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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 IRIS-S VLBI M E A S U R E M E N T S 
G I U B 9 4 R Ol 

A . N o t h n a g e l , R. H a a s , J. C a m p b e l l , A . M u e s k e n s , G e o d e t i c I n s t i t u t e of t h e U n i v e r s i t y 
of B o n n , F e d e r a l R e p u b l i c of G e r m a n y 
G . D . N i c o l s o n , H a r t e b e e s t h o e k R a d i o A s t r o n o m y O b s e r v a t o r y , S o u t h Afr ica 

S i n c e 1990 t h e VLBI g r o u p a t t h e G e o d e t i c I n s t i t u t e of t h e U n i v e r s i t y of 
B o n n (GIUB) h a s r e g u l a r l y c o r r e l a t e d a n d a n a l y s e d VLBI e x p e r i m e n t s w h i c h a r e 
o b s e r v e d o n c e p e r m o n t h u n d e r t h e a c r o n y m I R I S - S ( I n t e r n a t i o n a l R a d i o 
I n t e r f e r o m e t r i c S u r v e y i n g - S o u t h ) . U n t i l n o w 71 e x p e r i m e n t s h a v e b e e n o b s e r v e d 
w i t h a n e t w o r k of s t a t i o n s w h i c h is g r o u p e d a r o u n d t h e W e t t z e i l ( G e r m a n y ) -
W e s t f o r d (US E a s t C o a s t ) - H a r t R A O ( H a r t e b e e s t h o e k R a d i o A s t r o n o m y O b s e r v a t o r y , 
S o u t h Af r i ca ) b a s e l i n e t r i a n g l e . S i n c e e a r l y 1986 w h e n H a r t R A O w a s f i rs t e q u i p p e d 
w i t h a h y d r o g e n m a s e r f r e q u e n c y S t a n d a r d a n d a M a r k III d a t a a c q u i s i t i o n t e r m i n a l t h e 
IRIS-S n e t w o r k h a s b e e n s c h e d u l e d to o b s e r v e for t w o m o n t h s e a c h y e a r i n t h e 
b e g i n n i n g a n d r e g u l a r l y i n m o n t h l y i n t e r v a l s f r o m l a t e 1989 . T h e n e t w o r k f i rs t 
c o n s i s t e d of t h e s t a t i o n s W e t t z e l l , H a r t R A O , W e s t f o r d a n d R i c h m o n d w i t h O n s a l a 
a n d F o r t D a v i s p a r t i c i p a t i n g i n a f e w e x p e r i m e n t s ( C a r t e r et ah, 1988) . I n t h e 
m e a n t i m e , s e v e r a l c h a n g e s w e r e n e c e s s a r y : M o j a v e r e p l a c e d F o r t D a v i s a n d w a s c l o s e d 
e v e n t u a l l y , S a n t i a g o (Ch i l e ) w a s e x c l u d e d a g a i n af ter 10 m o n t h s of p a r t i c i p a t i o n for 
f i n a n c i a l r e a s o n s a n d F o r t a l e z a (Braz i l ) s t a r t e d O p e r a t i o n i n J u l y 1 9 9 3 . T o d a y t h e 
n e t w o r k is f o r m e d b y t h e s t a t i o n s of W e t t z e l l , H a r t R A O , W e s t f o r d a n d F o r t a l e z a . 

I n r e c e n t m o n t h s t h e f ield of d a t a a n a l y s i s ac t iv i t i e s a t t h e G e o d e t i c I n s t i t u t e 
h a s b e e n e x t e n d e d t o t h e d a t a g a t h e r e d w i t h t h e n e w G e r m a n S ta t ion O ' H i g g i n s i n 
A n t a r c t i c a ( H a s e a n d N o t h n a g e l , 1993) . S o fa r t h e S t a t i o n of O ' H i g g i n g s h a s 
succes s fu l l y o b s e r v e d t w o b u r s t s of f ive e x p e r i m e n t s e a c h w i t h n e t w o r k s c o n s i s t i n g of 
t h e s t a t i o n s of S a n t i a g o (Ch i l e ) , H o b a r t ( T a s m a n i a , A u s t r a l i a ) , DSS45 ( N A S A C o m p l e x 
of T i d b i n b i l l a , A u s t r a l i a ) a n d H a r t R A O . T h e f i r s t b u r s t w a s o b s e r v e d i n 
J a n u a r y / F e b r u a r y 1993 w h i l e t h e s e c o n d b u r s t t o o k p l a c e i n S e p t e m b e r 1993 w i t h t h r e e 
e x p e r i m e n t s b e i n g a v a i l a b l e t o d a t e . T h e s e e x p e r i m e n t s c o n t r i b u t e a n u m b e r of p r e c i s e 
s o u r c e p o s i t i o n s i n t h e d e e p s o u t h . 

T h e IRIS-S a n d t h e O ' H i g g i n s s e s s i o n s a r e a n a l y s e d u s i n g t h e C A L C 
7 . 6 / S O L V E / G L O B L Sof twa re S y s t e m ( C a p r e t t e et al, 1990) w h i c h is b a s e d o n t h e IERS 
1989 S t a n d a r d s ( M c C a r t h y (ed.) et al, 1989) a n d w h i c h is c o n s i s t e n t w i t h t h e I A U (1976) 
R e s o l u t i o n o n A s t r o n o m i c a l C o n s t a n t s , T i m e Sca l e s a n d t h e F u n d a m e n t a l R e f e r e n c e 
F r a m e ( K a p l a n , 1981) . T h e t h e o r e t i c a l d e l a y s i n t h e a d j u s t m e n t a r e c a l c u l a t e d 
a c c o r d i n g t o t h e S h a p i r o m o d e l ( R y a n , 1989) a n d H e l l i n g s (1986) c o r r e c t i o n for 
r e l a t i v i s t i c b e n d i n g . H o r i z o n t a l a n d v e r t i c a l o c e a n l o a d i n g d i s p l a c e m e n t ef fec ts of 
S c h e r n e c k (1991) a r e a p p l i e d t o t h e d e l a y o b s e r v a b l e s . 

IERS(1994) Technical Note No 17. 
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T h e apr ior i E O P v a l u e s for e a c h Observat ion are c a l c u l a t e d b y l inear ly 
in terpo la t ing t h e U S N O R a p i d Serv ice Series a n d s u b s e q u e n t l y a p p l y i n g correct ions 
for d iurnal a n d s e m i d i u r n a l tidal var iat ions in polar m o t i o n a n d U T 1 . T h e correct ions 
are m o d e l l e d u s i n g t h e W ü n s c h a n d Busshof f (1992) a m p l i t u d e s for U T 1 a n d the 
Brosch e a n d W ü n s c h (1994) a m p l i t u d e s for po lar m o t i o n ( b o t h s c a l e d b y 1.13 to 
subtract the equatoria l m o m e n t of inertia of the core): 
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T h e o b s e r v a t i o n s a r e i n d i v i d u a l l y c a l i b r a t e d for i o n o s p h e r i c r e f r a c t i o n 
ef fec ts a p p l y i n g d e l a y d i f f e r e n c e s of d u a l f r e q u e n c y o b s e r v a t i o n s . T h e h y d r o s t a t i c 
c o m p o n e n t o f a t m o s p h e r i c r e f r a c t i o n is c a l i b r a t e d u s i n g t h e M T T m o d e l ( H e r r i n g , 
1992) b a s e d o n s u r f a c e m e t e o r o l o g i c a l d a t a w h i l e t h e w e t c o m p o n e n t i s e s t i m a t e d w i t h 
a 3 - h o u r p i e c e w i s e - l i n e a r f u n c t i o n w h e r e s u r f a c e m e t e o r o l o g i c a l d a t a i s a v a i l a b l e . 
O n l y if S t a t i o n l o g s i n d i c a t e a r a p i d l y c h a n g i n g c l i m a t i c e n v i r o n m e n t o r s u r f a c e 
m e t e o r o l o g i c a l d a t a is n o t a v a i l a b l e s h o r t e r i n t e r v a l s a r e c h o s e n . T h e S ta t ion c locks a r e 
g e n e r a l l y m o d e l l e d w i t h s e c o n d o r d e r p o l y n o m i a l s a n d o n l y w h e r e t h e r e s i d u a l s s h o w 
a n a b n o r m a l b e h a v i o u r a s m a l l n u m b e r of a d d i t i o n a l c lock p a r a m e t e r s is i n t r o d u c e d . 
A s m a l l e r n u m b e r of c l o c k p a r a m e t e r s a s c o m p a r e d t o a s t o c h a s t i c t r e a t m e n t of t h e 
c l o c k s i s c h o s e n i n o r d e r n o t t o w e a k e n d i u r n a l a n d s u b - d i u r n a l S igna l s i n 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 . O n l y d e l a y o b s e r v a b l e s a r e u s e d a n d n o r e s t r i c t i o n s a r e a p p l i e d 
t o t h e d a t a i n t e r m s of e l e v a t i o n l imi t s w h i c h a r e s e t t o 7 d e g r e e s d u r i n g p r e p a r a t i o n of 
t h e o b s e r v i n g s c h e d u l e s . 
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In a c o m b i n e d So lut ion (GIUB 9 4 R Ol) al l IRIS-S m e a s u r e m e n t s s ince 
January 19, 1987, a n d e i g h t e x p e r i m e n t s of the O'Higg ins bursts h a v e b e e n adjusted in 
a S ingle l eas t Squares a d j u s t m e n t s o l v i n g for Station c o o r d i n a t e s a n d r a d i o s o u r c e 
p o s i t i o n s as g lobal parameters as w e l l as EOP a n d celest ial p o l e offsets . T h e or ig in of 
t h e terrestrial reference frame is f ixed t h r o u g h the Wet tze l l Station coord inates w h i c h 
are k e p t at the ITRF 1992 (Boucher et al, 1993) v a l u e s a p p l y i n g drift effect correct ions 
a c c o r d i n g t o t h e N N R - N U V E L - 1 m o d e l ( A r g u s a n d G o r d o n , 1991) . T h e Stat ion 
coord inates of all other s tat ions are es t imated . T h e e x p e r i m e n t o b s e r v e d o n D e c e m b e r 
2 1 , 1989 i s u s e d a s a r e f e r e n c e for t h e d e t e r m i n a t i o n o f t h e Earth o r i e n t a t i o n 
parameters , i.e. p o l e c o m p o n e n t s a n d UT1 are f ixed at the U S N O Rapid Service v a l u e s 
(IERS Bul le t in A ) a n d t h e n u t a t i o n a n g l e s are ca lcu la ted a c c o r d i n g to t h e I A U 1980 
n u t a t i o n t h e o r y (Wahr , 1981) . For e a c h o f all o ther e x p e r i m e n t s o n e se t o f Earth 
or ientat ion parameters cons i s t ing of t w o p o l e c o m p o n e n t s , U T 1 - U T C , a n d t w o offsets 
re lat ive to the I A U nuta t ion theory are e s t imated . The reference e p o c h s for U T 1 - U T C 
a n d po lar m o t i o n are t h e m i d n i g h t e p o c h s of e a c h m e a s u r e m e n t p e r i o d w h i l e the 
n u t a t i o n offsets are e s t imated at the b e g i n n i n g of each exper iment . The v a l u e s q u o t e d 
r e p r e s e n t E O P s s m o o t h e d o v e r 24 h o u r s a n d t h u s d o n o t i n c l u d e d i u r n a l a n d 
subdiurna l contr ibut ions for the specif ic e p o c h s . 

In r e s p e c t to the Continental drift h i s t o r y the p ar t i c ip a t in g s t a t i o n s are 
d i v i d e d i n t o three g r o u p s . O ' H i g g i n s , Sant iago , DSS45 , H o b a r t a n d Forta leza h a v e 
c o n t r i b u t e d d a t a t o t h e t w o projects w h i c h s p a n t o o shor t p e r i o d s t o de tec t a n y 
s ign i f i cant m o t i o n . W e t t z e l l , W e s t f o r d a n d R i c h m o n d h a v e s h o w n r e l a t i v e drifts 
w h i c h a g r e e w i t h the N N R - N U V E L - 1 m o d e l to w i t h i n 1 m m in the n o r t h a n d eas t 
c o m p o n e n t s w h i l e H a r t R A O a n d M o j a v e d i s a g r e e at a 6 to 8 m m / y e a r l eve l (Ryan et 
al, 1993) . T a k i n g t h e s e pecu l iar i t i e s i n t o a c c o u n t t h e m o t i o n s of t h e s ta t ions are 
p a r a m e t r i z e d as f o l l o w s : In the a b s e n c e of a truly g loba l d i s tr ibut ion of s tat ions the 
m o t i o n of the W e t t z e l l - W e s t f o r d - R i c h m o n d tr iangle i s m o d e l l e d a c c o r d i n g to 
N N R - N U V E L - 1 d e f i n i n g the l o n g term or ientat ion of the n e t w o r k . H o r i z o n t a l drift 
c o m p o n e n t s are e s t i m a t e d for H a r t R A O a n d Mojave . Vertical drifts for these s tat ions 
are c o n s t r a i n e d to z e r o s i n c e the n e t w o r k a n d the d u r a t i o n of the s er i e s are n o t 
c o n s i d e r e d suff icient for a reliable e s t imat ion of h e i g h t variat ions at these stat ions. A l l 
o ther s tat ions w i t h o n l y a short h is tory are a l so s u p p o s e d to m o v e according to N N R -
N U V E L - 1 . 

T h e o r i g i n of r ight a s c e n s i o n is f ixed b y the ICRF 1992 p o s i t i o n of OJ287 
(IERS, 1993). T h e o n e - s i g m a formal errors of the parameters are b a s e d o n Observation 
w e i g h t s w h i c h are adjus ted s o that t h e Ch i - square p e r d e g r e e of f r e e d o m rat io per 
base l ine is c lose to uni ty . 
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S u m m a r y d e s c r i p t i o n of So lu t ion G I U B 94 R Ol 

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

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

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

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

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

M a r k III VLBI, G r o u p d e l a y o b s e r v a b l e s 

G e o d e t i c I n s t i t u t e of t h e U n i v e r s i t y of 
B o n n , N u s s a l l e e 17, D-53115 B o n n , 
G e r m a n y 

G I U B 94 R Ol 

C A L C 7.6, S O L V E / G L O B L 

So la r S y s t e m B a r y c e n t e r 

6 - P e r m a n e n t t i d a l c o r r e c t i o n o n Stat ion: N o t a p p l i e d 

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

8 - Ve loc i ty of l igh t : 

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

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

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

12 - De f in i t i on of o r i g i n : Te r re s t r i a l : 

Ce les t ia l : 

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

14 - E v o l u t i o n i n t i m e : 

N U V E L - 1 N N R 

2.99792458 10» m / s 

N o t a p p l i c a b l e 

1989 D e c . 21 for E a r t h o r i e n t a t i o n a n d 

n u t a t i o n 
1988 Jan . 01 for s i t e c o o r d i n a t e s 
J2000.0 for r a d i o s o u r c e p o s i t i o n s 

c lock p o l y n o m i a l s , w e t t r o p o s p h e r e 
p a r a m e t e r s , E O P , ce les t ia l p o l e offsets , 
S ta t ion c o o r d i n a t e s , h o r i z o n t a l ve loc i t i e s of 
H a r t R A O a n d M o j a v e , r a d i o s o u r c e 
p o s i t i o n s 

F i x i n g W e t t z e l l ITRF 1992 c o o r d i n a t e s 

F i x i n g OJ287 I C R F 1992 r i g h t a s c e n s i o n 

F ix ing U S N O c o n c r e t e E O P se r i e s a n d I A U 
1980 N u t a t i o n for 1989 D e c . 21 

Ve loc i t i e s e s t i m a t e d for M o j a v e a n d 
H a r t R A O , al l o t h e r s t a t i o n s m o v e 
a c c o r d i n g t o N U V E L - 1 N N R 



R-6 

90° 

24h 

-90° 

D i s t r i b u t i o n o v e r the s k y of the 83 extragalact ic r a d i o s o u r c e s of the celest ia l 
f rame RSC(GIUB) 94 R Ol. Fi l led circles ind icate rad io s o u r c e s w i t h uncerta int ies 

in right a s c e n s i o n (et cos 8) a n d dec l inat ion smal ler than 0.0003". 
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UNCERTAINTIES IN ot cos 8 AND 8 (MAS) 

D i s t r i b u t i o n of t h e uncer ta in t i e s 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 RSC(GIUB) 9 4 R 0 1 . 2 r a d i o s o u r c e s w i t h 
uncerta int ies larger than 0.003" are n o t s h o w n . 
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Distr ibut ion of the 7 s i tes of the terrestrial frame SSC(GIUB) 94 R Ol. 

4 6 

UNCERTAINTIES (cm) 

Distr ibut ion of the uncertaint ies (quadratic m e a n of a x , oy , o z ) for the 7 
s tat ions of the terrestrial frame SSC(GIUB) 94 R Ol. 



R-8 

EOP(GIUB) 9 4 R Ol From Jan 1987 to D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

U n i t s : 0.001" for X,Y,byM 0.0001s for U T 1 . 

YEAR 

1987 
1988 
1989 
1990 
1991 
1992 
1993 

Nb 

8 
4 
6 
11 
12 
12 
20 

X 
Sigma 

0.47 
0.41 
0.45 
0.36 
0.34 
0.35 
0.40 

Nb 

8 
4 
6 

11 
12 
12 
20 

Y 
Sigma 

0.33 
0.30 
0.32 
0.26 
0.26 
0.27 
0.31 

Nb 

8 
4 
6 

11 
12 
12 
20 

UT1 
Sigma 

0.36 
0.47 
0.27 
0.19 
0.18 
0.19 
0.21 

5y 
Nb 

8 
4 
6 

11 
12 
12 
20 

Sigma 

0.52 
0.53 
0.61 
0.50 
0.47 
0.45 
0.49 

Nb 

8 
4 
6 

11 
12 
12 
20 

Se 
Sigma 

0.23 
0.25 
0.30 
0.24 
0.23 
0.21 
0.22 
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S I T E P O S I T I O N S A N D V E L O C I T I E S , S O U R C E P O S I T I O N S , A N D E A R T H 
O R I E N T A T I O N P A R A M E T E R S F R O M T H E N A S A S P A C E G E O D E S Y P R O G R A M -
G S F C : S O L U T I O N GLB932 

G S F C 94 R O I 

C . M a , C o d e 9 2 1 , G o d d a r d S p a c e F l igh t C e n t e r , G r e e n b e l t , M D 20771 , U S A 
J. M . G i p s o n , N V I , Inc . , 8150 L e e s b u r g P i k e , V i e n n a , V A 22182, U S A 
D. G o r d o n , H u g h e s STX, 4400 F o r b e s Blvd . , L a n h a m , M D 20706, U S A 
D . S. C a p r e t t e , H u g h e s STX, 4400 F o r b e s Blvd. , L a n h a m , M D 20706, U S A 

J. W . R y a n , C o d e 926 , G o d d a r d S p a c e F l igh t C e n t e r , G r e e n b e l t , M D 20771 , U S A 

M a r k III VLBI d e l a y a n d d e l a y r a t e d a t a a c q u i r e d s i n c e 1979 b y t h e N A S A C r u s t a l 
D y n a m i c s P r o j e c t , P O L A R I S / I R I S , t h e G e o g r a p h i c a l S u r v e y I n s t i t u t e ( J a p a n ) , t h e 
C o m m u n i c a t i o n s R e s e a r c h L a b o r a t o r y ( J a p a n ) , t h e N a v a l R e s e a r c h L a b o r a t o r y 
R e f e r e n c e F r a m e P r o g r a m , t h e U S N O N A V N E T / N A V E X , a n d t h e N A S A S p a c e 
G e o d e s y P r o g r a m - G S F C h a v e b e e n a n a l y z e d for t h e t e r r e s t r i a l a n d ce les t i a l r e f e r e n c e 
f r a m e s . T h e s e s s i o n s u s e d for G L B 9 3 2 i n c l u d e a l l g e o d e t i c a n d a s t r o m e t r i c VLBI 
s e s s i o n s a v a i l a b l e t o t h e N A S A S p a c e G e o d e s y P r o g r a m - G S F C e x c e p t for t h e d a t a 
a c q u i r e d b y t h e N A S A D e e p S p a c e N e t w o r k for spacec ra f t n a v i g a t i o n . 

T h e c o m b i n a t i o n of al l d a t a in a Single So lu t i on a n d t h e c o n s t r a i n t s for t h e 
o r i g i n , t r a n s l a t i o n , a n d r o t a t i o n of 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 (TRF) a r e t h e m a j o r 
c h a n g e s f r o m o u r p r e v i o u s s u b m i s s i o n s . A 10-cm c o r r e c t i o n t o t h e ve r t i ca l eccen t r i c i t y 
m e a s u r e m e n t u s e d for G O R F 7 1 0 2 b e t w e e n 9 1 / 0 8 a n d 9 2 / 0 6 c h a n g e s t h e p o s i t i o n a n d 
v e l o c i t y f r o m t h e l a s t S u b m i s s i o n . 

T h e T R F o r i g i n is s e t c l o s e t o t h a t of I T R F 9 2 b y m i n i m i z i n g t h e S ta t ion 
p o s i t i o n a d j u s t m e n t s a t 1988.0 w i t h r e s p e c t t o ITRF92 for n i n e s t a t i o n s ( W E S T F O R D , 
R I C H M O N D , G I L C R E E K , K A U A I , H O B A R T 2 6 , DSS45 , H A R T R A O , W E T T Z E L L , a n d 
O N S A L A 6 0 ) . T h e t r a n s l a t i o n a l a n d r o t a t i o n a l d e f e c t s of t h e T R F a r e r e m o v e d b y 
m i n i m i z i n g t h e h o r i z o n t a l v e l o c i t y a d j u s t m e n t s of e i g h t s t a t i o n s w i t h r e s p e c t t o 
N U V E L - 1 N N R ( A r g u s a n d G o r d o n , 1991) a n d b y m i n i m i z i n g t h e i r v e r t i c a l r a t e 
a d j u s t m e n t . T h e s t a t i o n s ( W E S T F O R D , R I C H M O N D , G I L C R E E K , K A U A I , 
H O B A R T 2 6 , D S S 4 5 , W E T T Z E L L , a n d O N S A L A 6 0 ) a r e c h o s e n for t h e i r g l o b a l 
d i s t r i b u t i o n , s t r o n g d a t a , l o c a t i o n in r e l a t i v e l y s t a b l e p a r t s of t h e i r r e s p e c t i v e p l a t e s , 
a n d a b s e n c e of l a r g e d e v i a t i o n s f r o m t h e N U V E L - 1 m o d e l . W h i l e t h i s t y p e of 
c o n s t r a i n t r e m o v e s t h e s i n g u l a r i t y p r e s e n t i n t h e W E S T F O R D - R I C H M O N D - K A U A I 
c o n s t r a i n t u s e d i n p r e v i o u s G S F C s u b m i s s i o n s , i t d i s t r i b u t e s t h e d i s c r e p a n c i e s in 
r e l a t i v e m o t i o n f r o m N U V E L - 1 i n t o i n d i v i d u a l s i t e v e l o c i t i e s i n a m a n n e r t h a t m a y 
b e m o r e d i f f icu l t t o i n t e r p r e t . T h e o r i e n t a t i o n of t h e t e r r e s t r i a l a n d ce les t ia l r e f e r e n c e 
f r a m e s i s d e f i n e d b y E O P a n d n u t a t i o n offse t v a l u e s f r o m t h e o n e - d a y E O P ( I E R S ) 
90 C 0 4 s e r i e s m o d i f i e d t o m a t c h ITRF92 (M. Fe isse l , p e r s o n a l c o m m u n i c a t i o n ) a n d t h e 
S t a n d a r d J2000.0 p r e c e s s i o n a n d I A U 1980 n u t a t i o n m o d e i s for t h e E O P r e f e r e n c e d a t e 
1993 S e p . 30. T h e r i g h t a s c e n s i o n o r i g i n is d e f i n e d b y t h e ICRF92 v a l u e for 2145+067. 

IERS(1994) Technical Note No 17. 
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In general , the three -d imens iona l ve loc i t ies of s i tes w i t h suff icient data w e r e 
e s t imated . T h o s e s i tes w h o s e vertical rates h a d formal errors in e x c e s s of 3 m m / y r in 
an u n c o n s t r a i n e d Solut ion w e r e constra ined to h a v e z e r o vertical rate i n this Solution. 
T h e p o s i t i o n s o f s e v e n s i tes ( Y A K A T A G A , S O U R D O G H , W H T H O R S E , F O R T O R D S , 
PRESIDIO, M O J A V E 1 2 , a n d DSS15) e a c h h a d o n e d i s c o n t i n u o u s c h a n g e in p o s i t i o n 
re lated to s e i s m i c e v e n t s , a n d o n e site ( N R A 0 8 5 _ 3 ) h a d a d i s c o n t i n u o u s c h a n g e for 
u n k n o w n c a u s e s . T h e ve loc i t i e s of s o m e s i tes ( F O R T J 3 R D - F O R T O R D S , K A S H I M A -
K A S H I M 3 4 , DSS65-ROBLED32, K A U A I - H A L E A K A L - K O K E E - M K - V L B A , MOJAVE12-
MOJ_7288 , O V R O _ 1 3 0 - O V R _ 7 8 5 3 - O V - V L B A , S E S H A N 2 5 - S H A N G H A I , N R A O 140-
N R A 0 8 5 ^ 1 , H R A S 0 8 5 - F T D _ 7 9 0 0 - M C D _ 7 8 5 0 - F D - V L B A , O N S A L A 6 0 - M V 2 O N S L A , 
YELLOWKN-YLOW7296 , GORF7102-GGAO7108) w e r e constra ined to b e equa l in order 
to s t r e n g t h e n t h e p o s i t i o n or v e l o c i t y e s t i m a t e s or to p r o p a g a t e m o r e correct ly the 
pos i t i on of a s i te o c c u p i e d o n l y once . 

A b o u t 180 s o u r c e s u s e d in the g e o d e t i c p r o g r a m s f o r m the core of the 
ce les t ia l re ference frame. T h e s e h a v e - 1 0 0 to - 9 0 0 0 0 o b s e r v a t i o n s each . A b o u t 390 
s o u r c e s h a v e formal errors u n d e r 1 m a s . T h e r e m a i n i n g s o u r c e s i n c l u d e a n u m b e r 
w i t h w e a k data. Sources w i t h uncertaint ies >10 m a s are not reported. 

I n s t a n t a n e o u s E O P v a l u e s a n d UT1 rates w e r e e s t i m a t e d at t h e m i d d l e of e a c h 
o b s e r v i n g Sess ion . N o t ida l t e r m s in U T 1 h a v e b e e n r e m o v e d f r o m t h e t a b u l a t e d 
v a l u e s of U T 1 - U T C . T h e p o l e a n d U T 1 v a l u e s i n c l u d e m o d e l e d d i u r n a l a n d 
s e m i d i u r n a l t idal var ia t ions . 

Al l uncer ta in t i e s are 1 - s igma formal Standard errors f r o m the s e q u e n t i a l 
least -squares Solut ion GLB932 descr ibed b e l o w . 

T h e bas ic m o d e i s u s e d to calculate the VLBI d e l a y s are genera l ly cons i s tent 
w i t h t h e 1992 IERS Standards a n d are conta ined in the G o d d a r d C A L C 7.6 p r o g r a m . 
T h e s e i n c l u d e I A U 1980 n u t a t i o n w i t h d a i l y o f f se t s in l o n g i t u d e a n d o b l i q u i t y 
e s t i m a t e d , so l id earth t ides (h2 = 0 .60967,12 = 0.085) correct ing the K l term but not the 
z e r o f r e q u e n c y d i s p l a c e m e n t , p o l e t ide , vertical a n d hor izonta l o c e a n l o a d i n g , DE200 
solar S y s t e m e p h e m e r i s , a n d a m o d i f i e d H e l l i n g s (1986) VLBI t i m e d e l a y that agrees 
w i t h the IERS Standard m o d e l w i t h i n 5 p s rms . T h e p o l e pos i t i on for e a c h Observation 
w a s i n t e r p o l a t e d l i n e a r l y f r o m a o n e - d a y i n p u t s er i e s . T h e U T 1 v a l u e for e a c h 
Observation w a s d e r i v e d from the o n e - d a y ser ies b y first r e m o v i n g the IERS Standard 
U T 1 R t idal m o d e l , in terpo la t ing l inear ly to the e p o c h of Observat ion, t h e n res tor ing 
t h e S tandard t ida l m o d e l . In a d d i t i o n , d i u r n a l a n d s e m i d i u r n a l E O P v a r i a t i o n s 
( d e r i v e d f r o m a subse t of the Mark III g e o d e t i c data) w e r e a d d e d to the in terpo la ted 
p o l e a n d U T 1 v a l u e s . T h e d r y t r o p o s p h e r e e f fec t w a s m o d e l e d f r o m l o c a l 
m e t e o r o l o g i c a l d a t a u s i n g t h e S a a s t a m o i n e n z e n i t h d e l a y a n d t h e M T T d r y 
t r o p o s p h e r e m a p p i n g ( H e r r i n g , 1992) , w h i l e t h e r e s i d u a l w e t t r o p o s p h e r e w a s 
e s t i m a t e d u s i n g a c o n t i n u o u s , p i e c e w i s e - l i n e a r f u n c t i o n w i t h t h e M T T w e t m o d e l 
(Herr ing , 1992). T h e b e h a v i o r of the s i te c locks for e a c h d a y w a s s imi lar ly e s t i m a t e d 
u s i n g a quadrat i c p o l y n o m i a l a n d a c o n t i n u o u s , p i e c e w i s e - l i n e a r funct ion . For b o t h 
e s t i m a t e s t h e Variat ion i n the c o n t i n u o u s f u n c t i o n w a s c o n s t r a i n e d to p h y s i c a l l y 
r e a s o n a b l e v a l u e s e x c e p t in the rare ins tances w h e n the data d ic ta ted o t h e r w i s e . For 
e a c h Sess ion a Single r e w e i g h t i n g constant c o m p u t e d for the particular d a y w a s a d d e d 
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in quadrature to the data uncertaint ies d e r i v e d strictly f rom S N R to reflect the actual 
data scatter. 

T h e GLB932 Solut ion w a s constructed i n severa l Steps u s i n g an incremental 
Solut ion a n d arc-parameter e l imina t ion (Ma et al, 1990). First the s e s s i o n s c o m p r i s i n g 
large n e t w o r k s a n d s t rong data as w e l l as the Single b a s e l i n e POLARIS d a y s (1903 
s e s s i o n s , 1112475 d e l a y s , 40256 d e l a y rates) w e r e c o m b i n e d to form a pre l iminary TRF 
u s i n g the m o d i f i e d o n e - d a y EOP(IERS) 90 C 04 v a l u e s as a priori input . T h e adjusted 
parameters i n c l u d e d s i te p o s i t i o n s a n d ve loc i t i e s , source p o s i t i o n s , E O P v a l u e s , UT1 
rates , n u t a t i o n offsets , a n d clock a n d t r o p o s p h e r e parameters . W e a k EOP constraints 
(45 m a s a n d 3 m s for X / Y p o l e a n d U T 1 , respec t ive ly ) w e r e a p p l i e d s o that all three 
E O P c o m p o n e n t s c o u l d b e e s t i m a t e d for S ing le b a s e l i n e s e s s i o n s w i t h re l iab le 
i n d i c a t i o n of u n c e r t a i n t y a n d corre la t ion . T h e E O P v a l u e s , U T 1 rates , a n d their 
covar iances f rom e a c h d a y w e r e then i n p u t to a s i m p l e K a i m a n filter to g e n e r a t e a 
o n e - d a y VLBI EOP ser ies . T h e covar iances a n d in terpo la ted E O P v a l u e s f r o m this 
ser ies w e r e u s e d as a priori in format ion w h e n the Solut ion w a s i n c r e m e n t e d w i t h the 
r e m a i n i n g data (291 ses s ions , 106101 de lays , 2427 de lay rates), largely m o b i l e a n d smal l 
n e t w o r k se s s ions . Final ly the reported EOP a n d nutat ion offset v a l u e s w e r e generated 
from a back Solut ion, a g a i n u s i n g the m o d i f i e d EOP(IERS) 90 C 04 ser ies as a priori 
v a l u e s a n d w e a k E O P constraints . W h i l e EOP v a l u e s are g i v e n for all s e s s ions , a flag 
ind icates w h i c h v a l u e s are useful . 

