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Supplementary Figure 1 

 

Supplementary Figure 1 I: The global surface temperature rise due to contrails for various 
future scenarios related to flown distance and contrail forcing, where no contrail avoidance 
action is taken. 

 

The distribution is presented from 2025 to 2110 (left) and for 2100 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for various future aviation growth 
projections that relate to flown distance and contrail forcing. These projections are as follows: 
exponential growth in flown distance after 2045 where saturation in future contrail forcing effects is not 
assumed (AGP 0.36) and is assumed (AGP 0.29); and linear growth in flown distance after 2045 
(AGP 0.21) and no growth in flown distance after 2045 (AGP 0.14), where saturation in future contrail 
forcing effects is assumed. 
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Supplementary Figure 1 II: The global surface temperature rise due to carbon dioxide for 
various future scenarios related to flown distance and contrail forcing, where no contrail 
avoidance action is taken. 

 

The distribution is presented from 2025 to 2110 (left) and for 2100 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for various future aviation growth 
projections that relate to flown distance and contrail forcing. These projections are as follows: 
exponential growth in flown distance after 2045 where saturation in future contrail forcing effects is not 
assumed (AGP 0.36) and is assumed (AGP 0.29); and linear growth in flown distance after 2045 
(AGP 0.21) and no growth in flown distance after 2045 (AGP 0.14), where saturation in future contrail 
forcing effects is assumed. 
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Supplementary Figure 2 

 

Supplementary Figure 2 I: The global surface temperature rise in the scenario where no 
contrail avoidance action is taken. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) for contrails are depicted as an addition to the mean 
response for aviation CO2 emissions. 

The aviation growth projection (AGP) AGP 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 2 II: The global surface temperature rise in the scenario where no 
contrail avoidance action is taken. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) for contrails are depicted as an addition to the mean 
response for aviation CO2 emissions. 

The aviation growth projection (AGP) AGP 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 
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Supplementary Figure 2 III: The global surface temperature rise in the scenario where no 
contrail avoidance action is taken. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) for contrails are depicted as an addition to the mean 
response for aviation CO2 emissions. 

The aviation growth projection (AGP) AGP 0.21 is assumed, i.e. linear growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 2 IV: The global surface temperature rise in the scenario where no 
contrail avoidance action is taken. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) for contrails are depicted as an addition to the mean 
response for aviation CO2 emissions. 

The aviation growth projection (AGP) AGP 0.14 is assumed, i.e. no growth in flown distance beyond 
2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 3 

 

Supplementary Figure 3 I: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different levels of effectiveness. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
levels of contrail avoidance effectiveness of 0% (here equivalent to no contrail avoidance action, i.e. 
“No action”), 25%, 50%, 75% and 100%. All scenarios have a 2035 start date, and progress from no 
adoption to fleet wide adoption over the course of 10 years. 

The aviation growth projection (AGP) AGP 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 3 II: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different levels of effectiveness. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
levels of contrail avoidance effectiveness of 0% (here equivalent to no contrail avoidance action, i.e. 
“No action”), 25%, 50%, 75% and 100%. All scenarios have a 2035 start date, and progress from no 
adoption to fleet wide adoption over the course of 10 years. 

The aviation growth projection (AGP) AGP 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 
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Supplementary Figure 3 III: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different levels of effectiveness. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
levels of contrail avoidance effectiveness of 0% (here equivalent to no contrail avoidance action, i.e. 
“No action”), 25%, 50%, 75% and 100%. All scenarios have a 2035 start date, and progress from no 
adoption to fleet wide adoption over the course of 10 years. 

The aviation growth projection (AGP) AGP 0.21 is assumed, i.e. linear growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 3 IV: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different levels of effectiveness. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
levels of contrail avoidance effectiveness of 0% (here equivalent to no contrail avoidance action, i.e. 
“No action”), 25%, 50%, 75% and 100%. All scenarios have a 2035 start date, and progress from no 
adoption to fleet wide adoption over the course of 10 years. 

The aviation growth projection (AGP) AGP 0.14 is assumed, i.e. no growth in flown distance beyond 
2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 4 

 

Supplementary Figure 4 I: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different start dates. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
start times of 2035, 2040, and 2045. All scenarios have 100% contrail avoidance effectiveness, and 
progress from no adoption to fleet wide adoption over the course of 10 years. The scenario where no 
contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection (AGP) AGP 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 



13 

Supplementary Figure 4 II: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different start dates. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
start times of 2035, 2040, and 2045. All scenarios have 100% contrail avoidance effectiveness, and 
progress from no adoption to fleet wide adoption over the course of 10 years. The scenario where no 
contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection (AGP) AGP 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 

  



