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Annex

SCIENTIFIC SUMMARY

The present analysis has updated climate metrics that reflect 2019 CO, forcing.
The hydrocarbon, hydrofluorocarbon (HFC), and chlorinated molecule sections were expanded.
A new halogenated aldehyde section has been included.

Climate metric values have been updated using a recently improved method for calculating radiative efficiencies with stratospheric
temperature adjustment included. For carbon dioxide (CO,), methane (CH,), nitrous oxide (N,0O), CFC-11, and CFC-12, the reported
radiative efficiencies also include tropospheric adjustments.

Climate-carbon feedbacks have been included for all compounds, consistent with the methods of the Intergovernmental Panel on
Climate Change Sixth Assessment Report (AR6, 2022). Differences between climate metrics reported here and those in ARG are due
to total lifetime and radiative efficiency updates included here.

The low wavenumber, usually <500 cm™, contribution to radiative efficiencies is usually not determined by experimental infrared
absorption spectra. The low wavenumber contribution was evaluated using theoretically calculated spectra for all molecules. The
contributions are typically a small positive adjustment, 0-5%, but need to be evaluated on a molecule basis.

Theoretically calculated infrared absorption spectra have been added for molecules previously lacking experimental and theoretical

values.

A.1INTRODUCTION

The Annex contains a compilation of atmospheric abun-
dance, lifetime, ozone depletion potential (ODP), and radiative
metrics for ozone depleting substances (ODSs), replacement
compounds, and related species covered under the umbrella
of the Ozone Assessment. The table builds upon the metrics re-
ported in previous assessments from the Intergovernmental Panel
on Climate Change (2013; 2022) and the World Meteorological
Organization (WMO) (2014; 2018) and United Nations
Environment Programme (UNEP). The Annex provides updates
based on new studies and refined methods for evaluating climate
metrics. The Annex content has been expanded from Appendix
A of the previous Ozone Assessment (WMO, 2018) to include an
expanded coverage of potential replacement compounds, e.g.
hydrofluorocarbons (HFCs), as well as several prominent hydro-
carbons observed in urban environments and commercially used
chlorinated compounds. A summary is provided below that is
broken into the following categories and/or classes of molecules.

The ozone depletion potentials (ODPs) and global warm-
ing potentials (GWPs) given in Table A-5 may differ in some
cases from the metrics for controlled substances reported in the
Montreal Protocol and subsequent Amendments due to consid-
eration of recent experimental data, methods of analysis, and/
or assessment recommendations, e.g. recommendation given in
Burkholder et al. (2019), SPARC (2013), and WMO (2014; 2018).

The following subsections describe the methods applied to
derive the recommendations provided in Table A-5. An exten-
sive set of table footnotes provide the literature source, param-
eters, or method used to derive the reported metric. The table
contains both long- and short-lived (lifetimes <~0.5 years) com-
pounds. Metrics given for short-lived molecules are dependent
on the time and location of their emissions, as they are not expect-
ed to be well-mixed in the atmosphere. Hence, the abundances
and metrics reported are to be considered representative values
but are most likely not valid for all spatial and temporal emissions
scenarios.

Index Category Number of Compounds Index Category Number of Compounds
1 CO,, CH,, and N,O 11 Bromocarbons, Hydrobromocarbons, 18
2 Hydrocarbons 13 gudlhslons
3 Oxygenated Hydrocarbons 7 12 Unsaturated Bromocarbons 9
4 Chlorofluorocarbons (CFCs) 13 13 Unsaturated Bromochlorofluorocarbons 1
5 Hydrochlorofluorocarbons (HCFCs) 274 4 Fully Fluorinated Species 34
6 Hydrofluorocarbons (HFCs) 162 12 IREl e e =6 e %
7 Unsaturated Hydrofluorocarbons 32 16 Fluoroesters 25
8 Chlorocarbons and Hydrochlorocarbons 20 Lz FEllegeEise) Atsliels 12
9 Unsaturated Hydrochlorocarbons and 23 8 Halogenated Ketones °

Chlorocarbons 19 Halogenated Aldehydes 10
10 Unsaturated Chlorofluorocarbons and 19 20 lodocarbons n
Hydrochlorofluorocarbons 21 e mp— . 10
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A.2 EVALUATION METHODOLOGY

A.2.1 Compound Name, Chemical Formula,
and CASRN

Table A-5 has a row for each compound that contains the
compound name and/or abbreviation, the chemical formula,
and the compound’s Chemical Abstracts Service registry number
(CAS RN), which provides for effective searching of the table.
Some compounds, however, do not have assigned CAS RNs.

A.2.2 Atmospheric Abundance

The data provided for atmospheric abundances were taken
from Chapters 1and 2 of this report for the year 2020, where pos-
sible, or from the last WMO Ozone Assessment, as noted in the
footnotes. A compound'’s abundance typically falls into one of the
following categories: 1) compounds with known emissions sourc-
es for which global observations are available, 2) compounds
with known sources but with only local or regional observations,
and 3) compounds with no known sources or observations. The
abundances provided in the table are only intended to provide a
snapshot of a molecule’s atmospheric abundance, in particular for
short-lived compounds. Chapters Tand 2 in this report and in the
previous Assessment provide an analysis of reported abundances
and trends, as well as the most relevant citations.

A.2.3 Total and Atmospheric Lifetimes

Total lifetime (Try,) includes tropospheric OH reactive and
photolysis loss, stratospheric loss due to reaction (OH and O('D))
and photolysis, and ocean, soil, aerosol, and cloud uptake.

Atmospheric lifetimes do not include heterogeneous loss pro-
cesses such as ocean uptake.
1 1 N 1 1

= +
TTamI TT)‘()p TSrrat TMe.m

1 1 1 1

= +Trop Trop Trop
Tori T The

1 1 1 1

TStrar: ng" T0('D} Ti\lzm

Note that loss due to Cl-atom reaction is not included here
but may represent a significant loss process for some molecules
under certain spatial and temporal conditions, e.g. urban coastal
regions. Mesospheric loss processes are negligible except for
very long-lived compounds, as noted in the Table A-5 footnotes.
Total lifetimes reported in the last Assessment are included for
comparison with the 2022 updates.

Tvop

The tropospheric partial lifetime due to reaction with the
OH radical, Tfer , was calculated relative to the lifetime for methyl
chloroform (CH,CCls; 6.1 years) using a temperature of 272 K. OH
reaction rate coefficients are taken from Burkholder et al. (2019)
unless stated otherwise in the footnote. Lifetimes for very short-
lived substances (VSLSs) are reported using the same method
and are considered representative lifetimes, because their local
lifetimes will depend on the time and location of their emissions.
A representative range of local lifetimes taken from WMO (2014)
Chapter 1 (Tables 1-5, 1-11) are given in parenthesis where avail-
able. The tropospheric OH partial lifetime for CH,CCl; (6.1 years)
was calculated from an overall lifetime of 5.0 years derived from
the Advanced Global Atmospheric Gases Experiment (AGAGE)
and National Oceanic and Atmospheric Administration (NOAA)
monitoring networks using a stratospheric partial lifetime of 38

Table A-1. Tropospheric photolysis lifetimes for key ozone depleting substances (ODSs) reported in the literature.

Molecule Formula Lifetime (years) Reference
Nitrous oxide N,O 14,600 SPARC (2013)*
Carbon tetrachloride CCl, 1230 SPARC (2013)*
CFC1 CClF 1770 SPARC (2013)*
CFC-12 CCI,F, 12,500 SPARC (2013)*
CFC-112 CCIFCCI,F 2280 Davis etal. (2016)
CFC-112a CCI,CCIF, 1190 Davis etal. (2016)
CFC-113 CCIL,FCCIF, 8120 SPARC (2013)*
CFC-113a CCI,CF, 1480 Davis etal. (2016)
CFC-114 CCIF,CCIF, 19,600 SPARC (2013)*
CFC-114a CCI,FCF, 8300 Davis etal. (2016)
(E)-R316¢ (E)-1,2-c-C,FCl, 3600 Papadimitriou et al. (2013b)
(2)-R316¢ (2-1,2-c-C,FCl, 10,570 Papadimitriou et al. (2013b)
Bromodichloromethane CHBrCl, 222 days WMO Table 1-5 (2014)
Dibromochloromethane CHBr,Cl 160 days WMO Table 1-5 (2014)
Methylene bromide CH,Br, 13.7 WMO Table 1-5 (2014)
Bromoform CHBr, ~23 days Papanastasiou et al. (2014)
Halon-1202 CBr,F, 2.74 Papanastasiou et al. (2013)
Halon-1211 CBrCIF, 27.2 Papanastasiou et al. (2013)
Halon-1301 CBrF, 4050 SPARC (2013)**
Halon-2402 CBrF,CBrF, 85.5 Papanastasiou et al. (2013)

* Model mean given in SPARC (2013) Table 5.6, scaled to recommended lifetime.

** Model mean given in SPARC (2013) Table 5.6, scaled to CBrF; UV cross section reported by Bernard et al. (2015)
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years and an ocean partial lifetime of 94 years, see Prinn et al.
(2005).

Ultraviolet (UV) photolysis loss has been included as a mol-
ecule loss process in the total lifetime analysis. The evaluation of
photolysis lifetimes typically requires atmospheric model calcu-
lations to derive global annually averaged lifetimes. Photolysis
lifetimes in the troposphere and stratosphere are taken from the
literature whenever possible. Tropospheric photolysis lifetimes
for key ODSs are given in Table A-1. In the absence of literature
values, molecular properties and the similarity with other mole-
cules were used to estimate photolysis lifetimes.

The stratospheric partial lifetime is not a directly observable
molecular property and was estimated based on atmospheric
model calculations, where available, and empirical relationships
for the OH, O('D), and photolysis partial lifetimes. Stratospheric
lifetimes are not reported for VSLSs. The minimum transport
limited stratospheric partial lifetime was taken to be 20 years.
Stratospheric OH reactive loss partial lifetimes were estimated
based on the empirical correlation derived using 2-D model
results reported in SPARC (2013): 10g(Tg)=1.528+0.901 x
logi(tieP).  The O('D) lifetime was based on the measured or
estimated reaction rate coefficient, i.e., reactant loss (K.cacive, €M°
molecule™ s7), and the empirical lifetime relationship reported
in Bernard et al. (2018): top(years) = 3.7 X 10/ K ceive- Where
experimental data were not available, the O('D) reactivity was
estimated using the activity relationship for H atom and Cl atom
abstraction given in Baasandorj et al. (2013). Stratospheric pho-
tolysis partial lifetimes were taken from model calculations or
based on the empirical estimates given in Orkin et al. (2013) or
for the hydrochlorofluorocarbons (HCFCs) from Papanastasiou et
al. (2018).

Heterogeneous losses include uptake to the ocean, soil,
aerosol, and cloud droplets. Partial lifetimes for these processes
are included in the evaluation of a molecule’s total lifetime where
possible. The available literature and recommended lifetimes for
soil and ocean loss are given in Table A-2. Aerosol and cloud

Annex

uptake is an important loss process for certain highly soluble mol-
ecules, e.g. halogenated aldehydes, which may also hydrolyze
or form hydrates in solution. In these cases, an uptake lifetime of
~1 week was assumed representative of this loss process and is
noted in the footnote for each of those molecules.

A.2.4 Ozone Depletion Potential (ODP)

The ODPs reported here are obtained from atmospheric
model simulations or via a semiempirical relationship, e.g. for a
chlorinated ODS:

nCI x ﬁ + Ti mCFC—]l

3 fCFC—lI TCFC—H mi

where ng, is the number of chlorine atoms in the molecule, fis the
fractional release factor for the molecule (see Chapter 7), T, is the
total lifetime, and m; is the molecular mass of the molecule. For
brominated and iodine molecules, the number of halogen atoms
is adjusted, and enhancement factors of 60 (see Chapter 7) and
~250, respectively, are included as multiplicative factors.

A.2.5 Radiative Efficiency (RE)

ODP, =

A.2.5.1 Spectral Radiative Efficiency Curve

Radiative efficiency (RE) values were calculated using
the empirical approach given in Shine and Myhre (2020) and
based on the same experimental absorption cross sections as in
Hodnebrog etal. (2020a), unless noted otherwise. This approach
involves a spectral RE curve, also known as the “Pinnock curve,”
where the instantaneous radiative forcing for a weak absorber
is given per unit cross section as a function of wavenumber. The
RE, in units of W m™ ppb™, is obtained by multiplying the curve
with the absorption spectrum of a compound and integrating
over all wavenumbers. The Pinnock curve was first established by
Pinnock et al. (1995) using a narrow-band radiative transfer model
with 10 cm™ spectral resolution. Hodnebrog et al. (2013) provid-
ed an updated curve, that was used in WMO (2018), by using a

Table A-2. Ocean and soil loss partial lifetimes reported in the literature.*

Molecule Formula Soil Lifetime (years) Reference Ocean Lifetime (years) Reference
Methyl chloride CH,CI 4.2 Hu (2012) 12 Huetal. (2013)
Methyl bromide CH,Br 3.35 Montzka and Reimann 3.1 Hu etal. (2012)
(2011)
Carbon tetrachloride CccCl, 375 Rhew and Happel (2016), 124 Suntharalingam et al. (2019)
(288-536) SPARC (2016) (110-150)
HCFC-21 CHCIF - 673 Yvon-Lewis and Butler (2002)
HCFC-22 CHCIF, - Nn74 Yvon-Lewis and Butler (2002)
HCFC-124 CHCIFCF, - 1855 Yvon-Lewis and Butler (2002)
HCFC-141b CH,;CCl,F - 9190 Yvon-Lewis and Butler (2002)
HCFC-142b CH,CCIF, - 122,200 Yvon-Lewis and Butler (2002)
HFC-41 CH4F - 1340 Yvon-Lewis and Butler (2002)
HFC-125 CHF,CF, - 10,650 Yvon-Lewis and Butler (2002)
HFC-134a CH,FCF, - 5909 Yvon-Lewis and Butler (2002)
HFC-152a CH,CHF, - 1958 Yvon-Lewis and Butler (2002)
Methyl chloroform CH,CCl, - 94 Yvon-Lewis and Butler (2002)
Sulfuryl fluoride SO,F, - 40 Muhle et al. (2009)

* Possible range of lifetime given in parenthesis.
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line-by-line (LBL) model run at 0.02 cm™ spectral resolution and
with more refined atmospheric profiles of temperature, clouds,
and greenhouse gas abundances. Shine and Myhre (2020) gen-
erated a new curve (see also Section A.2.5.2) based on the same
LBL model but with changes in the representation of clouds and
the water vapor continuum.

A.2.5.2 Infrared Absorption Spectra

REs were calculated using a compound'’s room temperature
infrared absorption spectrum. Absorption spectra were taken
from the literature where possible. The Hodnebrog et al. (2020a)
database of RE values, based on experimental literature infrared
spectra, provides the reference for many of the RE values present-
ed here.

In the absence of experimentally measured infrared absorp-
tion spectra, REs were determined based on theoretically cal-
culated spectra, e.g. for HCFCs by Papanastasiou et al. (2018),
HFCs by Burkholder et al. (2020), and fluoroesters by Bravo et al.
(2011a). Theoretical methods have been applied to provide spec-
tra for the compounds lacking RE values listed in Appendix A of
the previous Assessment.

A.2.5.3 Stratospheric Temperature Adjustment

In the last Assessment, a generic 10% increase of the instan-
taneous radiative forcing was assumed for all compounds to ac-
count for stratospheric temperature adjustment, as in Hodnebrog
et al. (2013). Here, the improved method of Shine and Myhre
(2020) has been used. In contrast to the previous spectral RE
curves, which yield instantaneous REs, Shine and Myhre (2020)
included stratospheric temperature adjustment in the spectral RE
curve by calculating the adjustment using a narrow-band model
and applying this adjustment to the instantaneous RE curve de-
rived using the LBL model. The magnitude of the stratospheric
temperature adjustment is dependent on the infrared absorption
spectrum of the compound and, in general, is in the 10 £ 5%
range.

A.2.5.4 Lifetime Adjustment

The RE value calculations assume the compound is well
mixed in the atmosphere. However, most compounds have a
nonuniform vertical and horizontal distribution in the atmosphere.
As in the last Assessment, the adjusted RE values reported in the
summary table are lifetime adjusted using the approximate frac-
tional correction (f) factors derived in Hodnebrog et al. (2013).

For compounds primarily removed by UV photolysis in the
stratosphere, f(t)=1-0.182617°3% (applicable for lifetimes of 10
<1 < 10*years). For compounds primarily removed by reaction
with the OH radical, f(t)= at’ . ,wherea=2.962, b=0.9312,

T+ct

¢ = 2.994, d = 0.9302 (applicable for 104 < T < 10* years).
Different factors were used for CFC-11 (0.927), CFC-12 (0.970),
and halon-1211 (0.937) because explicit radiative transfer cal-
culations are available for these compounds, for details see
Hodnebrog et al. (2013). Note that OH radical fractional correc-
tion factors are particularly approximate for very short-lived com-
pounds (VSLCs) due to the spatial and temporal dependence on
their emissions.

A.2.5.5 Low-Frequency Infrared Absorption
Adjustment

The vast majority of experimentally measured infrared ab-
sorption spectra do not provide data below ~500 cm™. There
is, however, a component of the radiative forcing profile in this
region. The larger molecules in particular that are included in
Table A-5 have low-frequency vibrations or torsions that would
contribute a positive adjustment to their REs. We have performed
a theoretically based survey of the molecules in the summary
table to evaluate the low-frequency contribution. The adjust-
ment needs to be considered on a molecule-by-molecule basis
but is relatively small (0-5%) for the majority of the molecules in
the table. The adjustment is generally larger for the larger (more
carbon atoms) and heavier (higher molecular weight) molecules.
The adjustments have been applied to the molecules in Tables
A-3 and A-5.

A.2.5.6 Tropospheric Adjustments and Effective
Radiative Efficiency

In the last Assessment, stratospheric temperature adjust-
ment was included in the radiative efficiencies while tropospheric
adjustments were not. However, radiative efficiencies that also
include tropospheric adjustments better represent the climate
change response, e.g. the temperature response due to a pertur-
bation in halocarbon concentrations. REs with tropospheric ad-
justments are denoted here as effective radiative efficiencies and
are based on the concept of effective radiative forcing (ERF). IPCC
ARG defines ERF as the change in net downward radiative flux at
the top of the atmosphere (TOA) following adjustments in both
tropospheric and stratospheric temperature, water vapor, clouds,
and some surface properties that are uncoupled to changes in
global surface air temperature, see Forster etal. (2021). While REs
without tropospheric adjustments can be calculated in offline ra-
diation codes with high spectral resolution, calculations of effec-
tive REs typically rely on computationally expensive simulations
with global climate models (GCMs), and this is currently not fea-
sible for a large number of compounds. However, recent studies
have quantified tropospheric adjustments: for CO,, see Vial et al.
(2013), Zhang and Huang (2014), and Smith et al. (2020; 2018);
for CH, see Smith et al. (2018) and Modak et al. (2018), and for

Table A-3. Comparison between radiative efficiencies (RE) and effective radiative efficiencies, which include tropospheric ad-
justments. Here, stratospheric temperature adjustment, lifetime adjustment, and low-frequency infrared absorption adjustment
are included for both RE and effective RE. Uncertainties are given as 5-95% confidence intervals.

co, CH, N,O CFC-T1 CFC-12
RE (W m= ppb™) (1.27 £0.13) x 10~° (4.52+0.63) x 10 (2.98 £0.30) x 1073 0.267 £0.037 0.320 £ 0.045
Effective RE (W m=2 ppb) (1.33+0.16) X 10° (3.89£0.78) x 104 (3.19+0.51) x 103 0.299 £0.057 0.358 £0.068
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N,O, CFC-11, and CFC-12 see Hodnebrog et al.(2020b), and ef-
fective REs for these compounds have been assessed in Forster
etal. (2021). Specifically, tropospheric adjustments were estimat-
edas +5 £ 5%, -14 £ 15%, +7 £ 13%, +13 £ 10%, and +12 £
14%, respectively, of the REs (uncertainties are given as 5-95%
confidence intervals), but an adjustment of 12% was used for both
CFC-11 and CFC-12. For other halogenated compounds, tropo-
spheric adjustments are assumed to be O £ 13% due to lack of cal-
culations. The assessed tropospheric adjustments from ARG are
adopted here to calculate effective REs in Tables A-3 and A-5.

Table A-3 shows a comparison of REs and effective REs for
compounds where estimates of tropospheric adjustments are
available. Itis important to note that uncertainties associated with
effective RE are larger than for RE, and magnitudes of tropospher-
ic adjustments are generally associated with low confidence in
ARG (Forster et al., 2021). GCMs have less sophisticated radiation
schemes than offline radiative transfer models, and unrealistically
strong perturbations in concentrations are often needed to avoid
noise caused by natural variability dominating the climate change
signal, thus not accounting for possible nonlinear effects. The
magnitudes of tropospheric adjustments, particularly for clouds,
vary between different GCMs and between the different radiative
kernel methods needed to separate individual adjustments from
the instantaneous radiative forcing, see Smith et al. (2018) and
Hodnebrog et al. (2020b). Another source of uncertainty arises
because troposphericadjustments are based on GCM simulations
with fixed sea surface temperatures while, ideally, temperatures
over land should also have been held fixed, see Andrews et al.
(2021). In the effective RE estimates here, the radiative response
to land surface temperature change is only partially accounted for,

Annex

see Section 7.3.1in Forster et al. (2021) for further discussion.

The total radiative forcing uncertainty for halogenated com-
pounds is estimated to be ~14% for compounds with lifetimes
>~5 years and ~24% for compounds with lifetimes <~5 years,
see Hodnebrog et al. (2020a). These numbers increase to 19%
and 26%, respectively, for effective RE uncertainty. For CO,, CH,,
and N,O, the effective RE uncertainty is 12%, 20%, and 16%, re-
spectively, from Forster et al. (2021).

A.2.6 Global Warming Potential (GWP)

Absolute Global Warming Potentials (AGWPs). Radiative
metrics reported here (GWPs and global temperature change po-
tentials [GTPs)) are calculated relative to CO, and based ona 2019
CO, abundance of 409.9 ppm. The response of the carbon cycle
to an instantaneous pulse of CO, emissions, known as the impulse
response function, is unchanged from the last Assessment and
taken from Joos et al. (2013). The CO, AGWPs for the 20-, 100-,
and 500-year time horizons are 2.434 x 104, 8.947 x 104, and
3.138 X 107 W m=2 yr kg™, respectively, and are consistent with
the values reported in IPCC ARG (Forster et al., 2021).

A.2.7 Global Temperature Change Potential
(GTP)

Absolute Global Temperature Change Potentials (AGTPs).
The CO, AGTPs for the 50- and 100-year time horizons are 4.277
x 107 and 3.946 x 107 K kg™, respectively, and are consis-
tent with the values reported in IPCC ARG (Forster et al., 2021).
These values are approximately 30% smaller than those used
in the last Assessment, and this is mainly because of updates to

Table A-4. Comparison of GWP and GTP values for a selection of compounds when climate-carbon feedback is: included for
CO, only asin WMO (2018), excluded for all compounds as in Hodnebrog et al. (2020a), and included for both CO, and non-CO,
compounds. The impulse response function is from Gasser et al. (2017) instead of Joos et al. (2013), to be able to exclude the
climate-carbon feedback for CO,, and the contribution from low-frequency wavenumbers to the RE is not included here. Thus,
the GWP and GTP values with climate-carbon feedback included for all compounds are slightly different from the recommended

values in Table A-5.

Climate-Carbon Feedback

CO, Compound GWP (20) GWP (100) GWP (500) GTP (50) GTP (100)
v - 8110 5910 1980 5950 3270
- - 8370 6360 2230 6450 3620
v v 8290 6210 2100 6340 3520
v - 12,400 11,900 5400 12,500 9700
- - 12,800 12,800 6080 13,600 10,800
v v 12,700 12,500 5720 13,200 10,300
v - 5440 1800 516 633 334
= - 5610 1940 581 687 370
v v 5580 1900 546 742 366
v - 549 152 44 30 27
- - 566 164 49 33 30
v v 565 161 46 37 30

445




Annex

the global surface temperature response function, see Section
7.6.1.2in Forster et al. (2021) for details, affecting both the AGTP
for CO, and the AGTPs for the non-CO, compounds.

