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Preface 
The NDC ASPECTS project will provide inputs to the Global Stocktake under the Paris Agreement (PA) 
and support the potential revision of existing Nationally Determined Contributions (NDCs) of the PA’s 
parties, as well as development of new NDCs for the post 2030 period. The project will focus on four 
sectoral systems that are highly relevant in terms of the greenhouse gas emissions they produce, yet 
have thus far made only limited progress in decarbonization. To advance these transformations will 
require to understand and leverage the Eigenlogic of those systems and take into account specific 
transformation challenges. These sectors are transport & mobility (land-based transport and interna-
tional aviation & shipping), emission intensive industries, buildings, and agriculture, forestry & land-
use, including their supply by and interaction with the energy conversion sector. 
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1. Changes with respect to the DoA 

No changes with respect to the DoA 

 

2. Dissemination and uptake 

The main aim of this deliverable is to document the progress of the policy paper series during the first 
reporting period. All papers produced so far were already published individually on the project’s web-
site and advertised in the project newsletter and on social media. 

 

3. Short Summary of results (<250 words) 

As per the DoA, the project established a specific document template and style guide for the policy 
paper series as well as a chief editor. So far, two policy papers were published, plus a submission to 
the Global Stocktake (GST) process of the UNFCCC. As the project is starting to produce more re-
search outputs, there will correspondingly be more material to translate into policy papers. The DoA 
already contains a detailed timeline for the future development of the policy paper series. 

 

4. Evidence of accomplishment 

This report. 
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1 Background and Objective of the Policy Paper Series 

Most outputs of work packages 1 to 6 will consist of research reports and manuscripts for academic 
journals. The objective of the policy paper series is therefore to distil policy-relevant results in a more 
digestible format targeted at policymakers and stakeholders.  
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2 Implementation so far 

As per the DoA, the project established a specific document template and style guide for the policy 
paper series. In addition, Christof Arens (Wuppertal Institute) was designated as chief editor of the 
policy paper series with the task to engage with the corresponding scientific authors to assist and guide 
their writing efforts.  

The first policy paper was published in October 2021 under the title “Maximising the Impact of the 
Global Stocktake: Options for Design and Implementation”. The policy brief aims to contribute to iden-
tifying how the Global Stocktake could be organised so as to maximise the effectiveness of the collec-
tive process towards achieving the goals of the Paris Agreement.  

The second policy paper was published in September 2022 under the title “Article 6 and CORSIA after 
Glasgow: Ready for take-off?” The paper discusses interlinkages between the Carbon Offsetting and 
Reduction Scheme for International Aviation (CORSIA) of the International Civil Aviation Organization 
(ICAO) on the one hand and the cooperative mechanisms under Article 6 of the Paris Agreement on 
the other. The paper identifies risks to the environmental integrity of CORSIA and Article 6 that could 
arise from these interlinkages and suggests potential remedies. 

The policy briefs can be found on the NDC ASPECTS website1 and are attached to this report. 

In addition, WP1 produced a submission of project results to the Global Stocktake.2 This submission 
essentially also has the form of a policy paper, even if it is not formally included in the policy paper 
series. 

 

 

 

 
1 https://ndc-aspects.eu/publications/policy-briefs 
2  http://ndc-aspects.eu/sites/default/files/2022-08/NDC%20ASPECTS_D1-1-GST%20submission_20220805.pdf 
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3 Future Planning 

As the project is starting to produce more research outputs, there will correspondingly be more mate-
rial to translate into policy papers. The DoA already contains a detailed timeline for the future devel-
opment of the policy paper series as follows: 

• MS7-10: Draft policy papers on specific issues of interest in the industry, transport, buildings 
and AFOLU sectors by M27; the specific issues of interest are to be determined over the course 
of the Sectoral Conversations conducted in WP1; 

• MS47-50: Draft policy paper on sectoral governance gaps and options to overcome them in 
the industry, transport, buildings and AFOLU sectors by M24; 

• MS35-38: Draft policy paper describing the content of sectoral transformations required to 
reach the Paris Agreement objectives and highlighting key priorities for international cooper-
ation in the industry, transport, buildings and AFOLU sectors by M28; 

• MS51: Three draft policy papers on sectoral climate club proposals by M30. 
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Introduction 

The five-yearly Global Stocktake (GST) plays an essential role in the overall ambition mechanism of the Paris 
Agreement on climate change by ‘assess[ing] the collective progress towards achieving the purpose of this 
Agreement and its long-term goals’.1 With the GST, Parties have created a mechanism through which they can 
collectively assess whether their ambitions and actions to achieve the Paris objectives are aligned with the latest 
scientific insights. The outcome of the GST ‘shall inform Parties in updating and enhancing, in a nationally deter-
mined manner, their actions and support in accordance with the relevant provisions of this Agreement, as well as 
in enhancing international cooperation for climate action’.2  

 
1  Paris Agreement, Article 14(1). 
2  Paris Agreement, Article 14(3). 

Key messages 
l The collective nature of the Global Stocktake (GST) does not allow for a Party-by-Party discussion of pro-

gress and options for the way forward. Nonetheless, the consideration of progress could be disaggregated 
in other ways to make best use of the rich and comprehensive information collected by breaking it down 
into manageable pieces. A sectoral approach to the GST would be especially useful in this regard, as sec-
tors constitute the communities of action which climate policy needs to address. Moreover, each sector 
has distinct opportunities and challenges. Organising the GST to accommodate a sectoral approach would 
help reveal collective sectoral ambition gaps, highlight additional mitigation potentials and promote 
knowledge and learning on how to tap into these potentials. Involvement of sectoral ministries would 
amplify these effects. 

l While the Paris Agreement and Decision 19/CMA.1 do not provide an explicit entry point for a sectoral 
approach, it could nevertheless be pursued under several of the broadly formulated ‘guiding questions’ 
listed in the revised non-paper by the Subsidiary Body Chairs. 

l To ensure procedural fairness and boost transparency and accountability, equitable access should be 
guaranteed for developing country government delegations and different stakeholder groups. Equitable 
treatment of non-Party stakeholders’ inputs and perspectives includes early communication of time 
frames and procedures. 

l To strengthen the follow-up of the GST outcomes, GST cycles should culminate in a high-level event at the 
level of heads of state and government, and an associated COP decision and/or declaration acknowledging 
the Paris Agreement’s long-term goal, stating collective overall and collective sectoral climate ambition 
and committing to further action needed. The core of a detailed technical summary of available options, 
best practices and recommendations could be recommendations for sectoral decarbonisation targets and 
roadmaps. 
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Decision 19/CMA.1, adopted as part of the Paris Rulebook in 2018, distinguishes three components of the GST: 

l Information collection and preparation (GST-ICP), in which a wide range of inputs from both Parties and other 
stakeholders are compiled and synthesised. 

l Technical assessment (GST-TA), through which the information collected would be discussed and assessed; 
this component is supposed to revolve around an open, inclusive, transparent and facilitative ‘technical dia-
logue’, addressing the three main thematic areas of mitigation, adaptation and means of implementation, as 
well as the cross-cutting areas of impacts of response measures and loss and damage. 

l A high-level consideration of output (GST-CO), in which the outcomes of the other two components are dis-
cussed at high-level events, and which may result in the adoption of a CMA decision and/or a declaration. 

While Decision 19/CMA.1 thus sets out the broad parameters for the design and implementation of the GST, it 
does not provide all the necessary details of how the process will be organised. To offer clarity in this respect, the 
Chairs of the Subsidiary Body for Scientific and Technological Advice (SBSTA) and the Subsidiary Body for Imple-
mentation (SBI) have been requested to ‘develop guiding questions for all components of the global stocktake, 
including specific thematic and cross-cutting questions’ and to ‘organize the global stocktake in a flexible and ap-
propriate manner, to work on identifying opportunities for learning-by-doing, including for assessing collective 
progress, and to take the necessary steps for the consideration of inputs as they become available’.3 

With the GST-ICP due to start at COP26 in Glasgow,4 there is an urgent need to identify how the GST could be or-
ganised so as to maximise the effectiveness of the process. Specifically, there is a need to better understand how 
the GST can influence national policymaking processes so as to increase ambition. In this policy brief, we apply 
the concept of the governance functions of international institutions to contribute to this understanding. While 
we recognise the importance and interrelatedness of all three thematic areas of the GST, this policy brief focuses 
on mitigation. However, to strengthen collective climate ambition, it will be important to link the GST outcomes 
of all three thematic areas (mitigation, adaptation and means of implementation). 

Governance Functions of the Global Stocktake 

The GST is an international governance mechanism with a dual nature: it is both (1) an evaluative system, as the 
GST assesses the collective performance towards a benchmark (the long-term goals of the Paris Agreement); and 
(2) a decision-making/communication process of the Parties consisting of a series of events taking place over a 
period of two years.  

 
3  Decision 19/CMA.1, Matters Relating to Article 14 of the Paris Agreement and Paragraphs 99–101 of Decision 1/CP.21, FCCC/PA/CMA/2018/3/Add.2 (19 

March 2019), paragraphs 7 and 16. 
4  ‘Preparing for the First Global Stocktake: Revised Non-Paper by the Chairs of the SBSTA and SBI’ (15 September 2021), 

https://unfccc.int/sites/default/files/resource/REV_Non-paper_on_Preparing_for_GST1_forSBs_15Sept.pdf. 
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To analyse how the GST may best serve to catalyse the enhancement of actions and support, this brief builds on 
previous scholarship on the potential functions and effects of global governance. International institutions may 
employ a range of governance functions to help address problems such as climate change. The GST may in partic-
ular contribute to three governance functions as summarised in the table below.5 

These functions can be related to the three guiding questions that were used to structure the 2018 Talanoa Dia-
logue. ‘Where are we now’ relates to the function of transparency and accountability; ‘where do we need to go’ 
relates to the guidance and signal function; and ‘how do we get there’ involves knowledge and learning.6 

These governance functions can be achieved not only through the potential outputs of the GST, such as a COP de-
cision and/or a political declaration, but also through the very process of the GST. Overall, the extent to which 
these governance functions are fulfilled determines the extent to which the GST may affect relevant behaviour 
and enable Parties as well as non-Party stakeholders to strengthen their climate ambitions. Conversely, the design 
and organisation of the GST influences the achievement of these governance functions. 

Guidance and Signal – Where Do We Need to Go? 

The GST is an opportunity to further strengthen and refine the guidance and signal stemming from the Paris 
Agreement. The Agreement’s long-term temperature goal, along with the goal to achieve greenhouse gas neutral-
ity in the second half of the century, provide a high-level, collectively agreed vision for global transformation. Re-

 
5  Sebastian Oberthür, Lukas Hermwille and Tim Rayner, ‘A Sectoral Perspective on Global Climate Governance: Analytical Foundation’ (2021) 8 Earth System 

Governance 100104. Two additional governance functions – (1) setting rules to facilitate collective action and (2) capacity building, technology and finance 
– are not covered here as they are less relevant in the GST context and are covered by other elements of the international climate regime. 

6  Wolfgang Obergassel, Lukas Hermwille, Anne Siemons and Hannah Förster, ‘Success Factors for the Global Stocktake under the Paris Agreement’ (Wupper-
tal Institute 2019). 

Governance 
Function 

Description Key Features and Main Added Value 

Guidance and 
Signal 

International institutions can signal the resolve of members to 
pursue a certain course of action; these signals derive from the 
principles and objectives on which such institutions are based, 
which can provide direction beyond the institution 

• Agreement on principles and objec-
tives 

• Helps align actors across countries 
and governance levels 

Transparency 
and Account-
ability 

International institutions may enhance the transparency of the 
actions taken by their members by collecting and analysing rel-
evant data, and identifying and addressing problems in imple-
mentation of agreed rules and standards 

• Reporting, review, compliance 
• Contributes to reciprocity, effective 

implementation and mutual trust 

Knowledge 
and Learning 

International institutions may create knowledge as well as plat-
forms for individual and social learning. The aim is creation and 
diffusion of scientific, economic, technical and policy-related 
knowledge on the understanding of and/or possible solutions 
to the problem at hand 

• Generation and collective appraisal 
of information and knowledge 

• Policy learning 
• Improved and shared understanding 
• Improved policies 
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fining the signal provided by the Paris Agreement could not only help guide the strengthening of existing and de-
velopment of new NDCs, but could also serve as an updated reference point for a variety of initiatives (including 
by non-state and subnational actors) and help channel attention to the challenges that need to be overcome on 
the ground. Further concretising the benchmark against which collective progress will be assessed periodically in 
the light of the most recent science, the GST can re-iterate and strengthen the signals sent by the Paris Agree-
ment and thereby contribute to the normalisation of ambitious climate action and shift expectations of stake-
holders across all governance levels.7 For example, the GST could pick up on the recent wave of ‘net-zero by 2050’ 
announcements, which can be considered a further elaboration of the long-term goal of the Agreement and a 
concretisation of this goal in more specific terms. The GST could also work to unpack the relationship between 
the Paris Agreement’s long-term goals and short-term ambitions. For instance, the Intergovernmental Panel on 
Climate Change Special Report on the 1.5°C limit considered that global carbon dioxide emissions need to be 
roughly halved by 2030 to maintain a reasonable chance of keeping below 1.5°C.8 If the GST was able to adopt 
such findings, it would significantly strengthen the guidance and signal sent by the Paris Agreement. 

The GST could also endeavour to break the global mitigation objectives down to the individual emitting sectors 
and develop timelines and roadmaps for each sector to achieve (net) zero emissions.9 Sectors constitute commu-
nities of action by which goods and services are produced and thereby establish the arenas which international 
climate policy needs to address.10 Policies and measures that need to be implemented to achieve NDCs are mostly 
sectoral, and governments are largely organised along sectoral lines. The current global net-zero goal, however, 
provides no clarity about which sectors and actors must reduce their emissions to zero (or below) and the time 
frames within which the transition should occur. A sectoral breakdown of the Agreement’s global ambitions could 
provide better and more detailed guidance to sectoral actors. 

The GST could also assess and/or endorse existing sectoral visions (e.g., from intergovernmental or transnational 
sectoral governance initiatives). Work in this direction is already underway for example in the Marrakech Partner-
ship for Global Climate Action (MPGCA), where various sectoral ‘climate action pathways’ have been identified.11 
However, the linkage between these activities and the UNFCCC/Paris Agreement process could still be strength-
ened. Holding such discussions within the framework of the GST could enhance the impact on Parties’ policies. A 
possible link has already been established in the revised non-paper on the GST by the Subsidiary Body Chairs, 
which mentions working together with the High-Level Champions and the MPGCA. 

