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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 : 1 9 8 4 - 1 9 9 4 

C L G 9 5 L 0 1 , 0 2 

Ivan Georgiev a n d V a l e n t i n Kotzev 
C e n t r a l L a b o r a t o r y for Geodesy, B u l g a r i a n Academy of Sciences , 
Acad. G. Bon tchev St r . , Bl. 1, 1113 Sofia, Bu lga r i a 

A n a l y s i s of 586676 L A G E O S 1 n o r m a l po in t s collected by t h e g loba l S L R 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 J u n e 1994 h a v e been done . I t w a s b a s e d on f i t t ing t h e 
orbit in 30(31) d a y a rc s . T h e m o n t h l y arcs were combined to form t h e b a s i s for t h e m u l t i y e a r 
global p a r a m e t e r s d e t e r m i n a t i o n . A s e t of 66 Station posi t ions a t epoch 1984.0 a n d 46 Stat ion 
ve loc i t ies w e r e o b t a i n e d . LODR s e 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 fe renc ing of t h e 
e s t i m a t e d U T 1 R v a l u e s (fixing each m o n t h t h e first 5 day UT1-UTC v a l u e s a t I E R S , Bu l l e t in 
B va lues ) . 

T h e S L R P - 3 (Sa te l l i t e L a s e r R a n g i n g d a t a P rocessor ) v e r s i o n of t h e l e a s t - s q u a r e s 
orbi ta l a n a l y s i s p r o g r a m w a s u s e d for t h e d a t a process ing. 

Models a n d cons tant s 

Reference Frame 

CIS: 
P l a n e t a r y E p h e m e r i s : 
In i t ia l E a r t h O r i e n t a t i o n : 
Precession: 
Nuta t ion : 
In i t ia l S t a t i o n Coord ina te s : 
Time evolution: 
Semi Major Axis of E a r t h : 
F la t t en ing 1/f: 

Dynamic Model 

Gravi ty Model: 

C(2,1),S(2,1): 
Th i rdbody : 

Direc t So l a r R a d i a t i o n P r e s s u r e : 

Air D r a g : 
Albedo: 
Along T r a c k Acce lera t ion : 
Solid Tides: 
Ocean Tides : 
Pole Tide: 

M e a n equa to r a n d equinox of J 2 0 0 0 . 0 
JPLDE200/LE200 
I E R S Bul le t in B 
IAUU976) 
IAU(1980) + H e r r i n g 1987 correc t ions 
ITRF91 
N N R - N U V E L 1 
6378136.3 m 
298.257 

NASA/GSFC G E M - T 3 , t r u n c a t e d a t (20, 20) , 
wi th GM0=3.986004360 1 0 1 4 m 3 / s 2 a n d A = 
6378137 m a s s c a 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 c o e f f i c i e n t s a n d GMO = 
3.986004418 1 0 1 4 m 3 / s 2 w i t h t h e t w o body 
t e r m 
Applied according to I E R S S t a n d a r d s 
S u n , Moon, 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 
Occul ta t ion by E a r t h a n d Moon a n d ad jus t ed 
so lar r a d i a t i o n coefficient 
N o t appl ied 
No t appl ied 
Ad jus t ed 
W a h r model ( I E R S S t a n d a r d s ) 
Schwidersk i mode l ( I E R S S t a n d a r d s ) 
I E R S S t a n d a r d s 

IERS(1995) Technical Note No 19. 
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Rela t iv is t ic Mot ion E q u a t i o n Correction: 

Measurement Model 

Tropospher i c Refract ion: 

Solid E a r t h Tide Displacement : 
Ocean Loading Si te Displacement : 
Pole Tide: 
Rela t iv is t ic Correct ion for Propagat ion: 

Data 

Applied according 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 mode l 
I E R S 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 
Applied according I E R S S t a n d a r d s 

L A G E O S 1 n o r m a l po in t s gene ra t ed from füll r a t e d a t a a n d rece ived from G A O U A (1984-
1988), GFZ (1989-1991) a n d CDDIS (1992-1994) were used. All d a t a a r e equal ly weighted . 

Constraints 

T h e first 5 day va lues of UT1-UTC in each a re a r e fixed a t I E R S , Bu l l e t in B va lue s . 

The l a t i tude of H a l e a k a l a (7210) a n d t h e longi tude a n d t h e l a t i t u d e of G r e e n b e l t (7105) a r e 
fixed a t the i r I T R F 9 1 va lues . The l a t i t ude a n d long i tude r a t e s of 20 s i t e s a r e fixed a t N N R -
N U V E L 1 velocities. 

References 

McCar thy , D.D. (ed.), 1992: I E R S 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 
de P a r i s , P a r i s . 
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Technica l descr ipt ion off Solution C L G 9 5 L 0 1 

1 - Technique : SLR 

2 - Analys is Cen te r : C L G 

3 - Software used: SLRP-3 

4 - D a t a span : 

5 - Ce les t ia l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e origin 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of l ight : 
c - Geograv i t a t i ona l C o n s t a n t : 

d - P e r m a n e n t t i d a l correct ion: 
e - Defini t ion of origin: 
f - Defini t ion of or ien ta t ion: 

g - Reference Epoch 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t ime evolut ion: 

J a n 84 - J u n 94 

Dynamica l , L A G E O S 1 
B y fixing e a c h m o n t h t h e first 5 d a y 
UT1-UTC a t I E R S Bul l e t in B v a l u e s 

S S C ( C L G ) 9 5 L 0 1 
Local E a r t h 
299 792 458 m/s 
GMO = 3.986004415 1 0 1 4 m 3 / s 2 w i t h t h e two 
body t e r m GMO = 3.986004360 101 4 m 3 / s 2 a n d 
A = 6378137 m a s sca le p a r a m e t e r s w i t h the 
geopotent ia l coefficients 
No , only t h e per iodic t e r m h a v e b e e n app l ied 
C(1,0)=0, (X1,1)=0, S(1,1)=0 
By fixing t h e l a t i t ude of H a l e a k a l a (7210) a n d 
t h e long i tude a n d t h e l a t i t u d e of G r e e n b e l t 
(7105) 
1984.0 
N N R - N U V E L 1 
B y a d o p t i n g t h e N N R - N U V E L 1 v a l u e s for 
16 sites 

7 - E a r t h or ienta t ion: EOP(CLG) 95 L 01 
a - A pr ior i n u t a t i o n model : IAU(1980) + H e r r i n g 1987 correc t ions 
b - Shor t -per iod t ida l va r i a t i ons in x, y, U T l : N o t inc luded 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Ce les t i a l f r ame: 
b - T e r r e s t r i a l f rame: 
c - E a r t h or ien ta t ion : 
d - O the r s : 

X0, Y0, ZO, XDOT, Y D O T , Z D O T 
X, Y, LODR 
Orbi ta l State vector 
So la r r a d i a t i o n coefficient 
Along t r a c k acce le ra t ion 
Love a n d S h i d a n u m b e r s 
Geograv i t a t i ona l p a r a m e t e r G M 
Selected se t of 15 geopotent ia l coefficients 
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EOP(CLG) 95 L Ol From J a n 1984 to J u n 1994 

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 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

62 
37 
67 
73 
71 
73 
0 

72 
49 
38 
38 

0.47 
0.33 
0.47 
0.39 
0.37 
0.44 

0.42 
0.47 
0.40 
0.48 

62 
37 
67 
73 
71 
73 
0 

72 
49 
38 
38 

0.40 
0.32 
0.40 
0.37 
0.37 
0.43 

0.41 
0.41 
0.38 
0.49 

42 
25 
43 
51 
47 
50 
0 
48 
33 
26 
26 

0.15 
0.11 
0.14 
0.14 
0.12 
0.16 

0.14 
0.14 
0.13 
0.15 

EOP(CLG) 95 L 02 F rom J a n 1984 to J u n 1994 

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 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