A.3 CLIMATE-CARBON FEEDBACK

Compounds that warm the surface due to their direct radi-
ative forcing also influence climate indirectly through perturba-
tions of carbon fluxes. When the surface warms, a net flux of CO,
goes into the atmosphere and leads to further warming, known
as the climate-carbon feedback, for example see Gasser et al.
(2017). In the previous Assessment, climate-carbon feedbacks
were included for CO,, while no climate feedbacks were includ-
ed for the other compounds. Here, climate-carbon feedbacks are
included for all components, consistent with IPCC AR6 Section
7.6.1.3 (Forster et al., 2021). Table A-4 shows metric values for
different combinations of climate-carbon feedback and illustrates
the bias introduced when this feedback is included only for CO,
and not for the non-CO, compounds. Excluding the climate-car-
bon feedback completely generally leads to smaller differences
against values with the feedback included for both CO, and non-
CO, compounds.

A.4 INDIRECT EFFECTS

The climate metric values presented in Table A-5 are due
to the direct radiative effect only. This means that the negative
radiative forcing resulting from stratospheric ozone depletion by
ODSs is not included in these estimates. In some cases, these can
be large and potentially offset the direct effect, see Section 7.3.2

446

and Table 7A-1 for further information. Indirect effects of meth-
ane (e.g., through production of ozone and stratospheric water
vapor) and nitrous oxide (through methane lifetime reduction
and stratospheric ozone depletion) are also not included here.
Non-methane hydrocarbons generally have small direct radiative
effects, and itis important to note that their indirect effects, mainly
through tropospheric ozone production and changes in methane
lifetime, can be significant as reported by Collins et al. (2002) and
Hodnebrog et al. (2018). There are also indirect effects caused
by degradation of halogenated compounds, see Burkholder et al.
(2015), where some breakdown products have high GWP values
as reported in Jubb et al. (2015) and Bravo et al. (2011a) and dis-
cussed in Section 7.2.5.

A.5 METRIC UNCERTAINTIES

Uncertainties in GWP and GTP values for halogenated com-
pounds depend on several factors: lifetime, radiative efficiency,
global surface temperature response function (for GTP), and
the radiative efficiency and impulse response function for CO,.
Contributions from these factors to the radiative metrics were
explored for four halogenated compounds (CFC-11, PFC-14,
HFC-134a, and HFC-32) in IPCC ARG, and the total uncertainty in
GWP and GTP values typically range from 30% to 60% (5-95%
confidence interval) for the metrics and time horizons considered
here, see Supplementary Tables 7.SM.10-7.SM.13 in Smith et al.
(2021) for details. Note that metrics based solely on theoretically
calculated infrared absorption spectra will, in general, have even
greater uncertainties.
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Table A-5. Atmospheric abundances; lifetimes; radiative efficiencies (REs); direct effect Global Warming Potentials (GWPs) for 20-, 100-,
and 500-year time horizons; and Global Temperature Change Potentials (GTPs) for 50- and 100-year time horizons

Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime

2022
(years)

Carbon dioxide CO, 124-38-9 412.5 ppm

Methane, non-fossil CH, 74-82-8 1879 ppb 12.4 1.8

Methane, fossil CH, 74-82-8 12.4 1.8

Nitrous oxide N,O 10024-97-2 333.0 ppb 123 109

Oxygenated Hydrocarbons

Ethane CH3CH, 74-84-0 76 days 76 days
Ethene CH,=CH, 74-85-1 1.7 days 1.7 days
Acetylene HCCH 74-86-2 0.1days 0.1days
Propene CH,=CHCHj, 115-07-1 0.4 days (0.27-0.50 days) | 0.4 days (0.27-0.50 days) 0.4 days
Propane, R-290 CH,CH,CH; 74-98-6 15 days (9.9-27 days) 15 days (9.9-27 days) 15 days
n-butane CH,CH,CH,CH, 106-97-8 6.5 days 6.5 days
Isobutane, R-600a (CH,),CHCH, 75-28-5 7 days (5.2-10.7 days) 7.0 days (5.2-10.7 days) 7.0 days
Isobutene (CH3),C=CH, N5-11-7 0.2 days (0.15-0.29 days) | 0.2 days (0.15-0.29 days) 0.2 days
n-pentane CH,CH,CH,CH,CH, 109-66-0 3 days (2.7-6.5 days) 4.0 days (2.7-6.5 days) 4.0days
Isopentane (CH3),CHCH,CH,4 78-78-4 4 days (2.9-6.0 days) 3.9 days (2.9-6.0 days) 3.9 days
Cyclopentane ¢-CH,CH,CH,CH,CH, 287-92-3 3 days (2.2-5.3 days) 3.2 days (2.2-5.3 days) 3.2 days
Benzene Cshls 71-43-2 ~10.0 days 10.0 days
Toluene C,Hg 108-88-3 ~29 days 29 days

Chlorofluorocarbons

Formaldehyde CH,O 50-00-0 - 0.08 days 1.6 days
Ethanol CH,CH,OH 64-17-5 — 4.1 days 4.1 days
Acetaldehyde CH4CHO 75-07-0 - 0.7 days 0.8 days
Methyl formate CH;OCHO 107-31-3 87 days (60-143 days) 86 days 87 days
Acetone CH,C(O)CH, 67-64-1 - 26 days 87 days
Isopropanol (CH3),CHOH 67-63-0 2 days (1.5-2.9 days) 2.4 days (1.5-2.9 days) 2.4 days
Methylal CH;OCH,OCH, 109-87-5 2 days (1.5-2.8 days) 2.6 days (1.5-2.8 days) 2.6 days

butane (TCHFB)

Hydrochlorofluorocarbons

CFC1 CCLF 75-69-4 224 ppt 52 52 -
CFC12 CCLF, 75718 497.2 ppt 102 102 -
CFC13 CCIF, 75729 3.32ppt 640 640 -
CFCI12 CCLFCCLF 76120 0.39 ppt 63.6 63.6 -
CFC112a CCIF,CCl, 76-11-9 0.08 ppt 52 52 -
CFC13 CCLFCCIF, 7613 68.9 ppt 93 93 -
CFCM13a CCI,CF, 354-58-5 0.95 ppt 55 55 -
CFC114 CCIF,CCIF, 76142 16.3 ppt 189 189 -
CFC114a CCIL,FCF, 374-07-2 1.1 ppt 105 105 -
CFC15 CCIF,CF, 76-15-3 8.7 ppt 540 540 -
CFC-216ba CCIF,CCIFCF, - 38 ppg 135 135 -
CFC-216ca CCIF,CF,CCIF, - 20ppqg 135 135 -
]E]'i)ﬁfy"d(c‘)iﬂi‘g“h'°’°hexa' (EM1,2-c-C,FCl, 3832-15-3 75 75 -
%Zu’;rﬁi.]ffdfﬁﬁ)u'lfngmh'°’°hexa' (211,2--CFiCl, 3934267 N4 N4 _
1,2,3,4-Tetrachlorohexafluoro- C.CLF 375-454 >50 B

HCFC-21

CHFCl,

75-43-4

1.7

1.71

1.82
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)°© O: Ozone Depletion Potential
R: Radiative Metrics
(0] 1.33E-05 1 1 1 1 1 Al, O1,R1
0 3.89E-04 79.7 27 7.25 10.4 4.72 Al, L1, O1,R1
(0] 3.89E-04 82.5 29.8 9.99 13.2 7.46 O1,R1
0.017 3.20E-03 273 273 130 290 233 Al,L1,02,R1

- 0 0.004 1.61E-03 3 <] <] <1 <1 L2,R2
= (0] 0.039 7.75E-04 <<] <<1 <<1 <<] <<] L2, R2
- 0 0.041 5.91E-05 <<1 <<] <<] <<1 <<1 L2, R2
= (0] 0.031 1.65E-04 <<1 << << <<1 <<1 L2, 01,R3
- 0 0.003 3.96E-04 <<] <<1 <<1 <<] <<] L2, 01, R2
= (0] 0.004 2.60E-04 <<] <<1 <<1 <<] <<] L2

- 0 0.004 2.87E-04 <<1 <<1 <<1 <<1 <<1 L2, 01, R2
= (0] 0.023 7.38E-05 <<] <<1 <<1 <<] <<] L2, O1,R2
- 0 0.023 2.11E-04 <<] <<1 <<1 <<] <<] L2, O1,R2
= (0] 0.006 2.57E-04 <<1 <<] <<] <<1 <<1 L2, O1,R2
- 0 0.006 1.41E-04 <<] <<1 <<1 <<] <<] L2,01,R2
= (0] 0.003 2.82E-04 <<] <<1 <<1 <<] <<] L3, O1,R2
- 0 0.014 1.54E-03 <1 <<1 <<1 <<] <<] L3, O1,R2

- 0 0.004 4.60E-06 <<] <<1 <<1 <<] <<] L2,01,R3
= (0] 0.044 2.20E-03 <1 <<1 <<1 <<] <<] L2, O1,R2
- 0 0.017 1.80E-04 <<1 <<1 <<1 <<1 <<1 L2,01,R2
- (0] 0.108 4.90E-02 46 13 4 8 2 L2, O1,R2
- 0.027 6.10E-03 2 <1 <1 <1 <<] L2,R2

- 0.06 1.80E-03 <<1 <<] <<] <<1 <<1 L2,01,R3

0.169

6.40E-03

‘

L2,01,R2

55 1 0.28 0.299 8560 6410 2150 6540 3640 A2,14,15,R4
103 0.75 0.33 0.358 12,700 12,500 5710 13,200 10,400 A2,14,15,03, 04, R4
- 0.3 0.284 0.279 12,400 16,300 17,600 17,100 18,900 A2,16,05,R2
65.4 0.98 0.295 0.281 5600 4600 1670 4800 3010 A2,14,17,06,R5
53.8 0.86 0.258 0.246 4750 3550 1190 3620 2020 A2,14,17,06,R5
94.5 0.82 0.314 0.302 6870 6530 2840 6920 5220 A2,14,15,03,04,R2
57.5 0.73 0.253 0.241 5110 3930 1350 4030 2320 A2,14,17,06,R5
191 0.53 0.325 0.315 8280 9450 6160 10,000 9430 A2,14,15,03, 04, R2
106.7 0.72 0.309 0.297 7490 7410 3440 7870 6230 A2,14,17,06,R5
664 0.45 0.252 0.247 7430 9630 9910 10,100 11,000 A2,15,18, 03, R2
135 0.35 0.42 0.406 8090 8580 4610 9o 7860 A2,19,07,R6
~135 ~0:35 0.37 0.357 7110 7540 4050 8010 6910 A2,19, 07, R6
76 0.46 0.282 0.273 4870 4290 1670 4510 3080 L10, 08, R7
15 0.54 0.31 0.302 5630 5710 2780 6060 4940 L10, O8, R7
- - 0.46 0.439 5640 4140 1370 4200 2280 L3, R6

29.8

0.036

0.176

0.145

578 161 46

36

29

L2,111, 09, R2
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Annex

Industrial Designation Chemical Formula Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-22 CHF,CI 75-45-6 247.8 ppt 1.9 1.6 13
HCFC-31 CH,FCI 593-70-4 0.11 ppt 1.2 1.29 1.33
HCFC-121 CHCI,CCI,F 354-14-3 .1 1.1 117
HCFC-121a CHCIFCCl, 354-11-0 2.67 2.67 2.96
HCFC-122 CHCI,CCIF, 354-21-2 0.9 0.912 0.955
HCFC-122a CHCIFCCLF 354-15-4 3.1 3.1 3.43
HCFC-122b CHF,CCl; 354-12-1 9.31 9.3 12.6
HCFC-123 CHCI,CF; 306-83-2 1.3 1.31 1.38
HCFC-123a CHCIFCCIF, 354-23-4 4 4.03 4.31
HCFC-123b CHF,CCLF 812-04-4 1.8 1.8 15.1
HCFC-124 CHCIFCF, 2837-89-0 1.1 ppt 59 59 6.28
HCFC-124a CHF,CCIF, 354-25-6 17 17 19
HCFC-131 CHCI,CHCIF 359-28-4 0.76 0.756 0.786
HCFC-131a CH,CICCI,F 811-95-0 2.57 2.57 2.8
HCFC-131b CH,FCCl, 2366-36-1 2.33 2.324 2.55
HCFC-132 CHCIFCHCIF 25915-78-0 1.73 1.73 1.81
HCFC-132a CHCI,CHF, 471-43-2 1.12 1.12 1.18
HCFC-132b CH,CICCIF, 1649-08-7 0.14 ppt 3.5 3.5 3.73
HCFC-132¢ CH,FCCI,F 1842-05-3 4.1 4.08 4.52
HCFC-133 CHCIFCHF, 431-07-2 3.1 3.06 3.21
HCFC-133a CH,CICF; 75-88-7 0.45 ppt 4.6 4.48 4.74
HCFC-133b CH,FCCIF, 421-04-5 7.2 7.2 7.71
HCFC-141 CH,CICHCIF 430-57-9 114 114 1.19
HCFC-141a CH,FCHCI, 430-53-5 0.5 0.497 0.51
HCFC-141b CH,CCI,F 1717-00-6 24.5 ppt 9.4 8.81 10.7
HCFC-142 CH,CICHF, 338-65-8 2.6 2.61 2.73
HCFC-142a CH,FCHCIF 338-64-7 1.58 1.58 1.64
HCFC-142b CH,CCIF, 75-68-3 21.7 ppt 18 17.1 19.3
HCFC-151 CH,CICH,F 762-50-5 0.49 0.488 0.5
HCFC-151a CH,CHCIF 1615-75-4 116 116 1.2
HCFC-221aa CHCI,CCI,CCILF 422-28-6 0.93 0.933 0.979
HCFC-221ab CHCIFCCI,CCly 422-26-4 2.67 2.67 2.96
HCFC-221ba CHCI,CCIFCCly 422-40-2 1 1.1 1.17
HCFC-221da CCI;CHCICCLLF 431-79-8 3.29 3.29 3.71
HCFC-227ea CCI,CHFCCly = 3.52 Lol 3.99
HCFC-222aa CHCI,CCIL,CCIF, 422-30-0 mm 1.1 117
HCFC-222ab CHCIFCCI,CCI,F 147728-31-2 2.67 2.67 2.96
HCFC-222ac CHF,CCI,CCl, 42227-5 9.29 9.28 12.6
HCFC-222ba CHCI,CCIFCCI,F 146254-26-4 .1 1.1 117
HCFC-222bb CHCIFCCIFCCl, 147728-30-1 3.15 3.15 3.54
HCFC-222ca CHCI,CF,CCl, 422-49-1 1.38 1.38 1.47
HCFC-222da CCIFCHCICCI,F 431-82-3 4.48 4.48 5.23
HCFC-222db CCI;,CHCICCIF, 431-80-1 4.62 4.62 5.42
HCFC-222ea CCI,CHFCCI,F 146254-25-3 4.68 4.67 5.49
HCFC-223aa CHCI,CCI,CF, 422-35-5 1.1 1.1 117
HCFC-223ab CHCIFCCL,CCIF, 144909-54-6 3.18 3.18 3.54
HCFC-223ac CHF,CCI,CCILF 422-29-7 9.29 9.28 12.6
HCFC-223ba CHCI,CCIFCCIF, 422-41-3 1.39 1.38 1.47
HCFC-223bb CHCIFCCIFCCLF 145599-91-3 3.18 3.18 3.54
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Annex

Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
120 0.038 0.223 0.214 5610 1910 546 744 368 A2, L5,L11,03,R2
36.7 0.019 0.088 0.068 307 85 24 19 15 A2,12,09, R8
20 0.03 0.193 0.147 209 58 17 13 10 L12, 010, R2
27.4 0.066 0.197 0.172 592 165 47 37 30 L12, O10, R9
20 0.022 0.22 0.16 207 57 16 13 10 112, 09, R2
33.8 0.067 0.227 0.203 891 248 71 56 45 L12, 09, R2
35.5 0.17 0.221 0.211 2440 772 220 239 145 L12, O10, R9
25.7 0.02 0.203 0.16 329 91 26 20 17 L2,03,R2
62.9 0.039 0.25 0.228 1430 400 n4 91 73 L2, 09, R2
53.8 0.124 0.248 0.238 3570 1220 349 485 236 L12, 010, R9
105 0.022 0.222 0.207 2060 596 170 143 110 A3, 12,03, R2
161 0.026 0.258 0.251 5140 2080 595 1220 450 L12, 010, R2
20 0.019 0.14 0.097 16 32 9 7 6 L12, 010, R9
31.4 0.056 0.184 0.16 650 181 52 41 33 L12, O10, R9
26.2 0.054 0.145 0.125 460 128 36 29 23 L12, O10, R9
39.1 0.025 0.174 0.147 452 126 36 28 23 L12, O10, R2
23.9 0.02 0.167 0.129 257 71 20 16 13 L12, 010, R2
57.5 0.038 0.214 0.192 1190 332 95 75 61 A2,12,010, R9
41.8 0.062 0.186 0.171 1230 345 98 79 63 L2, 09, R2
67.8 0.017 0.195 0.173 1070 298 85 67 54 L12, O10, R9
82.6 0.019 0.164 0.15 1340 378 108 87 69 A2, 113,09, R10
10 0.024 0.218 0.206 2800 834 238 215 155 L12, O10, R9
29.5 0.022 0.094 0.0745 174 48 14 1 9 L12, 010, R2
20 0.0m 0.095 0.0573 58 16 5 4 3 L12, O10, R9
49.4 0.102 0.168 0.161 2590 808 231 239 152 A2, L5, L11, 03, R2
60.1 0.019 0.125 0.109 678 189 54 42 34 L12, 010, R9
42.3 0.015 0.136 0.1m 419 116 33 26 21 L12, O10, R9
148 0.057 0.199 0.194 5400 2190 628 1300 477 A2,L5,L11,03,R2
20 0.008 0.049 0.0295 42 12 3 3 2 L12, 010, R9
33.2 0.015 0.08 0.0617 208 58 16 13 10 L12, O10, R9
20 0.027 0.24 0.175 146 41 12 9 7 L12, O10, R9
27.4 0.069 0.197 0.172 409 na 32 26 21 L12, 010, R9
20 0.032 0.221 0.168 165 46 13 10 8 L12, O10, R9
29 0.083 0.259 0.231 675 189 54 43 34 L12, O10, R9
29.5 0.088 0.238 0.214 666 186 58] 42 34 L12, O10, R9
20 0.028 0.285 0.216 226 63 18 14 1 L12, 010, R9
27.4 0.061 0.257 0.224 567 158 45 35 29 L12, O10, R9
35.2 0.191 0.224 0.214 1660 525 150 162 99 L12, O10, R9
20 0.028 0.268 0.204 213 59 17 13 n L12, 010, R9
28.6 0.071 0.217 0.193 576 161 46 36 29 L12, O10, R9
21.6 0.034 0.253 0.201 264 73 21 16 13 L12, O10, R9
31.2 0.097 0.292 0.267 120 316 90 73 58 L12, O10, R9
31.4 0.1 0.273 0.251 1080 306 87 71 56 L12, O10, R9
31.4 0.101 0.26 0.239 1040 295 84 68 54 L12, O10, R9
20 0.024 0.256 0.194 217 60 17 13 1 L12, O10, R9
31.4 0.059 0.308 0.274 883 246 70 56 45 L12, 010, R9
35.2 0.164 0.297 0.282 2340 739 21 229 139 L12, O10, R9
23.1 0.029 0.316 0.251 352 98 28 22 18 L12, 010, R9
31.4 0.059 0.258 0.23 741 207 59 47 38 L12, 010, R9

451




Annex

Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-223bc CHF,CCIFCCl, 147728-32-3 10.6 10.6 15.1
HCFC-223ca CHCI,CF,CCI,F 422-52-6 1.38 1.38 1.47
HCFC-223cb CHCIFCF,CCl; 422-50-4 3.88 3.88 4.45
HCFC-223da CCI,FCHCICCIF, 431-83-4 6.48 6.48 7.86
HCFC-223db CCI;,CHCICF, 431-81-2 6.47 6.47 8.02
HCFC-223ea CCI,FCHFCCI,F = 6.28 6.28 7.74
HCFC-223eb CCI,CHFCCIF, 54002-59-4 6.46 6.47 8.02
HCFC-224aa CHCIFCCI,CF; 139754-75-9 3.15 3.15 3.54
HCFC-224ab CHF,CCI,CCIF, 422-32-2 n.3 n.3 15.1
HCFC-224ba CHCI,CCIFCF; 422-47-9 1.39 1.39 1.47
HCFC-224bb CHCIFCCIFCCIF, 422-42-4 4. 4.09 4.45
HCFC-224bc CHF,CCIFCCI,F 139754-76-0 1.3 1.3 15.1
HCFC-224ca CHCI,CF,CCIF, 422-54-8 1.79 1.8 1.92
HCFC-224cb CHCIFCF,CCI,F 422-53-7 1.57 1.57 1.64
HCFC-224cc CHF,CF,CCl, 422-51-5 12.5 12.5 19
HCFC-224da CCIF,CHCICCIF, 431-85-6 10.4 10.4 12.3
HCFC-224db CCI,FCHCICF, 431-84-5 9.39 9.4 12
HCFC-224ea CCI,FCHFCCIF, 53063-53-9 9.16 9.15 1.6
HCFC-224eb CCI,CHFCF, 53063-52-8 8.88 8.9 1.9
HCFC-225aa CHF,CCI,CF, 128903-21-9 1.8 1.8 15.1
HCFC-225ba CHCIFCCIFCF, 422-48-0 4.2 4.2 4.45
HCFC-225bb CHF,CCIFCCIF, 422-44-6 15.9 16 19
HCFC-225ca CHCI,CF,CF, 422-56-0 1.9 1.9 2.03
HCFC-225cb CHCIFCF,CCIF, 507-55-1 59 5.77 6.26
HCFC-225cc CHF,CF,CCLF 13474-88-9 14.1 14.1 19
HCFC-225da CCIF,CHCICF, 431-86-7 16.3 16.3 19.5
HCFC-225ea CCIF,CHFCCIF, 136013-79-1 15.3 15.3 18.1
HCFC-225eb CCI,FCHFCF; 51346-64-6 13.4 13.4 17.7
HCFC-226ba CHF,CCIFCF, 422-57-1 17 17 19
HCFC-226ca CHCIFCF,CF; 422-55-9 5.47 5.48 5.8
HCFC-226¢cb CHF,CF,CCIF, 431-87-8 21.6 21.6 24.7
HCFC-226da CF;CHCICF, 359-58-0 27.7 27.7 32.6
HCFC-226ea CCIF,CHFCF; 51346-64-6 24.9 24.8 28.8
HCFC-231aa CHCI,CCI,CHCIF - 0.799 0.805 0.839
HCFC-231ab CH,CICCI,CCLF 1538604-29-3 1.61 1.61 1.73
HCFC-23Tac CH,FCCI,CCly - 2.33 2.32 2.55
HCFC-231ba CHCI,CCIFCHCI, - 0.56 0.569 0.586
HCFC-231bb CH,CICCIFCCly 421-94-3 2.54 2.54 2.8
HCFC-231da CHCI,CHCICCI,F 1538604-31-7 0.54 0.542 0.557
HCFC-231db CHCIFCHCICCI, 1943659-45-7 1.34 1.34 1.43
HCFC-237ea CHCI,CHFCCl, - 0.76 0.768 0.799
HCFC-231fa CCI,FCH,CCl4 313696-58-1 6.26 6.26 7.71
HCFC-232aa CHCIFCCI,CHCIF - 1.65 1.65 1.77
HCFC-232ab CHCI,CCI,CHF, 872817-81-7 1.01 1.02 1.07
HCFC-232ac CH,CICCI,CCIF, 1538604-30-6 2.56 2.56 2.8
HCFC-232ad CH,FCCI,CCLF - 2.33 2.32 2.55
HCFC-232ba CHCI,CCIFCHCIF - 0.99 0.989 1.04
HCFC-232bb CH,CICCIFCCI,F 1943659-44-6 2.56 2.56 2.8
HCFC-232bc CH,FCCIFCCl,4 - 3.64 3.63 4.4
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Annex

Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
35.7 0.185 0.254 0.242 2200 725 207 256 138 L12, O10, R9
21.6 0.029 0.29 0.23 323 90 26 20 16 L12, O10, R9
30.2 0.073 0.259 0.235 919 258 73 59 47 L12, 010, R9
37.1 0.1m 0.321 0.301 1880 551 157 136 102 L12, O10, R9
33.4 onz 0.245 0.229 1430 419 19 103 78 L12, O10, R9
33.2 0.114 0.292 0.273 1660 485 138 18 90 L12, O10, R9
33.4 o0nz 0.271 0.254 1590 464 132 na 86 L12, O10, R9
28.9 0.049 0.278 0.247 847 236 67 58] 43 L12, O10, R9
44.6 0.141 0.314 0.301 3060 1030 295 390 198 L12, O10, R9
24.5 0.023 0.268 0.213 324 90 26 20 16 L12, 010, R9
51.2 0.047 0.304 0.277 1230 344 98 79 63 L12, ©10, R9
44.6 0.141 0.318 0.305 3100 1050 299 396 201 L12, O10, R9
27.5 0.028 0.312 0.259 509 142 40 32 26 L12, 010, R9
35 0.022 0.301 0.244 419 116 33 26 21 L12, O10, R9
36.7 0.174 0.322 0.31 3350 180 336 498 229 L12, O10, R9
67.1 0.096 0.36 0.344 3310 1090 310 376 206 L12, 010, R9
43.4 0.119 0.298 0.284 2550 811 231 254 153 L12, O10, R9
43.3 0.117 0.324 0.308 2710 856 244 261 161 L12, O10, R9
35.3 0.126 0.247 0.234 2020 633 180 189 19 L12, 010, R9
53.8 0.094 0.279 0.268 3030 1040 296 412 200 L12, O10, R9
74.3 0.025 0.279 0.254 1250 350 100 80 64 L12, O10, R9
99.5 0.069 0.326 0.315 4210 1650 472 915 347 L12, O10, R9
31.5 0.025 0.262 0.22 494 137 39 31 25 L5, O3, R2
73.3 0.033 0.314 0.294 1930 557 159 133 103 L5, 03, R2
55.2 0.1 0.355 0.342 4280 1580 452 766 318 L12, 010, R9
100 0.071 0.313 0.303 4090 1620 463 914 343 L12, 010, R9
98.7 0.068 0.35 0.339 4430 1700 486 900 351 L12, O10, R9
54.8 0.105 0.299 0.288 3500 1270 362 1579, 251 L12, O10, R9
161 0.019 0.278 0.27 4040 1630 468 963 354 L12, O10, R9
98 0.013 0.28 0.26 1780 509 145 120 94 L12, O10, R9
174 0.022 0.351 0.342 5680 2610 753 1890 665 L12, O10, R9
185 0.025 0.28 0.274 4960 2630 774 2230 842 L12, O10, R9
180 0.023 0.317 0.309 5400 2680 782 2140 773 L12, 010, R9
20 0.022 0.173 0.122 101 28 8 6 5 L12, O10, R9
23 0.042 0.212 0.173 285 79 23 18 14 L12, 010, R9
26.2 0.058 0.173 0.148 351 98 28 22 18 L12, O10, R9
20 0.015 0.174 on 64 18 5 4 3 L12, O10, R9
26.9 0.063 0.18 0.156 405 n3 32 25 21 L12, O10, R9
20 0.015 0.209 0.13 72 20 6 4 4 L12, 010, R9
21.3 0.036 0.172 0.136 187 52 15 n L12, O10, R9
20 0.021 0.184 0.127 100 28 8 6 5 L12, O10, R9
33.2 0.143 0.206 0.193 1180 344 98 84 64 L12, O10, R9
245 0.036 0.208 0.17 309 86 24 19 16 L12, O10, R9
20 0.024 0.188 0.14 157 44 12 10 8 L12, O10, R9
29.4 0.053 0.248 0.216 608 169 48 38 31 L12, 010, R9
26.2 0.05 0.24 0.206 526 146 42 33 27 L12, O10, R9
20 0.023 0.213 0.157 171 48 14 10 9 L12, O10, R9
29.4 0.053 0.247 0.215 605 168 48 38 31 L12, O10, R9
29.7 0.075 0.219 0.197 782 219 62 50 40 L12, 010, R9
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-232ca CHCI,CF,CHCI, 112-14-7 0.7 0.711 0.737
HCFC-232cb CH,CICF,CCl, 677-54-3 4.47 4.46 5.21
HCFC-232da CHCI,CHCICCIF, 67879-59-8 0.82 0.824 0.859
HCFC-232db CHCIFCHCICCI,F 1943659-46-8 1.51 1.51 1.61
HCFC-232dc CHF,CHCICCl, - 2.83 2.83 3.15
HCFC-232ea CHCI,CHFCCI,F - 0.83 0.836 0.872
HCFC-232eb CHCIFCHFCCl, = 2.04 2.04 2.22
HCFC-232fa CCI,FCH,CCLLF 313696-57-0 9.23 9.22 12.5
HCFC-232fb CCI,CH,CCIF, 460-89-9 10.2 10.2 14.4
HCFC-233aa CHCIFCCI,CHF, - 2.63 2.63 2.87
HCFC-233ab CH,CICCI,CF, 7125-83-9 2.57 2.57 2.8
HCFC-233ac CH,FCCI,CCIF, - 3.71 3.7 414
HCFC-233ba CHCIFCCIFCHCIF = 2.1 211 2.23
HCFC-233bb CHCI,CCIFCHF, 13058-99-6 1.27 1.27 1.34
HCFC-233bc CH,CICCIFCCIF, 421-95-4 4.75 4.75 5.21
HCFC-233bd CH,FCCIFCCI,F - 3.71 3.7 414
HCFC-233ca CHCI,CF,CHCIF 131221-36-8 1.27 1.27 1.34
HCFC-233cb CH,CICF,CCI,F 421-99-8 4.57 4.57 5.21
HCFC-233cc CH,FCF,CCl, 131211-71-7 6.26 6.26 7.71
HCFC-233da CHCI,CHCICF, 431-51-6 0.896 0.897 0.939
HCFC-233db CHCIFCHCICCIF, 1943659-38-8 2.37 2.37 2.52
HCFC-233dc CHF,CHCICCIF - 3.55 3.56 3.96
HCFC-233ea CHCI,CHFCCIF, - 0.982 0.981 1.03
HCFC-233eb CHCIFCHFCCI,F 54377-32-1 2.32 2.32 2.51
HCFC-233ec CHF,CHFCCl, 54306-56-8 413 413 4.77
HCFC-233fa CCI,FCH,CCIF, 333-26-6 15.4 15.4 23.3
HCFC-233fb CCI;,CH,CF,4 7125-84-0 16.4 16.4 29.3
HCFC-234aa CHF,CCI,CHF, 17705-30-5 6.51 6.51 7.54
HCFC-234ab CH,FCCI,CF, 149329-24-8 3.76 3.76 414
HCFC-234ba CHCIFCCIFCHF, 425-94-5 3.39 3.4 3.61
HCFC-234bb CH,CICCIFCF; 149329-25-9 4.84 4.83 5.21
HCFC-234bc CH,FCCIFCCIF, 149329-26-0 7.01 7.01 7.71
HCFC-234ca CHCIFCF,CHCIF 70341-81-0 2.74 2.74 2.9
HCFC-234cb CHCI,CF,CHF, 4071-01-6 1.65 1.64 1.74
HCFC-234cc CH,CICF,CCIF, 422-00-5 9.46 9.43 10.6
HCFC-234cd CH,FCF,CCI,F 70192-63-1 6.64 6.64 7.71
HCFC-234da CHCIFCHCICF, 146916-90-7 2.67 2.67 2.82
HCFC-234db CHF,CHCICCIF, 1945188-10-2 5.69 5.69 6.18
HCFC-234ea CHCI,CHFCF, 53063-54-0 1.06 1.06 11
HCFC-234eb CHCIFCHFCCIF, 139754-77-1 2.88 2.87 3.04
HCFC-234ec CHF,CHFCCIL,F - 5.32 5.33 6.04
HCFC-234fa CCIF,CH,CCIF, 76140-39-1 31 31 43.4
HCFC-234fb CCI,FCH,CF, 64712-27-2 45 37 97.8
HCFC-235ba CHF,CCIFCHF, 144429-90-3 8.8 8.81 9.5
HCFC-235bb CH,FCCIFCF; 230956-35-1 7.21 7.2 7.71
HCFC-235ca CH,CICF,CF; 28103-66-4 9.82 9.78 10.6
HCFC-235cb CHCIFCF,CHF, 422-02-6 4.45 4.45 4.7
HCFC-235¢cc CH,FCF,CCIF, 679-99-2 14.2 14.2 15.7
HCFC-235da CHF,CHCICF, 134251-06-2 7.55 7.55 8.09
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Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
20 0.017 0.185 0.125 98 27 8 6 5 L12, O10, R9
31.2 0.09 0.223 0.204 987 278 79 64 51 L12, O10, R9
20 0.019 0.244 0.172 156 43 12 10 8 L12, O10, R9
24 0.033 0.24 0.193 321 89 25 20 16 L12, O10, R9
27.8 0.06 0.204 0.179 556 155 44 85| 28 L12, O10, R9
20 0.019 0.224 0.159 146 41 12 9 7 L12, 010, R9
25.1 0.045 0.209 0.176 395 10 31 25 20 L12, O10, R9
35.2 0.176 0.269 0.256 2280 722 206 222 136 L12, O10, R9
35.6 0.194 0.247 0.236 2260 736 210 250 140 L12, O10, R9
31.6 0.043 0.208 0.182 569 158 45 36 29 L12, 010, R9
31.4 0.042 0.221 0.192 587 163 47 37 30 L12, O10, R9
35.2 0.057 0.277 0.25 1090 306 87 69 56 L12, O10, R9
37.8 0.031 0.233 0.198 497 138 39 31 25 L12, 010, R9
23.3 0.023 0.216 0.168 254 71 20 16 13 L12, O10, R9
3.3 0.057 0.276 0.254 1410 89S n4 92 73 L12, O10, R9
35.2 0.057 0.278 0.251 1100 307 88 70 56 L12, O10, R9
23.3 0.023 0.218 0.17 257 71 20 16 13 L12, O10, R9
37.3 0.069 0.268 0.246 1320 372 106 86 68 L12, O10, R9
33.2 0.1 0.258 0.242 1720 501 143 122 93 L12, O10, R9
20 0.017 0.196 0.142 152 42 12 9 8 L12, O10, R9
40.1 0.034 0.269 0.232 654 182 52 41 86! L12, O10, R9
34.8 0.055 0.266 0.239 1010 282 80 64 51 L12, 010, R9
20.4 0.019 0.239 0177 207 57 16 13 10 L12, 010, R9
30.2 0.038 0.25 0.215 593 165 47 37 30 L12, O10, R9
30.6 0.068 0.254 0.23 1120 314 90 72 58 L12, O10, R9
45.7 0.207 0.327 0.316 4170 1610 459 856 333 L12, 010, R9
37.3 0.247 0.21 0.204 2780 1100 316 628 235 L12, O10, R9
47.4 0.062 0.211 0.198 1590 464 132 ns 86 L12, O10, R9
40.8 0.039 0.238 0.215 1040 291 83 66 53 L12, 010, R9
56.9 0.028 0.237 0.212 930 260 74 59 47 L12, O10, R9
67 0.035 0.234 0.216 1330 376 107 87 69 L12, O10, R9
77.3 0.045 0.292 0.275 2340 695 198 177 129 L12, 010, R9
51 0.025 0.23 0.202 716 199 57 45 36 L12, O10, R9
29.2 0.02 0.24 0.196 47 16 33 26 21 L12, O10, R9
85.1 0.054 0.278 0.265 2830 900 257 283 170 L12, O10, R9
47.6 0.063 0.297 0.278 2260 665 190 166 123 L12, 010, R9
50.3 0.024 0.234 0.204 705 196 56 44 36 L12, O10, R9
71.6 0.039 0.289 0.268 1910 550 157 131 101 L12, 010, R9
231 0.014 0.213 0.16 220 61 17 14 1 L12, O10, R9
52.4 0.026 0.268 0.236 876 244 70 55 44 L12, O10, R9
451 0.052 0.293 0.272 1830 522 149 123 96 L12, O10, R9
108 0.132 0.353 0.346 6540 3700 1100 3300 1320 L12, O10, R9
59.7 0.35 0.272 0.267 5290 3310 1020 3140 1400 L2, 09, R9
121 0.018 0.235 0.223 2490 777 222 230 146 L12, O10, R9
110 0.017 0.254 0.239 2280 681 194 176 127 L12, O10, R9
126 0.018 0.223 0.212 2550 820 234 266 155 L12, 010, R9
85.2 0.014 0.255 0.2331 1450 410 n7z 94 75 L12, O10, R9
146 0.021 0.289 0.279 4220 1560 447 764 315 L12, 010, R9
12 0.017 0.244 0.23 2280 687 196 182 128 L12, O10, R9
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-235ea CHCIFCHFCF, 134251-06-2 7.36 7.36 7.88
HCFC-235eb CHF,CHFCCIF, 162102-07-0 3.18 3.18 8.33
HCFC-235fa CCIF,CH,CF; 677-55-4 61.7 61.8 88.6
HCFC-247aa CH,CICCI,CHCIF - 1.43 1.43 1.52
HCFC-241ab CH,FCCI,CHCI, - 0.77 0.772 0.803
HCFC-24Tac CH,CCILCCLLF 7126-06-9 5.18 5.18 6.18
HCFC-241ba CH,CICCIFCHCI, 3175-26-6 0.79 0.793 0.826
HCFC-241bb CH;CCIFCCly 3175-25-5 7.76 7.74 10
HCFC-241da CHCI,CHCICHCIF 21981-25-9 0.56 0.565 0.581
HCFC-241db CH,CICHCICCLF 666-27-3 0.53 0.534 0.549
HCFC-241dc CH,FCHCICCI, 84816-05-7 0.75 0.756 0.786
HCFC-24Tea CHCI,CHFCHCI, - 0.42 0.42 0.429
HCFC-241eb CH,CICHFCCl; - 1.05 1.05 1
HCFC-241fa CHCI,CH,CCI,F 175897-94-6 0.53 0.54 0.555
HCFC-241fb CHCIFCH,CCl; 23153-22-2 1.48 1.48 1.59
HCFC-242aa CHF,CCI,CH,CI - 213 212 2.29
HCFC-242ab CH,FCCI,CHCIF - 1.78 1.78 1.91
HCFC-242ac CH,CCI,CCIF, 7126-05-8 8.09 8.08 10
HCFC-242ba CHCIFCCIFCH,CI 7164-14-9 1.99 2 2.1
HCFC-242bb CHCI,CCIFCH,F = 1.03 1.04 1.09
HCFC-242bc CH;CCIFCCIF 7126-04-7 8.09 8.08 10
HCFC-242ca CHCI,CF,CH,CI = 1.09 1.09 1.15
HCFC-242cb CH,CF,CCl, 1112-05-6 12.3 12.3 18.7
HCFC-242da CHCIFCHCICHCIF - 1.32 1.32 1.38
HCFC-242db CHCI,CHCICHF, 1980063-50-0 0.73 0.733 0.761
HCFC-242dc CH,CICHCICCIF, 431-24-3 1.2 1.2 1.25
HCFC-242dd CH,FCHCICCI,F - 0.83 0.835 0.871
HCFC-242ea CHCI,CHFCHCIF 2106760-91-0 0.72 0.728 0.756
HCFC-242eb CH,CICHFCCI,F - 1.24 1.24 1.31
HCFC-242ec CH,FCHFCCI, - 1.7 1.71 1.84
HCFC-242fa CHCIL,CH,CCIF, 460-63-9 0.74 0.74 0.768
HCFC-242fb CHCIFCH,CCI,F 175897-95-7 1.61 1.6 1.71
HCFC-242fc CHF,CH,CCl; 213248-60-3 414 414 4.78
HCFC-243aa CHF,CCI,CH,F 155329-34-3 2.99 2.99 3.25
HCFC-243ab CH;CCI,CF,4 7126-01-4 8.33 8.32 10
HCFC-243ba CHF,CCIFCH,CI - 3.63 3.64 3.88
HCFC-243bb CHFCICCIFCH,F 1379241-46-9 2.67 2.67 2.82
HCFC-243bc CH;CCIFCF,CI 7126-00-3 15.6 15.6 18.7
HCFC-243ca CH,CICF,CHCIF 67406-68-2 2.89 2.96 314
HCFC-243cb CHCI,CF,CH,F 70192-70-0 1.46 1.46 1.54
HCFC-243cc CH,CF,CFCl, 7125-99-7 18 18.2 271
HCFC-243da CHF,CHCICHFCI 338-75-0 1.97 1.97 2.07
HCFC-243db CH,CICHCICF, 338-75-0 1.44 1.45 1.51
HCFC-243dc CH,FCHCICF.CI 199171-49-8 2.03 2.03 213
HCFC-243ea CHFCICHFCHFCI 151771-08-3 1.57 1.57 1.64
HCFC-243eb CHCI,CHFCHF, 1081835-90-6 0.9 0.898 0.938
HCFC-243ec CH,CICHFCF,CI 149329-27-1 1.7 1.7 1.78
HCFC-243ed CH,FCHFCFCI, - 2.03 2.03 217
HCFC-243fa CHCI,CH,CF, 460-69-5 0.78 0.781 0.813
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Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed) Radiative Efficiency L: Lifetime
(Wm=2ppb™)® (Wm=ppb)¢ O: Ozone Depletion Potential
R: Radiative Metrics
m 0.017 0.244 0.229 2230 667 190 174 124 L12, 010, R9
69.4 0.012 0.305 0.272 1230 342 98 77 62 L12, O10, R9
204 0.051 0.306 0.302 7250 5880 2110 6120 3770 L12, O10, R9
23.5 0.035 0.139 0.1m 190 53 15 12 10 L12, O10, R9
20 0.02 0.13 0.0902 84 23 7 5 4 L12, 010, R9
32.1 0.112 0.201 0.186 130 321 92 75 59 L12, O10, R9
20 0.02 0.168 0.118 1n2 31 9 7 6 L12, 010, R9
34.3 0.163 0.197 0.186 1590 480 137 129 90 L12, O10, R9
20 0.014 0.151 0.0952 65 18 5 4 3 L12, O10, R9
20 0.014 0.184 0.114 73 20 6 4 4 L12, 010, R9
20 0.019 0.159 0.n 100 28 8 6 5 L12, 010, R9
20 0.011 0.138 0.0778 &9 n 3 2 2 L12, O10, R9
20 0.027 0.159 0.119 150 42 12 9 8 L12, O10, R9
20 0.014 0.173 0.107 69 19 5 4 3 L12, 010, R9
22.2 0.037 0.176 0.1417 252 70 20 16 13 L12, O10, R9
29.3 0.039 0.151 0.128 355 99 28 22 18 L12, O10, R9
27.2 0.034 0.153 0.127 296 82 23 18 15 L12, 010, R9
41.9 0.125 0.236 0.224 2150 658 188 182 123 L12, O10, R9
36.7 0.033 0.176 0.148 387 108 31 24 20 L12, O10, R9
21 0.021 0.174 0.13 177 49 14 n 9 L12, 010, R9
41.9 0.125 0.252 0.239 2300 702 200 194 131 L12, 010, R9
21.6 0.022 0.185 0.14 200 55) 16 12 10 L12, O10, R9
36.3 0.206 0.258 0.248 3180 1o 316 460 215 L12, O10, R9
29.2 0.024 0.179 0.141 243 68 19 15 12 L12, 010, R9
20 0.015 0.169 0.116 m 31 9 7 6 L12, O10, R9
27.6 0.023 0.214 0.165 259 72 21 16 13 L12, 010, R9
20 0.017 0.217 0.154 168 47 13 10 L12, 010, R9
20 0.015 0.17 0.116 m 31 9 7 6 L12, O10, R9
23 0.025 0.207 0.161 261 73 21 16 13 L12, O10, R9
23.5 0.034 0.205 0.169 378 105 30 23 19 L12, 010, R9
20 0.015 0.214 0.147 142 40 1 9 7 L12, O10, R9
26.1 0.031 0.239 0.195 408 n3 32 25 21 L12, O10, R9
30.6 0.075 0.21 0.191 1020 287 82 66 53 L12, O10, R9
373 0.036 0171 0.151 647 180 51 41 33 L12, 010, R9
49.3 0.085 0.216 0.204 2200 677 193 191 127 L12, 010, R9
58 0.033 0.161 0.145 753 211 60 48 &9 L12, O10, R9
49.7 0.027 0.179 0.156 597 166 47 37 30 L12, O10, R9
94.2 0.088 0.269 0.26 4170 1620 462 873 336 L12, O10, R9
52.4 0.035 0.204 0.18 763 213 61 48 39 L12, O10, R9
27.3 0.02 0.181 0.145 304 85 24 19 15 L12, 010, R9
55.3 0.19 0.293 0.285 4920 2060 591 1300 464 L2,09,R9
41.9 0.022 0.189 0.159 450 125 36 28 23 L12, O10, R9
34.5 0.018 0.174 0.139 290 80 23 18 15 L12, O10, R9
42.6 0.023 0.236 0.199 580 161 46 36 29 L12, 010, R9
36.3 0.019 0.207 0.168 379 105 30 23 19 L12, 010, R9
20.8 0.014 0.192 0.139 179 50 14 n € L12, O10, R9
38.3 0.02 0.214 0.176 430 19 34 27 22 L12, 010, R9
31.9 0.026 0.248 0.209 609 169 48 38 31 L12, O10, R9
20 0.012 0.174 0.122 137 38 1 8 7 L12, O10, R9

457




Annex

Industrial Designation Chemical Formula Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-243fb CHFCICH,CF,CI 139754-78-2 2.24 2.24 2.36
HCFC-243fc CHF,CH,CFCl, 213248-61-4 5.07 5.07 5.73
HCFC-244ba CH,FCCIFCHF, 149329-28-2 517 5.18 5.49
HCFC-244bb CH,CCIFCF, 421-73-8 16.6 16.6 18.7
HCFC-244ca CH,CICF,CHF, 679-85-6 6.39 6.39 6.82
HCFC-244cb CH,FCF,CHFCI 67406-66-0 4.02 4.02 4.24
HCFC-244cc CH,CF,CF,Cl 421-75-0 31.2 31.2 38.1
HCFC-244da CHF,CHCICHF, 19041-02-2 3.88 3.88 4.09
HCFC-244db CH,FCHCICF, 117970-90-8 2.44 2.43 2.54
HCFC-244ea CHF,CHFCHFCI 149447-91-6 2.39 2.39 2.5
HCFC-244eb CH,CICHFCF, 151771-09-4 2.04 2.04 2.12
HCFC-244ec CH,FCHFCF,CI 149448-09-9 2.88 2.88 3.01
HCFC-244fa CHFCICH,CF, 149329-29-3 2.37 2.38 2.48
HCFC-244fb CHF,CH,CF,CI 2730-64-5 7.76 7.76 8.35
HCFC-257aa CH,FCCI,CH,CI 70192-89-1 1.26 1.27 1.34
HCFC-251ab CH,CCI,CHFCI - 1.73 1.73 1.85
HCFC-251ba CH,CICCIFCH,CI 7126-16-1 1.34 1.34 1.4
HCFC-25Tbb CH;CCIFCHCI, 3175-24-4 1.02 1.02 1.07
HCFC-251da CH,CICHCICHFCI 339202-89-0 0.69 0.694 0.719
HCFC-251db CH,FCHCICHCI, - 0.4 0.408 0.416
HCFC-251dc CH;CHCICFCI, 421-41-0 0.52 0.521 0.535
HCFC-257ea CH,CICHFCHCI, 76937-36-5 0.47 0.477 0.489
HCFC-25T1eb CH5CHFCCl,4 1448144-70-4 0.68 0.685 0.709
HCFC-251fa CHCIFCH,CCILH 2106760-90-9 0.33 0.333 0.339
HCFC-251fb CH,CICH,CCI,F 818-99-5 0.45 0.456 0.467
HCFC-251fc CH,FCH,CCl, 2035078-31-8 0.65 0.654 0.676
HCFC-252aa CH,FCCI,CH,F 154193-88-1 1.94 1.94 2.07
HCFC-252ab CH,CCI,CHF, - 4.4 4.4 4.93
HCFC-252ba CH,CICCIFCH,F 70192-74-4 2.19 2.2 2.31
HCFC-252bb CH;CCIFCHCIF 362631-58-1 2.87 2.87 3.04
HCFC-252ca CH,CICF,CH,CI 1112-36-3 2.47 2.47 2.61
HCFC-252cb CH,CF,CHCI, 1112-01-2 119 119 1.25
HCFC-252da CH,CICHCICHF, 82578-00-5 1 1 1.04
HCFC-252db CH,FCHCICHCIF - 115 115 1.2
HCFC-252dc CH;CHCICCIF, 7126-15-0 0.77 0.771 0.799
HCFC-252ea CH,CICHFCHCIF 111483-26-2 1.02 1.02 1.06
HCFC-252eb CH,FCHFCHCI, - 0.65 0.648 0.67
HCFC-252ec CH,CHFCCI,F 151771-10-7 0.84 0.845 0.882
HCFC-252fa CHCIFCH,CHCIF 1378824-14-6 115 1.14 1.19
HCFC-252fb CHCI,CH,CHF, 131404-17-6 0.66 0.661 0.684
HCFC-252fc CH,CICH,CCIF, 819-00-1 0.94 0.936 0.972
HCFC-252fd CH,FCH,CCLF 121612-64-4 0.7 0.706 0.732
HCFC-253ba CH,FCCIFCH,F 151771-11-8 3.66 3.67 3.86
HCFC-253bb CH;CCIFCHF, 69202-10-4 7.85 7.85 8.46
HCFC-253ca CH,CICF,CH,F 56758-54-4 4.23 4.23 4.47
HCFC-253cb CH,4CF,CHCIF 70192-76-6 3.48 3.48 3.66
HCFC-253da CH,FCHCICHF, - 1.67 1.67 1.74
HCFC-253db CH,CHCICF, 421-47-6 1.02 1.02 1.06
HCFC-253ea CH,CICHFCHF, 121612-65-5 1.44 1.44 1.5
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Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