In total 1218576 dua l - f requency Mark III d e l a y s a n d 42683 d e l a y rates from 
2194 s e s s ions w e r e inc luded . O n l y de lay rate data from astrometric a n d s u r v e y sess ions 
w e r e i n c l u d e d . The leas t - squares Solution h a d 1799 g lobal parameters a n d 434611 are 
parameters w i t h 974918.3 d e g r e e s of f reedom. The w e i g h t e d r m s post-f it d e l a y res idual 
of the Solut ion w a s 38.4 p s in de lay a n d 77.9 f s / s in de lay rate. The r e d u c e d chi-square 
w a s 1.029 i n c l u d i n g the constraints for the w e t t r o p o s p h e r e , c locks , a n d EOP in the 
c o m p u t a t i o n of the d e g r e e s of f reedom (Theil, 1963). 

T h e s i te c o o r d i n a t e s a n d v e l o c i t i e s at 1988.0 are d e s i g n a t e d SSC(GSFC) 
94 R 01 . Other resu l t s are the Earth or ientat ion t i m e ser ies d e s i g n a t e d EOP(GSFC) 
94 R 01 a n d source pos i t ions d e s i g n a t e d RSC(GSFC)94 R 01. 
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S u m m a r y d e s c r i p t i o n o f So lu t ion G S F C 94 R Ol 

1) Technique: Mark HI VLBI 

Proces sed w i t h the Mark-DI Ana lys i s S y s t e m - C A L C / G L O B L w i t h the fo l lowing: 

- G r o u p de lay observat ions u s e d for geod e t i c data, g r o u p d e l a y s a n d p h a s e 
d e l a y rates u s e d for astrometric data. 

- D iurna l a n d semid iurna l t idal var iat ions in po lar m o t i o n a n d U T 1 w e r e 
e s t i m a t e d u s i n g geode t i c VLBI data (10 tidal c o m p o n e n t s in UT1 a n d 12 in 
po lar m o t i o n ) that are cons is tent w i t h t h o s e of Herr ing , S o v e r s a n d 
Watkins . T h e m o d e l b e l o w w a s a p p l i e d in this Solution. 

ÜTl tidal terms (microseconds) 
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F 

0 
2 
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2 
0 
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0 
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D 

0 
-2 
0 
0 
0 
0 
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-2 
0 
0 

Om 

0 
2 
2 
2 
0 
0 
0 
2 
2 
2 

GST 

-l 
-1 
-1 
-l 
-l 
-1 
-2 
-2 
-2 
-2 

term 

Kl 
PI 
Ol 
Ql 
Sl 
Ml 
K2 
S2 
M2 
N2 

Cos 

7.486602 
-3.500205 

-15.575852 
-3.394904 

593333 
1.003345 
261715 

-1.182862 
-8.517385 
-4.378455 

Sin 

16.707637 
-5.392255 

-16.762598 
-3.902930 
1.932245 
1.299982 
3.896805 
8.706599 

12.338927 
1.168543 

Polar motion tidal terms (microarcseconds) 

1 

0 
0 
0 

-1 
0 
0 
0 
1 
0 
0 
0 

-1 

1' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

F 

0 
-2 
-2 
-2 
0 
2 
2 
2 
0 

-2 
-2 
-2 

D 

0 
2 
0 
0 
0 

-2 
0 
0 
0 
2 
0 
0 

Om 

0 
-2 
-2 
-2 
0 
2 
2 
2 
0 

-2 
-2 
-2 

GST 
+rc 

1 
1 
1 
1 
-2 
-2 
-2 
-2 
2 
2 
2 
2 

1 
1 term 

IP 
IP 
IP 
IP 
IR 
IR 
IR 
IR 
IP 
IP 
IP 
IP 

Kl 
PI 
Ol 
Ql 
K2 
S2 
M2 
N2 
K2 
S2 
M2 
N2 

Cos 

125.285183 
-54.470359 
-136.319298 
-33.990240 
-15.899321 
-76.296961 
15.018756 

-24.572257 
22.589310 
-7.259654 
30.337902 

-11.643736 

Sin 

-38.476327 
26.152833 
63.668538 
18.096315 
15.676795 
105.813157 
285.140733 
58.610024 
-5.801947 
-11.309321 
-72.186765 
-30.168262 

P = Prograde, R = Retrograde 

- Ins tantaneous EOP a n d UT1 rate e s t imated at m i d p o i n t of o b s e r v i n g ses s ions . 



R-13 

- A priori cal ibrat ion of the 'dry1 a t m o s p h e r e v i a M T T d r y m a p p i n g w i t h 
either in s i tu m e a s u r e m e n t s of pres sure a n d temperature or s i t e - d e p e n d e n t 
static v a l u e s a n d the Saas tamoinen zen i th de lay . 

- N o a priori cal ibration of the 'wet' a tmosphere . 

- Res idua l w e t a t m o s p h e r e e s t imated w i t h the GSFC ' cont inuous p i e c e w i s e -
l i n e a r func t ion 1 t e c h n i q u e w i t h 60 m i n u t e i n t e r v a l s a n d 50 p s / h o u r 
constraint (except for a smal l subse t of s e s s ions u s i n g either shorter intervals 
or looser constraints) a n d the w e t M T T partial der ivat ive . 

- H y d r o g e n m a s e r c lock errors m o d e l e d w i t h t h e G S F C ' c o n t i n u o u s 
p i e c e w i s e - l i n e a r f u n c t i o n ' m e t h o d u s i n g u n c o n s t r a i n e d 2 n d o r d e r 
p o l y n o m i a l s for t h e g r o s s c lock P e r f o r m a n c e a n d c o n t i n u o u s 6 0 - m i n u t e 
interval s e g m e n t s w i t h a c lock rate constraint of 5.10"1 4 for the short term 
c lock errors ( e x c e p t for a sma l l s u b s e t of s e s s i o n s u s i n g e i ther shorter 
i n t e r v a l s or w e a k e r constra ints ) ; a s m a l l n u m b e r of actual c lock e p o c h 
breaks a n d b a s e l i n e - d e p e n d e n t constant clock errors a l so m o d e l e d . 

- O b s e r v a t i o n w e i g h t s adjus ted b y s e s s i o n - d e p e n d e n t cons tant s d e r i v e d s o 
that the ch i - square per d e g r e e of f r e e d o m w a s u n i t y in i n d i v i d u a l Sess ion 
S o l u t i o n s . 

- D a t a to S H A N G H A I (7226) , V L A (7619) , a n d U S S U R I S K (7247) lack 
i o n o s p h e r e cal ibrat ion. T h e USSURISK vert ical p o s i t i o n is n o t c o n s i d e r e d 
re l iab le s i n c e t h e a d j u s t m e n t of the ax i s of fset g i v e s a v a l u e of s evera l 
m e t e r s . 

- So lu t ion in several s teps to a p p l y VLBI EOP Information to s o m e sess ions . 

2) - A n a l y s i s Center: 
GSFC - the VLBI g r o u p of the N A S A Space G e o d e s y Program at the G o d d a r d 
Space Flight Center. 

3) - S o l u t i o n Identifier: 
GLB932 

4) - Sof tware u s e d : 
C A L C 7.6, S O L V E / G L O B L , and DE200 e p h e m e r i d e s . 

5) - Relat iv i ty Scale: 
Set b y the m o d i f i e d H e l l i n g s VLBI d e l a y m o d e l d e s c r i b e d i n the C A L C 7 
re l ease d o c u m e n t a t i o n . 

6) - P e r m a n e n t t idal correct ion o n Station: 
A so l id earth t ide m o d e l is u s e d but the correction to r e m o v e the p e r m a n e n t 
t ide (speci f ied the IERS Standards) is not appl ied . 
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7) - T e c t o n i c p la te m o d e l : 
N o - N e t - R o t a t i o n N U V E L - 1 i n al l S o l u t i o n s . 

8) - Ve loc i ty of l ight: 

2.99792458 l O S m / s 

9) - Geograv i ta t iona l constant: 
N o t appl icable . 

10) - Reference e p o c h : 
1993 S e p t e m b e r 30 for b o t h earth rotat ion a n d n u t a t i o n , 1988 J a n u a r y 1 for 
site p o s i t i o n s . Source coordinates are J2000.0. 

11) - A d j u s t e d p a r a m e t e r s : 
X / Y p o l e , U T 1 , d U T l / d t , d a i l y n u t a t i o n offsets , g l o b a l S ta t ion p o s i t i o n s a n d 
ve loc i t i e s , g l o b a l s o u r c e p o s i t i o n s e x c e p t t h e r i g h t a s c e n s i o n of 2145+067, a n d 
s e s s i o n - d e p e n d e n t c lock a n d a t m o s p h e r e p a r a m e t e r s . 

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

T h e o r i g i n of 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 i s s e t b y m i n i m i z i n g t h e 
C a r t e s i a n a d j u s t m e n t s of n i n e s t a t i o n s ( W E S T F O R D , R I C H M O N D , 
G I L C R E E K , K A U A I , H O B A R T 2 6 , D S S 4 5 , H A R T R A O , W E T T Z E L L , 
O N S A L A 6 0 ) w i t h r e s p e c t t o ITRF92 a t 1988.0. 

13) - D e f i n i t i o n of t h e o r i e n t a t i o n : 
T h e o r i e n t a t i o n of 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 is d e f i n e d b y t h e a p r i o r i 
E O P v a l u e s o n t h e r e f e r e n c e d a y (1993 S e p 30) f r o m t h e m o d i f i e d EOP( IERS) 
90 C 04 s e r i e s t h a t i s c o n s i s t e n t w i t h I T R F 9 2 ( M . F e i s s e l , p r i v a t e 
c o m m u n i c a t i o n ) . T h e ce le s t i a l r e f e r e n c e f r a m e i s d e f i n e d b y t h e C E P p o l e 
p o s i t i o n c o m p u t e d f r o m t h e I A U 1980 n u t a t i o n m o d e l a n d t h e J2000.0 
p r e c e s s i o n m o d e l for t h e s a m e r e f e r e n c e d a y c o r r e c t e d b y t h e n u t a t i o n offsets 
f r o m t h e m o d i f i e d E O P ( I E R S ) 90 C 04 s e r i e s a n d b y t h e I C R F 9 2 r i g h t 
a s c e n s i o n of 2145+067 . 

14) - E v o l u t i o n w i t h t i m e : 

T h e h o r i z o n t a l r a t e r e s i d u a l s of e i g h t s t a t i o n s ( W E S T F O R D , R I C H M O N D , 
G I L C R E E K , K A U A I , H O B A R T 2 6 , D S S 4 5 , W E T T Z E L L , O N S A L A 6 0 ) w i t h 
r e s p e c t t o N o - N e t - R o t a t i o n N U V E L - 1 a r e m i n i m i z e d . T h e a d j u s t e d ve r t i c a l 
r a t e s of t h e s a m e s t a t i o n s a r e a l s o m i n i m i z e d . T h e s t a t i o n s w i t h insuf f i c i en t 
d a t a o r t i m e i n t e r v a l a r e c o n s t r a i n e d t o m o v e w i t h N N R - N U V E L - 1 w i t h 
u n c e r t a i n t i e s i n v e r t i c a l , e a s t a n d n o r t h r a t e s of 0 , 3 , a n d 3 m m / y r , 
r e s p e c t i v e l y . T h e s e s t a t i o n s a r e : 
SEST OCOTILLO VICTORIA 
TITIJIMA MIYAZAKI MIZNAO10 
VLA MIZUSGSI SAGARA 
SINTOTU USUDA64 MILESMON 
BREST CARNUSTY METSHOVI 
KARLBURG TOULOUSE AZORES 

FORTLEZA 
CHLBOLTN 
AUSTINTX 
BLOOMIND 
HOHENFRG 
HOHNBERG 

OHIGGINS 
USSURISK 
CARROLGA 
LEONRDOK 
GRASSE 
KIRSBERG 

BR-VLBA 
HN-VLBA 
BERMUDA 
SC-VLBA 
HOFN 
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T h e vertical rates for s tat ions that h a d uncerta int ies in their vertical rates in 
e x c e s s of 3 m m / y r in an uncons tra ined Solut ion are a l so cons tra ined to z e r o 
w i t h the except ion of Y E L L O W K N / Y L O W 7 2 9 6 . These s tat ions are: 

M0N__PEAK 
PINFLATS 
NL-VLBA 
SANTIA12 
VERNAL 
BLKBUTTE 
WHTHORSE 

PLATTVIL 
PRESIDIO 
TROMSONO 
FLAGSTAF 
PBLOSSOM 
TRYSILNO 
DEADMANL 

QUINCY 
JPL_MV1 
YUMA 
MARCUS 
SNDPOINT 
SOURDOGH 
NOBEY 6M 

TSUKUBA 
NOME 
FORTORDS 
KODIAK 
SANPAULA 
YAKATAGA 

PT_REYES 
GORF7102 
FORTJDRD 
DSS15 
PVERDES 
SEATTLE1 

KWAJAL26 
GGAO7108 
ELY 
KP-VLBA 
PENTICTN 
MAMMOTHL 

E O P ( G S F C ) 9 4 R 0 1 From A u g 1979 to D e c 1993 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

U n i t s : 0.001" for X,Y,8y, Se; 0.0001s for U T 1 . 

YEAR 

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

Nb 

2 
20 
34 
62 
85 
119 
130 
152 
184 
208 
247 
268 
244 
254 
185 

X 
Sigma 

1.17 
0.61 
12.75 
12.74 
12.67 
0.76 
0.47 
0.47 
0.47 
0.46 
0.35 
0.26 
0.21 
0.20 
0.16 

Nb 

2 
20 
34 
62 
85 

119 
130 
152 
184 
208 
247 
268 
244 
254 
185 

Y 
Sigma 

2.28 
0.62 
40.55 
40.55 
33.24 
0.69 
0.45 
0.42 
0.43 
0.45 
0.36 
0.27 
0.22 
0.20 
0.14 

Nb 

2 
20 
34 
62 
85 
119 
130 
152 
184 
208 
247 
268 
244 
254 
185 

UT1 
Sigma 

0.84 
0.30 
10.32 
10.32 
10.23 
0.37 
0.24 
0.24 
0.24 
0.26 
0.19 
0.14 
0.12 
0.09 
0.07 

Nb 

2 
20 
34 
62 
85 
119 
130 
152 
184 
208 
247 
266 
241 
253 
184 

6y 
Sigma 

1.87 
0.98 
3.21 
2.89 
2.27 
1.10 
0.73 
0.71 
0.71 
0.64 
0.55 
0.44 
0.37 
0.34 
0.26 

Nb 

2 
20 
34 
62 
85 
119 
130 
152 
184 
208 
247 
266 
243 
253 
184 

Se 
Sigma 

0.67 
0.43 
1.14 
1.11 
0.94 
0.43 
0.27 
0.25 
0.26 
0.25 
0.22 
0.18 
0.15 
0.15 
0.11 



R-16 

90° 

24h 

- 9 0 ° 

D i s t r ibut ion o v e r the s k y of the 469 extragalact ic r a d i o s o u r c e s of the celest ia l 

f rame RSC(GSFC) 94 R 01. Fi l led circles indicate rad io sources w i t h uncerta int ies 

in right a s c e n s i o n ( a cos 5) a n d dec l inat ion smal ler than 0.0003". 

CO 
8 

O 
CO 
c3 

0 1 2 3 

UNCERTAINTIES IN et cos 8 AND 5 (MAS) 

Dis tr ibut ion of t h e uncerta int ies in right a scens ion (füll l ine) a n d dec l inat ion 
( d a s h e d l ine) of the celestial frame RSC(GSFC) 94 R 01. 24 rad io sources w i t h 
uncer ta in t i e s larger than 0.003" are not s h o w n . 
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E A R T H R O T A T I O N PARAMETERS FROM D S N VLBI: 1994 

JPL 94 ROI 
J.A. S teppe , S.H. O l i v e a u , O.J. Sovers 
Jet P r o p u l s i o n Laboratory , Cal i fornia Inst i tute of T e c h n o l o g y P a s a d e n a , Cal i fornia 
91109 , U S A 

T h e m a i n c h a n g e s in t h i s year ' s r e p o r t f r o m las t y e a r ' s r e p o r t are 
e v o l u t i o n a r y , d u e to the acquis i t ion of another year's data. 

In this report Earth Rotat ion Parameter (ERP) e s t imates h a v e b e e n obta ined 
f r o m a n a n a l y s i s of D e e p S p a c e N e t w o r k ( D S N ) VLBI data that d i rec t ly a l igns its 
celest ial a n d terrestrial reference frames w i t h t h o s e of the International Earth Rotat ion 
Service (IERS). N A S A ' s D e e p Space N e t w o r k operates radio t e l e scopes for the pr imary 
p u r p o s e of c o m m u n i c a t i n g w i t h i n t e r p l a n e t a r y spacecraf t . T h e D S N h a s three 
c o m p l e x e s : in Cal i fornia ( s tat ions DSS 12,13,14,15) , in S p a i n (DSS 61 ,63 ,65) , a n d in 
Austral ia (DSS 42,43,45). T w o projects at JPL (cal led T E M P O a n d C A T M&E b e l o w ) u s e 
t h e s e t e l e s c o p e s to m a k e VLBI o b s e r v a t i o n s f rom w h i c h w e h a v e e s t i m a t e d earth 
ro ta t ion p a r a m e t e r s . M o s t o b s e r v i n g s e s s i o n s u s e a n t e n n a s in o n l y t w o c o m p l e x e s , 
a n d u s u a l l y e x a c t l y o n e a n t e n n a i n e a c h c o m p l e x . T h i s r e p o r t d e s c r i b e s a 
h o m o g e n e o u s r e d u c t i o n of current ly ava i lab le dua l f r equency (S a n d X b a n d ) VLBI 
data from b o t h projects. 

T h e T i m e a n d Earth M o t i o n Prec is ion Observa t ions (TEMPO) project m a k e s 
r a p i d t u r n a r o u n d VLBI m e a s u r e m e n t s of Station c lock s y n c h r o n i z a t i o n a n d earth 
o r i e n t a t i o n i n s u p p o r t of spacecraf t n a v i g a t i o n , w h i c h n e e d s e x t r e m e l y t i m e l y , 
m o d e r a t e accuracy earth rotat ion Informat ion. In T E M P O o b s e r v a t i o n s t h e r a w bit 
s t r e a m s r e c o r d e d at the t e l e s c o p e s are t e l e m e t e r e d to JPL for correlat ion, s o that n o 
phys i ca l transportat ion of m a g n e t i c tapes i s i n v o l v e d . T E M P O u s e s the JPL-deve loped 
Block I VLBI S y s t e m , w h i c h has a 500 ,000 b i t s / s e c o n d s a m p l i n g rate , w i t h t i m e -
d i v i s i o n m u l t i p l e x i n g of Channels. This s a m p l i n g rate permi t s the t e l emetry , a n d thus 
m a k e s rapid turnaround poss ib le . The r e d u c e d sens i t iv i ty c a u s e d b y the re lat ive ly l o w 
s a m p l i n g rate in c o m p a r i s o n to other present -day VLBI Systems is largely c o m p e n s a t e d 
b y the v e r y large a n t e n n a s a n d v e r y l o w System n o i s e l e v e l s of the D S N te l e scopes . 
T E M P O u s e s t w o 70 m e t e r D S N antennas (DSS 14, 4 3 , 63) w h e n e v e r p o s s i b l e a n d o n e 
34 m e t e r D S N a n t e n n a together w i t h o n e 70 m e t e r antenna w h e n it is n o t poss ib l e to 
ob ta in s i m u l t a n e o u s u s e of b o t h of the larger antennas . Current ly , T E M P O records 3 
Channels in S b a n d (2285 M H z ) a n d 3 Channels in X b a n d (8450 M H z ) . S ince June 12, 
1991 , T E M P O h a s u s e d a s p a n n e d b a n d w i d t h of 99 M H z at X b a n d a n d 39 M H z at S 
b a n d . Before that date , m o s t T E M P O ses s ions u s e d a s p a n n e d b a n d w i d t h of 40 M H z in 
e a c h b a n d . A t p r e s e n t the D S N n o m i n a l l y s c h e d u l e s t w o T E M P O o b s e r v i n g s e s s ions 
per w e e k , o n e o n t h e Spain-Cal i fornia (SC) base l ine , a n d the o ther o n the Austral ia-
Cal i fornia (AC) base l ine . Each Sess ion is genera l ly 3 h o u r s in dura t ion (occas iona l ly 
l e s s ) , a n d r e c o r d s a m a x i m u m of 20 s o u r c e s . T E M P O o b s e r v e s m o s t s o u r c e s for 3 
m i n u t e s a n d 18 s e c o n d s , a f e w for 6 m i n u t e s a n d 36 s e c o n d s . W e p lan to p r o d u c e an 
operat iona l ser ies of ERP e s t i m a t e s f rom T E M P O s e s s i o n s d u r i n g 1994 that w i l l b e a 
cont inuat ion of the ERP series reported here. 

IERS(1994) Technical Note No 17. 
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T h e Cata log M a i n t e n a n c e and E n h a n c e m e n t (CAT M&E) project d e t e r m i n e s 
celest ial coord ina te s of rad io sources , a n d base l ine vectors b e t w e e n D S N s tat ions , for 
u s e i n spacecraf t n a v i g a t i o n . In C A T M & E o b s e r v a t i o n s the r a w b i t s t r e a m s are 
r e c o r d e d o n m a g n e t i c tapes for transportat ion to the correlator. S ince June 1989 m o s t 
C A T M & E o b s e r v i n g s e s s i o n s h a v e u s e d the Mark i n VLBI System o n s tat ions D S S 15, 
45 , a n d 65 , w h i c h s u p p o r t a 400 M H z s p a n n e d b a n d w i d t h capabil i ty . F r o m late 1978 
t h r o u g h 1988, C A T M&E u s e d the Mark H VLBI System w i t h a s p a n n e d b a n d w i d t h of 
40 M H z i n each b a n d , a n d u s e d t w o 70 meter D S N antennas (DSS 1 4 , 4 3 , 63) w h e n e v e r 
p o s s i b l e . T h e D S N s c h e d u l e s C A T M & E o b s e r v i n g s e s s i o n s at irregulär in t erva l s , 
typ ica l ly severa l t i m e s per year , w i t h separate o b s e r v i n g s e s s i o n s o n the SC a n d A C 
base l ines . Each s e s s i o n i s n o m i n a l l y 24 h o u r s i n durat ion a n d typica l ly inc ludes 100 to 
330 observat ions o f 50 to 134 radio sources . 

D a t a f r o m b o t h t h e T E M P O a n d C A T M & E projec t s w e r e u s e d i n the 
Solution proces s for the ERP series reported here. In order that t h e T E M P O operat ional 
ser ies of ERP e s t i m a t e s d u r i n g 1994 can b e a n exac t c o n t i n u a t i o n of the ERP ser ies 
r e p o r t e d h e r e , t h e Solut ion p r o c e s s c o n s i s t e d of t w o major s t e p s . First , a "catalog 
Solution" d e s i g n a t e d JPL 1994-1 ( s ee b e l o w ) d e t e r m i n e d r a d i o s o u r c e c o o r d i n a t e s , 
Station c o o r d i n a t e s a n d s i te ve loc i t i e s , a parametr ic m o d e l for t h e celest ial m o t i o n of 
the Ce le s t ia l E p h e m e r i s P o l e , a n d a parametr i c m o d e l for t h e n e a r l y - d i u r n a l a n d 
n e a r l y - s e m i d i u r n a l t idal f r e q u e n c y var ia t ions of U T 1 a n d po lar m o t i o n . T h e n the 
s e c o n d Step, ca l led the "ERP Solution", u s e d these results from the cata log Solut ion to 
d e t e r m i n e t h e earth rotat ion parameters in a m a n n e r that can b e exact ly c o n t i n u e d in 
the operat iona l series . In the ERP Solution the data from each o b s e r v i n g s e s s i o n w e r e 
p r o c e s s e d i n d e p e n d e n t l y to p r o v i d e an e s t imate of the U T 0 a n d Variation of la t i tude 
(DPHI) of the base l ine VECTOR for that s e s s ion . Except for the U T 0 a n d Variation of 
la t i tude , t h e re lat ion b e t w e e n t h e earth-f ixed reference f rame a n d the rad io -quasar 
reference frame w a s spec i f ied ent irely b y a priori data ( w h i c h inc ludes the results from 
the cata log Solution). In add i t i on to U T 0 and D P H I , the o ther parameters e s t imated in 
the ERP Solut ion were : 

1 - A first d e g r e e p o l y n o m i a l clock m o d e l , i n c l u d i n g a term a l l o w i n g for a 
b ias in the phase-de lay-rate data, w i t h breaks as n e e d e d . 

2 - A d j u s t m e n t s t o the t roposphere z e n i t h d e l a y at each Station. In the C A T 
M & E s e s s i o n s , n e w t r o p o s p h e r e z e n i t h p a r a m e t e r s w e r e i n t r o d u c e d 
a p p r o x i m a t e l y e v e r y three h o u r s ( every t w o h o u r s for data after 1992.0). A 
priori e s t i m a t e s o f the t r o p o s p h e r e z e n i t h d e l a y s , d e r i v e d f r o m tables of 
m o n t h l y a v e r a g e z e n i t h d e l a y s for e a c h Stat ion, w e r e i n c l u d e d i n t h e 
S o l u t i o n w i t h a 6 c m Standard d e v i a t i o n . (For g o o d q u a l i t y o b s e r v i n g 
s e s s i o n s in recent y e a r s , the effect of t h e s e a prioris i s n e g l i g i b l e a n d the 
e s t i m a t e d t r o p o s p h e r e z e n i t h d e l a y s are e s sent ia l ly c o m p l e t e l y d e t e r m i n e d 
b y the VLBI observables . ) 

Other propert ies of the ERP Solution were: 

1 - T h e r e p o r t e d earth rotat ion parameters h a v e h a d n e a r l y - d i u r n a l a n d 
n e a r l y - s e m i d i u r n a l t idal f r e q u e n c y var ia t ions r e m o v e d a c c o r d i n g t o the 
p a r a m e t r i c m o d e l e s t i m a t e d i n the ca ta log Solut ion. (In o t h e r w o r d s , t h e 
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effects in the table b e l o w h e a d e d "Short Per iod Tidal ERP Variat ions" h a v e 
N O T b e e n a d d e d back in p r o d u c i n g EOP(JPL)94 R Ol.) 

2 - O c e a n l o a d i n g effects w e r e calculated f rom the m o d e l of Scherneck (1983; 
1991). 

3 - P o l e t idal effects w e r e i n c l u d e d (Sovers , 1991). 

4 - T h e Lany i (1984) func t ion w a s u s e d for m a p p i n g z e n i t h t r o p o s p h e r i c 
d e l a y s to o b s e r v e d e l evat ions . 

5 - The effects of charged particles in the i o n o s p h e r e a n d solar p l a s m a o n the 
s i n g l e - b a n d d e l a y a n d d e l a y rate o b s e r v a b l e s w e r e r e m o v e d b y u s i n g the 
appropr iate l inear combinat ion of the S-band and X-band data to form "dual 
frequency" d e l a y a n d de lay rate observables . 

6 - For r e c e n t y e a r s o n l y s e s s i o n s w i t h 6 or m o r e a c c e p t a b l e d e l a y 
observa t ions w e r e i n c l u d e d in the Solution reported here . 

7 - T h e effect o n p a t h l e n g t h s c a u s e d b y m o v i n g ("slewing") the antenna 
subref l ec tor , s o as to m a x i m i z e the a n t e n n a g a i n w h e n i ts focal l e n g t h 
c h a n g e s as the e l e v a t i o n a n g l e c h a n g e s , h a s b e e n m o d e l e d for the T E M P O 
data. N o s u c h m o d e l is n e e d e d for the C A T M&E data s ince C A T M&E d o e s 
n o t s l e w t h e subref lec tor . ( A p p a r e n t Station c o o r d i n a t e s e s t i m a t e d from 
VLBI data w i l l be corrupted if the subref lector is s l e w e d b u t the effect o n 
pa th l e n g t h is no t m o d e l e d in the d e l a y calculat ions . The Station coordinates 
e s t imated b y the JPL 1994-1 catalog Solution a n d u s e d in the ERP Solution are 
appropr ia te b o t h for the case w h e r e t h e subref lector is n o t s l e w e d a n d n o 
p a t h l e n g t h effect is m o d e l e d a n d a lso for the case w h e r e the subreflector is 
s l e w e d a n d t h e resu l t ing effect o n pa th l eng th is expl ic i t ly m o d e l e d in the 
ca lcu lat ions . ) 

T h e r a w o b s e r v a b l e u n c e r t a i n t i e s h a v e b e e n m o d i f i e d b y a d d i n g 
quadrat ica l ly a n uncerta inty c o m p o n e n t , for each of t h e t w o s tat ions , e q u a l to a smal l 
fract ion (0.002 or 0.003) of the total a priori t ropospher ic effect at that Station o n the 
observable . W e further quadrat ical ly a d d e d an "addit ive noise" constant w h e n n e e d e d 
s o as t o m a k e t h e Chi S q u a r e of t h e post f i t r e s i d u a l s a p p r o x i m a t e l y e q u a l to the 
n u m b e r of d e g r e e s of f r e e d o m i n the Solution. T h e de lay a n d de lay rate a d d i t i v e no i se 
c o n s t a n t s w e r e a d j u s t e d s epara te ly for e a c h C A T M & E o b s e r v i n g s e s s i o n . For the 
T E M P O data, the a d d i t i v e n o i s e s w e r e adjusted for each of severa l b locks of observ ing 
s e s s i o n s . 

E a c h Earth R o t a t i o n m e a s u r e m e n t h e r e is a U T 0 - D P H I pair , a n d h a s an 
as soc ia ted error e l l ip se in the U T 0 - D P H I p lane . Each s u c h error e l l ipse is c o m p l e t e l y 
spec i f i ed b y the repor ted Standard errors a n d correlat ion coeff icient b e t w e e n U T 0 a n d 
D P H I . For Single b a s e l i n e VLBI m e a s u r e m e n t s of ERP, s u c h as those repor ted here , 
this error e l l ipse is typica l ly qu i t e e l o n g a t e d , w i t h a ratio of major axis to m i n o r axis of 
a bou t 4:1. Therefore , for a proper Interpretation of t h e s e data , it i s C R U C I A L to m a k e 
füll u s e of t h e reported correlat ion coefficient. 
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For a s ing l e -base l ine VLBI e s t imate of earth rotat ion, t h e or ientat ion of the 
error e l l i p s e i n t h e UTO-DPHI p l a n e i s m o s t l y d e t e r m i n e d b y t h e g l o b a l Station 
g e o m e t r y . T h e d irec t ion of t h e m i n o r axis of the error e l l ip se i n the UTO-DPHI p l a n e 
as p r e d i c t e d b y the Station g e o m e t r y i s ca l l ed the t ransverse rotat ion d irec t ion , a n d 
c o r r e s p o n d s t o t h e m o t i o n of t h e base l ine in the local hor izonta l at e a c h Station or 
e q u i v a l e n t l y t o a ro ta t ion a b o u t a n ax i s t h r o u g h t h e center of the earth a n d the 
m i d p o i n t o f t h e b a s e l i n e . In a d d i t i o n t o b e i n g re la t i ve ly i n s e n s i t i v e to r a n d o m 
m e a s u r e m e n t errors , t h e t r a n s v e r s e ro ta t ion c o m p o n e n t i s a l s o r e l a t i v e l y free of 
errors i n t r o d u c e d b y t ropospher ic m o d e l i n g errors , a n t e n n a d e f o r m a t i o n s , a n d other 
s o u r c e s of s y s t e m a t i c local-vertical errors. The transverse rotat ion c o m p o n e n t s for the 
D S N base l ines are: 

Basel ine Transverse C o m p o n e n t 

Austral ia-California -1.000 D P H I + 0.00 (UT0-TAI) 
Spain-California +0.582 D P H I + 12.21 (UT0-TAI) 
Spain-Austral ia -0.972 D P H I + 2.77 (UT0-TAI) 

T h e s e coeff ic ients a s s u m e that U T 0 a n d D P H I are e x p r e s s e d in s e c o n d s of 
t i m e a n d i n a r c s e c o n d s , r e s p e c t i v e l y ; the u n i t s of the t r a n s v e r s e c o m p o n e n t s are 
a r c s e c o n d s . W e r e c o m m e n d that t h e s e l inear c o m b i n a t i o n s b e u s e d to take füll 
a d v a n t a g e of the inherent accuracy of these data. 