99 
59 
105 
90 
108 
108 

0 
111 
74 
59 
56 

0.58 
0.39 
0.56 
0.47 
0.46 
0.55 

0.51 
0.55 
0.48 
0.58 

99 
59 
105 
90 
108 
108 

0 
111 
74 
59 
56 

0.51 
0.40 
0.47 
0.45 
0.46 
0.49 

0.49 
0.48 
0.44 
0.58 

79 
47 
81 
70 
84 
85 
0 

87 
58 
47 
44 

0.27 
0.21 
0.26 
0.25 
0.24 
0.31 

0.26 
0.27 
0.24 
0.29 
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E A R T H O R I E N T A T I O N A N D S I T E C O O R D I N A T E S F R O M T H E C E N T E R F O R 
S P A C E R E S E A R C H S O L U T I O N 

C S R 9 5 L 0 1 

R. J . E a n e s 
C e n t e r for Space Resea rch , Un ive r s i ty of Texas a t Aus t in , A u s t i n T X 78712 
M. M. W a t k i n s 
J e t P ropu l s ion Labora to ry , Cal i fornia I n s t i t u t e of Technology, P a s a d e n a , CA 91109 

S t a t i o n pos i t i ons a n d veloci t ies w e r e de r ived from a c o m b i n a t i o n of L a g e o s - 1 a n d 
Lageos-2 S L R d a t a . Lageos-1 d a t a from M a y 1976 t h r o u g h F e b r u a r y 1995 a n d Lageos-2 d a t a 
from Oc tobe r 1992 t h r o u g h F e b r u a r y 1995 w a s used . 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 
compu ted only from t h e Lageos-1 d a t a . 

M e a n p o s i t i o n s for a l l s i t e s w e r e a d j u s t e d a n d b o t h h o r i z o n t a l a n d v e r t i c a l s i t e 
veloci t ies w e r e a d j u s t e d for 47 s i t e s w i t h good obse rv ing h i s t o r i e s . F o r a l l o t h e r s i t e s , 
velocit ies w e r e h e l d fixed to t hose p red ic ted by t h e N U V E L - 1 N N R model . T h e Solut ion for 
bo th p o s i t i o n s a n d ve loc i t ies w a s f iducial free, a n d t h e r e s u l t i n g r e f e r e n c e f r a m e w a s 
def ined t h r o u g h t h e app l i ca t ion of i n t e r n a l c o n s t r a i n t s on t h e r o t a t i o n a n d r o t a t i o n r a t e . 
The r e s u l t i n g System w a s t h e n t r an s fo rmed to h a v e no ro t a t i on or r o t a t i on r a t e w i t h respec t 
to I T R F 9 3 following t h e m e t h o d of Heflin et al. (1992). Note t h a t t h e scale a n d geocenter were 
no t i nc luded i n t h i s t r a n s f o r m a t i o n to I T R F 9 3 , a n d r e m a i n a s ad ju s t ed in t h e Solution. T h i s 
m e t h o d of r e f e r e n c e f r a m e def in i t ion h a s r e p l a c e d o u r p r e v i o u s m e t h o d of f ix ing t h e 
l a t i t u d e a n d l ong i tude a n d t h e i r r a t e s for t h e s i te a t H a l e a k a l a (7210), a n d t h e l a t i t u d e a n d 
l a t i t ude r a t e of t h e s i te a t Godda rd Spacefl ight C e n t e r (7105). 

T h e force a n d m e a s u r e m e n t mode is u s e d for t h i s Solution conform g e n e r a l l y to t h e 
I E R S S t a n d a r d s , w i t h t h e following except ions: 

1) T h e a p r io r i g r a v i t y field w a s J G M - 3 , a S ta te of t h e a r t g r a v i t y field d e r i v e d a s 
a Jo in t effort b y t h e G o d d a r d S p a c e F l i g h t C e n t e r a n d t h e C e n t e r for S p a c e 
R e s e a r c h . 

2) T h e o c e a n t i d e 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 t h e 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 t 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 o r d e r 2 0 , 
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 i n e a r l y w i t h f r e q u e n c y . S o m e o c e a n t i d e 
coefficients we re ad jus t ed u s i n g Lageos-1 t r a c k i n g d a t a . 

3) T h e so l id t i d e 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 t o i n c l u d e t h i r d 
deg ree a n d four th deg ree t e r m s . 

4) T h e geograv i ta t iona l cons tan t , GM, w a s 398600.4415 k m 3 / s 2 . 

5) T h e n o m i n a l p l a t e mot ion model w a s N N R - N U V E L - 1 

6) T h e free core n u t a t i o n per iod h a s been changed from 460 to 430 days . 

7) D i u r n a l a n d s e m i d i u r n a l Va r i a t i on i n t h e E O P a n d i n t h e m o t i o n of t h e 
geocen te r for 15 t i da l f requencies w e r e s imu l t aneous ly ad jus t ed i n t h e Solution. 

IERS(199S) Technical Note No 19. 
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T h e d a t a w a s w e i g h t e d in a piecewise con t inuous , l i nea r ly i n t e r p o l a t e d m o d e l to 
reflect t h e i m p r o v e m e n t in l a se r h a r d w a r e over t h e d a t a span . T h e w e i g h t s a r e l a r g e r t h a n 
t h e t r u e r a n d o m componen t of t h e l a s e r r a n g e s in o rde r to ref lect u n m o d e l e d s y s t e m a t i c 
e r r o r s , a n d a r e t h u s sca led so t h a t t h e formal u n c e r t a i n t i e s on t h e 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 r e cons i s ten t w i th t h e i r i n t e r n a l precision. 

T h e Solutions for orb i t e l emen t s a n d E a r t h o r i en t a t i on 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 from a long a r e fit s p a n n i n g t h e per iod from 7 M a y 1976 t h r o u g h 27 
F e b r u a r y 1995 , a pe r iod of 18.8 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 
in t e rva l s subjeet to t h e cons t r a in t t h a t t h e posteriori unce r t a in t i e s were less t h a n specified 
va lues , to al low for t h e change in d a t a q u a n t i t y over t ime . If t h e Solution for a g iven 3 day 
i n t e r v a l y ie lded unaccep tab ly l a rge unce r t a in t i e s on t h e ad jus ted 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 by 3 days a n d t h e Solution repea ted . T h u s , each final i n t e rva l is a m u l t i p l e of 3 
days . F o r each i n t e rva l , r ega rd l e s s of l eng th , 6 Kep le r i an m e a n e l e m e n t s a n d Xp a n d Yp 
were ad jus ted . T h e U T l e s t i m a t e s a r e ob ta ined from t h e Lageos-1 node r e s i d u a l s , w i t h t h e 
cons t r a in t t h a t t h e y follow t h e J P L SPACE94 ser ies a t per iods longer t h a n a b o u t 60 d a y s 
[Gross, 1995]. 
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Gross , R.S. , 1995: A Combina t ion of E O P M e a s u r e m e n t s : SPACE94 , IERS Technical Note 
19, P . Cha r lo t (ed.), Observato i re de P a r i s , Pa r i s , p . C- l , C-4. 

Heflin, M., Ber t ige r , W., Blewit t , G., F r e e d m a n , A., H u r s t , K., L ich ten , S., L indqwi s t e r , U . , 
Vigue , Y., Webb , F . , Yunck, T., a n d Zumberge , J . , 1992: Global Geodesy U s i n g G P S 
W i t h o u t F iduc ia l S i tes , Geophys. Res. Lett, 19, No. 2,131-134 
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Technical d e s c r i p t i o n o f Solution CSR 95 L Ol 

1 - Techn ique : SLR 

2 - Ana lys i s C e n t e r : CSR 

3 - Sof tware Used : 

4 - D a t a s p a n : 

5 - Ce les t i a l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion: 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty Scale: 
b - Velocity of Light : 
c - Geograv i t a t i ona l cons tan t : 
d - P e r m a n e n t t ida l correct ion: 
e - Defini t ion of t h e origin: 
f- Defini t ion of t h e or ien ta t ion : 
g - Reference Epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolut ion: 

U T O P I A , G I P S Y / O A S I S - I I r o u t i n e s u s e d 
for reference f r ame def ini t ion 

S t a t i o n pos i t ions : Lageos -1 M a y 76-Feb 9 5 , 
Lageos-2 Oct 92-Feb 95 
E a r t h or ien ta t ion : Lageos-1 M a y 76-Feb 95 