451 0.024 0.266 0.228 733 204 58 46 37 L12, O10, R9
44 0.056 0.281 0.259 1840 524 150 122 96 L12, O10, R9
90.5 0.017 0.183 0.169 1360 388 m 91 71 L12, O10, R9
148 0.027 0.249 0.241 4420 1770 505 1020 378 L12, O10, R9
101 0.018 0.184 0.172 1670 487 139 19 90 L12, O10, R9
78.6 0.015 0.195 0.177 120 315 90 72 58 L12, 010, R9
173 0.039 0.28 0.274 6370 3620 1080 3240 1300 L12, O10, R9
77 0.015 0.201 0.182 1120 313 89 71 57 L12, O10, R9
57.4 0.012 0.19 0.164 634 177 50 40 32 L12, O10, R9
56.6 0.012 0.22 0.19 723 201 57 45 37 L12, 010, R9
50.8 0.01 0.18 0.152 494 137 39 31 25 L12, O10, R9
64 0.013 0.254 0.223 1020 284 81 64 52 L12, 010, R9
56.3 0.012 0.217 0.187 708 197 56 44 36 L12, O10, R9
m 0.02 0.301 0.284 3220 976 278 263 182 L12, O10, R9
23.3 0.028 0.091 0.071 131 36 10 8 7 L12, O10, R9
26.9 0.037 0.129 0.106 266 74 21 16 13 L12, 010, R9
29.4 0.027 0.118 0.0927 180 50 14 n 9 L12, O10, R9
20.8 0.023 0.143 0.107 158 44 13 10 8 L12, O10, R9
20 0.016 0.117 0.079 80 22 6 5 4 L12, O10, R9
20 0.009 0.107 0.0598 35 10 2 2 L12, O10, R9
20 0.012 0.192 0.118 89 25 5 4 L12, O10, R9
20 0.011 0.125 0.0744 52 14 3 3 L12, 010, R9
20 0.016 0.194 0.13 129 36 10 8 6 L12, 010, R9
20 0.008 0.138 0.071 34 10 3 2 2 L12, O10, R9
20 0.01 0.173 0.101 67 19 5 4 3 L12, O10, R9
20 0.015 0.149 0.0985 93 26 7 6 5 L12, 010, R9
31 0.029 0.117 0.0978 305 85 24 19 15 L12, O10, R9
419 0.056 0.163 0.149 1040 294 84 67 54 L12, O10, R9
44 0.027 0.2 0.096 340 95 27 21 17 L12, 010, R9
50.9 0.032 0.164 0.145 668 186 53 42 34 L12, O10, R9
47 0.029 0.142 0.123 488 136 39 30 25 L12, O10, R9
24.4 0.019 0.188 0.145 278 77 22 17 14 L12, 010, R9
26.7 0.016 0.119 0.0883 142 40 1 9 7 L12, O10, R9
29.4 0.017 0.127 0.0974 180 50 14 n 9 L12, O10, R9
22.2 0.013 0.211 0.146 181 50 14 1 9 L12, O10, R9
27.2 0.016 0.146 0.109 179 50 14 1 9 L12, 010, R9
20 0.01 0.136 0.0895 93 26 7 6 5 L12, O10, R9
20 0.015 0.24 0171 233 65 18 14 12 L12, 010, R9
29.4 0.017 0.182 0.139 255 71 20 16 13 L12, O10, R9
20 0.0m 0.168 0.1m 18 33 9 7 6 L12, O10, R9
25.5 0.015 0.203 0.148 223 62 18 14 n L12, O10, R9
20 0.012 0.223 0.151 172 48 14 1 9 L12, 010, R9
72.9 0.017 0.139 0.126 831 233 66 53 43 L12, O10, R9
108 0.024 0.194 0.183 2380 722 206 196 135 L12, O10, R9
79.3 0.018 0.147 0.134 1010 285 81 65 52 L12, O10, R9
70.8 0.017 0.204 0.182 140 319 91 72 58 L12, 010, R9
43.6 0.012 0.14 0.115 348 97 28 21 18 L12, O10, R9
30.2 0.009 0.16 0.12 222 62 18 14 1 L12, 010, R9
39.2 0.011 0.14 0.2 292 81 23 18 15 L12, O10, R9
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFC-253eb CH,FCHFCHCIF 151771-12-9 1.5 1.5 1.56
HCFC-253ec CH;CHFCCIF, 134251-05-1 1.13 1.13 117
HCFC-253fa CHCIFCH,CHF, 149329-30-6 1.83 1.82 1.9
HCFC-253fb CH,CICH,CF; 460-35-5 1.05 1.05 1.09
HCFC-253fc CH,FCH,CCIF, 83124-56-5 1.48 1.48 1.54
HCFC-26Taa CH,;CCI,CH,F = 1.06 1.06 1.1
HCFC-261ba CH3CCIFCH,CI 420-97-3 2.19 2.19 2.31
HCFC-261da CH,CICHCICH,F 453-01-0 0.45 0.452 0.462
HCFC-261db CH,;CHCICHCIF 7799-55-5 0.47 0.467 0.478
HCFC-261ea CH,CICHFCH,CI 816-38-6 0.54 0.539 0.554
HCFC-261eb CH;CHFCHCI, 53074-31-0 0.31 0.31 0.315
HCFC-261fa CH,CICH,CHCIF 83124-60-1 0.57 0.574 0.591
HCFC-261fb CH,FCH,CHCI, 53074-30-9 0.33 0.333 0.339
HCFC-261fc CH3CH,CCI,F 7799-56-6 0.61 0.618 0.638
HCFC-262ba CH;CCIFCH,F 362631-59-2 3.4 3.41 3.59
HCFC-262ca CH,;CF,CH,CI 420-99-5 3.2 317 3.33
HCFC-262da CH,FCHCICH,F 102738-79-4 0.92 0.924 0.956
HCFC-262db CH;CHCICHF, 430-93-3 0.64 0.642 0.662
HCFC-262ea CH,FCHFCH.CI 37161-81-2 0.83 0.828 0.856
HCFC-262eb CH3CHFCHFCI 430-96-6 0.66 0.664 0.685
HCFC-262fa CH,CICH,CHF, 83124-57-6 0.8 0.801 0.828
HCFC-262fb CH,FCH,CHFCI 151771-13-0 0.87 0.872 0.902
HCFC-262fc CH4CH,CF,Cl 421-02-3 1.2 1.2 1.24
HCFC-271ba CH;CCIFCH,4 420-44-0 5 5.04 5.37
HCFC-271da CH;CHCICH,F 20372-78-5 0.27 0.274 0.278
HCFC-271ea CH3CHFCH,CI 430-46-6 0.3 0.298 0.302
HCFC-271fa CH,CICH,CH.F 462-38-4 0.34 0.339 0.345
HCFC-271fb CH3CH,CHCIF 430-55-7 0.49 0.494 0.506

Hydrofluorocarbons

HFC-23 CHF, 75-46-7 33.7 ppt 228 228 243
HFC-32 CH,F, 75-10-5 23.2 ppt 5.4 5.27 5.47
HFC-41 CH,F 593-53-3 2.8 2.8 2.92
HFC-125 CHF,CF, 354-33-6 32.6 ppt 30 30.7 32.3
HFC-134 CHF,CHF, 359-35-3 10 10 10.5
HFC-134a CH,FCF, 811-97-2 113.0 ppt 14 13.5 14.1
HFC-143 CH,FCHF, 430-66-0 36 3.57 3.7
HFC-143a CH,CF, 420-46-2 25.6 ppt 51 51.8 57.2
HFC-152 CH,FCH,F 62472-6 172 days (114-335 days) | 0.473 (114-335 days) 0.485
HFC-152a CH.CHF, 75-37-6 7.1 ppt 1.6 1.5 1.55
HFC-161 CH,CH,F 353-36-6 80 days (51-154 days) 0.217 (51-154 days) 0.219
HFC-227ca CF.CF,CHF, 2252-84-8 30 32.2 33.7
HFC-227ea CF,CHFCF, 431-89-0 1.7 ppt 36 35.8 375
HFC-236ca CHF,CF,CHF, 680-00-2 .4 n.8
HFC-236cb CH,FCF,CF, 677-56-5 13.4 13.4 14
HFC-236ea CHF,CHFCF, 431-63-0 .4 .4 1.9
HFC-236fa CF,CH,CF, 690-39-1 0.20 ppt 213 213 253
HFC-245ca CH,FCF,CHF, 679-86-7 6.6 6.61 6.88
HFC-245cb CF4CF,CH, 1814-88-6 39.9 39.8 42.9
HFC-245¢a CHF,CHFCHF, 24270-66-4 3.2 3.26 3.37
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Stratospheric Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

40.4 0.0m 0.153 0.123 334 93 26 21 17 L12, O10, R9
32.7 0.009 0.237 0.18 368 102 29 23 19 L12, O10, R9
46.4 0.012 0.207 0.172 566 157 45 35 29 L12, 010, R9
30.8 0.009 0.164 0.123 234 65 19 14 12 L12, O10, R9
39.9 0.0m 0.239 0.192 514 143 41 32 26 L12, O10, R9
227 0.02 0.092 0.0687 133 37 n 8 7 L12, O10, R9
43.6 0.031 0.095 0.0808 324 90 26 20 16 L12, O10, R9
20 0.009 0.055 0.0319 26 7 2 2 1 L12, O10, R9
20 0.009 0.102 0.06 51 14 4 3 3 L12, 010, R9
20 0.01 0.075 0.0464 46 13 4 3 2 L12, 010, R9
20 0.006 0.121 0.0599 34 9 3 2 2 L12, ©10, R9
20 0.01 0.114 0.0726 76 21 6 5 4 L12, O10, R9
20 0.006 0.104 0.0534 33 9 3 2 2 L12, 010, R9
20 0.012 0.206 0.134 152 42 12 9 8 L12, O10, R9
68.6 0.02 0.136 0.122 867 242 69 55 44 L12, O10, R9
65.6 0.019 0.131 0.116 767 214 61 48 39 L12, 010, R9
27.7 0.009 0.074 0.0538 104 29 6 5 L12, O10, R9
20.8 0.007 0.12 0.0788 106 29 6 5 L12, O10, R9
25.4 0.009 0.09 0.0639 m 31 9 7 6 L12, 010, R9
21.3 0.007 0.144 0.0958 133 37 n 8 7 L12, O10, R9
24.8 0.008 0.121 0.0851 143 40 n 9 7 L12, O10, R9
26.5 0.009 0.134 0.096 175 49 14 n 9 L12, O10, R9
33.7 0.0m 0.214 0.165 415 15 33 26 21 L12, 010, R9
83.4 0.028 0.113 0.104 1270 362 103 84 67 L12, O10, R9
20 0.004 0.051 0.0237 16 1 <1 <1 L12, O10, R9
20 0.004 0.066 0.032 24 2 1 1 L12, 010, R9
20 0.004 0.053 0.0272 23 2 1 1 L12, O10, R9
20 0.007 0.105 0.0633 78 22 6 5 4 L12, O10, R9

3,636 0 0.193 0.192 12,400 14,700 10,600 15,500 15,200 A4,L5,01,R2
146 0 0.12 om 2620 749 214 175 138 A4,15,01,R2
68.5 0 0.028 0.025 492 137 89 31 25 L2, 111, O1, R2
665 0 0.239 0.234 6790 3820 1140 3400 1350 A4,L15,11, 01, R2
243 0 0.203 0.204 4110 1330 380 443 252 L2, O1,R2
313 0 0.173 0.167 4060 1470 420 679 292 A4,15,111, 01, R2
101 0 0.142 0.129 1310 365 104 83 67 L2, O1,R2
548 0 0171 0.169 7900 5900 1980 6020 3340 A4,15,01,R2
20 0 0.077 0.047 81 22 6 5 4 L2, O1,R2
443 0 0.125 0.101 550 153 44 34 28 A4,L15,11, O1,R2
20 0 0.038 0.016 17 5 1 1 <1 O1, R2
694 0 0.269 0.265 5500 3180 955 2890 1180 L14, 01, R2
754 0 0.278 0.273 5830 3580 1090 3370 1470 A4,L5, 115,01, R2
268 0.318 0.305 4500 1520 435 581 293 14, O1, RN
304 0 0.24 0.232 3770 1360 389 623 270 L14, O1, R2
268 0 0.277 0.267 3940 1330 381 509 256 L14, O1, R12
136 0 0.253 0.263 7820 9120 6340 9650 9310 L14, O1, R2
166 0 0.255 0.266 2980 874 249 217 162 L14, O1, RI3
551 0 0.255 0.249 6920 4510 1410 4370 2050 L14, O1, R2
93.2 0 0.18 0.172 999 279 80 63 51 L14, O1,R14
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HFC-245eb CH,FCHFCF, 431-31-2 3.2 3.2 3.32
HFC-245fa CHF,CH,CF, 460-73-1 3.2 ppt 7.9 7.74 8.16
HFC-254ca CH,FCF,CH,F 813752 2.56 2.65
HFC-254ch CH;CF,CHF, 40723-63-5 10.8 1.4
HFC-254ea CH,FCHFCHF, 24270-68-6 1.94 2.01
HFC-254eb CH;CHFCF; 421-48-7 2.25 2.33
HFC-254fa CHF,CH,CHF, 66794-30-7 3.99 414
HFC-254fb CH,FCH,CF; 460-36-6 1.38 1.43
HFC-263ca CH,CF,CH,F 811-94-9 3.67 3.81
HFC-263ea CH,FCHFCH,F 66794-36-3 0.533 0.547
HFC-263eb CH;CHFCHF, 66794-35-2 1.09 112
HFC-263fa CH,FCH,CHF, 24270-67-5 1.07 1.1
HFC-263fb CH,CH,CF, 421-07-8 1.1 112 116
HFC-272ca CH,CF,CH, 420-45-1 9 9.21 9.7
HFC-272ea CH;CHFCH,F 62126-90-3 0.374 0.381
HFC-272fa CH,FCH,CH,F 462-39-5 0.186 0.188
HFC-272fb CH3CH,CHF, 430-61-5 0.706 0.727
HFC-281ea CH;CHFCH; 420-26-8 27 days (19-46 days) 0.075 (19-46 days) 0.076
HFC-281fa CH;CH,CH,F 460-13-9 0.131 0.132
HFC-329p CHF,CF,CF,CF, 375177 32 31.5 33
HFC-329me CF,CHFCF,CF; 680-17-1 48.2 50.9
HFC-338q CH,FCF,CF,CF, 662-35-1 14.6 15.3
HFC-338mce CHF,CHFCF,CF; 119450-58-7 9.27 9.66
HFC-338mec CHF,CF,CHFCF, 35230-11-6 n7 12.2
HFC-338pcc CHF,CF,CF,CHF, 377-36-6 13.5 13.5 14
HFC-338mf CF;CH,CF,CF, 2924-29-0 184 214
HFC-338mee CF;CHFCHFCF, 75995-72-1 1n.4 1.9
HFC-347mcc CH;CF,CF,CF; 662-00-0 36.8 39.5
HFC-347mce CH,FCHFCF,CF, 75995-85-6 3.35 3.47
HFC-347mec CH,FCF,CHFCF, 53005-35-9 4.22 4.38
HFC-347pcc CH,FCF,CF,CHF, 119450-61-2 8.7 9.08
HFC-347mcf CHF,CH,CF,CF, 161791-36-2 8.64 9.02
HFC-347mee CHF,CHFCHFCF; 151868-61-0 5 5.2
HFC-347pce CHF,CHFCF,CHF, 119450-64-5 6.43 6.7
HFC-347mfc CHF,CF,CH,CF; 119450-65-6 14.6 15.4
HFC-347mef CF,CH,CHFCF, 86884-16-4 8.53 8.9
HFC-356mce CH;CHFCF,CF, 161791-32-8 2.25 2.33
HFC-356mec CH,CF,CHFCF, 76523-97-2 13.8 14.6
HFC-356pcc CH4CF,CF,CHF, 119450-66-7 10.8 n.4
HFC-356mcf CH,FCH,CF,CF, 161791-33-9 1.2 1.22 1.26
HFC-356mee CH,FCHFCHFCF; 119450-67-8 2.21 2.28
HFC-356pce CH,FCHFCF,CHF, 119450-68-9 2.87 2.98
HFC-356mfc CH,FCF,CH,CF; 76546-55-9 4.84 5.03
HFC-356pec CH,FCF,CHFCHF, 114810-03-6 2.83 2.93
HFC-356mef CHF,CH,CHFCF; 158421-88-6 2.71 2.81
HFC-356mfe CHF,CHFCH,CF, 76523-98-3 3.05 3.16
HFC-356pcf CHF,CH,CF,CHF, 119450-69-0 5.43 5.66
HFC-356pee CHF,CHFCHFCHF, 392-45-0 317 3.29
HFC-356mff CF;CH,CH,CF; 407-59-0 8.47 8.86

462



Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
91.9 0 0.23 0.215 1230 342 98 77 62 L14, O1, R13
153.8 0 0.259 0.251 3190 966 276 260 180 A4, L5, O1,R13
74.5 0 0.17 0.148 782 218 62 49 40 L14, O1,R11
227 0 0.214 0.205 3830 1270 363 457 242 L14, O1,R1
59.2 0 0.201 0.168 673 187 53 42 34 L14, O1,R1
67.1 0 0.21 0.18 836 233 66 52 42 L14, O1, R11
107 0 0.259 0.235 1920 538 154 123 99 L14, O1,R11
44.3 0 0.186 0.148 422 nz 33 26 21 L14, O1,R1N
97.8 0 0.153 0.138 1230 344 98 78 63 L14, O1,R11
20 0 0.107 0.066 86 24 7 5 4 L14, O1, R11
35.7 0 0.15 0.114 304 84 24 19 15 L14, O1,R1
351 0 0.157 0.118 309 86 24 19 16 L14, O1,R11
36.7 0 0.13 0.1 274 76 22 17 14 L14, O1, R14
183 0 0.084 0.085 2060 651 186 200 123 L16, O1,R2
20 0 0.101 0.054 61 17 5 4 3 L14, O1,R1
20 0 0.094 0.036 20 6 2 1 1 L14, O1, R11
24.3 0 0.102 0.069 146 41 12 9 7 L14, O1,R11
20 0 0.054 0.01 3 <1 <1 <1 <1 L14, O1,R1
20 0 0.051 0.016 8 2 <1 <1 <1 L14, O1, R11
714 0 0.319 0.325 5180 2960 885 2660 1080 L17,O1,R2
886 (6} 0.339 0.334 5890 4240 1390 4280 2270 L14, O1,R1
325 0 0.28 0.271 3470 1300 372 656 265 L14, O1, R11
228 0] 0.319 0.303 2930 926 264 286 174 L14, O1, RN
274 0 0.341 0.327 3690 1260 360 495 243 L14, O1,R1
360 0 0.341 0.328 4020 1460 417 673 289 L14, O1,R11
1289 0 0.309 0.306 6790 7720 4950 8180 7650 L14, O1, R11
269 0 0.366 0.351 3900 1320 377 503 253 L14, O1,R1
529 0 0.252 0.247 4910 3060 939 2910 1290 L14, O1,R1
95.4 0 0.257 0.23 999 279 80 63 51 L14, O1,R11
16 0 0.292 0.266 1450 406 16 93 75 L14, O1,R1N
205 (6} 0.304 0.288 2920 907 259 265 170 L14, O1,R1
204 0 0.341 0.323 3250 1010 288 294 189 L14, O1,R11
133 0 0.328 0.303 1930 549 156 127 101 L14, O1,R11
162 0 0.308 0.288 2290 671 191 165 124 L14, O1,RMN
300 0 0.322 0.311 4370 1640 469 826 888! L14, O1,R11
202 0 0.344 0.326 3250 1010 287 290 189 L14, O1, R11
67.1 0 0.229 0.196 636 177 50 40 32 L14, O1,R11
268 0 0.262 0.253 3820 1400 400 662 279 L14, O1, R11
227 0 0.276 0.264 3440 1140 326 412 218 L14, O1,R1
39.6 0 0.268 0.208 367 102 29 23 18 L14, O1, RN
65.9 0 0.258 0.22 701 195 56 44 85! L14, O1,R1
82.1 0 0.247 0.218 901 251 72 56 46 L14, O1, R11
125 0 0.272 0.25 1710 486 139 12 89 L14, O1,R11
81 0 0.257 0.226 921 257 73 58 47 L14, O1,R1
78.3 0 0.303 0.265 1030 288 82 65 52 L14, O1, R11
86.4 0 0.298 0.264 1160 323 92 73 59 L14, O1,R1
137 0 0.293 0.271 2060 591 168 139 109 L14, O1,R1
89.1 0 0.28 0.249 140 317 90 71 58 L14, O1,R11
191 0 0.32 0.303 3330 1030 294 295 193 L14, O1,R1N
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HFC-356qcc CH,FCF,CF,CH,F 114810-02-5 7.03 7.34
HFC-365mcf CH;CH,CF,CF; 37826-35-0 1.64 1.69
HFC-365mee CH;CHFCHFCF; 161791-22-6 1.09 112
HFC-365pce CH3CHFCF,CHF, 158421-89-7 4.35 4.52
HFC-365pec CH;CF,CHFCHF, 119450-71-4 5.44 5.67
HFC-365qcc CH4CF,CF,CH,F 119450-72-5 10.1 10.6
HFC-365mfc CH,CF,CH.CF, 406-58-6 1.1 ppt 8.9 8.86 9.3
HFC-365mef CH,FCH,CHFCF, 161791-23-7 1.07 1.1
HFC-365pcf CH,FCH,CF,CHF, 161791-25-9 1.26 13
HFC-365mfe CH,FCHFCH,CF, 161791-24-8 0.841 0.867
HFC-365qee CH,FCHFCHFCHF, 157016-17-6 1.96 2.03
HFC-365pfc CH,FCF,CH,CHF, 119450-76-9 3.28 3.4
HFC-365qce CH,FCF,CHFCH,F 119450-75-8 2.07 2.15
HFC-365mff CHF,CH,CH,CF; 161879-85-2 3.32 3.44
HFC-365pef CHF,CH,CHFCHF, 119450-77-0 214 2.22
HFC-374mef CF,CHFCH,CH, 161791-15-7 0.629 0.648
HFC-374mfe CF,CH,CHFCH, 86884-13-1 0.492 0.504
HFC-374mff CF;CH,CH,CH,F 83234-21-3 0.212 0.214
HFC-374pcf CHF,CF,CH,CH, 143969-51-1 0.788 0.812
HFC-374pee CHF,CHFCHFCH,4 161791-16-8 0.908 0.936
HFC-374pef CHF,CHFCH,CH,F 161791-17-9 0.862 0.889
HFC-374pfc CHF,CH,CF,CH, 625-09-2 3 3.119
HFC-374pfe CHF,CH,CHFCH,F 161791-18-0 0.75 0.772
HFC-374qce CH,FCF,CHFCH,4 161791-20-4 1.54 1.59
HFC-374qec CH,FCHFCF,CH, 161791-19-1 2.29 2.37
HFC-374qcf CH,FCF,CH,CH,F 161791-21-5 1.07 1.1
HFC-374qee CH,FCHFCHFCH,F 119382-47-7 1.2 1.24
HFC-374scc CH;CF,CF,CH; 421-74-9 17.6 18.8
HFC-374pff CHF,CH,CH,CHF, 161879-84-1 1.38 1.43
HFC-383m CH3CH,CH,CF; 460-34-4 0.192 0.194
HFC-383pe CHF,CHFCH,CH, 66675-41-0 0.483 0.495
HFC-383pfe CHF,CH,CHFCH, 66675-42-1 0.445 0.455
HFC-383pff CHF,CH,CH,CH,F 66587-70-0 0198 0.2
HFC-383qcf CH,FCF,CH,CH; 66587-71-1 1.22 1.26
HFC-383qee CH,FCHFCHFCH;4 66587-72-2 0.365 0.372
HFC-383qef CH,FCHFCH,CH,F 66587-73-3 0.491 0.503
HFC-383qfc CH,FCH,CF,CH, 66587-74-4 1 114
HFC-383sce CH;CF,CHFCH, 66587-75-5 1.19 1.23
HFC-392pff CH,CH,CH,CHF, 2358-38-5 0.166 0.167
HFC-392qef CH3CH,CHFCH,F 686-65-7 0.275 0.279
HFC-392gfe CH3;CHFCH,CH,F 691-42-9 0.31 0.316
HFC-392qff CH,FCH,CH,CH,F 372-907 0.106 0.106
HFC-392scf CH,CH,CF,CH, 353-81-1 0.779 0.803
HFC-392see CH3;CHFCHFCH, 666-21-7 0.279 0.283
HFC-3-10-1q CH4CH,CH,CH,F 2366-52-1 0.081 0.081
HFC-3-10-1se CH,CH,CHFCH, 359-01-3 0.103 0.104
HFC-b-329my CHF,CF(CF;)CF, 59571-40-3 23.7 24.8
HFC-b-329mz CF,CH(CF,)CF, 382-24-1 589 740
HFC-b-338mz CHF,CH(CF,)CF, 382-20-7 15.2 15.9
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Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

