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COMPILED C A T A L O G U E O F POSITIONS O F EXTRAGALACTTC R A D I O SOURCES 
G A O U A 9 4 C Ol 

Ya.S. Yatskiv , A . N . K u r y a n o v a 
M a i n A s t r o n o m i c a l Observatory , A c a d e m y of Sc iences of U k r a i n e , 
G o l o s i i v , K i e v , 252127 U k r a i n e 

F o l l o w i n g the p r o c e d u r e for c o m p i l i n g the ca ta logue of extragalact ic rad io sources (RS) 
p r o p o s e d b y Yatskiv a n d K u r y a n o v a (1990), a n e w v e r s i o n of this ca ta logue d e s i g n a t e d 
R S C ( G A O U A ) 94 C 01 h a s b e e n constructed . The c a t a l o g u e conta ins 504 rad io sources . 
E s t i m a t e s of in terna l a c c u r a c y of p o s i t i o n s of RS a n d re la t ive o r i e n t a t i o n of th is 
ca ta logue w i t h respect to other c o m p i l e d ca ta logues are g i v e n . 

I n t r o d u c t i o n 

A p p l i c a t i o n of the V e r y L o n g Base l ine Inter ferometry t e c h n i q u e (VLBI) to 
the d e t e r m i n a t i o n of angu lar p o s i t i o n s of r a d i o s o u r c e s h a s m a r k e d a n e w s t e p in 
e s t a b l i s h i n g a n d c o n s t r u c t i n g t h e i n e r t i a l r e f e r e n c e f r a m e (IRF), n a m e l y , i t s 
r a d i o a s t r o n o m i c a l rea l i za t ion IRF-R. In c o m p a r i s o n w i t h the w e l l - k n o w n stel lar IRF 
rea l i za t ion , IRF-R h a s a n u m b e r of a d v a n t a g e s , w h i c h d e t e r m i n e i ts s tabi l i ty ( the 
extragalact ic r a d i o s o u r c e s are v e r y d i s tant objects , a n d their p r o p e r m o t i o n s c a n b e 
n e g l e c t e d ) a n d internal c o n s i s t e n c y ( to o n e m i l l i s e c o n d of are). A t the p r e s e n t t ime , 
there are s evera l IRF-R rea l i za t ions r e p r e s e n t e d as se t s of r a d i o s o u r c e c o o r d i n a t e s 
(RSC). O r i g i n a l ( i n d i v i d u a l ) RSC c a t a l o g u e s o b t a i n e d after r e d u c t i o n of VLBI 
o b s e r v a t i o n s are d i s t i n g u i s h e d f r o m c o m p i l e d RSC c a t a l o g u e s c o n s t r u c t e d b y 
a m a l g a m a t i n g t h e o r i g i n a l o n e s . T h e f irst g r o u p c o m p r i s e s t h e RSC c a t a l o g u e s 
prepared at t h e G o d d a r d S p a c e Fl ight (GSFC), the N a t i o n a l Ocean ic a n d A t m o s p h e r i c 
A d m i n i s t r a t i o n ( N O A A ) , etc . Efforts h a v e b e e n m a d e recent ly to cons true t c o m p i l a -
t ion RSC c a t a l o g u e s in order to d i m i n i s h pos i t i ona l r a n d o m errors a n d e x t e n d IRF-R 
o n m o r e objects. There is a ser ies of c o m p i l e d ca ta logues of RS p o s i t i o n s cons tructed b y 
t h e I n t e r n a t i o n a l Earth R o t a t i o n S e r v i c e (RSC(IERS) ) , A s t r o n o m i s c h e R e c h e n 
I n s t i t u t e in H e i d e l b e r g ( C C ( H . G . W a l t e r , 1991) ) , a n d b y t h e M a i n A s t r o n o m i c a l 
O b s e r v a t o r y , A S U k r a i n e ( R S C ( G A O U A ) ) . T h e m u t u a l d i s a g r e e m e n t of t h e s e 
c o m p i l e d RSC Systems i s o n the l eve l of o n e m i l l i s e c o n d of are, a n d it can b e e x p l a i n e d 
b y different c o m p o s i t i o n of the i n d i v i d u a l c a t a l o g u e s a n d b y u s i n g different m e t h o d s 
for t h e c o m p i l a t i o n . F o l l o w i n g t h e p r o c e d u r e for c o m p i l i n g t h e c a t a l o g u e o f RS 
p r o p o s e d b y the authors earlier (Yatskiv a n d K u r y a n o v a , 1990) , a n e w v e r s i o n of this 
cata logue , d e s i g n a t e d R S C ( G A O U A ) 94 C 0 1 , has b e e n constructed . 
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O n t h e cons truc t ion o f t h e c o m p i l e d cata log of rad io s o u r c e s R S C ( G A O U A ) 94 C Ol 

T h e c a t a l o g i s b a s e d o n t h e i n d i v i d u a l c a t a l o g s o b t a i n e d i n 1993 at the 
G o d d a r d S p a c e Fl ight Center (GSFC), the Jet Propul s ion Laboratory (JPL), the N a t i o n a l 
O c e a n i c a n d A t m o s p h e r i c A d m i n i s t r a t i o n ( N O A A ) , t h e U n i t e d S t a t e s N a v a l 
O b s e r v a t o r y ( U S N O ) a n d t h e G e o d e t i c Inst i tute of t h e U n i v e r s i t y of B o n n (GIUB). 
S o m e Information a b o u t t h e s e cata logs , p r o v i d e d b y IERS, i s g i v e n i n Table 1. 

T a b l e 1. T h e VLBI ce les t ia l f r a m e s u s e d ; A I , A 2 , A 3 are ro ta t ion a n g l e s f r o m an 
i n d i v i d u a l f rame t o t h e c o m p i l e d o n e . N is the n u m b e r of RS. Unit : 0.001". 

Cata log N AI A2 A3 

RSC(GSFC) 
RSC(JPL) 
RSC (NOAA) 
RSC (USNO) 
RSC (GIUB) 

93 
92 
93 
93 
93 

R 
R 
R 
R 
R 

05 
02 
02 
09 
01 

449 
333 
107 
125 
43 

+3.0810. 
-0.7610. 
+0.1110. 
+0.7710. 
+0.1010. 

.02 

.02 

.02 

.03 

.07 

+0. 
+0, 
+0. 
+0. 
+2. 

.9610. 

.4210. 

.0510. 

.1910. 

.4410. 

