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E A R T H O R I E N T A T I O N P A R A M E T E R S 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 
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 C L G 92 L Ol, 

L 0 2 , L 0 3 , L 0 4 

I v a n G e o r g i e v a n d V a l e n t i n K o t z 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 iences , Sofia 

C L G 9 2 L Ol, 02 , 0 3 a n d 04 a r e fou r y e a r s L A G E O S So lu t ions d e r i v e d b y t h e 
S L R P - 2 (Sa te l l i t e 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 ) C o m p u t e r p r o g r a m Sys t em f r o m l a se r 
t r a c k i n g d a t a , a c q u i r e d b y t h e i n t e r n a t i o n a l l a se r t r a c k i n g n e t w o r k d u r i n g t h e p e r i o d 
f r o m J a n u a r y 1984 to D e c e m b e r 1987. 

1. M O D E L S 

T h e m o d e i s a n d c o n s t a n t s u n d e r l y i n g t h e C L G 92 So lu t ions fo l low t h e IERS S t a n d a r d s : 

Reference frame 

CIS: 
P r e c e s s i o n : 
N u t a t i o n : 
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 : 
In i t i a l S t a t ion 
c o o r d i n a t e s : 
T i m e e v o l u t i o n : 
E q u a t o r i a l r a d i u s of 
t h e E a r t h : 
Eccent r ic i ty 1/f: 

D y n a m i c a l 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 : 
Di rec t s o l a r 
r a d i a t i o n p r e s s u r e : 
O c e a n t i d e s : 
Sol id t i d e s : 
E m p i r i c a l d r a g 
acce l e r a t i on : 

M e a n e q u a t o r a n d e q u i n o x of J2000.0 
I A U 1976 
I A U 1980 + H e r r i n g 1987 co r r ec t i on 
J P L D E 2 0 0 / L E 2 0 0 

BIH, C i r c u l a r D 

ITRF 89 
AMO-2 p l a t e m o t i o n m o d e l 

6378136 m 
298.257 

N A S A / G S F C G E M - T l , t r u n c a t e d at 20 x 20, w i t h 
G M =398600.436 k m 3 / s 2 a n d a =6378137m as sca le 
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 =398600.440 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 to 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 
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 ) 

C T n o m i n a l v a l u e -3.1 
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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 : 
A i r d r a g : 
A l b e d o : 

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

M a r i n i - M u r r a y 
R e f r a c t i o n M o d e l : 
So l id E a r t h t i d a l 
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 : 

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

2. D A T A 

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

IERS S t a n d a r d s 

IERS S t a n d a r d s 

A p p l i e d for s t a t i o n s 

1 1 8 1 , 7086 , 7090 , 7105 , 7109, 7110, 7112, 7 1 2 1 , 7122, 7210, 
7400, 7 4 0 1 , 7805 , 7810, 7833 , 7834, 7835 , 7837 , 7838 , 7839, 
7840, 7886, 7907, 7939, 8833 
A p p l i e d 

A p p l i e d 

L A G E O S n o r m a l p o i n t s u s e d , w e r e r e c e i v e d f r o m G A O U A . T h e e n t i r e 4.0 
y e a r s p e r i o d c o n t a i n s a b o u t 200 000 n o r m a l p o i n t s . Al l t h e d a t a is e q u a l l y w e i g h t e d . 

3 . A N A L Y S I S P R O C E S S 

T h e a n a l y s i s w a s p e r f o r m e d b y t h e S L R P - 2 C o m p u t e r p r o g r a m S y s t e m . It 
c o n s i s t s of t w o m a i n m o d u l e s : t h e o r b i t c o m p u t a t i o n m o d u l e a n d t h e p a r a m e t e r es t i ­
m a t i o n m o d u l e . T h e p r o c e s s i n g s e q u e n c e is s c h e m a t i c a l l y s h o w n in t h e f i g u r e b e l o w . 

Al l o t h e r p a r a m e t e r s u n d e r g o u n c o n s t r a i n e d free a d j u s t m e n t . 

Archived NP 

I 
Orbital 
computation 

I 
Monthly 
Observational 
Equations 

Monthly - _ — « « _ • _ 
Normal 

Monthly Solutions 

Equations 

I 
Accumulation 
Solution 
Updating 

I 
Multi-year Solution 
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4. S O L U T I O N C O N S T R A I N T S 

There w e r e t w o a priori constraints: (1) t h e first 5 d a y s v a l u e of U T 1 - U T C in 
e a c h are w a s f ixed to its BIH, C i r c u l a r D v a l u e a n d (2) t h e o r i e n t a t i o n of the terrestrial 
r e f e r ence f rame w a s c o n s t r a i n e d b y f ixing t h e l a t i t u d e of 7210 ( H a w a i i ) a n d the l a t i t u d e 
a n d l o n g i t u d e of 7907 ( A r e q u i p a ) s t a t i o n s . 

5. A D J U S T E D P A R A M E T E R S 

T h e d i f f e r e n c e s b e t w e e n t h e f o u r S o l u t i o n s , o u t l i n e d in T a b l e 1, a r e in t h e 
i n t e r v a l s of v a l i d i t y of t h e f o l l o w i n g p a r a m e t e r s : s o l a r r a d i a t i o n p r e s s u r e coeff ic ient 
CR; a l o n g t r a d e acce l e r a t i on CT; p o l e c o o r d i n a t e s x p a n d y p a n d L O D R . 

T a b l e 1. 

S o l u t i o n In t e rva l in d a y s 

C R C T x p , y p a n d L O D R 

L 0 1 
L 0 2 
L 0 3 
L 0 4 

30 
15 
15 
30 

30 
15 
15 
30 

5 
5 
3 
3 

T h e a d j u s t e d p a r a m e t e r s a r e : 

G e o g r a v i t a t i o n a l p a r a m e t e r : G M 
A se l ec t ed se t of g e o p o t e n t i a l 

coef f ic ien ts : 

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 coefficient: 
A l o n g t r a c k a c c e l e r a t i o n 
coefficient : 
O r b i t a l State vec to r : 
EOP: 
S t a t i o n c o o r d i n a t e s : 

C(2,0), C(3,0), C(4,0), C(2 , l ) , S(2 , l ) , C (3 , l ) , S(3 , l ) , C (4 , l ) , 
S (4 , l ) , C(2,2) , S(2,2), S(3,2), S(3,2), C(4,2) , S(4,2) 

C R 

C T 
6 p a r a m e t e r s p e r m o n t h l y a r e 
x p , y p a n d L O D R 
G e o d e t i c c o o r d i n a t e s 

A r c - d e p e n d e n t p a r a m e t e r s h a v e b e e n r e d u c e d i n t h e m o n t h l y n o r m a l e q u a t i o n s 
b e f o r e c o m b i n i n g t h e n o r m a l e q u a t i o n s for a m u l t i - y e a r So lu t ion . 

