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National net zero emission targets could, if fully imple-
mented, reduce best estimates of projected global average 
temperature increase to 2.0–2.4 °C by 2100, bringing the 
Paris Agreement temperature goal within reach. A total of 131 
countries are discussing, have announced or have adopted net 
zero targets, covering 72% of global emissions. These targets 
could substantially lower projected warming as compared  
to currently implemented policies (2.9–3.2 °C) or pledges  
submitted to the Paris Agreement (2.4–2.9 °C).

Analyses of current promises and actions by countries to limit 
climate change have concluded that they are by far insufficient to 
meet the goal of the Paris Agreement to limit global temperature 
increase to well below 2 °C, while pursuing efforts to limit it to 
1.5 °C (refs. 1–5).

Specific policies used to reduce emissions in line with the Paris 
Agreement may differ from country to country. However, a chief 
requirement of collective action is codified in Article 4.1 of the Paris 
Agreement6: emissions need to peak as soon as possible and anthro-
pogenic emissions must be balanced by removals in the second half 
of the century. In other words, global emissions must reach a net 
zero level. The idea to include a global net zero target in the Paris 
Agreement was put forward in the run up to its adoption in 20157,8. 
Pathways to meet this goal have been evaluated in the literature 
subsequently9.

At the time the Paris Agreement was adopted in 2015, very few 
countries had net zero emissions reduction targets in place, for 
example, Costa Rica, Bhutan and Sweden. In the 5 years since the 
adoption of the Paris Agreement, an increasing number of countries  
have adopted similar targets, with a wave of net zero target 
announcements from major emitters in recent months. The United 
Kingdom and small island states got the wave rolling just after Paris 
and in response to the publication of the IPCC Special Report on 
Global Warming of 1.5 °C (ref. 9). Then, the EU as a whole followed 
with a proposal to include climate neutrality in their climate law 
in March 202010. The announcement of China in September 2020 
to achieve carbon neutrality before 206011 was a breakthrough 
moment, which was quickly followed by announcements of South 
Africa, Japan, South Korea and Canada12–15. China has not yet trans-
lated this announcement into its 5-year planning. The election cam-
paign of President Joe Biden also included an economy-wide 2050 
net zero emissions target which was codified in an executive order 
signed in January of 202116. Together, we count 131 countries with 
announcements of the intention to go to net zero GHG emissions 

(based on ref. 17 as of May 2021, which together cover around 72% of 
global GHG emissions (emissions data for 2018 taken from ref. 18).

Analysing the climate effect of net zero targets requires three 
key components: (1) a political-technical analysis to estimate future 
emissions resulting from existing pledges and country-specific poli-
cies; (2) an estimate of the emissions implied by the net zero targets 
at country and global scale; and finally (3), a temperature calcula-
tion resulting from the emissions assessment.

We undertake and compare two studies of varying complexity 
that assess the global warming implications of net zero target esti-
mates: one from the UNEP emissions gap report3 and one from the 
Climate Action Tracker (CAT)19,20. Both studies rely on the same set 
of globally consistent CO2, non-CO2 GHG and aerosol emissions 
pathways used and assessed by the IPCC9,21. But both studies esti-
mate future emissions from net zero targets and the resulting global 
temperature using slightly different methods.

The UNEP Emissions Gap Report estimate uses the scenario 
inference method, which applies a functional relationship between 
2030 emissions levels and warming in 2100 on the basis of a large 
set of mitigation scenarios1 and uses cumulative emissions savings 
from net zero targets after 2030 to determine warming in 2100 
(Methods). Using this approach allows for swift quantification of 
new policies by directly imputing near-term emission levels with 
implied temperature levels. It is, by its nature, based on a multitude 
of models and scenarios and does not rely on a single model or 
scenario.

