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Outline	

I. 	SINEX	series	update.	
II.  Tests	of	a	new	SINEX	series	(wd28).	
III.  Tests	with	ITRF2014,	DPOD2014.	Some	DORIS-

related	results.	
IV.  Issues	with	IERS2010	pole	model.	
V.  Summary	

一	
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SINEX	Delivery	Update		
•  13	New	DORIS	staVons	beginning	Sept.	1,	2013	
							ADHC	GONC	GR4B	KEUC	LAOB	MAUB	OWEC	PDNC	ROWC	SOEB	STKB	

SYQB	TRJB	
! (switch	from	DPOD2008v13	to	DPOD2008v15)	

•			wd26:	156	weekly	files:	2013	to	2015	redelivered.	
				(wd26	=	Jason2,	Cryosat2,	SPOT5,	HY2A)	
	
•  Current	operaVonal	series:		

	wd27	=		wd26	+	SARAL	(130317	to	160626).	
•  Test	series:		wd28	=	wd27,	+	apply	solar	array	quaternions	on	

Jason-2.	(080713	to	160626).	

二	

N.B.		For	GSC	work	with	ITRF2014,	Spacecra@	body	quaternions	have	always	been	
applied	for	Jason-2!	The	new	tests	involve	only	orientaNon	of	the	solar	arrays!!	
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Tests	with	Solar	Array	Quaternions	(J2)	
JA2-	Solar	Array	quaternions	Improve	Force	Model;	Diminish	differences	

between	SLR/DORIS	dynamic	and	JPL/GPS	Red-dynamic	orbits.	

Presented	at	the	OSTST,	Reston,	October	2015.	

三	
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Tests	with	Solar	Array	Quaternions	(J2)	

四	

wd26	–	
	no	SAPA		
(nm/s2)	

	wd28-	
w.	SAPA		
(nm/s2)	

mean	 1.39	 1.25	

median	 1.26	 1.25	

RMS	 1.73	 1.35	

stddev.	 1.03	 0.51	

n	 2836	 2836	

Inclusion	of	solar	array	quaternions		to	model	solar	array	orientaNon	
improves	non-conservaNve	force	modeling	–	not	just	SRP!!	
The	extrema	in	adjusted	along-track	OPR	amplitudes	are	reduced.	
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Tests	with	Solar	Array	Quaternions	(J2)	

五	

wd26	–	
	no	SAPA		
(nm/s2)	

	wd28-	
w.	SAPA		
(nm/s2)	

mean	 2.29	 2.16	

median	 2.33	 2.06	

RMS	 2.47	 2.37	

stddev.	 0.94	 0.99	

n	 2836	 2836	

Use	of	solar	array	quaternions	only	slightly	reduces	the	empirical	
Cross-track		OPR	amplitudes.	
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Tests	with	Solar	Array	Quaternions	(J2)	

六	

wd25	–	
	no	SAPA		
(cm)	

wd25SA2-	
w.	SAPA		
(cm)	

mean	 1.13	 1.08	

median	 1.08	 1.04	

max	 2.64	 2.23	

min	 0.58	 0.58	

stddev.	 0.0108	 0.0127	

n	 432	 432	

The	use	of	the	solar	array	quaternions	slightly	reduces	the	overall	
RMS	of	fit	(even	in	the	presence	of	OPR’s),	but	seems	to	improve	
fits	for	outlier	arcs.	
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Tests	with	Solar	Array	Quaternions	(J2)	

七	

Some	arcs	(~4%)	are	highly	sensiNve	to	use	of	quaternions	to	
model	orientaNon	and	moNon	of	solar	arrays	(the	nominal	
aetude	law	is	not	adequate).	
cf.	(Improvement	in	SLR	RMS	of	fit	of	0.5	to	1.7	cm).	
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Tests	with	Solar	Array	Quaternions	(J2)	
Impact	on	TRF	parameters:	Tx	

八	
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Slight	reducNon	in	~117-day	signal	in	Tx.	Also	a	reducNon	in	scafer	of	Tx.	
Tricky	to	quanNfy	because	of	the	longer	period	(non-staNonary)	signals	(1.75-2.0	
yrs),	which	are	evident	in	Ty	&	Tz	as	well.	Annual	Amplitude:	1.3	–	1.5	mm	

	From	Guilhem:		For	wd28	&	wd26:	Tx	(117days)	reduced	from	~2mm	to	~	1mm	
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Tests	with	Solar	Array	Quaternions	(J2)	
Impact	on	TRF	parameters:	Ty	

九	
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Slight	reducNon	in	~117-day	signal	in	Ty;	Slight	increase	in	annual	signal.	
Trend	in	Ty	is	unchanged:	~	-1.7	mm/yr.		Annual	signal:	3.4	mm	(wd26),	3.7	mm	(wd28).	

