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Abstract 

Analyzing the effects of space weather on aviation is a new and developing topic. 

It has been commonly accepted that the flight time of the polar flights may increase 

during solar proton events because the flights have to change their route to avoid the 

high-energy particles. However, apart from such phenomenon, researches related to the 

flight time during space weather events is very rare. Based on the analyses of 39 

representative international air routes around westerlies, it is found that 97.44% 

(94.87%) of the commercial airplanes on the westbound (eastbound) air routes reveal 

shorter (longer) flight time during solar proton events compared to those during quiet 

periods, and the averaged magnitude of change in flight time is ~10 min or 0.21%-4.17% 

of the total flight durations. Comparative investigations reassure the certainty of such 

phenomenon that the directional differences in flight time are still incontrovertible 

regardless of over-land routes (China-Europe) or over-sea routes (China-Western 

America). Further analyses suggest that the solar proton events associated atmospheric 

heating will change the flight durations by weakening certain atmospheric circulations, 

such as the polar jet stream. While the polar jet stream will not be obviously altered 

during solar flares so that the directional differences in flight time are not found. 

Besides the conventional space weather effects already known, this paper is the first 

report that indicates a distinct new scenario of how the solar proton events affect flight 

time. These analyses are also important for aviation since our discoveries could help 

the airways optimize the air routes to save passenger time costs, reduce fuel costs and 

even contribute to the global warming issues.  
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Introduction 

Space weather refers to conditions on the sun and in the solar wind, magnetosphere, 
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and ionosphere that can influence the performance and reliability of space-borne and 

ground-based technological systems1,2. Space weather also has very important impacts 

on human society including communications, navigation, and electric power grids3. In 

recent years, the relationships between space weather and aviation become new and 

developing research hotspots, and researching the impacts of space weather on the 

aviation industry has attracted more and more scholars and international communities4-

7. Solar proton events (SPEs) and solar flares are two typical space weather events. 

SPEs are very high-energy protons coming from the sun which are commonly believed 

to have greater influences on the higher latitudes, since the high-energy protons will be 

deflected by the geomagnetic field8,9. While solar flares behave as increased 

electromagnetic radiations directly propagating to the Earth, and their influences are 

generally regarded to concentrated at the lower latitudes10,11.  

The impacts of space SPEs on flight times have been mentioned in some 

literature12,13. It is widely known that SPEs associated ionizing radiation and single-

event error at conventional cruising altitude could be harmful to persons and electronics 
14,15. Hence, for safety concerns, some polar flights have to change their original routes 

to avoid such effects and the flight time will increase 16,17 . Solar flares have also been 

demonstrated to be able to cause flight delays6,7,18 but no one knows whether they can 

affect flight time.  

Actually, the impacts of SPEs on Earth are not confined to the above referred 

effects. Many existing studies have suggested that SPEs can result in warming at high 

latitudes19-21, which will weaken the meridional temperature gradient and change the 

meridional pressure gradient, and accordingly, the zonal wind will slow down and the 

polar jet stream could be weakened 22-24. Meanwhile, the polar jet stream is very 

important for aviation since it can affect airplanes at cruise altitudes to increase 

(headwind) or decrease (downwind) the flight time25-27. Such effects are aviation 

general knowledge and many eastbound flights usually have shorter flight time than the 

westbound flights on the same route. Therefore, we believe that the underlying 

mechanism of how SPEs influence the flight time could beyond the conventional 

understandings12,13. To reveal such a new scenario, 39 representative international air 

routes around westerlies are selected to investigate the flight time of commercial 

airplanes during SPEs and solar flares. It is found that most of the airplanes reveal 

systematically changes in flight time during SPEs compared to those during quiet 

periods, while such phenomenon is not seen during solar flares. 

 

Data and Methods 

The flight data used in the analyses is provided by Travelsky Mobile Technology 

Limited, an affiliated company of Civil Aviation Administration of China. The intact 

flight data is only available from 2015, and to avoid the impacts of covid-19 on aviation, 

the data after 2020 is not used. Finally, detailed flight data from January 1st, 2015 to 

December 31th, 2019 is used in the statistics. Since the flight time is thought to be 

related to the polar jet stream, to reveal the impacts of SPEs and solar flares on flight 

times more clearly, the selection of air routes has to meet some requirements. First of 

all, the air routes should near the polar jet stream so they can be affected by it. In 
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addition, the air routes should not be too short or the influences of polar jet stream will 

be negligible. Last but not least, the selected air routes should contain enough flight 

records to ensure the credibility of statistical results. Finally, as seen in fig.1, 39 

representative international air routes are selected and each of them contains more than 

1,000 flight records. 