167 0 0.252 0.237 2250 669 191 171 124 L14, O1, RN
50.4 0 0.229 0.187 497 138 &9 31 25 L14, O1,R11
35.6 0 0.233 0.176 31 86 25 19 16 L14, O1,R1
12 0 0.22 0.201 1400 394 12 90 72 L14, O1,R11
132 0 0.226 0.209 1790 512 146 120 94 L14, O1,R1
205 0 0.233 0.222 3110 1010 288 339 191 L14, O1, R11

188 0 0.24 0.243 3100 969 276 288 182 A4, 114,01, R2
85! (6} 0.244 0.184 319 89 25 20 16 L14, O1,R11
40.3 0 0.231 0.18 367 102 29 23 18 L14, O1, R11
28.5 0 0.232 0.165 225 62 18 14 1 L14, O1,R11
58.8 0 0.206 0.173 549 153 44 34 28 L14, O1,R1N
89.4 0 0.232 0.207 1090 306 87 69 56 L14, O1,R11
61.6 0 0.192 0.162 543 151 43 34 27 L14, O1, R11
90.3 0 0.276 0.246 1320 368 105 83 67 L14, O1,R1
63.2 0 0.248 0.211 731 203 58 45 37 L14, O1,R1
22 0 0.209 0.136 158 44 12 10 8 L14, O1,R11
20 0 0.209 0.125 n3 32 9 7 6 L14, O1,R1
20 0 0.182 0.075 29 8 2 2 1 L14, O1,R1
26.8 0 0.189 0.132 192 53 15 12 10 L14, O1,R11
30.2 0 0.169 0.122 204 57 16 13 10 L14, O1,R11
28.9 0 0.189 0.135 215 60 17 13 n L14, O1,R1N
81.6 0 0.201 0.177 976 272 78 61 50 L14, O1,R11
25.6 0 0.176 0.121 167 47 13 10 8 L14, O1,R1
47.2 0 0.171 0.139 395 110 31 24 20 L14, O1,R11
65.7 0 0.174 0.149 628 175 50 39 32 L14, O1,R1
34.8 0 0.174 0.131 259 72 20 16 13 L14, O1,R11
38.4 0 0.147 0.114 252 70 20 16 13 L14, O1, RN
268 0 0.221 0.215 4690 1930 558} 1180 426 L14, O1,R1
43.3 0 0.21 0.167 425 n8 34 26 21 L14, O1, R1
20 0 0.166 0.064 26 7 2 2 1 L14, O1,R11
20 0 0.147 0.088 91 25 7 6 5 L14, O1,R1
20 0 0.16 0.093 89 25 7 5 4 L14, O1, R11
20 0 0.248 0.098 42 12 3 3 2 L14, O1,R1
38.4 0 0.137 0.106 277 77 22 17 14 L14, O1,R1
20 0 0.119 0.064 50 14 4 3 3 L14, O1,R1
20 0 0.115 0.069 73 20 6 4 4 L14, O1,R11
35.3 0 0.14 0.106 250 69 20 15 13 L14, O1,R1
37.8 0 0.151 0.116 295 82 23 18 15 L14, O1,R11
20 0 0.094 0.034 14 4 1 <1 <1 L14, O1, R11
20 0 0.078 0.037 26 7 2 2 1 L14, O1,R1
20 0 0.087 0.043 34 9 3 2 2 L14, O1,R1N
20 0 0.098 0.026 7 2 <1 <1 <1 L14, O1,R11
26.1 0 0.114 0.08 159 44 13 10 8 L14, O1,R1
20 0 0.094 0.044 31 9 2 2 2 L14, O1,R1
20 0 0.05 0.011 3 <] <] <1 <1 L14, O1, RN
20 0 0.051 0.013 4 1 <1 <1 <1 L14, O1,R11
523 0 0.319 0.311 4530 2200 637 1700 606 L14, O1,R1N
2879 0 0.313 0.312 6600 8600 9080 9010 9890 L14, O1,R11
334 0 0.342 0.33 4320 1650 472 868 340 L14, O1,R1
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HFC-b-338py CHF,CF(CF3)CHF, 65781-21-7 1n.4 1.8
HFC-b-338mym CH,FCF(CF;)CF,4 65781-19-3 14.6 15.3
HFC-b-347mym CH,CF(CF,)CF;4 662-00-0 36.8 39.5
HFC-b-347mzm CH,FCH(CF,)CF, 279416-3 466 4.83
HFC-b-347myp CH,FCF(CF,)CHF, 65781-22-8 8.7 9.08
HFC-b-347mzp CHF,CH(CF,)CHF, 65781-25-1 7.04 7.33
HFC-b-347pyp CHF,CF(CHF,)CHF, 65781-24-0 7.39 7.71
HFC-b-356mzm CH5CH(CF,)CF,4 382-09-2 12 12.6
HFC-b-356myp CH4CF(CF,)CHF, 65781-20-6 10.8 n.4
HFC-b-356mzp CH,FCH(CF,)CHF, 32931-17-2 3.52 3.65
HFC-b-356myq CH,FCF(CF3)CH,F 161791-34-0 7.03 7.34
HFC-b-356pzp CHF,CH(CHF,)CHF, 138507-15-0 4.58 4.76
HFC-b-356pyp CH,FCF(CHF,)CHF, 35274-04-5 6.15 6.41
HFC-b-365mzp CH;CH(CF;)CHF, 381-95-3 3.52 3.65
HFC-b-365myq CH4CF(CF;)CH,F 119450-80-5 3.67 3.81
HFC-b-365pyp CH,CF(CHF,)CHF, 65781-23-9 6.25 6.53
HFC-b-365mzq CH,FCH(CF;)CH,F 161791-30-6 0.698 0.718
HFC-b-365pzp CH,FCH(CHF,)CHF, 32864-57-6 26 2.69
HFC-b-365pyq CHF,CF(CH,F)CH,F 65781-27-3 4.01 417
HFC-b-374my CF,CF(CH,)CH, 154381-59-6 6.42 6.72
HFC-b-374mz CF;CH(CH,)CFH, 161791-27-1 0.969 1
HFC-b-374py CHF,CF(CH,)CH,F 65781-26-2 2.92 3.03
HFC-b-374pzp CHF,CH(CH,)CHF, 161791-28-2 1.93 2
HFC-b-374qyq CH,FCF(CH,F)CH,F 65781-28-4 4.59 478
HFC-b-374pzq CHF,CH(CH,F)CH,F 161791-29-3 1.64 1.7
HFC-b-383mz CF,CH(CH,)CH, 1550-49-8 0.988 1.02
HFC-b-383py CHF,CF(CH5)CH; 66587-76-6 3.8 3.96
HFC-b-383pz CHF,CH(CH,)CH,F 66587-77-7 0.678 0.699
HFC-b-383qy CH,FCF(CH5)CH,F 161791-26-0 2.36 2.44
HFC-b-383q2q CH,FCH(CH,F)CH,F 66675-40-9 1.02 1.05
HFC-b-392qy CH,FCF(CH5)CH, 62126-92-5 1.2 1.24
HFC-b-392qz CH,FCH(CH-)CH,F 62126-93-6 0.33 0.336
HFC-b-392pz CHF,CH(CH,)CH, 62126-91-4 0.308 0.313
HFC-b-3-10-1q CH,FCH(CH,)CH, 359-00-2 0.088 0.089
HFC-b-3-10-1sy CH5CF(CH5)CH, 353-61-7 1.2 1.25
HFC-43-10mee CF,CHFCHFCF,CF, 138495-42-8 0.30 ppt 17 17 17.9
HFC-458mfcf CF,CH,CF,CH,CF, - 23.8 23.8 25.4
11,2,2,3,3 4-heptafluorocyclo- |\ ok cF,CF,CHFCH,- 15290-77-4 315 3.26
pentane
trans-H, 2H-octafluorocyclopen” | trans- cyclo-CF,CF,CF,CHFCHF- | 15838918-5 3.69 3.82
1-Fluorohexane n-CgH,5F 373-14-8 28.5 33
Fluorobenzene CgHsF 462-06-6 0.059 0.059
HFC-55-10mcff CF,CF,CH,CH,CF,CF, - 7.7 7.66 8
HFC-52-13p CHF,CF,CF,CF,CF,CF, 355-37-3 35.2 35.] 37
41223, 3 hexafluorocyclopen™ | ¢, io. CF,CF,CF,CH,CH,- 123768-18-3 179 1.85
HFC-72-17p CHF,CF,CF,CF,CF,CF,CF,CF, - 23.8 23.8 24.9

Unsaturated Hydrofluorocarbons

HFO-1141

CH,=CHF

75-02-5

2.5 days (1.4-3.1 days)

2.5 days (1.4-3.1 days)
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

268 0 0.333 0.319 3540 1200 342 458 230 L14, O1,R1
325 0 0.285 0.275 3520 1320 378 665 268 L14, O1,R1
529 0 0.306 0.3 5960 3720 140 3530 1570 L14, O1, RN
125 0 0.295 0.271 1620 457 130 105 84 L14, O1,R1
205 0 0.24 0.269 2720 847 242 248 159 L14, O1,R1
174 0 0.356 0.334 2870 851 243 217 158 L14, O1, R11
181 0 0.333 0.314 2800 840 240 220 156 L14, O1,R11
244 0 0.287 0.275 3830 1320 378 535 256 L14, O1,R1N
227 0 0.315 0.301 3930 1300 372 469 249 L14, O1,R11
96.9 0 0.291 0.261 1320 369 105 84 67 L14, O1,R1
167 0 0.264 0.248 2360 700 200 178 130 L14, O1,R1
120 0 0.328 0.301 1960 553 158 127 102 L14, O1,RM
151 0 0.281 0.263 2230 649 185 157 120 L14, O1,R1
94.5 0 0.275 0.246 1390 390 m 88 71 L14, O1, RN
97.8 0 0.24 0.216 1270 357 102 81 65 L14, O1,R1
147 0 0.278 0.259 2500 729 208 177 135 L14, O1, R11
24.2 0 0.214 0.144 163 45 13 10 8 L14, O1,R11
741 0 0.273 0.238 1000 279 79 62 51 L14, O1,R1
105 0 0.206 0.187 1200 338 96 77 62 L14, O1, R11
144 0 0.224 0.209 2350 687 196 169 127 L14, O1,R1N
32 (6} 0.195 0.144 257 71 20 16 13 L14, O1,R1
79.7 0 0.189 0.167 896 250 71 56 46 L14, O1,R1
57.2 0] 0.222 0.186 661 184 52 41 33 L14, O1,R11
13 0 0.152 0.14 170 329 94 76 60 L14, O1,R1
49.9 0 0.177 0.145 438 122 5 27 22 L14, O1,R11
32.2 0 0.184 0.136 288 80 23 18 14 L14, O1, R11
95.4 0 0.162 0.146 1180 330 94 75 60 L14, O1,R1
23.3 0 0.142 0.095 138 38 n 8 7 L14, O1,R1
66 0 0.127 0.109 550 153 44 34 28 L14, O1,R11
33.1 0 0.105 0.079 172 48 14 n 9 L14, O1,R1N
7.5 (6} 0.093 0.072 220 61 17 14 n L14, O1,R1
20 0 0.075 0.038 32 9 3 2 2 L14, O1,R11
20 0 0.139 0.069 54 15 4 3 3 L14, O1,R11
20 0 0.039 0.009 2 <1 <1 <1 <1 L14, O1,RMN
374 0 0.05 0.039 147 41 12 9 7 L14, O1,R11

360 0 0.369 0.359 3980 1610 460 948 348 A4,12,01,R2
372 0 0.521 0.508 7550 3670 1060 2850 1020 L2, O1,R6
90.7 0 0.28 0.253 971 271 77 61 49 L18, O1,R15
106 0 0.29 0.266 1090 306 87 69 56 L18, O1,R15
209 0 0.041 0.041 1340 723 213 622 238 L19, O1,R2
20 0 0.065 0.012 2 <1 <1 <1 <<] L3, O1,R2
178 0 0.59 0.557 3540 1070 305 286 199 L2, O1,R6
659 0 0.593 0.582 6570 3990 1210 3730 1610 L2, O1, R6
55.2 0 0.248 0.21 506 141 40 31 26 L20, O1,R16
525} 0 0.765 0.746 5700 2770 804 2150 768 L2, O1, R6

= 0 0.089 2.47E-03 << <<1 <<1 << << L2, O1,R2
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
EHFON32, (ER, Zdifluoro- () crp=crF - 1.3days 1.3days
ethene
(ezt)h'g':eo'mz' (211, 2-difluoro- (2)-CHF=CHF = 1.6 days 1.6 days
HFO-1132a CH,=CF, 75-38-7 4.6 days (3-5.7 days) 4.6 days (3-5.7 days) 4.6 day
HFO-1123 CHF=CF, 359-11-5 1.4 days 1.5 days 1.5 days
HFO-1261yf CH,=CFCH, - 0.7 days 0.7 days
HFO-1261zf, 3-fluoro-1-propene | CH,FCH=CH, 818-92-8 0.8 days (0.5-1.0 days) 0.9 days (0.5-1.0 days) 0.9 days
HFO-12432f CF,CH=CH, 677-21-4 9 days (5.5-11 days) 9 days (5.5-11 days) 9 days
(E)-HFO-1234ye (E)-CHF=CFCHF, - <5days 19 days 19 days
(2)-HFO-1234ye (2)-CHF=CFCHF, - <5 days 10 days 10 days
(E)-HFO-1234ze (E)-CF,CH=CHF 29188-24-9 0.023 ppt 19 days (12.8-24 days) 19 days (12.8-24 days) 19 days
(2)-HFO-1234ze (2)-CF,CH=CHF 29118-25-0 10.0 days 9.6 days 9.6 days
HFO-1234zc CF,=CHCHF, = <5days 5days 5 days
HFO-1234yf CF,CF=CH, 754-12-1 0.026 ppt 12 days (8.4-16 days) 12 days (8.4-16 days) 12 days
HFO-1234yc CF,=CFCH.F - ~2 days 2 days 2 days
3,3,4 4-tetrafluorocyclobutene c-CH=CHCF,CF,- 2714-38-7 84 days 83 days 83 days
2,312l ApeniEiveresyee- c-CH=CFCF,CF,- 374-31-2 270 days 258 days 268 days
but-1-ene
(E)-HFO-1225ye (E)-CF,CF=CHF 5595-10-8 5.7 days (3.7-6.9 days) 5.7 days (3.7-6.9 days) 5.7 days
(2)-HFO-1225ye (2)-CF,CF=CHF 5528-43-8 10 days (6.2-12 days) 10 days (6.2-12 days) 10 days
HFO-1225yc CF,=CFCHF, - 1.6 days 1.6 days
HFO-1225z¢c CF,=CHCF, 690-27-7 ~2 days 2 days 2 days
HFO-1345zfc C,FsCH=CH, 374-27-6 9 days (5.8-11.4 days) 9 days (5.8-11.4 days) 9 days
(E)-HFO-1336mzz (E)-CF,CH=CHCF; = 122 days 121 days 121 days
(2)-HFO-1336mzz (2)-CF,CH=CHCF, 692-49-9 27 days (16.3-32 days) 27 days (16.3-32 days) 27 days
13_';3;;‘:';”’°'2'(t”ﬂ”°’°methy')' (CF.),C=CH, 38210-5 17 days 17 days
HFO-1447f CH,=CHCF,CF,CF, 355-08-8 9 days (6-10 days) 33 days 33days
1.3.3,4.4,5,5heptafiuorocyclo- | o\ . e, cF,CF,CF=CH- 1892-03-1 254 days 263 days
pentene
(E)-HFO-1438mzz (E)-CF,CH=CHCF,CF, - 122 days 120 days 122 days
(E)-HFO-1438ezy (E)-(CF,),CFCH=CHF 14149-41-8 43 days 43 days 43 days
‘;’éi'_f_':r;z'5'6'6'6'”°"aﬂ”°r°' C.FsCH=CH, 19430-93-4 9 days 9 days 9 days
:&i':;;‘c'f_fégf(ﬁggigﬁt‘,’jf‘z’fca' CoF12CH=CH, 25291172 9 days 9 days 9 days
3,3,4,4,5,56,6,7,7,8,8,9,9,
10,10,10-heptadecafluoro- CgF,,CH=CH, 21652-58-4 9 days 9 days 9 days
dec-1-ene (HFO-194-17fz)
Methyl chloroform CH,CCl, 71-55-6 1.4 ppt 5 5 6.1
Carbon tetrachloride CCl, 56-23-5 77.6 ppt 32 30 -
Methyl chloride CH,CI 74-87-3 549.4 ppt 0.9 0.9 1.57
Methylene chloride CH,Cl, 75-09-2 45.7 ppt 180 days (95-1070 days) | 176 days (95-1070 days) 181 days
Chloroform CHCl; 67-66-3 8.7 ppt 183 days (97-1145 days) | 178 days (97-1145 days) 183 days
1,2-dichloroethane CH,CICH,CI 107-06-2 1oaresy | B2days@i-s55days) | 813days(1-555days) | 821 days
Chloroethane CH,CH.CI 75-00-3 48 days (26-280days) | 47.6 days (26-280 days) 47.8 days
1,1-dichloroethane CH5CHCI, 75-34-3 134 days 134 days
1,1,2-trichloroethane CH,CICHCI, 79-00-5 83 days 84 days
1,1,1,2-tetrachloroethane CH,CICCly 630-20-6 3.39 3.85
1,1,2,2-tetrachloroethane CHCI,CHCI, 79-34-5 145 days 148 days
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
- 0 0.157 2.46E-03 <<] <<1 <<1 <<] <<] L21,O1,R6
- 0 0.115 2.09E-03 <<] <<1 <<1 <<] <<] L21, O1, R6
- 0 0.09 4.32E-03 <1 <<1 <<1 <<] <<] L2, 01, R17
- 0 0.117 2.10E-03 <<] <<1 <<1 <<] <<] L2, O1,R18
- 0 0.093 8.32E-04 <<] <<1 <<1 <<] <<] L22,01,R6
= 0 0.059 6.75E-04 <<] <<1 <<1 <<] <<] L22, 01, R2
- 0 0.177 0.0152 <1 <1 <<1 <<] <<] L2, O1,R2
= 0 0.242 0.0399 4 1 <1 <1 <1 L23, O1, R6
- 0 0.204 0.0187 1 <1 <<1 <<] <<] L23,01,R6
- 0 0.284 0.0459 5 1 <1 <1 <1 A4,12,01,R2
- 0 0.209 0.0191 1 <1 <<1 <<] <<] L2, O1,R2
= 0 0.231 0.0121 <1 <<] <<] <<1 <<1 L24, O1, R6
- 0 0.238 0.0268 2 <1 <1 <1 <<] A4,12,01,R2
- 0 0.202 4.61E-03 <<] <<1 <<1 <<] <<] L24, O1, R6
- 0 0.231 0.101 44 12 3 3 2 L2, O1,R19
20 0 0.297 0.205 241 67 e 15 12 L2, O1, R19
- 0 0.259 0.0152 <1 <1 <<1 <<1 <<1 L2,01,R2
- 0 0.265 2.48E-02 1 <1 <<1 <<] <<] L2, O1,R2
- 0 0.207 3.79E-03 <<1 <<] <<] <<1 <<1 L25, O1,R6
= 0 0.371 8.47E-03 <<] <<1 <<1 <<] <<] L24, O1, R6
- 0 0.356 0.0168 <1 <1 <<1 <<] <<] L2, O1,R6
= 0 0.376 0.193 94 26 7 6 5 L2, O1, R20
- 0 0.393 0.0809 9 2 <1 <1 <1 L2, 01, R21
- 0 0.341 0.0509 3 <1 <1 <1 <1 L26, O1, R2
- 0 0.396 0.0962 n 3 <1 <1 <1 L27,01,R22
20 0 0.33 0.224 193 54 15 12 10 L28, O1,R23
- 0 0.564 0.289 107 30 8 7 5 L29, O1,R6
= 0 0.325 0.0931 12 3 <1 <1 <1 L30, O1,R24
- 0 0.354 0.0314 <1 <1 <<1 <<] <<] L31, 01, R2
- 0 0.396 0.0354 <1 <1 <<1 <<] <<] L31, O1, R2
. 0 0.444 0.0397 <1 <1 <<1 <<1 <<1 L31, O1,R2
38 0.12 0.07 0.0655 576 164 47 38 30 A2,L5,L11,03,R2
44 0.87 0.176 0.172 3870 2150 638 1890 744 A2, 111,132, 03, 04, R2
30.4 0.015 0.00645 4.66E-03 20 6 2 1 1 A2,L5,L11,03,R2
= - 0.048 0.0287 39 n 3 2 2 A2,12,R2
- - 0.122 0.0731 72 20 6 4 4 A2,12,R2
- - 0.02 8.64E-03 5 1 <1 <1 <1 A3,L2,R2
- - 0.01 3.43E-03 2 <1 <1 <1 <<] L2, R2
= = 0.028 0.0154 14 4 1 <1 <1 L3, R2
- - 0.05 0.0219 9 2 <1 <1 <1 L33,R2
28 - 0.103 0.0953 459 128 37 29 23 L34, R2
- - 0.096 0.0543 31 9 2 2 2 L34,R2
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
1-chloropropane CH5CH,CH,CI 540-54-5 16 days (10-80 days) 16.5 days (10-80 days) 16.5 days
2-chloropropane CH,CHCICH, 75-29-6 22 days (13-95 days) 22 days (13-95 days) 22 days
1,3-dichloropropane CH,CICH,CH.CI 142-28-9 17.5 days 17.5 days
1-chloro-2-methylpropane (CH,),CHCH,CI 513-36-0 7.0 days 7.0 days
1-chlorobutane CH,(CH,),CH,CI 109-69-3 5.9 days 5.9 days
T-chloropentane CH,(CH,);CH,CI 543-59-9 0.8 days 0.8 days

Unsaturated Chlorocarbons and Hydrochlorocarbons

benzene (DCTCB)

Chloroethene (vinyl chloride) CH,=CHCI 75-01-4 1.7 days (0.9-2.2 days) 1.7 days (0.9-2.2 days) 1.7 days
1,1-dichloroethene CH,=CCl, 75-35-4 1 days (0.5-1.3 days) 1 day (0.5-1.3 days) 1day
(E)-1,2-dichloroethene (E)-CCIH=CCIH 156-60-5 5.5 days (3.2-6.7 days) 5.5 days (3.2-6.7 days) 5.5day
(2)-1,2-dichloroethene (2)-CCIH=CCIH 156-59-2 5.2days (3.2-6.7 days) | 5.2 days(3.2-6.7 days) 5.2 days
Trichloroethene CHCI=CCl, 79-01-6 0.3 ppt 5.6 days (3.3-7.1 days) 5.6 days (3.3-7.1 days) 5.6 days
Perchloroethene CCl,=CCl, 127-18-4 1.13 ppt 110 days (66-245 days) | 109 days (66-245 days) 10 days
3-chloro-1-propene CH,=CHCH,CI 107-5-1 1.4 days 1.4 days
3-chloro-1-propyne CH,CIC CH 624-65-7 1.4 days 1.4 days
2,3-dichloropropene CH,CICCI=CH, 78-88-6 1.0day 1.0day
1,2-dichloropropene CHCI=CCICH, 563-54-2 1.4 days 1.4 days
1,3-dichloropropene (E) (E)-CHCI=CHCH,CI 10061-02-6 1.6 days 1.6 days
1,3-dichloropropene (Z) (2)-CHCI=CHCH,CI 10061-01-5 0.95 days 0.95 days
3,4-dichloro-1-butene CH,CICHCICH=CH, 760-23-6 0.94 days 0.94 days
Hexachloro-1,3-butadiene CCl,=CCICCI=CCl, 87-68-3 1.4 days 1.4 days
Hexachloro-1,3-cyclopentadiene | CsClg 77-47-4 1.4 days 1.4 days
Chlorobenzene C¢Hs-Cl 108-90-7 22.8 days 22.8 days
1,4-dichlorobenzene p-CI-C¢H,-Cl 106-46-7 42 days 43 days
1,3-dichlorobenzene m-CI-CgH,-Cl 541-73-1 18.9 days 19 days
1,2-dichlorobenzene 0-CI-C¢H,-Cl 95-50-1 32.4 days 32.5days
1-chloro-4-methylbenzene p-Cl-C¢H,-CH, 106-43-4 27.2 days 27.3 days
T-chloro-3-methylbenzene m-CI-CgH,-CH5 108-41-8 27.2 days 27.3 days
1-chloro-2-methylbenzene 0-Cl-CgH,-CH, 95-49-8 27.2 days 27.3 days
Benzyl chloride CgHs-CH.CI 100-44-7 45.2 days 45.6 days
1,2-dichloro-3-(trichloromethyl)- CH,Cl, 84613-97-8 134 days Rk