	From	Guilhem:		For	wd28	&	wd26:	Ty	(117days)	reduced	from	~2.0	mm	to	~	1.8	mm	
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Tests	with	Solar	Array	Quaternions	(J2)	
Impact	on	TRF	parameters:	Tz	

十	

Slight	increase	in	~117-day	signal	in	Tz?		
No	change	in	annual	signal.	
Pafern	of	Tz		unchanged..	
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Tests	with	Solar	Array	Quaternions	(J2)	
EvaluaVon	of	EOP	(1):	

十一	

	EOP	EvaluaVon	From	Guilhem	Moreaux:	

(1)  AddiNon	of	SARAL	reduces	
stddev	of	EOP	differences	with	
IERSC04	from	337-341	μas	to	
302-317	μas.	Visibly	seems	to	
reduce	some	scafer.	

(2)	.J2	solar	array	quaternions		are	a	
							tossup:		
							Xpole	stddev.	302->	289;	
							Ypole		stddev.	317->	322.	
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EvaluaVon	of	EOP:	Discussion	

十二	

	gscwd28	Xp	EOP	EvaluaVon	(FFT)	From	Guilhem	Moreaux:	

From	Moreaux	et	al.	 (2016,	AdvSpRs)	std.	
dev.	 of	 differences	 for	 IDS09	 EOP	 with	
IERSC04	 are	 245	 μas	 and	 235	 μas,	
respecVvely.	 Strong	 signals	 were	 found	 at	
periods	 of	 14,	 40,	 59	 days	 117-days		
(Amplitudes	of	44-78	μas).	
	
Also	idenVfied	in	DORIS	products:	
Bloßfeld	et	al.	(2016,	AdvSpRs),		
Tornotore	et	al.	(2016,	AdvSpRs).	
	
It	 behooves	 all	 the	 ACs	 to	 consider	 what	
type	of	mismodeling	could	engender	these	
types	of	signals.	
	
The	 IGS	 and	 ILRS	 have	 looked	 quite	
carefully	 at	 error	 signals	 in	 their	 EOP	
products.		

Which	peaks	are	significant?	Where	to	begin?	
•	14	days:	Ndal	or	Nyquist	(2X	7-day	SINEX	soluNon	cycle)?	
•	39-40	days:	3rd	subharmonic	of	Jason-2		draconiNc?	
•	59	days:	Ndal	or	2nd	subharmonic	of	Jason-2	draconiNc.	
117	days:	Jason-2	draconiNc.	
180	days;	365	days:	Time-variable	gravity?	Geocenter?	
Inadequacy	of	pole	model?	
•	435	days?	Chandler	wobble;	Inadequacy	of	pole	model?	

Use	of	solar	array	quaternions	on	J2,	reduces	Xp	117-day	
signal	fom	~40	μas	to	~23	μas;	(Yp	117	day	signal.	27		to	30	μas)	.	
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DORIS	
complement	

Number	staNons	
(4-character)	

DescripNon	

Total	 195	 Nikita’s	tally	(October	15,	2016)	

DPOD2008.v15	 192	 CLS	DPOD2008.v15	plus	5	staVons:		
JIWC	PDOC	SAPC	KEVC	MNAC	
missing	from	Total:	
WEUC	OWFC	KIVC	

ITRF2014	(IGN)	
augmented	

192	 32	staVons	added	from		DPOD2008.v15	
using	14-parameter	transform	

DPOD2014.v02	 180	 missing	from	Total:	
WEUC	OWFC	KIVC	
JIWC	PDOC	SAPC	KEVC	MNAC		
ARLA	KRUA	RICA	SOCA	TLIA	TROA	
HVOA	

GSFC	POD	evaluaNon	of		
DORIS	StaNon	Sets.	
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Jason-2	DORIS	residuals	
	(080712	–	160831)	

