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yet world fails to cut emissions (again)
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Glossary

This glossary is compiled drawing on glossaries and
other resources available on the websites of the following
organizations, networks and projects: the Intergovernmental
Panel on Climate Change, United Nations Environment
Programme, United Nations Framework Convention on
Climate Change (UNFCCC), and World Resources Institute.

Annex | Parties: Consists of the group of countries listed in
Annex | to the UNFCCC. Under Articles 4.2 (a) and 4.2 (b) of
the UNFCCC, Annex | Parties were committed to adopting
national policies and measures with the non-legally binding
aim to return their greenhouse gas (GHG) emissions to 1990
levels by 2000. The group is largely similar to the Annex B
Parties to the Kyoto Protocol that also adopted emissions
reduction targets for 2008-2012. By default, the other
countries are referred to as Non-Annex | Parties (see below).

Annex Il Parties: The group of countries listed in Annex Il to
the UNFCCC. Under Article 4 of the UNFCCC, these countries
have a special obligation to provide financial resources to
meet the agreed full incremental costs of implementing
measures mentioned under Article 12, paragraph 1. They
are also obliged to provide financial resources, including for
the transfer of technology, to meet the agreed incremental
costs of implementing measures covered by Article 12,
paragraph 1 and agreed between developing country Parties
and international entities referred to in Article 11 of the
UNFCCC. This group of countries shall also assist countries
that are particularly vulnerable to the adverse effects of
climate change.

Anthropogenic emissions: Emissions derived from human
activities.

Baseline/reference: The state against which change is
measured. In the context of climate change transformation
pathways, the term "baseline scenarios” refers to scenarios
based on the assumption that no mitigation policies or
measures will be implemented beyond those already in
force and/or legislated or planned to be adopted. Baseline
scenarios are not intended to be predictions of the future,
but rather counterfactual constructions that can serve to
highlight the level of emissions that would occur without
further policy efforts. Typically, baseline scenarios are
compared to mitigation scenarios that are constructed
to meet different goals for GHG emissions, atmospheric
concentrations or temperature change. The term “baseline
scenario” is used interchangeably with “reference scenario”
and “no-policy scenario”.
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Carbon dioxide emission budget (or carbon budget): For
a given temperature rise limit, for example a 1.5°C or 2°C
long-term limit, the corresponding carbon budget reflects
the total amount of carbon emissions that can be emitted
for temperatures to stay below that limit. Stated differently,
a carbon budget is an area under a carbon dioxide (CO,)
emission trajectory that satisfies assumptions about limits
on cumulative emissions estimated to avoid a certain level
of global mean surface temperature rise.

Carbon dioxide equivalent (CO,e): A way to place emissions
of various radiative forcing agents on a common footing by
accounting for their effect on the climate. It describes, for
a given mixture and amount of GHGs, the amount of CO,
that would have the same global warming ability, when
measured over a specified time period. For the purpose of
this report, unless otherwise specified, GHG emissions are
the sum of the basket of GHGs listed in Annex A to the Kyoto
Protocol, expressed as CO,e, assuming a 100-year global
warming potential.

Carbon dioxide removal (CDR): Refers to anthropogenic
activities removing CO, from the atmosphere and durably
storing it in geological, terrestrial or ocean reservoirs, or in
products. It includes existing and potential anthropogenic
enhancement of biological or geochemical sinks and direct
air capture and storage, but excludes natural CO, uptake not
directly caused by human activities.

Carbon markets: A term for a carbon trading system through
which countries and/or companies may buy or sell units of
GHG emissions to offset their GHG emissions by acquiring
carbon credits from entities that either minimize or eliminate
their own emissions. The term comes from the fact that CO,
is the predominant GHG, and other gases are measured in
units called CO; equivalents.

Carbon neutrality: Is achieved when an actor’s net
contribution to global CO, emissions is zero. Any CO,
emissions attributable to an actor’s activities are fully
compensated by CO, reductions or removals exclusively
claimed by the actor, irrespective of the time period or the
relative magnitude of emissions and removals involved.

Carbon price: The price for a voided or released CO, or CO»e
emissions. This may refer to the rate of a carbon tax or the
price of emission permits. In many models used to assess
the economic costs of mitigation, carbon prices are used as
a proxy to represent the level of effort in mitigation policies.
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Conditional nationally determined contribution: A
nationally determined contribution (NDC - see below)
proposed by some countries that is contingent on a range
of possible conditions, such as the ability of national
legislatures to enact the necessary laws, ambitious action
from other countries, realization of finance and technical
support, or other factors.

Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP): The supreme body
of the UNFCCC. It currently meets once a year to review the
UNFCCC's progress.

Emissions pathway: The trajectory of annual GHG emissions
over time.

Emissions trading: A market-based instrument used to
limit emissions. The environmental objective or sum of
total allowed emissions is expressed as an emissions cap.
The cap is divided in tradable emission permits that are
allocated - either by auctioning or handing out for free — to
entities within the jurisdiction of the trading scheme. Entities
need to surrender emission permits equal to the amount of
their emissions (e.g. tons of CO»). An entity may sell excess
permits. Trading schemes occur at the intracompany,
domestic and international levels, and may apply to COy,
other GHGs or other substances. Emissions trading is also
one of the mechanisms specified under the Kyoto Protocol.

Gross national income: Gross national income, abbreviated
as GNI, is the sum of the incomes of residents of an
economy in a given period. It is equal to GDP minus primary
income payable by resident units to non-resident units, plus
primary income receivable from the rest of the world (from
non-resident units to resident units).

Global stocktake: The global stocktake was established
under Article 14 of the Paris Agreement. It is a process for
Member States and stakeholders to assess whether they are
collectively making progress towards meeting the goals of
the Paris Climate Change Agreement. The global stocktake
assesses everything related to where the world stands
on climate action and support, identifying the gaps, and
working together to agree on solutions pathways, to 2030
and beyond. The first global stocktake takes place at COP
28in 2023.

Global warming potential: An index representing the
combined effect of the differing times GHGs remain in the
atmosphere and their relative effectiveness in absorbing
outgoing infrared radiation.

Greenhouse gases (GHGs): The atmospheric gases
responsible for causing global warming and climatic change.
The major GHGs are CO,, methane (CH,4) and nitrous oxide
(N20). Less prevalent, but very powerful, GHGs include
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and
sulphur hexafluoride (SF6).

