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Contrails are a Major Barrier to Climate Goals
The contrail blanket covering Earth today keeps the planet ~0.05oC warmer.
By 2050 this likely will exceed 0.1oC. This is vast compared to aviation CO2 measures
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Contrails are a Major Barrier to Climate Goals
The contrail blanket covering Earth today keeps the planet ~0.05oC warmer.
By 2050 this likely will exceed 0.1oC. This is vast compared to aviation CO2 measures
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0.5oC is the difference between 
+1.5oC (~today) and +2oC limits
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Contrails are a Major Barrier to Climate Goals
The contrail blanket covering Earth today keeps the planet ~0.05oC warmer.
By 2050 this likely will exceed 0.1oC. This is vast compared to aviation CO2 measures

oC

Aviation adds more and more CO2 
to the atmosphere each year. 

CO2 emitted by 2050 will equilibrate to 
around 0.07oC of warming, just over 
half of which is from future emissions
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Aviation CO2
(historic & future)

Aviation CO2
(historic only)
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Contrails are a Major Barrier to Climate Goals
The contrail blanket covering Earth today keeps the planet ~0.05oC warmer.
By 2050 this likely will exceed 0.1oC. This is vast compared to aviation CO2 measures

oC

Best estimate of global contrail 
warming today equates to 
about 0.05oC due to contrails 
vs. 0.03oC due to CO2

3 Contrails mostly scale with 
traffic, not fuel burn, so contrail 
blanket expected to warm 
planet by >0.1oC in 2050
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Aviation CO2
& Contrails

Aviation CO2
(historic & future)

Aviation CO2
(historic only)

Assumptions: Equilibrium climate sensitivity of 
0.80oC/(W/m2) (c.f. 0.86oC/Wm2, IPPC AR6). 2018 contrail 

ERF 57.4 mW/m2 ±70% (Lee et. al. 2021), scaled with 
demand; AIA model for km demand growth (~3.8% p.a.) & 

efficiency gain (accounts for next generation aircraft)
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Global impact of contrails is 
uncertain – could be quite a big 
problem or a very big problem
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Assumptions: Equilibrium climate sensitivity of 
0.80oC/(W/m2) (c.f. 0.86oC/Wm2, IPPC AR6). 2018 contrail 

ERF 57.4 mW/m2 ±70% (Lee et. al. 2021), scaled with 
demand; AIA model for km demand growth (~3.8% p.a.) & 

efficiency gain (accounts for next generation aircraft)



Operation Blue Skies
Eliminating the climate impact of contrails is a systems problem. Accelerating 
action requires several Airspace-Scale Living Labs to learn-by-doing.



Operation Blue Skies

Distribution: Several Labs (3-4) are required, strategically selected to represent diverse climate 
conditions, varying degrees of airspace congestion, and different regulatory landscapes
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Eliminating the climate impact of contrails is a systems problem. Accelerating 
action requires several Airspace-Scale Living Labs to learn-by-doing.



Operation Blue Skies

Scale: Each Lab must be at a scale that accurately replicates the real-world complexities of 
networks, air traffic control and aircraft proximity.
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Eliminating the climate impact of contrails is a systems problem. Accelerating 
action requires several Airspace-Scale Living Labs to learn-by-doing.



Operation Blue Skies
Eliminating the climate impact of contrails is a systems problem. Accelerating 
action requires several Airspace-Scale Living Labs to learn-by-doing.

Quality: Each Lab must be conducted in a way which ensures statistical significance, 
independent verification, and includes control aircraft
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Operation Blue Skies
Eliminating the climate impact of contrails is a systems problem. Accelerating 
action requires several Airspace-Scale Living Labs to learn-by-doing.