.02 
,02 
.02 
.03 
.08 

-1.8710. 
+0.5110. 
+0.0310. 
+0.0510, 
-0.1110, 

.01 

.02 

.02 

.03 

.06 

A t the first s tage w e h a v e c o m p i l e d the ca ta logue of 39 pr imary rad io sources 
w h i c h are c o m m o n for RSC(GSFC) 93 R 05, RSC0PL) 9 2 R 02 , R S C ( N O A A ) 93 R 02 a n d 
RSC(IERS) 90 C 01 . For this p u r p o s e internal accuracy of i n d i v i d u a l c a t a l o g u e s w a s 
a n a l y s e d a n d their w e i g h t s , g i v e n in Table 2 , w e r e d e r i v e d a c c o r d i n g to t h e m e t h o d 
p r o p o s e d b y the authors (Kuryanova a n d Yatskiv, 1992). 

Table 2 . N o r m a l i z e d w e i g h t s of i n d i v i d u a l catalogs . 

Catalog Weight 

RSC(GSFC) 
RSC(JPL) 
RSC(NOAA) 

0.226 
0.157 
0.617 

For t h e in i t ia l o r i e n t a t i o n of t h e f r a m e R S C ( G A O U A ) 9 4 C 0 1 , t h e 
or ientat ion of the frame RSC(IERS) 90 C 01 w a s u s e d . A t the s e c o n d s tage the System of 
p r i m a r y RS w a s e x t e n d e d to o t h e r s o u r c e s ( s e c o n d a r y a n d c o m p l e m e n t a r y ) in 
c a t a l o g u e s u n d e r cons iderat ion . T h e ca ta logue conta ins 504 rad io sources . T h e relat ive 
o r i e n t a t i o n s a n d R M S di f ferences of c a t a l o g u e R S C ( G A O U A ) 9 4 C 01 a n d c o m p i l e d 
ca ta logues cons tructed b y IERS (IERS A.R.) are s h o w n in Table 3 a n d Table 4 . 

Table 3 . Re la t ive or ientat ion and R M S dif ferences of R S C ( G A O U A ) 9 4 C 01 a n d o ther 
c o m p i l e d ca ta logs d e t e r m i n e d from pr imary RS. Unit : 0.001". 

C a t a l o g N AI A2 A3 D<xcos8 D8 

RSC(IERS) 
RSC(IERS) 
RSC(IERS) 
RSC(IERS) 

90 C 01 
91 C 01 
92 C 01 
93 C 01 

37 
32 
39 
39 

+0.03 
-0.04 
-0.02 
+0.09 

-0.02 
-0.10 
-0.23 
-0.08 

-0.00 
-0.02 
-0.10 
-0.15 

10.218 
10.263 
10.220 
10.144 

10.245 
10.431 
10.218 
10.009 
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Table 4 . R e l a t i v e o r i e n t a t i o n a n d R M S d i f f erences o f R S C ( G A O U A ) 9 4 C Ol a n d 
RSC(IERS) 9 3 C Ol d e t e r m i n e d from pr imary RS se lec ted b y IERS. Uni t : 0.001". 

C a t a l o g N AI A2 A3 DOtcosS D$ 

RSC(IERS) 93 C 01 166 +0 .12 - 0 . 0 7 - 0 . 1 3 ± 0 . 1 2 3 ± 0 .117 

T h e a v e r a g e v a l u e s of internal accuracy of this ca ta logue is g i v e n i n Table 5. 

Table 5. Internal a c c u r a c y of p o s i t i o n s of RS in R S C ( G A O U A ) 9 3 C 0 1 . N i s n u m b e r of 
RS. U n i t : 0.001". 

RS Designation N Sacos8 S8 

Primary P,P1 166 10.14 10.16 
Secondary S 135 10.38 10.40 
Complementary C 203 15.49 12.22 

C a t a l o g u e R S C ( G A O U A ) 94 C 01 is a v a i l a b l e o n r e q u e s t f r o m t h e M a i n A s t r o n o m i c a l 

O b s e r v a t o r y of A c a d e m y of Sc iences of U k r a i n e . 

R e f e r e n c e s 

A n n u a l R e p o r t of t h e IERS for 1989: 1990, O b s e r v a t o i r e d e P a r i s , P a r i s . 

A n n u a l R e p o r t of t h e IERS for 1990: 1991 , O b s e r v a t o i r e d e P a r i s , P a r i s . 

A n n u a l R e p o r t of t h e IERS for 1991 : 1992, O b s e r v a t o i r e d e P a r i s , P a r i s . 

K u r y a n o v a , A . N . , a n d Y a t s k i v , Ya .S . , 1992: T h e c o m p i l e d c a t a l o g of p o s i t i o n s of 
e x t r a g a l a c t i c r a d i o s o u r c e s R S C ( G A O U A ) 91 C 0 1 , K i n e m a t i k a i F i z i k a N e b e s n y k h Te l , 
9, N o . 2 , 1 5 - 2 5 . 

Y a t s k i v , Ya .S . , a n d K u r y a n o v a , A . N . , 1990: A n e w a p p r o a c h t o t h e c o n s t r u c t i o n of a 

c o m p i l e d c a t a l o g u e of p o s i t i o n s of e x t r a g a l a c t i c r a d i o s o u r c e s , i n : Inertial Coordinate 

System on the Sky, Proc. IAU Symposium 141, p . 295-296. 
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9 0 c 

24h 

- 9 0 c 

Dis tr ibut ion o v e r t h e s k y of t h e 505 extragalact ic r a d i o s o u r c e s of the celest ial frame 

R S C ( G A O U A ) 9 4 C 01 . F i l l ed circles ind icate rad io sources w i t h uncertaint ies i n r ight 

a s c e n s i o n ( a c o s 8) a n d dec l ina t ion smal ler than 0.0003". 