No t appl icable 
dynamica l , Lageos -1 , Lageos-2 
U T l t i e t o S P A C E 9 4 

S S ( X C S R ) 9 5 L 0 1 
LE 
299 7 9 2 4 5 8 m/s 
GMO = 3.986004415 101 4 m 3 / s 2 

Y e s 
C10=C11=S11=0 
No n e t ro ta t ion w i t h respec t to I T R F 9 3 
1993.0 
N N R - N U V E L 1 
No n e t ro ta t ion r a t e w i t h r e spec t to I T R F 9 3 

7 - E a r t h Or i en t a t i on : EOP(CSR) 95 L 01 
a - A pr ior i n u t a t i o n model : IAU(1980) + 5 frequency correct ion formula 
b - Shor t pe r iod t i d a l v a r i a t i o n s in x , y , U T l : d i u r n a l a n d s e m i d i u r n a l v a r i a t i o n s a t 8 

f r e q u e n c i e s a d j u s t e d s i m u l t a n e o u s l y . 
V a l u e s r e p o r t e d do n o t i n c l u d e t h e s e 
v a r i a t i o n s . 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Ce les t i a l f rame: 
b - T e r r e s t r i a l f r ame: 

c - E a r t h o r i en ta t ion : 

d - O t h e r s : 

Orbi ta l e l emen t s every 3 days 
free n e t w o r k X0,Y0,Z0,Xdot ,Ydot ,Zdot for 47 
s i tes ad jus ted to fit I T R F 9 3 . 
x, y a n d UT1R-TAI every 3 d a y s , d i u r n a l a n d 
s e m i d i u r n a l t i d a l t e r m s in x , y, U T l , X g , 
Yg, Zg (geocenter) 
S ta t ion r ä n g e b i a s e s for e v e r y s i t e e v e r y 
15 days 
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Distribution of the uncertainties (quadratic mean of o x , o y , o z ) for the 117 s ta t ions of the 
terrestrial frame SSC(CSR) 95 L 01 . 23 stations with uncertainties larger than 10 cm are 
not shown. 
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EOP(CSR) 95 L Ol From May 1976 to Jul 1995 

N u m b e r of measurements per year and median 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 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

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

12.65 
12.81 
11.90 
9.34 
5.40 
5.19 
3.47 
2.80 
1.24 
1.09 
0.89 
0.60 
0.47 
0.48 
0.45 
0.51 
0.48 
0.45 
0.47 
0.37 

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

14.34 
11.99 
10.22 
9.66 
3.46 
3.16 
2.73 
2.64 
1.09 
0.90 
0.82 
0.55 
0.51 
0.46 
0.47 
0.50 
0.48 
0.39 
0.44 
0.36 

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

7.14 
6.76 
6.51 
5.94 
3.01 
2.59 
2.25 
1.70 
0.94 
0.76 
0.70 
0.46 
0.39 
0.40 
0.37 
0.39 
0.39 
0.33 
0.32 
0.29 
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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 S L R 
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 5 L 0 2 
S S C ( D U T ) 9 5 C 0 2 

R. N o o m e n 1 , B.A.C. A m b r o s i u s 1 , K. Herzberger2 , D.C. Kuijper1 , H. L e e n m a n 1 , G.J. Mets 1 , 
B. Overgaauw 1 , T.A. Springer 1 , K.F. Wakker1 

1 Delft Univers i ty of Technology, Faculty of Aerospace Engineering, Kluyverweg 1, 2629 H S 
Delft, The Nether lands 
2 Ins t i tut für Angewandte Geodaesie , Richard-Strauss-Allee 11 , D - 6 0 5 9 8 Frankfurt a m 
Main 70 , Germany 

The Solution EOP(DUT) 95 L 02 consists of a coherent se t of E a r t h Orientat ion 
Parameters (EOPs) , determined from SLR observations of LAGEOS-1 taken in the period 
September 1983 to December 1993 and of LAGEOS-2 taken in the interval October 1992 until 
December 1993. The EOPs have been determined for 3-day intervals. An essential e lement of 
th is computat ion is the deve lopment of a model for i n s t a n t a n e o u s Stat ion pos i t ions , 
SSC(DUT) 95 C 02 , which is a combined Solution based on the SLR observations already 
mentioned and GPS measurements taken in the period May 1989 (EUREF-89), August 1992 
and 1994 (WEGENER/GPS92 and WEGENER/GPS94) and January 1993 - December 1994 
(European IGS stations). 

The computation of EOPs w a s performed in a 2-step approach: first, the model for 
Station posit ions and motions was derived, and next , the polar motions parameters were 
computed w.r.t. this stable reference. 

T h e model for the Station posi t ions and ve loc i t ies w a s b a s e d on a ser i e s of 
independent network Solutions, determined either from SLR or from GPS, and covering the 
periods ment ioned above. In the computation of these individual network Solutions, tectonic 
deformations were not modeled or est imated. This is reasonable s ince the subintervals in 
which t h e d a t a were ana lyzed typical ly cover a period of 3 m o n t h s . For the orbit 
computations, each SLR data-interval was sub-divided into consecutive 7-day data arcs, and 
each G P S interval ( the füll 2 -week period for the E U R E F 8 9 , W E G E N E R / G P S 9 2 and 
WEGENER/GPS94 campaigns , and 1 month for the IGS Solutions) into success ive 1-day 
data arcs. Here , all tracking Information was combined for the computat ion of Station 
coordinates. The computation modeis are in very close agreement wi th the IERS Standards, 
wi th a few except ions: in the SLR analys i s , (i) the JGM-1 Solution w a s u s e d for the 
model ing of the gravity field and the ocean t ide , (ii) ocean loading and atmospher ic 
pressure loading were not taken into account, (iii) no plate motion model was applied, and 
(iv) n e w v a l u e s for GM, ae and the f lattening of the Earth were used. As for the GPS 
analysis , ocean loading and at pressure loading were not applied. 

Next , the series of network Solutions were converted into a coherent model for Station 
positions as a l inear function of t ime. In the computations, Helmert parameters for scale 
(GPS and LAGEOS-2) , orientation and origin were e s t imated for all individual network 
Solutions but one. In addit ion, the motion of 12 global s tat ions w a s constra ined to the 
N U V E L - l a N N R value by applying an a priori Standard deviation of 1 mm/yr. The remain-
der of the parameters were adjusted freely, except for the motions of a few stat ions wi th a 
very weak tracking history, which were consequently kept fixed at the N U V E L values . 

IERS(199S) Technical Note No 19 
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I n t h e second s t ep , t h e r e su l t i ng model for i n s t a n t a n e o u s Stat ion pos i t ions w a s b a c k -
s u b s t i t u t e d in to t h e p rev ious s t ep : t h 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 
S ta t ion pos i t i ons h e l d fixed a n d t h e pole pos i t ion a n d U T l p a r a m e t e r s e s t i m a t e d freely. 
S ince t h e G P S n e t w o r k s a n a l y s e d h e r e a r e ve ry regional , th i s second s t e p w a s execu ted for 
t h e S L R c o m p o n e n t only. T h e computa t ion model a n d scheme u s e d w a s iden t i ca l to t h a t of 
t h e first s t ep . 