T h e ERP Solut ion p r o d u c e d earth or ienta t ion resu l t s for a total of 1042 
o b s e r v i n g s e s s ions b e t w e e n October 2 8 , 1 9 7 8 , and March 1 3 , 1 9 9 4 . 

D u r i n g ca l endar year 1993 , the T E M P O project p r o d u c e d earth rota t ion 
m e a s u r e m e n t s f rom 9 3 d u a l f r e q u e n c y o b s e r v i n g s e s s i o n s , w i t h a m e d i a n Standard 
error a l o n g the m i n o r axis of the error e l l ipse of 0.3 mi l l i arc seconds (mas) , a n d a l o n g 
the major ax i s of 1.4 m a s . D u r i n g 1993 the m e d i a n t u r n a r o u n d t i m e for T E M P O 
m e a s u r e m e n t s , f rom Observat ion to avai labi l i ty of earth or i en ta t ion p a r a m e t e r s , w a s 
49 hours . 

The JPL 1994-1 Catalog 

T h e JPL 1994-1 c a t a l o g w a s d e v e l o p e d s p e c i f i c a l l y for u s e in T E M P O 
operat iona l ERP Solut ions d u r i n g 1994. S ince short d u r a t i o n VLBI d e t e r m i n a t i o n s of 
the ERP are sens i t ive to errors in the celest ial p o s i t i o n of t h e Celest ia l E p h e m e r i s P o l e 
(CEP), a n d s ince the current I A U Standards for the CEP are k n o w n to b e in error b y 
a m o u n t s s igni f icant to T E M P O , it i s i m p o r t a n t that T E M P O u s e a CEP ser ies that is 
corrected f rom the I A U Standards a n d is cons i s tent w i t h t h e rad io s o u r c e coord inates 
(RSC) u s e d . Current practical i t ies of T E M P O Operations favor t h e u s e of a parametr ic 
m o d e l for t h e C E P tha t i n c l u d e s t h e l o n g p e r i o d m o t i o n s . T h e r e f o r e w e h a v e 
e s t imated s u c h a m o d e l a l o n g w i t h the RSC a n d set of Station coord inates (SSC) in the 
JPL 1994-1 cata log Solution. This year o u r CEP m o t i o n m o d e l cons i s t s of the Z M O A -
1990-2 nuta t ion m o d e l (Herr ing , 1991) p l u s a d j u s t m e n t s t o the coef f ic ients of certain 
t e r m s of t h e Z M O A - 1 9 9 0 - 2 m o d e l , a l o n g w i t h t h e I A U p r e c e s s i o n m o d e l a n d 
a d j u s t m e n t s to i ts coeff ic ients . O u r CEP m o t i o n m o d e l i s i n t e n d e d o n l y t o p e r m i t 
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p r o c e s s i n g of T E M P O data for the ERP d u r i n g the p e r i o d repor ted here a n d d u r i n g 
1994, a n d w i l l p r e s u m a b l y n e e d rev i s ion in 1995. In particular, it m a y n o t i n c l u d e all 
s igni f icant c o m p o n e n t s , n o t all its ad jus tments m a y b e g e n u i n e l y s ignif icant , a n d its 
p a r a m e t e r s m a y n o t al l b e w e l l s e p a r a t e d , b u t w e b e l i e v e it i s a d e q u a t e for our 
p u r p o s e s . A s part of the JPL 1994-1 cata log So lut ion w e e s t i m a t e d coef f ic ients of a 
m o d e l of ERP var ia t ions at near ly -d iurna l a n d n e a r l y - s e m i d i u r n a l t idal f requenc ies . 
N e a r l y - d i u r n a l po lar m o t i o n var iat ions w e r e cons tra ined to h a v e n o re trograde part, 
t h u s a l l o w i n g s i m u l t a n e o u s e s t imat ion of nutat ions . 

The JPL 1994-1 cata log Solution h a d the f o l l o w i n g propert ies: 

1 - E x c e p t w h e r e o t h e r w i s e n o t e d , t h e c a t a l o g So lu t ion w a s e s s e n t i a l l y 
ident ical t o the ERP Solution descr ibed above . 

2 - Al l the avai lable C A T M&E data through D e c e m b e r 19, 1993, a n d m o s t of 
the T E M P O data through D e c e m b e r 2 9 , 1 9 9 3 , w e r e inc luded . 

3 - I n f o r m a t i o n f r o m i n t r a - c o m p l e x r a d i o i n t e r f e r o m e t r y w a s u s e d to 
constra in the coord inate dif ferences b e t w e e n s ta t ions w i t h i n e a c h c o m p l e x . 
T h e uncerta int ies u s e d for these in tracomplex t ies v a r y from Station pair to 
S ta t ion p a i r a n d f r o m c o m p o n e n t to c o m p o n e n t ( t h e l o c a l v e r t i c a l 
u n c e r t a i n t y i s t y p i c a l l y t h r e e t i m e s t h e h o r i z o n t a l u n c e r t a i n t y ) . T h e s e 
uncer ta in t i e s are our bes t e s t i m a t e s of the real ist ic o n e - s t a n d a r d - d e v i a t i o n 
uncerta int ies of these t ies a n d ränge from 5 m m to 18 m m . 

4 . For e a c h pair of o b s e r v i n g s e s s i o n s that u s e d di f ferent pa i r s of D S N 
c o m p l e x e s (that i s , Cal i fornia- to-Spain a n d Cal i fornia- to-Austra l ia ) w i t h a 
t i m e Separation b e t w e e n the m i d p o i n t s of the s e s s i o n s of l ess than 15 hours , 
the adjus tment ( d X , d Y , d U T l ) to the initial v a l u e s of earth or ientat ion is the 
s a m e for b o t h m e m b e r s of the pair. (The in i t i a l -va lue ERP ser ies w a s a 
v e r s i o n of the SPACE93 series (Gross , 1994) m o d i f i e d to no t u s e D S N VLBI 
data; it i s a s m o o t h e d , c o m b i n a t i o n - o f - t e c h n i q u e s ERP ser ies o b t a i n e d b y 
K a i m a n fi l tering). This treatment of c lose - in - t ime pairs s e r v e s to d e t e r m i n e 
t h e a n g l e b e t w e e n t h e C a l i f o r n i a - t o - S p a i n a n d C a l i f o r n i a - t o - A u s t r a l i a 
b a s e l i n e vec tors (and thus a l so the l e n g t h of the Austra l ia - to -Spain vector) . 
T h e r e w e r e 66 s u c h pa irs of T E M P O s e s s i o n s ; there w e r e 7 s u c h pairs 
i n v o l v i n g o n e T E M P O s e s s i o n a n d o n e C A T M & E ses s ion; a n d there w e r e 
n o s u c h pairs i n v o l v i n g t w o C A T M&E o b s e r v i n g s e s s i o n s . Thi s year there 
i s o n e C A T M&E s e s s i o n ( D e c e m b e r 19, 1993) in w h i c h o n e Station in each 
c o m p l e x part i c ipated (DSS 15,45,65), w i t h s m a l l g r o u p s of o b s e r v a t i o n s o n 
t h e Ca l i forn ia - to -Spa in a n d Cal i forn ia - to -Aus tra l ia b a s e l i n e s i n t e r l e a v e d . 
A l t h o u g h the durat ion of this s e s s i o n w a s o n l y 8 h o u r s , it h a s s ignif icant ly 
i m p r o v e d o u r k n o w l e d g e of t h e rate of c h a n g e of the l e n g t h of the 
Aus tra l ia - to -Spa in vector . ( A spec ia l thank y o u to Chris Jacobs for l e a d i n g 
the effort to acquire this data, a n d for ge t t ing the results to u s in t ime for this 
ana lys i s ) . 

5 - T h e terres tr ia l f r a m e of t h e JPL 1994-1 S y s t e m w a s t i e d t o the 
In ternat iona l Earth Rota t ion Serv ice Terrestrial Re ference F r a m e ITRF-92 
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(IERS, 1993, Table T-3) in the f o l l o w i n g w a y . T h e coordinates of all the D S N 
s t a t i o n s , i n c l u d i n g all t h o s e i n Cal i fornia , w e r e e s t i m a t e d i n t h e c a t a l o g 
Solut ion subject to s ix constraints ap p l i ed to the n i n e coord ina te s of D S S 15, 
D S S 4 5 , a n d D S S 65 . T h e s e constraints are s u c h that if a s e v e n parameter 
trans format ion (3 trans lat ions , 3 rotat ions , 1 scale) b e t w e e n the JPL 1994-1 
a n d ITRF-92 Sys tems w e r e e s t imated b y u n w e i g h t e d least Squares a p p l i e d to 
the coord ina te s of DSS 15, 45 , a n d 65 , then the resu l t ing 3 translat ion a n d 3 
rotat ion parts of the transformation w o u l d b e z e r o w h i l e the sca le c o u l d b e 
n o n z e r o a n d u n k n o w n i n a d v a n c e of C o m p u t i n g t h e c a t a l o g . ( W h e n 
e x p r e s s e d as the d o t p r o d u c t of a n i n e d i m e n s i o n a l un i t vec tor w i t h the 
n i n e Station c o o r d i n a t e s , e a c h constra int i s a s s i g n e d a n a priori Standard 
d e v i a t i o n of 5 m m ; this d o e s n o t affect t h e re su l t ing c o o r d i n a t e s b u t d o e s 
affect the ca lculated formal errors, g i v i n g t h e m a m o r e spherical d is tr ibut ion 
than w o u l d resu l t if e i ther v e r y l a r g e or v e r y s m a l l a pr ior i S tandard 
d e v i a t i o n s w e r e u s e d ) . T h e s e c o n s t r a i n t s s e r v e to d e t e r m i n e b o t h the 
translat ion a n d the rotat ion of the terrestrial c o o r d i n a t e System. The Station 
coord ina te s re su l t ing f rom the Solut ion a p p l y at a reference t i m e of 1988.0, 
in a g r e e m e n t w i t h that of ITRF-92. 

6 - T h r e e - d i m e n s i o n a l s i te ve loc i t i e s w e r e e s t i m a t e d for e a c h of the three 
D S N c o m p l e x e s . Al l s ta t ions in e a c h D S N c o m p l e x w e r e a s s u m e d to h a v e 
the s a m e s i te ve loc i ty . The ve loc i t i e s w e r e cons tra ined s o as to p r o d u c e n o 
ne t trans lat ion rate a n d n o ne t rotat ion rate, for the n e t w o r k c o m p o s e d of 
the three D S N c o m p l e x e s , re la t ive to the ne t m o t i o n of this n e t w o r k of 
three s i tes as e x p r e s s e d in the ITRF-92 ve loc i ty f ie ld (IERS, 1993, Table T-5). 
T h u s o n l y three ve loc i ty parameters are actual ly b e i n g separate ly e s t imated; 
o n e w a y to descr ibe t h e s e is as the rates of c h a n g e of (1) the Cal i fornia-to-
A u s t r a l i a l e n g t h , (2) t h e C a l i f o r n i a - t o - S p a i n l e n g t h , a n d (3) t h e a n g l e 
b e t w e e n the Cal i fornia-to-Austral ia a n d Cal i fornia-to-Spain vectors . ( W h e n 
e x p r e s s e d as the d o t p r o d u c t of a n i n e d i m e n s i o n a l un i t vec tor w i t h the 
n i n e s i t e v e l o c i t y c o m p o n e n t s , e a c h cons tra in t i s a s s i g n e d an a pr ior i 
Standard d e v i a t i o n of 1.0 m m / y r ; this d o e s not affect the resu l t ing ve loc i ty 
c o m p o n e n t s b u t d o e s affect the calculated formal errors, g i v i n g t h e m a m o r e 
spherica l d i s tr ibut ion than w o u l d result if e i ther v e r y large or v e r y sma l l a 
priori Standard d e v i a t i o n s w e r e used . ) 

7 - T h e celest ial frame of the JPL 1994-1 System w a s t ied to the International 
Earth Rotat ion Service Celest ial Reference Frame in the f o l l o w i n g w a y . T h e 
Right A s c e n s i o n a n d Decl inat ion of OJ 287 (0851+202) a n d the Dec l ina t ion of 
C T D 20 (0234+285) , w h i c h are a m o n g the bes t o b s e r v e d s o u r c e s in the D S N 
cata log a n d are pr imary sources in the 1993 real izat ion of the IERS Celest ia l 
Reference Frame, w e r e he ld f ixed at their v a l u e s in that frame as spec i f i ed in 
t h e se t of radio source coordinates RSC(IERS)93 C 01 (IERS, 1993, Table C-4). 
T h e formal errors of these three source coordinates are proper ly zero , b u t in 
order t o c o n v e y the qual i ty of de terminat ion of t h e s e t w o s o u r c e s w e h a v e 
rep laced t h e s e three z e r o s in our source list RSC(JPL)94 R 01 b y the formal 
errors for t h e s e three c o o r d i n a t e s f rom a s imi lar So lut ion that h a d three 
c o o r d i n a t e s of t w o di f ferent w e l l - o b s e r v e d s o u r c e s h e l d f ixed; w e h a v e 
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s imi lar ly rep laced the t w o correlat ion coeff ic ients b e t w e e n Right A s c e n s i o n 
a n d Dec l inat ion for these t w o sources . 

8 - T h e reference e p o c h of the JPL 1994-1 celestial Sys tem w a s J2000, a n d the 
d e f i n i t i o n of s i d e r e a l t i m e w a s a f u n c t i o n o f t h e e s t i m a t e d p r e c e s s i o n 
constant (Sovers , 1991, sect ions 2.6.1 a n d 2.9.3.3). 

T h i s y e a r w e h a v e u s e d t h e M O D E S T Opt ion t o p e r f o r m t h e g e n e r a l 
re lat iv i ty ca lcu la t ions accord ing to the "TDT spatial coordinates" Convent ion (Sovers , 
1991) . T h i s c h o i c e h a s a s m a l l e f fect o n t h e l e n g t h s c a l e of the Se t of S ta t ion 
C o o r d i n a t e s . T h e re la t iv i ty m o d e l u s e d i s e s s e n t i a l l y e q u i v a l e n t t o t h e "consensus 
m o d e l " d e s c r i b e d b y E u b a n k s (1991) . A s a re su l t , t h e e s t i m a t e d Se t of S ta t ion 
C o o r d i n a t e s h a s t h e s c a l e of a g e o c e n t r i c c o o r d i n a t e S y s t e m u s i n g a t i m e sca le 
cons i s t en t w i t h Internat ional A t o m i c Time . 

T h e parametr ic m o d e l for the near ly -d iurnal a n d n e a r l y - s e m i d i u r n a l t idal 
frequency variat ions of UT1 a n d polar m o t i o n obta ined as part of the JPL 1994-1 catalog 
Solut ion is p r e s e n t e d b e l o w . T h e a r g u m e n t Conventions u s e d here are t h o s e of Sovers 
et al ( 1 9 9 3 ) . T h e f o r m a l errors of t h e s e p a r a m e t e r s r ä n g e f r o m 13 to 53 
microarcseconds b u t realistic uncertaint ies are probably about 75 microarcseconds (one 
Standard dev ia t ion ) . 

Short Per iod Tidal ERP Variat ions 

Period UT1 (microseconds) 

Term (hours) Cosine Sine 

Polar Motion 
Amplitude Phase 

(microarcseconds) (degrees) 
prograde retrograde prograde retrograde 

K2 
S2 
M2 
N2 
Kl 
PI 
01 
Ql 

11.96724 
12.00000 
12.42060 
12.65835 
23.93447 
24.06589 
25.81934 
26.86836 

3.0 
1.3 

- 8.4 
0.1 
13.1 

- 4.5 
-13.3 

3.6 

4.0 
9.9 

18.0 
2.8 
26.2 
- 4.3 
-13.5 
- 1.8 

43 
40 
64 
20 
191 
59 
145 
38 

54 
143 
242 
32 
0 
0 
0 
0 

59 
58 
119 
106 
163 
342 
314 
323 

246 
314 
274 
188 
* 
* 
• 
* 

T h e m o d e l of the ce lest ia l m o t i o n of the CEP o b t a i n e d as part of the JPL 
1994-1 ca ta log Solut ion is p r e s e n t e d b e l o w as adjus tments to the I A U p r e c e s s i o n a n d 
Z M O A - 1 9 9 0 - 2 n u t a t i o n coeff ic ients a l o n g w i t h t w o offset parameters w h i c h represent 
the e s t i m a t e d pos i t i on of the (mean) CEP at e p o c h J2000 as e x p r e s s e d in the coordinate 
Sys tem of the rad io sources . A p o s i t i v e X-offset represents a d i s p l a c e m e n t of the CEP 
t o w a r d 18 h o u r s Right A s c e n s i o n , a n d a pos i t i ve Y-offset represents a d i s p l a c e m e n t of 
the C E P t o w a r d 0 h o u r s R ight A s c e n s i o n . T h e C E P - m o t i o n m o d e l i n c l u d e s a term 
r e p r e s e n t i n g a secu lar rate i n ob l iqu i ty . A l s o i n c l u d e d i s an empir i ca l term w i t h a 
p e r i o d of -429.8 d a y s (for the or ig in of this particular v a l u e of per iod , s e e (Herring et 
al, 1991; Herr ing , 1991)) . O n l y t h o s e nuta t ion t erms l i s ted b e l o w w e r e adjusted in the 
cata log Solution. T w o sets of Standard errors are presented; the "formal" errors are just 
the formal errors f r o m the c a t a l o g So lut ion , a n d the "general ized" errors are t h e 
formal errors f rom a s imi lar So lut ion w h i c h a l s o e s t i m a t e d a d d i t i o n a l c o m p o n e n t s 
w i t h p e r i o d s of 121.75, 27 .55 ,13 .63 , a n d 9.13 d a y s as w e l l as bo th out -o f -phase nutat ions 
for all t e n p e r i o d s . 
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Celes t ia l E p h e m e r i s P o l e M o t i o n M o d e l (nutat ions relat ive to ZMOA-1990-2 ) 

IAU-Index Period 

days 

precession 
obliquity rate 

Y-offset 
X-offset 

1 -6798.38 

2 -3399.19 

10 365.26 

9 182.62 

31 13.66 

-429.8 

Phase Component 

In 

Out 

In 
Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

Longitude 
Obliquity 

L sin eps 
Obliquity 

Longitude 
Obliquity 
Longitude 
Obliquity 

Obliquity 
Longitude 
Obliquity 

Longitude 
Obliquity 
Longitude 
Obliquity 

Longitude 
Obliquity 
Longitude 
Obliquity 

Longitude 
Obliquity 
Longitude 
Obliquity 

Longitude 
Obliquity 
Longitude 
Obliquity 

Adjustment 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

mas 

-3.21/yr 
-0.28/yr 

L8.70 
5.94 

0.98 
0.01 
1.13 
0.15 

0.23 
0.70 
0.17 

0.50 
0.03 
0.64 
0.00 

0.06 
0.04 
0.18 
0.01 

0.20 
0.11 
0.47 
0.10 

0.04 
0.02 
0.61 
0.12 

Formal 
Error 
mas 

0.06/yr 
0.05/yr 

0.34 
0.76 

0.31 
0.16 
0.21 
0.29 

0.08 
0.17 
0.12 

0.08 
0.03 
0.08 
0.03 

0.06 
0.02 
0.06 
0.02 

0.05 
0.03 
0.07 
0.02 

0.08 
0.04 
0.09 
0.03 

Generalized 
Error 
mas 

0.14/yr 
0.06/yr 

0.74 
0.77 

0.73 
0.17 
0.41 
0.29 

0.08 
0.20 
0.13 

0.10 
0.03 
0.09 
0.04 

0.07 
0.03 
0.07 
0.03 

0.14 
0.05 
0.13 
0.06 

0.09 
0.04 
0.10 
0.03 

F o r t h e 1994-1 c a t a l o g Solu t ion , t h e d a t a se t u s e d h a s N O T b e e n r e s t r i c t e d t o 
h a v e o n l y e l e v a t i o n a n g l e s a b o v e s o m e a r b i t r a r y m i n i m u m v a l u e . N o t e h o w e v e r t h a t 
l o w e l e v a t i o n o b s e r v a t i o n s a r e e f f e c t i v e l y d o w n - w e i g h t e d b y t h e o b s e r v a b l e 
u n c e r t a i n t y a d j u s t m e n t p r o c e d u r e d e s c r i b e d a b o v e . B e c a u s e t h e m o s t f r e q u e n t l y u s e d 
s t a t i o n s i n t h i s d a t a s e t (DSS 14,15,43,45,63,65) h a v e a n t e n n a l i m i t s a t 6.0 t o 6.35 d e g r e e s 
e l e v a t i o n , a l m o s t a l l t h e d a t a i n t h i s d a t a s e t h a s e l e v a t i o n a n g l e s a b o v e 6 d e g r e e s . 
B e c a u s e of t h e v e r y l o n g l e n g t h s of t h e D S N b a s e l i n e s , t h e D S N VLBI o b s e r v i n g 
s c h e d u l e s h a v e i n c l u d e d l o w e l e v a t i o n o b s e r v a t i o n s s i n c e t h e i r i n c e p t i o n . S i n c e a t 
l e a s t 1 9 8 3 , t h e T E M P O s e s s i o n s h a v e b e e n d e s i g n e d t o i m p r o v e t h e d e t e r m i n a t i o n of 
t h e t r o p o s p h e r e z e n i t h p a r a m e t e r s a n d t he i r S e p a r a t i o n f r o m t h e g e o d e t i c p a r a m e t e r s 
b y d e l i b e r a t e l y i n c l u d i n g a f e w o b s e r v a t i o n s for t h i s p u r p o s e , w h i c h h a v e l o w 
e l e v a t i o n a n g l e s a n d a r e n o t n e a r t h e c u s p s of t h e v i s i b i l i t y s e c t o r . I n t h e s e t of 
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e l e v a t i o n a n g l e s a s s o c i a t e d w i t h t h e o b s e r v a t i o n s i n c l u d e d i n t h e 1994-1 c a t a l o g 
So lu t ion , t h e p o r t i o n t h a t fall i n e a c h 10 d e g r e e i n c r e m e n t i s a s f o l l o w s ( in p e r c e n t ) : 
0 - 1 0 - 2 0 - 3 0 - 4 0 - 5 0 - 6 0 - 7 0 - 8 0 - 9 0 degrees 

8.8 23.8 21.5 17.5 13.9 9.0 3.0 1.9 0.7 percent 

T h e a v e r a g e e l e v a t i o n a n g l e is 30.70 d e g r e e s . 

F o r a c c u r a t e I n t e r p r e t a t i o n of t h e U T 0 a n d D P H I v a l u e s r e p o r t e d h e r e , o n e 
s h o u l d u s e a c c u r a t e v a l u e s of t h e l a t i t u d e a n d l o n g i t u d e of t h e b a s e l i n e v e c t o r ; t h e s e 
c a n b e c a l c u l a t e d for e a c h Sta t ion p a i r f r o m t h e SSC e s t i m a t e d i n t h e JPL 1994-1 c a t a l o g 
So lu t i on a n d r e p o r t e d h e r e . A p p r o x i m a t e v a l u e s a r e : 

Baseline Latitude (degrees) Longitude (degrees) 

Australia-California - 43.97 +106.05 
Spain-California -l- 2.99 +30.73 
Spain-Australia +38.50 - 18.10 

A c k n o w l e d g e m e n t s . W e w o u l d l ike t o t h a n k e a c h a n d e v e r y o n e of t h e m a n y p e o p l e 
w h o c o n t r i b u t e d t o t h e a c q u i s i t i o n a n d a n a l y s i s of t h e D S N VLBI d a t a . 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 c a r r i e d o u t b y 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 . 
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S u m m a r y d e s c r i p t i o n o f the terrestrial Sys tem at tached to the se t o f Station coord ina te s 
S S C ( J P L ) 9 4 R 0 1 

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

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

3 - S o l u t i o n iden t i f ie r : 

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

5 - Re l a t i v i t y sca le : 

V L B I 

JPL 

1994-1 

M O D E S T ( n e e Mas t e r f i t ) 

LE ( T D T = g e o c e n t r i c w i t h I A T ) 

6 - P e r m a n e n t t i d a l co r r ec t ion : N o 

7 - Tec ton i c p l a t e m o d e l : ITRF-92 p l u s a d j u s t m e n t s 

8 - Ve loc i ty of l ight : 299 792 458 m / s 

9 - G e o g r a v i t a t i o n a l c o n s t a n t : 3.9860 0448 1 0 1 4 m 3 s ' 2 

10 - Re fe r ence e p o c h : 

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

1 J a n 1988 

X 0 , Y 0 , Z 0 , X , Y , Z 

12 - 1 3 - De f in i t i on of t h e o r i g in a n d o r i e n t a t i o n : 
S i x c o n s t r a i n t s w e r e a p p l i e d ( w i t h 5 m m 
u n c e r t a i n t y ) t o t h e n i n e c o o r d i n a t e s ( a t e p o c h 
1988.0) of DSS 15, DSS 4 5 , a n d D S S 65 , s u c h t h a t if a 
s e v e n p a r a m e t e r t r a n s f o r m a t i o n (3 t r a n s l a t i o n s , 3 
r o t a t i o n s , 1 sca le) b e t w e e n t h e JPL 1994-1 a n d ITRF-
9 2 S y s t e m s w e r e e s t i m a t e d b y u n w e i g h t e d l e a s t 
S q u a r e s a p p l i e d t o t h e c o o r d i n a t e s of D S S 1 5 , 4 5 , 
a n d 6 5 , t h e n t h e r e s u l t i n g 3 t r a n s l a t i o n a n d 3 
r o t a t i o n p a r t s of t h e t r a n s f o r m a t i o n w o u l d b e z e r o 
w h i l e t h e s ca l e c o u l d b e n o n z e r o a n d u n k n o w n in 
a d v a n c e of C o m p u t i n g t h e c a t a l o g . S e e t e x t for 
d e t a i l s . 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : 
S ix c o n s t r a i n t s w e r e a p p l i e d ( w i t h 1.0 m m / y r 
u n c e r t a i n t y ) t o t h e n i n e s i t e -ve loc i ty p a r a m e t e r s of 
t h e D S N n e t w o r k s o a s t o y i e l d n o - n e t - t r a n s l a t i o n -
r a t e a n d n o - n e t - r o t a t i o n - r a t e w i t h r e s p e c t t o t h e 
n e t m o t i o n of t h e t h r e e s i t e s M a d r i d , G o l d s t o n e , 
a n d C a n b e r r a a s spec i f i ed b y t h e ITRF-92 v e l o c i t y 
f ield. See text for de t a i l s . 
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Dis tr ibut ion o v e r the s k y of the 285 extragalact ic rad io sources of the celest ial 

frame RSC(JPL) 94 R Ol. Fi l led circles indicate radio sources w i t h uncertaint ies 

i n right ascens ion (et cos 8) a n d dec l inat ion smal ler than 0.0003". 
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UNCERTAINTIES IN a cos 8 AND 5 (MAS) 

Di s tr ibut ion of the 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 celest ia l frame RSC(JPL) 9 4 R Ol. 2 r a d i o s o u r c e s w i t h 
uncerta int ies larger than 0.003" are not s h o w n . 
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EOPQPL) 9 4 R Ol From Oct 1978 to M a y 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

Un i t s : 0.001" for <p; 0.0001s for U T 0 

YEAR 

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

<P 
Nb 

3 
6 

21 
17 
43 
74 
71 
19 
71 
77 
93 
93 

108 
111 
114 
101 
38 

Sigma 

0.43 
1.82 
4.04 
2.69 
3.57 
3.23 
3.43 
2.19 
2.55 
2.07 
1.54 
0.62 
0.90 
0.44 
0.40 
0.62 
0.95 

UTO 
Nb 

3 
6 

21 
17 
43 
74 
71 
19 
71 
77 
93 
93 

108 
111 
114 
101 
38 

Sigma 

1.15 
1.88 
5.78 
5.62 
4.44 
4.75 
5.35 
3.93 
3.38 
3.35 
2.22 
1.71 
1.81 
1.02 
0.69 
0.95 
0.90 
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A N A L Y S I S O F VLBI OBSERVATIONS, 1984-1993 
N A O M Z 94 R Ol, 02 

Seiji M a n a b e , Koich i Y o k o y a m a 
M i z u s a w a A s t r o g e o d y n a m i c s Observatory , N a t i o n a l As tronomica l Observatory , Japan 

The report conta ins the results of the ana lys i s of the VLBI observat ions from 
1984-1993 c o n d u c t e d u n d e r IRIS a n d C D P . T h e a n a l y s e d material conta ins m o s t of the 
IRIS-A a n d -P a n d part of the IRIS-S a n d C D P observat ions . 

The bas ic Sys tem of the as tronomical a n d g e o p h y s i c a l cons tants are the IERS 
S t a n d a r d s . H o w e v e r , t h e r e are s o m e p o i n t s d i f f e r i n g f r o m t h e m . T h e ver t i ca l 
d i s p l a c e m e n t s of the Station d u e to the a tmospher ic l o a d i n g are corrected b y a d o p t i n g 
the m e t h o d b y M a n a b e (1991). A n o t h e r di f ference is in the o c e a n l o a d i n g effect o n 
Station p o s i t i o n s . T h e d i s p l a c e m e n t s are c o m p u t e d w i t h GOTIC b y Sato a n d H a n a d a 
(1984) o n the bas i s of Schwidersk i ' s t idal m a p w i t h the m o d i f i c a t i o n to c o n s e r v e the 
m a s s of the o c e a n s . N i e l F s (1993) N H M F 2 is u s e d as the m a p p i n g func t ion of the 
a t m o s p h e r i c de lay . T h e p r o g r a m s u s e d in the ana lys i s are the M i z u s a w a v e r s i o n of 
C A L C , M S L V 3 a n d GLK. MSLV3 and GLK correspond to SOLVE a n d GLOBL of Mark 
i n . 