DPOD2014	missing:	JIWC	PDOC	SAPC	KEVC	MNAC		
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Difference	Jason-2	DORIS	residuals	
ITRF2008	–	Test	

PosiNve	=>	improvement	for	Test		
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Difference	Jason-2	DORIS	residuals	
ITRF2008	–	Test	

PosiNve	=>	improvement	for	Test		
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Jason-2	DORIS	dpod2008	-	Test	RMS	residual	differences	
	using	jpl14a	orbit,	cycles	1-260	(mm/s)	

posiNve	=>	improvement	for	Test	

Both	SAKB,	RIKB	show	degradaNon	over	
Jason-2	(cycles	1-260).	

Jason-2	DORIS	data	
are	evaluated	using	
independent	JPL/
GPS	red-dynamic	
orbit	(jpl14a).	

Big	improvements	for	
SANB,	HEMB,	ARFB,		
TRIB,	&		CADB	
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TOPEX/Poseidon	POD	DORIS	dpod2008	-	Test		
RMS	residual	differences	(mm/s)	
posiNve	=>	improvement	for	Test	

Part	1	of	2	
TOPEX	DORIS	data	are	
evaluated	using	POD	tests.	

DegradaNons	with	DPOD2014:	
SANA,	SANB:	significant.	
MATB,	NOUB,	MORB,	PDMB,	KERA:		minor	
(FLOA):	significant,	but	short	occupaNon;	
DPOD2014	velocity	from	VLBI	staNon	7609.	
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TOPEX/Poseidon	POD	DORIS	dpod2008	-	Test		
RMS	residual	differences	(mm/s)	
posiNve	=>	improvement	for	Test	

Part	2	of	2	

Note	significant	
Improvements	for	DPOD2014	
compared	to	ITRF2014:	
	
PDLB,	AREA,	SAOB,	MSOB	

Why	are	ORRB,	GOLA	so	much	
befer	for	ITRF2014	than	
DPOD2014?	
For	GOLA,	do	earthquakes	
complicate	Nme	series	in	1993	
&	1994?	
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Pole	Modeling	Issues	(1)	

Current	model	from	IERS2010	ConvenVons	is	a	Cubic	model	unVl	2010,	
	and	then	a	linear	model	aper	2010.0.	
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Pole	Modeling	Issues	(2)	

Using	TabulaVons	of	the	mean	pole	from	IERS	website,	it	is	easy	to	see	that	the	IERS2010	
pole	model	is	no	longer	adequate	and	is	deviaVng	from	reality;	
Several	papers	have	discussed	this	subject,	e.g.	
	
Chen	JL,	CR	Wilson,	JC	Ries	and	BD	Tapley	(2013),	“Rapid	ice	melNng	drives	Earth’s	pole	
model	to	the	east”,	Geophys.	Res.	LeI.,	40,	2625-2630.	
	
Adhikari	S,	and	ER	Ivins	(2016),	“Climate-driven	polar	moNon:	2003-2015”,		
Science	Advances,	2(4),	e1501693.	

二十一	
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Pole	Modeling	Issues	(3)	
ImplicaNons	(1)	

	King	and	Watson	(2014),	“GeodeVc	verVcal	velociVes	affected	by	recent	rapid	changes	in	
polar	moVon”,	Geophys.	J.	InternaVonal,	199,	1161-1165.	
	
•	“Secular	moVon	of	the	pole	results	in	a	large-scale	secular	deformaVon	of	the	Earth.”		
•	“GeodeVc	velociVes	determined	since	~2005	are	biased	by	±0.38	mm/yr	relaVve	to	the	
longer-term	deformaVon	pauern.”	

