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8.SM.1 Figures on Regional Emissions
to Support Section 8.2.2
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Figure 8.SM.1 | Time evolution of regional anthropogenic and biomass burning emissions 1850-2100 used in Coupled Model Intercomparison Project Phase 5 (CMIP5)/Atmo-
spheric Chemistry and Climate Model Intercomparison Project (ACCMIP) following each Representative Concentration Pathway (RCP). Historical (1850-2000) values are from
(Lamarque et al., 2010). RCP values are from (van Vuuren et al., 2011).
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Figure 8.SM.2 | Time evolution of anthropogenic and biomass burning emissions 1850-2100 used in CMIP5/ACCMIP following each RCP. Historical (1850—2000) values are from
Lamarque et al. (2010). RCP values are from van Vuuren et al. (2011).
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Figure 8.SM.2 | (continued)
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Figure 8.SM.2 | (continued)

8.SM.2 Description of Hydroxyl Radical
Feedback and Perturbation Lifetime
for Methane to Support Section 8.2.3

The methane lifetime with respect to tropospheric hydroxyl radical (OH)
is estimated at 11.2 + 1.3 years, while the lifetime of methane (CH,)
with respect to additional sinks is estimated at 120 + 24 years (bac-
terial uptake in soils), 150 + 50 years (stratospheric loss) and 200 =
100 years (chlorine loss), respectively. This leads to a total CH, lifetime
estimate of 9.25 =+ 0.6 years, calculated by computing the total lifetime
using the full range of each separate lifetime listed above. Note that
adding the inverse values of the best estimates of the lifetimes gives
9.15 years, but the value based on full ranges is chosen here. Combin-
ing this information with the OH-lifetime sensitivity (s) for CH,, s_OH
(0.31 + 0.04) by scaling s_OH with the ratio between total lifetime and
OH-lifetime (9.25/11.2) leads to an overall estimate of s of 0.25 + 0.03

8SM-6

and therefore gives a feedback factor f = 1/(1 —s) = 1.34 = 0.06 (for
1-o range). The error estimate on f is estimated from the error estimate
on s using error(f) = error(s) * df/ds.

The perturbation lifetime is therefore calculated by combining the
range of values for the CH, lifetime with the range of values for the
feedback factor, leading to a perturbation lifetime of 12.4 + 1.4 years
(for one sigma range) which is adopted for the metric calculations.
Note that this value is slightly larger than the value obtained using the
mean estimates from all parameters (12.3 years).
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8.SM.3 Well-Mixed Greenhouse Gas Radiative Table 8.SM.1 | Supplementary for Table 8.3: RF formulae for CO,, CH, and N,0.
Forcing Formulae and Uncertainties
to Support Table 8.3 Gas | RF (inW m) Constant o

0, | AF=aln(C/C,) 5.35

The formulae used to calculate the radiative forcings (RFs) from carbon

dioxide (C0,), CH, and nitrous oxide (N,0) are taken from Myhre et al.
(1998) Table 3 as in Third Assessment Report (TAR) and Fourth Assess- CH, | AF = a(\/ﬂ M )_ (f(M’ No ) _f(MO'NO )) 0.036

ment Report (AR4). They are listed here for convenience.

N0 AF:a(\/ﬁ_\/WO)_(f(Mu'N)_f(MorNo)) 012

In calculating the uncertainties in the WMGHG RF we assume a +10%

Notes:
) . : L L
(5 to 95 Yo con.fldence interval) uncertalnty in the radiative transfer (M, N) = 0.47 In [1+2.01x105 (MNJO.TS + 5.3110-5 M (MN)'*]
modeling that is correlated across all species. We assume the uncer- ., opm
) .

tainties in the measurements of the 1750 and 2011 abundance levels CH, in ppb.
of the gases are uncorrelated. N is N,0 in ppb.

The subscript 0 denotes the unperturbed molar fraction for the species being evaluated.
However, note that for the CH, forcing N, should refer to present-day N,O, and for the N,0
forcing M, should refer to present-day CH,.

Table 8.SM.2 | Supplementary for Table 8.3: Uncertainties in WMGHG RF.

co, CH, N,0 Halogens Total WMGHG
Uncertainty in 1750 level 2 ppm 25 ppb 7 ppb 0
Uncertainty in 2011 level 0.16 ppm 2.5 ppb 0.1 ppb 0
dRF 1750 level (W m-) 0.039 0.01 0.023 0 0.047
dRF 2011 level (W m2) 0.003 0.00 0.000 0 0.003
dRF radiative transfer modeling (W m-) 0.182 0.05 0.017 0.036 0.283
Total uncertainty (W m2) 0.186 0.05 0.029 0.036 0.287

8.SM.4 Total Solar Irradiance Reconstructions
from 1750 to 2012 to Support
Section 8.4.1

Table 8.SM.3 | Total Solar Irradiance (TSI, W m-2) reconstruction since 1750 based on Ball et al. (2012) and Krivova et al.(2010) (annual resolution series). The series are standard-
ized to the Physikalisch-Meteorologisches Observatorium Davos (PMOD) measurements of solar cycle 23 (1996-2008) (PMOD is already standardized to Total Irradiance Monitor
(TIM)).

Year TSI (W m2) Year TSI (W m2) Year TSI (W m)
1740 1360.71 1841 1361.05 1942 1361.22
1741 1360.73 1842 1360.96 1943 1360.96
1742 1360.79 1843 1360.90 1944 1360.93
1743 1360.59 1844 1360.83 1945 1361.14
1744 1360.52 1845 1360.81 1946 1361.18
1745 1360.49 1846 1360.83 1947 1361.68
1746 1360.49 1847 1360.55 1948 1362.07
1747 1360.47 1848 1360.87 1949 1361.90
1748 1360.70 1849 1361.32 1950 1361.80
1749 1360.98 1850 1361.18 1951 1361.27
1750 1361.00 1851 1361.12 1952 1361.33
1751 1360.90 1852 1361.15 1953 1361.18
1752 1360.79 1853 1361.08 1954 1361.02
1753 1360.76 1854 1360.93 1955 1361.12
1754 1360.69 1855 1360.80 1956 1361.47

(continued on next page)
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Table 8.SM.3 (continued)
Year TSI (W m2) Year TSI (W m?) Year TSI (W m?)
1755 1360.61 1856 1360.73 1957 1361.95
1756 1360.60 1857 1360.73 1958 1362.43
1757 1360.65 1858 1360.86 1959 1362.17
1758 1360.64 1859 1360.95 1960 1362.11
1759 1360.26 1860 1361.22 1961 1361.81
1760 1360.19 1861 1361.26 1962 1361.37
1761 1360.89 1862 1361.10 1963 1361.28
1762 1360.95 1863 1361.04 1964 1361.14
1763 1360.87 1864 1360.88 1965 1361.06
1764 1360.84 1865 1360.87 1966 1361.09
1765 1360.61 1866 1360.85 1967 1361.40
1766 1360.65 1867 1360.73 1968 1361.63
1767 1360.74 1868 1360.72 1969 1361.57
1768 1361.12 1869 1360.96 1970 1361.68
1769 1361.37 1870 1360.80 1971 1361.60
1770 1361.59 1871 1361.19 1972 1361.56
1771 1361.41 1872 1361.09 1973 1361.32
1772 1361.38 1873 1361.11 1974 1361.17
1773 1361.12 1874 1361.00 1975 1361.05
1774 1360.99 1875 1360.89 1976 1360.98
1775 1360.72 1876 1360.79 1977 1361.29
1776 1360.67 1877 1360.76 1978 1361.95
1777 1360.74 1878 1360.70 1979 1362.23
1778 1361.12 1879 1360.68 1980 1362.10
1779 1360.75 1880 1360.71 1981 1362.08
1780 1360.50 1881 1360.95 1982 1361.69
1781 1360.58 1882 1360.86 1983 1361.67
1782 1360.80 1883 1360.78 1984 1361.12
1783 1360.52 1884 1361.13 1985 1361.09
1784 1360.57 1885 1361.02 1986 1361.09
1785 1360.66 1886 1360.90 1987 1361.11
1786 1360.84 1887 1360.76 1988 1361.70
1787 1361.00 1888 1360.73 1989 1362.11
1788 1361.25 1889 1360.70 1990 1361.86
1789 1360.76 1890 1360.70 1991 1361.93
1790 1360.58 1891 1360.86 1992 1362.00
1791 1360.59 1892 1361.03 1993 1361.46
1792 1360.63 1893 1361.26 1994 1361.20
1793 1360.53 1894 1361.53 1995 1361.15
1794 1360.53 1895 1361.38 1996 1361.02
1795 1360.80 1896 1361.17 1997 1361.12
1796 1360.76 1897 1360.98 1998 1361.46
1797 1360.69 1898 1360.91 1999 1361.76
1798 1360.68 1899 1360.88 2000 1361.93

(continued on next page)
8SM-8
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Table 8.SM.3 (continued)

Year TSI (W m~2) Year TSI (W m2) Year TSI (W m?)
1799 1360.66 1900 1360.80 2001 1361.84
1800 1360.60 1901 1360.69 2002 1361.79
1801 1360.85 1902 1360.65 2003 1361.31
1802 1360.93 1903 1360.74 2004 1361.09
1803 1360.76 1904 1361.08 2005 1360.92
1804 1360.71 1905 1360.89 2006 1360.88
1805 1360.67 1906 1361.21 2007 1360.88
1806 1360.74 1907 1361.00 2008 1360.82
1807 1360.58 1908 1361.15 2009 1360.81
1808 1360.53 1909 1360.99 2010 1361.01
1809 1360.53 1910 1360.96 2011 1361.22
1810 1360.49 1911 1360.77 2012 1361.42
1811 1360.48 1912 1360.67

1812 1360.48 1913 1360.70

1813 1360.50 1914 1360.76

1814 1360.53 1915 1361.10

1815 1360.55 1916 1361.50

1816 1360.62 1917 1361.63

1817 1360.65 1918 1361.89

1818 1360.61 1919 1361.53

1819 1360.60 1920 1361.29

1820 1360.57 1921 1361.09

1821 1360.53 1922 1360.90

1822 1360.52 1923 1360.82

1823 1360.50 1924 1360.79

1824 1360.57 1925 1360.89

1825 1360.62 1926 1361.15

1826 1360.68 1927 1361.47

1827 1360.87 1928 1361.24

1828 1360.95 1929 1361.21

1829 1360.96 1930 1361.35

1830 1361.01 1931 1361.07

1831 1361.01 1932 1360.89

1832 1360.86 1933 1360.79

1833 1360.75 1934 1360.80

1834 1360.72 1935 1360.95

1835 1360.76 1936 1361.50

1836 1361.13 1937 1361.65

1837 1361.40 1938 1361.59

1838 1361.38 1939 1361.69

1839 1361.21 1940 1361.51

1840 1361.20 1941 1361.42
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8.SM.5 Table with Estimates of Radiative
Forcing due to Solar Changes over the
Industrial Era to Support Section 8.4.1

Table 8.SM.4 | Comparison of RF estimates between 1745 and 2008 minima.

Anthropogenic and Natural Radiative Forcing

Steinhilber et

al. 2009) Use the solar modulation potential obtained from cosmogenic isotopes

Reference Assumptions RF (W m=) Comments
Wang et al. (2005) Use a flux transport model to simulate the evolution of total and open magnetic LA g7 o)
9 ) flux without a secularly varying background 0.013 (annual)
Wang et al. (2005) Same as above but with a secularly varying background 0'8)3135(7(2/::;;?) Used to estimate RF in AR4

-0.02 (5-years resolutions)

Krivova et al. (2010) | Use the evolution of the solar surface magnetic field, relying on time constants representing 0.048 (7-year rm)
Ball et al. (2012) the decay and conversion of different surfaces magnetic field structures
0.045 (annual)
Notes:

rm = running means. For the reconstructions based on solar surface magnetic structures, with annual resolution, the year of the minimum is 1745. However, for the Steinhilber et al. (2009)
reconstruction, based on cosmogenic isotopes, the minimum is in 1765, because the resolution of the series is 5 years.

8.5M.6 Further Information on Total Solar
Irradiance, Uncertainties and Change
Since the Maunder Minimum to
Support Section 8.4.1

The absolute measurements of TSI are extremely difficult with an abso-
lute accuracy better than 0.1%. All TSI instruments since 1979 have
been calibrated, relatively or absolutely. In order to maintain a reason-
able accuracy in the annual to multi-decadal timeframe it is essential
to have at least three independent sensors operating in space simul-
taneously. The fundamental difficulties of the absolute measurements
are described in Butler et al. (2008). Fox et al. (2011) quantified how
the uncertainty in satellite TSI measurements could be improved by
an order of magnitude by adding primary Sl traceability on board. For
instance, to reduce from 3.60% for Moderate Resolution Imaging Spec-
trometer (MODIS)/Visible Infrared Imaging Radiometer Suite (VIIRS) to
0.30% for Traceable Radiometry Underpinning Terrestrial- and Helio-
Studies (TRUTHS). This would reduce by 67 to 75% the time required
to achieve trend accuracy.

The Spectral Irradiance Monitor (SIM) on board of the Solar Radia-
tion and Climate Experiment (SORCE) measurements (Harder et al.,
2009) suggest that over solar cycle (SC) 23 declining phase, the 200 to
400 nm ultraviolet (UV) flux decreased by two to six times more than
expected from prior observations and model calculations and in phase
with the TSI trend, whereas surprisingly the visible presents an oppo-
site trend. However, SIM's solar spectral irradiance measurements from
April 2004 to December 2008 and inferences of their climatic implica-
tions are incompatible with the historical solar UV irradiance database,
coincident solar proxy data, current understanding of the sources of
solar irradiance changes and empirical climate change attribution
results, but are consistent with known effects of instrument sensitivity
drifts. Thus what seems to be needed is improved characterization of
the SIM/SORCE observations and extreme caution in studies of climate
and atmospheric change (Haigh et al., 2010) until additional validation
and uncertainty estimates are available (DeLand and Cebula, 2012;
Lean and Deland, 2012).
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8.SM.6.1 Uncertainties

1. PMOD RF and uncertainty between 1986 and 2008:
According to PMOD, 2009 is the year of the TSI minimum, but according
to TIM it is 2008. We take the year 2008 as the year of the minimum.

The PMOD TSI mean for September 2008 was 1365.26 + 0.16 W m2,
whereas in the 1986 minimum it was 1365.57 + 0.01 W m2 (Frohlich,
2009).

Difference between 2008 and 1986 minima:
1365.26 = 0.16 — 1365.57 + 0.01

Applying the error propagation formula:
@xx)—(bxy)=(a—b) =[x +y)]"

That for our case is:
(1365.26 — 1365.57) + [(0.16)2 + (0.01)2]"2 = -0.31 + 0.16

The RF is:
[-0.31 £0.16] * 0.175 * 0.78 =—0.042 + 0.022 ~ —0.04 + 0.02 W m=

8.SM.6.2 Standardization

We use the following expression to standardize the time series:
[S;— <S5>] + <§*>

Where S; is the annual TSI of the series that will be standardized.

<S> is the TSI average of the whole time span of series that will be
standardized.

<S§*> is the TSI average of the series we are using as the standard. In
our case the TIM TSI between 2003 and 2012 or the PMOD TSI for SC
23 (1996-2008).
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For the RF estimates the years with minimum solar activity based on
modern or historical observations are used as provided in the refer-
enced literature. These years may in some cases be slightly different
from the years with minimum annual mean TSI (see Table 8.SM.3), but
these differences have a negligible impact on the RF estimates pro-
vided in Section 8.4.1.

8.SM.6.3 Total Solar Irradiance Variations Since the
Maunder Minimum

For the Maunder minimum (MM)-to-present AR4 gives a RF positive
range of 0.1 to 0.28 W m, equivalent to 0.08 to 0.22 W m~? used
here. The estimates based on irradiance changes in Sun-like stars were
included in this range but are not included in the Fifth Assessment
Report (AR5) range because they are now considered incorrect: Bali-
unas and Jastrow (1990) found a bimodal separation between non-
cycling MM-like state stars with the lowest Ca Il brightness, and the
higher emission Ca Il cycling stars. More recent surveys have not repro-
duced their results and suggest that the selection of the original set
was flawed (Wright (2004); also, stars in a MM-like state do not always
exhibit Ca Il emission brightness below that of solar minimum (Hall
and Lockwood (2004).

