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Research highlights
If the targets for non-methane greenhouse gas emissions in the Zero Carbon Bill1 were adopted and
achieved globally, for future warming at or below 1.5°C in 2050:
1. for a linear decline in methane emissions following 2020:
(a) total methane emissions must reduce by 44% below 2017 levels by 2050;
(b) biogenic emissions 1 must reduce by 7% below 2017 levels if all other sources of methane
reduce to zero by 2050.
2. For independent 2030 and 2050 emission targets joined by straight lines:
(a) the maximum required reduction in total methane emissions by 2030 is 26%. If this level of
reduction is achieved, methane emissions can remain constant following 2030;
(b) if all other sources of methane reduce to zero by 2050, the maximum required reduction in
biogenic emissions by 2030 is 4%, and may remain constant following if this level of reduction
is achieved.
3. The warming caused by 5 years of additional CO2 emissions at the present day rate before 2050
can be offset by a reduction in total methane emissions of 50% of the 2017 level by 2050. This is
equivalent to an 82% reduction in biogenic methane emissions.
For the same peak warming level, if the 2050 Net Zero target for long-lived gases is:
1. missed by 5 years, total methane emissions must reduce by a further 20% of the 2017 level, or
biogenic emissions by a further 42% if all other sources decline to zero by the same time as the
long lived gases.
2. achieved 5 years earlier, total methane emission reductions required decrease in magnitude by 28%
of the 2017 level, or required biogenic reductions by 60% with the same condition as above.
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defined as the sum of IPC4 and IPCMAG categories in the PRIMAP-hist HISTTP historical emissions database6
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Introduction
The proposed aims of the Climate Change Response Amendment Bill1 revolve around two key 2050
emission targets, which require that:
1. “net emissions of greenhouse gases in a calendar year, other than biogenic methane, are zero by
the calendar year beginning on 1 January 2050 and for each subsequent calendar year; and
2. gross emissions of biogenic methane in a calendar year—
(a) are 10% less than 2017 emissions by the calendar year beginning on 1 January 2030; and
(b) are at least 24% to 47% less than 2017 emissions by the calendar year beginning on 1 January
2050 and for each subsequent calendar year.”
In this study I examine the impacts on global mean temperature changes of global scale adoption of
these targets, using a modelling framework consistent with figure 1 from the Summary for Policy Makers
in the IPCC Special Report: Global Warming of 1.5C2 (SPM.1). I first reproduce SPM.1 using a simple
climate model similar to FaIR3 or MAGICC,4 but driven by emissions pathways for N2 O and CH4 ,
rather than including them as components of the non-CO2 forcing pathway, as was done in the original.
This then allows me to explore potential future emission scenarios for CH4 , N2 O and CO2 , including
those implied by the Zero Carbon Bill.
Within this modelling framework, I then determine the required linear reduction in methane emissions consistent with 1.5°C warming in 2050 – the warming level in the SPM.1 median scenario – based
on other gases either following the median pathway in SPM.1, or the pathway implied by global adoption of the Zero Carbon Bill. From this I can then calculate the required reduction in biogenic methane
emissions provided all other sources reduce linearly to zero by 2050. I calculate this for two distinct
definitions of biogenic methane emissions: using the AFOLU sector emissions from the IAMC scenario
database;5 and using the sum of the total agriculture and waste categories (IPCMAG and IPC4) from
the PRIMAP-hist historical emissions inventory.6 Since the Bill also proposes a target for reductions in
methane emissions by 2030, I investigate the relative importance of 2030 and 2050 methane emissions
targets, and provide an empirical formula that can be used to calculate combinations of these targets
consistent with 1.5°C warming in 2050.
Finally, I explore the trade-offs between methane reductions in 2050 and other mitigation decisions.
I calculate the changes in required reductions in methane emissions (total and biogenic) if the timing
of net zero changes from 2050, and also if CO2 mitigation is delayed beyond 2020 (in other words,
the additional required reduction in methane emissions by 2050 per additional tonne of CO2 emissions
before 2050). The equivalency between additional CO2 emissions and methane reductions allows me to
check the consistency of this study with another,7 which used a different simple model and methods.