In terms of process, it would be useful if the high-level consideration of output included an event at the level of 
heads of state and government. This would strengthen the guidance and signal function of the GST, amplifying 

 
7  Lukas Hermwille, Anne Siemons, Hannah Förster and Louise Jeffery, ‘Catalyzing Mitigation Ambition under the Paris Agreement: Elements for an Effective 

Global Stocktake’ (2019) 19(8) Climate Policy 988–1001; Louise Jeffery, Anne Siemons, Hannah Förster, Christian Nissen, Lukas Hermwille and Nico 
Kreibich, ‘The Challenges of Assessing “Collective Progress”: Design Options for an Effective Global Stocktake Process under the UNFCCC’ (Umweltbun-
desamt 2021). 

8  IPCC, ‘Summary for Policymakers’ in Global Warming of 1.5°C (IPCC 2018). 
9  Lukas Hermwille, Anne Siemons, Hannah Förster and Louise Jeffery, ‘Catalyzing Mitigation Ambition under the Paris Agreement: Elements for an Effective 

Global Stocktake’ (2019) 19(8) Climate Policy 988–1001; Louise Jeffery, Anne Siemons, Hannah Förster, Christian Nissen, Lukas Hermwille and Nico 
Kreibich, ‘The Challenges of Assessing “Collective Progress”: Design Options for an Effective Global Stocktake Process under the UNFCCC’ (Umweltbun-
desamt 2021). 

10  David G. Victor, Frank W. Geels and Simon Sharpe, ‘Accelerating the Low Carbon Transition: The Case for Stronger, More Targeted and Coordinated Inter-
national Action’ (2019), http://www.energy-transitions.org/content/accelerating-low-carbon-transition. 

11  UNFCCC, ‘Climate Action Pathways, https://unfccc.int/climate-action/marrakech-partnership/reporting-and-tracking/climate_action_pathways. 
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the messages for national policy agendas and indicating a reinforced political commitment of Parties to the Paris 
Agreement and its goals in the light of the latest available science. Such an event could highlight key outcomes of 
the GST process and involve the commitment by Parties to taking the outcomes into account in NDC updates and 
revisions. If it is not possible to include such commitments in a CMA decision, individual Parties could spell out 
such commitments in a separate political declaration. Likewise, in line with the increased focus of the UNFCCC 
process on non-Party actors, such actors could also be encouraged to publish a declaration acknowledging the 
GST outcomes and committing to increasing ambition where needed. 

Transparency and Accountability – Where Are We Now? 

Generally, high levels of transparency and accountability could be argued to contribute to enhanced trust, provide 
reassurance to parties, facilitate acknowledgement of efforts, and promote learning and common understanding. 
Furthermore, transparency and accountability are interrelated with the willingness to take on more ambitious 
commitments. 

The GST aims at enhancing the transparency of Parties’ collective action and points to collective implementation 
successes and deficits. Parties thus collectively account for the performance of their climate policies. The UNFCCC 
Secretariat has begun to compile inputs into the GST, including national reports and reviews available to date 
(e.g., national communications, inventory reports, biennial (update) reports, long-term low greenhouse gas emis-
sion development strategies). Although the GST is a collective process, the gathering of inputs offers an oppor-
tunity for observers to place individual Party actions in a collective context, and to generate crucial data and in-
formation 

The objective to assess collective progress precludes an opportunity for ‘naming and shaming’ within the GST. 
Nevertheless, the GST could still provide a sounding board for the enhanced transparency framework under Arti-
cle 13. If collective progress is discussed at the global level, a next question is what progress each country has 
made individually. Actors such as opposition parliamentarians or national-level NGOs could use data from the en-
hanced transparency framework and the public attention generated by the GST to hold their governments to ac-
count.12  

If sectoral decarbonisation visions were developed through – or alternatively served as input into – the GST, as 
discussed under the guidance and signal function, they could be used to strengthen transparency and accounta-
bility. The GST could not only take stock of current and projected emissions levels at the global level, but it could 
also provide a disaggregated picture of the status and trends of sectoral mitigation efforts. Such a sectoral focus 
could for example highlight that the transport sector has been performing especially poorly compared to other 
sectors – with a relatively strong growth of emissions in the past and projected for the future – and therefore re-
quires particular attention.13 

 
12  Lukas Hermwille, Anne Siemons, Hannah Förster and Louise Jeffery, ‘Catalyzing Mitigation Ambition under the Paris Agreement: Elements for an Effective 

Global Stocktake’ (2019) 19(8) Climate Policy 988–1001; Louise Jeffery, Anne Siemons, Hannah Förster, Christian Nissen, Lukas Hermwille and Nico 
Kreibich, ‘The Challenges of Assessing “Collective Progress”: Design Options for an Effective Global Stocktake Process under the UNFCCC’ (Umweltbun-
desamt 2021). 

13  Wolfgang Obergassel, Oliver Lah and Frederik Rudolph, ‘Driving towards Transformation? To What Extent Does Global Climate Governance Promote De-
carbonisation of Land Transport?’ (2021) 8 Earth System Governance 100098. 
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Transparency and accountability are closely linked to procedural fairness. The information base for the assess-
ment of what collective progress has been achieved must take into account contributions of developing countries 
with limited capacities and non-Party stakeholder inputs. To ensure effective participation, the GST process 
should therefore provide for equitable access for Parties and ideally also for different groups of stakeholders, as 
well as equitable treatment of their respective inputs and perspectives. This should include not only facilitating 
the meaningful participation of developing country government delegations, but also participation of non-Party 
stakeholders. Stakeholders from developing countries will also require support to effectively engage in producing 
inputs to reduce the risk of inputs being dominated by developed country research and civil society organisa-
tions.14 Procedural fairness also means that non-Party stakeholders should be informed as early as possible about 
the time frames and procedures to ensure that their inputs can be adequately considered in the GST-TA and 
thereby feed into the GST-CO. This would further allow such stakeholders to coordinate inputs and avoid duplica-
tion. 

Knowledge and Learning – How Do We Get There? 

The GST could be a peer-learning platform for how to undertake ambitious mitigation actions. For many sectors, 
there remains much ambiguity about what ambitious decarbonisation pathways could look like.15 

The GST can enhance knowledge and learning in various ways. It collects, aggregates and disseminates infor-
mation relevant to the assessment of the Parties’ contribution to the Paris Agreement. Highlighting and discussing 
best practices could foster learning. In addition, a process to develop sectoral decarbonisation visions and/or to 
discuss already existing ones – as discussed under the guidance and signal function – and tracking their imple-
mentation – as discussed for the transparency and accountability function – could become an important 
knowledge-building exercise. Furthermore, the GST could assess and highlight how technological, financial, and 
policy innovations have reduced the costs of mitigation options and thereby identify mitigation opportunities 
since Parties adopted their most recent NDCs.16 This may help advance the implementation of climate policies 
and measures by Parties and individual actors, and may lead Parties to re-interpret their interests and adapt their 
policies, and ultimately increase ambition. 

The GST should focus on opportunities and barriers for decarbonisation, in particular on the ongoing cost reduc-
tion of mitigation options as well as on the substantial non-climate benefits that may be achieved by ambitious 
climate action, such as reducing local air pollution. The GST should also highlight best practices and how they may 
be replicated. Again, a sectoral perspective would provide a useful lens for organising such discussions. 

The synthesis reports prepared by the UNFCCC Secretariat and constituted bodies can play an important role in 
advancing sharing knowledge and advancing policy learning. Parties – especially those with limited resources and 
capacities – will hardly be able to digest all the information that is supposed to be drawn on in the GST. Beyond 

 
14  Christian Holz, Tom Athanasiou and Sivan Kartha, ‘Equity in the Global Stocktake and Independent Global Stocktake’ (Climate Equity Reference Project 

2019). 
15  Manjana Milkoreit and Kate Haapala, ’The Global Stocktake: Design Lessons for a New Review and Ambition Mechanism in the International Climate Re-

gime’ (2019) 19 International Environmental Agreements: Politics, Law and Economics 89–106; Louise Jeffery, Anne Siemons, Hannah Förster, Christian 
Nissen, Lukas Hermwille and Nico Kreibich, ‘The Challenges of Assessing “Collective Progress”: Design Options for an Effective Global Stocktake Process un-
der the UNFCCC’ (Umweltbundesamt 2021). 

16  R.R. Constantino, S.D. Wubet and S. Herz, ‘Advancing Ambition Through Socially Beneficial Climate Action: Recommendations for the Talanoa Dialogue and 
Paris Rulebook’ (Institute for Climate and Sustainable Cities and Sierra Club 2018). 
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such synthesis reports, the knowledge and learning function could also be strengthened by the direct involvement 
of independent experts, which could also help Parties process the information. The technical dialogue under the 
GST-TA would be an appropriate framework for integrating their participation. 

Conclusions and Recommendations 

The potential governance functions of the GST (guidance and signal, transparency and accountability, knowledge 
and learning) can be useful criteria for the detailed organisation of the GST. The following conclusions and rec-
ommendations are directed at strengthening the political impact of the GST. 

A Sectoral Approach 

l The outcomes of the GST should support the enhancement of climate protection actions and support. How-
ever, the collective nature of the GST does not allow for a Party-by-Party discussion of progress and options 
for the way forward. Nonetheless, the consideration of progress could be disaggregated in other ways to 
make best use of the rich and comprehensive information collected. 

l A sectoral focus would be especially useful in this regard, as sectors constitute the communities of action 
which climate policy needs to address. In addition, each sector is distinct in its mitigation opportunities and 
challenges. A sectoral perspective could therefore strengthen all three governance functions of the GST, by: 
(1) providing for a clear signal to sectoral stakeholders (including government ministries, businesses and in-
vestors) by specifying sectoral visions, roadmaps and timetables, and/or discussing and potentially endorsing 
already existing ones; (2) highlighting the progress (or lack thereof) made by individual sectors, thus boosting 
transparency and accountability; and (3) allowing for the effective sharing of knowledge and information to 
foster learning about sectoral mitigation opportunities. 

l Sectoral discussions with strong involvement of line ministries of Parties, independent experts and other non-
Party stakeholders, particularly from relevant business and industry, would enable detailed information shar-
ing and better allow for transformational learning. Sectoral discussions can dovetail with ongoing processes 
such as the MPGCCA to ensure that information-sharing and learning continues in between GST cycles. 

l Although the Paris Agreement and Decision 19/CMA.1 do not provide an explicit entry point for a sectoral ap-
proach, a sectoral approach could nevertheless be pursued under several broadly formulated ‘guiding ques-
tions’ for the GST-ICP listed in the revised non-paper by the Subsidiary Body Chairs, including: 

o What information is needed for countries to strengthen domestic emissions reductions and re-
movals in line with Paris Agreement goals and what recommendations can be developed to in-
crease ambition? (Question 6). 

o What climate actions have been undertaken by non-Party stakeholders and UNFCCC observer or-
ganization and what has been their impact? Which ones have worked and what obstacles or bar-
riers have been encountered? (Question 29). 
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o What opportunities can be seized to further bolster cooperation and support for mitigation and 
adaptation? (Question 32).17 

Ensuring Procedural Fairness 

l Effective participation by Parties and non-Party actors is important for all three governance functions. Equita-
ble access may require dedicated support for the participation of Parties and non-Party stakeholders with 
lower capacities. 

l Equitable access for Parties and different groups of stakeholders matters in all stages of the GST. To allow 
stakeholders to adequately prepare and coordinate, the upfront communication of time frames, procedures 
and other relevant information is key. 

Strengthening Outcomes and Follow-up 

l A dedicated high-level political event at the level of heads of state and government would strengthen the 
messages emerging from the GST and mark a major opportunity for Parties to strengthen their political com-
mitment to the Paris Agreement and its goals in the light of the latest available science. The outcome – in the 
form of a CMA decision and/or a declaration – can further be accompanied by a mirroring declaration by non-
Party stakeholders that would signal their willingness and ambitions to implement the GST outcomes. 

l Recommendations and roadmaps for how sectoral decarbonisation targets could be achieved could be the 
core of a detailed technical summary of available options and best practices, and the final CMA decision 
and/or political declaration should engage with and endorse these results. 
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1. Introduction 

Aviation is the most carbon-intensive mode of transport, with carbon dioxide (CO2) emissions having grown rapidly 

in recent decades (IEA, 2020). Since 2000, CO2 emissions from commercial flights have increased by 50% (IEA, 2020). 

These emissions are projected to continue rising, with commercial aircraft emissions predicted to triple by 2050 

(Overton, 2022). As a result of this projected emissions growth, the aviation industry could potentially consume 

27% of the global carbon budget for 1.5 °C by 2050 (Pidcock and Yeo, 2016). While the United Nations Framework 

Convention on Climate Change (UNFCCC) and the Paris Agreement do not explicitly refer to international aviation 

emissions, they do not exclude them either. The Paris Agreement commits Parties to submit economy-wide 

absolute emission reduction targets as part of their Nationally Determined Contributions (NDCs). However, most 

Parties have so far not to included emissions from international flights in their NDCs (Murphy, 2020). 

 

Key messages 

⚫ Aviation is one of the most challenging sectors to decarbonise. Although the Paris Agreement in principle 

covers emissions from all sectors, including those of aviation, most Parties to the Paris Agreement have not 

included emissions from international flights in their Nationally Determined Contributions (NDCs). However, 

these emissions are explicitly addressed by the International Civil Aviation Organization (ICAO). 

⚫ In 2016, ICAO adopted a market-based mechanism – the Carbon Offsetting and Reduction Scheme for 

International Aviation (CORSIA) – to address the sector’s growth in emissions. In the meantime, Parties to 

the Paris Agreement in 2021 agreed on a detailed rulebook for market mechanisms under Article 6 of the 

Agreement, which creates linkages with CORSIA. 

