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ABSTRACT	
The	parWcle	environment	of	the	inner	magnetosphere	is	strongly	
coupled	to	variaWons	in	the	solar	wind.	The	introducWon	of	large	fluxes	
of	electrons	into	the	radiaWon	belts	and	their	subsequent	acceleraWon	
to	high	energies	can	result	in	the	internal	and	surface	charging	of	
space	assets,	possibly	leading	to	disrupWon	and	even	cessaWon	of	
essenWal	services.	Reliable	forecast	of	the	fluences	of	these	electrons	
can	assist	in	the	miWgaWon	of	undesirable	effects	on	spacecra_.	
	
PROGRESS,	an	EU	Horizon	2020	funded	project,	aims	to	provide	
forecasts	of	the	evoluWon	of	the	geospace	environment	beginning	
from	the	surface	of	the	sun	to	the	radiaWon	belts.	We	review	the	
current	status	of	the	projects	and	the	challenges	that	sWll	lie	ahead.	
	
For	further	details,	visit	the	project	web	site		
hbp://ssg.group.shef.ac.uk/progress/html/	



Overview	
PROGRESS	exploits	space	and	ground	based	data	as	well	as	physical	
and	systems	based	modeling	techniques	to	develop	accurate	and	
reliable	forecast	of	space	weather.		
	
In	parWcular,	PROGRESS	will:	
•  Develop	a	European	model	for	solar	wind	forecasts	at	L1	(WP2).		
•  Develop	new	forecasWng	tools	for	geomagneWc	indices	(WP3).	
•  Construct	new	staWsWcal	wave	models	for	plasma	waves	in	the	

inner	magnetosphere	incorporaWng	solar	wind	data	sets	(WP4).		
•  Expand	now-cast	capabiliWes	of	IMPTAM	to	provide	forecasts	of	

radiaWon	belt	(RB)	low	energy	electron	fluxes	(WP3,	5).	
•  Develop	a	novel,	reliable,	and	accurate	RB	forecast	model	

exploiWng	the	fusion	of	SNB3GEO,	IMPTAM,	and	VERB	(WP6).	
•  Combine	forecasts	of	geomagneWc	indices,	the	RB,	and	solar	wind	

at	L1	to	greatly	increase	predicWon	Wmes	(WP7).	



WP	2:	PropagaVon	of	the	Solar	
wind	from	the	Sun	to	L1	

WP	3:	Forecast	of	the	EvoluVon	of	
GeomagneVc	indices	

WP	4:	Development	of	new	
staVsVcal	models	and	the	re-
esVmaVon	of	quasi-linear	

diffusion	coefficients	
WP	6:	RadiaVon	belt	forecasts	

WP	5:	Low	energy	electron	model	

WP	7:	Fusion	of	forecast	tools	AWSoM/SWIFT	

Overview	



Solar	wind	propagaVon	-	Sun	to	L1	
•  Two	models	are	used	to	esWmate	solar	wind	
parameters	at	L1	
– AWESoM	(U.	Michigan)	uses	GONG	magnetogram	
data	to	construct	a	potenWal	field	model	out	to	
2.5RS.	This	provides	input	to	full	3D	AWESoM,	
propagaWng	these	fields	out	to	~20RS.	

– SWIFT	(U.	Warwick)	then	propagates	the	solar	
wind	condiWons	out	to	L1	



Results	
Current	status	
•  AWESoM	can	qualitaWvely	reproduce	spectral	features	
on	the	solar	surface.	Top	line	show	model	results,	
bobom	line	SDO	observaWons	



Forecast	of	GeomagneVc	indices	
•  GeomagneWc	indices	are	used	as	inputs	to	
many	numerical	models	to	encode	different	
levels	of	geomagneWc	acWvity	

•  Within	PROGRESS	new	models	for	Dst,	Kp,	and	
AE	are	being	developed	

•  The	new	models	are	based	on	different	
methodologies	
– Neural	Networks	(IRF-Lund)	
– NARMAX	(U.	Sheffield)	
– Robust	bi-linear	(SRI)	



Examples	of	Kp	forecasts	
The	top	set	of	panels	show	soalr	wind	
measurements	of	|B|,	density,	and	velocity.	The	
bobom	panel	shows	the	observed	(blue)	and	
forecast	(red)	from	the	new	Lund	Kp	model.	

The	central	two	panels	show	the	observed	
(black)	and	12	(green)	and	24	(purple)	hour	
ahead	forecast	models	from	the	new	Sheffield	
NARMAX	models	

The	lower	panel	shows	the	forecast	outputs	from	
the	SRI	robust	bilinear	model	for	a	7	day	period.	