The Climate Action Tracker estimate uses the scenario construc-
tion method, which seeks instead to develop a bespoke global emis-
sion pathway until 2100 and estimates the resulting warming with a 
simple climate model. Emission pathways are developed per coun-
try, consistent with their current policies or pledges, including the 
net zero targets (for example, until 2030 or 2050) and are extended 
until the end of the century assuming future policy action consistent 
with the emissions level of their last pledge or target22 (Methods). 
These country-level pathways are aggregated together for analysis 
by a reduced-complexity climate model23 to arrive at a temperature 
estimate.

Both studies start from a ‘current policies’ scenario that assumes 
all currently adopted and implemented policies (defined as legisla-
tive decisions, executive orders or equivalent) are realized and that no 
additional measures are undertaken and a ‘current pledges’ scenario 
that takes into account the Nationally Determined Contributions 
(NDCs) of the countries (regardless if they are underpinned by 
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national policies)24. The Climate Action Tracker estimate uses only 
one estimate for current policies and pledges, while the UNEP emis-
sions gap report estimate uses a broad literature set of estimates.

With the method used by CAT we find that overall net zero 
targets keep warming below 2.2 °C in 2100 with 66% probability 
(below 2.0 °C with a 50% or median chance, Fig.  1), down from 
3.1 °C (2.9 °C median chance) achieved by current policies. After 
2100, however, global warming still increases. With the method 
used in the UNEP Emissions Gap Report, we find that net zero 
targets result in warming of 2.5 °C (range 2.3–2.8 °C) with a 66% 
probability as opposed to 3.5 °C (range 3.4–3.9 °C) warming due 
to current policies. Both assessments estimate the net effect of new 
long-term targets to reduce warming by ~0.8–0.9 °C as compared to 
where emissions are heading today.

The differences in the two estimates can be easily understood. 
First, the CAT estimates for 2030 emissions for current policies are 
frequently revised to include latest developments and therefore typi-
cally fall at the very low end of the set of literature estimates included 
in the UNEP Emissions Gap Report range that also includes older 
studies (56–65 GtCO2e yr–1 for current policies). Second, the iso-
lated effect of the scenario inference versus the scenario construc-
tion method (using the same 2030 emission level as a starting point) 
result in ~0.1 °C warmer estimate (median chance) resulting from 

current pledges for the scenario inference approach applied in the 
UNEP report (Supplementary Table  1). Finally, both approaches 
necessarily apply different methods to estimate the effect of net zero 
targets (Methods), resulting in an overall ~0.1 °C stronger reduction 
from net zero targets for the UNEP report estimate (Supplementary 
Table 2).

When both approaches are applied with the same input data, 
they are no more than 0.1 °C different in the projected temperature 
level with net zero targets (2.0 °C of the CAT using the scenario 
construction method and 1.9 °C for the scenario inference method 
used in the UNEP Gap Report but using the same 2030 emission 
level as a basis and for a 50% likelihood; Supplementary Table 2). 
This demonstrates that the inherent uncertainty of projected emis-
sions beyond 2030 and associated future climate change25 is reduced 
substantially if countries put forward credible long-term net zero 
targets.

The two estimates largely agree on temperature reductions for 
individual country targets. Using the approach of the UNEP Gap 
Report, Chinese, EU and US net zero targets result in net tempera-
ture reductions of 0.3–0.4 °C, less than 0.1 °C and slightly more  
than 0.1 °C, respectively. The approach used by the CAT similarly 
finds that Chinese, EU and US net zero targets result in net tem-
perature reductions of about 0.2–0.3 °C, less than 0.1 °C and 0.1 °C, 
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Fig. 1 | Estimates of temperature increase in 2100 above pre-industrial level as assessed by both the scenario inference and scenario construction 
approaches. Temperature estimates are shown across probabilistic estimates and ranges of assessed policies in the case of scenario inference. Data 
underpinning this figure are provided in Supplementary Table 1.
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respectively. The effect of countries’ targets where the status is 
unclear or where it can only be traced to a subscription to a net zero 
initiative is below 0.1 °C.

