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Summary of Key Messages: 

 

 Emissions pathways must peak early, rapidly decarbonize, and reach net zero, and the carbon 
budget to do so is very likely between 60 and 300 GtC with midrange estimates around 200 GtC.  

 

 Most pathways to 1.5 overshoot and then return to the target, and the scale and duration of 
that overshoot may be as important as the final temperature.  

 

 Recalcitrant emissions such as those from aviation, shipping, and agriculture need to be 
mitigated  through demand reduction, or extensive carbon removal separate from the point 
source will be necessary.  

 

 The research and modelling community needs to consider mitigation as a process of systemic  
social and technological transformation, rather than one of marginal abatement.   

 

 The aggressive pace required to reach 1.5 degrees means that research into the potential, cost, 
and side effects of technologies (SRM, direct air capture, BECCS, etc.) must be conducted to 
define the possibility space and trade offs for mitigation pathways. 

 

 Mitigation pathways must be designed with an understanding of the demands of and 
implications for sustainable development, both ethically and practically. Setting and meeting 
the 1.5 degree target is as much an ethical problem as it is sociotechnical. 
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Introduction 

The Paris Agreement set a goal of holding temperatures “well below 2°C ... and pursuing efforts to limit 

the temperature increase to 1.5°C.” To do so, global greenhouse gas mitigation efforts must achieve a 

balance of sources and sinks by the end of the century within a limited carbon budget. These goals 

represent an ethical commitment by the international community to protect the most vulnerable 

nations from the effects of climate change that occur before 2°C. Policymakers must find pathways of 

mitigation that decarbonize aggressively and are capable of stabilizing temperatures. At the same time, 

billions still lack basic access to the services necessary to fulfill their recognized human rights. With the 

commitment to 1.5°C, research communities—and specifically modelled mitigation pathways—are 

being asked to wade into the complex interplay of technological possibility, social transformation, and 

ethics of justice and human development that lie at the heart of efforts to mitigate climate change.  

Current anthropogenic warming has passed 1.0°C above pre-industrial levels. Estimates from Dr. H. 

Damon Matthews, Dr. Gunnar Luderer, and Professor Pierre Friedlingstein presented some variation in 

projected carbon budgets, though the remaining budget to reach 1.5°C is very likely between 60 and 300 

GtC with midrange estimates around 200 GtC. These numbers vary with the degree of confidence as 

well as how non-CO2 forcings are projected around the CO2 budget. Observational rates of warming are 

converging around 1.7°C of near-term warming for 1000 GtC, but 66 percent of models within the 

Climate Model Intercomparison Project project more than 2.25°C. Future non-linear effects may 

increase warming beyond observed rates, though there may be reason to believe that models are 

projecting smaller budgets for high confidence projections because of the response within the model 

sets. Given the uncertainty in carbon budgets, on a trajectory with business-as-usual mitigation efforts, 

1.5°C of warming could be reached within 10-30 years.  

In such a context, Dr. Kriegler and M J Mace each estimated commitments within the Paris Agreement 

lead to emissions pathways that  

 peak as soon as possible, 

 rapidly decarbonize over the next half century, 

 and reach net zero between 2060 and 2080. 

Little research has been done demonstrating the full spectrum of pathways to 1.5°C. Most modelled 

pathways overshoot and rely on sustained carbon removal to return to 1.5°C. The scale and duration of 

that overshoot may be as important as the final temperature of the pathway.  

Mitigation Pathways and Potential 

While more aggressive pathways may rely more on a period of overshoot, Dr. Charlie Wilson highlighted 

that mitigation pathways to 1.5°C and 2.0°C differ in the pace of decarbonization, but are not 

qualitatively different in their approach—1.5°C requires more aggressive versions of the same 

strategies. Relative to 2.0°C pathways, 1.5°C pathways focus much more on the most difficult emissions 

to mitigate, since the lower carbon budget means that mitigation of the most difficult sectors must 

happen earlier to meet lower temperature targets. Dr. Elmar Kriegler explained that any pathway’s 

https://www.concordia.ca/faculty/damon-matthews.html
https://www.concordia.ca/faculty/damon-matthews.html
https://www.pik-potsdam.de/members/luderer
http://emps.exeter.ac.uk/mathematics/staff/pf229
https://www.soas.ac.uk/staff/staff70833.php
http://www.uea.ac.uk/environmental-sciences/people/profile/charlie-wilson
https://www.pik-potsdam.de/members/kriegler
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steep reductions are characterized by a transformation of the power sector. These pathways are 

similarly reliant on aggressive electrification of transit to achieve the emissions cuts necessary.  

