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Climate and air-quality costs of 

aviation emissions

There are significant social costs associated with the effects aviation

emissions have on air quality and climate. This study developed metrics that

allow decision makers to estimate these costs, and tested the effectiveness

of various policies and measures in addressing aviation emissions.
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Commercial air transport emissions have increased substantially in recent years and are 

making an increasingly significant contribution to climate change. It is estimated that 

aviation-related emissions account for about 5% of human-induced climate change, 

while being responsible for worsening air quality, which has an adverse impact on 

health. 

Mitigation of emissions from air transport commonly comes in the form of technological 

or operational measures, emissions standards, market-based measures or alternative 

fuels. However, this study aims to analyse how the different types of emissions that are 

generated by airlines affect the climate and air quality, while testing trade-offs between 

the different types. 

An example is the potential for decreasing oxides of nitrogen (NOx) emissions by 

redesigning engines to burn fuel at lower temperatures, but the trade-off would be an 

increase in carbon dioxide (CO2) emissions. However, an assessment would have to be 

carried out to assess the characteristics of each type of emission, as well as temporal 

and spatial variation, to measure if the trade-off could result in an overall positive 

outcome for air quality and climate change.

The driver for this study is that previous impact assessments of the different types of

emissions relied on emissions reduction scenarios primarily at ground level, although

91% of aviation emissions occur at a high altitude. Emissions have different climate

and air quality impacts depending on whether they are emitted at ground level or at

high altitude.
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There are numerous studies that have partially addressed the effects of emissions at both 

low and high altitude. Some researched air quality effects at ground level and high altitude, 

while others looked at the climate impacts. Some studies assessed the combined climate 

and air-quality impact of specific emitters or on specific regions. 

To address the limited number of studies that present a complete assessment, this study 

provides, for each type of emissions, cost metrics per unit of aviation emissions to enable 

the effects on climate and air quality to be assessed. The metrics distinguish between flight 

phases, consider expansion of global aviation and fuel efficiency improvements. Three 

scenarios were developed with the aim of helping decision makers to develop policies, 

operational procedures and technologies that might enable emission reduction in the 

aviation sector.

The cost metrics show that, due to the increased altitude, the emissions in cruising result in 

the largest climate impact per unit of emissions. However, emissions from the landing and 

take-off (LTO) cycle result in the largest impact on air quality per unit of emissions. 

Nonetheless, given that 90% of fuel burn occurs when cruising at altitude, the cruise 

emissions still have the largest overall effect on air quality, although the air quality impact 

per unit emission is lower than it is in the LTO cycle. 

The metric used to assess the results is the Climate and Air Quality Social Cost (CAQSC). The 

total average CAQSC of aviation fuel burn was estimated to be USD 560/tonne of fuel burnt 

when cruising. Dividing it into its two components, the climate-related costs were found to 

be USD 200/tonne, while the externalities, due to the effects on air quality, were costed at 

USD 360/tonne.

Furthermore, the CAQSC results for the different types of emissions indicate that NOx, CO2

and H2O vapour trails are responsible for a total of 97% of overall costs or 58%, 25% and 

14%, respectively. This metric also indicates that around 90% of CAQSC comes from cruising 

emissions, while 64% of CAQSC result from impacts on air quality and 36% result from 

impacts on climate, as described above. This result is heavily affected by how the model 

puts more weighting on the much more immediate and short-term cost of air quality 

compared to more long-term CAQSC of climate impacts.

If the air-quality metrics are applied regionally, then aviation emissions over Europe result 

in the greatest air quality cost compared to that for other regions. Fuel burnt by aircraft 

flying in Europe results in a cost of around USD 500/tonne of fuel burnet, while this figure is 

around USD 350/tonne in other regions. 

Looking forward, three scenarios were presented that assess the effects of different policy 

measures and targets. The first scenario assumed fleet improvements with NOx indices 

meeting International Civil Aviation Organization (ICAO) targets and a 10% reduction in CO2

intensity, resulting in a reduction of around USD 1,800 million in CAQSC. The second 

scenario adopted a 20% reduction target in NOx, thereby taking on a 2% increase in CO2

emissions and leading to a CAQSC benefit of about USD 700 million. Finally, an ultra-low 

sulfur fuel approach would reduce sulfur content from 600ppm to 15ppm and would result 

in a 2% increase in life cycle CO2 but provide an estimated CAQSC reduction of USD 1,000 

million.


