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Yi et al., 2023, ES&T

Å Potent greenhouse gases

Å From anthropogenic emissions

ÅWide range of industrial applications
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Å The ERF due to direct emissions of F-

gases is about 0.41 W m-2 from 1750ï

2019, equivalent to 19% of CO2 and 76% 

of CH4.

Å Considering additional chemical 

adjustments to the atmosphere through 

changes in ozone, methane, and aerosols, 

F-gases are comparable to N2O.

Arias et al., 2021
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◕ֶṈ ḦѾ ὔַײ ODS
ɗ קⱶεCFCsζ: CFC-11 CFC-12 CFC-13 CFC-112 CFC-113 CFC114 CFC-115
ɗ ↕ ⱶεHCFCsζχHCFC-22ק HCFC-141b HCFC-142b HCFC-124 HCFC-133a HCFC-132b
ɗ ᵟ εHalonsζ: H-1301 H-1211 H-2402
ɗ ᵺ ק ᶢ ұεѕ ζ ᶢ
ҕ ḦѾ ὔַײᵌ ╗Ḯ₭Ӌ
ɗ ↕ εHFCsζχHFC-32 HFC-23 HFC-125 HFC-134a HFC-152a HFC-227ea HFC-143a HFC-
236fa HFC-365mfc HFC-245fa HFC-4310mee
ɗ ԅ ק εPFCsζ: CF4 PFC-116 PFC-218 PFC-318 C4F10 C6F14

ɗSF6 NF3

ԍң
ɗ קⱶχCH3Cl CH2Cl2 CHCl3 CH2Br2 CHBr3

ɗ ѕ εPCEζ ᵺ εTCEζ SO2F2 ᶢ εCOSζ 
ɗ ј ᵙ ⱶχHFO-1234yfק HFO-1234zeE HCFO-1233zdE

‭֦
ɗ Ҹ҈ 0.1 ppt

≡ר ẘ
ɗ20 ppt Ҩіⱶ χҸ҈ 1%
ɗ1~ 20 ppt ⱶ χ1%~ 3%
ɗ0.1~ 1 ppt ⱶ χ3%~ 10%

≥ẘ ᵿ
ɗ0.1 ppt ~ 1 ppm
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ü ₩Ẫ: FLEXPART

ü Ḓ ᾣ : ⅛3ṇῊ ᾣ50000Ѧ Ḓιᵅᵇ 30ᶾ

ü ↔ ᾭὯ: FNL

ü ↔ ᾭὯ֫ ꞌ: 6-hourly, 1 Ȫ1¯

ü ₩Ὁתᶟ : 

Å Ѯ ⁪: -44.75S~59.75N, 60.25E~165.75E, 0.5¯Ö0.5 ,̄ 210Ö210

Å ṧ᷿ ⁪:15.05N~39.95N, 100.05E~124.95E, 0.1¯Ö0.1 ,̄ 250Ö250

ü ᾣ♇ᶑ‰: 22.4831N,114.5572E,140m.

ü ₩Ẫ: NAME

ü Ḓ ᾣ : ⅛3ṇῊ ᾣ10000Ѧ Ḓιᵅᵇ 30ᶾ

ü ↔ ᾭὯ: NWP_Global

ü ↔ ᾭὯ֫ ꞌ: 3-hourly, 0.352 Ȫ0.234¯

ü ₩Ὁתᶟ : 

Å ⁪: -15S~50N, 60E~150E

ü ᾣ♇ᶑ‰: 22.4831N,114.5572E,140m

log10(nmol/mol)/(mol/m2/s)

Ἶ⁪Όῄ Ḓ₩Ẫᾉấ
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Li et al., Atmosphere Environment, 2024
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ü Ẉ ᶀᵙᴦ◗ Ṯι Ὅ Ẹ￼ᾧ
ỵớתᶟ ὴᾣᴦ◗

ü ֝ ￼Ӿ ֫ṵӡỤιῶ҈יώ ᵅ ὴ
ᾣ￼ ֫ṵ֝ ớ

ü ֫ ꞌ￼ᴦ◗ ⁪ι֟Ṉᵅ ὴᾣ￼ӭṮ
ü Ẉ ҩᵸ ṮᵙӾ Ṯιῶ҈י Ӊᵅ ὴ
ᾣӂ ￼ Ṯ

Li et al., Atmosphere Environment, 2024
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Lagrangian model

É Local scale
É Shorter chemical characterization

Yang et al., 2019, GRL

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

Eulerian model

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

Rigby et al., 2010, ACP

NAME & FLEXPART 12- box model TOMCAT &MOZART 

Long- term simulations
ü Emission policy response
ü Climate response
Short- lived F- gas modeling

3D CTM advantages

ü Exploring the chemical effects

ü Spatial representation

ü Representation of large- scale dynamics

Rigby et al., 2019, Nature
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Cutting -edge chemistry

Lu et al., 2020, GMD

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

Coupled with Earth science and climate system models

Some F-gas chemistry

Å CFC-11/12/113/114/115 

Å HCFC-123/141b/142b/22 

Å HFO-1234yf / 1234ze/ 1233(zd) (E/Z)

https://geos-chem.readthedocs.io/



Atomic oxygen O(1D)

OH radicals

Cl radicals

Photolysis
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GEOS- Chem
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GEOS-Chemᾚ◓ ⁴Ἠ

ᵌו║ ╗Ḯ₭ӋצḘῡⱣ

Edgar v7.0Ẉὑᾄ╒ᴄ HFC-134aԄⱢ⁴Ἠ≥ẘ Ὼ

CFCs(3)σCFC-13 CFC-112...

HCFCs(4)σHCFC124 HCFC133a...

HFCs(11)σHFC134a HFC125...

PFCs(7)σPFC14 PFC116...

HFOs(3)σHFO1234yf...

ԍңσSF6 NF3 SO2F2
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