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Global Hawk Flights are 

Polar and Equatorial

NAS Flight Summary

• 13 Flights

• 310 Hours

• ~100,000 nmi

2 Certificates of Authorization

• Pacific-Alaska-Arctic

• Western Atlantic-

Caribbean-

Gulf of Mexico

EAFB
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Global Hawk Space Weather 

Concerns

• Developed by the GLOPAC and GRIP 

mission teams

• With assistance from Dr. Hal Maring

• Good start but addresses only Global Hawk

• What about other platforms and Crew?



Support of the Evaluation of Single Event Upset (SEU) Risk in the Global Hawk UAS from 

Increased Neutron Flux at High Latitudes

22 April 2010

Dr. David Fahey (NOAA/ESRL) and Dr. Paul Newman (NASA/GSFC),    

GloPac Project Scientists

Dr. Hal Maring (NASA/HQ), Radiation Sciences Program Manager

by

Background: In the GloPac Arctic Flight Tech Brief (20 April 2010) for 

the GloPac Arctic flight, additional risk was included for an SEU failure of 

the Global Hawk IMMC at high latitudes (up to 85°N).  The analysis was 

based, in part, on the latitude dependence of the cosmic-ray neutron flux 

as analyzed by Normand and Baker and presented on Slide #11 of the 

Tech Brief (see next slide).

Objective: Evaluate the representativeness of the Normand and Baker 

results for neutron fluxes that are likely to be encountered during the Arctic 

flight at solar minimum conditions in April 2010 (See Appendix B).  
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Neutron flux dependence on latitude from Normand and Baker

(Slide #11 in Tech Brief)

2.6%

70°
N

• Flux values are based on measurements from a few balloon 

and aircraft flights.

• Changes in flux values are small above 70°N (~ 2.6%)

• Solar conditions and altitudes of the measurements are 

not stated.

• No uncertainties are stated for these published values.

Figure 2b.



Calculations of the latitude dependence of neutron flux

• Flux values are normalized to the value at 

90°latitude. 

• The variation in latitude gradient is less than 

10% between solar min and max.  

•  Normand and Baker results (Fig. 2) match the 

latitude dependence at solar maximum.

• No change in flux occurs above 70°N.

(www.seutest.com calculations represent the most current scientific understanding 

of the dependences of neutron flux on altitude, latitude, and solar cycle.)

Neutron flux normalized to 90°N Neutron flux relative to NYC

• Flux values are referenced to the value 

measured in New York City at the surface.  

• The flux changes by a factor of 1.6 between 

solar minimum and solar maximum.  

• No change in flux occurs above 70°N.
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http://www.seutest.com
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• Flux values are based on measurements from a few balloon 

and aircraft flights.

• Changes in flux values are small above 55 kft.

• Solar conditions and latitudes of the measurements are 

not stated. 

• No uncertainties are stated for these published values.

Neutron flux dependence on altitude from Normand and Baker

Figure 2a.
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Calculations of the altitude dependence of neutron flux

• Flux values at Global Hawk cruise increase with altitude below 70 kft at all 

latitudes.

• Solar cycle variations in flux at Global Hawk cruise altitudes are less than 

a factor of 2.

• Normand and Baker altitude dependence matches the 30-40°N results.



Conclusions

1) The Normand and Baker relative latitude dependence (equator to pole) matches flux 

calculations for solar maximum conditions.  The latitude dependence of neutron flux 

varies about 10% between solar minimum and solar maximum.

2) The Normand and Baker absolute value of neutron flux at high latitudes (60 - 90°N) is 

consistent (within ±70%) with the most current neutron flux estimates based on the 

calculated variation between solar minimum and maximum conditions.

3) The combination of these factors (10% + 70%) represent our best estimate of the 

uncertainty in the Normand and Baker results for representing neutron flux at high 

latitudes during the Arctic flight.

4) Neutron fluxes in the Normand and Baker results and from the seutest.com calculations 

show small latitude dependences above 60°N latitude. 

5) In the altitude profiles at all latitudes above 30°N, the maximum flux value occurs above 

Global Hawk cruise altitudes (55-65 kft).
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Appendix A: Neutron Flux Calculator: www. seutest.com



15

Appendix A: Neutron Flux Calculator: www. seutest.com



http://neutronm.bartol.udel.edu/
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Appendix B:  Solar cycle sunspot and neutron flux time series

Neutron flux peaks in solar minimum.  The variation at the surface is ±7%.  The variation at 

60000 ft is a factor of ~ 1.6.  The solar cycle is at a minimum in April 2010.





IKHANA
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Western States Fire Missions 2007

WSFM 1     Aug. 16

4 Fires, 1400 nm, 9.5 hrs

WSFM 2    Aug. 29 – 30

7 Fires, 2500 nm, 16.1 hrs

WSFM 3    Sept. 7 – 8

12 Fires, 3200 nm, 20.0 hrs

WSFM 4    Sept. 27

BAER, 3 Fires, 1800 nm, 

9.9 hrs



IKHANA
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WSFM Achievements 

Flight 

Date

Flight

Duration 

Fires 

Flown

Mileage 

NM

WSFM 1 16 Aug 9.5 hrs 4 1400

WSFM 2 29 Aug 16.1 5 2500

WSFM 3 7 Sept 20 11 3200

WSFM 4 27 Sept 9.9 4 1800

WSFM 5 24 Oct 9 9 ~1350

WSFM 6 25 Oct 8.7 8 ~1350

WSFM 7 26 Oct 7.8 8 ~1350

WSFM 8 28 Oct 7.1 11 ~1350



UAV components



Southern Greenland 

Routes
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Each 

Route is 

approx 

same 

distance

Red 

Line is 

65° N 

Line



Greenland Perimeter 

Routes
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Each 

Route is 

approx 

same 

distance

Pink 

Line is 

the 65º N 

Line

All 

Flights 

are out of 

Kanger









SOFIA

high altitude + Latitude & Equatorial









Potential for study

• Dosimeters could be installed in DFRC 

flight assets to baseline studies

• Develop strategies for altitude changes to 

minimize radiation exposure to crew/aircraft 

during solar events

• Model space weather along a route and 

verify results against modeling to refine and 

improve the model.

• Develop modeling for typical GA and airline 

routings (possible FAA nexgen inclusion)



Sensitivities at DFRC in 

Space Weather
• Radiated pilots may be identified as 

employable due to documented exposures

• U.S. Airlines do not want info released to 

their flightcrew’s lawyers fear of lawsuits

• May be viewed as a potential project killer 

if radiation is observed and documented 

as a normal part of flight operations 

(crewmembers and scientists refuse to fly 

mission based on space weather etc.)



Questions?