The Generalised Impulse Response model; reproducing SPM.1
and the median scenario
Thoughout this study, I use the Generalised Impulse Response model (GenIR, Leach et al., in prep.)
that can calculate atmospheric concentrations and radiative forcings from a set of emissions timeseries
of CO2 , CH4 and N2 O. External forcings can then be added to these, and the total forcing is used to
compute the global mean temperature response. For more details see appendix 1.
2

I first use GenIR to produce an emissions driven version of SPM.1, fig 1. This shows the likely ranges of
warming response to three different future scenarios. In the middle grey plume, the “median” scenario,
CO2 emissions decline linearly after 2020, reaching zero by 2055; N2 O, CH4 and all other forcings follow
the median of the IAMC database5 scenarios consistent with 1.5°C warming. In the high red plume,
CH4 and N2 O emissions, and all other non-CO2 forcings follow a pathways such that total non-CO2
forcing remains approximately constant after peaking around 2030. In the low blue plume, CO2 emissions reach net zero by 2040 instead of 2055. In all these scenarios, and all others explored in this study,
mitigation only begins after 2020, and between 2017 and 2020 emissions follow a linear trend based on
the previous 10 years from the historical datasets. Historical CO2 emissions are from the Global Carbon
Project,8 N2 O and CH4 emissions are from PRIMAP-hist,6 and forcing components are a best-estimate
based on.9 For more details about the creation of this figure, see appendix 2. For more details about
the median scenario, which I will refer to throughout this study, see appendix 3.
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Figure 1: an emissions driven reproduction of SPM.1. a) Global warming to date, and likely range of response
to idealized future pathways. Grey lines show observed warming in four datasets (NOAA,10 GISTEMP,11 HadCRUT412 and Cowtan-Way13 ). Solid orange line and plume show median and likely range of the anthropogenic
warming index14 up to 2018. Dashed orange arrow and horizontal orange error bar show median and likely
range of time at which 1.5°C is reached.15 Colored plumes show likely range of climate response to idealized
future pathways, constructed as described in the main text above. Colored vertical error bars show the likely
range (thin lines with caps), central tercile (thick lines), and median (white break) response in 2100 under these
pathways. b) Grey line shows annual CO2 emissions to date,8 extended with a linear reduction pathway from
2020 to net zero in 2055, corresponding to the grey “median” plume in a). Blue line shows a future extension
where emissions decline from 2020 to net zero in 2040, corresponding to the blue plume in a). c) and d)
Grey line shows annual CH4 and N2 O emissions to date,6 extended with the median 1.5°C consistent pathway
from the IAMC database,5 corresponding to the grey “median” plume in a). Red line shows a future emission
pathway consistent with approximately constant forcing after 2030, corresponding to the red plume in a). e)
Non-CO2 forcing to date,9 extended as described for CH4 and N2 O emissions.
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The impact of global adoption of the Zero Carbon Bill mitigation targets
Before calculating the required reduction levels for methane, I explore the impact of global adoption
of the Zero Carbon Bill, compared to the median scenario in figure 1. Figure 2 shows the impact of
increasing ambition in CO2 mitigation from net zero in 2055 to the Bill net zero target date of 2050.
This change reduces global temperatures by 0.03°C in 2050, and 0.04°C in 2100 relative to the median
scenario.

Figure 2: as figure 1 except purple elements show deviation from the median scenario if CO2 emissions
linearly reach net zero by 2050.
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Figure 3 shows the impact of various ambitions of agricultural methane reduction. The scenarios shown here have non-AFOLU emissions following the median scenario from the IAMC scenario
database,5 and AFOLU emissions linearly reducing by 0, 24, 47% below 2017 levels by 2050 or following
the median scenario. The difference in warming between the 0% and 47% reduction is 0.04°C in 2050
and 0.09°C in 2100.

Figure 3: as figure 1 except: yellow elements show deviation from the median scenario if AFOLU CH4
emissions remain constant after 2020; light blue and green elements show deviation from the median
scenario if AFOLU CH4 emissions linearly reduce from 2020 by 24% and 47% respectively below 2017
levels by 2050.
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