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One	may	use	the	longitudinal	coverage	of	different	spacecraN	assets,	or	the	same	
asset	over	sequenPal	Carrington	RotaPons,	to	study	the	solar	wind	behavior	and	
evoluPon	from	long-lived	large-scale	solar	structures	(coronal	holes,	acPve	regions).	
The	STEREO	observatories	are	ideally	suited	for	these	longitudinal	studies.	Since	
commissioning	in	2007,	the	two	STEREO	spacecraN	(A,	B)	driNed	away	from	the	Earth	
by	22.5o	per	year,	in	opposite	direcPons.		Since	solar	conjuncPon	in	2015,	the	STEREO	
spacecraN	began	driNing	back	toward	the	Earth.	The	early	mission	included	the	
declining	phase	of	Cycle	23,	while	the	recent	observaPons	cover	the	same	phase	for	
Cycle	24.	These	orbital	and	cycle	phase	circumstances	present	unique	condiPons	for	
studying	the	persistence	of	solar	wind	parameters	over	various	delta	solar	longitudes	
during	solar	minimum	condiPons.	Prior	solar	wind	persistence	studies	during	solar	
minimum	esPmated	about	2-3	days	robustness	(e.g.,	Opitz	et	al.	2009	and	references	
therein),	although	this	result	depends	upon	the	type	of	solar	wind	structure	being	
studied.	Here	we	look	at	intervals	during	the	declining	phase	of	Cycle	23	(early	
mission)	and	Cycle	24	(post	solar	conjuncPon),	when	solar	winds	emanaPng	from	
long-lived	coronal-hole	structures	are	observed	both	at	STEREO	and	at	near-Earth	
assets	(OMNI2).	The	observaPons	have	been	selected	for	similar	solar	laPtudes	but	
temporal	separaPon	in	solar	longitude,	to	observe	how	well	the	Pme-lag	esPmate	
being	used	aligns	the	solar	wind	structures.		

	

	Methodology	

Introduction	

Finding	a	robust	technique	for	aligning	solar	wind	structures	at	different	longitudes,	
laPtudes,	and	radial	distances	is	of	scienPfic	importance:	e.g.,	for	studying	the	
evoluPon	of	solar	wind	structures	such	as	SIRs	(Jian	et	al.,2009;	Simunac	et	al.,	2009a;	
Conlon	et	al.,	2015),	and	determining	the	quasi-staPonary	vs.	transient	nature	of	the	
HPS	(Liu	et	al.	2014).		There	is	also	interest	from	a	space	weather	forecast	perspecPve.	
At	60o	prior	to	Sun-Earth	Line,	solar	wind	structures	at	L5	will	be	sampled	~	4	days	
prior	arrival	at	the	Sun-Earth	line.	Accuracy	of	L5	‘forecasts’	hence	depend	on	the	
persistence	of	solar	structures.	In	this	manner,	STB	in	the	past	acted	as	a	test	bed	to	
check	the	robustness	of	L5	as	a	solar	wind	monitor,	achieving	relaPvely	good	
correlaPons	during	the	last	declining	phase	(Simunac	et	al.,	2009b;	Turner	and	Li,	
2011).	One	challenge	is	the	temporal	evoluPon	of	the	structures	on	the	Sun	and	the	
affect	of	‘sampling’	different	solar	sources	due	to	different	solar	laPtudes	of	the	in-situ	
spacecraN	observaPons.		Here	we	looked	at	case	studies	from	the	previous	and	
current	approaches	to	solar	minimum	where	solar	wind	emanaPng	from	long-lived	
coronal-hole	structures	are	observed	both	at	STEREO	A	and	at	near-Earth	assets	
(OMNI2).	The	observaPons	are	taken	at	similar	solar	laPtudes	and	synopPc	
(Carrington)	longitudes	but	temporally	separated	by	hours	to	weeks.	These	present	
ideal	condiPons	for	studying	the	persistence	of	solar	wind	parameters	over	various	
delta	longitudes,	near	minimum	condiPions.	The	next	phase	of	the	study	to	to	
quanPfy	(e.g.,	through		correlaPon	coefficients)	these	results	at	similar	laPtudes	and	
as	the	laPtudes	diverge.	
	
	

Abstract	

Summary	

Acknowledgements	

	Time-shifted	Solar	Wind	Parameters	(Not	All	Events	Shown)	

Conlon	et	al.,	(2015).	“CorotaPng	InteracPon	Regions	as	Seen	by	the	STEREO	heliospheric	
Imagers	2007-2010.		Solar	Physics,	290:2291:2309.	doi	10.1007/s11207-015-0759-z.	

Liu	et	al.,	(2014).	“A	StaPsPcal	Analysis	of	Heliospheric	Plasma	Sheets,	Heliospheric	Current	
Sheets,	and	Sector	Boundaries	Observed	in-situ	by	STEREO”,	JGR,	119:8721-8732.	doi:	
10.1002.2014JA019956.	

Opitz,	A.,	et	al.,	(2009).	“Temporal	EvoluPon	of	the	Solar	Wind	Bulk	Velocity	at	Solar	Minimum	
by	CorrelaPng	the	STEREO	A	and	B	PLASTIC	Measurements”.	Solar	Physics.	256:	365-377,	
doi:	10.1007/s11207-008-9304-7.	

Simunac,	KDC,	et	al.	(2009a).	“In	Situ	ObservaPons	of	Solar	Wind	Stream	Interface	EvoluPon”,	
Solar	Physics,	259:	323-344.	doi:	10.1007/s11207-009-9393-y.	