7203 

1 2 
UNCERTAINTIES IN acosö AND ö (MAS) 

Dis tr ibut ion of t h e uncerta int ies in r ight a s c e n s i o n (füll l ine) a n d d e c l i n a t i o n ( d a s h e d 
l ine ) of t h e ce lest ia l f rame R S C ( G A O U A ) 9 4 C 01 . 47 r a d i o s o u r c e s w i t h uncerta int ies 
larger t h a n 0.003H are n o t s h o w n . 
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A C O M B I N A T I O N O F 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 3 
J P L 9 4 C 0 1 

R. S. Gross 
Jet P r o p u l s i o n Laboratory, California Inst i tute of T e c h n o l o g y , 
Pasadena , C A 91109-8099, U S A 

A c o m b i n a t i o n of i n d e p e n d e n t l y - d e t e r m i n e d Earth o r i e n t a t i o n d a t a h a s 
b e e n g e n e r a t e d f rom s p a c e - g e o d e t i c o b s e r v a t i o n s s p a n n i n g 1976-1993 . T h e a p p r o a c h 
t a k e n is b a s e d u p o n a K a i m a n filter that w a s d e v e l o p e d at t h e Jet P r o p u l s i o n 
Laboratory (JPL) for just s u c h a p u r p o s e (Eubanks 1988; M o r a b i t o et al. 1988). The 
K a i m a n filter i s a s equent ia l e s t i m a t i o n t e c h n i q u e that c o m b i n e s o b s e r v a t i o n s of the 
Earth's o r i e n t a t i o n in a r i g o r o u s l y s e l f - c o n s i s t e n t m a n n e r p r o d u c i n g s m o o t h e d , 
in terpo la ted e s t imates of U T l a n d the x- a n d y - c o m p o n e n t s of po lar m o t i o n (PMX a n d 
PMY, re spec t ive ly ) . Informat ion about the data that h a v e b e e n c o m b i n e d is g i v e n in 
Table 1. Al l p u b l i c l y avai lable , i n d e p e n d e n t d e t e r m i n a t i o n s of the Earth's or ientat ion 
b y the m o d e r n , s p a c e - g e o d e t i c t echn iques of v e r y l o n g b a s e l i n e interferometry (VLBI), 
sate l l i te laser r a n g i n g (SLR), lunar laser r a n g i n g (LLR), a n d the g l o b a l p o s i t i o n i n g 
S y s t e m (GPS) h a v e b e e n u s e d . S ince it w a s des i rab le to c o m b i n e o n l y i n d e p e n d e n t 
d e t e r m i n a t i o n s of t h e Earth's or ientat ion , o n l y o n e LLR data set w a s u s e d , n a m e l y , 
that d e t e r m i n e d at JPL ( N e w h a l l et al, 1993) , a n d o n l y o n e SLR d a t a set w a s u s e d , 
n a m e l y , that d e t e r m i n e d at t h e U n i v e r s i t y of T e x a s C e n t e r for S p a c e R e s e a r c h 
(UTCSR; Eanes a n d W a t k i n s , 1993). N o t e that the SLR U T l resul t s w e r e n o t u s e d in 
genera t ing SPACE93 d u e to p r o b l e m s assoc ia ted w i t h separat ing this c o m p o n e n t of the 
Earth's or ientat ion f rom the effects of u n m o d e l e d forces ac t ing o n the satel l i te c a u s i n g 
the n o d e of its orbit to drift. T w o different data sets d e r i v e d f rom G P S m e a s u r e m e n t s 
w e r e u s e d : (1) that d e t e r m i n e d at the Scr ipps Inst i tut ion of O c e a n o g r a p h y from da i ly 
m e a s u r e m e n t s s p a n n i n g A u g u s t 25 , 1991 to June 20 , 1992 (Bock et al, 1993); a n d (2) 
that d e t e r m i n e d at t h e Jet P r o p u l s i o n Laboratory from d a i l y m e a s u r e m e n t s s p a n n i n g 
June 2 1 , 1 9 9 2 to January 9 , 1 9 9 4 ( Z u m b e r g e et al, 1993). N o t e that in b o t h cases o n l y the 
p o l a r m o t i o n r e s u l t s d e t e r m i n e d f r o m t h e G P S m e a s u r e m e n t s w e r e u s e d in 
g e n e r a t i n g S P A C E 9 3 . T h r e e d i f f erent d a t a s e t s d e r i v e d f r o m i n d e p e n d e n t VLBI 
m e a s u r e m e n t s w e r e u s e d : (1) t h e a p p r o x i m a t e l y t w i c e - a - w e e k S i n g l e b a s e l i n e 
m e a s u r e m e n t s m a d e u s i n g t h e r a d i o t e l e s c o p e s of N A S A ' s D e e p S p a c e N e t w o r k 
( D S N ; S t e p p e et al, 1993); (2) t h e m e a s u r e m e n t s m a d e u n d e r t h e a u s p i c e s o f the 
Internat ional R a d i o Interferometric S u r v e y i n g (IRIS) s u b c o m m i s s i o n a n d a n a l y z e d at 
N O A A ' s L a b o r a t o r y for G e o s c i e n c e s (IRIS Earth O r i e n t a t i o n B u l l e t i n N o . 120 , 
February, 1994; n o t e that for reasons g i v e n b e l o w o n l y t h e IRIS In tens ive U T l resul ts 
w e r e u s e d ) ; a n d (3) the U T P M d e t e r m i n a t i o n s m a d e b y the VLBI g r o u p of the N A S A 
Crustal D y n a m i c s Project (CDP) at G o d d a r d Space Flight Center (GSFC) f rom b o t h their 
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o w n C D P VLBI m e a s u r e m e n t s a n d from their reduc t ion of t h e IRIS a n d U n i t e d States 
N a v a l O b s e r v a t o r y ( U S N O ) m u l t i b a s e l i n e m e a s u r e m e n t s ( M a , p r i v a t e 
c o m m u n i c a t i o n , 1993) . S ince t h e C D P d a t a s e t u s e d h e r e i n c l u d e s U T P M v a l u e s 
d e t e r m i n e d f r o m t h e mul t ibase l ine m e a s u r e m e n t s taken b y b o t h IRIS a n d the U S N O , 
n o separate IRIS mul t ibase l ine or U S N O data sets w e r e u s e d i n genera t ing SPACE93 . 