Integrated assessment models: Models that seek to
combine knowledge from multiple disciplines in the form
of equations and/or algorithms, in order to explore complex
environmental problems. As such, they describe the full
chain of climate change, from the production of GHGs to
atmospheric responses. This necessarily includes relevant
links and feedback between socioeconomic and biophysical
processes.

Intended nationally determined contribution (NDC):
Intended NDCs are submissions from countries describing
the national actions that they intend to take to reach the
Paris Agreement’s long-term temperature goal of limiting
warming to well below 2°C. Once a country has ratified
the Paris Agreement, its intended NDC is automatically
converted to its NDC, unless it chooses to further update it.

Kyoto Protocol: An international agreement signed in 1997
and which came into force in 2005, standing on its own, and
requiring separate ratification by Governments, but linked
to the UNFCCC. The Kyoto Protocol, among other things,
sets binding targets for the reduction of GHG emissions by
industrialized countries.

Land use, land-use change and forestry (LULUCF): A GHG
inventory sector that covers emissions and removals of
GHGs resulting from direct human-induced land use, land-
use change and forestry activities.

Least-cost pathway: Least-cost pathway scenarios identify
the least expensive combination of mitigation options to
fulfil a specific climate target. A least-cost scenario is based
on the premise that, if an overarching climate objective is
set, society wants to achieve this at the lowest possible
cost over time. It also assumes that global actions start
at the base year of model simulations (usually close to the
current year) and are implemented following a cost-optimal
(cost-efficient) sharing of the mitigation burden between
current and future generations, depending on the social
discount rate.

Likely chance: A likelihood greater than 66 per cent chance.
Used in this assessment to convey the probabilities of
meeting temperature limits.

Mitigation: In the context of climate change, mitigation
relates to a human intervention to reduce the sources or
enhance the sinks of GHGs. Examples include using fossil
fuels more efficiently for industrial processes or electricity
generation, switching to solar energy or wind power,
improving the insulation of buildings, and expanding forests
and other “sinks” to remove greater amounts of CO, from
the atmosphere.



Nationally determined contribution (NDC): Submissions
by countries that have ratified the Paris Agreement which
present their national efforts to reach the Paris Agreement'’s
long-term temperature goal of limiting warming to well
below 2°C. New or updated NDCs are to be submitted in
2020 and every five years thereafter. NDCs thus represent a
country’s current ambition or target for reducing emissions
nationally.

Non-Annex | Parties: These consist mostly of developing
countries. Certain groups of developing countries are
recognized by the UNFCCC as being especially vulnerable
to the adverse impacts of climate change, including
countries with low-lying coastal areas and those prone
to desertification and drought. Others, such as countries
that rely heavily on income from fossil fuel production and
commerce, feel more vulnerable to the potential economic
impacts of climate change response measures. The
UNFCCC emphasizes activities that promise to answer the
special needs and concerns of these vulnerable countries,
such as investment, insurance and technology transfer.

Emissions Gap Report 2023: Broken Record

Offset: In climate policy, a unit of CO,e emissions that
is reduced, avoided or sequestered to compensate for
emissions occurring elsewhere.

Scenario: A description of how the future may unfold, based
on “if-then” propositions. Scenarios typically include an initial
socioeconomic situation and a description of the key driving
forces and future changes in emissions, temperatures or
other climate change-related variables.

Source: Any process, activity or mechanism that releases
a GHG, an aerosol or a precursor of a GHG or aerosol into
the atmosphere.
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Foreword

Humanity is breaking all the wrong records when it comes
to climate change. Greenhouse gas emissions reached
a new high in 2022. In September 2023, global average
temperatures were 1.8°C above pre-industrial levels.
When this year is over, according to the European Union’s
Copernicus Climate Change Service, it is almost certain to
be the warmest year on record.

The 2023 edition of the Emissions Gap Report tells us that
the world must change track, or we will be saying the same
thing next year — and the year after, and the year after, like
a broken record. The report finds that fully implementing
and continuing mitigation efforts of unconditional nationally
determined contributions (NDCs) made under the Paris
Agreement for 2030 would put the world on course for
limiting temperature rise to 2.9°C this century. Fully
implementing conditional NDCs would lower this to 2.5°C.
Given the intense climate impacts we are already seeing,
neither outcome is desirable.

Progress since the Paris Agreement was signed in 2015 has
shown that the world is capable of change. Greenhouse gas
emissions in 2030, based on policies in place, were projected
to increase by 16 per cent at the time of the agreement’s
adoption. Today, the projected increase is 3 per cent.
However, predicted 2030 greenhouse gas emissions must
fall by 28 per cent for the Paris Agreement 2°C pathway and
42 per cent for the 1.5°C pathway.

Change must come faster in the form of economy-wide,
low-carbon development transformations, with a focus
on the energy transition. Countries with greater capacity
and responsibility for emissions will need to take more
ambitious action and provide financial and technical support
to developing nations. Low- and middle-income countries,
which already account for more than two thirds of global
emissions, should meet their development needs with low-
emissions growth, which would provide universal access
to energy, lift millions out of poverty, and expand strategic
industries.

The first global stocktake, concluding at COP 28 in Dubai
this year, will inform the next round of NDCs, which will set
new national emissions targets for 2035. Ambition in these
NDCs must bring greenhouse gas emissions in 2035 to
levels consistent with the 2°C and 1.5°C pathways. Stronger
implementation in this decade will help to make this

Emissions Gap Report 2023: Broken Record

possible. The world needs to lift the needle out of the groove
of insufficient ambition and action, and start setting new
records on cutting emissions, green and just transitions, and
climate finance — starting now.

Inger Andersen

Executive Director
United Nations Environment Programme

XV



XVI

Emissions Gap Report 2023: Broken Record

Executive summary

Stocktake during a year of broken records

The world is witnessing a disturbing acceleration in the
number, speed and scale of broken climate records. At
the time of writing, 86 days have been recorded with
temperatures exceeding 1.5°C above pre-industrial levels
this year. Not only was September the hottest month ever,
it also exceeded the previous record by an unprecedented
0.5°C, with global average temperatures at 1.8°C above
pre-industrial levels. These records were accompanied by
devastating extreme events, which the Intergovernmental
Panel on Climate Change (IPCC) has warned us are merely
a meek beginning. While the records do not imply that the
world has exceeded the 1.5°C temperature limit specified in
the Paris Agreement, which refers to global warming levels
based on multi-decadal averages, they signal that we are
getting closer.