⚫ We identify four types of interactions between CORSIA and Article 6 rules: (1) allowing Parties with single-

year targets to use the averaging accounting approach creates a loophole that may undermine the 

environmental integrity of both CORSIA and Article 6; (2) the quality criteria for CORSIA offsets may be 

strengthened by following Article 6 rules; (3) the level of CORSIA’s ambition will affect the supply side of 

carbon credits, including those provided under Article 6; and (4) like CORSIA, the operation of Article 6 may 

rely on private certification standards’ registries. 

⚫ To ensure that CORSIA provides a meaningful contribution to climate change mitigation in the sector, we 

suggest that ICAO Member States should: (1) adopt a long-term climate target for the sector in line with the 

Paris Agreement, (2) revise its quality criteria for offset programmes, (3) address non-CO2 effects, and (4) 

carry out an assessment of the impacts on the functioning of the Article 6 mechanisms each time a decision 

is made. 

⚫ Parties to the UN Framework Convention on Climate Change could also take specific action, including 

refining guidance on averaging, establishing a buffer pool to offset an increase in emissions, and considering 

a requirement for Parties to transition towards multi-year emission targets. 
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Instead, these emissions are directly addressed outside the UNFCCC process by a separate United Nations (UN) 

agency, the International Civil Aviation Organization (ICAO). The primacy of ICAO to address international aviation 

emissions was more or less confirmed by the omission of the sector in the Paris Agreement (Martinez Romera, 

2016). As a specialised UN agency designed to address matters concerning international aviation, ICAO arguably 

represents the ‘appropriate forum’ to regulate emissions arising from the sector (ICAO, 2016: 1). In 2010, ICAO 

established the sector-wide goal of carbon-neutral growth from 2020 onwards (ICAO, 2010). In 2016, ICAO then 

adopted a market-based mechanism – the Carbon Offsetting and Reduction Scheme for International Aviation 

(CORSIA) – to address the sector’s large and rapidly rising emissions (ICAO, 2016). As the name suggests, CORSIA is 

a global offsetting scheme intended to complement other efforts to realise the sector-wide objective of carbon-

neutral growth from 2020 (ICAO, 2010; ICAO, 2016). Under the scheme, aircraft operators are required to offset 

any increase in their CO2 emissions. 

While states were developing rules for a market-based mechanism for international aviation emissions, they were 

also negotiating rules to operationalise the Paris Agreement’s market mechanisms introduced in its Article 6. 

Although the majority of the ‘Paris rulebook’ was adopted in Katowice in 2018, negotiations on Article 6 were highly 

contentious, spilling over to the Glasgow Climate Conference (COP26) in 2021. At Glasgow, detailed guidance 

regarding Article 6 was finally agreed. Although originally envisioned to assist Parties in the implementation and 

achievement of their NDCs, the Article 6 rulebook creates linkages to CORSIA and the voluntary carbon market. 

Accordingly, this policy paper seeks to explore these linkages by analysing the interplay between the rules adopted 

under the Article 6 rulebook and CORSIA. 

The paper proceeds in four steps. First, it presents an overview of CORSIA by outlining its offsetting requirements, 

eligibility criteria and implementation phases, as well as highlighting criticisms of the scheme (Section 2). Second, 

it provides an overview of the Article 6 rulebook (Section 3). In particular, this section explores the role of emissions 

accounting through the application of ‘corresponding adjustments’ to counter double claiming as one form of 

double counting. Third, it analyses the interactions between CORSIA and the Article 6 rules (Section 4). Specifically, 

this section discusses four key interactions and their associated challenges: (1) the use of single-year targets and 

the average accounting approach; (2) quality criteria for offsets; (3) the level of ambition in ICAO decision-making; 

and (4) the use of registries. For each of these issues, the paper offers suggestions on how to address these 

challenges. Lastly, the paper identifies opportunities for Paris Agreement Parties and ICAO Member States to 

manage the interplay on CORSIA and Article 6 (Section 5), before offering some conclusions (Section 6). 

2. An overview of CORSIA 

2.1 CORSIA explained 

CORSIA is touted as the world’s first sector-wide scheme to pursue emissions reductions (ICAO, 2019a: 216). It aims 

to complement other in-sector efforts to stabilise emissions from international aviation, such as technological 

solutions and sustainable fuels (ICAO, 2016). Following the adoption of CORSIA in 2016, the ICAO Council – the 

organisation’s governing body – approved its associated Standards and Recommended Practices (SARPS) – i.e., the 

detailed rules – in 2018 (ICAO, 2018). 
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CORSIA requires airlines and other aircraft operators to offset any growth in CO2 emissions from international flights 

above 2020 levels (ICAO, 2019b). Accordingly, operators must compensate for any increase in their emissions by 

purchasing offsets as so-called emissions units from other sectors. Under CORSIA, operators can only purchase 

carbon offsets from ‘emissions unit programmes' (EUPs) that have been approved by the ICAO Council (ICAO, 

2019b). In addition, operators can minimise their offsetting obligations by using CORSIA eligible fuels, which 

includes sustainable aviation fuels (SAFs, renewable or waste-derived), as well as lower-carbon aviation fuels (LAFs, 

fossil-based) (ICAO, 2018). 

The ICAO Council’s decision on what EUPs to approve is informed by a recommendation by an expert group known 

as the Technical Advisory Body (TAB). The TAB was established by the Council in March 2019 and is composed of 

19 expert members. In addition to establishing the TAB, the ICAO Council also approved the ‘terms of reference’, 

setting out the mission and tasks of the TAB (ICAO, 2019c). The key role of the TAB is to assess and recommend 

what programmes should be eligible for use under CORSIA. When conducting an assessment, the TAB considers 

whether the EUPs adhere to the CORSIA emissions unit eligibility criteria (EUCs) (ICAO, 2019d).  

In terms of implementation, CORSIA is divided into three phases: a pilot phase from 2021 to 2023; a first phase 

from 2024 to 2026; and a second phase from 2027 to 2035 (ICAO, 2019b). The pilot phase and first phase are both 

voluntary, i.e., only ICAO Member States that have agreed to partake in these phases will be subjected to offsetting 

requirements. The second phase is mandatory and requires all Member States to participate from 2027 unless they 

are exempt. These exemptions include least developed countries, small island developing states, landlocked 

developing countries and states with less than 0.5% of air traffic (ICAO, 2019b). Member States that are exempt 

may opt to volunteer in the second phase. 

The industry body International Air Transport Association (IATA) estimates that in the period 2021–2035, CORSIA 

will mitigate around 2.5 billion tonnes of CO2 (IATA, 2019). At the same time, the scheme has been subjected to 

criticism since its adoption. One common criticism concerns the lifespan of CORSIA and hence, its ability to achieve 

sizeable emission reductions and meaningful in-sector decarbonisation. While the objective of the scheme is to 

help realise the sector-wide goal of carbon-neutral growth from 2020, CORSIA is only in place until 2035. 

Accordingly, the International Coalition for Sustainable Aviation (ICSA) – a network of NGOs accredited as an official 

observer by ICAO – anticipates that CORSIA will only ‘modestly reduce’ the overall climate impact of international 

aviation (ICSA, 2018: 4). In addition, the scheme merely targets growth in emissions. Airline operators are only 

required to offset emissions above 2020 levels. There is no requirement to mitigate emissions beyond this. This is 

a severe limitation of the mechanism that could significantly hinder the ability of CORSIA to have a meaningful 

impact on the sector. 

As part of its 41st Assembly in late 2022, however, ICAO is set to consider the adoption of a long-term climate target 

for international aviation. This will be crucial if the objectives of the Paris Agreement are to be achieved. It will be 

vitally important that CORSIA’s current objective is revisited to ensure alignment with a long-term climate goal. 

Schneider and Wissner (2022) have offered some recommendations to this end, such as an ambitious goal of net-

zero emissions by 2035 that includes the possibility for offsetting. 

Another criticism stems from the rules concerning CORSIA eligible fuels. These rules require that any alternative 

fuel used to lower offsetting obligations deliver a minimum emission reduction of 10% compared to the baseline 

life emissions of conventional jet fuel (ICAO, 2021a). This falls far short of the deep and fast reductions needed to 

meet the Paris Agreement goals. In addition, there is the inclusion of LAFs under CORSIA eligible fuels. Unlike SAFs, 
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which are derived from sustainable resources, LAFs are fossil-based. While less carbon-intensive than conventional 

jet fuel, if airlines can reduce their offsetting obligations through fossil-based fuels, the ability of CORSIA to deliver 

meaningful decarbonisation remains questionable. 

2.2 Eligibility criteria and eligible offsetting programmes 

As outlined earlier, the ICAO Council is responsible for determining which offsetting programmes and emissions 

units are eligible under the scheme. The Council adopted the CORSIA emissions unit eligibility criteria (EUCs) in 

2019, which outline the requirements that programmes and their offset credits must fulfil to be considered eligible 

(ICAO, 2019d). The criteria are twofold, consisting of both ‘programme design elements’ and ‘carbon offset integrity 

assessment criteria’ (ICAO, 2019d). These criteria may only be amended by the ICAO Council, informed by 

recommendations developed by the Committee on Aviation Environmental Protection (CAEP). The CAEP, in fulfilling 

its role as a technical committee, is required to assist the ICAO Council in the formulation of new policies and the 

adoption of new SARPs. When conducting a periodic review of the EUC SARPs, the Council will also, as appropriate, 

promote compatibility with any future relevant decisions under Article 6 of the Paris Agreement (ICAO, 2016). 

The carbon offsetting programmes and emissions units that meet the CORSIA EUCs are contained within the 

‘CORSIA eligible emissions units’ document (ICAO, 2022a). As mentioned earlier, these are also determined by the 

Council upon recommendation of the TAB. In 2020, the Council completed its first decision on what EUPs to 

approve. As part of this decision, the Council also chose to limit vintage eligibility to units generated pre-2020 to 

avoid double claiming (i.e., the claiming of one unit of emission reduction by more than one actor), as there was 

not yet an outcome regarding Article 6. The approved programmes from this decision include the: 

(1) American Carbon Registry (ACR); 

(2) Architecture for REDD+ Transactions (ART); 

(3) China GHG Voluntary Emissions Reduction Program (CCER); 

(4) Clean Development Mechanism (CDM); 

(5) Climate Action Reserve (CAR); 

(6) Global Carbon Council (GCC); 

(7) The Gold Standard; and 

(8) Verified Carbon Standard (VCS). 

Following this initial decision, the ICAO Council has since approved two programmes to generate new credits (i.e., 

post-2020 vintages) between 2021 and 2023: the ACR and ART. These programmes were approved in 2021 and can 

be used in the first compliance cycle of CORSIA. While the other programmes have received approval, only the ACR 

and ART can generate post-2020 credits. This is because they have procedures in place that avoid double claiming 

(ICAO, 2022a). 

Some of the decisions made by the ICAO Council have been criticised. This includes the approval of the CCER. Critics 

have argued that this decision represents a political compromise to ensure China’s involvement in CORSIA during 

the voluntary phases, ‘rather than being based on the programme’s robustness and merits’ (Hiterski, 2020). The 

ICAO Council has also approved all CDM projects as eligible, despite the EU’s decision to prohibit certain projects 

where environmental integrity has been considered questionable (e.g., large hydroelectric projects) (Hiterski, 

2020). 
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2.3 Periodic review process 

In accordance with Assembly Resolution A40-19, the Council is tasked with conducting a periodic review of the 

implementation of CORSIA – with the technical contribution of the CAEP – every three years starting in 2022 (ICAO, 

2019b). These triannual reviews will provide the Council with the opportunity to improve the overall operation of 

the scheme and, where necessary, recommend adjustments to the next phase or compliance cycle of CORSIA (ICAO, 

2019b). Specifically, Assembly Resolution A40-19 provides that the periodic review will involve, among others: 

(a) assessment of: progress towards achieving the ICAO’s global aspirational goal; the scheme’s market and 

cost impact on States and aeroplane operators and on international aviation; and the functioning of the 

scheme’s design elements; 

(b) consideration of the scheme’s improvement that would support the purpose of the Paris Agreement, in 

particular its long-term temperature goals; and update the scheme’s design elements to improve 

implementation, increase effectiveness, and minimize market distortion, taking into account the 

consequential impact of changing the scheme’s design elements, e.g., to [measurement, reporting and 

verification] requirements; and 

(c) a special review by the end of 2032 on termination of the scheme, its extension or any other improvements 

of the scheme beyond 2035, including consideration of the contribution made by aircraft technologies, 

operational improvements and sustainable aviation fuels towards achieving the ICAO’s environmental 

objectives (ICAO, 2019b: para. 17). 

Any recommendations made by the ICAO Council on the CORSIA review will be put forward to the 41st Session of 

the ICAO Assembly, which is held in September 2022 and is anticipated to complete the first periodic review of the 

scheme (ICAO, 2022b). 

3. The Paris Agreement’s Article 6 and the rulebook agreed in 

Glasgow 

3.1 Voluntary cooperation under Articles 6.2 and 6.4 

With the adoption of the Paris Agreement in 2015 and its Article 6, Parties established three possible avenues to 

voluntarily cooperate in the implementation of their NDCs: 

⚫ Article 6.2 allows for bilateral or multilateral ‘cooperative approaches’ to be established between Parties; 

⚫ Article 6.4 introduces a market-based mechanism that is overseen by the UNFCCC; and 

⚫ Article 6.8 allows for non-market approaches. 

Article 6.2 and Article 6.4 are market-based approaches. Article 6.2 enables Parties to transfer and use emission 

reductions and removals as so-called internationally transferred mitigation outcomes (ITMOs). Article 6.4 creates 

tradable units in the form of Article 6.4 emission reductions (A6.4ERs). Both Article 6.2 and 6.4 therefore enable 

ITMOs or A6.4ERs respectively to be transferred from the transferring Party to the acquiring Party. Both ITMOs 

generated under Article 6.2 and A6.4ERs from the mechanism can be used by the acquiring Party for NDC 



 

  

 

6 

POLICY BRIEF #02 

 
Article 6 and CORSIA after Glasgow: Ready for take-off? 

NDC ASPECTS has received funding from the European 
Union's Horizon 2020 Research and Innovation 
programme under grant agreement No 101003866 

 

NDC ASPECTS has received funding from the European 
Union's Horizon 2020 Research and Innovation 
programme under grant agreement No 101003866 

 

attainment. Since no such transfers are envisaged under Article 6.8, this type of voluntary cooperation will not be 

further discussed here. 