6. R E S U L T S 

T h e SSC, g e o c e n t r i c x, y a n z c o o r d i n a t e s , a n d E O P r e s u l t s o b t a i n e d in e a c h 
So lu t ion h a v e b e e n p r o v i d e d to t h e IERS C e n t r a l B u r e a u . Al l c o o r d i n a t e s a r e r e f e r r e d 
to t h e o p t i c a l ax i s of t h e r a n g i n g Sys tems . T h e t i m e s p a n of e a c h Sta t ion is c a l c u l a t i n g 
b y s u m m i n g u p all d a y s in w h i c h it is t r a c k e d ( o n e o r m o r e p a s s e s ) . T h e c o r r e l a t i o n 
m a t r i c e s of t h e e s t i m a t e d Sta t ion c o o r d i n a t e s a r e a l so ava i l ab l e . 
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For L O D R the reported e p o c h h a v e to be decreased b y the half of the tabulating 
interval s ince the L O D R v a l u e s w e r e f o r m e d as f o r w a r d di f ferences of the e s t i m a t e d 
U T 1 - U T C series . 

R e f e r e n c e s 

M c C a r t h y (ed . ) , D . D . , 1989: IERS Standards 1989, IERS Tech. Note 3, O b s e r v a t o i r e d e 

Paris, Paris. 

S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the set of Station c o o r d i n a t e s 
SSC(CLG) 93 L Ol, 0 2 , 0 3 , 0 4 . 

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 iden t i f i e r : 

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

5 - Re l a t i v i t y Scale : 

S L R 

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 (CLG) 

C L G 92 L 0 1 , 02, 03, 04 

S L R P - 2 

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 Stat ion: YES 

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 : 

8 - Ve loc i ty of 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 (GM) : 

10 - Reference 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 : 

AMO-2 

299792458 m / s 

398600.440 m 3 / s 2 

( s o l v e d for p a r a m e t e r ) 

1984.0 

E p o c h 1 9 8 4 . 0 g e o d e t i c S t a t i o n p o s i t i o n 
c o o r d i n a t e s . Al l p o s i t i o n s a r e for t h e o p t i c a l 
axis of t h e l ase r r a n g i n g s y s t e m . 

Orb i t : C a r t e s i a n c o o r d i n a t e s a n d v e l o c i t i e s s o l v e d 
for e v e r y 30 o r 31 d a y s 

E O P : x p , y p a n d L O D R (see T a b l e 1) 
C R a n d CT: see T a b l e 1 
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 
G e o p o t e n t i a l coeff ic ients : A s e l e c t e d n u m b e r of t h e l o w d e g r e e a n d 

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

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

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 : 

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

F i x e d l a t i t u d e for 7210. 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 for 7907. 

14 - Constraint for t ime eva luat ion: F i x e d AMO-2 p l a t e m o t i o n m o d e l 
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UNCERTAINTIES (cm) 

10 

D i s t r i b u t i o n of the uncerta int ies (quadrat ic m e a n of a x , o y , o z ) for the 45 
s t a t i o n s of t h e terrestr ia l f r a m e SSC(CLG) 9 3 R 0 1 . 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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EOP(CLG) 93 L Ol From Jan 1984 to D e c 1987 

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 D 

YEAR 
Nb Sigma Nb Sigma Nb Sigma 

1984 
1985 
1986 
1987 

72 
81 
77 
78 

0. 
0. 
0, 
0. 

.69 

.60 

.68 

.58 

72 
81 
77 
78 

0, 
0, 
0. 
0, 

.66 

.57 

.59 

.56 

52 
52 
53 
56 

0.25 
0.23 
0.23 
0.21 

EOP(CLG) 9 3 L 03 F r o m Jan 1984 to D e c 1987 

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 
Uni t s : 0 .001" for X, Y; 0.0001s for D 

YEAR 

1984 
1985 
1986 
1987 

Nb 

107 
119 
115 
117 

X 
Sigma 

0.86 
0.74 
0.85 
0.72 

Nb 

107 
119 
115 
117 

Y 
Sigma 

0.76 
0.68 
0.71 
0.71 

Nb 

87 
87 
91 
95 

D 
Sigma 

0.44 
0.40 
0.42 
0.42 
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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 CSR 93 L Ol 

R. J. Eanes a n d M. M. Watk ins 
Center for Space Research, Un ivers i ty of Texas at Aust in , A u s t i n TX 78712 

Earth or ientat ion parameters w e r e d e r i v e d from 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 look data. Füll rate data w a s u s e d from 1976 until the e n d of June, 1991, 
a n d quickiook data w a s u s e d for July 1991 through February 1993. 

M e a n p o s i t i o n s for all s i tes w e r e adjusted and hor izonta l s ite ve loc i t i e s w e r e 
adjusted for 4 7 s i tes w i t h g o o d o b s e r v i n g histories. For all other sites , ve loc i t ies w e r e 
h e l d f ixed to those predic ted by the N N R - N U V E L 1 mode l . 

T h e force and m e a s u r e m e n t m o d e i s u s e d for this Solut ion conform genera l ly 
to the IERS Standards , w i t h the f o l l o w i n g except ions: 

1) The apriori gravi ty field w a s JGM-1, a State of the art gravi ty field d e r i v e d as 
a Joint effort b y the G o d d a r d Space Flight Center a n d the Center for S p a c e 
Research. Se lected coeff icients of this field w e r e adjusted s i m u l t a n e o u s l y w i t h 
the stat ions pos i t ions . 

2) The o c e a n t ide m o d e l w a s an e n h a n c e d vers ion of the S ch w id ersk i m o d e l 
ex trapo la ted to i n c l u d e 80 cons i tuents c o m p l e t e through d e g r e e and 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 vary 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 so l id t ide m o d e l has 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 and fourth 
d e g r e e terms. 

4) The geogravi tat ional constant, G M , w a s 398600.4415 k m 3 / s 2 . 

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

6) The free core nutat ion per iod has been c h a n g e d from 460 to 430 days . 

T h e data 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 inearly in terpo la ted 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 s p a n . T h e w e i g h t s are 
larger t h a n t h e true r a n d o m c o m p o n e n t of the laser r a n g e s in o r d e r to ref lect 
u n m o d e l l e d s y s t e m a t i c errors, and are thus scaled s o that the formal uncerta int ies o n 
the Earth or ientat ion parameters are consis tent w i t h their internal prec is ion . 

IERSH993) Technical Note No 14. 
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T h e S o l u t i o n s for o r b i t e l e m e n t s a n d E a r t h 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 a r e fit s p a n n i n g t h e p e r i o d f r o m 7 M a y 1976 
t h r o u g h 06 F e b r u a r y 1993, a p e r i o d of 16.8 y e a r s . T h e s h o r t a r e a d j u s t m e n t s w e r e m a d e 
a t 3 d a y i n t e r v a l s s u b j e e t t o t h e c o n s t r a i n t t h a t t h e p o s t e r i o r i u n c e r t a i n t i e s w e r e less 
t h a n s p e c i f i e d v a l u e s , t o a l l o w for t h e c h a n g e i n d a t a q u a n t i t y o v e r t i m e . If t h e 
S o l u t i o n for a g i v e n 3 d a y i n t e r v a l y i e l d e d u n a c c e p t a b l y l a r g e u n c e r t a i n t i e s o n t h e 
a d j u s t e d p a r a m e t e r s , t h e i n t e r v a l w a s e x t e n d e d b y 3 d a y s a n d t h e So lu t ion r e p e a t e d . 
T h u s , e a c h f ina l i n t e r v a l is a m u l t i p l e of 3 d a y s . F o r e a c h i n t e r v a l , r e g a r d l e s s of 
l e n g t h , 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 a r e 
o b t a i n e d f r o m t h e L a g e o s n o d e r e s i d u a l s , w i t h t h e c o n s t r a i n t t h a t t h e y f o l l o w t h e JPL 
S P A C E 9 2 se r i e s a t p e r i o d s l o n g e r t h a n a b o u t 60 d a y s [Gros s , 1993]. 