Unsaturated Chlorofluorocarbons and Hydrochlorofluorocarbons

pene (2); (2)-HCFO-1224yd

CFO-1113 Chlorotrifluoroethene | CF,=CFClI 79-38-9 1.5 days (0.8-2.1 days) 1.5 days (0.8-2.1 days) 1.5 days
(E)-1,2-fluorochloroethene (E)-CHCI=CHF 2268-32-8 2.2 days 2.2 days
(Z)-1,2-fluorochloroethene (2)-CHCI=CHF 2268-31-7 2.2 days 2.2 days
ZE)z'd‘Ch"’“"] 2-difluoroethylene | ) cpci—crcy 598-88-9 4.9 days 4.9 days
zi)z'd":hbm‘] 2-difluoroethylene | 7 crcj—crcy 598-88-9 4.7 days 4.7 days
1,1-dichloro-2,2-difluoro-ethene CCl,=CF, 79-35-6 2.7 days 2.7 days
fluorotrichloroethylene CCl,=CCIF 359-29-5 2.7 days 2.7 days
3-chloro-1,1,3-trifluoro propene (E) | (E)-CHF,CF=CHCI - 5.0 days 5.1days
3-chloro-1,1,3-trifluoro propene (Z) | (2)-CHF ,CF=CHCI - 2.7 days 2.7 days
(E)-HCFO-1233zd (E)-CF,CH=CHCI 102687-65-0 0.047 ppt 42.5 days (34-64 days) | 41.9 days (34-64 days) 41.9 days
(2)-HCFO-1233zd (2)-CF,CH=CHCI 99728-16-2 13 days 13 days 13 days

T-chloro-2,3,3,3-tetrafluoropro- | _ e

pene (E); (E)-HCFO-1224yd (E)-CF,CF=CHCI 3110-38-1 10 days 10 days

I-chloro-2,3,3,3+tetrafluoropro- | ) o cp—cpy 3110-38-1 12 days 12 days
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

- - 0.0195 2.83E-03 <1 <1 <<1 <<] <<] L2, R6

- - 0.0293 3.67E-03 <1 <1 <<1 <<] <<] L2, R6

= = 0.02 4.40E-03 <1 <1 <<] <<1 <<1 L35,R2

- - 0.029 1.42E-03 <<] <<1 <<1 <<] <<] L36,R2

- - 0.02 9.83E-04 <<] <<1 <<1 <<] <<] L36, R2

- 0.016 1.66E-04 <<1 <<1 <<1 <<1 <<1 L37,R2

- - 0.041 7.91E-04 <<] <<1 <<1 <<] <<] L2, R2

= = 0.086 1.17E-03 <<] <<1 <<1 <<] <<] L2, R6

- <0.0003 0.091 5.15E-03 <1 <<1 <<1 <<1 <<1 L2, 011, R2
- <0.0003 0.043 2.63E-03 <<] <<1 <<1 <<] <<] L2, O11,R3
- <0.004 0.099 5.77E-03 <1 <<1 <<1 <<] <<] A3, 12,011, R2
= = 0.107 0.0522 23 6 2 1 1 A2,12,R2
- 0.046 7.44E-04 <<1 <<] <<1 << <<1 L3,R2

= 0.024 4.22E-04 <<] <<1 <<1 <<1 <<1 L3,R2

- 0.052 6.37E-04 <<1 <<1 <<] <<1 <<1 L38,R2
- 0.025 4.15E-04 <<] <<1 <<1 <<] <<] L3, R2

- 0.056 1.11E-03 <<] <<1 <<1 <<] <<] L39,R2
= 0.061 7.15E-04 <<] <<1 <<1 <<] <<] L39, R2
- 0.055 6.40E-04 <<] <<1 <<1 <<] <<] L38,R2
- 0.144 2.31E-03 <<] <<1 <<1 <<] <<] L3, R2

- o.n 1.77E-03 <<] <<1 <<1 <<] <<] L3,R2

- 0.039 7.71E-03 1 <1 <<] <<1 <<1 L40, R2
- 0.075 0.0226 4 1 <1 <1 <1 L41,R2
= 0.08 0.013 1 <1 <<] <<1 <<] 142, R2
- 0.046 0.0115 2 <1 <1 <1 <<1 L42,R2
- 0.05 0.0115 2 <1 <1 <<] <<] L3, R2

- 0.054 o.onz 2 <1 <1 <1 <<] L3,R2

- 0.036 8.02E-03 1 <1 <<1 <<] <<] L3, R2

- 0.024 7.32E-03 2 <] <] <1 <<] L3,R2

= 0.134 0.0743 25 7 2 2 1 R6

= = 0.114 2.03E-03 <<] <<1 <<1 <<] <<] 143, R2

- 0.044 1.08E-03 <<] <<1 <<1 <<] <<] L43,R25
= 0.044 1.11E-03 <<] <<] <<] <<] <<] L44,R25

- 0.013 5.99E-03 <1 <<1 <<1 <<] <<] L43, L44,R25
= 0.013 5.74E-03 <1 <<] <<] <<1 <<1 L44,R25
- 0.007 2.65E-03 <<] <<1 <<1 <<] <<] 143, R25
= 0.13 3.92E-03 <<] <<1 <<1 <<] <<] L3, R2

- 0.232 0.0124 <1 <<] <<] <<] <<] L45, R6

= 0.174 0.0052 <<] <<1 <<1 <<] <<] L45, R6

- <0.0004 0.229 0.0651 14 4 1 <1 <1 L2, O, R26
- <0.0004 0.213 0.0254 2 <1 <1 <1 <<] L2, O11, R26
. 0.366 0.0357 2 <] <] <<] <<] L45, R6

= 0.31 0.0335 2 <1 <1 <1 <<] L45, R6
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Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HCFO-1233xf (2-chloro-3,3,3- _ ~ ~ ~
fluoro-oropenc) CF,CCI=CH, 42.5days (34-64 days) | 42.3 days (34-64 days) 42.5 days
CFO-1215yc (3-chloro-1,1,2,3,3- _ _ _ R _ e »
A" CF,=CFCF,Cl 5 days ~(3-7 days) 5 days ~(3-7 days) 5 days
3,3-dichloro-1,1,1,2-tetrafluoro- CCl,=CFCF, _ 14 days 14 days
propene
1,2-dichloro-3,3,3trifluoro- (2)-CFCCl=CHCI 43127-6 28 4 days 28.4 days
propene (2)
CFO-1316yff (4,4-dichloro- _ 5 (2 5 (2 5
11,233, 4-fluoro-1-butene) CF,=CFCF,CFCl, - 5 days ~(3-7 days) 6 days ~(3-7 days) 6 days
p-chlorobenzotrifluoride CICH,CF; 98-56-6 60 days 60.7 days

Bromocarbons, Hydrobromocarbons, and Halons

Unsaturated Bromofluorocarbons

Methy! bromide CH4Br 74-83-9 6.68 ppt 0.8 0.8 1.8
Methylene bromide CH,Br, 74-95-3 0.9 ppt(0.6-1.7) | 150 days (80-890 days) | 147 days (80-890 days) 150 days
Bromoform CHBry 75-25-2 1.2 ppt (0.4-4.0) 16 days (8-23 days) 13 days (8-23 days) & dady;y(s1)5—88
Halon-1201 CHBrF, 1511-62-2 4.9 4.85 5.68
Halon-1202 CBr,F, 75-61-6 0.009 ppt 2.5 2.5 122
Halon-1211 CBrCIF, 353-59-3 3.1 ppt 16 16 1.45E+04
Halon-1301 CBrF; 75-63-8 3.32 ppt 72 72 2.10E+04
Bromochloromethane CH,BrCl 74-97-5 (oog;)-gﬁtz) 165 days (89-1050 days) | 162 days (89-1050 days) 165 days
Bromodichloromethane CHBrCl, 75274 |03ppt(01-09)| 66days(38-250days) | 66days (38-250days) | > 9! (y55§5-460
Dibromochloromethane CHBr,Cl 124-48-1 0.3 ppt(0.1-0.8) | 59 days (28-225 days) 49 days (28-225 days) 71 da)ésa(yéls?—325
Bromoethane CH,CH,Br 74-96-4 50 days (30-260 days) 50 days (30-260 days) 50 days
1,2-dibromoethane CH,BrCH,Br 106-93-4 89 days (44-590 days) 89 days (44-590 days) 89 days
n-bromopropane CH,CH,CH,Br 106-94-5 15 days (9-65 days) 15 days (9-65 days) 15 days
Iso-bromopropane CH;CHBrCH, 75-26-3 20 days (12-88 days) 20 days (12-88 days) 20 days
Halon-2301 CH,BrCF; 421-06-7 3.2 29 .25
Halon-2311/ Halothane CHBrCICF, 151-67-7 0.010 ppt 1 1 1.08
Halon-2401 CHFBrCF, 124-72-1 29 2.83 BNIS
Halon-2402 isomer CF;CFBr, - 2.5 28 2.10E+04
Halon-2402 CBrF,CBrF, 124-73-2 0.40 ppt 28 28 2.10E+04

Unsaturated Bromochlorofl

4-bromo-3-chloro-3,4,4-trifluoro-
T-butene

Fully Fluorinated Species

uorocarbons

CH,=CHCCIFCBIF,

374-25-4

4.5 days

Bromoethene CH,=CHBr 593-60-2 34 days 35days
Bromothrifluoroethene CFBr=CF, 598-73-2 1.6 days (0.9-2.0 days) 1.6 days (0.9-2.0 days) 1.6 days
1-bromo-2,2-fluoroethene CHBr=CF, 359-08-0 2.7 days (1.5-3.4 days) 2.7 days (1.5-3.4 days) 2.7 days
3-bromo-1-propene CH,=CHCH,Br 106-95-6 20 days 20 days
2-bromo-3,3,3-fluoro-1-propene | CH,=CBrCF, 1514-82-5 3.2 days (1.8-3.9 days) 3.2 days (1.8-3.9 days) 3.2 days
ij:;’:o'3'3'4'4'4'f'”°r°']' CH,=CBICF,CF, 68318-95-6 3.7 days (2.0-4.6days) | 3.7 days (2.0-4.6 days) 3.7 days
4-bromo-3,3,4,4-fluoro-1-butene | CH,=CHCF,CF,Br 18599-22-9 7.5 days (4.7-9.5 days) 7.5 days (4.7-9.5 days) 7.5 days
Benzyl bromide CgHs-CH,Br 100-39-0 14 days 14 days

4.4 days

4.4 days

Nitrogen trifluoride NF; 7783-54-2 2.3 ppt 569 569 -
Perfluorotriethylamine N(C,Fs); 359-70-6 >1000 >3000 -
Perfluorotripropylamine N(C5F,)s 338-83-0 >1000 >3000 -
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
- - 0.263 0.075 16 4 1 <1 <1 L46, R6
= - 0.362 0.021 <1 <] <<1 <<] <<] L47, R6
- 0.343 0.0419 2 <1 <1 <1 <1 L3, R6
- 0.318 0.0684 8 2 <1 <1 <1 L48, R6
- - 0.399 0.0231 <1 <] <<1 <<] <<] L47, R6
= 0.314 0.115 25 7 2 2 1 L49
26.3 0.57 0.006 4.21E-03 9 2 <1 <1 <1 A2, L5, L11, 03, R2
- 3-4 0.017 9.33E-03 5 1 <1 <1 <1 A3,L2,011,R2
= 55 0.018 2.13E-03 <<] <<1 <<1 <<] <<] A3, L2, O11,R2
34 0.165 0.152 1320 375 107 87 69 L2, R2
36 1.8 0.313 0.271 773 215 61 48 8S) A2,12,L5, 03, R2
41 71 0.32 0.31 5080 1990 570 1mo 420 A2,12,L5,03,R4
73.5 17 0.313 0.309 8580 7430 2840 7800 5220 A2,12,L5,03, R2
- - 0.035 0.0202 17 5 1 1 <1 A3,L2,R2
- - 0.061 0.023 6 2 <1 <1 <1 A3,12,R6
- - 0.04 0.0125 2 <] <] <1 <<] A3,L2,R6
- <0.46 0.018 5.67E-03 2 <1 <1 <1 <<1 L2, O11, R2
. - 0.027 1.20E-02 4 1 <] <1 <1 L2, R2
= <0.17 0.018 2.43E-03 <1 <<1 <<1 <<1 <<] L2, O11, R2
- - 0.026 4.32E-03 <1 <1 <<1 <<] <<] L2, R2
= = 0.152 0.135 575! 160 46 36 29 L2, R2
- ~1.6 0.18 0.134 163 45 13 10 8 A3,L2,012,R2
28 - 0.214 0.189 707 197 56 44 36 L2, R2
32 - 0.346 0.339 4420 2360 695 2010 763 L2,L50, R6
41 15.6 0.332 0.325 4240 2260 666 1930 732 A2, L5, 11,03, R2
- - 0.041 0.01 2 <1 <1 <1 <1 L51, R2
- - 0.161 0.003 <<] <<1 <<1 <<] <<] L2, R6
- - 0.123 0.004 <<1 <<] <<1 <<] <<] L2, R6
- 0.04 0.007 <1 <1 <<1 <<] <<] L52,R2
= <0.05 0.246 0.009 <1 <<1 <<1 <<] <<] L2, O11, R6
- - 0.334 0.013 <1 <<1 <<1 <<] <<] L2, R6
- - 0.348 0.026 <1 <1 << <<1 <<1 L2, R6
- - 0.032 0.004 <1 <<1 <<1 <<] <<] L3,R2
- 0.329 0.015 <1 <<1 <<1 <<] <<] L2, R6
740 0 0.209 0.208 13,600 17,700 18,500 18,600 20,300 A2,L5,L53,01,R2
>3000 (0] 0.686 0.69 8770 12,100 16,300 12,500 14,600 L3, O1, R27
>3000 0 0.809 0.816 7390 10,200 13,700 10,600 12,300 L3, O1,R27

473



Annex

Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
Perfluorotributylamine N(C4Fs)s 311-89-7 >1000 >3000 -
Perfluorotripentylamine N(CsFy)5 338-84-1 >1000 >3000 -
Sulfur hexafluoride SFe 2551-62-4 10.3 ppt 3200 850-1280 -
g;g'r‘i’gemmethy')s“'f”r penta- SF.CF, 373-80-8 0.155 ppt 650-950 650-950 -
PFC-14 (Perfluoromethane) ClFy 75-73-0 86.4 ppt 50,000 50,000 -
PFC-116 (Perfluoroethane) C,Fs 76-16-4 4.94 ppt 10,000 10,000 -
PFC-c216 (Perfluorocyclopropane) | c-C;Fg 931-91-9 3000 3000 -
PFC-218 (Perfluoropropane) C,Fq 76-19-7 0.7 ppt 2600 2600 -
PFC-c316 (Perfluorocyclobutene) | c-C,Fq 697-11-0 1.2 1.2 1.205
PFC-c318 (Perfluorocyclobutane) | c-C,Fq 115-25-3 1.82 ppt 3200 3200 -
PFC-31-10 (Perfluorobutane) n-C,Fo 355-25-9 2600 2600 -
PFC-c418 (Perfluorocyclopentene) |c-CsFq 559-40-0 1.1 1.06 1.063
PFC-41-12 (Perfluoropentane) n-CsF,, 678-26-2 0.148 ppt 4100 4100 -
PFC-51-14 (Perfluorohexane) n-CeFyy 355-42-0 0.22 ppt 3100 3100 -
PFC-61-16 (Perfluoroheptane) n-C,Fg 335-57-9 3000 3000 -
PFC-71-18 (Perfluorooctane) n-CgFig 307-34-6 3000 3000 -
PFC-91-18 (isomer mixture) CioFie 306-94-5 2000 2000 -
PFC-c91-18(Z) (Perfluorodecalin(Z)) | (2)-C\oF1s 60433-12-7 2000 2000 -
PFC-c91-18(E) (Perfluorodecalin(E)) | (E)-C,oF s 60433-11-6 2000 2000 -
PFC-1114 CF,=CF, 16-14-3 1.2 days (0.7-1.6 days) 1.2 days (0.7-1.6 days) 1.2 days
PFC-1216 CF,CF=CF, 116-15-4 5.5 days (3.3-7.1 days) 5.5 days (3.3-7.1 days) 5.5days
Perfluorobuta-1,3-diene CF,=CFCF=CF, 685-63-2 1.1 days 1.1 days 1.1days
Perfluorobut-1-ene CF;CF,CF=CF, 357-26-6 6 days 6.6 days 6.6 days
Perfluoroisobutene (CF,),C=CF, 382-21-8 14 days 14 days
(E)-Perfluoro-2-butene (E)-CF,CF=CFCF, 360-89-4 22 days 22 days 22 days
(Z)-Perfluoro-2-butene (2)-CF,CF=CFCF, 1516-15-9 35 days 35 days 35days
Perfluoro(2-methyl-2-pentene) (CF;),C=CFCF,CF, 1584-03-8 192 days 0.527 0.527
Hexafluorobenzene CeFs 392-56-3 15 days 15 days
PFPHP- Perfluoroperhydrophen- CoFn 306-91-2 >1000 _

anthrene (Vitreon, Flutec PP 11)

Halogenated Ethers

HFE-125 CHF,OCF; 3822-68-2 135 101.7 147
HFE-134 (HG-00) CHF,OCHF, 1691-17-4 26.9 25.4 28.4
HFE-143a CH;OCF; 421-14-7 4.9 4.82 5.05
HFE-152a CH,OCHF, 359-15-9 1.8 1.78 1.85
HFE-227ea CF;CHFOCF, 2356-62-9 54.8 48.4 58.1
1,1,2,2-tetrafluoro-1-(trifluoro- CF.OCF,CFH 2356-61-8 153 16.6
methoxy)ethane

HCFE-235ca2 (enflurane) CHF,OCF,CHFCI 13838-16-9 4.42 4.38 4.58
HCFE-235daz2 (isoflurane) CHF,OCHCICF, 26675-46-7 0.11 ppt 3.5 3.48 3.7
HFE-236ca CHF,OCF,CHF, 32778-11-3 22 18.9 23.2
HFE-236ea2 (desflurane) CHF,OCHFCF, 57041-67-5 0.37 ppt 14 13.7 14.8
HFE-236fa CF,CH,OCF, 20193-67-3 ~7.5 7.56 8
HFE-245cb2 CF,CF,OCH; 22410-44-2 5 4.99 5.24
HFE-245fal CHF,CH,OCF; 84011-15-4 ~6.7 6.64 7
HFE-245fa2 CHF,OCH,CF; 1885-48-9 5.5 5.49 5.77
HFE-254cb]1 CH,OCF,CHF, 425-88-7 2.5 2.52 2.62
HFE-254eb2 CH,OCHFCF, - 110 days (69-200 days) | 107 days (69-200 days) 110 days
HFE-263mf CF,CH,OCH, 460-43-5 28 days (19-47 days) 28 days (19-47 days) 29 days
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Annex

Stratospheric ODP Radiative Recommended GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 100-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics
>3000 0.924 0.938 6590 9070 12,200 9430 11,000 L3, 01, R2
>3000 1.05 1.06 6090 8370 11,300 8710 10,200 L3, O1,R27
- 0.574 0.574 18,400 24,700 29,800 25,800 29,300 A2,154,01,R2
650-950 0 0.596 0.594 14,200 18,800 21,400 19,600 22,000 A2,L55,01,R2
50,000 0 0.099 0.1 5380 7490 10,700 7770 9180 A2,16, O1,R2
10,000 0 0.263 0.264 9040 12,600 17,700 13,000 15,400 A2,16, O1,R2
3000 0 0.74 0.747 23,500 32,300 43,600 33,600 39,200 L56, O1, R6
2600 0 0.274 0.276 6920 9500 12,700 9880 11,500 A2,156, 01, R2
1.2 0 0.33 0.255 453 126 36 28 23 L57, 01, R19
3200 0 0.318 0.328 7740 10,600 14,400 11,100 12,900 A2,16, O1,R2
2600 0 0.374 0.375 7430 10,200 13,600 10,600 12,300 L56, O1, R2
>1000 0 0.363 0.275 330 92 26 20 17 L58, O1,R28
4100 0 0.412 0.415 6800 9390 12,900 9760 11,400 A3, L6, O1,R2
3100 0 0.455 0.459 6410 8810 11,900 9160 10,700 A2, L6, O1,R2
3000 0 0.51 0.515 6260 8610 11,600 8950 10,400 L56, O1, R2
3000 0 0.565 0.572 6160 8470 11,400 8810 10,300 L56, O1, R2
2000 0 0.545 0.547 5580 7620 9950 7930 9170 L56, O1, R2
2000 0 0.519 0.536 5460 7460 9750 7770 8990 L56, O1, R2
2000 0 0.569 0.583 5940 8120 10,600 8450 9780 L56, O1, R2
- 0 0.126 0.002 <<] <<1 <<1 <<] <<] L2,01,R2
- 0 0.239 0.014 <1 << << <<1 <<1 L2, O1,R2
- 0 0.244 0.003 <<1 <<] <<] <<1 <<1 L2,01,R2
- 0 0.307 0.021 <1 <1 <<1 <<] <<] L2, O1,R2
- 0 0.336 0.041 <1 <1 <1 <<1 L3, 01, R2
- (0} 0.304 0.055 4 1 <1 <1 <1 L2, O1,R2
- 0 0.304 0.076 2 <1 <1 <1 L2, O1,R2
= 0 0.774 0.478 202 56 16 12 10 L2, 01, R6
- 0 0.153 0.077 31 9 2 2 2 L59, O1,R2
>1000 0 0.961 0.984 7390 9900 11,800 10,300 1,700 L3, O1,R6