S u m m a r y of t h e S o l u t i o n s N A O M Z 94 R 01 a n d R 02 

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

3 - So lu t ion identifier: 
4 - Software used: 

5 - Relat iv i ty Scale: 
6 - P e r m a n e n t tidal correction o n Station: 
7 - Tectonic p la te m o d e l : 
8 - Ve loc i ty of l ight: 
9 - Gravi tat ional constant: 
10 - Reference epoch: 
11 - A d j u s t e d parameters: 

12 - Def in i t ion of Origin: 

13 - Def in i t ion of Orientat ion: 

14 - Constra int for t ime evo lu t ion: 

VLBI 
M i z u s a w a A s t r o g e o d y n a m i c s Observa tory , 
N a t i o n a l A s t r o n o m i c a l Observatory , Japan 
SG000084 
C A L C 3 , M S L V 3 a n d GLK d e v e l o p e d at 
M i z u s a w a 

yes 
N U V E L - N N R 

1988.0 
E O P , Stat ion c o o r d i n a t e s a n d v e l o c i t i e s , 
radio source p o s i t i o n s 
W e s t f o r d ' s c o o r d i n a t e s ( m ) ( 1 4 9 2 2 0 6 . 7 5 5 , 
-4458130.499,4296015.503) 
M e a n o r i e n t a t i o n o f G I L C R E E K , 
O N S A L A 6 0 , N R A 0 8 5 3 , W E T T Z E L L , 
R I C H M O N D , W E S T F O R D , K A U A I a n d 
m e a n of K A S H I M A a n d K A S H I M 3 4 are 
adjusted to that of ITRF92. 
l inear in t i m e 

IERS(1994) Technical Note No 17. 
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90° 

24h 

-90° 

Dis tr ibut ion o v e r the s k y of the 206 extragalact ic rad io sources of the celest ial 
f r a m e R S C ( N A O M Z ) 94 R 01 . F i l l ed c irc les i n d i c a t e r a d i o s o u r c e s w i t h 

uncertaint ies in right ascens ion ( a cos 8) a n d dec l inat ion smal ler than 0.0003". 
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UNCERTAINTIES IN et cos 8 AND 6 (MAS) 

Dis tr ibut ion of the 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 the celest ial frame R S C ( N A O M Z ) 94 R 01 . 10 r a d i o s o u r c e s 
w i t h uncerta int ies larger than 0.003" are not s h o w n . 
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Distr ibut ion of the uncertaint ies (quadratic m e a n of a X / oy , a z ) for the 55 

s tat ions of the terrestrial frame S S C ( N A O M Z ) 94 R Ol. 
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E O P ( N A O M Z ) 9 4 R 02 F r o m Jan 1984 t o Feb 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

Un i t s : 0.001" for X,Y,8\|/,5e; 0.0001s for UT1 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

X 
Nb 

76 
77 
92 

101 
106 
165 
174 
143 
148 
72 
5 

Sigma 

0.63 
0.60 
0.62 
0.61 
0.55 
0.50 
0.33 
0.24 
0.27 
0.20 
0.12 

Y 
Nb 

76 
77 
92 

102 
106 
165 
173 
143 
148 
72 
5 

Sigma 

0.56 
0.54 
0.54 
0.56 
0.50 
0.48 
0.38 
0.26 
0.27 
0.17 
0.11 

UT1 
Nb 

76 
77 
92 

102 
106 
165 
174 
143 
148 
72 
5 

Sigma 

0.30 
0.28 
0.29 
0.30 
0.28 
0.25 
0.18 
0.12 
0.11 
0.07 
0.05 

5y 
Nb 

76 
77 
92 

102 
106 
165 
174 
143 
148 
72 
5 

Sigma 

0.72 
0.65 
0.68 
0.71 
0.61 
0.61 
0.44 
0.36 
0.41 
0.32 
0.21 

Se 
Nb 

76 
77 
92 

102 
106 
165 
174 
143 
148 
2 
5 

Sigma 

0.26 
0.24 
0.26 
0.26 
0.25 
0.24 
0.19 
0.14 
0.17 
0.13 
0.09 
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N O A A E A R T H O R I E N T A T I O N A N D R E F E R E N C E F R A M E R E S U L T S D E R I V E D F R O M 

V L B I O B S E R V A T I O N S : 1994 A N A L Y S I S P R O C E D U R E S 
N O A A 94 R Ol, 02 

J.R. R a y , M . D . A b e l l , W . E . C a r t e r , W . H . D i l l i nge r , M.L . M o r r i s o n , a n d D.S . R o b e r t s o n , 
G e o s c i e n c e s L a b o r a t o r y , N O A A N / O E S 1 3 , S S M C 4 , 1305 E a s t - W e s t H i g h w a y , S i l ve r 
S p r i n g , M a r y l a n d 20910-3281 , U S A . [e -mai l : v j imr ' , ^ m i k e a ' , N bcar te r ' , vbilld*, ^ m i k e m ' , 
a n d v d o u g ' , @ i n t e r n e t n o d e N r a y . g r d l . n o a a . g o v ' ] 

1. In troduc t ion 

E s t i m a t e d v a l u e s for t e r r e s t r i a l s i t e c o o r d i n a t e s a n d ve loc i t i e s , r a d i o s o u r c e 
c o o r d i n a t e s , a n d a t i m e se r i e 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 ( E O P ) v a l u e s h a v e b e e n 
d e t e r m i n e d f r o m a c o m p o s i t e s e t of M a r k III V e r y L o n g B a s e l i n e I n t e r f e r o m e t r y 
(VLBI) d a t a . T h e d a t a s e t s i n c l u d e d w e r e co l l e c t ed u n d e r t h e s p o n s o r s h i p of s e v e r a l 
n a t i o n a l a n d i n t e r n a t i o n a l a g e n c i e s a n d p r o g r a m s w i t h a w i d e v a r i e t y of ob jec t ives . A 
t o t a l of 1,009,298 b a n d w i d t h - s y n t h e s i s g r o u p d e l a y o b s e r v a b l e s a m a s s e d d u r i n g 1609 
o n e - d a y o b s e r v i n g s e s s i o n s b e t w e e n 1980 S e p t e m b e r a n d 1994 M a r c h w e r e c o m b i n e d 
i n a S ingle l e a s t - s q u a r e s a d j u s t m e n t t o o b t a i n a n E O P t i m e s e r i e s ( E O P ( N O A A ) 94 R 
01), c o o r d i n a t e s for 176 r a d i o s o u r c e s ( R S C ( N O A A ) 94 R 01) , a n d g e o c e n t r i c c o o r d i n a t e s 
a n d v e l o c i t i e s for 106 VLBI r e f e r e n c e p o i n t s ( S S C ( N O A A ) 94 R O D . U n l i k e p a s t y e a r s , 
o u r E O P t i m e s e r i e s is n o t p a r t i t i o n e d i n t o t w o d i s t i n c t files s o a s t o e m p h a s i z e t h e 
u n i t a r y n a t u r e of t h e VLBI a n a l y s i s . 

I n a d d i t i o n , a s e p a r a t e se r i e s of q u a s i - d a i l y U T 1 v a l u e s for t h e p e r i o d 1984 
A p r i l - J u n e a n d 1985 A p r i l t o 1994 M a r c h h a s b e e n p r o d u c e d ; E O P ( N O A A ) 94 R 02 
c o n t a i n s r e s u l t s f r o m 2224 s e s s i o n s . T h e s e U T 1 v a l u e s w e r e d e t e r m i n e d f r o m a s p e c i a l 
s e r i e s of I n t e n s i v e ' o b s e r v i n g s e s s i o n s u s i n g o n l y a Single e a s t - w e s t b a s e l i n e for a b o u t 
o n e h o u r e a c h d a y [ R o b e r t s o n et al, 1985] , suff ic ient t o d e t e r m i n e o n l y U T 1 . U s u a l l y , 
t h e W E S T F O R D - W E T T Z E L L b a s e l i n e w a s u s e d for I n t e n s i v e o b s e r v a t i o n s , a l t h o u g h a 
s m a l l n u m b e r of s e s s i o n s h a v e u s e d e i t h e r N R A 0 8 5 - 3 o r M A T E R A . T h e E O P ( N O A A ) 
94 R 02 I n t e n s i v e U T 1 t i m e s e r i e s i s p r o d u c e d s e p a r a t e l y b u t i s o t h e r w i s e fu l l y 
c o n s i s t e n t w i t h t h e U T 1 v a l u e s i n t h e E O P ( N O A A ) 9 4 R 01 s e r i e s f r o m t h e 2 4 - h o u r 
o b s e r v i n g s e s s i o n s . 

T h e m o s t s i g n i f i c a n t c h a n g e s s i n c e o u r S u b m i s s i o n l a s t y e a r [ C a r t e r et al, 

1993] a r e s u m m a r i z e d b e l o w . D e t a i l e d d i s c u s s i o n s of t h e s e i t e m s a r e p r e s e n t e d i n t h e 
f o l l o w i n g s e c t i o n s . 

IERS(1994) Technical Note No 17. 

http://ray.grdl.noaa.gov'
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• T h e t o t a l n u m b e r of VLBI o b s e r v a t i o n s a n a l y z e d h a s i n c r e a s e d a l m o s t 
4 5 % , i n c l u d i n g d a t a f r o m 51 m o r e s i t e s a n d 6 9 n e w r a d i o s o u r c e s . A p a r t f r o m 
i n c l u d i n g n e w o b s e r v a t i o n a l d a t a co l l ec ted d u r i n g 1993 , t h e s ign i f i can t a d d i t i o n a l d a t a 
s o u r c e w a s t h e a s s i m i l a t i o n of 234 s e s s i o n s i n v o l v i n g 37 m o b i l e VLBI s i t e s t h r o u g h o u t 
N . A m e r i c a . I n a d d i t i o n , f i rs t d a t a f r o m t h e f o l l o w i n g n e w faci l i t ies w e r e i n c l u d e d : s ix 
of t h e 2 5 - m V L B A a n t e n n a s ; t h e 14 .2-m a n t e n n a a t F o r t a l e z a (Brazi l ) ; t h e 2 0 - m K o k e e 
a n t e n n a o n K a u a i ( H a w a i i , U S A ) ; t h e 9 -m a n t e n n a a t t h e O ' H i g g i n s B a s e ( A n t a r c t i c a ) ; 
a n d t h e 1 0 - m d i s h a t M i z u s a w a ( Japan) . 

• T h e m o d e l l i n g of t h e e l e v a t i o n a n g l e d e p e n d e n c e of t h e t r o p o s p h e r i c 
p a t h d e l a y h a s b e e n c h a n g e d f r o m t h e CfA-2.2 m o d e l [Dav i s et al, 1985] for t h e " d r y " 
d e l a y p l u s t h e C h a o [1972] m o d e l for t h e "we t" d e l a y t o t h e n e w N M F "d ry" a n d "we t" 
m o d e i s [Nie l l , 1993 a n d i n p r e p a r a t i o n ] . T h e m a i n c o n s e q u e n c e of t h i s c h a n g e is a 
r e d u c t i o n i n t h e s ca l e of t h e N O A A 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 y n e a r l y 3 p a r t s p e r 
b i l l ion ( p p b ) . 

• T h e n o - n e t - r o t a t i o n ( N N R ) v e r s i o n of t h e N U V E L - 1 A g l o b a l p l a t e 
m o t i o n m o d e l [ D e M e t s et al, 1994] h a s b e e n u s e d i n s t e a d of t h e p r e v i o u s N N R -
N U V E L - 1 m o d e l . T h e n e w m o d e l y i e l d s r a t e s t h a t a r e s c a l e d b y t h e f a c t o r 0 .9562 
c o m p a r e d w i t h N U V E L - 1 d u e t o r e c e n t r e c a l i b r a t i o n of t h e g e o m a g n e t i c t i m e sca l e . 
T h i s c h a n g e affects t h e n e t r o t a t i o n a l a n d t r a n s l a t i o n a l v e l o c i t y c o n s t r a i n t s a p p l i e d t o 
t h e VLBI S y s t e m a n d t h e p r o j e c t e d g e o c e n t r i c c o o r d i n a t e s f o r t h o s e s i t e s w i t h 
i n s u f f i c i e n t m e a s u r e m e n t h i s t o r i e s t o p e r m i t d i r e c t v e l o c i t y d e t e r m i n a t i o n s . T h e 
n u m b e r of s i t e s u s e d to spec i fy t h e n e t v e l o c i t y c o n s t r a i n t s h a s b e e n i n c r e a s e d f r o m 9 
t o l O . 

• S e v e n p a i r s o r t r i p l e t s of a d j a c e n t s i t es h a v e b e e n c o n s t r a i n e d t o h a v e t h e 
s a m e v e l o c i t y e s t i m a t e s . I n s t a n c e s of n e a r b y s i t e s w i t h i n d e p e n d e n t l y r o b u s t v e l o c i t y 
d e t e r m i n a t i o n s h a v e n o t b e e n l i n k e d i n th i s w a y . 

• N e w f ixed E O P v a l u e s for t h e r e f e r e n c e e p o c h 1991 A u g u s t 12 19:49:50 (see 

b e l o w ) h a v e b e e n c o m p u t e d b a s e d o n t h e s e r i e s E O P ( I E R S ) 90 C 04 w i t h a p p r o p r i a t e 

c o n s i s t e n c y c o r r e c t i o n s a p p l i e d for t h e l a t e s t r e a l i z a t i o n of t h e I T R F a n d I C R F . T h e 

c h a n g e s i n o u r E O P r e f e r e n c e v a l u e s a r e -0 .1058 m a s , + 0 . 2 7 2 9 m a s , + 0 . 0 7 5 m s , 

- 0 .4155mas , a n d +0.3053 m a s for x , y , U T 1 , y, a n d e, r e s p e c t i v e l y . T h e c o m b i n e d effect 

of all c h a n g e s i n o u r n e w a n a l y s i s p r o c e d u r e s p r o d u c e s to ta l shif ts in o u r c u r r e n t E O P 

s e r i e s of -0 .2068 m a s , +0 .2741 m a s , +0 .076 m s , -0 .3826 m a s , a n d + 0 . 2 6 4 4 m a s , 

r e s p e c t i v e l y . 

• T h e c o n s t r a i n t d e f i n i n g t h e g e o c e n t r i c c o o r d i n a t e o r i g i n of t h e N O A A 
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 h a s b e e n u p d a t e d t o u s e ITRF-92 c o o r d i n a t e s r a t h e r t h a n 
ITRF-91 v a l u e s ; s e e D i l l i nge r et al [1993] for a d e s c r i p t i o n of t h e c o n s t r a i n t a l g o r i t h m . 
T h e s e t of c o n s t r a i n i n g s i t e s h a s b e e n i n c r e a s e d f r o m 16 to 2 0 . C o m p a r e d t o t h e 
p r e v i o u s r e a l i z a t i o n , t h e o r i g i n of ITRF-92 is sh i f t ed b y - 1 . 1 , -1.4, a n d 0.6 c m in X, Y, 
a n d Z , r e s p e c t i v e l y , a n d t h e scale is s m a l l e r b y 1.4 p p b [Bouche r et al, 1993] . 

• T h e c o n s t r a i n t d e f i n i n g t h e r i g h t a s c e n s i o n ( R A ) o r i g i n of t h e N O A A 

ce l e s t i a l r e f e r e n c e f r a m e h a s b e e n u p d a t e d t o u s e I C R F - 9 2 c o o r d i n a t e s r a t h e r t h a n 
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ICRF-91 v a l u e s . I n a d d i t i o n , t h e c o n s t r a i n t a l g o r i t h m [D i l l i nge r et al, 1993] h a s b e e n 
m o d i f i e d s o t h a t i n f o r m i n g t h e s u m of a d j u s t e d R A v a l u e s e a c h c o n t r i b u t o r i s 
w e i g h t e d b y t h e c o s i n e of i t s d e c l i n a t i o n i n o r d e r t o d e - e m p h a s i z e s o u r c e s n e a r t h e 
ce les t i a l p o l e s . T h e se t of c o n s t r a i n i n g r a d i o s o u r c e s h a s b e e n c h a n g e d t o i n c l u d e a l l 
c o m m o n s o u r c e s d e s i g n a t e d a s " p r i m a r y " i n t h e ICRF-92 c a t a l o g t h e r e b y i n c r e a s i n g t h e 
n u m b e r of c o n s t r a i n i n g s o u r c e s f r o m 36 l a s t y e a r t o 7 1 . 

2. S u m m a r y of A n a l y s i s Procedures 

T h e V L B I o b s e r v a t i o n s w e r e a n a l y z e d a t N O A A i n g e n e r a l c o n f o r m a n c e 
w i t h t h e l a t e s t IERS S t a n d a r d s [ M c C a r t h y , 1992] . Be low, t h e specif ic a p p r o a c h e s u s e d i n 
t h e N O A A S o l u t i o n t o i m p l e m e n t t h e s e S t a n d a r d s a r e d e s c r i b e d w i t h e m p h a s i s o n 
a r e a s of d e p a r t u r e a n d o n c h a n g e s f r o m o u r p r e v i o u s S u b m i s s i o n : 

• T h e r i g h t a s c e n s i o n (RA) o r i g i n of t h e N O A A ce les t ia l r e f e r e n c e f r a m e a t 
e p o c h J2000.0 is s p e c i f i e d b y c o n s t r a i n i n g t h e s u m of t h e a d j u s t e d R A v a l u e s for 71 
r a d i o s o u r c e s , e a c h w e i g h t e d b y t h e c o s i n e of i t s d e c l i n a t i o n , t o b e e q u a l t o t h e 
c o r r e s p o n d i n g v a l u e o b t a i n e d f r o m t h e IERS C e l e s t i a l R e f e r e n c e F r a m e ICRF-92 . T h e 
c o n s t r a i n t a l g o r i t h m di f fers f r o m t h a t u s e d l a s t y e a r a n d d e s c r i b e d b y D i l l i n g e r et al 
[1993] b y t h e i n c l u s i o n of t h e c o s i n e ( d e c l i n a t i o n ) w e i g h t i n g . T h e se t of 71 c o n s t r a i n i n g 
s o u r c e s i n c l u d e al l t h o s e d e s i g n a t e d a s v p r i m a r y ' i n t h e I C R F - 9 2 c a t a l o g w h i c h a r e 
c o m m o n t o t h e t w o f r a m e s . P r e v i o u s l y , 36 s o u r c e s , p r e f e r e n t i a l l y b u t n o t n e c e s s a r i l y 
p r i m a r y , w e r e u s e d for t h e R A c o n s t r a i n t . 

• T h e g e o c e n t r i c o r i g i n of t h e N O A A 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 is spec i f i ed 
for t h e e p o c h 1988 .0 b y r e q u i r i n g t h a t t h e v e c t o r s u m of t h e a d j u s t e d S t a t i o n 
c o o r d i n a t e s b e e q u a l t o t h e c o r r e s p o n d i n g s u m for t h e I E R S 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 ITRF-92 for t h e s e t of 20 VLBI s i tes l i s t ed b e l o w : 

W e s t f o r d , M A , U S A * 
R i c h m o n d , FL, U S A * 
A l g o n q u i n P a r k , O n t , C a n a d a * 
G i l m o r e C r e e k , F a i r b a n k s , A K , U S A * 
N R A 0 8 5 - 3 , G r e e n B a n k , W V , U S A * 

P l a t t e v i l l e , C O , U S A * 

M o j a v e , C A , U S A 
O w e n s Va l l ey , C A , U S A 
V a n d e n b e r g , C A , U S A 
O n s a l a , S w e d e n * 
Effelsberg, G e r m a n y * 
W e t t z e l l , G e r m a n y * 
K a s h i m a , J a p a n 
S h a n g h a i , C h i n a 
DSS-65 , M a d r i d , S p a i n 
K a u a i , H I , U S A * 
K w a j a l e i n A t o l l , M a r s h a l l I s l a n d s 
H o b a r t , T a s m a n i a , A u s t r a l i a 

DSS-45 , T i d b i n b i l l a , A u s t r a l i a 
H a r t e b e e s t h o e k , S o u t h Afr ica 
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T h e P i e T o w n ( N M , U S A ) V L B A Station w a s d r o p p e d f r o m t h e l i s t of 
c o n s t r a i n t s i t e s u s e d l a s t y e a r w h i l e EFLSBERG, M O J A V E 1 2 , O V R O _ 1 3 0 , 
V N D N B E R G , a n d K A S H I M A w e r e a d d e d . W e n o t e that t h e o r i g i n o f ITRF-92 is 
sh i f ted b y - 1 . 1 , -1 .4 , a n d 0.6 c m in X, Y, a n d Z relat ive to ITRF-91, w h i c h w a s u s e d for 
o u r or ig in constraint last year , a n d the scale of ITRF-92 is smal ler b y 1.4 p p b [Boucher 
et al, 1993] . 

Because the three -d imens iona l l inear ve loc i ty of each VLBI s i te i s e s t i m a t e d 
i n t h e d a t a a n a l y s i s w h i l e t h e s e c u l a r m o t i o n s of t h e VLBI f r a m e i t se l f are 
i n d e t e r m i n a n t , i t i s n e c e s s a r y to i m p o s e a d d i t i o n a l c o n s t r a i n t s t o d e f i n e t h e 
trans lat ional a n d rotat ional m o t i o n s of the ent ire terrestrial frame. This i s d o n e b y 
requ ir ing t h e vec tor s u m of the translational ve loc i t i e s e s t i m a t e d for a se t of 10 VLBI 
s i tes b e equa l to the c o r r e s p o n d i n g vector s u m obta ined a s s u m i n g Station ve loc i t i e s as 
p r e d i c t e d b y t h e N N R - N U V E L - 1 A g loba l p la te m o t i o n m o d e l [ D e M e t s et al, 1990; 
A r g u s a n d G o r d o n , 1991; D e M e t s et al, 1994] . T h e angular v e l o c i t y of the f rame is 
cons tra ined b y requir ing the vec tor s u m of the rotat ional ve loc i t i e s f o r m e d from the 
cross p r o d u c t s of e a c h s i t e v e l o c i t y w i t h its Earth r a d i u s v e c t o r b e e q u a l to the 
c o r r e s p o n d i n g v e c t o r s u m o b t a i n e d from the N N R - N U V E L - 1 A m o d e l for the s a m e 
set of 10 s i tes . See Di l l inger et al [1993] for detai l s of the constraint e q u a t i o n s . T h e 10 
s i tes u s e d for the v e l o c i t y constra ints are i n d i c a t e d in the l ist a b o v e w i t h asterisks; 
w i t h t h e a d d i t i o n of EFLSBERG, the l ist i s o t h e r w i s e the s a m e as las t year . Th i s 
particular subse t w a s c h o s e n to obtain as large a geographica l ex tent as p o s s i b l e w h i l e 
r e t a i n i n g t h e d o s e s t p o s s i b l e m a t c h to r ig id p l a t e m o d e l m o t i o n s a n d a v o i d i n g 
p e c u l i a r loca l s i te m o t i o n s or r e g i o n s of l a r g e - s c a l e t e c t o n i c d e f o r m a t i o n . N N R -
N U V E L - 1 A is the no -ne t - ro ta t ion v e r s i o n of the N U V E L - 1 A p la t e m o t i o n m o d e l , a 
reca l ibra t ion of t h e p r e v i o u s N U V E L - 1 m o d e l to a c c o u n t for r e v i s i o n s t o the 
g e o m a g n e t i c t i m e sca le ; all a n g u l a r v e l o c i t i e s are 4 .38% s m a l l e r in N U V E L - 1 A 
[DeMets etal, 1994]. 

The v e l o c i t y v a l u e s u s e d to project Station c o o r d i n a t e v a l u e s to arbitrary 
e p o c h s for t h o s e s i tes w i t h brief data s p a n s , u s u a l l y l e s s t h a n ab ou t t w o years , are 
a d o p t e d f r o m t h e N N R - N U V E L - 1 A m o d e l . ( H o w e v e r , v e l o c i t y p a r a m e t e r s are 
adjusted in the data analys i s for all s i tes , i n c l u d i n g t h o s e w i t h brief data spans . ) There 
are 3 4 s i t e s i n S S C ( N O A A ) 94 R 01 w i t h c o o r d i n a t e pro jec t ion d o n e u s i n g m o d e l 
ve loc i t i e s . T h e y are d e n o t e d b y h a v i n g ve loc i ty formal errors e q u a l to zero . In several 
cases , m o r e than o n e reference po int h a s b e e n m e a s u r e d at a g i v e n s i te b u t o n l y o n e 
p o i n t h a s an a d e q u a t e history to permit a robust v e l o c i t y de terminat ion . T h e s e i n c l u d e 
s i tes w i t h c o l l o c a t e d m o b i l e o c c u p a t i o n s adjacent to p e r m a n e n t f ixed VLBI a n t e n n a 
loca t ions , shi f ts in VLBI Operations from o n e p e r m a n e n t a n t e n n a to a n o t h e r nearby , 
a n d d i s c o n t i n u i t i e s d u e to e p i s o d i c ear thquake m o t i o n s . W e h a v e d i s t i n g u i s h e d p o s t -
e a r t h q u a k e s i t e s b y m o d i f y i n g their VLBI Stat ion n a m e s to c h a n g e t h e las t t w o 
characters to *pq'. In all s u c h instances , the VLBI reference p o i n t s are a s s u m e d to h a v e 
ident ica l l o n g - t e r m ve loc i t i e s a n d constraints to th is effect h a v e b e e n a p p l i e d i n the 
ana lys i s . For s i tes affected b y ear thquake m o t i o n s , this a s s u m p t i o n is cons i s t en t w i t h 
the ana lys i s of A r g u s a n d L y z e n g a [1994]. Sites w h o s e v e l o c i t y parameters h a v e b e e n 
l inked in th is m a n n e r are: 
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MOJAVE12 • 
O V R O _ 1 3 0 
K A U A I 
GORF7102 
F O R T O R D 
Y A K A T A G A 
Y E L L O W K N 

MOJ_7288 - MOJAVEpq 
- OVR_7853 
- K O K E E 
- G G A O 7 1 0 8 
- F O R T O R D S - FORTORpq 
- Y A K A T A p q 
- YLOW7296 

Other case s of adjacent VLBI s i tes h a v i n g i n d e p e n d e n t l y robust h i s tor ies for v e l o c i t y 
d e t e r m i n a t i o n s , s u c h as W E S T F O R D a n d H A Y S T A C K , h a v e n o t b e e n s p e c i a l l y 
cons tra ined . 

• In the t rans format ion b e t w e e n the ce lest ia l a n d terrestrial Sys tems , the 
c o n v e n t i o n a l formula t ion has b e e n u s e d except that the true ob l iqu i ty of da te is u s e d 
in the e q u a t i o n of t h e e q u i n o x rather than t h e m e a n o b l i q u i t y of d a t e . G e o d e s i c 
n u t a t i o n i s n o t t a k e n i n t o a c c o u n t . W h i l e t h e e s t i m a t e d n u t a t i o n o f f se t v a l u e s 
r e p o r t e d h e r e are w i t h r e s p e c t to the I A U 1980 m o d e l , the t i m e Variat ion of the 
n u t a t i o n of f se t s b e t w e e n tabular p o i n t s in the EOP a priori f i le u s e d i n o u r data 
a n a l y s i s i s a s s u m e d t o f o l l o w t h e Z M O A - 1 9 9 0 - 2 m o d e l of H e r r i n g [1991] . T h e 
p r o c e d u r e u s e d for the interpolat ion of a priori nuta t ion offset v a l u e s is a n a l o g o u s to 
t h e p r o c e d u r e d e s c r i b e d b e l o w for t ida l v a r i a t i o n s in t h e Earth's ro ta t ion . T h e 
or ientat ion of t h e Sys tems is spec i f i ed b y f ix ing the v a l u e s for the EOP a n d nuta t ion 
offsets to a g r e e w i t h t h o s e in terpo la ted f rom the EOP(IERS) 90 C 04 ser ies for the 
re ference e p o c h 1991 A u g u s t 12 19:49:50. This part icular E O P reference e p o c h w a s 
c h o s e n b e c a u s e t w o large , i n d e p e n d e n t VLBI n e t w o r k s ran s i m u l t a n e o u s l y that day: 
IRIS-A701 u s e d M o j a v e ( G o l d s t o n e , C A , U S A ) , R i c h m o n d (FL, U S A ) , W e s t f o r d ( M A , 
U S A ) , a n d W e t t z e l l ( G e r m a n y ) w h i l e P o l a r - N 2 u s e d Gi lcreek (Fairbanks, AK, U S A ) , 
DSS-13 ( G o l d s t o n e , C A , U S A ) , H a y s t a c k (West ford, M A , U S A ) , K a s h i m a (Japan), a n d 
O n s a l a ( S w e d e n ) a n d toge ther the t w o s e s s i o n s p r o d u c e d 2062 u s a b l e o b s e r v a t i o n s . 
T h e E O P v a l u e s for t h e r e f e r e n c e e p o c h w e r e c o m p u t e d i n a t w o - s t e p p r o c e s s 
s o m e w h a t c h a n g e d f rom last year: first, l inear in terpo la t ion w a s p e r f o r m e d b e t w e e n 
tabu la ted v a l u e s in t h e ser ies EOP(IERS) 90 C 04 for 1991 A u g u s t 12 a n d 13 (after 
correct ing for the offsets a n d drift rates reported b y the IERS to g i v e cons i s t ency w i t h 
the ITRF-92 a n d ICRF-92 frames [IERS, 1993]); then , contr ibut ions d u e to d iurnal a n d 
semi -d iurna l var iat ions of polar m o t i o n x, y , a n d UT1 w e r e a d d e d b a s e d o n the m o d e l 
of H e r r i n g [ 1 9 9 3 ] . T h e v a l u e s s o d e t e r m i n e d for t h e r e f e r e n c e e p o c h (MJD 
48480.8262731479) are g i v e n in Table 1. A l s o s h o w n in Table 1 are the EOP reference 
v a l u e s u s e d in o u r a n a l y s i s last year a n d the c h a n g e for e a c h c o m p o n e n t . T h e s e are 
c o m p a r e d w i t h the c h a n g e s i n the IERS System itself d u e to different rea l izat ions of 
the terrestrial a n d ce les t ia l re ference f rames i n 1991 a n d 1992; s e e t h e r i g h t m o s t 
c o l u m n . 
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Table 1. F ixed EOP v a l u e s for reference e p o c h 1991 A u g u s t 12 19:49:50 

EOP 

x = 

= 

y -

= 

UTl = 

_ 

psi = 

eps = 

value 
this year 

136.4637 [IERS] 
-.0616 [d/sd] 

136.4021 mas 

554.4026 [IERS] 
-.4195 [d/sd] 

553.9831 mas 

171.218 [IERS] 
+.021 [d/sd] 

171.239 ms 

-17.1806 mas 

-4.4022 mas 

value 
last year 

136.5079 mas 

553.7102 mas 

171.164 ms 

-16.7651 mas 

-4.7075 mas 

-0 

+0, 

+0. 

-0, 

+0, 

change 

.1058 mas 

.2729 mas 

.075 ms 

.4155 mas 

.3053 mas 

IERS change 

-0.3252 mas 

+0.2000 mas 

+0.0534 ms 

-0.4000 mas 

+0.3000 mas 

N o t e : [IERS] refers to v a l u e s i n t e r p o l a t e d l inear ly f r o m EOP(IERS) 90 C 04 after 
correct ing for a n n u a l of f se ts a n d drift rates n e e d e d to a c h i e v e c o n s i s t e n c y w i t h the 
ITRF-92 a n d ICRF-92 frames; [ d / s d ] refers to the diurnal a n d semi -d iurna l correct ions 
from the m o d e l of Herr ing [1993]. 

• So l id Earth t ide d i s p l a c e m e n t s are a c c o u n t e d for u s i n g the r e c o m m e n d e d 
correc t ion t o t h e K l t e r m w i t h o u t a n y correc t ion to r e m o v e t h e z e r o - f r e q u e n c y 
"permanent tide" d i sp lacement . Va lues for the L o v e n u m b e r h 2 a n d Sh ida n u m b e r 12 
are 0 .60967 a n d 0.0850, respec t ive ly , rather than the IERS S tandards (1992) v a l u e s of 
0 .6090 a n d 0.0852. Rotat iona l d e f o r m a t i o n d u e to po lar m o t i o n , "pole tide", i s a l s o 
i n c l u d e d . 

• Radial a n d tangent ia l d i s p l a c e m e n t s d u e to o c e a n l o a d i n g are i n c l u d e d but 
a t m o s p h e r i c l o a d i n g e f fects are not . N o a d j u s t m e n t s w e r e m a d e to a c c o u n t for 
internal d e f o r m a t i o n s of the VLBI a n t e n n a s tructures . Cal ibrat ion da ta c o l l e c t e d at 
each o b s e r v i n g s i te h a v e b e e n a p p l i e d to correct for var iat ions in the electrical l e n g t h 
of the cables b e t w e e n the radio receivers a n d the data acquis i t ion Systems. 

• Tidal var ia t ions i n the Earth's rotat ion are taken in to a c c o u n t in f o r m i n g 
a priori v a l u e s for the EOPs in the VLBI data ana lys i s . S ince an offset a d j u s t m e n t to 
e a c h E O P is m a d e for e a c h 24-hour o b s e r v i n g se s s ion , the results are m o s t s ens i t i ve to 
t h o s e t idal variat ions w i t h per iods shorter than about o n e day . The p r o c e d u r e u s e d to 
form a priori EOP v a l u e s at each VLBI Observation e p o c h is u n c h a n g e d f rom last year 
a n d cons i s t s of the f o l l o w i n g Steps: 1) tabulated EOP v a l u e s are taken from a p r e v i o u s 
N O A A Solut ion for the set of all IRIS-A, N A V N E T , a n d N E O S - A o b s e r v i n g s e s s i o n s ; 
2) k n o w n t idal contr ibut ions b a s e d o n m o d e i s descr ibed b e l o w are r e m o v e d ; 3) a cubic 
s p l i n e i n t e r p o l a t i o n i s p e r f o r m e d o n the t ida l ly corrected E O P v a l u e s f r o m the f ive 
nearest tabular e p o c h s ; 4) m o d e l t idal contr ibut ions are restored. The m o d e i s u s e d for 
the t idal contr ibut ions are: 1) U T 1 S tidal terms, i n c l u d i n g p e r i o d s b e t w e e n 5.64 d a y s 
a n d 18.6 y e a r s w i t h correct ions d u e to o c e a n i c t ides ( see IERS Standards , McCarthy , 
1992); 2) d iurnal a n d semi -d iurna l variat ions of x,y, a n d U T l d e r i v e d b y Herr ing [1993] 
b a s e d o n a n a l y s i s of 8.5 years of VLBI data. To m i n i m i z e the effects of u n m o d e l l e d 
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Earth or i en ta t ion var ia t ions , the VLBI a d j u s t m e n t s of E O P v a l u e s are m a d e at the 
w e i g h t e d m i d - p o i n t e p o c h of each o b s e r v i n g ses s ion . 