Table 1. Data c o m b i n e d 

DATA SET 
NAME 

LLR (JPL93M01; VAR LAT, 
McDonald Cluster 
CERGA 
Haleakala 

UTO) 

ÜTCSR (CSR93L01; PMX, PMY) 
LAGEOS 

DSN (JPL93R01; T, V) 
CA-Spain Cluster 
CA-Australia Cluster 

CDP (GLB922) 
Multibaseline 
Westford~Ft. Davis 
Westford-Mojave 

DATA 
TYPE 

LLR 
LLR 
LLR 

SLR 

VLBI 
VLBI 

VLBI 
VLBI 
VLBI 

ANALYSIS DATA 
CENTER 

JPL 
JPL 
JPL 

UTCSR 

JPL 
JPL 

GSFC 
GSFC 
GSFC 

SPAN 

22MAY76-14JAN93 
07APR84-14FEB93 
10FEB85-11AUG90 

19MAY76-04FEB93 

26NOV79-08JAN94 
28OCT78-05JAN94 

04AUG79-29DEC93 
25JUN81-01JAN84 
21MAR85-06AUG90 

NUMBER 
POINTS 

390 
373 
68 

1797 

489 
495 

1550 
103 
18 

IRIS (UT1MC19JAN94; UTl) 
Intensive VLBI NOAA 02APR84-09JAN94 2153 

GPS (SIO93P01; PMX, PMY) 
Scripps 

GPS (JPL92P02; PMX, PMY) 
JPL FLINN Analysis 

GPS SIO 25AUG91-20JUN92 286 

GPS JPL 21JUN92-09JAN94 521 

Before c o m b i n i n g the ser ies , the effect of t h e so l id Earth t ides u p o n U T l w a s 
r e m o v e d b y u s i n g the m o d e l of Yoder et al. (1981). A l s o , the m o d e l of D i c k m a n (1993) 
w a s u s e d t o r e m o v e t h e effect u p o n U T l of the o c e a n t ides at the Mf, Mf', M m , a n d Ssa 
t ida l f r e q u e n c i e s [ the D i c k m a n (1993) o c e a n i c correct ions to t h e Y o d e r et al. (1981) 
r e s u l t s w e r e a c t u a l l y r e m o v e d ] . F inal ly , the empir i ca l m o d e l of H e r r i n g (1992) w a s 
u s e d to r e m o v e t h e ef fect o f the s e m i - d i u r n a l a n d d iurna l o c e a n t ides f r o m the IRIS 
I n t e n s i v e U T l v a l u e s s i n c e t h e s e t idal t erms h a d b e e n a d d e d back a n d w e r e i n c l u d e d 
in t h e r e l e a s e d IRIS I n t e n s i v e U T l v a l u e s . N o s u b d a i l y o c e a n t ida l t e r m s w e r e 
r e m o v e d from a n y of t h e o ther ser ies u s e d in genera t ing S P A C E 9 3 s ince n o n e of the 
o ther ser ies l i s t e d in Table 1 h a d t h e s e terms a d d e d back to t h e m (the part icular C D P 
ser i e s u s e d in g e n e r a t i n g S P A C E 9 3 w a s a special Solut ion in w h i c h the s u b d a i l y t idal 
t e r m s h a d n o t b e e n a d d e d back a n d w e r e therefore not i n c l u d e d in t h e final U T P M 
v a l u e s ; M a , p r i v a t e c o m m u n i c a t i o n , 1993). 
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Prior to c o m b i n i n g the data , series-specif ic correct ions w e r e a p p l i e d for bias 
a n d rate, a n d t h e s ta ted uncerta int i e s w e r e adjus ted b y m u l t i p l y i n g t h e m b y ser ie s -
specif ic sca le factors. V a l u e s for these bias-rate correct ions a n d uncerta inty scale factors 
w e r e d e t e r m i n e d in an i terative, round-rob in t y p e a p p r o a c h w h e r e i n e a c h data se t w a s 
c o m p a r e d t o a c o m b i n a t i o n of all o ther data sets (except for t h e t w o G P S ser ies w h i c h 
w e r e treated separate ly as descr ibed b e l o w ) . First, a reference ser ies (SPACE92; Gross , 
1993) w a s u s e d to init ial ly correct the b ias a n d rate of e a c h i n d i v i d u a l ser ies s o that it 
agrees ( in b ias a n d rate) w i t h the reference series . This w a s d o n e for the s o l e p u r p o s e of 
in i t ia l ly a l i g n i n g t h e ser ies w i t h e a c h o t h e r in a n a t t e m p t to r e d u c e t h e r e q u i r e d 
n u m b e r o f r o u n d - r o b i n i terat ions . T h e s t a t e d u n c e r t a i n t i e s of t h e s e r i e s w e r e n o t 
adjus ted at th i s t ime . A n y incons i s t enc i e s i n t r o d u c e d b y u s i n g a re ference ser ies for 
this init ial b ias -rate a l i g n m e n t s h o u l d b e r e m o v e d d u r i n g the s u b s e q u e n t i t erat ive , 
r o u n d - r o b i n p r o c e d u r e . 

After initial bias-rate a l i g n m e n t , the r o u n d - r o b i n p r o c e d u r e w a s p e r f o r m e d 
w h e r e i n the bias a n d rate of e a c h i n d i v i d u a l series w a s i terat ive ly adjus ted s o a s to b e 
in a g r e e m e n t w i t h the b ias a n d rate exh ib i t ed b y a c o m b i n a t i o n of all the other ser ies , 
w i t h rate a d j u s t m e n t s b e i n g d e t e r m i n e d o n l y for t h o s e ser ies w h o s e o v e r l a p w i t h all 
the other ser ies w a s great e n o u g h that rel iable rate de terminat ions c o u l d b e m a d e . T h e 
s tated uncerta inty of e a c h ser ies w a s adjus ted b y a p p l y i n g a mul t ip l i ca t ive factor that 
m a d e the res idual of that data, w h e n di f ferenced w i t h a c o m b i n a t i o n of all o ther data , 
h a v e a r e d u c e d c h i - s q u a r e of o n e . N o t e that t h e formal error a s s o c i a t e d w i t h the 
res idua l in ca lcu la t ing the r e d u c e d ch i - square a c c o u n t s for the error of in terpo la t ion 
b e t w e e n the t i m e of the r e s i d u a l a n d the t i m e s of o t h e r da ta p o i n t s b y u s i n g t h e 
s t o c h a s t i c m o d e l of t h e U T P M p r o c e s s c o n t a i n e d i n t h e K a i m a n f i l ter . T h e 
i n c r e m e n t a l b ias -rate correc t ions a n d u n c e r t a i n t y sca le factors t h u s d e t e r m i n e d for 
each of the i n d i v i d u a l ser ies w e r e t h e n a p p l i e d to the ser ies a n d the p r o c e s s r e p e a t e d 
unti l c o n v e r g e n c e w a s a c h i e v e d ( c o n v e r g e n c e b e i n g ind ica ted b y the incrementa l b ias -
rate c o r r e c t i o n s a p p r o a c h i n g z e r o , a n d t h e i n c r e m e n t a l u n c e r t a i n t y sca l e factors 
a p p r o a c h i n g o n e ) . A t t h e c o m p l e t i o n of th is i terat ive , r o u n d - r o b i n p r o c e s s , re la t ive 
b ias-rate correc t ions w i l l h a v e b e e n d e t e r m i n e d that m a k e the data s e t s a g r e e w i t h 
e a c h o ther in b ia s a n d rate, a n d uncer ta inty sca le factors w i l l h a v e b e e n d e t e r m i n e d 
that m a k e t h e res idua l of e a c h data se t ( w h e n d i f ferenced w i t h a c o m b i n a t i o n of all 
others) h a v e a r e d u c e d chi -square of o n e . 