This fourteenth Emissions Gap Report is published ahead of
the twenty-eighth session of the Conference of the Parties
to the United Nations Framework Convention on Climate
Change (COP 28). It provides an annual, independent
science-based assessment of the gap between the pledged
greenhouse gas (GHG) emissions reductions and the
reductions required to align with the long-term temperature
goal of the Paris Agreement, as well as opportunities to
bridge this gap. COP 28 marks the conclusion of the first
global stocktake under the Paris Agreement, held every five
years to assess the global response to the climate crisis and
chart a better way forward. This closely mirrors the objective
of the Emissions Gap Report, and the report aims to provide
findings relevant to the concluding discussions under the
global stocktake.

To inform COP 28 - including on the outcomes needed
from the global stocktake — and set the scene for the next
round of nationally determined contributions (NDCs) that
countries are requested to submit in 2025, which will include
emissions reduction targets for 2035, this report looks at
what is required this decade and beyond 2030 to maintain
the possibility of achieving the long-term temperature goal
of the Paris Agreement. It underscores that maintaining this
possibility hinges on relentlessly strengthening mitigation
action this decade to narrow the emissions gap. This will
facilitate significantly more ambitious targets for 2035 in
the next round of NDCs, and pave the way for enhancing
the credibility and feasibility of the net-zero pledges that by

now cover around 80 per cent of global emissions. Failure to
bring global GHG emissions in 2030 below the levels implied
by current NDCs will make it impossible to limit warming to
1.5°C with no or limited overshoot and strongly increase the
challenge of limiting warming to 2°C.

As this report shows, not only temperature records continue
to be broken - global GHG emissions and atmospheric
concentrations of carbon dioxide (CO,) also set new records
in 2022. Due to the failure to stringently reduce emissions
in high-income and high-emitting countries (which bear
the greatest responsibility for past emissions) and to limit
emissions growth in low- and middle-income countries
(which account for the majority of current emissions),
unprecedented action is now needed by all countries. For
high-income countries, this implies further accelerating
domestic emissions reductions, committing to reaching
net zero as soon as possible — and sooner than the global
averages from the latest IPCC report implies — and at the
same time providing financial and technical support to low-
and middle-income countries. For low- and middle-income
countries, it means that pressing development needs
must be met alongside a transition away from fossil fuels.
Furthermore, the delay in stringent mitigation action will
likely increase future dependence on carbon dioxide removal
(CDR) from the atmosphere, but availability of large-scale
CDR options in the future cannot be taken for granted. This
year, the report thus explores opportunities and challenges
associated with energy transitions as well as development
and deployment of CDR.

1.

> Global GHG emissions increased by 1.2 per cent from
2021102022 toreach a new record of 57.4 gigatons of
CO, equivalent (GtCOqe) (figure ES.1). All sectors apart
from transport have fully rebounded from the drop in
emissions induced by the COVID-19 pandemic and
now exceed 2019 levels. CO, emissions from fossil
fuel combustion and industrial processes were the
main contributors to the overall increase, accounting
for about two thirds of current GHG emissions.
Emissions of methane (CH4), nitrous oxide (N,0) and
fluorinated gases (F-gases), which have higher global
warming potentials and account for about one quarter
of current GHG emissions, are increasing rapidly: in

Global GHG emissions set new record of
57.4 GtCO,e in 2022



Figure ES.1 Total net anthropogenic GHG emissions, 1990-2022

2022, F-gas emissions grew by 5.5 per cent, followed
by CH4 at 1.8 per cent and N,O at 0.9 per cent. Based
on early projections, global net land use, land-use
change and forestry (LULUCF) CO, emissions
remained steady in 2022. LULUCF CO, emissions and
removals continue to have the largest uncertainties of
all gases considered, both in terms of their absolute
amounts and trends.
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Global primary energy consumption expanded
in 2022 - an expansion mainly met by a growth in
coal, oil and renewable electricity supply — whereas
gas consumption declined by 3 per cent following
the energy crisis and the war in Ukraine. Overall, net
electricity demand growth in 2022 was primarily met
by renewable sources (excluding hydropower), driven
by a record increase in solar capacity additions.
Nonetheless, investments in fossil fuel extraction
and use have continued in most regions worldwide.
Globally, Governments still plan to produce more than
double the amount of fossil fuels in 2030 than would
be consistent with the long-term temperature goal of
the Paris Agreement.

Current and historical emissions are
highly unequally distributed within
and among countries, reflecting global
patterns of inequality

Per capita territorial GHG emissions vary significantly
across countries. They are more than double the

¥ F-gases
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GHG emissions across the G20 also increased by
1.2 per cent in 2022. However, members vary widely
in their trends with increases in China, India, Indonesia
and the United States of America, but decreases in
Brazil, the European Union and the Russian Federation.
Collectively, the G20 currently account for 76 per cent
of global emissions.

2010 2020

I LULUCF CO,

world average of 6.5 tons of CO, equivalent (tCO,e)
in the Russian Federation and the United States of
America, while those in India remain under half of it.
Per capita emissions are fairly similar in Brazil, the
European Union and Indonesia, and at levels slightly
below the G20 average. The G20 as a group averaged
7.9 tCO,e, whereas least developed countries
averaged 2.2 tCO,e and small island developing
States averaged 4.2 tCOse.

Inequality in consumption-based emissions is
also found among and within countries. Globally,
the 10 per cent of the population with the highest
income accounted for nearly half (48 per cent) of
emissions with two thirds of this group living in
developed countries. The bottom 50 per cent of the
world population contributed only 12 per cent of total
emissions.



Emissions Gap Report 2023: Broken Record

Figure ES.2 Current and historic contributions to climate change

Historic emissions and contribution to global warming
similarly vary significantly across countries and
groups of countries (figure ES.2). Nearly 80 per cent
of historical cumulative fossil and LULUCF CO,
emissions came from G20 countries, with the
largest contributions from China, the United States
of America and the European Union, while least
developed countries contributed 4 per cent. The

Current and historic contributions to climate change
(% share by countries or regions)
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There has been negligible movement on
NDCs since COP 27, but some progress
in NDCs and policies since the Paris
Agreement was adopted

Nine countries have submitted new or updated
NDCs since COP 27, bringing the total number of
NDCs that have been updated since the initial NDCs
were submitted in advance of or following the Paris
Agreement to 149 (counting the European Union
and its 27 Member States as a single Party) as at
25 September 2023. More NDCs now contain GHG
reduction targets, and more of these targets are
economy-wide, covering a country’s entire economy
as opposed to certain sectors only.