• T r o p o s p h e r i c refraction in the local z e n i t h d irec t ion c a u s e d b y the "dry" 
(hydrostat ic) a n d "wet" (water vapor) c o m p o n e n t s of the neutral a t m o s p h e r e h a s b e e n 
m o d e l l e d a priori accord ing to Saas tamoinen [1972] u s i n g surface m e t e o r o l o g i c a l data 
(pressure , t empera ture , h u m i d i t y ) taken at each VLBI Station d u r i n g e a c h o b s e r v i n g 
se s s ion . T h e z e n i t h d e l a y s are m a p p e d to l ine-of -s ight e l e v a t i o n s w i t h the N M F dry 
a n d w e t m o d e i s [ N i e l l , 1993 a n d i n p r e p a r a t i o n ] . R e s i d u a l a t m o s p h e r i c d e l a y , 
p r e s u m a b l y d u e to the w e t t roposphere , is treated b y adjusted parameters ( see b e l o w ) 
u s i n g the N M F w e t e l e v a t i o n m a p p i n g funct ion . The n e w N M F m a p p i n g funct ions 
per form c o m p a r a b l y to the M T T m a p p i n g funct ions of Herr ing [1992] . H o w e v e r , the 
b ias in t h e hydros ta t i c m a p p i n g is s ignif icantly smal ler [Niel l , pr ivate c o m m u n i c a t i o n ] 
w h i c h s h o u l d m i n i m i z e potent ia l scale errors in the terrestrial a n d celest ial reference 
Sys tems . In a d d i t i o n , b e c a u s e the N M F funct ions d o not re ly o n surface m e t data , 
t h o s e VLBI s e s s i o n s w h i c h lack m e t data can be c o m b i n e d w i t h other s e s s i o n s w i t h 
less risk of b iases d u e to i n h o m o g e n e t i e s . This year's c h a n g e in tropospher ic m a p p i n g 
func t ions , b y itself, c a u s e s a r e d u c t i o n in the N O A A terrestrial re ference frame of 
a b o u t 2.7 p p b . T h e d i s p e r s i v e p o r t i o n of the a t m o s p h e r i c refract ion d u e to t h e 
i o n o s p h e r e is e l i m i n a t e d b y the u s e of s i m u l t a n e o u s dua l - f requency (X- a n d S-band) 
o b s e r v a t i o n s . 

• S h a p i r o ' s f o r m u l a t i o n for t h e g e n e r a l r e l a t i v i s t i c e f f ec t s of s i g n a l 
p r o p a g a t i o n is u s e d ( see the p r e v i o u s ed i t i on of the IERS Standards , McCarthy , 1989) 
rather than the n e w e r m o d e l r e c o m m e n d e d in the 1992 ed i t ion . W e e x p e c t Shapiro's 
a lgor i thm to agree w i t h i n a f e w p i c o s e c o n d s (about 1 m m or better) w i t h the n e w e r 
a l g o r i t h m . 

The füll set of g r o u p d e l a y observat ions w a s p r o c e s s e d at the N O A A VLBI 
A n a l y s i s C e n t e r in Si lver Spr ing ( M D , U S A ) u s i n g the C A L C - 7 . 6 p r o g r a m (see the 
a p p e n d i x in Capret te et al, 1990) to c o m p u t e the theoret ical d e l a y s a n d their partial 
der iva t ive s , a n d u s i n g the SOLVE-3 p r o g r a m [Di l l inger a n d Rober t son , 1986] for the 
l eas t - squares p a r a m e t e r adjus tment . A Single l eas t - squares Solut ion w a s p e r f o r m e d 
u s i n g s p a r s e - m a t r i x h a n d l i n g t e c h n i q u e s [ D i l l i n g e r a n d R o b e r t s o n , 1 9 8 6 ] a n d 
cons tra int a l g o r i t h m s [Fal lon a n d Di l l inger , 1992; D i l l inger et al, 1993] . D e l a y rate 
o b s e r v a t i o n s are no t i n c l u d e d , nor a n y o b s e r v a t i o n s w i t h an e l e v a t i o n a n g l e l o w e r 
than 5 d e g r e e s . The Solut ion w a s d o n e w i t h a forward p a s s to r e d u c e a n d c o m b i n e all 
the data to d e t e r m i n e v a l u e s for the "global" parameters ( those v a l u e s are affected b y 
all o b s e r v i n g s e s s i o n s ) f o l l o w e d b y a separate s t ep to d e t e r m i n e the "are" parameters 
( those a f fec ted o n l y b y data f rom an i n d i v i d u a l o b s e r v i n g s e s s i o n ) . T h e geocentr ic 
c o o r d i n a t e s a n d t h r e e - d i m e n s i o n a l l inear ve loc i t i e s of t h e s ta t ions a n d the J2000.0 
celestial coord inates of the radio sources are d e t e r m i n e d g lobal ly . The o n l y constraints 
app l i ed in the e s t imat ion of the g lobal parameters are those descr ibed a b o v e to r e m o v e 
inherent s ingular i t ies a s soc ia ted w i t h the right a s c e n s i o n or ig in of the celest ial frame, 
the g e o c e n t r i c c o o r d i n a t e o r i g i n of the terrestrial f rame, a n d the trans lat ional a n d 
ro ta t iona l v e l o c i t i e s of t h e terrestrial f rame. T h e s i t e c o o r d i n a t e p a r a m e t e r s are 
adjus ted at the w e i g h t e d m e a n Observat ion e p o c h for e a c h s i te , rather t h a n at an 
arbitrary e p o c h , in order to r e m o v e s ingular i t ies that can arise w h e n s i m u l t a n e o u s l y 
a d j u s t i n g c o o r d i n a t e s a n d v e l o c i t i e s for t h o s e s i t e s w i t h brief d a t a s p a n s . S i t e 
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c o o r d i n a t e v a l u e s are p r o d u c e d for arbitrary c o m m o n e p o c h s b y projec t ion of the 
m e a n - e p o c h c o o r d i n a t e s u s i n g t h e e s t i m a t e d v e l o c i t y v a l u e s . E p o c h projec t ion of 
Stat ion c o o r d i n a t e s for t h o s e w i t h brief data s p a n s is d o n e w i t h N N R - N U V E L - 1 A 
ve loc i t i e s rather than w i t h the e s t imated ve loc i ty va lues . The s i te coord ina te s refer to 
t h e intersect ion of the p o i n t i n g axes of the f ixed antennas ( d e s i g n a t e d b y a four-dig i t 
n u m b e r a n d c a t a l o g e d b y the N A S A Space G e o d e s y Program) or to reference g r o u n d 
m o n u m e n t s i n the case of s i tes o c c u p i e d b y m o b i l e VLBI Systems. 

A r e p a r a m e t e r s are u s e d t o m o d e l b o t h n u i s a n c e e f fec t s ( c lock a n d 
a t m o s p h e r i c d e l a y s ) a n d the impor tant EOP var iat ions (x a n d y p o l e p o s i t i o n , U T l , 
o f f se ts i n n u t a t i o n o b l i q u i t y a n d l o n g i t u d e ) . T i m e var ia t ions i n t h e Stat ion c lock 
di f ferences are treated b y e s t imat ing coeff ic ients of p o l y n o m i a l s , u s u a l l y o n e or t w o 
s e c o n d - o r d e r p o l y n o m i a l Segments per d a y per Station. Res idua l ("wet") a t m o s p h e r i c 
d e l a y s are treated b y es t imat ing the v a l u e s of a p i e c e - w i s e l inear, c o n t i n u o u s funct ion 
at break-po int s se t e v e r y h o u r for e a c h Station of e a c h o b s e r v i n g s e s s i o n . A w e a k 
constraint i s a p p l i e d to t h e Variation of the a t m o s p h e r e p a r a m e t e r s b e t w e e n break-
po in t s ; s e e D i l l inger et al. [1993] . O n e offset parameter is a d j u s t e d for e a c h Earth 
or ientat ion c o m p o n e n t per o b s e r v i n g se s s ion . The E O P adjus tment s are c o m p u t e d at 
t h e w e i g h t e d m e a n Observat ion e p o c h of e a c h o b s e r v i n g s e s s i o n to m i n i m i z e 
u n m o d e l l e d e f fects in t h e a pr ior i E O P v a r i a t i o n s . S o m e o b s e r v i n g s e s s i o n s are 
geometr ica l ly l imi ted to s u c h an ex tent that the e s t i m a t i o n of all EOP c o m p o n e n t s is 
Singular or nearly so . These s e s s ions inc lude s ing le -base l ine data sets (Hartebeesthoek-
Hobart) and re lat ive ly smal l n e t w o r k s , u s u a l l y i n v o l v i n g a m o b i l e VLBI S y s t e m in a 
regional o b s e r v i n g p r o g r a m . For t h e s e cases ( total l ing 183 s e s s i o n s of w h i c h 143 are 
from the n e w l y a d d e d N . A m e r i c a m o b i l e VLBI c a m p a i g n s ) , w e a k a priori constraints 
are a p p l i e d ( see Di l l inger et al, 1993). T h e constra ints u s e EOP v a l u e s i n t e r p o l a t e d 
from the tabulated a priori EOP ser ies w i t h w e i g h t s e q u a l to 50 t i m e s the a priori 
w e i g h t b a s e d o n l inear interpolat ion of the formal uncerta int ies of the tabulated EOP 
va lues . The effect of this constraint is that the formal uncerta int ies of e s t i m a t e d EOP 
v a l u e s are n e v e r larger than about 3 m a s s ince about 1985 w h e n regulär , h igh-qua l i ty 
VLBI determinat ions of EOP v a l u e s b e c a m e rout ine . 

The füll So lut ion i n c l u d e d 1,009,298 g r o u p d e l a y o b s e r v a t i o n s a n d 166,225 
constraint equat ions to adjust a total of 221,488 parameters . 

The Standard errors q u o t e d here are strictly the formal v a l u e s ob ta ined from 
t h e parameter a d j u s t m e n t s b y the p r o p a g a t i o n of the formal o b s e r v a t i o n a l n o i s e 
toge ther w i t h an a d d e d contr ibut ion ca lcu la ted for e a c h b a s e l i n e of e a c h o b s e r v i n g 
s e s s i o n to g i v e a normal i zed postfit res idual of uni ty . These Standard errors s h o u l d b e 
u n d e r s t o o d as l o w e r l imits o n the actual uncerta inty of the d e t e r m i n a t i o n s , the l imit 
that w o u l d b e attained in the absence of u n m o d e l l e d sys temat i c errors. C o m p a r i s o n of 
VLBI Stat ion c o o r d i n a t e s w i t h 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 u s i n g s a t e l l i t e laser 
r a n g i n g (SLR) indicates that the formal Standard errors are p r o b a b l y o p t i m i s t i c b y a 
factor of about t w o [Ray et al, 1991]. 

T h e I n t e n s i v e U T l observa t ions u s e a Single e a s t - w e s t b a s e l i n e , g e n e r a l l y 
f r o m W e t t z e l l ( G e r m a n y ) t o W e s t f o r d ( M A , U S A ) . T h r o u g h l a t e 1 9 9 1 , e i g h t 
o b s e r v a t i o n s w e r e m a d e of four different s o u r c e s w i t h i n e a c h o n e - h o u r o b s e r v i n g 
s e s s i o n c o n d u e t e d s ix d a y s per w e e k . S ince that t i m e , the o b s e r v i n g m o d e h a s b e e n 
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u p g r a d e d to p e r m i t t w i c e a s m a n y o b s e r v a t i o n s i n e a c h o n e - h o u r s e s s i o n . F o r br ief 
p e r i o d s , t h e Matera (Italy) S t a t ion h a s s u b s t i t u t e d for W e t t z e l l a n d t h e N R A 0 8 5 - 3 
a n t e n n a (at G r e e n Bank, W V , U S A ) for W e s t f o r d . B e g i n n i n g 1994 F e b r u a r y 24 , 
I n t e n s i v e s Operat ions w e r e m o v e d f r o m W e s t f o r d t o N R A 0 8 5 - 3 p e r m a n e n t l y . The 
o b s e r v a t i o n s are a n a l y z e d i n a S o l u t i o n u s i n g t h e t e r r e s t r i a l a n d ce l e s t i a l r e f e r e n c e 
f r a m e s a n d E O P v a l u e s e s t a b l i s h e d b y t h e 2 4 - h o u r s e s s i o n s d e s c r i b e d a b o v e . O n l y a 
U T l offse t , a c lock offset , a n d a c lock r a t e p a r a m e t e r a r e a d j u s t e d for e a c h I n t e n s i v e 
s e s s i o n . 

3. D i s c u s s i o n of R e s u l t s 

3.1 Ce l e s t i a l R e f e r e n c e F r a m e : 

T h e c u r r e n t N O A A celes t ia l r e f e rence f r a m e c o n s i s t s of 176 r a d i o s o u r c e s , a n 
i n c r e a s e of 69 s o u r c e s o v e r l a s t y e a r . Of t h e s e s o u r c e s , 71 a r e d e s i g n a t e d " p r i m a r y " i n 
t h e IERS Ce le s t i a l R e f e r e n c e F r a m e ICRF-92 . T h e r i g h t a s c e n s i o n o r i g i n of t h e N O A A 
f r a m e is d e f i n e d b y a c o n s t r a i n t t o m a t c h ICRF-92 for t h e s u b s e t of 71 p r i m a r y s o u r c e s 
( see d i s c u s s i o n a b o v e ) . By d i s t r i b u t i n g t h e o r i g i n c o n s t r a i n t o v e r a s m a n y d i f f e r en t 
s o u r c e s a s p o s s i b l e , i t i s e x p e c t e d t h a t s y s t e m a t i c e r r o r s a s s o c i a t e d w i t h i n d i v i d u a l 
ob j ec t s , s u c h a s t i m e - v a r y i n g b r i g h t n e s s s t r u c t u r e s a n d v a r i a t i o n s i n t h e h i s t o r y of 
VLBI o b s e r v i n g , w i l l b e s ign i f i can t ly r e d u c e d a f fo rd ing e n h a n c e d l o n g - t e r m s tab i l i ty of 
t h e S y s t e m . I t i s e x p e c t e d t h a t a n y n o n - r o t a t i o n a l d e f o r m a t i o n s in o u r f r a m e [IERS, 
1993] , t o t h e e x t e n t t h a t t h e y m a y b e c a u s e d b y b i a s e s i n t h e m o d e l l i n g of t r o p o s p h e r i c 
r e f r ac t i on , w i l l b e r e d u c e d in t h i s y e a r ' s S u b m i s s i o n d u e t o t h e i m p l e m e n t a t i o n of t h e 
N M F m a p p i n g f u n c t i o n (see p r e v i o u s d i s c u s s i o n ) . 

T h e m e a n (or w e i g h t e d m e a n ) a n d r o o t - m e a n - s q u a r e d ( r m s o r w e i g h t e d 
r m s ) d i f f e r ences b e t w e e n o u r R S C ( N O A A ) 94 R Ol ce les t ia l f r a m e a n d t h e I C R F - 9 2 a r e 
s h o w n in T a b l e 2 for t h e se t of 71 p r i m a r y s o u r c e s i n c o m m o n , for a l l s o u r c e s i n 
c o m m o n , a n d for a l l s o u r c e s i n c o m m o n e x c e p t t h r e e . F o r t h e l a t t e r t w o s e t s , t h e 
r e p o r t e d f o r m a l u n c e r t a i n t i e s for b o t h c a t a l o g s h a v e b e e n u s e d t o c o m p u t e w e i g h t e d 
m e a n a n d w e i g h t e d r m s ( a b o u t t h e m e a n ) v a l u e s . I n all c a se s t h e m e a n d i f f e r ences a r e 
q u i t e s m a l l . T h e s c a t t e r s a r e a l s o s m a l l a n d c o n s i s t e n t w i t h t h e q u o t e d f o r m a l 
u n c e r t a i n t i e s e x c e p t for t h e R A sca t t e r of t h e füll s o u r c e se t . T h i s d i s c r e p a n c y is c a u s e d 
b y a v e r y p o o r R A v a l u e for 0733-174, w h i c h w a s r e c e n t l y c o r r e c t e d b y n e a r l y 800 m a s 
[ E u b a n k s , p r i v a t e c o m m u n i c a t i o n ] . E x c l u d i n g t h i s s o u r c e , 0 3 1 6 + 4 1 3 ( 3 C 8 4 ) , a n d 
1947+079 f r o m t h e s t a t i s t i c s g i v e s s ca t t e r r e s u l t s r o u g h l y c o n s i s t e n t w i t h t h e r e p o r t e d 
f o r m a l u n c e r t a i n t i e s ; r e d u c e d c h i - s q u a r e d v a l u e s a r e 1.15 a n d 1.37 for t h e R A a n d 
d e c l i n a t i o n d i f f e r ences , r e s p e c t i v e l y . 

T h e r e a r e 11 s o u r c e s b e i n g s u b m i t t e d i n R S C ( N O A A ) 9 4 R 0 1 w h i c h a r e n o t 

c o n t a i n e d i n t h e I C R F - 9 2 c a t a l o g : 0010+405 , 0108+388 , 1053+704 , 1128-047, 1 3 0 7 + 1 2 1 , 

1 4 0 9 + 2 1 8 , 1 4 1 7 + 2 7 3 , 1 4 2 0 + 3 2 6 , 1 4 2 4 + 2 4 0 , 1432+200, a n d 1433+304. D a t a for a l l t h e s e a r e 

s p a r s e , i n o n e c a s e r e l y i n g o n o n l y f o u r o b s e r v a t i o n s . 
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Table 2. Di f ferences b e t w e e n R S C ( N O A A ) 94 R Ol a n d ICRF-92 

RA 
(mas) 

71 "primary" sources in common: 
mean -0.018 
rms 0.351 

all 165 sources in common: 

weighted rms 2.538 

162 sources in common: * 
weighted mean -0.023 
weighted rms 0.205 

RA * cos(dec) 
(mas) 

- 0.000 
0.241 

2.038 

-0.026 
0.163 

dec 
(mas) 

-0.007 
0.299 

0.341 

-0.010 
0.229 

* E x c l u d i n g 0316+413 (3C84), 0733-174, and 1947+079; see text. The m e a n difference in 
RA*cos(dec) i s constra ined to be zero for the 71 primary sources . 

3 .2 Terrestrial Reference Frame: 

T h e m o t i v a t i o n a n d p r o c e d u r e for de f in ing t h e c o o r d i n a t e o r i g i n of the 
N O A A terrestrial reference frame w e r e d i scussed in last year's report b y Carter et al. 
[1993] . T h e N O A A site p o s i t i o n s are adjusted s o that the or ig in m a t c h e s the IERS 
Terrestrial Reference Frame, ITRF-92, for a subset of 20 o u t of the füll set of 106 VLBI 
s i tes . C o n n e c t i o n of each VLBI station's pos i t ion to the or ig in constraint is i m p r o v e d 
b y d i s tr ibut ing the constraint o v e r as large a n e t w o r k as poss ib l e . U n l i k e the celest ial 
R A constraint , h o w e v e r , the real izat ion of the terrestrial or ig in constraint i s s e v e r e l y 
l i m i t e d b y the ava i lab le g e o g r a p h i c d is tr ibut ion of VLBI s i tes . A r o u g h l y u n i f o r m , 
g loba l d i s tr ibut ion of constraint s i tes w o u l d be preferred but the actual d i s tr ibut ion , 
e s p e c i a l l y for s i tes w i t h l e n g t h y o b s e r v i n g his tor ies , is h i g h l y restr icted. W i t h t h e s e 
c o n s i d e r a t i o n s in m i n d w e h a v e a d d e d five s i tes to the or ig in constra int this year: 
EFLSBERG, M O J A V E 1 2 , O V R O _ 1 3 0 , V N D N B E R G , a n d K A S H I M A . E v e n t h o u g h 
EFLSBERG i s i n c l u d e d i n o n l y s ix observ ing s e s s i o n s , its h i s tory s p a n s m o r e than 13 
y e a r s w h i c h y i e l d s v e r y prec i se pos i t ion and ve loc i ty de terminat ions . The other n e w 
o r i g i n c o n s t r a i n t s i t e s l i e in d e f o r m a t i o n z o n e s near p l a t e b o u n d a r i e s a n d w e r e 
e x c l u d e d for th is r e a s o n last year . H o w e v e r , b e c a u s e ITRF-92 c o m b i n e s p o s i t i o n 
d e t e r m i n a t i o n s w h e r e i n n o n - p l a t e m o t i o n s are accounted for, this restrict ion d o e s no t 
a p p e a r n e c e s s a r y . M e a n w h i l e , the PIETOWN VLBA site has b e e n d r o p p e d from our 
or ig in constra int b e c a u s e its a n o m a l o u s m e a s u r e d m o t i o n last year (-22.4 m m per year 
i n the local vert ical d irect ion) cast d o u b t o n the rel iabil ity of c o o r d i n a t e project ion to 
e p o c h 1988.0. 

T a b l e 3 p r e s e n t s the c o o r d i n a t e transformat ion p a r a m e t e r v a l u e s re lat ing 
t h e N O A A terrestrial re ference f rame to ITRF-92 for the 20 s i tes u s e d in t h e or ig in 
constraint . T h e larges t v a l u e is the rotat ion about the X-axis w h i c h c o r r e s p o n d s to a 
shift o f a b o u t 17.7 m m at the Earth's surface. T h e larges t c o n t r i b u t i o n t o the r m s 
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res idual c o m e s from Hobart w i t h differences of - 2 9 . 1 , 1 3 . 9 , a n d -2.6 m m in X, Y, a n d Z, 
r e s p e c t i v e l y . T h e n e x t l a r g e s t r e s i d u a l s are d u e t o D S S 6 5 ( M a d r i d ) a n d DSS45 
(Tidbinbilla) at l e s s than half that level . It appears l ikely that the Hobart d i screpancy is 
c a u s e d b y a s ign i f i cant c h a n g e in i ts m e a s u r e d v e l o c i t y s i n c e last year ( s e e b e l o w ) 
c o u p l e d w i t h a re lat ive ly large t i m e offset of 4.1 years b e t w e e n the 1988.0 coord inate 
reference e p o c h a n d the m e a n e p o c h of Hobart data. 

Table 3 . C o o r d i n a t e transformat ion from ITRF-92 to S S C ( N O A A ) 9 4 R 0 1 * 

Transformation parameter value error 

Rot. about X 
Rot. about Y 
Rot. about Z 
X translation 
Y translation 
Z translation 
scale difference 

3-D rms residual 

0.573 
0.054 
0.078 
-1.0 
8.3 
2.1 
0.3 

10.6 

mas 
mas 
mas 
mm 
mm 
mm 
ppb 

mm 

0 
0 
0 

.069 

.068 

.064 
1.7 
1.8 
1.7 
0.3 

mas 
mas 
mas 
mm 
mm 
mm 
ppb 

For the 20 VLBI sites def in ing the or ig in of the coordinate System, equa l ly w e i g h t e d . 

T h e overa l l translat ional a n d rotat ional ve loc i t i e s of the N O A A terrestrial 
reference frame are spec i f ied t h r o u g h a set of constraints s imilar to the specif icat ion of 
the coord inate or ig in except that o n l y 10 VLBI s i tes are u s e d in the ve loc i ty constraints 
a n d the de f in ing m o t i o n s are a d o p t e d from the N N R - N U V E L - 1 A g lobal p la te m o t i o n 
m o d e l . T h e r e are t w o i m p o r t a n t d i s t inc t ions in the app l i ca t ion of t h e s e constra ints 
c o m p a r e d w i t h t h e ce les t ia l a n d terrestrial c o o r d i n a t e o r i g i n cons tra in t s : 1) The 
e s t i m a t e d s i te v e l o c i t y v a l u e s are u n a v o i d a b l y c o u p l e d to t h e secular drifts i n the 
Earth o r i e n t a t i o n p a r a m e t e r s (EOPs) w h i c h p r o d u c e s a smal l , b u t s ign i f i cant n o n ­
linear d e p e n d e n c e o n the a priori EOP series u s e d in the data analys i s . If the a priori 
EOP t i m e ser ies i s n o t a l ready cons i s tent w i t h the reference f rames , i terat ion of the 
Solution is required to p r o d u c e a ful ly self-consistent , s table Solution. 2) T h e external a 
priori In format ion u s e d i n the f rame v e l o c i t y cons tra in t s — the N N R - N U V E L - 1 A 
m o d e l for r ig id p late m o t i o n s [DeMets et al, 1990; A r g u s a n d G o r d o n , 1991; D e M e t s et 
al, 1994] - is an i d e a l i z e d representat ion of re lat ive terrestrial m o t i o n s that is total ly 
i n d e p e n d e n t of VLBI resul ts . O n the other h a n d , the ICRF-92 a n d ITRF-92 coordinate 
v a l u e s u s e d in the or ig in constraints are c o m b i n a t i o n s w h i c h i n c l u d e p r e v i o u s VLBI 
results . T h u s , the m a t c h of the observat ional results to the constraint is u n l i k e l y to be 
as c lose for ve loc i t ies . 

T h e s e d i s t i n c t i o n s m a k e the a n a l y s i s resu l t s s o m e w h a t m o r e s e n s i t i v e to 
the se l ec t ion of VLBI s i tes u s e d for the ve loc i ty constraints than is true for the or ig in 
constraints . In genera l , o n e set of ve loc i ty constraint s i tes w i l l p r o d u c e a f rame w i t h 
s igni f icant ly different translat ional a n d rotational rates c o m p a r e d w i t h a di f ferent set 
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of constraint s i tes . The resul t ing secular rates for the EOPs wi l l a l so differ ( typical ly , b y 
0.100-0.200 m a s / y r ) . W h i l e the specification of these rates is arbitrary, s o m e choices are 
preferred for practical reasons . For o n e , the N O A A frames are i n t e n d e d to m a t c h the 
IERS frames a s d o s e l y as poss ib le , partly to better ma in ta in l o n g - t e r m stabil i ty . A l s o , 
s i n c e t h e coord ina te s for s i tes w i t h brief VLBI occupat ions are projected in t i m e u s i n g 
N N R - N U V E L - 1 A m o d e l ve loc i t i es , w e prefer to m a t c h the p la te m o t i o n s m o s t c lo se ly 
o v e r t h o s e por t ions of the Earth's surface w h e r e these s i tes are concentrated , pr imari ly 
N . A m e r i c a a n d Europe . ( H o w e v e r , for the s a m e reason , c o o r d i n a t e v a l u e s for s i tes 
projec ted to a n e p o c h far from the Observation e p o c h s h o u l d b e r e g a r d e d w i t h s o m e 
c a u t i o n , par t i cu lar ly s i n c e the project ion is d o n e a s s u m i n g n o u n c e r t a i n t y i n the 
v e l o c i t y va lues . ) Empirical ly w e h a v e f o u n d that these object ives are reasonab ly w e l l 
sa t i s f ied b y o u r c h o i c e of 10 ve loc i ty constraint s i tes w i t h s ix in N . A m e r i c a , three in 
Europe , a n d o n e in H a w a i i . EFLSBERG w a s a d d e d to the set of n ine ve loc i ty constraint 
s i t e s u s e d last year . The r m s ve loc i ty res iduals for the 10 constraint s i tes re lat ive to 
N N R - N U V E L - 1 A m o t i o n s are 1.7 m m / y r in the hor izonta l p l a n e a n d 2.1 m m / y r in 
t h e vert ical d irect ion. 

Table 4 s h o w s the m e a s u r e d topocentric ve loc i t i e s for 40 VLBI s i tes h a v i n g 
suf f ic ient ly l o n g data s p a n s , relative to the ve loc i t ies p r e d i c t e d b y the N N R - N U V E L -
1 A p la te m o t i o n m o d e l . (For those sites w i t h l i n k e d ve loc i ty e s t i m a t e s , o n l y o n e s ite 
n a m e i s l i s t e d in Table 4.) There are, in a d d i t i o n , 23 m o b i l e s i t e s in w e s t e r n N . 
A m e r i c a w h o s e m o t i o n s are no t s h o w n in Table 4. Resu l t s for t h e s e s i tes , w h i c h l ie 
m o s t l y in t e c t o n i c a l l y d e f o r m i n g r e g i o n s a n d w h i c h are g e n e r a l l y n o t a s w e l l 
d e t e r m i n e d , e s p e c i a l l y in the vertical , h a v e recent ly b e e n r e v i e w e d b y G o r d o n et al. 
[1993]. A l s o ind ica ted in Table 4 are the sites u s e d for the coord inate or ig in constraint 
a n d for the frame ve loc i ty constraints. 

In the f ive cases in Table 4 of t w o or m o r e i n d e p e n d e n t s i tes located w i t h i n a 
f e w k i l o m e t e r s of o n e another , indenta t ion of the s i te n a m e s i s u s e d to d e n o t e the 
g r o u p i n g s . These results can b e u s e d as a g a u g e of the leve l of sys temat ic ve loc i ty error 
that m a y be present . The m o s t robust pair is H A Y S T A C K / W E S T F O R D , e a c h of w h i c h 
h a s o b s e r v e d l o n g e r than a d e c a d e a l t h o u g h WESTFORD h a s a c c u m u l a t e d a b o u t 18 
t i m e s a s m u c h data. Their ve loc i t i e s differ b y -0 .3 , 0.3, a n d 0.9 m m / y r in N , E, U , 
r e s p e c t i v e l y , o n l y about o n e Standard dev iat ion or l ess in all three c o m p o n e n t s . The 
G r e e n Bank ( N R A O J 4 0 a n d N R A 0 8 5 _ 3 ) , Ft. D a v i s ( H R A S _ 0 8 5 a n d F D - V L B A ) , 
G o l d s t o n e ( M O J A V E 1 2 , G O L D V E N U , a n d DSS15) , a n d K a s h i m a ( K A S H I M A a n d 
K A S H I M 3 4 ) g r o u p i n g s s h o w poorer agreement w i t h ve loc i ty dif ferences u p to 6 s i g m a 
i n E at G r e e n Bank a n d Ft. D a v i s a n d in U at Kash ima. T h e 16.4 m m / y r d o w n w a r d 
m o t i o n of K A S H I M 3 4 s e e m s poss ib ly spur ious . 