Technical descr ip t ionof Solution D U T 95 C 02 

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

2 - Ana lys i s center : 

3 - Software used: 

4 - D a t a span : 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Definit ion of t h e or ienta t ion: 

6 - Te r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty scale: 
b - Velocity of l i g h t : 
c - Geograv i t a t iona l cons tan t : 
d - P e r m a n e n t t i da l correction: 
e - Definit ion of origin: 
f - Defini t ion of or ien ta t ion : 

g - Reference epoch: 
h - Tectonic p l a t e model : 

i - C o n s t r a i n t for t ime evolution: 

combined SLR a n d G P S 

DUT 

GEODYN-2, SOLVE, G I P S Y 

September 1983 - December 1993 

n . a . 
d y n a m i c a l 
fixing E O P a t I E R S E O P 90 C 04 

S S ( X D U T ) 9 5 C 0 2 
I E 
299792458 m/s 
398600.4415 1 0 9 m 3 / s 2 
yes 
(X1,0) = C(1,1) = S(1,1) = 0 
B a y e s i a n c o n s t r a i n t on 12 g loba l pos i t i ons 
(stat ions) , a priori E O P s a t I E R S E O P 90 C 04 
J a n u a r y 1 ,1988 
N N R - N U V E L 1 A a p r i o r i for 12 s i t e s 
( 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 V a l l e y , 
Kootwijk); B a y e s i a n c o n s t r a i n t of 0 .001 m/yr . 
R e m a i n d e r of s t a t i o n s : free Solut ions (except 
for w e a k s t a t i o n s w i t h n o I n f o r m a t i o n 
content ) 
a p p r o x i m a t e l y N N R - N U V E L 1 A (for 12 
s tat ions); a priori E O P s a t I E R S E O P 90 C 04 

7 - E a r t h or ien ta t ion: EOP(DUT) 95 C 02 
a - N u t a t i o n model : IAU(1980) 
b - Shor t -per iod t ida l va r i a t ions in x, y, U T l : x, y: no. U T : yes , w i t h a p p r o x i m a t i o n 

of U T 1 - U T R a s i n I E R S Sof tware . R e p o r t 
inc ludes U T l . 

8 - Adjus ted p a r a m e t e r s : 
a - Ce les t i a l F r a m e : 
b - T e r r e s t r i a l F r a m e : 

c - E a r t h Or ien ta t ion : 
d - O t h e r s : 

n . a . 
X0, Y0, Z0 (for se lected 12 s t a t i o n s ) ; X0 , Y0, 
Z0, Xdot, Ydot, Zdot ( r e m a i n d e r ) 
x , y , U T l a t 3-day in te rva l s 
n . a . 
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Distribution of the 75 sites of the terrestrial frame SSC(DUT) 95 C 02. 
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Distribution of the uncertainties (quadratic mean of Gx, Oy, o z ) for the 94 stat ions of the 
terrestrial frame SSC(DUT) 95 C 02. 1 Station with uncertainty larger than 10 cm is not 
s h o w n . 
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EOP(DUT) 95 L 02 From Sep 1983 to Jan 1994 

Number of measurements per year and median uncertainties 
Uni 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 
1993 
1994 

40 
120 
48 
117 
119 
121 
119 
121 
120 
120 
121 
1 

0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

.45 

.35 

.49 

.29 

.27 

.27 

.24 

.22 

.25 

.22 

.17 

.26 

40 
120 
48 
117 
119 
121 
119 
121 
120 
120 
121 

1 

0.46 
0.30 
0.33 
0.25 
0.23 
0.26 
0.22 
0.21 
0.24 
0.21 
0.15 
0.24 

40 
120 
48 
117 
119 
121 
119 
121 
120 
120 
121 

1 

0.33 
0.28 
0.33 
0.23 
0.21 
0.22 
0.20 
0.17 
0.20 
0.18 
0.14 
0.24 
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E A R T H R O T A T I O N A N D T E R R E S T R I A L R E F E R E N C E F R A M E F R O M L A G E O S I 
A N D L A G E O S II D A T A A N A L Y S I S 

G A O U A 95 L 02 

V.N. S a l y a m o v - M a i n As t ronomica l Obse rva to ry of U k r a i n i a n A c a d e m y of Sc iences , Dep t . 
of Space Geodynamics , Kiev-22, U k r a i n e , 252022 

Solu t ion GAOUA 95 L 02 is a se t of 9 1 Station coordinates a n d 50 s i te velocit ies a s well 
a s a co r r e spond ing se t of E a r t h ro t a t ion p a r a m e t e r s . 

I n p u t d a t a cons is t s of s a t e l l i t e n o r m a l po in t s (mos t ly r e l e a s e B) co l lec ted d u r i n g 
51885 p a s s e s of Lageos I s ince Sep. 1983 a n d 8278 passes of Lageos II s ince October 1992. T h e 
Software p a c k a g e Kiev-Geodynamics-5 .1 h a s been u sed for d a t a process ing . 

T h e m o d e i s a n d c o n s t a n t s u s e d for t h e ana lys i s follows t h e I E R S r e c o m m e n d a t i o n s w i t h 
t h e following except ions : 

- E a r t h g rav i ty field is model led according to GSFC/CSR U T J G M - 3 mode l t r u n c a t e d 
a t 20x20; 

- O c e a n t ide model is J G M - 2 ; 
- E x p a n d e d solid t ide mode l inc ludes 32 t i da l waves a n d 3d deg ree t e r m s i n force 

model ; 
- E a r t h b a c k s c a t t e r e d a n d t e r m a l r ad ia t ion is inc luded in force model ; 
- s h o r t per iod t ida l va r i a t ions of E O P a r e modelled according to H e r r i n g (1993). 

F o r t h e a n a l y s i s t h e whole i n t e rva l of d a t a w a s divided in to 15-day a r c s . I n t h e f irst 
s t e p , only t h e orb i t s of L A G E O S I & I I were ad jus ted over each are . I n t h e second s t ep , t h e 
combina t ion of t h e 15-day a rcs y ie lded t h e final Solution, cons is t ing of p a r a m e t e r s l i s ted in 
t h e t e c h n i c a l d e s c r i p t i o n be low. By c o n t r a s t w i t h t h e p r e v i o u s y e a r Solu t ion , o r b i t a l 
e l e m e n t s (except t h e longi tude of ascending node ) were ad jus ted every 15 days in t h i s s t ep . 
Along- t rack acce le ra t ion a n d sa te l l i t e ref lectance coefficients h a v e b e e n fixed. Pos t f i t R M S 
of r ä n g e mode l ing a r e u sua l ly w i th in 3.5 - 8 cm. 

E a r t h r o t a t i o n p a r a m e t e r s (x, y a n d U T l ) were ad jus t ed a t 3 d a y i n t e r v a l s . I n t h e 
case of p o o r d a t a d i s t r i b u t i o n or l a ck of obse rv ing s t a t i o n s , E R P w e r e h e l d f ixed to 
EOPOERS) 90 C 04. 

T h e t e r r e s t r i a l r e fe rence System is a t t a c h e d to I T R F 9 1 by f ixing t h e l a t i t u d e of 
Sta t ion 7210 a n d t h e longi tude a n d l a t i t ude of Stat ion 7105. T ime evolut ion of t h e System is 
model led by N N R - N U V E L 1 for s i tes w i t h e i the r sma l l a m o u n t of d a t a or s h o r t - t e r m ac t iv i ty 
per iods . T h e veloci t ies of 50 s i t e s (61 collocated s ta t ions ) h a v i n g long obse rv ing h i s t o r y a n d 
sufficient a m o u n t of h igh qua l i ty d a t a have been e s t i m a t e d a n d l inked to N N R - N U V E L 1 by 
fixing t h e l a t i t u d e change r a t e of Stat ion 7210 a n d t h e longi tude a n d l a t i t u d e c h a n g e r a t e s of 
Stat ion 7105. T h e reference epoch for t h e si te posit ions is 1993.0 ( M J D 48988 ). 

A c k n o w l e d g m e n t s 

T h i s w o r k h a s b e e n done p a r t l y t h a n k s to t h e I n t e r n a t i o n a l Sc ience F o u n d a t i o n 
G r a n t N o U S 4 0 0 0 . 

References 

H e r r i n g , T.A., 1993: D i u r n a l a n d S e m i d i u r n a l Var ia t ions in E a r t h Ro ta t ion , Proceedings of 
the COSPAR World Space Congress, Adv. Space Res., 13,11281-11290. 