The use of market-based mechanisms has proven to be controversial in the UNFCCC context. Their introduction 

and operationalisation proved particularly cumbersome under the Paris Agreement. At COP21 in Paris, the need to 

ensure a balance between proponents and opponents of market-based approaches made Article 6 the last Article 

to be agreed on (Howard, 2017). Therefore, it is not surprising that it took Parties almost six years to establish the 

rules for operationalising Article 6. The Article 6 rulebook adopted in Glasgow consists of a set of three decisions, 

two of which guide the operationalisation of the market-based instruments. First, Parties adopted guidance on 

cooperative approaches (Guidance), which can be considered a reporting and accounting framework for Article 6 

(UNFCCC, 2021a). Second, for the operationalisation of the Article 6.4 mechanism, Parties adopted the rules, 

modalities and procedures (RMPs), which provide detailed provisions on the functioning and governance of the 

mechanism (UNFCCC, 2021b). 

Article 6.2 can be considered an open framework that provides Parties willing to participate in cooperative 

approaches considerable leeway in their design and implementation. However, to make use of Article 6.2, Parties 

must meet some participation requirements such as having technical and institutional arrangements in place. They 

are also required to meet specific reporting and accounting provisions. Given the decentralised nature of Article 

6.2, the reporting and transparency requirements established by the guidance are key: Parties are required to 

submit an initial report, annual information that is centrally recorded, as well as regular information that is included 

as an annex to Parties’ biennial transparency reports submitted pursuant to Article 13 of the Paris Agreement. For 

example, under Article 6.2, Parties are required, inter alia, to provide information on their emissions balance, the 

transfer and use of ITMOs, and how double counting has been avoided through ‘corresponding adjustments’ (see 

Section 3.3). More generally, the accounting and reporting infrastructure of Article 6.2 is interlinked with the 

broader enhanced transparency framework of Article 13. Parties have also established an Article 6 review process 

that will be integrated into the technical expert review under Article 13 (UNFCCC, 2021a). 

Building on the Article 6.2 reporting and accounting framework, Article 6.4 establishes a crediting mechanism, with 

detailed provisions for the implementation of creditable mitigation activities. Despite important differences, its 

basic structure largely resembles the functioning of the Kyoto Protocol’s Clean Development Mechanism (CDM): 

mitigation activities must be approved by the host Party and be developed according to a methodology approved 

by the Supervisory Body, the entity overseeing the mechanism. Following a successful validation by a Designated 

Operation Entity (DOE), the activity is then registered by the Supervisory Body and its implementation is monitored 

by the activity participants. After successful implementation of the activity, another DOE verifies and certifies the 

mitigation impact achieved and submits a request for issuance to the Supervisory Body, which will then issue 

A6.4ERs (UNFCCC, 2021b). 

3.2 The expanded scope of Article 6 and the authorisation of ITMOs and A6.4ERs 

As outlined above, Article 6 was originally conceived as a tool to assist Parties in the implementation of their NDCs. 

With the adoption of the Article 6 rulebook, however, the scope of application was broadened. Both the Guidance 

and the RMPs take into account ‘other international mitigation purposes’ as well as ‘other purposes’. Although 

there is no legal definition of these terms, there is wide agreement among observers that the first term (‘other 

international mitigation purposes’) refers to obligations deriving from international mitigation outside the UNFCCC, 

namely CORSIA. The second (‘other purposes’) is commonly understood as referring to the voluntary carbon market 
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(see e.g. Marcu, 2021). While the latter is decentralised and not subject to international regulation, the Guidance 

provided by the Article 6 rulebook will likely have a significant impact on the voluntary carbon market. 

The application of Article 6 is thus no longer confined to NDC attainment. ITMOs and A6.4ERs may also be used 

outside the Paris Agreement and UNFCCC context. The Article 6 rulebook requires host Parties to decide on how 

ITMOs (and A6.4ERs) are to be used, by providing an authorisation for one of the three uses: (1) NDC achievement; 

(2) other international mitigation purposes (e.g., CORSIA); and (3) other purposes (voluntary carbon markets). The 

authorisation is a key step in the entire process, as it provides the host Party with the authority to define how ITMOs 

(and A6.4ERs) can be used. Since the authorisation of ITMOs and A6.4ERs requires host Parties to account for these 

mitigation outcomes, the decision on authorisation can have important repercussions on the host Party’s climate 

policy, as will be shown in the following. 

3.3 Avoidance of double claiming through corresponding adjustments 

All ITMOs and authorised A6.4ERs must be robustly accounted for through ‘corresponding adjustments’ (CAs). The 

application of CAs has been proposed as a means to avoid emission reductions being claimed by more than one 

actor. Such double claiming is one form of double counting and is particularly problematic if emission reductions 

are transferred among Parties. While not an entirely new phenomenon, double claiming has not been a major 

concern in the past. Under the Kyoto Protocol, the largest share of carbon credits was generated by CDM activities 

implemented in the so-called ‘uncapped environment’ – i.e., in countries that had no international mitigation 

targets. This now changes with the Paris Agreement, which requires all Parties to adopt NDCs and to submit national 

inventory reports, as well as information to track progress made towards NDC achievement. 

Under these circumstances, a project that is implemented in Party A would automatically reduce the Party’s 

emissions and contribute to the achievement of its NDC. If the project is implemented as a carbon market activity, 

the emission reductions generated could be transferred internationally and used for NDC attainment by another 

Party (Party B). Without CAs, the emission reductions of the project would be claimed twice: they would appear in 

the inventory of Party A, while at the same time being used by Party B when reporting on its progress towards its 

NDC. By applying CAs, such double claiming can be avoided. While the acquiring Party B subtracts the quantity of 

the emission reductions from its emissions balance, the host Party (Party A) adjusts its reported emissions upwards 

by adding the quantity of emission reductions exported back to its emissions balance. While originally conceived as 

a concept to avoid emission reductions being claimed more than once if used for NDC attainment, the Article 6 

rulebook expands the application of CAs to cases that only involve one Party, such as the use of ITMOs for CORSIA. 

The timing of CAs is a relevant parameter for host Parties, as it may impact their ability to achieve their NDC. For 

mitigation outcomes that are authorised for the use against NDC attainment, CAs must be implemented when these 

mitigation outcomes are first transferred. For mitigation outcomes authorised to be used for other international 

mitigation purposes, by contrast, there is no such first transfer. Parties can therefore decide what they consider to 

be the first transfer, which in turn will trigger the timing of CAs. The Guidance provides three options for defining 

what a ‘first transfer’ is: (1) the authorisation; (2) the issuance; or (3) the use or cancellation of the mitigation 

outcome. The RMPs also require Parties to apply these rules when using the Article 6.4 mechanism for other 

international mitigation purposes. It will hence be up to the host Party to define when CAs will be applied. There is 

an incentive for the host Party to apply CAs at the latest possible moment, as the information on how these CAs 

will impact NDC attainment are clearer. From an environmental integrity perspective, however, it would be 

preferrable to ensure that CAs are applied at the earliest point in time to limit the risks that non-adjusted units are 
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unduly used. 

3.4 Accounting rules under Article 6 

The adoption of the Article 6 rulebook in Glasgow has largely been hailed as a success. The adoption of the 

comprehensive accounting rules in particular marked one of the most significant achievements of COP26. Parties 

were able to agree on rules that require CAs to be applied irrespective of whether the mitigation activity is within 

or outside the scope of the host Party’s NDC (UNFCCC, 2021a, Annex, para. 14). This means that CAs will be 

applicable where the mitigation outcomes originate in sectors outside the host Party’s NDC. This provision in 

particular addresses concerns related to the perverse incentives for Parties to limit the scope of their NDC in order 

to evade the application of CAs. In addition, the rules further state that the ‘participation in cooperative approaches 

does not lead to a net increase in emissions across participating Parties within and between NDC implementation 

periods’ (UNFCCC, 2021a, Annex, para. 7), thereby also prohibiting the carry-over of units from one NDC period to 

the next. This prevents Parties from generating large amounts of credits not backed by actual climate action that 

are subsequently carried forward to achieve future climate targets (Schneider, 2021). 

However, the accounting framework contains a significant loophole. This loophole relates to the bottom-up 

structure of the Paris Agreement, which generates a large diversity of NDCs. One parameter that differs among 

Parties’ NDCs is their target type. NDCs may be submitted as continuous multi-year targets or as single-year targets. 

Multi-year targets are defined over various years, for example over the period 2021–2030. Single-year targets, on 

the other hand, only specify an emissions target for one future year. The latter accounts for around 85% of current 

NDCs (Hattori and Takahashi, 2021), which generally specify a single emissions target for the year 2030 (Schneider, 

2021). 

Single-year targets present major challenges for countries engaging in carbon market mechanisms under Article 6 

(Siemons and Schneider, 2022). While the Article 6 rules were intended to provide important safeguards against 

double counting, this loophole could considerably undermine climate mitigation efforts and thus hinder the overall 

effectiveness of the scheme (Schneider, 2021). Parties that have submitted their NDC as a single-year target can 

choose between two accounting approaches: Averaging and multi-year accounting. The application of the averaging 

approach can effectively lead to double claiming and an increase in aggregate emissions, as shown by Siemons and 

Schneider (2022). Under this approach, countries with a single-year emissions target will apply CAs in their specified 

target year as an average of all units transferred (or acquired) between a certain period (e.g., 2021–2030 or 2026–

2030). The application of this approach is less problematic if the ITMO engagement remains constant over time and 

emissions in the target year are representative of the country’s emissions trend. However, Siemons and Schneider 

(2022) show that averaging can lead to a situation in which aggregate emissions are considerably higher and 

environmental integrity is undermined, in particular if ITMO generation is not constant and there is an increase in 

ITMO engagement of the Parties involved. In such a situation, the CAs applied by Parties might not correspond with 

the amount of emission reductions transferred or used. 

4. Interactions between CORSIA and Article 6 rules 

4.1 Accounting for single-year targets and averaging 

As discussed in Section 3.4, the UNFCCC accounting rules contain one crucial loophole that could generate risks for 
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environmental integrity. This is particularly problematic if carbon credits are used by airline operators to offset their 

emissions under the CORSIA scheme, as it leads to a combination of factors that increase the risk of double claiming. 

For CORSIA, Siemons and Schneider (2022) expect that demand for carbon credits will increase over time, leading 

to a rising generation of ITMOs authorised for this purpose. The application of the averaging approach for an 

increasing number of ITMOs authorised for use under CORSIA is especially problematic since CORSIA specifies a 

multi-year approach for buying airlines. This combination of accounting approaches, averaging on the seller’s side 

and multi-year accounting on the buyer’s side, together with an increasing generation of ITMOs over time, could 

lead to considerable double claiming. Schneider (2021) shows that this may lead to a situation in which around half 

of the emission reductions used for compliance under CORSIA would be double claimed (see Figure 1). 

 

  

Figure 1: Double claiming potential under CORSIA due to averaging. Source: Schneider (2021). 

As can be seen, the mismatch between single-year targets and the averaging accounting approach threatens to 

jeopardise the environmental integrity of Parties’ NDCs, as well as CORSIA. Where Parties’ employ single-year 

targets, it is thus crucial that adjustments are applied in a manner that reflects the actual use of credits over a 

period of time. 

To ensure that the application of CAs is representative over time, it will be key that further guidance is issued on 

this at COP27 in Sharm El-Sheikh, Egypt. This guidance could take different forms: Parties could specify under what 

circumstances averaging can be applied, for instance by limiting the application of averaging to cases where the 

generation of ITMOs remains constant over time. This alone, however, will presumably not fully solve the issue, as 

the decrease or increase of ITMO generation over time is not the only aspect influencing the environmental impact 

of averaging. As highlighted by Siemons and Schneider (2022), the impact will also depend on the emission levels 

in the target year, which are only known ex post. One option to deal with this uncertainty would be the introduction 

of an ITMO buffer pool to balance out potential increases in global emissions. While holding back a sufficiently high 

amount of ITMOs may reduce the attractiveness of using Article 6 for the Parties involved, the introduction of a 

buffer pool could be seen as a pragmatic approach to accommodate the different positions in the Article 6 

negotiations. Only Parties that apply the averaging approach would be required to transfer a certain share of their 
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ITMOs into this buffer pool. If a cooperative approach has been found to lead to an increase of global emissions, 

for instance following the review by the Article 6 technical expert review team, the respective amount of ITMOs 

would be cancelled to compensate for the climate impact incurred. Whether Parties will be open to the introduction 

of such an approach seems questionable, as it might increase their administrative burden. However, it would allow 

Parties to maintain the possibility of using the averaging approach, at least in theory, while limiting the potential 

adverse impacts that this approach is associated with. Ultimately, requiring Parties to transition towards multi-year 

targets seems the more promising way forward to ensure robust accounting. 

4.2 Quality criteria for offsets 

High-quality carbon credits that stimulate actual emission reductions are crucial to the overall success of CORSIA. 

As mentioned above, airlines may only purchase carbon credits from programmes that have received the approval 

of the ICAO Council (ICAO, 2019b). However, the scheme has been accused of allowing airlines to merely 

compensate for their emissions, opposed to actually delivering on required emissions reductions (Hodgson et al., 

2021). Studies suggest that these carbon credits lack quality, bringing their effectiveness into question (Transport 

& Environment, 2021; Beard, 2017). A study by the NGO Transport & Environment in 2021 concluded that the initial 

six programmes approved in 2020 by the Council to certify offsets failed to meet all of the integrity assessment 

criteria (Transport & Environment, 2021). Three of the key programmes – CCER, the CDM, and the Gold Standard – 

failed to meet the criterion relating to additionality, meaning that the emission reductions generated by these 

programmes would have materialised even without existence of the carbon price incentive (Transport & 

Environment, 2021). There are also issues pertaining to the TAB’s application of the criteria. This further calls into 

question whether and how environmental integrity is ensured. Rather than assessing the actual performance of the 

respective programmes against the criteria, the TAB has generally evaluated whether the programmes have 

necessary measures in place to address the criteria. In other words, the TAB does not consider whether these 

measures in themselves ensure carbon credit quality (Schneider and Wissner, 2022). 

