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Motivation
• Medium Earth Orbit (MEO) is becoming increasingly important

- GPS, Galileo
- O3B (16 satellites) in an equatorial orbit at 8000 km 
- Electric orbit raising

• Modern satellites expected to 
have a lifetime of about 20 years

- Need to understand the MEO
environment

• No data set at MEO covers this 
length of time 

• Reconstructing 30 years provides
a resource for designers, 
operators and insurers



BAS Radiation Belt Model
Diffusion equation for the drift averaged phase-space density (psd)
Includes: 

• Radial transport
• Loss to the atmosphere and magnetopause
• Wave-particle interactions

₋ Upper and lower band chorus
₋ Plasmaspheric hiss
₋ Lightning-generated whistlers 
₋ EMIC waves

Driven by Kp index, solar wind speed, Bz
and boundary conditions
Provides flux spectrum at all equatorial pitch-
angles for a range of L*
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Glauert et al. [2014 a, b]
Horne et al. [2013]
Meredith et al. [2014]
Kersten et al. [2014]

f = psd α = equatorial pitch-angle 
E = energy              L =  L* τ = loss timescale
µ, J = 1st & 2nd invariant



Model boundaries
• Maximum and minimum pitch-angle: ∂f/∂α = 0    at α = 0o , 90o

• Maximum energy: f = 0 at Emax= 50 MeV at Lmax
• Inner L*: f = statistical model from CRRES data at Lmin = 2

• Outer L*: Lmax = GEO
- Need at data set for whole 30 years
- GOES >2 MeV electron flux (EPS, 5 minute resolution)

• Minimum energy: Emin = 100 keV at Lmax
- Have a profile of f(L*) at Emin
- Scale to match outer boundary at Lmax



Validation

• Galileo In-Orbit Validation Element-B (GIOVE-B)
- Inclination ~56o, period ~14 hours, altitude 23,200 km
- ~4.2 < L* < ~8.8  
- ~4 years of data (May 2008 – July 2012)
- Standard Radiation Environment Monitor (SREM), [Evans et al.,2008]

• Correlation coefficients 0.72 – 0.88
• Skill scores  0.6 – 0.8

Glauert et al., Space Weather, 2018

Image: ESA



30 years in the radiation belts (1986 – 2016)
GEO

Slot
Inner

belt



30 years in the radiation belts (1986 – 2016)
GEO

Slot
Inner

belt



Short term variability

Hallowe’en 
storms

Bastille
Day storm                                          

Max. GOES >2MeV flux 
Galaxy 10R

800 keV flux (cm-2s-1sr-1keV-1)

2 MeV flux (cm-2s-1sr-1keV-1)



Long term variability
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“Electron desert”



The ‘impenetrable barrier’
• 2 MeV electrons don’t penetrate inside L*=2.8 - Baker et al., 2014

- 1 September 2012 – 1 May 2014
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Decay time

Flux can remain elevated for weeks

2 MeV



Spectra at L* = 4.6
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Spectra at L* = 4.6
Maximum 1 MeV flux occurs on 2 August 2004

Flux

cm-2s-1sr-1keV-1



Extreme fluxes at L*=4.6

• Spectrum with highest 
1 MeV flux in 30 years

• Independent analysis
- Meredith et al. (2017)
- Extreme value analysis
- Data from IREM on 

INTEGRAL



Conclusions
• Radiation belts are highly variable on short and long timescales

- Highest fluxes are associated with the declining phase in the whole outer belt

• ‘Impenetrable barrier’ is a feature of the time it was observed
• Slot region has been benign recently – not always true

- High fluxes can persist for weeks

• Maximum 1 MeV flux at L*=4.6 on 2 August 2004
- Agrees well with maximum flux from Meredith et al. (2017)



Thank you

Acknowledgements
• The Spacestorm project was funded by the European Union Seventh Framework 

Programme (FP7/2007-2013) under grant agreement no 606716
• This research was funded in part by the Natural Environment Research Council 

(NERC) Highlight Topic Grant #NE/P01738X/1 (Rad-Sat). 


	30 years in the Earth’s Radiation Belts
	Motivation
	BAS Radiation Belt Model
	Model boundaries
	Validation
	30 years in the radiation belts (1986 – 2016)
	30 years in the radiation belts (1986 – 2016)
	Short term variability
	Long term variability
	Long term variability
	Long term variability
	Long term variability
	The ‘impenetrable barrier’
	The ‘impenetrable barrier’
	Slot region
	Slot region
	Decay time
	Spectra at L* = 4.6
	Spectra at L* = 4.6
	Spectra at L* = 4.6
	Extreme fluxes at L*=4.6
	Conclusions
	Thank you

