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Figure S1. 1,000 explored trajectories (black lines) between JFK and MUC as longitude vs altitude (top) and as

location (bottom), including time-optimal flight trajectories (red and blue lines). (a) The eastbound flight from

JFK to MUC. (b) The westbound flight from MUC to JFK.
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Figure S2. 1,000 explored trajectories (black lines) between SEA and AMS as longitude vs altitude (top) and as

location (bottom), including time-optimal flight trajectories (red and blue lines). (a) The eastbound flight from

SEA to AMS. (b) The westbound flight from AMS to SEA.
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Figure S3. Comparison of trajectories for the time-optimal (red and blue lines) and the great circle cases (black

lines) between JFK and MUC. The contours show the zonal wind speed (u); arrows (black) show the wind speed

(
√
u2 + v2) and direction. (a) The eastbound flight from JFK to MUC with the wind field at h= 8,841 m at

01:30:00 UTC. (b) The westbound flight from MUC to JFK with the wind field at h= 8,839 m at 14:27:00

UTC.

Flight direction

SEA

AMS

(a)

Flight direction

AMS

SEA

(b)

Figure S4. Comparison of trajectories for the time-optimal (red and blue lines) and the great circle cases (black

lines) between SEA and AMS. The contours show the zonal wind speed (u); arrows (black) show the wind

speed (
√
u2 + v2) and direction. (a) The eastbound flight from SEA to AMS with the wind field at h= 10,829

m at 21:05:00 UTC. (b) The westbound flight from AMS to SEA with the wind field at h= 9,311m at 12:30:00

UTC.
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Figure S5. Altitude distributions of the true air speed VTAS (a and b) and the tail wind indicator

Vground/VTAS (c and d) along the time-optimal flight trajectories (black line) between JFK and MUC. Note,

(Vground/VTAS)≥ 1.0 means tail winds (TW, red), while (Vground/VTAS)< 1.0 means head winds (HW,

blue) to the flight direction. The contours were obtained at the departure time: 01:30:00 UTC (eastbound, a and

c); 14:27:00 UTC (westbound, b and d).
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Figure S6. Altitude distributions of the true air speed VTAS (a and b) and the tail wind indicator

Vground/VTAS (c and d) along the time-optimal flight trajectories (black line) between SEA and AMS. Note,

(Vground/VTAS)≥ 1.0 means tail winds (TW, red), while (Vground/VTAS)< 1.0 means head winds (HW,

blue) to the flight direction. The contours were obtained at the departure time: 21:05:00 UTC (eastbound, a and

c); 12:30:00 UTC (westbound, b and d).
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Figure S7. Values of the ground speed Vground at waypoints for the time-optimal and the great circle flights.

Linear fits of the time-optimal (solid line, red (eastbound) and blue (westbound)) and that of the great circle

cases (dashed line, red (eastbound) and blue (westbound)) are included. VTAS of the international standard

atmosphere (ISA) is given (solid line, black) provided by the BADA atmosphere table (Eurocontrol, 2010).
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(a)

(b)

(c)

Figure S8. Comparison of the fuel use (a), NOx (b) and H2O (c) emissions for individual flights. A symbol

indicates the value for one airport pair, corresponding to the time-optimal and the great circle flight. If the value

for the time-optimal flight is the same as that of the great circle flight, the symbol lies on the 1:1 solid line.
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