14 

Supplementary Figure 4 III: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different start dates. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
start times of 2035, 2040, and 2045. All scenarios have 100% contrail avoidance effectiveness, and 
progress from no adoption to fleet wide adoption over the course of 10 years. The scenario where no 
contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection (AGP) AGP 0.21 is assumed, i.e. linear growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects.  
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Supplementary Figure 4 IV: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with different start dates. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response (solid 
line) and 95% confidence intervals (shaded area) are depicted for contrail avoidance scenarios with 
start times of 2035, 2040, and 2045. All scenarios have 100% contrail avoidance effectiveness, and 
progress from no adoption to fleet wide adoption over the course of 10 years. The scenario where no 
contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection (AGP) AGP 0.14 is assumed, i.e. no growth in flown distance beyond 
2045 and a saturation in future contrail forcing effects.  
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Supplementary Figure 5 

 

Supplementary Figure 5 I: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with and without the modification of fleet wide fuel composition. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response with 
(dashed line) and without (solid line) modified fuel composition and 95% confidence intervals (shaded 
area) are depicted. All scenarios have a 2035 start date, have a 100% contrail avoidance 
effectiveness, and progress from no adoption to fleet wide adoption over the course of 10 years. The 
scenario where no contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection AGP (AGP) 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 5 II: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with and without the modification of fleet wide fuel composition. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response with 
(dashed line) and without (solid line) modified fuel composition and 95% confidence intervals (shaded 
area) are depicted. All scenarios have a 2035 start date, have a 100% contrail avoidance 
effectiveness, and progress from no adoption to fleet wide adoption over the course of 10 years. The 
scenario where no contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection AGP (AGP) 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 
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Supplementary Figure 5 III: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with and without the modification of fleet wide fuel composition. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response with 
(dashed line) and without (solid line) modified fuel composition and 95% confidence intervals (shaded 
area) are depicted. All scenarios have a 2035 start date, have a 100% contrail avoidance 
effectiveness, and progress from no adoption to fleet wide adoption over the course of 10 years. The 
scenario where no contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection AGP (AGP) 0.21 is assumed, i.e. linear growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 5 IV: The global surface temperature rise due to contrails, for contrail 
avoidance scenarios with and without the modification of fleet wide fuel composition. 

 

The distribution is presented from 2025 to 2055 (left) and for 2050 (right). The mean response with 
(dashed line) and without (solid line) modified fuel composition and 95% confidence intervals (shaded 
area) are depicted. All scenarios have a 2035 start date, have a 100% contrail avoidance 
effectiveness, and progress from no adoption to fleet wide adoption over the course of 10 years. The 
scenario where no contrail avoidance action is taken (No action) is also presented. 

The aviation growth projection AGP (AGP) 0.14 is assumed, i.e. no growth in flown distance beyond 
2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 6 

 

Supplementary Figure 6 I: Distribution of the decrease in global surface temperature rise due 
to contrail avoidance and the temperature increase due to additional fuel burn in 2050 and 
2100. 

 

The distributions are shown for: 2050, (A) in a scatter plot and (B) in a box plot, and 2100, also (C) in 
a scatter plot and (D) in a box plot. Contrail avoidance is assumed 25% effective, the scenario start 
date is assumed to be 2035 and three levels of fuel burn penalty are presented: 0.35%, 5% and 10% 
of fleet averaged fuel burn at full adoption. Lines labelled “1:1” are shown in the scatter plots, which 
represent the level where the reduction in contrail warming due to contrail avoidance is equal to the 
CO2 warming incurred due to the fuel burn penalty. The error bars, shaded areas, and central vertical 
line in the box plots indicate the 95% confidence intervals, the interquartile range, and the mean, 
respectively. 

The aviation growth projection (AGP) AGP 0.14 is assumed, i.e. no growth in flown distance beyond 
2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 6 II: Distribution of the decrease in global surface temperature rise due 
to contrail avoidance and the temperature increase due to additional fuel burn in 2050 and 
2100. 

 

The distributions are shown for: 2050, (A) in a scatter plot and (B) in a box plot, and 2100, also (C) in 
a scatter plot and (D) in a box plot. Contrail avoidance is assumed 25% effective, the scenario start 
date is assumed to be 2035 and three levels of fuel burn penalty are presented: 0.35%, 5% and 10% 
of fleet averaged fuel burn at full adoption. Lines labelled “1:1” are shown in the scatter plots, which 
represent the level where the reduction in contrail warming due to contrail avoidance is equal to the 
CO2 warming incurred due to the fuel burn penalty. The error bars, shaded areas, and central vertical 
line in the box plots indicate the 95% confidence intervals, the interquartile range, and the mean, 
respectively. 

The aviation growth projection (AGP) AGP 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 
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Supplementary Figure 6 III: Distribution of the decrease in global surface temperature rise due 
to contrail avoidance and the temperature increase due to additional fuel burn in 2050 and 
2100. 