The reconstructions in Schmidt et al. (2011) indicate a MM-to-pres-
ent RF range of 0.08 to 0.18 W m~, which is within the AR4 range
although narrower. Gray et al. (2010) point out that choosing the solar
activity minima years of 1700 (Maunder) or 1800 (Dalton) would sub-
stantially increase the solar RF with respect to 1750-to-present while
leaving the anthropogenic forcings essentially unchanged, and that
these solar minima forcings would represent better the solar RF of the
pre-industrial era.

Other recent estimates give various MM-to-present RF values: The
analysis of Shapiro et al. (2011) falls outside the range 0.08 to 0.18 W
m-2 reported above: 0.78 W m2 These authors used the semi-empir-
ical photosphere model A (supergranule cell interior) of Fontenla et
al. (1999). But Judge et al. (2012) indicate that by using such model
Shapiro et al. (2011) overestimated the quiet-Sun irradiance variations
by a factor of about two, then the RF would be 0.36 W m=2, which is
still outside the range of Schmidt et al. (2011). Studies of magnetic field
indicators suggest that changes over the 19th and 20th centuries were
more modest than those assumed in the Shapiro et al. (2011) recon-
struction (Svalgaard and Cliver, 2010; Lockwood and Owens, 2011).
Also, analysis by Feulner (2011) indicates that temperature simulations
driven by such a large solar forcing are inconsistent with reconstructed
and observed historical temperatures, although when a forcing in line
with the range presented here is used they are consistent. Hence we
do not include this larger forcing within our assessed range. Schrijver
etal. (2011) and Foukal et al. (2011) find a RF which is consistent with
the RF range given above (0.08 to 0.18 W m2).

Almost all the TSI reconstructions since pre-industrial times are based
on the Sunspot Group Number (SGN; Hoyt and Schatten (1998). The
SGN is preferred by researchers respect to the International Sunspot
Number (Clette et al., 2007) because SGN starts at 1610 and it is the
longest time series based on direct solar observations.

Chapter 8 Supplementary Material

As these two sunspot number versions are quite different in the his-
torical period, using one or the other results in different trends since
the MM (Hathaway et al., 2002) and therefore different RF estimates.
Moreover, Svalgaard et al. (2012) have published some preliminary cor-
rections to SGN that could imply a reduction in the RF since the MM.

8.SM.7 Method Description to Support
Figure 8.16

In Figure 8.16, probability distributions are shown for the main climate
drivers as well as for the total anthropogenic forcing. This paragraph
describes how it was built.

For each of the major forcing agents, a best estimate and a 90% uncer-
tainty range [P05; P95] was provided. The best estimate is the median
of the probability distribution. The values are available in Table 8.6 and
repeated below. For some forcing agents, the best estimate and the
uncertainty range are provided for RF, and not for effective radiative
forcing (ERF). In such a case, we assume that ERFg,=RF;,, and we
assumed a quadratic 17% increase of the uncertainty range o, that is:

G:RF = O';F + (0'17 RFgese )2
(8.5M.1)

Most forcing agents considered here (WMGHG, ozone, stratospheric
H,0, land use change) have symmetrical uncertainty ranges (i.e., Best
= (P05 + P95)/2). For these forcing agents, the probability distribution
is assumed to be Gaussian, with a standard deviation as

o _ P95-P05
2f (8.5M.2)

Wherefz 1.645 is the factor to convert one standard deviation to the
5-95% probability range.

The other forcing agents (black carbon on snow, contrails, aerosols)
have non-symmetrical uncertainty ranges. For black carbon and snow,
we assume a log-normal distribution as

P(x) 1 (_Inz(x/xo)]

x)= exp
( xo2r 20° (8.5M.3)

with x, as the best estimate and ¢ adjusted to fit P05 and P50 (o =
0.5 ; Oconaiis = 0.65).

For the aerosols, which have a non-symmetrical uncertainty range, we
build a probability distribution as

(x=x)
J2r o, +o. exp(— 20° ]

(8.5M.4)
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X, 0.and o, are adjusted to fit the best estimates and 90% uncertainty

ranges:

4\/?(P05+ P95) - (2a +f ) Best

X, = 5\Vx
%E—(Zomf)
B (a+f)(P95—xo)+a(xo—P05)

’ (a+f)2—oz2
and _ (a+f)(xo—P05)+a(P95—xo)

) (a+f)2—oz2

2
with 0:=0.05\/E exp(f—)zo.2425
2 2 (8.5M.5)

The total anthropogenic ERF distribution was then derived through a
Monte Carlo approach (106 independent shots), summing the random
estimates of all components. This approach assumes that all forcing
agent uncertainties are independent. The results are provided in Table
8.SM.5.

Table 8.SM.5 | Best estimate values and 5 and 95% ranges for RF and ERF. Yellow are the input values, green the extrapolated values (from RF to ERF) and red is the result of
the Monte Carlo addition.

RF ERF
Forcing agent Best P05 P95 Best P05 P95
Well-mixed greenhouse gases 2.83 2.26 3.40
0Ozone 0.350 0.15 0.55
Stratospheric H,0 0.070 0.02 0.12
Surface albedo -0.15 -0.25 -0.05
Black carbon on snow 0.04 0.02 0.08
Contrails
Aerosols
Total
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8.SM.8 Table with Values and Uncertainties to
Support Figure 8.17

Table 8.SM.6 | Radiative forcing (RF, in W m2) by emitted components as shown in Figure 8.17. The RF values are made consistent with Table 8.6. For emissions of CO,, CH,, CO,
NMVOCs and NO, the values for the influence on CO,, CH, and ozone are based on Stevenson et al. (2013) and Shindell et al. (2009). The seven models altogether performing the
calculations for these compounds (six models in Stevenson et al., (2013); and one model in Shindell et al., (2009) have been treated with equal weight. For CO, CH, and NMVOC only
fossil fuel emissions have been taken into account. The split between NO, and NH; of 40/60 on the RF of nitrate is from Shindell et al. (2009). The BC and OC from biomass burning
is set to +0.2 and —0.2, respectively and thus a net RF of biomass burning of 0.0, in line with Table 8.4. BC ari is RF of BC from aerosol-radiation interaction, formerly denoted as
direct aerosol effect. Unlike in AR4 (Table 2.13) the N,0 influence on RF of o0zone has been set to zero, due to insufficient quantification of this and particularly the vertical profile
of the ozone change. ERFaci is effective radiative forcing of aerosol—cloud interaction.

cresy | HFCS/ BC sul-
co, CH, N,O PFCs/ | BCari | snow ocC Ozone | H,0(Str) | Nitrate ERFaci | Total
HCFCs . phate
SF, &ice
Components emitted
Co, 1.68 1.680
CH, 0.018 0.641 0.241 0.07 0.970
N,0 0.17 0 0.170
CFCSHCRCS! 0.33 -0.15 0.180
halons
HFCs/PFCs/SFg 0.03 0.030
co 0.087 0.072 0.075 0.234
NMVOC 0.033 0.025 0.042 0.100
NO, —-0.254 0.143 —-0.04 -0.151
NH; -0.07 0.01 -0.060
BC 0.60 0.04 0.640
0ocC -0.29 -0.290
S0, —0.41 -0.410
Aerosols -0.45 -0.450
SumMm 1.82 0.48 0.17 0.33 0.03 0.60 0.04 -0.29 0.35 0.07 -0.11 -0.40 -0.45
Table 8.SM.7 | Percentage uncertainty in values provided in Table 8.5M.6.
Uncertainty (%) Source
Components emitted
Co, 10 10% uncertainty in the total RF of CO, and combined with assumed 50% uncertainty for other contributions
CH 17 14% uncertainty in CH, contribution from Section 8.3.3, 55% uncertainty for contribution to ozone,
¢ 71% for stratospheric water vapour and 50% assumed for contribution to CO,
N,0 17
CFCs/HCFCs/halons 85 10% uncertainty for direct effect and 100% for change in stratospheric ozone (see Section 8.3.3)
HFCs/PFCs/SFg 10
30% uncertainty in CH, contribution Section 8.3.3, 37% for ozone contribution (Section 8.3.3) assumed 50%
co 24 -
for contribution to CO,
100% uncertainty in CH, contribution Section 8.3.3, 70% for ozone contribution and assumed 50%
NMVOC 41 N
for contribution to CO,
o A — . o - .
NO, 12410 +116) 58% uqcena?lnty in CH, contribution Section 8.3.3, 64% for ozone contribution and the range for nitrate
as provided in Table 8.4
NH;, (172 to +73) Same uncertainty as nitrate in Table 8.4
BC (61 t0 +70) See Table 8.4 and Table 8.6 for BC from fossil fuel and biofuel and BC on snow and ice, respectively.
BC from biomass burning is given as +0.2 (0.03 to 0.4); see Section 7.5.1.2
oc (630 +72) See Tablg 8.4 for OC from fossil fuel and biofuel. OC from biomass burning is given as -0.2 (-0.4 to -0.03);
see Section 7.5.1.2
SO, 50 See Table 8.4
ERFaci (167 to +100) ERFaci —0.45 (~1.2 to 0.0); see Table 8.6
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8.SM.9 Description of Forcing Time Series to
Support Figure 8.18

Table 8.SM.8 | Supplementary for Figure 8.18: Time evolution forcing.

Forcing Agent

Data Sources for Time Evolution

WMGHG

Tropospheric ozone

Stratospheric ozone

Stratospheric water vapour

Total aerosol ERF

Aerosol-radiation interaction

Surface albedo (land use change)

Surface albedo (BC on snow)

Contrails

Solar

Volcanic aerosols

WMGHG concentration as in Annex I1. RF calculated based on formulas described in Section 8.3.2. Radiative efficiencies for halocarbons
are given in Table 8.A.1.

Values for 1850, 1930, 1980 and 2000 from Atmospheric Chemistry and Climate Model Intercomparison Project (ACCMIP; Stevenson et
al,, 2013) and combined with higher temporal resolution from Oslo Chemical Transport Model 2 (Oslo CTM2; Skeie et al., 2011a).

The stratospheric ozone RF follows the functional shape of the Effective Equivalent Stratospheric Chlorine assuming a 3 years age of air
(Daniel et al.,, 2010).

RF is 15% of the CH, RF.

Values for 1850, 1930, 1980 and 2000 from ACCMIP (Shindell et al., 2013) combined with higher temporal results from Spectral Radiation-
Transport Model for Aerosol Species (SPRINTARS) and Oslo CTM2 for the Industrial Era and Commonwealth Scientific and Industrial Research
Organisation (CSIRO) and Geophysical Fluid Dynamics Laboratory (GFDL) models in addition for the 2000-2010 period. All four models
included in Shindell et al. (2013). Note that Oslo CTM2 and CSIRO do not include rapid adjustment for the aerosol—cloud interaction.

Values for 1850, 1930, 1980 and 2000 from ACCMIP (Shindell et al., 2013) combined with higher temporal results from Goddard Institute
for Space Studies (GISS) and Oslo CTM2 models.

Based on an assessment of the time series from Skeie et al. (2011a), Hansen et al. (2011), Pongratz et al. (2009) and Schmidt et al. (2012).
Time series scaled to fit the best estimate for 2011.

Values for 1850, 1930, 1980 and 2000 from ACCMIP (Lee et al., 2013) combined with higher temporal results from Oslo CTM2
(Skeie et al., 2011b).

The best estimate for contrails (RF) or combined contrails and contrail induced cirrus (ERF) is scaled to aircraft kilometres flown
in table downloaded from the following website: http://www.airlines.org/Pages/Annual-Results-World-Airlines.aspx.

TSI reconstructions (Krivova et al., 2010; Ball et al., 2012) standardized to Physikalisch-Meteorologisches Observatorium Davos
(PMOD) and Total Irradiance Monitor (TIM) data is divided by 4 and multiplied by the Earth co-albedo (1 — 0.3) and multiplied with
0.78 to account for absorption in the stratosphere (see Section 8.4.1). TSI provided in the Supplementary Material Table 8.5M.3.

Mean of (Gao et al., 2008; Crowley and Unterman, 2013) between 1750 and 1850 and (Sato et al., 1993; updated version
of April, 2013) from 1850 to present. RF is calculated as RF = AOD * (-25.0) W m2,

8.SM.10 Uncertainties in Trends in Forcing to
Support Figure 8.19

8.5M.11 Definition and Methods to Calculate
Metric Values to Support Section 8.7.1

8.SM.11.1 Equations for the Global Warming Potential

1998—-2011 : —o—| The Absolute Global Warming Potential (AGWP) is the time-integrated
¢ H—e—Y radiative forcing due to a 1 kg pulse emission of gas i (usually in W
: . m-~2 yr kg™). The Global Warming Potential (GWP) for gas i is obtained
1984—-1998 f —o— by dividing the AGWP; by the AGWP of a reference gas, normally CO,:
| | & | |
T v Tl
. H
e e (H) AGWR(H) [ RE(t)dt
1970-2011 1 —o— AN T
| — AGWR, (H) [oRfeo, ()t (gsmi6)
1951—=2011 M — o where H is the time horizon; RF; is the radiative forcing due to a pulse
‘ o emission of a gas / given by
Natural 1 I 1 1 1
Anthropogenic -0.2 0.0 0.2 0.4 0.6
Total Radiative Forcing Trend (W m™2 per decade) RF, = AR (8.5M.7)

where A; is the RF; per unit mass increase in atmospheric abundance

Figure 8.SM.3 | Linear trend in anthropogenic, natural and total forcing for the indi-
cated years. The uncertainty ranges (90% confidence range) are combined from uncer-
tainties in the forcing values (from Table 8.6) (upward vertical lines) and the uncertain-
ties in selection of time period (downward vertical lines). Monte Carlo simulations were
performed to derive uncertainties in the forcing based on ranges given in Table 8.6 and
linear trends in forcing. The sensitivity to time periods has been derived from changing
the time periods by +2 years.
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of species / (radiative efficiency (RE)), and R; is the fraction of species
i remaining in the atmosphere after the pulse emissions. The GWP are
currently not defined using the Effective Radiative Forcing (ERF, Section
8.1.1.2), but this could be considered as a potential improvement of
the concept.
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For most species, R; is based on a simple exponential decay,

R,(t)=exp(—£)

i

(8.5M.8)

where T, is the perturbation lifetime and thus, for these species,

T

AGW(H) =LHRF,(t)dt= A,r(l—eXp(‘ﬂ))

(8.5M.9)

The atmospheric decay of a pulse consists of many different time scales
(Prather, 1994). Nevertheless, for gases with atmospheric lifetimes
larger than the mixing times of the major reservoirs (>3 years), the
decay can be approximated as it is here with a single e-fold time equal
to the perturbation lifetime. In this case the total integrated impacts
are exact (Prather, 2007). For very short-lived gases (<1 year), the
single e-fold also provides the correct integral, but the impacts occur
over a longer time frame than expected from the perturbation lifetime.

For CO,, R; is more complicated because its atmospheric response time
(or lifetime of a perturbation) cannot be represented by a simple expo-
nential decay (Joos et al., 2013). The decay of a perturbation of atmo-
spheric CO, following a pulse emission at time t is usually approxi-
mated by a sum of exponentials (Forster et al., 2007; Joos et al., 2013):

Reo, (t) = + Ella,exp(_i)

T,

i

(8.5M.10)

The AGWP,, is then (Shine et al., 2005):

AGWE,, (H) = Ay, {aDH + 30T (1- exp(—gi))}

(8.5M.11)

8.5M.11.2 Equations for the Global Temperature Change
Potential

The Absolute Global Temperature change Potential (AGTP) can be rep-
resented as (Boucher and Reddy, 2008; Fuglestvedt et al., 2010):

AGTR(H) = [['RF(t)R, (H~t)dt (8.5M.12)

where R; is the climate response to a unit forcing and can be repre-
sented as a sum of exponentials,

R(t)=%" iex b
T( ) EI:ld/‘ p( dj] (8.SM.13)
where the parameters ¢; are the components of the climate sensitivity
and d; are response times. The first term in the summation can crudely
be associated with the response of the ocean mixed layer to a forcing
and the higher order terms the response of the deep ocean (Li and
Jarvis, 2009). The equilibrium climate sensitivity is given by the equilib-
rium response to a sustained unit forcing, A = = c;.
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The simplest form of R; is a single response term (M = 1) (Shine et
al., 2005; Olivié et al., 2012). A better representation of the climate
response, however, is two or three terms (M = 2, 3) (Boucher and
Reddy, 2008; Li and Jarvis, 2009; Olivié et al., 2012). We use R; from
Boucher and Reddy (2008) which assumes two exponential terms and
is based on the Hadley Centre Coupled Model version 3 (HadCM3)
model (Table 8.5M.9). The climate sensitivity is 1.06 K (W m=2)~', equiv-
alent to a 3.9 K equilibrium response to 2 x CO,.

