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•  Aims	of	PROGRESS	
•  Models	
•  Results	



Current	Systems	



Introduc.on	
Varia.on	in	terrestrial	magne.c	field	
•  Regular	daily	changes	caused	by	regular	solar	
radia.on	changes	

•  Irregular	changes	due	to	interac.ons	in	solar-
magntospheric-ionospheric	chain	

Magne.c	indices	designed	to	describe	varia.on	
of	irregular	current	systems.	
	
Examples	of	indices	include	Kp,	Dst,	AE	
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Kp	
K-indices	describe	magne.c	field	varia.on	with	
respect	to	quiet	day	(regular)	varia.ons	at	a	
single	geomagne.c	observatory	

Kp	is	the	mean,	standardised	K-index	
•  Computed	from	13	sta.ons	
•  La.tudes	44-60	degrees	north	or	south	

Designed	to	measure	solar	par.cle	radia.on	
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Dst	
Disturbance	Storm	Time	(Dst)	index	
	
•  Measure	of	the	intensity	of	the	globally	
symmetrical	equatorial	electrojet	or	ring	
current	

•  Derived	from	near	equatorial	observatories	
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AE	
Auroral	Electroject	index	
Global,	quan..ve	measure	of	auroral	zone	
ac.vity	
Total	devia.on	of	horizontal	magne.c	field	in	
the	vicinity	of	the	auroral	oval	
Used	as	a	qualita.ve	and	quan.ta.ve	
correla.ve	index	to	characterise	substorm	
morphology	
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Uses	
Indices	are	used	to	quan.fy	geomagne.c	
ac.vity	in	various	magne.c	la.tude	ranges	
Used	extensively	in	modelling	
•  Loca.on	of	plasmapause	
	Lpp=5.6-0.46	Kpmax		
	(Carpenter	and	Anderson	1992)	

•  Radial	diffusion	coefficients	
	DLL	=	10	0.056Kp-9.325	L10	

(Brau.gam	and	Albert	2000)	
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Sources	
•  GFZ	Potsdam			
–  	hep://www.gfz-potsdam.de/kp-index	

•  WDC	Geomagne.sm	Kyoto	
– hep://wdc.kugi.kyoto-u.ac.jp/wdc/Sec3.html	
– Dst,	AE,	Kp,	AY/SYM	

•  WDC	Geomagne.sm	Edinburgh	
– hep://www.wdc.bgs.ac.uk/		

26-28	July	2017	 PROGRESS	summer	school	



PROGRESS	
Objec.ves	
•  Develop	new	models	for	Kp,	Dst,	and	AE	
•  Different	methodologies	
– Neural	networks	(Lund)	
– NARMAX	(Sheffield)	
– NARMAX	+	Lyapunov	exponents	(SRI)	
	

•  Results/forecasts	available	online	
– Graphical	
– Numerical	
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Assessment	of	forecasts	

April	5th,	2016	 Isradynamics	2016,	Ein	Bokek,	Israel	 11	

Assessment	



Kp		-	neural	nets	
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Forecasts	
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Online	forecast	
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Kp-	NARMAX	
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Inputs	
•  V	-	Solar	wind	speed	
•  Bs	-	Southward	IMF	component	
•  VBs	–	combina.on	of	above	
•  P	–	pressure	and	square	root	

pressure	
Output	
Kp	index	
	
Four	models	generated	providing	
forecasts	of	3,	6,	12,	and	24	hours	



Dst	Neural	Net	
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•  Employ	.me	delay	rather	than	recurrent	network	(mainly	due	
to	data	considera.ons)	

•  Input	data	sets	use	velocity,	density,	magne.c	field	magnitude	
and	y,	z	components	

•  Model	improvements	due	to	longer	training	data,	larger	
network,	and	inclusion	of	|B|	and	By	



Dst	Forecast	
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Input	-	VBs	
output		Dst	
	
