
Cosmic Radiation on the Polar Routes 

Summary 
Cosmic radiation levels in the atmosphere vary with latitude, longitude, altitude, and 
solar activity.  Airplane crews and passengers are exposed to a higher level of radiation 
when they fly, accumulating radiation doses that depend primarily on the route taken and 
the altitude profile of the flight.  Flights on polar routes experience higher levels of 
cosmic radiation than equatorial routes.  Airplane crews flying exclusively on polar 
routes will receive about one-third of the average annual maximum dose established by 
the International Commission on Radiological Protection (ICRP).  This is similar to the 
radiation dose on routes such as Athens to New York, and does not pose a significant 
health risk. 

Discussion 

Radiation.  Radiation is transmitted through space in the form of electro-magnetic 
energy (photons) and charged particles. Ionizing radiation in the Earth’s atmosphere is 
composed of charged particles and photons from the sun (i.e., solar origin) and from 
outside the solar system (i.e., galactic origin).  Charged particles are captured in Earth’s 
magnetic field and form radiation belts around Earth.  

Latitude.  Generally, charged particles of solar and galactic origin enter Earth’s 
atmosphere at the poles, resulting in higher radiation levels at higher latitudes and lower 
radiation levels at lower latitudes.  Radiation levels reach a plateau and do not increase 
much more above approximately 55 deg. north or south latitude.  Thus, flights over the 
pole receive similar radiation doses as flights that avoid the pole by following the 55 deg. 
latitude line.  If flying over the pole decreases the flight time, a lower radiation dose can 
be expected because of the decreased exposure time. 

Altitude.  The charged particles entering Earth’s atmosphere collide with air molecules 
and form secondary particles that lose energy with further collisions and are attenuated as 
they travel down to sea level.  Going from the top of the atmosphere down to sea level, 
the particle flux initially increases with the formation of secondary particles and reaches a 
maximum at about 65,000 ft. The particle flux then decreases down to sea level.  Below 
about 65,000 ft, radiation dose equivalent rates generally decrease to that of sea level. 
Flights at higher altitudes are exposed to more cosmic radiation than lower flights. 

Solar activity. Solar activity refers to the appearance of sunspots on the surface of the 
sun.  Solar activity is periodic and has an average cycle time of 11 years.  Sunspots are 
associated with intense magnetic fields at the surface of the sun.  During high solar 
activity, the solar wind, which is made up of charged particles (i.e., protons, electrons, 
and heavier ionized atoms), increases in strength.  This causes a decrease in the galactic 
cosmic ray flux arriving at Earth.  Atmospheric radiation levels are about 10 percent 
lower during the years when solar activity is higher. 

Solar Flares.  On infrequent occasions, large solar flares may cause substantial increases 
in ionizing radiation level at high altitudes.  During solar flare events, which last from a 
few minutes to some hours, radiation levels in the atmosphere may increase significantly.  
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US Federal Aviation Administration document DOT/FAA/AM-92/2, Radiation Exposure 
of Air Carrier Cewmembers II, contains more information on solar flares.   

Some operators use the following web sites for solar activity and cosmic radiation 
information: 

http://www.sec.noaa.gov/SWN/, and 
http://www.hard-core-dx.com/solar/solarindex.shtml 

Health effects.  There are no regulatory limits for crew or passenger doses in the United 
States. However, by way of comparison, the annual dose received by a crewmember from 
cosmic radiation is several times greater than what a member of the general public is 
allowed from manmade sources.  The FAA has estimated the radiation dose to airplane 
crews for flights between several city pairs and the associated risk of developing fatal 
cancer from the radiation received (table1). 
 

Table 1. 
Radiation Doses  

 
Avg.**En Route 

Altitude (feet) 
City  Pair µSv  per       

100 hours 
mSv  per    700 

hours 
33,000 Denver-Minn. 330 2.3 
35,000 LA-Tokyo 450 3.15 
37,000 Minn.-NY 520 3.64 
40,000 Athens-NY 930 6.51 

 
*From FAA estimates; Friedberg et al       
* *Time Averaged.      
** *For 30 years of flying at 700 block hours per year. 

Airplane crews may experience radiation doses of up to 7 millisieverts (mSv) per year if 
they fly exclusively on polar routes, which is comparable to existing long-range flights 
like Athens to New York.  The International Commission on Radiological Protection 
(ICRP) set a limit for radiation workers at an effective dose of 100 mSv in a consecutive 
five-year period.  This amounts to an average of 20 mSv per year. Therefore, airplane 
crews will receive only about one-third of the average annual maximum dose established 
by the ICRP.  For the public, the limit is an effective dose of 1 mSv per year.  In most 
areas of the world, the background radiation level at sea level is about 1 mSv per year, 
mainly from radiation in rocks and soil and cosmic radiation.   

Conclusions  
Airplane crews flying exclusively on polar routes will receive a radiation dose similar to 
those experienced by crews flying routes such as Athens to New York.  The cosmic 
radiation dose will be about one-third of the average annual maximum dose established 
for radiation workers by ICRP and does not pose a significant health risk. 

While no practical means exist to limit cosmic radiation levels during flight on board 
airplanes, airlines should develop operational procedure for addressing the infrequent 
solar flare that can significantly increase radiation levels.   Special precautions should 
also be in place to limit radiation doses for pregnant crewmembers. 


