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E A R T H O R I E N T A T I O N A N D S T A T I O N C O O R D I N A T E S F R O M T H E 
C E N T R A L L A B O R A T O R Y F O R G E O D E S Y A N A L Y S I S : 1984-1991 

C L G 9 4 L 0 1 , 0 2 , 0 3 

V a l e n t i n K o t z e v a n d I v a n G e o r g i e v 
C e n t r a l L a b o r a t o r y for G e o d e s y , B u l g a r i a n A c a d e m y of Sc i ences , 
A c a d . G. B o n t c h e v Str., b l . 1 , 1 1 1 3 Sofia, B u l g a r i a 

A n a l y s i s of 454293 L a g e o s n o r m a l p o i n t s , co l l ec ted b y t h e g l o b a l SLR t r a c k i n g 
n e t w o r k b e t w e e n J a n u a r y 1984 a n d D e c e m b e r 1991 w a s d o n e . I t w a s b a s e d o n f i t t ing t h e 
o r b i t i n 30(31) d a y a r c s . E s t i m a t i n g t h e E a r t h o r i e n t a t i o n a n d fo rce m o d e l p a r a m e t e r s a t 
d i f f e r e n t i n t e r v a l s ( T a b l e 1), t h r e e S o l u t i o n s w e r e d e r i v e d . T h e m o n t h l y a r c s w e r e 
c o m b i n e d t o f o r m t h e b a s i s for t h e g l o b a l p a r a m e t e r s d e t e r m i n a t i o n . A se t of 59 S ta t ion 
p o s i t i o n s a t e p o c h 1984.0 a n d 4 7 Sta t ion h o r i z o n t a l ve loc i t i e s w e r e o b t a i n e d . E O P w e r e 
m o d e l e d a s c o n s t a n t s o v e r t he i r i n t e r v a l s of v a l i d i t y . L O D R se r i e s w e r e c a l c u l a t e d b y 
f o r w a r d d i f f e r e n c i n g of t h e e s t i m a t e d U T 1 R v a l u e s ( f ix ing e a c h m o n t h t h e f irst 5 d a y 
U T l a t IERS) . I m p r o v e d v e r s i o n of t h e l e a s t - s q u a r e s o r b i t a l a n a l y s i s p r o g r a m S L R P - 3 
(Satel l i te L a s e r R a n g i n g d a t a P r o c e s s o r ) w a s u s e d for t h e d a t a p r o c e s s i n g . 

T a b l e 1. S o l u t i o n s D e s i g n 

Adjusted Parameters 
Interval of Validity 
or Estimated: Yes/No 
L Ol L 02 L 03 

Orbital State Vector 
Solar Radiation Coefficient 
Along Track Acceleration 
EOP: Xp, Ypf LODR 
Station Positions 
Station Velocities 
Love and Shida Numbers 
Geogravitational Parameter 
Selected Set of Geopotential 
Coefficients: C(2,0),C(3,0), 
C(4,0),C(2,1),S(2,1),C<3,1), 
S(3,1),C(4,1),S(4,1),C<2,2), 
S(2,2),C(3,2),S<3,2),C<4,2), 
S(4,2) 

30 
30 
30 
5 

Yes 
No 
No 
Yes 
NO 

30 
30 
30 
5 

Yes 
Yes 
Yes 
Yes 
Yes 

30 
15 
15 
3 

Yes 
Yes 
Yes 
Yes 
Yes 

M O D E L S A N D C O N S T A N T S 

R e f e r e n c e Frame 

CIS: 

P l a n e t a r y E p h e m e r i s : 
In i t i a l E a r t h 
O r i e n t a t i o n : 

m e a n e q u a t o r a n d e q u i n o x of J2000.0 
JPL DE200 /LE200 

B I H C i r c u l a r D , IERS Bul le t in B 

IERS(1994) Technical Note No 17. 
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P r e c e s s i o n : 
N u t a t i o n : 
I n i t i a l S t a t i o n 
C o o r d i n a t e s : 
T i m e E v o l u t i o n : 
S e m i M a j o r A x i s of E a r t h : 

H a t t e n i n g l / f : 

I A U 1976 
I A U 1980 + H e r r i n g 1987 c o r r e c t i o n s 

I T R F 9 1 
N N R - N U V E L 1 
6378136.3 m 
298.257 

D y n a m i c M o d e l 

G r a v i t y M o d e l : 

C(2 ,1) ,S(2 ,1) : 
T h i r d B o d y : 

D i r e c t S o l a r R a d i a t i o n 
P r e s s u r e : 

A i r D r a g : 

A l b e d o : 
A l o n g T r a c k A c c e l e r a t i o n : 

So l id T i d e s : 
O c e a n T i d e s : 
P o l e T i d e : 
R e l a t i v i s t i c M o t i o n 
E q u a t i o n C o r r e c t i o n : 

M e a s u r e m e n t m o d e l 

T r o p o s p h e r i c Ref rac t ion : 
S o l i d E a r t h T i d e 
D i s p l a c e m e n t : 
O c e a n L o a d i n g Si te 
D i s p l a c e m e n t : 
P o l e T i d e : 

R e l a t i v i s t i c C o r r e c t i o n 
for P r o p a g a t i o n : 

N A S A / G S F C G E M - T 3 , t r u n c a t e d a t 20x20, 

w i t h GM=398600 .436 k m 3 / s 2 a n d 

a=6378137 m a s s ca l e p a r a m e t e r s w i t h 

t h e g e o p o t e n t i a l coeff ic ients a n d 

G M = 3 8 6 0 0 . 4 4 1 8 k m 3 / s 2 w i t h t h e 

t w o - b o d y t e r m 

a p p l i e d a c c o r d i n g t o IERS S t a n d a r d s 

S u n , M o o n , M e r c u r y , V e n u s , M a r s , 

J u p i t e r a n d S a t u r n 

o c c u l t a t i o n b y E a r t h a n d M o o n a n d 
a d j u s t e d s o l a r r a d i a t i o n coeff ic ient 

n o t a p p l i e d 
n o t a p p l i e d 
a d j u s t e d 
W a h r m o d e l ( IERS S t a n d a r d s ) 
S c h w i d e r s k i m o d e l ( IERS S t a n d a r d s ) 
IERS S t a n d a r d s 

I E R S S t a n d a r d s 

M a r i n i - M u r r a y M o d e l 

IERS S t a n d a r d s 

I E R S S t a n d a r d s 
IERS S t a n d a r d s 

I E R S S t a n d a r d s 

D A T A 

L A G E O S n o r m a l p o i n t s g e n e r a t e d f r o m fü l l r a t e d a t a r e c e i v e d f r o m 

G A O U A (1984-1988) a n d f r o m G F Z (1989-1991) w e r e u s e d . A l l d a t a a r e e q u a l l y 

w e i g h e d . 
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C O N S T R A I N T S 

T h e f i rs t 5 d a y s v a l u e of U T 1 - U T C i n e a c h a r e f i xed a t B I H ( IERS) . T h e 
l a t i t u d e a n d l o n g i t u d e of 7 1 0 5 a n d t h e l a t i t u d e of 7210 f ixed a t I T R F 9 1 . T h e l a t i t u d e 
a n d l o n g i t u d e r a t e s for 12 s i t es f ixed a t N N R - N U V E L 1 ve loc i t i e s . 

T h e e s t i m a t e d E O P , S t a t i on c o o r d i n a t e s , S t a t i on v e l o c i t i e s a n d c o r r e l a t i o n m a t r i c e s 
h a v e b e e n p r o v i d e d t o t h e IERS C e n t r a l B u r e a u . 

R e f e r e n c e s 

M c C a r t h y (ed . ) , D . D . , 1992: IERS S t a n d a r d s (1992), IERS Technical Note 13, O b s e r v a t o i r e 
d e P a r i s , P a r i s . 
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S u m m a r y d e s c r i p t i o n of t h e So lu t ions CLG 94 L Ol, L 02 a n d L 03 

1 - Technique: 

2 - A n a l y s i s Center: 

3 - So lu t ion Identifier: 

4 - Sof tware U s e d : 

5 - Relat iv i ty Scale : 

SLR 

CLG 

SSC(CLG) 94 L 0 1 , L 02, L03 

S L R P - 3 

G e o c e n t r i c (LE) 

6 - P e r m a n e n t T i d a l C o r r e c t i o n o n S t a t i on : N o 

7 - T e c t o n i c P l a t e M o t i o n M o d e l : N N R - N U V E L 1 

8 - V e l o c i t y of L igh t : 

9 - G e o g r a v i t a t i o n a l C o n s t a n t : 

10 - R e f e r e n c e E p o c h : 

11 - A d j u s t e d P a r a m e t e r s : 

12 - D e f i n i t i o n of O r i g i n : 

13 - D e f i n i t i o n of O r i e n t a t i o n : 

14 - C o n s t r a i n t for T i m e 

E v o l u t i o n : 

299792458 m / s 

398600.4418 k n v V s 2 

1984.0 

O r b i t : 6 c a r t e s i a n e l e m e n t s e v e r y 30(31) 

d a y s . 
R a d i a t i o n p r e s s u r e coef f ic ien t a n d a l o n g 
t r a c k a c c e l e r a t i o n e v e r y 30(31) d a y s i n 
L01 a n d L 0 2 o r e v e r y 15 d a y s in L 0 3 . 
S t a t i o n s : E p o c h 1984.0 g e o d e t i c S t a t i o n 
p o s i t i o n s for 59 s i t e s . 
L a t i t u d e a n d l o n g i t u d e r a t e s for 4 7 s i t e s 
in L 02, L 0 3 . 
E O P : X p , Y p a n d L O D R e v e r y 5 d a y s in 
L01 a n d L 0 2 or e v e r y 3 d a y s in L 0 3 . 
G e o p o t e n t i a l : G e o g r a v i t a t i o n a l c o n s t a n t 
a n d s e l e c t e d s e t of 15 g e o p o t e n t i a l 
coeff ic ients in L 0 2 a n d L 03 . 
S o l i d E a r t h T i d e s : L o v e a n d S h i d a 
n u m b e r s i n L 02 a n d L 0 3 . 

G e o c e n t r i c , C(1,0)=C(1,1)=S(1,1)=0. 