IERS(1995) Technical Note No 19. 
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Technica l d e s c r i p t i o n o f Solution GAOUA 95 L 02 

1 - Technique: 

2 - Analys is Cen te r : 

3 - Software used: 

4 - D a t a span : 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion: 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of l ight: 
c - Geograv i ta t iona l cons t an t : 
d - P e r m a n e n t t ida l correct ion: 
e - Definit ion of origin: 
f - Definit ion of or ien ta t ion: 

g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolution: 

SLR to LAGEOS I & II 

G A O U A 

KIEV-GEODYNAMICS - 5.1 

Sep 1983-Oct 1994 ( M J D 45581 - 49656) 

d y n a m i c a l 

S S C ( G A O U A ) 9 5 L 0 2 
LE 
299792458 m/s 
3 .98600441510 1 4 m 3 / s 2 

Y e s 
C10=C11=S11=0 
E O P v a l u e s f rom E O P ( I E R S ) 9 0 C 0 4 , 
l a t i t u d e s of 7 1 0 5 ( G r e e n b e l t ) a n d 7 2 1 0 
( H a l e a k a l a ) a n d l o n g i t u d e of 7 1 0 5 fixed to 
ITRF91 
1993.0 (MJD 48988) 
N N R - N U V E L 1 
F ixed r a t e s of c h a n g e of t w o l a t i t u d e s (7105 
a n d 7210) a n d one longi tude (7105) 

7 - E a r t h or ientat ion: EOP(GAOUA) 95 L 02 
a - A pr ior i n u t a t i o n model : IAU1980 + correct ions E O P ( I E R S ) 9 0 C 04 
b - Shor t -per iod t ida l va r i a t i ons in x, y, U T l : a d d e d to EOP(EERS) 9 0 C 04 according 

to H e r r i n g (1993). EOP(GAOUA) 95 L 02 does 
n o t conta in shor t -per iod t i da l v a r i a t i o n s 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Celes t ia l F r a m e : 
b - Te r r e s t r i a l F r a m e : 

c - E a r t h Or ien ta t ion : 
d - O the r s : 

X0, Y0, Z0, Xdot , Ydot , Zdot; hO a n d h d o t for 
7105; hO, lambdaO, hdot , l a m b d a d o t for 7210 
Xp, Yp, UT1-UTC a t 3-day i n t e r v a l s 
5 kep l e r i an e l e m e n t s ( longi tude of a s c e n d i n g 
node w a s fixed) a t 15-day i n t e r v a l s for Lageos 
I & II 
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Distribution of the uncertaint ies (quadratic m e a n of öX / <*y/ <*z) for the 91 s ta t ions of t h e 
terrestrial frame SSC(GAOUA) 95 L 02. 14 stat ions wi th uncerta int ies larger t h a n 10 cm 
are not shown. 
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EOP(GAOUA) 95 L 02 From Sep 1983 to Oct 1994 

N u m b e r of measurements per year and median uncertainties 
Uni 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 
1993 
1994 

39 
122 
122 
122 
121 
122 
122 
122 
121 
122 
122 
98 

0.43 
0.38 
0.34 
0.32 
0.27 
0.25 
0.26 
0.23 
0.28 
0.28 
0.19 
0.22 

39 
122 
122 
122 
121 
122 
122 
122 
121 
122 
122 
98 

0.42 
0.31 
0.26 
0.27 
0.23 
0.24 
0.24 
0.22 
0.26 
0.25 
0.16 
0.19 

39 
122 
122 
122 
121 
122 
122 
122 
121 
122 
122 
98 

0.34 
0.27 
0.25 
0.23 
0.21 
0.20 
0.21 
0.19 
0.22 
0.20 
0.14 
0.16 
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S O L U T I O N F O R T H E T E R R E S T R I A L R E F E R E N C E F R A M E 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 D A T A 

G F Z 9 5 L 0 1 , L 0 2 

H . M o n t a g , Ch . Reigber , W. Sommerfeld , G. Dick 
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 

1. S tat ion Coordinates 

U s i n g Sa te l l i t e L a s e r R a n g i n g (SLR) d a t a of Lageos 1 a n d Lageos 2 t h e n e w S e t of 
S t a t i o n C o o r d i n a t e s SSC(GFZ) 95 L Ol w a s 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 in t h e Software p a c k a g e E P O S . P V 1 a r e conform to t h e I E R S 
S t a n d a r d s (McCar thy , 1992) w i t h t h e exception, t h a t t h e t ida l v a r i a t i o n s in U T l c a u s e d b y 
zonal t i de s w i t h per iods b igge r t h a n 3 5 days a r e n o t cons idered , t h e n u t a t i o n cor rec t ions 
de r ived by VLBI w e r e i nc luded , a n d i n s t e a d of G E M - T l t h e g r a v i t y m o d e l J G M - 3 w a s 
app l i ed . T h e g r a v i t y m o d e l a l so differs from t h e l a s t y e a r Solut ion. T h e r e f o r e a n e w 
h o m o g e n e o u s s e t of S ta t ion coord ina tes u s i n g t h e d a t a from 1986, J a n u a r y ( M J D : 46443) 
u n t i l S e p t e m b e r , 1994 ( M J D : 45599) w a s der ived. Genera l ly , t h e SLR d a t a w e r e w e i g h t e d 
accord ing to t h e i r e s t i m a t e d accuracy . In add i t i on , s eve ra 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 to r e d u c e t h e in f luence of a c h a n g i n g S ta t ion 
d i s t r ibu t ion . T h e Solution SSC(GFZ) 95 L Ol con ta ins 77 m a r k e r pos i t ions a t 69 s t a t ions . F o r 
45 s t a t i o n s t h e d a t a d i s t r i b u t i o n a l lowed to ad jus t t h e s i te m o t i o n s s i m u l t a n e o u s l y (co-
loca ted m a r k e r s a t one Sta t ion w e r e cons t r a ined w i t h a we igh t of 105 to h a v e t h e s a m e 
velocity). F o r t h e o the r s t a t ions t h e velocities were held fixed to those of t h e N U V E L - 1 no n e t 
ro t a t ion mode l (de M e t s et al, 1990). T h e Technical Descr ip t ion con ta ins m o r e de ta i l s on t h e 
adop t ed mode l for t h e t e r r e s t r i a l System. T h e reference epoch is 1988.0. T h e or ig in of t h e 
reference System w a s defined b y C 1 0 = C l l = S l l = 0. T h e o r i en t a t i on w a s c o n s t r a i n e d by 
fixing t h e l a t i t u d e a n d long i tude for Stat ion 7840 a n d t h e l a t i t u d e for 7105 . Addi t ional ly , no 
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 r e l a t i v e to t h e I T R F 9 2 . C o r r e c t i o n s d u e to t h e 
p e r m a n e n t t i da l deformat ion of t h e E a r t h we re appl ied . T h e t i m e evolu t ion of t h e Sta t ion 
coo rd ina t e s i s c o n s t r a i n e d by a d o p t i n g velocit ies from t h e N U V E L 1 mode l for t h e above 
m e n t i o n e d componen t s of t h e two s t a t ions . 

2. E a r t h Orientat ion Parameters 

B a s e d on t h e descr ibed SSC(GFZ) 95 L Ol two se t s of 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 
(pole coord ina tes a n d l eng th of day - LOD) w i th different t ime re so lu t ions w e r e d e t e r m i n e d . 
T h e m a i n Solution EOP(GFZ) 95 L Ol h a s a t i m e reso lu t ion of 5 days ; t h e t i m e reso lu t ion of 
EOP(GFZ) 9 5 L 02 is t h r e e days . Both ser ies beg inn ing in 1980 w e r e con t inued til i S e p t e m b e r 
1994. T h e e s t i m a t e d S t anda rd devia t ions a r e about 0.1 m a s for t h e pole coord ina tes a n d 0.006 
m s for LOD. T h e accuracy is mos t ly influenced by t h e d a t a d i s t r ibu t ion ; therefore i t could be 
improved b y inc lud ing L A G E O S 2 d a t a since i t s l aunch in October , 1992. T h e accurac ies a r e 
e s t i m a t e d to be a b o u t 0.3 m a s a n d 0.05 m s , respectively. 
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Technica l d e s c r i p t i o n o f Solutions GFZ 95 L Ol a n d L 02 

1 - Techn ique : SLR 

2 - Ana lys i s C e n t r e : G e o F o r s c h u n g s Z e n t r u m (GFZ) 

3 - Sof tware u sed : EPOS.P .V1 

4 - D a t a s p a n : 

5 - Ce les t i a l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Rela t iv i ty scale: 
b - Velocity of l ight : 
c - Geograv i t a t i ona l cons t an t : 
d - P e r m a n e n t t i da l correct ion: 
e - Defini t ion of t h e origin: 
f - Defini t ion of t h e or ien ta t ion : 

g - Reference epoch: 
h - Tectonic p l a t e mot ion model : 

i - C o n s t r a i n t for t i m e evolution: 

7 - E a r t h Or ien ta t ion : 

N o v 7 9 - A u g 9 4 f o r E O P 
J a n 86 - Aug 94 for n e w SSC 

Dynamica l , LAGEOS-1 a n d LAGEOS-2 . 
By fixing t h e foregoing E O P ser ies of GFZ. 