Prof. Alice Larkin examined the role of aviation and shipping in decarbonization, which represent 4.5 

percent of total fossil emissions, excluding land use. To reach proportional reductions toward a target of 

1.5°C, these sectors would have to decarbonize at a rate of 9 to 21 percent per year in industries with 

long technological lifetimes. Managing demand for aviation and shipping is the only way to have any 

hope of achieving such drastic cuts, and even then, the pace of reduction would be optimistic, bordering 

on infeasible. The one note of optimism for the possibility of aggressive reduction is that 50 percent of 

emissions in the shipping sector come from the transport of fossil fuels themselves, which means 

decarbonization in other sectors could lead to co-benefits. 

Both Professor Pete Smith and Dr. Monika Zurek shared the interactions between mitigation pathways 

and agricultural sector and land use. Agriculture, forestry, and other land use (AFOLU) represents 

between 20 and 30 percent of total anthropogenic greenhouse gas emissions. In large part due to 

decreasing rates of deforestation in South America, AFOLU is the only sector that has reached a peak in 

absolute emissions levels in the last decade, and Dr. Bronson Griscom showed that combined mitigation 

efforts across AFOLU could account for as much as 11GtC/yr. At the same time, any mitigation pathway 

that includes overshoot is dependent on the technical feasibility of negative emissions that exceed the 

scale of continued stabilized emissions flows. Biophysical limits to biomass energy carbon capture and 

storage (BECCS) may impose limits to the scale of negative emissions from the removal technology 

assumed in many modelled pathways. The interaction between land use pressures and mitigation 

technologies is an important area for future research. The aggressive pace required to reach 1.5 degrees 

means that research into the potential, cost, and side effects of technologies including solar radiation 

management, BECCS, and direct air capture must be conducted to define the possibility space and trade 

offs for mitigation pathways.  

Rising demand for carbon intensive diets is a direct consequence of development and has the potential 

to increase absolute levels of agricultural emissions. Efficiency and technology options for mitigation 

within agriculture are incapable reach 80 percent reductions on their own by 2050—the largest 

potential comes from aggressive strategies to manage the demand for carbon intensive diets, with both 

supply and demand side measures being critical to proportional reductions. 

Across these sectors, a similar narrative presided: A large portion of emissions do not have easy 

technological answers and need to be mitigated through demand reduction, or extensive carbon 

removal separate from the point source will be necessary for any hope of 1.5°C. Even stabilizing at 2.0°C 

could be difficult using energy efficiency and technology transitions alone. 

 

The Ethics, Policy, and Reality of Implementing Mitigation Pathways 

Though idealized studies of mitigation potential show substantial effort to stabilize temperatures at 

1.5°C, domestic policy falls far short of these idealized pathways. The Intended Nationally Determined 

Contributions shared in Paris fall more than a degree short of its most ambitious targets, and domestic 

http://www.manchester.ac.uk/research/Alice.larkin/
http://www.abdn.ac.uk/ibes/profiles/pete.smith
http://www.eci.ox.ac.uk/people/mzurek.html
http://www.nature.org/science-in-action/our-scientists/bronson-griscom.xml
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policies could similarly fail to actually make these national commitments a reality. Dr. Oliver Geden 

suggested that pursuing efforts to reach 1.5°C invites the potential of overshooting and then returning 

to temperature targets and could divert attention to recalculating mitigation pathways instead of 

focusing on short-term implementation. M J Mace contested that the ambition of the targets 

represented a commitment to implementation and an opportunity for accountability.  

This amibition is reflected in the ethics as well. Dr. Saleemul Huq reminded the conference that 1.5°C 

was selected by the international policy community as an explicitly ethical commitment to attempt to 

protect the most vulnerable countries from climate change impacts that occur before 2.0°C. The 

scientific community therefore has a dual obligation: to understand the possibility space of pathways 

that meet that obligation, and to understand the trade-offs that may be inherent in such an effort.  