A p r i o r i E O P v a l u e s f r o m B I H C i r c u l a r D 

o r IERS B u l l e t i n B. F i x e d l o n g i t u d e a n d 

l a t i t u d e of 7105, f ixed l a t i t u d e of 7210. 

L a t i t u d e a n d l o n g i t u d e r a t e s for 12 s i t e s 

f ixed to N N R - N U V E L 1 . 
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E O P ( C L G ) 9 4 L Ol F r o m Jan 1984 t o D e c 1991 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 

U n i t s : 0.001" for X,Y; 0.0001s for D R 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Nb 

72 
81 
77 
78 
77 
78 
78 
77 

X 
Sigma 

0.50 
0.43 
0.50 
0.42 
0.39 
0.47 
0.38 
0.46 

Nb 

72 
81 
77 
78 
77 
78 
78 
77 

Y 
Sigma 

0.48 
0.41 
0.43 
0.40 
0.39 
0.46 
0.42 
0.44 

Nb 

52 
57 
53 
56 
53 
54 
54 
53 

DR 
Sigma 

0.16 
0.14 
0.15 
0.14 
0.13 
0.17 
0.14 
0.15 

E O P ( C L G ) 94 L 02 F r o m J a n 1984 t o D e c 1991 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0 .001" for X,Y; 0.0001s for D R 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Nb 

72 
81 
77 
78 
77 
78 
78 
77 

X 
Sigma 

0.48 
0.41 
0.48 
0.40 
0.37 
0.45 
0.37 
0.44 

Nb 

72 
81 
77 
78 
77 
78 
78 
77 

Y 
Sigma 

0.45 
0.39 
0.41 
0.38 
0.37 
0.44 
0.40 
0.43 

Nb 

52 
57 
53 
56 
53 
54 
54 
53 

DR 
Sigma 

0.15 
0.14 
0.14 
0.14 
0.13 
0.16 
0.14 
0.15 

E O P ( C L G ) 94 L 03 F r o m J a n 1984 t o D e c 1991 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0 .001" for X,Y; 0.0001s for D R 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Nb 

107 
119 
114 
117 
118 
118 
119 
119 

X 
Sigma 

0.59 
0.50 
0.58 
0.48 
0.47 
0.57 
0.45 
0.53 

Nb 

107 
119 
114 
117 
118 
118 
119 
119 

Y 
Sigma 

0.52 
0.46 
0.48 
0.47 
0.46 
0.52 
0.50 
0.51 

Nb 

87 
95 
90 
95 
94 
94 
95 
95 

DR 
Sigma 

0.28 
0.25 
0.27 
0.27 
0.24 
0.33 
0.26 
0.27 
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E A R T H O R I E N T A T I O N A N D SITE C O O R D I N A T E S F R O M T H E C E N T E R FOR 
SPACE RESEARCH S O L U T I O N 

CSR 9 4 L Ol 

R. J. Eanes a n d M. M. Watk ins 
Center for Space Research, U n i v e r s i t y of Texas at A u s t i n , A u s t i n TX 78712 

Earth or i en ta t ion p a r a m e t e r s w e r e d e r i v e d f r o m a c o m b i n a t i o n of L a g e o s 
füll rate a n d quick l ook data. Füll rate data w a s u s e d from 1976 unti l the e n d o f June, 
1991 , a n d q u i c k l o o k data w a s u s e d for July 1991 t h r o u g h February 1994. M e a n 
p o s i t i o n s for all s i tes w e r e adjusted a n d hor izonta l s i te ve loc i t i e s w e r e adjus ted for 47 
s i tes w i t h g o o d o b s e r v i n g h is tor ies . For all o ther s i tes , v e l o c i t i e s w e r e h e l d f ixed to 
t h o s e p r e d i c t e d b y the N U V E L - 1 N N R m o d e l . T h e force a n d m e a s u r e m e n t m o d e i s 
u s e d for this So lut ion c o n f o r m g e n e r a l l y to the IERS S t a n d a r d s , w i t h t h e f o l l o w i n g 
except ions : 

1) T h e apriori grav i ty f ie ld w a s JGM-3, a State of the art g r a v i t y f ie ld 
d e r i v e d as a Joint effort b y t h e G o d d a r d S p a c e F l ight Center a n d the 
Center for Space Research. 

2) T h e o c e a n t ide m o d e l w a s a n e n h a n c e d v e r s i o n of the S c h w i d e r s k i 
m o d e l e x t r a p o l a t e d to i n c l u d e 80 c o n s i t u e n t s c o m p l e t e t h r o u g h d e g r e e 
a n d order 20, a s s u m i n g a d m i t t a n c e s w h i c h v a r y l inearly w i t h frequency. 
S o m e o c e a n t ide coefficients w e r e adjusted u s i n g Lageos-1 tracking data. 

3) The s o l i d t ide m o d e l ( d y n a m i c effect) h a s b e e n e x p a n d e d to i n c l u d e 
third d e g r e e a n d fourth d e g r e e terms. 

4) The geogravi tat ional constant , G M , w a s 398600.4415 k m ^ / s ^ . 

5) T h e n o m i n a l p late m o t i o n m o d e l w a s N U V E L - 1 N N R . 

6) T h e free core nutat ion per iod has b e e n c h a n g e d f rom 460 to 430 d a y s . 

7) Diurnal a n d semid iurna l f luctuat ions in the E O P a n d in t h e m o t i o n of 
the geocenter for 15 tidal frequencies w e r e s i m u l t a n e o u s l y adjusted in the 
S o l u t i o n . 

T h e d a t a w a s w e i g h t e d in a p i e c e w i s e c o n t i n u o u s , l inear ly i n t e r p o l a t e d 
m o d e l to reflect the i m p r o v e m e n t in laser h a r d w a r e o v e r the data span . T h e w e i g h t s 
are larger t h a n the true r a n d o m c o m p o n e n t of t h e laser r a n g e s in o r d e r to reflect 
u n m o d e l l e d s y s t e m a t i c errors, a n d are thus sca led s o that the formal uncerta int ies o n 
the Earth or ientat ion parameters are cons i s tent w i t h their internal prec i s ion . 

IERS(1994) Technical Note No 17. 
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T h e S o l u t i o n s for orbit e l e m e n t s a n d Earth o r i e n t a t i o n p a r a m e t e r s w e r e 
c o m p u t e d u s i n g r e s i d u a l s f r o m a l o n g are fit s p a n n i n g the p e r i o d f r o m 7 M a y 1976 
t h r o u g h 17 February 1994, a per iod of 17.8 years . T h e short are adjus tments w e r e m a d e 
at 3 d a y in terva l s subjeet to the constraint that the poster ior i uncerta int ies w e r e l e s s 
t h a n s p e c i f i e d v a l u e s , to a l l o w for t h e c h a n g e in da ta q u a n t i t y o v e r t ime . If the 
So lu t ion for a g i v e n 3 d a y interva l y i e l d e d u n a c c e p t a b l y large uncer ta in t i e s o n the 
a d j u s t e d p a r a m e t e r s , t h e interval w a s e x t e n d e d b y 3 d a y s a n d the Solut ion repeated . 
T h u s , e a c h final interval is a m u l t i p l e of 3 d a y s . For e a c h interval , regardless of l ength , 
6 K e p l e r i a n m e a n e l e m e n t s a n d x p a n d y p w e r e s o l v e d . T h e U T l e s t i m a t e s are 
o b t a i n e d from t h e L a g e o s n o d e res idua l s , w i t h the constraint that t h e y f o l l o w the JPL 
SPACE93 series at p e r i o d s longer than about 60 d a y s [Gross, 1994]. 

R e f e r e n c e s 

G r o s s , R.S., 1994: A C o m b i n a t i o n of Earth Orientat ion Data: S P A C E 9 3 , IERS Technical 
Note 17, Observato ire d e Paris , Paris, p . C-5. 

S u m m a r y d e s c r i p t i o n of t h e S o l u t i o n C S R 94 L 01 

1 - Technique: SLR 

2 - A n a l y s i s Center: C S R 

3 - So lu t ion Identifier: SSC(CSR) 94 L 01 

4 - Sof tware U s e d : U T O P I A 

5 - Relat ivi ty Scale: 

6 - P e r m a n e n t Tidal Correct ion o n Station: 

7 - Tec ton ic Plate m o d e l : 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - Geograv i ta t iona l cons tant ( G M ) : 

10 - Reference E p o c h : 

11 - A d j u s t e d Parameters: 

Coordinates : 

Site d e p e n d e n t biases: 

Geocentr ic (LE) 

T ida l c o r r e c t i o n h a s n o n z e r o m e a n . 
Pos i t ions d o n o t reflect true m e a n . 

N U V E L - 1 N N R 

299792458 m / s e c 

398600.4415 k n v V s 2 

1988.0 

E p o c h 1988.0 p o s i t i o n for all s i tes in 
cartes ian c o o r d i n a t e s s o l v e d o n e t i m e 
for e n t i r e d a t a s p a n . H o r i z o n t a l 
ve loc i t ies adjusted for 4 7 se lec ted s ites . 
A d j u s t e d w h e r e necessary . 
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Orbit: 

EOP: 

6 K e p l e r i a n m e a n e l e m e n t correct ions 
to l o n g are orbit s o l v e d e v e r y 3 d a y s 
t h r o u g h o u t s p a n subjeet t o constraint 
that poster ior i uncer ta in t i e s w e r e l e s s 
t h a n spec i f i ed v a l u e s . If n o t sat is f ied, 
interval w a s e x t e n d e d i n m u l t i p l e s of 
3 d a y s unt i l Solut ion w a s acceptable . 
x, y a n d U T l ( U T l cons tra ined b y JPL 
S P A C E 9 3 ) w e r e s o l v e d at t h e s a m e 
intervals as the orbit. 

12 - Def in i t ion of the origin: 

13 - Def in i t ion of the orientation: 

Geocentric , CIO = C l l = S i l = 0.0 

S y s t e m o r i e n t e d t o a g r e e w i t h 
EOP(CSR) 9 3 L 0 2 m a i n t a i n e d through 
f ix ing t h e l a t i t u d e a n d l o n g i t u d e of 
site 7210 (HOLLAS) a n d the lat i tude of 
site 7105 (GRF105). 

