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Chapter 8

Anthropogenic and Natural Radiative Forcing

Table 8.7 | GWP and GTP with and without inclusion of climate—carbon feedbacks (cc fb) in response to emissions of the indicated non-CO, gases (climate-carbon feedbacks in

response to the reference gas CO, are always included).

Lifetime (years) GWP,, GWP,y, GTP,, GTP,q,
CHe 12.4° No cc b 84 28 67 4
With cc fb 86 34 70 11
HFC-134a 13.4 No cc fb 3710 1300 3050 201
With cc fb 3790 1550 3170 530
CEC-11 45.0 No cc fb 6900 4660 6890 2340
With cc fb 7020 5350 7080 3490
N,0 121.0° No cc fb 264 265 277 234
With cc fb 268 298 284 297
CF, 50,000.0 No cc fb 4880 6630 5270 8040
With cc fb 4950 7350 5400 9560
Notes:

Uncertainties related to the climate—carbon feedback are large, comparable in magnitude to the strength of the feedback for a single gas.

2 Perturbation lifetime is used in the calculation of metrics.

b These values do not include CO, from methane oxidation. Values for fossil methane are higher by 1 and 2 for the 20 and 100 year metrics, respectively (Table 8.A.1).

and GTP. For the more long-lived gases the GWP,,, values increase
by 10 to 12%, while for GTP,,, the increase is 20 to 30%. Table 8.A.1
gives metric values including the climate—carbon feedback for CO,
only, while Supplementary Material Table 8.5M.16 gives values for all
halocarbons that include the climate—carbon feedback. Though uncer-
tainties in the carbon cycle are substantial, it is /ikely that including
the climate—carbon feedback for non-CO, gases as well as for CO,
provides a better estimate of the metric value than including it only
for CO,.

Emission metrics can be estimated based on a constant or variable
background climate and this influences both the adjustment times and
the concentration—forcing—temperature relationships. Thus, all metric
values will need updating due to changing atmospheric conditions
as well as improved input data. In AR5 we define the metric values
with respect to a constant present-day condition of concentrations and
climate. However, under non-constant background, Joos et al. (2013)
found decreasing CO, AGWP,,, for increasing background levels (up to
23% for RCP8.5). This means that GWP for all non-CO, gases (except
CH, and N,0) would increase by roughly the same magnitude. Reising-
er et al. (2011) found a reduction in AGWP for CO, of 36% for RCP8.5
from 2000 to 2100 and that the CH, radiative efficiency and AGWP
also decrease with increasing CH, concentration. Accounting for both
effects, the GWP,,, for CH, would increase by 10 to 20% under low
and mid-range RCPs by 2100, but would decrease by up to 10% by
mid-century under the highest RCP. While these studies have focused
on the background levels of GHGs, the same issues apply for tempera-
ture. Olivié et al. (2012) find different temperature IRFs depending on
the background climate (and experimental set up).

User related choices (see Box 8.4) such as the time horizon can greatly
affect the numerical values obtained for CO, equivalents. For a change
in time horizon from 20 to 100 years, the GWP for CH, decreases by
a factor of approximately 3 and its GTP by more than a factor of 10.
Short-lived species are most sensitive to this choice. Some approaches
have removed the time horizon from the metrics (e.g., Boucher, 2012),
but discounting is usually introduced which means that a discount rate
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r (for the weighting function e*) must be chosen instead. The choice of
discount rate is also value based (see WGIII, Chapter 3).

For NTCFs the metric values also depend on the location and timing
of emission and whether regional or global metrics are used for these
gases is also a choice for the users. Metrics are usually calculated for
pulses, but some studies also give metric values that assume constant
emissions over the full time horizon (e.g., Shine et al., 2005a; Jacobson,
2010). It is important to be aware of the idealized assumption about
constant future emissions (or change in emissions) of the compound
being considered if metrics for sustained emissions are used.

8.7.1.5 New Metric Concepts

New metric concepts have been developed both to modify physical
metrics to address shortcomings as well as to replace them with met-
rics that account for economic dimensions of problems to which met-
rics are applied. Modifications to physical metrics have been proposed
to better represent CO, emissions from bioenergy, regional patterns of
response, and for peak temperature limits.

Emissions of CO, from the combustion of biomass for energy in nation-
al emission inventories are currently assumed to have no net RF, based
on the assumption that these emissions are compensated by biomass
regrowth (IPCC, 1996). However, there is a time lag between combus-
tion and regrowth, and while the CO, is resident in the atmosphere
it leads to an additional RF. Modifications of the GWP and GTP for
bioenergy (GWP,,,, GTP,,) have been developed (Cherubini et al.,, 2011;
Cherubini et al., 2012). The GWP,, give values generally between zero
(current default for bioenergy) and one (current for fossil fuel emissions)
(Cherubini et al., 2011), and negative values are possible for GTP,;,
due to the fast time scale of atmospheric—ocean CO, exchange relative
to the growth cycle of biomass (Cherubini et al., 2012). GWP,;, and
GTP,;,, have been used in only a few applications, and more research is
needed to assess their robustness and applicability. Metrics for bioge-
ophysical effects, such as albedo changes, have been proposed (Betts,
2000; Rotenberg and Yakir, 2010) , but as for NTCFs regional variations
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