SSCXGFZ) 95 L Ol 
I E 
299 792 458 m/s 
GM = 3.986004417 1 0 1 4 m 3 / s 2 (ad jus ted) 
Y e s 
C10 = 0 , C 1 1 = 0 , S 1 1 = 0. 
By fixing two l a t i t u d e s (7840, 7105) a n d one 
long i tude (7840). 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 re la t ive to ITRF92 
1988.0 
G e n e r a l l y a d j u s t e d m o t i o n s u s i n g N N R -
N U V E L 1 a s in i t i a l mode l ; for s e v e r a l s i t e s 
N N R - N U V E L 1 model . 
F ixed N U V E L 1 p l a t e mo t ion mode l for 7840 
( la t i tude a n d longi tude) a n d 7105 ( la t i tude) . 

a - A pr ior i n u t a t i o n model : 

EOP(GFZ) 95 L 0 1 w i t h r e so lu t i on of 5 d a y s , 
EOP(GFZ) 95 L 02 wi th resolut ion of 3 days . 
I A U Q 9 8 0 ) , n u t a t i o n co r rec t ions d e r i v e d by 
VLBI inc luded . 

Shor t -pe r iod ic t i da l v a r i a t i o n s in x, y, U T l : T ida l v a r i a t i o n s i n U T l c a u s e d by 
z o n a l t i d e s u p to p e r i o d s of 35 d a y s 
cons ide red . 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Ce les t i a l f rame: 
b - T e r r e s t r i a l f r ame: 
c - E a r t h o r i en ta t ion : 
d - O t h e r s : 

lambdaO, phiO, hO, l a m b d a d o t , ph ido t , hdo t . 
x, y, LOD (for L 02 Solution v i a U T l ) . 
Cor rec t ion to t h e 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 ; co r rec t ion t o t h e 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 ; r ä n g e 
b i a s for Single s t a t i ons . 
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Distribution of the uncertaint ies (quadratic mean of ox, Oy, 0Z) for the 76 s tat ions of the 
terrestrial frame SSC(GFZ) 95 L 01 . 2 stat ions with uncertainties larger than 10 cm are not 
s h o w n . 
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EOP(GFZ) 95 L Ol From Oct 1992 to Aug 1994 

N u m b e r of measurements per year and median uncertaint ies 
U n i t s : 0.001" for X,Y; 0.0001s for D 

YEAR 

1992 
1993 
1994 

Nb 

14 
73 
49 

X 
Sigma 

0.10 
0.09 
0.09 

Nb 

14 
73 
49 

Y 
Sigma 

0.09 
0.08 
0.08 

Nb 

14 
73 
49 

D 
Sigma 

0.04 
0.03 
0.03 

EOP(GFZ) 95 L 02 From Oct 1992 to Sep 1994 

N u m b e r of measurements per year and median uncertaint ies 
Uni t s : 0.001" for X,Y; 0.0001s for D 

YEAR 

1992 
1993 
1994-

Nb 

22 
122 
82 

X 
Sigma 

0.21 
0.14 
0.13 

Nb 

22 
122 
82 

Y 
Sigma 

0.18 
0.11 
0.11 

Nb 

22 
122 
82 

D 
Sigma 

0.08 
0.04 
0.04 
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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 F R O M G S F C S O L U T I O N S L 8 . 7 
G S F C 9 5 L 0 1 

D.E. Smith , R. Kolenkiewicz, and R.S. Nerem 
NASA/Goddard Space Flight Center, Greenbelt MD 20771 

P.J. Dünn , S.M. Klosko, J.W. Robbins, M.H. Torrence and R.G. Wil l iamson 
Hughes STX Corp., Greenbelt, MD 20770 

E.C. Pavl is 
U. of Md. Dept. of Astronomy and NASA/GSFC, Greenbelt MD 20771 

The SL8.7 Solution was obtained by fitting data from LAGEOS I be tween January 
1980 and December 1994 in 30-day (and occasionally 35-day) arcs us ing normal points from 
the global SLR tracking network. The monthly arcs were combined to derive a set of Station 
posi t ions a t epoch 8 8 0 1 0 1 , and Station velocit ies . Earth Orientat ion P a r a m e t e r s w e r e 
es t imated as independent values of t ime and polar motion at 5-day intervals from January 
1980 through December 1982, and daily intervals since January 1983. Orbit and force model 
parameters were adjusted at the intervals indicated below. The IERS Standards were 
followed except that the JGM3 gravity field with expanded ocean tidal terms, and a value of 
GM 398600.4415 km 3 / s 2 were adopted. 

The E O P series from this Solution w a s edited by m e a n s of a "Vondrak"-smoothing 
procedure us ing a n epsilon value of 100. The result ing series are identical to the "raw" 
series except for the few cases where some spurious values were subst i tuted wi th va lues 
interpolated from adjacent data points . This only happens w h e n there is a lack of 
observations during the est imation interval; less than 4% of the data have been edited in 
th i s fashion. The LODR series were obtained from differences of the UT1R series w i th 
IERS-nodes at arc-length intervals. The forward difference was performed on the weakly 
smoothed U T 1 R ser i e s to m i n i m i z e no ise ampli f icat ion. E x a m i n a t i o n of t h e R M S 
differences be tween the raw and the weakly smoothed series indicated that the smoothing 
did not compromise its signal content given the accuracy of the series. 

IERS(1995) Technical Note No 19. 
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Technica l descr ipt ion o f Solution GSFC 95 L Ol 

1 - Techn ique : 

2 - Ana lys i s Cen te r : 

3 - Software used: 

4 - D a t a s p a n : 

5 - Ce les t ia l reference frame: 
a - N a t u r e : 
b - Defini t ion of t h e o r ien ta t ion 

6 - T e r r e s t r i a l re ference f rame: 
a - Rela t iv i ty scale: 
b -Velocity of l ight : 
c - Geograv i t a t iona l cons tan t : 
d - P e r m a n e n t t i da l correct ion: 
e - Defini t ion of origin: 
f - Defini t ion of o r ien ta t ion : 

g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolution: 

SLR d a t a to LAGEOS I 

N A S A / G S F C 

G E O D Y N II a n d SOLVE II 

J a n 80 - Dec 94 

d y n a m i c a l 

S S C ( G S F C ) 9 5 L 0 1 
Local E a r t h 
299792458 m/s 
398600.4415 k m 3 / s 2 

yes 
wi th geocenter a n d C10=0, C11=0, S11=0 
def ined by fixing t h e l a t i t u d e , l o n g i t u d e of 
W a s h i n g t o n a n d l a t i t u d e of M a u i , a n d one 
U T l va lue fixed a t I E R S each m o n t h 
880101 
GSFC SL8.7 
defined by fixing t h e l a t i t u d e r a t e , l ong i tude 
r a t e of W a s h i n g t o n a n d l a t i t u d e r a t e of 
M a u i 

7 - E a r t h or ien ta t ion : EOP(GSFC) 95 L 01 
a - A pr ior i n u t a t i o n : IAU(1980) 
b - Shor t -per iod t ida l va r i a t ions in x, y, U T l : m o d e l e d i n U T l a s I E R S (1992) 

S t a n d a r d s , C h a p t e r 10, b u t no s h o r t t e r m 
t ida l v a r i a t i o n s a r e mode led i n t h e X a n d Y 
pole t e r m s . 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Ce les t ia l f rame: 

b - T e r r e s t r i a l f r ame: 
c - E a r t h o r i en ta t ion : 

d - O t h e r s : 