14 - Constra int for t ime evo lu t ion: Lat i tude a n d l o n g i t u d e rate of s ite 7210 
( H O L L A S ) a n d l a t i t u d e rate of s i te 
7105 (GRF105) f ixed to N U V E L - 1 N N R 
v e l o c i t i e s . H o r i z o n t a l s i t e v e l o c i t i e s 
a d j u s t e d w i t h a priori s i g m a of 100 
m m / y r for t h e o t h e r s i t e s w i t h 
suff ic ient data . B e c a u s e of w e a k SLR 
data f rom M o j a v e (7288) a n d O w e n s 
V a l l e y ( 7 8 5 3 ) t h e i r v e l o c i t y 
a d j u s t m e n t w a s c o n s t r a i n e d u s i n g a 
priori s i g m a of 5 m m / y r . 
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UNCERTAINTIES (cm) 

10 

D i s t r i b u t i o n of t h e uncer ta int i e s (quadrat ic m e a n of o X / o y , c z ) for the 116 
s t a t i o n s o f t h e terres tr ia l f r a m e SSC(CSR) 9 4 L Ol. 21 s t a t i o n s w i t h 
uncerta int ies larger than 10 c m are n o t s h o w n . 
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EOP(CSR) 94 L Ol From M a y 1976 to M a y 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Nb 

33 
71 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
122 
49 

X 
Sigma 

12.72 
12.87 
12.06 
9.38 
5.47 
5.40 
3.60 
3.08 
1.22 
1.07 
0.88 
0.60 
0.50 
0.53 
0.50 
0.62 
0.61 
0.50 
0.50 

Nb 

33 
71 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
122 
49 

Y 
Sigma 

14.38 
12.06 
10.29 
9.71 
3.48 
3.20 
2.76 
2.67 
1.09 
0.90 
0.82 
0.56 
0.53 
0.51 
0.52 
0.62 
0.59 
0.40 
0.50 

Nb 

33 
71 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
122 
49 

UTl 
Sigma 

7.46 
6.82 
6.56 
6.01 
3.11 
2.72 
2.38 
1.86 
1.12 
0.94 
0.92 
0.77 
0.71 
0.75 
0.74 
0.75 
0.76 
0.30 
0.30 
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E A R T H R O T A T I O N A N D S T A T I O N C O O R D I N A T E S C O M P U T E D F R O M SLR A N D 
G P S O B S E R V A T I O N S 

E O P ( D U T ) 9 4 L 0 1 
S S C ( D U T ) 9 4 C 0 1 

R. N o o m e n , B.A.C. A m b r o s i u s , D .C . K u y p e r , H . L e e n m a n , G.J. M e t s , B. O v e r g a a u w , 
T.A. Spr inger , K.F. W a k k e r , 
Delft U n i v e r s i t y of T e c h n o l o g y , Faculty of A e r o s p a c e Eng ineer ing , 
K l u y v e r w e g 1, 2629 H S Delft , T h e N e t h e r l a n d s (Internet: ron.noomen@lr . tudel f t .n l ) 

T h e Solut ion ERP(DUT) 94 L Ol cons i s t s of a coherent se t of Earth Rotat ion 
Parameter s (ERPs) , d e t e r m i n e d f rom SLR o b s e r v a t i o n s o n L A G E O S - 1 t a k e n i n the 
per iod September 1983 to D e c e m b e r 1992 at a frequency of o n c e per 3 d a y s . A n essent ial 
e l e m e n t of th is c o m p u t a t i o n is the d e v e l o p m e n t of a m o d e l for i n s t a n t a n e o u s Station 
p o s i t i o n s , S S C ( D U T ) 94 C Ol, w h i c h i s a c o m b i n e d S o l u t i o n b a s e d o n t h e SLR 
observat ions a lready m e n t i o n e d a n d G P S m e a s u r e m e n t s taken in the p e r i o d s M a y 16 -
2 8 , 1 9 8 9 , a n d July 29 - A u g u s t 3 , 1 9 9 2 . 

T h e c o m p u t a t i o n of ERPs w a s p e r f o r m e d in a 2 - s t ep a p p r o a c h : first, the 
m o d e l for Station p o s i t i o n s a n d m o t i o n s w a s d e r i v e d , a n d n e x t , t h e po lar m o t i o n s 
parameters w e r e c o m p u t e d w.r.t. this stable reference. 

For the d e r i v a t i o n of the m o d e l for Station p o s i t i o n s , the 9.3 year interval 
c o v e r e d b y the SLR observat ions w a s d i v i d e d into 38 c o n s e c u t i v e sub- intervals , w i t h a 
l e n g t h of 13 w e e k s o n a v e r a g e . I n d e p e n d e n t n e t w o r k So lut ions w e r e c o m p u t e d for 
each of t h e s e sub- interva ls . T h e parameter e s t imat ion w a s b a s e d o n a w e i g h t e d least-
squares fit of the sate l l i te orbit t o the o b s e r v a t i o n s . T o l imi t the effect o f potent ia l 
d y n a m i c m o d e l errors, the ana lys i s p r o g r a m s G E O D Y N - 2 and SOLVE-2 w e r e e x e c u t e d 
in a s o - c a l l e d mul t i -arc m o d e , w h e r e e a c h sub- interva l w a s further d i v i d e d i n t o a 
series of c o n s e c u t i v e 7 -day data arcs a n d satel l i te parameters (s tate-vector at e p o c h , a 
cons tant a long- track acce lerat ion a n d a 1-cpr radial acce lerat ion) w e r e e s t i m a t e d for 
each i n d i v i d u a l data are. 

In a d d i t i o n t o t h e Stat ion p o s i t i o n s , ERP S o l u t i o n s w e r e d e r i v e d 
s i m u l t a n e o u s l y . P l ease n o t e that this is no t ERP(DUT) 9 4 L Ol. T o p r e v e n t numer ica l 
s ingulari t ies , the parameters w e r e constra ined in a Bayes ian w a y . T h e a priori Standard 
dev ia t ion of the p o l e pos i t ion a n d U T l w e r e a s s i g n e d v a l u e s of 100 maresee a n d 10 m s , 
r e s p e c t i v e l y , w i t h a priori v a l u e s taken from the IERS (EOP) 90 C 04 Solut ion. The 
initial Station coord ina te s , c o m p u t e d d u r i n g a p r e l i m i n a r y data Screening run , w e r e 
g i v e n an a priori uncerta inty of 1 m. T h e a s c e n d i n g n o d e s of the satel l i te s tate-vectors 
w e r e k e p t f i xed at t h e v a l u e s d e t e r m i n e d i n t h e s a m e data Screening . T h e interval 
June - D e c e m b e r 1985 w a s no t a n a l y z e d b e c a u s e m e a s u r e m e n t s in a form su i tab le for 
the a n a l y s i s w e r e n o t ava i l ab l e . T h e SLR c o m p u t a t i o n m o d e l i s s u m m a r i z e d in 
Table l a . 

IERS(1994) Technical Note No 17. 

mailto:ron.noomen@lr.tudelft.nl
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Table l a : M o d e l s a n d constants (SLR c o m p o n e n t ) . 

D Y N A M I C M O D E L : 

Gravi ty field 

G M 
c 
ae 

1 / f 
Sol id earth t ides 
O c e a n t ides 
Solar radiat ion 

ALong-track accelerat ion 
Radial acceleration 
Third b o d y attraction 

Po le t ide ( d y n a m i c part) 

REFERENCE FRAME: 

N A S A / C S R JGM-1 m o d e l , truncated at 20x20 

398600.4415 k n \ 3 / s 2 

299792.458 k m / s 
6378-1363 k m 
298.2564 
W a h r m o d e l 
N A S A / C S R JGM-1 m o d e l 
CR fixed at 1.13; 
occul ta t ion b y Earth a n d M o o n ; 
u m b r a a n d p e n u m b r a 
cons tant va lue ; adjus ted 
s ine a n d cos ine l c p r term; adjusted 
S u n , M o o n , V e n u s , Mars , Jupiter, Saturn; 
pos i t ions from JPL D E 2 0 0 / L E 2 0 0 e p h e m e r i s 
a p p l i e d 

Station coordinates 

Earth rotation 

CIS 
Precess ion 
N u t a t i o n 
Plate m o t i o n 

Tidal uplift 
P o l e t ide (geometr ic part) 
O c e a n l o a d i n g 
A t m o s p h e r i c pres sure l o a d i n g 

M E A S U R E M E N T M O D E L : 

adjusted (step 1); 
S S C ( D U T ) 9 4 C 0 1 ( s t e p 2 ) 
adjusted at 3 -day intervals; 
a priori v a l u e s from IERS (EOP) 90 C 04 
m e a n equator a n d e q u i n o x of J2000.0 
I A U 1976 (Lieske m o d e l ) 
I A U 1980 (Wahr m o d e l ) 
n o t ap p l i ed (s tep 1); 
c lo se to N U V E L - 1 N N R (step 2) 
h 2 = 0.609,12 = 0.0852 
a p p l i e d 
n o t a p p l i e d 
n o t a p p l i e d 

Observat ions 

Data w e i g h t i n g 

Tropospher ic refraction 

Re lease B normal p o i n t s , c o m p u t e d at 
N A S A (September 1983 - M a y 1985), 
DGFI (January - October 1986 ,1987) , 
D U T ( N o v e m b e r , D e c e m b e r 1986) a n d 
A T S C / B F E C (1988 - 1 9 9 2 ) 
d e t e r m i n e d from overa l l m o d e l accuracy 
a n d System characteristics 
Mar in i -Murray m o d e l 
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T h e Informat ion o n t h e terrestrial n e t w o r k w a s further a u g m e n t e d b y the 
a d d i t i o n of t w o S o l u t i o n s b a s e d o n G P S o b s e r v a t i o n s . T h e s e c o n t r i b u t i o n s w e r e 
c o m p u t e d f r o m data taken d u r i n g t h e EUREF-89 a n d IGS E P O C H 9 2 c a m p a i g n s . The 
resu l t s f r o m t h e s e a n a l y s e s p r o v e d v a l u a b l e for t h e E u r o p e a n part o f t h e Station 
n e t w o r k , part icu lar ly for t h e Ital ian, Greek a n d T u r k i s h s ta t ions . T h e c o m p u t a t i o n 
m o d e l u s e d for the r e d u c t i o n of the G P S observat ions is s u m m a r i z e d in Table I b . 

Table l b : M o d e l s a n d constants (GPS c o m p o n e n t ) . 