Review: A transparent review process must be set up for the Labs ranging from data sharing, 
peer review publications and oversight by independent non-governmental organisation.
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How Fast Can we Deploy Contrail Avoidance? 
The time required to deploy global contrail avoidance is highly uncertain. This 
uncertainty will only be reduced by undertaking Airspace-Scale Living Labs. 
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Scale-up of operations
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System change

Blue Sky Trials

Airspace-Scale Living Labs 
completed by 2030
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Outcome: Operation Blue Skies
The timeline to deploy contrail avoidance is highly uncertain. To ensure global 
operation by 2050, Airspace-Scale Living Labs must be completed by 2030.
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Outcome: Operation Blue Skies
The timeline to deploy contrail avoidance is highly uncertain. To ensure global 
operation by 2050, Airspace-Scale Living Labs must be completed by 2030.
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Latest global adoption 
around 2050 if satellite 
& systems change are 
substantial and policy 
and scale up complex.

2

Earliest global adoption 
around 2039 if satellite ^ 
systems change are 
minor and policy and 
scale up issues prove 
relatively simple,
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Myth #1: 
Aviation can 
only change 
slowly
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Joe Sutter 
appointed
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start 
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1967

Everett factory 
opens

January 22nd

1970

Entry-in-service, 
first flight,

PanAm London 
– New York

4 years 5 months
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Myth #2: 
Additional 
fuel burn 
might 
outweigh 
the benefits 
of contrail 
mitigation



What are the Risks of Delaying Action?
The highest warming impact of extra fuel burn is 100 – if not 1,000 – times 
smaller than the lowest savings made in contrail mitigation
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Relative to “business-as-usual” contrail 
avoidance could reduce temperatures 
at equilibrium by around 0.1oC in 
2050, a huge climate benefit
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What are the Risks of Delaying Action?
The highest warming impact of extra fuel burn is 100 – if not 1,000 – times 
smaller than the lowest savings made in contrail mitigation
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To navigationally avoid contrails, there is a small ‘fuel burn 
penalty’, at least against a (never realised) perfect flight. 
However, it’s too small to see on this scale.
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What are the Risks of Delaying Action?
The highest warming impact of extra fuel burn is 100 – if not 1,000 – times 
smaller than the lowest savings made in contrail mitigation
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2.0% fleet-averaged penalty

0.5% fleet-averaged penalty

1.0% fleet-averaged penalty

The transition to SAFs or carbon 
removals is reduces the penalty in 
later years, causing cumulative 
emissions to plateau in the 2050s
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What are the Risks of Delaying Action?
The highest warming impact of extra fuel burn is 100 – if not 1,000 – times 
smaller than the lowest savings made in contrail mitigation
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Warming cumulating from 
the fuel burn penalty is at 
least 100 times smaller than 
the saving made avoiding 
contrails – even if scheme 
are slow to scale and less 
effective than hoped
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What are the Challenges for Implementation?
There are four areas where focus is required to accelerate implementation: 
congestion, incentives, measuring contrail absence & operational changes

Incentivising 
Operators 2

Measuring the 
Absence of Contrails3

Operational
Changes4

Congested
Skies1 Permission for avoidance could be limited in busy airspace.

This could be alleviated by increased air traffic control capacity. 
1



What are the Challenges for Implementation?
There are four areas where focus is required to accelerate implementation: 
congestion, incentives, measuring contrail absence & operational changes

Incentivising 
Operators 2

Measuring the 
Absence of Contrails3

Operational
Changes4

Congested
Skies1 Although cost increases are modest (approximately 1% increase in 

ticket cost), they may deter action. This can be mitigated through 
regional or global incentivization schemes, or ANSP-led schemes.
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What are the Challenges for Implementation?
There are four areas where focus is required to accelerate implementation: 
congestion, incentives, measuring contrail absence & operational changes

Incentivising 
Operators 2

Measuring the 
Absence of Contrails3

Operational
Changes4

Congested
Skies1 It is difficult to determine whether a contrail would have formed if no 

avoidance had been taken. This could be alleviated by penalising the 
formation of contrails or measuring contrail forming airspace.
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What are the Challenges for Implementation?
There are four areas where focus is required to accelerate implementation: 
congestion, incentives, measuring contrail absence & operational changes

Incentivising 
Operators 2

Measuring the 
Absence of Contrails3

Operational
Changes4

Congested
Skies1 Contrail mitigation necessitates altering the behaviour of thousands 

of individuals and the systems they use. This will require both new 
systems and comprehensive retraining, and education for buy-in
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Myth #3: 
Contrails are 
too complex 
to solve
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