W h e n p e r f o r m i n g th i s i terat ive , r o u n d - r o b i n p r o c e d u r e to d e t e r m i n e b i a s -
rate correct ions a n d uncer ta inty sca le factors, e a c h data t y p e is a n a l y z e d ( a n d resul ts 
reported) in the natural reference f rame for that data t y p e . For S ingle b a s e l i n e VLBI 
m e a s u r e m e n t s this i s the transverse (T), vertical (V) frame (Eubanks a n d S t e p p e 1988); 
for S ing le Stat ion LLR m e a s u r e m e n t s th i s i s t h e Variat ion of l a t i t u d e (LAT) , UTO 
frame; a n d for G P S , SLR a n d m u l t i b a s e l i n e VLBI m e a s u r e m e n t s th i s is t h e u s u a l 
U T P M (PMX, PMY, U T l ) frame. 

For the p u r p o s e of d e t e r m i n i n g bias-rate correct ions a n d u n c e r t a i n t y sca l e 
factors , the LLR o b s e r v i n g s ta t ions at M c D o n a l d w e r e c lus t ered , s o that a c o m m o n 
bias-rate correct ion a n d uncerta inty scale factor w a s d e t e r m i n e d for all the M c D o n a l d 
LLR ser ies . Th i s w a s d o n e s o that rate a d j u s t m e n t s c o u l d b e m a d e t o t h e s e ser ies . 
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T h e r e i s n o t e n o u g h o v e r l a p w i t h the o ther , i n d e p e n d e n t Earth or i en ta t ion ser ies to 
a l l o w a re l iable rate correction to b e d e t e r m i n e d for a n y i n d i v i d u a l M c D o n a l d s tat ion-
d e r i v e d LLR ser ies . T h u s , w i t h o u t c luster ing the M c D o n a l d s tat ions , it w o u l d o n l y b e 
p o s s i b l e t o m a k e b ia s correc t ions t o t h e M c D o n a l d LLR s e r i e s , w i t h c o n s e q u e n t 
d e l e t e r i o u s e f fec t s o n t h e rate of t h e U T l v a l u e s pr ior t o a b o u t 1 9 8 2 in t h e f inal , 
c o m b i n e d s e r i e s . S imi lar ly , t h e i n d i v i d u a l D S N r a d i o t e l e s c o p e s i n Cal i fornia w e r e 
c lus tered , a s w e r e t h o s e i n Spa in and , separately , in Austral ia , s o that a c o m m o n b ias -
rate correct ion a n d uncerta inty scale factor w a s d e t e r m i n e d for all t h e Cal i fornia-Spain 
S ing l e b a s e l i n e Earth o r i e n t a t i o n ser ie s , as w e l l a s for all t h e Ca l i forn ia -Aus tra l ia 
s er i e s . 

D u r i n g t h e i t era t ive , r o u n d - r o b i n p r o c e d u r e , o u t l y i n g d a t a p o i n t s w e r e 
d e l e t e d . Before d e l e t i n g a n y data po int s , a f e w round-robin i terat ions w e r e c o m p l e t e d 
i n o r d e r t o c o n v e r g e o n in i t ia l v a l u e s for the u n c e r t a i n t y s c a l e factors . D u r i n g 
s u b s e q u e n t i t erat ions , t h o s e da ta p o i n t s w i t h i n a g i v e n ser i e s w e r e d e l e t e d w h o s e 
r e s i d u a l v a l u e s w e r e greater than three t imes their adjusted uncerta int ies , w h e r e the 
r e s i d u a l v a l u e s w e r e t h o s e r e s u l t i n g from fitting a b ias a n d rate to the d i f ference of 
that s e r i e s w i t h a c o m b i n a t i o n of all o ther ser ie s . D u r i n g t h e f inal r o u n d - r o b i n 
i terat ion , n o s e r i e s c o n t a i n e d data p o i n t s w h o s e res idua l v a l u e s w e r e greater than 
three s i g m a . A total of 167 data p o i n t s , or ab ou t t w o p e r c e n t of the ava i lab le data 
p o i n t s , w e r e t h u s d e l e t e d from all the series. 

Bias correc t ions a n d uncerta inty scale factors w e r e d e t e r m i n e d for e a c h of 
t h e t w o G P S s e r i e s b y s e p a r a t e l y c o m p a r i n g t h e m to a c o m b i n a t i o n of all o ther , 
i n d e p e n d e n t s e r i e s after t h e o t h e r ser i e s h a d h a d t h e b ias -ra te c o r r e c t i o n s a n d 
u n c e r t a i n t y s c a l e factors a p p l i e d to t h e m that h a d b e e n p r e v i o u s l y d e t e r m i n e d for 
t h e m a s d e s c r i b e d a b o v e . O n l y b ias correct ions w e r e d e t e r m i n e d a n d a p p l i e d to the 
G P S ser i e s s i n c e their i n d i v i d u a l o v e r l a p w i t h the other , i n d e p e n d e n t ser ies w a s no t 
g r e a t e n o u g h t o a l l o w r e l i a b l e rate c o r r e c t i o n s to b e d e t e r m i n e d . D u r i n g th i s 
c o m p a r i s o n , o u t l y i n g data p o i n t s (i .e. , t h o s e w h o s e res idual v a l u e s w e r e greater than 
three t i m e s their adjus ted uncertaint ies) w e r e a l so de le ted . 