A n o t h e r m e a s u r e of sys temat ic error is the c h a n g e in o u r v e l o c i t y e s t imates 
th i s year c o m p a r e d to last year. Focuss ing o n the vertical ve loc i ty (Vu) c h a n g e s , 17 o u t 
of the 35 s i tes ava i lab le for c o m p a r i s o n s h o w changes of o n e s i g m a or l e s s . T h e e i g h t 
s i tes w h i c h c h a n g e b y m o r e than 3 s i g m a are l isted in Table 5. 
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Table 4. Dif ferences b e t w e e n N O A A site ve loc i t ies a n d N N R - N U V E L - 1 A (all un i t s 
m m / y r ) 

VLBI Site 
Name 

Eurasia: 
TR0MS0N0 
ONSALA60 
TRYSILNO 
EFLSBERG 
WETTZELL 
DSS65 
MEDICINA 
MATERA 
SESHAN25 

Africa: 
NOTO 

N. America, 
HAYSTACK 
WESTFORD 

ALGOPARK 
MARPOINT 
GORF7102 
NRAO_JL40 
NRA085_3 

RICHMOND 
HRAS__085 
FD-VLBA 

PIETOWN 
LA-VLBA 
PLATTVIL 
YLOW7296 
GILCREEK 

N. America, 
MOJAVE12 
GOLDVENU 
DSS15 

OVRO__130 
HATCREEK 

S. America: 
SANTIA12 

Pacific: 
VNDNBERG 
KAUAI 
MARCUS 
KWAJAL26 

Australia: 
DSS45 
HOBART26 

Vn 

-1.5 
0.1 
0.7 
0.9 
0.5 
0.2 
2.4 
5.0 

-3.7 

-0.8 
-6.1 

stable: 
-0.4 
-0.1 
-0.9 
1.0 
2.7 
-0.1 
0.3 
0.6 
0.8 
2.6 
-1.0 
1.5 

-1.5 
-1.6 
-1.3 

California 
7.6 
6.2 
6.4 
8.2 
4.6 

17.4 

-1.4 
1.7 
1.8 

-2.4 

0.6 
2.0 

Japan (N. America): 
KASHIMA 
KASHIM34 

2.7 
2.0 

Ve 

11.2 
-0.8 
-4.7 
1.4 
0.4 
0.9 
2.6 
3.5 
9.3 

2.1 
-6.1 

1.2 
0.9 
0.9 

-1.4 
4.1 
0.7 

-0.7 
1.3 
0.6 

-2.1 
-0.6 
0.5 
0.4 
3.0 
0.5 

: 

-3.4 
-2.7 
-5.1 
-5.2 
-6.1 

16.7 

-0.6 
-3.5 
-0.7 
-2.1 

1.3 
1.4 

-10.1 
-8.9 

Vu 

-3.2 
2.2 
19.9 
-1.7 
-3.1 
4.3 

-4.3 
-6.6 
-6.0 

-5.6 
-1.8 

1.8 
0.9 
1.9 
2.3 

-10.5 
0.2 
1.7 
2.2 
1.9 
-1.7 
-4.5 
-2.9 
-3.9 
19.1 
-0.8 

-1.7 
-5.8 
-4.1 
-0.6 
-1.1 

-5.1 

4.6 
0.2 

-1.6 
-4.7 

8.8 
4.5 

-4.5 
-16.4 

Vn 
err 

1.0 
0.1 
1.2 
0.2 
0.1 
0.3 
0.2 
0.3 
0.8 

0.3 
1.1 

0.2 
0.1 
0.2 
0.9 
1.0 
0.2 
0.3 
0.3 
0.3 
0.5 
0.3 
0.3 
0.6 
0.7 
0.1 

0.2 
0.5 
0.7 
0.3 
0.3 

2.4 

0.3 
0.3 
2.3 
1.7 

1.1 
1.2 

0.4 
0.7 

Ve 
err 

1.0 
0.2 
1.1 
0.2 
0.2 
0.3 
0.3 
0.4 
1.0 

0.4 
1.0 

0.2 
0.2 
0.2 
0.6 
0.8 
0.2 
0.2 
0.2 
0.2 
0.4 
0.2 
0.3 
0.4 
0.7 
0.2 

0.2 
0.4 
0.5 
0.2 
0.3 

2.1 

0.2 
0.5 
2.0 
1.4 

1.5 
1.6 

0.6 
0.9 

Vu 
err 

5.7 
0.3 
9.9 
0.7 
0.3 
1.1 
0.7 
1.3 
2.6 

1.4 
1.3 

0.6 
0.5 
0.7 
4.5 
5.6 
0.8 
0.8 
0.6 
0.9 
1.5 
0.9 
1.0 
3.5 
2.9 
0.4 

0.7 
2.1 
2.1 
1.1 
1.2 

6.3 

1.1 
0.6 
8.1 
6.0 

1.6 
1.7 

0.7 
2.0 

Constraint 
• 

cv 

cv 
cv 
c 

c 

c 

cv 
cv 

cv 
cv 

cv 

cv 

c 

c 

c 
cv 

c 

c 
c 

c 
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* C i n d i c a t e s s i t e u s e d i n c o o r d i n a t e or ig in constraint; V V i n d i c a t e s i n c l u s i o n in 
f rame v e l o c i t y constraint . Adjacent s i tes are indicated b y i n d e n t a t i o n of s e c o n d a n d 
third s i te n a m e s of e a c h group . 

Table 5. N O A A V u c h a n g e s > 3 s igma 

VLBI Site 
Name 

PIETOWN 
LA-VLBA 
HATCREEK 
VNDNBERG 
MATERA 
DSS45 
KASHIMA 
MOJAVE12 

Vu change 
(mm/yr) 

+17.9 
+11.6 
+9.5 
+7.1 
+7.8 
-8.6 
-3.3 
+3.1 

(1994-1993) 
(sigmas) 

12.8 
5.5 
4.5 
3.6 
3.5 
3.4 
3.3 
3.1 

Vu change due to NMF 
(mm/yr) 

+7.1 
+2.8 
+0.8 
+1.0 
+2.1 
-0.1 
-1.6 
+0.8 

S o m e of t h e s e c h a n g e s can p r o b a b l y b e a t t r i b u t e d t o t h e a d d i t i o n of 
s ign i f i cant n e w data sets . HATCREEK, V N D N B E R G , a n d M O J A V E 1 2 w e r e i n v o l v e d 
i n m a n y of the 234 w e s t e r n U.S. mobi le sess ions w h i c h w e r e a d d e d to o u r Solut ion for 
t h e first t i m e this year. The increase in n u m b e r of observat ions for t h e s e three s tat ions 
w a s 303%, 246%, a n d 39%, respectively. Whi le the v o l u m e of n e w data for MOJAVE12 
i s n o t as great , m o s t of the n e w se s s ions occurred d u r i n g the ear ly h i s tory of the 
Station. M A T E R A a n d LA-VLBA also have substant ia l ly m o r e data than last year, b y 
122% a n d 88%, respect ive ly . Significantly, m a n y of the n e w s e s s i o n s i n v o l v i n g these 
s ta t ions , a n d K A S H I M A as w e l l , u s e d very large n e t w o r k s e s p e c i a l l y w e l l s u i t e d for 
d e t e r m i n i n g t h r e e - d i m e n s i o n a l ve loc i ty c o m p o n e n t s . S o m e of t h e c h a n g e i n t h e 
v e r t i c a l v e l o c i t y e s t i m a t e s c a n be at tr ibuted t o t h e u s e th i s y e a r of t h e N M F 
t r o p o s p h e r i c refract ion m o d e l , w h i c h d o e s not re ly o n rea l - t ime surface m e t data 
c o l l e c t e d at the s i tes . T h e effect of th is c h a n g e i s l i s t ed in t h e r i g h t m o s t c o l u m n of 
Table 5. It is m o s t s ignif icant for PIETOWN, for w h i c h s o m e ear ly s e s s i o n s d o n o t 
h a v e m e t data. The N M F m o d e l a lso accounts for part of the V u c h a n g e s at LA-VLBA, 
M A T E R A , a n d K A S H I M A . 

Based o n these cons iderat ions , w e expec t the v e l o c i t y v a l u e s repor ted here 
t o b e r e a s o n a b l y accurate m e a s u r e s of the actual l o n g - t e r m m o t i o n s of m o s t of the 
VLBI s i tes re lat ive to o n e another. The uncertainty in t h e net sy s t emat i c m o t i o n of the 
terrestrial f rame itself i s probab ly m u c h larger, a s m u c h as 2-4 m m / y r . T h e formal 
v e l o c i t y uncerta int i e s reported here d o not i n c l u d e a c o m p o n e n t to a c c o u n t for s u c h 
s y s t e m a t i c effects . T h e uncerta int ies are l ike ly to be s o m e w h a t o p t i m i s t i c a l t h o u g h 
p r o b a b l y b y a factor l e s s than t w o i n m o s t cases , b a s e d o n the d i s t r i b u t i o n of V u 
c h a n g e s f r o m last year to this year. Recent ly , Watkins et al [1994] s h o w e d that VLBI 
a n d SLR h o r i z o n t a l ve loc i t i e s for a se t of 10 s i tes a g r e e w i t h i n 2-3 m m / y r w i t h a 
r e d u c e d c h i - s q u a r e d of 1.7. O n the other h a n d , H e r r i n g and D o n g [1991] a n d o thers 
h a v e n o t e d a p p a r e n t l y non- l inear l ength c h a n g e s for severa l base l ines . In a n y e v e n t , 
there are a f e w s i tes l i s ted in Table 4 w h o s e es t imated m o t i o n s d o n o t appear rel iable 
e v e n a l l o w i n g for o v e r l y opt imis t i c formal errors. T r o m s o , N o r w a y ( T R O M S O N O ) is 
the m o s t o b v i o u s e x a m p l e w i t h a eas tward m o t i o n 11 m m / y r greater than pred ic ted b y 
N N R - N U V E L - 1 A . H o w e v e r , th i s v e l o c i t y result is b a s e d ent i re ly u p o n t w o m o b i l e 
VLBI o c c u p a t i o n s of the s i te s e p a r a t e d in t ime b y three years w i t h four s e s s i o n s p e r 
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o c c u p a t i o n . U n f o r t u n a t e l y , o n l y o n e of the four s e s s i o n s i n the first o c c u p a t i o n ( in 
s u m m e r 1989) u s e d a g e o m e t r i c a l l y robus t n e t w o r k , w h i l e t h e r e m a i n i n g three 
s e s s i o n s i n v o l v e d o n l y t w o other s i tes . There i s , therefore, e f fec t ive ly n o r e d u n d a n c y 
in the T R O M S O N O ve loc i ty de terminat ion . A n y sys t emat i c error a s soc ia t ed w i t h the 
Single s t rong s e s s i o n of the first occupat ion , s u c h as an error in the eccentric i ty vector 
m e a s u r e m e n t , w i l l b e a b s o r b e d ent ire ly a n d u n d e t e c t a b l y i n t o the v e l o c i t y e s t imate . 
O n the o t h e r h a n d , a large d i s p l a c e m e n t of t h e local s i t e or m o n u m e n t c a n n o t b e 
e x c l u d e d . T h e poss ib i l i t i e s cannot b e d i s t i n g u i s h e d w i t h o u t a d d i t i o n a l observat iona l 
data . T h e i n f e r r e d h o r i z o n t a l m o t i o n s for G O R F 7 1 0 2 ( G S F C , M D , U S A ) a n d 
YLOW7296 (Ye l lowkni fe , N W T , Canada) of a f e w m m / y r l eve l are a l so suspect . Both 
of t h e s e s i t es re ly o n the c o m b i n a t i o n of data from t w o different m o n u m e n t s w i t h 
n o n - o v e r l a p p i n g o b s e r v i n g h i s tor ies . T h e GSFC s i te h a s data f r o m 1989.4-1992.5 at 
m o n u m e n t 7102 a n d 1993 .3-present at 7108; Y e l l o w k n i f e w a s o b s e r v e d from 1984.7-
1985.7 at m o n u m e n t 7285 b e f o r e Operat ions w e r e s h i f t e d to a n e w i n s t a l l a t i o n 
( m o n u m e n t 7296) i n 1991.5. In a d d i t i o n , the F D - V L B A s i te at Ft. D a v i s (TX, U S A ) 
s h o w s m o t i o n s greater than 2 m m / y r in b o t h hor izonta l c o m p o n e n t s , s igni f icant at 
the 5 - s i g m a l eve l . Th i s m a y s i m p l y b e an in s tance of an i m m a t u r e d e t e r m i n a t i o n : 
w h i l e there is a substant ia l a m o u n t of data for F D - V L B A (40 s e s s i o n s , m o s t of w h i c h 
i n v o l v e geometr i ca l ly robust n e t w o r k s ) its h is tory b e g a n in 1992.5 p r o v i d i n g a s p a n of 
only about 1.5 years . 

Apar t from t h e specif ic e x c e p t i o n s d i s c u s s e d a b o v e , the resul ts p r e s e n t e d in 
Table 4 are g e n e r a l l y in exce l l ent a g r e e m e n t w i t h the N N R - N U V E L - 1 A g loba l p late 
m o t i o n m o d e l or ind ica te tec tonic d e f o r m a t i o n s . In E u r o p e , the h o r i z o n t a l m o t i o n s 
a m o n g O N S A L A , EFLSBERG, WETTZELL, a n d DSS65 s u g g e s t the r ig id i ty o v e r that 
part of the Euras ian p la t e to b e better than 2 m m / y r . S E S H A N 2 5 (Shanghai , China) , 
near the far eastern e g d e of the plate, appears to b e m o v i n g w i t h respect to the p late b y 
about 10.0 m m / y r at a z i m u t h 112 d e g r e e s . W h i l e this m a g n i t u d e agrees w i t h that of 
R o b a u d o a n d H a r r i s o n [1993] , w h o interpret S h a n g h a i m o t i o n t o b e an effect o f 
Phi l ipp ine p la te s u b d u c t i o n , the direct ion of our ve loc i ty res idual is near ly o p p o s i t e to 
theirs ( a z i m u t h 314 degrees ) . Their analys i s i n c l u d e d b o t h VLBI a n d SLR data b u t w e 
can offer n o e x p l a n a t i o n for this large d i screpancy . Both Ital ian p e n i s u l a s i tes s h o w 
s igni f icant n o n - p l a t e m o t i o n s , e s p e c i a l l y M A T E R A w h i c h is o b s e r v e d to m o v e at a 
rate of 6.1 m m / y r at a z i m u t h 55 degrees relative to the m o d e l . De format ion is e x p e c t e d 
in th i s r e g i o n d u e to c o l l i s i o n of Africa w i t h Euras ia . T h e S ic i l ian s i t e of N O T O , 
a s s i g n e d t o the Afr ican p la te , is c o n s i s t e n t w i t h the m o d e l e x c e p t for a m o d e r a t e 
res idua l m o t i o n of 2.1 m m / y r e a s t w a r d . O n t h e o ther h a n d , H A R T R A O i n S o u t h 
Africa d i s p l a y s a SW res idual of 8.6 m m / y r . This s i te d o e s l ie w i t h i n a broad reg ion of 
s u s p e c t e d de format ion . 

There are 10 s i tes in N . A m e r i c a o u t s i d e the w e s t e r n de format ion z o n e w i t h 
hor izonta l m o t i o n d e t e r m i n a t i o n s h a v i n g formal uncerta int i e s of 0.3 m m / y r or less . 
A m o n g t h e s e , t h e v e l o c i t y r e s i d u a l s fall w i t h i n -1.3 to +1 .5 m m / y r i n the nor th 
d irect ion ( w e i g h t e d r m s is 0.9 m m / y r ) a n d w i t h i n -0 .7 to +1.3 m m / y r in t h e eas t 
( w e i g h t e d r m s is 0.8 m m / y r ) , s u g g e s t i n g a p late r ig id i ty of about 3 m m / y r or better 
o v e r d i s t a n c e s e x c e e d i n g 6 0 0 0 k m . In teres t ing ly , the m o t i o n of H R A S _ 0 8 5 (at Ft. 
Dav i s , TX, U S A ) is a m o n g the d o s e s t of all the VLBI s i tes in agree ing w i t h t h e p late 
m o d e l . ( N o t e tha t it n o t b e u s e d in a n y of t h e f r a m e c o n s t r a i n t s . ) N u m e r o u s 
i n v e s t i g a t o r s h a v e r e m a r k e d o n t h e a p p a r e n t n o n - l i n e a r m o t i o n of t h i s s i t e [e .g . , 
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H e r r i n g a n d D o n g , 1 9 9 1 ] . A s is a lready w e l l e s tabl i shed , the s i tes in Cal i fornia eas t of 
t h e p l a t e b o u n d a r y all m o v e n o r t h w e s t w a r d l y d u e to interact ion w i t h t h e adjacent 
Pacif ic p la te . T h e resul ts for S A N T I A 1 2 (Santiago, Chi le ) , w i t h just o v e r t w o years of 
d a t a n o w ava i lab le , s t r o n g l y ind ica te de format ion , p r e s u m a b l y a s s o c i a t e d w i t h the 
o f f s h o r e s u b d u c t i o n of the N a z c a p la te b e n e a t h S. A m e r i c a . T h e m a g n i t u d e of this 
n o r t h e a s t w a r d m o t i o n , a b o u t 24.1 m m / y r , c o m p a r e s w i t h a r e s i d u a l v e l o c i t y of 
1 9 m m / y r at a z i m u t h 77 d e g r e e s for A r e q u i p a (Peru) r e p o r t e d b y R o b a u d o a n d 
Harr i son [1993]. 

T w o of t h e Pacific s i tes h a v e robust v e l o c i t y d e t e r m i n a t i o n s , V N D N B E R G 
o n t h e Cal i fornia coast a n d K A U A I i n the H a w a i i a n I s lands . T h e m a g n i t u d e of the 
n o n - p l a t e m o t i o n at K A U A I - 3.9 m m / y r at a z i m u t h 296 d e g r e e s - a p p r o a c h e s a l eve l 
of concern b e c a u s e this s i te is u s e d in our constraint for the m o t i o n of the terrestrial 
f rame a n d its i so la ted locat ion g ives it cons iderable l e v e r a g e in the constraint . Closer 
s t u d y o f th is resu l t is warranted . The ve loc i t i e s for the t w o A u s t r a l i a n s i tes are in 
m u c h better a g r e e m e n t w i t h the plate m o d e l this year than i n o u r p r e v i o u s report . 
W e attribute this primari ly to the a d o p t i o n of the recal ibrated N N R - N U V E L - 1 A plate 
m o d e l as o u r reference ve loc i ty frame. N o n e t h e l e s s , the e s t i m a t e d vert ica l m o t i o n s , 
e s p e c i a l l y for DSS45, remain large e n o u g h to b e a concern. To s o m e extent , this c o u l d 
b e c a u s e d b y ne t translational m o t i o n of the reference frame, re lat ive to the Earth's 
center of m a s s , contr ibuted b y the set of ve loc i ty constraint s i tes , w h i c h are r o u g h l y 
a n t i p o d a l t o Austra l ia . The w e s t w a r d m o t i o n s of the t w o J a p a n e s e s i t e s l i s t ed in 
T a b l e 4 s h o w the effect of Pacif ic p la te s u b d u c t i o n , as m a n y i n v e s t i g a t o r s h a v e 
d i s c u s s e d . 

A s w e n o t e d in our report last year [Ray et al, 1993] , the VLBI vertical rates 
of m o t i o n for very w e l l de termined sites in N . Amer ica a n d E u r o p e differ s ignif icant ly 
f rom the rates expec ted d u e to post-glacial rebound. E x a m p l e s are s h o w n in Table 6. In 
g e n e r a l , the o b s e r v e d differential rates in N . A m e r i c a are s m a l l e r t h a n the rates 
p r e d i c t e d b y the ICE-3G m o d e l of T u s h i n g h a m and Peltier [1991] w h e r e a s the o b s e r v e d 
di f ference b e t w e e n O N S A L A a n d WETTZELL is m u c h larger than pred ic ted . T h e best 
a g r e e m e n t is for s i tes a l o n g the east coast of the U.S. , w h e r e b o t h the m e a s u r e d a n d 
p r e d i c t e d differential m o t i o n s are small . To s o m e extent , the d i screpanc ies c o u l d aga in 
b e d u e to the inherent a m b i g u i t y in the net m o t i o n of the terrestrial f rame b u t that is 
u n l i k e l y to a c c o u n t ful ly for the differences. Mitrovica et al. [1993] c o n s i d e r e d a l so the 
h o r i z o n t a l m o t i o n s e x p e c t e d d u e to p o s t - g l a c i a l r e b o u n d a n d f o u n d s i g n i f i c a n t 
d i f ferences c o m p a r e d w i t h VLBI m e a s u r e m e n t s . 
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Table 6. O b s e r v e d v e r s u s predicted differential uplift rates d u e to post-glacial r eb ou n d 
(all un i t s m m / y r ) 

VLBI S i t e s VLBI u p l i f t d i f f e r e n c e ICE-3G u p l i f t d i f f e r e n c e * 
Name v a l u e sigma v a l u e 

+1 .0 

+4 .4 
+4 .4 
+4 .4 
+4 .4 
+3 .1 
+4 .0 

0 .0 
- 1 . 3 
- 0 . 4 
+ 0 .9 

* Post -g lac ia l r e b o u n d rates are f rom the ICE-3G m o d e l b y T u s h i n g h a m a n d Pelt ier 
[1991]. N o t e that the o b s e r v e d VLBI uplift rates are inherent ly a m b i g u o u s d u e to the 
net m o t i o n of the terrestrial frame. 

3.3 Earth Orientat ion Results: 

W e rei terate the i m p o r t a n t c h a n g e m a d e i n o u r a n a l y s i s p r o c e d u r e s last 
year, w h i c h c o n t i n u e s to a p p l y this year: Herring's [1993] m o d e l for d iurnal a n d s e m i ­
d iurna l v a r i a t i o n s in t h e po lar x a n d y c o o r d i n a t e s a n d in U T l is u s e d in o u r 
in terpo la t ion of a priori EOP v a l u e s ( see descr ip t ion of p r o c e d u r e s i n s e c t i o n 2). In 
that s e n s e , t h e N O A A EOP v a l u e s report total quant i t i e s ( e x c e p t for t h e n u t a t i o n 
offsets w h i c h are re lat ive to the I A U 1980 m o d e l for nutat ion) . H a v i n g a c c o u n t e d for 
the d iurna l a n d semi -d iurna l EOP variat ions , together w i t h adjust ing the EOP offsets 
at the w e i g h t e d m e a n Observation e p o c h of each se s s ion , o u r t ime series s h o u l d fu l ly 
preserve t idal ly coherent c o m p o n e n t s w i t h per iods d o w n to about 12 h o u r s . 

Table 7 g i v e s the m e a n EOP offset v a l u e s for our series E O P ( N O A A ) 94 R 01 
c o m p a r e d w i t h a Solut ion u s i n g last year's analys i s p r o c e d u r e s a n d the ident ica l set o f 
1374 VLBI o b s e r v i n g s e s s i o n s (the 1609 s e s s i o n s b e i n g s u b m i t t e d l e s s t h e 234 n e w l y 
a d d e d m o b i l e VLBI s e s s s i o n s l e s s the re ference e p o c h s e s s i o n ) . T h e w e i g h t e d r m s 
scatters a b o u t the m e a n di f ferences are a l so s h o w n in Table 7 as are t h e EOP offset 
v a l u e s d u e s o l e l y to n e w v a l u e s for the reference e p o c h ( from Table 1). It can b e s e e n 
that t h e overa l l of fset c h a n g e s are near ly ent ire ly d u e to the n e w reference e p o c h 
v a l u e s , w h i c h in turn are p r e d o m i n a n t l y c a u s e d b y r e a l i g n m e n t of the IERS Sys tem 
itself as a resu l t of t h e n e w e s t rea l i za t ions of the terrestrial a n d celest ia l re ference 
frames. T h e total po lar m o t i o n offset in the x coordinate , h o w e v e r , is a b o u t t w i c e the 
s i ze of the offset in x for the reference e p o c h (and is about two- th irds the m a g n i t u d e o f 
the IERS Sys tem c h a n g e in x; s e e Table 1). T h e s e var i ed x offset v a l u e s are p r o b a b l y 
related to the c o m p a r a t i v e l y large rotat ional di f ference a b o u t the X-axis b e t w e e n t h e 
N O A A terrestrial frame a n d ITRF-92 (see Table 3). 
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Table 7. Offset c h a n g e s in N O A A EOP va lues (1994 - 1 9 9 3 ) 

x y UTl V £ 
(mas) (mas) (ms) (mas) (mas) 

Offsets due to new reference values (from Table 1): 
-0.1058 +0.2729 +0.075 

Total offsets due to all changes: 
wtd. mean -0.2068 +0.2741 +0.0762 
wtd. rms 0.1071 0.1154 0.0055 

3.4 I n t e n s i v e U T l Results: 

W e h a v e p r e v i o u s l y s h o w n that the accuracy of U T l d e t e r m i n a t i o n s f rom 
t h e 1 - h o u r s i n g l e - b a s e l i n e IRIS I n t e n s i v e s e s s i o n s is a b o u t 0 .055 m s b a s e d o n 
c o m p a r i s o n w i t h resu l t s from 24-hour VLBI s e s s i o n s [Ray et al, 1993] . T h e larges t 
contr ibutor is l ike ly to b e error in the a priori cal ibrat ion of the t r o p o s p h e r i c d e l a y , 
i n c l u d i n g p r o b l e m s in the co l lect ion of m e t e o r o l o g i c a l da ta f r o m the s ta t ions . T h e 
character of this error source s h o u l d b e r a n d o m if c h a n g e s in local w e a t h e r d o m i n a t e 
t h e Variat ion a n d sys temat ic if there are d i scre te b i a s e s in the m e t data or in the 
t r o p o s p h e r i c refract ion m o d e i s . The IERS Centra l B u r e a u [IERS,1993] h a s r e p o r t e d 
a p p l y i n g s y s t e m a t i c corrections to the Intensive U T l to r e m o v e effects assoc ia ted w i t h 
quarter ly c h a n g e s in the observ ing program. (The In tens ive s c h e d u l e is h e l d f ixed in 
loca l s i d e r e a l t i m e for three -month per iods . ) T h e correc t ions r ä n g e f r o m -0 .120 to 
+0 .080 m s . O u r o w n analys is confirms the ex i s tence of s u c h quarterly b iases , h o w e v e r , 
the m a g n i t u d e s are general ly m u c h smaller — typica l ly + / - 0.020 m s or smal ler w i t h a 
f e w e x c u r s i o n s u p to about 0.040 ms; the third quarter of 1987 w a s except iona l w i t h a 
b ias of a b o u t -0.090 m s . T h e s e biases are probably c a u s e d b y n o n - p o i n t l i k e br ightness 
s t r u c t u r e s i n m a n y of t h e r a d i o s o u r c e s that h a v e b e e n u s e d for t h e I n t e n s i v e 
o b s e r v a t i o n s . For e x a m p l e , 3C273B w a s u s e d unt i l la te 1987. E v e n s ince the shift to 
l e s s c o m p l e x s o u r c e s b e g i n n i n g in 1988, the m a g n i t u d e of k n o w n s o u r c e s tructure 
e f fects c o u l d e a s i l y account for U T l b iases at t h e l eve l of 0.020 m s . O t h e r p o s s i b l e 
s o u r c e s of b ias , s u c h as offsets in the Station m e t data, are m o r e diff icult t o e s t imate 
w i t h o u t a s s e s s m e n t s of reasonable m a g n i t u d e s for s u c h offsets . 

4 . Electronic A c c e s s 

O n behal f of the International Rad io Interferometric S u r v e y i n g (IRIS) Joint 
s u b c o m m i s s i o n o f the International Assoc ia t ion of G e o d e s y (IAG) a n d the C o m m i t t e e 
o n S p a c e R e s e a r c h (COSPAR), N O A A distr ibutes the m o n t h l y IRIS Bul let in A , "Earth 
O r i e n t a t i o n Bulletin", a n d mainta ins electronic f i les c o n t a i n i n g the s a m e data o n the 
N O A A Computers w h i c h can b e accessed b y o u t s i d e users . T h e d a t a f i les d e s c r i b e d 
here , a s w e l l as t h e operat ional EOP data files u p d a t e d w e e k l y a n d others , are avai lable 
t h r o u g h Internet u s i n g the 'ftp1 file transfer protoco l s . T h e Internet n o d e w h e r e the 
f i les c a n b e re tr i eved i s v ray .grd l .noaa .gov ' at IP a d d r e s s N 140.90.159.197' . T h e u s e r 
s h o u l d l o g i n as x a n o n y m o u s ' a n d rep ly w i t h the user ' s n a m e w h e n a s k e d for a 
p a s s w o r d . After l o g g i n g in to the System, the u s e r s h o u l d c h a n g e to t h e appropr ia te 
s u b d i r e c t o r y b y i s s u i n g the c o m m a n d %cd d is t /v lb i* a n d u s e the ftp Nget' c o m m a n d to 
transfer t h e appropr ia te files. A R E A D M E file in that d irectory p r o v i d e s e x p l a n a t o r y 
I n f o r m a t i o n . 

http://ray.grdl.noaa.gov'
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A c k n o w l e d g e m e n t s . W e t h a n k A r t h u r N i e l l of H a y s t a c k O b s e r v a t o r y fo r p r o v i d i n g 

c o d e t o i m p l e m e n t t h e N M F t r o p o s p h e r e m a p p i n g funct ion. 
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S u m m a r y descr ip t ion of t h e So lu t ions N O A A 94 R Ol a n d 94 R 02 

1 - T e c h n i q u e : 
B a n d w i d t h - s y n t h e s i s M a r k HI VLBI 

2 - A n a l y s i s C e n t e r : 
N O A A VLBI A n a l y s i s C e n t e r , G e o s c i e n c e s L a b o r a t o r y , N / O E S 1 3 , S S M C 4 , 
1305 E a s t - W e s t H i g h w a y , S ü v e r S p r i n g , M D , U S A 20910-3281 

3 - S o l u t i o n I D : 
So lu t ion r u n d a t e = 9 / 3 / 9 4 20:39:59 

4 - S o f t w a r e U s e d : 
C O R E L a n d F R N G E for t h e M a r k III d a t a c o r r e l a t i o n ; D E 2 0 0 e p h e m e r i d e s , 
C A L C - 7 . 6 , a n d S O L V E - 3 for d a t a a n a l y s i s 

5 - R e l a t i v i t y Sca le : 
R a d i o s o u r c e c o o r d i n a t e s a r e i n s o l a r S y s t e m b a r y c e n t r i c Sys t em; 
T e r r e s t r i a l s i t e c o o r d i n a t e s a r e g e o c e n t r i c ( i g n o r i n g t h e loca l g r a v i t a t i o n a l 
p o t e n t i a l of t h e E a r t h ) 

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

N o c o r r e c t i o n is a p p l i e d t o r e m o v e t h e z e r o - f r e q u e n c y d i s p l a c e m e n t 
i n t r o d u c e d b y t h e so l i d E a r t h t i d e m o d e l . 

7 - T e c t o n i c P l a t e M o d e l : 
N N R - N U V E L - 1 A i s u s e d t o s p e c i f y t h e l a r g e - s c a l e m o t i o n of t h e e n t i r 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 i n b o t h t r a n s l a t i o n a l a n d r o t a t i o n a l s e n s e s for 10 
VLBI s i t e s (see t ex t for de t a i l s ) ; t h e s a m e m o d e l is a l s o u s e d t o p r o p a g a t e t h e 
r e l a t i v e p o s i t i o n s of s i t e s w i t h d a t a s p a n s t o o b r i e f t o p e r m i t r e l i a b l e 
d e t e r m i n a t i o n s of VLBI ve loc i t i e s . 

8 - V e l o c i t y of L igh t : 
299 792 458 . m / s 

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

10 - R e f e r e n c e E p o c h s : 
S t a t i o n c o o r d i n a t e s — 1988 J a n u a r y 01 

S o u r c e c o o r d i n a t e s — J2000.0 
E O P f ixed e p o c h - 1991 A u g u s t 12 19:49:50 U T 

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

X Y Z g e o c e n t r i c S t a t i o n c o o r d i n a t e s a n d l i n e a r S t a t i on v e l o c i t i e s a d j u s t e d 

g l o b a l l y for a l l s i t e s a t t h e i r m e a n O b s e r v a t i o n e p o c h s ; r a d i o s o u r c e 

c o o r d i n a t e s a d j u s t e d g l o b a l l y for a l l s o u r c e s ; p o l e x a n d y c o o r d i n a t e s , U T l , 

n u t a t i o n l o n g i t u d e a n d o b l i q u i t y offse ts a d j u s t e d for e a c h 2 4 - h o u r o b s e r v i n g 
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s e s s i o n ; U T l is the o n l y EOP adjusted for 1-hour I n t e n s i v e s e s s ions ; clock 
p o l y n o m i a l coeff ic ients adjus ted for all b u t o n e Station in e a c h o b s e r v i n g 
se s s ion; a t m o s p h e r e offset parameters for e a c h h o u r interval for each Station 
for e a c h 24-hour o b s e r v i n g s e s s i o n (no a t m o s p h e r e parameters are i n c l u d e d 
i n the ana lys i s of the 1-hour Intens ive s e s s ion s ) 

12 - Def in i t ion of the Origin: 
T h e coordinate or ig in of the terrestrial reference frame is spec i f i ed b y sett ing 
t h e vec tor s u m of the adjus ted c o o r d i n a t e s for 20 VLBI s i tes e q u a l to the 
c o r r e s p o n d i n g vec tor s u m for ITRF-92 ( see text); the r ight a s c e n s i o n or ig in 
of the celestial reference frame is speci f ied b y set t ing the s u m of the adjusted 
r ight a s c e n s i o n s for 71 rad io sources , e a c h w e i g h t e d b y the c o s i n e of i ts 
dec l inat ion, equal to the corresponding s u m for ICRF-92 (see text) 

13 - Def in i t ion of the Orientat ion: 
T h e re la t ive or ientat ion of the terrestrial a n d celest ia l re ference frames is 
s p e c i f i e d b y f i x i n g t h e E O P v a l u e s t o t h o s e i n t e r p o l a t e d f r o m t h e 
EOP(IERS)90C04 series (corrected for the offsets a n d drift rates reported b y 
the IERS to g i v e cons i s t ency w i t h the ITRF-92 a n d ICRF-92 frames) p l u s the 
d iurna l a n d s e m i - d i u r n a l contr ibut ion for x, y , a n d U T l c o m p u t e d b y the 
m o d e l of Herr ing [1993] for the reference e p o c h 1991 A u g u s t 12 19:49:50. 