Using the equations above, the AGTP with a time horizon H for the
non-CO, greenhouse gases:

AGTR (H) = AfE;:Q,, [exp(_g)_exp(_dﬂ]]

i

and the AGTP for CO, is

H

i
23 aTic; exp _H —exp _H
it -d, T, d

Table 8.SM.9 | Parameter values for the response to a pulse of radiative forcing used
in the AGTP calculations

(8.5M.15)

1st Term 2nd Term
¢ (KW m)-) 0.631 0.429
d; (years) 8.4 409.5

8.5M.11.3 Updates of Metric Values

The metric values need updating as a result of new scientific know!-
edge, but also because of changes in lifetimes and REs caused by
changing atmospheric background conditions (Reisinger et al., 2011).
For the reference gas CO,, changes in AGWP,, and AGTP,, will affect
the GWP and GTP of all other gases. With increasing CO, levels in the
atmosphere the marginal RF is reduced, while at the same time the
ocean uptake is reduced and airborne fraction increased (Caldeira and
Kasting, 1993). These changes are in opposite directions, but do not
totally cancel, and hence lead to changes in AGWP,, (Figure 8.30) and
AGTPy,.

To convert the RE values given per ppbv values to per kg (Shine et
al., 2005), they must be multiplied by (M,/M)(10°%T,,) where M, is the
mean molecular weight of air (28.97 kg kmol-"), M; is the molecular
weight of species j and T, is the total mass of the atmosphere, 5.1352
x 10'8 kg (Trenberth and Smith, 2005).
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8.5M.11.3.1  Metric Values for Carbon Dioxide
The radiative forcing for CO, can be approximated using the expression
based on radiative transfer models (Myhre et al., 1998):

C,+AC
RF=0:Iog(7°+ )

0 (8.SM.16)
where a.=5.35W m?, C; is the reference concentration and AC is the
change from the reference. The radiative efficiency is the change in RF
for a change in the atmospheric abundance,

C,+AC
ARF log C
- _ 0
RE = AC a AC
(8.SM.17)
or if AC— 0 then the derivative can be used:
peo GRE @
dAClyceo G, (8.SM.18)

At current CO, levels (391 ppm) and for AC = 1 ppm, the radiative effi-
ciency (RE) of CO, is 1.37 * 105 W m2 ppb™". The difference between
using AC = 1 ppm and the derivate is 0.13%. For CO,, using a molecular
weight of 44.01 kg kmol-", the A becomes 1.7517 * 10-">W m= kg™

Anthropogenic and Natural Radiative Forcing

The impulse response function (IRF) has been updated from AR4. Table
8.5M.10 shows the parameters of the IRF used in AR5 based on Joos
et al. (2013) and Figure 8.SM.4 shows the IRFs from the four previous
IPCC assessment reports together with the new IRF used in AR5. Table
8.5SM.11 gives calculated values for integrated IRF and AGWPs for CO,.

Table 8.SM.10 | Parameter values for the sum of exponentials (Equation 8.SM.10)
describing the fraction of CO, remaining in the atmosphere after a pulse emission of
CO, (Joos et al., (2013).

I1stTerm | 2ndTerm | 3rd Term | 4th Term
Coefficient (unitless) 0.2173 0.2240 0.2824 0.2763
Time Scale (x; years) 394.4 36.54 4304

Table 8.5M.11 | Mean and uncertainty range for the time-integrated IRF and AGWP
from Joos et al. (2013). The AGWP for AR5 uses the integrated IRF based on Equation
8.5M.10 and Table 8.5M.9 and a radiative efficiency for a 1 ppm change at 391 ppm.

20-Year 100-Year

Time-integrated IRF (year)

Mean 14.2 52.4

5-95% range 12.2-16.3 39.5-65.2
AGWP (105W m2 yr kg")

Mean 25.2 92.5

5 to 95% range 20.7-29.6 67.9-117
AR5 AGWP (10-5W m-2 yr kg™") 24.9 91.7

=== = |RF FAR (1990
IRF SAR (1995
= |RF TAR (2001
= |RF AR4 (2007
m— J0os et al (2013) mean
Joos et al (2013) +2¢

2822
|

Fraction remaining in atmosphere after pulse emission

0.2 SR
0.1 |
0 | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500
Time (yrs)

Figure 8.SM.4 | The impulse response functions (IRFs) from the five IPCC Assessment Reports. The First Assessment Report (FAR) IRF (dotted) is based on an unbalanced carbon-
cycle model (ocean only) and thus is not directly comparable to the others. The Second Assessment Report (SAR) IRF is based the CO, response of the Bern model (Bern-SAR), an
early generation reduced-form carbon cycle model (Joos et al., 1996), and uses a 10 GtC pulse emission into a constant background without temperature feedbacks (Enting et
al, 1994). The IRF was not updated for the Third Assessment Report (TAR), but a different parameterisation was used in World Meterological Organisation (WMO)/United Nations
Environment Programme (UNEP) Scientific Assessment of Ozone Depletion: 1998 (WMO, 1999) The Fourth Assessment Report (AR4) IRF is based on the Bern 2.5CC Earth System
Model of Intermediate Complexity (EMIC) (Plattner et al., 2008). A pulse size of 40 GtC is used and includes temperature feedbacks. The Fifth Assessment Report (AR5) IRF is based
on a model intercomparison and uses a pulse size of 100 GtC and includes temperature feedbacks (Joos et al., 2013). Apart from FAR, the changing IRF in each assessment report

represents increasing background concentrations and improved models.

8SM-16



Anthropogenic and Natural Radiative Forcing

8.SM.11.3.2  Metric Values for Methane
The RE of CH, is scaled to include effects on ozone and stratospheric
H,0, so that the AGWP becomes

AGM/PCHA (H) = (1+f1 +f, )ACH,,jje_thdt =

(1+£+£) A, r(1-€") (8.5M.19)
where f; is due to effects on ozone and f, is due to stratospheric H,0.
The AGTP is modified in a similar way.

These indirect effects were included in AR4 by increasing the direct
RF from CH, by 25% (due to tropospheric ozone) and 15% (due to
stratospheric H,0). New studies provide updated values and include
more effects. By accounting for aerosol responses, Shindell et al. (2009)
found that the GWP for CH, increased by about 40% while Collins et
al. (2010) found that the GTP for CH, increased by 5 to 30% when the
effect of ozone on CO, was included. Boucher et al. (2009) included the
effect of CO, from oxidation of CH, from fossil sources and calculated a
GWP, o, higher than given in AR4 (27 to 28 versus 25). They found that
CO, oxidation had a larger effect on GTP values and this effect was
larger than the direct CH, effect for time horizons beyond 100 years.

In AR5 we use updated estimates for the indirect effects of CH, on
ozone based on recent studies (Shindell et al., 2005; Shindell et al.,
2009; Collins et al.,, 2013; Holmes et al., 2013; Stevenson et al., 2013).
Based on these studies we assess the indirect effect on ozone (tropo-
spheric and stratospheric) to f, = 0.5 (0.2 to 0.8) of the direct effect. The
indirect RF from CH, via changes in stratospheric H,0 is retained as f,
= 0.15 of the direct effect. Thus, we increase the direct effect of CH, by

18
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f, + f, = 0.65 to account for RF from both O, and stratospheric H,0. We
also present metric values for CH, of fossil origin (based on Boucher et
al., (2009); Table 1). If these metric values are used the carbon emitted
as CH, must not be included in the CO, emissions (which are often
based on total carbon content).

8.SM.11.3.3  Metric Values for Nitrous Oxide

The indirect effect of increased N,0 abundance on CH, changes via
stratospheric ozone, UV fluxes and OH levels is included in GWPs and
GTPs. The reduction in CH, (—36 molecules per +100 molecules N,0)

offsets some of the climate impact from N,O emissions. The AGWP
becomes

AGWR,,(H) = Ay, (1 ~0.36(1+1, +1f) I;?”"

Jer-e)

(8.5M.20)

N,0

where f, and f, are the indirect effects for CH,. The AGTP is modified
in a similar way.

8.SM.11.4 Time Horizons

In previous IPCC assessments, GWP values were given for 20-, 100-
and 500-year time horizons, while here we only use 20 and 100 years.
Instead of using GWP values for 500 years we show the response to
emissions of some extremely long-lived gases such as PFCs; see Figure
8.SM.5. Once these gases are emitted they stay in the atmosphere and
contribute to warming on very long time scales (99% of an emission
of PFC-14 is still in the atmosphere after 500 years). For comparison

T — ]

—_
(o))
T

—_
N
T

-
\S)
T

—_
o

(o]

(0]

Temperature change (10‘12K kg‘1)
S

_SF6 [3200 yrs]
== HFC-23 [222 yrs]
PFC-116 (CzFe) [10 000 yrs]
PFC-14 (CF4) [50 000 yrs]
==CFC-12[100 yrs]
==HFC-134a [13.4 yrs] N
_002 (x1000)

e —

0 50 100 150 200
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Figure 8.SM.5 | Temperature response due to 1-kg pulse emissions of greenhouse gases with a range of lifetimes (given in parentheses). Calculated with a temperature impulse
response function taken from Boucher and Reddy (2008) which has a climate sensitivity of 1.06 K (W m=2)-, equivalent to a 3.9 K equilibrium response to 2 x CO, (unit for carbon

dioxide is kg CO,).
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we also include gases with lifetimes of the order of centuries down
to a decade. A 1 kg pulse of SF¢ has a temperature effect after 500
years that is of the order of 35,000 larger than that of CO,. The cor-
responding numbers for CF, and C,F, are 11,000 and 18,000, respec-
tively. There are large uncertainties related to temperature responses
(as well as the CO, response) on time-scales of centuries, but these
results nevertheless indicate the persistence and long-lived warming
effects of these gases.

One reason for not using a time horizon of 500 years is the increasing
uncertainty in radiative efficiency, carbon uptake and ambiguity in the
interpretation of GWPs,, especially for gases with short adjustment
times relative to the time scale of the CO, perturbation. As explained in
Section 8.7.1.2, the GWP gives the ratio of two integrals: one of a pulse
of a non-CO, gas that decays to zero and that of the CO, response
for which 20 to 40% of a pulse remains in the atmosphere for cen-
turies. Figure 8.SM.5 also shows that the temperature response to a
pulse of the relatively short-lived HFC-134a is close to zero for several
centuries before the 500-year time horizon, while the GWPy, is 371.
This example highlights how the integrated nature of GWP means that
the GWP value at a particular time may give misleading information
about the climate impacts at that time, as the time scale used in the
GWP becomes very different from the residence time of the emitted
compound.

8.5M.12 Uncertainty Calculations for Global
Warming Potential to Support
Section 8.7.1

In the absence of detailed uncertainty assessment, a first estimate of
uncertainty for a given function, f, and input parameters, x; can be
based on a first-order Taylor expansion of the variance in f leading
to the well-known adding in quadrature approximation (Morgan and
Henrion, 1990),

A =3 (8F) =

(8.5M.21)

where Af represents the uncertainty of each term, defined as the sen-
sitivity to a marginal change multiplied by the error in the term. This
approximation assumes that the uncertainties are small, Ax; « x; the
uncertainties are normally distributed, f is smooth for the range of
input values and, most importantly, the uncertainties are independent.

If fis a product of two terms (f = xy), then it can be shown that

-2 (2

(8.5M.22)
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We estimate the uncertainty in AGWP, using the uncertainty in Ac,
and /coy

AGWPCO2 (H) = Acozlcoz (H)
where

leo, (H) =LHIRFCOZ (t)dt (8.5M.23)

In the case of the AGWP for non-CO, species, the expression becomes

2 2
AAGUP < |[PAGWPY' o (GAGUPY
0A it

for

f=AGWP(AT) (8.5M.24)

where the expressions for the AGWP are from Equations 8.SM.9,
8.5M.19 and 8.SM.20. The uncertainty in the AGWP for CO, is based
on Equation 8.5M.23.

Table 8.5M.12 shows the uncertainty data and source used in the
analysis. Many of the input parameters are given for a 1-o range and
we scale the uncertainty by 1.645 to convert to 90% confidence for
consistency with rest of AR5. In some cases this represents a strong
and uncertain assumption since the high-end uncertainties are not
necessarily well defined. The estimated uncertainties should be seen
as a rough first order evaluation to get an impression of the order of
magnitude and the main contributions to total uncertainty.

Table 8.SM.13 shows the uncertainty for the AGWP of CO,, CH,, N,0,
CFC-11, CFC-12 and HFC-134a, Table 8.SM.14 shows the correspond-
ing uncertainty for the GWPs, and Figure 8.SM.6 shows the contri-
bution of each term Af; in Equation 8.5M.21 to the uncertainty. The
uncertainty in AGWP is generally dominated by the perturbation life-
time, though this varies depending on the lifetime relative to the time
horizon. The uncertainty in the AGWP,, has an important contribution
from the indirect effects, particularly the forcing from ozone changes.
Except for CH,, the uncertainty in the GWPs is dominated by the uncer-
tainty in AGWP,.
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Table 8.SM.12 | Uncertainty data, assumptions and sources used for the analysis. Note that uncertainties are assumed to be normally distributed and further analysis is required

to determine the correct distribution.

Notes

Term Expected Value (x) Uncertainty (+Ax, 5 to 95%)
Acos Table 8.A.1 10%, Section 8.3.1
leos Joos et al. (2013) Joos et al. (2013)
Acu Table 8.A.1 10%, Section 8.3.1
T Section 8.2.3.3 18.57%, Section 8.2.3.3
i 0.5 Ozone, see Equation 8.5M.19 | 60%
f, 0.15, see Equation 8.5M.19 71.43%, Table 8.6
Az Table 8.A.1 10%, Section 8.3.1
Tz Table 8.A.1 12.99%, Prather et al. (2012), Section 8.2.3.4
Accqr | Table 8.A.1 10%, Section 8.3.1
T | Table 8.A1 22.55%, Rigby et al. (2013)
Acrcs, | Table 8.A1 10%, Section 8.3.1
Teres, | Table 8.A1 28.76%, Rigby et al. (2013)
Aurciza | Table 8.A1 10%, Section 8.3.1
Turcis4a | Table 8.A1 17.9%, Prather et al. (2012)

Uncertainty is 0.2-0.8
Uncertainty is 0.02-0.12

Value before adjusting for ozone and stratospheric H,0

One standard deviation uncertainty of 1.4/12.4 scaled by 1.645 to convert to 90% confidence

One standard deviation uncertainty of 7.9% scaled by 1.645 to convert to 90% confidence

One standard deviation uncertainty of 13.71% scaled by 1.645 to convert to 90% confidence

One standard deviation uncertainty of 17.49% scaled by 1.645 to convert to 90% confidence

One standard deviation uncertainty of 10.9% scaled by 1.645 to convert to 90% confidence

Table 8.5M.13 | The estimated uncertainty in the AGWP for CO,, CH,, CFC-11, CFC-12, and HFC-134a showing the results of the full uncertainty analysis (‘Full’) and the effects
of adding the uncertainty of different terms one at a time in the order (from left to right) of the next largest contributions. All values (+Ax) are percentages of the expected value,

x, for a 90% confidence interval.

Time Horizon AAGWP,, AAGWP,, AAGWP, ,,
(years) +leo +A o Full +f; +Teus +A Full +A 50 +Tou +CH, Full
20 14 18 18 19 22 24 24 1 11 1 11
100 25 26 26 19 27 29 29 1" 12 12 12
500 28 30 30 19 27 29 29 1" 26 16 16
Time Horizon AAGWP ¢ 1, AAGWPc 1, AAGWP,ec 134,
{years) +Tcrcnr +Acrcr Full +Tcrc2 +Acrc1z Full +Tprc1342 +Arc1340 Full
20 5 1" 1" 3 10 10 10 14 14
100 16 19 19 12 16 16 18 20 20
500 23 25 25 28 30 30 18 21 21

Table 8.SM.14 | The estimated uncertainty in the GWP for CH,, N,0, CFC-11, CFC-12, and HFC-134a showing the results of the full uncertainty analysis (‘Full’) and the effects of
adding the uncertainty of different terms one at a time in the order (from left to right) of the next largest contributions. All values (+Ax) are percentages of the expected value, x,
for a 90% confidence interval. +CO, represents the uncertainty in AGWP,.