6 e l e m e n t s eve ry 30(35) 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 
revolu t ion acce le ra t ion twice p e r a re . 
posi t ion a n d velocity 
Xp , Yp , U T l , eve ry 5 d a y s from 800101 to 
821228, every day from 821229 to 941230. 
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EOP(GSFC) 95 L Ol From Jan 1980 to Dec 1994 

N u m b e r of measurements per year and median uncertainties 
Un i t s : 0.001" for X,Y 

YEAR X Y 
Nb Sigma Nb Sigma 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

74 
73 
75 
360 
366 
365 
364 
365 
366 
362 
364 
363 
366 
364 
363 

1.03 
0.46 
0.56 
0.70 
0.43 
0.40 
0.40 
0.33 
0.34 
0.35 
0.29 
0.40 
0.38 
0.35 
0.39 

74 
73 
75 
360 
366 
365 
364 
365 
366 
362 
364 
363 
366 
364 
363 

0.40 
0.27 
0.48 
0.68 
0.37 
0.35 
0.34 
0.30 
0.33 
0.32 
0.31 
0.38 
0.36 
0.34 
0.38 
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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 F R O M L A G E O S 1 & 2 S L R O B S E R V A T I O N S 
I A A 9 5 L 0 1 - 0 6 

Zinovy M. M a l k i n 
I n s t i t u t e of Appl ied As t ronomy, Zhdanovskaya st . 8, S t .Pe t e r sbu rg , 197042 R u s s i a 
e -ma i l : m a l k i n @ i p a . r s s i . r u 

A n a l y s i s of Lageos 1 & 2 l a s e r r a n g e s col lected from Oct 1992 ( s ince l a u n c h of 
Lageos 2) t i l i F e b 1995 h a v e b e e n performed. T h e C D D I S n o r m a l po in t s ve r s ion B from Oct 
1992 tili Dec 1993, n o r m a l po in ts vers ion A from J a n 1994 tili A u g 1994, a n d quick look d a t a 
from Sep 1994 w a s u s e d . T h e a n a l y s i s w a s done u s i n g G R O S S ( G e o d y n a m i c s , e a r t h 
Ro ta t ion a n d Orb i t de t e rmina t ion Sate l l i te Software) t h a t is be ing des igned i n t h e IAA. 

T h e first ve rs ion of G R O S S h a d b e e n des igned on t h e bas i s of K iev -Geodynamics -3 
Software (GAOUA, vers ion for IBM/360 Sys tem) . Now G R O S S o p e r a t e s in M S D O S on P C 
compa t ib l e Computers . P rac t i ca l ly t h e whole of m o d u l e s of K i e v - G e o d y n a m i c s h a d b e e n 
modified or r ep l aced by n e w ones , m a n y n e w p r o g r a m s a n d rou t ines h a v e b e e n added . H e r e 
a r e con t ro l a n d Service p r o g r a m , r e d u c t i o n of t h e obse rva t i ons , r i g h t h a n d s i t e s of t h e 
equa t i ons of t h e mot ion a n d Variat ion equa t ions a n d so on. Different ia l e q u a t i o n s a r e be ing 
i n t e g r a t e d u s i n g v a r i a b l e s t e p a n d o r d e r A d a m s i n t e g r a t o r d e s i g n e d i n t h e G A O U A 
Software. Only s m a l l modif icat ions we re m a d e in t h e in t eg ra to r . 

T h e obse rva t iona l model u s e d in t h e p r e s e n t ana lys i s conform to t h e I E R S S t a n d a r d s 
r e c o m m e n d a t i o n s w i t h t h e following except ions: 

- J G M - 2 geopotent ia l coefficients a r e be ing used; 
- a d v a n c e d sol id E a r t h t i d e s mode is bo th for t h e s i t e d i s p l a c e m e n t a n d for t h e 

geopoten t ia l coefficients a r e be ing used ; 
- U T 1 R is be ing u s e d i n s t ead of U T 1 S ; 
- a d v a n c e d re la t iv i s t ic model for t h e sa te l l i te accelera t ion is b e i n g used ; 
- g r a v i t a t i o n a t t r ac t i on of p l ane t s is be ing t a k e n in to account ; 
- effect of g r a v i t a t i o n a t t r a c t i o n b e t w e e n t h e Moon a n d n o n - s p h e r i c a l E a r t h is 

b e i n g t a k e n in to account . 

O u r m a i n i n t e r e s t a t t h i s s t a g e of t h e ana lys i s w a s to choose t h e b e s t s t r a t e g y for 
da i ly E R P e s t i m a t i o n . N u m e r o u s s t r a t eg i e s were t e s t ed , six of t h e m a r e p roposed h e r e for 
de t a i l ed compar i son w i t h r e s u l t s of t h e o the r i n s t i t u t e s . T h e Ol. . .05 Solutions a r e o b t a i n e d 
u s i n g t h e m o r e or less S t a n d a r d s t r a t e g y for mos t of t h e ana ly s i s c e n t e r s . T h e differences 
b e t w e e n t h e s e se r i e s a r e a s follows 

- se r ies EOP(IAA) 95 L 0 3 does not include ad jus tmen t of LOD; 
- s e r i e s EOP( IAA) 95 L 04 a n d EOP(IAA) 95 L 05 inc lude a d j u s t m e n t of t h e Xp 

a n d Yp r a t e s ; 
- se r ies EOP(IAA) 95 L 05 was obta ined us ing u p d a t e d E R P a t every i t e ra t ion ; 

S e r i e s EOP( IAA) 95 L 06 w a s processed in a n o t h e r way . T e s t i n g of t h e S t a n d a r d 
s t r a t e g y s h o w s t h a t r e s u l t s a r e no t fully i n d e p e n d e n t from in i t i a l E R P v a l u e s . So, i t w a s 
p roposed to ad jus t E R P a s l i n e a r sp l ine w i t h po in t s a t epochs of i n i t i a l E R P se r i e s . T h i s 
m e t h o d s e e m s to give r e s u l t s i n d e p e n d e n t from in i t ia l va lues (if l i n e a r i n t e rpo la t ion is u s e d 
d u r i n g ca lcu la t ion ) b u t t h e r a n d o m e r ro r i s m u c h l a rge r t h a n w i t h t h e S t a n d a r d m e t h o d , 
e spec ia l ly for t h e e d g e s of t h e a r c s . To a l low for t h i s effect, t h e m e a n r e s u l t s f rom 
ove r l app ing a r c s (1 d a y shift) w e r e adopted a s t he final Solution for t h i s se r ies . 

IERS(1995) Technical Note No 19. 
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T h e t ab l e below descr ibes t h e six Solutions. T h e l e n g t h of a r e w a s 6 days for a l l 
So lu t ions . 

Identifier 

EOP (IAA) 95 L Ol 
EOP (IAA) 95 L 02 
EOP (IAA) 95 L 03 
EOP (IAA) 95 L 04 
EOP (IAA) 95 L 05 
EOP (IAA) 95 L 06 

Int erval 

3 
1 
1 
1 
1 
1 

X,Y 

X 
X 
x 
x 
x 
X 

X,Yrt 

X 
X 

LOD 

X 
X 

X 
X 

Update ERP 

X 
X 

T e c h n i c a l d e s c r i p t i o n o f Solutions IAA 95 L 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6 

1 - Technique: 

2 - Analys is Cen te r : 

3 - Software used: 

4 - D a t a span: 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of l ight: 
c - Geograv i t a t iona l cons tan t : 

d - P e r m a n e n t t i da l correct ion: 
e - Definit ion of origin: 
f - Defini t ion of o r ien ta t ion : 
g - Reference epoch: 
h - Tectonic p l a t e model : 

i - C o n s t r a i n t for t i m e evolution: 

7 - E a r t h o r ien ta t ion : 
a - A pr ior i n u t a t i o n model : 

SLR 

I A A 

GROSS 

Oct 1992-Feb 1995 

dynamica l , Lageos 1& 2 

ITRF93 , epoch 1993.0 
LE 
2.99792458 108 m / s 
3.986004418 1 0 1 4 m 3 / s 2 for t w o - b o d y t e r m 
3.9860044151014 m 3 / s 2 for g a r m o n i c s 
yes 
C10*=C11=S11=0 

I T R F 9 3 veloci ty field u s e d , N N R - N U V E L 1 
if ITRF93 not avai lable 