 

The distributions are shown for: 2050, (A) in a scatter plot and (B) in a box plot, and 2100, also (C) in 
a scatter plot and (D) in a box plot. Contrail avoidance is assumed 25% effective, the scenario start 
date is assumed to be 2035 and three levels of fuel burn penalty are presented: 0.35%, 5% and 10% 
of fleet averaged fuel burn at full adoption. Lines labelled “1:1” are shown in the scatter plots, which 
represent the level where the reduction in contrail warming due to contrail avoidance is equal to the 
CO2 warming incurred due to the fuel burn penalty. The error bars, shaded areas, and central vertical 
line in the box plots indicate the 95% confidence intervals, the interquartile range, and the mean, 
respectively. 

The aviation growth projection (AGP) AGP 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 6 IV: Distribution of the decrease in global surface temperature rise due 
to contrail avoidance and the temperature increase due to additional fuel burn in 2050 and 
2100. 

 

The distributions are shown for: 2050, (A) in a scatter plot and (B) in a box plot, and 2100, also (C) in 
a scatter plot and (D) in a box plot. Contrail avoidance is assumed 25% effective, the scenario start 
date is assumed to be 2035 and three levels of fuel burn penalty are presented: 0.35%, 5% and 10% 
of fleet averaged fuel burn at full adoption. Lines labelled “1:1” are shown in the scatter plots, which 
represent the level where the reduction in contrail warming due to contrail avoidance is equal to the 
CO2 warming incurred due to the fuel burn penalty. The error bars, shaded areas, and central vertical 
line in the box plots indicate the 95% confidence intervals, the interquartile range, and the mean, 
respectively. 

The aviation growth projection (AGP) AGP 0.21 is assumed, i.e. linear growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 7 

 

Supplementary Figure 7 I: A summary of global surface temperature change in 2050, due to 
contrail avoidance and its associated fuel burn penalty. 

 

The scenario is presented (A) without and (B) with modifications to fuel composition. A start date of 
2035, a 10-year period between start date and full adoption, a 100% contrail avoidance effectiveness, 
and a 10% fuel burn penalty at full adoption are assumed. The temperature impact of all aviation 
carbon dioxide emissions is reduced (but not eliminated) by the introduction of carbon neutral fuel, 
which is assumed to be phased in alongside the modifications to fuel composition, starting in 2035. All 
error bars indicate 95% confidence intervals. 

The aviation growth projection (AGP) AGP 0.29 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and a saturation in future contrail forcing effects. 
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Supplementary Figure 7 II: A summary of global surface temperature change in 2050, due to 
contrail avoidance and its associated fuel burn penalty. 

 

The scenario is presented (A) without and (B) with modifications to fuel composition. A start date of 
2035, a 10-year period between start date and full adoption, a 100% contrail avoidance effectiveness, 
and a 10% fuel burn penalty at full adoption are assumed. The temperature impact of all aviation 
carbon dioxide emissions is reduced (but not eliminated) by the introduction of carbon neutral fuel, 
which is assumed to be phased in alongside the modifications to fuel composition, starting in 2035. All 
error bars indicate 95% confidence intervals. 

The aviation growth projection (AGP) AGP 0.36 is assumed, i.e. exponential growth in flown distance 
beyond 2045 and no saturation in future contrail forcing effects. 
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Supplementary Figure 7 III: A summary of global surface temperature change in 2050, due to 
contrail avoidance and its associated fuel burn penalty. 

 

The scenario is presented (A) without and (B) with modifications to fuel composition. A start date of 
2035, a 10-year period between start date and full adoption, a 100% contrail avoidance effectiveness, 
and a 10% fuel burn penalty at full adoption are assumed. The temperature impact of all aviation 
carbon dioxide emissions is reduced (but not eliminated) by the introduction of carbon neutral fuel, 
which is assumed to be phased in alongside the modifications to fuel composition, starting in 2035. All 
error bars indicate 95% confidence intervals. 

The aviation growth projection AGP 0.21 is assumed, i.e. linear growth in flown distance beyond 2045 
and a saturation in future contrail forcing effects. 
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Supplementary Figure 7 IV: A summary of global surface temperature change in 2050, due to 
contrail avoidance and its associated fuel burn penalty. 

 

The scenario is presented (A) without and (B) with modifications to fuel composition. A start date of 
2035, a 10-year period between start date and full adoption, a 100% contrail avoidance effectiveness, 
and a 10% fuel burn penalty at full adoption are assumed. The temperature impact of all aviation 
carbon dioxide emissions is reduced (but not eliminated) by the introduction of carbon neutral fuel, 
which is assumed to be phased in alongside the modifications to fuel composition, starting in 2035. All 
error bars indicate 95% confidence intervals. 

The aviation growth projection AGP 0.14 is assumed, i.e. no growth in flown distance beyond 2045 
and a saturation in future contrail forcing effects. 