Time Horizon AGWP, AGWP,,o
(years) +C0, +f, +Te +Acus Full +C0, +Avzo +Tou +CH, Full
20 18 26 28 30 30 18 21 21 21 21
100 26 33 38 39 39 26 29 29 29 29
500 30 35 40 41 41 30 32 34 34 34
Time Horizon AGWPc 19 AGWPc 1, AGWPyec 134,
(years) +C0, +Tererr | HAcren Full +C0, +Trerz | HAdcrz Full +C0; | +Trciza | HAnrcrze Full
20 18 18 21 21 18 18 20 20 18 20 23 23
100 26 31 33 33 26 29 31 31 26 32 33 33
500 30 37 39 39 30 41 42 42 30 35 36 36
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Figure 8.SM.6 | The contribution of each term to the uncertainty in the AGWP, AAGWP is obtained by adding each term in quadrature according to Equation 8.SM.21. /¢y, has
data available only for four data points. For AGWP,,, the contribution from the radiative efficiency and indirect effect of CH, are combined in quadrature. In uncertainty analysis,
the contributions are added in quadrature (Equation 8.SM.21), which will amplify the differences.

85M-20



Anthropogenic and Natural Radiative Forcing

8.5M.13 Calculations of Metric Values for
Halocarbons to Support Section 8.7.2

The method used to calculate the radiative efficiencies (REs) and GWPs
in Table 8.A.1 is discussed briefly here. More details are available at the
following website: http://cicero.uio.no/halocarbonmetrics/.

8.SM.13.1 Lifetimes

The lifetime of each compound is taken from WMO (2011) when avail-
able. For some compounds, when WMO lifetimes are not available,
lifetimes are taken from the published literature (sources of lifetime
estimates are given here: http://cicero.uio.no/halocarbonmetrics/). For
a few compounds, lifetimes could not be found in the literature and
only the RE (and not the GWP) could be calculated. The REs of these
compounds, assuming a homogeneous mixing in the atmosphere, are
given in Table 8.SM.15.

8.5M.13.2 Absorption Cross Sections

The absorption cross sections used for the RE and GWP calculations
come from a variety of sources, including the High-Resolution Trans-
mission (HITRAN)-2008 (Rothman et al., 2009) and Gestion et Etude
des Informations Spectroscopiques Atmosphériques (GEISA)-2011
(Jacquinet-Husson et al., 2011) databases, authors of published papers,
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and supplementary material to published papers. A table that lists the
absorption cross-sections used to calculate the RE for each compound
can be found at the following website: http://cicero.uio.no/halocar-
bonmetrics/. Experimental absorption cross-sections have been used
for the majority of compounds, but for a few compounds theoretical
spectra were used because of unavailability of experimental spectra.

8.5M.13.3 Instantaneous Radiative Efficiency

The simple method from Pinnock et al. (1995) has been adopted here
for the calculation of RE, except that a revised version of the Pinnock et
al. curve has been used. This ensures a common method for deriving RE
from absorption cross sections, and hence greater internal consistency,
in contrast to the many different methods/assumptions used for cal-
culation of RE used in the literature. The new curve, at 1 cm~' spectral
resolution (rather than the original 10 cm~" resolution used in Pinnock
et al., (1995) is based on calculations with the Oslo Line-by-Line (LBL)
model (Myhre et al., 2006), and is shown in Figure 8.SM.7.

Table 8.SM.15 | Calculated radiative efficiencies (REs) for compounds where lifetime estimates are unknown. Note that homogeneous mixing in the atmosphere is assumed;

hence the REs presented here are probably upper estimates.

Common Name or Chemical Name

1,1,1,3,3,3-Hexafluoro-2-(trifluoromethyl)-2-propanol
HG'-10

HG'-20

HG'-30

HFE-338mec3

Fluoromethyl carbonofluoridate

Difluoromethyl carbonofluoridate

Trifluoromethyl carbonofluoridate

Perfluoroethyl carbonofluoridate

2,2,2-Trifluoroethyl carbonofluoridate
Perfluoropropyl carbonofluoridate

Trifluoromethyl 2,2,2-trifluoroacetate

Perfluoroethyl 2,2,2-trifluoroacetate
1,1,1,3,3,3-Hexafluoropropan-2-yl 2,2,2-trifluoroacetate
Vinyl 2,2,2-trifluoroacetate

Allyl 2,2,2-trifluoroacetate

Phenyl 2,2,2-trifluoroacetate

Methyl 2-fluoroacetate

Difluoromethyl 2,2-difluoroacetate

4,4,4-Trifluorobutanal

Chemical Formula Radiative Efficiency (W m=2 ppb-')
(CF;),COH 0.38
CH;0CF,0CH, 0.26
CH,0(CF,0),CH, 0.72
CH,0(CF,0);CH, 114
CF;CFHCF,0CF,H 0.51
FCOOCFH, 0.19
FCOOCF,H 033
FCOOCF, 032
FCOOCF,CF, 0.48
FCOOCH,CF, 033
FCOOCF,CF,CF, 053
CF,COOCF, 0.49
CF;COOCF,CF, 0.62
CF;COOCH(CF,), 0.49
CF,COOCH=CH, 039
CF;COOCH,CHCH, 035
CF,CO0Ph 039
H,CFCOOCH, 0.08
HCF,COOCHF, 0.44
CF5(CH,),CHO 0.16

8SM-21




Chapter 8 Supplementary Material

Anthropogenic and Natural Radiative Forcing

=35 RN

T —— OSLO Pinnock 1 (cm_1)

2

§ o

o

€

[aV)

5 25}

®

o

£ 2

(&)

Ry

€

= 1.5

(]

=

5 17

£

o

2

[0} 05_

=2

ks

E 0 i i L b mAMhL“ s S j
0 500 1000 1500 2000 2500 3000

Wavenumber (cm'1)

Figure 8.SM.7 | Radiative forcing efficiency (for a 0 to 1 ppbv increase in mixing ratio) per unit cross section calculated with the Oslo Line-by-Line (LBL) model.

8.SM.13.4 Stratospheric Temperature Adjustment

The revised Pinnock et al. curve shown in Figure 8.SM.7 applies for
instantaneous radiative forcing efficiency. To take into account strato-
spheric temperature adjustment, a factor has been applied based on
results from previous studies. For most compounds, the instantaneous
REs have been increased by 10% (Pinnock et al., 1995; Myhre and
Stordal, 1997; Jain et al., 2000; Naik et al., 2000; Forster et al., 2005) to
account for stratospheric temperature adjustment. For a few selected
compounds, explicit model calculations have been carried out using the
Oslo LBL model (Myhre et al., 2006). These calculations show increases
of 9.1%, 10.5%, and 10.5% for CFC-11, CFC-12 and CF,, respectively,
when taking into account the stratospheric temperature adjustment,
while there is a reduction of 5.0% for HFC-41. The assumed increase
of 10% for the remaining compounds is considered a good approxima-
tion, based on our calculations and the literature (e.g., Pinnock et al.,
1995; Myhre and Stordal, 1997).

8.SM.13.5 Lifetime Correction

Fractional correction factors to the RE, to take into account the non-
uniform mixing in the atmosphere, have previously been presented in
Freckleton et al. (1998) and Sihra et al. (2001). Here, the method of Sihra
et al. (2001) has been extended by including the results of Sellevag et
al. (2004), and by carrying out new calculations using essentially the
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same models (Oslo CTM2, Sevde et al., 2008); and Oslo Broadband
model, (Myhre and Stordal, 1997) and a similar setup as in Sellevag et
al. (2004). One fractional correction curve has been calculated for the
compounds dominated by loss through photolysis in the stratosphere,
and one curve for compounds that are lost mainly by reaction with
OH. The first curve was calculated by applying an exponential curve
fit which gives the formula f(tr) = 1 — 0.1826 © 0333, where f is the
fractional correction and = is the lifetime in years. The empirical fit for
the latter curve was constrained to form an S-shaped curve with the
formula f(r) = (atv)’ / (1 + ct9), and the constants have values a =
2.962, b =0.9312, ¢ = 2.994 and d = 0.9302. The resulting two curves
are shown in Figure 8.SM.8 and have been applied when calculating
REs and GWPs for compounds where the lifetime is known. For shorter-
lived compounds (less than about 2 to 3 years), the fractional correc-
tion depends on where the compound is emitted and so no unique
curve can be defined. Here it has been assumed that the geographical
distribution is similar to the approach in Sellevag et al. (2004). These
fractional corrections have been made to the RE after the instanta-
neous RE has been modified for stratospheric temperature adjustment
as described in the paragraph above.
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Figure 8.SM.8 | Factor needed to correct radiative efficiency (RE) to account for non-uniform vertical and horizontal distribution versus atmospheric lifetime. The red symbols are
for compounds whose main loss mechanism is stratospheric photolysis while the blue symbols are for compounds that are lost in the troposphere mainly by reaction with OH. Dark
blue symbols have been used in the calculation of the S-shaped fit and dark red symbols have been used in the calculation of the exponential fit. Light blue and light red symbols
are shown for comparison. The curve from Sihra et al. (2001) represents an empirical least squares fit to the fractional correction factors from Jain et al. (2000). For compounds where
several different absorption bands have been used in the RF calculations, both the mean and the standard deviation of the fractional corrections are shown.

8.5M.14 Metric Values for Other Near-Term
Climate Forcers to Support Section 8.7.2

Derwent et al. (2001) report a GWP,, of 5.8 for the effects of H, emis-
sions on CH, and ozone. For global emissions of SO, Fuglestvedt et
al. (2010) calculated GWPs of —140 and —40 for 20 and 100 years,
respectively. The GTPs are —41 and —6.9 for the same time horizons
(for both metrics the values are given on an SO, basis and account
only for the aerosol radiation interaction of sulphate). For SO, Shindell
et al. (2009) calculated —22 + 20 (aerosol-radiation interaction only)
and =76 + 69 (aerosol-radiation interaction and aerosol—cloud inter-
actions) for GWP,q,, and =78 = 70 and —268 = 241 for GWP,,. For NH,
Shindell et al. (2009) calculated —19 + 22 (aerosol-radiation interaction
only) and —15 + 18 (aerosol-radiation interaction and aerosol—cloud
interactions ) for GWP,,, and —65 + 76 and —53 + 62 for GWP,,. Due
to competition for ammonium between nitrate and sulphate, the net
aerosol forcing from either SO, or NH; emissions is the residual of
larger responses of opposite signs, which leads to the high uncertainty
in their numbers. (These values are based on IRF for CO, from AR4.) The
GWP, o, and GTP, o, values can be scaled by 0.94 and 0.92, respectively,
to account for updated values for the reference gas CO,.
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8.SM.15 Metric Values for Halocarbons Including
Climate—Carbon Feedback for Carbon
Dioxide to Support Section 8.7.2

Table 8.5M.16 | GWP and GTP with climate—carbon feedbacks included for halocarbons. The additional effect (delta) and the total effect are given. (Climate—carbon feedbacks in
response to the reference gas CO, are always included).

Acronym,
Common 2%‘-3;!;: GWP 10A(‘)3-‘;\$r GWP 2’332; GTP 5’332; GTP 1&‘?;:” GTP
Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year
Name yrkg™) yrkg™)
CFC-11
Delta 3.04E-12 122 6.32E-11 689 1.29E-13 189 4.32E-13 701 6.32E-13 1156
Total 1.75E-10 7020 4.91E-10 5352 4.84E-12 7078 3.45E-12 5589 1.91E-12 3491
CFC-12
Delta 4.53E-12 182 1.20E-10 1308 1.94E-13 283 7.45E-13 1208 1.34E-12 2459
Total 2.74E-10 10,976 1.06E-09 11,547 7.90E-12 11,549 7.50E-12 12,160 5.96E-12 10,907
CFC-13
Delta 4.40E-12 177 1.43E-10 1558 1.89E-13 277 8.09E-13 1312 1.76E-12 3221
Total 2.75E-10 11,040 1.42E-09 15,451 8.18E-12 11,960 9.58E-12 15,530 1.05E-11 19,144
CFC-113
Delta 2.75E-12 110 6.99E-11 762 1.17E-13 17 4.41E-13 716 7.69E-13 1407
Total 1.65E-10 6600 6.04E-10 6586 4.72E-12 6902 4.29E-12 6963 3.22E-12 5880
CFC-114
Delta 3.18E-12 127 9.38E-11 1023 1.36E-13 199 5.55E-13 900 1.11E-12 2026
Total 1.96E-10 7839 8.82E-10 9615 5.74E-12 8385 6.12E-12 9922 5.79E-12 10,579
CFC-115
Delta 2.37E-12 95 7.81E-11 851 1.02E-13 149 4.39E-13 712 9.69E-13 1772
Total 1.49E-10 5954 7.81E-10 8516 4.42E-12 6463 5.25E-12 8517 5.88E-12 10,749
HCFC-21
Delta 4.72E-13 19 2.91E-12 32 1.71E-14 25 2.16E-14 35 2.03E-14 37
Total 1.40E-11 562 1.65E-11 179 1.49E-13 217 3.75E-14 61 3.14E-14 57
HCFC-22
Delta 2.88E-12 115 3.13E-11 342 1.18E-13 172 2.46E-13 399 2.44E-13 446
Total 1.35E-10 5395 1.93E-10 2106 2.99E-12 4368 7.59E-13 1230 3.87E-13 708
HCFC-122
Delta 1.99E-13 8 1.17E-12 13 7.06E-15 10 8.66E-15 14 8.13E-15 15
Total 5.63E-12 226 6.60E-12 72 5.51E-14 81 1.49E-14 24 1.26E-14 23
HCFC-122a
Delta 7.28E-13 29 5.00E-12 54 2.75E-14 40 3.78E-14 61 3.54E-14 65
Total 2.43E-11 975 2.87E-11 312 3.19E-13 466 6.77E-14 110 5.50E-14 101
HCFC-123
Delta 2.61E-13 10 1.57E-12 17 9.35E-15 14 1.16E-14 19 1.09E-14 20
Total 7.54E-12 302 8.85E-12 9% 7.64E-14 112 2.01E-14 33 1.69E-14 31
HCFC-123a
Delta 9.98E-13 40 7.12E-12 78 3.82E-14 56 5.42E-14 88 5.08E-14 93
Total 3.47E-11 1390 4.10E-11 447 4.89E-13 715 9.86E-14 160 7.89E-14 144

(continued on next page)
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Table 8.SM.16 (continued)

Acronym,

common 2%(-5;:% GWP 1(?&‘3,/\;r GWP zﬁ_GyL';r GTP sﬁ.GyZZr GTP 16‘})5_;:ar GTP

Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year

Name yrkg™) yrkg™)

HCFC-124
Delta 1.24E-12 50 9.96E-12 109 4.87E-14 7 7.70E-14 125 7.24E-14 132
Total 4.79-11 1920 5.82E-11 635 8.12E-13 1187 1.52E-13 246 1.13E-13 206
HCFC-132¢
Delta 8.93E-13 36 6.50E-12 7 3.43E-14 50 4.96E-14 80 4.65E-14 85
Total 3.16E-11 1268 3.75E-11 409 4.61E-13 674 9.10E-14 148 7.23E-14 132
HCFC-141b
Delta 1.48E-12 59 1.43E-11 156 5.99E-14 88 1.12E-13 182 1.08E-13 197
Total 6.51E-11 2608 8.60E-11 938 1.33E-12 1941 2.80E-13 453 1.69E-13 309
HCFC-142b
Delta 2.53E-12 101 3.33E-11 363 1.05E-13 153 2.56E-13 415 2.75E-13 502
Total 1.28E-10 5125 2.15E-10 2345 3.11E-12 4546 1.10E-12 1787 4.69E-13 858
HCFC-225¢a
Delta 4.02E-13 16 2.51E-12 27 1.47E-14 21 1.87E-14 30 1.75E-14 32
Total 1.21E-11 485 1.42E-11 155 1.31E-13 192 3.25E-14 53 2.72E-14 50
HCFC-225¢ch
Delta 1.23E-12 49 9.92E-12 108 4.85E-14 7 7.67E-14 124 7.22E-14 132
Total 4.77E-11 1913 5.80E-11 633 8.09E-13 1183 1.51E-13 245 1.12E-13 205
(E)-1-Chloro-3,3,3-trifluoroprop-1-ene
Delta 5.31E-15 <1 2.97E-14 <1 1.82E-16 <1 2.17E-16 <1 2.04E-16 <1
Total 1.42E-13 6 1.66E-13 2 1.28E-15 2 3.71E-16 1 3.16E-16 1
HFC-23
Delta 4.45E-12 178 1.34E-10 1459 1.91E-13 279 7.85E-13 1272 1.59E-12 2913
Total 2.75E-10 11,005 1.27E-09 13,856 8.07E-12 11,802 8.78E-12 14,232 8.54E-12 15,622
HFC-32
Delta 1.67E-12 67 1.29E-11 141 6.52E-14 95 9.91E-14 161 9.31E-14 170
Total 6.24E-11 2502 7.50E-11 817 9.97E-13 1457 1.88E-13 305 1.45E-13 265
HFC-41
Delta 3.43E-13 14 2.27E-12 25 1.28E-14 19 1.70E-14 28 1.60E-14 29
Total 1.10E-11 an 1.29E-11 141 1.34E-13 195 3.01E-14 49 2.48E-14 a5
HFC-125
Delta 2.83E-12 113 4.79E-11 522 1.19-13 174 3.49E-13 566 4.37E-13 798
Total 1.55E-10 6207 3.39E-10 3691 4.08E-12 5971 2.19E-12 3543 9.66E-13 1766
HFC-134
Delta 2.06E-12 82 2.03E-11 221 8.31E-14 122 1.59E-13 258 1.54E-13 282
Total 9.14E-11 3663 1.23E-10 1337 1.90E-12 2778 4.13E-13 670 2.41E-13 an
HFC-134a
Delta 1.97E-12 79 2.27€-11 248 8.07E-14 118 1.78E-13 288 1.80E-13 329
Total 9.45E-11 3789 1.42E-10 1549 2.17E-12 3171 6.11E-13 991 2.90E-13 530