Final ly , each data se t w a s p laced wi th in an IERS reference frame b y a p p l y i n g 
t o i t a n a d d i t i o n a l b i a s - r a t e correct ion that i s c o m m o n to all t h e d a t a se t s . This 
a d d i t i o n a l correct ion w a s d e t e r m i n e d b y first c o m b i n i n g all the data ( i n c l u d i n g the 
t w o G P S ser ies , a n d after a p p l y i n g to all the data the re lat ive bias-rate correct ions a n d 
u n c e r t a i n t y s c a l e factors d e t e r m i n e d above) . This in termedia te c o m b i n a t i o n w a s then 
c o m p a r e d t o t h e IERS c o m b i n a t i o n EOP(IERS) 90 C 04 (e.g. , 1992 IERS A n n u a l Report) 
for t h e y e a r s 1984-1993 in order to obtain the addit ional bias-rate correct ion required to 
m a k e it ( a n d there fore e a c h i n d i v i d u a l data set) agree in b ias a n d rate w i t h t h e IERS 
c o m b i n a t i o n . T h i s a d d i t i o n a l bias-rate correct ion w a s t h e n a p p l i e d t o e a c h data se t 
a l o n g w i t h the re la t ive bias-rate correct ions in order to m a k e the da ta se t s a g r e e w i t h 
e a c h o t h e r a n d b e in that IERS reference frame de f ined b y the Earth or ientat ion ser ies 
E O P ( I E R S ) 9 0 C 0 4 . 

T h e total b ias -rate correct ion ( the s u m of the re la t ive a n d IERS correct ions) 
that h a s b e e n d e t e r m i n e d for e a c h data se t is g i v e n in Table 2. Except for the t w o G P S 
ser ies ( s ee b e l o w ) , t h e v a l u e s for t h e bias-rate correct ions g i v e n in Table 2 are the s u m 
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of all t h e incrementa l correct ions , the correct ions a p p l i e d t o in i t ia l ly a l i g n t h e ser ies 
w i t h e a c h other , a n d t h e addi t ional , c o m m o n correct ion a p p l i e d in order t o p l a c e each 
ser ies w i t h i n t h e IERS reference frame. T h e v a l u e s for t h e u n c e r t a i n t y sca l e factors 
g i v e n i n Tab le 2 are the p r o d u c t s of all the i n c r e m e n t a l s c a l e factors d e t e r m i n e d 
d u r i n g t h e i terat ive , r o u n d - r o b i n p r o c e d u r e . T h e errors in t h e b ias -rate correct ions 
( g i v e n i n p a r e n t h e s e s i n Table 2) are t h e formal errors i n t h e d e t e r m i n a t i o n of the 
incrementa l bias-rate correct ions d u r i n g t h e last i terat ion of the i terat ive , r o u n d - r o b i n 
p r o c e d u r e . There are n o bias-rate entr ies i n Table 2 for c o m p o n e n t s that w e r e e i ther 
n o t u s e d (e.g. , the SLR U T l c o m p o n e n t ) , or n o t avai lable (e .g . , the IRIS I n t e n s i v e P M X 
a n d P M Y c o m p o n e n t s ) . N o t e that the s a m e IERS rate correct ion i s a p p l i e d to all the 
data se t s , i n c l u d i n g t h o s e ( such as the G P S series) for w h i c h n o relat ive rate correct ion 
c o u l d b e d e t e r m i n e d . Therefore, t h e rate correct ion g i v e n in Table 2 for t h o s e data se t s 
for w h i c h n o re la t ive rate correct ion c o u l d b e d e t e r m i n e d is s i m p l y t h e IERS rate 
correct ion , b u t g i v e n , of course , in the natural re ference f rame for that data set. In 
these cases , n o errors for the rate correct ions are g iven . 

S i n c e the G P S s e r i e s w e r e n o t i n c l u d e d i n t h e i t e r a t i v e , r o u n d - r o b i n 
p r o c e d u r e , the bias-rate correct ions g i v e n in Table 2 for t h e m are just t h e s u m of the 
re la t ive correc t ions that w e r e s e p a r a t e l y d e t e r m i n e d for t h e m ( s e e a b o v e ) a n d the 
addi t iona l , c o m m o n correct ion n e e d e d to p lace t h e m w i t h i n the IERS reference frame. 
T h e errors in t h e b i a s correc t ions g i v e n in T a b l e 2 for t h e G P S ser i e s ( s h o w n i n 
p a r e n t h e s e s in Table 2) are the formal errors i n d e t e r m i n i n g the re la t ive correct ions . 
T h e u n c e r t a i n t y sca le factors g i v e n i n Table 2 for t h e G P S ser ies are just t h e sca l e 
factors d e t e r m i n e d for t h e m as d e s c r i b e d a b o v e w h e n separate ly c o m p a r i n g t h e m t o 
c o m b i n a t i o n s of all the other , i n d e p e n d e n t series . 

N o t e that t h e entr ies i n Table 2 s h o u l d n o t b e u s e d as a m e a s u r e of t h e 
re lat ive accuracy of the Earth or i en ta t ion ser ies . N o a t t e m p t w a s m a d e to p l a c e the 
ser ies w i t h i n a c o m m o n reference frame prior to d e t e r m i n i n g bias-rate correct ions for 
them. T h u s , t h e v a l u e s for the bias-rate correct ions g i v e n in Table 2 i n c l u d e the effects 
u p o n the Earth or ientat ion series of reference frame di f ferences . 

The final U T P M c o m b i n a t i o n w a s g e n e r a t e d b y c o m b i n i n g all of the da ta 
( i n c l u d i n g the GPS resul ts ) after adjust ing their b iases , rates , a n d uncer ta int i e s b y the 
a m o u n t s g i v e n in Table 2. This final c o m b i n a t i o n , s p a n n i n g M a y 20 .0 , 1976 to January 
9 . 0 , 1 9 9 4 , is d e s i g n a t e d SPACE93 a n d is g i v e n as dai ly v a l u e s at m i d n i g h t of PMX, PMY, 
U T l - U T C , their formal errors (1 s i g m a ) , a n d corre lat ions . T h e m o d e l of Y o d e r et al. 
(1981) w a s u s e d to a d d b a c k t h e effect of the s o l i d Earth t ides u p o n U T l ( the fül l 
a m p l i t u d e of t h e t idal effect at t h e e p o c h of the t ime tag w a s a d d e d back) . Similarly, the 
m o d e l of D i c k m a n (1993) w a s u s e d to a d d back the o c e a n tidal correct ions to the Yoder 
et al. (1981) m o d e l v a l u e s at the Mf, M f , M m , a n d Ssa t idal f requenc ies . H o w e v e r , n o 
d iurna l or s e m i - d i u r n a l o c e a n t idal t e r m s w e r e a d d e d back . T h e three corre la t ions 
g i v e n at each t ime t a g are the corre lat ions b e t w e e n the U T P M v a l u e s at that t ime tag. 
I m p r o v e m e n t s to t h e o b s e r v i n g Sys tems (both in the h a r d w a r e a n d Software , a n d in 
t h e n u m b e r o f S y s t e m s ) h a v e l e d to m o r e p r e c i s e d e t e r m i n a t i o n s o f t h e Earth's 
or ientat ion . T h i s i m p r o v e m e n t i s ref lected in S P A C E 9 3 b y t h e r e d u c t i o n of t h e U T P M 
formal errors from a b o u t 2 m a s in p o l a r m o t i o n a n d 0.5 m s in U T l d u r i n g the late 
1970's t o their current v a l u e s of about 0.2 m a s i n polar m o t i o n a n d 0.02 m s in U T l . 
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Table 2 . A d j u s t m e n t s to data se ts 