EOP(IAA) 95 L 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6 
IAU(1980) model w i t h observed correc t ions 

b - Shor t -pe r iod t ida l va r i a t ions in x, y, U T l : inc luded in t h e r e s u l t ser ies 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Ce les t i a l f r ame: 
b - T e r r e s t r i a l frame: 
c - E a r t h or ien ta t ion : 
d - O the r s : 

x, y, LOD 
Sate l l i te orbit e l emen t s , C r every 6 days 
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EOPOAA) 9 5 L 0 1 From Oct 1992 to Mar 1995 

N u m b e r of measurements per year and median uncertaint ies 
Uni t s : 0.001" for X,Y; 0.0001s for D 

YEAR X 
Nb Sigma 

Y 
Nb Sigma 

D 
Nb Sigma 

1992 
1993 
1994 
1995 

23 
122 
121 
22 

0. 
0. 
0, 
0, 

.14 

.13 

.16 

.17 

23 
122 
121 
22 

0.12 
0.12 
0.15 
0.18 

23 
122 
121 
22 

0.07 
0.07 
0.08 
0.09 

EOPOAA) 9 5 L 0 2 From Oct 1992 to Jan 1995 

Number of measurements per year and median uncertainties 
Uni t s : 0.001" for X,Y; 0.0001s for D 

YEAR X 
Nb Sigma Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

67 
365 
363 
30 

0.21 
0.22 
0.26 
0.27 

67 
365 
363 
30 

0.19 
0.19 
0.24 
0.29 

67 
365 
363 
30 

0.10 
0.11 
0.13 
0.12 

EOPOAA) 9 5 L 0 3 From Oct 1992 to Jan 1995 

Number of measurements per year and median uncertaint ies 
Uni t s : 0.001" for X,Y 

YEAR X 
Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

67 
365 
363 
30 

0.21 
0.22 
0.26 
0.27 

67 
365 
363 
30 

0.19 
0.19 
0.24 
0.27 

EOPOAA) 9 5 L 0 4 From Oct 1992 to Mar 1995 

N u m b e r of measurements per year and median uncertaint ies 
Uni t s : 0.001" for X,Y; 0.0001s for D 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

68 
365 
361 
65 

0.22 
0.23 
0.26 
0.28 

68 
365 
361 
65 

0, 
0, 
0, 
0 

.19 

.21 

.25 

.31 

68 
365 
361 
65 

0. 
0, 
0, 
0 

.38 

.48 

.59 

.75 
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EOP(IAA) 95 L 05 From Oct 1992 to Mar 1995 

N u m b e r of measurements per year and median uncertainties 
Uni t s : 0.001" for X,Y; 0.0001s for D 

YEAR X Y D 
Nb Sigma Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

68 
365 
361 
65 

0.22 
0.23 
0.27 
0.29 

68 
365 
361 
65 

0.20 
0.21 
0.25 
0.31 

68 
365 
361 
65 

0.39 
0.48 
0.60 
0.74 

EOPOAA) 95 L 06 From Oct 1992 to Feb 1995 

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 

YEAR X Y 
Nb Sigma Nb Sigma 

1992 
1993 
1994 
1995 

63 
365 
365 
32 

0.32 
0.30 
0.35 
0.34 

63 
365 
365 
32 

0.30 
0.27 
0.33 
0.33 
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E A R T H O R I E N T A T I O N A N D S I T E C O O R D I N A T E S B A S E D O N L A G E O S S L R 
D A T A F R O M T H E I N S T I T U T E O F A S T R O N O M Y (RAS) 

I A R A S 9 4 L 0 1 

O. B a y u k , S. T a t e v i a n 
I n s t i t u t e of As t ronomy, R u s s i a n Academy of Sciences, 109017, Moscow, R u s s i a 

T h e Solut ion IARAS 94 L 0 1 w a s compu ted w i t h a n e w a n a l y s i s p r o g r a m A S T R A 
u s i n g L A G E O S n o r m a l po in ts d a t a for t h e period Augus t 93- J u l y 94. 

M e a n posi t ions of 20 s t a t i o n a r y SLR sites have been ad jus ted to t h e epoch 1994.0, s i t e 
velocit ies we re h e l d fixed to t hose pred ic ted by t h e N N R - N U V E L 1 model . 

T h e a n a l y s i s w a s pe r fo rmed in a mu l t i - s t age a p p r o a c h . F i r s t , t h e d a t a s p a n w a s 
d iv ided i n to 5-day arcs a n d a sa te l l i t e State vector (x, y, z, vx, vy, vz) w a s ad jus t ed t o g e t h e r 
w i t h pole coord ina tes a n d L O D for each a re . Then , every se t of t h r e e successive five-day a rcs 
w a s combined i n a 15-day a r e for t h e e s t i m a t i o n of t h e empi r ica l coefficients C r a n d Ct , 
wh ich is pe r fo rmed s imu l t aneous ly w i t h a n ad ju s tmen t of t he sa te l l i te Sta te vector a n d E O P 
for t h e 5-day i n t e r v a l s . F ina l ly , t h e s i t es coord ina tes , sa te l l i te State vector , pole coord ina tes 
a n d U T 1 - U T C for t h e midd le of every 5-day a re were ad ju s t ed over t h e who le t i m e per iod 
( l y e a r ) . 

I n t h i s Solution, correc t ions to n u t a t i o n a n d s i tes velocit ies w e r e no t ad jus ted . They 
will be m a d e w h e n t h e n e w p r o g r a m ASTRA is completed. 

IERS(199S) TechnicalNoteNo 19 
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Techn ica l descr ip t ion o f Solution IARAS 94 L Ol 

1 - Technique: 

2 - Analys is Cen t e r : 

3 - Software used: 

4 - D a t a span: 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 
b - Defini t ion of t h e or ien ta t ion : 

SLR 

I A R A S 

A S T R A 

Aug 9 3 - J u l 9 4 

d y n a m i c a l 

T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of l ight: 
c - Geograv i t a t iona l cons t an t : 
d - P e r m a n e n t t i da l correct ion: 
e - Definit ion of origin: 
f - Defini t ion of o r ien ta t ion : 

g - Reference epoch: 
h - Tectonic p l a t e model : 
i - C o n s t r a i n t for t i m e evolut ion: 

7 - E a r t h o r ien ta t ion : 
a - A pr ior i n u t a t i o n model : 

IARAS 94 L Ol 
LE 
2.99792 458 m/s 
GMO = 3.98600441101 4 m 3 / s 2 

No 
C10=C11=S11=0 
b y fixing l o n g i t u d e a n d l a t i t u d e of S ta t ion 
7105 a n d l a t i tude of Station 7210, a pr ior i E O P 
va lues from I E R S Bul le t in B . 
1994.0 
N N R - N U V E L 1 
fixed p l a t e mot ion mode l 

IAUU980) 
b - Shor t -per iod t ida l va r i a t i ons in x, y, U T l : t h e dai ly t ida l v a r i a t i o n s in x, y, U T l 

8 - E s t i m a t e d P a r a m e t e r s : 
a - Ce les t i a l F r a m e : 
b - T e r r e s t r i a l F r a m e : 
c - E a r t h Or ien ta t ion : 
d - Others : 

X0, Y0, Z0 
x, y, UT1-UTC 
Cr , C t 
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Distribution of the 18 sites of the terrestrial frame SSC(IARAS) 95 L 01. 

4 6 

UNCERTAINTIES (cm) 

10 

Distribution of the uncertaint ies (quadratic mean of a x , o y , a z ) for t h e 20 s tat ions of the 
terrestrial frame SSC(IARAS) 95 L 01 . 3 stations with uncertainties larger than 10 cm are 
not shown. 
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EOHIARAS) 94 L Ol From Aug 1993 to J u n 1994 

Number of measurements per year and median uncertaint ies 
Uni ts : 0.001" for X,Y; 0.0001s for U T l 

YEAR 

1993 
1994 

X 
Nb Sigma 

31 1.60 
36 1.50 

Y 
Nb Sigma 

31 1.40 
36 1.50 

UTl 
Nb Sigma 

31 7.00 
36 7.10 