(continued on next page)
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Table 8.SM.16 (continued)

Anthropogenic and Natural Radiative Forcing

Acronym, AGWP AGWP

ﬁ‘;“n::“;': zoc-;yeir GWP 10(?—ye_ar GWP 2’3_(;2; GTP 5’3_(;2; GTP 1&‘_;;:” GTP

Chemical (W rn_ 1 20-year (W m_ 2 100-year (K kg™") 20-year K kg™") 50-year K kg') 100-year

Name yrkg™) yrkg™)

HFC-143
Delta 9.18E-13 37 6.35E-12 69 3.48E-14 51 4.81E-14 78 4.51E-14 82
Total 3.09E-11 1239 3.64E-11 397 4.10E-13 600 8.63E-14 140 7.00E-14 128
HFC-143a
Delta 3.05E-12 122 6.45E-11 703 1.29E-13 189 4.38E-13 710 6.50E-13 1189
Total 1.76E-10 7064 5.05E-10 5508 4.89E-12 7146 3.56E-12 5771 2.02E-12 3693
HFC-152
Delta 5.73E-14 2 3.27E-13 4 .1.99E-15 3 2.40E-15 4 2.25E-15 4
Total 1.56E-12 63 1.83E-12 20 1.45E-14 21 4.10E-15 7 3.49E-15 6
HFC-152a
Delta 4.46E-13 18 2.71E-12 30 1.61E-14 23 2.01E-14 33 1.89E-14 35
Total 1.31E-11 524 1.53E-11 167 1.35E-13 198 3.49E-14 57 2.93E-14 54
HFC-161
Delta 1.29E-14 1 7.26E-14 1 4.44E-16 1 5.30E-16 1 4.99E-16 1
Total 3.46E-13 14 4.06E-13 4 3.14E-15 5 9.06E-16 1 7.72E-16 1
HFC-227ca
Delta 2.36E-12 95 3.99E-11 435 9.91E-14 145 2.91E-13 472 3.64E-13 665
Total 1.29€-10 5175 2.82E-10 3077 3.41E-12 4978 1.82E-12 2954 8.05E-13 1472
HFC-227ea
Delta 2.40E-12 96 4.69E-11 512 1.01E-13 148 3.27E-13 531 4.56E-13 835
Total 1.36E-10 5454 3.54E-10 3860 3.72E-12 5431 2.45E-12 3967 1.25E-12 2294
HFC-236¢ch
Delta 1.85E-12 74 2.12E-1 231 7.59E-14 11 1.66E-13 269 1.67E-13 305
Total 8.86E-11 3550 1.32E-10 1438 2.02E-12 2953 5.58E-13 904 2.68E-13 490
HFC-236ea
Delta 2.28E-12 92 2.39E-11 261 9.30E-14 136 1.88E-13 305 1.84E-13 337
Total 1.05E-10 4203 1.46E-10 1596 2.27E-12 3322 5.41E-13 878 2.91E-13 532
HFC-236fa
Delta 2.84E-12 114 8.64E-11 942 1.22E-13 178 5.05E-13 818 1.03E-12 1890
Total 1.76E-10 7054 8.25E-10 8998 5.18E-12 7575 5.69E-12 9220 5.61E-12 10,267
HFC-245ca
Delta 1.62E-12 65 1.35E-11 147 6.39E-14 93 1.04E-13 169 9.85E-14 180
Total 6.42E-11 2575 7.91E-11 863 1.14E-12 1663 2.13E-13 345 1.53E-13 281
HFC-245ch
Delta 2.94E-12 118 6.20E-11 676 1.24E-13 182 4.21E-13 683 6.25E-13 1144
Total 1.70E-10 6795 4.86E-10 5298 4.70E-12 6875 3.42E-12 5552 1.94E-12 3553
HFC-245ea
Delta 6.73E-13 27 4.57E-12 50 2.54E-14 37 3.45E-14 56 3.23E-14 59
Total 2.22E-11 890 2.61E-11 285 2.84E-13 415 6.14E-14 100 5.02E-14 92
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Table 8.SM.16 (continued)

Acronym,

common 2%(-;;‘:,:% GWP 1(‘3\&‘;’:\; GWP zﬁ-Ger GTP 5/3-6312; GTP 1&6_;:ar GTP

Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg"") 100-year

Name yrkg™) yrkg™)

HFC-245eb
Delta 8.37E-13 34 5.64E-12 61 3.15E-14 46 4.25E-14 69 3.99E-14 73
Total 2.74E-11 1099 3.23E-11 352 3.46E-13 506 7.56E-14 123 6.19E-14 113
HFC-245fa
Delta 1.79-12 72 1.59E-11 174 7.14E-14 104 1.24E-13 202 1.18E-13 216
Total 7.46E-11 2992 9.47E-11 1032 1.42E-12 2079 2.76E-13 447 1.84E-13 337
HFC-263fb
Delta 2.50E-13 10 1.49E-12 16 8.93E-15 13 1.10E-14 18 1.04€-14 19
Total 7.18E-12 288 8.42E-12 92 7.20E-14 105 1.91E-14 31 1.61E-14 29
HFC-272ca
Delta 431E-13 17 2.82E-12 31 1.60E-14 23 2.11E-14 34 1.98E-14 36
Total 1.36E-11 547 1.60E-11 175 1.62E-13 236 3.72E-14 60 3.07E-14 56
HFC-329p
Delta 2.09E-12 84 3.55E-11 387 8.79E-14 128 2.59E-13 420 3.24E-13 593
Total 1.15E-10 4594 2.52E-10 2742 3.03E-12 4423 1.63E-12 2638 7.21E-13 1318
HFC-365mfc
Delta 1.57E-12 63 1.48E-11 161 6.33E-14 93 1.16E-13 188 1.11E-13 203
Total 6.79E-11 2724 8.86E-11 966 1.36E-12 1986 2.77E-13 450 1.736-13 317
HFC-43-10mee
Delta 2.20E-12 88 2.80E-11 305 9.09E-14 133 2.16E-13 351 2.28E-13 417
Total 1.10E-10 4403 1.796-10 1952 2.63E-12 3851 8.78E-13 1424 3.82E-13 698
HFC-1132a
Delta 1.51E-16 <1 8.44E-16 <1 5.18E-18 <1 6.16E-18 <1 5.79E-18 <1
Total 4.04E-15 <1 4.73E-15 <1 3.61E-17 <1 1.05€-17 <1 8.98E-18 <1
HFC-1141
Delta 6.04E-17 <1 3.38E-16 <1 2.07E-18 <1 2.47E-18 <1 2.32E-18 <1
Total 1.62E-15 <1 1.90E-15 <1 1.44E-17 <1 4.21E-18 <1 3.60E-18 <1
(2)-HFC-1225ye
Delta 8.31E-16 <1 4.65E-15 <1 2.85E-17 <1 3.39E-17 <1 3.19E-17 <1
Total 2.22E-14 1 2.60E-14 <1 1.99€-16 <1 5.80E-17 <1 4.95E-17 <1
(E)-HFC-1225ye
Delta 2.81E-16 <1 1.57€-15 <1 9.64E-18 <1 115617 <1 1.08E-17 <1
Total 7.52E-15 <1 8.81E-15 <1 6.72E-17 <1 1.96E-17 <1 1.67E-17 <1
(2)-HFC-1234ze
Delta 1.01E-15 <1 5.68E-15 <1 3.48E-17 <1 4.14E17 <1 3.90E-17 <1
Total 2.71E-14 1 3.18E-14 <1 2.43E-16 <1 7.08E-17 <1 6.04E-17 <1
HFC-1234yf
Delta 1.25€-15 <1 7.02E-15 <1 431E-17 <1 5.12E-17 <1 4.82E-17 <1
Total 3.35E-14 1 3.93E-14 <1 3.00E-16 <1 8.75E-17 <1 7.47E17 <1
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Table 8.SM.16 (continued)

Aconym, | Gyyp AGWP

common zo(-;ye?r GWP 10(?—ye_ar GWP zﬁ-(;zl;r GTP 5/3-(;2; GTP 1&‘_5;:ar GTP

Chemical (W m_ 12 20-year (W m_ Z 100-year (K kg™") 20-year (K kg™") 50-year (K kg') 100-year

Name yrkg™) yrkg™)

(E)-HFC-1234ze
Delta 3.40E-15 <1 1.90E-14 <1 1.17E-16 <1 1.39E-16 <1 1.30E-16 <1
Total 9.07E-14 4 1.06E-13 1 8.14E-16 1 2.37E-16 <1 2.02E-16 <1
(2)-HFC-1336
Delta 5.98E-15 <1 3.35E-14 <1 2.06E-16 <1 2.45E-16 <1 2.30E-16 <1
Total 1.60E-13 6 1.87E-13 2 1.44E-15 2 4.18E-16 1 3.56E-16 1
HFC-1243zf
Delta 5.31E-16 <1 2.97E-15 <1 1.82E-17 <1 2.17E-17 <1 2.04E-17 <1
Total 1.42E-14 1 1.66E-14 <1 1.27E-16 <1 3.70E-17 <1 3.16E-17 <1
HFC-1345zfc
Delta 4.49E-16 <1 2.51E-15 <1 1.54E-17 <1 1.83E-17 <1 1.72E-17 <1
Total 1.20E-14 <1 1.41E-14 <1 1.07E-16 <1 3.13E-17 <1 2.67E-17 <1
3,3,4,4,5,5,6,6,6-Nonafluorohex-1-ene
Delta 4.84E-16 <1 2.71E-15 <1 1.66E-17 <1 1.98E-17 <1 1.86E-17 <1
Total 1.29E-14 1 1.52E-14 <1 1.16E-16 <1 3.38E-17 <1 2.88E-17 <1
3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooct-1-ene
Delta 3.84E-16 <1 2.15E-15 <1 1.32E-17 <1 1.57E-17 <1 1.47E-17 <1
Total 1.03E-14 <1 1.20E-14 <1 9.19E-17 <1 2.68E-17 <1 2.29E-17 <1
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptadecafluorodec-1-ene
Delta 3.31E-16 <1 1.85E-15 <1 1.14€E-17 <1 1.35E-17 <1 1.27€-17 <1
Total 8.86E-15 <1 1.04E-14 <1 7.92E-17 <1 2.31E-17 <1 1.97E-17 <1
Methyl chloroform
Delta 4.02E-13 16 3.05E-12 33 1.56E-14 23 2.34E-14 38 2.20E-14 40
Total 1.48E-11 594 1.77E-11 193 2.32E-13 339 4.42E-14 72 3.42E-14 63
Carbon tetrachloride
Delta 1.64E-12 66 2.66E-11 290 6.86E-14 100 1.96E-13 318 2.39E-13 436
Total 8.86E-11 3550 1.85E-10 2019 2.31E-12 3378 1.16E-12 1887 5.01E-13 915
Methyl chloride
Delta 4.09E-14 2 2.42E-13 3 1.45E-15 2 1.78E-15 3 1.67E-15 3
Total 1.16E-12 46 1.36E-12 15 1.14E-14 17 3.07E-15 5 2.59E-15 5
Methylene chloride
Delta 3.12E-14 1 1.78E-13 2 1.08E-15 2 1.30E-15 2 1.22E-15 2
Total 8.49E-13 34 9.95E-13 1 7.86E-15 1 2.23E-15 4 1.90E-15 3
Chloroform
Delta 5.73E-14 2 3.27E-13 4 1.99E-15 3 2.40E-15 4 2.25E-15 4
Total 1.56E-12 63 1.83E-12 20 1.45E-14 21 4.10E-15 7 3.49E-15 6
1,2-Dichloroethane
Delta 3.18E-15 <1 1.79E-14 <1 1.10E-16 <1 1.31E-16 <1 1.23E-16 <1
Total 8.56E-14 3 1.00E-13 1 7.77E-16 1 2.24E-16 <1 1.91E-16 <1
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Acronym,

common z%(.;yv:;r GWP 13&\;\; GWP 2’3_‘;2; GTP 5’3_‘;2; GTP 1&?;":” GTP

Chemical (W m_ 2 | 20-year (W m_ Z 100-year K kg™") 20-year K kg™) 50-year K kg) 100-year

Name yrkg™) yrkg™)

Methyl bromide
Delta 8.01E-15 <1 4.68E-14 1 2.82E-16 <1 3.44E-16 1 3.23E-16 1
Total 2.24E-13 9 2.63E-13 3 2.16E-15 3 5.91E-16 1 5.01E-16 1
Methylene bromide
Delta 3.56E-15 <1 2.02E-14 <1 1.23E-16 <1 1.48E-16 <1 1.39E-16 <1
Total 9.66E-14 4 1.13E-13 1 8.90E-16 1 2.54E-16 <1 2.16E-16 <1
Halon-1201
Delta 9.29E-13 37 7.16E-12 78 3.62E-14 53 5.50E-14 89 5.17E-14 95
Total 3.47E-11 1390 4.16E-11 454 5.54E-13 809 1.05E-13 170 8.04E-14 147
Halon-1202
Delta 6.76E-13 27 4.50E-12 49 2.53E-14 37 3.38E-14 55 3.17E-14 58
Total 2.18E-11 875 2.57E-11 280 2.69E-13 393 5.99E-14 97 4.92E-14 90
Halon-1211
Delta 2.34E-12 94 2.97E-11 324 9.67E-14 141 2.30E-13 373 2.42E-13 442
Total 1.17E-10 4684 1.90E-10 2070 2.80E-12 4091 9.28E-13 1504 4.04E-13 739
Halon-1301
Delta 3.35E-12 134 7.91E-11 862 1.43E-13 208 5.15E-13 835 8.40E-13 1536
Total 1.98E-10 7935 6.56E-10 7154 5.61E-12 8194 4.68E-12 7581 3.12E-12 5703
Halon-2301
Delta 4.89E-13 20 3.36E-12 37 1.85E-14 27 2.54E-14 Al 2.38E-14 44
Total 1.63E-11 655 1.93E-11 210 2.14E-13 313 4.55E-14 74 3.70E-14 68
Halon-2311/Halothane
Delta 1.38E-13 6 8.15E-13 9 4.90E-15 7 6.01E-15 10 5.64E-15 10
Total 3.91E-12 157 4.59E-12 50 3.84E-14 56 1.04E-14 17 8.75E-15 16
Halon-2401
Delta 5.38E-13 22 3.58E-12 39 2.01E-14 29 2.69E-14 44 2.52E-14 46
Total 1.74E-11 696 2.04E-11 223 2.14E-13 312 4.77E-14 77 3.92E-14 72
Halon-2402
Delta 1.68E-12 68 2.40E-11 262 7.01E-14 102 1.82E-13 296 2.04E-13 373
Total 8.76E-11 3511 1.59E-10 1734 2.19E-12 3207 8.90E-13 1443 3.70E-13 676
Nitrogen trifluoride
Delta 5.19E-12 208 1.66E-10 1815 2.23E-13 326 9.48E-13 1537 2.04E-12 3733
Total 3.24E-10 12,987,000 1.64E-09 17,885 9.61E-12 14,049 1.11E-11 18,041 1.20E-11 21,852
Sulphur hexafluoride
Delta 7.06E-12 283 2.37E-10 2580 3.03E-13 444 1.32E-12 2139 2.96E-12 5416
Total 4.44E-10 17,783 2.39E-09 26,087 1.32E-11 19,348 1.60E-11 25,934 1.84E-11 33,631
(Trifluoromethyl)sulphur pentafluoride
Delta 5.46E-12 219 1.78E-10 1946 2.35E-13 343 1.01E-12 1633 2.21E-12 4039
Total 3.42E-10 13,698 1.78E-09 19,396 1.02E-11 14,855 1.20E-11 19,443 1.33E-11 24,271
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Table 8.SM.16 (continued)