Time	interval	:	January-
June	1979	

	(5	min	resolu.on)	
	
original	data	decimated	
to	give	40	min	and		1	h	
resolu.on	

Dst	NARMAX	
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Dst	1	hour	forecast	



	
	

•  Dominant	ridge-like	maximum:	
021 →+ ff Energy	storage	

Analysis	in	the	frequency	domain		
	Second	order			transfer	func(on	H2(f1,f2)		

	



	
	

021 →+ ffNonlinear	Energy	storage	

Release	(me		t1	∼1/	F1			F1	 F1	

Another	possibility:	linear	energy	storage	.me	delay	for	.me	t	

Release	.me	t	∼ 1/δF		>>	t1	;	t2	

F1	+F2	 δF	=	F1	+F2;				δF	<<		F1	+F2	

F(t0)	 F(t0+t)	 Linear	Phase	change		in		H1		

Analysis	in	the	frequency	domain		
	Second	order			transfer	func(on	H2(f1,f2)		
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Dst	40	min	forecast	



	
Analysis	in	the	frequency	domain		
Second		order		transfer	func.on	H2(f1,f2)			
	

•  Dominant	ridge-like	maximum:	 021 →+ ff Energy	storage	



Analytical approach to 
coupling functions 

1.  Burton  et al 1975   VBs 

2.  Perreault and Akasofu [1974] ε=VB²sin(θ/2)4l₀²,  

3.  Kan and  Lee 1979 



From Newell et al., 
2007 

Solar Wind Magnetosphere 
“Coupling Functions”	



Data based approach 

Correlation function usually is a primary tool   
(e.g. Newell et al., 2007)  
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Solar Wind Magnetosphere 
“Coupling Functions”	



Coupling functions 
 
1.  IB=VBs by Burton et al. [1975]  
2.  ε = VB2sin4(θ/2), by Perreault and Akasofu [1978] 
3.  IW=VBTsin4(θ/2) by Wygant et al. [1983] 
4.  ISR=p1/2VBTsin4(θ/2) by Scurry and Russell [1991] 
5.  ITL=p1/2VBTsin6(θ/2) by Temerin and Li [2006] 
6.  IN=V4/3BT

2/3sin8/3(θ/2) by Newell et al. [2007]  
7.  IV=n1/6V4/3BTsin4(θ/2) by Vasyliunas et al. [1982]  

Coupling Function NERR 
p1/2VBTsin6(θ/2)(t-1) 31.32 

VBs(t-1) 12.76 
n1/6V4/3BTsin4(θ/2)(t-1) 10.30 
p1/2VBTsin4(θ/2)(t-1) 8.37 

Dst(t-2) 7.23 



  p1/2V2BTsin6(θ/2)  14.0 

 p1/2V4/3BTsin6(θ/2)  12.5 

P1/2VBTsin6(θ/2) 12.1 

VBs 8.91 

sin6(θ/2)   or    sin4(θ/2)? 
 

Where sin4(θ/2)  did appear from?      



Kan and Lee (1978) model 

ER =VsBs sin
θ
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Reconnection Electric field for two 
magnetic fields of equal magnitudes: 
Sonnerup (1974) 
 Russell and Atkinson (1973) 

Φ = ∫ ER⊥dl⊥ = ∫ VsBs sin
2 θ
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Kan and Lee stated that only perpendicular component of the 
electric field contributes to the potential across the polar 

Finally Kan and Lee argued that power delivered by solar wind 
dynamo is proportional to potential square divided effective 
system resistance: 

P = Φ
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Summary	
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•  New	models	for	Kp,	Dst,	and	recently	AE	

•  Plots	of	Dst,	Kp	forecasts	available	online	from	Lund		or	
PROGRESS	web	site	

•  Other	models	will	be	added	as	they	come	online	

•  Access	to	numerical	data	will	be	available	by	the	end	of	the	
project	

•  Systems	methodologies	can	reveal	physical	processes	