D Y N A M I C M O D E L : 

Gravity field 
Solar radiat ion 

Third b o d y attraction 

REFERENCE F R A M E : 

Station coordinates 

CIS 
Tidal uplift 
Ocean load ing 
Receiver clocks 

M E A S U R E M E N T M O D E L : 

Observat ions 

Data w e i g h t i n g 

Tropospher ic refraction 

N A S A / G S F C GEM-T3 m o d e l , truncated at 8x8 
R o c k - 4 for B lock I a n d R o c k - 4 2 for Block II 
sate l l i tes 
S u n a n d M o o n ; p o s i t i o n s f rom JPL D E 2 0 0 / L E 2 0 0 
e p h e m e r i s 

a priori v a l u e s f rom ETRF 89 (EUREF 89) 
a n d ITRF 92 (EPOCH92) 
m e a n equator a n d e q u i n o x of J2000.0 
h 2 = 0.609,12 = 0.0852 
n o t ap p l i ed 
Kootwi jk reference 

Data s a m p l e d at 1 po in t / 6 m i n u t e s ; 
i onosphere - f ree l inear c o m b i n a t i o n s of 
the p s e u d o r a n g e a n d carrier p h a s e 
observat ions (i.e. P 3 a n d L3) 
1.0 m for p s e u d o r a n g e s ; 
1.0 c m for carrier p h a s e s 
n o m i n a l z e n i t h d e l a y (dry c o m p o n e n t ) ; 
n o m i n a l z e n i t h d e l a y ( 1 0 c m ) , a d j u s t e d 
u s i n g r a n d o m - w a l k m o d e l ( w e t c o m p o n e n t ) ; 
Lanyi m o d e l for e l e v a t i o n m a p p i n g 

T h e final e l e m e n t of the first s t e p w a s t h e c o n v e r s i o n of the ser ies of 
n e t w o r k Solut ions (40 in total) in to a coherent m o d e l for the descr ip t ion of the Station 
p o s i t i o n s as a f u n c t i o n of t ime . Th i s m o d e l c o n s i s t s of ini t ia l c o o r d i n a t e s for the 
g e o d e t i c m o n u m e n t at e p o c h (January 1, 1988) p l u s t i m e - d e r i v a t i v e s of these . In the 
c o m p u t a t i o n s , H e l m e r t p a r a m e t e r s , a b s o r b i n g s y s t e m a t i c d i f ferences i n s ca l e (GPS 
on ly ) , or i enta t ion a n d or ig in , w e r e e s t i m a t e d for all i n d i v i d u a l n e t w o r k Solut ions b u t 
one . To a v o i d numer ica l instabi l i t ies , the m o t i o n of 12 s tat ions w a s cons tra ined w i t h a 
Standard d e v i a t i o n of 1 m m / y r to t h e a priori v a l u e w h i c h w a s t a k e n f r o m t h e 
N U V E L - 1 N o N e t R o t a t i o n m o d e l . T h e r e m a i n d e r of the p a r a m e t e r s w e r e a d j u s t e d 
freely. 



L-16 

In the s e c o n d s t e p , the resu l t ing m o d e l for i n s t a n t a n e o u s Station p o s i t i o n s 
w a s back-subs t i tu ted i n t o the p r e v i o u s s tep: the G E O D Y N / S O L V E c o m p u t a t i o n s w e r e 
r e p e a t e d , b u t n o w w i t h t h e s e Station p o s i t i o n s h e l d f ixed a n d t h e p o l e p o s i t i o n a n d 
U T l parameters e s t i m a t e d freely. Because of the l imi ted t i m e - s p a n c o v e r e d b y the GP S 
o b s e r v a t i o n s (19 d a y s i n tota l , d i v i d e d o v e r t w o c a m p a i g n s ) , th i s s e c o n d s t e p w a s 
e x e c u t e d for the SLR c o m p o n e n t o n l y , T h e c o m p u t a t i o n m o d e l u s e d h e r e is l i s ted in 
Tab le 1, a n d i s ident ica l to t h e o n e u s e d for t h e SLR c o m p o n e n t of s t e p 1. It c lo se ly 
f o l l o w s t h e IERS S t a n d a r d s , w i t h f e w except ions : (i) the JGM-1 Solut ion, b o t h for the 
g r a v i t y f i e ld a n d for t h e o c e a n t i d e s , w a s u s e d i n s t e a d of the a d v i s e d G E M - T l a n d 
S c h w i d e r s k i m o d e i s ; (ii) the effect of o c e a n l o a d i n g a n d a t m o s p h e r i c p r e s s u r e l o a d i n g 
o n Station p o s i t i o n s w a s n o t a p p l i e d ; (iii) n o p la t e m o t i o n w a s a p p l i e d d u r i n g each 
sub- interval; a n d (iv) n e w v a l u e s for G M , ae a n d the f lattening of the Earth w e r e u s e d . 
Deta i l s of t h e terrestrial Sys tem are g i v e n in the s u m m a r y descr ipt ion b e l o w . 

T h e S o l u t i o n for e a c h Sta t ion c o n s i s t s o f t h e c a r t e s i a n m o n u m e n t 
coord ina te s at e p o c h , t h e c o r r e s p o n d i n g Standard d e v i a t i o n s (both in m ) , the apparent 
m o t i o n s a n d the Standard d e v i a t i o n s of the latter (in m / y r ) . The reference e p o c h of the 
Solut ion i s January 1 , 1 9 8 8 . 
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S u m m a r y d e s c r i p t i o n of t h e terrestrial Sys tem at tached to t h e s e t o f Stat ion coord inates 
S S C ( D U T ) 9 4 C 0 1 

1 - Techn ique 

2 - A n a l y s i s center 

3 - So lu t ion identif ier 

4 - Sof tware u s e d 

5 - Relativity scale 

6 - T i d a l up l i f t 

7 - T e c t o n i c p l a t e m o d e l 

8 - Ve loc i ty of l i gh t 

9 - G r a v i t a t i o n a l c o n s t a n t 

10 - R e f e r e n c e e p o c h 

11 - A d j u s t e d p a r a m e t e r s 

12 - O r i g i n d e f i n i t i o n 

13 - O r i e n t a t i o n d e f i n i t i o n 

14 - E v o l u t i o n c o n s t r a i n t 

c o m b i n e d SLR a n d G P S 

D U T 

SSC(DUT) 94 C 01 

G E O D Y N - 2 / S O L V E - 2 / G I P S Y 

local Earth 

yes 

N U V E L - 1 N N R for s e l e c t e d s i t es 
( Y a r r a g a d e e , E a s t e r I s l a n d , G r e e n b e l t , 
P l a t t e v i l l e , H u a h i n e , M a z a t l a n , M a u i , 
W e t t z e l l , G r a z , R G O , O r r o r a l Va l l ey , 
K o o t w i j k ) ; 

D U T S o l u t i o n s d e r i v e d for t h e r e m a i n d e r 
of t h e s t a t i o n s , d e t e r m i n e d w. r . t . a 
r e f e r e n c e f r a m e m o v i n g a c c o r d i n g t o 
N U V E L - 1 N N R 

299792.458 k m / s 

398600.4415 k m 3 / s 2 

J a n u a r y 1 ,1988 

X0, Y0, Z 0 (for se l ec t ed s t a t i ons ) ; 

X0, Y0, Z0, Xdot, Ydot, Zdot (remainder) 

C(1,0)=C(1,1) = S(1,1) = 0 

in i t i a l c o o r d i n a t e s a t r e f e r e n c e e p o c h 

N U V E L - 1 N N R (for s e l e c t e d s t a t i o n s ) ; 

D U T a p p a r e n t m o t i o n s ( r e m a i n d e r ) 
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Distr ibut ion o f the 49 s i tes of the terrestrial frame SSC(DUT) 94 C Ol. 
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UNCERTAINTIES (cm) 
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D i s t r i b u t i o n of t h e uncer ta in t i e s (quadrat ic m e a n of a x , a y , o z ) for the 59 
s t a t i o n s o f t h e terres tr ia l f r a m e S S C ( D U T ) 9 4 C Ol. 5 s t a t i o n s w i t h 
uncerta int ies larger than 10 c m are n o t s h o w n . 
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EOP(DUT) 94 L Ol From Sep 1983 to D e c 1992 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Nb 

39 
120 
48 

117 
119 
122 
119 
122 
120 
120 

X 
Sigma 

0.44 
0.35 
0.48 
0.29 
0.26 
0.27 
0.24 
0.22 
0.25 
0.23 

Nb 

39 
120 
48 
117 
119 
122 
119 
122 
120 
120 

Y 
Sigma 

0.43 
0.30 
0.34 
0.26 
0.23 
0.26 
0.22 
0.21 
0.24 
0.23 

Nb 

39 
120 
48 

117 
119 
122 
119 
122 
120 
120 

UTl 
Sigma 

0.33 
0.28 
0.33 
0.23 
0.21 
0.22 
0.20 
0.17 
0.20 
0.19 
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E A R T H R O T A T I O N A N D TERRESTRIAL REFERENCE F R A M E 
F R O M L A G E O S I A N D H O B S E R V A T I O N S 

E O P ( G A O U A ) 9 4 L 0 1 
S S C ( G A O U A ) 94 L 02 

V . N . S a l y a m o v 
M a i n A s t r o n o m i c a l Observatory of the Ukra in ian A c a d e m y of Sc iences , D e p t . of Space 
G e o d y n a m i c s , Kiev-127 , G o l o s e e v o , Ukra ine , 252127 

So lut ion G A O U A 9 4 L 01 cons is ts of a set of 89 Station coordinates , ve loci t ies 
of 45 s i tes , h a v i n g g o o d o b s e r v i n g h i s tory , a s w e l l as a c o r r e s p o n d i n g set of Earth 
rotat ion parameters . A n a l y s i s is b a s e d o n L a g e o s I normal po in t s s p a n n i n g the per iod 
from S e p t e m b e r 1983 t h r o u g h October 1993 (48007 passes ) a n d L a g e o s II n ormal po in t s 
from N o v e m b e r 1992 t h r o u g h October 1993 (4666 passes ) u s i n g Software p a c k a g e Kiev-
G e o d y n a m i c s - 5 . 