In this regard, the ICAO process may benefit from ongoing processes under the Article 6.4 mechanism. The RMPs 

adopted in Glasgow establish some fundamental requirements that methodologies under the Article 6.4 

mechanism must meet in order to be approved by the Supervisory Body. Some of these requirements go well 

beyond existing approaches, for instance under the CDM. In terms of baseline setting, for instance, the rules require 

baseline methodologies to apply approaches based on performance, such as best available technologies to ensure 

that baselines are below ‘business as usual’ and ‘align to the long-term temperature goal of the Paris Agreement’ 

(UNFCCC, 2021b, Annex, paras. 36 and 33). By the same token, additionality must be demonstrated by ‘taking into 

account all relevant national policies, including legislation, and representing mitigation that exceeds any mitigation 

that is required by law or regulation’ (UNFCCC, 2021b, Annex, para. 38). While it remains to be seen how the 

Supervisory Body will put these rules into practice, voluntary certification standards are already considering how 

to align their rules with these requirements (Kreibich and Brandemann, 2022). 

Instead of waiting for these more ambitious rules to spill over into certification schemes outside the UNFCCC, the 

ICAO Council could take on a more active role by phasing in the ambitious requirements of the Article 6.4 

mechanism into its own assessment processes. In doing so, the overall quality of credits eligible under CORSIA could 

be increased. In addition, it is worth noting that there are several initiatives that independently assess and 

distinguish the quality of carbon credits. Examples include the Carbon Credit Quality Initiative, Calyx Global and the 

Integrity Council for the Voluntary Carbon Market. It is possible that these initiatives emerged in response to ICAO’s 
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failure to identify high-quality carbon credits. Importantly, some have published their methodologies. To ensure 

the quality of credits under CORSIA, ICAO could therefore draw from these independent initiatives.  

4.3 Level of ambition in ICAO decision-making 

With the adoption of the Article 6 rulebook at COP26 in Glasgow, the links between CORSIA and Article 6 have been 

tightened. Policymakers at ICAO should be aware of this and consider that their policy decisions may have a wider 

impact on the supply side of the CORSIA market, namely the voluntary carbon market and Article 6.4; both linked 

to the Article 6.2 accounting and reporting framework. In the past, however, decision-making by ICAO has been 

characterised by a lack of ambition. 

One example is the modification of CORSIA’s baseline in light of the COVID-19 pandemic. The pandemic resulted in 

a dramatic decline of CO2 emissions from international aviation. In response to this, the ICAO Council modified the 

baseline for the pilot phase (ICAO, 2020). Rather than using the average of 2019 and 2020 CO2 emissions from 

international flights, the baseline was revised to 2019 emissions only. It is anticipated that this will increase the 

baseline by roughly 30%, translating into fewer offsetting obligations (Harper, 2020). According to Schneider and 

Graichen (2020), this adjustment could give rise to a complete elimination of all offsetting requirements during the 

pilot phase, resulting in a delay of the scheme’s implementation by three to five years (Harper, 2020). The ICAO 

Assembly is yet to formally adopt this decision at the 41st Assembly Session in 2022, however. In March 2022, 

CAEP’s analysis in support of CORSIA’s periodic review was presented to the ICAO Council 225th Session. This 

analysis also shows that a 2019 baseline would significantly reduce offsetting requirements under the scheme 

(ICAO, 2022c). 

Another example concerns the impact of non-CO2 effects on the climate. Non-CO2 effects from aviation, including 

the effects of nitrogen oxide, sulphate aerosols and contrails, for example, have a significant influence on climate 

change (Beard, 2017). CO2 emissions only account for a small portion of overall aviation emissions. A scientific study 

published in 2021 concluded that the total climate impact of the aviation sector is actually three times greater than 

the impact of all CO2 emissions alone (Lee et al., 2021). Accordingly, the regulation of non-CO2 impacts will be crucial 

in realising the objectives of the Paris Agreement. However, CORSIA currently only targets CO2 emissions from 

international flights. Hence, it only regulates around half of the global warming impact of international aviation 

(Beard, 2017). Schneider and Wissner (2022) put forward some practical recommendations to this end, including 

the establishment of a monitoring system for non-CO2 effects, the adoption of policies to reduce non-CO2 effects 

such as re-routing, and requiring that any residual non-CO2 effects are offset after 2030. 

To generate high-quality credits that can be used by airlines under CORSIA, planning security is key for activity 

proponents, governments and other stakeholders. This must be seen in the context of the new framework 

conditions brought about by the Paris Agreement. These require a much more active involvement of host Party 

governments when it comes to identifying mitigation activities that can generate credits authorised by host Parties. 

By increasing the ambition of CORSIA, the ICAO Council would send a clear message to the supply side that demand 

will continue to grow in the future. Host Parties would be reassured that developing an Article 6 strategy is 

worthwhile, while other stakeholders would be incentivised to engage in this process to generate the offset credits 

needed to meet future demands. 

4.4 Registries 

The linkages between Article 6 and CORSIA will also become stronger at the technical level. One area where the 
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UNFCCC negotiations are influenced by the CORSIA structure is the development of the infrastructure of Article 6, 

in particular the registries to be used under Article 6. The Article 6.2 Guidance requires participating Parties to have 

or have access to a registry that tracks units and ITMOs and that records authorisations, transfers and uses against 

NDCs among others (UNFCCC, 2021a, Annex, paras 29-31). While most Parties argue that only national and 

international registries should be allowed to meet this requirement, Canada, Singapore, and the United States also 

want to make registries from private certification standards eligible (Michaelowa, 2022), following the structure 

introduced by CORSIA. 

However, the structure of private certification standards’ registries is still very diverse and lacks consistency. 

Exclusively relying on these registries for international transfers is therefore not desirable. At the same time, private 

certification standards need to operate their own registries, for instance to show compliance with upcoming 

requirements from initiatives such as the Integrity Council for the Voluntary Carbon Market (IC-VCM, 2022). A 

possible way forward would be to link national and international registries with the registries from private 

certification standards. While the former would track units and record uses, the latter would basically function as 

databases for the purpose of transparency. 

5. Managing the interplay between CORSIA and Article 6 

As the previous section shows, while CORSIA was developed and adopted outside the UNFCCC, there are clear links 

to the international climate regime, in particular its new mechanisms developed under Article 6 of the Paris 

Agreement. The adoption of the Article 6 rulebook in Glasgow forms a new chapter in the longer-standing saga of 

interactions between the two international regimes.  However, while it may be clear that ICAO is the primary 

international body dealing with aviation emissions, it is much less clear what happens in case of a conflict with the 

goals, principles, or rules of the international climate regime. This raises the question of how interplay between 

rule development under ICAO and the UNFCCC/Paris Agreement can and should be managed (see generally 

Martinez Romera, 2018). 

In this regard, several ICAO Assembly Resolutions explicitly acknowledge cooperation with the UNFCCC. For 

example, Resolution A40-19 refers to ‘welcoming’ cooperation between ICAO and the UNFCCC with regard to the 

development of CDM methodologies concerning aviation (ICAO, 2019b: preamble). A further example is Resolution 

A40-18, which requests the ICAO Council to continue cooperating with relevant organisations, with specific mention 

of the Conference of the Parties to the UNFCCC (ICAO, 2019e: para. 2(c)). The Resolution also asks the Council to 

request ICAO Member States ‘to regularly report CO2 emissions from international aviation to the UNFCCC’ (ICAO, 

2019e: para. 15). 

ICAO regularly submits inputs into the UNFCCC process, through formal submissions and statements to the 

UNFCCC’s Subsidiary Body for Scientific and Technological Advice (SBSTA). For instance, in a submission made to 

the SBSTA, ICAO set out the progress made by ICAO and its Member States since the previous Assembly in 2019, 

including on CORSIA (ICAO, 2021b). As well as reporting on CORSIA related milestones and future areas of work, 

the statement also acknowledged that ICAO would ‘continue to monitor further developments related to Article 6 

of the Paris Agreement, in particular, any implications for the implementation of CORSIA and its eligible emissions 

units’ (ICAO, 2021b: 1). 

The question is whether such reporting and monitoring on the part of ICAO is sufficient to address the concerns 
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raised in Section 4. While CORSIA and the Paris rulebook will continue to be elaborated through separate 

intergovernmental processes, it will be important that ICAO and the UNFCCC strengthen cooperation with a view 

to aligning their efforts and avoiding the creation of rules that may hamper the environmental integrity and broader 

functioning of each mechanism. 

The CORSIA review process should play a role in this regard. The review process specifically involves consideration 

of the scheme’s improvement to ‘support the purpose of the Paris Agreement’ (ICAO, 2019b: 6). To this end, ICAO 

should continue to pursue Paris-compatibility as part of its review process and in parallel with ongoing COP 

negotiations. The first opportunity to do so will be when the ICAO Council puts forward suggestions for updating 

Resolution A40-19 at the next ICAO Assembly in September 2022. The ways in which ICAO Member States could 

ensure compatibility with the Paris Agreement in general, and Article 6 in particular, would be to request the ICAO 

Council to carry out an assessment of the impacts on the functioning of the Article 6 mechanisms each time a 

decision is made. Moreover, to address the issue of the quality of offsets, the Council could be requested to align 

its guidance with that of the Article 6.4 Supervisory Body. 

From the perspective of the Paris Agreement, the Glasgow Climate Conference delivered the bulk of the rulebook 

on Article 6. Still, at COP27, Parties will have to clarify some of the outstanding issues, in particular, related to the 

operationalisation of the Article 6.4 mechanism, such as national arrangements for the mechanism, processes for 

the transition of CDM activities to the Article 6.4 mechanism, and operation of the mechanism registry (UNFCCC, 

2021b, para 7). With regard to Article 6.2, Parties will have to agree on reporting tables and outlines as well as on 

infrastructure needed for tracking and recording of ITMOs (UNFCCC, 2021b: paras 6 and 10). One aspect on the 

agenda that is of particular relevance to CORSIA is the elaboration of further guidance in relation to the avoidance 

of double claiming and the application of CAs to single-year targets, including through averaging (UNFCCC, 2021a, 

Annex, para 3). 

6. Conclusions and recommendations 

The adoption of the Article 6 rulebook marked a significant step forward for the continued evolution of carbon 

markets. The rules adopted under Article 6 of the Paris Agreement provide a strong framework for Parties to pursue 

voluntary cooperation and realise the emission reduction targets specified in their NDCs. While originally intended 

to support Parties in the implementation of their NDCs, however, the expanded scope of Article 6 has also created 

a direct linkage to CORSIA. This paper has sought to explore this linkage, in particular, by analysing four key 

interactions between the Article 6 rules and CORSIA: (1) the use of single-year targets and the averaging accounting 

approach; (2) quality criteria for offsets; (3) unpredictability in ICAO decision-making; and (4) the use of registries. 

To this end, the paper has offered some possible suggestions on how to address the challenges associated with 

these interactions. 

While CORSIA and Article 6 are elaborated through separate regimes, the future development of these systems, 

and in particular the extent to which they align, has important implications for their overall effectiveness in 

achieving global emission reductions. The future interplay between ICAO and the UNFCCC will thus be crucial in 

unlocking the full potential of international emissions trading. This paper has shown, however, that the current 

regulations contain some severe loopholes that could significantly undermine the environmental integrity of 

CORSIA and Article 6. The first move is for ICAO Member States, which are to complete the first review of CORSIA 
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at the 41st ICAO Assembly in September 2022. This provides an important opportunity to consider CORSIA’s 

alignment with the Paris Agreement and its implementing rules. More generally, ICAO Member States should 

consider the impacts of their decision-making on the Article 6 mechanisms. 

In particular, ICAO Member States should adopt a long-term climate target for international aviation in line with 

the Paris Agreement. It will be vital that CORSIA’s current objective is also revised to align with such a long-term 

goal. This would be particularly important in addressing the currently limited focus of CORSIA on emissions growth 

rather than actual emissions reduction. Additionally, ICAO should also revise its quality criteria for offsets if it is to 

ensure the overall effectiveness of the scheme. In particular, the ICAO Council should seek to enhance the quality 

of credits eligible under CORSIA by integrating the more ambitious requirements under the Article 6.4 mechanism. 

A further element for consideration by ICAO is the regulation of non-CO2 effects from international aviation. Finally, 

ICAO should consider carrying out an assessment of the impacts on the functioning of the Article 6 mechanisms 

each time a decision is made. 

While COP26 laid the foundation for the operationalisation of Article 6, some outstanding issues will have to be 

agreed on, including at this year’s COP27 in November. Addressing the concerns related to double claiming in the 

context of averaging will be relevant for ensuring the integrity of both CORSIA and Parties’ NDCs. In particular, the 

guidance on averaging should be further refined or a decision on the establishment of a buffer tool should be 

considered. In the long run, however, requiring all Parties to transition towards multi-year targets seems most 

promising. Agreeing on this from the start will presumably be challenging, if not impossible, given the bottom-up 

structure of the Paris Agreement. Therefore, restricting the application of averaging and introducing safeguards 

could ultimately prove to be more realistic. If this alternative path is chosen, ensuring environmental integrity 

should always be a priority. While potentially challenging, CORSIA should also consider accepting only units from 

host Parties with multi-year emission budgets. In addition to addressing the issues concerning double claiming and 

the averaging approach, the registry issue should also be resolved. One possible avenue forward would involve 

linking national and international registries with the registries from private certification standards. 

Addressing these challenges and ultimately closing the loopholes identified in this paper will be crucial in ensuring 

the environmental integrity and wider functioning of CORSIA and Article 6. Accordingly, it will be vitally important 

that ICAO and the UNFCCC pursue strong cooperation to ensure that their efforts are aligned and can sufficiently 

address the concerns raised in this paper. 
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Executive Summary 
A sectoral perspective can help the Global Stocktake (GST) to effectively achieve its objective to inform Parties’ in enhancing subsequent 
NDCs and in enhancing international cooperation. Specifically, granular and actionable sectoral lessons, grounded in country-driven as-
sessments, should be identified and elaborated. To be effective, conversations on sectoral transformations need to synthesise key chal-
lenges and opportunities identified in the national analyses and link them to international enablers; focus on systemic interdependen-
cies, involve diverse actors, and be thoroughly prepared including by pre-scoping points of convergences and divergence across trans-
formations. We specifically recommend that: 

l the co-facilitators of the Technical Dialogue use their (limited) mandate to facilitate an effective conversation on sectoral transfor-
mations e.g. by organising dedicated informal seminars in between formal negotiation sessions; 

l key systemic transformations necessary to achieve net-zero by mid-century should be spelled out and included in the final decision 
or political declaration of the GST; and 

l the political outcome of the GST should mandate follow-up processes at the regional level and encourage national-level conversa-
tions to translate the collective messages from GST into actionable and sector-specific policy recommendations. 