SPE list are obtained from the National Oceanic and Atmospheric Administration 

(NOAA) Space Weather Prediction Center28. Since the SPEs usually last 2-3 days29, the 

SPE-affected periods are defined from the beginning of the event to the next 72 hours. 

The solar flare events are also mainly obtained from NOAA website 30, and we also use 

the soft X-ray data from GOES satellites to complement the unlisted events. Only M-

class and X-class solar flare events that are not disturbed by other space weather events 

(e.g., Coronal Mass Ejections, SPEs) are used. The durations of all solar flare events 

are set to 24 hours to avoid the interference of the 24-hour intrinsic period of flight 

operation6,7. Meanwhile, we define the quiet periods as the entire days (from 00:00 to 

24:00) when there are no space weather events6,7. Finally, 52 solar flare events and 8 

SPEs are selected from January 1, 2015 to December 30, 2019, and the total number of 

the related individual flight records is 8,323,984.  

The polar jet stream is not fixed on Earth but varies with seasons, climate and other 

factors31, and the flights on the 39 selected air routes will not be affected all the time 

during their voyages. Hence, to have more intensive and comprehensive understandings 

to the flight time on the selected air routes, we would like to classify the 39 routes into 

two groups: 27 over-land routes (group 1: China-Europe) and 12 over-sea routes (group 

2: China-Western America). Such comparative classification could help eliminate other 

confounding factors as much as possible. For all of the 39 selected air routes, the 

‘Westbound’ used here means all the flights flying from Western America to China and 

from China to Europe whose voyages will mainly against the polar jet stream, while 

‘Eastbound’ on the contrary. 

 
Fig. 1 The typical trajectories of the 39 selected air routes and the approximate location of the 

polar jet stream. The information of the air routes are obtained from FlightAware32, while the 

uncertain routes (or no route data) are shown in dashed lines. 
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Results  

The polar jet stream around westerlies plays an important role in commercial 

aircraft operations because it could create strong headwinds or tailwinds over busy mid-

latitude air routes and influence the flight time of commercial flights26. While it is 

inferred that polar jet stream will be weakened during SPEs21-23,33 so that the flight time 

during SPEs will be altered. First and foremost, the flight time of the 39 air routes 

during SPEs and quiet periods are analyzed. As seen in fig.2, compared to the quiet 

periods, flights on 38 out of 39 westbound air routes, flying mainly against the polar jet 

stream, show decreased flight time during SPEs. While on the contrary, flights on 37 

out of 39 eastbound air routes reveal increased flight time. To reassure the certainty of 

such phenomenon, 27 over-land routes and 12 over-sea routes are investigated 

respectively, and the results are still the same. The directional differences in flight time 

are so obvious and ubiquitous that such phenomena suggest that there should be overall 

intrinsic relationships exist between the flights and SPEs but not just statistical anomaly.  

 

Fig. 2 Flight time changes of over-land routes (left), over-sea routes (middle) and all routes (right) 

during SPEs compared to those during quiet periods. The numbers of the routes and their 

percentage are marked on the percent bar graph. Red (green) color represents that the flight time 

during SPEs is longer (shorter) than those during quiet periods. Westbound (Eastbound) represents 

the flights flying mainly against (follow) the polar jet stream. 

 

Although the overall results of the directional differences in flight time shown in 

Fig.2 seem incontrovertible, it is still wondered whether such effect is substantial or 

caused by some outliers on a certain air route. It is revealed in Fig.3 (a) that the 

distribution of flight time on a westbound route (PVG to CDG) during SPEs 

systematically shifts to the left as a whole compared to those during quiet periods. This 

result means that the flight time during SPEs will generally decrease, and the averaged 

flight time difference is ~10.69 min. Such systematical changes in flight time can also 
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be verified in Fig.3 (b) which displays an eastbound route (MUC to PEK) with a ~13.29 

min averaged time difference. Moreover, Fig.3 (c) and Fig.3 (d) provide the histograms 

of flight time difference between those during SPEs and quiet periods for all westbound 

and eastbound flights. One can see that the flight time difference ranges from  -25 min 

to 10 min for westbound flights (-5 min to 30 min for eastbound flights), or 0.21%-

4.17% of the total flight durations. These results not only consist of the previous 

statistics but also prove the systematical modulating effects of SPEs. Moreover, they 

could imply that the decreased (increased) flight time during SPEs would be closely 

related to the decreased headwind (tailwind) effect resulting from the weakening of the 

polar jet stream.  