The m o d e i s a n d cons tants u s e d for ana lys i s f o l l o w s the IERS r e c o m m e n d a t i o n s w i t h 
the f o l l o w i n g except ions : 

- grav i ty f ield a n d o c e a n t ides are m o d e l l e d a c c o r d i n g to G S F C / C S R U T 
JGM-2 m o d e l truncated at 20x20; 

- nuta t ion correct ions are accord ing to McCarthy et al. (1991) 

For the ana lys i s the w h o l e interval of data w a s d i v i d e d in to 15 d a y arcs and 
o n the first s t e p o n l y the orbits of L A G E O S I & II w e r e adjusted o n each of these arcs. 
O n the s e c o n d s tep the combinat ion of 15-day arcs y i e l d e d the final Solution, cons i s t ing 
of the parameters l i s ted in the s u m m a r y sheet b e l o w . 

Earth rotat ion parameters (x, y a n d U T l ) w e r e adjusted at da i ly intervals . In 
the case of p o o r data dis tr ibut ion or lack of o b s e r v i n g stat ions , ERPs w e r e h e l d f ixed to 
EOP(IERS) C 04 (about 15% of data) . D e s p i t e th is p r o c e d u r e there are st i l l s o m e 
s pu r ious data c a u s e d probably b y the bad g e o m e t r y of the o b s e r v i n g ne twork . It s h o u l d 
b e n o t e d that a d d i n g L A G E O S II data resu l ted in a n i m p r o v e m e n t of the formal error 
of t h e ERPs b y a factor of 1.5 e v e n t h o u g h the orbit of this sate l l i te is m o d e l l e d a bit 
w o r s e than that of L A G E O S I. 

The terrestrial reference System is at tached to ITRF91 b y f ixing the lat i tude of 
Station 7105 a n d the l o n g i t u d e a n d la t i tude o f Station 7210. T i m e e v o l u t i o n of the 
Sys tem is m o d e l l e d b y N U V E L - 1 N N R for s i tes w i t h e i ther p o o r data d i s tr ibut ion or 
short- term act iv i ty per iods . T h e ve loc i t i e s of 45 s i tes (59 co l located stat ions) h a v e b e e n 
e s t i m a t e d a n d l i n k e d to N U V E L - 1 N N R t h r o u g h f ix ing the l a t i tude c h a n g e rate of 
Station 7210 a n d the l o n g i t u d e a n d la t i tude c h a n g e rates of Station 7105. T h e reference 
e p o c h for t h e s i t e p o s i t i o n s is 1988.0 (MJD 47161) . S e p a r a t e e s t i m a t i o n of Station 
p o s i t i o n s u s i n g L A G E O S I a n d L A G E O S II da ta s h o w s u p to 5 c m d i f f erence in 
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t r a n s l a t i o n a l c o m p o n e n t s of t r a n s f o r m a t i o n b e t w e e n r e f e r e n c e f r a m e s a n d u p t o 
0".0009 i n r o t a t i o n a l c o m p o n e n t s . T h e s ca l e d i f f e rence is a b o u t 4 p p b . 

R e f e r e n c e s 

M c C a r t h y , D . D . , a n d L u z u m , B.J., 1 9 9 1 : O b s e r v a t i o n s of L u n i - s o l a r a n d F r e e C o r e 
N u t a t i o n , Astron. / . , 1 0 2 , 1889-1895. 

S u m m a r y s h e e t for t h e d e s c r i p t i o n of the S o l u t i o n s G A O U A L 01 a n d L 02 

1 - T e c h n i q u e : SLR t o L A G E O S I & II 

2 - A n a l y s i s C e n t e r : G A O U A 

3 - S o l u t i o n iden t i f i e r : S S C ( G A O U A ) 9 4 L 01 

4 - S o f t w a r e u s e d : K I E V - G E O D Y N A M I C S - 5 

5 - Re l a t i v i t y s c a l e : 

6 - P e r m a n e n t t i d a l c o r r e c t i o n o n Sta t ion 

7 - T e c t o n i c p l a t e m o d e l : 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M ) : 

10 - R e f e r e n c e e p o c h : 

11 - A d j u s t e d p a r a m e t e r s : 

C o o r d i n a t e s : 

O r b i t : 

E O P : 

12 - De f in i t i on of t h e o r i g i n : 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : 

LE 

YES 

N U V E L - 1 N N R 

299 7 9 2 4 5 8 

3.9860 04415 10*4 

M J D 47161 ( 1 9 8 8 . 0 ) 

X,Y,Z for 89 s t a t i o n s 
X d o t , Y d o t , Z d o t for 4 5 s i tes 
5 k e p l e r i a n m e a n e l e m e n t s e s t i m a t e d e v e r y 
3 d a y s , C t a n d C r e v e r y 15 d a y s 
X p , Y p , U T 1 - U T C e v e r y 1 d a y 

C10=C11=S11=0 

E R P v a l u e s f r o m EOP( IERS) 90 C 04 

L o n g i t u d e a n d l a t i t u d e of S t a t i on 7105 a n d 

l a t i t u d e of Sta t ion 7210 f ixed. 

F i x e d p l a t e m o t i o n m o d e l for s t a t i o n s w i t h 

u n s u f f i c i e n t d a t a o r s h o r t o b s e r v i n g 

h i s t o r y . L a t i t u d e a n d l o n g i t u d e r a t e of 

Sta t ion 7105 a n d l a t i t u d e r a t e of S ta t ion 7210 

f ixed t o N U V E L - 1 N N R v e l o c i t i e s . 
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D i s t r i b u t i o n of t h e uncerta int ies (quadrat ic m e a n of a x , o y , a z ) for the 84 
s t a t i o n s o f the terrestrial f r a m e S S C ( G A O U A ) 9 4 L 0 2 . 2 s t a t i o n s w i t h 
uncerta int ies larger than 10 c m are not s h o w n . 
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E O P ( G A O U A ) 9 4 L 0 1 From S e p 1983 to Oct 1993 

N u m b e r of m e a s u r e m e n t s per y e a r a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Nb 

78 
272 
280 
297 
314 
314 
295 
309 
293 
323 
294 

X 
Sigma 

0.90 
0.70 
0.70 
0.60 
0.60 
0.50 
0.60 
0.50 
0.60 
0.60 
0.50 

Nb 

78 
272 
281 
296 
314 
314 
295 
309 
293 
323 
294 

Y 
Sigma 

0.90 
0.60 
0.60 
0.60 
0.50 
0.50 
0.60 
0.50 
0.60 
0.60 
0.40 

Nb 

78 
272 
281 
297 
314 
314 
295 
309 
293 
323 
294 

UTl 
Sigma 

0.68 
0.57 
0.54 
0.51 
0.48 
0.47 
0.50 
0.47 
0.49 
0.50 
0.37 
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S T A T I O N C O O R D I N A T E S A N D E A R T H R O T A T I O N P A R A M E T E R S B A S E D O N 
L A G E O S L A S E R R A N G I N G 

E O P ( G F Z ) 94 L Ol, 0 2 , 0 3 , 0 4 

S S C ( G F Z ) 9 4 L 0 1 

H . M o n t a g , C h . R e i g b e r , W . S o m m e r f e l d , G . D i c k 
G e o F o r s c h u n g s Z e n t r u m ( G F Z ) P o t s d a m 

S u m m a r y 

O n t h e b a s i s of Sa te l l i t e L a s e r R a n g i n g (SLR) d a t a til i M i d - A u g u s t , 1993 , a n i m p r o v e d 
Se t of S t a t i o n C o o r d i n a t e s SSC (GFZ) 94 L 0 1 , i n d u d i n g s i t e m o t i o n s w a s d e t e r m i n e d , 
a n d f o u r s e r i e s of E a r t h R o t a t i o n P a r a m e t e r s (ERP) w i t h t i m e r e s o l u t i o n s of 5 d a y s 
(ERP (GFZ) 9 4 L 0 1 , m a i n So lu t ion) , 3 d a y s (L02), 2 d a y s (L03) a n d 1 d a y (L04) h a v e b e e n 
p r o d u c e d . 

M o d e l parameters a n d data 

I n c o n t i n u a t i o n of t h e f o r m e r y e a r s S o l u t i o n s ( M o n t a g et al, 1993) a n 
i m p r o v e d Se t of S t a t i o n C o o r d i n a t e s (SSC) a n d f o u r s e t s of E a r t h R o t a t i o n P a r a m e t e r s 
( E R P ) w i t h d i f f e r e n t t i m e r e s o l u t i o n w e r e d e t e r m i n e d . T h e c o n s t a n t s a n d m o d e l 
p a r a m e t e r s i m p l e m e n t e d i n t h e G F Z S o f t w a r e p a c k a g e E P O S . P . V 1 u s e d fo r t h e 
m u l t i s t a g e - m u l t i a r c p a r a m e t e r e s t i m a t i o n p r o c e d u r e c o n f o r m t o t h e I E R S S t a n d a r d s 
( M c C a r t h y (Ed . ) , 1992) w i t h t h e f o l l o w i n g e x c e p t i o n s : 

- t i d a l v a r i a t i o n s i n U T l c a u s e d b y z o n a l t i d e s w i t h p e r i o d s l a r g e r t h a n 35 

d a y s n o t c o n s i d e r e d , 
- n u t a t i o n c o r r e c t i o n s d e r i v e d b y VLBI i n c l u d e d , 

- G E M - T l i n s t e a d of T 3 a p p l i e d . 

T h e n o r m a l p o i n t s for b o t h L A G E O S 1 a n d L A G E O S 2 w e r e u s e d u n t i l 
A u g u s t 10 , 1993 ( M J D 49209) . F o r t h e n e w t i m e i n t e r v a l f r o m S e p t . 9 2 t o A u g . 9 3 
a l t o g e t h e r 8780 p a s s e s (4960 of L A G E O S 1 a n d 3820 of L A G E O S 2) w i t h 12800 n o r m a l 
p o i n t s (62300 of L A G E O S 1 a n d 58500 of L A G E O S 2) f r o m 36 s t a t i o n s w e r e i n c l u d e d i n 
t h e a n a l y s i s . 