Professor Henry Shue showed that the moral obligations toward mitigation and development are 

concurrent and equally weighty. Development increases global demand for the services provided by 

carbon emissions, which in turn impacts the livelihoods of the vulnerable. Choices about mitigation 

ought to be made in the context of all nations’ right to develop and recognizing that such development 

is occurring. Yann Robiou du Pont showed that the distribution of the obligation for mitigation depends 

heavily on the principles of distributive justice adopted by countries in their nationally determined 

contributions. Dr. Huq emphasized that mitigation policy is largely the province of the developed world, 

since the 100 most vulnerable countries that pushed for the 1.5°C represent only 5 percent of global 

emissions. Green development pathways are critical for those vulnerable countries, but this is enabled 

by the systemic mobilization of investment into knowledge and technology transfer, as well as enabling 

local definition and ownership of green development pathways. Without clear international ethical 

commitments, choices about mitigation pathways and nationally determined contributions are often 

made without a holistic view of the commitments to sustainable development the same countries have 

committed to.   

It is precisely this ethical ambiguity that is currently being exploited by national policy makers. Professor 

Fei Teng showed that defined global ethical principles are critical to achieving mitigation targets. Since 

each country is allowed to the gap between the INDCs and the temperature targets can be explained by 

selfish interpretations of each country’s fair share. With a lack of agreement on global ethical principles, 

countries are free to claim preferential ethical principles for distribution of the carbon budget. Professor 

Benito Müller stated that such ethical questions are central to the success of the Paris Agreement and 

must be addressed directly by the scientific community; national perceptions of injustice, unfairness, 

and a lack of ambition are central motivators for inaction.  

Model Limitations and Further Research 

Recognizing the complexities of aggressive social transformation, models can do much to improve their 

approach to recommending mitigation pathways. Professor Michael Grubb showed that there needs to 

be serious analytic attention to how models destruct some sectors, which may be overly optimistic 

about the pace of technology transition and early aggressive transitions may reduce long-term costs that 

are not captured in marginal approaches. Near term peaks may be achieved through marginal 

abatement, but rapid decarbonization and net zero are marked by systemic social and technological 

http://www.swp-berlin.org/en/scientist-detail/profile/oliver_geden.html
http://www.icccad.net/our-team/saleemul-huq/
https://www.merton.ox.ac.uk/people/professor-henry-shue
http://www.climate-energy-college.net/profiles/yann-robiou-du-pont
https://www.chinafile.com/contributors/fei-teng
https://www.chinafile.com/contributors/fei-teng
http://www.eci.ox.ac.uk/people/bmueller.html
http://www.eci.ox.ac.uk/people/bmueller.html
http://www.bartlett.ucl.ac.uk/people/?school=sustainable&upi=MGRUB72
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transformations, and the structure of adoption matters as much as projected damage functions. Dr. 

Joeri Rogelj emphasized the systemic nature of transformation, akin to wartime mobilization of 

infrastructure transformation and highlighted that the distributional costs of mitigation are more 

important than the absolute costs, which are likely dwarfed by projected growth. Dr. Neil Edwards 

explained that integrated assessment models use normatively optimized equlibria between rational 

representative agents to describe ideal scenarios that need to be able to diffuse innovation over time, 

model risk aversion, and capture the dynamics of choice. Dr. Charlie Wilson showed that ethics and 

policy have conventionally been considered in an ex post analysis of model results, and models must 

integrate the social science and ethics of development, policy, and social legitimacy into analysis to 

understand the interactions between idealized mitigation pathways and the reality of implementation.  

The commitment to 1.5°C represents an opportunity for the research community to engage directly with 

the ethical position taken by the high ambition coalition and evaluate the possibility space for mitigation 

defined by a lower temperature target. It is also a chance for researchers to tackle the intersectional 

effects of such mitigation choices on development pathways; the systemic transformation of socio-

technical energy, food, and transport systems; and the socio-economic structures of modern society.  

 

http://www.iiasa.ac.at/staff/staff.php?type=auto&visibility=visible&search=true&login=rogelj
http://www.iiasa.ac.at/staff/staff.php?type=auto&visibility=visible&search=true&login=rogelj
http://www.open.ac.uk/people/nre29
http://www.uea.ac.uk/environmental-sciences/people/profile/charlie-wilson