 

Fig. 3 (a) Distribution of flight time on a westbound route (PVG to CDG) during SPEs (red) 

and quiet periods (black); (b) Distribution of flight time on an eastbound route (MUC to PEK) 

during SPEs and quiet periods; (c) Histogram of flight time difference between those during SPEs 

and quiet periods for all westbound flights. (d) Histogram of flight time difference between those 

during SPEs and quiet periods for all eastbound flights. 

 

Discussions and Conclusions 

As stated in the introduction, it has long been known that the SPEs associated 

ionizing radiations or single-event error will force some polar flights to change their 

routes so that the flight time will increase. However, in addition to such safety concerns, 

our presented results reveal a brand new and very interesting scenario of how SPEs can 

affect flight time. Actually, the relevant investigations on the warming effects of SPEs 

and how the meridional temperature gradients would affect polar jet stream have been 

revealed for years 21,33-35, while the direct relationship between SPEs and  polar jet 

stream has not been revealed. Most importantly, no one has realized the possibility that 

SPEs can influence flight time by altering the atmospheric circulations.  

It is inferred that when SPEs reach Earth, the geomagnetic field will deflect some 

high-energy particles to high latitudes and particle precipitation will occur36. Many 

simulations33,37 and observations 38,39 both suggest that particle precipitation will heat 

the atmosphere and warm the Eurasia and North American. In particular, some extreme 

SPEs, as those during Carrington Event, could even lead the surface temperature 
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warming up to 7K in Europe and Russia21. While the difference in temperature between 

the equator region and polar region is crucial for the polar jet stream. The meridional 

temperature gradients and pressure gradients will be weakened due to the temperature 

rise at high latitudes, so that the zonal wind will be slowed down and the polar jet stream 

will be weakened in mid-latitude31,34. Such phenomenon can be observed not only in 

winter when the equatorial to polar meridional temperature gradient is large, but also 

in summer when the temperature gradient is relatively small40. In such cases, the 

airplanes flying westbound (eastbound) will encounter weaker (stronger) air resistance 

and the flight time would probably decrease (increase).  

Since the space weather events associated magnetospheric-ionospheric 

disturbances can also have remarkable influences on aviation6,7. It is still necessary to 

confirm if the changes in flight time are caused by the conventional space weather 

effects. Therefore, similar statistics are carried out by using the solar flare events instead. 

While the significant directional differences in flight time during solar flares should not 

be expected, because the solar flares are electromagnetic radiations which will not heat 

the polar region to weaken the meridional temperature gradients so that the weakened 

polar jet stream will not occur. The final results can be seen in Fig. 4, it is shown that 

more than half of the flights will increase their flight time regardless of westbound or 

eastbound. However, the directional differences in flight time during solar flares is 

completely absent. In another way, such results also imply that the SPEs caused 

directional differences in flight time are not resulted from the conventional space 

weather effects.  

 
Fig. 4 Flight time changes of over-land routes(left), over-sea routes(middle) and all routes (right) 

during solar flares compared to those during quiet periods. The numbers of the routes and their 

percentage are marked on the percent bar graph. Red (green) color represents that the flight time 

during solar flares is longer (shorter) than those during quiet periods. Westbound (Eastbound) 

represents the flights flying mainly against (follow) the polar jet stream. 

 

To summarize, the effects of space weather on Earth could go far beyond human 

understandings. By analyzing 39 representative international air routes around 
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westerlies, an interesting phenomenon about the directional differences in flight time is 

first revealed during SPEs. Compared to those during quiet periods, our investigations 

show that most of the flights on the westbound (eastbound) air routes reveal shorter 

(longer) flight time during SPEs, and the averaged magnitude of change in flight time 

is ~10 min or 0.21%-4.17% of the total flight durations. Such directional difference is 

obvious and ubiquitous regardless of over-land routes or over-sea routes. The intrinsic 

relationships between the flight time and SPEs is discussed that the SPEs associated 

polar heating will weaken the meridional temperature gradients to slow down the polar 

jet stream so that alter the flight time. While comparative analyses of solar flare related 

flights are also carried out and the directional differences are not shown. These results 

expand our understandings to conventional space weather effects, and the related 

analyses are also important for aviation since these discoveries could help optimize the 

air routes to save passenger time costs, reduce fuel costs and even contribute to the 

global warming issues.  
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