14 - Constra int for T i m e Evolut ion: 
T h e secular translational ve loc i ty a n d rotational ve loc i ty of the terrestrial 
reference frame are speci f ied through constraints; s e e i t em 7 a b o v e a n d text. 



R-60 

90° 

• • • . ° o 

24h i A 

• 

o 

3^ • *y • 

— Y rCl • 
7 Ä Ä " * • . 

• 1 • * # 

• \ * 

^ ^ • \ -

iP 
o o 

* * 
3 # O , 
o / 

P \ o Ä \ 
1 0 91V I 
Jr? / • / 
° m°/ / 

Oh 

oo o ° . o« 

-90° 

Dis tr ibut ion o v e r t h e sky of the 176 extragalact ic r a d i o s o u r c e s of t h e celest ial 
f r a m e R S C ( N O A A ) 9 4 R Ol. F i l l ed c i r c l e s i n d i c a t e r a d i o s o u r c e s w i t h 

uncerta int ies i n r ight a scens ion (et cos 8) a n d dec l inat ion smal ler than 0.0003". 

1 2 3 

UNCERTAINTIES IN a cos 8 AND 8 (MAS) 

D i s t r i b u t i o n of t h e uncer ta in t i e s 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 celest ia l f rame R S Q N O A A ) 9 4 R Ol. 10 r a d i o s o u r c e s w i t h 
uncerta int ies larger than 0.003" are no t s h o w n . 
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E O P ( N O A A ) 9 4 R 0 1 From S e p 1980 to M a y 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncerta int ies 

U n i t s : 0 .001" for X,Y, 8\|f, Se; 0.0001s for U T l 

YEAR 

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

X 
Nb Sigma 

16 
6 

10 
17 
82 

108 
120 
141 
158 
186 
194 
173 

165 
21 

0.63 
1.00 
1.10 
0.96 
0.66 
0.43 
0.41 
0.43 
0.39 
0.33 
0.24 
0.20 
0.21 
0.16 
0.14 

Nb 

16 
6 

10 
17 
82 
108 
120 
141 
158 
186 
194 
173 

165 
21 

Y 
Sigma 

0.67 
1.14 
0.98 
1.74 
0.70 
0.44 
0.39 
0.42 
0.39 
0.32 
0.24 
0.21 

0.15 
0.13 

UTl 
Nb 

16 
6 

10 
17 
82 
108 
120 
141 
158 
186 
194 
173 

165 
21 

Sigma 

0.31 
0.57 
0.45 
0.72 
0.36 
0.22 
0.20 
0.20 
0.20 
0.16 
0.12 
0.09 
0.09 
0.07 
0.05 

5y 
Nb 

16 
6 
10 
17 
82 
108 
120 
141 
158 
186 
194 
173 

165 
21 

Sigma 

0.98 
1.33 
1.76 
1.58 
0.99 
0.62 
0.59 
0.61 
0.53 
0.46 
0.37 
0.33 
0.35 
0.28 
0.25 

& 
Nb 

16 
6 

10 
17 
82 
108 
120 
141 
158 
186 
194 
173 

165 
21 

Sigma 

0.33 
0.46 
0.51 
0.49 
0.35 
0.23 
0.22 
0.23 
0.21 
0.19 
0.15 
0.13 
0.14 
0.12 
0.10 

E O P ( N O A A ) 94 R 02 F r o m A p r 1984 t o M a y 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 : 0.0001s fo r U T l 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Nb 

64 
159 
237 
245 
255 
234 
261 
247 
223 
260 
82 

UTl 
Sigma 

0.74 
0.42 
0.43 
0.42 
0.42 
0.43 
0.43 
0.41 
0.30 
0.29 
0.30 



R-63 

A N A L Y S I S O F T H E IRIS VLBI I N T E N S I V E S E S S I O N S E O P ( O P A ) 93 R 02 

A . - M . G o n t i e r , E. E i s o p , M . Feissel 

O b s e r v a t o i r e d e P a r i s - 61 A v e n u e d e T O b s e r v a t o i r e 
75014 P a r i s , F r a n c e 

T h e s e r i e s i s b a s e d o n t h e a n a l y s i s of VLBI o b s e r v a t i o n s o b t a i n e d o n t h e 
W e t t z e i l - W e s t f o r d b a s e l i n e i n t h e f r a m e w o r k of t h e IRIS p r o g r a m . T h e a n a l y s i s is 
s i m i l a r t o t h a t d e s c r i b e d b y G o n t i e r et al. (1993). 

T h e d a t a a n a l y s i s i n c l u d e s t h e a d o p t i o n of f ixed v a l u e s for t h e c o o r d i n a t e s of 
s t a t i o n s a n d s o u r c e s , for t h e p o l e c o o r d i n a t e s (x, y) a n d t h e celes t ia l p o l e offsets ( d y , de) . 
Al l v a l u e s w e r e a d o p t e d f r o m h o m o g e n e o u s IERS r e s u l t s : SSC(IERS) 9 3 C 0 3 a n d t h e 
N N R - N U V E L 1 m o d e l for t h e t e r r e s t r i a l f r a m e , RSC(IERS) 9 3 C 01 for t h e ce l e s t i a l 
f r a m e , a n d E O P ( I E R S ) 90 C 04 for t h e t e r r e s t r i a l a n d ce les t ia l c o o r d i n a t e s of t h e p o l e 
( co r r ec t ed for t h e b i a s r e c o m m e n d e d in t h e 1992 IERS A n n u a l R e p o r t , p . 11-17). 

M o d e l l i n g of o b s e r v a t i o n s is m a d e w i t h t h e F r e n c h - d e v e l o p p e d So f twa re 
G L O R I A ( G l o b a l R a d i o - I n t e r f e r o m e t r y A n a l y s i s , s e e G o n t i e r 1992) , w h i c h f o l l o w s 
g e n e r a l l y t h e IERS S t a n d a r d s ( M c C a r t h y , 1992), w i t h t h e f o l l o w i n g p e c u l i a r i t i e s : 

- t h e t r a n s f o r m a t i o n b e t w e e n t h e t e r r e s t r i a l f r a m e a n d t h e ce l e s t i a l f r a m e 
m a k e s u s e of G u i n o t ' s (1979) n o n - r o t a t i n g o r i g i n (o r d e p a r t u r e p o i n t ) 
c o n c e p t ( G o n t i e r 1991 , C a p i t a i n e a n d G o n t i e r 1993), 

- t h e t r o p o s p h e r i c c o r r e c t i o n i s b a s e d o n S a a s t a m o i n e n (1972) z e n i t h 
d e l a y u s i n g t h e C F A 2.2 m a p p i n g f u n c t i o n ( D a v i s et al, 1985) for t h e d r y 
c o m p o n e n t a n d t h e C h a o (1974) m a p p i n g f u n c t i o n for t h e w e t c o m p o n e n t 
( see t h e r e f e r e n c e s i n t h e IERS S t a n d a r d s , M c C a r t h y , 1992). 

- t h e B D L 2 0 0 0 e p h e m e r i s ( C h a p r o n t - T o u z £ a n d C h a p r o n t 1 9 8 3 , B r e t a g n o n 

1982). 

E d i t i n g of o b s e r v a t i o n s is p e r f o r m e d b y u s i n g a n L i n o r m a n a l y s i s of e a c h 
s e s s i o n t o d e t e c t o u t l i e r s . T h i s e s t i m a t i o n t e c h n i q u e ( m i n i m i z i n g t h e s u m of a b s o l u t e 
v a l u e s of r e s i d u a l s ) is k n o w n t o b e less s e n s i t i v e t o o u t l i e r s t h a n t h e l e a s t - s q u a r e s (L2 
n o r m ) t e c h n i q u e w h e n t h e d e g r e e of f r e e d o m of a n e s t i m a t i o n is l o w ( B o u g e a r d 1992). 

A c k n o w l e d g e m e n t s . W e a r e t h a n k f u l t o J. M o r r i s o n ( N O A A ) for p r o v i d i n g t h e p a s t 

a n d c u r r e n t O b s e r v a t i o n d a t a s e t s , a n d t o J. S o u c h a y ( P a r i s O b s e r v a t o r y ) fo r t h e L i 

n o r m e s t i m a t i o n So f tware . 

IERS(1994) Technical Note No 17. 
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E O P ( O P A ) 93 R 02 F r o m J a n 1992 t o M a y 1994 
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E A R T H O R I E N T A T I O N RESULTS F R O M U.S. N A V A L O B S E R V A T O R Y 
VLBI P R O G R A M 

U S N O 94 R 03 

T.M. Eubanks , B.A. Archinal , M.S. Carter, F.J. Josties, D . N . Matsak i s , D . D . McCarthy , 
U.S. N a v a l Observatory , W a s h i n g t o n , D.C. , 20392-5100 

Abs trac t . A s part of i ts part ic ipat ion in the Nat iona l Earth Orientat ion Serv ice (NEOS) 
the U .S . N a v a l O b s e r v a t o r y ( U S N O ) o p e r a t e s a p r o g r a m in V e r y L o n g B a s e l i n e 
I n t e r f e r o m e t r y (VLBI) d a t a a c q u i s i t i o n a n d a n a l y s i s t o m o n i t o r c h a n g e s i n t h e 
o r i e n t a t i o n of t h e Earth o n a regulär bas i s . Start ing w i t h th i s a n n u a l repor t t h e 
o p e r a t i o n a l U S N O VLBI Solut ion w i l l i n c l u d e all a v a i l a b l e m u l t i p l e b a s e l i n e d u a l 
f requency VLBI data. The c h a n g e s in the U S N O VLBI data analys i s System required to 
u s e the e x p a n d e d data set w i l l b e descr ibed in this report , a l o n g w i t h the resu l t ing 
N a v y 1994-3 reference frame a n d U S N O / N E O S VLBI o b s e r v i n g p r o g r a m d u r i n g the 
past year. 

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

T h e N a v y VLBI N e t w o r k ( N A V N E T ) m e a s u r e s the or ientat ion of the Earth 
in s p a c e f rom Mark III VLBI o b s e r v a t i o n s . In the p a s t t h e opera t iona l U S N O VLBI 
reference frame a n d data reduct ion w e r e b a s e d o n l y o n data acquired b y the N A V N E T 
and N E O S programs . In 1993, a large fraction of the w o r l d - w i d e co l lect ion of VLBI data 
from other o b s e r v i n g p r o g r a m s w a s i m p o r t e d in to the U S N O VLBI a n a l y s i s System 
from the G o d d a r d S p a c e Fl ight Center a n d , b e g i n n i n g in M a y 1994, t h e operat iona l 
Solut ion i n c l u d e s data f rom all sources . This large data set , w i t h data back to 1979, 
requires c o n s i d e r a b l e c h a n g e s in the w a y operat iona l VLBI Solutions are p e r f o r m e d 
and , in part icular , the a d o p t i o n of an empir ica l ly d e t e r m i n e d Station v e l o c i t y m o d e l , 
replacing the p r e v i o u s l y u s e d N U V E L m o d e l b a s e d o n geo log ica l Information. 

T h e s e d a t a are u s e d to e s t i m a t e U T l , po lar m o t i o n a n d n u t a t i o n for 
inc lus ion i n the Internat ional Earth Rotat ion Serv ice (IERS) c o m b i n e d Solut ions . A l l 
of t h e current ly avai lable m u l t i p l e base l ine VLBI data are p r o v i d e d in this report in a 
uni form r e d u c t i o n u s i n g the N a v y 1994-3 reference frame. 

S e c t i o n 2 of th is report descr ibes the U S N O VLBI o b s e r v i n g p r o g r a m for 
Earth or ientat ion. Sect ion 3 p r o v i d e s Information ab ou t the U S N O VLBI data analys i s 
p r o c e d u r e s a n d the N a v y 1994-3 reference frame u s e d in the opera t iona l VLBI data 
reduct ion p r o c e s s , w h i l e sec t ion 4 descr ibes the VLBI data p r o d u c t s avai lable from the 
U S N O Earth or ientat ion program. 

IERS(1994) Technical Note No 17. 
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2 . D a t a A c q u i s i t i o n b y the U S N O VLBI Earth Or ienta t ion Program 

T h e N E O S is a Joint c o o p e r a t i v e effort of t h e U S N O a n d t h e 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 ) , a n d the N A V N E T VLBI p r o g r a m 
w a s ini t iated to c o m p l e m e n t the observat ions coord inated b y the N O A A as part of the 
In ternat iona l R a d i o In ter ferometr ic S u r v e y i n g (IRIS) s u b c o m m i s s i o n . T h e U S N O 
VLBI p r o g r a m b e g a n o b s e r v a t i o n s i n June , 1987 , w i t h a s e r i e s of 8 - h o u r G N U T 
( G o d d a r d - N a v y U T ) e x p e r i m e n t s . R o u t i n e N A V N E T o b s e r v a t i o n s b e g a n o n January 
5, 1989, o n a w e e k l y bas i s u s i n g antennas in M a r y l a n d , A l a s k a , H a w a i i a n d Florida. 
O n e 24 -hour G N U T w a s o b s e r v e d in S e p t e m b e r , 1988; m o n t h l y 24 - h ou r N A V N E T s 
c o m m e n c e d i n Apri l , 1989, a n d all of the w e e k l y N A V N E T s w e r e n o m i n a l l y 24 h o u r s 
i n d u r a t i o n s tar t ing June 27 , 1989. After t h e s u c c e s s f u l e s t a b l i s h m e n t of r o u t i n e 
N A V N E T Operat ions , N A V N E T a n d IRIS-A Operations w e r e c o o r d i n a t e d start ing in 
M a y , 1 9 9 1 , w i t h there b e i n g o n e IRIS-A s e s s i o n o n M o n d a y / T u e s d a y , a n d o n e 
N A V N E T s e s s i o n o n T h u r s d a y / F r i d a y , of e v e r y w e e k . W i t h the l o s s of the R i c h m o n d 
Station in H u r r i c a n e A n d r e w o n A u g u s t 24 , 1992, the N A V N E T w a s r e d u c e d to o n l y 
three s tat ions (Alaska, H a w a i i a n d Green Bank), a n d it w a s d e c i d e d to c o m b i n e IRIS-A 
a n d N A V N E T Operat ions in to a w e e k l y N E O S - A o b s e r v i n g s e s s i o n , w i t h t h e last 
N A V N E T b e i n g N A V N E T - 2 2 6 o n Apri l 2 9 / 3 0 t h , 1993. T h e a d d i t i o n of the E u r o p e a n 
IRIS-A Station to t h e N E O S - A n e t w o r k p r o v i d e d the r e d u n d a n c y m i s s i n g f rom the 
N A V N E T s ince the loss of R i c h m o n d , together w i t h an i m p r o v e m e n t in Performance 
o v e r p r e v i o u s N A V N E T observat ions . In order to c o n t i n u e the "just in t ime" Sys tem 
of s c h e d u l i n g a n d p r o c e s s i n g o b s e r v i n g s e s s i o n s as q u i c k l y as p o s s i b l e to m e e t the 
w e e k l y T h u r s d a y m o r n i n g d e a d l i n e for Earth or ientat ion data, the Start of the w e e k l y 
runs w e r e m o v e d from 1800 U T C o n T h u r s d a y to 1800 U T C o n T u e s d a y . This c h a n g e 
i n start t i m e s m a k e s it p o s s i b l e for the VLBI tapes f rom G e r m a n y a n d Brazil t o b e at 
the W a s h i n g t o n Correlator o n M o n d a y m o r n i n g at the latest , a n d t h u s for correlat ion 
a n d p r o c e s s i n g to b e c o m p l e t e d b y W e d n e s d a y e v e n i n g in t i m e for t h e T h u r s d a y 
d e a d l i n e . 

Current N E O S Operations, starting M a y 5th, 1993, cons i s t of o n e w e e k l y 24-
h o u r d u r a t i o n N E O S - A o b s e r v i n g s e s s i o n p e r w e e k for Earth o r i e n t a t i o n . T h e 
operat iona l N E O S - A n e t w o r k current ly i n c l u d e s the VLBI s tat ions at G i l m o r e Creek, 
A l a s k a , K o k e e Park, H a w a i i , Wet t ze l l , G e r m a n y , Forta leza , Brazi l , a n d G r e e n Bank, 
W e s t Virg in ia . In a d d i t i o n , a m o n t h l y N E O S - B s e s s i o n is p e r f o r m e d to i m p r o v e the 
terrestrial re ference frame, a n d spec ia l N A V N E T EXper imenta l (or N A V E X ) s e s s i o n s 
c o n t i n u e t o b e o b s e r v e d o n an irregulär bas is . T h e c o m p l e t e list of s ta t ions that h a v e 
p a r t i c i p a t e d i n t h e o p e r a t i o n a l a n d e x p e r i m e n t a l U S N O Earth o r i e n t a t i o n VLBI 
p r o g r a m are g i v e n in Table 1. 

T h e N E O S - A n e t w o r k w a s e x t e n d e d in the s u m m e r of 1993 to i n c l u d e 2 n e w VLBI 
s ta t ions , in H a w a i i a n d Brazil . T h e n e w 20 meter VLBI antenna (s ite n a m e KOKEE) 
constructed b y the U S N O at the Kokee Park Geophys ica l Observatory (KPGO), s a w first 
l ight o n M a y 28th , 1993, a n d c o n d u c t e d its first VLBI observa t ions (three sources for a 
fr inge test) o n June 3rd, 1993. S treng fringes w e r e de tec ted i m m e d i a t e l y u p o n receipt of 
t h e t a p e s at t h e W a s h i n g t o n Corre lator at the U S N O o n June 4 th , 1993 . T h e first 
g e o d e t i c observa t ions c o n d u c t e d b y this antenna w e r e d u r i n g the N E O S - A - 6 o b s e r v i n g 
s e s s i o n (June 8 / 9 ) , a n d the KOKEE a n t e n n a b e g a n rout ine VLBI o b s e r v a t i o n s as the 
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pr imary K P G O a n t e n n a w i t h N E O S - A - 9 (June 2 9 / 3 0 ) . In genera l , g o o d resul t s h a v e 
b e e n obta ined from the n e w KOKEE antenna, w i t h the n e w System b e i n g about a factor 
of 2.4 t i m e s as sens i t ive as the o l d , s o that S ignal to N o i s e Rat ios (SNRs) for a s imilar 
l ength scan are larger b y about that factor (or the s a m e S N R c a n b e ob ta ined w i t h about 
l / 5 t h t h e Integrat ion t ime) , a n d this i m p r o v e m e n t in sens i t iv i ty is ref lected in l o w e r 
postf i t r e s idua l scatters for the n e w System c o m p a r e d to t h e o l d . C o n t i n u e d System 
tests a n d spec ia l exper iment s w e r e c o n d u c t e d u s i n g the KOKEE antenna ( together w i t h 
the o l d e r 9 m e t e r K A U A I a n t e n n a at the site) t h r o u g h t h e s u m m e r of 1993 , after 
w h i c h t h e K A U A I Sys tem w a s p laced o n reserve Status. The 9 m e t e r K A U A I antenna 
w a s r e a c t i v a t e d for t h e C O N T ' 9 4 p e r i o d , a n d w a s u s e d for a n o t h e r s e t o f Joint 
observat ions w i t h the KOKEE antenna b e t w e e n 12 January a n d 14 March, 1994. 

A n o t h e r a d d i t i o n to the N E O S - A n e t w o r k c a m e w i t h the d e v e l o p m e n t of a 
n e w VLBI s i te in Fortaleza, Brazil (site n a m e FORTLEZA). This 14.2 meter antenna , 
o r ig in a l l y part of the c o n n e c t e d e l e m e n t interferometer o p e r a t e d b y t h e U S N O at 
G r e e n Bank, W e s t Virg in ia , w a s m o v e d to a s i te o u t s i d e E u s e b i o , a s u b u r b near 
Fortaleza, Brazil , t h r o u g h the c o m b i n e d efforts of IN P E (the Brazil ian Space A g e n c y ) 
a n d N O A A , a n d is o p e r a t e d b y INPE. The first u s e of this a n t e n n a in the N E O S - A 
n e t w o r k w a s in N E O S - A - 1 0 (July 6 and 7th, 1993), and it cont inues to part ic ipate o n a 
w e e k l y basis . 

Table 1 : Stations Participating in the U.S. N a v y VLBI Program to date 

Station Location Station I D C o d e 

GILCREEK 
K A U A I 
KOKEE 
R I C H M O N D 
N R A 0 8 5 3 
M A R P O I N T 
MOJAVE12 
WESTFORD 
A L G O P A R K 
M E D I C I N A 
N O T O 
M A T E R A 
H A R T R A O 
WETTZELL 
S A N T I A 1 2 
K A S H I M 3 4 
K A S H I M A 
H O B A R T 2 6 
O N S A L A 6 0 
FORTLEZA 
M I Z N A O 1 0 

Fairbanks, Alaska A L 
Kokee Park, Kauai, H a w a i i (9 meter) K U 
Kokee Park, Kauai , H a w a i i (20 meter) KK 

R i c h m o n d , Florida RI 
Green Bank, W e s t Virginia GB 
Mary land Point , Maryland M D 
Mojave , California M O 
Westford, Massachusse t t s W F 
A l g o n q u i n Park, Canada A P 
M e d i a n a , Italy M E 
N o t o , Italy N O 
Matera, Italy M A 
Hartebees thoek R.A.O., South Africa H T 
Wettzel l , Germany W Z 
Santiago, Chi le S T 
Kashima, Japan (34 meter) KB 
Kashima, Japan (26 meter) K A 
Hobart , Tasmania H O 
Onsala , S w e d e n 0 6 
Fortaleza, Brazel FT 
M i z u s a w a , Japan M N 
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In Cooperat ion w i t h the A g e n z i a S p a z i a l e I ta l i zana , C e n t r o d i G e o d e s i a 
S p a z i a l e , t h e N A V N E T p r o g r a m in i t ia ted , in O c t o b e r , 1991 , a s e r i e s of m o n t h l y 
N A V N E T e x p e r i m e n t a l ( N A V E X ) o b s e r v i n g s e s s i o n s u s i n g the n e w g e o d e t i c antenna 
in Matera , Italy, a l o n g w i t h the A laska , H a w a i i a n d W e s t Virginia N A V N E T stat ions . 
R a d i o t e l e s c o p e s i n W e t t z e l l , G e r m a n y , N o t o , I ta ly , A l g o n q u i n Park, C a n a d a , 
Hartebees thoek , South Africa, Sant iago , Chi le , Hobart , Tasman ia , a n d K a s h i m a , Japan, 
h a v e a l s o part ic ipated in N A V E X observa t ions . T h e major g o a l s of t h e s e e x p e r i m e n t s 
are to s t u d y sources of s y s t e m a t i c error in VLBI Earth or ientat ion m e a s u r e m e n t s a n d 
t o i n v e s t i g a t e h i g h - f r e q u e n c y ( s u b - d i u r n a l ) v a r i a t i o n s i n o r i e n t a t i o n . T o faci l i tate 
t h e s e g o a l s these e x p e r i m e n t s are p e r f o r m e d s i m u l t a n e o u s l y w i t h IRIS-A or IRIS-P 
e x p e r i m e n t s c o n d u c t e d b y the U.S . N a t i o n a l G e o d e t i c Survey . D u r i n g the EPOCH'92 
c a m p a i g n (July 2 7 t h - A u g u s t l l t h , 1992) t h e U S N O c o m p l e m e n t e d the n e a r l y 
c o n t i n u o u s E x t e n d e d R e s e a r c h a n d D e v e l o p m e n t s e s s i o n s c o n d u c t e d b y t h e 
N A S A / G S F C VLBI g r o u p b y organ iz ing a set of 4 N A V E X - G l o b a l s e s s ions u s i n g Green 
Bank, Matera , A l g o n q u i n Park, H a r t e b e e s t h o e k , S a n t i a g o a n d K a s h i m a . N A V E X 
observat ions u s i n g this ne twork , w i t h o u t Sant iago , but p l u s the Gi lmore Creek, Kok ee 
a n d H o b a r t a n t e n n a s , c o n t i n u e d o n a o n c e e v e r y o ther m o n t h bas i s in 1993. T h e s e 
l a r g e (8 t o 10 Stat ion) g l o b a l N A V E X e x p e r i m e n t s , w h i c h are i n g e n e r a l n o t 
s i m u l t a n e o u s w i t h o ther VLBI s e s s i o n s , are i n t e n d e d to s t u d y the benef i t s o b t a i n e d 
f rom t h e Operation of large g lobal n e t w o r k s , in a d d i t i o n to c o n t i n u i n g the s t u d y of 
s y s t e m a t i c errors a n d s u b - d i u r n a l v a r i a t i o n s i n t h e VLBI da ta . T w o n o r t h e r n 
h e m i s p h e r e N A V E X s e s s i o n s w e r e c o n d u c t e d d u r i n g 1993 s i m u l t a n e o u s l y w i t h 
i n d e p e n d e n t N O A A VLBI o b s e r v i n g s e s s i o n s to c o n t i n u e the s i m u l t a n e o u s o b s e r v i n g 
p r o g r a m at a r e d u c e d level . 

T h e N A V N E T VLBI data are acquired u s i n g Mark III VLBI data acquis i t ion 
t e r m i n a l s w i t h a n o m i n a l 8 X b a n d a n d 6 S b a n d Channels , e a c h w i t h a 2 M H z 
b a n d w i d t h , m e a s u r i n g g r o u p d e l a y a n d p h a s e d e l a y rate. T h e accuracy of the g r o u p 
d e l a y e s t i m a t e s is great ly i m p r o v e d b y u s i n g the t e c h n i q u e of b a n d w i d t h synthes i s . 
Unt i l the b e g i n n i n g of 1992 normal Operation u s e d Channels spread across 85 M H z at S 
b a n d a n d 350 M H z at X b a n d , u s i n g the "NARROW" Channel f requenc ies s h o w n in 
Table 2. In 1991 the potent ia l s p a n n e d b a n d w i d t h w a s near ly d o u b l e d a n d operat ional 
u s e of the "WIDE" s p a n n e d b a n d w i d t h s h o w n in Table 2 b e g a n o n February 1, 1992. 
N o t all a n t e n n a f e e d Sys tems can a d e q u a t e l y h a n d l e the c o m p l e t e W I D E b a n d w i d t h 
s h o w n in Table 2 , a n d the "NEOS WIDE" Channel frequenc ies s h o w n in Table 2 w e r e 
d e v e l o p e d to u s e the w i d e r b a n d w i d t h subject to these f eed l imitat ions . A t present , the 
o p e r a t i o n a l N E O S - A o b s e r v i n g s e s s i o n s n o m i n a l l y u s e the N E O S W I D E b a n d w i d t h 
s e t u p , a n d t h e N A V E X s e s s i o n s , t h e N A R R O W b a n d w i d t h s e t u p . In o r d e r to 
i n v e s t i g a t e p o s s i b l e s y s t e m a t i c d i f ferences b e t w e e n the n a r r o w a n d w i d e f r e q u e n c y 
a s s i g n m e n t s , the N E O S - A s c h e d u l e s started a l ternat ing b e t w e e n three s e s s i o n s w i t h 
N A R R O W Channel a s s i g n m e n t s , a n d three w i t h N E O S W I D E Channel a s s i g n m e n t s , 
s tart ing w i t h N E O S - A - 3 1 (30th N o v e m b e r , 1993), w h i c h w a s a N E O S W I D E s c h e d u l e . 
This a l ternat ion of s c h e d u l e s i s i n t e n d e d to cont inue for o n e year . 

A ser ies of Mark l ü M o d e - A d o u b l e s p e e d e x p e r i m e n t s o n June 2 n d , A u g u s t 
25th a n d S e p t e m b e r 16th of 1993 w e r e u s e d to o b s e r v e t h e S u p e r n o v a SN1993J a n d 
o ther w e a k r a d i o s o u r c e s that n e e d the increased sens i t iv i ty ava i lab le w i t h M o d e - A 
o b s e r v a t i o n s . It is e x p e c t e d that M o d e - A d o u b l e s p e e d e x p e r i m e n t s ( w h i c h u s e b o t h 
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the u p p e r a n d l o w e r s i d e b a n d s of each VLBI Channel for a total Channel b a n d w i d t h of 
8 M e g a H z ) wi l l cont inue o n a n occas ional bas is in 1994. 

Table 2 : N E O S Channe l Frequencies 

Channel 
Number 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
8 

Band 

s 
S 
s 
s 
s 
s 
X 
X 
X 
X 
X 
X 
X 
X 

NARROW Band 
Frequency 
Setup, MHz 

2217.99 
2222.99 
2237.99 
2267.99 
2292.99 
2302.99 
8210.99 
8220.99 
8250.99 
8310.99 
8420.99 
8500.99 
8550.99 
8570.99 

WIDE Band 
Frequency 
Setup, MHz 

2220.99 
2230.99 
2250.99 
2305.99 
2340.99 
2345.99 
8212.99 
8252.99 
8352.99 
8512.99 
8732.99 
8852.99 
8912.99 
8932.99 

New NEOS WIDE 
Frequency 
Setup, MHz 

2212.99 
2222.99 
2257.99 
2297.99 
2317.99 
2322.99 
8182.99 
8222.99 
8422.99 
8562.99 
8682.99 
8782.99 
8842.99 
8862.99 

T h e N A V N E T VLBI d a t a a r e c o r r e l a t e d a t t h e W a s h i n g t o n C o r r e l a t o r , 
w h i c h is l o c a t e d a t t h e N a v a l O b s e r v a t o r y a n d r u n b y a c o n s o r t i u m a m o n g t h e U S N O , 
N O A A , N R L , a n d N A S A . T h e c o r r e l a t o r p r o v i d e s e s t i m a t e s of t h e b a n d - w i d t h -
s y n t h e s i s g r o u p d e l a y a n d t h e p h a s e d e l a y r a t e f r o m t h e r a d i o n o i s e r e c o r d e d a t t h e 
s t a t i o n s , t o g e t h e r w i t h e s t i m a t e s of t h e r a n d o m ( t h e r m a l ) n o i s e a s s o c i a t e d w i t h e a c h 
m e a s u r e m e n t a n d a q u a l i t y fac tor d e s c r i b i n g t h e r e l i ab i l i t y of t h e m e a s u r e m e n t O n l y 
o b s e r v a t i o n s w i t h q u a l i t y fac tors of 5 o r h i g h e r a r e u s e d in t h e U S N O r e d u c t i o n of t h e 
N A V N E T d a t a . O b s e r v a t i o n s w i t h l e t t e r q u a l i t y fac tors of A t h r o u g h F, w h i c h i n d i c a t e 
s e r i o u s p r o b l e m s w i t h t h e c o r r e l a t e d d a t a , a r e a l so n o t u s e d i n t h e U S N O r e d u c t i o n . 

3. Data A n a l y s i s b y the U S N O VLBI Earth Or ienta t ion Program 

A f t e r c o r r e l a t i o n , f r i n g e f i t t i n g , a n d t h e r e m o v a l of a n y r e m a i n i n g 
b a n d w i d t h s y n t h e s i s d e l a y a m b i g u i t i e s , d a t a f rom all a v a i l a b l e m u t i p l e b a s e l i n e VLBI 
s e s s i o n s w i t h d u r a t i o n s of 16 h o u r s o r l o n g e r a r e u s e d in a s e r i e s of w e i g h t e d l eas t -
s q u a r e s S o l u t i o n s t o d e f i n e a U S N O VLBI r e f e r e n c e f r a m e a n d to e s t i m a t e t h e E a r t h 
o r i e n t a t i o n w i t h i n t h a t r e f e r e n c e f r a m e . T h i s is a c o n s i d e r a b l e c h a n g e f r o m p r e v i o u s 
y e a r s , w h e n o n l y U S N O a c q u i r e d VLBI d a t a w e r e u s e d in t h e U S N O VLBI A n n u a l 
R e p o r t , a n d a e m p i r i c a l S t a t i o n v e l o c i t y m o d e l h a d t o b e a d o p t e d i n o r d e r t o 
a d e q u a t e l y m o d e l t h e t e c t o n i c m o t i o n of t h e s t a t i o n s o v e r t h e 14 y e a r s of a v a i l a b l e 
da ta . 

