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GRACE	Gravity	Field	Determ
ina4on	using	

Refined	Accelera4on	Approach:	Prelim
inary	

results	
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The	accelera4on	approach-an	alterna4ve	w
ay	of	

processing	GRACE	data	

– Direct	Link	betw
een	kinem

a4cs	(obs)	and	dynam
ics	(force)	

– Exis4ng	GRACE	gravity	field	solu4ons	based	on	
accelera4on	approach:	
• M

ean	accelera4on	approach	
– DM

T-1	(Liu	et	al.,	2010)	
– Tongji_Acc	RL01	(Chen	et	al.,	2015)	

• Point-w
ise	accelera4on	approach	

– W
HIGG-GEGM

01S	(Cheng	et	al.,	2012)	

– An	alterna4ve	w
ay:	connect	the	range	accelera4ons	w

ith	
gradient	of	the	gravita4onal	poten4al	
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Recall	the	func4onal	m
odel	of	the	classical	accelera4on	
approach	

For	the	GRACE	ll-SST	case,		
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Approach:	

Reduc4on	to	residual	quan4ty:	

Approxim
a4on:	
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Approxim
ate	solu4on	
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• 
Full	expression:	

• 
Applying	lineariza4on	yields:	

• 
f1	is	the	rela4ve	gravity	vector	and	f2	is	the	line	of	sight	unit	vector	

Refinem
ent	(Rigorous	solu4on)	

6	
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• 
Par4al	deriva4ves	for	f1	tow

ard	Clm
	and	Slm

	can	be	derived	analy4cally:	

	• 
All	the	other	par4als	are	form

ed	by	chain	rule	and	linked	to	the	par4al	
deriva4ves	of	posi4on	and	velocity	of	each	satellite	tow

ard	the	unknow
ns	

• 
Varia4onal	equa4ons	need	to	be	solved!	M

ore	w
ork	than	considering	

range/range	rate	observa4ons	because	of	g1	and	g2	

Refinem
ent	(Rigorous	solu4on)	

7	
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• 
Varia4onal	equa4ons	for	the	ini4al	condi4ons	(hom

ogeneous	solu4on):	

	• 
Varia4on	of	constant	(inhom

ogeneous	solu4on):	

		• 
Par4al	deriva4ves	tow

ard	the	unknow
ns	could	then	be	established	via	chain	rule	

using	the	above	solu4ons	

Varia4on	of	constant	approach	(Jaeggi,	2007)	

8	
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Current	im
plem

enta4on	status	at	U
L	

	
• 

Codes	for	the	rigorous	approach	have	alm
ost	been	finished.	They	are	now

	under	the	
test	stage	

• 
A	priori	orbit	of	Grace	A	and	B	for	later	gravity	field	determ

inaFon	(iteraFon)	
• 

M
ethod:	CM

A,	totally	follow
	AIU

B	(Beutler	et	al.,	2010)	
• 

Input	data:	LIB	GRAZ	Kin,	N
av,	KRR,	accelerom

eter	and	star	cam
era	data	

• 
Arc-length:	24	hours	

• 
Param

eterizaFon:	6	iniFal	state	vectors	per	arc,	em
pirical	piece-w

ise	constant	acceleraFon	every	
15m

in	per	axis	per	arc,	accelerom
eter	scale	and	bias	per	axis	per	day	

• 
Constraints:	pos	0.3,	vel	0.03,	em

p	acc	3e-9,	acc	scale	1e-4,	acc	bias	1e-8,	during	com
bined	

adjustm
ent,	p1	and	p2	applied	w

ith	different	constraints:	3e-9	and	3e-11	
• 

Scaling	raFo	of	krr/gps	is	calculated	∂krr2/	∂gps2	
• 

Background	m
odel:	

– 
Tide-system

:	Tide-free	
– 

Goco05s	is	used	as	the	a	priori	gravity	m
odel	

– 
EGM

2008	is	used	for	correcFng	the	im
pact	of	coeffi

cients	from
	m

axim
um

	degree	(60	or	90)	to	250	
– 

Solid	earth	and	pole	Fde:	IERS	2003	
– 

O
cean	pole	Fde:	Desai	m

odel	com
plete	to	degree	and	order	120	

– 
O
cean	Fde:	EO

T11a,	degree	and	order	120	
– 

Atm
ospheric	Fdes:	only	S2,	degree	and	order	8	(Biancale	&

	Bode	2006,	GFZ	from
	ECM

W
F	m

odel)	
– 

High	frequency	atm
osphere	and	ocean	m

ass	redistribuFon:	AO
D1B	RL05,	com

plete	to	degree	and	order	100	
(Flechtner	&

	Dobslaw
	2013),	rem

ove	the	S2	part	
– 

Body	Fdes:	m
oon,	sun,	m

ercury,	venus,	m
ars,	Jupiter,	Saturn,	U

ranus,	N
eptune,	DE421	used	(Folkner	et	al	2008)		

– 
RelaFvisFc	effect:	IERS	2010	

– 
Earth	rotaFon:	IERS	2010	
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O
rbit	adjustm

ent	result	for	Grace	A	and	B	on	2006-01-01	
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KRR	contribu4on	for	Grace	A	and	B	on	2006-01-01	
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Current	im
plem

enta4on	status	at	U
L	

• 
Solve	for	orbit	and	the	gravity	field		param

eters	using	our	rigorous	acceleraFon	
approach(no	iteraFon)	

• 
O
nly	ll-SST	considered	so	far,	the	observaFon	equaFon	is:	

• 
PosiFon	and	range-rate	also	needed	to	form

	norm
al	equaFons		

• 
The	rigorous	acceleraFon	approach	is	just	another	im

plem
entaFon	of	the	

variaFonal	equaFons		
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Test	gravity	coeffi
cient	results	for	01/2006	un4l	degree	90	
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Test	gravity	coeffi
cient	results	for	04/2006	un4l	degree	60	
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Test	gravity	coeffi
cient	results	for	07/2006	un4l	degree	60	

		

	



HO
RIZO

N
	2020	

Test	gravity	coeffi
cient	results	for	10/2006	un4l	degree	60	
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W
ork	plan		in	2007	

	
• 

The	im
plem

entaFon	has	been	im
proved	and	w

e	are	geh
ng	m

ore	closer.		
• 

SFll	issues	to	be	solved	
– 

Som
e	of	the	orbit	are	not	good	enough	

• 
Shorter	arc	length,	piece	w

ise	linear	acc,…
	

• 
Bej

er	integrator	
• 

Param
eterizaFon	

• 
...	

– 
SoluFon	biased	tow

ard	GO
CO

05S		

• 
M
ore	detailed	analysis	and	com

parison	w
ith	the	other	analysis	centers		

– 
ValidaFon	w

ith	hydrology	
– 

ValidaFon	w
ith	GPS	leveling	and	displacem

ent	

• 
Good	new

s	is	that	U
LU

X	is	progressing,	and	w
e	are	confident	to	deliver	full	

soluFon	for	2006-2007	at	the	end	of	June	
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Thank	you	very	m
uch!	

	