New	staVsVcal	models		
•  StaWsWcal	wave	models	are	used	by	numerical	
models	to	quanWfy	effects	of	wave-parWcle	
interacWons	between	the	electron	populaWons	
and	various	plasma	wave	modes.	

•  Prior	to	PROGRESS,	such	models	were	
characterised	by	observaWon	locaWon	and	
current	level	of	geomagneWc	acWvity.	

•  Within	PROGRESS	a	new	set	of	staWsWcal	wave	
models	have	been	generated	based	on	locaWon	
and	Wme	histories	of	geomagneWc	acWvity	and	
solar	wind	parameters,	using	the	NARMAX	ERR	
methodology.	



Example	model	
The	figure	shows	the	two	parameters	and	
their	respecWve	Wme	lags	that	are	
determined	to	have	the	greatest	influence	
on	the	amplitude	of	lower	band	chorus	
waves	in	various	MLT	and	L-shell	sectors.			



Low	energy	electron	model	
•  Large	fluxes	of	low	(keV)	electrons	within	the	
radiaWon	belts	are	responsible	for	the	surface	
charging	effects	experienced	by	satellites.	

•  Forecast	of	realisWc	flux	levels	enable	satellite	
operators	to	esWmate	the	likelihood	of	surface	
charging	events.	

•  MiWgaWon	steps	may	be	put	into	acWon	to	
reduce	the	level	of	impact	of	such	events,	
enabling	longer,	more	conWnuous	operaWon	
of	satellite	infrastructure.	



IMPTAM	updates	-	results	
•  Within	PROGRESS	the	IMPTAM	
low	energy	electron	model	has	
been	substanWally	improved	to	
yield	realisWc	flux	forecasts.	

•  New		sets	of	diffusion	
coefficients	have	been	included	
as	well	as	new	models	for	
electron	loss.	

•  The	figures	show	results	in	
which	no	loss	mechanisms	are	
considered	(top)	and	the	
inclusion	of	losses	due	to	hiss	
and	chorus	waves	and	the	new	
set	of	electron	lifeWme	figures.	



RadiaVon	belt	forecasts	
•  Large	fluxes	of	high	energy	electrons	lead	to	
internal	charging	of	satellites.	

•  Internal	discharges	can	upset	satellite	
subsystems,	even	cause	permanent	damage.	

•  PROGRESS	provides	models	for:	
– Electron	fluxes	at	GEO	using	NARMAX	
– Electron	fluxes	within	the	whole	radiaWon	region	
using	VERB	

– VERB	driven	by	NARMAX	flux	esWmates	



Electron	Fluxes	at	GEO	
•  NARMAX	models	are	
used	to	forecast	
electron	fluxes	at	
energies	of	40,	75,	
150,	275,	475,	>800,	
>2000	keV	at	GEO	

•  Models	found	to	out	
perform	NOAA	REFM.	

•  Plots	available	for	Wme	
scales	10d,	30d,	90d,	
200d,	1y	



VERB	updates	
PROGRESS	updates	to	VERB	include:	
•  Beber	diffusion	coefficients	
•  Inclusion	of	wave	modes	such	as	hiss	
•  Data	assimilaWon	



VERB-NARMAX	
•  Combines	advantages	of	the	NARMAX	flux	
models	for	GEO	and	VERB	

•  VERB	is	driven	by	values	of	Kp	and	electron	
boundary	flux	

•  NARMAX	electron	flux	forecasts	are	used	to	
compute	the	electron	boundary	flux	used	as	
input	to	VERB	

•  Methodology	currently	being	tested	and	
validated	



Fusion	of	forecast	tools	
•  Tools	and	results	generated	by	PROGRESS	are		
being	integrated	into	the	project	web	site.	

	
•  Currently	available	plots:	
– Forecasts	of	Dst	and	Kp	generated	by	the	new	
models	developed	at	Lund	

– Forecasts	of	electron	fluxes	at	geostaWonary	orbit	
– Forecasts	of	low	energy	electron	fluxes	in	the	RB	
– Forecasts	of	high	energy	electron	fluxes	in	the	RB	



•  Future	developments	
– Panel	summarising	current	and	forecasted	solar	
wind	condiWons	

– Access	to	the	new	staWsWcal	wave	models	
– Tool	for	esWmaWng	electron	environment	along	a	
satellite	orbit	

– Access	to	numerical	results			


