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Global electric circuit!
The	GEC	resembles	a	spherical	capacitor.	

Is	negatively	charged	during	fair	weather	in	the	ground.	Positive	charge	is	found	
not	on	the	second	conductor	but	distributed	in	the	air	between	the	ground	and	

the	ionosphere	(most	of	the	charge	is	near	the	ground).			
	

A	weak	current	flows	from	the	ionosphere	to	the	ground.	
	

[	Wood,,	2017]	

ionosphere !

ground!



Main sources of IR. !
Connection with GEC.!

	
	

A	representation	of	the	major	physical	mechanisms	that	drive	the	electrical	processes	by	Lucas	[2010]	

Conductivity	(σ)	in	the	boundary		
layer	affect	on	the	whole	GEC	

(series	connection)	



CCM SOCOL!
ü  Is	a	combination	of	a	modified	version	of	the	MA-ECHAM4	and	

the	CTM.	

ü  39	levels	in	a	hybrid	sigma-pressure	coordinate	system	
spanning	the	model	atmosphere	from	the	surface	to	0.01	hPa	
(≈80	km).		

ü  A	geographical	grid	spacing	of	about	3.75◦.		

ü  41	chemical	species	of	the	oxygen,	hydrogen,	nitrogen,	carbon,	
chlorine	and	bromine	groups,	which	are	determined	by	118	
gas-phase	reactions,	33	photolysis	reactions	and	16	
heterogeneous	reactions	in/on	aqueous	sulphuric	acid	
aerosols,	water	ice	and	nitric	acid	trihydrate	(NAT).		

	
				[M.	Schraner	et	al.,	2008].!



IR in boundary layer  !
IR!

IR!

Zonal	average	vertical	distribution	of	RN-222	

High	radon-related	IR	caused		
by	a	strong	and	stable	source		

of	Rn-222	emission.		

GCR	ionization	rates	are		
higher	over	the	polar	areas		

with	the	reduced	geomagnetic		
shielding.		



Conductivity and current!
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Figure 2. Map of the vertical current density distribution for the quiet scenario (GCR + Rn222 only)    
 
 

 
Figure 3. Map of the vertical current density distribution for the extreme scenario (GCR + Rn222 and the 
extreme SPE).   
 
Therefore, the simulation implies that the atmospheric vertical current can be dramatically enhanced during 
an extreme solar event, particularly in high-elevated polar regions (Greenland and Antarctica). We note that 
only the effect of the increased ionization rate due to solar energetic particles is considered here, while other 
effects, such as the influence of a geomagnetic storm on the ionospheric potential, were neglected. Studies 
of the atmospheric and climatic impacts of this enhanced current lie beyond the scope of this STSM and will 
be performed later. 
 
 
 

 

The	increase	in	ionization	toward		
the	geomagnetic	poles	results	in		
an	increase	in	conductivity	toward		

high	geographic	latitudes.		
!
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Figure 3. Map of the vertical current density distribution for the extreme scenario (GCR + Rn222 and the 
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Therefore, the simulation implies that the atmospheric vertical current can be dramatically enhanced during 
an extreme solar event, particularly in high-elevated polar regions (Greenland and Antarctica). We note that 
only the effect of the increased ionization rate due to solar energetic particles is considered here, while other 
effects, such as the influence of a geomagnetic storm on the ionospheric potential, were neglected. Studies 
of the atmospheric and climatic impacts of this enhanced current lie beyond the scope of this STSM and will 
be performed later. 
 
 
 

 

σ	=	n×e×(μ+	+	μ−)	
Rc=	Σσi-1	dzi		

The	atmospheric	current	density	is	affected	by:		
ü  	the	geomagnetic	shielding	of	GCR;		
ü  	orography;		
ü  	Rn-222	emission.	

Jz	=	IP/Rc			



Systems connection!
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Ionization!
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Conclusions!
ü  Radon	dominates	in	ionization	near	the	surface	

above	ground,	but	its	effect	quickly	fades	with	
altitude.		

	

ü The	increase	in	ionization	toward	the	geomagnetic	
poles	results	in	an	increase	in	conductivity	toward	

high	geographic	latitudes.	
		

ü The	atmospheric	current	density	is	affected	by	
several	competing	processes:	the	geomagnetic	
shielding	of	GCR;	orography;	Rn-222	emission	
ü The	GEC	impact	on	clouds	and	atmospheric	

transport.		
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