“Another	such	source	of	gravity	field	variability	is	the	
solid	Earth	pole	Vde:	the	deformaVon	within	the	solid	
Earth	caused	by	moVon	of	the	rotaVon	axis	relaVve	to	
the	Earth’s	surface	(this	moVon	of	the	rotaVon	axis	
is	referred	to	as	“polar	moVon”).	Polar	moVon	causes	
the	centrifugal	force	to	change	at	every	point	within	
the	earth	and	that	induces	deformaVon.	That	
deformaVon	is	called	the	solid	Earth	pole	Vde,	and	it	
causes	a	Vme-dependent	gravity	signal	...”	Wahr	et	al.	
(2015)	
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Pole	Modeling	Issues	(4)	
Proposed	SoluNon:	

hfp://62.161.69.134/iers/convupdt/convupdt_c7.html	

@p://tai.bipm.org/iers/convupdt/chapter7/IERS_CMP_2015.F	

To	be	updated	
every	February.	
Acc.	to	ECP	from	
Potsdam	ILRS	AWG	
meeNng	(Oct	2016):	
“DO	NOT	USE	IERS-
supplied	pole	table”.	
Use	subrouNne.	
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Pole	Modeling	Issues	(5)	
Pole	Nde	&	Nme-variable	gravity:	

Wahr	J,	RS	Nerem	SV	Befadpur	(2015),	“The	pole	Vde	and	its	effect	on	GRACE	Vme-variable	
gravity	measurements:	ImplicaVons	for	esVmates	of	surface	mass	variaVons”,	
	J.	Geophys.	Res-Solid	Earth,	2015,	120,	4597-4615.	

1.  Dynamical	effect	of	the	Pole	Vde	must	be	removed	in	order	to	interpret	GRACE-
measured	Vme-variable	gravity	as	surface-mass	variaVons.	

	
2.	The	current	IERS	specificaVons	for	the	pole	and	evaluaVon	of	the	pole	Vde	leave	
long-period	signals	in	the	GRACE	Vme	series;	Different	GRACE	centers	actually	do	
things	differently	and	different	correcVons	are	necessary.	
	
3.	The	paper	recommends	treaVng	as	a	“mean	pole”	only	that	induced	by	GIA,	and	the	
rest	as	induced	by	mass	variaVons.	That	“difference”	is	what	would	enter	into	the	pole	
Vde	calculaVons,	instead	of	the	deviaVons	from	the	current	mean	pole	and	actual	
pole.	
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Pole	Modeling	Issues	(6)	
What	we	need:	

1.  Clear	definiVon	of	what	we	should	be	using	as	a	mean	pole,	taking	into	account	
recent	papers	of	Wahr	et	al.	(2015),	King	and	Watson	(2014).	

	
2.		Clear	specificaVon	of	how	we	should	apply	the	pole	Vde	correcVon	(geometric	and	
dynamic	correcVons).	
	
3.	Clear	specificaVon	of	background	C21	S21	to	use	so	that	figure	axis	is	consistent	with	
pole	model	and	background	models	for	pole	Vde.	
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Summary	

1.  We	have	developed	an	updated	Vme	series	(wd28)	that	uses	the	Jason-2	
quaternions	to	orient	the	solar	arrays.			The	benefits	cannot	be	overemphasized.	
We	should	have	complete	quaternion	sets,	including		solar	array	quaternions	for	
other	DORIS	satellites	as	a	mauer	of	course:	HY-2A??		SARAL??		Can	the	IDS	write	
to	the	projects	to	request	this	informaVon?	

2.  In	future	work	we	collaborate	with	Univ.	College	London	to	implement	a	Jason-2	
UCL	model	that	includes	solar	array	“true”	orientaVon.	

3.  ConVnue	evaluaVon	tests	with	DPOD2014	and	adopt	this	as	soon	as	the	
DPOD2014	is	finalized.	

	
4.  Evaluate	downweighVng	of	low-elevaVon	DORIS	data,	where	DORIS	data	are	

affected	by	mulVpath,troposphere	or	ionosphere	refracVon	mismodelling.	

5.  Implement	whatever	final	recommendaVons	are	made	for	modeling	of	pole,	
evaluaVon	of	pole	Vde,	and	C21	&	S21.	
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Test	
SLR+DORIS	orbits	

DORIS	
points	

SLR	
points	

DORIS	
RMS	

(mm/s)	

SLR	
RMS	
(cm)	

Xover	*	
RMS	
(cm)	

std1504	(ITRF2008)	 55690	 5213	 0.4953	 1.553	 5.611	

itrf2014_augmented	 55777	 5211	 0.4955	 1.581	 5.612	

dpod2014	 55950	 5211	 0.4950	 1.580	 5.611	

*	independent	TOPEX	alVmeter	GDR	data		cycles	1-446	

TOPEX/Poseidon		
DORIS	residual	summary		

920925	–	041102	(cycles	1-446)	