DATA SET 
NAME 

BIAS 
(mas) 

RATE 
(mas/yr) 

UNCERTAINTY 
SCALE FACTOR 

LLR (JPL93M01) 
McDonald Cluster 

CERGA 

Haleakala 

DSN (JPL93R01) 
CA-Spain Cluster 

CA-Australia Cluster 

CDP (GLB922) 
Westford-Ft. Davis 

Westford-Mojave 

LAT 
1.270 
(0.350) 
-0.289 
(0.211) 
1.346 
(0.331) 

T 
0.626 
(0.077) 
-0.561 
(0.053) 

T 
2.746 
(1.912) 
-0.659 

UTO 
1.703 
(0.327) 
1.635 
(0.118) 
1.042 
(0.253) 

V 
-1.067 
(0.180) 
1.600 
(0.155) 

V 
-2.589 
(3.285) 
-1.094 

LAT 
-0.676 
(0.079) 
0.075 
(0.058) 
-0.219 
(0.219) 

T 
-0.038 
(0.019) 
-0.192 
(0.014) 

T 
0.587 
(0.386) 
0.007 

UTO 
-0.225 
(0.086) 
-0.174 
(0.036) 
-0.214 
(0.175) 

V 
-0.184 
(0.045) 
0.076 
(0.040) 

V 
-0.192 
(0.656) 
-0.016 

LAT 
1.012 

1.571 

1.207 

T 
1.427 

1.472 

T 
0.659 

3.048 

UTO 
1.301 

1.255 

1.330 

V 
1.209 

1.242 

V 
0.811 

0.941 
(0.214) (0.385) 

CDP (GLB922) PMX PMY UTl PMX PMY UTl PMX PMY UTl 
Multi 0.155 -1.739 -1.617 -0.129 -0.049 -0.057 2.067 2.051 2.133 

(0.028) (0.025) (0.032) (0.008) (0.007) (0.009) 

UTCSR (93L01) PMX PMY 
LAGEOS 0.021 0.030 

(0.024) (0.021) 

IRIS (19JAN94) PMX 
Intensive 

PMY 

UTl 

UTl 
1.907 
(0.027) 

PMX PMY 
-0.032 -0.162 
(0.009) (0.008) 

PMX PMY 

UTl 
——— 

UTl 
0.012 
(0.008) 

PMX 
0.747 

PMX 

PMY 
0.680 

PMY 

UTl 

UTl 
1.345 

GPS (SIO93P01) PMX PMY UTl PMX PMY UTl PMX PMY UTl 
Scripps -1.003 -1.736 0.017 0.026 2.141 1.968 

(0.036) (0.038) 

GPS (JPL92P02) PMX PMY 
JPL FLINN -0.717 -1.578 

(0.028) (0.021) 

UTl PMX PMY 
0.017 0.026 

UTl PMX PMY UTl 
4.023 2.719 

Reference d a t e for rate adjus tment is 1988.0 
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A c k n o w l e d g e m e n t s . I w o u l d l i ke t o t h a n k R. E a n e s for p r o v i d i n g u s w i t h t h e SLR d a t a 
u s e d i n t h i s s t u d y ; C . M a for t h e C D P d a t a ; X N e w h a l l a n d J. W i l l i a m s for t h e L L R d a t a ; 
C. J a c o b s , S. O l i v e a u , O . S o v e r s a n d A . S t e p p e for t h e D S N d a t a ; t h e IRIS a n a l y s i s t e a m 
for t h e IRIS d a t a , t h e JPL F L I N N a n a l y s i s t e a m for t h e JPL G P S d a t a , a n d t h e S c r i p p s 
a n a l y s i s t e a m for t h e S I O G P S d a t a . T h i s s t u d y w o u l d n o t h a v e b e e n p o s s i b l e w i t h o u t 
t h e i r a n d t h e i r c o l l e a g u e s e f f o r t s i n g e n e r a t i n g t h e U T P M s e r i e s t h a t t h e y s o 
g e n e r o u s l y s h a r e d w i t h u s . T h e w o r k d e s c r i b e d i n t h i s p a p e r w a s p e r f o r m e d a t t h e Jet 
P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e of T e c h n o l o g y , u n d e r c o n t r a c t w i t h t h e 
N a t i o n a l A e r o n a u t i c s a n d S p a c e A d m i n i s t r a t i o n . 

R e f e r e n c e s 

Bock , Y., F a n g , P . , a n d S t a r k , K., 1993 : 1991-1993 S I O p o l a r m o t i o n s e r i e s , i n IERS 

Technical Note 14: Earth Orientation, Reference Frames and Atmospheric Excitation 

Functions Submitted for the 1992 IERS Annual Report, e d i t e d b y P . C h a r l o t , 
O b s e r v a t o i r e d e P a r i s , P a r i s , F r a n c e , p . P43-P44 . 

D i c k m a n , S. R., 1993: D y n a m i c o c e a n - t i d e effects o n E a r t h ' s r o t a t i o n , Geophys. J. Int., 

1 1 2 , 4 4 8 - 4 7 0 . 

E a n e s , R. ]., a n d W a t k i n s , M . M . , 1993: 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 for S p a c e R e s e a r c h , i n IERS Technical Note 14: Earth Orientation, Reference 
Frames and Atmospheric Excitation Functions Submitted for the 1992 IERS Annual 
Report, e d i t e d b y P . C h a r l o t , O b s e r v a t o i r e d e P a r i s , P a r i s , F r a n c e , p . L 7 - L 1 1 . 

E u b a n k s , T. M . , 1988: C o m b i n e d E a r t h o r i e n t a t i o n s e r i e s s m o o t h e d b y a K a i m a n fi l ter , 

i n Bureau International de l'Heure Annual Report for 1987, O b s e r v a t o i r e d e P a r i s , 

P a r i s , F r a n c e , p . D85-D86 . 