Simunac,	KDC,	et	al.,	(2009b).	“In	situ	ObservaPons	from	STEREO/PLASTIC:	a	Test	for	L5	Space	
Weather	Monitors”.	Ann.	Geophys.,	27:	3805-3809.	

Snodgrass,	H.;	Ulrich,	R.	(1990).	"RotaPon	of	Doppler	features	in	the	solar	
photosphere".	Astrophysical	Journal.	351:	309–316,	doi:10.1086/168467.	

Turner,	D.L.,	and	X.	Li,	(2011)	“Using	SpacecraN	Measurements	Ahead	of	Earth	in	the	Parker	
Spiral	to	Improve	Terrestrial	Space	Weather	Forecasts”.	Space	Weather,	9:	S01002,	doi:	
10.1029/2010SW000627.	
	

	

References	

	
	
	

	

	
	
	
	
	

Remote	Images	courtesy	STEREO	SECCHI	(Howard)	and	SDO/AIA	(Title).	OMNI	data	
courtesy	NASA/GSFC’s	Space	Physics	Facility’s	Hp	service.	IMPACT	Data	(Luhmann).	
GONG	data	from	NSO.	Orbit	data:	hrps://stereo-ssc.nascom.nasa.gov/where.shtml	
PLASTIC	NASA	Grant	NNX15AU01G	at	UNH.	
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STEREO	Longitudes,	Then	and	Now	
Early	Orbit.		Earth-STA-STB	separaPons	
were	iniPally	very	close,	with	the	Earth-ST	
longitudinal	angle	gradually	increasing	by	
~22.5o	per	year.	Orbit	shown	for	July	1,	
2007,	with	Earth-STA	separaPon	at	~10o,	
Earth-STB	separaPon	~6o.	
	
Post	ConjuncPon.	Earth-STA	separaPon	is	
currently	118o	(April	10,	2018),	and	
gradually	closing	(~	22.5o	per	year).	Earth-
STB	separaPon	is	currently	111o,	gradually	
closing	by	~22.5o	per	year.			
	
(CommunicaPons	were	lost	with	STB	in	
October	2014,	and	recovery	efforts	are	
underway.)	

Different	Solar/SW	Features	Separated	in	
Longitude	During	Cycle	Phase	

Solar	features,	such	as	coronal	holes	
(CH),	acPve	regions	(AR),	and	the	
heliospheric	current	sheet	and	plasma	
sheet	(HCS,	HPS),	change	over	the	sun	
spot	cycle.	
	
This	means	the	solar	wind	and	
interplanetary	condiPons	also	change.		
Coronal	Hole	associated	High	Speed	
Streams	and	Stream	Interface	Regions	
(SIRs)	are	more	prevalent	near	Solar	
minimum	condiPons,	while	
Interplanetary	Coronal	Mass	EjecPons	
(ICMEs)	are	more	prevalent	near	Solar	
maximum	condiPons.	

Solar	ConjuncPon	

A	data	organizaPon	by	Carrington	RotaPon	Number,	where	each	CRN	represents	one	
solar	rotaPon,	is	useful	to	see	large-scale,	long-lived	solar	wind	structures.		Above,	
various	solar	wind	in-situ	parameters	(Vp,	Np,	Br	polarity,	and	Iron	Charge	State)	are	
organized	by	the	STA	CRN.	The	last	solar	minimum	clearly	shows	two	sets	of	recurring		
high-speed	solar	wind	(from	mid-laPtude	coronal	holes)	with	uni-direcPon	magnePc	field	
and	low	Fe<Q>.	These	are	preceded	by	high	density	ridges	(SIRs).	However,	one	also	sees	
an	apparent	driN	in	the	locaPon	of	the	solar	wind	structures	within	successive	CRNs.		
This	driN	is,	in	part,	due	to	the	differenPal	rotaPon	of	the	Sun.	The	CRN	is	defined	for	the		
mid-laPtude	Sun	(near	26o),	while	the	in-situ	measurements	are	taken	in	the	eclipPc	
plane	(+/-	7o	laPtude).	(And,		the	solar	source	could	be	at	other	laPtudes!)	

-	Event	Selec+on	To	minimize	the	influence	of	laPtudinal	effects	on	the	solar	
structures	contribuPng	to	the	solar	wind,	periods	have	been	idenPfied	that,	when	
the	STA	trajectory		is	projected	to	Earth’s	longitude,	the	STA	and	Earth	have	similar	
solar	laPtudes.	This	increases	the	probability	of	having	the	solar	wind	originate	
from	the	same	solar	structure,	with	similar	solar	laPtudinal	rotaPon	rates.		This	
does	not	take	into	account	potenPal	temporal	evoluPon	of	the	solar	wind	source,	
nor	the	inclusion	of	transient	phenomena.	

The	technique	for	Pme	shiNing	of	the	STA	
data	to	earth	is	similar	to	that	used	by	
Opitz	et	al.	(2009),	which	took	into	
account	the	longitudinal	and	radial	
separaPons	of	the	spacecraN/planet.		The	
disPncPon	here	is	limiPng	the	periods	to	
the	same	laPtude,	and	using	the	ST	and	
Earth	laPtude	to	correct	the	solar	rotaPon	
as	given	by	Snodgrass	(1990),	for	each	
minute	of	data	covered	in	the	interval	of	
study.	

Longitudinal	separaPons	for	periods	where	the	Pme-shiNed	STA	and	Earth	
had	same	solar	laPtudes.		This	criteria	is	met	about	twice	a	year.	
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