R e f e r e n c e s 

G r o s s , R.S. 1993: A C o m b i n a t i o n of E a r t h O r i e n t a t i o n D a t a : S P A C E 9 2 , IERS Tech. Note 

14, O b s e r v a t o i r e d e P a r i s , P a r i s , p . C - l . 

S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem at tached to the set of Station c o o r d i n a t e s 
SSC(CSR) 93 L 01 

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 : 

S L R 

C S R 

SSC(CSR) 93 L 01 

U T O P I A 

5 - Re l a t i v i t y Scale: 

6 - P e r m a n 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 : 

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

T i d a 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 . 
P o s i t i o n s d o n o t ref lect t r u e m e a n . 

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 ( 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 (GM) 

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 : 

N N R - N U V E L 1 

299792458 m / s e c 

398600.4415 k m 3 / 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 c a r t e s i a n 
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 i e s a d j u s t e d for 4 7 
s e l ec t ed s i tes . 
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Site d e p e n d e n t biases: 
Geopotent ia l coefficients: 
Orbit: 

EOP: 

Adjus ted w h e r e necessary. 
Selected coefficients w e r e adjusted. 
6 Keplerian 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 every 3 d a y s t h r o u g h o u t s p a n 
subjeet to cons tra int that pos ter ior i uncer ­
tainties w e r e less than spec i f ied va lues . If not 
sat isf ied, interval w a s e x t e n d e d in m u l t i p l e s 
of 3 days until Solution w a s acceptable. 
x, y a n d U T l ( U T l c o n s t r a i n e d b y JPL 
SPACE92) w e r e s o l v e d at the s a m e intervals 
as the orbit. 

12 - Def ini t ion of the origin: 

13 - Def in i t ion of the orientat ion: 

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

S y s t e m or iented to agree w i t h S P A C E 9 2 in a 
m e a n s e n s e o v e r per iod 1981-1992, mainta i -
n e d through fixing the lat i tude and l o n g i t u d e 
of site 7210 (HOLLAS) and the lat i tude of s i te 
7105 (GRF105). This def in i t ion w a s enforced 
b y a p p l y i n g o f f se t s to the a d j u s t e d p o l a r 
m o t i o n . T h i s a d j u s t m e n t c o u l d crea te a 
c losure error b e t w e e n the or ig ins i m p l i e d b y 
the EOP and the S S C 

14 - Constraint for t ime evo lu t ion: L a t i t u d e a n d l o n g i t u d e rate of s i t e 7 2 1 0 
( H O L L A S ) a n d l a t i t u d e rate of s i t e 7 1 0 5 
(GRF105) f ixed to N N R - N U V E L 1 ve loc i t i e s . 
H o r i z o n t a l s i te 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 the other s i tes 
w i t h suff ic ient data. B e c a u s e of w e a k SLR 
data from M o j a v e (7288) and O w e n s Va l l ey 
( 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 
constrained us ing a priori s i gma 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 uncerta int ies (quadrat ic m e a n of a x , o y , o z ) for the 111 
s t a t i o n s o f the terrestr ia l f r a m e SSC(CSR) 9 3 L Ol. 17 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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EOP(CSR) 93 L Ol From May 1976 to Feb 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 uncertaint ies 
Uni t s : 0.001" for X, Y; 0.0001 s for U T l 

YEAR 

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

Nb 

32 
72 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
12 

X 
Sigma 

12.54 
12.83 
12.04 
9.28 
5.46 
5.40 
3.60 
3.07 
1.22 
1.05 
0.87 
0.60 
0.48 
0.52 
0.49 
0.62 
0.61 
0.79 

Nb 

32 
72 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
12 

Y 
Sigma 

14.29 
12.04 
10.21 
9.58 
3.48 
3.20 
2.76 
2.67 
1.08 
0.89 
0.80 
0.55 
0.52 
0.51 
0.52 
0.62 
0.58 
0.77 

Nb 

32 
72 
72 
76 
117 
112 
113 
118 
121 
121 
122 
122 
122 
121 
122 
122 
122 
12 

UTl 
Sigma 

7.29 
6.77 
6.49 
5.95 
3.04 
2.65 
2.30 
1.75 
0.94 
0.73 
0.68 
0.46 
0.39 
0.43 
0.40 
0.46 
0.47 
0.88 
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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 
O B S E R V A T I O N S O N LAGEOS-1 D U T 93 L 02 

R. N o o m e n , B.A.C. A m b r o s i u s , D .C . Kuyper , H. Leenman , G.J. Mets , K.F. Wakker 
Delft U n i v e r s i t y of T e c h n o l o g y , Faculty of Aerospace Engineering, 
K l u y v e r w e g 1, 2629 H S Delft , The N e t h e r l a n d s 

T h e So lu t ion E R P / S S C ( D U T ) 9 3 L 02 c o n s i s t s of a c o h e r e n t se t of Earth 
Rotat ion Parameters (ERPs), d e t e r m i n e d at 5-day intervals , a n d coordinates of a g lobal 
l a ser Stat ion n e t w o r k . T h e o r i g i n a l S o l u t i o n w a s c o m p u t e d f r o m laser r ä n g e 
observa t ions o n the g e o d e t i c satel l i te LAGEOS-1 , taken dur ing the per iods September 
1983 through M a y 1985 and January 1986 through D e c e m b e r 1992. O n l y ERP Solut ions 
for e p o c h s s ince January 1986 are inc luded in this contribution. 

For the ana lys i s , the 9.3-year data interval w a s d i v i d e d into a total of 38 s u b -
per iods , w i t h a l ength of 13 w e e k s o n average. The actual analys is w a s performed in a 
2-step approach. 

First, a c o n t i n u o u s but m u t u a l l y i n d e p e n d e n t series of 38 g lobal n e t w o r k and 
ERP Solut ions w a s c o m p u t e d by a n a l y z i n g each batch of observat ions . The parameter 
e s t imat ion w a s b a s e d o n a least-squares fit of the satell ite orbit to the SLR observat ions . 
T o l i m i t the ef fect of p o t e n t i a l d y n a m i c m o d e l errors , the a n a l y s i s p r o g r a m s 
G E O D Y N - 2 a n d SOLVE-2 w e r e e x e c u t e d in a so-ca l led mult i -arc m o d e , w h e r e e a c h 
sub-per iod w a s further d i v i d e d into a series of 7-day data arcs and satell ite parameters 
( s t a t e - v e c t o r at e p o c h , a c o n s t a n t a l o n g - t r a c k a c c e l e r a t i o n a n d a 1-cpr radia l 
acceleration) w e r e e s t imated for each data are. To prevent computat iona l s ingulari t ies , 
the parameters w e r e constra ined in a Bayes ian w a y . The a priori Standard dev ia t ion of 
the p o l e p o s i t i o n 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 0.1 aresee a n d 0.01 s, respect ive ly , 
w i t h a priori v a l u e s taken f rom the m o n t h l y IERS Bul le t ins B. T h e initial Station 
c o o r d i n a t e 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. The 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 kept 
f ixed at the v a l u e s d e t e r m i n e d in the data Screening. 