Set of Stat ion c o o r d i n a t e s a n d v e l o c i t i e s 

T h e S e t of S t a t i o n C o o r d i n a t e s S S C ( G F Z ) 9 4 L 01 w a s d e t e r m i n e d f r o m 
L A G E O S 1 d a t a o v e r t h e w h o l e 13 y e a r s t i m e i n t e r v a l . I t c o n t a i n s 103 m a r k e r p o s i t i o n s 
a t 71 s t a t i o n s . F o r 46 s t a t i o n s (69 m a r k e r s ; c o l o c a t e d m a r k e r s a t o n e S t a t i o n w e r e 
c o n s t r a i n e d ( w i t h w e i g h t of 105) t o h a v e t h e s a m e ve loc i t i e s ) t h e d a t a d i s t r i b u t i o n w a s 
g o o d e n o u g h t o a d j u s t t h e s i t e m o t i o n s s i m u l t a n e o u s l y . F o r t h e o t h e r s t a t i o n s t h e 
ve loc i t i e s w e r e h e l d f ixed t o t h o s e of t h e N U V E L - 1 n o n e t r o t a t i o n m o d e l ( d e M e t s et 

IERS(1994) Technical Note No 17. 



L-26 

al., 1990) . I n t h e s u m m a r y d e s c r i p t i o n b e l o w s o m e d e t a i l s o n t h e a d o p t e d m o d e l for 
t h e t e r r e s t r i a l S y s t e m a r e g i v e n . T h e s i t e p o s i t i o n s w e r e r e f e r e d t o e p o c h 1988.0. T h e 
o r i g i n of t h e r e f e r e n c e S y s t e m w a s d e f i n e d b y C 1 0 = C l l = S i l = 0. T h e o r i e n t a t i o n w a s 
c o n s t r a i n e d b y f i x i n g t h e l a t i t u d e a n d l o n g i t u d e for S t a t ion 7840 a n d t h e l a t i t u d e for 
t h e S t a t i o n 7 1 0 5 . A d d i t i o n a l l y , n o c o m m o n n e t r o t a t i o n w a s p e r m i t t e d i n r e l a t i o n t o 
t h e r e f e r e n c e c o o r d i n a t e s e t SSC ( G F Z ) 9 3 L 01 (a l so I T R F 89) . C o r r e c t i o n s d u e t o t h e 
p e r m a n e n t t i d a l d e f o r m a t i o n of t h e E a r t h w e r e a p p l i e d . T h e g i v e n m e a n e r r o r s for 
SSC ( G F Z ) 9 4 L 01 h a v e b e e n s c a l e d b y a fac tor of 5 , b e c a u s e t h e o b t a i n e d f o r m a l e r r o r s 
s e e m t o b e t o o o p t i m i s t i c . T h e e r r o r s for t h e v e l o c i t i e s w e r e d e f i n e d t o b e z e r o for al l 
s t a t i o n s w h i c h w e r e f ixed t o t h e N U V E L - 1 v e l o c i t y m o d e l . 

Earth ro ta t ion p a r a m e t e r s 

B a s e d o n t h e se t of S ta t ion c o o r d i n a t e s SSC ( G F Z ) 94 L 01 w i t h a d j u s t e d s i t e 
v e l o c i t i e s f o u r s e t s of E R P ( p o l e c o o r d i n a t e s a n d l e n g t h of d a y - L O D ) w i t h d i f f e r en t 
t i m e r e s o l u t i o n s w e r e d e t e r m i n e d . T h e m a i n S o l u t i o n E R P ( G F Z ) 94 L 01 h a s a t i m e 
r e s o l u t i o n of 5 d a y s . A d d i t i o n a l l y t w o s e r i e s w i t h a t i m e r e s o l u t i o n of 3 d a y s ( E R P 
(GFZ) 94 L 02) a n d 2 d a y s ( E R P ( G F Z ) 94 L 03) w e r e d e r i v e d . T h e s e s e r i e s b e g i n n i n g in 
1980 a n d t h e 1-day r e s o l u t i o n s e r i e s ( E R P (GFZ) 94 L 04) b e g i n n i n g i n 1983 a r e n o w al l 
u p d a t e d til i A u g u s t , 1993 . B e c a u s e , c o n t r a r y t o t h e L01 So lu t ion , t h e L O D r e s u l t s for t h e 
L 0 2 , L 0 3 a n d L 0 4 S o l u t i o n s w e r e n o t e s t i m a t e d d i r e c t l y b u t v i a U T l , t h e t i m e e p o c h s 
h a v e t o b e t r a n s f e r r e d for t h e L O D v a l u e s b y - 1.5 d , - 1.0 d a n d - 0.5 d , r e s p e c t i v e l y . 
G e n e r a l l y , t h e S L R d a t a w e r e w e i g h t e d a c c o r d i n g t o t h e i r e s t i m a t e d a c c u r a c y . I n 
a d d i t i o n , s e v e r a l n o n - p e r m a n e n t s t a t i o n s w e r e i n c l u d e d w i t h s m a l l e r w e i g h t s i n 
o r d e r t o r e d u c e t h e i n f l u e n c e of a c h a n g i n g S t a t i on d i s t r i b u t i o n . N o p o s t - a d j u s t m e n t 
s m o o t h i n g o r f i l t e r ing p r o c e d u r e w a s a p p l i e d . T h e f o r m a l e r r o r s ( S t a n d a r d d e v i a t i o n ) 
of t h e p o l e c o o r d i n a t e s a n d t h e L O D a r e r a t h e r o p t i m i s t i c , g e n e r a l l y . C o m p a r e d t o t h e 
So lu t i ons of t h e p a s t y e a r s t h e i n c l u s i o n of L A G E O S 2 d a t a d i d n o t e s s e n t i a l l y i n c r e a s e 
t h e p r e c i s i o n . T h e y a r e ± 0.1 m a s for t h e p o l e c o o r d i n a t e s w i t h a t i m e r e s o l u t i o n of 5 d 
a n d 3 d , ± 0.15 m a s for a t i m e r e s o l u t i o n of 2 d a y s a n d ± 0.2 m a s for p o l e c o o r d i n a t e s 
w i t h a 1-day t i m e r e s o l u t i o n . T h e p r e c i s i o n e s t i m a t e s of L O D a r e ± 0.006 m s , ± 0.01 m s 
a n d ± 0.02 m s , r e s p e c t i v e l y . T h e f o r m a l e r r o r of L O D w i t h a t i m e r e s o l u t i o n of 5 d a y s 
(± 0.006 m s ) w a s s c a l e d b y a fac tor of 4 i n o r d e r t o m a k e i t c o m p a r a b l e w i t h t h e o t h e r 
o n e s d e t e r m i n e d v i a U T l . 

T h e a c c u r a c y i s m o s t l y i n f l u e n c e d b y t h e d a t a d e n s i t y a n d d i s t r i b u t i o n . 

T h e r e f o r e i t c o u l d b e i m p r o v e d b y i n c l u d i n g L A G E O S 2 d a t a . I n c a s e s of p o o r d a t a 

d e n s i t y a n d d i s t r i b u t i o n t h e e r r o r s c a n i n c r e a s e s e v e r a l t i m e s . If t h e d a t a d e n s i t y is 

p o o r , p r o b l e m s c a n e s p e c i a l l y a r i s e fo r h i g h r e s o l u t i o n r e s u l t s . T h e n a l s o t h e 

c o r r e l a t i o n s b e t w e e n t h e e s t i m a t e d E R P b e c o m e v e r y h i g h . T h i s fact w a s u s e d a s a n 

a u t o m a t i c a l e l i m i n a t i o n c r i t e r i o n (if h i g h e r 0.9). A s a n a v e r a g e a b o u t 3 p e r c e n t of t h e 

r e s u l t s w i t h a t i m e r e s o l u t i o n of 2 d a n d 15 p e r c e n t of 1 -day r e s o l u t i o n r e s u l t s w e r e 

e l i m i n a t e d . W i t h t h e a d d i t i o n a l L A G E O S 2 d a t a t h e a c c u r a c y c o u l d b e i m p r o v e d b y a 

f ac to r of a b o u t 1.5. T h e e r r o r s a r e n o w s m a l l e r t h a n ± 1 m a s for t h e p o l e c o o r d i n a t e s 

w i t h a t i m e r e s o l u t i o n of 5 d a n d a b o u t ± 1 . 5 m a s fo r 1 -day r e s o l u t i o n r e s u l t s . I n t h e 

c a s e of L O D i t r a n g e s b e t w e e n ± 0.07 m s (5d r e s o l u t i o n ) a n d ± 0.15 m s ( l d ) . W i t h t h e 

i m p r o v e d a c c u r a c y d u e t o t h e i n c l u s i o n of L A G E O S 2 d a t a a n e s s e n t i a l d e c r e a s e of t h e 

s c a t t e r i n g of t h e E R P d i f f e r e n c e s b e t w e e n d i f f e ren t S o l u t i o n s i s a s s o c i a t e d . D i s p l a y i n g 

e .g . t h e d i f f e r e n c e s b e t w e e n o u r 5 - d a y S o l u t i o n a n d t h e I E R S c o m b i n e d S o l u t i o n t h e 
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smal l er scat ter ing after t h e a d d i t i o n of L A G E O S 2 da ta i s e v i d e n t . A d d i t i o n a l l y , the 
d i f ferences b e t w e e n o u r Solut ion ERP (GFZ) 9 4 L Ol o n o n e h a n d a n d o u r Solut ions 
L02, L03 a n d L04 o n the o ther h a n d (Table 1) s h o w a d e c r e a s e of t h e scat ter ing (r.m.s 
d e v i a t i o n from the m e a n ) b y 30 to 60 per cent. 

Table 1. Scattering of the di f ferences b e t w e e n different G F Z Solut ions be fore a n d after 
i n c l u d i n g L A G E O S 2 data 

LAGEOS1 

LAGEOS1+2 

xp 

mas 

±0.77 

.51 

L01-L02 

yp 
mas 

±0.86 

.37 

ERP 

LOD 

M-s 

±70 

44 

(GFZ) 

xp 

mas 

±1.09 

.68 

94 

L01 
: 

Solutions 

-L03 
yp 

mas 

±0. 95 

.51 

LOD 

Jls 

±78 

59 

xp 

mas 

±1.35 

.85 

L01-L04 
yp 

mas 

±1.57 

.66 

LOD 

*ls 

±143 

103 

C o n c l u s i o n 

A s a c o n t r i b u t i o n to t h e r e a l i z a t i o n a n d m o n i t o r i n g of t h e terrestr ial 
re ference f r a m e a n i m p r o v e d s e t of Station c o o r d i n a t e s i n c l u d i n g s i te m o t i o n s a n d 
several se t s of earth rotat ion parameters w e r e der ived . T h e ser ies of ERP s h o w a g o o d 
a g r e e m e n t w i t h t h e p r e v i o u s l y r e p o r t e d s e r i e s a n d w i t h IERS r e s u l t s i n t h e 
o v e r l a p p i n g z o n e s . C o m p a r i n g w i t h the So lu t ions f r o m las t year , t h e a d d i t i o n of 
L A G E O S 2 da ta b r o u g h t a s ignif icant i m p r o v e m e n t in the accuracy for the ERP series . 
W i t h t h e P r o l o n g a t i o n of t h e L A G E O S 2 d a t a s e r i e s i n t h e n e x t y e a r s e s s e n t i a l 
i m p r o v e m e n t s can a l so b e e x p e c t e d for the de terminat ion of s i te m o t i o n s as part of the 
set of Station coordinates . 

