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(a) Effective radiative forcing
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The ERF due to direct emissions of F-
gases is about 0.41 W m2 from 1750—
2019, equivalent to 19% of CO, and 76%
of CH,.

Considering additional chemical
adjustments to the atmosphere through
changes in ozone, methane, and aerosols,
F-gases are comparable to N,O.
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The Kinetic Pre-Processor
(KPP)
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Lagrangian model
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Rigby et al., 2019, Nature

@ |ocal scale
€ Shorter chemical characterization

Long-term simulations

» Emission policy response
» Climate response
Short-lived F-gas modeling

=SRE

12-box model

Eulerian model
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Rigby et al., 2010, ACP

2010

Yang et al., 2019, GRL

€ Global/Hemispheric scale
€ Prescribed atmospheric lifetimes
€ Non-real-time dynamics

€ Considering some CFCs and
HCFCs, but not all F-gases

3D CTM advantages
» Exploring the chemical effects
» Spatial representation

» Representation of large-scale dynamics
16
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15.
16.
17.
18.
19.

GEOS-Chem is a state-of-the-science global 3D Eulerian CTM

. 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);

13.
14. Zhuang et al. [2019] and Zhuang et al. [2020] for implementations of GEOS-Chem Classic and

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

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/

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

[ GEOS-Chem

External
forcing

Atmosphere Trop. chemistry

Stras. chemistry

Ocean

|

1

: | Wet deposition
|

& sea ice |
prescribed
Dry deposition |
Online land | Offline emission |
LAI, biogenic emissions
(L3 > -| Online emission |
_______________________________ -

Lu et al., 2020, GMD
Coupled with Earth science and climate system models

- CFC-11/12/113/114/115
« HCFC-123/141b/142b/22

HFO-1234yf/1234ze/1233(zd) (E/2)

Some F-gas chemistry

17



Emissions
Chemistry
Meteorological field
Initial condition

Output

Concentration field
Diagnostics

ARl T4 Z=TA)

/:"

RERAIRT A

[

GEOS-Chem v14.0.2 model

C

F-gases chemistry module

>| Initialization

U

KPP
Active species list

Reaction equation definition
Gas-phase reaction solving

Atomic oxygen O(1D)

~ OH radicals
[ custom.eqn Cl radicals
[ custom.kpp Photolysis

Compile Fast-JX <::>[ FJX_j2j.dat
P 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 ]
o 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

C4F10; CsF 125 N-CgF 4,
SF;; NF;; SO,F,
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RMSE: 0.31ppt NMB: -1.77% r: 0.07
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(b) HFC-134a RMSE: SS.BGppt NMB: -2.37% r: 0.39

| (c) HFC-125

RMSE: 14.73ppt NMB: -7.23% r: 0.47
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MHD site
36
(a) CFC-13- oObservaton ~—— Simulation [2x2.5°] —— Simulation [4x5°]
34
32 4 RMSE: 0.03ppt NMB: 0.28% r: 0.24
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