T h e c o m p u t a t i o n m o d e l is s u m m a r i z e d in Table 1. The m o d e l c lo se ly f o l l o w s 
the IERS Standards , w i t h f e w except ions: (i) the JGM-1 Solution, bo th for the grav i ty 
f ield and for the ocean t ides , w a s u s e d instead of the a d v i s e d GEM-Tl a n d Schwidersk i 
m o d e i s ; (ii) the effect of o c e a n l o a d i n g and a tmospher ic pressure 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 app l i ed ; (iii) n o p late m o t i o n w a s a p p l i e d d u r i n g each "13-week" 
sub-per iod; a n d (iv) n e w va lues for GM, ae and the f lattening of the Earth w e r e u s e d . 

T h e s e c o n d s t e p w a s pr imarly a i m e d at br ing ing c o h e r e n c y into the ser ies of 
parameter Solutions. This w a s d o n e by fitting a m o d e l for tectonic de format ions to the 
ser ies of i n d i v i d u a l Station coordinates , w h i l e e l iminat ing sys t emat i c di f ferences . This 
m o d e l cons i s t of initial Station coordinates at a reference e p o c h a n d the t ime-der ivat i -

IERS(1993) Technical Note No 14. 
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v e s of t h e s e c o o r d i n a t e s . A p r i o r i v a l u e s for t h e s e t i m e - d e r i v a t i v e s w e r e 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 , a n d e i t h e r k e p t f ixed for a s u b - s e t of 12 SLR 
s t a t i o n s , w h i c h are k n o w n to f o l l o w t h e m o t i o n s d e s c r i b e d b y t h i s m o d e l , o r e s t i m a t e d 
for the r e m a i n d e r of the s t a t i o n s . N e x t , t h e r e s u l t i n g m o d e l for i n s t a n t a n e o u s S ta t ion 
p o s i t i o n s w a s b a c k - s u b s t i t u t e d i n t o t h e G E O D Y N / S O L V E d a t a r e d u c t i o n p r o g r a m s . 
F i n a l l y , n e w S o l u t i o n s for t h e E R P s w e r e c o m p u t e d w i t h o u t a p p l i c a t i o n of a n y 
c o n s t r a i n t , a n d k e e p i n g t h e S t a t i o n p o s i t i o n s ( a n d t h e a s c e n d i n g n o d e s ) f ixed . T h e 
c o m p u t a t i o n m o d e l is i d e n t i c a l t o t h e o n e for s t e p 1, a l r e a d y l i s t ed in T a b l e 1. 

T h e r e s u l t i n g s e r i e s of E R P S o l u t i o n s a n d t h e S ta t ion c o o r d i n a t 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 . T h e effect of s h o r t - t e r m p e r t u r b 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 , h a s b e e n r e m o v e d . T h e So lu t ion for e a c h S ta t ion c o n s i s t s of t h e 
c a r t e s i a n m o n u m e n t c o o r d i n a t e s a t e p o c h , t h e c o r r e s p o n d i n g S t a n d a r d d e v i a t i o n s 
( b o t h i n m ) , t h e a p p a r e n t m o t i o n s a n d t h e S t a n d a r d d e v i a t i o n s of t h e l a t t e r (in m / y r ) . 
T h e r e f e r e n c e e p o c h of t h e So lu t ion is J a n u a r y 1 , 1 9 8 8 . 

T a b l e 1: M o d e l s a n d c o n s t a n t s . 

DYNAMIC MODEL: 

G r a v i t y field: 
G M : 

c: 
a e : 

1/f: 

So la r a n d l u n a r a t t r a c t i o n 
Sol id e a r t h t i de s : 
O c e a n t ides : 
So la r r a d i a t i o n : 

A l o n g - t r a c k acce l e r a t i on : 
R a d i a l a c c e l e r a t i o n : 
T h i r d b o d y a t t r a c t i o n : 

P o l e t i d e ( d y n a m i c p a r t ) : 

REFERENCE FRAME: 

S t a t i o n c o o r d i n a t e s : 

E a r t h r o t a t i o n : 

CIS: 
P r e c e s s i o n : 
N u t a t i o n : 
P l a t e m o t i o n : 

T ida l u p l i f t : 
P o l e t i d e ( g e o m e t r i c p a r t ) 

N A S A / G S F C JG M - 1 m o d e l , t r u n c a t e d a t 20x20 
398600.4415 k m V s 2 

299792.458 k m / s 
6378.1363 k m 
298.2564 
JPL DE-200 e p h e m e r i s 
W a h r m o d e l 
N A S A / G S F C J G M - 1 m o d e l 
C R fixed at 1.13; 
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 ; 
u m b r a a n d p e n u m b r a 
c o n s t a n t v a l u e ; a d j u s t e d 
s i n e a n d c o s i n e t e r m ; a d j u s t e d 
S u n , M o o n , V e n u s , M a r s , J u p i t e r , S a t u r n ; 
p o s i t i o n s f r o m 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 

a d j u s t e d ( s t ep 1); 
m o d e l l e d w i t h N N R - N U V E L 1 ( s t ep 2) 
a d j u s t e d a t 5 -day i n t e r v a l s ; 
a p r i o r i v a l u e s f rom IERS E O P 90 C 04 
m e a n e q u a t o r 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 ( W a h r m o d e l ) 
n o t a p p l i e d 
h 2 = 0.609,12 = 0.0852 

a p p l i e d 
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O c e a n l o a d i n g : n o t a p p l i e 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 : n o t a p p l i e d 

MEASUREMENT MODEL: 

O b s e r v a t i o n s 

D a t a w e i g h t i n g : 

T r o p o s p h e r i c r e f rac t ion 

R e l e a s e B n o r m a l p o i n t s , c o m p u t e d a t N A S A 
( S e p t e m b e r 1983 - M a y 1985), D G F I I ( J a n u a r y - O c t o b e r 
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 
B e n d i x (1988 - M a r c h 1992); R e l e a s e A n o r m a l p o i n t s , 
c o m p u t e d a t B e n d i x (Apr i l 1992 - J u n e 1992); q u i c k - l o o k 
n o r m a l p o i n t s (July 1992 - D e c e m b e r 1992) 
D e t e r m i n e d f r o m o v e r a l l m o d e l a c c u r a c y a n d S y s t e m 
c h a r a c t e r i s t i c s 
M a r i n i - M u r r a y m o d e l 

S u m m a r y d e s c r i p t i o n of the terrestrial System attached to the set of Station c o o r d i n a t e s 
S S C ( D U T ) 93 L 02 

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 ident i f ie r : 

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

5 - Re la t iv i ty sca le : 

6 - T i d a l u p 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 g h t : 

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

10 - Re fe rence e p o c h : 

1 1 - 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 de f in i t ion : 

13 - O r i e n t a t i o n de f in i t i on 

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

S L R 

D U T 

SSC(DUT) 93 L 02 

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

local E a r t h 

yes 

N N R - N U V E L 1 for se l ec t ed s i tes ( Y a r r a g a d e e , 
Eas t e r I s l a n d , G r e e n b e l t , P la t t ev 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 to N N R - N U V E L 1 

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 s e l e c t e d s t a t i o n s ) ; X0, Y0, Z 0 , 

• • • 

X, Y, Z ( r e m a i n d e r ) 

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

Ini t ia 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 N R - N U V E L 1 (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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UNCERTAINTIES (cm) 

10 

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 , a z ) for the 68 
s t a t i o n s o f t h e terrestr ia l f r a m e S S C ( D U T ) 9 3 L 02 . 7 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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EOP(DUT) 93 L 02 From Jan 1986 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 and m e d i a n uncertaint ies 
Un i t s : 0.001" for X, Y; 0.0001s for U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1986 
1987 
1988 
1989 
1990 
1991 
1992 

72 
72 
73 
73 
73 
73 
72 

0. 
0. 
0. 
0. 
0, 
0. 
0, 

.23 
,19 
.20 
.18 
.16 
.19 
.19 

72 
72 
73 
73 
73 
73 
72 

0, 
0. 
0. 
0. 
0, 
0, 
0. 

