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A two-way interaction



Rising sea levels and 
storm surges threaten 

coastal airports 

Warmer air 
imposes take-off 

weight restrictions

Shifting wind patterns 
modify optimal flight 

routes and fuel 
consumption

Stronger jet-stream 
wind shears increase 
clear-air turbulence

More extreme 
weather causes 
disruptions and 

delays

Possible impacts

Puempel & Williams (2016) 
ICAO Environmental Report
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Lee et al. (2008)

Zonal-mean 

temperature 

change

(2xCO2 – CTRL)

in four climate 

models

y

T

z

u












CMIP3 

ensemble-mean 

zonal-mean 

zonal wind in 

winter

C21 – C20

(0.25 m/s 

contours)

C20

(10 m/s 

contours)

Delcambre et al. 
(2008)

Pacific Atlanticy

T

z

u












Williams (2016)

Average tailwind / headwind increases by 14.8% from 21.4 to 24.6 m s−1
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How do winds affect flight times?

100 mph

Without winds:

• Eastbound groundspeed: 500 mph

• Westbound groundspeed: 500 mph

• Average groundspeed: 500 mph

With winds:

• Eastbound groundspeed: 600 mph

• Westbound groundspeed: 400 mph

• Average groundspeed: 480 mph (!)

500 mph
JFK LHR
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Zermelo (1930), Levi-Civita (1931), Arrow (1949)

Flight routing equations
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Flight routing equations
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Fastest flight paths
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Flight times in a changing climate

Likelihood of taking under 5 h 20 min 

more than doubles from 3.5% to 8.1%
Likelihood of taking over 7 h 00 min 

nearly doubles from 8.6% to 15.3%







Discussion points

Williams (2016)

• Have these changes already begun?

– The North Atlantic jet stream wind speeds reached 250 mph on 

8-12 January 2015

– An eastbound JFK→LHR crossing took only 5 h 16 min, which is 

the current non-Concorde record

– Westbound LHR→JFK crossings took so long that two flights had to 

make unscheduled refuelling stops in Maine

• Extrapolation to all transatlantic traffic (600 crossings per day) 

suggests that aircraft will collectively be:

– airborne for an extra 2,000 hours each year

– burning an extra 7.2 million gallons of jet fuel at a cost of $22 million

– emitting an extra 70 million kg of CO2 into the atmosphere, equating 

to 7,100 British homes
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Questions?