330 0 0.42 0.416 13,100 12,900 5880 13,700 10,700 L2, 0O1,R2
241 0 0.459 0.454 12,600 6370 1860 5150 1880 L2,01,R2
104 0 0.205 0.189 2140 607 173 140 12 L2, O1,R2
50.6 0 0.201 0.168 874 243 69 54 44 L2,01,R2
288 0 0.466 0.46 9600 6930 2280 7000 3720 L2, O1,R2
197 0 0.687 0.665 9480 3640 1040 1920 751 L60, O1, R6
96.6 0.04 0.448 0.415 2330 657 187 151 120 L2, 012, R2
58.4 0.03 0.475 0.426 1920 536 153 121 98 A2,12,012,R2
103 0 0.654 0.638 11,100 4750 1360 3090 1100 L2, O1,R6
188 0 0.482 0.466 6930 2530 722 1190 504 A2,12,01,R2
138 0 0.393 0.378 3770 1,30 323 300 211 L3, O1,R2
107 0 0.365 0.34 2650 754 215 175 139 L2,01,R2
128 0 0.335 0.322 3230 950 271 236 176 L3, O1,R2
13 0 0.388 0.361 3070 880 251 208 162 L2,01,R2
66 0 0.3 0.262 1200 J3 5 7 61 L2,01,R2
- 0 0.362 0.176 94 26 7 6 5 L2,01,R6
= 0 0.216 0.046 7 2 <1 <1 <1 L61, O1, R2
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Industrial Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
or Chemical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
HFE-263m1 CF,OCH,CH, 690-22-2 ~145 days 143 days 0.4
1,1,2-trifluoro-2-(trifluoromethoxy)- CHF,CHFOCF, 84011-06-3 9 8.75 93
ethane
Perfluoro ethyl vinyl ether C,FsOCF=CF, - 3.9days 0.011
HFE-329mcc2 CHF,CF,OCF,CF, 134769-21-4 ~25 22.6 25
1,1,1,3,3,3-hexafluoro trifluoro- CF,OC(CF)H B 84.6 114.8
methoxy
HFE-338mmz1 (CF;),CHOCHF, 26103-08-2 22.3 21.3 23.5
HFE-338mcf2 CF;CH,OCF,CF, 156053-88-2 ~7.5 7.56 8
HFE-338mec3 CF;CFHCF,OCF,H 56860-85-6 9.4 10
HFE-347mmz]1 (Sevoflurane) (CF;),CHOCH,F 28523-86-6 0.16 ppt 1.9 1.4 1.46
HFE-347mcc3 (HFE-7000) CH;OCF,CF,CF; 375-03-1 51 5.07 5.32
HFE-347mcf2 CHF,CH,OCF,CF; 171182-95-9 ~6.7 6.64 7
HFE-347pcf2 CHF,CF,OCH,CF, 406-78-0 6.1 5.99 6.31
HFE-347mmy1 (CF5),CFOCH, 22052-84-2 3.7 3.66 3.83
HFE-347mcf CHF,OCH,CF,CF; 56860-81-2 5.8 5.73 6.03
HFE-356mec3 CH,OCF,CHFCF, 382-34-3 2.5 2.87 3
HFE-356mff2 CF;CH,OCH,CF; 333-36-8 128 days (79-270 days) 126 days (79-270 days) 128 days
HFE-356pcf2 CHF,CH,OCF,CHF, 50807-77-7 ~6 5.7 6
HFE-356pcf3 CHF,OCH,CF,CHF, 35042-99-0 3.5 3.52 3.67
HFE-356pcc3 CH,OCF,CF,CHF, 160620-20-2 25 2.87 3
HFE-356mmz1 (CF;),CHOCH, 13171-18-1 65 days (49-128 days) 67 days (49-128 days) 66 days
HFE-365mcf3 CF,CF,CH,OCH, 378-16-5 25 days (17-42 days) 25 days (17-42 days) 26 days
HFE-365mcf2 CF,CF,OCH,CH, 22052-81-9 219 days 0.573 0.59
HFE-374pc2 CHF,CF,OCH,CH, 512-51-6 76 days (49-128 days) | 76 days (49-128 days) 77 days
11,2, 2-tetrafluoro-3-methoxy- | cpie o ch,0CH, 60598-17-6 26 days 26 days 26 days
propane
HFE-43-10pcccl24 (H-Galden
1040x, HG) CHF,OCF,0C,F,OCHF, 188690-77-9 14.1 13.7 14.7
HFE-449s1 (HFE-7100) C,FsOCH, 219484-64-7 4.8 5.05 5.3
n-HFE-7100 n-C,FsOCH, 163702-07-6 4.8 5.05 53
i-HFE-7100 i-C,FoOCH; 163702-08-7 4.8 5.05 53
lethoxy1,1,2,3,3,3hexafluoro- | o cpiecr, 0cH,cH, 380-347 147 days 147 days 150 days
propane
1,1,1,2,2,3,3-Heptafluoro-3-
(1,2,2,2-tetrafluoroethoxy)- CF,CF,CF,OCHFCF; 3330-15-2 59.4 51.1 62
propane
HFE-54-11mecf CF,CHFCF,OCH,CF,CF, 1000-28-8 9.1 0.95 0.98
:Ii:XE)-569sf2 (HFE-7200, isomer C.FOC,Hs _ 0.8 0.784 0.808
n-HFE-7200 n-C,FsOC,H; 163702-05-4 0.8 0.784 0.808
i-HFE-7200 i-C4FsOC;H;5 163702-06-5 0.63 0.63 0.649
n-HFE-7300 n-C,FsCF(OCH;)CF(CF,), 132182-92-4 4.99 5.23
n-HFE-7500 n-C4F,CF(OC,H:)CF(CFs), 297730-93-9 0.348 0.354
HFE-236c¢al2 (HG-10) CHF,OCF,OCHF, 78522-47-1 26.5 251 28
HFE-338pcc13 (HG-01) CHF,OCF,CF,OCHF, 188690-78-0 13.4 13 14
HG-02 (1,1"-oxybis[2-(difluoro-
methoxy)-1,1,2,2-tetrafluoro- HF,C(OCF,CF,),OCF,H 205367-61-9 26.9 25.4 28.4
ethane)
HG-03(1,1,3,3,4,4,6,6,7,7,9,9,
10,10,12,12-hexadecafluoro- HF,C(OCF,CF,);OCF,H 173350-37-3 26.9 25.4 28.4
2,5,8,11-tetraoxadodecane)
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Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

- 0 0.227 0.125 103 29 8 6 5 L3, O1,R2
150 0 0.371 0.356 3970 1240 352 363 232 L62, O1,R2
- 0 0.596 0.025 <1 <<] <<] <<] <<] L63, O1,R6
241 0 0.559 0.555 7410 3490 1010 2620 925 L3, 01, R2
321 0 0.692 0.686 12,300 1,300 4670 11,900 8630 L64, O1,R6
226 0 0.464 0.458 6470 2950 851 2120 743 L2, 01, R2
138 0 0.481 0.461 3540 1070 304 282 198 L65, O1,R2
156 0 0.712 0.682 6170 1960 559 613 369 L3, O1,R6

41.9 0 0.369 0.299 505 140 40 31 25 A2,1L2,01,R2
108 0 0.367 0.343 2040 579 165 135 107 L2, O1,R2
128 0 0.46 0.44 3310 973 278 242 180 L66, O1, R2
120 0 0.516 0.483 3330 964 275 232 178 L2, O1,R13
86.6 0 0.353 0.321 1400 391 12 89 72 L2, O1,R2
116 0 0.55 0.517 3430 987 282 235 182 L2, O1,R6
66 0 0.333 0.297 1120 312 89 70 57 L67,O1,R2
- 0 0.363 0.19 87 24 7 5 4 L2, O1,R2
116 0 0.406 0.388 2810 810 231 192 149 L68, O1,R2
84 0 0.421 0.393 1810 506 144 15 93 L2, O1,R2
66 0 0.349 0.314 180 330 94 74 60 L67,O1,R2
- 0 0.336 0.127 31 9 2 2 2 L2, O1,R2
- 0 0.294 0.058 6 2 <1 <1 <1 L69, O1, R2
= 0 0.486 0.309 259 72 21 16 13 L2, O1,R6
- 0 0.325 0.132 45 13 4 3 2 L70, O1,R2
= 0 0.256 0.052 6 2 <1 <1 <1 L71, 01, R2
188 0 1.068 1.03 8580 3130 894 1470 624 L2, 01,R2
108 0 0.391 0.362 1710 487 139 N3 90 L2, O1,R2
108 0 0.462 0.428 2020 576 164 134 106 L2,0O1,R2
108 0 0.371 0.343 1620 462 132 107 85 L2, O1,R2
- 0 0.347 0.195 96 27 8 6 5 L62, O1,R2
292 0 0.6 0.594 8140 6040 2020 6150 3390 L62, O1, R2
30.4 0 0.778 0.575 437 121 35 27 22 L2, O1,R6
25.9 0 0.653 0 <<] <<] <<] <<] <<] L72,01, R6
25.9 0 0.429 0.3 214 59 17 13 1 L72,01,R2
21.5 0 0.33 0.216 124 34 10 8 6 L72, O1,R2

107 0 0.572 0.536 1790 509 145 na 94 L73,01,R29

- 0 0.616 0.332 67 19 5 4 3 L73, 01, R29
240 0 0.663 0.669 11,900 5950 1740 4780 1730 L2, O1,R2
183 0 0.904 0.92 9540 3400 972 1500 669 L2, O1,R2

241 0 1.18 1.167 10,900 5520 1610 4460 1630 L74, O1,R30

241 0 1.46 1.451 10,200 5160 1500 4170 1520 L74, O1, R30
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CASRN WMO (2018) Total

Lifetime

WMO (2022) Total
Lifetime

Tropospheric
(OH Reactive

Atmospheric
Abundance?

Industrial Designation Chemical Formula

or Chemical Name

HG-04 (1,1,3,3,4,4,6,6,7,7,9,9,
10,10,12,12,13,13,15,15-eicosa-

(years)

(years)

Loss) Lifetime
2022
(years)

fuore-d,5.8.11 Mpentaos, HCF,O(CF,CF,0),CF,H 173350-38-4 26.9 25.4 28.4
pentadecane)

HG-20 HF,C(OCF,),OCF,H 249932-25-0 26.5 251 28
HG-21 HF,COCF,CF,OCF,OCF,OCF,H 249932-26-1 13.4 13 14
HG-30 HF,C(OCF,);OCF,H - 26.5 251 28
T-ethoxy-11,2,2,3,3,3-heptafluoro | - ~r ¢ ey cH, 22052-86-4 0.75 0.728 0.75
-propane

Fluoroxene CF;CH,OCH=CH, 406-90-6 3.6 days 3.6 days 3.6 days
l’l}’l)zétzi;;?fﬂ“°r°']'(ﬂ“°’°meth' CH,FOCF,CF,H 37031-31-5 6.2 589 6.2
2-ethoxy-3,3,4,4,5-pentafluoro-

I’Ietjt(;argy]d(rtc:lffuirglr;[ltﬁylz)ezt;;t]ra CHsFe0, 920979-28-8 0.81 0.806 0.83
furan

Fluoro(methoxy)methane CH,OCH,F 460-22-0 73 days 72 days 73 days
Fluoro(fluoromethoxy)methane CH,FOCH,F 462-51-1 0.9 0.872 0.9
Difluoro(fluoromethoxy)methane | CH,FOCHF, 461-63-2 3.2 317 3.3
Trifluoro(fluoromethoxy)methane | CH,FOCF, 2261-01-0 4.2 4.2 4.4
HG'-01 CH;OCF,CF,0OCH; 73287-23-7 1.7 1.68 1.74
HG'-02 CH-O(CF,CF,0),CHs 485399-46-0 1.7 1.68 1.74
HG'-03 CH,O(CF,CF,0):CH, 485399-48-2 17 1.68 1.74
HFE-329me3 CF,CFHCF,OCF; 428454-68-6 33.6 31 35.3
Zchlorol 1, 2-trfluero-Hmethoxy™ | ey oer,cHEC 425-87-6 143 1.44 149
Octafluorooxolane c-C,FO 773-14-8 0.074 ppt - >3000 -
EZ?:!E}(,T’:{:;3'°p°'ymethy" CFOCF(CF,)CF,OCF,OCF, 1309353-34-1 800 370 _
HFE-216 CF,OCF=CF, 1187-93-5 1.6 days 4.7 days 4.7 days

Fluoroesters

Trifluoromethyl formate HC(O)OCF, 85358-65-2 <3.5 BES5 3.71
Perfluoroethyl formate HC(O)OCF,CF; 313064-40-3 <3.6 3.57 3.73
Perfluoropropyl formate HC(O)OCF,CF,CF, 271257-42-2 <2.6 2.62 2.73
Perfluorobutyl formate HC(O)OCF,CF,CF,CF,4 197218-56-7 <2.6 2.6 2.7
2,2, 2-trifluoroethyl formate HC(O)OCH,CF, 32042-38-9 200 days 0.54 0.56
3,3, 3-trifluoropropyl formate HC(O)OCH,CH,CF; 1344118-09-7 99 days 108 days 110 days
1,2,2,2-tetrafluoroethyl formate HC(O)OCHFCF, 481631-19-0 3.1 3.2 3.25
:c')]r'rl] 'j’t':'3'hexaﬂ“°r°p’°pa”'2'y" HC(O)OCH(CF,), 856766-70-6 3.1 3.07 3.2
Perfluorobutyl acetate CH,C(O)OCF,CF,CF,CF; 209597-28-4 22 days 22 days 22 days
Perfluoropropyl acetate CH,C(O)OCF,CF,CF, 1344118-10-0 22 days 22 days 22 days
Perfluoroethyl acetate CH,C(O)OCF,CF4 343269-97-6 22 days 22 days 22 days
Trifluoromethyl acetate CH,C(O)OCF, 74123-20-9 22 days 22 days 22 days
Methyl carbonofluoridate FCOOCH; 1538-06-3 1.8 1.74 1.81
1,1-difluoroethyl carbonofluoridate | FC(O)OCF,CH, 1344118-11-1 10 days 108 days 110 days
l’!éf;‘:t”methy' 2,2,24rifluoro- | -r ~()0CF,CH, - 110 days o ks 120 days
Ethyl 2,2, 2-trifluoroacetate CF,C(O)OCH,CH, 383-63-1 22 days 69 days 70 days
2,2 2-rfluoroethy| 2,2, 2:41lU0r0" | CE C(O)OCH,CF, - 180 days 176 days 180 days
Methyl 2,2, 2-trifluoroacetate CF,C(O)OCH, 431-47-0 1 0.98 1.01
Methyl 2,2-diflucroacetate HCF,C(O)OCH;, 433-53-4 124 days 122 days 124 days
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Stratospheric
Lifetime 2022

(years)

oDP

Radiative
Efficiency
(well mixed)
(Wm=2ppb~)*©

Recommended
Adjusted Effective
Radiative Efficiency

(Wm=2ppb)©

GWP
100-yr

GWP
500-yr

GTP

Annex

GTP

100-yr

Footnotes
A: Atmospheric Abundance
L: Lifetime
O: Ozone Depletion Potential
R: Radiative Metrics

241 0 1.5 1.493 8420 4250 1240 3430 1250 L74,01,R30
240 1.181 1.159 15,200 7590 2210 6090 2210 L75, 01, R6
183 1.822 1.763 11,700 4170 1190 1840 820 L74, 01, R6
240 1.601 1.572 16,300 8150 2370 6540 2370 L75, 01, R6
24.3 0 0.516 0.354 289 80 23 18 14 L70, O1,R6
= 0 0.3 0.012 <1 <<1 <<1 << << L70, O1, R31
19 0 0.468 0.44 3980 1150 328 276 213 L70, O1,R6
25,9 0 0.66 0.467 167 46 13 10 8 L76, O1,R32
- 0 0.191 0.076 56 16 4 3 3 L77,01, R6
28.3 0 0.191 0.222 566 157 45 85 28 L78, O1, R6
78 0 0.25 0.315 2380 665 190 150 121 L78, 01, R6
95 0 0.308 0.389 3280 923 263 2N 169 L78, O1, R6
48 0 0.352 0.291 723 201 57 45 36 L79, 01, R2
48 0 0.683 0.563 816 227 65 50 41 L79, 01, R2
48 0 0.927 0.763 780 217 62 48 39 L79, O1,R2
256 0 0.499 0.5 7400 4190 1250 3740 1500 L80, O1, R2
43 0 0.313 0.251 584 162 46 36 29 L81, O1, R6
>3000 0 0.469 0.469 10,200 14,100 19,000 14,600 17,100 A5, 182, 01,R32
370 0 0.653 0.656 7830 9830 8860 10,300 10,900 L83, O1,R2
= 0 0.491 0.024 <1 <1 <<1 <<I <<I L84, O1,R6

110 0 0.347 0.313 2320 650 185 147 19 L85, O1, R34
10 0 0.504 0.456 2370 662 189 150 121 L86, O1, R34
83 0 0.222 0.194 569 158 45 36 29 L86, O1, R34
83 0 0.613 0.54 1270 354 101 79 65 L87, 01, R34
= 0 0.278 0.176 178 49 14 1l © L88, O1, R34
- 0 0.277 0.138 69 19 5 4 3 L89, O1, R34
77 0 0.396 0.354 1810 504 144 N4 92 L90, O1, R34
76 0 0.373 0.335 1250 350 100 79 64 L89, O1, R34
= 0 0.706 0.125 7 2 <1 <1 <1 L91, O1, R34
- 0 0.571 0.101 6 2 <1 <1 <1 192, O1,R34
= 0 0.572 0.101 8 2 <1 <1 <1 192, O1, R34
- 0 0.404 0.071 8 2 <1 <] <] 192, O1,R34
50 0 0.085 0.071 380 106 30 23 19 L90, O1, R34
- 0 0.352 0171 95 26 8 6 5 L93, O1, R34
= 0 0.533 0.271 19 88 9 7 6 L89, O1, R34
- 0 0.315 0.122 39 n 3 2 2 194, O1,R2
- 0 0.428 0.257 152 42 12 9 8 L94, O1, R34
31 0.267 0.201 369 103 29 23 19 L94, O1,R35
- 0.193 0.101 74 20 6 4 4 L94, O1, R34
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al Designation Chemical Formula CASRN Atmospheric  WMO (2018) Total WMO (2022) Total Tropospheric
mical Name Abundance? Lifetime Lifetime (OH Reactive
(years) (years) Loss) Lifetime
2022
(years)
Difluoromethyl 2,2, 2-trifluoro- CF,C(O)OCHF, 2024-86-4 110 days 108 days 110 days
acetate
Vinyl 2,2, 2-trifluoroacetate CF,C(O)OCH=CH, 433-28-3 1.7 days 1.7 days
Allyl 2,2, 2-trifluoroacetate CF,C(O)OCH,CH=CH, 383-67-5 1.5 days 1.5 days

Halogenated Alcohols

pentanol

Halogenated Ketones

3,3, 3-trifluoropropan-1-ol CF,CH,CH,OH 2240-88-2 15 days 16 days 16 days
2,2,3,3,3-pentafluoropropan-1-ol | CF;CF,CH,OH 422-05-9 172 days 168 days 172 days
4,4,4-trifluorobutan-1-ol CF4(CH,),CH,OH 461-18-7 5.4 days 5.4 days 5.4 days
2SS S RN e e | e i, 16621-87-7 110 days 19'5days 19.5 days
pentanol

1,1,1,3,3,3-hexafluoropropan-2-ol | (CF;),CHOH 920-66-1 1.9 1.88 1.95
3,3,4,4,5,5,6,6,7,7,7-undeca-

A CF54(CF,),CH,CH,OH 185689-57-0 17 days 17 days 17.4 days
3,3,4,4,55,6,6,778,8,9,9,9- o

pentadecafluorononan-1-ol CF4(CF2)sCH,CH;OH 755-022 17 days 17 days 17.4 days
3,3,4,4,5,5,6,6,77,8,8,9,9,10,

10,11,11,11-nonadecafluoro- CF54(CF,)sCH,CH,OH 87017-97-8 17 days 13 days 12.8 days
undecan-1-ol

2,2.3,3,4,4,4-heptafluoro- CF,CF,CF,CH,0H 375-01-9 0.55 0.46 0.472
butan-1-ol

2,2,3,3-tetrafluoro-1-propanol CHF,CF,CH,OH 76-37-9 93 days 92.4 days 93.6 days
2,2,3,4,4,4-hexafluoro-1-butanol | CF;CHFCF,CH,OH 382-31-0 134 days (85-280 days) 132 days (85-280 days) 134 days
2-fluoroethanol CH,FCH,OH 371-62-0 16 days 16.2 days 16.2 days
2,2-difluoroethanol CHF,CH,OH 359-13-7 61 days 60.8 days 61.4 days
2,2, 2-trifluoroethanol CF,CH,OH 75-89-8 167 days 163 days 167 days
2,2:3,3,4,4,5,5,5-fluoro-1- CF,CF,CF,CF,CH,OH - 172 days (111-330 days) | 168 days (111-330days) | 172 days

petanal

1-fluoropropan-2-one CH,C(O)CH,F 430-51-3 16 days 136 days
1,1,1-trifluoropropan-2-one CF,C(O)CH, 421-50-1 16 days 136 days
]21 1.3,3,3-hexafluoropropan- | g co)cr, 684-16-2 18 days -
one

1,1,1-trifluorobutan-2-one CF,C(O)CH,CH, 381-88-4 0.8 days 13.5 days
Q‘Sﬁf&fg%gﬁf‘gﬁ)‘Perﬂ“°r° CF,CF,C(O)CF(CF.), 756-13-8 7 days (7-14 days) 7 days (7-14 days) -
Dadimetylpenansong | CF-CFIOCHCE), - - 7 eys -
Perfluoro(2-methyl-3-hexanone) | CF;CF,CF,C(O)CF(CF;), - - 7 days -
Chloroacetone CH,C(O)CH,CI 78-95-5 1day 32 days
Bromoacetone CH,C(O)CH,Br 598-31-2 <2 hours 15 days
Trifluoroacetaldehyde CF,CHO 75-90-1 2.7 days 31days
Trifluoroacetyl fluoride CF,CFO 354-34-7 6.9 days =
Oxalyl fluoride FC(O)C(O)F 359-40-0 5.1days -
3,3, 3-trifluoro-propanal CF;CH,CHO 460-40-2 5days 2.7 days 5.5days
2,2,3,3,3-pentafluoropropanal CF,CF,CHO 422-06-0 1.4 days 13.5 days
Difluoromalonyl fluoride FC(O)CF,C(O)F 5930-67-6 6.9 days -
4,4, 4-trifluorobutanal CF;CH,CH,CHO 406-87-1 1.8 days 2.6 days
2,2,3,3,4,4,4-heptafluorobutanal | CF;CF,CF,CHO 375-02-0 1.1 days 13.5 days
Tetrafluorosuccinyl fluoride FC(O)CF,CF,C(O)F 679-13-0 6.9 days -
EZEAALDDSTETES | e @ @ aF e 375-53-1 1.1 days 13.5 days
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Stratospheric ODP Radiative Recommended GWP GWP GWP GTP GTP Footnotes
Lifetime 2022 Efficiency Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr A: Atmospheric Abundance
(years) (well mixed)  Radiative Efficiency L: Lifetime
(Wm=ppb)® (Wm=ppb™)c© O: Ozone Depletion Potential
R: Radiative Metrics

- 0 0.471 0.23 100 28 8 6 5 L89, O1, R34

- (0] 0.261 0.009 <<] <<1 <<1 <<] <<] L95, O1, R2

- 0 0.334 0.008 <<] <<1 <<1 <<] <<] L95, O1, R2

- 0 0.221 0.032 3 <1 <1 <1 <1 L2, O1,R2
= 0 0.289 017 125 35 10 8 6 L2, O1,R2
- 0 0116 0.007 <1 <<1 <<1 <<1 <<1 L96, O1, R2
= 0 0.319 0.054 3 < <1 <1 <1 L97, 01, R2
53 0 0.334 0.294 789 219 63 49 40 L97, 01, R2
= 0 0.371 0.058 2 <1 <1 <1 <1 198, O1, R2
- 0 0.412 0.065 2 <1 <1 <1 <<1 198, O1,R2
= 0 0.312 0.04 <1 <1 <<1 <<1 <<1 L98, O1, R2
- 0 0.321 0.197 109 30 9 7 5 199, O1, R2
= 0 0.257 0122 56 16 4 3 3 1100, O1, R2
- 0 0.424 0.227 108 30 9 5 L2, O1,R2
= 0 0.087 0.012 2 <1 <1 <1 <<1 L2, O1,R2
- 0 0127 0.045 22 6 2 1 1 L2, O1,R2
= 0 0.202 0.1 107 30 8 7 5 L2, O1,R2
- 0 0.529 0.045 20 6 2 1 <1 L2, O1, R6

- 0 0.046 0.026 4 <1 <1 <1 <1 L3, O1,R2

- 0 0.205 0.099 9 3 <1 <1 <1 L3, O1,R2

- 0 0.289 0.147 10 3 <1 <] <] L3, O1,R2

- 0 0.205 0.0994 <1 <1 <<1 <<] <<] L3, O1,R2

- 0 0.407 0.133 2 <] <] <1 <<] L101, O1, R2

= (0] 0.802 0.264 3 <1 <1 <1 <1 L101, L102, O1, R6
- 0 0.768 0.253 3 <1 <] <] <] L101, 1102, O1, R6
= 0.038 4.60E-04 <<] <<1 <<1 <<] <<] 1103, O1, R2

- 0.045 5.00E-05 <<] <<1 <<1 <<] <<] L104, O1,R6

. 0 0.167 0.00481 <<] <<1 <<1 <<] <<] L105, L106, O1, R2
= 0 0.274 0.0188 <1 <1 <<1 <<1 <<1 L106, O1, R6

- 0 0.188 0.00988 <1 <<1 <<1 <<] <<] L106, O1, R6

= (0] 0.173 0.00515 <<] <<1 <<1 <<] <<] L106, L107, O1, R2
- 0 0.202 0.00331 <<] <<1 <<1 <<] <<] L3, 1106, O1,R2
- (0] 0.29 0.0198 <1 <1 <<1 <<] <<] L106, O1, R6

- 0 0.163 0.00336 <<] <<1 <<1 <<] <<] L3, 1106, O1,R2
- 0 0.25 0.00328 <<1 <<] <<] <<1 <<1 L3, 1106, O1, R2
- 0 0.375 0.0257 <1 <1 <<1 <<] <<] L106, O1, R6

- (0] 0.286 0.00376 <<] <<1 <<1 <<] <<] L3, L1106, O1, R2
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CASRN

WMO (2018) Total
Lifetime
(years)

WMO (2022) Total
Lifetime
(years)

Industrial Designation Chemical Formula

or Chemical Name

Atmospheric
Abundance?