.19 

.17 

.19 

.17 

.16 

.18 

.18 

72 
72 
73 
73 
73 
73 
72 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

,17 
,16 
,17 
.15 
.14 
.15 
.15 
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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 SLR 
O B S E R V A T I O N S G A O U A 93 L Ol 

V . N . S a l y a m o v , V.K. Tarady, A.I. Y e m e t s 
M a i n As tronomica l Observatory of Ukrainian, A c a d e m y of Sc iences , Kiev 
Dept . of Space G e o d y n a m i c s 

So lut ion G A O U A 93 L Ol consis ts of the sets of 73 Station cartesian coordinates , 
45 Stat ion v e l o c i t i e s h a v i n g a g o o d o b s e r v i n g h i s t o r y , a n d Earth O r i e n t a t i o n 
Parameters . K i e v - G e o d y n a m i c s - 4 Software package has b e e n u s e d for the analys i s and 
L a g e o s SLR n o r m a l po in t s , s p a n n i n g the per iod from September 1983 t h r o u g h Apri l 
1993 h a v e b e e n taken as input data. 

T h e m o d e i s a n d cons tants u s e d for this Solut ion are those r e c o m m e n d e d b y 
the IERS Standards w i t h the f o l l o w i n g except ions: 

1. The G E M - T l o c e a n t ide m o d e l w a s u s e d instead of Schwidersk i m o d e l . 
2. Tidal variat ions in U T l d u e to zonal t ides w i t h per iods e x c e e d i n g 35 d a y s 

w e r e no t appl ied . 
3. N u t a t i o n correct ions w e r e taken according to McCarthy et al. (1991) 
4. O n l y variat ions of radial c o m p o n e n t s of s i te pos i t ions w e r e taken in to 

account w h e n m o d e l l i n g ocean load ing effect. 

T h e So lut ion w a s o b t a i n e d in t w o Steps. First, the w h o l e data interval w a s 
d i v i d e d in 15 d a y sub- in terva l s a n d 6 Kepler ian m e a n e l e m e n t s w e r e e s t i m a t e d o n 
e a c h of t h e m . N e x t , the c o m b i n a t i o n of all sub- in terva l s y i e l d e d the e s t i m a t i o n of 
g lobal a n d local parameters l i s ted in s u m m a r y sheet . 

Rather s i m p l e w e i g h t i n g p r o c e d u r e w a s a p p l i e d d u r i n g the ana lys i s . Al l the 
third generat ion laser Station data w e r e g i v e n the w e i g h t s 3 w i t h respect to those of the 
s e c o n d generat ion . 

T h e reference System is attached to ITRF91 by fixing the lat i tude of Station 7105 
a n d the l o n g i t u d e a n d l a t i t u d e of Station 7210. T i m e e v o l u t i o n of the S y s t e m is 
m o d e l l e d b y N N R - N U V E L 1 for s i tes w i t h either p o o r data d is tr ibut ion or short - term 
act iv i ty p e r i o d s . T h e ve loc i t i e s of the other s i tes 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 N R - N U V E L 1 t h r o u g h f i x ing the l a t i t u d e c h a n g e rate of Stat ion 7210 a n d t h e 
l o n g i t u d e and lat i tude c h a n g e rates of Station 7105. 

IERS(1993) Technical Note No 14. 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem at tached to the set of Station c o o r d i n a t e s 
S S C ( G A O U A ) 9 3 L 0 1 

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 : 

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 igh 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 (GM) 

10 - Re fe r ence 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 

S L R 

G A O U A 

S S C ( G A O U A ) 9 3 L 01 

K I E V - G E O D Y N A M I C S - 4 

5 - Re la t iv i ty sca l e : LE 

6 - P e r m a n e n t t i da l c o r r e c t i o n o n Sta t ion : N O 

N N R - N U V E L 1 

299 792 458 

3.9860 04418 10 1 4 

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

X, Y , Z for 73 s t a t i o n s 
X, Y, Z for 4 5 s t a t i o n s 
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 5 d a y s , C t a n d C r e v e r y 15 d a y s 
Xp , Y p , U T 1 R e v e r y 5 d a y s 

C10 = C l l = S i l = 0 

E R P v a l u e s f r o m B I H A n n u a l r e p o r t s 
a n d I E R S B u l l e t i n B. 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 ion 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 e l e c t e d 
s t a t i o n s . L a t i t u d e a n d l o n g i t u d e c h a n g e 
r a t e s of S ta t ion 7105 a n d l a t i t u d e c h a n g e 
r a t e o f S t a t i o n 7 2 1 0 f i x e d t o 
N N R - N U V E L 1 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 59 s i tes of t h e t e r r e s t r i a l f r a m e S S C ( G A O U A ) 93 L Ol. 

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 ( q u a d r a t i c m e a n of o x , o y , c z ) for the 7 3 

s t a t i o n s of t h e t e r r e s t r i a l f r a m e S S C ( G A O U A ) 9 3 L Ol . 2 s t a t i o n s w i t h 
u n c e r t a i n t i e s l a r g e r t h a n 10 c m a r e n o t s h o w n . 
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E O P ( G A O U A ) 9 3 L Ol From Sep 1983 to A p r 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 uncerta int ies 
U n i t s : 0.001" for X, Y; 0.0001s for U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

24 
73 
73 
73 
73 
73 
73 
73 
73 
24 

1.15 
0.80 
0.60 
0.40 
0.40 
0.30 
0.60 
0.50 
0.70 
0.65 

24 
73 
73 
73 
73 
73 
73 
73 
73 
24 

0.80 
0.60 
0.40 
0.30 
0.20 
0.20 
0.40 
0.40 
0.50 
0.40 

24 
73 
73 
73 
73 
73 
73 
73 
73 
24 

0.80 
0.70 
0.50 
0.30 
0.30 
0.30 
0.50 
0.50 
0.50 
0.60 
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E A R T H R O T A T I O N P A R A M E T E R S A N D STATION C O O R D I N A T E S BY L A G E O S 
LASER R A N G I N G D A T A U P D A T E D TILL MID-SEPTEMBER, 1992 GFZ 93 L Ol, 

L 0 2 , 0 3 , 0 4 , 0 5 

H. M o n t a g , G. G e n d t , G. Dick, Ch. Reigber, Th. N i s c h a n , W. S o m m e r f e l d , 
G e o F o r s c h u n g s Z e n t r u m (GFZ), P o t s d a m 

S U M M A R Y 

In c o n t i n u a t i o n of the f o r m e r y e a r s S o l u t i o n s t w o n e w Se t s of S ta t ion 
C o o r d i n a t e s (SSC) w e r e d e t e r m i n e d , the SSC(GFZ) 93 L 01 w h i c h i n c l u d e s t h e 
e s t imat ion of the site m o t i o n s and the SSC(GFZ) 93 L 02 w h i c h f ixed the s ite m o t i o n s 
to the N U V E L - 1 m o d e l . C o m p a r i n g w i t h the last year Solut ions , the ser ies of Earth 
Rotat ion Parameters (ERP) w e r e e x p a n d e d b y a 1-day re so lu t ion ser ies (L 04) . T h e 
others h a v e a t ime resolut ion of 5 d a y s (L 01 and L 05), 3 d a y s (L 02) and 2 d a y s (L 03). 

