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EXECUTIVE SUMMARY 

There is general scientific consensus that contrails are on average, over a global scale, contributing to 

climate warming. For that reason, the potential for mitigating the formation of persistent-warming 

contrails is being actively studied. Industry is fully engaged in identifying operational and technical 

solutions that are expected to result in viable means to mitigate contrail impacts in the coming years. 

There remains a number of important questions and uncertainties that need to be overcome before 

implementation at scale is feasible in daily operations. This paper explores those questions and outlines 

the work that is needed to enable effective, balanced and operationally-viable contrail avoidance. 

  

Action: The Conference is invited to take note of the actions outlined in paragraph 3.2. 

 
     

1. INTRODUCTION AND BACKGROUND 

1.1 Aviation has a strong track record of working on difficult global challenges. Most recently, 

in a collective effort to deal with its climate change impact, the industry adopted a goal of net-zero carbon 

emissions by 2050. This was also taken up by the world’s governments at the International Civil Aviation 

Organization (ICAO) which adopted a similar goal at its 41st Session of Assembly in 20222. Removing 

carbon dioxide (CO2) emissions from aircraft operations will require new energy sources and technological 

developments as well as efficiency improvements to reduce fuel use. Whilst this remains a significant 

challenge, the problem is well understood and the solutions are in progress: with the right policy, drive and 

determination, plans are in place for the decarbonisation of civil aviation. 

1.2 In addition to the emissions of CO2 from the fuel used for flight, aviation (along with many 

other sectors) has other “non-CO2 effects” on climate. These result from complex interactions between 

 
1 Arabic, Chinese, English, French, Russian and Spanish versions provided by ATAG. 
2 ICAO Assembly/41 Resolution, 2022: www.icao.int/Meetings/a41/Documents/Resolutions/10184_corr_en.pdf  
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aircraft emissions and the atmosphere. These include nitrogen oxides (NOx) and sulphur oxides (SOx). The 

largest impact, however, is believed to be related to the formation of contrails (condensation trails) that can 

be seen in the sky predominantly in the mid-latitudes, where they are most common.  

1.3 There are still many uncertainties about the scale of climate impact that contrails have. The 

latest scientific consensus is that they have, on balance, a warming impact, with a radiative effect potentially 

in the same order of magnitude as aviation’s CO2 emissions, but the quantification of this impact currently 

has low confidence levels (the latest estimates show a range anywhere between a third and three times CO2).  

1.4 Whilst the research continues to advance understanding on the climate impacts of non-CO2 

(where there is lower certainty), and to validate and refine mitigation options, the priority for industry and 

government climate action should continue to be CO2 emissions reduction (where there is high certainty) 

and the significant efforts underway to reach net-zero carbon by 2050. 

1.5 The aviation industry is committed to better understanding and mitigating its impact on the 

climate and is actively contributing to scientific research, as well as undertaking operational trials, 

simulations and other studies aimed at developing the means to reliably reduce persistent warming contrails 

through a variety of mitigation options, further reducing the climate impacts of the sector.  

1.6 A number of solutions are in the process of being tested that mainly focus on adjustments 

to the trajectory of flights with the intent to avoid the “ice super-saturated regions” (ISSRs) of the 

atmosphere where persistent contrails might be formed, which could be warming. These changes to 

trajectory may involve higher fuel burn and therefore more CO2 emissions and other non-CO2 emissions. 

As such, the final climate impact needs careful evaluation. 

1.7 Recent trials with commercial aircraft on ISSR avoidance, have demonstrated that 

trajectory adjustments are not always possible due to airspace capacity, which is already affected by traffic 

volumes, weather and military airspace restrictions, and other factors. In other regions such as the North 

Atlantic oceanic airspace, larger-scale trials may be feasible to gather more operational data and experience. 

A focus could be on flights with a significant expected contrail climate impact which can be rerouted 

without significant or any CO2, fuel and capacity impact. 

1.8 A briefing paper in the Appendix provides a detailed view of the sector’s current 

understanding of the state of science and the efforts underway to investigate contrail mitigation options. 

2. KEY WORK UNDERWAY TO IDENTIFY AND REFINE MITIGATION POSSIBILITIES 

2.1 Whilst scientific questions remain, the industry is committed to better understanding and 

reducing its climate impacts, including working to refine operational options for mitigation of contrail 

formation. Work is ongoing across several aspects necessary to enable action to be taken with confidence 

that it will be impactful in reducing climate effects.  

2.2 Improving the accuracy of weather forecasting with respect to ISSR is essential to enabling 

effective mitigation of contrail formation through navigational means. Humidity, temperature and winds 

are relevant factors affecting contrail formation and persistence. Increasing the availability of humidity data 

at altitude is one of the most promising ways of contributing to improved weather modelling in 

collaboration with weather services. Work is actively underway to identify appropriate sensors and explore 

deployment options to increase the density and availability of relevant data. This work should be 

coordinated with the World Meteorological Organization (WMO) and build on existing infrastructure for 

atmospheric data assimilation into weather models, from passenger aircraft.  
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2.3 Contrail detection studies, some using artificial intelligence, are helping to improve 

understanding of the extent and conditions under which contrails are likely to form, persist and affect the 

climate. Some studies are working to develop means of correlating contrails to specific flights. Such work 

will be vital to verification of mitigation measures when ready for implementation.  

2.4 The effect that alternative fuels such as Sustainable Aviation Fuel (SAF) or hydrogen may 

have on the formation of contrails is currently being investigated and needs to be further understood. 

Additional work is ongoing to understand how the coming energy transition in aviation and improvements 

in engine technology for achievement of the long-term aspirational goal (LTAG) may also impact contrail 

climate impacts.  

2.5 Finally, and importantly, the development of safe, practical, implementable and robust 

concept of operations to reduce persistent warming contrail cirrus formation through adjustments to the 

trajectory of flights will have many potential impacts on management of airspace, pilot and controller 

workload and airspace capacity. Collaborative efforts on studies and trials in several regions are ongoing 

and being planned looking at various approaches to pre-tactical and tactical approaches. A preferred concept 

of operations has not yet emerged for avoidance techniques at an airspace level, but this active work is 

expected to enable the refinement of viable options. More such trials should be undertaken in a systematic 

and coordinated way. 

3. CONCLUSION 

3.1 Following significant progress on dealing with aviation’s CO2 impacts, attention has turned 

to the non-CO2 effects of air transport including specifically contrails. Whilst there are significant efforts 

underway to trial and test contrail avoidance options, there remains a large gap of understanding in the 

central area of ISSR observation and forecast before relevant and useful mitigation measures can be 

operationalized. In addition, more work is needed to understand the trade-off calculations between contrail 

avoidance and additional CO2, as well as the attribution of these metrics to individual flights. Premature 

regulatory action could lead to operational challenges and potentially increased CO2 emissions. A focus on 

resolving some of these unknown elements will provide a firm basis for decision-making in the years ahead. 

3.2 The Conference is invited to agree to the following recommendations: 

a) encourage cooperation between industry, States and the scientific research community 

on the scientific and operational studies to refine collective understanding of non-CO2 

impacts and validate means of effective mitigation; 

b) encourage a scale-up in operational contrail mitigation trials, with a coordinated 

approach, to identify the most optimum solutions before consideration of deployment 

in daily operation;   

c) encourage States to avoid premature regulatory or policy action that would require 

contrail avoidance ahead of evolving understanding on means of improving 

forecasting, operational concepts for avoidance and interdependencies between CO2 

and non-CO2 climate impacts; and 

d) ensure a continuation of the science-first approach, where policy is formulated once 

scientific understanding is matured. 

— — — — — — — —
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