Tropospheric
(OH Reactive
Loss) Lifetime

lodocarbons

2022
(years)

Methyl iodide CH,l 74-88-4 0.8 ppt(0.3-2.1) | <14 days (3.5-14 days) <14 days (3.5-14 days) 269 days
Bromoiodomethane CH,Brl 557-68-6 <60 mins <60 mins 150 days
Chloroiodomethane CH.CII 593-71-5 <100 mins <100 mins 150 days
Diiodomethane CH,l, 75-11-6 <5mins <5mins 3.8 days
Trifluoroiodomethane CF,l 2314-97-8 <5 days (0.7-5 days) <5 days (0.7-5 days) 3
lodoethane CH,CH,| 75-03-6 <4 days (2.4-13.9 days) | <4 days (2.4-13.9days) | >2 dady:y(;f‘g“
n-iodopropane CH;CH,CH,l 107-08-4 <2days <2days 14.6 days
i-iodopropane CH;CHICH, 75-30-9 <1 day <1 day 12.7 days
3-iodo-1-propene CH,=CHCH,| 556-56-9 <1.2 days 1.4 days
l-iodo-heptafluoropropane CF,CF,CF,l 754-34-7 <2 days <2 days 3
Tert-butyl iodide (CH,),ClI 558-17-8 <5days 13.6 days

Special Compounds

Carbonyl fluoride COF, 353-50-4 7 days (5-10 days) 7 days (5-10 days)

Phosphorus tribromide PBrs 7789-60-8 <0.01 days <0.1day

Ammonia NH, 7664-41-7 (few days) (few days) 10 days
Carbonyl Sulfide COS 463-58-1 505 ppt 2 2 -
Sulfuryl fluoride SO,F, 699-79-8 2.6 ppt 36 36 >300
Trifluoroacetic acid (TFA) CF,C(O)OH 76-05-1 5 days 116 days
f,’yﬁf: 'ggf,;é"s't”ﬂ“”"' CsCLEN 1737-93-5 - -
Heptafluorobutyronitrile (CF,),CFCN 375-00-8 32.7 58.3
Chlorine nitrate CIONO, 14545-72-3 14 days -
Bromine nitrate BrONO, 40423-14-1 ~2 hours -

Table Heading Footnotes:

2 Atmospheric abundances were taken from Chapter 1, Chapter 2, and WMO (2018) for the year 2020 or 2016, as noted in the footnotes.

® Values in this column include molecule dependent stratospheric temperature adjustment (see Section A.2.5.2) and assumes that compounds are well mixed
in the atmosphere (note that this assumption leads to overestimation of RE for molecules that have an inhomogeneous atmospheric distribution).

¢ Values in this column include molecule dependent stratospheric temperature adjustment (see Section A.2.5.2), lifetime adjustment (Section A.2.5.3), low-fre-
quency infrared absorption adjustment (Section A.2.5.4), and tropospheric adjustments when relevant (Section A.2.5.5).

Abundance Footnotes:

Al Year 2020 value was taken from the Global Monitoring Laboratory (GML) database (gml.noaa.gov/ccgg/trends).
A2 Taken from Chapter 1 for the year 2020.

A3 Taken from WMO (2018) for the year 2016. Values in parentheses represent a potential range of values.

A4 Taken from Chapter 2 for the year 2020.

A5 Taken from Chapter 1.

Lifetime Footnotes:

L1 Perturbation total lifetime reported in IPCC (2022) used to evaluate climate metrics. The lifetime for CH, based on a budget analysis is 9.1 years.
L2  OH rate coefficient was taken from Burkholder et al. (2019).

L3 Estimated OH radical rate coefficient and/or total lifetime.

L4 Tropospheric photolysis partial lifetimes have been included in the total lifetime analysis; see Section A.T Introduction.

L5 Atmospheric lifetimes taken from the recommendations given in the SPARC (2013) lifetime report. Note that in some cases there are slight differences
between the combination of the partial lifetimes and the recommended total atmospheric lifetime, which was derived from multi-model results and
field observations.

L6 Total lifetime is the best estimate taken from Ravishankara et al. (1993) that includes mesospheric loss due to Lyman-a. (121.567 nm) photolysis.

L7 Stratospheric partial lifetime was taken from the 2-D model calculations in Davis et al. (2016). These values are in agreement with the values reported
in Laube et al. (2014): 59 (43-95) years for CFC-112, 51 (32-113) years for CFC-112a, and 59 (31-305) years for CFC-113a (scaled to a CFC-11 lifetime of
52 years), but of higher precision.

L8 The total lifetime includes mesospheric loss due to Lyman-a. (121.567 nm) photolysis.
L9 Lifetime was taken from Kloss et al. (2014).
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Recommended GWP GWP GWP GTP GTP
Adjusted Effective 20-yr 100-yr 500-yr 50-yr 100-yr
Radiative Efficiency

(Wm-=2ppb-)©

Footnotes
A: Atmospheric Abundance
L: Lifetime
O: Ozone Depletion Potential

Radiative
Efficiency
(well mixed)

Stratospheric
Lifetime 2022
(years)

(Wm=2ppb™)®

R: Radiative Metrics

- <0.42 0.009 0.004 <1 <<1 <<1 <<1 <<1 A3, L2, 1108, L109, L110, O11, R2
- <0.02 0.031 2.00E-05 <<1 <<1 <<1 <<1 <<1 L108, L111, L112, O14, R6

- <0.07 0.035 4.00E-05 <<1 <<1 <<1 <<1 <<1 L108, L111, L112, O11, R6

- <0.02 0.038 2.00E-06 <<1 <<1 <<1 <<1 <<1 1108, L111, L113, 014, R2

- <0.09 0.283 0.067 1 <1 <<1 <<1 <<1 108, L109, L110, O11, R6

- <0.02 0.021 0.004 <<1 <<1 <<1 <<1 <<1 1108, L110, L111, L114, O14, R2
- <0.02 0.0248 5.60E-04 <<1 <<1 <<1 <<1 <<1 L108, L111, L114, O14, R6

- >0.02 0.043 5.20E-04 <<1 <<] <<] <<1 <<1 L108, L114, O14, R2

- - 0.042 6.00E-04 <<] <<] <<] <<] <<] L3, L115, R2

- <0.09 0.427 9.69E-03 <<1 <<] <<] <<1 <<1 L108, L116, O15, R6

- - 0.032 0.008 <1 <<1 <<1 <<1 <<1 L3, L115, R6

- - 0.123 0.008 <1 <1 <<1 <<1 <<1 L106, R2
- - 0.038 <0.001 <<1 <<] <<] <<1 <<1 L106, R6
- - 0.061 0.0014 <1 <<1 <<1 <<1 <<1 L2, 106, R2
60 - 0.016 0.0137 109 30 9 7 6 A3, L17,R2
630 0.203 0.2 7130 4390 1340 4140 1820 A2,12,1118, 01, R2
- 0.359 0.019 <1 <1 <<1 <<1 <<1 L106, L119, O1, R2
- - 018 - - - - - - R6
74 0 0.223 0.221 4020 2350 705 2140 884 L120, O1, R37
- - 0.086 0.0108 1 <1 <<1 <<1 <<1 L121, R2
- - 0.102 1.09E-04 <<1 <<] <<] <<1 <<1 121, R2

L10  Stratospheric partial lifetime was taken from 2-D model calculations in Papadimitriou et al. (2013b).
L11 Ocean and soil loss partial lifetimes have been included in the total lifetime analysis; see Section A.1 Introduction.

L12  Lifetimes were taken from Papanastasiou et al. (2018), where k(OH) was calculated using the structure activity relationship (SAR) of DeMore (1996) and
stratospheric lifetime estimated as described in the Section A.T Introduction.

L13  Stratospheric lifetime was taken from the 2-D model simulation reported in McGillen et al. (2015).
L14  OH radical rate coefficient was taken from Burkholder et al. (2020).

L15 Stratospheric partial lifetime was calculated using a 2-D model with OH and O('D) rate coefficients recommended in SPARC (2013) lifetime report, see
Chapter 3.

L16  OH radical reactivity was calculated using the structure activity relationships of DeMore (1996) with an assumed E/R of 1700 K.
L17  OH radical reactivity calculated using the room temperature rate coefficient reported by Young et al. (2009) with an assumed E/R of 1700 K.
L18  OH radical rate coefficient was taken from Zhang et al. (2015).

L19  OH radical rate coefficient was assumed to be the same as for HFC-329p.

L20 OH radical rate coefficient was taken from Guo et al. (2019).

L21  OH radical rate coefficient data were taken from Tokuhashi et al. (2018a).

L22  OH radical rate coefficient data were taken from Tokuhashi et al. (2021).

L23  OH radical rate coefficient was assumed to be similar to that of HFO-1234ze.

L24  Alifetime upper limit was estimated based on reactivity trends.

L25 OH radical rate coefficient was taken from Tokuhashi et al. (2021).

L26 OH radical rate coefficient was taken from Papadimitriou et al. (2015).

L27 OH radical rate coefficient was taken from Jiménez et al. (2016).

L28 OH radical rate coefficient was taken from Liu et al. (2016).

L29 The lifetime estimated to be similar to that of (E)-CF;,CH=CHCF;.

L30 OH radical rate coefficient was taken from Papadimitriou and Burkholder (2016).

L31 OH radical rate coefficient was calculated using the room temperature rate coefficient reported by Sulbaek Andersen et al. (2005a) with an E/R of
-170K.

L32 Partial lifetimes, other than ocean uptake (see Section A.1 Introduction), were taken from recommendations in the SPARC (2016) CCl, report.
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L33
L34
L35
L36
L37
L38
L39
L40
L41

L42
L43
L44
L45
L46
L47
L48
L49
L50
L51

L52
L53
L54

L55

L56

L57
L58
L59
L60
L61

L62
L63
L64
L65
L66
L67
L68
L69
L70
L71

L72

L73
L74
L75
L76

L77
L78
L79

L80

L81

L82
L83
L84
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OH radial rate coefficient was taken from Taylor et al. (1992).

OH radial rate coefficient was taken from Jiang et al. (1993).

OH radial rate coefficient was taken from Donaghy et al. (1993).

OH radial rate coefficient was taken from Loison et al. (1998).

OH radial rate coefficient was taken from Markert and Nielsen (1992).

OH radial rate coefficient was taken from Zhang et al. (2017).

OH radial rate coefficient was taken from Tuazon et al. (1988).

OH radial rate coefficient was taken from Bryukov et al. (2009).

OH radial rate coefficient was taken from the studies of Arnts et al. (1989) and Wahner and Zetzsch (1983).
OH radial rate coefficient was taken from Wahner and Zetzsch (1983).

OH radial rate coefficient was taken from Barrera et al. (2015).

OH radial rate coefficient was taken from the studies of Tokuhashi et al. (2019) and Barrera et al. (2015).
OH radial rate coefficient was taken from Tokuhashi et al. (2018b).

Local lifetime was estimated to be similar to that of (E)-CF;CH=CHCI.

Local lifetime was estimated to be similar to that of CF;CF=CF,.

OH radical rate coefficient was taken from Tokuhashi et al. (2021).

OH radical rate coefficient was taken from the studies of Atkinson (1985) and Young et al. (2008).
Lifetime was estimated to be similar to that of CBr,F,.

OH radical rate coefficient was taken from Perry et al. (1977).

OH radical rate coefficient was taken from Albaladejo et al. (2003).

Tropospheric (84,150 years) and mesospheric (2531 years) lifetimes were taken from the 2-D model calculations in Papadimitriou et al. (2013a).

Lifetime range derived from the modeling studies of Kovacs et al. (2017), with a reported lifetime of 1278 years, and Ray et al. (2017), with a reported
lifetime of 850 years.

Total lifetime range was taken from Takahashi et al. (2002), which included mesospheric loss due to Lyman-o. (121.567 nm) photolysis, dissociative
electron attachment, and solar proton event loss processes.

Total lifetime was estimate based on the increase in Lyman-a. (121.567 nm) absorption cross section (increased photolysis rate) with increasing number
of —CF,- groups in the perfluorocarbon.

OH radical rate coefficient was taken from Jia et al. (2013).

OH radical rate coefficient was taken from Zhang et al. (2017).

OH radical rate coefficient was taken from Mcllroy and Tully (1993).

OH radical reaction rate coefficient was taken from Sulbaek Andersen et al. (2005b).

OH radical rate coefficient was taken from the room temperature value from Oyaro et al. (2005) with an assumed E/R of 500 K.
OH radical rate coefficient was taken from the room temperature value from Oyaro et al. (2005) with an assumed E/R of 1500 K.
OH radical reaction rate coefficient was taken from Srinivasulu et al. (2018).

OH radical reaction rate coefficient was taken from Sulbaek Andersen et al. (2005b).

The OH radical reactive loss partial lifetime was estimated to be the same as for CF;OCH,CF.

OH radical reaction rate coefficient was assumed to be the same as CHF,CH,OCF,.

The OH radical reactive loss partial lifetime was estimated to be the same as for CH,;OCF,CHF,.

The OH radical reactive loss partial lifetime was estimated from the sum of the OH partial lifetimes of CF;CF,OCF,CHF, and CF;CF,OCH,CHF,.
OH radical rate coefficient was taken from the room temperature value from Oyaro et al. (2004) with an assumed E/R of 500 K.
The OH radical partial lifetime was taken from the value in Bravo et al. (2011b).

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Oyaro et al. (2004) with an assumed
E/Rof 1000 K.

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Christensen et al. (1998) with an
assumed E/R of 1000 K.

OH radical reaction rate coefficient was taken from Rodriguez et al. (2014).
OH radical reaction rate coefficient was taken from Sulbaek Andersen et al. (2010).
OH radical reaction rate coefficient was assumed to be similar to HG-10.

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Javadi et al. (2007) with an assumed E/R
of 1000 K.

The OH radical reactive loss partial lifetime was calculated using the structure activity relationship estimated OH rate coefficient in Urata et al. (2003).
OH radical rate coefficient was taken from the theoretically calculated value in Blowers et al. (2008).

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Sulbaek Andersen et al. (2004) with an
assumed E/R of 1000 K.

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Wallington et al. (2004) with an as-
sumed E/R of 1000 K.

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Tokuhashi et al. (1999).
Total lifetime estimated in Vollmer et al. (2019).
Total lifetime estimated in Young et al. (2006).

The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Mashino et al. (2000) with an assumed
E/R of -400 K.
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L85 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Chen et al. (2004b).

L86 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Chen et al. (2004a).

L87 OH radical rate coefficient was assumed to be similar to that of perfluoropropyl formate (HC(O)OCF,CF,CF;).

L88 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Oyaro et al. (2004) with an assumed
E/R of 500 K.

L89 Total lifetime was taken from the estimate in Bravo et al. (2011a).

L90 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Chen et al. (2006).

L91 The OH radical reactive loss partial lifetime was taken from the estimate in Christensen et al. (1998), which was based on comparison with Cl atom
reactivity.

L92 OH radical rate coefficient was assumed to be the same as for perfluorobutyl acetate (CH,C(O)OCF,CF,CF,CF;).

L93 OH radical rate coefficient was assumed to be the same as for ethyl 2,2, 2-trifluoroacetate (CF;C(O)OCH,CH,).

L94 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Blanco and Teruel (2007) with an
assumed E/R of 1000 K.

L95 OH radical reaction rate coefficient was taken from Rodriguez et al. (2016).

L96 OH radical reaction rate coefficient was taken from Antifolo et al. (2011).

L97 OH radical reaction rate coefficient was estimated by comparison with other fluoroalcohols; see Ellis et al. (2003).

L98 The OH radical reactive loss partial lifetime was calculated using the room temperature OH rate coefficient from Ellis et al. (2003) with an assumed E/R
of 1000 K.

L99 OH radical rate coefficient was assumed to be the same as CF;CF,CH,OH.

L100 OH radical rate coefficient was taken from Antifiolo et al. (2012).

L101 Tropospheric photolysis is the dominant loss process for perfluoroketones; see Taniguchi et al. (2003)and Jackson et al. (2011).

L102 OH radical rate coefficient was assumed to be similar to that of NOVEC-1230.

L103 OH radical reaction rate coefficient was taken from Carr et al. (2003); UV photolysis is the primary loss process, and the lifetime was taken from Burk-
holder et al. (2002).

L104 UV photolysis is the primary loss process, and the lifetime was taken from Burkholder et al. (2002).

L105 OH radical reaction rate coefficient was taken from Sellevag et al. (2004).

L106 Heterogeneous uptake is most likely the predominant loss process.

L107 OH radical reaction rate coefficient was taken from Antifolo et al. (2010).

L108 Total lifetime is primarily determined by UV photolysis with a decreasing local lifetime with increasing altitude.

L109 Lifetime estimates were taken from the 3-D model simulations of Youn et al. (2010).

L110 Lifetime range represents a likely variation in local photolysis partial lifetime with time and location of emissions.

L111  Photolysis lifetimes were taken from Méssinger et al. (1998) for CH,Brl and Roehl et al. (1997) for CH,CII, CH;CH,l, CH,CH,CH,l, and CH,CHICH;.

L1712 OH radical reaction rate coefficient was assumed to be similar to that of CH,Br,.

L113 OH radical reaction rate coefficient was taken from Zhang et al. (2011).

L114 OH radical reaction rate coefficient was taken from Zhang et al. (2012).

L115 UV photolysis rate coefficient was assumed to be the same as for CF,l.

L116 Photolysis and OH reactivity assumed the same as for CF;l.

L117 Lifetime was taken from Briihl et al. (2012).

L118 Lifetimes were taken from Papadimitriou et al. (2008) and Miihle et al. (2009).

L119 OH radical reaction rate coefficient was taken from Carr et al. (1994).

L120 OH radical reaction rate coefficient was taken from Blazquez et al. (2017).

L121 Formed in the stratosphere with a predominant UV photolysis loss. UV absorption spectra are recommended in Burkholder et al. (2019).

ODP Footnotes:

O1  Negligible and assigned a value of zero.

O2 Value was taken from Ravishankara et al. (2009).

O3  Value was taken from Chapter 7.

04 ,(Agre)ater ODP value was reported from the 2-D model calculations in Davis et al. (2016): 0.95 (CFC-113), 0.78 (CFC-114), 1.01 (CFC-12), and 1.06
CCl,).

O5  Value was taken from the Montreal Protocol.

O6  ODP was taken from the 2-D model calculations in Davis et al. (2016). The semiempirical ODP reported in Laube et al. (2014) is consistent with the
Davis et al. (2016) value but has a larger uncertainty range.

O7 ODP was taken from Kloss et al. (2014).

08 ODP was taken from the 2-D model calculations in Papadimitriou et al. (2013b).

09 Ser(niem;;irical ODP was calculated using an empirical relationship of the fractional release factor with stratospheric lifetime given in Papanastasiou et
al. (2018).

O10 ODP was taken from Papanastasiou et al. (2018).

O11  Upper limit of ODPs of short-lived substances reported in the studies of Brioude et al. (2010) for C,HsBr, CH,CBrCF;, n-C;H,Br, C,HCl,, CCl,CHO, CH;l,

CF;l, C5F,1, CH,CII, and CHBr;; Wuebbles et al. (2009) for C;H,Br, C,HCl;, and C,Cl,; Patten et al. (2010) for HFO-1233zd and E-CHCI=CHCI; Youn et
al. (2010) for CF;l and CH,l; and Tegtmeier et al. (2012) for CH,Br, and CHBr;. The derived ODPs in these studies were shown to be strongly depen-
dent on the region and season of the substance emissions, with the greatest values obtained for emissions in the Indian subcontinent.

485




Annex

012 ODP was taken from Langbein et al. (1999).
014 ODP was assumed to be <0.02 for surface emissions.

O15 ODP was assumed to be the same as for CF;l.

RE, GWP, and GTP Footnotes:

GWP and GTP values that are less then 0.1 are reported as “<<1” in the table. GWP and GTP values that are between 0.1and 1
are reported as “<1” in the table.

R1
R2

R3

R4
R5

R6
R7

R8

R9

R10
RT1

R12

R13

R14

R15

R16

R17

R18

R19

R20
R21

R22

R23

R24
R25

R26
R27
R28

R29

R30
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Radiative efficiency and climate metrics were taken from IPCC (2022).

Radiative efficiency was taken from the recommendation given in Hodnebrog et al. (2020a), which was based on a combination of literature review of
experimental data and reanalysis. Climate metrics were calculated here.

Radiative efficiency was calculated using the room temperature infrared absorption spectrum reported in the Pacific Northwest National Laboratory
(PNNL) database (secure2.pnl.gov/nsd/nsd.nsf). Sharpe et al. (2004).

Radiative efficiency was taken from the recommendation given in Hodnebrog et al. (2020a) with +12% added due to tropospheric adjustments.
Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Davis et al. (2016) and the lifetime report-
ed here.

Radiative efficiency and climate metrics were calculated using the theoretically calculated infrared absorption spectrum and lifetimes given here.
Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Papadimitriou et al. (2013b) and the
lifetime reported here.

An instantaneous radiative efficiency was reported in Charmet et al. (2013), which was increased by +10% here to approximately account for the
stratospheric temperature adjustment.

Radiative efficiency and climate metrics were calculated using the theoretically calculated infrared absorption spectrum in Papanastasiou et al. (2018)
and lifetimes given here.

Radiative efficiency metrics were calculated using the infrared spectrum reported in McGillen et al. (2015).

Radiative efficiency and climate metrics were calculated using the theoretically calculated infrared absorption spectrum reported in Burkholder et al.
(2020).

Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Gierczak et al. (1996) and the lifetime
reported here.

Radiative efficiency was taken from recommendation given in Hodnebrog et al. (2013), which was based on a combination of literature review of
experimental and theoretical data and reanalysis.

Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Rajakumar et al. (2006) and the lifetime
reported here.

Zhang et al. (2015) reported an instantaneous radiative efficiency value, using the Oslo LBL-Pinnock method. In the absence of an experimental spec-
trum, a +10% stratospheric temperature adjustment was applied here to obtain the radiative efficiency.

Guo etal. (2019) reported an “instantaneous radiative efficiency” value, using the Pinnock method. In the absence of an experimental spectrum, a
+10% stratospheric temperature adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Baasandorj et al. (2010) and the lifetime
reported here.

Radiative efficiency and climate metrics were calculated using the infrared absorption spectrum reported in Baasandorj et al. (2016) and the lifetime
reported here.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Jai et al. (2013), which was calculated
using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature adjust-
ment was applied to obtain the radiative efficiency here.

Radiative efficiency and climate metrics were based on the infrared spectrum reported in Baasandorj et al. (2018).

Radiative efficiency and climate metrics were based on an average of the instantaneous radiative efficiencies reported in Baasandorj et al. (2011) and
Osterstram et al. (2017), which were calculated using the Pinnock method, and the lifetimes reported here. In the absence of experimental spectra, a
+10% stratospheric temperature adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Jiménez et al. (2016), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Liu et al. (2016), which was calculated
using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature adjustment
was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the infrared spectrum from Papadimitriou and Burkholder (2016).

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Barrera et al. (2015), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the infrared spectrum in Gierczak et al. (2014).

Radiative efficiency and climate metrics were calculated using the infrared spectrum in Bernard et al. (2018).

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Zhang et al. (2017), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Rodriguez et al. (2014), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Sulbaek Andersen et al. (2010), which
was calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric tem-
perature adjustment was applied here to obtain the radiative efficiency.



R31

R32
R33

R34

R35

R36
R37
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Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Bravo et al. (2013), which was cal-
culated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the infrared spectrum in Vollmer et al. (2019).

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in Javadi et al. (2007), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

Radiative efficiency and climate metrics were calculated using the recommendation given in Hodnebrog et al. (2013), which was based on the Bravo
etal. (2011a) theoretically calculated infrared absorption spectra.

Radiative efficiency and climate metrics were calculated using the instantaneous radiative efficiency reported in @sterstrom et al. (2015), which was
calculated using the Pinnock method, and the lifetimes reported here. In the absence of an experimental spectrum, a +10% stratospheric temperature
adjustment was applied here to obtain the radiative efficiency.

An OH radical reaction vertical profile lifetime adjustment was applied for very short-lived compounds lost by UV photolysis.

Radiative efficiency and climate metrics were calculated using the radiative efficiency reported in Sulbaek Andersen (2017), which was calculated
using the Pinnock method, with a +10% stratospheric temperature adjustment applied, and the lifetimes reported here.
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