If all new and updated unconditional NDCs are
fully implemented, they are estimated to reduce

Current GHG
emissions
(2021)

United States of America account for 4 per cent of
current world population, but contributed 17 per cent
of global warming from 1850 to 2021, including the
impact of methane and nitrous oxide emissions. India,
by contrast, accounts for 18 per cent of the world
population, but to date only contributed 5 per cent
of warming.
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global GHG emissions by about 5.0 GtCO,e (range:
1.8-8.2 GtCO,e) annually by 2030, compared with the
initial NDCs. The combined effect of the nine NDCs
submitted since COP 27 amounts to around
0.1 GtCO,e of this total. Thus, while NDC progress
since COP 27 has been negligible, progress since the
adoption of the Paris Agreement at COP 21 is more
pronounced, although still insufficient to narrow the
emissions gap.

Progress since the Paris Agreement is clearer on the
policy side. Globally, GHG emissions in 2030 based
on policies in place were projected to increase by
16 per cent at the time of the adoption of the Paris
Agreement. Now the projected increase is 3 per cent.

Policy progress has contributed to reducing the
implementation gap, defined as the difference



between projected emissions under current policies
and projected emissions under full implementation
of the NDCs. The global implementation gap for
2030 is estimated to be around 1.5 GtCO,e for the
unconditional NDCs (down from 3 GtCO,e in last year’s
assessment) and 5 GtCO,e for the conditional NDCs
(down from 6 GtCO,e last year). The implementation
gap for the G20 members has also been reduced.
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As a group, the G20 members are projected to fall
short of their new and updated NDCs by 1.2 GtCO,e
annually by 2030, which is 0.6 GtCO,e lower than
last year's assessment (figure ES.3). The impact of
newly implemented policies is a main driver of both
lower global and G20 emission projections for 2030.
Other factors include changes in emission trends and
socioeconomic circumstances.

Figure ES.3 Implementation gaps between current policies and NDC pledges for the G20 members collectively and
individually by 2030, relative to 2015 emissions
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The number of net-zero pledges continues
to increase, but confidence in their
implementation remains low

As at 25 September 2023, 97 Parties covering
approximately 81 per cent of global GHG emissions
had adopted net-zero pledges either in law (27 Parties),
in a policy document such as an NDC or a long-term
strategy (54 Parties), or in an announcement by a
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high-level government official (16 Parties). This is
up from 88 Parties last year. A total of 37 per cent
of global GHG emissions are covered by net-zero
targets for 2050 or earlier, while 44 per cent of global
emissions are covered by net-zero pledges for years
later than 2050.

Responsible for 76 per cent of global emissions,
G20 members will dominate when global emissions
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reach net zero. Encouragingly, all G20 members
except Mexico have set net-zero targets, and over
the past year, some members have taken important
steps towards strengthening and implementing their
targets. Overall, however, limited progress has been
made on key indicators of confidence in net-zero
implementation among G20 members, including legal
status, the existence and quality of implementation
plans, and alignment of near-term emissions
trajectories with net-zero targets. Most concerningly,
none of the G20 members are currently reducing
emissions at a pace consistent with meeting their
net-zero targets.

The emissions gap in 2030 remains high:
current unconditional NDCs imply a 14 GtCO.e
gap for a 2°C goal and a 22 GtCO.e gap for
the 1.5°C goal. The additional implementation
of the conditional NDCs reduces these
estimates by 3 GtCO.,e

The emissions gap is defined as the difference
between the estimated global GHG emissions resulting
from full implementation of the latest NDCs and those
under least-cost pathways aligned with the long-term
temperature goal of the Paris Agreement.

These least-cost pathways assume stringent
emissions reductions starting in 2020, which current
trends contradict. Since emissions today are higher
than in 2020, this implies that the world has already
further depleted the limited remaining carbon budget
and committed to slightly higher global warming
than indicated by the least-cost pathways, unless
there is further acceleration of emissions reductions
after emissions levels consistent with the least-cost
pathways are met. The emissions gap estimates are
thus likely to be lower-bound, as they do not account
for the excess emissions since 2020 compared with
the least-cost pathways, and should be read with this
caveat in mind.

The emissions gap for 2030 remains largely
unchanged compared with last year's assessment.
Full implementation of unconditional NDCs is
estimated to result in a gap with below 2°C pathways
of about 14 GtCO,e (range: 13-16) with at least
66 per cent chance. If the conditional NDCs are also
fully implemented, the below 2°C emissions gap is
reduced to 11 GtCO.e (range: 9-15) (table ES.1 and
figure ES.4).

Table ES.1 Global total GHG emissions in 2030, 2035 and 2050, and estimated gaps under different scenarios

GHG emissions | Estimated gap to least-cost pathways consistent with
Scenario (GtCOze) limiting global warming to specific levels (GtCOe)
Median and range Below 2°C Below 1.8°C Below 1.5°C

2030

Current policies 56 (52-60) 16 (11-19) 22 (17-25) 24 (19-27)
Unconditional NDCs 55 (54-57) 14 (13-16) 20 (19-22) 22 (21-24)
Conditional NDCs 52 (50-55) 11 (9-15) 17 (15-20) 19 (17-23)
2035

Current policies continued 56 (45-64) 20 (9-28) 29 (18-37) 31 (20-39)
Unconditional NDCs continued 54 (47-60) 18 (11-25) 27 (20-34) 29 (22-36)
Conditional NDCs continued 57 (43-58) 15 (8-22) 24 (17-31) 26 (19-33)
2050