Moreover, the GST can further support NDC enhancement by endorsing key scientific benchmarks for achieving the 1.5°C goal of the 
Paris Agreement. These benchmarks can then be employed by stakeholders as an indicative yardstick to assess draft NDCs before adop-
tion. Building on our own analysis of global model results, we propose key benchmarks in selected sectors (see table). 

Sector Indicator Benchmark 

Power Share of coal in power generation Near zero by 2030 in developed and 2040 in develop-
ing countries. 

CO2 emissions per unit of electricity 150 grCO2/kWh in 2030, and zero ideally before 2050. 

Share of renewables in electricity generation 50% in 2030 and at least 70-80% in 2050. 

Industry Global CO2 emissions from industry -27% by 2030 and -70% by 2050 relative to 2010. 

Share of electricity in industrial energy consumption  30% in 2030 and at least 50% in 2050. 

Transport Global transport CO2 emissions Stabilise at current levels through 2030 and decline to 
-50% by 2050 relative to 2010. 

Share of electricity in total transport energy consumption 5% in 2030 and further and up to 15-30% by 2050.  

Share of non-fossil fuels in domestic-only transport energy consumption 90-100% by 2050. 

Buildings Global CO2 emissions from buildings -25% by 2030 and -70% in 2050 relative to 2010. 

Share of electricity in buildings’ energy consumption 45% in 2030 and 65-70% in 2050. 

AFOLU land required per year for net afforestation ~2 million ha annually between 2030 and 2050. 

Likewise, a sectoral perspective included in the GST may inform enhanced international cooperation by closing important governance 
gaps. Specifically, we recommend that 

l Parties should voluntarily report on sectoral transformation challenges, including economic, financial, technical, political/institu-
tional and capacity-related barriers. The modalities, procedures and guidelines to the Enhanced Transparency Framework should 
be revised at the next occasion to include a mandate to do so. 

l the outputs of the GST should identify and summarise key opportunities for sectoral climate governance sector by sector and call 
on other international organisations to exploit the identified opportunities as appropriate. 

l Parties to the Paris Agreement use the GST to send a signal to other intergovernmental institutions, including the ICAO and IMO, 
requesting periodic reports in which these institutions indicate not only what measures have been adopted, but also how those 
measures are aligned with the Paris Agreement’s long-term goals. 
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Introduction 

Achieving the objectives of the Paris Agreement requires a fundamental transformation of global societies and 
economies (IPCC, 2022) and focusing on effective and coordinated action. Our economies are underpinned by a 
patchwork of interrelated and interdependent sectoral systems, each supplying distinct goods and services such as 
energy, transport and mobility, agricultural products and food, residential and commercial buildings, or industrial 
products. Sectoral transformations are urgently needed and will involve changes in institutions, infrastructure, mar-
kets, business models, and social customs. Each sectoral system is distinct in its political economy, technologies, 
financing structures and industrial composition, and the nature and extent of its international connectedness. Each 
sectoral system requires its own transformation, and barriers to, and opportunities for transformation vary strongly 
from sector to sector.  

To be effective, climate policy therefore needs to recognise and address 
sectoral specificities (Oberthür et al., 2021; Rayner et al., 2021; Victor et 
al., 2019), and take into consideration the interlinkages between sectors. 
Sectoral perspectives allow us to connect the national to the global level 
by recognising the systemic interrelations across national borders. It high-
lights the imperative and the potential of international cooperation on cli-
mate change mitigation, which will fail without adequate institutional ca-
pacity at all levels (IPCC, 2022). The application of sectoral lenses facili-
tates the understanding of individual countries’ contributions to global 
transformation in each of the sectoral systems while exposing local actors 
to the differences that arise from national versus global perspectives on a 
sector-specific decarbonisation strategies (Torres Gunfaus & Waisman, 
2021). Ultimately, successful implementation of climate policies must in-
evitably address and enable sectoral transformations occurring at the na-
tional level.  

In the run-up to and during the first technical dialogue (TD) of the Global Stocktake (GST) many Parties and observ-
ers pointed to the need for a sectoral perspective.1 However, to date, the UNFCCC has been ill-equipped to intro-
duce sectoral perspectives. Historically, negotiations under the UNFCCC were not held along sectoral lines, with 
very few exceptions2 that have had only limited impact in moving forward sector transformations. Moreover, the 
GST modalities adopted at COP24 in Katowice provide only very limited time and no explicit mandate for sectoral 
discussions. Notwithstanding these constraints, sectoral approaches grounded in country-driven assessments could 
be key to maximizing the GST’s efficacy with respect to informing national action while enhancing international 
cooperation. In the margins of the multilateral negotiations by countries sector-oriented pledges are emerging sup-
ported by multiple actors (governments, business, etc.), showing the importance of sectoral perspectives. 

 
1  See for instance submission by Switzerland on behalf of the Environmental Integrity Group (dated 13 April 2022). 
2  For example, the negotiations of issues related to REDD+ and the Koronivia Joint Work on Agriculture. 

What is a “sectoral system”? 

Sectoral systems provide identifiable societal func-
tions such as transport, electricity, or raw materials 
for industrial production. They are constituted of 
ensembles of actors (corporations, administrative 
bodies, political groups/parties, international or-
ganisations), technologies and infrastructures, eco-
nomic structures, institutions and ideas that pro-
duce degrees of path dependency and resistance to 
change. Sectoral systems are complex in the sense 
that they (1) produce emergent phenomena/ef-
fects that are more than the sum of the systems’ 
parts, and (2) they are open, i.e. closely related to 
and potentially overlapping and interdependent 
with other sectoral systems. 

Source: Oberthür et al. (2021). 
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With a focus on mitigation, this submission highlights ways in which addressing bottom-up and sector-specific trans-
formation challenges can help GST discussions to progress within the limitations of its mandate. According to Arti-
cle 14.3 of the Paris Agreement, the GST has a dual mandate to inform Parties (1) in enhancing and updating their 
national actions and support and (2) in enhancing international cooperation. This submission is structured accord-
ingly, first highlighting the ways in which the GST might effectively link to national level policy processes towards 
developing and adopting NDCs and, second, highlighting gaps in the existing global climate governance landscape 
and suggesting ways that the GST may contribute to closing those gaps with a sectoral perspective. 

In doing so, this submission responds to the following overarching questions: 

l What information is required (ICP guiding question 6) and what action needs to be taken to overcome 
barriers and challenges to transformations to ultimately enhance ambition (TA guiding question 5)? 

l Which opportunities exist to enhance international cooperation and governance to create an enabling in-
ternational environment for deep transformations (ICP guiding question 32; TA guiding question 22)? 

l What is the role of diverse actors for the transformation of key sectoral systems (related to TA guiding 
question 21)? 

Enhancing National Ambition in Subsequent NDCs 

The GST is a central cog in the ambition cycle of the Paris Agreement. It establishes a feedback loop connecting the 
national-level implementation of NDCs with the overarching global long-term goals of the Paris Agreement with a 
view to influencing and inspiring national agendas towards more ambitious subsequent NDCs and enhancing inter-
national cooperation. In the logic of a results change framework, the immediate outputs of the GST are supposed 
to lead to informed policy processes towards new NDCs at the national level. The intended impact of this logic is 
that these policy processes result in enhanced ambition. But how can this be best achieved? How can we support 
the actual unfolding of this logical chain? 

 

Figure 1 How can the GST influence the NDC policy cycle at the nation level? 
Source: adapted from Hermwille et al. (2019) 
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Abbildung 3-2: Der NDC-Zyklus als Politikzyklus 

 
Quelle: NewClimate Institute; Öko-Institut; Wuppertal Institut (2021) 

3.4.2. Vorgehensweise 

Schritt 1: Aufarbeitung von Literatur und Informationen aus den Verhandlungen 

Der Global Stocktake ist zwar in seiner Ausgestaltung ein weitgehend neuartiges Instrument der 
internationalen Umwelt-Governance, dennoch gibt es eine Reihe von internationalen Prozessen, 
deren Erfahrungen wichtige Hinweise für die Wirksamkeit des Global Stocktake auf nationaler Ebene 
geben können. Dazu wird in einem ersten Schritt die bestehende Literatur zu internationalen Review-
Mechanismen und deren Wirkung auf nationaler Ebene aufgearbeitet. Insbesondere mit Blick auf 
folgende Prozesse: 

x Erfahrungen mit dem Periodic Review unter UNFCCC 

x Erfahrungen mit dem Talanoa-Dialog 

x Erfahrungen zu bisherigen NDC-Entwicklungsprozessen (bspw. NewClimate Institute; GIZ 
2016; Röser et al. 2020) 

x Erfahrungen mit anderen internationalen Review-Mechanismen (bspw. Menschenrechte) 

Außerdem werden die aktuellen Beratungen zum Global Stocktake einbezogen. Dies betrifft zum 
Beispiel die Beratungen zum Thema “Sources of input for the global stocktake under the Paris 
Agreement” und die informellen Konsultationen der Vorsitzenden der UNFCCC-Nebenorgane (SBI 
und SBSTA) über die Organisation und die Leitfragen für die Erstellung der verschiedenen Beiträge 
zum Global Stocktake. 

AGENDA SETTING: What can be done to 
improve the immediate reception of the 
GST results on the national level to frame 
the political and media agenda?

POLICY FORMULATION: How do the 
results of the GST be presented to facilitate 
the formulation of concrete policies?

DECISION MAKING: How can the outputs 
of the GST enable the assessment of initial 
policy proposals before the final adoption 
of the NDC?
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We argue that the GST can influence the national NDC policy process at three distinct stages: agenda setting, policy 
formulation and decision making (Figure 1). For the agenda-setting phase, the political profile of the GST is partic-
ularly important. Participation at the heads-of-state level will raise public attention and increase the chances that 
stakeholders at the national and sectoral level can use the international event as a fulcrum to leverage political 
discourse towards the development of a more ambitious NDC also at the national level. In the following, we will 
develop specific recommendations on how the outputs of the GST should be designed to effectively resonate with 
the NDC process at the national level with a special focus on the policy formulation and decision-making phases. 

Informing policy formulation for NDCs 

It has been argued that the GST may become a platform for transformational learning requiring not only factual 
learning through the aggregation and assessment of new data but also collective meaning making related to those 
data in the light of national experiences and changing values (Milkoreit & Haapala, 2018). To be effective in this 
regard, the right lessons need to be identified and they need to be processed in a way so that they are actually 
learnt, i.e. picked up and adequately reflected in actual behavioural change, notably by way of inclusion in subse-
quent NDCs. Again, we argue that a sectoral perspective can facilitate this process by providing necessary granular-
ity and practical and actionable detail. 

The GST’s mandate and modalities do not provide an explicit space for focused conversations on specific sectoral 
systems and their respective transformation challenges. However, the chairs of the TD have some leeway in design-
ing the process. During the first session of the TD the formal roundtables were less effective in leveraging a genuine 
dialogue. Parties often repeated well-known negotiation positions and their broad thematic scope was not condu-
cive to enabling a focused discussion of specific transformation drivers and barriers. Instead, the world café event 
was more effective in this regard. We recommend that the co-facilitators of the TD use their (limited) mandate to 
facilitate an effective conversation on sectoral transformations e.g. by organising dedicated informal seminars 
in between formal negotiation sessions. These seminars should focus on specific sectoral transformation chal-
lenges such as for instance the challenges for decarbonising freight transport, access to and cost of international 
capital for renewable energy deployment, or the decarbonisation of primary iron- and steelmaking. 

Moreover, the material collected during the ICP phase and the first technical dialogues should already suffice to 
identify selected key systemic transformations and their international enablers. Building on the sector-specific sem-
inars proposed above, it should be possible to spell out those key systemic transformations necessary to achieve 
net-zero by mid-century for inclusion in the final decision or political declaration of the GST. These transfor-
mations should be grounded in the latest science, and be able to speak directly to real world actors, in a way that 
they can send a signal to speed up the transition.  

Due to the limitations of its mandate, we cannot assume that the GST will address sectoral transformations at 
sufficient level of detail. Moreover, global trends need to be revisited in the light of national and regional circum-
stances to be effectively picked-up in policy formulation. We therefore recommend that the political outcome of 
the GST should mandate follow-up processes at the regional level and encourage national level conversations to 
translate the collective messages from GST into actionable and sector-specific policy recommendations. This fol-
low-up should build on and further elaborate the global climate action pathways developed under auspices of 
high-level champions and draw on the existing regional climate weeks as appropriate and hold similar events in 
regions that are not yet covered. 
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Conditions for successful conversations on sectoral transformations 

Taking advantage of experiences made during the sectoral conversations of the NDC ASPECTS research project we 
have identified four key conditions for success in advancing effective conversations. 

Synthesise key challenges and opportunities identified in the national analyses and link them to international 
enablers: Obviously, the specific circumstances vary substantially between countries. While not all differences can 
be adequately addressed, information on the socio-economic and distributional effects of the transformations and 
on the barriers to the scale up of action, given the key challenges and opportunities identified in the national anal-
yses is key (Fazekas et al., 2022). From this, global conditions can be distilled that could help overcome the barriers 
and support increases in climate ambition and can also guide priorities of international cooperation. The GST rep-
resents a unique opportunity to discuss these international enablers of national transformations towards net zero.  

Focus on systemic interdependencies: Most current national mitigation strategies are focusing efforts on techno-
logical aspects of decarbonisation transitions. While these are necessary, they will suffice to reach global carbon 
neutrality. The scientific community already warned that many other options, such as demand-side solutions, 
should be taken into account (IPCC, 2022); and that technological change could not be seriously implemented with-
out taking into account the overall societal transformations in which it should take place (IPCC, 2018b). Misconcep-
tions still exist on the nature of national and systemic transformations required by global carbon neutrality. For 
example, in the transport sector, the focus is often given to technological energy efficiency measures (SLOCAT, 
2021) or the change of vehicle motorisation and fuel supply, which are not sufficient at all to reach carbon neutral-
ity. For instance, in freight transfer, the transformations of the production and consumptions systems need to be 
considered to unlock the full mitigation potential (Briand & Waisman, 2019). To be effective, conversations on sec-
toral transformations need to embrace those wider systemic interdependencies. 