R e f e r e n c e s 

D e M e t s , C , G o r d o n , R.G., A r g u s D.F. , a n d Ste in , S., 1990: C u r r e n t p l a t e m o t i o n s , 
Geophys. J. Int., 1 0 1 , 425-478* 

M c C a r t h y , D . D . (ed . ) , 1992: Internat ional Earth R o t a t i o n S e r v i c e s S t a n d a r d s (1992) , 
IERS Technical Note No. 13, Observa to i re d e Paris , Paris . 

M o n t a g , H . , G e n d t , G., D ick , G., Re igber , C h . , N i s c h a n , Th. , S o m m e r f e l d , W. , 1993: 
Earth Rota t ion Parameters a n d Stat ion C o o r d i n a t e s b y L A G E O S Laser R a n g i n g Data 
U p d a t e d tili M i d S e p t e m b e r , 1992 , IERS Technical Note No. 14, Observato ire d e Paris , 
Paris,L23-L30. 
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S u m m a r y d e s c r i p t i o n of t h e So lu t ions GFZ 94 L Ol, 0 2 , 0 3 a n d 04 

1 - T e c h n i q u e 

2 - A n a l y s i s Center: 

3 - S o l u t i o n Identier: 

4 - So f tware U s e d : 

5 - Relat iv i ty Scale: 

6 - P e r m a n e n t T i d a l C o r r e c t i o n o n Sta t ion: 

7 - T e c t o n i c P l a t e m o d e l : 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M ) : 

10 - R e f e r e n c e E p o c h : 

11 - A d j u s t e d P a r a m e t e r s : 

C o o r d i n a t e s : 

Orb i t : 

E O P : 

12 - D e f i n i t i o n of t h e o r i g i n : 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : 

14 - C o n s t r a i n t for t i m e e v o l u t i o n 

S L R 

G F Z 

SSC (GFZ) 94 L 01 

E P O S . P . V 1 

G e o c e n t r i c (LE) 

Yes 

a d j u s t e d , p a r t l y N U V E L - 1 

299792458 m / s e c 

a d j u s t e d t o 3 9 8 6 0 0 . 4 5 1 k m 3 / s 2 

1988.0 ( M J D 47160.) 

r a d i u s , l o n g i t u d e a n d l a t i t u d e for all s i tes 
p l u s v e l o c i t i e s i n e a c h of t h e c o o r d i n a t e s , 
a l l s o l v e d o n e t i m e for t h e w h o l e d a t a 
s p a n 
6 K e p l e r i a n m e a n e l e m e n t s for i n t e r v a l s 
of 5 d a y s 
x , y a n d L O D , s o l v e d a t 5 - d a y i n t e r v a l s 

( t h e s a m e a s o r b i t ) 
x, y a n d U T l , s o l v e d a t 1-, 2 - a n d 3 - d a y 
i n t e r v a l s ( t h e o r b i t is s o l v e d for 6 d a y s ) 

G e o c e n t r i c , C 1 0 = C l l = S i l =0 

S y s t e m o r i e n t e d b y f ix ing: 

- t h e l a t i t u d e of 7105 , 7840 

- t h e l o n g i t u d e of 7840 

n o n e t r o t a t i o n b y f i x i n g N U V E L - 1 
v e l o c i t i e s for: 

- t h e l a t i t u d e of 7105 , 7840 
- t h e l o n g i t u d e of 7840 
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Distr ibut ion of the 70 s i tes of the terrestrial f rame SSC(GFZ) 9 4 L Ol. 

4 6 

UNCERTAINTIES (cm) 

D i s t r i b u t i o n of the uncerta int ies (quadrat i c m e a n of o X / a y , o z ) for t h e 102 
s t a t i o n s of t h e terrestr ia l f r a m e SSC (GFZ) 9 4 L Ol. 2 s t a t i o n s w i t h 
uncerta int ies larger than 10 c m are no t s h o w n . 
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E O P ( G F Z ) 9 4 L Ol F r o m J u n 1991 t o A u g 1993 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0.001" for X,Y; 0.0001s for D R 

YEAR 

1991 
1992 
1993 

X 
Nb Sigma 

39 0.09 
73 0.10 
44 0.10 

Y 
Nb Sigma 

39 0.09 
73 0.09 
44 0.08 

DR 
Nb Sigma 

39 0.04 
73 0.04 
44 0.04 

E O P ( G F Z ) 94 L 02 F r o m J u n 1991 t o A u g 1993 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0 . 001" for X,Y; 0.0001s for D R 

YEAR 

1991 
1992 
1993 

X 
Nb Sigma 

65 0.12 
122 0.14 
74 0.14 

Y 
Nb Sigma 

65 0.13 
122 0.13 
74 0.12 

Nb 

65 
122 
74 

DR 
Sigma 

0.05 
0.05 
0.05 

E O P ( G F Z ) 94 L 03 F r o m J u n 1991 t o A u g 1993 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0 .001" for X,Y; 0.0001s for D R 

YEAR X Y DR 
Nb Sigma Nb Sigma Nb Sigma 

1991 
1992 
1993 

92 
180 
108 

0.15 
0.17 
0.17 

92 
180 
108 

0.15 
0.15 
0.14 

92 
180 
108 

0.08 
0.09 
0.08 

E O P ( G F Z ) 94 L 04 F r o m J u n 1991 t o A u g 1993 

N u m b e r of m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 
U n i t s : 0 -001" fo r X,Y; 0.0001s for D R 

YEAR X Y DR 
Nb Sigma Nb Sigma Nb Sigma 

1991 
1992 
1993 

161 
336 
217 

0.18 
0.22 
0.20 

161 
336 
217 

0.17 
0.18 
0.18 

161 
336 
217 

0.18 
0.21 
0.20 
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E A R T H O R I E N T A T I O N FROM GSFC S O L U T I O N SL8.5 
GSFC 9 4 L Ol 

D.E. Smi th , R. K o l e n k i e w i c z , a n d R.S. N e r e m 
N A S A / G o d d a r d Space Fl ight Center , Greenbel t M D 20771 

P.J. D ü n n , S.M. K l o s k o , J.W. Robbins , M.H. Torrence a n d R.G. W i l l i a m s o n 
H u g h e s STX Corp. , Greenbelt , M D 20770 

E.C. Pav l i s 
U . of M d . Dept . of A s t r o n o m y a n d N A S A / G S F C , Greenbel t M D 20771 

T h e SL8.5 Solut ion w a s o b t a i n e d b y f i t t ing data f rom L A G E O S II b e t w e e n 
N o v e m b e r 1 9 9 2 a n d D e c e m b e r 1 9 9 3 , a n d L A G E O S I b e t w e e n January 1980 a n d 
D e c e m b e r 1993 in 30 d a y (and occas iona l ly 35 day) arcs u s i n g n o r m a l p o i n t s from the 
g loba l SLR track ing n e t w o r k . T h e m o n t h l y arcs w e r e c o m b i n e d t o d e r i v e a se t of 
Station p o s i t i o n s at e p o c h 880101 , a n d Station ve loc i t i e s . Earth Orientat ion Parameters 
w e r e e s t i m a t e d as i n d e p e n d e n t v a l u e s of t i m e a n d po lar m o t i o n at 5 d a y intervals 
f rom January 1980 t h r o u g h D e c e m b e r 1982 , a n d d a i l y in terva l s s i n c e January 1983. 
Orbit a n d force m o d e l parameters w e r e adjusted at the intervals ind ica ted b e l o w . The 
IERS Standards w e r e f o l l o w e d e x c e p t that the JGM3 grav i ty f ield w i t h e x p a n d e d ocean 
tidal terms, a n d a v a l u e of G M of 398600.4415 knvfys^ w e r e adopted . 

T h e E O P ser ies f r o m this So lut ion w a s e d i t e d b y m e a n s of a "Vondrak"-
s m o o t h i n g p r o c e d u r e u s i n g an e p s i l o n v a l u e of 100. T h e resu l t ing ser ies are ident ical 
t o t h e "raw" s e r i e s e x c e p t for t h e f e w c a s e s w h e r e s o m e s p u r i o u s v a l u e s w e r e 
s u b s t i t u t e d w i t h v a l u e s i n t e r p o l a t e d f rom adjacent data p o i n t s . Thi s o n l y h a p p e n s 
w h e n there i s a lack of o b s e r v a t i o n s d u r i n g the e s t i m a t i o n interval; l e s s than 4% of 
the d a t a h a v e b e e n e d i t e d in th is f a s h i o n . T h e L O D R ser i e s w e r e o b t a i n e d f r o m 
di f ferences o f the U T 1 R ser ies w i t h IERS-nodes at arc - l ength in terva l s . T h e f o r w a r d 
d i f ference w a s p e r f o r m e d o n the w e a k l y s m o o t h e d U T 1 R ser i e s t o m i n i m i z e n o i s e 
ampl i f i ca t ion . E x a m i n a t i o n of the RMS di f ferences b e t w e e n the r a w a n d the w e a k l y 
s m o o t h e d ser ies i n d i c a t e d that the s m o o t h i n g d i d n o t c o m p r o m i s e i ts s igna l content 
g i v e n the accuracy of the series . 