Current policies continued 55 (24-72) 35(4-52) 43 (12-60) 46 (16-63)
Hgiizn;':i';’t":r'it'\'e?igs andnetzero pledges | ) 96-5g) 24 (6-38) 32 (14-46) 36 (18-49)
Conditional NDCs and all net-zero pledges 21 (6-33) 1(-14-13) 9 (-6-21) 12 (-2-25)
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Figure ES.4 Global GHG emissions under different scenarios and the emissions gap in 2030 and 2035 (median estimate
and tenth to ninetieth percentile range)
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> The emissions gap in 2030 between unconditional 6 Action in this decade will determine the
NDCs and 1.5°C pathways is about 22 GtCO,e e ambition required in the next round of NDCs
(range: 21-24) with at least 50 per cent chance. If the for 2035, and the feasibility of achieving
conditional NDCs are also fully implemented, the 1.5°C the long-term temperature goal of the
emissions gap is reduced to 19 GtCO,e (range: 17-23). Paris Agreement
> Unconditional and conditional NDCs for 2030 are » The first global stocktake under the Paris Agreement
estimated to reduce global emissions by 2 per cent and is envisaged to inform the next round of NDCs that
9 per cent respectively, compared with current policy countries are requested to submit in 2025, which will
projections and assuming they are fully implemented. include targets for 2035. Overall, global ambition in the
To get to levels consistent with least-cost pathways next round of NDCs must be sufficient to bring global
limiting global warming to below 2°C and 1.5°C, global GHG emissions in 2035 to the levels consistent with
GHG emissions must be reduced by 28 per cent and below 2°C and 1.5°C pathways of 36 GtCO,e (range:
42 per cent respectively. This is 2 percentage points 31-39) and 25 GtCO,e (range: 20-27) respectively
lower than last year's assessment, illustrating the (table ES.2), while also compensating for excess
progress in narrowing the implementation gap between emissions until levels consistent with these pathways
current policies and NDCs. are achieved.
> Nonetheless, immediate, accelerated and relentless  » In contrast, a continuation of current policies and

mitigation action is needed to bring about the deep
annual emission cuts that are required from now to
2030 to narrow the emissions gap, with unparalleled
annual cuts required to bridge the gap, even without
accounting for excess emissions since 2020.

NDC scenarios would result in widened and likely
unbridgeable gaps in 2035 (table ES.1). A continuation
of current policies is projected to result in global
GHG emissions of 56 GtCO,e in 2035 (table ES.1),
which is 36 per cent and 55 per cent higher than the
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levels consistent with below 2°C and 1.5°C pathways
respectively (table ES.2), without compensating for
excess emissions.

Again, these findings underline that immediate and
unprecedented mitigation action in this decade
is essential. Over-complying with current NDC
targets for 2030 will enable countries to put forward

Looking beyond 2035 at mid-century scenarios
(table ES.T) reinforces these findings and points
to the necessity of enhancing the credibility and
feasibility of net-zero pledges. Total global GHG
emissions in 2050 are only brought closer to 1.5°C
and 2°C pathways if the conditional NDCs are fully
implemented in combination with the achievement of
all net-zero pledges.

more ambitious mitigation targets for 2035 in their
next NDCs, and it will make the realization of such
ambitious targets for 2035 more feasible.

Table ES.2 Global GHG emissions in 2030, 2035 and 2050, and global warming characteristics of least-cost pathways
starting in 2020 consistent with limiting global warming to specific temperature limits

Global total GHG emissions
(GtCO.e)

Least-cost Estimated temperature outcomes

pathways

consistent with | Number of Closest IPCC

limiting global | scenarios Working Group Il

warming to In 2030 | In 2035 | In 2050 | 50% chance | 66% chance | 90% chance | Sixth Assessment

specific levels Report scenario
class

Below 2°C Peak: Peak: Peak:

(66% chance 195 41 36 20 1.7-1.8°C 1.8-1.9°C 2.2-2.4°C C3a

throughout the (87-46) | (31-39) | (16-24) | In2100: In 2100: In 2100:

century) 14-17°¢ | 1.6-1.9°C | 2-2.4°C

Below 1.8°C Peak: Peak: Peak:

(66% chance 139 35 27 12 1.5-1.7°C 1.6-1.8°C |1.9°C-2.2°C N/A

throughout the (28-41) | (21-31) | (8-16) | In2100: In 2100: In 2100:

century) 1.3-1.6°C 1.4-1.7°C 1.8-2.2°C

Below 1.5°C

_(50% chance Peak: Peak: Peak:

'n 2100 and o 33 25 g | 15-1.6C | 16-1.7°C | 19-21°C o

minimum a

33% chance (26-34) | (20-27) | (5-13) | In 210(3: In 210(3: In 210(3:

throughout the 11-1-3°C 1.2-1.5°C 1.6-1.9°C

century)
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7.

If current policies are continued, global
warming is estimated to be limited to 3°C.
Delivering on all unconditional and conditional

of conditional NDCs lowers this by around 0.4°C to
2.5°C (range: 1.9-3.6°C).

pledges by 2030 lowers this estimate to 2.5°C, » In the most optimistic scenario where all conditional
with the additional fulfilment of all net-zero NDCs and net-zero pledges, including those made
pledges bringing it to 2°C as part of long-term low-emissions development
strategies, are assumed to be fully achieved, global
> A continuation of the level of climate change warming is projected to be limited to 2°C (range:
mitigation efforts implied by current policies is 1.8-2.5°C) with 66 per cent chance over the course
estimated to limit global warming to 3°C (range: of the century. However, as noted previously, net-zero
1.9-3.8°C) throughout the century with a 66 per cent pledges remain highly uncertain.
chance. Warming is expected to increase further after
2100 as CO, emissions are not yet projected toreach  » Even in the most optimistic scenario considered in this
net-zero levels. report, the chance of limiting global warming to 1.5°C
is only 14 per cent, and the various scenarios leave
> A continuation of the unconditional NDC scenario open a large possibility that global warming exceeds

lowers this estimate to 2.9°C (range: 2-3.7°C),
whereas the additional achievement and continuation

2°C or even 3°C. This further illustrates the need
to bring global emissions in 2030 lower than levels
associated with full implementation of the current



NDCs, to expand the coverage of net-zero pledges to
all GHG emissions and to achieve these pledges.

Central temperature projections are slightly higher
than in the 2022 edition of the Emissions Gap Report,
as a larger number of models have been included
in the estimation of future emissions. However, the
projections are consistent with those from other
major assessments, such as the International Energy
Agency’s 2023 Announced Pledges Scenario, the
Climate Action Tracker and the United Nations
Framework Convention on Climate Change 2023
NDC Synthesis Report, noting that these report
temperature projections with a 50 per cent rather than
a 66 per cent chance.

The failure to stringently reduce emissions

in high-income countries and to prevent
further emissions growth in low- and
middle-income countries implies that

all countries must urgently accelerate
economy-wide, low-carbon transformations to
achieve the long-term temperature goal of the
Paris Agreement

Delivering transformational change requires
unprecedented global cooperation reflecting the Paris
Agreement principle of common but differentiated
responsibilities and respective capabilities in light of
national circumstances. This principle implies that
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countries with greater capacity and greater historic
responsibility for emissions — particularly high-
income and high-emitting countries among the G20
— will need to take more ambitious and rapid action,
setting the course and demonstrating the viability
of fossil-free development. However, this will not
be sufficient as low- and middle-income countries
already account for more than two thirds of global
GHG emissions. Accordingly, the Climate Solidarity
Pact proposed by the United Nations Secretary-
General calls on all big emitters to make extra efforts
to cut emissions and wealthier countries to provide
financial and technical resources to support low- and
middle-income countries in their transformation,
reflecting differentiated timelines.