Acronym,

Common z%‘.;,‘,’!;zr GWP 10A(?-‘3I/\2_|:1r GWP 2’331'; GTP 5’331'; GTP 1&‘?;:” GTP

Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year

Name yrkg™) yrkg™)

Sulphuryl fluoride
Delta 3.08E-12 124 5.84E-11 637 1.30E-13 190 4.12E13 668 5.60E-13 1024
Total 1.74E-10 6965 4.34E-10 4732 4.71E-12 6885 2.96E-12 4805 1.46E-12 2671
PFC-14
Delta 1.96E-12 79 6.64E-11 724 8.44E-14 123 3.69E-13 598 8.34E-13 1524
Total 1.24E-10 4954 6.74E-10 7349 3.69E-12 5396 4.49E-12 7286 5.23E-12 9563
PFC-116
Delta 3.31E-12 133 1.12E-10 1216 1.42E-13 208 6.20E-13 1006 1.40E-12 2560
Total 2.08E-10 8344 1.13E-09 12,340 6.21E-12 9085 7.55E-12 12,243 8.76E-12 16,016
PFC-c216
Delta 2.76E-12 111 9.26E-11 1010 1.19E-13 174 5.16E-13 837 1.16E-12 2119
Total 1.74E-10 6964 9.36E-10 10,208 5.18E-12 7576 6.26E-12 10,149 7.19E-12 13,151
PFC-218
Delta 2.68E-12 107 8.97E-11 978 1.15E-13 168 5.00E-13 812 1.12E-12 2051
Total 1.68E-10 6752 9.06E-10 9878 5.02E-12 7344 6.06E-12 9826 6.95E-12 12,705
PFC-318
Delta 2.87E-12 115 9.61E-11 1048 1.23E-13 180 5.36E-13 869 1.20E-12 2199
Total 1.80E-10 7221 9.71E-10 10,592 5.37E-12 7856 6.49E-12 10,530 7.47E-12 13,655
PFC-31-10
Delta 2.77E-12 111 9.27E-11 1011 1.19E-13 174 5.17E-13 839 1.16E-12 2121
Total 1.74E-10 6981 9.37E-10 10,213 5.19E-12 7594 6.27E-12 10,160 7.18E-12 13,137
Perfluorocyclopentene
Delta 6.63E-15 <1 3.72E-14 <1 2.28E-16 <1 2.71E-16 <1 2.55E-16 <1
Total 1.77€-13 7 2.08E-13 2 1.60E-15 2 4.63E-16 1 3.95E-16 1
PFC-41-12
Delta 2.56E-12 103 8.59E-11 937 1.10E-13 161 4.79E-13 776 1.08E-12 1968
Total 1.61E-10 6448 8.70E-10 9484 4.80E-12 7017 5.81E-12 9422 6.70E-12 12,253
PFC-51-14
Delta 2.38E-12 95 7.97E-11 869 1.02E-13 149 4.44E-13 720 9.97E-13 1823
Total 1.49E-10 5988 8.05E-10 8780 4.46E-12 6514 5.38E-12 8730 6.19E-12 11,316
PFC-61-16
Delta 2.35E-12 9% 7.88E-11 859 1.01E-13 148 4.39E-13 712 9.86E-13 1802
Total 1.48E-10 5922 7.96E-10 8681 4.41E-12 6443 5.32E-12 8631 6.12E-12 11,183
PFC-71-18
Delta 2.29E-12 92 7.67E-11 837 9.84E-14 144 4.28E-13 694 9.60E-13 1756
Total 1.44E-10 5769 7.76E-10 8456 4.29E-12 6276 5.19E-12 8408 5.96E-12 10,894
PFC-91-18
Delta 2.18E-12 87 7.26E-11 791 9.35E-14 137 4.05E-13 658 9.06E-13 1657
Total 1.37E-10 5476 7.32E-10 7977 4.07E-12 5954 4.90E-12 7943 5.59E-12 10,222
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Acronym,

Common zﬁ?ﬂgr GWP 13(();-‘;\; GWP Zﬁ-GyL';r GTP 5’331; GTP 1(;?_;5“ GTP

Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year

Name yrkg™) yrkg)

Perfluorodecalin(cis)
Delta 2.19E-12 88 7.31E-11 797 9.42E-14 138 4.08E-13 662 9.13E-13 1669
Total 1.38E-10 5515 7.37E-10 8033 4.10E-12 5997 4.93E-12 8000 5.63E-12 10,295
Perfluorodecalin(trans)
Delta 1.90E-12 76 6.35E-11 692 8.18E-14 120 3.55E-13 575 7.93E-13 1450
Total 1.20E-10 4792 6.40E-10 6980 3.56E-12 5211 4.29E-12 6951 4.89E-12 8946
PFC-1114
Delta 1.03E-17 <1 5.78E-17 <1 3.55E-19 <1 4.22E-19 <1 3.96E-19 <1
Total 2.77E-16 <1 3.24E-16 <1 2.47E-18 <1 7.21E-19 <1 6.15E-19 <1
PFC-1216
Delta 2.49E-16 <1 1.40E-15 <1 8.56E-18 <1 1.02E-17 <1 9.57E-18 <1
Total 6.67E-15 <1 7.82E-15 <1 5.97E-17 <1 1.74E-17 <1 1.48E-17 <1
Perfluorobuta-1,3-diene
Delta 1.27E-17 <1 7.11E-17 <1 4.36E-19 <1 5.19E-19 <1 4.88E-19 <1
Total 3.40E-16 <1 3.99E-16 <1 3.04E-18 <1 8.86E-19 <1 7.57E-19 <1
Perfluorobut-1-ene
Delta 3.25E-16 <1 1.82E-15 <1 1.1E-17 <1 1.33E-17 <1 1.25E-17 <1
Total 8.69E-15 <1 1.02E-14 <1 7.77E-17 <1 2.26E-17 <1 1.93E-17 <1
Perfluorobut-2-ene
Delta 6.28E-15 <1 3.52E-14 <1 2.16E-16 <1 2.57E-16 <1 2.42E-16 <1
Total 1.68E-13 7 1.97E-13 2 1.51E-15 2 4.39E-16 1 3.74E-16 1
HFE-125
Delta 5.18E-12 208 1.42E-10 1549 2.21E-13 324 8.68E-13 1408 1.62E-12 2961
Total 3.15E-10 12,617 1.28E-09 13,951 9.13E-12 13,349 9.01E-12 14,615 7.59E-12 13,871
HFE-134 (HG-00)
Delta 5.51E-12 221 8.69E-11 947 2.31E-13 337 6.46E-13 1047 7.69E-13 1406
Total 2.96E-10 11,857 5.97E-10 6512 7.65E-12 11,183 3.67E-12 5945 1.55E-12 2837
HFE-143a
Delta 1.33E-12 53 1.00E-11 109 5.16E-14 75 7.67E-14 124 7.19E-14 132
Total 4.86E-11 1947 5.80E-11 632 7.47E-13 1091 1.43E-13 232 1.12E-13 205
HFE-227ea
Delta 3.88E-12 156 8.49E-11 926 1.65E-13 241 5.70E-13 924 8.70E-13 1590
Total 2.26E-10 9058 6.77E-10 7377 6.31E-12 9224 4.79E-12 7773 2.85E-12 5217
HCFE-235ca2 (enflurane)
Delta 1.54E-12 62 1.12E-11 122 5.92E-14 87 8.55E-14 139 8.01E-14 147
Total 5.45E-11 2185 6.47E-11 705 7.95E-13 1162 1.57E-13 254 1.25E-13 228
HCFE-235da2 (isoflurane)
Delta 1.37E-12 55 9.51E-12 104 5.21E-14 76 7.20E-14 117 6.75E-14 123
Total 4.63E-11 1854 5.45E-11 595 6.14E-13 898 1.29E-13 209 1.05E-13 192
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Table 8.SM.16 (continued)

Acronym,

Common z%(-;y:;r GWP 10A(();-‘)I:\$r GWP 2’331; GTP 5’331; GTP 13)(_;;:” GTP

Chemical (W m_ 2 | 20-year (W m_ Z 100-year (K kg™") 20-year (K kg™") 50-year (K kg') 100-year

Name yrkg™) yrkg™)

HFE-236ca
Delta 4.72E-12 189 6.86E-11 748 1.97E-13 287 5.19E-13 842 5.87E-13 1074
Total 2.47E-10 9901 4.58E-10 4990 6.23E-12 9105 2.62E-12 4241 1.09E-12 1985
HFE-236ea2 (desflurane)
Delta 3.10E-12 124 3.22E-11 351 1.26E-13 184 2.53E-13 410 2.48E-13 453
Total 1.42E-10 5678 1.97E-10 2143 3.05E-12 4463 7.17E-13 1163 3.90E-13 713
HFE-236fa
Delta 2.07E-12 83 1.82E-11 199 8.24E-14 120 1.42E-13 230 1.35E-13 247
Total 8.56E-11 3431 1.08E-10 1177 1.61E-12 2358 3.10E-13 503 2.10E-13 384
HFE-245ch2
Delta 1.65E-12 66 1.25E-11 136 6.41E-14 94 9.58E-14 155 8.99E-14 164
Total 6.06E-11 2430 7.25E-11 790 9.41E-13 1376 1.80E-13 292 1.40E-13 256
HFE-245fa1
Delta 1.86E-12 74 1.55E-11 169 7.34E-14 107 1.21E-13 196 1.14E-13 208
Total 7.41E-11 2970 9.15E-11 997 1.32E-12 1932 2.48E-13 402 1.77E-13 324
HFE-245fa2
Delta 1.97E-12 79 1.54E-11 168 7.69E-14 112 1.19E-13 193 1.12E-13 204
Total 7.45E-11 2987 8.99E-11 981 1.22E-12 1786 2.29E-13 372 1.74E-13 318
2,2,3,3,3-Pentafluoropropan-1-ol
Delta 6.60E-14 3 3.75E-13 4 2.29E-15 3 2.75E-15 4 2.58E-15 5
Total 1.79E-12 72 2.10E-12 23 1.65E-14 24 4.70E-15 8 4.00E-15 7
HFE-254ch1
Delta 9.07E-13 36 5.88E-12 64 3.36E-14 49 4.41E-14 n 4.13E-14 76
Total 2.85E-11 1141 3.35E-11 365 3.33E-13 487 7.74E-14 126 6.41E-14 117
HFE-263fb2
Delta 4.72E-15 <1 2.65E-14 <1 1.62E-16 <1 1.93E-16 <1 1.82E-16 <1
Total 1.26E-13 5 1.48E-13 2 1.13E-15 2 3.30E-16 1 2.81E-16 1
HFE-263m1
Delta 1.03E-13 4 5.87E-13 6 3.57E-15 5 4.30E-15 7 4.04E-15 7
Total 2.80E-12 112 3.29E-12 36 2.61E-14 38 7.37E-15 12 6.26E-15 1
3,3,3-Trifluoropropan-1-ol
Delta 1.39E-15 <1 7.77E-15 <1 4.77E-17 <1 5.67E-17 <1 5.33E-17 <1
Total 3.71E-14 1 4.35E-14 <1 3.32E-16 <1 9.69E-17 <1 8.27E-17 <1
HFE-329mcc2
Delta 3.22E-12 129 4.88E-11 532 1.35E-13 197 3.66E-13 593 4.24E-13 776
Total 1.71E-10 6847 3.30E-10 3598 4.36E-12 6379 1.96E-12 3175 8.17E-13 1494
HFE-338mmz1
Delta 2.87E-12 115 4.22E-11 460 1.20E-13 175 3.19E-13 517 3.63E-13 663
Total 1.51E-10 6053 2.83E-10 3081 3.82E-12 5584 1.63E-12 2644 6.77E-13 1238
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Acronym,

common z%(.;yv:;r GWP 13&\;\; GWP 2’3_‘;2; GTP 5’3_‘;2; GTP 1&?;":” GTP

Chemical (W m_ 2 | 20-year (W m_ Z 100-year K kg™") 20-year K kg™) 50-year K kg) 100-year

Name yrkg™) yrkg™)

HFE-338mcf2
Delta 1.96E-12 79 1.73E-11 189 7.82E-14 114 1.35E-13 219 1.28E-13 234
Total 8.13E-11 3258 1.03E-10 1118 1.53E-12 2239 2.95E-13 478 2.00E-13 365
Sevoflurane (HFE-347mmz1)
Delta 6.66E-13 27 4.24E-12 46 2.45E-14 36 3.17E-14 51 2.97E-14 54
Total 2.05E-11 821 2.4E-1 262 2.31E-13 337 5.54E-14 20 461E-14 84
HFE-347mcc3 (HFE-7000)
Delta 1.33E-12 53 1.01E-11 110 5.17E-14 76 7.77E-14 126 7.29E-14 133
Total 4.91E-11 1968 5.88E-11 641 7.69E-13 1125 1.46E-13 237 11313 207
HFE-347mcf2
Delta 1.91E-12 77 1.60E-11 175 7.57E-14 111 1.24E-13 202 1.18E-13 215
Total 7.64E-11 3063 9.43E-11 1028 1.36E-12 1993 2.55E-13 414 1.83E-13 335
HFE-347pcf2
Delta 2.08E-12 83 1.68E-11 183 8.17E-14 119 1.30E-13 211 1.22E-13 224
Total 8.07E-11 3236 9.83E-11 1072 1.38E-12 2015 2.57E-13 a7 1.90E-13 348
HFE-347mmy1
Delta 1.00E-12 40 7.02E-12 77 3.82E-14 56 5.33E-14 86 4.99E-14 91
Total 3.42E-11 1370 4.04E-11 440 4.65E-13 680 9.61E-14 156 7.76E-14 142
HFE-356mec3
Delta 1.06E-12 a2 7.47E-12 81 4.04E-14 59 5.67E-14 92 5.32E-14 97
Total 3.64E-11 1457 4.29E-11 468 5.01E-13 732 1.03E-13 166 8.26E-14 151
HFE-356mff2
Delta 5.90E-14 2 3.34E-13 4 2.04E-15 3 2.45E-15 4 2.30E-15 4
Total 1.60E-12 64 1.87E-12 20 1.46E-14 21 4.18E-15 7 3.56E-15 7
HFE-356pcf2
Delta 1.72E-12 69 1.36E-11 149 6.72E-14 98 1.05E-13 m 9.89E-14 181
Total 6.57E-11 2633 7.96E-11 867 1.10E-12 1601 2.05E-13 332 1.54E-13 281
HFE-356pcf3
Delta 1.25E-12 50 8.64E-12 9% 4.74E-14 69 6.54E-14 106 6.13E-14 112
Total 4.20E-11 1685 4.96E-11 540 5.58E-13 816 1.17E-13 190 9.52E-14 174
HFE-356pcc3
Delta 1.13E-12 45 7.97E-12 87 431E-14 63 6.05E-14 98 5.67E-14 104
Total 3.88E-11 1555 4.58E-11 500 5.34E-13 781 1.09E-13 177 8.81E-14 161
HFE-356mmz1
Delta 4.79E-14 2 2.71E-13 3 1.66E-15 2 1.98E-15 3 1.86E-15 3
Total 1.29€-12 52 1.52E-12 17 1.18E-14 17 3.39E-15 5 2.89E-15 5
HFE-365mcf3
Delta 3.31E-15 <1 1.85E-14 <1 1.14E-16 <1 1.35E-16 <1 1.27E-16 <1
Total 8.84E-14 4 1.04E-13 1 7.93E-16 1 231E-16 <1 1.97€-16 <1
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Table 8.SM.16 (continued)

Acronym,

Common z%(-;y:;r GWP 10A(();-‘)I:\$r GWP 2’331; GTP 5’331; GTP 13)(_;;:” GTP

Chemical (W m_ 2 | 20-year (W m_ Z 100-year (K kg™") 20-year (K kg™") 50-year (K kg') 100-year

Name yrkg™) yrkg™)