Both estimates provide plausible estimations of the end-of-century 
temperature outcomes on the basis of newly announced net zero 
targets. The scenario inference approach used in UNEP provides a 
simple and straightforward method of assessing new and existing 
targets, whereas the scenario construction method used by the CAT 
provides a more detailed, but more complex, analytical framework. 
Differences in temperature estimates between the two assessments 
are largely due to differences in estimates of existing policies, which 
are inputs into both approaches.

Consistent across both estimates is the relative magnitude of 
the overall effect of net zero targets (that is, reducing tempera-
ture by ~0.8–0.9 °C). This is the single largest reduction in overall  
temperature estimations by either party since the inception of the 
Paris Agreement in 2015 and points toward countries’ engagement 
with and enaction of climate policies that can enable meeting the 
goals of the Paris Agreement.

We assume here that the net zero GHG targets are implemented 
in ways that maximize reductions of countries’ own emissions and 
not through use of extraterritorial removals or offsets of low qual-
ity. Whether countries will follow such a strategy is unknown, as 
countries generally have not specified how they plan to achieve the 
net zero targets.

Our analysis shows that there is considerable momentum in tar-
get setting towards net zero GHG emissions which could bring the 
temperature limit of the Paris Agreement within reach. These good 
intentions must now propagate into short-term action immediately 
to put countries on a path towards meeting their net zero emission 
ambitions and to keep the goals of the Paris Agreement within reach. 
Existing policies and targets driving short-term action are currently 
not at all consistent with the announced net zero targets1–4,24.
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Methods
We calculated the global temperature increase with two independent approaches 
(Supplementary Information).

The UNEP Emissions Gap Report estimate used the scenario inference 
approach; we collected the global GHG emission level from countries’ current 
NDCs and current policies for 2030 from a wide range of studies. The 2100 
warming is calculated using a functional relationship between 2030 emissions 
levels and warming in 21001. For the impact on net zero targets, unconditional 
NDCs are taken as a point of departure for stable national emissions throughout 
the century. These emissions are compared to post-2030 pathways that achieve the 
net zero targets of the respective countries (Supplementary Fig. 1). Net zero targets 
are applied to CO2 only, providing a conservative estimate of their effect compared 
to equivalent reductions in non-CO2 GHGs. Finally, the resulting temperature 
reduction is estimated by combining the difference in cumulative CO2 emissions 
with the transient climate response to cumulative emissions of CO2 (TCRE) as 
assessed in the IPCC AR5 (ref. 26).

The CAT estimate uses the scenario construction approach, where we derive 
individual emissions pathways per country. Emissions scenarios from the AR5 
scenario dataset are first harmonized27 and then downscaled to country level 
assuming the similar regional emissions growth rates between countries based 
on the publicly available IPCC R5 regional emissions trajectories. We then place 
estimates of either current policies or country pledges from the CAT within that 
emissions space. We finally extend those emissions until 2100 using the constant 
quantile extension method22. We separately estimated national emission pathways 
(excluding LULUCF) resulting from net zero targets for major emitting countries 
in detail (Supplementary Information). For the remaining countries with net zero 
targets, we conservatively assumed a linear trajectory to zero in 2080, on the basis 
of the assumption that these countries plan to achieve net zero CO2 emissions in 
their pledge target year but reach net zero GHG emissions later in 2080, consistent 
with global pathways that limit warming to 1.5 °C. For the countries without net 
zero targets, we use the existing pledge emissions estimate in 2030 and extended 
their trajectories as described above. Our temperature assessment is derived using 
MAGICC, a reduced-complexity climate and carbon cycle model23,28. We construct 
emissions required by MAGICC by aggregating the country-level emissions to 
the IPCC R5 regional level and add global trajectories for land use emissions and 
international transport emissions. The resulting emission trajectory is run through 
MAGICC in probabilistic mode to arrive at a temperature distribution.

Data availability
Global emissions data used by the CAT approach as well as associated figure code 
are available at https://github.com/climate-analytics/wave_of_net_zero_targets.  

All other data not already available in publicly available locations are made 
available in the  Supplementary Tables.
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