Energy is the dominant source of GHG emissions,
currently accounting for 86 per cent of global CO,
emissions. The coal, oil and gas extracted over the
lifetime of producing and under-construction mines
and fields as at 2018 would emit more than 3.5 times
the carbon budget available to limit warming to
1.5°C with 50 per cent probability, and almost the
size of the budget available for 2°C with 67 per cent
probability. Global transformation of energy systems
is thus essential, including in low- and middle-income
countries, where pressing development objectives
must be met alongside a transition away from
fossil fuels.

Figure ES.5 Committed CO, emissions from existing fossil fuel infrastructure, compared with carbon budgets reflecting
the long-term temperature goal of the Paris Agreement
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9.

Low- and middle-income countries face
substantial economic and institutional
challenges in low-carbon energy transitions,
but can also exploit opportunities

Energy transitions in low-and middle-income countries
are shaped by the overarching objective of pursuing
development. Low- and middle-income countries
face several common challenges in having to bring
millions out of poverty, expand strategic industries,
urbanize and deal with the political challenges of a
transition away from fossil fuel use. Meeting basic
energy needs of people living in poverty would have
a limited impact on global GHG emissions. Yet today,
2.4 billion people lack access to clean cooking and
775 million to electricity, with women and children
disproportionately affected. Meeting energy needs for
broader human development will lead to significant
energy demand growth, but there is scope to meet
this growth more efficiently and equitably, and with
low-carbon energy as renewables get cheaper.

National circumstances vary with natural resource
endowments and economic conditions, and will shape
energy transition pathways. Capacity and institutions
are often weak in low- and middle-income countries,
and they may face different and additional political

economic challenges from high-income countries,
especially in view of the required speed of transition.

Low- and lower-middle-income countries are in the
greatest need of affordable finance as they are already
saddled with debt, receive disproportionately low clean
energy investments, are more vulnerable to volatile
fossil fuel markets either as exporters or importers,
and may face future stranded fossil fuel assets.
Upper-middle-income countries are typically further
along in building clean energy economies, but still
face risks of stranded assets and related employment
implications and macroeconomic shocks.

Access to affordable finance is therefore a prerequisite
forincreasing mitigation ambition in low- and middle-
income countries. Yet, costs of capital are up to seven
times higher in these countries compared with the
United States of America and Europe (figure ES.6).
International financial assistance will therefore
have to be significantly scaled up from existing
levels, and new public and private sources of capital
better distributed towards low-income countries,
restructured through financing mechanisms that
lower costs of capital. These include debt financing,
increasing long-term concessional finance,
guarantees and catalytic finance.

Figure ES.6 Weighted average cost of capital for solar photovoltaic projects against per capita gross national income for
select countries in 2021
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Low- and middle-income countries can take
ownership of their low-carbon development agenda
by laying out national low-carbon development
strategies suited to their national context, including by
adopting measures in key energy-intensive demand
sectors, such as housing, transport and food, which
have known synergies between climate mitigation and
human development. This will require strengthening
domestic energy and climate institutions to undertake
strategic planning and enhanced coordination
across sectors. Furthermore, strong stakeholder
engagement is needed to ensure just outcomes and
economic diversification.

The preparation of the next round of NDCs offers an
opportunity for low- and middle-income countries
to develop nationally driven road maps with broad
domestic visions for ambitious development and
climate policies and targets, for which implementation
progress can be measured, finance and technology
needs are clearly specified, and detailed investment-
ready implementation plans are prepared. With less
than two years left until the next round of NDCs are
due, COP 28 would be a timely occasion to call for
international support to prepare such robust and
ambitious NDCs that integrate development and
climate objectives.
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1 0 Further delay of stringent global GHG

e emissions reductions will increase future
reliance on CDR to meet the long-term
temperature goal of the Paris Agreement

Immediate and stringent emissions reductions are
required to bridge the emissions gap and maintain
the feasibility of achieving the long-term temperature
goal of the Paris Agreement. All least-cost pathways
starting in 2020 consistent with meeting this goal
require immediate and deep emission cuts as well as
a growing quantum of CDR over time (figure ES.7).
With the delay in stringent mitigation action, the
need for CDR in the longer term will likely increase
even further.

CDR s necessary to achieve the long-term goal of the
Paris Agreement as reaching net-zero CO, emissions
is required to stabilize global warming, whereas
net-zero GHG emissions will result in a peak and
decline in global warming. Since it is impossible to
fully eliminate all CO, or other GHG emissions through
stringent emissions reductions, residual emissions
must be balanced by removals from the atmosphere,
i.e. through CDR, to reach net-zero emissions.

Figure ES.7 The role of emissions reductions and CDR in least-cost pathways consistent with the long-term temperature
goal of the Paris Agreement
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CDR is already deployed today — mainly in the
form of conventional land-based methods, such
as afforestation, reforestation and management
of existing forests, with a large share located in
developing countries. Present-day direct removals
through conventional land-based methods are
estimated to be 2.0 (+0.9) GtCO, annually, almost
entirely through conventional land-based methods.
Direct removals through novel CDR methods, such
as bioenergy with carbon capture and storage,
biochar, direct air carbon capture and storage, and
enhanced weathering, are currently miniscule at
0.002 GtCO; annually.

Nonetheless, 1.5°C and 2°C least-cost pathways
assume significant increases in both conventional and
novel CDR over time (figure ES.7). Conventional CDR
grows to up to 6 GtCO, annually by 2050 under these
pathways and novel CDR up to 4 GtCO, annually by
2050. Conventional land-based CDR plays a stronger
role in the near- and mid-term, while novel CDR plays a
stronger role later in the century to reach net-negative
emissions, noting that levels depend on the underlying
economic and technological assumptions as well
as the magnitude of temperature drawdown after
achieving net-zero CO, emissions.

Achievement of the gigaton levels of CDR implied later
in this century by pathways consistent with the Paris
Agreement is uncertain and associated with several
risks. Increased reliance on conventional land-based
CDR is risky due to issues of land competition,

protection of Indigenous and traditional communities’
land tenure and rights, and sustainability, biodiversity
and permanence risks of forest-based CDR, including
from forest fires and other disturbances. Novel CDR
methods are generally atan early stage of development
and are associated with different types of risks,
including that the technical, economic and political
requirements for large-scale deployment may not
materialize in time. Furthermore, public acceptance
is still uncertain, particularly for approaches involving
carbon capture and storage, or the open ocean. These
risks can negatively affect the prospects for scale-up,
despite technical potentials.