HFE-365mcf2
Delta 2.01E-13 8 1.16E-12 13 7.05E-15 10 8.53E-15 14 8.01E-15 15
Total 5.56E-12 223 6.52E-12 7 5.24E-14 77 1.46E-14 24 1.24E-14 23
HFE-374pc2
Delta 1.57E-12 63 1.20E-11 130 6.11E-14 89 9.18E-14 149 8.62E-14 158
Total 5.80E-11 2326 6.95E-11 758 9.09E-13 1329 1.73E-13 281 1.34E-13 245
4,4,4-Trifluorobutan-1-ol
Delta 6.72E-17 <1 3.76E-16 <1 2.31E-18 <1 2.74E-18 <1 2.58E-18 <1
Total 1.80E-15 <1 2.11E-15 <1 1.61E-17 <1 4.68E-18 <1 4.00E-18 <1
2,2,3,3,4,4,5,5-Octafluorocyclopentanol
Delta 4.52E-14 2 2.56E-13 3 1.57E-15 2 1.88E-15 3 1.76E-15 3
Total 1.22E-12 49 1.44E-12 16 1.12E-14 16 3.21E-15 5 2.73E-15 5
HFE-43-10pccc124 (H-Galden 1040x, HG-11)
Delta 4.23E-12 170 4.92E-11 536 1.74E-13 254 3.84E-13 623 3.90E-13 713
Total 2.04E-10 8176 3.07E-10 3353 4.69E-12 6854 1.33E-12 2156 6.28E-13 1149
HFE-449s1 (HFE-7100)
Delta 1.08E-12 43 8.05E-12 88 4.17E-14 61 6.17E-14 100 5.79E-14 106
Total 3.91E-11 1568 4.66E-11 509 5.95E-13 870 1.15E-13 186 8.99E-14 164
n-HFE-7100
Delta 1.24E-12 50 9.29E-12 101 4.82E-14 70 7.12E-14 115 6.68E-14 122
Total 4.52E-11 1810 5.38E-11 587 6.87E-13 1004 1.33E-13 215 1.04E-13 190
i-HFE-7100
Delta 1.04E-12 42 7.79E-12 85 4.04E-14 59 5.96E-14 97 5.60E-14 102
Total 3.78E-11 1517 4.51E-11 492 5.76E-13 842 1.11E-13 180 8.70E-14 159
HFE-569sf2 (HFE-7200)
Delta 1.93E-13 8 1.13E-12 12 6.81E-15 10 8.31E-15 13 7.80E-15 14
Total 5.40E-12 217 6.34E-12 69 5.20E-14 76 1.43E-14 23 1.21E-14 22
n-HFE-7200
Delta 2.20E-13 9 1.28E-12 14 7.74E-15 1 9.44E-15 15 8.86E-15 16
Total 6.14E-12 246 7.21E-12 79 5.91E-14 86 1.62E-14 26 1.37E-14 25
i-HFE-7200
Delta 1.51E-13 6 8.80E-13 10 5.31E-15 8 6.47E-15 10 6.08E-15 1
Total 4.21E-12 169 4.94E-12 54 4.05E-14 59 1.11E-14 18 9.42E-15 17
HFE-236ca12 (HG-10)
Delta 5.21E-12 209 8.31E-11 907 2.18E-13 319 6.16E-13 999 7.39E-13 1352
Total 2.81E-10 11,248 5.74E-10 6260 7.28E-12 10,646 3.56E-12 5769 1.51E-12 2769
HFE-338pcc13 (HG-01)
Delta 4.50E-12 181 5.11E-11 557 1.85E-13 270 4.00E-13 648 4.02E-13 736
Total 2.15E-10 8607 3.18E-10 3466 4.88E-12 7129 1.33E-12 2153 6.44E-13 1178
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Table 8.SM.16 (continued)

Acronym,

common z%(.;yv:;r GWP 13&\;\; GWP 2’3_‘;2; GTP 5’3_‘;2; GTP 1&?;":” GTP

Chemical (W m_ 2 | 20-year (W m_ Z 100-year K kg™") 20-year K kg™) 50-year K kg) 100-year

Name yrkg™) yrkg™)

1,1,1,3,3,3-Hexafluoropropan-2-ol
Delta 5.73E-13 23 3.57E-12 39 2.09E-14 31 2.66E-14 43 2.50E-14 46
Total 1.72E-11 691 2.02E-11 221 1.87E-13 274 4.64E-14 75 3.87E-14 n
HG-02
Delta 4.22E-12 169 4.79E-11 523 1.73E-13 253 3.75E-13 608 3.77E-13 690
Total 2.01E-10 8072 2.98E-10 3250 4.57E-12 6686 1.25E-12 2019 6.04E-13 1105
HG-03
Delta 4.42E-12 177 5.01E-11 547 1.81E-13 265 3.92E-13 636 3.95E-13 722
Total 2.11E-10 8443 3.12E-10 3400 4.78E-12 6993 1.30E-12 2112 6.32E-13 1155
HG-20
Delta 5.16E-12 207 8.24E-11 898 2.16E-13 316 6.10E-13 990 7.32E-13 1339
Total 2.78E-10 11,143 5.69E-10 6201 7.21E-12 10,546 3.52E-12 5715 1.50E-12 2743
HG-21
Delta 5.84E-12 234 6.79E-11 740 2.40E-13 351 5.30E-13 860 5.38E-13 984
Total 2.82E-10 11,285 4.24E-10 4628 6.47E-12 9461 1.84E-12 2976 8.67E-13 1586
HG-30
Delta 7.14E-12 286 1.14E-10 1242 2.99E-13 437 8.44E-13 1369 1.01E-12 1852
Total 3.84E-10 15,408 7.86E-10 8575 9.98E-12 14,583 4.87E-12 7903 2.07E-12 3793
1-Ethoxy-1,1,2,2,3,3,3-heptafluoropropane
Delta 2.07E-13 8 1.20E-12 13 7.28E-15 1" 8.86E-15 14 8.32E-15 15
Total 5.77E-12 231 6.77E-12 74 5.52E-14 81 1.52E-14 25 1.29E-14 24
Fluoroxene
Delta 1.93E-16 <1 1.08E-15 <1 6.62E-18 <1 7.88E-18 <1 7.41E-18 <1
Total 5.16E-15 <1 6.05E-15 <1 4.61E-17 <1 1.35E-17 <1 1.15E-17 <1
1,1,2,2-Tetrafluoro-1-(fluoromethoxy)ethane
Delta 2.01E-12 80 1.64E-11 179 791E-14 116 1.27E-13 206 1.20E-13 219
Total 7.88E-11 3157 9.64E-11 1051 1.37E-12 1996 2.55E-13 413 1.87E-13 341
2-Ethoxy-3,3,4,4,5-pentafluorotetrahydro-2,5-bis[1,2,2,2-tetrafluoro-1-(trifluoromethyl)ethyl]-furan
Delta 1.86E-13 7 1.10E-12 12 6.61E-15 10 8.12E-15 13 7.62E-15 14
Total 5.28E-12 212 6.19E-12 68 5.19E-14 76 1.40E-14 23 1.18E-14 22
Fluoro(methoxy)methane
Delta 4.44E-14 2 2.51E-13 3 1.53E-15 2 1.83E-15 3 1.72E-15 3
Total 1.20E-12 48 1.40E-12 15 1.09E-14 16 3.13E-15 5 2.67E-15 5
Difluoro(methoxy)methane
Delta 4.79E-13 19 2.85E-12 31 1.70E-14 25 2.10E-14 34 1.97E-14 36
Total 1.37E-11 547 1.60E-11 175 1.36E-13 198 3.62E-14 59 3.06E-14 56
Fluoro(fluoromethoxy)methane
Delta 4.40E-13 18 2.59E-12 28 1.56E-14 23 1.91E-14 31 1.79E-14 33
Total 1.24E-11 497 1.45E-11 159 1.21E-13 176 3.28E-14 53 2.77E-14 51

(continued on next page)
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Table 8.SM.16 (continued)

Aconym, | cwp AGWP

common zoc-;yeir GWP 10(?—ye_ar GWP 2’3_(;2; GTP 5’3_(;2; GTP 1&‘_;;:” GTP

Chemical (W rn_ 1 20-year (W m_ 2 100-year (K kg™") 20-year (K kg™") 50-year (K kg') 100-year

Name yrkg™) yrkg™)

Difluoro(fluoromethoxy)methane
Delta 1.75E-12 70 1.20E-11 131 6.63E-14 97 9.05E-14 147 8.48E-14 155
Total 5.82E-11 2335 6.86E-11 748 7.55E-13 1103 1.62E-13 262 1.32E-13 241
Trifluoro(fluoromethoxy)methane
Delta 1.97E-12 79 1.44E-11 157 7.58E-14 11 1.10E-13 179 1.03E-13 189
Total 7.02E-11 2812 8.33E-11 909 1.03E-12 1512 2.03E-13 329 1.61E-13 294
HG'-01
Delta 6.94E-13 28 4.36E-12 438 2.54E-14 37 3.25E-14 53 3.05E-14 56
Total 2.10E-11 843 2.47E-11 269 2.31E-13 338 5.66E-14 92 4.72E-14 86
HG’-02
Delta 7.38E-13 30 4.64E-12 51 2.70E-14 39 3.46E-14 56 3.24E-14 59
Total 2.24E-11 897 2.63E-11 287 2.46E-13 360 6.03E-14 98 5.03E-14 92
HG'-03
Delta 6.91E-13 28 4.34E-12 47 2.53E-14 37 3.23E-14 52 3.03E-14 55
Total 2.09E-11 840 2.46E-11 268 2.30E-13 336 5.64E-14 921 4.70E-14 86
HFE-329me3
Delta 3.20E-12 128 6.34E-11 691 1.35E-13 198 4.40E-13 714 6.20E-13 1133
Total 1.82E-10 7299 4.81E-10 5241 4.98E-12 7286 3.33E-12 5406 1.73E-12 3173
3,3,4,4, 5,5,6,6,7,7,7-Undecafluoroheptan-1-ol
Delta 1.52E-15 <1 8.51E-15 <1 5.22E-17 <1 6.21E-17 <1 5.84E-17 <1
Total 4.06E-14 2 4.76E-14 1 3.64E-16 1 1.06E-16 <1 9.04E-17 <1
3,3,4,4,5,5,6,6,7,7,8,8,9,9, 9-Pentadecafluorononan-1-ol
Delta 1.17E-15 <1 6.53E-15 <1 4.01E-17 <1 4.77E-17 <1 4.48E-17 <1
Total 3.12E-14 1 3.65E-14 <1 2.80E-16 <1 8.14E-17 <1 6.95E-17 <1
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Nonadecafluoroundecan-1-ol
Delta 6.69E-16 <1 3.75E-15 <1 2.30E-17 <1 2.73E-17 <1 2.57E-17 <1
Total 1.79E-14 1 2.10E-14 <1 1.60E-16 <1 4.67E-17 <1 3.98E-17 <1
2-Chloro-1,1,2-trifluoro-1-methoxyethane
Delta 3.99E-13 16 2.41E-12 26 1.43E-14 21 1.79E-14 29 1.68E-14 31
Total 1.16E-11 465 1.36E-11 149 1.19E-13 174 3.09E-14 50 2.60E-14 48
PFPMIE (perfluoropolymethylisopropyl ether)
Delta 3.04E-12 122 9.93E-11 1083 1.30E-13 191 5.60E-13 908 1.23E-12 2247
Total 1.90E-10 7619 9.89E-10 10,789 5.65E-12 8263 6.67E-12 10,815 7.38E-12 13,501
HFE-216
Delta 7.45E-16 <1 4.17E-15 <1 2.56E-17 <1 3.04E-17 <1 2.86E-17 <1
Total 1.99E-14 1 2.34E-14 <1 1.78E-16 <1 5.20E-17 <1 4.44E-17 <1
Trifluoromethyl formate
Delta 1.65E-12 66 1.14E-11 124 6.24E-14 91 8.62E-14 140 8.08E-14 148
Total 5.54E-11 2220 6.53E-11 712 7.36E-13 1075 1.55E-13 251 1.25E-13 229
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Table 8.SM.16 (continued)

Acronym, | cup AGWP

common zoc-;yeir GWP 10($-ye_ar GWP th-)\-GyE;r GTP sﬁ-GyLZr GTP 1&6_;(':” GTP

Chemical (w rn_ 1 20-year (w m_ 2 100-year K kg™) 20-year K kg™) 50-year K kg) 100-year

Name yrkg™) yrkg™)

Perfluoroethyl formate
Delta 1.62E-12 65 1.12E-11 122 6.16E-14 920 8.50E-14 138 7.97E-14 146
Total 5.46E-11 2190 6.44E-11 703 7.26E-13 1061 1.53E-13 247 1.24E-13 226
Perfluoropropyl formate
Delta 1.13E-12 45 7.34E-12 80 4.18E-14 61 5.51E-14 89 5.16E-14 94
Total 3.56E-11 1427 4.18E-11 456 4.22E-13 616 9.70E-14 157 8.01E-14 147
Perfluorobutyl formate
Delta 1.14E-12 46 7.62E-12 83 4.27E-14 62 5.74E-14 93 5.38E-14 98
Total 3.70E-11 1485 4.36E-11 475 4.62E-13 675 1.02E-13 165 8.36E-14 153
2,2,2-Trifluoroethyl formate
Delta 1.16E-13 5 6.66E-13 7 4.06E-15 6 4.88E-15 8 4.59E-15 8
Total 3.18E-12 128 3.73E-12 41 2.96E-14 43 8.36E-15 14 7.11E-15 13
3,3,3-Trifluoropropyl formate
Delta 6.12E-14 2 3.47E-13 4 2.12E-15 3 2.54E-15 4 2.39E-15 4
Total 1.66E-12 66 1.94E-12 21 1.52E-14 22 4.34E-15 7 3.70E-15 7
1,2,2,2-Tetrafluoroethyl formate
Delta 1.35E-12 54 9.12E-12 2 5.07E-14 74 6.89E-14 112 6.45E-14 118
Total 4.44E-11 1778 5.22E-11 569 5.67E-13 829 1.23E-13 199 1.00E-13 183
1,1,1,3,3,3-Hexafluoropropan-2-yl formate
Delta 9.53E-13 38 6.46E-12 70 3.59E-14 52 4.88E-14 79 4.57E-14 84
Total 3.14E-11 1259 3.70E-11 403 4.02E-13 587 8.69E-14 141 7.10E-14 130
Perfluorobutyl acetate
Delta 5.90E-15 <1 3.31E-14 <1 2.03E-16 <1 2.41E-16 <1 2.27E-16 <1
Total 1.58E-13 6 1.85E-13 2 1.42E-15 2 4.12E-16 1 3.52E-16 1
Perfluoropropyl acetate
Delta 6.17E-15 <1 3.46E-14 <1 2.12E-16 <1 2.52E-16 <1 2.37E-16 <1
Total 1.65E-13 7 1.93E-13 2 1.48E-15 2 431E-16 1 3.67E-16 1
Perfluoroethyl acetate
Delta 7.34E-15 <1 4.11E-14 <1 2.52E-16 <1 3.00E-16 <1 2.82E-16 1
Total 1.96E-13 8 2.30E-13 3 1.76E-15 3 5.12E-16 1 4.37E-16 1
Trifluoromethyl acetate
Delta 7.39E-15 <1 4.14E-14 <1 2.54E-16 <1 3.02E-16 <1 2.84E-16 1
Total 1.97E-13 8 2.32E-13 3 1.77E-15 3 5.16E-16 1 4.40E-16 1
Methyl carbonofluoridate
Delta 3.02E-13 12 1.88E-12 20 1.10E-14 16 1.40E-14 23 1.31E-14 24
Total 9.05E-12 363 1.06E-11 116 9.70E-14 142 2.43E-14 39 2.03E-14 37
1,1-Difluoroethyl carbonofluoridate
Delta 9.41E-14 4 5.35E-13 6 3.26E-15 5 3.92E-15 6 3.68E-15 7
Total 2.55E-12 102 2.99E-12 33 2.35E-14 34 6.70E-15 1 5.70E-15 10
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Table 8.SM.16 (continued)

Acronym,

Common zef;:;zr GWP 10A(()5-‘3I,\L_Par GWP 2’331; GTP 5’331; GTP 1&‘?;2” GTP

Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year

Name yrkg™) yrkg™)