Involve diverse actors: Current international climate dialogues often focus on public policy perspectives and have 
difficulties in offering a fair and equal representation to national challenges in the Global North and South (Beuer-
mann et al., 2021). However, system transitions for global carbon neutrality require by definition the coordination 
of multiple decisions taken by countries, but also by non-state actors, regions, cities, companies, and citizens, and 
so on, in different but interconnected worldwide regions (IPCC, 2022). Discussing a specific transformation and 
related enablers, therefore, requires gathering the relevant participants who could share specific domestic per-
spectives on implementation challenges and those who could act on the specific enablers. Representing scientific 
perspectives from the Global South alongside the hitherto dominant Northern voices may close important gaps and 
broaden the scientific evidence base for the conversations. 

Thoroughly prepare conversations: Aside from the relevant actors for the discussion, it is crucial to develop a strat-
egy for the conversation, playing on the positions of different actors and relations among them, to help catalyse 
reactions, reveal threats and opportunities, and prepare the ground for effective and constructive dialogues around 
trade-offs embedded in different courses of actions and policy solutions that navigate the trade-offs while max-
imising synergies and benefits to actors involved. For that, the work of experienced facilitators is key: they should 
be nominated at least a month in advance of each conversation, and be required to coordinate with key participants 
beforehand to be able to extract the most of the discussions. This pre-dialogue scoping could notably identify points 
of convergences and key points of divergence across transformations, so that the TDs can crystallise the former and 
allow progress on the latter through a facilitated and well-prepared exchange. 
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Supporting decision making towards adopting ambitious NDCs  

The GST needs to provide clear benchmarks at the sectoral level that national-level stakeholders can employ as a 
yardstick to gauge the adequacy and ambition of their government’s (draft) NDCs. The adoption of a new NDC is a 
highly political process. Our research shows that transparent and open participatory processes in the development 
of NDCs as well as a high level of democratically legitimised scrutiny is a key determinant of high NDC ambition 
(Peterson et al., forthcoming). The question is, how can this kind of involvement of stakeholders and civil society 
more broadly be facilitated effectively? Much like the 1.5°C temperature goal has empowered civil society actors 
such as the Fridays for Future movement, the outputs of the GST might provide an important point of reference 
and legitimation. However, a condition for that is that the GST elaborates and endorses relatively granular guide-
lines on where we need to be, not only in 2050 but also in 2030, the corresponding time horizon for subsequent 
NDCs. The more granular, comprehensive and differentiated those benchmarks are, the more useful they become 
for stakeholders to assess policy proposals. Since the GST’s mandate is limited to “collective progress” and country-
specific benchmarks are explicitly precluded, sectoral granularity can be a useful way forward.  

Building on a detailed analysis (see annex) of latest climate change mitigation scenarios contained in the global 
scenario database for the 6th Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC, 
2022) as well as selected benchmark studies (IEA, 2021; JRC, 2021; Shell, 2021; Teske, 2019), we propose a series 
of key global-level sectoral performance benchmarks.  

The power sector is at the forefront of the low-carbon transition, demonstrated by the upscaling of renewable 
energy technologies and their rapid cost reductions. In addition, action in the power sector has a high priority as it 
directly enables the successful decarbonisation of the other demand sectors, including heat demands, moving from 
fossil fuels to clean electricity where possible (e.g. through electric vehicles, heat pumps, electrification of industrial 
processes, etc.). To achieve the 1.5°C goal, the sector must achieve the following global benchmarks: 

l The share of coal in power generation needs to be reduced to (close to) zero by 2030 in developed countries 
and by 2040 in developing countries at the very latest. 

l CO2 emissions per unit of electricity need to be reduced to ~150 grCO2/kWh in 2030, and zero before 2050. 

l The share of renewables in electricity generation should increase to about 50% in 2030 and further to 
70-80% in 2050. Some scenarios (e.g. IEA) even project renewable energy shares to increase to more than 
90% by 2050 assuming limited use of other low-emission options. 

The energy-intensive raw material industries are often considered to be particularly hard to abate. Key challenges 
include the limited availability and high costs of low-emission options, while increased energy costs may also raise 
competitiveness issues leading to trade losses in international markets. Massive research and development for, and 
upscaling of new decarbonisation options is required. Where electrification of industrial processes is not possible, 
technologies such as hydrogen-based direct reduced iron, hydrogen as a feedstock for the chemical industry, CCS, 
CCU, synthetic fuels, or industrial symbiosis need to be initiated before 2030. Overall, to meet the 1.5°C goal: 

l Emissions from the industry sector must decline by about 27% by 2030 and 70% by 2050 relative to 2010 
levels; some scenarios even achieve close to 100% decline.  

l The share of electricity in energy consumption of industry needs to increase to around 30% in 2030 and 
further to 50% in 2050. 
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The transport sector needs to revers historic trends with rapidly increasing transport-related emissions as a result 
of rapid motorisation globally, growing mobility activity and transport volumes, and heavy reliance on oil products. 
This can be achieved by a combination of reducing induced mobility needs (avoid), using more sustainable and 
efficient modes of transport (shift) and improving technical efficiency and converting to efficient low-carbon fuels 
such as electricity and hydrogen/synthetic fuels where necessary (improve). For a 1.5°C compatible pathway: 

l Despite rapidly increasing motorisation rates and mobility activity, global transport CO2 emissions must 
stabilise at current levels through 2030 and decline to -50% by 2050 relative to 2010, achieving close to 90-
100% reduction in some scenarios.  

l The share of electricity in total transport energy consumption needs to quintuple to more than 5% in 2030 
and further increase to 15-30% by 2050 (close to 50% in some scenarios). Specifically, the share of non-
fossil fuels in domestic-only transport energy consumption (electricity, hydrogen, synthetic fuels) should 
increase close to 90-100% by 2050. 

The buildings sector is set for a rapid expansion, especially in developing countries as a result of increasing income, 
improved living standards and comfort, and population growth. To be compatible with the 1.5°C goal: 

l CO2 emissions from buildings must decline by 25% by 2030 from 2010 levels, and 70% in 2050. Recent net-
zero scenarios from international organisations suggest even larger reductions of 90-100% by 2050. 

l The share of electricity in buildings’ energy consumption must increase rapidly from the current 30% to 
about 45% in 2030 and further to 65-70% in 2050. 

Agriculture, forestry and land-use (AFOLU) contribute to climate change in diverse ways. Agriculture (A) sub-sector 
is a source of GHG emissions, while the Forestry and Other Land Use (FOLU) sub-sector is both a source and a sink 
of GHGs. Land-based mitigation options received increased attention including by the IPCC (2018a) because of its 
CO2 removal potential. Yet, our analysis shows that when considering the net emissions and removals of CO2 and 
non-CO2 gases, AFOLU remains a source for 2030 and 2050 even in ambitious 1.5°C scenarios due to non-CO2 emis-
sions. The complexities of the AFOLU sector are poorly represented in integrated assessment models, and historical 
and present emissions data are still not good enough, although new harmonised datasets are emerging that could 
be used in coming years to improve predictions and align bottom-up and top-down estimates (Grassi et al., 2022). 
Despite significant uncertainties, it is clear that significant afforestation is required to leverage the sink potential. 
To achieve the 1.5°C goal: 

l ~1.2 million ha of land per year are required for net afforestation up to 2030, and ~2 million ha per year 
from 2030 to 2050. Though, some 2°C scenarios rely more heavily on the sink potential of forests and re-
quire up to 8 million ha of land annually by 2050. 

Obviously, a global temperature goal cannot unambiguously be translated into individual actions at the sectoral 
level. Different strategies and routes could be used to meet the long-term goal, for instance by assigning more 
reductions to specific sectors, as long as the overall emissions budget is met (since the overall carbon budget de-
termines the long-term temperature change). However, the degree of freedom is limited, as the available emissions 
budget is small, especially if we consider the 1.5°C goal. In the long run, the differences between sectors disappear 
and all sectors need to reach net zero emissions eventually. 
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We recommend that the synthesis report on the outcome of the technical assessment component of the GST 
includes global sector performance benchmarks based on the above analysis or other best available science. 
Moreover, we recommend that Parties endorse those performance benchmarks also during the political consid-
eration of outputs and include a clear reference to those benchmarks in the final COP decision or political decla-
ration. 

 

Enhancing International Cooperation 

Apart from informing national actions and supporting subsequent NDCs, the GST has also been mandated to inform 
the enhancement of international cooperation. This refers both to international cooperation under the UNFCCC 
(e.g., under the umbrella of Article 6), as well as cooperation outside of its auspices. In addition to the UNFCCC and 
the Paris Agreement, a growing number of inter- and transnational institutions govern various aspects of climate 
change, many of which address specific sectoral issues. The question is how to harness this broader global climate 
governance landscape to support sectoral climate action and the achievement of the Paris Agreement’s long-term 
goals (Betsill et al., 2015). 

Encourage systematic reporting of sectoral transformation challenges 
Within the UNFCCC, we have identified one particular gap. Transforming sectoral systems to the extent necessary 
is extremely hard and developed and developing countries alike routinely face economic, financial, technical, polit-
ical/institutional or capacity-related challenges. However, these challenges are not systematically evaluated and 
reported under either the existing UNFCCC reporting and review system or the Paris Agreement’s enhanced trans-
parency framework (Jeffery et al., 2021). Including such information systematically at the level of key sectoral sys-
tems in Parties’ biennial transparency reports would enable to identify shared challenges, discern effective policies 
and measures to overcome specific transformation challenges, and thus enable learning. This, in turn, could form 
an important input into the GST. 

We therefore recommend that Parties should voluntarily report on sectoral transformation challenges they are 
facing. Moreover, Parties should call for a revision of the reporting requirements to include a mandate for Parties 
to systematically report sector-specific transformation challenges including economic, financial, technical, polit-
ical/institutional and capacity-related barriers.3 

Leverage global governance to address transformation barriers and enablers sector by sector 
As at the national level, a sectoral perspective is also helpful to identify how international cooperation can work 
most effectively. A sectoral perspective allows to pinpoint enablers and barriers and thereby makes it possible to 
identify the most promising route of action. Yet, significant potential for global governance remains underexploited 
(Rayner et al., 2021). Distilling key international enablers and shared transformation barriers from the material 

 
3  The formal revision of the Modalities, Procedures and Guidelines for the Enhanced Transparency Framework are only due to be revised in 2027. This, how-

ever, would be too late to have an effect on the second Global Stocktake scheduled for 2028.  
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gathered in the ICP and TD phases of the GST may provide inspiration and legitimation for other international insti-
tutions to enhance their governance approaches tailored to the specific needs and opportunities of each sector. 
Table 1 below illustrates this by listing options for enhanced global governance for the steel industry and transport 
sector.  

We therefore recommend that the outputs of the GST should identify and summarise key opportunities for sec-
toral climate governance sector by sector and call on other international organisations to exploit the identified 
opportunities as appropriate.  

 

Table 1 Selected options for enhanced international cooperation in the steelmaking and transport. 
Synthesised from Hermwille et al (2022) and Obergassel et al. (2021). 

Steel • establishing a credible labelling or certification scheme for low-emission steel, combined with an independent auditing and compli-
ance mechanism; 

• creation of lead markets through coordinated public and private procurement and dynamic but limited subsidies enabled through 
carbon contracts for difference; 

• an international moratorium on (re-)investments in conventional unabated steel making facilities from e.g. 2025 

Transport • International coordination of vehicle regulations and phase-out dates for conventional vehicles to accelerate market transformation. 

• Provision of international support for developing countries to establish the necessary charging infrastructure and improve electricity 
supply to cope with increasing loads and shifts in the demand profile.  

• Generally, shift all international financing from high-emission to low-emission transport modes.  

 

Align activities by sectoral institutions and organisations with Paris goals  
International cooperation at the sectoral level consists of a variety of informal cooperative initiatives through which 
sectoral emissions are addressed, involving governments, businesses and other actors (e.g., the Industrial Deep 
Decarbonisation Initiative, the Forest Declaration Platform, the SLOCAT Partnership on Sustainable Low Carbon 
Transport). However, some sectoral emissions are directly addressed by other intergovernmental institutions. The 
most prominent of these are emissions from international aviation and international shipping, which are tackled by 
the International Civil Aviation Organization (ICAO) and International Maritime Organization (IMO) respectively. 
Some progress has been made in these institutions. The IMO has adopted an Initial GHG Strategy, which aims for a 
40% reduction in carbon intensity by 2030 and pursuing efforts towards a 70% reduction by 2050 (compared to 
2008 levels). Moreover, the organisation has adopted several short-term measures, including an Energy Efficiency 
Ship Index and a carbon intensity reduction requirement for shipowners. Although ICAO has not set a long-term 
target – one is under consideration at its next Assembly in September 2022 – it adopted a market-based mechanism 
– the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) – in 2016. Although both ICAO 
and IMO regularly submit statements and reports to the UNFCCC, these do not include any indication of how the 
efforts by these institutions contribute to the long-term goals of the Paris Agreement, even though emissions in 
these two sectors are projected to increase significantly in the coming decades. 

We therefore recommend that Parties to the Paris Agreement use the GST to send a signal to other intergovern-
mental institutions by requesting periodic reports in which these institutions indicate not only what measures 
have been adopted, but also how those measures are aligned with the Paris Agreement’s long-term goals. 
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ANNEX: Detailed Analysis of Key Global Sector Benchmarks 

Based on a detailed assessment of the latest climate change mitigation scenarios contained in the scenario database 
for the 6th Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC, 2022), representing 
the best available science today, and key international benchmark studies from international organisations, indus-
try and academia (IEA, 2021; JRC, 2021; Shell, 2021; Teske, 2019), we propose a series of key global-level sectoral 
performance benchmarks.  

The Paris Agreement’s temperature goal means that all sectors and countries will eventually have to reduce emis-
sions to net- zero, with the main questions being when and how.  To inform policy improvements and to monitor 
the state of transformational change – whether it is already underway, or more action is required – we need more 
granular information. Sectoral indicators and benchmarks allow us to track the various elements of action that 
together will allow us to meet the Paris Agreement’s global temperature goal as set out in the Paris Agreement. 
These sectoral benchmarks speak more closely to those making the relevant decisions and help to map out Paris- 
compatible pathways in more detail.  

