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Motivation 
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AEROPLANE project

https://www.sesarju.eu/projects/AEROPLANE 

https://www.sesarju.eu/projects/AEROPLANE


1. Take-off distance required – TODR.

2. Maximum take-off mass – MTOM.

3. Noise pollution. This work is underway and will not be 

discussed further here.
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Take-off performance study areas

Noise map of Berlin Tegel Airport, 
https://commons.wikimedia.org/wiki/File:L%C
3%A4rmkarte_Flughafen_Berlin-Tegel.png 

https://commons.wikimedia.org/wiki/File:L%C3%A4rmkarte_Flughafen_Berlin-Tegel.png
https://commons.wikimedia.org/wiki/File:L%C3%A4rmkarte_Flughafen_Berlin-Tegel.png
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Take-off distance calculation

• Python
• Jupyter notebooks
• openAP (www.openap.dev)
• Seaborn (https://seaborn.pydata.org/)
• Airbus A320
• Model adapted from Gratton et al., 2020, 

appendix 2.

http://www.openap.dev/
https://seaborn.pydata.org/
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Study sites
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Runway lengths

• The maximum runway length for a fully laden Airbus 
A320 in the figure below was calculated using the 
international standard atmosphere. 



• All climate model 

is freely available 

to download from 

the Earth System 

grid Federation 

(ESGF). 
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Climate 

model

results

https://en.wikipedia.org/wiki/Climate_model
#/media/File:Global_Climate_Model.png  

https://en.wikipedia.org/wiki/Climate_model#/media/File:Global_Climate_Model.png
https://en.wikipedia.org/wiki/Climate_model#/media/File:Global_Climate_Model.png
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• Example
model
data for
Heathrow
airport and 
the
UKESM1-0-LL
model. 

• All data shown 
in the 
remainder of 
this 
presentation is 
for (northern 
hemisphere!) 
summer, JJA.

Specific humidity

24h max temperature

24h min temperature

Surface air pressure

Daily mean temperature
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Definition of time periods used



11

Historical and projected TODRs

Mean values are 
increase by 
approximately 
50m but the 
range of values 
is large, almost 
200m in some 
cases.
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Distributions of TODR and daily

maximum temperature

• The increase in 
the median 
value 
temperature is 
– to a large 
extent – 
reflected in the 
increases in the 
TODR values.

• Note also however that the shapes of the distributions change 
significantly with warming, reflecting the changes to the 
distribution in, for example, extreme hot days in the future. 
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What about the air

pressure?

• Although the changes 
to air temperature are 
often what we tend to 
personally ‘notice’ on 
a given day, it is the 
air density which goes 
into the calculation.

• For a given 
temperature, 
variations in air 
pressure can account 
for changes of up to 
50m in TODR. 

density
pressure

temperature
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• The 99th percentile 
represents extreme high 
TODR values which occur 
(by definition) 1 day out of a 
100, or 1% of the time.

• For some airports, average 
values of up 50% are 
projected over the 30-year 
future periods considered.

• In other words, days with 
exceptional, 1/100-day 
conditions historically, may 
occur up to half the time in 
the future.

• This is likely to have 
significant impacts on 
runway maintenance 
procedures and will 
necessitate weight 
restrictions at airports with 
short runways.



• For airports with short runways, additional – compared to 
historical values –  values of weight restrictions of up to ≈10 
passengers equivalent per flight may need to be enforced in 
the future.
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Maximum take-off mass, MTOM
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Probability distributions of MTOM

• This shows the probability distribution 
function of individual days’ MTOM values, 
relative to the average historical value at 
each site.

1. The distribution 
changes shape 
significantly with 
large increases in 
the number of 
extreme hot 
days

2. Extreme values 
of passenger 
equivalent 
weight 
reductions may 
exceed 20 
passengers per 
flight by 2065.
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Open-access paper published today!



• We have used a take-off performance model to calculate summer take-off 

distance required for the Airbus A320 for:

• 30 European airports.

• 3 possible future emissions scenarios.

• 10 state-of-the-art climate models.

• Due to climate change, the magnitude and distribution of take-off distance 

required is projected to change significantly, even for comparatively small 

future warming, and although variability is large, extreme values may be up 

to ~100m larger in the future.

• Climatic conditions necessitating extreme (99th percentile) runway utilisation 

are expected to occur as much as half the time in the future.  

• Many airports have runways which are more than long enough to cope with 

this, but at least 4 of our study sites may have to reduce payloads by as 

much as much as ≈10 passengers per flight by 2065 compared to historical 

values. 21

Conclusions
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