1,1-Difluoroethyl 2,2,2-trifluoroacetate
Delta 1.08E-13 4 6.15E-13 7 3.75E-15 5 4.50E-15 7 4.23E-15 8
Total 2.94E-12 118 3.44E-12 38 2.70E-14 40 7.70E-15 12 6.55E-15 12
Ethyl 2,2,2-trifluoroacetate
Delta 4.88E-15 <1 2.74E-14 <1 1.68E-16 <1 2.00E-16 <1 1.88E-16 <1
Total 1.31E-13 5 1.53E-13 2 1.17E-15 2 3.41E-16 1 2.91E-16 1
2,2,2-Trifluoroethyl 2,2,2-trifluoroacetate
Delta 2.43E-14 1 1.37E-13 1 8.37E-16 1 9.98E-16 2 9.38E-16 2
Total 6.52E-13 26 7.64E-13 8 5.90E-15 9 1.70E-15 3 1.45E-15 3
Methyl 2,2,2-trifluoroacetate
Delta 1.80E-13 7 1.04E-12 1" 6.32E-15 9 7.65E-15 12 7.18E-15 13
Total 4.98E-12 200 5.84E-12 64 4.71E-14 69 1.31E-14 21 1.11E-14 20
Methyl 2,2-difluoroacetate
Delta 1.16E-14 0 6.54E-14 1 4.01E-16 1 4.77E-16 1 4.49E-16 1
Total 3.12E-13 12 3.66E-13 4 2.81E-15 4 8.15E-16 1 6.95E-16 1
Difluoromethyl 2,2,2-trifluoroacetate
Delta 9.52E-14 4 5.40E-13 6 3.30E-15 5 3.95E-15 6 3.71E-15 7
Total 2.58E-12 103 3.02E-12 33 2.37E-14 35 6.76E-15 1 5.75E-15 1
2,2,3,3,4,4,4-Heptafluorobutan-1-ol
Delta 1.17E-13 5 6.72E-13 7 4.08E-15 6 4.93E-15 8 4.63E-15 8
Total 3.21E-12 129 3.77E-12 41 3.02E-14 44 8.45E-15 14 7.18E-15 13
1,1,2-Trifluoro-2-(trifluoromethoxy)-ethane
Delta 2.27E-12 91 2.26E-11 246 9.20E-14 134 1.77E-13 287 1.72E-13 314
Total 1.01E-10 4063 1.37E-10 1489 2.12E-12 3096 4.65E-13 754 2.69E-13 492
1-Ethoxy-1,1,2,3,3,3-hexafluoropropane
Delta 8.16E-14 3 4.66E-13 5 2.84E-15 4 3.41E-15 6 3.20E-15 6
Total 2.22E-12 89 2.61E-12 28 2.06E-14 30 5.84E-15 9 4.96E-15 9
1,1,1,2,2,3,3-Heptafluoro-3-(1,2,2,2-tetrafluoroethoxy)-propane
Delta 3.40E-12 136 8.11E-11 884 1.45E-13 212 5.26E-13 853 8.65E-13 1582
Total 2.01E-10 8075 6.76E-10 73711 5.71E-12 8353 4.82E-12 7812 3.26E-12 5960
2,2,3,3-Tetrafluoro-1-propanol
Delta 4.58E-14 2 2.59E-13 3 1.59E-15 2 1.90E-15 3 1.78E-15 3
Total 1.24E-12 50 1.45E-12 16 1.13E-14 17 3.24E-15 5 2.76E-15 5
2,2,3,4,4,4-Hexafluoro-1-butanol
Delta 6.00E-14 2 3.40E-13 4 2.07E-15 3 2.48E-15 4 2.33E-15 4
Total 1.62E-12 65 1.90E-12 21 1.48E-14 22 4.25E-15 7 3.62E-15 7
2,2,3,3,4,4,4-Heptafluoro-1-butanol
Delta 5.72E-14 2 3.25E-13 4 1.98E-15 3 2.38E-15 4 2.23E-15 4
Total 1.55E-12 62 1.82E-12 20 1.43E-14 21 4.07E-15 7 3.46E-15 6

(continued on next page)
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Table 8.SM.16 (continued)

Acronym,
Common 2;(\)(_;}\,1‘\% GWP 10A(();-‘3I/\$r GWP zg-Ger GTP 5’331; GTP 1(;?_;5“ GTP
Chemical (W m_ 1 20-year (W m_ 12 100-year (K kg™") 20-year (K kg™") 50-year (K kg™") 100-year
Name yrkg™) yrkg™)
1,1,2,2-Tetrafluoro-3-methoxy-propane
Delta 1.87E-15 <1 1.05E-14 <1 6.43E-17 <1 7.65E-17 <1 7.19E-17 <1
Total 5.00E-14 2 5.86E-14 1 4.48E-16 1 1.31E-16 <1 1.11E-16 <1
Perfluoro-2-methyl-3-pentanone
Delta 3.55E-16 <1 1.99E-15 <1 1.22E-17 <1 1.45E-17 <1 1.36E-17 <1
Total 9.49E-15 <1 1.11E-14 <1 8.49E-17 <1 2.48E-17 <1 2.11E-17 <1
3,3,3-Trifluoro-propanal
Delta 3.83E-17 <1 2.14E-16 <1 1.31E-18 <1 1.56E-18 <1 1.47E-18 <1
Total 1.02E-15 <1 1.20E-15 <1 9.15E-18 <1 2.67E-18 <1 2.28E-18 <1
2-Fluoroethanol
Delta 3.14E-15 <1 1.76E-14 <1 1.08E-16 <1 1.28E-16 <1 1.21E-16 <1
Total 8.39E-14 3 9.83E-14 1 7.53E-16 1 2.19E-16 <1 1.87E-16 <1
2,2-Difluoroethanol
Delta 1.08E-14 <1 6.05E-14 1 3.71E-16 1 4.42E-16 1 4.15E-16 1
Total 2.88E-13 12 3.38E-13 4 2.60E-15 4 7.54E-16 1 6.43E-16 1
2,2,2-Trifluoroethanol
Delta 7.01E-14 3 3.98E-13 4 2.43E-15 4 2.91E-15 5 2.74E-15 5
Total 1.90E-12 76 2.23E-12 24 1.75E-14 26 4.98E-15 8 4.24E-15 8
1,1"-Oxybis[2-(difluoromethoxy)-1,1,2,2-tetrafluoroethane
Delta 4.65E-12 186 7.57E-11 825 1.95E-13 285 5.58E-13 905 6.78E-13 1240
Total 2.52E-10 10,096 5.27E-10 5741 6.57E-12 9609 3.31E-12 5367 1.42E-12 2603
1,1,3,3,4,4,6,6,7,7,9,9,10,10,12,12-hexadecafluoro-2,5,8,11-Tetraoxadodecane
Delta 4.25E-12 170 6.91E-11 754 1.78E-13 260 5.10E-13 827 6.20E-13 1133
Total 2.30E-10 9223 4.81E-10 5245 6.00E-12 8778 3.02E-12 4903 1.30E-12 2378
1,1,3,3,4,4,6,6,7,7,9,9,10,10,12,12,13,13,15,15-Eicosafluoro-2,5,8,11,14-Pentaoxapentadecane
Delta 3.43E-12 138 5.59E-11 609 1.44E-13 211 4.12E-13 668 5.01E-13 916
Total 1.86E-10 7456 3.89E-10 4240 4.85E-12 7095 2.44E-12 3963 1.05E-12 1923
8.5M.16 Metric Values to Support Figure
8.32 and Figure 8.33
Table 8.SM.17 | Metric values used for Figures 8.32 and 8.33.
Species GWP,, GWP,, GWP,, GWP,, GTP,, GTP,, GTPs, GTP,
Co, 1 1 1 1 1 1 1 1
CH, 104.2 83.9 48.4 285 99.9 67.5 14.1 43
N,0 246.6 263.7 275.6 264.8 2535 276.9 281.8 2342
BC 4349.2 24211 1139.3 658.6 2398.2 702.8 110.0 90.7
0ocC —438.5 -244.1 -114.9 —66.4 -241.8 -70.9 =111 -9.1
SO, -253.5 -141.1 —66.4 -38.4 -139.6 -40.9 -6.4 =53
NOx 134.2 16.7 -15.6 -10.8 2.8 -86.3 -27.4 -2.8
co 8.6 5.9 3.2 1.9 6.8 3.7 0.7 03
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8.5M.17 Metric Values for Sectors to Support
Section 8.7.2

Table 8.5M.18 | GWPs and GTPs for NO,, BC, OC and SO, from various sectors (metrics for SO, are given on SO, basis, while for NOy they are given on a nitrogen basis). For the
reference gas CO,, RE and IRF from AR4 are used in the calculations. The GWP, o, and GTP,, values can be scaled by 0.94 and 0.92, respectively, to account for updated values for
the reference gas CO,. For 20 years the changes are negligible. ari is aerosol-radiation interaction.

Sector and emission GWp GTP
region (if sub-global) H=20 H =100 H=20 H =100
Aviation
NO, 92 t0 338 -211t0 67 -396 to —121 -5.8t07.9
NO,® 120 to 470 -21t0 71 -590 to —200 -9.5t07.6
NO, 415 75 -239 8.6
Shipping
NO,2 -76 to -31 -36 to -25 -190 to 130 —-6.1to —4.2
NO,¢ -107 -73 -135
S0, —150 to —37 —43to-11 44 to -11 -6.1t0-1.5
S0,, Arctic® -47 -13
0C, Arctice -151 43
BC ari, Arctic® 2037 579
BC on snow, Arctic® 764 217
Energy Related
BC ari + albedo? 2,800 + 1,800 790 + 530
0C Energy related? -110 (-40,-210) -30 (12, -60)
Industry/Power BC, Asia’ 3,260 910
Household BC, Asia’ 2,680 750
Transport BC, Asiaf 2,640 740
Transport BC, North America’ 3,900 1,090
Household OC, Asia’ -260 -72
Transport OC, Asiaf -180 -50
Industry/Power SO,, Asiaf —-106 (ari) -30 (ari)
Industry/Power SO,, North Americaf =215 (ari) —60 (ari)
Coal-fired power, NO,d 20
Coal-fired power, SO,¢ —189 (ari) —53 (ari)
Petroleum Production
BC ari, Arctic 2,369 673
BC on snow, Arctic® 4,104 1,166
S0,, Arctice —-64 -18
0C, Arctice -152 43
Open Biomass
BC ari + albedo? 3,100 + 1,300 880 + 370
(o]e -180 (-70, —360) -53 (=20, -100)
Notes:

2 Myhre et al. 2011)

b Fuglestvedt et al. (2010)

¢ Collins et al. (2010)

4 Shindell and Faluvegi (2010)
e @demark et al. (2012)

f Shindell et al. (2008)

9 Bondetal. (2011)

h Kohler et al. (2013)
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8.5M.18 Further Information on Temperature
Impact from Various Sectors
to Support Section 8.7.2

Table 8.SM.19 | Information about emissions and metric values used in calculations of temperature impacts of sectors.

Species Global Emissions (Gg) AGTP Values Based on GTP,, GTP,,,

co, 3.69E+07 Joos et al. (2013) and AR5 1 1
CH, 3.64E+05 Updated by AR5 67 43
N,0 1.07E+04 Updated by AR5 277 234
HCFC-141b 7.68E-01 Updated by AR5 1853 1M
HCF-142b 6.18E+00 Updated by AR5 4393 356
HFC-23 1.75E+01 Updated by AR5 11524 12709
HFC-32 2.36E+00 Updated by AR5 1362 94
HFC-125 3.00E+01 Updated by AR5 5797 967
HFC-134a 1.63E+02 Updated by AR5 3053 201
HFC-143a 3.25E+01 Updated by AR5 6957 2505
HFC-152a 2.79E+01 Updated by AR5 174 19
HFC-227ea 7.18E+00 Updated by AR5 5283 1500
HFC-236fa 1.59E-01 Updated by AR5 7397 8377
HFC-245fa 4.11E+00 Updated by AR5 1974 121
HFC-365mfc 1.73E+00 Updated by AR5 1893 114
HFC-43-10mee 2.69E-01 Updated by AR5 3718 281
SFg 6.50E+00 Updated by AR5 18904 28215
NF; 1.75E-01 Updated by AR5 13723 18119
PFC-14 1.12E+01 Updated by AR5 5272 8038
PFC-116 2.43E+00 Updated by AR5 8877 13456
PFC-218 4.13E-01 Updated by AR5 7176 10654
PFC-318 2.49E-02 Updated by AR5 7676 11456
PFC-3-1-10 1.96E-02 Updated by AR5 7419 11016
PFC-4-1-12 9.58E-06 Updated by AR5 6856 10284
PFC-5-1-14 3.78E-01 Updated by AR5 6365 9493
Bc 5316403 i albodo e ncuded i metic ves 703 9
ocC 1.36E+04 Fuglestvedt et al. (2010) - -9.1
SO, 1.27E+05 (in SO,) Fuglestvedt et al. (2010) 41 =53
Contrails and CIC Updated by AR5 0.75 0.10
Aircraft NO, Stevenson et al. (230614"),(;8 1g(i)\)/en by Fuglestvedt 204 6.7
Shipping NO, Fuglestvedt et al. (g?(;f)(,za(; %i)ven by Fuglestvedt 162 40
Surface NO, 3.72E+04 (ir;cilr’uic:]esN)shipping and The global rFuungiIZSVt\\llieI!c(the;ta;L(Z(;)(()):()),)as given by 86 28
© 8.93E4+05 Derwent et al. (20013)Ij ?zso%i‘é;n by Fuglestvedt et 37 027
e 1.60E405 Collins et al. (2002) ,(;319(;\)/en Fuglestvedt et al. 74 0.61
NH; 4.93E+04 Shindell et al. (2009) -23 -3.0
ACI (~0.45)/(~0.4)*S0,, updated by AR5 —46 -59
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AGTPs for the aerosols OC and SO, are from Fuglestvedt et al. (2010).
For BC, the metric parameterization is based on Bond et al. (2013); the
RF of the aerosol radiation interaction (0.71 W m2) and snow and ice
albedo effects (0.1 + 0.03 W m™).

The parameters for the ozone precursors NO, is from the global run in
Wild et al. (2001), CO from Derwent et al. (2001) and VOC from Collins
et al. (2002), as given by Fuglestvedt et al. (2010). For NO, emissions
from shipping and aircraft, the parameters are from Fuglestvedt et al.
(2008) and Wild et al. (2001), respectively, as given by Fuglestvedt et
al. (2010).

The parameters for the indirect effect of contrails and contrail induced
cirrus (CIC) are updated for AR5. The lifetime is set to 5 hours, as in
Fuglestvedt et al. (2010), while the REs are based on a radiative forc-
ing of 10 m W m= and 50 m W m2 for contrails and the sum of con-
trails and CIC, respectively. The calculations are based emissions from
aviation of about 776 Tg(CO,), which comes from EDGAR 2008 (http:/
edgar.jrc.ec.europa.eu/overview.php?v=42).

The aerosol—cloud interaction has been calculated with a scaling rela-
tive to the direct effect of sulphate. The scaling is —0.45 / —0.4 = 1.125
and is used across almost all sectors (i.e., no separate scaling used
for aerosol—-cloud interaction for shipping). We do not account for any
aerosol—cloud interaction from the aviation sector, as we include the
impact of contrails and CIC.

We have tested the effect of various aerosol-cloud interaction values
and attributions to components (e.g., attributing aerosol—cloud inter-
action equally to OC and sulphate, setting the aerosol—cloud inter-
action at the maximum or minimum of its 90% confidence interval,
choosing a larger BC forcing, etc.). The ranking of sectors for global
emissions differs little between the different parameterizations and
mostly for the shortest time horizons.

The calculations presented here do not include the climate—carbon
feedback for non-CO, emissions, which can substantially increase
those values (Collins et al., 2013). Emissions: Emission Database
for Global Atmospheric Research (EDGAR) 2008 (http://edgar.jrc.
ec.europa.eu/overview.php?v=42). VOC emissions are converted to
carbon mass units based on IPCC (2006). BC and OC emissions for year
2005 are taken from Shindell et al. (2012). Emission data requires fre-
quently updates when new information become available (e.g., Lam et
al., (2012). BC and OC emission from biomass burning are taken from
Lamarque et al. (2010).

Figure 8.34 is based on the calculations and data described above.
Figure 8.5M.9 shows the net temperature responses as function of
time for one year pulse emissions. Figure 8.SM.10 shows the net tem-
perature responses as function of time assuming constant emissions
from the various sectors.

Figures 8.32 and 8.33 are based on the emission data given above for

C0,, CH, N,0, BC, 0C, SO,, NO, and CO. The following metric values
used are given in Table 8.5M.18.
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Figure 8.SM.9 | Temperature responses from the various sectors as function of time
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