D A T A A N D M O D E L PARAMETERS 

U s i n g the further i m p r o v e d Software p a c k a g e a n d the Satel l i te Laser R a n g i n g 
(SLR) data to Lageos , t w o Sets of Station Coordinates (SSC) and 5 Sets of Earth Rotat ion 
Parameters (ERP) w e r e d e t e r m i n e d . The data u s e d concern SLR normal po in t s of the 
g loba l Station ne t from the b e g i n n i n g of 1980 (MJD 44238) unti l S e p t e m b e r 14, 1992 
(MJD 48879) , in all 44208 p a s s e s from 101 stat ions. A Statistical s u m m a r y (r.m.s. Station 
fits for 5 -day orbit adjus tments together w i t h the n u m b e r of p a s s e s a n d observat ions) 
for the t ime interval from March, 1991 to September , 1992 is g i v e n in Table 1. 

T h e cons tant s a n d m o d e l parameters u s e d for these Solut ions conform to the 
IERS Standards (McCarthy, 1992) w i t h the f o l l o w i n g except ions: 

- t idal variat ions in U T l caused b y zona l t ides w i t h per iods larger than 35 d a y s 
n o t c o n s i d e r e d 

- nuta t ion correct ions d e r i v e d by VLBI m o d e l . 

In a m u l t i s t a g e - m u l t i a r c p r o c e d u r e dif ferent p a r a m e t e r s w e r e s o l v e d for as 
g i v e n in the s u m m a r y sheet . H e r e a lso detai ls o n the a d o p t e d m o d e l for the terrestrial 
System are stated. 

S T A T I O N C O O R D I N A T E S A N D VELOCITIES 

For the m a i n So lut ion SSC(GFZ) 93 L 01 the c o o r d i n a t e s of all s i t e s w e r e 
adjusted s i m u l t a n e o u s l y w i t h s ite ve loc i t ies u s i n g data from the w h o l e t i m e interval . 
For 4 5 s tat ions (69 markers; co located markers at o n e Station w e r e cons tra ined to h a v e 
the s a m e ve loc i ty ) the data distr ibut ion w a s g o o d e n o u g h to d e t e r m i n e s i te ve loc i t i e s , 
w h e r e a s the ve loc i t i e s of the other s tat ions w e r e he ld f ixed to those of the N U V E L - 1 

IERS (1993) Technical Note No 14. 
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m o d e l ( D e M e t s et al, 1990). In a s e c o n d variant (addi t ional Solut ion SSC(GFZ) 93 L 02) 
all s ite ve loc i t i e s w e r e f ixed to that predic ted b y N U V E L - 1 r igid plate m o d e l . 

T h e s i t e p o s i t i o n s w e r e re fered to e p o c h 1988.0. T h e or ig in of the reference 
Sys tem w a s d e f i n e d b y CIO = C l l = S i l = 0 . The or ientat ion w a s cons tra ined b y f ixing 
t h e l a t i tude a n d l o n g t i t u d e of the Station 7840 a n d the l a t i tude of the Station 7105. 
A d d i t i o n a l l y , n o c o m m o n n e t ro ta t ion w e r e p e r m i t t e d in re la t ion to t h e reference 
c o o r d i n a t e se t SSC(GFZ) 9 2 L 01 (ITRF89). Correc t ions d u e to the p e r m a n e n t t idal 
de format ion of the Earth w e r e a p p l i e d . 

T h e Station c o o r d i n a t e s a n d the adjusted ve loc i t i e s for the 69 s i tes m e n t i o n e d 
a b o v e h a v e b e e n p r o v i d e d to t h e IERS Central Bureau . T h e g i v e n errors h a v e b e e n 
sca led w i t h a factor 5, b e c a u s e the calculated errors s e e m to b e too opt imist ic . 

E A R T H R O T A T I O N P A R A M E T E R S 

For the ERP ( p o l e coord ina te s a n d l eng th of d a y - LOD) t w o sets w i t h 5 -day 
t i m e r e s o l u t i o n w e r e c o m p u t e d . The m a i n Solut ion ERP(GFZ) 93 L 01 refers to the 
SSC(GFZ) 93 L 01 w i t h adjus ted site ve loc i t i e s a n d the ERP(GFZ) 93 L 05 is b a s e d o n 
SSC(GFZ) 93 L 02 w i t h m o t i o n s f ixed to N U V E L - 1 . T h e t w o ser i e s w i t h a t i m e 
reso lut ion of 3 d a y s (ERP(GFZ) 93 L 02) and 2 d a y s (ERP(GFZ) 9 3 L 03) w e r e cont inued. 
B e c a u s e of a n e w data re lease , severa l m o n t h s in 1991 (March to September ) w e r e re-
a n a l y s e d . T h e ser i e s b e g i n n i n g in 1980 are n o w u p d a t e d tili m i d - S e p t e m b e r 1992. 
A d d i t i o n a l l y , a series w i t h a t ime reso lut ion of 1 d a y (ERP(GFZ) 93 L 04) w a s p r o d u c e d 
start ing in June 1983 a n d e x t e n d i n g u p to September 1992. 

W h e r e a s in the 5 -day Solut ions the L O D v a l u e s w e r e e s t i m a t e d directly, in the 
L02, L03 a n d L04 So lut ions U T l v a l u e s w e r e s o l v e d for i n s t e a d of L O D . T h e s e U T l 
resul ts w e r e c o n v e r t e d in to L O D . That m e a n s that the t ime scales for the ERP(GFZ) 93 
L 02, L 03 and L 04 h a v e to be transferred for the L O D v a l u e s b y -1.5 d, -1.0 d and -0.5 d, 
re spec t ive ly . 

Genera l ly , the SLR data w e r e w e i g h t e d according to their e s t imated accuracy. In 
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 ta t ions w e r e g i v e n s m a l l e r w e i g h t s in order to 
r e d u c e t h e i n f l u e n c e of the c h a n g e of the Station d i s tr ibut ion . 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 or fi ltering p r o c e d u r e w a s app l i ed to the ERP series. 

