem within WRF (WRF-GC);

. Zhuang et al. [2019] and Zhuang et al. [2020] for implementations of GEOS-Chem Classic and

GCHP on the cloud:
Bindle et al. [2021] for the stretched-grid capability in GCHP;

Bukosa et al. [2023] for the carbon simulation;

Cutting -edge chemistry

Murray et al. [2021] for GEOS-Chem driven by GISS GCM fields (GCAP 2.0);

Lin et al. [2023] for KPP 3.0.0 with adaptive auto-reduction solver;
Miller et al. [2024] for HETerogeneous vectorized or Parallel (HETPv1.0).

https://geos-chem.readthedocs.io/
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Ocean
& sea ice
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Online land

| GEOS-Chem
Trop. chemistry
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A CFG11/12/113/114/115
A HCFC-123/141b/142b/22

A HFO-1234yf/1234ze/1233(zd) (E/Z)

Some F-gas chemistry

-| Online emission

Lu et al., 2020, GMD
Coupled with Earth science and climate system models
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Emissions
Chemistry
Meteorological field
Initial condition

Output

Concentration field
Diagnostics

I oy 31 WAAA

GEOS-Chem v14.0.2 model

C

s

F-gases chemistry module

Atomic oxygen O{D)

cpe e . KPP y OH radicals
Initialization Active species list | custom.eqn Cl radicals
Reaction equation definition [ custom.kpp Photolysis
@ Gas-phase reaction solving
_ ] [ FJX_j2j.dat
Compile FastdX &
Photolysis reaction solving [ FJX_spec.dat
@ HEMCO | HEMCO_sa_spec.rc |
Emissions setting [ HEMCO_Config.rc.fullchem ]
Configure
Headers <:>[ state_diag_mod.F90 |
@ Species type setting [ CMN_FJX_MOD.F90 ]
GCClassic species_database.yml
Run | ]

Species and diagnostic setting

geoschem_config.yml.fullchem ]

CFC-13; CFC-113a
HCFC-124
HCFC-133a
HCFC-132b
HCFC-31
HFC-134a
HFC-143a
HFC-152a
HFC-125
HFC-32

HFC-23
HFC-227ea
HFC-236fa
HFC-245fa
HFC-365mfc
HFC-43-10-mee
PFC-14
PFC-116
PFC-218
PFC-318

C4F 105 CsF42; N-CFyy
SFg; NF,; SO,F,
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