T h e U S N O E a r t h o r i e n t a t i o n p r o g r a m d a t a r e d u c t i o n d e p e n d s o n a 

r e f e r e n c e f r a m e , w h i c h i s d e r i v e d f r o m VLBI d a t a a n d is i n t e n d e d t o a l i g n t h e 

r e s u l t i n g E a r t h o r i e n t a t i o n d e t e r m i n a t i o n s a s c l o s e l y a s p o s s i b l e w i t h b o t h t h e 

t e r r e s t r i a l a n d c e l e s t i a l r e f e r e n c e f r a m e s m a i n t a i n e d b y t h e IERS. D u e t o S o f t w a r e 

l i m i t a t i o n s , t h e U S N O VLBI ce le s t i a l r e f e r ence f r a m e i s o b t a i n e d f r o m t h e a v a i l a b l e 

VLBI d a t a i n a t w o S o l u t i o n p r o c e s s . In t h e f i rs t S o l u t i o n , t h e I E R S R a p i d S e r v i c e 

( B u l l e t i n A ) e s t i m a t e s of t h e U T l a n d p o l a r m o t i o n a r e t r e a t e d a s a p r i o r i 
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m e a s u r e m e n t s a n d the nutat ion in l o n g i t u d e a n d ob l iqu i ty is f ixed at the IERS Rapid 
S e r v i c e v a l u e s . T h e m e a n of the Right A s c e n s i o n s of the 79 r a d i o s o u r c e s g i v e n in 
Table 3 i s h e l d f ixed at the v a l u e g i v e n in the IERS c o m b i n e d celest ial reference frame 
f r o m t h e 1992 A n n u a l Report (RSC(IERS) 9 3 C Ol), a n d all o ther s o u r c e c o o r d i n a t e 
parameters are adjusted i n this Solut ion. T h e p u r p o s e of this first Solut ion is to a l ign 
the celest ial reference frame w i t h the celest ial p o l e i m p l i e d b y the IERS R a p i d Service 
nuta t ion series . T h e dec l inat ions of t w o sources , 0229+131 a n d OJ287, are then f ixed in 
a s e c o n d Solut ion t o the v a l u e s o b t a i n e d in t h e first Solut ion. Th i s s e c o n d Solut ion 
g l o b a l l y adjusts all o ther s o u r c e c o o r d i n a t e s (subject t o the s a m e Right A s c e n s i o n 
constraint as before) . T h e IERS R a p i d Service e s t imates of the U T l a n d po lar m o t i o n 
are treated a s a priori m e a s u r e m e n t s i n th is So lut ion , a n d t h e n u t a t i o n of fsets are 
adjus ted freely. S e v e n r a d i o sources (3C273B 3C345 3C454.3 3C84 1117+146 1031+567 
1947+079) w e r e j u d g e d t o h a v e t o o m u c h s o u r c e s tructure to b e u s a b l e for g e o d e t i c 
w o r k to h a v e repeatab le p o s i t i o n s . T h e c o o r d i n a t e s of t h e s e "removed" s o u r c e s are 
t rea ted as "are" p a r a m e t e r s i n the 1994-3 So lut ion , a n d in the o p e r a t i o n a l Earth 
or i en ta t ion So lu t ions , i n that a s eparate p o s i t i o n is e s t i m a t e d for e a c h o b s e r v i n g 
s e s s i o n in w h i c h t h e y appear . Six o ther sources (CL4 0 2 1 8 + 3 5 A 0218+35B 1830-21A 
1830-21B 0218+357) w e r e j u d g e d to h a v e s u c h structure that they c o u l d n o t b e u s e d at 
all; t h e s e sources w e r e d e l e t e d ent ire ly from all reference frame a n d operat ional Earth 
o r i e n t a t i o n So lut ions . 

Table 3 : S o u r c e s u s e d to constra in Right A s c e n s i o n in the N a v y 94-3 reference 
f r a m e : 

0016+731 
0202+319 
0420-014 
0637-752 
0804+499 
0955+476 
1144+402 
1354-152 
1633+38 
1954+513 
2144+092 
2255-282 

0048-097 
0212+735 
0420+417 
0642+449 
0820+560 
0954+658 
1156+295 
OQ208 
1656+053 
2007+777 
2145+067 
2355-106 

0119+041 
0229+131 
0434-188 
0657+172 
0823+033 
1039+811 
1252+119 
1502+106 
1738+476 
2021+614 
2201+315 

0133+476 
0234+285 
0454-234 
0727-115 
0J287 
1044+719 
1308+326 
1510-089 
1739+522 
2021+317 
2216-038 

0149+218 
0300+470 
0458-020 
0735+178 
0859+470 
1055+018 
1334-127 
1606+106 
1741-038 
2121+053 
CTA102 

0201+113 
0308-611 
0528+134 
0742+103 
4C39.25 
1123+264 
1342+663 
1611+343 
1749+096 
2128-123 
2234+282 

0202+149 
NRAO140 
0552+398 
0745+241 
OK2 90 
1124-186 
1354+195 
1614+051 
1823+568 
2136+141 
2243-123 

A n e m p i r i c a l Station v e l o c i t y m o d e l w a s a d o p t e d for t h e N a v y 1994-3 
terrestr ia l r e f e r e n c e f rame . T h e t rans la t ion d e g e n e r a e y in Stat ion p o s i t i o n s w a s 
r e m o v e d b y f ix ing the m e a n v a l u e for the p o s i t i o n s of 15 s ta t ions (Table 4) t o the 
v a l u e s p r o v i d e d b y the ITRF-92. T h e translat ion d e g e n e r a e y in Station ve loc i t i e s w a s 
r e m o v e d b y f ix ing the m e a n v a l u e for the ve loc i t i e s of the s a m e 15 s tat ions to those 
p r e d i c t e d b y the N u v e l tectonic m o t i o n m o d e l . 

A n u m b e r of s ta t ions d i d no t h a v e e n o u g h data to m e a n i n g f u l l y e s t i m a t e 
tectonic m o t i o n rates , b u t w e r e c lose to another VLBI Station w h i c h d i d h a v e sufficient 
data. The v e l o c i t y e s t imate s for these s tat ions w e r e constra ined to b e the same; the list 
of cons tra ined s tat ions i s g i v e n in Table 5. Other sets of nearby s tat ions w i t h sufficient 
data to p r o v i d e i n d e p e n d e n t Station m o t i o n e s t i m a t e s w e r e n o t c o n s t r a i n e d i n this 
fash ion . A f e w o ther s t a t i o n s w e r e a l l o w e d to h a v e e p i s o d i c m o t i o n d u e to n e a r b y 
e a r t h q u a k e s c a u s i n g s e i s m i c m o t i o n s . T h e s e "episodic" s ta t ions h a v e t w o p o s i t i o n 
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e s t i m a t e s , o n e f rom before a n d o n e after the ear thquake , a n d are g i v e n i n Table 6, 
t oge ther w i t h t h e d a t e of the ear thquake . T h e s e i s m i c m o t i o n w a s a s s u m e d t o be 
ins tantaneous , a n d the s a m e tectonic rate w a s a s s u m e d to a p p l y be fore a n d after the 
s tep funct ion c h a n g e at the t ime of the earthquake. 

Table 4 : Stat ions u s e d to constrain the Station p o s i t i o n a n d v e l o c i t y or ig in in the 
1994-3 reference frame. 

ALGOPARK DSS65 GILCREEK HARTRAO H0BART26 KAUAI 
KWAJAL26 MEDICINA NOTO ONSALA60 PIETOWN RICHMOND 
VNDNBERG WESTFORD WETTZELL 

Table 5 : Stat ions w i t h ve loc i ty t ies in the 1994-3 reference frame. Stat ions w i t h i n 
each pair of parenthes is w e r e constrained to share the s a m e Station ve loc i ty 
adjustments in the 1994-3 Solution. 

( MOJAVE12 GOLDVENU DSS15 ) 
( KASHIMA KASHIM34 ) 
( NRA085__1 NRA085_3 ) 
( KOKEE KAUAI ) 
( DSS65 ROBLED32 ) 
( OV_VLBA OVROJL30 ) 
( GGAO7108 GORF7102 ) 
( YELLOWKN YLOW7296 ) 

Table 6 : Stat ions w i t h e p i s o d i c m o t i o n s (step funct ion changes at a speci f ied t ime) in 
the 1994-3 reference frame. 

Station Name 

YAKATAGA 
SOURDOGH 
K0DIAK 
WHTH0RSE 
FORTORDS 
PRESIDIO 
DSS15 
GOLDVENU 
MOJAVE12 

Date of Motion 

871201 
871201 
871201 
871201 
891001 
891001 
920627 
920627 
920627 

The data u s e d in the report are processed w i t h IERS Standard m o d e i s to the 
m a x i m u m extent p o s s i b l e (see s u m m a r y descr ipt ion at the e n d of this report) , w i t h the 
GSFC C A L C 7.6 Software b e i n g u s e d t h r o u g h o u t in the data r e d u c t i o n process . T h e 
C F A 2.2 t r o p o s p h e r i c m a p p i n g funct ion is u s e d to re late l ine of s i g h t t r o p o s p h e r i c 
p r o p a g a t i o n d e l a y s to the t ropospher i c z e n i t h d e l a y , a n d a n e l e v a t i o n a n g l e l o w e r 
l imit of 7 d e g r e e s is u s e d in all Solutions. The IERS Standard m o d e l for b o t h hor izonta l 
a n d vert ica l d e f o r m a t i o n s d u e to o c e a n t idal l o a d i n g i s a p p l i e d , a l t h o u g h g r o u n d 
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d e f o r m a t i o n s d u e to a t m o s p h e r i c l o a d i n g are current ly n o t m o d e l e d . T h e reference 
t ime a d o p t e d w a s January 1 ,1988. 

U n m o d e l e d v a r i a t i o n s in t h e t r o p o s p h e r i c p r o p a g a t i o n d e l a y s a n d the 
r e l a t i v e t i m e of fset b e t w e e n the Station c locks are a s ign i f i cant s o u r c e of error in 
g e o d e t i c VLBI. T h e surface pressure , t emperature a n d re lat ive h u m i d i t y are recorded 
at e a c h Stat ion a n d u s e d t o e s t i m a t e t h e v a r i a t i o n s i n t h e h y d r o s t a t i c z e n i t h 
t ropospher ic p r o p a g a t i o n de lay . Further var iat ions in these quant i t i e s are treated b y 
the e s t i m a t i o n of p i e c e w i s e l inear m o d e i s d irect ly in the l eas t Squares Solut ions . A 
n e w p i e c e w i s e l i n e a r f u n c t i o n i s i n t r o d u c e d e v e r y 60 m i n u t e s for t h e z e n i t h 
tropospheric p r o p a g a t i o n a n d e v e r y 90 m i n u t e s for the relat ive Station c locks. 

T h e n e w U S N O N a v y reference frame, N a v y 1994-3 , w a s p r e p a r e d u s i n g 
991,841 d e l a y a n d d e l a y rate Observation pairs from 1578 o b s e r v i n g s e s s i o n s ( comple te 
t h r o u g h March 15, 1994), w i t h a w e i g h t e d rms res idual scatter of 36.6 p i c o s e c o n d s for 
the d e l a y observa t ions a n d 90.0 f e m t o s e c o n d s per s e c o n d for the d e l a y rate data. The 
N A V N E T Stat ion c o o r d i n a t e s (at e p o c h 1988 January 1) a n d v e l o c i t i e s f rom the 
reference f rame Solut ion h a v e b e e n s u b m i t t e d to the IERS Central Bureau as w e l l as 
the c o r r e s p o n d i n g s o u r c e p o s i t i o n s . S o m e s ta t ions d i d n o t h a v e e n o u g h d a t a to 
m e a n i n g f u l l y e s t imate Station ve loc i t ies . For these s tat ions the N u v e l m o d e l w a s u s e d 
w i t h o u t adjus tment ; the v e l o c i t y error entries in the Station v e l o c i t y table are b lank 
for these s tat ions . 

T h e N a v y 1994-3 reference frame is the operat iona l reference frame u s e d in 
the opera t iona l U S N O Earth or ientat ion Solut ions . The i n t e n t i o n i s to p r o v i d e a n a 
priori reference frame g o o d at the l eve l of 0.25 mi l l i s econd of are. In order to d o this , 
s o u r c e s w i t h p o s i t i o n uncerta int ies in the 1994-3 frame l e s s than 0.25 mi l l i arcseconds 
(mas) , a n d s tat ions w i t h pos i t i on formal errors of 5 mi l l imeters or l e s s are f ixed to the 
1994-3 v a l u e s w i t h o u t adjustment . T h e s e stat ions a n d sources are p r o v i d e d in Tables 7 
and 8, respect ive ly . The pos i t i ons of the other sources , a n d the pos i t i ons a n d ve loc i t ies 
of a n y other s tat ions , are e s t imated in the operat ional Solut ions. 

Table 7 : Stat ions u s e d w i t h o u t adjus tment in the Operat iona l Earth or ientat ion 
S o l u t i o n s 

ALGOPARK DSS45 DSS65 EFLSBERG FD-VLBA GILCREEK 
HARTRAO HATCREEK HAYSTACK HOBART2 6 HRAS_085 KASHIM34 
KASHIMA KAUAI KOKEE LA-VLBA MARPOINT MATERA 
MEDICINA NOTO NRAOJL40 NRA085_3 NRA085_JL ONSALA60 
OVRO_JL30 PIETOWN PLATTVIL RICHMOND SESHAN25 TRYSILNO 
VNDNBERG WESTFORD WETTZELL 
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Table 8 : Sources u s e d w i t h o u t adjus tment in the Operat iona l Earth or ientat ion 
Solut ions 

0014+813 
0119+041 
4C67.05 
0308-611 
0434-188 
0537-441 
0727-115 
0805+410 
0919-260 
1034-293 
1055+018 
1144+402 
1251-713 
1354-152 
1502+106 
1611+343 
NRA0512 
1741-038 
1831-771 
2007+777 
2136+141 
2216-038 
2355-106 

0016+731 
0133+476 
0229+131 
NRAO140 
0438-436 
0552+398 
0735+178 
0814+425 
0917+624 
1038+52A 
1057-797 
1145-071 
3C279 
1357+769 
1510-089 
1614+051 
1642+690 
1745+624 
1921-293 
3C418 
2144+092 
CTA102 

0048-097 
0201+113 
0234+285 
CTA26 
0454-810 
0637-752 
0738+313 
0820+560 
4C39.25 
1039+811 
1104-445 
1150+812 
1308+326 
1402+044 
1519-273 
1610-771 
1705+018 
1749+096 
1923+210 
2113+293 
2145+067 
2234+282 

0059+581 
0202+149 
0235+164 
NRAO150 
0454-234 
0642+449 
0742+103 
0823+033 
OK290 
1044+719 
1123+264 
1156+295 
1334-127 
OQ208 
1548+056 
1622-253 
1726+455 
1803+784 
1928+738 
2121+053 
2155-152 
2243-123 

0104-408 
0208-512 
0256+075 
0402-362 
0458-020 
0657+172 
0745+241 
OJ287 
0955+476 
1053+704 
1124-186 
1219+044 
1351-018 
1418+546 
1549-790 
1633+38 
NRAO530 
1815-553 
1954+513 
2128-123 
VR422201 
2255-282 

0106+013 
0212+735 
0300+470 
0420-014 
0528+134 
0716+714 
0804+499 
0859+470 
0954+658 
1053+815 
1128+385 
1244-255 
1354+195 
1424-418 
1606+106 
1637+574 
1739+522 
1823+568 
1958-179 
2134+00 
2201+315 
2345-167 

T h e N A V N E T / N E O S Earth o r i e n t a t i o n r e s u l t s s u b m i t t e d to the IERS 
Central Bureau are obta ined from the 24-hour exper iment s in a mult i -parameter least 
Squares adjus tment for U T l , po lar m o t i o n a n d bo th c o m p o n e n t s of nutat ion , together 
w i t h t h e p i e c e w i s e l inear c l o c k a n d t r o p o s p h e r e m o d e i s . A d d i t i o n a l b a s e l i n e 
d e p e n d e n t c lock of fsets are a d d e d w h e n e v e r the n o n - c l o s u r e of the c lock e s t i m a t e s 
a r o u n d Station tr iangles i s j u d g e d to b e significant. W e h a v e d i s c o v e r e d that errors in 
the a priori U T l rate d u r i n g a n o b s e r v i n g s e s s ion can b e s ignif icant , e spec ia l l y g i v e n 
the typ ica l r a p i d turn a r o u n d of the N E O S data , as e x p e r i m e n t s are f r e q u e n t l y 
p r o c e s s e d u s i n g U T l pred ic t ions . T h e operat ional U S N O Solut ions n o w e s t i m a t e the 
rate of c h a n g e of the U T l a v e r a g e d o v e r the ent ire o b s e r v i n g s e s s i o n ; the U T l rate 
e s t i m a t e s f r o m that So lut ion are c o n v e r t e d in to e s t i m a t e s of t h e Variat ion i n the 
Length of D a y (LOD). T h e report ing e p o c h for each o b s e r v i n g s e s s i o n is the m i d - p o i n t 
of the s e s s i o n , de f ined as the m e a n of the t ime of the first a n d the last observat ions in 
the s e s s i o n . T h e Station coordinates a n d source pos i t i ons for the s tat ions a n d sources 
in Tables 7 a n d 8 are f ixed at the a priori v a l u e s g i v e n b y the N a v y 1994-3 reference 
frame; the p o s i t i o n s of the o ther s o u r c e s a n d s ta t ions are e s t i m a t e d in t h e Earth 
orientat ion Solut ion. The tie to t h e 1994-3 reference frame is thus obta ined b y the f ixed 
Station coord inates a n d source pos i t ions ; this m e t h o d a v o i d s w e e k to w e e k var iat ions 
in the re ference f rame u s e d i n the r e d u c t i o n of the N A V N E T data . A l t h o u g h the 
Earth or ientat ion parameter formal errors thus d o not ful ly reflect errors i n t r o d u c e d 
b y uncerta int ies in the Station coordinates a n d source p os i t i on s , Solut ions p e r f o r m e d 
w i t h o u t t h e s e c o n s t r a i n t s i n d i c a t e that i n c l u s i o n of t h e s e errors w o u l d n o t 
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s i g n i f i c a n t l y i n c r e a s e t h e r e s u l t i n g 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 f o r m a l e r r o r s . T h e 
S o l u t i o n p r o v i d e d t o t h e IERS C e n t r a l B u r e a u u s e d a t o t a l of 1,028,262 O b s e r v a t i o n 
p a i r s ( d e l a y a n d d e l a y r a t e ) f r o m 1606 s e s s i o n s a n d p r o d u c e d w e i g h t e d r m s r e s i d u a l 
s c a t t e r s of 36 .4 p i c o s e c o n d s for t h e d e l a y o b s e r v a t i o n s a n d 90 .3 f e m t o s e c o n d s p e r 
s e c o n d for t h e d e l a y r a t e d a t a . (Th i s S o l u t i o n i n c l u d e d e x p e r i m e n t s f r o m 1994 w h i c h 
w e r e n o t u s e d i n t h e r e f e r e n c e f r a m e Solu t ion . ) 

T h e U S N O h a s c o n d u c t e d a s e r i e s of 2 a n d 3 h o u r d u r a t i o n o b s e r v i n g 
s e s s i o n s , k n o w n a s N A V N E T I N T e n s i v e s , o r N A V I N T s , t o i n v e s t i g a t e t h e 
d e t e r m i n a t i o n of U T l a n d P o l a r M o t i o n f r o m s h o r t d u r a t i o n e x p e r i m e n t s . T h e s e 
o b s e r v i n g s e s s i o n s n o m i n a l l y i n v o l v e 3 s t a t i o n s , G I L C R E E K a n d K A U A I (or K O K E E ) 
t o g e t h e r w i t h e i t h e r R I C H M O N D o r N R A 0 8 5 J 3 , a l t h o u g h a f e w 4 S t a t i on s e s s i o n s 
h a v e b e e n o b s e r v e d . T h e U T l a n d P o l a r M o t i o n e s t i m a t e s f r o m t h e m u l t i p l e b a s e l i n e 
N A V I N T s w e r e a l s o p r o v i d e d t o t h e IERS C e n t r a l B u r e a u . A to t a l of 4161 O b s e r v a t i o n 
p a i r s ( d e l a y a n d d e l a y r a t e ) f r o m 120 o b s e r v i n g s e s s i o n s w e r e u s e d i n t h i s S o l u t i o n , 
w i t h t h e t o t a l w e i g h t e d r m s r e s i d u a l sca t t e r b e i n g ± 33.5 p i c o s e c o n d s for t h e d e l a y d a t a 
a n d 70.6 f e m t o s e c o n d s p e r s e c o n d for t h e r a t e d a t a . O n e d i f f e r e n c e b e t w e e n t h e 
N A V I N T S o l u t i o n s a n d t h e 2 4 - h o u r e x p e r i m e n t S o l u t i o n s l i e s i n t h e t r e a t m e n t of 
n u t a t i o n . T h e n u t a t i o n is n o t e s t i m a t e d i n t h e N A V I N T S o l u t i o n s , b u t i s i n s t e a d h e l d 
f ixed t o t h e v a l u e s g i v e n i n t h e IERS Bu l l e t i n A , l i n e a r l y i n t e r p o l a t e d t o t h e e p o c h of 
t h e e x p e r i m e n t . A s i n t h e l o n g d u r a t i o n S o l u t i o n s , t h e S ta t ion c o o r d i n a t e s a n d s o u r c e 
p o s i t i o n s a r e f ixed a t t h e a p r i o r i v a l u e s g i v e n b y t h e N a v y 1994-3 r e f e r e n c e f r a m e , a n d 
t h e r e p o r t i n g e p o c h for e a c h o b s e r v i n g s e s s i o n is t h e m i d - p o i n t of t h e s e s s i o n . 

T h e c u r r e n t a c c u r a c y of VLBI E a r t h o r i e n t a t i o n r e s u l t s is suf f ic ient t o c l ea r ly 
d e t e c t t i d a l l y c o h e r e n t 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 U T l a n d p o l a r m o t i o n , 
m o s t l y d u e t o t h e n o n - l i n e a r r e s p o n s e of t h e o c e a n s t o t h e l u n i - s o l a r g r a v i t a t i o n a l 
t i d e s . T h e s e t i d a l l y fo rced v a r i a t i o n s c a n b e a s ign i f i can t s o u r c e of s y s t e m a t i c e r r o r , a n d 
s o h a v e b e e n r e m o v e d f r o m t h e 1 9 9 4 - 3 r e f e r e n c e f r a m e S o l u t i o n s a n d E a r t h 
o r i e n t a t i o n S o l u t i o n s u s i n g t h e e m p i r i c a l m o d e l of T .A . H e r r i n g [Proceedings of the 

COSPAR World Space Congress, Adv. Space Res., 1 3 , 281-290, 1993] . T h e m o d e l v a l u e s 
w e r e n o t a d d e d b a c k i n t o t h e U T l a n d p o l a r m o t i o n e s t i m a t e s , so t h a t t h e o r i e n t a t i o n 
r e s u l t s p r o v i d e d i n t h e l o n g - d u r a t i o n S o l u t i o n s ( a n d i n t h e o p e r a t i o n a l E a r t h 
o r i e n t a t i o n So lu t ions ) a r e c lo se t o t h e 2 4 - h o u r a v e r a g e v a l u e s for t h e E a r t h o r i e n t a t i o n 
c e n t e r e d o n t h e e p o c h of O b s e r v a t i o n . T h e m o d e l v a l u e s a r e a l s o n o t a d d e d b a c k i n t o 
t h e N A V I N T r e s u l t s ; t h e s e s h o r t d u r a t i o n e s t i m a t e s t h u s d o n o t r e f l ec t t h e t r u e 
o r i e n t a t i o n a t t h e r e p o r t i n g e p o c h , b u t a r e i n s t e a d c lose r t o t h e 2 4 - h o u r a v e r a g e for t h e 
r e p o r t i n g e p o c h . 

4. D a t a A v a i l a b l e f r o m the U S N O VLBI Earth Or ienta t ion P r o g r a m 

E a r t h o r i e n t a t i o n r e s u l t s f r o m t h e U S N O VLBI S o l u t i o n s a r e d i s t r i b u t e d i n 
t h e f o r m of t h r e e t a b l e s . T h e f i r s t t a b l e c o n t a i n s t h e E a r t h o r i e n t a t i o n d a t a i n t h e 
f o r m a t r e q u e s t e d b y t h e I E R S C e n t r a l B u r e a u , a n d i n c l u d e s 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 v a l u e s a n d t h e i r f o r m a l e r r o r s t o g e t h e r w i t h t h e w e i g h t e d r o o t m e a n 
s q u a r e d e l a y e r r o r , t h e e x p e r i m e n t d u r a t i o n , t h e n u m b e r of d e l a y o b s e r v a t i o n s , a n d a 
s u b s e t of 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 c o r r e l a t i o n m a t r i x . 
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T h e errors p r e s e n t e d in th is report are formal errors o b t a i n e d f rom the 
c o v a r i a n c e matr ix of t h e l eas t Squares adjus tment . T h e p o s t fit r e s idua l scatter is 
a l w a y s larger than w o u l d b e e x p e c t e d g i v e n the formal error e s t i m a t e s for the de lay 
and d e l a y rate observables p r o v i d e d b y the correlator. The total res idual scatter is m a d e 
to a g r e e w i t h that e x p e c t e d g i v e n the observab le error e s t i m a t e s t h r o u g h a d d i t i o n of 
e m p i r i c a l l y d e t e r m i n e d "noise" a d d i t i v e v a r i a n c e s to t h e Square of t h e correlator 
formal error e s t i m a t e s . T h e s e add i t i ve var iances are d e t e r m i n e d separate ly for each 
exper iment ; different cons tants are u s e d for the de lay a n d d e l a y rate data f rom each 
base l ine u s e d i n a n exper iment . The s e c o n d table present s the füll covar iance matr ix 
for e a c h 24 -hour e x p e r i m e n t in the form of parameter s i g m a s a n d all t en correlat ion 
coeff ic ients b e t w e e n the f ive Earth or ientat ion parameters . N o t e that the p a r a m e t e r 
formal errors h a v e all b e e n sca led to mi l l i s econds of are o n the g r o u n d or in the sky , 
s o that t h e re lat ive abi l i ty to de termine these parameters can be ascerta ined eas i ly . A 
list of the s tat ions part ie ipating in the exper iments is a l so i n c l u d e d in that table. 

T h e operat ional N A V N E T Solutions n o w e s t i m a t e the rate of c h a n g e of the 
U T l d u r i n g e a c h exper iment . These U T l rate e s t imates are comparab le in aecuraey to 
t h o s e o b t a i n a b l e t h r o u g h d i f ferenc ing of s u c c e s s i v e U T l offset e s t i m a t e s , a n d t h u s 
m a k e an in teres t ing data p r o d u c t in t h e m s e l v e s . T h e third EOP table conta ins these 
U T l rate e s t imates , conver ted to es t imates of the Length of the D a y (LOD) dur ing the 
o b s e r v i n g s e s s i o n (the L O D is m i n u s the U T l rate in m i l l i s e c o n d s / d a y ) . 

U S N O VLBI data are avai lable b y a n o n y m o u s ftp from casa .usno .navy .mi l , 
or b y m o s a i c f r o m http: / / m a i a . u s n o . n a v y . m i l . T h e o p e r a t i o n a l Earth or ienta t ion 
Solut ions are u p d a t e d w e e k l y ; p l e a s e contact the U S N O to b e p l a c e d o n the l ist for 
automat ic not i f icat ion of future Updates . 

Q u e s t i o n s , c o m m e n t s or requests to b e p laced o n the N A V N E T distr ibution 
l ist s h o u l d b e d i r e c t e d to T.M. E u b a n k s , C o d e TSEO, U.S . N a v a l O b s e r v a t o r y , 
W a s h i n g t o n D .C . 20392-5100, b y p h o n e at (202) 653-1501, o n S P A N at USNO01::TME, 
a n d o n Internet at t m e @ u s n o 0 1 . u s n o . n a v y . m i l or tme@casa .usno .navy .mi l . 

http://casa.usno.navy.mil
http://vy.mil
mailto:tme@usno01.usno.navy.mil
mailto:tme@casa.usno.navy.mil
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S u m m a r y d e s c r i p t i o n of So lut ion U S N O 94 R 03 ( U S N O 1994-3) 

1 - T e c h n i q u e 

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

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

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

5 - Re l a t i v i t y sca le 

6 - P e r m a n e n t t i d a l co r r ec t i on 

V L B I 

U S N O 

1994-3 

C a l c 7 . 6 

G e o c e n t r i c 

N o 

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

8 - Ve loc i ty of l i gh t 

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

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

12 - Def in i t i on of t h e o r i g i n 

1994-3 e m p i r i c a l m o d e l 

299 7 9 2 4 5 8 m / s 

1 J a n u a r y 1988 

s e e t ex t 

M e a n of 15 S ta t ion p o s i t i o n s i n ITRF-92 

13 - Def in i t i on of t h e o r i e n t a t i o n M e a n 79 s o u r c e s i n R i g h t A s c e n s i o n , M e a n IERS 
Bull . A v a l u e s for U T l , P o l a r M o t i o n a n d 
( i n d i r e c t l y ) N u t a t i o n 

14 - C o n s t r a i n t for t i m e e v o l u t i o n M e a n of 15 Sta t ion ve loc i t i e s w i t h t h e N u v e l 

m o d e l a s a p r i o r i 
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90° 

24h 

-90° 

Di s tr ibut ion o v e r the sky of the 411 extragalact ic rad io sources of the celest ial 

frame R S C ( U S N O ) 94 R 03. Fil led circles indicate radio sources w i t h uncertainties 

in right a scens ion (oc cos 8) a n d dec l inat ion smal ler than 0.0003". 
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UNCERTAINTIES IN <x cos 5 AND 5 (MAS) 

D i s t r i b u t i o n o f the uncer ta in t i e s 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 the celest ial f rame R S C ( U S N O ) 9 4 R Ol. 13 rad io s o u r c e s w i t h 
uncerta int ies larger than 0.003" are n o t s h o w n . 
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Distr ibut ion of the 61 sites of the terrestrial frame S S C ( U S N O ) 94 R 03. 
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D i s t r i b u t i o n of the u n c e r t a i n t i e s (quadrat i c m e a n o f a X / a y , a z ) for the 76 
s tat ions of the terrestrial f rame S S C ( U S N O ) 9 4 R 03. 1 Station w i t h uncerta inty 
larger than 10 c m is n o t s h o w n . 
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E O P ( U S N O ) 9 4 R 0 3 From A u g 1979 to M a y 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

U n i t s : 0.001" for X,Y,8\|/,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 

2 
19 
7 
16 
17 
87 
92 

107 
136 
134 
166 
203 
200 
224 
152 
41 

X 
Sigma 

1.04 
0.51 
0.73 
0.75 
1.05 
0.53 
0.34 
0.34 
0.33 
0.26 
0.22 
0.20 
0.17 
0.15 
0.12 
0.10 

Nb 

2 
19 
7 
16 
17 
87 
92 

107 
136 
134 
166 
203 
200 
224 
152 
41 

Y 
Sigma 

1.82 
0.52 
1.23 
0.74 
1.95 
0.54 
0.34 
0.31 
0.30 
0.26 
0.21 
0.20 
0.16 
0.16 
0.11 
0.08 

Nb 

2 
19 
7 
16 
17 
87 
92 

107 
136 
134 
166 
203 
200 
224 
152 
41 

UTl 
Sigma 

0.69 
0.25 
0.50 
0.34 
0.72 
0.29 
0.19 
0.18 
0.17 
0.14 
0.11 
0.10 
0.08 
0.07 
0.05 
0.04 

Nb 

2 
19 
7 
16 
17 
87 
92 
107 
136 
134 
166 
203 
200 
224 
152 
41 

8y 
Sigma 

1.63 
0.84 
0.95 
1.34 
1.99 
0.88 
0.57 
0.53 
0.49 
0.42 
0.38 
0.34 
0.31 
0.27 
0.22 
0.18 

Nb 

2 
19 
7 
16 
17 
87 
92 

107 
136 
134 
166 
203 
200 
224 
152 
41 

Se 
Sigma 

0.72 
0.41 
0.52 
0.55 
0.71 
0.38 
0.25 
0.23 
0.22 
0.17 
0.15 
0.14 
0.12 
0.12 
0.09 
0.07 