T h e Standard d e v i a t i o n s of the p o l e coordinates are about 0.1 m a s for the series 
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 a n d 3 d a y s , 0.15 m a s for the 2 -day t i m e reso lut ion 
ser ies , a n d 0.3 m a s for the 1-day t ime reso lut ion series . The accuracy w a s e s t i m a t e d to 
b e a b o u t 1 m a s to 2 m a s . For the d irect ly d e r i v e d L O D resul ts (5 -day reso lut ion) an 
e x t r e m e l y o p t i m i s t i c e s t i m a t i o n w a s o b t a i n e d for the formal Standard d e v i a t i o n s ; 
therefore t h e y w e r e s ca l ed b y a factor of 4. T h e n the Standard d e v i a t i o n s are ab out 
0.008 m s for t h e 5 - d a y a n d 3 - d a y t i m e r e s o l u t i o n ser ies , 0.01 m s for the 2 -day t ime 
r e s o l u t i o n s e r i e s a n d 0 .02 m s to 0.03 m s for the 1-day t i m e r e s o l u t i o n ser ies . The 
accuracy is in the order of 0.1 m s to 0.2 m s . All the accuracy is in f luenced b y the data 
d e n s i t y a n d d i s t r i b u t i o n . M a i n l y b e c a u s e of th i s d a t a ef fect , t h e a c c u r a c y w a s 
s ignif icantly increased in the course of the last ten years. 
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In cases of p o o r data d is tr ibut ion the errors can b e severa l t i m e s larger. T h e n 
a l s o the corre lat ion b e t w e e n the e s t i m a t e d ERP b e c o m e s v e r y h i g h . There fore the 
correlat ion w a s u s e d as an automat ica l e l iminat ion criterion ( w h e r e h i g h e r than 0.9). 
This w a y a b o u t 3% of the resul ts w i t h a reso lut ion of 2 d a y s a n d a b o u t 15% of the 
resul ts w i t h a reso lut ion of 1-day w e r e e l iminated; d u e to the Station dis tr ibut ion the 
n u m b e r of e l iminated results for y p is tw ice as large as for xp . 

T h e resu l t s s h o w a g o o d a g r e e m e n t w i t h the p r e v i o u s l y reported ser ies a n d 
w i t h IERS resul ts in the o v e r l a p p i n g z o n e s . The differences b e t w e e n the ERP resul ts 
ob ta ined o n the bas i s of adjusted s i te ve loc i t ies and o n those obta ined w i t h N U V E L - 1 
site ve loc i t i es are not significant. 

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. and Stein, S., 1990: Current p la te m o t i o n s , 
Geophys. J. Int., 101 , 425. 

McCarthy , D . D . (ed.) , 1992: IERS Standards . IERS Tech. Note 13, Observato ire d e Paris, 
Paris. 

TABLE 1. S u m m a r y of Statistical Information for 3 / 1 9 9 1 to 9 / 1 9 9 2 

Station 

118101 
187301 
188401 
189301 
195301 
7046 
7080 
7090 
7097 
7105 
7109 
7110 
7112 
7122 
7123 
7210 
7295 
7403 
7510 
7512 
7517 
7525 

Number 
passes 

20 
57 
92 
31 
9 

60 
234 
364 
45 

269 
289 
442 
48 
21 
63 
432 
18 
152 
4 
58 
44 
43 

of 
obs. 

100 
427 
1222 
310 
29 
858 

2405 
5314 
539 
3774 
3697 
6255 
615 
294 
691 
6160 
198 
1888 

19 
615 
533 
471 

mean rms 
(m) 

0.165 
0.146 
0.115 
0.140 
0.250 
0.026 
0.032 
0.031 
0.039 
0.028 
0.021 
0.027 
0.046 
0.025 
0.049 
0.029 
0.034 
0.041 
0.251 
0.041 
0.035 
0.028 

Station 

7542 
7560 
7561 
7587 
7810 
781102 
7831 
7835 
7837 
7838 
7839 
7840 
7843 
7882 
7883 
7907 
7918 
7939 
883401 

Number 
passes 

16 
8 

50 
8 

294 
18 

205 
509 
169 
136 
311 
691 
15 
41 
50 
96 
15 

253 
565 

of 
obs. 

137 
51 
648 
67 

3306 
138 

1757 
6548 
1512 
1720 
4708 
7683 
141 
592 
645 

1010 
207 

2729 
5814 

mean rms 
(m) 

0.029 
0.032 
0.044 
0.034 
0.043 
0.093 
0.050 
0.039 
0.078 
0.054 
0.033 
0.033 
0.109 
0.026 
0.036 
0.101 
0.029 
0.071 
0.056 
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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 terres tr ia l S y s t e m s a t t a c h e d t o t h e s e t s o f S ta t ion 
coord ina te s SSC(GFZ) 93 L Ol a n d 92 L 02 

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 : 

S L R 

G F Z 

SSC(GFZ) 93 L 01 a n d SSC(GFZ) 93 L 02 

E P O S . P . V 1 

5 - R e l a 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 Stat ion: Yes 

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 (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 : 

A d j u s t e d (L 01), r e s p . N U V E L - 1 (L 02) 

299792458 m / s e c 

A d j u s t e d to 398600.4420 k m V s 2 

1988.0 (MJD 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 al l s i t e s 
p l u s ve loc 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 , all 
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 
(L 02: ve loc i t i es a r e f ixed t o N U V E L - 1 ) 
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 as o rb 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 . 

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 ixing: 
- 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 01 - n o n e t r o t a t i o n b y f ix ing t h e ve loc i t i e s 
of: 

- 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 66 s i t es of t h e t e r res t r i a l f r a m e SSC(GFZ) 9 3 L 01. 

2 4 6 

UNCERTAINTIES (cm) 

10 

D i s t r i b u t i o n of the uncer ta in t i e s (quadrat ic m e a n o f o x , o*y, o z ) for the 101 
s ta t ions of the terrestrial f rame SSC(GFZ) 93 L Ol. 1 Station w i t h uncer ta inty 
larger than 10 c m is n o t s h o w n . 
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EOP(GFZ) 93 L Ol F r o m Jan 1980 to S e p 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 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 

YEAR 
Nb Sigma Nb Sigma Nb Sigma 

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

66 
65 
70 
70 
73 
73 
73 
73 
73 
73 
73 
73 
51 

0.46 
0.40 
0.34 
0.23 
0.14 
0.10 
0.11 
0.10 
0.10 
0.10 
0.08 
0.10 
0.10 

66 
65 
70 
70 
73 
73 
73 
73 
73 
73 
73 
73 
51 

0.25 
0.22 
0.19 
0.20 
0.11 
0.08 
0.09 
0.08 
0.09 
0.09 
0.09 
0.09 
0.10 

66 
65 
70 
70 
73 
73 
73 
73 
73 
73 
73 
73 
51 

0.15 
0.13 
0.12 
0.09 
0.06 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

EOP(GFZ) 93 L 02 From Jul 1983 to Sep 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 D 

YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Nb 

56 
121 
122 
121 
122 
121 
122 
120 
122 
86 

X 
Sigma 

0.24 
0.19 
0.14 
0.14 
0.13 
0.13 
0.14 
0.11 
0.13 
0.15 

Nb 

56 
121 
122 
121 
122 
121 
122 
120 
122 
86 

Y 
Sigma 

0.22 
0.16 
0.11 
0.12 
0.12 
0.12 
0.13 
0.12 
0.13 
0.13 

Nb 

56 
121 
122 
121 
122 
121 
122 
120 
122 
86 

D 
Sigma 

0.08 
0.07 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
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EOP(GFZ) 93 L 03 From Jul 1983 to S e p 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 
Un i t s : 0.001" for X, Y; 0.0001s for D 