To spurinnovation and enable scaling up of novel CDR
technologies, these technologies will first need to go
through a formative phase, which will require strong
policy and financial support. Given the time it takes to
mature technologies, the next decade will be crucial
for novel CDR methods. Failure to create momentum
in this formative phase will result in a widening
discrepancy between the levels of novel CDR needed
and available by 2050 and beyond.

This points to four important areas for political action:

1) Setting and signalling CDR priorities

2) Developing robust measurement, reporting and
verification systems to enhance credibility

3) Harnessing synergies and co-benefits with
other efforts

4) Accelerating innovation.
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1.1  Context and framing of the Emissions
Gap Report 2023

The world is witnessing a disturbing acceleration in the
number, speed and scale of broken climate records: 2023 is
on track to become the warmest year on record. At the time
of writing, 86 days have been recorded with temperatures
exceeding 1.5°C above pre-industrial levels. Not only
was September the hottest month ever, it exceeded the
previous record by an unprecedented 0.5°C, with global
average temperatures at 1.8°C above pre-industrial levels
(Copernicus Climate Change Services 2023a; Copernicus
Climate Change Services 2023b). This does not imply
that the world has exceeded the 1.5°C temperature limit
specified in the Paris Agreement, which refers to global
warming levels based on multi-decadal averages. However,
it does signal that we are getting closer to that point. These
temperature records were accompanied by devastating
extreme events, which the Intergovernmental Panel on
Climate Change (IPCC) has warned us are merely a meek
beginning. Every increment of warming results in rapidly
escalating hazards with extensive implications for human
livelihoods and ecosystems (IPCC 2023).

This is the fourteenth Emissions Gap Report by UNEP,
published ahead of the twenty-eighth session of the
Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP 28). COP 28 is special,
as it marks the conclusion of the first global stocktake
under the Paris Agreement. The global stocktakes are held
every five years to assess the global response to the climate
crisis and chart a better way forward. This objective closely
mirrors that of the Emissions Gap Report, which is to provide
an annual, independent science-based assessment of the
gap between pledged greenhouse gas (GHG) emissions
reductions and the reductions required to align with the
long-term temperature goal of the Paris Agreement, and
opportunities to bridge this gap.

To inform the discussions at COP 28 — including on the
outcomes needed from the global stocktake — and set
the scene for the next round of nationally determined
contributions (NDCs) that countries are requested to submit

in 2025, which will include emissions reduction targets for
2035, this report looks at what is required this decade and
beyond 2030 to maintain the possibility of achieving the
long-term temperature goal of the Paris Agreement.

The IPCC concluded that global emissions levels by 2030
resulting from the implementation of the current NDCs will
make itimpossible to limit warmingto 1.5°C with no or limited
overshoot, and strongly increase the challenge of limiting
warming to 2°C (Pathak et al. 2022). This finding is reiterated
in this report. It highlights that maintaining the possibility of
achieving the long-term goal of the Paris Agreement hinges
on relentlessly strengthening ambition and implementation
this decade, thereby facilitating significantly more ambitious
targets for 2035 in the next round of NDCs and paving the
way for operationalizing and implementing the net-zero
pledges by countries that currently cover around 80 per cent
of global emissions.

The report shows that movement on the NDCs has been
negligible since COP 27, and although the ambition of the
NDCs has been strengthened since the adoption of the Paris
Agreement at COP 21 in 2015, it has been insufficient to
narrow the 2030 emissions gap.

Progress since the adoption of the Paris Agreement is more
visible on the policy implementation side. Globally, GHG
emissions in 2030 based on policies in place were projected
to increase by 16 per cent at the time of the adoption of the
Paris Agreement. Now the projected increase is 3 per cent.

However, the challenge remains immense. In just seven
years, global GHG emissions must be reduced by 28-42
per cent compared to where they are headed under policies
currently in place, to get to levels consistent with pathways
that limit global warming to well below 2.0°C and 1.5°C
respectively.

Due to the failure to stringently reduce emissions in high-
income countries — which bear the greatest responsibility
for past emissions — and to limit emissions growth in
low- and middle-income countries, which account for the
majority of current emissions, unprecedented action is now
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needed by all countries. For high-income countries, this
implies further accelerating domestic emissions reductions,
committing to reaching net-zero as soon as possible — and
sooner than the global averages from the latest IPCC report
implies — and at the same time providing financial and
technical support to low- and middle-income countries. For
low-and middle-income countries, this means that pressing
development needs must be met alongside a transition
away from fossil fuels.

Furthermore, the delay in stringent mitigation action
will likely increase future dependence on carbon dioxide
removal (CDR) from the atmosphere. However, availability
of large-scale CDR opportunities in the future cannot be
taken for granted. The second part of the report explores
the opportunities and challenges associated with energy
transformation, and development and deployment of CDR.

The feasibility of the necessary transformation hinges
on reconciling development and climate objectives in all
countries. As has been amply illustrated during the COVID-19
pandemic and the energy crisis, development choices and
responses to economic shocks are inseparable from — and
often determine — climate outcomes. Previous editions of
the Emissions Gap Report have illustrated that well planned
and socially just transformations can bring economic
benefits, create new jobs, advance gender equality, and
empower people, communities and societies. All available
evidence confirms the availability of a wide range of mature,
efficient and economically attractive options to reduce GHG
emissions. They just need to be deployed, immediately and
at unprecedented rates (Pathak et al. 2022; International
Energy Agency 2023; Lee et al. 2023).

Doing so could simultaneously help reverse the concerning
general international setback on the achievement of
the global Sustainable Development Goals for 2030. A
preliminary assessment shows that of the around 140
targets for which data is available, only 12 per cent are on
track, whereas more than half are moderately or severely
off track, and around 30 per cent have either seen no
movement or have regressed below the 2015 baseline
(United Nations 2023).

1.2 Approach and structure of the report

The Emissions Gap Report is an assessment report. It
provides an evaluation of scientifically and technically
credible knowledge on emissions trends, progress, gaps and
opportunities, based on a synthesis of the latest scientific
literature, models, and data analysis and interpretation,
including that published by the IPCC.