IERS(1994) Technical Note No 17. 
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S u m m a r y d e s c r i p t i o n o f t h e So lu t ion G S F C 94 L Ol 

1 - T e c h n i q u e : 

2 - A n a l y s i s C e n t e r : 

3 - S o l u t i o n Iden t i f i e r : 

4 - S o f t w a r e U s e d : 

5 - R e l a t i v i t y Sca le : 

6 - S t a t i o n T i d a l C o r r e c t i o n : 

7 - T e c t o n i c p l a t e m o d e l : 

8 - V e l o c i t y of l i g h t 

9 - G M : 

10 - R e f e r e n c e e p o c h : 

11 - A d j u s t e d P a r a m e t e r s : 

Orb i t : 

S t a t i o n s : 

E O P : 

1 2 - D e f i n i t i o n of O r i g i n : 

SLR d a t a t o L A G E O S I a n d L A G E O S H 

N A S A / G S F C 

G S F C SL8.5 

G E O D Y N H a n d S O L V E H 

Loca l E a r t h 

E a r t h t i d e s a n d O c e a n l o a d i n g (Sche rneck ) 

G S F C SL8.5 

299792458 m / s 

398600.4415 k m 3 / s 2 

880101 

6 e l e m e n t s e v e r y 3 0 ( 3 5 ) d a y s , a l o n g t r a c k 
a c c e l e r a t i o n t w i c e p e r a r e , o n c e p e r r e v o l u t i o n 
a c c e l e r a t i o n t w i c e p e r a r e . 

p o s i t i o n a n d v e l o c i t y e s t i m a t e d e x c e p t l a t , Ion of 
W a s h i n g t o n a n d l a t of M a u i a n d l a t r a t e , I on r a t e 
of W a s h i n g t o n a n d l a t r a t e of M a u i 
X p , Y p , U T l e v e r y 5 d a y s f r o m 800101 t o 821228 , 
e v e r y d a y f r o m 8 2 1 2 2 9 t o 9 3 1 2 3 1 , o n e U T l v a l u e 
f ixed a t IERS e a c h m o n t h 

G e o c e n t r i c 

1 3 - D e f i n i t i o n of O r i e n t a t i o n : a p r i o r i E R P f r o m IERS 90 C 04 a n d f ixed S ta t ion 
c o m p o n e n t s 

1 4 - C o n s t r a i n t for t i m e e v o l u t i o n : la t , Ion r a t e of W a s h i n g t o n a n d la t r a t e of M a u i 
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Dis tr ibut ion of the 38 s i tes of the terrestrial frame SSC(GSFC) 9 4 L Ol. 
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er _ LxJ o m CM 

4 6 

UNCERTAINTIES (cm) 

10 

D i s t r i b u t i o n of t h e u n c e r t a i n t i e s (quadrat i c m e a n of a x , o y , a z ) for the 38 
s tat ions of the terrestrial frame SSC(GSFC) 94 L 01 . 
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EOP(GSFC) 9 4 L Ol From Jan 1980 to D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 
U n i t s : 0.001" for X,Y; 0.0001s for U T l . 

YEAR 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Nb 

74 
73 
75 

365 
366 
365 
365 
365 
366 
364 
365 
365 
366 
364 

X 
Sigma 

1.21 
0.55 
0.66 
0.82 
0.50 
0.47 
0.47 
0.38 
0.39 
0.40 
0.35 
0.48 
0.40 
0.30 

Nb 

74 
73 
75 
365 
366 
365 
365 
365 
366 
364 
365 
365 
366 
364 

Y 
Sigma 

0.46 
0.32 
0.57 
0.81 
0.44 
0.41 
0.39 
0.35 
0.38 
0.38 
0.37 
0.45 
0.39 
0.27 

Nb 

74 
73 
75 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
364 

UTl 
Sigma 

0.90 
0.40 
0.90 
0.70 
0.50 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.50 
0.40 
0.30 
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E A R T H O R I E N T A T I O N A N D S T A T I O N C O O R D I N A T E S 
F R O M L A G E O S LASER R A N G I N G 

S H A 9 4 L 0 1 

F o n g C h u g a n g a n d Z h o u m i n g 
Shan gh a i Observatory , A c a d e m i a Sinica - Shangha i , Ch ina 

T h e Solut ions E O P ( S H A ) 94 L Ol a n d S S C ( S H A ) 9 4 L Ol w e r e d e r i v e d from 
L a g e o s n o r m a l p o i n t data. T h e L a g e o s n o r m a l p o i n t data f r o m Dec .27 ,1992 to Jun.24, 
1993 c a m e from the GSFC. T h e 180-day L a g e o s N P data w a s d i v i d e d in to t w o 9 0 - d a y 
interval parts . A m u l t i s t a g e mul t iarc m e t h o d w a s u s e d to e s t i m a t e s i m u l t a n e o u s l y 
sate l l i te s ta tes , E O P s a n d s o m e Station c o o r d i n a t e s . T h e Station c o o r d i n a t e s , as the 
g loba l p a r a m e t e r s , are adjus ted in the w h o l e l o n g are (90 -day interval ) . T h e satel l i te 
s tates ( p o s i t i o n v e c t o r a n d v e l o c i t y vec tor ) , as t h e f irs t -s tage loca l p a r a m e t e r s , are 
i n d e p e n d e n t l y a d j u s t e d i n the d i f ferent subarc (10 -day interval ) . T h e E O P s , a s the 
s e c o n d - s t a g e loca l p a r a m e t e r s are i n d e p e n d e n t l y a d j u s t e d i n a s u b - s u b a r c ( 5 - d a y 
i n t e r v a l ) . 

T h e c o n v e r g e n t criterion of the Solut ions in the w h o l e l o n g are w a s that the 
c h a n g e of satel l i te p o s i t i o n in a subarc i s n o t larger than 0.05 m a n d the re lat ive error 
of re s idua l m e a n error in a subarc is no t larger t h a n 0.005. There are m e a n p o s i t i o n s 
for s ta t ions at e p o c h 1988.0 in SSC(SHA) 9 4 L 01 . The p o s i t i o n s of all s tat ions refer to 
the opt ical axis of the laser rang ing System. 

Each se t of E O P Solut ion i n c l u d e s three earth or ientat ion parameters Xp , Yp , 
a n d DR. In o u r Solut ion the overa l l R M S fit of the laser observa t ions to the orbits is 
l ess than 10 cm. M o s t of the Station coordinates of SSC(SHA) 94 L 01 w e r e adjus ted 
except the la t i tude and l o n g i t u d e of Station 7840 (RGO) a n d the la t i tude of Station 7105 
(GRF105). 

The force a n d m e a s u r e m e n t m o d e i s u s e d for th is So lut ion a d h e r e c l o s e l y to the IERS 
Standards (McCarthy, 1992). 

Reference f rame 

- M e a n e q u i n o x a n d equator of J 2000.0 
- Stat ion coord inates SSC(SHA) 91 L 01 
- I A U 1976 preces s ion 
- I A U 1980 nuta t ion 
- D E 2 0 0 / L E 2 0 0 planetary e p h e m e r i d e s 
- TAI as t h e coord inate t ime scale of the earth-centered frame 

IERS(1994) Technical Note No 17. 
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Force m o d e l 

- G E M - H earth grav i ty field w i t h C ( 2 , l ) a n d S(2 , l ) of IERS Standards, 

GM=398600 .436 k m ^ / s e c * 
- Luni -Solar a n d p lanetary grav i ty perturbat ion 
- W a h r s o l i d ear th t ides 
- S c h w i d e r s k i o c e a n t i d e s 
- Solar radiat ion p r e s s u r e (Cr adjusted) 
- Drag- l ike perturbat ion (Cd adjusted) 
- A t m o s p h e r i c t ide 
- Earth's radiat ion p r e s s u r e 
- Genera l relat ivist ic perturbat ion (geocentr ic frame) 

M e a s u r e m e n t m o d e l 

- Marini M u r r a y refraction m o d e l 
- So l id earth t ides d i s p l a c e m e n t 
- O c e a n l o a d i n g s i te d i s p l a c e m e n t 
- Relat iv is t ic correct ion 

R e f e r e n c e s 

McCarthy , D . D . (ed. ) , 1992: IERS Standards (1992), IERS Tech. Note 13, Observato ire d e 
Paris , Paris. 
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S u m m a r y d e s c r i p t i o n of the So lu t ion S H A 94 L Ol 

1 - T e c h n i q u e : S L R 

2 - A n a l y s i s C e n t e r : S H A 

3 - S o l u t i o n Iden t i f i e r : S S C ( S H A ) 94 L Ol 

4 - S o f t w a r e U s e d : S H O R D E - 1 

5 - Re la t i v i t y Scale : G e o c e n t r i c (LE) 

6 - P e r m a n e n t T i d a l C o r r e c t i o n o n S t a t i on : N o 

7 - Tec ton i c P l a t e m o d e l : 

8 - V e l o v i t y o f l i g h t ( C ) : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M ) : 

10 - R e f e r e n c e E p o c h : 

11 - A d j u s t e d P a r a m e t e r s : 

C o o r d i n a t e s : 
O r b i t : 

E O P : 

12 - De f in i t i on of t h e o r i g i n : 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : 

N N R - N U V E L 1 

299 792 4 5 8 m / s e e 

398600.436 k m 3 / s 2 

1988.0 

X,Y,Z for 21 s t a t i o n s 
6 K e p l e r i a n m e a n e l e m e n t s , a n d C t 
a n d C r e s t i m a t e d e v e r y 10 d a y s 
X p , Y p , a n d D r e v e r y 5 d a y s 

G e o c e n t r i c , C10 = C l l = S i l = 0 

S y s t e m o r i e n t e d b y f ix ing: 

- t h e l a t i t u d e of 7105,7840 

- t h e l o n g i t u d e of 7840 

L a t i t u d e a n d l o n g i t u d e r a t e of S ta t ion 
7840 a n d l a t i t u d e r a t e of S t a t ion 7105 
f ixed t o N N R - N U V E L 1 ve loc i t i e s 
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E O P ( S H A ) 9 4 L Ol F r o m D e c 1992 t o J u n 1993 

N u m b e r o f m e a s u r e m e n t s p e r y e a r a n d m e d i a n u n c e r t a i n t i e s 

U n i t s : 0 .001" for X,Y; 0.0001s for D R 

YEAR 

1992 
1993 

X 
Nb Sigma 

1 60.83 
35 46.39 

Y 
Nb Sigma 

1 86.14 
35 42.90 

DR 
Nb Sigma 

1 0.34 
35 0.18 