YEAR 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Nb 

78 
178 
176 
177 
180 
175 
177 
180 
172 
124 

X 
Sigma 

0.30 
0.23 
0.17 
0.17 
0.16 
0.16 
0.17 
0.13 
0.15 
0.18 

Nb 

78 
178 
176 
177 
180 
175 
177 
180 
172 
124 

Y 
Sigma 

0.26 
0.19 
0.14 
0.14 
0.15 
0.14 
0.16 
0.15 
0.15 
0.16 

Nb 

78 
178 
177 
176 
180 
175 
177 
181 
171 
124 

D 
Sigma 

0.15 
0.12 
0.09 
0.09 
0.10 
0.09 
0.10 
0.09 
0.08 
0.10 

EOP(GFZ) 93 L 04 F r o m Jul 1983 to S e p 1992 

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 u n c e r t a i n t i e s 

Uni t s : 0.001" for X, Y; 0.0001s for D 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

124 
303 
314 
309 
295 
287 
305 
328 
294 
225 

0-
0, 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 

.36 

.28 

.21 

.21 

.20 

.19 

.21 

.17 

.18 
,22 

124 
303 
314 
309 
295 
287 
305 
328 
294 
225 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 

.32 

.23 

.16 

.17 

.17 

.17 
,19 
,17 
,17 
.20 

124 
303 
314 
309 
295 
287 
305 
329 
293 
225 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.31 

.28 

.20 

.20 

.21 

.20 

.22 

.20 

.18 

.23 
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E A R T H O R I E N T A T I O N PARAMETERS FROM GSFC SOLUTION SL8.2 GSFC 93 L Ol 

D.E. Smi th and R. K o l e n k i e w i c z 
N A S A / G o d d a r d Space Flight Center, Greenbelt M D 20771 

P.J. D ü n n , S. M.Klosko , J.W. Robbins , M . H . Torrence and R.G. W i l l i a m s o n 
H u g h e s / S T S y s t e m s Corp. , L a n h a m M D 20706 

E.C. Pavl 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 , Greenbelt M D 20771 

T h e SL8 Solut ion w a s obta ined b y fitting the orbit of L A G E O S in 30 d a y (and 
o n c e per year, 35 day) arcs u s i n g normal po int s from the global SLR tracking n e t w o r k 
b e t w e e n January 1980 and D e c e m b e r 1992. The m o n t h l y arcs w e r e c o m b i n e d to form a 
Solution for a set of Station pos i t ions at e p o c h 910101, and Station ve loc i t ies . Orbit a n d 
force m o d e l parameters w e r e adjusted at the intervals l isted b e l o w . 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 ime a n d polar m o t i o n at da i ly 
intervals s ince January 1983, a n d at 5 d a y intervals u p to D e c e m b e r 1982. T h e IERS 
Standards w e r e f o l l o w e d w i t h the e x c e p t i o n that the GEM-T3 g r a v i t y f ie ld w i t h 
e x p a n d e d o c e a n t idal t e r m s w a s a d o p t e d a n d the v a l u e of the g e o g r a v i t a t i o n a l 
constant w a s e m p l o y e d as l isted b e l o w . 

T h e EOP series that are attached to this Submiss ion w e r e H Vondrak"-smoothed 
u s i n g an e p s i l o n v a l u e of 0.05. T h e reason for the s m o o t h i n g w a s the e l iminat ion of 
s o m e s p u r i o u s v a l u e s d u e to lack of observa t ions dur ing the averag ing interval . This 
o n l y occured at a f e w instances , about 4% of the data h a v e been ed i t ed in this fashion. 
The s m o o t h i n g rep laces these aberrant v a l u e s w i t h interpolated v a l u e s b a s e d o n those 
before a n d after the s p u r i o u s point . The L O D R series w e r e obta ined from the forward 
d i f f e r e n c i n g of the U T 1 R s e r i e s w i t h I E R S - n o d e s at a r c - l e n g t h i n t e r v a l s . T h e 
d i f ferenc ing 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 UT1R ser ies to m i n i m i z e the 
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 r m s d i f ferences b e t w e e n the r a w a n d the 
s m o o t h e d series indicates that g i v e n the accuracy of the series , the s m o o t h i n g has no t 
c o m p r o m i s e d its s ignal content . 

IERS(1993) Technical Note No 14. 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem at tached to the se t of Station c o o r d i n a t e s 
S S C ( G S F O 9 3 L 0 1 

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 - Ve loc i ty of l igh 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 : 

SLR t o L A G E O S 1 

N A S A / G S F C 

G S F C SL8.2 

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

Loca l E a r t h 

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

G S F C SL8.2 

299792458 m / s 

398600.4415 k m V s 2 

88 0 1 0 1 

6 e l e m e n t s e v e r y 30(35) d a y s 
a l o n g t rack accel . e v e r y 15 d a y s 
o n c e p e r r e v . accel . e v e r y 15 d a y s 

S ta t ions : p o s i t i o n a n d ve loc i t y e s t i m a t e d e x c e p t la t , Ion of 

7105 a n d la t of 7210 a n d lat , Ion r a t e of 7105 a n d 
lat r a t e of 7210 

E O P : X, Y, U T l e v e r y 5 d a y s f r o m 80 01 01 to 82 12 28 
e v e r y d a y f r o m 82 12 29 t o 91 12 31 o n e U T l 
v a l u e f ixed at IERS e a c h m o n t h 

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 : 

G e o c e n t r i c 

a p r i o r i E R P f r o m IERS 90 C 04 a n d f ixed Sta t ion 

c o m p o n e n t s 

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 : 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 of 7105 a n d l a t i t u d e 
r a t e of 7210. 
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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 ( q u a d r a t i c m e a n of a x , o y , a z ) for the 3 5 

s t a t i o n s of t h e t e r r e s t r i a l f r a m e SSC(GSFC) 93 L Ol. 
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E O P ( G S F C ) 9 3 L Ol F r o m Jan 1980 to D e c 1992 

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 U T l 

YEAR X Y UTl 
Nb Sigma Nb Sigma Nb Sigma 

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

74 
73 
76 
365 
366 
365 
365 
365 
366 
364 
365 
365 
365 

1. 
0, 
0. 
0, 
0. 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0. 

,31 
,61 
.74 
,92 
.56 
.52 
.50 
.42 
.44 
.45 
.39 
.55 
.52 

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

0. 
0. 
0, 
0. 
0. 
0, 
0, 
0, 
0. 
0. 
0. 
0. 
0. 

.52 

.35 

.63 

.91 

.49 

.45 

.44 

.39 

.43 

.42 

.41 

.52 

.50 

61 
62 
64 

347 
354 
350 
349 
352 
354 
350 
351 
347 
353 

0. 
0. 
0. 
0, 
0. 
0. 
0. 
0, 
0. 
0, 
0. 
0. 
0, 

.90 

.40 

.70 

.70 

.50 

.40 

.50 

.40 

.40 

.40 

.40 

.50 

.80 