As in previous years, this Emissions Gap Report has been
prepared by an international team of leading experts. This
year, 79 leading scientists from 47 expert institutions
across 22 countries have been engaged in producing the
report. The assessment process has been overseen by an
international steering committee and has been transparent
and participatory. Geographical diversity and gender balance
has been considered to the extent possible. All chapters
have undergone external review, and the assessment
methodology and preliminary findings were made available
to the Governments of the countries specifically mentioned
in the report, to provide them with the opportunity to
comment on the findings.

The report is organized into seven chapters, including this
introduction. Chapter 2 assesses the trends in global GHG
emissions. Chapter 3 provides a global update of NDCs and
long-term net-zero emissions pledges, and assesses the
progress of G20 members towards achieving their NDCs
and net-zero emissions pledges. Chapter 4 updates the
assessment of the emissions gap by 2030 based on the
latest NDCs, and looks at potential gaps beyond 2030. It
also considers the implications of the emissions gap on
the feasibility of achieving the long-term temperature goal
of the Paris Agreement. Chapter 5 frames the second part
of the report, laying out global issues related to energy
transformation and CDR. Chapter 6 assesses challenges
and opportunities for accelerating energy transitions in
low- and middle-income countries, while meeting critical
development needs and priorities. Finally, chapter 7
considers the role, status and scope for CDR in achieving
the long-term temperature goal of the Paris Agreement.
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2.1 Introduction

This chapter assesses greenhouse gas (GHG) emissions
trends up to and including 2022. Starting from global
emissionstrends by GHG and sector (section 2.2), it describes
the emissions of the G20 and top emitters (section 2.3)
before covering household and consumption-based
emissions (sections 2.4 and 2.5). In doing so, it sets the
stage for subsequent chapters on G20 policies and the
emissions gap.! Importantly, this chapter provides multiple
perspectives on national emissions, including absolute, per
capita and historical cumulative emissions. Each of these
perspectives offer insight into inequalities in contributions
to climate change, while highlighting that turning around
global emissions growth now requires ambitious and
urgent efforts from all countries to reduce fossil fuel use
and deforestation.

As in previous years, the Emissions Gap Report focuses
on total net GHG emissions across all major groups of
anthropogenic sources and sinks reported under the
United Nations Framework Convention on Climate Change
(UNFCCC). This includes carbon dioxide (CO,) emissions
from fossil fuel and industry (fossil CO,), CO, emissions
and removals from land use, land-use change and forestry
(LULUCF CO0,), methane (CH4) and nitrous oxide (N,0)
emissions. It includes fluorinated gas (F-gas) emissions
reported under the UNFCCC, but excludes F-gas emissions
regulated under the Montreal Protocol on ozone depleting
substances, which accounted for approximately 1.6 gigatons

of CO, equivalent (GtCO,e) in 2021 (Forster et al. 2023).
Non-CO, LULUCF emissions are also excluded due to data
limitations.

Following the change in methodology outlined in the
Emissions Gap Report 2022 (United Nations Environment
Programme [UNEP] 2022), the global bookkeeping approach
is used to report global estimates of net LULUCF CO,
emissions and the national inventory approach to report
national estimates of net LULUCF CO, emissions. This
ensures that global estimates are consistent with the
mitigation scenarios presented in chapter 4, as well as the
carbon cycle and climate science literature; while national
estimates are consistent with those reported by countries
to the UNFCCC. As this chapter reports, total net LULUCF
CO, emissions differ substantially between these two
approaches, due to known differences in system boundaries
and other assumptions.

Where GHG emissions are aggregated to CO, equivalents
in this report, 100-year global warming potentials from the
latest Intergovernmental Panel on Climate Change (IPCC)
Working Group (WG) | Sixth Assessment Report (AR6)
(Forster et al. 2021) are used. Alternative metrics can be
used - for instance, global warming potentials with a
20-year time horizon would highlight the relative importance
of CH4 on near-term warming — but are not explored here.
Uncertainties in emissions estimates are reported following
the IPCC WGIII AR6 of +8 per cent for fossil CO,, 70 per cent
for LULUCF CO,, +30 per cent for CH4 and F-gases, and

1 The African Union became a permanent member of the G20 in September 2023, which was after the assessments for this report had been completed.
Consequently, the African Union is not included in the G20 assessment this year.
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+60 per cent for N,O (Dhakal et al. 2022). This chapter follows
a territorial-based accounting of emissions (i.e. emissions
are allocated to the sectors and nations where they occur)
unless otherwise noted. Indirect and consumption-based
perspectives are considered in section 2.5, in particular in
the context of household emissions.

The principal sources in this chapter include the Emissions
Database for Global Atmospheric Research dataset for
fossil CO,, CH4, N,O and F-gas emissions (Crippa et al.
2023); the Global Carbon Budget for global LULUCF CO,
estimates, taking the average of three bookkeeping models
(Friedlingstein et al. 2022); and Grassi et al. (2022; 2023)
for national inventory-based LULUCF CO, (with updates to
the latest inventories for the top emitters). The latest years
of data in these sources should be treated as preliminary —
particularly in the case of LULUCF CO, and non-CO, GHG
emissions — due to the use of provisional methodologies
based on available activity data. Emissions are generally
reported up to 2022. However, due to data limitations, this
is not possible for inventory-based LULUCF CO,. Complete
national totals including LULUCF CO, are therefore only
given up to 2021. Lamb (2023) contains the code and data
used to produce all emissions estimates in this chapter.

2.2 Global emissions trends

2.2.1 Global emissions increased to record levels in
2022

Global GHG emissions reached a record high of 57.4 GtCO»e
in 2022, growing by 1.2 per cent (0.6 GtCO,e) from the
previous year (figure 2.1 and table 2.1). This rate is slightly
above the average rate in the decade preceding the
COVID-19 pandemic (2010-2019), when GHG emissions
growth averaged 0.9 per cent per year, but was slower
than the emissions growth of the 1990s (1.2 per cent per
year) and 2000s (2.2 per cent per year). Atmospheric CO,
concentrations grew to 417.9 + 0.2 parts per million in 2022
(World Meteorological Organization 2023), and will continue
to grow until annual emissions are reduced sufficiently to
be balanced by removals. In contrast, as shown in chapter 4
of this report, global GHG emissions must decline to levels
between 33 and 41 GtCO,e by 2030 (chapter 4 and table 4.2)
to get on a least-cost pathway to meeting the temperature
goal of the Paris Agreement.

Fossil CO, emissions account for 