We have defined and analysed a global-level series of Paris-compatible benchmarks, across five major sectors: 
Power, Transport, Industry, Buildings, and AFOLU. Within each sector, we define benchmarks for several separate 
but complementary indicators, focusing on both 2030 and 2050, based on information and data derived from the 
scenario database of the IPCC 6th AR6 Assessment Report (IPCC, 2022). We define detailed Paris-compatible sec-
toral benchmarks as a level of an indicator that would be “sufficient” for climate action to decarbonise sectors in 
line with the Paris Agreement’s 1.5°C temperature limit. The sectoral benchmarks should be technically and eco-
nomically feasible within the foreseeable future, considering current circumstances, including social aspects, and 
should push boundaries on all levels and increase our chances of collectively meeting the Paris temperature limit. 
These benchmarks should prioritise mitigation options that lead to the deepest and fastest emission reductions, 
but should also include other options that we are confident are feasible, based on the current development of 
technologies and the time taken to make changes to existing stock, infrastructure or to scale-up new technologies. 
These benchmarks can be reached through various decarbonisation routes and mitigation options. 

The Power Sector 

The electricity sector is at the forefront of the low-carbon transition, demonstrated by the upscaling of renewable 
energy technologies combined with their rapid cost reductions. In addition, action in the power sector has a high 
priority as it directly enables the successful decarbonisation of the demand sectors, including heat demands, mov-
ing from fossil fuels to clean electricity where possible (e.g. through electric vehicles, heat pumps, electrification of 
industrial processes etc). Coal phase-out should be the top priority, as coal is by far the most carbon-intensive 
option to generate electricity. In Paris-compatible scenarios, coal’s share in power generation needs to be reduced 
to (close to) zero by 2030 in developed countries and by 2040 at the very latest in emerging economies where coal 
currently dominates the electricity supply. In all countries, CO2 emissions per unit of electricity produced need to 
be rapidly reduced from about 550 grCO2/kWh in 2010 to about 150 grCO2/kWh in 1.5C-compatible scenarios in 
2030, and then they should reach zero ideally before 2050, and even turn “negative” in 2050 (see figure below), 
depending on the availability and emergence of Carbon Dioxide Removal options, in particular BECCS. 
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Renewables need to be ramped up at a rapidly accelerated pace to deliver emissions-free electricity before 2050 in 
Paris-compatible scenarios. The share of renewables in electricity generation should increase from 20% in 2010 to 
about 50% in 2030 according to Paris-compatible scenarios and further to 70-80% in 2050 according to IPCC sce-
nario results. Other scenarios from international organisations (e.g. IEA) are even more ambitious, projecting re-
newable energy shares increasing to more than 90% by 2050, especially when other low-emission options (e.g. 
nuclear, carbon capture and storage (CCS)) face limitations. From all emissions-free options, renewables seem to 
be the most viable given the rapid reduction in their costs and fast technology developments. Variable renewable 
energy sources can be backed with storage options, the production of synthetic gas or hydrogen from renewable 
electricity and its use e.g. in power-reconversion, expansion of electricity grids, end-use flexibility options and smart 
grid developments. CCS options combined with fossil fuels gain limited shares, because CCS itself is not emissions 
free and (given current technology cost trends) CCS is already or soon will be uneconomic compared to renewables 
with storage. The current generation of nuclear power plants is not flexible enough for cost-effective system inte-
gration with high shares of renewable energy, while further deployment of nuclear faces serious acceptance and 
licensing issues as well as cost overruns in several countries worldwide. 
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The Industry Sector 

The industry sector – and especially the energy-intensive manufacturing processes to produce steel, cement, chem-
icals, paper and pulp – is often considered as the hardest to abate sector, due to limited availability and high costs 
of low-emission options, while increased energy costs may also raise competitiveness issues leading to trade losses 
in international markets. Our analysis shows that the key decarbonisation benchmarks are: accelerated efficiency 
improvements (e.g. heat recovery, using best available technologies, etc.), to ensure compatibility with the 1.5°C 
goal, emissions from the industry sector should decline by about 27% by 2030 and 70% by 2050 relative to 2010 
levels, while reductions can even reach close to 100% in net-zero scenarios from international organisations. Miti-
gation scenarios also incorporate enhanced material efficiency and large reductions in energy intensity of industrial 
production, as using less steel or cement can result in further emissions reductions and also allows low-carbon 
technologies (mostly electricity and hydrogen) to cover higher shares of final energy demand. Electrification of 
industry needs to increase from about 20% in 2010 to around 30% in 2030 and further to 50% in 1.5C scenarios in 
2050. For some industrial processes, electrification provides a key potential route for decarbonisation when accom-
panied by low-emission electricity. Not all industrial production processes can be electrified, and thus other ap-
proaches for decarbonisation should be considered (e.g. hydrogen, CCS/CCU). This heterogeneity of industry actors 
makes a sector-specific consideration of industry in GST obvious. 
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The Transport Sector 

In Paris-compatible scenarios, the transport sector is set for a major transformation away from the current oil-
dominant paradigm. In contrast to historic trends with rapidly increasing transport-related emissions as a result of 
rapid motorisation globally, growing mobility activity and transport volumes, and heavy reliance on oil products, 
Paris-compatible scenarios from the IPCC AR6 show that global transport CO2 emissions should – after decades of 
significant growth – decline by about 50% in 1.5°C-compatible scenarios over the 2010-2050 period. Most of the 
remaining transport-related emissions in 2050 come from the aviation and maritime sectors, which have a limited 
number of decarbonisation options and face challenges in the upscaling of low-emission fuels. The required emis-
sion reduction is even larger and amounts to 90-100% below 2010 levels in net-zero scenarios from international 
organisations.  

Despite rapidly increasing motorisation rates and mobility activity by 2050, final energy demand in Paris-compatible 
scenarios is projected to increase by only 15% by 2030 and 10% by 2050 from 2010 levels (while even declining in 
some net-zero scenarios) pointing towards increasing energy efficiency in all vehicles and transportation modes 
(cars, trucks, ships, planes), combined with the emergence of more efficient energy forms. In particular the share 
of electricity in the transport sector is set for a rapid increase from the current less than 1% to more than 5% in 
2030 and further to 15-30% by 2050, while electricity share is found even larger (close to 50% by 2050) in scenarios 
from international organisations, as a result of the massive uptake of electric vehicles that reach very high market 
shares already by 2030 and even more in 2050. The share of sustainable non-fossil fuels (electricity, hydrogen, 
synthetic fuels) for domestic transport should increase close to 90-100% by 2050 in net-zero scenarios, but given 
the technological difficulties in achieving full decarbonisation in shipping and aviation, most 2050 benchmarks for 
the share of low emission fuels in transport do not reach 100%. Overall, decarbonising transportation is heading for 
a tough time as a reversion of the current emissions trend is mandatory. Mitigation options could be very country 
specific, which makes a sector-specific consideration in the GST process valuable. 
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The Buildings Sector 

The buildings sector is set for a rapid expansion, especially in developing countries as a result of increasing income, 
improved living standards and comfort, and population growth. However, to be compatible with the 1.5°C goal, CO2 
emissions from buildings should decline by 25% by 2030 from 2010 levels, while the reduction is even larger in 2050 
(about 70%). Recent net-zero scenarios from the IEA suggest even larger reductions of 90-100% by 2050. The main 
technical emission reduction options in the sector include: 1) accelerated reduction of energy intensity of the build-
ing stock (e.g. through renovation and high thermal building standards); 2) a rapid shift to low carbon heating, 
cooling, and cooking (e.g. heat pumps, district heating/cooling, the direct use of renewable energy); 3) further effi-
ciency improvements of appliances and equipment which are key to keeping energy demand and emissions low 
while providing adequate living standards. In particular, the share of electricity in buildings’ energy consumption is 
projected to increase rapidly from the current 30% to about 45% in 1.5°C scenarios in 2030 and further to 65-70% 
in 2050, both accordingly to the IPCC AR6 scenario database and the key international benchmarks studies.  

Moreover, embodied energy and emissions in building materials will play an increasingly important role when build-
ings become more efficient (Ürge-Vorsatz et al., 2020). Embodied emissions can be reduced by using low-carbon 
materials, re-using building materials, and extending life-time of building components (Churkina et al., 2020). Fi-
nally, especially in developed countries demand side measures are required to enable sufficient forms of living and 
curb growth in per-capita floor space. On the global scale – but also within nations – the building stock is highly 
diverse, which makes a sector-specific consideration in the GST indispensable. 
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The AFOLU sector  

In the AFOLU sector, the Agriculture (A) sub-sector is a source of GHG emissions, while the Forestry and Other Land 
Use (FOLU) sub-sector is both a source and a sink of GHGs. The FOLU sub-sector is often considered to have a large 
potential for mitigation at low cost (Griscom et al., 2017; Roe et al., 2019). Land-based mitigation options received 
increased attention by IPCC e.g., through the Special Report on Climate Change and Land (IPCC, 2018a), precisely 
because of its CO2 removal potential. Our analysis shows that when considering the net emissions and removals of 
CO2 and non-CO2 gases, AFOLU remains a source for 2030 and 2050 for both scenarios due to non-CO2 emissions. 
On the other hand, among the options considered net afforestation show a large potential but will require a large 
amount of land for its deployment in particular for scenarios under 2°C by 2050 of 8 million hectares (ha) per year 
on average (although with very large uncertainties) and half or it by 2030. Instead, under 1.5°C scenarios the land 
required for net afforestation is about 2 million ha per year for both 2030 and 2050, showing less reliance on this 
mitigation measure. Overall, emission measures to reduce methane in agriculture combined with reducing defor-
estation and increasing forest cover seem to be the most promising options considered. The FOLU sub-sector needs 
to become a significant net sink by 2050 under both 2°C and 1.5°C scenarios. Although, 1.5°C scenarios rely less on 
the sub-sector’s sink potential compared to the analysed 2°C scenarios. Yet, overall, the AFOLU sector will remain 
a net emitter by 2030. The complexities of the AFOLU sector are poorly represented in integrated assessment mod-
els, and historical and present emissions are still not good enough, although new harmonised datasets are emerging 
that could be used in coming years to improve predictions and align bottom-up and top-down estimates (Grassi et 
al., 2022). 
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Challenges in Determining Sectoral Benchmarks 

The main challenge in defining the sectoral benchmarks is that a global temperature goal cannot unambiguously 
be translated into individual actions at the sectoral level. Different strategies and routes could be used to meet the 
long-term goal, for instance by assigning more reductions to specific sectors, as long as the overall emissions budget 
is met (since the overall carbon budget determines the long-term temperature change). However, the degree of 
freedom is limited, as the available emissions budget is small, especially if we consider the 1.5°C goal. It is clear that 
all sectors and countries will eventually have to reduce emissions close to net zero. So, if one sector is slower than 
this global trend, another sector needs to be equivalently faster, or emissions need to be removed from the atmos-
phere through the upscale of CDR technologies, which however are commercially immature, expensive and face 
large technical, environmental and societal risks. A good starting point can be to ask whether a sector can decar-
bonise by 2050, and if not, why? In this situation the differences between sectors disappear in the long run, because 
all need to reach net zero emissions. Even if the endpoint is the same, the transition dynamics and the speed of 
transformation can be very different across sectors. 

The benchmarks consider the extent to which each sector needs to be decarbonised to be compatible with the Paris 
Agreement, irrespective of who pays for this transition. The very limited carbon budget - in particular for the 1.5°C 
goal - does not leave much room for some countries to decarbonise more slowly. As the Paris Agreement requires 
decarbonisation by mid-century there will be a need for financial transfers and other support between countries 
(e.g. technology transfer, capacity building), to ensure a fair and just transition. The extent of this support and how 
it can be achieved is beyond the scope of this analysis. Nevertheless, some aspects of fairness are implicitly consid-
ered when determining the benchmarks, especially as these are included in IPCC scenarios, e.g. focus on conver-
gence of efficiencies and shares (e.g. share of renewables, emissions per activity), while end-use activities might be 
growing much faster in developing economies than in developed countries. However, as the focus is on global 
benchmarks, the equity issue is not explicitly considered here.  

Synthesis 

Overall, achieving the objectives of the Paris Agreement requires the world to decarbonise by 2050. Our analysis 
shows that on average all sectors need to decarbonise by mid-century (or slightly after), albeit at different rates. 
The electricity sector is relatively advanced and is already making quite some progress towards decarbonising, 
mostly through the rapid deployment and upscaling of renewable energy (wind and solar PV). The sector should 
continue to be a government priority, especially in avoiding new infrastructure incompatible with the Paris Agree-
ment, such as coal-fired power plants. Industry, transport, buildings need to advance significantly: these sectors 
are not yet moving as quickly as is necessary to meet Paris goals, and efforts to meet 2030 benchmarks must sig-
nificantly ramp up. Accelerated electrification of end-uses in transport, buildings and industries combined with car-
bon-free power supply is a key strategy to reduce emissions across sectors. The FOLU sub-sector needs to become 
a significant net sink by 2050 under both 2°C and 1.5°C scenarios. Although, 1.5°C scenarios rely less on the sub-
sector’s sink potential compared to the analysed 2°C scenarios. Yet, overall, the AFOLU sector will remain a net 
emitter by 2030. In terms of timing, benchmarks differ between sectors, because they all start from a different 
baseline. But ultimately, differences between sectors shrink over time and governments must pursue all options in 
all sectors, and sometimes this will require international support between countries. The sectoral benchmarks are 
useful tools to assess and monitor the progress of national policies and NDCs towards meeting the Paris goals. 
Policymakers and public authorities can use the benchmarks to assess the adequacy of policy interventions with 
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respect to the Paris Agreement. Our benchmarks provide a guide as to the scale of change that needs to happen, 
and where - and when, leaving governments the freedom to meet them through different decarbonisation strate-
gies. Finally, our analysis shows that progress by 2030 is important, as decarbonisation by 2050 alone is not suffi-
cient; to keep the ambitious carbon budgets – and associated temperature targets – within reach, progress must 
ramp up well before 2030 pointing towards the need for revising and significantly enhancing the ambition of NDCs, 
while stronger and more reliable policies should be put in place to allow achieving these enhanced NDCs and long-
term low-emission development strategies. 
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