E u b a n k s , T. M . , a n d S t e p p e , J. A . , 1988: T h e l o n g t e r m s t a b i l i t y of V L B I E a r t h 
o r i e n t a t i o n m e a s u r e m e n t s , i n The Impact of VLBI on Astrophysics and Geophysics, 

e d i t e d b y M . J. R e i d a n d J. M . M o r a n , D . R e i d e l , D o r d r e c h t , H o l l a n d , p . 369-370. 

G r o s s , R. S., 1 9 9 3 : 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 , i n I E R S 

Technical Note 14: Earth Orientation, Reference Frames and Atmospheric Excitation 

Functions Submitted for the 1992 IERS Annual Report, e d i t e d b y P . C h a r l o t , 

O b s e r v a t o i r e d e P a r i s , P a r i s , F r a n c e , p . C 1 - C 8 . 

H e r r i n g , T. A . , 1992 : 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 i n E a r t h r o t a t i o n , p a p e r 

p r e s e n t e d a t AIAA World Space Congress, COSPAR Symposium, W a s h i n g t o n D C , 

A u g u s t 1992. 

M o r a b i t o , D . D . , E u b a n k s , T. M . , a n d S t e p p e , J. A . , 1988: K a i m a n f i l t e r i ng of E a r t h 

o r i e n t a t i o n c h a n g e s , i n The Earth's Rotation and Reference Frames for Geodesy and 

Geodynamics, e d i t e d b y A . K. B a b c o c k a n d G. A . W i l k i n s , D . R e i d e l , D o r d r e c h t , 

H o l l a n d , p . 257-267. 



C-12 

N e w h a l l , X X, W i l l i a m s , J. G. , a n d D i c k e y , J. O . , 1993: E a r t h r o t a t i o n (UTO-UTC a n d 
Variat ion o f l a t i t u d e ) f r o m l u n a r l a ser r a n g i n g , i n IERS Technical Note 14: Earth 

Orientation, Reference Frames and Atmospheric Excitation Functions Submitted for 

the 1992 IERS Annual Report, e d i t e d b y P . C h a r l o t , O b s e r v a t o i r e d e P a r i s , P a r i s , 
France, p . M 1 - M 5 . 

S t e p p e , J. A . , O l i v e a u , S. H . , a n d S o v e r s , O . J., 1993 : 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 
D S N VLBI: 1 9 9 3 , i n IERS Technical Note 14: Earth Orientation, Reference Frames and 

Atmospheric Excitation Functions Submitted for the 1992 IERS Annual Report, e d i t e d 
b y P . C h a r l o t , O b s e r v a t o i r e d e P a r i s , P a r i s , F r a n c e , p . R33-R44. 

Y o d e r , C . F . , W i l l i a m s , J. G. , a n d P a r k e , M . E., 1981: T i d a l v a r i a t i o n s i n E a r t h r o t a t i o n , / . 

Geophys. Res., 8 6 , 8 8 1 - 8 9 1 . 

Z u m b e r g e , J. F . , B l e w i t t , G. , J e f fe r son , D . , H e f l i n , M . B. , a n d W e b b , F . H . , 1993: 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 t h e J e t P r o p u l s i o n L a b o r a t o r y u s i n g G P S , i n J E R S 
Technical Note 14: Earth Orientation, Reference Frames and Atmospheric Excitation 

Functions Submitted for the 1992 IERS Annual Report, e d i t e d b y P . C h a r l o t , 
O b s e r v a t o i r e d e P a r i s , P a r i s , F r a n c e , p . P33-P37 . 

E O P 0 P L ) 9 4 C Ol F r o m M a y 1976 t o J a 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 U T l . 

YEAR 

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

Nb 

223 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 

9 

X 
Sigma 

5.08 
3.48 
3.63 
3.05 
1.58 
1.33 
1.00 
0.87 
0.50 
0.42 
0.37 
0.30 
0.26 
0.25 
0.22 
0.21 
0.17 
0.20 
0.21 

Nb 

223 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 

9 

Y 
Sigma 

4.10 
2.78 
2.55 
2.36 
1.03 
1.02 
0.85 
0.82 
0.44 
0.37 
0.33 
0.27 
0.24 
0.23 
0.21 
0.20 
0.16 
0.17 
0.17 

Nb 

223 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 

9 

UTl 
Sigma 

7.32 
4.81 
5.83 
4.37 
2.87 
1.86 
1.24 
0.96 
0.52 
0.33 
0.29 
0.28 
0.25 
0.22 
0.19 
0.19 
0.16 
0.20 
0.51 
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C O M B I N A T I O N O F PRECISE O B S E R V A T I O N S O F T H E O R I E N T A T I O N O F T H E 
E A R T H 

N E O S 9 4 C 0 1 

[The p r o c e d u r e for o b t a i n i n g th i s s e r i e s i s d e s c r i b e d i n t h e IERS A n n u a l 
R e p o r t for 1993 , p a r t . HI] . 

E O P ( N E O S ) 94 C Ol F r o m J u n 1979 t o F e b 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,8y , 8e; 0.0001s for U T l . 

YEAR 

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

Nb 

185 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
47 

X 
Sigma 

1.81 
1.91 
1.87 
1.71 
1.67 
0.94 
0.62 
0.52 
0.58 
0.45 
0.40 
0.51 
0.40 
0.18 
0.08 
0.12 

Nb 

185 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
47 

Y 
Sigma 

2.56 
1.10 
1.49 
1.72 
1.28 
0.79 
0.58 
0.56 
0.59 
0.43 
0.43 
0.51 
0.46 
0.45 
0.54 
0.12 

Nb 

185 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
47 

UTl 
Sigma 

2.71 
1.79 
2.71 
1.84 
1.94 
1.18 
0.84 
0.69 
0.88 
0.79 
0.51 
0.58 
0.40 
0.33 
0.39 
0.54 

Nb 

0 
96 

365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
47 

6\|f 
Sigma 

1.98 
1.98 
1.98 
1.98 
0.79 
0.74 
0.67 
0.69 
0.67 
0.62 
0.59 
0.65 
0.54 
0.57 
0.30 

Nb 

0 
96 

365 
365 
365 
366 
365 
365 
365 
366 
365 
365 
365 
366 
365 
47 

5e 
Sigma 

0.87 
0.87 
0.87 
0.87 
0.30 
0.29 
0.27 
0.30 
0.25 
0.30 
0.24 
0.30 
0.26 
0.28 
0.15 
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